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S99/09502 FELINE CD80, FELINE CD86, FELINE CD28, AND FELINE CTLA-4 NUCLEIC
ACID AND POLYPEPTIDES 1 5 1C 15 20 25 30 This application claims priority
of U.S. Serial No. 09/071,699, filed May 1, 1998, the content of which are
hereby incorporated into this application by reference. Throughout this
application various publications are referenced in parentheses. Full
citations for these publications may be found at the end of the
specification immediately preceding the sequence listing section. The
disclosures of these publications are in their entirety hereby incorporated
by reference Into this application to more fully describe the state of the
art to which this invent~.cn pertains. BACKGROUND OF THE INVENTION
Curre.^.tly there are no successful vaccines for the preventie:~ of feline
immunodeflciency disease and feline infectious peritor.it~s disease in
cats. Current feline leukemia virus vaccines are available, but their level
of eFf~cacy remains questionable and in some cases may cause the d=sease.
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 vacc ine or that Improve the efficacy of existing and commonly
used vaccines. In addition, vaccination of kittens is difficult due to
inability to overcome maternal antibodies in kittens. Safe and effective
agents to help overcome these barriers are also needed. The stimulation of
T-cell activation and proliferation in 35 response to disease in the host
is believed to be dependent on two interactions: the recognition of the
Tcell receptor (TCR) with immunogenic peptides in the context of the MHC
class I molecules and the secondary 1   19 S E P 200 WO 99I57271
PC'T/US99/09502 interaction of accessory ligands, such as CD80 and
CD86,with their coreceptors, CD-28 and/or CTLA-4 on the T-cell.The
successful interaction of these two pathways leads toact_vation and
proliferation of both CD4+ and CD8+ T-5cells and the increased production
of Thl and Th2 typeimmune regulating cytokines. In the absence of
adequateco-stimulation of T-cells, an anergic state may develop,whereby T
cells fall to proliferate and secrete cytokines.Over the years, two
molecules have emerged as keyl0regulators of T cell responses, CD28 and its
ligands, CD80and CD86. CD28 is the primary T-cell co-stimulatoryreceptor
and upon interaction with CD80 and CD86, itenhances T-cell proliferation
and cytokine synthesis,preventing T-cell death. CTLA-4 (also called CD152)
, a15CD-28 ?~omologue, also plays an Important role in co-stimulation.
Although, not completely understood, itappears to inhibit T-cell
costimulatory responses. Theznteract~o:. and ~r.terplay among CD28, CTLA-4
a:~d theirl;gands CD80 and CD86 in co-stimulatory processes is key20to the
overall induction and suppression of immuneresponses to disease in the
host. By mampulat~rg theexpressio^ oT these 4 costimulatory molecules, it
may bepossible to regulate T-cell responses, throughaua;~entatio.^.,
suppression er redirection, to raise a25des~ red m;r,~.:ne response towards
a particular pathogen ordisease cond~.tion. In particular, they may be
useful forvaccination. against infectious diseases, treatment ofinfectious
diseases, and treatment of neoplastic, degenerat~.ve, autoimmune, and
immunodeficiency conditions. 30 T-lymphocytes of t`~e 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 histocompatibillty complex (MHC) presentation but is not
autoreactive. Following thymic maturation, each T cell 2 



WO 99/5727I ~19 SEP 2002 PCT/US99/09502 possesses a clonally distributed T
cell receptor (TCR) which determines its antigen specificity. Further, CD4`
and CD8+ T-cells, the two major subsets found ~n most adult mammals,
possess TCR composed of a and a subun=is (A~lison 5 and Lancer, 1987).
Protein and gene organization of the TCR protein ~s similar to that
observed with immunoglobulin (Ig) molecules, and ~t shares many properties
similar to membrane bound Ig on B cells (Allison and Lancer, 1987). Like
the Ig molecule, l0 the TCR must potentially recognize a vast number of
potential antigen sequences. For this reascn, TCR gene ~y' organization and
rearrangement is similar m complexity with that observed in B cells (Dav~s
and B~orkman, i988). As with antibody molecules produced by B cells,
generation 15 of ldiotypic diversity In T-cells Involves multiple copzes of
variable (V) genes in the germ lzne, randcm rearrangements of a and ~3
subunlts, and var;abillty generated by functional and insertlonal events
(Davis and B~orkman, 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 respons~b'_~e for antigen
recognition, does not have signal delivery capabilities (Allison and
Lancer, 25 1987). Conformational changes in the TCR, following binding to
antigen presented in the context of MHC on the antigen presenting cell
(APC), result In signal delivery through 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 into the cell, initiating IL-2 and IL-2R
production (Weiss and Littman, 1994). This cascade is considered an initial
event in T cell activation. 35 The TCR recognizes antigen only when it is
presented in 3   19 SEP 2002 WO 99/57271 PCT/US99/09502 association with
the MHC. There are two subsets of MHC proteins associated with antigen
presentation to the T cell. MHC class I is found on almost a11 nucleated
cells within the body and functions to surface express 5 endogenously
produced peptides (Matasumura et al., 1992). Peptide expressed in the
context of MHC class I is recognized by T-cells expressing CD8 in
association with the TCR (Littman, 1987). CD8' T-cells function in
immunosurve111ance for removal of virally infected cells and 10
malignancies. Recognition of non-self molecules by the CD8' T cell
(peptides or altered self peptides that might indicate a malignancy) result
In the cytotoxic T-lymphocyte (C~L) mediated destruction of the cell
(Berke, 1994). MHC class II molecules, the second mayor h~stocompatibility
15 subset, are Normally found cnly on professional antigen presenting cells
including B cells) macrophages/monocytes and dendritic cells ) though
induct;on on some other cell populations in response to specific stimuli is
possible (Germaln, 1993). The MHC class II molecule is responsible 20 fcr
the oresentatlon cf 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 a(3 T-cells (L~ttman, 1987). Antigen
recogn~tior. 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 1987). 



CD4 and CD8 di~ferentiate the as T cell subsets and define the functional
properties of each group. The presentation of CD4 or CD8 on a T cell is
mutually exclusive ~(Littman, 1987). Thus, following thymic selection and
maturation, a(3 35 T-cells present only CD4 or CDB. The molecules act to
stabilize the interaction between the TCR and antigen bound 4   WO 99l57271
19 SEP 2002 PCT/US99/09502 MHC and determine whether the T cell recognizes
antigen presented in the context of MHC class I or class II (Littman)
1987). The binding domain of the CD4 or CD8 molecule recognizes respective
non-polymorphic regions of 5 the class I or class II molecule (Clayberger
et ai., i994). Binding of CD4 or CD8 to these specific regions acts to
stabilize the TCR/antigen bound MHC interaction, for the initiation of T
cell activation (Littman, 1987). Thus, CD4' T-cells o:.ly functionally
interact with APC expressing 10 antigen in the context o~ class II and
initiating a T helper response, while CD8' T-cells only recognize antigen
~'= presented in the context of class I, and upon binding initiate a
cytotoxlc response (Germain, 1993). The two distinct phe.^.otypes of helper
T-cells and CTL can be 15 differentiated by the surface expression of
either CD4 or CDB. The ma3ority c~ T-lymphocytes bearing CD4 are generally
considered ~o ~e helper cells though there is a proposed CD4' CTL subset
(Yasukawa, et al., 1989). CD4 helper T 20 cells are ma?or regulators of the
immure response through the production. of a battery of stimulatory and
suppressive cytokines ;Mosmann and Coffman, 1987). The factors produced by
t:~ese cells are important mediators in the m~tiat~on cf 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 soluble growth factors, a complex
cascade of events must occur. Antigen is detected and endocytosed by a
professional APC, normally a 30 macrophage (Unanue, 1984). The APC
denatures the protein and breaks ~t down into smaller fragments, peptide
fragments of between 15-18 amino acid residues are then bound with ~he 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 5   '19 SEP 2002
WO 99I57271 PCT/h~S99/09502 T cell subsets with the proper TCR idiotype and
expressing CD4 (Germain, 1993). When the T cell recognizes the prcper
antigen, and the proper accessory signals are delivered, differentiation of
the naive lymphocyte occurs and cional 5 expansion can proceed. As yet
undetermined st~.rnull result in the preferential development of a type 1
(cellular) response versus a type 2 (humoral) response (Mosmann and
Coffman, l989). T cell help ~s required for much of the activity of botr. a
10 humoral and a cellular response. A T cell dependen~ B cell response,
which is required fox antibody to be made to most antigens, requires T cell
help for proper B cell maturation to take place (Chesnut et al., 1986).
Once the surface exp=essed Ig on the B cell has bound antigen, 15
internalizaticn, processing and MHC class II surface expression of these
antigens occurs (Germain, 1993). Dlrec~ cell to cell contact between the
CD4'T cell with the proper ';'CR ~diotype and the B cell, promotes the
activation and proi~feration of the T cell (Chesnut et al., 1986). 20 T:~e
activated helper T cell may be capable of promoting a type II Yesponse by
secreting factors necessary for B cell growth and differentiation (Mosmann
and Coffman, 1989). These factors -nclude, 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., I992). Upon T cell activation and
maturation to a type 1 response, factors are produced by the T cell that
favor cellular immunity. IL-2 is a T cell growth factor that also promotes
CTL responses, while IFNy acts to activate 35 macrophages, CTL and
neutrophils (Wang et al., 1993). 6   19 SEP Z00?. WO 99/57271 PCT/U
S99/09502 T helper cells are thus able to mediate two largely mutually
exclusive responses. The cytoklne secretion pattern that leads to the
initiation of a humoral response contains factors that are suppressive of a
cellular 5 response and vice versa (Mosmann and Coffman, 1989). It is
unclear what determines whether a T cell will produce a type 1 pattern
(IL-2, IFNy and lymphotoxin) or a type 2 pattern (IL-4, 5, 6, 10, and 13)
although it is proposed that ~he type of APC that presents the antigen or
soluble 10 actors produced by the APC may influence the Hype of cytok~ne
pattern that develops (Mosmann and Coffman, 1989). In addition to the type
1 and type 2 helper cells, T helper type 0 subsets exist in which secretion
patterns are intermediate between type 1 and type 2 (Ga~ewski et al., 15
1989). While T helper subsets have mam'_.~ been demonstrated zn ~n vitro
experimentation, anc .-nay be art;facts of culture, they are important
models for the role c~ the T helper cell ~r. modulating the development of
spec=f ~~c responses ~.n an in vivo environment . 20 In addition to the
CD4' 'T' helper lymphocyte s~.:DSet, a secor_d ads 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 ~s
to destroy virally and intracellular 25 bacter;aliy ~::fected cells as well
as malignancies (Berke, 1994). These cells are also able to produce
cytok~nes) but 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 CDB, recognize 30 antigen presented in the
context of MHC class I (~ittman, 1987). In general, all nucleated cells
have surface expression of class I presenting endogenously synthesized
peptides (Matasumara, 1992). Specific, ~mmuno-privileged sites, including
the brain and the testes, have low level 35 expression of the protein,
though It is inducible ~n these areas with interferon exposure (Moffett and
Paden, 1994). 7   WO 99I57271 19 SEP 2002 PCT/US99/09502 Proteins produced
1n the endoplasmic reticulum through thenormal metabolism of the cell are
denatured, partiallydegraded and bound to MHC class I for surface
expression(Engelhard, 1994). The polypeptides are
proteolytically5linearilized and bound in 9-12 amino acid epltopes to
classI which ~s then expressed on the surface of the cell(Engelharc, 1994).
Theoretically a11 endogenously producedpeptides are surface expressed Zn
this fashion, and thvmlcselection ideally results in the elimination of
all10autoreactwe T-cells, immune-surveillance can detect thepresence of
virally infected or trans~ormed cells (Berke,1993). The recognition of
foreign peptides expressed byclass I is facii~tated by the antigen spec~flc
T cellreceptors on CD8' CTL (Lechler et al., 1990). Contact15between tl:e
effector cell and the target is required foract;vat~on to proceed (Berke)
1994). When an antigen thatis seen as fore;gn is detected by the TCR, the
interactior_between the molecules is stabilized by CD8 b~ncing to theclass
I on the infected cell (Llttman, 1987). Once20recognition occurs and the T
cell becomes activated, acon~ugant forms between the target ce=1 and t:-~e
effector Tcell, and the effector cell is dispatched (Taylor andCohen,
1992). Trus, in this fashion, if self proteins arealtered or if the
cellular machinery is taken over by a25pathogen, peptides will be available
for recognition byimmune surveillance and this arm of the immune system
caneliminate the diseased cell (Berke, 1994). Cellular cytotoxicity appears
to result from one of two mayor pathways. Either the cell is induced to
undergo 30 apoptotlc death or it is lysed through the release of cytotox~c
granules by the CTL (Berke, 1993). Apoptosis is induced in target cells
through the release of factors by the CTL which induce gene expression that
result in cell death (Russel, 1983). An advantage of this mechanism is 35
that cell lysls does not occur and the potential for the release of the
potentlahly infectious contents of the cell a  



WO 99/57271 19 SEP 2002 PCT/US99/09502 is reduced (Nagata and Golstein,
1995). Cell lysis however may be the more common mechanism through which
target el~.mination takes place. Perform, which acts to perforate target
cell membranes, is a mayor constituent of CTL S cytotoxic granules (Liu et
al., 199S). Although here are other cell types involved in this form of
immunosurve=llance, CTL appear to be a mayor component of antlviral and
anti-rumor immunity and, against specific pathogens, are considered
Indispensable for protection 10 (Kupfer and Singer, 1989). Initially cell
surface proteins were used to differentiate specific cell populations. More
recently functional aspects of many of these molecules have been derived,
and wh~ie they are still Important in delineating cell 15 pepula~ions,
their critical role in the function of many cells is becoming more evident.
A variety of accessory and adhesion molecules that play a role in the
development of a productive immune respcnse are expressed on ^'-cells and
antigen presenting cells (van 20 Seventer et al., 1991). Adhesion molecules
are expressed at scme 'evel on most cells of t:~e immune system. They are
impor rant ~.:: =etai::~ng cells ~~,rithm an area and m the ir.ltlat~or.
and maintenance of cell :.o cell contact (Mescher, ;992). 25 CD-2/LFA 3
(CD58) and LFA-1/ICAM-1 are two adhesion molecule complexes involved in the
stabilization of T cell/APC lnteract~.ons and the enhancement of activity
(Springer et al., 19B7). CD2 ~s 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-cells and is up-regulated yn memory cells or by
Induction (Springer et al., 1987). Accessory molecule complexes also
demonstrate adhesive properties, but their main function is probably the 9
WO 99I57271 19 S E P 2002 PCT/US99/09502 delivery of an intracellular
signal upon ligand binding (Anderson et al., 1988). Upon establishment o`
an Interaction between the receptor and its llgand, a conformational change
in the molecules structure takes 5 place that results in the delivery of a
signal to the cytoplasm of one or both cells (Hutchcroft and Bierer, 1994).
Signals delivered by these molecules play a variety of roles in promoting T
cell development, but ~n the absence of signals mediated by these
molecules, T-cells may 10 become anergic (Leung and Linsley, 1994). The
CD28/CD80 interaction is a mayor component of a productive T cell mediated
immune response (Llnsley et al., 1993a). The interaction of the CD28
accessory molecule with its l~gand CD80 is reauired for full activation and
15 proliferation of naive T-cells (Linsley et al., 1991a). The lnteracticn
also appears to play a critical role ~n activated and memory CD4' T cell
proliferation and prevention of apoptotlc cell death (L~nsley et al.,
1991a). The discovery of the interaction and elucidation of its 20
mechanisms has orovlded a critical link in the understanding T cell
mediated immunity. 25 30 35 10 



19 SEP 2002 WO 99!57I71 PC'T/US99/09502 SUMMARY OF THE INVENTION The
present invention provides isolated and purified DNA encoding feline CD80
(B7-1) llgand, feline CD86 (B7-2) S ligand, feline CD28 receptor, or feline
CTi~A-4 (CD152) receptor, as well as vectors comprising nucleic acid
encoding feline CD80, feline CD86, feline CD28, or fei~ne CTLA-4. The
present invention provides a host cells transformed with CD80-encoding
vectors, CD86 10 encoding vectors, CD28-encoding vectors, or
CTLA-4encod~.ng vectors. The invention provides polypeptides encoded by the
nucleic acrd of feline CD80, feline CD86, feline CD28, or feline CTLA-4. 15
The present invention provides a vaccine co;npr~sing an ef~ective amount of
polypeptides encoded by the nucleic acid of feline CD80, feline CD86,
feline CD28, or feline C~'LA-4. The present invention also provides
vaccines which further comprise immunogens derived from pathogens. 20 The
invention provides for vaccines capable of enhancing ar. immune response.
The ~nventicn also prom des for vaccines capable of suppressing and immune
response. L7 30 35 11   WO 99/57271 5 10 BRIEF DESCRIPTION OF TFiE FIGURES
19 SEP 2002 PCT/l)S99/09502 FiQUre lA: DNA and amino acrd sequence of
feline CD80 (B7-1)(TAMU). (SEQ ID NO. 1 and 2) Ficxure 1B: Hydrophobicity
plot of amino acid sequence of feline CD80 (B7-1) (TAMU). FiQUre 2A: DNA
and amino acid sequence of feline CD80 (B7-1) (SYNTRO). (SEQ ID NO. 3 and
4) FiQUre 2B15FiQUre 3AFicrure 3B20 FiQUre 4A 25 FiQUre 4B: FiQUre 5A: 30
Figure 5B: 35 



hydrophobicity plot of amino acid sequence of feline CD80 (B7-1) (SYNTRO).
DNA and amino acid sequence of feline CD86 (B7-2). (SEQ ID NO. S and 6)
Hydrophobicity plot of amino acid seauence of feline CD86 (B7-2). DNA and
amino acrd sequence of feline CD28. (SEQ ID NO. % and 8) I:ydrop hob~cmy
plot of ammo acid sequence of feline CD28. DNA and amino acid seQUence of
feline CTLA-4 (CD152). (SEQ ID N0. 9 and 10) Hydrophob~c~ty plot of ammo
acid sequence of feline CTLA-4 (CD152). 12   19 SEP 2002 WO 99/57271
PCT/US99/09502 DETAILED DESCRIPTION OF THE INVEPITION The present invention
involves an isolated nucleic acid encoding a feline CD80 ligand or a feline
soluble CD80 5 llgand. T:~e present invention also involves an isolated
nucleic acid encoding a feline CD86 ligand or a feline soluble CD86 ligand.
The present ~nventlon involves an isolated nucleic acid encoding a feline
CD28 receptor or a feline soluble CD28 receptor. The present invention 10
involves an isolated nucleic acid encoding a feline CTLA4 receptor or a
feline soluble CTLA-4 receptor. yIn one embodiment the present Invention
provides nucleicacid encoding feline CD80 ligand which has the sequence15
shown in Figure lA begirn~ng m th methionine and endingwith threonine(SEQ
ID N0: 1). In another embodiment thepresent ~nventior. provides nucleic
acid encoding thefeline CD86 ligand which has the sequence shown in
Figure3A beginning with methionlne and ending with glutamine20 (Sequence iD
NO: 5). In one embodiment the presentirvent~on provides nucleic acid
encoding a feline CD28receptor shown in Figure 4A which has the
sequencebegmr_mg with meth~onme and ending with serene(Sequence ID NO: 7).
In one embodiment t:~e present25 invention prom des nucleic acid encoding a
feline CTLA-4receptor which has the sequence shown in Figure 5Abeginning
with methlonine and ending withasparagine(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 ~s cDNA or genomlc DNA. The invenCion
provides an oligonucleotide of at least 12 35 nucleotides which has a
sequence complementary to a sequence uniquely present in the nucleic acid
encoding CD28, CD80, CD86, or 'CTLA-4 described above. Another 13   WO
99/5727I '19 SEP 2002 PCT/US99/09502 embodiment of the Invention provides
an oligonucleotide which is at least 15 or 16 nucleotides in length which
has a sequence complementary to a sequence uniquely present in the nucleic
acid encoding CD28, CD80, CD86, or 5 CTLA-4 described above. Another
embodiment of the above-described invention provides an oligonucleotide
which is detectably labeled. In one embodiment the detectable label
comprises a 10 radioisotope, G fluorophor, or biotin. In another embodiment
the oligonucleotide is selectively methylated. The inven~ion provides a
vector comprising nucleic acrd encoding a feline CD80 ligand cr a feline
soluble CD80 ~5 liaand. Another embodiment of the invention prom des a
plasm~d vector designated PSI-B7-1/871-35 (ATCC Accession No. 209817). This
plasmid was deposited on April 29, 1998 with tre American Type Culture
C:~llection (ATCC) l0801 University Boulevard, Manassas, Va 20108-0971, 20
U.S.A. under the provisions of the Budapest Treaty for the International
Recognition o~ tre Deposl~ of Microergar_~sms for ~he Purposes of Patent
Procedure. The invention prov;des a vector cempr;sing nucleic acid => 25
encodlrg a feline CD86 ligand or a feline soluble CD86 



ligar.d. The invention prov~.des a plasmid vector designated
B7-2#19-2/011Z98 (ATCC Accession No. 209821). Th=s plasmld was deposited on
April 29) 1998 with the American Type Culture Collection (ATCC), 10801
University 30 Boulevard, Manassas, Va 20108-0971, U.S.A. under the
provisions of the Budapest Treaty for the International Recognition of the
Deposit of Microorganisms for the Purposes of Patent Procedure. 35 The
present Invention provides a vector comprising the nucleic acid encoding a
feline CD28 receptor or a feline soluble CD28 receptor. The present
invention provides a 14   WO 99/57271 19 SEP 2002 PCT/US99/09502 plasmid
vector designated PSI-CD28 #7/100296 (ATCC Accession No. 209819). This
plasmid was deposited on April 29) 1998 with the American Type Culture
Collection (ATCC), i0801 University Boulevard, Mantissas, Va 2C108 5 0971,
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. The present invention provides a vector comprising 10 nucleic
acid encoding a feline CTLA-g receptor or a feline soluble CTLA-4 receptor.
The present invention .' prom des a plasmid vector designated CTLA-4#
l/091997 (ATCC Accession No. 209820). This plasmid was deposited on April
29, 1998 with the American Type Culture 15 Collection (ATCC), 10801
University Boulevard, Mantissas, Va 20108-0971, U.S.A. under the provisions
of the Budapest Treaty ~or the International Recognition o~ the Deposit of
Microorganisms for the Purposes of Patent Procedure. 20 The ~nvenm on prom
des a vector described above which fuher comprises a promoter operably
linked to the nucleic am d. In another embodiment the =nvention -- provides
a ~:ost cell which comprises any of the above 25 described vectors. In one
embodiment the nost cell comprising one of the above-described vectors is a
eukaryotic or a prokaryotic cell. In another embodiment the host cell is
either E. Coli, yeast, COS cells, PC12 cells, CHO cells, or GH4C1 cells. 30
The invention provides a poiypeptide encoded by the nucleic acid encoding a
feline CD80 ligand or a feline soluble CD80 ligand of claim 1. An
embodiment of the invention provides a polypeptlde encoded by nucleic acid
35 encoding a feline CD86 llgand or a feline soluble CD86 ligand. Another
embodiment of the invention provides a 15   WO 99I57271 19 SEP 2002
PCTIUS99/09502 



polypeptide encoded by nucleic acid encoding a feilne CD28 receptor or a
feline soluble CD28 receptor. The present invention provides a polypept~de
encoded by nucleic acrd encoding a feline CTLA-4 receptor or a 5 feline
soluble CTLA-4 receptor. In another embodiment the inven~ion provides
method of producing the above-described polypeptides by culturing a host
cell which expresses the poiypeptldes and l0 recovering the polypeptzdes so
produced. ' The present invention provides a vaccine comprising an
effective amount of the above-described polypeptides and a suitable
carrier. In another embodiment the invention 15 provides a vaccine wherein
the effective amount of the above-described polypeptlde and suitable
carrier is an amount from about 0.01 mg to about 100mg per dose. In another
embodiment the invention. provides a vaccine where~r. the effective amount
of the above-described 20 polvpeptide and su~tabie carrier is an amount
from about G.25 mg/kg weight body cf a feline /day to about 25 mg/kb weight
of a feline/day. The r~resent invention further provides an above-described
J 25 vaccine which further comprises an ~mmunoger. derived from a pathogen.
T_n another embodiment the immunogen within the vaccine ss derived from a
feline pathogen, a rabies virus, chlamydia, Toxoplasmosis gondii,
Dirofilaria immitis, a flea, or a bacterial pathogen. In another 30
embodiment) the invention provides a vaccine wherein the feline pathogen is
feline ~mmunodeficiency virus (FiV), feline leukemia virus (FeLV)) feline
infectious peritonitis virus (FIP), feline panleukopenia virus, feline
calicivirus, feline reovirus type 3, feline 35 rotavirus, feline
coronav~rus) feline syncytial virus, feline sarcoma virus, feline
herpesvirus, feline Borna disease virus, or a feline parasite. 16   WO
99/57Z71 19 SEP 2002 PCTIU S99/09502 The invention also provides a method
of inducing immunity in a feline which comprises administering to the
feline a dose of a vaccine containing any of the above-described
lmmunogens. The ~nventlon also provides a method of 5 enhancing an immune
response ~n a feline which comprises an effective dose of a polypeptide, an
immunogen, and a suitable carrier. The invention provides a method of
adm~nister~ng the above-described vaccine subcutaneously, intramuscularly)
systemically, topically, or orally. 10 A further embodiment of the
invention provides a method for suppressing an Immune response in a feline
which comprises admir.~stering to the feline an effective immure response
suppressing amount of a polypeptlde 15 enccd~na reline CTLA-4 nucleic acid.
In another embodimer.~ the invention provides a method for suppressing an
immure response ~n a feline which comprises adm;n~stering to the feline an
effective Immune response suppressing amount cf a soluble oolypeptide 20
enccdin~ ~elir.e CD80, =ellne CD86, or fellr_e CD28. In azothe~- embcciment
the present mvent~on prom des a met'~od for suppressing an immune response
in a feline by acim~n~steri:-:g prom about C . 25 mg/kg body weight/day to
25 about 25 :ngj~,b body weight/day of a peivpeptlde encoding fe=one
C'='LA-4 .^.ucleic acid. In another embodiment the present i~ven:.ion
provides a method for suppressing an immune response In a feline by
admln~stering from about 0.25 mg/kg body weight/day to about 25 mg/kb body
30 weight/day of a polypept~de encoding feline CD80, feline CD86, or feline
CD28. The present ~rvent~on 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 suppressing amount of a 



17   WO 99I57271 19 SEP 2002 PCT/US99/09502 polypeptide encoding feline
CTLA-4 nucleic acid. The present invention also provides a method of
suppressing an immune response ~n a feline suffering from 5 an autoimmune
disease or is the recipient ef a tissue or organ transplant by
administering to the feline an effective immune response suppressing amount
of a polvpeptide encoding feline CD80, feline CD86, or feline CD28. IO .~i
15 20 ~z -'' 2 5 The invention provides isolated and purified feline CD80
(B7-1;~ cDNA of approximately 941 nucleotides. The inventio: also provides
isolated and purified feline CD80 pol;rpeptide of approximately 292 ammo
acids, the nature membrane bo;~::d or mat::re 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 of CD80) with t~:e costimulatory molecule
CD28, and a t~:mo= antigen or an ant=gen from a pathogenic organism, has
the ability to activate o~ en^ance activatson of T-lymphocytes) inducing
the production of immune stimulating cytokines and tc regula~e the growth
of other cell types. The coexpress~on of CD80, w~t!~ costimulatory molecule
CTLA-4, has t:ne ability to regulate activation of T-lymphocytes. The
~nventicn prom des isolated and purified feline CD86 (B7-2; cDNA of
apprcximately 1176 nucleotides. The invention. also 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, ar. isoelectric point of about 9.19, a net charge
at pH 7.0 of 11.27. The coexpresslon of CD86, with cost~mulatory 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 stimulating cytokines and to regulate the growth
I8   19 SEP 2D02 WO 99/57271 PCT/US99/09502 of other cell types. The
coexpresslon of CD86, with costimulatory molecule CTLA-4, has the ability
to regulate activation of T-lymphocytes. 5 Feline CD80 or CD86 according to
the present invention are obtained from native or recombinant sources.
Feline CD80 or CD86 according to the present invention comprises the native
and membrane bound form or a secreted form lacking the transmembrane
domain. 10 The invention provides Isolated and purified feline CD28 cDNA of
approximately 689 nucleotides. The invention also -. l provides ysolated
and purified feline CD28 polypeptide of approximately 22l amino acids, the
native membrane bound 1S or rr.a:.ure four, whlcr has a molecular mass of
about 2S, 319 kDa, an ~soelect=~c point of about 9.17 , a net charge at pH
7.0 oT 9.58. 



The invention prov~.des isolated and purified feline CTLA20 4 cDNA of
approximately 749 nucleotides. The Invention also prom des ~sclated and
pur~f~ed feline CTLA-4 polypeptide cf approximately 223 amino acids) the
native membrane bound or mature form which has a molecular mass of about
24,381 kDa) an ~soelect=~C point of about 6.34 25 , a net charge at pH 7.0
of -0.99. In another aspect, the invention provides a method of enhancing
an immune response in a fetid to an immunogen, which is achieved by
administering the ~mmunogen before, 30 after or substantially
simultaneously with the feline CD80 or feline CD86 with or w:.thout feline
CD28 or feline CTuA-4 in an amount effective to enhance the immune
response. 35 In another aspect) the invention provides a method of
suppressing an immure response in a fe a d to an Zmmunogen, which is
achieved by administering the 19   WO 99I57271 ~i 9 SEP 2002 PCT/U
S99/09502 immunogen before, after or substantially simultaneously with the
feline CD80 or feline CD86 with or without feline CD28 or feline CTLA-4 or
with antisense RNA or DNA, In part or whole, encoding fel~.ne CD80 er
feline 5 CD86 cr feline CD28 or feline CTLA-4, in an amount effective to
suppress the Immune response. In another aspect) the invention provides a
vaccine for ;ndaclng an immune response in fe a ds to an immunogen, 10
comprising the immunogen and an effective amount of feline CD80 for immune
response enhancement. The immunogen is derived, for example, from feline
pathogens such as feline immunodeficlency virus, feline leukemia m rus,
feline parvovirus, feline coronavirus, feline 15 lepLOV~rus, and the like.
In another aspect, the invention provides a vaccine for i:~ducmg an immune
response m fends ~o an immunogen) which ~s achieved by administering DNA or
RNA of an 20 immunogen and DNA or RNA of feline CD80, CD86, CD28 accessory
molecules, .n any combination, encoding the prc~e~ns or fragments of
proteins In an amount effective to modulate the immune resaonse. 25 The
feline CD80 protein has an ammo acid sequence which is 59% anti 46%
;dertical with the human and mouse proteins, respectively. The feline CD86
protein has an amino acid seauence which is 68o and 64% identical with the
human and rabbst proteins, respectively. The feline 30 CD28 protein has an
amino acrd sequence which is 82% and 74o 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 CD8o or CD86 proteins cannot
functionally replace the feline CD80 or CD86 proteins. Therefore, the
feline CD80, feline CD86, feline CD28 and feline CTLA-4 are 20   WO
99I572?1 19 SEP 2002 PCT/US99/09502 



novel reagents required for the regulation of Immunity in felids. The
present invention encompasses T-cell regulatory 5 accessory molecules, CD80
(B7-1) or CD86 (B7-2) cr CD28 or CTLA-4 (CD152) from feline species. The
lnvent~on provides isolated and purified nucleic acids encoding, 1n part or
whole, feline CD80 or feline CD86 or feline CD28 or feline CTLA-4, as well
as CD80, CD86, CD28 or CTLA-4 10 polypeptides purified from ether native or
recombinant sources. Feline CD80, CD86, CD28 or CTLA-4 produced according
to the present invention is used to enhance the efficacy of feline vaccines
against tumors and pathogenic organisms and as a therapeutic to treat viral
and Z5 bacterial diseases in cats. Feline CD80, CD86, CD28 or CTLA-4
produced according to the present mvent~on is also used to alleviate
disease due to overactive, hyperactive or misdirected immune responses. 20
Nucleic Acids, Vectors, Transformants The sequences of the cDNA encodir~g
feline CD80 (SEQ ID NO: i), fei~ne CD86 (SEQ ID NO: 5), feline CD28 (SEQ TD
NO: % ) ( or feline CTLA-4 (SEQ ID NO: 9) , are shown in 25 FIGL'~tES 1 to
5,and the predicted ammo acid sequences of feline CD80 (SEQ ID NO: 2),
feline CD86 (SEQ ID NO: 6), feline CD28 (SEQ ID NO: 8)) or feline CTLA-4
(SEQ ID NO: 10)) are shown in FIGURES 1 to S. The designation of these
feline polypeptides as CD80, CD86, CD28 or CTLA-4 30 is based en partial
amino acid sequence homology to human or mouse or rabbet homologues of
these polypeptides, and the ability of the CD 80 or CD86 polypeptides to
bend to feline CD28 receptor (see below) or to CTLA-4 and to activate or
stimulate or otherwise regulate activation of 35 T-lymphocytes .
Furthermore, without wishing to be bound by theory, it is predicted that
feline CD80 or feline CD86 polypeptides also exhibit one or more of the 21
WO 99/57271 19 SEP 2002 PCT/US99/09502 following bioactlvities: activation
of NK (natural killer) cells, stimulation of B-cell maturation, activation
of MHC restricted cytotoxic T-lymphocytes, proliferation of mast cells,
interaction with c~.tokme 5 receptors and Induction of immune-regulating
cytok~nes. Because of the degeneracy of the genetic code (i.e.,multiple
colons encode certain amino acids), DNAsequences other than that shown In
FIGURES 1 to 5 can10also encode the feline CD80, CD86, CD28 or CTLA-4
aminoacid sequences shown in FIGURES 1 to 5. Such other DNAsinclude those
containing "sequence-conservative"variations ~n which a change in one or
more nucleotidesin a given colon results in no alteration in the ammo15acid
enCOCed at that position. Furthermore, a givenamino acid residue in a
polypeptide can o~ten be changedwithout aiteY~ng the overall conformation
and function ofthe native poiypeptyde. Such "function-conservative"variants
~nc'_ude, bLt are not l~mlted ~o, rapiacement of20an amino acid with one
having similar physico-chemicalproperties, such as, for example, acidic,
basic,hydrophob~ c, hydrop:~~-~c, aromatic and t:~e like (e.g. ,replacement
of lysine with arg~nine, aspartate withglutamate, or glycine mt:~ alanine).
~z addition, ammo25acid sequences are added or deleted mtho~,:t
destroyingthe bioactlvi~y of the molecule. For example, additionalamino
acid sequences are added at either amino- orcarboxy-terminal ends to serve
as pur~ficatlon tags, suchas h~stidine tags, (i.e., to allow one-step
purification30of the protein) after which they are chemically
orenzymatically removed). Alternatively, the additionalsequences confer an
additional cell-surface binding siteor otherwise alter the target cell
specificity of felineCD80, CD86, CD28 or CTLA-4, such as with the addition
of35an antigen binding site for antibodies. The feline CD80 or feline CD86
or feline CD28 or feline 22   WO 99/57271 19 SEP 2002 PCT/US99/09502 CTLA-4
cDNAs within the scope of the present inventionare those of Figure 1 to 5,
sequence-conservative variantDNAs) DNA sequences encoding
function-conservativevariant polypeptides, and combinations thereof.
The5Invention encompasses fragments of feline CD80) CD86,CD28 or CTLA-4
that exhibit a useful degree ofbioactlvity, either alone or in combination
with othersequences or components. As explained below, it is wellwithin the
ordinary skill in the art to predictively10manipulate the sequence of CD80,
CD86, CD28 or CTLA-4and establish whether a given feline CD80, CD86, CD28
orCTLA-4 variant possesses an appropriate stability andbioact~vity for a
given application, or variations thataffect the binding activities of these
molecules15resulting ~n increased effectiveness. Feline CD80 andCD86 will
each bins to coreceptor CD28 or ~o ccreceptorCTT~A-9. Tr:~s can be achieved
by expressing and purify ngthe variant CD80, CD86, CD28 or CTLA-~
poiypeptide in arecombinant system and assaying its T-cell
stimulatory20activity and/or growth-promoting activity in cell cultureand
in animals, followed by testing in the application.The var~an~ CD80 is
tested for bloactlvitv by ~unct~onalbinding tc the CD28 or CTLA-4
receptors. The variant CD86is tested for bioactivity by functional b~ndmg
to the25CD28 or CT:~A-4 receptors. In a similar manner, variantCD28 or
variant CTLA-4 is tested for bioactlvity. The present invention also
encompasses feline CD80, CD86, CD28 or CTLA-4 DNAs (and polypeptides)
derived from other 30 feline species, including without limitation domestic
cats, lions, tigers, cheetahs, bobcats and the like. Feline CD80, CD86,
CD28 or CTLA-4 homologues of the sequence shown in Figure 1 to 5 are easily
identlFied by screening cDNA or genomlc libraries to identify clones 35
that hybridize to probes comprising a11 or part of the sequence of Figure 1
to 5. Alternatively, expression libraries are screened~using antibodies
that recognize 



23   19 SEP 2002 WO 99I57271 PCTIUS99/0950? feline CD80, CD86, CD28 or
CTLA-4. Without m shing to be bound by theory, it ~s anticipated that CD80
or CD86 genes~f rom other feline species will share at least about 70o
homology with the feline CD80, CD86, CD28 or CTLA-4 5 genes. Also within
the scope of the invention are DNAs that encode homologues of CD80, CD86,
CD28 or C';'LA-4, defined as DNA encoding polypeptides that share at least
about 25% amino acrd Identity with feline CD80, CD86, CD28 or CTLA-4. 10
Generally, nucleic acid manipulations according to the j present invention
use methods that are well known ~n the art, such as those as disclosed in,
fer example) Molecular ~._^loning, A Laboratory Manual (2nd Ed., 15
Sambrook, Frltsch and Maniatis, Cold Spring Harbor), or Current Protocols
in Molecular Biology (Eds. Aufubel) Brent, :C~ngstc:~) More, Feidman, Smith
and Stuhl) Greene P~.:bl. Assoc. , Whey-Intersc~ence, NY, NY, 1992) . 20The
present i.^.vention encompasses cDNA and .TINA sequencesa:d sense and
antlsense. The invention also encompassesgenomic felvne CD80, CD86, CD28 or
CTLA-4 DNA sequencesand flark~ng seque::ces) i:~~cluding, nut not limited
to,regulatory sequences. Nucleic acrd sequences encoding2Sfeline CD80,
CD86) CD28 or C'I'LA-4 poiypeptide(s) are alsoassociated m th heterologous
sequences, includingpromoters, enhancers, response elements,
signalsequences, polyadenylation sequences, introns, 5'- and 3'-noncoding
regions, and the like. Transcriptional30regulatory elements that are
operably linked to felineCD8C, CD86, CD28 or CTLA-4 cDNA sequences)
includewithout limitat~.on those that have the ability to directthe
expression of genes derived from prokaryotic cells)eukaryot~c cells,
viruses of prokaryotic cells) viruses35of eukaryotic cells, and any
combination thereof. Otheruseful heterologous regulatory sequences are
known tothose skilled in the art. 24   WO 99I57271 19 SEP 2002 PCT/U
S99/09502 polvpeptidels) are also introduced into cells by recombination
events. For example, such a sequence is mlcroin~ected into a cell,
effecting homologous recombination at the site of an endogenous gene
encoding 5 the polypeptzde, an analog or pseudogene thereof, or a sequence
with substantial identity :.o an feline CD80) CD86, CD28 or CTLA-4
polypept~de-encoding gene. Other recombination-based methods such as
non-homologous recombinations, and deletion of endogenous gene by 10
homologous recombination, especially in plurlpotent cells, are also used.
The present invention provides a method of enhancing an Immune response in
a fe a d to an immunogen, which is i5 achieved by administering the
lmmunogen before, after oY substantially simultaneously with the feline
CD80 or feline CD86 with or without feline CD28 or reline CTLA-4 ~n an
amount effective to enhance the immune response. 20 The present invention
provides a method of enhancing an immune response in a fe a d to an
immunogen, which is ach-eyed by admir_istering an expression. vector which
contains an immunogen derived from a feline pathogen and the feline CD8C or
feline CD86 accessory molecules with 25 or without feline CD28 or feline
CT:~A-4 m an amount effective to enhance the immune response. The present
invention provides a method of redirecting an immune response in a feud to
an immunogen, which is 30 achieved by administering an expression vector
which con~ains an immunogen derived from a feline pathogen and the feline
CD80 or feline CD86 accessory molecules with or without feline CD28 or
feline CTLA-4 in an amount effective to enhance the immure response. 35 



The present invention provides a method of suppressing an immune response
in a fetid to an immunogen, which is 26   WO 99I57271 '19 SEP 20Q2
PCT/US99/09502 achieved by administering the immunogen before, after or
substantially simultaneously with the feline CD80 or feline CD86 with or
without feline CD28 or feline CTLA-4 or with antisense RNA or DNA encoding
feline CD80 or 5 feline CD86 or feline CD28 or feline CTLA-4) ~n an amount
effective to suppress the immune response. The present Invention provides a
vaccine for inducing an immune response in a felid to an immunogen(s),
comprising 10 the immunogen and effective amount of feline CD80 or feline
CD86 with or without feline CD28 or feline CTLA-4 for Immune response
enhancement, or feline CD80 or feline CD86 w;th feline CTLA-4 for immune
response suppression. In another embodiment the invention provides a
vaccine 15 co~npr~sing an expressicn vector contaln:.ng genes for
immunogen(s) to feline pathogens and genes for CD80, CD85, with or
~rit!~out fel ine CD28 or feline CTLA-4 for immune response ehancement or
suppression. 20 Feline CD80, CD86, CD28 or CTLA-4 Polypeptides The reline
CD80 gene (the cDNA and amino acid sequence of which is shown in Figure _
and 2) encodes a polvpeptide of app~ox~mately 292 ammo acids. The =ellne 25
CD86 gene (the cDNA and ammo acrd sequence of which is shown ~n Figure 3)
encodes a polypeptide of approx:.mately 320 amino acids. "_'he feline CD28
gene (the cDNA and amino acid sequence of which is shown in Figure 4)
encodes a polvpeptlde of approximately 221 amino acids. The feline 30
CTLA-4 gene (the cDNA and ammo acid sequence of which is shown in Figure 5)
encodes a polypeptlde of approximately 223 amino acids. Purif~catlon of
feline CD80, CD86, CD28 or CTLA-4 from 35 natural or recombinant sources is
achieved by methods well-known in the art, including, but not limited to,
ion-exchange chromatography, reverse-phase chromatography 27   WO 99I57271
19 SEP 2002 PCT/US99/09502 on C4 columns) gel filtrat~.on, isoelectric
focusing, affinity chromatography, and the like. In a preferred embodiment,
large quantities of bioactive feline CD80, CD86, CD28 or CTi~A-4 is
obtained by co:~structlng a S recombinant DPJA sequence comprising the
coding region fog feline CD80, CD86, CD28 or CTLA-4 fused ~n frame to a
sequence encoding 6 C-terminal histidlne res;dues in the pSFVl replicon
(GIBCO/BRL). mRNA encoded by this plasmid is synthesized using techniques
well-known to those 10 skilled in the art and introduced into BHK-21 cells
by electroporatlon. The cells synthesize and secrete mature glycosylated
feline CD80, CD86, CD28 or CTLF~-4 polypeptldes containing 6 C-terminal
histldines. The modified feline CD80, CD86) CD28 or CTLA-4 polypeptldes 



15 are purified from the cell supernatan~ by aff~mty chromatography using a
histidine-bmd~r.g resin (His-bind, Novagen, Madison) GJI). Fel~re CD80 0.
feline CD86 polypeptides isolated from any 20 source are rnod~fied by
methods known ~.n the art. For example, ~el~ze CD80, CD86) CD28 or CTLA-4
are phosphorylated or dephosphorylated, glycosylated cr deglycosylated, and
the like. 5specially useful are mod;flcat~c:a that alter feline CD80, CD86,
CD28 of CTLA 2S 4 solub~l~ty, stability, and binding spec~ficlty and
affinity. Feline CD80, CD86, CD-28, CTLA-4 Chimeric Molecules. 30 The
present invention encompasses the production of chimeric molecules made
from fragments of feline CD80, CD86, CD-28 and CTLA-4 in a:~y combination.
For example, introducing the binding site of CTLA-4 ~.r. place of the CD-28
binding site, to Increase the binding affinity of 35 CD28 whsle maintaining
enhancement of the immune response. 28   19 S E P 2002 WO 99/57271
PCT/US99/09502 In one embodiment, the binding sites for CD80 or CD86 on
CTLA-4 and CD28 are exchanged such hat a binding region on CD28 is replaced
by a binding region of CTLA-4. The effect of the chlmeric CD28 molecule
with a C'~'LP.-4 5 binding region is to increase the affinity of CD28 for
CD80 or CD86 and increase the magnitude cf enhancement of the ;mmune
response. In an alternative embodiment, chimeric molecules of CD80 and CD28
or CD86 and CD28, or fragments thereof, are membrane bound and improve the
10 immune enhancing capabilities of these molecules. T_n an alternative
embodiment, chlmeric molecules of CD80 and CTLA-4 or CD86 and CTLA-4, or
fragments thereof, are membrane bound and improve the immune suppressing
caoab~l~ties of these molecules. In an alternative 15 embodiment, chlmeric
molecules of CD80 and C'='LA-4 or CD86 and CTLA-4( or fragments thereof,
are membrane bound and redirect the immune response to achieve the desired
effect. 2 0 Arrrz - FELINE CD 8 0 , CD 8 6 , CD2 8 OR CTLA- 4 ANTIBODIES
The aresent invention encompasses antibodies that are specific for feline
CD80, CD86, CD28 or CTLA-4 polypept~des identified as described above. The
25 antibodies are oolyclonal or monoclonal, and discriminate feiinP CD80,
CD86, CD28 or CTLA-4 from different species, identify functional domains,
and the like. Such antibodies are conveniently made using the methods and
compositions disclosed ~n Harlow and Lane, Antibodies, A 30 Laboratory
Manual, Cold Spring Harbor Laboratory, 1988, as well as ~mmunolog~cal and
hybridoma technologies known to those skilled In the art. Where natural or
synthetic feline CD80, CD86, CD28 or CTLA-4-derived peptides are used to
induce an feline CD80, CD86, CD28 or CTLA-4 35 specific immune response,
the peptides are conveniently coupled to a suitable carrier such as KLH and
administered in a suitable ad~uvant such as Freund's. 29   WO 99I57271 '19
SEP 2~~ 



PCT/US99I09502 beneficially as a vaccine to prevent infectious disease or
to promote growth in homologous or heterologous feline species. For
example, the coexpression of CD80 er CD86, with costlmulatory molecules
CD28 or CTLA-4, ~n any 5 combination, and a tumor antigen or antigens from
a pathogenic organism. The coexpresslon of feline CD80 or CD86, with a
feline CTLA-4 receptor has the ability to inhibit activation of
T-lymphocytes and suppress an immune response. A specific example would be
to coexpress 10 CD80 or CD86, with FIV, FeLV, or FT_P derived immunogens in
a viral vector or DNA expression vector, which, when administered as a
vaccine would activate, enhance or regulate the proliferation of CD4+ and
CD8+ Tlymphocytes, and induce immune-regulating c~.tokines such 15 as IL-2,
IFN-Y, IL-12, TNFa, IL-6 and the like. Another 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
redirect t:ne immune response. 20 Enhancement of immunity through the
interaction of feline CD80 or CDB6 with CD28 or CTLA-4 or inhibition of an
Immune response throug:~ the interaction of feline CD80 or CD86 with CTLA-4
takes advantage of ~he 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, CD28 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 CD80,
CD86, CD28 and/or CTLA-4 gene is 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 ~s 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 31   19 SEP 2002 WO 99/57271 PCT/US99/09502 Forest virus,
a poxvirus or a herpesvlrus, transfers the gene to the antigen presenting
cell. The feline CD80, CD86, CD28 and/or CTLA-4 gene or fragments of genes
in any combination is inserted into a DNA or RNA expression 5 vector and
ln~ected into a feu d and expresses the gene product in the feud as a
"naked" DNA/RNA or genetic vacc;ne. ~he co-expression of immunogen and the
CD80, CD86 , CD28 and/or CTLA-4 within a target cell or fend co:~trlbLtes
to the activation, enhanced activation, or 10 regulation of T lymphocytes,
B lymphoctyes and other cells. Alternatively, the expressed protein could
be adm~n~stered following expression In a plasmid. The feline CD80, CD86,
CD28, or CTLA-4 proteins normally function a:~chored in the cell membrane
as plasma membrane i5 accessor.. molecules, but may be presented -n other
for;~.s, par~~cularly without membrane anchors. In an o:~e mbodiment, the
feline CD80 and feline CD86 are sol~:ble, lacking a transmembrane domai-:
or hydrophobic 20 region, and interact with costimulatory molecules CD28 or
CTLA-4, _.. e~.tner a membrane bound or soluble form. In an alternatme
emboc~ment, the feline CD80 or feline CD86 are ^lemorane bound a:~d the
cost~mulaterv molecules CD28 or ^'~':_A-~ are ~r. a scluble form, lackir_g
a transmerrbrane 25 domain or rydrophobic reg~or.. The soluble CD28 or
CTLA-4, pre_`erabi~~ ~n a dimeric form, is useful for treating disease
related to T-ce'_i mediated ~mmunosuppression in cats. Soluble CD28 or
CTLA-4 prevents refection of transplanted tissue and can be used to treat
autoimmune 30 disease. Specifically soluble CD28 or CTLA-4 ~s useful for
preventing graFt versus host disease Zn a bone marrow transplant. Soluble
CD28 or CTLA-4 prevents binding of a cell containing membrane bound feline
CD80 or CD86. 35 Sequence-conservative and functional conservative variants
oa feline CD80, CD86, CD28 or CTI~-4 DNA and polypeptides or a bioactive
feline CD80, CD86, CD28 or 32   W O 99I57271 ~ g SEP 2002 



PCT/US99/09502 CTLA-4 fragment or sub-fragment are fused In frame to
another sequence, such as a cytokine, interleukZn) interferon, colony
stimulating factor, antigen from a pathogenic microorganism, antibody, or
purification 5 sequence, such as a his-tag or a reporter gene, such as E.
coli lacZ, E. coli uidA, or green fluorescent protein. Vaccines 10 The
present invention encompasses methods and composition for enhancing the
efficacy of an immune response in feline species. In this embodiment,
feline CD80, CD86) CD28 or C';'i.~A-4 are used In conjunction with an
immunogen for which ~t is desired to elicit an immune response. 15 For
example, ~n ~eline vaccines containing immunogens from pathogens such as
feline immunodeficiency virus and feline leukemia virus, and other
pathogens such as feline pa~-vovlna, feline leptovirus, and fel;ne
coronavirus, it is desirable to include feline CD80, CD86, CD28 or CTLA-4
20 in the vaccine to regulate the magnitude and quality of the Immune
response. For this purpose, feline CD80, CD86, CD28 c~ CTLA-4 purified from
native o~ recombinant so:~rces as described above ~s included in the
vaccine fo~ulatio~ at a concentratlor_ rangi:~g from about G.01 to 25
'_0C.0 mg per vaccine per cat. Commerc=al sources of feline vaccines are
known to those skilled in the art (Compendium of Veterinary 30
Pharmaceuticals, 1997) and are used in combination with the present
invention for a more effective vaccine. A vaccine for inducing and
regulating an immune response in a fe a d to an immunogen, is comprised of
an immunogen 35 and an effective amount of feline CD80 or fel ine CD86 with
or without feline CD28 or feline CTLA-4 for Immune response enhancement) or
feline CD80 or fel~.ne CD86 with 33   19 SEP 2002 WO 99/57Z71
PCT/US99/09502 feline CTLA-4 for immune response suppression. The immunogen
is selected from the group comprising, but not limited to, feline pathogens
such as ~eline 5 immunodeflciency m rus, feline leukemia virus, feline
infectious peritonitis virus, feline panleukopen=a virus (parvo), feline
calicivirus, feline reovirus type 3) feline rotav~rus, feline coronavirus
(Infectious peritonitis), rabies virus, feline syncytial f~rus, 10 feline
sarcoma m rus, feline herpesvirus (rhlnotracheitis virus), feline Borna
disease virus) Chlamydia, Toxoplasmosis gondil, feline parasites,
Dirof~larla imm;tis, fleas, bacterial pathogens, and the like. 15
Recrulat~on 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 ~r, a felid
indicates ti-~at she immune response is either stimulated 20 or suppressed
to treat the disease or irfecm ous agent in the ~elid. Exp=ess~on of
feli::e CDBC, CD86, CD28, or CTA-4, alone or ~n any combinatlor. ir_ part
or ~n whole,. ir. an 25 expression vector containing genes) for feline
immunogens for the purpose of administering as a genetic vaccine or naked
DNA vacci__^.e . Vectors ~rciude but are not limited to: pTarget( Promega,
Madison, WI), pcDNA (Invltrogen, Carlsbad, CA). (Donnelly ~:~J, et al.,
1997; 30 Hassett and Whitton, 1996.) The genes or fragments of the genes
for CD80, CD86, CD28, and CTLA-4, alone or in any combination, in part or
in whole) may be inserted or transfected into the 35 chromosomes of a fe a
d 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 



34   WO 99I57271 form of gene therapy. 19 SAP 2002 PCTIUS99/09502 The
present invention provides methods and compositions for improving
resistance to disease of feline species for 5 medical and/or commercial
purposes. In this embodiment, feline CD80, CD86, CD28 or CTLA-4, expressed
alone or in any combination, in part or Zn whole, and ~n combination with
or without genes encoding feline immunogens, is administered to feuds using
any appropriate mode of 10 administration. For growth promotion or disease
resistance, feline CD80, CD86, CD28 or CTLA-4, expressed "= alone or m any
combination is administered ~n a formulation at a concentration ranging
from about 0.01 to 100.0 mg per vaccine per cat in amounts, preferably in a
15 form~ulat~on at a concentration ranging from about 0.25 mg/kg/day to
about 25 mg/kg/day. It will be understood that the required amount of
feline CD80, CD86, CD28 or CTL~-4 can be deterr~ined by routine
experimentation wellknown in the art, such as by establishing a matrix of
20 dosages and frequencies and comparing a group of experimental unms or
subjects to each point ~n the matrix. According to the present invention,
native or recombinant 25 feline CD80) CD86, CD28 or CTLA-~ is formulated
with a physiologically acceptable carrier, such as, for example, phosphate
buffered saline or delonized water. The formulation may also contain
excipients, including lubr~cant(s), plasticizer(s)) absorption enhancer(s),
30 bactericide(s), and the like that are well-known m the art. The feline
CD80, CD86, CD28 or CTLA-4 polypeptide of the invention is administered by
any effective means, including without limitation intravenous,
subcutaneous, intramuscular, transmuscular, topical, or oral routes. 35 For
subcutaneous administration, for example, the dosage form consists of
feline CD80, CD86, CD28 or CTLA-4 in sterile physiological saline. For oral
or respiratory 35   WO 99I57271 19 SEP 2002 PCT/US99/09502 administration,
feline CD80, CD86, CD28 or CTLA-4 , with or without excipients, is micro-
or macro- encapsulated in, e.g., liposomes and mlcrospheres. Dermal patches
(or other slow-release dosage forms) are also be used. 5 Examples Example
IA 10 Cloning of the =eline CD80 (B7-1)-TAMU, CD86 (B7-2), CD28, and CTLA-4
cDNA: The =el one CDBC (B7-1) , CD86 (B7-2) , CD28, and C';'i~A-4 15 cDh'A
were cloned by first RT-PCR (Reverse transcriptase/Polymerase chain
reaction) amplifying a region. between two sequences that were conserved
enough to make degenerate primers trat interacted with the feline mRNA. The
source of the mRNA was peripheral blood 20 mononuclear cells (PBMC)
stimulated for at least 16 hours with Con A. This PCR product was
sequenced. The seauence was used to make primers for RACE (rapid
ampllf~cation of cD'_vA ends) PCR. The 5' er~d was amplified by first
making cDNA wit2: a downstream primer complimentary to the newly 25
sequenced conserved region. An oligonucleot~de was 



legated to the 3' end of the cDNA (compliment with the 5' end of mRNA).
This sequence served as the binding site for the upstream primer which was
PCR compatible with the downstream PCR primer that corresponded with
another 30 region in the newly sequenced region. Degenerate primers were
employed in multiple rounds cf nested reactions to obtain the 3' end. This
upstream primer for PCR was designed to react with a sequence in the newly
sequenced region. Products were either sequenced d~.rectly or 3S cloned
into a TA cloning vector and sequenced from the plasmid. The whole open
readi:~g frame was cloned by amplifying in its entirety by PCR with primers
36   19 SEP 2002 WO 99/5727t PCT/US99/09502 constructed from the known
seQUences. The ORFs were cloned and sequenced three times. The B7-1 ORF was
subcloned Into a pSI plasmid with an SV40 promoter, and the SFV plasmid.
The pSI was used to establis~~ the S functional interaction of B7-1 with
the feline CD28. DNA Drlmers used for RT/PCR of the feline CD80 (B7-1) cDNA
were: 5' Primer: S'-CGCGGATCCGCACCATGGGTCACGCAGCAAAGTGGAAAAC3'; (SEQ ID NO.
li) ZO 3' Primer: 5'-CCTAGTAGAGAAGAGCTAAAGAGGC-3'; (SEQ ID NO. 12) (See
above for complete lest of primers for feline CD28 cDNA) . DNA primers used
fcr R"_'/PCR of the feline CD28 cDNA were: 1S S' Primer: S'
-C:~CGGATCCACCGGTAGCAC.~.ATGATCCTCAGG-3' ; (SEQ ID NO. 13) 3' Primer:
5'-CGCGGATC~CTCTGGATAGGGGTCCATGTCAG-3'; (SEQ ID NO. 14) (See above for
complete list of primers for feline CD28 20 cDNA) DNA primers Lsed ~~r
RT/PCR of ~he rei ine C'='LA-4 cDNA were: 1. Degenerate primers fcr the
first PCR product (672 bp): Deg S ' P : ~ ' - AT~~GCTT ( C ) GCCT"'GGATT"_'
( C ) CAGC ( A ) GG - 3 ' ; 25 (SEQ ID NO. 1S) Deg 3' P:
5'-TCAATTG(A)ATG(A)GGAATAAAATAAGGCTG-3'; (S~Q ID NO. 16) 2. S' end of
CTLA-4 (455 bp): Degenerate) gene-specific (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' ; (SEQ ID N0. 17) 3' GSP:
5'-GCATAGTAGGGTGGTGGGTACATG-3'; (SEQ ID NO. 18) 37   



WO 99I57271 i 9 SEP 2002 PCT/US99/0950? Nested PCR with the PCR product of
the first round: Deg 5' P: 5'-TGTTGGGTTTC(T)G(A)CTCTG(A)CTT(C)CCTG-3'; (SEQ
ID NO. 19) 3' NGSP: 5'-ACATGAGCTCCACCTTGCAG-3'; (SEQ ID NG. 2C) 5 3. 3' end
of CTLA-4: Adaptor primer 1 (AP-, Clonetech Lab, Inc.) Palo Alto, CA);
Nested adaptor primer (AP2, Clonetech Lab), gene-spec=fic primer (GSP), and
nested gene-specific primer (NGSP): 3' RACE PCR: 1C AP1:
5'-CCATCCTAATACGACTCACTATAGGGC-3'; (SEQ ID NO. ~~r-~ 21) ::'l 5' GSF:
5'-GTGAATATGGGTCTTCAGGCAATG-3'; (SEQ ID NO. 22) 3' Nested RACE PCR with the
product of 3' RACE PCR: 15 AP2: 5' -ACTCACTA^_"AGGGC'~'CGAGCGGC-3' ; (SEQ
ID NO. 23) 5' NGSP: 5'-GAAATCCGAGTGACTGTGCTGAG-3'; (SEQ ID NO. 24) 4 .
Primers for wl:o i a C'~'LA-4 crene el CTLA-4 5' P=~mer:
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
f~.rst 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) 38   W O 99I57271 19 SEP
2002 PCT/US99/09502 3. 5' end of CD86: AP1, AP2 (Clontech Lab). Degenerate,
3'-gene-specs=is (GSP) and 3'-nested gene-specific (NGSP) primers: 5' RACE
PCR: 5 AP1: 5'-CCATCCTAATACGACTCACTATAGGGC-3'; (SEQ ID NO. 31) 



3' GSP: 5'-TGGGTAACCTTGTATAGATGAGCAGGTC-3'; (SEQ ID NO. 32) Nested 5' RACE
PCR with the PCR product of 5' RACE: 10 AP2: 5'-ACTCACTATAGGGCTCGAGCGGC-3';
(SEQ ID N0. 33) 3' NGSP: 5'-CAGGTTGACTGAAGTTAGCAAGCAC-3'; (SEQ ID N0. 34)
4. 3' end of B7-2. AP1, AF2, 5' GSP, and 5' NGSP: 3' RACE aCR: 15 AP1:
J'-CCATCCT.~ATACGACTCACTATAGGGC-3'; (SEQ ID NO. 35) 5 GSP: 5'
GGACAAGGGCACATATCACTGTTTC-3'; (SEQ ID NO. 36) Nested 3' PACE PCR with the
PCR product of 3' RACE: 2 0 AP2 : 5 ' -ACTC AC"_'ATAGGGCTCGAGCGGC - 3 ' ; (
SEQ T_D NO . 3 7 ) 5' NGSP: 5'-CAGTGCTTGCTAACTTCAGTCAACC-3'; (SEQ ID N0.
38) Whole CD86 gene: Fel B72 ii) ~ Primer: 5'-CGGGAATGTCACTGAGCTTATAG-3';
25 (SEQ ID N0. 39) Fel B72 (1176) 3' Primer: 5'-GATCTTTTTCAGGTTAGCAGGGG3';
(SEQ ID N0. 40) Example 1B 30 Cloning of CD80 (B7-1)-Syntro/SPAH; Plasmid
917-19-8/16 Feline spleen cells were extracted from cats and cultured with
Concanavalin A for 5 hours, Cells were pelleted) 35 washed with PBS and
used to isolate total RNA(Qiagen 39   t 9 SEP 2002 WO 99I57271
PCT/US99/09502 RNeasy Total RNA System). Total RNA was treated with DNAse I
(Boehringer Mannheim) to remove DNA contaminatlo.^.^. from the RNA
preparations. Messenger RNA was the_^. extracted from these preparations,
using Qiagen's 5 Ol~gotex. beads (Santa Clara, CA) and quick columns. Copy
DNA was generated from mRNA, in the presence of random hexamers, dNTPs,
RNAsin, reverse transcriptase (Promega) and reverse transcrlptase buffer
(Promega) and incubated at 42C for 30 minutes. PCR was then used to 10
generate a double stranded, full-length cDNA clone of the feline B7-1 open
reading frame (ORF) using the sense _;primer 5/97.50
(5'-ATGGGTCACGCAGCAAAGTG-3') ; (SEQ ID NO.4 ' ) and ant ~ sense primer 5 /
97 . 51 ( 5'-CTATGTAGACAGGTGAGA~C-3') ; (SEQ ID NO. 42), dNTPs) B7-115cDNA
(1st strand), MgS04, Vent polymerase (BRL) and Ventpoly~rerase buffer
(BRh). PCR conditions were as follows:1 cycle of 94, 15 seconds; 35 cycles
of 9~ for 30seconds 48 `_or 2 minutes, 72 for 2 minutes; 1 cycle of72 for
10 minutes. PCR reactions were run or. a to low20melt ac,arose gel and DNA
fragments corresponding to theexpected size of the B7-1 ORF were isolated,
gelpur~.f,ed (Qiagen's Gel Purification Kit, Santa Clara, CA)and cloned
into pCR-BLUNT plasm~d vector using kitreagents from Inv;trogen's Zero
Blunt PCR Cloning Kit25(San Diego,CA). DNA extracted from kanamycin
resistantbacterial colonies were pre-screened for the presence ofa unlQUe
NheI site (contained in feline CD80 (B7-1)-TAMU). Inserts that were in the
range of 800-900 by sizeand contained a NheI site were sequenced using
ABI's30fluorescenated automated sequencing protocols andequipment
(Perkin-Elmer-Cetus; Applied Biosystems, Inc.).Plasm~d vector and B7-1,
gene specific primers derivedfrom the previously cloned B7-1 gene were used
togenerate DNA sequence pCR-Blunt primers are 1/97.36 (5'-3
5CAGGAAACAGCTATGAC - 3' ) ; ( S EQ I D NO . 4 3 ) and 1 / 9 7 . 3 7 ( 5'
-AATACGACTCACTATAGG-3') ; (SEQ ID NO. 44).B7-1 gene specific primers are .
l2/96.22 (5'- 40   



'f 9 SEP 2002 WO 99/57271 PCT/US99I09502 AACACCATTTCATCATCCTTT-3') ; (SEQ
ID NO. 45), 1/97.33 (5'-ATACAAGTGTATTTGCCATTGTC-3') ; (SEQ ID NO. 46),
12/96.20 (5'-AGCTCTGACCAATAACATCA-3') ; (SEQ ID N0. 47) 12/96.21
(5'-ATTAGAAATCCAGTTCACTGCT-3') , (SEQ ID N0. 48), S 1/97.32
(5'-TCATGTCTGGCAAAGTACAAG-3) ; (SEQ ID NO. 49), 11/96.32
(5'ATTCACTGACGTCACCGA-3') ; (SEQ ID NO. 50), 11/96.31
(5'-AAGGCTGTGGCTCTGA-3') ; (SEQ ID NO. 51). Two clones were determined to
contain full-length CDBO sequence corresponding to the original CDBO
sequence with 10 t'.^.e exception of 2 DNA point mutations. One such point
mutat~or. did not effect the amino acid sequence. The second mutation
resulted in an amino acid change from a Leucine :.o an Isoleucine. The
resultant feline CD80 clone was designated 917-19.8/l6. (CD80-Syntro/SPAH).
15 Tc facllita~e tre c~onlng of feline CD80 (B7-1) genebehind a:~y pox
promoter containing EcoRI and BamHIcionirg sites, two new primers were
designed tointroduce EcoRI and BamHI restriction enzyme cloning20sites onto
the 5' and 3' end of the CD-80 ORF,respectively. These two pr~.mers are:
sense primer1 / 9 7 . 4 3 ( 5' - TCGAGAA'"TCGG^TCACGCAGCAAAGTGG- 3' ) ; (
SEQ I DNO. 52) and antisense primer 1/97.6
(5'-GCTAGGATCCAATCTATGTAGACAGGTGAGAT-3') ; (SEQ ID NO. 53).25The resultant
PCR fragment was digested with EcoRI andBamHI and cloned into an O1L SPV
homology vector (AccI~nsertlon site within the swinepox m rus HindIII
Mgenomic fragment) for the generation of a recombinant SPVvirus. This
resulted in the cassette, 930-23.A1, a SPV30O1L homology vector containing
the feline CD80 ORF behindthe late/early synthetic pox promoter, LP2EP2,
andadjacent to the E. coli lacZ marker gene cassettepromoted by synthetic
late pox promoter, LP2. Plasmidvector, 930-23.A1, was cotransfected with
SPV 001 to35generate a recombinant SPV virus expressing the felineB7-1 and
E.coli 13-galactosidase proteins. 41   'I 9 SEP 200Z WO 99/57271 PCT/U
S99/09502 Example 1C: Subcloning of CD-28 Into pox viral homology vector:
The coding region of reline CD-28 was PCR amplified with5synthetic primers
containng convenient cloning sites, tofacilitate cloning CD-28 behind any
pox promoter for theconstruction of a pox specific homology vector.
Thesynthetic primers were made to introduce an EcoRI andBglII cloning site
at the 5' and 3' ends of the PCR10fragment, respectively. The two primers
are: senseprimer, 7/97.1 (5'- GATGAATTCCATGATCCTCAGGCTGGGCTTCT-3')(SEQ ID
NC. 54) and antisense primer 7/97.2 (5'-GATCAGA'I'CTCAGGAACGGTATGCCGCAA-3')
; (SEQ ID NO. 55). Theresultant PCR DNA fragment was digested with EcoRI
and15Bgll~ ar.~d cloned into an O1L SPV homology vector for thegeneration
c` a recombinant SPV virus. This resulted inthe cassette, 930-26.A, a SPV
O1L homology vector (AccIinsertion site within the swinepox virus HindIII
Mgenomic fragment) containing the feline CD-28 ORF behind20the ;ate!earlv
s,,rnthetic pox promoter) LP2EP2, andad~acen~ to the E. coil lacZ ;marker
gene cassettepro;-~o~ec cy a sy.^.thet~c late pox promoter, LP2.
Homologyplasmid vector, 930-26.A1 , was cotransfected with SPV001 to
aer_erate a recombinant SPV virus expressing the25feline CD-26 and
fs-galactosidase proteins. Example 2 Characterization cf the feline CD80
(B7-1)-TAMU, CD86 30 (B7-2)) CD28, C':'LA-4 and CD80 (37-1)-Syntro/SPAH
cDNAs and polypeptides: The isolated and purified feline CD80 (B7-1) cDNA
of approximately 941 nucleotides codes for an open reading 35 frame of the
feline CD80 polypeptide of approximately 292 amino acids, the native
membrane bound or mature form of which has a molecular mass of about 33,485
kDa) an 42   W O 99I57271 19 SEP 2002 PCT/lJ S99/09502 isoelectric point of
about 9.1 , a net charge at pH 7.0 of 10.24. The transmembrane domain of
the protein is approximately amino acids 241 to 271. 5 Feline CD80-TAMU and
feline CD80-Syntro/SPAH are cDNAs and polypeptides isolated independently
from two different sources, and the DNA and amino acid sequences differ
slightly. The source of the CD80-TAMU mRNA was feline peripheral blood
mononuclear cells stimulated with 10 ConA, and the source of the
CD80-Syntro/SPAH mRNA was feli:~e spleen cells stimulated with ConA. The
difference 



.-, in cDNA sequence between CD80-TAMU and CJ80-Syntro/SPAH is T to C at
nucleoW de 3S1 and C to A at nucleotide 670. At t:~e amino acid sequence,
the change at rucleot~de 351 15 ~s silent, azd the change at nucleotide 670
results In a conservative change of neutral amino acids, leucine to
lsoleucine, at amino acid residue 224. The Isolated and purified feline
CD86 ;37-2) cDNA of 20 approximately 1i76 nucleotides codes for an open
reading frame of feline CD86 polypeptlde of approximately 320 amino acids,
the native membrane bound or mature form of which has a ;molecular mass c.
approximately 35,394 kDa) an isoelectric point o` about 9.l9, a net charge
at pH 25 7.0 of 11.27. The isolated and purified feline CD28 cDNA of
approximately 689 nucleotides codes for an open reading frame of feline
CD28 polypeptide of approximately 221 30 amino acids, the native membrane
bound or mature form of whic:~ has a molecular mass of about 25,319 kDa, an
isoelectr~c point of about 9.17 , a net charge at pH 7.0 of 9.58. 35 The
isolated and purified feline CTLA-4 cDNA of approximately 749 nucleotides
codes for an open reading frame of feline CTLA-4 polypept;de of
approximately 223 43   W O 99I57271 19 SEP 2002 PCT/US99/09502 amino acids,
the native membrane bound or mature form of which has a molecular mass of
about 24,381 kDa, an isoeleetrlc point of about 6.34 , a net charge at pH
7.0 of -0.99. 5 The coexpression of CD80, with costimulato ry molecules
CD28 or CTLA-4, and a tumor antigen or an antigen from a pathogenic
organism, has the ability to activate or enhance activation of
T-lymphocytes, more specifically 10 Th-1 lymphocytes, and to promote the
growth of other cell types. The coexpresszon of CD80, with cost~rrulatory
molecule CTLA-4, has the ability to suppress actmat~on of T-lymphocytes,
more specifically Th-1 lymphocytes. The coexpression of CD86, with
costlmulato~y molecules CD28 for CT~A-4, and a tumor antigen or an antigen
from a pathogenic organism, has the ability to activate or enhance
activation of T-lymphocytes, more speci`ically Th-1 lymphocytes, and to
promote the growth of other cell types. The coexpression o; CD86, with
costimulatory 20 molecule CTDA-4, has the ability to suppress activation of
T-lymphocytes, more specifically Th-~. lymphocytes. D N
AHumanHumanMouseMouseRabbitChickena n dHomoloHomo=oHcmoloHomoioI:omcl
oHomolo2 5 A m i r. oguegueguegueguegueAcid( D N A( A A( D N A( A
A(DNA/(DNA/PercenSequenSequenSequenSequenA AA At a g
ace)ce)ce)ce)SequenSequenS a qt~ an %ooce)ce)30 c
aIdentiIdentiIdentiIde:~tioIdentitytytytyIdentiIdentitytytyFeline77596246--
CD8035 Feline7268--67/ 64-CD86Feline8582777484/ 8459/ SO 44   19 SEP 2002
WO 99I57271 PCT/U 599109502 CD28 Fel ine 88 88 79 78 - CTLA-4 5 Example 3 



Use of feline CD80 (B7-1), CD86 (B7-2), CD28, and CT:~A-4 in Vaccines 10
The following experiments are performed to evaluate the immune-en:~ancmg
activities of feline CD80, CD86, CD28, and CTLA-4 in feline vaccines. 15 In
an alternate procedure, cats at 8 weeks of age are ln3ected intramuscularly
with 100g of plasmid containing cDNA for fei~:~e CD80, CD86, CD28, and
C'~`LA-4 molecules In a mixture with a plasmid conta~.ning cDNA for FIV env
and 20 gag cr FeLV env and gag, or alternatively, ~n3eCted intramuscularly
with ;OO~g of plasm~d containing cDNA expressing palrwise combinations of
CD80 and CD28, or CD80 and CT:~A-4, or CD86 and CD28 or CD86 and CTLA-4
paired with CD28 or CTLA-4, In a mixture with a plasmld 25 containing cDNA
for FIV env and gag or FeLV env and gag. Control cats do not receive CD80,
CD86, CD28, and CTLA-4. Cats 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, CD86, CD28, and CTLA-4 and cDNA vector containing FIV genes or
FeLV genes show 100% protection from disease compared to cats receiving
only cDNA vector containing FIV genes or FeLV genes who show 75% prctection
from disease. 35 In an alternate procedure, cats at 8 weeks of age are 45
W O 99/57271 19 SEP 2002 PCT/U S99/09502 infected intramuscularly with 0.1
to 100 mg of purif;ed protein for feline CD80, CD86, CD28, and CTLA-4
molecules or alternatively) pairwlse comb~natlons of CD80 or CD86 paired
with CD28 or CTLA-4 proteins, from recombinant 5 cDNA vectors described
above, and infected intramuscularly with 0.1 to 100 mg of a subunit vaccine
conta~r~ing FIV env and gag or FeLV env and gag. Control cats do not
receive CD80, CD86, CD28) and CTLA-4. Cats are challenged with a virulent
FIV strain or FeLV strain 10 and observed regularly for development cf
disease. '='he results of the challenge experiment are that cats y;
recelvimg the purified protein for feline CD80, CD86, CD28, and CTLA-4 and
subunlt vaccine containing FIV or FeLV show significantly reduced incidence
of disease 15 compared to cats receiving only subunit vacci.^.e containng
FIV or FeLV proteins. Example 4 20 Use of feline CD80, CD86) CD28, and
CTLA-4 to m_hib~t and destroy tumor cel= growth. Tumor cells from a cat are
transfected with a vector expressing feline CD80 or CD86 in combination
with CD28 25 or CTLA-4. The transfected tumor cells are re administered to
the cat, and the presence of the CD80, CD86, CD28, and CTLA-4 on the
surface of the tumor cell raises a broad immunologlcal response to
transfected and non-transfected ~umor cells resulting in killing of 30
localized and metastatic tumor cells. In an alternate procedure, vectors
expressing feline CD80 or CD86 in combination with CD28 or CTLA-4 are
ln~ected directly into a tumor in a cat resulting ~n a broad immunological
response to the tumor cells resulting in killing of 35 localized and
metastatic tumor cells. Example 5 46 



19 SEP 2002 WO 99/5727I PCT/US99/09502 CLONING AND SEQUENCING OF FELINE
CD80 cDNA INTRODUCTION In addition to cytokines, some cell surface
molecules have been sho:~:n to enhance or suppress a distinct immune 5
response. CD80 (B7-1) is an accessory molecule that bends its receptor CD28
0:i T-cells (Freeman et al., 1989). This interaction functions in the
delivery of a secondary stimuli that, in conjunction with the primary
signal delivered by T-cell receptor recognit;on of antigen 10 presented in
the context of MHC) results in T cell activation and proliferation (Allison
and Lancer, 1994). Although it was first described as a B-cells antigen,
CD80 has subsequently been found to be expressed on a variety ef cell ~;
rpes, :host with antigen presenting capabilities 15 (Freeman et al., 1989).
In or~.mates and rodents, the CD80 molecule is a 60 kDa polynept~de
composed of approximately 290 ammo acids (Freedman et ai., 1987; Freeman et
al., 1989). The ccn`~~am on of the putative ammo acid sequence suggests 20
characteristics that dist~ngmsh it as a member of the immunoglobul~n
superfamily (IgSF) (Peach et al., 1995). I~ is composed of two
extracellullar IgSF domains, a hydrop:~oblc transmembrame domain and a
short cytoplasmlc tail (Freeman et al., 1989). The extracellular domain of
25 the mature peptide has a 124 residue NH3 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
glycosyiation sites, 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 opposite
the proposed binding domain (Bajorath et al., 1994). Furthermore, removal
of the carbohydrate residues does not appear to 35 influence the binding
capabilities, rather it is proposed 47   WO 99I57271 19 SEP 2002
PCT/US99/09502 that the~.r function is to increase the solubility o. the
extracellular portion of the molecule (Llnsley et ai., 1994a) . CD80 binds
to two distinct receptors expressed at 5 different ~Zmes in the course of
T-cell activation. CD28 is found on a variety of thvmocytes and naive and
activated T-cells, and has a demonstrable role ~n T-cell activation and
proliferation (Aruffo, 1987). The second CD80 receptor, CTLA-4, is usually
found at a later time on 10 fully activated T-cells (Linsley et al.,
1991b). Although :., a role for C'"LA-4 has not been definitively
established, '' it ~s hypethes~zed that the molecule may act to suppress an
active and existing T cell response lHutchcroft and Bierer, ;996) . 15 The
CD8o molecule itself does not appear to have signal=ng capacity. The
cytop'_asmic region ~s relatively short with no residues with demonstrable
s~gnallng or enzymatic function ;HathcocK et al., 1994). The lack of
conservation in the cytoplasmic tai'_ between the mur~ne 20 and human.
neptides also reflects the probability that the CD80 lacr:s s~gnal~ng
function and acts solely to crossl~nk CD28 or CTLA-4 (Linsley et al.,
1994a). The interaction between CD80 and CD28 has been demonstrated to be
necessary for the maturation of naive 25 T-cells to an activated state,
thus ~nitiatlng a primary T-cell response (Damle et al., i988). Although
CD80 was f~.rst identified on activated B-cells (Freedman et al. , 19S7),
it has subsequently been found on most subsets of professional antigen
presenting cells including 



30 macrophages/monocytes (Freedman et al., 1987), Langerhan's cells
(Symington et al., 1993), dendritic cells (Liu et al.) 1992), activated
T-cells (Razi-Wolf et al., 1992) and a variety of tumor lines (Chen et al.,
1992). The presence of the CD80 molecule on APC has been shown to be 35
important in the activation of both CD4' and CD8+ T-cells 48   WO 99/57271
'19 SEP 2002 PCT/US99/09502 (Allison and Lancer, 1994; Bellone et al.,
1994). Although the molecule is normally only present at significant levels
on professional APC) some tumor cell lines have been demonstrated to
up-regulate the signaling 5 molecule (Chen et al., 1992). In response to
transformation, it appears that some oncogenic lines up-regulate CD80
expression. In these non-antigen presenting cell derived tumors, as well as
in some immortalized cell lines, CD80 is surface expressed at 10 levels
sufficient to promote full T cell activation (Chen et al., 1992). Although
the kinetics of expression are unclear, it ~s possible that tumor derived
CD80 may be a response to the "oncogenic insult," and an evolutionary
mechanism through which the immune system can remove 15 transformed or
tumorgenic cells (Antonia et al., 199S). The role o. the CD28-B7
interaction appears critical m primary T-cell activation. Tre recognztior_
of antigen in the context of the M:C by the TCR is in itself msuff~cien: to
initiate optlrnal proliferation and 20 activation of T-cells (Schwartz,
1992). TCR stimulation in the absence of accessory signals can lead to a
state of anergy or hyperespo:.siveness in T-cell populations (~enkins et
al., i987). The binding of the CD28 molecule or. the T-cell with the CD80
molecule on the antigen 25 presenting cell appears to deliver the second
signal required to activate the '.'-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 (Lancer et al., 1995). This critical role
for the CD28 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 from small resting peripheral blood
lymphocytes (Linsley et al., 1993a). 35 As with the CTLA-4/CD28 family,
there zs also at least one 49   19 SEP 2002 W O 991S7271 PCT/US99/09502
CD80, being expressed on activated B cells, T-cells, macrophages, and
monocytes (Azuma et al., 1993a). Kinetics of expression however are
slightly different for the two molecules (Hathcock et al., 1994). CD86
generally 5 appears earlier in an active immune response than CD80, and
appears to be constltuitively expressed on monocytes (Freeman et al.,
1991). While CD80 can appear as late as 24 hr after initial stimulation,
CD86 appears early in the response or is found expressed constituitively at
low 10 levels on myeloid cells (Hathcock et al., 1994). The two surface
proteins evoke similar intracellular responses whether bound to their
respective counter receptors on either CD4+ or CD8+ T-cells (Lancer et al.,
199S). There does not appear to be any difference m the abW ty of 15 either
molecule to initiate the activation and proliferation of T-cells or to
induce C~L activity (Hathcock et al., 1994). Thus, the data suggests that
both molecules initiate a similar signal cascade upon bmd~rg to CD28 or
CTLA-4 respectively (Hathcock et al., 2C 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 evo_utionary s~gn;ficance of
this "two ligand/two receptor" system (Lam er et al., 1995). ~1 



25 CD80 was originally described as a marker for B-cells) and high levels
of both CD80 and CD86 are found on B cells stimulated with
iipopolysaccharide (LPS), ants-Ig, antlCD40, concanavalln 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 stzmulatzon (6 hr)
while CD80 zs not present until almost 24 hr and does not reach peak
expression until after 48 hr 51   i 9 SEP 2002 WO 99/5727l PCT/US99/09502
(Lenschow et al., 1993). CD80 up-regulation on B-cells also appears to be
regulated by MHC class II mediated signaling (Nabavi et al., i992). Two
other surface receptors also appear to be important ~n CD80 surface 5
expression. Cross-linking of CD40 expressed or. the B-cell by Ig or T-cells
expressing the counter-receptor, resulted In increased CD80 expression
(Azuma et al., 1993b), whsle cross-linking the Fc receptor clown-regulates
the expression of both molecules (Barcy et al., 1995). 10 CD40 and its l;
gand CD40L have been proposed as a pathway through which CD80 expression is
regulated on APC (Page et _: al., '994). CD40 is expressed or. a variety of
cell types, including B cells, monocytes, dendritic cells, f~broblasts and
human endothelial cells and can be up-regulated on 15 these cells ~n ~he
presence of IFNY (de Boer et al.,-'993) The CD40 ligand (CD40L) is
expressed on act~wated CD4' ~-cells. -The binding of CJ40 by CD40L has
beer. s:~own to up-regulate CD80 expression ~.n APC, though it apes not
appear to induce expression in other cell 20 types expressing the receptor,
including erdot:~elial cells (Page et a'_., 1994). The CD80 and CD86
molecules, though sharing less than 250 ammo ac_d ~der.tmy, have
struc:.ural sim~=ar~ties and are thougnt to be c~stantly related (Freeman
et al., 1993). 25 The homologous residues are concentrated In the Ig-like
domains, wit'.: 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 add;tlon to CD80 and CD86, include butyrophllin
(BT), 30 myelin/oligodendrocyte glycoprotein (MOG), the chicken MHC analog,
B-G (Linsley et al., 1994b). BT, MOG and B-G are a11 encoded by the MHC
gene complex, which raises a potential evolutionary link between the MHC
and the requisite costimuiatory molecules (Linsley et al.) 1994b). 35
Resting murine and human T-cells express low levels of 52   19 SEP 2002 WO
99I57271 PCT S99/09502 CD86 while human and murine T-cells (and T cell
clones), activated with ants-CD3, express CD80 and CD86 at appreciable
levels (Hathcock et al., 1994). The expression. of both CD80 and CD28 or.
activated T-cells may S reflect t:~e abi;ity of T-cells to expand v1a
autocrine costimulatlon (Azuma et ai., 1993b). Interestingly, CD80 has been
shown to be up-regulated on HIV infected CD4; Tcells) with concomitant CD28
clown-regulation. It Zs proposed that this is a possible mechanism of viral
10 transmlss~on when uninfected CD4+ T-cells initiate CD28/CD80 mediated
contact with the infected lymphocytes -'s (Haffar et al., 1993) . _. 



Human peripheral blood monocytes express low levels of CD80 and high =evels
of CD86, while exposure to GM-CSF or 15 IFNy resu;ts in the up-regulation
of surface expression of both CD80 and CD86 (Barcy et al., 1995). LPS ~s a
strong lnducer oz CD80 expression in human peripheral blood monocytes
(Schmittel et al., 1994). No data is reported on peritonea= macrophages i::
the human system, but resting 20 muri:~ macropnages express low levels of
CD80 and CD86 (Freeman et al., i991; Ha~r_cock et al. i994). LPS and IFNY
stimulation of murlne ;macrophages increases surface expression, though
IFNY m co~rm::at;on with interleukln 10 down-regulates both receptors (Ding
et al., l993). 25 Splen~_c 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 cell types (Larsen et al.,
1994). In dendritic cells, CD86 appears to be more strongly up-regulated
after 30 culturing, appears earlier, and may play the more important role
~n dendritic cell mediated signaling (Hathcock et al., 1994).
interestingly, though IL-10 has no effect on CD80 expression In dendritlc
cells, it acts to down-regulate CD86 expression (Buelens et al., 1995). 35
O'Doherty et al. (1993). reported that while initial levels of CD80 were
low, upon. maturation, dendrztic yells present 53   WO 99/S7271 ~ g ~Ep
2002 PCT/US99/09502 higher levels of CD80. Langerhan's cell expression o`
CD80 is inh~blted by both IL-10 and IFNY, but GM-CSF exposure car. reverse
IFNy inhibition., though not IL-10 inhlbit~on (Ozawa et al., I996). 5 In
humans anti mice specific cytok~nes have been demonstrated to exert control
over CDBC and CD86 expression. IL-4 is a strong inducer of CD86 and to a
lesser extent CD80 on B-cells (Stack et ai., 1994), while IFNY increases
CD86 expression on a variety cf cell types 10 ~nc~udlr.g B-cells monocytes
and macrophages (Hathcock et al., '994) Though IFNY appears to up-regulate
CD80 expression ~n monocytes, it may act to down-regulate expression in
macrophages. IL-l0, even ~n the presence of IFNY, acts to down-regulate
CD80 and CD86 expression on 15 monocytes (Ding et al., 1993). This
interac~ior. may be a potential mechanism of a switch from a Thl response
(DTH) to a Th2 response (humoral). IL-10 :~owever, does not influence CD80
expression cn dendritic cells (Buelens et al., 1995). This may Further
reflect a role of these 20 molecules m '=' helper subset regulation as
de:~drlt~c cells are thought to be important in the m tlatlon of a type 2
response. IL-7 increases CD80 expression on T-cells though effects on other
cell types are undef~.ed (Yssei et al., 1993), while B-cell CD80 expression
has been shown to 25 be -nediated t::rough the crosslinking of the p75 TNF
receptor, and expression can be increased ~r the presence of IL-4 (Ranheim
and Kipps, 1995). Interestingly TNF belongs to the same famzly 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
CD80) while IFNy only causes up-regulation of CD86 in these cells (Larsen
et al.) 1994). The recogniticn, binding, and lysis of transformed and
virally infected target cells by CD8' cytotoxic T 35 lymphocytes (CTL) was
long thought to be solely mediated through TCR recognition of foreign
peptides expressed in 54   W O 99I57271 19 S~~ 2002 PCT/US99/09502
Subsequent re-introduction of tumor cells wsth and witrout the CD80 surface
molecule into the host result In similar levels of anti-tumor immunity
(Hodge et al., 1994). Thus, ~t appears that once memory is established,
that the CD80 5 molecule is not required to sustain the response or to
initiate it if re-introduction occurs (Hodge et al., 1994). These
experiments demonstrate that the CD80 molecule is an efficient mediator ef
cellular immunity, and that ~n specific tumors, cellular responses can be 



l0 induced to possibly control the malignancy and prevent reestablishment.
(Hodge et al., 1994). Increased CDBO expression can have detrimental
effects as is seen in the development of some forms of auto~mmunlty. It is
thought that CD80 m synergy with IL-12 is important 15 ~:: the early
development of multiple sclerosis (MS) and results ~n T cell stimulation
and the development of DTH (Wirdhage.^. et al., 1995). Experimental
autoimmune encephalomyei~tis (EAE) can be partially in:~iblted by the
administraticn of soluble CTLA-4Ig to experimental 20 subjects. The
inhibition of demyellnatior. by the blocking c` C~28/CD80 interaction,
reflects a potential role for this ~:~teraction ~n exacerbating the disease
(Arima et al . , 1996) . The importance of the CD80 molecule in the
progression of 25 an effective ;mmune response .s clear. While the cDNA
encoding the protein has been isolated in rodents and primates, ~t has not
been isolated outside of these groups. The feline is an important companion
animal and potential model of retroviral disease. Cloning of 30
=mmunological reagents from felid species will provide tools for research
into diseases of veterinary importance with potential relevance to disease
progression or prevention in other species. MATERIALS AND METHODS 57   19
SEP 2002 WO 99I57271 PCT/US99/09502 Isolation of an initial fragment mRNA
was extracted from peripheral blood mononuclear cells (?BMC) stimulated for
16 hr with Con A using the RNAzoIB P,NA extraction reagent (Biotexc,
aouston, TX). Inlt~aliy, S cDNA was derived from this RNA by a reverse
transcriptase (RT) reaction employing oligo dT as the 3' primer. Briefly,
the RNA and oligo dT were heated to 75C for 3 min to remove secondary
structure. The RT) dNTP, buffer and distilled water were then added and the
mixture 10 incubated for 1 hr at 42C. Following this Incubation the ~C~=-;
sample was heated to 95C for S mm to snactivate the RT. Degenerate primers
derived from consensus regions within the human and murine CD80 published
sequences (GeneBank, Gaithersburg, MA) were then employed for the initial
15 ampllficat~on of a 344 nucleotide (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) T'_' CAG GAT C (CT) T GGG AAA
(CT) TG A hct start polymerase chain reaction (PCR) protocol 20 employing
Taq polymerase was used to amplify the product. The reaction mixture,
lacklr.g the Taa enzyme, was m~tiallJ heated :.0 95C fcr 5 min, in a hot
start step, to prevent the `ornation of primer dimers. The enzyme was added
prior to the initiation of the temperature cycle. 25 The PCR reaction was
then heated to 95C for 30 sec to melt the double stranded DNA. The reaction
was then cooled to 42C for 30 sec to facilitate the annealing of the
degenerate primers. A low annealing temperature was employed to facilitate
the binding of primers that were 30 not 100o homologous. The reaction was
then heated to 72C for 45 sec, the optimal temperature for the Taq
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 72C for 7 min 58   WO 99/57271 



1 g SEP 2002 PCT/U S99/09502 was used to facilitate extension of any
uncompleted products. After visualization on a to agarose gel) the product
was ligated overnight at 16C into the TA cloning vector (InVitrogen) San
Diego, CA) for sequencing. Two ui 5 of the ligation reaction was used to
transform competent InvaF' cells. The transformed bacteria were streaked
onto LB plates (50 /eg/ml ampicillin) coated with 40 ul of a 50 ~g/ml
solution of x-gal. The following day, white colonies were selected and
inoculated into S ml of LB 10 media containing 100 ~g/ml of ampic~llin and
grown overnight at 37C with shaking at 22S rpm. Mini-preps were performed
on overnight cultures to determine clones that possessed the plasmid with
the correct insert. Plasmid was extracted from the cultures 15 using a
standard alkaline lysis procedure, w;th the DNA being further purified by
ohenol:chleroform extraction (Maniat~s et al.) 19B2). The DNA was
precipitated in 2 volumes o~ ethanol and then digested wit:: E'coRI. The
digests were visualized on a 1% agarose gel to determine 20 colonies
wmt'.-: piasm~d that contained tre proper insert. Plasmid was then purified
from pos~tme clones and sequenced using ether Sequenase based (USB,
Cleveland, OH) S35 rad~o_abeled d~deoxy terminator sequencing or by
fluorescent dye terminator cycle sequencing (Perkin Elmer, 25 Norwalk CT)
From the seqaence of the cDNA, specific 3' and S' primers were constructed
for use ~n 5' rapid amp11f1catlon of cDNA ends (RACE) reactions and for
derivation of the =' sequence in cor.~unction with degenerate primers from
the 3' untranslated region (UTR). 30 Isolation of the 5' region The
Marathon cDNA ampli`ication 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 ULTF,ASPEC RNA extraction reagent (Biotexc, 59   W O 99I57271
~19 SAP 2002 PCT/U S99!09502 entire open reading frame of the feline CDSO
gene: B7 START: ATG GGT CAC GCA GCA AAG TGG B7-960: CCT AGT AGA GAA GAG CTA
AAG AGG C PBMC cDNA produced previously and known to contain DNA 5 encoding
the gene was employed. This PCR reaction (95C for 5 m1n 1 cycle; 95C for 30
sec, 42C for 30 sec and 72C for 45 sec 30 cycles; 72C for 7 min) employed
KlenTaq DNA polvmerase, an enzyme cocktail that retains some 5' exonuclease
activity ~n the hopes of reducing y 'y'' 10 random errors often associated
with Taq polymerase. The react or. ampl~W ed a 960 base pair (bp) fragment
which was cloned ~n~o the ';'A cloning vector (T_nVitrogen, San Diego, CA)
and sequenced as previously described. The final sequence ef the gene
~zcluded cDNA from two separate 15 animals. mach base pair of the gene was
independently verified ~n at least three separate sequences derived from
ir.d~,~ ~dua_ P,~R reacmo:~s, :.o reduce the possibility of errors derifed
frcm. PCR induced mistakes. 20 RESULTS RNA extracted from experimental cat
HK5 was used for init~a= amplification attempts with CD80, however this cat
was subsequent'y terr-iynated and further products were produced ~:~
different animals. The initial amplification 25 of HK5 Con A stimulated
PBMC RNA resulted in a 344 by product teat shared 700 ~dent_ty with the
human CD80 gene (Fig. 7 and 8). The primers were specific for a region
within tre center o~ 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 



62   ''! 9 SEP 2002 WO 99/57271 PCT/U S99/09502 employing these additional
degenerate primers with gene specific primers were unsuccessful. Thus, both
the 5' and 3' regions had to be derived by employing other methods. A
battery of six new gene specific primers was created 5 from the sequence
data obtained from the initial product. (B7-20 5' , 135 5' , 140 3' , 50 3'
, 284 5' , and 1 90 5' ) . Initially, the 3' primers were used In 5' 13ACE
PCR procedure somewhat similar to the procedure used to successfully
amplify the 5' region of the CD28 molecule. 10 No product was produced
employing this method. y' The Marathon RACE cDNA amplification system
(Clontech, Palo Alto, CA), successfully amplified a region that encoded the
5' coding sequence. RNA derived from EK6 Con A stimulated RNA was
successfully amplified with this 15 protocol. Initial amplification was
carried out with B7284 and B7-3 and the anchor primer AP1. This reaction
did not produce a defined single band so nested reactions using this
product as the template were performed using B7-20 and B7-13S as the nested
3' primers 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 sequencing of the RACE products gave
complete identity in the 20 and 135 by 25 regions, respectively, that
overlapped the initially sequenced 344 by 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 S' coding
sequence derived from these products 30 and the 5' region of the human CD80
gene was less than the identity found to exist between the 344 by region of
the feline gene and the analogous region within the human sequence. It was
observed that a similar lack of homology is found between the human and
murine sequences within 35 s~.milar regions. Comparisons of the sequence
data from 63   ~ g SEp 2002 WO 99/5727l 5 l0 15 20 25 PCT/US99/09502
regions outside the coding region showed a further marked decline in
conservation (data not shown). A new pane' of degenerate primers enccdlng
the 3' untranslated region were synthesized from consensus regions within
the 3' UTR of the ruman and mouse sequences. These primers successfully
amplifsed cDNA transcribed from RNA isolated from Cor. A stimulated PBMC
from cat ~D3. Unlike In the initial amplification procedures, a series of
nested reactions had to be run to obtain the final product. Primary PCR
reactions using these degenerate primers and anchor primers from within the
344 by fragment and the S' region did not initially yield clean,
identifiable bands (Fig. 10). However, nested reactions, using diluted
primary product and additional spec~f~c 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 o~.:ts~de ef
the constant regio:~, identity again declined. The distal end of the coding
sequence showed very low ~dent~ty which further decl~.ned following the
stop codon. From the 3' sequence, a reverse primer outside of the codlna
region beginning at nucleotide 960 was constructed. This construct in
combination with a primer encompassing the start codon amplified a product
of the anticipated size. Sequencing of the final product demonstrated that
each cf the previously determined regions did ~n fact overlap and this
fragment provided a contiguous and complete sequence of the feline CD80
gene (Fig. 12). 30 For amplification of amplified from the RN; animals ED3
and EK6. animal were completely site was checked and the final product,
samples were from Con A stimulated PBMC of At least two products from each
sequenced and each nucleic acid confirmed with at least three 64   19 SEP
2002 WO 99I57271 PCT/US99109502 indicative of the B7 gene family are
retained by the feline peptide (Fig. 17). These molecules include residues
thought to be involved in folding and a proposed bmd~ng region. 5 hile
homology between the human and the feline CD80 sequence is not as great as
the identity between the two CD28 molecules, a comparison of the proposed
hydrophillclty plots demonstrates that while there are a variety of changes
~n the specific amino acid sequence, 10 these changes are frequently
homologous and potentially do ~ not alter the surface characteristics of
the peptide (Fig. 18) . DISCUSSION 15 The nucleotide identities between
feline and huma:~ 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 ~s degenerate, and in some molecules (i.e.
CD28) differences between nucleotide 20 sequences do not significantly
alter the peptide, with CDBC ce-~servation of overall amino acid integrity
zs not as cr~t~ca'_) 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 sequence. The ln~tlal CD80 product
was obtained from, the constant region of the molecule, an area that
demonstrates the highest degree of conservation in the cDNA from the 30
species cloned. ?rimers that recognized the region and successfully
amplified a product were readily produced, resulting in the 344 ntd.
fragment encompassing the well conserved IgC region. Unfortunately, due to
the lack of 67   19 SEP 2002 WO 99I57271 PCT/US99I09502 homology in the
signal peptide and Zn the cytoplasmic domain and 3' UTR, more complicated
measures were required to isolate the sequence of these regions. The
presence of sequence data from the central region S however, provided a
strong anchor point from which the rest of the molecule could be
elucidated. Feline CD80 is a fine example of how, by obtaining a short
stretch of a molecule, and using RACE methods and degenerate primers in
combination with anchor primers from the sequenced 10 region that a full
length sequence can be readily obtained. 



.> Comparison of the putative amino acid sequences of these cloned CD80
molecules demonstrates a lack of overall homology. The murine and human
poiypeptldes demonstrated 15 less than 50o homology at the amino acid
level. This is comparable to the 590 identity between feline and human and
46~ identity between the feline and murlne polypeptides and perhaps
reflects the evolutionary proximity of the species. A comparison of the
predicted 20 hydroph~l~clties of the feline and human residues, which
demonstrates amino acids that would potentially be exposed cr recessed due
to their relative hydrophilicity, reveals t::at while at the amino acrd
level, the specific amino adds may not 5e retained, the changes appear to
be 25 relatively conserved. This demonstrates the potential retention of
the hydrophillc/hydrophoblc character of the molecule that thus may reflect
overall, a structurally similar 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 CD80
molecules from the primate, 35 rodent and feline species, there is a
retention of the characteristics of the IgSF. The feline CD80 molecule 68
W O 99I57271 f 9 SEP 2002 PCTIU S99/09502 consists of an amino terminal
IgC-like domain and a IgV1=ke domain proximal to the membrane associated
region. As with the conservation between marine and human CD80, identities
are far greater between the constant regions 5 than between the variable
regions (Freeman et al., 1989). Overall, conservation in the variable
domain is dust over 50% while that found in the constant region is over
700, with the short stretch from residues 164-198 (the region from which
the ~nltial 344 ntd. fragment was obtained) 10 having far greater identity.
This central region of 56 amino acids (residues 165-221) within the
constant region demonstrates 87% homology between the human and feline
seQUences, with an extended region of 28 amino acids (residues 171-198) in
which only a single difference 15 exists. The region in the feline also
demonstrates s~crn~f~cant homology to the corresponding residues in the
marine nolypeptide. The hydrophilic nature or the amino a d ds mth~r. this
reason demonstrate a high likelihood of surface expression. and due to the
level of cross species 20 conservatio:., a potential involvement lr_
llgand/receptor interaction. I~ has been proposed that the IgC portion of
the molecule ;s directly involved in the presentation of the binding domain
for receptor ligand ~nteracction (?each e~ al., 1995). It has beer_
experimentally 25 determined however, that both the var;able and constant
motifs are required for effective bending (Peach et al., 1995). The
concentration of homologous residues in the IaC =egion of the extracelluar
domains, along with the high level of divergence within the transmembrane
and 30 cytoplasmlc domains, appear to further confirm the role of CD80 as a
;igand rather than havi:~g a signaling capacity. As with human and marine
CD80, the fee~ne 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 69   19 SEP 2002 WO
99I57271 PCT/U S99/09502 malignancy (Hodge e~ al., 1994). Further, a memory
population of C~8' T-cells is estabi~shed in the host (Hodge et al., 1994).
While this technology has been concentrated on tumor immunity, by analogy,
~t may also 



5 be applicable in establishing anti-viral immunity. As discussed
previously, long term non-progress~or. In acquired immune deficiency
syndrome is thought to be mediated through the initial establishment of a
strong anti-HIV CTL response (Landay et al., 1994). It appears 10 that
those individuals able to maintain an asymptomatic ~~, status for the
longest time after infection are able to ' mount and maintain a strong CTL
response directed against the virus. While trad~t~.onally vaccines have
been directed at 15 establishing a humoral response, if a vaccine could
induce the development of an ants-HIV/FIV mCTL population, this population
might provide protection sir^ilar ~c that found in long term
non-progressors. In naive irdiv~duals, introduction of a gene based vaccine
20 that combined FIV proteins with the CD80 peptide could result ir. the
surface expression of the costimuiatory molecule in combination with MHC CI
presentation of FIV -y epitopes. If successful, this should result in the
expansion o` a FIV specific mCTL population ~n the name 25 Individual. On
subsequent exposure to virulent virus, the vaccinated individual would be
primed to mount a response against cells that become infected with the
virus, eliminating them before the virus has the cpportunlty to establish
itself and begin its destruction 30 of the components of the immune system.
Example 6 CLONING AND SEQUENCING OF FELINE CD28 cDNA INTRODUCTION 71   19
SEP 2002 WO 99I57271 PCT/US99109502 CD28 is a surface glycoprotein normally
expressed as a homodimer composed of identical disulfide linked 44 kDa
subunits. It is a member of the Zmmunoglobulin supergene family, and is
characterized by a single extracellular V S region, a transmembrane domain
and a short intracellular tail (Aruffo and Seed, 1987). Although the
molecule is glycosylated, the moieties do not appear to play a role in
b~ndmg and are hypothesized to increase the solubility of the extracellular
domain (Peach et al., 1994). cDNA 10 encoding the human, rat, mouse, and
rabbit peptides and an analogous molecule in the chicken have been cloned
and -~ sequenced (Linsley et al., 1995a). _.' CD28 ~s found on most CD4'
CD8' thymocytes and peripheral CD4' and CD8' T-cells with increased
expression resulting 15 ~rom avT~-X~3) PHA and PMA stimulation, and
suppression resulting from anti-CD28 binding (Linsley et al., 1993b}. It
was determined soon after its discovery that CD28 played a:; important role
in regulating CD4' and CD8'T-cell actlvatlcn (.;une et al., 1990). In
addition to augmenting 20 T-cell activat=cn and proliferation, ~t has been
further demonstrated that delivery of this secondary signal also acts to
~.r.3uce cytolytic activities in C~'L (Azuma et al., 1993c) . 1 CD28 ~s
expressed early in the maturation of T-cells. 25 While im~nat~.:re CD3-
cells are normally CD28-, intermediate CD4' CD8' cells express low levels ,
and CD4i or CD8', CD3; thymocytes express CD28 at high levels (Turka et
al., 1991). After maturation, the receptor is found on almost a11 CD4' and
over half of all CD8'T-cells in humans (Turka 30 et al., 1991) and on
nearly 1000 of murine T-cells (June et al., 1990). The molecule is not
expressed at constant levels or. 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., 72 



'I 9 SEP 2.002 WO 99/57271 PCT/US99/09502 1993a). Although found largely on
lymphocytes of the Tcell lineage, CD28 has been reported on plasmocytomas
from bone marrow biopsies (Kozber et al., 1987) and expressed by cultures
of a natural killer-like ieukemic cell line 5 (Azuma et al., 1992). CD28
shares a degree of structural homology with the otherB7 receptor CTLA-4,
and the two are grouped as a subfamilywithin the IgSF group (Linsley et
al., 1995a). The twomolecules have an extracellular IgV region, a
single10membrane spanning domain, and a short cytoplasmicf-=a,signaling
domain (Aruffo et al., 1987). Although overallhomology between the two
molecules is only about 31%,there are short regions and specific residues
that arecompletely conserved between the two molecules, reflecting15a
potent~aily important role for these motifs In B7recognition and structural
integrity (Leung and Linsley,1994). The MYPPPY motif, a six residue region)
isretained ~:~ all of the isolated members of the CD28/CTLA-4 fa":il y
(Peach et al. , 1994) . It maps to the CD3-like20loop region within the
molecules, and when altered bymutation, results in reduced binding avidity
In both CD28and C';':~A-4 (reach et al. , 1994) . This region has
beenproposed as t'~e potential i~gand binding site on the CD28and CT1,A--
proteins, b~~t ~t has not been determined if25this region is the actual
binding site for B7 or if itprovides the structural motifs indirectly
required forbinding to take place (Peach et al., 1994). Althoughthere are
conserved residues shared between CD28 and CTLA-4, CTLA-4 binds both CD80
and CD86 with a higher avidity30than CD28 (Elks e~ al., 1996). Thus, while
CTLA-4 isexpressed at only 2-30 of the level of CD28 on activatedT-cells it
binds with a 20 fold higher avidity in vitro(Llnslev et al.,
1995b).Although CTLA-4 and ^D28 molecules are evolutionary35related,
sharing common ligands, their function andsignaling capacities appear to be
unrelated (Balazano et 73   WO 99/57271 19 SEP 2002 PCT/U S99/09502 al.,
i992). Comparison of the signaling regions from each molecule does not
reflect a high identity and suggests that different signaling pathways are
initiated by each molecule (Hutchcroft and Bierer, 1996). 5 While CD28 is
expressed ~n resting T-cells and ~s upregulated m~t~ally m response to
activaticn) CTLA-4 expression peaks 48 hr after activation and returns to
baseline levels by 96 hr post- activation (L~nsley et al., 1992a). The
expression of CTLA-4 seems to correspond to 10 CD28 down-regulation
(Lindsten et al., 1993). Additionally, signaling pathways mediated through
ligand binding of the CD28 molecule appear to be lmportar.t ~n upregulating
the expression of CTLA-4 (Llnsley et al., 1993a). T-cells that are CD28- do
not express appreciable 15 CTLA-4 in response to stimulation with PMA or
calcium ionoohore (Lindsten et al., 1993). A complete sequence of the
events of CD28 mediated sigr.al~ng remains incompletely defined, though a
hypothesized cascade has been established (Hutchcroft and 20 Bierer, 1996).
It has been suggested that CD28 signaling involves the mobillzat~.or. oT
intracellular Ca', metabolism of phospho-inos;tide and the induction cf
protein. tyrosine phosphoryiat~.on (H~.:tchcre`t and Bierer, 1996). The
cytoplasmic tail of the CD28 molecule has defined 25 motifs that are
thought to be involved in intracellular signaling following crosslinking by
CD80 or CD86 (June et al., 1994). The 41 amino acid intra-cytoplasmlc
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 cytoplasmlc 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 74
~ 9 SEP 2002 W O 99I57271 PCT/US99/09502 



differential protein phosphorylation, though enzymes responsible for this
activity by CD28 have not been elucidated (Lu et al., 1992). A consensus
site, YMXM, located in the cytoplasmic tail, is a proposed site of Src 5
homology 2 phospho-tyrosine-binding domain (SH2 domain) dependent
phospatidylinositi-3 k~nase (PI3 kinase) binding (Prasad et a'_., 1995).
Although this is one potential signaling pathway of CD28, it has been
demonstrated that PI3 kinase activity does not correlate with IL-2
activity, 1G and as an increase in IL-2 production ~s a primary consequence
of CD28 signaling, it is felt that other pathways contribute to the
activation resulting from intracellular signaling (June et al., l994).
Wrlle the role of these events ~s not completely 15 understood, CD28
costimulation leads to an increased production of cytokines by the T-cell.
In CD28` T-cells activated with anti-CD3 or PHA, anti-CD28 increases steady
state RNA levels cf a series of cytok;nes, including IL-1, IL-2, IL-3,
~L-4, tumor necrosis factor (TNFa), 20 lymphotoxin, IFNy, and
granulocyte-monocyte colony stimulating factor (GM-CSF), as well as the
IL-2 receptor (Lenschow et al., 1996). The increase in steady state mRNA is
dwe to both stabil~zatior. of the transcr~~ts and an increase in
~rarscription (Hutchcroft and Bierer, 25 1996 ) . Although CD28
costlmulation was first documented in CD4' T cell clones (Martin et al.,
1986), CD28 is now known to play a role 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 subpopulations of naive CD4' Tcells (Seder et al., 1994). The CD28
costimulatory pathway is also Important In the activation of CD8+ CTL,
although it does not appear to be necessary for the 35 effector phase of
CTL mediated killing (Hodge et al., 1994). Interestingly, CD28 also appears
to play a role in 75   19 SEP 2002 W O 99l57271 PCT/US99/09502 I:IV
Infection. In lymphocytes cultured from some individuals positive for the
virus, bending of CD28 with a monoclonal antibody can result ~n an Increase
In HIV production (As~o et al., 1993). 5In primates and rodents, the
secondary signal delivered bythe binding of CD80 with CD28 clearly has a
demonstrablerole in the initial activation. of T-cells (Aruffo andSeed,
1987). Recent data suggests however that a mayoreffect of the interaction
may be to sustain proliferation10by preventing the onset of apoptosis
(Lenschow et al.,1996). Resting T-cells in the Go phase of growth canbecome
activated through the formation of the TCR complexbut are unable to
proliferate or secrete IL-2 ~n theabsence of CD28 crosslink~ng, a state
termed clonal anergy15(L~nsley et al., 1991a). Mature T-cells can
becomeactivated solely through the binding of the TCR with theMHC on an
APC, but this eventually leads to activationinduced cell deat:~: through
apoptosis (Radvanyi et al.,1996). While other secondary interactions (z.e.
ICAM-120costlmulation) car. provide auxiliary proliferativesignals, it
appears that CD28 mediated costimulation isur.iaue in preventing the
subsequent onset of clonal anergyand apoptosis (~insley et al., 1993a). It
has been shownthat CD28 may play a role in regulating genes known to25play
an important role in the protection of T-lymphocytesfrom apoptosis (Boise
et al., 1995). A sustained increaseZn bc1-x~ expression is observed in
T-cells costimulatedby CD28 crosslinking (Boise et al., 1995). It is
feltthat CD28 costimulation may act to stabilize bcI-xk mRNA)30with
expression of the encoded polypeptide preventing theonset of apoptosis
(Radvanyi et al., 1996). CD28 ligatlon has been demonstrated to have a role
in enhancing the production of a variety of both T helper type 1 and type 2
cytokines (Lenschow et al., 1996). There 35 also appears to be a role for
this interaction in the development of the specific T helper subsets. Naive
CD4' 76   19 SEP 2002 W O 99I57271 PCT/US99/09502 T-cells will normally
develop a Thl phenotype if activated in the absence of CD28/CD80 mediated
signaling (Lenschow et al., 1996). This may be an indirect role as IL-4
production could be induced by the exogenous addition of 5 IL-2, and the
role of CD28 signaling in the production of IL-2 has already been discussed
(Seder et al., 1994). Additional studies involving CD28 knockout mice
further support a role for the receptor In the development of Th2 cells.
10CD28-~- mice were developed by Shanlnian and coworkers with_~ the intent
of establishing how an animal adapts toinfection ~n the absence of the CD28
derived secondarysignal (Shahinlan, et al., 1993). The gene was disruptedin
embryonic stem cells by partial replacement of the15second exon with a
neomycin resistance gene (Shah~m an etal., 1993). PBMC from mice homozygous
for the knockoutwere found tc express no CD28 or. their T-cells
whsleheterozygo~es CD28-~' were found to have a reduced surfaceexpressio:~
ef the molecule (Shah~nlan et al., 1993).20M~togen stimu;atlon of _-cells
derived from the CD28-/-mice had reduced ': cell proliferation and
production ofcytokines that could o::ly be partlaliy restored byexogenous
Ti.-2 (S:~ar.=nian et al. , 1993) . It has beendemonstrated that highly
purified '~'-cells are not25activated by lectlns In the absence of APC
(Unanue, 1984).With this knockout strain, it was demonstrated that
theCD28/CD80 interaction is required for the mitogenlcity ofT cell lectins
(Shahlnlan et al., 1993). The interactionwas also found to be important in
the mediation of30~sotypic snitches by B cells in response to
antigen(Shahinlan et al., 1993). Unlike with the CD80 knockouts,a
demonstrable role for CD28 could be determined usinggene knockout
technology. A CTLA-4 knockout mouse has yetto be reported, but a mouse
transgenlc for the35overproduction of CTLA-4 Ig has been studied (Lane et
al.,1994). As might be anticipated, this strain has some 77 



WO 99I57271 19 SEP 2002 PC'T/U S99/09502 phenotypic characteristics that
are similar to CD28 deficient strains (Lane et al., 1994). While isolated
Tcells produce normal amounts of IFNy, appreciably less IL4 was made upon
stimulation (Ronchese et al., 1994). This 5 lead to the inability of B
cells to mount or maintain a proper humoral response (Ronchese et al.,
1994). Though there are many proposed pathways of Thl and Th2
differentiation, the CD28/B7 interaction has demonstrable inrluence on T
cell subset differentiation. 10 Interleukin-2 mRNA stabilization maybe a
critical function. of CD28 crosslinking) but a range of other cytokines
have been shown to be directly or indirectly affected by this interaction
(Linsley et al., 1991a). The inflammatory mediators IL-la,-IL-o and TNFa
are produced i^. memory T 15 cell populations In response to CD28
signaling, while in name pcpulatlons only IL-lcx is produced (Cerdan et
al., 1991; van Kooten et al. , 1991). IL-4 expression Zs also regulated
through the CD28 signaling pathway (Seder et al., 1994). IL-5, IL-10 and
IL-13, other important 20 meciators of humorai response, are also
uo-regulated by the ~nteractior. (deYJaal Malefyt et al., 1993, Minty et
al., Q993) In additicn colony stimulating and growth factors including
GM-CSF. CSC-~ and IL-3 and chemotactlc j =actc;s including IL-8 are a11
up-regulated with the 25 signal delivered by CD28 (Harlan et al., 1995).
While the poten~~al use of CD80 in the induction of cancer immunity has
been previously discussed, there are a range of other proposed clinical
uses for CD28 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 cytokine 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 78   19 SEP 2002 WO 99/S7271 PCT/U
S99/09502 interaction in mice can prevent lupus like symptoms in NZB/NZW
mice, and can partially protect against lethal EAE and lethal nephritis in
rats (Harlan et al., 1995). While this form of immunotherapy for autolmmune
disorders ~r. 5 humans has not been attempted, ~t has been observed In
humans that in psoriasis and rheumatoid arthritis, biopsies demonstrate
CD80 expressio:~ wr.ile in normal biopsies this expression is absent
(Nlckoloff et al., 1993; Thomas et al.) 1994). In bone marrow and organ 10
transplants in mice and in vitro human experiments) the add~tlon of CTLA-9
Ig and the prevention of the CD28/B7 interaction can result in at least
partial protection from .. organ refection) ~he prevention of GVHD or the
induction of antigen specific tolerance (Harlan et al., 1995). And 15
finally, the cytok~ne release and. onset of sepsis that can lead to septic
shock or septicemia can be prevented in mice by the ~n vzvo admin~strat=on
of CTLA-4 Ig (Zhou, et al., 1994). The ma:~ipulat~on of the CD28/CD80
interaction provides a more thorough understanding of T cell 20
costl:-~ulGtlon and provides ~nslght into establ~shmg solat~ons to a
variety of problems. MATERIALS AND METHODS Isolation of an initial fragment
of CD28 mRNA was extracted ~rom HK5 peripheral blood lymphocytes 25
stimulated for 16 hr with Con A using the RNAzoIB RNA 



extraction reagent (Bsotexc, Houston, TX). Initially cDNA was derived from
this RNA by a reverse transcr~ptase (RT) reaction employing oligo dT as
tl:e 3' primer. Briefly, the RNA, and oligo dT were heated to 75C 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 42C. Following this
incubation, the sample was heated to 95C for 5 min to inactivate the RT.
Degenerate primers derived from consensus regions found 35 within the
human, murine and rabbit CD28 published nucleic 79   19 SEP 2002 W O
99I57271 PCT/US99/0950?. acid sequences (GeneBank, Bethesda, MD) were then
employed for the Initial amplification of a 673 ntd fragment encoding the
ma~orlty of the open reading frame. CD28-113: CAA CCT TAG CTG CAA GTA CAC 5
CD28-768: GGC TTC TGG ATA GGG ATA GG A hot start PCR protocol employing Taq
polymerase was used to amplify the product ( 95C for 5 min 1 cycle; 95C for
30 sec, 48C for 30 sec and 72C for 45 sec) 30 cycles; -; 72C for 7 min, 1
cycle). The fragment was then visualized 10 on a to agarose gel and legated
Into the TA cloning vector (InVitrogen, Sar. Diego) CA) and sequenced as
previously described. From the sequence of the cDNA, spec=fic 3' primers
were derived and synthesized for use ~:~ 5' RACE reactions. 15 CD28190: CGG
AGG TAG AA'I' TGC ACT GTC C CD28 239: ATT '='TG CAG AAG TAA ATA TCC
Isolation of the 5' region A modified GIBCO 5' RACE protocol (G~bco 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 75C for 5 min prior to the
addition of the other RT reagents. Following the 25 denaturatlon, the
mixture was cooled to 4C and reaction buffer, magnesium chloride, dNTP, DTT
and Superscript RT (Gibco BRL, Gaithersburg, MD) were added. The RT mixture
was Incubated at 42C 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 55C for l0 min to removal residual RNA and prevent incorrect
terminal 80   19 SEP zooz WO 99/S7271 PCT/US99/09SU2 transferase (TdT)
extens~.on. The cDNA was then purzfiedover a GlassMax (Gibco BRL,
Galthersburg, MD) spin columnto remove unincorporated dNTP and primer.
Purified cDNAeluted from the column was then tailed with TdT. TdT
was5employed to add a 20-30 nucleotide dC tail to the cDNA.The enzyme was
added to a mixture of purified cDNA,magnesium chloride, reaction buffer,
and dCTP followingdenaturation of the cDNA at 95C for 3 min. The
reactionwas Incubated at 37C for 10 min and the enzyme was then10heat
inactivated at 70C for an additional 10 min. Thetailed cDNA was amplified
in a Taq polymerase based hotstart PCP, reaction (95C for 5 mm; 95C for 30
sec 55C,for 30 sec 72C for 45 sec, 35 cycles; 72C for 7 min).The primers
fen this reaction Included a 3' primed located155' oL the cDNA synthesis
primer, and an anchor primerspecific for the dC linker and composed largely
of dG witha few dI residues. One ~.1 of this reaction was diluted in50 ~cl
of water and 5 ~1 of this dilution were then used ina nested PCR ~eact~on
(95C for 5 min 1 cycle; 95C for 3020sec) 55C for 30 sec and 72C for 45 sec
30 cycles withKlenTaq polymerase mix) with the dG/dI 5' anchor primerand an
additional upstream, gene specific 3' primer. Thirty~l of the nested
reaction was then vzsuallzed on a 1.5%agarose gel, and the proper fragment
extracted from the25gel (Fig. 19). The cDNA was purified as
previouslydescribed with the Amicon gel nebulizer and micropurefilter
(Amicon, Beverly, MA) . The purified cDNA samplewas sequenced through dye
terminator cycle sequencing(Perkin Elmer, Norwalk, CN). From the
fragments30completed, a concensus sequence was derived. From thesequence, a
primer pair was synthesized that encompassedthe entire open reading frame
of the feline CD28 gene: feCD28 5': CGC GGA TCC ACC GGT AGC ACA ATG ATC CTC
AGG 



feCD28 3': CGC GGA TCC TCT GGA TAG GGG TCC ATG TCA G 35 Using these
primers, a cDNA molecule including the entire 81   19 SEP 2002 WO 99I57271
PCT/US99/09502 coding region was amplified from Con A stimulated EK6 and
ED3 PBMC derived cDNA. This PBMC cDNA was produced previously and had been
demonstrated to contain RNA encoding the gene. This PCR reaction (95C for 5
min 1 5 cycle; 95C for 30 sec, 42C for 30 sec and 72C for 45 sec 30 cycles;
72C for 7 min) using KlenTaq DNA polymerase in the hopes of reducing random
errors often associated with Taq polymerase, produced a 754 by fragment
which was cloned into the TA cloning vector and sequenced 10 as previously
described. As with the CD80 molecule, each nucleotide site was confirmed by
at least three independently derived sequences. RESULTS Degenerate _=lmers
chosen from concensus regions within 15 the mur~ne, human. and rabbit CD28
cDNA sequence were employed in a PCR reaction and successfully yielded a
product t:~at e..^.compassed almost a11 of the feline coding sequence. Due
to t:~e h~ghe= degree of conservation found m the :D28 T~olecule, ~aitial
amplification using 20 degenerate primers y~eided ~~rtually the entire
molecule. As opposed to t::~e feline ~~D80 molecule in which only a small
central fragmera was _nitially produced, only the 5' most i'_3 =~~d. s were
1 acklrg prom the open reading frame of the CD28 cDr;A iF=g. 20) . "_'h~s
sequence initial fragment 25 shared a-~ 86o homology with the analogous
region within human sequence, a 86% identity with the rabbit cDNA and a 79o
homology with the murine coding sequence. The S' ATG and the additional 110
ntd. as well as some upstream 5' sequence was isolated using 5' RACE PCR 30
(Glbco, Ga~thersburg, MA). cDNA transcribed from EK6 Con A stimulated PBMC
was used ~n the tailing reactions. With this material, amplification wits
primer CD28-786 and the anchor primer dG produced little definable material
(Fig. 21) . 82   19 SEP 2002 WO 99/57Z71 PCT/US99/09502 Although no
identifiable bands were amplified with the primer combination dG/CD-786,
diluted cDNA from this reaction was amplified using the nested CD28
primers, CD28-182 and CD28-239. A visible band was present at 5
approximately 600 bp. This product when Isolated `nom an agarose gel and
sequenced contained the 5' upstream sequence including and continuing
through the start codon (Fig. 22). From the sequence of these products a 5'
primer was 10 derived that included the start codon. This primer, ~n
combira~ion with the 3' construct, were used to ampli~y cDNA frcm RNA
extracted from EK6 and ED3 Con A stimulated PBMC producing a 754 by product
(Fig. 23). 15 At 'least two of the products from each animal were
completely sequenced and each nucleic acid site was checked and confirmed
with at least 3 independent correctly reading sequences. Following
sequencing the full lengt?: produc~ was sequenced from the ~A cloning
vector to 



20 insure a consistent and reproducible product. W th~^ t:~e W nal 68S by
=ragment encoding the entire ope.^. readi:~g `name, the 5' ATG was located
at position. 1, the ~`' stop codcn was found at position 664-666, with ar.
addlt~onal 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
ef 5' RACE PCR products (data not shown). The feline CD28 gene, once
sequenced, demonstrated an overall identity that was closest to the rabbet
and human 30 sequences (F~g. 25) . The homology wit: the murlne 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). 83   19 SEP 2002 WO 99I57271 PCT/US99/09502
Table 2: Comparison of feline with murlne) human, chicken and rabbit CD28
for sequence homology. Species Percent homology with the fel~.ne
seauer_ce:5Ammo acid NucleotideHuman 850 82010Mouse 77% 74%Rabbit 84%
84%Chicken 59~ 50%15An amino acid peptide sequence was derived from.
thenucleic acid sequence as preen ously described. Ider_titywith the
derived peptide sequences of the other publishedgenes was comparab=a to the
identity at the nucleotide20level. The signal sequence of the peptide
exter~ds fromthe 5' methior_~ne t!-:rough residue 19. It appears that inthe
feline molecule, as ir. the other cloned CD28polypeptides, that the single
extraceliular IgSF varlabie-like domain extends from residue 19-1S3. The
hydrophobic25membrane spanning domain extends for the next 27 residues,and
is followed by the 41 amino acid cytoplasmlc tail. Aswith the human CD28
molecule, the feline polypept~de has5 potential N-linked glycosylation
sites (Fig. 26). Comparison of the predicted amino acid sequence 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 NH3 terminal domain.
The highest degree of homology is found in the central IgSF V-like domain
and in 35 the cytoplasmic tail. 84   19 SEP 2002 WO 99/57271 PCT/US99/09502
Comparisons of the feline CD28 molecule with the predicted amino acid
sequences of the human and murine members of the CD28/CTLA-4 family
demonstrate that while there is only a 250 overall homology between the
members of this 5 group, that specific regions and residues are ma~nta~ned.
The MYPPPY motif is retained by all of the members of this group. There
appear to be additional residues retained in the feline molecule that are
predicted to be important for structural integrity including a number of
conserved 10 cysteine residues (Fsg. 28). I~M'' The cytoplasmic domain of
the feline CD28 molecule is moderately conserved 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 Blerer, '995). Hydrophll~city plots of tre predicted amino
ac-d sequence 20 of feline CD28 when compared to similar plots of the human
polypeptide, further demonstrate the probab~.lity that each pro~e~n retains
a slm~lar structural integ~lty. Where chances 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 is the hydrophobic membrane spanning domain
in which the feline and human peptides only share 75% homology, yet have
very similar '~ydroph11ic1ty profiles (Fig. 30). 30 DISCUSSION The
sequences of the cloned CD28 molecules a11 demonstrated a moderate level of
evolutionary conservation. It can be hypothesized that the role of the 85
19 SEP 2002 WO 99I57271 PCT/US9910950?. molecule in the activation and
mediation of T cell mediated immunity is retained in a variety of h:.gher
vertebrates, from fowl, through rodents and carnivores, and Including
higher primates. 5 Comparison o. the putative amino acid sequences of each
of the molecules shows moderate homology in portions of the extracelluiar
domain proposed to be involved in ligand binding and in intracellular
regions proposed to promote intracellular signaling. Overall, the highest
to degree of homology is found in the region surrounding the proposed
ligand binding site, MYPPPY, located in the IgV doma in from residues
118-123 in the feline polypeptlde. The proposed signal sequence of the
peptide extends from the 5' meth~.onine through residue 19 (Aruffo et al.,
15 1987). Monomeric CD28 is composed of a single extrace~lular IgSr
variable-like domain, which extends from residue 19-153 (Aruffo et al.)
1987). The hydrophobic membrane spanning domain extends for the next 27
residues, and ~s followed by a 41 am~.no acid 2o cytoplasm~c tail (Aruffo
et al., 1987). The feline protein. has 5 potential N-linked glycosllatlon
sites in identical positrons as those found in the human protein.
Interest~:.gly, the glycosylation site located at residue 105 in the =eline
protein is NQS while ~n the human 25 sequence it is NQT. This amino acid
divergence further reflects that while there are sequence changes between
the molecules, the overall structural characteristics are retained. As
might be expected due to the level of homology shared 30 by the protein,
comparison of the hydrophilicity plots of feline and human 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 homologous. 86   ~ s s~P zooz W O 99I57271 PCT/U
S99/09502 While the transmembrane domain is the area of themolecule with
the lowest degree of conservation, simplyretaining its required hydrophobic
character, thecytoplasmlc domain of the fe CD28 molecule is
moderately5conserved with other pubi~shed sequences. A variety
ofintracellular signaling pathways are proposed to bemediated through the
crosslink~.ng of the extracellularportion of the receptor and although the
Intracellularportion of the CD28 polypeptlde does not have
intrinsic10enzymatic actlv~ty) rather, ligand binding results in
theactivation of intracellular effector molecules (Aruffo etal., 1987).
There are four conserved tyrosine res=dues1~8 , '$' and z~ ) that have been
proposed aspotent~Gl sues of tyrosine phosphorylat~on (Lu et al.,151992).
Add~m onal'y, the MNM sequence beginning atresidue 193 of the feline
molecule is proposed as a siteof an SH2 domain ~n the human and murine
proteins (Prasadet ai., 1995). A pote:~tial site of ohosphorylaticn
bypreteen kinase C is retainer' at S85, wh'_le Tzz may be a20site of Erkl
or Erk2 prcline directed ser~ne/threenineklnase actm~t~. (Hutchc;oft and
Bierer, 1996). Asdiscussed prey=ously, ti:e signaling function of the
CD28receptor is mufti-faceted, so it ~s not surprising thatthe cytoplasmlc
tail of the peptide has multiple~:i 25potential signaling m.edia:.ors. The
future app_~catiors of the feline CD28 molecule should include developing
tools to detect surface expression of the receptor and monitoring CD28
expression following infections with v=ruses such as FIV. If tools for
protein 30 detection can be combined with existing methods of message
detection, valuable information about the levels 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
i:~ humans, and may lead to more definitive 87   WO 99/57271 19 SEP 2002
PC'T/US99/09502 answers regarding the course of infection in both systems.
Example 7 CD28/CD80 PROTEIN EXPRESSION 5 INTRODUCTION While communication
in the Immune system is largely mediated through soluble factors,
Initiation of a primary ~.Y T cell response in primates and rodents has
been determined to require direct cell to cell contact 10 (Mescher) 1992).
Originally, this interaction was thought to only i:wolve the interaction
between the TCR on the T cel l and MHC o.^. the antigen present ing cell ,
but it has become clear that binding between accessory molecules is
recruited for full activation of the T cell (Schwartz, 15 1992). As
discussed, the em dence supports the interactior_ between CD28 and CD80 as
the mediator of this accessory signal (Llnsley et al., 1991a). Many of the
important receptors and ligands in vertebrates are members of the IgSF
superfamily (Springer, 1990). The ..fir 20 molecules are characterized by
the presence of an immunoglobulin-like region, normally in the
extracellular portion of the molecule (Buck, 1992). 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 a strands connected by loops following
conserved topology (Williams and Barclay, 1988). Although there is a
sharing of structural properties among members of this family, there is a
diverse array of 30 binding interactions and signaling properties
particular to Lhis family (Anderson et al., 1988). as   19 SEP 2002 WO
99I57271 PCT/U S99109502 As members of the IgSF family, both CD28 and CD80
share a degree of structural similarity in their extracellular doma~ra.
CD28 has a single extracellular V region) though ~t is expressed as a
disulfide linked heterodimer (Aruffo 5 et al., 1987). The extracellular
region of the CD80 molecule however has both a V-like and C type of domain
and is expressed as a monomer (Freedman et al., 1989). Because IgSF family
members share structural features, templates can be used on a limited basis
to establish an 10 idea of the three dimensional structure of related
molecules that have not been crystallized (Bajorath et al., 1993). Although
neither the CD28 nor CD80 polypeptlde have been crystallized, CD2 (Driscoll
et al.) 1991) and CD8 (Leaky et al., 1992), molecules with 15 analogous
extracellular domains, have been examined by Xray crystallography and give
some idea as to the structure of related members of the IgSF group (Linsley
et al., 1995a) . 



As previously discussed, CD80 and CD86 share similar 20 bind;r.g avidlties
with CD28 and CTLA-4. CD28, however, is a low aff~:~ity receptor for the
ligands while CTLA-4 has a high af~lnlty for both molecules (L~nsley et
al., 1994a). Though a potential mechanssm 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
for T cell development (Linsley et al., 1995a). It is hypothesized that
CD80 bending of CD28 on the T cell surface may promote oligerimizatlon of
the receptor which would 30 facilitate produc~lve cross-linking and signal
delivery (Linsley et al., 1995a). CD28 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., Z994). 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 89   WO 99/S7271 19 SEP 2002 PCT/U S99/09502 rapid disassociation rate
(Linsley et ai.) 1995a). This process) termed mutual capping, though not
directly observed with the CD28/CD80 interaction has been demonstrated for
other receptors in which a similar 5 ~nltlatlon of cell: cell contact is
required (Singer, 1992 ) . While the CD28/CD80 interaction has been
demonstrated to be critical for promulgation of a T cell mediated immune
response, there remains a great deal that ~s unclear about 10 the exact
mechanisms of this signaling pathway (Llnsley et al., 1993a). The existence
of two receptors and two ligands in this interaction raises questions as ~o
the role each plays in T cell activity (Linsley et al., 1992b). While
CTLA-4 binds more strongly, It is expressed 15 much later following
activation, and although signaling pathways have been proposed for CD28, ~t
has not been determined if a signal is delivered upon 1 ~gand b~.nding with
CTLA-4 (Linsiey et al.) 1995a). 20 MATERIALS AND METHODS Preparation of
inserts The following primers were used to ampl~.fy the entire open reading
`rame of the genes for feline CD28 and CD80 for Insertion into expression
vectors: 25 feCD80 5': CGC GGA TCC GCA CCA TGG GTC ACG CAG CAA AGT GGA AAA
C fe CD80-960: CCT AGT AGA GAA GAG CTA FAG AGG C feCD28 5': CGC GGA TCC ACC
GGT AGC ACA ATG ATC CTC AGG feCD28 3': CGC GGA TCC TCT GGA TAG GGG TCC ATG
TCA G 30 The 5' CD80 primer and both CD28 primers were engineered with
BamHI sites and the appropriate linkers to facilitate the insertion Into
multiple cloning sites. The 3' BamHI 90   i 9 SEP 2002 WO 99I57271 



PC'T/US99/09502 site was engineered onto the CD80 sequence by dlgesticn out
of the TA clonzng vector. The 5' primers also contain a Kozak box and the
5' ATG for both genes. In each case, the primers were used to amplify from
template encoding 5 the entire sequence of each gene that had been
previously cloned into the TA cloning vector, described previously.
Approximately ten nanograms of each plasmid were used in a Taq polymerase
based PCR amplification (95C for 5 min, 1 cycle; 95C for 30 sec) 60C for 30
sec, 68C for 45 10 sec, 30 cycles; 68C for 7 m1n 1 cycle). The amplified
products were visualized by electrophoresis on an agarose gel and then
ligated into the TA cloning vector (InV~trogen, San Diego, CA), as
previously described. The llgat~on reaction was used to transform InvaF'
competent 15 cells, and positive clones were screened and selected as
previously described. Cloning into pSI For cloning into the pST_ vector to
be used ~.n the transformation of COS-7 cells, the plasmld was digested 20
with EcoRI, and they. enzyme was removed with the Micropure EZ spin column
(Amicon, Beverly, MA). Following removal of the enzyme, the plasmid was
treated with phenol:cl:loroform to removal any residual protein and alcohol
precipitated. The inserts were digested from SO 25 ~Cg of QIAGE~: purified
plasmid DNA (Qiagen, Chatsworth, CA) from clones containing TA cloning
vector with the proper Inserts using the EcoRI sites found in the vector
flanking the insert . The 100 ~.1 digest was electrophoresed on a 1.5o
agarose gel and the digested fragment cut out. The 30 insert was then
purified from 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 37C
with 0.1 U/~g of calf intestinal 35 alkaline phosphatase (CIP)
dephosphorylated the digested ends of the vector. CIP was removed by heat
denaturation 91   19 SEP 2002 WO 99I57271 PCT/US99/09502 at 65C for 30 min
followed by spin purification wish theMicropure EZ spin colum.-~ (Amicon,
Beverly, MA). Theinserts were legated directly into the cut anddephosphery
1 ated pSI vector overnight at 16C use=.g 'T'4 DNA5iigase. Llgant to vector
molar ratio was approximatelythree to one with 0.05 ug of CD28 or CD80
insert to 0.1 ~Cgof pSI. One ~cl of the legation reaction was then used
totransform InvaF' competent cells. The cells were streakedonto LB plates
containing 50 ~Cg/ml ampiciilln. The plates10were incubated overnight at
37C and the next day colonieswere inoculated into S ml of LB media
containing 100 ~Cg/mlamp~c~llin. Following an overnight Incubation at
37Cwits shaking at 220 rpm, the plasmld DNA was extractedwith alkaline
lysis, the DNA purified by phenol: chloroform15extras t or., and
precipitated with two volumes of 95%ethanol. The DNA was RNase treated and
then digested with10 U cf ~coRI. The digests were vlsual~zed cn a toagarose
gel to ~dentlfy the positive clones. Plasmid DNAwas t!~e:~ extractec' from
5 ml of overnight culture of20pos~tlve ~lcnes .:sing QIAprep spin columns
(QIAGEN,Chatswor~h, Ca) (Fig. 31). The purified DNA was thenseq~~enceu by
dye Terminator cycle sequencing with anmterr.ai 3' primer to determine the
orientation of theinsert _.. t:~e plasmid. Location of the primer was
such25that sequenclna would proceed across the 3unction betweenthe vector
and insert to ~.nsure that the orientation wascore ec ~ A clone of each
gene with the plasmid in theproper orie:~tation was then grown up in a 100
ml cultureand the plasm~d extracted with a QIAGEN (Chatsworth,
CA)30maxi-prep column. Cloning into SFV For insertion into the SFV vector,
inserts and the plasmid were treated in much the same way. One hundred ~Cg
of the SFV vector was digested with I20 U of BamHI for 1 hr at 35 37C (F~g.
32). The enzyme was removed from the digest by centrifugation through a
micropure EZ filter (Amicon, 92   WO 99I57271 1 g SEp~ 2002 PCT/US99/09502
Beverly, MA). The plasmld was then CIP treated. The CIP was heat
inactivated and then the plasmid was again purified with a mlcropure EZ
filter. Inserts were extracted from purified TA clor_ing vector DNA by
BamHI 5 digestion. The inserts were purified and legated Into the vector as
described previously. Following the transformation of InvaF' competent
cells, the plasmid insert and orientation was confirmed with dye terminator
cycle sequencing as described. A large scale plasmid 



10 preparation was performed on a positive clone of each gene. 3 pSI
protein expression For pS.I transformatior_~ of eukaryot~c cells, COS-7
cellswere obtained from the American type culture collectionI5(ATCC). The
frozen stock was resuspended ~r. 15 mi of DMEMplus 10% fetal calf serum
(FCS). The cultures were thengrown as a monolayer ~n T-75 flasks. On the
evening priorto transfection, cells were removed from the flasks
aftertreatment with a 0.25o tryps~n EDTA solution by washing20wish PBS. The
cells were then seeded at -2G% confluenceinto 100 mm tissue culture dishes
and allowed to grow to-50% co :~iuence for trie next day. For each dish to
betransfected 5 mi of DMEM-NuSerum (Collaborative BiomedicalProducts)
aedford, MA) was mixed with 0.2 ml of DEAE-25dextran/ch~~oroquine solution.
Ten ug/ml of the purifiedpSI plasmld was then added to the mixture. The
media wasaspirated from the COS cells and the DMEM-NuSerum/
DEAE-dextran/chloroqu~.ne/DNA solution was added to the cells.The culture
was incubated for 3.5 hr In a 5% COZ incubator30followed by removal of the
media and replacement with 5 mlof 10% DMSO ~r. PBS. After 2 min this
solution wasaspirated off) and the cells grown overnight in 5 ml ofDMEM/10%
FBS. The following day, the cells were splitinto two 100 mm culture dishes.
After 3 days, the media35was aspirated, and the transformed cells removed
withPBS/0.5 ~.M EDTA. The PBS/EDTA mixture was added to the 93   19 SEP
2002 WO 99/57271 PCT/US99/09502 cells and they were Incubated for 15 min at
37C. The supernate was removed and combined with subsequent PBS washes. The
supernate and washes were then centrifuged. The resulting pellet was
resuspended in DMEM/FBS and the 5 COS cells counted. SFV protein expression
Transfection with the SFV vector was carried out in baby hamster kidney
(BHK) cells. Thirty ~.g of purified plasmid was digested with SpeI for 1 hr
at 37C. The enzyme was 10 then removed with a mlcropure EZ filter (Amicon,
Beverly, MA) and the DNA precipitated with 2.5 volumes of 95% EtOH. One and
a half ~g of the plasmld was then used as the template for Sp6 mediated in
vitro transcription. Br=efly, the DNA was incubated for 1 hr at 37C with:
15 transcrlpticn buffer) 100 mM DTT, 10 mM G(5')ppp(5')G, rNTP mixture,
water, RNasin, anti 60 TJ of Sp6 RNA polymerase. Following transcription
the reac~lon was aiiquoted and a sample visualized on a 1 o agarose gel .
Fo=t}J-five ~.l of the transcription reaction was used to 20 transfect BHK
cells at -80o 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 Optl-MEM media/9 ~g/ml of
lipofectin/transcribed RNA. The cultures were 25 incubated for 2 hr at 37C
in a 5% CO2 with frequent manual agitation. After 2 hr. the media was
removed and replaced with GMEM-10% FCS. The cultures were incubated for 7-9
hr and the cells were then removed by trypsinizat~on. 30 Cloning into pQE A
bacterial expression vector, pQE was also constructed with the feline CD80
and CD28 gene. Cut and CIP treated pQE plasmld, prepared and purified as
previously described was ligated with T9 DNA ligase in a four to one insert
to 99   WO 99/57271 19 SEP 2002 PCT/US99/09502 plasmld moia~ ratio with 50
ng of gel purified CD28 or CD80. The legation was incubated for 16 hr 16C.
Two ul of the legation reaction was then used to transform INVaF' competent
cells. Positive colonies were selected and 5 insert orientation confirmed
by sequencing. Large scale preparation of purified plasmld was performed
and this used to transform M15 pREP4 cells made competent by rubidium
chloride treatment. Transformed cells were grown up o:~ LB plates with 50
~eg/ml kanamycin and ampicillln to l0 Insure that bcth the pQE and helper
pREP4 plasmids were retained in these colonies. Positive colonies were then
1 screened by alkaline lysis mini-preps and BamHI restriction digestion.
Colonies with conf_rmed ;nserts were frozen in a 50% glycerol stock
solution for future 1S use. 



Binding Assay Binding assays for t~ansfected cells expressing feline CD80
and feline CD28 were performed after the protocol described in Linsley et
al., 1994a. One day after 20 transfectior., CD28 expressing COS-7 cells
were removed from T-75 flasks with trypsin-EDTA treatment. The cells were
allowed to adhere =n 24 well plates at a concentration of 1x105 cells per
ml. Two days later, the feCD80/pSI transfected COS-7 cells were removed
from T-75 25 flasks with PBS/0.5 uM EDTA. These cells were then
fluorescently labeled with a 5 ~.M solution of Calcein AM (Molecular
Probes, Eugene, OR) in sterile PBS/1% BSA for 30 min at 37C (Akeson and
Woods, 1993). Mock transfected COS-7 cells were labeled in the same
fashion. The labeled 30 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
37C. Nonadherent cells were removed by gently washing the monolayer 3 times
with 35 DMEM +10% FCS. Followlrig the washing, the fluorescence of each of
the wells was quantitated on a microplate 95   W O 99I57271 19 SEp 2002
PCT/US99/09502 fluorlmeter. Fluorescence in wells containing transfected
populations was compared to wells in which CD80 expressing cells were added
to COS-7 cells transfected with pSI plasmld alone. S Competitive binding
assays, using CTLA-4 Ig and CD80 Ig fusion proteins (kindly provided by P.
Linsley, BristolMeyers Sauibb) to inhibit cell/cell Interactions, were
designed to demonstrate the specificity of the interaction. Following
calceln labeling, but prior to the 10 addition of CD80 expressing cells to
the monolayer) CTLA-4 ~,j Ig m DMEM/FCS at a concentration of 1 ~Cg/ml was
incubated with the labeled transfected cells for 30 min. The cells were
washed twice with DMEM/FCS and added to the monolayer. Alternatively, CD28
expressing cells ~n the 1S monolayer were incubated for 30 min. with CD80
Ig at a concentration of 1 ~Cg/ml in DMEM/FCS and following washing, the
fluorescently labeled CD80 expressing cells were added. Inhib=riot. 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 COS cells were also assayed for mRNA transcription by
RT-PCR. After three days) RNA was extracted from cells transfected with pSI
with feCD28) 25 feCD80 or without insert. RNA was treated with RNase free
DNase to remove the potential for contaminating DNA. One half ~cg of RNA
was then reverse transcribed to cDNA 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:
95C 5 min. 1 cycle; 95C 30 sec, 55C 30 sec, 72C 30 sec, 30 cycles; 72C 5
min.) 1 cycle. 20 ~C1 of each reaction was then visualized on a to agarose
gel. RESULTS 96   19 SEP 2002 WO 99I57271 PCTIUS99/09502 The genes for
feline CD28 and CD80 were successfully inserted into three protein
expression vectors (pSI, SFV and pQE). Following ligatlon into the
respec~lve vectors, the genes were used to transform INVaF' competent
cells. 



5 Figures 33-38 show each of the vectors with the proper cDNA inserts.
Binding assays were performed to demonstrate that functional protein could
be expressed. The initial assays were performed to determine the relation
between the l0 b~rding of CD28 and CD80 transfected COS-7 and CD28
transfected and mock transfected COS-7 cells. Fluorescence in the wells in
which the fluorescently labeled non-adherent CD80 transfected cells were
added were higher than ~he control wells at the initial two 15 dilutlons.
The ln~eractlon was dose responsive, and after the ir.ltlal two dilutions,
the retention of fluorescence was the same in wells in which the adherent
cells expressed surface protein as ~n tre mock transfected ccr.t~ols (Fiq.
39) . 20 To show that t:~is interaction could be inhibited, the transfected
cell lines were incubated with soluble counter receptor prior to mixing. At
concentrations of 5x105 and 1x:05 cells, fluorescence in wells containing
CD28 and CD80 expressing COS cells was similar to that observed In the 25
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 mock transfected
wells. When COS cells transfected with CD80 pSI were incubated with soluble
30 CTLA-4, prior to exposing the cells to the CD28 pSI transfected cells
however, the fluorescence was not inhibited as completely. While the levels
are not as significant as that seen with the uninhibited group) it was
clearly greater than either the control or other 35 experimental group
(Fig. 40). 97   19 SEP 2002 WO 99I57271 PCT/US99/09502 RT-PCR was performed
on RNA derived from COS-7 cells transformed with pSI-CD28, pSI-CD80 and
mock transfected to demonstrate the presence of mRNA specific for each gene
in the cell line. Figure 32 shows the 1% agarose gel for 5 each cell line.
The gene for G3PDH was amplified ~n each set to show RNA integrity and as a
positive control in the mock transfected set. CD80 pSI transfected COS-7
cells expressed CD80 mRNA and G3PDH message, while CD28 pSI transfected
COS-7 cells expressed the genes for CD28 and 10 G3PDH. Mock transfected
cells expressed only G3PDH (Fig. 41) . DISCUSSION 15A lack of suitable
antibodies dictated that a directassay coulc nct be performed to
demonstrate peptideexpression. Commercially available ants-hu CD28
andants-hu CD80 monoclonal ant~bodles were tested onisolated lymphocytes to
determine if there was cross20reactivity. FAGS analysis using the
antlbod~es on cellsconfirmed by PCR to be expressing message for
bothsurface proteins was unsuccessfu'. This in combinationwith the fact
that the antibodies did not recognizesurface expression on pSI transfected
cells, led to the2Sconclusion that these antibodies were not cross
reactive.It was not expected that the CD80 antibody would crossreact. The
limited homology between the human and felineCD80 molecule would limit the
potential for crossreactivity in a monoclonally derived antibody. It
was30somewhat surprising however that the anti-hu CD28 was notcross
reactive. Though there is a higher degree ofconservation between the cloned
CD28 molecules, acommercially available anti-hu CD28 antibody that
crossreacts with the mouse protein was not found. As with the35anti-hu CD80
antibody) testing of the hu CD28 monoclonalswas unsuccessful. Thus~an assay
had to be devised that 98   W O 99I57271 19 SEP 2002 PC'T/US99/09502 could
demonstrate not only the probability :.hat she peptides were being
expressed, but that also showed that they were functional and capable of
interacting. The cDNA for feline CD80 and CD28 were successfullv 5 inserted
into a series of expression vectors. While the pSI vector fulfilled the
requirements necessary to carry out the binding assay, the add;tional
vectors may facill~ate future protein expression. 



Following transfectlon, expression of CD28 and CD80 m.~2NA l0 by the COS-7
transformed cell lines was confirmed by RT.. PCR. DNase treatment of the
RNA prior to the PCR reaction should have significantly reduced any
possibility of genomic or plasmld DNA contamlnat~.on. Further, it was not
felt that the COS-7 cells would 15 naturally express either ligand which
was further co :f armed byr the 1 ack of message for either surface protein
.r. the mock transfected control. The amplification of t:-~e proper message
from the RNA from the transfected cells, appears to reflect that the pSI 20
template was present wlth~n the cells and that the message enccded by the
plasmid was being transcribed. ':'re binding assays performed were modeled
after :hose performed by deter Linsley to demonstrate the srmllar bind~na
avld;ties of human CD80 and CD86 (Lrnsley et al., 25 1994a). A modified
format was used to demonstrate that surface expressed feline CD28 bound to
surface expressed feline CD80 and that the interaction could be inhibited
with soluble receptor. The level of binding could be Inferred from the
retention of fluorescently labeled 30 cells in the specific wells. Because
a fluorescent plate reader was used, It was not required that cells be
lysed prior to measuring fluorescence. The initial assay demonstrated that
the retention of fluorescently labeled CD80-pSI transfected COS cells was
99   WO 99I57271 19 SEP 2002 PCT/U S99/09502 greater in wells in which
adherent cells were transfectedwith CD28-pST_ than in wells in which the
adherent cellswere mock transfected. The control cells, COS cells
mocktransfected with pSI lacking an Insert, Insured that5neither the
presence of the vector, the transfectionprocess itself nor the adhesive
properties of the cellsresulted in the adhesion between cells mediated by
theinteraction between the surface expressed CD80 and CD28.At the initial
dilution of 1x106 cells, the fluorescence10~n the wells in which the cells
were expressing the CD28was approximately five times that of the wells in
which.: the fluorescently labeled CD80 transfected cells wereintroduced
into wells containing mock transfected cells.At 5x105 cells, fluorescence
drops significantly due to15the reduction in cell number, but the level is
stillsignificantly higher than fluorescence in the control.By a
concentration of 1x105 cells the difference betweenthe experimental and
control is not statisticallydistinguishable, and by 1x104 they are nearly
identical.20Th;s assay indicates that an =nteraction ~s occurringbetweer_
the CD80 transfected and CD28 trarsfected COScells that results in the
retention o~ the fluorescentlylabeled CD80 transfected cells in the wells.
4,lhen theadherent cells were not expressing surface protein25however, the
CD80 transfected cells were removed bygentle washing. This effect could be
titrated cut, andby 1x104 cells fluorescence in the wells was
v=rtuallyidentical. To confirm that an ~nteract;on was occurring,soluble
receptors were introduced to inhibit the30CD28/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 soluble receptor for CD80, huCTLA-4Ig and for CD28, 35
huCD80-Ig were incubated with the respective transfected COS cells
expressing the counter-receptor of each I00   WO 99I57271 19 SEP 2002 PCT/U
S99/09502 molecule prior to the mixing of the two cel; Hypes. Although the
soluble proteins were not on feline orzgin, it was felt that due to the
level of conservation found between the proposed binding region of the
human and the S analogous regions in the feline molecules, that there would
be sufficient cross reactivity. Further, the human fusion partners bind
with their murine counter-receptors (P. Linsley, personal communication).
Due to the number of cells required in the assay, it was no~ feasible to 10
perform the assay with 1x106 cells. The first cer:centration was 5x105
cells, with the CD28/CD80 trar.sfected cells alone demonstrating a mean
fluorescence similar to :.hat found ~n the previous experiment. It is nc.`_
clear why the adherent cells incubated with soluble 15 CD80 receptor had a
fluorescence close to that of the mock transfected contro'_, while the
nonadherent CD80 transfected `luorescently labeled cells, incubated with
soluble ~~T1.A-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 ~n wells in wr:lch soluble
receptor was introduced over the wells In which no receptor was present.
The interaction demonstrated by the previous assay can be ~nh~b~ted by the
~rtroductlon of .1 



25 the proper soluble counter receptor prior to the m~.xmg of tha calls.
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
inlt~.a1 binding assay in combination with the competitive bmd~ng assay
confirm that functional feline CD80 anti CD28 cDNA have been isolated, and
further that 35 the proteins expressed by the message functionally
interact. Although the applications of this type of 101   WO 99I57271 ~ 9
sEP 2002 PCT/U S99/09502 binding assay are limited, it remains an efficient
system in which to demonstrate the probability of functional surFace
expression and interaction. Example 8 5 INFECTION INTRODUCTION Lwoff
defined viruses as "strictly intracellular and ..~ potentially pat:nogenic
entitles with an infectious phase and 1) possessing only one type of
nucleic acid, 2) l0 mu-tiply~ng in the form of their genetic material, 3)
unable to grow and to undergo binary fission, and 4) devoid of a Llppmann
system" (LwofF, 1957). Viruses are noncell~:iar ~r. nature, whose genome,
whether RNA cr DNA, directs t:-:e synthesis of further ~-irion particles by
an 15 i:fected hcst cell (Luria and Darnell, 1968). Viral diseases
represent ar. ~nterest~ng system ~n which the practical app'_ications of
the B7/CD28 signaling complex can be demonstrated. Among the retroviruses,
infection with HIV in humans and feline ~mmunodefic~ency virus (FIV) in 20
cats, results i:~ d~sruptior. of normal Immune function which is
hypotresized to occur through the ellmlration of CD4'T'~ cells (Fauci et
al., 1984; Pedersen et al., 1987). It is thought hat the CD28/CD80
signaling complex plays a role in the _;lness and that manipulation of
receptor expression 25 may exacerbate the infection (Harlan et al., 1995).
FIV is a Very real clinical problem in domestic cats, causing a series of
clinical and subclinical manifestations that closely resemble HIV infection
in humans (Pedersen et al., 1987). As more information is accumulated about
FIV, 30 the appropriateness of it as ar. 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 (Siebelink, 1990). The
molecular, biological and 102   WO 99/57271 1 g SEp 2002 PCT/U S99/09502
pathogenic similarities also suggest that muc:: cf the information obtained
from HIV studies can accelerate understanding of FIV infection in cats.
Initially, HIV infection ~s manifested by a transient5 lymphopenia with the
development of mononucleosis likesyndrome around the time of seroconversion
(Clark et al.,1991). There is a short term decline in CD4' T cellpopulation
and CD8' '~' cell expansion results in an initialdecline ~n CD4:CD8 ratios,
that can contribute to a further10 decrease curing the asymptomatic phase
of the illness(Cooper et al., 1984). By the onset of AIDS relatedsymptoms,
the CD4' T cell population is seriouslydir^,in~shed, and as the disease
progresses to its terminalphase the entire '_ymphocyte population ~s
drastically15 dimln~shec (Fauci et al., 1984). Whsle the
initiallymphocytopenia is probably due to cortico-steroid ~rducedsifts ~r
;:nmune cell populations as is seen yn other m raldiseases, :.vrther CD4' T
cell loss and CD8' T cell expansiona;e ~hcua~= to be related to viral
orol~feration and20 pathogenesis (Faucl and Dale, 1975; Fauc~ et al.,
19B4).The develcpment of appropriate model systems is a criticalstep ~n
f~.:rther a l ucidat;ng mechanisms cf infectlor. andvirally i::duced
disease. FIV, a T 'ynphotropic retrevlrus, was orlg~nally described 25 in a
cat colony from California in which multiple, often 



chronic ~nfectlons occurred (Pedersen et al.) 1987). Although ti-~e disease
manifests itself ~n a similar manner as HT_V in humans and is distantly
related taxonomically, it is antigenlcally distinct from the causative
agent of AIDS 30 in humans (Siebeiink et al., 1990l. Transmission of the
infection occurs through the exchange cf infected bodily fluids, as zn HIV,
but unlilte HIV in which sexual transmission zs 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). Despste
differences in transmission, the resulting 103   WO 99I57271 19 SEP 200Z
PCT/US99109502 immunodeflciency syndrome is one of the best models of the
related illness in humans (Siebelznk et al., 1990). Clinical progression of
FIV is similar to HIV with the disease subdivided into flue clinical
stages. The initial 5 stage is characterized by fever, malaise and
lymphodenopathy, a long asymptomatic phase follows znfect~on and precedes
the onset of the final three stages in which weigrt loss and multiple
secondary and opportunistic ~nfect~ons occur (English et al.) 1994). 10
Although it is not clear if the route of cellular infection .",> is the
same, FIV ~s tropic for CD4' T-cells as well as CD8+ T-cells (Brown et al.,
1991). Virally infected animals exper ~ ence a decrease in CD4' T cell
activity perhaps due to synctia formation. and cell lysis (Siebeiink et
al., 15 1990). The onset of the final stage of the infectson come des with
a s~anzf~cant loss ef CD4' T-cells and a decrease of CD4:CD8 ratio
(Novotney et al., 1990). While HIV and FIV induced disease may not mediate
CD4+ T cell loss in the same manner, the resulting phenotype and Immune 20
system cysfunction appear to be manifested ~n a quite similar manner.
Although it ~s clear that infection of CD4' T-cells with HIV adversely
effects the development cf a normal immune response, the exact mechanism of
the interaction that 2S results is 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 apoptos~.s, and the
elimination by CTL have a11 30 been demonstrated to reduce T cell
populations in HIV Infections (Schattner and Lawrence, 1994; Fouchier et
al.) 1996), a CD28 mediated mechanism has also been proposed (Haffar et
al.) 1995). Infected T cell lines have been demonstrated to down-regulate
CD28 expression at both the 35 protein and mRNA level upon allo-antigen
stimulation (Haffar et al., 1995). As previously discussed, CD28 104   WO
99I57271 19 SEP 2002 PCT/U S99/09502 cross-linking is a critical signal for
the maturation of a T cell response (Linsley et al., 1991a). If HIV
infection results in a down-regulation of CD28 surface expression, then
infected T-cells that recognize presented antigen may 5 become apoptotlc
rather than fully activated (Schattner and Laurence, 1994). While apoptosis
is a normal mechanism of HIV infected cell death, this pathway may be an
additional contributor to the concomitant T cell elzmination (Br~nchmann et
al., 1994). 10 CD8' CTL have been related to the development of long term
ssurvival in HIV infection, with high levels of CTL.associated with long
term non-progression zn AIDS infectedindividuals (Landay et al., 1994). In
contrast, humoralimmunity has r_ot only been generally ineffective in15
controlling lentlviral associated illness, it has beenshown that antibodies
may actually enhance disease(Lombardi et al., 1994; Siebel~nk et al.,
1995). Onset ofthe =inai clinical stage of HIV infection and
concomitantzmmunodef:.clency is correlated with the snitch from a20
cellular, type 1 response to a humoral) type 2 response inmany patients
(Schattner and Laurence, 1994). Thiscoincides with observations that
progression from a healthystate to the development of AIDS is related to a
decrease_d 'CTL mediate 



in CD8 antiviral activity (Lewes et al.,25 1994). Expression of CD28 on
CD8+ CTL also appears to berelated to their antiviral activity, with a
strong CTLmediated antiviral activity associated with the expressionof CD28
on CD8 populations within the infected individual(Landay et al., 1993). 30
CD28 surface expression, though proposed as a mediator required to promote
HIV resistance, ~s adversely~effected by the presence of HIV in both
infected and uninfected Tcells (Caruso et al., i994). Beginning in the
asymptomatic stages of an HIV infection, a reduction in the percentage 35
of CD28 bearing CD4~` and CD8+ T-cells is detected (Lewis et al., 1994). It
is proposed that this may account for 105   W O 99/5727I 19 SEP 2002 PCT/U
S99/09502 abrormali~ies in cytoklne secretion patterns seen early ~n the
infection (Carsso et al., 1994) as well as altered CD8" T cell responses in
later stages (Zanussi et al., 1996). In HIV infected individuals, reduction
in the prol;feration 5 of CD8" T-cells in the early stage of infection is
proposed to be related to CD28 down-regulation as only CD8"T-cells
expressing CD28 proliferate in response to IL-2 (Brlnchmann et ai., 1994).
Unfortunately in infected individuals, CD28', CDS" T-cells can constitute
as much as 75% of the 1C CDs" populaticn, while in normal individuals they
make up only 250 of the population (Saukkonen et al., 1993). Thus, while
CD8" populations may remain normal in infected individuals, the
effectiveness of this population in its ability to mount an effective
anti-viral immune response 15 may be adversely effected even in the initial
phase of the i:-Wectior. (Caruso et al.) 1994) . Studies nave also
demonstrated that CD28 signal tra^sductyon may be involved in the act~mty
of the m rus (As;,o et al.) 1993; Smlthgall et al., 1995). Costimulation 20
of :HIV infected peripheral blood CD4" T-Cells with anti-CD3 and anti-CD28
results in higher m ral replication than st~rr~ulatlon with anti-CD3 alone
(Sm~thgall et al., 1995). This response can be ablated by the addition of
CTLA-4 Ig as a soluble form ct 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, Zn 40% of pat ents ~.t was demonstrated that CD28 legation
alone resulted ~n the up-regulation of virus production without additional
st~mul~. required (As3o et al., 1993). 30 Pretreatment of lymphocyte
populations with the HTV surface glycoprote~n gp120 results in the
down-regulation of CD80 on the surface of APC (Chirmule, 1995). While CD28
expression on T-cells appears to be down-regulated by HIV infection, CD80
expression ~s up-regulated on these cells 35 (Haffar et al., 1993). This is
a proposed mechanism by which infection may be transferred to uninfected
T-cells as 106   WO 99/S7271 19 SEP 2002 PCT/US99/09502 the interaction
between CD28 on uninfected T-cells and CD80 on infected T-cells may
facilitate the cell to cell contact that allows the transfer of virus
(Haffar et ai., 1993). While the effects of CD28 in HIV have been explored,
the 5 role of the surface protein in FIV has not been distinguished. T_f
similar results can be demonstrated in the cat as are observed zn the human
system, it will further confirm the usefulness of the feline as a
retroviral model. 10 MATERIALS AND METHODS 



Infection in vivo Three adult specific pathogen free (SPF) female cats were
infected intravenously with 1x105 TCIDSO of the Maryland strain o~ the FIV
virus. Two similar females were mock 15 infected with serum containing ne
virus to serve as controls. 3lood was extracted prior to the infection and
once every week for seven weeks. In the initial week of the ~ nfection,
cats were monitored twice a day to ~ nsure that no initial reaction from
the infection occurred. As 2C the infection progressed, the animals were
monitored on a daily bases. Every week, during the acute stage of the
clinical illness, 5-10 ml of blood was collected for CBC determination aid
PBMC isolation. CBC was determined by counting cell types in a dip-quick
stained blood smear 25 (Jorgensen Lab., Loveland, CO). The PBMC were
extracted from the blood by separation over a histopaque gradient (Sigma,
St. Lours, MO). Following initial washing with Alsever's solution, -5x105
cells were removed and divided into 5 wells of a 48 well plate. The 30
cells were resuspended in 500 ~.1 of complete RPMI, and then labeled with
antibodies directed against either CD4 or CD8. After an hour i:~cubation at
room temperature with gentle rocking, the cells were washed two times with
PBS. 107   W O 99/57271 19 SEP 2002 PCT S99/09502 Following washing, the
secondary antibody, goat anti-mouse IgG (H+L) FITC labeled (KP&L,
Gaithersburg, MD), at a concentration of 1:S00 was added and incubated at
room temperature for 1 hr with gentle rocking. The cells were S then washed
three Mmes with PBS and fixed with 3.7% formaldehyde. Fiuorescently labeled
populations were then. quantltated on a FACSCalibur flow cytometer. The
remaining PBMC were washed an addlt~onal time with 10 ml of Alsever's
solution. Following centrifugation, the 10 supernate was removed, and 1 ml
of ULTRASPEC (Biotexc, aouston) TX) was added for RNA extraction. The RNA
was purified and precipitated as preen ously described. The concentration
was they. quantitated by measurement of absorbar.ce at 260 nm on a
spectrophotometer. The RNA was 1S then resuspended ~.n SO ~l of DEPC
treated water and frozen at -70C for later use. Semi-quantitative RT-PCR P;
ior to PCR amplification of sample RNA, 60 ml of bloodwas collected frcm a
term~nal?y bled cat. PBMC were20isolated as described previously. The cells
were countedcn a hemacytometer and divided into 4 *~lasks at aconcentratyon
of 5x105 cells per ml. The cells werestimulated with Con A for 0, 8) 16 and
24 hr prior tocentrifugation and extraction of RNA from the cell
pellet25with TJLTF.ASFEC as preenously described. RT-PCR wasperformed using
1.S ~cg of RNA transcribed to cDNA with MMLVreverse transcriptase and an
oligo dT 3' primer. The RNA,dT primer and DEPC treated dH20 were Incubated
for 5 min at70C to remove RNA secondary structure and allow for
primer30annealing. Transcription buffer, MgClZ, dNTP, and DTT werethen
added and the mixture incubated for 2 min at 42C.One ~.1 of reverse
transcriptase was then added and thereaction allowed to proceed for 30 min.
Four ul of the 25~cl RT reaction was then added to each of three tubes
for35CD80 amplification and three tubes for CD28 amplification. 108   ~ 9
SEP 200Z WO 99I57271 PCT/U S99/09502 A mixture of 10X PCR buffer, dNTP and
CD28 or CD80 spec;f:c primers were then added to the cDNA. The primers for
CD80 were: B7-S220 5' primer: CAT GTC TGG CAA AGT ACA AG 5 B7-284 3'
primer: TTA TAC TAG GGA CAG GGA AG while the primers used for CD28 were: 



CD28 S' start: CGC GGA TCC ACC GGT AGC ACA ATG ATC CTC AGG CD28-239 3': ATT
TTG CAG AAG TAA ATA TCC The three tubes for each product were then
incubated at 10 95C for S min and then G.25 ~1 of Taq polymerise in 10 ~.1
cf water was added to each tube. The reactions were subjected ~o the cycles
of the fo11ow1ng temperature profile: 95C 30 sec, 55C 30 sec, and 72C 30
sec. A tube was removed at 20, 25 and 30 cycles respectively. Twenty 15 ~cl
of each reaction was visualized on a to agarose gel. The agarose gel was
photographed and the number of cycles at which a product appeared
determined. :ollowing these p=el;minary experiments, RNA preenously
extracted from the infected and control animal was ampl~.`_1ed m a similar
20 fashior_. Infection in vitro In vitro FIV infected T cell lines were
stimulated with Con A for 0, and 16 hr and expression o~ CD28 and CD80
assayed by the semiquantitative RT-PCR method. The FETJ 25 cell line is a
mixed T-lymphocyte population that grows in the absence of IL-2 ~n 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 109   WO 99I57271 19 SEP
2002 PCTIU 599109502 8 ~.g/ml of Con A. RNA was extracted from these cells
after the incubation with the ULTRASPEC RNA extraction reacrent (Blotexc,
Houston, TX) and purified as previously described. 5 MCH 5.4 is a T cell
line derived from a cat m a colony that had multiple FIV infections
although this ilne ~s not chron~caily FIV infected. Approximately twenty
million MCH 5.4 cells were pelleted by centrifugation and resuspended in 5
ml of concentrated FIV infected supernatant. The 10 cells were =ncubated at
this concentration for 30 min in a 5o COZ incubator at 37C before adjusting
to a concentration of -5x105 and cultured for 24 hr. After normal and
infected MCH 5.4 were stimulated for 0 and 16 hr with 8 ug/ml of Con A. RNA
was extracted with the ULTRASPEC RNA extractlor. 15 reagent ;Biotexc,
Houston, TX) and purified as previously described. Northern Blotting For
Northern blot analysis, RNA concentrations were determined by
spectrophotometric analyses at 260 nm. 20 Fifteen ~g of each RNA sample was
concentrated to 3 ~cg/~cl and resuspended in 3 volumes of sample loading
buffer. The samples were then heated tc 70C for 15 min to denature the RNA
and remove secondary structure. The samples, at a volume of 20 ~l) were
loaded onto a to 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 110  



WO 99l57271 'I 9 SEP 2002 PCT/U S99/09502 from the TA cloning vector using
flanking EcoRI sites. Thefragmer_t was purified by gel electrophoresis and
extractedfrom the agarose with the Amicon gel nebul~zer (Amicon,Beverly,
MA). 25 ng of purified product was Incubated with5random decamers for 5 min
at 95C to remove secondarystructure (Ambion, Austin, TX). The reaction was
then snapfrozen ;n liqt:ld nitrogen and dNTP lacking dATP and P3zadATPwere
added to the mixture. Following a 1 min incubation at37C, 1 ~1 cf Klenow
DNA polymerase was added, and the10mixture incubated for 30 min. The
reaction was stoppedwith the addition of 1 ~1 of 0.5 M EDTA, and
subsequently.~pur;fied with a Sephadex G-50 spin column (Sigma, St.Louis,
MO) to remove unincorporated radio-labeledrucleot~de. _ ~1 of the reaction
was diluted zn 1 ml of15sc=r_t~llat~er. fluid) and the activity of the
probedetert;lned on a sc~ntiilat~on counter. Blots wereprehyb=idized for 15
min at 65C In 5 ml of Rapid Hybhyb=~c~.zat~en fluid (Amersham Llfe Science,
Cleveland, OH).Fine ~:l o` the probe, at a coZCentration of 3-5x106
cpm/ul,20was added to each blot, and ~nc~ubated with rotation for 1.5hr. at
65C. The probe was removed, and the blots washedtwo w~mes ~n 1% SSC/0.1%
SDS at room temperature for 15mir.. The blo~s were then scanned wltr. a
Gieger counter andrewasred at 55C if necessary. Labeling was quantitated
on25a Betagen scanning deVlCC. A final wash at 65 C for 15min. was
perfcrmed, and the blot placed on film for 16-24hr at -70C with an
intensifying screen. Theautoradiograph was developed and the bands
quantltated bydensitometry. RNA integrsty and concentration was30cor.~irmed
witr. a G3PDH specific probe (kindly provided byProf. ~. P~edrahita, Texas
ABM Lir_iverslty) labeled andhybridized :.n a similar manner.
Semi-quantitative RT-PCR from the .zn vitro infected cells The presence of
CD28 was further measured by semi35 quantitative PCR. As previously
described, the concentration of extracted RNA was estimated by 111   WO
99I57271 19 SEP 2002 PCT/US99/0950.'. spectrophotometric readings at 260
nm. Two ug of RNA (25 ul final volume) were transcribed to cDNA using an
oligo dT primer and MMLV reverse transcriptase as previously described.
Three and one half ul of the RT reaction was 5 then transferred to seven
PCR tubes. Three tubes were ampll~~ed using CD80 specific primers, three
tubes were amplified using CD28 specific primers and the remaining tube was
amplified with G3PDH specific primers: G3PDH 5': CCT TCA TTG ACC TCA ACT
ACA T ..; 10 G3PDH 3'. CCA AAG TTG TCA TGG ATG ACC 'E:, r As preen ously
described, tubes were removed at 20, 25 and 30 cycles. Twenty ~1 of each
sample was visualized on a 1% agarose gel. In addition, the presence of
certain T cell derived cy~okines were similarly assayed from RNA from FETJ
15 and MCH 5.~ 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--~ 3' : T'_"G GC. 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 cDNA transcribed from 1.2S ~g of RNA. Twenty percent of the
transcription reac t or. was amplified for each cytokine. The remaining
cDNA was amplified using 25 G3PDH specific primers. The cDNA was amplified
for 30 cycles using the following parameters: 95C 5 min 1 cycle; 95C 30
sec, 55C 30 sec, 72C 30 sec 30 cycles; 72C 5 min 1 cycle. Twenty ~.1 of the
reaction were then visualized on a to agarose gel. 112  



19 SEP 2D02 WO 99/5727I PCT/US99/095a2 RT-PCR to determine infection
Infection of FETJ and MCH 5.4 cells was confirmed through RT-PCR
ampllf~cation of gag specific sequence. RNA at a concentration of 1.25 ~Cg
was transcribed to cDNA at 5 previously described parameters using MMLV RT
and a gag specific 3' primer. Ten ~i of the RT reaction were amplified by
Hot start PCR with the following parameters: 95C 5 min; 95C 30 sec, 55C 30
sec, 72C 30 sec, 30 cycles; 72C 5 min. Following amplification, 20 ~,l of
each 10 sample were visualized on a 1% agarose gel. RESULTS To determine
the effects of acute in vivo infection on CD28 expression, cats AU04, AUU3
and OAC2 were infected with tre virus by intravenous in3ectior., while cats
AWG3 15 and OAE6 were infected with media alone. FACS analyses showed sor;
~e differences between ~n CD4:CD8 ratios with the experiments= animals and
the controls. While the control a::im.ais overal~ maintained a fairey
constant ratio of around two to one) there were some fluctuations 20 m the
experimental group wit: the ratio dipping as low as one to one ~n one
animal iTable 3). Table 3: CD4:CD8 T-lymphocyte ratios from PBMC drawn from
acutely infected and uninfected cats.
25CD4:WK1WK2WK3WK4WK5WK6WK8CD8INFECTED30 AUO 44.5N/D1.91.2I.01.51.6AUU
3N/D2.32.91.31.21.12.1OAC22.81.482.31.91.11.141.1 113   19 SEP 2002 WO
991572'71 PCT/US99/09502 S 10 15 20 25 30 UNINF ECTED AWG 3 2.6 1,5 19 2.0
1.8 1.9 2.2 OAE 6 2.1 1.5 1.9 1.2 1.8 2.0 2.0 The time course o~ CD80 and
CD28 RNA expression was performed to demonstrate that message for each
molecule was present and could be amplified by PCR at the time points of 0,
8, 16 and 24 hr fo11ow1ng Con A stimulation. This semi-auantltative PCR
procedure looked to detect a vis~.ble band at the lowest number of
amplification cycles which could be inferred as a relative measure of
message abundance. A definitive CD80 specific band was not apparent at 2C
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 ~6 hr
time point also had a faintly vysible band at 25 cycles (Fig. 43). A
similar protocol was employed with RNA extracted from the PBMC o~ FIV
infected and uninfected cats. RT-PCR amplification of CD28 and CD80
speclf~c RNA was used to demonstrate a relative idea of the amount of
message 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 no demonstrable
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. 114   



WO 99I57271 ~ 9 SEP Z002 PCT/US99/09502 Table 4: Semi-quantytative
determination of CD80 and CD28 RT-PCR products amplified from infected and
uninfected PBMC RNA at intervals during the acute stage of an FIV
infection. 5CYC NOPRE INFWK1WK3WK4WK6WK8B/CI23FECTED10 AUO
430/3030/3030/3C-j2530/2525/25- AUU
330/3030/3025/25-/2530/25-/30OAC230/3030/3030/30-/302S/3025/25 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 ampl_fication cf mRNA from FETJ and MCH 5.4 cell
lines using FIV gag specific primers demonstrated that the MCH 5.4 cell W
ne was infectable, and carried an active -refection wrzle the FETJ cell
lines did not y eld gag specific RNA amplified. FIV specific product was 25
readily ampl~flable from RNA extracted from infected MCH 5.4 samples 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 visible 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 MCH 5.4 cell line had an infected experimental
group and an uninfected control, while the 35 FETJ cell line was used as a
nonpermissive T cell 115   WO 99/5727l control. 19 SEP 2002 PCT/U S99/09502
The semi-quantitative PCR demonstrated that each cell line was capable of
producing CD28 message. Ampls~ication ir~ the FETJ uninfected control
demonstrated 5 an expressson pattern similar tc that seen in the time
course for CD28 discussed previously. While at 0 hr post stimulation, a
band was not visible until after 30 cycles, at i6 hr post stimulation,
banding was visible after 25 cycles (Fig. 45). A similar pattern was 10
observed in the noninfected MCH 5.4 cell line with no bands m sable before
30 cycles at 0 hr and bands m slble =~ after 25 cycles following a 16 hr
incubation.. Interestingly) the infected MCH 5.4 cell line demonstrated a
pattern different from each of the 15 controls. In the experimental group,
message was not vas=ble at either 0 or 16 hr until 30 cycles. G3PDH message
was amplified as a control to insure RNA lntegr~ty aTd concentration (Fig.
46). Infection appeared to influence CD28 RNA rr.essage expression. 20
Nort::ern blot analysis was used to confirm the data found using the
semi-quantitative RT-PCR technique. R11~A from 16 hr Con A simulated MCH
5.4 cells that were uninfected demonstrated the strongest probe
hybridization. Unstimulated sample from the uninfected line had a 25
greater rate of hybridization than either the stimulated or unst~mulated
infected MCH 5.4 cell line RNA (Fig. 47). In addition to the
autoradiographs, radioactivity was measured on the BetaGen. Raw counts from
CD28 30 hybridization were standardized with counts obtained from a
subsequent GAPDH probe of the blot (Fig. 48) (Table 5). Table 5 .
Normalized counts for CD28 Northern blots from the BetaGen. 



35 116   WO 99I57271 19 SEP 2402 PCT/US99/09502 G3PDI: CD28 CD28 norm.
MCH5.4nor 14995 14921 14807 MCH5.4 Con13336 13270 15430 A 5 MCH5.4 inf
16700 108S4 9867 M C H 5 . 4 I 15112 11077 10967 Con A RT-PCR amplification
of cytokine RNA from MCH 5.4 cell lines showed amplifiable message only for
IL-2. Nether 10 IL-4, IL-6 or IFNY could 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 ~f
CD28 expression could be assayed and if infection with the retrovirus
altered the message's expression. When sufficient 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 ~n vivo experiments
tine ir~fection cf 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 blotting
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 ;ntervals, 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 117   WO 99/57271 19 SEP
2002 PCT/US99/09502 remained relatively constant. There are differences
between the two experimental groups. Though the CD4/CD8 ratios appear to
differ in the infected versus uninfected an;mals, no real differences in
CBC or CD8G and CD28 5 expression were detectable (data not shown). To
optimally deterlnlne CD28 expression pure T-cells were required. From the
PBMC isolated, or. an average, perhaps 400 of the cells were in fact
T-cells. Of these cells at times uo to half would be CD8' T-cells which do
not 10 express CD28 at the same concentration as CD4' T-cells. This in
con3unction with the fact that, in other species, CD28 it -pct expressed at
high levels by resting `~-cells (which constitute the ma3ority of
circulating T-cells) led to the dec~slon to employ PCR determination rather



15 than Northern blotting. Prei~minary experiments attempting to detect
CD28 message from 20 ~.g of RNA extracted from PBMC were unsuccessful. The
semiquant~tative RT-PCR reactlo, does detect the presence of RNA encoding
CD28. This technique was also 20 used to ampi;fy message specific for CD80.
In vitro cell l~.nes provided RNA from which CD28 message was detected by
Northern blotting. The MCH 5.4 was chosen because as a T cell line, a11 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. ~~'hiie CD80 is
present at a low concentration on resting B-cells, and monocytes, the
highest levels of 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 118   WO 99l57271 19 S E P 2002 PCT/U S99109502 CD80 specific
message from RNA extracted from PBMC was unsuccessful probably for similar
reasons as were discussed with CD28. Alternatively, semi-quantitative PCR
was employed with cells derived from the infected animals 5 to demonstrate
CD80 and CD28 message. Thougl: not providing a definitive answer as to
message quantity, this assay does demonstrate message is present and a
relative display of abundance. Northern blot analysis of CD28 message from
a feline T 10 cell line was successful. When the message for CD28 was
compared in infected and non-infected cells there were differences in the
expression patterns. CD28 message was most abundant in uninfected cells
exposed to Con A for 16 hr. Message was also detected in unstimulated and
15 uninfected cells. While message was detectable in the RNA ~rom
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-PCR detection technique. 20 The ability
to detect CD28 message is not encumbered by the same llm~tatlons found with
the CD80 molecule. However, if a large population of CD80 expressing cells
can be isolated it would certainly be feasible to detect message through
Northern blotting. When peptide specific monoclonal 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 of FIV. While this finding should
be confirmed by measuring 119   WO 99I57271 



19 SEP 2002 PCT/US99/09502 surface protein expression, it appears that FIV
infection in vitro may Influence CD28 expression as has been demonstrated
in human T-cells infected with HIV (Brinchmann et al., 1994). 5 CONCLUSION
Cloning and sequencing of the cDNA encoding the CD28 and CD80 signaling
complex from the feline system yielded product analogous to the molecules
isolated from other 10 systems. While the putative amino acid sequence of
the feline protein demonstrated relatively low identity with the :~uman and
marine polypeptides, comparisons of homology between previously cloned
molecules, the retention cf characteristic residues, and the fact that 15
the surface ~igard ~s not thought to have a signaling function, led to the
conclusion that the Isolated product was ~n fact the feline analog of CD80.
In contrast the feline CD28 molecule retained moderate identity at both the
nscleic acid and putative amino acid level, and was 20 analogous to
molecules cloned in other species. The nature of the molecules were `urther
identified by demcnstratlng interaction in b~ndmg assays. Monoclonal
antibodies directed against the analogous proteins in other species cou;d
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 inhabitable by soluble receptor. In these assays, binding
was demonstrated by retention of fluorescently labeled cells, which was
inhabitable 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 also that the surface expressed molecules were able
to interact. 120   19 SEP 2002 WO 99I57271 PCT/US99/09502 The expression of
the molecules in an active Infection was also characterized. The expression
of CD28 and CD80 was assayed in in vivo and in vitro systems exposed to the
FIV m rus. The expression c. CD28, which In human 5 cells infected with the
I~IV virus, has been shown to be altered (As~o et ai., 1993) was also
adversely affected by FIV infection of feline T-cells. Further Information
regarding the expression of each of these molecules in the progression of
the disease should continue to l0 establish the feline system as an
Important model of retroviral infection. 5 ` The long term aaplicat~ons ci
these molecules is potentially vast. An understa=ding of immune systems
evolutlonar~ly divergent from the human system can only 1S lead to a mcre
thorough understanding of how the system fu:~ct~ens in man. Further, the
importance of the feline species as a model ~n retroviral infection is
clearly established (Siebel~n~c et al.) i990). The CD80 has been proposed
as a potential ad~uvant to -nduce memory CTL in 20 anti-retrovi~al
vaccines. The feline system would be an exceptional model i:~ which to test
the efFlcacy of this system. E 25 30 35 121 



WO 99I57271 References: 19 SEP 2002 PCT/US99/09502 Azuma) M., et al., J.
Immunology 149, 1115-1123 (1992). 5 Azuma, M., et al., Nature 366, 76-79
(1993). Chambers, et al., Current Opinion in Immunology 9, 396404. (1997)
10 Chen) et al., J. Immunology 148, 2617-2621 (1992). Chen, et al., Cel1
71, 1093-1102 (1992). .. y Do:~nelly JJ, et al., Annu Rev Immunol 1997; 15:
617-648 15 Freeman, et al., J. Immunology 143 2714-2722 (1989). Freeman, et
al., J. Exp. Med. 174, 625-631 (1991). 20 Gimm=, e~ al., Prcc. Nail. Acad.
Sci. USA 88, 657S-6579 ( 1991 ) . Hat:~coc:~c, et al., J. of Exp. Med. 180,
63l-640 (1994) 25 Hassett and Wh~ttor., Trends Microhiol 1996; 4:
30.7-312.) Linsley, e~ al., Proc. Natl. Acad. Sci. USA 87, 5031-5035 (1990)
. 30 Jenkins, et al., J. Immunology 147, 2461-2466 (l991). Rlley, et al.,
J. Immunology 158, 5545-5553 (1997). Tsu~l, et al., Eur J Immunology 27(3),
782-787 (1997). 35 PCT Internaticnal Application WO 92/00092, Bristol Myers
Squibb. 122   WO 99/5727I 19 SEP 2002 PCT/U S99/09502 PCT International
Application WO 92/15671, Cytomed, Inc. 17 September 1992. PCT International
Application WO 93/00431, Bristol Myers 5 Squibb, 7 January 1993. Akeson,
A.L. and woods, C.W. (1993). A fluorometric assay for the quantitatlon of
cell adherance to endothelial cells. J. Immunol. Meth. 163, 181-185. 10
Allison, J.P., and Lanler L. (1987). The structure, serology, and function
of the T-cell antigen receptor. ~_~.3 



Annu. Rev. Immunol. 5, 503-540. 15 Allison, J.P. (1994). CD28-B7
interaction in _-cell act~vatlon, Current Opinion Irnmunol. 6, 414-419.
Anderson, P., Mor~moto, C., Bre~tmeyer, J.B., Schlossman, S.F. 11988).
Regulatory interactions between members of 20 the immunogiobul~n
supertamily. Immunol Today 9, 199-203. Antonia, S.J., Munoz,-Antonio) T.,
Soldevila) G., Miller, J., Flavell) R.A. ;1995). B7-1 expression by a
nonantigen presenting cell- derived tumor. Can. Res. 55, 25 2253-2256.
Aroma, _., Rehman, A., Hickey, W., Flye, M. ('996). Inh~bitlon by CTLA-4Ig
of experimental allergic encephalomyelitis. J. Immunol. 156, 4917-4924. 30
Arruffo, A. and Seed, B. (1987) . Molecular cloning of a CD28 cDNA by a COS
cell expression system. Proc. Nat. Acad. Sci. USA 84, 8573-8577. 35 As~o,
B., Cefai, D., Debre, P., Dudoit, Y., Autran, B. (1993). A novel mode of
human immuncdeyiclency virus type 1 (HIV-1) activation: legation of CD28
alone induces HIV 123   19 SEP 2002 WO 99I57271 PCT/U S99/0950? 1
replicatio:~ in naturally infected lymphocytes. J. Virol. 67, 4395-4398.
Azuma, M., Cayabyab, M., Buck, M., Phillips, J.H., Lam er, 5 L.L. (1992).
Involvement of CD28 In MHC unrestrycted cytotoxiclty mediated by a human
killer leukaem~c cell line. J. Immunol. 149, 1115-1123. Azuma, M., Yssel,
H., Phillips, J.H., Spits, H., Lancer, 10 L.L., (1993b) Functional
expression of B7/BB1 on activated T-lymphocytes. J. Exp. Med. 177, 845-850.
Azuma, M.) Cayabyab, M., Phillips, J.H., Lancer, L.L. (1993c). Requirements
for CD28-dependant T cell-mediated 15 cytotoxlcity. J. Immunol. 150,
2091-2l01. Ba~orath) J . , Stenkamp, R. , Aruffo, A. (1993) . :Cnowl edge
based protein modeling: concepts and examples. Prot. Sci. 2,i798- 1810. 20
Bad orath, J . , Peac!:, R. , Llnsley, P . S . ( 1 994 ) . Immunoglobul~n
fold characteristics of B7-I (CD80) and B7-2 (CD86). Prot. Sci. 3,
2148-2150. 25 Balazano, C., 3uonav~sta, N.) Rouvier, E., Golstein, P.
(1992) CTLA-4 and CD28: similar proteins, neighbouring genes. Int. J. Can.
Suppl. 7, 28-32. Barcy, S. , Wettendorf ( M. , Leo, O. ( Urbain, J. ,
Kruger, 30 M., Ceuppens, J.L., de Boers, M. (1995). ~'CR crosslinklng on
monocytes results in impaired T cell stimulatory capacity. Int. Immunol. 7,
179-189. Beale, D. (1985). A comparison of the amino acrd sequences 35 of
the extracellular domains of the lmmunoglobulin superfamily. Possible
correlatlons between conservancy and conformation. Comp Biochem Physiol.
80, l81-194. 



124   19 SEP 2Q02 WO 99/57271 PCT/US99/0950? Bellone, M.) Iezz~, G.,
Manfredi, A.A., Protti) M.P., Dellabona, P., Casoratl) G., Rugarli, C.
(1994). In vitro priming cf cytotoxic T lymphocytes against poorly 5
immunogenic epitopes by engineered antigen presenting cells. Eur. J. Immun.
24, 2691-2698. Berke, G. (1993). The functions and mechanisms of action of
cytolytic lymphocytes. In "Fundamental Immunology," 10 (W. Paul). pp.
965-1014. New York: Raven Publ. 3rd ed. ~., Berke, G. (1994). The binding
and lysis of targeT-cells E.J by cytotoxic l~~rnphocytes. Annu. Rev. of
Immunol. 12, 735773. 15 Boise, J.H., Minn, A.J.) Noel, P.J., June, C.H.,
Accavitti, M., Lindstein, T., Thompson, C.B. (1993). CD28 costimulat~or.
can promote T cell survival by enhancing the express~o:~ of Bcl-x~.
Immunity 3, 87-89. 20 Br~nchmann, J.E.) Doblung, J.H., Heger, B.H.,
Haahelm, L.L., Sannes, M., Egeland, T. (1994). Expression of costimulatorv
molecule CD28 on T-cells in human immunodeficiency virus type I infection:
functional and 25 clinical coorelat~ons. J. Inf Dis. 169, 730-738. Brown,
W.C., Blssey, L., Logan, K.S., Pedersen, N.C., Elders, J.H., Collisson,
E.W. (1991). Feline immunodeficiency m rus infects both CD4' and CD$ T 30
lymphocytes.=J. of Virol. 62, 3359- 3364. Buck, C.A. (1992). Immunoglobulin
Superfamily: structure function and relationship to other receptor
molecules. Semin. Cell Biol. 3, 179-188. 35 Buelens, C., Wiilems) F.,
Delvaux, A., Pierard, G., Delville, J.P., Velu, T., Goldman, M. (1995).
Interleukin 125   WO 99I57271 19 SEP 2002 PCT/US99/09502 10 differentially
regulates B7-1 (CD80) and B7-2 (CD86) expression cn human peripheral blood
dendr~tlc cells. Eur. J. Immunol. 25, 2668- 2675. 5 Caruso, A.,
Cantalamessa, A., L~cenzlati) S., Peronl, L., Prate, ~., Martlnelli, F.,
Canar~s, A.D., Folghera, S., Gorla, R., Balsarl, A. (1994). Expression of
CD28 on CD8+ and CD4+ lymphocytes during HIV infection. Scan. J. Immunol.
40, 485-490. 



10 Cerdan, ^., Martin, Y., Brailly, H., Courcoul, M., Flavetta, S.,
Costello, R., Mawas, C., Birg, F., Olive) .% D. (1991). IL-1 is produced by
T lymphocytes activated via the CD2 plus CD28 pathways. J. Immunol. 146,
S60-564. 15 Chen, L., Linsiey, P.S., Hellstrom, K.E. (1993). Costlmulatior.
of T cells for tumor immunity. Immunol. Today 14, 483-486. 20 Chesnut)
R.1A. a^d Grey, H.M. (1986). Antigen presentation by B cells and its
significance m T-B interactions. Adv. Irr~-nunol . 3 9 , 51 - 5 9 . Clark,
S.J., Saag M.S., Decker, W.D., Campbell, H.S., 25 Roberson, J.L., Veldkamp,
P.J. (1991). High titers of ~; ..>' cytopath~c virus In plasma of patients
with symptoms of primary HIV-1 infection. N. Eng. J. Med. 324, 954-960.
Clayberger) C., Lyu, S.C., DeKruyff, R., Parham) P., 30 Krensky, A.M.
(1994). Peptides corresponding to the CD8 and CD4 binding domains of HLA
molecules block Tlymphocyte immune responses in vitro. J. Immunol. I53,
946-951. 35 Clevers, H., Alarcon, B., Wileman, T., Terhorst, C. (1988). The
T-cell receptor-CD3 complex: A dynamic protein ensemble. Annu. Rev.
Immunol. 6) 629-662. 126   WO 99I57271 19 SEP 2002 PC'T/U S99/09502 Connor,
R.I., Mohri, H., Cao, Y., Ho, D.D. (1993). Increased viral burden and
cytopathlcity correlate temporally with CD4+T- lymphocyte decline and
ci~nicai 5 progression in human imm~.:nodeficlency virus type 1lnfected
ind=viduals. J Virol. 67, 1772-1777. Cooper, D.A., Tlndall) B., Wilson,
E.J., Imreie, A.A., Penny, R. (1988). Characterization of T-lymphocyte 10
responses dining primary infection with human immunodeficiency virus. J.
Irf. Dis. 157, 889-896. ~:_~ Damle, N.K., Doyle, L.V., Grossmalre, L.S.,
Ledbetter, J.A. (1988). Differential regulatory signals delivered 15 by
antibody binding to the CD28 molecule during the act~vat~on of human T
lymphocytes. J. Immunol. 140, 17531761. Damle, N.K., Klussman, K., Leytze,
G., Myrdal, S., 20 Arr~~ffo, A., Ledbetter, J.A., Linsley) P.S. (1994).
Costimulat~or. of lymphocytes with integ=~n l~gands ICAM-1 or VCAM-~
induces fuctlonal expression of C'?'LA-4 a second receptor for B7. J.
Immunol. 152, 2686-2697. 25 Davls, M.M. and B~orkman, P.K. (1988). T-cell
antlger_ receptor genes and T-cell recognition. Nature 334, 395402 . de
Boer, M., Kasran, A., Kwekkeboom, "., Walter, H., 30 Vandenberghe, P.)
Ceuppens, J.L. (1993). Legation of B7 with CD28/CTLA-4 on T-cells results
in CD40 llgand expression, lnterleukin-4 secretion and efficient help for
antibody production by B cells. Eur. J. Immunol. 23, 3120-3125. 35 deYJaal
Malefyt, R., Yssel, H., de Vries, J.E. (1993). Direct effects of IL-10 on
subsets of human CD4+ T cell 127   



W O 99I57271 19 SEP 2002 PCT/f S99/09502 clones and resting T cells.
Specific _nhibition of Il-2 production and proliferation. J. Immunol. I50,
4754-4765. Ding, L., Linsley) P.S., Huang, L.Y., Germai:~, R.N., 5 Shevach)
E.M. (1993). IL-10 mhib~.ts macrophage costimulatory activity by
selectively inhibiting upregulation of B7 expression. J. Immunol. 151,
12241234. 10 Drlscoll, P.C., Cyster, J., Campbell, I.) Williams, A. (1991).
Structure of domain 1 of rat T-lymphocyte CD2 =~ antigen. Nature 353,
762-765. Ellis, J.H., Burden, M., Vinogradov, D., Linge, C., Crowe, 15 J.
(19961. Interactions o` CD80 and CD86 with CD28 and CTLA-4. J. Immunol.
155, 2700-2709. E:~glehard, V.H. (1994). Structure of pept;des associated
wi~h MHC c'_ass I molecules. Curr. Cp. Immunol. 6, 13-21. 20 English, R.V.)
Nelson, P.) Johnson, C.M., Nasisse, M., Tompklns, W.A., Tompklns, M.B.
(1994). Development of cl~r.lcai disease in cats experimentally infected
with fel~.ne lmmunodeficiency virus. ~T. Inf. Dis. 170, 543-5S2. 25 Fauci,
A.S. and Dale, D.C. (1975). The effect of hydrocortisone or. the kinetics
of normal human lymphocytes. Eiood 46, 23S-243. 30 Fauci, A., Macher, A.,
Longo, D., Lane, H., Rook, A., Masur, H., Gelmann, E. (1984). Aquired
immunodeficlency syndrome: epidemiological, clinical, immunologlcal and
therapeutic considerations. Ann. Int. Med. 100, 92-106. 35 Fong, T.A. and
Mosmann) T.R. (1990). Alloreactive murine CD8+ T cell clones secrete the
Thl pattern of cytokines. J Immunol. 144, 1744-1752. 128   WO 99I57271 19
SEP 2002 PCT/U S99/09502 Fouchier, R.A., Meyaard, L., Brouwer, M.,
Hovenkamp, E., Schuitemaker, H. (1996). Broader tropism and igher
cytopathlcity for CD4' T-cells of asyncyt~um-inducing 5 compared to a
non-syncytlum-inducing HIV-1 isolate as a r~echar.ism for accelerated CD4+
T cell decline ~n vivo. Virology 219, 87-95. Freedman, A.S., Freeman, G.,
Horowitz, J.C., Daley, J., 10 Nadler, L.M. (1987). A B-cell restricted
antigen. that identifies preactlvated B cells. J. Immunol. 139, 3260e..1
3267 . Freeman G.J., Borriello, F., Hodes, R.J., Reiser) H., 15 Hathcock,
K.S., Laszlo, G., McKnlght, A.J., Kim, J., Du, L., Lombard, D.B., Gray,
G.S., Nadler) L.M., Sharpe, A.H. (1993). Uncovering a functional
alternative CTLA-4 counter receptor i:-i B7-i deficient mice. Science 262,
9G7-909. 20 Ga~ewski, T. F., Schell, S.R., Nau, G.) Fltch, F. W. (1989).
Regulation of T-cell activation.: Differences among T-cell subsets. Immunol
Rev. 111, 79-110. 



25 Germair_) R.N. (1993). The Biochemistry and cell biology of antige:~
processing and presentation. Annu. Rev. Immunol. 11, 403- 450. Haffar,
O.K., Smithgall, M.D., Bradshaw) J., Brady, W., 30 Damie, N.K., Linsley,
P.S. (1993). Costimulatlon of Tcell activation and virus production by B7
antigen on acmvated CD4; T-cells from human lmmunodeficiency virus type
1-infected donors. Immunology 90, 11094-11098. 35 Harlan) D.M., Abe, R.,
Lee, K.P., June, C.H. (l995). Potential roles of the B7 and CD28 receptor
families in autoimmunity and immune evasion. Clin. Immunol. 129   ~ g SAP
2D02 WO 99/57271 PCT/US99/09502 Immunopath. 75, 99-111. Hodge, J.W.,
Abrami) S., Schlom) J., Kantor, J.A. (1994). InducW on of antitumor
immunity by recombinant vacc~m a 5 ,riruses expressing B7-1 or B7-2
costimulatory molecules. Can. Res. 54, S552-S555. Hutchcrcft, J.E. and
Bierer, B.E. (1996). Signaling thrcugh CD28/CTLA-4 family receptors. J.
Immunol. 155, 10 4071-4074. "'~ Jenklns, M. K. , Pardoll) D.M. , Mizuguchl,
J. , Quill , H. , Schwartz, R.H. (1987). T cell responsiveness In vivo and
in vitro: Fine specificity of induction and molecular 15 characterisation
of the unresponsive state. Immunol. Rev. 95, 113-135. June, ~.~:.,
Leabetter, J.H., Llnsley, P.S., Thcmpson, C.B. (1990',.. Role of the CD28
molecule in T-cell activation. 20 Im~nuno=. Today 11, 211-216. June, ~..H.,
Bluestone, J.A., Nadler, L.M.) Thompson, C.B. (i994). The B7 and CD28
receptor families. Immunol. Today 12, 32=-333. 25 Kozber, D.) Moretta, A.,
Messner) H.A., Moretta, L., Croce, C.M. (1987). Tp44 molecules Involved in
antlgenindependant T cell activation are expressed on human plasma cells.
J. Immunol. 138, 4128-4132. 30 Kupfer, A. and Singer, S.J. (1989). Cell
biology of cytotoxic and helper T-cell functions. Annu. Rev. Immunol. 7,
309-337. 35 Landay, A.L., Mackewicz, C.~.) Levy, J.A. (1993). An activated
CD8+ T cell phenotype coorelates with an antiHIV activity and assymptomatic
clinical status. Clin 130   19 SEP 2002 WO 99/57271 PCT/U S99/09502 Immun.
Immunopath. 69, 106-116. Lane, P., Burdet, C., Hubele, S., Scheldegger, D.,
Muller; U., McConnell, F., Kosco-Vilbols, M. (l994). B 5 cell function in
mice transgen~c for mCTLA4-H gamma 1: lack of germinal centers correlated
with poor affinity maturation and class switching despite normal priming of
CD4+ T-cells. J Exp Med. 179, 819-830. 



10 Lancer, L.L., O'Fallon, S., Somoza, C., Phillips, J.H., Llnslev, P.S. ,
Okumura, K. , Ito, D. , Azuma, M. (1 995) . '~~ CD80 (B7) and CD86 (B70)
provide similar costimulatory .y signals for T cell prol~ferat~on, cytokine
production, and generation of CTL. J. Immunol. 154, 97-105. 15 Larsen)
C.P., R~tchie, S.C., Pearson, T.C., Llnsley, P.S., Lowry, R.F. (1992).
Functional expression of the cost~mulatory molecule B7/BB1 in murine
dendritic cell populations. J. Exp. Med. 176, 12i5-i220. 20 Leahv, D.,
Axel, R., Hendr;ckson, ~r~'. ;1992). Crystal structure or a soluble form of
human T cell counter receptor CDB at 2.8 resolution. Cell 68, 1145-1i62. 25
Lechler, ...I., Lombardi, G., Batchelor J.R., Relnsmoen N., Bach, F.H.
;199C). The molecular bases of alloreactlvity. Annu. Rev. Immunoi. 10,
83-88. Lenschow, D.J., Su, G.H-T., Zuckermann, L.A., Nabav~) N., 30 Jellis,
C.L., Gray, G.S., Miller, J., Bluestone) J.A. (1993). Expression and
funct~.onal significance of an additional ligand for CTLA-4. Proc. Nat.
Acad. Sci. USA. 90, 110S4-11058. 35 Lenschow, D.J., Walunas, T.L.,
Bluestone, J.A. (1996). CD28/B7 system of T cell costlmulation. Annu. Rev.
Immunol. 14 233- 2S8. 131   WO 99I57271 19 SEP 2002 PCCIU S99/09502 Leung,
H.T. and Linsley, P.S. (1994). The CD28 costlmulatory pathway. Therap.
Immunol 1, 217-228. Lewes, D.L'., Ng Tang, D.S., Adu-Oppong, A., Schober,
W., 5 Rodgers, J. ;1994). Anergy and apoptosois in CDB~ T-cells from HI'v'
infected persons. J. Immunol. 153, 412-420. Li, Y., McGowan, P., Hellstrom,
I., Hellstrom, K.E., Chen, L.(1994). Costimulation of tumor reactive CD4
and CD8 T 10 lymphocytes by B7 a natural ligand for CD28 can be used to
treat established mouse melanoma. J. Immunol. 153, '' 421-428. ~,_ 3
Lindsten) T., Lee, K.P., Harris, E.S., Petryniaic, B., 15 Craighead, N.,
Reynolds, P.J., Lombard, D.B., Freeman, G.J., Nadler, ~.M., Gray, G.S.
(1993). Characterization of CTLA-4 str~.:cture and expression or. human
T-cells. J. Immunol. 151, 3489-3499. 20 Lins~ey, P.S., Brady, W., L'rnes,
M., Grosma~re, L.S., Damle, N.K., Ledbetter, J.A. (1991a). Binding of the
Bceli activation antigen B7 to CD28 costimulates ';'-cell proliferation and
Interleuicin-2 mRNA accumulation. J. Exp. Med. 173, 721- 730. 25 Linsley,
P.S., Brady, W., Urnes, M., Grosmalre, L. S., Damie, N. K., Ledbetter, J.
A. (1991b). CTLA-4 is a second receptor for the B-cell activation antigen
B7. J. Exp. Med. 174, 561-569. 30 Linsley, P. S., Wallace, P.M., Johnson,
J., Gibson, M.G., Greene) J.L., Ledbetter, J. A., Singh, C., Tepper, M.A.
(1992a). Immunosuppression in vlvo by a soluble form of the CTLA-4 T cell
activation molecule. Science 257, 79235 795. Linsley, P.S., Greener J.L.,
Tan) P., Bradshaw) J., 132  



19 SEP 2002 WO 99I57271 PCT/U S99109502 Ledbetter, J.A., Anasetti, C.,
Damle, N.R. (1992b). Coexpression and functional cooperation of CTLA-4 and
CD28 on activated T-lymphocytes. J. Exp. Med. 176, 15951604. 5 Linsley, P.
S. and Ledbetter, J. A. (1993a). The role of CD28 receptor during T cell
responces to antigen. Ann. Rev. Immunol. 11, 191-212. 1C Linsley, P.S.,
Bradshaw, J., Urnes, M., Grosmalre, L., Thompson, C.B. (1993b). CD28
engagement by B7/BB-1 induces transient down-regulation of CD28 syntheses
and prolonged unrespons;veness to CD28 signaling. J. Immunol. 150, 316l-
3169. 15 Linsley, P.S., Greene, J.L., Brady, W,, Ba~o=at~r~, J., Ledbetter)
J.A., Peach, R. (1994a). Human B7-'_ (CD80) and B7-2 ;CD86) bi.^.d with
similar am d~t~es but distinct kinetics tc CD28. and CTLA- 4 receptors.
Immunity 1, 79320 S01. Linsiey) P.S., Peacn, R., Gladstone, P., Ba~orath,
J. (1994b). Extending the B7(CD80) gene family. Prot. Sci. 3, 1341-1343. 25
Linsley) a.S., Ledbetter, J., Peach, R., Ba~orath, ~. (1995a). CD28/CTLA-4
receptor structure) binding stoichiometry and aggregation during T cell
activation. Res. Immunol. 146, 130- 140. 30 Llnsley, P.S., Nadler, S.G.,
Ba3orath, J., Peach, R., Leung, H.T., Rogers, J., Bradshaw, J., Stebbins,
M., Leytze, G.) Brady, W., Malacko, A.R., Marquardt, H., Shaw, S. (1995b).
Binding stoichiometry of the cytotoxic 35 T-lymphocyte-associated
molecule-4 (CTLA- 4). J. Biol. Chem. 270, 15417-1S424. 133   WO 99/5727I 19
SEP 2002 PCT/U S99/09502 Littman, D.R. (1987). The structure of the CD4 and
CD8 genes. Annu. Rev. Immunol. 5, 561-584. Liu, C.C., Welsh, C.M., Young)
J. D-E. (199S). Perfor m 5 Structure and function. Immunol. Today 16,
194-2C1. Liu, Y., Jones, B., Brady, w., Janeway, C.A., L~nsley, P. (1992).
Murine CD4 T cell growth: B7 and heat stable antigen both participate in
co-stimulation. Eur. J. 10 Immuncl. 115, 1905- 1912. -? Lombardi, S.,
Garze111, C., Plstello, M., Mass , C., _ _; Matteucc~, D., Baldinotti, F.,
Cammarota, G., Da Prato, L.) Bandecchl, P., Tozzini, F., Bendinelli, M.
(1994). 15 A neutralizing antibody- inducing peptide of the V3 domain of
feline immunodeficiency virus envelope glycoprote m does not induce
protective immunity. J. Virol. 68, 83748379. 20 Lu, Y., Graneil~-P~perno,
A., B~orndahl, J.M., Phillips, C.A., Trevillyan J.M. (1992). CD28-Induced T
cell activation. Evidence for a protein-tyrosi.^.e kmase signal
transductlon 25 pathway. J Immunol. 149, 24-29. Lurla, S.E. and Darnell,
J.E. (1968). "General Virology." New York: John Wiley and Sons, Inc. 



30 Lwoff, A. (1957). The concept of virus. J. Gen. Microbiol. 17, 239- 253.
Maniatis, T., Fritsch, E.F., and Sambrook, J. (1982). "Molecular Cloning: A
Laboratory Manual." New York: Cold 35 Spring Harbor Press. Martin, P.J.,
Ledbetter) J.A., Morlshlta, Y., June, C.H., 134   WO 99I57271 19 SEP 2002
PCT/US99109502 Beatty, P.J., Hansen, J.A. (1986). A 44 kllodaltor: cell
surface homodimer regulates interleukln 2 production by activated human T
lymphocytes. J. Immunol. 136, 32823267. 5 Matasumura, M., Fremont, D.H.,
Peterson, P.A., Wilson, I.A. (l992). Emerging principles for the
recognition of peptide antigens by MHC class I molecules. Science 257,
927-934. 10 Mescher, M.F. (1992). Surface contact requirements for
activation of cytotoxlc T-lymphocytes. J. Immunol. 49, 2402-2405. 15 Minty)
A., Chalon, P., Derocq, J.M., Dumont, X., Guillemot, J.C., riaghad, M.,
Labit, C., Leplatois, P., Liauzun, P., Miloux, B., Minty, C., Casellas, P.,
Lo~son, G., ~uDker, J., Shire, D., Ferrara, P., Caput, D., (1993;.
Interleukin 13 is a new human lymphokine 20 regulating inflammatory and
immune responses. Nature 362, 248-25C. Moffett, C.W. ar_d Paden, C.M.
(1994). Microglla in the rat neurohvpophys~s increase expression of class I
mayor 25 h~stecompat~bility antigens following central nervous system
~n3ury. J Neuroimmunol. 50, 139-5i. Mosmann, T. and Co~fman, R.L. (1989).
TH1 and TH2 cells: Different patterns of lymphokine secretion lead to 30
dif`erent functional properties. Annu. Rev. Immunol. 7) 145-173. Nabavl)
N., Freeman, G.J., Gault, D., Godfrey, G.N.) Nadler, L.M., Gl:.mcher, L.M.
(1992). Signaling through 35 the MHC CII cytoplasmic domain is required for
antigen presentation and induces B7 expression. Nature 360) 266268. 135
WO 99/57271 19 SEP 2002 PC'T/US99/09502 Nagata, S. and Golstein, P. (1995).
The Fas death factor. Science 267, 1449-1465. 5 Nickoloff, B.J., Mitra,
R.S., Lee, K., Turka, L.A., Greem, J.) Thompson, C., Shimlzu, Y. (1993).
Discordant expression of CD28 iigands BB-1 and B7 on keratinocytes in vitro
and psoriatic cells in vivo. Am J. Path. 142, 1029-i040. 10 Novotney, C.,
English, R., Housman, J., Davldson, M., ~~e-`--~ Nasisse, M., Jeng, C.R.
(1990). Lymphocyte population ._> 



changes in cats naturally infected with feline immu:~odefic~ency virus.
AIDS 4, 1213-1218. 15 O'Doherty) U., Steinman, R.M., Peng, M., Cameron,
P.U., Gezelter, S., Kopeloff, T_., Swlggard, W.J., Pope, M., Bhardwa~, :J.
i-993). Dendr~tic cells freshly isolated from huma:~ blood express CD4 and
mature into typical 20 lmm~.~nost~^~ulatory dendritic cells after culture
in monocyte-conditioned media. ~T. Exp. Med. 178, i067-1076. Ozawa, I:.,
Alba) S., Nakagawa, S., Tagami, H. (1995). Interfero_^. gamma and
lnterleukln 10 inhibit antigen 25 presentatmon by Langerhan's cells for T
helper type 1 cells by suppressing their CD80 (B7-1) expression. Eur. J.
Immuno'. 26 648-652. Page, C.) Thompson, C., Yacoub, M., Rose) :~. (1994).
Human 30 endothelial stimulation of allogenlc T-cells via a CTLA-4
lndependant pathway. Trans. Immunol. 2, 342-347. Peach, R., Ba~orath, J.,
Brady, w., Leytze, G., Greene, J., Naemura, J., Linsley, P.S. ;1994). CDR1
and CDR3 35 analogous regions In CTLA-4 and CD28 determine the binding to
B7-1. J. Exp. Med. 180, 2049-2058. 136   WO 99I57271 19 SAP 2002
PC'T/US99/09502 Peach, R., Bajorath, J., Naemura, J.) Leytze, G., Greene,
J., Aruffo, A., Linsley, P.S. (1995). Both extracellular
lmmunoqlobulin-like domains of CD80 contain residues critical for binding
T-cell surface receptors CTDA-4 and 5 CD28. J. Biol. Chem. 270,
21181-21187. Pedersen, N.C.) Ho, E., Brown, M.L., Yamamoto, J.K. (1987).
Isolation of a T lymphotrophic virus from domestic cats with an
immunodeficlency like syndrome. 10 Science 235, 790-793. Prasad, K.V., Cal
Y.C., Raab, M., Duckworth, B., Cantley, L., Shoelson, S.E., Rudd, C.E.
(1994). T-cell antigen CD28 interacts with the lipid kinase 15
p:~osphat~.dylinositol3-kinase by a cytoplasmlc Tyr(P)-MetXaa-Met motif.
Proc Natl Acad Sci USA. 91, 2834-2838. Radvanyi, L.G. , Shi) Y. , Vaziri,
H. , Sharma, A. ( Dhala, R.) Mil; s, G.B., Miller, R.G. (1996). CD28
costlmulation 20 inhibits TCR-induced apoptosis during a primary T cell
response. J. Immunol. 158, i788-1798. Ranhelrr,, ~.A. and Kipps, T.J.
(1995). Tumor necrosis factor-alpha faci_ltates induction of CD80 (B7-1) on
``,~ 25 human B cells by activated T-cells: complex regulation by IL-~,
IL-10, and CD40L. Cell. Immunol. 161, 226-235. Razl -4Jol f , Z . ,
Freeman, G . ( Galvin, F . , Benacerraf , B . , Nadler) L., Relser, H.
(1992). Expression and function 30 of the murine B7 antigen and the major
costimulatory molecule expressed by peritoneal exudate cells. Proc. Nat.
Acad. Sci. USA. 89, 4210- 4214. Ronchese, F., Hausmann, B., Hubele, S.,
Lane, P. (1994). 35 Mice transgenic for a soluble form of murine CTLA-4
show enhanced expansionof antigen-speci`_ic CD4+ T-cells and defective
antibody production in vivo. ,T. Exp Med. 179, 137 



WO 99I57271 809- 817. 19 SEP 2002 PCT/US99/09502 Rotzschke, O. and Falk, K.
(1994). Origin structure and motifs of naturally processed MHC class II
ligands. Curr. Cp Immunol. 6, 45-51. Russel, J.H. (1983). Internal
disintegration model of cytotoxic lymphocyte induced target damage.
Immunol. Rev. 72, 97- 1l8. 10 Saukkonen, J.J., Kornfield, H., Berman, J.S.
(1993). Expansion of a CD8'CD28' cell population in the blood and lung of
HIV- positive patients. JAIDS 11, 1194-l199. 15 Schattner, E. and Lawrence,
J. (1994). HIV induced Tlymphocyte depletion. Clin. Lab. Med. 14, 221-227.
Schm~ttel, A., Scheibenbogen, C., Keilholz, U. (1995). L~popolysaccharlde
effectively up-regulates 37-1 (CD80) 20 expression and costimulatory
function of human monocytes. Scan. ~T. Irr~munol. 42, 701-704. Schwartz,
R.H. (1992). Costimulatlon of '~'-lymphocytes: the role of CD28, CTLA-4 and
B7/BB1 in interleukin-2 25 productlcn and immunotherapy. Cell 71,
1065-1068. Seder, R.A., Germaln, R.N., Llnsley, P.S., Paul, W.E. (1994).
CD28 mediated co-stimulation of IL-2 production plays a critical role in T
cell priming for IL-4 and 30 IFNY production, J. Exp Med. 179, 299-304.
Shahlnian, A., Pfeffer, K., Lee, K.P., Kundlg) T.M., Kishihara, K.)
Wakeham, A., Kawai, K., Ohashi, P.S., Thompson, C.B., Mak, T.B. (1993).
Differential T cell 35 costimulatory requirements in CD28 deficient mice.
Science 261, 609-612. l38   WO 99/57271 19 SEP 2002 PCT/US99/09502 Sher,
A., Gazzinelli, R.T., Oswald, I.P., Clerlcl, M., Kullberg, M., Pearce,
E.J., Berzofsky, J.A.) Mosmann, T.R., James, S.L., Morse, H.C. (1992). Role
of T-cell derived cytokznes in the downregulatlon of i"imune 5 responses
inparasitic and retroviral infection. Immunol Rev. 127, 183-204. Siebel=nk,
K.H., Chu, I.H., Rimmelzwaan, G.F., Wei~er, K., van Herwi~nen, H.R., Knell,
P. (1990). Feline 10 Immunodeficiency virus (FIV) infection in the cat as a
model for HIV infection in man: FIV Induced impairment 



of immune function. AIDS Res. Hum. Retroviruses 6, 13731378. 15 Siebelink,
K.H., Tljhaar, ~., Huisman, R.C., Hulsman) W., deRonde, A., Darby, I.H.,
Francis, M.J., Rimmelzwaan, G.F.) Osterhaus, A.D. (1995). Enhancement of
feline immunodef~ciency virus infection after immunization with envelope
glycoproteln subunit vaccines. J Viro?. 69, 20 3704-3711. Singer, S.J.
(1992). Intracellular communication and cell: cell adhesion. Science 255,
1671-1674. 25 Smm:~.gall, M.D., Wong, J.G., Llnsley, P.S., Haffar, O.K.
(1995). :.ostlmulation of CD4+ T-cells via CD28 modulates human
immunodeficlency type 1 infection and replication in vitro. AIDS Res. Hu.
Retro. 11, 88S-892. 30 Springer, T.A., Dustin, M.L., Kishimoto, T.K.,
Marlin, S.D. t1987). The lymphocyte function associated LFA-1, CD2 and
LFA-3 molecules: cell adhesion receptors of the immune system. Annu. Rev.
Immunol. 5, 223-2S2. 35 Springer, T.A. (1990). Adhesion receptors of the
immune system. Nature 346, 425-434. 139   WO 99I57271 19 SEP 2002 PCT/U
S99/09502 Stack, R.M., Lenschow, D.J., Gray, G.S., Bluestone, J.A., Fitch,
F.W. (1994). IL-4 treatment of small splen~c B cells induces co-
stimulatory molecules B7-1 and B7-2. J. Immunol. 152, 5723-S733. 5
Symington, F.W., Brady, W., Llnsley, P.S. (1993). Expression and function
of B7 on human epidermal Langerhan's cells. J. Immunol. l50, 1286-1295. 10
Taylor, M.K. and Cohen, J.J. (1992). Cell mediated cytotox~.city. Curr.
Opin. Immunol. 4, 338-343. Thomas, R., Dam , L.S., Lipsky, P.E. (1994).
Rheumatoid synovium is enriched in mature antigen. presenting 15 dendri~ic
cells. J. Immunol. 152, 2613-2623. Townsend, S.E., and Allison, J.P.
(1993). Tumor refection after direct costimulation of CD8+ ''_'-cells by B7
trans~ected melanoma cells. Science 259, 368-370. 20 Turka L.A., Ledbe~ter,
J.A., Lee, K., June, C.H.) Thompson, C.B. (1990). CD28 is an inducible T
cell surface antigen that transducer a proliferatlve signal in CD3+ mature
thymocytes. J. Immunol. 144, 1646-1653. 25 Turka, L.A.) Linsley, P.S.,
Paine, R., Schieven, G.L., Thompson, C.B., Ledbetter, J.A.(1991). Signal
transductlon via CD4, CD8 and CD28 in mature and Immature thymocytes. J.
Immunol. 146, 1428-1436. 30 Unanue, E.R. (1984). Antigen presenting
function of the macrophage. Annu. Rev. Immunol. 2, 395-428. van Kooten) C.,
Rensink, I., Pascual,-Salcedo, D., van 35 Oers, R., Harden, L. (1991).
Monokine production by human T-cells: IL-1 alpha production is limited to
memory Tcells. J. Immunol. l46, 2654-2658. 140  



WO 99/57271 19 S~'P 7_002 PCTJU S99/09502 van Seventer, G.A. , Shimizu, Y.
, Shaw, S. (1991) . Roles of multiple accessory molecules in T cell
activation. Curr. Opin Immunol. 3, 294-303. 5 Wang, R., Murphy, K.M., Loh,
D.Y., Weaver, C., Russell, J.H. (1993). Differential activation of
antlgenstimulated suicide and cytokine production pathways in CD4+ T-veils
is regulated by the antigen-presenting cell. J Immunol. 150, 3832-42. 10
Welss, A. and Littman, D.R. (1994) . Signal transductlon by lymphocyte
antigen receptors. Cell 76, 263-274. 3 Williams, A. and Barclay, A. (1988).
The immunoglobulin 15 super`amily-domains for cell surface recognition.
Ann. Rev. Immunol. 6, 381-405. W~ncihagen, A., Newcombe, J., Dangond, F.,
Strand, C., Woodroofe, M.N., Cuzner, M.L., Hafler, D.A. i1995). 20
Expressicn of cost~,aulato~y molecules B7-1 (CD80), B7-2 (CD86) and
~nterleukin 12 ~n multiple schlerosis lesions. J. ~xp. Med. 182, l985-1996.
Yamamoto, J.::., Hansen) H., Ho, W.E.( Morishlta, T.Y.) 25 Okuda, T., Sawa,
T.R. (1989). Epidemiological and clir.~cal aspects of feline
~mmunodeficiency m rus infection in cats from the continental United States
and Canada and possible mode of transmissior:. J.A.V.M.A. 194, 2l3-220. 30
Yasukawa, '~., Inatsuki, A., Kobayashi, Y. (1989). Differential in v;tro
activation of CD4+CD8- and CD8+CD4herpes simplex virus-specific human
cytotoxic T-cells. J. Immunol. 143, 20S1-2057. 35 Yssel, H., Schneider,
P.V., Lanier, L.L. (1993). Interleukin 7 specifically induces B7/BB1
antigen on 141   WO 99I57271 i 9 SEP 2002 PCT/US99/09502 human cord blood
and peripheral blood T-cells and T cell clones. Int. Immunol. 5, 753-759.
Zanussi, S., Slmonelll, 5 Clerics, M., Tirelli, lymphocyte phenotype and
non-progressor and ~n lnfectlon. Clin. Exp. Ir C., D'Andrea, M., Caffau,
C., U., DePaoli, P. ;1996). CD8' cytokine production in long-term
progressor patients with HIV-1 ununol . 105 ) 220-224 . 10 Zhou, '~.,
Weaver, C., Dinsley, P.S.) Mount2, J.D. (i994). T-cells of stapphylococcal
enterotoxin B-tolerized 



~'' autoimmune MRL- lpr/lpr mice require costimulat~cn through .__. the B7-
~CD28/CT:~A-: pathway for act_vation and can be reanerg~zed in vivo by
stimulation of the T cell receptor 15 i:: the absence ef costimulatory
signal. Eur. J. Immunol. 24) 1019-1G25. 142   19 SEP 20U2 W O 99/57271 1l13
FIG. 1A-1 PCT/US99/09502 FeB71.TAMU
ATGGGTCACGCAGCAAAGTGGAAAACACCACTACTGAAGCACCCATATCCCAAGCTCTTT 60 IMet Gfy
His Ala Ala Lys Trp Lys Thr Pro Leu Leu Lys His Pro Tyr Pro Lys Leu Phe
CCGCTCTTGA7GCTAGCTAGTCTTTTTTACTTCTGTTCAGGTATCATCCAGGTGAACAAG120Pro Leu Leu
Met Leu Ala Ser Leu Phe Tyr Phe Cys Ser Gly Ile Ile Gln Val Asn
LysACAGTGGAAGAAGTAGCAGTACTATCCTGTGATTACAACATTTCCACCAAAGAACTGACG180Thr Val
Glu Giu Val Ala Yal Leu Ser Cys Asp Tyr Asn Ile Ser Thr Lys Glu Leu
ThrGAAATTCGAATCTATTGGCAAAAGGATGATGAAATGGTGTTGGCTGTCATGTCTGGCAAA240Glu ile
Arg Ile Tyr Try Gin Lys Asp Asp Glu Met Val Leu Afo Val Met Ser Giy
LysGTACAAGTGTGGCCCAAGTACAAGAACCGCACATTCACTGACGTCACCGATAACCACTCC30DYnl Gln
Yal Trp Pro Lys Tyr Lys Asn Arg Thr Phe Thr Asp Val Thr Asp Asn His
SerATTGTGATCATGGCTCTGCGCCTGTCAGACAATGGCAAATACACTTGTATTATTCAAAAG36OIle Vai
fle Met Ala Leu Arg Leu Ser Asp Asn Giy Lys Tyr Thr Cys Ile Ile Gin
LysATTGAAAAAGGGTCTTACAAAGTGAAACACCTGACTTCGGTGATGTTATTGGTCAGAGCT420Ile Glu
Lys Gly Ser Tyr Lys Val Lys His Leu Thr Ser Val Met L.eu Leu Val Arg
AiaGACTTCCCTGTCCCTAGTATAACTGATCTTGGAAATCCATCTCATAACATCAAAAGGATA480Asp Phe
Pro Val Pro Ser ile Thr Asp Leu Gly Asn Pro Ser His Asn lle Lys Arg
ileATGTGCTTAACTTCTGGAGGTTTTCCAAAGCCTCACCTCTCCTGGCTGGAAAATGAAGAA540Met Cys
Leu Thr Ser Gly Gly Phe Pro Lys Pro His Leu Ser Trp Leu Glu Asn Glu
GluGAATTAAATGCCATCAACACAACAGTTTCCCAAGATCCTGAAACTGAGCTCTACACTATT600Glu Leu
Asn Ala 11e Asn Thr Thr Val Ser G1n Asp Pro Glu Thr Glu Leu Tyr Thr Ile
AGCAGTGAACTGGATTTCAATATGACAAACAACCATAGCTTCCTGTGTCTTGTCAAGTAT 660 Ser Ser
Glu Leu Asp Phe Asn Met Thr Asn Asn His Ser Phe Leu Cys LEU Val Lys Tyr   ~
s sEP zooz WO 99/5727I 2l13 FIG. 1A-2 PCT/US99/09502
GGAAACTTACTAGTATCACAGATCTTCAACTGGCAAAAATCAGAGCCACAGCCTTCTAAT 720 Gly Asn
Leu Leu Vnl Ser Gln lie Phe Asn Trp Gin Lys Ser Giu Pro Gfn Pro Ser Asn
AATCAGCTCTGGATCATTATC~TGAGCTCAGTAGTAAGTGGGATTGTTGTGATCACTGCA 78O ': Asn Gln
Leu Trp Ile Ile (le Leu Ser Ser Val Val Ser Giy Ile Val Val Ile Thr Aia
CTTACCTTAAGATGCCTAGTCCACAGACCTGCTGCAAGGTGGAGACAAAGAGAAATGGGG 840 Leu Thr
Leu Arg Cys Leu Yol His Arg Pro Ala Ala Arg Trp Arg Gln Arg Glu h1et Gly
AGAGCGCGGAAATGGAAAAGATCTCACCTGTCTACATAGATTCTGCAGAACCACTGTATG 900 Arg Ala
Arg Lys Trp Lys Arg Ser His Leu Ser Thr I
CAGAGCATCTGGAGGTAGCCTCTTTAGCTCTTCTCTACTAG 941   N c ao m z m m c r m N 01 v



FIG. 1 B (, n<:f Hydrophobicity plot: Feline CD80 (B7-1) 20 40 60 80 100
120 140 160 180 200 220 240 260 280 nnn n m n r,n A r-, n rt n n r-i r-n _
B mnn nn ~ '~~ '~ON~--~0~~u-a ~r-i rwn n i r~ n r-~ n n n r-~ r-~ n n n n T
~ n n ~ na ~ n n ~n m m i n T ~ n n n nn n n ran n n n n n n a n ~  n n n
ins n ~ n 2. -2 3. v ~~7 O Alpha, Regions - Garnier-Robson O Alpha, Regions
- Chou-Fasman p Beta, Regions - Garnier-Robson O Beta, Regions -
Chou-Fasman p Turn, Regions - Garnier-Robson Q Turn, Regions - Chou-Fasman
D Coil, Regions - Gamier-Robson o Hydrophilicity Plot - Kyte-Doolittle ~
Alpha, Amphipathic Regions -Eisenberg O Beta, Amphipathic Regions -
Eisenberg D Flexible Regions -Karplus-Schulz mAntigenic Index -
Jameson-Wolf o Surface Probability Plot - Emini o Feline B7-1 ORF w w 0 J N
-o co ~o n -v w N Q O N O N  * ~nnu ~r--~ ~ i n ri ro r-~ 0 ICI-_- " n ~ n
n--ie~~ t~ * Llf'-I`TI~"~~ ._~ - 1 I 1 M t-'~ 1 It-1 t F   



WO 99/57271 4l13 F! G. 2A-1 FeB71-SYNTRO 19 SEP 2002 PCT/US99/09502
ATGGGTCACGCAGCAAAGTGGAAAACACCACTACTGAAGCACCCATATCCCAAGCTCTTT 60 IMet Gly
His Ala Ala Lys Trp Lys Thr Pro Leu Leu Lys His Pro Tyr Pro Lys Leu Phe
CCGCTCTTGATGCTAGCTAGTCTTTTTTACTTCTGTTCAGGTATCATCCAGGTGAACAAG 120 Pro Leu
Leu Met Leu Ala Ser Leu Phe Tyr Phe Cys Ser Gly lle Ile Gin Val Asn Lys
ACAGTGGAAGAAGTAGCAGTACTATCCTGTGATTACAACATTTCCACCAAAGAACTGACG 180 Thr Yal
Glu Glu Val Ala Val Leu Ser Cys Asp Tyr Asn Ile Set- Thr Lys Glu Lau Thr
GAAATTCGAATCTATTGGCAAAAGGATGATGAAATGGTGTTGGCTGTCATGTCTGGCAAA 240 Glu Ife
Arg Ile Tyr Trp Gln Lys Asp Asp Glu Met Val Leu Ala Yal Met Ser Gly Lys
GTACAAGTGTGGCCCAAGTACAAGAACCGCACATTCACTGACGTCACCGATAACCACTCC 300 Yal Gln
Val Trp Pro Lys Tyr Lys Asn Arg fir Phe Thr Asp Val Thr Asp Asn His Ser
ATTGTGATCATGGCTCTGCGCCTGTCAGACAATGGCAAATACACTTGTATCATTCAAAAG 36O Ile Val
Ile Met Ala Lsu Arg Leu Ser Asp Asn Gly Lys Tyr Thr Cys Ile Ile Gln Lys
ATTGAAAAAGGGTCTTACAAAGTGAAACACCTGACTTCGGTGATGTTATTGGTCAGAGCT 420 Ile Glu
Lys Gly Ser Tyr Lys Val Lys His LEU Thr Ser Val Met Leu Leu Val Arg Ala
GACTTCCCTGTCCCTAGTATAACTGATCTTGGAAATCCATCTCATAACATCAAAAGGATA 480 Asp Phe
Pro Yal Pro Ser Ile Thr Aso Leu Gly Asn Pro Ser His Asn Ile Lys Arg Ile
ATGTGCTTAACTTCTGGAGGTTTTCCAAAGCCTCACCTCTCCTGGCTGGAAAATGAAGAA 540 Met Cys
Leu Thr Ser- Gly Gly Phe Pro Lys Pro His Leu Ser Trp Leu Glu Asn Glu Glu
GAATTAAATGCCATCAACACAACAGTTTCCCAAGATCCTGAAACTGAGCTCTACACTATT 600 Glu Leu
Asn Ala Ile Asn Thr Thr Val Ser Gln Asp Pro Glu Thr Glu Leu Tyr Thr lle
AGCAGTGAACTGGATTTCAATATGACAAACAACCATAGCTTCCTGTGTCTTGTCAAGTAT 660 Ser Ser
Glu Leu Asp Phe Asn Met Thr Asn Asn His Ser Phe Lsu Cys Leu Vol Lys Tyr   W
O 99I57271 5l13 FI G. 2A-2 19 SEP 2002 PCT/US99/09502
GGAAACTTAATAGTATCACAGATCTTCAACTGGCAAAAATCAGAGCCACAGCCTTCTAAT 720 Gly Asn
Leu Ile Val Ser Gln lle Phe Asn Trp Gin Lys Ser Glu Pro Gln Pro Ser Asn
AATCAGCTCTGGATCATTATCCTGAGCTCAGTAGTAAGTGGGATTGTTGTGATCACTGCA 780 Asn Gln
Leu Trp Ile Ile Ile Leu Ser Ser Val Val Ser Gly Ile Vol Val Ile Thr Ala
CTTACCTTAAGATGCCTAGTCCACAGACCTGCTGCAAGGTGGAGACAAAGAGAAATGGGG 840 Leu Thr
Lieu Arg Cys Leu Val N~s Arg Pro Ala Ala Arg Trp Arg Gln Ar-g Glu Met Gly
AGAGCGCGGAAATGGAAAAGATCTCACCTGTCTACATAG 879 Ar~7 Ala Ard Lys Tra Lys Arch
Ser r!~s Leu Ser~ Thrl   FIG. 2B Hydrophobicity plot: Feline CD80 (B7-1 ) 
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WO 99/57271 7l13 FIG. 3A-1 Pi ~~~~~o~Qo~2
FeB72GTT'TCTGTGTTCCTCGGGAATGTCACTGAGCTTATACATCTGGTCTCTGGGAGCTGCAGT60GGATGGG
CATTTGTGACAGCACTATGGGACTGAGTCACACTCTCCTTGTGATGGCCCTCCIMet Gly Ile Cys Asp
Ser Thr Met Gly Leu Ser His Thr Leu Leu Yal Met Ala
LeuTGCTCTCTGGTGTTTCTTCCATGAAGAGTCAAGCATATTTCAACAAGACTGGAGAACTGCLeu Leu Sec-
Giy Val Ser Sec- Met Lys Ser G1n Aia Tyr Phe Asn Lys Thr Gly Glu Leu~
80CATGCCATTTTACAAACTCTCAAAACATAAGCCTGGATGAGCTGGTAGTATTTTGGCAGGPro Cys His
Phe Thr Asn Ser Gln Asn Ile Ser Lsu Asp Glu Leu Va1 Vat Phe Trp
Gin240yACCAGGATAAGCTGGTTCTGTATGAGATATTCAGAGGCAAAGAGAACCCTCAAAATGTTCAsp Gln
Asp Lys Leu Yol Leu Tyr Glu lle Phe Arg Gly Lys Glu Asn Pro Gin Asn
Val300ATCTCAAATATAAGGGCCGTACAAGCTTTGACAAGGACAACTGGACCCTGAGACTCCACAHis Leu
Lys Tyr Lys Gly Arc3 Thr Ser Phe Asp Lys Asp Asn Trp Thr Leu Ar-q Leu
His360ATGTTCAGATCAAGGACAAGGGCACATATCACTGTTTCATTCATTATAAAGGGCCCAAAGAsn Yal
Gln Ile Lys Asp Lys Gly Thr Tyr His Cys Phe ile His Tyr Lys Gly Pro
Lys420GACTAGTTCCCATGCACCAAATGAGTTCTGACCTATCAGTGCTTGCTAACTTCAGTCAACGly Leu
Val Pro filet His Gln filet Ser Ser Asp Leu Ser Val Leu Ala Asn Phe Ser
Gln480CTGAAATAACAuTAACTTCTAATAGAACAGAAAATTCTGGCATCATAAATTTGACCTGCTPro Glu
Ile Thr Val Thr Ser Asn Ark Thr Glu Asn Ser Gly Ile Ile Asn Leu Thr
Cys540CATCTATACAAGGTTACCCAGAACCTAAGGAGATGTATTTTCAGCTAAACACTGAGAATTSer Ser
Ile Gln Gly Tyr Pro Glu Pro Lys Glu Met Tyr Phe Gln Leu Asn Thr G!u
Asn600CAACTACTAAGTATGATACTGTCATGAAGAAATCTCAAAATAATGTGACAGAACTGTACASer Thr
Thr Lys Tyr Asp Thr Yai Met Lys Lys Ser Gln Asn Asn Vol Thr Glu Leu
Tyr660ACGTTTCTATCAGCTTGCCTTTTTCAGTCCCTGAAGCACACAATGTGAGCGTCTTTTGTGAsn Vol
Ser Ile Ser Leu Pro Phe Ser Val Pro 61u Ala His Asn Val Ser Va1 Phe
CysCCCTGAAACTGGAGACACTGGAGATGCTGCTCTCCCTACCTTTCAATATAGATGCACAACAlo L~eu Lys
Leu Glu Thr Lsu Glu Met Leu Leu Ser Leu Pro Phe Asn Ile Asp Ala
GinCTAAGGATAAAGACCCTGAACAAGGCCACTTCCTCTGGATTGCGGCTGTACTTGTAATGTPro Lys Asp
Lys Asp Pro Glu Gln Gly His Phe Leu Trp Ile Ala Alo Val Leu Yal
Met840TTGTTGTTTTTTGTGGGATGGTGTCCTTTAAAACACTAAGGAAAAGGAAGAAGAAGCAGCPhe Val
Val Phe Cys Gly Met Val Ser Phe Lys Thr Leu Arg Lys Arg Lys Lys Lys Gln900
19 SEP 2002 WO 99/57271 PCT/US99/09502 81'i 3 FIG. 3A-2
CTGGCCCCTCTCATGAATGTGAAACCATCAAAAGGGAGAGAAAAGAGAGCAAACAGACCA 960 Pro Gly
Pro Ser His Glu Cys Giu Thr lle Lys Arg Glu Arg Lys Glu Ser Lys Gln Thr
ACGAAAGAGTACCATACCACGTACCTGAGAGATCTGATGAAGCCCAGTGTGTTAACATTT Asn Giu Arg
Yal Pro Tyr His Yal Pro Glu Arg Ser Asp Glu Alo Gin Cys Yal Asn Ile ~ Q20
TGAAGACAGCCTCAGGGGACAAAAATCAGTAGGAAAATGGTGGCTTGGCGTGCTGACAAT Leu Lys Thr
Alo Ser Gly Asp Lys Asn Gln  1080 I   FIG. 3B Hydrophobicity plot: Feline
CD86 (B7-2) 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 A
~en n n n 0 r--m n rw n~ nn Alpha, Regions - Garnier-Robson Alpha, Regions
- Chou-Fasman Beta, Regions - Garnier-Robson n n r-t n n n n n n n i n ~ p
Beta, Regions - Chou-Fasman -~--~r~-v~..-~_ ~~~nr nn n nn ~~nyT n n ~ m n.
0 TUrn, Regions - Garnier-Robson n n~ n nn n n n n n n nn nn nn~~ n 1~,~ ~
Turn, RegIOnS - Chou-Fasman C p Coil, Regions - Garnier-Robson 3.4 o
Hydrophilicity Plot - Kyte-Doolittle w D Alpha, Amphipathic Regions
-Eisenberg O Beta, Amphipathic Regions - Eisenberg O Flexible Regions
-Karplus-Schulz a Antigenic Index - Jameson-Wolf 
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r"7 ~'f n n     ~ s sEP zooz WO 99/57271 10I13 FIG. 4A FeCD28 PCT/U
S99/09502 ATGATCCTCAGGCTGCTTCTGGCTCTCAACTTCTTCCCCTCAATTCAAGTAACAGAAAAC /Met
11e Leu Arg Leu Leu Leu Ala Leu Asn Phe Phe Pro Ser Ile Gln Vai Thr Glu Asn
60 AAGATTTTGGTGAAGCAGTTGCCCAGGCTTGTGGTGTACAACAATGAGGTCAACCTTAGC120Lys Ile
Leu Vol Lys Gln LEU Pro Arq Lieu Val Vat Tyr Asn Asn Glu Vnl Asn Leu
SerTGCAAGTACACTCACAACTTCTTCTCAAAGGAGTTCCGGGCATCCCTTTATAAGGGAGTA180Cys Lys
Tyr Thr His Asn Phe Phe Ser Lys Glu Phe Arg Ala Ser Leu Tyr Lys Gly
VnlGATAGTGCTGTGGAAGTCTGCGTTGTGAATGGAAATTACTCCCATCAGCCTCAGTTCTAC240Asp Ser
Alo Val Glu Yal Cys Val Val Asn Gly Asn Tyr Ser His Gln Pro Gln Phe
TyrTCAAGTACAGGATTCGACTGTGATGGGAAATTGGGCAATGAAACAGTGACATTCTACCTC300Ser Ser
Thr Gly Phe Aso Cys Asp Gly Lys Leu Gly Asn Glu Thr Vol Thr Phe Tyr
LEuCGAAATTTGTTTGTTAACCAAACGGATATTTACTTCTGCAAAATTGAAGTCATGTATCCA36OArch Asn
Leu Phe Yal Asn Gln Thr Asp Ile Tyr Phe Cys Lys Iie Glu Yol Met Tyr
ProCCTCCTTACATAGACAATGAGAAGAGCAATGGGACCATTATCCACGTGAAAGAGAAACAT420Pro Pro
Tyr Ile Aso Asn Glu Lys Ser Asn Gly Thr Ile 11e His Yol Lys Glu Lys
HisCTTTGTCCAGCTCAGCTGTCTCCTGAATCTTCCAAGCCATTTTGGGCACTGGTGGTGGTT480Leu Cys
Pro Afa Gln Leu Ser Pro Glu Ser Ser Lys Pro Phe Trp Ala Leu Val Yol
YalGGTGGAATCCTAGGTTTCTACAGCTTGCTAGCAACAGTGGCTCTTGGTGCTTGCTGGATG540Gly Gly
Ile Leu Gly Phe Tyr Ser Leu Leu Ala Thr Val Ala Leu Gly Ala Cys Trp
MetAAGACCAAGAGGAGTAGGATCCTTCAGAGTGACTATATGAACATGACCCCCCGGAGGCCA600Lys Thr
Lys Arq Ser Ar-q ile Leu Gln Ser Asp Tyr Met Asn Met Thr Pro Arch Arq
ProGGGCCCACCCGAAGGCACTACCAACCTTACGCCCCAGCACGCGACTTTGCGGCATACCGT660Gly Pro
Thr Arg Arg His Tyr Gln Pro Tyr Ala Pro Ala Arg Asp Phe Ala Ala Tyr Arg
TCCTGACATGGACCCCTATCCAGAAGCC 688 Ser -!   FIG. 4B 2 _z 



3. Hydrophobicity plot: CD28 20 40 60 80 100 120 140 160 180 200 220 A p
Alpha, Regions - Garnier-Robson A ~ ^' ^ ^ ^ -~- p Alpha, Regions -
Chou-Fasman B ~ Beta, Regions - Garnier-Robson B ---0-Ou ^ ^ ~' C~--~ ~^.--
nr------ 0 Beta, Regions - Chou-Fasman T -D p Turn, Regions -
Garnier-Robson T p Turn, Regions - Chou-Fasman C p Coil, Regions -
Garnier-Robson  Hydrophilicity Plot - Kyte-Doolittle W O Alpha, Amphipathic
Regions -Eisenberg O Beta, Amphipathic Regions - Eisenberg D Flexible
Regions -Karplus-Schulz oAntigenic Index - Jameson-Wolf o Surface
Probability Plot - Emini oUntitled 0 J N J ro ~ ~s ~ co 00 N 0  * F
G-~-Q--~I-~C~--~'~'r;~C>-~^ -~ rt r, ,     19 SEP 2002 WO 99/5727I
PCT/US99/09502 12I13 Fe CTLA4 FIG. 5A
AACCTGAACACTGCTCCCATAAAGCCATGGCTTGCTTTGGATTCCGGAGGCATGGGGCTC 60 Met Alo Cys
Phe Gly Phe Arg Arg His Gly Alo
AGCTGGACCTGGCTTCTAGGACCTGGCCCTGCACTGCTCTGTTTTCTCTTCTCTTTATCCl20Gln Leu Asp
Leu Ala Ser Arg Thr Trp Pro Cys Thr Ala Leu Phe Ser Leu Leu Phe
ileCCGTCTTCTCCAAAGGGATGCATGTGGCCCACCCTGCAGTGGTGCTGGCCAGCAGCCGAG180Pro Val
Phe Ser Lys Gly Met His Val Alo His Pro Ala Vol Val Leu Ala Ser Ser
ArgYGTGTCGCCAGCTTCGTGTGTGAATATGGGTCTTCAGGCAATGCCGCCAAATTCCGAGTGA240Gly Val
Ala Ser Phe Val Cys Glu Tyr G1y Ser Ser Gly Asn Ala Ala Lys Phe Arg
YalCTGTGCTGAGGCAAACTGGCAGCCAAATGACTGAAGTCTGTGCTGCGACATACACAGTGG300Thr Val
Leu Arg Gln Thr Gly Ser Gln Met Thr Glu Val Cys Ala Alo Thr Tyr Thr
ValAGAATGAGTTGGCCTTCCTAAATGATTCCACCTGCACTGGCATCTCCAGCGGAAACAAAG360Glu Asn
Glu Lsu Alo Phe Leu Asn Asp Ser Thr Cys Thr Giy Ile Ser 5ef Gly Asn
LysTGAACCTCACCATCCAAGGGTTGAGGGCCATGGACACGGGACTCTACATCTGCAAGGTGG42OVol Asn
Leu Thr lle Gln Gly Leu Arg Ala Met Asp Thr Gly Leu Tyr Ile Cys Lys
ValAGCTCATGTACCCACCACCCTACTATGCAGGCATGGGCAATGGAACCCAGATTTATGTCA480Glu Leu
Met Tyr Pro Pro Pro Tyr Tyr Alo Gly Met Gly Asn Gly Thr Gin Ile Tyr
ValTCGATCCTGAACCTTGCCCAGATTCTGACTTCCTCCTCTGGATCCTCGCAGCAGTCAGTT540ile Asp
Pro Glu Pro Cys Pro Asp Ser Asp Phe I~eu LEU Trp Ile Leu Ala Ala Vol
SerCAGGATTGTTTTTTTATAGCTTCCTTATCACAGCTGTTTCTTTGAGCAAAATGCTAAAGA 600Ser Gly
Leu Phe Phe Tyr Ser Phe Leu Ile Thr Ala Val Ser Leu Ser Lys Met Lsu Lys
AAAGAAGCCCTCTTACTACAGGGGTCTATGTGAAAATGCCCCCAACAGAGCCAGAATGTG 660 Lys Arg
Ser Pro Leu Thr Thr Gly Vol Tyr Val Lys Met Pro Pro Thr Glu Pro Glu Cys
AAAAGCAATTTCAGCCTTATTTTATTCCCATCAATTGACACACCGTTATGAAGAAGGAAG 72D Glu Lys
Gln Phe Gln Pro Tyr Phe lie Pro Ile Asn 1 AACACTGTCCAATTTCTAAGAGCTGAGGC 749



~~a FAG. 5B Hydrophobicity plot: CTLA-4 (CD152) 20 40 60 80 100 120 140 160
180 200 220 A ~ n ~ n ~f~ ^ ~ ^ ~ p Alpha, Regions - Garnier-Robson A ^ ^ ^
^ ~-^ ^ ~ ~ - 0 Alpha, Regions - Chou-Fasman B p Beta, Regions -
Garnier-Robson B n n n r-~ n n n r-~ ~ p Beta, Regions - Chou-Fasman T p
Turn, Regions - Garnier-Robson -D~ ~-L ^ ^ " ~~;-~ p Turn, Regions -
Chou-Fasman C ~ n n ~n , o ~ p Coil, Regions - Garnier-Robson A
Hydrophilicity Plot - Kyte-Doolittle * , r-i n r-~ n n ~ n nn r---~ n m n i
r-~ p Alpha, Amphipathic Regions -Eisenberg * I-I^ " "'-' ^~~ ^ `-' "-' ^"
'~ O Beta, Amphipathic Regions - Eisenberg ' F -:---~~~--Lr--P-'~~u ~--~~r-
D Flexible Regions -Karplus-Schulz 3. OAntigenic Index - Jameson-Wolf o
Surface Probability Plot - Emini v Untitled W W 0 N J 'b n 0 4 N i 0 0 N



WO 99I57271 SEQUENCE LISTING <110> Collisson, Ellen 'A Hash, Stephen M.
Insou, Choi <120> Feline CDBO, Fe'm ne CDB6, Feline CTLA-4 Nucleic Acld And
Polypeptides <130> 59954-A-PCT <140> Not Yet Know <141> 1999-04-30 <150>
09/071,699 y Q151> :99B-05-O1 .,. ~ ~ SEP 2002 PCT1US99/09502 c160> 55
<170> PatentIn Ver. 2.9 <210> 1 <2i1> 94l <212> DNA <213> feline CD80 <220>
<221> CDS <222> (1!..(876) <400> 1 atg ggt cac gca gca aag tgg aaa aca cca
cta ctg aag cac cca tat 48 Met Gly His Ala Ala Lys Trp Lys Thr Pro Leu Leu
Lys His Pro Tyr -=~ i 5 10 15 ccc aag ctc ttt ccg ctc ttg atg cta get agt
ctt ttt tac ttc tgt 96 Pro Lys Leu Phe Pro ~eu Leu Met Leu Ala Ser Leu Phe
Tyr Phe Cys 20 25 30 tca ggt atc atc cag gtg aac aag aca gtg gaa gaa gta
gca gta cta 144 Ser Gly Ile Ile Gln Val Asn Lys Thr Val Glu Glu Val Ala Val
Leu 35 90 95 tcc tgt gat tac aac att tcc acc aaa gaa ctg acg gaa att cga
atc 192 Ser Cys Asp Tyr Asn Ile Ser Thr Lys Glu Leu Thr GIu Ile Arg Ile 50
55 60 tat tgg caa aag gat gat gaa atg gtg ttg get gtc atg tct ggc aaa 240 1
19 SEP 2002 WO 99/57271 PCT/US99/09502 Tyr Trp Gln Lys Asp Asp Glu Met Val
Leu Ala Val Met Ser Gly Lys 65 70 75 80 gta caa gtg tgg ccc aag tac aag aac
cgc aca ttc act gac gtc acc 288 Val Gln Val Trp Pro Lys Tyr Lys Asn Arg Thr
Phe Thr Asp Val Thr 



85 90 95 gat aac cac tcc att gtg atc atg get ctg cgc ctg tca gac aat ggc
336 Asp Asn His Ser Ile Val Ile Met Ala Leu Arg Leu Ser Asp Asn Gly 100 105
110 aaa tac act tgt att att caa aag att gaa aaa ggg tct tac aaa gtg 384 Lys
Tyr Thr Cys Ile Ile Gln Lys Ile Glu Lys Gly Ser Tyr Lys Val 115 120 125 aaa
cac ctg act tcg gtg atg tta ttg gtc aga get gac ttc cct gtc 932 Lys H1s Leu
Thr Ser Val Met Leu Leu Val Arg Ala Asp Phe Pro Val 130 135 190 cct agt ata
act gat ctt gga aat cca tct cat aac atc aaa agg ata 480 Pro Se: Ile Thr Asp
Leu Gly Asn Pro Ser His Asn Ile Lys Arg Ile 195 1S0 155 160 atg tgc tta act
tct gga ggt ttt cca aag cct cac ctc tcc tgg ctg 528 r9et Cys Leu ^_'hr Ser
Gly Gly Phe Pro Lys Pro His Leu Ser Trp Lei: 165 170 175 gaa aat gaa gaa
gaa tta aat gcc atc aac aca aca gtt tcc caa gat S76 Glu Asn Glu Glu Glu Leu
Asn Ala Ile Asn Thr Thr Val Ser Gln Asp 180 185 190 . cct gaa act gag ctc
tac act att agc agt gaa ctg gat ttc aat atg 624 Pro Glu Thr Glu Leu Tyr Thr
;le Ser Ser Glu Leu Asp Phe Asn Met 195 200 205 aca aac aac cat agc ttc ctg
tgt ctt gtc aag tat gga aac tta cta 672 Thr Asn Asn His Ser Phe Leu Cys Leu
Val Lys Tyr Gly Asn Leu Leu 210 215 220 gta tca cag atc ttc aac tgg caa aaa
tca gag cca cag cct tct aat 720 Val Ser Gln Ile Phe Asn Trp Gln Lys Ser Glu
Pro Gln Pro Ser Asn 225 230 235 290 aat cag ctc tgg atc att atc ctg agc tca
gta gta agt ggg att gtt 768 Asn Gln Leu Trp Ile Ile Ile Leu Ser Ser Val Val
Ser Gly Ile Val 245 250 255 gtg atc act gca ctt acc tta aga tgc cta gtc cac
aga cct get gca B16 2   WO 99I57271 19 SEP 202 PCTlU S99!09502 Val Ile Thr
Ala Leu Thr Leu Arg Cys Leu Val His Arg Pro Ala Ala 260 265 270 agg tgg aga
caa aga gaa atg ggg aga gcg cgg aaa tgg aaa aga tct 864 Arg Trp Arg Gln Arg
Glu Met Gly Arg Ala Arg Lys Trp Lys Arg Ser 



2'75 2B0 2S5 cac ctg tct aca tagattctgc agaaccactg tatgcagagc atctggaggt
916 His Leu Ser Thr 290 ' agcctcttta gctcttctct actag <210> 2 <211> 292 =~
<212> PRT <213> feline CD80 <400> 2 Met Gly :-3's Ala Ala Lys Trp Lys Thr
Pro Leu Leu Lys His Pro Tyr 1 5 10 15 Pro Lys Leu Phe Pro Leu Leu Met Leu
Aia Ser Leu Phe Tyr Phe Cys 20 25 30 Ser Gly I'_e Ile Gln Val Asn Lys Thr
Val Glu Glu Val Ala Val Leu 35 9G 45 Ser Cys Asp Tyr Asn Ile Ser Thr Lys
Glu Leu Thr Glu Ile Arg Ile 50 55 60 Tyr Trp Gln Lys Asp Asp Glu Met Val
Leu Ala Val Met Ser Gly Lys 65 70 75 80 Val Gln Val Trp Pro Lys Tyr Lys Asn
Arg Thr Phe Thr Asp Val Thr 85 90 95 Asp Asn His Ser Ile Val Ile Met Ala
Leu Arg Leu Ser Asp Asn Gly 100 10S 110 Lys Tyr Thr Cys Ile Ile Gln Lys Ile
Glu Lys Gly Ser Tyr Lys Val 115 120 125 Lys His Leu Thr 5er Val Met Leu Leu
Val Arg Ala Asp Phe Pro Val 130 135 190 Pro Ser Ile Thr Asp Leu Gly Asn Pro
Ser His Asn Ile Lys Arg Ile 941 3   WO 99l57271 19 SEP 20D2 PCTNS99/09502
145 150 Z55 160 Met Cys Leu Thr Ser Gly Gly Phe Pro Lys Pro H1s Leu Ser Ttp
Leu 165 170 I75 Glu Asn Glu Glu Glu ~eu Asn Ala Ile Asn Thr Thr Val Ser Gln
Asp 180 18S 190 Pro Glu Thr Glu Leu Tyr Thr Ile Ser Ser Glu Leu Asp Phe Asn
Met 19S 200 205 Thr Asn Asn His Ser Phe Leu Cys Leu Val Lys Tyr Gly Asn Leu
Leu 



210 215 220 Val Ser Gln Ile Phe Asn Trp Gln Lys Ser Glu Pro Gln Pro Ser Asn
~i 225 230 235 290 Asn Gln Leu Trp Ile Ile Ile Leu Ser Ser Val Val Ser Gly
Ile Val 245 250 255 Val Ile Thr Ala Leu Thr Leu Arg Cys Leu Val His Arg Pro
Ala Ala 260 265 270 Arg Trp Arg Gln Arc Glu Met Gly Arg Ala Arg Lys Trp Lys
Arg Ser 275 280 285 His Leu Ser Thr 29Q <210> 3 c211> 879 c212> DNA <213>
feline CD80 <220> <221> CDS <222> i2)..1876) c400> 3 atg ggt cac gca gca
aag tgg aaa aca cca cta ctg aag cac cca tat 48 Met Gly His Ala Ala Lys Trp
Lys Thr Pro Leu Leu Lys His Pro Tyr 1 5 10 15 ccc aag ctc ttt ccg ctc ttg
atg cta get agt ctt ttt tac ttc tgt 96 Pro Lys Leu Phe Pro Leu Leu Met Leu
Ala Ser Leu Phe Tyr Phe Cys 20 25 30 9   19 SEP 2002 WO 99/57271
PC'T/US99109502 tca ggt atc atc cag gtg aac aag aca gtg gaa gaa gta gca gta
cta 144 Ser Gly Ile Ile Gln Val Asn Lys Thr Val Glu Glu Val Aia Val Leu 35
40 45 tcc tgt gat tac aac att tcc acc aaa gaa ctg acg gaa att cga atc 192
Ser Cys Asp Tyr Asn Ile Ser Thr Lys Glu Leu Thr Glu Ile Arg Ile 50 55 60
tat tgg caa aag gat gat gaa atg gtg ttg get gtc atg tct ggc aaa 290 Tyr Trp
Gln Lys Asp Asp Glu Met Val Leu Ala Val Met Ser Gly Lys 65 70 75 80 gta caa
gtg tgg ccc aag tac aag aac cgc aca ttc act gac gtc acc 288 Val Gln Val Trp
Pro Lys Tyr Lys Asn Arg Thr Phe Thr Asp Val Thr 85 90 95 ''1 -~ gat aac cac
tcc at~ gtg atc atg get ctg cgc ctg tca gac aat ggc 336 Asp Asn H~.s Ser
Ile Val Ile Met Ala Leu Arg Leu Ser Asp Asn Gly 100 105 l10 aaa tac act tgt
atc att caa aag att caa aaa ggg tct tac aaa gtg 384 Lys Tyr Thr Cys Ile Ile
Gln Lys Ile Gln Lys Gly Ser Tyr Lys Val 



115 120 125 aaa cac ctg act tcg gtg atg tta ttg gtc aga get gac ttc cct gtc
932 Lys His Leu Thr Ser Val Met Leu Leu Val Arg Ala Asp Phe Pro Val 130 13S
140 cct agt ata act gat ctt gga aat cca tct cat aac atc aaa agg ata 980 Pro
Ser Ile Thr Asp Leu Gly Asn Pro Ser His Asn Ile Lys Arg Ile 195 l50 155 160
atg tgc tta act tct gga ggt ttt cca aag cct cac ctc tcc tgg ctg 528 3 Met
Cys Leu Thr Ser Gly Gly Phe Pro Lys Pro His Leu Ser Trp Leu 165 170 175 gaa
aat gaa gaa gaa tta aat gcc atc aac aca aca gtt tcc caa gat 576 Glu Asn Glu
Glu Glu Leu Asn Ala Ile Asn Thr Thr Val Ser Gln Asp 180 185 190 cct gaa act
gag ctc tac act att agc agt gaa ctg gat ttc aat atg 624 Pro Glu Thr Glu Leu
Tyr Thr Ile Ser Ser Glu Leu Asp Phe Asn Met 195 200 205 aca aac aac cat agc
ttc ctg tgt ctt gtc aag tat gga aac tta ata 672 Thr Asn Asn His Ser Phe Leu
Cys Leu Val Lys Tyr Gly Asn Leu Ile 210 215 220 5   19 SEP 2Q02 WO 99/57271
PCT/US99I09502 gta tca cag atc ttc aac tgg caa aaa tca gag cca cag cct tct
aat 720 val Ser Gln Ile Phe Asn Trp Gln Lys Ser Glu Pro Gln Pro Ser Asn 225
230 235 240 aat cag ctc tgg atc att atc ctg agc tca gta gta agt ggg att gtt
768 Asn Gln Leu Trp Ile Ile Ile Leu Ser Ser Val Val 5er Gly Ile Val 245 250
~55 gtg atc act gca ett ace tta aga tgc eta gtc cac aga cct get gca 816 Val
Ile Thr Ala Leu Thr Leu Arg Cys Leu Val Hzs Arg Pro Ala Ala 260 265 270 agg
tgg aga caa aga gaa atg ggg aga gcg cgg aaa tgg aaa aga tct B64 Arg Trp Arg
Gln Arg Glu Met Gly Arg Ala Arg Lys Trp Lys Arg Ser 275 280 285 cac ctg tct
aca tag 879 His Leu Ser Thr 290 <210> 9 <211> 292 <212> PRT 



<213 feline CD80 <400> 9 Met Gly H~.s Ala Ala Lys Trp Lys Thr Pro Leu Leu
Lys His Pro Tyr 1 5 10 15 Pro Lys Leu Phe Pro Leu Leu Met Leu Rla Ser Leu
Phe Tyr Phe Cys 20 25 30 Ser Gly Ile Ile Gln Val Asn Lys Thr Val Glu Glu
Val Ala Val Leu 35 40 45 Ser Cys Asp Tyr Asn Ile Ser Thr Lys Glu Leu Thr
Glu Ile Arg Ile 50 55 60 Tyr Trp Gln Lys Asp Asp Glu Met Val Leu Ala Val
Met Ser Gly Lys 65 70 75 80 Val Gln Val Trp Pro Lys Tyr Lys Asn Arg Thr Phe
Thr Asp Val Thr 85 90 95 Asp Asn H~.s Ser Ile Val Ile Met Ala Leu Arg Leu
Ser Asp Asn Gly I00 105 110 6   ~ s sEP 2oa2 W O 99/57271 PCTIUS99109502
Lys Tyr Thr Cys Ile Ile Gln Lys Ile Gln Lys Gly Ser Tyr Lys Val 115 120 125
Lys His Leu Thr Ser Val Met Leu Leu Val Arg Ala Asp Phe Pro Val 130 135 140
Pro Ser Ile Thr Asp Leu Gly Asn Pro Ser His Asn Ile Lys Arq Ile 195 150 155
160 filet Cys Leu Thr Ser Gly Gly Phe Pro Lys Pro His Leu Ser Trp Leu 165
170 i75 Glu Asn Glu Glu G1u Leu Asn Ala Ile Asn Thr Thr Val Ser Gln Asp 180
185 190 Pro Glu Thr Glu Leu Tyr Thr Ile Ser Ser Glu Leu Asp Phe Asn Met 195
200 205 Thr ASn Asn His Ser Phe Leu Cys Leu Val Lys Tyr Gly Asn Leu Ile 2I0
215 220 Val Ser Gln Ile Phe Asn Trp Gln Lys Ser Glu Pro Gln Pro Ser Asn 225
230 235 240 Asn Gln Leu Trp Ile Ile Ile Leu 5er Ser Val Val Ser Gly Ile Val
245 250 255 Val Ile The Ala Leu Thr Leu Arg Cys Leu Val His Arg Pro Ala Ala
260 265 270 Arg Trp Arg Gln Arg Glu Met Gly Arg Ala Arg Lys Trp Lys Arg Ser
275 280 285 i-L~.s Leu Ser Thr 290 <210> 5 <211> 1080 <212> DNA <213>
feline CD86 <220> <221> CDS 



<222> (63)..(1052) <400> 5 gtttctgtgt tcctcgggaa tgtcactgag cttatacatc
tggtctctgg gagctgcagt 60 7   WO 99I57271 19 SEP 2002 PCT/US99/09502 gg atg
ggc att tgt gac agc act atg gga ctg agt cac act ctc ctt 107 Met Gly Ile Cys
Asp Ser Thr Met Gly Leu Ser His Thr Leu Leu 1 5 10 15 gtg atg gcc ctc ctg
ctc tct ggt gtt tct tcc atg aag agt caa gca 1S5 Val Met Ala Leu Leu Leu Ser
Gly Val Ser Ser Met Lys Ser Gln Ala 20 25 30 tat ttc aac aag act gga gaa
ctg cca tgc cat ttt aca aac tct caa 203 Tyr Phe Asn Lys Thr Giy Glu Leu Pro
Cys His Phe Thr Asn Ser Gln 35 40 45 aac ata agc ctg gat gag ctg gta gta
ttt tgg cag gac cag gat aag 2S1 Asn Tle Ser Leu Asp Glu Leu Val Val Phe Trp
Gln Asp Gln Asp Lys 50 55 60 ctg gtt ctg tat gag ata ttc aga ggc aaa gag
aac cct caa aat gtt 299 Leu Val Leu Tyr Glu Ile Phe Arg Gly Lys Glu Asn Pro
Gln Asn Val 65 7C 75 cat ctc aaa tat aag ggc cgt aca agc ttt gac aag gac
aac tgg acc 347 His Leu Lys Tyr Lys Gly Arg Thr Ser Phe Asp Lys Asp Asn Trp
Thr 80 85 90 95 ctg aga ctc cac aat gtt cag atc aag gac aag ggc aca tat cac
tat 395 Leu Arg Leu His Asn Val Gln Ile Lys Asp Lys Gly Thr Tyr His Cys 100
105 110 ttc att cat tat aaa ggg ccc aaa gga cta gtt ccc atg cac caa atg 493
Phe Ile His Tyr =,ys G'_y Pro Lys Gly Leu Val Pro Met His Gln Met 115 120
125 agt tct gac cta tca gtg ctt get aac ttc agt caa cct gaa ata aca 491 Ser
Ser Asp Leu Ser Val Leu Ala Asn Phe Ser Gln Pro Glu Ile Thr 130 135 190 gta
act tct aat aga aca gaa aat tct ggc atc ata aat ttg acc tgc S39 Val Thr Ser
Asn Arg Thr Glu Asn Ser Gly Ile Ile Asn Leu Thr Cys 145 150 1S5 tca tct ata
caa ggt tac cca gaa cct aag gag atg tat ttt cag cta 587 Ser Ser Ile Gln Gly
Tyr Pro Glu Pro Lys Glu Met Tyr Phe Gln Leu 



160 165 170 175 aac act gag aat tca act act aag tat gat act gtc atg aag aaa
tct 635 Asn Thr Glu Asn Ser Thr Thr Lys Tyr Asp Thr Val Met Lys Lys Ser 180
18S 190 8   19 SEP 2002 WO 99I57271 PCT/US99/09502 caa aat aat gtg aca gaa
ctg tac aac gtt tct atc agc ttg cct ttt 683 Gln Asn Asn Val Thr Glu Leu Tyr
Asn Val Ser Ile Ser Leu Pro Phe 195 200 205 tca gtc cct gaa gca cac aat gtg
agc gtc ttt tgt gcc ctg aaa ctg 731 Ser Val Pro Glu Ala His Asn Val Ser Val
Phe Cys Ala Leu Lys Leu 210 215 220 gag aca ctg gag atg ctg ctc tcc cta cct
ttc aat ata gat gca caa 779 Glu Thr Leu Glu Met Leu Leu Ser Leu Pro Phe Asn
Ile Asp Ala Gln 225 230 235 cct aag gat aaa gac cct gaa caa ggc cac ttc ctc
tgg att gcg get B27 Pro Lys Asp Lys Asp Pro Glu Gln Gly His Phe Leu Trp Ile
Ala Ala -~ 240 245 250 255 gta ctt gta atg ttt gtt gtt ttt tgt ggg atg gtg
tcc ttt aaa aca 875 Val Leu Val Met Phe Val Val Phe Cys Gly Met Val Ser Phe
Lys Thr 260 265 270 cta agg aaa agg aag aag aag cag cct ggc ccc tct cat gaa
tgt gaa 923 Leu Arg Lys Arg Lys Lys Lys Gln Pro Gly Pro Ser His Glu Cys Glu
275 28G 285 acc atc aaa agg gag aga aaa gag agc aaa cag acc aac gaa aga gta
971 Thr Ile Lys Arg Glu Arg Lys Glu Ser Lys Gln Thr Asn Glu Arg Val 290 295
300 cca tac cac gta cct gag aga tct gat gaa gcc cag tgt gtt aac att 1019
Pro Tyr His Val Pro Glu Arg Ser Asp Glu Ala Gln Cys Val Asn Ile 30S 310 315
ttg aag aca gcc tca ggg gac aaa aat cag tag gaaaatggtg gcttggcgtg 1072 Leu
Lys Thr Ala Ser Gly Asp Lys Asn Gln 320 325 330 ctgacaat <210> 6 <211> 329
<212> PRT <213> feline CD86 



<400> 6 Met Gly Ile Cys Asp Ser Thr Met Gly Leu Ser His Thr Leu Leu Val 1 5
10 15 1080 9   9 9 SEP 2002 W O 99/57Z71 PCT/US99/09502 Met Ala Leu Leu Leu
Ser Gly Val Ser Ser Met Lys Ser G1n Ala Tyr 20 25 30 Phe Asn Lys Thr Gly
Glu Leu Pro Cys His Phe Thr Asn Ser Gln Asn 35 40 45 Ile Ser Leu Rsp Glu
Leu Va1 vat Phe Trp Gln Asp Gln Asp Lys Leu 50 55 60 Val Leu Tyr Glu Ile
Phe Arg G1y Lys Glu Asn Pro Gln Asn val His 65 7D 75 80 Leu Lys Tyr Lys Gly
Arg Thr Ser Phe Asp Lys Asp Asn Trp Thr Leu 85 90 95 Arg Leu His Asn Val
Gln Ile Lys Asp Lys Gly Thr Tyr His Cys Phe 10G 105 110 Ile His Tyr Lys Gly
Pro LVS G1y Leu Val Pro Met H;s Gln Met Ser 11S '_20 125 Ser Asp Leu Ser
Val Leu Ala Asn Phe Ser Gln Pro Glu Ile Thr Val 13D 135 140 Thr Ser Asn Arg
Thr Glu Asn 5er Gly Ile ;le Asn Leu Thr Cys Ser 145 150 1S5 160 Ser Ile Gln
Gly Tyr Pro Glu Pro Lys Glu Met T,,%r Phe Gln Leu Asn 165 17p 1r5 T`~r Glu
Asn Ser Thr Thr Lys Tyr Asp Thr Val Met Lys Lys Ser Gln i8u 185 Z90 Asn Asn
Val Thr Glu Leu TVr Asn Val Ser Ile Ser Leu Pro Phe Ser 195 2Q0 205 Val Pro
Glu Ala His Asn Val Ser Val Phe Cys Ala Leu Lys Leu Glu 2I0 215 220 Thr Leu
Glu Met Leu Leu Ser Leu Pro Phe Asn Ile Asp Ala Gln Pro 225 230 235 290 Lys
Asp Lys Asp Pro Glu Gln Gly His Phe Leu Trp Ile Ala Ala Val 245 250 255 Leu
Val Met Phe Val Val Phe Cys Gly Met Val Ser Phe Lys Thr Leu 260 265 270 10
19 SEP Z~OZ WO 99I57271 



PCTlUS99109502 Arg Lys Arg Lys Lys Lys Gln Pro Gly Pro Sex His Glu Cys Glu
Thr 275 28Q 285 _Tle Lys Arg Glu Arg Lys Glu Ser Lys Gln Thx As- Glu Arg
Val Pro 290 29S 300 Tyr His Val Pro Glu Arg Ser Asp Glu Ala Gln Cys Vai Asn
Ile Leu 305 310 31S 320 Lys Thr Ala Ser Gly Asp Lys Asn Gln 32S <210> 7 -~~
<2I1> 6B8 -' <2I2> DNA <213> feline CD28 <220> <221> CDS <222> (1)..(6031
<400> 7 atg ate ctc agg ctg ctt ctg get ctc aae tte tie cce tea att eaa 48
Met 11e Leu Arg Leu Leu Leu Ala Leu Asn Phe Pre Pro Ser Ile Gln 1 5 10 15
gta aca gaa aac aag att ttg gtg aag cag ttg ccc agg ctt gtg gtg 96 Val Thr
Glu Asn Lys Ile Leu Val Lys Gln Leu Pxc Arg Leu Val Val 20 25 30 tac aac
aat gag gtc aac ctt agc tgc aag tac acc cac aac ttc ttc 144 Tyr Asn Asn G1u
Val Asn Leu Ser Cys Lys Tyr Thr His Asn Phe Phe 35 40 45 tca aag gag ttc
cgg gca tcc ctt tat aag gga gta gat agt get gtg 192 Ser Lys Glu Phe Arg Ala
Ser Leu Tyr Lys Gly Val Asp Ser Ala Va1 50 55 60 gaa gtc tgc gtt gtg aat
gga aat tac tcc cat cag cct cag ttc tac 240 Glu Val Cys Val Val Asn Gly Asn
Tyr Ser His Gln Pro Gln Phe Tyr 65 70 75 8p tca agt aca gga ttc gac tgt gat
ggg aaa ttg ggc aat gaa aca gtg 288 Ser Ser Thr Gly Phe Asp Cys Asp Gly Lys
Leu Gly Asn Glu Thr Val 85 90 95 11   19 SEP 2002 WO 99I57271
PCT/US99/09502 aca ttc tac ctc cga aat ttg ttt gtt aac caa acg gat att tac
ttc 336 Thr Phe Tyr Leu Arg Asn Leu Phe Val Asn Gln Thr Asp Ile Tyr Phe 100
105 110 



tgc aaa att gaa gtc atg tat cca cct cct tac ata gac aat gag aag 389 Cys Lys
Ile Glu Val Met Tyr Pro Pro Pro Tyr Ile Asp Asn Glu Lys 115 120 125 agc aat
ggg acc att atc cac gtg aaa gag aaa cat ctt tgt cca get 932 Ser Asn Gly Thr
Ile Ile His Val Lys Glu Lys N.~s Leu Cys Pro Ala 130 135 140 cag ctg tct
cct gaa tct tcc aag cca ttt tgg gca ctg gtg gtg gtt 980 Gln Leu Ser Pro Glu
Ser Ser Lys Pro Phe Trp Ala Leu Val Val Val 145 150 1S5 160 ggt gga atc cta
ggt ttc tac agc ttg cta gca aca gtg get ctt ggt S28 Gly Gly Ile Leu Gly Phe
Tyr Ser Leu Leu Ala Thr Val Ala Leu G_y 16S 170 175 get tgc tgg atg aag acc
aag agg agt agg atc ctt eag agt gac tat 576 Ala Cys Trp Met Lys Thr Lys Arg
Ser Arg Ile Leu Gln Ser Asp Tyr 180 185 19C atg aac atg acc ccc cgg agg cca
ggg ccc acc cga agg cac tac caa 624 Met Asn Met Thr Pro Arg Arg Pro Gly Pro
Thr Arg Arg His Tyr Gln 19S 200 205 cct tac gcc cca gca cgc gac ttt gcg gca
tac cgt tcc tgacatggac 673 Pro Tyr Ala Pro Ala Arg Asp Phe Ala Ala Tyr Arg
Ser 210 215 220 ccctatccag aagcc 68S <210> 8 <211> 221 G212> PRT <213>
feline CD28 <400> 8 Met Ile Leu Arg Leu Leu Leu A1a Leu Asn Phe Phe Pro Ser
Ile Gln 1 5 10 15 Val Thr Glu Asn Lys Ile Leu Val Lys Gln Leu Pro Atg Leu
Val Val 20 25 30 Tyr Asn Asn Glu Val Asn Leu Ser Cys Lys Tyr Thr His Asn
Phe Phe 12   ~ g s~P 2oa2 WO 99/57Z71 PCT/US99/09502 35 40 45 Ser Lys Glu
Phe Arg Ala Ser Leu Tyr Lys Gly Val Asp Ser Ala Val 50 55 60 Glu Val Cys
Val Val As:~ Gly Asn Tyr Ser His Gln Pro Gln Phe Tyr 65 70 75 80 Ser Ser
Thr Gly Phe Asp Cys Asp Gly Lys Leu Giy Asn Glu Thr Val 85 90 95 Thr Phe
Tyr Leu Arg Asn Leu Phe Val Asn Gln Thr Asp Ile Tyr Phe 100 105 110 



Cys Lys ~le Glu Val Met Tyr Pro Pro Pro Tyr Ile Asp Asn Glu Lys '~ 115 120
125 ~J Ser Asn Gly Thr T_le Ile His Val Lys Glu Lys His Leu Cys Pro Ala 130
13S 140 Gln Leu Ser Pro G1u Ser Ser Lys Pro Phe Trp Ala Leu Val Val Val 145
150 Z55 160 Gly Gly Ile Leu Gly Phe T~,~r Ser Leu Leu Ala Thr Val Ala Leu
Gly 165 l70 175 Ala Cys Trp Met Lys Thr Lys Arg Ser Arg Ile Leu Gln Ser Asp
Tyr 180 185 190 Met Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Arg His Tyr
Gln 195 200 205 Pro Tyr Ala Pro Ala Arg Asp Phe Ala Ala Tyr Arg Ser 210 215
220 <21Q> 9 <211> 799 <2I2> DNA <213> feline CTLA-4 <220> <221> CDS <222>
(27)..l698) <900> 9 aacctgaaca ctgctcccat aaagcc atg get tgc ttt gga ttc
cgg agg cat 53 Met Ala Cys Phe Gly Phe Arg Arg His 13   WO 99I57271 1 5 19
SEP 2002 PCT/US99/09502 ggg get cag ctg gac ctg get tct agg acc tgg ccc tgc
act act ctg 1C1 Gly Ala Gln Leu Asp Leu Ala Ser Arg Thr Trp Pro Cys Thr Ala
Leu 10 15 20 25 ~tt tct ctt ctc ttt atc ccc gtc ttc tcc aaa ggg atg cat gtg
gcc 149 Phe Ser Leu Leu Phe Ile Pro Val Phe Ser Lys Gly Met His Val Ala 30
35 90 cac cct gca gtg gtg ctg gcc agc agc cga ggt gtc gcc agc ttc gtg 197
His Pro Ala Val Val Leu Ala Ser Ser Arg Gly Val Ala Ser Phe Val 45 50 55
tgt gaa tat ggg tct tca ggc aat gcc gcc aaa ttc cga gtg act gtg 245 Cys Glu
Tyr Gly Ser Ser Gly Asn Ala Ala Lys Phe Arg Val Thr Val 60 65 70 ctg agg
caa act ggc agc caa atg act gaa gtc tgt get gcg aca tac 293 Leu Arg Gln Thr
Gly Ser Gln Met Thr Glu Val Cys Ala Ala Thr Tyr 75 8G 85 



aca gtg gag aat gag ttg gcc ttc cta aat gat tcc acc tgc act ggc 341 Thr Val
Glu Asn Glu Leu Ala Phe Leu Asn Asp Ser Thr Cys Thr Gly 90 95 100 105 atc
tcc agc gga aac aaa gtg aac ctc acc atc caa ggg ttg agg gcc 389 Ile Ser Se.
Gly Asn Lys Val Rsn Leu Thr Ile Gln Gly Leu Arg Ala 11C 115 120 atg gac acg
gga ctc tac atc tgc aag gtg gag ctc atg tac cca cca 437 Met Asp Thr Gly Leu
Tyr Ile Cys Lys Val Glu Leu Met Tyr Pro Pro .-~ 125 130 135 ccc tac tat gca
ggc atg ggc aat gga acc cag att tat gtc atc gat 485 Pro Tyr Tyr Ala Gly Met
Gly Asn Gly Thr Gln Ile Tyr Val Ile Asp 190 195 150 cct gaa cct tgc cca gat
tct gac ttc ctc ctc tgg atc ctc gca gca 533 Pro Glu Pro Cys Prc Asp 5er Asp
Phe Leu Leu Trp Ile Leu Ala Ala 155 160 165 gtc agt tca gga ttg ttt ttt tat
agc ttc ctt atc aca get gtt tct 581 Val Ser Ser Gly Leu Phe Phe Tyr Ser Phe
Leu Ile Thr Ala Val Ser 170 175 1B0 185 ttg agc aaa atg cta aag aaa aga agc
cct ctt act aca ggg gtc tat 629 Leu Ser Lys Met Leu Lys Lys Arg Ser Pro Leu
Thr Thr Gly Val Tyr 14   WO 99l57271 190 195 200 19 SEP 2Q0 PCTIU S99/09503
gtg aaa atg ccc cca aca gag cca gaa tgt gaa aag caa ttt cag cct 677 Val Lys
Met Pro Pro Thr Glu Pro Glu Cys Glu Lys Gln Phe Glr. Pro 205 210 215 tat
ttt att ccc atc aat tga cacaccgtta tgaagaagga agaacactgt 728 Tyr Phe Ile
Pro Ile Asn 220 ccaatttcta agagctgagg c <210> 10 <211> 223 <21Z> PRT <213>
feline CTLA-7 <80C> 1C Met Ala Cys Phe !~~ly Phe Arg Arg His Gly Ala Gln
Leu Asp Leu Ala S 10 15 Ser Arg Thr Trp Pro Cys Thr Aia Leu Phe Ser Leu Leu
Phe Ile Pro 20 25 30 



Val Phe Ser Lys Gly Met His Val Ala H;s Pro Ala Val Val Leu Ala 35 90 95
Ser Ser Arg Gly Val .~la Ser Phe Val Cys Glu Tyr Gly Ser Ser Gly 50 55 60
Asn Aia Ala Lys Phe Arg Val Thr Va; Leu Arg Gln Thr Gly Ser Gln 05 70 '75
80 ~... Y Met Thr Glu Val Cys Ala Ala Thr Tyr Thr Val Glu Asn Glu Leu Ala
B5 90 95 ehe Leu Asn Asp Ser Thr Cys Thr Gly Ile Ser Ser Gly Asn Lys Val
IOC I05 1I0 Asn Leu Thr Ile Gln Gly Leu Arg Ala Met Asp Thr Gly Leu Tyr Ile
1I5 120 125 Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr Tyr Ala Gly Met Gly
I30 I35 290 Asn Gly Thr Gln Ile Tyr Val Ile Asp Pro Glu Pro Cys Pro Asp Ser
145 I50 155 160 749 15   WO 99/57271 19 SEP zooz PCT/US99/09502 Asp Phe Leu
Leu Trp Ile Leu Ala Ala Val Ser Ser Gly Leu Phe Phe 165 170 175 Tyr Ser Phe
Leu Ile Thr Ala Val Ser Leu Ser Lys Met Leu Lys Lys 180 185 190 Arg Ser Pro
Leu Thr Thr Gly Val Tyr Val Lys Met Pro Pro Thr Glu 195 2C0 205 Pro Glu Cys
Glu Lys Gln Phe Gln Pro Tyr Phe T_le Pro Ile Asn 210 215 220 <210> 11 <211>
40 --' <212> DNA <213> feline CD80 primer <400> 11 cgcggatccg caccatgggt
cacgcagcaa agtggaaaac 40 <210> 12 <211> 25 <212> DNA <213> feline CDBO
primer <400> 12 cctagtagag aagagctaaa gaggc 25 -~ <210> 13 ~,~! <211> 33 



<212> DNA <213> feline CD28 primer <900> 13 cgcggatcca ccggtagcac
aatgatcctc agg 33 <210> 19 <211> 31 <212> DNA <213> feline CD28 primer
<900> 19 cgcggatcct ctggataggg gtccatgtca g 31 16   ~ 9 SEP 2002 WO
99/57271 PC'T/US99/09502 <21o> 15 <211> 27 <212> DNA <213> feline CTLA-~
primer <900> 15 atggcttcgc cttggatttc cagcagg 27 <Z10> 16 <211> 29 <212>
DNA <213> feline CTLA-9 primer -~ <900> 16 tcaattgaat gaggaataaa ataaggctg
29 <210> 17 <211> 28 <212> DNA <213> feline C1'LA-S primer <900> 17
tgttgggttt ctgactctga cttccctg 28 <210> 18 <211> 29 <212> DNA <213> feline
CTL.~-4 primer J <400> 18 gcatagtagg gtggtgggta catg 29 <210> 19 <211> 28
<212> DNA <213> feline CTI~A-4 primer <900> 19 



tgttgggttt ctgactctga cttccctg 28 <210> 20 17   19 SEP 2002 WO 99l57271
PCT/US99/09502 c211> 20 <212> DNA <213> feline CTLA-4 primer <900> 20
acatgagctc caccttgcag 20 <210> 21 <211> 27 <212> DNA <213> feline CTLA-4
primer <900> 21 _ ccatcctaat acgactcact atagggc 27 <210> 22 <211> 29 < 212
> DIdA <213> felzne CTLA-4 primer <400> 22 gtgaatatgg gtcttcaggc aatg 29
<210> 23 <211> 23 <2I2> DNA <213> feline CTLA-9 primer <400> 23 actcactata
gggctcgagc ggc 23 <210> 29 <211> 23 <212> DNA <213> feline CTLA-4 primer
<900> 29 gaaatccgag tgactgtgct gag 23 <210> 25 <211> 24 <Z12> DNA <213>
feline CTLA-4 primer 18 



WO 99I57271 <400> 25 aacctgaaca ctgctcccat aaag <210> 26 <211> 25 <212> DNA
<213> feline CTLA-4 primer <900> 26 gcctcagctc ttagaaattg gacag _ <210> 27
<211> 21 <212> DNA <213> feline CD86 primer <400> 27 tagtattttg gcaggaccag
g c210> 28 <211> 23 <212> DNA <213> feline CD86 primer <400> 28 ctgtgacatt
atcttgagat ttc <210> 29 <211> 23 <212> DNA <213> feline CD86 primer <400>
29 gagcatgcac taatgggact gag <210> 30 <211> 23 <212> DNA <213> feline CD86
primer <400> 30 ctgtgacatt atcttgagat ttc 19 SEP 2002 PCT/U S99/0950? 29 25



21 23 23 23 19   19 SEP 2002 WO 99/5727l PCTNS99/09502 <210> 31 <211> 27
<212> DNA <213> feline CD86 primer <900> 31 ccatcctaat acgactcact atagggc
2'7 <210> 3~ <211> 28 <212> DNA <213> feline CD86 primer ..i <400> 32
tgggtaacct tgtatagatg agcaggtc 28 <210> 33 <211> 23 <212> DNA <213> feline
CD86 primer <400> 33 actcactata gggctcgagc ggc 23 Q210> 34 <~1~.> 25 '2l2>
DNA <213> feline CD86 primer <400> 39 caggttgact gaagttagca agcac 25 <210>
35 <211> 27 <212> DNA <213> feline CD86 primer c900> 35 ccatcctaat
acgactcact atagggc 27 



<210> 36 20   19 SEP 2002 WO 99/57271 PCT'lUS99l09502 <211> 25 <212> DNA
<213> felZne CD86 primer <400> 36 ggacaagggc acatatcact gtttc 25 <210> 37
<211> 23 <212> DNA <213> feline CD86 primer <900> 37 actcactata gggctcgagc
ggc 23 cy . <214> 3B <211> 25 <212> DNA <213> feline CD86 pr:.mer <400> 38
cagtgcttgc taacttcagt caacc 25 <210> 39 <211> 23 <212> DNA <213> feline
CD86 primer <400> 39 cgggaatgtc actgagctta tag 23 <210> 40 <211> 23 <212>
DNA <213> feline CD86 primer <400> 90 gatctttttc aggttagcag ggg 23 <2I0> 41
<211> 20 <212> DNA <213> feline CD80 primer 21 



19 SEP~ 2D02 WO 99/5727I PC'f/US99109502 <400> 91 atgggtcacg cagcaaagtg 20
<210> 92 <211> 2C <212> DNA <213> feline CD80 primer <400> 42 ctatgtagac
aggtgagatc 20 <210> 43 <211> 17 c212> DNA <213> feline CD80 primer <400> 43
caggaaacag ctatgac 17 <210> 49 <211> 18 <212> DNA <213> feline CD80 primer
<400> 49 aatacgactc actatagg 1B <2i0> 95 <211> 21 <212> DNA <213> feline
CD80 primer <900> 45 aacaccattt catcatcctt t 21 :210> 46 <211> 23 <212> DNA
<213> feline CD80 primer <400> 46 atacaagtgt atttgccatt gtc 23 22   i 9 SAP
20Q2 WO 99l57271 PCT/US99/09502 <210> 47 <212> 20 <212> DNA 



<213> feline CD80 primer <400> 47 agctctgacc aataacatca 20
<210>48<211>22<212>DNA<213>feline CD80 primer <900> 48 attagaaatc
cagttcactg ct 22 <210> 49 <211> 21 <212> DNA <213> feline CD80 primer <900>
99 tcatgtctgg caaagtacaa g 21 <210> 50 <211> 18 <212> DNA <213> feline CD80
primer <400> 50 attcactgac gtcaccga 18 c210> 51 <211> 16 <212> DNA <213>
feline CD80 primer <400> 51 aaggctgtgg ctctga 16 <210> 52 23   WO 99/57271
~P~C`T~/iJ~~ 9 09Q 02 <211> 29 <212> DNA <213> feline CD80 primer <900> 52
tcgagaattc gggtcacgca gcaaagtgg 29 <210> 53 <211> 32 <212> DNA <213> feline
CD80 primer ' <400> 53 



gctaggatcc aatctatgta gacaggtgag at 32 _. <210> 54 <211> 32 <212> DNA <213>
feline CD80 primer <400> 59 gatgaattcc atgatcctca ggctgggctt ct 32 <210> 55
<211> 29 <212> DNA <213> feline CD80 primer <900> 55 gatcagatct caggaacggt
atgccgcaa 29 24   Replacement Sheet 19 September 2002 What is claimed is: 5
~-1. An isolated nucleic acid encoding a feline CD86 ligand or a feline
soluble CD86 ligand. 10 .4-2. An isolated nucleic acid encoding a feline
CTLA-4 receptor or a feline soluble CTLA-4 receptor. 15 . , ~~--~~e~~ 20
~3. The nucleic acid of claim ~-1, wherein the feline CD86 ligand has the
sequence shown in Figure 3A beginning with methionine and ending with
isoleucine (Sequence ID N0: 5). 25 . , v~ . 30 S-4. The nucleic acid of
claim ~2, wherein the feline CTLA-4 receptor has the sequence shown in
Figure 5A beginning with methionine and ending with asparagine (Sequence I.
D. N0: 9). 35 ~--5. The nucleic acid of any of claim ~--~1-2, wherein the
nucleic acid is DNA or RNA. 143   Replacement Sheet 19 September 2002
1-A-6. The nucleic acid of claim ~-5, wherein the DNA is cDNA or genomic
DNA. An oligonucleotide of at least 12 nucleotides 5 which has a sequence
complementary to a sequence 



uniquely present in the nucleic acid of any of claim ~1-4-1 - 2 . ~--8. The
oligonucleotide of claim ~7 which is at 10 least 15 or 16 nucleotides in
length. ~3-9. The oligonucleotide of claim 3~7 or 3~-8, wherein the
oligonucleotide is detectably labeled. 15 ~4--10. The oligonucleotide of
claim ~3-9, wherein the detectable label comprises a radioisotope, a
fluorophor, or biotin. ~-~-11 . The oligonucleotide of claim -~-7 or ~-8,
wherein 20 the oligonucleotide is selectively methylated. 25 1-y~8-~ 3~5~A
T~Ae a a s~-i e-n ~~e . ~ A-9 81-T ;- i~-12. A vector comprising the
nucleic acid of claim ~--1. ~13. The plasmid vector of claim ~-8-12
designated B7 30 2&num;l9-2/011298 (ATCC Accession No. 209S21). 3 5 &~t-~r
; '7~1-A--9-2-9-6---(-A~~R-~s-i~P~ei~~-o-1 9 ;- ~2-14. A vector comprising
the nucleic acid of claim ~-2. 144   Replacement Sheet 19 September 2002
Q15. The plasmid vector of claim Q14 designated CTLA44 1/091997 (ATCC
Accession No. 209820). z-4-16. The vector of any of claim 1-S----~-12-15,
comprising 5 a promoter operably linked to the nucleic acid. ~-5-17. A host
cell which comprises a vector of any of claim 1~~~-12-16. 10 ~--6--18. The
host cell of claim Q17, wherein the host cell is a eukaryotic or a
prokaryotic cell. ~-'~-19. The host cell of claim r18, wherein the host
cell is selected from the group consisting of: E. 15 Coli, yeast, COS
cells, PC12 cells, CHO cells, and GH4C1 cells. 20 ~--9-20. A polypeptide
encoded by the nucleic acid of claim ~-1. 25 3-~-21. A polypeptide encoded
by the nucleic acid of claim 4-2 . 3~-22. A method of producing the
polypeptide of any of claim Z~~120-21 which comprising culturing a host 30
cell which expresses the polypeptide and recovering the polypeptide so
produced. 3-~-23. A vaccine comprising an effective amount of a polypeptide
of any of claim i-~-~20 and a suitable 35 carrier. 145   Replacement Sheet
19 September 2002 TT-24. A vaccine of claim 3-Q23, wherein the effective
amount is an amount from about 0.01 mg to about 100mg per dose. 



5 3~-r25. A vaccine of claim 3-3-23, 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. 10 3-6-26. A vaccine of claim "-~~23-25 which
further comprises an immunogen derived from a pathogen. 3-~-27. A vaccine
of claims 3-r26, wherein the pathogen in a feline pathogen a rabies virus,
chlamydia 15 Toxoplasmosis gondii, Dirofilaria immitis, a flea, or a
bacterial pathogen. 3~-8--28. A vaccine of claim 37-27 wherein the feline
pathogen is feline immunodeficiency virus (FIV), 20 feline leukemia virus
(FeLV), feline infectious peritonitis virus (FIP), feline panleukopenia
virus, feline calicivirus, feline reovirus type 3, feline rotavirus, feline
coronavirus, feline syncytial virus, feline sarcoma virus, feline
herpesvirus, 25 feline Borna disease virus, or a feline parasite. fT-29. A
mathod of indacing immanity in a falina which comprises administering to
the feline a dose of a vaccine of any of claim 3~8-26-28. 30 ~1-A-30. A
method of enhancing an immune response in a feline which comprises
administering to the feline a dose of a vaccine of any of claim ~~e-23-38.
35 4~-31 . The method of claim 3-9-29 or 4-Q30 wherein the vaccine is
administered subcutaneously, intramuscularly, 146   Replacement Sheet 19
September 2002 systemically, topically, or orally. ~2--32. A method for
suppressing an immune response in a feline which comprises administering to
the feline 5 an effective immune response suppressing amount of a
polypeptide of claim 3-1-21. 4~-33 . A method for suppressing an immune
response in a feline which comprises administering to the feline 10 an
effective immune response suppressing amount of a soluble polypeptide of
claim ''~--~20. 4~-4-34 . A method of claim ~2-32 or ~--3-33 wherein the
amount is from about 0.25 mg/kg body weight/day to about 25 15 mg/kb body
weight/day. TT3 5 . A m a t h o d o f c l a i m 4-2-3 2 o r 4 3-3 3 w h a r
a i n t h a f a l i n a is suffering from an autoimmune disease or is the
recipient of a tissue or organ transplant. 147
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