WO 01114556 PCT/ US00/ 23256 1 NOVEL B7-4 MOLECULES AND USES THEREFOR
Background of the Invention In order for T cells to respond to foreign
proteins, two signals nust be provided 5 by antigen-presenting cells
(APCs) toW@eWIdss T | ynphocytes (Jenkins, M and Schwar t BCT/UR0/2826637)
Exp, - Med 165, 302-319; Mieller, D. L., et al. (1990) J. Immunol. 144,
3701-3709). The first signal, which confér’s specificity. to the inmune
response, is transduced via the T cell receptor TC_ll_?l%x foll ow ng

recogni tion of foreign NOVEleB/4 MOILECHULESANR EREFOR Nt ext of the
maj or hi stoconpatibility conplex (MHC). The . 10 second signal, terned
costinulation, induces T cells to proliferate and becone functional
(Lenschow et #ackgrddnd of¢hieldnvéntion | nmunol . 14:233). Costinulation is

nei ther antigen-speciflic, nor MVHC resiricted and is thought tqQ be provided
by one or nore di & 91derforTrelisdn respend toforetgm peateins, tve sE‘&‘“ﬁ?PGé"‘(‘@“énki ns,

MK., et alg sl sti3P i RinS: - 91 J.
Exp. Med 173, i’%ﬁ"#&#%“‘%é@g%%& alb,n%ghgﬁétépgrt{fc. R, &ld Rhoyart
USA 88, 6575R6EIS87) XdixpgMed 165, 3024318) Mudltd, L., € alr(1990)JekamurdD 14229- 237
Koul ova, L., 9 .. Ex . 173, 759-762;,Reiser, H., et al.
1992 Proc. Na?%‘?ﬁ;t&'é%?é. %ﬁ'ﬂ%&(&*lﬁ%@%@‘@ﬁ@éﬁ%’%@@%@e? al .
(1990) 3. | y@kducdsin 14760 4686t0r EPCRY) folowihg Woogtionb forehfiShtigenid TUNO!

or
147, 774-80; Dustin, MI., et al., 1989 J. Exp. Med 169, 503; Arnitage,
R J., et al. Ppeagidemgsented pahe contexgof the majgrhistogompatibility compler (MHQx Fhe Med.

175, 437- ) 0) . . i ed on APCs,
are criti '?:@IS s%%@?ﬁ%&?%#o@&?%&%ﬁn@ s g‘{ﬁéﬁe&%ﬁ&é&%ﬁp. Med.
174:625; Fr eefimetiohal @lenschb964 all 199611 Revl frarmidnbl.A4:283). rCostiinuhltion 5993

Nat ure 366: 76; Freeman et . 1993.  Sci ence, 262: 909), B7- ears to

pl aya predoni ASHfer pApfgenspsc n?erﬁ'&r'xf“Fﬁ‘ﬁﬁﬁ%@’sﬁS’“%éébﬁE@gf ehRY PRE@7- 1

whi ch i s upr egigréiRfindt 81Pfurfall thORAEH ExPResfil T APCETIARINS MO §1. 1988 J/BY be
inportant in prolonging primary T cell responses or costinulating secondary

T cel | respodmeynglBl40:3324n1330:11d98ey, Pulnetial. | 99 D) 358)MedOA &3, 7R {rdB @ Ginmihi ch
B7-1 d - 2 A0 .y tifetiyel [ ti |1
and i nor cadss G 848 B0 e ML Abad. 8, YR SIS Yt TG AP 30 e 1

30 cel | recepQhn, Invesy 0| 229-257; KoWiGva s, et R NOFIUL Eep Medf 178, 7B V62T ReneRr ¥

si gnal inducei T cells to proliferate and secrete IL-2 (Linsley, P.S., et

al . 1991 J. et %aQQle}rgc L zﬁg@l Sci. USA. 89, 271-275; van-Seventer, G.A., et al.
(1990) J. Immunol. 144, 4579-4586; LaSalle, J.M., et al., 1991 J. Immunol. 147, 774-80;
Dustin, M.L, et al., 1989 J. Exp. Med. 169, 503; Armitage, R.J., et al. 1992 Nature 357,
20 80-82; Liu, Y., etal. 1992 J. Exp. Med. 175, 437-445).
The CD80 (B7-1) and CD86 (B7-2) proteins, expressed on APCs, are critical
costimulatory molecules (Freeman et al. 1991. J, Exp. Med. 174:625; Freeman et al.
1989 J. Immunol. 143:2714; Azuma et al. 1993 Nature 366:76; Freeman et al. 1993.
Science 26_2;_909). B7-2 appears to play a predominant role during primary immune .
L 25'. _respdn’_s'es, while B7-1, which is upfegtdated later in ihe co.ixrs_e'.of an ihm’mrie r"es'p"onsc.,__'
may be important in prolonging primary T cell responses or costimulating secondary T
cell responses (Bluestone., 1995. Immunity. 2:555).
One ligand to which B7-1 and B7-2 bind, CD28, is constitutively expressed on
resting T cells and increases in expression after activation. After signaling through the T
30 cell receptor, ligation of CD28 and transduction of a costimulatory signal induces T cells
to prqliferate and secrete IL-2 (Linsley, P.S., et al. 1991 J. Exp. Med. 173, 721-730;



WO 01/ 14556 PCT/US00/ 23256 -2 Gmm, CD., et al. 1991 Proc. Natl. Acad.
Sci. USA. 88, 6575-6579; June, C. H, et al. 1990 Imrunol. Today. 11,
211-6; Harding, F. A, et al. 1992 Nature. 356, 607-609). g 1igand,
termed CTVA® 152) is honol ogous to CD28 but is not eﬁﬁ%ﬁ@ggﬁon
resting T cells and appears following T cgll activation (Brunet, J.F., et
al ., 1987 Nature 5 328, 267-270). CTLA4 appears to be critical in negative

regul ati on of I cellr I ) Sk : 985).
Bl ockade of C?BRE" #a?" E‘Z@ﬁ@i?ﬁa’g %;I‘e?‘%%\gcg’ '?%‘?fégr ?%7%36%&9;&1’2%3@ ﬁmﬁ@e
aggregati on of 990 TmMdnbB FTodpe 11,720 WitsiHading B\, Cet al. 1992 Nofupd. 356,i607809). that
downregul ate T cell responses (Al lison and Krummel. 1995. = Sci ence

270: 932) . Thesquondligand, femaed{alleA4 (¢ LR 1s hompologops, tor (P28t iyngt kxpresset owpp g

10 (Linsl ey, EX R~ svatid 4 - PPt 4N durand
B7-2 have beeges@%ﬁgglstadgdg? tgﬂ(t)zl‘iwgg ?‘ncgiyggtévgagl é%gBrg?&fﬁg’%T%A%sm ecul e and
have di f f erSenB2&26227@)s CYLA4appearstp becritical Ad nédatine tegyulation of T celr®sponses

| munity. 1:793). A new ule related t 8 L I .. _has been
i denti fied (HZ\_@F“GT‘P“Q“gf%%géﬁ""ﬁ%#&@%)eg'ﬂ srfaLagiEaBisngiadie fos 1o
ligand, Wwhi chydnsovR isHibitdRy sibAdld, WhilkRp#egatioAlof 0TLAS haSbech!fourldd6 PROVidES J.-

| munol . 164: 4689- 96, Mages H W et "al. (2000) Eur. J. |nmmunol. 30:1040-7,
Brodie D. et inkibitofy€igeils thatrdownBigvlate T celix@spogsesi(AHigowandKrummel( 20050) J.

| munol . 164: 165.3- 7 immn. hiha S. K. ,et al. 999} . : 821~ If T
cells are onl C‘g’fﬁe,%]f’é? d ﬁ'ﬁ?;gltfﬁ?llec ??eha‘fé %E@e’r“g‘i‘ggf‘%?, ?\Ifmitgﬁl%aﬁ’t °rré§%8| Vi ng
an addi ti ogal (Ciasity, 8. 2dt al.y1991 gnEkp. Melch74P5610569) andBV-dHnd BY-2 leave d8&y gi C, Or
die, resulting in downnodul ation of the_I nune response. The, i rpor.t ance
of the BT7: Cngvlequ%b.mé tnqdistipet Eaginng ofthe Wﬂm@%&ﬁ!ﬂa@ﬁﬂé@m&mﬂm ffvitro
and in Severak;d ' Bl hj ' I

pat hway resul 'Itb lsddplﬁ\ﬂt) @ﬁgg}ngﬁé%iﬁp?f 436’?{;’5@ s1 gigg?'f %?e%vgf%l%dgﬁgﬁ?e‘g t?mri ne
and humans sy€D28mnd BILA4NK;OS; has beegtideatified (HheRST ehial. U929. Nab@e. 36T2630MO

Lenschow, D.J t . al 992) .Sci.ence. 2 789-792: rka,. L, A al .
(1093 °Pr o6 REERETe s et gy g Spe w7 iy picoster (Al A @ 4 20 5
(1993) Props DakmimineRd64:5689-963MGpes HOW A ul. §2000) ERO USHiniriof 30N 040-24 Bralie

(1993) J. Exp. Med. 178, 1753-17 ’i%s.q_Canersely expressi on of B7 by B7

negative muri ieet@lr@POQGurs Bielalsat-6:1dug V- erwhii(2900)/slpwrrmpl. 464:1683cHi t y
o comman 0 Yl S 1 (RN TRPAE ] P S e
Al lison, J.P. t8 ¢leGptaBowithnme re2€i9ing 26 8dditiGnal Bustikmiator signali they beco@93)
Proc. Natl. A%gx?résp%g;i\'re, %gérgi?:? §r7die, resulting in downmodulation of the immune response.

20 The importance of the B7:CD28/CTLA4 costimulatory pathway has been
demonstrated i vitro and in several in vivo model systems. Blockade of this
costimulatory pathway results in the development of antigen specific tolerance in murine
and humans systems (Harding, F.A., et al. (1992) Nature. 356, 607-609; Lenschow, D.J.,
et al. (1992) Science. 257, 789-792; Turka, L.A., et al. (1992} Proc. Natl. Acad. Sci.

25 USA. 89, 11102-11105; Gimmi, C.D., et al. (1993) Proc. Natl. Acad. Sci USA 90, 6586-
6590; Boussiotis, V., et al. (1993) J. Exp. Med. 178, 1753-1763). Conversely,
expression of B7 by B7 negative murine tumor cells induces T-cell mediated specific
immunity accompanied by tumor rejection and long lasting protection to tumor
challenge (Chen, L., et al. (1992) Cell 71, 1093-1102; Townsend, S.E. and Allison, J.P.

30 (1993) Science 259, 368-370; Baskar, S., et al. (1993) Proc. Natl. Acad. Sci. 90, 5687-



WO 01/ 14556 PCT/ US00/ 23256 -3 5690.). Therefore, nanipul ation of the
costinul atory pathways offers great potential to stinulate or suppress

i mmune responses in hunmans. Summary of the Invention 5 t

i nventi orWO4VEA8%d, at least in part, on the discovery g&ﬂ%@é&ﬁucl eic
acid nol ecul es and pol ypepti des encoded . such nucl eic acid nol ecul es,
referred to hereih as the B7-4 famly. Preferred B7-4 nol ecul es incl ude

antigens on t g., B
Yrphaoyt os, a%ohgeSre, manBlRNGRGT o anAlalohl Pud BR et eck foighid B
antigen pres&nmlweaeﬂubpte{s&g@unebspmcmnhym endothelial cells, 10
astrocytes, fibroblasts, oligodendrocytes), costinulate T cell

proliferation and/or are bound by anti bodi es which recogni ze B7 nenbers,

e.g., anti-BRyhhalty it fisventiols B7-4 nucleic acid and pol ypeptide
nmol ecul es of ion are useful, e.g., in nodulatin the

i mmune response. Ahepredentdnventionris based,at jeastiin partiop therdlissaverp of povsln

i sol ated nucleic ac ecu e encodi B7-4 S I

nucl ei ¢ aci d 3% 9 ﬂﬂ%ml‘e‘m RCRS ‘%%‘/ ugfex%a%‘g lc’illg‘?ﬁ?sfc F5eS es for
the detecti Omegdin &4hé BPaCRMiIRIPreftned 8704 meledmes lhaudurmgeﬁnﬂummawofm 4
nucl eic acid nolecule of the invention is_ at |east 50% 55% 60% 65%

70% 75% 80urofesignabaigerpresentingcells (6.8, B lyraphocytes mopgeyies, dendriticeslise

equence (e. e d
SEQ 2071 b neyapedlac s bl fr fifalh brellorhe SelBE P RirkdibeiE ARl G5 "0
the isol ated asuodyaispﬁhmbldstsmhgmdsh&ocyltsb,maimtluaTocli(pmitferam adipnerece shown

SEQ ID NGO 1 t th I t h
errt?odl nent , Or“F%BY t&’ﬂg‘ﬁgg'}“@ Q’ﬁ%‘f‘ F‘@E‘BF’S egélowgél?hgrgﬁ?& e‘i‘ﬁ?&a“es t he
am no aci d seRURRGRICINdPoRfpertide MalRERS bfifie prsenfiivemivh atdtinefil, N inof the

i nvention features nucleic acid nolecules, preferably  the B7-4 nucleic
acid nol ecul esodwmghhestpmwire,smsy AeqoxdinglyHia oy aspegi; thisdnyention provides ecul es
relative to nuy i des. For
exanple, in dﬁogatg‘?wﬁ%cg& ch Ogegléikse%cﬁﬂgg g?(?gp%p tide gaél?% g%Is gﬁualt%wﬁegst 20,

30, 40, 505 Jiﬂ@mentk&ﬁnabm priftfefs ordBridiafion piabes fot @ desodon G -4-60:0ding50,
700, 750, or 800 nuc] eotides in 30 | ength and hybri di zes under stringent
condi ti ons tdMSEIfACISi ¢ acid nol ecul e conprising- the nucleotide sequence

shown in SEQ | D Ng dnOémisodiriént,a BRARKAESE Aéid nidécaRfof the invention is at least
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or more identical to a

nucleotide sequence (e.g., to the entire length of the nucleotide sequence) including SEQ

20 1D NO:1 or 3, or a complement thereof.

In a preferred embodiment, the isolated nucleic acid molecule includes the
nucleotide sequence shown SEQ ID NO:1 or 3, or a complement thereof. In another
'preferred embodiment, an isolated nucleic acid molecule of the invention encodes the

amino acid sequence of a B7-4 polypeptide.

25 Another embodiment of the invention features nucleic acid molecules, preferably
the B7-4 nucleic acid molecules, which specifically detect the B7-4 nucleic acid
molecules relative to nucleic acid molecules encoding non- the B7-4 polypeptides. For
example, in onel embodiment, such a nucleic acid molecule is at least 20, 30, 40, 50, 100,
150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, or 800 nucleotides in

30 length and hybridizes under stringent conditions to a nucleic acid molecule comprising

the nucleotide sequence shown in SEQ ID NO:1 or 3, or a complement thereof.

PR AP AN T % Tl NS I e R



WO 01/ 14556 PCT/ USOQO 23256 -4 In other preferred enbodi ments, the nucleic
aci d riol ecul e encodes a naturally occurring allelic variant of a human

B7-4 pol ypepti de, wherein the nucleic acid nolecule hyb a
nucleic a °W(§F5éscul e which includes SEQID NO 1 or 3 unggﬂhg@P?{lsggent
conditions. 5 Another enbodi nent of the i.gwention provides an isol ated
nucl eic acid nolecule which is antisense to a B7-4 nucleic acid nol ecul e,

e.9., the coding stidfg plfefedthbditiits, Bie il Cencolld g ect of

the invention provides vector conprising a B7-4 nuclelc aci
In certain embcaimmyeilelic viviantef nmandB 74 pelypeptideavhierein theawgleiwracidect or. I n

vocror o e kR e S A ShES Febe SER APRRY T
produci ng a peirinp&nchiitions! ef erably a B7-4 pol ypeptide, by culturing.in a

suitabl e nedium "a host cell, e.g., a magmalian host cell such as a
non- human rfamal i aAnetben embetimens of the invention provides aniisalated nycleioagid melecule

of i s i nvenoti i Beih paPouRRi REhbGIL . BELER i REEBPE. S0

proteins. |In euadeicatideioidale, the isol ated pol ypeptide, is a human or

muri ne B7-4 pol ypeptide. In yet another enbodi nent, the_ isolated B7-4.

pol ypeptide is a &8P a8PesyOliths m%ention prewdes;avegtor comprisingaBdinvelsic acidne

i sol ated B7-4 00l ReR LGin dnfboditt ?i?eeﬂ:cﬁp'ta AAE Extlssn Velthe. 18- 9 -

has a transrrer'w%o?ane g’%mal nn:énZ% Inafatg urtherlse 0 H?%%t, t sg flso‘% al%eI B7-4
pol ypept i dH) plangther&mbotliment; thedowention pmividesja hdst cell/cankdining 8 ecstertdfdire and/ or

liferation.of actiyated T cells. | h di the ispl at ed
5774 bol ypept fdtEnfan. dEafEate s Fekdes £ Mg b areliane 2 PRUPRIISPFERYOL | de
sequence whi chy Bibpbldheplide, by dakuridg'ih AS8itdbld WMédindl] Zidst &M, 6.8 dintanBiAfiant 0 a

nucl ei c acid nol ecul e conprising the nucl eoti de sequence of ,SEQID NO1 or
3. 25 Anot her bestisellisuehigs a spn-hunan mommaliamcelle af the inyention; coptaipingp pol ypept i de,

preferably a Bl 44 y&gggginMi s‘ix@hh@t@@&?ﬁ@%)!%i c acid nol ecul e

having a nucleoti de seuence at 1east abo 9 Yo 65% 70% 75%
80% 85% BDY%  95%moh&laspect nhithis invhntion features isolatedtdraetdntiname Bddnce (e. g.

ERLRN T T NN R ST MR NER S )

an isol ated pehyteB7LFigolypeptide. In yet another embodiment, the isolated B7-4 polypeptide is a
soluble B7-4 polypeptide. In a further embodiment, the isolated B7-4 polypeptide, is
expressed on the surface of a cell, e.g., has a transmembrane domain.

20 In a further embodiment, the isolated B7-4 polypeptide plays a role in
costimulating the cytokine secretion and/or proliferation of activated T cells. In another
embodiment, the isolated B7-4 polypeptide is encoded by a nucleic acid molecule
having a nucleotide sequence which hybridizes under stringent hybridization conditions
to a nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO:1 or 3.

25 Another embodiment of the invention features an isolated polypeptide,
preferably a B7-4 polypeptide, which is encoded by a nucleic acid molecule having a
nucleotide sequence at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 98% or more identity to a nucleotide sequence (e.g., to the entire length of the
nucleotide sequence) including SEQ ID NO:1 or 3 or a complement thereof.

30 Another embodiment of the invention features an isolated poiypeptide,
preferably a B7-4 polypeptide, which is encoded by a nucleic acid molecule having a



preferably a B7-4 pol ypeptide, which is encoded by a nucleic acid nolecule
having a WD 01/ 14556 PCT/ US00/ 23256 -5 nucl eoti de sequence at | east ‘about
50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 98% or _nore identity to

an ani no XQW4¥¥uence (e.g., to the entire length of tHAEYSMHEacid

sequence) including SEQ ID NO 2 or 4. Thig_i.nvention further features an
| sol ated B7-4 pol ypeptide which is encoded by 5 a nucleic acid nol ecul e

ybr | di pat 1 orfubliis FRKEET ifieniole R 5504, 6%, BRAVIOR okl B 85006,
nucl eoti de Se9pIRP8% ofioiMntiy t¥@nlaniiio aid Sguehce Q) 10N ¥ntitd 18igH0bf thd he

pol ypepti des of the present_ invention can be operatively linked to a

non- B7- 4 pol 3RiBpagid sequence) inclyding S %0fi%0 acid sequences) to form
fusion proteins. Eh‘?s | \ﬁﬁ.g;e' r PB‘?FT% | ' as
nonocl onal or polyc o‘ﬁa ngﬂtl og%gtg?&tahgbt%iaﬁ)dgfi% o yhg%hg%[n%%g@ydes of
t he i nvent 5o nysleif aziduinblecile hadvipga mwigotidelsequernica whiclidiybridizes unier sihibgént

pol ypeptides,, e..q.,.biolqgically activ, | ypepti des, ,can be, . incorporated
ot P ohar e dubifizitiansandipes toaueleiap igltcbfmerisik tieelootide soquente

phar maceut i cadﬁggmg;p&lfopgw,jéﬂgﬁmt&,éog anot her aspect, the present

I nvention provides a nethod for detecting the resence of a B7-4 nucleic

aci d nol ecul e or [Jdkepplypentides ofitheipissent ipyéntioh cambmopsratiyely dinkedtorinog-B7he

bi ol ogi cal s l,e . n bl f_detectl B7-4 nuclelc acid
nol ecul e or ;zg?%; §v§%“|§°§5%§&§ﬁ?‘{f%"t%%ﬁ‘é’°§?@§8%“§ cegitogg'ggfuﬁmﬂgﬁqteéf’sce]}fi d

mol ecul e @0 ipvdnyipe firthekcfeatared ahtitidieg, suth dsliRordclohal®r polycldfdlahtbodizs, that

anot her aspect, ,t%@ %gnesent itgla/ention provi des a_nethod for detecting the
presence of Bpecilically ibindiRplypsptides pbihs nventions prforably,B7-delypertides) Inhe

bi ol ogi cal s | ; : | | Adweat or of B7-4
pol ypept i de gdgtmiﬂ\??’tt@é gﬁ:@%‘ﬁa{ tﬁ’?g’gﬁgggﬁlﬁ?%déi%y%&bo |>|/°f)ept i de
activity is decosparated into phaemideuticad) carppositiany, mehichl aptiomedlyimsiudespect ; t he

i nvention praoyides a. nethod f.qr nmodul ating B7-4 25 pol ypeptide activity
conpri si ng cé%f%ﬁcf%@%cé’?‘fmlgﬁﬁﬁﬂﬁ' of expressing B7-4 pol ypeptide with
anI iagent uga]{ mgmmmr%eﬁgbﬂigtpieséﬁtym&ﬁﬁdhﬁrbﬂﬂeﬁdlﬁetgﬂdfbrdaédtm'gthé in the
ce is modul ated. | n_aone enhodiment, the agent  inhibits B7-4 activity. In
anot her  enbdussEResof a B anglaig a"é‘gmﬂ‘?iﬁ’%l? septidgip;apiglogicy! sarple by nhodi nent

the agent is Qfactiyithd6i8MglciPdamiple With andpBhtapibl/ordeREtidd £B7-U Yuclki€ a8dB7- 4

pol ypepti de. In andther
molecule or polypeptide such that the presence of a B7-4 nucleic acid molecule or

polypeptide is detected in the biological sample.

20 In another aspect, the present invention provides a method for detecting the
presence of B7-4 activity in a biological sample by contacting the biological sample
with an agent capable of detecting an indicator of B7-4 polypeptide activity such that the
presénce of the B7-4 polypeptide activity is detected in the biological sample.

In another aspect; the invention provides a method for modulating B7-4

25 polypeptide activity comprising contacting a cell capable of expressing B7-4
polypeptide with an agent that modulates B7-4 activity such that the B7-4 activity in the
cell is modulated. In one embodiment, the agent inhibits B7-4 activity. In another
embodiment, the agent stimulates B7-4 activity. In one embodiment, the agent is an
antibody that binds, preferably specifically, to a B7-4 polypeptide. In another

30 embodiment, the agent modulates expression of the B7-4 by modulating transcription of
a B7-4 gene or translation of a B7-4 mRNA. In yet another embodiment, the agentis a



30 enbodi mrent, the agent nodul ates expression of the B7-4 by nodul ating
transcription of a B7-4 gene or translation of a B7-4 nRNA. In yet another
enbodi ment, the agent is a PCT/US00/23256 WO 01/14556 -6- cleic acid

mol ecul e PEQPHYS® nucl eoti de sequence*that is antisense FSTE’H@’@ i ng
strand of a B7-4 nRNA or a B7-4 gene. |Ingne enbodi ment, the nethods of

t he present invention are used to treat a subj ect having a di sorder

(characterized R e .Ie| ¢ acid 5 oS5 Ssj on
b activity)  opelis agandtR taxihe R RubRaN fpPbe P BfeRud s oRRAREN (7
or downnodul atofem-).@mﬁra@mlgewl e by adm ni sterl ng an agent which is a
B7-4 nodul ator to_the subject. In one_enbodi nent, the B7-4 nodulator is a

B7-4 pol ypepti de. In pnesmhodinent e methads ofithepresentinyention aregised to treatey 4 _
nucl ei ¢ acid g@k&%ﬂhﬁ%ahﬁgﬁ‘é} (c &Q‘fied%?‘%ﬂé“ﬁ@Zﬁ eﬁoﬂﬁ)eﬁfdedbr duicakar 1S

pepti de, pepti or o er snma erre

enbodi nent ,5t teapxﬂssmrutacuntyaomccnldntmdhmwouhlmleﬁrﬁorﬁi:odulpm:y piter up @r or
nucl eic acid expression is ne,syst em di sorder or . condi n that
woul d benef it @amoab‘ata?%f%ﬁ%f% %'%@Pmewsw W@%Fﬁaé'lkgention
al so provides rﬁodﬁla?&ﬁ@ﬁie'sﬁb;@&sﬁi’oﬁe%nﬂoﬁﬁﬁgnk,ftué Eﬂ4§ﬁkﬂulaﬂfr‘%§§§?ﬂ or absence
of a genetic alteration characterized by at |east one of (i) aberrant 15

nmodi fi cati on @lypeptidei éma@theaelgmmemdeM mpodgater lpaBVﬁepmled.eqcu(l i)

m s-regul ation enes berr.ant st.-transl at i

nodi fi cation 6?09%{:%[}2 y g‘ q@glm etﬁ%lﬁ Z 45"?/&'# | '%Bel?q%ﬁﬁelggd?'“‘@‘eﬂéhe
encodes a 1l Yopethet siﬁawmblhmﬁe Hﬁa‘br&ﬁﬁéd/éﬁlbbdlﬂléht@ﬂeai&&ﬁeﬁﬂlﬁﬁﬁienﬁéﬁ i nvention
provi des a rret hod for |dent| é a conpound _that binds to or ul at es

the activity @berzang qfaédef?ﬁéldr‘%?%%m igan mgnezsystsmcﬁ;sqmgr an
i ndi cat or C0”QQﬁdlﬁblpﬂxaF\%ﬂ?ﬁbeﬁieﬁgﬂ@mWoﬁldﬁ%ngﬁy'mnﬁf’)y' ng B7-4 activity,

respectively, contacting the indicator conmposition wt h a test conmpound,
and deter m ni ng t Abe pfesminvuﬂtlmrmotmdmmmnshsaBTexzhdanifymgtl;c in the

I ndi cat or SItIO i denti o und, t.haj, nodul at es t|V|ty
of a B7-4 pol %"éﬁ’f‘i%’é ﬁeﬂc Btgﬁ'é %tww x4t ‘?‘i‘sﬁfg'FtOQi Eg gat
nonhuman t 15N sesdification bimbtatiiéf a dg%ﬁe SﬁU&Hﬁhg RBTE bblsp@ﬁaé,thlsaregm&ib‘iﬂﬁﬂe
encodi ng a B7-4 nmenber pol ypepti Brief Description of the Draw ngs

Figure 1 depi éleesgmﬁeanﬁ (i) absriaptpostiansiatienal modificagomofia BEA pelypentided B7- 4,
B7- wherein a wild-type form of the gene encodes a polypeptide with a B7-4 activity.

In another aspect the invention provides a metho;l for identifying a compound
that binds to or modulates the activity of a B7-4 polypeptide. The method includes
20 providing an indicator composition comprising a B7-4 polypeptide having B7-4 activity,
respectively, contacting the indicator composition with a test compound, and
determining the effect of the test compound on B7-4 activity in the indicator
composition to ideﬂﬁfy a compound that modulates the activity of a B7-4 polypeptide.
In another aspect, the invention pertains to nonhuman transgenic animal that

25 contains cells carrying a transgene encoding a B7-4 member polypeptide.

Brief Description of the Drawings

Figure 1 depicts the nucleotide sequence encoding a human secreted B7-4, B7-
4S.

30 Figure 2 depicts the nucleotide sequence encoding a human B7-4, B7-4M.



4S. 30 Figure 2 depicts the nucleotide sequence encoding a human B7-4,
B7-4M WO 01/ 14556 PCTI USOQ 23256 -7 Figure 3 depicts the amno acid
sequence of hunman B7-4S and illustrates the signal, | ind
hydr ophi IW@ OU#586 domai ns. Figure 4 depicts the amino a%@@@&'ﬁ"éﬂﬁge of hunman
B7-4M and illustrates the signal, I1gV, JlgC, and transnenbrane and
cytoplasm c domains. 5 Figure 5 depicts the nucl eoti de sequence of nurine
B7-4. Figure 6 depjct ] i i BRUd iBfudtebtgure 7
depicts an ali gnngm“&ofd%pﬁcgsﬁg#&ﬁmga%%wg% -4 am nsoglgcl% sequences.
Figure 8 ill gighaRI®HA It and hgdrbphiliofilidéfmainanal ysi s of bi ndi ng of CD28I g,
CTLA4- 10 Ig, and_control 1 g. by B7-4Mtransfegted el Fi e 9
illustrates the rgm%d@mhaﬁ%‘%ﬁc&%ﬁ“%maﬂ Fﬂ@aﬁ ab"ﬁtfﬁi e

| COS- hi s 1 usisaRapie he i nifufbldbriid 38k BRbAdEPBomgint.S. Fi gure 10
illustrates ts%g r’eé;{jlés’ FACS anal ysis ofeﬁblﬂndi ng of IgM BB 1 and 133

ant i bodi es5 t o B7- ¥Figure § depictethe ucl@tige sesuence of mupingB7«4. 11 i | | ustrates that
CCS cells transfected w,th B7-4M (292) can b e T cell
proliferation. Fi t‘,ﬁ“ée&%eﬂ“'lt?%‘gﬂngl e%@sﬁﬂ'?enfiéo@se’m@sgﬁ‘ansfect ed with a
B7-4M (292) can | Pidpidt€anlalipghkentdf the Hupiantah® murikB 04/ ainifbsrid

PCT/ USO0/ 23256 -8 tail'ed Description of the Invention In addition to the
previ ously clsequeseasyi zed B | ynphocyte activation antigens, e.g., B7-1 and
B7-2, there are o e FUCisIRaly Sk oftihdiEE Bf EDSBIENETIAaCE! | S
(e.g., Bcells, no cy?gié’% eﬁgér){}ts'}]{é%gehﬁs, Elgnggfﬂan %el I's, Keratinocytes,
endot hel i 0 3Jgcmlilcontral 3¢ byBy-udbbirarsfdoted €1Q8¢edls. ol i godendr ocyt es) which

Che. di scovery of e Mobeie Beresui A G of iy oflsc SRt D211+ o
whi ch were i%eb%tlﬁﬁﬁisroﬁpsdiaﬁ%mwmnmm@saatsal CDNA libraries and

whi ch costimulate T cell's. The abilit¥: of a B7-4 80I.ype tide to costimulate
Figure 10 illustrates the results FACS analysis of binding of IgM, BB1 and 133

antibodies to B7-4M- transfected COS cells.
15 Figure 11 illustrates that COS cells transfected with B7-4M (292) can

costimulate T cell proliferation.
Figure 12 illustrates that COS cells transfected with a B7-4M (292) can

costimulate T cell proliferation.




activated T cells can be denonstrated using techniques that are known in

the art, e.g., as 10 described in WO 96/40915 or US Patent 5, 580, 756, the
contents of which are incorporated herein by reference. One enbodi nent of
the i nventW@AVMSAES ures B7-4 nucl ei c acid nol ecul es, pr ePSTASPY26mn B7- 4
mol ecul es, which were identified based on g no aci d sequence honology to
the B7 proteins. (Such famlies are described below). 15 B7-4 Nucleic Acid

and Pol ypepti R | es,. Sm ment, the isolated nucleic acid
nol ecul es of ft quge 4ol e %hode eukaryotic protein B7-4

pol ypeptides. The Efaddificinolthe lﬁévmiiﬂl)ecttakab&mmeymphmymaeﬁvanbnmrgem ved
regi ons, includi n% si gnal_ domai ns, 1 gV domain 'g‘ ﬁ%{? hg gggFZO dOfTB.I

These regi ons &8-eBFdiaRdB]-2 tirss ars othel antigepion the oL At Bregqnpngce
recogni zed. Thgse gmg géﬂfaH I stinct
folding patt g?%%[‘%m gﬁ?{:’)ﬁ s. | 551?%0 %’é are'&?&fﬁ%ﬁ?@xﬁg&éﬁ%ﬁkf;{gﬁn wi ch of

two O sheet$, celis lastrovytes,ifibroblasts) bligndendracydds) ulluc(lsostnmdutdﬁ‘ agils. The Preaeritno
aci ds vvithacons rve disul.fi de bond btvveen ets.in,npst, but
o o Bona ReHEpY & et east s pagy o R st Rl RERAR e i ne

sane types of lfe?éix‘xlm4gatybéﬁtﬁ§s Whidh Wefe ﬁé!ht'e&!’rohhérz@n&cﬁ@hnd fRialcHRA] | O
superfamly. O her omains fall within other sets. 1gV donains al so

shar e sequencdibpries enmyhr&h gostimulate [T|celis. \Fheabilifhafa BE-4 polypeptisiede pestimulate
| th C T |
unan B7-4 ol SH G T et bEUGHAHA AR hith BEni 3 boePire Kol S 5, R VP

B7-4 sol ublle piekatibedin We) 96/40915 ohwslmnas,ssmvse,mmbfwmnm n and no WO
01/ 14556 PCT/ UJsOQ 232 -%@tr nsmenbrane domain, and is referred to herein
as B7-4S (showReqrpe ¢reIn Tenc®ne formis a cell-associ at ed

pol ypeptide, i.e., diénbddihen {éﬂﬁgﬁﬁ@ﬁtﬁﬂ%ﬁﬁl@sﬁyh%kﬁﬁ%ﬁmQMs” referred
to herein as B7-4M (shown I n SEQ I 4). 4 proteins conpri se a signal

sequence, and rrefetably lt!wmi |B7-4amdlealﬂe$, g\lhlcﬁl Memﬁeurmsssi oprauhing ecjd eequencsf SEQ

ID NO2 is shgwn fro al.dS enceof SEQ I D NO 4
I's shown from %ol? rp @'ﬁ&'ﬂl‘eﬁ% e%gsr%bse?%f SEQIDNOG 2 is
shown fromigbout am no aC| ds 19 134 and the IgV donmain of SEQID NO 4 is

shown from about am no acids.  19-134. The 1gC donmain of SEQ ID
B7-4 Nucleic Acid and Polypeptide Molecules

In one embodiment, the isolated nucleic acid molecules of the present invention
encode eukaryotic protein B7-4 polypeptides. The B7-4 family of molecules share a
number of conserved regions, including signal domains, IgV domains and the IgC
20 domains. These regions are both Ig superfamily member domains and are art
recognized. These domains correspond to structural units that have distinct folding
patterns called Ig folds. Ig folds are comprised of a sandwich of two B sheets, each
consisting of antiparallel § strands of 5-10 amino acids with a conserved disulfide bond
between the two sheets in most, but not all, dorr_lains. IgC domains of Ig, TCR, and
25 MHC molecules share the same types of sequence patterns and are called the C1-set
within the Ig superfamily. Other IgC domains fall within other sets. IgV domains also
share sequence patterns and are called V set domains. IgV domains are longer than C-
domains and form an additional pair of B strands. _
Two novel human B7-4 molecules were identified. One form is a naturally

30 occurring B7-4 soluble polypeptide, i.e., having a short hydrophilic domain and no



NO 2 is shown from about amino acids 135-227 and the 1gC domain of SEQ ID
NO 4 is 10 shown from about am no acids 135-227. The hydrophilic tail of
the B7-4 exenplified in SEQ ID NO 2 conprises a hydrop ' i | shown
from abouWOQM43eP aci d 228-245. The B7-4 pol ypeptide ex%‘fbh?@zg’fﬂ n SEQ ID
NO 4 conprises a transmenbrane domain siown from about am no acids 239-259
of SEQID NGO 4 and a cytoplasm c domain “shown from about am no aci ds

o ne cONA. SaRaTedomgit, 800 8 S te PR e ISEQET B, i o
aci d sequenc@upeFortd Ra%L11 Askotidteld bﬂ%@nﬁe, i.e.] BAViRE 8 B mehibYMB bh®Eytaplasthic

pertains to these nmurine B7-4 | ecul es. Vari ous aspects of the invention
are descri bedomnmfnfmrtob@'@lalasmﬂMﬁbo‘mmm&BNQ,ﬁbsect|ons 20 1.

Definitions As us eto
activated T cell sﬁ%‘h 0‘%'3'2‘% q%{sgal?%‘c %E%Irdg‘{\}ll g a second,
non-T cells rﬂﬁﬁﬁhorlhaﬁéhﬂtseqhencﬁdfgw Imkletz is achmeﬁomminofaerdamksn The
ef fector functlon t0|ne secretjion, in a. T cell 25 that has

received a T ISﬂ‘l‘@B@ﬁﬂ shqwphiipm aboys amingacidslzl8 The dgV wi t h
antigen or ado.agimhﬁt@bﬁétzmo%mmu@mﬁ% bﬂy'@tmmu@ﬁgv awprevent
n o eat

the inductio unresponsiveness to antigen, anergy, or cel in the
T cell. The BfSEerDcN@ﬂns shosvnrfromi hoat augind acldi lﬁ}m‘bs'[he\lbc domaiomf SEQdDa

foat Ut oo THIGEHS e B shogtaning pdRST2Y R i 106 sbin R BRI GR o)
aci d nol egyl gRoviaf fréri Qb wiiid &msllés-znﬂt'ﬂfﬂ@dr%ﬁlmnoﬁtHOBMem iffldGh €i NS
or nucleic acid nol ecul es havi n% a common WO 01/ 14556 PCT/ US00/ 23256 10

structural d(SEQ 1P NO:Zeemprisesachydeophilig tail showaiftom abowt aming acid 228-24% cTheot i de

sequence %lEﬁ ;ﬁ%@ -natural ly
or non- natura lff&ﬁgﬁ@ﬂ?{%ﬂﬁgﬁgﬁ i Iﬁrégtngomdn eﬁé@r’rl%ﬂ%r&ﬁall?ferent
speci es. For shbvemﬁdnﬁ abeut famind acids 239+25Dofl SEQ 1 NQ:4 and peyddpdasmiodormainan
origin, as vveII ot her, distj t el wman 5 origin or

al ternativel y0© B %“H“‘H’cﬂ?d;gé%gé&?ﬁﬁﬁ &n origin. Menbers of a
fam |y mays al so hgggine BT R0kt aso idBRIfRA! The flurifécDNA é igol ecul es

descri bed herein are nmenbers of the B7 famly of nolecules. The term"B7
fami|ly" or presented in Figure 5 and the murine B7-4 amino acid sequence is presented in Figure 6.

The present invention also pertains to these murine B7-4 molecules.
Various aspects of the invention are described in further detail in the following
subsections: '
20
I. Definitions
As used herein, the term "costimulate" with reference to activated T cells
includes the ability of a molecule to provide a second, non-T cell receptor mediated,
signal that induces proliferation or effector function, e.g., cytokine secretion, ina T cell
25 that has received a T cell-receptor-mediated signal, e.g., by interaction with antigen or a
polyclonal activator. Such a costimulatory signal can prevent the induction of
unresponsiveness to antigen, anergy, or cell death in the T cell.
The B7-4 protein and nucleic acid molecules, which comprise a family of
molecules having certain conserved structural and functional features. The term
30 "family" when referring to the protein and nucleic acid molecules of the invention is

intended to mean two or more proteins or nucleic acid molecules having a common

o LSRN .Y



"B7 nol ecul es” as used herein includes costinulatory nol ecul es that share
sequence honol ogy with B7 pol ypeptides, e.g., with B7-1, B7-2, B7-3
(recogni z e 10 anti body BB-1), and/or B7-4. For e man B7-1
and B7-2 ﬂ&é“ %pr oxi mately 26% ami o aci d sequence i entl%@nsa%gn
conpared using the BLAST program at NCBI-10xi th the default parameters
(Blosunmb2 matrix with gap penalties set at existence 11 and extension |
(See http: //V\mucnmﬂidoniamdridmt'g'andhavnigmmnmdmﬁﬁ)qntdgrpmplbbﬁﬂesequeace:apabl e

of providing costlrru afion to ac q 5ceIL§ to . hereb ItmngceT
cel | proliferbgme) #oﬂfe&m%mm1 ﬁ%"@é‘é‘? ¥ e Bﬁ’eﬁr" PﬁPﬁah)’PH‘fﬁyna
costimul at i ongQfymib, %ﬂh'cﬁab@fr&nentﬁ@%kdﬂf:ﬁ%?ﬁiffekéﬁt Spekidl! ForfeRbutiple  faffily" €d B7

fam ly nenbers |ncI ude B7-1, B7-2, and B7-4 and sol ubl e fragnents or
derivatives t ¢tasrcontain 4 first mmcmﬁiwmmngm, &/wélhas dtherdistinet proteinsof humar| A4,

CD28, | COS, and/.or her. nds and have.the abidity to
i nhibit or 5| nBigd Egl WFlgt Mﬂ%ﬁ%&g@ﬁ ﬁnﬁlﬂdMﬁ'@W’s Pef erred
B7 famly m”ﬁﬁ@ﬂiﬂlmcmﬂmdﬁﬁﬁhwwfsﬁés?d THREBT-4 flolegilgs OF NOr e
other B7 famly nenbers, for exanple, the anti-BBI antibody recog'gl zes

B7- 4 ol ecul edescrbed heeain arsimembersaf she BY familyof maleoples, The tepra 2B2 familys o5 B7- 4

| tid I f
P e b ot ef 157 bESpied s Al el b 2ulfiodrp BRI bl A SO 1 0
activated T chduhdog;nvhthMlmlypppttdes,feeg,avmmdnw-ar B7G3(teokgnir&d$9@heat ion. In
ddi t t he t | Sy pd pofudes the abild | d
o bi nd | 110" nasthody BRFhoanaior 2§ ok exanefrhuiian i sndB Ty Sirce sperovigieRyc o c
aci d nol ecul exésfagfiso 4t &quawéldé&y%h%ﬁak@ﬁgﬁ@hbmm;ﬁo afﬂbuie

sequence that occurs in nature (e.gd., encodes a nhatural protein
01/ 14556 PCT| withthexizfemds pmm(&lewﬁaemm:nwnhuap penaltics set ot emmllceilbaubl d

conprises a nygleoti nce ,ch . npl enmentary to a "sense"
<2t o SieBm s Rl RRRaiyiluib ot |

nucleic acid | ementary to the coding strand

of a doubl e-str andmdmeNMml@epﬁdas areckepablem’tw\mwg tostimlatibhity fetiviatente or
conplenmentary to the coding strand _of a gene. 5 Accordingl y, an antisense
nucl ei c acI|5d gells toy Y dndugs | gel W&f%W§é“4(GE‘FYé‘?‘B“‘aT?F'G“°n%§ finhibiting. i n,

the term " codiQtinfufitioR Bf T'cBISE 3., [Wheh$RsOtSn Hiuble Rtk $2ékAG B7 family

members include B7-1, B7-2 , and B7-4 and soluble fragments or derivatives thereof. In
one embodiment, B7 family members bind to CTLA4, CD28, ICOS, and/or other

ligands on immune cells and have the ability to inhibit or induce costimulation of

20 immune cells.

In addition, preferred B7 family members are bound by antibodies generated
against one or more other B7 family members, for example, the anti-BB1 antibody
recognizes B7-4 molecules.

As used herein, the term “activity” with respect to a B7-4 polypeptide includes

25 activities which are inherent in the structure of a B7-4 protein. The term “activity”
includes the ability to costimulate activated T cells and induce proliferation and/or
cytokine secretion. In addition, the term “activity” includes the ability of a B7-4
polypeptide to bind its natural ligand.

As used herein, a "naturally-occurring” nucleic acid molecule refers to an RNA

30 or DNA molecule having a nucleotide sequence that occurs in nature (e.g., encodes a

natural protein).



sequence conprising codons which are translated into am no acid residues,
whereas the term "noncodi ng region"” refers to regions of a nucleotide
sequence that are not translated into amno acids (e.g. ) 3'

unt r ansl af’véb"lfléﬁfons). 10 As used herein, the term "vectl’gr’r%s?@#}%ﬁ to a
nucl eic acid nol ecul e capabl e of transpaiti ng another nucleic acid to
which it has been |inked. One type of vector is a "plasmd", which refers
to a circul ar doubAgeusell héreingsh TabidsdnSs?utlsicAcitomprisd dinhéleide sedddficesegment s
may be ligated, Another type of vector is a viral vector, wherein
addi ti onal DnNwhishisremplememiarbio 4 'isepse'cancleig #rid ensoding aprojeim@gs. Certain

vectors are 1 fﬁﬁgﬁqg' ' ?—Eliaﬁ ell into which
they are int r% ce %g?‘gvﬁé?%g#%g%{bgrs ge\;fl n&ﬁ%lg%zé&‘%’ri al origin of
replicati on acuinplrhentarpto amanRNA ssquenceor cirplementaieto theaddaigstrand 6f a gene.

non- epi sonyl | i.an vegtors ' I nto the genqne of a host

ma re Lptegrated
cel | upon Pntf gl anantigensemcieigaciq.canhydrogen hond to.p senge Aucleicadid o1 e

along wi th the hosisGeaRdEin, P term\ebdi foR* ReffS 6l 1BEidns % udiRaieS Of
directing the 20 exspr essl on’%{? genes It!%ﬁ\%/ni c% tﬁey %lr% oper at | veel y linked.

Such vect or s sgquencetamprisingicodonsovhi¢hnare tratislatesiintoi aming acidresidues, whereasahor s"  or
sinply "expressi@n vectors.' ., | ner.al expressi on vectaors of utility in
r econbi nant ﬂﬁﬂnt'&'ﬁ glo rg%?ﬁerﬁgl%s ‘Efﬁé’“F'S?‘fﬂ%o‘F‘l““'Bfea‘b?ﬁa;&%’.‘°‘| n the

present speci tdnshited Gito amilodutits fe.g.25'@nd Sambratislatéb¥égibas)used i nt er changeabl y

as the plasmd is the nost commonly used formof vector. However, 25 the
i nventi on1Ps i nt erfifcused berpincthe trems'Megioro refers tor ayeleicacidmplecule capablgoft or s,

such as vi raltrané&%ﬁe ahotter Auclei€ S84 tORitPR h @fﬁiﬂg{ . "(ﬁxtertﬁéioﬁ’%&?reisn?

adenovi ruses an 0- assocl at e Vi ruses), wni serve ‘equi va
functions. As"plesmid"hwhich refers toea ¢iroular dbubde stradéd DNA looptiatodedch alditishelr t o a

Il into whi | ei id of, the i tion, .onbi nant
expr essi on veaNA g By b e uroties it 6F i is SV HRL HertW B  er o
"host cell" afuditiochQIAINA isépmiEnts A5 bedRlated imb EhelkiRfgdnBing! CBA4IA9adddry aker €i n. |t

shoul d be understood that such terns refer not only to the WO 01/ 14556
PCT/ US001 252 3@pable of guanomeus replicatipn ing hasteell ipfgwhich theyeare intrgdwspd é2.8.pot ent i al

progeny of - SygBieRaiGRbtors H%ﬁcte:ﬁa%ﬁ%h%f%ﬂﬁdoﬁ%&%ﬂ)ﬁ bn i D

succeedi ng generations due T-0 elther tatron or e ronmental 1 nfluences,
such progeny vestprs)oOther veclars (e, g. oonicgisomalondmmalianivectprs) amtintegrated intdthe ar e

i1l included withj f. the, d in._5 £ d
herein, & "t RS A EoosRILHPOR PR AR G SRR i At plue

along with the host genome. Moreover, certain vectors are capable of directing the

20 expression of genes to which they are operatively linked. Such vectors are referred to
herein as "recombinant expression vectors" or simply "expression vectors”. In general,
expression vectors of utility in recombinant DNA techniques are often in the form of
plasmids. In the present specification, "plasmid" and "vector" may be used
interchangeably as the plasmid is the most commonly used form of vector. However,

25 the invention is intended to include such other forms of expression vectors, such as viral
vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated
viruses), which serve equivalent functions.

As used herein, the term "host cell” is intended to refer to a cell into which a
nucleic acid of the invention, such as a recombinant expression vector of the invention,

30 has been introduced. The terms "host cell" and "recombinant host cell” are used

interchangeably herein. It should be understood that such terms refer not only to the




manmal , nore preferably a nouse, in which one or nore of the cells of the
animal® includes a "transgene". The term "transgene" refers to exogenous
DNA which is integrated into the genone of a cell from yhi ansgeni c
ani mal deV¥? 8¥¥S¥nd which. remains in“the genone of the ggpﬁggﬁg%%nal, f or
exanple directing the expression of an 1Qj}gncoded gene product in one or
nore cell types or tissues of the transgenic animal. As used herein, a
"honol ogous T gaRiEIaP@ibfecB Ol to the bipeny & potdnt bf ARAYRBILCBEQRsUMRN
ani mal , prefeﬁggky aaﬁ%nnal, nﬁ?e %r§$%$a6?§ aaﬁﬁﬂ%?? fn.which an
endogenous gersertéin modifizaticristmeayaciyin lseseetding geverationsrduie taicithsnmiptationen t he

endogenous gene and an.e enous ,.DNA nol ecul e.introduced i.nte a cell..of the
i et 15 o, gvingmedfa) RERHSES el bigecti 545 ot Pact e ihtea) T s Bt s

of the ani mal . pifard s6M indRided Withidithe scdpé of thél tePin @k Ged hefedi.€rs to a protein
that is substantially free of other proteins, cellular material and

cul ture nedt um whersiusesd herein, # ‘itonsaenic|animal” refarsioacnon-wnap apimab, preferablyan

t echni ques, or ' r ) ) cally
synt heai zod, _ AREAEAY te BB SRR inSH ork 0F Hohbeine WIS BCRBSRLER, Y,
I mmunogl obul i rinclodes aCtrarsgerneth.d Thenern Straggar!' kefera ad éxogerpus DNAhich is

I mmunogl obulin nolegules, i.e., _.nolecules, that confaip anti gen binding
site which bi ﬁB@W?"ﬁﬁE}ﬂH}e@F&E‘P@Cﬂf 3 ¢!l frpm W @i%@?gegm@%%op&ﬁad Bl ) 2
fragnents, si Rghging fthd giohedP teSfatu Ghiimal or eﬁhgié difetting the fon of an
Preferably, antibodies of the invention bind speCifically or 'substantially
25 speci fi @&l lepcedsd gFnesprodyictinine or mibrecelldypes of tissnexodfdhetranaganidoanitnals” and

"monocl onal anti bady c gsi tj,on", as used.herein . refer tg a popul ation
of antibody nol ecuﬁ\ég}s{‘sf‘ﬁé m, &, hpmeleegis reoheinays nimal r81fmatﬂag¥ﬁei‘§en bi ndi ng
site capabl e afansgefi¢hohhafian Agimal, ipheférablpamidnetilomoRiPréferablyQf méuse, 3R Whikd,
whereas the term "pol ycl onal anti hodi es” and "pol ycl onal anti bod

conmposi tion" ra@eafogenous ssafhas upFscepbingion hetween thec ont ai n

desnal
mul tiple speci ,ggeh' [Ealal ' ' ' P a
parti (F:) ul ar IoV\AD eglg?L 4%5 P%T 143:3%%&;%5%2%5%%@%%?!%8@&%%”%%g:e;lf Jc))frr\}gf %Qﬁ%i body
corr![:)psi ][ i ob% Eetg,u&methrmi t " V\%g,ellﬁif.ﬂ?lm;md. ,m'imgb?evblo_p;_ﬂien@ffha‘dﬁxﬁdty forda
particul ar antigen Wi i.ch i, nor eact.s. ere.is a known .

definite correspondttised lffé?‘%eaé'n‘sf’i?gg%fwtﬁ'& 5‘??’8%%5{? ’5?‘%”‘%5%&% ar
protein and t hef oftidE profinsfieelIGRE nateiaBaridtalure Aedi@s Fhédikolhled fldfXdels By as 5

defined by the genetic code (shown below). Likew se, there is a known and
definite produced by recombinant DNA techniques, or chemical precursors or other chemicals

when chemically synthesized.

20 As used herein, the term "antibody" is intended to include immunoglobulin
molecules and immunologically active portions of immunoglobulin molecules, i.e.,
molecules that contain an antigen binding site which binds (immunoreacts with) an
antigen, such as Fab and F(ab'); fragments, single chain antibodies, scFv, Fd, or other
fragments. Preferably, antibodies of the invention bind specifically or substantially

25 specifically to B7-4 molecules. The terms "monoclonal antibodies" and "monoclonal
antibody composition”, as used herein, refer to a population of antibody molecules that
contain only one species of an antigen binding site capable of immunoreacting with a
particular epitope of an antigen, whereas the term "polyclonal antibodies" and
"polyclonal antibody composition" refer to a population of antibody molecules that

30 contain multiple species of antigen binding sites capable of interacting with a particular



correspondence between the nucleotide sequence of a particular nucleic acid
mol ecul e and the amino acid sequence encoded by that nucleic acid

nol ecul e, as defined by the genetic code. 10 GENETIC jne (Ala, A

GCA, GCCWeBHMSSCT Arginine (Arg, R) AGA, ACG CGA, ce%g@ﬁ‘ﬁ% ( )

Asparagi ne (Asn, N) AAC, AAT Aspartic aci3d- (Asp, D GAC, GAT 15 Cysteine

(CAC}(IBSGC) TCI:,(aSi‘lI'GT @Gutam’c acid (u, Ef GAA, GAG dutamne (An, Q CAA
yci ne i Sfatlo @%ﬂb@o@xﬂodﬂtﬁ&d iaglly dikplay 4 Sindlbindid T 20

| sol eucine (11 eéénl) ATA, ATC, ATT Leuci ne (LeuﬂpL) y(CT CTCn CTQE%TT TTA,

TTG Lysine (@ffinity for ammmmmﬂwmﬂytmvmrmﬂwe Phenyl al ani ne (Phe,

AGT Tea, o, TOLMR e kigfin sl dbfishe birbemoidéhie, blnoathe B gl sepbudt
(Trp, W TGGofy patitulsr Mwmmmemoﬁdbmmlmmmmm\m (Bo®’in, &7C, GTG,

GIT Term natlon Si end t ant d L.k
feature ofd t efingd %%g%‘(%‘écq)dﬁ(sf}‘f’g’“;géﬂﬂ’?rd? tkey Oiﬁﬁp"‘%nra“d é"c'eop Ome

. o
am no aci Sngﬁoygad,&hfﬁﬁiﬁs”at i Jﬂéboﬂ@é ﬁéﬁé@o%ﬁaﬂchlau%.aeﬁdmnetrl pl et

35 may be e ve). "Therefore, nber of different
nucl eot i de sanditheaminoazid sequencé encodedpyvtbat mnlm@cdamle@éqaedﬂf@ed by the

nucl eoti de sequences are considered functionally equival ent since they

result in t h&MHS ion of the sanme amno J WO 01/14556 PCT/ USQOQ 23256
10 GENETIC CODE
Alanine {(Ala, A) GCA, GCC, GCG, GCT
Arginine (Arg, R) AGA, ACG, CGA, CGC, CGG, CGT
Asparagine (Asn, N) AAC, AAT
Aspartic acid (Asp, D) GAC, GAT
15 Cysteine (Cys, C) TGC, TGT
Gletamic acid (Glu, E) GARA, GAG
Glutamine (Gln, Q) CARA, CAG
Glycine (Gly, G) GGA, GGC, GGG, GGT
Histidine (His, H) CAC, CAT
20 Isoleucine (Ile, I) ATA, ATC, ATT
Leucine (Leu, L) CTA, CTC, CTG, CTT, TTA, TTG
Lysine (Lys, K) AAA, AAG
Methionine (Met, M) ATG
Phenylalanine (Phe, F) TTC, TTT
25 pProline (Pro, P) CCA, CCC, CCG, CCT
Serine (Ser, S) AGC, AGT, TCA, TCC, TCG, TCT
Threonine (Thr, T) ACA, ACC, ACG, ACT
Tryptophan (Trp, W) TGG
Tyrosine (Tyr, Y) TAC, TAT
30 valine (val, V) GTA, GTC, GTG, GTT
Termination signal (end} TAA, TAG, TGA
An important and well known feature of the genetic code is its redundancy, whereby, for
most of the amino acids used to make proteins, more than one coding nucleotide triplet
35 may be employed (illustrated above). Therefore, a number of different nucleotide

sequences may code for a given amino acid sequence. Such nucleotide sequences are

considered functionally equivalent since they result in the production of the same amino

&
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-14 acid sequence in all organisns (although certain organi sns may
translate some sequences nore efficiently than they do others). Mreover,
occasionally, a nethylated wvariant of a purine or pyrimnjgdj be found
in a giveﬁ“ﬁ ®6ti de sequence. Such nethylations do ng%gggﬁggﬁﬁ¥he codi ng
rel ati onship between the trinucleotide cobn and 5 the correspondi ng am no
acid. In view of the foregoing, the nucleotide sequence of a DNA or RNA

nol ecul e codadid sdqéncd ifPdil rgReibnd Githowkh ceftaih degahidi MdyQrhnblate sty Portion
thereof) can be use to derive the B7-4 am no acid sequence, using the
genetic code sequencesmprsefficientlyrthon hey dopthersh | Mergpyer; opcasionally A mesh

sequence. Likeyu . i 3}1 iﬂ@u; L oh jﬁ"% : i Ng
nucl eoti de se%ﬁ%ﬁ%&gﬁﬁggg}éﬁ%ﬁg‘% e ?gﬁ'glr%? I n glgn edecsgil%ﬁ‘?:eg irlom t he
genetic code meathylakionsxiciot affeqithe dodingaelativhahipbetweich theptrinublentidercddon phd

nucl ei ¢ aci d sequences, for any gi ven am no acid sequence). Thus,
descripti or afgcgresparding @uine@cer i n of a B7-4 nucl eoti de sequence shoul d

be consi dered 10 ajye Bt dstegdiis d icicBilacRtlicibe Bf SONAYHINRndidEca M O

aci d sequence encoded by the nUcleotide 15 sequence. Simlarly, description
and/ or di scl osading fof a B7Bpolypeptideofthe thverdipnorany ipertionitheredfpedncbelnee to

considered to,alsq, igclude deseription and/or disclosure of al ossi bl e
uci ot de sedabirabe Bl aming s feabined ey Frptts fose i thefia B PMRE o
Nucl eic Aci-d mﬁﬁuteeaeaﬁomanaﬁmmtse@fean,iw@mmﬂ%mmms akid i sol ated
nucl ei ¢ acid nol ecul es that, encode B/-4 proteins or biologically active

portions tMWer sesuencgscopsesponding mueleetide sequences that ganancedesBi-fiprateincart by use as
hybri di zat i on 404

; : . ) . "
nRNA) and frag @%P‘gﬁ?ﬁ()‘?hétée gg%ésé%&gz %frélli’rrer S J(;)iir;hs{]ﬂ @arrp T?ﬂ%ﬁﬁh{gﬁ "g‘rlﬁplg

mut ati on of DBrudeioucid sequemes forrmy giveh eminoAsidiseqenés)r Thus, deserptdcyamd/onuc! ei c
acid 25 nolecyle" is intend o i ncl.ude DNA no ul es, (e.g.,, cl or
Genont o DAY _ AEIOSIRRETIBIoE A /< Teroque Scapgasy SRR o CAPSIgLrea b EnEE or  Rua
gener at ed usi Qescripidi M@lor ARcRNHE Bfithe arhild RidCelencd\EricddedByhthiftldoRle De

si ngl e-stranded or doubl e- stranded, but preferabligl s doubl e- stranded DNA.

An "i sol at &d" seavence; Simidarly, descuptinanilior disclosure offn BE4 aming asidsequenserhereiner

nucleic 30 agj ' ' u e of the
ool 61 o aci d- SheldT ERERa Wil BoERfh ahdlol ARty SRNE
"isol ated" i nautleiie setuiendes thactah eicddedhe ARinb\GLiA $équéhced PCT/ USCO 23256 -

II. Isolated Nucleic Acid Molecules

20 One aspect of the invention pertains to isolated nucleic acid molecules that
encode B7-4 proteins or biologically active portions thereof, as well as nucleic acid
fragments sufficient for use as hybridization probes to identify B7-4-encoding nucleic
acids (e.g., B7-4 mRNA) and fragments for use as PCR primers for the amplification or
mutation of B7-4 nucleic acid molecules. As used herein, the term "nucleic acid

25 molecule" is intended to include DNA molecules (e.g., cDNA or genomic DNA) and
RNA molecules {e.g., mRNA) and analogs of the DNA or RNA generated using
nucleotide analogs. The nucleic acid molecule can be single-stranded or double-
stranded, but preferably is double-stranded DNA.

- An "isolated" nucleic acid molecule is one which is separated from other nucleic

30 acid molecules which are present in the natural source of the nucleic acid. For example,

with regards to genomic DNA, the term "isolated" includes nucleic acid molecules



-15 which are separated fromthe chrormsorre with which the genomic DNA is .
naturally associated. Preferably, an "isolated” nucleic acid nmolecule is
free of sequences which naturally flank the nucleic ac g,rlbhoofznsﬁsequences
| ocat ed aWVOOKR4S86 and 3' ends of the nucleic acid) in enom ¢ DNA of
the organi smfrom which the nucleic acidijgplecule is 5 deri ved For
exanpl e, in various enbodi nents, the isolated B7-4 nucleic acid nolecul e

Can, Cont 2 1 | 8 e o ol Bl e ot B Bl <0, f
geno_m' cI g){\l?dc&sr?gt:feg?gkéggrfglym'mmdd" hmsi?gﬁmg:mdecalcnsiﬁesofckequenmgvgﬂr :over :
gﬂbs!t Zﬁt i al | yatyrgly fiank themic el?éﬂ"} &}Seﬂg@gﬁ lgfa t‘%ﬂ‘% F‘Ef*:g mrl?ﬁf%en
produced by rg fg?ﬁmggﬁiom CEP{SN StthSorg; ﬂ’ﬁsxﬁ%ﬁ@ﬁ!&h ﬁie'nﬁcl&ﬁ%éidmol&m% cal

precursors or when chem cal @ﬁ/ synt hesi zed. An "isol at ed”
B7- 4 nucl e$ ¢ derivéd! Fookxample mmouhcmhqmmentb d isolated B # nycleisracid moleste de

sequences that do .no B c DNA
(oo the. Bran cqneh e fn bt aby BB ok b, AR HETE T RoofpRRARIC 00
In certain prefensRiieRinm Mk tenutkic dckDholeark inttabmicDNA bfithevtikcul e,
such as a cDNA nol ecul e, also may be free of other Cequ}%l ar materlal

However, it |fmmwhl°hém1§mcﬂ)‘ﬁ denined ghareqyes; pa 'igolgted nucisicacid 'é"lf"ﬁ‘ Be f ree
of other cel 'ps§ ks AANGA bitechl. G 1S B ARRRred o Qu Eefiuiek Srafbriel, B

nol ecul e romo |nserted Into a acterlal
cel I woul qio Strhédiu vhes pﬂﬂuctdrbgdedombhmnt teehniqmesgdi‘ ;ubs@manym of¢henical d

nol ecul e of the present enti el c & aV|ng
the nucl eot | CEeUEQTRAOth °5a‘ ‘&‘W@h icﬁﬁly %Yn pized. g‘b‘rf | g%d ﬁz can be
| sol ated usi ng;hapdic ﬁilaﬂ%%wraﬂelﬂk&l ﬁ%&ﬁﬁd‘léﬁtﬁuﬁéquaﬁ&s ﬂﬁﬁd&lﬁﬂuence

I nformati on provided hetrein. For exanpl e, using all portion of the

nucl ei ¢ aci d menelisnBankdhe BE®sequenqesimgegpmy:; DNA (&gh%rl?ﬂd‘i pyglsofide pr obe, B7-4
nucl ei ¢ aci d nol ecul es .can 28 {zﬂ [ on and
cl oni ng t echriFHLfRES (“éybe?ilnkgiet escrﬁaglgmlg%)Sa FI’IE{H‘S s and
Mani ati s, 13. 'Mblmlln&élelelaadlmujecul% fugb as atBNA mﬁemdﬂ als@ may be free oitaﬂm Sprl ng
Har bor Laborato rin Harb Labor Pr es Har bor ;
NY, 1989). g@ >S9 WF?&WI@"@?\?& icnagﬁa'ﬁ?l%l?é tgq’ﬁort i on

of SEQID 30fré¥<8fbuﬁf ceﬁuﬁmaﬁﬁan 16 Bk Bbriflefed "isbmeaowgwm DNximolecalect i on
(PR using Ssg;rztgzl Iﬁ'gmvglt)heg }r{a}rﬁt?a?lgn BIC*I-IX a%?lolgs/erz'tgdz 15ntt3o a bacterial cell would still be
considered to be "isolated").

20 A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule
having the nucleotide sequence of SEQ ID NO:1 or 3, or a portion thereof, can be
isolated using standard molecular biology techniques and the sequence information
provided herein. For example, using all or portion of the nucleic acid sequence of SEQ
ID NO:1 or 3, as a hybridization probe, B7-4 nucleic acid molecules can be isolated

25 using standard hybridization and cloning techniques (e.g., as described in Sambrook, J.,
Fritsh, E. F., and Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd, ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, 1989).

Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID

30 NO:1 or 3 can be isolated by the polymerase chain reaction (PCR) using synthetic
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-16 oligonucl eotide priners designed based upon the sequence of SEQ I D NO
1 or 3, respectively. A nucleic acid of the invention can be anplified

using cDNA, nRNA or alternatively, genonm c DNA,- ‘as a tewg
appr opr i aMWO Y¥M¥Bnucl eoti de priners 5 according to stand

anplification techniques. The nucleic acif so anplified can be cloned into
an appropriate vector and characteri zed by DNA sequence anal ysi s.

Furthernore, o].i gonucleotides,corr ondi ng, to B7-4 | de sequences
can be pr epaPJéﬁP%Hae%‘E‘grP(ﬁ’g?eﬂs @ﬁﬁ?ﬁ#iy?@gﬂm Hgpence 8%%?’33‘23 °5ﬁ’ aut omat ed
DNA synt hesi Zgispectifely. Pref erred embodi ment, an isolated nucleic acid

mol ecul e of the invention 10 conprises the nucleotide sequence shown in

SEQ ID NO 1 or 3. Amugleistagigrofghedingention cambermplified using cDN4\, mPMNA Aicl ei ¢ aci d

nol ecul e of t | ntion.c ri ' | | is a
conpl enment of Qf‘ﬁ%“ﬁ’é@r ééd‘[%f“ eﬁﬁg‘ééigﬁc la?%%ivﬁ p&r@éﬁ%"@'ﬁ@%&"% or a
portion of sanyccotdifig@eandard POR dmislificativictectiiques. ATl miciccacitsochniplified vare
whi ch i s conpl enent a,r}/ to the .nucl eotide, se uenceévshovvn in 15 SEQ ID NO 1
or 3, is one Whfleped igtoanrappropeiate vecterang waﬂmeg HNA geqyence aply vt

sequence sho | L e '

hybri di ze tow'? e n%r él(%%&’stg%ﬁgbncei sﬁ%bﬁ%%ﬁ%&@?&ﬁgc&ﬁ%

respecti vel y, ptepared by sthndand symthetic terbhiguesceip| using dmautamdtéd BNAt sypthesizeef er r ed

enbodi ment, an iso}ated.nucl ejc,.acid nolecyle.af the 20 prasent i.nvention

conpri ses a nucl eo*"i W@Eﬁéﬁlﬂt@%ﬁ?tﬁ‘ ‘P%‘atﬁanPféagf‘mgm?&ic“ ?“’3%‘%““%0%

65% 70% it %omfides B Yuclpide sOQincsXhbvatin SEQIDNNORI®RE0US L0 the nucl eoti de

sequence (e.g., to the entire |l ength of the nucl eotide sequence) shown in

SEQ ID NGO | or 3!n4noth§rp@f6me6nmgodmgt,@flsvln@@uﬂgéla@dtmra@ub@q)@mCes.

Mor eover, the. i | ' ' | ly a
fﬂl'#ﬁéo% c%nﬁa?.s& a%%fc"ﬂcfd rﬁ&e&&i@?vh@.ég‘# bttt ;aP{g;e nhlEotidle

portion 25 o € nuclerc acrd sequence o or exanple a
fragment whi cbequetice shewn ReESEQID N(pt ob3, opa pprtion®f any ofahése ageteotide sequenkieng a

oo oo Y, bl R B s B s BB S B 5, o
probes andspr SERYID NOS G35 oneWwhiths ulfidislRiYl dolpldhsenitf tothe nididoRle'g ot her
B7-4 famly nenbers, as well as B7-4 fam |y honol ogues from ot her 30
speci es. The pequbedeshowein SEQ IR NO:{ orhreapeetivelyasuchithat itean hybridizeue thej ed
0L 1m0 | SR ARG 0L M 624! R, B8 il
duplex. '
In still another preferred embodiment, an isolated nucleic acid molecule of the
20 present invention comprises a nucleotide sequence which is at least about 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or more homologous to the
nucleotide sequence (e.g., to the entire length of the nucleotide sequence) shown in SEQ
ID NO:1 or 3, or a portion of any of these nucleotide sequences.
Moreover, the nucleic acid molecule of the invention can comprise only a portion
25 of the mucleic acid sequence of SEQ ID NO:1 or 3, for example a fragment which can
be used as a probe or primer or a fragment encoding a biologically active portion of a
B7-4 protein. The nucleotide sequence determined from the cloning of the B7-4 genes
allows for the generation of probes and primers designed for use in identifying and/or
cloning other B7-4 family members, as well as B7-4 family homologues from other
30 species. The probe/primer typically comprises a substantially purified oligonucleotide.

The oligonucleotide typically comprises a region of nucleotide sequence that hybridizes



WO 01/ 14556 PCT/ US00/ 23256 -17 under stringent conditions to at |east
about 12 or 15, preferably about 20 or 25, nore preferably about 30, 35,
40, 45, 50, 55, 60, 65, or 75 consecutive nucleotides o cfuSfRsRe Seduence
of SEQ | DVROV1458% 3 or of a naturally occurring allelic variant or nutant
of SEQID NO1 or 3. In an exenplary ephedi nent, a nucleic acid nol ecul e
of the present 5 invention conprises a nucleotide sequence which is at

| east 350, 40Q0. 450 00, .. : | des in

| angth and PR Ee B0 sblfde pboip 12 S0, picn R B2, Btk 0

nucl ei ¢ aci d pieterablylabot303340,[25N\5D, 55060, 85, dr 15 aosedutive audientidesofia seases econd
nucl eic acid nol ecul e conprises at |east g?out 500, .600,. 700, 800, _.900, or

1000 cont i guéﬂ@eﬁfﬁﬂfm_ NOgk orzer ¢ ymcmgega{lﬂc vefjanyer mytanf of o, o
embodi ment, C‘Sﬁtb’ﬁi ROF1 854, Un'Hh e Si1Sry SbbBfacht) ¥ RIS Hoid Sadleculc/dPihe!bledS a

probe, does not”include the portion”of SEQ I D NO 1 from about nucl eoti des
815 to ab®utin@nfioméontiFiges LmidiRotidosequénse whichds adeastide, 400045Q 586.558f SEQ | D

NO 1. In anofher. emhodien a pucl ei.c, aci d l.ecul € of t [ pvention does
not i ncl ude téﬁ?@@’J@r?#‘gﬁ'&90%%°ﬁifsr&ﬂe§g¢%§3%bdﬁffﬁ“%{%%ﬁgﬁﬁ‘g 314 to
about 734, OlhyhfidizaRRuAdititHsdb & ahélee add moleurREBEQIBNOArorf3l om about

nucl eoti de 1085 to about 1104 or from about nucleotide 1286 to about 1536

of SEQ I D NO 3. | fin annthes embediment; a sesond myclaicacid-malepyle eomprises)at leastahont, ent i on
conpri ses at ' | IS I iy or SEQ
ID NO 3. In ag "g’?‘g’?’e@ggbﬁ’ gg&g’ﬁg% éﬁ%ﬁ%ﬁ%@% ac |(§iDrr§ ?Sé S Pgﬁgfl bt he

I nventi onl@gompi xes at | east about 600, at |east about 700, at east about
800, at | east about 900 or_  at |easf.abput 950 contjguous nugl eoti des of
SEQ ID NO' 1 or abé%?nel%vdm%iagﬁ'ﬁ{?& %M@mﬁ?%‘éggfo‘r‘_g‘%\%@'ﬁ ersgv\f:@'  sadhd )

anot her enmboqjfgnioes fofiHALA the pértin B}%@?mw@i flolabbiiiclebGdes PSR | ses at

| east about 00 or 1550 nucl eotides of SEQ ID NO 3 25 Preferably, an

i sol at ed nuclabput 850 oHSEQIBANM:2 opbaubnudleptides 3291t0 83MefiSEQID NO:1.dlast a

ti f th di i . j ' 59-793) -
o Seo 1 D Nl Aheeicaeid el drshenifefioh Boiot fidhisgia > 70
B7-4 nucl ¢f c pegich of SEQIDUNG:3cfeorp aboue sudleatide Abblotabowt FB4,airifien dboub about

| tide 319 of .S | D .NO I th ' t =4 | ei i d
ok ecul b conpRFisaideas o shast 860, or Forb Abon nucicchds 1045 Waneit 1104 PrR Aol 5
SEQ I'D NO 1. thiblediitfe! 1286 t4bRaC1 538 0F SEQ IBNG:3nuc i

In one embodiment, a nucleic acid molecule of the invention comprises at least

about 500 contiguous nucleotides of SEQ ID NO:1 or SEQ ID NO:3. In a preferred

20 embodiment, a nucleic acid molecule of the invention comprises at least about 600, at
least about 700, at east about 800, at least about 900 or at least about 950 contiguous
nucleotides of SEQ ID NO:1 or about 1000 contiguous nucleotides of SEQ ID NO:3.

In another embodiment, a nucleic acid molecule of the invention comprises at least
about 1500 or 1550 nucleotides of SEQ ID NO:3

25 Preferably, an isolated nucleic acid molecule of the invention comprises at least a
portion of the coding region of SEQ ID NO:1 (shown in nucleotides 59-793) or SEQ ID
NO:3 (shown in nucleotides 53-922). In another embodiment, a B7-4 nucleic acid
molecule comprises from about nucleotide 1 to about nucleotide 319 of SEQ ID NO:1.
In another embodiment, a B7-4 nucleic acid molecule comprises from about nucleotide

30 855 to about nucleotide 968 of SEQ ID NO:1. In another embodiment, a B7-4 nucleic

acid molecule comprises from about nucleotide 1 to about nucleotide 314 of SEQ ID

AR AR A, T v 3



acid nol ecul e conprises from about nucleotide Ito about nucleotide 314 of
SEQ I D WD 01114556 PCT/ US00/23256 18 NO 3. In another enbodiment, a B7-4

nucl ei ¢ ag‘i"g%gecul e conprises from about nucleotide 9?%1:/‘1902391%9'[
- n

nucl eoti d Bt SEQ I D NO 3. In another enbodinent, a (cl eic acid
nol ecul e conprises from about nucl eoti de.1®35 to about nucleotide 1552 of
SEQID NGO 3. 5 1n other enbodinents, a nucleic acid nolecule of the

i nvention has N©:3! fsiothéPmbdditagit 4 By-a MR HcR rﬁél@ahé’c&gﬁﬁslbéjﬁ&hiaiﬂut and

even nore preferably 90%identity with a nucleic acid ecul e conpri sing:
at | east abounugedideR65 tocabout misteotidSIZ8S of SEQIESNORH nanottiep mbedimentss BZbout

800, at |east ,about 900 qr at |east abou 00 Nt i.guous nucl £ofL. i of
SEQ 1D NO 1 o e e opmiit. B8 sbod Risleqtil 1598 B Shafi ks e e 1352
sequences canopSEQIPIN®QG. detect transcripts or genom c sequences encodi ng

t he some or_ honol og‘ous proteins. In preferred enbodinents, the probe
further corforises I otherembgdimentsae nucleie acid moleculs of thegnventipn hasas tgast 7§boup

can be a radi Qs +CO nme co-

Factor. Suoh piafogRBre e @9 Bhe U mof bbb Dovplacfit ST

i denti fyi ng celtlsicatid hioléculesoaprisingcat Ieussaboptr 00sat deaBi/abbuB00; filenst sbagh as by

nmeasuring a I%¥§I of a B7-4- coding nucleic acid in a sanple of cells
t"™Ve.

4
froma subjec ﬁf.e,aStGB?‘E(gW’ﬁgpeB“)t-a o or atdeast aboyt 1090 cantiguausguclaotideser a

genom ¢ B7-4 geREQIBNGIR SEV I RO 0" deleted. A nucleic acid fragment
encoding a "biologically active portion of a B7-4 protein"” can be prepared

by isol atily a por Pfabes based ¢orethe BiHemcledtide saquencescantbe 85« toe®@Ct thaBscliptsr 3,

whi ch encodes a_pol ypepti de havi.ng.a B7-4 bi ol.ogi cal .,acti,vit t.he

bi ol ogi cal @l FUTTHERdsces chepsing s, saing or Boraglastys Brossini, Jnpisfered)

expressi ng t hembbdiarag, the piobe furthier conlytisty'a tbélgadhupi altadhRd theretd)e.g. AROBBAINaANt
expression in vitro) and assessing the activity of the encoded portion of
the B7-4 prot &P AR B¢ aradioisotape,afluarescent compeund, a1 enzyme. AraBEGYIB 40 | or 3

due to degenerggy Sach dshen e i Dl'slh-dl% ; . B7-4
menber protein as tﬁatﬁétr’\cog%d %a%%g%%f@g% an st ,qggge%dﬁ%‘g%ggssogd by
t he i nvent 15n tissies whigh mj$expresse Bhidipnatein, sxch esibymneaspringia levell afiadBy-4ucl ei ¢
acid nol ecul e of the inventi.on has a.nycleotide. sequence, encodi a
protei n havi n§@ﬁ"§§rﬁ“ﬁ_ ‘cﬁﬁdd“§éﬂﬁélﬁ8g°§ﬁ&ﬂ‘P?ﬂ§"§ﬁ%'g %?‘“ﬁrh%r"{jmggal D
NG 4. I n anot haklsoreeiiihing whethet $gindhicBNYGehd Rasdebrimiilatcaor isleRd. t he

A nucleic acid fragment encoding a "biologically active portion of a B7-4

protein” can be prepared by isolating a portion of the nucleotide sequence of SEQ ID
20 NO:l or 3, which encodes a polypeptide having a B7-4 biological activity (the biological
_activities of the B7-4 proteins are described herein), expressing the encoded portion of
the B7-4 protein (e.g., by recombinant expression in vitro) and assessing the activity of
the encoded portion of the B7-4 protein. '
Nucleic acid molecules that differ from SEQ ID NO: 1 or 3 due to degeneracy
25 of the genetic code, and thus encode the same a B7-4 member protein as that encoded by
SEQID NO: 1 and 3, are encompassed by the invention. Accordingly, in another
embodiment, an isolated nucleic acid molecule of the invention has a nucleotide
sequence encoding a protein having an amino acid sequence shown in SEQ ID NO: 2 or
SEQ ID NO:4. In another embodiment, an isolated nucleic acid molecule of the

30 invention has a nucleotide sequence encoding a B7-4 protein.



30 invention has a nucl eotide sequence encoding a B7-4 protein. WO 0]/ 14556
PCTI USOQ' 23256 -19 In addition to the B7-4 nucl eoti de sequences shown in
SEQIDNO1 or 3, it will be appreciated by those skil ' art that
DNA sequeW@OV P nor phi sns that |ead to changes in thei’ggﬁn?l@n%%?d
sequences of the B7-4 proteins may existjgithin a population (e.g., the
human popul ation). Such genetic polynorphismin the B7-4 genes nmay exist 5
anong i ndi vi dual s M.t . 1100: i U6 Vald atd:fgn. As
used herein, t heIwﬁ&éﬁwgﬁhél%gggﬁ#ﬁcgg?ﬂgeng'sﬁrde?jeyéflo&%?}%?c aci d
mol ecul es whitghppreciated by ttiose skikked in dlectirrthatiDNABeqenadgolygnapliisnsithatr leddston,
preferably a mamali an B7-4 protein, ﬁlnﬂ%zc_ﬁn further include non-coding
regul atory se&HamesE inthe aminojaqid sgauences of the B4 profeins may gxist Withimagopglation o e

both Tuncti 0ngly, #ihulRh phikifidnd "SdchBéndticloRiuirplisr iFkhe m%e%@af&iéty

result in 1-5%Variance | e nucl eoti de sequence of a B7- ene. Any and
all  such Sucnengintivideals withioapopulationsiveite natarabatielio variatian.pds ysedhereinsns i n

B7-4 genes that, arg the result..of natuyr |l elic Mariati t do
not alter thdh$ RS j85MS and fecombipantgene '%%”% “B&‘S?é?‘ﬁ%édr‘%“.‘egpv é‘%g%‘;‘{;% be

Wi thin the S%R%eﬁ’fea&ihg frafhé @ASdRZ.a BD4 EoNeRm, préferablyiatneraliah B 704 plotein,
encodi ng other B7-4 fanmly nenbers and, 15 thus, which have a nucl eotide
sequence whi cindgar fusther inelade nanccoping zegulatory seqyienssaand dntrops. Sychnewraly 1 or 3

8754 oA carIpie Tt Rl ARGISH bdRoh MERIIRy SbcikalR e

B7-4 cDNA can ase e nucl eotide se n B74.
Nor eover, 1Guaypicallyaesult int586 varzncecindhxchucipotide stquenot of :1B7-Agone. dhryf and it

species, and thus_ whi.ch hgave a . nuc|eotide seguence ich differs fromthe
B7- 4 sequencedchpuclgetide yarjationggnd r%s,ulngg Apng W‘ff‘g??g’é'ﬂmi’ sgs 1 (- gpnes H?E scope

of the iNventrofhe ksl of ¥Rl Rlelidvariiibs Snd¥hartiociobites & furctiofdnativilyadt abased

on the nucleotide sequence of a human B7-4 nplecule. Nucleic acid
nol ecul es corBa4 protein arg intendedte beywithin|the scepeofthesipventiohd honol ogues of t he

B7-4 cDNAs of thegié&\é‘gvr%:ngxgeféaa@ig ol&ﬁ@s%%it%t egga\&?ﬂgrm lagy to the

B7-4 25 nucleic 0sé erern usin i scl osed herein,
or a portii®n thisewhith havesa sucleptidé stiquance whichdifiers fromdheBTrg familysseguanaeschf

i genont SR NC G s pbiea ] byt e oot teabfoeffe \EF £RbFFle Lo a
hybri di zat i orny,BihePB7-aRHNA endRidenfifild badedéi the Audlestide iseesce(0f hgman BA4 .
described in Sanbrook, J., et al. Mblecul ar d oni ng-émﬁiijf'e?ebn?;at i%g yang/anual :
2nd, ed., Moreover, nucleic acid molecules encoding B7-4 proteins pecies,
thus which have a nucleotide sequence which differs from the B7-4 sequences of SEQ
20 ID NO:1 or 3 are intended to be within the scope of the invention. For example, a
mouse B7-4 cDNA can be identified based on the nucleotide sequence of a human B7-4
molecule.
Nucleic acid molecules corresponding to natural allelic variants and homologues
of the B7-4 cDNAs of the invention can be isolated based on their homology to the B7-4
25 nucleic acids disclosed herein using the cDNAs disclosed herein, or a portion thereof, as
a hybridization probe according to standard hybridization techniques. For example, a
B7-4 DNA can be isolated from a human genomic DNA library using all or portion of
SEQ ID NO:1 or 3 as a hybridization probe and standard hybridization techniques (e.g.,
as described in Sambrook, J., et al. Molecular Cloning: A Laboratory Manual. 2nd, ed.,
30 Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 1989). Moreover, a nucleic

acid molecule encompassing all or a portion of a B7-4 gene can be isolated by the




30 Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 1989). Moreover,
a nucl'eic acid nolecule enconpassing all or a portion of a B7-4 gene can

be isolated b the was-4:;.; F~ .. - WO 01/ 14556 PCT/ §p 7’%%8 -20

pol yrner as&'Q % eaction’ u3| ng oli gonucl eotide priners désigne ased upon
the sequence of SEQ ID NO I or 3. For eypnple, nRNA can be isolated from
cells (e.qg. y the guanidiniumthiocyanate extraction procedure of

pr epar og , ﬁ'gdr&%%%%@amrg e S A Lt
transcri pt aseseqauiitelof BEQ ID'NOY Loi3: FR¥iRlexarfisle, 1BRNA. calvBe isolitedAiin Eelléte. g9
transcri ptase, available from Sei ka aku Anerica, |nc St. Petersburg,

FL). Syntheti by eigyanidinivserthioryapste w@ém%ﬂfﬁhprgwmmbm%h be
desi gned_basegochf) It HY£s368)alfe ﬁﬁwﬂss 8108 ki 7k PuChpeleo” 3 A

nucl ei ¢ acid nol ecu ven I on can
al ternative y(egeMoloney MIN rexersetrri3cripiae] mﬂatﬂmﬂ-ompﬁlbcqfﬂkm Bethesda MD;

ol i gonucl eot i de ners accor.di ng t nd tio
Cechn ques. . THEANDEREFSe GEmaseamipiis BAmkagaoLAGHEG 15, St Jtersburg,
appropriate V?EBOS rRéc ofi zﬁeksﬁdgﬁﬂn&yfopiﬂénmmn%ﬂbyaeﬁgm&u&herrmre

ol i gonucl eot i des correspondlng toa B/7-4 nucl eotide sequence can be
prepared by spmibanublm: mmetsb@m:rcﬁmm &lQy 1 ords iAngucleic arid moteceld oDNA

synt hesi zer. 15.ln not r e nent | at ed .nucl ej c d _nol ecul e of
the invention §nv °'f Easte afg’?%g%“s%é °<5’r ‘ﬁﬂ?ﬁvﬂh&%{‘ﬂ @i‘&laﬁal engt h and
hybri di zes1ounespldé and¥pprdpriak@Ngohciotidd pmhdsre attofding © sk@tgdPORecCUl e

conprising the nucl eotide sequence of SEQ I .| or 3. 1n other

embodi ment , t AEPlicatien Eeci%‘ﬂ'éFsrrEF’%EWEﬂl%c ?@déﬂam@ ogm be glonerkjgtormo, 200,
250, 300, 350 té'\fr:& h Q | uhﬁé}ﬂx As used
herein, 20 thg ngl hy r?g(?ges un b@rﬁ%@?@%on |'Es| gns I's I ntended to

descri be cond btifgamsleoudes cdmspmuinmn chV—ﬁmblmﬂh seqyennectan be\prepdredipc| eot i de

sequences at Iea 30 50% .60% honol o 9 EQlCh ot her
typical ly renmirh ‘}Wﬁﬂ‘ﬁg shpigues ez Bﬁ’?ﬁa?“a t%‘ﬂgﬁiys thEHNZFTondi tions are

such that gequencem abtheféfibodiient| aniSflatedRicteiPacld Blodelile oftthelid@Btiorri At!t
80% even nore preferabl:¥p at | east about 85% or. 90% honol ogous to each

ot her 25 typi a1, 3%a; %ymrpavcﬂm%né@sﬁimm izercynder stringeatt
conditions ar m dafd : I @gg(q
Current Prot ogo S nt(f\gle}algﬂ i o(*]ogy,&gjgh%ﬁg%elnggﬂgn%gsﬁg&ﬂﬁg : 829) ,
6.3.1-6.3.6. NQtef hrhﬂuherlembodimcht iheguelrigrapidenaléculd isiahlgasu 80, 50, 100, 150,
200, 250, 300, 350, 400, 450, 500, 550, or 600 nucleotides in length. As used herein,

20 the term "hybridizes under stringent conditions” is intended to describe conditions for

hybridization and washing under which nucleotide sequences at least 30%, 40%, 50%,
or 60% homologous to each other typically remain hybridized to each other. Preferably,
the conditions are such that sequences at least about 70%, more preferably at least about
80%, even more preferably at least about 85% or 90% homologous to each other

25 typically remain hybridized to each other. Such stringent conditions are known to those
skilled in the art and can be found in Current Protocols in Molecular Biology, John
Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. A preferred, non-limiting example of stringent
hybridization conditions are hybridization in 6X sodium chloride/sodium citrate (SSC)
at about 45°C, followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50-65°C.

30 Preferably, an isolated nucleic acid molecule of the invention that hybridizes under



hybridi zati on conditions are hybridization in 6X sodi um chl ori del sodi um
citrate (SSC) at about 45C, followed by one or nore washes in 0.2 X SSC,
0.1% SDS at 50-65C. 30 Preferably, an isolated nucleic g@*gﬁs‘ﬁ% gul e of the
i nvent i orVORYI4SBR br i di zes under WO 01/ 14556 PCT/ US00/ 23 stringent
conditions to the sequence of SEQ ID NO.bjor 3 corresponds to a natural I y-
occurring nucleic acid nolecule. As used herein, "naturally-occurring”

nucleic acid cule cl eoti de
sequence th’atsgﬁ'@g &Isqédi?eesg?e g., %%E?ﬁs%%gﬁé%ﬁaﬁﬂ()r otel ngyj
addition to tdaeuxﬂigﬂudl&icicﬁd)hmtéeule.equences shown in SEQ ID NO and 3 i t
wi |l be appreciated by those skilled in.the a t hat .DNA s uenc

pol ynor phi sns tha?“sl‘lé%h%"’rﬂ i onguEng rf“’f’ %P‘élﬁﬂlﬁ'é’ Wam d
sequences of o g@legax m‘ﬁlédﬁ'd@ sEqueRR\that bbFs in Bhieke (G%n‘éhd:daesa

pol yrmor phi sm r n a exi st anong individuals Wthin a
popul at i ons dunatural praatio. ki additioalto the\B¥-4 nudlentide skquencepshowmin SEQIDINO; b

vari ations can resul.t i a t | eoti de
sequence of taﬁgggﬁ?’i’@ﬂ%%“@w Wijfglbc?&ﬁ?sﬁé%\/l fnalg' %‘ﬂ@s ?gAr%gu ing am no acid
pogy rrﬁr p hijs o’i?lﬁﬁnélthﬁthad t3 findritharg?s itl the ﬁﬁclm‘ﬁtlbﬁdrmﬁb heitl sequessoes of i on
and that do not

ter the functional activity of a p I%‘Ee%tel de are
Wi thin the s@(ﬁk4maYteWétWﬂVEﬁPPP}Ha“qnn Sughygeneti,pelym PI"‘@3 A M¥g
allelic vari Usihi ation, the
kit led ot Ylsbabndifaiiinad app?"«i‘i:“:pg?{emmtt&%aﬁﬁl ﬁl?:ehgﬁa'té&s?ﬁ“p? B
i nt r oducetd byhatidilallelivvariations namiypmallsd!csdtaixpdeh%e@pamegn themiiclgptige D NO | or

3, thereby | eadi ng 0 change am no ac uence of, the encoded

protein, wit feaHencey t’é"rﬁﬁ'?& g@%?foﬂ?"%ﬁ%ﬁ‘ag&mﬁmg? 4 orotein. For
exanpl e, nuc?%%&aumwnm tHaPsre theRR€liluF nhrA alldle vasatibnand 8iat dohétons at
'non-essential™ anmino acid. residues may be made 20 in the sequence of SEQ

ID NO 1 or Zltepthe fimgtienabactivity pf a B nelypeptideage;within thescopeof thefnyention, ;¢ can
be altered fromt i} d- ul e
(e.g., the sequen?’ga%qm@éé)}éwgui org%"'hﬁ'1 ﬁ%out dﬁ%eﬁ%gﬁ% e%ﬁgtlonal
activity 0§ axi3rindhe populntioh,dhe ﬁﬂhdpktiaaymﬂﬁu&ae&ppﬁmamamnmsmm al
and, therefore, e sti on, can be | i {ied b one of
ordinary ski IQCWWEH@HE’F?“W E’ tﬁ‘&sgﬂ“egﬁ?sh%g%'%gsw ht of B7
fam |y menbergerbiy 1eafi %3 “cHarlg@dlin/the ﬁﬁiﬁ’@%ﬂ)secﬁi&dcdiﬂ&lﬁddﬁbdﬂeﬂ@mmﬁamdiws t hat
are not conserve Such residues, because they have not be es&;b onserved,

are nmore | i keltpringihe fisicdonabacsiyity of 2 BY 4gotein. For example, nucleoti stitutions

leading to amino acid substitutions at "non-essential” amino acid residues may be made
20 in the sequence of SEQ ID NO: 1 or 3. A "non-essential" amino acid residue is a residue
that can be altered from the wild-type sequence of a B7-4 nucleic acid molecule (e.g.,
the sequence of SEQ ID NO: 1 or 3) without altering the functional activity of a B7-4
molecule. Exemplary residues which are non-essential and, therefore, amenable to
substitution, can be identified by one of ordinary skill in the art by performing an amino
25  acid alignment of B7 family members (or of B7-4 family members) and determining
residues that are not conserved. Such residues, because they have not been conserved,
are more likely amenable to substitution.
Accordingly, another aspect of the invention pertains to nucleic acid molecules
encoding B7-4 proteins that contain changes in amino acid residues that are not essential
30 for a B7-4 activity. Such B7-4 proteins differ in amino acid sequence from SEQ ID NO:

2 or 4 yet retain an inherent B7-4 activity. An isolated nucleic acid molecule encoding a




Accordingly, another aspect of the invention pertains to nucleic acid

‘nol ecul es  encodi ng B7-4 proteins that contain changes in am no acid
residues that are not essential 30 for a B7-4 activity. ‘?@ﬂ'ﬂﬁzﬁ pr ot ei ns
differ i nWAHIA4SSEci d sequence from SEQ ID NO 2 or 4 yet® 0%33% i nherent
B7-4 activity. An isolated nucleic aci.d npgecul e encoding a WO 01/ 14556
PCT/ US00/ 23256 -22 non-natural variant of a B7-4 protein can be created by

i ntroduci ng opeg,. sant OF G ' : '&bﬁté'd)ﬂrsi bt el etions
into the nuclfekgt%?{de s{gg‘&gnce %71‘)4E%%“F%Q%I\#O I or _gugdjg&fgt gt%rgl%reéjor nor e
anmi no aci d subedédtide substitutionk; additiors oo deleiidnstinto tize mucleotidaxequaioe ofSEQID t he
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St andar d't echiOde St b dr e Aing Bt SthakEhBne BN oT BeIBGHS APy oo
nut agenesi s. [p@beded pht theCeRBSRA PAdtéin © Mulativas ok bk ifitdbthiced itd SEQ IBINO:NBgte at

one or nore non-essential amno acid residues. A "conservative am no acid
substit uti @n" 3 by standard techuigueshsuch as siterdirected imutagengsisaad PCR-mediatedd with an

am no acid resj havi si m . Si chaj 1L es Il no. .acid
et ducs. havi TYCEErHR: PR RS, capeliyE b figl s e ARG A

i ncl udi ng bashén-gdseiftial Ardindacidaesidues. XScorBervatied dhine acid nbistialtion)is of€indi C
side chains (e.g., aspartic acid, glutamc acid), uncharged pol ar side
chains (e.g., vWichchemino acid sesidye irreplgead; with aamisg acid gesiqug hayipg Asimilagr osi ne,
cysteine) , NOgROkiin SEAGIE G aind fidhresidné F0Ing Simile idB EhaihHaG

I sol euci ne, proline, phenylalanine, methionin&, tryptophan), et a- branched
si de chai N ( defined in theartninoleding dhsinside chainsdagi, lysinesarginimeohistidine) sdcitlic chai ns
15 (e.qg., tyrasing,. enyl al ani n r.pt aphan,, hi gtidi ne).. Thuys, .
nonessent i | She Aivindleg spmcRipett piamt B BRctaried oo atge chefie e Bbtpine

anot her am nogagfatagineCSutdine §m,ttﬁﬁoﬁﬁ&ﬁyro§ihdﬁ:yﬁgﬁéﬂn&gmal‘ ¥ide Ohdiy (@3L,1 vely,
i n anot her enbodi ment, nutations can be Introduced randomy along all or
part of a B7- alanine,valine deygingcisoleupine proling phenylalaning, sethiening &rpptopkan).and t he
20 resul tant oreloh qﬁg [ K L oo
and/ or activate 't%?é{%}écrl |oettl:|(i‘l gﬁ,gfefe%’ I eIrll?'lé’f{/ahﬁ%tl%%gin%%%dta?oé@aﬁg%‘#e&nc I onal
activity. 150l (eg\ tyopsine] pigayielanite, tryiptophan) histidihey This/h nontssaitiapamineiabidcan be

it ant - pr of o FRER CH BYA S PR 56yt e edier el oRg am Ui b,
assessi ng a Bgpiéd chfh Fatilyy. 25 Accordingly, another aspect of the invention

pertains to nucleic acid nolecul es encoding B7-4 proteins that contain
changes in am no aditgrnpiévsiyireancthen embedimant; mutations dag jbe introduced randomly

along all or part of a B7-4 coding sequence, such as by saturation mutagenesis, and the

20 resultant mutants can be screened for their ability to bind to DNA and/or activate
transcription, to identify mutants that retain functional activity. Following mutagenesis,
the encoded a B7-4 mutant protein can be expressed recombinantly in a host cell and the
functional activity of the mutant protein can be determined using assays available in the
art for assessing a B7-4 activity.

25 Accordingly, another aspect of the invention pertains to nucleic acid molecules
encoding B7-4 proteins that contain changes in amino acid residues that are not essential
for activity.

Yet another aspect of the invention pertains to isolated nucleic acid molecules
encoding a B7-4 fusion proteins. Such nucleic acid molecules, comprising at least a first

30 nucleotide sequence encoding a B7-4 protein, polypeptide or peptide operatively linked



for activity. Yet another aspect of the invention pertains to isolated

nucl eic acid nolecules encoding a B7-4 fusion proteins. Such nucleic acid’
nol ecul es, conprising at least a first 30 nucl eotide seguence encoding a
B7- 4 prot NIy pepti de or peptide operatively |inked P@Eﬁ%ﬂ?’?&%‘%

PCT/ US00/ 23256 -23 to a second nucl eotidg sequence encoding a non- a B7-4
protein, polypeptide or peptide, can be prepared by standard reconbi nant
DNA t echni que ' B4 - Jﬁgﬁ{ [ be
assayed for tﬁ’eaggg?@iﬁﬁgﬁg )&E%Q{té%’%uﬁ?gtn cé@'(aor i%lt;oitﬁz’t;é % e cc%s?tp P %@g’t i on
of , e.g., in calbgliprepafedbystantiard pecombinant®INAnechBiquesd/ or ef fect or function of

activated T cells;; 2 i nd, t n anti-B7 | body: and/or 3 i nd..to a
B7-4 ligand. In ao‘&i%ﬂ 'ﬁ"f‘betPol?@"H %P%?yd& H{??%’Efﬂne RGN eggl_hiy
proteins descto: Prsbstimiaiéedor inRMitHRY cosiationNdf, &.5.Sin SAUBIY foRt) thE profifefdtion O

i sol ated nucleic acid nolecules which are antisense thereto. An

"anti sense’d nendlasietlecter fynetiomof petivated Tragls;) binddo an-enti=RE antibodyand/ori33

conpl enment ar ybibgt&hﬁigr] nd nucl eic acid encoding a protein, e.g.,

conpl enentary to the coding strand of a doubl e-stranded cDNA nol ecul e or
conpl ementary to édnadditién eeattie aucleic acid moledulegiéncodiag BI«t proteins desetibedi ¢ aci d

can hydrogen bond to a sensg nuclelc aci,d. The aptisense nucleic acjid can
be conpl enentteVs aP?fﬁa"r?s_B?ﬁ Pf'@e B‘?’%‘W@s ?tlF"j‘?’rB‘?“'{?ieli)?ﬂ‘?/mP °‘§°§)WP‘F*‘ on
thereof. In 0fg adieMEIRILUEE A "aitReBt hitfdiS feid\CtihpHses Amicibolie figtidite | S

antisense to a "coding region" of the coding strand of a nucleotide
sequence dfcowhicl isRpmplenintary toraisensetiueleic acid encoding & proteintecg.t he regi on of

t he nucl eoti de uence, G {-Si odons i.ch nslated into amn no
aci d resi duesc.mfp‘ri;&%ﬂ’g?%%ort%g%ddﬁé %&Hﬁ ,"FTﬁoe“b I’ﬁnl-alsl% s@ﬁé%‘%@feé’éi d nol ecul e
I s anti senseconplénented &0dh MBNACRGiehce. OAccoltingly) @h Aftisthseanndleiefacid cahicl eot i de

sequence 20 encodi ng 137-4. The term "noncoding region" refers to 5 and 3
sequences whi Rydrogen hend togsepssaupigicagld; dhe antisenss nucléigacidcamis ated i nto ami no

acids (i.e., @nﬁ%ﬂ&i&&%&ﬁr@ﬁﬁ%ﬂ%mﬁh &30 Y pBiied] thetfOfirane G ven

the coding strand sequences encodi -4 d’l_scl ] herein, antisense
nucl ei ¢ adpdsemifodirhent, amagtisensanucleic dsisl mols¢uleis@ntiscosertd aricpding region't ofithes of

Wat son and 25 .,Crick e | L. he . e cl el g . aci nol.ecul e can-
be conpl enentcé’plﬁlgtggmfﬁ‘gisaenﬁ'? ’l%?é‘ie::]%&'f‘%&e ?“ggﬁi%éﬁg% 'B?lijef'r%?l@, "ﬁg BIPf s
preferably i stoalie egiof ofithe nacléatitle svquend? comprising codons which are translated into

O

amino acid residues. In another embodiment, the antisense nucleic acid molecule is
antisense to a "noncoding region" of the coding strand of a nucleotide sequence

20 encoding B7-4. The term "noncoding region” refers to 5' and 3' sequences which flank
the coding region that are not translated into amino acids (i.e., also referred to as 5' and
3' untranslated regions).

Given the coding strand sequences encoding B7-4 disclosed herein, antisense

nucleic acids of the invention can be designed according to the rules of Watson and

25 Crick base pairing. The antisense nucleic acid molecule can be complementary to the
entire coding region of B7-4 mRNA, but more preferably is an oligonucleotide which is
antisense to only a portion of the coding or noncoding region of B7-4 mRNA. For
example, the antisense oligonucleotide can be complementary to the region surrounding
the translation start site of B7-4 mRNA. An antisense olfgonucleotide can be, for

30 example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An

antisense nucleic acid of the invention can be constructed using chemical synthesis and



antisense to only a portion of the coding or noncoding region of 137-4
MRNA. For exanple, the antisense oligonucl eotide can be conplenentary to
the region surrounding the translation start site of B7-

anti sense WP%A#%| eoti de 'can be, for :30 exanpl e, -about g%lg@ E?fgépZO 25,
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PCT/ USCQ 23256 t known in
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wybut oxosi ne, @2%&91914%1@%:1@ ﬁ-‘x&f‘e‘ﬂ?y‘lﬁ%mng iﬂbﬁ?&hﬁﬁh@n §~méh3{lcytosme, 5-

nmet hyl - 2-t hi our-aci | t hi our aci | -thiouracil, 5-nethyluracil, uracil-5-
oxyacetic aci dmmlcmpBlesthlﬁ‘-adeumd-meﬂlymoat5rmefbrlﬁmﬂ(0u)eﬂlylura¢ll 5-

5-met hyl - 2-t hi gupaci | car box Jg_uracil, (acp3)w,
and 2, 6-di am nglﬁ ?x%amm%'{"@l' 2 lll\tﬁg 'gmfms’éﬁsggé% 5nucl ei c acid can be
pr oduced biigl omk&wwsym@hﬁmaeﬂ,rﬂ-mﬁnbﬁﬁuacﬁc2-ntethynthim-mb4asbbexaenyﬂudeinﬁe c acid
has been subcl onlg_ in an ant(hs ori ent atlonw_é i NA%transctl bed from
the inserted nB@FiEPOXRRCEUC 36 (v oxgsine, pscudapresil. gueasine L thincytosing, 3oy get
nucl ei ¢ aci d Ofyeth :yﬂi-ﬁ{l&&&onl Qﬁﬁﬁfn‘a@i@dl M&ﬂrs-h@d&ﬂﬁacﬁlohﬂamﬂ&yié@ﬁ%w on).

The antisense nucfeic acid nolecul es of the invention are typiccal ly
admi ni stered mSthylsstar, yrabil-deuxyagetig acid (Y Sdhethyl-2ithiguracid,13-¢3kamino3dy-2hybri di ze

W th or bind tgarﬁgxlylpr%lp% urqlal\ﬁacpfi)w, and 2,6-diaminopurine. Alternatively, the antisense

20 nucleic acid can be produced biologically using an expression vector into which a
nucleic acid has been subcloned in an antisense orientation (i.e., RNA transcribed from
the inserted nucleic acid will be of an antisense orientation to a target nucleic acid of
interest, described further in the following subsection).

The antisense nucleic acid molecules of the invention are typically administered

25 to a subject or generated in situ such that they hybridize with or bind to cellular mRNA )
and/or genomic DNA encoding a B7-4 protein to thereby inhibit expression of the
protein, e.g., by inhibiting transcription and/or transiation. The hybridization can be by
conventional nucleotide complementarity to form a stable duplex, or, for example, in the
case of an antisense nucleic acid molecule which binds to DNA duplexes, through

30 specific interactions in the major groove of the double helix. An example of a route of

administration of antisense nucleic acid molecules of the invention include direct



and/ or genom c DNA encoding a B7-4 protein to thereby inhibit expression of
the protein, e.g., by inhibiting transcription and/or translation. The
hybri di zation can be by conventional nucleotide conplenentarity to forma
stabl e du‘BP@y,“sﬁﬁr, for exanple, in the case of an antiggﬁgﬁooﬁﬂé‘ei c acid
mol ecul e which binds to DNA dupl exes, thgeugh 30 specific interactions in
the maj or groove of the double helix. An exanple of a route of

adm ni strati is ' (o .S . he i ntion. incl ude

Girect o 0175508 ERYRRRE, DuioeldsinfadiRt R i holenliet BRI modned’

Al t ernati vel yo target selestesicelisiardethen mlministered spsiémicaliya rFob exadiiplé, foragstetaie t ar get

sel ected cell _an%a.hen adm ni stered systenjcally. For exanple, for

system ¢ adffT™ ?‘?’&ﬂf‘sea’fﬁ‘f‘é cﬁ’b%"e@&frp@gé that they specifically bind te hat

they specifi G&Ebﬁmmraﬁiéeﬂsefﬁ&ﬁéx&rﬁe%teﬁﬁéll fihee, O b Inkile A ti§§+¢:§Ct ed
by Tin 5 nol e

cell surface, e.g.,, ki'ng the antisense 5 nucl*€i ¢ aci cul'es to
pepti des or aneleipaeidmplegulesto peptidestos antittodies whichdrind tocelp swrfase receptarsiovr gens.

The anti sens ' ' | ecul es can .al so be.delivered to cells using
the vector s%@%‘i Eleiéc?% &%&5‘%@? o&é"zwl"és‘éess‘ti‘f'ﬁf ibgﬁfl“?efﬁ’ﬁ%eéﬁl“&’lnﬁr‘he
concent r at i onectork désefibedhitidin. €T Schigve efficiRat invtavellglar conbéntraticisftie Whi ch t he
anti sense nucleic acid nolecule is placed under the control of a strong

pol Il or poﬁnqsmmg!?m!%ﬂeaﬁoéwmmicmemisyege nyeleiciaeid molesultiisent , 't he
antisense ”%ﬂﬂ@mﬁ&‘tﬂe@&hﬁb‘fﬁﬁ%&g aIb mmg%ogrmmonerl c nucleic

acid nol ecule. An a-anoneric nuc Clgl Specific
doubl e- sti0anded hiniyret shwther enbadimehtotive antisépseRMéleicracidhmaléculecsfithe invention t he
usual O-units, the strands run paral]el to each other (Gaultier et al.

(1987) Nucl efS@ngcanpmeric gucleic aeid mojeculss An c-anorperic purlsic asid mplequls formgi d
mol ecul e cangRlitie deRbIRstrafledhybrid® with Bﬁt&ﬂeﬁaaﬁﬂﬁ' liff YhicHe t al.
(1987) Nucl e?p} Aci ds Res. '15:%?31-6158) E,or a " c ?w@%‘%%%é*ﬁm ogue
(1 noue et al usubll®-8ifits, HeBGandstran pazdllel RFaciB3Ber (Canltist étlal. (F987) Nadleie Abasli ment ,
an antisense_nucl e i f the invention is a ribozyne. R bozynes are -
catal ytic RN_K“ %‘g%@i‘uﬂdﬁ?@?’wmﬂf aridplegyle mRFige a Eehabl e of
cl eaving 13 smemymbsﬁwm_adaﬁweleehp(mmvuow&hciaﬂ&n15?81%-61&9)ag’q' ch they 20
have a conpl enentar regl on. Thus, ribozynes (e.g., hammerhead ri bozynes -
" (descri bed i@'ﬂ&%@ﬂéﬁﬂ) ﬁcpne!ezmee@wuesgﬂa&mt Izg215827330).) can be used
to catalyticall : - ﬁfgk‘ﬁt ' £Q | ahi.bi t
transl ati on of BE}P}W%&LK‘%% oz?%ﬁeﬁﬁ%%shghéﬁlggfHagﬁlgg%feg{rlq&dga
B7- 4- encodi nbozymeeRiboaymes aracatdiptic RNAinplenbldsasithibopadledsiactivitg Whithiatte
sequence of (i:aapBZIé g’f &%gd_al ssn(lzgllg-gt?actjxdh nucleic éckd, gﬁc’hasanmRNA,towhich they
20 bave a complementary region. Thus, ribozymes (e.g., hammerhead ribozymes
(described in Haseloff and Gerlach (1988) Nature 334:585-591)) can be used to
catalytically cleave B7-4 mRNA transcripts to thereby inhibit translation of B7-4

mRNA. A ribozyme having specificity for a B7-4-encoding nucleic acid can be

designed based upon the nucleotide sequence of a B7-4 cDNA disclosed herein (i.e.,

25 SEQID NO:1 or 3). For example, a derivative of a Tetrahymena L-19 IVS RNA can be
constructed in which the nucleotide sequence of the active site is complementary to the
nucleotide sequence to be cleaved in a B7-4-encoding mRNA. See, e.g., Cech et al. U.S.
Patent No. 4,987,071; and Cech et al. U.S. Patent No. 5,116,742. Alternatively, B7-4
mRNA can be used to select a catalytic RNA having a specific ribonuclease activity

30 from a pool of RNA molecules. See, e.g., Bartel, D. and Szostak, J.W. (1993) Science
261:1411-1418.




25 SEQID NO! or 3). For exanple, a derivative of a Tetrahynena L-19 |IVS
"RNA can be construct ed in which the nucl eotide sequence of the active site

is conplementary to the nucleotide sequence to be cl eav%r
B7- 4- encoWo{y/1 . See, e.g., Cech et-al. US. Patent A@“%“O?l' and

Cech et al. U S. Patent No. 5 116, 742. Aldgrnatively, B7-4 nRNA can be
used to select a catalytic RNA having a specific ribonuclease activity 30

froma pool of R ’ . ; . b W
(1993) Sci ence DAl 8740 eo’%/’é1#f4-s'§'§ga'g’c§i/“um§§8‘/i B Srgeffig hitteotite

Al tFr n?_t ijvel yseqiéncéds gnn;dem«pamksﬂwmgolﬂ;ér:eegmﬁﬂfah: BMlﬂq.gI. thedgi4 mﬁ;’?? .
nucl eot i de ences co ment at or Lon of ”
Cecge the pysllisealmeas) . S Rien shpdyies FREF R4 g
structures thgéneraﬁ&\lge%ensr ‘S@égéf eRlly Oeléde, Chg9BY)Amcmpngpam sseJ I's.

See general ly, Hel ene, Anti cancer Dru 6): 569

Hel ene, C. Set SﬁlHelmgﬁzgt'aMw%anN Belaod S 86085603 atien, A Kbﬂ?@) L. J.
(1992) Bioas 14 7=15. I n yet another enbodi rrent the B7-4
nucleic acid Mi”m g‘é?‘%)fﬁgﬁg present invention can be rmdified at the
base noi ety, sugarinyet &iothed empbdimpitpdhe BIaHidsie adid molediileoofthe pregent t he
stability, hybridization, aqr_ solubility _ of the nol ecule. For exanple,

10
the deoxyri bolwenioasanhe mogified sihie base maigly.ygaTaneiety or phosphate backkonedn pe
dified t 96
Bi oor i ¢ g, REBIBIE R, ARy Wb LRLITRG of e dibiGuet FoPexanipleD0)

" pept i de ril(icwlhﬂle(r:]leaanﬂbet q §ephosp’lﬁtd/haéb kbonebﬁhe nuclcmatndmlmleslcmbnmetgﬁed@ DNA
mmcs, in wic e ri.bo is re a
pseudopept | deETERORBIS AFIin RS G THBHF Bretelr A99%) Hrocipri B Sdicng’,
retained. TheCﬂ Dl@h (t)@‘sJF%E&n@s wed hdiém, ﬂt@%erb@eﬁefpﬁl @ﬂﬁbtéz@aﬁﬂd"%W‘PNAs‘S pecific

hybri di zation to under conditions oW i oni c st ren th. The
synt hesi s of reféuso pugleje aeid mimios, &g, BNArmimies in which therdepeaibgsesph ase

T G ISy e R 1
nucl ei c acli5d aslretainkd: sTheeneutval bacldgine of RNAs haschetn shosundo ailawg foy specific
OO oo oL B R B oo o B e Bl FRARGs 20"
i nduci ng t r angepNAloligbmeRicat bRtforthé iR si@AhrdRolid Phis® péptias syriidsiscat i on.
PNAs of B7-4 nucleic acid nol ecul es can

protocols as described in Hyrup B. et al. (1996) supra; Perry-O'Keefe et al. Proc. Natl.

Acad. Sci. 93: 14670-675.

20 PNAs of B7-4 nucleic acid molecules can be used in therapeutic and diagnostic
applications. For example, PNAs can be used as antisense or antigene agents for
sequence-specific modulation of gene expression by, for example, inducing transcription
or translation arrest or inhibiting replication. PNAs of B7-'4 nucleic acid molecules can
also be used in the analysis of single base pair mutations in a gene, (e.g., by PNA-

25 directed PCR clamping); as 'artificial restriction enzymes' when used in combination
with other enzymes, (e.g., S1 nucleases (Hyrup B. (1996) supra)); or as probes or
primers for DNA sequencing or hybridization (Hyrup B. et al. (1996) supra; Perry-

O'Keefe supra).
In another embodiment, PNAs of B7-4 can be modified, (e.g., to enhance their

30 stability or cellular uptake), by attaching lipophilic or other helper groups to PNA, by

the formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of



al so be used in the analysis of single base pair nutations in a gene, )
(e.g., by PNA 25 directed PCR clanping); as'artificial restriction enzynes'
when used in conbination wth other enzynes, (e.g., Sl pCHE (Hyrup B.
(1996) sUWPAVMSGr as probes or prinmers for DNA sequenm ngédg”r%ﬁ§

hybridi zation (Hyrup B. et al. (1996) supya; Perry- O Keefe supra). In

anot her enbodi nent, PNAs of B7-4 can be nodified, (e.g., to enhance their
30 stabi | ity pro Gy il A Gt FBYex@i ﬁCmRmNAQm&I&muﬂkwa&w per
groups to PNA%go L‘# ?‘gir*rratlon of e bDNA chineras, or by the use of

| i posones or mlmﬂestmmgmwdovmmnmmwhmmmsmﬂanmes of PNk ug

dellvery known h n,. For a | S eic
acid nol eculaé‘g% g‘é‘:% ail% %& B?N%Hleﬁ%Q Rﬁ/an&geous‘&

properties of de %ﬁumm@mm R WhiltHORN A portemivbild pravidey nes,
(e.g., RNAse plglgg{é\%éa%él\)ﬁo pol yner ases), ?gﬁ?nteract Wi tﬁﬁ?he DNAmRortlgfn

while the PN/hngobmdmaafﬁmw andyspscifigisy. W&N:ﬁ Fh'mermcmwmﬁesl uging linkers
f t PNA- t
Bngt hs se! e APRIPIC IR SAsd B Ter of ik Shokiny Ambic it oy HeweaRBielPY | 1 ©
g le I g&ias ers] ;ﬁ;aléobu’ses?agbdrienﬁubﬁ-WyrppB (leﬁmﬁpraiu’ﬁheesynmiﬂeo%w) s of
- chineras can_be per supra
and Finn P J .chimerag can b GPQ‘%@]"&G?&?P&"&&P i?l%}%&@gﬂ’ggg P

exanpl e, 5'\(3%@%9 &%J}%}Qﬁm bm@ﬁ%?empwhmmwmwl ng

standard phos |te coupl i ng chem stry and nodi fi ed nucl eosi de
anal ogs, &0 g.synthesized-ommtshlid suppoit ysmamndarcsphoanlmmﬂmuahmchermstry and

hosphoram dite sed,as a b f DNA
E)I\/tagl,O M et dﬁ?‘ﬁ%gf’s‘ﬂﬁj Aalges: 98, dt()ggn%ﬂm g‘ﬁtfw)&%@ m)norrgrs are

t hen coupl ed &mmww Tew ahhmamtﬂ:ersemdmfmmauhgmuh a 5
PNA segmgnt aﬂrilgslﬂmﬂl segrrenafzéTFar?r} et al 1%1 upra)

Al ternativel yal (é?ﬁﬂ)é‘"F@"‘rﬂﬂ‘é@‘tﬂ 8 b@\/ﬂ?%@?‘%@ﬁ uiie ‘fimaDNA segnent
and a 3 PM&%MFQBWeaMm@hoﬁEMe (il £3) PNRIseghér Bhda MDNAhem

Lett. 5: 111 ther enbodi nents, the ollgonucleotlde may i ncl ude
ot her appéfidesgment{Fisn PJuettal. a(wmpw@)es\l(emagvely,fcbmmmé quiss cambe cel |

receptors in vi r..a t S @ cel |
ooy anc. ( soevniehzed s Hs sflent kb £ B okl hifter REL 874 (1577
86: 6553- 6556, Bibsrgahic MedeChém. Lel18T)9-Priad). Nat | . Acad Sci . USA 84: 648- 652
PCT Publication No. W88/09810) or tl,he b&oo&i brajn ier S£8§ g
Publ i cati on In other embodimenits, the oligonucleotide may incl e o €er a group
such as peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating
20 transport across the cell membrane (see, ¢.g., Letsinger et al. (1989) Proc. Natl. Acad.
' Sci. US. 86:6553-6556; Lemaitre et al. (1987) Proc. Natl. Acad. Sci. USA 84:648-652;
PCT Publication No. W088/09810) or the blood-brain barrier (see, e.g., PCT Publication
No. W089/10134). In addition, oligonucleotides can be modified with hybridization-
triggered cleavage agents (See, ¢.g., Krol et al. (1988) Bio-Techniques 6:958-976) or
25 intercalating agents. (See, €.g., Zon (1988) Pharm. Res. 5:539-549). To this end, the
oligonucleotide may be conjugated to another molecule, (e.g., a peptide, hybridization

triggered cross-linking agent, transport agent, or hybridization-triggered cleavage agent).

I1. Isolated B7-4 Proteins and Anti-B7-4 Antibodies
30 One aspect of the invention pertains to isolated B7-4 proteins, and biologically

active portions thereof, as well as polypeptide fragments suitable for use as immunogens




No. WD89/10134). In addition, oligonucleotides can be nodified with
hybridi zation- triggered cleavage agents (See, e.g., Krol et al. (1988)

Bi o- Techni ques 6: 958-976) or 25 intercal ati ng agents. ( Zon
(1988) Ph Y017k 5:539-549). To this end, the =-'0Iigon§€relgﬁo%gsﬁay be

conjugated to another nolecule, (e.g., a-pgptide, .hybridization triggered
cross-1linking agent, transport agent, or hybridization-triggered cl eavage

agent). | 111 Ak ahRRoEd adheBi ot eaflodiiche, Rl B0 haRletan 80 spect

of the invention pertains to 1solated B/-4 protelns, ol ogl
active porti ofon ¢ells enfissuesouvees by as apprdpristapririficationcsgheme wusing stardbidprétein use

as i mmunogens W0.01/ 14556 PCT(USOQ/ 23256,. - 28 raise anti:B7-4

ant i bodi es. Iﬁ“ﬁﬁ@i{gﬁffﬁ ﬂ’é‘?’ft,“?fﬁ’%% s %Fgg%mate'é‘ﬁﬁ'eﬂ’é"q‘?ﬁ‘f@f ed from
cell's or tissygofdilabEONAechiques) " Midrhative tPRetorhbifdrt eRpressidhC A B7LSproin or
standard protein purification techniques. In another enbodi nent, B7-4

pr ot (rarl) ns ar® [pelypemtidd cisybe W@%MM@WWimWWPﬁM syathesis ﬁ&ﬂéﬂiﬂtﬁes- .
Choni cal Ty ustng. o Pabgefbagr hobioed bl or iGN Bt W porifh B 1001 22

"purified" prausstantiaily fiecdfegihwlad hateridl or ytheontantinating rcteihis from thadelitoant i al |y
free of cellular material qr other contaminating proteins fromthe cell or
tissue sour ce UBFuSHPURRG ramwhichthe B7i4 protein s derived, onsubstangially, free fromichemicg! 1 r ce

The | anguage PB-Pacisor Shes dlenfiafYindURBMERNT iR pd Mleifandes” (o0 “*¢

The | anguage ular material’ udes
pr epar at i ok JsubStEntiallyrfree of cellular whiterial” in¢ledespoiperationssof BFoh prateinlinf witich

cel lul ar conpgnents, af the |s fromwhich jt .i,s isolated.qr. . .

reconbi nant |y Hﬁﬁﬂ‘éﬁ.smt‘%?@méﬁ%@' RAponey é’fp}fﬁﬁﬁsa%@""gﬁ%s‘f Qﬁfqlaé?q?}' free
of cellular redogivirhily pidahdede in Sicifodinédl thélanghagd"sibsthrftially ey bNg | ess

t han about 30% (by dry weight) of non-B7-4 protein (also referred to

herein as a " cetularmatenal’higcludesinsengrations of B praiein havingless thansabouh3¥e fyout
20% of - B7- ' b Ly b . %anOf
ron 87- 4 pr ot e bEork b profBh Sy RIGIATL ert38a ARniBRREpI BT
When t he BI5 4 nporeprefesably leks thiroshoat20% ofindri-B2-4posteinpstill rhere pedferably less than

S AT T YRR TR T TR ISAEE IS
preferably | eppottiiaWih ! BAR Mot &r Bi_BﬁJgicZ%I&fti% Portioh thehdF & reéuibiaiagyt 5%
of the volune of the protein preparation. e | anguage "substantially free
of chenical pPEduecedsitds dso prefemblycsvbstantially free pfieuliurronedivapis: oulturg negiunB7 - 4
protein in wh 'r&l}estentg 1636 B L\ﬁ)uk 50%?191@&%&913“}'%&%%8@10%, and most
20 preferably less than about 5% of the volume of the protein preparation.
The language "substantially free of chemical precursors or other chemicals"
includes preparations of B7-4 protein in which the protein is separated from chemical
precursors or other chemicals which are involved in the synthesis of the protein. In one
embodiment, the language "substantially free of chemical precursors or other chemicals"
25 includes preparations of B7-4 protein having less than about 30% (by dry weight) of
chemical precursors or non-B7-4 chemicals, more preferably less than about 20%
chemical precursors or non-B7-4 chemicals, still more preferably less than about 10%
chemical precursors or non-B7-4 chemicals, and most preferably less than about 5%
chemical precursors or non-B7-4 chemicals.

30 Another aspect of the invention pertains to isolated B7-4 proteins. Preferably,
the B7-4 proteins comprise the amino acid sequence encoded by SEQ IDNO:1 or 3. In



precursors or other chem cals which are involved in the synthesis of the
protein. In one enbodinment, the | anguage "substantially free of chem cal
precursors _or other chem cal s" 25 includes preparations - rotein

havi ng | eSO W46 apout 30% (by dry weight) of cheni cal P%&@Eﬁ“rlzéﬁé%s or
non-B7-4 chem cals, nore preferably |essqghan about 20% chem cal

precursors or non-B7-4 chemcals, still nore preferably |ess than about 10%

bout 5% "chetieasf Prfired Bipbteitot W HiGh Jomifts Wikt fALkAte bESRQ 77

about 5% ‘chem cal " precursors or ct of
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roteins conprise the amno acid_sequence.encoded by SEQ ID NO 1 or 3. In
Wo 01/ 14556 PEH £, DS pEeie 20 7% %&f@m%aoréwgm%ﬁ % IEVER ot ei n
conpri ses t hemgRiphderably 9096 8H'65% Emftlo actaGlentity With thé atind'acid q@nd€Ehown

embodi ments, the protein has at |east 50% at least 60 %amno acid
i dentity, Aorie SEQIENGHRYr40% anino acid identity, nmore preferably 80% and

even nore preferably, 90% or 95% ani no acid.J denfjt i th m na aci d
Sveuence shown © b 1R gthiee ERbadbiests 3 et of fofidet Rolalek betoh ot BT A BrtBp ot
provi des i sol B1-2@rdiéiné éodilsriseh signdl beqhefdedhnRl dh IgVRIbmAINMnd af I5C dGRAR TRE 2

si gnal sequence, and an |§v donui n_and an | gC domai n. The signal sequence
of SEQ | D NO Signaksegpensp of SEQIBNG:S isshows fromyaming peids 1-48.oThestignabspguencef  SEQ

IDNQ4issk@TgE ' o PN j: I D 10
NG 2 is shown rc(){r%r about gfrﬁ%g&giag@t%@fl{&%ﬁgr{a@#gﬂ;{%?/gg‘gﬁgiogggﬁ%@EQ I D
NO 4 is 400vNOf2risshosmdtom about eminoiadids 119- 183 4nd tHedgV domdmrof SEQAD 8@ is D NO. 2
is showmn from abqut ani no .acid 35-2 t he | in.of SEQ ID NGO 4
S Shown f 1 orAORB S0 bR RS pokls 1556545 The HK aomn of SEOIBNG 2% g ne w7 4
exenplified iffonphédut bninddcids $951027 &RAThIgydbnaRbf E? IDNO:4133H6W frofn about
am no acid 228-245. The B7-4 15 pol ypepti de, exen&ll led in SEQ I D NO 4
ghxsﬁpp

conpri ses a tabavtaminmacidecl 3§33 hilicrtaikpEithe B7-4benemplified in SEQID 259 of

SEQ I D NO 4 . 0Nl q,s,m’c ' . T irf4s, 260- 290°
of SEQ ID Noaidz?cﬁg%%gé\%én [ o%hﬁg%%?ager aﬁb%{sl dﬁgg#%%?gerk c')rﬁrr% %?4 B7-4
pr ot ei ns. 1Sugielypeptide exemplifine in SEQrIB NQ:4owonprisasagransmembranesdontatnvshovn SEQ | D

NO 2 or can be engi neered an Lse, e.g., an.extracel | ul ar
domai n of a @%%&%1%“@2%?&%@&]&%‘?% ‘f(}mpéﬂm HEO®™Bpri se
from about anidiRatisut &indAcids B60EIBISEGIDNNO4.

The invention further pertains to soluble forms of B7-4 proteins. Such forms can

be naturally occurring, e.g., as shown in SEQ ID NO:2.or can be engineered and can
20 comprise, e.g., an extracellular domain of a B7-4 protein. Exemplary B7-4 extracellular
domains comprise from about amino acids 19-238 of SEQ ID NO:4.

In one embodiment, the extracellular domain of a B7-4 polypeptide comprises
the mature form of a B7-4 polypeptide, e.g., the IgV and IgC domains, but not the
transmembrane and cytoplasmic domains of a B7-4 polypeptide (e.g., from about amino

25 acid 19 to amino acid 238 of SEQ ID NO: 4) or from about amino acid 19 to amino acid
245 of SEQ. ID. NO: 2.

Biologically active portions of a B7-4 protein include peptides comprising amino
acid sequences sufficiently homologous to or derived from the amino acid sequence of
the B7-4 protein, which include less amino acids than the full length B7-4 proteins, and

30 exhibit at least one activity of a B7-4 protein. Typically, biologically active portions

comprise a domain or motif with at least one activity of the B7-4 protein. A biologically

e e S e




I n one enbodi nent, the extracellular domain of a B7-4 pol ypeptide conprises
the mature formof a B7-4 polypeptide, e.g., the IgV and | gC domuins, but
not the transnmenbrane and cytopl asm ci: domsu ns of-.a B7- 4'{%@ e j_éje (e.qg.,
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sequence of - tavERonbPETBrBeitRnidhn B o PeRerERe WA, Bk SRR, At 10, ()
I ength B7-4 przs, 80,100, B50(20Woraréte Anincodcidsan fengthne act|V| ty of a B? 4
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motif with at |eastqumwlqeawgfmoaPW@mseweevw%gf@mwl%
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pol ypepti de whi %ﬁé‘l@? dthe%g%&ﬁ{:és?é&a%i&%%%? o%r,na c?é;pﬁg%ﬁ%&ﬁig ,Qes‘i(g.g:, Q%S or
more am no §ci ¢k berinthotingddin on@orckaitieofa fisst arda secomianiine akidior nucledd adidvo ami no
aci d sequences or of two nucleic acid s ences, the se es are i gned
For “opt1mal  comBHFIos 6 SpHmBAlGuRpa 54 Rof HBOBE el b L ASTFRRTISHIE o1
both of a firs ni’ﬂ%ﬁ ﬁiﬁﬁ%ﬂﬂ dmBb 1, forldife

optimal ali gnrr%ont an((iélh non- honoﬁf%g%ﬁeg&gequeﬂgigg gigge‘%gigaslr%egarggﬁlugﬁ&

conpari son pur glignedjor comparispn plinposes s a8 idasicR0¥a preferably at loasy#A%omMmoze 1 ef er ence

sequence aligne son 0% prefera
| east 40% nor %Pé?’é?‘gﬁfw’ E‘P"%BG?%“‘B ?"ﬁﬁtr"@%sa P Qe °B{°f‘7’%’5§i‘t 60%
and even npe Rastf70%280%, a@w&&ﬁemgm&@&%:&@f@wseqm% crﬂxet:ésﬁideeatgth of the

ref erence sequence. The resi dues at correspondl ng positions are then
conpar ed and mswwummaﬂnﬁqﬁemc%m when anositign Brongsequeaceisne

resi due as the *?‘E"%é&
nol ecul es are ?%Bntgﬁgfmat t hat %gés@tgfgr?]e g‘é’?\‘?ﬂl e%ﬁ'?r'?%/ t(/\glgﬁ t wo
sequences, t htheaiodecales ame identival @t thetpasitionh &he perbent 1d1ehtmycbetWeien &vo pamendesns

shared by two yences 15 %lde Ilt of i,de t i cal
posi t i on)s// t ot aﬁ' lﬁﬁé?‘ﬁ‘%h‘f‘l# %"@}B‘é‘ BYIWOISEQUEREST ¢ he
two sequenqgs (g, %fdéﬁms:%menhmpwﬁmoai#bﬂ tioﬁak mmsmepéiéexﬁmﬁﬁsl

t he sequences, t aki i nto account the nunber o ga s, and the | ength of
each gap, vvhl cbptw e twp wauenges is g fenstion of the pumberjof mwmnwwbm

sequences. §'“’[[’HP l%ﬁp

equi val ent to am ‘Bgéglg Hﬂrﬁlﬁg g?@tg}:el é}@gd%aﬂ?dé e‘Sffc‘.'t(})i ﬁzlips‘s”(})"ﬁ:hof

sequences and neetido be infrodured fdr optimekalignmertrufithetwostqueacest Avused herem amino
acid or nucleic acid "identity" is equivalent to amino acid or nucleic acid "homology".
20 The comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm. In a preferred
embodiment, the percent identity between two amino acid sequences is determined using
the GAP program in the GCG software package (available at http://www.gcg.com),
using either a Blosum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12,
25 10,8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet another preferred
embodiment, the percent identity between two nucleotide sequences is determined using
_ the GAP program in the GCG software package (available at http://www.gcg.com),
using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length
weightof 1,2,3,4,5,0r 6.
30 The nucleic acid and protein sequences of the present invention can further be

used as a "query sequence" to perform a search against public databases to, for example,



sequences can be acconplished using a mathematical algorithm In a
preferred enbodinent, the percent identity between two am no acid
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the inventi ' J ' - the. Bl osurn62
mmtrix v th SRsiEaAD MeaNEE ol A ot A0 KRR tneSbhRS Sl Giekafis ' 10

Pt tp:// Wi nphialtieksatat’éxésyﬂme l]ﬂmle'xuami;ohiiolSe«;:l_mln//\pwmaicuiaﬂn_tﬁih.go\chic neric or
usi on proteins. .;use rein,. a -4."chi ric protein" or, "fusion

pr ot ei n'F') conpr i seSteAnySplgn 8‘?%&5‘??82‘46’8@ i%@P?“H%‘FPR%d%B”&WWJB?%
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aci d sequence corresponding to B7-4 po 7>_/fep I de, whereas a "non-
linked to a non-B7-4 polypeptide. An "B7-4 polypeptide” refers to a polypeptide having

an amino acid sequence corresponding to B7-4 polypeptide, whereas a "non-B7-4

20 polypeptide" refers to a polypeptide having an amino acid sequence corresponding to a
protein which is not substantially homologous to the B7-4 protein, e.g., a protein which
is different from the B7-4 protein and which is derived from the same or a different
organism. Within a B7-4 fusion protein the B7-4 polypeptide can correspond to all or a
portion of a B7-4 protein. In a preferred embodiment, a B7-4 fusion protein comprises

25 at least one biologically active portion of a B7-4 protein, e.g., an extracellular domain of
a B7-4 protein. Within the fusion protein, the term "operatively linked" is intended to
indicate that the B7-4 polypeptide and the non-B7-4 polypeptide are fused in-frame to
each other. The non-B7-4 polypeptide can be fused to the N-terminus or C-terminus of
the B7-4 polypeptide.

30 For example, in one embodiment, the fusion protein is a GST-B7-4 member

fusion protein in which the B7-4 member sequences are fused to the C-terminus of the
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20 pol ypeptide" refers to a pol ypeptide having an am no aci d sequence
corresponding to a protein which is not substantially honol ogous to the
B7-4 proteln .g., a protein which igs different fromt te|n and
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fusion protein the B7-4 pol ypeptide can ca@prespond to all or a portlon of
a B7-4 protein. In a preferred enbodinent, a B7-4 fusion protein conprises
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9:3067-3082) such that the sequences are fused in frane to an
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af finity, stabfanstegt r6$1°9~a?’€?f‘ﬂ}’llbﬂh°cﬁf§t Reptids copgists jofja portign of
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a portion of t pol ypept | .g., a portion am no-acl
resi dues 1- 238signal sQuerse) Qiainc anueicealmgen(ﬂEQ HENO:4 thatis seffigientto edstinfulathe
sequence shown_ i.n

S 1 | d
SIS o ackigate Benlis. ohRe batond beptile 85 inclne AR it iiieiat i sfstans B8iony o
15 for exanpl e éxdﬂﬂﬁ@'& hgﬂan@?irﬁbxﬁalﬂbr @/ﬂd&ﬂﬂﬁ[@g ( fhe Hinge (Y2 A CA3 r%sand

CH3 regions of human |gCyl, or human I'gCy4, see e.g., Capon et at
patent 5, 116, 9ﬁ‘4mnﬁp5301175ﬂ;umdilgﬂ-ﬂ4 @@&gar@ﬁ:hetiltﬂﬂpamnnﬁgrw;ﬁﬂsmﬁﬁei n

by reference). It| B74- te| ave tered B7- 4
sol ubility, bi ?TMG&SU mﬁ?‘ag‘iafeaﬁ’ﬁ e’%&e nrﬁaé \I;\Fm%B - Ig fusion
protein may have altered B7-4 solubility, bmdmg affinity, stability and/or valency (i.e.,

the number of binding sites available per molecule) and may increase the efficiency of
20 protein purification. Fusion proteins and peptides produced by recombinant techniques
may be secreted and isolated from a mixture of cells and medium containing the protein
or peptide. Alternatively, the protein or peptide may be retained cytoplasmically and the
cells harvested, lysed and the protein isolated. A cell culture typically includes host
cells, media and other byproducts. Suitable media for cell culture are well known in the
25 art. Protein and peptides can be isolated from cell culture media, host cells, or both
using techniques known in the art for purifying proteins and peptides. Techniques for
transfecting host cells and purifying proteins and peptides are known in the art.
Particularly preferred B7-4 Ig fusion proteins include the extracellular domain
portion or variable region-like domain of a human B7-4 coupled to an immunoglobulin
30 constant region. The immunoglobulin constant region may contain genetic

modifications which reduce or eliminate effector activity inherent in the



t he nunber of binding sites available per nolecule) and may increase the
efficiency of 20 protein purification. Fusion proteins and peptides °

pr oduced bx reconbi nant techniques nay be secreted and isolated froma
mi xture oYOHM5E and nedi um containing the protein or PERUSYR3256
Al'ternatively, the protein or peptide nayzbe retained cytoplasmcally and
the cells harvested, |Iysed and the protein isolated. A cell culture

typically inglpde | ]S | &, apd. ot hek. byproducts. Suitabl e nedia
for cell cul Eure %’%Ff"&%ﬁ‘l&,\ﬁ° i ]ee’gg’%?ﬂmépﬁﬁgieﬁ%haﬁw %an be
i sol ated from7ekpdlypeptideican begsined toDNA efcdding thehinge) UN2 #48 IOM3 rh@6iydsaues
known in the art for purifying proteins and peptides. Techni ques for

t ransf ect i ng huwas IgCyjl pad/g modified by piteslivected mutagenesis; ¢.g.eas tawght imWon i n
the art. Parighpgsgy |y preferred B7-4 1g fusion proteins include the
extracel | ul ar "donmai'n portion or variable region-1ike domain of a hunman
B7-4 couplsed to aRrefersbly\add?4 fision pratbinof titigventioe 3 ippstuced by staiaagogl obul i n
constant region y tain genetic nodifications which reduce or elimnate
effector act WP@@N&@Q@W@@% dongyample; DI frageentswnding forthe different

i | obul | ; ' mig %ag.ﬂ ' | yl
Ip(r)nrr}tjingg gf ua”@%ﬁ%ﬁ%@ﬁ?@%éﬁcan gthfm-ne ?g%&aé%ﬁgﬁéﬁéeﬁﬁgn iﬁgrge, CH2
and CH3 regi tachnigdes, foriexxampledyployingiblont-éng @y dr stagged-éneled teymini for ligationgst ed

t is, ., as taught.in WO .97/ 28267., 5 Preferably, 7-4 fusion
prot e n of t BTt fvER dessiqmdn amyide for ppepiat erminic Do atbobsare
techni quaD.  Efis a@¥ppibpriate, BINAtide phosphatase ecatthdifl td Moid BRediable§6iRiAE, and

pol ypepti de sequences are_ligated t(ﬁﬁt her in-frame in accordance wth
convent i onal enzypat ligaties. I anothsxembndimentythe flisiog egne ean be synshesized by

st agger - ende tna | ' el | | gest.i to

provi de for g%ﬁg%prl at?égﬁ'gqeu,re%ﬂ%ﬁg P?‘lo{nﬁtéh ;.dr?? %%%%%‘%Sg“%%é‘ﬁ 39§§

appr opri at e, amplificatioreofgeos fragrhentscan be asrniedbuttusing unchdr pirfdlers imhidhlgive riseni Ng,
and enzymatjc i ation.%‘h%r anot her enbodi nent, the fusion gene can be :
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20 moiety is linked in-frame to the B7-4 protein.

In another embodiment, the fusion protein is a B7-4 protein containing a
heterologous signal sequence at its N-terminus. In certain host cells (e.g., mammalian
host cells), expression and/or secretion of B7-4 can be increased through use of a
heterologous signal sequence.

25 The B7-4 fusion proteins of the invention can be incorporated into
pharmaceutical compositions and administered to a subject in vivo. Use of B7-4 fusion
proteins may be useful therapeutically for the treatment of immunological disorders,
e.g., autoimmune diseases or in the case of transplantation. Moreover, the B7-4-fusion
proteins of the invention can be used as immunogens to produce anti-B7-4 antibodies in

30 asubject, to purify B7-4 ligands and in screening assays to identify molecules which
inhibit the interaction of B7-4 with a B7-4 ligand.




al ready encode a fusion moiety (e.g., a GST polypeptide or an HA epitope
tag). A B7-4 encoding nucleic acid can be cloned into such an expression
vector such that the fusion 20 noiety is linked in-frame (B) l-4
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can subsequent] v. nealed and reanplified to erate.a.chiperic gene
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A SXPression vect ghe PéGdht Ir@ition M fso'peRhill'to VAL ¥ bR B7-B bftkibd Whik ™ O the
" function as either B7-4 agonists (mimetics) or as B7-4 antagonists. Variants of the B7-4

proteins can be generated by mutagenesis, e.g., discrete point mutation or truncation of a
20 B7-4 protein. An agonist of the B7-4 proteins can retain substantially the same, or a
subset, of the biological activities of the naturally occurring form of a B7-4 protein. An
antagonist of a B7-4 protein can inhibit one or more of the activities of the naturally
occurring form of the B7-4 protein by, for example, competitively modulating a cellular
activity of a B7-4 protein. Thus, specific biological effects can be elicited by treatment
25 with a variant of limited function. In one embodiment, treatment of a subject with a
variant having a subset of the biological activities of the naturally occurring form of the
protein has fewer side effects in a subject relative to treatment with the naturally
occurring form of the B7-4 protein.
In one embodiment, variants of a B7-4 protein which function as either B7-4
30 agonists (mimetics) or as B7-4 antagonists can be identified by screening combinatorial

libraries of mutants, e.g., truncation mutants, of a B7-4 protein for B7-4 protein agonist
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The present invention also pertains to variants of the B7-4 proteins which,
function as either B7-4 agonists (mnetics) or as B7-4 antagoni sts.
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20 fragments can be generated by treating a double stranded PCR fragment of a B7-4
coding sequence with a nuclease under conditions wherein nicking occurs only about
once per molecule, denaturing the double stranded DNA, renaturing the DNA to form
double stranded DNA which can include sense/antisense pairs from different nicked
products, removing single stranded portions from reformed duplexes by treatment with

25 S1 nuclease, and ligating the resulting fragment library into an expression vector. By
this method, an expression library can be derived which encodes N-terminal, C-terminal
and internal fragments of various sizes of the B7-4 protein. .

Several techniques are known in the art for screening gene products of

combinatorial libraries made by point mutations or truncation, and for screening cDNA

30 libraries for gene products having a selected property. Such techniques are adaptable for
rapid screening of the gene libraries generated by the combinatorial mutagenesis of B7-4
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effect of expression of the nutant on B7-4 activity in cell supernatants

can be detected, eAfisolaggpd B7-4 protein, or a portion or fragment thereof, can be used as an

immunogen to generate antibodies that bind B7-4 using standard techniques for

20 polyclonal and monoclonal antibody preparation. A full-length B7-4 protein can be
used or, alternatively, the invention provides antigenic peptide fragments of B7-4 for use
as immunogens. The antigenic peptide of B7-4 comprises at least 8 amino acid residues
and encompasses an epitope of B7-4 such that an antibody raised against the peptide
forms a specific immune complex with B7-4 . Preferably, the antigenic peptide

25 comprises at least 10 amino acid residues, more preferably at least 15 amino acid
residues, even more preferably at least 20 amino acid residues, and most preferably at
least 30 amino acid residues.

Alternatively, an antigenic peptide fragment of a B7-4 polypeptide can be used

as the immunogen. An antigenic peptide fragment of a B7-4 polypeptide typically

30 comprises at least 8 amino acid residues of the amino acid sequence shown in SEQ ID

NO: 2 or 4 and encompasses an epitope of a B7-4 polypeptide such that an antibody
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across species is used as . .
suitable subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen. An

appropriate immunogenic preparation can contain, for example, a recombinantly

20 expressed B7-4 protein or a chemically synthesized B7-4 peptide. The preparation can
further include an adjuvant, such as Freund's complete or incomplete adjuvant, or similar
immunostimulatory agent. Immunization of a suitable subject with an immunogenic
B7-4 preparation induces a polyclonal anti- B7-4 antibody response.

Accordingly, another aspect of the invention pertains to anti-B7-4 antibodies.

25 Polyclonal anti-B7-4 antibodies can be prepared as described above by immunizing a
suitable subject with a B7-4 immunogen. The anti-B7-4 antibody titer in the immunized
subject can be monitored over time by standard techniques, such as with an enzyme
linked immunosorbent assay (ELISA) using immobilized a B7-4 polypeptide. If
desired, the antibody molecules directed against a B7-4 polypeptide can be isolated from

30 the mammal (e.g., from the blood) and further purified by well known techniques, such
as protein A chromatography to obtain the IgG fraction. At an appropriate time after
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Biol. Med., Any of the many well known protocols used for fusing lymphocytes and

immortalized cell lines can be applied for the purpose of generating an anti-B7-4

20 monoclonal antibody (see, e.g., G. Galfre et al. (1977) Nature 266:55052; Gefter et al.
Somatic Cell Genet., cited supra; Lemer, Yale J. Biol. Med., cited supra; Kenneth,
Monoclonal Antibodies, cited supra). Moreover, the ordinary skilled worker will
appreciate that there are many variations of such methods which also would be useful.
Typically, the immortal cell line (e.g., a myeloma cell line) is derived from the same

25 mammalian species as the lymphocytes. For example, murine hybridomas can be made
by fusing lymphocytes from a mouse immunized with an immunogenic preparation of
the present invention with an immortalized mouse cell line. Preferred immortal cell
lines are mouse myeloma cell lines that are sensitive to culture medium containing
hypoxanthine, aminopterin and thymidine ("HAT medium"). Any of a number of

30 myeloma cell lines may be used as a fusion partner according to standard techniques,
e.g., the P3-NS1/1-Ag4-1, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These
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92/18619; Dower et al. International Publication No. WO 91/17271; Winter ef al.
20 International Publication WO 92/20791; Markland et al. International Publication No.
WO 92/15679; Breitling et al. International Publication WO 93/0128'8; McCafferty et al.
International Publication No. WO 92/01047; Garrard et al. International Publication No.
WO 92/09690; Ladner et al. International Publication No. WO 90/02809; Fuchs et al.
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30 554.




library) with a B7-4 to thereby isolate i munoglobulin |ibrary nmenbers that
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In addition, humanized antibodies can be made according to standard protocols

such as those disclosed in US patent 5,565,332. In another embodiment, antibody

20 chains or specific binding pair members can be produced by recombination between
vectors comprising nucleic acid molecules encoding a fusion of a polypeptide chain of a
specific binding pair member and a component of a replicable geneic display package
and vectors containing nucleic acid molecules encoding a second polypeptide chain of a
single binding pair member using techniques known in the art, e.g., as described in US

25 patents 5,565,332, 5,871,907, or 5,733,743.

An anti-B7-4 antibody (e.g., monoclonal antibody) can be used to isolate a B7-4
polypeptide by standard techniques, such as affinity chromatography or
immunoprecipitation. Anti-B7-4 antibodies can facilitate the purification of natural B7-
4 polypeptides from cells and of recombinantly produced B7-4 polypeptides expressed

30 inhost cells. Moreover, an anti-B7-4 ;mtibody can be used to detect a B7-4 protein (e.g.,
in a cellular lysate or cell supernatant). Detection may be facilitated by coupling (i.e.,
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Jones et al. (1986) Nature 321:552- 525,_4pbrhoeyan et al. (1988) Science
239: 1534, and Beidler et al. (1988) J. Imunol. 141:4053-4060. In
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i munoprecipitation.” Anti-B7-4 anti bodies can facilitate the purification
of natural Bincluﬂepmbpb@mw@yoﬂemm, Suoresceimisptiipcyapatesrhodaming,y produced B7-4

pol ypepti des r es. I body
can be used t 359%‘2'%‘?3' %g{em,%{sglcﬁ@{ﬁﬁxﬁﬂgcgw J[; § e %r cel |
super nat ang ) lum&@itlmmnmhﬂeé hﬁnﬁdliaﬂedamples:aﬂspitam:oamvc méferiall / 14556

PCT/ US00/ 23256 gi gl | y_;, | i nking) the antibody to a detectable
subst ance. Ad@‘i!\“ifﬁésfhyl o H.enbodi ment, an anti-B7-4 antibody of the

invention is | abe%ﬂaﬂ&ﬂepas%e&%ﬁﬁtlﬁ@nﬁon?%%%Bﬂms%t%t ectabl e

substances include various enzynes, prosthetic groups, fluorescent
materials, | wbiaimbledyta predesy doaipsisingd r adi oactive materials. 5 Exanpl es of

sui tabl e enzyrres cl ude hor ser.adi s sphat ase, (i-
gal act osi dase, a§ 16 12P e rgg%ﬁugr)?gﬂln%iﬁmﬁ-*@o Ehélgf)gelpprost hetic
group conps eX@:ﬁmnbgéﬁicl#éﬁm&tthﬁedfamicﬁetdabBMlmlnamdayandl n/ bi otin; exanples of
sui tabl e fluorescent materials H\ﬂL llfeﬁ%ﬁ quohg_*celn
f1 uorescei n i sot h(R)dspiatiag &rom the anj E’n ¥ bipdAae BI-4 potsifes cei n,
dansyl chloride or phycoerythrin; an exarrpl e of a 10 lum nescent materi aI

I ncl udes | um nol ; and exanpl es of sui tabl e radi oactive materi al
IV. Recombinant Expression Vectors and Host Cells

Another aspect of the invention pertains to vectors, preferably expression

20 vectors, containing a nucleic acid encoding a B7-4 family protein (or a portion thereof).
As used herein, the term "véctof" refers to a nucleic acid molecule capable of
transporting another nucleic acid to which it has been linked. One type of vector is a
"plasmid", which refers to a circular double stranded DNA loop into which additional
DNA segments can be ligated. Another type of vector is a viral vector, wherein

25 additional DNA segments can be ligated into the viral genome. Certain vectors are
capable of autonomous replication in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian vectors) are integrated into the
genome of a host cell upon introduction into the host cell, and thereby are replicated

30 along with the host genome. Moreover, certain vectors are capable of directing the

expression of genes to which they are operatively linked. Such vectors are referred to

ORI BN R R



I nclude 1251, 1311, 35s or 3H Yet another aspect of the invention pertains
to ant'i-B7-4 antibodies that are. obtainable by a process conprising: (a)

i muni zing an ani mal wi th an imunogenic B7-4 protein, of~afs 0%%56

i munogen™O BE#%on t her eof unique to a B7-4 pol ypeptide: Cand i sol a
fromthe animal anti bodies that specificajgdy bind to a B7-4 protein. |
Reconbi nant Expression Vectors and Host Cells Another aspect of the

i nvention perai n Eléﬁu " : e Qbrs : ant.ai Ni ng
a nucl ei c aci &gﬁr}c%gdi&r?\é&g{og - ‘Pé%hlag%/ pr%tt,' I n g?’ a p%???@gh?ﬁg?rg% .t As
used herein, DA techniquesand afich in thiedorm ¢fiplasmids: | Inithe preset spedification, capabl e of

transporting ot h nucl ei ¢ acid tq.which it has. been |inked. One type of
vector is a ﬂ P ;ﬂ&%ﬁﬂf’gﬁaﬁ‘b‘?%sfeg“ft?fc&ngfaﬁ’&u?satpeagﬁmdés&mﬂed DNA | oop
into which adgbhingfigusediifinDE IEdM Ho%{?elrpﬁeliﬁ\&ﬁﬁ&ﬁis el & inkliBEsueh vect or

is aviral vector, wherein 25 additional DNA segnents can be ligated into
the viral denothet fonns of¢xpression yectors,such asyirabyastass (e:g.replisationsdefestive cat i on in

2 bacteri al ofivish bl in MR P i iR R Bty o her
vectors (e.(q. fundénsepi somal manmal i an vectors) are integrated into the

genone of a host cell upon introduction into the host cell, and thereby are
replicated 30 al ongb&yecombinanticxpressipnygetars afithedpyantion caimprise q npaleicscid of o

capabl e of di I ' ' : tively
[ Thked. Such UEapctod ifa SRRRUERE BPcfjicslBh S Buili BRI FIod 0L WEF, VT
as "expr esHl omeansthattbé recombigant expressionwvectesdincude/mnetor moredegulatohyi ty i n
reconbi nant DNA technj ques gre aft jn t formaf, pl asm.ds. .L.n the
present speci P‘F‘I&'&?‘%ﬁ?i"gﬁegf’%%ﬁ’ 1 eL?Fé&%]gr“’gﬁ&ﬁﬁggpﬁgﬁ’ds‘?mt"ﬂ?{iﬂﬁngeabl y
as the pl asm dpérariveNelinked ko the AUETBIO ladid Y&fReindedd B Lxprésaed. OWithiHAYBNHibindnf €

I nvention is intended to include such 5 other forns of expression vectors,

such as viral expressigngegter, joperghly linkedt isdntentlefl o meqrethat the nupleatide sequence of
adenovi ruses gpd.g Eﬁﬁfﬁg;{%ugag%xy Hqﬂéng%{sg in"‘fﬁ)?ﬂfea Which aﬂ% %&2 le%%&ssion

functions. The reconbl nan on"v rs o e’rnve nprise a
nucl ei ¢ acld of thembelestideseduente (e.g., #n dminmirsalirimstrligtiohdranslationesysterarordif a t he

nucleic acid in a host cell, which, 10 neans that. the reconbi nant
xpr 6551 on ve Pt Pel PREH B8 SRS SEroAEd B JiphostregD. The et eguiaory

sequence” is intended to includes promoters, enhancers and other expression control

ting
Vv

elements (e.g., polyadenylation signals). Such regulatory sequences are described, for
example, in Goeddel; Gene Expression Technology: Methods in Enzymology 185,

20 Academic Press, San Diego, CA (1990). Regulatory sequences include those which
direct constitutive expression of a nucleotide sequence in many types of host cell and
those which direct expression of the nucleotide sequence only in certain host cells (e.g.,
tissue-specific regulatory sequences). It will be appreciated by those skilled in the art
that the design of the expression vector can depend on such factors as the choice of the

25 hostcell to be transformed, the level of expression of protein desired, and the like. The
expression vectors of the invention can be introduced into host cells to thereby produce
proteins or peptides, including fusion proteins or peptides, encoded by nucleic acids as
described herein (e.g., B7-4 family proteins, mutant forms of B7-4 proteins, fusion

proteins, and the like).
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sequences, selected on the basis of the host cells to be used for .
expression, which is operatively Iinked to the nucleic acid sequence to be
expressed. Wthin a reconbi nant expression vector, "Opf‘é-ﬁf}éo\i/z{;is@ked" S
i nt ended WBOHMI t hat the nucl eotide sequence of interest is Iinked to the
regul atory sequence(s) in a manner whiclyzllows for expression 15 of the
nucl eoti de sequence (e.g., in an in vitro transcription/translation system

or in a host celimyfietmbiign (Ribaon icthfiof BiiAdibAth b MbsipRsfor el |) . The

term"regul atory sequence” is intended to includes pronoters, enhancers
and ot her expxpesionof B+ proteinsdh prokaryetiq o eykaryetis| oglisi Foriexample, Bi-4nal s) .

Such regul atory .sequences are, descr.ibe for -ex le, ddel ; CGene
Expr essi on T& %&&‘em?fﬁ%?dﬁaﬁ%ﬁ‘ﬁﬂ%ﬁ%@?ﬁﬁﬁ%%%é‘%@ Press, San

Di ego, CA (193&Novifus exprédsidnvesto) piasieells srahatifalidnaels. vhiitable hosticelis are
constitutive expression of a nucl eotide sequence in nany,types o; host cel |l

and t hoses wdiscusset fusther in Goeddsl, Gene &xpressio hmvdél@@ﬁ'y wymalogy i n

e apprec: at disuyRiflis by S TINR, ERTII0 T ALERMIR R Tte ;SEMIERIAF Srestion ' |
expr essi on Vveedtor caf d8 trdayefibell amd tanslited inotites, forcexamble usingiTdeprarfiotehe 23 host

cell to be transforned, thgpé_?%el of expression of protein desired, and the
like. The ex¢gulatory seAuFRRSs polymerasesyent i on can be introduced into host

cells to thereby =y 1 oftl & &\d if BSdofirwitli Ot ei ns
gg@g%y nof@:i'&&ﬂé Aprélaryorddlis MBSt ofteR GdrH i 10

or peptides, enco uclelc acids ‘as described herein (e.g., B7-4
famly prbl eivastors containingfoonstitutive oBinducible pramaters diregting the %P@F%ﬁ’fh%ﬁeﬂbﬁd t he

i ke). WO 01/.14556 PCT/ USO00/ 23256 .-43 |ie ' . . ' Lect or s
of "t he | nventHP & ERRRLEOGHE, £ vegt ld it nife ARG o ot
prokaryoti c Qpcoded ettt uSuallstd the alnirio tepatinys of theéeombimant proteirs Such fision
expressed in bacterial cells such as .E. cgoli, insect cells f,.usi n%ﬁ .

bacul ovi rus &Rgersiamicallyserve Hires PuRosey 1110/IReasE XRIPRHON O FPCQBPINANt PRIFING ) ¢
host cells ar | 'ﬂ%&% rdcBmbRaA Prbtein CRINE3) wX it BE Gk plrifl@EbA Ol 09y .
Met hods in Er??tyﬁb‘%%% 1 gfbh%\?:?dq@?n c Press; _Stgtg Di egp CA (1890). .

Al 't er nat i Vel wf thetrecombiranbpoteirt byacingas ligand insaffinity puriication. \Qffegein faden and

translated in vitro, for exa . US| o RGP0 nces
and T7 pol y@?%??owgsgﬂ?ﬁﬁ%b&wﬁ?%?%e%e i|gn pr ggégra&gfé ggﬂclms’ﬁ%tgté ﬁgh%en
carried out inbifty afidihe révoinbinhfit proieinao snableseparationpf tigeretdnshinany protein frorduci bl e
pronoters directing the expression ¢ n- f usi on

protei ns. Fudhefysion moisty subseaugntio ﬁ‘lfl;[ &eﬁf‘ﬁg‘g’lég :p%dg‘(r)s‘gc Tgsyand
their cognate recognition sequences, include Factor Xa, thrombin and enterokinase.

20 Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, D.B.
and Johnson, K.S. (1988) Gene 67:31-40), pMAL (New England Biolabs, Beverly, MA)
and pRITS (Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase (GST),
maltose E binding protein, or protein A, respectively, to the target recombinant protein.

Purified fusion proteins can be utilized in B7-4 activity assays, (e.g., direct

25 assays or competitive assays described in detail below), or to generate antibodies
specific for B7-4 proteins, for example.

Examples of suitable inducible non-fusion E. coli expression vectors include
pTrc (Amann et al., (1988) Gene 69:301-315) and pET 11d (Studier et al., Gene
Expression Technology: Methods in Enzymology 185, Academic Press, San Diego,

30 California (1990) 60-89). Target gene expression from the pTrc vector relies on host
RNA polymerase transcription from a hybrid trp-lac fusion promoter. Target gene
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encoded therein, usually to the amno term nus of the reconbinant protein.
-Such fusion vectors typically serve three purposes: 1) to increase
expressi on of reconmbi nant protein; 2) to increase the s ,@?&*&k*sof t he
reconbi naMO Pf18¥6i n; and 3) to aid in the purification 1

reconbi nant protein by acting as a Iigand%4n affinity purification. Cften,
In fusion expression vectors, a proteolytic cleavage site is introduced at

th t f the f t d.th bl
separ at | on_ of SHHESRBERLABRT 148 seustiepics i SBREROS R b etig et Bebhent < o
purification gfonidié xﬁafdtmym&e@rasseﬁuﬁa mwﬁﬁm@é\m gl1§i This 0gA1at €

recognition seq‘&ences i nclud actor Xa, thronbin and enteroki nase. 20
Typi cal fusi opolysmeraseisisupplied by bess sireins BL21(DESXoy HMSI IHDE3) fpmtasesidentc

51 ol abs, - Beve POpGuBRSSEng & ept ek UndcERE iidectel conBBYesp YRY: 000

gl ut at hi ong Spionfdi&f erase (GST), nmaltose E binding protein, or protein A
respectively, to the target reconbi nant protein. Purified f usi on pr ot ei ns
can be utilized i nOBYsuategyit yakimizeregombinant protein gxprassion in £. %é’&)?%e’ﬂ’(’ess

conpetitive a odi es
spgf:)i f : cI :‘/or B&ﬁ&g&?ﬁé?ﬁ%ﬁgﬁtﬁh\g@%ﬂ 1me&ﬁjlg_§<)wr¥3f1 Stog?otgcﬂ E%e | n gl b: e
non-f usi on E. recombinantpretsmi (Gottesacnps. sGemmExpdﬁsprbdmbw.TMethbdsah (1988)

Gene 69:301-3 nd I di t al T hnol

Vet hods. in EnEyROTE Escheodtmir s SndBeed. Salitera s bl Rovfi ”?188%)
60-89) . TagekfEffis %Qfe?ﬁﬁ'nﬁ&e@ra&'@s&&&n&ﬁﬂhé/ﬁfdéﬁ aditol lﬁﬁn&ﬂe&ﬁﬁ& an RNA

pol ymerase transcription froma hybrid trp-lac fusion pronoter. Target gene

WD 01/ 14556 chrtrmm/\@@gwthauhemdm@glsmdnnsfoomchmnmmdlaredws@ct or relies
1
ggetngggg;;jptvlppe? x&%ﬁ}i’mged%E 907(@@&%?,1)-1 ?11%992&09&‘3 Ptzﬁfili’lyzf‘xs)

er ase VI ra yirer ase
suppl i ed by hSSéhﬂtetaioﬂﬁfﬁid’eﬁW)e@én%ﬁé(zﬁ&&)onfmm&rﬁé&btﬂ@?fstanw@phage
har boring a T{g{qn enge under the transcriptional control of the lacUv 5 5

pronot er . isteFhRigesyi ze recombi nant protein expression in E
colt is topexpr ess}n ﬁﬂ&ﬁlepcirﬁﬁtﬁinﬂedtr‘th@m%éxppe@ﬁ&ﬁ'Cvéc?or‘i‘é&{?ea&rbxbf@ﬁbx{ ¢tor.

capacity to proteolytically cl eave the réconbinant protein (Gottesman, S.,
Gene Expr essi &xamplesiofwectpys forexpression umyeaE&ymzsgyndl% pYapSetd (Baldmmi.ets, San

D ego, Califor 1 t he
nucleic acid gf' q@%’éﬁ%‘?"% zzktzjghﬂp @ﬁ’“ﬁ% | %@g{zég%riﬁcg} 333
943), pJRY88 (Schultz et al., (1987) Gene 54:113- 123), pYES2 (Invitrogen Corporation,
San Diego, CA), and picZ (Invitrogen Corp, San Diego, CA).

20 Alternatively, B7-4 proteins can be expressed in insect cells using baculovirus
expression vectors. Baculovirus vectors available for expression of proteins in cultured
insect cells (e.g., Sf 9 cells) include the pAc series (Smith et al. (1983) Mol. Cell Biol.
3:2156-2165) and the pVL series (Lucklow and Summers (1989) Virology 170:31-39).

In yet another embodiment, a nucleic acid of the invention is expressed in

25 mammalian cells using a mammalian expression vector. Examples of mammalian
expression vectors include pCDMS (Seed, B. (1987) Nature 329:840) and pMT2PC
(Kaufman et al. (1987) EMBO J. 6:187-195). When used in mammalian cells, the
expression vector's control functions are often provided by viral regulatory elements.
For example, commonly used promoters are derived from polyoma, Adenovirus 2,

30 cytomegalovirus and Simian Virus 40. For other suitable expression systems for both

prokaryotic and eukaryotic cells see chapters 16 and 17 of Sambrook, J., Fritsh, E. F.,



expression vector so that the individual codons for each am no acid are
those preferentially utilized in E. coil (Wads et al., (1992) Nucleic

Aci ds Res 0: 1-2118). Such alteration of nucleic agj es of the
inventionwc(é%“é%s%carri ed out by standard DNA synt hesi s(i’ltcg.c ﬁ‘%’g%g 15 In

anot her enbodi ment, the B7-4 expression vggior is a yeast expression
vector. Exanples of vectors for expression in yeast S. cerivisae include

Fer Shoui 2. ( Tusp e TNl Clohine K hanohuroo il 2l UL (OB 2" e
54: 113-123), pEsse Laboratory, EpidSingHarborilaboratoBaPres, €gld, Spaay Hatbios, NWY.cZ

(I'nvitrogen Cﬁ@ San Diego, CA). 20 Alternatively, B7-4 proteins can be
expressed in tfi¥%ct cells using bacul ovirus expression vectors.

Bacul ovirus vect or i Ayihet @lbcliché, tReRESEBiha nimabiliah Skgisssioll vestbid ' ed
I nsect cells (e. Sf 9 cells) include the pAc series (Smth et at. (1983)

Mbl . Cel | Bi oca.pagbioﬂmggmesaiou of the npcleicacidipeefereatinlly imaparticul ot eyps
1989) Vi rol 70: 31-39) . ¢ di ment . a. i id of
Lha i hvent + ontts Y pea b eelbhey SEmBiS bl e BN ancleig i Tigeds' < ©

expr essi on vesggegific répuddity @Reniehts AR Kilownadn theque) Noadinsifiny ©ahiples of Bglaviée PCDVB

(Seed, B. (1987) Nature 329:840) and pMI2PC (Kaufman et _at. (1987) EMBO J.
6: 187-195). \Vi©He-seesHicnrometawranciude thealbuminpmemoter(iverspecific; Pinkew et al. cont r ol

functions are ' ¢ ' C HA ks @ﬁ,ﬁe | e,
comonl y used(lgyofrg?}ea% ;m{é?ggg?? ?)\’7‘!331?4&: ro E)‘fn%l?%gfr%l&é,&g novi raﬁlgr%ion%%

cyt onegal dOi r dév. imaumim3:235%875); 3n paticultarprarnéters of Ticelh kecepters (Wirsdo amd sy st ens
for both prokat.yoti r ells see ters 16 a

Sanbr ook, 3. . BRFHBe (1985 Barhl 3 8¢e3s 73 e ek FouloBRE s 1Bt oG MR e
T. Mol ecul ar $3.939-740: % 11 33174 ). nleto ' bRFsoor
Laboratory, ngzgggjr’gr?e&ﬁl—gratr%ﬁt Lﬁ%mﬁagesl?s)éol d %sﬁe%ml—lg?bor, NY,

1989. I n anot (fe thenaveR nt pramotercByimg nddie(HI89)i Prec. Maflr 4ead) 8ai. YSttor i s
5 capabl e of gh. { 4 ' ' ' bl b n a -
particul ar ceﬁ'g‘?f;pse {’ gégmﬁeggiﬁ - s‘%ﬁ%ﬁsfr(?glhﬁdegtdﬁ g{%rs Egcg%’ggnggé'gaa%@med
t o expr esd5t handmarhmany glandepecific prometerss(pgg infilkowhey podmadter; .S PewentiNa ar e
known in the n-ljmtin X I Oof . syit t j.ssue-speci fi ¢
pronoters i nc%g%’é%dﬁuﬁﬁ?hﬂ?ﬁﬁ%ﬁ%&%{’ t‘?_@:ﬂ"s g@tfﬁ%bﬂfy &t al .
g iggg Genes fegiated proatbotets drk alsb ¥iGoRiPashed, Tor exiainpleRhOMBiR Kox(préthegR and Eat on

(Kessel and Gruss (1990) Science 249:374-379) and the a-fetoprotein promoter

(Campes and Tilghman (1989) Genes Dev. 3:537-546).

20 Alternatively, a B7-4 polypeptide can be expressed in insect cells using

baculovirus expression vectors. Baculovirus vectors available for expression of proteins
in cultured insect cells (e.g., Sf 9 cells) include the pAc series (Smith ez al., (1983) Mol.
Cell Biol. 3:2156-2165) and the pVL series (Lucklow, V.A., and Summers, M.D.,
(1989) Virology 170:31-39).

25 In yet another embodiment, a nucleic acid molecule of the invention is expressed
in mammaiian cells using a manunaiian expression vector. Examples of mammalian
expression vectors include pMex-Neol, pCDMS (Seed, B., (1987) Nature 329:840) and
pMT2PC (Kaufman et al. (1987), EMBO J. 6:187-195). When used in mammalian cells,
the expression vector's control functions are often provided by viral regulatory elements.

30 For example, commonly used promoters are derived from polyoma, Adenovirus 2,

cytomegalovirus and Simian Virus 40.



10 Adv. Imunol. 43:235-275), in particular pronoters of T cell receptors
(Wnoto and Baltinore (1989) EMBO J. 8:729-733) and i nnmunogl obul i ns
(Banerji et al. (1983) Cell 33:729-740; Queen and Balti /65({0& 3) Cell
33: 741- 7480 M 8¥Pon- speci fic promoters (e.g., the neurofilament pronoter;
Byrne and Ruddle (1989) Proc. Nat!. Acad,4¢ci. USA 86:5473-5477),
pancreas-specific promoters (Edlund et al. (1985) Science 230:912-916), 15

and mamrary gl and- eC| ' . X Pat ent
o 4,373 316 andBrPLe B R ork Bl Bk i lpri B R s khon
Devel Ophrrent al Wa?rmu*ﬁ(ﬁdsﬁltmﬁiéwgkhm adpeesslegtscrapﬂaeag49h§a$y nmmﬂsedt thﬁ
mari ne hox pronoters essel an ass ci ence an e
a-fetoprotein (s8% &80 Mayo ef @198 el 29199 Fin ‘9989??’&33&[“ .@95%2? 546) .

20 ALter nalt i velagie efaPlioks bl EERIBIHE 59980 DERSPHREERIA shdle EIRBRr oF 51 | S USI NG

bacul ovi rus expression vectors. BacufFovirus Vectors aval
expr essi on 5of (199 b)iaiHear Shovk Retponsegeldi Nawec,tL. ¢ ERIC; Bpea Raton S“L,Eppdé?—ﬁﬂ)), i ncl ude

L 2 kit i oy 0 o R

25 In yet anOWBﬂfAc%Ht&@'mmszmwh%cﬁwi (19879 Whfe 359:YHR736 YR igoN 1S

expressed in mammalian celTs using a mamal i an ex_lpress‘r'On vect or. Exanpl es

of mamal i an Kexibraedi989M Medcdoids ResnET:23R9-200dxand R0 T Pultioation N WO B. (13&7)
2
e M AR,

often IOFOwweWc%éﬁGom@MMMJﬂMQQ)P&& Matl. goaanpdicl/S4 @9B4Y-y used
pronoters are derlved from pol yona, . Adengvirus_2, é,oma al ovitus and

Siman Virus 491 @0%!!&@465’6( ) Seignre 2682 860-1769; RET Fyblication Ne, WQ)) e
regul atory syghggmt #}@SP&%M&'W@M!' ?@gmgiﬁ@yhﬁeo%‘? art, for

exanpl e systens i n ene expression Isr avy metal ions
(see e.g., Maymbedlmant ﬂl(smﬁt)ombhdm ﬁwmbiﬁant Bxprcstoerveabr il whi¢hl®#B2-#4 Nat ure

296:39-42; S | e et 5:1480- 148 . heat shock
(soe o NoRHA Bophmively e of Pppitl eupsitrsropont ey Fllbwinade |
CRC, Boca Bat SHaucible expiedsiotr 4B 7-4 pldin R Qkay6Cceflsd. . Lee et al. (1981)

Nat ure 294:228-232; Hynes et al. ?1981) Proc. Natl. Acad. Sci. USA

78: 2038- 2042; Kl ockh eequmon@m;»romm gecombinant expression VeFi08 FORPrsig # man
(1989) Nucl. HNAfoRESe of the IMiREAPATnedINT thcckphedfibh fetdr W ald GhtistifEe

orientation. That is, the DNA molecule is operatively linked to a regulatory sequence in
a manner which allows for expression (by transcription of the DNA molecule) of an

20 RNA molecule which is antisense to B7-4 mRNA. Regulatory sequences operatively
linked to a nucleic acid cloned in the antisense orientation can be chosen which direct
the continuous expression of the antisense RNA molecule in a variety of cell types, for
instance viral promoters and/or enhancers, or regulatory sequences can be chosen which
direct constitutive, tissue specific or cell type specific expression of antisense RNA. The

25 antisense expression vector can be in the form of a recombinant plasmid, phagemid or
attenuated virus in which antisense nucleic acids are produced under the control of a
high efficiency regulatory region, the activity of which can be determined by the cell
type into which the vector is introduced. For a discussion of the regulation of gene
expression using antisense genes see Weintraub, H. et al., Antisense RNA as a molecular

30 tool for genetic analysis, Reviews - Trends in Genetics, Vol. 1(1) 1986.



93/ 23431), FK506-rel ated nol ecul es (see e.g., PCT Publication No. WO .
94/ 18317) or 10 tetracyclines (Gossen, M and Bujard, H (1992) Proc. Natl.
Acad Sci. USA 89:5547- 5551; Gossen, M et al. (1995) gﬁ_&ﬁﬁg@mz%

268: 1766-WPOYMSHLCT Publication No. WO 94/29442; and P I'cation No. WO
96/ 01313). Accordingly, in another enbc_)q%r_rent the invention provides a
reconbi nant expression vector in which a B7-4 DNA is operatively linked to

an i nduci bl e eukar tlc ere .all 5

expressi on of a B7 WM'EWE??B ﬁ‘\flgégglfﬁgmvﬁ\}c n{}g 1¥3ur her
provi des a re&@%&@@éﬂ&’é?ﬂﬁS@eﬁﬁoﬂ/mlbeén nﬁﬁéﬁﬂtédi mt&msDMstﬁ‘éll"mdl e of the
i nvention cloned into the expression vector in an _anti sense _orientation.

That is, the 'Dr¢ambinantchastceil? a@p’é?daﬂmeﬂblﬁml& dt is updegsired Hatsuh quence in

a manner which_a Q:)L@o ecul e)
of an 20 RNA TOI ergf#‘%ot yctﬂ)&g)esﬂ | senlg @wﬁm&%& ulatory észg%uences
operativel § dfisaddedicello Bbciusebertain modxﬁcaions\mdy berut incsuecteding generationsdieat i on

can be chosen which direct the conjj uous ﬁg"Bresm on of the nléérsense RNA
mol ecul e in atoﬁﬁh?réﬁ%P‘t?P%El“f“"PWE ] B"r“"eq’ DIREE™Y, Ay P tpf"ofﬁ% s and/ or

enhancer s, rﬁﬁ!ﬂlt@ d%:e?l?&l'leme ﬁmnaﬁdéamﬁﬂtﬂth%édbﬁ of Hie'téf as used
constrtutrve |ssue specitic or cell type specific expression of antisense
RNA. The 25 dréisense expreSS| on vector can be in the formof a reconbinant
pl asm d, phagem d o en ated Virus.in r}tgg C acids are
produced under thé\ t °té“'f‘fre\§ﬂ§¥rrchf%refeg§$a orgjériegl{%n t he
activity qb ﬁﬁld&ﬁlbebﬁ)rdﬁ&ﬁhma&eﬂalbmlstdﬁehwlcoh tiggeet dells,yewdtoch t he vect or
i's introduce For a di scussion of the regulatjo m mm on usi ng
anti sense genmemmaliangglls(suehas, Chipesg harggter, °V¢Ht°Fi§%&é§; cexs Ful ar 30
tool for gen etgvﬁ] fads eaGenetics, Vol . 1(1)1986. WO
01/ 14556 Pﬁl%ggﬂ?ggééé@s ot her %iépect of the invention pertains to
host cells into W&br@NkcmﬁnlnmducedamprmeumcwemmO@ﬁcclhie/la nvention has
been introduced. The t and reco 0 l.I" are
used |ntercha??éj‘eﬁﬁp?"‘lﬁ@i’gswat’f’{‘°f‘§aq§#8‘é W%quf’ﬁat sucﬁLre é?’trerst&r&efer not

only to the pafahifershation'SaHd "aahsféctioh" 4 inténded toaefor mgﬁriyietyrofmmgmaéd progeny
5 of such a cell. Because certain mdlflgﬁ#| on Occﬁ?%g‘ﬁlg eed| ng ’

generations digehniques for ireodusing foreigpnygleie, g’ﬁc h
progeny may n&&c"t"Jﬂ ghés?ﬁét% ogcfealcnhrg %ﬂ&)h&ék':o-ﬁr@clﬁlliﬁoﬁ %Eﬂﬁ-d@%mmﬁtedir e still

I ncl uded with termas used herein.
transfection, hpofectlon, or electroporation. Suitable methods for transforming or

transfecting host cells can be found in Sambrook, et al. (Molecular Cloning: A
20 Laboratory Manual. 2nd, ed., Cold Spring Harbor Laboratory, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1989), and other laboratory manuals.

For stable transfection of mammalian cells, it is known that, depending upon the
expression vector and transfection technique used, only a small fraction of cells may
integrate the foreign DNA into their genome. In order to identify and select these

25 integrants, a gene that encodes a selectable marker (e.g., resistance to antibiotics) is
generally introduced into the host cells along with the gene of interest. Preferred
selectable markers include those which confer resistance to drugs, such as G418,
hygromycin and methotrexate. Nucleic acid encoding a sclectable marker can be
introduced into a host cell on the same vector as that encoding a B7-4 protein or can be

30 introduced on a separate vector. Cells stably transfected with the introduced nucleic




A host cell can be any prokaryotic or eukaryotic cell. For exanple, a B7-4
10 protein can be expressed in bacterial cells such as E. coli, insect

cells, yeast or mammalian cells (such.as Chinese hanst I1's (CHO
or C0S ceMAYWH4Bbher suitable host cells are known to t %@%ﬁéléslzﬁ{?ed in the
art. Vector DNA can be introduced into pj&(_aryotic or eukaryotic cells via
conventional transformation or transfection techniques. As used herein, the

ternms 15 "transformat.ion" d.,"transfection" are,intended tq refer a
variety of ari %’%ﬂﬁ%’@eﬁ‘gﬁeﬂ'ﬁi%‘g@w(&& F?H%‘Bﬁ&@Y%’Qc?rB?’é?egﬁherﬁﬁM@ aci d
(e.g., DNA) i phikeRgdiR$Hill Shivive Wﬁféﬂ@bﬂl@rceﬁ@hi&?ﬂm phosphate or cal ci um
chloride co-preciprtation, DEAE-dextran-nediated transfection,

| i pof ection, or el Adosteplhofithe dinventium, suchias aprokanwtic poeukarygtic hest aelthin or
transfecting hgst cells c be,found in k. .et al_ (Ml lar .

Q oning: - A S0oEHs S bR pice K eI H A ol Resonlipdly it ideniop
Col d Spring Haiiher protidesrhéthedsyfolProdscing B 74 Postein®ising thetost s of@89) , and

ot her |aboratory manuals. For _stable transfection of mammulian cells, it is

known that, disyestienndn gargmbodiment,the methpd gomprises Fultiring thediost esliof on
o ' | ! i . .
DA 1ot hot vetibininfo fRith o sedoRbiafipxbresfiGh bebsdF¥fpodill £81.3 gk 64 O

a gene that ehvodeedpinacshitatlainediunbmblethal £B%-4,proteiniis pradueed! In amotliebi ot i cs)
is generally iptroduced intq the host cells along with, the gene of
Dterost pr orEbodentc be sfhod furtie ARBpriss HolHiE S B AROTHA o s fhum or
resi st ancqgt ogdhdgtcelisuch as 418, hygronycin and nethotrexate. Nucleic

acid encoding a sel ectable nmarker can be introduced into a host cell on
t he same vector asCemain hest cellsiof thednwntian ganalsei be used opnodwce on-hymamoduced on

01/ 1556, ot BREBmE BhikRs® FBPebmiple g htaiteny a1 ceifbf BEUNERGIE 5™ © 1O
(e.g., cells fblized aueyté orcdw dptbiginistérh eelbidtewhich BT -4-codingsseqisntes Havd been

survive, while the qther cel(lﬁi d{iﬂg%. A host cell of_ the invention, such as
a prokaryot i cinrodussia Syeh hast eelis can-Ben be ysed fq greqte pon-humpangansgenie angmals Byuce

(i.e., exgrsese,,ﬁicﬂ eRdgefot 97-8 sluedtes REIVREN Mrolitied iy ﬁiﬁhigﬁfébmémf urt her

provi des nethods for” producing a B/-4 protein using the st cells of the
i nvention. | nhomelogorsaeiombinant artimalsin which endogenane B7ed sequenceshavtibednost cel |

pr ot ei . has. Ao SR sihel < VAR R e s B 685 SRy SEE B9 o1 ot e
i's produced. polypeptideand for identifying and/or evaluating modulators of B7-4 activity. As used
herein, a "transgenic animal” is a non-human animal, preferably a mammal, more
20 preferably a rodent such as a rat or mouse, in which one or more of the cells of the
animal includes a transgene. Other examples of transgenic animals include non-human
primates, sheep, dogs, cows, goats, chickens, amphibians, and the like. A transgene is
exogenous DNA which is integrated into the genome of a cell from which a transgenic
animal develops and which remains in the genome of the mature animal, thereby
25 directing the expression of an encoded gene product in one or more cell types or tissues
of the transgenic animal. As used herein, a "homologous recombinant animal” is a non-
human animal, preferably a mammal, more preferably a mouse, in which an endogenous
B7-4 gene has been altered by homologous recombination between the endogenous gene
and an exogenous DNA molecule introduced into a cell of the animal, e.g., an

30 embryonic cell of the animal, prior to development of the animal.



enmbodi ment, the nethod further conprises isolating a B7-4 protein fromthe
mediumor 10 the host cell. Certain host cells of the invention can al so
be used to produce non- human transgenic animals. For egappbfpsise one
enbodi menVO Y488t cell of the invention is a fertilized oocyte or an
embryoni c stemcell into which B7-4-codigag-sequences have been introduced.
Such host cells can then be used to create non-hunman transgenic aninmals in
15 whi ch ex00enous, g CAGANE e bR e batriatldih nddibinig B4 genone or
honol ogous reconb?‘nantéaéh‘ferra s in V\hﬂ?lch endogenous 4 sequences have been
al tered. Suclencodimgmeleir aidintd the malerprenugléys oﬁ?pfeﬂdlndjmemg-abld/ or activity

of a B7-4 pol, tl.de and N ent | d/ or eya nodul at ors of
B7-4 act i vity® %&gf) @f{‘f“g n’ﬁéﬁ@‘ﬂ%ﬁ@‘ F’H%}/o Aegglggﬂﬁ%n human

ani mal , pref Effsélﬁoiéreﬁnaﬂﬁf@?ﬁle foSteF niral. The BILDNA sequent@of SEQID NO:lcor3at  or
nouse, in which one or nore of the cells-of the animal includes a

transgene. 5 Cicarbe intradysed os a transgenednlorthegeanme of a nonshumananimeal. iliematively,

F:;ggtgg?le ?Qee ‘gﬁ%blﬂmﬁ%e\ﬁ ﬁ&%ﬁ?ﬁtﬂg’éﬁ%%? h?idmnto t genoﬁg‘l&e?!"d ceII

fL om whi ch a ﬁsécﬁalimtaﬁs gammgtxwaml%gmdombloghe smhmsamﬂwrﬂmgmlyorre of
r odUGE 1 orfeerahecsfn b¢ Boled bpisdondy biflatioas %@*@h%gbsﬁﬁm%ﬂé’%ﬁ?%ag?”is

used herein, quaﬁ@ PQP.’:’ e mhsﬂ}b&ﬁhia Vﬁaﬂm&edwsm

preferably a nore pre erabl a nouse, in I ch an endogenous 37 4

gene has b@erintbriesegdenves mmﬂwgwiatlpe signals malmbebmlmém the drassgangyenous

d |,
0N an a0 HBFE APy OF eXiisssiin phluf GeiEEfe ' A iR ol iy BT
ani mal . WO 0lgdibhédis)Rad béSpablypAfiGed to 4874 &megmgefﬂmeenpmémm&fa Bp4

I nvention can be created by_introducing a B7-4- encodi.n nuclq c acid into

the mal e prormetriage paticelar éels. Methads fgp@sperating trgnsgenic ani Qion,

retroviral i EulRF Hlials Qudhid i have b'éc me '
pseudopregnar}{lﬁﬁedrlr%{b"a?gg?gy ni rraPmThlgWB? 4 cDNA sec;uence ofo SEQ I D NG 1

or 3 5 cai5 baohventionhl drethe att and anc dasstjberds fqrwplnengbﬁdmnbhﬂmwﬂéﬁﬁ aadh

animal . Alter a, nonhu W’aﬁ:g?7 , such as-
a nouse or 1{3%70\63 %B L %ﬂﬁ(ﬁgﬁgﬁg%@gﬂgb% ternat | veI y, a
B7-4 gene honm Us. mu@bzaasgmwmwmys, (Coid smngmmmmqusssm at ed

based on hybri |zat|on to the B7-4 DNA se nces
Y Cold Spring Harbor, N.Y., 1986). émmar Xle sareus%ﬂ productxon of other

transgenic animals. A transgenic founder animal can be identified based upon the

20 presence of a B7-4 transgene in its genome and/or expression of B7-4 mRNA in tissues
or cells of the animals. A transgenic founder animal can then be used to breed additional
animals carrying the transgene. Moreover, transgenic animals carrying a transgene
encoding a B7-4 protein can further be bred to other transgenic animals carrying other
transgenes.

25 To create a homologous recombinant animal, a vector is prepared which contains
at least a portion of a B7-4 gene into which a deletion, addition or substitution has been
introduced to thereby alter, e.g., functionally disrupt, the B7-4 gene. The B7-4 gene can
be a human gene (e.g., the SEQ ID NO:1 or 3), but more preferably, is a non-human
homologue of a human B7-4 gene (e.g., a cDNA isolated by stringent hybridization with

30 the nucleotide sequence of SEQ ID NO:1 or 3). For example, a mouse B7-4 gene can be

used to construct a homologous recombination vector suitable for altering an

M IR



SEQ ID NO'1 or 3 (described further in subsection | above) and used as a
transgene. 10 Intronic sequences and pol yadenyl ati on signals can al so be
included in the transgene to increase the efficiency of j<on of the
transgene WOOWIS® e specific regul atory sequence(s) canpg]eE%‘g’ZZ?iasgl y |inked
to a B7-4 transgene to direct expression_gh_a B7-4 protein to particular
cells. Methods for generating transgenic animals via enbryo mani pul ation

and m croinjection j cul ar ani mal s such as_.nige, ,have conme V. 15
convent | onal _ ehiceRtd B7-4 gipe i toé aRie pisime ip PRREEeg Sinbofivens B bt 'os.
4,736, 866 and dedigniedGuéiiflat, Gonmooldgdtiefecmbinbtion, tHe enddgehcudBNPgent i 73, 191
by Wagner et al. and in Hogan, B., Mnipulating the Muse Enbryo, (Cold

Spring Har bor fanstienally sisyupted-G.6., no lggggwdeﬁgﬁmﬁm profgin; alsorofsayd togsm | ar
t hod " i f . ) : _
founder ant rat ek 33 VPRl WERaRIst o BB Rere Clllal ply £7759°" ©

transgene 9 ihbfmolbgods reconibination the edogenuus B7-4gknd isviitited Or dtherwisealtered cel | s
of the animals. A transgenic founder, animal can then be used to breed

addi tional  arkuhstilkencodes ¢ functional Protein (s ribe uptears Fegulatery segioncande aliersd | <
! gt . ) o
carrying a trﬁ@ﬁ?QW an&reﬁ@&bfegﬂg.; Wméemoggxgdgg Q@%r%_dgfnz. ﬁ{thpﬁoﬂﬁlggr%tfsgggh Ser

transgeni ¢ ani mal's carrying ot trans reate a
reconbi nant amecoeibjnation vestayy the sltgred:portioniofithe Bi-dgene miflapkedet its et 3berglsr t i on

of a B7-4 gene inta which.a deletion, .addifion or substitution has been
R T T R e
B7-4 gene pRN reddhbmalioh® bet@ HRivieRn the exoBéhoR74eh tartied By B vedidianiBh ©
preferably, is a non-human honol ogrl;e of a human B7-4 gene (e. a cDNA

i sol at ed by stendoggeons Biyheengiinan embryanic stegrrellh The additioval Ehouclet SEQ
ID NO1 or 3). : - : ct a
honol ogous reggiré%lé?la ‘l’aé(;fgbf/}%lc 5%!%&15%’%c?%?ﬁgﬁ?g?lpgoﬁsg%g&g%ﬁ@%g@é

PCT/ USO0/ 2325 @ndogefiousigeng cTypicall{} sevieraldilobases ¢f ftanking HNA) Grothnat. the 51 aad 3'
preferred enbodinent, .the. vector i desj gned ch at, ypon_h | ogqus
Fecombi nat | on BN B 16 vestonee e, Thomis, R pahGrreyi U RSN Galh.
no | onger g1CG3A893 foraRSdrpAORLT IInT16E0Us rétbMmBinafEEvecRs)! Théector is knock out™”
vector). Alternatively, the vector can be designed such that, upon 5

horol ogous r edefrasiuees intoran embeyonieditere pelLlinez.g4 by electraporatignandcbells insrltiehr wi se
altered but | 4 ' | . t

regul atory re gééo]h{rgcgﬁg‘ggigl g? Iéttf f(‘aj%%tob’ 8’@33@% geiggﬂgﬁntngwﬁﬁ (tah s >I;<L g?%% §'|Sg(’)§;ﬁg11gerfeh e
endogenous B7-afe seleotedi(se}, e.d./Lif Beet Ab (1992)CGelt 69:915). The selected cells are then

injected into a blastocyst of an animal (e.g., a mouse) to form aggregation chimeras (see

20 e.g., Bradley, A. in Teratocarcinomas and Embryonic Stem Cells: A Practical
Approach, E.J. Robertson, ed. (IRL, Oxford, 1987) pp. 113-152). A chimeric embryo
can then be implanted into a suitable pseudopregnant female foster animal and the
embryo brought to term. Progeny harboring the homologously recombined DNA in
their germ cells can be used to breed animals in which all cells of the animal contain the

25 homologously recombined DNA by germline transmission of the transgene. Methods
for constructing homologous recombination vectors and homologous recombinant
animals are described further in Bradley, A. (1991) Current Opinion in Biotechnology
2:823-829 and in PCT International Publication Nos.: WO 90/11354 by Le Mouellec et
al.; WO 91/01140 by Smithies et al.; WO 92/0968 by Zijlstra et al.; and WO 93/04169

30 byBemsetal.



reconbi nation vector, the altered portion of the B7-4 gene is flanked at
its S and 3' ends by additional nucleic acid sequence of the B7-4 gene to
al l ow for ous 10 reconbination to occur between tl,laﬁ. us B7-4
gene carr?‘tebgﬁgy%?he vector and an endogenous B7-4 gene inn};sﬁ%s ryonic
stemcell. The additional flanking B7-4 nycleic acid sequence is of
sufficient length for successful honol ogous reconbination with the

SrAc0en9S Srtiey JpBufion toms flofe, e RS e will ifréeidh mlouk L 31 "¢
Capecchi, M &pprdatBed khowirir thd brt For HoRidldgots esbsifidtion icirdbe £Hplibdtothe ietdst
reconbi nation vectors). The vector |s i,ntroduced into_an epbryonic stem

cell Iine (e.igventiop. EW&?QE&EQF%?PF G‘W@Wﬁe%?@#m%@#‘ﬁmé%ced
B7-4 gene hasg aﬁmm&%éweg&ﬁ&wpw@gng%at&ﬁ&%gﬁg&g kel e

sel ected (see, ected cells
are then i fj etatyﬂDNmmolacuhe a&tampjestof u.ichanzmm-assiste(lmt@muoa sy:teme)nchﬂef orm

Eﬁgregat [ ogt C‘E“F ras é\ ?sy’t Br @%d sgnlaed ﬁ'é’grat ocg; ‘ggmas and
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Ocford, 1987)(1993) M&BAJ,-@Zkes émbzmwmwnﬂmang&snaddmambs (w@h@}b@d into a
swtabl e pseudopregnant femal™@ foster aninal an nﬁryo brought to

term ProgenyNethicad. |Sng WH@_WB%V?@B and weﬁé@o’mwml' itargetisyisém (fgger m
|1 b t ai
col I's can be ysedhey B A% B Serkfolfs (ot e Y $abfigy@npel contain

t he 25 honol ogou ger’ transmni ssion
t ransgene 10 VeFibosis S. étQI (ma}stpramgchdrmi Wum mmm)na‘éﬂmvycmct ors and

honol ogous reco |na anima s are descrjbed Turth i.n Br A (1991)
o e o IR BULIE BABPI9BgH 15camsbionsisD Sesm Febes et in P T

Publ i cation NegicalfNOWG 38294249 2h8 PHIUSIIEHioR No. WO 961313 1415bl el
Smithies et al. a WO 92/ 0968@%y Zij?stra etl alo ; 0and 937b4169 Q’%O by

Berns et al. WOl/ 14556 PCT/ US00/ 23256 -51 In addltlon to the foregoing,
the skilled artis wi |l reciat oth roaches known in the
art for honol ogoug'nf Hg{}‘g‘ §°({r§'é‘g 5“%’%’9"}%‘8‘ %P% arf'f’ﬁ/entlon
Enzyne- as$f stppodiwed @hich emtﬁneelemmmmambmfer regwlatedexpiession bfithear t and
can be applledt0|n egrate_a DNA m)lecu,lﬁ E‘F(F rede ermnedl cation in a

second 5 tar JEAnS ¢ example of such g jystem;p Qé%qsé’ft@ﬂq nt egrati on
systens i ncl uflgrerib ﬁlﬁgﬂgr!f&“a%@n‘fﬁéﬁofﬁé c;e%gneﬁecmﬁées;(semgos%e%i%ﬁw' bed

i n Baubonis, W and Sau @é Nucl . Acids Res 29; and
Fukushi ge, Setahﬂl93§hﬁnoc Natl. dewd Syi. Cfﬁé(89 6232-6236. Another example of a

recombinase system is the FLP recombinase system of Saccharomyces cerevisiae
20 (O'Gorman et al. (1991) Science 251:1351-1355. If a cre/loxP recombinase system is
used to regulate expression of the transgene, animals containing transgenes encoding

both the Cre recombinase and a selected protein are required. Such animals can be

provided through the construction of "double" transgenic animals, e.g., by mating two

transgenic animals, one containing a transgene encoding a selected protein and the other
25 containing a transgene encoding a recombinase.

Clones of the non-human transgenic animals described herein can also be

produced according to the methods described in Wilmut, I. et al. (1997) Nature 385:810-

813 and PCT International Publication Nos. WO 97/07668 and WO 97/07669. In brief,

a cell, e.g., a somatic cell, from the transgenic animal can be isolated and induced to exit
30 the growth cycle and enter G, phase. The quiescent cell can then be fused, e.g., through

the use of electrical pulses, to an enucleated oocyte from an animal of the same species

SRR A




Nat|. Acad. Sci. USA 89:7905-7909) and the FLP reconbi nase- FRT target
system (e.g., as described in Dang, D.T. and Perrinon, N (1992) Dm Genet.
13:367-375; and 10 Fiering, S. et al.,  (1993) Proc. Natl. . USA

90: 8469- 8WPP/14558t r acycl i ne- regul ated i nduci bl e honol og%%gg%ﬁgi nati on
systens, such as described in PCT Publicgtion No. WO 94/29442 and PCT

Publ i cati on No. WD 96/01313, al so can be “Aised. For exanple, in another
enbodi nment , transv?ue‘ni c non-humans aninmals can be 15 produced which contain

sel ect ed syst from whichthe gniesagnt osH iy isplated: The weonstucted pocyfe is then cultured fjiche .

One exanple o ' ff?ﬂ%ﬂ

bacteri ophage&’ﬁf{.‘lﬁ%g?bpgi[%%'g@% %;(l%l%ﬁocg{e%{llgfégru‘gﬁ 0X @ﬁ%ﬁ%@@g} fségnsa%eem
see, e.(., Lakserafiinabl The(ciispaAng burneof thia fémalé\fuster afinial wiltke B&omexifihé236.
Anot her exanple of _a reconbinase system,is the FLP reconbi nase system of
Sacchar ony cesagakiyom whichthe eell, g8y paticeell, isisgfated.ocj ence 251: 1351- 1355.
If a cre/l @xP reconbi nase systemis used to regulate expression of the
transgene, animals containing transgenes encoding both the Cre reconbi nase
and a sel ect e¥. [PhameicentizakComppsitiopsl. Such ani mal s can be provided through

t he construction aof."dou " transgenic jhals. . e q.. b tl. two
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and the ot her sRulaRR! dehtsTdcladibp B7SOIRRRICHREDIbIRBUISS, PRI hitiolies,drones  of
t he non- human transgenlc ani mal s descri bed herein can also be _produced

accordi ng to ecerapaundhidentifiedas modulatorsofi B4 activity) ean be incorpayated inteyt ur e
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ani mal can becémpise tietheleit dcidimolecule, prétzing orfitibddy apdaywhhmeagedtieallsnd enter Go
phase. The qui esceﬁt cell ca&eégen,b used, ,€.0., thrﬂggh t he use qf
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i'sol ated. The reconstructed oocyte is then cultured such that it devel ops
to norul a or bitifungatygentsaisotonicand absarptive delaying agents autbibe dike spmpatiblewith

f I ygal . ' f j i i« b
oSt a1l LA RSPl kS el
I sol ated. 5 Vactieaubsenedstis oell khowipingthé arenExcept insofar as any conventional media or

agent is incompatible with the active compound, use thereof in the compositions is

contemplated. Supplementary active compounds can also be incorporated into the
compositions.

20 A pharmaceutical composition of the invention is formulated to be compatible
with its intended route of administration. Examples of routes of administration include
parenteral, ¢.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation),
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions
used for parenteral, intradermal, or subcutaneous application can include the following

25 components: a sterile diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of

30 tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases,

such as hydrochloric acid or sodium hydroxide. ‘The parenteral preparation can be



B7-4 nodul ators ("active conpounds”) of the invention (e.g., B7-4 . )
i nhibitory or stinulatory agents, including B7-4 nucleic acid nol ecul es,
proteins, antibodies, or conpounds identified as nmodul 8tpk8eephas8 B7-4
activi ty)w9é’ 1438% i ncor porated into 10 pharnmaceutical conpositions suitable
for adm nistration. Such conpositions tyggcally conprise the nucleic acid
nol ecul e, protein, or antibody and a pharnaceutically acceptable carrier.

As used herein the.l angugge .. pharjmaceuti cal | abl ler” is
"ntended to IEPHRR RO dPrabERrTie S il RV rhagst dier | 0

anti bacteri alyjgel antifungal agents, isotonic and absorption del aying
agents, and the like, conpatible with 15 pharnmaceutical admnjstration. The

use of such nedi a%mwgmmﬂﬂmﬁﬁﬁﬁ%ﬁmh%ﬁwm_ agHes | s
wel | known in élh nﬂ%ﬁ?ﬁgp&ﬁﬁ@g@gﬁﬁoﬁ%& \é?g%, aofdr giedi @ or  agent

isincorrpatitfP ctrve , use the I'n the conpositions
is contenpl aixfshpoRinbfispiépatation ofstérily injetabjesohdionsandispesstonb &or ncor por at ed

into the conpositions. 20 A pharmaceutical, conpositi.on of the i.nyention is
formul at ed t dNYRVERFImNistEation; sujtahle carniqry E‘ﬁlﬂ‘aﬁlp W@‘@?%ﬂﬁ’i%@ﬁ\con.
Exanpl es of . r@éi%reé o ﬂ?f@ﬁ“ﬁhﬁ%ﬁ Phisibphiny 1B or PROsPRtEbiferedsaline (PBS). In

VT ader i : or al :

i ntravenous, subcut aneous, (e. gb,. i nhal ation),
transder mal (dllaypsesahy compasitimmuss b sterile and should|be dlaid taithe exignt hat easp| ut i ons

or suspensions . used far parenteral.. intr L

appl i cati on A" &%ﬂﬂs?hg‘?‘ﬁ'ﬁ%%bﬁegm@?@g%%drﬁyma S%EI’I Pg&%;a"l’aﬁeent such
as water figr dnlinfifst bedptesetvikliadinst telbohRthinatihy actioniof microgrginishsyukcleas gl ycol s,
gl ycerine, propylene glycol or other synthetic solvents: antibacterial
agents such chaclstimand fupgic Jihe camsier ¢ap b pisolyent opdiseersig, Rtagung, ig7 55

b. . d . i | : . H s e
ascor bi ¢ aci exg@gﬁg‘g%@g&& ’aé:(%l%ﬁ (%ﬁ%}%h&e gé, gﬁc&GEBfo%yﬁh@ yébl, and liquid

et hyl enedi am 1 ch as acetafes, citrates or
phosphat es angblyegglene flycol dnel thellike),tamd switable rgigturesithereafy Thepreperfluiditn um

chl oride or dextrose. . an be .aqjuysted with acid L such as '

hydr ochl ori ¢ %&b’&“ﬁfn@g’;’fﬂﬁeﬁwlﬁ’%" e.Wﬁgaﬁ%ﬁngﬁtﬂéc?'aa?leﬁ?@%gﬁyatthfon can be WO

01/ 14556 RET/ LiSRhade 8bthe réRiredpariciesizé in thecmeof dispersiorsmd dalthernse uf | nges or

mul ti pl e dose vials nade of glass or _plastic. Phar rgaceut‘%eﬁgl conposi tions:
n e agji M

sui tabl e for surfpetantsbPrevention pfithe actionof BHicroereanitmt ce aMer e wat er
sol uble) or dj | ' Mﬁ 18hlo eAhleous
preparation o ﬁgﬁﬁaﬁ%ﬁ%ﬁgﬁ%ﬁ%ﬁ%g uti og%’é)a?ébgﬁgs]persi on. For

ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include

isotonic agénts, for example, sugars, polyalcohols such as manitol, sorbitol, sodium

20 chloride in the composition. Prolonged absorption of the injectable compositions can be
brought about by including in the composition an agent which delays absorption, for
example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active

compound (e.g., a B7-4 protein or anti-B7-4 antibody) in the required amount inan

25 appropriate solvent with one or a combination of ingredients enumerated above, as
required, followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the active compound into a sterile vehicle which contains a basic
dispersion medium and the required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile injectable solutions, the

30 preferred methods of preparation are vacuum drying and freeze-drying which yields a




I ntravenous adm nistration, suitable carriers include physiological saline,
‘bacteriostatic water, Crenophor ELTM (BASF, Parsippany, NJ) or phosphate
buffered saline (PBS). In all cases, the conposition ile and
shoul d beMAW ¥ the extent that easy syringabili tymg‘lhs@.ﬂﬁ%z?’g nust be
stabl e under the conditions of manufacturg and storage 10 and nust be
preserved agai nst the contam nating action®of m croorgani sns such as
bacteria and fungi. The carrier can be a _sal vent _or _dispersion nedium

Cont ai ni ng, - f BAwRs 9 fhgiactive ipgredient plyscamy Rddifiors) desired ineredient PE 2 pIFyiewsib| |

propyl ene gl y&?ﬁb@%@e&&ﬂiﬁb&ﬁmﬁgkya heyl ene gl ycol, and the |ike), and

sui tabl e m xtures ereo e proper fluidity can be maintained, for
exanpl e, by the usOrdtompasitivhs penesallylinaladd andnérhdituenbor anlediblecarsern Theyance of

the required particle sjze in the case of dispersi.qQn d t he use of
surfact ants. W@Féﬁ‘ﬂ"é‘ﬁi igeelatin capsyles,of coMPRg BPdﬁﬁ?@%“c‘g%P‘HB“&ﬂ% P@ged by

various a timp%@ 'ﬁa&dnﬂﬁgmﬁiﬁ | he'BaRk E&]ng,' ; W ﬂﬂé]ﬁs
chl or obut ar?ol ) eirilt(i) , ascorg’lt&yam dcal'? i nercg;slgléflﬁgﬁgakeﬁew‘%’% I'n ar?gny
cases, it wil hseddn predbmn afthbletsdraches, atieapsulesstQml eompysitivas cahalsodr prepared

, | yal coholss. h | tol bi t ol di 20. chlgride in.th
Compost t on. PEOR BRI B 36T the Bpubiei, Mhpinif ooiad o B B,

brought about appliel dedilyhingd Swished 8@ ekpeERPAEd bOswaRBwad CPHarmibleGlicallg! ay's
absorption, for exanple, alum num nonostearate and gelatin. Sterile

i nj ect abl e soFempasible kindingagepiscnd/as adiyyant matarials-can be included apartaf the: onpound
(e.g., a - 4 ' ke 4 | | ' in an
25 approprEllz)at 8%@#8\%‘% %ﬁ?ﬂ%ﬁé&gﬁg caga@%%%? %@n&gﬁkél%;&e’ [ ena?lg%g%nerat ed
above, as r eqtbliosdng Ingtedientsorizpmpourids o£al sindilar ndtiread biader stughesr al | y,

di spersions are prepared I ncorporati.ng the active. conpound ipto a
sterile vehi pF’B"'&f‘W@aﬁ‘BBF@ qﬁﬁ'g&“’d@f’ﬁaﬂﬂb&sﬁﬁgpﬁ BRFHABELTICE AYSRIGE OF equi r ed
ot her ingredi gicse, s didihtefiathe EPhLAIgiAlR AR, Plilogdl N c6ASreH; adhiiichnte

powders for the preparation of sterile |nhect abl e sol utions, the 30
preferred net Bushos sragpesiyya stearate or Sterotesaa glidanti sychiag celloidal siliconedioxige;ag whi ch

yields a 0 - ) I . Ve i edi.ent
pl us any addi %ﬁ%ﬁ&j&%ﬁ%g@%&ég‘ég?%rn ro‘?ﬂv&gggl it g‘\f’/ﬁ“{&& ?F'?/‘%%sl* erﬁg{rﬁlm’c ered
sol uti on ther awrthyl §lieylaepoqeaigeiflansrirgener al [ y i ncl ude an inert diluent or
an edible carrier. _They, can, be enclaosed in gelatin sul.es or, conpressed
into tablets. For Fﬂ@%ﬁ?‘mngw ?Gt{‘%@“glb’eﬂéqaéeéa%ﬁé?ﬂ‘&tf?%? e
active CONMPOUREoSHlBpraf floRiREsRRted ESiftaiériol dRpésEY WHIEIS ciiiins a suitable propellant,

e.g., a gas such as carbon dioxide, or a nebulizer.

20 Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art,
and include, for example, for transmucosal administration, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be accomplished through the

25 use of nasal sprays or suppositories. For transdermal administration, the active
compounds are formulated into ointments, salves, gels, or creams as generally known in
the art. _

The compounds can also be prepared in the form of suppositories (e.g., with
conventional suppository bases such as cocoa butter and other glycerides) or retention

30 enemas for rectal delivery.



used in the formof tablets, troches, or capsules. Oral conpositions can
al so be prepared wusing a fluid carrier for use as a nout hwash, wherein the
conpound i n t}”le luid carrier is applied orally and swW&hgshRsks

expect or XORVEP%wal | owed. Phar maceuti cal | y conpati bl e binding agents,

and/ or adjuvant materials can be included.as part of the 10 conposition.
The tablets, pills, capsules, troches ant"the |ike can contain any of the
foll owi ng ingredients, or conpounds of a similar nature; a binder such as
m crocrystal Ii ne &:pnagnehodim ﬁ%‘q*&&%lmw&“@m, th cargigts that such as
starch or | ISl LA Qs | Gl ' ri nogel ,
or corn' st ar GheteE Be uifoahd ekl diRaR0n BUE S, Gbsa Jikblled | T2

gl i dant such release dorimulatiah, in¢liding implantsandanicroendpswlased delivery sygiems. such as

Sali oyt ate,  Hodamdgtetiopmen e poge R Rl by S, bR s SRR MublpceillE'
conpounds 4ir %S%hﬂyﬂﬁaé‘é! pﬁl?glk&ﬂicfa@iﬂ,m.dﬂﬁgéiﬂ polgEitiestbrs ad pulylaciendid.essur ed

contai ner or “di'spénser Whi:ch contalns a suitable propellant, g. 8!? a gas
such as car boviethods;forpseparation ofsush formujatioppwitl be apparentie thosg skiljediin Bhe attan  al so

be by trans osal or tran £ r nsder mal
adni ni strati one "Fé‘ﬁg'isrcgﬂ?@ %é%%%@?%’@%goﬁaéﬁg%? %ﬁ %Q{dplgér‘%eat ed are
used in the frhankdcaiticals, InGULiposant susparsions (iaclyding lipdsomestacgeteditoinféntedar t |,
and include, for exanmple, for_transmjcosal adm nistratipn, .detergents, bile
salts, and fcﬁléﬁmt%mé?&?@%ﬁt\!’ail‘%@g‘m‘?@é‘ﬁ%’ﬁgﬁ%@ b&d’ﬁ?‘ﬁ%’?‘mﬁw be
acconpl | Sipd deORRMLaltes, Ahebt¥in 86 pRASEA aRBidhi 1o Yictidds RS @/thke skilied
transdernal a nistration, the active conpounds are formulated into

oi ntment's, sdhthesyt, fpelesample, as desaribedds Ug® Patent Ng. 4323811in  the art. The

conpounds can al sg, .be pr.epargd in th r f el A .. Wth
convent i onal suppgts'FF g@a@‘@ﬁ"@ffgﬂs tgég%}}g%tgoﬁ#'{)é?&?ﬁ% cé@ﬁ%s&t%qg)‘/%eri des)
or retention dogfpe @Rt fth foPéasé fddalinisiedtion and unifeinity of ddsage. FIGEhEdSMIY AR 56
-55 In. one enbodi ment, the active conpounds are prepar vv:fth carriers

. d .
that will prespeasthereirefessiopusically dsqrete ynitssyjted|as aﬁ‘gﬁﬂgﬁs omthe FEbighdy |
such as 2160 bolLag; ehdh! B2 EnbMIng's phldeRfmined Glatlty f aotiidl ditipbuit d

m croencapsul ate ivery systens. = Bi odegradabl e, bi oconpatible pbl yners:
can be used, calgulateddo protydedhredesired therapeutig e ,ectmmc}mnwﬂﬁ{ge@ﬂ uigdl ygl ycol i ¢

acid, collag eprllnhm}i)a?xlal}/tﬁzglt cgtgnee%t ﬂeSSpegﬂgatiBR |f<¥r| the &Jsggéa\ﬁliitq'onns of the invention are
dictated by and directly dependent on the unique characteristics of the active compound

and the particular therapeutic effect to be achieved, and the limitations inherent in the art
20 of compounding su_ch an active compound for the treatment of individuals.
| Toxicity and therapeutic efficacy of such compounds can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose
therapeutically effc:ctﬁe in 50% of the population). The dose ratio between toxic and
25 therapeutic effects is the therapeutic index and it can be expressed as the ratio
LD50/ED50. Compounds which exhibit large therapeutic indices are preferred. While
compounds that exhibit toxic side effects may be used, care should be taken to design a
delivery system that targets such compounds to the site of affected tissue in order to

minimize potential damage to uninfected cells and, thereby, reduce side effects.
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Met hods for preparation of such fornulations will be apparent to those
skilled in the art. The materials can al so be obtained comercially from
Al za Corporation and Nova Pharmaceuticals, Inc. Liposo I ons

(i ncl udi n¥Q9#¥6res targeted to infected cells with ngﬂ%%ﬁ%ﬁgﬁggntibodies
to viral antigens) can also be used as pharnmaceutically 10 acceptable
carriers. These can be prepared accordi ng't’o net hods known to those skilled
in the art, for exanple, as described in U S Patent No. 4,522, 811. It is

especi al | y advant aBeciata qbtaines fram thecell culture assaysraiid animal studiapensibeiusedsing n

dosage unit fgrmdf @Q%\ L SL. At i a ' ' )
Dosage unit fgopﬁqhagégﬁnggge edroel f?%‘?%#@‘%’ﬁ%h@?@%%ﬁ“&%?ﬁ{‘@ﬁ% S suited
as unitary dopmfeesbly withinladampelf eirtulating concehrations diaeihcluda die EDS0 wittohtlai ni ng
a predeterm ned quantity of active conmpound cal c Iat&ig to produce the

desired t her apfeifiPRICKY.f ! dospgeJRayLYary, ‘B‘ﬁ%mg? ePendigaupetthe gespedemyt i cal
carrier. T*Seaﬁrgﬁg*édﬁnﬁ%&guﬂce%ggﬂiiﬁgﬁ i11284.! Fér3hy BopodndSsed MG | ON are

di ctated by rectly depen [ on the unique characteristics of the
acti ve conpoumethodofithe imveption, theitherapenticallypfective desd canbe estinmtedninitialyed, and

the limtati [ t o t t 2 f di h ti
Compound For T <A EURREASST A 4 frabs fermolBEH Bl s pehpatf ) o
efficacy of sgdulaEAFpRYMA Sorceitrdtidn gt tikk PRRMdEYthe mmg.a.c thelRbadefiBamiorcal

procedures in cell cultures or experinental aninals, e.g., for determning
the LD50 (t hethgdestcamponnd whishaohieves athal-mexioal dnhibitipn efsymptemsI®E0 (t he dose

t her apeut iygal ef.f oGl i a2 5QY . l,at | . e riati o between
t oxi ¢ and 1?5 {i%%!!ﬂé%e?dii Féé?%‘{;ﬁéeé&s/&ﬁé“f{nﬂ"eemp ﬁgérﬁa%edﬂ%o!?n%gﬁcq%ﬁgyfl& TR be
expressed as thdeful dases tn inhdms/ EBDs inGlksma widg be \idvasiited; Xor dxtnple fbydisigh

therapeutic indices are preferred. Wile conpounds that exhibit toxic side
ef fects may becriprmanceliguid teeraRhYt aken to design a delivery system that

targets such conponmﬁmmackzﬁmékeﬁfﬁfu%‘im&ﬁsﬂg%{&%u&de@i&a_ orb ghd e M z€

potential damage to uninfected cells and, ther , reduce side efrects. WO

01/ 14556 PCT/ &G0t erpp vectes. Giene tharapy wéstors canchefdetiveredito assubjectchyl, forr e assays

acid ani mal. studi es.can be used | ornul ating a f e for use
in hunanrsr?lsTh%xaﬁf? S 6?“°§ﬂ%“§8ﬂ'38??§16‘§“‘ ‘§§“°“3Pe§f‘g$a %78\?/!3?&132&)6?' %nge of
circul ati ng caeeeméticdhjectivh (bétd.g.] Okdnetial. (1994)7800 Ndek Acad. 1Std E1SA91:3084-
toxicity. The dosa_gleeF may vary wthin this range dependi ng upon the dosage
form 5 enpl oy )-akke rhatmacsypcal preparatign afdhe geng Bisrapy vestorsan inclide tha gese npound

used in the Ny (lif) 8n hRERAbl Querk, 26 L Lo ek indenigipse can
be estinated I ni ??Zﬁ‘;/ ﬁ% uert, CMW T Atk inFnilP
the gene delivery vehicle is imbedded. Alternatively, where the complete gene delivery

- -

20 vector can be produced intact from recombinant cells, e.g., retroviral vectors, the
pharmaceutical preparation can include one or more cells which produce the gene
delivery system.

The pharmaceutical compositions can be included in a container, pack, or
dispenser together with instructions for administration.

25
VI. Uses and Methods of the Invention

The nucleic acid molecules, proteins, protein homologues, and antibodies
described herein can be used in one or more of the following methods: a) methods of
treatment, e.g., up- or down-modulating the immune response; b) screening assays; c)

30 predictive medicine (e.g., diagnostic assays, prognostic assays, monitoring clinical trials,

and pharmacogenetics). The isolated nucleic acid moleculés of the invention can be



fromcell culture assays. A dose may be fornmulated in aninmal nodels to
achieve a circulating plasma concentration range that includes the |C50

(i.e., th tration of the test conpound which ac
half-naxiﬁgfﬁﬂﬁltﬂtion of synptonms) as 10 determ ned iﬁkgéﬁﬁﬁﬁﬁﬁure. Such
i nformati on can be used to nore accurateg% determ ne useful doses in
humans. Levels in plasma may be neasured,”/for exanple, by high performance

l'iquid chronatography. The nucleic acid nolecules of the invention can be
i nserted i nt ousgddprmxamplesta express BZ-4quotein(eigs wipp recombinant expression yrstax iy

vectors can b [pver | , ol Nt ous

I njection, | o%g%?gé(}l nﬁﬁﬁﬁlgettbgﬁa o%@eﬁkﬂf’)é dekg{ Be?g't5 r@égggég'?m‘ﬁ%@%g@g
Stereotacti c sanjple)or @genetie alteratipn in @B7H géneAnd t¢ hd@ulte B7ot activty,ias Acad. Sci .
USA 91: 3054- 3057). .The ar eytical preparation of the_gene therapy
vector can in sf'ﬂ)@d e@ﬁ%@Wﬁ%B&WW&@E&& cps mé?é%éi gchpractesized * o
can conpri ge LAl hefucki R inH: | e G S
Mbedded, A1 t 3 RATER o SRR rpluckibn YW ifersl 30, WEBTABRIGHE | S e
produced i nt acan be usadito eereenifionpaturally bécurring By-4 ligands,de seredn fordrugsar, t he -

Genedel i versPrySRBmm OBt FAAAERLE S il phl eelieondent otsieRertbEa i n

cont ai ner, paakuffi€iént of bxdRSsiverodRE6R bﬂM-’@?ﬁdﬂeih BEprodictioR 6EBY-4'protein forms
adm nistration. 25 VI. Uses and Mt hods the I nvention The nucleic acid

nol ecul es, prwhigh have degreased ar sherrantagiivity compared ta Bhdwikitypepretein. bed herein
can be usqg |roRBGerdhe M-B?Qfmhg&fiésodﬂtﬁé'w&ﬁﬂﬁw%ﬁxse%déﬁ 0 Ssoke B7-
treatnent, e.g., up- or down-nodulating the Imune response; D) screening
assays; c) 304 motiliscregulate tieechicavaiatiility of B7-dli profeins.tand nmdslateB7-$ aaiyitp 8igi,C
assays, noni t"?}é‘i‘@’gﬁpl Inical trials, and pharnmacogenetics). The isol ated
nucl ei ¢ acid U TeIARBSPnvent i on can be WD 01/ 14556 PCT/ US00/ 23256
-57 used, for exanple, to express B7-4 protein (e.g., via a reconbi nant,
expression vector in a host cell in gene therapy applications), to detect"’
B7-4 nRNA (e.g., i a a | e) or a genetic alteration in a B7-4
gene, andyto nodul ﬁme@g' VA ' . . EEE#E I 37-4
pr ot ei ns égn be us@s to%t&%ﬁ%%%*g%ﬁr%ﬂgﬁggﬁl@%ﬁfe 4 y ‘P%slﬁ ?dgilagnt or -
excessi ve pr acbating subject 8 Fisk of (on istcemibie to) avdisatdertar baving & dis@derhsgeiatedi s

with aberrant B7-4 expression or activity.

1. Prophylactic Methods

20 In one aspect, the invention provides a method for preventing in a subject, a

disease or condition associated with an aberrant B7-4 expression or activity, by
administering to the subject a B7-4 polypeptide or an agent which modulates B7-4
polypeptide expression or at least one B7-4 activity. Subjects at risk for a disease which
is caused or contributed to by aberrant B7-4 expression or activity can be identified by,
25 for exarfiple, any or a combination of diagnostic or prognostic assays as described
herein. Administration of a prophylactic agent can occur prior to the manifestation of
symptoms characteristic of B7-4 aberrancy, such that a disease or disorder is prevented
or, altemz.atively, delayed in its progression. Depending on the type of B7-4 aberrancy or
condition, for example, a B7-4 polypeptide, B7-4 agonist or B7-4 antagonist agent can
.30 be used for treating the subject. The appropriate agent can be determined based on

screening assays described herein.
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can be used to screen for naturally occurring B7-4 |igands, to screen for
drugs ‘'or conpounds whi ch nodul ate B7-4 activity, as well as to treat

di sorders_characterized by insufficient or excessive pr‘gichgﬁg0 of B7-4
protein o opq‘f}ﬁ?étlon of B7-4 protein:forms whi:ch have ecreasea or
aberrant activity conpared to B7-4 w | d _tsgpe protein. 10 Moreover, the
anti-37-4 antibodies of the invention can be used to detect and isolate B7-
4 proteins, regulate the bioavailability of B7-4 proteins, and nodul ate
B7-4 activity e.g., nodulate inmune responses. A. Methods of Treatnent: 15
The present inventd.on aﬂnmbetml\ﬂethodsoth prophyl actic and therapeutic

nmet hods of treati a subject at risk of cep I bl.e to di sorder or
havi ng a di sorder ‘g‘g%%la% kot the [pyention pergh F g\ﬁﬁt?'f‘%q‘?'ﬁct ivity. 1.
Prophylactic %ié@ﬁ@ﬁo?&ubﬁyﬁﬂ%e?a’iﬁ@ﬁé purhdEs. Im&mlhglyl iR aR¥ met hod for

preventing in a subject, a disease or condition associated with an
aberrant B$- 4enebadiraenti the modulatory m¢ﬂ19d ofthe inyention invalv¢siegntagtinglacel withact a

or at"leact oREuEpopRiidEy et oA G e PP RARER LA ARERS O

caused or Conidhmylhﬁdcxhted whatwenanh aBént 4he@ ¥ivdakates B7-Dprorit dcivity cantie be
identified by, 25 for exarfiple, any or a_conbination of diagnostic or

prognosti c as¥agsntas descsibed hezein, yeh a5 snuckeinacid o 4 preteln a gatugall Mﬁw&ct ic
agent can OCCHFgean’o%Etglh 9{ 5 B?-al%fn?@ gaE T Or%andf YHLL BRibodR 3@%—? hioHideC Of

B7-4 aberrancy,” suc i‘'sease 'S preventé
al t er nat i 16! yor aedgenistsla peptidomimetizgf aBf-bagonist peantigogist or other smaflanadécub - 4

aberrancy or _ condi exanple, .a B7-4 oI tide, B7-4.,agagnhi st or
374" ant agoni BRORS smpdaieet Sy aGE gLmblared oo prmbre -1 Rl Epiplll uch
appropri at e aﬂﬁﬁlilat‘é@rhggﬁs fiRluae BR BABRELIPEd SRICRIACIIMBREHY EnddaigBAEd
herein. ~.; .:u..r o, .. i i o L mac. WO 01/ 14556 PCT/ USO0/ 23256

58- 2. Thera edvp@une thabhes beerintreduced p&ﬂw oellt mnpmremqunnmrtbmmt to
met hods of no n {.
pur posZs Acc%’wé’?t egmffz%éa};rf-ié%é‘?rﬁ%& (rjﬁxgg'{ 5'\{& '}{Fi’mérﬁ %{D%Bmgor y net hod

of the inuésnt amisensaWWMlmmmemgesaamm-mmmhes sofuble foohy/efdit-4 de or

agent that nodu ateso e of. the CtIVItI s, of rot,ei n,
g lecules, an 7-4 mhng{tors ese modulatory m ods can%eperf ?n vitro

(e.g., by culturing the cell with the agent) or, alternatively, in vivo (e.g., by administering

the agent to a subject). As such, the present invention provides methods of treating an
individual afflicted with a disease or disorder that would benefit from modulation of a
20 B7-4 protein, e.g., a disorder which would benefit from up or downmodulation of the
immune response, or which is characterized by ai:enant expression or activity of a B7-4
protein or nucleic acid molecule. In one embodiment, the method involves
administering an agent (e.g., an agent identified by a screening assay described herein),
or combination of agents that modulates (e.g., upregulates or downregulates) B7-4
25 expression or activity. In another embodiment, the method involves administering a B7-
4 protein or nucleic acid molecule as therapy to compensate for reduced or aberrant B7-4
expression or activity.
Stimulation of B7-4 activity is desirable in situations in which B7-4 is
abnormaily downregulated and/or in which increased B7-4 activity is likely to have a

30 beneficial effect. Likewise, inhibition of B7-4 activity is desirable in situations in which



activity associated with the cell. An agent that nodul ates B7-4 protein
activity can be an agent as described herein, such as a nucleic acid or a
pr ot ein, I l'y-occurring target nolecule of a B7-¢RisgiBhés (€9, @
B7-4 |ygaﬁ6§,h§§ﬁ7-4 anti body, a B7-4 agonist 10 or antagonist, a

peptidom netic of a B7-4 agonist or antaggni st, or other small nolecule.

I n one enbodi nent, the agent stinulates one or nore B7-4 activities.
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. polypeptide) or a B7-4 fusion protein, (e.g., 2 B7-4-Ig), and anti-B7-4 antibodies that fail

to deliver a costimulatory signal to T cells that have received a primary activation signal,

20 can be used to block B7-4 ligand(s) on T cells and thereby provide a specific means by
which to cause immunosuppression and/or induce tolerance in a subject. Such blocking
or inhibitory forms of B7-4 polypeptides and fusion proteins and blocking antibodies
can be identified by their ability to inhibit T cell proliferation and/or cytokine production
when added to an in vitro costimulation assay as previously described herein. In

25 contrast to the monomeric form, forms of a B7-4 polypeptide, such as an intact cell
surface a B7-4 polypeptide, preferably transmit a costimulatory signal to the T cells,
resulting in an increased secretion of cytokines when compared to activated T cells that
have not received a costimulatory signal.

In one embodiment, fusion proteins comprising a B7-4 first peptide fused to a

30 second peptide having an activity of another B lymphocyte antigen (e.g., B7-1 or B7-2)

can be used to modify T cell mediated immune responses. Alternatively, two separate




preventing the induction of an immne response. The functions of activated
T cells may be inhibited by suppressing T cell responses or by inducing
specific tolerance in T cells, 10 or both. | mmunosuppresgi cel |
responsesW&MPATNEr al |y an acti ve, non?éntigen-_sbecific?ﬁ% é@é%gshich
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pol ypeptide wth B7-2 and/or B7-1), or a conbination of blocking
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and/or anti-B7-1 nocl nad(! 2\ | bodi .can C . ne Lngl
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pept i des havi ﬁﬂlvatlon can be made. Infusion of one or a combination of immunotoxins, (e.g., B7-4-
20 ricin with B7-2-ricin and/or B7-1-ricin), into a patient may result in the death of T cells,
particularly of activated T cells that express higher amounts of CD28 and CTLAA4,
Soluble forms of a B7-4 polypeptide in 2 monovalent form alone may be useful in
blocking a B7-4 polypeptide function, as described above, in which case a carrier
molecule may also be employed.
25 Another method of preventing the function of a B7-4 polypeptide is through the
use of an antisense or triplex oligonucleotide. For example, an oligonucleotide
complementary to the area around a B7-4 polypeptide translation initiation site, can be

synthesized. One or more antisense oligonucleotides can be added to cell media,
typically at 200 pg/ml, or administered to a patient to prevent the synthesis of a B7-4
30 polypeptide. The antisense oligonucleotide is taken up by cells and hybridizes to a B7-4

mRNA to prevent translation. Alternatively, an oligonucleotide which binds double-



B7-4 pol ypeptide activity, with B7-1 and/or B7-1 activity can be used in
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anergize the T cells, thereby inducing tolerance in a subject. Induction of long-term
tolerance by B lymphocyte antigen-blocking reagents may avoid the necessity of

20 repeated administration of these blocking reagents. To achieve sufficient
immunosuppression or tolerance in a subject, it may also be necessary to block the
function of a combination of B lymphocyte antigens. For example, it may be desirable -
to block the function of B7-1 and B7-4, B7-2 and B7-4, or B7-1 and B7-2 and a B7-4
polypetide, by administering a soluble form of a combination of peptides having an

25 activity of each of these antigens or blocking antibodies against these antigens
(separately or together in a single composition) prior to transplantation. Alternatively,
inhibitory forms of B7-4 polypeptides can be used with other suppressive agents such as
blocking antibodies against other T cell markers or against cytokines, other fusion

proteins, e.g., CTLA4Ig, or immunosuppressive drugs.
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(GVHD). For exanple, blockage of T cell function should result in reduced
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20 Preventing the activation of autoreactive T cells may reduce or eliminate disease
symptoms. Administration of reagents which block costimulation of T cells by
disrupting receptor:ligand interactions of B lymphocyte antigens can be used to inhibit T
cell activation and prevent production of autoantibodies or T cell-derived cytokines
which may be involved in the disease process. Additionally, blocking reagents may

25 induce antigen-specific tolerance of autoreactive T cells which could lead to long-term
relief from the disease. The efficacy of blocking reagents in preventing or alleviating
autoimmune disorders can be determined using a number of well-characterized animal
models of human autoimmune diseases. Examples include murine experimental
autoimmune encephalitis, systemic lupus erythmatosis in MRL//pr/lpr mice or NZB

30 hybrid mice, murine autoimmune collagen arthritis, diabetes mellitus in NOD mice and



pancreatic islet cell grafts in mce, both of which have been used to

exam ne the inmunosuppressive effects of CTLA4lg fusion proteins in vivo
as described in Lenschow et al., Science, 257: 789-792 (1992) and Turka et
al ., Proovobei4ssé Acad Sci. 10 USA, 89: 11102-11105 (1998GT/US082386li t i on,
murine nodels of GVHD (see Paul ed., Fundanental | nmunol ogy, Raven Press,
New York, 1989, pp. 846-847) can be used6}o deternine the effect of
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. ! 4 pr
pepti de havi regwredimmupetefisiepey syadramei(4112S), virad sepligation is stimulated by T cell
activation. Blocking a B7-4 function could lead to a lower level of viral replication and

thereby ameliorate the course of AIDS. In addition, it may also be desirable to block the
20 function of a combination of B lymphocyte antigens i.e., B7-4 with B7-2 and/or B7-1.
4. Upregulation of Immune Responses
Upregulation of a B lymphocyte antigen function, as a means of upregulating
immune responses, may also be useﬁli in therapy. Upregulation of immune responses
may be in the form of enhancing an existing immune response or eliciting an initial
25 immune response. For example, enhancing an immune response through stimulating B
lymphocyte antigen function may be useful in cases of viral infection. Viral infections
are cleared primarily by cytolytic T cells. In accordance with the present invention, it is
believed that B7-4 polypeptide interacting with their natural ligand(s) on T cells may
result in an increase in the cytolytic activity of at least some T cells. The addition of a
30 soluble B7-4 peptide, alone, or in combination with a different B7- polypeptide, in a
multi-valent form, to stimulate T cell activity through the costimulation pathway would



conbination with another B |ynphocyte antigen, such as B7-1 or B7-2, can be
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20" vivo.
Stimulatory forms of B lymphocyte antigens may also be used prophylactically
in vaccines against various pathogens. Immunity against a pathogen, e.g., a virus, could
be induced by vaccinating with a viral protein along with a stimulatory form of a B7-4
polypeptide in an appropriate adjuvant. Alternately, an expression vector which encodes
25 genes for both a pathogenic antigen and a peptide having the activity of a B7-4 antigen,
e.g., a vaccinia virus expression vector engineered to express a nucleic acid molecule
encoding a viral protein and a nucleic acid molecule encoding a B7-4 polypeptide as
described herein, can be used for vaccination. DNA vaccines can be administered by a
variety of means, for example, by injection (e.g., intramuscular, intradermal, or the
30 biolistic injection of DNA-coated gold particles into the epidermis with a gene gun that

uses a particle accelerator or a compressed gas to inject the particles into the skin
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DNA can be delivere ystem or targeted el sewhere,

to the respirator
e.g., Peyers tpnerspseifipyolerange in ae|sum@tyléeslmﬂregemmﬂm bejtoapyfectpd toc.  Nat | .
Acad. Sci . U%ﬁpl%é's agé)mbmd%ﬁ gf'ﬂélbagpepndes (e.g., B7-1, B7-2, B7-4). For example, tumor

cells obtained from a patient can be transfected ex vivo with an expression vector

20 directing the expression of a B7-4 polypeptide alone, or in conjuction with a peptide
having B7-1 activity and/or B7-2 activity. The transfected tumor cells are returned to
the patient to result in expression of the peptides on the surface of the transfected cell.
Alternatively, gene therapy techniques can be used to target a tumor cell for transfection
in vivo. .

25 The presence of the peptide having the activity of a B lymphocyte antigen(s) on
the surface of the tumor cell provides the necessary costimulation signal to T cells to
induce a T cell mediated immune response against the transfected tumor cells. In
addition, tumor cells which lack MHC class I or MHC class II molecules, or which fail
to express sufficient amounts of MHC class I or MHC class II molecules, can be

30 transfected with nucleic acid encoding all or a portion of (e.g., a cytoplasmic-domain

truncated portion) of an MHC class I a chain protein and B microglobulin protein or an
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that are known in the art.
In yet another embodiment, the production of an inhibitory form of a B7-4
20 molecule can be inhibited, €.g., using antisense RNA, in order to upregulate the immune
response. For example, in one emb.odiment, the production of inhibitory B7-4
molecules by a tumor cell can be inhibited in order to increase anti-tumor immunity.
In a specific embodiment, T cells are obtained from a subject and cultured ex
vivo to expand the population of T cells. In a further embodiment the T cells are then
25 administered to a subject. T cells can be stimulated to proliferate in vitro by, for
example, providing to the T cells a primary activation signal and a costimulatory signal,
as is known in the art. Various forms of B7-4 proteins can also be used to costimulate
proliferation of T cells. In one embodiment T cells are cultured ex vivo according to the
method described in PCT Application No. WO 94/29436. The costimulatory molecule

30 can be soluble, attached to a cell membrane or attached to a solid surface, such as a be_ad.



| ynphocyte antigen (e.g., B7-1, B7-2, B7-4) induces a T cell nediated
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The B7-4 nol ecul es as descr.i can be us entif ok| nes
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pol ypeptide. i @R Ngufe®97263). Ifa particular activity induced upon costimulation, e.g., T cell
proliferation, cannot be inhibited by addition of blocking antibodies to known cytokines,

20 the activity may result from the action of an unknown cytokine. Following
costimulation, this cytokine could be purified from the media by conventional methods
and its activity meas_ured by its ability to induce T cell proliferation.

To identify cytokines which may prevent the induction of tolerance, an in vitro T
cell costimulation assay as described above can be used. In this case, T cells would be

25 given the primary activation signal and contacted with a selected cytokine, but would
not be given the costimulatory signal. After washing and resting the T cells, the cells
would be rechallenged with both a primary activation signal and a costimulatory signal.
If the T cells do not respond (e.g., proliferate or produce cytokines) they have become
tolerized and the cytokine has not prevented the induction of tolerance. However, if the

-30 T cells respond, induction of tolerance has been prevented by the cytokine. Those

cytokines which are capable of preventing the induction of tolerance can be targeted for



suboptimally stimulated in vitro wwth a primary activation signal, such as
phorbol ester, 5 anti-CD3 antibody or preferably antigen in assom at | on
with an MHC class Il nolecule, and given a costinul ator?(c,{sfh%%

stimul at o™P P5¥H®or B7-4 antigen, for instance by a cell trans Bt ed with
nucl ei ¢ acid encoding a B7-4 pol ypeptide gnd expressing the peptide on its
surface or by a soI uble, stimulatory formof the peptide. Known cytokl nes

rel eased into nedia can be identifi b S bility of an
ot body 10 wPioRReR POk R BSAARer L repgsats g btk Blymaliorg ftient pa, o,
proliferati onpffe éHfikieht micdhs to ihdiRe Soléraiide ih Sranspitine Reipiiatd dFguljedtoithe. An IL 4
ELISA kit is available from Genzyne (Canbridge MA), as is an |IL-7 bl ocking
anti body. Bl oanomgnmdxsswsegor@gamnlsx onewogldadtanmqitemllé%&rbéockmmmte from
Genetics I nst T cell costinulation assay
as descri bed g‘ﬁg&g &gﬁﬁaﬁéﬂﬂgglog@e%mﬁ%ﬂ;t 434“ od for identifying novel
cyt oki nes which nmay be induced by costi rrul atlon For exanple, where

stimul ati on of the CD28/CTLA4 [ 0_enhance |L-2 secretion,
stinulation of theCidde AR08 e retlon(HutIoff

t al. 199. Nat ' 5
gost ?rml ation, urgﬂ&ﬁgﬂg’?@aw fﬁ? g?‘g{d{:gﬁhﬁ%gﬁ%{lm%%h:dggﬁb e g{}'te
addi ti on of bhlmgen n@thamlvehmh nsﬂiettme kfheneror aycrodf thess, peptides irescaeching iasspy sy
thi's oyt okl nedBEnFEEEt HieRPrLEoRRIR WHES Hedroelers St BerBREl betode  and
its activifgy BmdiiglaB@oPdf ihfrsceilhd dignalih %ﬂ*&%ﬂqeceﬁs faldw:ﬁgaish&araa&ﬁ OFbr 10

identify cytokines which may prevent the induction of tolerance, an in
vitro T cel | example, msp M—pw&s@waasgy@@gsamednm&@mumq@&w|n this

case, T cells would b d%ﬁ,sg# 163 ekl T8 o AL ﬁzk'b?ﬁhs%@/?ﬁ%m%ﬂﬂammt

contacted with a o6& 6c I he Fven
costi nul at or ybﬁnﬂmgaifthe/ﬁltzgﬁn witisdi amr@ndteﬂeallll@nd (esg., 'ICIOH! I(E',Lmher 1099)s

woul d be rechal | enged with bot activ n naI
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activation ouglsm stimulation via the T cell receptor pathway but not via the

20 CD28/CTLA4 pathway. Therefore, a different intracellular signaling pathway is
involved in costimulation. Molecules which interfere with intracellular signaling via the
CD28/CTLA4 pathway may be effective as immunosuppressive agents in vivo (similar

to the effects of cyclosporine A).

25 D. Identification of Molecules which Modulate Expression of a B7-4

Polypeptide
The antibodies produced using the proteins and peptides of the current invention

can be used in a screening assay for molecules which modulate the expression of B7-4
polypeptide on cells. For example, molecules which effect intracellular signaling which
30 leads to induction of expression B7-4 polypeptides e.g., in response to activation signals,

can be identified by assaying expression of one or more B7-4 polypeptides on the cell



aut oi mune di seases. For exanple, one could adm nister a B7-4 bl ocking
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E. Screening Assays:

The invention provides a method (also referred to herein as a "screening assay™)
20 for identifying modulators, i.e., candidate or test compounds or agents (e.g., peptides,
peptidomimetics, small molecules or other drugs) which bind to B7-4 proteins, have a
stimulatory or inhibitory effect on, for example, B7-4 expression or B7-4 activity.
In one embodiment, the invention provides assays for screening candidate or test
compounds which bind to or modulate the activity of a B7-4 protein or polypeptide or
25 biologically active portion thereof, e.g., modulate the ability of B7-4 polypeptide to
interact with its cognate ligand. The test compounds of the present invention can be
obtained using any of the numerous approaches in combinatorial library methods known
in the art, including: biological libraries; spatially addressable parallel solid phase or
solution phase libraries; synthetic library methods requiring deconvolution; the 'one-
30 bead one-compound’ library method; and synthetic library methods using affinity
chromatography selection. The biological library approach is limited to peptide
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pol ypept i de olBiotechnigues 13341¥22421), on oh bedsls {barh (E?l)Nmmcﬁ%se 8}),,ch|psdﬂd>®1re t he

Comounds. of - (BRMERERO4 Shseiioh Bacied (st LIPS A EAE mvyes fpdes LS 1

nuMer ous appr epol) e,ﬁasinmsqeﬁip bmt(@mq lprbé Jvmmyam W%9hnemssg) Or bi\Bhapl! .
i.ncl udi ng: bi ol ogi cal braries; spatial dressabl e parallel solid phase

or solution ﬁﬁm@nﬂ |Sbn@r(l%99) Sgymeﬁé%&ﬁ-ﬁg@s Pevlin1998)Sciense 349:404406);
deconyol | el i Eosh AR NARSLAE P Bkl bl ) o g
l'ibrary appr o_aeh305310)mménbrts@rp9pt i de WO 01/ 14556 PCT/ USOQ 23256 -70
e el b SRRl 22T B[, SRR Lot C. L0 BeRLi ey non
(1997) Anti capepexprisditig a B7-4 target molecule (e.g., a B7-4 ligand or intracellular interactor
molecule phosphorylation substrate) with a test compound and determining the ability of
20 the test compound to modulate (e.g. stimulate or inhibit) the activity of the B7-4 target
molecule. Determining the ability of the test compound to modulate the activity of a
B7-4 target molecule can be accomplished, for example, by determining the ability of
the B7-4 protein to bind to or interact with the B7-4 target molecule or its ligand.
Determining the ability of the B7-4 protein to bind to or interact with a ligand of a B7-4
25 molecule can be accomplished, e.g., by direct binding.
In a direct binding assay, the B7-4 protein could be coupled with a radioisotope
or enzymatic label such that binding of the B7-4 protein to a B7-4 target molecule can
be determined by detecting the labeled B7-4 protein in 2 complex. For example, B7-4
molecules, e.g., B7-4 proteins, can be labeled with 1251, 358, 14C, or 3H, either directly
30 or indirectly, and the radioisotope detected by direct counting of radioemmission or by

scintillation counting. Alternatively, B7-4 molecules can be enzymatically labeled with,



Des. 12:145). Exanples of nethods for the synthesis of nolecular libraries
can be found in the 5 art, for exanple in: DeWtt et al. (1993) Proc. '
Natl. Acad. Sci. U S. A 90:6909; Erb et al. (1994) Proc. Natl. Acad Sc!.
USA 91: 11W@RV1ss6kennann et al . (1994). J. Med. Chem 3B¢TASURI26ho et al.
(1993) Science 261:1303; Carrell et al. (1994) Angew. Chem Int. Ed Engl.
33:2059; Carell et al. (1994) Angew. Cheril-Int. Ed. Engl. 33:2061; and in
Gallop et al. (1994) J. Med. Chem 37:1233. 10 Libraries of conpounds may

be present ed fonexanipls, horsergdishyperoxiidase taikaliné phesphatast) arthwiferssejand the3: 412- 421)
or on beads (Lam (,199 Nat ur 4:82-84) . chips odor 1993) Nature
364: 555-556),°”6§'B%‘é°r'?é‘;‘(‘ﬁ8‘&1?fa€y%zﬂﬂ"§?§2%f’ﬁ e ’QB&?F%%“ g su t0409),
pl asm ds (Culgro@ict.al . (1992) Proc Natl Acad Sci USA 89: 1865-1869) or on

phage (Scott and Smith (1990) Science 249:386-390); (Devlin 21990) Sci ence
249: 404- 406) ; 15 (I0sialsoavithin the scope obthis ipyention tqdetermme b ability of a

87:6378-6382); (Felici k@f '51' f%' : - ; adper .supra. ).
I n anot her§e ogé)lorﬁrﬁedn ,médr#?aze]é%lg&tl action o8 %ggégg’gztgiﬁg%g‘?%ﬁdgr Wgﬁ%%ﬂ{egcti ng
a cell expr dabdling ofiary/of4hd ifttegi@tanB3D FoLeNamples a thicrophySiéméter tghttiechised to
Intracellular_interactor, molecule phosphorél ation supstrate) with a test

conpound and dstackthainierariontof BIt with s tarzebmolerile without the Jabrling of eithep Bilt4at e
(e 9. Stimlahndorgeiiibiobiie. MdCorieh! B! MYt (1919) Beieflcd B709b6- 198, k4 ©-

Det er m ni ng Ity of the test conpound to nodulate the activity of a
B7-4 target mskdbertio, & 'mictophystometg! {esghcCytosensorkis anphatyticalingtainsentithat ng t he

bilit t he BY7- tei { i nd,. . int t.with. .the,B7-4 t t
mol ecul o 4 {es{aey e st3ehich Aol abifie} 1B epy iNnFieaE st A fagh Bddepeatle o' U
bind to or i rgopntiemetticistnsor (LAPSNICRIngas i £hid aci@ifitRioRGhte Qart B use@as an

acconpl i shed, e.g., by direct binding. In a direct binding assay, the B7-4
protei n coul dndieaternfheintergction betyvees compounand regepOhzymat i ¢ | abel such t hat

bi ndi ng of the B7 ' : i . L ned by
detecting the | abgﬁgy egﬁ%ﬁbﬁ?xg}eﬁzPﬁte%ﬁ%%ﬁ%&ée@hﬁig#tﬁ%gzwgt?mggﬁf dtb .
nmol ecul es, e.oyinterBRt-withpa B7-ditarget mpdeculeacah bb e¢cothplishietl by d&térmifing thelatGyityor 3H,
either diggctly 30 or indirectl ng, t he radioi sot ope. det ected by direct
counti ng E)f roﬁl?eot@?f‘ﬁ{ @Ms.?for 8&”@%%?&%?@%3@&?%\0}?@&3&?‘{% natively,
B7-4 nol ecul qetepmineld By Etéting indudtlidnyoflaveBbiaesevridmes\ingélof tmget (e.g.,
PCT/ USCO 23256 -71 f)c,)r exanpl e, horseradish perox?gggse, al kal i(neg

3

phosphat ase, tyosing kinageragtivit aJ gefj), detecting catalytic/enzymatic activity of the target an
appropriate substrate, detecting the induction of a reporter gene (comprising a target-

responsive regulatory element operatively linked to a nucleic acid encoding a detectable
20 marker, e.g., chloramphenicol acetyl transferase), or detecting a target-regulated cellular

response. For example, determining the ability of the B7-4 protein to bind to or interact

with a B7-4 target molecule can be accomplished, for example, by measuring the ability

of a compound to downmodulate T cell costimulation in a proliferation assay, or by

interfering with the ability of a B7-4 polypepiide to bind to antibodies that recognize a
25 portion of the B7-4 polypeptide.

In yet another embodiment, an assay of the present invention is a cell-free assay
in which a B7-4 protein or biologically active portion thereof is contacted with a test
compound and the ability of the test compound to bind to the B7-4 protein or
biologically active portion thereof is determined. Binding of the test compound to the

30 B7-4 protein can be determined either directly or indirectly as described above. Ina

preferred embodiment, the assay includes contacting the B7-4 protein or biologically




enzymatic | abel detected by determ nation of conversion of an appropriate
substrate to product. It is also within the scope of this invention to
determne the ability of a 5 conpound:to nodul ate:-the i | bet ween
87-4 and M&M143§et nol ecul e, without the |abeling of 2%1?’@@%%6

I nteractants. For exanple, a mcrophysio er can be used to detect the
interaction of B7-4 with its target nolecifle without the |abeling of either
B7-4 or the target nolecule. MConnell, H_ M et gl. _é19 2) Sci ence

257: 1906- 191 2actixg portien therrof with a knowpicompoynd which-bigds B7-4 to form@pagsa¥nsor) i s
an anal yti cal i SO : S G it
acidifies i tsmgﬁ%’r onmﬂ?éﬁgh%9gma?§%ﬁ%{g%}§gg§%&£%ot en'lqli“gnrr%t&%iagmgensor
(LAPS) . Changefthe test dompound thi ihferast withha BIt4cprotein, hexebudttaminng the abilityafor of

the int tign bet d _In. fer. di ment ,
ot er mi i ng. + 16 Rt etaR fo ot w8 BTE BBie comishe Beugmibip i aBiBeet W« h o
B7-4 targets Mieqésytinpofid ﬂ?pﬁ&f&ﬁﬁ!{l*}ﬁiﬂ&% M—4;ﬂ:;6/$ﬂéﬁﬁd&ioﬁﬁiol¢fgﬁ’caﬁ9héﬁ%t y 15 of

the target nolecul e. For exanple, e activi of° the target nolecule can
be det er mi nedptrjionithereof asgpmpartddo therknown gomgpound] ar second messenger of the

target (e.g., tyrQsine Ki ti Vi d | .

catal ytic/ enzymat i@‘%8§‘?&7‘?r€°%§’f‘alqh‘§¥{“§¥yg‘ég cglkﬁeg%%% B’r?@%‘gg?zggqr?ta neo’r

det ecti ng t hebjoltfgitally aniveipoRionalaedfds copaitred Wthratest Somgound and griabilitgsponsi ve
regul atory el enent operati vela | i nked to_a nucl ei c .acid encodi n? a .

det ect abl e 20thedeskepmpaung to megiylgle fergnitimulalr onmbib theagivitynfdhed 7-4 protein
detecting t < ﬁ“ﬁnﬁi : is deRaRRRg e ) : LG Ni Nng
the abili t@ o?‘rgﬁfgg@-4 p&gpglfﬁﬁht o bi lr%{et 0 ore&'i %ftgﬁglgdéqg\ﬁtﬁh‘ggg{?& égttarget
mol ecul e can bempmnd tguinbdilatd thef aptivitkofigiB 4 piogeimearsbr dcogmplished; forl examplepf a

conpound to d dulate T cell .costiul ation.in a | feration assay, or
by i nterf or i Y SSPEHpE e iRy pf ST poltin B Bindla R R rest pRllp o7 one

anti bodi es t hatthe aré@ds d@cAbeddbodfok dtrmihing ORedd birdinp0 IDeRRMiriflethe bbilivet
anot her enbodi nent, an assay _of theafresent invention is a cell-free assay

i n which a B7ofithe Bltdprateisytoibing| 1o 4iB7:4 tapgehmplegele gan alsobe aasamplished usingmt act ed
Wth a tesfq ge;amgl | bk .{e@%rﬂ@{aiokﬁdecm‘a{ %&@gﬁ iafy gﬁggt. s olitided st o the

B7-4 protel'n ogi cally active portlon t m ned. Bi ndi ng
of the test campUthanictky, Ch@l93D) Dbl AL hemo63:2388c2845 and Sedberetalnd@98)i Curer

assay | hol udeOPL AP B STRR-105. Fbey brina DI o4 G meloly Sigroogasss

PCT/ US00/ 23258j0spebiic interactions in real time, without labeling any of the interactants (e.g.,

BlIAcore). Changes in the optical phénomenon of surface plasmon resonance (SPR) can
20 be used as an indication of real-time reactions between biological molecules.

In an alternative embodiment, determining the ability of the test compound to
modulate the actfvity of a B7-4 protein can be accomplished by determining the ability
of the B7-4 protein to further modulate the activity of a B7-4 target molecule (e.g., a B7-
4 mediated signal transduction pathway component). For example, the activity of the

25 effector molecule on an appropriate target can be determined, or the binding of the
effector to an appropriate target can be determined as previously described.

In yet another embodiment, the cell-free assay involves contacting a B7-4 protein
or biologically active portion thereof with a known compound which binds the B7-4
protein to form an assay mixture, contacting the assay mixture with a test compound,

30 and determining the ability of the test compound to interact with the B7-4 protein,

wherein determining the ability of the test compound to interact with the B7-4 protein



active portion thereof wth a known conmpound which binds B7-4 to form an
assay mxture, contacting the assay m xture with a test conpound, and
determning the ability of the test conpound to interact with a B7-4
protein, We0g#ssédeternining the ability of the test cOHEFEIPUIRY i nteract
with a B7-4 protein conprises determning the ability of 5 the test
conpound to preferentially bind to B7-4- él‘ypept I de or biologically active
portion thereof as conpared, to the known conpound. |n another enbodi nent,

the assay is compois¢s-deteprainingdhe ability\oftherB74 protein torpseferentially bind wiavgi cal | y
active portiaon f .t C |t test conmpound and the ability of
the test com’gﬁé%@ﬁ%@%mvé)?gﬁgg%ewﬁopﬁ’aﬁate or inhibit) the activity of
the B7-4 protein Theeell-ReoassgysoftHeypréseht invenfior dre ainehdby 9 ke bSbotesohiblk Ned.
Determining the ability of the test onpound to nodul ate the activity of a

c
B7- 4 prot ei n agier membraehpundfonns of ppteins (a8 R7-4 profeinsardriolpgically actiee abi ity
of the B7- ' | s e

nmet hods degcﬁl{ogée(%kgb%évag’%g%e e{sg?%ﬁurlc?ir%ﬂ%%gsei @% mé’?%ﬁgerar%gms?l% t he
ability of tvidclBymémprane-bound:forndi prbtéin isus@l(es. taxel) sarfave Byedueeeptatpital so be

acconpl i shed using, a t echnol oQy.sych as real -t|me Bjonol ec r
| nt e?gc!t i on MHQ%V%@‘”%’Etﬂfpﬂﬁ%M?g@m“&ﬁhmﬁ‘bﬁﬁf@% e-bpy U‘J(fg%ﬂ?f Anal .
Chem 63: 233§pe %ﬂo‘ieiﬁikqnﬁﬁﬁﬂ@% IﬁiAsdlﬂtion( E legiffsﬁch soﬁﬂilihingc?{/éeﬂﬁﬁnchﬁb(ﬂbn-

5:699-705. As used herein, " " 1s a technology for studying biospecific
i nt er act i ons ipnic deterigents snsh agntontylgludoside. n-dagecyigluesside redodecmabioside, s (e. g. ,

Bl Acore). IS | cal e s@hance
(PR ohn!Go ARGl A RaR, RaRQRTRRRR Rlnchlicer ERoRE RIS 750

bi ol ogi cal mX-¢t4)IThesit®, Isotrideayoly(ehyleneglgedd etien)p3[(3-det ermi ning the ability
of the test conpound to _nodulate {he activity of a B7-4 protein can be
acconpl i shed QWBWW‘H’@WL?@’%‘BMMRWP”BFs‘!l?v?é"thCHAB%tz’e[ﬁT to further

oL e g e Bl s CEATSOTAN

signal transduction ) onent).” For exa y of the 25
ef fect or nol aodécyl=DiNalimethyph-Hpmmenio-1-progate sulfonatee det er mi ned, or the

bi nding of.the effe t 0 | t el eternm ned as
pr evi. ousl £/5 descri %’Ie‘a‘s}eﬁf%""y%"t" %%I’l]) §€ eegp(;eflr%g%%loﬁ%%sgfy 'Pgtgg%sg‘ﬁ‘ltgef érgs ntassay
i nvol ves continvehtisly itandy bedlegirablecto immobiliké eithegBZ-d!dr jts afget wnldaleito on t her eof

XU e | con(BRAHA TR0 SLSRRIAE 08 o MRS o6 Ot otk 30
det er mi ni ng eifid) b WEIY afto ab&tnthEdlte RMITRRION Bf ihe absdy. CBRMAIngYrdtedthe B7-4
protein, whérein determning the ability of the test conmpound to interact
Wi th the B7- 4ompounditea BH-40mpteits 6GinREILYSEKY B34 pevtein with a target molecule in
20 the presence and absence of a candidate compound, can be accomplished in any vessel
suitable for containing the reactants. Examples of such vessels include microtiter plates,
test tubes, and micro-centrifuge tubes. in one embodiment, a fusion protein can be
provided which adds a domain that allows one or both of the proteins to be bound to a
matrix. For example, glutathione-S-transferase/ B7-4 fusion proteins or glutathione-S-
25 transferase/target fusion proteins can be adsorbed onto glutathione sepharose beads
(Sigma Chemical, St. Louis, MO) or glutathione derivatized microtiter plates, which are
then combined with the test compound or the test compound and either the non-adsorbed
target protein or B7-4 protein, and the mixture incubated under conditions conducive to
complex formation (e.g., at physiological conditions for salt and pH). Following
30 incubation, the beads or microtiter plate wells are washed to remove any unbound

components, the matrix immobilized in the case of beads, complex determined either



-73 conprises determning the ability of the B7-4 protein to preferenti
ally bind to or nodulate the activity of a B7-4 target nol ecule. The

cell-free assays_of the present invention are anenable t ot h
sol ubl e m%%s?ﬁsnbr ane-bound forns of proteins (e.qg., g9¥@§%)?%’%éeai ns or

bi ol ogi cal Iy active 5 portions thereof, opsreceptors to which B7-4 binds).
In the case of cell-free assays in which a nmenbrane-bound forma protein

i d (e.g.,. | | 1 B7-4 t i t b irabl e t
Ui e o s HiSPIND P ingiasa ot xEmPle 2 eiRriBed e ALHmBTYAY Pl pienef Fap
protein is nmapaiRédifsed florh Methitfx, anE R TV of BY-4bifdingS 6t detiiity detdithimdent s

i nclude non- ionic detergents such. as n-octyl gl ucoside,

n- dodecy! gl ucbsinggtandarditsghniquesal t osi de, 10 oct anoyl - N- met hyl gl ucani de,
decanoyl - N-met hyl glyycam de  Trd t. rh§ - ? r'twg. Xl Lt(r),
| sotri decypol y(et hﬁ#gﬁ;ég %eglfore‘?ﬂ'saor lh%%é% '(eg':g")h & &&%J&etﬁé

chol anmi doprsopyérpehing wskdyslof thiimvestionl. (Fo? eRainple, Hithen wB P4 pRIGRS) a B34 tarpet
chol am dopr opyl ) di et hxl amm ni o] - 2- hydr oxy-| - proBan_e sul fonate (CHAPSO, or
N dodecyl =N, rRrodgcriercay be immpbilizadatilizing copjygation of biptiaaad steptaVidinygr e t han one

enbodi nent of -QEE: QE{?&% E‘ml%??&ﬁ}e ﬂ'oﬂ-}’ oy ht. may be
desirable to |Bgmm [ ,\2/%7‘2'»[ err‘ - g‘?)‘?%‘tﬂé?t ar get m)ldecu @eé‘%msa% itate
separ at i on of hgdroxy-suceihithide)yusimgtechniqpres oell &nomsn of the are (ecg., hiatinylation kit

et * conpounifiers Chemieels BoaBr, L);ed resibiaeh h s rels BTV EIEIons B 5

target ol geukRiliphtes{Pleh® (HeRIQNC ARRMLING SMiBodits Ractive Wit B 724 proERPHNd, can
be acconplished in any vessel suitable for containing the reactants.

Exanpl es of s tasgetimolessiles butiwhichido netdnterfere avithhinding of the B3+ prefsindo its tagget

mcro-centrif b Ln.aone ' i i .

provi ded whi cﬁ%ze@fg}sé cgﬁ%ﬁ%%gﬁﬁﬁ%%%%i‘éh ﬁ}l%t?,%ggglﬁﬁ)%uﬁﬁ Faﬁ% t %?g?'gfpﬁ%‘el“o be
bound to a nrhppadﬁn Eherweflbsel:mahﬁbodg:ccctijagshioﬁnh/!e!éhddfnsie'cnre.ifetw:iﬁges‘uclB&’on!ipléx:hs{3 ian
roteins or .athiope-S 25 transferase rget . fus{on proteins, can be
gdsorbed o_ntg Hem, _?ﬁ?é'e _ gﬁ’_géﬁﬁgﬁé_&%ﬂ%@kﬂ’ eArRRieNes, L q‘.‘del_ogi s, MO
or glutat hi?n%nﬁ‘n%édéﬁécﬁ&?gfé&ﬂ&leé hsidg BtiBbdies redbtive Wifk'the BYAGRotEiRoP td? W th

the test conpound or the test "conpound and either the non-adsorbed ar get
protein or B7mplesulet & well asmizythelinkediagsays whishisely ot detacting ap snzlindtioastivity

conduci ve to D) ex . ,on (.e. hysi ol ogi cal conditions for salt
and pH). Foll ggms%%iegd\n{hﬁé%zﬁp&,mtog(tadr%egtiéndrge%fe. mcrotiter plate wells are
washed to renove ahyanoiedebodientpmbailiters of BT -d@dpiéskion afetdantifiedihd n t he

case of beads, conplex determ ned ejther . .
methorcrlp wherein a cell irsn contacted with a candidate compound and the expression of

20 B7-4 mRNA or protein in the cell is determined. The level of expression of B7-4

U

mRNA or protein in the presence of the candidate compound is compared to the level of
expression of B7-4 mRNA or protein in the absence of the candidate compound. The
candidate compound can then be identified as a modulator of B7-4 expression based on
this comparison. For example, when expression of B7-4 mRNA or protein is greater

25 (e.g., statistically significantly greater) in the presence of the candidate compound than
in its absence, the candidate compound is identified as a stimulator of B7-4 mRNA or
protein expression. Alternatively, when expression of B7-4 mRNA or protein is less
(e.g., statistically significantly less) in the presence of the candidate compound than in
its absence, the candidate compound is identified as an inhibitor of B7-4 mRNA or

30 protein expression. The level of B7-4 mRNA or protein expression in the cells can be

determined by methods described herein for detecting B7-4 mRNA or protein.



WO 01/ 14556 PCT/ US00/ 23256 -74 directly or indirectly, for exanple, as
descri bed above. Alternatively, the conplexes can be dissociated fromthe
matri x, and the level of B7-4 binding or activity determ ned using

st andar d weetinissfues. Ot her techni ques for inmobilizi ng PFEPYMARSGN matrices
can also be used in the 5 screening assgys of the invention. For exanple,
either a B7-4 protein or a B7-4 target ~frol ecul e can be immbilized
utilizing conjugatlon of biotin and strept V|d|n B|ot|n te 4 protein
or target nol ecul YQ!&’(‘P%“ER% tpf tasdnysntion ﬁﬁ% Yaqaﬁ‘z

hydr oxy-succ .. t
bi ot i ngl ati OW%& erce @g%@gﬁ:@ @cir?%{rhgmldc?},o lﬁﬁg@lﬁésmqr}égx} l'ized in the

vel |'s of str hpbrdiassiynises, aige .S Patehit Me| 5,283|34 7 pZeryds ot ak €1 99B)EGH/ETR:J23-232;

but “wni ch- do Madim s Ab 1R e G, bk 26 pSh iRl el g 051 T2 Ty et
mol ecul e cAN R dmigu¥Pid: gmmomalagcnlwi 418(1993)tdm dgunasqm:md%; aRDBrsit t ar get

or B7-4 protein trapped in the antib conjugation. Methods for
det ecting suéVD%hQﬂOQ)aémdenufy othgriproteins, wblchhtsdéogre@@m%ahﬁﬂcﬁ/ewﬂr t he

GST-i mmobi | i CO EXES L ﬁy_’g usi ng
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associated wth the B7- 4§prote| n or target nol ecgﬂg noj her errbodl ment ,
modul ator s ofr Bf-A4arggtsasder exampleedqvastieam ¢lementso ?n‘ﬂt'?ﬁ@‘ R8a cell is

cont act edjgn hﬂlh@va anﬂélqgﬁt m nymbﬁaﬁF?\%ﬂ%ﬁwa?n iffibitor® B7-4 NMRNA or

protein |n t he ce of ‘expression of B7-4 nRNA or
protein in the pr Fhetveehyifridisfigen ivtisabonghe nogularmatics of mog sranseription he | evel

of exre55|n -4 NRNA or t.eln.i.n.the absen f | ,dat e
corrpoulr[:d Th Hgl‘ﬂh‘f"gs‘ t(ﬂf'ﬁ?ﬂ?%? Atq\'éqﬁn%@daagé‘%tﬂgﬁd 'Ba&ge%ﬁ%gﬂh‘ ator of
B7-4 expresshggy bﬁﬁ&duﬂ@dxﬁeﬁhsnmmﬁmn&chonstmasnmgewmamuesmu on of
B7-4 nRNA or prote| nis greater gb stat‘lﬁtlgally ? Eplflcantly

gr eat er) |n ﬁ?e"?m?s‘bﬁé'%seémﬂﬁl“eéﬁﬁﬁ’é}“& DN Rgidemain of 3 kpowng  apsence,
the candiga ceoﬁga%d%hquémﬁc&b L ONleqfiod, SR OF

protein expreSS| oh. Alter when expression of B7-4 nRNA or protein
is less (e. @brarysbféﬁ)NAtsethte;, thatgncdde&unum9eﬂtl§§érmm ' meyper'semple")ds t he

candi date co nd t ha s absence |

Cdentified adusER ‘hﬁ?"ﬁr&ia& Podss & f*‘ezf“ﬁﬁ%‘/&hg%’m%é‘ E’?‘%t"g'??{ﬁ é‘%ﬁgrzgg‘!él‘fhgfﬁété THE | evel

of B7-4 nRNAg!bRit'Clndithe 'DE" PRctéindare Bblk Reinfegdct,9n ¢ing) foring a B7-4-dependent
complex, the DNA-binding and activation domains of the transcription factor are

20 brought into close proximity. This proximity allows transcription of a reporter gene
(e.g., LacZ) which is operably linked to a transcriptional regulatory site responsive to the
transcription factor. Expression of the reporter gene can be detected and cell colonies
containing the functional transcription factor can be isolated and used to obtain the
cloned gene which encodes the protein which interacts with the B7-4 protein.

25 This invention further pertains to novel agents identified by the above-described
screening assays. Accordingly, it is within the scope of this invention to further use an
agent identified as described herein in an appropriate animal model. For example, an
agent identified as described herein (e.g., a B7-4 modulating agent, an antisense B7-4
nucleic acid molecule, a B7-4-specific antibody, or a B7-4 -binding partner) can be used

30 inan animal model to determine the efficacy, toxicity, or side effects of treatment with

such an agent. Alternatively, an agent identified as described herein can be used in an



determ ned by net hods descri bed herein for detecting B7-4 nRNA or protein.
WO 01114556 PCT/ US00123256 -75 In yet another aspect of the invention, the

B7-4 proteins, preferably a B7-4M nenbrane bound form as
"bait pr ot\‘!pﬁéﬂ‘&ﬁﬁ a two-hybrid assay ‘or three- ‘hybrid a@’?ﬁ{}gﬁ%@?“de. g.,
U.S. Patent No. 5,283,317, Zervos et al. (4993) Cell 72:223-232; Madura at
al. (1993) J. Biol. Chem 268:12046-12054; "Bartel et al. (1993) 5

Bi ot echni ques 14:920-924: |wapuchi et al. (1993) .Oncogene 8:.1693-1696;. and
B ent . \I094/ 10360l madelip deteRiang the sty L Acion of e A% gge FErisrmpte, Bissc
with B7-4 ("Bt 'gg,{aﬁg ¥ RSv . ] , : I i B7-4
activity. Suchlti‘§18e$‘31§'é I ndi r%gﬁﬁs?g??erlgéegﬁsga eanlﬁgga)lh% Eg:&)d/o ﬁ)&t%ﬁ?éﬁ\%?% in the
propagat i on ofassdys foxitreatmentsiae d@zritledhengini ns or B7-4 targets as, for

exanpl e, downstream el ements of a B7-4-nedi ated signaling 10 pat hway.

Al ternatively, such B7-4-binding proteins may be B7-4 inhibitors. The

two- hybrid system i bagrgcioh Asyay$odul ar nature of nost transcription

factors, which consist 0T separabl e DNA-Dbi ndi ng and activation domains.
Briefly, the assayortionsprfagments ofithg PNAseqyences ddentified-hesein (gnddhe

construct, the . - kL a gene
encodi ng t he ﬁ%ﬂ%ﬁ&'ﬁ@%ﬁ%ﬁ@%ﬁ%ﬁ% %&%ggﬁdg?ﬁr%#ﬁgﬂs%%ctor (e.qg.,
GAL-4). | n t hepohruekeotideredgentst Forrexahiples thgsecsequencdsroanbauseditder @) maptheidNA
sequences, that encodes an unidentifie rotein ("prey"” or "sanple") is
fused to a gerfESPEFLNe EERFLAD %WW?F@“‘&C‘P}%V&‘P?’ ?Faffcﬁ(?ﬁgﬁa s?"ﬁ@‘“ﬁﬁgs)wg
transcriptij@n dedeficiseade (ii)idéhutyal indivifbl fSif a nhGtY biokigilabsditplétRsiP! € {0
interact, in vivo, fl%rm' ggla B9P4-depende_nt aco.rrpl e§<, gﬁ?e%—f)i %di ng and
activation doraping); eid (iiaid indforensic identification ohHa bigtogicalsample, gHhes¢ applications e
proximty. This proxim.ty allows transcription of a reporter gene (e.g.,
LacZ) which i % ?Fﬂﬁnﬁeﬂésﬁ\éﬁ%mgg@%nscri ptional regulatory site
responsive to the transcription factor. Expression of the reporter gene

can be detected and cell colonies, containing the functional transcription
factor can be isol deEAromosome Mappigopt ai n the cloned gene which encodes

the protei ggwhich idgys ' Sriidh e I | [ 1S, i i .
further pe?tsai ns to ng\%ﬁkibe\gﬁ@r%gent fzfolf‘ehgs% ?%éogﬁ%é&g-hgseg%}‘?%gdé%thm
screeni ng assasequenéecanrbetiuseyl tp maptthe locatianif thetgene e @ plrombsanid. SThisprecdss t5n t o

ani ol model - P GROMBEE apPiR, PO HEN: PPIE ariemen b Bl HBRBPHA o. g.
a B7-4 nodul atdeq@eno€sddscrilied heftin, S&0BEused to'magithe lebatorféf B7-ageme dha, a
BT e T omotoms. The mapping of B4 Sequéscds 16 chiombsornes is an important first
20 stepin con-élating these sequences with genes associated with disease. |
Briefly, B7-4 genes can be mapped to chromosomes by preparing PCR primers
(preferably 15-25 bp in length) from B7-4 nucleotide sequences. Computer analysis of
B7-4 sequences can be used to predict primers that do not span more than one exon in
the genomic DNA, thus complicating the amplification process. These primers can then
25 be used for PCR screening of somatic cell hybrids containing individual human
chromosomes. Only those hybrids containing the human gene corresponding to B7-4
sequences will yield an amplified fragment.
Somatic cell hybrids are prepared by fusing somatic cells from different
mammals (e.g., human and mouse cells). As hybrids of human and mouse cells grow
30 and divide, they gradually lose human chromosomes in random order, but retain the

mouse chromosomes. By using media in which mouse cells cannot grow, because they



30 in an animal nodel to determ ne the efficacy, toxicity, or side effects
of treatnent with such an agent. Alternatively, an agent identified as
descri bed herein can be used in an WD 01/ 14556 PCT/ US00/ 23256 -76 ani nal
nodel to WeOHMAShe the nmechani sm of action of such an aBfeHVS002SE her nor e,
this invention pertains to uses of novel_agents identified by the
above-descri bed screening assays for tréAtnents as described herein. 5 F.
Det ecti on Assays Portions or fragnents of the cDNA sequences identified

herein (and #3¢& a pagicnlas enzprmertmt buman eells cap the one huwae chypmosomeithatcontdins n

numer ous way eot | le t.hes ces can
be used to: ?llxe)afeﬁggﬁ{oﬁ@gﬂe n%é%%%c vé%ggﬁggéaﬁénedg%ﬁ@gﬂ%s; 'S%‘ﬁ%w% S,

| ogat _edgelne]c bﬁﬂ}bﬂil‘:‘c_eﬂﬁaemdaﬁb_ ualedswmtshedll (Eagh:l oell i iflia paied Conthing éiﬂieﬂgﬁi?jgl_éy) an .

I Ndl VI Aua roma mnute I Ol 0ogl cal . Sa e (tJssue typln . an 111 al
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described 4 n Sohaeaio hia¥hi I ' uhgnOnNce the
seqguence (dor °fé‘%§’8rt|oh£of ﬁeeﬁgeq elﬁ%ggﬁgf a Séene %@%ﬁe}g}l I solated, this
sequence canchemosmnest (DitnstachiveP . ab ala{1988) Sriiencé 220219924 Somdticael) hpbrids Thi s
process is called ch sone I nq. Accordingly,, porfio or. fragments
of - B7- 4 nuc| SSHH0e °§&g@ﬂ1§8§?¥r‘§'§g?ﬂ' °Sr?8’re§f’ﬂ'?al%aq‘? pﬁ‘é‘l‘ﬁﬁg‘gﬁ’ ¥$9&vap t he
location of Rémén EBGRSsoRiEs With&RhNGRESFand HBRtiGMPPI Ng of B7-4 sequences to
chronosones is an inportant first 20 st in correlating these sequences

e
wi th genes associ Bcsananpinmﬁm@@?llMrisgliwraeiﬁmoqsémfor@aﬁgnﬁegwapped to
chronoso . ' | eﬁQPI - | 0..hength) -from
B7-4 nuc In@(s)tg e%’%ﬁ%@%@%@%ﬁ%?ﬁgﬁg’%@s 0 &%g%g%g%%&b%can be used
to predict passigned périday using asingle isermaluyelet. HdsingB?-4anacleotide sequeacegamoni ¢ DNA,
t hus conplicating the i fi,catiop process. These priners can, then 25 be
used for PCRﬁg%ﬁ‘b@}gPﬂ'&?%dE%‘B?‘Fé“g@ﬁh .W‘faﬂgeééﬂ?‘%fl Nﬂnﬁd’ap‘ﬁﬂ?(/i dual human
chronosomes. ghhhintd RORIpdRIRy dhtsinssomed OthESmbgin ied Whfehcah SiftlRfAp e N9 t O
B7-4 sequences wll yield an anplified fragnent. Somatic cell hybrids are

prepared by hseditamapefat ipsoxky sequencetn it dhtamasame inelusdedn st hybrjdizat n and
nouse cel{sS) . hOS S r C divide, they
gr adual | yﬂslS og%e%ﬁn%wtéﬂgf ?){On%sa?)xrsf?b? %pér%an dn’fcgéri é"% ?S%O?W?ze%gzl?ﬁ’%e

screening with labeled flow-sorted chromosomes, and pre-selection by hybridization to

chromosome specific cDNA libraries.
Fluorescence in situ hybridization (FISH) of a DNA sequence to a metaphase
chromosomal spread can further be used to provide a precise chromosomal location in
20 one step. Chromosome spreads can be made using cells whose division has been
blocked in metaphase by a chemical such as colcemid that disrupts the mitotic spindle.
‘The chromosomes can be treated briefly with trypsin, and then stained with Giemsa. A
pattern of light and dark bands develops on each chromosome, so that the chromosomes
can be identified individually. The FISH technique can be used with a DNA sequence
25 as short as 500 or 600 bases. However, clones larger than 1,000 bases have a higher
likelihood of binding to a unique chromosomal location with sufficient signal intensity
for simple detection. Preferably 1,000 bases, and more preferably 2,000 bases will
suffice to get good results at a reasonable amount of time. For a review of this
technique, see Verma et al., Human Chromosomes: A Manual of Basic Techniques
30. (Pergamon Press, New York 1988).



nouse chronosonmes. By using nmedia in which nouse cells cannot grow, because
t hey WO 01/ 14556 PCT/ US00/ 23256 -77 lack a particul ar enzyme, but human
cells can, the one human chronpbsone that contains the 9808 SRS (gl ng the
needed enWh@/14861 | be retai ned. By usSing varioustnedi a, %@P?z 8 hybrid
cell lines can be established. Each cell_4gne in a panel contains either a
single human chrom)some or a smal | nunber of human chronpsones, and a full

set of nouse al | ow e I es to
speci fic human ch% ﬁ’gﬁ?@éé“%@g‘dﬁ%y%%ﬁ%@%
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to map a 90, 1p, %n&amﬁﬁ&ﬁ@ﬂ&%e&@mﬁ&dqaﬁﬁf&ﬁ@mohﬁ%m%daﬁo 5 ttiel
hybri di zation 15 (described i n Fan . et a 1990) Proc. Natl. Acad. Sci.

USA, 87: 6223- plysicalpasitiopof ﬁemmgmw artthe db'emesbmtt mls@ptrddted Witbigssesicasap and

pre-sel ection zat chr.onp eeifdc | .. brar.ies.
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|l ocation in 20 one step. Chronpbsone, spreads can_be nade usi ng cel | s whose
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di srupts the éd(}ﬂlﬂdeuw ﬁ?@g W th
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Comparison of affected and unaffected individuals generally involves first looking for

structural alterations in the chromosomes, such as deletions or translocations that are
20 visible from chromosome spreads or detectable using PCR based on that DNA sequence.
Ultimately, complete sequencing of genes from several individuals can be performed to

confirm the presence of a mutation and to distinguish mutations from polymorphisms.

2. Tissue Typing

25 " The B7-4 sequences of the present invention can also be used to identify
individuals from minute biological samples. The United States military, for example, is
considering the use of restriction fragment length polymorphism (RFLP) for
identification of its personnel. In this technique, an individual's genomic DNA is
digested with one or more restriction enzymes, and probed on a Southern blot to yield

30 unique bands for identification. This method does not suffer from the current limitations

of "Dog Tags" which can be lost, switched, or stolen, making positive identification



30. (Perganon Press, New York 1988). WO 01/14556 PCTIUSQQO 23256 -78
Reagents for chronosone nmapping can be used individually to mark a single
chronmosone or a single site on that chronosone, or panels of reagents can
be used fWOO0I#IRi ng nul tiple sites and/or multiple chr SFEBEBBReagent s
corresponding to noncodi ng regi ons of th,ﬁogenes actually are preferred for
mappi ng purposes. Coding 5 sequences aré€ ‘rfiore likely to be conserved within

gene famlies, thus_increasing the chance of cross hybridizations during
chromosonal  rdifisulig Thesrasenges of the pretent inyension sreuspivb as additionsd DNA markers

chr onosonal Iﬁggﬁpgdes&fb%dhpﬂﬁ?ﬁ@n%idsbgg of the sequence on the
e rrela

chronpbsone can C ted w genettc p data. (Such data are found,
for exanpl e, in V.Fusthémsire ithe Setueieds ofthel présenti invention tan beGisédto pravide dnabl e

on-line through Johns Hopkins .University Wl ch dical Library). .The
rel ationship m&%‘eﬁh‘b&?é”qﬂﬂbg%ﬂﬂ?@é éct“ﬁ@ﬁ'ﬁ% ‘k’ﬁfet_ §°@-9‘FE‘_¥")€E‘?fo_rmsorral
region, cag dfeib%ﬁd?ﬁréigﬂ? dn{ih&Vidbal's @eskimd, I THO8 Re BAA nhdlestideGBqeRlST | t ance of

physi cal | y adj acen nes), described in, for exanple, Egeland, J. et al.
(1987) Nat ur edes@itisd h&®in@n be Maddo prepare tiwvé PERpricngss from thesd’ OIS’ sadsiof thee s

bet ween i ndi vi dual s fected and ,, 15 unaffect wi.thh i e _associ at ed
Nt he B e, Thesepiferd i shertbhe SR b BERREY o ihdnitod AR F0E S 01 Soms
or all of theuBidgesitig@equtbéei.dual s but not in any unaffected individuals,

then the nutation is likely to _be the causative.a‘ge_nt of the particular
di sease. Conpar i $@nelpef eoriespondiag INA sequences frem individyaly peapared inthisa| | y

I nvol ves fhr | : ﬂf‘?{ 'dér.!%ﬁﬁtﬁ;n!s | d . S, such
as deleti (%tr)lssﬁd?dn?ggns‘ o?:@% Pgﬁééitﬂ a ugirle VI SI c!#ga rgaﬁ]bgﬁglgﬁngsmgﬁa{fpr eads
or det ect abl amirpieset dPE@RthIDNAGequentdsaue foldllcBediffervoees. The sdgnetced of the onpl et e
sequenci ng of genes fr.om several individyals.can be perfornmed o, confirm
the presence Rf?seﬁt IjYRoden B?Pelﬁﬂfe‘h? it °§H‘C"Fﬁ9f"af?‘l§ﬂ_§°e? ff%"ﬁﬁY‘Q‘ﬂ?ﬁ% phi sns.
2. Tissue Tymnaq&o&_ﬁﬁsm@_ﬁkmmﬁumﬁese@énde@sf@é_ﬁﬁexmoanﬂ irgplesemn al so be
used to identify individuals fromm nute biological sanples. The United -

States mil it droytionsef thelumpn genome. Adlslic vagistiom geoupsdo saree degreeda thejcedingn
arent, 480 eRAOHRE it 5 B il Y b Gt gt 0me
nmor e rest ri ctedstimated thahalielic xanihtion betwctervindividdal hiumsans obduct wittoa freqpiency3 uni que
F?%dts aI io(rj n IS d earI]JEniltfcjngg Bér%géh S-HBi bsasersr? Eg&dof%'loeesséqtpe%%ess eLJn td Bér%?c%z@ %o Some © nt
degree, be used as a standard against which DNA from an individual can be compared
for identification purposes. Because greater numbers of polymorphisms occur in the
20 noncoding regions, fewer sequences are necessary to differentiate individuals. The
noncoding sequences of SEQ ID NO:1 or 3, can comfortably provide positive individual
identification with a panel of perhaps 10 to 1,000 primers which each yield a noncoding
amplified sequence of 100 bases. If predicted coding sequences are used, a more
appropriate number of primers for positive individual identification would be 500-2,000.
25 If a panel of reagents from B7-4 nucleotide sequences described herein is used to
generate a unique identification database for an individual, those same reagents can later
be used to identify tissue from that individual. Using the unique identification database,
positive identification of the individual, living or dead, can be made from extren;ely

small tissue samples.



of "Dog Tags" which can be |ost, switched, or stolen, making positive

I dentification WO 01/14556 PCT/ USOQ 23256 -79 difficult. The sequences of
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regions, making it easier to differentiate individuals using this technique. Examples of

polynucleotide reagents include the B7-4 nucleotide sequénces or portions thereof
20  having a length of at least 20 bases, preferably at least 30 bases.

The B7-4 nucleotide sequences described herein can further be used to provide
polynucleotide reagents, e.g., labeled or labelable probes which can be used in, for
example, an in situ hybridization technique, to identify a specific tissue, e.g., brain
tissue. This can be very useful in cases where a forensic pathologist is presented with a

25 tissue of unknown origin. Panels of such B7-4 probes can be used to identify tissue by
species and/or by organ type.

In a similar fashion, these reagents, e.g., B7-4 primers or probes can be used to
screen tissue culture for contamination (i.e. screen for the presence of a mixture of
different types of cells in a culture).

30
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Forensi c Bi ol ogy DNA-based identification techniques can also be used in
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speci fic tiS$yeh asSayd can b @ed foriphdphbic of Predictiod pltPosé@s thetebf btophylacticales
where a forensic pathologist is presented with a 25 tissue of unknown
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types of cel I(e':sfg.l, Erugs, %gtlrlpoun g) on%l?e expression or activity of B7-4 in clinical trials.

These and other agents are described in further detail in the following sections.

20 1. Diagnostic Assays
An exemplary method for detecting the presence or absence of B7-4 protein or

nucleic acid in a biological sample involves obtaining a biological sample from a test
subject and contacting the biological sample with a compound or an agent capable of
detecting B7-4 protein or nucleic acid (e.g., mRNA, genomic DNA) that encodes B7-4
25 protein such that the presence of B7-4 protein or nucleic acid is detected in the
biological sample. A preferred agent for detecting B7-4 mRNA or genomic DNA isa
labeled nucleic acid probe capable of hybridizing to B7-4 mRNA or genomic DNA. The
nucleic acid probe can be, for example, a human B7-4 nucleic acid, such as the nucleic
acid of SEQ ID NO:1 or 3, or a portion thereof, such as an oligonucleotide of at least 15,
30 30, 50, 100, 250 or 500 nucleotides in length and sufficient to specifically hybridize
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hybridizations. In vitro techniques for detection of B7-4 protein include enzyme linked

immunosorbent assays (ELISAs), Western blots, immunoprecipitations and

20 immunofluorescence. /n vitro techniques for detection of B7-4 genomic DNA include
Southern hybridizations. Furthermore, in vivo techniques for detection of B7-4 protein
include introducing into a subject a labeled anti-B7-4 antibody. For example, the
antibody can be labeled with a radioactive marker whose presence and location in a
subject can be detected by standard imaging techniques. '

25 In one embodiment, the biological sample contains protein molecules from the
test subject. Alternatively, the biological sample can contain mRNA molecules from the
test subject or genomic DNA molecules from the test subject. A preferred biological
sample is a serum sample isolated by conventional means from a subject.

In another embodiment, the methods further involve obtaining a control

30 Dbiological sample from a control subject, contacting the control sample with a

compound or agent capable of detecting B7-4 protein, mRNA, or genomic DNA, such
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detecting B7-4 prqtein, nmRNA_ or_genom ¢ DNA, such .
expression or activity. Thus, the present invention provides a method for identifying a

N

20 disease or disorder associated with aberrant B7-4 expression or activity in which a test
sample is obtained from a subject and B7-4 protein or nucleic acid (e.g., mRNA,
genomic DNA) is detected, wherein the presence of B7-4 protein or nucleic acid is
diagnostic for a subject having or at risk of developing a disease or disorder associated
with aberrant B7-4 expression or activity. As used herein, a "test sample” refers to a

25 biological sample obtained from a subject of interest. For example, a test sample can be
a biological fluid (e.g., serum), cell sample, or tissue.

Furthermore, the prognostic assays described herein can be used to determine
whether a subject can be administered an agent (e.g., an agonist, antagonist,
peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug candidate)

30 to treat a disease or disorder associated with aberrant B7-4 expression or activity. Thus,

the present invention provides methods for determining whether a subject can be




WO 01/14556 PCT/ US00/ 23256 -83 that the presence of B7-4 protein, nmRNA or
genom c DNA is detected in the biological sanple, and conparing the
presence of B7-4 protein, nRNA or genomic DNA in the co le with
the preseNt®IEHS387_4 protein, nMRNA or ‘genomi ¢ DNA"i n thep{:%@%mﬁgiag?rpl e. 5
The invention al so enconpasses kits for dgtecting the presence of B7-4 in a
bi ol ogi cal sanple. For exanple, the kit can conprise a | abel ed conpound or
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or agent can be packaged in a 10 suitable container. The kit can further
conpri se i nst euastivignis detseted &5 gwhearein the abupdanee e£B7-4 protein or sucleigadd nucl ei c

acid. 2. Progp i i L,Ge: £ : r.el an
furthernore b%’?p%uél Pﬁﬁ??ﬂ@?@?ﬁ%ﬁég@ﬁg@f@ﬁgﬁ?% %ra Eéstﬁ t(?)f
devel opi ngsa @édtadssorder asdocistediwith aberrant BV-ddxpickdiomndraktivig). B7- 4 expression
or activity. For exanple, tf}e a,ssai/iS described herein, sugh as the,
precedi ng di agnost Fe methadsof the inyrotion panalsa Ry used i detect ganeticalterations injay o
identify a sufpe hﬂ?ﬂ etrmfting i | ' : l.at ed
with B7-4 pr otﬁzg%en%uc el?}gd acl E'Lﬁnéelggg‘é éﬁtgﬁmgirlggte?]ﬁ\ﬁ% '? g*@ﬁ%ﬁfm tQ Elgsggdregsent
i nventi on pr oassocated with tthedd7-# genei de prefdriedregnbadidients] the awthods indlwslor der

associ ated w th aberrant B7- ession.or. activity in which a test

Sample | o obt SRHE 1A PmPE ghraBTon e @miactyb piEsenes o BB LR BRIEE (. g.
MRNA,  gen@n gitdpiih chiraélefiRahe dt leddl 8h&bfMarl f}@rafioh aARTAg He iftéprity REQ B OF
nucleic acid is di iggostlc for a subject having or at risk of devel oping a

di sease or di susediag ad¥khcreteingor thy mis-eupeassion of the B7-4gepecEer example, sushi vi ty.
Ais used herel engﬁc%ltrt] eion§ e&ét&%ﬁ%%ﬁag&ﬁg%ﬁ{:?é@h?&'e%ﬂt léagwxleeof‘i?Ea' ned
) npl'é can pe a b

froma subjec rest. For exa ol ogi cal
fluid (e.g., deetionof onebt mermutleotides fiohs 3 BF-4 genei 2)an addidon dfuhet aPHOSt i C

assays described herein n be ysed to determ ne whether a gsubject can be
adni ni st er ed B'FF? ﬁ§t°(ae§73‘.‘ ,ge"gnbaabﬁ'ﬁf’tgl‘t,‘°'h‘?f{°£§8ﬁ1"§‘fe, fuc g‘ﬂﬂﬁfﬁg ghe,

protein, pEPt kflLchrbibidRial réafrhitbemeifofla BA §Eie §) arliiteftibie In HE 1e9elGsFadi date) 30
to treat a disease or disorder associated W {h aberrant B7-4 expression or

activity. Thumessengrs R transeriptiof @ B7Hbgeng, @habermant medifisatiorfofia Bied gene, siichg
whet her a su bkse &ttheC x%gthgﬁtion pattern of the genomic DNA, 7) the presence of a non-wild type

splicing pattern of a messenger RNA transcript of a B7-4 gene, 8) a non-wild type level
of a B7-4 -protein, 9) allelic loss of a B7-4 gene, and 10) inappropriate post-translational
20 modification of a B7-4 -protein. As described herein, there are a large number of assay
techniques known in the art which can be used for detecting alterations in a B7-4 gene.
A preferred biological sample is a tissue or serum sample isolated by conventional
means from a subject, e.g., a cardiac tissue sample.
In certain embodiments, detection of the alteration involves the use of a
25 probe/primer in a polymerase chain reaction (PCR) (see, e.g., U.S. Patent Nos.
4,683,195 and 4,683,202), such as anchor PCR or RACE PCR, or, alternatively, ina
ligation chain reaction (LCR) (see, e.g., Landegran et al. (1988) Science 241:1077-1080;
and Nakazawa et al. (1994) Proc. Natl. Acad. Sci. USA 91:360-364), the latter of which
can be particularly useful for detecting point mutations in the B7-4 -gene (see Abravaya
30 etal. (1995) Nucleic Acids Res .23:675-682). This method can include the steps of

collecting a sample of cells from a patient, isolating nucleic acid (e.g., genomic, mMRNA
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messenger | fRNAnrlbificsfonispiterh (Kol D.¥. &ME(1989) Frod Warliéddl. SoiPESA 86:¢173-0f a
B7-4 -protein, '9) allelic 'oss of a B7-4 gene, and 10) inappropriate

Of : )
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there are a |l arge e . | | bt ch can be
used for det eoglﬁg H&aéﬁ%@ é‘?’ }%ﬁ%ﬁ?ﬁm{gﬁ@&%h«%ﬁ%ﬁ%&%ﬁ%ﬁ g&’?glg%gpg%i cal
sanple is a trhélstitessing Gchmiyaasweliknosn tathest dfiskitiin terart. dihese deteetions from a
subject, e.g., a cardiac tissue sapple. |n gertain.enbodi s,, detection
of the alter SChEIMESAFRASPSS Yﬁ%“@é%#%@@g&’ﬂﬁ‘éfﬁgm?i‘?‘“ggﬂléuﬁbl yner ase
chai n r eags i GRolb&sRard jrERnt if very loWnSmbEs! ent Nos. 4, 683, 195 and
4,683, 202), such as anchor PCR or RACE PCR, .or

. g R, . alternatively, in a '
ligation chain reduen atergativeymbagdimentemytationsinaBirdgeng froma sa(“PQPB"Sﬂ & ence
241:1077-108Q; .,a . JD& Etk .Aﬁ Xﬁﬁ. le USA
91: 360- 364), %eﬂgﬂggfwa%?%&%%@%r ti&{é’ﬁ% rl ymase(?ﬂ:l fgr’ detecting
poi nt nut at i Gamplerant bentiBY DNA i3 dsotatdds emmplified(optiomally), digestdd. wighl @@3r nidee | ei ¢
Acids Res .23:6/75:682). This rreé prgd cap i Elcl ude the st ePs of

restriction endonucleases, and fragment length sizes are detérmined by gel

20 electrophoresis and compared. Differences in fragment length sizes between sample and
control DNA indicates mutations in the sample DNA. Moreover, the use of sequence
specific ribozymes (see, for example, U.S. Patent No. 5,498,531) can be used to score
for the presence of specific mutations by development or loss of a ribozyme cleavage
site.

25 In other embodiments, genetic mutations in B7-4 can be identified by
hybridizing a sample and control nucleic acids, e.g., DNA or RNA, to high density
arrays containing hundreds or thousands of oligonucleotides probes (Cronin, M.T. et al.
(1996) Human Mutation 7: 244-255; Kozal, M.J. et al. (1996) Nature Medicine 2: 753-
759). For example, genetic mutations in B7-4 can be identified in two dimensional

30 arrays containing light-generated DNA probes as described in Cronin, M.T. ef al. supra.
_ Briefly, a first hybridization array of probes can be used to scan through long stretches
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Other methods for detecting mutations in the B7-4 gene include methods in

20 which protection from cleavage agents is used to detect mismatched bases in RNA/RNA
or RNA/DNA heteroduplexes (Myers et al. (1985) Science 230:1242). In general, the art
technique of “mismatch cleavage” starts by providing heteroduplexes formed by
hybridizing (labeled) RNA or DNA containing the wild-type B7-4 sequence with
potentially mutant RNA or DNA obtained from a tissue sample. The double-stranded

25 duplexes are treated with an agent which cleaves single-stranded regions of the duplex
such as which will exist due to basepair mismatches between the Eontrol and sample
strands. For instance, RNA/DNA duplexes can be treated with RNase and DNA/DNA
hybrids treated with S1 nuclease to enzymatically digesting the mismatched regions. In
other embodiments, either DNA/DNA or RNA/DNA. duplexes can be treated with

30 hydroxylamine or osmium tetroxide and with piperidine in order to digest mismatched

regions. After digestion of the mismatched regions, the resulting material is then
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polymorphism (SSCP) may be used to detect differences in electrophoretic mobility
between mutant and wild type nucleic acids (Orita et al. (1989) Proc Natl. Acad. Sci

20 USA: 86:2766, see also Cotton (1993) Mutat Res 285:125-144; and Hayashi (1992)
Genet Anal Tech Appl 9:73-79). Single-étranded DNA fragments of sample and control
B7-4 nucleic acids will be denatured and allowed to renature. The sécondary structure
of single-stranded nucleic acids varies according to sequence, the resniting alteration in
electrophoretic mobility enables the detection of even a single base change. The DNA

25 fragments may be labeled or detected with lal;eled probes. The sensitivity of the assay
may be enhanced by using RNA (rather than DNA), in which the secondary structure is
more sensitive to a change in sequence. In a preferred embodiment, the subject method
utilizes heteroduplex analysis to separate double stranded heteroduplex molecules on the
basis of changes in electrophoretic mobility (Keen et al. (1991) Trends Genet 7:5).

30 In yet another embodiment the movement of mutant or wild-type fragments in

polyacrylamide gels containing a gradient of denaturant is assayed using denaturing
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Oligonucieotides used as primers for specific amplification may carry the mutation of

interest in the center of the molecule (so that amplification depends on differential

20 hybridization) (Gibbs et al. (1989) Nucleic Acids Res. 17:2437-2448) or at the extreme 3'
end of one primer where, under appropriate conditions, mismatch can prevent, or reduce
polymerase extension (Prossner et al. (1993) Tibtech 11:238). In addition it may be
desirable to introduce a novel restriction site in the region of the mutation to create
cleavage-based detection (Gasparini et al. (1992) Mol. Cell Probes 6:1). It is anticipated

25 that in certain embodiments amplification may also be performed using Taq ligase for
amplification (Barany (l99i) Proc. Natl. Acad. Sci USA 88:189). In such cases, ligation
will occur only if there is a perfect match at the 3' end of the 5’ sequence making it
possible to detect the presence of a known mutation at a specific site by looking for the

presence or absence of amplification.



utilizes heteroduplex analysis to separate doubl e stranded heterodupl ex

nol ecul es on the basis of changes in el ectrophoretic nobility (Keen et al.
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it may be ~ desirab o0 introduce a novel restriction site in the region of
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Mol . Cell Probes 6:1). It i tici d 25 ,that. i ' ent
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an agent alone or in combination with a pharmaceutically acceptable carrier.

20 Administration of a therapeutically active amount of the therapeutic
compositions of the present invention is defined as an amount effective, at dosages and
for periods of time necessary to achieve the desired result. For example, a
therapeutically active amount of a B7-4 polypeptide may vary according to factors such
as the disease state, age, sex, and weight of the individual, and the ability of peptide to

25 elicit a desired response in the individual. Dosage regima may be adjusted to provide
the optimum therapeutic response. For example, several divided doses may be
administered daily or the dose may be propoftionally reduced as indicated by the
exigencies of the therapeutic situation.

The B7-4 modulating agent (e.g., 2 peptide, a nucleic acid molecule, or an
30 antibody) may be administered in a convenient manner such as by injection

(subcutaneous, intravenous, etc.), oral administration, inhalation, transdermal
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Dispersions can also be prepared in glycerol, liquid poiyethylene glycols, and mixtures

thereof and in oils. Under ordinary conditions of storage and use, these preparations
20 may contain a preservative to prevent the growth of microorganisms.

Pharmaceutical com;iositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the
extemporanecous preparation of sterile injectable solutions or dispersion. In all cases, the
composition must be sterile and must be fluid to the extent that easy syringability exists.

25 It must be stable under the conditions of manufacture and storage and must be preserved
against the contaminating action of microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid polyetheylene glycol, and the
like), and suitable mixtures thereof. The proper fluidity can be maintained, for example,

30 by the use of a coating such as lecithin, by the maintenance of the required particle size

in the case of dispersion and by the use of surfactants. Prevention of the action of
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30 anti body) nmay be adm nistered in a conveni ent manner such as by

i njection (subcutaneous, intravenous, etc.), oral adm'oi;lé1 %0%}232?,9’

i nhal at i OMO 0¥/#48Psder nal WO 01/ 14556 PCT1US00/ 23256 -9 '%B r¢atton, or
rectal adm nistration. Depending on the SFloute of administration, the
active conpound may be coated in a materf'al to protect the conpound from
the action of enzynes, acids and other natural conditjons which my

i nactivate tH@IWWMMNQMWIVW°¥@EWWM@M%’ fing agent
by ot her than LA Lo, ool e : t g, coat the
peptide wit h?%%gﬁéﬁsh‘?@%@ e’q%g%t?’iaé%%ﬁ%c ; Mg:ﬂ%%%ﬁﬁglﬁﬁﬁ%kg. g}event its
i nacti vat i onmafy Eages} itrwitl be préfergble geintludeisotonic agents; fortezamplesvogars, | ndi vi dual
i n an appropriate arrier, diluent or adjuvant,. cp-adm ni.steged wiih
enzyme i nhi bpelypicohsis sugh asmany @ﬁﬂ’?tﬁﬁ @ﬁ%ﬁﬁ‘f’s‘ﬁé Eﬁﬁ%"%ﬁ”ﬁ“ﬁ%ﬁ%ﬁ?ﬂ"&?"&

Phar ceuty o i3 oFite Ajbdatlé botfifiohd et erdith dbBuekindidingiienuis buf f er
solutions.” Adjuvant 1s used In its broadest sense and'includes any inmmune
stirmul ati ng compositivd apagént adichrdelays shsorptiomdpr example, duminumpmenasteatater e n

I ncl ude resorcingls, non-ioni c surfactants such as pol yoxyet hyl ene ol eyl

et her and n- ®eyl pol yethyl ene ether. Enzyne inhibitors include

pancreatic trypsi s:eﬁrehhjbétgmé solufitns SAPbeyrvpared by inpirparativay a2 tivEdniound d

trasylol. Liposonmes include water-in-oil-in 15 water enulsions as well as

convent i onal (¢8-ppBErwolypeptidehin the regpired amaypyin a&.aPP"RB‘i!ﬁt%M’!’F&hUFﬂ‘ MYF?2  The
active cofpoynd,. }/onaog-e rélﬁelgs?éeﬂgﬂﬁeﬁa&grﬁgvfﬁfﬁafi%fdlmweﬁ by fift&eperi toneal ly.

Di spersions can al so rep ycero I qui d pol yet hyl ene gl ycol s,
and m xt ur es steiliaxion§ Genetallyndispdrsionsidnciprepavedpynincorperating the astive sbmpeundage and

use, these preparatjons, 20 -cont ai,n .a .,preservative t revent the growh
of nicroor gamt%ﬁét?"igl’(ﬁﬁ‘ﬁé@é‘g‘?{ contains & hasic dispersion wﬂugmn&%%g&w%ﬁ&l{eébl e use
incl ude st er joRedRaharmons thos@bntiniepdied 4HONE | thidats ofsrilbp@ydesy foeliheper si ons and
sterile powders for the extenporaneous preparation of sterile injectable

sol uti ons or prepaméenofsterile injestablesalutiens, the prefergid jaetheds 9f PIFPARLMAS t or i | @ and
must be flui t . ' ke b {.gust be
stabl e ungér g?‘{}l@mc‘gﬁag ﬁ%ﬁ%%%n%%ﬁ%% u¥dg Qgﬁg’ug%ﬂrﬂfdeéhgénfggﬁuag? (Eeg i '
preserved ageptids) pltsunycadditional dasired gngrediens fronf a previoesty gertle-dilfgred gelutions

bacteria and fungi. The <carrier can be a solvent or dispersion nmedium
cont ai ni ng, FOtxanpl e, water, ethanol,

When the active compound is suitably protected, as described above, the protein

.

may be orally administered, for example, with an inert diluent or an assimilable edible

20 carrier. As used herein "pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active compound, use thereof in

25 the therapeutic compositions is contemplated. Supplementary active compounds can
also be incorporated into the compositions.

It is especially advantageous to formulate parenteral compositions in dosage unit
form for ease of administration and uniformity of dosage. Dosage unit form as used
herein refers to physically discrete units suited as unitary dosages for the mammalian

30 subjects to be treated; each unit containing a predetermined quantity of active compound

calculated to produce the desired therapeutic effect in association with the required
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pol yol (for exanple, glycerol, propylene glycol, and |iquid polyetheylene
glycol, and the 1like), and suitable m xtures thereof. The proper fluidity
can be majntained, for exanple, 30 by the use of a coati 5306

| eci t hi n, MRAPEE® rmi nt enance of the required particle sil;z}’gr |nﬁ?§i case of
di spersion and by the use of surfactants.,,Prevention of the action of WO
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sol vents, dispersion nedia, coatings, antibacterial and antifungal agents,
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between about 0.1 to 20 mg/kg body weight, one time per week for between about 1 to
10 weeks, preferably between 2 to 8 weeks, more preferably between about 3 to 7
20 weeks, and even more preferably for about 4, 5, or 6 weeks. It will also be appreciated
that the effective dosage of antibody used for treatment may increase or decrease over
the course of a particular treatment. Changes in dosage may result from the results of
diagnostic assays as described herein.
Monitoring the influence of agents {(e.g., drugs or compounds) on the expression
25 or activity of a B7-4 protein can be applied not only in basic drug screening, but also in
clinical trials. For example, the effectiveness of an agent determined by a screening
assay as described herein to increase B7-4 gene expression, protein levels, or upregulate
B7-4 activity, can be monitored in clinical trials of subjects exhibiting decreased B7-4
gene expression, protein levels, or downregulated B7-4 activity. Alternatively, the
30 effectiveness of an agent determined by a screening assay to decrease B7-4 gene

expression, protein levels, or downregulate B7-4 activity, can be monitored in clinical
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with a ther apespectivalyl Theldvelstof gene expression (b€., agenerexprossibn pattern) canl hede a

single treatnent.or ef er abl can i e_a, seLi of treat ts. In a
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monitoring the effectiveness of treatment of a subject with an agent (e.g., an agonist,

=]

20 antagonist, peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug
candidate identified by the screening assays described herein) comprising the steps of (i)
obtaining a pre-administration sample from a subject prior to administration of the
agent; (ii) detecting the level of expression of a B7-4 protein, mRNA, or genomic DNA
in the pre-administration sample; (iii) obtaining one or more post-administration

25 samples from the subject; (iv) detecting the level of expression or activity of the B7-4
protein, mRNA, or genomic DNA in the post-administration samples; (v) comparing the
level of expression or activity of the B7-4 protein, mRNA, or genomic DNA in the pre-
administration sample with the B7-4 protein, mRNA, or genomic DNA in the post
administration sample or samples; and (vi) altering the administration of the agent to the

30 subject accordingly. For example, increased administration of the agent may be

_ desirable to increase the expression or activity of B7-4 to higher levels than detected,
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clinical trials. For exanple, the effectiveness of an agent determ ned by a
screening assay as described herein to increase B7-4 gene expression,
protein levels, or upregulate B7-4 activity, can be nonj Ln_clinical
trials of MM MEPs exhibiting decreased B7-4 gene expr etéﬁ;ﬁof&n%:}gtei n

| evel s, or downregul ated B7-4 activity. Aygernatively, the 30 effectiveness
of an agent determ ned by a screening assay to decrease B7-4 gene

expressi on, pysotei. evel s e - 4. YA [ ored
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gene, and pr ethan detected, ieifadecease theefigeti the,agenty Aeeording 1o sich afi sor der
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that are BSodeffextiechessof@alagentleyen incthe alesence/ifiah ohsereablepheiaypjc respanspound,
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a screening assay odsyyentiongs 3@%@@5@%&@&7%&% %#Béﬁ"‘tqé"g‘t udy
the effect of p@&RRinTedR lithifkig. TIRTOAEHS P EUfSeNdES patehRand Fub e a
clinical trial, cells can be isolated and RNA prepared and anal yzed for the

10 | evel s of applications eitedshropghant thisiapplipationgaswell asthe Figareeand the Spquente 4
associ ated di der. . r |V ] evel s of gene expression (i.e., a
gene expressig%%é?cﬁégé%éghéﬁé%ggﬁeéd by Northern bl ot analysis or

RT- PCR, agqg@descri bed herein, or alternatively by neasuring the anmount of
protei n produced, by one of the nethods as_descri bed herein, or by
measuring the |levels of activity of BEXAMPLES o genes. In this way, the
gene 15 expression pattern can serve as a marker, indicative of the
physi ol ogi cal response of the <cells to the agent. Accordingly, this

response st at Example be Isolation of Béd cBONAMpleculed. at  vari ous points during
treatnment of the individual wth e ent . In a.preferr enbodi pent, ‘'t he
present invention eo?ff’ﬁg’ssegueﬁﬁ??\%tge °thﬁi4&m'ﬁlﬁ’t‘"%n§9fle‘gﬁ Sss of
treat ment 13f geachith@piiblididhiabades fof Bilileit Gci@ moldtilled @udlifig homdlogdlisagoni st ,
peptidom netic, protein, peptide, nucleic acid, snmall nolecule, or other

drug candi daPelyPepéifles fiveaiovsslanning seayenees indhoEST databnsa AA29220handei n)

conpri sing t @ s356%, Qkre(ilentified! &é%u@n&é@éémd‘@ i fffillen froma

subject prior to admnistration of the agent; (Il etecting the |evel of

expr essi on of cBNB3 fbrphumasi activatddkratinocyje ahplaceDihcDNA librezies as follows. _

pre-adm ni strati onoRanbl Ritdes With R deqhchcl AVET AT GEREETRU G ARG AL 3t on
20 and AGGTGCTAGGGGACAGTGTTAGACA from these ESTs were synthesized.

These oligonucleotides were used to prime a PCR reaction using as template cDNA

prepared by reverse transcription of mRNAs from the spleen of a case of follicular
lymphoma, activated B cells, INF-y activated keratinocytes, normal spleen, and placenta.
Conditions were 94°C, 1 min; 94°C, 30 sec, 56°C, 30 sec, 68°C, 1 min for 35 cycles;

25 68°C, 3 min, hold 4°C. All templates gave a band of the expected size of 389 bp. The
389 bp product from the PCR of INF-y activated keratinocytes was purified by agarose
gel electrophoresis and 0.12 ng was used as a template in a PCR reaction containing
0.05 mM biotin-21-dUTP and the above primers. Conditions were 94°C, 1 min; 94°C,
30 sec, 56°C, 30 sec, 68°C, 2 min for 20 cycles; 68°C, 5 min, hold 4°C. The biotinylated

30 PCR product was purified on a Nucleospin column (Clontech) and used as a probe in the
ClonCapture cDNA selection procedure (Clontech). 60 ng of denatured, biotinylated



25 sanples fromthe subject; (iv) detecting the |evel of expression or
activity of the B7-4 protein, nRNA, or genomc DNA in the

post-adm ni stration sanples; (v) conparing the 1|evel of expression or
activity WOQIH4S87-4 protein, nRNA, or genonmic DNA in t RETHSA0/23256

adm ni stration sanple with the B7-4 protein, nmRNA, or genomc DNA in the
post adm nistration sanple or sanples; afé “(vi) altering the adm nistration
of the agent to the 30 subject accordingly. For exanple, increased

admi ni strat i ACR prodiwe vy incubated witke 2 miNVECoCGlp 16X RecA baffeab ag bfiRes progedigi on or
activity of B7-4_tq higher levels than detected, WO 01/14556 PCTI USOQ 23256
-94 i.e., to }%ATB4uafipglyolmenf30 b Lhereagtionyyas incubated ot 37%fon 4% mjm| 0.7

decreased adnjni | 0 t . hrabl e degrease

expr oasi on oA B ean s s teiBitse N R inGRy i 0.2 54 il
decr ease t he plidenial dDNA Eibrary fwak hdded 266 incubition coitiitied for 20 &lin.a50 n%GﬂDOdi nment,
B7-4 expression or activity may be used as an indicator of the

ef f ect i ven®s EcoRVadigested lambdaBWA was added 40 thenmerstion andrinaiibated Saliine 0,6hd 06t ypi ¢
response. This, jayention is further illusjrated the_foll ow ng exanpl es
whi ch shoul dqﬂ%'t éﬁﬁen%ays BRptenase Kvere A .“?H@“’Eg%f"é’lﬂ'é%c#”bqwﬂ'ef erences,
patents and bl vggt ﬁ | ja&:al | I1trQC -1 Qi .
application, as %/’\’g%qgas : ‘EegvﬁFgl%Peag&g%gwﬁgﬁée%%%%%&%dﬁéné&emc

i ncor por at ed beadsaidie PikincEBabidomars ug of Sh¥AMPedifion BYRRDNA Tor 10Ainahi @ of B7-4
cDNA Mol ecul es. . The protein sequence of the extracellul ar domain of human

B7- 1dvvas us ed>|e@4f captyred svithamagnst, thesupematant serpened, qnértherhfeqi%qewsa%qda}i] #oidcul es
' . ' T ' ' EST

it abase, gt S8 BiHAing REMRITICESTA B0 UG | PPRLTAS BRESE TSR R Hens, o7

used to isol alee hddel td 1o fabtidh/and theorebétion incabatéd foR B0 i attadm tenlgRiatirenocyt e

and placental cDNA libraries as follows. Oigonucleotides with the sequence
CAGCTATGGT GRS IEsRe. Ths bemls WRCEEE o rittAMREIG IR HPFRaSML { hese ESTS

sl g 2. 1 emprapist, DEBAMP WA T80 of Sl BT B T om ¢ he
spl een of a dNa€d, WrmMdlristiQ), pH 7.3)ybratiowere captuied aitha nBigned and thel iperpatant
et M e Yl e o 50y RSO W llit® 4
to the washed beads, incubated 5 min at 37°, beads were captured on a magnet and the
supernatant removed. Captured DNA was eluted by adding 0.1 m! of elution buffer (1
mM EDTA, 0.1 N NaOH)., incubating 5 min at room temperature, beads were captured
with a magnet and the supernatant removed and saved in a new tube. 22.5 pl of
20 precipitation mix containing carrier and pH neutralizers was added along with 2.5
volumes of ethanol. The plasmid DNA was concentrated by centrifugation and re-
dissolved in H,O. Plasmid DNA was re-introduced into E. coli DH10B/P3 by
electroporation and selected on LB-agar plates containing 7.5 pg/ml tetracycline and 25
pg/ml ampicillin. Colonies were lifted onto Nytran filters and hybridized with *2P-
25 labeled oiigonucleoti_des with the séquence CAGCTATGGTGGTGCCGACTACAA,
AGGTGCTAGGGGACAGTGTTAGACA , and
TCGCTTGTAGTCGGCACCACCATA. All oligos are from AA292201 sequence.
Final wash conditions were 2 X SSC, 0.1 % SDS at 55°C for 20 min. The two
hybridizing colonies were picked and the sequence of the cDNA inserts was determined.



25 68C, 3 mn, hold 4C. Al tenplates gave a band of the expected size of
389 bp. The 389 bp product fromthe PCR of INF-y activated keratinocytes
was purified by agarose gel electrophoresis and 0.12 n as a
tenpl at e WO MIERSKR reacti on containing: 0.05 nmM biotin- 2%%”’2%th he above
primers. Conditions were 94C, 1 mn; 94C,. 30 sec, 56C, 30 sec, 68C, 2 mn
for 20 cycles; 68C, 5 mn, hold 4C The g?oti nyl ated 30 PCR product was
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2 mM CoCl2,1 X RecA buffer,1 pg of RecA p in, 1X ATP in a final volune
of 30 pl. ThencleacThemolemtide arl dmine acid sequaares of thisform are shown inSEQID pl asni d

ol acont al ORI 21 SREERRdfe S St Bl R R afod T 50 g
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mn. 0.6 pl of A 10% SDS and 5.6 pg of proteinase K were added and incubated
at 37 for 10 amin acippequencayefcthig fopnsare in SEQIHNC: d andid, respsetively- 0. 1 M

PMBF. St t ayi.di ' . ' | h d
ca mon s per miSeBR P e b7 P AR e bR 6V, sHIIEC doling s < TR €
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uf fer ) , , ris; , .{-9). e S re e
to the react i8St W%&éﬂ%ﬁ“&? LR a%s_r*‘z%zw “ﬁ‘?“ﬁggrﬁﬁc\éﬁﬁ'éwgt ure
with gentie Mgl defiifit ﬂ%ﬁﬂl%z"iﬁitﬁxmtddgggxa!ﬁés*ﬂe&t BRStesde 136d bxtension 1

supernatant reffoved. The beads were was wth 1 m of washing buffer (1
nmMV EDTA, 2 M(Sé&igip/ Mreawrichiminmilgiv), yiderrconilitiopswhiere B+ keandt-2 haxe ahouth a
magnet and t%gs%&at’ natant 15 renoved. The wash procedure was repeated 3
times. One m<8t ' %EPi| e H2O was added to the washed beads, ;incubated 5
mn at 37, beads were captured on a magnet and the supernatant renoved.
Capt ured DNA adding 0.1 m of elution buffer (1 nMEDTA 0.1
N NaoH) ., i ndinsmpled Expgessionof BAAmRNAer at ure, beads were captured with a
magnet angsthe SUpgl RNV heSIMHRCoRR b DI pledicted 15 Yo bbdi 1288, foudh Of 20
precipitation mx containing carrier and pH neutralizers was added al ong
with 2.5 volashersizes are pbssibdd. . ThehaRINA S thiecseconid forms isabot S8 kbn with niipor
centrifugation d - di Lved in H2O Pl asm d DNA was re-introduced into
E. coli DHloB?@Rﬁyﬁéﬁa‘&?$ oration and sel ected on LB-agar pl ates

containing 7.5 ji @Expteséion 68874 MRICA Wad akdlyzed. RNA was prepared by guanidine

thiocyanate homogenization and cesium chloride centrifugation. Equal amounts of

20 RNA (approximately 2 pg poly(A)y+ RNA) were electrophoresed on an agarose gel,
blotted, and hybﬁdized to a portion of **P-labeled B7-4 cDNA common to both the B7-
4S and B7-4 M forms. These B7-4 mRNA s are highly expressed in placenta, lung, and
heart and are moderately expressed in the thymus. In addition, these B7-4 polypeptides
are weakly expressed in skeletal muscle, kidney, pancreas, prostate, testis, ovary, small

25 intestine, colon, and peripheral blood leukocytes. They were also found to be very
weakly expressed in liver or brain. B7-4 mRNAs were not expressed in unstimulated
monocytes, but were strongly induced by IFN-y. Similarly, the expression of these
mRNAs was found to be induced in keratinocytes by TPA/IFN-y and in dendritic cells
by IFN-y. These B7-4 mRNAs were not expressed in unstimulated B cells, but were

30 induced by Ig crosslinking.



jig/m ampicillin. Colonies were lifted onto Nytran filters and hybri di zed.
with 32P 25 | abel ed ol i gonucl eoti des with the sequence
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reveal ed two for nsﬁwsmnaf%\gﬁe%/#g@? ‘B‘P@ s‘gé’F'iP
(B7-4S) enCOdﬂ?eyawa?f]ﬁBt%tﬂldh@Bé aa,res&mrﬁcenme ﬂiahhé Rajfl 3008 I‘,’BIF]W?AM ot
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SEQ I D NO 53 g¥ifl te myeRsi®RAd U9%L.y. Both nenbers of the B7-4 famly

i dentified have signal, IgV, and 1gC domains, as illustrated in Figures 3
and 4. The B7-4M form has approximately 21 % amno acid identity to human
B7-1 and abougt., 3 %fﬂ?AqﬁBfeEJlé(stBGf LB, AfiSboafdscu!l ated 10 using

t he defaul t ence 11 and
ext ensi on | (See (1‘08alléhwwumfemawﬁmmﬂmrgwszNAdeDbmybtmresﬁeﬁe B7-1

TRNA of t he. SN Eontinig the 1 ST BB T dipur, M emieried GOS kel W¥bugh

other sizgg %&cﬂ&ﬁ%ﬁé&aﬁﬂlﬁ?ﬁ%n&imﬁé@S&M@ﬁAﬂ}ﬁbhﬁn%P% 3.8 kb, with
m nor nRNAs of 1.6 "and 6. . Expression of B7-4 nRNA was anal yzed. RNA

was prepared by gdamabiilbeof(ﬁ(l’ﬁ calls grpressingdhvo4dito bindite variousl Teeld ligands Adbr i de

vere el oot roptipelises i EAC8 sl PGB CHIR A EId ind Ry~ Y
portion of 32yBRbtlafsdedied @OS bHIS snommamdmnmsr@n&mm—mahs%uﬁu M
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and are rmdercht%?ﬁ (Rigwe 8 S'B?f ty RECO xpressing7-AMAe, “!dntéé
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prostate, testis, ovary,
ICOS was detected (Figure 9). Asshown in Figure 10, FACS analysis revealed binding
of BB1 (anti B7-1 and anti B7-3), but not IgM or 133 (anti-B7) antibodies to B7-4-

transfected COS cells (experiments shown employed unstable transfectants).

20 Example 4. Costimulation of T Cell Proliferation By B7-4 molecules

The ability of B7-4 polypeptides to costimulate human T cell profiferation was
tested. Human CD28% T cells were isolated by immunomagnetic bead depletion using
monoclonal antibodies directed against B cells, natural killer cells and macrophages as
previously described (Gimmi, C.D., et al. (1993) Proc. Natl. Acad. Sci. USA 90, 6586-

25 6590). B7-4 and vector transfected COS cells were harvested 72 hours after
transfection, incubated with 25ug/ml of mitomycin-C for 1 hour, and then extensively
washed. 105 naive T Cells were stimulated with plate bound anti-CD3 mAb plus 20,000
mitomycin-¢ treated COS cells transfected with the indicated DNA construct.

T cell proliferation was measured by 3H-thymidine (1 uCi) incorporated for the

30 last 12 hours of a 72 hour incubation. As shown in Figures 11 and 12, COS cells

expressing B7-4 can costimulate T cell proliferation.
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No bi ndi ngoof Sihs!aEs3°6,/and ek@mifed by Butotaliclraphys det ected (Figure 9). As shown

in Figure 10, FACS anal ysis reveal ed bi nd[mr;? . of BB 1(anti B7-1 and anti
“ﬂé@‘\ d5

B7|—|3), but not | g% eas expressed at hight hpgt,mumanplasm#%h@amcosl

[ X . 4.
Gost i mul at orteay e NE (GHRP U h sitah ooy AR FELE b aus BT C 7
gglz%ge_ﬁ)_tidlelssto S?HW grahaxptesi seéld in@l viarigty of trasesf (ﬁ‘tﬁedlttlmge??lltlh?,ed. Hurman
nmonocl ongle anif‘%’,YeB@Bggg&bﬂ?&&%@é%%k%&&#ﬁﬁmggpaﬁ(‘l Réﬂt&qps and
macr ophagqs as3gpa! PYIsOsd MBAEASEdIRed (G mm, C D., et al. (1993) Proc.
Nat!. Acad. ScCi. USA 90, 6586- 25 6590). B7-4 and vector transfected COS

cells were harvested 72 hours after transfection, incubated with 25g/ m of

m tonycin-C fﬂa&l@@%mﬁpehm&&ﬁé&%ﬁ?@ Lﬁf{NA Expression

B7-4 mRNA expression on antigen presenting cells was examined and compared

to the expression of B7-1 and B7-2 on those cells.

20 For RNA blot hybridization, the 1.6 kb human and 3.6 kb murine B7-4 cDNAs
were excised by digestion with Xba I and labeled by random priming with y-*P-ATP
and the Klenow fragment of DNA polymerase 1. RNA blots were hybridized as
described in Freeman, G. J. et al. (1992) J. Immunol. 149:3795-3801.

Human dendritic cells were derived from peripheral blood. Mononuclear cells

25 were isolated after fractionation on a Ficoll gradient. Non-adherent cells were removed
and the remaining cells cuitured in 150 ng/ml human GM-CSF (R&D Systems) and 100
ng/ml human IL-4 (R&D Systems) for 2 days. The non-adherent dendritic cells were
isolated (CD80* CD86" HLA-DR' CD54* CD58* CD1a") and cultured in GM-CSF alone

or activated with GM-CSF, 2.5 pg/ml LPS (Sigma Chemicals), and 10 ng/m] human
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washed. 105 naive T Cells were stinulated with plate bound anti-CD3 nAb .
plus 20,000 mtonycin-c treated COS cells transfected with the indicated
DNA construct. T cell proliferation was neasured by 3H thym di ne I pC)

i ncor por aPE14356t he 30 | ast 12 hours of a 72 hour mcd’ﬁéfq shown in
Figures 11 and 12, CCS cells expressingdg7-4 can costinulate T cell
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con3| sted of a 1 IMuriichuine Mot v ermgualedr celts weére immiib-dephated of granntocgesli ng

regi on and 3 ransl ated r on of ,SEQ | D Us e, B7- 4 pr.obe
consi sted of Hmp %F@A"?lﬁg’gmet‘%"g?ﬁ ?%%Neﬁ,‘emnﬁ@"ﬁiﬁ“ mr‘“@ﬁm‘?ﬂ}esactl n
probes werg SM&PGM‘-@SP ¥ind 18! %ﬁﬂntﬁ'cﬁilssw%'hﬁwe%@&ﬁ%ﬁ ereht gopffition
tenperature in 2X SSC, 0-1% SDS, followed by 0.2X SSC, 0.1%1 DS at 65C,
and exami ned after 3damﬁ@ubg¢,@pdﬂemmedﬂ\h¢ %@%ﬁ@léssé@dﬂ kelgh Qellsel s i n

fetal .liver, and at lower levels in

heart, human Iacenta a
spl een, Iyrrph te@wﬁxiliyagﬁ upgR Rerferonsy- ' B7-4 nRNA was expressed in a

variety of transf B Rfteithin hinfiiPblood HBhoisad By RN Biofhy bEAARGE. .
K-Bal b, M MBV-Bal b/ 313, Hepa 1-6, 15 P38D1, P81b, and NB4I A3

cells. Exarrpldsn@nstmmmamumtcmﬁsmitbyomsmnulsmdeSEMpnwmdbn B7- 4

MRNA expr essi.on [ C d.and ared to
the expr edd; ditrespiaugt pof fledbrdi fhaciht Trealp i S SRS iR Wphr e

By b <r:| i di zati Orinﬂirhmh atgrﬁcylﬁhnﬁdu,lftﬁgr inasdiosgs ﬁctlébglmﬁ')l»mled ®/a lémaw\a;dumﬁfne exci s gd
y digestion with Xba an abel e y random primn 32P- ATP an
the Kl enow f rsigiate thet fospghwith mediumsal @q,prwwhuaasre%gtr ‘@}/lmbzed as

descri bed 'naﬁﬁ&%@ioggﬂc\lllendﬁ?nﬁhmﬁé%ral %mmwmg?m@m Humman,

dendritic cells were rom per 'ood. Mohonucl ear cells 25°
wer e isol at e@&NA@emcmla&sn@bmdanmerﬁrthemMOms I\Exprea!imewﬂﬂ-ﬂcel S

e oY by athal B cdfs BBialed Sy S8 bbbl rhahlufi i BB e, BUY TR oy M- O

Raji cell line, was also observed. Similarly, B7-1 is not expressed by unstimulated
monocytes, but is upregulated in response to interferon-y with kinetics similar to B7-4
expression. In contrast, B7-2 mRNA is constitutively expressed in monocytes and levels
are unaffected by interferon-y or TNF-a treatment.

20 The expression patterns of B7-1, B7-2, and B7-4 are distinct. B7-2, one of the
ligands of CD28 and CTLA-4, is constitutively expressed on monocytes; however,
constitutive expression of B7-1 and B7-2 is not seen in any organ. B7-1 and B7-2
expression can be induced in dendritic cell, macrophages and B cells (Boussiotis. 1996.
Immunol. Rev. 153:5) as well as some types of fibroblast and epithelial cells. In

25 contrast, B7-4 is expressed constitutively by non-lymphoid, parenchy;nal organs such as
heart, placenta, skeletal muscle and lung, but not small intestine B7-4 is also expressed
in some cancers.

In murine tissues, an approximately 3.7kb B7-4 mRNA transcript was detected
by northern blot hybridization. The distribution of the murine B7-4 mRNA closely

30 resembled that of the human B7-4, with high levels in heart, thymus and lung, and low

levels in kidney, spleen and liver.

B




ng/ M human IL-4 (R& Systens) for 2 days. The non-adherent dendritic cells
were isolated (CD80' CD86' HLA-DR+ CD54+ €CD58+ CDla+) and cultured in

Gwvt CSF al one or_activated with GWCSF, 2.5 pg/m LPS ( %oggﬁg'i’cal s),
and 10 ngMA%f#n WO 01/ 14556 PCTI US00/ 23256 -99 Interferon-y. At 4 hours
and 20 hours after activation, cells werggdarvested and RNA isol ated using
the RNeasy kit (Q agen). Mirine bone marrow nononucl ear cells were

i mmuno- depl et r \G@4.£s and.la+ cells by magnetic
activated cel ¢ 2 SRy Local =3 di shes S with G\ CSF and

I L-4. Dendritic caﬂeshmaowlmmwmthem-ﬁgmeadhedamlpabuima on after 7
days of culture, enpnstrated to., i S+, h | Is

Col s ver e dopiosBmPSORRL Lot SmaRTRGAvies e i Lok, Capfid).
expression i Wﬁmmyiﬁﬁmﬂﬁmc&ﬁeswmmmsﬁd BraMl@Rst r at ed

that B7-2 is not expressed by unstinmul ated nonocytes, but is rapidly 10
upr egul at el uplsnnﬁthndeﬂ@bﬁpqupmdcmm beenrlocali lmmanshmwmw th

anot her pro- fIa gki.ne ( NF) aledto a
| ow | evel i nd :Eyigf?ﬁl?g%th? elgeﬁgllo F@%ﬁégﬁwﬁé%%‘“ﬁ%%}“% on presunmably as
a result of mbﬂhhﬂd} thihh ambfsﬁme Nififitell @miloafid sequdnde aldﬁkitymmhas’me maj or
4.2 kb B7-4 mnor 1.8 kb B7-4 nRNA species was al so observed in

i nterferon-y M&t"éﬁ-" WHMI@WE?M@WBWW qompicx on shpmesome; 6. s
activated b zﬂl&'&kﬂ%l &ﬁngxlnh b

Raj : VceII I?/ne Was ﬁgso observe l(ﬁ?mbv?%r%& ?&b,ﬂﬂﬁ%i ﬁigﬁ}é‘é‘gé y
unsti nmul atl@d locahmnofBé& wisLdonfimmedusing B 724 spbclfrc pringpe0inPRCR amplificatiéresfon y
with kinetics simlar to r es§i | n.contr B7-2 NRNA is
Const it Ut i vel POUEpFRERsRE R G EEA A AotRlfEs Svafebls frop e by

i nterferony orecil;mﬁb@eg(mgdgnt 20 The expression patterns of B7-1, B7-2,
and B7-4 are distinct. B7-2, one of the |ligands of CD28 and CTLA-4, is
constitutively expressed on nonocytes; however, constitutive expression of

B7-1 and B7- 2pi.5. 0% Se5attdd B Mure 33 Bbodids th B¥4 B7-2 expression can be
I nduced in d | s (Boussiotis. 1996.

| nmunol . R&v. 153: M)nmllméﬂpmaoswmmmﬁ’so@bchNtht([ms&om)t] e firegdred |
cells. In 25 contrast, B7- 4 S ex]% ; c ns i vel non IgrLE id,
par enchynal  CTORRSING Fpingand fumgn B7-4ic Alvectpr opstBicE e iSOG, but
not smal | intﬁqﬁg%galﬁgaﬂlh@,ﬂi@gtrpgg;pgg)«;d "in some cancers.

Before immunization, 78 ul of 1 mg/ml cardiotoxin (Sigma #C-1777) in 0.9%

saline was injected into the tibialis anterior muscle of each hind limb of the mouse being
20 immunized. Each mouse was then left alone for 5 days.

After anesthetizing the mice, S0 ul of 1 mg/ml purified B7-4 cDNA/vector
construct (in 0.9% saline) was injected into each regenerating tibialis anterior muscle.

Antibody titers were measured approximately six days after immunization using
standard methods, for example, in an ELISA assay. The cDNA immunization was

25 repeated every 2-4 weeks for three cycles (until the antibody titre was >1:10,000). Mice
were then boosted with CHO cells transfected with B7-4.

Spleen cells isolated from mice having appropriate antibody titers were
harvested. The spleen cells were fused to fusion partners (SP2-0) to make hybridomas.
Hybridomas and antibodies were manipulated using standard methods (see, e.g.,

30 "Antibodies: A Laboratory Manual”, Harlow, E. and Lane, D., Cold Spring Harbor
Laboratory (1988), which is incorporated herein by reference).



In nmurine tissues, an approximately 3.7kb B7-4 nRNA transcript was detected
by northern blot hybridization. The distribution of the nurine B7-4 nRNA
closely 30 resenbled that of the human B7-4, with high L{1 heart,

t hynus arOIOY#§56 and | ow | evels in kidney, spleen and *’ﬁ@%@%%l/ 14556
PCTI USO0/ 23256 - 100 Exanple 7. Chronﬁé mal Localization of B7-4 The
chronosonal |ocalization of the B7-4 gé “was deternined using a

monochr onosomal bl ot kit commercially available from Quantym (Torqnto,
Canada). The bl ofstibpdies 243109, 3AP4ind lé@&%@’ﬁ@@@%@?’é‘&‘gﬁ? L“’ﬁgf’h B7-4S

and B7- M Usdighing dliv? THESMRHbodiEl e edhmd ) MRERS COS 8r OAGCehs finskREAl | zed

to human chr onoso 7-2 have been Iocal_l zed to human
chr onosone 3withihemai B7ydranfinbt fomsack wiansfected cells ottarcelld transfectad withmpouse i d

sequence ideptity. with the B7-4 . fanily, have beer calized to the major
hi st oconpat agbﬂ-@em"ﬁé‘%&‘”ﬁ'ﬁw% e%r.esen%-‘gﬂ%'?%ﬁ%%#l?ocal i zati on

of B7-4 wgs P&ﬁﬂh&&ﬁﬂfﬁi dorBssidRGiRs obfeved)intiralia) oh hedtidsoe aimervelld  B7- 4 was
confirmed using B7-4 specific prinmers in PCR anplification of
monochr onos ofintludingrsame:lung tuman gells, spregvariamimer eellsaspme bieasttumep eslisuant um

15 Nammal | an SR RREHS R P e sop G Re Kbl sEE a8 BT ¢

prepared cogpithehinig mMuri ne and human B7-4 cDNA. The cDNA/vector construct
was di ssol ve in 0.9%saline at 1 ng/m (not TE or PBS). Before
i muni zation, 78 | of 1 nmg/m cardiotoxin (Sigma #C 1777) in 0.9% saline

wass | nj ecedgifh fe o eichldlicl drFuly HildaR MnfafibAo By pach hind 1immb of the
mouse being 1 . eft alone for 5 days. After
anest heti zi ng the m cdn thi§exdmpid, fullyrhyman aptibodidsagaipst BY-4apmade i mice
construct (i 0.9% sali.n was L nject i.n rege e Lhialis
anterior nus&kare ARSEERYG Mmﬁgﬁsﬁgﬁgﬁ‘ﬁﬁﬁox%@@gﬁﬁ%ys
after i muni galé fding'Sandgrdshahsti] &g [Richidify to Hogart xpdlp 'eanipulating the Mbhsassay . .

The cDNA i nmuni zati on was 25 repeated every 2-4 weeks fqr .three cycles
(until the aFmbexsyp kabpratoryManyal”, GoldSpring %FE%I Lahpratory, miych s micormg h CHO

o :O'r Sor f gﬁ%@gog%fe{ép% of are DRcFRA E6thinEreiaR9! EHaS ot A ELMearb Vi N9
manipulated according to published procedures (Teratocarcinomas and embryonic stem
cells: a practical approach, Robertson, E. J. ed., IRL Press, Washington, D.C., 1987;
Zjilstra et al. (1989) Nature 342:435-438; and Schwartzberg et al. (1989) Science
246:799-803, each of which is incorporated herein by reference). DNA cloning

20 procedures are carried out according to Sambrook, J. et al. in Molecular Cloning: A
Laboratory Manual, 2d ed., 1989, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., which is' incorporated herein by reference. Oligonucleotides are
synthesized, e.g., on an Applied Bio Systems oligonucleotide synthesizer according to
specifications provided by the manufacturer or are purchased commercially.

25 Transgenic mice are immunized using a purified or recombinant B7-4 or

a fusion protein comprising at least an immunogenic portion of the extracellular domain
of B7-4. Approximat_ély four hundred pg of B7-4 in 100 pL of phosphate buffered saline
(PBS) is injected intraperitoneally into each mouse. Serum samples are collected
approximately six dajs later by retro-orbital sinus bleeding.

30 Antibody reactivity and specificity for B7-4 are assessed using an indirect

enzyme-linked immunosorbent assay (ELISA). Several inmunoglobulin superfamily
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harvested. The spleen cells were fuéed fo f usi-on partners (SP2-0) to neke
hybri domas. Hybridonmas and anti bodi es :were mani pul ated usi ng standard
nmet hods (see, e.g., 30 "Antibodies: A Laboratory Manual E. and
Lane, D., 1 §gri ng Harbor Laboratory (1988), which |gcm%°h§¥¥3r at ed
herein by reference). WO 01/14556 PCT/ USQE} 23256 -101 Anti bodi es 2A3,
| OD9, 5A9, and 11D12 were anong the anti bo |es selected in screening

assays. These t| bOdI S re fo L, or ceI ransf ect ed
with human B?m ? H@ﬁsﬁé@ﬁg 3? “’Pg_‘o&elag éq‘fgnsfect ed
W th nmouse Bs?peéhﬁc@sfﬁahmlmyﬁ&w eAnTdics Ravif Rirhard HEnéWeik fépichsOf B7- 4

on various cell 5 popul ations. B7-4 expression was observed, inter alia, on
heart ti ssue, whighbindde PDsL2 mdembagmm cmngatﬁaﬁmﬁe‘érrlhgmaslgm apdari an

S squanus P 1E0THR T i 58 i reaBTE 5 M bRl TR Hfce; pOE
Exanpl e 9. sCoRgalihlared kbl mwdom @alst&eﬁ?ghﬂad I7¢ With SUPHP) ©

fully human anti bodi'es agai nst B7-4 are made in m ce hat aretransgenlc
for human i nmBhddh 8BS} Serutysamples ang dgméylPBS,aﬁ%g@nmco Woc’lémnéo anddre usi ng

standard neth a i L] e Mouse
Emoryo: A LabBr e e S0 Rty o IR BHberfls botons BY b B e 1S

i ncor por at ed andigGeR(ab"Phdiseradishgiefoxidase 6x antirifaniaa/IgMReltbreetidishIpetoXidaye in
Enbryoni c stemcells_are manipul ated according to publjshed procedures

( Ter at ocar ci ntbesamedlueatMies thour at ropm t@emr%mreéna'rmmy isasyeste ey

Rober t son,3oE. t al.
(1989) Natir e d&’h‘kﬁg’ﬁﬂ%ﬁwﬁé @c%\\ﬂj\% rg ot a§ "e"?’%g%‘sﬁ" @(ﬂu{ee%%{eﬁse

246: 799- 803, 490xim.dh prdmmhumzamnsemqncsmpksiﬁ'bmthe saniiymice ftiters of ymanDNA
cloning 20 pro hlrets Elre carried out acciord to Sanbrook, J. et. al. in
Mol ecul ar C o‘?ﬂ‘ﬁ@ 0 the, game target Anfigens are *, 1989, Cold Spring Harbor

Laboratory Press, Col d Spiéenieells 1|s‘ait90&om%1¥e M?Eﬂbrdpiate%ﬁbd&?rtﬁérﬁﬁreher ein
by reference. A igonucleotides are synthesize ., on an gl ied Bio

Syst ems ol i goharvested: iThe s@mw@&m&weémmmgtetfuﬂmswwm(ea{, myglomsreglis)ded

by the nmanyf t”m@r gﬁqﬁ mce are
i ‘mmuni zedqﬁs?ﬁ’g 5 ?l?‘lﬁ‘é% Iﬁlg'i’{riecorrbl nan g&%g]‘éoﬁr{améﬁ?tgé%ﬁ o] o ein
conprising at "Amﬂ:sﬂnesrm LabmatogeMmﬂoEd Harlowhnd David lang Celd Spring Hiebari N of

SBz7i|-i4.neAppr oxi ngbt tXry (%58),%%1%%1&{ Lymeren eL of phosphate buffered
Equivalents
20 Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following

claims.



(PBS) is injected intraperitoneally into each nouse. Serum sanples are

col l ected approximately six days later by retro-orbital sinus bleeding. 30
Anti body reactivity and specificity for B7-4 are assessgg,l_ %‘{S‘ﬂ?ﬁgn i ndi rect
enzyne- | iWROY45Arunosor bent assay (ELISA). Several inmmu dp uarrn

superfam |y WO 01114556 PCTI USOQO 23256 _193402 nol ecul es are tested as
controls (e.g., CTLA4 and CD28) to analyze the antibody specificity of the
anti body for 7-t : IA';ﬁei bodi es having human framework regions which bind to
PD-L2 are de@ﬁ—i’d‘—@y—ghzyﬁe conj ugates specifi'c for human 1gM and hunman

| gG sub-cl asses with no ¢€ross reactivity to nouse i munogl.obulin. Briefly,

PVC 5 microtiter plates are coated with B7-4 by coating wel|ls overni ght at
37Cwith 5 g/nL B7-4 M!%SS‘“SE‘F’&#F'QM?%‘&F‘é’fﬁiﬁs&%&ieﬂ“%éﬁ“%% rum
0. 5% Tween- z%gﬁ]qﬁSﬁQ?Dﬁéﬁmt-ed inthe wells for 1 hour at room

ol I owe

t enper at ur e, by -anti-human 1gG Fc and 1gG F(ab')-horseradi sh
per oxi das& or anti-human | gM Fc-horseradi sh peroxidase in the sane

diluent. After |hour aj ropm.tenperature enzyne.activity..i S by 10
addi tion of ABTS Subst tse'% iy ‘,“%‘E‘.m@‘a%‘res, °R$F§a8¥lﬁpe¥’3%§d°°3‘?ﬂsr§§‘g§ °
mnutes at 4lmino%he{d stuentdsePfofth i BEQIDPNONoskr um sanpl es from the same

mce, titers of human  antibodies to the same target antigens are al so
tested. Spleen cells isolated fromm ce having appropriate antibody titers

are harvested. The sp n,.cql .6 of ar [ ' :partners
(e.g., nyeloma cetl’ls) A"i%o{ageﬁr?gégﬁﬁgl‘grﬁg%laés&l%E’&?%r?aq%ﬁgﬁn‘g%gﬁﬁ lEgdi es are
nmani pul atigd aldtieveiiag of 8 polfpéptidecingrising thesinatacid\sequemeakt fortkth $EQIIDw and
David Lane, Cold Spring Harbor Laboratory (1988), which is incorporated
herein by reMN&:@mE&. Equivalent 20 Those skilled in the art will

recogni ze, or be able to ascertain using no nore than routine
experinmentation, many equival ents to the specific enbodi nents of the

i nvention descrided hanisolated Buclhicacidimaeleauin comprising gmuelentide sequsace

enconpassed by. the fol]gwing ..clains. . . -103-
Wiat is clai ?‘I‘éif.i“ﬂ?“%ﬁl %P_‘%Ptécéi%uc Iéﬁlcxéggg%#jqéo egu%élgi??r\gé'?ggggr?he
nucl eoti d& s estglementireof selected from the group consisting of;

a)  anucleic acid molecule comprising a fragment of at least 500 nucleotides

of a nucleic acid comprising the nucleotide sequence of _SEQ ID NO:1 or 3 complement
thereof: '

b)  anucleic acid molecule which encodes a polypeptide comprising an

20 amino acid sequence at least about 50% homologous to the amino acid sequence of

SEQ ID NO:2 or 4; and )

c) a nuél§i¢ acid molecule which encodes a fragment of a polypeptide
comprising the amino acid sequence of SEQ ID NO:2 or 4, wherein the fragment
comprises at least 15 contiguous amino acid residues of the amino acid sequence of SEQ

25 IDNO:2or4.

5. An isolated nucleic acid molecule which hybridizes to the nucleic acid

molecule of any one of claims 1, 2, 3, or 4 under stringent conditions.

A




forthin SEQIDNO1 or 3. 5 2. An isolated nucleic acid nol ecul e encodi ng
a pol ypeptide conprising the amno acid sequence set forth in SEQID NO 2
or 4. 3. An isolated nucleic acid nolecule which encodes_a naturally
occur ri ngWoIB/14$%6e| i ¢ variant of a pol ypeptide conpri si ntcYHE AR

ho acid
sequence set forth in SEQID NGO 2 or 4304 An isolated nucleic acid

nol ecul e conprising a nucl eotide sequence which is at |east 50% i denti cal
to the nucl eoti de ;sequenge: J D I t her eof
selected fromthe 6gr oug&clg%lg%%?&%é %’mé’)kmaer?égﬁélﬂcg 3%‘%%3%&

conpri sing a whiclgisRompltimentary aké mixfotide ssqaarice d€the notleis atidmhalenleonfiagdy
conprising the nycl eotjde_sequence of SEQ ID NO 1 or 3 conplenent thereof;
b) a nucleic ‘H’Eiogclﬁﬂseb&éa tch encodes a pol ypeptide conprising an 20
am no aci d sequence at | east about 50% honol ogous to the amno acid
sequence of SEQ ID NGO 2 or 4; and c) a nucleic acid nol ecul e whi ch encodes
a fragment5of a pdlypen idalated ougleic acid qoldealeanimprising the miclgicenidemalécuBEQ | D

NO 2 or 4, wherein t f.ra t onprises at least 15 contjguous am no
Nt a res: duedtgny Pt oai 1ot ord G nicichie segtante pedifis heleifioie a)

i sol at ed nuclgiypepided nol ecul e whi ch hybridizes to the nucleic acid

nol ecul e of any one of clains 1, 2, 3, or 4 under stringent conditions.
Frrrridffi; i ~~~~2110111110 Ms ,~ W 01/ 14556 PCTI USOCQ 23256 -104 6. An
i sol ated nucleic id I S| ' . igh is
conpl enentary to the m?ﬂ%g i fg@%@%@%g@%ﬁ%@ﬁﬁlﬁﬁﬁﬁigﬁgﬁ% %‘%1% of
any one @6 cd,ar4s 1, 2, 3, or 4. 5 7. An isolated nucleic acid nolecule
conprising the nucleic acid nolecule of any one of clains 1, 2, 3, or 4,
and a nucl eoti de sequence encodi ng a heterol ogous pol ypeptide.

9. The vector of claim 8, which is an expression vector.

10. A host cell transfected with the expression vector of claim 9.

15
11. A method of producing a polypeptide comprising culturing the host cell
of claim 10 in an appropriate culture medium to, thereby, produce the polypeptide..
12.  Anisolated polypeptide selected from the group consisting of:
20 a)  afragment of a polypeptide comprising the amino acid sequence of SEQ

ID NO:2 or 4, wherein the fragment comprises at least 15 contiguous amino acids of
SEQ ID NO:2 or 4;
b)  anaturally occurring allelic variant of a polypeptide comprising the
amino acid sequence of SEQ ID NO:2 or 4, wherein the polypeptide is encoded by a
25 nucleic acid molecule which hybridizes to a nucleic acid molecule consisting of SEQ ID
NO: 1 or 3 under stringent conditions;
c¢)  apolypeptide which is encoded by a nucleic acid molecule comprising a
nucleotide sequence which is at least 50 % identical to a nucleic acid comprising the
nucleotide sequence of SEQ ID NO:1 or 3;
30 d)  apolypeptide comprising an amino acid sequence which is at least 50%

identical to the amino acid sequence of SEQ ID NO:2 or 4.

R



8. A vector conprising the nucleic acid nol ecule of any one of clains 1, 2,
10 3, or 4. 9. The vector of claim@8, which is an expression vector. 10. A
host cell transfected with the expression vector of clai m%ﬁ 15 11. A

met hod of WHYHESPng a pol ypeptide conprising cul turing tBaIS8¥B2E |  of
claim10 in an appropriate culture medi upsto, thereby, produce the

pol ypeptide.. 12. An isol ated pol ypeptide selected fromthe group

sequence of (SEQ 1B nCTBE PR wofYrrdidR OF B |4 e e s e et o8t 15
conti guous amfsgqaulde_zqu.SEQ ID NG 2 or 4, b) a naturally occurring

allelic variant of a pol ypeptide conprising the amno acid sequence of" SEQ
ID NG 2 or 4, wherein the polypeptide is encoded by a 25 nucleic acid

nmol ecul e whi ch hyhyi di Chikh QID
NG | or 3 under s}tj'rl né@%?élg%%g%:&oc%ﬁ ?) a %OG% @Fg WL 1‘1 |sﬁén§§ded by
a nucl ei c Scisejuentescul e conprising a nucl eotide sequence which is at | east
50 % identical to a nucleic acid conprising the nucleotide sequence of SEQ
ID NO -I or 3; 30 d) a polypeptide conprising an am no aci d sequence which
is at |east 50% Sle”t‘l'ﬁé"bol%é tid€ofedina 42whdein WIRRESlofdus Bnid deid\C. 2 or 4.
~EEEETE TUENCTTTT AL I~ ~~~~ 8\0 01/ 14556° PCT/ USO0I 23256 - 105 13. The

i sol at ed pol yeawencegareglerived:from an imwumoeglobiulig molreulgni no aci d sequence of SEQ
ID NG 2 or 4. 14. The polypeptide of claim13, further conprising

het er ol ogous am no acid 5 sequences. 15. The pol ypeptide of claim 14,
wherein tige heter 0. 090115e mj:mu&e:dﬁtlmmwﬂmaﬁﬂwp!yiﬁpﬁdeaﬂnfpnﬁmm

i mmunogl obul i p nol ecul g, he_pol % of claim 14, wherein the

pol ypept i de eb?fﬁﬂns!&qusaﬁr%éewmél?ﬂfb Q& §1 9‘“?&'5“?)?"‘@@@' 38 oflEQ or from
about am no ginls 419-238 of SEQ ID NO 4.

17.  Anantibody which selectively binds to a polypeptide of claim 12.

15
18. A method for modulating the immune response comprising administering
a B7-4 polypeptide t_o,- a subject such that the immune response of the subject is
modulated. '
20 19.  The method of claim 18, wherein the immune response is upmodulated.
20.  The method of claim 18, wherein the immune response is
downmodulated.
25 21. A method for modulating the immune response comprising administering

an antibody which bmds to a B7-4 polypeptide to a SlleCCt such that the immune

response of the subject is modulated.

22.  The method of claim 21, further comprising administering at least one
30 antibody which binds to a B7-1 or B7-2.
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17. An anti body which selectively binds to a pol ypeptide of claim12. 15
18. A nethod for nodul ating the i nmune response conprising admnistering a
B7-4 poly i to a subject such that the inmune r espogsHusbriBe subj ect
IS mdulﬁ?’g@lgéﬁ 19. The method of claim 18, wherein the I mune response
is upnodul ated. 20. The nethod of claiyg@. wherein the i mune response is
downnodul ated. 25 21. A nethod for nodul ating the i mmune response

conpri si ng adm ni sf,eri n i AR i.nds:..to a Bi-.4 jde to
a subj ect such th?‘thggin?@ﬁ%g&t"lr‘@g%ﬂg@ %@°€#¥@g§%“é’f’§8¥‘l’?¥”ﬁ§°§lﬁ°§ﬁg oo,

The et hod ofactivaedT 2411 with aiB7es pelopaptits such thd T cail sbtinhulgionlis modslate@ne 30

anti body which binds to a B7-1 or B7-2. I~ CL S1I1I; WO 01/ 14556

PCT/ US00/ 23256 -106 23. A nethod for nodulating T cell costitntilation
conpri si ng cont act4sng i : j - thi:de such
that T cell costi nzljtl' at %ﬁeﬁga %3‘&?&%‘%&5 9*,%2&94 °%gﬂé??ﬂ%pﬁ%€@ﬁ¥‘g‘?ﬂ‘ﬂ§ t he
presence of asapplepagprisilg: of claim 12 in a 5 sanple conprising: a)
contacting the sanple with a ¢ ound ich sel ectiyely bi . Lo the

ol ypent | et and b deertsuits TR » GomBcHng S slere Do e

pol ypepti de !ﬁblﬁéﬁﬁde?ml e to thereby detect the presence of a pol ypeptide

of claim12 in the sanple. 10 ""t"f"I If"" f111 M5*11
b)  determining whether the compound binds to the polypeptide in the

sample to thereby detect the presence of a polypeptide of claim 12 in the sample.
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