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The present invention relates to novel forms of vascul ar endo®ket i al growth
factor genes and the navel proteins encoded by these genes. Mre

particularly, the invention relates tb novel forms of hu hese
novel forns of VEG-- A include VEG-- Al 3e, VEGF Als2, and UMMH“MWWMMM“

novel VEGF proteins may be used BBEGREPTI@At nent of the cardhawaﬁcular
system and its diseases through effects on anatony, conduit function, and

per meabi | iV ARIANT STOFETHEANGIOGENIC FACTOR nes8CENA ROENDO THBYAAEU| ar

di sease by stinulating vaggyllaGROGWTIRFACTEGRANVEOFUSI Ng a growm h factor,
thereby stinmulating endothelial cell growmh and vascul ar perneability. The

i nvention also relates to nucleic acids encoding such novel VEG- proteins,
cells, tissues and ani mal s contai ni ng such nucleic acids; nethods of
treatnment using such nucleic acids; and nethods relating to all of the

f oregoi ng. BACKGROUND OF THREELNVENTIraN CawvdiNguascul ar di seases are

general ly characterized by an inpaired s ggl%qof bl ood_to_the heart or
other target JrfanPTeARCar dPYPRFAPEr cEFRORCER )EO cBRANBAI yEPENEr ¥ to as

heart at R,%%uls ankeedkngataupeitin Meakabit Yete s300adr enkatalydn the

first nonths follow ng the heart attack. Heart attacks result from narrowed
or bl ockgadctasrigrm~engoded eby esheget pengsar t Melviec fpagttdcmdsantlye the

invention relates to novel forms of human VEGF-A. These
novel forms of VEGF-A include VEGF-A,,;, VEGF-A,,, and
VEGF-A,;,. Such novel VEGF proteins may be used in the
treatment of the cardiovascular system and its diseases
through effects on anatomy, conduit function, and
permeability, and more particularly in the treatment of
cardiovascular disease by stimulating wvascular cell
proliferation using a growth factor, thereby stimulating
endothelial cell growth and vascular permeability.

The invention also relates to nucleic acids encoding
such novel VEGF proteins, cells, tissues and animals
containing such nucleic acids; methods of treatment using
such nucleic acids; and methods relating to all of the

foregoing.

BACKGROUND OF THE INVENTION
Cardiovascular diseases are generally characterized
by an impaired supply of blood to the heart or other
target organs. Myocardial infarction (MI), commonly
referred to as heart attacks, is a leading cause of
mortality as 30% are fatal in the first months following
the heart attack. Heart attacks result from narrowed or

blocked coronary arteries in the heart which starves the



2 heart of needed nutrients and oxygen. \Wen the supply of blood to

heart is conprom sed,

t he

cells respond by generating conpounds that induce the

growt h of new bl ood vessels so as to increase the supply of blood to the
heart. These new bl ood vessels are called collateral blood vessels.
process by which new bl ood vessels are induced to grow out of the existing
re is termed angi ogenesis, and the substances that are produced by
i nduce angi ogenesis are the angiogenic factors. Unfortunately, the
body~s natReart apfi BgeAre PespbABES| and| exyeanandWbenethiensdegmlat ©f For

this reas e dis er angL o j 0, factors has lead to the
errergenceor(g)%oéﬁ acldc% e%gl\ééti égggﬁerg%egfﬁhcp%sﬁﬁ%\%gy v%?]%ssereef&pqrb s%é’pl enent
the nat ur ahen8gaoURYi Compopatse thyts UpidhiteN & 18X QgieRPLls 8RJhRULH1G0d
substances. Attenpts have been made to stinul ate angi ogenesi s by
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angi ogeni ccgi dut hof antors angibgenesheserienthedecthodciglrd d | faoddest growt h

factor (Muhl hau

m . Gene Ther.. 6:1457-1465, 1995),

e J., et. al. H

of the VEGF forﬁﬁ?b%’/ﬁ@%ﬂ%l (VBRI RS Pafura) angioggnic yesponse
77:1077- 1088, 14%9%ed ard Bereh tihRdRpnperses ebrhealis nuagkenceldne
i npai red bl ood supply involves activation of the gene encoding Vascul ar
Endot hel i aflierowehyFadt oangicmarty gxowshk At exss VESE- AeddBahai the ) et.
al . Cardi ovasc, ) 11769117 994) -Ai.s actually a famly of
angi ogeni c® égggﬁggt hcgf %lglidgac%t]% ea%‘rqg% Ehgfg gﬁgvﬁvtégl |%‘%§§{§?¥}5| gg‘&%essel S.
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cel | s al noSHPR
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(1992) acPupbek Bhval beefiThade Pat Q@Iimuiéﬁél%%-ige(rﬂéﬁ@ by
Chern. 271:603-06 (1996)). Expression of the VEG--

and one
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in space affmipistesiagetaristuphgspPutbgifeditanmyi ogdhdsi sPagratddieti on of
£ ot ted i i i ! | :
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pPhygiolQa cal, regul ator ol ,80949981851S) disulfide bonds) .
Intracoronary injection of a recombinant vector
expressing human fibroblast growth factor-5 (FGF-5) (i.e.,
in vivo gene transfer) in an animal model resulted in
successful amelioration of abnormalities in myocardial
blood flow and function. (Giordano, F.J., et. al. Nature
Med 2, 534-539, 1996). Recombinant adenoviruses have also
been used to express angiogenic growth factors in-vivo.
These included acidic fibroblast growth factor
(Muhlhauser, J., et. al. Hum. Gene Ther. 6:1457-1465,
1995), and one of the VEGF forms, VEGF-A,, (Muhlhauser, J.,
et. al. Circ. Res. 77:1077-1086, 15995).

\



Wien tested in cell culture, VEG--A, and, because of its structure, likely
VEGF-H, (VEGF's) are potently mtogenic (Gospodarowicz et al., Proc. Natl.
Acad. Sci. USA 86:7311-15, 1989) and chenotactic (Favard et al., Biol. Cell
73:1-6, 1991). Additionally, VEGFs induce plasm nogen activator,

pl asm nogen activator inhibitor, and p?asm’ nogen activator receptor
(Mandriota et al., J. Biaol. Chem 270:9709-16, 1995; Pepper et al., 181:
902- 06, 1991), R¥enePf akheolfeRROTAESS @heMsErtet mMyscle). cedlls. Physi ol .
153: 557-62,; i ul i_nvasi ong.of_.growin
capillari es}mg;%??eﬁ gs%%és@ %ﬁé&gﬁ%ﬁc}?‘%ﬁeﬁ% g{%téﬁt‘)ﬁg\i% r n%{‘i otﬁ%ofg?ﬂ%e-l i ke
st ruct ur es ebyodidgevdsthbit aindeiHesl, izdn drowtH Facan"ereFanghdgenesi s
"(Nicosia eﬁt al., Am_J. Pathol., 145:1023-29, 1994). In vivo, VEGFs induce
angi ogenesi8OPe @Ry VGRS, $BRBAte S46: 1506- 8D; QHFFI -ncr BESe

vascul ar pegneabisl by o( Senger) et apper ki %Cea&%??ggb 82, fhifid), (FCGFs are

"now known as i nportant physiol ogical regulators o | ary "blFood vessel
f or mat i on. afigepgeneci nieloredsi n tHeer noimdiicé or naki omyrafwitew c@pi heari es

during organ.growh igilu ing fetal gromh (Peters et al., Proc. Natl.
Acad. Sci. 0$A25678915°48°919%755€15 ssue | r SEBM EBCAPTYS JaTExp. Med.

176: 1375- 78pet992)., ta'?xgi%@%tirc_lla'gx%wi'he’ and regnaney (Jagksop,el._al .,
Pl acenta 15:341-53, 1994; Cullinan & Koos, Endocrinol ogy L33:829-37, 1993;

Kamat et alPermambilitPat lke$iviss: 15pd65,tangs) . wolgeivehl devebdpnent,
VEGFs appeay. t.0-pl . es Lal_role in the de novo faqrmation of_ bl ood
vessel s fr?ﬁsg’%&o&%l s:@%r)ldsé%g%aua]égﬁ am%{,ch}‘?ﬁ.ve&é'\/. égFNIeBS . Bfol.
11: 73-92, ¥e99kraawte\dlden@ididnt abrmywal1d xmd yessed2 develepaenttand

lethality in embryos_lacking a single VEG-F allele (Carneliet et al., Nature
380: 43S- 3821199681 Nor dRAICL VEGSES 1P 3% (2R Pd | Fhemes pafhoBégieal bl ood

vessel gro - ha-3Gle@Ri_gii f ny ,gﬁ% | i L rs
(Pot gens e#’taérn.c., leliglo}s?3cﬁte6mql(l?lgggg- S.e% r3 :ogg%% %%%getegi%g%t hi es
(Mller etisl linked iIn Ppahel antyi3: io0l- 84, eledts Al physioabgical Engl .
J. Med. 331;.1480-87, .1994; Adam s et al., Am ht hal mgl . 118: 445- 50,
Took) . paofPESeePsstfur BE SELetionhf 'Y VEBETh1 #ERR Y 0B . Shn
rheumat oi d tarridetield gehbadaseipBion dn mipe Medds180: ¢Abr¢6nid984xthVEGH

expression_is regul ated_by_hornmones (Schweiki et al., J. din. lnvest.
91: 2235- 43PeFEYSF SPSWPROPAcYSFSeLer t fevglap- cidmisrhesesons, 1996),

and by hyp@fed on1¥ known angiogenic growth factor that appears to
function as a specific physiological regulator of
angiocgenesis.

When tested in cell culture, VEGF-A, and, because of
its structure, 1likely VEGF-B, (VEGF's) are potently
mitogenic (Gospodarowicz et al., Proc. Natl. Acad. Sci.
USA B86:7311-15, 1989) and chemotactic (Favard et al.,
Bicl. Cell 73:1-6, 1991). Additionally, VEGFs induce
plasminogen activator, plasminogen activator inhibitor,
and plasminogen activator receptor (Mandriota et al., J.
Biol. Chem. 270:9709-16, 1995; Pepper et al., 181: 902-0¢,
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. VEGFs also

stimulate the formation of tube-like structures by



(Schwei)ci et al., Nature 359:843-45, 1992, Levy et al.) J. Biol. Chem
271:.2746-53, 1996). Upregul ation of VEG-s by hypoxic conditions is of
particul ar inportance as a conpensatory nechani sm by which tissues increase
oxygenation through induction of additional capillary vessel formation and
resulting increased blood flow This méchani smis thought to contribute to
pat hol ogi cal angi ogenesis in tunors and in retinopathies. However,

upregul ation, of VEGF expression after hypoxia is also essential in tissue
repair, e.grdoFRelEPtal Sbimd ﬁ@aHfth%égam@?@tmpé@ ,of . appdpgensshs

270: 12607- 5 d i oren i.schem a- ( ., £t .y Car di ovasc.
Res. 28 11%%%?;%9%? A O s Pﬁyﬂsgl &% E?ﬁﬂl‘948- H1954,
1994) . Using th&nr abbid, cNEGHsc inddre sehgiogenedék, (Leums deealshown that
repeated intranuscular injection or_a single intra-arterial bolus of VEG-A
can augnentCt8RFSt erzﬁ%ﬂét%'@@ssel 1987 at i ¥ as BVARRARGed BRSEMeSE f1 ow
nmeasur ene i ki e Wale | ( Pu, , 5 Ch . lLatio 1 208- 15,
1993; Ban'?%?glﬂee%iagﬁ'I.l,%?gmm%r.é%flhy%itg%l'267'?%2%%%? 7_2[991353 g%’ékgsgﬁlgt)d et al.,
G rcul ati onVBGF§ pare 8Py khoR28a84impesdanBapiessobtgidal, rkgwasoxrsSur g.
21: 314-25, 1995;.Banters.et .al . i rcul ation 91: 2802- 09, 1995; Takeshita
et al., J.° ??‘Plfﬂeﬁ& 5199516@?5?81 g@@%}‘?l@ﬁ' t hf S FRES ,”\Vi?%l’!eﬁia§nal o)
been shownche acdrmynerghshacabhy o t RehaséspECak feamaiiang e hrgahen a
(Asahara et al., Grculation 92: &suppl 2], 21365-71, 1995). VEG-"was al so
reported toracell eincéudhagr EpaRL oFowth| (PRLens LBk Yat Rt iNktdrtery
endot hel i u il tt sape . ki Lhhi bit{ ng_pat hol ogi cal i ckeni ng of

t he under | Fyﬁ%'s%%gfh g\%’é‘c?g‘?fgg}g‘;%?'tkgﬁei{)y TRCR TTRR Y UREPYR &feter and
bl ood flowa{Asabrar axgt med). 176:CR7subali 0999, 2708 Wk rubd9%2)c1¥EGF has
al so been shown to i nduce EDRF (Endot helin-Derived Relaxin Factor (nitric
oxi de) ) - dePBRIBHEINENSNat { ACHFPR aBF ndl cor BAaEPrEat dbi:é4l-BRus 198¢ent i al | y
cont i but | gy § enhACECRERE Dbl i 1) AL ARA3 9633 RanfcoRdary
mechani sm not related to angi ogenesi s uet al., "Am “J. Physi ol

265: H586- H892, 1883 ). Rettibgdt.i oh46flbheégenel ¥odi nPusEGHKs Afessdl ts in

t he producki o f er i_f <A varianpts,, or, i.saf or.ns, . produced
by alter na&?vgltgﬂngﬁéhg%mﬁgrse%ﬁbgﬁgéﬂ 1\5/5%1% r oS BRE T rﬁcieﬁ dé (!I-lhref er ent

MRNA t r ans@ei picsr& otfibaimaitrigrdi 6f endidode xvasseher dnonpriotived ngd sdiahtier ent
proteins. Such variants have_been discl gsed, faor exa in U_S. Patent

| e,
No. 5,194, $B5588 # SdifdMex AR. whieK- i dehiifi &8Vhu 'C\?lasél}raﬁ-@ﬁdot hel i al

cell growt t o, i tigde e t 1 am no
B B 1 e

VEGF- A20s &mde latdmabeen dimar awbeyozed aakd nepar tseichge WWBEH, aGlelet . al .
Cancer Metastasis.Rev. 15;153- 19 . it {c activity_ of the
vari ous VEGFPA"S6 %r =S v%r}i'ésjl\%gtﬁzerned?jﬁ%o 'o4n3%§30¥) i gg?@L m &E?rreéjyérﬁjl e,
VEGF- Al zI ¥BAFYEGr &\ sisnglaveatved v isi mthar peithegenjicadctblody fessel
endot hel i al cel gs. However,  VEGF- A189 and VEG-- A206 are OHI,X wealél,y

m t ogeni c BESPFEr £RATIFLETERRLEr OTRMPATYI 334889529 993 PC1#HENPe FTC S

activity ofyhBese (peRIE dis £ ipiBEed dierh hel osid Ot 1285 asigatsan with
cell's and matrix, as évidenced by the nornal mitogenic activity of a nutant
of VEGF- AZD8,Wii9a%)l acketihepashiesi difd llempatat xal ar gdmi nd": Reduwdce common

Lo VEGF- Alg9.and VEGF- AZas, {1 e5) duee, 14T 133 1 1 9 Bl Feryarg, . ol
331:1480-87, 1994; Adamis et al., Am. J. Ophthalmol.
118:445-50, 1994), psoriasis (Detmar et al., J. Exp. Med.
180:1141-46, 1994), and rheumatoid arthritis (Fava et al.,

J. Exp. Med. 180:141-46, 1994).
VEGF expression is regulated by hormones (Schweiki et
al., J. Clin. Invest. 91:2235-43, 1993) growth factors

(Thomas, J. Biol. Chem. 271:603-06, 1996), and by hypoxia



Four known forns of VEGF-A arise fromalternative splicing of up to eight
exons of the VEGF A gene (VEG--A, ~,, exons 1-5, 8; VEG--Alss. exons 1-5, 7,
8; VEG--A a9, exons 1-5, 6a, 7, 8; VEG-- AZO6, exons 1-5, 6a, 6b, 7, 8 (exon
6a and 6b refer to 2 alternatively spliged fornms of the same exon)) (Houck
et al., M. Endocr., 5:1806-14 (1991)). All VEGF- A genes encode signal
peptides t . r.ect the.protein i t seegre t hway. For anpl e,
VEGF- Al ss Bgltﬁﬁq’ee&%gdéetst 2 gy Nl ufggagm@%(% 15 dag%ugﬁ%‘@’ et 9, of a
26-r esi due ey .et@iem Signal 2 peptiye BREIENCeupMddClnt iort lERYeb FePBY
secretion of the protein fromcells) and the 165-resi due mature protein
subunit. HHWERELC oMOPAEERNS 2 San@LVERRYALSY LlaFe RO IRCDe ateadi | y
secreted b I s ohenas, VEG ALRR apnd VEG S T i

associ at edxﬁﬁﬁeﬁgﬁﬁodﬁ%l ng r(;ﬁg%' S. %’hesgg\l@%ﬁ A&%ﬁ%poé@ggggﬁ

addi t i onal oliyglenathiasi ¢ tdegqueyice iexuatadrby ofx onddi sz pagiing atg
residues 115-139 in VEGE-A~e9 and residues 115-156 in VEG-- A206. These

addi ti ons ¥EFEEL £ FMRT LA i yalfdpar iRcERasan Bired thlaw ad¥d6i ate

with the extr 1yl ar: pat ¢| trix-t is equenc A et
al., J. B ﬁﬁtea%?%ﬁ”‘ 2617%68%9%@( 133’2) %;dﬁ\%tffh%%%s, iy ?ﬁt&&%éﬁgr#

271: 603- 06 antd9Penesihe nnt ogemcs aehdviilyi esevindAFhRAIL]1 amdwékel- Al ss are
sim |l ar accordi qgl to, the rfesghtié of several grgugs Neufeld, G, .et al.,
Cancer Met BEEHE 3P 1511 585458 PRIGH 11 hdthRt o &d@arth GrEGp has
shown evi depgedvxdicath ngi thaé ¥EGIAL2d. &S, signidigantlondeieaashiyve
(Keyt, B.A., et al. J._ Biol. Chem 271:7798-7795 (1996). It is unclear

whet her t hd Fraatl @tg&l VEG ABHQlr-meShefEGR7A:886ARd6 VEGH 99906, amde ims acti ve
or |less act] t 1 fye, shantar for Si N S ssible to
obtain the%o:&%’np?u e JTJOEI‘%m'SUI taa%gﬂnea c?rt c?trjigrit iq;%? il\‘?gapﬁéésﬁu%e'rre%ﬁ%e'sq.:ﬁ%ﬁi S
failure is79,8 dumdq; parHagbhimdedr SétongahssociZsi on anM th gyedeai.ng cells
and extracel |lular matrices which is inpaired by the presence of exon-6
derived sed&didE4hpat 2Rttt yi38¢i ng in synergismwith exon-7 derived
sequences groupsydNeyfehd, rlbpi€t chltoni CaNeRH MisiAsibdRaY. 135nke3- 158
(1996). As depicted1n Fig. 1, the donmain encoded by exons 15 contai ns

i nf or mat i obeedyushewnf okhahe 1eRaRTRd | dRtERPTUREUVEGE indegstions $1t a1 (R1
and RZ) andg. | Js: Ki A A Bt Al ~rJ. vBRE1, Ch 271: -5646,
1996), andgilgggréese%?élré :% eﬁjr?g\'%n \?E%:usl so?gr mggbgh% ar%ng}r'llo- %@%&%ﬁéncoded
by exon 8 aicd ldtszralt ebénbd nedddelknbormasodor as. eThéensefiobys biwpdbe

di stingui shed however by the presence or_ahsence of. the, peptides.encoded by
exons 6 an%ﬁf“bfm?ﬁﬁu??@ 1k gjgrheEESn&stcﬂ"ee"H'rcers]'@rﬁ * af)lg‘éhcggoialt'he
peptides ercosdash by bheses exons15esul$s3 j n sdutestsur ak daff erenses mhich are
translated into functional differences between the VEG--A forns (reviewed

in: Neuf el @ByEiokt 267 :HIZSR el Mt WR4 adfakaqitiitalst ak3. 168 culIgen Exon 6
can term ngfe ?{Dlég& bY1 8l 2399R0T 1904 Co Rt S eLR 1t CORfIdbut es 24
or

amno acids to ms that confain’it such as VEGF-Al €9. 'This exon 6
formis refsemred t21h2léirA5as @905 ;6a. Baidwaner ett hea MEGF-GN RN adEierbe

spliced at the 3 _end_of exop 6 using an alternative spli.ce site located 51
by domstr@e}rh?t%o%he%ﬁi'r sfgggsm#‘%’?ggl 32 F r@g‘r"ex h ngﬁFOdflfd’fvecsotrit ai ni ng
41 am no- agizds e addhd4 pnal 14 4198 ol dsyeaddadst 81 8 Eb&@x®nsHower oduct

as a result of this alternative splicing are referred to herein as exon 6b.
VEGF- Azos &ent @dts tshnedohgateall Bov e Romaised SEF6atan®blidn#te hi s

Crom ' 960, ChroRy 4 SiRkahadd ool Pocighiiei3bn B2, (BhoBl 210, 8000

1991). 9365~71, 1995). VEGF was also reported to accelerate the

repair of balloon-injured rat carotid artery endothelium
while at the same time inhibiting pathological thickening
of the underlying smooth muscle layers, thereby

maintaining lumen diameter and blood flow (Asahara et al.,



A putative fifth formof VEG-- A, VEG- Al145, has been noted in the human
endonetrium using PCR The authors state that the sequence of the cDNA of
the VEG-- A 95 splice variant indicated that it contained exons 1-5, 6 and
8. However, it is uncertain whether the authors found that the splice

vari ant contai ned exons 6a and 6b as i& VEGF- A206, exon 6a as in VEG- Al e9,
or exon 6b. The authors state that since the splice variant retains exon 6
it is probebleuthatoht owibtoberget ailes )by thercabt a3sar Bckhe Pef
menbers of the famly that contain this exon. (Charnock-Jones et al.,

Bi ol ogy of tRepnouaget EPRFAGEndophel28-Pevdvsd RebanisoFadhorc (Mitrékce al .

G owm h Fact o . qL1-1 993) .. The biologic.activity of this f.ormwas not
establishe%xfﬁe}ﬁap%%gggFP%(%%%ﬁﬁ%?lepY%? g?né??,cﬁﬁ?xﬁFyCﬁ§F§F}eéynecol.,
173, 751- 76Rus138%kntAringnontrMbugting! to Rlreesbd 19 0887£36%) t1994) .
The various isofornms, and the exons that encode the isoforns, are depicted
in Figure ISChemécr égafs Wis y/EEFCAnN@aby eMAChRNias afithoretated &ed
nucl ei ¢ acj ' t hj.s. pLoteikn, have heen,identy fied, ' use for
treating ‘lofaserLad o ik S0 Earivar ® B | 280 B RE - HRelor
(USSN 08/ 7849551, filed January 21, 1997, published as WO 98/10071 on March
12, 1998). VEGF-A is known to bind to two of three different endotheli al
cel | receptors, AEREN3SAORPENTRS 3RS M@ Iingn YFERDPareSplsteilm Wieh a
arge extrgeghluhabrPOlld 0BeGRIRNT Sadeelydnt MyREBLRbULLAILYRE doggi NS and
a cytoplasmc portion that functions as a tyrosine kinase. These receptors
are R (flisdfofbe,Vrpesdetedl by Slitemmtdse : 889i08ingl3dreilz the
(KDR/fl)c-1) (Ter,man et al i och Bi,opbys. Res._Conrnun. 187:1579- 86,
1992), ands%‘ei‘ég_(f?lkf-%‘j‘“" i‘)lgP_é‘Fus)’oHeere% 4P PR Rent arirall ta3nsr3rEs 11992) .
There are dbathRelinge! @cEiytbheS eh@nweernd peeRRIcAY aRd FiFkecYRr | ous
VEG--A and VEG--related protein ligands that have not been conpletely

el uci dat edpret§@ns . Howuelr variants |havgwbagmadivedrsadhi fog eocaRpland R2
(Terman et ;al. o] 5%) ctQrs 1118795, 94). hut _not R3 {Jo v,et al.
E10 J. 1S ﬁgo-%Bgl EEPCRZI%'S tl'z'ﬁ%tjjg%htsgt%o %(2 é)rlislrgrrgbﬁlrygf:esap'é'ns:d' QLechf or the
angi ogeni cideapafiesothumashotviaslcudbrcehisthel VEGReél keggbawvhh fhattoarss

(Gtay-Goren et al., J, .Biol. Chem 271:5519-23 {1996)). Accordingly, there
is a need PBVlﬁ‘@W?%PHsd‘_Bf s\?@@lgpﬁeprﬁqréq_ tﬁgf[ ]‘_%élve i)ar%él f}r &Pt ties
for matriXxagRdsl qw .&f f,i nidor-aggenphar vedhi g, opdi fA@di@iBhaﬂDd%,WEiGPa'ter its
bi oavai l abi lity when adm ni stered. SUN-~I ARY" OF THE | NVENTI The present

i nvention Pssd@R@cVEAFtB.ndvave falmes heenvebprrpesesiaed pref aemenF Ssinan
VEG - A DrolRblite Hie P o1& | ofh USE0let N /IE DI O BLDS 289 1Ruchaly acl d
mol ecul e conpositidns of e Thvention i s foO Use suc conmpositions to treat
t he cardi ovaseénl.ar systemand its di seases through effects on anatony,

conduit functiop) and perneabiljty.. Suc rot.ei ns_an ositions may be
Ged to aid in Bhe TIEREREIE BPEBELTENTS WS h A GFCeaty T SRR o
ot her i schewira egOnthpdiEndYorst &4t ai éHEoANYI OgeReskamp eSUC/EPRLA Nt S.

These novel forns of VEGE proteins will have a nodified affinity for matrix
and | ow af AR t VEFEcBps omRvVeThVerypdiifidas onlbpeerict Rehivhvhi I 1ity of

the prot ei ggaienady npsieced digaedy tngelds, dlndhoBozells alge

transduced w encoding thése prot'ei ns
only weakly mitogenic (Ferrara et al., Endocr. Rev. 13:18-

32, 1992). The reduced activity of these isoforms is
attributed to their strong association with cells and
matrix, as evidenced by the normal mitogenic activity of
a mutant of VEGF-A,, which lacks the 24-residue " matrix
targeting” sequence common to VEGF-RA;,, and VEGF-A,
(residues 115-139 in Fig. 2) (Ferrara et al., Endocr. Rev.

13:18-32, 1992).



These novel VEGF proteins will possess a unique 11 conbi nati on of

bi ol ogi cal properties that will distinguish themfromother VEG- forns. The
uni que conbi nati on of properties of these VEG-F proteins will render them
preferred therapeutic agents in certain circunstances for the treatnent of
t he cardi ovascul ar systemand its di sdases as well| as other diseases
characterized S%Dvascul ar cell proliferation. In particular, the cDNA

codi ng for thedOWEGDEIBt EicFdsne8E bEEGRph oyad Sien Hepr EHdImAatfioe treating

the cardi Cul ystemapd its dise T oyel VEGE- roteins
conpri se %@?\l?iélg g%sggug%cégg%%fe%@o%?e? gre }{e}ggﬁp%e?eﬂﬁ \(/E@P 'A£’é5<ons 1-5,
6b, and 8.ex@nsl-5.5 .60, VEGrRR], 8 ekoms ders vatd vevidmergof, ehhwse ot eins
preferably do not conprise the full am no acid sequence of exon 6a and,

pref er abl B2 do’ no® i hBYEF thues s BT dpert i&, @etiVit§, (8xeNf @Fctansh of the
correspondihg - rot et : rd amno i guence of
exon 6a. g er %%eﬁ@E%:%RE%F%tgg}LXg?ggr%)rﬁ:%’scgzgméﬁ%llngci dﬁnst(;lggegscaesiee coded
for, for exsamle, (ByudEGEtAadxon3i0l-.5, Kadodb,, ahdi1B8osThese{praat)ei.ns
preferably dao not have the sane (gro%géti es, activit and function of the

cor r espondifigt VEEEE 78 p991eF nSnEReE ot keRpries é&‘é’ﬁ cEremtushs n
f d el . ; pr o i ded.
preferre g;%mﬂmmt% fhd he YRy Bgth@apw'yfafdeﬁ%ge{ix)ggsvggg{ﬁ%%fOV' e

conprising an am no acid sequence toded for by VEG-- and 8,
or a deri \cNA endwmwlesofa 193 -oebédupr @hine ezt shbexiumme afngieringsention, a

purified pol ypeptide i rovided conprising_an_am no acid sequence coded
Por by VEGE 4 obgneeqtauly e eaeta Rg B bR N ol e R e B eReRa PG ot her
preferred rhork sl supdn - sberétventsPNEn@ prstéigdrpehyrentisde s provi ded

conprising an am no acid 12
the 165-residue mature protein subunit. However, only
VEGF-A,,; and VEGF-A,,, are found to be readily secreted by
cultured cells whereas VEGF-A,,, and VEGF-3,, remain
associated with-the producing cells. These VEGF-A forms
possess an additional highly basic sequence encoded by
exon 6 corresponding to residues 115-139 in VEGF-A,,, and
residues 115-156 in VEGF-A,,. These additions confer a
high affinity to heparin and an ability to associate with
the extracellular matrix (matrix-targeting sequence)
(Houck, K.A. et al., J. Biol. Chem. 267:26031-37 (1992)
and Thomas, J. Biol. Chem, 271:603-06 (1996)). The
mitogenic activities of VEGF-A;,, and VEGF-A,, are similar
according to the results of several groups (Neufeld, G.,
et al., Cancer Metastasis Rev. 15:153-158 (1996) although
one research group has shown evidence indicating that
VEGF-A,,, is significantly less active (Keyt, B.A., et al.
J. Biol. Chem. 271:7758-7795 (1996). It is unclear
whether the two longer VEGF-A forms, VEGF-A,,, and VEGF-A,,
are as active or less active than the two shorter forms
since it has not been possible to obtain them in pure form

suitable for quantitative measurements. This failure is



sequence coded for by VEGF- A exons 1-5) 6a, 6b, and 8, or a derivative
thereof. Preferably, the VEG- A pol ypeptide of the invention is human
VEG--A. In preferred aspects) the purified pol ypeptide conprises the am no
acid sequence of Figure 3, Figure 4, or of Figure 5. Also provided in the
invention are purified and isolated nucleic acid nolecul es coding for the
purified pol ypeptides of the invention® Preferably, the nucleic acid

mol ecul es have the nucl eoti de sequence of Figure 3 or Figure 4, or of

Fi gure 5. dNescliprBaredq nthaérprdsama | aveacianiare withh f prddaaing sol at ed

nucl ei ¢ acgij I I | f | i.cal active fra nt_of a

6b- nodi f i %&q\}gogéﬁgjﬁ%r%%pﬂg?le%bﬁp%%%gvtﬁiwg}Ee‘gp&OE@fAI az, or
a derivat presehereeceff Suth € rdgmedd sadiéadds r@ﬁﬁaﬁéﬁﬁ@?agbtiiﬂg 1® 100% of
the activity of the full length 6b-nodified and have at [east 10% nore

pref er abl FYRCTOEES WYl FHPR- pr EFERYEO) SATUSARERS SIRUPS t Meuteldity of
the full lengtlh YBG- A 36 o VR L 62-0L ){159:'@%§§5$9&¥89Q539§zi.e” S0

provi ded aré expression vectors conprising fhe nucleic aci cul es of
the invention. ARr efegriatleyd itrhéSe.vact el domplinsenadaaaybyusxsaguences,;
preferably the expression vector is an adenovirus vector. Mre preferably,
t he nucl ePc CREFA1Ns dpEPEBRYicnkeduigesd fransher reegaratdorhaf Faeactive

in vascul ¢xendathel gk ¢ald.s. (fheys S SN be _RI bl urt her
conprises a par%%a? agenoviral(sédﬁéﬁggsf%gglﬁpggkgfhg g%%?&lk#géhés have
been del ee¢d. adn &hotBierl efibedi2rENIS@I8 + B4 6 nveReE b, andkis psepenvi ded for
i ntracoronary .ijnj.ection a reconbi nant _vector, expressing a 6b-nodified
protein, 6Pefab]r]a ?own1¥%%E$S%&m%q:ﬁé?6?fnl&o'_\?€@§% ,o‘g‘?ﬁrpl?Ysi ng: a
nucl ei ¢ aekdnog ecite aneedi pgedefib- DY f419d RAGKRI M.sdf &Fws abl yTVEGH- Al as,

VEG-- Al 6z, or VEGF-AIBZ, cloned into a vector suitable for expression of
sai d pol yAs@feamsdangy ke v@ishisgrisbed dowedieredy dthe apreserc®ror and

| nstruct | aps Qe 148 eEhl NEpRideLeChiloddt Gp BRLAENE: JHILIPIAPI Vo1 N the
kit, the pol'ynucl eoti de i I"oned into an adendovi rus expressi on vector. In
yet anot h#EGFspedersd, tdred i nhenprresenaeretrheabsendy avi defe f pepti@esi ng

vascul ar di sease i.n a mammal conpri Si the step of admnistering to said
marmal a & ed &Y VERESA §¥ORS| ﬁ?%ﬂgﬁr%lﬁﬁﬁwgﬁ'S‘g}%W%?%z, or
VEGF- Al BZyyralcrotdyed ©Pam®tht bad i MEGF-fArdial@idl idy B d AenaeeUbL Rty

effective amount to stinulate vascular cell proliferation. _In another
aspect of thige VEGFeht iformsa (FRervHeyess igyoN 1fer Genh&fici pg- Cancer

endothengéégﬁéégyéﬁRé@§ gdl s$ehS ¢e@gfi sing the step~of adm nistering

to a mama erapeutically effective anount of a 6b-nodified protein,
preferably VEGEx&Bes S&EGFtAlrsrnadre \AWEFeAl BZ. bPr efteraabdignot heplice

endot hel i al,i zati.on is reendothel.jalizatjon after angi opl re

or of er abl LSRR T6l TN SRS AAUCEETS P Rbrre. TEET chOETS.
that contain it such as VEGF-A,;,,. This exon 6 form is
referred to herein as exon 6a. However, the VEGF-A RNA
can be spliced at the 3' end of exon 6 using an
alternative splice site located 51 bp downstream to the
first resulting in a larger exon 6 product containing 41
amino-acids. The additional 17 amino-acids added to the
exon 6 product as a result of this alternative splicing
are referred to herein as exon 6b. VEGF-A,,, contains the
elongated exon 6 composed of 6a and 6b, but this VEGF form
is much rarer than VEGF-A,,. (Tischer, E., et al., J. Biol.
Chem. 266, 11947-11954; Houck, K.A., et al., Mol.
Endocrinol., 1806-1814, 1991).



dn further aspects of these nmethods of the invention, the patient is
treated with or wwthout a stent. Preferably, the mammal s used in the

nmet hods of the invention are hunman, however, it is contenplated that all
-manmmal s woul d be candi dates for these nethods. In the nethods of the

i nvention, the adm nistration may conp?i se gene therapy. In preferred
met hods, the gene for gene therapy is adm nistered using an inflatable
bal | oon cat het & R@aredvei £AIahpdoyausife MEePondREhd, Gb- Mo eer 14

or of of 1 60 SHESH TenFLooP MR (L C TN Y2 | RER ot RGBS SEBRBGLl L1 ons.

and vect oist stfe et MIRNtdfuarRie RF wied cDnreanee drUS-REI RAticen by
tunors conprising adm nistering to a patient a 6 b-nodifi ed VEGFA protein
or a nucl da&igditd Fptiearedcsdfty iftorcntebimafl fe¥eNVEGS A prondi 8,

fer abl - A38; , VEGF- i he..6b- modi.f | “A
O ot of n n%lf\égegced‘é UL g éﬁ%étla&rq Sl fzend] ?‘P(ég?g?t Ifr?;la‘];%/gbg%%l i vered

into the tasculsplivest eayripmef ecahtyiatda sxdes | agat eddcl ese 40 tike site of
the tunor._ Thus, delivery of the 6b-nodified VEGF-A protein in_conjunction

with chend& dpyst EXBhRR 37 FRAEEF thessi%e Bt Fundite WITHREE p to
enhance t kg afd e@ﬂaeéegfﬁé??ie;gtegé gheapiacnany bydlaekeasibndcdryd 3 upt ake

by the tunor. The 6b-nodi -A protein delivered in this nethod may
ei t her be priulmigle dihatt idewiyér peofrethénpdl pyephedeedl psoteienther through

gene therapy. Thus, .provided (n th resent invention is a method of
enhanci ngo%ﬁf pg}em?pﬁjﬁsonogy {:Bﬁnrgarg ritdiaty SORFARBL iy EFOR patient a
nucl ei ¢ acichaml el Poredsli 8 £D1, apbb1 8B &F efle YESH A UrPLaad N1 1pief er abl y

VEGF- A, 38, VEGF-Al162, or VEGEl e2. preferably, the 6b-nodified VEG--A
protein i 31R8 | (2923 di pe€t ALt Baciurbr. cet| alln Sromtdr Easgens of the

i nventi on, t.herapew onpeg ty LS: Pr figfit onpr . si
phar naceut]i%alllme;/ fagg'clejipét%%f'e car%i%?g%l&r)%lg %éﬁ nodlfiée% rl\}/é'ég%ﬁ?o éviar?,
pr ef er abl motE@EsALIB] s Al skat crepdBEGEF1 8D ewmg a € Her,apautalcal [Am.ef fecti ve

o the | noEnQERFTS FRTA9E e 317 odbIE 2adeaas) f BTV R kpatati o
conpri singl g reracdhbant1adesgyicel, vessoy, The various isoforms,

and the exons that encode the isoforms, are depicted in

Figure 1.

More recently, a VEGF-A protein of 145 amino acids,
and nucleic acid encoding this protein, have been
identified, and its use for treating the cardiovascular
system and its diseases has been identified (USSN
08/784,551, filed January 21, 1997, published as WO
98/10071 on March 12, 1998).

VEGF-A is known to bind to two of three different
endothelial cell receptors, each of which is a single
transmembrane protein with a large extracellular portion
comprised of 7 immunoglobulin-type domains and a
cytoplasmic portion that functions as a tyrosine kinase.

These receptors are R, (flt-1) (De Vries et al., Science
255:989-91, 1992), R, (KDR/flk-1) (Terman et al., Biochem.
Biophys. Res. Commun. 187:1579-86, 1992), and R; (flk-4)



15 said vector containing no wild-type virus and conprising: a partial
adenoviral sequence from which the El A/ E1IH genes have been deleted, and a
transgene coding for a 6bnodi fied VEG-F protein, preferably VEG-- A138,
VEG- Al 6z, or VEGF- Al BZ, driven by a pronoter flanked by the parti al

adenoviral sequence; and a phar maceut#@al |y acceptable carrier. In further
enbodi nents of the invention are provrded nethods for treating
cardi ovascul ar di_sease iﬂ a mammal conprising the step of transfecting

cel I's of sHadYUnshhfal e #h-a GEECETC RES-d 0I5F38 ¢ 3nhi E3°2heoddhesie am no
aci d sequ e G (o] =(CF- X =5, . 0 provi.ded are
nmet hodsqf (;%{l%:t r%%??glgftcgs?i?égggggﬁﬁgrg g?é"é%%rg %kgé)s'zfa%n%ﬁe%\gsnp%és)itﬁge the step

of transfectrtingec MEGF-6f =srl d/BaRAYRl atiedh parotethelld gaaide mal=ec Haararhi ch
encodes an amno acid s guence coded for by VEG--A exons 1-5, 6b, 7, and 8.
Al so provi®id RER nEPMBASERAY SltiidRFeCardf o¥akcul dlowivRiaseifn i mammmul

conprisin shap QEckLangt gaki el f ' |, i t leic
acid nol eé&u e whi ch en(c:;odesEaﬁagmeﬁol(gla(?ilng1 géqﬁlzénlgneaqggﬁélf'dr %I%%A
exons 1-5Fa8g0r6blland7895Pr €924 hbbyt ndie RpuCTeilcoacetd aipl ecaNr enpl oyed in

t he net ho f t i nvention codes for VEG-- Al as, VEG-A162, or VEG--A182.
I n preferﬂ}d%egﬁﬁg%i'nerﬁ%é)the nu§1 ei t® acﬁbomteput?% i $€cl BrePaLity a
vector. Prefsjalinld heoyeaty SﬁgPngéxl%ca%@%%h%BS_chr Ehﬁlo;ﬁrell?t_raqf erably,

the adenovirus vector particles are delivered to said manmal Dby injection.
Pr ef er abl wellte beuMRGT dfiksigratidn dratey spdftitelyeSorenbetowedn ,akbut 108 to

about 101,Blrg)_{e e"}’%erfﬂ%&)ﬁ!’ﬁnlﬁﬁo" 10l to about 101. In further
] % Ieoti e

pr ef erred aspect ‘hé” polynuc i‘ch encodes a 6b-nodified VEG-

protein, prefenradordintfi WEGheAl38,s \EGeoll $2r pewVESEMAl ©F vewrdel i vered
to the heart of a manmal . Tntracoronary delivery of the polynucleotide is

preferred P%@%&V%M@WW%@%N&&@SSéprf BRER 1 andT/A9806/ 02631,
publ i shed 5 SSephienbele BptlR96 ag, MPIRIAGI4S aff%riﬁfixg'c NE9APARALAd dﬁys

reference herein” Preférably, an intracoronary I njéction is conducted about
1 cm i nt o Hilmavagnsisl lgft it whérefadrdmndi stieped.coronary arteries. Thus, in

preferred enbodi nents, the transfected cells

SUMMARY OF THE INVENTION

The present invention is directed to novel forms of
VEGF proteins, preferably human VEGF-A proteins. The
preferred use of the VEGF proteins and nucleic acid
molecule compositions of the invention is to use such
compositions to treat the cardiovascular system and its
diseases through effects on anatomy, conduit function, and
permeability. Such proteins and compositions may be used
to aid in the treatment of patients with heart disease,
wounds, or other ischemic conditions by stimulating
angiogenesis in such patients. These novel forms of VEGF
proteins will have a modified affinity for matrix and low
affinity receptors. This modification alters the
biocavailability of the proteins when administered directly
to cells or when cells are transduced with DNA encoding
these proteins.

These novel VEGF proteins will possess a unique



are nuscle cells, including but not limted to nyoblasts, nyocytes,

cardi onyocytes, cardioblasts, and snooth nuscle cells. Preferably, the
cells are cardi omyocytes. Mdre preferably, the transfected cells are
coronary artery cells and said injection is intracoronary injection. Mre
preferably, the adenovirus particles drle injected at about 1 cminto the
lumens of the left and right coronary arteries. Preferably, these nethods
further coﬁﬁwpééaéaﬁPnPgtg%?%@ﬁ%?%ﬁnRﬁﬁﬂﬁﬂﬁlﬁ@ &bent wihat dpeténgihaeks the
angi ogeni c e b i fd VEG-:A. p tide, Preferably, the
potentiati Eggkg?nrt&uﬁ ségﬁegng?ggerﬁoc GF. Nbr e8%¥§§§r SRRl ot %ﬁti ating
agent i s sprepeetiksomoifhetpyeedp UBGEi Sproge Diis FGi11 Febnder FGEhdm FGF- 5,
and FG--6. | n_one reLerred aspect of the nethods of the invention, the
cells are PFQE@FE@EeEI FREREVE: C 130 eriThr SRELRED SipepmstanpessaPd cell s

are transfepbedeekayiiae EBHot BRLI abafel bvpioli Lot g}i,QPeTSUQHdaS-EQat whi ch

occurs in angiogenesis, is also us In preventing réstendosis ToI'l ow ng
bal | oon andiepkasty. a¥hewdhl | con anficapl dibyapescedhaeaoteenzidj upyes the
endothelial cells lini t he_i ?ner wal | s of bl ood vessels. Snoboth nuscle

17 cel|'s of PERYAFI | $7at e PFALIIERETOPBNed BPoRPRFAIHAT caliditngCBNBecondar y
obstructi OBobing [ CERe KOOYRGAS JreRe8RRSintry Tﬁ@ g&ppbg%aati' n%%f,%t he
s e baflo uc

endot hel i al cel | ocated at the periphery of t n-in amaged
area i n ortbherepycder theatiunyniheswdratiowisadiewesgetem tand besy

nmonol ayer Qf endothelial cells would potentially restore the original
structure 9t°FRE®HI'0od vessel. ' Thus, the present invention provides a

met hod of treatirhg CaicdicQvasmmgran difgRASS s &dmpyPile COMIASI Ngcie step
of transfecting cells of said manmal with a polvxénucl eoti de which encodes a
6b- nodi f i cBETRERCRS pFEEefnfopr f MAPPIEGFPY8 VEGECE- axensol -YEGRP Al ex . In

preferred asgeqt s, o+he ROl whyicl£othds igS &l ADedel il Qrdviehfl eds further

%V% d['
preferred aspects, the vector is-an adenovirus vector. The adenovirus
vect or i s Pheker ghlofedals waederablyhdommatalcdmnpriigeeatieonfull efviadl v,

about 108 go. bgut lo%ead noviru avecéor ga%ti cll)ﬁs ate delivered jn the
i nj ection. Wbre SSEFEFSHLY, SABBUP2 1671 t BX &botit Y1013 AdRRoVIFYE TRSt or
particles samedel pvepedtibst he acfLeitwn. Mot prehetabhy, alBouttdflZ

adenOViruscgggggéogggggcbgéF?iebégﬂéfﬁgwﬁigtnc%g%rggkegggogﬁll amino
acid sequence of exon 6a. Other novel VEGF-A proteins
comprise amino acid sequences coded for, for example, by
VEGF-A exons 1-5, 6a, 6b, and 8. These proteins
preferably do not have the same properties, activity, and
function of the corresponding VEGF-A proteins that do not
comprise exon 6b.

Thus, in preferred embodiments of the invention, a
purified polypeptide is provided, comprising an amino acid
sequence coded for by VEGF-A exons 1-5, 6b, and 8, or a
derivative thereof. 1In other preferred embodiments of the
invention, a purified polypeptide is provided comprising
an amino acid sequence coded for by VEGF-A exons 1-5, 6b,
7, and 8, or a derivative thereof.

In other preferred embodiments of ‘the invention, a

purified polypeptide is provided comprising an amino acid



Thus in further preferred enbodi ments, the nucleic acid nolecule is
introduced into the coronary artery by a catheter inserted into said
artery. Preferably, the catheter conprises an inflatable balloon having an
outer surface adapted to engage the inner wall of said artery, and wherein
said nucleic acid nolecule is disposed upon said balloon outer surface. In
preferred aspects of the nethods of t hel nvention) the nucleic acid
nol ecul e conprises the nuycl eotide sequence of Figure 3, Figure 4, or Figure
5. 18 In 8eAeengspeefsdoforneyi NiESk-Posxansaristor f8d &b .t ranbflectasd host
cells are pgoyi ai.ch kse f i Y Qf the invention
Such host cél ?égﬁgﬁgggguggggig#f'foﬁpt}gxarrpbg'igng’t eom_%rpoo&l}@er?&l YVEGF- A
pol ypept i deofovhei dnvgngrion ngs humet $ECFahl e cangirbirersed Nsdcres) |
transformed or transfected with the reconbi nant DNA expression vector of
the inventi BR®i PURL FBRRPOLYPERF HEC cXPFRELSOR Hie SAMENP ARSI pregrencad
i sol ating SBEdF%QL%BeBEi%%FEE%UMRh%f“3¥ §¥ﬂd Al so provided in the present
t

invention is a od of treating a patient §ﬁ?fering froman ischemc
condition conpri&lag aonownidedriimy alehedapeutionamavat mirhHf pdAr r@arRuti ca
conposition,co [iaiggfﬁ 6b-nnd%$ied VE prote{n, preferably VEGF- Al as,
VEGF- A sz, oPoVBERIAESLGLE 2CHF t TRLECHEFS odigiet Ephblhe s fiddhod
further co i Lai r i t hat LA es e dher utic
ef fect of gg?%§§%?ﬁggF?iggedggg-%gggﬁsggﬁkide?Pgﬁg?%%a IyFE%he pof@ﬁfiating
agent is sehetdetioleouwlehchgreupheonscieonidef sé@herice FGF-R guad-3% 0d-G- 5,
and FGF-6. FEurther, said %sghenic ndition is preferably selected fromthe
group consi 8tPHESof: Car §Fad*S¥F& ction, chronic coronary ischenia, chronic

lower linb ischeflgo Prictkled @BNGcRErppaSEAL YasFeHkadbndiag@asfurifQled he
treatment of peripheral conditions, such as peripheral vascular disease,

adni ni strat #8f oft @ YGthr neieeleieal agdfpodiatemisiar tpedpRgsederi nvention

e et o B EN Y e SR o £ VRSP g vor

peri pheral preseéninprieferablyeiEGEIAY,, (VBGFi5 AClireWRERAA Ji,rext a

| ection | 8L, Lhesper | hetalod| ssue e of DY OLASINEN T G, HRLG,R o
preferably up to 100% of the activity of the full length
6b-modified and have at least 10%, more preferably at
least 40%, more preferably at least 80% of the activity of
the full length  VEGF-A,,,, VEGF-2,¢,., or VEGF-A, g,
polypeptides.

Also provided are expression vectors comprising the
nucleic acid molecules of the invention. Preferably,
these vectors comprise adenovirus sequences; preferably
the expression vector 1is an adenovirus vector. More
preferably, the nucleic acid i1s operably linked to a
promoter sequence that is active in vascular endothelial
cells. The expression vector preferably further comprises
a partial adenoviral sequence from which the E1A/E1B genes
have been deleted.

In another embodiment of the invention, a kit is

provided for intracoronary injection of a recombinant

vector expressing a 6b-modified protein, preferably



19 Also provided in the present invention are nethods of increasing

vascul ar perneability conprising adm nistering a therapeutic anount of a
pharmaceutical conposition conprising a 6b-nodified VEG-- A protein,
preferably VEG- Al 3e, VEG--A162, or VEG--Alex in a suitable carrier. Al so
provided in the present invention areldethods of treating a patient
suffering froma wound conprising adm nistering a therapeutic anount of a
phar maceutVEGH - A oiTp 0BEEF ob e onpii SIEEY -&, 8b- rohifr dedi ndEGE pr otuesd Ire dpr ef er abl y

VEGF- Al 3e,_ VEG--A162, . or VEG:-Ale2 in a suitable carrier. Wih the

f or egoi ng %ﬁ?ﬁ?c%})fegpg?déﬁgaﬁt a@e’g'oiﬁtflﬁ RRES B (BFES Y on t hat
wi |1 becongadenginaf yetrappal endy  tRerat ure dfoddie iimeent hOR,d@pp,be nmore
clearly under st 0od by reference to the fOr( ow ng detail ed description of

t he i nventdwitahlre foguexsressdor hef appitdeell whed ot Bk Ef BESERI RTI ON OF

THE DRAW NGStFi . 1.is_a. rap?i c depi.ction of the exons that encode various
VEGF i sof dgrlﬁs.a}%ieg.c%n%%bg%fs Phe SRAd) SERE * arft® rﬁl}%lﬁiﬁt&oé’bgq ces of
VEGF- Z06, Midediey exons vastsat et dya Ynerdhme [SEGIRMNG Landhe] .

Nucl eoti des present in_mature VEG--Azob transcripts are shown in uppercase
letters. MNidl.eothgesPplysbriertidge 5= fAlamigchginegi ord aaderionimis are in

| ower caseall}g[etsegson'l'\pgc gnine residue corresponding to the am no term nus
of the mature prth ein, affer the am no term nal secretion signal sequence

i s cleaved of f,In syemdanatbdrwathean ast ehiesknvieng.ich,depingithddes

nuct ot de and an no gei o sequences, of the, VLA 3e proteln coding region

[SEQID P g seas in a mamma
comprising the step of administering to said mammal a 6b-
modified VEGF-A protein, preferably, VEGF-A,,;, VEGF-A,.,, Or
VEGF-A,,,, oOr other 6éb-modified VEGF-A protein in a
therapeutically effective amount to stimulate wvascular
cell proliferation.

In another aspect of the invention, a method is
provided for enhancing endothelialization of diseased
vessels comprising the step of administering to a mammal
a therapeutically effective amount of a 6b-modified
protein, preferably VEGF-A,,, VEGF-A,,,, OY VEGF-A,,.
Preferably, the endothelialization is reendothelialization
after angioplasty. More preferably, the
reendothelialization reduces or prevents restenosis.

In further aspects of these methods of the invention,
the patient 1is treated with or without a stent.
Preferably, the mammals used in the methods of the
invention are human, however, it is contemplated that all
mammals would be candidates for these methods. 1In the
methods of the invention, the administration may comprise
gene therapy. In preferred methods, the gene for gene

therapy is administered using an inflatable ballocon

catheter coated with a polynucleotide encoding éb-modified



20 NCS. 3 and 4]. The al ani ne residue corresponding to the am no term nus
of the mature protein, after the amno term nal secretion signal sequence
is cleaved off, is indicated with an asterisk. Fig. 4 depicts the

nucl eoti de and am no aci d sequences of the VEG--Al ez Protein coding region
[SEQ ID NOS 5 and 6]. The al ani ne residue corresponding to the am no
termnus of the mature protein, after tlde anmino term nal secretion signal
sequence is cleaved off, is indicated with an asterisk. Fig. 5 depicts the
nucl eot i de BREF apirabedni dpsefecabéy BEGFh3,,YEGHEGY <&, Pr airi VEGIHH,pg regi on

[SEQ I D NCS. 7 d 8].. The al anine resi.due correspondi pg.to the am no
terminus of the tl?f]reet p?tgl?%fn??&%?éfefihee‘g?ﬁdr’fﬂ"ef&ts.er?dgn&lthesd%?%?‘?’aﬁ si gnal
sequence i iy & ean pf thel hekhedeat @SmMddl t3Rnast & Kre LEhA LEPDESER PTI ON
OF THE | NVENTI ONThe fol | owi ngabbrevi ati ons axe used herel n. BCEBovi ne

corneal endbovehtbdn cedy IMFGRRS it farthasisleasirugr petrhtationERWERtmacel | ul ar

mat r i xHWECHuUnean unbilical. vei nderi vedendot hel i al cel | sVEGFVYascul ar
endot ol | a| SPBREH 28 YR AR G & Pattent o€ binoai# 185 VBbe-

endot hel i al gr ewbhkael asr AVEGuA et av¥agCHicakcandotdsd sl gegwt hf aghor - A
form containi ng ademgnat ed nunber (xxx) of am no-acids. 27 6b-nodified
VEGF- A VascoP@iLbedoVHeF rAl PEeeot . fREGorTr 3t ABEHdvmr i YERT -8xan 6B, not

i ncl udi ng \gggffgﬁ?. The 6b-modified VEGF-A protein may be delivered
directly to a tumor cell, or it may be delivered into the
vascular system, preferably at a site located close to the
site of the tumor. Thus, delivery of the 6b-modified
VEGF-A protein in conjunction with chemotherapy to remove
or reduce the size of a tumor, will help to enhance the
effectiveness of the chemotherapy by increasing drug
uptake by the tumor. The 6b-modified VEGF-A protein
delivered in this method may either be through direct
delivery of the polypeptide or protein, or through gene
therapy.

Thus, provided in the present invention is a method
of enhancing drug permeation by tumors comprising
administering to a patient a nucleic acid molecule coding
for a 6b-modified VEGF-A protein, preferably VEGF-A,,,,
VEGF-A,., Or VEGF,;,, Preferably, the 6éb-modified VEGF-A
protein is delivered directly into a tumor cell.

In another aspect of the invention, a therapeutic
composition is provided comprising a pharmaceutically
acceptable carrier and a 6b-modified VEGF protein,
preferably VEGF-Aj g+ VEGF-A,,,, or  VEGF,,,, in a
therapeutically effective amount to stimulate vascular
cell proliferation. Also provided as an aspect of the
invention 1is a filtered injectable adenovirus vector

preparation, comprising: a recombinant adenoviral vector,



.The present invention relates to novel VEG- A protein products, and nucleic
aci ds encodi ng the novel protein products conprising, for exanple, exons
1-5, 6b and 8, 15, 6b, 7 and 8, or 1-5, 6a, 6b, and 8, of VEG- A proteins,
-and their uses thereof in treating cardiovascul ar di sease. As used herein
"cardi ovascul ar di sease" neans di sease ‘which results from a cardi ovascul ar

insufficiency, including, but not limted to, coronary artery disease,
congest i ve T tVEEF PHir €O BAGNHBY | PReVh] d vEERe | BF TeF san ecompd sidGiods  of

the present,i i a t. of | ients,
preferably %ﬁ%éf&%ﬁ%%Préeﬁegﬁ%otfg% O}N%Eggagggzé%%%% aﬁe%e%g about
138 ani no- dtavds amcrcodedieniedy tardpept tdeasgraededodynexdas la5616b and 8

of the VEGF- A gene, The term "VEG- Al 3e" also refers to derivatives and
f uncti onal ’%‘%f%ﬂ&l%‘ﬁ eNESF oPRATE IMat i RS AAXGRINL IE Rt ei ¢ VRGET Porz a¥no aci d

sequence. VEGF5 Al r i.se 1 aci e shown
in Fig. 3. I\@ioév\%i%lfz,' ag%ggg heg g?ln,splfﬂe t%lr mf{i/E@égg: "Lg; rg?gr}%%gq%gt h the
mat ur e f or mGenb¥ieapr eedfpranas; VEGHE- A aphairmebteditigadlgi gralemedlence, or
derivatives or functional equivalents thereof. "VEG--Al ez" refers to a form
of VEGF-A ¢ttt ¥ ng about 182 ani no-acids and containing the peptides
encoded by exonsid-pur€Rer eRBEId8meht & N6 VESE - MaeRe: orf Nerd §5iBvivied- Al BZ"
also refers to derivatives and functional equivalents of the native

VEGF- A, 82 rigthkeds aépy ¢rresniiing aed e T Vil geesa/EGR- Al gRmmedoner s
conprise the am no. aci e nce wn in Fi.g.. 4. -However, . used .her ei n,
22 the ter n%("a %i@é glél%ergg Poobfz'?hat sger%ctlgl ecfe&rlﬁﬁ é’ﬁfd état‘}?ﬂ%"-mfa&r m of
VEGF- A182, viweh udli Agcdestgnralidsagilentde ohider ietRidAees 07 dninet iaend

equi val ents thereof. "VEGF- Al sz" refers to a formof VEG- A containing

about 162 FREFEREFdSCdRE &t 4hiVREE e PERS dbsSenébdeBdby -exdd$cl-5, 6a,

6b and 8 of : 2 A0 ) e -G y f 1
derivati vespgﬁﬁélﬁﬁ??gngﬁ%gg-&%vﬂ?sreof tnk?g%artc%:@ée\%%éré-ag ?zl m?csleei c acid
or ani no acinl semawNad. chipIieivEGENA st ey mdrerrercigntiism tded lariofo aci d
sequence shown.in_ Fi . [ e ein, the term VEG--A sz
refers to bsg?hdt aemrﬂ%% u‘?:étg‘g%ﬁ%{gﬁ%e?ﬁeg%%%-rpﬁ%% e\)@@’—q}}l\l%rfcl%%%r%cla&di ng a
si gnal sequanitee atidesésatheescodeliufcti bpalVE@HUA vekeatd s1 iheraeof .7,
"Derivatives" _of a VEG--Al 3e VEGF- A, sz, VEG-- A-e r other 6b-nodified VEG-
protei n ar é3%nchional %?ﬁf’val%rﬂvsl i S| ni“f"‘ééoaﬁi ng%&ci F E&fddifces and
retaining, &Hr§0HPa8xheRt aiBeadet ki hi Rammhl Vgéﬁpf\f’&né/ﬁ.@é Asd of .
VEG-- A182, or other 6b-nodified VEG-F protein. By "functional equivalent” is
meant the deramafeégeings eellet Pl tspichamawaal baviddibsa i nucégdifroraaite
activity of - VEGF- Al VEGF- Al. . 0 - Ef V
protein. Prné\ﬁg%%i}l Sﬁ?\lc(%:l? o%%?gée%%%/q;%lﬁ%sé rag{léll tﬁgﬁi‘ggp ﬁr?géée‘%‘/e rofL:D 9z;cti vity
of VEGF- Al 3ZEGNEGFeAbRsZ, 1VEGH6Al, e¥bor antther. 6b-nodi fi ed VEGF protein as
measur ed by assags#nomg to tgese skilled .i(i; tge at_Lt, and/or .in the assays
descri bed herei n"*BFe¥2P18d FORCEYOHEC fUi% ST FaFBPARYFYi 17 68 hat are
within 1% tRedRod800: % Bt tibeeattion hdet YoervALS8a, YEGredF X, , VRG- Al ez
or other 6b-nodified VEGF protein, nore preferably between 10%to 1000%
and nore préEEF abley- wi t Bin B084ewredoembpeipenssi veshhatecdeireatidboy
sequence si L3y, «Rr I % r ef % V. re
preferably rg%i%&é%éué%cgigﬁ%gl %{tplztquat ggéggg Al gégg%/é%ﬁﬂé stgﬁ]éj FeSEL™O
comprises adenovirus particles. Preferably, the

adenovirus vector particles are delivered to said mammal
by injection. Preferably, the number of said adenovirus
particles is between about 10° to about 10, more
preferably between about 10*° to about 10™.

In further preferred aspects, the polynucleotide

which encodes a 6b-modified VEGF protein, preferably



23 VEG--Ale or simlarly 6b-nodified VEGF protein. "Sequence simlarity"
refers to "honol ogy" observed between am no acid sequences in two different
pol ypeptides, irrespective of polypeptide origin. The ability of the
derivative to retain sone activity can be measured using techni ques

descri bed herein and/or using techniques known to those skilled in the art
for measuring the activity of other VEGF-A isoforns. Derivatives include

nmodi fication occurring during or after translation, for exanple, by
phosphor y V&GEo#.:sg| YEGSYPad:i 08T VEGBAjnkiisg deddyleaeidoo (et dudanti ¢

cl eavage, _|d nk an i | e e, nenh e nol.ecul e or_.ot her

| i gand (sé’é"l %e?%ﬁlén%% ‘et Ig‘gga%%&g?}&nﬁﬁilﬁv QD€ gtg}?erﬁowufg‘ﬁ €

Speci fic tigpeprofedeedyatpmetevdls, i Aebudaingi o achd ahdEeiads oyesuch as
del etions, substitutions, additions, and am no acid nodifications. A

"del et i on"Eqdferkn t BCTHESEB£BRER L of PURA ishefpSepasmieacs d 1886dws) in the

related p tA Ap " ition' f to.the presence .of _one or nore
am no aci (QHO?%?P u@s C gletr%gglr e#lg?%#cgﬁeé%%p lyde?eﬁﬁla?{lf‘%nsh%%“ael etions to
a pol ypeptrirdgeraplie ain tie miotorarmitdectibe car bexsuceed Rispu@nd/ or
internal. Amno acid "nodification" refers to the alteration of a naturally
occur ri nglanfRo MG t&pr beneesa dfonthat drefit yasdc gty souemaa d. A
"substitutjqn iefers to the replacement of one or nore amno acid

resi dues) by another am no acid residues) in the pol ypeptide. Derivatives
can contai n di fflesentirc s featriednembbdaneet sy | Uns treiafiawpdrored tdhan one
alteration and different. types .of alterations. Althqugh the effect of an

ami no aci GrEhAMFE\Fard et fre Pt Y S S R0l d M GER &8 BHG Y/ -at i on)
24 gl ycosmyaidaﬁt_res,i 28 LR Syt K aGRTa i1 bistls), BhHUGHdRh aidihe role of

the amino acid in the active site or a possible allosteric site, it is
gener al | y qsrldiser r eBrefarabhy. s st iqaliled and nerv@iemyecytem t hdlasse group

as the am i i Ng.rep o] te t | oW rQuUps
contain gﬁ}%oé%caﬁb&gﬁ whi chv a{;ggﬁ%%‘g‘g gng;r%algige: Q%ﬁerkgoags? ca% n%%tf%c%s

| ysi ne, argllisnendaréild sinjdictdpnt he antdicordhary aioijdsctaspar t iMomnd
glutam c aci ;F(ng'le neyt ral, pol ar am no acjds serine, ttrr%réieoni ne, cysteine,
gl ut ani ne,pr'f%& e AGEROYIFUSBRTEIEERT AR HIIGHTRE athé ol ar

al i phati c jantfho aeidls tHe/CliRend! &¥ NEheValdfite, ah80!LUGNE cthd@pCi ne
(however, because of size, glycine and alanine are nore closely related and
val i ne, | #t&KH9f and | eucine are nore closely related); and the aromatic

am no acids phﬂéffzér%ér}%ifét trypteghan, Al dyr oSERgend p ad(yogp(}ry_,sé'all t hough

classified in egories, alanine, glycine, and serrne seemto be
i nt er changehilrel teisione extpatientdmt iagstegyere: addht | patkhyibces it this

group, or tmy be olasehiied Whtbitng,Polarsned (ke 1013 s ce.
Preferably, the potentiating agent is an angiogenic FGF.
More preferably, the potentiating agent is selected from
the group consisting of FGF-1, FGF-2, FGF-4, FGF-5, and
FGF-6.

In one preferred aspect of the methods of the
invention, the cells are transfected in vivo. 1In other
preferred aspectg, the said cells are transfected ex vivo.

Endothelial cell proliferation, such as that which
occurs in angiogenesis, is also useful in preventing
restenosis following balloon angioplasty. The balloon
angioplasty procedure often injuries the endothelial cells

lining the inner walls of blood vessels. Smooth muscle



Al t hough proline is a nonpolar neutral amno acid, its replacenent
represents difficulties because of its effects on conformation. Thus,
substitutions by or for proline are not preferred, except when the sane or
similar conformational results can be obtained. The conformation conferring
properties of proline residues may be bbtained if one or more of these is
substituted by hydroxyproline (Hyp) . Exanples of nodified am no acids

i ncl ude t heslolg owifkgn al péi bEralat @At mohpel eremedo kisiatd sestseds ami no

aci ds of the fornul ~ where n.,is 2-6, sarcosjne (Sar),
t--butyl al ac%unselltral- %u%zea’%o%azﬁyut%%k/%?%%on 38 (3 - BIESyFS ’Pr‘B‘f’igiyla

i sol euci ne fd¥ddld£)s. antheorensifeeathbaulf alner edasertnakiarmatd ¢ anino
aci ds such as phenylglnéci ne; altered polar, but neutral am no acids such as

ci trul line Yagabedndt nEhRi eeraehelyf ©f ddg Ngg) loant brddcadutdealacecd
nonpol ar arj i d S 0, y i n , @l tered acidic amno
aci ds suchrgé%%c?/lg]% e?%ééi%%g('i\gj%§% %ﬁéc(l jc'-i eﬁ% %%é%&amo%‘(# i dS°EFeh as
ornithine @@t . Brefreu ednoleslasgdn vest haeadon® el alor ec@li 8o aghd d
alterations) that, do not significantly affect the receptor-binding or other
activity ofPQUREERholi FEeECVEGDr BFaPANAL N Stagicdn ofof heheb biwdid i ed
VEGF pol ypeptd dey sequence not necessary for the 6b-nodified VEG- protein
activity, amno acids may be del eted, added or substituted with | ess risk
of affecting actThuigy. the rmgesars r éguenedofiomprdiel dds madi heedo¥EGE protein
activity, am nq .acid al .eratiogs are less preferred.as there is a. greater

risk of af FEGITAEIAEY 256U AT aP T EFAFT oS B HERATINR b & TR i

al terati onstdpor exanptgnspaet Dig NOEEL BTl NOF ackgi deshahmsiw Lhich t e
sequence can be substituted by another amno acid of a simlar polarity
whi ch act s RELYIYGRAGIGieaWhighi faredes TobRuredf iad)i\BHF terrateive nore

i nport ant fﬁé{;ﬂﬂ{)ﬁ@i}p JeEFVI t yykBaDa NON- gangekyed regi ops.

[
pr ocedur es e used to Heterm ne Fhe conserved'¥nd noncénserved regi ons
i mportant fempectept tne godlyntgl ersti ite | s vilomeduingenasvectechni ques or

del eti on anal yses and asuring receptor. activjty as described hy the
preselnt di &3'}% Jé.pBSEg’v”égPi/ PE& Sge ﬁ%dﬁ%ého%silﬁg‘ Fa I Vclyﬁélrﬁ cal

t echni ques Ak &:2CONMbhd At ertiiel 01 VRt rEle pitle® eRBIN @eas vV ficat i ons
to a specific polypeptide my
the mammal by injection; preferably, about 10° to about 10™
adenovirus vector particles are delivered in the
injection. More preferably, about 10 to about 10%
adenovirus vector particles are delivered din the
injection. Most preferably, about 10*° adenovirus vector
particles are delivered in the injection.
Thus in further preferred embodiments, the nucleic
acid molecule is introduced into the coronary artery by a
catheter inserted into said artery. Preferably, the
catheter comprises an inflatable balloon having an outer
surface adapted to engage the inner wall of said artery,
and wherein said nucleic acid molecule is disposed upon
said balloon outer surface.
In preferred aspects of the methods of the invention,

the nucleic acid molecule comprises the nucleotide

sequence of Figure 3, Figure 4, or Figure 5.



26 be deliberate; as through site-directed nutagenesis and am no acid
substitution during solid-phase synthesis, or nay be accidental such as

t hrough nutations in hosts which produce the pol ypeptide. Polypeptides

i ncludi ng derivatives can be obtained using standard techni ques such as

t hose described in Sanbrook et al., Nq%ﬁcular Cl oni ng, Cold Spring Harbor
Laboratory Press (1989). For exanple, apter 15 of Sanbrook descri bes
procedures for iteg'rected nmut agenesi s of clon DNA. I n one aspect the

| oned
i nvention featurds® ﬁﬁﬂQﬁQF%E?dqqﬂﬁQ%yFQYeBFlBBPyﬁﬁﬁ4§ﬁ?¥m@%n86ding a
6b- modi f i ad-MEFe PSS EHBst! NeSPIB SiUatioPsald Lidasidahl e for cguch
nucleic acid nolecule to be isolated or enriched, or purified. By the use
of the terewpressdrdvetrorefefehbe tovauthienc aSiudhnbbetukellgomgpepti de,
or protein is neant. that the_specific r RNA sequence, polypeptide) or
protein c tFFﬁ?e;”’a stghi F?‘@_ﬁ'ﬁﬁﬁy W%ﬁ@?gﬁ’raﬁip&‘ﬁ 1R o‘{‘)dyﬁgf'@he t ot al
DA, PN molphastidle gy hi0id) JHARPRIK, Ihdeie faltlahi@l 2pldiclidReof
interest than in normal or diseased cells or in the cells fromwhich the
sequence Was hakén. CRiils coybusberoedsedor f otrexafipkéedby witder socheby

preferential reduction_in the anmount of ot her or RNA present, or by a
preferemjgﬁc?ﬁkﬁ%ﬁgg PﬁﬂtﬁggﬁﬁﬁﬁﬁOQﬁV?ﬁEOEpggyﬁpf ﬂ@¥?ﬁ£¥$ﬁ\§§qﬁence, or
by a conbim@inen oil1deihyo.ekowe¥eioni t ohogkddbepsoypdpthak, enahghed does

not inply that there are no_other DNA or RNA sequences present, just that
the rel atiigekdboing Bridheol¥parhdeeof rom éhesthasis deddn significantly
ncreased. The AELan StoMdddalt (R Gidsdinet e ale of Rl e deevel of
increase is useful to the person nmaking such an I ncrease, and generally
nmeans an itce@Easegrel gEitiertto sthferingl Eromacirdsi efhabbat cahdiedash 2 fol d,
nor e 27 preferaply at .least 5 to 10 fobﬂ?or even nore. The term al so does
not inmply qﬂﬂr%?kP% i SMARBHRRCELTENA & r JRDTIREUSHur c@8OWthe Bfhef source

DNA may, foda@x2ERheicsPNBbing®sPNA I %r%;ﬂn?@ﬁ{g% bechsgh 2k egenenr, or a
cl oning vector such as pUCI 9. This termdistinguishes fromnaturally

occurring REeirtn, spepfesakly aVECRfAohi oYECHrALunm®T t WMESRyPawthdn Bn whi ch
the |evel jft‘?%@lé'RNé‘a?gXeQ? hat Lﬁ:féﬂt%rico ?aS&Qiéelr%EMSdtOf%EJ%%ErSpeCi s

of nRNA. at 1S, the rmis mean er onl'y thosé situations in which
a person hasmpnieevereihin st evihe tde pgeport tbat ofpdtdentdiesiesd thecl ei

id. Use of the t "_isolated" jndicates. th , tein h
been’ r nOVARETTRRTIS SEASHE) 95 B ST B TSR A FRUYPaR equonce.
My be in apeeféribe, sehdt byt it RItAGRH ddeme disf eee8Et 68! EWbA the

environnment. The termdoes not inply that the sequence is the only
nucl eot i deg®Pip rcers bt in@ e f dEGHr ks Rl - DutFGHra . iRGH-$ e whtAGH 6y free

(about 90 -pSe0Rap! esalal aptaennlc noDRNELEGH | dp B BoD;Rep! Lds ML o

natural ly associated with™it. i s al S0 advan eous for-some purposes
that a nucfeotitee sggoepceonsipoliypeptfi:deareiian pufiaticedohor mhrengc, cl oned

or reconbinant. The .term ", rified! dges not. r ire absol ut rit such
o B homGERTIRTr dsaEmia TR ia L c S ehp ShERE R nd SEAERN { hat

the sequenggdiSetrepatryel ¥apuigart kddasd he natural environment (conpared
to the natural |level this -level should be at |east 2-5 fold greater, e.g.,

in terms of ny/FeT) theThareaidmentc okiperbPeeurd rapdbbiesAst sicheds for

exanpl e bOFLAReeXt ot L ARG A BUELEQL! de ARRYENATAL P bicatign using)
pharmaceutical compositions of the present invention is
preferably by delivery of a modified VEGF-A polypeptide or
polynucleoctide (ox a vector comprising such a
polynucleotide) to a peripheral tissue in vivo.
Preferably, this is achieved by direct injection into the
peripheral tissue, or by introduction into a blood vessel

that supplies the peripheral tissue.



28 directed nutagenesis) by del eting sequences using restriction enzynes,
by addi ng sequences obtai ned by subcl oning or PCR, or as described herein.
St andard reconbi nant techni ques for nutagenesis such as in vitro
site-directed nutagenesis (Hutchinson et al., J. Biol. Chem 253:6S51)
(1978), Sanbrook et al., Chapter 15, ®upra), use of TAB linkers
(Pharmaci a), and PCR-directed nutagenesis can be used to create such

nut ati ons. TheRhge|Brevided woldhelrressntlisyand iopnehesinestioly ofie

triest b ' t DNA synt hesi ._The | ti
b so0° 1 oat heLereRha Yol M iR aNEARRa TSy PR IRY B8Rt BEeH TS or gani sm
The recondi neériPéut/et aifouiry GOt @ NphaghEdentece0di BImpOsi BiMEGH- Al 3e,

VEGFA162, VEGF- A182, or other 6b-nodified VEG--A protein or a functional
deri vat i VEOTREEESPI| nda PeomadidGiR%i nYHRF w2 proveteinef f Beeferakbyinitiate

transcri ptLepa_4iN a,ﬁg§g_ ell. cOMi . QH@ cto y _contain a
transcriB%Fgﬁa%nfhitlatf%ﬁ27éag2ﬁE¢§ﬁ§F?dﬁg%}in aahgﬁ éﬁé?%fr'
transcri pti onahlterproaided iegtloa preedntonalvedrnt iarcade mdhaoast e DNA

vector contains sufficient contral sequences, such as initiation and/or

termnati bREREYTENS SR FHtar SHEE eTider t E8ORUG eMOURE dCRBPEESIRS may be
expressed%ﬁmiﬁieeéhﬁsl 3 Eﬁ@rgsr%wicrrfavm&ké@ Be %a: *ﬁgrﬁQcéﬁéPé‘?fs' on

vector." e present Tnvention also relates to a celT or organismthat
cont ai ns tbwpabdvécdescrithexi simdei @ acbfd-mofiefied oVEGR onbrotain DNA

vector and_there [ bl e ressin - A138, VEGF: z,
VEGF- Al e2P*G e’é?ﬁé?’ 3’5&?’@% 12ed - 52peﬁﬁgd@&$’%améﬂi%e5%§l§%ﬁe purified
fromceiigavwkieh.have been altered to express the pol ypeptide. A cell is

said to be "altered to express a desired poI%peptide" when the cell,
t hr ough genetiUlﬁﬁanﬁl£PFSEPln929nd other objects, advantages and

features of the invention that will become hereinafter
apparent, the nature of the invention may be more clearly
understood by reference to the following detailed
description of the invention, the figures, and the

appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graphic depiction of the exons that
encode various VEGF isoforms.

Fig. 2 depicts the nucleotide and amino acid
sequences of VEGF-,,, with the exons indicated by underline
[SEQ ID NOS 1 and 2]. Nucleotides present in mature
VEGF-A,,, transcripts are shown in uppercase letters.
Nucleotides present in the 5' flanking regions and introns
are 1in lower case letters. The alanine residue
corresponding to the amino terminus of the mature protein,
after the amino terminal secretion signal sequence is
cleaved off, is indicated with an asterisk.

Fig. 3 depicts the nucleotide and amino acid

sequences of the VEGF-A;;, protein coding region [SEQ ID



is made to produce a protein which it normally does not produce or which
the cell normally pro~?uces at lower levels. One skilled in the art can
readi | y adapt procedures for introducing and expressing either genomc,
cDNA, or synthetic sequences into either eukaryotic or prokaryotic cells. A.
nucl eic acid nol ecul e, such as DNA, |s aid to be "capable of expressing" a
pol ypeptide if it contains nucl eoti de & quences which contain

transcri ptional and tr nsIatlonaH&%SgEhatory i nformati on and such sequences

are' "oper abRP | kg 4o nudhod Eé’ﬁ&@él%ﬁ%ﬁeéiﬁ’@@@é%é:%d?%eptl de.
The preci SgriH!! €ephihllg IRIULALOMEHLEY 095% 2 L0808k SSHIENee

expression may vary fromorganismto organ alT in genera i ncl ude
a pronot er teggiioalwhsebrethopr okignedt esequentai niss bolkatke podipt ers (whi ch
directs the initiat on f RNA trans rlptlon) as well as the DNA sequences

whi ch, whedRERGRE [ FNEETIFN1 signal synthesis initiation. Such
regions will noryg | y 4 ncrhétgfctt,éms@hé -HQB16061 89 SeAMENGRS N Ved with
initiation of transcription and translation, such as the TATA box, capping
sequence, sﬂﬂﬁegsqaenéethan&lEGﬁeAiaj peotEdn ewémpgeregirm elsEQ eIlEcND&g
sequence o ne or of t foI Jow ng in

an appropr|f5a Egzééressgg‘\é 938?&?16 5e§f¥46?\/ FOFTRTRIPE AN

exogenous RldMilfis EFUERS emi@hrd prOOSORE REREENELS] balh%) t%rmlnal
pol yadenyl ati on signal (4)_ a secretion signal (5) a prom scuous or tissue

speci fi c emesredrionvoaigneht iseeianme bes nadeavadt €5’ uhe . dadsicatet and

3 -untransmttﬁd % Sl 0 inprove expression in a prokaryotic or

eukaryotic ce or o ons may be nodified such that while they encode an

i denti cal 30 anigno &i ddephatscotdba maycbeoaipeef andedamidion iavide

chosen expre55| an%rﬁ’ mgThe use of such prefe ed codonps |s descrl bed i n,
t

for exanpl & B, VEQHC Pipac PESERES cing 72qi9m 1) SERNEY at he,
J. Ml. Bigbs. B3k ¥ (198 herahnd &féym@c%@r@épr&mr & hatein in
their entirety. These publications, and all other cati ons referenced
herei n, ar @migcebyefméoupgorch etdhpy ﬂraé:ﬁmeenpmtﬁlmhelarftsm i teey .aninalesired,
t he non-codi io he pyotenn ue may.. be
operably | %ekr}gndufeaq Hggﬁﬁgﬁgh a%xg‘ﬁn %e%ﬁ% encoé(;l %gbj S’ (ral e‘ggrgrpl eélS

VEGF- Al 3e. iHdisategl antmyabheastsedisk. t he reconbi nant DNA vector for its
transcriptional term nation regulatory sequences, such as term nation and
pol yadenyl ati on. Thus, by retaining the 3 region naturally contiguous to
the DNA sequence enceomimg rFEHFsERARSEHN i ol hRE[MIN on signals, or
sequences involved in nessageé stability nay be provided. Aternatively, a
3' region functiThealfahlewndozrbreviatmgndeanebiigd iexkin.

BCE Bovine corneal endothelial cells
BFGF Basic fibroblast growth factor
ECM Extracellular matrix

HUVEC Human wumbilical wvein derived

endothelial cells

VEGF Vascular endothelial growth
factor

VEGF-A Vascular endothelial growth
factor-a

VEGF -A,,, Vascular endothelial growth

factor-A form containing a
designated number (xxx) of

amino-acids.



An operable linkage is a |linkage in which the regul ati on, DNA sequences and
t he DNA sequence sought to be expressed are connected in such a way as to
permt gene sequence expression. Two DNA sequences (such as a pronoter
regi on sequence and a VEG-- Al 3e prote%? sequence) are said to be operably
linked if the nature of the |inkage béTween the two DNA sequences does not
(1) result in the introduct] 0 frane-shift tation.in the coding
sequence, (2) i éW?gFgl tkggﬁéiagY??? of th@nggﬁﬁﬁ#éﬁlregﬁ&ﬁmgghuence to
direct the transcription of 'VEVF-:413€cPr ¢hitR i9eNSoRSALSTILS: Horl 3)
interfere with the ability of the VEG- Al 3¢ Protein gene sequence to be
transcri bed by the pronoter region €eguedteindhuding VEGH-Aonot er region
woul d be operably linked to a DNA sequence if the pronoter were capabl e of
effecting transcription of that DNA sequence. Thus, to express a VEG- Ax3e,

transcriptional TRadptEa8st alheidli o GRakS eECEOINGFET BIGHEUR GRRItQR at e host
are necessary. Those skilled in the art will recognize that the novel VEG-

protei ns oprefechsesamd | Ayeheionamagsalessadd nexpgressadveh wadteus cel |
systens, both.prokar i nd e ryotic, all of i.ch are wthin the scope
of the pr eReR u?%%eﬁ%ﬁ%ﬁgsipghoﬁggﬁ %( aemp?\lo%’ele’ﬁﬂ?é:m‘(grsgt eél%ns‘,_’1 ng &h pr esent

invention spyshe Bx@m&ssgedot ML ,0kar,yebi, Cagdl bs, o MVEdF at epowaneaimd | y very
efficient and convenient for the production of recombinant proteins, the
VEGF prot e?R3 pretficesedytRerdPicein STRPLiNFof2Hel gy 395, ARt EERRE t herefore

may have a dﬁg%ts%rd hﬂlairéhhf.'acaifafi\ékﬁé%cuﬁfaﬁ’.k YU £5% 0 afaée%%%tba! are
represented by various strains of E. coli. wever, other microbial strains
may al so behiskd, riessllydi ngfother abackediaivastnaans. iReswuddhiczeshagyr,okar yoti ¢
hosts i ncl ude, bacteri uch as, E..coli, Bacillus) Streptomyces,
Pseudormna%x,’cls‘éﬁﬁﬁﬁel ?’é& §éc_?tr a%Jrrﬁl,t%‘#ﬁdt?hecPirﬁ’é‘?%*h@rﬁ_gﬁk’a%ﬁa@ehost_ nust
be conpat i bbgoekt tvé Need Pl fL£IMrRA 238N pe@ pREAAENELSCU TR ; dlfs 2R eSSi on
plasmd. In _prokaryotic systens, plasmd vectors that contain replication
sites and cBAgrdreeRencds d8ei viereseRm dnisatiien cuapatebl e with® t he host

B Voot oo alhceptesn o, voste sy paglie pLES2e

PUC118, p sul ase or bac a. ophage vectors nay
i ncl ude 7~gt 10, "VEGF12,3hd tdfeds kep andfcumt &fl eVREFuS \epttedsiimmy i ncl ude
' t he sel.ected vegctor of hde pr esent

hvont on RESUE e BaBRENDy SF P PRt CRTACHH 11 W St dReRadse 2
by exons 1-5, 6b and 8 of the VEGF-A gene. The term
"VEGF-A,;," also refers to derivatives and functional
equivalents of the native VEGF-A,,, nucleic acid or amino
acid sequence. Mature VEGF-A,,, monomers comprise the amino
acid sequence shown in Fig. 3. However, as used herein,
the term VEGF-A,,, refers to both the mature form and the
pro-form of VEGF-A,,,, including a signal seguence, or
derivatives or functional equivalents thereof.

"VEGF-A,,," refers to a form of VEGF-A containing
about 182 amino-acids and containing the peptides encoded
by exons 1-5, 6b, 7 and 8 of the VEGF-A gene. The term
"VEGF-A,,," also refers to derivatives and functional
equivalents of the native VEGF-A,,, nucleic acid or amino

acid sequence. Mature VEGF-A,,, monomers comprise the amino

acid sequence shown in Fig. 4. However, as used herein,



To express VEGF pol ypeptides or subunits (or a functional derivative
thereof) in a prokaryotic cell) it is necessary to operably link the

6b- nodi fi ed VEG- nucl ei ¢ acid sequence to a functional prokaryotic
pronoter. Such pronoters may be either constitutive or, nore preferably,
regul atable (i.e., inducible or repre?? bl e). Exanples of constitutive
pronmoters include the int pronoter of Hacteriophage ?~., the bla pronoter

of the (3-]actanmse e,sequence_of p 2, ,and the CAT pronoter of the
chIoranphe#ﬁgo?eﬁgeygﬁ@t@&ﬁngfﬁgg gngggéthH%é“%ﬁufﬁ> 9EM aRe £RE | i ke.
Exanpl es oprbndysihbl&E prekaryol i ¢ iIHA @S anckighal hesdRidicd | gl and
left promoters of bacteriophage 7~ (PL and PR) , the trp,"recA lacZ Iacl,
and gal pré@viepsiveseorcbinctinpad- gapiysd eflsmaherestt.al ., J. Bacteriol
162: 176-182(198 nd the . -28-spgecific.pronoter B subtilis (G| man
et at., Gene segﬁéﬁgeHSQ:lf?E%?f98§§),Atﬁgmﬁ}oégtzggﬁBf tﬁgngﬁépéplophages
of Baci |l | ugb6Gt yteanamino-dbeddbarautant Bialiagy tbk bBptrBaek! khcofeadeni c

Press, Inc., NY (I 982)), and_ Streptonyces pronoters (Ward et at., Mol.
Gen. GenetPY263°u88127B( £386FF. apfolkargfotihe pYBFDtRr3ense reheewed ™y G ick

(J. Ind. M, iQt.,1:277-2 7) ks . [ i m .

68: 505- 516(%@%)%” an lc%% t gge(rrf;e%%( A)r?r?. %%35”%‘%3@6%%?@1???25%%@&) ).
Proper expegasivabentsaofir aker yoitiicrec VEGRHSQ, resgie¢ s adedpoesamiqcofl a

ri bosone binding site upstream of_the _gene seﬁ%ence-encpdin sequence. Such

ri bosome bRAAPNGESRERES ar 1AW EE JEEY ~Her MR 2, CHPTAU &inCAnn.
Rev. M cropggh. s%?h%ﬁée‘lgﬁﬁ%%sw FilNe d1 bosopevLndh8guskhenand 1f her
sequences required for translation i'nitiation are operably linked to the
nucl ei ¢ actbenbesnuNECEoSLagrE§PrIECR- Aafdh ihe foatexanpben andf tiee 33

ligation of_ syntheticcoligenycleotid hat contain_such control seguences.
For expresgr§n%ﬁ%pr%§<ab’§%§‘i (&:L“éél Ilsﬁce%%é]sl?%ngl ﬁég??ge Ssee%éh%%’ i §F
required. daeiseteckisobrofunentionhlsequenadentex PHREEIA vect ors,
transformation nethods,,and"the | i ke, are dependent on the tyRe of host
cel| used to expPEE3VER&VEENe OtAsausSEFHdnein, VECRT iz, " ¥EBEF ~Pisme'or and
roell cul tUege By RBsus edal VEEFCH2BURAD! UANG ALLiBHGH deRligadtans
i ncl ude progeny. Thus, the words “transtformants” or "transftformed cells"”

i ncl ude t hbapihgasymsldl eatineldckhdsepiengss aked inahirthaef temsaniet hout
regard to the nunber of transfers. -F xanpl G- AL essed in
prokaryotigxggpgs ?éee§ﬁé%?%gl § ggng%ggeg§9h$¥§§Fgfﬁf gﬁ%%ﬁ?%V’iﬁ%iiated
VEGF- A138 pthlkeei n giephodeSiedt h VHGF N bebfedal. sequasice preadicetiechaflr om t he
sequence of the exprgssion vector, and VEG-- A138 Protein ge tides that have
an N-term RAMIFBLRPSAI A6 MESM% iSRG I Yaieh ¥F clefit 28| agb: Ho o

i nitiation.ggt Beon|;Becqening bast enbahcexpseysbenveBeLa, t ypese®ia YEGH- A138
peptides are considered to be within the scope of the present invention as
t he presenVEGE+Agn, Norergtier 6Glethddnfhedi YEGH pikxgieind t rafeased

bi ol ogi cal .acti vit It 1. I un si.0Q hat ;al geny [ be
preci sely FH@ﬁF%@g 1iﬁqﬂﬁiééﬁsgﬁuggﬁﬁﬁ?t%?%e??%gr%?gggrggnﬁgﬁgﬁggﬁ

mut at i ons. ofowEeE-A,45 YEGFRAG,,, NUEGRtADYL, ogenythave ebhecaddife edunmadonal ity
as that of the qgriginally trapnsforned cell. Preferred rokﬁgggtic vectors

i ncl ude pl REALELTs Fch BREIHRE BUpaBFaYsr ke ¢t i bRers & FE (Such as,
for exanpl ¢nePR3226n@ILE! i nPSGL 0dss RS VEe 488 ba¥ohe RGN, Plisiddlscage, for
exanpl e, disclosed by Sanbrook (cf. "Ml ecular Cloning: A .Laboratory
Manual ", sdcomtiediaflli @gquivadents have activities that are within 1%

to 10,000% of the activity of VEGF-A,;;, VEGF-A),, VEGF-A,,

or other 6b-modified VEGF protein, more preferably between

10% to 1000%, and more preferably within 50% to 200%.

Derivatives have at least 50% segqguence similarity,

preferably 70%, more preferably 90%, and even more

preferably 95% sequence similarity to VEGF-A,;,, VEGF-A,,,



-edited by Sanbrovk, Fritsch, & Maniatis, Cold Spring Harbor Laboratory,
(1989)). Bacillus plasm ds include pCl94, pC221, pT1l27, and the |ike. Such
pl asm ds are di sclosed by Gryczan (In: The Ml ecul ar Bi ol ogy of the
-Bacilli, Academ c Press, NY (1982), ? 307 329). Suitable Streptonyces

pl asm ds include plJ101 (Kendall et a . Bacteriol. 169:4177-4183
(1987?)), eptonyces. bacteri o s C31 (Chater et al I n:

Si xth Int S&?Fﬁ#‘eﬁaf’ gﬁ‘ﬁb&?ﬁ bA@?aﬂgﬁ?‘gﬁ’g@%s@%ﬁﬁ v, SEMSRCE  Kai do,
Budapest, SHuiixgaiss thto £455 0 S e iewed by
John et al. (Rev. P’:\'f g%fe%ps 6 ?93 d710 Qg%?)@ér‘g‘lﬁg %gﬁzle% ar“ﬁ\ﬁf

Bact eri ol acd® sgz@endes(1878W0) d:LfEakanyopD&ypqsttldbm | a:tz’r&ﬁpemvtee used in
t he expre systens, of the present invention are not strictly limted,
provi ded atpotjﬁéf grléiesﬁirt%ﬁ for use in the expression of the

6b-nodi fied VE@hep@liginy oF the beyephiele Pheferisd &m@ra/&émt@osts _

i nclude, for exanple, yeast, fungi, insect cells, manmalian cells either in
vivo, or ican ibssreasHiad c1S N@mMBEFARLEEEES d@ﬁpe‘hbﬁdyhﬁe“eus‘efand/m host s

i ncl ude I r n ero_or Kl or
cells of H;al;?’%p %éolﬁ(}:b%#\ésan% {Dhlgl ?ggd;e?llg?/g%l \%:}e{slﬁ%ﬁe t i farré’;d

protei ns afedsheripieseaite i nvenivony mygfal sehee evpeesaed iig fuHe cel I's such
as human enbryo ki dney 293EHNA cel | s, which express Epstei nBarr VI rus

nucl ear ameYgeiRtivessingdufrnEadifeFatioRpPECUrRIEY AUy B af Pr oc.
Nail. Aca 93:2 258 :éa]rr%% Th el | 21l ed Wi th
the expr egéag%lvae%%eﬁﬁr S by%u%gl ng) t or ef?arrpl e%yC (lz’l?)u%m{]%asé{]ﬁl%%

preci pi t aglorcamyladtpaimect | araestlhiodsirand tkve:}deidnsamre wmedilq&mai ed for
at | east 48 hours. 35 peptides,.na the be purifi fromthe

super nat aift <48’ aHcr :3-&&\{‘%%? Ef‘ﬁ‘rplaépl Ianqzﬂwfiﬁﬂ eant &% e al so
avai | abl en@iémtesbxaadheenu&gbnaequeeceergagaﬁttébl@1w tiogd aAndniel | s are
avai |l abl e) such as t he caul i fl ower nDsalc virus 35S and 19S, and nopali ne

synt hase pgyeshot eF1FhEmDoladdR1BPbn si gnal sequences. Another preferred
host is an '”Sﬁ%e% é%hl sE%F MRl 1%}%%&'§7e959995|f‘néﬁ5&é‘eamf§6n£:' sect

cells as hosts | a al coh ehydr ogenase pronoter can be used.
Rubi n, Scwélnxm:é&ﬂ:(brﬂs%@admwe 1@88)23:1An$ ofsuéoateltmesomfs ,y eaBii tgiemss ,sequence

expression syst e;rs can d. whi ch j ngor.par.at g, Rromter a

Corn nat | GYRCbIATR A M S0 VS - eodbr SOSLRT S30e SR CRse Wi ng 1 or
gl ycol yti GraEyres oFf ol OBIE e thorid |§ﬁ\gﬁoqlﬁ9@idttr§§1‘dhéﬂsyea§h ajte grown in
medi unms rich in O?I ucose. Known choI ytic gene sequences can al so provide

very effi diedtad ARIPEpticsal { PERISGRAI $eTeRRSEO pr i RERSERASSt ant | al

advant ageg,d nghat ol t 3 abaQnear b¥: QU POStud [ANSLat i pRa! RepldLe
nodi fi cations. A nunber of reconbi nant DNA strategies exist which utilize

strong prmninmemeqiﬁencé\sidamdomsmandoplflmnbeﬁ v plpehypePWhie mayan be
utilized for Q{__o%tlgl%tl c:‘)j {:nggﬁﬁl req:}pef o&grggxl ntgegg Yeaﬁ /oe:cognl zes
Tanma

| eader sedilen€és on c ah gene Seéque £ an Secr et es
pepti des hamrengal eaderAnsﬁwermEd(l"rﬁodlﬂie@emn'desaeféim asmangmd i an
host, several possible vector systens are avail able for the E)e/)>'=;$)re53| on of

the 6b- mOAYTLRAVERE o i RRIIEHH BIOCETHET 1 RF HEI M. 2 i TR RECTUAS of
transcri ptj ongh_gagutEeng! BLicAIR dLUMBLO" Yc3edueRT s By Deyerey oy ed,

dependi ng upon the nature of the hdst. The transcriptional and
transl at i orffergguwicat bhg srembdcemant beofdecneedosf r orei r amisourassd such

residue(s) by another amino acid residue(s) in the
polypeptide. Derivatives can contain different
combinations of alterations including more than one
alteration and different types of alterations.

Although the effect of an amino acid change varies

depending upon factors such as phosphorylation,



36 as adenovirus, bovine papillom virus, cytomegal ovirus, siman virus, or
the like, where the regulatory signals are associated with a particul ar
gene sequence which has a high | evel of expression. Alternatively,
pronoters from mammal i an expression products, such as actin, collagen,
nyosin, and the |ike, may be enployed.zTTanscriptional initiation

regul atory signals may be sel ected mhié% allow for repression or

activation,, so th?t expression o the:gﬁﬁ? sequences, can be nodul ated. O

interest ate FRUFAFSPY stHTARS ShRich e r B R SEnS FRGEYES! t hat by
varying thend egper i, o £XPhES Sh@RcC HL R {€PERS S8 kel Nt Ated, zor are
subject to chem cal (such as netabolite) regul ati on. Expression of the

6b- nodi f i eePssdFler silépatefrichsiiteventt ors i gemekal Mot prefémmseéd teguires the
use of eukaryoti equl at.ory .regions. Such regions will, in general,

"ol ude”a rpiBrt EEHE R BNACL R (3F o FUb e A 1S ER TR D! TRRA
synthesi s.aft{gbested Bekaby e ROt ef s ddtrd Usles edOF L BXAPPY Cowi g
pronoter of the nouse netal |l othionein | gene sequence (Haner et al7,

Mol . Appl .9xRyps 1€97Ba2888MY82) pcitdke WilKChr et éntefchienpesbler ugshe

(McKni ght , . 355- 1 s the SV40_ ear Ly .promt.er. (Benol st et

al ., hbtur%é%%%ngéﬁ%§59%£§6§3?§%%éﬁﬁ))§r$% l?%asanaﬁfgggﬁélg%quhge
pronot er (dehdstonaminal .acRiec. adydttiAcathd Sejlutbkids) Z8i687160KE(1982);
Silver et al., Proc. Natl. Acad. Sri. (USA) 81:S951-5955 (1984)).

Trans| at | FRESFLRUKRIRAY cAMRNAR 13C1GT t S§FéBeat threyddvn wAYERetReodes t he
first methipnlnes. . Eor i o} i tedS e q t he

| i nkage bg%aggﬂﬁ%nghk%%%%%?%ﬁﬁfo%%?brt%d%pgg%ﬁﬁfggﬁggﬁéeR?gé oéggédes a
VEGF- A138, tMEGRmdthse] aVEGH: pleat ior ather Grids37gipdihieed ¥E&Ripeoptein, a
functi onal rivative.thereof, qggf not _contain any intervening.codons

whi ch are ¥abHife HFOLTGHIRY &7 ?H%ﬁﬁ?uJR?W%¥€r'ABGF?U?ﬁeOEr $8fce of
such codongiyesubt snai bhehine adormetd 0f1eie By fHSI Hedr 2481 Galifiel he AUG
codon is in the sane reading frame as, for exanple, the VEG--AL38 protein
codi ng seqgiepteychneaandahBLSANEt aFGt HOren clioreterpbecedionand Bbe in the

sane readi B asmifher exanpl e - 8 p I i ng quence)
A 6b-n0d$€?%é€gEGF%ﬂﬁcgbic agﬁ% ﬁ%$%§ﬂ¥%§%%§%%h o%%#é% ﬁ%ﬁqhkeaﬁgromter
may be i nttypdoasedeint dra adtitpicent pfckauglot ctasesiBlkadr yot dt£fekenei t her as
a nonreplicatin ule, which n%%?either be a_lingar

t

DNA RNA |
nol ecul e o??tﬁggﬁlﬁﬁe§g%ﬁﬁp§,egncgggﬁahgova?%ﬂ AR arfST) e&Q e©€Because

such nol ecuhesran@nbBeanabke @bnalieatemys angpkiyeatiag, abherexpaesgi on of
the gene may occur through the transient expression of 'the introduced

sequence. ALt8rhABEPVEDR}S PEPHENeRYT &R &siCdFspafisecithhEBagROLAE

i ntegration.Qf LLhe jRtzodiged DNA sequence into the host chronmpbsorme. A
vect or may Be enpl oyed that I's capable of integrating the desired gene
sequences i nto aAhéhbogh getdliote omesensor@elllay trmtt fmlv easimadl| peidt egr at ed

t he introduced into their chrompsones.can be. sel ected by al so

e oduc nbtBnd B LATTEar REPS SN Sl FOG § 07 L G LcBEGRCEE. Hobt TE8I | s

whi ch contaifeths Hrassiormyectal. TMagarkasvmugions dey fet poet ot r ophy
to an auxotrophic host, biocide resistance, e.g., antibiotics, or heavy

metals, suBROAENEOPHEr NObr PYRESFIRE, ?ﬁ@eﬁélﬁQéhdﬂh? FRTEe Py Sididdguence
can e'thercgﬁfgkﬁﬁﬁEbﬁah'%%%%lg% e PYA G818 3a0uerses (LA RengxRegssed, or

i ntroduced I'n € sane co-transtection.
conferring properties of proline residues may be obtained

if one or more of these is substituted by hydroxyproline
(Hyp) .

Examples of modified amino acids include the
following: altered neutral nonpolar amino acids such as
amino acids of the formula HN(CH,), COOH where n is 2-6,

sarcosine (Sar), t--butylalanine (t-Buala), t-butylglycine



.38 Additional elenents may al so be needed for optimal synthesis of single
chain binding protein nRNA. These el enents nmay include splice signals, as
wel | as transcription pronoters, enhancers, and term nation signals. cDNA
~expression vectors incorporating such elenents include those described by
Okayama, Molec. Cell. Biol. 3:280(198@?. The introduced nucleic acid

nmol ecul e can be incorporated_into_a plasmd or viral vector capable of

aut onomous (EeBREexR! i o -Metied rAedlsueinenddMeAde) of azmdninge heydistey of

vectors na npl r . thj ur ctor.s of _iLpportance in
sel ecting gNgg}JFi’cu%tfegﬁ%gs% to§ra[ivi rggﬁﬁz\ﬁ/tég ora?rl[l%lc uagwghe&é e th which

reci pi ent prehglgbatizental tetdd peEeior bumy nbet r&T oghi Ze b @itk salected from
t hose recipient_celli_mhich do not contain the vectar; the nunmber of copies
of the vect®r GAFERLAIBEdedFiBY | ANA pRetRiqnidie hdxil fnd dehet SO0t is

desirabl e bl §hut " or e t lbs qf

di fferent ég%%?gg. Fgggfgedzéhfarégfy% p asm §¥?n§ gg%, %gfhexgﬁ%le, BPV
vacci ni a, SyéDohxyicabanthecl{ehahndaltherdd kacidirc tdweino derideatduegs. Such
pl asm ds are well known.in %he ) ar % otstein et al., Mam _Witr. Synp.
19: 265- 2743598¥FLeBF0aERT (fY®) ThaNRLF LLefer i QMg 3 dResich
Saccharonyggseorkitgif¥clierand I nheritance”, Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY, p. 445-470 (1981); Broach, Cell 28:203-204 (1982);
Bollon et al., ZFreCermedHalemtiotat iGresolhave: G0e4®x( 1886 ; avbnoatdcsid | n:  Cel |

Acadent i ¢ PTBSERCREY hp. B85 608 ( 1950) SLoRIIGGATOLY ( S3AEERmEETGf of red
to as genergebpy6fybdndgegeot radlsderactieiicgl 8% né edermod Of fedrama@nol ecul e
or protein. In regions of the 6b-modified VEGF polypeptide
sequence not necessary for the 6b-modified VEGF protein
activity, amino acids may be deleted, added or substituted
with less risk of affecting activity. 1In regions required
for the 6éb-modified VEGF protein activity, amino acid
alterations are less preferred as there is a greater risk
of affecting activity. Such alterations should be
conservative alterations. For example, one or more amino
acid residues within the sequence can be substituted by
another amino acid of a similar polarity which acts as a
functional equivalent.

Conserved regions tend to be more important for
protein activity than non-conserved regions. Standard
procedures can be used to determine the conserved and non-
conserved regions important for receptor activity using in
vitro mutagenesis techniques or deletion analyses and
measuring receptor abtivity as described by the present
disclosure.

Derivatives can be produced using standard chemical
techniques and recombinant nucleic acid molecule

techniques. Modifications to a specific polypeptide may



39 conpl ex of nol ecules conprising a polynucleotide to be delivered to a
host cell, either in vitro or in vivo. The pol ynucl eotide to be delivered
may conprise a codi ng sequence of interest in gene therapy. Vectors

i nclude, for exanple, viral vectors (such as adenoviruses ('Ad'),

adeno- associ ated viruses (AAV)) and rgtroviruses), |iposones and ot her

| i pi d-contai ni ng conpl exes, and ot her macronol ecul ar conpl exes capabl e of
medi at i ngy.del j.men f. a y i (o] ost cell . _Vectors can, al so
conprise gghé@ﬁ?ﬁ%ﬁ%&ﬁﬂgﬂ%rggﬁég |O%EF%ﬂéiggihﬁé}ﬂ??ﬁ%ﬁnﬁﬁﬁﬁzﬁﬂggene
delivery amdher agede stiptdssitdon Qudtiini ©6heavwpreser eyhdacheref i al
properties to the targeted cells. As described and illustrated in nore
detai | beMd¥, P§uRRC 6ERBEAEL TN SHLuRIY autasri A dosiendrait s t hat

i nfluence_bindi.ng o ar - get. i cells (i i gnponent .n medi at e
celI-typepgkggfgsueggéecﬁgﬁehggﬁ%ﬁ%%D; con%%ﬁéﬁ%?ﬁﬁkéﬁsi n#ﬁﬁ%ﬁ%éjl t ake of

the vect odemtioheiceactan dye tdiscairldd wmamepnardrsid Rt d s igneee duegal i zati on
of the polynucl eotide within the cell after uptake (such as agents

.th
medi at i ng®RuEPRSE FAGESFiPSE o) SeBRECREBEnEdts MR SUIATL &R g essi on
of the po Cc : Lhde m iyncl such as
detectablgﬁgﬁd%ggagglgg?g%?e2§§§£g§2£?hg%§%§n(%g%ggéd Fgﬁag?éﬁﬁhgi'select
for cel | sChhgtelaVvis t akensambxorrk adesexjibessi pgotkdumes| efor aciidedel i ver ed

by the vector. Such conponents can.be prqyided as a natural feature of the
vect or (sé&ﬁe§§e h@u§§gg8ﬁséér93iﬁ19PF§IE%@ttors whi ch have conponents or

functionalitiegnmedieatdspedd UG ARG iRIrAkEd ar QFe ¥t B2 1630 R ipdified

to provide such functionalities. A large variety of such -vectors are known
in the armodeguace guneralyyualedtids eepseding ¢ , 6bhwodafieds EHEr ences
cited hergin).. 40 referre t hods .of enhanci.n ardiac function
accordingsfo Sne  of #ﬁe%fﬁéke%+%%§§ﬁ%%%i%%nt%? 1 Jﬁ%%%% %graE§¥?al vect or
or a lipi dubdeee vecidr moleeidieabty devi iableeeldr orThenyveched, car be a
targeted vectar, especiagly a targe#ed vector that preferentially binds to
ventri cul BRThydEFt es BYPFBEcHBRY Opr EREr FEUTMY " PR 1FEES0r 4 e tdrs from
adenovi r ug o Adk185cadenN-meBoch Bl £ HiyItp ARY) 0B RN ARtk HN- - human
viral vectors can be used but preferabl’y 'the reconbi nant viral vector is
replicati Shageftdra | SRethf hanBNd. oMheRMEAt lFeIuanas, | BoAPaEadeir vy it

pref er abl %6005 S8 Reloudl cald e A og, ay PLATR! C,QRerahly, 1 nked to
a gene entdoding an angi'ogeni c proteln or peptide;y andis
replicati endiddkdt i w€ ithehuvanal BNaserrNy, ppefllsiest irdpl beatgratalaf ecti ve
adenoviral vectors, hav delei'ons t hat_ repove the El A and E1H genes, or
have del ePFERE M Fhat?r EﬁVec? ésEFﬁ; P BRGNESR eﬁ@§?IﬁF§feF%%gyJébout 10l

to 1014 adenailll by B sl ¢&T]l€Sor Mhe tHeef @ B Y Fabauivhiehl tie 1013
vector particles, nost preferably about 1012 vector particles, are

i ntroduce@eFHESCE BREoB2kERsel This F@ikbIBE LIPRA VERLS AXYUPIR yil t he
myocar di ug . E%oéA}éXV%%%%ntt*i%lv%‘éh%tl% f%[(nag'wé EHRIAS OF Beher
e having a p 'y T1nke

pol ynucl eot ronot er operab to a gene encodi ng an
angi ogeni ONar @treiRN2orpyEegsritde, oranny px epre Bbkgntiheé dewmreameodimghdae

angi ogeni ¢ protein_or peptide.is flanked by V inverted termpal repeats
(1 TRy - pRaREPI0| G U ARRCGEELEr B 651 ) RIBT FRUIARGE| voH nbRurfhns,
Present |y Jpffiehtedn e ik®atl kQr- deteekivee AN BB havi el alnpns

affecting one or nore AAV replication or encapsidation sequences.
Al t er nat i eairichededeest opt campbe bhat pikiebasede veet@Fhen nhid shngR¥A gene

sequences present, just that the relative amount of the
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 mnucleic acids of abkout at least 2 fold, more



41 encodi ng an angi ogeni c protein or peptide as described herein. Once the
vector or nucleic acid nolecule containing the constructs) has been
prepared for expression, the DNA constructs) may be introduced into an
appropriate host cell by any of a varjety of suitable neans, i.e.
transformation, transfection, conjuga T on, protoplast fusion,

el ectroporati on) particle gun technol o | i pof ection, cal cium phosphate
preci pi tatHr(ﬁ’feJ%ﬁl%lé’ctatm]&‘?ﬁtnj%c’i? ohP %Ej&@ BEXEVER MOxRsf edhicoerand t he

like. The 4 feelkvempri hedafo nsfegcti | i nes
wi th pl asm DNA vari s V\thk tﬂ% gf’l\’l/%%écg% o BIGA ‘%]fter t Igjtné nt ?% uction of
t he vect orsouredEmi eﬂﬂuecdtllr&xalseug‘rdmmm\im naays,elfe:cct ieseanmpE@d , UBompltiicle sel ects
for the growth of vector-cont %nl n | 1s. Expression_of the cloned gene

mol ecul es PMeddid™s & FeafE St IETEBIOdIFE S OHEGRDITRIES t@3n t ake
place in e r@élsgagf:@ad cobh$s aﬁemcfhlsoa AR L0210 AdUGLhay of these
cells to differenttate (for exanple, istration of Brom xyuraci |
to neurobloastumeirrgeld\@rms,t rmldh kaes . v:@ra{hrnefycuﬁonncobatumrcmmhet| ons can
be used to for the %‘ the in t|on The nost preferred
condi ti on§ é’l’“’é: i ‘%/i oapﬁa @niﬁaﬁ’l Bfs PRI on of

t he stabl qﬂcrx@afsfe@ctx@mb&avarayob@tﬁéﬁogpéw@@dobymmﬁm enHw!i&, Rhe
transfection of an appropriate cell line with a eukaryotic expr essi on
vector, sFEFmasiHOEPANt | ROWRPYRTt ldodiiRESegitnebions inewbbebdif i ed VEGF
protein h n e I | Qi These_expression
vectors c%%%eog{]aﬁ%)go%fee?b%géﬁonews%%ﬁbgggt ﬁ:gaehg%a#or 1%9815 ?’rus

pronot er (d@dd)red hatcldricveadhidyh-1 evel transcription of desired DNA

nol ecules in a varl et)é of mammual jan cel|s. [In addition, 42 these vectors

contai n genes € Ofethsl E8tMon Hickahsd’ tllré‘fﬂl%ﬁﬁﬁyt]é@(‘br%g\mt hédBNA

mol ecul e ofy Cﬁ?&éé‘ﬁ{ -hdd1EEN eférﬂ@b@d”ﬁ%ﬁr ik H&%n&gﬁﬁﬁr W9 jeficodes an
enzyne t hat nfers resistance to hygronycin, a nmetabolic I nhi b|t r that is
added to Emyingrmens to Ehus,t Kaenosequentectay ded | 50 @elddlt—tfateehave
stablylnco rated th ransf. ctedPHA entified. thelr

resi stance Cilg“q"sen %oﬁl‘%‘r%%laa,lgasa escr?%g%ta S‘\I}guriand nIV AMEY 1 nes
Wil be pratcetehy éspansican Hiplestsadntheol ssyesmcelhis expeessilgn of a
6b- nodi fi ed VEGF p40t ei n, by these cell ljnes may be assessed hy nethods
known in fHFLERtiqe chaippPE, PRy YRARES d5r REAT Y oWy thRbr £Rer™® bl ot, or

Vestern bldsanalasiy.- free (about 90 - 95% pure at least) of non-

nucleotide or non-peptide material naturally associated
with it.

It is also advantageous for some purposes that a
nucleotide sequence or polypeptide be in purified foxm,
e.g., cloned or recombinant. The term ™ purified” does
not require absolute purity (such as a homogeneous
preparation); instead, it represents an indication that
the sequence is relatively purer than in the natural
environment (compared to the natural level this level
should be at least 2-5 fold greater, e.g., in terms of
mg/ml)

The nucleic acid molecule may be constructed, for
example, from an existing VEGF-A nucleotide sequence by

modification using, for example, oligonucleotide site-



Phar maceuti cal Conpositions and Therapeutic Uses One object of this
invention is to provide VEG- Al se VEG-- A162, VEG- Al ez, or other

6b-nodi fied VEG- protein in a pharmaceutical conposition suitable for

t herapeutic use. Thus, in one aspect the invention provides a nmethod for
stinmulating vascular cell proliferation in a patient by admnistering a

t herapeutically effective anmount of ph%l*l:s maceuti cal conposition conprising
VEGF- Al 3e, VEGF- A s2, VEGF-Alez. or other 6b-nodified VEG- protein. By

"t her apeut FEAEFYCEf f SPEFIBCRABLAL " Y nedRLeRANE D RRAWML T oNBELRE t hat

produces thesfeskied NERaRaL! C b1 etbaiflgd Allldiles ALY Cpyl N

reference to a di sease or sorders it 1s whi'ch xeéduces“to sone
ext ent onesubcihnéngynptoCRf blre as serserdbedi skedein. andSeahdapd to

normal , either partiall r conpletely, physiological or biochenical

par anet er SIEE%‘EFQPQ& o‘%/e‘gmfs‘ﬁ{ et oF f“Hga&ie@éﬁéé SRCH 6T dRR. VREER 43
used to th elt ey t L €Ny, ity unt; expect Lo be

bet ween 0.§%efgrg;1&5%gftégr O!E]l%’?%}g?%@._ai%% %{/ tgiﬂlglre e?%gl %ll'éssﬁ't h%ﬁ"%o nmg/ ) cg,
nore prefeChkhy |253:6Rah, 10(hg78cg, Jemberqulef etabdy. ) echadwer 118y/) cg.

The anmount of conmpound depen an.t he , Size, and di sease associ_ated
W th the paEPEAL - aRES ST O Ao rortial By e aad BrOcBahr 81 2FREES 1 or
gene ther arﬁﬁtageh@%&%oeé&ﬁ cBkl YuRld @6 | ¥BeaFRURLHOUNE 6 SHE AMDERE
sufficient to direct the expression and secretion of such an amount of

protei n i muacpaicentcithanplrduks feynuedsd obeandynblesbzeddrini sheati on of
conpounds of .th resent applicatiqn tq _a tient d nd_on.factors known
Criencsl’ FRgtod M avisdneh ful B drmds B e pe Bt b8t e f ect

in the art “504€ e particu

and the type of That iiefvent\Worl exlidte feemawidsaddnbihypicCahy veetuged to
treat human patients, they may also be used to treat simlar or identical

di seases i RTSERERLRYMIA & SfH &F FhOTrINiflt-es ThRarRCIRPHEESLsBNR as

Z%ngat g«_’ﬂ Lec8Pd RAY bbdra#Rda SEALIeh A dBY PP PEL FrEHCA) aS vigFSes, dogs
A,s, VEGF-A,,,, or other éb-modified VEGF-A protein or a
functional derivative thereof in a vector containing a
promoter effective to initiate transcription in a host
cell. The recombinant DNA vector may contain a
transcriptional initiation region functional in a cell and
a transcriptional termination region functional in a cell.
Where the DNA vector contains sufficient control
sequences, such as initiation and/or termination regions,
such that the inserted nucleic acid molecule may be
expressed in a host cell, the vector may also be called an
"expression vector."

The present invention also relates to a cell or
organism that contains the above-described nucleic acid
molecule or recombinant DNA vector and thereby is capable
of expressing a VEGF-A,,,, VEGF-A,,, VEGF-A,,, or other 6b-
modified VEGF-A peptide. The peptide may be purified from
cells which have been altered to express the polypeptide.

A cell is said to be '"altered to express a desired

polypeptide" when the cell, through genetic manipulation,



Preferably, the therapeutically effective anount is provided as a

phar maceuti cal conposition. A pharnacol ogi cal agent or conposition refers
to an agent or conposition in a formsuitable for admnistration into a
mul ticel lular organi smsuch as a human. Suitable forns, in part, depend
upon the use or the route of entry, f &2 exanple oral, transdermal, or by
injection. Such forns should allow the agent or conposition to reach a
target celiSwhadBeta mEradiqfeta cerptesnpphseht ifnnarmaliyceided avothost or

in cul tur X I .phar ol pgi-ca r..Co ositions injected
into the E?%o(gﬁ(s: rgc%?ng’ 3% d lgiggsoi ub]1 el.m%g%gﬁf%&om}l?é r e ng\/ﬂ\”ei t he
art, and ihelele.conshgler alitiseducin agHeoxett yecand Foidml ywhihgy event

44 the agent or conposition fromexerting its effect. The clainme

conposi ti JPECERAVERS0LnE {BERAFUEERTARNBBYPERSINT Al Thek @gnabl® salts

(e. g., acj ddi i o ). a I | £x&s f ceutically
accept abl eélglg ts ogr eg%%%l}%%%(lccgggl%teg&%{gptjhe co%]l;@?]ﬁ)atelugggggggvﬁi cchrct hey are
adm ni st erpdokdbhgopiepaediison of such salts can facilitate the

phar macol ogi cal _use gy .alterin oﬁhe hysi cal - chemical characteristics of

the conpositionwPbf 8t‘~cpf3§\;éin?'l & cSisOs PEi OHAHr dif @RECt ity B s _
physi ol ogi €alpghi eCt of EXaPUAT: g us gf %oglr;s@;;@itdémafl niPhy&Tlrf@AirH:r operties
i nclude lowering the nelting poi rﬁ to flacilitate transnucosa

admi ni st r abioheahddencsesnsnrees hehdohubédntain otfasestript fobhk and

adm ni stra{ion f. higher conce trationg of _the drug. Pharmaceutically
accept abl e“53Pf aFf‘lE’ﬂﬁge ff&@a;kaoﬂ i Oh gﬁrf‘?%l%cﬂmgs SPﬁgsegeé%Jrﬁr%ﬁerﬁ ng
sul fate, hygeockheraBey phosedates sudldyiaiae, seghbasat eyhseh faigacet ate,

citrate, lactate, tartrate, nethanesul fonate, ethanesulfonate,
benzenesul eaatelyperfiifenesulfhgnRxecisr | vifesss sof f shat gegulatory

| oh I t | P t] b
bt ai ned 11 om SRE (e Ch S AR e R BRERe e R S T Gy AT o o

aci d, sul fongenasmd,tsuloirgimind saci dbuticethiad lacinl, genteriad athdludlactda ¢ aci d,
tartaric acid | oni c .aci d, .net hanesul f.oni c .aci d) et hanesul fqni ¢ acid)
benzenesul?’éﬁ?@ggf?i 5Fgﬁppol“ﬁl€%§§uljfrbrﬁ%°}%ycfte@ycIcc%‘&r Ssgﬁtghitg"eaci d,
cycl ohexyl subhafke aci(dhiahd quifieetaci dchéuchisatiscimy bepremared by,
for exanple, reacting the free acid or_base forns of the product with one
or nore eqt¥IBFERERLAL™ h&Sapprobr #at EPBad¥PosearCrR AhdGhventt st medi um

in which theagaktibaa NSAldIbkEa, OLi1hN &:i3plaMentyPuEl i3S Walierali,gh is then
renoved i n vacuo or by freeze-drying or By 4%7 exchangi ng the 1ons of an
exi sting safuchoregiciterwibh opraaddivt diicd viden tdesiearfg'e nesigrding
sequences involved with initiation of transcription and
translation, such as the TATA box, capping sequence, CAAT
sequence, and the like.
For example, the entire coding sequence of VEGF-A,,,
may be combined with one or more of the following in an
appropriate expression vector to allow for such
expression: (1) an exogenous promoter sequence (2) a
ribosome binding site (3) a polyadenylation signal (4) a
secretion signal (5) a promiscuous or tissue specific
enhancex. Modifications can be made in the 5'-
untransliated and 3'-untranslated sequences to improve

expression in a prokaryotic or eukaryotic cell, or codons

may be modified such that while they encode an identical



Carriers or excipients can also be used to facilitate adm nistration of the
conpound. Exanples of carriers and excipients include cal cium carbonate,

cal ci um phosphate, various sugars such as | actose, glucose, or sucrose, or
types of starch, cellulose derivatives, gelatin, vegetable oils,

pol yet hyl ene gl ycol s and physiological%y conpati bl e solvents. The

conposi tions or pharmaceutical conpositiion can be adm nistered by different

routes incluyding i av sly..intraperitaoneal .. subcut aneous,. an
intrarrusculaﬁn%r%ﬁé’, ?gglgca Aen (S"ra}?r Ris Rudddi §5- < h8°§8§’i r'gd the
i sot oni Ci t y=HEehe eapeesplbshegy sisdmg SodheMedd obifdesaEnOt Be ferred
pharmaceutical |y acceptabl e agents such as dextrose, boric acid, sodium
tartrate, SIiene gepesibefoipol Eor setample nerrprbhaamngtsadbi t BF; or the
i norgani c or nLC. Sol gt £s. - Sodi hl gr.ide i reterr particularly for
buffers contAaclg)liﬁg%gké%d’l u%ln' ‘l?%ng? %gg}éghpgbﬁldg’aotﬁ“{)'he'&r n%@ﬂt'i or#%%# be
formul at ed 1few: 1& 1ar 1@y ) ohetredes intopgstrat 8By i pafeiraatedhage s} SigNi ¢ and
topical or |ocalized adm nistration. Techniques and fornul ati ons generally
may be foufd @it RERGIGISY s PhdhesceuPubdiicSdiiaives, avéh &HitiorheNack

P

Publ i shi ng :J%acs_i I .als . M A
"Par ent eral Q%olrlrm a:o?l%%srjg ?F rlgr%(%tg gi ﬁgggﬁﬁ’ P'ge)%? yggg?bgt %&cﬁ?ﬁg%ﬁ%g%y

St abi | i zer xrefexdauranaln ofhdHar emteirradtySci ence and Technol oay, Techni cal
Report No. 10, Supp, 42:2S (| 988%. Aguitable,adm' nistration fornmat nay
best be deternim _‘%?fg’ar_ di T3 PPRCEPEHBRFSBIPTedch at HRft IPRATYT dual I y.
For systemg@sa npsbeat hosedUdd | Ayl DT 8HEHEBTY €1 InkelNiAPEREt ONEAl)
subcut aneous, intrathecal, or 46 intracerebroventiicular. For injection,
t he conpoumirclific haci@venilecnlear erfandiumicat efior nekiaqyile s OVEEF ohs, -
preferably .n physiologically conpatihl.e buffers. such Hank' s _splution or
Ri nger's sé#ktﬁ%)o%e.glﬁrf g‘i’%athf%e‘ﬁff’&)t%q%@rﬁoelﬁ%‘éb ]tﬂalinhegﬁ%vgﬁi:f"aﬁ \

fornul at ed ity AarHcritd el Reehlifat Gonregil 8R¥LgNEeghikaOk), t Baghar e
general ly accepted as safe as defined by USP standards. They can, for

exanpl e, - b@SusSPERYRAL i PR aAnAn Sl veidenyda@itiasl y aThuget A eToFpiBiRA as
sesane, peg:g-gé » 300 Iy 1 n DF L LA TR @?ﬁ@?&ﬂghg G rtRE- ORLf §é&9é%ﬁ?t hey

are suspen in an aqueous carrier, for exanple, in an 1sotonrc fer

sol ution aterncpHindg HBEGHtAS.@arscriptiThede ternposations shgndes sterilized
by conventionalesteliligation Lechniaugs) or,max be mleriletilisred) The
conposi tions tay contai n pharneceuticafly~acceptabl e auxiTiary substances
as required Abceppsodvany £ ahpsi aeagiosal £uaotttidnahs ins e asopt! bailering
agents. Useful buffers jnclude for exanple, Goodman acetate/acetic acid
buf fers. AW RDfSHRPSFEH?Y- or "depot" sl ow rel ease preparati on may be
used so that thef@pesd iy qfifrﬁeatgevei%mantﬁﬁkagae Rhepahakhon:aee
delivered into the bl'oodstream over nmany hours or days foll ow ng

t ransder nalregyplkztiom, oPNAebequencesnanddihico®PNA medwpotngdoughy be
formul at ed ] 0 nd. redi | ved_0Or. Sus d i Latel ior to
use. Lyophi%‘?z%%#%#r%é argrxgle gﬁosn%’%lcﬁ% uég)d.sgﬁﬁ gngggt §%I lg@;&%:rg%ﬁ ézea?%et er
with VEGF- A&uanos ciexmosdds gn 1 he ITald ooNAMagealhieackes enphayedato del i ver
the substance to a targeted artery. Alternatively, the conpounds nay be
adni ni st er RFFFAFEY. TFDHOBr SPIURMTRI 3B a? | BECE T hiwe FORPbERHSs SEEEEREF hul at ed

into convendionaa i atodasa9epkeLEEySUFThAsa CARSULRS. A&PLEES Gndcheni cs.
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
VEGF-A,,, protein gene sequence, or (3) interfere with the
ability of the VEGF-A,,, protein gene sequence to be

transcribed by the promoter region seguence. Thus, a



47 System c adm ni stration can also be by transnucosal or transdernal

nmeans, or the nol ecules can be admnistered orally. For transnucosal or
transdernmal adm nistration, penetrants appropriate to the barrier to be
perneated are used in the fornulation, Such penetrants are generally known
in the art, and include, for exanple,3¥or transmucosal adm nistration, bile
salts and fusidic acid derivatives. In addition, detergents may be used to
faci|itat @YBIEER iXHY10T ¥98Gc Bsapramp Y stimdeeidosonayDBA, segnersanpl e,

t hrough n I r r_usjn itori Far_oral _adm.njstration, the
nDIecuIes%gﬁéj%g nﬁﬁgggﬁ.ﬁﬁf% %%ﬁgg;?i%%é%%%FgﬁngdﬁFﬁPEFFéP#bﬁndB age forns
such as capisad esDNA abkegsenasd | i quhdspr epar akkpnsss Fos topieah .,

adm ni stration, the conpounds of the invention are fornulated into

oi nt ment s, CXANSREPYaRl gndeteanslankonal fdemedisl Ferpenhzed bheanrt. |f

desired, #nlsa :Cl{giqso‘ﬁj ions may be thickened wth a
t hi ckeni n;a%zfa%é sué(::% }gégetneaﬁ%ﬁlé:ce u 3’ts'e. They nmay be prepared in

emul sified forrmhedd hekiddbdr im ohé ewtoikilln wategniday tefata whde variety
of pharmaceutically acceptable enul sifying agents may be enpl oyed

i ncl udi ng B! € | BEOLRIRST aCh o r PT @S $iohn - 1 BTARE X0k Y st S@sheh as a
Tween), or doni € syriactant (sygh calhkal iy ohol, _sul fates
or sulfoneﬁ s, e.g., a Tr?to%. Conposzsiyi%ti ons ugg?lu?/ﬁ}lér}gdt’?ggtﬁn%e%?laon are
prepared ukaxyolgi¢ heaildgredli emtishf ddeowwnghipenehal | ycape eptfedtipe ocedur es.
For exanple, the sel ected conponents nmay be sinply mxed in a bl ender or

ot her starﬁféﬁ%e%y’fr@ée’?%l%?bduce a concentrated m xture which may then be
adj usted to thenfimabgls orRgRNt K3t EDN vEEF Vhse0sihY W t BReadgitsent of water
or thickening agent and possibly a buffer to 48 contr ol g_ or an

addi t i onaliBEIRIER MBOME GRREEFSERt 0 AFRKAHMAFICs c6 1gar Wbiishcahpounds of
this invergd 410P&; IdH5I8ed SA el m S . procedur es.
For use b %éﬁ}.gh92i0| n, the gbnpos?t%é#ﬁ?%& qy qupgésiggggﬁégégéage uni t
forn1cpmxﬁfnngcambanapntpﬁonﬁiﬁéJvﬁﬁE VEGF- A6t e iWEGprAIdamedrbpt her

6b- modi 1 esqlc}ﬁE%:elplrsOtw%Iﬂ' not be glycosylated and therefore may have
a shorter half-life in vivo. Prokaryotes most freguently
are represented by various strains of E. coli. However,

other microbial strains may alsoc be used, including other

bacterial strains. Recognized prokaryotic hosts include
bacteria such as E. 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
replication sites and control sequences derived from a
species compatible with the host may be used. Examples of
suitable plasmid vectors may include pBR322, PUC118,
pUC119 and the 1like; suitable phage or bacteriophage
vectors may include Agtl0, Agtll and the like; and suitable
virus vectors may include pMAM-neo, pKRC and the like.
Preferably, the selected vector of the present invention

has the capacity to replicate in the selected host cell.



Gene Therapy Nucl eic acids coding for VEG- Al 3e~ VEG-- Al sz VEGF-A ez, or
ot her 6b-nodified VEG-F proteins will also be useful in gene therapy
(reviewed in MIler, Nature 357:455-460 (1992)). MIller states that
advances have resulted in practical approaches to human gene therapy that
have denonstrated positive initial resypts. The basic science of gene
therapy is described in Mulligan, Science 260:926-931 (1993). One exanple

of gene ther apy fcs RiBeeaLedyiar BEUMGebys atll CBrICEhLbESs t NE1SE, of

adenovi rus- nedi at ed gene t herapy r exarrpl e, an expre SI on vector
cont ai ni ng fiune \NEGRIALES, i WEGH-AMImrado-- thaa prokbebtbl- medilf,i etk VEGE

protein codin equence may be ipserted into cells, the cells are grown in
vitro and t:"r?e%e ﬁgﬁ‘@é’éf FR ¥8?5%b£)(1n3:)’eﬁ‘e)§ i SarPdhf ked | VEGH gtk ¥ anpl e,
a DNA segrrraztldcggqgéﬂdag t3 B ?%E%goi%BlC o%r(}ic%ceﬁm ek Str

promoter) is tr rred into cel cont ai ni ng “an ‘endogenous VEG--'A138,
VEGF- Al sz~ pYEGeLArBZ magr bet kethélnodnbitdd UEGE mmt eare shaflatkshioh,

endogenous for e in such.a ner that the, pronoter segment enhances
expr essi on @Ig"ﬁ%é éﬁl&oéén‘aus *}E@C% ?fo?e%’i%?ﬁﬂ-}g{e)[he %I"Hgﬂt %‘égrrent
i's transferdgeli® Jthierec eldromdtioddati dd1 Regonggedi &%Etlibﬂdu{a&%%t%f he

endogenous VEGF gene. 9 The gene therapy may involve the use of an

adenovi r us haictetiephaget ar , i vise udlagpromoicteobf dehs efpleeeantnsk ngetor
VEGF- A138, VEG-- A162, VEGF- Al s2, or other 6b-nodified VEG-F protein, or a
naked nucl SSEUEEE ntFP%cu‘-P%R%%%h ngFer ttlli’@se Gh Bt ePASTOREE er AL | VS,

engi neer ed Al S p@AIRIING A I elé‘rﬁﬁi gcuégngodlsggltuh d hese
S

nodi fi ed protelns nmay belnjec . Exarrp Illdstrate Sfet hod of
gene t her apPRILiSNg and ddencvikais Viscaraples pfoum@acaﬁn@eog;mméswdﬂm apy.

Vi T, adoRNTRE E i T BADOT; 43 0Mke T bPPhs BE OROEGAR o Rna

vi ruses, bat&\éﬂ%pﬂ bl J.O0B, W%, ) ”a&’h@etfﬁedré&ﬂ deld egy&&f " éeot'de

sequences (e.g encodi ng ré&conbi nant- VEG-Al 3e,

VEGF- Al BZ, 9@11 @iﬁaﬁrot@rm f8 eckdHGF quot &F amyDheet h@lmateet ed cal I,
popul ati on. Met hods which are well known to those skilled in the art can be

used to const rBRELEEEBHDI AdR: Wsr’éIezv(é@cecﬁ)s) c8RCai Bhdg _codB mpetifiichces.
See, for e%%’m'lo er¥abgt , pE. Gup@reu i?rﬂangla’t Sl - 54§eﬁé9%5éﬁ%0r 2t ory

techni ques "described in Maniatis et a , Mol ecul ar d onin
Manual , Col3® SpﬁZ@g(lHaBrfibdr, Ltdm)raromqteNSYof( 1@189) baandrunphasalsewét al .

Current Pr I s . in I ecul ar. .Biglo ub ishin soci at es and
Wi eyt S, kTt o T MR CEAS BEOASRe Mot AR el o ¢ al ¢
mol ecul es malmg prn&@ﬁ@mﬁequm@e& canrbe. usemas makedgPNA, or dd
reconstitut ed systeme. g. posones or other |ipid systens for deli very to

target cel ISSHEEEOTYCES E@wrset (Ward R&t @te 3370B97- §entogdijensever al
other met hogs 4@l -Lhe (dbhes) . tr@@sﬁgfyeélelgﬁgwt@%\ SR Or &Pl dipe @byt T OT

use in human gene therapy and invol ve targeting t DNA to receptors on
cel I s by céipladxi hg- t hdndl.adfiardioto 1:277-282(1987)); Cenatiempo

(Biochimie 68:505-516{(1986)); and Gottesman (Ann. Rev.
Genet. 18:415-442 (1984)).

Proper expression in a prokaryotic cell also requires
the presence of a ribosome binding site upstream of the
gene sequence-encoding segquence. Such ribosome binding
sites are disclosed, for example, by Gold et at. (Ann.
Rev. Microbiol. 35:365-404(1981)). The ribosome binding
site and other sequences required for translation
initiation are operably linked to the nucleic acid

molecule coding for VEGF-3,,; by, for example, in frame



50 proteins. See, MIller, Nature 357:455-60, 1992. In its sinplest form
gene transfer can be performed by sinply injecting mnute anounts of DNA

into the nucleus of a cell, through a process of mcroinjection. Capecchi,
MR, Cell 22:479-88 (1980) Once recgﬁ)l nant genes are introduced into a
cel I, t hey can be recogni zed by the c nor mal rrechanl sns for

transcription_and transl ation, an r.od be expressed. O her
net hods ha@égﬁFéﬁ’an SRS EEd q‘q&’gqq?ﬂc‘r ‘#gs ?n?BnF%EEJeFUﬁhnbers of
cel I's. TheggniebhodequRelude: tHAansdgotd oun lwhﬁae p PQ%Y r tated

wi th CaPO, aﬂd takenq;unto cells by p}lgpﬁ%cyt oOS| S A b§19 eg%%ma H.,
Mol . Cel | BpoBlgmaZmSP'éideleeqwﬂncel éet regunaﬂedon Th/aeseuaccebhsoare
exposed to Ia%?e voltag Eu ses _to_introduce h into th menbr ane ( Chu,
o Pet el CeRBERER: ReRlEnREs T okB55 15138  (YegSrFS | | borbRErBRArt BBoons
fusi on, \mméehadBNAaha mekag&@ | Rt |ddpatidhe Mestd e%yﬁ‘@' &b fge with a
target cell SFeI gner, P.L., et al . , Proc. Na tl. Acad. USA. 84:7413-7
(1987)); afglpawpsed éobémaﬁéﬁeﬁbeugﬁﬁg DNA bound to smal | prol ectl | es
(Yang, N. S et aI o] . Ci ,87 -2 ,,(1990) - her
met hod for mtroﬁucll‘l?’l'g([:1 el:r\%o celY e(sjlfs to <o ISF 38186 DNEPFo cﬁ@ cally

modi fi ed peatieuse" | maljas il sadwen shorcidiedeAdBPOVARES RIDL egAshar e
capabl e of destabilizing endosomes and enhancing the uptake of DNA into
cel I's. Thedg8APRAEGEENST aél@ﬁé\}ii?us P¥OIBNYit i ons COHiISaI ni KHEDNAVEBHEI exes,

or the bindipgngsoPhint o poyyl¥ad % WidsAthRaIed kacdenguiius using

protein crosslinking agents su stant |nproves e ~wptu
expre55| onsubjehe reedirbi avaght cg.dr‘te;r&urld@lruadl' th&treﬁtrom Arrw:LﬂhoRESpi r.

Cell. Bi ol ? 247-52 %)992 bal | gon cat he er %é;ﬁ-‘ as those
used |n an §rSpFasty 8§e&r\ﬁﬁ1é:‘ EFF *t hé ValFEIR 1% G5t edwi th
VEGF- Al 3e~eMpesAtd?2 1nV§%k%&%:)otqrc Udiers 6hs negbébedd PEst 8bRprPAA godi ng

for such protein) or vectors_as described in R essen, R, Human Gene
Ther apy, AMiREYrPs DL IDOIPET X 0iPoLAPEGCHFRGF Ay, rRFEeHE ePERS1G8Ed her ei n

gene {ranghen JHEORR e ALOCCR Al O EOLNEL DO Ack o oLAD Bl cact d

nol ecul e into a cell. etran onmon or ne t he
expr essi onodf tehq)aez:l:px:e&axomUdut:bren(amliedvm@ﬂhga geneteThepppoddes nmay

i ncl ude a on epti.d anti sense NA, or. enzymati cal
active RNA%E]G% a%sf 7 § %SE“%BP or %&%%’lﬂ? ur%%ls%Jeﬂlég EEWmdl rect
adm ni st r ainef fiidtiengnicIRasircerel athey Qeneist aoaf methnyalves dukenpr ocess
of nucleic_acid nolecule contact with a target cell by non-specific or

recept or nmPAFAEEASLnEEPEEEFHRR; uﬁ?‘éﬁetﬁ?e%u%ﬁ eVECHEha: MSPEATEE AREo t he

cell thr OU&Bn%H%e%HbEénEe0%1913111@”@'19&)’&&%@,ofﬂ”\ﬂaé §h2a2%8t0f; R8s acid
nol ecul e into the cytoplasmfromthe plasnma nenbrane or endosone.

Expr essi onaﬁaythequprésenﬁead@lft iam, Mroermimalbf metdiiquding c igci 8ofol ecul e
into the nycl %%s%f E e CPJJ:- t:;mcinl%:llndl:angaltoa%l%pL LAR r| at e élcliesar f_Lg%t ors for

transcri pt| o d nereth gene Her apy” 1s a form of ~gene fransfer and
is incl udedlmae&-ielt@otihehdef abilt ppogehy geae fhsarsé epresi del8d iRrriiradnd
specifically refers to gene transfer to express atherapeutlceg_roduct from

a cell in v¥fvo ¥R i nCoREeRE . GeHbet r &1 &4 R Per Por meB2EYSFE¢Hon cel | s
whi ch are thenHiaRspl aphed d.Nt R Pkl csd, ﬂﬁtﬁﬁe Beogen{onaRd Ryedirect
adm ni stration of the nucleic acid nolecule or nucleic acid-protein conplex
into the paementfunctionality as that of the originally transformed
cell.
Preferred prokaryotic vectors include plasmids such

as those capable of replication in E. coli (such as, for
example, pBR322, ColEl, pSCl0l, pACYC 184, =VX. Such
plasmids are, for example, disclosed by Sambrook (cf.

"Molecular Cloning: A Laboratory Manual", second edition,



52 I n anot her preferred enbodi nent, a vector having nucleic acid nol ecul e
sequences encodi ng VEGF- A138 VEGFAlI 6z, VEG-- Al ez. or other 6b-nodified VEG-
protein is provided in which the nucleic acid nol ecul e sequence is
expressed only i'n a specific tissue. Methods of achieving tissue-specific
gene expression as set forth in Internatjonal Publication No. WO 93/09236,
filed Novenber 3, 1992 and publi shed Nhf413, 1993. In all of the preceding

vectors set forth aggye, a further aspect of the invention is that the
nucl ei ¢ aci FEEHRENRY ¢S i n"FERESEBet of ManiatdisudeCaddi tSwirkng
del etions orymdifi '5#3% SO 11 o : quence .af the nucleic
acid, as de#?ned gbg%%% nc% dthgﬁgg?é érregaégg%ggnéﬁ?%ﬁégﬁengaﬂﬂiegene
repl acenent pGl 34l @22, "EEN27 | epnacetivat '1ike . usesudier plasieadrs Sppl yi ng
a nucleic acjd npl ecyl e sequence which is capabl e of be[n? expressed .in
vivo in an afirﬁ Oﬁ‘ﬁg er TovildPrig Bre algheaeiay BRelegrcafontlee an

endogenous gene; whi ch heaBkagkNgppLsdef egli ve bp,§ he ani Megdprs fox
Gene Delivery I% Vi vo Inageneral, t he' gene o?an%Lfes iga%?%x%?%%?ed to

the target dwrabbeeStraptynybeshphatmifiaciodindecpldior (WaoddikEs,eor

skeletal musgle, Grchudhagskelotal mocries I Yo and i rects, product on

honvi ral sy et o A e G T e T o s i e

present inventtennakbiehedr edsytgmboian f 0bnusead t AdME dtRaIeBt | BVETG4 PN

'nelude viral YESRORT Hafdd PASSILEEe! O Ry (B86), pp. 4554) .
Pseudomonas plasmids are reviewed by John et al. (Rev.
Infect. Dis. 8:693-704(1986)), and Izaki (Jpn. J.
Bacteriol. 33:729-742(1978)).

Eukaryotic host cells that may be used in the
expression systems of the present invention are not
strictly limited, provided that they are suitable for use
in the expression of the éb-modified VEGF proteins of the
invention. Preferred eukaryotic hosts include, for
example, yeast, fungi, insect cells, mammalian cells
either in vivo, or in tissue culture. Mammalian cells
which may be useful as hosts include Hela cells, cells of
fibroblast origin such as Vero or CHO-Kl1, or cells of
lymphoid origin and their derivatives.

The 6b-modified VEGF proteins of the present
invention may also be expressed in human cells such as
human embryo kidney 293EBNA cells, which express Epstein-
Barr virus nuclear antigen 1, as described, for example,
in Olofsson, B. et al., Proc. Natl. Acad. Sci. UsSA
93:2576-2581 (1996). The cells are transfected with the
expression vectors by using, for example, a calcium
phosphate precipitation or lipofection method, and the

cells are then incubated for at least 48 hours. The VEGF



53 vectors that are capable of delivering DNA to non-dividing cells in
vivo. Presently preferred are viral vectors, particularly
replication-defective viral vectors (including, for exanple ;
replication-defective adenovirus vectors and adeno-associ ated virus (AAV)
vectors. For ease of production and usé2in the present invention,
replication-defective adenovirus vectors are presently nost preferred.

Ref er ences RERGIFDF nd2y Ver§2t YeofPWihered e hEOH e tiheer SURRIERDF @ tar @Sknown i n
the art, s bk C i{gdrherein. Such other vectors include, for
Ltk St e

exanpl e, vectors (such as adeno-associ ated viruses (AAV),

| i posones and otheradditibrcoptlami rgldenplrexesso aneh idsle FRC HsRlsecul ar
conpl exes capabl e of diating delivery of _.a polynucleotide to a host cell.
As descri béb}'lcgb&?élté i FEERSIEE E e FABRE A CesiblecPérBtcFE B S02&6NDri se

other cOMPORA $aidf ! UBGLLOBR! IS Al e fdlfdNGho S 1 £, geB8s deb v er y

and/ or gene expression, or that otherw se provi eneticial "properties to
the target dP2el &3d Sughldrieersyourpore npsonocéridendf pplexndepyeatdomponent s

that infl uence%/%jéndi ng or targefing to cells gi n%ludi ng, coggonents t hat
nedi ate cel§%9 §FAFEEGEs pecT? BF nBERGFTTEBNPOFENtS t t *PRfCEence
upt ake of theiyvecter n4ahgile aghd byckBpnsehl 1agoERONENGS; fhat nisatluence
| ocal i zati on of the polynucleotide within the cell after uptake (such as

agents nedic@lhy mr| d@stsocakiheat Psayorhhde c aissiait s dehydriogehasece
i i de. | i i.ncl.ud
rarkers, _sdoidleb ] MY SRAEP . AR, CROHRIER 218 PR A o ed 1o

detect or sel ectahpr ofeld sséhbés hate vk dgdhangdeghi€n€XPegpsiers ibhe
nucleic acid delivered hy the vectqr. Such conponents can be provided as a
natural  SYFEPr 3% Rheubdit R HRUTTSIIIFRIFALST REPTRE O vAPS

vectors whicdi-heNge seAPNMenty  FuBat | Ofal bk 89 1B di @l g Ll dfgeaeand
upt ake), or vectors can be nodified to provide such functionalifies.

Sel ect abl e SegRencegafoBéngodion \alyemigatic eenrynisis uance | pnaflucedsiini ve
| ect abl . sel i || i ) ker, .
-6 ot 20l g 5,8 038 G5k C0=LAE SOu! BoEah Y RIS, oo

negati ve séelec ers a carryrng
sel ecti vel yghh¢os@at ekhovin \clnvaetlytdfc secle sagkencgenem e heewidescri bed,

i ncl udi ng bi funct ir%,gal_ (nl . €. $OSi tivelnegati ve?: rrﬁr kers (see, e. % ,
Lupt on, _S. VA 95 08FIE " pubt PRACH RY RRBY- 1695+ 8nd S ?: S. YeUEy

94/ 28143, mpbbi-s88d SubBEeNDEes] 1884dnt SYEH TR GRNRSCAN spF R¥hds an
added neasure of control that can be advantageous in gene therapy contexts.

A | arge vart ypest sternsdetionalamentioin modlf heatienand farainperecdl | y
avai | abl e (%E?go“ﬁ%ﬂantt A ALl Qus LeEer eé‘:‘éf‘%t Chﬁ%@haﬁﬁ’efizé“d%% !
ref erences "descri bing adenovirus vectors and other viral vectors I ch
coul d be useromotéhesegténdssoindheighesepy numet ich plechude thdch

followng: Horwtz, MS., _Adenoviri.dae,and Jheir Replication, .in Fields,
e ot ol SRR RE T uet e E ST oSSR Shro b e, G et s by et 1 751
1990); G ahpaasE., etyadst Mecoked i neMakhodsediedd £cyrar Biogleany, Vol .

7: Gene Transfer_and Expression Protocols, Mirray, E. (ed.), Humana Press,
Clifton, NmWampaddan g@ng epequencet pgloductASERd o8fREELOS PEPLides 1995;

Schrei er, C i f rI;l&l etiae_68: o , 94, ei.der and
French, G %%?gtglﬁgﬁ g%%%%?%@% f\£§593;(§0e1f|'elg%%iiggtejszl'., ugngn “Gene
Therapy ~3:mdWnmalbdn 1868t , G abmarak. Lpessibhd . vaB A5/ @3&E=n(sc daruary
1995); Fal ck-Pedersen, _E.S., WO 95/16772 (22 Jupne 1995); nef | R, et
2 U0 05/ 3 HRB ALY S ERbmiIe 1688 SoRTHnds © EPCer SRSV S5y SBSEL (24
55 peptides and of. the invention.
A wide variety of transcriptional and translational
regulatory sequences may be employed, depending upon the

nature of the host. The transcriptional and translational

regulatory signals may be derived from viral sources, such



Novenber 1994); Perricaudet, M et al., W 95/02697 (26 January 1995);
Zhang, W, et al., WD 95/25071 (12 Cctober 1995). A variety of adenovirus
pl asm ds are al so avail able from comercial sources, including, e.g.,

M crobi x Hi osystens of Toronto, Ontario (see, e.g., Mcrobix Product

I nformation Sheet: Plasm ds for Adenov'g&us Vect ar Construction, 1996).
Addi tional references describing AAV véctors which could be used in the

nmet hods of the @resent inv nt| on i ncluﬁquahe f.ol | ow n]%_e Cartieﬁra, B.,
Handbook of®Paf?GUFPYusEE ! Vlnf Pt 2281 ¥§90; CHePREIAVPY KBSy, pp.
1743- 1764 (Fawedn Presss1990) tneantife, BuhefAr theO¥idly B8 A hB04Na1 3:
533-539, 1992; Muzyczka, N., Current Top| cs in Mcro |oI og and I mmunol ogy,

158: 92- 12931‘6.9@8504;1@t©@ witlR & peraficulAm géneRemgiuende| vhivth. habol .

7: 349- 356 1 atterjee et a 70; 79-90, 1995;
[ 349355 19000 QAo RSl s W BER oB orT05e12, 2001995,
95/ 13392 (%M&lﬂ%5bxpﬁébsﬂoanroﬁuﬁ% G@&théa@btﬁl 78§1§Qben1994
Flotte, T.R, et al., Gene Therapy 2:357-362, 1995; All en, WO

96/ 17947 (mqu 199@) thgnd ibg ., etmay be @mplw@dapy Bra:zsqzmt;ms@ﬁ

Addi ti onal f [ ctors, whi c ul used in
t he net hods ‘?{%&&?e‘gﬁg%‘ﬁ, nt’l cé%’a:/ln%l u% %es?]o?ﬁ:tbﬁﬁgn\ﬁﬁlfgdﬁg}]
Human Gene fthﬁrﬂ@pr@ssi&mZSrlh@t,lth&&;n,Méd ethalb\l ex%trefﬁsmorl:'“&.EBtﬂéur nal

9: 190-199, 1995; Chonn, A ) et al., Curr. Opin. in Biotech. 6: 698-708,
1995 SchofJeel, IPIULRCRF . CHithesh madnlagd. 51:056- :mtergggs aBei gham

o, "o ey SRR PSR bl fnd S AL g OO0

Sol odi n et = va:arn@emesttreynp@&atursa é&ﬁ%ésé%MpaﬂlQ% r\é@raaséame (14
Oct ober 1993). Debs.et al WD 93125673, . Fe et U, S, Patent
5, 264, 618 ( eGP fdé‘é)s“béﬁgﬁdg RCK}legFEal(SUCE as ﬁ&FéHPlétEés 185
(February ]reégﬁgﬁlo@ebeyehu et al., US. Patent 5,334,761 (August 2,
1994); Felgner, P.L., et al.) US Patent 5,459,127 (Qctober 17, 1995)
Overell, R W, cEXRFessyenosfodiny fbemedibbed VRAH : pgeseadn, oD HBL02698

(26 January. Haces 9 2 95 Lin et
al., WO 96/36%‘8%81)'3(%% Jgﬁuagﬁgigﬁ§% F‘B X\QI ngj é&zﬁ'é%% %GPFE)%I ca%lgoné)f

Defi ci ent HuutkeanydehoviragnlstSyyt errec_t;nogener asuchher@imnsf wiltler esh i s
transferred to th heariiLu or skel et nmuscl e i

|_udi d t
(and skel et%ﬁFm’ﬁVB yt 88FFUPR & AR eifﬁ r’é%?‘sg”éo |f1Li|S:|tl|n Cg{%hagf%ﬁcgf etshe

encoded pr ailgé nin$evetdlondidd erRAt sgerddgianst epampaachesurheybeasi bl e.
Preferred is the hel per-independent replication deficient human adenovirus

5 system RFPECERYS 3)SHeds: FOF cRFMHel HERPORECRRGRT defoRber ReBge

transfecti a f i Sef NZYi VO ingle
i nt racorong‘ﬁ%/t?%}ugégﬁgﬁe%% gr g%r{qé) Sg%%ﬁég glﬂa%érl et eéﬂL 42‘9{2%A§ 1994)

Non-repl i cappe. r@amrrblhamB-eMmer%)I) ,vecher STHar prpaotiecul af | Heupetul in
transfecting, coro endot hel i a ytes_ .res ing_in _highly
ef ficient t‘?‘aﬂé*egﬁi%ﬂ ggg e Fu#méiogé% ?glﬁ njlg:lathc)c}rf SR gg%‘ré %FFE Yhe true
for transfegotdmerdesi r(BQnéQE{:S et the.peringhai=d vasendah) Sysiensoihe

hel per-i ndependent replication-defective human adenovirus 5 system can be

used ef fectil@(y98d) t ranshect yeasdr geIpbt cefEAGe TETHRRSE di RFOFEFRE in
vivo by a s|nghg.{Ohr a¢0rQnar yp,lll ecyl of. Hagmong. £t fhaplave,gbse-shown

6975(1982); Silver et al., Proc. Natl. Acad. Sci. (USA)
81:5951-5955 (1%984)).

Translation of eukaryotic mRNA is initiated at the
codon which encodes the first methionine. For this
reason, it is preferable to ensure that the linkage
between a eukaryotic promoter and a DNA sequence that

encodes a VEGF-A,,,, VEGF-A,,, VEGF-A,,, or other 6b-



57 that such a delivery technique can be used to effectively target vectors
to the nmyocardiumof a |arge mammal heart. Additional neans of targeting
vectors to particular cells or tissue types are described below and in the
art. In various illustrations describ bel ow, reconbi nant adenovirus
vectors are based on the human adenovirus 5 (as described by MGory W, et

al., Viroloqy.163.614-617, 1988) which are m ssi,ng.essential, early genes
fromthe a‘agﬁb%??ﬁs%éggo%o Teadl 1% %1”29 ]l%??faﬂagé?’@%:ﬁwgr etfrbe??ci#rabl eto
replicate ggkgsfofr 8¥Atan PAAYI S5t & &idg |dd@shd Rati P oy decdhig,1d ssing
gene products in trans. In pllace of the m ssing adenovirus genomnic
sequences, 0§ eneeddage ofmétihioriie cah. de, cRed anthexpressagte rof
tissue/cells ignf ected with the regéi cat.i_on- d%f ect itve adePovi gﬁjs.. Al t hough
adenovi r usSBSRe FOGERE tTHTYeT LR R0t yeheFRFIG EAERUITE i A STUHI

integrati opreteihe(if asoen® idddent he hastneengne ££888ngheRafe 196,
adenovi rus-nedi ated transfections result in transgene incorporation into

host DNA), fatessampds /v E&&eoNEGFMP be RI¥Fagat @elino hegaueree?) &¥d & ransf ect
non-replicating. ok &bt r ene. | of ed to

daught er cg{t%@g %ﬁ#sélrg suﬁf%lf)l Qlo‘?g!rh%rgﬁjmé tcrac%?og} gLrs t%ogdlurll Ba?:é;r%‘%ec

myocyt es, wbadingofrate and, ey ediawipde., Bher YEGFUR,.yestotsiprovdiley st abl e
gene transfer, and high titers are now obtainable via retrovirus

pseudot ypi AEILBAFRL: et al., Proc Nat'1l Acad Sci (USA) 90: 8033- 8037,

1993), but curtgnied G fde YREFO!Sual & 9onlid | woRabhe {angl flicient |y

transduce nonreplicating cells. An advantage assoclated with nonddi vi di ng
cel | s suchopsrapbyyt ésnkedt hpromhtevi r mkyvebeor ingnoghuaeghdiintd di | ut ed
out” by host cell gi Vi si}é)n. To. further ]gnhange t he .dur at,i on _of transgene
expr essi on* PR*PHhE he 11O 2 Y HonlTer SWFET YR 4F s § SiussTBIFE o Bfipldy

vari ous sefibfidepEi€atinhg ONEEOY | ENF) st sld hathidy endptdy Hleanske E4

del eti ons, which can be used in conjunction w_.th cyclophospham de

admi ni st rafi oARE3EeMosegulepgr, offoge, PYRESEabNY ' £ ALRFeStiCoOVISA)t 92:
1401- 1405) 1995) ay TR HELDE! | BEEGAse LhenKARlulkd Nitd naa0a.1d ansfer,

mul tiple infusions, or infusion in an isolated coronary circui't can al so be
enpl oyed. of autonomous replication, the expression of the 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 that 1is capable of
integrating the desired gene sequences into the host cell
chromosome. Cells that have stably integrated the
introduced DNA into their chromosomes can be selected by
also introducing one or more markers that allow for

selection of host cells which contain the expression

vector. The marker may provide for prototrophy to an
auxotrophic host, biocide resistance, e.g., antibiotics,
or heavy metals, such as copper, or the like. 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.



Human 293 cells) which are human enbryoni c kidney cells transforned with
adenovi rus E1A/ E1B genes, typify useful perm ssive cell lines for the
production of such replication-defective vectors. However, other cell |ines
whi ch all ow replication-defective adenovirus vectors to propagate therein
can al so be used, such as HelLa cells. 3ghe reconbi nant adenoviral vectors
based on the human adenovirus 5 (Virology, 163:614-617, 1988) are m ssing
essent i al ARflv: e STORLADE gPOVRIS 0SEOMRebuodal Ly EIHLELR, and are
therefore unable to replicate unleSs grown I n perm ssive cel I nes that
provi de tteyntitesiigy génesinmalkictbain foiadsng popbdaein ohRNAe N Blsé sy
adenovirallgsnonic seguences a.transgene of interest can be _cloned and

expr essed §YPNE S e/ BEY] s 1RFEMERd RPLACEhe HiEatst i oRS detiedilentas

adenoviru ggb, enQu Rased fer es in
integrati Zcrfagigét% tr%sgg\ﬁgﬁto t'he os?ﬁ%éelﬁ%he (al%gss a“r\{lg?élqoén
adenovi r usnegiaised tr adectexpressdsm t ventbransgaserpocat pagatswch i nt o
host DNA), .and therefore.is lr11ot Séabl e, a&enovi ral vectors can_be
propagat e 35 Gh 1RFrdanbReFandeEct e r R PRaYARy: MP1ec- AFehbugh the
transgene g notz passedss9) daughter cells, this is acceptable for gene
transfer to adult skeletal nmuscle and cardiac nmyocytes, which do not

di vi de. RetroviThe véatgesyaeasi deusiabte @gatigl t rmobéeule Sanandoéi gh

titers are _now obtajnabl.e via_retrqQviLus _pseudotypin Burns, .et al., Proc.
Nat | . Aca&n(éq:%PO'%%lS%\?, 13‘5:080%3-828§?,1d1§§g)\,’“5%i g’ﬁ??@%t SRR r%’% vectors
are unabl endtoridmnsslugeplapaepbncal ntheetésipadutt hekel et ahynuscl£ and

cardi ac nyocytes) efficiently. In addition, the potential hazards of
t r ansgene WHRSRFEREVOf n'Y8CEO%E PRIA AP ceTBLOVERAr BT cbDi® REHRPPSE er m gene

transfer i ssufdisiopt imk)@)%‘za?.’ce mec@ir@pk%ﬁlﬁt%@gﬁﬁfgsﬁmt a

limted duration expression of an angl ogenic cient for
subst ant i alr aniralevesitor amtcludmsi ehhegeneet vardf erhifar cecitpoemtscul ar

203 col | . ESMEN A h G br YO CURFOREy T | 4 1 AREPEPIERCTRE

adenovi r ussdl¥tddB geBRS thiogel nedigdiatt RIS SIVECKId ndteSontRIERVEr,
other cell lines which allow replication-deficient adenoviral vectors to

propagat e Ber 8 Ft@En bBeuSeFPeto R IARRYSS £oft iR coRrfi Aaarh kel nd%e r al
Vectors A]%%ﬂeé}ﬁviﬁaé é%‘iitqrc%llé%e%ds'l tffs RRsandy | fyve '%é‘sf?ﬁb?
y ot e i be

constructe e resclie reconbi nation techni que descr in Gaham
Vi ro3ogy, tk63&ldbb4 7ol IshutBrliedf Ibhe tvexttoransgewesnfhostt exeblsisf cl oned
into a shujt vector_that contains a pronoter, polylinker and parti al
f1 anki ng RATAT SRGG&SFEes from which E1A/ E1B genes have been del et ed.

As the shuttle mestofrefl auladyAGc Elasticly,ideBideld- 637, etQ88)e(0r an
anal og) which encodes portions of the left end of the hunman adenovirus 5

genone (ViBRY ogyfaceédigrd- B0, 1988} CHPRuS Yt @ar Y9 pLBEei i Féhrc o ng El A
and El B seqyenicegetNohcahRLSSeshER! pl QbmYaEah reeRld1qatirRkm a0 phasm d
ACCWPLPA (J.
art {(Botstein et al., Miami Wntr. Symp. 19:265-274(1982);
Broach, In: "The Molecular Biology of the Yeast
Saccharomyces: Life Cycle and Inheritance”, 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); Maniatis, In: Cell
Biology: A Comprehensive Treatise, Vol. 3, Gene Seguence
Expression, Academic Press, NY, pp. 563-608(1980).
A "vector" (sometimes referred to as gene deliverxry or

gene transfer "vehicle” ) refers to a macromolecule or



60 Biol. Chem, 267:25129-25134, 1992) which contains polylinker) the CW
pronoter and SV40 pol yadenyl ati on signal flanked by partial adenoviral
sequences from which the El A/E1B genes have been del eted can be
exenplified. The use of plasm d pACl or ACCWPLA facilitates the cloning
process. The shuttle vector is then ctiransfected with a pl asm d which

contains the entire human adenoviral 5 genone with a_length too |arge to be
encapsi daEeBP1emft P2 9BCd 8L ESCRAMREISTIAE | Bn PeANTHELeaRddet &® 9e cal ci um
phosphat espi eGERERALLOR Abski BOTLCLOMABI A SNl AueS 1155888 82, 1999).
Plasmd J encodes the entire human adenovirus 5 genonme plus portions of
t he vect opopkR322 eiotdldedi ng tihe gridviearedanpagi |donpriesd skanced{dg 3 kb).

Al t hough 7ML7 encodes all of the adenoviral proteins necessary to nake

mature vi FEAYERFE QlesiPiEreSt 1 48 P&RGe HEW5@PYencapSFeRER L RAUES ver sus 36
kb for w t I sl | Sihset tran S(1L88cue
reconbi na%?gngggmgﬁ ﬁ]ltsafgtalr a\?']sgene cgérﬁgl?n%%gg{iﬁgégﬁﬂgtg%% \(/e%(?of' such as
pl asnm d pAGknandssheigitashi dvhauseg t heAZWY j r e aadenovetabvbrgease such as

| asm d M 7 provides, a reconhi nant genqone that is deficient in the
D ELr Dl nerbRes S Akt e A o pemb I 5ot BRdsothat
secondar i jnY ch-eses el AdddnaRHe sSARRRAR HCheasathegPBEBZ2Z. spa4ENCES

during reconbination, thereby being Small enough to bé encapsidated. Wth
respect t® thelubuvdembiled, teucteswiafl rFeddlts Rmatdxsencreporied

G ord ., Ci | ation, - i d,
Qi RescoRr s gy et or Bomctinpen 1B0eE BREE"EnEE et ™
adenovi r usodOVESRl | gede ( Aellivelss. and128Ane18%presanoche usedchat eval uate

efficiency of gene tran\ssi‘ﬁr usin ,X—,g%l treat nent. 61 The initial node of
gene tranSFEFTHIES e ?aPeU‘E LEA8 a P TR e & AbVR. TARES B ant ages
of (hese ueshars hackuderhBeaalibhi 1y140cehd s ik LLbkgener 6oNe
transfer (nore than 600 of target organ cells transfected in vivo) , the
ease of obughniother giranpanents aineclevdks £iod ténanmid i t govponeese vectors
to effect ne transfer i l's.sych cardi ac y Lch do not

di vi de. TFggﬁe-lglprlclﬁl?%e Pg%ﬁgggés%fhel{%ﬁ%}elg}g ?‘n"se%@g% gﬁggx\@%ﬁ%ml at es

t he use otospldhernarggettHag nadedidlne byeddl-itywerey of t bésknansgeogfiato the
coronary artery, or fenoral arter'%/% pr _other localjzed_site for exanple,

but al so PABAISY)6f ITERIRERRCTRFE PREHBERFE. VR fisPhgtRE oV e 8%3hpl €,

tissue-spapichieG  r @R3E | Bl OBRE COBIIOI SGRAUSGAS Ok Haf t iMenheheul ar
myosin light chain-2 (M.CZ") or nyosin heavy chain (MHC) to_a transgene
such as t heceidrarizm gehetlhe t Pohynneledendei vatheansheueellt phhSHene

expression_i.S,li tqQ_Vv j.qul | ac e L Lcacy of gene

expressioﬁpg%ﬁxhe %ggho sspg%%#ﬁﬁi@édgg%%+%éaﬂggg%gcggcgggZ%*Egg?bronDters

with | acZahave beepodenersn nedat usiing denaecorbpnaatiaden®d r athsyst em of

t he present _invention, . Cardi agspecific expressign has .been reported
rovh ous) POy SRLAT - | ( FOG ol SO o ALESs /B P85 L0835, The

p

M.Cz" prompbflerss GUAY i=scEctlc2aBlbpanandrf béseonmiley marideira that

adenoviral -5 packagi ng constraints. The myosi n heavy chain pronoter, known

to be a vicger qes yseshoierdeliedt 0916 cFe G orEoprantildedhatr Bayenspken
alternativye c [ peclli 1S.C [ ; &ssuth 300 bp.
O her prou tea'g'g(‘,j?i %%h%g%%e%esqﬁ opg%"lr n- pér%crm%glr)c,ﬁ %ﬁ?%gé]ﬁ%gﬁz e??i caci ous
and suffi eeentdry. snmaEdch doespbesstshamn dok adeguded tasssaienspeckiiicity. By
using the M.C2" or . .

feature of the vector (such as the use of certain viral

vectors which have components or functionalities mediating

binding and uptake), or vectors can be modified to provide

such functionalities. A large variety of such vectors are

known in the art and are generally available (see, e.g.,

the various references cited herein).



62 MHC pronoters and delivering the transgene in vivo, it is believed that
the cardiac nyocyte alone (that is without concomtant expression in

endot helial cells) smooth nmuscle cells, and fibroblasts within the heart)
wi || provide adequate expression of an angi ogenic protein such as VEG-A138
to pronote angi ogenesis. Limting exp)i?ssi on to the cardiac nyocyte al so
has advantages regarding the utility of gene transfer for the treatnent of
CHF. By limti expression to . the heart, .one avoids the patentially
harnful effect %ﬁﬁfﬁﬁgﬁgs F‘?thﬁgﬁoﬁ%(r:a%rm%c%r?%sﬁ@’s’é%aEh FHER et i na.

I n addi ti gecciaiihie el dke idE i heaideditRE MRRMERIMAU! G1d Kelak &k ovi de
the | ongest transgene expression since the cells do not undergo rapid
turnover ; isx@ esstrah Wegtornor teheriafist-ddrediecectord pyeferlabdiwiasi on and
death as woul d occur with dotheljal cells. Endothelial-specific pronoters
are al reagﬁrﬁ\(j'ai Ivéﬁltgrf'or S KﬁFbBEe RRePeet 3 taT ?t%"?olv.ecé%,

265: 104463 1al990)a ddrddiedrasedr ithenbrdFe i agand dds the
treatment of heart disease, targeting the heart by intracoronary injection
with a hi yEERIEUIGHT {RECTEetDr aRbeseahty cprefigraed wvéralt meetdns

present | Y pIeigilicha %r%“?%ﬁ%hggi?ﬂ%e?%ﬁj ; bAldah Ao Lienaudd ups gt ors

Successful reconbi nant vectors can aque puritled accordl ng

met hods. ThaawesulRdtiy huinaal andc honshaman propal adest s 295 asd lssaddi ch
provide E|l A and E1B functions_ in traEs, to titers, in the preferred 101-1012
viral par MY esPHe Y Celtf'§ cahebemPhRaREed Braon cBtFI®ncel &nd

e s L S SN LS A L
adenovirus, it preferably comprises a polynucleotide
having a promoter operably linked to a gene encoding an
angiogenic protein or peptide, and is replication-
defective in humans.

Presently preferred replication-defective adenoviral
vectors have deletions that remove the E1A and E1B genes,
or have deletions that remove the El1A, E1B and E4 genes.

Preferably about 10* to 10 adenovirus vector particles,
more preferably about 10 to 10" vector particles, most
preferably about 10 vector particles, are introduced into
a blood vessel, preferably a blood vessel supplying the
myocardium.

For AAV vectors, the vector preferably comprises a
polynucleotide having a promoter operably linked to a gene
encoding an angiogenic protein or peptide, and preferably,
the gene encoding the angiogenic protein or peptide is
flanked by AAV inverted terminal repeats (ITRs).
Preferably, the AAV vector is replication-defective in
humans. Presently preferred replication-defective AAV
vectors have deletions affecting one or more AAV

replication or encapsidation sequences. Alternatively,

the vector can be a lipid-based vector comprising a gene



ultracentrifugation (double CsCl gradient ultracentrifugation is
preferred). Prior to in vivo injection, the viral stocks are desalted by
gel filtration through Sepharose colums such as &5 Sephadex. The product
is then filtered through a 0.3 mcron filter, thereby reduci ng del eterious
effects of intracoronary injection of 4ihfiltered virus (life threatening
cardi ac arrhythm as) and pronoting efficient gene transfer. The resulting
viral stocleresding i aal apgiabenicepriotetime oangepofidé0lad 0@zseiribkd
particles/id. The reconbi nant adenovirus nust be highly purified, with no
w | d-type Sritial | y replicative) virus. Inpure constructs can cause an
intense inmMmune r@sRONGR iveddty RAStn@ld®d - adf@MbDEsuPel Bbnehikk 8Y,
propagation and purification nay be conducted to exclude contam nants and
wi | d-type Eheusanstigt (exahps desriamarianarn) foue cewsfags ioacontienBNAS wi t h

PCR usi ng r L pr.ier conducting t rounds_of plaque
purificati %ﬁ&sﬁéﬁjﬁ% emagﬁé gt g’?%ﬁ‘fcﬁﬁgt P\gﬁé’ntﬁq f?@%ﬁﬁ?’gﬁ?a%ﬁehf’%omi nant
adenovi rus N also laﬂygaéﬁecbthi&u.@t%ﬂn oFPPLRREEaNel Ymehaed fil ter prior

to intracoronary injection Delivery of Reconbinant Adenovirus Vectors The
viral stoclkxanFEarmiatide f franstent ioq.ecte@niugrieharn at i pnotopiashi ng

phar maceut i ] v acc I L suc : i ne or ex I as
necessary. f'?%l'el Tnal %?"}et?:grx%g%?t%%%gééct o?a?ﬁl?% i n?gét ab?%gg;ﬁSpS%ﬁ on is
pr ef er abl y lidpafectriange ofalkiunl0khospletearpret sivht conal | dagetor
effective gene transfer. O t}_ﬁ‘rgo&ar maceutical_carrier s,%(%or mul atj ons and
dosages ar @I HEH B8 oW EAEG PR EATe riyF 318 F9E 1Ry a4 ubRet hd*&denovi r us

transgene comsd s erfRdigkenabhyadebiveradsbycdibachbs effalPbeacoronary
(or graft vessel) injection using standard percutaneous cathetér based

met hods unc@l¥ | Lorescuprh gdiesmade DN warwe®uwi tbufdhieci @hivet ocet be

t ransgene e exRf ed.to whi cheall o for highly.effective
t her apy. Ttﬁ:gql?n] ec?ﬁj g%"%sﬁ:&?l alarbtce&eorqr{élg%l%eﬁeppg it#ﬁ%%?ﬂmﬁe%égéﬁpgl cm
within the sullesiste |gwem iof 4 heelorones ynediwn) esh{6h geaéttyegsel ), and

preferably he nade in both coronarg arteries, By injecting the materi al
directly i tHETIhSF JEStRE -CORERARY Er FEAY Shy ESPEREFYOBarherBfs, it'is

possi bl e t @icH&elgdde maereut @i Herr&ddrd i Melohe PYOERUTIN Hz@ kpss of the
reconmbi nant vectors to the proximl aorta during’injection. The vector

stock, prefadbiiedolEEF ni ndhis Wa-t3ipe plegs, imaytlbe tnposfedmgdeply

intothellérr]gaﬁ f.on b ronary erl gL af pr ably
into both the rlgg#[? %#’3{1 e% h%%@o%ﬁﬁaﬁ%r%%@?%g%ré?t E?é:’seaﬁg&g%ef erably
i n an anourdo ofdilfflexerfifikte r dlifopar exehpdeas tet erdmbedshyaspbncabf
densitonetr, nore preferably 1011- 10" viral rticles S referably
101 2 viral T?‘i?%’&}“?acﬁﬁi selcf TP a5 e o':ré)‘@r%b?%st}lﬁ%ggf]t(?i)ans ection
of a desiragheberopf i ehbss i 36 pastidld Yortarshmcayesyseto EBrihenaf fected

myocar di um wi t h angi ogeni c protein- or peptide-encodi ng genes, thereby
mexi m zi ng REREEPRUPEC 11T | BERSERE dBNETEHLSRsf er TRENd"TSthi RFERgTed

undesi 1 abl &0l CORNEYS BhoSX! AR thithi & K8 AN P eI hichi Of an
inflammat ory response to viral proteins. A'ventricul ar myocyte-specific
pronoter may be Bismibctfiom exdnpltée t stabder ekbyansdlelctantsressiagn bemted to

angi ogence 2 SHHLERS F¥e ¢ FEELEE IR ns The RBATLECTHITS G411 98ry of

]Egre trggsg%éﬁkﬂaﬂé caatt e ngayi €185l dulkdir R et B8R BXRIRESHON i N,
such as pCEP4, in which the coding segquence for the 6b-
modified VEGF protein has been cloned into the multiple
cloning site. These expression vectors contain a promoter
region, such as the human cytomegalovirus promoter (CMV),
that drive high-level transcription of desired DNA

molecules in a variety of mammalian cells. In addition,



exanple, the cells of the left ventricle. It has been found that gene
expressi on when delivered in this manner does not occur in hepatocytes and
viral RNA cannot be found in the urine at any tine after intracoronary
injection. Any variety of coronary catheter, or a Stack perfusion catheter) .
for exanple) can be used in the present_ invention. In addition, other
techni ques known to those having ordi n%?ry skill in the art can be used for
transfer of genes to the arterial wall. Cinical A-nlications Stinulating
angi ogenesiiEse WRFHRFS CRFRHAf ehiesy fde thbe| sediect immpodfngelldst i de
codi ng for P \ , G her. Sh-nodi fied GF
protein na%/ﬁ%%ﬁg\%ggwe %g;%%%rg}{ges%\ﬁl S‘ﬁ%l%éu% oggar%glteﬁreaﬁp' i n¥Ee

"I ntracor arelectsbbe Tnarkker iof Ehér pbEast vecowh drasddds Sahnekegmes Bl ood
Fl ow and Contractilg Function in an Ischem c Region of the Heart”, Nature
Medi ci ne, BRAt 2CRBIEES ppesipranye By ImoBromyeini s ancoepebaléd herein
by refere : = A VEG-- VECGF- z, er_ 6b i.f i VEGF
protein s%ﬁlﬁﬁgﬁe%&%dﬁfgo%@gq s'glgr?fé% edclg{/t%}dgnotv? r lr@qvlect%glfas

di r ect i ng rexpresss Decoéd VECELAL138, VEG-- A162. VEG-- Al ez, or other

6b- nodi fi ed VEGF f{otei nincells of  the heart. This releasability is also
found in VEGF- A%l anbPYECEaN D SIARI ot R PFRAXFE 9 sBher typpsiassed

However , - 8 1haVEE K= ; o MEG; i -0 her. - i fi : protein
ot ast oy o VEGETATSI 57 VECF-A o6 C iRy TEe paFTe |50 SeatetEoh, PEcw
mol ecul es readia, daéf deesribedr ddbaver,gaindnclotheel] i @@ llelisesnwadfabent bl ood
vessel s . Théa bog d VEGF- A138) .VEG-- A%GZ VE -A%ez r _other 6b- godifi ed
VEGE prot @TPHE e BY owfyPPRdihd Yt ete T Hi Y ol%ﬂg?ﬂbe%e angrfgeni c

ef fect as exgpedetohoof B YECmOAiZ!ied V@F-ﬁ«kéﬁeinﬁﬂ heha®é e ce1the ECM
bound VEGE-Al ae , VEGF-A162. VEGF-Al e2r or_other 6b-nodified VEG: protein
will be ackines BAY W9 |23%pperd e wRiMgAsyknews iad Meodrves$§ors during
the criti i od V, ratd UQL L i Sten of

bl ood ves%%ﬁého bﬁ%ngigggge en%géfgﬁg}gnadtis%@ re@%%{égggﬁ Slgr(lig?%'ge%?c growt h
factors . WeémtssrivBGFo# aalyEGE- Al 6z) VEG-- A182, or Other 6bnodified VEG-
protein will be nore effective than sone other VEG- forns as a therapeutic
agent to be used for induction of collateral blood vessels. These

advant agespgmdeett i EhTabombeR iHSFe Gh A deRe et iRAIAE £XPr essi on

vectors for gene therapy delivery of angiogenic agents Is considered. An
advant age of usPRg @E2REYVI Plis thdSed NVeatdOR 16 UeaPrdieiden VEG erdaral | v

saf e. Becapserihe VI \| 3e~ S /TR e gég%r - modi_fied
VEGF proteln na%:/l“ﬁa\%é%:%%é\rf?}fﬂg c ac}t;ﬂcetslgrﬁlbstl csﬁtlﬂegit VgGin itt(':{i(l?)1 cledr at a
sl ower r atphaomwmeseditals oompaisidri ge et b MEGof otherapkeyimayske nore

effective therapeutic agents conpared to the other, VEGF forns. Ball oon

angi opl asty 1%°4a THj 8Pt ?@gter?gzn{m?ﬁ R 7 HREPY LGP Eeds B P@h%loﬁvol ves
the infl atsimefaeikgl hagrulaa €éDUgpdohliBedayesaclid na Opdeieh® ®en the
bl ocked bl ood vessel. Unfortunately, this _nethod of treatnent frequently

results in 34IRYSEBTLRE eAdoFhERPREEIPRS i A eChd ViennémawWAY s Odf bl ood
vessel s. lﬁhé’é‘&ﬂgafeEBrﬁPBE&Erﬂoh“f:b‘n%i'%?nglnfg%éf'ngger\%p—l od vessels

causi ng a secondary obstructTon in a protess cC rest*®®hosi's. VEGF- Al 3e,
VEGF- Al sz. VEEGR AL B4 r oot behesbe hddiffiiedd VEEGF pproaeeénn may be enpl oyed to

i nduce proliferatiqn.of the endoﬂuel i cells located at, the geri phery of
t he bal | oon i ndt¥ed S EaH Sy o8P R he 14§ BEFPSuPface of

the vessel afbidt BofEY compound that produces the desired therapeutic
effect in a patient. For example, in reference to a
disease or disorder, it is the amount which reduces to
some extent one or more symptoms of the disease or
disorder, and returns to normal, either partially or
completely, physiological or biochemical parameters

associated or causative of the disease or disorder. When



67 nonol ayer of endothelial cells, hoping to restore the original structure
of the bl ood vessel. Adenovirus nedi ated gene therapy may al so be
applicable in this case as a nethod ained at the delivery of inducers of
endot helial cell proliferation to the |lesion created by the ball oon

angi opl asty procedure. The ability td¢dind to the ECM may offer several
advantages for this application. To prevent restenosis follow ng ball oon
angi opl astigedt o tnEesmpE U A dac heseataya bpatdratddted.s lan i smquossi ble to
deliver a protein, or, deliver an_expression vector which wll ﬁ%ﬁrect t he
expr essi o B‘?C%%@hta be ohetreer o ¢ t£ G4e GE FEatedroRoudPRgTIME bal | oon

that is n | n%llr{ i | i nhi bit
t he prol ﬁﬁ?g%?%ﬁpgf l%%% %ﬁ%&b&ﬁ?ﬁz’?fé& cel s&vﬁgﬁﬁlﬁ@\g eést ﬁée}%?jeopened

bl ood vesk@l mgrkgl mogeendmitriabdly delds tdwmrbdt mgildes dfhé hemawninded

endot hel i a% cells rmgol Eer ave a cggnce to re-grow. This can be conbi ned
with the Teli8FH°BFCa a BEBAR ofPRa VBEt of9SuchShg€a rk TefftS%denovi r us
whi ch wildsspeedrbhe weclr aMe ghetbarengdpt hebhalbeelktkayeheaHanever,
grow h factors such as FG--5, bFG- or HGF are also mtogenic to snooth
muscl e ceftandand wipyoge@dwee- t hei rTlpusl i f &oat i ogenehi therepyhe opposite of

the desir : S .ot her _ha are nerally specific for
bndot hel | BreEapFatigiaryy §2eelEpelchnBall 28,38 he! dn o PSR i 1 e
VEGF protenfifireyehe espécirakiy theebspresstbhsanantestet bogadsesafhits ECM

bi ndi ng properties. Follow ng application, for exanple, by infection of

adj acent @B| PROWPEhCEdBROHERANS 18nCoBPig e protein, direct transfection
with plasm d DMNAee i i, i ; i f.4 he
protein, VEG-A 398ﬁ€/%i&9:9A|§f§§mﬂf{/%%f:6% aergl,{ T%C;}Feo;y t?e%%g%ﬂ%gl}“‘??%%&\?é(}: protein
have the ponpaunde ©of dtheckonesearie apgliseatioBdexd rpaeddnt adepatd i x in the
bal | oon treated vessel, and thus prompte proliferation and re-growth of
endot hel i 8t t3FT8*% pEE?WCéT‘I g’f‘f‘les%cfﬁ'f easoftqen?aFééFBﬁérTﬂh%gas\fEG:- Al ae
VEGF- A, szox VEGEoAEBZ, @heOdeeired- eBdetted aMBECENRr 9Bt Nofapat DGl | ze and
concentrate in the very region where its activity is required, nmaking it a
particul arfyiket Fagt FOBPERRAr dut bl forPigrRl ki bt WS &P FESBENY4TAR Coronary

angi0p|aS%XtiénEé?qUEHéﬁyxﬁﬁfo%E%Bi?ﬂemeQ§P|Q¥”EH§eé¥: @B Abravascul ar
stent to help maintain vessél function and avoid restenosis. Stents have
been coat @denrthahepaidiseasepr eventotthennbozimalmt i $ucthe 3w @H=mel f or ned
by the stnt. nd li_al.l z8. 6 diftied VE rotein can be applied,
directly E%lﬁﬁgegfe%%?%bﬁ%ﬁh§lgigﬁggi%goghgggfnﬁagﬁ%86ﬁgﬁnﬁ?¥léa“protein
such as phadnsgsrteDhAimal sadadopet siSswEt iy hovss ,bdcapphh@dcdts f he stent
for direct transfectiogn of neighboring cells, using nethods known to those
of skill iri tRE® PFa_.%l‘VEG'—C-% ,elﬂfétﬁg—‘é%%azll_,y VEGEHA F | 3BTt et
6bnodi fi edr¥EEReBr Ot i1 that | shaArakdyr 80Pl | edeoboPiOiiced t hraugh
transfection, will enhance endothelialization of the stent and thus reduce
t hr onbosi BharwacedPeh63l saIENhePT apPIPRAL T A Hafierigs E0oPTt ABERE W h f act or
of the prééﬁﬂksﬁﬁ\i‘%&]} G A ?Prf?”éﬁf@é@iédfo@gdrﬁfﬂ@éf ﬁfozi O*Inéc{:ea”eat ment
of ul cers. ufcéris’in effect a wound residing 1n € stomach. It was
shown t haimangcedénlargronganisactanch ey dehehdect | Seitawle htotmeat nent of
duodenal wulcers, and that stabiljzation of angiogenic growmh factors may be
o nechani Sih B Sy, GIFROMS PREPahBE: FEeain SIS ShIcrar T 3 oduce
their bens&aﬁgqle effect st £3880rmSL; 8k B irfFasidieent erohagyrdffs
1106-1111, 1994). Since VEG- is an angiogénic growth factor that is very

st abl e ungbpuadd ¢l aondiei sgenti oy composition to reach a target

cell whether the target cell is present in a multicellular
host or in culture. For example, pharmacological agents
or compositions injected into the blood stream should be
soluble. Other factors are known in the art, and include

considerations such as toxicity and forms which prevent



69 enpl oynent for the treatnent of stomach and duodenal ulcers is
contenpl ated. The heparin binding ability of VEG-- Al 3e. VEG-- Al 6z,
VEG-- Al eZ, or other 6b-nodified VEGF protein which acts to preserve it in
an active state, and its expected ability to bind to exposed ECM at the
wound site, indicate that VEG- A138, MEGF-A 6z, VEG-- A182, or ot her

6b- nodi fied VEGF protein nmay be nore suitable than other VEG- fornms for

treating stomac n u Ul cer Tg_assi.st_i.n _un st.andi ng the
present | %\?gg{%ﬁ%ﬁi ?ﬁg %olia%%\ﬁ't;hg&tx%ﬁp &&< ?é”ﬁgnéltﬁdﬁ%tt' describe the
results of a sameescDhigx@ecbipolbstidhe experldeNtse r ebahhlgcbg 4y S

i nvention should not, of course, be construed as specifically limting the

i nvent i on PhdgmarentiFalky opsceptahéei wads one - Bow lewih eddigtian

devel oped, iGgh e w_ thi e r\J of on il isn, .t art are
consi der etfat\ygslsal Y\Q{/{m&?ﬁ?n \tgﬁe %%5{%% o&l‘te\r%%:gﬁventi gﬁgg?aggg%ﬁc@elg her ei n
and her ei rafdepit a@lad nedl ¢ SBMPITor - thikdpacaliten aef thendeRies taticd gzequence
coding for VEGF-A~ At least 5 differentially-spliced VEGF-A isoforns exist.
These i nclakide/hicir-they 1arg 4admipEstaped andihoepremesarigor €1 susid Houck

et. al. C r{inol " - 4 P ; et. al.
(1997) ngjf%%a)s o'\%lrgl %‘%‘g’éll ‘Egge%]{é%gs’?%”g%%ﬁ?} 3_3%5‘%_@%1%% .aqgﬁ%ﬁ’%e of

t hese, VEEReAZblygiHomlkcleemiadl ¢H&Bd49tdl steitsarofnther icooipogy. ti(c?) :

1806- 1814, .i.ncludes _an exon den%t ed _as 6b, The proposed nane, VEG-- Al 3e,
reflects tHE M MpoRHSEHOPS h&RFr oCRERRY F1o? oréﬁ%i RSP be BB8 ani no

aci ds in IAREHk1 oIS ret eetes aERampPEOYEf figerhheatoreblYohison of
VEGF- Al 3e- I'n one strategy, VEG--Azo6 is cloned, and exon 6B is generated

by pol ynefihysisedi proper g ting YdeCRpwerdng Sheomg lstimgt epintt He

repl acene I,S [« I f, onpl enent.ar
ol i gonucl g)aﬁ%ggg Rani %%ﬁ‘gﬂ?\%ﬁl (Saayéﬂr '.lg*%%g%ﬁ%&to %‘\ggngeggﬂgg esalfﬁ-rg/ (erhg. I n
both strategigslifeontd | Sacilitetle i tHeheadministrat eenansif clhargedack in

at the last step . Exon 8 can be_generated by PCR or by synthesis of
conpl ementCERFHSIFMRPR 0P F delke 4R hesis of Exon 8 is described. Those of

ordinary kil giadifdid s bl 1y undeesbaggybowshq appl yntliggbcaghings of the
invention to the construction ‘of VEG--A138, VEG--A162, VEG--A182 or ot her

6b- modi f i ediditotsl n, sadicRg theBe omsandbegeus cenrtakgieg. AulBadiey~rouad
Inforrmt'(ﬂydrochloride, phosphate, sulfonate, sulfamate, sulfate,

acetate, citrate, 1lactate, tartrate, methanesulfonate,
ethanesul fonate, benzenesulfonate, p-toluenesulfonate,
cyclchexylsulfonate, 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, 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 medium in
which the salt is insoluble, or in a solvent Such as water

which is then removed in vacuo or by freeze-drying or by



1. Sequence of VEGF-A195 (the sequence is shown wth flanking BanH sites;
the insert is cloned into the Invitrogen vector, pCRII). Exon 6a is shown
in bold type. GGATCCGAAACCATGAACTTTCTGCTGTCTTGGGTGCATTGGAGCCTTGCCTT
GCTGCTCTACCT CCACCATGCCAAGT GGT CCCAGGCT GLACCCATGGCAGAA

GGAGGAGGEECAGAAT CATCACGAAGT GGTGAAGT TCATGGATGT CTATCAGC

GCAGCTACT GOCAT. CCAAT CGAGACQCT GGT GGACATCT TCCAGGA
TCATCACAT CCRETARA T1E CARAORFOST GPET EELEET CATEBLATERE; another ion on

GGGGC: TGCT GRANT GARGACOSGE TSR @%CTGL\GGL\GTCCAA
CATCACCATGCAGATTATGCGGATCAAACCT CACCAAGGCCAGCACATAGGA
GAGATGAGCT TCCT ACASCACANCANA BTG FRCAGREGAANASDABEATsed to facilitate

AACCAAACCCAREAI R LR AT ATOCT GBREATAT GHOABAR © ©f carriers and

GCCGAGCCGCT&AT (P EAATEASEATECcd 1 chafiueneBonhtbhe cBapliant Bl siasset t e
(Exon 6b f rom VEGF A206 )

GTACGT T GGT CECErTECHEPET AA FECHC PFEGAGRITEECT GRNGNSSRA, BOr Stevstrsse ,f vy
subel oni ng:  YECE- 4¢3 PEANIALH LYy g@gvgagﬁgggagingg\g%egtg%@ﬁa of -

EGF- A195, w an al Ternat'i ve "éxon Ted onl y

in VEGF- AZCB;thepoegatBylmetgepﬁc@Ise arld pEEAEIAlRy oSl 1e- é&%ﬁ‘ilﬂémt ation
in VEGF-A 95 that will _allowrestriction inmediately 5 of Exon 6a (i.

bet ween nucFebYERES - 43EN@NEOTRGY 1t TPRS %t%allﬁfﬁ%qtll%&leaft@nmﬁ)lﬂl@?te

can be administered by different routes including
intravenously, intraperitoneal, subcutaneous, and
intramuscular, orally, topically, or transmucosally.

The desired isotonicity may be accomplished using
sodium chloride or other pharmaceutically acceptable
agents such as dextrose, boric acid, sodium tartrate,
propylene glycol, polyols (such as mannitol and sorbitol),
or the inorganic or organic solutes. Sodium chloride is
preferred particularly for buffers 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
Pharmaceutical Sciences, 18th Edition, Mack Publishing
Co., Easton, PA, 1990. BSee, 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. 42:2S5 (I
288) . A suitable administration format may best be
determined by a medical practitioner for each patient
individually.

For systemic administration, injection is preferred,

e.g., intraperitoneal, subcutaneous, intrathecal, or



Nucl eoti des 437 and 438 will be converted, by sitedirected nutagenesis from
Adenines to Thymdine. This wll change the existing sequence from"™

AAAAAT" to " AAATTT" . (Apo | cleaves the site " Pu\AATTPy" ). 2. EXxcise
Exon 6a and Exon 8 by restriction endonucl ease cl eavage of the
site-specifically nmutated VEG--A 95 witdy Apo | and EcoR5. EcCOR5 creates a
blunt end in the vector, 3 of the VEG- Insert. 3. Renove the Apo | 5

over hang by. di ' ] an I 4, _This wi| te
R e e R e e A
the repl acetient ewmoantsee " 2. " formbduerdby iPCR ¥im YEGEoAdEBo8E, by

synt hesis of conplenentary oligonucleotides. a. For PCR__the 5 oligo would
be: (n) 6t adipkeaRrceecebyatrlotisad lo|sywaih e feutfers such as

ACCT CGGAGG%EHH%g&f&E P&z@%icl)eﬁinb@?eéc@é?ul:%ﬁ?r SafERLESEILAYC! Rt des

whi ch conpri se - A sequence.
compounds of the invention are formulated in one or more

excipients (e.g., propylene glycol) that are generally
accepted as safe as defined by USP standards. They can,
for example, be suspended in an inert oil, suitably a
vegetable o0il such as sesame, peanut, olive oil, or other
acceptable carrier. Preferably, they are suspended in an
agueous carrier, for example, in an isotonic ﬁuffer
solution at a pH of about 5.6 to 7.4. These compositions
may  be sterilized Dby 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 buffering agents. Useful buffers
include for example, Goodman 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 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. An
inflatable balloon catheter with VEGF-3,,, protein coating
the balloon may also be employed to deliver the substance
to a targeted artery.
Alternatively, the compounds may be administered
crally. For oral administration, the compounds are
formulated into conventional oral dosage forms such as

capsules, tablets and tonics.



72 Lowercase letters represent nucleotides added to create appropriate
restriction sites for cloning. The PCR product wll be endonucl ease
restricted with SnaBl (cl eaves TAC/ GTA) and EcoRS (cl eaves GAT/ ATC). Note
that the 3' oligo does not include the nost 5 nucleotide from Exon 6b.
This nucleotide will be added to the BXon 8 thereby conpleting the

requi site.sequence and preserving the proper reading frame. b. |If the
repl acement exorPYisE efice @dMANdPhERESPReaT Iid 561 iR SPWI Frapemucosal

T8 1 ver SO e oriaT SRERTeL U1 ol CeAEASs "G o Rof IR0 LaF &t Eneal o,

they will beandonudteaseraesivdaszad om tirsneddriigl cadesnTAGHETMnand EcoR5
(cl eaves GAT/ATC). 6. After gel purification, ligate the replacenent into
t he truncaP&Petyanssr BPOFOPESRIA14SG. thRaebarpanst tophe- BrEBeateAtarfs Exons

1-5 and all gt e Dskodmiue] 60t deual, BXoR 8y ch S6Le§nlpsy pyoper

orientation by restriction mappl ng.
known in the art, and include, for example, for

transmucosal administration, bile salts and fusidic acid
derivatives. In addition, detergents may be 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.

For topical administration, the compounds of the
invention are formulated into ointments, salves, gels, or
creams, as is generally known in the art.

If desired, solutions of the above compositions may
be 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 of a wide
variety of pharmaceutically acceptable emulsifying agents
may be employed including, for example, acacia powder, a
non-ionic surfactant (such as a 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 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



8. Linearize pEl-5/6b. Endonucl ease restriction with Smal (cl eaves at

CCO GGG and Notl (cleaves at GO GECCEC). Notl will cleave 3' of the VEG--A
sequence in the pCRIl vector. 73 9. Cenerate Exon 8 by synthesis of the
ol i gonucl eoti de: AATGTGACAAGCCGAGGCGGT GATGAAT GAAT GAGGAT GCGGECCGCAAAAGGAA and
its reverse conpl enment. Those of ordi na‘,{fiy skill in the art wll recognize
that this exon may al so be synthesized Using preferred codons of the cel

type in which the transgene w,l.l _be expressed. 10. After annealing, add 5
phosphatesQﬁqqfﬁ%-%%I@%u%?e%??ﬁElQPﬁ séPﬁE§¢ LPg&PBT IR SPRiifdsivzed Exon 8
into the |inearifesd #sts RIF MPbiod? coadftd e REARE QheBbat kan by
restriction mapping and confirminsert integrity by sequencing.

be administered can be determined by standard procedures.

For use by the physician, the compositions will be
provided in dosage unit form containing an amount of
VEGF-A,;,, VEGF-A,, VEGF-A,,, or other 6b-modified VEGF

protein.

Gene Therapy

Nucleic acids coding for VEGF-3,,,, VEGF-A,,
VEGF-A,g,, or other éb-modified VEGF proteins will also be
useful in gene therapy (reviewed in Miller, Nature
357:455-460 (1992)). Miller states that advances have
resulted in practical approaches to human gene therapy
that have demonstrated positive initial results. The
basic science of gene therapy is described in Mulligan,
Science 260:926-931 (1993). One example of gene therapy
is presented in Example IV, which describes the use of
adenovirus-mediated gene therapy.

As another example, an expression vector containing
the VEGF-A,,,, VEGF-A,,, VEGF-A,;,, or other 6b-modified VEGF
protein coding sequence may be inserted into cells, the
cells are grown in vitro and then infused in large numbers
into patients. In another example, a DNA segment
containing a promoter of choice (for example a strong
promoter) is transferred into cells containing an
endogenous VEGF-A,,,, VEGF-A,,, VEGF-A,,, or other 6b-
modified VEGF protein, should such endegenous forms exist,
in such a manner that the promoter segment enhances
expression of the endogencus VEGF gene (for example, the
promoter segment is transferred to the cell such that it

becomes directly linked to the endogenous VEGF gene.



- EXAMPLE Il Expression of VEG-- Al e This reconbi nant VEG-- A138 cDNA i s used
to construct a reconbi nant bacul vvirus containing the VEG--A138 cDNA. The
virus is used to infect Sf9 cells as described for VEG-- Al ss bY Cohen, T.,
"et al. Gowh Factors. 7:131-138, 1992, incorporated herein by reference.
Most of the VEGF Al 3e produced by the 1hfected Sf9 cells should be found in

the conditioned dj \ thiLotreitol be .used to _dissociate. VEG-- Al se
dimers for puri Fﬁ%a@ggﬁ. %E&‘Bgl ‘E@i%mﬁ@;]?‘ﬁ gi}ley uﬁ&r °fi 8t ﬁéf"ﬂ virus _
hepari n- sephaseher YBerprotathudsng! itk fdiMdd@ceRkHbB H6818 aF &t epwi se
salt gradient. The reco"” inar.t VEG- A13B 15 biol ogically active and

i nduces t heEQFohi:f er ME@ T at.  hUVRGF k.| i @l otbel ddr-imesd fdedot WRSGH al cel | s
(HUVEC cel ls Q her 6 Lfied VEGF- A proteins.can _he expressed using
anal ogous %%E%ﬁ%f Or?% g%%ﬁ/ﬁ%u?jr/?{c F?Cojlool{ fmeoflaetciu(}r? Slogéﬁao?ﬂlél? f°Tel I's and
An4i ogenespsotl@iganf i ra t 8ahaVERET AL38nganRekRdUCRcANG QARNRRSIS g &1 vo, the
VEG-- Al 3e DNA is subcloned into the BanH site of the nanmalian expression
vector M RBUG4EAE Eife S sthif Qe deatimdetrhyt hegartedifiad proeging . Cel |
Gowmh Df .8, = 19 iLheq; S, e erej ference.
The M RB/ - ﬁ%eﬁgi%(ggné i s%aa%eec%gdl??tﬁg{zgglk%lqﬁ%n&%ér Cl@/dé\igy
derived cegyéne(atbelhplyl nastimgt dacsadehopiodycev¥Eter Al ds) .pedwi & abl e
cell lines produci ng_VEGF- Al 3e are isolated. The VEG-- A138 produced by the
marmal i an *REECIFREFiS JHETANR, active and is secreted into the growth

medi um The VEGEs %sﬁ%ﬂfe%%kﬁgr%3|&ér@%@deﬁpﬁﬁﬁe%i&%sékgiQ@%H bgads) and
the beads are inplanted under the skin of Balb/c mce using the nethod

descri bed bgtPbuhkeses, Weeccinta wirusabaddnmaistus,623e500288F¢cid99D, which
is incorporated herein by r.eference, Alginate pellets containing. the

ent rapped CafPs’art™tRRBved afi%r 8% e%%gs%g\ﬁ‘d %ﬁ%?%ﬁ?apﬁé‘d% Ters of
al gi nat e bpags1tenmkaiving VEoky Abd8uexdr st ik Xitdrsy as® shackeserdav t h

bl ood, while beads cont ai ni n&%&el | s transfected with vector al one have a

much | ower SEBHERFES of © bE 0 0 dSPHe PRSI & SGRBRE DAY N Chrdgni f VEEE T on,

pel l ets cot ai yRErVES; Ab380RhadUEHDRo8 Sk 8qaPRERT pPYEL: AOL B yaskall ar i zed
than pel let¥°contai ni ng control cells. These results are consistent wth
t he expectedrpehadi orldf parvastabar cd¢theis|vwiiartarirenwell known to

angiOgeneS£ﬁagE0ngkkeqe%acg%r.the art can be used to construct

recombinant viral vectors containing coding sequences.

See, for example, Nabel, E.G., Circulation, 91, 541-548
(1995), the techniques described in Maniatis et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory, N.Y. (1989), and in Ausubel et al., Current
Protocols in Molecular Biology, Greene Publishing
Associates and Wiley Interscience, N.YVY. (1989) .

Alternatively, recombinant nucleic acid molecules encoding
protein sequences can be used as naked DNA or in
reconstituted system e.g., liposomes or other 1lipid
systems for delivery to target cells (See e.g., Felgner et
al., Nature 337:397-8, 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 complexing the plasmid DNA to



?5 EXAMPLE 1V - Gene-Transfer-Mdi ated Anai oaenesi s Therapy Usi na VEG-- Arse
DNA encodi ng VEG-- A, 38 ) VEG-- A162 , VEG--A182 , or other 6b-nodified VEG
protein is used for gene-transfernedi ated angi ogenesi s therapy as

descri bed, for exanple, in International Patent Application No.

PCT/ US96/ 02631, published Septenber 6, 1996, as W96/ 26742, hereby

i ncorporated by, reference herein inits entirety. Adenoviral Constructs A

hel per i ndegggggghsreplsie%q;hdg?éggti %gﬂ}ehyggn‘lggl_eggvi £P§25 system may be

used for gehe-transfer. I'c acl d nol ecul e"Codi hg~fof "VEGF- A138,
VEGF- Al sa VEGF- A1B2iter satpérs6bfopdl f jede EFIMPf &t eddn NBy perebemed i nto
t he polylinker of plasm d ACCMWPLPA which contains the CW pronoter and
SV40 pol yad }fyFé‘E‘PﬁK $PYREF L RY IPKEH HPRAESaPL aBNAo¥NEGl EBEGBEAGEYSE r om

whi ch the n H ' f@r Mitak & Lcatio .been
tl ored TheE %I Ceitl! §88GSaN 22 aeRdds °?| {“\ég?g%{lﬁg%ifﬁfo I A
pl asm d JMLM. Rhi cBeddnt®i A9 X488 19808 .hutarr cadenornirialari: gese® wieh an

addi tional 4. 3'kg i n@grt maki n%eﬂ M7 too |l arge to be encapsul at ed,
Honol ogous TBEEARBYFECOMt Tt Po sul $ReY ncaBembyi FaFOIREEBRS WonEBeNi ng

the transgepgiig:theghspnce ofedHAEAE seqdgncesrAHldough thesesng

reconbi nants are nonreplicative in mammalian cells, they "can propagate in
293 cel | s whrshshatéobeeantr angtoenpdodiich & N BB exphresseddedothese

essential gen rroducts in trans. Transfected cells are ponitored for
ovi dence of TELPBRR: R SePREEt PRRPCAERSTREFS ok (1Rt oRdat oaybAr faF o
transfecti onarderi denfriderssuceesseéellseconbirpases, me@lHodgdiperAaiank :f rom
pl ates showi ng a cytopathic effect is treated with proteinase K 76 (50

ng/ M with Br8BeEgatdMndodeareisy | I ol sariel 0L 0 ISTA) WhE h 568PPer 280

m nutes, ph o o] extr t | precglRi Sugcessf ul

r econbi nant ggglraé %yﬁg% %gg%iﬁeﬁm%%eu(?%&prei' m%irjg f’%%‘gg‘e“%hn?‘ques,

15: 86872, 18®03) cdaedlleneBialy tD:2HS-GW ptiaan)er; ansl &bopotgadenyl ati on
sequences to.a

Lify t VEGF- A138, VEGFAI s VEGF- Al ez, or qther
6b- modi f i edw%glﬁr o‘f%rﬁsnﬁeei exBeradi erﬁﬁﬁﬁ ﬁ’l‘ﬁ?@f%e (@i‘ﬁﬁ?@nnrt&es,
15:868- 72, 1f@3padesi HBeEdst on€ONEIRdN hilidaneanihif ycadepoxir.al xgequances.
Acids Res., 15:1311-26 (1987)); lipofection/liposome
fusion, wherein DNA is packaged into lipophilic vesicles
which fuse with a target cell (Felgner, P.L., et al.,
Proc. Natl. Acad. Sci. USA. 84:7413-7 (1987)); and
particle bombardment using DNA bound to small projectiles
(Yang, N.S., et al., Proc. Natl. Acid 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 DNA into cells. The admixture of adenovirus to
solutions containing DNA complexes, or the binding of DNA
to polylysine covalently attached to adenovirus using
protein crosslinking agents substantially improves the
uptake and expression of the recombinant gene. Curiel,
D.T., et al., Am. J. Respir. Cell. Mol. Biol. 6:247-52
(1992) .



- Successful reconbinants then are plaque purified twice. Viral stocks are
propagated in 293 cells to titers ranging between 10l and 101 viral
particles, and are purified by double CsC gradient centrifugation prior to
- use. The systemused to generate reconpj nant adenoviruses inposed a packing
limt of 5kb for transgene inserts. Th 1 VEGF- Al 3e. VEGF- Al s2. VEGF- Al gz, or

ot her 6b-nodified V rotein genes, driven by the CW pronpter and with
the SV40 pol yade@ny@%ﬁz‘ﬁﬁ“ sc@&ﬁi’@ﬁgés ﬁ]‘%hv@?ltwq%%?%e”pﬁwwsw
constrai nt %ﬁew'e{a@gﬁg\éﬁpt Pher@if PLAAULDIALY ed by AR i o,

pr ocedur es. e resu viral vectors are propagated on 'S to
titers in tVWECHM,IQ1YEGFFA|,, paiRGRIAgs, ranget héel dls-modi £ dd ghrast ein ,80%
confl uence and harvestEd at 36-48 hours. After freezethaw cycles the

cel lular déB¥4 sCPLLipd| FaredUny EXRHEANd QEn(YSILRER i 3R dRECERbEF Ads

further purgfd ubl gnGsGl j e centri fugat (di ntinuous
1.33/ 1. 45 éﬁé%gﬂ?’géi gﬁt': i gj;eg%lar ggj’#]r‘?y IVt g%%?jm%nED@E%?gH 7. 8)

90, 000 ximrcdRpdrited IOSre DO xefet@®rine). ) . Prior to in vivo injection,

the viral stocks are d&s | ted by gel fiItrEti,Qn throug?} Sephar ose c¢ol utms
such as @25 SepHatleXSSThB sl t?%%evH%TS Tock™REBZa - En& RSS2 Fiter

appr oxi mat el ytiddhdend 04 - 1642iynrahcPed s i £668 mangeuldhentol/ a adanoviral
construct should thus be highly purified, with no wild-type (potentially
replicative)CeRe ustTIRFEehe IS cHRONMEINDdePErdOIRSG odenesirrA g eftthe

t hor acot omy_ | n hG..pi 40 59!1 der rile

condi tions ?%‘?(r?%és{‘?%ggt gt P%%@?hg%ﬁm}fg%dé%(%ale ) %Fi ﬁyl %b%stg%’f:'2644- 52,

and Roth, etTlaé. prddudl inmy limvastde 81p930ei9, PO eptCoddetRisi sdrsepl aced

in the left_atrium.and aorta, providi rig a neans to measure regional blood
tﬁ‘ﬁ"é’.i“ r

flow, and t'NRoRFt FNPpr &% aficed 13y @EdMiE % n t FEDEeff T anS % m t o

permt ECG é&@ofglangf%&(io%héhm iPACicia turelRl 100118 agBr ok | iplated
around the proximal LCx. After a stable degree of ischem a“devel ops, the
treat nent grdupnietsaveen agndggenaninal sconséeneralbhyt dere udemre G- Al 3e,
VEG-- Al ss, \4@% r - P i ed i [ by a
CN1V prom)t%ar. %ﬁ%}%ﬁ%}?gfrﬁgn%l%gs ggcg?g%g%gn%é/ ra%%ée)éﬂvé]t% iai na%%ewnlg:\% ral
construct thattangéudesehl r epor trevn-gares i fiac Z ordr reerednora GMA ittt er .

Studies are, initiated 35 3 _days ter aneroid, placenent, at a tine when
col | ateral %E%E?CHéQEFopHPﬁFiﬁnd%La’&‘i“ﬁ -Jr%dﬁﬁéa SfRAS oR™EPe B8l e

(Roth, et atellAfhrdughh¥BkOmeRBBand- d+2K9- L388cyi881 s, anthdRatdrefle al -,

Circulation 82:1778-89). Conscious aninmals are suspended in_a sling and
pressures febmnurlaidz paidnddiqH.e ahfitel &die ocdEaPdgsaim Bremr ¢éd ded in

digital forgat Q9L S during.atciak cpag QQ bpy .
Twodi nensi o%%qgﬁdhh%ngéggi %gg%’s“agrg‘é’ Sht atiBs os; ﬁ{} aaggvﬁ@&‘%q%dc%gd
ul trasound addgt hgnsympeamehbngéstheenvbiainedcidomed eciuglet ipdrcasttenal

oDp 02Ch 2ol LU RAMLAL P LSBT SERrag 0 ViR AR, | RS
factors for 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 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.



7s right atrial pacing (HR=200 bpm . These studies are performed one day
prior to gene transfer and repeated 14 1 days |later. Rate-pressure
products and left atrial pressures should be simlar in both groups before
and after gene transfer, indicating simlar myocardial oxygen demands and
| oadi ng conditions. Echocardi ographic neasurenents are nade using
standardi zed criteria (Sahn, et al., CPPcul ation 58:1072, 1978).
End-diastolic wall thickness (EDWh) and end-systolic wall thickness
(ESWIh) are neadir eBNPEBRYS REMEEHESAs ayeeadingnt aveér agedtoperkbafitnaal |

anal yzed WHROG g odUe o i CROJBE he SATalS VERT Pheet VBB To

denonstrat &, L,eproBGEHR| L) t yobf stheear el opo@phi €d Mewser enprdSeiani f@l s

shoul d be imaged on two consecutive days, show ng_high correlation
(rz=0.90; PpxoVadsy i35 whyighy§hgf meiclait or@igl medrehle wadueriaserisiner oi d
closure) b .rans : t cho .Qgr aphj j es are
pertormd SiPReoeRE BRTF, 1B0H RBEri SR8 FRRbuRL ) HaRA LAY G B O The
| eft atriumidenengpaiciifdlc pageng (28Rpbpakioht udhes @kt regegtidd 1l¥n 1 days
after gene_transfer. Peak ntrast intensity is neasured fromthe video

i mges usi ﬁ&tﬁrééﬁ'ﬂﬁ’t“@ﬁ- l?é’gg&%tdléﬁ‘ AR VIR PrQden (fbtef Negemper Nova
Mcrosonics, hrdbanapold$lidui@ngy ihatypspvides an objective neasure of
video intensity. The contrast studi‘es are anal yzed w t hout know edge of

whi ch gene the dmi ralls dhveheegeiecsdling coupbes i satofforid sthalg, ami mal s
are anesthetized and mdling thoracoto er.forned. The brachycephalic
artery is %é"&.l%' ¢d 2P ?Fﬁ%ef{lga?%ﬁg &tshé;thagr e\ﬂé’k@ﬁ#l?@’a‘bed. The
ani mal s r egeigienice! revenousediepar ithd 10008 | Hhyancdlapry edddee {8 1) .
Potassiumchloride is 79 given to induce diastolic cardiac arrest, and
the aorta €edesionsmead mosHfiirationre| toe?@e t9¥ oubh ehetlr astgeeptril ac

artery cannuy 1 . S ) b fum ng the coronary
arteries. élfut%g%aﬁglé:{%gdle@sag{ﬁi (L)gng(%?égﬁ/qégoé.ﬁigﬁéacodyl ate buffer) was
perfused (120 minHgapoeksur grafidnted hembeditmens , wel | méthed (CHD-dénen n).
The heart isa&hen renoved, tht;a gedg ident,ified “Si;E% col or - coded d%(?s

inj ected aftRGGERFES hFBuGET hECFERr ant' §FP6r TRREZTUTTRT ( LAS) , UT%Tt
circunfl exHey@in ndhsi gibplonesary aiteeiesacle yIRIAIE | Sequamtaed to

confirmclosure. Sanples taken fromthe normally perfused and ischemc
regi ons ar @hdich déd $3RaPIRi PESPEARSE REPIRESESY dithl VIR iEpi Ar @raNat hi r ds

are pl asti ¢zjgmggde, .ggllr%,g QP C n%k}éﬂ : i zapi | dary, nunber

i s conduct %él as pr e%?%u y glgﬁ b%%l1 t e?lgt&?légls?g%l ggﬁgttegp_ )Aﬁn%{n\].

Physi ol 35@end2@rencid0yenEouwhiem tis chitasdmeyeose deidtoings arda taken from
each subsanpl.e (,endocardi um and epi cardi um of each region) and

poi nt count iaﬁ’d’"lag‘ ‘used to deternmine capillary nunber per fiber nunber ratio

at 400X magnification. Twenty to twenty-five high power fields are counted

per subsanple. Wthin each region, capillary nunmber to fiber nunber rations
shoul d be iaftere ifPeRrRerReLHYARY €Bi Y&VBi um so the 40-50 field per

region shoul d beAvgeagedy | 0 ROl Loe §hRRSAMEAL LalddSfyrin i der
nunber ratio. To estTablish that improved regional function and bl ood fl ow
resul t frormhe dresmgete esgars spoafePARL gnth®ThOCRE maynbtudsng terdaéaect

transgeni ¢ VEG-- Al 3e, VEG--A 6z, VEG--A182, o ther 6b-npdified V
or ot o1 n DNEVERY ST 75 THOLST ol VIR PFofr aPRAFa: PHaf ARAGBSFelr The VEGFL36,
VEGFAl sz, VRGFvAIS2anar datrdeeit Hlprodht e6n VEEF thieOtaibrneptbasher . Usi ng
a sense priner to the CW pronoter . ) ,

Such production may be relatively constitutive. A variety

of different gene transfer vectors, including wviral as

well as non-viral systems, can be employed to deliver

transgenes for use in the present invention.

Preferred vectors for use in the present invention

include viral vectors, lipid-based vectors and other



80 ( GCAGAGCTCGITTAGIGAAC] and antisense priner to the internal VEG- Al 3e,
VEG-- Al 6z, VEGF- Al ez. or other 6b-nodified VEG- protein gene sequence PCR
is used to anplify the expected 500 by fragnment. Using a sense priner to

t he begi nning of the VEGF- Al 3e, VEG-- Al 6z, VEG-- Al az or other 6bnodified
VEGF protein sequence and an antisensédriner to the internal VEGF- Al 3g,
VEG-- Al sz, VEGF- Al ez or other 6bnodified VEG- protein gene sequence RT-PCR
is used tovampprsythae axpecapabiooobyddiiammime DRRnabl ppnudinidany ant i body
directed a ai\l/Est VEG-, 45 VEG-Al se VEGF-A%SZiWXEGF-AI ez, .or_other

6b- nodi fi edSVESE Bt of 2T R:  prict e Wi ehdhr BEST BhE Ry BE Sdefidhisk riESPY® hours as
wel | as ldpaitdausagiiper geepllicamrsberdeficeekl,e andyiygear dipgpdd,m ani mal s
t hat have received gene transfer with a VEG- Al 3e. VEGF- Al sz, VEG--Al BZ, or
ot her 6b- mbdnFilediveEcF fprotasiampen ereThic e} perde frfepiveleadenepl 1wt i on

cont ai ni ng SBEDBFs Sthceterdr PAROETRERE . 3T U0 oleBERRENT G puri 11 ed

and shoul degeef esmblpyceliitdion nandi | ey pen( rem | eales@mtCOoMPEd et dn
adenovirus. Thus adenoviral infection and inflammatory infiltration in the
heart are HKERILAF2EHONBPEERICEAMEng2ERBOWAY B | Aleqhiaxst byei nbrvesertlumen of
the coron r oronary catheters, it is possible to target the
gene effeg{nes\?gl g}.@éé\ﬁgﬁeg}él ivered in this manner there should be no
transgene expr egeferencelepaicaxytidsinaand vivatidA shbul stimat bgedeound in
the urine at_any tine after intracoronary injection. Injection of the

construct ﬁ;évﬁffypi‘fﬁtcﬁloﬁﬁsn@%dfﬁmfbﬂ“ Vi e 'rtq‘%‘P%so%fWI%\b@hcﬁ‘/ﬁ’ us) can
be perfornedelY Hair@GlH NY FuBhMotihato Jtth the Jafigande 54 aafmoronary
arteries (collateral flowto the LCx bed appeared to cone 81 from both
vessel s). aAnhewl sviral aventers zdducindaar tegieng- agscsde tadquviresas a t he
ri ght car ot y . .a S eath .S . | aced. A 5F

W't1 pur posiiYRy) Tp8ules el GPASE PLARRE R ReflETExe S ne
arteries. Ethetr emalcridieleeulaner odcmpkesxemnf | camably cont rasdidtimeti on

into the left main coronary artery.. The catheter tip is_then placed 1 cm
Wt hin thedS iBEFH) SFuRRO LR RRLE SR A net Fdtasts G s | 38t SPELE Bebr oxi
aorta duri gBokB] egh80Nin Thire PIAGRAUr ecESréakes ed vt 4 eagh £isd he pigs.
Once gene transfer is performed, three strategies are used to establish
successf ul CPAPEApEr RLIEH SPIPONHTESS IO fonctAengéabiepl1rhabnBurErRY r uct s
may i nclud rt e : ) ; di fr he I t beds
is sanpl ed?‘ogﬁg%i‘p'%mﬁe]%%gopgﬁég I paergcf)oorfnrggg?% (ltq# ntelsggpel’tﬁrerep%%nce of
VEGF145 pr otketrwized fi3)vRER bsnesédind geopett VEGF-tAl3he VECFGLIER.

VEGF- Al e2, ot .other 6b-podified VEGE protein. nd . The regional
contractil Eeﬁ&ﬁcti ong‘dagg 13, ﬁfneﬁow‘gﬁ?ﬁt%hd\mgg' o?f\aléol e’ﬁ?'@%f%‘now a
simlar degbapodenRacidigat NndHeRdetyef vagkian ior thardaahrrito regips before

and 14 1 days _after gene transfer., In contrast, pigs receiving VEG-Al 3e.
VEGF- A162, (VEGRUALES FOmRMENEBbaRti SENECE (9t ¥ t FAR%¥RT shoul d

show an in 1N : .. CKeRbRAehPst ¢ sghem i URENgLPaci ng,
denonstr at %F}D%%tﬁ%é%: QE%EERbQS “VEGE- %\165, gllS/aE(';‘F A, 82(3(}1%6?%??%5? 6%-%130& fied
VEGF pr ot eivecgementicdrsterncid aycbhdanedl w ¢dmpdreeritsy efaitonnf3ueasseci at ed

ith inproyed caontraction. in the [schemc region durin aci ng. .\l |
thi cken! ng PRAAEHEARIGS T8 { HRLERPEPOTE TT HE Fhtr bBRL FFEhT & ESpt un)
shoul d be pete dusidly RACIRERY weai{eciednbyl @ene1beanstetiodhe percent

decrease in function rreasureg by _ ,
and components that influence expression of the

polynucleotide. Such components also might include
markers, such as detectable and/or selectable markers that
can be used to detect or select for cells that have taken
up and are expressing the nucleic acid delivered by the

vector. Such components can be provided as a natural



82 transthoraci c echocardi ography should be very simlar to the percentage
decrease neasured by sonom cronetry during atrial pacing in the sanme node
(Hammond, et al. J. din. Invest. 92:2644, 1993), docunenting the accuracy
of echocardi ography for the evaluation of ischem c dysfunction. Although
preferred enbodi nents are specifically described herein, it wll be
appreci ated that many nodifications an84variations of the present invention
are possible in light of the above teachings and within the purview of the
appended clZgatuyg t bbuthdepactiony fsumh tdre Sp ruseanll cetréaded sicogk of t he
A purified I

sequence soUT T By VEGEYR BRBROTENSE Bh Fapat foie) teies mediading® o7 ¢

binding and uptake), or vectors can be modified to provide
such functionalities. Selectable markers can be positive,
negative or bifunctional. Positive selectable markers
allow selection for cells carrying the marker, whereas
negative selectable markers allow cells carrying the
marker to be selectively eliminated. A variety of such
marker genes have been described, including bifunctional
(i.e. positive/negative) markers (see, e.g., Lupton, .S.,
WO 92/08796, published 29 May 1992; and Lupton, S., WO
94/28143, published 8 December 1994). Such marker genes
can provide an added measure of control that can be
advantageous in gene therapy contexts. A large variety of
such vectors are known in the art and are generally
available (see, e.g., the various references cited above).

Additional references describing adenovirus vectors
and other viral vectors which could be used in the methods
of the present invention include the following: Horwitz,
M.S., Adenoviridae and Their Replication, in Fields, B.,
et al.. (eds.) Virology, Vol. 2, Raven Press New York, pp.
1679-1721, 1990); Graham, F., et al., pp. 109128 in
Methods in Molecular Biology, Vol. 7: Gene Transfer and
Expression Protocols, Murray, E. (ed.), Humana Press,
Clifton, N.J. (1991); Miller, N., et al., FASER Journal 9:
190-199, 1995; Schreier, H, Pharmaceutica Acta Helvetiae
68: 145-159, 1994; Schneider and French, Circulation
88:1937-1942, 1993; Curiel D.T., et al., Human Gene
Therapy - 3: 147-154, 1992; Graham, F.L., et al., WO
95/00655 (5 January 1995); Falck-Pedersen, E.S., WO
95/16772 (22 June 1995); Denefle, P. et al., WO 95/23867
(8 September 1995); Haddada, H. et al., WO 954/26914 (24



derivative thereof. 2. A purified pol ypeptide conprising an am no acid
sequence coded for by VEG- A exons 1-5, 6b, 7, and 8, or a derivative
thereof. 3. A purified polypeptide conprising an am no acid sequence coded
for by VEG--A exons 1-5, 6a, 6b, and 8, or a derivative thereof. 4. The
purified pol ypeptide of claim1 whereif®said VEGF i s human VEGF-A. 5. The
purified polypeptide of claim2 wherein said VEGF is human VEG--A. 6. The
purified pdlsrprsrel8P4dl aiPerIinhudern ¥ai ¢tVEGE i HOUABAOYESH- A267. The

Figure s, SR buE T TP bE ZBTYBentl B0 o el 2o¢aRsrhsi g CHESHRo aci d
sequence ofigggure 4.29.vdheeppridi ehdealowaeRs dpi1akbmslal Ma3eCOMRESI Ng the
am no aci d sequence of Figure 5.
available from commercial sources, including, e.g.,
Microbix Biosystems of Toronto, Ontario (see, e.g.,
Microbix Product Information Sheet: Plasmids for
Adenovirus Vector Construction, 1996).
Additional references describing AAV vectors which
could be used in the methods of the present invention
include the following: Carter, B., Handbook of
Parvoviruses, vol. 1, pp. 169-228, 1990; Berns, Virology,
pp. 1743-1764 (Raven Press 1990); Carter, B., Curr. Opin.
Biotechnol., 3: 533-539, 1992; Muzyczka, N., Current
Topics in Microbioclogy and Immunology, 158: 92-129, 1992;
Flotte, T.R., et al., Am. J. Respir. Cell Mol. Biol.
7:349-356, 1992; Chatterjee et al., Ann. NY Acad. Sci.,
770: 79-90, 1995; Flotte, T.R., et al., WO 95/13365 (18
May 1995); Trempe, J.P., et al., WO 95/13392 (18 May
1995); Kotin, R., Human Gene Therapy, 5: 793-801, 1994;
Flotte, T.R., et al., Gene Therapy 2:357-362, 1995; Allen,
J.M., WO 96/17947 (13 June 1996); and Du et al., Gene
Therapy 3: 254261, 1996.

Additional references describing non-viral vectors
which could be used in the methods of the present
invention include the following: Ledley, FD, Human Gene
Therapy 6: 11 25-1144, 1995; Miller, N., et al., FASEB
Journal 9: 190-199, 19%5; Chonn, A., et al., Curr. Opin.
in Biotech. 6: 698-708, 1995; Schofield, JP, et al.,
British Med. Bull. 51: 56-71, -1995; Brigham, K. L., et
al., J. Liposome Res. 3: 31 49, 1993; Brigham, K.L., WO
91/06309 (16 May 1991); Felgner, P.L., et al., WO 91/17424

(14 November 1591); Solodin et al., Biochemistry 34:



84 10. A purified and isolated nucleic acid nol ecule coding for the
purified polypeptide of claiml1l. 11. A purified and isolated nucleic acid
nol ecul e coding for the purified polypeptide of claim2. 12. A purified and
i sol ated nucleic acid nol ecule coding for the purified pol ypeptide of claim
3. 13. Apurified and isol ated nuclei; cid nol ecule coding for the
purified polypeptide of claim4. 14. Egurified and isolated nucleic acid

nol ecul e codin? for the gurified ?I ge tide of claimb5. 15. A purified and
'S0l at ed nbePelclacth mbPSeul 8 cBU hY F Br (LAOBGPPFFodSBa) ypBEPRIETar cl ai m

6. 16 A puillieh agdibsghateddipien! | 4o it eenl e, £odi RY J O phgRuri i ed
pol ypeptide of claim?7.

5,264,618 (November 23, 1993); Epand, R.M., et al., U.S.

Patent 5,283,185 (February 1, 1994); Gebeyehu et al., U.S.

Patent 5,334,761 (August 2, 1994); Felgner, P.L., et al.,

U.S. Patent 5,459,127 (October 17, 1995); Overell, R.W.,

et al., WO 95/28494 (26 October 1995); Jessee, WO 95/02698

(26 January 1995); Haces and Ciccarone, WO 95/17373 (29

June 1995); Lin et al., WO 96/01840 (25 January 1996).

Helper Independent Replication Deficient Human Adenovirus
5 System

In general, the gene of interest is transferred to
the heart (or skeletal muscle), including cardiac myocytes
(and skeletal myocytes), in vivo and directs constitutive
production of the encoded protein. Several different gene
transfer approaches are feasible. Preferred is the
helper-independent replication deficient human adenovirus
5 system. Using this system, Giordano and Hammond have
demonstrated transfection of greater than 60% of
myocardial cells in wvivo by a single intracoronary
injection (Giordano and Hammond, Clin. Res., 42:123A,
1994). Non-replicative recombinant adenoviral vectors are
particularly useful in transfecting coronary endothelium
and cardiac myocytes resulting in highly efficient
transfection after intracoronary injection. The same will
be true for transfecting desired cells of the peripheral
vascular system.

The helper-independent replication-defective human
adenovirus 5 system can be used effectively to transfect
a large percentage of myocardial cells in vivo by a single

intracoronary injection. Hammond, et al. have also shown



17. A purified and isolated nucleic acid nolecule coding for the purified
pol ypeptide of claim8. 18. A purified and isolated nucleic acid nol ecul e
coding for the purified polypeptide of claim9. 19. The nucleic acid

nol ecul e of claim 16 having the nucleog%de sequence of Figure 3. 20. The
nucl eic acid nolecule of claim17 having the nucl eoti de sequence of Figure

4. 85 21. .The nucl ei cid nolecul e of clai 18, havi ng the nucleotide
sequence thﬁFgﬁPg%S? §§ilxeﬁyrFFF LENE IS0 EediSRGC S fé@FﬁlﬁﬁhXCUIe

tC(k)lce“r ng for +arie? Q@icedirky tactinte RNt FVECT AR matimad Geki¥ati ve
Additional means of targeting vectors to particular cells
or tissue types are described below and in the art.

In various illustrations described below, recombinant
adenovirus vectors are based on the human adenovirus 5 (as
described by McGrory WJ, et al., Virology 163:614-617,
1988) which are missing essential early genes from the
adenovirus genome (usually E1A/E1B), and are therefore
unable to replicate unless grown in permissive cell lines
that provide the missing gene products in trans. 1In place
of the missing adenovirus genomic sequences, a transgene
of interest can be cloned and expressed in tissue/cells
infected with the replication-defective adenovirus.
Although adenovirus-based gene transfer does not generally
result in stable integration ©f the transgene into the
host genome (less than 0.1% adenovirus-mediated
transfections result in transgene incorporation into host
DNA), adenovirus vectors can be propagated in high titer
and transfect non-replicating cells; and, although the
transgene is not passed to daughter cells, this is
suitable for gene transfer to adult cardiac myocytes,
which do not actively divide. Retrovirus vectors provide
stable gene transfer, and high titers are now obtainable
via retrovirus pseudotyping (Burns, et al., Proc Nat'l
Acad Sci (USA) 90: 8033-8037, 1993), but current
retrovirus vectors are generally unable to efficiently
transduce nonreplicating cells.

An advantage associated with nondividing cells such
as myocytes 1is that the wviral wvector is not readily
* diluted out” by host cell division. To further enhance

the duration of transgene expression in the heart,



23. A purified and isolated nucleic acid nolecule coding for a biologically
active fragnent of VEG--.A182, or a derivative thereof. 24. A purified and

i sol ated nucleic acid nolecule coding for a biologically active fragnent of
VEGF- A16, or a derivative thereof. 25. An expression vector conprising a
nucl ei ¢ acid nol ecul e of any of clains -24. 26. The expression vector of
claim 25, wherein said vector further coOnprises adenovirus sequences. 27.
The expression vector . of .cl ai

26, _wherein said nucleic arid is operably
linked to a Pronbier s qdﬁ%cgg%&ﬂp?§§%§i?ygoiﬁmﬁiﬁﬁn¥@rkﬁﬁ%tﬁé %Wfpells
28. The exprRsiH ot Mt Q8eA6GRLUENG/dd: Rl thad, h¥bEr @ rSaid §XRM §asi on
vector is an adenovirus vector. 29. The expression vector according to

claim 28, wieelsitiang.d veioh fgarherbeonpsédesin paecnjahchdenoviwigih
86 30. .A kit for

seauence 11 Al L ERSORIER RN G DS el St B8 20 A

VEG-- A162, @irodEGFhgE'l Acad Sci. (USA) 92: 1401-1405, 1995). To
further increase the extent of initial gene transfer,
multiple infusions, or infusion in an isolated coronary
circuit can also be employed.

Human 293 cells, which are human embryonic kidney
cells transformed with adenovirus ElA/E1B genes, typify
useful permissive cell lines for the producﬁion of such
replication-defective vectors. However, other cell lines
which allow replication-defective adenovirus vectors to
propagate therein can also be used, such as HelLa cells.

The recombinant adenoviral vectors based on the human
adenovirus 5 (Virology, 163:614-617, 1988) are missing
essential early genes from the adenoviral genome (usually
E1A/E1B), and are therefore unable to replicate unless
grown in permissive cell lines that provide the missing
gene products 1in trans. In place of the missing
adenoviral genomic sequences, a transgene of interest can
be cloned and expressed in tissue/cells infected with the
replication deficient adenovirus. Although adenovirus-
based gene transfer does not result in integration of the
transgene into the host genome (less than 0.1% adenovirus-
mediated transfections result in transgene incorporation
into host DNA), and therefore is not stable, adenoviral
vectors can be propagated in high titer and transfect non-
replicating cells. Although the transgene is not passed
to daughter cells, this is acceptable for gene transfer to
adult skeletal muscle and cardiac myocytes, which do not

divide. Retroviral vectors provide stable gene transfer,



conprising: a nucleic acid nol ecul e encodi ng VEG- Al 3e~ VEG-- Al ~z, or
VEG-- Al ez cloned into a vector suitable for expression of said

pol ynucl eotide in vivo, a suitable container for said vector, and
instructions for injecting said vector_into a patient. 31. The kit
according to claim 30, wherein said pol'ynucl eotide is cloned into an
adenovi rus exEr ssi.on vector. 32. A netq§g of treating vascul ar di sease in

a mamual c i S t e 'SR %D oFrAdil st R TGRS & ai ' el TREGFIAL 38,
VEGF- Al sz, e MeehAlnRy? i(gugngher@tpeggi_calliflyocqffe%;e/le aggggt t$c§ti mul at e
or ' ot hel

vascul ar céll proliferation. 33. A neihod enhanci'ng en al i zation
of di seasedUg3selo9 :608prBOBAY 1h83 5t dputnfcradenni sterongrédd dedvor®l a

t herapeutically eL%‘ctive anount of VEG--Al ,B, VEG-- Al sz ~ or VEG--Al a2 34.
The net hod 33 clYa , ShheFdiamsdiics cROBTRRL1GRTYRY| oFeids  (adult

reendot hel isile1zatlonmaéd Bs anal QRABIME Rpocythies et hed.0fnel gl m 34, wherein
sai d reendot helialization reduces or prevent's restenosis.
addition, the potential hazards of transgene incorporation
into host DNA are not warranted if short-term gene
transfer is sufficient. Indeed, Hammond, et al. have
discovered that a limited duration expression of an
angiogenic protein is sufficient for substantial
angiogenesis, and transient gene transfer for
cardiovascular disease and peripheral disease processes is
therapeutically adequate.

Human 293 cells, which are human embryonic kidney
cells transformed with adenovirus El1A/E1B genes, typify
useful permissive cell lines. However, other cell lines
which allow replication-deficient adenoviral vectors to

propagate therein can be used.

Conctruction of Recombinant Adenoviral Vectors

All adenoviral vectors used in the present invention
can be constructed by the rescue recombination technique
described in Graham, Virology, 163:614-617, 1988.
Briefly, the transgene of interest 1is cloned into a
shuttle vector that contains a promoter, polylinker and
partial flanking adenoviral sequences from which E1A/E1R
genes have been deleted. As the shuttle vector,
plasmid pACl (Virology, 163:614-617, 1988) (or an analog)
which encodes portions of the left end of the human
adenovirus 5 genome (Virology, 163:614-617, 1588) minus
the early protein encoding ElA and E1B sequences that are

essential for viral replication, and plasmid ACCMVPLPA (J.



87 36. The method of claim32 or 33, wherein said patient is treated with a
stent. 37. The nethod of claim32 or 33, wherein said patient is treated

w thout a stent. 38. The nethod of claim32 or 33, wherein said mammal is
human. 39. The nethod of claim 32 or 33, wherein an infl atable balloon
catheter coated with VEG-- A138, VEGF-Asgz or VEG--Al g2 is enployed to
adm ni ster said VEG-- A138. VEGFAl 6z, or 'VEGF Al ez 40. The nethod of claim

32 33, whet e id admi pistrati i th . 41. .Th
ot hod accor G-t oCRERr m 406 WRSBEN20 Tent | AT b bERT OB CAEREEBE coat ed
with a pol ypyr)eohkee, engpdi oarvVEFrd@Sy %\%S@J&@Z,p&?ygﬁyﬁégoﬁ

enpl oyed to adm nister said gene therapy. 42. A nmethod of enhancing drug
per meat i on #ygrahof tackedrbyi par b nderevigal osegpanceat faomuwhech aci d

ol eoul S CophR9pl Ry VBT At VI ALK 81 VBT S Mo TR RIS

directly inteha tuye®rogeldlasmid pACl or ACCMVPLA facilitates the
cloning process. The shuttle wvector is then co-
transfected with a plasmid which contains the entire human
adenoviral 5 genome with a length too large to be
encapsidated, into 293 cells. Co-transfection can be
conducted by calcium phosphate precipitation or
lipofection (Biotechnigques, 15:868-872, 1993). Plasmid
JM17 encodes the entire human adenovirus 5 genome plus
portions of the vector pBR322 including the gene for
ampicillin resistance (4.3 kb). Although JM17 encodes all
of the adencviral proteins necessary to make mature viral
particles, it 1is too large to be encapsidated (40 kb
versus 36 kb for wild type). In a small subset of co-
transfected cells, rescue recombination between the
transgene containing the shuttle vector such as plasmid
pACl and the plasmid having the entire adenoviral 5 genome
such as plasmid pdM17 provides a recombinant genome that
is deficient in the E1A/E1B sequences, and that contains
the transgene of interest but secondarily 1loses the
additional sequence such as the pBR322 sequences during
recombination, thereby being small enough to Dbe
encapsidated. With respect to the above method,
successful results have been reported (Giordano, et al.,
Circulation, 88:I-139, 1993, and Giordano and Hammond,
Clin. Res., 42:123A, 1994). The CMV driven B-
galactosidase encoding adenovirus HCMVSPllacZ (Clin.
Res., 42:123A, 1994) can be used to evaluate efficiency of

gene transfer using X-gal treatment.



88 44. A therapeutic conposition conprising a pharmaceutically acceptable
carrier and VEG- Al 3e, Z1EG--Als2 or VEG--A182 in a therapeutically
effective anmount to stinulate vascular cell proliferation. 45 A filtered
i nj ectabl e adenovirus vector preparati OE conprising: a reconbi nant
adenoviral vector, said vector containi (}; no wild-type virus and

conprising: a partial . adenoyiral. sequence fromwhich the El A/ EIH genes have
been del et ed) an&ﬂ}f t?ﬁhgbéxe G nﬁyf gFhg VeSS0 us?ﬁ@%‘ﬁ%’,“@ﬁ

VEGF- A182, drdot@irPyad ROk dd apkedeby t&ﬁep%&f{gﬁgﬁy%kf alpergauence;

and a pharnmaceutically acceptable carrier. 46. A net treating
car di ovascuhactdirsedge liudea timenabi 1 bpptosefifet hehsglepe Of i ¢ 1 amsyf epdrieng

cells of said na | with nucl ej.c i.d nol ecul e whi encodes_a
pol ypepti de tcr@rﬂﬁrgl% né\’%ﬁ gzrlﬂ‘—ﬁb 6golcfi d’a‘ietqalfeci’ﬁ% Roessiclsl Cfegrqsof??:"'@if-%%ns
1-5, 6b and & divoA NEhbodagt Urealuiidi eaidi pygscuk abydigeage dedba Jranmal

conprising the step of transfecting cells of saird manmal with a nucleic
aci d nol eculamdtifich alpicbides af pelhgpepveatoesmse sifrfgcsn gemend rarisf esequence

coded for byin\{:%G:c'éﬂleﬁ(oéﬂ{fcl‘iL'ass c@rdfac arﬁ&gjogytes which do not divide.

Tissue-Specific Promoters
The present invention also contemplates the use of
cell targeting not only by delivery of the transgene into
the coronary artery, or femoral artery, or other localized
site for example, but also the use of tissue-specific
promoters. By fusing, for example, tissue-specific
transcriptional control sequences of 1left wventricular
myosin light chain-2 (MLC,,) or myosin heavy chain (MHC) to
a transgene such as the VEGF-A,,, gene within the adenoviral
construct, transgene expression is limited to ventricular
cardiac myocytes. The efficacy of gene expression and
degree of specificity provided by MDC,, and MHC promoters
with lacZ have been determined, using the recombinant
adenoviral system of the present invention. Cardiac-
specific expression has been reported previously by Lee,
et al.. (J. Biol. Chem., 267:15875-15885, 1992). The
MLC,, promoter is comprised of 250 bp, and fits easily
within the adenoviral-5 packaging constraints. The myosin
heavy chain promoter, known to be a vigorous promoter of
transcription, provides a reasonable alternative cardiac-
specific promoter and is comprised of less than 300 bp.
Other promoters, such as the troponin-C promoter, while
highly efficacious and sufficiently small, does less than

lack adequate tissue specificity. By using the MLC,, or



89 48. A nethod of treating cardiovascul ar disease in a manmmal conpri sing

the step of transfecting cells of said manmal wth a nucleic acid nol ecul e
whi ch encodes a pol ypeptide conprising an am no acid sequence coded for by
VEG-- A exons 1-5, 6a, 6b, and 8. 49. The nethod of claim46) wherein said

VEG--A is human VEG--A. 50. The nethod @f claim47) wherein said VEG--A is
human VEGF-A. 51. The nethod of claim48, wherein said VEG--A i s human

VEG-- A. 52. i | id ¢l eic acid mol ecul e
codes for VE&QWJ eénde;@[##g’f%miﬁﬂa&m%%ﬁn% it sVdTVc?'n&gl éi%c acid
nol ecul e Coﬁé&ifdifed/ﬁﬂfabNBZe-céﬂdia'Bemﬁr@bggd gficgkbai(Fh48, iwheriehdugal d

nucl ei c acid nol ecul e codes for VEG--Al sz _The nethod according to any
of clai ms 46°BFOTMAANE] EXPIEFSAGE| enceadrghabiaturells, chemed invssle

vector. cells, and fibroblasts within the heart) will provide
adequate expression of an angiogenic protein such as VEGF-
A),; to promote angiogenesis. Limiting expression to the
cardiac myocyte also has advantages regarding the utility
of gene transfer for the treatment of CHF. By limiting
expression to the heart, one avoids the potentially
harmful effect of angiogenesis in non-cardiac tissues such
as the retina. In addition, of the cells iﬁ thé heart,
the myocyte would likely provide the longest transgene
expression since the cells do not undergo rapid turnover;
expression would not therefore be decreased by cell
division and death as would occur with endothelial cells.
Endothelial-specific promoters are already available for
this purpose (Lee, et al., J. Biol. Chem., 265:10446-
10450, 19%0).
In the present invention, with regard to the
treatment of heart disease, targeting the heart by
intracoronary injection with a high titer of the vector

and transfecting all cell types is presently preferred.

Propagation and Purification of Adenovirus Vectors
Successful recombinant vectors can be plague purified
according to standard methods. The resulting viral
vectors are propagated on 293 cells which provide ElA and
E1B functions in trans, to titers in the preferred 10%°-10%?
viral particles/ml range. Cells can be infected at 80%
confluence and harvested 48 hours later. After 3 freeze-
thaw c¢ycles the —cellular debris is pelleted by

centrifugation and the virus purified by CsCl gradient



56. The nethod according to claim55, wherein said vector conprises
adenovi rus particl es. 90 57. The nethod of claimb56, wherein said
adenovirus vector particles are delivered to said mammal by injection. 58.
" The method of claim57, wherein the nunber of said adenovirus particles is
bet ween about 10l to about 101" . 59. &he nethod of claim58, wherein the

nunber of said adenovirus particles is between about 1011 to about 101'.
60. The netHédFasendrdiincsdiony, or (dgubligerei nC8@id trmeddiansd cells are

selected f I I.sting ts, ocyte cardi ocytes,
cardioblas?@?&%%%ngﬁgbtﬁ %gggfeagelﬁééf%ggéﬁ e ne?%&&xbfgeléyﬁ1§? erein
sai d transfiegeedioal | shar eieal 0886yker 4 €6 Yd€Sd1 el Wl & 4N t3Akdohnj ect i on

is irtracoronary _injection. 62. The nmethod of claim®6l, wherein said
adenovi r us th&OMIH e3eBRBYPRF e @RS afbiGh 128 MG2H oSehbatanens Fhethe | eft

o oo M SEBREY 201 Rt < B8 e WELAGLSCORY G el ety 4T 98
thereby reducing deleterious effects of intracoronary
injection of unfiltered virus (life threatening cardiac
arrhythmias) and promoting efficient gene transfer. The
resulting viral stock has a final viral titer in the range
of 10'-10*? viral particles/ml. The recombinant adenovirus
must be highly purified, with no wild-type (potentially
replicative) wvirus. Impure constructs can cause an
intense immune response in the host animal. From this
point of view, propagation and purification may be
conducted to exclude contaminants and wild-type virus by,
for example, identifying successful recombinants with PCR
using appropriate primers, conducting two rounds of plaque
purification, and double CsCl1 gradient
ultracentrifugation. The recombinant adenovirus can also
be passed through an appropriately-sized filter prior to

intracoronary injection

!
’

Delivery of Recombinant Adenovirus Vectors

The viral stock can be in the form of an injectable
preparation containing pharmaceutically acceptable carrier
such as saline, for example, as necessary. The final
titer of the vector in the injectable preparation is
preferably in the range of 10’-10 viral particles which
allows for effective gene transfer. Other pharmaceutical
carriers, formulations and dosages are described below.
For delivery to the myocardium, the adenovirus transgene

constructs are preferably delivered by direct



64. The nethod according to claim46, 47, or 48, wherein said cells are
transfected ex vivo. 91 65. The nethod according to claim61, wherein
said nucleic acid nolecule is introduced into said coronary artery cells by
a catheter inserted into said artery. 66. The nethod according to claim65, -
wherein said catheter conprises anilﬁlégable bal | oon havi ng an outer
surface adapted to engage the inner wal1® of said artery, and wherein said
nucleic acid nolecule is ose% upon said ball oon outer surface. 67. The

i s
met hod acco+HFﬁ@c95°5F5Vnﬂ$€Pgf? CorV S SAter BRI W MRANE SeRRERHSI ecul e
compri ses they BiebRObLEC CAMANLE BhsEOURC Fo® BhOMLe &ySfosdhs;pet hod

of claim ) , or 48, wherein sald manmml 1s human. transt ormed or
t ransf ect edghbdancel | atoapr awpnygtt Bsféipiesnsi for vee ot rafisgéné nt@5be70. A

t hod of duci VEG-- I ti I Sl ! i ng, d itab
Cond 1 i ons SEPRBEPEAaED (F ARTEFSOUROFD: Al OMEC E ST e ERGREY Rant - DNA
expressi on weetQpyof oirad M RSekBisnMaMIRIL R BOWhAGe CYRERTS Caﬁtqf sakd

pol ypeptide, and 1solating said polypeptide fromthe host ce 71. The
met hod of clanem4ejakimut od 48m fwitiver &oepresteyiadnininerdr i nf athe

o 2 o POSREy " e Y 18E %NS ABIOR afh' §e ey e
made in both coronary arteries.

By injecting the material directly into the lumen of
the coronary artery by coronary catheters, it 'is possible
to target the gene rather effectively, and to minimize
loss of the recombinant vectors to the proximal aorta
during injection. The vector stock, preferably containing
no wild-type virus, may be injected deeply into the lumen
of one or both coronary arteries (or grafts), preferably
into both the right and 1left coronary arteries (ox
grafts), and preferably in an amount of 10 - 10* viral
particles as determined by optical densitometry (more
preferably 10* - 10* viral particles, most preferably 10*?
viral particles). This type of injection enables local
transfection of a desired number of cells, especially
cardiac myocytes, in the affected myocardium with
angiogenic protein- or peptide-encoding genes, thereby
maximizing therapeutic efficacy of gene transfer, and
minimizing undesirable angiogenesis at extracardiac sites
and the possibility of an inflammatory response to wviral
proteins. A ventricular myocyte-specific promoter may be
used, for example, to securely enable expression limited
to the cardiac myocytes so as to avoid the potentially
harmful effects of angiogenesis in non-cardiac tissues
such as the retina. Thus delivery of the transgenes in

this matter may result in targeted gene expression in, for



92 72. The method of claim 71, wherein said potentiating agent is an

angi ogenic FG-. 73. The nethod of claim 72, wherein said potentiating agent
is selected fromthe group consisting of FG-1, FG-2, FGF-4, FG--5, and
"FGF-6. 74. A nethod of treating a patient suffering froman ischemc
condition conprising adm nistering a t%rapeut I ¢ anmobunt of a pharnmaceuti cal
conposition conprising VEG=-Al 3e, VEGF Al 6z, or VEG-Alez in a suitable
carrier. 75XaMRE Gretthtd il 1ld finthe l@fthaenssapgiesi ng adni nistering an

o VEGE. A, o 76, TRE B LT Rt 3 R SE3 HHENBF AT TR Bgent |5

method "of "cl arm agent is

sel ected frheamthie gaanprcdoesshboBgo®tufGn heda@oytEsFafAd T&ab, riwd FG--6.
77. The nethod of claim74 wherein said ischemc condition is selected from

the group &GRIGH I rkf of LO¥BAdi 4B i hP&r cFéRe cRtonia®Ycorlois y #Ekedeni a,
chroni ¢ | OWel: ol MY dRGREM £y SLL OKE, a“dp%“%%%kx‘éaso latodlsease. 78 A

nmet hod of increasing vdscular perneability”conprisi adm ni steri a
t her apeut i cadamzirer ofora gplfaredc gutrifual ononporet évn Eonpexsmple VESE= Al 3e,
VEGF- Al sz %r VEGF-AILBZ in a suitable carrier. Lo
e used in the present invention. In addition, other
techniques known to those having ordinary skill in the art

can be used for transfer of genes to the arterial wall.

Clinical Applicationg

Stimulating angiogenesis in mammals by transfecting
the cells with a polynucleotide coding for VEGF-A,,,, VEGF-
Ayens VEGF-A,,,, or other é6b-modified VEGF protein may employ
the procedure described by Giordano et al. in
"Intracoronary Gene Transfer of Fibroblast Growth Factor-5
Increases Blood Flow and Contractile Function in an
Ischemic Region of the Heart”, Nature Medicine, Vol. 2 No.
5, pp. 534-539, May 1996 which is incorporated herein by
reference. VEGF~A,,,, VEGF-A,,,, VEGF-A,,,, oxr other 6éb-
modified VEGF protein should be released from cells
infected by adenovirus vectors directing expression of
VEGF-A,,,, VEGF-A,,,, VEGF-A,;,, or other 6b-modified VEGF
protein in cells of the heart. This releasability is also
found in VEGF-3,,, and VEGF-A,,, but not in VEGF-A,,, or
VEGF-3A,,,. However, VEGF-A,,;, VEGF-A,,, VEGF-A,,, or other
6éb-modified VEGF protein in contrast to VEGF-A,,,, or
VEGF-A,;, may be partially retained by ECM molecules as it
diffuses towards target endothelial cells in adjacent
blood vessels. The bound VEGF-A,;,, VEGF-A,, VEGF-A,,, oY
other 6b-modified VEGF protein may be slowly released

later thus prolonging the angiogenic effect as compared to



93 79. A nethod for treating a patient suffering froma wound conpri sing
adm ni stering a therapeutic anount of a pharnmaceutical conposition

conpri sing VEGF- A138 VEG-- Al bz~ or VEGF-AIBZ in a suitable carrier.

A A3 Aly. AFY. Al . AF@ A5e. AY. AHR Al'l . AFy. Al . A 'R A

. A AE. Ae. Al . Ae. A. AY5. AF. A5. AF. AFHy. Al . A5. AYE. A [y. Aa. A
n?.Auf.AIy.ASE.A.Aa.AI.Ay.A.A.Ae.ASY.A@ﬁA.A.ANf.A.AN.A.A;

y. Ay. Al uY. AYR. Aa. Ae. AYY. A. AL A A E A . A Ay. AN Ay. AN. ASy. AFl . Ay. A A A .A 2 A
. AYR A3. A HEEF Zun ST XESFplies AL U NSAoTeR A?yf% %@’E%ONMA CEF 21 AH, AI[

. An) oF VEGF-A,;,, VEGF-A,,, or other 6b-modified VEGF protein will

be active, and will support the newly synthesized blood
vessels during the critical period of blood vessel
maturation, until the existence of blood vessels is no
longer dependent upon the presence of angiogenic growth
factors. Thus, VEGF-A,,,, VEGF-A,,,, VEGF-A,,,, or other 6b-
modified VEGF protein will be more effective than some
other VEGF forms as a therapeutic agent to be used for
induction of collateral blood vessels. These advantages
may be critical when usage of adenovirus based expression
vectors for gene therapy delivery of angiogenic agents is
considered. An advantage of using adenovirus based
vectors is that they are generally safe. Because the
VEGF-A,,,, VEGF-A,,, VEGF-A,,,, or other 6éb-modified VEGF
protein may have binding characteristics that allow it to
clear at a slower rate compared to some other secreted
VEGF forms, they may be more effective therapeutic agents
compared to the other VEGF forms.

Balloon angioplasty is a major treatment of ischemic
heart disease which involves the inflation of a balloon in
a clogged blood vessel in order to open the blocked blood
vessel. Unfortunately, this method of treatment
frequently results in injury to the endothelial cells
lining the inner walls of blood wvessels. Smooth muscle
cells often infiltrate into the opened blood vessels
causing a secondary obstruction in a process called
restenosis. VEGF-A,,, VEGF-3,,,, VEGF-A,,, or other éb-
modified VEGF protein may be employed to induce
proliferation of the endothelial cells located at the
periphery of the balloon induced damaged area in order to

cover the luminal surface of the wvessel with a new
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ca U chaUlga]icadwp]splUhcpleakeallgd a vector such as a recombinant
adenovirus which will speed the re-growth of the
endothelial cell layer. However, growth factors such as
FGF-5, bFGF or HGF are also mitogenic to smooth muscle
cells, and will induce their proliferation, which is the
opposite of the desired effect. VEGFs on the other hand
are generally specific for endothelial cells. VEGF-A,,,,
VEGF-A,,,, VEGF-A,,,, or other éb-modified VEGF protein may
be especially useful in this context, because of its ECM
binding properties. Following application, for example,
by infection of adjacent cells with adenovirus encoding
the protein, direct transfection with plasmid DNA encoding
the protein, or the direct delivery of the protein,
VEGF-A,,;, VEGF-A,,,, VEGF-A,,, Or other 6b-modified VEGF

protein have the potential to stick to the exposed
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where its activity is required, making it a particularly
attractive candidate for the treatment of restenosis.

Coronary angioplasty is frequently accompanied by

deployment of an intravascular stent to help maintain
vessel function and avoid restenosis. Stents have been
coated with heparin to brevent thrombosis until the new
channel formed by the stent can endothelialize. The 6b-
modified VEGF protein can be applied. directly to the
stent, or nucleic acids encoding the 6éb-modified protein,
such as plasmids, cDNA, or adenovirus vectors, may be
applied to the stent for direct transfection of
neighboring cells, using methods known to those of skill
in the art. VEGF-A,,,, VEGF-A,,,, VEGF-A,,,, or other 6b-
modified VEGF protein that is locally applied, or produced
through transfection, will enhance endothelialization of
the stent and thus reduce thrombosis and restenosis.

Other applications for use of the growth factor of

the present invention are contemplated. One example is
for the treatment of ulcers. An ulcer is in effect a
wound residing in the stomach. It was shown that

angiogenic growth factors may be effective £for the
treatment of duodenal ulcers, and that stabilization of
angiogenic growth factors may be a mechanism by which some
therapeutic agents such as sucralfate produce their
beneficial effects (Szabo, S., et. al. Gastroenterology
106, 1106-1111, 19594). Since VEGF is an angiogenic growth

factor that is very stable under acidic conditions, its
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employment for the treatment of stomach and duodenal
ulcers is contemplated. The heparin binding ability of
VEGF-A,,,, VEGF-A,.,, VEGF-A,;,,, or other 6b-modified VEGF
protein which acts to preserve it in an active state, and
its expected ability to bind to exposed ECM at the wound
site, indicate that VEGF-A,,,, VEGF-A,,, VEGF-A,,, or other
éb-modified VEGF protein may be more suitable than other
VEGF forms for treating stomach and duodenal ulcers.

To assist in understanding the present invention, the
following Examples are included that describe 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.

EXAMPLE I - Preparation of a nucleic acid segquence coding
for VEGFE-A, 3,

At least 5 differentially-spliced VEGF-A isoforms
exist. These include VEGF-A 121, 145, 165, 189 and 206.
(See Figure 1, and Houck et. al. (1991) Molecular
Endocrinology 5(12): 1806-1814 & Poltorack et. al. (1997)
Journal of Biological Chemistry 272(11): 7151-7158). Only
one of these, VEGF-A,, (Houck et. al. (1991) Molecular
Endocrinology 5(12): 1806-1814, includes an exon denoted
as 6b. The proposed name, VEGF-A,,,, reflects the
composition of the processed isoform which would be 138
amino acids in length. Two strategies are employed for
the construction of VEGF-A,;,,. In one strategy, VEGF-A,, is

cloned, and exon 6B is generated by polymerase chain
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reaction (PCR). In a second strategy, the replacement
exon 1is generated by synthesis of two complementary
oligonucleotides which are annealed to each other before
sub-cloning. In both strategies, Exon 8 is excised in the
first step and cloned back in at the last step. Exon 8
can be generated by PCR or by synthesis of complementary
oligonucleotides. Synthesis of Exon 8 is described.

Those of ordinary skill in the art will understand how to
apply the teachings of the invention to the construction
of VEGF-A;;, VEGF-A,,, VEGF-A,;,; or other 6b-modified

protein, using these or analogous strategies.

A. Background information:

1. Sequence of VEGF-A,,, (the sequence is shown with
flanking BamHI sites; the insert is cloned into the
Invitrogen vector, pCRII). Exon 6a is shown in bold type.

GGATCCGAAACCATGAACTTTCTGCTGTCTTGGGTGCATTGGAGCCTTGCCTT
GCTGCTCTACCTCCACCATGCCAAGTGGTCCCAGGCTGCACCCATGGCAGAA
GGAGGAGGGCAGAATCATCACGAAGTGGTGAAGTTCATGGATGTCTATCAGC
GCAGCTACTGCCATCCAATCGAGACCCTGGTGGACATCTTCCAGGAGTACCC
TGATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCCCCTGATGCGATGCG
GGGGCTGCTGCAATGACGAGGGCCTGGAGTGTGTGCCCACTGAGGAGTCCAA
CATCACCATGCAGATTATGCGGATCAAACCTCACCAAGGCCAGCACATAGGA
GAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCAAAGAAAGAT
AGAGCAAGACAAGAAAAAAAATCAGTTCGAGGARAGGGAAAGGGGCAAL
AACGAAAGCGCAAGAAATCCCGGTATAAGTCCTGGAGCGTATGTGACAA
GCCGAGGCGGTGATGAATGAATGAGGATCC

2. Sequence of the Replacement cassette (Exon 6b

from VEGF-A,,)

GTACGTTGGTGCCCGCTGCTGTCTAATGCCCTGGAGCCTCCCTGGCCCCCA

B. Strategy for Subcloning:

VEGF-A,,, can be generated by replacement of the exon,

6a, of "ZGF-A,,;, with an alternative exon, 6b, which has
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1. Generate a site-specific mutation in VEGF-2A,,
that will allow restriction immediately 5' of Exon 6a
(i.e., between nucleotides 434 and 435). This mutation
will create Apo I site.

Nucleotides 437 and 438 will be converted, by site-

directed mutagenesis from Adenines to Thymidine. This
will change the existing sequence from ™ ARAAAT” O
“ ABATTT” . (Apo I cleaves the site “ Pul\AATTPy” ).

2. Excise Exon 6a and Exon 8 by restriction

endonuclease cleavage of the site-specifically mutated
VEGF-A,,, with Apo I and EcoR5. EcoR5 creates a blunt end

in the vector, 3' of the VEGF insert.

3. Remove the Apo I 5' overhang by digestion with

Mung Bean nuclease.

4. This will create a truncated, linearized, VEGF-

A,,s vector. Gel-purify this vector.

5. Generate the replacement exon (see "“A.2." ,
above) by PCR from VEGF-A,, or by synthesis of
complementary oligonucleotides.

a. For  PCR, the 5! oligo would Dbe:
(n) ;£tacGTACGTTGGTGCCCGCTGCT.
The 3' oligo would be:
ACCTCGGAGGGACCGGGGGccctatag(n),,

Uppercase letters represent nucleotides which

comprise VEGF-A sequence.
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Lowercase letters represent nucleotides added to
create appropriate restriction sites for cloning.
The PCR product will be endonuclease restricted with

SnaBl (cleaves TAC/GTA) and EcoR5 (cleaves GAT/ATC).

Note that the 3' oligo does not include the most 5'
nucleotide from Exon 6b. This nucleotide will be added to
the Exon 8 thereby completing the requisite. sequence and

preserving the proper reading frame.

b. If the replacement exon 1is directly
synthesized, the oligos will be:
(n) (£tacGTACGTTGGTGCCCGCTGCTGTCTAATGCCCTGGAGCCTCCCTGG
CCCCCgggatatc(n),
and its reverse complement.
After complementary oligonucleotides are annealed,
they will be endonuclease restricted with SnaBl (cleaves

TAC/GTA) and EcoR5 (cleavesgs GAT/ATC).

6. After gel purification, ligate the replacement
into the truncated, linearized VEGF-A,,;. The product, pE-
1-5/6b, contains Exons 1-5 and all but the most 3

nucleotide of Exon 6b.

7. Screen for proper orientation by restriction
mapping.
8. Linearize pEl-5/6b. Endonuclease restriction

with Smal (cleaves at CCC/GGG) and NotI (cleaves at
GC/GGCCGC) . NotI will cleave 3' of the VEGF-A sequence in
the pCRII vector.
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9. Generate Exon 8 by synthesis of the

oligonucleotide:

AATGTGACAAGCCGAGGCGGTGATGAATGAATGAGGATGCGGCCGCAARAGGAA
and its reverse complement. Those of ordinary skill

in the art will recognize that this exon may also be

synthesized using preferred codons of the cell type in

which the transgene will be expressed.

10. After annealing, add 5' phosphates with T4

polynucleotide kinase.

11. Ligate the synthesized Exon 8 into the

linearized vector pl-5/6b.

12. Screen for proper orientation by restriction

mapping and confirm insert integrity by sequencing.

EXAMPLE I1 - Expregsion of VEGF-A .

This recombinant VEGF-A,,, cDNA is used to construct

a recombinant baculovirus containing the VEGF-A,,, cDNA.
The virus is used to infect Sf9 cells as described for
VEGF-A,,; by Cohen, T., et al. Growth Factors. 7:131-138,
1992, incorporated herein by reference. Most of the
VEGF-A,,, produced by the infected Sf9 cells should be found
in the conditioned medium. Dithiotreitol may be used to
dissociate VEGF-A,,, dimers for purification. VEGF-A,,, is
partially purified using heparin-sepharose. The protein
is eluted from the column using a stepwise salt gradient.
The recombinant VEGF-A,,, is biologically active and
induces the proliferation of human umbilical vein derived
endothelial cells (HUVEC cells). Other 6b modified VEGF-A

proteins can be expressed using analogous methods.
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EXAMPLE TIT- Proliferation of Endothelial Cells and

Angiogenesis

To confirm that VEGF-A;;;, can induce angiogenesis in
vivo, the VEGF-A,,, DNA is subcloned into the BamHI site of
the mammalian expression vector MIRB using the technigque
described by Macarthur, C.A., et al. Cell Growth Differ.
6, 817-825, 1985, which 1is incorporated herein by
reference. The MIRB/VEGF-A,,, plasmid is transfected into
BHK-21 hamster kidney derived cells (a cell line that does
not produce VEGF-A,,;), and stable cell lines producing
VEGF-A,,, are isolated. The VEGF-A,,, produced by the
mammalian cells is biologically active and is secreted
into the growth medium. The VEGF-A,,, expressing cells are
embedded in alginate beads, and the beads are implanted
under the skin of Balb/c mice using the method described
by Plunkett, M.L., et. al. Lab. Invest. 62, 510-517, 1990,
which 1is incorporated herein by reference. Alginate
pellets containing the entrapped cells are removed after
four days and photographed. Clusters of alginate beads
containing VEGF-A,,, expressing cells are dark red with
blood, while beads containing cells transfected with
vector alone have a much lower content of blood. When
examined under higher magnification, pellets containing
VEGF-A,,, producing cells appear much more vascularized than
pellets containing control cells. These results are
consistent with the expected behavior of a vascular cell

proliferation or angiogenesis-promoting factox.
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EXAMPLE IV - Gene-Transfer-Mediated Angiogenesis Therapy

Using VEGF-A,,,

DNA encoding VEGF-A,,;, VEGF-A,,,, VEGF-A,,,, or other
6b-modified VEGF protein is used for gene-transfer-
mediated angiogenesis therapy as described, for example,
in International Patent Application No. PCT/US96/02631,
published September 6, 1996, as W096/26742, hereby

incorporated by, reference herein in its entirety.

Adenoviral Constructs

A helper independent vreplication deficient human
adenovirus 5 system may be used for gene-transfer. A
nucleic acid molecule coding for VEGF-A,,,, VEGF-3,,
VEGF-A,;,, or other éb-modified VEGF protein may be cloned
into the polylinker of plasmid ACCMVPLPA which contains
the CMV promoter and SV40 polyadenylation signal flanked
by partial adenoviral sequences from which the ElA 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 genome with an additional 4.3 kb insert
making pJM17 too large to be encapsulated. Homologous
rescue recombination results in adenoviral <vectors
containing the transgene in the absence of E1A/E1B
sequences. Although these recombinants are nonreplicative
in mammalian cells, they can propagate in 293 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 usually
occurs 10-14 days after transfection. To identify
successful recombinants, cell supernatant from plates

showing a cytopathic effect is treated with proteinase K
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(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 (Biotechnigues, 15:868-
72, 1993) complementary to the CMV promoter and SV40
polyadenylation sequences to amplify the VEGF-A,,,, VEGF-
A, VEGF-A,,, or other 6éb-modified VEGF protein nucleic
acid insert and primers (Biotechniques, 15:868-72, 1993)
designed to concomitantly amplify adenoviral sequences.

Successful recombinants then are plaque purified twice.
Viral stocks are propagated in 293 cells to titers
ranging between 10*° and 10** wviral 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
VEGF-A,,,, VEGF-A,,, VEGF-A,,, or other 6b-modified VEGF
protein genes, driven by the CMV promoter and with the
SV40 polyadenylation sequences are well within the
packaging constraints. Recombinant vectors are plaque
purified by standard procedures. The resulting viral
vectors are propagated on 293 cells to titers in the 10%°-
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 (pH
7.8); 90,000 x g (2 hr), 105,000 x g (18 hr)). Prior to
in vivo injection, the wviral stocks are desalted by gel
filtration through Sepharose columns such as G25 Sephadex.

The resulting viral stock has a £final wviral titer

approximately in the 10%°-10%? viral particles range. The
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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) wunder sterile conditions for instrumentation.
(Hammond, et al., J Clin Invest 92:2644-52, and Roth, et
al., J. Clin. Invest. 91:939-49, 1593). 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 atrium to permit ECG
recording and atrial pacing. Finally, an ameroid is
placed around the proximal LCx. After a stable degree of
ischemia develops, the treatment group receives an
adenoviral construct that includes a VEGF-A,;,, VEGF-A,,
VEGF-A,,,, or other 6b-modified VEGF protein 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 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. Physicl 253: 1-11279-1288, 1987, and Roth, et al.,
Circulation 82:1778-89). Conscious animals are suspended
in a sling and pressures from the LV, 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 imaging system. Images are obtained
from a right parastemal approach at the mid-papillary
muscle level and recorded on VHS tape. Images are

recorded with animals in a basal state and again during
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right atrial pacing (HR=200 bpm). These studies are
performed one day prior to gene transfer and repeated 14
+ 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, 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) /EDWTh] X 100. Data should be analyzed without
knowledge of which gene the animals had received. To
demonstrate reproducibility of ~echocardiographic
measurements, animals should be imaged on two consecutive
days, showing high correlation (x?=0.90; p=0.005).

35 + 3 days after ameroid placement, well after
ameroid closure, but before gene transfer, contrast
echocardiographic studies are performed using the contrast
matevial (Levovist) which is injected into the left atrium
during atrial pacing (200 bpm). Studies are repeated 14
+ 1 days after gene transfer. Peak contrast intensity is
measured from the video images using a computer-based
video analysis program (Color Vue II, Nova Microsonics,
Indianapolis, Indiana), that provides an objective measure
of wvideo intensity. The contrast studies are analyzed
without knowledge of which gene the animals have received.

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 IU) and papaverine (60 mg). Potassium chloride is



#y1000U& ()-'y_=* #yl0%JU #yl0%JU& ()-! #yl0%JU& ()- #yl0%WJU& ()-'y!
#y 100U () -1 #y100JU& ()-cG* #yl100U #yl00WJU& ()-'y! #yl0%JU&' () -]
#y 1090JU& () -

79

given to induce diastolic cardiac arrest, and the aorta
cross-clamped. Saline is delivered through the
brachycephalic artery cannula (120 mm Hg pressure),
thereby perfuming the coronary arteries. Glutaraldehyde
solution (6.25%, 0.1 M cacodylate buffer) was perfused
(120 mm Hg pressure) until the heart is well fixed (10-15
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 divided into thirds and the
endocardial and epicardial thirds are plastic-imbedded.
.Microscopic analysis to quantitate capillary number is
conducted as previously described (Mathieu-Costello, et
al., Am. J. Physiol 359:H204, 1990). Four 1um thick
transverse sections are taken from each subsample
(endocardium and epicardium of each region) and point-
counting is used to determine capillary number per fiber
number ratio at 400X magnification. Twenty to twenty-five
high power fields are counted per subsample. Within each
region, capillary number to 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 expression, PCR and
RT-PCR may be used to detect transgenic VEGF-A,,;, VEGF-3,,,
VEGF-A,;,, or other éb-modified VEGF protein DNA and mRNA
in myocardium from animals that have received VEGF,,,, VEGF-
A,e;, VEGF-A,,,, or other e6éb-modified VEGF protein gene

transfer. Using a sense primer to the CMV promoterxr
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[GCAGAGCTCGTTTAGTGAAC] and antisense primer to the
internal VEGF-3,,,, VEGF-A,,, VEGF-A,,, or other 6b-modified
VEGF protein gene sequence PCR is used to amplify the
expected 500 bp fragment. Using a sense primer to the
beginning of the VEGF-A,,,, VEGF-A,,, VEGF-A,,, or other éb-
modified VEGF protein sequence and an antisense primer to
the internal VEGF-A,;,, VEGF-A,,,, VEGF-A,,,, or other 6b-
modified VEGF protein gene sequence RT-PCR is used to
amplify the expected 400 bp fragment.

Finally, using an antibody directed against VEGF,,
VEGF-A,,,, VEGF-A,,, VEGF-A,,, or other 6b-modified VEGF
protein, protein expression maybe 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 VEGF-A,,,, VEGF-A,,,, VEGF-A,,,, or other éb-modified
VEGF protein gene.

The helper independent replication deficient human
adenovirus 5 system can be employed to prepare transgene
containing vectors. The material injected in vivo should
be highly purified and should preferably contain no wild-
type (replication competent) adencvirus. Thus adenoviral
infection and inflammatory infiltration in the heart are
minimized. By injecting the material directly into the
lumen of the coronary artery by coronary catheters, it is
possible to target the gene effectively. When delivered
in this manner there should be no transgene expression in
hepatocytes, and viral RNA should not be found in the
urine at any time after intracoronary injection.

Injection of the construct (4.0 ml containing about
10** viral particles of adenovirus) can be performed by

injecting 2.0 ml into both the left and right coronary

arteries (collateral flow to the LCx bed appeared to come
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to the proximal aorta urlng 1n3ectlon This procedure is

carried out for each of the pigs.

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) wmyocardium from the relevant beds is
sampled, and immunoblotting is performed to quantitate the
presence of VEGF,,, protein; and (3) PCR is used to detect
VEGF-A,,,, VEGF-A,,, VEGF-A,,, or other 6b-modified VEGF
protein 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 gene transfer. 1In contrast, pigs
receiving VEGF-A,,,, VEGF-A,,,, VEGF-A,,, or other 6b-
modified VEGF protein gene transfer should show an
increase in wall thickening in the ischemic region during
pacing, demonstrating that VEGF-A,,,, VEGF-A,,,, VEGF-A,,, or
other 6b-modified VEGF protein gene transfer in accordance
with the invention is associated with improved contraction
in the ischemic region 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
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transthoracic echocardiography should be very similar to
the percentage decrease measured by sonomicrometry during
atrial pacing in the same model (Hammond, et al. J. Clin.

Invest. 92:2644, 1993), documenting the accuracy of
echocardiography for the evaluation of ischemic
dysfunction.

Although preferred embodiments are specifically
described herein, it will be appreciated that many
modifications and variations of the present invention are
possible in light of the above teachings and within the
purview of the appended ciaims without departing from the

spirit and intended scope of the invention.
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1. A purified polypeptide comprising an amino acid

sequence coded for by VEGF-A exons 1-5, 6b, and 8, or a

derivative thereof.

2. A purified polypeptide comprising an amino acid
sequence coded for by VEGF-A exons 1-5, &b, 7, and 8, or

a derivative thereof.

3. A purified polypeptide comprising an amino acid
sequence coded for by VEGF-A exons 1-5, 6a, 6b, and 8, or

a derivative thereof.

4. The purified polypeptide of claim 1 wherein said
VEGF is human VEGF-A.

5. The purified polypeptide cf claim 2 wherein said
VEGF is human VEGF-A.

6. The purified polypeptide of claim 3 wherein said
VEGF is human VEGF-A.

7. The purified polypeptide of claim 1 comprising

the amino acid sequence of Figure 3.

8. The purified polypeptide of claim 2 comprising

the amino acid sequence of Figure 4.

9. The purified polypeptide of claim 3 comprising

the amino acid sequence of Figure 5.
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10% coding for the purified polypeptide of claim 3.

13. A purified and isolated nucleic acid molecule

coding for the purified polypeptide of claim 4.

14. A purified and isolated nucleic acid molecule

coding for the purified polypeptide of claim 5.

15. A purified and isolated nucleic acid molecule

coding for the purified polypeptide of claim 6.

16. A purified and isolated nucleotide molecule

coding for the purified polypeptide of claim 7.

17. A purified and isolated nucleic acid molecule

coding for the purified polypeptide of claim 8.

18. A purified and isolated nucleic acid molecule

coding for the purified polypeptide of claim 9.

19. The nucleic acid molecule of claim 16 having the

nucleotide sequence of Figure 3.

20. The nucleic acid molecule of claim 17 having the

nucleotide sequence of Figure 4.



& ()-Z2%, 10%& ()- 10%& ()-101010mops<uvW4; S, S 10%&' ()- 4f 10%& ()-
109%& ()-" f 109& ()-" 109 ()-101010uNydvW4; ,) 10% & ()- ,) 10% & ()-
10% & ()- ,10% ‘&f() 101010 S, S 10%&'() defgj GHJvi\O,) 10%

& 10'710'"10'" g 10%'& ()-2 g 10%'& ()-2 10%'& ()-100 10 10
CIMV @ ZM@BOL0s1 s, 10s1 s&10sl1 s 10%BP s& ()-F'! 10%s!s! & ()-F' 10%1

s& () - 10@$s&f() 10@&1 s& () - LvLMC)@@lO@b&!() 2s 10% & ()-(10::10::10::
z 10%:& ()-2z2 z 1096 ) z2 @0%:& ()-LMOVU4AO Fz 10% &'() 2s Fz 10%
& ()-2( Fz 10% () & ()-10.1 0 10% & vU40 # 109%M

M ()-s # 109 7?""‘1 %‘% ""‘1’*“310‘5}8/?LL % @fd%&w y- BEW1PEk 10k

: 23458TvUARR\ nl&%e%t(:)des SRqubd¥e’ of- FiduiYs& ()- - 10% & () 10M MLOM MLOM
M # 1098 M ()-TI [ NAAOLO 10 10 36@10% & ()-3 36@10%& ()-3 3310% & () -
.S10% & ()- 'z 109 ()-(T]|[:NAMOLO 10% & ()-g 10% & ()- 10% & ()- 10%
& ()- &10%)&'(53 A o . . .

. purified and isolated nucleic acid molecule

coding for a biclogically active fragment of VEGF-a,,,, or

a derivative thereof.

23. A purified and isolated nucleic acid molecule
coding for a biologically active fragment of VEGF-A,,,, or

a derivative thereof.

24. A purified and isolated nucleic acid molecule
coding for a biologically active fragment of VEGF-A,,, or

a derivative thereof.

25. An expression vector comprising a nucleic acid

molecule of any of claims 10-24.

26. The expression vector of claim 25, wherein said

vector further comprises adenovirus segquences.

27. The expression vector of claim 26, wherein said
nucleic acid is operably linked to a promoter sequence

that is active in vascular endothelial cells.

28. The expression vector according to claim 27,

wherein said expression vector is an adenovirus vector.

29. The expression vector according to claim 28,
wherein said vector further comprises a partial adenoviral

sequence from which the E1A/E1B genes have been deleted.



Y 10% & ()-]14|[:-410 F510% & ()- < *10%0C& ()-  *10% & ()- *10% & ()-
| (10% & ()- #10% & () -] bA410 @10% & ()- - 10% & ()- - 10% & ()- - 10%
& ()- 10% & ()-10 10 ">|[:A410 /10% & ()- .S10% & ()- & 10% & ()- @ 10%
&()- @10%& ()- @10% & ()- opqruvU410 10%/ & ()-Y '10% & ()- 10%

& ()- 10% & ()-10 10 10 2@ 10% & () -o7f | [: vU410 SH 10% & ()-s SH
10% & ()-s 10% & ()-z y1l0% & ()-g 1630 & ()-z 10% & ()-YfvU4lo ° 10%

& ()-* 10% & ()-10 10 10 39 10% & ()- S# 10% & ()-s S# 10% & () - s2vU310! |

109& ()-# Y109 & ()-M Y109X & ()-M 109K & ()-10 10 10 ~ 10%

& ()-*2vUA101 30109 & khe3 3d0% shirkincbr iy & (hIL0XIAAX 10X b 109

& ()-# 1 10 & ()-#fvU410!  10% & () - - '()--" 10% & ()- 10%

& ()-10~ Fecompinagt] yertey( RXpyrepgdng VE@Fr@%, S&VEGF2A g TOOVEGH)-2 | g
109E & () n%Jr @T&é() 10 10 10 ! 10% & ()--_ abe5678vi\O lg 109 & 10 10
10 &, C}) 10% & ()-2 10% & () - 10E 10E 10E 8;')

a nucleic acid molecule encoding VEGF-A,,,, VEGF-A,,,
or VEGF-A,,, cloned into a vector suitable for expression
of said polynucleotide in vivo,

a suitable container for said vector, and

instructions for injecting said vector into a

patient.

31. The kit according to claim 30, wherein said
polynucleotide is cloned into an adenovirus expression

vector.

32. A method of treating vascular disease in a
mammal comprising the step of administering to said mammal
VEGF-A,;;, VEGF-A,,,, or VEGF-A,;,, in a therapeutically

effective amount to stimulate vascular cell proliferation.

33. A method for enhancing endothelialization of
diseased vessels comprising the step of administering to
a mammal a therapeutically effective amount of VEGF-A,,,,

VEGF-A,s,, 0or VEGF-A,4,.

34. The method of claim 33, wherein said
endothelialization is reendothelialization after
angioplasty.

35. The method of claim 34, wherein said

reendothelialization reduces or prevents restenosis.
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36. The method o©of claim 32 or 33, wherein said

patient is treated with a stent.

37. The method of claim 32 or 33, wherein said

patient is treated without a stent.

38. The method of claim 32 or 33, wherein said

mammal is human.

39. The method of c¢laim 32 or 33, wherein an
inflatable balloon catheter coated with VEGF-A,,,, VEGF-A,,,

or VEGF-A,;, is employed to administer said VEGF-A,,,, VEGF-
Aoy O VEGF-Ag,,.

40. The method of claim 32 or 33, wherein said

administration comprises gene therapy.

41. The method according to claim 40, wherein an
inflatable balloon catheter coated with a polynucleotide
encoding VEGF-A,;,, VEGF-A,,,, or VEGF-A,,, is employed to

administer said gene therapy.

42. A method of enhancing drug permeation by tumors
comprising administering to a patient a nucleic acid

molecule coding foxr VEGF-A,,,, VEGF-A,,,, Or VEGF,,,

43. The method of claim 42, wherein said VEGF-A,,
VEGF-A,,,, or VEGF-A,;, is delivered directly into a tumor
cell.
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45. A filtered injectable adenovirus vector
preparation, comprising: a recombinant adenoviral vector,
said vector containing no wild-type virus and comprising:

a partial adenoviral sequence from which the E1A/E1B
genes have been deleted,

and a transgene coding for a VEGF-A,,, VEGF-A,,, Or
VEGF-A,,,, driven by a promoter flanked by the partial
adenoviral sequence; and

a pharmaceutically acceptable carrier.

46. A method of treating cardiovascular disease in
a mammal comprising the step of transfecting cells of said
mammal with a nucleic acid molecule which encodes a
polypeptide comprising an amino acid sequence coded for by

VEGF-A exons 1-5, 6éb and 8.

47. A method of treating cardiovascular disease 1in
a mammal comprising the step of transfecting cells of said
mammal with a nucleic acid molecule which encodes a
polypeptide comprising an amino acid sequence coded for by

VEGF-A exons 1-5, é6b, 7, and 8.
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49. The method of claim 46, wherein said VEGF-A is

human VEGF-A.

50. The method of claim 47, wherein said VEGF-A is
human VEGF-A.

51. The method of claim 48, wherein said VEGF-A is
human VEGF-A.

52. The method of claim 46, wherein said nucleic

acid molecule codes for VEGF-A,,,.

53. The method of claim 47, wherein said nucleic

acid molecule codes for VEGF-A,.

54. The method of claim 48, wherein said nucleic

acid molecule codes for VEGF-A,.

55. The method according to any of claims 46-54,
wherein said nucleic acid molecule is cloned into a

vector.

56. The method according to claim 55, wherein said

vector comprises adenovirug particles.
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57. The method of claim 56, wherein said adenovirus
vector particles are delivered to said mammal by

injection.

58. The method of claim 57, wherein the number of

sald adenovirus particles is between about 10%° to about

10%.

59. The method of claim 58, wherein the number of
said adenovirus particles is between about 10 to about

10%,

60. The method of claim 46, 47, or 48, wherein said
transfected cells are selected from the group consisting

of myoblasts, myocytes, cardiocytes, cardioblasts, and

smooth muscle cells.

61. The method of claim 57 wherein said transfected
cells are coronary artery cells and wherein said injection

is intracoronary injection.

62. The method of claim 61, wherein said adenovirus
particles are injected at about 1 cm into the lumens of

the left and right coronary arteries.

63. The method according to claim 46, 47, 48,

wherein said cells are transfected in vivo.

64. The method according to claim 46, 47, or 48,

wherein said cells are transfected ex vivo.
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65. The method according to claim 61, wherein said
nucleic acid molecule is introduced into said coronary

artery cells by a catheter inserted into said artery.

66. The method according to claim 65, wherein said
catheter comprises an inflatable balloon having an outer
surface adapted to engage the inner wall of said artery,
and wherein said nucleic acid molecule is disposed upon

said balloon outer surface.

67. The method according to claim 46, 47, or 48
wherein said nucleic acid molecule comprises the

nucleotide sequence of Figure 3 or Figure 4.

68. The method of claim 46, 47, or 48, wherein said

mammal is human.

69. A transformed or transfected host cell

comprising the expression vector of claim 25.

70. A method of producing a VEGF-A polypeptide
comprising growing, under suitable conditions, a host cell
transformed or transfected with the recombinant DNA
expression vector of claim 25 in a manner allowing
expression of said polypeptide, and isolating said

polypeptide from the host cell.

71, The method of claim 46, 47, or 48, further
comprising administering a potentiating agent that

potentiates the angiogenic effect of said polypeptide.
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72. The method of claim 71, wherein said

potentiating agent is an angiogenic FGF.

73. The method of claim 72, wherein said
potentiating agent is selected from the group consisting

of FGF-1, FGF-2, FGF-4, FGF-5, and FGF-6.

74. A method of treating a patient suffering from an
ischemic condition comprising administering a therapeutic
amount of a pharmaceutical composition comprising VEGF-A

1387

VEGF-A,,,, or VEGF-A,;,, in a suitable carrier.

75. The method of claim 74 further comprising
administering an agent that potentiates the therapeutic

effect of said VEGF-A,;,, VEGF-A,,,, or VEGF-A,,,.

76. The method of claim 75 wherein said potentiating
agent is selected from the group consisting of FGF-1, FGF-
2, FGF-4, FGF-5, and FGF-6.

77. The method of claim 74 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.

78. A method of increasing vascular permeability
comprising administering a therapeutic amount of a
pharmaceutical composition comprising VEGF-A,,;, VEGF-A,

or VEGF-A,;, in a suitable carrier.
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79. A method for treating a patient suffering from
& wound comprising administering a therapeutic amount of
a pharmaceutical composition comprising VEGF-A,,,, VEGF-A

162/
or VEGF-A,;, in a suitable carrier.



