PROTEINS Field O The | e present invention relates to novel

truncat eqyd 9§/4g300f 5 vascul gr, oﬁorﬂ* elial growth factor (Vegrusbgbmoed
proteins. Mre particularly, Phe-invention relates to N-terninal ly

truncated VEGF-related proteins that ard substantially free of other ™

proteins. Such truncated VEG--rel ated proteins may be useﬂ”/m i e
angi ogenesis in vivo and in vitro. 10The invention also r Wﬁﬂl/m’mﬂm| eic

aci ds encodi ng such novel truncate®PHBERTHGN ed proteins, ceklgy,, t1ssues
and ani mal s containing such nucleic acids; methods of treatnment Using-such

nucl ei ¢ acids; and nethods relating to all of the foregoing. 15 Background
Vascul ar endot hel i al gr oRRENCATES YEOHEEEDATE] FRQTH§ vascul ar

per neabi].i t)éfdafct rs ﬁ/ggggiogre a famly of proteins that are produced by
many di éﬁ@»&en’r—e-ﬁ?—k-y‘pes—n—ﬁ—ﬂa ny organs 20 and act in a highly selective
manner to stiTAHd abeeesfot heliealt icel | se Bdtest texclovsilvel surfcavedwsdrins of
Ferrara et al., Endocr. Rev, 13:18-32, ig1992); ﬁég k e | ., Am_J..

pat ol . VEAGlGHD. SO tYEE A TnoRBRYEY . BREFOr CheRLCST 17603568 TIRIHise
publ i catjqns, éggteghhlgkw, puhld cat hopackheher erged ier et s, a-& Amihereby

i ncorporated b erence’in their entirety. When tested in cell
cul t ur et ViEGRs: et eVPGFentlypteidt ggaricifCotpotansw cukstantiaptyc frReg (of

Acad. Sci. USA 86;7311-15, 1989), and chenot L C d et .al. . BiLal. |
73: 1- 6, CI9¥Y) . PAAGFLSnal | f,UC%EG%uPﬁagSgDp\&;ésérﬁ%%g%@%ctpﬁrvoéctae&ﬁs hay ¥
pl asnmi negery 3% ast inat ftei BARbyehesard ipl adiviona@gen iactiiater recept or

(Mandriota et al., J. Biol. Chem 270:9709-16, 1995; Pe{) er et %I 181:
902106, 1991)ThesipEpptiagncdiysyerasated uhendiic &l @l ac 5? eprrdipg, s ueh

153: 557-62, 1992), 218, 1t r L nvasj of @riQw
capi || arrfoe‘geji nt%}??ggéég @@g%% 4%%%%%%%898?%%%81 2&1%\@11295 and

_animals containing such nucleic acids; methods of treatment
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using such nucleic acids; and methods relating to all of the
foregoing.
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Background

Vascular endothelial growth factors (VEGFs), also called
vascular permeability factors (VPFs), are a family of proteins
that are produced by many different cell types in many organs

20 and act in a highly selective manner to stimulate endothelial
cells almost exclusively (reviewed in Ferrara et al., Endocr.

Rev. 13:18-32, (1992); Dvorak et al., Am. J. Pathol. 146:1029-

39, 1995; Thomas, J. Biol. Chem. 271:603-06, 1996). These

publications, and all other publications referenced herein, are
25 hereby incorporated by reference in their entirety.
When tested in cell culture, VEGFs are potently mitogenic

(Gospodarowicz et al., Proc. Natl. Acad. Sci. USA 86:7311-15,

1989) and chemotactic (Favard et al., Biol. Cell 73:1-6, 1991).

Additionally, VEGFs induce plasminogen activator, plasminogen
30 activator inhibitor, and plasminogen activator receptor

(Mandriota et al., J. Biol. Chem. 270:9709-16, 1995; Pepper et

al., 18l: 902-06, 1991), as well as collagenases (Unemori et

al., J. Cell. Physiol. 153:557-62, 1992), enzyme systems that

regulate invasion of growing capillaries into tissues. VEGF's



also stinulate the formation of tube-like structures by endothelial cells,
an in vitro exanple of angiogenesis (Nicosia et al., Am J. Pathol.

145: 1023-wO0598/4930d) . I n vivo, VEG-s induce angi ogenesis (Lem/ggggmbsm _
Sci ence 5 246:1306-09, 1989) and increase vascul ar perneability (Senger et
al ., Science 219:983-85, 1983). VEGFs are now known as i nportant

physi ol ogi cal regulators of capillary blood vessel formation. They are

i nvolved .in the norgg formati on of new capillaries during organ grow h,
i ncl udi ig %t af CYPOWR he ( PEPSr s TFMRFI@R | Oy octulgT{ 1kacadtr8etungsa by

90: 8915=kothR93)al tésELS, rERALE (BRQW eeﬁan%le of %@10'&%%5&%6 ]I@l?éogla
1992), the nenstrual cycle and pregnancy (Jackson et "al acen

15: 341- 53, a1994Am3nJ4rﬁﬂtﬁpkbosl4En&028r@@ho@ﬁ9ﬂ1& 829- 37, 1993; Kanat et
al., Am J. Fﬁthl @ég? 65, 1995% %15f al develo ment, VEGFs
appear to play an essenF P rOIWSS Ry geﬂ 785t oYt Dbt 2B 00 P T ETEH s
frons bl @dd ;140w ,( RL98Y) & @M ncAMAsRevascallar qgélrm&agillﬁ% ﬁ?Se%?ger
1995), as evidenced by abnormal bl ood vessel devel opment and lethality in
enbryos Stacking 2<inge VEGQE I (EH8HIi et VEGES. anatgpw kgown as
380: 435131%01:%%9@ N?rs?%\i%rg’lc GF ﬁﬁa%torx%nglcﬁ' %ﬂfi‘ggg mEDE vesse
pat hol ogi cal bl ood véssel grow racterl stic o ny seases, i'nel dl i ng
solid tcfmmt(lmt geng‘hety are Bln(vlolv@nbnin I-&m?penSemlaer oAb, oF9HDw
reti nopat h| 50[ et al Am J %tiho_l. ];4 . 574-84, 1994; AleIIo et
al., N Eﬁ’ s, W9 33993986787 hrogAicliyding Eetal. graithy (Peters
Ophthal ewl a11,1894s65- S5vatlPO4hcaREOr Easi. s Ydxt war. get salyg, J19E§P '\&CL ue
180: 1141- 46, 199Z), and theunatoid artnritis (Fava et al., J. Exp.

180: 341X8B211004BToYRGE X rlessi dn_| EXPegu¥aded b6 hbBhbnas, ( ScIawRl kl téte

Bi ol . Chane Y505 b0 1008 aRA Ry Mok S TLkTL kP Cot 23 /. Rdagenta

359: 843145341992, La9p4et GullihanBi al . KGbem ERHC2PAGo01Gdy 1996):829-37,

U | by .h diti i f t | t
2 Conped2aoer FARARF stiby i hd B Riob08 LT BATEP0 76O || 6 P NS
[ nCIEBaSQeQé)ngI@TEém’pxﬁ@rﬁ@UQWE!di@Jcé%)ﬁaan @ dighiagnal , CRRIJAM) Bélveﬁéf!e in

formation and resulting i ncreased blood flow. This mechanismis t ought to
contri btiPé t 8 paRPOP ogixata ke ogehedilsood tW%lfandfmmrétllqwbatlml@sxds

However (3 U 94hail) ofnVECEC SXPEESST 0D AL &5, Iy PoK] 875503] 9 ggssentfal
Chem 220il2602d6L3, a:tﬁﬂfﬁmahnlﬁllbdadC&)é@;B@ﬂy dé;mmpraerﬁtBaaﬁu @tetﬁbl,lty in
Car di ova Resl 1176-79, 13 Hashi ot o et al Am J. Physiol.

267: ngi EY854. afg‘sﬁ)g 4 0FHBIPEt é/r?tc'i IaHe%’EG*CP&“}ﬂ"]drerFac%tFo@ cal Nat@ce
angiogenesi: 4 35R 38N MEogpdel soekovescul wicscher %mwnlﬁm%ate& he
rabbit chronic linb ischem a nodel by denonstrating th r epeat ed

i ntranu§Bal dratmpregienlorbrosiingtessal r rowehi athdiod atse of sMEGE afanmany
augment 4 ral sel forrratlo sewde ced by Iodflow
measurem%%lteglgﬁgf helr?ésg%glnr‘%(i %I%E&F"i r%uT% e'% IRt ol g ulg‘t 15) f

1993; BHoppesSevlal. , 376t 57~ 79hy31995>267réﬂ258pz&mé994miak@§hlé@ afL. 6}I -,
Circulation 90 Lpart 2], 11-228-34, 1994; Bauters et

al ., J. - 25195984 BRtt erk¥9 4 . Aizddia cakatalon 9E_2@29_0&,_

19% Takgshiga; e J. 6623- 70, Eé994 E i el,
VEGF ha’s—a'l‘soﬁgee%‘lgbogvrz o%gg syég\r‘égllitsstl cgl t:ﬁthh ol bh 1R3¢
anel i orai8:#46héhia (LA%I)lar apebrakhsisC r((neltaﬁamne&Z [suppl 321, EX}-.368edl,

1995) |.so reported to accelerate the repair of 25

bal | oonYFﬁFi‘J}f@Z ?3 9043 d anjer"s‘eéff%?‘% i Ghitiertesy ﬁﬁ?’Bl &gl J-
pat hol ogkgal MbAL ckepi:ng10fg ¢t he ginder | yi ng snooth nuscl e | ayers, and t hus
mai nt ai i ng Tunmen di ameter and bl ood flow (Asahara et al., Circul ation

91: 2793- 2801VEEHIEXPr¥EEH drasi :1l segbeahedhbwn hormartce( ERFeiki et al.

( Endot hel i rived 30Rla F itric i de)) - dependen
relr}g)xat‘? R e ?2%%( Lﬁc 59t(3’ﬁus %’6‘?"&{}? 39F§°5§nt ﬁb‘lfﬁ%g tzo
i ncr easggdo bl 00Hefl. 0@7t1Q ao%dmeeﬂ C) $4 £AS Mha & Sepulary echgll g pet 5
related t0 angléggenem s (Ku et al., Am J. Physiol . 265: H586- H592, 993)

Toget hefatyureséSdasd 3pridvi d]e99:2)npéEVUn@tev¢ljencé \BO) 98/ 4SB90PCTT USE3AE67801
53, 199e6). Upregulation of VEGFs by hypoxic conditions 1is of

particular importance as a compensatory mechanism by which



4 for a potential therapeutic role of VEGFs in wound healing, ischemc

di seases and restenosis. The VEG-F famly of proteins is conprised of
at | eastyd ogRodGr s VEGE- 121, VEGF- 165, VEGF-189, and VEGE-ESFEUSOMEsos
originally characterized VEG-F is a 34-45 kDa gl ycosyl ated protein which
consists of 2 identical subunits of 1653ami no acid residues (Ti scher et

al ., Biochem Biophys. Res. Commun. 165:1198-1206, 1989). The VEG-- 165
cDNA encodes a 191-residue am no acid G j St4 fr aad8iteshdue
secr et ot ysshghal INOreRpei X EIRRNLR \?ﬁ% és CQ{e?%{vCZécilch}go%-fsecr etion of
the protei Elgra%g) qeldSa1 apgrhbe dR5anesi skieu et ng e ipicotesiseds ubleed . £low.
VEGF- 1652Binds trongly to heparin for which the strongl basi% sequence
bet weenThesi dueschblGi 9 is t hdogohtt o bR r ESPERIPHE (F'%/% Ry F?EO%&S, J.
Biol. Chem, 271:603-06 (1996)).. Th 5 er maehatfi elshe VEGHoaelry
are honBBPAEARESH Gt ei h8 WI%[ O>ssort%?&ror onggggsubg_ni ts of 121, 189 an
206 4 es L%E%%u(l\él%%%?lof VIEEEF 18Qprand iVEGEL268, hypqrid i 8| 3} SPTRSERE

..~ J. Biol. Chem 266:11947-54, 1991; Park et .l My Bi?J:argﬁl Lt al.,
4:1317- 26 (CHODR)S . rapein, f 6rFs of VEEERF sHOPPOM St eF rat 1 ve. 20 spl i cing
of up ta 8 exons of [the MRGH gepe-6VEGF1126) exand In Sc8roNVECF- 165haadens
1-5,7,8~— , s 1-5, 6a, 7, 8; VEGF- 206, &0 9é-.5, H6b i%\ t?a (&xon
6a and Glparefieret oa?. al tGamutdwas . SRS e ed B dhd I 1t he? Thfre ER P Crotick
et al., M. Endocr., 5:1806- ) V equences contain 25

ei ght ceviser /& ﬁ<-#¢¥§&£@r#%é&i§%é g%;g?gi’n?ar@e@i dues. All VEGF genes
encpgle si gnalppept ifdssdtiail di bect vherprotein ghamnadreleeteat byy pdtIEs
However, only VEGF-121 and -165 are found to be rgadily %ggl;ﬁtaﬁdhﬁg been
cul t ur echroel dgenkei eas WEERiNGd JRade386 endid¥ Associ ate th the .
extracellular matrix. ,30 T . VEGF possemp aniaddHeiianal mbdghl y by
basi c sediffee, Kbrré& eond?%\%%tlg regiﬁggggclw- 139 in VEGE-189 and - 208 )
(mat ri x-4akses ¢ Agr spquenae) reguated oimfteranpsgalarf tADEF e addit S1t19-°
conponents of the extracel Lul ar t T S, 10! .cEer2l 1: 1503286
(1996)).inWQEFEQBBBﬂ’CTpegggl 07 01E’L§)é5( w’% taéléfé“ne?lc@activity of the

varigus YECGE 1} S VRS i £ gepesdiag oy édaiod sblownmeRsurenens ein the
VEGILEL-nglv%%e%/Eg—Q-Q?Lng%lhave very simlar mtageni Gt invi %M,E%_figdot@%ggl
cel | s. HomekemicVEGRABOmANd(REGF-EX06233re oﬁgﬁfﬁié%&»?—m 0génic 5'(Ferrara

et al., Endocr. Rev._13:18-32, ;1992),si5he resuced2astiiyi t yl 34t heskeshita

i sof or msB?Etﬁ'FlSriegtut% 'to%ﬁ&g—'—st%rgrsréwsoci ation with cells and matrix,
as evi depged by tderaeraBkofni Vogeiparaceivi th w28 Hu ahP28f VEGL 0B whi-ch
| acks the 24- residue "matrix targefing', seguen QMDA VEG--89 and, 10
VEGF- 206alresi dies V855:30 PRIE:g. 921])'%e?$%’ra gt%gg)l'., Endocr . Rev. _
13:18-32,..1992 AN JNdoer mgegl  inagent acde sWEGR 165 gederat €d_hElin.

i
pl a n = )) bound with the sanme affinity to r t QLR
VEGF- 165 Iané sYEGD 12862héPead 390 -C- t &P Hat S VECESrag QF @3‘( ﬁg%?G%)eehad

no binding activity (Keyt et al. . .J._ 1Bipol ,iEhempasddl: #68- ¥  h88G)Jiorate
| nt er est SRGW, iR tﬁlg:é: sf‘é’&ﬁrtgﬁé‘:”tr%l%ta&gli ni glacti viaty of VEGF-121 an% 71
VEGF- 110 ;u85, Jn804IC el D)2 2RPEEXi TRt 2] @i #¢01abk dnadZofiRrl 2o/ VEEE>F5s, "L
suggesting a potential role of the C-term,ngl daqnai 165.imaipe of
bi ol ogi caJ99fjdt-encyV@f6)Fofwa\ﬂEGalF%fB?iﬁ%?t?ﬂea}:s? gﬁi%%ecqae%];aet\éggphi S fllglarlldi ng is
somewhat uncl ear in. view of rligr 5esyl t sagshewyng thelosde Malrent qmr@gmy
of VECGF- \}F—Rﬂﬂrl%%/ onrgﬁdotﬁellfial cell growth. Furthernpre, since.,
funct i onalpH 887 86 | Phtofo MEFEcal t Elthek DR ecebt drhe s 4 1RG5
dependent at least in part on cell 25 .surfa he i | frates nd blood
prot eogl yomgky Leyk&s et2Af, ,t%J".S Bﬁnaﬁp%atﬁg?ﬁg, ’{2)%‘:5‘[111?%2-26, 1995: Tessl er
et al., J io|(Asg@]%rpa 269:552456¢63:u1994bni 191 s2¢DRe@BOAb| el 9%k VEGE
di fferences n ‘PaSUIts arise fromdifferences in vari O@S}fxtgﬁr]irn&q_t rived
syst ens. H4lst hhdseontadn i tshewnnckear inHudtat ERRENt OWtftace

heparin sulfates reqgul ate the functional ,i_ i on pf1 YEGE12A (Irackamgna
hepaBPn- R&HR Ky doFRCTP fant VEEES 185+ 8&5@8‘;{%&6% hepar i n- bi ndi ng domai n
(Tessl er gﬁ @é cvd-aBidlie Chemnus269:82466ably ka0u r Qokehngt tal . 1ngreapsl.
Chem 270711322°%6,°"1995; G tay-Coren et al,, J. Biol . Chem 271 B519-23+
(1996)). bY6»A8/ ABIVORGT/ WSeBEOAB01aEeas VIYEGs SEOYME Y eH°C0

pl atel et-derived growth factor ¢ eLsson i, ab., fEydl FazebrE586-
12: 159- 64r€1355§ 96\95@%%?%6813%6%@5{ Q%l@t 0 tRe famTy of profeins derived
fromthe Rhgsentiaod)owt hrbgetae r( PLEEsgeteta PREPVIZS #RIMPAGI%0SV S




5(Maglione et al., Proc. Natl. Acad. Sci. USA 88:9267-71, 1991; Oncogene
8:925-31, 1993). More recently several additional VEG-rel ated genes have
been i dewobsmassoand termed VEG--B (al so cal | ed VEGF-r el at egdransssnsol
VRF-1). (Gimond et al., Genone Res. 6:122-29, 1996; O ofsson et al.,
Proc. Natl. Acad. Sci. U S.A 10 93:2567-81, 1996) VRF-2 (Gimmond et

al ., Genone Res. 6:122-29, 1996), and VEG--C (Joukov et al., EMBO J. '
15:290-98, 1996; Lee et _al., Proc. Natl. Acad.: Sci. USA 93:1988-92, 1996)
and VEGERT ( BCTPRBBRFEati onP REAPPEFLOSH k7283, VBT FsHdd BRUPEC MRt ing,
1996 as MW9BLRP424) seEkRal Lywg e vddAlily. encoded VEG--rel ated 15 sequences
have been identified, poxvirus ORF-1 and ORF-2 (Lyttle et al., J. Virol.

68: 84- 92, 1993he WHGT t isméxyepef oproft eRDEF, 1shexenprictesd nofarat r dfeastedd t o

as VEGF-related p [ [ VRR equen f anples, o e depj.cted
in Fi gurr%e@eﬁﬁThggbgﬁg?land VtsénGeF%[%’s Eﬁ%@ﬁ@géf ar aﬂé\/ef\@@yp_?tog'nes B%i n
thei b sespgLeslipat caaearcekatiizeel Y vaes tiignald y 3enser viesh  Tdey @6 9f Bded
sequence spanning the conserved cysteines is therefore referred to herein
as the doretetguétdch apgnsists ref N t édpnRdcadonsepyeiteysifei AéSofamieo
sequence, L5425 eferred in,as.{he REr cy I f C
sequencga'\'é?)cri §fei8§§i?e(r:sorgg§§§é?ne%.t" al™; B?:?tcil:eglét ?%nﬁ?éﬁy%un%%%a %&?“.‘T‘é“
VEGF fani 65 e5128n1206m A&BA)adi nEhe, VEGER 185 heldiNk oenovde sc @nsl %1 +ngs ddue
VEG- and P1GF subgni ts (DiSalvo et al., J, Bi gl. Chem 270:7717-23, 1995;
Cao 30 ei™HPO, AGIApPEAVSETEM AL S B @b 21885F S ShHE e &8 VT Ars Miagh! y
pot g0t ipeStiaul akbgdennsi, 00aRgThs anRd endakkel | Apdie! Isdudt{s atdon the
VEG-/ P1 eterodiners are | ess potent mtogens, and P1GF honodi ners have
littl e Rrelechnt 6§eni €eddsiviand (thsal ¢o-sesiafiue patpirel proiann subunit.

271" 31905, 108} TR Sralr ol J0 et o VECE. TSP UEGE s TR b RrSe

wer e fouequenter beafeen tresisdwes | bh5ell56elilss thidinglbot hogeresrd ot sHore et
al., Progc,, Natl. Acad. Sci. U S.A _93:2567-81, 1996). 5S5VEGEs interact with
two receptt¥s prleséd OBWSend&Lha%L%Lc&ﬂ%‘?—LKD@ﬂ?ijQ&P‘(%r rfe? X&) Jal ., The

Bi oghem o8k &physmbBeS. JOMRE. vEEE7 fhad9+86i rd 98hod@RE rhikt phdied nd | est et
al ., Science 255:989-91, 1992). Systenmtic site-directed nutagenesis of

VEGF- 16559 a¢ tinPiie lodwmat nyulointhar géd 12dsi diss ae@d ZAGwrasigiuery (EEGitues
D63, E6 d a i nv LA _bipdi f . fids- reas t.he basic
r esi dueglég‘z, §E§§4?§§hd ﬁ%k%eg%%ﬁr?ggf er}%tsggﬁzgél%?:etléﬂbi L%ll%ﬁm?g E%Raﬁ(éytiet

al., J. Biol. Chean. 26L:363I17464,19960.1;VRParar eeknavin t o MailndBi 61 0nee DY
nmore of th different. 15 endothelial cell_ receptors, each of which is a
SRR e

single t Pand grotei n Wie hdafrdige At Yikkl REFER F6M G ot e

of Zol Mmampgl oyl be- LEP& HAoreLRSnang ra +H %@ﬁ”%&n@o_rﬁ/b@@‘—tlbqt, fngtd ofns
as a tyrosine kinase. These receptors are KDR/flk-1 (Terman et al .,
Bi ochem> B3 bpNESEFRSS., Conena. 1-Z0 7,187: Y6EEF-882,1999nsf ilt=-51 (B, WiesB et

2 5S35 O, 19 cand 1104 (Rayooka elogl g Canger Res. o

52: 5738- ) ere are ‘di sti'nc el ectiVviti es bétween these re

and t he akteonst VieeEy | isgaridsed havrfiave Mathdeeameomdaai)el y (Rbuekdatredh BS,
yet. However, it is known that VEG- 25 binds to KDR and fltl (Terman et
al ., G digh EERdecT.11:38%¥868-1490039%1}) not FThe4 VESSUKESABENGRS, TNHR N

15: 290- 98; 9 bi bt G

Factors A 1870855 1500 ANt 119 {JB0EGY COTal C EREG . 18 985508, 1t

1996), VHEHEF Cgbnads enaddd -4i gdaukpepetidals. ,tHavBQ@ireds: 2B6- §{otein into
the secretory pathway. However, only VEGF-121 and -165 are

found to be readily secreted by cultured cells whereas VEGF-189
and -206 remain associated with the extracellular matrix.
30 These VEGF forms possess an additional highly basic sequence,
corresponding to residues 115-139 in VEGF-189 and -206 (matrix-
targeting sequence), which confers high affinity to acidic
components of the extracellular matrix (Thomas, J. Biol. Chem.

271:603-06 (1996)) .




30 1996) but it is controversial whether it also binds to KDR (Joukov et
al ., EMBO J. 15:290-98, 1996; Lee et al., Proc. Natl. Acad. Sci. USA

93: 1988- W 9dBB6) . The receptor specificity for VEGH B/ VRF-PET/HRPROBOLNG t he
virally encoded VRPs is not presently known. However, since VEG--B

stinul ates WD 98/ 49300PCT/ US98/ 07801 8 &ndot hel i al cel | proliferation

(A ofsson et al., Proc. Natl. Acad. Sci. U S A 93:2567-81, .1996) it may
be specul ated that VEGF-B can, bi nd to KDR ‘ KPRdrs thoyght,st ovhgies
prinmarily redpbrRFBNECS oﬁ‘c?h'élgﬁgioo et rg'sg%?r{%gs onBglndot Eel i a}“scerl sto 5
VEGFJiI%%éE&H@Q fagt rs-H G §@¥o MRl en mir aéxampleBi VEGFEH&h a¥1VEEE9183
(1996)). N%st of the VRPs have been shown tq activgtehtqe §DR

r ecept orhavhé chve sy t daghtan o mvidied edridot REGid1tee| for endothe

"angi ogenesi s- conp [ ' gEVi C F-sHeh acld Vidni yaswderdy 10mpregentied
for VEGHRTKFEN sﬁrgﬁgf %teegs eangzgt ﬁ\{a}f‘?al cell proli fer}gti on (dyofsson et

al ., sProgreMabka A0RdalSGi . ERHGCA. R8v 256B:88-3D96) I MNBGH- C T ckeduced
stinmul ates endothelial cell mggration and prolif Lgn (Jou et al

EMBO 3 38t 596Lup. Ofoobhense dEatormty o MartEIATEE" LBk IS, $hasny,
1996), 1.2 giQQFLBnkQHV’Eh VELahLy rcodedrYRPS athi ehideneetiepny t tlet aoyaal
angi ogeni C ? yttle et al., J. Virol. 68:84-92, 1994). A_n%iagle exg Bti%Q
are PlGMisofentchemdiviers whi shrivdaathedf i YEGFs 2Rt REKSI 5 f G
endot hel i al cells, wever, P1G-ELVEGF het idrerseddd | et aigtr-189  and
consi der ABF&9RFt 0gBR] ElanE?F\(?FfC)}n(EJD Srél'l%\fg{eggé;ﬁ . J. Biol. Chem

270:9%7 17y285-2985; (a0 @ledl 1153136 din Khem 1271Fe3i4p2et 1696) . Endocr.
VEG-s are expressed in n%gy different tissues. Simlarly, VRP genes are

al so expRevsed3i:Ad8mAZ/i pi¥4)i ssues but it is of particular interest that
VEG--B and to %t'ﬁés&m?ﬁs nt¢ VRER@n 25 & e velgrongsy gxpeessed i by hynasnin
heart and skef&tal Ruscle ?C?innnnd et al., Genone Res, 6:122-29 1996;

O of sson (gEGa . (1-Arr).) NavhndAwath Sbie. Sar® RLOHNDEE7te1 thegdBR HSFIERRT
VEG--B is expressed consjd [ re s g I - DDUSR: Hear tyedsstes dait
VEGF (O @szs\b%G%flgﬁ ,a“rér o@égﬁa#im ?ae£é%%i Ft¥‘e3(r)b U S A 93: 2567- 81, 41996).
VEGH £ i (sj‘lqllsqge;)rqmgayn@xm@sﬁe@ igcsevetal (Keyan €t ssles, Jnp&icdot £HISM4 n
hear% and skeletal nuscle (Joukov et al., EMBO J. 15:290-98 1%3?6 . J-.E'c
expr essi @7 Ipak 1805 antoP hib- exdaitsites WRah¥i 1§ ytBf SVRBY W0 ih 4ot et T4t
cells, suggest..that t _hagt Py Y ra1 19028/ 49380PEd/ U0 & i iiately
physioIoj&%ﬁﬁﬁ%ﬂeéfnogﬁg}&gghg%?% in these tissues. This is thought to Pe
rel evant 1i1p-pes 1wl agi ecadmsd tadit LonYVEBGRECH @3, céP@@&WHn&h‘%m@&t\ﬁl‘i@S@l roie
collateral angiogenesis is required to Rrovi t gar b s & av thodncy
adequate%fapﬂ’?agytﬁlrﬁ‘&ﬂ’aé \Fgcg%ae]r“ st pV%.G%Ytl asﬂgegn shown t la_t tr%%si ent
isggggiadfuw@ﬁﬁ byoegrpaary T erigiigatanaeovthypasi £ imebing yi sip?epevazes
VEG- MRNA' in the rat or pig heart in vivo and_h po‘%g inducgﬁ VﬁgFugggﬁghg
cardi ac mpocleas aml st h Mis@aT BT s T8 tFo THREHI ot 676t AR, Am J.
Physi ol 267, H1948- 54,-,1994; dai18 8h. erfcsthovagl Res.l growth.
28: 1176- RPLARYEY: O }ggggt?%% 5%%164 -52, 1994).f%e stron% expr essi on of
VEGF and MRPshépnbhe, hearicamasurhet ponal ensies s trisdurenVEGRd “idipetmt KOR
regul atory system capabl e of inducing new bl oqd vessel forpmti wheh Ebihs
needed. Cof¢aertar HiSookh9egde| to be d2BEndet! XES18a O IR e

25 surface heparin sulfate proteoglycan(s) (Cohen et al., J. Biol.

1a cells.

Chem., 270:11322-26, 1995; Tessler et al., J. Biol. Chem.
;g;?12456—61; 1994) it is conceivable that differences in
results arise from differences in various experimental systems.
In this context it is unclear to what extent cell surface
30 heparin sulfates regulate the functional interaction of VEGEF-
121 (lacking a heparin-binding domain) and VEGF-165 (possessing

a heparin-binding domain) (Tessler et al., J. Biol. Chem.

269:12456-61, 1994; Cohen et al., J. Biol. Chem. 270:11322-26,

1995; Gitay-Goren et al., J. Biol. Chem. 271:5519-23 (1996)).



15 formation is also required in peripheral (lower |inb) vascular ischem as
and in cerebral ischemas (stroke). Finally, new blood vessel formation is
requi red WA 948390e repair after wounding. In this context, pictrsss/emsot h
noting that VEGF is upregulated in epidermal keratinocytes during skin
wound 20 healing (Brown et al., J. Exp. ®ed. 176:1375-79, 1992). Thus,

t herapy of various ischemc conditions such as cardiac infarction, chronic -
coronary isc ] chranic_| r linb ischem g, und heal ing and stroke
with VRPs nar;@gaé?%ot St allf?/f%f?ﬂi chPly p&&%ﬂ%"r%@?r?%e%unﬁﬁpytb‘ Hretor

| nvent i o(PDGF) (AndBespoasert | mvent i ardstili r estedrto GQ\!@|59U614rlcatlﬁ§C’j95f)°.r L
of VEG--related proteins (VRPs), preferably hunman VRPs. The preferred use
of the tY&fpicSit 8geviRPsS anBchatbedi Eoacike nbrBédle 00 RIwipobIS i drsived hirom

inventi ofhd SphQcES® aS UL FONPRSILLLQNS jd_in_thetreatyent qf | €
W th heart di segse, aWounds, o?gcc){t gr i%&@m 8e§8ﬁdiePtl|C?r)Eﬁgl y %Plgmﬁizcﬁ §$03
angi bgené¥igliongueh pdt.i,erRsoc Thikatbi nacaci.d SequepsEsset 9¥BPs 7inclime .
ei ght disul fide-fqrm stel ne residues that are conserved between WD
98/ 4930@5@3%%@%/ 84}%}’9“1_ '\/Rlﬂsf’%a%d VEGEOBR ot BFFRN LY SaXatal nasidi higmsa 1
i ncl ude VEBE-P¢Pat@d fbAkkefalR bMEE-BleMEFi&d éﬁﬁL@erEBE'%EGQB%'%’J%%g
P1GFs. A first aspect of the invention provides for a truncat ed
havi ng £aeted i BrGChrratatedstastorofVREmE Jani Groimednd 5ot eal due§eNoter Rl
to the fg.r t ej of A re sequence_of sai ubupi t. Such
COMposi tdi'olflészf/\%%'l diggGéut?%[&gﬁt %é"l Ie;/tf‘%‘lgé’o L8E : d. At he
trub@at iGh2 5@kl f r b6 UNBELRNY GHifinBAId et hel N- tesnbmal rReSST dua 20f-Ade
mat ure pr i n subupit._only(not including the signal sequence) and 10
o al 1780 RS RERE Carhiior st Rt of Lt ne BMBOLED. pFot et s t 45860 Lee
i ncl udi rg tdre. y esidue Nater mhpaly .t @dipr 'ﬁAtﬂj:ié‘ﬁiéi‘?Fég%g. GHa VeRE-3
of ~the am no aci d resi dues

residue. |In nore preferred aspects, att
N-t er mi fdCT APRELIEaESONC Yot RET OIS 50228 2, seqbénsbedexnepbetb@bart a 25

am no agi i I di atel termnal.to said first steine, are
del et ed.ﬁg%e{ ﬁ%éug?l@?gé§%?n n 'acith%«%:}!_é"i P N T i%’?cﬁfieﬂeﬁéﬁfc?ﬁ?%é‘fted
nonladj acenterarg o mave rbsedues denttilfa it ergdnal risequUeREe1 | AnlS ORF-2
preferreg‘r ttq:cajlt t he dfl etions be of consecutive am no acid residues. Thus, in
one pref'éted Sspectl -t hd i il ono 208 &ofpr i 489 4hurmi VHPsthdagxraps ion
del eti org ofpmteE N0 @AgLEer €8] ;Sequ es i asi ng ng f h
N-term nus of the l\??%g% nglkgggéiﬁgnc?}%p trg%éhfﬁcfr:%&cyé%ei ggégf I;:t% 8ttg§re
sequenc®réetaiies VRRBsbunit Sequences lof predreples aspd®REs dhe Hepeértiedn
provi deg fg}gt‘jﬁénclat ed 25 versions of the VRPs VEG--B, VRF-2, VEG--C,

VEGF- 3, P1 poxviTtus ORF-1, and poxvirus ORF-2. In such truncated VRPs,

eac?0 subuni t They VReepengeat InhdhayecesdekebivAn f ahrl easte oe efsthenani no
acid resiidues N-termnal to the first cysteine of the core sequence of said

subuni t "1&P38h| yEBRETof ISBIERERMI t P3G neFTRavaed@dti ve loel eppantionally| n
parti cukamnseedi nent syhthe Jr4ncat ed uni ris V ni,t
wher ei n various nunmbers of aptn‘i no aci dsrgép?gggs ﬁbtaé?lnq‘?lr?lal et?bgt hgg??rggt <d
cyst ei néystethescare Seepreicee arefdekretiedo herenie aspedie ¢beer esgushag,

hkternlg%hlgﬁgd fgstV%L%gQ%g%% P%QAﬁ%?%Q 8g%steine of the sequence is

25 referred to herein as the “First cysteine of the core sequence”
or “first core cysteine.”

Interestingly, members of the VEGF families can form
heterodimers, such as heterodimers consisting of VEGF and P1lGF
subunits (DiSalvo et al., J. Biol. Chem. 270:7717-23, 1995; Cao

30 et al., J. Biol. Chem. 271: 3154-62, 1996). Whereas VEGFs are

highly potent in stimulating angiogenesis and endothelial cell
proliferation, VEGF/PI1GF heterodimers are less potent mitogens,
and PlGF homodimers have little or no mitogenic activity

(Disalvo et al., J. Biol. Chem. 270:7717-23, 1995; Cao et al.,




11 consi st of consecutive amno acid residues derived fromthe N-term nal
sequence. These consecutive N-term nal residues may be derived from any

| ocati on W ok/pBed\-t €r m nal sequence, however, a consecuti VepSEELRRSSHI
starting fromthe Nterminus of 5 the N-term nal sequence is preferred, and
a sequence consisting of consecutive amno acid residues innmediately
N-termnal to the first cysteine of the core sequence of the VRP subunit is
nost preferred. Exanples of such nost preferred enbodi nents are depicted in
Fi gure 27. 1®iplot hEheanbodident 3154 he2am hBS&ti-d r €91 doehel t ekpenaimentst he

first c LN ore,_sequence of the truncated VRPs of the invention
are a rﬁﬁéﬁm §6§s)erée§€e an%lﬁggﬁ&aamgé:&uen&ae,r% n yest he%oem58ir%nt ?,%er
these anirunsféctiesi dfescal bs dahicheddtomgehe: S\ {@18EB8bnSeAuUEsTE, Obrbhe
full length VRP 15 sequence, but are not necessarily consecutive amno
aci ds fr%ﬁ_{_h.&‘wm Pehgt H-URP -sdfuem®’~81, 193FAUs, in one nost preferred

aspegt, the iyweRti Qp QU es; apt rUhsa bynj ergin hE
acid residues N-ter m?lnal ;60 tﬁjéePi rst c%%'(téeei\ﬁrl?e%r(%] ?ﬁ%gg}(l)}?e @eqﬁéﬁggﬁg}ggéi d
20 subunid¢llas e KBREAEfRH-1 (Termam acitheal asp8dbsherhe Biwvengs ONREs ovedesua.

t runcat Vi bupi t in the amno acid_sequence N-termnal tgQ the
core se e%?&?:%ﬁ%gisei@%%?t'o spd mr)%gtb efgpgbl S0 9%, Pore pJg—EL&E&EI y
6 to 10,25ndoasy] prefignahly Zjadnai A0 8gkd 28 rRtidleSputagenesis of
Preferably, the am no acid sequence N-termnal to the core sequence

conpri sé&:GHel epnkecal ppéngnissarading refi dhas Jedmai sitdlgs Nnaer showh tbathe
fir Ccy. j f e ughee sai uhyni , N e
pre?grrerzé%o&ge 08:6§én§és)§£t %ggtrunca?ge:g %%@ﬁ%?i ggls %%%Jgﬁseogeq%%%ef:o

t he necefsarly Ghéeeasnahesdspencerteidne sc®&2 seglence amnNdHg 6Ir tbRt ribute
conprises at the regi n N\-termnal to the first cysteine of the core
sequence FIMIMN P 2P it RIprePerfBRy (KE8YE1 €5 181 -mor d-prBielabl GheRe 6
to 10, anoh msigpieferghky.the 2 to 5 WO 98/ 49300PCT/ US98/ 07801 12
consecutive am no acid residues of the amno acid sequence that is

i mredi at el y NRR$ nphgl Mnpwrhet$i bdndoyse epne ofr thereorod sEmencdibferant
fullcle seque 4 Those skilled in the art w.ll recognize that :
vvhe!rtg an%{({u?%{gﬁa:% V %ﬁéubuﬂ??egg%rsi’sese,a?%r 8>]<€anp‘]”}:fd(x) *¥m fo azthgle
N-t er m natadsmdnierdné st peystedime withhe L£or easgguersa, rddwll 1 8GN aportion
truncated VRP subunit is one where the corresponding full length VRP

subuni t SVMRFIZRE O +71)10HRRI BRPUL IR CoPf ndPmebRehedRdlr & EySPRiABMSF
the cor g, sagusNCenatO Mg de ihicat ad RPsebstihe hoventdon ixnglade Lrupeated
VRP honodi ners conprising two truncated” VRP subunits of the invention,
wher ei n atee KRB/fhkndat €Be MRens @unitls ,haBéothemsanki aphne . adies .segamnee,

and,al sa jhc]  trun VRP het ey odi gers corrprising:twotru t V
sub‘lzjﬁi tgldo?'c*#}ej&léjé1 njgg%??m%eﬁei ThettRB8 Shbdnits L f?gseﬁggagfho
aci d sequeawes faman €aeh 40t Pajusola kY puUr.posesnelert heepr.esent 5738-43,
invention, the term"first N-NN' am no acids where N and NN each represent
nunber s 19%i no adiRRre f oRrexandtet1RAE figeteqpiybtiapno RaGiwEEn dehbess
the 20 fi .o j ds, (8. thed i st 5 ],n0 j.ds ft he
si gnal ﬁleépct%%%&s\!:qﬁareﬂrﬁgetg%t%grggg{sgnat edE‘V 3 OCIeslt et?{r%‘ﬂl- ﬂ%wgncéﬁgasgég}la
del et i ocayip latyenher elficdniaNetdo &NN gett.he Howstream nict atsdknalwhertHate ¥EgRal
segyence., Thus, in nore preferred aspects, the truncated VRP subunjt

congsi sgjs”binZSt‘?rngl%a?Ee ﬁ@'@gﬂé%’iﬂ Pne5uBdnirt SRS FAREOES (54 4197185,
am no acigls jar gudelfiiede gur & RLeESr aklky, ai he vy} 35- 3G .3mg1yaci dsqgye
del eted; nore preferably, the first 20-25 am noacrds-are del eted; and nost
pref er aAGE tthendi$rso Z3+24 deihonati &PRar ETelehahedt al., Growth Factors

11:187-95, 1994) and flt4d (Joukov et al., EMBO J. 15:290-98,

1996), VEGF-C binds to flt-4 (Joukov et al., EMBO J. 15:290-98,
30 1996) but it 1is controversial whether it also binds to KDR
(Joukov et al., EMBO J. 15:290-98, 1996; Lee et al., Proc.
Natl. Acad. Sci. USA 93:1988-92, 1996) . The receptor
specificity for VEGF-B/VRF-1, VRF-2 and the virally encoded

VRPs 1s not presently known. However, since VEGEF-B stimulates -



30l n other nore preferred aspects, the truncated VRP subunit conprises a

t runcat edwg\@li%ogrot ei n subunit wherein the first 10-15 am no acids are

del eted; nore preferably, the first 15-20 anino acids are J&TA{RHO78%r e
preferably, the first 20-25 am no WO 98449300PCT/ US98/ 07801 13 acids are
del eted; and nost preferably, the first 23-24 am no acids are del eted.

In other nore preferred aspects, the truncated VRP subunit conprises a

t runcat een&ERETiplotad Nl spreiitf esearieirn tbeofsssh 5952100 api-Be.aqighs) are

del eted;. nore preferably, t first 100-_ 105 am no acids are deleted; nore

pref er am&&"lgg:gﬁﬁ 583cei ds? Wl dBI B39U; PaAngPesY afest drlat v,

the firsyedPSple3Anam vy acbdkpal & &le] d n;Qt etarred ects,
ndMB i BlLdkpkN 1 Q rkg‘fohv.@'{éﬁ_ prele rﬁglur@%%_f§

the truncated VRP subunit 10 conprises a truncate pr.ot el
wher ei n X¢8PPngiblecfer aMenangiaenre vespomse obr engoeheldhlly celies fig st

21-26 ang aci are | et.ed; nore, preferabl the first 26-31 am ng acids
are del &%ﬁ? g% ém?srtowgﬁ fERSBPYS ¢ (gltf“i'bf-s?oﬁ%{%@tanﬂm' aGI-‘d-sEéﬁz—'déE&%.d.
151 n ot 2Tl nbse9praf enved)aspects, the truncated VRP subunit conprises a

truncated hVEG-3 protein subunit wherein the first 10-15 anmno acids are
del eted; nor MPFEf fhbIGe t HBPEi rBaves-Deemnishovici 89 aretdupéeedthepridR

preferablycepPsrfi rehicR- 25 am nt%cﬂ?cjk?@ a{j@o delghed: JEndy AT erabl yg

the first 23-24 amno 20 acids are del eted. I n ot her nore preferred
aspect s, amglieogeneaiedcyRPesebtni’t cownjpdéses fotr wneat escpyORE} paet ejden

subyupit wherein the first - am no acids are deleted; nore preferably, .
theypi rs%rez%(?%ge%n‘i ng(JOI:aci éé:%ﬁ% der’gllgg; n%?b’“‘b%%?%?abl%ﬂd?%efﬁ%t- 35
ani no 25asl tise paeidel qioadt syyh nest apr.ef esdd v, nbbe fidsiq 33534.am oA .

acids are del eted. In other nore preferred asp : RP
subuni t TdnprPéella t1Uheht edVBHOF2 viristlei v tsubul te ssheralat helel 41 r stell

30- 35 amnera€i t.ed, re p I the fi 35-4Q 3 1o
acids ar emr(;el etselr?j; gFﬁgr g@ﬁ?ee%rra{ﬁﬁy& t hz&?il’“?gt ¥)}—Io-a ’ané—b?’r%g&gi'—dgsei%eg%m%’
del et ed;1 ¥ nbese prehérablProd.halatilr.stAcksd 445ahi NBSAcHAs 1888 ~-del, etiexde)The

segyences_ of exenpl ar eferred tryncated VRP subunits are set out in

Fi ggse .ngvﬁggg}aw&?%ﬁg%YO?gﬁf%f&l VKES TRLChnVers FeRPseedr 60i dss

for nuclagigi egéntiaol goplese cedi ng1for Fhe yirngcat ed . ¥aR SubuRigley ydescr i bed
RNA

herein. The nucleic acid nol ecul es may be, for exanple, DNA c or i
The i nvéitidntal sexpeBlides Roe r Fd&thi nianfONA vhenedsmsrsonphiisihng hatve

nucl ei Cr?é‘cj' -g@éfgu}n $ i he u t ~:and h cel |
transf or medIjl t sucE ?gggﬁgi %rﬁtlw vgégorgggg\%ﬁ(e%rlé%rq S égﬁ?/'ect SIl%yea'ierréct
the syntHé3FAVESEF a hetiacatienleYBP sithuni t suchims tboseddesplebedieginic
20 activity (DiSalvo et al., J. Biol. Chem. 270:7717-23, 1995; Cao
et al., J. Biol. Chem. 271: 3154-62, 1996).

VEGFs are expressed in many different tissues. Similarly,

VRP genes are also expressed in multiple tissues but it is of
particular interest that VEGF-B and to a lesser extent VRF-2

25 are strongly expressed in human heart and skeletal muscle

(Grimmond et al., Genome Res. 6:122-29, 1996; Olofsson et al.,

Proc. Natl. Acad. Sci. U.S.A. 93:2567-81, 1996). In fact,

VEGF-B is expressed considerably more strongly in mouse heart

tissue than VEGF (Olofsson et al., Proc. Natl. Acad. Sci.

30 U.S.A. 93:2567-81, 1996). VEGF-C is also strongly expressed in
several human tissues, most notably in heart and skeletal
muscle (Joukov et al., EMBO J. 15:290-98, 1996). This
expression pattern, and the exquisite specificity of VRPs for

endothelial cells, suggest that these factors play a



The invention further provides for nucleic acid nol ecul es 10 encodi ng

bi osynthetic precursor fornms of N-termnally truncated subunits of VRPs for

the pur peasogfesp@ci | itating the expression in suitable hostpSysiREserSUch

nucl eic acid nol ecul es are conprised of DNA encoding a signal peptide that

precedes the truncated subunits at their N-termni. The signal sequences of

15 VEGF or VRPs woul d be used to construct appropriate signal

pepti de-containing truncated forms of VRPs, The human VEGF signal peptide

is as fOPRYREOLARARFRIWARKS al Nl ATHHERIRRYAEL S SBQ these NOissdies.. This is

Al ternatiynsl t hg,sigpal Ldes shown.i igure -l 20

used. Pr e%%?%%}n)t/, tgcr)]e g?gnﬁ?fgg%ﬁﬁdejﬁgp\g@f??g&fo r ct%lhle {E?Lﬁ:ﬁ%a lec%PilRﬁlllcsh used

in the copsonacy. ischemilan wheee towlflatidraht engiggahepdpt i e ckgaiage itdb

manmal i an_cell.s after fusign of the si gr%gll sequegce to truncated forns of
5

VRP, it Ry hESnetREsaP$rb i HEPGAE ¢ H Py sfA5AYRRE fiGaRt thddF ¥ e iRR
of the maéssel VRELpEDYi de seauence, vadh Phduwle thBe @rapfdlddie- MaldHini a

(PV) for hVEGFB. Thus, an appropriate nucleic acid nolecule wuld be
conpri setN@ECENA &YcodFAEORREYsi ghates¥qudhicR toforlVEGELB, lypowhal | yapidly
fol |l owe f rald the _firs esj due .of ture 30 VEG--B),
opt i onaﬁf%y?%ffggmgg b\géczsapcgdcﬁoﬁr?f 3trn VSF‘FneE?{'he&ge orvd E‘ggir uelBr FhYQr &nd
VEGF- B) ,hynoxfal iodedely VEINA exkidli g thedilate myicwatd o/s t anacahned tYEGTsR 1 e
The inventifn al soﬁfr ovides for other appropriate signal peptide fusion
const ructSrPedt sttt taDI & BAGh IRAErafiral d-an h88ts I as PRy&#Ploy2 e hosdi1948-
ski hbed 195 D 98/04930986AL USQ®/ 07801 thaddieowd. TRASE Sk !-iffslﬁ@ﬁ hq_9?’4t;
wi |l recognize that the signal peptides—snoutd opttomally 1nclude residues
needed foFreatatrioati%nh of48rjhal 1) de @heavaigeong el s sirprcebks VEGE

the vari trgpcated subunits _of the.present invention. 5 Thus, the
present %@eﬁ{l on 6‘r%ov¥§§s Eg?rrtec%‘ﬁ‘xi ngﬁtlB ° exXPrELET orf vt Afher @04

the 5 eshpétéhe noehelataciyd rBisaci e cgshbpe f o5t t hendnunaat edeV¥RPblood
subunit is operably linked to a DNA sequence that codes for a signal

pepti de.VEFRESi GRAMATERAN dehRBy He adshurendemP sigpblapepaildloed esessello
the1BNA soguentsn cedi ng T rs4h 8 -8k | y (e Rner N

the 3' end of _sarild DNA sequgn%egf%HD%z{ C;g%?%%ﬁgggﬁt h(lei%fl rstfglj[n\%{)nolvgié?g‘l%r
resi due gfchereiaat el ndam- t canebtred VRPchehdarist , (ahdokker ei n Rie 13 y endeof
said DNA L n aid resjdue is _operably linked to the nucleic acid
nol ecul e fcog(gdli ngvgi%?};r g%?%ah’aﬂcaf'gd F/ﬁﬁué%ﬁﬁlni t0 higtHEr &§PAdEs, afhHET
DNA sequenaedogli ng for t3disd sbgiaktpepitdas swopehablotiidgkedaat ¥her3'is
end of said DNA sequence to DNA coding for the .first two am no acid

resi due'RFeI e Wef ur d PnorkR + dmERR &d SRPFYESS anduriardei nskhe 3wound
of said{N\Y i n8-5Q i Wo rgsi%slte.s i s1operablky -lg nk 0 sai

nucl ei ¢ aci dﬁ?rg)l écﬁl ehco% i %bi f'orJ i Mo eé?@RE’g?SbJr?:’t .ﬁ%%)s', i 'rl;glus’
pr ef er r echeasgeet soft hevanvensi on sadtsempe ovicdes! ia itonsncasedhVRR subrairtdiakt
the invention as descr'hbed.above, furt her _cog'tgri,si ng at the N-term nus of

sai d tridEAREE VP subOAPELIS hEFEIRAE Bnel 5FNERG 225 SRR LG dl PESF duddmbs
the mat urs-Hemid J wieah@dn¥BR isPWd . sThege wkKich! @Re e BEtp¥tbheially
recogni ze that such truncated VRP subunits of the invention include thoseé
wher ei n A ¥GHal Y neepefietadni no acids N-terminal to the first cysteine of
thes,gore sequence (including the additional one or two am no acids 30 that
may facilitate signal peptide cleavage) is at |east one |less than the
nunber clurardmo @i Tise Nfheentaah to the first cysteine of the core sequence
of the corresponding full Tength VRP. WD 98/ 49300PCT/ US98/ 07801 16

I n other prefEls RFaSpREL NVERE 1Ay eht | BRIPEEFAIES Rdat BENVREL fdnarmesr s
or hetergdi - ISy frun VRP. ' rein Ld

runcat o0 VR Subanrre wonpel Bsst "FRRER) { et e ar el S8p B vrBhe
subuni t prefleerred use of the truncated VRPs and nucleic acid molecule

30 compositions of the invention is to use such compositions to
aid in the treatment of patients with heart disease, wounds, or
other ischemic conditions by stimulating angiogenesis in such
patients. The amino acid sequences of VRPs include eight

disulfide-forming cysteine residues that are conserved between



5 first one or two am no acid residues of the mature non-truncated VRP
subuni t. In preferred aspects, the reconbi nant nucleic acid nol ecul e
codi ng f oWo8t43pacat ed VRP subunit of the invention is opergdiysdsiorkmd to
control sequences operable in a host cell 10 transformed with said vector.
The present invention also provides for ¥%ansformed or transfected host ‘
cells conprising the reconbi nant DNA vectors of the invention. The !
present | nt.i agn i ncl udes delivery vectors which conprise nucleic
era- ol YRR Sha0 G s alis (bt iy oRpenos of | (HRPS iveriTan. SuEhare
del i ver yngeciams tedy the, VEGF-e@xamplas-o, NaFvELtORB-1 SUCKRFYD! akh nwe eliefrss My
be, for exanple,_ adenovirus vectors or adenovirus-associated virus vectors.
I'n other aspeft£idSt mSPegenCiforthe elprentded Rradedeyi fos ectouncated
conpri sipgpa RieigEC acigl il goul & €oding yfar tr a VRP.of the.

i nvention operabl ybl [ nkec?jie at the 5 en oflet Sé:anéc i (léi};c%ggmgg%g’ e %lg
DNA Sequepsédupat Neddewmifnarl atsi ghal fpestt deystRider abl yhet heosé gsabuence
peptide is sel.ected fromthe group consisting of VEG signal peptide,

VEGF- B s?%n_&f"l eft! b‘él,l%vRFp%“gi g‘?éTp‘b%’p’H‘aB_,S YeRrdchs giirs aptaely pfereas
si gnal pept iskhe VEGrat iirgnal  pephirdeapnqXVvi kus OREunLasiighal ESH@E&‘Efé@ﬂd

poxvirus ORF-2 signal peptide. Preferably said signal peptide is
si gnal peptREating prépélpddvaspbet s N-tiearbne seqieictueodbhg floe thature

si gnal pLide,i s 'y, 1i.nked at. t ' end,of the DNA sequence.to
codi ng P%r the 30" %'I rsj?parﬁAnl(?pélcO?Cd rlélsf:lrlgludén gﬁlée mit 3P non Pﬁﬂgﬁt)edaggé
subddi t , mantmahdyeiad 1t he- 13 retwla bf asdind DNALdodbig oy matdreeyrdeinr up
oper abl ytl [ nkgd.to t he nug:l ei c acid nol ecul e, codi n%_rfor said truncated

VRPs. | n-Post p%BFéPB&&ga Dec e sk N 9B8ruB3606CT/(BSI0 801 tlye first

adenovi r gsrd e,k G P! I SESPe NUCIEI n@ed dpiRlFecUee W degjhor
truncated VRP tgﬁbunit of Figure 2. Iﬁ furtheer \pl)grggégcrggﬁ gslfpl)ecc%fg t(:)lPe

the i nvedfi®h &S Shrs9Fdddes fVtterminahj dot abhe afiensvi raystesiocior of the
pr epar at | copri.Si 5 nmbi pant engyiral vector, sai.d vector
Gore ggﬁ:ﬁ‘}%'tn%% BAEGHN PR A g(:) a%par?rpﬁ?oadgr?&\‘ﬁi r af € 3tduefice

containing no w ypeé vitusand comprisin

f r odBwhi Thmedea B4 1y BBt genesahave badm delreitedysuwhiee | ransgeseecedi.ng for
a truncated VRP subunit, driven by a pronoter flanked by the partial
adenovi rus seqtenRRINafhea2Fd ioh Ak AR 1 @51 PRS aRB¥pERBISE Starah gdelehions

preferrest aspchq; atbRt PLRARALALAQM hass haeds fiht erednthiquah A 30, M &L oo,

filter. In other preferred aspects the truncated VEG- subunit is a
t runcat et VESFPERbaAredothRitgihe Zelet iorws hee pfefensedudspectamitime acid

injecta vi ral tor .preparation gconprises 15 prqQnot er, sel ect ed
fromt hgllegsr%‘gg%bnsi s?l}éﬁé’of 3 oW r opn%?g?gpﬁdveﬁf’ﬂaggl'ar QCrkrlfao_cy’trtb"-'‘:"s‘i')*\éjcﬁ’‘f‘i c
pr o@0t ergorgruci se siybeinanhe®eys ciiedth PavsDLHeNetlidrd hef anpast Scilderesidue

i nvention provides % nmet hod of producing a truncated VRP pol ypeptide
conpri si%egc? 9 hgCLund&t A5 i t ABPEtREndiTIDnEhe a Md@armsgiiys t pAndther nkd

or transd &gt fth Wi §8qbBECEL GRMLN AN fﬂ\iﬁpsec_xp%%é?gevs@ Fhellcdille ddypmLon
in a manner allow ng expression of sald pol ypeptide, and isolating sai
pol ypeptdfdetite orRE heulhast t cekliueSaet abl e conditions are then provided for

the truncated VRP tide to fold into a 25 truncated VRP suybunit.In
maral i an cel 1% pg%ﬁ%rﬁ%ﬁdﬁﬁpsﬁgs, @%eianventign prondes for truncated

25 versions of the VRPs VEGF-B, VRF-2, VEGF-C, VEGF-3, PI1GF,
poxvirus ORF-1, and poxvirus ORF-2. In such truncated VRPs,
each subunit may independently have a deletion of at least one
of the amino acid residues N-terminal to the first cysteine of
the core sequence of said subunit, or only one of the subunits

30 may have such a deletion.

In particular embodiments, the truncated VRP subunit
comprises a VRP subunit wherein various numbers of amino acid
residues N-terminal to the first cysteine of the core sequence

are deleted. In one aspect, the remaining N-terminal residues



shoul d be naturally provided by the cell.In non-mammalian cells,
appropriate pH, isotonicity, and reducing conditions nust be provided, such
as t hose wiesgmabed in, for exanple, Exanple 2. Mst preferadyusdsesor

i nvention provides a nethod of 30 producing a truncated VRP wherein

suitabl e conditions are provided for saild truncated VRP subunit to dinerize
with a second VRP subunit selected fromthe group consisting of VRP
subunits and truncated VRP subunits. In preferred aspects of the invention

are provFeRL Akt REISBISST YIS ngmaner grdst psFgesderived from the N-
98/ 49300PCTL US98/ QERenkd homaqiEr CORRELRIAG ! WO-LEHAEALET MRE RHBUNGLS
havi ng the sanme am no aci d sequence. I n other aspects of the

i nvent i opear@depiveddefiramt hedy oflogaddwai ng.rt r ifcat i d&Bnhes br odegqeesce,
wherein the two VRP 5 subuq_‘i.ts have di fferg/%tﬁtarri n% aci ﬂa;seﬁgences. Such
het er odi ReY&VFRy SofSPSESS 01T ST RA° SHBuATC A o WOt PURc&Eed
VRP subuphé, NotebmtihaVRE etlititid Si sByrdeetroacahad allteduyenSaibeshtssiRMgbe

derived fromdifferent VRPs. For exanple, the heterodi ner may consi st of
one VEGRB PPTH@AHiivanaméne t2ahdatkas \Migrs clsmasiately Notte raumadi t §0
may be t cat; 10 fyet her r ct e Lwent i.on
provi desHEI)ﬁa?HnggguﬁycsaﬁEIcr({)brrpggi ?ﬁgng&%ﬁp%? .”%3’9% t%n({:g?ey}%&é‘l&%%ﬁln?t i';L(%f
the presmosti prefltamomgd. n Exxanpbdd e ofarsueh. mder 1prefeenteddonembodiments
met hods of séi mul ating bl ood vessel formation conprising admnistering to a
pati ent ¥%Eh 3pbﬁ5?ﬂagBuFF8éﬂlrec mposi ti on. Met hods are provided using
t he 1gonpoundstAf dihe PreseslinBMent i athd Oagliheul At £4 endatikpldAl NnCELImPRAM h
or endothelial 20 cell mgration in vitro conprising treating said

endot hel ¥al té@ | S1GFEh avIRi®do¥RAshe core Theqpeasentof n\dret | bnuatsbed
provi de.svﬁ%h%'éQ{hé.r%%\%é‘rgtforgatéfé“ %“fiaerﬁé 1@%&%9@?& g}ﬁﬁés?acig
conprising admnistering to Saird patient a nuclert acid nolécufe codi hg-Tor
at | eastseqeelbetr umcayetr YRResubimbdqimantspualhaise asinidnoolacid ereapabke
of expressing the trgncate VRP subunit_in said patient. In an additional

enbodi nedtS ABFAYAL &F8Tp dbd- o3 huP aERRgCanGifoddifesi &l nlenghh i ¥RP

COMAGI Si 88 @EAEA] Sbaki NG HHer aBeukise MU o 0fe 8y PIREMGAM] Cids from
conposition conprising a 30 truncated VRP of the present Invention.

Pref erabtlye fwélphangtbelRPcaleasemessition is in a therapeutically suitable
delivery syst In.other preferred. aspects, a potentiating agent_is_ .
admi ni Stered 106t &t PAFe N 4T SGRTTe BPPEEE” of 'eai U (T HnEaL o Thpes
Such ageat srurdatde] VAD 98(L8930QPGINhEIBEBH0 7804 Lbnims exanpl eeshdsiee N-
Fi brobl ast Gowh Factor (bFG) (FG--2), acidic FG- (aFGF) (FGF-1), FG--4,
FGF-5, FEgLBIngt &Y Eeg FintheFYsh§iogenPE H1& ofFOfRatSetieRfatr &f said
endophel §@huget! Sre TAHSetbR ONe aspect of the invention is provided a 5
pharmaceuti cal conposition conprising a truncated VRP and one or nore
pot enti ati ng dgertderThesphat sncée chhvennposi Pmnsidey al Soweatsst VBP
treat paéi enlés suflf eri.ng fromischemc conditi onsv\gggh as_c

r

ol ST R SHhESRIRI O RA LS o MUAAES BUER-R2nad Hehtene ceobRe,

and peripbgiehcd0 ool s diigease. 2bbt hpdse ang-od s Pvitdedt ysirg there
phar maceuti cal conpositions of the present invention to treat wounds, such
as der neProferapL¥t ihatowolfeds. and most preferably 2 to 5 amino acid

25 residues.

Preferably, the amino acid sequence N-terminal to the core
sequence comprises the consecutive amino acid residues
immediately N-terminal to the first cysteine of the core
sequence of said VRP subunit. Thus, 1in these preferred

30 embodiments, the truncated VRP comprises the core sequence, the
necessary C-terminal sequence to the core sequence, and further
comprises at the region N-terminal to the first cysteine of the
core sequence, the 11 to 20, more preferably the 11 to 15, more

preferably the 6 to 10, and most preferably the 2 to 5



In preferred enbodi nents, nethods are provided of stinulating angi ogenesis
In a patient conprising delivering a 15 delivery vector to the nmyocardi um
of the paW0es#wI3dpy i ntracoronary injection directly into oneaivUl9807801
coronary arteries, said vector conprising a nucleic acid nol ecul e coding
for at |east one truncated VRP subunit,l%herein said vector is

capabl e of 20 nyocardium In other preferred in the enbodinents, the 4

t hod b for. stinmulati ol Lat (YA .
I o e GYATER L BB R & NGl | 2 p¥ 91 A4 PoP St n1 TG v ehet

devel opnent immeaipaiilgnt NRagragnpar i pbertdle 25ivascutpstdiseassf ¢cheprestag
delivering a deIiveL%?vector to the gpripheral vascul ar system of the
pati ent S8AYSRFR-PEnbRal futtelerofPedREoFSAYSRISy into one or both fenoral

arteries, saifhyect Ay COMMAIT Si DY thd F 3329€08140dirBRLAN 2@ T EHACAl GHeVBP &
subunit, and capabl e of expressing the truncated VRP subunit in 30 the
per i phertatuncated aVREy sturgn 1 hecomp rjs@sot | Hgr pexiapirdreal (dbsca@mdmno acids

ival G RE 8P T hEnd Tt erval SBecPT (HeS atier yeUERGP  staRt

repli catduyh def | €rentatd@nory Usubeeliar . 18 M2 9&h43300PRE/ SIS 85180 d 2Rg

anot her preferred aspect, the delivery vector i s an adenoassoci ated virus

vect or. full length VRP subunit comprises (X + 1) amino acids N-
terminal to the first cysteine of the core sequence.

10 The truncated VRPs of the invention include truncated VRP
homodimers comprising two truncated VRP subunits of the
invention, wherein the two truncated VRP subunits have.the same
amino acid - sequence, and also include truncated VRP
heterodimers comprising two truncated VRP subunits of the

15 invention wherein the two subunits have different amino acid
sequences from each other.

For purposes of the present invention, the term “first N-
NN” amino acids where N and NN each represent numbers of amino
acids, for example, the first 10-15 amino acids, denotes the

20 first N-NN amino acids (e.g., the first 10-15 amino acids)
after the signal peptide sequence of the designated VRP. The
term N-NN encompasses a deletion of anywhere from N to NN of
the first amino acids after the signal sequence. Thus, in more
preferred aspects, the truncated VRP subunit comprises a

25 truncated hVEGFB protein subunit wherein the first 10-15 amino
acids are deleted; more preferably, the first 15-20 amino acids
are deleted; more preferably, the first 20-25 amino acids are
deleted; and most preferably, the first 23-24 amino acids are
deleted.

30 In other more preferred aspects, the truncated VRP subunit
comprises a truncated hVRF2 protein subunit wherein the first
10-15 amino acids are deleted; more preferably, the first 15-20

amino acids are deleted; more preferably, the first 20-25 amino



Brief Description O The Drawings b5Figure 1 depicts the amno acid
sequences of VEG--B [SEQ I.D. NO 1], VRF-2 [SEQI.D. NO 2], VEG--C [SEQ
|.D. NO wp9smd@h (human P1GF-2) [SEQ I.D. NO 4], VEG- 3 [feh@doeslersolO. 5],
poxvirus ORF-1 [SEQ I.D. NO 6], and poxvirus ORF-2 [SEQ I.D. NO 7].Lower
case letters signify signal peptides that3 are 10 cl eaved fromthe mature
protei n. The ei ght cysteines of the core sequence are underlined. Sequences

are described in the foll ow ng references, hupan V -B.. G t al.
oo, LSS 38! Bt ad Ao RSt 688 e UBED G, T Shtna A afiaon
93: 2567-84i 44 996¢ ; dapysedYEG--B: O of sson et al., Proc. 15 Natl. Acad. Sci.

U S A 93:2567-81 (1996); human VRF-2: Ginmmond et al., Genone Res. ,
6: 122- 29 (1996} ; OhlRENTVESFREefrsinesdy 2sParts, EMBe Jrunsarest oRR 199BYnitee

et al., : I i : - ;. P : l.j,.one

o onEi 88 2 APt (RASRE prdEeln (e Pl oS Rl Cr Shst

(1998) ; 9EHBO0 VEEESs BEIdAppldec atd lost &y i mbrdoprBEELBBIAY/, 07283, £ bt | S0ed
De 12" 1996, W96/ 39421; i F- d F-2: Lytt et

o SO Fing. 89168 Aomc qkerls TraLe PEaLarablvex iy dartt (105c it 8

VRP ani ngnaed dadbdseguencrs Rlow 44 rost epperdicag1f,ul kHengthsd F 63 - VRE

sequence. The am no acid sequences of each truncation are |listed as
fol | ows:amino aohds/aypSEElrtpd.-NO 34](1) [SEQ |.D. NO 8]; 2a(2) [SEQ

|.D. NO 9]; EQ | D. 10]; 2a(4).[SEQL.D_ NO_.11]: 5
[SEQ I.D. }\laﬁi(zﬁ%hég(g?rfsﬁéggeﬁr%ag Tg;’t%b &?Ligrﬁﬁét@g&wﬁ% s@@]ﬂ?lh)
AR T B G I RO R T i
SEQ | .D. X , . D. . X . D. ) ;

[98/ S93odﬁbs§%l@%%%l§f) a2 %ezlatﬁd{sw .B.reﬁe.ra?g]f;r ety 4126
NO. 20]; I . . ) AN’ .
20 oR 1155 1By WaAly MhLLBERP. e HE 05 TR0 R,
NO. 25] :aids/ arpSE@letmd NOrnd@8jngst) pSECerablyNOtHE 261 rske®)- JOSEQIn®.
NO.

27 SEQ |.D. \NO 28]: 2e(4) [SEQI.D. NO. 29]: 2f(F/L) [SE
|. D. N]o.a‘g’g‘f;g)?‘[ﬁ ?%L%PF?D. NO.]30] ;6(212([2) [QSEQI.D. NO.]31];(2f(g%)[[SEQ

| . D15NO. 32] ; 1mnétREC4norSEQdeflar N 83pecid, Dehai kednBaseid ptRONs Ghudhe
I nvention Construction of Novel Truncated VRP Sequences . In a first
aspect tHEBTVRRE i 8n tFeRARted ahYFahdaPe@torP ot st nghareftsadthonkirst

truncat ech P sHbYBI L1 BY 'atﬂeurb@@%&RPméP@uakéi'ekgbﬁ,rr%mt ﬁfé/ﬁﬁ fd\y'/g%@it
havi ng an am no acid 15 sequence substantially simlar“to one of the. S,
for exargiigo bacidst arenidede tienl; omrofptréfesaglipncebestfowst 2 - 2furaninoor

an, anal o Sla decbraidye dher soly W0t ehpoelLesst i o Lhe Lo ael o
of pbe natide sStbudkletsddel eted. A _

In other more preferred aspects, the truncated VRP subunit

comprises a truncated pvORF1l protein subunit wherein the first

20-25 amino acids are deleted; more preferably, the first 25-30

amino acids are deleted; more preferably, the first 30-35 amino

25 acids are deleted; and most preferably, the first 33-34 amino

acids are deleted.

In other more preferred aspects, the truncated VRP subunit

comprises a truncated pvORF2 protein subunit wherein the first

30-35 amino acids are deleted; more preferably, the first 35-40

30 amino acids are deleted; more preferably, the first 40-45 amino

acids are deleted; and most preferably, the first 43-44 amino

acids are deleted. The sequences of some exemplary preferred

truncated VRP subunits are set out in Figure 2.



20 sequence that is "substantially simlar"” to a VRP conprises an am no

aci d sequence that is at |east 25% honol ogous to the 8 cysteine core
sequence W 98/83p8 B, conprises all of the essential conservedTasss/elispe

resi dues of said core sequence, and retains VRP activity. By "truncated VRP
subunit" is also 25 nmeant a VRP subunit I#herein at |1east one of the

N-term nal amno acid residues Ntermnal to the first cysteine of VEG-
core sequencenls delilfithodndn A LSARL fUle ¢h.CYRLEIRER Clcide fifidtyles
sequence i s deléted, Wher @l n cystefne is non-essentral. "A non-essenti a
cystei necddirdf that tise netruhegtiededVRD rseftaimi fRPdastiribey. Bucdiresserfhal

cystei nes have been described in connection PDG-. (Potgens, e . J._Biol.
Chem 269'aUsie.a5igigpdgcules may heygent et yexpup e\ntgb 'prﬁég‘gtfr’rofm&'

sequences,d haj ngeasUREsS theld Sbﬂbbﬁ&éky For el aLéomshhant dedhint Y dect N
98/ 49300PCT/ US98/ 07801 22 measured by dividing the nunber of identical

resi Buescdnpriwingt dhenunbeledt rasiduewlpaniies t eplopdiga hehgr ddiwncaned
100. Th two copi es of exactly. the sane sequence have 100%identity, t
sequenc@ipﬁfat aé"rdg F‘@? hICSﬁﬁ)? cBﬁ?BP?&Emg d Hé&g‘ SS'd%ﬁetIf%cn%If‘b%%gd‘ji‘{:i oDnI\?%:l
or repl acaEdits, mayhbagena |sowdr degieerodf ddeatttythkn eghatleatisng of a
sequence identi t%L,Ythe two sequences are conpared starting at the carboxy

terni nustBiNGHee A YRE nPHRHN4E! UCEn aSTROSS SIAT I 19 UMRF Rt R - wi |1
recogni ze t hafhéeYﬁ(réht‘i%%pL#@ftrpéfg apeiaee i | bkeefor adslierd i Ao dd
sequence identity. Anal ogs o truncated VRP pol ypeptide or subunit
ar elfuncnardinegoivayenhsthavipmpsimddar fanmhaoofic Not tegqisade yartiruncated

retainin to, sone_e nt,. one.or nore actiyities,of the related truncated
VRP pol YIRS 07 E o IBBRi £OTBF A (IR BRGI O 15 BGaRgAroATY i nedit! THe o
anal og has amiacidld t yoshat sganehe .subidnit edhdl¥i ONacel NMbEeacléyi taes
of a particular truncated VRP pol ypeptide or_ subunit. Preferred functional
equi val efRmPF LR nofl DA eneosdndi ¢i &t Bala paPLieql &rhat uRESFEASIRA e
POl YPEPL e Of « S4DURbLN 1 RANENCIondite N IOGLLERA! 2318 VAlLANIs e NS &
activity that, en neasured quantitatively, Is stronger or weaker, as
nmea$br edVEGE VRR f UREi omahldsdag's udfest éxanpbastsuch aspphopeidtsclosprial

herein. 1n mpst cases, such truncated VRP pol ypeptides or . subunijts must - be
i ncor porpa"?%‘ﬂl‘?%f%o’&t??‘ﬁﬁﬁ‘gt eﬁrW%?grer%’ﬁE%ré’g? %ggﬁéasu@eﬁg Untt i on%lib
activitysi dhi£f epépei f&neki gRalroagwivsal ents have activities that are within
1% to 10,000% of the activity of the related truncated VRP olé(gepti de or

subunit, nor eupkbievubrylpaddydhhadmsa® 1000% Dand nbPER pF eP er®Bt y4 M t At n
50%to %0:_/ . abi ity derivatLue i hasrl b, SQE aeLh¥bt Y CaRybe,30
measur e us%%%Q't&eg%%#'é]ue;s}p%egclg’?\ﬁéda%%%églln. SDEI’}?(\B/%H ves ?né?ude Y
nodRDi caisexdh. occuPrietg rdiliyng othaf t elgadns|mdpoide f ospexafipke, flmr the
phosphoryl ation, gl ycosylatian, crosslinkin acyl ation, proteolytic

cl eavaget?/‘f‘i”h%'g%d?%%gnl ntFEGdy " 898?04‘9%?)‘%%/ US98/ 07801 23 nol ecul e,
menbrane nol ecyll e @igelt hekol | ganRd isea-der gﬂ?ﬂ@lﬂ Ppt id988c1AaRdgeRevin
Bi ochem 57:285-320). Specific types of derivatives or anal ogs al so

i ncl ude reanmdlband getddmat iaHeeBuchuasonel étfi onhe subdgnedt i Gegluence  to
additions, _an ' i d di,fcati.ons. rdel et ion” fers t a ce
of one cr}crrurr%?geitgﬁ %Orgfﬁsi dor%gs{ljghé(sl)@i ﬁlaﬁ/ﬁebrgelxg%ée%g%%’?ﬁpg&i %gf:&ﬁﬁe el
"addbti ofi'rsef &5 thet hEipsesenne ofedN@uOs MOf e tdvd Nmaaaird reRP dus{shide
the rel ated pol ypeptide. Additions and deletjons to_a pol égepti de mal_é!1 be at
the am nPAYERERm Rus, B KRDoLY) t eOf RECLERRTGRIIREerdRY) . TAH My IR
“modi fi calion” Jhef alf enation, of ga At Ald Yy OEE4" HeNdGHp Nos 81 d
to prodﬁ%ﬁaﬁ%’ ngﬁ- n%%%ﬁ?%gg%cﬁ%r ngjL an‘?no a(r:[{a%. A "'suvtq)sti tuti on"&*rr%fers to
the replatemii ananting nohie asigrahciseqesndee(s) BYEGNOR herorm oma bly d
resi due(sg i n . . .
féllowed by a codon for proline (the first residue of mature
30 VEGF-B), optionally followed by a codon for valine (the second
residue of mature VEGF-B), and followed by DNA encoding the N-
terminally truncated VEGF-B. The invention also provides for
other appropriate signal peptide fusion constructs, Dbest

suitable for non-mammalian hosts, as known by those skilled in



15 the pol ypeptide. Derivatives can contain different conbinations of
alterations including nore than one alteration and different types of
alterati ON©.98/49300 \Wiile the effect of an am no acid changeP@MUSHRPB7&3L i vity
vari es dependi ng upon factors such as phosphoryl ation, 20 glycosyl ation,
intra-chain |inkages, tertiary structurel®and the role of the amino acid in
the active site or a possible allosteric site, it is generally preferred
that the_substituted.,am no acid,is fromthe sg rQup_as the_am no_.aci
bei ng reﬁ?‘&ceﬁ.reTo sd s?xt%ﬁ{'ﬁ%é 4l r%\bmengg‘g?gﬁrg‘éqcoﬁ gf’ﬁgé%enot%@ag‘?‘ S
whi ch ar @ iigntar chepgeabke sidifl baspeianbnayacimslhysi ke s iah@si meedadd for
hi stidine; the acidic am no acids aspartic_and glutam c acids; the_neutral
pol ar anifAcidditadisyy i ok, SiAPEdnBARRLiGRt 8L RRVAGPuULAN NN ALIAR agfhéSad@®r
to alesspl &xlallys NENHONIE vAPSHOBROLET od! kRIS NG AR dH yCi ne.
30 al ani ne, valine, isoleucine, and |eucine (however, because of size,

gl ycidhe and alTinisne she muresartoséhyenthianedwodides i for | setenkeimentandNA

| eucine are nore closely related); .,and_the aronati,c api acids . . .
phenyl al &fPFE S 4Pt 8&%&“&&’ =a<} né&‘el ngadd??ijon‘?Enalqiqheouéchlledscsi Aics
in differentefAlLIVNIBTg W3O8/H4B0RRGHAIRMG 0783 24l Nnes gbpeira®ly
and serine seemto be interchangeable to sone extent, and cysteine

addi t i ondlinked t&o | at BNRhiseageaqs WratragosdescEassisf i v wt hPepeiget ar The
neutral am naQ .acj .Preferred deri ive VE: o] r.e. amn i
alterati c?r}(;sn)alv\h?%étﬁgenoea%i *g%i % ca‘%ﬁ}é 37 ec%ltgﬁ%la i V|ltea35a ‘of Pﬁg%rog’leg:t’ed
t r urnoc@at eda NERPNTO| spepé e oodsubutfiolr. slanid egigmsl gbephiedér magabed opeRably

pol ypeptide or subunit not necessary for VRP activity, ] no _gcids _may be
ol ot ot 1adu@s! it ST ueBE Gkt RALe OV sediends oo | ARhACPRIRE 58 tTe
regions regquid edifig{o VR At i ¥idYaud@m 88 aghd ahheuzbki ORS Ak un@S%ed VRP
preferred as there is a greater risk of affecting VRP activity. Such _

al t er at i endwticul dabd odrergimat the abt eead onk. skdd eR¥fplcedigge B2 msedd
am no aci d r.esi dues withi he .sequen [ d her 1 N0
acid of &%§ qearlﬁSOBSFQE’il&yelﬁnnﬁ%h&a%?sggg gl%fcﬁl;égtsclt ogné]a#geré]lg?(\e/gpg%t Eodﬁ'ﬂd‘
Conses vedFdregsana tentntotbe MEE istpeiniiant f oIn poatheimn aepeviby ttise DNA
non- conserved regi ons, Standard procedures can be used to d tlseﬁ; n'lne tge

u

conser ved SHENHEh- EBALBEVEPT eBf bfs SitAPGt TP F LIS VRE LHT5A tRgefn at
vitro nutggenesis,@0,kechnhquRa Qe iRiRld A aNe Ys68iAgdrBRasHE B4 r¥RP two

activity as described by the present disclosure. Derivatives can be
produced amsiny a8taddareds iches caf ttéehnhgtese amerdcomsiatad WREI subuadits -
nmol ecul e tegchni-gues. Mdifjcati,ons tq. i fi¢.pol pt.i .

del i ber ataél,d:awg] thr r&%hgsi F(ralfidior%ecstael m agctééfl%lsﬁ? gﬁg %%qﬁoqgé %%Sldues

subsz@t utipnogerabd ysol i dkelase syatbeshsclofcmacite actiedantal csdihgasfor
t hrough nutations in hosts which produce the pol ypeptide. Pol ypeptides
i ncl udi nFadet i FaENGasedaV R SBPHNAdd usiThySst ahdaPd Sf&dhihuesPeaER, adhe

t hose de ided dp S 00 : 3 I Cl qipng, .4 Spr LRg
Har bor Lz“g{)‘}rator(%/errgggg(l érg)tv).%l%sr e%arrwgkg?lgégggt esfﬁlpg o?&:%%ﬁila?oo'ﬁ@ the

descri besirpreaceihir es f odesicrdidid eabetenut 4getbsirs obmpirésedgDNAt the Ny
a "truncated VRP polypeptide" is_neant pol ypepti de_.conpr.i sing the am.ng
aci d_seqUéite Bts a® rtﬁﬁ%ac_iegr\?ﬁﬁ%ﬁ nYI?P ﬁ\b_%g‘g/l?f%oﬂ?f%q%ij%%%‘%oirz%wﬁ
the saventiig Qeid fAHCIQE3] ANatRE QHawlerd vabhve rilie8Qd agrdesuuled .

herein. The term"truncated VRP pol ypeptide" also includes a truncated VRP
subuni t; These esld Slddnin §omeraltl wirldf ere¢ogniec athapt sdeht faungas ase RP

fol ded ingu%ua{]it?gtiovf §:htehr%erf\geinnt?in&-{Orﬁ.a}lxcf&cﬁémtﬁjr{&se wherein the final
number of amino acids N-terminal to the first cysteine of the

core sequence (including the additional one or two amino acids

30 that may facilitate signal peptide cleavage) is at least one
less than the number of amino acids N-terminal to the first
cysteine of the core sequence of the corresponding full length

VRP.



By "truncated VRP" is nmeant a dinmer of two VRP subunits. The two subunits
may be derived fromtwo different VRPs where both subunits are truncated
VRP subunWOs98/493® or both of the subunits nmay be truncat ed;PGHESHS{{3801
subunits may al so have 10 different N—teﬁ@i nal del etions. It is
advant ageous that the truncated VRP, truncated VRP subunit, or truncated
VRP pol ypeptide be enriched or purified. By the use of the term"enriched"”
inthis context_is t ot pecjf i ino.acid : const .t

a significant i(fyn 15°ﬁ_.ﬁ§ er ?%%%?g%a(;%gdfc?ﬁvd) Sggt he to% aﬁﬂg‘? a%isﬁfr?lgtlal&g%z
sequences ireserdd | NVRIPe clebhedbmessl utaron bétembdieelrst hacompr nein@l dwo

di seased cells or in the cells fromwhich the sequyence s, t . This.
coul d be tTERRARFH é’ﬁf’ers%ﬁ"ﬁ&lﬁﬁ eIl S HIct '%ﬁ?@r@?%e%uﬁt‘l%’ﬁlts
ot her amdignAci £k 20 SEHUENCRS MU BHENt o£ Ok 2B & RIRIAIRNtVRP bOBLAASE, | ’Hee
amount of the specific am no acid sequence of interest, or by a conbination
cof the tvMdrsowers , du dhoul danbnqotasid hateeifiehePidoddh hoMatiisy e

t here are no ot hecg \?ﬂ,ng g&i clitsequences present, just that the relative
amount of THE35° sequenc% of “rnterest has been si gnificantly increased. The

term"significent" pleferredisedspectsdi catlee t hatcbhbinewe! ofucheieasadisl

useful to the person making such an increase, and generally neans an .
i ncr ease MR R FYALRBef ORnENS TANR u‘é‘ﬁ%e%‘%‘l‘ghf)oa §¥‘el 2 e v s

ore. pfefoe;f%balm t18a8h 530 bntkdif 05850En¥SN JPE b Ihe iherdn rbse deas
not inplythat there is no amno acid sequence from other sources. The
ot het0sormn sfvrmedcivi sequenited megctéor exdid e PrEERIFY seireinfoi i @lso

The termis WS £8P o tiost biroBr S6EBhpen Teotr b Ho L B ety
si tuat i onghd Nraboibim@At hBRAI fbetvered ft @hel davatemtiiem proportion of the
desired am no acid sequence. i s al so, advant ageous for sone

It ,
purposes that B aRfR8eREi dn¥&qidinde BT Pt PEF RIS IFTHe VFEHRTS Which
(Puri i ekoddl Pod eheEgRAR 4 £ PRLYRERIAS doeengOkokeuid erabnphuta muEd Y
(such as a honpbgeneous preparation); instead, it represents an indication
t hat 15he sfequbace niventelaat. vebycpurdal ivery | mvechersamayal benvEponesxample,
(compared to the natural levegl this.level should be at |east fal
greater, Vel.‘b"’.‘{, i /T ePHE of ng?ﬁb) . V16%pur ivl‘eicggtris’onmoafy atbq’easft]&oneex%rm(?elre’of
nmagni t udeddri&F £Frabl Yebtworel dihr g@efbderas-asdoranae cpr efprabl yetodrsor five
orders of magnitude is expressly contenp] ated. The substance is preferabl
free of cU@fi PYFtar &f f UMe i GVIIELPYNITTCaRTTEVER] 1Bt SN 98
o5 or pbpyre. clabRidnolher, aspecicibe LRVent RN daatdr egoaiRYCl For aci d
nol ecul e encoding a truncated VRP pol ypeptide or subunit. n sone
Si tuadi onsruncasede¥RPablfe ther isusmtiwl edpevah bty nbiekafeato the &rr iesitedfor
purified. By the_use of the term "enriched" jn reference.to .nuclei i.d
nol ecul e t?k%grrﬁé{ﬁtletlﬁata tﬁ‘8ﬁ§§é1&ief i °° DRia B R?\ﬁ\q%%aﬁgng‘ehacton%%%%t g(s&a a
signi fi caftdyahi gegit ffdeact i opré2erabligl dhof dikmdot plepiildeor i RNA direasant
in the cells or solution of interest than in nornmal or diseased cells or in

the cel | sE¥eranthpi ghothe copgiaidaaaat t WkeR. sTanalceepd ise c YEHE T Bys ignal
person by entd.ak_%educt j i S apppt - of NA
present, %‘%&g{/gé’ pr%ﬁr%ntﬁéhggcré%égf?%'the aﬁo%ntsg#g%%e%}}eﬁ?%c I:l)?I\:ILEFor
RNA gequesitgnadr gapta donbVESE-Gn 9ighbe tpept HbyeveoxvilrushoORE-be siggredl
that enriched does not inply that there are no ot her DNA o% R%IA sgguencesd
present, FeREIEPat AWk PERYLIVE LHMBUnt & WCRELHEnce BFCTRLBPEY: S

been si ggiéﬁ@t#x fngeeasedpchle tefdnsi opbhieant hete Jretisadd adguicat e
that the level o Pncrease is useful To the person making such an increase,
and generthéy Dfanseauenmer easding afove the otsigmaiucbept igkei dss oforsahl wt

least 2 fold, nore preferably at _|east to 10 fold or .

98/ 49390@‘%@8%‘675&3‘? 3% A s ERSTRNA Gt dB‘ésDﬁ\gt Soiny ik the

thergpi s AprDNA ohi RNA fEQR OLREGH g9@UM &8S. tHe elh@irs o die- thhdmYed f arrp

exanpl e, conprise DNA froma yeast or bacterial genonme, or a cloning vector

such as p&id9niThi anderwhdrstinndiishds femsn of said DNA coding for said

residue is operably linked to the nucleic acid molecule coding

for said truncated VRPs. In most preferred aspects, the



5 naturally occurring events, such as viral infection, or tunmor type

grom hs, in which the | evel of one nRNA nay be naturally increased relative
to ot her Wset493000f nRNA. That is, the termis meant to covR¢T/HRIO7BHose
situations in which a person has interve gp to el evate the proportion of

t he desired nucl eic 10aci d. It is so advant ageous for some purposes
that a nucl eotide sequence be in purified form The term"purified" in
refer enceaci&@\vfkﬁgCvée%r"%')owieséisoe B0t} £28U5EE 4RSI PYIH Lok (s
as a honogeneous preparation); ‘instead, it 15 represents an-.indication that
t he sequefue is tetatavedy VREr eubimdt igf tHisgurag 8 al envi ronnment (conpared
to the natural _leyel this |evel should be at lLeast 2-5 fold greater, e,g.
in terns of ngf™ FUTFRETnROShT 8T PHROTRLRI 85 nk ebé“@&ﬁ§ﬁﬂﬂn§ﬁ?f?fﬁﬁ%ﬁeéo
exi sting V/RP; uel-eatiigs e%%ﬂt?l@eaQEnEWQ!rUsCaﬁé&fbﬂsFBGpaEﬁﬁ:i%ar%rﬁprising
ol i gonucl eotide site-directed nutagenesis, or by deleting sequences using
restrpbction rEaymeEnant a@d@@QEirbgd veebPn, Stahdardeeeedbnbieipaining no

t echni ques, f or, nut agenesj s ch.as in vitro_site-direc . nesi

(Pt chi el £ g8 29315 Sa O ifpa s A L0 a2 b AL CBE BN RAT 95 duonce
Chapter 1fromuphath the E1AVAR® |darkes shéPhabeani dpleard, PEGRdia ect&tsgene
nmut agenesi s_can be used to create such nutations. The nucleic acid nol ecul e

may al so BASYAt helF zed by thetPrlestBF nEtRBDLbr bYE HEFRg BN alit FPERRACBRA
synt hesi zgf , , g0Jhe bgvewh@ al sorf 84 ur egqbaeeTPLIaNt QARG Ors Al
reconbi nant DNA expréssion vectors preferably in a cell or an organism The
recoidi napttaDhiceetiond lyppxmptainiea cegoeece cddi pgeferrad raspatted, VR
or a functional derivative thereof in vector containi ng_ a pronoter

of fact | VTSP RHFF 1 ae DD BB 20300RC A OSoa (7881 36 3t ANSErT Rt FoR 'ef-a nbRt
cell. Theotwepnbppafit DA Vedgdcoan €pat atPuAchtadscVERE okaloudiid | atd ona
region functional in a cell and a transcriptional term nation region

functi ondfrymcated| | VEGFheswheabht hvdIWie al%so refAt edPebPar cprepprred

or gani sm ont.ai.ns. - j n L C..agq lLecul. e :

r econbi naén%' vté%teorlrg %IC? e¥§b%%%g{d8§§%b]1 2\9 % tﬁipf’ggé’%é‘%%q’lt“r u%:%?%hs?/%P
pept Lde. dheppohygpept i delmmtdie plrorhi edhér ogroebl scanisdlsthange befen al t@Méd
to express the golygepti e.. A .10 cell ig sai d tg.be "altered to §¥ress a
desired pAFSPRPEFde™ WG RN ITYPRY bhigRPGEREL Fc PREACHT AL iBlE 4 SHRgR"
to producg.avprehgin bl tidy hormal |y does not produce or which the cell
normal |y produces at [ower levels. One skilled in the art can readily adagt
procedures forInnte®bdaEi ngsnAGtExpr EBSi n§NERDREPN1SPERKSARE, BDNAStBPd ©

synt het i S_int ' . qRr ek 56, 1Svi Ao
nucl ei c c?ﬁgﬁgpgguﬁe?%ﬁagéga Eﬁﬁga’#é?gg%geéggbg ﬁgggtasﬁl égcgdf exlpr}%'ss]inrllg"ra
pol ypépt isleitébie coomdinsonsc! eat ildestseqeddcesrahsfhroedt abn transfected
transcriptjonal and translational 20 reqgul atory informati and such. .
sequenceswh\‘lé 'tBﬁerIﬁﬂ I0ARY" g{‘lé A TEST 1 s‘é%%%%e%%mﬁ' €h Bt Yhe ™
pol ypeptidemadherragaicsa matder&isibg begehabony1kegicensdleedad {961 89eneg
sequence expression may vary fromorganismto organism but shall in

general iselddecdvpemtoids fFegiorthshiledsti geds .prokatyabeés, comstidiipnodhe

th t whi ch. the inifiafi f i pLi el |
he DA SEITRnGOS RIS ” St CEPanct P Mo 60 bR (PoatafnafEel 2°

i ni tkati opruPysbedegioPs sMddnior mal Iy innuelei 4hose13's-, nosaedi ngosenueonss
involved with initiation of transcription and 30 translation, such as the

TATA box, Ske@ppfinPsefaéical lopapregddecedy anda hestike. 10 NOFGRABRANPPE,
hor cof | 2y b6 CONB A Arth BA oF abrarof The TaTl o ag i oan attions
appropri ah@sexses piraviveed or suzhal hew t MEs88/Ha30REEd USSG/ 0801 example,
Example 2. Most preferably, the invention provides a method of

30 producing a truncated VRP wherein suitable conditions are
provided for said truncated VRP subunit to dimerize with a

second VRP subunit selected from the group consisting of VRP

subunits and truncated VRP subunits. In preferred aspects of

the invention are provided methods of producing a truncated VRP



29 for such expression: (1) an exogenous pronoter sequence (2) a ribosone
bi nding site (3) a polyadenyl ation signal (4) a secretion

si gnal . MoNQ ?%4289ns can be nade in the 5' - PCT/US98/07801
unt r ansl at edand3' - unt r ansl at edsequencest Qi nprove 5 expression in a
prokaryotic or eukaryotic cell; or codon%Bmay be nodified such that while

they encode an identical am no aci d, that codon may be a preferred codon in

t he chos se o pE e 0 escr.i bed
n. for ciSRLASE, QnBLIbIHy, Pub (e ct NRE “LEbHETL S 030 g NS e
Lathe J. ammmo Bcbd. se@BBn&elz (1985) her eby i ncorporated by reference
herein in their ent] | f desired, the non-coding, reglon 3'" to the

genoni ¢ VRP seffiefE eﬁa?%%’pﬁer%ﬁl ’§th| ARFETS A A TRICPEPEL ded amrshedsl ©f
encodi ng Sueh,/RFg SUBYhtat LAl S VERYT b B, PSS \bHeEQ§n15tﬁ@COWonaQ)t P

DNA vectdr for Tt transcri ptional term nation regulatory sequences, suc
as tebn natheomitnd pim&wder@iﬁfemmtThu&nlm red@idi ngsedneer8es egi on Such

|l DNA, \Y h
T anseri pReonat T BF AP nBeVore Gl Sotay o prOUTEAT ARterTaRiveryand $7%0

regi on funsi+opahcatedhevRest Gddnimy bersubstint utek subunfhsopREFD| &e
|l i nkage is a |inkage in which the regul atory DNA sequences and the DNA
sequence SERRFRLED- be &RFreb¥ad sRLRbBRRedBH P8 s@%ﬁlﬁeﬁlayf%%mtélrféﬁﬁetnt
gene sequeiise ex S 1 u r r g
sequence and a Zgoﬁfu'érl}g%}?ed%R%equence%C?%?éeésg?ﬁ qb%%ggégbfﬁgl in ed

t he dét ursuiinitheahdnage teivesred hEEGReCDNAswduences doels mobufirsr esmyl t
in the iggroductlog gf a frane-shift nutation in the codi ng sequence, (2)

i nterferd®i th'tf2*8Bt ity of the promoter region sequence to direct the

transcription ph arhirépedt ed e 3legengspeaiance,tiy ( }egeherf%e;ewttlfbn
the ability of the a truncated VRP gene sequence to be transcribed by the

pronot er REQYT bPCS eplarBaceThisala qamuasidiiqnegyi eemmoLs dngeaoperapkyed Meed

of that DA Sehionte. Tnlo oTe 6 el A onf o3 AkOn) THR0 50 a e

trundat edindRhgeore, timerlssde pt i aredhcated t pdns| at1mnhht$ngnalksldc&togmmmy
an approdtrl ate host are necessary. ression and Purification of NoveI

Tr uncat edt SFF LY en EETP TSI esa§méﬁ&13§eﬂé§8n b t he effesion ahgh @

purifi cadpm@a@éu@pagi teMpeatedo¥RP sequences of the present invention as
expressed in bacul ovirus systens. Those skilled in the art will recognize

that the trundédlicdRParsf phevpredentsingeshieorcompgurdiso dfe Expr PFesEnitn
Other ijn&@ﬁéf@ﬁ t@ﬁghib&%g{gogﬂé5%(%fﬂkprggiicgfiﬂgﬁﬁoyhl %o%h%llal

wi thin the scope of the resent invention. Exa row exanpl és
of sapt abrt@l]assaygs:aftaronf umnt ivainato aciompirtiys iofg theeamtel; t$a|m:ataedo‘dﬂlésllal
cells with truncated VRPs.

The present invention also provides methods of treating a
patient suffering from a heart disease comprising administering
to said patient a nucleic acid molecule coding for at least one

25 truncated VRP subunit, said nucleic acid molecule capable of
expressing the truncated VRP subunit in said patient. In an
additional embodiment, methods are provided of stimulating
angiogenesis in a patient comprising administering a
therapeutic amount of a pharmaceutical composition comprising a

30 truncated VRP of the present invention.

Preferably, the pharmaceutical composition 1is in a
therapeutically suitable delivery system. In other preferred
aspects, a potentiating agent is administered to potentiate the

angiogenic effect of said truncated VRP. Such agents include,



Al t hough the truncated VRPs of the present invention may be expressed in
prokaryotic cells, which are generally very efficient and convenient for

t he prodY@i98H93@9 reconbi nant 15 proteins, the truncated VREI/Y$WBIGEEd by
such cells will not be glycosylated and erefore may have a shorter

hal f-l1ife in vivo. Prokaryotes nost frequently are represented by various
strains of E. coli. However, other mcrobial strains may al so be used,

i ncl udi ng, ot hex et eriyal s 811 & 15 o Regogni 3P FRkas Y ot (irdi9st § Fgrclyde
bacteria such as E. coli1, Baci N us, Streptonmyces, Pseudononas, Sal nonell a,
Serrati aacaddct &R | k&FGHhe (piGhkdr)y,ot F@Fhbst Filstd beFEBnpat ichl eany t RGEher
replicon and control sequences in t expressi o |lasm d., | r.okar yot.i.c
systems,obﬂﬁgm' 8RFeeEEd G hdP ot aihcﬁ“azts r tblrrp‘ég?g?jﬁ sFngtg‘ﬁgl@ nt Fo1t S
sequenceghdsli veth fr oMea spepkes cospat iddee Wihkehlte Jiost igBY Peovb@sd a
Exanpl es of suitable plasm d vectors may include pBR322, pUC118, pUC119 and
t he 5 kephaumnaglls igdgeconPoattéphopiier VEER9r & neyunaerade YRR 180dy g
and the |ike:; and ' Le.viru ors el :HMEAM 0 d
t he Iike?rPrme?%ra ?g%ktégg%él\élq(ec%%%ﬁ%ét orﬁg%'{ #Dﬁ(eérg[%gcsen |%§er<1:t ?gr?sﬁgggtrﬂsg
capaci t ymkg ra&psocaie useidhetsel eceéad hostiemts. sufferilogexiprass itsalersted
VRP pol ypeptides or subunits (or a functi onaJ; dgél vative_thereof) in

pr okar yoPPRAGELPNS| t $UCh\WOaFE/ 46366PEFTUSHRF 378H1°81 neTeseAty t&o(fﬁg%y

link the;trHagahed MRFSEQUARGR 1t 01 BnbUnRG il a Pr akabket,i CaRd Oplr@ibhe2uan
pronoters may be either constitutive or, nore preferably, regul atable
(i .80 iwdacuBkhe ordidegage essi bMegthoBaanpres obleonstreii pr BABREr s the

i ncl ude 5. the_int t i X, : ; t
e Rob et SRS ERShEE 28R ol Rl S AR, OLot Meoa

chl or anphenneel, awehylad rRNSELY ase pebessenaeneeuatdspPR325, and the |ike.
Exanpl es of inducible prokaryotic pronoters include the major ri‘ih% nd
| eft pronoterdnof BREEBFEEFhagR™RCIdPPLtSnd PREEPPAS t rprer edOBERST X4

and gal ter, i : - I | st Al de1 Bagtenkol ’
162: 1761850 1985 ndg’t‘%ﬁgé’?‘é’%?ggeiﬁ’??% ?}%?n%‘%’gfeof PE g e LT T hdn Bt

at . 15Gendedeaqeence 8ector20(1984)Hhe t hayocamstias offt hetbact epdbbtRiges if

Bacil | us. czan, In: The |.ecul ar. 15 ,Bi ol o of the Bacilli.. A i
Press, | ﬁég RYTCI82) ) 1havE Or%pt%ecce@%r ol%ttoer sor%/\arc%cetgaa - %%%ﬁmacéeyn
Genet. 2Q3:468e47HalB6)9ct &HF OkampetiisG npr GMaer Se B¢ eat el evae dy eGdaaidn(g).

Ind. Mcrobiot. 1:277-282(1987)); Cenatienpo (Biochinie 68:505- _
516( 19. 86PF; adndl et eQREN tEAMEa R VRRBnahbung t 1 5thepein o8ays. VeG OB dpbr

expr essi ag g ProKardphiLscehly Al eOrhhESLEhe RESENsEnRhiR I LROSAR
bi ndi ng si pé upstream of " t he gene sequence-encodi ng sequence. Such ribosone
bi ndiing siybesrarierdi scl osed, for exanple, by CGold et at. (Ann. Rev.

Sequences reqt GET R SHEFARToRTPRACTGRSH Aris dBer ABry rYnkad 15 o™
nucl ei ¢ geiichuTRItaslY exasiagy fes11Acetauneated VAR yLogmenexanpl e, in
frame ligation of synthetic oligonucleotides that contain such control
sequences. For Iaxpressi drafeprekacpooddmess, Ao BRI Pept PEEVEEqHen
s stimulating vessel development in a patient having peripheral
25 vascular disease, comprising delivering a delivery vector to
the peripheral vascular system of the patient by intra-femoral
artery injection directly into one or both femoral arteries,
said vector comprising a transgene coding for a truncated VRP
subunit, and capable of expressing the truncated VRP subunit in
30 the peripheral vascular system, thereby promoting peripheral
vascular development.
Preferably the delivery vector used in the invention is a

viral delivery vector. In one preferred aspect, the delivery

vector 1s a replication-deficient adenovirus vector. In



30 required. The selection of control sequences, expression vectors,
transformati on nethods, and the |ike, are dependent on the type of host
cell usedVP@8@a39pess t he gene. As used herein, "cell 'PCTAS98/H7801 ne" ,
and "cell culture" may be used interchangeably and all such designations
i nclude WO 98/49300PCT/U898/07801 32 pﬁ%beny.Thus, t he words
"transfornants or "transfornmed cells" include the primary subject cell and
cultures d i tr nynhgr, of st agsfe
Truncate %gep%pggglgggre%%éggyh p?% ary eb%yells afEPS éipgéteéé?%o
conpriseaasmbthed ofi yursopexdtyod .r uncat ed VRP peptrdes with the N-term na
sequence predicted fromthe sequence of the expression vector, and
truncated VRP peptides which have an N-terminal methionine resulting from
i nefficigpt ¢l PRV @i drih®f RiHd a4+ A&s hi oni ne during bacterial 10
expressr6ﬁ—”B6rﬁ“T7‘£§;6T—TTUﬁCHr€d'VR§g%épt|des are considered to be
Wi thidh the scépguste tlhedppeséﬁt tiheveamion a§ltdhesemt@m@ of MEQF+Er hPRAl
met hi oni ne |s pe ffect b| ogl \ t I
~under st o0d th ‘alffbrggg ﬁé@x%gf gbécr ély T eﬁ%iingiﬁhﬁNA coht%ht,
due to 151del i emaie m]rc;rrrmxjvest@ntr rmut alto .ong) , HomeveB, [3Eodef.ipedyo mus apt
progeny have the sane functionality as that of the orig |nalgy8transforned

cell. pOXVPFéﬁeﬁﬁgﬁ*bréﬁ%QyétFb J@%toﬁi'lﬁ&quﬂpfﬂ%gﬂ?dQR h GEQ hbsk
capabl e repl i cati Ne Cqide Hlesuch r %ﬁﬁg ep

pSC101, ggcv(ce:ﬂlm Ui lobge pqastrﬁ T arednt 3% es)eiLarrp e, pefbiREE 4 t?ytcoégé
Santr®bokcletvedvol zaul SheCimativege Arpabgmtorvhwamh‘t sgebadnedi tafonthe
edited by Sanbrook, Fritsch niatis, | d Spring Har La oratory
(1986)) LRRE HAIRinda pae ndeine Tos, SHebsTReasT it BRGcrABRH A oBe
Such pl agsildswang dréﬁéeéﬁdeby Gil)ﬁﬁéﬁn tEer-ghe dwilresddd@r B olany od;eﬁ&ee

Bacilli, Academ c Press, g . 307- 329)._ Suitable_Streptonyces
pl asmi dsRefcl Rfd 372D (L REA aHokﬁf%ﬂon gt BdcrerBRRC- 1§8td17ARH3 SCi.
(1987)), yagdpstr tg§?$ b op SHedE 4 ategr et al n:
Si xth 30 I nt er na9§§|1 ona ESB;S/lrrpggr§€§n5 onﬂﬁ%g%norryce-ta% e%%%gﬁggyfe%Akagld'em Eurog:
Kai did; BYdapest Addchgar§cil1986)5.pp. 4%35215)67-%19ud®ﬂrﬁ|95$ ;pl dsmats avRE-2:

d by John et Rey. |nf 86 d 1zaki
E?Bhe“e EPgPuoFetaé‘Tg9e§$?€%§$§§?s %%odgé¥&%S9Q%Bngl %é8¥LC

Eukar yot U@ulkas't &el 13 whi glioayg be 1@@90*\98 heg 1ewpnessrLes st ans ,of ptbe.
present invention are not strictly limted rovi ded that they are suitabl e
for use NAtfhe ASast-esiGon BEAtRe: ﬂﬂ@%ﬂ%&xﬂ*ﬁ@ﬁbep?iﬁ Magrldongd et al.,

eukaryot hg BASES ige ey, 5(1fé3§3)eXaHQLEery%aﬁﬁeacfnu”%rodt‘??eféct%lé S9:259-

mammal i an cel’l’'s either in vivo, or in tissue cultlre lan ce
may 4k ué8f ul (a99Bost s hlmmlalmde Pv@@&::el I sEC'R:eI IApp)thatbx@rbl as$epniadi n Bach

o Vo0, SR L YRS oot 900 Nl oL gl 0T

cells sugbxasrn@na@Rﬁnbry@mkldnﬁy2293ﬁ$$@qgekh§ amlph.ﬁXDWQ&%lEpsg@r®4B@2r
virus nuclear antigen 1, as described, for exanple, in Oofsson, B. et al.

Proc. Natl?9Adad. Sci. USA 93: 2576 2581 (1996). The cells are transfected
15 with the e t b n i t
%Hg%% S Cz%f 8£§r hen u?cu% ge Y fulgc%@%aﬁ ‘rfﬁppgﬂxﬁ% §c

precipitation, ated or at Teast ours.
trurgsat edeBBnpept | deslswmy then kerpwsddreiirdg onfihe supegytat antr /As) VRP
described in Exanple 3. In addition, plant cells are al so avail abl e as

host s, aﬁﬁqﬁﬁnESntroﬂw§éq@@ﬁ@§S éGﬁﬁat?%HBeﬁF?ﬁ fantacd | §rapeaidan abre,
such as thereaubisf lrauwar,ymsai c virus 35S and 19S, and nopal i ne synt hase
pronoter and polya nylatlon si gnal sequences. Another preferred host is an
i nsect cell, Rar(FetamMsE® theD Dr 8SophHi4dla(l)ar Va48Q Using Ndisedf] ;celd &)as[SEQ

hosts, t??cfx?ﬁfp@ffiza(3) [SEQ I.D. NO. 10]; 2a(4) [SEQ I.D. NO. 11);
30 2a(5) [SEQ I.D. NO. 12]; 2a(6) [SEQ I.D. NO. 13]; 2b (F/L) [SEQ
I.D. NO. 35]; (1) [SEQ I.D. NO. 14]; 2b(2) [SEQ I.D. NO. 15];
2b(3) [SEQ I.D. NO. 16]; 2b(4) [SEQ I.D. NO. 17]; 2c(F/L) [SEQ

I.D. NO. 36]}; (1) [SEQ I.D. NO. 18}:;



25 al cohol dehydrogenase pronoter can be used. Rubin, Science

240: 1453-1459(1988). Any of a series of yeast gene sequence expression
systens oA 9B@9300i | i zed whi ch incorporate pronoter and ter nPEEUSO8enent s
fromthe actively expressed gene sequengz,g:1 coding for 30 glycolytic enzymnes
are produced in large quantities when y t are grown in nediuns rich in

gl ucose. Known gl ycol ytic gene sequences can al so provide very efficient
transcri ptional nt si-gnal §yo Yeasgh .proyides slst anpi alyqdv ages: |
that it can a?géggarﬁéﬁ%u?'gésﬁq—?? agélléti%%g Sepe[pti deﬁrrgdi flﬁcgat ?g?ls. V\%ﬂ)
98/ 49300PEEH US98/ 0%BQ1 B4 ;A 1di(ihAL) of SEQcAntd .ndif. DNA st (&b ediSEQ Exilst NO.

which utilize strong_ pronoter segue S, a i gh y -nunb of ,pkasm

whi ch cadZbe @tq(la)zeélgggr Iofydul i'o?lz%gf' tgg(gési[r%gfpgo &i ﬁ\éo'l nzgéés?dj&)
Yeast fe‘fgﬁgi zey | Gt@&.erz§§9U%@@5/19n[§ten6dmmliae]S gene[sequdnde NO.
products and secretes peptides bearin eader sequences (i.e

I .,
pre- gept Rdes) 2eA@) al $B@MEL Pan NQ}st27gever?eﬁ(%)bs SBRe Trdtt NOsy<LBdiis 45 £4)
avai l abl e for _the r i 0 n d VI ti X i riayy @b.
transcri zﬁtggn&l' anWr%’aﬁgggﬁgoﬁr@%@ul%ﬁgr ﬁ%g'qugflée?lwaﬁ%ggeﬂnpl oyed,
dependi ngoypom £ () natsEE of pthendost3l1IThe 2ifr@isci EPRi ohalb. am. 32]; and
transl ational regulatory signals my be derived fromviral sources, such as
adenovi r 8§,(4DoViSHE gafi1 N 3* Y us, cytonegal ovirus, siman virus, or the
i ke, where the regulatory signals are associated with a 15 particul ar gene
sequence which has a high level of expression. Alternatively, pronoters
f r om oranpekiadn eeX reessi igrt jwwdutt BhestoMeasig i n, col | agen, nyosin, and
the like, may be enpl 1 criptignak, ~ignidt] atd egul atory signals
may be selfe -- ERIANA ', A {-_8813\ S én, so that -
expressi on of 120 {he;igare sammEenceneCambenobdnl deadur@s i at erestcaread VRP
regul atory signals which are tenperature-sensjti veui)g;l that by vagyi nl? tged
t enper at GOBP raxaiTes st bn Lleas theorepesds@ tGd | WRFi S F1dr- ar E¥suby €Yt 6°
chemi cal \@%“CQ BSnfEhahql i gg) gl ati opr p 25RHUBSST ABvEhidt I A CalrEthVRRS 1 HN
eukaryoti hosts requi res e use of eukaryotic regulatory regions. Such
regi pRS Wddueride geneseantiatlydeiaipronoteronegpbnthef MEASntied expBEle!

the initiation of  RNA synthesis. Preferred eukaryoti ers; | uge,
for exanpli¢& M%e pBHbEEr F6F (HE rr%ﬁsgkﬁetsaﬁquoet%yeosne'%rllgégnq?’ g%rée‘ﬂgiqg'engé
(Harer ety Alanavog k- dAPRYat &t thedi288(W982¢1n bhe 1B sur oot evf othe N-

Her pes virus (MKnight, Cell 31:355-365 (1982));.the SV40 early pronpter
(Benoi st tetrmeinal Namdne-@Icdsdongs Pdueso N uxnbsd} ) £ hkh§e f%}%ﬂ ﬁyggﬁé“e

sequence pr Of{?,teercé)%Qh”Séc?@eﬁéea'of RiQC. nNetlre AS8Hun$®l - is deleted. A

20 sequence that 1is “substantially similar” to a VRP comprises an

amino acid sequence that is at least 25% homologous to the 8
cysteine core sequence of VEGF-B, comprises all of the
essential conserved cysteine residues of said core sequence,
and retains VRP activity. By “truncated VRP subunit” is also
25 meant a VRP subunit wherein at least one of the N-terminal
amino acid residues N-terminal to the first cysteine of the
VEGF core sequence 1is deleted, and, at least one of the
cysteines of the core sequence 1is deleted, wherein said
cysteine is non-essential. A non-essential cysteine 1is one
30 that is not required to retain VRP activity. Such non-
essential cysteines have been described in connection with

PDGF'. (Potgens, et al. J. Biol. Chem. 269:32879-85 (1994)).

By "identity" is meant a property of sequences that

measures their similarity or relationship. Identity 1is



WO 98/ 49300PCT/ US98/ 07801 35 (USA) 79:6971-6975(1982); Silver et al., Proc.
Nat|. Acad. Sci. (USA) 81:5951-5955 (1984)). Transl ati on of
eukar yot i WOPRKHROPs initiated at the codon which encodes t hedPGT/¥$98/07801

met hi onine. For this reason, it is 5 preégrabl e to ensure that the |inkage
bet ween a eukaryotic pronoter -and a DNA Sequence which encodes a truncated
VRP (or a functional derivative thereof) does not contain any intervening -

codons i capabl.e .of. encpdin g];%ggh' ni . . e e
of suchWI(gr{ée rogr?'.}resdes%?t ?lgfiﬁ%lenr&i gﬂ% 191or mat | olr?%ofﬂge,ﬁ%l?sﬁéi gﬁg@blrdout-%?ng?i ft Ee
AUG codortdtsaal nntubesanref r eadidgetr ared asui e piliyimeat ede VRR agbditngby  100.

sequence) or a frame-shift nutation <gif t he, AUG codon is not i

th
readi ng e ahe FRIRSt RF VX0t g SBEueRfBf. ReAMGRER 2&’3\}'%3881@0%
nucl ei ¢ acidhimiyecuh e ag@?@@neegr ghby 15d inked DI ORDY CEoABYE rhedl R hisrd
ryo

into a recipient prokaryofic or eukaryotic cell either as a nonreplicating
DNA (br Redetisinscul eddihichsmapri teplapemgnitisndeay nbR¥eula bdpwepprdegree

pr ef er abl a. claosed coval ent circul.ar .nol ecul e. Since s ] gecul ar

i ncapabl & of ]ac%fr&lo%‘us regpi cg?ﬁSH,ltaﬁéL% esk‘lb ue%s?%n g%‘igpﬁgg énet(?rr’;ey otg"(':%r
t hr ough tdwyddridesd este exprnpasiedn safadthing nat odheedtaaamuenceerihesnatfi ey,
per manent expression nmay occur through the ir&)egrat' on of the_introduced

y ¢
DNA sequélid® ik hdehBELOBhr onbReFE. SAW@Dr ey e Frpl By Ld WGP Ze
capabl e qfy, jnt LRg esd e qu LRLO I d 5
chr omso%de&??gé\%‘?ch@ﬁg%e %gaﬁr;oegl%n%g%r gtst%d fgﬂig?ﬁ?r@%duﬁgﬁ %teilﬁrﬁor{mg
t hei 10 chrsmmsones ictantbet el ect ed by al so i ntroduci ng one or nore markers

whi ch all ow f el ecti of host cell.s iLch contaip.the expression
vector. The n&%ﬂ?@rc’%y O%po@i dgr'ﬂBFag?f}t o%gphg)/o W?Bgéﬁeaualét r%%?%l%os%fe
bi oci de rRgialide. 6qfivadBhitRi HdE€sng Ok ida\Wr MBhahs, =iich 8sgaepper ,ard

the like. The sel ectabl e marker gene sequence can either be directly Iinked
to the DNRYEHELRBqUdRteSAMS be tessé&® 0P Nt YRucEF TNt 19 e O |

by co-tr f { O LLRO 0 “ :

o/ 49300 a0 Ttshs Brafi kb e??ﬁﬁ%gtt?anél ailfln? Bunf®.. sPhgl & ‘S onat
bi ndLhg protieralerRNA. iShessart embet samayogndiasleasplaceivignalthatascasl Ibas
transcription praonoters, enhancers, and terminati.qn signals. _.CDNA ., .

expr essi osrPt{Feq:c’tpto"ftsecﬁ nci?ﬁor 8Ffng FYuch™eF 8ner?tcsrhivﬁlc e 5°Jtt hofe &S iBEP by
Ckayana, d¥hlrgcatdee! lWREBI bl yped®Qdel988) - subunitThe ipddDsiteed il Lol d
mol ecul e can be incorporated into a plasmd or viral vector capable of

aut ononoEIYepR it onreteime akki ppent thest achdyisies wicde \Aar iRt igfular

vectors r@.yurpé:'ateé@l gl’@d gﬂyﬁégéi&)élr Bgsesukl):@qig,r S hQ)fwever, the functional

20 equivalent may have an activity that, when measured

quantitatively, 1is stronger or weaker, as measured in VRP

functional assays, for example, such as those disclosed herein.

In most cases, such truncated VRP polypeptides or subunits must

be incorporated into a truncated VRP dimer in order to measure

25 functional activity. ' Preferred functional equivalents have

activities that are within 1% to 10,000% of the activity of the

related truncated VRP polypeptide or subunit, more preferably
between 10% to 1000%, and more preferably within 50% to 200%.

The ability of a derivative to retain some activity can be

30 measured using techniques described herein. Derivatives include

modification occurring during or after translation, for

example, by phosphorylation, glycosylation, crosslinking,

acylation, proteolytic cleavage, linkage to an antibody



10 inportance in selecting a particular plasmd or viral vector include:
the ease with which recipient cells that contain the vector may be

recogni ze®@ng493e¢ ect ed from t hose recipient cells which do PI/USSHTHIN t he
vector; the nunmber of copies of the vect o# which are desired in a

~ particular host; and whether 15 it is des Table to be able to "shuttle" the
vector between host cells of different species. Preferred eukaryotic
pl asm ds include, for exanple, BPV. vaccjni SVA0, . 2-mi.Ccr i d
the |ike, ™6 etcﬁ‘jTer' drg?ﬁn%g/ gﬁ?esn}ola‘lseu%lﬁl%l %slnm sh§¥eolm3é$?%no%néﬁcngtgk§u3?? et
(Botsteina20, atosd,. ,Advhiani ROV rBi Syhpm. 19728852B200982) ; Broach, In: "The
Mol ecul ar Bi ol ogy of the Yeast Saccharanyces:. Life Cycl e and Iglgeri tan "d
Col d Spring Har&cifdtsor &Y&188 31 d OS5 1 Horo T NRRHLOF3 5. (fég%eu ©

Br oach, . _28: 203 204 2 B | oguet Alas Jde Chi DonEeMatdlnstQiGt ions,
10: 39- 480(%.%%3 ; zgéﬁan?g%igg%)cllr?: %Oel %]uBi ol ggsy: Ae Corrp?ghensi ve Treatise,
Vol . 35 Geanleli$eguenceafd predsiconacid atenic iRratsisony, ph. "963eté@g('19sdfjers
Once the vector or nucleic acid nolecule _containin h truct(ys) ;ha
been pr ep&roedtg“ér aRIHUS| 8%, e NA 38TEon TRt %s%lﬁa%%lro}éclrn ¢sf))duégdsthe
into an a&@l%éoﬁtﬁoh?ﬁépﬁﬁbé.by &Ry "abida tuariet ye 6é rsuitabt pe mpaesericee. o f
transformation, transtfection, conjugation, protoplast fusi

_ usi on, .

el ect roporots oPr Parei A nunaceehd@ggHe (§ hotBethim, rgip&p&nqﬂ%\gb%qbde.
WO 98/ 493Q0PCT/.US98/ 0 7.1 fection ld K€s The mMpst eff eshiNg
met hod fo%or%nls%%esctlggﬁ (]:)dfe slguilaoﬁ{;%t ?% cagl Poﬁpggg&\%dtéh Ig?gsrﬁ%d DNAt\(ari es
W th the gierenimed, tipe.cafbexyt hernmitmoducenddogf ihtevaetlor, PRGNS emeid.
cells are grown in a se|ective medium ich 5. selects for _the _grao

vect or-con%&iqﬁﬁ'ﬁg‘:%‘é’l‘?’%. EXFrELSi ontof ;%,E‘ée cl %}ngaragr‘ié’nrml%%ul S(S)ng%‘ég%%%y
in the proguctiompfahishcated VBPodugrenhsnthataehlihiccaafrigkeamino
place in the transtorned cells as such, or follow ng the induction_of these

cel|s to didifdrenth at subbsitatdem e, rofeadni ¥ stthat | bAPSRCepgnt of one or

br onodeoxyur aci | neyt abl_ast. | I8, 0c i ke); riget f s) in
i ncubatio °croend?rf\|£§%sg§%§ br(aaessulse f% f% matn %g%ggptﬁlenéf \é? ﬁlg pl?éesgiednute( )

i nvenggon.tikhe npsiypept edeed condildminsmtarees hoseanhi clearitdin  different
physi ol ogi cal conditions. Productionoft hes&a l.et ransf ec&ﬁnt S, rraqybae N
acconpl i sHEIBINat RN BxafpRd tanHiGETt FBALBALRT APropriate U 151 £h

e W
an eukaryold £ &%Pfé?éﬁ@nt;\éﬁég%f stebrag iREEP4, in which the coding
sequence for the truncated VRP pol ypeptide or subunit has been cloned into

the multiple cldmihg theeeffirte ekprssAiNGeatafs FomRaFnCl pfonoterlvity
region, such as_ 20 fhe human cytonegal.Qyir pr er (CW),nd driY€ion,
hi gh- | evelvﬁﬁhﬁicriiﬁqe&#&g de)séiproéld Dﬁ%%lrtfﬁ):%cul gggl}ln asvari%ty 0 Ongrrrralliogn
cel I spol n gugidsspratibese mectorshaont alingages,foterhéasel esticontofecel hsd
that stably express the DNA no| ecul e of jnterest. The sel.ectable nmar kggiiﬂe

the pCEP4 thRt 6PlenidetNgn IE Mz 9MeS R &G FSEHESI Stirfte®fo @ PO
hygronyci I 5gebnhili tor | 5] pdged rbe reke i d Ufige t Suksthittbed
nont r ansf gacltlgodé?:% ?cg sEee] IllCe:ell%'s étégg%rigbg gt abl yri ncor por at ed tLr11e. ,
transf ect estnDNA widild bési dénomf itk byanteei groes sganceheo Feinet @ed drelfand

as 30 descri bed above, _and clonal _ce]l .line SR p d nansj
of resistartPtdfo ies.TGI'hEOBB‘?pr%’ég?%# i hgowﬁﬁégﬁed&%gmﬁgﬁeéggﬂo
cel | bignes;sM bl heiagsessed ke sehahieabhybr itdia abh oncamehiNe thetds blgsine,

anal ysis. WO 98/ 49300PCT/ US98/ 07801 38 Phar maceuti cal Conpaositions and g
Ther apeut i zrgkeine, and Chésbbpése:ofthdi @Giflicht RBANCs 261PFoATRATELIC an

(funcet od AR PIRIRECU LR COINORAl e a0l fnl s (hRIRRSU L,
threonine, cysteine, glutamine, asparagine and, to a lesser
extent, methionine; the nonpolar aliphatic amino acids glycine,

30 alanine, valine, isoleucine, and leucine (however, because of
size, glycine and alanine are more closely related and valine,
isoleucine and leucine are more closely related); and the
aromatic amino acids phenylalanine, tryptophan, and tyrosine.

In addition, although classified in different categories,



5 stimul ating angi ogenesis in a patient by adm nistering a therapeutically
ef fecti ve anount of pharmaceutical conposition conprising a truncated VRP.
By "t her alyoumsi4eiwl y ef fective anount” is nmeant an anount ofper/usysmasoid

whi ch produces the desired therapeutic effect in 10 a patient. For exanple,
in reference to a disease or disorder, i £4is the anmount which reduces to
sone extent one or nore synptons of the disease or disorder, and returns to
normal , ej,ther partj or_c | etely, si ol.0gi ¢ or. bi ocheni cal

par amet e‘raaslaaslsnoeg’i a(iiegé%)r{e’caﬁrs’g?lg $£1§F tshege%i%%abs% 6%8.’:%‘8?6’&?3%% %‘?ens?fg%d
to therapeitdronl |yndir egbtaipat ia@iditilorissl by dheentinexpechiits eohe, betrmaety
0.1 ng/ kg to 100 ,rr%i/%?,ewpreferably | ess than 50 ng/ kg, nore preferably | ess

than 10 K2 P et Erapt e | RISAEhBRUETRY RFLIFh& Hrfbint of conpound
depends on t e Aaf%ySlde: 48RdvakIGRe Aa0e! Al wibh ¢ e fal | gRlino20 adfte
optimal formnulation and node of adm nistration of conpounds of the present
appl i tat iadrte¢mata grats envhdepentd omot astigrsi kiamt 1y efidemtt sheh asctiwity
particul ar. di_ sease qr_.disorder, the desired effect,. and the type of
pati ent. Vi R4 h& dahssinde SRR piddl | PUYRRRIYS (Tharstorafc-  In
patients,rezfdiey sy €hS0 beuHsgHeHO WREAt [SoIjbpast Odel dert | Galbuiiseasast
in other vertebrates such as other primates, farmanimls such as sw ne
cattl e af®GFARATY, TaRd V&Boract it Pt s aBd petdldaicRays or ded etadys agipd
cats. P el e A JNELARGH MRS Y Aldiecldee Al de eprovided asa
phar maceuti cal conposition. pharmacol ogi cal agent or conposition refers
t o ahl0agemgigmsonpgsitedn fior aVRPr mcsiiivtiaht e dminadAaidt pdteeatinohe are
mul ticel l,ul ar organi smsuch as a hupan. _Suitabl e for, in part, depen
upon t he 1§&& oPrgﬁngSﬁlt e of té"rﬁ’?ey, _lisorae%teeﬁr d’llfgi{ rgﬁsd#%@ﬂ:lgg &FP
WO 98/ 49QARGH HYS98/ {80 1a BBe kAL 26hisOBh oI HOT BBnsBOVLE idld QW tdyan aaay |
or conposition to reach a target cell whether the target cell is present in
a nul ti cdlarul &Xamgste or e c X ureer For aBXAAP| acipharrrdusy calltdyent Schy
conposi t's% érweecéﬁ‘ﬁ’ iﬁgt guyg%l Q;%Qi %regﬂbﬁl?@ l%nﬁr%e Qé?wbla% aagﬁr(i]tar
factors are known in the art, and include considerations such as toXicity
and 1o%r mpoMarmit pmehderit ddies agend Huncomrposilt eguifvadmmexerting its effect.
The clained c ositions _can also be fg;ﬂnuéat ed as pharnaceyti cal |

t

accept abl e salYFEFD LEPFCRGdi 15757 § T®HhdFBPOEH exEert >t/%‘:roet(ﬁi.n

Phar macewldtGalileyy aER8At 3R SRS A @ PRRINY .C SBltbhdRird h?r@@@@@!ﬂbéatéé}ﬂ
at which they are adm nistered. The preparation of such salts can

facilitate theedhdoradereginéap udee byoalsarvaty and prysteansehepficalegions

char act er;i st | t conposi ti W sthout - ars nti.ng t C 1.ti.on
from exerltrﬂl%)r(#gr'q“f:'@tngCf ph?glrol ogi cal ag#fl\gc JSPEX&%}%T%?E O%Buse{?‘ﬁf:}gl tﬁ%ﬁoer{{sesfhns
phys2gal teadpearduess oncldede tiawerangl ybesnmadrid ngepsuptingo YREI hctavety as
transmucosal adm pi stration and ingreasi ng the solubility to facilitate the
admi ni st tdﬁ"sic(iﬁi’cﬁCl RYgHerS ettt af+ 8RsC8P he drug. 20Phar maceutical |y
accept abl e salges-iivid jugtes ackdnadgid | Opr8a@hbeqsucds iasy t hesanearhal MHMhical
sul fat e, hydrochl ori de, phosphate, sulfonate, sulfamate, sulfate, acetate,

ci trate, Hegddiplasar engt ereechhhnsnkf onacéedtharesdl fonee@ule techniques.
benzenesy f te . .p-tol uenesul fonat e, cycl ol exyl . sul fonat e,, 25 .

oyel ohexiod ot dERORh SRR Rt RIS SRBYD oy detiPpEatsn e
obt a2 fied threuaci dstevahrastbudrpeth §ehesasi thnsubidhicc acid, umEaRation
acid, sulfonic acid, sulfamc acid, acetic acid, citric acid, lactic acid,
tartari c W& mEPAACPAGISe, AYPRARSEIA/f ofitc BEYd, Pt hamesdPRbalc eFl, 3D

benzenesuyhfQnj &, aci - t 0|l uenes Lc agkdy cyel xylesi f oy '%d

cycl ohexyl sul ggln‘i C ug:cﬁtgl,énagndelqr}ﬁi #ll%:gg%:l d.ﬁ‘i}gch éaﬁaggﬁay tb:aél p epl;r%% y,e'

for exanmplodypegacidery t heciu@éngci dierri btsevéor neaef the pobdadhed t husainey
or nore e%ui val ents of the appropriate base or acid in a solvent or

standard techniques such as those described in Sambrook et al.,

30 Molecular Cloning, Cold Spring Harbor Laboratory Press (1989).

For example, Chapter 15 of Sambrook describes procedures for

site-directed mutagenesis of cloned DNA.
By a “truncated VRP polypeptide" 1is meant a polypeptide

comprising the amino acid sequence of a truncated VRP subunit



WO 98/ 49300PCT/ US98/ 07801 40 nediumin which the salt is insoluble, or in a
sol vent such as water which is then renoved in vacuo or by freeze-drying or
by excharWyP?8/49348 i ons of an existing salt for another ion RGT/EBSWSOT8MHDI e
ion exchange resin. 5Carriers or excipi Q%s can al so be used to facilitate
adm ni stration of the conpound. Exanples™of carriers and excipients include
cal ci um carbonate, cal cium phosphate, various sugars such as | actose,

gl ucose, cr yp f I el

veget abl 8 oﬁ% qg‘?enﬁ/%%hyﬁgn% g ycofislora%g gﬂbgl%g | ogi ca %/\\/%g%g |tqﬁté1%0f
sol ventSasTblese:mImimi tH eqresi ror phhermeemt i‘cradurmaqmmmbnpohypbptlde” also
adm ni stered by different routes _inclu é avenously, intraperitaon

subcut anéBGL1958d 3 nt CtEMESEAHST  VRF alsi REy CEGM 13U %Eogglnlefaeﬁy

15The desired i@t oebCIat yp@gxlla% agagepl ma@e%é& ngosadiqum ghbordle ative
ot her pharnmaceutically acceptabl e agents such as dextrose, boric acid,
sodi um tahmeat-ellnwl@mﬂr@de PYiyppturpol yol s (such as mannitol and sor bi t ol ),
or other inorganig or_or n| ol utes m [ [ r rr,
particularly (Z;%r‘brbcf?%?% c %t ai i nrﬁegggl u%m(?{(}L&[ Q% t%d])' ﬂl? S%gjﬁln ds ot
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i ndi vi dughloyinit, or FeFufystea G/@dnib@lﬁbéﬁth_aé blenjeant i cied Sopr @fLﬁj’JJ’iEda,d
e.g. i ntramuscul ar, i ntravenous, i nt raper| toneal subcut aneous, i ntrat hecal
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in physio ogl C y conpat | ers ‘such as s solution or R nger's
sol ut$ onhidfhtear ndtriavtliypn t H@ cenpbunfisldi the imventtiorahr eof oramirae edad id

one or nore excipients pro ene o .that are gener

accept ed S84 aspﬁ%?é‘?\tédli}yt ‘g%qa]n%la?gs%ofi‘ﬁé Larrt for %x%rr%l e%aﬁl in
suspendegdrhaan idier ldifidasesti tdllys a d&egeltrablteleol lcesluch ax @esalre,clpearts
olive oil, or other acceptable carrier. Preferably, they are suspended in
an aqueo@@%@ﬂq%r wafsor takenpl e, Thian a@1idotni €ab‘tﬂel‘%r byol &t iR 3P a
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steriliz ni'ques, or may be sterile filtered. The conpositions nmay
contad n phajuaces ipaesynagccept ay eaapxelfeaeyntsabstiarma Leqheednaunt
appr oxi mat e physiol o |caI condi tions, such as {QH 15 _bufferin
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transdernal neans, or the nolecules can be admnistered oral I%/
term 31gn1f1cant here is used to indicate that the level of
increase is useful to the person making such an increase, and
generally means an increase relative to other amino acid
sequences of about at least 2 fold, more preferably at least 5
30 to 10 fold or even more. The term also does not imply that
there is no amino acid sequence from other sources. The other
source amino acid sequence may, for example, comprise amino

acid encoded by a yeast or bacterial genome, or a cloning

vector such as pUC19. The term is meant to cover only those



25 For transnmucosal or transdermal adm nistration, penetrants appropriate
to the barrier to be perneated are used in the fornulation. Such penetrants
are gener MAP4%MWwn in the art, and include, for exanple, f®ecTusasieBocosal .
adm nistration, bile salts and fusidic agid derivatives. In addition,
detergents 30 .may be used to facilitate %@r meation. Transnucosal

adm ni stration may be, for exanple, through nasal sprays or using

SUPPOSi t QUi &5, + Fdts Or g, a '{%ﬁtrg.akon,h de mplecules are formyl gl %ﬁ%in@_ﬁe
conventional oral admnistration dosage tforns such as capsules, tablets,
and | i quipkquaepareat i ohisthe W= 98£48360RECH HSIARI B8Diere . For topical

admnistratio the c oungs of the invention areforrrulate%into )
oi ntrents, salVeslSgél S0 oPWABLRIEONS | E0hemFT | YURRORES nthak &Mt .amino

desired, soldt seamedlce hBeaboye RONFAHL | @BTmTRY bEhd thirgkengd WrtBga in
t hi ckeni ng agent such as nmethyl cellul ose. They may be prepared in
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of phar {call i fyi ents nmay_ be enpl oyed
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15 bl ender or other standard device to produce concentrated m xture

may iBen Byriddiasticentoft At fleastt corcemderi ofi madnitsdesi prafiendiEly two

addi tion Q L ckeni t a {bly. a buffer.to control p
or an ad&%{igﬁ%{f%so{{r&%%b c%g%r@(gggorﬁ%e?‘?%g% h)e%OéIFFDUHFS 5¥V] aPragss gt
conpoundsna@n iithide | NY &Nt icpi®s Pey addonitsngylest €@n be deier msagdthYice is

standard procedures. Generally, a therapeutically effective _amount is
bet ween &FGfterRinbl EXr8Rd O3 IR BIN2 heChoRdc 1A efUpFEfenaBly peiadh cadtut

10 nnol e j@andh 1l "#@d & depsendi §g:0ngthe age gapd 3i4e of the 25 patient, and
the disease or disorder associafed wth the patient. Generally, it is an

anouh? bet weerdrabanotber amsb&Ot nghiey, iprehérianl yfdammde20 ayghkglefict hecid
animal tqQ he treated. .. For use.b physi ci an, ,the conpositions wll
be provi g‘e(%elcﬁllc‘iaoseangceo%ril? ?ogﬁ\uff‘&ﬁ?glén&%% @%% 143 o R htat ed VRP,
VRP pol ypepti d&n €6myREiswitiidns Gepe iEhed@Pyrable foi tsubcahed1¥RR Qfcid S
genetic sequences wll also be useful in gene therapy (reviewed in Ml ler,
Nat ure 3FPLEHLIAS OO WO g7 OBRPETPUSIB D78D2d 43 (B0OSRE. M9 L sthees quTat

advances vRavs Jdiesil ted LREBRRGULCA o aRRE PAgReS &y Rl geDe bheany thate

have
20 the specific DNA or RNA sequence constitutes a significantly

higher fraction (2 - 5 fold) of the total DNA or RNA present in
the cells or solution of interest than in normal or diseased
cells or in the cells from which the sequence was taken. This
could be caused by a person by preferential reduction in the
25 amount of other DNA or RNA present, or by a preferential
increase in the amount of the specific DNA or RNA sequence, or
by a combination of the two. However, it should be noted that
enriched does not imply that there are no other DNA or RNA
sequences present, Jjust that the relative amount of the
30 sequence of interest has been significantly increased. The
term significant here is used to indicate that the level of
increase is useful to the person making such an increase, and
generally means an increase relative to other nucleic acids of

about at least 2 fold, more preferably at least 5 to 10 fold or



denonstrated positive initial results. The basic science of gene therapy is
described in Mulligan, Science 260:926-931 5(1993). One exanple of gene

t herapy WOpB#déB8hted in Exanple 7, which describes the use P§T/USI8/07801
adenovi rus- nedi at ed gene t herapy. anot her exanpl e, an expression
vector containing the truncated VRP codiﬁg sequence nmay be inserted into
cells, the cells are grown in vitro and then injected or infused in |arge
10 nunberg into, pati epbs. (Jdanol HET gBXaMUR AN SRATENL SNt 2% NLAY pa
pronot er "of choice (for exanple a strong pronoter) is transterred into

cel | s cowtrai RNAg ftorendagperousotirgesat ed MRP iothsuch saureenebPNAhatay he for

pronoter segnent enhances expression of the endogenous truncated VRP gene
& RO S d

(for exa®FfedPles { FRRF bRt e sehheft 3 sYEPahsi TtAe &EN°uch®thét

it becomes MRt L¥ctbpked diw bhe g@@@genoushti@un@amd MRR gefelshes frokhe
gene therapy nay involve the use of an adenovirus vector including a

nucl ebt | d@tsepidnceocodirngngoreventyyncanel WRP Subahi tiniGctl ik e@r nFem@ic

acid nol ecul e codi for _a r t P subuynjt t tixe

engi neerzé'p(?elqrso%%%hi %Pné"%glctnhuc e‘lgc%g(‘:’i\é no e(gﬂ emgy& %&o%gahﬁtﬁlﬁgaltlgd

VRP subuniric res e ddleciwd. t&Exathee Fpeldiest reat esRNA et fibdtofi sgendet herapy

usi ng an adenovirus vector to provjde an%io enesi s ther 25Ex§ressi n
GeRBviATs,

. Y.
vect or sdéi VeRRRbnt i FeEs %stPQF?O\ﬁ st ORRAc e ni" YR, P _
adeno- as§QaiAlRdad I ¢s, Qfé\9§§ev'trﬂjé_e§wro§%\@fi%n RY& ViRHSESes DFedOVWRE eic
papilloma virus, may be used for delivery of nucleotide sequences (e.g.,
cDNA)O enaadidhg reconbi nant truncated VRP subunit into the 30 targeted cell
popul ati on. hods whi_ch are |1, known to ose il ' a an _be
used to construct t2co isr?antaW?‘&Fa%Sflgrs écogrnt af’%iﬁﬁg %gld"{gn%é%gqu{éh%gs. 2
See, for examdeidd heecfeehaqurs desenirigd ddn Mrmati sTied abrm NMplediudiad"”
C oning: A Laboratory Manual, Cold Spring Harbor Laboratory, N.Y.
98/ 49300 POT TS0 78D 1t A4nuciefg) acddy Ml egisibefoet BPE, TEFLESt arbtsc?t?o’&ﬂ s
in Mlec ...Bio ene, Pupli . SHERE.ASS0G @t esr atonY | ey ihateksci enge,
N. Y. (19345%?:.&t tek%‘gctythve ;E/ faecoﬁ%l:nﬁglﬁt ﬁucl eicdc a%grd rmllz\’(l:ul eé encodi ng
protEb n sequenast £aan béndsed taomakeat DMAeoseiguehaecbasrefatededystoamer

e.g., lipqgsones or, other lipid systens for delivery tot et LLs (
e.g., Feitg}‘?é'} €t ér‘?, nﬁ&”ﬁ?@- ﬁ‘i‘.}l%’é%%?m(igégf.mp@é\%r a?oo o?ﬁ%r nraﬁ%t%ﬁg s JT%S'%l
the direatyitd anstel shonhasWed NN éatO cebl T sdrédtetiseel. g. huran weaies

therapy and involve targeting the DNA to receptors on cells by 10
conpl exi rif @/ Ml)asmid DNA to proteins. See, MIler, Nature 357:455-60,

1992. Inits ﬁ%@;%Cf&'{éﬂ ﬁ%? L ANSEET e Calh Pe her f B BYe 84 " Yom  an

injecting mn nmounts of into the nucleus of a cell, through a
proce8s afximstcirog njVRE | onclEapdcehi skBnebelel 1§ 2Rod¥9ig8t{0980)simmce for
r econbi nant ngenes are,i ntrocluced&' nto_a_cell tgeé can_be recogni zed by ,t he
cell s norsid %%hanp AEORYF eotide site-dikecte mutagenesrs, or 7 by

deleting sequences using restriction enzymes, or as described
herein. Standard recombinant techniques for mutagenesis such
as in vitro site-directed mutagenesis (Hutchinson et al., J.

25 Biol. Chem. 253:6551, (1978), Sambrook et al., Chapter 15,

supra), use of TAB® linkers (Pharmacia), and PCR-directed
mutagenesis can be used to create such mutations. The nucleic
acid molecule may also be synthesized by the triester method or
by using an automated DNA synthesizer.

30 The invention also features recombinant DNA vectors and
recombinant DNA expression vectors preferably in a cell or an
organism. The recombinant DNA vectors may contain a segquence
coding for a truncated VRP or a functional derivati&e thereof

in a vector containing a promoter effective to initiate



transcription and translation, and a gene product will be expressed. O her
nmet hods have al so been attenpted for introducing DNA into | arger nunbers of
cel | s. The¥¥O #4%es 20 i ncl ude: transfecti on, wherei n DNA i spoT®sHgn78@t €d

wi th cal ci um phosphate and taken into cells by pinocytosis (Chen C. and
Okayama H, Mol. Cell Biol. 7:2745-52 (lgéﬁﬁ); el ectroporation, wherein
cells are exposed to |large voltage pulses to introduce holes into the

nb | X |
In?pm[ 22te| é%#l posgklg usﬁgﬁ N\%%ere nAg\BA |s|%%;ac e;cg% Sjrlri?%@l f’ﬁggz‘%e?%"r can

vesi cl es abhthAihus®e wﬁ&n&fﬂb'@%nﬁﬂ | i { i€ gthsn Plregi®in alfun¥td®nd¥at in  a
Acad. Sci. USA. 84:7413-7 (1987)); and Eartlcle bonmbar dnent _usi ng DNA bound
to smal| PPbfedd ed CY¥ARGNIPEONAL | CRFRENaghoNatieIiQMdEUREE 108319588- 72
(1990)). Appiher nethod for |ntrodUC|ng DNA into cells is to couple the DNA
to chemcally nodified proteins. It has al so been shown that

adenowi rus pr oTbEn@m&erdapahVenbﬁodeam | relagesndosaneseaibd canhangamism

h 8/ 49300PCT 898/07801 4 h f
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pol yl ysi nee¢ombl aahty DMA a68edot0 AUENONE F &Sy USENGE AP 10E No gl @c?ﬁéﬂ@ﬂgg a
agents substantially inproves the u%take and expression of th
r econbi nahFuReAESdCHRR| PERtéfeal ., The RolyRepfiide capy. | pugidliied from

6:247-52 £992) which niheadflld Aoglae]&eaaweg;e%égw chatpd effgg?gﬁagc' atgd

virus vectors may be used for gene rver vascul ar énko,
D., 10 ofcéhVedts. i 46: & Q'Yalf(éﬁ@d) o Jeﬁrésrasssada hdeesiiredgeel ypapist @s
nmeans the rOCﬁES of ,.introducing a foreign nuclei¢c acid nmolecule into _a

cel I . Gen¥ePah8fefeid cHMAIP p&77oT HedmeB BRABF E0Phe 16x Flacissitdh Rfoduce

particul a5 predush @MEQRIED BYnbbRagene dobRe RUOQUEsandY bpckudena @{&t@ém
pol ypeptide, anti-sense DNA or RNA, or 15 enzymatically active

transfer RF@RlpeProdwses rmtulevesdlezkls - orQﬂﬁcﬁk%kleédwnnm@ﬂﬁﬁntnpan
| nto ani nplsq; Fenerally HENS AL ST #h . MY AR AR PARGCRS Y Il PI & 4Gl
Wt y it é’ m?d aJt

nol ecul e cont a a targe non-speci or receptor
i nt elact i gesomipt akeNaAf, mnﬂsynxhnmibrméqceheesnintbhelzﬁeeewuﬁdﬁyumﬂbt@ﬁ
menbr ane or g%{endoc to and rel ease of nucleic acid nolecule into the

cyt opl as¥? YﬂElﬁlﬁg nenbrane or endosome. Expression may require, in
addi tion, movegeriu®feiBe Awicheifopeb@1ap! esudie iy opiae nuel edgigf tHe pe

cel l and'plndln? to appropriate nuclear factors for . '

capable of expressing" a polypeptide if it contains nucleotide

sequences which contain transcriptional and translational

20 regulatdry information and such sequences are "operably linked"

to nucleotide sequences which encode the polypeptide. The

precise nature of the regulatory regions needed for gene

sequence expression may vary from organism to organism, but

shall in general include a promoter region which, in

25 prokaryotes, contains both the promoter (which directs the

initiation of RNA'transcription) as well as the DNA sequences

which, when transcribed into RNA, will signal synthesis

initiation. Such regions will normally include those 5'-non-

coding sequences involved with initiation of transcription and

30 translation, such as the TATA box, capping sequence, CAAT
sequence, and the like.

For example, the entire coding sequence of a truncated VRP

subunit or a fragment thereof, may be combined with one or more

of the following in an appropriate expression vector to allow



25 transcription. As used herein "gene therapy" is a formof gene
transfer and is included wthin the definition of gene transfer as used
herei n andosysaiesdoi cal |y refers to gene transfer to express pct/iisysapsalti c
product froma cell in vivo or in vitro. Gene 30 transfer can be perforned
ex vivo on cells which are then transpl arted into a patient, or can be
performed by direct adm nistration of the nucleic acid nolecule or nucleic
aci d-protein corTBI ex _into.the pat(g nt. WD 98%-‘4@9005%%%@98/ 07%0]“(:%6 2) a
I'n anot herohr SFERr 8FPEMSSdiGTEnt , (&) vEE: SFIERANG nbEPBPESEci ST IS SSUl &
sequences, ghcHOshAI BihavUAGat 8dt¥WRP (33 provigiad/dderwliotidme sughelc a¢)d a
mol ecul e sequence is expressed only in a specific tissue. Methods of

achi evi ngse¢reutorpesignalgene Moeifieadiigmas @t RR t HNade | ntr ngR¢ onal -
Publ i catign / 09 , fid.ec 19 [ d

1993.. untr ?\Sg%gﬁer ér%gf er réedqle %%Fprrg%\%?da m%t% o%glg%%genzﬂfep:\%g%gn%ﬁ
is sep faskpresseor rHeplacpreratyat iusesr hendaryoedes sebbt yomg @dund ehay
aci d nol ecul e sequence which is 10 capabl e of being, expressed in vivo in an
ani mal arket W@rde‘%l%? O\ﬁudﬁmgtBlatauﬁPréﬁ?i ng"eRe § § ot Tof T ﬁ“Eﬁ&BE}en%‘ﬁ%“o
gene whicf-{g§, Meshng O5q88f egi{vepen thepaskdBked codohn @ahl het héhosen
precedi ng vectors set forth above, a further aspect of the invention is
that the exptessiani dsyegemnce 1Fheontudsedd n T4 varioFeregdi nepdefes 1s

ddi t i del et dificati Lok t o
odd L onsacSelehions o RO LSSLINS, LoaRORRProtl Ll Ectonunce gl he

presept igveptvon, (1981 ol | stingLExREP| eg.ar®oincl Biedl. whi th3destei besoghe
results of a series of experiments. The experinents re|ati ng to this

i nvent i onN@FeRY d1REPrPerassas &Y, 15d LFRTT URRFeL" spRcHRFEAI FPERFRFYirng t he
i nvention and C rigf i opgofpdhe-bQygati L D BOWHKNOWRe Olgdr@fnBlc  VRP
devel oped, whi %E \r/%l/g\uélaidll%&' W tﬁi nn t hec purv?evxr/QiI(g‘J]{cl one skilled ?n gt he art are
consi der esle¢foefiak| mayt hba tdpesdoipe dfinkded | hoetthiconnasleescridist hetesnle
and hereinafter clained. 98/ 49300PCT/ US98/ 07801 47 Exanpl e Cl.aqni

of N Ter n?’ﬁ%?$§7n?rLﬁit eé{PgE) 2 ‘,mf‘ges-(f- -53?9%#@}(0%% uded A" B
des(3521) r¥E&kbBhant DNA veRterderfd® creat erwameyel pd/EahaB- reéanedation
protein that 5 |lacks the first 20 am no acids, a ¢DNA copstruct is freated
in the fore8WiAgORNR@qUences, ASPRR értobfRfLRARARNVEGE BPPLYadpRY +REYON -

froma huggpshealy SLeakplibal cusd e L, OhaR ubaTay [ Ebati808LE WViche

library, or a preparaticon om anot’her suitabl e human
DNA sequence encoding a VRP gene, the transcriptional

termination signals may be provided. Alternatively, a 3'

20 region functional in the host cell may be substituted.
An operable linkage is a 1linkage in which the regulatory
DNA sequences and the DNA séquence sought to be expressed are
connected in such a way as to permit gene sequence expression.
Two DNA sequences (such as a promoter region sequence and a
25 truncated VRP sequence) are said to be operably linked if the
nature of the linkage between the two DNA sequences does not
(1) result in the introduction of a frame-shift mutation in the
coding sequence, (2) interfere with the ability of the promoter
region sequence to direct the transcription of a truncated VRP
30 gene sequence, or (3) interfere with the ability of the a
truncated VRP gene sequence to be transcribed by the promoter
region sequence. Thus, a promoter region would be operably
linked to a DNA sequence if the promoter were capable of

effecting transcription of that DNA sequence. Thus, to express



10 tissue source by PCR with oligonucl eotides corresponding to the

publ i shed sequence of human VEGF-B. Using standard nol ecul ar bi ol ogy

t echni que¥q B40ok et al., Ml ecular Coning, A Laboratorgcivsasargei2nd
ed., Cold Spring Harbor Laboratory, Cold_Spring Harbor NY), a DNA fragnent
then is generated that 15 encodes at its38 end the si gnal sequence of
human VEGF-B, followed by a codon for proline, the first amno acid residue
in mature, VEGE- d en fol |l gqwed by codons_tco spandi ami nq aci.ds
fromr esiadu‘ggﬁgaif%gt ngcgtegrerﬁ (r)lcu’;sano oyt (r)r%h%gég ?5?P8&%5&§9a? sstl(%lals
codon. Apprapynibtedaddi ahoapproprianei hgs20 aruc Ineeidsdarsequences are added
to the 5 _and 3',ends qQf this DNA construct so as to al]ow .insertion of the
DNA i nt o i icpgaonepfgNovel Truncatgds VREmgayegpces

cl eavage site gumbiesshonaly PePLLEEri BePeRer g8 d & oXBAART phd8HiiGals diP
that found in native VEGF- 25 B. However, this strategy results 1n a change
in the nexf Nnoveldnitheuncated ¥RPd sfquémces umdat e VEGEsBNtheiregnthen as
normal N-termnal .am no_acid residue in des(1-20Q)-VEG-RB . tyrosine

oot due: SR TTST T OB BRSSPSR B R PP BRFY AT L9 e Honf BB art

N-t er m nalikblm recaghdzestpael ithe, taghddied esrpd | 6 thenpakednVE@NvBntSon
equi val ent to des(2-21)-VEG--B): nspl 1=111val | ql art qaPTRAT. . . The
change f MY t ReSRatIS L ART RDSAEI dNofORRRY t FRAS atS DAmS- BPPEY r BEoka Ny ttise

case of %rﬁ)z%'l{}&s‘é}%' rungat i P L§ i WO 986493 / / 0807, 48,0
expected to have any e (Tt'ect lgin S)hq:e b?%lcogi caIe ac??gﬁyﬁgt hge'trun%a?eghe
VEGF18. Tressgivantiagensfionhi s Bxrmpégy i G hmrovhdesiegizalp jmept ¢ fle ssdduadrice

e ne B4 bR CROMEEBaRh hEbERAer GReaRE sl AL, O
exanpl e, truncatesbMpcFtBe destidcdodd VERPsB of StReNYrdserad Dyveet ebhnaatyhe

first 15 amno acids. The signal peptide cleavage site would be preserve
in this SeCHRERFSET edNduREAR ARt esiGficksl (hd ChevaBRAd TN LY niviginy

are 10 i j prol 4 ne). : ; i

ropl 1111 110G T | Gl PSS R B BRFrRRFoduction of recombinant
nepl 16ri ldnaidipar t gapW DWVNERAED. VAP q@frcgidddd iy tdheckrtelbsl dilbdapst ded
t hat ot her, si gn 15 peptid may. be used ip_the present invention.. For .
exanpl e, C‘flhyeccgﬁ Ve ep{)r?‘ije%z?r\%@i% BEYVECEYE cgul %t%%eg‘%ﬁqgﬁ%ullﬂl
require thiato I he fridiclrydiid® A6kd FHrddierdtiuncated rfepieaidhthe) akamni e sor

glycine, respectively, in order to preserve the respective signal peptide
cl eavage Si%aNs ADOER uaHdr- al Hevader ve ofbgid T nabifsle St gmans pepli @dso

sequence ro her . proteins. so .hese _r@%/ have cle it
conpat i bI%eEIwiLt1 Q(Itihe I{l-%{aE g\r{%l?\lﬁo tgi/ﬁeé]f neggf Q%ﬁégﬁ runca aelg?y 'des(l-a§g)%§\r)éé§%.
Anot her gresrargtotvic whokd sbeinal gbnebateeaiaomnsichucast llat coli, Bacillus,

Streptomyces, Pseudomonas, Salmonella, Serratia, and the like.

The prokaryotic host must be compatible with the replicon and
control sequences in the expression plasmid.

In prokaryotic systems, plasmid vectors that contain

25 replication sites and control sequences derived from a species

compatible with the host may be used. Examples cof suitable

plasmid vectors may include pBR322, pUCl118, pUCl1l1l9 and the
like; suitable phage or bacteriophage vectors may include ygtlo0,

vygtll and the like; and suitable virus vectors may include pMAM-

30 neo, pKRC and the like. Preferably, the selected vector of the

present invention has the capacity to replicate in the selected
host cell.

To express truncated VRP polypeptides or subunits (or a

functional derivative thereof) in a prokaryotic cell, it is



25 encodes aprecursor protein with a cleavage site that incorporates two,
rat her thanone, amno acids fromthe N termnus of the original VEG-B
protein FQI¥ABE0 The purpose of this strategy woul d be to RGEUSB/FEHe
fully that the cleavage site is conpati wi th signal peptidase function.
30 This woul d introduce two new am no acids at the N-term nus of the
truncated VEG--B sequence but such a change would not be expected to alter
bi ol ogi ,on. of Jﬂ@r ncated. p j dery 49300P, 03801 49
The str%@%gggeg ri <gd to ggeél}esfa?eﬁ%(l\lﬂ\%r g)fblrn\eésggl%?n o?@deg %?Q%VEGF-B

i s usef ufufiotigeaér gricka sy bic apabngses -manfeeh o rPRGEeR sTUrant e wedhher

N-term nal trupcations of other desire engt hs. ;Eurther, .the str i
usef ul t%oﬁﬁﬁé}qﬁgévg 1% er AP RSN ptrrelﬁ%%'?d? 5 gngltlﬁLe&rab 5| é’éﬁgrénéﬁﬁgglxr?l%
ot her VEGFT gbated fsariliednd t BRiainp1sf 06 B8 coh setiftert ispecp esmotxaspliac2ude
Expression O N-Termnally Truncated VEGF-B Subunits The DNA fragnent
encodi ngthe uncat gk vEgFe B Pfohdenlerhade ndy behel dded Rt upfabhe
pl asm d vector. Sf9 (Sporoptera frugiperda) cells are co-transfected

u
with backtbyrFasageatdng v SSACOMs P %i nPRG cBRA EAdo R TY"RY Thc&led
VEGH B apd DRgyLout e {iRacul ogot g Bhablisigeite SAhDI 2ggueflt: o$eherbie)
and pl aque purification of reco nant 15 virus are perforned according to
est abl i shed ptles oclllse usi NExBlmpd eegaro foveamidayrs b(@ beo BRIy tH gh psook eafs
reconbi nant virus is produced in exponentially growing Sf9 cells using a
mul ti pli theyude itifeechadarofr i@hgs. arer 18&) eREPBALEE St rAUnchrele ViERRR RIS Sig

cells (1x106 cells/m row ng i.n serumfre dium 20 are_infected w.t

r ecdioi nahe ngugagt_éh%ulg‘lrippl irc‘al"fl?/’ o#ai%:’ gﬁ%&(nﬁnacgntg?% 85?1"8%?_58 SFt te%r'
72 hours_pest |IMEC Uy M OUPEINPN Jeh Bacyl oyl [ ussdideded ihseqte-
cells, wWhi ¢h’ can be used{]to express the truncated esent

i nventi ong2$18B50 )descid bathd n ¢~izhispeet fat. , peBmoteks Biodché&m 2iubtilis

19-26, 25 1993). In this system VEGE has hee be. produced in high
Jield, wiEhIBER Gtomt gi yedesl BPRBR G S b L et abln ERBrRAaRraRS OF
celI's. lphtactacthosgpskigelsed Jen Ak jantu v | (G A RoANN) Zerd hatTeX PUeS Siceil aih
ot her systens, including mamualian cell expression systens, is _considered
to B& wi Bhphoglye sfcophe3®asfilthi s Aardsmion. PReshodd N6t rexdp¥ e$$PRG) VEGRNRD
pr ot ei ns ich can be used to_ex S t unc d V o] Prese _
inventioﬁ%ESPﬁﬁmﬁﬁﬁﬂ(ﬁﬁ?T%t%§§t @§§§¥égglég'brg@ﬁﬁeéggﬁ;réﬁéggﬁces Wﬁ%gh
descri beaVE@GE 9@%pnessi @rodary @xaaplpgordter Pabert Seviavedlobys, GRIcR73JT.

and in OReilly et al., W98/ oQP S98/ 07801 SO (Bacul ovirus .. _
Bpr eosi BRONRIIGHITYE bt 41 475 SRR (W FEST SUTAR NGHEPOLBLE. 6505
Those Sksh%g%!s%)t)*}e Ad WddcSREQINAAR .t RAL .OIdaRYe tEX DI £S51 D1y £Y ST EIBL NRY
al so be used to express functionall y 5 active truncat ed VRPs.

Fun&0 onal | y &coipes rexondsnaoh VBEGR | Bopbrryolafe dsokeh ekppessadirgsgthe

Coli (WIlting et al., Dev. .Bial. 176,. 76-85, 1996) inclusgo od

r ef ol di nﬁrﬁég&cﬁl ngTt 08t h& 1FPEEE ur & ldleaglcr} be%lgtger evl{%%%%/&ﬁoré%o#o}% ary?(fwe
het er odi BBEe@lcel@ X HPchneppend . al suckenei Hd8om@01s 0831994y iwed iare
yeast (Mohanraj et al., Biochem Biophys. Res. Commun. 215:750-56, 1995).
Still ot Hépchesiesds BPr expradyslfig VEGg%‘ﬂcI@tca%tbe (Pt BeBxptEsdoldsy o
t he present SiRvent, re descrifed, xampleyiddh J , wen

238: 1653?%8@3’; %%mqaj]@r' et aITl.?l,ee I n]:iﬂé%%grtnigc g%éﬁjnler{edr]i ng?e%%%@ ngteclhoevi
J. K25 et sahueneds. , dd@numd Vofor 8, tppns2&¥i297) initiation are operably

linked to the nucleic acid molecule coding for the truncated
VRP by, for example, in frame ligation of synthetic
oligonucleotides that contain such control sequences. For
expression in prokaryotic cells, no signal peptide sequence 1is
30 required. The selection of control sequences, expression
vectors, transformation methods, and the like, are dependent on

the type of host cell used to express the gene.
As used herein, "cell", "cell line", and "cell culture”

may be used.interchangeably and all such designations include



Exanmple 3: Purification O Reconbinant Truncated VRPS 20 For purification
of the bacul ovirus-expressed truncated VEG--B of Exanple 2 frominsect-cell
super nat MO, 98d9xanber of standard techni ques can be used. Phaeasos/emoni ques
i nclude, but are not limted to amoniu ul fate precipitation, acetone
preci pitation, ion-exchange chromatogr a%, si ze exclusion 25

chr omat ogr aphy, hydrophobic interacti on chronmat ography, reverse-phase HPLGC,
concanaval.i ffini chr to , ol ] i ogusing, ,and

chr omat o?ggggﬁﬁz ot ﬁg%(lss’t a(r?fgger dg{ooro ei n %ﬁ%%ﬁ%érb?c%%st echhi ques3gpEormed
readi |y oblilells imcbndeskild edrimakhe sulbjedtor cexanpded pLAkRIrRS WiEBived
speci fi ctba%s, 30 such.a%ﬁgi stidine tags, antjgen tags, etc., could be

pr oduced "B &R G CReer i RYEBRAtenddRAFE sudl? t abBEi nt? VEGE- B Brangfiens -
that proteuRgatert ARG eyl deddS dxp e JBUHEr i £opat i bl gopi th J:QE% _ are
protein's biological activity would be expressed and purified by a ?lnlty
chr orfat o§KRERECE r 86t e¢omprilee t &y, MEutiiranD OB/ 49300RCTY USOBLNIB0Ed51VRP

nmet hods i dey, within the scope,of the present inventjon. A
pref er regégtﬁ'ﬁilggiécat%‘llrlgtg‘l e l{:od I%jfﬁeflpbﬁ@%it ed SFSFRS of p\ﬂ?é} Eii dE5URi bEREi n
the fol |l eagngncsf L Cethesupgyradsidn | sebteent raddigeguatai0Q0F R ESE 1895

m nut es tﬁ'r% ve cell debris and viral particles. Supernatant is then
concent r §P&FPal?VE Ay zNatagained REtAioRine (pRSElsIngofron nneEE Tpbent

dial yzedcsdngnpgl anbel S QRN Iiikuged a0h N kBchEBRYRL SGLURhE ML a); and
| oaded onto a Sépharose Q ani on exchange col um. Protern rs eluted T7om
t he 1dbl uanpPbgsgiadi-ent eBathon wygiaw acfr adimmcadfedNaCIRPO pepthld¥aCl)are

Chromat o ] ractions are. anal yzed by SDS pol yacryl am de gel )

el ect ropgé?}ggl&gggﬁd 5% BE §,2\tgl§inngtzré% iﬁ?PBoﬁt%ﬁ gﬁ%ﬁﬁﬁ?zgé“’\?@éio@ as
Fractiongsh@i tgradikde | IRUINQHEACIH ik In AT € mR@BIiRGhi neONEENt{AL edypabéed to
di al yzed %g overnjght against 0.1%trifluoroacetic acid. Material so

pr epar ed?f §SFhr 19k $ R+ e @ Wi Widvier se Bhadé HPLe? Ppsiessiiogpdppheki natkly
2-5 i R d . i | : luted with
10 ObrBEGhy! thaS AGRAEd YLt SR P eRanAtENe Gh GHAMBaARd,el ULk

a gradient of acetonitril uoracetic ac escribed 1n ESch
et &5, deilhbeEaggnobr 20nd08er?2n89, mi®88ibnact i onNdowenéaj ni ag tdefhinat@d

VEG-- B | e nd stored at_.-80 deqgre l.sius .until further use.
A pref e%gagﬁgt o %?nﬁu&f‘?Y%atqtb% o e%E‘é’%%Cloé‘r‘f‘a bafih- B}"ﬁai ngt the
N-term nakiygihelUngatedns@ormedf MAGF-rel ated protein subunits and anal ogs

thereof includes the conbined use 25 of heparin-Sepharose affinity

chr omat ogr aphf*8A8TESE] oRrekamsREe CchV8REPE§r apAgludpt i Bhasnydsol $enkd by
reverse- phase HBLGH18sseht ) ; descriked in y ,at oo, Blol.
Chem 264: 20017~ l5’4, Fose @é%%%%?%)g\nﬁcgke?e aF&]zCE?%@%?? afl&:faa?xaé“c‘?f{fm

86: 2811-ABR32989 plal ,PlpBctokt wACYC(EBRQ kvx.308588R1p06smiB89)are, for
Purification is nonjtored by following the elution of VRPlike material

usi ng a PEABRECof FEERAPHREs PnclSaHPadi Gleceptiodegsday uSiaging: A
1251- | abghsdr ¥RErgnd MAGEPIOT  second edition, edited by Sambrook,

Fritsch, & Maniatis, Cold Spring Harbor Laboratory, (1989)).
Bacillus plasmids include pC194, pC221, pT127, and the like.
25 Such plasmids are disclosed by Gryczan (In: The Molecular
Biology of the Bacilli, Academic Press, NY (1982), pp. 307-
329). Suitable Streptomyces plasmids include pl1J101 (Kendall
et al., J. Bacteriol. 169:4177-4183 (1987)), and streptomyces

bacteriophages such as ¢¢C31 (Chater et al., In: Sixth
30 International Symposium on Actinomycetales Biology, Akademiai
Kaido, Budapest, Hungary (1986), pp. 45~-54). Pseudomonas

plasmids are reviewed by John et al. (Rev. Infect. Dis. 8:693-

704(1986)), and Izaki (Jpn. J. Bacteriol. 33:729-742(1978)).



WO 98/ 49300PCT/ US98/ 07801 52 preparations consisting of cells or cel

menbr ane preparations in functional assays as described in Exanples 4-6.
The trunosbedsddebs expressed in ot her eukaryotic cell systepsr/oysdnras yeast
or manmalian cells, may be purified in 5 the sane manner. Truncat ed
VRPs expressed in prokaryotic cells will3Bikely need to undergo a
re-folding step for proper dinerization of subunits, as described in, for

exanpl e, Schneppe et al., (Gene 43: 201-09, ¥994). 10, Exanple 4: s
Recept or - Bi ndiEh‘g‘aEsyé%Fylc ndSE C‘FIJrésbi Gy BAY %%c%ﬁee‘ﬁ nglhteo SEGEss1on

recept or g§yGRRme 6§Seﬁﬁ_€d_;%Beyéﬁi:O@n%@M%-ioHseéHé b hodse net ude theited,
deternlnaylon of the ability of VRP analogs to bind to 15 endothelial cells
or to ceblovaded i ehat| henvansfectsad tdlke KBRE 0#s¢ oi8oltb? eekpras sdnt hef

KDR f | KDR/,al kal | hosphat fUSi '
(O s SR, Rl PV Ep RSB 2 e R0OSR B B3E LU OR B U1,
pr oceslur gchasepil ddesgsabed bunger mimsictal cel Bs pchammaBiaphyelReseither

Commun. 20187:1579-86, 1992). In this procedure, KDR cE»M%is
transf eci®d YD CRF- 3 hoRkEFUR drdlt Pt s HiemPRl BEAESGE:US afP hel hdd YhyPe

i ncubat i g -RhAt efs CRLLS sWitlk 10MEM oDk aicBhing , 1 dal 1y d1lo PNA; 5308 1falsd/ Ml DEAE
dextran, and 100 11M chl or oqui ne. Fol I owi ng i ncubation for 4 25 hours at 37
degrees Gek$i uss YHBOnedi WGHOsKhspioratesil bsidocelllyanrdyal dxposgdnt @ Nt Imvso
in PBS for gne minute. The cells are then washed once w th DEEM contai ni ng
10% cal f €& YAtAYE S hen i ncubated for 40 hours at 37 degrees Celsius in
DVEM 0% cal f gy uprganhakeal NERAHO otfi MEBChE cavehtl PnieRd€Ch. iy . ¥EGSH Boés
radi oi odi nated using either the_lodogen nethod or the chloram ne T nethod.
Radi ol ab&KP&@ SPRGF- B Hutdinr 6844 Sf roRFtRx @SsshipRR ERRAHER 155dp§Yn e YRFBNA

L1y D B SE N PO Sy e Senles ey Shee b
WO 98/ 4936 RGHaIS98£07280dxabBle, in Olofsson, B. et al., Proc. Natl.
Acad. Sci. USA 93:2576-2581 (1996). The cells are transfected
15 with the expression vectors of Example 2 by using calcium
phosphate precipitation, and the cells are then incubated for
at least 48 hours. The truncated VRP peptides may then be
purified from the supernatant as described in Example 3.
In addition, plant cells are also available as hosts, and
20 control sequences compatible with plant cells are available,
such as the cauliflower mosaic virus 35S and 19S5, and nopaline
synthase promoter and polyadenylation signal sequences.
Another preferred host is an insect <cell, for example the
Drosophila larvae. Using insect cells as hosts, the Drosophila
25 alcohol dehydrogenase promoter can be used. Rubin, Science
240:1453-1459(1988) .

Any of a series of yeast gene sequence expression systems
can be utilized which incorporate promoter and termination
elements from the actively expressed gene sequences coding for

30 glycolytic enzymes are produced in large gquantities when yeast
are grown in mediums rich in glucose. Known glycolytic gene
sequences can also provide very efficient transcriptional
control signals. Yeast provides substantial advantages in that

it can also carry out post-translational peptide modifications.



cells of human or by a including assays where cell by growth of (thym dine
| abel ed DNA 30 aortic arch endothelial cells maintained in stock cultures
in 25 i ncwodisagicbhose net hods where mtogenic activity i s gggassedrdon 10
ng/ M, added every 48 h) are passaged weekly at a split fungizine at 0.25
Ag/ M) and basic fibroblast growh factoB4(1l- with 10% calf serum and
antibiotics (gentanycin at 50 Ag/ml and the presence of Dul becco's nodified
Eagl e's medi um suppl enented al ., Proc. Natl. Acad. Sci. USA 81:5364-68,
1994) : Bov} n@Upeent Pén. TeREBPABRNEI BBA| STLERECFOASI dRFBHC WiHIGT t e iddgse
of this \deitdd O YR RL ARl nbig L Hehi tobby APl B Radsnias
generally used to determne cell proliferation, A preferred nmethod iIs
descri bedvhiertei garf Bodl ehidi zedc doporatddaot icthese tned dehéredWproteins in
98/ 49300PCT/ US98/ 9{780 54 ratio_of %64 For m togenic assa¥s éell 13
nonol ayer’s 33'om st'6¢R pl 2t e39F4F¢Pa 3598 AFES Vs ot ALY MG Lian
trypspn. d s seliehken peededtat andensétyepésa {d®s elpe By  leader
ceIIs/meffﬁén 24-wel | plgtes in the presence of %%%ﬂ?anq 5 antibiotics as
descri becFeHRCe Barkph 8s -t Pir-reRhides] 1- Fopl 3, m@spadganat RP§t di [severan
DVEM 0. 19 )%é/-i ser bum ar d Syl ur, f P I C S
and agai r?a tleéhee48%ﬁ%?rogj. %?%g)rami af/g g’f%cl}gt%ir%, fz)rfgo%ﬁél iéa %:%Jgg%r?é
det ached tfruomated eé&ERRVippdptigesin and counted using a Coulter particle 10
counter. Anot her mitaogenic activity assay s provided in O qfsson, B.
ot al ., Proc. NatVi9Rcadersaty USK o3 35P6 BLPUGIRL  SRROnd FFAOSIGE HRdh
umbi 4 pcalraefi i €NEpt Siedh dhc 68! hd y( HVERDL Sfd pl @ésend th§ SbowelhePlr@itesrd 4
X 103 celfﬁﬁter mell?g?n M 199 1% nediqn1§§£plene#§ed mﬁ?h ?0@6(vol/vol)
fetal bovihetkerhastnd iHrabhradstsippdongdr andet ragslatiiengdndiegiudddry
medi um cant aj i e.Lr ted V D r ce of 1-10_pq/ hepard n,
or puri fi%ﬂérhuyn%g%gdb%mg%ﬁgvﬁ?deg?% ?h%gau%lg%se&dc’dd %lfl'u%h ch’I gdalgrrléw%}us'
sti mul at esbiate 4Bapblil smaFreistucel byeohiegad ovirus, simian virus, or the

like, where the regulatory signals are associated with a
15 particular gene sequence which has a high level of expression.
Alternatively, promoters from mammalian expression products,
such as actin, collagen, myosin, and the like, may be employed.
Transcriptional initiation regulatory signals may be selected
which allow for repression or activation, so that expression of
20 the gene sequences can be modulated. Of 1interest are
regulatory signals which are temperature-sensitive so that- by
varying the temperature, expression can be repressed or

initiated, or are subject to chemical (such as metabolite)

regulation.
25 Expression of truncated VRPs in eukaryotic hosts requires
the use of eukaryotic regulatory regions. Such regions will,

in general, include a promoter region sufficient to direct the
initiation of RNA synthesis. Preferred eukaryotic promoters
include, for example, the promoter of the mouse metallothionein

30 I gene sequence (Hamer et al., J. Mol. Appl. Gen. 1:273-

288(1982)); the TK promoter of Herpes virus (McKnight, Cell
31:355-365 (1982)); the SV40 early promoter (Benoist et al.,
Nature (London) 290:304-310(1981)); the vyeast gal4 gene

sequence promoter (Johnston et al., Proc. Natl. Acad. Sci.




20 conditioned nmediumcontaining [3H thymdine (Arersham 10 pG/ml) is
added to the cells and stinulation is continued for another 48 hours. Cells
are washelOMBHMROPBS and trypsinized and the incorporated raBlCDuS/ATBOY | s
determned by liquid scintillation counting. The activity of truncated VRP
is 25 conpared to the activity of non-tr ated VRP.

| nanot her al t ernati venet hod, bovi necapil |l ary endothelial (BCE) cells are

seeded in -wel. |- plal 0) j nf.l,uen i L mal sentdal
e (MARAL YRR S TS HLL BprEenefeds, RALTP ptaserdal.
30 MEM suppsrmested onilt-5o3% f@td4)0al f serum for 72 hours, after which
conditioned mediumdiluted into serumfree nediumis added to the cell séj%r}ld

the cells are SEPRILALQTf L 28ukaaYet {3 HPRY Ay disdi FR F52FREl Fdedt 08 97

the last gnieHr Seéodds StHdulAliaN fbtBldnihe. Cebls aheswasdgdomi t hi B s
and |l ysed WD 98/49300PCT/ US98/ 07801 55 with NaOH, and i ncorporated

radi odct i prefeisbdet etai remisbye | ithat sdient ilinkagm dmimdarny. Fhe eakainyotyic

ft ted VRP | d to that of nop-t ted V. i ' |,ast
o ot h 1 SREOROCBTFGER Moy Bt TRBIPREe P RAH: EreRS S ohi 1ol TAro8 MRPodem &

activity, fandtisyaal sedieatsek ttheeasay edoks peiterddrtaig aalyi intyreafening
truncated VRP activity. Exanple 6: gsr}gi ogenic Activity O Truncated VRPS
The angi o§eAPBSadilt 25 SeBabaRcOL QRCYHRLYSt 8r RSTEH AR hy- §- variv&ly

of in vi W@%@%@%&O%@%MSegdgﬁgh%df@% dechbe ghi ck f@%ée%hggtfoiac

u
menbr ane assay, the corneal pouch assay 1n rabbits, rats, or mce, t
mat rilgel fuphant pasgain n(hf ceéhet PG abbdonedrs ciranbbe aE®iogeasdisgafyame

t he hanster eek pouch a t he. Hunt - Schi | | ing chanper nodel. .and 15 . .t.he
rat spong®Si ﬁgﬁaﬁrpur?& e.dséa%%rc (g%’%? ﬁ@f‘l"ﬁ‘g&get)o%d:ss%ggr?lﬂg—fsg%ﬁgt i ageton
new bl ood(yessels have bsgpndessrinkad iR thee | idelat veadamd; aFeagensisererk
to be within the scope of this invention. A preferred nethod for

denonst r at FHgceRedaNGFogOR O REIIVFEY- of truncated VRPs is the rabbit
corneal pouch @sseyunltOcbll SyRPSAfuclayax dE1Y M dh iyl Aol alf) Iy

pel l ets containing approxi mately ng of the gromh factor and " a
constldnt aimiket @rarediddr meyubealimtmodwasedainter a sreojppaahedpirotkaryotic

.surgical incision in the cornea .as described in nore.25 detail in Phill]
and Kni ghPdn, ©WahYC REp. , ?,lté‘?f- 53§ TQQ%?H’Efﬂg?SﬁElB‘P a{m},\ J.oﬂaﬁb&%
Canc. | Nnsgeo182udd3- 2¢hitB74makli sadchBroCheNatl . 1A6adr SkiolddvA 83:63855hske

1986). Gowth factor-induced vascul ari zation of _the cornea is then observed
over a pePrefieshbdyneeks closidquanvrLenityec el Yar s Ml ssi bf EnGpt Fuch

e Ao 1L P WS WSl 00 Sl Srsetteacne
Ther 20y UskpgesEiovmcateel VMRPS gene may occur through the transient
expression of the introduced sequence. Alternatively, permanent
expression may occur through the integration of the introduced

DNA sequence into the host chromosome.
A vector may be employed'which is capable of integrating
25 the desired gene sequences into the host cell chromosome. Cells
which have stably integrated the introduced DNA into their
chromosomes can be selected by also introducing one or more
markers which allow for selection of host cells which contain
the expression vector. The marker may provide for prototrophy
30 to an auxotrophic host, biocide resistance, e.g., antibiotics,
or heavy metals, such as copper, or the 1like. The selectable
marker gene sequence can either be directly linked to the DNA
gene sequences to be expressed, or introduced into the same

cell by co-transfection. Additional elements may also be



Truncated VRPs are used for gene-transfer-nediated

angi ogenesi st her apyasdescri bed, f orexanpl e,in 5 PCT/ US96/ 02631, publi shed
Sept enber W& 28M48¥8 as W96/ 26742, hereby incorporated by refR¢EHEW/H&ein in
its entirety. Adenoviral Constructs 10

hel peri ndependentreplicati ondefi ci ent human adenovirus 5 system may be used
for gene-transfer. A nucleic acid nolecule coding for a. truncated VRP :
subunit npYedeqcleyredohpt h i nker, f <P 1 L CGWRBLBA (W ¢ .
contains the CW 15 pcr)%?r%?g? :sn}g%s%%%{%oloyf;dgﬁb?g?} (C)En Sl gng:l.lgﬁl\g{rykegrgf/em
partial auRNAvi r AiherRuedemenftsomani dnctlhvsdel| ppandeElsB gyenlss, (essavellal as
for viral_r j I have been deleted. This plagmd is.co-transferre

(11 pof ect FEES-EEFRLS8Y BYPudEREn’ o) ShRfacTiEy TAREN CoRtafRGiPRe shenpes-
human adefDNA I &d xpor &8s Peno e it é Hs ani velslrbboadling. 3skbhi neBeheABKI NONBIYEE

too | sr ge to be encapsi dat ed. Honol ogous rescue reconbination results in
adenovi r afPQeRt P ECELREE Ry n§kevamgraMadat Gelhe BiRbncd: 3BOEIAPR3R.

sequences. Al thQUJh thess, ophl.nant.s nERA hGat i [ ”PFE%‘I
cells, they can pr ogagatec{eﬁleggbggg%elﬁfdmﬁgﬁgﬁg\}% b%%rﬁ Héans or %@P‘%}}‘f"ﬂ
E1A/ E1B aintprowi dedlasmsd essent valragenevecbduct ssapaliYans ofTr amsf ecdredus

cells are itored for evidence.of. cytopathic fect .which,ysual ly. occur
10- 14 day“éérD %ar‘tf?rénépecjfk?%n.re’f(}gl&é’%‘tﬁ? SSucc ¥quré3co‘f‘rbfLiﬁaﬁ’ta§'},/let,te‘1I°§

super nat apgcf 60 phates pehowmgn dy st opathi a3k ef feghoks. treatwa-ptd  of
proteinase K (50 ng/nml with 0.5% sodi um dodecyl sulfate and 20 nM EDTA) at
56C £8r GURRRERRES pRendtlechipfofdr Redticadicad Rhdseidar®t Fheelpi veckdr
Successf uf , & £¢QaDbI t : [ | Tl ed;w P | N iners .

(61 of cahn Bies 5 5o 77 S oS R b e L e Bl e e i, dyft | Bitain che
98/ 49300PE¢ t14598/mBABO0 DS 7 rprronmtieredandn8V46epekyadenykaini obhssqueneespiént
anplify th runéat gddVRP subuni t npucl Ei c acid i.nse}gt and priners )

(Bi ot echnfqued 18*888S P2 DOl fP/NTRER g 8 ' THcont AnPEpPgFp Ak yopies of
adenovi r th S eqUene es whIeCasss Wie § ££0aDIRANY Soi PENCET 8r ShBRAUE I jifd e r
twice. Viral stocks are propagated in 293 cells to titers rangi ng between
10101&nd i1ds viiealrphtei cbedbe ardarte plshetedeby thsubestesChefririenost
centrifu i i ) .qystem used to generate reconbi nant
adenovi rgééeisi)?rrcg%sg%ftfagﬁgégi ﬁég?ilriﬁgt' of 5kb for transgene inserts. The 10
truncated VRP Resmfsrredi werkdrydtie: ChlWaphdrizt einabddwei t EdheeR¥4Ple, BPV,
pol yadenyl ati pn. sequ s are well wthin the packagi , ,
const r ai n{3S RELbhmi ngﬂg&/ep@(ﬂ“&c&f’é‘ plcdq{fél?)uri?fléd Eggst dndgrd or their
procedur esedheat £5ekd 1 | BAcH Ala BHPT $rar GeD10NaEAIEdi @NtB3 68! | B8dOstein
titers in the 1010-1012viral 15 particles range.Cells are infected at 80%
conf Plenc®t afd - harMdsamnbd Wt 136- 4gmpeurk? M 6er27 4 62821 haBroadles e "The

ceIIuIarb&i@pé@l' BII tgﬂ t.andar e i i and the visru

further purl%l edA%y ggulbg Cgélscélraegdlgggtsgu%%%%%%?%*?gﬁat’i gt eclig Sflltei n%%%s

1. 33/ 1. ASInIsHi aracke 'ent ; Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY, p. 445-470 (1981); Broach, Cell 28:203-204 (1982);
Bollon et al., J. Clin. Hematol. Oncol. 10:39-48 (1980);

25 Maniatis, In: Cell Biology: A Comprehensive Treatise, Vol. 3,
Gene Sequence Expression, Academic Press, NY, pp- 563-

608 (1980) .
Once the vector or nucleic acid molecule containing the
construct (s) has been prepared for expression, the DNA
30 cbnstruct(s) may be introduced into an appropriate host cell by
any of a variety of suitable means, i.e., transformation,
transfection, conjugation, protoplast fusion, electroporation,
particle gun technology, lipofection, calcium phosphate

precipitation, direct 'microinjection, DEAE-dextran



20 cesiumprepared in 5 MM Tris, 1 nM EDTA (pH 7.8); 90,000 x g (2 hr),
105,000 x g (18 hr)). Prior to in vivo injection, the viral stocks are
desal t ed WP 9§a8b30pi | t rati on t hrough Sepharose col ums such ascrA$vspesdiadex.
The resulting viral stock has a final viral titer approximately in the
1010- 1012 viral particles 25 range. The adénoviral construct shoul d thus be
highly purified, wwth no wild-type (potentially replicative) virus. Porcine
| schem a e . Angi ogenesi.s left thoracotony i erformed on
donestic %%séfggéhé%o Uit A]th]é?I I eﬁ%ndﬁ‘?sitonsef‘fs%%)c?hg?r Jheheadi ofer
(Harmmond, t einstectihi Bfl MecdryO2i 2644152 11:993) wiket b1 £4mad - plia FdPies
| nvest. 91:939-49, 1993). Catheters are placed in the left atrium and
aorta, provilli fde PN t eeddastiveeregi oRlFeBl oblef | bvk raddct sononpforthe
pressure ILes . Sk e e .98/.49 L US9 . .
atrium té’epégrérf't @E{E’:%l?g%g?d%ﬁgrlastnrd}gﬁ%r?%?w}é\gé%ngé .§ |§§{Ly§ glr?%é?r%rl’oi ich
const bi ctsmldaner dod) ,the mgtralvthi ngf | mektdirrgomt admema) dcslibst arxegression
pl aced arg ng the proximal left circynflex coropnary artery (LCx) (Hanmond
et al. J.°TOIRE BOPRJedenyomosgFy: ?((5399’3?5“? APt e]r“at?teabPEOEiBéFéQ%fOf
i schem a Wawetopsd VR biealriRMer HUPhELEBFYETHAR adanovhikal ptarst Nyclthe
that includes a truncated VRP gene driven by a CW pronoter. Eontrol

ani mal s reENSACHRR €edhsf @5 WUdh anobdérdvionwdnge g r ibduchaen odl udesse

reporter l.acZ, ! pr r. udi.es ar.e.
initiat ed;ga?g@3+ 3@%aydsld€1 %g&g%%?%gﬂg%gceﬁ%%ﬁkﬁgf abtyi rréa%vﬂ%élnlscoﬁ S alof
vesskd dévmdnogueon yanac phci bg- | nduecedldysbmact icen 1ar e oxt ahdre: ( Rotke) et ala
Am J Physiol, 253:1-11279- 1288, 1987, and Roth, et al. Circulation

82: 1778- §RL19%Y cilGHHRAR IR s RRALUEPRAdERR n RE sIVFRA arfeP prieagur dshe

fromthe dgftivens#i che EkgkenkeﬁkﬁgdﬂﬂgﬁfL%ﬂeaﬁgséobkéfeQQ%d conditions
el ectrocardiogramare recorded in digital format on-line (at rest and

during atagealt i BEh 200mbpnphyFheldiorerdi eealdidricerd node i nages are
obt ai ned usin e Packard ul trasqu 20 i Ing system | mages ar
obt ai ned fromgpal%rdl_]% l%}ér as%gr nalt%aeppr osgtc%dla? thgg%ﬁgﬁﬁ%?fllgﬁl’y m%?éT e e
| evel Sanchaemgdechad YYS t ape. ldmgasl ey e treeryfird Mt ho@ni &Rl s pgrap biassd
state and ain, duri ng right atrial pacing (HR=200 bpm . These studies are
per f or necFeglg]e ﬂla'i‘;e pFLGR £ FEHEREYARSF ePXRAG SEERBatF U + 98Ch @gy PTER%br .

Rat e- pr esgirgn PERAEEES 2Rd defdeAldhal Eb%.sscweestan?&éfieé?wﬁipmgogrygéba%@
groups before and after gene transftfer, i1 ndicating simlar nyocardi oxygen
demands @® kokdinag cbadi thess. Eoirordr dindgr aphec mehsipéaent sbomieg negiete .

usi ng st r di riteria (Sahn, et al.. Grculatiqgn 58:1072, 30
15785 End it SRPEEREI PR Rrenoes CRpNA ahd FEAT ST of ETRAT t APERNERS
(ESWTh) arree rreasan edy t oneyaleoniruBu@isniiaais el py et ageddrereemigmd level

t hi ckenin 9Mh) is cal cul ated [ (EDWh- ESWI'h)l/ EDWh] X 100. Dat a shoul d be
of desired DNA molecules in a variety of

anal yzed 4@ iption

mammalian cells. In addition, these vectors contain genes for

the selection of cells that stably express the DNA molecule of

interest. The selectable marker in the pCEP4 vector encodes an

25 enzyme that confers resistance to hygromycin, a metabolic

inhibitor that is added to the culture to kill the
nontransfected cells.

Cells that have stably incorporated the transfected DNA

will be identified by their resistance to selection media, as

30 described above, and clonal cell lines will be produced by

expansion of resistant colonies. The expression of the

truncated VRPs DNA by these cell 1lines will be assessed by

solution hybridization and Northern blot analysis.



know edge of which gene the animals had received. To WO

98/ 49300PCT/ US98/ 07801 59 denonstrate reproducibility of echQcardi ographic
measur eneWOI8/4@90 mal s shoul d be i naged on two consecutive deyEUSSNIMING

hi gh correlation (r2=0.90; p=0.005). 35 + 3 days after aneroid pl acenent,
wel | after ameroid 5 closure, but bef ore38ene transfer, contrast

echocar di ographi ¢ studies are perfornmed using the contrast materi al )
(Levovi st whi.chL j:s; L1y et ed Lt o e Lef tyatrium durigg gtrial pacing (200
bprn) . St udtes e Feat-et 14 days—after—gene et . Peak contrast
intensity is ressuskeflettomft hehivs deavidtimagess usiongppoeddputennkased WEREeO
anal ysis program (Col or Vue 11, Nova M.crosonics, _Indianapolis, Indiana),

that provi'ded gﬁ’l‘?aélﬂ]aé’@c‘%tv‘&arﬂea‘éai’“@oéflt\}iod’eos?h{:éh%?_tyf.oq'h h@éﬁPP&&i%tWeS
are anal yed, wi tiiputodanow] of MBI chngeReibhe FJElddave receiyed. for
15At conpletion of the study, aninmals are anesthetized and mdline

t hor a% ot erhimperdtommed. ahel bgecbygiephadn ¢ ar tepayieésti sbyat edimimichmting a

i nserted,_,and ot her great ssel.s ligated, T nimal s receiye intravenpus
hopar | n (IO TCE pabSCEHINE (HOPT0S . Pot Aaur ERPERPEAEAY AMp R LTS
i nduce 2@oipasitirnsd Lardirmcaveédeskp.and the aorta cross-clanped. Saline is
delivered through the brachycephalic_artery cannula (120 nmHg pressure),

t hereby perfudithg" therappghacplamt 2 fE’Ct &t ARARRhydé SsdPled R onape. amognt
0.1 M cacggdy. ffar ( : S pLot t.l1s
wel | fi x%gd(z’{lg%&%g&i gm}“r}b%%Tﬁ’g‘r%e{g‘?‘?si égtghe@r?gr%rfﬁ}eg{’g%ﬁgggggg F’ eénétu i
usi nO coleopaduidad: dyelSor ngrempdeantier agrfadesnide otighat kid sleefste ant etissrder,
descending (LAD),. left circunfl.ex (L ,and_right coronary arteries. The
armorond 1S HEm e AR | P EPosEPEeeRnmr B HHREn TIORR & néFor (] 1oL
per f used symptcuENestc 11891 ans R 38rdiyisieddépt 0 4du r detatthd h€o normal,
endocardi al and epicardial thirds are plastic-inbedded. Mcroscopic
anal ysi s ei¢hQranPpricaialdapi PrarsomRhdeelys comdetPeadasapr e9r odsigchemical
descri bed, iey- t al. si.ql tﬁgg: 990) . 4 F
1.Imthi %I?Ijt\é?&aér?se\%r s%ééégé%?%%g gr%e ctagrf:‘;éarg\t Jr?%()mogac suﬁ%gérﬁfé %g‘ndjolcsgégd‘? éurrﬁ
WO 983 49 30PCTE IS99 8107 8fle 6peanilcapilyartieat ok gathieryi an) andan amount

poi nt-counting is used to determ ne capillary rﬁﬂ&)er r fiber. nunher ratio
Dy 200X [ERSHah Droe TRERH e Qg KEvson 1P JORLRTt | BRGCRAE Woun et
per subsamalre. 't fﬂr!cf}’_)ég%Ch_n{&gé Of’préﬁé‘kébaw Il'é_@%er tham fidem el more
rati ons should be simlar in endocardi umand epicardiumso the 40-50 field

per regi GFedfirsiatd el esereyed tomgr &di-ddheheamewnt nbf acosppiundaderands e

nunber ratio. . TO bl j at L I eqi,o f i and bl ood
flowr esgllthte £%th tsrlaznes’gg%é&leé(%$£as§slgo%,slsg%ﬂ?g\aer%gi @Wﬁ%f%ﬁﬁ@'
20 The optimal formulation and mode of administration of

compounds of the present application to a patient depend on

factors known in the art such as the particular disease or

disorder, the desired effect, and the type of patient. While

the compounds will typically be used to treat human patients,

25 they may also be used to treat similar or identical diseases in

other vertebrates such as other primates, farm animals such as

swine, cattle and poultry, and sports animals and pets such as
horses, dogs and cats.

Preferably, the therapeutically effective amount is

30 provided as a pharmaceutical composition. A pharmacological

agent or composition refers to an agent or composition in a

form suitable for administration into a multicellular organism

such as a human. Suitable forms, in part, depend upon the use

~or the route of entry, for example oral, transdermal, or by



10 used to detect transgenic truncated VRP DNA and nRNA in myocardi um from
ani mal s that have received truncated VRP gene transfer. Using a sense

primer towoh8/4eM0 pronot er [ GCAGAGCTCGTTTAGTGAAC] [ SEQ | . D.pdN@usospsorand an
antisense priner to the internal truncated VRP subunit sequence, PCRis 15
used to anplify the expected 500 bp fragd@nt. Using a sense primer to the
begi nning of the truncated VRP subunit sequence, and an antisense priner to

the inter,nal truncated VRP_sequence, -P is.used to amplify the expected
400 b {ries o BdRT et At LTI S baas i Poe ColERI e Vi
20 truncaieftVRR exdr@ssi eelnBywher defoRsle at 88548 heurs as Widsast 14n L

days after gene transfer in cells and nyocardiumfrom animal s that have
recei ved ¢9bHetr DPER 8Tt AincailddingRP gepe. exampdepmphairaiacfiagical

into the #ﬂﬁgo t he tary rppnagy t het v okl ssil e
to tar getEJ e geég ef?%@é?\glgf%a%\hgﬁ% ex-‘le\clagr ed |nt§%i rs]:?lrrcg(gnéneflcgfﬁge‘?leIo":'g’hoélul[bd

be no5trdresgeatubipr essdonern flaepatrocysdes, kaodnviial tRNA sftoul dndotindM@de

98/ 49300PCT/ US98/ 07801 61 b%found in the urine at any tjinme after

i nt racor SRS IRTRCIP0NH. SUCh 3B, BR¥IGRTYF AHe LORES ubplch, PRevent the

cont ai ni ngyAaROW r 18ddpys i Bl oRaELbRl ekt iAdeNRY YHeds, performed by
injecting 2.0 mM 5 into both the Ieft and right coronary arteries

(collateral fIT¥toctpémedx ENRPPar@RS t oceBne allsom Bet h fesmellered as
Ani mal t \ terd al ired.vi he, right
caroti o By o4Th ARRACENE RAREST N Y B e Nk o P

(A2)1@or anatAocaicheipdrexess ushe red fengagehd fieadéueDEONBYY Bddait £51e CRSHEL
of the LCx aneroid is confirmed by contrast injection into the left main

cor onary 2% el HOX 1Cat RELES tRp i'e h&PARCER M ¥n @it hvhifhe BRe¥ride
| unen so Jfatn M vd @k . MepgEi @Ee'p%_rlaé%%.tont Q)fﬁ he, dH ﬁé%ﬁp@é hégfl_t %a@'ig]_.'é.'%% ecethe

injection. This procedure is carried out for eac t he pigs.
gene tramfeamacokegierhed, ushr ee byt r atalgisassing e utkd t opbyisdlgkilsithemical

successful,__incarporation and expression of. t.he gene., (1) Sonme _construct
may i ncl u% earaaC&e%glr%aéeer%eng (I 5?’?) PR o i u"ﬁ%??é‘#t hBIPEPBVARE b
i s shipl eshmppokl 4 IBRINGRLAL té e Bn@erfer niey d Do DoqDEa L ate e pr esRe 1&fs

20 truncated VRP and (3) PCR is used to detect truncated VRP. nRNA and DNA.
The regi GHal "EBAELacti T F1HRAT oA RRY DHE A nBIOBREHIE SShbiFt ae domamsing
pi gs showi shdid fhgdsgiae @b Ff%@iqgfﬂéwc@xdar‘f’é’rﬁﬁ?@§éiOQdfn'i’n’iLQ%r'a%@.%‘ﬁma%d
region before and 14 + 1 days after 25 gene transfer. In .contrast, pigs

recei vi ngnangasirey gbre solansikitghawl df ahioli bt ¢ ncheasadminivattation of

t hi ckening i.n the ischenc.regio ri aci ng, denonstrating that
truncate q\ﬂ:?lgrsu IR hehet oP ngfegglenggb‘gm dance with the invention is

assozd at ed wi tﬁhémmﬂi@@nlyacéé@é\?t@blée sSCEeMihdBHON a3 JulEideg tion
paci ng. Wall thickening in the normally perfused region (the _
i nt er ventSdldiA ar S8€Ht unPSshoth@Sde T 10T ng Spddiats -and hydarcadoad dsy

gene transffy, p rea } cti ure ransthqraci c
echocar di?%lgr fpmay-%%'hoﬁ%n ve(%S/ aéﬁ%rga?“f"?%' t hga%)g?gght agggﬁgtéﬁéastgq%e%gﬁ’ed
by 62 sdrgtaregnet ry tdurtinageat ri al mpatiang siud foha tsgme nodehapHamidac,a tet,

achooar ARSGAIF oA RES oval (AT FORUBRFSLERRT Eay st uREELBREKy ul fonate,
ysf ufR&Fi-onsxY

25 cyclohexylsulfamate and quinate. Pharmaceutically acceptable
salts can be obtained from acids such as hydrochloric acid,
sulfuric acid, phosphoric acid, sulfonic acid, sulfamic acid,
acetic acid, citric acid, lactic acid, tartaric acid, malonic
acid, methanesulfonic acid, ethanesulfonic acid,

30 benzenesulfonic acid, p-toluenesulfonic ‘acid,
cyclcohexylsulfonic acid, cyclohexylsulfamic acid, and quinic
acid. Such salts may be prepared by, for example, reacting the
free acid or base forms of the product with one or more

equivalents of the appropriate base or acid in a solvent or



WD 98/ 49300PCT/ US98/ 07801 63 Sequence Listing (1) GENERAL | NFORVATI ON: 5(i)
APPLI CANT: Col | ateral Therapeutics (ii) TITLE OF | NVENTI ON: TRUNCATED

VEGF- RELWKESS/PRTEI NS (iii) NUMBER OF SEQUENCES: 41 10 (i v) PCORRESFSNDENCE -
ADDRESS: 15 20 (A) ADDRESSEE: (B) STREET: (C) CITY: (D) STATE: (E) COUNTRY:
(F) zZIP: (v) COMPUTER READABLE FORM Lyo4rP & Lyon 633 West Fifth Street
Suite 4700 Los Angeles California U S.A 90 07 1-20 66 (A) MED UM TYPE: 3. 5"

[]Skettemeéiﬁﬁ y% which the salt is insoluble, or in a solvent such as

water which is then removed in vacuo or by freeze-drying or by
exchanging the ions of an existing salt for another ion on a
suitable ion exchange resin.

5 Carriers or excipients can also be used to facilitate
administration of the compound.' Examples of carriers and
excipients include <calcium carbonate, calcium phosphate,
various sugars such as lactose, glucose, or sucrose, or types
of starch, cellulose derivatives, gelatin, vegetable oils,

10 polyethylene glycols and physiologically compatible solvents.
The compositions or pharmaceutical composition can Dbe
administered by different routes including intravenously,
intraperitoneal, subcutaneous, and intramuscular, orally,
topically, or transmucosally.

15 The desired isotonicity may be accomplished using sodium
chloride or other pharmaceutically acceptable agents such as
dextrose, Dboric acid, sodium tartrate, ©propylene glycol,
polyols (such as mannitol and sorbitol), or other inorganic or
organic solutes. Sodium chloride is preferred particularly for

20 Dbuffers containing sodium ions.

The compounds of the invention can be formulated for a
variety of modes of administration, including systemic and
topical or localized administration. Techniques and
formulations generally may be found in Remington's

25 Pharmaceutical Sciences, 18th Edition, Mack Publishing Co.,
Easton, PA, 1990. See also Wang, Y.J. and Hanson, M.A.
"Parenteral Formulations of Proteins and Peptides: Stability

and Stabilizers," Journal of Parenteral Science and Technology,

Technical Report No. 10, Supp. 42:2S (1988). A suitable

30 administration format may best be determined by a medical
practitioner for each patient individually.

For systemic administration, injection is preferred, e.g.,

intramuscular, intravenous, intraperitoneal, subcutaneous,

intrathecal, or intracerebroventricular. For injection, the



storage 25(B) COVPUTER: | BM Conpati bl e (C) OPERATI NG SYSTEM | BM P. C. DOS 5. 0
(D) SOFTWARE: Fast SEQ for Wndows 2.0 30(vi) CURRENT APPLICATI ON DATA: (A)

APPL| CATIVON 9BI4pBBR: (B) FI LI NG DATE: (C) CLASSI FI CATI ON: 35 dviiéos/o7hd OR
APPLI CATI ON DATA: (A) APPLI CATI ON NUVBER: 40(B) FI'LI NG

DATE: 08/842,984 April 25, 1997 (viii) AFTORNEY/ AGENT | NFORVATI ON: 45( A)
NAME: War burg, Richard J. (B) REG STRATI ON NUMBER: 32, 327 (C)

(
e PR MM, 22y 00 S0 L TEEDMM ST N LIEGRITL Y
(O TELE&:@E&&&)B&&thyNEGBUBIbQNl@G%oﬂ%Qdﬁ)l@b&ffé}:)s SEQHENGE Hank' s
CHARACTE@G%QéE%n or Ringer's solution. Alternatively, the compounds of
the invention are formulated in one or more excipients (e.gq.,
5 propylene glycol) that are generally accepted as safe as
defined by USP standards. They can, for example, be suspended
in an inert o0il, suitably a vegetable o0il such as sesame,
peanut, olive o0il, or other acceptable carrier. Preferably,
they are suspended in an aqueous carrier, for example, in an
10 isotonic buffer solution at a pH of about 5.6 to 7.4. These
compositions may be sterilized by conventional sterilization
techniques, or may be sterile filtered. The compositions may
contain pharmaceutically acceptable auxiliary substances as
required to approximate physiological conditions, such as pH
15 buffering agents. Useful buffers include for example, sodium
acetate/acetic acid buffers. A form of repository or "depot"
slow release preparation may be used so that therapeutically
effective amounts of the preparation are delivered into the
bloodstream over many hours or days following transdermal
20 injection or delivery. In addition, the compounds may be
formulated in solid form and redissolved or suspended
immediately prior to use. Lyophilized forms are also included.
Systemic administration can also be by transmucosal or
transdermal means, or the molecules can be administered orally.
25 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, bile
salts and fusidic acid derivatives. In addition, detergents
30 may  Dbe used to facilitate permeation. Transmucosal
administration may be, for example, through nasal sprays or
using suppositories. For oral administration, the molecules
are formulated into conventional oral administration dosage

forms such as capsules, tablets, and liquid preparations.



60(A) LENGIH 188 amino acids 64 (B) TYPE amno acid (D) TOPOLOGY:Ii near
(ii) MOLECULE TYPE: Protein 5 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 1: Met
Ser Pro wQ98/ee08\rg Arg Leu Leu Leu Val Ala Leu Leu G n Lewctafssd0m61 Al a
Arg Thr Gn Ala Pro Val Ser Gn Phe Asp Gy Pro Ser Hs Gn 202530 15Lys
Lys Val Vval Pro Trp Ile Asp Val Tyr Thr %@g Ala Thr- Cys G n 354045 Pro Arg
Gu val Vval val Pro Leu Ser Met Qu Leu Met Ay Asn Val 505560 20 Val Lys -

G0 e o e Ser Qe Ve YPGB /5 G 0 300300 1315
Met G n ke Lfnridlatéed® CheoTygirfinerSes, Sealtes, LeteXd )y 300H¥%ehid3 3043 uj Met
Ser Leu u GQu Hs Ser Gn Cys Au Cys Arg Pro Lys Lys
generally known in the art. .
If desired, solutions of the above compositions may be
5 thickened with a thickening agent such as methyl cellulose.
They may be prepared in emulsified form, either water in oil or
oil in water. Any Iof a wide variety of pharmaceutically
acceptable emulsifying agents may be employed including, for
example, acacia powder, a non-ionic surfactant (such as a
10 Tween), or an ionic surfactant (such as alkali polyether
alcohol sulfates or sulfonates, e.g., a Triton).
Compositions useful in the invention are prepared by
mixing the ingredients following generally accepted procedures.
For example, the selected components may be simply mixed in a
15 blender or other standard device to produce a concentrated
mixture which may then be adjusted to the final concentration
and viscosity by the addition of water or thickening agent and
possibly a buffer to control pH or an additional solute to
control tonicity.
20 The amounts of various compounds of this invention to be
administered <can be determined by standard ©procedures.

Generally, a therapeutically effective amount is between about

1l nmole and 3 pumole of the molecule, preferably between about

10 nmole and 1 pmole depending on the age and size of the

25 patient, and the disease or disorder associated with the

patient. Generally, it is an amount between about 0.1 and 50
mg/kg, preferably 1 and 20 mg/kg of the animal to be treated.

For use by the physician, the compositions will be

provided 1in dosage unit form containing an amount of a

30 truncated VRP, VRP polypeptide, or VRP subunit.

Gene Therapy

A truncated VRP or 1its genetic sequences will also be

useful in gene therapy (reviewed in Miller, Nature 357:455-460



115120125 Lys Qu Ser Ala Val Lys Pro Asp Ser Pro Arg Ile Leu Cys Pro Pro
130135140 35 Cys Thr Gn Arg Arg Gn Arg Pro Asp Pro Arg Thr Cys Arg Cys
Arg 1451503664960 Cys Arg Arg Arg Arg Phe Leu His Cys G n Apciussiehsorleu
G u Leu 40165170175 Asn Pro Asp Thr Cys Arg Cys Arg Lys Pro Arg Lys 180185
45(2) I NFORVATION FOR SEQ ID NO 2: (i) EQUENCE CHARACTERI STICS: (A)
LENGTH: 206 am no acids 50(B) TYPE: am no acid (D) TCPCLOGY linear (ii)
MOLECULE TYPE: Protein 55(xi) SEQUENCE DESCRI PT1 ON. SEQ 1D NO 2: Mt Ser
Pro Leu K&B2Ar¢-Arg EHiRt LeGaAes AHd%u EgvaéFﬁSUaP%EﬂO15e86AFSdPr&n

Ala G | Al a 30
08/ 49380@4&? cagar 878%51:@881’18%0 A8 AlRufEl Cgehts QHes&gy30 thR  have

demonstrated positive initial results. The basic science of

gene therapy 1is described in Mulligan, Science 260:926-931

5 (1993). One example of gene therapy is presented in Example 7,
which describes the use of adenovirus-mediated gene therapy.

As another example, an expression vector containing the
truncated VRP coding sequence may be inserted into cells, the
cells are grown in vitro and then injected or infused in large

10 numbers into patients.. In another example, a DNA segment
containing a promoter of choice (for example a sErong promoter)
is transferred into cells containing an endogenous truncated
VRP in such a manner that the promoter segment enhances
expression of the endogenous truncated VRP gene (for example,

15 the promoter segment is transferred to the cell such that it
becomes directly linked to the endogenous truncated VRP gene).

The gene therapy may involve the use of an adenovirus
vector including a nucleotide sequence coding for a truncated
VRP subunit, or a naked nucleic acid molecule coding for a

20 truncated VRP subunit. Alternatively, engineered cells
containing a nucleic acid molecule coding for a truncated VRP
subunit may be injected. Example 7 illustrates a method of .
gene therapy using an adenovirus vector to provide angiogenesis
therapy.

25 Expression vectors derived from viruses such as
retroviruses, vaccinia vifus, adenovirus, adeno-associated
virus, herpes viruses, several RNA viruses, or bovine papilloma
virus, may be used for delivery of nucleotide sequences (e.g.,
cDNA) encoding recombinant truncated VRP subunit into the

30 targeted cell population. Methods which are well known to

those skilled in the art can be used to construct recombinant

viral vectors containing coding sequences. See, for example,

the techniques described in Maniatis et al., Molecular Cloning:

A Laboratory Manual, Cold Spring Harbor Laboratory, N.Y.




Arg Lys Val Val Ser Trp Ile Asp Val Tyr Thr Arg Ala Thr Cys G n 354045 5Pro
Arg Gu Vval Vval Vval Pro Leu Thr Val Qu Leu Met dy Thr Val 505560 Al a Lys
G n Leu WO ®Brs9308er Cys Val Thr Val Gn Arg Cys Ay Ay 65pTasdseyse1 Cys
Pro Asp Asp Ay Leu Gu Cys Val Pro Thr Ay G n Hs Gn 859095 Val Arg Met
Gnlle Leu Met Ile Arg Tyr Pro Ser Ser & n Leu Gy 15100105110 G u Met Ser
Leu Qu Gu Hs Ser Gn Cys Au Cys Arg Pro Lys Lys 115120125 20Asp Ser Ala

Val Lys Pr p Arg.Al.a H.s Hi Ar" rq 130135140, G ro Ar
Ser Val r]g)%s)y %d é&‘fs‘ﬂl’%l Pfag ay Al RSef - Malseyula?
Asp lle Blrol%fﬁ{ FProrébhePrmul st 9g Grs scd a%eds Ahad Hing 166p17AE 2 sAiandled
Pro Ser Ser Ala Leu Thr Pro Ay Pro Ala Ala Ala 30180185190 Ala Al a

Asp Ala N-&-A bl H&9) SerA%IerAlaéilIY?éYG f@%‘%%%%(@?lﬁl\lp@kﬁﬁ?ll%
FOR SEQ e@:c!gcaln?’g &3' ot gJEgggug%@As’crgﬂlSTﬂ&Sused as naked DNA or in

5 reconstituted system e.g., liposomes or other lipid systems for
delivery to target cells (See e.g., Felgner et al., Nature
337:387-8, 1989). Several other methods for the direct
transfer of plasmid DNA into cells exist for use in human gene
therapy and involve targeting the DNA to receptors on cells by

10 complexing the plasmid DNA to proteins. See, Miller, Nature-
357:455-60, 1992.

In its simplest form, gene transfer can be performed by

simply injecting minute amounts of DNA into the nucleus of a

cell, through a process of microinjection. Capecchi MR, Cell

15 22:479-88 (1980). Once recombinant genes are introduced into a

cell, ﬁhey can be recognized by the cells normal mechanisms for

transcription and translation, and a gene product will be

expressed. Other methods have also been attempted for
introducing DNA into larger numbers of cells. These methods
20 include: transfection, wherein DNA is precipitated with

calcium phosphate and taken into cells by pinocytosis (Chen C.

and Okayama H, Mol. Cell Biol. 7:2745-52 (1987));

electroporation, wherein cells are exposed to large voltage

pulses to introduce holes into the membrane (Chu G. et al.,

25 Nucleic Acids Res., 15:1311-26 (1987)); lipofection/liposome

fusion, wherein DNA is packaged into lipophilic vesicles which

fuse with a target cell (Felgner PL., et .al., Proc. Natl.

Acad. Sci. USA. 84:7413-7 (1987)); and particle bombardment

using DNA bound to small projectiles (Yang NS. et al., Proc.

30 Natl. Acad. Sci. 87:9568-72 (1990)). Another method for

introducing DNA into cells is to couple the DNA to chemically
modified proteins.

"It has also been shown that adenovirus proteins are

capable of destabilizing endosomes and enhancing the uptake of



(A) LENGTH: 419 amino acids (B) TYPE:am no acid (D) TOPOLOGY:linear (i)
MOLECULE TYPE: Protein (xi) SEQUENCE DESCRI PTION: SEQ | D NO 3:|th H s Leu
Leu Ay R er Val Ala Cys Ser Leu Leu Ala Ala 50151015 Ala Leu Leu
Pro Gy B?@gg’?%"é uAaPoAaAaAaAaAa Phe 202530 ESHIP&IRIG y
Leu Asp Leu Ser Asp Ala GQu Pro Asp Ala gy G u Al a 354045 Thr Ala Tyr Al a
Ser Lys Asp Leu Qu GQu Gn Leu Arg Ser Val Ser 505560 Ser Val Asp Qu Leu
Met Thr Val Leu Tyr Pro Qu Tyr Trp Lys Met 65707580 66 Tyr Lys Cys G n
Leu Arg D& GiptQ yc@ipsG n Hlse Assdmtigt Gre Gfi 8696096vHALa Ase Lewl dshoser
Arg Thr Qu _G.u.Thr L Ala Ala Ala 100105110 10H s ‘'Tyr Asn Thr du
e Leu CPRtE&dPING '&é}g ﬁ\éﬁlpéleﬁ"eﬁ'p XF g s R8P 29 FrnPNRy Fooro ety piee

Arg G u ¥akalesthhe AsRa¥dlkdd ¥Yolysd&hovPhas using protein crosslinking

agents substantially improves the uptake and expression of the

5 recombinant gene. Curiel DT et al., Am. J. Respir. Cell. Mol.
Biol., 6:247-52 (1992)

In addition, it has been shown that adeno-associated virus

vectors may be used for gene delivery into vascular cells

(Gnatenko, D., J. of Invest. Med. 45:87-97, (1997)).

10 As wused herein '"gene transfer" means the process of
introducing a foreign nucleic acid molecule into a cell. Gene
transfef is commonly performed to enable the expression of a
particular product encoded by the gene. The product may
include a protein, polypeptide, anti-sense DNA or RNA, or

15 enzymatically active RNA. Gene transfer can be performed in
cultured cells or by direct administration into animals.
Generally gene transfer involves the process of nucleic acid
molecule contact with a target cell by non-specific or receptor
mediated interactions, uptake of nucleic acid molecule into the

20 cell through the membrane or by endocytosis, and release of
nucleic acid molecule into the cytoplasm from the plasma
membrane or endosome. Expression may require, in addition,
movement of the nucleic acid molecule into the nucleus of the
cell and binding to appropriate nuclear factors for

25 transcription.

As used herein "gene therapy" is a form of gene transfer
and is included within the definition of gene transfer as used
herein and specifically refers to gene transfer to express a
therapeutic product from a cell in vivo or in vitro. Gene

30 transfer can be performed ex vivo on cells which are then
transplanted into a patient, or can be performed by direct
administration of the nucleic acid molecule or nucleic acid-

protein complex into the patient.



130135140 15 Gy Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val
145150155160 Arg Cys Ay Ay Cys Cys Asn Ser Qu Ay Leu G n Cys Mt

Tyr
Asn
Pro
Thr
Ser
Al a
Ile
Ay
Au
Pro

Thr
Leu
Ser
I'le
Al a
Cys
Asp
Leu
Al a

10

15

20

25

2WEBMPB0/5 Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phercd/us9slozsoThr Val
180185190 25Ser G n Ay Pro Lys Pro Val Thr Ile Ser Phe Ala Asn Hi s
0 195200205 Cys Arg Cys Met Ser ‘?_95 Leu Asp Val Tyr Arg G n Val H's
210215220 30 Ile Arg Arg Ser Leu Pro Ala Thr Lou Pro Gn Cys Gn

Asn 225230235240 Lys Thr s Pro . Thr Asn Tyr t _Trp. Asn Asn Hi s
Ao O 389AE5EE BTG ENFTEY, EPROAHICRSS  he "REE ORI R B PRl A o
Asfi Hefio PEOZES 24048 BE s AspcelY nBhe HirsirAsir dd evilysi & yprBradasn ilys

Asp G u 275280285 Gu Thr Cys Gn Cys Val Cys Arg Ala Gy Leu Arg
S@P‘@&St@@OQ@§§%BC acid molecule sequence iIs expressed only in a
specific tissue. Methods of achieving tissue-specific gene
expression as set forth in International Publication No. WO
93/09236, filed November 3, 1992 and published May 13, 1993.°

In another preferred embodiment, a method of gene
replacement 1is set forth. "Gene replacement” as used herein
means supplying a nucleic acid molecule sequence which 1is
capable of being expressed in vivo in an animal and thereby
providing or augmenting the function of an endogenous gene
which is missing or defective in the animal.

In all of the preceding vectors set forth above, a further
aspect of the invention 1is that the nucleic acid sequence
contained in the vector may include additions, deletions or
modifications to some or all of the sequence of the nucleic

acid, as defined above.

Examples
To assist in understanding the present invention, the

following Examples are included which describes the results of
a series of experiments. The experiments relating to this
invention should not, of course, be construed as specifically
limiting the invention and such variations of the invention,
now known or later developed, which would be within the purview
of one skilled in the art are considered to fall within the
scope of the invention as described herein and hereinafter

claimed.



45 Gy Pro H's Lys Qu Leu Asp Arg Asn Ser Cys G n Cys Val Cys Lys
305310315320@@sn Lys Leu Phe Pro Ser Gn Cys Ay Ala Asn Arg G u Phe Asp

G u 503253 Wn Thr cys G n Cys Val Cys Lys Arg Thr CysPPT@ISEEFsAsn G n
Pro 340345350 55Leu Asn Pro @y Lys Cys Ala Cys Qu Cys Thr Qu Ser Pro Gn
Lys 355360365 Cys Leu Leu Lys Gy Lys Lys Phe Hs Hs Gn Thr Cys Ser Cys
Tyr 370375380 60 WO 98/ 49300PCT/ US98/ 07801 67 Tyr Ser Gu Gu Val Cys Arg
Cys Val H %IeTyr Trp Lys-Arg Pro 405410415 5G n Met Ser (2) | NFORVATI ON
FOR SEQ | ) 4. gL& SEQUENCE CHARACTERI STICS: 10 (A) LENGIH 170 am no

aci ds (B)CHMPERGR hoVateanipnliypBrogeatiasbfEGE-B, (des-(1-20) -p21-VEGF-

B (or des(2-21)-VEGF-B).

In order to create a novel VEGF-B-related protein that
5 lacks the first 20 amino acids, a cDNA construct is created in
the following manner: |
A DNA encoding human VEGF-B 1is amplified from a human
heart or skeletal muscle cDNA),or a human fetal brain cDNA
library, or a cDNA preparation from another suitable human
10 tissue source by PCR with oligonucleotides corresponding to the
published sequence of human VEGF-B. Using standard molecular
biology techniques (Sambrook et al., Molecular Cloning, A
Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory, Cold
Spring Harbor NY), a DNA fragment then is generated that
15 encodes at its 5' end the signal sequence of human VEGF-B,
followed by a codon for proline, the first amino acid residue
in mature VEGF-B, and then followed by codons corresponding to
amino acids from residues 22 to the C-terminus of human VEGF-B,
followed by a stop codon. Appropriate additional non-coding
20  nucleotide sequences are added to the 5' and 3' ends of this
DNA construct so as to allow insertion of the DNA into an
appropriate expression vector.
In this manner the cleavage site for the signal peptide is
preserved in a manner identical to that found in native VEGF-
25 B. However, this strategy results in a change in the new N-
terminal amino acid of the truncated VEGF-B. Whereas the
normal N-terminal amino acid residue in des(1-20)-VEGF-B is a
tyrosine residue:
mspllrrlllvallqlartqa[PVSQFDGPSHQKKVVPWIDV]XTRAT, the new
30 N-terminal amino acid is proline, and the resulting truncated
VEGF-B is equivalent to des(2-21)-VEGF-B):
mspllrrlllvallglartgqaPTRAT...
The change from the native amino acid of the truncated

VEGF-B (tyrosine in the case of a a)20-residue truncation) is



15 (i1) MOLECULE TYPE: Protein (xi) SEQUENCE DESCRI PTION. SEQ I D NO 4:
20Met Pro Val Met Arg Leu Phe Pro Cys Phe Leu G n Leu Leu Ala Ay 151015

Leu Ala Levob¥/gp3dd a Val Pro Pro Gn Gn Trp Ala Leu Ser AIa gt%,gg
Gy Ser Ser Qu Val Qu Val Val Pro Phe Gn Qu Val Trp Gy 84 rg Ser
Tyr Cys Arg Pro Ile Qu Thr Leu Val Asp MBe Phe G n 3 u 30505560 Tyr Pro
Asp G u IIe Gu Tyr Ile Phe Lys Pro Ser Cys Val Pro Leu 65707580 35Met Arg
Cys Ay Ay Cys Cys Asn Asp Qu Ay Leu Au Cys Val Pro 859095 Thr Au GQu
Ser Asn \Veﬂt THEPREted Rol havigetany geffectyenpritdiei sbiobagbead actiSdrtyGat

1 Ll B Githesr By Gtaaplle O Gy SIS

Ay Lys Art’ga Argigngl d pepys da n Fequdioce Thi sAs maGyst Aidbdb016hE60 2o il

Qs Gy Astlpc‘:llaer}éal cﬁre%vér o% the signal peptide from the precursor
5 during protein processing/secretion.

In another example, truncated VEGF-B, des(1-15)-VEGF-B, is
constructed by deleting the first 15 amino acids. The signal
peptide cleavage site would be preserved in this case because
residue#l16 and residue#l '(the new and old N-termini) are

10 identical (proline):
mspllrrillvallqlartqa[PVSQFDGPSHQKKVV)PWIDVYTRAT. ..
d

mspllrrillvallglartqaPWIDVYTRAT. .

One of skill in the art would understand that other signal

15 peptides may be used in the present invention. For example,
the signal peptide of VEGF-B or VEGF-C could be used which
would - require that the first amino acid of the truncated
protein be an alanine or glycine, respectively, in order to
preserve the respective signal peptide cleavage sites. A

20 further alternative would be to use signal peptide sequences
from other known proteins; some of these may have cleavage
sites compatible with the N-terminal tyrosine of the truncated:
des (1-20) -VEGF-B.

Another alternative would be to generate a construct that

25 encodes a precursor protein with a cleavage site that
incorporates two, rather than one, amino acids from the N-
terminus of the original VEGF-B protein sequence. The purpose
of this strategy would be to ensure more fully that the
cleavage site 1is compatible with signal peptidase function.

30 This would introduce two new amino acids at the N-terminus of
the truncated VEGF-B sequence but such a change would not be
expected to alter biological function of the truncated

peptide.
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5(2) | NFORMATION FOR SEQ ID NO. 5: (i) SEQUENCE CHARACTERI STI CS:

(A LENGT@'BE%WEM acids 60(B) TYPE:am no acid (D) TOPOLOGY:|inear 68

(i) ML
Arg Arg
Gn Al a
Val Ser
Val Val
Val Pro
Asp Gy
Leu Met
5
10
15
20
25
30

E :Protein (xi) SEQUENCE DESCRI PTI ON: SEQ | BCNOSO&078@IVEt
Cys Arg Ile Ser Ay Arg Pro Pro AI9a Pro Pro Gy Val 151015 Pro Al a
Pro Val Ser Gn Pro Asp Ala Pro éY Hs Gn Arg 202530 10 Lys Val
Trp Ile Asp Val Tyr Thr Arg Ala Thr Cys G n Pro 354045 Arg G u Val

00 (IR U A YT AR
gef (G ¢ RyVRel-Pro T§r epgfaln fos QAnN®AAt858095nAran Mengdagduse
hb%d@ﬁlgerEﬁg—ge%d%ﬁhégrhf@H GﬁLégfﬁinal truncations of other
desired lengths. Further, the strategy is useful to generate
N-terminal truncations of other desired lengths in other VEGF-

related forms and their isoforms of other species.

Example 2: Expression Of N-Terminally Truncated VEGF-B Subunits

The DNA fragment encoding truncated VEGF-B from Example 1
may be cloned into a suitable plasmid vector.

Sf9 (Sporoptera frugiperda) cells are co-transfected with
baculovirus transfer vector PAcUWS1 containing cDNA encoding
truncated VEGF-B and baculovirus (Baculogold, Pharmingen, San
Diego, CA). Selection and plaque purification of recombinant
virus are performed according to established protocols using
Blue agar overlays (Gibco BRL). High stock of recombinant
virus is produced in exponentially growing Sf9 cells using a
multiplicity of infection of 0.05. For expression of truncated
VEGF-B, Sf9 cells (1x106 cells/ml) growing in serum free medium
are infected with recombinant virus at a multiplicity of 10.
Supernatant is collected after 72 hours post infection. VEGF
expression in baculovirus-infected insect cells, which can be
used to express the truncated VRPs of the present invention is

also describéd in Fiebich et al., (BEur. J. Biochem. 211: 19-2¢,

1993). In this system, VEGF has been shown to be produced in
high yield, with efficient glycosylation similar to that seen
in mammalian cells. In fact, those skilled in the art will
recognize that expression in other systems, including mammalian
cell expression systems, is considered to be within the scope
of this invention. Methods of expressing VEGF proteins which
can be used to express the truncated VRPs of the present
invention wusing baculovirus systems are also provided in
references which describe VEGF expression, for example, U.S.

Patent Serial No. 5,521,073, and in O’Reilly et al.

[4



25100105110 Met Ser Leu Gu GQu His Ser Gn Cys Gu Cys Arg Pro Lys Lys Lys
115120125 30Asp Ser Ala Val Lys G n Asp Arg Ala Ala Thr Pro Hs H's Arg Pro
130135140w@ 8/498@ Arg Ser Val Pro Ay Trp Asp Ser Ala Pro GpyrAvsas/isth Ser
145150155160 35 Pro Ala Asp Ile Thr Gn Ser H's Ser Ser Pro Arg Pro Leu Cys
Pro 165170175 Arg Cys Thr Gn His His G®Qxys Pro Asp Pro Arg Thr Cys Arg
Cys 40180185190 Arg Cys Arg Arg Arg Ser Phe Leu Arg Cys Gn Qy ﬁrg Ay Leu
G u 195200205 45Leu Asn_Pro Asp Thr Cys Arg Cys Ar Lys Leu Arg Ar
210215220% acul OYﬁquNF’éﬁR/R?FaNOPOR"gE@qu ‘NO2 6:LagriatepguRmal  (W.H.
CHARACTERr &dditah, (¥ewLENGEN: 13392171 no acids (B) TYPE ami no acid (D)
TOPOLOGY: | i near 55 (||g NCLECULE YPE: Prot ei n (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 6: Bonee Lysilégdlednvalti@y ate LwalVal rRlcepgvelzeCystiau Hbshé&kn

Tyr expression systems may also be used to express functionally
5 active truncated VRPs.
Functionally active recombinant VEGF isoforms have been

expressed in E. Coli (Wilting et al., Dev. Biol. 176, 76-85,

1996) from inclusion body by refolding according to the
procedure described previously for homo- and heterodimers of

10 PDGF (Schneppe et al., Gene 143, 201-09, 1994) and in yeast
(Mohanraj et al., Biochem. Biophys. Res. Commun. 215:750-56,
1995).

Still other methods of expressing VEGF which can be used

to .express VRPs in the present invention are described, for

15 example, in Jasny, Science 238:1653, 1987; and Miller et al.,

In: Genetic Engineering, 1986), Setlow, J.K., et al., eds.,
Plenum, Vol. 8, pp. 277-297).

Example 3: Purification Of Recombinant Truncated VRPS

20 For purification of the baculovirus-expressed truncated
VEGF-B of Example 2 from insect-cell supernatant, a number of
standard techniques can be used. These technigques include, but
are not limited to ammonium sulfate precipitation, acetone
precipitation, ion-exchange chromatography, size exclusion

25 chromatography, hydrophobic interaction chromatography,
reverse-phase HPLC, concanavalin A affinity chromatography,
isoelectric focusing, and chromatofocusing. Other standard
protein purification techniques are readily obvious to one

skilled in the art. For example, proteins with specific tags,

30 such as histidine tags, antigen tags, etc., could be produced
by engineering DNA encoding such tags into the VEGF-B DNA such
that proteins containing said tags in a manner compatible with
the protein’'s biological activity would be expressed and

purified by affinity chromatography directed at the tag. Such



| Lys
151015 WO 98/ 49300PCT/ US98/ 07801 69 Leu Leu Asn Ala Asp Ser Asn Thr Ly
Ay. Trp %% 8 Val Leu Lys 202530 - Ay Ser Qu Cys Lys Pro Arg Pro Ile
Val Val Pro ?/gf 8y @ u Thr 5354045 H's Pro Gu Leu Thr Ser KaETuges@7she Asn

Pro Pro s Val Thr Leu 505560 10Met Arg s Ay Ay Cys Cys Asn Asp Gu
Ser Leu gu Cys Val Pro 65707580 Thr Qu u Val Asn Val Thr Met GQu Leu
Leu Ay Ala Ser Ay Ser 859095 Ay Ser Asn Ay Met Gn Arg Leu Ser Phe Val

i Pro Pro
Gu Hs LyethpasCOysard0195440488R4CY Sy AP £ O+ALY Rhe Thr Thr r .
Thr Thr Tﬁr Ar%sPro 115120125 Pro Arg Ar gllirg ﬁrg %Q%) ?IEIFOgE}ﬁTI N TR
SEQ | D Noinyention.j) SEQUENCE CHARACTERI STICS: 30(A) LENGTH: 148 ami no

acids (B) TYPEAanﬁpngEEgd(E%u%%%?%g%ﬁbkin%%%hod for truncated forms of

VEGF-B is described in the following: Sf9 Cell supernatant is

5 centrifuged at 10000 rpm for 30 minutes to remove cell debris

and viral particles. Supernatant is then concentrated and

dialyzed against 20 mM Tris (pH 8.3) for 24 hours. The

dialyzed supernatant is centrifuged again to remove insoluble

material and loaded onto a Sepharose Q anion exchange column.

10 Protein is eluted from the column by gradient elution using a

gradient of NaCl (0 - 1 M NaCl). Chromatography fractions are

analyzed by SDS polyacrylamide gel electrophoresis and by ELISA

using an antibody that recognizes VEGF-B. Fractions with VEGF-

B immunoreactivity are pooled, concentrated, and dialyzed

15 overnight against 0.1% trifluorocacetic acid. ‘Material so

prepared is further purified by reverse phase HPLC. Typically

approximately 2-5 mg of protein is loaded on a semipreparative

C4 column and eluted with a gradient of acetonitrile in 0.1%

trifluoracetic acid as déscribed_in Esch et al., Meth. Enzymol.

20 103, 72-89, 1983. Fractions containing truncated VEGF-B are
pooled and stored at -80 degrees Celsius until further use.

A preferred method of purification of the basic and
heparin-binding N-terminally truncated forms of VEGF-related
protein subunits and analogs thereof includes the combined use

25 of  heparin-Sepharose affinity chromatography and cation-
exchange chromatography, optionally followed by reverse-phase
HPLC, essentially as described in Connolly et al., J. Biol.
Chem. 264:20017-24, 1989, Gospodarowicz et al., (Proc. Natl.
Acad. Sci. USA, 86:7311-15, 1989), or Plouet et al., (Embo J.

30 8:3801-06, 1989).

Purification is monitored by following the elution of VRP-
like material using a number of techniques including

radioreceptor assay using 12°T-labeled VRP and receptor



(i) MOLECULE TYPE: Protein 35 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 7: Met
Lys Leu Thr Ala Thr Leu G n Val Val Val Ala Leu Leu Ile Cys 151015 40 Met
Tyr Asn Lwo9Bugsoel u Cys Val Ser G n Ser Asn Asp Ser Pro Propflg§ai7sir Thr
Asn Asp Trp Met Arg Thr Leu Asp Lys Ser Ay Cys Lys Pro 45354045 Arg Asp
Thr val Val Tyr Leu Ay Gu Qu Tyr Pro B2u Ser Thr Asn 505560 50Leu G n
Tyr Asn Pro Arg Cys Val Thr Val Lys Arg Cys Ser Ay Cys 65707580 Cys Asn
Ay Asp Ay Gn lle Cys Thr Ala Val du Thr Arg Asn Thr 55 859095 Thr Va
Thr Val BEFPFHIRTHANSE §OREESEEPISAL R81Ler oF ywerhk MERPIBDEOPIrEPaSAT igns

Val Ser T sisiiiohd d¥dyd] £ Sgs YRkl 1f i WY AO215120125 Lys Oys
Asp Cys Ile Ay Arg Thr Thr” Thr Thr Pro Thr Thr Thr Arg

98/ 49300PCT/ USH&Y 0t8hcated VRPs expressed in other eukaryotlc cell
systems such as yeast or mammalian cells, may be purified in
5 the same manner.

Truncated VRPs expressed in prokaryotic cells will likely
need to undergo a re-folding step for proper dimerization of
subunits, as described in, for example, Schneppe et al., (Gene
143:201-09, 1994).

10
Example 4: Receptor-Binding Assay

The binding of truncated VRPs to VEGF receptors can be
assessed in various ways.. Useful methods include the
determination of the ability of VRP analogs to bind to

15 endothelial cells or to cells artificially transfected with
KDR, or to soluble forms of the KDR receptor (for example, a
KDR/alkaline phosphatase fusion protein (Gitay-Goren et al., J.
Biol. Chem. 271:5519-23 (1996)). A preferred procedure has

been described by Terman et al. (Biochem. Biophys. Res. Commun.
20 187:1579-86, 1992).
In this procedure, KDR cDNA is transfected into CMT-3

monkey kidney cells by the DEAE-dextran method by incubating
plated cells with DMEM containing 1 pg/ml DNA, 0.5 pg/ml DEAE
dextran, and 100 uM chloroquine. Following incubation for 4

25 hours at 37 degrees Celsius, the medium is aspirated and cells
are exposed to 10% DMSO in PBS for one minute. The cells are
then washed once with DMEM containing 10% calf serum and then
incubated for 40 hours at 37 degrees Celsius in DMEM/10% calf
serum containing 100 pM ZnCl, and 1 pM CdCl,.

30 . VEGF~-B 1is radioiodinated using either the Iodogen method
or the chloramine T method. Radiolabelled VEGF-B is separated
from excess free iodine-125 using gel filtration on a Sephadez
G25 column or a heparin-Sepharose column. Specific activity of

radiolabelled !*’I-VEGF-B analog should typically be in the



. FOR SEQ ID NO 8:
145 5 (2) 1 NFORMATI ON _ * ami no

70 130135140 d u Pro glr %Tﬂ:%- 10(A)(LENGTH: 160 ani no acids (B) %{93}05801

(1) SEQJENCEC]_OGY | i near | (1) MALECULE TYPE: Protei

acid (D) TOP :

i ' Lys Val Val Pro Trp
SEQUENCE DESCRI PTION: SEQ ID NO 8: Pro SersHs Gn Lys Ly val  Val

: Val
Thr Cys Gn Pro Arg Gu
Ile Asp Val Tyr 'IC';hr A(rag %g%gég ﬁ/gt AIGay Aan\//al Val Lys Gn Leu ?)/al Prﬁeﬁer
Pro Leu Ser oMk .%f;5gg4o4gpm/@g@ys Gﬁpﬁﬂyrda&bdéﬁt&¥()f%f%ﬁ?feetéa-§bt(105

au \c/gls \T/2|rci\a(gl@l)s?hgiﬂOSS@Qe%l@t)éoG R St M Twenty four hours
Ile Gn Tyrlgtgr,sercells are washed twice with PBS, and 0.5 ml of DMEM
containing 0.15% gelatin and 25 mM HEPES, pH 7.4 is added.

5 125I—VEGE'-B, at concentrations ranging from 1-5Q0 PM, is then

added. Binding eXperiments are done in the presence or absence

binding. After a 90-minute incubation at room temperature, a

50 u1 sample of the media from each well is used to determine
10 the concentration of free radioligand, and the wells are washed
3 times with ice cold PBS containing 0.1% BSA. Cells are
extracted from the wells by incubation for 30 minutes with 1%
Triton X100 in 100 mM sodium phosphate, PH 8.0, and the

radioactivity of the extract is determined in g3 gamma counter.
15

Example 5: Mitogenic Assay

The mitogenic activity of truncated VRPs on endothelial
cells of human or mammalian origin can be determined by a
number of different brocedures, including assays where cell

20 proliferation is measured by growth of cell numbers or by

incorporation of radioactive DNA Precursors (thymidine
incorporation) or otherwise appropriately labeled DNA
precursors (bromo—deoxyuridine incorporation). These and other

methods generally used to determine cell proliferation,
25 including those methods where mitogenic activity is assessed in
vivo (for example by determining the mitotix  index of
endothelial cells) are considered within the SCcope of this
invention. A preferred method is described herein (Bohlen et

al., Proc. Natl. Acad. Sci. uUsa 81:5364—68, 1994) . Bovine

30 aortic arch endotheliagl cells maintained in stock cultures in

with 10% calf Serum and antibiotics (gentamycin at 50 Hg/ml and

fungizine at 0.25 Hg/ml) and basic fibroblast growth factor (1-
10 ng/ml, added every 48 h) are passaged weekly at a split



65707580 35Ser G n Leu Ay Qu Met Ser Leu Au Qu Hs Ser Gn Cys Au Cys
859095 Arg Pro Lys Lys Lys Qu Ser Ala Val Lys Pro Asp Ser Pro Arg Ile
100105110v008k800Cys Pro Pro Cys Thr Gn Arg Arg G n Arg Pregerssasiiiser Ar 9
Thr 115120125 Cys Arg Cys Arg Cys Arg Arg Arg Arg Phe Leu Hs Cys Gn Ay
Arg 45130135140 Ay Leu Au Leu Asn Pro #p Thr Cys Arg Cys Arg Lys Pro Arg
Lys 145150155160 (2) | NFORMATI ON FOR SEQ ID NO 9: (i) SEQUENCE

CHARACTERI STI CS: NGTH 155 am no acids (B) TYPE: anino acid (D)
TOPOLOGYXRi*it€ar © %oa) g3' MOLEEPEE “FWE‘JWE;Feu%S%%Y? » SEFSENCERODRIEY T OfXOBEQ

| D NO 95toWR M&%@O(Wng%%@@ESQﬂ—fd—) Lyse Vi Mcited TRs1h§ Aehp¥ah.
Tyr Thr Arg Ala Thr s-Gn Pro 151
Cells are then seeded at a density of approximately 8000
cells/well in 24-well plates in the presence of DMEM and
5 antibiotics as described above. Samples to be assayed (1-10
nl), appropriately diluted in DMEM/0.1% bovine serum albumin),
are added six hours after plating of cells and again after 48
hours. After 4 days of culture, endothelial cells are detached
from plates with trypsin and counted using a Coulter particle
10 counter.

Another mitogenic activity assay is provided in Olofsson,

B. et al., Proc. Natl. Acad. Sci. USA 93:2576-81, 1996).

Second passage human umbilical vein endothelial cells (HUVECs)
are plated into 96-well plates (4 X 10° cells per well) in M-199
15 medium supplemented with 10% (vol/vol) fetal bovine serum and
incubated for 24 hours. Cell culture conditioned medium
containing the truncated VRP, in the presence of 1-10 pg/ml
heparin, or purified truncated VRP is added to the HUVECs, and
the cells are stimulated for 48 hours. Fresh cell culture
20 conditioned medium containing [3H] thymidine (Amersham; 10
pCi/ml) is added to the cells and stimulation is continued for
another 48 hours. Cells are washed with PBS and trypsinized
and the incorporated radioactivity is determined by liquid
scintillation counting. The activity of truncated VRP is
25 compared to the activity of non-truncated VRP.

In another alternative method, bovine capillary
endothelial (BCE) cells are seeded into 24-well plates and
grown until confluence in minimal essential medium (MEM)
supplemented with 10% fetal calf serum. Cells are starved in

30 MEM supplemented with 3% fetal calf serum for 72 hours, after
which conditioned medium diluted into serum-free medium 1is
added to the cells and the cells are stimulated for 24 hours.
[*H) thymidine 1is included during the last 4 hours of the

stimulation (1 pCi/ml). Cells are washed with PBS and lysed
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growth factor (b-FGF) may be used as an additional control for
mitogenic activity, and may also be used to measure its

potentiating activity of truncated VRP activity.

Example 6: Angiogenic Activity Of Truncated VRPS

The angiogenic activity of substances can be determined
using a variety of in vivo methods. Commonly used methods
include the chick choriocallantoic membrane assay, the corneal
pouch assay in rabbits, rats, or mice, the matrigel implant
assay in mice, the rabbit ear chamber angiogenesis assay, the
hamster cheek pouch assay, the Hunt-Schilling chamber model and
the rat sponge implant model. Other assay methods to assess
the formation of new blood vessels have been described in the
literature and are considered to be within the scope of this
invention.

A preferred method for demonstrating the angiogenic
activity of truncated VRPs is the rabbit corneal pouch assay.
In this assay, Elvéx (ethylene vinyl acetate) polymer pellets
containing approximately 1-1000 ng of the growth factor and a
constant amount of rabbit serum albumin as carrier is implanted
into a surgical incision in the cornea as described in more
detail in Phillips and Knighton, Wound Rep. Reg. 3, 533-539,
1995; Gimbrone et al., J. Natl. Canc. Inst. 52:413-27, 1974;
Risau, Proc. Natl. Acad. Sci. USA 83:3855-59, 1986). Growth

factor-induced vascularization of the cornea is then observed
over a period of 2 weeks. Semiquantitative analysis 1is
possible with morphometric and image analysis techniques using

photographs of corneas.



(xi) SEQUENCE DESCRI PTION: SEQ ID NO 10: Pro Trp Ile Asp Val Tyr Thr Arg
Ala Thr Cys G n Pro Arg Au Val 45151015 Val Val Pro Leu Ser Met Qu Leu
Met Gy AMOVEMIZOl Lys G n Leu 202530 50Val Pro Ser Cys ValbcThised/edsoG n
Arg Cys Ay Gy Cys Cys Pro Asp 354045 Asg Ay Leu Gu Cys Val Pro Thr Gy
Gn Hs Gn Val Arg Met G n 505560 Ile L& Met Ile Gn Tyr Pro Ser Ser Gn
Leu Ay Gu Mt Ser Leu 65707580 GQu Au Hs Ser Gn Cys Au Cys Arg Pro
Lys Lys Ser Pro Arg Ile Leu Cys
Pro Pro ' A O elaiatotac iAdC egenesipgoderapy A @ n Arg
Pro Asp E&@nahgéEhmnﬁyﬁ Arg Cys Arg Cys Arg Arg Arg 115120125 5 Arg Phe Leu
Hs Cys Gn dy Arg dy Leu Au Leu Asn Pro Asp Thr 130135140 Cys Arg Cys
Arg Lys Pro Amgqggaq%£45y5@s are used for gene-transfer-mediated

angiogenesis therapy as described, for example, in

5 PCT/US96/02631, published September 6, 1996 as W096/26742,

hereby incorporated by reference herein in its entirety.

Adenoviral Constructs

10
A helper independent replication deficient human
adenovirus 5 system may be used for gene-transfer. A nucleic
acid molecule coding for a truncated VRP subunit may be cloned
into the polylinker of plasmid ACCMVPLPA which contains the CMV
15 promoter and SV40 polyadenylation signal flanked by partial
adenoviral sequences from which the El1A and E1B genes
(essential for viral replication) have been deleted. This
plasmid is co-transferred (lipofection) into 293 cells with
plasmid JM17 which contains the entire human adenoviral 5
20 genome with an additional 4.3 kb insert making pJdM17 too large
to be encapsidated. Homologous rescue recombination results in
adenoviral vectors containing the transgene in the absence of
E1A/E1B sequences. Although thgse recombinants are
nonreplicative in mammalian cells, they can propagate in 293
25 cells which have been transformed with E1A/E1B and provided
these essential gene products in trans. Transfected cells are
monitored for evidence of cytopathic effect which wusually
occurs 10-14 days after transfection. To identify successful
recombinants, cell supernatant from plates showing a cytopathic
30 effect is treated with proteinase K (50 mg/ml with 0.5% sodium
dodecyl sulfate and 20 mM EDTA) at 56°C for 60 minutes, phenol/
chloroform extracted and ethanol precipitated. Successful
recombinants are then identified with PCR using primers

(Biotechniques 15:868-72, 1993) complementary to the CMV
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amplify adenoviral sequences. Successful recombinants then are
plaque purified twice. Viral stocks are propagated in 293
cells to titers ranging between 10*° and 10! viral particles,
and are purified by double CsCl gradient centrifugation prior
to use. The system used to generate recombinant adenoviruses
imposed a packing limit of 5kb for transgene inserts. The
truncated VRP genes, driven by the CMV promoter and with the
SV40 polyadenylation sequences are well within the packaging
constraints. Recombinant vectors are plague purified by
standard procedures. The resulting viral vectors are

propagated on 293 cells to titers in the 10%0-10% viral

particles range. Cells are infected at 80% confluence and
harvested at 36-48 hours. After freeze-thaw cycles the

cellular debris is pelleted by standard centrifugation and the
virus further purified by double CsCl gradient
ultracentrifugation (discontinuous 1.33/1.45 CsCl gradient;
cesium prepared in 5 mM Tris, 1 mM EDTA (pPH 7.8); 90,000 x g (2
hr), 105,000 x g (18 hr)). Prior to in vivo injection, the
viral stocks are desalted by gel filtration through Sepharose
columns such as G25 Sephadex. The resulting viral stoﬁk has a
final viral titer approximately in the 10°-10%2 viral particles
range. The adenoviral construct should thus be highly

purified, with no wild-type (potentially replicative) virus.

Porcine Ischemia Model For Angiogenesis

A left thoracotomy is performed on domestic pigs (30-40
kg) under sterile conditions for instrumentation. (Hammond, et

al. J Clin Invest. 92:2644-52 (1993); Roth, et al. J. Clin.

Invest. 91:939-49, 1993). Catheters are placed in the left

atrium and aorta, providing a means to measure regional blood

flow, and to monitor pressures. Wires are sutured on the left



Arg Pro Asp Pro Arg Thr Cys Arg Cys Arg Cys Arg Arg Arg Arg Phe 115120125
SO0Leu Hs Cys Gn Gy Arg Ay Leu Qu Leu Asn Pro Asp Thr Cys Arg 130135140
Cys Arg LWO®r4930r g Lys 145150 55 (2) | NFORVATI ON FOR SEQ IdePNGEoshdsor(i)
SEQUENCE CHARACTERI STICS: 60(A) LENGTH: 147 ami no acids (B) TYPE: am no acid
(D) TOPOLOGY:linear WO 98/49300 PCT/ US98807801 73 (ii) MOLECULE

TYPE: Prot ei n (xi) SEQUENCE DESCRI PTION: SEQ ID NO 12: 5 Tyr Thr Arg Ala
Thr Cys Gn u.Val_Val Val Pro Leu Ser 151015 Met Gu Leu Met Gy
Asn Val \?aﬁr{% nPEéﬁ‘l\tfaﬁCﬁrof%%?rCéﬁg\/aP 16362530 PAfiNGY. Fhnatdyeyan

Ay Ay Qmfefysd Préonserieol ¥ (baMrHid)YSa metal ring including an

ameroid substance, is placed around the proximal left

circumflex coronary artery (LCx) (Hammond et al. J. Clin.
5 Invest. 92:2644-52 (1993)). After a stable degree of ischemia

develops, the treatment group receives an adenoviral construct

that includes a truncated VRP gene driven by a CMV promoter.

Control animals receive gene transfer with an adenoviral

construct that includes a reporter gene, lacZ, driven by a CMV
10 promoter.

Studies are initiated 35 + 3 days after ameroid placement,
at a time when collateral vessel development and pacing-induced
dysfunction are stable (Roth, et al. Am J Physiol 253:1-11279-
1288, 1987, and Roth, et al. Circulation 82:1778-89) .

15 Conscious animals are suspended in a sling and pressures from
the left ventricle (LV), left atrium (LA) and aorta, and
electrocardiogram are recorded in digital format on-line (at
rest and during atrial pacing at 200 bpm). Two-dimensional and
M-mode images are obtained using a Hewlett Packard ultrasound

20 imaging system. Images are obtained from a right parasternal
approach at the mid-papillary muscle level and recorded on VHS
tape. Images are recorded with animals in a basal state and
again during right atrial pacing (HR=200 bpm). These studies
are performed one day prior to gene transfer and repeated 14 +

25 1 days later. Rate-pressure products and left atrial pressures
should be similar in both groups before and after gene
transfer, indicating similar myocardial oxygen demands and
loading conditions. Echocardiographic measurements are made
using standardized criteria (Sahn, et al. Circulation 58:1072,

30 1978). End-diastolic wall thickness (EDWTh) and end-systolic
wall thickness (ESWTh) are measured from 5 continuous beats and
averaged. Percent wall thickening {(%WTh) is calculated
[ (EDWTh-ESWTh) /JEDWTh] X 100. Data should be analyzed without

knowledge of which gene the animals had received. To



354045 15Val Pro Thr Ay Gn Hs Gn Val Arg Met Gn Ile Leu Met Ile Gn
505560 Tyr_Pr er Ser Gn Leu Ay Gu Met Ser Leu Qu Qu Hs Ser Gn
65707580 2\3’0&3’3“ Wy Cys Arg Pro Lys Lys Lys Gu Ser Ala Val RGEUSISS788p Ser
859095 Pro Arg Ile Leu Cys Pro Pro Cys Thg,G n Arg Arg Gn Arg Pro Asp
25100105110 Pro Arg Thr Cys Arg Cys Arg Cé% Arg Arg Arg Arg Phe Leu H s Cys
115120125 30Gn Ay Arg Ay Leu Qu Leu Asn Pro Asp Thr Cys Arg Cys Arg Lys

il I = .13 (
SEQUENCE CHARACTEA 11 (8™ () “LENGTT 145 arm b i aS LB PE SAERbeTens:

(D) TOPOLeBiMaLFeathstd i e MUNEGEIE OFYPEYPr GDBisR c(itii) eSERUENCES PESCR PRGN
SEQ I'D NOzoh3elation (r?=0.90; p=0.005).

35 + 3 days after ameroid placement, well after ameroid

5 closure, but before gene transfer, contrast echocardiographic

studies are performed using the contrast material (Levovist)

which is injected into the left atrium during atrial pacing

(200 bprn). Studies are repeated 14 + 1 days after gene

transfer. Peak contrast intensity is measured from the video

10 images using a computer-based video analysis program (Color Vue

II, Nova Microsonics, Indianapolis, Indiana), that provides an

objective measure of video intensity. The contrast studies are

analyzed without knowledge of which gene the animals have

received.
15 At completion of the study, animals are anesthetized and
midline thoracotomy performed. The brachycephalic artery is

isolated, a canula inserted, and other great vessels ligated.

The animals receive intravenous heparin (10,000 1U) and
papaverine (60 mg). Potassium chloride is given to induce
20 diastolic cardiac arrest, and the aorta cross-clamped. Saline

is delivered through the brachycephalic artery cannula (120
mmHg pressure), thereby perfusing the coronary arteries.
Glutaraldehyde solution (6.25%, 0.1 M cacodylate buffer) was
perfused (120 mmH pressure) until the heart is well fixed (10-
25 15 min). The heart is then removed, the beds identified using
color-coded dyes injected anterograde through the left anterior
descending (LAD), left circumflex (LCx), and right coronary
arteries. The ameroid is examined to confirm closure. Samples
taken from the normally perfused and ischemic regions are
30 divided into thirds and the endocardial and epicardial thirds
| are plastic-imbedded. Microscopic analysis to quantitate
capillary number is conduéted as previously described (Mathieu-

Costello, et al. Am J Physiol 359:H204, 1990). Four 1 um thick

transverse sections are taken from each subsample (endocardium



50Arg Ala Thr Cys Gn Pro Arg Qu Val Vval Val Pro Leu Ser Met G u 151015
Leu Mt @Ay Asn Val Val Lys Gn Leu Val Pro Ser Cys Val Thr Val 202530

55G n Argwayses/4dzpo Gy Cys Cys Pro Asp Asp Ay Leu G u Cys Vpbr/isesR¢045
Thr Gy Gn Hs Gn Val Arg Mt Gn Ile Leu Met Ile Gn Tyr Pro 505560 60

Ser Ser Gn Leu Ay GQu Met Ser Leu Qu €u H's Ser Gn Cys Au 65707580
WO 98/ 49300PCT/ US98/ 07801 74 Cys Arg Pro Lys L__ys Lys Gu Ser Ala Val Lys
Pro Ach PIE ARRIEORHSTIOSTHeoc)s PGLegL Ang (BalAFocARgtARg g Phedctn
g‘/: /%}r/; %ﬂt%%liéglﬁ%%g%%gﬁA[%&grL%LG Ue 1164 ASQLARSQ ASPL IS Y8 A Gox
magnification. Twenty to twenty-five high power fields are
counted per subsample. Within each region, capillary number to
5 fiber number rations should be similar in endocardium and
epicardium so the 40-50 field per region should be averaged to
provide the transmural capillary to fiber number ratio.
To establish that improved regional function and blood
flow result from transgene expressidn, PCR and RT-PCR may be
10 used to detect transgenic truncated VRP DNA and mRNA in
myocardium from animals that have received truncated VRP gene
transfer. Using a sense primer to the CMV promoter
[GCAGAGCTCGTTTAGTGAAC] [SEQ I.D. NO. 41); and an antisense
primer to the internal truncated VRP subunit sequence, PCR is
15 used to amplify the expected 500 bp fragment. Using a sense
primer to the beginning'of the truncated VRP subunit sequence,
and an antisense primer to the internal truncated VRP sequence,
RT~PCR is used to amplify the expected 400 bp fragment.
Finally, using a polyclonal antibody directed against VRP,
20 truncated VRP expression may be demonstrated 48 hours as well
as 14 + 1 days after gene transfer in cells and myocardium from
animals that have received gene transfer with a truncated VRP
gene.
" The helper independent replication deficient human

25 adenovirus 5 system is used to prepare transgene containing

vectors. The material injected in vivo should be highly
purified and contain no wild-type (replication competent)
adenovirus. Thus adenoviral infection and inflammatory
infiltration in the heart are minimized. By injecting the

30 material directly into the lumen of the coronary artery by
coronary catheters, it 1is possible to target the gene
effectively. When delivered in this manner there should be no

transgene expression in hepatocytes, and viral RNA should not
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20( A LEN&@EE%ég)anino acids (B) TYPE:am no acid (D) TOPOLOGY:linear (ii)
MOLECULE “4P1%t ei n (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO PARUS®QI8@ y Hi s
Gn Arg Lys Val Vval Ser Trp Ile Asp Val égr Thr Arg 151015 Ala Thr Cys G n
Pro Arg Gu Val Val Val Pro Leu Thr Val u Leu 202530 Met Gy Thr Val A a
Lys Gn Leu Val Pro Ser Cys Val Thr Val G n 35354045 Arg Cys Ay Ay Cys

s Pro Be fdy igu €he Orivadl Phe Thny 505560 405y 9“ S
Aqr/g Met Gﬁ ﬁiﬂl Ceu Met e Arg Tyr Pro Ser y25707580 LY E ag"%éaary

Met Ser EBde@tdod-u His Set Gn Cys Qu Q/s 859095 Arg Pro Lys Lys Asp Set

da e pinarp A0 A0 T DAASOHNIR S A AP RS TP

viral particles of adenovirus) is performed by injecting 2.0 ml

5 into both the left and right coronary arteries (collateral flow

to the LCx bed appeared to come from both vessels). Animals

are anesthetized, and arterial access acquired via the right

carotid by cut-down; a 5F Cordis sheath is then placed. A 5F

Multipurpose (A2) coronary catheter is used to engage the

10 coronary arteries. Closure of the LCx ameroid is confirmed by
contrast injection into the left main coronary artery. The
catheter tip is then placed 1 cm within the arterial lumen so

that minimal material is lost to the proximal aorta during
injection. This procedure is carried out for each of the pigs.

15 Once gene transfer is performed, three strategies are used

to establish successful incorporation and expression of the

gene. (1) Some constructs may include a reporter gene (lacZ):

(2) myocardium from the relevant beds is sampled, and
immunoblotting is performed to quantitate the presence of

20 truncated VRP and (3) PCR is used to detect truncated VRP mRNA

and DNA.

The regional contractile function data obtained should
show that control pigs show a similar degree of pacing-induced
dysfunction in the ischemic region before and 14 + 1 days after

25 gene transfer. In ' contrast, pigs receiving truncated gene
transfer should show an increase in wall thickening in the
ischemic region during pacing, demonstrating that truncated VRP
subunit gene transfer in accordance with the invention is
associated with improved contraction in the ischemic region

30 during pacing. Wall thickening in the normally perfused region
(the interventricular septum) should be normal during pacing
and unaffected by gene transfer. The percent decrease in
function measured by transthoracic echocardiography should be

very similar to the percentage decrease measured by



Gy Ala Pro Ser Pro Ala Asp Ile Thr H's Pro Thr Pro Ala Pro Ay 130135140
55Pro Set Ala His Ala Ala Pro Set Thr Thr Ser Ala Leu Thr Pro Ay
145150155%0@8PW0Al a Ala Ala Ala Ala Asp Ala Ala Al a Ser SecTvizdesbbanilys
dy 165170175 60 Gy Ala WD 98149300PCT/ US98/ 07801 75 (2) | NFORVATI ON FOR
SEQ I D NO 15; (1) SEQUENCE ©HARACTERI STI CS: 5(A) LENGTH: 173
am no acids (B) TYPE:amno acid (D) TOPOLOGY: | i near i

' (i) :
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accuracy of echocardiography for the evaluation of ischemic

dysfunction.



| Lys Gn Leu Val Pro Ser Cys Val Thr Val Gn Arg Cys Ay Ay Cys 20354045

- Cys Pro As (ﬁg S Leu Gu Cys Val Pro Thr Ay Gn Hs Gn Val 505560
25Arg Met O35 o Net 116 Arg Tyr Pro Ser Ser G n Leu G yPQI/USBBTWISS0
Met Ser Leu Qu Qu Hs Ser Gn Cys Au Cys A%g Pro Lys Lys Asp 859095 30
Ser Ala Val Lys Pro Asp Arg Ala Ala Thr Pro H'5 H's Arg Pro G n 100105110
Pro Arg Ser Val Pro Gy Trp Asp Ser Ala Pro Gy Ala Pro Ser Pro 35115120125
Ala Asp Ile TBegdendd 0.iB¥idfg o Ala Pro Gy Pro Ser Ala H's Ala 130135140
40Al a Pro Ser " Thr Thr Ser Ara Leu Thr Pro Ay Pro Ala Ala Ala.-Al a
145150155160 Ala Asp Ala Ala Ala Ser Ser Val Ala Lys Ay Ay Ala 165170 45

(2) | NFORMATI QN FORNSEQ kRrddMATIEN: _ _ (1) SEQJENCE .
CHARACTERI STI CS: 50(A) LENGTH: 168 am no acids (B) TYPE: am no acid
5 {i) APPLICANT: Collateral Therapeutics
(ii) TITLE OF INVENTION: TRUNCATED VEGF-RELATED PROTEINS
(iii) NUMBER OF SEQUENCES: 41
10
{iv) CORRESPONDENCE ADDRESS:
(B) ADDRESSEE: Lyon & Lyon
(B) STREET: 633 West Fifth Street
15 Suite 4700
(C) CITY: Los Angeles
(D) STATE: California
(E) COUNTRY : U.S.A.
(F) ZIP: 90071-2066
20
{(v) COMPUTER READABLE FORM:
(R) MEDIUM TYPE: 3.5" Diskette, 1.44 Mb
storage ’
25 (B) COMPUTER: IBM Compatible
(C) "OPERATING SYSTEM:. IBM P.C. DOS 5.0
(D) SOFTWARE: FastSEQ for Windows 2.0
30 (vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 08/842,984
(B) FILING DATE: April 25, 1997
(C) CLASSIFICATION:
35
(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER:
40 (B) FILING DATE:
(viii) ATTORNEY/AGENT INFORMATION:
45 {A) NAME: Warburg, Richard J.
(B) REGISTRATION NUMBER: 32,327
(C) REFERENCE/DOCKET NUMBER: 221/062
50 (ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (213) 489-1600
(B} TELEFAX: (213) 955-0440
(C) TELEX: 67-3510
55

(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:

60 (A) LENGTH: 188 amino acids



(D

TOPOLOGY: | i near ' (i1) MOLECULE TYPE: Protein 55 (xi) SEQUENCE

DESCRIPTION. SEQ ID NO 16: Ile Asp Val Tyr Thr Arg Ala Thr Cys G n Pro Arg

du
Gn
Pro
Gn
Au
Lys
Pro
Hi s

Val \Valo 9dadozph51015 60 Pro Leu Thr Val GQu Leu Met Ay T, T,M%S,ﬁg@l Lys
Leu Val Pro 202530 76 Ser Cys Val Thr Val Gn Arg Cys y y Cys Cys

Asp*Asp Ay 354045 5Leu A u Cys Val Proedhr Ay Gn Hs Gn Val Arg Met
Ile Leu 505560 Met |Ile Arg Tyr Pro Ser Ser Gn'Leu Ay Gu Mt Ser Leu
A u 65707580 10 His Ser Gn Cys GQu Cys Arg Pro Lys Lys Asp Ser Al a Val
Pro 859095 Asp A AFEE™l a Thr Pro Hi s®H™ AF¢ Pro Gn Pro Arg Ser Val

15100105110 Ay Trp APLEEF Ala Pro G VP& Pro Ser Pro Ala Asp Ile Thr

115120125 (ii) MOLECULE TYPE: Protein
5
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Met Ser Pro Leu Leu Arg Arg Leu Leu Leu Val Ala Leu Leu Gln Leu

10 1 5 10 15
Ala Arg Thr Gln Ala Pro Val Ser Gln Phe Asp Gly Pro Ser His Gln
20 25 30
15 Lys Lys Val Val Pro Trp Ile Asp Val Tyr Thr Arg Ala Thr Cys Gln
35 40 45
Pro Arg Glu Val Val Val Pro Leu Ser Met Glu Leu Mét Gly Asn Val
50 55 60
20
Val Lys Gln Leu Val Pro Ser Cys Val Thr Val Gln Arg Cys Gly Gly
65 70 75 80
Cys Cys Pro Asp Asp Gly Leu Glu Cys Val Pro Thr Gly Gln His Gln
25 85 90 95
Val Arg Met Gln Ile Leu Met Ile Gln Tyr Pro Ser Ser Gln Leu Gly
100 105 110
30 Glu Met Ser Leu Glu Glu His Ser Gln Cys Glu Cys Arg Pro Lys Lys
115 120 125
Lys Glu Ser Ala Val Lys Pro Asp Ser Pro Arg Ile Leu Cys Pro Pro
130 135 140
35
Cys Thr Gln Arg Arg Gln Arg Pro Asp Pro Arg Thr Cys Arg Cys Arg
145 150 155 160
Cys Arg Arg Arg Arg Phe Leu His Cys Gln Gly Arg Gly Leu Glu Leu
40 165 . 170 175
Asn Pro Asp Thr Cys Arg Cys Arg Lys Pro Arg Lys
180 185
45 (2) INFORMATION FOR SEQ ID NO: 2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 206 amino acids
50 (B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein
55 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
Met Ser Pro Leu Leu Arg Arg Leu Leu Leu Ala Ala Leu Leu Gln Leu
1 5 10 15
60 Ala Pro Ala Gln Ala Pro Val Ser Gln Pro Asp Ala Pro Gly His Gln

20 . 25 30



20Pro Thr Pro Ala Pro Gy Pro Ser Ala Hs Ala Ala Pro SeLIThLIThr 130135140
Ser Ala Leoodhssgfro Gy Pro Ala Ala Ala Ala Ala Asp Al a a a
145150155160 Ser Ser Val Ala Lys Ay Gy Ala 165 (2) | NFORMSTBRI¥RIISEQ | D
NO 17:. (i) SEQUENCE CHARACTERI STICS: (A) ¢$NGTH 163 amino acids (B)
TYPE: ami no acid 35(D) TOPOLOGY:|inear (ii) MOLECULE TYPE: Protein (xi)
SEQUENCE DESCRI PTION: SEQ ID NO 17: 40 Arg Ala Thr Cys Gn Pro Arg Qu Va
Val Val Pro Leu Thr Val du 151015 Leu Met Ay Thr Val Ala Lys G n Leu Va
Pro Ser Cys A8l Mhr/2Val2 45007530 18 s Ya Ry @rg T8y SCYR GLASP Asp
Gy Leu Gu Cys Val’Pro 354045 50Thr'%Gy Gn Hs Gn 4l Arg Met Ggllg
heu I\S/Et SlG! € Pa/%gAgElgrS@a159§§qpalS§£o eeI;.l ﬁun \}é?[uGJgJ )ieg blaletlv%tlys‘l‘ek{r I\_ISJI_J u u
i s Ser n Ss 55 _

Ala Lys Gln Leu Val Pro Ser Cys Val Thr val Gln Arg Cys Gly Gly

65 70 75 80
10 .
Cys Cys Pro Asp Asp Gly Leu Glu Cys Val Pro Thr Gly Gln His Gln
85 90 95
. Val Arg Met Gln Ile Leu Met Ile Arg Tyr Pro Ser Ser Gln Leu Gly
15 100 105 110
Glu Met Ser Leu Glu Glu His Ser Gln Cys Glu Cys Arg Pro Lys Lys
115 120 125
20 Asp Ser Ala Val Lys Pro Asp Arg Ala Ala Thr Pro His His Arg Pro
130 135 140
Gln Pro Arg Ser Val Pro Gly Trp Asp Ser Ala Pro Gly Ala Pro Ser
145 150 155 160
25
Pro Ala Asp Ile Thr His Pro Thr Pro Ala Pro Gly Pro Ser Ala His
165 170 175
Ala Ala Pro Ser Thr Thr Ser Ala Leu Thr Pro Gly Pro Ala Ala Ala
30 180 185 190
Ala Ala Asp Ala Ala Ala Ser Ser Val Ala Lys Gly Gly Ala
195 200 205
35
(2) INFORMATION FOR SEQ ID NO: 3:
(1) SEQUENCE CHARACTERISTICS:
40
(A) LENGTH: 419 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
45 (ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
Met His Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala
50 1 5 10 15

Ala Leu Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe
20 25 30

55 Glu Ser Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala
35 40 45 '

Thr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gln Leu Arg Ser Val Ser
50 55 60
60
Ser Val Asp Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met
65 70 75 80



65707580 Cys Arg Pro Lys Lys Asp Ser Ala Val Lys Pro Asp Arg Ala Ala Thr
859095 Pro Hs H's Arg Pro Gn Pro Arg Ser Val Pro Ay Trp Asp Ser Al a
601001051w® 49368 y Ala Pro Ser Pro Ala Asp Ile Thr H s Propdhisédigsdll a Pro
77 115120125 Ay Pro Ser Ala His Ala Ala Pro Ser Thr Thr Ser Ala Leu Thr
Pro 130135140 Gy Pro Ala Ala Ala Ala Ala A8p Ala Ala Ala Ser Ser Val A a
Lys 145150155160 Ay Gy Ala (2) | NFORVATION FOR SEQ ID NGO 18: (i) .
SEQUENCE CHARACTERI STICS: (A) LENGTH: 194 am no acids (B) TYPE: am no '?’ICIOQI
D) TOPOLOGYx! 4 Medd | E YPE: Protein.(xi,)._.S NCE . DESCRI P ;
(SE%) Do 15 e %*ybﬁ?gg& %JJA_EJIL%’ Gy ﬁ%ﬂ Ggs"er*)lﬂ 5%5595‘;;51 al Tyr Thr
Arg 151015 Ala Thr Cys Gn Pro Arg Qu Val Val Vval Pro Leu Thr Val GQu Leu
5 Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr Ile Lys Phe Ala Ala Ala

100 105 110
10 His Tyr Asn Thr Glu Ile Leu Lys Ser Ile Asp Asn Glu Trp Arg Lys
115 120 125
Thr Gln Cys Met Pro Arg Glu Val Cys Ile Asp Val Gly Lys Glu Phe
130 135 140
15
Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr
145 150 155 160
Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu Gln Cys Met Asn Thr
20 165 170 175
Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu Ile Thr Val Pro Leu
180 185 190
25 Ser Gln Gly Pro Lys Pro Val Thr Ile Ser Phe Ala Asn His Thr Ser
° 195 200 205
Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg Gln Val His Ser Ile
210 215 220
30
Ile Arg Arg Ser Leu Pro Ala Thr Leu Pro Gln Cys Gln Ala Ala Asn
225 230 235 240
Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn His Ile Cys Arg Cys
35 245 250 255
Leu Ala Gln Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser
260 265 270
40 Thr Asp Gly Phe His Asp Ile Cys Gly Pro Asn Lys Glu Leu Asp Glu
275 280 285
Glu Thr Cys Gln Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys
290 295 300
45
Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys Gln Cys Val Cys Lys
305 310 315 320
Asn Lys Leu Phe Pro Ser Gln Cys Gly Ala Asn Arg Glu Phe Asp Glu
50 325 330 335
Asn Thr Cys Gln Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gln Pro
340 345 . 350
55 Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gln Lys
355 ' 360 365
Cys Leu Leu Lys Gly Lys Lys Phe His His Gln Thr Cys Ser Cys Tyr
370 375 380
60

Arg Arg Pro Cys Thr Asn Arg Gln Lys Ala Cys Glu Pro Gly Phe Ser
385 390 , 395 400



202530 Met Gy Thr Val Ala Lys Gn Leu Val Pro Ser Cys Val Thr Val Gn
30354045 Ar s Ay Ay Cs Cys Pro Asp Asp Ay Leu AQu Cys Val Pro Thr
505560 35@‘39%%% s Gn Val Arg Met Gn Ile Leu Met |le Ar @CTYUSIROTBOSer
65707580 Ser Gn Leu Ay GQu Met Ser Leu Qu. 3 u Hs Ser Gn Cys Au Cys
859095 Arg Pro. Lys Lys Lys Asp Ser Al a Val U?E Gn Asp Arg Ala Ala Thr
100105110 Pro His H's Arg Pro Gn Pro Arg Ser Val Pro Ay Trp Asp Ser Al a
45115120125 Pro Gy Ala Pro Ser Pro Ala Asp Ile Thr Gn Ser H's Ser Ser Pro
130135140 S50Ar@ Bee d—l@ﬂGgSJaEr@ysAﬁgg% Vhi &Eonséd sk Prfis 4§y BLe Asp Pro
145150155160 Arg Thr Cys ArgsCys Arg S Argadrg Arg Ser Phe jau Arg Cys

G n 165170175 Ay Arg Ay Leu Qu Leu Asn Pro Asp Thr Cys Arg Cys Arg Lys
Leu 18018519061 ¢eArpr60 (2) | NFORMATI ON FOR SEQ I D NO. 19:

(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:

10
(A) LENGTH: 170 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
15
(ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
20 Met Pro Val Met Arg Leu Phe Pro Cys Phe Leu Gln Leu Leu Ala Gly
1 5 10 15
Leu Ala Leu Pro Ala Val Pro Pro Gln Gln Trp Ala Leu Ser Ala Gly
20 25 30
25
Asn Gly Ser Ser Glu Val Glu Val Val Pro Phe Gln Glu Val Trp Gly
35 40 45
Arg Ser Tyr Cys Arg Pro Ile Glu Thr Leu Val Asp Ile Phe Gln Glu
30 50 55 60

Tyr Pro Asp Glu Ile Glu Tyr Ile Phe Lys Pro Ser Cys Val Pro Leu
65 70 75 80

35 Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro
85 - 90 95

Thr Glu Glu Ser Asn Val Thr Met Gln Ile Met Arg Ile Lys Pro His
100 105 110
40
Gln Ser Gln His Ile Gly Glu Met Ser Phe Leu Gln His Ser Lys Cys
115 120 125

Glu Cys Arg Pro Leu Arg Glu Lys Met Lys Pro Glu Arg Arg Arg Pro
45 130 135 140

Lys Gly Arg Gly Lys'Arg Arg Arg Glu Lys Gln Arg Pro Thr Asp Cys
145 150 155 160

50 His Leu Cys Gly Asp Ala Val Pro Arg Arg
165 : 170

55 (2) INFORMATION FOR SEQ ID NO: 5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 221 amino acids

60 (B) TYPE: - amino acid
(D) TOPOLOGY: linear



78 (i) SEQUENCE CHARACTERI STICS: (A) LENGIH 189 am no acids (B) TYPE: am no
acid 5(D) TOPOLOGY:linear (ii) MOLECULE TYPE: Protein (xi) SEQUENCE

DESCRI PTIWR9888Q01 D NO 19: Lys Val Val Ser Trp Ile Asp Valpchywsoslorsofir g Al a
Thr Cys G n Pro 151015 Arg Qu Val Val Val Pro Leu Thr Val Qu Leu Met Ay
Thr Val Ala 15202530 Lys G n Leu Val Pro Sef8Cys Val Thr Val Gn Arg Cys
Ay Ay Cys 354045 20Cys Pro Asp Asp Ay Leu Qu Cys Val Pro Thr Ay Gn
Hs Gn Val SOSSG%EAQg‘NEt Gnlle Leu Met Il e Arg Tyr Pro Ser Ser Gn Leu
Ay Gu 65707580 Net™BEF VR &L G u H s SBFP'G*R Cys G u Oys Arg Pro Lys
Lys Lys 859095 | ng.Ala, Ala Thr Pro H's H's Arg
Pro 30100105110&?9n5%93é4&§%\%sc%§u Pr os%oiﬁfsrbp ASh Ser Ala Pro @y Ala Pro

Ser 11512012fet Arg Arg Cys Arg Ile Ser Gly Arg Pro Pro Ala Pro Pro Gly Val
1 5 10 . 15

Pro Ala Gln Ala Pro Val Ser Gln Pro Asp Ala Pro Gly His Gln Arg

20 25 30
10
Lys Val Val Ser Trp Ile Asp Val Tyr Thr Arg Ala Thr Cys Gln Pro
35 40 45
Arg Glu Val Val Val Pro Leu Thr Val Glu Leu Met Gly Thr Val Ala
15 50 55 60
Lys Gln Leu Val Pro Ser Cys Val Thr Val Gln Arg Cys Gly Gly Cys
65 70 15 80
20 Cys Pro Asp Asp Gly Leu Glu Cys Val Pro Thr Gly Gln His Gln Val
85 90 95
Arg Met Gln Ile Leu Met Ile Arg Tyr Pro Ser Ser Gln Leu Gly Glu
25 100 105 110
Met Sér Leu Glu Glu His Ser Gln Cys Glu Cys Arg Pro Lys Lys Lys
115 120 125
30 Asp Ser Ala Val Lys Gln Asp Arg Ala Ala Thr Pro His His Arg Pro
130 135 140
Gln Pro Arg Ser Val Pro Gly Trp Asp Ser Ala Pro Gly Ala Pro Ser
145 150 155 160
35 :
Pro Ala Asp Ile Thr Gln Ser His Ser Ser Pro Arg Pro Leu Cys Pro
165 170 175
Arg Cys Thr Gln His His Gln Cys Pro Asp Pro Arg Thr Cys Arg Cys
40 180 185 190
Arg Cys Arg Arg Arg Ser Phe Leu Arg Cys Gln Gly Arg Gly Leu Glu
195 200 205
45 Leu Asn Pro Asp Thr Cys Arg Cys Arg Lys Leu Arg Arg
210 215 220
(2) INFORMATION FOR SEQ ID NO: 6:
50 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 133 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
55
(ii) MOLECULE TYPE: Protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
60 Met Lys Leu Leu Val Gly Ile Leu Val Ala Val Cys Leu His Gln Tyr

1 5 10 15



35Pro Ala Asp 1le Thr Gn Ser H's Ser Ser Pro Arg Pro Leu Cys Pro 130135140
Arg Cys Thr Gn Hs Hs Gn Cys Pro Asp Pro Arg Thr Cys Arg S
145150155%%/&19@0"@3 Arg Arg Arg Ser Phe Leu Arg Cys G n @& ‘/’%@"égﬂﬁgoﬁ_eu'

G u 165170175 Leu Asn Pro Asp Thr Cys Arg $ Arg Lys Leu Arg Arg 45180185
(2) I NFORVATION FOR SEQ I D NO 20: (i) SEQUENCE CHARACTERI STICS: 50 (A
LENGTH: 184 am no acids (B) TYPE amno acid (D) TOPOLOGY:Ilinear 55(ii)
MOLECULE TYPERr Odi£inBn (aia) ASEQUENGE BESGRIPEL ONrpSER IdDuNB 1 20a 1yse Asp Val
Tyr Thr Arg Ala Thr Cys2eG n Pro Arg G u a4l Val Val 60151845 Pro Leu Thr
Val Gu Leu Met Gy Thr Val Ala Lys An Leu Val Pro WO

98/ 49300PCT/ 9398357804 AS RORF30 Sex P%ysll\fﬂal"ail'ﬁ%alvﬁw ?gh Yy etystldy Ay

Cys Cys Pro Asp Asp3@y 4
His Pro Glu Leu Thr Ser Gln Arg Phe Asn Pro Pro Cys Val Thr Leu
50 55 60

10 Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Ser Leu Glu Cys Val Pro
65 70 75 80

Thr Glu Glu Val Asn Val Thr Met Glu Leu Leu Gly Ala Ser Gly Ser

85 90 95
15
Gly Ser Asn Gly Met Gln Arg Leu Ser Phe Val Glu His Lys Lys Cys
100 105 110
Asp Cys Arg Pro Arg Phe Thr Thr Thr Pro Pro Thr Thr Thr Arg Pro
20
115 120 125
Pro Arg Arg Arg Arg
130
25
(2) INFORMATION FOR SEQ ID NO: 7:
(1) SEQUENCE CHARACTERISTICS:
30 (A) LENGTH: 148 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: ) linear
(1i) MOLECULE TYPE: Protein
35
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:
Met Lys Leu Thr Ala Thr Leu Gln Val Val Val Ala Leu Leu Ile Cys
1 5 10 15
40
Met Tyr Asn Leu Pro Glu Cys Val Ser Gln Ser Asn Asp Ser Pro Pro
20 25 30
Ser Thr Asn Asp Trp Met Arg Thr Leu Asp Lys Ser Gly Cys Lys Pro
45 35 40 45

Arg Asp Thr Vval Val Tyr Leu Gly Glu Glu Tyr Pro Glu Ser Thr Asn
50 55 60

50 Leu Gln Tyr Asn Pro Arg Cys Val Thr Val Lys Arg Cys Ser Gly Cys
65 70 75 80

Cys Asn Gly Asp Gly Gln Ile Cys Thr Ala Val Glu Thr Arg Asn Thr

85 90 95
55
Thr Val Thr Val Ser Val Thr Gly Val Ser Ser Ser Ser Gly Thr Asn
100 105 110
Ser Gly Val Ser Thr Asn Leu Gln Arg Ile Ser Val Thr Glu His Thr

60 115 120 125

Lys Cys Asp Cys Ile Gly Arg Thr Thr Thr Thr Pro Thr Thr Thr Arg



354045 5 Leu Qu Cys Val Pro Thr Gy Gn Hs Gn Val Arg Met Gn Ile Leu
505560 Met Ile Arg Tyr Pro Ser Ser Gn Leu Ay Qu Met Ser Leu u Qu
10657075880M889%er G n Cys Qu Cys Arg Pro Lys Lys Lys AsppSarusbb/arsonl Lys
859095 15G n Asp Arg Ala Ala Thr Pro His His Arg Pro Gn Pro Arg Ser Val
100105110 Pro Gy Trp Asp Ser Ala Pro Gy A& Pro Ser Pro Ala Asp Ile Thr
115120125 20 G n Ser H's Ser.Ser Pro Arg Pro Leu Cys Pro Arg Cys Thr G n
Hi s 130135140 Hié Gn Cys Pro Asp,Pro Arg Thr ‘Cys 1269 Cys Arg Cys Arg Arg
Arg 251451501551 8 Ser Phe Leu Arg Cys Gn Ay Arg y Leu Gu Leu Asn Pro
Asp Thr 1651@g;z§oaggygi€gg Cys Arg Lys Leu Arg Arg 180 (2)
| NFORVATI ON ECR SEQ I'D NO 21: 35(i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 19 ami no acids (B) TYPE: am no acid

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:

10 (A) LENGTH: 160 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein
15

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

Pro Ser His Gln Lys Lys Val Val Pro Trp Ile Asp Val Tyr Thr Arg

1 5 10 15
20
Ala Thr Cys Gln Pro Arg Glu Val Val Val Pro Leu Ser Met Glu Leu
20 25 30
Met Gly Asn Val Val Lys Gln Leu Val Pro Ser Cys Val Thr Val Gln
25 35 40 45
Arg Cys Gly Gly Cys Cys Pro Asp Asp Gly Leu Glu Cys Val Pro Thr
50 55 60
30
Gly Gln His Gln Val Arg Met Gln Ile Leu Met Ile Gln Tyr Pro Ser
65 70 75 80
35 Ser Gln Leu Gly Glu Met Ser Leu Glu Glu His Ser Gln Cys Glu Cys
85 90 95
Arg Pro Lys Lys Lys Glu Ser Ala Val Lys Pro Asp Ser Pro Arg Ile
100 105 110
40
Leu Cys Pro Pro Cys Thr Gln Arg Arg Gln Arg Pro Asp Pro Arg Thr
115 120 125
Cys Arg Cys Arg Cys Arg Arg Arg Arg Phe Leu His Cys Gln Gly Arg
45 130 135 140
Gly Leu Glu Leu Asn Pro Asp Thr Cys Arg Cys Arg Lys Pro Arg Lys
145 150 155 _ 160
50
(2) INFORMATION FOR SEQ ID NO: 9:
(1) SEQUENCE CHARACTERISTICS:
55
(A) LENGTH: 155 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
60 (ii) MOLECULE TYPE: Protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:



i r 40 (ii) MOLECULE TYPE: Protein (xi) SEQUENCE

! (D[E))SC-IR-’IO;‘IC']I_&E;Ll I neaOD NOC. (21? 45Arg Ala Thr Cys G n Pro Arg du Vval Val Vgl

Pro Leu Thr Va u 151015 Leu Met @Ay Thr vVal Ala Lys Gn LEOTMa!)s(/;d?BmLeﬁr
Cys Val Thr Val 202530 50 G n Arg Cys Ay GIyMQ/s Cys Pro Aslp Aﬁp N)ét el
Gu Cys Val Pro 354045 Thr Ay Gn Hs Gn Val" Arg Met Gn | (Ca; ea_ .
Arg Tyr Pro 55505560 Ser Ser Gn Leu Gy Qu I\(bt Ser Leu Qu | E |an "
Gn Cys Au 65707580 60Cys Arg Pro Lys Lys Lys Asp Ser Ala Val Lys 0 p
Arg Ala Al a 8599951 W F8b49800PETHIPSIBL 0R@01h SR r§hik1 Prar H S -E‘iley%[,g cer
Gn Pro Arg Set val Pro Ay Jrp Asp Ser 100106110- Ala Pro dysAla Pro

] ' Ser 5115120125
Pro Ala A§p lhgg Téll;.l gaap VgﬁrVal_l" %roselreu Ser Met Glu Leu Met Gly Asn Val Val

20 25 30
Lys Gln Leu Val Pro Ser Cys Val Thr val Gln Arg Cys Gly Gly Cys
35 40 : 45
10
Cys Pro Asp Asp Gly Leu Glu Cys Val Pro Thr Gly Gln His Gln Val
50 55 60
Arg Met Gln Ile Leu Met Ile Gln Tyr Pro Ser Ser Gln Leu Gly Glu
15 65 70 75 80
Met Ser Leu Glu Glu His Ser Gln Cys Glu Cys Arg Pro Lys Lys Lys
85 90 95
20 Glu Ser Ala Val Lys Pro Asp Ser Pro Arg Ile Leu Cys Pro Pro Cys
100 105 110
Thr Gln Arg Arg Gln Arg Pro Asp Pro Arg Thr Cys Arg Cys Arg Cys
115 120 125
25
Arg Arg Arg Arg Phe Leu His Cys Gln Gly Arg Gly Leu Glu Leu Asn
130 135 140
Pro Asp Thr Cys Arg Cys Arg Lys Pro Arg Lys
30 145 150 155
(2) INFORMATION FOR SEQ ID NO: 10:
(i) SEQUENCE CHARACTERISTICS:
35
(A) LENGTH: 152 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
40 (ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
Pro Trp Ile Asp Val Tyr Thr Arg Ala Thr Cys Gln Pro Arg Glu Val
45 1 5 . 10 15

Val Val Pro Leu Ser Met Glu Leu Met Gly Asn Val Val Lys Gln Leu
20 25 30

50 Val Pro Ser Cys Val Thr Val Gln Arg Cys Gly Gly Cys Cys Pro Asp

35 40 45
Asp Gly Leu Glu Cys Val Pro Thr Gly Gln His Gln Val Arg Met Gln
50 55 60
55
Ile Leu Met Ile Gln Tyr Pro Ser Ser Gln Leu Gly Glu Met Ser Leu
65 70 75 80
Glu Glu His Ser Gln Cys Glu Cys Arg Pro Lys Lys Lys Glu Ser Ala
60 85 90 95

Val Lys Pro Asp Ser Pro Arg Ile Leu Cys Pro Pro Cys Thr Gln Arg



Pro Arg Pro Leu Cys Pro Arg Cys Thr Gn H's HHs Gn Cys Pro Asp 130135140
.10Pro Arg Thr Cys Arg Cys Arg Cys Arg Arg Arg Ser Phe Leu Arg Cys
145150155400 sfw3pod y Arg Ay Leu GQu Leu Asn Pro Asp Thr Cyerhisdsss: Arg
Lys 165170175 15 Leu Arg Arg (2) I NFORMATION FOR SEQ I D NO 22:
20(i) SEQUENCE CHARACTERI STICS: (A) LENGTH737 ami no acids (B) TYPE: am-no
acid (D) TOPOLOGY:linear 25 (ii) MOLECULE TYPE: Protein (xi) SEQUENCE
DESCRI PTI ON: SEQ I D h[) 22: 30Hi s Tyr Asn Thr Qu Ile Leu Lys Ser Ile Asp
Asn du Trp Arg Lys 151845 Thr Gn Cys Mt Pro Arg Gu VAP Cys 11 e Asp Val

ggY %Z fﬁ}’ BN g %?4%5“5’“;%; KA *é%P{%uPa"n%is
t n sinr

Arg Phe Leu His Cys Gln Gly Arg Gly Leu Glu Leu Asn Pro Asp Thr
130 135 ’ 140

Cys Arg Cys Arg Lys Pro Arg Lys
10 145 150

(2) INFORMATION FOR SEQ ID NO: 11:

15
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 150 amino acids
(B) TYPE: amino acid
20 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:
25
Ile Asp Val Tyr Thr Arg Ala Thr Cys Gln Pro Arg Glu Val Val Val
1 5 10 15
Pro Leu Ser Met Glu Leu Met Gly Asn Val Val Lys Gln Leu Val Pro
30 20 25 30
Ser Cys Val Thr Val Gln Arg Cys Gly Gly Cys Cys Pro Asp Asp Gly
35 40 45
35 Leu Glu Cys Val Pro Thr Gly Gln His Gln Val Arg Met Gln Ile Leu
50 55 60
Met Ile Gln Tyr Pro Ser Ser Gln Leu Gly Glu Met Ser Leu Glu Glu
65 70 75 80
40
His Ser Gln Cys Glu Cys Arg Pro Lys Lys Lys Glu Ser Ala Val Lys
85 90 95
Pro Asp Ser Pro Arg Ile Leu Cys Pro Pro Cys Thr Gln Arg Arg Gln
45 100 105 110
Arg Pro Asp Pro Arg Thr Cys Arg Cys Arg Cys Arg Arg Arg Arg Phe
115 120 125
50 Leu His Cys Gln Gly Arg Gly Leu Glu Leu Asn Pro Asp Thr Cys Arg
130 135 140
Cys Arg Lys Pro Arg Lys
145 150
55 _
(2) INFORMATION FOR SEQ ID NO: 12:
(i) SEQUENCE CHARACTERISTICS:
60 (A) LENGTH: 147 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear



Phe Au Ile Thr VaI_Pro Leu
‘40505560 Ser Thr Ser Tyr Leu Ser Lys Thfl_hlr_e:JI o eer Phe Al a mshoH e Thr G

i Pro Lys -Pro Val ! )
e EPRY 0 b2 T T e % O O e
100105110 50 Ile Arg Arg Ser Leu Pro Ala tp Asn Asn Hs Ile Oys Arg

/ Thr Asn Tyr Met
- Asn 115120125 Lys Thr Cys Pro e et Bor Ash A& Gy Ash Asp
Leu Ala Gn Gu Asp Phe Me __ oS
o iiéig}ﬁgéigo OThr Asp Ay Phe H's Asp Ile Cys Ay Pro Asn Lys Qu

~Ser e ValerGysirArg Ala Gy Leu Arg Pro
Asp G u 165170175 * 81 WHEME TRE:G nqu/;ISu igtj@dAslp A?g Asn Ser Cys G n Cys

- Hs L
Ala Ser Cys 18018a190- G y Pro . I : Oy A e o
Val Cys 35 51952%‘(])1305 %sn E§ PR %é’ PreEGSEP ®n s Gy
" Phe Asp G u 216245220arq a1a 7nr Cys Gln Pro Arg Glu Val Val Val Pro Leu Ser
! 3 10 P

Met Glu Leu Met Gly Asn Val Val Lys Gln Leu Val Pro Ser Cys Vval
10 20 25 30

Thr Val Gln Arg Cys Gly Gly Cys Cys Pro Asp Asp Gly Leu Glu Cys
35 40 45

15 Val Pro Thr Gly Gln His Gln Val Arg Met Gln Ile Leu Met Ile Gln

50 55 60
Tyr Pro Ser Ser Gln Leu Gly Glu Met Ser Leu Glu Glu His Ser Gln
65 70 75 80
20
Cys Glu Cys Arg Pro Lys Lys Lys Glu Ser Ala val Lys Pro Asp Ser
85 90 95
Pro Arg Ile Leny Cys Pro Pro Cys Thr Gln Arg Arg Gln Arg Pro Asp
25 100 105 110
Pro Arg Thr Cys Arg Cys Arg Cys Arg Arg Arg Arg Phe Leu His Cys
115 120 125
30 Gln Gly Arg Gly Leu Glu Leu Asn Pro Asp Thr Cys Arg Cys Arg Lys
130 135 140
Pro Arg Lys
145
35
(2) INFORMATION FOR SEQ ID NO: 13:
(1) SEQUENCE CHARACTERISTICS:
40
(A) LENGTH: 145 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
45 (ii) MOLECULE TYPE: Protein
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
Arg Ala Thr Cys Gln Pro Arg Glu Vval val val Pro Leu Ser Met Glu
50 1 5 10 15

Leu Met Gly Asn val val Lys Gln Leu Val Pro Ser Cys Val Thr val
20 25 30

55 Gln Arg Cys Gly Gly Cys Cys Pro Asp Asp Gly Leu Glu Cys Val Pro
35 40 45

Thr Gly Gln His Gln Val Arg Met Gln Ile Leu Met Ile Gln Tyr Pro
50 55 60
60
Ser Ser Gln Leu Gly Glu Met Ser Leu Glu Glu His Ser Gln Cys Glu
65 70 75 80



10Asn Thr Cys G n Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gn Pro
225230235240 Leu Asn Pro Ay Lys Cys Ala Cys Qu Cys Thr Qu Ser Pro G n
Lys 24525053%/49300cys Leu Leu Lys Ay Lys Lys Phe H s Hi s G RCTHS&87801Ser
Cys Tyr 260265270 Arg Arg Pro Cys Thr Asn At]%‘ Gn Lys Ala Cys Au Pro Gy
Phe Ser 20275280285 Tyr Ser GQu Gu Val Cys '‘Arg Cys Val Pro Ser Tyr Trp Lys
Arg Pro 290295300 25G n Met Ser 305 (2) INFORMATION FOR SEQ ID NGO -
23: 30(i) SEQUENCE CHARACTERI STICS: (A) LENGTH 302 amino acids (B)

TYPE: am no acdyd AR) pFORQSOG)s lyReetu 38r (dia) vAOURCURE, REBEs &F @461 Ay Xi )
SEQUENCE DESCRI PTI ON: SEQ B® NO. 23: 90lle keu Lys Ser Ile Ap Asn Qu Trp
Arg Lys Thr G n Cys Met Pro 151015 Arg Au Val Cys Ile Asp Val Ay Lys Qu
Phe Ay Val Als T CASrPr20RP53®ys Thr Gln Arg Arg Gln Arg Pro Asp Pro Arg

100 105 110
Thr Cys Arg Cys Arg Cys Arg Arg Arg Arg Phe Leu His Cys Gln Gly
115 120 125
10 '
Arg Gly Leu Glu Leu Asn Pro Asp Thr Cys Arg Cys Arg Lys Pro Arg
130 135 140
Lys
15 145
(2) INFORMATION FOR SEQ ID NO: 14:
(i) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 178 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein
25
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
Pro Gly His Gln Arg Lys Val Val Ser Trp Ile Asp Val Tyr Thr Arg
1 5 10 15
30
Ala Thr Cys Gln Pro Arg Glu Val Val Val Pro Leu Thr Val Glu Leu
20 25 30
Met Gly Thr Val Ala Lys Gln Leu Val Pro Ser Cys Val Thr Val Gln
35 35 40 45

Arg Cys Gly Gly Cys Cys Pro Asp Asp Gly Leu Glu Cys Val Pro Thr
50 55 60

40 Gly Gln His Gln Val Arg Met Gln Ile Leu Met Ile Arg Tyr Pro Ser
65 70 75 80

Ser Gln Leu Gly Glu Met Ser Leu Glu Glu His Ser Gln Cys Glu Cys

85 90 95
45
Arg Pro Lys Lys Asp Ser Ala Val Lys Pro Asp Arg Ala Ala Thr Pro
100 105 110
His His Arg Pro Gln Pro Arg Ser Val Pro Gly Trp Asp Ser Ala Pro
50 115 120 _ 125
Gly Ala Pro Ser Pro Ala Asp Ile Thr His Pro Thr Pro Ala Pro Gly
130 135 140
55 Pro Ser Ala His Ala Ala Pro Ser Thr Thr Ser Ala Leu Thr Pro Gly
145 150 155 160
Pro Ala Ala Ala Ala Ala Asp Ala Ala Ala Ser Ser Val Ala Lys Gly
165 170 175
60

Gly Ala



45 Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Ay dy Cys 354045
Cys Asn Ser u dy Leu Gn Cys Met Asn Thr Ser Thr Ser Tyr Leu 50505560
Ser Lys TRHO 43 %he Gu 11e Thr Val Pro Leu Ser Gn Ay ProPCr4889m9E30
55Pro Val Thr Ile Ser Phe Ala Asn His Thr Se? Cys Arg Cys Met Ser 859095
Lys Leu Asp Val Tyr Arg Gn Val H's Ser Ile ?e Arg Arg Ser Leu 100105110
60 82 Asn Tyr Met Trp Asn Asn His Ile Cys Arg Cys Leu Ala A n-du Asp
130135140 5Phy MetirdharSen roRr sRSRpA@: Chy:Asp Asp Ser Thr Asp Ay Phe Hi s
145150155160 Asp Ile Cys Ay Pro Asn Lys Gu Leu Asp Gu Qu-Thr Cys Gn
Cys 165170175 Val(iCysSEAUENGH aHARACTERUSTACg:Pro Ala Ser Cys Ay Pro Hi s Lys
G u 180185190 Leu Asp Arg Asn Ser Cys G n Cys Val Cys Lys Asn Lys Leu Phe

Pro 195280205 (A) TLENGTH: 173 amino ‘acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein
10

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

Lys Val Val Ser Trp Ile Asp Val Tyr Thr Arg Ala Thr Cys Gln Pro

1 5 10 15
15
Arg Glu Val Val Val Pro Leu Thr Val Glu Leu Met Gly Thr Val Ala
20 25 30
Lys Gln Leu Val Pro Ser Cys Val Thr Val Gln Arg Cys Gly Gly Cys
20 .35 40 45
Cys Pro Asp Asp Gly Leu Glu Cys Val Pro Thr Gly Gln His Gln Val
50 55 60
25 Arg Met Gln Ile Leu Met Ile Arg Tyr Pro Ser Ser Gln Leu Gly Glu
65 70 75 80
Met Ser Leu Glu Glu His Ser Gln Cys Glu Cys Arg Pro Lys Lys Asp
85 90 95
30
Ser Ala Val Lys Pro Asp Arg Ala Ala Thr Pro His His Arg Pro Gln
100 105 110
Pro Arg Ser Val Pro Gly Trp Asp Ser Ala Pro Gly Ala Pro Ser Pro
35 115 120 125
Ala Asp Ile Thr His Pro Thr Pro Ala Pro Gly Pro Ser Ala His Ala
130 135 140
40 Ala Pro Ser Thr Thr Ser Ala Leu Thr Pro Gly Pro Ala Ala Ala Ala
145 150 155 160
Ala Asp Ala Ala Ala Ser Ser Val Ala Lys Gly Gly Ala
165 170
45
(2) INFORMATION FOR SEQ ID NO: 16:
(i) SEQUENCE CHARACTERISTICS:
50 (A) LENGTH: 168 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: ~ linear
(ii) MOLECULE TYPE: Protein
55
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:
Ile Asp Val Tyr Thr Arg Ala Thr Cys Gln Pro Arg Glu Val Val Val
1 5 10 15
60

Pro Leu Thr Val Glu Leu Met Gly Thr Val Ala Lys Gln Leu Val Pro
20 25 30



Ser Gn Cys Ay Ala Asn Arg Au Phe Asp Au Asn Thr Cys G n Cys 20210215220
Val Cys Lys Arg Thr Cys Pro Arg Asn G n Pro Leu Asn Pro Ay Lys
225230235@0sa8igps Ala Cys A u Cys Thr Au Ser Pro G n Lys gymusmssw78mu Lys
Gy 245250255 Lys Lys Phe His Hi's Gn Thr Cys Ser Cys Tyr Arg Arg Pro Cys
Thr 260265270 30 Asn Arg G n Lys Ala Cys AudbPro Ay Phe Ser Tyr Ser Qu

A u Val 275280285 Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro G n Met Ser
35290295300 (2) | NFORMATI ON FOR SEQ I D NO 24: "(i) SEQUENCE

CHARACTERI STI CS 40 )y L 297 ani nQ..acj JYBE:

TOPOLOGY: | i néaF #6(1 %A EE%%“T%&E@ e i!r;lg %EQJ RI%%E%%%%TI ON: SEQ
I D NO 24: Asp Asn uTrpArgLysThrGinQ/s I\/bt Pro Arg Qu Val Cys Ile
501510155Asp t¥al cid ¥ys e 1Ghto e ﬁyysvxalalél 81dWa1Asry Tae &he rPherdwys Pro

50 60

Met Ile Arg Tyr Pro Ser Ser Gln Leu Gly Glu Met Ser Leu Glu Glu

65 70 75 80
10

His Ser Gln Cys Glu Cys Arg Pro Lys Lys Asp Ser Ala Val Lys Pro

85 90 95

Asp Arg Ala Ala Thr Pro His His Arg Pro Gln Pro Arg Ser Val Pro
15 100 105 110

Gly Trp Asp Ser Ala Pro Gly Ala Pro Ser Pro Ala Asp Ile Thr His

115 120 125
20 Pro Thr Pro Ala Pro Gly Pro Ser Ala His Ala Ala Pro Ser Thr Thr
130 135 140

Ser Ala Leu Thr Pro Gly Pro Ala Ala Ala Ala Ala Asp Ala Ala Ala

145 150 155 160
25

Ser Ser Val Ala Lys Gly Gly Ala

165
i (2) INFORMATION FOR SEQ ID NO: 17:
30
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 163 amino acids
(B) TYPE: amino acid
35 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NC: 17:

40

Arg Ala Thr Cys Gln Pro Arg Glu Val Val Val Pro Leu Thr Val Glu

1 5 10 15

Leu Met Gly Thr Val Ala Lys Gln Leu Val Pro Ser Cys Val Thr Val

45 20 25 30

Gln Arg Cys Gly Gly Cys Cys Pro Asp Asp Gly Leu Glu Cys Val Pro
35 40 45

50 Thr Gly Gln His Gln Val Arg Met Gln Ile Leu Met Ile Arg Tyr Pro

50 55 60

Ser Ser Gln Leu Gly Glu Met Ser Leu Glu Glu His Ser Gln Cys Glu

65 70 75 80
55

Cys Arg Pro Lys Lys Asp Ser Ala Val Lys Pro Asp Arg Ala Ala Thr

85 90 95

Pro His His Arqg Pro Gln Pro Arg Ser Val Pro Gly Trp Asp Ser Ala

60 100 105 110

Prc Gly Ala Pro Ser Pro Ala Asp Ile Thr His Pro Thr Pro Ala Pro



202530 55Pro Cys Val Ser Vval Tyr Arg Cys Ay Ay Cys Cys Asn Ser Au Ay
354045 Leu G n Cys Met Asn Thr Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe
505560 60WRBB/4RYW Ala Asn His Thr Ser Cys Arg Cys Met Ser LPETYERI8/0Z891 Val
Tyr 859095 5Arg G n Val His Ser Ile lle Arg g Ser Leu Pro Ala Thr Leu Pro
100105110 G n .Cys G n Ala Ala Asn Lys Thr S Pro Thr Asn Tyr Met Trp Asn
115120125 10 Asn Hs Ile Cys Arg Cys Leu Ala G n G u Asp Phe Met Phe Ser
Ser 130135140 Asp Ahas Ay Asp Asp Serjghr Asp Gy Phe Hiss Asp Ile Cys Ay
Pro 15145150155160 Asn Lys GQu Leu Asp Au GQu Thr Cys Gn Cys Val Cys Arg
Ala Ay 16510 7&x26kewnIAr giPrr0aAhee 3eb €4S TeE yTH2 GeHirmal ysu Ghe kel Asp Arg
Asn Ser 180185191B0Cys G n Cys Val1®ys Lys Asn Lys Lew Phe Pro Ser G n Cys

Ay Ala 3
Gly Pro Ala Ala Ala Ala Ala Asp Ala Ala Ala Ser Ser Val Ala Lys

145 150 155 160
Gly Gly Ala
10
(2) INFORMATION FOR SEQ ID NO: 18:
(i) SEQUENCE CHARACTERISTICS:
15 (A) LENGTH: 194 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein
20
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18:
Pro Gly His Gln Arg Lys Val Val Ser Trp Ile Asp Val Tyr Thr Arg
1 5 10 15
25
Ala Thr Cys Gln Pro Arg Glu Val Val Val Pro Leu Thr Val Glu Leu
20 25 30
Met Gly Thr Val Ala Lys Gln Leu Val Pro Ser Cys Val Thr Val Gln
30 35 40 45

Arg Cys Gly Gly Cys Cys Pro Asp Asp Gly Leu Glu Cys Val Pro Thr
50 55 60

35 Gly Gln His Gln Val Arg Met Gln Ile Leu Met Ile Arg Tyr Pro Ser
65 70 75 80

Ser Gln Leu Gly Glu Met Ser Leu Glu Glu His Ser Gln Cys Glu Cys

85 90 95
40
Arg Pro Lys Lys Lys Asp Ser Ala Val Lys Gln Asp Arg Ala Ala Thr
100 105 110
Pro His His Arg Pro Gln Pro Arg Ser Val Pro Gly Trp Asp Ser Ala
45 115 120 125

Pro Gly Ala Pro Ser Pro Ala Asp Ile Thr Gln Ser His Ser Ser Pro
130 135 140

50 Arg Pro Leu Cys Pro Arg Cys Thr Gln His His Gln Cys Pro Asp Pro
145 150 155 160

Arg Thr Cys Arg Cys Arg Cys Arg Arg Arg Ser Phe Leu Arg Cys Gln
165 170 175

Gly Arg Gly Leu Glu Leu Asn Pro Asp Thr Cys Arg Cys Arg Lys Leu
180 185 190

Arg Arg
60
(2) INFORMATION FOR SEQ ID NO: 19:



195200205 25 Asn Arg G u Phe Asp Qu Asn Thr Cys G n Cys Val Cys Lys Arg
Thr 210215220 Cys Pro Arg Asn G n Pro Leu Asn Pro Ay Lys Cys Ala Cys G u
Cys 30225200838%040 Thr A u Ser Pro G n Lys Cys Leu Leu Lys K&TyU$9897801s Phe.
H s Hi s 245250255 35G n Thr Cys Ser Cys Tyr. Arg Arg Pro Cys Thr Asn Arg G n
Lys Ala 260265270 Cys Qu Pro Gy Phe Ser ﬂ'ﬁr Ser Qu du val Cys Arg Cys
Val Pro 275280285 Ser Tyr Trp Lys Arg Pro G n Met Ser 290295 (2) o
| NFORVATI ON FOR, SEQ o NCE CHARACTERI STI CS: (A) LENGTH: 292
am no acids (B)‘$NPE?§%$%% é%?ﬁ&g%%§§g#%PCLOGY:Iinear B4 35404% Thr Ser
Thr Ser Tyr Leu Ser (hys cERgrheu Phe G u | l@oThiindabcAs0 505560 5

{B) TYPE: amino acid
5 (D) TOPOLOGY: linear
(1i) MOLECULE TYPE: Protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

10
Lys Val Val Ser Trp Ile Asp Val Tyr Thr Arg Ala Thr Cys Gln Pro
1 5 10 15
Arg Glu Val Val Val Pro Leu Thr Val Glu Leu Met Gly Thr Val Ala
15 20 25 30
Lys Gln Leu Val Pro Ser Cys Val Thr Val Gln Arg Cys Gly Gly Cys
35 40 45
20 Cys Pro Asp Asp Gly Leu Glu Cys Val Pro Thr Gly Gln His Gln Val
50 55 60
Arg Met Gln Ile Leu Met Ile Arg Tyr Pro Ser Ser Gln Leu Gly Glu
65 70 75 80
25
Met Ser Leu Glu Glu His Ser Gln Cys Glu Cys Arg Pro Lys Lys Lys
85 90 95
Asp Ser Ala Val Lys Gln Asp Arg Ala Ala Thr Pro His His Arg Pro
30 100 105 110
Gln Pro Arg Ser Val Pro Gly Trp Asp Ser Ala Pro Gly Ala Pro Ser
115 120 125
35 Pro Ala Asp Ile Thr Gln Ser His Ser Ser Pro Arg Pro Leu Cys Pro
130 135 _ 140
Arg Cys Thr Gln His His Gln Cys Pro Asp Pro Arg Thr Cys Arg Cys
145 150 155 160
40
Arg Cys Arg Arg Arg Ser Phe Leu Arg Cys Gln Gly Arg Gly Leu Glu
165 170 175
Leu Asn Pro Asp Thr Cys Arg Cys Arg Lys Leu Arg Arg
45 180 185
(2) INFORMATION FOR SEQ ID NO: 20:
(i) SEQUENCE CHARACTERISTICS:
50
(A) LENGTH: 184 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
55 (ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:
Ile Asp Val Tyr Thr Arg Ala Thr Cys Gln Pro Arg Glu Val Val Val
60 1 5 10 15

Pro Leu Thr Val Glu Leu Met Gly Thr Val Ala Lys Gln Leu Val Pro



Leu Ser Gn Gy Pro Lys Pro Val Thr Ile Ser Phe Ala Asn His Thr 65707580
Ser Cys Ar %%s Met Ser Lys Leu Asp Val Tyr Arg G n Val H's Ser 10859095
Ile lle AV%’ %r Leu Pro Ala Thr Leu Pro Gn Cys G n Al aPRrgsey0m95110
15Asn Lys Thr_Cys Pro Thr Asn Tyr Met Trp 2gAsn Hs Ile Cys Arg 115120125
Cys Leu Ala G n G u Asp Phe Met Phe Ser Ser p Ala Ay Asp Asp 130135140
20 Ser Thr Asp Gy Phe Hs Asp lle Cys Gy Pro Asn Lys Qu Leu Asp
145150155160 Gu Gu Thygg Cys G n Cys Val,£ys Arg Ala Ay Lgu Arg Pro Ala
Ser 25165170175 Cys Ay Pro His Lys Gu Leu Asp Arg Asn Ser €Cys G n Cys Va
Cys 18018519Ge30tyss VASrHryBal einPluey Bye Qar cGy rcySysysadproAhdp Asp &g G u Phe
Asp 195200205 A u AsA Thr Cys G n Cygoval Cys Lys Arg4Bhr Cys Pro Arg Asn
G n 210225220 Pro Leu Asn Pro Gy Lys Cys Ala Cys Gu Cys Thr Au Ser Pro
Gn 225230235?}10@1&9@‘?%8{9 1785 iys GapyHisy §1p §1P’r‘1@3 Mes 45 I&Entethr Oys
Ser Cys

Met Ile Arg Tyr Pro Ser Ser Gln Leu Gly Glu Met Ser Leu Glu Glu

10 65 70 75 80
His Ser Gln Cys Glu Cys Arg Pro Lys Lys Lys Asp Ser Ala Val Lys
85 90 95
15 Gln Asp Arg Ala Ala Thr Pro His His Arg Pro Gln Pro Arg Ser Val
100 105 110

Pro Gly Trp Asp Ser Ala Pro Gly Ala Pro Ser Pro Ala Asp Ile Thr

115 120 125
20
Gln Ser His Ser.Ser Pro Arg Pro Leu Cys Pro Arg Cys Thr Gln His
130 135 140
His Gln Cys Pro Asp Pro Arg Thr Cys Arg Cys Arg Cys Arg Arg Arg
25 145 150 155 160

Ser Phe Leu Arg Cys Gln Gly Arg Gly Leu Glu Leu Asn Pro Asp Thr
165 170 175

30 Cys Arg Cys Arg Lys Leu Arg Arg
180

(2) INFORMATION FOR SEQ ID NO: 21:

35 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 179 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
40
(ii) MOLECULE TYPE: Protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

45 Arg Ala Thr Cys Gln Pro Arg Glu Val Val Val Pro Leu Thr Val Glu
1 5 10 15

Leu Met Gly Thr Val Ala Lys Gln Leu Val Pro Ser Cys Val Thr Val

20 25 30

50

Gln Arg Cys Gly Gly Cys Cys Pro Asp Asp Gly Leu Glu Cys Val Pro

35 40 45

Thr Gly Gln His Gln Val Arg Met Gln Ile Leu Met Ile Arg Tyr Pro
55 50 55 60

Ser Ser Gln Leu Gly Glu Met Ser Leu Glu Glu His Ser Gln Cys Glu

65 70 75 80
60 Cys Arg Pro Lys Lys Lys Asp Ser Ala Val Lys Gln Asp Arg Ala Ala

85 90 95



40245250255 Tyr Arg Arg Pro Cys Thr Asn Arg G n Lys Ala Cys Qu Pro Ay Phe

260265270 45Ser Tyr Ser u Qu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg

27528028wdrpmagadn Met Ser 290 50 (2) | NFORVATI ON FOR SEQ | BCNOsI®@301

(|) SEQUENCE CHARACTERI STICS: 55(A) LENGTH:. 116 ami no acids (B) TYPE: am no

acid (D TOPOLOGY: i near (ii) BOLECULE TYPE: Protein 60 (xi)

i:EQJEIS\ICESDESEISRI PPhCJ\IL SEg I D NO 26: WD 98/49300 PCT/ US98/ 07801 85 Leu Asn
a p Ser n r .Lys. Ti r Au Val, Ley.Lys 1 r du

Lys Pro Arg PBroti9 é’lﬁélg\/ﬁ?lgﬁxg’ ?/grf P§8r}1\gg Serl'ﬁ}rélH?)éo ?Q%Zé%o%é se s

0

Ala Pro Gly Ala Pro Ser Pro Ala Asp Ile Thr Gln Ser His Ser Ser

5 115 120 125
Pro Arg Pro Leu Cys Pro Arg Cys Thr Gln His His Gln Cys Pro Asp
130 135 140
10 Pro Arg Thr Cys Arg Cys Arg Cys Arg Arg Arg Ser Phe Leu Arg Cys
145 150 155 160

Gln Gly Arg Gly Leu Glu Leu Asn Pro Asp Thr Cys Arg Cys Arg Lys

165 170 175
15
Leu Arg Arg
(2) INFORMATION FOR SEQ ID NO: 22:
20 (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 307 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
25
(ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22:
30 His Tyr Asn Thr Glu Ile Leu Lys Ser Ile Asp Asn Glu Trp Arg Lys
1 5 10 15
Thr Gln Cys Met Pro Arg Glu Val Cys Ile Asp Val Gly Lys Glu Phe
20 25 30
35
Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr
35 40 45
Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu Gln Cys Met Asn Thr
40 50 55 60
Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe Glu Ile Thr Val Pro Leu
65 70 75 80
45 Ser Gln Gly Pro Lys Pro Val Thr Ile Ser Phe Ala Asn His Thr Ser
85 90 95
Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg Gln Val His Ser Ile
100 105 110
50
Ile Arg Arg Ser Leu Pro Ala Thr Leu Pro Gln Cys Gln Ala Ala Asn
115 120 125
Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn His Ile Cys Arg Cys
55 130 135 140
Leu Ala Gln Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser
145 150 155 160
60 Thr Asp Gly Phe His Asp Ile Cys Gly Pro Asn Lys Glu Leu Asp Glu

165 170 175



| Pro Qu Leu Thr Ser Gn Arg Phe Asn Pro Pro Cys Val Thr Leu Met 354045

' 10Arg Cys Ay Ay Cys Cys Asn Asp Au Ser Leu Gu Cys Val Pro Thr 505560
Au Au VaWwesdoed Thr Met Qu Leu Leu Ay Ala Ser Ay Ser gtyusssi@idbs0 15
Ser Asn Ay Met G n Arg Leu Ser Phe Val Qu H.s Lys Lys Cys Asp 859095 Cys
Arg Pro Arg Phe Thr Thr Thr Pro Pro Thr Thr Prr Arg Pro Pro 20100105110 Arg
Arg Arg Arg 115 25 (2) I NFORVATION FOR SEQ ID NO 27: (i) SEQUENCE

CHARACTERI STI CS: H: Lo aci TYPE: amg no_acid_(
TOPOLOGY: | i neg’?% @u#gméﬁé’% i Ot ‘gfﬁqg@i‘)e“sg&gﬁ&@ §&h|‘g2ﬁ O\ SEQ
ID NO 27: Asn Thr Lys Gy Trp Ser Au Val Leu Lys Ay Ser u Cys Lys Pro

40151015 Arg Rng bie nVal Lpéak1PrieuVakp 904 £31 sThrcyd 819 sGran gy yr  Ser
202530 5 195 200 205

Asn Lys Leu Phe Pro Ser Gln Cys Gly Ala Asn Arg Glu Phe Asp Glu
210 : 215 220

10 Asn Thr Cys Gln Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gln Pro
225 230 235 240

Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gln Lys

245 250 255
15
Cys Leu Leu Lys Gly Lys Lys Phe His His Gln Thr Cys Ser Cys Tyr
260 265 270
Arg Arg Pro Cys Thr Asn Arg Gln Lys Ala Cys Glu Pro Gly Phe Ser
20 275 280 285
Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro
290 295 300
25 Gln Met Ser
305
(2) INFORMATION FOR SEQ ID NO: 23:
30 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 302 amino acids
(B) TYPE: amino acid
(D} TOPOLOGY: linear
35
(ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23:
40 Ile Leu Lys Ser Ile Asp Asn Glu Trp Arg Lys Thr Gln Cys Met Pro
1 5 10 15
Arg Glu Val Cys Ile Asp Val Gly Lys Glu Phe Gly Val Ala Thr Asn
20 25 30
45
Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys
35 40 45
Cys Asn Ser Glu Gly Leu Gln Cys Met Asn Thr Ser Thr Ser Tyr Leu
50 50 55 60
Ser Lys Thr Leu Phe Glu Ile Thr Val Pro Leu Ser Gln Gly Pro Lys
65 70 75 80
55 Pro Val Thr Ile Ser Phe Ala Asn His Thr Ser Cys Arg Cys Met Ser
85 90 95
Lys Leu Asp Val Tyr Arg Gln Val His Ser Ile Ile Arg Arg Ser Leu
100 105 110
60

Pro Ala Thr Leu Pro Gln Cys Gln Ala Ala Asn Lys Thr Cys Pro Thr
115 120 125



45G n Arg Phe Asn Pro Pro Cys Val Thr Leu Met Arg Cys Gy Gy Cys 354045
Cys Asn Asp Qu Ser Leu u Cys Val Pro Thr Au Gu Val Asn Val 505560 Thr
Met Qu Leodsesesdal y Ala Ser Ay Ser Ay Ser Asn Ay Met G recar9gba0: Ar g
Leu Ser Phe Val Qu H's Lys Lys Cys Asp Q/s Arg Pro Arg Phe 55859095 Thr
Thr Thr Pro Pro Thr Thr Thr Arg Pro Pro ArgBArg Arg Arg 100105110 60( 2)

| NFORMATI ON FOR SEQ I D NO 28: (i) SEQUENCE CHARACTERI STICS: WO

98/ 49300PCT/ US98/ 07801 86 (A) LENGTH 106 aming acids (B) TYPE: ami no acid

(D) TODQ%Y@' lllnl%% MS: (T'rb aNDC C"JE% Ig 't::yls?rﬂcf'cgs (L)%'u) anFQUENGE RESCRI PTI ON:

SEQ | D NG Qe Lys Pro Arg Pro Ile
Val Val 151015 Pro VaI Ser G u Thr Hi's Pro GI u Leu Thr Ser G n Arg Phe Asn
Pro 5 Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp Gly Phe His
145 150 155 160
Asp Ile Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr Cys Gln Cys
165 170 175
10
Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro His Lys Glu
180 185 190
15
Leu Asp Arg Asn Ser Cys Gln Cys Val Cys Lys Asn Lys Leu Phe Pro
195 200 205
Ser Gln Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr Cys Gln Cys
20 210 215 220
Val Cys Lys Arg Thr Cys Pro Arg Asn Gln Pro Leu Asn Pro Gly Lys
225 230 235 240
25 Cys Ala Cys Glu Cys Thr Glu Ser Pro Gln Lys Cys Leu Leu Lys Gly
245 250 255
Lys Lys Phe His His Gln Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr
260 265 270
30
Asn Arg Gln Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val
275 280 285
Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gln Met Ser
35 290 285 300
(2) INFORMATION FOR SEQ ID NO: 24:
(i) SEQUENCE CHARACTERISTICS:
40
(A) LENGTH: 297 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
45 (ii) MOLECULE TYPE: ' Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:
Asp Asn Glu Trp Arg Lys Thr Gln Cys Met Pro Arg Glu Val Cys Ile
50 1 5 _ 10 15
Asp Val Gly Lys Glu Phe Gly Val Ala Thr Asn Thr Phe Phe Lys Pro
20 25 30
55 Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly
35 40 45
Leu Gln Cys Met Asn Thr Ser Thr Ser Tyr Leu Ser Lys Thr Leu Phe
50 55 60
60

Glu Ile Thr Val Pro Leu Ser Gln Gly Pro Lys Pro Val Thr Ile Ser
65 70 75 80



- 202530 15 Pro Cys Val Thr Leu Met Arg Cys Ay @y Cys Cys Asn Asp A u Ser
354045 Le Val Pro Thr Gu GQu Val Asn Val Thr Met Qu Leu Leu

' 20505560 é’é%%w?é@et Gy Set Gy Ser Asn Gy Mt Gn Arg LefCTAISOpMIOLa|
65707580 25G u Hi s Lys Lys Cys Asp Cys Arg Ko Arg Phe Thr Thr Thr Pro Pro
859095 Thr Thr- Thr Arg Pro Pro Arg Arg Arg Arg 100105 30 (2) | NFORMATI ON
FOR SEQ ID NO 29: (i) SEQUENCE CHARACTERI STI CS: 35(A) LENGTH: 101 anino
acids (B) TYPE:am no acid (D) TOPOLOGY:linear © (ii) MOLECULE TYPE: Protein
(xi) SEQUENCEnrBESGRAPT|HIN: TISEQek BryNOAr@ Lys(uyt Ser I3suLeyadpysaPrigrArg Pro
Ile Val Val Pro Val Set d 8> Thr 151015 His PPo G u Leu Thr Ses G n Arg Phe

Asn Pro g’ro 6\45 Val Thr Leu 202530
Arg Gln Val His Ser Ile Ile Arg Arg Ser Leu Pro Ala Thr Leu Pro

100 105 110
Gln Cys Gln Ala Ala Asn Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn
115 120 125
10 :
Asn His Ile Cys Arg Cys Leu Ala Gln Glu Asp Phe Met Phe Ser Ser
130 135 140
Asp Ala Gly Asp Asp Ser Thr Asp Gly Phe His Asp Ile Cys Gly Pro
15 145 150 155 160
Asn Lys Glu Leu Asp Glu Glu Thr Cys Gln Cys Val Cys Arg Ala Gly
165 170 175
20 Leu Arg Pro Ala Ser Cys Gly Pro His Lys Glu Leu Asp Arg Asn Ser
180 185 190
Cys Gln Cys Val Cys Lys Asn Lys Leu Phe Pro Ser Gln Cys Gly Ala
195 200 205
25
Asn Arg Glu Phe Asp Glu Asn Thr Cys Gln Cys Val Cys Lys Arg Thr
210 - 215 220
Cys Pro Arg Asn Gln Pro Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys
30 225 230 235 240
Thr Glu Ser Pro Gln Lys Cys Leu Leu Lys Gly Lys Lys Phe His His
245 250 255
35 Gln Thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr Asn Arg Gln Lys Ala
260 265 270
Cys Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val Cys Arg Cys Val Pro
275 280 285
40
Ser Tyr Trp Lys Arg Pro Gln Met Ser
290 295
{2) INFORMATION FOR SEQ ID NO: 25:
45
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 292 amino acids
(B) TYPE: amino acid
50 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:
55
Lys Thr Gln Cys Met Pro Arg Glu Val Cys Ile Asp Val Gly Lys Glu
1 5 10 15
Phe Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val
60 20 25 30

Tyr Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu Gln Cys Met Asn



Met Arg Cys Ay Ay Cys Cys Asn Asp Qu Ser Leu Gu Cys Val Pro 50354045
Thr u Qu Val Asn Val Thr Met Qu Leu Leu Gly Ala Ser Ay Set 505560

55G y Setw@asi43by Met G n Arg Leu Ser Phe Val Qu His Lys PGEUSIE0788707580
Asp Cys Arg Pro Arg Phe Thr Thr Thr Pro Prq ,Thr Thr Thr Arg Pro 859095 60
Pro Arg Arg Arg Arg 100 WD 98/ 49300PCT/ USg’él 07801 87 (2) | NFORVATI ON FOR
SEQ ID NO 30: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 121 anino acids (B)
TYPE: ani no acid (D), ,TOPOLOGY: | i near ,4ii) MOLECULE TYRE: Protein (xi)
SEQUENCE DESCRI PTION: SEQ I D NO 30: Asn Asp Ser Pro Pro Ser Thr Asn Asp

Trp Met Arg tHar sdeunAsged ¥§r 121538045 ySerhGLyu Qe tyis IPeorbAr yaAgpoThr Val
Val Tyr Leu Ays&du Au Tyr 55 60
5

Leu Ser Gln Gly Pro Lys Pro Val Thr Ile Ser Phe Ala Asn His Thr
65 70 75 80

Ser Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg Gln Val His Ser
10 85 90 95

Ile Ile Arg Arg Ser Leu Pro Ala Thr Leu Pro Gln Cys Gln Ala Ala
100 105 110

15 Asn Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn His Ile Cys Arg

115 120 125
Cys Leu Ala Gln Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp
130 135 140
20
Ser Thr Asp Gly Phe His Asp Ile Cys Gly Pro Asn Lys Glu Leu Asp
145 150 155 160
Glu Glu Thr Cys Gln Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser
25 165 170 175
Cys Gly Pro His Lys Glu Leu Asp Arg Asn Ser Cys Gln Cys Val Cys
180 185 190
30 Lys Asn Lys Leu Phe Pro Ser Gln Cys Gly Ala Asn Arg Glu Phe Asp
195 200 205
Glu Asn Thr Cys Gln Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gln
210 215 220
35
Pro Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gln
225 230 235 240
Lys Cys Leu Leu Lys Gly Lys Lys Phe His His Gln Thr Cys Ser Cys
40 245 250 255

Tyr Arg Arg Pro Cys Thr Asn Arg Gln Lys Ala Cys Glu Pro Gly Phe
260 265 270

45 Ser Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg

275 280 285
Pro Gln Met Ser
290
50
(2) INFORMATION FOR SEQ ID NO: 26:
(i) SEQUENCE CHARACTERISTICS:
55 (A) LENGTH: 116 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein
60

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:



202530 20Pro G u Ser Thr Asn Leu Gn Tyr Asn Pro Arg Cys Val Thr Val Lys

' Thr Al a Val
Al Ay Cys Cys Asn Ay Asp Ay Gn Ile Cys
gggggg Grgﬁfw‘i?go As% Thr Thr Val Thr Val Ser Val Thr Gy VXCTR&98/8t801

i Il e Ser

707580 Ser Ser @y Thr Asn Ser Ay Val Ser gthr Asn Leu Gn Arg
229895 Val Thr Qu yHi S Thr Lys Cys Asp Cys Ile Ay Arg Thr Thr Thr Thr
100105110 35Pro Thr Thr Thr Arg Qu Pro Arg Arg 115120 (2)
| NFORMATI ON FGR“S‘E({J ADR NOP 84r AMQ(THr SEQUENCEYr QﬂEA@TIERlaSTLQL %fé&lu 0
LENGTH: 116 ami fio aC| ds (B) TYPE:anino acid (D) TOPOLOGY: Ilnearlls RN
MOLECULE TYPE: Pr %Xl SEQUENCE DESCRI PTION: SEQ ID NO 3 pL
Asn Asp Tep MSE Arg ‘rI]'H éuPlﬂ%ﬁ‘rEy%rOSéllegg ¥yk HrpsVak Get5A0l 5hArg sAsp
Val Val Tyr Leu Ay Qu u Tyr Pro Qu Thr Asn 55202530

Pro Glu Leu Thr Ser Gln Arg Phe Asn Pro Pro Cys Val Thr Leu Met

35 40 45
10 Arg Cys Gly Gly Cys Cys Asn Asp Glu Ser Leu Glu Cys Val Pro Thr
50 55 60
Glu Glu Val Asn Val Thr Met Glu Leu Leu Gly Ala Ser Gly Ser Gly
65 70 . 75 80
15
Ser Asn Gly Met Gln Arg Leu Ser Phe Val Glu His Lys Lys Cys Asp
85 90 95
Cys Arg Pro Arg Phe Thr Thr Thr Pro Pro Thr Thr Thr Arg Pro Pro
20 100 105 110
Arg Arg Arg Arg
115
25
(2) INFORMATION FOR SEQ ID NO: 27:
(i) SEQUENCE CHARACTERISTICS:
30
(A) LENGTH: 111 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
35 (ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:
Asn Thr Lys Gly Trp Ser Glu Val Leu Lys Gly Ser Glu Cys Lys Pro
40 1 5 : 10 15
Arg Pro Ile Val Val Pro Val Ser Glu Thr His Pro Glu Leu Thr Ser
20 25 30
45 ° Gln Arg Phe Asn Pro Pro Cys Val Thr Leu Met Arg Cys Gly Gly Cys
35 40 45
Cys Asn Asp Glu Ser Leu Glu Cys Val Pro Thr Glu Glu Val Asn Val
50 55 60
50 _
Thr Met Glu Leu Leu Gly Ala Ser Gly Ser Gly Ser Asn Gly Met Gln
65 70 75 80
Arg Leu Ser Phe Val Glu His Lys Lys Cys Asp Cys Arg Pro Arg Phe

55 85 90 95

Thr Thr Thr Pro Pro Thr Thr Thr Arg Pro Pro Arg Arg Arg Arg
100 105 110

60 (2) INFORMATION FOR SEQ ID NO: 28:

(1) SEQUENCE CHARACTERISTICS:



Leu
Asn
Val

Ser
Lys
Au

Gn
Ay
Thr
Ay
Cys

Pro

Tyr Asn Pro Arg Cys
Asp Ay Gn Ile Cys

Vi 9gB@Bodval

Thr Ay

Val Ser Thr Asn Leu
Asp Cys Ile Ay Arg

Arg Arg 10115 (2) | NFORVATI ON FOR SEQ ID NO. 32: (i) SEQUENCE

Val Thr Val
Thr Al a Val
Val

Lys Arg Cys
AQu Thr Arg
Set Ser Ser Ser Gy
Gn Arg Ile Ser Val
Thr Thr Thr ThB®pro Thr

Thr

Ser Ay Cys 354045 Cys
60505560 Thr
Thr AsSPCT/BS®/GHA07580
A u H's Thr 859095 5
Thr Thr Arg 100105110

Asn Thr

CHARACTERI STICS: 15 (A) LENGTH: 111 ani no acids (B) TYPE: ani

TOPOLOGY: | i near 20(i,§
BY Eebk.

TOPOLOGY:

ID NO 32: Met Arg

5

10

15

20

25

30

35

40

45

50

55

60

Ser
1
Pro
Pro
Leu
Gly
65
Glu

Thr

(2)

Gly

His

Met

Thr

Gly

65

Asp

Pro

(ii)
(xi)

Glu

Val

Cys

Glu

50

Ala

His

Thr

(D)

LE TYPE: Prot ¢pf {Xhe EQUENCE
p Lys Ser A ynsSak¥s Pro Arg

linear

MOLECULE TYPE:

Protein

SEQUENCE DESCRIPTION: SEQ ID NO:

28:

Val Leu Lys Gly Ser Glu Cys Lys Pro Arg

Ser
Val
35

Cys
Ser
Lys

Thr

Glu
20
Thr

Val

Lys

Arg
100

5

Thr

Leu

Pro

Ser

Cys

85

Pro

His

Met

Thr

Gly

70

Asp

Pro

INFORMATION FOR SEQ

(1)

(ii)
(x1)

Ser

Pro

Arg

Glu

50

Ser

Cys

Arg

Pro

Arg

Glu

55

Ser

Cys

Arg

Glu

Cys

40

Glu

Asn

Arg

Arg

ID NO:

Leu
25

Gly

Val

Gly

Pro

Arg

105

29:

SEQUENCE CHARACTERISTICS:

(A)
(B)
(D)

LENGTH:
TYPE:
TOPOLOGY:

MOLECULE TYPE:

10

Thr

Gly

Asn

Met

Arg

90

Arg

Ser
Cys
Val
Gln

75

Phe

Gln
Cys
Thr
60

Arg

Thr

Pro

Arg

Asn

45 -

Met

Leu

Thr

101 amino acids
amino acid
linear

Protein

SEQUENCE DESCRIPTION: SEQ ID NO:

29:

Glu Cys Lys Pro Arg Pro Ile Val Val Pro

Glu

Cys

35

Glu

Asn

Arg

Arg

Leu

20

Gly

Val

Gly

Pro

Arg
100

5

Thr

Gly

Asn

Met

Arg

Arg

Ser

Cys

Val

Gln

70

Phe

Gln

Cys

Thr

55

Arg

Thr

Arg

Asn

40

Met

Leu

Thr

Phe

25

Asp

Glu

Sex

Thr

10

Asn

Glu

Leu

Phe

Pro
90

Pro

Ser

Leu

Val

75

Pro

Pro

Leu

Gly

60

Glu

Thr

Val
Cys
Glu
45

Ala

His

Thr

Ile

Phe

30

Asp

Glu

Ser

Thr

Ser

Val

30

Cys

Ser

Lys

Thr

no acid (D)

DESCRI PTI O\N: - SEQ

Asp Thr Val

Val

15

Asn

Glu

Leu

Phe

Pro
95

Glu

15

Thr

Val

Gly

Lys

Arg
95

Val

Pro

Ser

Leu

Val

80

Pro

Thr

Leu

Pro

Ser

Cys

80

Pro

Val



25151015 Tyr Leu Ay Qu Au Tyr Pro Gu Ser Thr Asn Leu G n Tyr Asn Pro
202530 30Ar s Val Thr Val Lys Arg Cys Ser Ay Cys Cys Asn Ay Asp Ay
354045 G ﬁv‘g@wg Thr Ala Val du Thr Arg Asn Thr Thr Val TPCT/VUS48/03801
505560 35 val Thr Gy Val Ser Ser Ser Ser é’ Thr Asn Ser Gy Val Ser Thr
65707580 Asn Leu Gn Arg Ile Ser Val Thr His Thr Lys Cys Asp Cys Ile
90859095 @y Arg Thr Thr Thr Thr Pro Thr Thr Thr Arg Qu Pro Arg Arg
100105110 45(2) | NFORMATI ON FOR SEQ I D NO 33:" (i) SEQUENCE
CHARACTER! STIZ0S: 1A)RMAENST lHod Ofccanbne-acisds 50( B) TYPE: ani no .acid (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: Protein 55(xi) SEQUENCE DESCRI PTI ON: SEQ
I D NO 33 Lys Sék) GSHOUENCE| QYARACBERISFIASp Thr Val Val Tyr Leu Ay Qu Qu
Tyr

151015 6 Pro Gu Ser Thr Asn Leu G n Tyr Asn Pro Arg Cys Val Thr Val
(A) LENGTH: 121 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

10 {ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:

Asn Asp Ser Pro Pro Ser Thr Asn Asp Trp Met Arg Thr Leu Asp Lys

15 1 5 10 15
Ser Gly Cys Lys Pro Arg Asp Thr Val Val Tyr Leu Gly Glu Glu Tyr
20 25 30
20 Pro Glu Ser Thr Asn Leu Gln Tyr Asn Pro Arg Cys Val Thr Val Lys
35 40 45 '

Arg Cys Ser Gly Cys Cys Asn Gly Asp Gly Gln Ile Cys Thr Ala Val

50 55 60
25
Glu Thr Arg Asn Thr Thr Val Thr Val Ser Val Thr Gly Val Ser Ser
65 70 75 80
Ser Ser Gly Thr Asn Ser Gly Val Ser Thr Asn Leu Gln Arg Ile Ser
30 85 ’ 90 95

Val Thr Glu His Thr Lys Cys Asp Cys Ile Gly Arg Thr Thr Thr Thr
100 105 110

35 Pro Thr Thr Thr Arg Glu Pro Arg Arg
115 120

(2) INFORMATION FOR SEQ ID NO: 31:

40 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 116 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
45 : '
(ii) MOLECULE TYPE: Protein’

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31:

50 Ser Thr Asn Asp Trp Met Arg Thr Leu Asp Lys Ser Gly Cys Lys Pro
1 5 10 15

Arg Asp Thr Val Val Tyr Leu Gly Glu Glu Tyr Pro Glu Ser Thr Asn

20 25 30
55
Leu Gln Tyr Asn Pro Arg Cys Val Thr Val Lys Arg Cys Ser Gly Cys
35 40 45
Cys Asn Gly Asp Gly Gln Ile Cys Thr Ala Val Glu Thr Arg Asn Thr
60 50 55 60

Thr Val Thr Val Ser Val Thr Gly Val Ser Ser Ser Ser Gly Thr Asn



202530 8-9 Lys Arg Cys Ser Ay Cys Cys Asn Gy Asp Ay Gnlle Cys Thr Al a
354045 Val Qu Thr Arg Asn Thr Thr Val Thr Val Ser Val Thr Ay Val Ser
5505560 Seosdagsober Gy Thr Asn Ser Ay Val Ser Thr Asn LerCEUSI#DTI$OLl ¢ -
65707580 10Ser Val Thr GQu His Thr Lys Cys Asp Cys Ile Ay Arg Thr Thr Thr
859095 Thr Pro Thr Thr Thr Arg Gu Pro Arg8Rrg 100105 15 (2) | NFORMVATI ON
FOR SEQ ID NO 34: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 167 ami no acids
(B) TYPE: am no acid (D) TCPCF@E?:Iinear (ii) MXLECULE TYPE: Protgjn (xi)
SEQUENCE DESCRI PTION: SEQ I D 34: Pro Val Sér G n Phe Asp Gy Pro Ser

Hs Gn Lys é—e)fSGl lVayaéexP'i‘Qr 3\@;'151119.1]'%11"#}:9' lI@e%Q val T-FlyrGlTlhmlAr'g'erl a Thr
Cys Gn Pro Arg 95

5
Lys Cys Asp Cys Ile Gly Arg Thr Thr Thr Thr Pro Thr Thr Thr Arg
100 105 110

Glu Pro Arg Arg
10 115

(2) INFORMATION FOR SEQ ID NO: 32:

(i) SEQUENCE CHARACTERISTICS:

15

(A) LENGTH: 111 amino acids

(B) TYPE: amino acid

(D) TOPOLOGY: linear
20 (ii) MOLECULE TYPE: Protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:
Met Arg Thr Leu Asp Lys Ser Gly Cys Lys Pro Arg Asp Thr Vval Val

25 1 5 10 15

Tyr Leu Gly Glu Glu Tyr Pro Glu Ser Thr Asn Leu Gln Tyr Asn Pro
20 25 30

30 Arg Cys Val Thr Val Lys Arg Cys Ser Gly Cys Cys Asn Gly Asp Gly
35 40 45

Gln Ile Cys Thr Ala Val Glu Thr Arg Asn Thr Thr Val Thr Val Ser

50 55 60
35
Val Thr Gly Val Ser Ser Ser Ser Gly Thr Asn Ser Gly Val Ser Thr
65 70 75 80
Asn Leu Gln Arg Ile Ser Val Thr Glu His Thr Lys Cys Asp Cys Ile
40 85 90 95

Gly Arg Thr Thr Thr Thr Pro Thr Thr Thr Arg Glu Pro Arg Arg
100 105 110

45 (2) TINFORMATION FOR SEQ ID NO: 33:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 106 amino acids
50 (B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein
55 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33:
Lys Ser Gly Cys Lys Pro Arg Asp Thr Val Val Tyr Leu Gly Glu Glu
1 5 10 15
60 Tyr Pro Glu Ser Thr Asn Leu Gln Tyr Asn Pro Arg Cys Val Thr Val

20 25 30



202530 35val Pro Leu Ser Met G u Leu Met GéASQJ VaICyVaICyLyE GQ\SLeXS\/al
354045 Pr s Val Thr val G n Arg Cys y y S s Pro p
505560 G&ﬁs&w@ﬁu Cys Val Pro Thr Ay Gn Hs Gn Val Arg IVEtT’Q§9§(°Tq0b
65707580 Leu Met Ile Gn Tyr Pro Ser Ser Giﬁ,gLeu Gy Gu Met Ser Leu Gu
859095 Qu H's Ser Gn Cys Qu Cys Arg Pro Lys Lys Lys Qu Ser Ala Va
100105110 50Lys Pro Asp Ser Pro Arg Ile Leu Cys Pro Pro Cys Thr Gn Arg Arg
115120125 G ny;ArggRrys Asp diocy¥ yThasdO63 yAke Q1§ A D 1Q¥ScA 8nAT AT g Arg
130135140 55 Phe L3u H's Cys Gn Gy Arg Ay Leu G ugkeu Asn Pro Asp Thr
Cys 145150155160 A[%Epys Arg Lys Pro Arg Lys 60165 (2) | NFORVATI ON FOR SEQ

1D NO %5: Y g%y wEN@End'mg%TEﬂlSTh@SVal Ser \6181 Thr Gly Val Ser

Ser Ser Ser Gly Thr Asn Ser Gly Val Ser Thr Asn Leu Gln Arg Ile
65 70 75 80

10 Ser Val Thr Glu His Thr Lys Cys Asp Cys Ile Gly Arg Thr Thr Thr

85 90 . 95
Thr Pro Thr Thr Thr Arg Glu Pro Arg Arg
100 105
15
{(2) INFORMATION FOR SEQ ID NO: 34:
(1) SEQUENCE CHARACTERISTICS:
20
(A) LENGTH: 167 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
25 (ii) MOLECULE TYPE: Protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:
Pro Val Ser Gln Phe Asp Gly Pro Ser His Gln Lys Lys Val Val Pro
30 1 5 10 15
Trp Ile Asp Val Tyr Thr Arg Ala Thr Cys Gln Pro Arg Glu Val Val
20 25 30
35 Val Pro Leu Ser Met Glu Leu Met Gly Asn Val Val Lys Gln Leu Val
35 40 45
Pro Ser Cys Val Thr Val Gln Arg Cys Gly Gly Cys Cys Pro Asp Asp
50 55 60
40
Gly Leu Glu Cys Val Pro Thr Gly Gln His Gln Val Arg Met Gln Ile
65 70 75 80
Leu Met Ile Gln Tyr Pro Ser Ser Gln Leu Gly Glu Met Ser Leu Glu
45 85 90 95
Glu His Ser Gln Cys Glu Cys Arg Pro Lys Lys Lys Glu Ser Ala Val
100 105 110
50 Lys Pro Asp Ser Pro Arg Ile Leu Cys Pro Pro Cys Thr Gln Arg Arg
115 120 125
Gln Arg Pro Asp Pro Arg Thr Cys Arg Cys Arg Cys Arg Arg Arg Arg
130 135 140
55
Phe Leu His Cys Gln Gly Arg Gly Leu Glu Leu Asn Pro Asp Thr Cys
145 150 155 160
Arg Cys Arg Lys Pro Arg Lys
60 165

(2) INFORMATION FOR SEQ ID NO: 35:



(A) LENGTH: 185 amino acids 5(B) TYPE:amno acid (D) TOPOLOGY:linear (ii)
MOLECULE TYPE: Protein 10(xi) SEQUENCE DESCRI PTION. SEQ ID NO 35: Pro Val
Ser G n Ryosdagpodl a Pro Gy Hs Gn Arg Lys Val Val Ser 15iBusesnrgsil| e

Asp Val Tyr
Thr Val du
Val Thr Val
Val Pro Thr
Tyr Pro Ser

Cys G u Cys
Ala Thr Pro
Asp Ser Al a

10

15

20

25

30

35

40

45

50

55

60

Thr Arg Ala Thr Cys G n Pro Arg Gu Val Val 202530 Val Pro Leu
Leu Mt @y Thr Val Ala Lys G rPQeu Val 354045 20 Pro Ser Cys

Gn Arg Cys Ay Ay Cys Cys Pro Asp Asp 505560 Ay Leu Au Cys.
Ay Gn Hs Gn Val Arg Met Gn Il‘e 2565707580 Leu Met Ile Arg

Ser Gn leu 3 u Met_Ser Leu G u 859095 30Gu H's Ser Gn
Arg‘P}oﬁ_‘aﬁgaﬁ'_‘gﬁgcﬂé‘iﬁ%EFI%%SVal Lys 100105110 Pro Asp Arg Al a
Hs Hs AgQ n Pro Arg SeygsVal; 412120425 35 Pro Gy Trp
Pro Gy (& P@ er Pro Al a Aspihbeadiy
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Protein

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35:

Pro Val Ser Gln Pro Asp Ala Pro Gly His Gln Arg Lys Val Val Ser
1 5 10 15

Trp Ile Asp Val Tyr Thr Arg Ala Thr Cys Gln Pro Arg Glu Val Val
20 25 30

Val Pro Leu Thr Val Glu Leu Met Gly Thr Val Ala Lys Gln Leu Val
35 40 45

Pro Ser Cys Val Thr Val Gln Arg Cys Gly Gly Cys Cys Pro Asp Asp
50 55 60

Gly Leu Glu Cys Val Pro Thr Gly Gln His Gln Val Arg Met Gln Ile
65 70 75 80

Leu Met Ile Arg Tyr Pro Ser Ser Gln Leu Gly Glu Met Ser Leu Glu
85 90 95

Glu His Ser Gln Cys Glu Cys Arg Pro Lys Lys Asp Ser Ala Val Lys
100 105 110 ’

Pro Asp Arg Ala Ala Thr Pro His His Arg Pro Gln Pro Arg Ser Val
115 120 125

Pro Gly Trp Asp Ser Ala Pro Gly Ala Pro Ser Pro Ala Asp Ile Thr
130 ' 135 140

His Pro Thr Pro Ala Pro Gly Pro Ser Ala His Ala Ala Pro Ser Thr
145 150 155 160

Thr Ser Ala Leu Thr Pro Gly Pro Ala Ala Ala Ala Ala Asp Ala Ala
165 _ 170 175

Ala Ser Ser Val Ala Lys Gly Gly Ala
180 185
(2) INFORMATION FOR SEQ ID NO: 36:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 201 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36:

Pro Val Ser Gln Pro Asp Ala Pro Gly His Gln Arg Lys Val Val Ser
1 5 10 15



130135140 Hi's Pro Thr Pro Ala Pro Ay Pro Ser Ala Hs Ala Ala Pro Ser Thr
40145150155160 Thr Ser Ala Leu Thr Pro Ay Pro Ala Ala Ala Ala Ala Asp Ala
Al a -165178”?/%9’423% a Ser Ser Val Ala Lys Gy Gy Ala 180185 PEY/USBE@RMATI ON
FOR SEQ ID NO 36: 50 (i) SEQUENCE CHARACTERI STICS: (A) LENGITH 201 am no
acids (B) TYPE am no acid 55(D) TOPOLOGY: i ﬁg]ear WD 98/ 49300PCT/ US98/ 07801
91 Trp Ile Asp Val Tyr Thr Arg Ala Thr Cys Gn Pro Arg Gu Val Val 202530
5Val Pro Leu Thr Val GQu Leu Met Gy Thr val Ala Lys Gn Leu Val 354045 Pro
Ser Cys Val Ty 1Valadg Ralrg:Oysr Gry My 1R¥Scidy 818190 8P ASR v0PRRY Gy Leu
Gu Cys Val Pro Thr AgoGn Hs Gn Val 2&rg Met Gn |l e &p/07580

5 Val Pro Leu Thr Val Glu Leu Met Gly Thr Val Ala Lys Gln Leu Val

35 40 45
Pro Ser Cys Val Thr Val Gln Arg Cys Gly Gly Cys Cys Pro Asp Asp
50 55 60
10
Gly Leu Glu Cys Val Pro Thr Gly Gln His Gln Val Arg Met Gln Ile
65 70 75 80
Leu Met Ile Arg Tyr Pro Ser Ser Gln Leu Gly Glu Met Ser Leu Glu
15 85 90 95
Glu His Ser Gln Cys Glu Cys Arg Pro Lys Lys Lys Asp Ser Ala Val
100 105 110
20 Lys Gln Asp Arg Ala Ala Thr Pro His His Arg Pro Gln Pro Arg Ser
115 120 125
Val Pro Gly Trp Asp Ser Ala Pro Gly Ala Pro Ser Pro Ala Asp Ile
130 135 140
25
Thr Gln Ser His Ser Ser Pro Arg Pro Leu Cys Pro Arg Cys Thr Gln
145 150 155 160
His His Gln Cys Pro Asp Pro Arg Thr Cys Arg Cys Arg Cys Arg Arg
30 165 170 175

Arg Ser Phe Leu Arg Cys Gln Gly Arg Gly Leu Glu Leu Asn Pro Asp
180 185 190

35 Thr Cys Arg Cys Arg Lys Leu Arg Arg
195 200

(2) INFORMATION FOR SEQ ID NO: 37:

40 (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 399 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
45
(ii) MOLECULE TYPE: Protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37:

50 Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu Ser Gly Leu
1 5 10 15

Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala Thr Ala Tyr Ala
20 25 30
55 _
Ser Lys Asp Leu Glu Glu Gln Leu Arg Ser Val Ser Ser Val Asp Glu
35 40 45

Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys Cys Gln
60 50 55 _ 60



Leu Met Ile Arg Tyr Pro Ser Ser Gn Leu Ay Gu Met Ser Leu G u 15859095
GQu Hs Ser Gn Cys Qu Cys Arg Pro Lys Lys Lys Asp Ser Ala Val 100105110
20Lys G nwisqs/488@ Ala Ala Thr Pro His H's Arg Pro G n Pro Apgr/Bses/rs@l20125
25 Val Pro Gy Trp Asp Ser Ala Pro Gy Ala Pro Ser Pro Ala Asp |Ile
130135140 Thr Gn Ser His Ser Ser Pro Arg P20 Leu Cys Pro Arg Cys Thr G n
145150155160 His H's Gn Cys Pro Asp Pro Arg Thr Cys Arg Cys Arg Cys Arg .
Arg 30165170175 Arg Ser _Phe Leu Arg Cys Leu u_Leu Asn Pro
Asp 18018519 %@TﬁrLﬁ/&lm‘%}Yc%P /ﬁlg‘ Ey% "EBUA&% Ar‘gl“lééio“é“ Leu Asn 9y

| NFORMATI ON BOR SEQ ID NO 377°40(i) SEQUENCE CRARACTERI STICS: (R)

LENGTH: 399 ag},p%@%ﬁs ctB)e1lYrE wengy@@hq .&Q Al OFOL0BYs |'I|y’1}eﬂ£n AR (i1)
MOLECULEs TYPE: Protein 85

Glu Ile Leu Lys Ser Ile Asp Asn Glu Trp Arg Lys Thr Gln Cys Met
100 105 110

10 Pro Arg Glu Val Cys Ile Asp Val Gly Lys Glu Phe Gly Val Ala Thr

115 120 125
Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly
130 135 140
15
Cys Cys Asn Ser Glu Gly Leu Gln Cys Met Asn Thr Ser Thr Ser Tyr
145 150 155 160
Leu Ser Lys Thr Leu Phe Glu Ile Thr Val Pro Leu Ser Gln Gly Pro
20 165 170 . 175

Lys Pro Val Thr Ile Ser Phe Ala Asn His Thr Ser Cys Arg Cys Met
180 185 - 190

25 Ser Lys Leu Asp Val Tyr Arg Gln Val His Ser Ile Ile Arg Arg Ser

195 200 205
Leu Pro Ala Thr Leu Pro Gln Cys Gln Ala Ala Asn Lys Thr Cys Pro
210 215 220 :
30
Thr Asn Tyr Met Trp Asn Asn His Ile Cys Arg Cys Leu Ala Gln Glu
225 230 235 240
Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp Gly Phe
35 245 250 255
His Asp Ile Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr Cys Gln
260 265 270
40 Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro His Lys
275 280 285
Glu Leu Asp Arg Asn Ser Cys Gln Cys Val Cys Lys Asn Lys Leu Phe
290 295 300
45
Pro Ser Gln Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr Cys Gln
305 ) 310 315 320
Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gln Pro Leu Asn Pro Gly
50 325 330 335
Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gln Lys Cys Leu Leu Lys
340 345 350
55 Gly Lys Lys Phe His His Gln Thr Cys Ser Cys Tyr Arg Arg Pro Cys
355 360 365
Thr Asn Arg Gln Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser Glu Glu
370 375 380
60

Val Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gln Met Ser
385 3380 395 :



(xi) SEQUENCE DESCRIPTION: SEQ ID NO 37: 50y Pro Arg Au Ala Pro Ala Al a
Ala Al a AI\@OPE/E?%%)“ Ser Ay Leu 151015 Asp Leu Ser Asp Ala Gu Pro Asp Al a
Ay Au Ala T a Tyr Ala 55202530 Ser Lys Asp Leu G u d PQHYSBEIBONr g
Ser Val Ser Ser Val Asp G u 354045 Leu Met Tl Val Leu Tyr Pro Qu Tyr Trp
Lys Met Tyr Lys Cys G n 60505560 92 Leu Ar ys Gy Ay Trp Gn H's Asn
Arg u Gn Ala Asn Leu Asn 65707580 Ser Arg Thr GQu G u Thr Ile Lys Phe
Ala Ala Ala H's Tyr Asn Thr 5859095 G u Ile Leu Lys Ser Ile Asp Asn Qu Trp
Arg Lys Thr Gin COySORMArId0@0AS5deEl0160k:0 A6g G u Val Cys Ile Asp Val Ay Lys
GQu Phe Ay Val Ala Thr 115120125 Asn Thr Phe Phe Lys Pro Pro Cys Val Ser
Val Tyr %g Cys Gy GEQUANRE] QBARAGTERISDISSCys Asn Ser Gu Ay Leu G n Cys
Met Asn r Ser Thr %35 ﬁ%&G%§5150155160

133 amino acids

(B) TYPE: : amino acid
(D) TOPOLOGY: linear
10 (ii) MOLECULE TYPE: Protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38:

Met Lys Leu Leu Val Gly Ile Leu Val Ala Val Cys Leu His Gln Tyr

15 1 5 10 15
Leu Leu Asn Ala Asp Ser Asn Thr Lys Gly Trp Ser Glu Val Leu Lys
20 25 30
20 Gly Ser Glu Cys Lys Pro Arg Pro Ile Val Val Pro Val Ser Glu Thr
35 40 45
His Pro Glu Leu Thr Ser Gln Arg Phe Asn Pro Pro Cys Val Thr Leu
50 55 60
25
Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Ser Leu Glu Cys Val Pro
65 70 75 80
Thr Glu Glu Val Asn Val Thr Met Glu Leu Leu Gly Ala Ser Gly Ser
30 85 90 95
Gly Ser Asn Gly Met Gln Arg Leu Ser Phe Val Glu His Lys Lys Cys
100 105 110
35 Asp Cys Arg Pro Arg Phe Thr Thr Thr Pro Pro Thr Thr Thr Arg Pro
115 120 125
Pro Arg Arg Arg Arg
130
40
(2) INFORMATION FOR SEQ ID NO: 39:
(i) SEQUENCE CHARACTERISTICS:
45
(A) LENGTH: 148 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
50 (ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39:
Met Lys Leu Thr Ala Thr Leu Gln Val Val Val Ala Leu Leu Ile Cys
55 1 5 10 15
Met Tyr Asn Leu Pro Glu Cys Val Ser Gln Ser Asn Asp Ser Pro Pro
20 25 30
60 Ser Thr Asn Asp Trp Met Arg Thr Leu Asp Lys Ser Gly Cys Lys Pro

35 40 45



Leu Ser Lys Thr Leu Phe Qu Ile Thr Val Pro Leu Ser Gn Ay Pro 20165170175
Lys Pro Val Thr Ile Ser Phe Ala Asn H's Thr Ser Cys Arg Cys Met 180185 ' 190
25Ser Lys Leu Asp Val Tyr Arg Gn Val Hs Ser Ile lle Arg Arg Ser 195200205
Leu Pro eu Pro Gn Cys Gn Ala Ala Asn Lys Thr CygcRrikegdfadl5220
30 Thr As%ka'?m&’l\}ét Trp Asn Asn His Ile CysP4rg Cys Leu Al a & Cﬁu : '
225230235240 Asp Phe I\/bt Phe Ser Ser Asp Ala Gy Asp Asp Ser Thr Asp Gy

Ph 3524525025 His e du Th "
G 260265775 ép&ly &/(i %S e rgl‘te‘sﬁ ﬁ(‘@r g 8 Chi“ S%’ér“@éj 'G§ Pro %/:

Lys 275280285 Leu Asp Arg Asn Ser Q/s Gn Q/s VaI Cys Lys Asn Lys Leu
Phe 2902953Q4} 4bn e Hed pebNafyy 8yS va1Arer AAD F¥0aE) eyBhge Adly&Eys Asn Thr
Cys G B 30563310315320 Cys Val7€Cys Lys Arg Thr fiys Pro Arg Asn Gwm Pro Leu
Asn Pro Ay 50325330335

Cys Asn Gly Asp Gly Gln Ile Cys Thr Ala Val Glu Thr Arg Asn Thr

85 90 95
10 Thr Val Thr Val Ser Val Thr Gly Val Ser Ser Ser Ser Gly Thr Asn
100 105 110
Ser Gly Val Ser Thr Asn Leu Gln Arg Ile Ser Val Thr Glu His Thr
115 120 125
15
Lys Cys Asp Cys Ile Gly Arg Thr Thr Thr Thr Pro Thr Thr Thr Arg
130 135 140
Glu Pro Arg Arg
20 145
(2) INFORMATION FOR SEQ ID NO: 40:
(i) SEQUENCE CHARACTERISTICS:
25
(A) LENGTH: 26 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
30 (ii) MOLECULE TYPE: Protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40:
Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu
35 1 5 10 15
Tyr Leu His His Ala Lys Trp Ser Gln Ala
20 25
40 (2) INFORMATION FOR SEQ ID NO: 41:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
45 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41:
50

GCAGAGCTCG TTTAGTGAAC 20



Lys s Ala Cys Qu s Thr Au Ser Pro Gn Lys Cys Leu Leu Lys 340345350
5%6! ?Lys Lg?Phe Hi ?Hi s Gn Thr Cys Ser Cys Tyr Arg Arg Pro Cys 355360365
Thr Asn Ar'YO&M%3%s Ala Oys Gu Pro Gy Phe Ser Tyr Ser G u RETWSIOHIH380
60 93 (2) INFORVATION FOR SEQ ID NO 38: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 133 ami no acids (B) TYPE: am no aci ?D) TOPOLOGY: | i near (ii)
MOLECULE TYPE: Protein (xi) SEQUENCE DESCRIPTION: SEQ ID NO 38: Met Lys Leu
Leu Val Gy Ile Leu Val Ala Val Cys Leu H's G'n Tyr 15151015 Leu Leu Asn
Ala Asp Ser_Asn Thr Lys Ay Trp Ser du Val Leu Lys 202530 20@y Ser GQu
Cys Lys Prgii&_’QEPro Ile Val Val Pro Val Ser G u.Thr 354045 H's Pro Gu Leu

Thr Ser G n Arg;Phe AS@rBH%J%éa(%ﬁ?\@%thEtLﬁgv§985godeletion of at least

one of the amino acid residues N-terminal to the first cysteine

5 of the core sequence of said subunit.

2. The truncated VRP subunit of claim 1 wherein the VRP

is a human VRP.

10 3. The truncated VRP subunit of claim 1 wherein said VRP
is selected from the group consisting of VEGF-B, VRF-2, VEGF-C,
P1GF, VEGF-3, poxvirus ORF-1, and poxvirus ORF-2.

4. The truncated VRP subunit of claim 1 wherein said VRP

15 is VEGF-B.

5. The truncated VRP subunit of claim 1 wherein said VRP

subunit comprises an amino acid sequence of Figure 2.

20 6. The truncated VRP subunit of claim 1 wherein the
amino acid residues N-terminal to the first cysteine of the

core sequence of said subunit are deleted.

7. The truncated VRP subunit of claim 1 wherein the
25 amino acid sequence N-terminal to said core sequence comprises

2 to 5 amino acid residues.

8. The truncated VRP subunit of claim 7 wherein said 2
to 5 amino acid residues comprise 2 to 5 of the consecutive
30 amino acid residues immediately N-terminal to the first

cysteine of the core sequence of said VRP subunit.

9. The truncated VRP subunit of claim 1 wherein the
amino acid sequence N-terminal to said core seguence comprises

35 6 to 10 amino acid residues.



Met Arg Cys Ay Ay Cys Cys Asn Asp Qu Ser Leu Gu Cys Val Pro 65707580
Thr Au Qu Val Asn Val Thr Met Qu Leu Leu Ay Ala Ser Ay Ser 859095 Ay
Ser Asn Qvp 98308 N Arg Leu Ser Phe Val Qu H s Lys Lys Cy$PCIBP881800 35Asp
Cys Arg Pro Arg Phe Thr Thr Thr Pro Pro Thr Thr Thr Arg Pro 115120125

Pro Arg Arg Arg Arg 130 (2) | NFORVATION F8R SEQ ID NO 39: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH: 148 am no acids (B) TYPE:am no acid (D) .
TOPOLOGY: linear (ii) MOLECULE TYPE: Protein (xi) SEQUENCE DESCRI PTI ON: SEQ
ID NO 39: Met Lys Leu Thr Ala Thr Leu Gn Val Vval Val Ala Leu Lou Ile Cys

55151015 Met Twrp AsmrHeur PhRcStHdORp/asuSenit bfSeflfian Asmher iy os&id 6
202530 Arg Asp Thr Val Val Tyr Leu Ay Qu Au Tyr Pro Qu Ser Thr Asn

505560 LetoG ¥ Tgmimenapis ArRf GjevaForRElvel 4 yso Al ofs e ep)segytive
amino acid residues immediately N-terminal to the first

5 cysteine of the core sequence of said VRP subunit.

11. The truncated VRP subunit of claim 1 wherein the
amino acid sequence N-terminal to said core sequence comprises
11 to 20 amino acid residues.
10
12. The truncated VRP subunit of claim 1 wherein said 11
to 20 amino acid residues comprise 11 to 20 of the consecutive
amino acid residues immediately N-terminal to the first
cysteine of the core sequence of said VRP subunit.
15
13. The truncated VRP subunit according to claim 1,
further comprising at the N-terminus of said truncated VRP
subunit, the first one or two amino acid residues of the mature
non-truncated VRP subunit.
20
14. A truncated VRP comprising two VRP subunits of claim

13.

15. A truncated VRP comprising two VRP subunits of claim
25 1, wherein said two VRP subunits have the same amino acid

sequence.

16. A truncated VRP heterodimer comprising
a first subunit comprising a truncated VRP subunit of
30 claim 1; and
a second subunit comprising a subunit selected from the
group consisting of VRP subunits, and a truncated VRP subunit
of claim 1, wherein said second subunit has a different amino

acid sequence than said first subunit.



565707580 Cys Asn Gy Asp Ay Gnlle Cys Thr Ala Val Qu Thr Arg Asn Thr
859095 10Thr Val Thr Val Ser Val Thr Gy Val Ser Ser Ser Ser. . Ay Thr Asn
10010511W OS89 val Ser Thr Asn Leu G n Arg Ile Ser Val %T’”Ef/’iﬁ”ﬂ?‘s Thr
115120125 15 Lys Cys Asp Cys Ile A 97Arg Thr Thr Thr Thr Pro Thr Thr Thr
Arg 130135140 Gu Pro Arg Arg 20145 (2) | NFORMATI ON FOR SEQ I D NO
40: (i) SEQUENCE CHARACTERI STICS: 25 (A) LENGTH: 26 am no acids (B)

TYPE: amino acid (D) TOPOLOGY:linear 30(ii) MOLECULE TYPE: Protein (xi)

SEQUENCE DESCRIPTION: SEQ I D NO 40: Mt n Phe Leu Leu Ser, Trp Val Hi s
Trp Ser Leu A'd-Led E‘é‘ﬁl‘ge% RISk p ks WA S cé%d’gHi STHE s TR A S ‘ﬁ'ﬁg %‘g?‘m’é Pt
Ala 2025ca8{m2n .| NFORVATI ON FOR SEQ I D NO. 41:

5 18. The nucleic acid molecule of claim 17 wherein the

nucleic acid molecule is a DNA molecule.

19. The nucleic acid molecule of claim 17 wherein the
nucleic acid molecule is an RNA molecule.
10
20. A recombinant DNA vector comprising the nucleic acid

molecule of claim 17.

21. A recombinant DNA expression vector comprising a

15 nucleic acid molecule of claim 17.

22. The recombinant DNA expression vector of claim 21
wherein said nucleic acid molecule is operably linked at the 5'
end of said nucleic acid molecule to a DNA sequence that codes

20 for a signal peptide.

23. The recombinant DNA expression vector of claim 22
wherein said signal ©peptide 1is selected from the group
consisting of VEGF signal peptide, VEGF-B signal peptide, VRF-2

25 signal peptide, VEGF-C signal peptide, VEGF-3 signal peptide,
and PlGF signal peptide. |

24. The recombinant DNA expression vector of claim 22
wherein said signal peptide is selected from the group
30 consisting of poxvirus ORF-1 signal peptide, and poxvirus ORF-2

signal peptide.

25. The recombinant DNA expression vector of claim 22
wherein said signal peptide is VEGF-B signal peptide.
35



(1) SEQUENCE CHARACTERI STICS: (A) LENGTH: 20 base pairs 45(B) TYPE: nucleic
acid (C) STRANDEDNESS: single (D) TOPOLOGY:linear (xi) SEQUENCE DESCRI PTI ON:
SEQ | D NOwdlds/a936d GCAGAGCTCG TTTAGTGAAC20 WD 98/ 49300PCT/ UR9BUSHER040195

Cl ai s 1. Atruncated VRP subunit having a deletion of at |east
one of the amino acid residues N-ternminal28o the first cysteine 5 of the
core sequence of said subunit. 2. The truncated VRP subunit of claim

1 wherein the VRP is a hunan VRP. 103.The truncated VRP subunit_of .cl.ai mz%
wherein sai d VRS s T8 ed@&P A he DYPou*RbRSPLPPNg  F EVEGR B, R,

VEGF- C, Pl&erMEGFs3i dPOWVA T e fdrich aBdiRgXvidis sERE- 2signal peptidél. is
The truncated VRP subunit of claim1l wherein said VRP 15 is VEG--B.

5. The tr opeatadd WRRisledhi atoftheg aidh 1enflera nsadidd P sI@ARERCR oSt | S8S
an am no acid sequence_of FEi.qure 2. .206.The tr d (o ury cl,ai.m
1 wher ei n e i ﬁ8rac?laler sJigr utesaﬁ-lflgr n‘?%ﬁ tr%%t%he i%!gt t(?:Iyés)t grgatr?euq'joef %‘%(Ig

core s®quenee ftcRivRBUbUPLALEr endelvikbedin the 3' end dheséidnbEBedodRRg
subunit of claim1 wherein the 25 am no acid sequence N-termnal .tqQ sai

d.
core sequdtde &t sesifue FsanioRsTabilY rddndgss. to  saldg nypgdedc gLy

VP subunils e Al dB; MSESL Ns 284 0t 2uhaPedVRP 8GhAnies dues conprise 2

to 5 of the consecutive 30 amno acid residues imediately NNtermnal to

the first cysteine of the core sequence of said VRP subunit.
27. The recombinant DNA expression vector of claim 22
10 wherein said DNA sequence coding for said signal peptide is
operably linked at the 3' end of said DNA sequence to DNA
coding for the first two amino acid residues of the mature non-
truncated VRP subunits and wherein the 3' end of said DNA
coding for said two residues is operably linked to said nucleic

15 acid molecule coding for said truncated VRP subunit.

28. The recombinant DNA expression vector of claim 22
wherein said nucleic acid molecule 1is operably linked to
control sequences operable in a host cell transformed with said

20 vector.

29. A transformed or transfected host cell comprising the

recombinant DNA expression vector of claim 21.

25 30. A transformed or transfected host cell comprising the

recombinant DNA expression vector of claim 22.

31. A transformed or transfected host cell comprising the
recombinant DNA expression vector of claim 26.
30
32. A delivery vector comprising a nucleic acid molecule

of claim 17.



9. The truncated VRP subunit of claiml wherein the am no acid sequence
N-termnal to said core sequence conprises 35 6 to 10 am no acid residues.
WO 98/ 49300 P&ZA930598/ 07801 96 10. The truncated VRP srumw$9s/ongoicl ai m
1 wherein said 6 to 10 am no acid residue§ conprise 6 to 10 of the '
consecutive amno acid residues i medi ate 3 N-termnal to the first 5
cysteine of the core sequence of said VRP subunit. 11. The truncated

VRP subunit of 3¢l ai g L whersl aci d:.’seqyen i to,sai d
core sequence conpr ?sesevﬂiil %&PZ%QS%Q?O%;G giglergi ggés%ﬁ%éﬂ %Q%‘. dﬁ%él%ery
t runcat edv&®RPosubanat vafradl alehilvenhereeateaid 11 to 20 am no acid residues
conprise 11 to 20 of the consecutive am no acid residues i mediately

N-termnal to the first cysteine of the core sequence of said VRP subunit.

15 13. The.trpuRcahedn¥RR sibunidc@6£0rdbmgri 9iRbal Phd, HUELRSL  acid
conprising at the Nterm nus of said truncated VRP subunit, the first one

or twd anhpbegeld pésicdads df7the mature non-truncated VRP subunit. 20

14. A truncated VRP conprising two VRP subunits of claim13. 15. A
truncated VRP conprising two VRP subunits of claim25 1, wherein said two
VRP subunits hage tilaesankiarovirwsi dveequencesf 1G@l1Amr upwat @He¥VBPn said
het er odi ner ﬁgggri si.ng a first subunit conprising a truncated

VRP subunfttc 03CR& o e@hte 1S opgraRlohd Suptmi 8tcsRsrisi mPd Shbgaid
sel ected fpomihe,g5QuRARSIS! id 9f pHRP s %Wééitﬁygiéﬁééynf8£eg ¥B§8?&

subunit of claim1l, wherein said second subunit has a different am no
sequéfice pépbidaid first subunit. WO 98/ 49300PCT/ US98/ 07801 97 17. A

nucl eic acid nolecule coding for a truncated VRP subunit of claiml. 518.
The nucleic acid nmolecule of claim 17 wherein the nucleic acid nplecule is

a DNA nol ecul e36. The adenovirus vector of claim 35 wherein said signal
peptide 1is selected from the group consisting of VEGF signal
peptide, VEGF-B signal peptide, VRF-2 signal peptide, VEGF-C

15 signal peptide, and PlGF signal peptide.

37. The adenovirus vector of claim 35 wherein said signal
peptide is selected from the group consisting of poxvirus ORF-1
signal peptide, and poxvirus ORF-2 signal peptide.

20
38. The adenovirus vector of claim 35 wherein said signal

peptide is VEGF-B signal peptide.

39. The adenovirus vector of claim 35 wherein said DNA

25 sequence coding for said signal peptide is operably linked at
the 3' end of said DNA sequence to DNA coding for the first
amino acid residue of the mature non-truncated VRP subunit, and
wherein the 3' end of said DNA coding for said residue is
operably linked to said nucleic acid molecule coding for said

30 truncated VRP subunit.



19. The nucleic acid nolecule of claim 17 wherein the nucleic acid nolecule
is an RNA nol ecule. 10 20. A reconbi nant DNA vector conprising the
nucl ei c awodsmedoecul e of claim 17. 21. A r ecEIVURIBOTIONA
expression vector conprising a 15 nucleic¢c acid nolecule of claim17.

22. The reconbi nant DNA expression vect o8 claim 21 wherein said nucleic
acid nolecule is operably linked at the 5 end of said nucleic acid

lecul e t that .cad s i de. o
e s aaby nant oA inEr Eee 08" 1304en 40 d 0ha8adk 000, RARIIE preparation,

pepti de i soa@ractied f r am t hecombupag@nsi sdéngvofaVEGvesitgngl peptddevector
VEGF- B signal peptide, VRF-2 25 signal peptide, VEG:-C signal peptide,
VEGF- 3 si Gealtageptiado aHd PP i Ghars pepdi §eMPrisings4. "The reconbi nant

DA expr essi on yaehal; O £d@ndy 222 YNSLelBred) G:3idinali diepthdeei A/ aebeekaids

fromthe group 30 consisting poxvirus ORF-1 signal peptide, and poxvirus
ORF- 2 5i ghalvepdatardeleleted, 2nd The reconbi nant DNA expressi on vector of

claim 22 wherein said signal peptide is VEG=-B si pepti de. .

98/ 49300PCT/ USSS/(FASTOYE 0031‘9%690%8 E et ‘2‘%‘6‘? I ATIEIEY
of clai m 42 iwhkey eigyy sahd PMAmse@uUencel £ekéag bor saidd spgnedapeptiddaoviral
operably linked at the 3 end of said DNA sequence to DNA coding for the
first am seBWEFSesitdlie of the mature non- 5 truncated VRP subunit and

wherein the 3' e sali DINA di i diresigue is operably Iinked
to said nuclei@'ggfgkﬁgﬁggﬂle éggi%gg?%?ggg?d ?runcated VRP subuni t.
27. The reconbi nant DNA expression vector of claim22 10 wherein said DNA

sequence coding for said signal peptide i qperably.linked at.the 3" end of
sai d DNA sequerfde t & £6 Pﬁ@tQBE ﬁﬁg Fﬁ? t@i éﬂ?ﬁSlébi%F+ sF&ﬁ@?v us
the mat ur g uansd Hincalad VRA sabidi ¢ 8randnvwhenei rithend'riaréof said DNA
coding for said two residues is operably linked to said nucleic 15 acid

nol ecul e coding for said truncated VRP subunit. ~ 28. The reconbi nant
DINA eXpreS$|OnlM$thﬁ10f Ckﬁ'@k%%bwggrelgd ﬁbgiggilm(%égi nnlgggkﬁféi'on
operably linkedto control 8 guencés operable in a host ce transforne

W th $8i datromebitray . to clain?940A vhearnsiror seddorptoreotsé ectied $wbectedl| from

conprising _the reconbi nant DNA expression vectgr of cl ai

21. 2530. A
t r ansf or Ord¥PunsFeesedthpst %deld CEUpPrOMR %ﬂua%e%%agfﬁﬁﬂ apNRYocyte-
expressi oy RGOl Prshédd® 22and a myosin heavy chain promoter.

43. A method of producing a truncated VRP polypeptide

20 comprising growing, under suitable conditions, a host cell
transformed or transfected with the recombinant DNA expression
vector of claim 21 in a manner allowing expression of said

polypeptide, and isolating said polypeptide from the host cell.

25 44, A pharmaceutical composition comprising a VRP
comprising at least one truncated VRP subunit of claim 1, in a

suitable carrier.

45. A method of stimulating blood vessel formation
30 comprising administering to a patient a pharmaceutical
composition comprising a truncated VRP comprising at least one

truncated VRP subunit of claim 1, in a suitable carrier.



31. Atransforned or transfected host cell conprising the reconbi nant DNA

expr essi vector of claim26. 30 : 32. A delivery vector conprising a
nucl ei c %P&g’ﬁ%’l"gcul e of claim17. WD 98/ 49300PCT/ US98/ 078PaTA/§98/07801 33,
A delivery vector of claim32, wherein s3jpq delivery vector is a viral
delivery vector. 34. An adenovirus vector conprising the nucleic
acid 5 nolecule of claim17. 35. The adenovirus vector of claim 34

wherei n said ngelei o ageensal el 8timuARAidY Yehtdke@ 18t 1t _héeﬁil e%f.jox%.h.sgird
nucleic acid nol ecule to a DNA sequence that” codes for a signal 10 pepti de.
36. The atRhdviMiEratekedr i6f ¥Ehrm 35ompet 8iRIsdi ke st §hal el | @adothelial

sel ected fLpmyt Rg Gy oUp tq_qnﬁg | n0+,8f V§S£ | % tide, . VEG-B_signal
peptide, VRF-2 signal pepti easg%;gel\—&g 1 sﬁjg'}hg?g e%ﬁl’pd%gagﬁd %?Jztéfiug’r?ﬁteq
pepti de. VRP sub@iiitThé sdadovilusirvectsuivoibtéacardiewherein said signal

pept i ge is selected fromthe group consisting of poxvirus ORF-1 signal
pepti de, and poxvirus ORF-2 signal peptide. 20 38. The adenovirus

-~ vector of claifgy35 wheeehddsad t?f&i‘@ir\;\ﬁegt pde it VEdE B i,g%akrgﬁpgi 9Qart
S g

£
39. The adenovirus vector of claim35 wherein said DNA 25 uence codin
for said &igPafepepiprgé sigdopeinigiistenked ap shdd3'pagnicerf sahdcDMAc acid

sequence od] ore ¢ iyst_amno acid resi f the ture i
non-truncrg ed @h% ghggﬁ%t ,foapn%%\he?ae?ﬁ the grué]ﬁ&%(?ﬁdts{g}% PRRIRHAEI R F&ralm
sai d residue $sid nuepeiabl Yadidkeflolecsaed Bugla@®le acded nokssdkeingdi Ry e
for i?l d 30 truncated VRP subunit. WD 98/49300PCT/ US98/ 07801 100 40.
A fitPer edF PRFREEADY BPadBREPLEUS V@IS Bt i on, conprising: a
reconbi nant adenoviral vector, said vector containing no wild-type virus
and conpri sing:
48. A method of stimulating angiogenesis in a patient
comprising administering a therapeutically effective amount of
a pharmaceutical composition comprising a truncated VRP
15 comprising at least one truncated VRP subunit of claim 1, in a

suitable carrier.

49. The method of claim 48 further comprising a
therapeutically suitable delivery system for said

20 pharmaceutical composition.

50. The method of claim 48 further comprising
administering a potentiating agent that potentiates the
angiogenic effect of said truncated VRP.

25

51. The method of claim 50, wherein said potentiating

agent is an angiogenic FGF.

52. The method of claim 51, wherein said potentiating
30 agent is selected from the group consisting of FGF-1, FGF-2,
FGF~4, FGF-5, and FGF-6.

53. A pharmaceutical composition comprising a truncated

VRP comprising at least one truncated VRP subunit of claim 1,



a partial adenoviral sequence fromwhich the E1A/ E1B genes 5 have been

del eted, and a transgene coding for a truncated VRP subunit of claim
1, drivenybwsaogeponoter flanked by the partial adenoviral secuesss®7sdand a
pharmaceutically acceptable carrier. 10 41. The preparation of claim
40 wherein said adenovirus vector has bed®Ziltered through a 30 micron
filter. ' 42. Thei nj ect abl eadenovi ral vect or preparati on 15 .
according to claim40 wherein said pronoter is selected fromthe rQup
consi sti ngngf 8NEMOBr oRBEEr , PAtSBREATANTar a9FE&t e Pspéci PRET 6:%6% A2 vy
a myosin E%%%%t%'%alie” JyQneer . 43. A method of producing a truncated-
VRP pol ypepti de 20 conprising grow ng, under suitable conditions, a host
cell transfornmed or transfected with the reconbi nant DNA expressi on vector

of claim21 in manper allown xpressi on _of_.sai d paolyp Lde,=an .
i sol ating sai dsgol y%ﬁi 8 afrf“&‘ﬁ%t‘%el t C(‘:)g\plo.s%ﬂp %fphgf%r%geu??cg"lherem
CONpOosy t i QR iEOMRIteH I i NRAAGORPr i §1 g ahglieashien&dm.uncat ed VRP subuni t
of claiml1, in a suitable carrier. 45. A nethod of stinulating blood vessel
formati on 30 conprising adm nistering to a patient a pharnmaceuti cal
conposition conprisi a : C LSk t a Re 68UNGHAGEin
VRP subunit of Igc%l'ai nﬂ% hggﬂlggiteﬁgb%e%aca???grb.ghe\%\ﬁ%Sél)ﬁQ%g%CT/ US98/ 07801
101 s46.d Aoe¢hoiavingt iaydrat | hg emdetdistd afroml Ithyr ogrhupr aswigdisting

mgration in vitro conprjising treat]i sai d helial cells with a.
t runcat ed O\f‘RFF‘3c,Fo‘n_"pvri%Ci;nEIri_gé at Fﬁggéét %ﬁg\g'ér’u ‘fgfg&%/Rg’ stBuRi PG caelu%llc,alllr?'
a suii@bl @ CAIPHM1e carridd. A nethod of treating a patient suffering from

a heart disease conprising admnistering to said patient a nucleic acid
nol ecul e coding for at |east one truncated VRP subunit of claiml, said

nucl ei ¢ acid mal eculg capabl fo expr he ; ncat ed. YRR subpit 4.0
sai d patient. "Se. 518%8%%%:&%5 o?gsetg?%’l%gt %ngp%gé%%en%é?sei n g pati ent
conpri si ng sarhenticst econgiaivher apepit cal hy efafdedriisseanimmt of dherapeutic

phar maceuti cal composition conprising a truncated VRP 15 conpri si at -
| east one AMAMtat @ @R@%ﬁﬁﬂﬁgguﬁﬁcéﬁaiﬁ?ﬂ?o?h éoguﬁoﬂﬁrelsc%g) i &r @runcated

49. The mﬁdﬁxkémpfiéiﬂg4%éWdé$§% e8@Prd SinhPed VRP subunit of claim 1,
t her apeutical | ysuitabl edel i verysystenforsaid
in a suitable carrier.

57. The method of claim 56 further comprising
administering an agent that potentiates the therapeutic effect

20 of said truncated VRP subunit.

58. The method of claim 57 wherein said potentiating
agent is selected from the group consisting of FGF-1, FGF-2,
FGF-4, FGF-5, and FGF-6.

25
59. The method of claim 56 wherein said ischemic
condition is selected from the group consisting of: cardiac
infarction, chronic coronary ischemia, chronic lower limb
ischemia, stroke, and peripheral vascular disease.
30

60. A method for treating a patient suffering from a
wound comprising administering a therapeutic amount of a

pharmaceutical composition comprising a truncated VRP



20 pharnmaceuti cal conposition. 50.

Thenmet hodof cl ai M8f urt herconpri sing adm ni stering a potentiating agent that
pot enti at ngi ogeni ¢ effect of said truncated VRP. 25 51. The
met hod of%%ﬂ%@o, wherein said potentiating agent is an ah§FeFeHPBkcr.
52. The nethod of claimb51, wherein saidqpgfentiating 30 agent is selected
fromthe group consisting of FG-1, FG~-2, FG--4, FG-5, and FG--6. WO
98/ 49300PCT/ US98/ 07801 102 and one or nore potentiating agents in a

phar maceutbmplrlig iagceptableasarro®é. truncated WVHP Thebpht NBgesdbtr8dhg to
conposi ti on of ¢laim53 wherein 5 said potentiating agent is an angi ogenic
FGF. Cl3gm Fpne 15n & PRI I C2oRP®Er ti on of clai m 54, wherein said
potentiating agent is selected fromthe group consisting of FG-1, FG--2,
FGF-4, FGF-5, and FGF-6, in a pharmaceutically 10 acceptable carrier.

56. A nethod ofltredti ngeahwat i emf sufircregsingm avasscienr ¢ pemhddminlity
corrprissi ngﬁadn‘i.ni.st ering,a. theé%igeuti C anoun har maceuti ca

f
conposi ti on Eonprgi ng TihEatel"?s viRP co gfggﬁg‘tétc | ecBPOWRE t r Qfcat e

VRP subunphaehagkaicichl i N corpbd bl éncCar otprising  ad7- truncated _ VRP
Themet hodof cl ai nb6f urt herconpri si ng adm ni stering an agbent that potentiates

the ther apelPFréséfPectt20l9255ai e r UNERGALSRP CRPurfitbunit aggerdheg to

met hod of j¢Laj.m57,pher e ' Lating agent is selected fromthe
group con(s:lgst%nng’o% F%:%fq%g}%z%iag FGF-5, and FGF-6. 25 59. The

met hod of claim56 wherein said i schemc condition is selected fromthe

roup .consi sti of . cardjacg infarctjon, chronic coronary.ischem a, chronic
?oweﬁol inb i scﬁgm' aP S‘E‘?Bb&g a?lé p%trjrrb‘ﬁje?ﬁf‘ngas?:%i’]a?gﬁf’?éé@e. 1pp a . patignt

A nethod Eempthieahgntien Peéteny sHf BeniRe iy ograryeund; CRRRN iy dfardium of
adm ni stering a therapeutic anmbunt of a = .
phar maceuthealRBFRIBE t itohcdRBriaSIORPAIaIIh c 4NE@YRR. on\0A3 843300 PCTL US98 € 7801

both coronary arteries, said vector comprising a nucleic acid
molecule coding for at least one truncated VRP subunit
15 according to «claim 1, wherein said vector is capable of

expressing the truncated VRP subunit in the myocardium.

63. The method of claim 62, wherein said delivery vector
is a replication-deficient adenovirus vector.
20
64. A method for stimulating coronary collateral vessel
development in a patient having myocardial ischemia, comprising
delivering a delivery vector to the myocardium of the patient
by intracoronary injection directly into one or both coronary
25 arteries, said vector comprising a nucleic acid molecule coding
for a truncated VRP subunit and capable of expressing the
truncated VRP subunit in the myocardium, thereby promoting

coronary collateral vessel development.

30 65. The method of claim 64, wherein said delivery vector

is a replication-deficient adenovirus vector.

66. A method for stimulating vessel development in a

patient having peripheral vascular disease, comprising



103 conprising at |east one truncated VRP subunit according to claim1, in
a suitable carrier. 61. A nethod ofincreasing vascular perneability 5
conpri si naneidoBacst er i ngat her apeut i canount of a phar naceut i cabctaspoisists on
conprising a truncated VRP conprising at |east one truncated VRP subunit
according to claim1, in a suitable carri® . 1062. A nethod of stinulating
angi ogenesis in a patient conprising delivering a delivery vector to the
myocardi um of the patient by intracoronary injection directly into one or
bot h cor SRAry SRINSE | 2503 AP A Ve ATERBIDPI 41y REFARIST 2L alPECHIPE FHs tem
coding foff atpd epatigne o NGt 29l ¥RRoSHBURI e bR, acepedi Dot AigkaicTyl into
wherein said vector Is capable of expressing the truncated VRP subunit in
the nyocandi unor both 63 enbhmlnetavtevfies,ai maBA wheeedn sapdpddlsiivgry a

vector is a replicatiqgn-deficient adenovjrys tor, 20 4. met hod
for sti n&lrd?‘ﬂsr‘genceorﬁﬂgwgc %t Br aqr%cégt?gdé)\%o%%ﬁ?l}:h £15ht ?%H?éﬁgvic’%
nmyocas di alxgdrseHQ, tis®MprustagedeiRerdugui tlefhveny peetiphetrall hascular
myocar di um of the patient by intracoronary injection directly into one or
bot h cor G¥&Lems td?et@bkésf?r%@ﬁlvﬁcP&m@&?&ﬁlsinf’gscd‘]iﬂFclcb?‘ée];Qﬁ’rEF%i ecul e
coding for a truncated VRP subunit and capabl e of expressing the truncated
VRP subunit in the myocardium thereby pronoting coronary collateral vessel
devel opnent. 3065. THe method off otkdim646, wharegiginsasaidedelémg ryectasttasns
a replication-deficient ad n?virus vector. . WD 98/ 49300PCT/ US98/ 07801 104
del i veri ng & dARMETIEIRRTITELOLIBRE FEFISTES VAT HSr system of the
patiept by intra-fenoral artery injection directly into one or both fenoral
arteries, said vector conprising a transgene coding for a truncated VRP
subunit, and capable of 5 expressing the truncated VRP subunit in the

peri pheral vascul ar system thereby pronoting peripheral vascul ar

devel opnent . 67. The nmethod of claim®66, wherein said delivery vector
is a replication-deficient adenovirus vector. 10



