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{WVARI ANTS OF. THE ANG OGENI C FACTOR VASCUL ummm L CELLDQRQMEFZ@QCTOR
_VEGF FI ELD OF THE | NVENTI ON The present i ates to nove rms of

vascul ar svelodkaby al growt h factor genes and*ishe* novel protprpneseegded by
these genes. Mre particularly, the i,nvention relates to novel forns of
human VEGF- A. These novel forns of VéGF-A I ncl ude VEG-- A138, VEG--Als~, and
VEG-- Al ez. Such novel VEGF protﬁhg%ﬁyaﬁggﬁLwed in the treatnment of the

cardi ovascul ar systemand its d ugh effects on anatony, conduit
function, and perneability rL] ar i n_t tr ny of

cardi ovas&ﬁ%’r‘ﬁgﬁ&a@g‘ *@Aﬁéﬁggﬁlii‘gggﬁ &ﬁ@#‘*ﬂr@ﬁpp@ﬁﬁm{usi ng a
.growmth factor, thereby stCRLULGEREIVIMHBALIIOR: VEGF growth and vascul ar
perneability. The invention also relates to nucleic acids encodi ng such
novel VEGF proteins, cells, tissues and animals containing such nucleic
-acids; nethods of treatnent using such nucleic acids; and nethods relating
to all of the foregoing. gﬁggﬁgggggggg IEEE | ON Car di ovascul ar

di seases are generally ch by—aangggﬁred supply of blood to the

heart or ot herhiear geesenganmvédoran dirdldgdar ebi ofo¢dl ) .fxamaorlsy referred
to as heart attacks, .is a |eading cause of nortality as 30%are fatal in
the firsVaRSHLRT (AR 3 heSROMER oF2GRRT BERRE ANchckder &oWel from

nar r onedpeh bl ek ethLiRN Y @id&d i §enkB . t hpcbeaph  Mhibah 303" Vesd he

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
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' WD 99/40197 2 0 5 ~~G 2002 PCT/ US99/ 02425 heart of needed nutrients and
_oxygen. Wien the supply of blood to the heart is.conpronisdbih A8S1202 espond
by generating conpounds that induce the growh of new bl ood vessels so as

“to increa¥eMMEYBupply of blood to the heart. These new bl S6T/UFRYRERS are
called collateral blood vessels. The pjocess by which new bl ood vessels are
i nduced to grow out of the existing vasculature is termed angi ogenesi s, and

t he subst t hat r I i nd ngi.ogenesi.s are the
angi ogeni gﬂ%%g o$§.n%é§%$t%%§%}‘?¥t%§é b% 8§hhatuﬁ$3$ gh%i %’b’gﬁlg Pgsponse
is |imtedbaaddoften theadkqaate. isorcdnpronicssdn, ddid sli e@tIng oby

angi ogeni c growt h factors ha Iegd tQ the energence of an alternative
t her apeut | SSBEF At £49 ﬁﬁF‘Eﬂu§§EK§ 5 %BSH’F&HE&'@ PR uPEI R8WgPgeRi ¢

response byessppkYiddd £X0§@N0USCAOPEOTRREC SUPSLANGHES. pAbLEMPLS hake been
made to stinul ate angi ogenesis by adm nistering various growh factors.

U. S. Pat enbedpt .5, 3lBess7ney Gplced zessgilscl ases calimdiogodflaseradl at i ng

angi ogenesj s_by adm 1y st er. | Qbj (gl yco-protein wth two
pol ypept i d%f%‘ﬁ%i‘ﬁ%s?‘?nirﬁi'ed %@%%e%%dg’gbg’%&g‘ 25 rlé’é)?r a’ﬁa%Sf'%Snjaésu on of
a reconbi ngRgureet B6 ExPW esat NGE htindnexi Ht DhyashsendutrkadisotemedG- 5)

(i.e., in vivo gene transfer) in an _animal nodel resulted in successful
anel i or at | BAIHPIABAGE fml iANESENA MHREGANGES bEHGY frBX Pduredi &Y.

((30rdan01c§1%s’tStfnghge“§£§588@%gsgs §§é'§ﬁ%’aﬁ%ggbeﬂ%%“¥%?4gyg.

adenoviruses have als een used to express angl ogenrc growt actors

i n-vivo. These Unfbdudedatelyi ctie Bragiy 'as nagnonatlh shedicgren(iMdih=sposee, J.
et. <_31I. Hum ﬁeine Tgrerélbdﬁ:%gﬁzﬁligg, e19521%), ang_one Q]j thea;/EGF fgr)éms,
VEGF- Al ss tRUREAGGSS: 20, ObESn ot PaBeAuatRes 597 1677-51088359805F ¢ 0 5
~. ~U 2002 gi¥EL9840LF KRS §2428wth factors has lead to the
emergence of an alternative therapeutic strategy which
seeks to supplement the natural angiogenic response by
supplying exogenous angiogenic substances.
Attempts have been made to stimulate angiogenesis by
administering various growth factors. U.S. Patent No.
5,318,957 to Cid et al. discloses a method of stimulating
angiogenesis by administering haptoglobins (glyco-protein
with two polypeptide chains linked by 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, C., et. al. Hum. Gene Ther. 6:1457-1465,
1995), and one of the VEGF forms, VEGF-3,,, (Muhlhauser, J.,
et. al. Circ. Res. 77:1077-1086, 1995).
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"3 One of the responses of heart nuscle cells to inpaired bdgog g&ﬁiy
invol ves activation of the gene encodi ng Vascul ar Endot hel a® Fact or

_("VEGF ~), alsa known as VEG--A, (Banai, S., et. al. Cardi

28: 1176- 1Y¥Y4Y54)  VEGF-A is actually a famly of angi ogg’ﬁﬁzlqug@f%?s t hat
i nduce the growth of new collateral blgpod vessels. These growth factors are
speci fic angiogenic growth factors that have vasopermeability activity and
target endot hel pak (@fo%é/e%%@ dﬂgygﬁgbfcehtaaﬁl s C] ly
(Reviewed in Ferrara et al., é)ocr Rev. 13:18-3 gﬂ‘? 58% %%Ivlgr%aktgt al .

Am J. Pat hopairag: 1:(12@0'(398(19993) lﬂﬁninm actBiveltictheot 2XHe 6Qan§6
(1996)). on, o | i nk i.n_spa ti
events of pﬁ{:lg‘?%#’ SY%% Jl}ﬁrgi\égg?eér?@m é’?‘ ?ggﬁ ¢ &%G%n%l 8ne by

way of targysbed genemznpsmuptkmnw nsce Iea:a.dSalo eJﬁleaWé-‘sdieat he@ecause
t he bl ood vessel s do_not dev is therefore the only known anglogenlc

growt h fact®f?! %ﬂétlhﬁ%earls‘agt‘}s func‘fﬁ:% Bsig sﬁ@EPPFéth?sﬁcﬁ“édﬂcaP
regul at or ne en te | | t
because of Qﬁ?gggﬁ?ggt u?gétlol%el fth%EG:dlBﬂdhc\g/%G:tgg |l§xe° otent? m togenl C

( Gospodar owpbiaeqaral bJRPQd: mselsAcad Theise U@Aosﬁh73fhc1:5xs1989)a and
chenot acti ¢c_( Fayvard . _Ce bl %3:3?{6 1% Aﬁdl tionally, VEGFs
i nduce pl a8RTRdvgeh a%??%@%?lcpl M RBgerk 3% qr\'Fat otr thi BRYSr , Vasa©

pl asm nogepeambapal Oty r eaepi 0it{yMaadal ottarejerdl .endot B0l al ChQH!Lood

270: 9709- 16, 1995; Pepper et_al., 181: 902-06, 1991), as well as

col | agenas§§s§€ﬂie?ﬂ)¥1?~n3i felly aggost Pﬁ%ﬂbﬂswg{y 557(R@2r1e1@912) inenzyme
systens th nva g, n |d.ar to e VEGFs
ol 0 Sti Ml SF St he Forimt | Sadrly et a LA AZ] LE5ee T CphbREN 8y o
WO 991 4019&1 PCTANSIT10P42504 . endét:noR9a3 Sc el s Jan Thowmas f oTexaiplie of

angi ogenesi Ni i t I. Am . J. Pathol., 145:10 9, 1994). In vi vo,
VEGFs indugg §g3e§8§’gg L%aﬁgs bt aﬁmrgﬁsé%ﬁé 2)2% ¥EGE-A1889% and

i ncrease V§§Cl1|1?akeﬁer1'¥?a§¢ééé Yahg8edfle &oabvendsl &AECpRYL1 83z §5aﬂ1983)
VEGFs are now known as inportant physiol ogical regul at ors of c ary

bl ood vessahgioganefod, FThdydgletiomolofedthe VEEFnar gmnef dpymway)no@f new

Brbc. Nt CaRdsh0d SLARARE B buon "o R 08 1608 BROUMBL AL B nd 1
J. Exp. MeBechu$e 187&-YBhod S8 selishalomeintt developl e Itansg ghegedoey

(Jackson et al Pl acenta 15:341-53, 1994; Cullinan & Koos, Endocri nol ogy
133: 829- 37Eh20881 YK ARpM e @ngiogeiC JreMtRof actes: 15R%52PRSIBS . thur i ng

fetal develfgﬁeg% VEGFs 2pp, | a | r e novo
formati on of bl oole1 vessel s f?%érﬁ%%cgd ?Sg grllgg%?%tdggu pé%}rgn%&lm%@ Rev.

Cel | . Dev.aBpdbgengs®s.92, 1995), as evidenced by abnormal bl ood vessel

devel opnent and hal | ip_.e o] in i ngl E

(Carneliet et aWnghg%%§%d3gﬂ:§€£¥3§?i€§g%)gvﬁggegvegng Egﬁgaggg O%pllcated
in the pathekogscahcbhved veskelygrersh-Bhar dUESF! 8)i capk npbyediigases,

i ncluding solid tunDrs Pot gens et al. i ol . Chem hgg pe- Seyl er. 376: 5770,

1995), ret PhERIEREEs (ERPPPERTGNigE StaRl g, BEPRol M 549284, S€494;

Aello et aiga d¢.Fndl-1s) odo) STnd48Refteat®ls Adavhsgeterdl o AN J.
Opht haI nol . 118 445- 50, 1994) psoriasis (Detmar et al., J. Exp. Med.

180: ' _141- B6011992811 afid: LhEunet 91 art hlkcﬂdltsl@ﬁa]/hyet VHGESs Jingxpe Med.
180: 141- 46, ,1994

%} VlI,ElGF SOSI on gs re ul at ed \,b m)nesﬁgg tgvv%l ki et

al.. 3. O PRESTROREET GFLDELOE  } ?%ﬁPharchto%%C’iTFrB $%Biol .

Chem 271: aea- 9@asﬂn@ﬂﬁbenaﬁétli)#ahbﬁoﬁe@eptor (Mandriota et al., J.
Biol. Chem. 270:9709-16, 1995; Pepper et al., 181l: 902-06,
1991), as well as collagenases (Unemori et al., J. Cell.
Physiol. 153:557-62, 1992), enzyme systems that regulate

invasion of growing capillaries into tissues. VEGFs also

stimulate the formation of tube-like structures by



-0 5 ~~6 2002 WD 99140197 PCTI US99/ 02425 5 (Schwei ki et al., Nature
359:843-45, 1992, Levy et al., J. Bio.l. Chem 271:2746-53( §199%) 2002

Upr egul ati on of VEGFs by hypoxic conditions is of particular inportance as
" a conpensWO@POIFEChani sm by which tissues increase oxygenatPFEﬂ’rgg?{?zdabh

i nduction of additional capillary vessgl formation and resulting increased
bl ood flow. This nechanismis thought to contribute to pathol ogi cal

angi ogenesj S RS Ath i n et inopgtplss. ver, -uprequl ati on of VEGF
expr essi onég?%glrléﬁgggxi al sé al sag e][s}geﬁ}?gﬁ ier#%@seuemrfeﬁal CIER§E S n

der nal wouldibeaiangt( Blank 2et. al. ,Palthdd .ol .14hen2R7 b 126854613, 1995),
and in coronary_ischem a &E ai et_al., Cardiovasc. Res. 28:117679, 1994;
Hashi noto et al % ARV § Fol 1NAReE | ABGECHEH851S] odBUNTsehg athe rabbi t
chronic |igh;bseben g,g088bes-bb, has1bgen shonm t hat-repeat ed it paguscul ar
injection or a si nglle intra-arterial bolus of VEG--A can augnent coll ateral
bl ood vesspeérfeabhtity aSendetenetdaly ,blSoienteow2i@agaperdnt 1983t he

i schem c hi LIb u t ircul ation 88: 208-.15..1993; Bauters et al.,
Am J. Phys{l?%# S 2%’%?#3@3@&?’“1854}“3‘2&%%%tgh%?l% ogi %rﬁﬁgé{qia&?rﬁo [ part
2], 11-228084capfPBarPablecd ekssel, fdrmdaSen. Surey 2ave3 1idralveO95%:
Bauters et al.) Crculation 91:2802- 09, 1995; Takeshita et al., J. din.

| nvest. 93tR®2-REMAHoAOXTHEiFR s HpdBEY \ERPLKASTARS0 PEEHNFhORFA D act
syner gi st Wi kpoF elg Lsghem & (Asghar a al .
Circulatio PJ@‘LZM?' [%ﬁ%%?a%f‘g %F%%SS%‘MQQS% té?/%dg—'p\/\gls ‘al’so r'e;ﬁﬁléd to
accel er at eAthd. r8pair GEAbAP:86MSFhPUredothi casste drepdior y(Bmdat kel i um

while at the sa ime jnhibitin t hol ogj t hi ckeni ng of. the _underlying
oot h st e: |y ePED t HBPeng TFaPATar 06 oty Sabn DR TRRCLIRE VGAG 1 1 ow
(Asahar a einal ﬁre ndney| (fadlen - e\ DO 14Bh Q2 REE WB29102435 G 9Gisr,cul ation
91:2793-2801, 1995). VEGF has al so been shown to i nduce EDRF

( Endot hel i Gubgingsd&REPSSi:n Brdaarinadiagy 3 33«8k R e fdddonKamaltast i on in
cani ne corggary At erj_espatth%g_poiggtig.gl_g%coritgé utin &fléljl crf%%%ﬁd bl ood
F a to

flow to i sChéhi ¢ areas via a Secondary” mechanismTot rgﬁ)
angi ogenesdsevékopeénsal . VEGBRE dppPhystol pR&p: £h86ssE2iall 3%R)e .irAchievat i on
of the geng encodi n% VEG-- A resgl in the grgdugéi on of several different
VEGF- A var B&nf¥Vr LPEBREAPE  Bfo bYeSPELPndEM e BpPPLi AFLARESei n t he

same chrompgogrl ENA1Mn@lds Alhhf er gat,, BNt I amees,i pies S0Nkai.Rizngodi f ferent
exons thereby producing different proteins. Such variants have been
di scl osed, 1P8F) exasplavidenaed bpasbnorrgl blood 5e6sed THeyvsioprmental .

whi ch identifies human yascul thel ,al_cell growth or.s .havi ng
pepti de seéﬂgn s qr}é%?*g ?)‘?1 lg@bgggg ?%kg'rﬂ%oaacﬁg"‘&gvf(e i{".ﬁ&g _aS.L,le@EaG:_ Al21
and VEGF- Al(saymeldadi tatonal ly, N&tGhA B enaB s4ALH; AZOBs have Mireovieegn
characterized and reported (Neufeld, G, et. al. Cancer Mtastasis _Rev.

15: 153- 158VE$586)3T e THER Y c 18ctPRA t PAHRAURT L& oRLOVEGERSSIof or s
varies depgigi,pf hLA:&SOLOLM JEOMAXATRL Sea ¥EL - ALl yaldyVEET 4 sS have

very simlar mtogenic activity for endothelial cells. Howevér, VEG-- A189
and VEGF- A20Boase (Eptgensaldty ali t.ogeinl. (Famar sHepped feyI@ni@ds.: SRev.

13: 1832, 1992). reduced activity ,of .these .isofor is . attrihuted to
their stro g'a§'§§%ﬁati5%thn?ﬁapé‘ﬁa§ a(ﬁ‘fdl trri%& %i'év énggd lgbaytt}{%é nor mal
mtogeni ¢ agbi: gy gaf, a1ngent wfe MEGF-AZOQ MY Chv) acksyt he 24- nesd due "

matrix targeti ng" se%uence common to VEG-- Al.es and VEG-- A20s (resi_dues
115- 139 i n3fitgld8P-@Fer r aP§%6t APAPiEnRer 2lRev. AM3: 18. 3PPhHLmOL .

118:445-50, 1994), psoriasis (Detmar et al., J. Exp. Med.
180:1141-46, 1924), and rheumatoid arthritis (Fava et al.,
J. Exp. Med. 180:141-46, 1954).

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
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~arise fromalternative splicing of up to eight exons of the V gene

_ (VEGF-A121 exons 1-5,8; VEG--Alss exons 1-5,7,8; VEG--A, B9, gﬁ?%;%oéz? 6a,
7, 8. VEGHOPMIY%xons 1-5, 6a, 6b, 7, 8 (exon 6a and 6b r &

al ternativel y spliced forns of the samg exon)) (Houck et al., Mdl. Endocr.,

5:1806-14 (1991)). All VEGF- A genes encode signal peptides that direct the
protein Inwcmelﬁ§0éet 2Ly, PREBURY 356t £ 2p! € 9 dECTLALSLCRNA encodes a
191-resi due am no acid sequence consisting, of a 26-resi due sécretary

si gnal pepBidé. sé’d]!ee?ncéﬂvdi’l?dlﬁ |5§,cllé&ﬁéd uplpregedattioon odf VEGEspbgt ei n

fromcells, and.the 16§lr esidue. mat ug rotein, subunit. However, only

VEGF- Al zI BRHCVEGF- RPREISA8 Pouid t% ?E’éb?ﬁ/azéec’r“&o&fwecmalsur@d cells

wher eas VEGSmﬁbﬁQa&@d‘yVEGieéﬂﬁﬁléﬁﬂal ByaSS@Ei@lHEd waiddnddie pheddaisag cells.
These VEGF- A fornms possess an addi tional highly basic sequence_encoded by

exon 6 cor PE¥ESRALAGT: othESHEhesiNdCE B3O o/E@Idtdenald Fepiddesy115- 156
in VEGF- Azgésslﬁ‘e%rﬁ\gghBhOQﬁdCPQEEitT@nQ' ALl i ddy NARRYT nrand an

ability to associate wt he extracelltlar matrix (matrix-targeting
sequence) (IEiohah,lsm Aiset thoyght Biol.cGhemibR6&: 26631pathpl8g2raand
Thomas, J. _Biol. Chem 271: §03 06 (19 6%}‘ The m togenic activities of
VEGF- Al z| 3ﬂ319§6§eﬁll§s ot e “EMRE Pard™ ditRF 9 1eSsul t HO¥RVEEver al

groups (Neuypekdul@riocet 8F. vEGCEkpMREaSLASI SERAV. hiBok33- 188 61396)

al though one research group has shown evidence indicating that VEG--A121 is
si gni fi canebpensdaladn Fd ey remin,, ee~t§! al iny degmgl. woewh herlingosg- 7795
(1996). It cl.ear~whet;he e or.f VE 89 and
VEG-- Azos, (g?gﬂgsggc%}vé 6]1: Fé%g aEg lyggte\ijb;sh(%sgr ord"‘r;éL “since it
has not beearpnasybhechemdllat aBanaineetl al pur eai-dimm.t Hee f2@r:1quantitative
measurenents. This failure is a5 ~~~~~ aé\ oaZ - WD 99140197 PCTNS99/ 02425
8 due in le?t' t 01PR&ir ARG TRESoci &Y on Aith pBtuci Hg ceRsipd -

extracel | ubgh . pabligCed oM Chdgy)i npai red by the presence of exon-6 derived
sequences apparently acting in synergismwth exon-7 derived sequences
groups (Neufel dUS@nS @ﬂl%lrabb@&nmrqvmcaﬁla@ sl sRbemizs mogel158t( bess) . As
depi ct ed |§ gl g. S % ao‘:msurn gn&oged. emons 5 contains i nformation
required fB8FSfneS? cognlkfl on” 6P “the Vi DABTHFET £ PFPIPCEROTart R%) and
KDR/ f I k-1 gKeyle Hihtr®tareéridl Bbauueherafznvﬁ@ﬁ&; 5648n 12%Gnentnd is
present in all kno vEGF (igisoforms The ani no-aci ds, encoded. by exon 8 are

al so preseff |lﬁt§ff kiohPCF sYPBRRE. fPTRStI@braR FajABRCRM sPYngdreRed

however byfthe RfEsANEEMOAt AlsENGfe Of sthemReptiiged jamcodad byrexans 6 and 7

of the VEG-- A gene, and the presence or absence of the pept| des encoded by

these exon€§irgsiatsdm §t8r OB, dilPP8rienBagt@lBchetr @k randimt ed i nto

functi onal f.er,en e th (reviewe feld, G,
2 pyEienenses Bebesen.! ek racbaRtE, (LEPYetl u i)

et. al. taStasi’s
90 [part 2], II- 228 34 1994; Bauters et al., J. Vasc.

Surg. 21:314-25, 1995; Bauters et al., Circulation
91:2802- 09, 1995; Takeshita et al., J. (Clin. Invest.
93:662-70, 1994). In this model, VEGF has also been shown

to act synergistically with basic FGF to ameliorate
ischemia (Asahara et al., Circulation 92:[suppl 2], II-
365-71, 1995). VEGF was also reported to accelerate the
repalr 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.,



-Exon 6 can ternminate after 72 by at a donor splice site wieheAllGi2j0?
contributes 24 amno acids to VEG-F forns that contain it such as VEG-- Al a9.
This exon 6 formis referred to herein as exon 6a. However C‘E & V@%-A RNA
" can be sPVPO¥MIST the 3' end of exon 6 using an alternativk }31?% Jte

| ocated 51 by downstreamto the first gesulting in a |arger exon 6 product
contai ning 41 am no-acids. The additional 17 am no-acids added to the exon

6 product @sraulfsiths ®f 37y oher ngbkye spkgpi Adsahesbebabhednbamher ei n
as exon 6b. VEG--A~os contains the el ongated exon 6 conposed of 6a and 6b,

but this VRSAMGPE | EDRY c Erdethel tarPaEcred Rel axim skaeror E(nisrial ., J.
Bi ol . Che 11947- 4 A, et al.. MI. _Endocrinol.,

1806- 18I 4,rg”i€‘g% ).'&gﬂé’%%‘?'goﬁ%tg’g&%i?{% %b’i‘%ﬁﬁ‘i%%%zﬁi ®Ai56tati ve
fifth formpis iFeAr i ¥EGr- Abfisribagihgenonanedeascd e lvy@mns esdogst ri um

using PCR The authors state that the_sequence of the cDNA of the VEG--A,s
splice variSFReTifi @aEe8 VHat 3 tSeRdANeeIBARIsNs noy Hpil atediohever, it

i s uncert alpyhiedhes s L hqgautdior g1 f oungy t hat 3phi Py Ak #BLpEQAt ai ned
exons 6a and 6b as iJI:l VEG-- AZOS. exon 6a as %?159\57EG:- Al189, %)?gelg%% 6b. The
authors stl@¥X hat since the splice variant retains exon 6 it is probable

that it will be retained by.the cell as are th her me rs.of the famly
that contain tHMEEYBRIOR é%%rtﬁ%ec@efgnggcgfhgﬁ ?Eé%égoﬁﬁsgggﬁeﬁpoah&i on 48,
11201128 (F95Rct 568 ab50, sBasrsl Mdifteddnt Gyudl- Xach9F sahes, 11015,

1995). The biologic activity of this formwas not established in that
report (ChesSRERTTsy. Preduged byn ajteppatdve Grlekding wheredsy- e, 1995);
Ant hony, F e e 7- _11334) | gme i .L.sof or ns,
and the ex%%éetrﬁggjogﬁ(%g%qt hn%ﬁ%ski(?}gg, gl?%fe epicted in %?é]}t}gg%ibﬁ%bre
recently, coMEninmgr didiferemtl4éxansnclexels; ppddowdine cdiaffdreneodi ng

this protein, have been identified, and _its uyse for treating the
L g v TS TVEr orSarTh VAL Ante hele ReenoBiRciaRRt | foN LuanRle.

08/ 784, 551infij.ed Jppdany Ab. 1899794Pybki thedTascMO-98440Q41 ognehch 12,
1998). VEG-A is known to bind to two of three different endothelial cell

recept or s, identi bieahhunansvaseihat cendateieht aeel brarevhbwEertariar ge
extracel | Y 7. porti.on comprisedhof % dmauodl pbubiin- typg dormi og, gnd a

cytoplasm<€ p fURCti Ons as yr osT né“Ki'nasé: €se receptors
are Rl (flacids(De.¥&" | evsEEF-al,, , ai58i CBCE-X359: 98 A t 18892) 1y RZVEEPR/ f | k- 1)
(Terman et _al., Biochem B.iophys. Res. Common. 187:1579-86, 1992) , and R3
(flk-4) Buep andNEGHTR.D2YG 28597PpePTrRYArpoYdEed and reported

(Neufeld, G., et. al. Cancer Metastasis Rev. 15:153-158,
1996) .

The mitogenic activity of the various VEGF-A isoforms
varies depending on each isoform. For example, VEGF-A,,,
and VEGF-A,,; have very similar mitogenic activity f£for
endothelial cells. However, VEGF-A,,, and VEGF-A,,, are
only weakly mitogenic (Ferrara et al., Endocr. Rev. 13:18-
32, 1992). The reduced activity of these iscoforms 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-A;,, and VEGF-A,;
(residues 115-139 in Fig. 2) (Ferrara et al., Endocr. Rev.

13:18-32, 1992).
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"10 ' (Pajusola et al., Cancer Res. 52:5738-43, 1992). There are distinct
sel ectivities between these receptors and the various VEG--RSapds 2002
_VEGF-rel ated protein |ligands that have not been conpletely elucidated as
yet. HoweW& 9949197 s known that VEGF-A binds to R and Rz { F&THMY842%
"Gowth Factors 11:187-95, 1994) but net R3 (Joukov et al., EMBO J.
15:290-98, 1996). R2 is thought to be primarily responsible for the

angi ogeni ¢ respenge owndebheki df CEbdBE-A 0aVEGE- | #:K6m 96aW 3G S
(Gtay-Goren et al., J. Biol. Chem 271:5519-23 (1996)). Accordingly, there
i s a needSPoichad PHrR 7 eimbt AXenst 6fnshehYEGRaAeoendi (VBEFahLini ti es

for matri Q ffiphLyarece Thi difded affinity will alter its
bi oavai | a f{?ﬂgyhmﬁéﬁ’agﬁlbﬁi%’t‘é’r eegg%l\%l E'?R@&%A‘WEW 'flﬁés'present
i nventionéas di,r &gt AEQFSA)QYekexbasny -6f, ¥&aG- q5,0tej n§, (pxehewablaxndhuman

VEGF- A pro%ei ns, The preferred use of the_ VEG: proteins and nucleic acid
mol ecul e EBnPUsi%T ohS & heeTRRbhY$bh PPlicedscfetms &dnpbBetiseme to treat

the cardi g¥asgyl afciyt &b agd, | t fodli seaggipdhr oughy ghEeghs (ApsA99L.00Y,

conduit function, and perneability. Such prot€ins and conpositions may be
used to ai &liln VEGF - gsnesntensiodsats iamasl \pept hdes t thasedseecnomhes, or

ot her ischem.c.condlti I ul at i angi qgenesis in s atients.
These nongg%grl?rlsgg?BVE@é %%%?%’f%vﬁ)ﬂr}gﬁ Ve g%ﬁ)cﬁ’ﬁ%f%f ;ﬁqﬁiﬂlﬁ)r matrix
and | ow atbiNRi eyco@espa o1 81 - dd sdue dintirgatbcdd ddgiehddediigiamaidabi lity of

the proteins when adninistered directly . to cells or when cells are
t r ansduce@fwdt 17 DS S G i RFRSTEY i hPentide ASIEPNYEGE Whishei ns wi l |

poSSess a,unlcautyed S HUFered o e A002 POILROALG25 oy nat i on

of biological properties that w ting romo formns.
The uni queheonth Sreresidwd pabpeet ipeotefin hedouvECE privweevsrw lonlyender

t hem pref d_therapeyt] gents ip certain circu ances for the

treat nent %g%t‘ﬁencéf’gi g@gg(’: ’r‘ara’é‘?/s{]%‘ﬁﬁ’ NP inft’§ H?gggigssggr\%ﬁi gé’ ot her
di seases eghatasld i zedlldy vassehy «edr-pLQl i hagat vy W), Pardemayar, the
cDNA coding for these VEGF proteins nmay be enployed in géne therapy for

treati ng BE8OSaRdesh ¥l Fhespraduaimg iasst IH sedBrese THEGHoRelfovREF- A

pr ot ei ns ri.se i k q qg& far,  for ex by . VEG-- A
exons 1- S?S%fasgndgrg], Qgcrig%g?égb,% ,qé’nggggocr: %egélre?lvca i%lgp{jﬁggeo . These
protei ns pkehemaltormispwiditonmo seedidudal 1150159 aai VEEFUIENCand exon 6a
and, preferabI?Y, do not. have the sane properties ctjvity, and function of

t he corresf&hdi VB0 r 1t eV REF thas - cofprfSe adME §1RPS aRPRESECiRd

sequence ofi gBXQF fAdi et Rer hapuelhinVERR- AnPLBLE LRy €0MRsIR iAHNQide d
sequences coded for, for exanple, by VEG--A exons 1-5, 6a, 6b, and 8. These
prot ei ns Bhef ersBARY didthaeat ek salmapybpetaraetingt i Wegrenmed functi on

of the corgespanding, VEG 4} Profei §fo1 hat ¢flgnn0b c599BhL IS 3% 0 33
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. 271:7798-7795 (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



*Thus, in preferred enbodi ments of the invention, a purified poL%pﬁﬁhide-is,
provi ded, conprising an am no acid sequence coded for by VEGFANGe s 1- 5,
6b, and 8, or a derivative thereof. In other preferred enbﬁghﬁgﬂ%s f the
“inventi o049 fi ed pol ypeptide is provided conprising a i d
sequence coded for by VEGF- A exons 1-fB, 6b, . 7, and 8, or a derivative
thereof. In other preferred enbodi nents of the invention, a purified

pol ypept idies i $nppavicdesh CeARASi grdtg aBkBOcaakdon Qvdhr: proddlPagW\0

991 40197 12 PCTNS99/ 02425 sequence coded for by VEG- A exons 1-5, 6a, 6b,
and 8, orcellfednthigxteratrtbeliarpateiapsywhiak VEGImRapsegdpbpt the of the
i nvention, s Hnk = A r t i ti ol ypepti de
conpri segb]ﬁise am r%oygego sseq%eeﬁggégf égl&d%ﬁggg, é&?égggp';g’ %rcgg 8FllLéure 5.
Al so prowytesrgisn heltinverbnel dee imed fseatheamres sgratpd rNetéetdaci d

nol ecul es_coding for the purified pol, tides of _the invention.
Pr ef er ablSr, - t%%rh'c'l A 'FdMﬁﬁFl?EgFéép %\Ye thélndcredt ide%dquence of

Figure 3 or Figgurqahct@a Ofn FHQUr & 5. chef i Wndebedd dyhexBhgs et

invention are purified and isolat ed nucleic acid nolecul és coding for a
bi ol ogi cdl |gergatinge infaymaniaf reapyastiffore gheceropostigiion pfetbeabl y

VEGF- Al?’e\%C}ng:e' %rﬁorfl\@q:;)(%gé%lgéz)? a%ecfi t/! ’-éﬁ"tjqbe({’%g' ?ugh fragnents

mai nt ai n st "preferabl y “up heactTVvity o S uPr I"éngt h

6b- nmodi fiexd. ald haveBbsl | @hsin 10% SeBBespaef enabby, ahnHeast p#e&ensor e
preferably at_|east 80%of the activity of the full |ength VEG- Al 3e,
VEGF- Al sZAD Rl VERORPa Y ER \iRptPHBe: ATHe sunrarite enpededi BY vect ors

compr i Si NgeddiesNugt &1 613l dpFRls! e3n0faiCxhBYENtL 00 B! er aklhy, these
vectors conpri se adenovirus sequences; preferably the expression vector is
an adenovisaefonmctoay Merdiptdhgnalshed tHowawext edyx tloe dpresepeeabky | i nked
to a pronqter sequgn that .i.s, active in.vascul ar endotheljal _cel]ls. The
expr essi W%%grgﬁgrmlﬁﬁs{ HRFRCRIRDr ¥e§x8n5a:gtiaeﬂ§a eﬂngLSI
sequence yE@MAW&he | Nen&LAhEl Brageerediane desmdetel of edhel pepBobbsr
enbodi rent of the invention, a kit is provided for intracoronary injection
of a reccnfonaf Nectbesexsreds e s ikl stedchusadi Aiffesrarasl y

which are translated into functional differences between
the VEGF-A forms (reviewed in: Neufeld, G., et. al. Cancer
Metastasis Rev. 15, 153-158. 1996).

Exon 6 can terminate after 72 bp at a donor splice
site wherein it contributes 24 amino acids to VEGF forms
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-3A,,,. (Tischer, E., et al., J. Biol.
Chem. 266, 11947-11954; Houck, K.A., et al., Mol.
Endocrinol., 1806-1814, 1991).
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VEGF- A138 VEGF Al sz, or VEGF-AIBZ, conprising: a nucleic acid nolecule

" encodi ng WOR9HAS f i ed protein, preferably VEGF- AL, 8, VEGFPRT&S99/B425
"VEGF- Al ez. cloned into a vector sui takj e for expression of said

pol ynucl eotide in vivo, a suitable container for said vector, and

instructions far JRjRGd0e AL ¥86hObsl RigRraaPakjRip.p Pretg ralﬂe\(_m in the
kit, the polynucleotide is cloned into,an adendvirus ekﬁr‘es& on vector. In

yet anot haptasipemt wie t hemany emdomet ré uret hotli ng PCRVi dFtef @utiweast i ng

el o SHAGA: MBS VAR ORCHFGCR RE BPEr BPR) 5 GRerURr phwEBiAS Cor

VEGF- Al erzaQﬁaﬁthqmdattarwﬂftBQtVEGFu/érﬁraqtr@dW éxXords LD apgubihgald y
effective anount to stinulate vascular cell proliferation. In another

aspect of Howeveaveritti ohs dngerkedn yhetdeniethe opubhhmacifeynd that
endot hel i g ;aza%xhggcgf 9é§§?ﬁ3€/de @g %iﬁe&or@{ér?é ng t hgga gbofagdry ni stering

to a mama erapeuti ca ' ve anount of a fied prote| n,
pr ef er abl YyEQEGE; ,AJ.SBxOHEGE\- AlsszZn OEGHEGE; A ex. eRoef @babihe tathors
endothelializati S reendg%hellfllzatlon after | opl ast Mor e

T 23

pr ef er abl §53Ffe FPEEN RIS i bher ¥ahideto FeﬁPéwg‘énFé‘OPe t dbodiSs. In

further agpgehpiefl these deihpdspef rébsmeaeﬂyl Qhe LRE1PAL @Rk ichd reated
with or wthout a stent. Preferablgl he mammal s used 1 n the nethods of the
A

i nvent i onosherhumembeksweQér the widivt efpplagt edonhainaltthisameados: .woul d be

candi dat e or _thes 0 n t thod f t he invention, e
admi ni st rzFF’SﬁnPr&% g5 %rg] edts afgefneé]lt r%l‘]’offs f trlé’d’ At h&&?rb t he gene
for gene umeeamgsss)a;dns@eshesed Baicig an ,i ndt aéﬁbl € GrawitdoFaeaidial er

coated with a pol )énucl eoti de encaodi ng 6b- m)dlfled 05 ~Ua 2002 WO
99| 40197 12, 1995). The biologic activity of this form was

not established in that report (Cheung, C.Y., et al., Am.
J. Obstet. Gynecol., 173, 751-759, 1995); Anthony, F.W. et
al., Placenta, 15, 557-561, 1994). 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
255:985-91, 1992), R, (KDR/flk-1) (Terman et al., Biochem.
Biophys. Res. Commun. 187:1579-86, 1992), and R, (flk-4)



©14 PCT/ US99/ 02425 VEGF protein, preferably VEG-- Al 3e~ VEG-- A162, or

VEGF- Al as In yet other preferred enbodi nents of the presenf) § AUS 00N, the
met hods, conpositions, and vectors of the invention may be used to enhance
“drug per M¥QOY#H9Dy tunors conprising adninistering to a pat¢EHE9P2425

b-nodi fied VEGFA protein or a nucleigegcid nolecule coding fox a 5bnodified
VEG-- A protein, preferably VEG-- Al 3a~ VEG-- Al s2, or VEG-- Al ai. The

6b- nodi f i 1A REOtgi N nay,be-dekivessdghpeghl v 4t tu 1, or it
may be de??@i&% |£\nto tﬁe 'vascla aIr- syster%ng'S?gPerggbl yléabtﬁa' Si iée%%cat ed
cl ose to ahe diswintt tdelechbrit idr hetuaeny ehesef relrepbbrendintli etheVEG-- A

to : : , " . : . f
Punor, "wi PRERERS TECETAaned PREFCFFoctPycnBaketR Tresendnthner Boyeny.
i ncr easi ngodr vgeuptctplvrdye buGBidatbe G- pst fi edoWEGRYA PLOt @isn

delivered in this nethod may either be through direct delivery of the

pol ypept i feowr that YFEFth Rindudie denandhr dFermaruet plovi Gaewith t he
present i j j § et h f ancing d at_i.on rs
conpri si ngggg%ril—%rh’s 'eslr%nﬁ’oolgg% t?’gﬁt R%Engtl(ed;bg’kg%ir g%n%lédu%écog i‘'ng for a
6b- nodi i &H: ¥EGFO &, pr aboien,. prefryrallsy YHckght3a td/E@e Alp2imatiVRCF, az.
Preferably, the 6b-nn%§fied VEGF-eyégotein is delivered directly into a
tunor cel FeSPANSHEBL RertspERE ANIIRISHVenFEBRORSS 1 Ry apREPFRELBAPOSI ti on

i's prOYiQEQIEQ”PéiﬁtéﬁfﬁiREaQQBQEHtEEéEb¥sa?§§9%%bb8réﬁréEeélandJ@ .
6b-nmodi fi ed VEGF protein, préferably VEG-- Al 3e VEGF-A62, or VEGFIaz, in a
t her apeut Béall yChfmecRi’de SadguRB t(38996) il at e vascul ar cell proliferation.

Al so provided t e..nyeptiqn.is filLtered inj abl e
adenovi rus vec?g?gggg?}grﬁgfi gir??trgorlrsr %sﬁ%éa nge{é‘%‘ﬁb%ﬁﬁ?}? Sge@%.r' 2‘1 vect or,
0 5 ~Uu 2PP3teiN® BRA40RAVelmoBTE1eBSAREDRILPesafOrvaat 81 xCAARANLBWNIG NO

w | d-type virus and conpri si n&: .a partial adenoviral sequence from which
the El A/ EABL§BHEY REGBPEEER dahdfelodifded affnBakYiewtddi Adtear igs

6bnodi fi egiggggipéggg?.?ggngk}h hg;? t '}ﬁi\éE@E_'eél.as1 VEG-- Al 6z, or VEG-- Al ez

driven by a pronoter e e partial adenoviral sequence; and a
phar maceutically acceptable carrier. In further enbodi nents of the

i nvention are provided 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
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“methods for treating cardiovascul ar disease in a manmal conprising the step
-of transfecting cells of said mammal with a nucleic acid qngl g_ggl mmlhi ch
encodes an am no aci d sequence coded for by VEGF A exons 1-S, 6b an 8.
mal
“conprising the step of transfecting cghls of said mammal with a nucleic
aci d nol ecul e which encodes an am no aci d sequence coded for by VEG-A

exons 1-5,.&khi ot M & Al1eqREaYi gedpate; OBt hods Jyﬂltéfif?{mg?ish.
I 0 ranstecting

cardi ovascul ar di sease in a mammal conprising the step
cells of ddiemninoml oshely VERR| £drmaci d Thel amd guehicombémaadesn anf am no

aci d sequence coded f by, .VEGF- ns 1-5,. 6a, 6h,. and 8. Preferably, the
nucl ei ¢ adl dMol ecut eatgefnpltolglegsg:i ﬁnﬁ%‘e) RRISEESF e | AARHSOn WEBs for
VEGF- Al138,pdif@rAld hertapduticAbBént bNifir eE&F ¢ £1h epbpchm®@risces hegoRucl ei ¢
acid nolecule is cloned into a vector._ Preferably, the vector conprises
adenovi r uSHar th gy of Rt afile (RS HPREAHET vearssremarand | estar e

delivered 4; | L mejural, i gkect P Y, 15 B% e f id
adenovir usél%a%% es Is gteil%iwegﬁ a%%ﬁ?rloﬁ%{ a %utc : %lréee%r eferably
bet ween abmgcultr t cedBowprdlilferdtidmr t hekn ppafkeiced saaspeche, ¢iga

pol ynucl eoti de which encode b- nodi fi ed VEG: protejn, preferabl 05
b DoF 3| HTo FHeer JEY (pHsse 1eS vEeE. Rebpmievell o7 gpnd

VEGF- Al ez, t heralsy | ¥erret deadifify hewé t cakrddoFBBrRl arl NyHCah0RAWY Dekivery of
the polynucleotide is preferred, preferably according to the nethods set

forth in FFFeE®B? 02631, published Septenber 6, 1996 as W96/ 26742, hereby

i ncorporated b fe h Ln, P Y, pntracoranary injection is
conduct ed abou%lT}igcrﬁr"?ﬂ%g tﬁ%ékuﬁenégé?é?ﬂ% |8§P\pgﬁéeri Gt or o%%*‘g
arteries. seyisendes pefeer fed , e fhodermmnpie, the VEGHSA asketscelss @ppe nmuscle
cells) i nclrgiii ng but not limted todrsryobl asts, nyocytes, cardi omyocytes,
car di obl ad®8 8nd bt nBlcl &/ cANSs. 8 PPET & ARIEVIHEVe etheraas -

cardi onyocyiEse PHhb€ePhef grabbYabifeab ABE! BehBdicR! khealRi 00T ARALY artery
cells and said injection is intracoronary injection. Mre preferably, the

adenovi r uRgd tsedeence of rpxen ¢h @&nchbanreferahlint da ot s oifiet he | ef t
d righ i es. , f i
and right sCé?ﬁé)”ag%’)rtég%ze{ &5 Prekerahly, t Sétei gf%:g@fl%on””gggec&%@“ >

adm ni stering a iating agent fhat poten € "angi ni'c” ef f ect

of the 6b-amthddmshddra--EGreRY peptedas Phet ecahbyisé hehpofent i amimg agent
is an angi ogenic FG-. More preferably, the potentjati is selected

fromthe GOt EBASPELPn@IreRRE- 93 - FaRuhegovel FEROS - Ro RF i Rs
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. In 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



-In one preferred aspect of the nethods of the invention, tﬁq. %EJI,,I i@[&re
transfected in vivo. In other preferred aspects, the said eal '8
transfected ex vivo. Endothelial cell proliferation, such as that which
Coccurs i WOAM0Yenesis, is also useful in preventing resteR6¥USI¥Btowni ng
bal | oon angi opl asty. The bal | oon angi oplsasty procedure often injuries the
endothelial cells lining the inner walls of blood vessels. Snooth nuscle

' VD 99/ 4019dqiende Scddda 2068 BETUEERIN0244nsCel5S @Rl erY,Nfddd kat @ nto

i

the opened bl 0ood vessel s causing a _secondary obstruction in a process known
as restenost sdemheahioe i thernerbn oPrefierabdut hheaVESE-Rs podymepd ide t he

per phery, e UhgaDebl anoy LAdUGed dapasharen | Boopdekeloagosch um el

surface of e vesse new nonol ayer "0

pot enti al | ythiegharef tde poliyperids remiprrisad tive dnionsd acisbelequiities t he
present invention provides a nethod of treating cardiovascul ar disease in a
mammal conp?f TR’ st BpIvret fanSFelfi F3IES $of said manmmal with a

pol ynucl eot i de i eﬁ}ccgd_, - kfi = ei rabl
VEGF138, VEG-- Alvygsdz,&bor VEGfZEfeA?e(zin Imr%ﬁgr e?g\rrr e gé\pg{bft)és, F{l}]zél pr cgn%gldgoti de
is cloned idsolatedchoclelin fagitdhemopeechdesedodiperifnr t bheveuirdfies an
adenovirus vegtor. The adenqQvirus_vector is eferahly deljvered.tq the
mamal by iR ?%‘fﬁg?ﬁ ef’gr %i/,“é’ﬁ%ﬁ ‘968 tgxzéebfg aqi ’ ’éb@n&/‘icrl&é'cvect or
particles ai€idahdlaneed mdhe ting efid oot MY esdhiially FiRRd 310 to
about 101' adenovirus vector particles are delivered in the 1njection. Mst
pref er abl y, Ft@éke 4019 a@EnB¥8HES Pector particles are delivered in the

niect fon. Thus 41 Upkhet aBele i SIRBELIEN! Svcd DPCRUELE! £, A0 ol coul e

is introduced into coronary arter y a ca rrrnser intd said
artery. Prededabligplthedcatrhetlesi conpeides mal ecuflleat aldedmd | ogerhaw ng an

outer surface adapted to engage the inner wal]l of sajd artery, and wherein
sai d nucl eﬁel%‘? G £yl 8¢ %%&i s&ia&!“q.ﬂfon Qb ®bafboBrdddied sYECIce. In

preferred aﬁP&@éfnPf%f@Eegsbm?idw@fF-mg,i Rl ia0n) bheved 9l ¢ aghd,

mol ecul e conpri ses’ the nucl eofide sequénce of Figure 3, Figur&'4 ~or Figure

5. derivative thereof. Such fragments maintain most
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 1length VEGF-A,,, VEGF-A,,, or  VEGF-A,,,
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 is 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
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"0 5 ~:~~ zoa2 - WD 99140197 18 PCT/ US99/ 02425 In ot her asPertAifo0ihe
-invention, transfornmed or transfected host cells are provided which
conprise the expression vectors of the invention. Such host cells may be

T used in, WeY99AWIpl e, nmet hods of producing a VEGF- A pol yper!’ﬂrdés%/@’rﬁ)g/i si ng
‘growi ng, under suitable conditions, ajRost cell transforned or transfected
with the reconbi nant DNA expression vector of the invention in a manner
al | owi ng 2$Si on { d polyp idq, and, | atd.ng. sai_d ept i de
fromthe NOSE gafey. qs%e%fzdvi%ﬁd%ﬁ%é"br%gﬂlﬁlv tion i’gpéay#e hod of
treati ng acid mmitesulfd eenegdingnuagbi-soddifiiedc gyditdion qnrefersabiy
admi ni st et t her tjc amount a_pharmaceut j cal _conposition
conpri si n&lggﬁéglﬁbdiﬁgg' oF ot #%F' ef er %F‘#/Eé@-tﬂl?) , KRR sz, or
VEGF- Al Sz guiiftadleUifloablekaaddd itdn &F e £ @bl yikd Bed®idodid Urd-Rer Lonpri ses
adninisterin% an agent that potentiates the therapeutic effect of said
6b- nodi f | SIFROEEA GIIBAHERY dECT PRaLdr ABLyOry hansbtigitimtdtipneydinr i s
selected f, r | b fo FCGR:. G- - FGE- and
FGF-6. Fur E’ﬁgrcftrl?i %g?c%%rﬁco%o%é)i%ﬁ%ﬁp#; er%’fﬁé;gs:aeﬁle%‘teqc:f’%}bemthe
group conist,i nghef :pshyniatebnfdection,cledieahi ¢neor oRAr Yad&tdheishas chronic
|l ower |inb ischem a, stroke, and peripheral vascul ar di sease. For the
t r eat ment SFPLEESYReMAS%Indi ti ons, such as peripheral vascul ar di sease,
adm ni strati on 1of e necesbbeal 6eNpasl nkRhedbn e REAIRIY idvention
Is preferably b elivery of a nodified VEG-- A pol ypeptide or
pol ynucl e@triodfédéﬁ faorecttareatoms | sVarrwlah adirgasricl ot i ale)mamnal
peri pheral_ t] i Y efer V.. dhiS. | chi eved b i rect, injection
into the Sgﬁpgﬁéﬁé’ﬁd]ttﬁsesSseﬁéz{)rgéy%#%%%%l@ t??lt%alagbw%%ﬁad“ve%sée}'?' t hat
suppl i es ftiedligeedpVEGE- At pgouein, Bréferably(OZEGF VD), Q9AERFIX, 19 or

VEGF-A,;,, or other 6b-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-3,,, VEGF-A,,,, or 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. In the
methods of the invention, the administration may comprise
gene therapy. In preferred methods, the gene for gene
therapy is administered using an inflatable balloon

catheter coated with a polynucleotide encoding 6b-modified
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- PC f/US99/ 02425 Al so provided in the present invention ar eﬂrﬁetﬁ#@dgoogf
i ncreasing vascul ar permeability conprising admnistering a therapeutic
anount of a pharnaceutical conposition conprising a 6b-nodified VEG--A
- protein, woefmomhl y VEGF- A138, VEGF-A162, or VEGF-A182 in BCEUSPYR4ES
carrier. Also provided in the present ygvention are methods of treating a
patient suffering froma wound conprising adm nistering a therapeutic

anmount of c ri 6b- d | VEGF
protein prefer aﬁl %E&' %1%%%%55,65 foﬂp E@%AI “in ak’fgu?{jgbfze
carrier. Wth thrmfpeeg@n:rhgranplreféere@bJthbbsi,lmﬁtantcﬁge&hambrf@érw es of
the invention that wll becone herei nafter apparent, the nature of the

i nvention rdyVHEIRRe Aedreh %‘ﬁﬁerQPES‘BEISPJ9lPBFeréHéeVP€t1°I¥§ o | e

detailed d Rt e et r a0 pﬂm
cl ai ns. BRIq'EIFZvr DESE%?B%EKO%QOL%S%E QBR%\\E}\VhﬁhEg étﬂglﬁ?gma gr%‘gm}? epi ction of

t he exons tdwprEsdode adgmindss evEGE ﬂ:@oﬁopas:teﬁtga @ ldﬂmatiﬁl&d]e!mm eoti de

d f_VEG--.206 di d der |
[SEQ 1D NOB OSIEESY . ek cBLTAES CprAScitht "PHO WAL B GOGEEE, AV Pr S9RCr | pis

are shown inbdifnesc assH-gt tggrcﬁ:elhduc Ipeificde 19 QEGFLA}”, tveehb-af] andktng
regions and introns are in | ower case letters. The alanine reS|due

cor r espondiVFFR-dizhe g'ﬁ?nébr@ﬁ’ﬁ‘ﬁﬁ&@doVEFﬁeAnﬁ¥%¢%lIbr‘@}élkPﬁ C%ﬁ]tléfelt‘% am no
term nal segr le 1EMJ ,
asteri sk. gagx.eédéﬂ:}’e;%cgtr% t nﬁ@%eot [ dlg g‘%ﬁ anéo defclﬁ és}cegqcﬁ?ggtg% 0 t

VEG-- A138 praﬁcai]ram@dnst@m,e@lx@rfe[rﬁl‘é@w Bt alOsbtei haat?élﬂ)?cméﬂ)wltﬁ@éw

PC TI US99/ 02425 2 . 3. an The aI ani.ne resi ue corres ding.to the
ani no t er Mk o‘Pgt Egs%’{"d‘?‘grpr ot BNS . 2FEALVERY £ nbPEerdR- rﬁ’g?‘f dtion

signal sequanfe A ordiedmedididon]End itk A fith WHdHhAMSY 113K 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-3A,¢,, 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-A, 3, VEGF-A,,, or VEGFq,, in a
therapeutically effective amount to stimulate wvascular
cell proliferation. Also provided as an aspect of the
invention is a filtered injectable adenovirus vector

preparation, comprising: a recombinant adenoviral vector,
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- Fig. 4 depicts the nucleotide and am no acid sequences ofeige gﬁ%nfd gz
-protein coding region [SEQID NOS 5 and 6]. The alanine r dAko
corresponding to the amno term nus of the mature protein, ﬁ@g%zhﬁ am no
T term nal We&Y#1IPbn signal sequence is cleaved off, is i ndi B #R an
~asterisk. Fig. 5 depicts the nucl eoti desand am no aci d sequences of the
VEGF- Al sZ protein coding region [SEQ ID NO5. 7 and a]. The al ani ne residue

cor r espondigig d &rediraradite 4 i hd Uso Ofi 1dhec yid W £ O4red Nporbt B idde ami no
term nal secretion signal sequence is cleaved off, is indicated with an
asteri sk. BEPAMCEBRESCRIPMIANR1OSeTHENCRVERPMONTAEh! She oRiA(BLBresnes i ons

are used hegrejn. OV} ne ndot i [ 1 i ¢ filbrqbl ast
gr owt hf act glrag&\/Egtgrg gce‘?%]gﬁaggahafgr?ik&cggégggﬁngl I(?‘g(ggé_la%o(\r a s%b"
vei nder i vededddtiks i WEGEeprsVEGRYaymdfamrably VEGF-A,;,,, VEGF-A,,, or

endot hel i al_gr hf act or VEG-- Avascul ar _
endot hel i alvg‘:rc%%hf?act 1VSRGRYA, AvREAIN e enfoeRERPPal B ofPR BRLIFL A form

cont ai ni ng sadeshanRatiedsadiae(XX3ndofanbAgrAsEdet ica®1P Asa%e?&)a?ol\@?
thelial growth

991 40197 PCT/ US99/ 02425 %1 6b-nodi fi ed \r;EGF-A Vascul ar endo
factor prot@xrigeshpri si ng exon 6b, not including VEG-- A 06. The present

i nvention rel at t vel VEG- A pr.otei roducts.. and nucl ei ¢c_agi ds
encodi ng t he no?%? J'Jﬁ"‘roci'le(:flh %r C %Tgn%%n%gi@?%g%mf%?me%rﬁﬂee,p% vonﬁgecg_& 6b
and 8) 15, nfdtholisanfoB, teeating @ardinvasshiar ofli ¥E&Fe ALpr @ @idisinaand
their uses thereof in treating cardi ovascul ar di sease. As used herein

" car di ovas @A id Nghse n8hRE At sEX8BSEBCERFe Salls Aforfhad & famedascul ar

| nsufficl eRmbn INGhUH & BUEaNRbIECINECGHICh CHAMYY A teishdlaaape,
congestive heart failure, and peripheral vascul ar di sease. e met hods of
t he presentsequestta oroded afort byt MEGE-daterons ol - fanthl aad Bat i exitsy

preferably _humans. . " VEG-- B, refers to.a_formof. VEG-- A contai ni ng about
135 an no. RATHA Secls St BPRRRGS! REEp SR AP B St GL35298 and 8
of the VEGizAagmthecéﬁpﬂéi/EgF;Aba%'taﬁl oF RS d@ 3R] idatiyvess and
functional equi-~ralents of the native VEG--AlL, 8 nucleic acid or amno acid
sequence. Nal§ @apmgl ALE kel e orpid seeleeulen wolekieneedrreide shown
in Fig. 3. v : rel t ter F ers th the
mat ure for n%#g\r%% ﬁcelcgrsso- or rr?%f@é;&%%gﬁyﬁ%/%%gﬁnés%ﬁ% fgslse)'qttjfe)'nce, or
derivativesamd f&nctiorflsequipravedes t leereof met NEGE- AIfSZ" refemtsinag a form

of VEGF-A containin bout ., 182 am no-aci ds d_cont ai ni ng_t he_peptides
encoded by SRS AR IR a7SeaF I A he e Lo aRgk e g Srhe el o
"VEGF- Al82't rlriF d i i beldey | yAt iskas afdhhaDCliie®al a . neglieval efdsq of the
native VEG-- A182 nuclelic acid or am no acid sequence. Mature VEG-- Al eZ

mononers cAFEE & high mcRIeF fEyEEHEe SRdAN SEAUPRGS 4odeRwERerbY as used
herein, VEGF-A exons 1-5, 6a, 6b, and 8.

Preferably, the nucleic acid molecule employed in the
methods of the invention codes for VEGF-A,,;, VEGF-3,,, or
VEGF-A,;,. In preferred embodiments, the nucleic acid
molecule is cloned into a vector. Preferably, the vector
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



" both the mature formand the pro-form of VEG-- Al BZ, incl udP al
sequence, or derivatives or functional equivalents thereof. "VEG-Al 62"
“refers t oW MUY of VEGF- A contai ni ng about 162 ani no- aci dSCEMFI¥BRAI ni ng
the peptides encoded by exons 1-5, 6a&¢6b and 8 of the VEG--A gene. The
term " VEG-- A162" also refers to derivatives and functional equival ents of
the nativ - Al cheic i _aM NG aGLE ; nce. t wlr G- Al 6z
nMoNoner s ggzr%%{?&' ?ﬁ%@gmﬁ‘ﬁff a%lcd‘%sée%tﬁﬁéeqss hg\t/:\"g 1?%9E|89.E%5F B){%Hzl)ﬁv%e\}f\eélrz as
used her epf, at mamnal m VEGCEratSzonaferdeliovdmyt loft henglolysndcdreatanit t he
pro-form of VEGE: A162., incl inc_i;J a si\__c;nal sequence erivatives or

1 or d

functi onafSeRASHATNTY t RESEST 2D FOSPTIRAT &P athec® 1S VEGE Al 62,
VEGF- Al ezfgk-tAt her e /sy f el VEGpab Dl 8had akephkehblirong] edykvalents
having simlar am no acid sequences and retaining, to sone extent, the
activitie§086/YEBE2A138ereGr-iAeorPoyRtRd) by, ¥rierercechansiti ed VEGF

pr ot ei n. p {,on i " AS 1 he.derli i h activity
Phat “can BESECBaPLYLrad for FheTanery: tT8pE A RTEpHRheKEd ARt

VEGF- Al ez1 ormotineo 6bhevdidments VBEE- yhiot dieft Pawd enriertht ueeironzaly

equi valents retain the full level of activity of VEG- A138, VEG-- Al62,
VEGF- Al BZ26Fe5¢REr 6b-nodi fi ed VEGF protein as neasured by assays known to
these skilled irRykhe;ar Ereae%ea Efbd MRS & HIE S i eide) 1) ef erred
functional equivalents have activities that are within 1%to 10, 000% of
the activiarg ofisykEercalds, BCGIuAieg, bUEGROA éimbtedt her mgbobileditfs,ed VEGF

protein, nore preferably between 10%tq.1000% and re preferabl.y within
5056 to 20095 CHEFFvar Ry S R VRE Sy oS8T L5503 885 GencBOs FIPBER Fy/eaher er abl y
70% norecpléker alBne O9Pabbpd exencelle el =kl ondadewessienceiorigni larity

to VEG-- A138, VEG-- A162
preferably, the transfected cells are coronary artery

-0 5 ~~JG 2002 WO 991 40197 PC T/ US99/ 02425 22 the tern1VEGF-2g¢@nr5f rs to
/’=U§Qﬂ3

cells and said injection is intracoronary injection. More
preferably, the adenovirus particles are injected at about
1 cm into the lumens of the left and right coronary
arteries.

Preferably, these methods further comprise
administering a potentiating agent that potentiates the
angiogenic effect of the 6b-modified VEGF-A polypeptide.
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 aspects, 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
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-0 5 ~~u 20D2 - WD 99140197 PCT/ US99/ 02425 23 VEGF- Al BZ or < i AdG 12002
-6b-nodi fi ed VEGF protein. "Sequence simlarity" refers to "honol ogy"
observed between am no acid sequences in two different polgee tides

" irrespectwo@ydi19pol ypeptide origin. The ability of the der SUUUE | et ai n
"sonme activity can be neasured using teghni ques described herein and/or
usi ng techni ques known to those skilled in the art for neasuring the

activity ofedther ofee Aihgol eribe Didy akneeSobBAkude, TBAAI | ¢allons
occurring during or after translation, for exanple, by phosphorylation,
gl ycosyl at ieaNsR®ds el i sRdonpazicyphstonct poot dol yai prdessmgindwmkage to an

anti body mopl ecul e, nenbrapne nmol ecyl e _or. other ligand e .Fergusopn. et al .,
1988, Annu.riferfn%?lo%hemq‘%r J%If(f)a%lgﬁlec? iEhgyﬁé‘gg?&%e&éﬁlva?? 8 al so
i ncl ude anixwesced att enat igyisphesly ast dehet bans conuhisiduddd ofsmagddi tions,

and am no acid nodifications. A "deletion" refers to the absence of one or
more ani no 3G +RsPEURS) tPnCPHRT r Ehat uMpBRYpEpETace Af "HRliveePelrefers

to the presgnge of o r Wafo) i d HES) a1 N rel

pol ypepti de. Addi tgi oggevgndﬁg{elﬁle%ﬁs teg a%gﬂ/peptladie rr%%gl%es a%?ﬁledam no
term nus, tpwtemtboklyteestous, thrdoomigimedr rtirudmre ai dHemdldodat i on”
refers to the alteration of a naturally occurring amno acid to produce a
non- natural‘f?/s%% urring amno acid. A "substitution"” refers to the

repl acenent of omeu®| whee d@f@@&;@ciiﬁy@a%ii@aesar@viaagt her mafhe askd
residues) in the polypeptide. Derivatives can contain different
conbi nat i orfsr&Ft HIY tandiavasavdagdiigeaseeinhanmameall cerpr i hnanthe

O beront, e cheal LERALEGRRLLAL LURN 1Up CUSR. GdBamaRgeld |
2002 WO 99/l edTAUSEH/B24RGodes a 6b-modified VEGF-A protein,
preferably VEGF,;,,, VEGF-A,,,, or VEGF-A,,,. In preferred
aspects, the polynucleotide is cloned into a vector. In
further preferred aspects, the vector is an adenovirus
vector. The adenovirus vector is preferably delivered to
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 in 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.



- glycosylation, intra-chain |linkages, tertiary structure, aﬂms e QWZe of
the amino acid in the active site or a possible allosteric Site, It is
generally preferred that the substituted amno acid is fromthe same group
- as the amow/4atd7d bei ng repl aced. To sone extent the fol | oFHYSYWBHIs

" contain anmino acids which are int er chagggeabl e: the basic am no acids

| ysine, arginine, and histidine; the acidic amno acids aspartic and
glutam c aci ds;rqf he et é%be%'saroﬁmr_@x% afﬁ@énéf&txn.e’tr.ta s%]:llrﬂ-:ed gysteine,
gl utami ne, asparagine and, 'to a |esser extent, nethionine; the nonpol ar

al i phat i c tasinsd eatieds gpgci oells aarae preatiides] whitkucompriaed tkeci ne
(however, because of size, glycine and alanine are re clos rel ated and
valine, i ?&Pél?&sﬁgnaﬁ'&cl%&f(ﬁgrgeﬁca::}be mONEE R HR y #‘éﬁ’l’gﬁ% t %_ﬁg_igh@aér omatic
am no aci g Rl 2hanifee, b DEName tddS ycspsbfzsaubmngdca tyear-&l t hough
classified in different categories, alanine, glycine, and serine seemto be
i nt er changpeadbpeptédsogempxieang anaewipst enndexdgiitabiel gonditipngo this
group, or _ma cl hfi i pol n 1 R0 a igf. | t hough
proline i 3 a%}l%%pol grﬁ%eul%rjra %Er]r(lntﬁrgg%ci (?,yi ttgy%é%#%gg%ent Wi es@ﬁ S

di fficul t irexchtdaase ONA texpiéestsnorveranforaont the. ifvest isabsintati ons by
or for proline are_not preferred, except when the sanme or simlar

conf or mat TGFREY eSHOYIAS FEXRARST IR, Fhe 2 orPRAIVRIPELRR er r ARG
propertie ri4d TE£H e apednihky 0 r more of these is
substi tutgL bl;?&ﬁgigr g’ia;p(?rsci)jl I ;i@?e(ﬂeﬁlyly%@)f?magﬁgl 22&& 8?r%gi'fi ed am no acids

i ncl ude the folNlen pyovikdedr éth fbet paleseptpdnaensddnoiacadeeshod @ ami no
acids of the farnmula HZ ) W where n i.s 2-6, sarcosine,.(Sar),
L Dutyl aARATS R B BFR) ShE) SRR nron ah TandicEGRdit 58)

L 2.7 1~ comPRi¥d0 1 ¥ tst@ding~~3 PEHeYSQMBI4Z5 dricBud Yo Nanet hyl

i sol eucine (N-Melle), and norleucine (Nl eu); altered neutral aromatic am no
aci ds sucPhaITHcEMHIFalciGRIPeSIbier FEMREiSEYE Fe i -amodid ¥RA a¥EGE such as
citrullin if:). a (Wcla] 1l OXi dVR0 ; te neut r al _and
nonpol ar rﬁ(ogc?l)éldi g%e;fﬁe?%'bg.? g;&c oFge‘Wl al-ani ﬁ?'(%ka)?’ﬁgft gi‘“éd !é'tl(':li ic amno
aci ds suchlswsabist eicamadial ( Cya) Prafierabiler,ed thds ¢ mailnnd acfdstkerh as
ornithine (Orn). Preferred derivatives have one or nore anino acjd
al terati ofS"® esdoaﬁglll%ﬁﬁﬁirfli“@anﬁpy 29FL r BREFPE-25E5di i or ot her
activity afhdrgehttinodirifeed WEGsaREOY-fhodifieaoveas-af pbhopebrhrdi fied
VEGF pol ypepti de sequence not necessary for the 6b-nodified GF protein
activity, &Haferailds ndie heodentiagingdasensr isupalached Hwen thes risk
of af fectifg, ety sk} LOERRS 11 Cqulyr 60 botp LhecBR- BDdLLledayEEF protein
activity, "amno acid alterations are I'essS’'preferrfred as théere i's a greater
ri sk of af freitihey acdaid t yschembcakbaddtiions ishout«f dwalsbnseelatteé
alterati O&;—'}P For. exanpl e, one or, nore_am no_acid, residues within the

sequence Th e R& IFRGURISAN B S GHRA HRF * afRFd1aCi nbRTGE 3Py | SRTEBRGri ty

whi ch act A%t HNEEERBAL 2 SAHMRIBN - 1609881 ef redphsid endetgkbe nore
i nportant for protein activity than non-conserved regions. Standard

pr ocedur esarshrpdrainhakt ovalkktelar ndisdaseonser ved and nonconserved regi ons

important for recept,or activity. usi.ng in vitr t nesi s techni gues or
del eti on anal ysr'gosr at-h%e nézé%ﬁﬂnﬁ tr ége%’teérrlp C Ifa\c;ll tn%mg%letdlegs%% b%écgyg%he
present digedigheal Devayatlues chisdwse) odadednistirgribandastl cbiai cal

t echni ques and reconbi nant nucl ei ¢ aci d nol ecul e techni ques. Mdifications

to a SpedHMQFQﬁﬂ%&ﬁ&ﬁqheCQQQOS1tions of the present invention is
preferably by delivery of a modified VEGF-A polypeptide or

pelynucleotide (oxr 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.
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-5 ~, ~~ 2002 WO 99/401 97 26 PCTI US99/ 02425 be del i berate, aﬂ %ﬁugﬁ
-site-directed nmutagenesis and am no acid substitution duri g|Jt 9 %ase
synt hesis, or nmay be accidental such as through nutations in hosts which

. produce MWRI¥MYbepti de. Pol ypepti des including derivati veBCHY#W426bt ai ned
“using standard techni ques such as thgsge described in Sanbrook et al.,

Mol ecul ar d oning, Cold Spring Harbor Laboratory Press (1989). For exanpl e,
Chapter 15 of SRRk URRE 1i:D Shd A, h e 3 ke dirP el Bt ggenesi s of
cloned DNA. In onE aspect the invention features a nucleic acid nol ecul e,
or pol ynuigterstdsiangeasivga Bérmedbilédy VEGRppisirgnadninsstersahguat i ons
it is desi r%l?%%foerut%uch nucl ei c ﬁd nol ecul e tﬁ.be i sol ated, or enriched,
or purifi%d By ETE e SPRE ¢ &m CenPleRBd eRhifeter ERBROFHEHORI ei ¢ aci d
nol ecul e,cagdninenid dea ogbpmotigifieds NEEH-A hatrdteispechibse Py ¢r RNA
sequence, polypeptide) or protein constitutes a significantly higher
fraction 5 M0l dVESE the t GfalVESKARNAD FolSpidatlde aryiestei n present
in the cells | 4484 i.nt i A L.di Il's or in
the cells fro%lﬁmﬁ?ﬁqlﬁnﬁéﬁgéta en. ‘%%tsqg%o%frg @gggéggé? for
exanpl e, txeatipey sen bgtpeater snfifekringduftowmn a nwbadanmoomprbéingher DNA
or RNA present, or -bﬁ’ a prekgerentiﬁl. i ncrease iE t he anpunt of the specific
DNA or LR "D r 2byE AT TIROPhaCi GBS hT t o, PRBBRERUtifashoul d be
noted t hadonptd Ddtash doeempati JiFY Y &hateh hee@i A1 & no vaidier Py 81 RNA
sequences present, just that the relative anount of the sequence of

i nt erest DafeR % YEEFrBant | YECHcPease@r THRER-Gnim sitym f seanebhere is
used to indicate that the level of increase is useful to the person nmaking
such an increase, and generally neans an increase relative to other nucleic

acids of aboutwith |westf@régbingmand otMér98b4840%, ~Zd0ahtAd6s 2802
at least 5 to 10 fold or even nore. The term al so

PCT/ US99/ 02425 %)refgrﬁ:s_{% i :
does not L&A THhaPit TBVADEARR JrhaavildmBfanse shereeRatqeE ot her

source DNfgmvent Ort i il @re COFPEREC RMRE L G aayesé_tmerreb?ﬁé&fi | genone,
or a cloning vector such as ﬁpgl;CI 9. This termdistinguishes Tromnaturally

occur ri nprderstooduchyas neflredengs ectbonther tigidhowime gdetwibdedi n which

the | evel ; of one nRNA may be nat ural increased_rel ative to.other species
of riRNA. SHETTE: {he TB e "mekBRESobbyeFRn| §LEHESE" oi POGLI GRS § - vihi oh
a person disendé®ryriefs! o el evate the proportion of the desired nucleic
acid. Use of the term" isolated" indicates that a DNA, RNA or protein has
been renoved fromits naturally occurring environnent. Thus, the sequence

may be in a cell-freqepimthRecRipphafCdr fup Bihkef@at cellular
envi ronnent . -
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 seguence 1is
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



- The term does not inply that the sequence is the only nucl egw lﬁgfl n or
- pol ypeptide present, but that it is essentially free (abOLUt 0 Yo pur e

at | east) of nonnucl eotide or non-peptide material naturally associ ated
Swith it. MO9980ETso advant ageous for sone purposes that a RGE[USHYPA4RS
sequence or polypeptide be in purified,form e.g., cloned or reconbinant.
The term" purified" does not require absolute purity (such as a
homogeneougoer eRabaly A).: | A%efaharihe’ HRSGHRMAL %o@‘%eh%@h@ﬁ%‘go?ot R4l the
sequence is relatively purer than 1 n the natural envirfonnen conpared to
t he nat ur abriacelterminbevelf stbel datarat praseinr, Safaled great @mimn g., in
terns of ng/n1.% The nucleic acid _nolecul e may. be onstructfg, for

exanpl e, fIFEMMaReExi 3EFRGEVRRF-HIRRY BERHERSEquishc§166VREdi PFEat ilsh usi ng,
for exanpl @ ndilageauelied g adte-isi. 5 A~~ 2002 WO 99/40197 28

PCT/ US99/ 02425 directed nutagenesis, by del eti ng sequences using
restriction enzy¥iads, Wy «RRIEESequedcesuobeari bsngdubaménong asyidPCR, or

as describ reipn. st egomnhj t ' for {Ss such
%S in vitreaipacer; of BRETTRGE SR Pr o R FOHERE it [RESHRIRRS e,
253: 6551, €1%A44) 5] Sanbrhekatanahe, réhbphercdfresppiding use e BARdd nkers
(Pharmacia), and PCFﬁgirected nmut agenesi s cagtbe used tQ create such

mut ati ons. CEAELRYS Q% WG MHPIESUPECHRIR al 26CBE EYRt ARLPe P ITRS
triester nglchodt@bnbysighay degidryamted DNAagat Res zels Th@iidavwen i on

al so features reconbi nant DNA vectors, preferably in a cell or an organism
The reconbwi&it aDNASE@Ri@s may contain a sequence coding for a VEGF- Al138,
VEGFAl fiz, VEG-Al ez, or thert6b-€r§di fied VEFGF-A proéei n_or a functional
derivative ther 868 n % VIRRHFETontAF ni RECRERTHADt eF 081 f BREAPe AST%hiti ate
transcriptiseruiehceshast €rél VEBFe a, gcorbirant JMANEGHOFiomy 820t i a
transcriptional initjiation region Tlu_ncti onal in a cell and a

transcri pt NOFal 7t @nd $dt-i on Theyi BRTHNR thesidue goxrespending & F1DNA
vector contgi;ns, Sé’é:?rhfh&ﬁt ‘“fO”T:ﬁ%' mat e foté#‘},h %%t!eg”élﬁlé'%]%i@{@/ or
term nation regions, such that the inserted nuclelc acid nolecule may be
expressed itermimedt setretibe veildmal mnepgqukscebeixakledvad "e@kHr ess on
vector." The present invention alsp relates to a cell or organismthat
cont ai ns tﬁéxﬁ‘l’?&\}:@- Y kFEt o aci d nol ecul e or reconbi nant DNA
vector and thereby is capable of expressing a VEG-- Al 3e, VEG- Al sz,

VEG-- Al ez, or other 6bnodified VEG-- A peptide. The peptide nmay be purified
fromcells which hav&ii L SR I BT JONY 1O ANTHARY |

Lr

The following abbreviations are used herein.

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

HUVEC Human umbilical vein derived

endothelial cells

VEGF Vascular endothelial growth
factor

VEGF-A Vascular endothelial growth
factor-A

VEGF -2, Vascular endothelial growth

factor-A form containing a
designated number {(xx) of

amino-acids.



-

“Acell is said to be "altered to express a desired polypeg}adgg W@ﬁ? t he
cell, through genetic mani pul ati on, 0 5 A16 2002 - WD 99740 @
PCT/ US99/ 02425 is made to produce a protein which it normally does not
. produce oWO®48W7t he cel | normal |y proeiuces at | ower | evePST/USAYO24RS || ed
‘in the art can readily adapt procedurgs for introducing and expressing
ei ther genom c, cDNA, or synthetic sequences into either eukaryotic or
prokaryotic celghsmfiitudEiviedcd RRIRGHSH SUGdsndN1 TS gl be
"capabl e of expressing” a polypeptide if 1t contalns nucl eoti"de sequences
whi ch contain transcriptional and tfieatsirat poaaeinegqomghorsginagf exeat i on and
such sequences are'"operably |inked, tqQ nucleqtide s ences whi ch encode
t he pol ypeptide. The precise natur(e%bdf i elrneca‘t‘fldgﬂ?rﬁégg" Pis needed for
gene sequence expression may vary fromorganismto organism but shall in
general include a pronoter region which, in prokaryotes, contains both the
promot er (whi cAhg PEESENEHENVRNE LRI BRLJECRND taeslc (VEHE dh)Presedd! | as t he
DNA seque ich, e F cri i b Sl I Si s
initiati o%%%éﬁggl'sr’eg?eg%s%vu\n l%q%orérr% y ?%g?gag@gt \#gg’e XE&?%%IHP %é’?ﬂteggl
sequences prodolcred auntdr lisiirtg ,atficon esfanfplans exiopsi @k Sandbt mawdslggt ilon, such
as the TATA hox, _cappi ng seguepce CAﬁT sequence,_and the like. For
exanpl e, the 6g’r’\t ir 8?’@ogi'n rsgdgenzé%' ofPvEE A £ TaFFeA BHAGTIRi th one
or nore Ofarddhenbah! QWerd therabs APAT OPsA R Ry ¥ BT AYEWes! i ey | ow for
such expre55|on:gé~) an exogenous pronoter sequence (2) a ribosone binding
site (3) aisolyseenylensioh irardiovascularcdésessedi greang 5Pigsemssni scuous
or tissue i fi n cer dificafli ma [ et ' -
untransl at'é %glnd ée%gggangFgme)d %eq%%%£§V$%%¥ ovgggkgrfelggie%r?yi'n a
pr okar yot iimcdnuddniar Viodt cnoel Limitedodans eoyorlerynoditéed slickaldagt while

t hey encode an identical ) ) ,
congestive heart failure, and peripheral vascular disease.

The methods of the present invention relate to the
treatment of mammalian patients, preferably humans.

"VEGF-A,;" refers to a form of VEGF-A containing
about 138 amino-acids and containing the peptides encoded
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-3,;, 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 sequence, 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-3,,, nucleic acid or amino
acid sequence. Mature VEGF-A,,, monomers comprise the amino

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



WD 991 40197 30 0 5 AUG 2002 PCT/ US99I1 02425 ami no acid, that codon may be a
preferred codon in the chosen expression system The use oﬂ]ﬁu@ﬁSdM&?erred
codons is described in, for exanple, G anthamet al., Nuc. Acids Res.,

© 9:43-74 (WOMHOI9And Lathe, J. Mdl. Biol . 183:1-12 (1985) R&T8IHp9/02425
incorporated by reference herein in thgir entirety. These publications, and
all other publications referenced herein, are hereby incorporated by

rof or once 4l thELE SBEFIELY odfcfEStEChort et MONANILOOEER! g% ko the

genom ¢ VI A proteln segtience nay be operably e nucleic acid

nol ecul e eprodiongn dr €RGFPAR,, VEGE1lALBShg Thi ssiggabn seyudrecalsedr n t he
reconbi nan

DNA vector for its,t i ptional terninat] | at
Seauences, SSTRYR L 2o 9 EHR ORGP pRYAUBAFFaT GReRRls by reta ni g the

3" region naturajtyr N guedsrko tde DNAcERIUSACarmRICdi BEnYEGH1Ag
transcriptional termnation signals, or sequences involved in nessage
stability ¥egubel ot AMinea@iderand i ventaininy £bgi pRrtadesi engloded t he

host cel |l y stit i ed per 'Qhﬁgﬁ_'s i nk i.n_which the
regulatioﬁgy g%%gge%tegéanabfﬁga %gtéﬁ%%ce sod%ﬁ?g?%'be?ggngggbd are
connect ed TVEGEKA A Walsas kefpesn togederieqidnes expdesguantibnalDNA
sequences (such as pronoter region_sequence and a VEGF-Al,s Protein

( a . ] )
sequence) @Fe1%2}¢PED B BPEr ABEYVE et RPTRAR 204 RE PMFRge
bet ween t hg{ 10 JAARRAUERERErE09BGROA, ( Nok&Retd ddhdditd ML dHGtHON of a

frame-shift nutation in the coding sequénce, (2) interfere wth the ability
of the proaoiérse@génpe sehawncent &idi.r éct tHewevanscaspused ber¥EGH- Al, 8

By oL o 1 9e0Ee SEAENGEGr 28, (e PhoLLohRA Wbt MBI R g sl EGT A 3e
Thus, a  Pré-fobn20F2 VEGPOA4A019A nzh JAEHIISAO/ 824881 sequence, or
derivatives or functional equivalents thereof.
"Derivatives" of a VEGF-2Z,,,, VEGF-A,,,, VEGF-A,, or
other 6b-modified VEGF protein are functional equivalents
having similar amino acid sequences and retaining, to some
extent, the activities of VEGF-A,,,, VEGF-A,, VEGF-A,,, or
other 6b-modified VEGF protein. By "functional
equivalent" is meant the derivative has an activity that
can be substituted for the activity of VEGF-A,;,, VEGF-A,.,
VEGF-A,;,, or other 6b-modified VEGF protein. Preferred
functional equivalents retain the full level of activity
of VEGF-A,,,, VEGF-A,,, VEGF-A,, or other 6b-modified VEGF
protein as measured by assays known to these skilled in
the art, and/or in the assays described herein. Preferred
functional equivalents have activities that are within 1%
to 10,000% of the activity of VEGF-A,,,, VEGF-A,,, VEGF-A,,,
or other éb-modified VEGF protein, more preferably between
10% to 1000%, and more preferably within 50% to 200%.
Derivatives have at least 50% sequence similarity,
preferably 70%, more preferably 90%, and even more

preferably 95% sequence similarity to VEGF-A,;,, VEGF-A,,,
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- pronoter region would be operably Iinked to a DNA sequencedfj Ms;ﬁhfrmt er

-were capable of effecting transcription of that DNA sequence: BstUl¢ o
express a VEG--Al,e, transcriptional and translational signals recogni zed

" by an apW@®40387e host are necessary. Those skilled in t hePGHYSAR0P42

recogni ze that the novel VEG- protei of the present invention may al so be
expressed in various cell systens, both prokaryotic and eukaryotic, all of

whi ch ar eyiebhf, (e SGRRG.ATy (I iEseila AN HaRiLe 1 t houdlinLhignovel
VEGF proteins of?the present “i nventl on may be expressed in prokaryotic
cells, whethidariggherealflersvery &hbmolegly "ambszonesehibetwéen tmdnpr oducti on

of reconbi nant proteins,, the VE rot ei ns produced by .such cells will not
be gl ycos@?é&e P TFEr et o' rfghﬂ%’\'/%n% %?&Heé?tlﬁ%sf'- I FESRESNE.
Prokaryotgs pBS{pépeodenbtygane represented by various strains of E. coli.
However, other mcrobial strains nmay al so be used, including other

bacteri al strafhs. alRekgni eodlip dleF iRt v dn sretsinugenea@ddivatyuch as E.
coli, Bacil]u EEHQB@ a .ratia,, and the

li ke. The&%lbo gr?%%lggt:gg}s/t%%?fﬁniscbe con(%g?? b&%%ﬁé{ihge?g% iggﬁ/gﬁd control
sequencesusingheeelpieneisorkmpbasntd. dioge okki YDéd ciay dresrsarpl dsmi d
vectors that contain Pepl icatiqn sites and control sequences derived froma

speci es cORPERFHPE WFER t RETRISEYmayPhe USREE EXEFHras oPOSGFMEbl e pl asmid
vectors np¥rifgt Hies PRISRAZe RKAB: c PN bty |dd&5l;ngf‘éixt alf-@phage or

bact eri ophage vectors may include ~, gtl0, ~,gtll and the'like; and suitable
vi rus vectsaBsiayiphcl udefpWAM nesampkRC andbyvhe | phespheadashon, t he

The el ect bieRBEEcePf . * “GEPst RiRabes, o2BvALEishny  pb¥REdsIGRass o |

express VECEapaggpepliflkager sobuaht sanehibadiyunfbilenaleder meabryaet her eof)
in a prokaryotic cell, it is necessary to operably link the 6b-nodified

VEGF nucl BPéegeia Qe Higand ufees ofrrowdkaty dtli.o a8t drausuch

promot er spgay be;skbhhgr gg@%%t_gbiog_ or, nore preferably, regul atable
(i.e., i nﬁuci bl e or repressible). anpl es of constitutive pronoters

i ncl ude the i nBppcdhibt etypés baft deT Dphaieed alsda hismdivalepreonptceacafl t he
(3-lactam epne _sequence of R322. and _the T_pronoter, of .t he

Chi or arphBALEOR 4008y FOphaitr dEber GoRE’ sEHHSREE broRPrasa s iT he | i ke.
Exanpl es ghdi afiabbheiar akaiyetke ipnenot ¢ denekyde t ke feRisOrd ittt and

| eft pronoters of bacteriophage ~, (P~, and PR) , the trp) recA |acZ,
| acl, andaB&Pngerorf eCReof CE. BRFE, aMdQ- afidaseesifin@heh einathe J.

Bacteri ol - 178 S : = 28 i fJ f B

cubt 115 Tereen Bpldperofas] 208 taEascii TRt Y VY Fbdnl o o
t he bact eofophageorof mBaei | amusng Gaccizhn relsiduehe) Moiecullee Biedlaag@ of t he
Bacilli, Academc.P . NY 8 St t . t
(vard cf RPIYBRBE iden, AgfEionsraa Heiabiatigs 2 BRIVERFRIGE PRamt or s
are revi eped iy €hé Chkmido Itekmivies ohiebk. darbbik 2826208 hs, GeRiidrenpo

(Hi ochime 68:505-516(1986)); and Gottesman (Ann. Rev. Genet. 18:415-442
(1984)). PrsgERadxpr esBMdACI nagifgr okAO@stfiicatdion"al ¥efeaqui t&s tthe presence
of a ribo Ladingesit ut]gg .S.eq - ' sequence.
Such ri boéggrg?zg Pngfs:at gggg?tgﬁg?fsna Gs6 , r%g%%éégn%]%gﬁeg?%%ﬁgﬁ%te at .

(Ann. Reva Mar-olateirally 36Eedbd{inig8aminoTl ke ird bosant siibsdiingtsicne and

ot her sequences required for translation initiation are operably |inked to
t he nucl eFEQSE?d D1 &R e TEBARRGERE VE%:-%QS By, "PHF e%‘{gjrﬁb? e 253 frane

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,



- - 0 5 ~Il~u 2002 WO 99/401 97 PCT/ US99/ 02425 33 ligation ph ayn tﬂmg
ol i gonucl eotides that contain such control sequences. For expression in
prokaryotic cells, no signal peptide sequence is required. The sel ection of
- control swoueere3, expression vectors, transformation nmet hBEIUSAHR4Ehe

i ke, are dependent on the type of host, cell used to express the gene. As
used herein, "cell", "cell line", and "cell culture” nay be used

i nt erchan e ti | u r.Q t he words

"transfor %ﬁfés(y ?‘%ans lg?ﬁgdéég??‘ ﬂi%?fc %é tltit%e&d'rl L‘i%%‘t cell and

cul tures dard vteldet redef cdm the t Amihor egdd i the auabeé efitler ¥isfers. For

exanpl e, VEG- A ressed in okaryotic cells _is expected to corrprl se a
e A Be. (At

m xture ofPYF PETereq GEEE- Alte Y5 ASASFaddat iRk sHLes

N-t er m nale pequense; phesh chRinbr 9Bk hhg 5 ¥R ¢ReOlsdnlte PHRIESS gpyector,
and VEGF- A138 Protein peptides that have an N-term nal Tethi onine resulting

from i nef fawirentaci@abve g okephacedi.ti Ja (ﬂomeetelﬂt@nme:fthjrﬁdtblmht@ri al

Both t f_ VECGE- Al d t hi
The. Scope SO STRCRHT FMtin: oreat et P el ittt

met hi oni ne>d$ Nokmexnpecicadd olgkiaet laﬁglegm‘aa,l &6d i Wik¥idihel;s @téo
understood that all progeny nmay not be preci Se@i identical in DNA content,
due to delqcb’éilacteaé‘t”i?tadx?éﬁ%ntastﬂﬁréﬁconéndl-b VERMigs aeidped, thait ant

progeny h u aly Sg LLgin sf or ned
cell. Pr e}fﬁéeﬁ.}ﬁ%ﬂpr %@P&oﬁh\%ct cﬁl?s?nc%]%t‘ pl g%%gggls%éhaéggﬁiolgée capabl e
of repli caliuranines. ac&ﬂara(gsunﬁﬁ aas], ftar aeﬁ&tsﬁlee epB&BﬁZ m&oh £bnimSC101,

pACYC 184, .nVX. Suc Ias f or. exa cl osed b Sanbrook (cf.
P! Scul acHs oo amr R G e - BBAGH SIrEToR: ALube) 40107
34 0 5 ~, p120Q2 EGJMé&&Q{é)Z% %dchuebWhéae@bé%kbeEéh&éCaf Sipaniatis,
Col d Sprl ng Har bor Laboratory (1989)). Bacillus pI asm ds i ncl ude pC194

pC221, pTE cnarmj and alapinsuerepmezie dEloged wirediadsst and Grakime (I n: The

Mol I | 19 307-329).
Sui te ggl 2r §t% q‘g%%}géesé P aiséang%sﬁ? n%f% S%Jig)ﬁg%%enﬂ%}%t%g 1%) th )
Bact eri ol .adA&ietHT 7- 4&1880(19&1)1)5 Prtlalamimees drg@itﬁrpmhag%néum as

C31 (Chater et al., In: h | nt er nat i onal Syrrp05| um on Acti norrycet al es
Bi ol ogy, REERFARE - KaFEIo"“d }¢dpEst 2 st isgsh. imsbifferertdononas

plasm ds aig dgyi-pued bé/la]ri’ﬁﬁbet g;‘iz\rg eV i eGlrileS- s82R93e4046d 986))
and |zaki (Jpn. J. Bacteriol. 742(1978)). Eukaryotic host cells that

may be usendnterrccmrenea@bbest@nswst entent, thedpmsemne n¥@dt t bpnalk by not
strictly Iimted rovided that the sutabl use i,n the expression
of the Bb-TR 1 12EE VAR (500 OB HeReBr e Poh: e b oFEF e cKRLAY Ot
hosts i nclmripraﬁxﬁapheldgeast fungl | nsect cells, manmalian cells

either in vivo, in ti ssue cul ture. Manmali an cel |'s _whi ch may be useful
as hosts incl udzelﬂé?‘dgbepll? 188 138 of PPBPEBREs PeERGiin AR a2 Wro or

CHO- K1, or; &l Laafs dapgfrol Peetélwtanchtmautcterésvat)éaeéseT%_e 6pg godi fi ed

VEGF pr ot e| ns of the present Tnvention may al so be expressed in human cells
such as humifectdr po IQOdtf@}'nEQ:SEBI\JA c€hbs, wtmbehlempnem Bystes nBa¥r virus

nucl ear antigen 1, as describ r exa in of sson, B. .et-,al Pr oc.
a1 ot diine (8 g0 Sae Bt 1 B e P SRR b B B i 1
the expressb@forest 068abyresiungs £ah Bxagbteinadcal thentghpsphat on

preci pitation or |ipofection nethod, and the cells are then incubated for
at | east 4mberringhproperties 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 H,N(CH,),,COOH where n is 2-6,

sarcosine (Sar), t--butylalanine (t-BuAla), t-butylglycine
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- WD 99/ 40197 35 0 5 A16 2002 PCT/ US99/ 02425 peptides may then be purified
-from the supernatant as described in Exanple I1. In additilon A4S 2002 cel | s
are al so avail able as hosts, and control sequences conpatible with plant
~cells arewoei4085l e, such as the cauliflower nosaic virus BSHUSAY024eS and
nopal i ne synthase pronoter and pol yadggyl ati on signal sequences. Another
preferred host is an insect cell, for exanple the Drosophila | arvae. Using
i nsect cel /s, t Sy- o] ' .al.c dr n 1&{9& z~ can
be used. R{J iBg,?G ci'enlge&§§%%4%%-8?%gg%?l58g$?Mﬁggng’ g%?e%sl% yeegst gene
sequence eRpreski orldesteshs neanrbd uardmaetc wandnd neotdder asechpr camt er and
term natiaqn el nts. from.the activel xpressed_gene, sequences cading for
glycolyti & S oI TEESS B aﬁgguguﬁﬁw{?gsam% so{'f“gh grown in
medi uns rigd idhghucoste Know) gl 6! Yid tth it e e BIAITRS JaN @) provi de
very efficient transcriptional control signals. Yeast provides substanti al
advant ageitereft NeuBdAlal $8amSPRAMADoATIRANSREEEBnalSughpt iake

nodi ficati ng-_rrb‘;j e { n I af.egi LS exi st whi tilize
strong pro te?ﬁ% quencaerg{%énd?%%k’ 2%%%/ nun‘rs)ée({la%fecgp agﬁ(ﬁél\%c cl'gn be
utilized fay qyadkeict iaoidf (Che) desnd el prxddibesin ardart .acdestsudcogni zes
| eader sequences, n.cloagd ﬂannalian gene sequence products and secretes
pepti des r‘?%ltrié’afb’ér T9tiences (i.e., prepeptides). For a mamualian
host, several possfdlfedeetvarShms v ayak! ab! and A LhRensXessi on of
the 6b-nodified VEGF peptides and of the invention. A wide variety of
transcri ptdretaien {fhnsthafondP r 898l acdepiféganndys mfifests eloyed,
dependi ng 3 r t .The tran i ptional-an

transl ati o%%?%%%ﬁl%q%drifi%rnac{l gierrqg%tc%éz g?’i égdé% o% vmgrlg*fls%%rvc%%? such
0 5 A-G 2GfoteMD 991401841 B6E/ WFIEHR2 425 mdAidS edd WBOR Pl yed itk

papi |l loma virus, cytonegal ovirus, siman virus, or the |like, where the

regul at or ySSTYFRFS BPE : SETYd W61 hoBe paPrredt i edeNECSe RRATRL ™I ch has
a high levgle Of; @XPrESHO B4 WP P By et BAOTREGES & %E%T{qﬂ:}(@ci‘
expression products, such as actin, collagen, nmyosin, and the [1ke, may be
enpl oyed. Witinskesptrighlof difentiing acgalvityry Engregiomsyrdmiieddct ed

whi ch al |l ow for.repression:or .agiivation so that. expression of_ the gene
sequences Lo Benodlil BeGar T VRES cBEORP By SUNAEr . SRORAPS AT ar e
t enper at urgliSenst iowe See t heds byryfeyred ddhecHeargperatadlifresdy e5540n can be

repressed or initiated, or are subject to chemcal (such as netabolite)
regul ati orPf 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 activity 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



" hosts requires the use of eukaryotic regulatory regions.

- Expression of the 6b-nodified VEGF protein of the inventiogg n,gukaryotic
s@éh'f-‘w#egfr@zs will,

in general, include a pronoter region sufficient to direct the initiation

of RNA sy ddtyy. Preferred eukaryotic pronoters include, BGHURMAIASe, the

" pronoter of the nouse netall ot hionei Bd gene sequence (Hamer et al., J.

Mol . Appl. Gen. 1:273-288(1982)}; the TK pronoter of Herpes virus

McKni ght ILh +&L: -3 ; S ( i st et
G har RS CEBARSTE S0 B bridh . Pt e i g gL aEs1 ECRRE, ©
pronot er &mbhostondesubbtitiBtdon NatdingAcasl iGephadelSAYNER=695]16DE5(1982};

Silver et al., Proc, .Natl. Acad. Sci.. (USA) 81:5951-5955 (1984))..
Transl at | BAY 0P® SRR S5 ias iohmq &“%tatt’f%l%o’dbﬁ‘%ﬁ"c des the

first metpiregiipe. Fae t higoigrg¥iad.l is pP%%ﬁE@QJt@.d@s enswea Jdigdg t he
| i nkage between a eukaryotic pronoter and a sequence that encodes a
VEGF- Al 3sevEGrt e, cafEde AR ingd sisiag grandard tATIOBIAGEAWh 0 5 13G
2002 PCT/ US9 42 if1ed. i fungti,onal, derd.vat.i ve thereof,
does not %gn é?%ea(g?g?g%%%@eﬁ%(%ﬁ%%%g %ﬁi %%‘ar g’toélaepé{%aé‘ ot &S ng a

met hi oni neold. spriAYGlarBbe papseaceref Psesh ¢edens .reFdrt exaindley, in a
formation_of a fusion Erotein (i.f the AUG codon is _in the_sane reading
t

frame as, CR8PteXany et MEWAXGRKA 38SPrabeisn BrarRgusesgucte®) sdteg

frame- shi gt gut ghi gﬂtg'g\gngggs% £9daBgal pnROt in the same reading franme as,
for exanple, the VEG--A138 protein codi ng sequence). A 6b-nodified VEG

nucl ei ¢ aci d nbheobkeaspgctn thgerdabientiiarkefepronesea mayleéci mtridduced

into a recipient prokaryatic or eukaryotic.cell either as_.a no i cating
DA (or | RRRE R0 BbuPE RN Ao PhEEa e A aPPBPREAreSor = oy o

pr ef er abl Yro@eghosedigogamentscivufit Giis Mkecild e 4eBAGAINR: SEER Wiecul es are
i ncapabl e of autononous replication, the exgression of the gene may occur

t hr ough t RBCLpafsiamid cPPLESHlEn ©P heneipAlAs@dcedrsecepmieied, or

Al ternati éﬁk!gi%maﬂ L hEXRLESSE OPnUBY o LHCWLLLBLAUGN Lhe Jnteqratdon of

t he i ntrotuce sejuénce Tnto t he host chronosoms. A VEctor nay be

enpl oyed tbahutletfapablid mbleailegr gidlypddte diesiore hgaiei isei@iemears i nto the
host cell chrompsone. Cel]s that have_stably integrated the introduced DNA
into thei FPEhr GMGs 0TS bEN&e|OFc t R b?eéilx’f&qent rBﬂi}fPﬁBtbﬂ%' oP%or e

mar kers %E@btahhowch@u&ahegt 201 iQfn iFaHarely shidheR ¢eRbRERNt N expression
vector. e marker may provide for prototrophy to an auxotrophic host,

bi oci de rEsiftlaiceofetye wakabi BiRes Ry, headypestdide suckrasedspper, or
e e SAREREREEL SO 0L, ML Benuanauenge o B iR laecty | nkes
by co-transtmeli otr. diseased cells or in the cells from which the
sequence was taken. This could be caused, for example, by
a person by preferential reduction in the amount of other
DNA or RNA present, or by a preferential increase in the
amount of the specific DNA or RNA sequence, or by a
combination of the two. However, it should be noted that
enriched does not imply that there are no other DNA or RNA
sequences present, 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 nucleic acids of about at least 2 fold, more
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-0 5 ~E~i~ 2002 - WO 99140197 PCT/ US99/ 02425 38 Additional elenents may al so
" be needed for optinmal synthesis of single chain binding prqjginugfﬂmq These
el enents may include splice signals, as well as transcription _pronoters,

_ enhancer SWOMM0192r i nat i on signal's. cDNA expression vect or EEHE8YIItAt i ng
such el enents include those descri bedgzhy Ckayama, Mdlec. Cell. Biol.
3:280(1983). The introduced nucleic acid nolecule can be incorporated into
a pl asm d grefdradlwens Gesatpadl €0 0f 0aBbAORRU VP Al | ONThd £ 88

reci pient host. Any of a wide variety of vectors nay be enployed for this
purpose. R rdpest nopdmpPakcEhprl §BREEt AFgne PHAt PEURNR Bramnpther vir al
vector inclyde..dhe | i el pilant I co iLh.the vector
may be regéognl zeeéd' ar'llg.?eze t\eMceEIgﬁerocé%t osFeH‘r bifpﬁgi«enéx%@#%' \Aﬁ‘lg@hgﬁ%enq
contai n t IBNA eixta ;a tylea sunhe basft eoni@ e geriohdéne aech oclodind eeecdesired in
a particular _host a ether.it is desirable to, be le to "shuttle" the
Vebtor botsHeh FBs BN s offtf | FEREnOLBLLTEut ShREr aRFEy SRR FbLY ¢

pl asmi ds igudwideind Wvearadpl QuctBPYs Vag81NiidfeIV4dn 208 HaibE E)?%E’ and
the like, or their derivatives. Such plasnmds are well known in the art
(Bot st ei n Growfths, imvwirichwiike Byvipl 2§: 268 MRNA Ingg2)be mrarallyn: "The
Mol ecul ar Bj f__t .Yea a o ki cl g, apd, L nhegritance",
Col d Spri nl?%a?r (?rdjlfaet])'%?ég%r §E’ ggﬁggs%?’%g%%ﬁ%oﬁﬁb’%, %1?%445?4765?1981);
Broach, Celdrm8i20Be2fid €3982)erBanlon ehoaé. siduaClibas Heiradolch Qacol .

10: 39-48 (1980); Maniatis, In: Cell Biology: A Conprehensive Treatise, Vol.
3, Gene S BRpr dS&EEen&da detri elppr@g§, Hie pporstiigps@iosbre A
"vector" (sodptddesdeiesredido as gene delivery or gene transfer "vehicle"
) refers to a macronol ecul e or 9 WD 99/ 401 97 PCTNS99/ 02425 39 conpl ex of
mol ecul es conpriss mf &hsotpmucl' ebsdlrted” beinghldaresedhat a DNAtL BNAI,

either in vitro cg.i Vi o, The golégu%IeOtL e to be g#ivered na% conpri se
a codi ng SEREREEUt 13T e8P FRTGY FEMLpyS AR EFE 1 PTTRE T 89

exanpl e, vérmwrorefdrd S (TueB, axraslesenhenses layAdoe . iadenoc@psosiated
viruses (AAV), and retroviruses), |iposones and other |ipid-containing
conpl exes,S RhePr nReREABI ddular débfprenss ceddabiar FnYVEXPRTERY- del i very
of a pol ynugleothdly kRed hof! ffbly VAGHOthd a0.4hSAEOMR! It OLhEY
conponents or functionalities that” further modur at e gene delivery and/ or
gene expr ewstent die t tadint ber podeypepidide pheesént| abupr apartt ixs is t he

targeted cells. desgri be nd_illustrated in nore.detail bel ow, such

ot her ponp%%?ﬁrs% uttes  f g?ggygm?loe,' c%%ﬁoﬁ‘éﬁ?s_af:h&teaistﬁ)l L%‘ﬁcréoﬁl" ndi ng or
targeting hcredt sdd | 8¢l wdmpeppiNenicethal MRAhaAa 16l dssyPeald

ti ssue-specific binding); conponents that influence uptake of the vector

nucl ei ¢ ac¥itbyithe cell; conponents that influence |ocalization of the

pol ynuct eot i de y4 tisn 418, CghlaALLBLA! ks (S a5.AgesLs Eadiat ng

nucl ear | ocalization); and conponefits that 1 nfluenc pressi on of the
pol ynucl eatuclkeotSidd seqpeneat sralmol ypeptt ideachademeprkersiedufbras
detect abl e _andJor. sel ect abl e naﬁ\égers t hat_,can_be used to_detgect .or sel ect

for cells THat’ havePTaAkBh GF ERGEPR axpreasi h§EPhe RUEFEFE3aci 8881 i ver ed

by the vechet . @iﬁ@wmmm@t§arp@§i@*OVK§lﬂdhaSag_ nat Usghogeaksng of the
vector (such as the use of certain viral vectors which_ have con‘gonents or
f unct i onal P¥ERAYFeHPRY | ndDBFRARNg IdndFEPFARERE S oIy SNBYER kN bBNABdI f i ed

to provi detﬁé‘c*éefdéﬁ%% eong 'tfeﬁsatﬁz%%g WY CtRaf %&’C'&h‘ée%%ﬁr fe known
in the art "and ar® generally availa sée, e. ., the variousS references
cited heredémyironment (compared to the natural 1level 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-
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" enhanci ng cardiac function according to one of the precedi ng enbodi nents,

the vector is a viral vector or a |lipid-based vector, pref j ral
- vector. ™M@ can be a targeted vector, especially a ?ﬁg’é%‘%@“#ect or

that preferentially binds to ventriculzg nyocytes. Presently preferred
viral vectors are derived from adenovirus (Ad) or adeno-associ ated virus
(AAV) . Botdi hewsBad andnuoaydne®is Vi r aly veabDesingn headgisathduit peehgrably
the reconbi nant viral vector is replication-defective in_hunmans. ere the
vector is EREEEERBYPRUSCNZYMBFef P¥bIZALHRGP  isqaengRa yRbERd®sddebHavi ng a
promot er aperabbyihinked e U8Re £CAUNG- AL ANGLAGER] © PEOLELD, '
peptide, and i's repficationdefective in hunmans. Presently prefrerre
replicati arecdefiethant deoimiiqueds vieot omethgeaedéketsiumbs ddhatinr edmvye t he El A
and E1B gengs r_hayve .del etions that tenove the El A E1B apd E4 genes.
Pref er abl > RboUt 181 “E8 ﬂytéﬁﬁﬂﬁﬁ%§u§%9§ S9%y tFEI 84 ‘nofe Breferably
about 10l lcken10135 yessor, partsmdies, sammrddel erably, AbewapkQl vest or
particles, are introduced into a blood vessel, preferably a blood vessel
suppl yi ng $@erayocafdi of TRBP AAvkesst dPharmesivéct andpPERedaleytednpri ses
a pol ynucl gol L de.Daybne. 4, Promater qnerably.cLinked (9,a.ene encading an
angi ogeni c protein or peptide, and preferably, the gene encodi ng Re

angi ogeni cnpebéetn arigepioldeulse f mapkedldy AR spnenéeflzé@r mynakheepeat s
(ITRs). Preferably, the AAV vector (is replication-defective in _ humans.
Presently %?é?%??édmﬁégpﬁcafig%—&éﬂ@@tP@eaﬂﬂvmﬁééﬁoPgAhévgtaéﬁéﬁﬁﬁns

affecting one of,gDEBvAAY:HEPLIGR! iFRA tRh-eENGARHAhLAR BRAVGBLES s,
Al ternatively, the vector can be a |ipid-based vector conprising a gene 0
5 ~. "--. ~"preferahyo9n4e1e¢e1RCTrUSR0 425 sail. efbediregonbiangtodBAI c

protein or_peptide as described herein. O t he vect r, nucleic acid

mol ecul e 6%%? FHF X heo %ﬁ%ﬁr%uﬁ%ﬂuqﬂﬁf EﬁgﬁnﬁrgBﬁr@dgégéLémvrgégﬁén, t he
DNA const raigs s) vRey -he,, i nbrodsaesk | 8bomaai 8pREOWEGE-& ti®l | obyaany of a
variety of suitable neans, i.e., transformation, transfection, conjugation,
pr ot opl astfeReFbpnad| daripiiie ofhepsprti e guiyecEemataysainingsf acti on,

f?;ﬁg;’g‘cﬂgﬁgﬁgﬁr%e ﬁéeia‘;é 00 diff8Garl CERLALEEE L on DEAF JexbEen
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,



- The nost effective nmethod for transfection of eukaryotic celcdj
" plasmd DNA varies with the given cell type. After the intr ic Aﬁgrmﬂ t he
vector, recipient cells are grown in a selective medium which selects for
-~ the gr omtwo®baMett or - cont ai ning cel I's. Expression of the cREHESPIGRHSE

mol ecul es) results in the production ofg a 6bnodi fied VEG-. This can take
place in the transfornmed cells as such) or follow ng the induction of these

cell s to didfraget il eg;:@dt{cee@r%)stew RAILA! SET A9, Hqurggoryurac |

to neurobl astoma cell s or the A variety of on con |ons can
be used tcplfcanlme hepephidb ofhe hegllesenrmabipnipmniucEze aosthmiei‘erred

condition those i ch physi ql ogl cal conditio Pr oducti on of
the stabl ?Y% 2f ect a#ﬁ] srtslefylnj]oeed acl&n%lhi sh&F by*®For* ‘3(% %%P

transf ect lﬁb@éd@ﬁe@pﬁé@pﬁhﬁt@dﬁethgl bfe Wkphe ss B ad YHd £ g'érpcsxﬁb?él on
vector, such _as pCEP4, in which the coding sequence for the 6bnodi fied VEGF

protei n ha@PWeenO&l GHERFHeR € t REANGNCES| el RidnehEheT t eukanyos iexppeessi on
vectors ¢ regi on, such as the hunman cyt onmegal ovi rus
pecfptiemLeL

pr onot er drive high-level transcription of desired DNA

nmol ecul es in a Aanuelgiof apadnmblacudel,l suchn a:sddhm Ons sdid 3,86 2002 -
WO 99/ 40197 ~2 PCT/ US99/ 02425 these vectors cont enes for the sel ection
of cells tHEPERLDI P xﬁ?‘?sf?sﬁtél%NAanoP%%W%pH g nt’- rest. CARE&AEIRctabl e

mar ker in 4] §6EPde vV (Rl AGR I 2R CASNER d he&aﬁeetﬁfgélsﬁatst e to
hygronycin, a netabolic 1nhibitor that is added to the Culture t i1l the

nont r ansf e@t@osb@tJ,@nat:emgwlﬁé;tornavengcpmwmrncen@onsamd sempuancasf ect ed
DNA may be en v it " r i it | ection nedi.a, as described
S onr e [ R R BBLRELLEN MRS RS o

above, an I ' nes vv|I be pro

col oni es. the espypepitddecf aThe- Pdidisd MEGErer of eichebyrddigser ey | |ines
may be assessed by me% (gd?—I known in the art, for exanple, by RNAse
prot ect i orF $RLAHS RBFERr FOBI gFle o FegRERER NCXPEESBHRN VERE . Vqﬂﬁérl‘rﬁ?}'@utl cal

Conr ~osi ti T a es e ct ; of nv to
provi de VE A?g%m \%G:B‘E?%%QSEFREC%@MB%{M% oﬁhgéﬂggar%od? QHS/Eé protein

in a phar rprenctes regnrpnswtuloh.smrt mcetdmudseraxmlnamsjskmttﬂ'mne in one
aspect the_] nven(telon ?f'é) 1(_jles § B f}oﬁ stimulatin %?vascu I
prol i feratfBR"?HeR pat2h ﬁﬁﬁ ?t erFii§ a ther ettt cal?y eff¥ctive
anount of {pranseeeptieca) eerrmttlm EREPDNA rs@q\AESEeélmlcvaEGivwéﬁl
VEG-- Al ez, or other 6b-nodified VEG-_pratein.

'transcribed into RNA, will signal synthesis initiation.

Such regions will normally include those 5'-non-coding
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 gpecific
enhancer. Modifications can be made in the 5'-
untranslated 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



- By "therapeutically effective amount” is neant an anount of a conpound t hat.
produces the desired therapeutic effect in a patient. For efadmUS 2002
reference to a disease or disorder, it is the anount which reduces to sone
_ extent onWOY4@t¥e synptons of the disease or disorder, andGTéRIPA¥2to
normal , either partially or conpletel g physiol ogical or biochem cal
paraneters associ ated or causative of the disease or disorder. Wen - 05

~~~~ 2002 a3m{Rc9 YA e P@&&%énﬁ%i%% u&eg,rwetﬁ%r@p@aabﬁahhy deat a

patient it is an anount expected to between 0. 1 ng/kg of protein to 100
nmg/ kg, prefbegeny expresHion 56YVSFeRy, ndhe puskeerabl ystels prefireri@dy/ kg,

nor e preferggl Iggsdgggpl&egg{ljfg foT h r&golirg cgr oundt de_{)en on the

age, size, §i 38a88°5550¢T ‘d W Ht i ent can % i ned by
st andar d prm&edur ResThus : 4301749e(eo8 ey agyd aather, ap:sutuoallysa‘fd‘lectl ve
anount woul an ampunt sufficient to direct the expression and secretion

of such anléﬁnﬂlnﬁzo#l%ﬁ;%} &W?Wérﬁﬁ%ﬁateﬁ]é’%p’ﬁ#ﬁﬂeﬁﬁ MEERI®ANd node

of admi ni SEh@&&oneatls:»eepoundsTHés&hep.%ﬁea&leae' | CaliePn 410 a fiafd.ent
depend on factors known in the art such as the particular disease or

di sor der, nbldesr-neds ei’éé@:@n@mﬁ hemexry,peaztﬁf hetelmntina¥iperated donpounds
wi | | typlcal us npatlents they nmay al so be used to

treat sim F& 5FnC8e|;iP| %g‘FlEl ?85&5 §“¥n other manmmal s such as ot her

primates, farm af @Rls3iredch t3e W0 af?tllee@mhp@ul i:b)hth@" e%wltcs
ani mal s and pets such as horses, dogs and cats. Preferably,

t her apeut i YEGFy PefR%Rt§ire BREUANCES “ﬁ?f&bvbéed:)%r%b%ﬁarlrmé@ﬁl éal the
conpositi o Ae RRarJmee! 9 ‘?%%‘?‘l‘l?ggﬂ& ggnéé%téggméggerw I(:H] agent or

corrp05|t|on|naformsw oF ad on rnto & nulti cétul ar
or gani sm s@tiisaxegibumany Bei iakleihothe, regopbihante DN vyl Morise or

the route of entr for Ie oral, transder.nal or b ection.. Such
o Shoul s FrOHEER P LI OnAT (Fe BhRARI A e Fhsrar SEqUTRS ittt her
the target sgeldedfidtaTiNtand BolYhataPLAHEBR . N0SFH©@E, | ByCWdil &irdePr
exanpl e, pharmacol ogi cal agents or conpositions injected’into the bl ood

stream shotih@ b' svegbpr. nathee liycteont iguoksotr ithe hBNAr tsequehdenc| ude
consi der at i,gns, SYEh Wited K £Lh¥saPHpL OL TR IS RUKYEM signats; ox 2002

sequences involved in message stability may be provided.
Alternatively, a 3' region functional in the host cell
may be substituted.

An operable 1linkage is a 1linkage in which the
regulation, DNA sequences and the DNA sequence sought to
be expressed are connected in such a way as to permit gene
sequence expression, Two DNA sequences (such as a
promoter region sequence and a VEGF-A,,, protein sequence)
are said to be operably linked if the nature of the
linkage between the two DNA sequences does not (1) result
in the introduction of a frame-shift mutation in the
coding sequence, (2) interfere with the ability of the
promoter region sequence to direct the transcription of
VEGF-A,,, protein gene sequence, or (3) interfere with the
ability of the VEGF-3,,, protein gene sequence to be

transcribed by the promoter region sequence. Thus, a
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“.effect. The clainmed conpositions can al so be fornul ated as phar

- WD 99/ 401 97 44 PCT/ US99/ 02425 t he agent or conposition fromgegeﬁr%g 28 Z’ts
C Q cally
acceptable salts (e. g., acid addition salts) and/or conpl exes thereof.
- Phar macewyd osthd1y7 accept abl e salts are non-toxic salts at PCI/UESIMORAEr ati on
-at which they are adm ni stered. The p5§parati on of such salts can
facilitate the pharnmacol ogi cal use by altering the physical -chem cal

characteristic 0 ifhon wt t preventin conposition from
exerting i rsomﬁicfg (ﬁe gﬁ°%a%g‘§ e(&:)%. og?g%%#%sfb? %@erf%lga gﬁ‘ﬁérseﬁ Sn
physi cal p@ropgtd ipeoniotelruderdeowapablet B @RLédthd G rindcfAGIdd (et e
transnucosal admnistration and increasi n% the solubility to facilitate the

admi ni str &8n Vi gRRIVRBREent r afP¥As of Ot hEXBEESS PiRar MRS tAwcal | y
bi ol . Ao _ ——
scoen o & splyengmaiie eut O AR BLSHEDy RIS OIS,

sul fate, hydrochl 6ride, phosphate, onat e,
citrate, loopmipxiate thedte, anethermessdfonat e, et hanesul f onat e,

benzenesul f onat -t ol uenesul fonat e, cycl ohexyl sul fonat e,
cycl ohexyl sul faﬁiﬁ% aﬁlﬁlzgﬁ atd: PHSr eu‘f’?‘ﬁgl FFCREReFLabFRAC Al can be
obt ai ned fcamBIACTELS Sped @5n8YEE 0Oehk Opresant dinuhf UbhCmagi da sehesphoric

acid, sulfonic acid, sulfamc acid, acetic acid, citric acid, lactic acid,
tartari c @SRESIAGDNIR HErdOUFetIfddesNTiaNT kel prabasgatieniandaci d,

benzenesul id, ol yen lfonic. aci.d, :qy oh ul feni. ¢ _acid,
cycl ohexyl%%@n%%’ci g}&anﬁfqﬁ?ﬁi‘% gé:yic%l. Wéggﬁgsgllfes %§£§e %?eﬁ%‘reed by,
for exanplpgreseactimeentmohiree acid or base forns of the product with one

or nore equi val ents of. the appropri ate base or acid iLn a sol vent or nedi um
' | BOVBL '

in which the sdtCRUGhs & _ i YEGF s OFPERLTSuchE adRfat BXa/Eth is t hen
r ELrDve? I MATHG N 3’@9 fHeeiEciﬁz‘é‘;s%'eagiﬁr p?éﬁk@rzyotic ‘cells,” which e T
2002 WO 9GerEIs INCHewso S fficipnts andc Ranyenienth fdnmheforatustisi ng sal t

for anotherczign Lt i exghan esin., CGarriers.or excipients
can al so lS:'ef u&g%ﬂ%%%@h ﬁ@a?%eé%ggrﬁ niersl?r a anspd?oﬁ%@sco%%‘a‘ﬁagg&épnpl es of
carriers ajutlexadlliLuigdl neitude edlyebsil 8868 0aMmd echeéxrd fdndMmRo kAl e,
various sugars such as_ | actose) glucose, or sucrose, or t%pes of starch,

cel | ul ose HeFHERIY 51 et bt ¢ nin VEGER abl BFKATOtSS Jasty IfERauanfdel s and
physi ol ogipal | Ye todeppobuenbas NP cAUPOR! bl 0BS19T PhRR/ERRAN!I Cal

conposition can be adm ni stered by erent routes i ncluding
i ntravenousibher imtceperdl osteadins rhautaieo iss wed,i ircdmdsay atheor al |y,

topically, or_transnucosally. The desired_isotonicity.my be_acconplished
usi ng. sodi AN ST TF) RCERiBE her RIREERRCER: PERRPyVRELENPATEE SGOE D uch a5
dextrose, HudtersLi dsushdi WB t aEtr atelipr opgkedugl, yCcotreptloniced ,such as
manni tol and sorbitol), or the _inorganic or organic solutes. Sodium

chlori de iRS§HIPBORRYY pRALMANSALA, | BPrHUFF2r s 38Nt HiRi Ad*eodi uhti®ns.

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 1include 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 1like.
Preferably, the selected vector of the present invention

has the capacity to replicate in the selected host cell.



- The conpounds of the invention can be fornulated for a variety of nodes of .
adm ni stration, including systemc and topical or |ocali zed 5%55“10802’ ation.
Techni ques and formul ati ons generally may be found in Rernin n-~

Phar maceutPd8MK018Ei ences, 18th Edition, Mack Publishing Co. ,"C%é%??ﬁ?,“zim,

| 990. See, also, Wang, Y.J. and Hansord2 M A. parenteral Fornul ati ons of
Proteins and Peptides: Stability and Stabilizers ~~, Journal of Parenteral

Sci ence and Tecirol egpresd eVEGE alpdigasspt es 10or Suburfe £S (dr 988) . A
suitable adm nistratiqon format may best_ be determ ned bg,a medi_cal
practiti onEBnEBLCBALhIBEEVBRLVENEHNRTERS) yin Fyr PEPEREWPE i8dmiedilst ridt i on,

i njection i -3 [t it =tV Tendt I.ntrat hecal ,
or WO 99?’%0‘%%%&65%95t€~§be%%h§P%9%zéﬁ "?nt racégdr]e rovedr‘fﬁ%eglu ar. For
i nj ection, athd segpenadstofat frenchientiloprakariyotid grethdted.i quEuwth

solutions, preferably in physiologically conpatible buffers such _as Hank's
sol 3t: on opgﬂ“ﬂlj@Fss%g%I }agl %ﬁ{.:h?\f:?!é?ﬂﬁfzg%‘f:g?’et If?g'c&?lpj’f@uﬁd?f@fli’atmé"

invention aeguigtapiat ed d N, oNeueidIY & iaid SH1d) . I BxAIRd e
glycol) that "are generally accepted as safe "as defined by USP standards.

They can, tonstibHpPLER bpromopemded inrlaid netheoi intsuprablogex verfet abl e
oil such as sesane, gea ut, |iVﬁ oil, or ot h‘(gé\ %:ceﬂot abl e carrier.

Pref erabl y, afheyiaprh Fushen i APERRRGE Sartter ,'%Qﬁtaé‘}?a?r?m@?% n an
i sotoni c buRhRERSEl UHFON BRBPH 0fn@bOYheS. Ga® "pfondtiése 62MPQS{d i ons

may be sterilized by conventional sterilization techniques) or may be
sterile fikhéprdmplhaicohpogceityds raansimzEse phgenacestguahnice acdept abl e

auxiliary s nces .as,required to approxi nate_physiol ogical conditions,
such as pHpggg%gri ﬁé’daggﬁt g‘.llkﬁs'ef Lﬁoxaﬂ%%ﬁ sg?n&flﬁh%l%’g? g’fé’?ﬁﬁlré’,o"'éfodrmn
acet at e/ acgirbficteird hukliede thd ohaief Lephsi taify Déft dppemotshra@wdel ease
preparation may be used so that therapeutically effective anmbunts of the
prepar at i obagrerdiephaee okl (Bt antdh&: )bl duhustrrzm vachk, rEagZ hdacl orarghys

followi ng transdermal injection qQr delivery. In addition, the conpounds nmay
be fornul aB8d PHOFGLRYSt SEmBanFXedi <Mt VRRBY1agspdHdBaneRNed atlely pri or

to use. Lyophiplled:{07185¢19659qbNal0Ad]. oAa k! allg aldagn £athet er
4 e

wi th VEG-- proteln coating th al "'oon 'may al so be—enpl oye 0 deliver

t he subst apeemboeast arfgeB edsabtédys AGErm=at | eel \gt i heGenepaeygemsy be

adm ni stered orall Eg&or al. adm nistratian, ounds. are forfgul at ed
n

: t.he co
into conveﬁ?i%ﬁé?ogrla saf&S FTRUQLEHS a?r%cép}%%I g?@?ﬁbpgpggﬁﬁd %%oni cs.
0 5 19u 20@82cillus (Gryczan, In: The Molecular Biology of the

Bacilli, Academic Press, Inc., NY (I 982)), and

Streptomyces promoters (Ward et at., Mol. Gen. Genet.
203:468-478(1986)). Prokaryotic promoters are reviewed by

Glick (J. Ind. Microbiot. 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 seguence-encoding seguence. 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 seguences required for translation
initiation are operably linked to the nucleic acid

molecule coding for VEGF-A,,, by, for example, in frame
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- WO 99140197 47 PCTNS99/ 02425 Systemic administration can @im &\ﬁ
-transnucosal or transdermal neans, or the nolecules can b ondier ed
orally. For transmucosal or t ransder mal adm ni stration, penetrants
appropri awe WE0¥he barrier to be perneated are used in thePEEAUFAYE4DN.
Such penetrants are generally known inhe art, and include, for exanple,
for transnmucosal adm nistration, bile salts and fusidic acid derivatives.

In addi tiop; %Qé‘iéﬁgSEt éyﬁgﬁe%cusﬂﬁ Ou&éef& @ﬁé@é&hegmmﬁ.w’“cosa'

adm nistration may b exarrp e nasal sprays or usin

supposi t or cestr&br segaenadsi ni %matameammmcptekaayetior ma[LaBed into

conventlonal oral dn1n istrati on dosage forns s %g cagiules, tahl et s,
Ehé

and |iqui d*pr2pEPAt i BTRETTDr SEBPTLGEF ATnf AFLLTS |on §FH3RRAST0f the

i nvention ééﬁtf@l m&@@@hwéo Oéfgaﬁegéﬁonsabéeﬁorgel StrRhsEbeREBioRS 1S
generally known in the art. If desired, solutions of the above conposi tions

may be thi @Réh‘é@lsw apdathAi &RERN ngrégéﬁpemiﬁntasmreth% typel afobestThey may

be prepare 5 s t water in oil or oil in water. Any of
a wde var?% h%ér’ S:Q%I-% ca fil):_./ g{égpt abl e emul sifying agents may be

enpl oyed i ncl udAsng ué@i ércargilre, aeedila’ powdsrll aliee"i,oniaddsurtatiant
(such as a T an onlc e%;factant (such as alkall polyether al cohol
EV? nat@gy

sul fates of4 i tOPEr BARARAR 1 B2l ef Bl L nSHRE

i nvention aggighepdsRe bylﬂ&mcm t iSrdauriedi ent s ghpld owl wegen%%h%y
accepted procedures. For exanple, the selected conponents may be sinply

m xed in a"br@n@%¢rmﬂnmﬁWugrsﬂnnanaﬁpnmad<ughhs" qmaimd@et@ec@nuenmwated
gixture Wh%sfzg?)%g % a jUST(.:L %ﬁ%tg flvl’é %glncetratllon EP‘ \éISCOSIty
y the add f er g 39 d*p655BP a BaffePrtt WO
991 40197 4Be§hbd~toethdOfdmber of transfers. For example, VEGF-A,,
expressed in prokaryotic cells is expected to comprise a
mixture of properly initiated VEGF-A,,, protein peptides
with the N-terminal sequence predicted from the sequence
of the expression vector, and VEGF-A,,, protein peptides
that have an N-terminal methionine resulting £from
inefficient cleaving of the initiation methionine during
bacterial expression. Both types of VEGF-A,,, peptides are
considered to be within the scope of the present invention
as the presence of an N-terminal methionine is not
expected to affect biological activity. It is also
understood that all progeny may not be precisely identical
in DNA <content, due to deliberate or inadvertent
mutations. However, as defined, mutant progeny have the
same functionality 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, pSC10l, pACYC 184, nVX. Such
plasmids are, for example, disclosed by Sambrook (cf.

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



PCTI US99/ 02423 control pH or an additional solute to control tonicity. The-
anounts of various conpounds of this invention to be adm Bi5s hGedldan be
determ ned by standard procedures. For use by the physician s%%

conposi twowew40®¥ | be provided in dosage unit form contai nFﬁE(” ZiBunt  of
VEGF- Al 3a, VEGF- Al 6z, VEG-- Al ez, or ot h«g‘)r4 6b-nodi fi ed VEGF protein. Geese
Theranv Nucl ei ¢ acids coding for VEG--."13a, VEG-- Al sz VEG- Al az, or other

6b- nodi fi ed Mk r i i al s eful i ene thera (feviewed in

MIller, Nat E}%@%{;: 2’%@ %%8%%52) )Erf?ﬁig’;‘f ng at BIERAE  a o aF e SRRARS

resul ted i nHaxdcty chhbappteayhes(1oshuman geaeilhes apy akhatishaveslude

denonstrat ed q%toasq; ti Vﬁzi nitial resul t;. The basic science of gene therapy is
, 6

descri bed iR i gBfi22&cei dice 2603996-9%1 £1593) . Tweh eRAASMEASt afhe
therapy is presansdi i ByE@RIAad Vbl ahddagsiéles, h§iH§8%$f of the
adenovi rus-medi at ed gene thérapy. As another exanple, an expression vector
cont ai ni ng Bae INEGH- AVSSAaNEE- Axess, 1BGE- Alxe82by amher Boz+amb)fi ed VEGF
protei n coding, sequenge be inserted.intp cells, the cells are grown in
D tro and t RoW SHTAR o IR YamGs hunir Lo Srsusd midTon “lasndint S .
a DNA segmeall .Gont.aigy g gIr.omeioan 10f7 -ah@izc 16891 ) exana! gtfe%écsc@ftﬂas
pronoter) is transferred into cells containing an endogenous VEG-- Al 3e,
VEGF- Al sz, WBECEsAliemhagest bawchcbandipCBad VEGkcgr okei Bl shodhd sSiohth
endogenous forns exist, in ch a _ manner _that the pronoter segpment enhances
. expressi or‘?ond:fe% Je‘ﬁ%‘ben &’g’p\‘?gé‘—""ben‘én(f%"téi’é’_ F@,ta#ﬁé_ pr Y segment
is transfer pgddenide &aibosududdisdst | hﬁﬁ?&&? diveehly phnkedsye the
endogenous VEGF gene. a_5 ,~~~ zooZ WO 9940197 PCT/ US9Y/ 02425 49 The
gene t her apy QueRA S ePLRSMidE GFreanradéAwedr iy ofohut het wdct ofRéwcl udi ng

a nucl eotid nce I Ngqt VEGE VEGE- VEGF-.A182, oy ot her
6b- nodi fi ed%’r ot e?%,gl'oreégégkgggéé\%ﬁg?&’ac?'a(f\lnoﬁlzzea&h e (ggﬂi'ng f‘%’r t hese
protei ns. AHaxtwtioEl y33 enpdapez edovg))s containing a nucleic acid

nol ecul e coding for, these nodified proteins may be ipnjected. Exanple IV
il lustrates the FetRIYeFigemPither Sisithiftan M¥enB8i rudedectdr the

provi de angieggenas ol N yAend XRIES A beelkaht denlyadi SpomyML T yras such

as retroviruses, vaccini a virus, aqenOV|rus, adeno- assocl ated virus, herpes
viruses, sewsmdlctRVA Mimiged, provbdedetpapi theymaye raisitatwle bowsesk f or

delivery of .nucleotide sequence . O, C L ng reconbi nant

VEGF- Al 8, \J/E‘G%&L.%f’?p’{%%l-%f g‘if,élg‘r’ %‘Ph’&?gg@lﬁ@ﬁ%o&féﬁﬂﬁ i S nt o
the target edré®idt imspul at i prefdbtdddseiibatPobi€ VRbSt KNOW-18dd hosfsski | | ed
in the art can be used to construct reconbi nant _viral vectors containing

codi ng sequEAEEPR1Cee YIHFL exdPIH : NIBESCE. celleir copmpebhangcelta - S48
(1995), the oy qyﬁsaﬁl‘%&?,?'élfdihnd\@é&?é'éufﬁuf‘é:1 Malfeulian Qé(}nl'glgr A
Laborat ory Manual, Cold Spring Harbor Laboratory, N.Y. 19853), and I n
Ausubel et athichCmaentve Puoebebl asihosbsetntindgi BebyycelZeenee Publaghi ng
Associ at es W.| | nterscience,, N_Y. (1989), ernativel y, .reconbi nant
nucl ei ¢ aci %o&lﬁ%/%% ébﬁé“g&inngs‘b?%t &°n s%ﬁ%e%?ge's%%oé e %Eeée& Snaked DNA
or in reconsiymgHeit sysigiheadd, thepesaaesvaeiokBer lipid systens for
delivery to target cells (See e-a., Felbg(;ner et al., Nature 337:397-8,
1989). Several otTh® nEbnE@difded: hd'BHF ecProEahBeer 06f MBS MREEREDY nt o

cel s exist ierFei A Nm I8NEat i s%@d[%ﬁgvgtlxﬁ@nt aLgetl NQ e, DNA to
receptors on cells by conplexing the asm 0
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. UsA
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
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-0 5 ~1~~ 200z WD 99140197 50 PCT/US99/ 02425 proteins. See, MIller, Nature
"-357:455-60, 1992. In its sinplest form gene transfer can b 5pdtiGoR(ggd by

sinply injecting m nute anounts of DNA into the nucleus of_a cell . through
" a processWOPIPY oi nj ection. Capecchi, MR, Cell 22:479- 8%0{’5!%6’?:‘2501ce
reconbi nant genes are introduced into ascell, they can be recogni zed by the

cells' normal nechanisms for transcription and translation, and a gene
product w |ﬁe£§i&é§r%§§zedthéﬁh%re BhROESedateoR ShdeslpathafRhed {01

i ntroduci ng into | arger nunmbers of cells. These net ﬁods I ncl ude:

transf ect i clesoniblped niDNAxarmppeeEipitated with CaP04 and taken into cells
by pi nocytosis (£he . and , L, Cell _Bi 7:2745-52
(1987)); elect ro%r a ?%nf&pmhepgé(wntace ]115'_s| aarrgbg%%s%?ﬁaﬁ%’%\? g%s \}6‘??%%@ pul ses
to introducendiolcemtinailo sdguersbsareonfduible with! pldwtcl ekllAciglse Res.
15:1311-26 (1987)); I|ipofection/liposone_fusion, wherein DNA i s packaged
into |i popfYatiatele cl 8uchnipdh This eC il h kOWeF J8PSaer| VEFEEGRSS, and ., et
al., Proc. | 288800811 nd S Eda €133 8™ ?gi_l,'p\fqig |8 .

bombar drrentll\%és'i na Dl\l,b\olg"(?unl etUo snglﬁ?g%r férg#]ggs)awa g, N .I%}ple{tla?r.l, Proc.
Nat|. Aci d sSggnaB7=se§68nz2s(1998hothdnophrefemeedocthdstr ist maducisertONA i nto
cellsisto upl e the DNA .to chem call di fied proteins. It, has al so
been shown T%rat’ a SR AP 5 OFE?H?rQFQ%ﬁgEbH@WaD%est Br8zi HF €Tidosones
and enhanciggnife 4t aletef, DiAe NnbRoesbhslaThel askb Xt Wehiradanoyd rus to
sol utions containing DNA conpl exes, or the bindi ng of DNA to pol yl ysine
coval ent | y REPBRERN 31 Retigd us Rydhtily Hcdedice 240534 PRkI4%° EM)S-

substantially i % the : ake e n r ' gene.
Qe b REPIRE 140elEL L AN E PISRE) slipieitel AT 0O
- WO 99/ 40| BystHdm® Tafr e 20021ized which incorporate promoter and

termination elements from the actively expressed gene

sequences coding for glycolytic enzymes are produced in
large quantities when yeast are grown in mediums rich in
glucose. Known glycolytic gene sequences can also provide
very efficient transcriptional control signals. Yeast
provides substantial advantages in that it can also carry
out post-translational peptide modifications. A number of
recombinant DNA strategies exist which utilize strong
promoter sequences and high copy number of plasmids which
can be utilized for production of the desired proteins in
yeast. Yeast recognizes 1leader sequences on cloned
mammalian gene sequence products and secretes peptides
bearing leader sequences (i.e., prepeptides). For a
mammalian host, several possible vector systems are
available for the expression of the 6b-modified VEGF
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



~ enpl oyed wherein the balloon is coated with VEG- A138, VE

PCT/ US99/ 02425 A bal |l oon catheter, such as those used in i a may be
EQSA%QE aEéF-Alex)

or other 6b-nodified protein, DNA coding for such protein, or v ors as

- descri bedVP9M91&sen, R, Human Gene Therapy, 4, 749-758 (fgggsg%uzs

i ncorporated herein by reference. As @®d herein "gene transfer" neans the

process of introducing a foreign nucleic acid nolecule into a cell. Gene

transfer iasceuEndw mer,f doethd opapabl embher s £sevebrekad Rardiscul ar

product encoded by the gene. The product may include a protein,

pol ypept i d@iMa@R| YdxsS DX rbRNILKk®r ¥heFRatthal r%a&engwgn@é@

transfer c b : dyli Rpcul tur I Y e QLo adm.nks i on

into ani ma ge %«g%g%ﬁ:&%&ggﬁght %a%fgg'#ﬁ'\#(ﬁs\%n%hsegﬁggégs 0 Ialrl?uc agc acid

nol ecul e canhagh Wevédl aof axgmtesssldn by Maersyeadividly opreaesEry fredi at ed

i nteractions take of nucl.eic acugﬁgnlecule into the, cell rough the

u

nenbr ane oWaBVagﬁ88c§?@ﬁ§§s¥%%jRﬁﬁ E?bfsﬁﬁehﬁ%:éﬁFﬁ?nDFQ B8t o the
cyt opl asm g8 hhe apliasife NBIY ANGa Pl bENGRFAB e EXPT 258hek: iloggdi re, In
addi tion, novenment of the_ nucleic acid nolecul’'e into the nucleus of the
cel| and bindFhgtienappgeprtare algnebs hartbessedectesnsdvigh isddowAs used
herein "gepg. thel %@ési‘o%f & OJ&PJ%LQ%&@, Féé”%%.%rt A Legsghuded thin the
definition of gene transfer as used herein an specr9|ca fy refers o gene
transfer tgeaxpreequantber apentibepraddalatedm a cefl iHimterestor dde vitro.
Gene transfer can be gerfo neqyﬁﬁbvivo on cells which are then transpl anted

into a pat FegrlappryamigRa erY U5 TEREEE R TSR h SF BHeE nucl ei ¢

aci d nol ecyl,e | g 5 i n : At ' 5

~ . &~ 20013{'\/\769{93?4 1?%&5‘2&%%%13:%’/ 02425 %r(ildarpnoét%hr;e:Fe pmﬁ%sfdeﬁt%odi ment ,
a vector haunihganed) epr are dsuhyesiulte sHpreweds Encddias) NEEHALR)

VEGFAl s2, VEGF-A%eZ. or other 6b-nodified VEG- protein is provided in which
t he nucleiEeQBFE roFecul e sequence i s expressed only in a specific tissue.
Met hods of achi EkFB@sEE&ﬁu%ﬁp@HéfE%—ﬁ@aﬁ.f@.w EPREPN p¥orsetin f 8Ft RHeN

I nternational Publication No. WO 93/09236, filed Novenber 3, 1992 and
publ i shed MBYeRBiongo3n | RUFRYYSLithe HRsddedi FRAVEEEDr sthet Meet h odbove, a
further aspegh,obelBe idyendd .'§e§ﬁ§h Lhe mighel eeachdsseguence ;gont ained
in the vector y 1 nclude additions el eti ons or 1odificat) ons’ to some or
all of thegsegquedce igfcliude raicprdmoaer dregs odefsuii edevie. tbn dnedter

referred epbodi nent,. a netho f ge repl acemnent_is set forth. "Gene
Pepl acenentReast S Hee ﬁgngﬁl%s %ﬁb%??ﬁ% a [E’E?fe?lér% i FHSEANE
sequence Whirehickergapabiladel Bernexaxplessedel ?f&n‘é@_eixn AN tHY usnd

t hereby providing or augnenting the function of an endogenous gene which is
m ssi ng or Mgégddothdongithed @fp@l sequence (Hamer et al., J. Mol.

Appl. Gen. 1:273-288(1982)); the TK promoter of Herpes
virus (McKnight, Cell 31:355-365 (1982)); the 8SV40 early

promoter (Benoist et al., Nature (London) 290:304-
310(1981)); the yeast gal4 gene segquence promoter
(Johnston et al., Proc. Natl. Acad. Sci. (USA) 79:6971-
6975(1982); Silver et al., Proc. Natl. Acad. Sci. (USA)
81:5951-5955 (1984)).

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-
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- Vectors for Gene Delivery In Vivo In general, the gene of inferest is
transferred.to the target organ, preferably the heart, incﬂLﬁ:liMKﬁ 28 ac
nyocytes, or skeletal nuscle, including skeletal nmyocytes in vivo and
~directs pMRBYYn of the encoded protein. Such producti on BfehU3a02425
relatively constitutive. A variety of 33ifferent gene transfer vectors,
including viral as well as non-viral systens, can be enployed to deliver

transgenesmb@iriisg VBGFhe Ri@IeNt AnfﬁHEEQBnaEr%&ﬁ?ﬂ%ﬂ:ﬁﬁgtgﬁérEBE,use i n
the present invention inClude viral vectors, |ipi -Jbased vectors and ot her

0 5 ~ ~~~ Q062 NEF OPUHDY HIY PATH ¢I1SeYI0Rd 26cdens owsithaarar eapababl e of

deIiveringPNA on-di vidi,ng cells,in vivqg.. Rreseptl referred are viral
vectors, p%rtle{:lglfggrgﬁg %ep*'%:%%%lnl}%e#éé?i’\’/e%\pl(’lr:)a'l vg%‘l%rpgrﬁ%cf%di: g, for
exanpl e rephthacodondefwaiiMes adeohElr Uh VECHRYyrmaicbradeRo-Assaskahed Vi rus

(AAV) vectors. For ease of production and use in the present invention,
replicati oRreetERt {1 thte CR8OPedBor® &RE SABScREP(iRgsfrpmerf apsed.

Ref erencesgggsehibibng, acyar ivglee Gf o e Lyer tans are_known in
the art, so?re o%‘ V\R:ﬂch are cited R¥r m.tegﬁghc%tg%%% \%éﬁ%?lsc(él)nc ud%, for
exanpl e, ofhemevshift vectarsor stich tdee dddhocedemciatrdtvinushe §4WY) ,

| i posonmes and.ot her 11 pid-cqntaining.conplexes, and other nmacronpl ecul ar
conpl exes FEpAHE2 %’fa‘?écﬁsat ?‘?Pgt &éﬁai“&’&rey €2 VEGFy Aurel BEPEGET 6°91REst cel | .
As describgdqabgye) and in the cited references, vectors can al so conprise

ot her conponents or functionalities that further nodul ate gene delivery
and/ or gene expPefRHMPdifiiathaVEGFherurseiar Agidd M qwlial apdopanties to

the targetsgerebly. PHikeg! NBESRBERRNCRGY | B Ude J0h, £2RMDL g, o COQPONENt s

that influence ng or targeting to cells (in 1 Ng conponent st hat
medi at e cetréeippenor prcksugsyrea f br beukiangdticomehkntei tHeat asf | dence
upt ake of the vector nucleic acid by the cel]; caonponents that influence
| ocal i zat | BARBFP h‘éa‘bUF%/rR}h‘e T RNRY (PRIeF ke ca¥Righ i BRY upt BRET (BEch as

agents nedjaf i R8s PUsbeaEul 8CaY) Zﬁb&@”?fe%@@a%ﬁﬁqo@r@foééﬁt cwéigﬁgce
expression of the polynucl eotide. Such conponents also m ght include
mar ker s, s@thcutadereieaple. anBroausel svchbime leanikles ahat ivaapéblesed to

detect o 388Gk obBhiF it DLl S AT URLES AL |
nat ur al Ocbut~thr&udfOZhe 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 is 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.



- - WD 99/40197 54 PCT/ US99/ 02425 feature of the vector (such as the use of

“certain viral vectors which have conponents or functional {jt§ ed}0m@giati ng
bi ndi ng and uptake), or vectors can be nodified to provide s

* functi onawpﬁgégl. 7Sel ectabl e markers can be positive, negat iP%!’/OMZS

bi functional. Positive selectable markers all ow selection for cells

carrying the marker) whereas negative selectable narkers allow cells

carrying pHgigaekel t@lkanered £ctmage! Yakdd M@t efeededari®t y &t Sweh narker

genes have been described, including bifunctional (i.e. positive/negative)

nar kers (S¥athesgs <¢hpfdRgls chepinobdsddng RuMteSiedMBYA My Tgee  and

Lupton, S ; 2 , Iaed nbeys; )&39" . h er nes can
provi de aﬁlgﬁggggmgéaﬁfe (IC)i clontrol §?%§80a? e a Van%%eo%&:in g%e

t her apy comaestsiphilcar geprampeeysof srimnvesstors and krwymirmatiwn art and
are gener aI.Igl gvai I ablg ésee €. g t he various references, cited %{)ove).
Addi ti onaP*P8fefences® Nécr BEPRG 5&8H0v¥?ﬁ§°5§ctb?$°m§?+l%? WY vectors
whi ch coukdeR@ndsed nidl ddie tRS4OUse Sdr 1101 M52 SERAyATlY S b ik | Neé e the
followng: Horwitz, MS., Adenoviridae and Their %epl ication, in Fields,

B., et al Bioled3.:R8¢i1A&Yy, Vol. 2, Raven Press New York, pp. 1679-1721,
1990); Gaham &, € 10 j haods in, Molecul ar_Bi gl ogy, Vol.

Tﬁe Jt.régk'odungd Iﬂ?%%fei Mgb&% mo _cxtg%_ ) :::aﬁun;i?]e

7: Gene Transfér and pression ocorl s, rray, a Press,

Aifton, WndorpdIBtled Mhter a Nblashidl or RASER Jogetelr 2aph®Qeldr 199S;
Schreier, H, Pharmaceutica Acta Hel vetiae 68; 145-1S9, 1994; Schnei der and
French, CRMEGRRIMCYS gEeRbR9248998 1fgdde ARGPLENT hoge. gl AnYH@FarR Gene

Ther apy 3yi887vh34etiPE AR daf be EmPl oye IGFP/ %&%J@@yary
1995); Fal ck-Pedersen, E.S., WD 95/ 16772 ( June 1995); Denetle, P. et

al ., WD 95F28867s( ®iScimeabeanceoin; sededidag @ partdlcyla0 plesead 4 (24

- . 05 ~ =i ~.2002 - 9/, 7..55 PCT/ US99/ 024 venber 1994) ;
Perri caudgﬁ W% ‘é‘?g&%\olg‘%}‘g’é’e‘w (%éJﬁﬁﬂgr Vl%g’gg‘?‘l‘% eg:fl%%met al .,
WO 95/ 250¢4¢10452 ©ahebetohf@lh. “hearvedton! nadende r iecohasseds sk al so

avail abl e from comrerci al_ sources, includi ng, e.g., Mcrobix Biosystens of
Toronto, GRLEEted fawm cthosererdpignpr 664t MIF Gl dwtsmataim asni ds
for Adenoyiru Ig s 1.0 (et NGES scri bi ng
AAV vect o;é?ev\k?iec Cotcrg'ultgq%eﬁ{d}g%%ki %ft %g)%%tshégg ok%eosﬁéec%?e?e}ﬁtwn%%ﬁti on

i ncl ude t desficleldoviimga parteculBr, hbandandk wifetdPsrw o rissedesimdbld, pp.

169-228, 1990; Berns, Virolo RP...1743-1764 (Raven Press 1990); rter,
B., Curr. *&piAft %]tﬁ e ‘FmoFL’;‘gé;le53§h§39(,ecf§§2;bWIl’a?,sq\l.cfegl%u% r%ﬁi Topi cs
in M crobialrgayemtd dgBa@s ogy, 158: 92-129, 19927 Flotte, T.R, et al.,

Am J. Respir. Cell M. Biol. 7:349-356, 1992; Chatterjee et al., Ann. NY
Acad. Sci., 77®refemred 1gakargpsiceplispidsetingludenp 1B a8 May

L055) TP a0 TRIGHR GBI 1P g R e
2: 357- 362tht4995;detient ivebl, \MDAO/dVRidd 3adaneeld9&nowandirDuclet al .
Gene Ther%’% ?’(Bo%%%ze% RN ., 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 delivery or

gene transfer "vehicle” ) refers to a macromolecule or
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- Addi tional references describing non-viral vectors which could be used in
‘the nethods.of the present invention include the fol I ovm ngﬂ 5_6;5;[}33 0FD.
Human Gene Theragy 6: |1 29-1144, 1995; MIller, N, al k FASEB ournal

" 9: 190- 199P M8 chonn, A, et al., Curr. Qpin. in B| ot ec RCTHSI¥B&S703,
1995; Schofi el d JP, et al., British §8d. Bull. 51: 56-71, -1995; Brigham

K. L., et al. . Liposone Res. 3: 31 49, 1993; Brigham K L WO 91/ 06309
(16 Nhy 13%%%1&%”@ﬂehbl@chleéﬂcé&pr1§¥ﬁglélﬁﬁﬁ ke A £ol82l);
Sol odi n et Bi ochem stry 34: ~~~1~"~ 200Z WO 99/ 40197 56

PCT/ u599/ dedigerss3rol 35host19981, el 9BETOI88V 1x0 @ obrervies3) Theebs et

25" 1005) EoLRARE LRI Cpelbe (f¥1 Aisred e CoSibeted i ARNIR 1000

Gebeyehu seqalkncel.cE fhtenésﬁ 384 gk (Hhetspy 2, 1894prsFangnere ,P. L., et
al., US _Patent 5,459, 127£October 17, 1995): Qverell, R W, et al ., WO
95/ 28494 £96 EXETHHE 1995521 JUCERTS WPYsho2698deDevViaHISSy (1895) /: Haces

and G ccagalgo- \A\Qs%i/ﬂak%@ (39-duae 199RAV)Lin Gigal mt‘é@v%%% 40 (25

January 1996). Hel per |ndependent Replication Deficiént Human enovirus 5
System | nlgprecakes tmsl gsmmflupndemtamnngmhee@st,oanﬂdeohmm (or

skel etal nuscle udi n ar.di ac yt skel et t i
vivo and BPRF&ES Slc?gﬁléﬁﬁ lﬁoqQP eﬁe(?dlfcﬂrg foﬁﬁg dﬁ’@dd%ld‘t%rﬁf/ %everal
di f f er ent agepeliynassker idepr eaches s« f ergilhl . Peet 658 ed:dr§ Bheo

hel per-i ndependent replication deficient human adenovirus 5 system Using

this systERMPEISEd QTSRS FIRARGTF hre fowRianadidd as dhste SLirshest great er
th 60% t
an fbd oPiaeR) d%@ﬁecﬁell%.d g‘“él:?c%}')ﬁ 32%5% e%df% G ONBLY idjeect i on

(G ordano an no cin n- repllcatlve
reconbi napthaderied rprovede obsnafecpalt ipndpettiasefal tha ttlaa-g:eftedtl ng

coronary endot hel | mandc I ac tes regsulting in_ hi fficient

t ransf ect Fﬁggﬁf‘t e ﬁFF&E&E’&ﬁaPPdH?gﬁﬁFBﬁte% s’ﬁ%’ée Mega f or
transfect Isnahde&m@ﬁ Rriporiindde; RRLLABET Hor agkithgl e SY SofiPontie s

hel per-independent replication-defective human adenovirus 5 system can be

used ef f ethatelinflnenegsbérdingl grge rgeteinageo oretscddgicddéas s in
U vo BY Acsipshitddll SO M JNSCUAY - TP 8l slie-ABLE: 2500 Shown
binding); components that influence uptake of the vector
nucleic acid by the cell; components that influence
localization of the polynucleotide within the cell after
uptake (such as agents mediating nuclear localization);
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
feature of the vector (such as the use of certain wviral
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).



- WD 99/ 40197 57 PCT/ US99/ 02425 that such a delivery technique can be used to
" effectively target vectors to the myocardiumof a |arge mﬁrﬁalAU@s@gﬂz.

Addi ti onal nmeans of targeting vectors to particular cells or tissue types
~are descrWBMM4B¥Iow and in the art. In various illustrati oRSTGS¥PIBRd

bel ow, reconbi nant adenovirus vectorg@re based on the human adenovirus 5
(as described by McGory W, et al., Virology 163:614-617, 1988) which are
mi ssing essentigl fdtdraaneRelnods [ Be AMIAIHS GEAQNE(alald ok A ELB),
and are therefore unable to replicate unless gr In permssive cell lines
t hat provadeorbéngi £ pgegetie theoguetsdingt empsdimenplsacehef wdutoxn ssi ng
adenovi rus _genqQm c sequences, a_transgene of, i nterest can_be cloned and
expresselenativst’i?efc‘g‘F‘F OF nPEcfed WRAH AFES SIFFEAE i oﬂrﬁéFé'@E’ll\}’ea

adenovi r ugiralit heelgboadenovheusvdasss gene beansf eadpasedot ey al |y
result in stable_integration of the transgene into the host genone (Iless
than 0. 1988RERFLAYs 2mb@rIeEect vaRsPEcthahsprreferentaatdanfjads to

i ncor por at,| L ogyé) adenqud o] t in high
titer ang{fll??lgﬁggggtaqggﬁ’- rep evisc'ati ng écéﬁgﬁl%éﬁfgﬁoggﬁgéhe r é%gsgene IS
not passedreoddaightiefroml ddendisus s(Zi) tcab|aidmy- v itatasts feinisp adul t

cardi ac myocytes, which do not actively divide. Retrovirus vectors_provide
stabl e ged >ansP8F!‘ EHE}aﬂi @ﬁdt??ré-rl’g-l%ﬁfé R opEstoHs Can £ dtg8birus

pseudot yppag (BgtBfer8b1dl - . tRe0C Nlsrhp Aftt SCivilddA) QR crR33- 8Q37,

1993), but current retrovirus vectors are generally unable to efficiently
t r ansducerephicpticar-idefesslive. im hamhenst.agdibesectlae eenkolr denditvi di ng

[ h t i iral t i t di.ly " diluted
oot~ by nAGRRRBREE. " 40 EiBeekdBiy [ BomkeThat |8 (BPAkPRR PRI uene
expr essi onawviinghe heestoter EbEPAKDY 9TihRe@ %oAalugeidd TeREDAUNGO/AP425

however, it is al so possible to enploy various second generation adenovirus
vectors t AREIRGEEISot PROES R BF dRRE AR, wWhRdh é8n Bepddeatien-

conj unct i g@ Witk I i de administration (See, e.g., Dai et al.,
Proc. rrat'l Acagr%g‘l (USA) 92: 1401-1405, 1995). To further increase the

extent of ini tiPa‘Iesgmté.yt paefeerednuepilpcatinhudedestive adfersivdnrdln an
i sol ated coronary,circuj an_al e_enpl oyed. n_29 ells, which are
uman. enbPSELRE Sk PAE, Aot oF R FERG: FEUBNAL F s By Prds aEnasiEenes,
typify usghuhaper Meadtsore!dhdd nesmdwd the PIRdugiBoanal FAUGenes.
replication-defective vectors Hovvev?; other cell |ines which allow

0

repl i cat i oRX@EREEDLYe ah@stkoROr Loy &8 orsleneVirysayacten Ramtiickem al so be
used, such 33 %?é?é%%ﬂf& 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 1is replication-defective in
humans. Presently preferred replication-defective BAAV
vectors have deletions affecting one or more AAV
replication or encapsidation sequences. Alternatively,

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



- The reconbi nant adenoviral vectors based on the human adenovi ~ us 5

“(Virol ogy, 263:614-617, 1988) are missing essential early queﬁugrzg t he
adenoviral genone (usually El A/E1B), and are therefore unable to r i cate

" unl ess gr WP ¥er ni ssive cell lines that provide the m sRGigUYpen2s
products in trans. In place of the m g3 ng adenoviral genom c sequences, a
transgene of interest can be cloned and expressed in tissue/cells infected
with the regpkbbedhbonfeihgisnén felepRRLEYS: o&lt{aegeﬁd@de&'«gvaé%@%%%ﬁ gene
transfer does not result Tn integration of the tfansgene into the host
genone (| eberehan 0. 1% adenovirusnedi ated transfections result in transgene
i ncorporation into _h ! DNA), _and theref.ore is,not staﬁle, a%enoviral
vectors can be FSSaSaFeHel ofi §F AT P AR LEE RSN FOREARRTy cel I s.

Al t hough t hRet FaRSgEAEE ($) s NRAESE ricpadaidg Foar dessildi,s the angept abl e
for gene transfer to adult skeletal nuscle and cardiac nyocytes, which do
not di vi deCORELFIFELE) Tedt S INFRYCe] abNEOgEFe IPRFRPEIALE BOSE~{ ~~

2002 WO 99149397159 BGJ/ U399/02425 1ard high L ieLpiare obt gi nabl e via
retrovirus pseudo?ypiﬁ% (Burﬁg, etlaIQ; Proc. Nat .%Acg %ngi_i(%SA)
90: 8033- 808Fansgo3nathan, cutrems fection, r alcorenigatsian e upabtepflastr ansduce

nonrepl i ca inq cells ﬁaggkt ske%etal nuscle.agd cardi ac néogxgﬁs)

ef fici ent| V2SR addi Tron- " PR pot @Mt i al PRAZATUE of FBPans§ER E8¥por at i on
into host DhfcZeetAeh,wackaetiesh | phefapHatier puehtpl faPsbR! | aigwbhi cient.
| ndeed, Hammond, et al. have discovered that a |imted duration expression

of an angi B¢EFCENIEEEAPR | DEAEFApXLEAn ftaansfientdnn al ardgtbgeddses, and
t o . . . e . S
ransi ent gege %E@@SE@EeEPF}rgZﬁQEHé‘&SEH PE8hSPaac i AT RCLLL AL g Sease

processes i S therapeutica equat e. Hunan Ruman
enbryoni ¢ keddeyliceld switlanplasmbd BNBh edeiswi wishEltNeE1Bigenesellypi fy

useful perm ssive Il Iipes.. However). other cell |ines which allow
replicati ohYB&Fi ciéﬁ?e_ﬁdtﬁsw%r%%@ t‘?)£ ngﬁadéﬁ"et?’ﬁe_r ERR1P3RBe used.
Constructi ga19fk BeeO¥RIRAN nAdeRRMIdA! i We Gl Surfil lwiRfleRoykl abryegher s used
in the present invention can be constructed by the rescue reconbi nation

techni que dbecoirowthi pAfGranbar-sPrbhbyingl16elbs4- 6ERpressdonBofethe, the

(ransgene g pletenh 4 SOl A SIS VGO I s o

pr onot er, poF& I'NKE&r —an i Ng "adenov

E1A/ E1B gemedilfded bmar.del ehed. cAn tdukshplate dectthe phaswifdrmad
(Virology, 163:614-617, 1988)_ (qQr an anal og) which encodes portiogns of the
left end ofelié Rfmvchdemdyitald Wigehdhe (MIWtolpn 263tbeaesrllrosgs)

T e 8] BOERCELR BUG00:E) SEAELY B BBRERbbakitlh cotent o
bromndeoxyuracil to neuroblastoma cells or the like). A
variety of incubation conditions can be used to form the
peptide of the present invention. The most preferred
conditions are those which mimic physioclogical conditions.

Production of the stable transfectants, may be
accomplished by, for example, by transfection of an
appropriate cell line with a eukaryotic expression vector,
such as pCEP4, in which the coding sequence 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,



-0 5 7~ U- 2002 - WO 99140197 PCT/ US99/ 02425 60 Biol. Chem, _267;25129-25134,
©1992) which contains polylinker, the CW pronoter and SV4OU ;50¢U5d%ﬂﬂ2l ation
signal flanked by partial adenoviral sequences fromwhich the El A/ E1LB genes
- have beerW@8¥¢18l can be exenplified. The use of plasm d pREFUSPYREIWPLA
~facilitates the cloning process. The ghuttle vector is then cotransfected
with a plasm d which contains the entire human adenoviral 5 genone with a
Length 1 0Rpedkda d ot ifs CREARIUR! Sneb MR ZAh L CLLRactREh AlBTECL N can be
conduct ed by cal cl um p osphate preclprtation or |poFect| on ( Brotechni ques,
15: 868- 872hat993)ab 1t asrperedl leeicDYAS ndlemiitd ref himteredenovi The 5

genome pl us port ns of the vect r pB i ncluding the gene for ampicillin
resi st ancESLECEARYF MEIRVTgA™) e‘h@%‘é VeFFobt e?‘l‘r‘@rézftérﬁﬂn?%?y‘ﬁ?ot ei ns
neCGSS&rYth‘at”a‘t%rff%tﬁ € :Vééﬁl;t&ﬁ&te' Chk@s, Hylgrcmycdd | arge hocdsolic

encapsi dated (40 kb versus 36 kb for wld type) I'n a smal [ subset of

cot r ansf ednbdba&ions, thascuésr eaddbinatd orthset vt utte tcankgeéhe that ai ni ng
the shutt ’ smd pACl and the plasm d having the entire
adenovi ra%‘%g\é%(eé&?%r%%s%%c aéel&$asm d pJM 7 provides a reconbi nant genone
that is defici egfllisn dHeec EhaMrElBtamyerimrpaﬂﬂdéwttm@ntﬁmgfébeear ansgene
of interest but secondarily |oses the additional sequence such as the

PBR322 sed@ndeY dBRi ngt FhatYorkheer 651 BEPRGEs D | S@hBEERCR0 be
encapsi datfi W tdy resRecind@ LBevabowadRl es r have
been reportec:IL'El G ordano, et al. E’;. rc\él I ati o%%é%w%gﬁ%%f§gindﬁ% or dano
and Hanmopdoddded Ras. elﬂp;all23¢«n 1994) repist@We drdadsynims act osThase

encodi ng adenovi r.us HCMSPI l.acZ in 42: 123A, .19 can_be. used to
eval uate &PECCIENCY oﬁg%/vgneék? r'gtﬁé%f’eési %ﬁqt?rréapﬁfe?ﬁﬂese Oc%f%\UG 2002
WO 991 40194 ek REaRNSBE/ &%‘b&sﬁm biti metho@edkrdwigens tthansd:ed, uses

adenoviral vectors as del i neat ed above. The advant ages of t hese vectors

i nclude t leXagmilie 1 yPYo R¥A%R t BRQRPARHIT] BREFYgeNOTERMER eP10Y0r e0Fhan 60~
of target fr. lg t lﬁg@} ed in vivo), the ease of obtaining high
titer wrgﬁésg%or}c ?léj}da{ %%lty of these vectors to effect gene transfer
into cells such as cardiac myocytes which do not divide. Tissue-Specific

Pronot ers
Pharmaceutical Compositiong and Therapeutic Uses

One object of this invention is to provide VEGF-A,,,,
VEGF-A,;,, VEGF-A,;,, or other éb-modified VEGF protein in a
pharmaceutical composition suitable for therapeutic use.

Thus, in one aspect the invention provides a method for
stimulating vascular cell proliferation in a patient by
administering a therapeutically effective amount of
pharmaceutical composition comprising VEGF-A,,,, VEGF-A,,
VEGF-A,,,, or other 6éb-modified VEGF protein.

By '"therapeutically effective amount" is meant an
amount of a 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 Dbiochemical parameters

associated or causative of the disease or disorder. When
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- The present invention also contenplates the use of cell tarmétAUe ﬂmﬂ only
by delivery. of the transgene into the coronary artery, or fenoral artery,
or other localized site for exanple, but also the use of tissue-specific

- pronot er WOBY4GIBE| ng, for exanple, tissue-specific transch%PWS%%ﬁ*@ontro
“sequences of left ventricular nyosingight chain-2 (M.Cz") or nyosin heavy
chain (MHC) to a transgene such as the VEGF- A138 gene mrthln the adenovi r al
construc g ted tr, ar car nyocytes.
The et {1 cesd YEEREERBLEIRAITY XAAR  SerhPs 4ER ik &

pression-an ree o Speci y pr by MDCZ"

and MHC papextteds tw tHe [edvdeay @ beemgj'e:tgerdfl pedtedidi BG Lbe ﬂhgmagrbi nant
adenovi r al s st of _the Bg}esent i nv ti on. Cardi acspecific expression has
ﬁ#giﬁ 1

been repdth ot®FS b§ePeel 8/ moFe ®mt ex@t%tr_r, SR : WY 5- 15885,
1992). The M%%Sgpr@a?éeprbseeamyl §%@sOfth%510 PRag A, T if15e CfRbhYE W Lhin

t he adenovira packagi ng constraints. The nyosi n Hieavy chal n pronoter,
known to dfe #iRpiwls §eReRder of ttRMscRUPLi onizer ovanl@s disemsonabl e
alternatlv car S ifi r £ nd, i orrprlse | ess ,t han 300 bp.
O her pr §o e('ralsag!(%t%cr%’q%,%1 t&hg on%rh@C%ﬁlrd(S)n% eﬁ’F‘éHF? g?lfl caci ous
and suf f isgisamddna Snplrlocedhﬁ& less tihams) aclfo&de@@:te t ichedapypecidicity. Hy
using the M.C2" or 5 A~~_2002 WD 99/40197 62_PCTNS99/ 02475 NMHC
prormteré'-l%ﬁrﬁfl?féw“ﬂl"e‘?]r}% t RELBFRA¥Gend8TPHNYI VIOULE | BepeRR evRBPWMaL t he

di it t
cardi ac mpfﬁé&@rt@%(ab@écts Mé %@yteseﬂsﬂna &”%?Si(é’éféﬁ' .f'né‘?%e heart)

endot hel ell's, smooth nusc and f1i asts wt

w | | promrdarmimamé temptessl on of panlangl ogeni c protein such as VEGFAI ~B
to pronote an Si s mtln res toth card e al so
has advant ageghr egaﬁ e ¢ enﬂ‘t]lafqﬁ’t%fp etroetn E‘r"nﬁ‘ﬁ F\gg? %%t ment of
CHF. By |ddﬁﬁdﬂtﬁi§X@feﬁﬁeO@fe@ehhea@@aﬁtcatql&Qt AW glspd EeOt @hdrad | Y

har nf ul effect of angi ogenesi s in non- cardl ac tissues such as the retina.

In addi t i¥h,fagtanfe kKavn im thee ardamuch Re whscpretisular| Akeedser ovi de
the | ongesl didfingenc eXprass)plastieect Nafigl Lhedp %ﬁgtofggﬁ.g%?t{ api d

turnover; expression woul d not fherefore ecreas Vi si on and
death as While oteircomgduredsiotiidl ityipicellly. ﬁndmteﬂeltbatrsaechﬁmm pronot ers

are alread aval | able for this furpﬁ?se Sr\? et al., J. . Chem,
265: 1044 L3900y n"E¥e Prece &Gt i BR, SHea rééé‘rl&atro ?he’

treat nent; fndeadt dissasgest ahget igihede haRidl Dy sk acHs ONg¢ et Nj ection
with a high titer of the vector and transfecting all cell types is

present | PIpiveFtees edfarropagmel snsuAll Par EViea: i 6Atble AdedopPulisr¥ect or s
Successf Lﬂlrhc{ e{;ﬂm}{aﬁlﬁ@ﬂ Oéf?d PP R eﬁo%% gﬁ %tl'.o st andar d
e resu on=29

met hods. ing viral ors are propagated S Wwhi ch
provide El A amtré&d&rabhyt i (ahe |tmetrragemt:tcm]tl|§t ex&feat e quncairetrresj 101-1012
viral particles/ range. leq?ﬂ can be .infected at 80% confl uence_  and

aAf t

har vest edP#d’ s | &fer. CYRPBROFHS W1 | ul ar Rebris is
pel | et ed diaaRHdiddmdl g dhedtigds i fieddday teseh dhaft est

composition in a form suitable for administration into a
multicellular organism such as a human. Suitable forms,
in part, depend upon the use or the route of entry, for
example oral, transdermal, or by injection. Such forms
should allow the agent or 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 blocod stream should be
soluble. Other factors are known in the art, and include

considerations such as toxicity and forms which prevent



- 0 5 ~U~ 2002 WO 99140197 PCF NS99/ 02425 63 ultracentri fﬂjsahcﬁ&yﬁ?oubl e

- CsO gradient ultracentrifugation is preferred) . Prior to Pn"V¥

injection, the viral stocks are desalted by gel filtration _ through

Sephar 0seWOPHMAE such as G25 Sephadex. The product is theﬁqﬁs?gﬁ”éas
through a 0.3 mcron filter, thereby g4e£ducing del eterious effects of
intracoronary injection of unfiltered virus (life threatening cardiac
arrhythm agk agdnpr o0 ddicfiftiee Froge ekeltamsf Qs BrEdasul ting viral
stock has a final viral titer in the range of I0l-101 viral particles/m.
The reconbi nanThedei@dined AEBPOBEL HoRyh| gapusilicede wEormnbatetd-as pe
(potentia I i Vi r structs can,cau n.ntense

i mrune reékﬁéﬁ{sﬂggkkﬁ? #gﬁgstééﬁlé%+g?%r %ﬁ]&% s(%béht %CJVI e%fadg‘rt&;? ation
and purifsadtedn ramdher conduplesteso ehelriedd .cont aphaghhseand caillld, t ype
virus by, for exapple, .identifying successful recopbinants with PCR using
appr opr i aBECEPEABLE, SedidulTenFOPMEOreGngel6F plafbe FORCENEAREPN and
double CsGh ghadhenhdy tyaceddidigalion. The reroshiganbnadenqyids can

al so be gassed through an appropriately-sized filter prior to intracoronary
i nj ecti onsBakeverp dfaRdcdriiindre haovdeekodtcabres&hbyvirdlslersingrk can be

inj ect i ¢ » diacRdc HON3eQU0N/EER brese g
accept abl EAEaPFRBE Al ) RARLAC FARA L RRCEERES i | e

titer of wheheeet oprexenhénon eheabtempsepaiat i Grdns R v iivs t he
range of 10'-101" viral particles which allows for_effective gene transfer.
Ot her phaPRY8&RLPAradardiiact - f FFAMRITDRE ansetwkagisesptiossciimed

bel ow. Fo cLYer Yol .ade i : structs
e pr ef cPIBry Y BroRsy hy iy oo ol ARG RK) bR el 383 1Y

PG'f | US99£@2425 taner axanamurcys@dr agmiht steatébn anpedhnicaeasingg tdieandar d
per cut aneou at het er  basgd t hods der fluoroscopic guidance, at an
anount su?Pﬁb‘g’éﬁnltVort?heteaﬁﬁ’stgaeﬁ‘Fe g ebea%&b?&rs’éﬂg}ﬁna Cﬂgggé@hﬁrﬁ ch

al  ows foeohighkyaefiieE iofe drier@fyg. The injection should be made deeply
into the lumen_(about 1 cmwithin the arterial |unen) of the coronary

arteries (or gPaprmasssdiicaldiy prefeptadPle besgade i nimetudeor Gesirdy
arteries. Laj.ecti e tQri di y i he. | ynme f e coronary
artery byag%)érll(%gjg?}y c%%%{é'?erg@l ?:'Lss poggl(é%!ee té(};r&aérlgejfﬁélhe%élg'ﬁeatt%dt her

ef f ect i vehydraeot log ke nplzespiostse of st hfon@conbsubhamaeetl, osnlifadde

proxi mal aorta during injection. The vector stock, preferahly containing no
wild-t ypea\?ierté_§,e'naiilﬁé'aitﬁj'ec)t%‘at%l"e%pl FETHG Yehe PEABANSEUSHONGE Dot h
coronary @rcﬁu%'egm(fwnaw@,; t 8lnzBhebaT aBhycbNt 0 ot B1hRG g borand | ef t

coronary arteries (or grafts) , and preferably Tn an anount of 101 - 10l
viral parcyelebexyldatldanat) b?YQQPK@avlétéMﬁtﬂéhﬁt rgn@norwinateg er ably 1011
- 101" virgl riiGls s I viral ,parti is type of

i njecti on%%r?ab é:sblqh'ol(;%;a[lﬂr)a%g%g{:?%%Qo%aéQ§e5|éérgdb%un%%tr%%?g%eﬁgsoﬁn

especi al | wedd@sdsachmaec yesochiiorbhe ati@ct=dl fomicaratidn wrdsmigtiageni ¢
protein- or peptide-encodi Eg gent‘aﬁ, t her eby, Xi m zj ng thgr apeutic efficacy
of gene tA&HSHersY HE nPAE S nFUAAABLFr arRfigehedfidat ikt ar di ac

sites andgfheg posshBELty 9£i@D irtfa!x%rmtcoryawagon%?awnyéra'ad%p,t eins. A
ventricul ar myocyte-specific pronoter nmay be used, for exanple, to securely

enabl e expeshsnesullifortied acdd, hetbandsutioyoe yaessd s denzanesnddiahihe
potential ly j_%rm‘yl iIx?ffectss gf aggiag% esi scj'r nono}rtl-farfif.aciti ssues such as
the ret i n&ctMiusPePfYBR=BF SPRECT AirtegenBlct AOPRIL: Rt f 8P4 oy Fur t i n
target ed @genRa ceXRRASRiXFamit d8Id, 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
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- 0 5 BUG 2002 WO 991 40197 65 PCT/ US99/ 02425 exanple, the cqj SSABQ 2"9? | ef t
“ventricle. It has been found that gene expression when dellvere this
manner does not occur in hepatocytes and viral RNA cannot [nh the

urine at WRWIMPWE after intracoronary injection. Any vari ep&%gg@%r“%{:ary
catheter, or a Stack perfusion catheteas for exanple, can be used in the
present invention. In addition, other techniques known to those having

ordi nary skétdhdrgire vid ioms b€ asedxfigxihgansierfof geOERetOibhecArteri al
wall. Cinical A-nljcatioas Stinmulating angi ogenesis in mamal s by
transfectirfy THERRIE ST (9P INISY FHRF BBt i de coding for VEGF- A138,

VEGFAl sz, VEGF- AdP2r; e %ﬂﬂ%fxc%-i@a‘é%f blsﬂ YEGE BLOLELY HBnyHE’irﬁaE%e

procedure described by Gordano et a I ntracoronary Gene ansfer of
Fi br obl ast a@mmisReation f fdreasepdinbd Exavpdes Ghtasctiées Famdti on in

| scheni c_Region of th t". _Nat dicine, Vol.. 2 No. 5, pp.
534- 530 MEFSOKERTR cHAF AR SR G AP RSREPBR Heby CRufdih ROkt h; s
VEGF- Al sz. WhGoud egug@fs okhen Gemadiddaud VRGBS e Brshidbdhe rekeased

fromcells infected by adenovirus vectors ditecting expression of
VEGF- A138, WEES RfsAtanchs- sepudpsst Aerivht Hves f | eella/=0r, pregetable cel | s

but not 1 n VikE AOLFRARRY dda1 S At MG haled X fooRifiatE A o8
VEGF-QIIez ~san]rve£bnttmr Gmerrmb” 'nlipc&dt\z!Efﬂ‘sd bmmgéamr}a‘ce}mﬁl daa]stcérﬁ%&EGFxff thzl, or
VEG-- ss~cgr%¥/ e partjia .% ret i_n Y. E nmol ecul es as it, diffuses

& 3 |?Pyadj dt

t owar ds tar eRBot RO SEEEE T$od*PNEES s 1ngdE RN
VEGF- A138, MEGAbseus MEGH- AliBErapertBekafb- nodihheds YEEEUR! Ot ei g §ay be

slowy released | ater thus prolonging the angi ogenic effect as conpared to
0 5 ~t ~G 200 rampgoiaplgrally, 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. See, also, Wang, Y.J. and Hanson,
M.A. "Parenteral Formulations of Proteins and Peptides:
Stability and Stabilizers ", Journal of Parenteral Science
and Technology, Technical Report No. 10, Supp. 42:28 (I
988) . A suitable administration format may best be
determined by a medical practitioner for each patient
individually.

For systemic administration, injection is preferred,

e.qg., intraperitoneal, subcutaneous, intrathecal, or



. 66 PCTI US99/ 02425 VEGF- Al zI or VEGF-AlsS. Furthernore, the ECM bound

- VEGF- Al ae VEGF- Al sz VEGF-Al ez or other 6b-nodified VEGF profl & dgi pap20e
active, and will support the newy synthesized bl ood vessel s _duri ng t he
critical WRP¥HI%F bl ood vessel maturation, until the exi sPERUEIHR ood
" vessels is no | onger dependent upon th@gpresence of angi ogenic growh
factors. Thus, VEG- Al ae. VEG-- Al sz. VEG-- Al ez~ or other 6bnodified VEGF
protei n wilinhthe ceRepreffeetiditaildian Seoe Dhfest MESF 198 NBoRSoanbbesapeutic
agent to be used for induction of collateral blood vessels. These

advant ages tigy beventiconl amen Jfsugerbatedensddi r ddaksed sxpresensn
vectors fo : |, d i .G . nts. 4 ngi dered. An
advant age SFUaStan qqant e Eleqthatly BRBRt AR Rl fer " NATTEY,
saf e. BecaHaak'ise sYEGEiAner RiEger s zsoMid(FerN ezZAl oernabevebp; nokef i ed

VEGF protein may have binding characteristics that allowit to clear at a
sl over rat &OE'QF%‘Q e°’d°lj£ tg}ﬁrep%‘f‘ﬁ%?lgﬁc?é?eéoy At T {PRY PRy"PES nor e
effective LherpRentisC p9eHls GHBIRFREhd 0ghheodt hernMEGE AeOr §Bne B2l 1 poN

angioplasty is"a major treatment of ischém c heart disease Which involves
the infl at eorepted gl |sadie i s adefopngdd byl U6&F wssgwlands or dBrey ocapen t he

bl ocked bl Qod. vess Unfartun I this nethod of treatnent frequently
results i n%ioﬁj uer}§/"’ui1 I?hekgnd%\f%ég?é?dcre}ﬂ Sall rﬁnﬁé%t hgt hnésru]\ﬁeﬁqléf of bl ood
vessel s. Sreejdtableclcd Icaluch aid esesarhé ) tp@dmut Ntolihe opepedrbbergrvessel s
causing a secondary obstruction in a process called restenosis . VEG--Al, B,
VEGF- Al sz, ¢E@PLADeS Grgeter SR ¥3iby vEdrEhrafei susRsndedeqdl @ed to

i nduce proljfgld or.ef-ikhe enrdat halial jcel I sl ogate - [} ry of

t he ball oor?cfu%'gglced gamiged area in grﬂ%er%'t oggovgﬁ t géﬁaﬁgﬁaﬁﬁgﬁf ace of

t he vessel seiltisnnew a P O£l alSoR603 .6 WO /LA 0Meds PSSOl OR425
nonol ayer of endothelial cells,.hoping to restore the original structure of
the bl ood P&dsel .%eAdeﬁ irllag.zﬁé%i at&d ge?@‘f%rr%ﬂﬂéﬂay %’1"851€%2%1'b’p‘?‘?cabl e
in this cagecniduesthed aiaedbatsdde vel fVEfarad. | Nohs etsmpbs engondel i al
cell proliferation to the |esion created by the balloon angiopl asty
procedur e. TBYe aSPRL@in o FHRFMareHel M Yy R¢eptalier al audvdhatges for
this appli aldd preven 0Si.s, f i I i y, two
types of appr (S%c né::sg%rray e %%ﬁg?%graed.t%l toéllﬂé péés}g? e mg??%ggigg%r ot ei n,
or deliver camdtjcessi duatecasr pihbalf feidingdiagesit st.he Wsepfessbafifefssuch a

protein, to the site of occl usion usé\n the balloon that i s us t o open
0 AoPRFes

t he cl ogged _ .foﬁu&ﬁ‘a&‘%%'t eq;‘?"P areArRRBRELE haChilo &t on of
the non-endgf fl%fnalofc@ép%mmlcswad@eﬁa@"rgp&snfgléagedPyegaﬁétyaﬁlI the
endot helial cells on both sides of the wounded endothelial cells nonolayer
have a chamed the russf %9 That chsrepeadnisialdy wiffeathieveledngunrys opfa
protein or v s r hjnant oYk ru i i d the
re-growh 5?’ ;! %§%}a£ﬁ£?ﬁaﬁ§geﬁ’eq]%er . I—g‘\qj\g{gle\ré,heg?oolm&%%%%lj‘r] ségﬁgh as
FGF-5, bFGmanty Hobuase aat sdayist ofjeblowtiagsnodisdersed e deljlexstiamd ot |

i nduce their proliferation,. which is the opposjte of the desired . effect.
VEGFs on t FE IR -hard APCigdthalthe SUEORES BRYeRBotREFLAREES) 1)

VEGF- Al 33, o633 Alotin fidFrddSdsoPhe@! H8T sbbpaRdbe i eimdEEELBLO! BiopBY be
especially useful in this context, because of its ECM bindi ng” properties.

Fol | owi ng &pl ivs®t.i on, Lyophddamede, Qoxnaf @se onleb adpsdadiedsel | sAnith
adenovi rus .encodi the protein irect tran tLon wt | asm d.

Sncod ng- s e I PIEeS facALEEE! i ERDDERELAOD MELRPhARILEL DY
VEGF- Al sz. tHeGpaAllevon Giaywtdieso Gbe n@dbibedd VEGFdpL oernthaveubbeapotent i al

to stick to the exposed
to a targeted artery.

Alternatively, the compounds may be administered
orally. For oral administration, the compounds are
formulated into conventional oral dosage forms such as

capsules, tablets and tonics.
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- bal l oon treated vessel) and thus pronote proliferation an eM@ra of
endothelial cells specifically at the site of the lesion. Thus, VEG-- A138,

_ VEGF- AL6WO WRGRTAI s2, or ot her 6b-nodified VEGE protein cEGHESRYPIR and

" concentrate in the very region where ighgs activity is required, nmaking it a
particularly attractive candidate for the treatment of restenosis. Coronary
angi opl asty is Eyeau@itl ¥aReaoaRaRtL e8nbradeRlI B V) R hBkLA¥asgul ar
stent to help maintain vessel function and avoid restenosis. Stents have
been coat edrwErangdeemah neANt .e\whtthehmorestilesurain behadmdwishemadl for ned
by the stent en hel j_al ize. e 6 ified V roteip_can be applied
directly t?)r?;ggét engr %#aﬁﬁﬁgpgzgcioég%c%é |enl€]m eag‘é‘-l%aPFFga%r ot ei n,
such as plpefiedsanEO&NEppoopALIENOVES UShe €64 BF Sexr "By be pephegdeloatbe stent
for direct transfection of neighboring cells, using nethods known_to those
of skill iWSefleifrthe ViFmNAigoNVEGFEUEB2 PepeEE: ,2%¢ @eRerasbiodified
VEGF prot ejfohhat ihs efal lw-@appldgd, 9hcPLAdUCeEdr ouglintansf egli on,

wil | enhanceoendotlhel ialization of the sfent and thus re%“u%ie thr on{%osi s and
rest enosi str@nbencappli edrniopstfariose bfileheaditemand afusiddé ahedpresent
invention gre.coptenplated. O xanmple Jjs for the treatnent of. ulcers. An
ul cer is iﬁegfyggfvgg\'/\Dungnr eascf%ﬁ]ngo?,n tdﬁz:egtgmcsn.mﬁy wBs Hfsth [:ﬁat

angi ogeni cfgeoMi bat acipeirmeamy ope ef feghsmachbsalt hainirepdteiisod supdenal

ul cers, and that_ stabilization of angi ogenic growth factors may be a
nmechani sm B¢ whifa¥ sofEamRdeapethroudiont Bagadh aSPEa¥Pal A e BFdBLce their
benefi ci al bo, 1o ; er 06-.1111,
1994). Si n%gﬁ%%&é?é%% an%%)goeﬁlc ag}molv\n/t@%%%ragg{a g’r’ ?’ k’%?xioé%\gtelrl %gs? é'%l e under
aci di ¢ confloktmobatedt Sntdd donvdnt K] - oY 9 AT/ FHEANGHD/ 8343569

enpl oynent for the freatnent of sto h and dyodenal _ulcers is,

cont enpl at EAETPh8URROAE! FEBFRIFRG SAPLFES, oFNCLEdA) daproperaRions .
VEG-- Al BZ) or ofRer &fpsiedh fizechi MEGErBEQLRI,N VAECh-GifdSuh@s PIESeEMe it in
an active state, and its expected ability to bind to exposed ECM at the
wound sit einveatéanearfafovpairangd sintEarintgept yrGaAves- gelst her
6b-nodifie prat epn itab t ot her VEGF forns for
treating sgggggﬁ'a%g c%o gﬁé‘r’%?@?@?’wo&gsgf‘ﬁ Q?ﬁ'under standi ng the
present inventi af, debeérkd,| eolugibnanpifesisr eaboned udetipbhatidascmabe t he
results of a series of _experinents. K The exgeri nents rel ating tg#ﬁr}hs

i nvention ?ﬁouT-}ai%?r}efﬁf _ s@&, B%ie}_éﬂ’é‘%’ﬁ _eoa%%n%pe%‘q}? c@d y™ ing the
i nvention apg13968eVari &e9nSmey e HP¥BALEAN, i MOWMNWE Qg | 8beh,

devel oped, which would be within the purview of one skilled in the art are
consi der edet.sheal |watighi ant el lscope adfl t he warEn i on Ay defcrad bwddrerei n

and hereln%gg Et%lgkngﬂarmaceutically 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



EXAMPLE | - Preparation of a nucleic acid sequence coding for }LEGF-

| east 5 differentially-spliced VEG--A isoforns exist. Thedeh i Mai 08 VEGF- A
121, 145, 165, 189 and 206. (See Figure 1, and Houck et.

. Mol ecul arVeA¥8¥ST nol ogy 5(12): 1806-1814 & Pol t orack et. aIPCTﬁ%gg‘%ﬂ%our nal
- of Biological Chemstry 272(11): 7151-#4l$58). Only one of these, VEGF- Azo6
(Houck et. al. (1991) Mol ecul ar Endocrinol ogy 5(12): 1806-1814, includes an

exon denot esbrtsrdib. pHher panpadddtciamel ¥obatd 3o difdwsll Tdnieiegnposition
of the processed i sof orm which wou| d be 138 am no acids in |ength. Two

strategies are ehp? ARHRST TheVIBHILF RAMRAPRHS \FE:Gihﬁ}ﬁ%ém’leﬁ*téﬁé §fr at egy,

VEGF- AZCe ij5e Cd REeh s 0Fe£XO8n0Bei 8cderflALRILYY skEl E%B)aia%oegah?*es 05 -~
i3 a 2002 - V\D 99/ 401 97 PCT/ US99/ 02425 7fl reacCtion In a second

strategy, the re@lac’éﬁ@nbYexf'{hﬁlshgéneﬁanedtbsp s:yommisl@ﬁstmll be
conpl enent ary ny whi nneal ed t.0 each ot her_ bef
sub-cl oni ngp %%?h g’{ %’5 Sgs %%E a%’ﬁ“g 5)?&%‘@'&“139 t i fﬁ"?oé{ntstS and
cl oned backyiera,, }heVE@St-A&F?pVEFQ@-YAl@,C&EE betaerer et afodys fER orckY
synt hesis of co llerrent ary oligonucl eotides. Synthesis of Exon 8 is

descri bed. PI'-'FRi%%l%f ordinary skill in the art wll understand how to apply
the teachings of the invention to the construction of VEG-- Al 3e~ VEG-- Al 6z,
VEG-- Al eZ or other 6b-nodified protein, using these or anal ogous

strat egi es.Gene Btiréganpyind inf ormation: 1. Sequence of VEGF-Ala (the

sequence i s sho th flan Bantl _sites; insert i loped into the
i Setlere ) SN EOHEnEhoka® n B vEGFoAL,

| nvi trogen vect Fat Agpe.

GGATCCGAAAGEATT TEF@EKEET J@G%@QE\IZ@%@@T E@E?Hns will also be
GCTGCTCTACCT CCACCAT GCCAAGT GGTCCCAGGCT GCACCCAT

%A%AMAM@TG%G%F@G‘FW@PEAT@V@WATCA@C Miller, Nature

AT AT AL savances nave

GGGGC TCCT GRAATIEERAGECHTARACT ST CEHORIACHACCAS TGN  gene therapy
CATCACCATGCAGAT TATGOGGAT CAAACCT CACCAAGGCCAGCACATAGGA
GAGAT GAGCT TSI CREVACARERART ST SR EFCRERET IR G&m@el results.  The

AGAGCAAGACANETAALAAAL ALCAGT T, AGELLLAN &Y Mulli
AACGAAAGCGCAAGAAAT COCGGT ATAAGT CCT GGA TGTGACAA in Mulligan,

GCCGAGCGCGGTSATERAE CAATGABGAPEE A1 shuendenefexampRepbicagrpat thagepyt e

(Exon 6b 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-Aj;,, or other éb-modified VEGF
protein coding segquence 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 endogenocus forms exist,
in such a manner that the promoter segment enhances
expression of the endogenous VEGF gene (for example, the
promoter segment is transferred to the cell such that it

becomes directly linked to the endogenous VEGF gene.



. from VEG~- A20s) GTACETTGEWGfIIEiTGCTGTCTAATGCCCTGEAGCCTCCCTﬁgggﬁﬁgA B
Stratec~r for Subcloning: VEG--A138 can be generated by rep 200 the

exon, 6a, of ~G--Al4s, with an alternative exon, 6b, whic ~ t~| >~
7002 WO NP IY4WY 71 PCT/ US99/ 02425 been reported only in U’étc]ﬁﬁi?%g“fhe

"requisite steps are: 1. Generate a site@gspecific nutation in VEG--Al,s that
will allowrestriction inmediately 5 of Exon 6a (i.e., between nucleotides

434 and 435). Tihe e itderspy mafedheolRe thei hige dECAeUddias Ade and 438
wi |l be converted, by sitedirected nutagenesis from Adenines to Thym di ne.

This will OFaR§Berh¥eskiest g lydduenaenicdprtidasseauenee codimeritPrr . ( Apo
| cl eaves Sipgt e " AT TPy 2, Excise 6@a.a 5 8
restrictioﬁagﬁzgﬁﬁélégggﬁéﬁﬁgzaggsngPﬁé ??iéﬁgggéi?chﬁﬁgfﬁgFaég%H?
VEGF- Al, 5 wirblieApo braad nBkeds nuedeRt ecedt mslacblentodiwy i fort hthesect or, 3

of the VEGErB%%%%EZ Alternatively, engineered cells containing a
nucleic acid molecule coding for these modified proteins
may be injected. Example IV illustrates the method of
gene therapy using an adenovirus vector to provide
angiogenesis therapy.

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

Ay, VEGF-A,;,, or other 6b-modified VEGF protein into the
targeted cell population. Methods which are well known to
those skilled in the art can be used to construct
recombinant viral vectors containing coding sequences.
See, for example, 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.Y,. (1989} .
Alternatively, recombinant nucleic acid molecules encoding

protein sequences can be used as naked DNA or 1in

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



3. Renpbve the Apo I 5 overhang by digestion with Ming Bean mﬁcmsas§m24.

- This will create a truncated, |inearized, VEGFAl ,s vector. Cel-purify this
vector. 5. Cenerate the replacenent exon (see " A 2." , abov%) %é PCR from
VEGF- A20s W 919y nt hesi s of conpl enentary ol i gonucl eot i deCTUSPRYR42PCR

the 5 oligo would be: (n)6tacGrACGITGeHGCCCCCTCCT. The 3' oligo woul d be:
ACCTCGGAGGGACCEEEEccct at ag(n) 2. Uppercase letters represent nucl eoti des

whi ch conprp e MEGE: A S€4uUemceler, ONRtare—3570935:-64V O §94401 97 i 2
PCTI US991 02425 Lower case | etters represent nucl eoti des added to create

appropriate restkh citdnsitnpbest ofoxhordene transfer can be performed
by simply injecting minute amounts of DNA into the nucleus

of a cell, through a process of microinjection. Capecchi,
M.R., Cell 22:475-88 (1980). Once recombinant genes are
introduced into a cell, they can be recognized by the
cells’ normal mechanisms for transcription and
translation, and a gene product will be expressed. Other
methods have also been attempted for introducing DNA into
larger numbers of cells. These methods include:
transfection, wherein DNA is precipitated with CaPO, and
taken into cells by pinocytesis (Chen, C. and Okayama, H.,
Mol. Cell Biol. 7:2745-52 (1987)); electroporation,
wherein cells are exposed to large voltage pulses to
introduce holes into the membrane (Chu, G. et al., Nucleic
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) .



. The PCR product will be endonucl ease restricted with SnaBl (cl eaves
- TAC/ GTA) and EcoR5 (cleaves GAT/ATC). Note that the 3' ol ilgh S¢EI00PL

i nclude the nost 5 nucleotide from Exon 6b. This nucleotide Wl be added
to the Exomo89/4181 eby conpl eting the requisite.sequence andP@iE8%08425g t he
" proper reading franme. b. If the replac nt exon is directly synthesized,
the oligos will be: (n)6tacGTACGITGGT GCTGTCTAATGCCCTGGAGCCTCCCTGG

O ooaagm 2t T YL BE o0 CAURIRE CORkeR b holh| BoA0TR' SIERLBINaEY

ol i gonucl eoti des are anne e endonucr ease
SnaBl (cl eavag Hﬁijeﬂwglqyuﬁ.EwhE3e@uleahes GAT1831) . 16 dbheedgewith

purlflcatl ate epl into t tr linearized
VEGF- A145. O‘%F.%“Ld? é’%&%p 1&25?@52‘5?2“0?&@955 EE‘Sﬁsgﬁ §ﬁélsflpsal=eme most
3" nucl eot ipign OEoBXAE €br SuchCARItLiN, BPPRECLOELENER! IsdYib&st fhction

mappi ng. 8. Linearize pEl-5/6b. Endonucl ease restriction with Smal (cl eaves
at CCC/ GGORimEsqlt | Rel eafBant @neacXiEZarnot 14mi 17421 ¢28e 81983) t he

VEGF- A sequengeh0-1 e PRRIL1 ¥ 08} OfererdR QD! 40197 73

As used herein "gene transfer" means the process of
introducing a foreign nucleic acid molecule into a cell.
Gene transfer 1is commonly performed to enable the
expression of a particular product encoded by the gene.
The product may include a protein, polypeptide, antisense
DNA or RNA, or enzymatically active RNA. Gene transfer
can be performed in cultured cells or by direct
administration into animals. Generally gene transfer
involves the process of nucleic acid molecule contact with
a target cell by non-specific or receptor mediated
interactions, uptake of nucleic acid molecule into the
cell through the membrane or by endocytosis, and release
of nucleic acid molecule into the cytoplasm from the
plasma membrane or endosome. Expression may require, in
addition, movement of the nucleic acid molecule into the
nucleus of the cell and binding to appropriate nuclear
factors for 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.



0 5 ~,1~~ 2002 PCTI US99/ 02425 9. Cenerate Exon 8 by synthesis of the

ol i gonucl eoti de: AATGTGACAAGCCGAGGCGGT GATGAAT GAAT GAGGAT GCABBCAHAA2HBGAA and
its reverse conplenent. Those of ordinary skill in the art will recognize

- that thi swexonomay al so be synthesized using preferred coddrGT/u$upescel |
“type in which the transgene will be expressed. 10. After annealing, add 5
phosphates with T4 pol ynucl eotlde Ki na 11. Li gate the synt hesi zed Exon 8

into the |inear] zedv creen for orientation by
restriction rrapt?nga%% %%nfﬁrr qrﬁ:seeci‘t Q“ﬁ’t CEIMeRF by se ‘h‘Ban‘ ABRAVPLE | |
- Expressi glic0éi¥EGEiA Halsecﬂﬁ@r@&@@aﬁcé/EGEnééaéngD%dr&AJgse,d UEGFeONst ruct

a reconbi nant bacul ovirus containing the VEG--Al as ¢cDNA. The virus is used
to infect stQ: célE%Fdhades@rﬁ bethesr \Akgmodishies OFGM, Protedn alis Grow h

Factors, o pRodiddR 1O%h dCOreorabad el e gheienge. Moot o the

VEGF- A138 IBroduce 35 5hou

condi t i oneéxpeels el @nI)hI h rei spdcific beisses. t ekt xsdx | af eadlE[Ef:Adg e
di mers for Egrificatio . VEG--Al38 is )Eartl ally purified usin

hepar | n- sehhEFUSESDRaT ot FTFS s EPIREGFF 1M { S cofBRn LEPRERA s“trbpvvl se
sal t gradi @ﬂﬁermaabsnwcpammaatlgﬁGﬁuN R is3 g2qgi Q?ill'e)ﬁ 61\?&}

I nduces the proliferation of human unbilical vein derived endothellal cells
(HUVEC cel Bs) 1988 handepubddishiedd VPG-34 R%ei ns can be expressed using

anal ogous nEthogg'all of the preceding vectors set forth above, a
further aspect of the invention is that the nucleic acid
sequence contained in the vector may include additions,
deletions or modifications to some or all of the sequence
of the nucleic acid, as defined above.

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

animal.

Vectors for Gene Delivery In Vivo

In general, the gene of interest is transferred to
the target organ, preferably the heart, including cardiac
myocytes, or skeletal muscle, including skeletal myocytes
in vivo and directs production of the encoded protein.
Such production may be relatively constitutive. A variety
of different gene transfer vectors, including viral 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
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Endot helial Cells and Anai oaenesis To conf irmthat VEGF- A 38 can 1 nduce
angi ogenesis in vivo) the VEG--Al,8 DNA is subcloned into the BanH site of
t he manmmald agraedpr essi on vector M RB using the techni que drGLUSI®A425y
Macarthur, C A, et al. Cell Gowmh Differ. 6, 817-825, 1995, which is
I ncorporated herein by reference. The RB/ VEGF- A138 plasm d is transfected

into BHK-21 hanster, kidn Lyed cel l,.s.(a cell Line that dpes not produce
VEGE- Al ) YeRhaE e EY | SRPRBEE PELNE he St S e SR lFe The
VEGF- A138 pedllgcesh byivbe mpwr@séntlgebls fiegrbidolHe cakbyl adiicrerand is
secreted into the growmh nmedium The VEG--Al 3e expressing cells are

enbedded i RR&F§FHAREIBeads FeRid aatd Beaef egtd Vigpl attie@lundeveckorski n of
Bal b/ ¢ m ce:yShNg- i . unk L : b.
Pvest . 6o -ETH081H87 5 CrdiEL De paELURtBLEechibe; BbnoiruEd

Al gi nat e pektebsscardai adagot heserntinzpdedviatd s (ARY) r erantastsaf t eFoour days

and phot ographed._C usters .of al gi.nate beads contai ni ng VEG- Al 3g
expr essi ngei‘gﬁl Lhr BT TAR b?%%d,lrb\/nf:}?‘% t%%%%e‘g‘bntlé’i"ﬁpﬁéoé‘el l's

transfect edeph § Ba¥ €6h0He2@R 2V 8 dRNBNG RulOWE c€9PE €Y r Of %@ﬁtlghen _
exam ned under higher magnification, pellets containing VEG-- Al 3e Producing

cel | s appenpsiuphefisr&edascul ari zed than pellets containing control cells.

Te Lol e 2kBcEaRRLatea i R e expechgd Ve shilsagt ol
991 40197 78ePC¥eYEO9202425 are known in the art, some of which are
cited herein. Such other vectors include, for example,
other viral vectors (such as adeno-associated viruses
(AAV), liposomes and other lipid-containing complexes, and
other macromolecular complexes capable of mediating
delivery of a polynucleotide to a host cell. As described
above and in the cited references, vectors can also
comprise other components or functionalities that further
modulate gene delivery and/or gene expression, or that
otherwise provide beneficial properties to the targeted
cells. Such other components include, for example,
components that influence binding or targeting to cells
(including components that mediate cell-type or tissue-
specific binding); components that influence uptake of the
vector nucleic acid by the cell; components that influence
localization of the polynucleotide within the cell after
uptake (such as agents mediating nuclear localization);
and components that influence expression of the
polynucleotide. Such components alsco 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



EXAMPLE 1V - Gene-Transfer-Mdi at ed Anai oaenesi s Ther apy i ng - Al 3e
DNA encodi ng VEG-- A138, VEGF- Al sz, VEG-- Al ez or other 6b- #@cﬁ]fﬁ‘lﬁm
protein is used for gene-transfernedi ated angi ogenesi s therapy as

- descri bedwg osoe9anpl e, in International Patent Applicati oRrCNaIS99/02425

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

i ncor porated by, reference herein in |§§ entirety. Adenovi raI Constructs A
hel per independent épl i cation defl ci ent human adenoyirus 5 system_my be

used for g IEnQhrtha NGEFeE: (4°8 RS 189 dPhgCrakaVBGY.iARss,

VEGF- Al sz Vi@ ABénieh, ﬁhb%rc@REGHQhEbGQr\@KiéiiéﬁédftiEB’ﬁgafaéﬁﬁgi'“tO
the polylinker of plasmd PLPA whi ch contains the CW pronoter™ and

SV40 pol yadamdiagi endsupihaked I:ankevebyoparcaalb%tdewdmﬁlr&ﬂ e qEnciate f rom
whi ch the EIuAcha%ng%goggrﬂ% %gssegg;’?(éaaﬁl Vir repl | C%[I Qn g q:a,ve been

del eted. THS plasm d re Co-trans po?ecmn cell's with

plasmd Jl\/ll-légdmm cont difuridwei @l e IRoEt isgeneyléetabl genaikantd h an
additional 4.3 kb insert naking pJM 7 too |large to be encapsul at ed.
Honol ogous arlé%es?%%%%‘?ﬁatfloﬁn ?%%]cﬁ* t SAFRYABEN NG aP2TKRE or ¥NEFHAZF ni ng

the transogpgdd jehe aisenceldl FhAlELd seguspcace1rt t hangl, tAg

reconbi nants Tare nonreplicative in mammalian cel t hey can opagate in
293 cel | s wridderhawe beeseleansivedyed luntimaEled/. Ele avalr pevyi d€d sdudse
essential gen roducts .in tr ransfected.ce .are i tored for

v dence of AHREILATES difee: DaRRcHeBERAPRY: olbetudtBE: P aaRs e
transfection., eTo pdmrgi\fé//mgeﬁépl maEREFDI N3BES, eCQL| PRt e_c_nt from

pl at es shovvln topathic effect is treated W|th£rote|naseK 5 ~ 1~~

2002 WD 99/@)1@?/ %Tl\legb/lezslnssi (B0 May nf 982t h andb bupfadmm BodediR
| f h d
o2 A LTI A S BEE § e fBILDUL684) PoBEhCUIRL OB | act

and et hanol eci pi't Ihahfs are 't hen'i led with
PCR usi ng pramepsotBdet eainiagitesd hea8G8é?, ofl 9¥ntaaipl ehant arynt dod he CW

pronot er and, SV40 pol yadenyl ati on sequences to anplify the VEG-- Al
VEGFA, 6z, ASRPAPEROUS, 1oy ﬁ’&n%l’ihﬁﬁégi’l EAnEEES pr o@e]i%"gﬁjc‘fae"f’ceta}él‘ﬂfel nsert

and pri mer (i olehBirucsre 15808 72n 1089) HESI dRB 4k CopaTAIIY |y

anplify adenoviral sequences Success reconbi nant s n are pl aque
purified twiveslalileal( sgteocleegar,etpneopagaped refeosences Icsmeﬁ tahasres) r angi ng

oo et ARSI BRELESAGs BRL-RSE BN HLpd B LGS
reconbi nantarafl e WSeli mme&sawhaehi agul dnbé @ée&kihftﬂie tied tsgne

inserts. The VEGF A138, VEG--Al fiz, VEG-A182, or _Qther 6b-nodified VEG
protein gerds,thR iRESSERE t RBVERKLAPoABCAMAENENG ERLLRWisgs0 HSWiddeny | at i on

sequences 3f & Weldamdpi P §he pagkagLRg Rep3iratibs, Recetiikant wectors
are plaque purified by standard procedures. The resulting viral vectors are

pr opagat ed egn #93 c(@ldas 't Virialeay i Noithe 2|, CRaven~Pyéss| Neyarioxhk espp ange.

Cells are in % onflue ce an har vest ed at_36- S, After
freezet hawlc{/ﬁce]sep% g‘% %iar & pelqteté1 By gPandg?gf%

centrif ugatMeihedl memmé@mfaw tﬁl@ﬂd@g{' fyed. by: dewhe e ToaEls ferachedmt
ultracentrifugation (discontinuous 1.33/1.45 CsC1 radi ent: cesium prepared

in 5 nM TriBXpIesM |EDTRIQHICPLS ) Murgey, 000 x (§9: 'hrjumangs, PIO‘%H)SX g (18
h . P t k d |
) . “cf‘hh f&)rL, ge’.pd’ho (1Y AOLT 11 1%ERe rala&éﬁ?c Sﬂﬁédﬁ?( 99

filtration roug ar0os€ col ums suc e resu ting
viral stockidasl®ofinadsSvi Bahreieer aIpprPdmrmtceth:ucn tAIﬂ:e:alOﬂ.eIL\Oﬂ_Qla/eral

particles rgngel4g1159 1994; Schneider and French, Circulation
88:1937-1942, 1993; Curiel D.T., et al., Human Gene
Therapy 3: 147-154, 19892; 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 94/26514 (24



.05 ~i~~ 2002 WD 991 40197 PCT/ US99/ 02425 77 adenovir al consqﬁUﬁgho 21| d

- thus be highly purified, with no wild-type (potentially rep cary Vi rus.
Porci ne Ischem a Model for Anai oaenesis A left thoracotomnmy is perforned on
- domesti c woow/46¥940 kg) under sterile conditions for instrpOEUSed/2aLs
“(Hammond, et al . , J din Invest 92 :5944-52, and Roth, et al., J. din.

I nvest. 91:939-49, 1993). Catheters aré™placed in the left atrium and

aorta, providin to sure regi gnal bl opd f| qw, itor
pressures. %‘f%‘%’%rrg?gg?&reﬁ%%lt%ﬁéldlegﬂggt Flurft o’ @%%@%&%Z@?@i ng and
atrial pacigghuditypal $y5) pnziars Piwl. | seplaced wo gy SdeL ProXi Btobdx. After

a stabl e degree of ischem a devel ops, the treatnent group receives an
adenovi ral oMk ruct A hataFiRivdeR a adaevEizee WHEswdy) aer-al 87, or

other 6b-mogli{ e MEGFERLA! CianAgde; dil VaRWbX OWpromntey. Gongr ol

ani mal s receive gene transfer an~adenoviral' constr 'hati9el udes a
reporter geMissréolicZ, Biosestdysa &V Tooontier . (iuakies al(seé nitéayed 35 3

days after anmerqid placenent, a ti me when coll ateral. vessel devel opnment
and paci ng-]%rﬁﬂf@%’cf‘dyg{ﬁrg"i‘?%n 21( CFMBEEET( RoPRECEE al E.’l,aﬂﬁ‘}g%. PHY%i ol
253 1- 112525 rd907ecens Rohbiretrdbn, Bsgul ation 82: 1778-89).

Conscious animals are susgended inasling and pressures fromthe LV, LA
and aorta, and Additbenrdi sgigreacesr denadding ARVt Aectomsatwinhchi ne (at

rest and durl at.Li ci:ng . vvq%i mensional. and M npde i nages
are obtai ngéddla%i n%%aq'}-lsee\gl)fekﬂ Fﬁ:ﬁ(gﬂgtg‘?@aé’gun 5 %?%Sngysjtrgﬁ?mfjr‘r%ﬁes are
obt ai ned f rixteudé ghttipar aftcdimiwisepr oackraert he Bi d- papahdBsykussfe | evel
and recorded on VHS tape. Ipages are recorded with aninmals in a basal state

and agai n RATHRYIT®SSS ~ YPL- 2bo2P®0 1o 4AADH7 AP PcBaxydl0bipslogy
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., Buman 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 29-1144, 1995; Miller, N., et al., FASEBR
Journal 9: 190-199, 1995; 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 1991); Solodin et al., Biochemistry 34:



. right atrial pacing (HR=200 bpn). These studies are perfor dhqge day prior

- to gene transfer and repeated 14 1 days |ater. Rate-press re&bboZﬂﬂats and

| eft atrial pressures should be simlar in both groups before and after

- gene trangfoeyosoiondi cating simlar myocardi al oxygen demandscamgsdomadtisng

" conditions. Echocardi ographi c nmeasur egeegts are made usi ng standardi zed
criteria (Sahn, et al., Grculation 5871072, 1978). End-diastolic wall

5 cont | nuotio DLt B S0% Agks. PPt Tene  (af CRRRcRS g upRpe &F
cal cul at eda] ( EDWEhESYTH} 6 EDYT e grid, Bata shew dabe, analyzesaweitiout

know edge of which gene the ani mals had received. To denobnstrate

g
reproduci b1 2€4: &8 etHeraraesgRaphile o998 as Frantt sR - Mni neFsadhoulld Sbe i naged
on two co IV , j i caorgelhati =0. 90;_,p=0 ). 35 3
days afteﬁ%‘gﬁ%{%ﬂoi% %?gggﬁgbm%ﬁmygpt’eg%ﬁ r’oiééazﬁ(}éeélﬁlr ee,% l:?ult' ’b(Ta‘)?'(Gl:r?e gene
transfer, pordnass, Eohoter dioghephi 2, siadéps ge@gpetf opned ,usitnglt.he
contrast material (Levovist) which is injected into the left atriumduring
atrial pactny (2VEFBpny: 450 ulfés (QFERETeakbd 13751/ dAyeTatter Rgdne
transfer. gealq CORjd asl/dgulansizey dt JBas Ut ) f r oadde Vide o s mmges using a
conput er - based vi deo anal ysis program (Col or Vue 11, Nova M crosonics,
| ndi anapol {26 Fadhany) 196Rat; plamasieandnCdbjcegtange MAsAE£10879i de®

gene. the. atiie E9%LE FeTHOAE- At ACRBY BERA " Y Wen R, TR & v e

anest heti zed and m dline thoracotony performed. The brachycephalic artery
is isolated,_a canula ingserted, and other_great vessels ligated. The

ani mal s r c3elRer | FRieRenRRt 2eRtifation0Be L Lol eatd Hympay Aceneviemsny) .
Pot assi um ghg g{g%ﬁ i's 0 5 ~1~~ 2002 WD 99140197 79 PCT/ US99/ 02425 gi ven
to induce diastolic cardiac arrest, and the aorta cross-clanped. Saline is
del i vered throulfin gheebadchybeplgEne aft ényecastul bs (12Anafetigedr essure),

t hereby perfum ng the coronary.arteri.es. QG utaral dehyde, solution (6.25 k
0.1 M cacodf Qll‘eeaq’d:uf&é:r )s}?ﬁgf%& F&?&&%rzo‘qﬁ%‘iﬁg‘rﬁ GaC IWEY™®% heart
is well fixged(di0elscal MyodPeedEar ini FivheAntemyeds st Bendedsurdemt i fied

usi ng col or-coded dyes injected anterograde through the left anterior

descendi ngP¥edmjtignfet difie @raaded FBoteidhd rigyrRTadoddidferamt: ganss. The
amer oi d '%%ﬁ&%ﬁ@%ﬁbﬁ&&éﬁééﬂ e asurd, %aﬂ?é?s tad&gékefxf the neymlly
em r r

perfused and 1sc egions are divided 1nto thirds an he endocar di al
and epi cardenpet hindspendept as¢pricabibddedefidientshomat adenysiixui=o
guantitate_capillary nunber is, conducted as previously descrihe

(Nat hi cu. CBSBUPFBR- o LALAS hiS SPRESRo) Sisiraats andolifmopndy Has: t hi ck

transver segsRehéORSL 84 L@y fidcNRRChosUbsaRDl €t engpear di gy ands
epi cardi um of each regi oni1 and pointcounting is used to determ ne capillary
$

nunber permyogardhahbecelbsi oiat %OUX ryni i cgingae TwasrprcogFonmm y-five
hi gh power.fields ar t per ;s Al e Wthin e regi,Q apil lary
nunber to t¥ %‘thﬂﬁbgﬁgg’gﬁa%%s % %u?‘%%be sdle'm %%%Hi'n eﬁ%%bar Fu%,zg(r%’d

epi cardi unLse4) he Méh &gl tat par gt ridvoll | aidreowdvelagettdiorsprane de t he
transmural capillary_to fibher nunber ratio., To establish that inproved

regi onal fBAEEIGRIBRHYDPEEILE IR rEANILI§F0HRY r SRIGBAEY e £FHAOEHIHUTPCR and

RT- PCR may g uggdqdh8cdeh§oloytedns edthel o456 - Aln8. nYERTyAl 8% 1 ¥E@mAL82, or
ot her 6b- rr%di fied VEGE pr ot elytr? DNA and nmRNA" i n ?ryocargdi gﬁ: f ror:rL1 aninmal s that

have recei veanyEar Ben ZtRGFATEZ ac@mGmaANs2Ziniechidrer et et MEGF
protein gepe LLA0SESL (Y3192 S G fBE L1108 PWHR 90 Sherd) -
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
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- to the internal VEG-- Al 3e, VEGF Al sz, VEG- Al ex, or other

. WD 99140197 80 PCT/ US99102425 ( GCAGAGCTCGITTAGIGAAC] and ﬁggizEQSf griner
- hodi d00dd VEGF
protein gene sequence PCR is used to anplify the expected 500 by fragnent.
Using a s&v@89/4M97er to the begi nning of the VEG- Al 3g, VEGQRCRUS%/02425
" VEGF- Al BZ, or other 6bnodified VEGF prgkéin sequence and an antisense
primer to the internal VEG-- Al 3g, VEGF-A sz, VEG- Al BZ, or other 6bnodified

VEGF prot ei e equ - S, - l.ify,the expected 400 by
ragnent.  Evr Focid BRI R R Gy M aldad ‘SRR fiadt 5L
VEGF- Al sz YE@igesl e2ctetrsottire it Heb-myrst itV priofeid, matird Bi L¢P €sSi on

maybe denonstrated 48 hours as well as 14 1 days after gene transfer in
cel I's and mpOCAEAPRATLT PEAPENPhaF8TEREEPHaYECERER| VRIPIERECEIARsTRY IS th a

VEGE- Al 3e, JYE@hoRhe? t YW AL adtcRibed 501 dAd et VEE gfet.ei n gene. The

hel per independent replication deficient human adenovirus system can be

enpl oyed to prepay ¥arigusgénde ussmesiipnsgdescrobed Baktownt recambimgrect ed in
vivo shoul d be hi.ghly. purified _and_shquld eferably contain no_wldtype
(replicatiSﬁeggﬁﬁgPEnygcéagﬁoefsus?S? u?nagéﬁos g ?ﬁ?%%Y%ENPeﬁxan

i nf | ammat oe doifibeld aby OMcRroiye WBAr lerargl Nj NnvaraedgyBydNierd iguy t he
material directly into the lunen of the coronary artery by coronary

cat het ers, 1Li%88)s Wukah bpEet Fk3fing eAsegbaalefaedyl v@¢pes WEaerdditisered in
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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) S0: 8033-8037, 1993), but current
retrovirus vectors are generally unable to efficiently
transduce nonreplicating cells.

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

the duration of transgene expression in the heart,



Once gene transfer is perfornmed, three strategies are used to establish

- successful incorporation and expression of the gene: (1) Soff %9352 gct s
may include a reporter gene (lacz); (2) nyocardiumfromthe relevant beds

- I's sanpl ewp 9@adt9rMmunobl otting is perforned to quantitate POEUSI¥EMREe oOf

-~ VEGFI gS protein; and (3) PCRis used toséiet ect VEG-- Al, 8, VEG- Al62,

VEGF- A182, or other 6b-nodified VEG proftein nRNA and DNA. The regi onal
contractile Lon t @ .obt Al ne show control pigs show a
simlar deglrlégg%%&pacf%g?isn u%é% g)fs%gﬁl#&% oﬁgi r?‘r@;’ée)}'i SCHeM ' r g&ﬁ?ﬁ’ efore
and 14 1 depaeshteongerternsensier vekroeentulast , hfprgSbbeneint ngnyEER- A138,
VEG-- A162, VEGF- Al ez, or other 6bnodified VEG- protein gene transfer should
show an i ncP8aSEiPRSwal WhifikkeRRg PR t HPeSchBhi cCPRYPRAL HORI nYifdci ng,
demonst rat | Bk BahoUEGENALRe o fEGE: Al sges YECToELEz o gl e - gpdifh ed VEGF
protein gene’tra s?e I'n accordance wth the Irnvention’is associated with
i nproved coBRrpactiNat iln Ahedi sxhiem dUSAYI A2 dut£0h-paes ng.1994l)l. t hitekeni ng

in the normgll erfused regiqQn (the_interventricul ar septu shaqul d be
nor mal dur F?Brgggfnglﬁﬁﬁe% f%&ﬁ eaxfﬁnger%tet Fﬁﬁgf‘ﬁi‘. pEFeBfftedacr ease
in functi onmieaspned MFusibds ~Sor~1n20@2 owo 130 401 D50 B2t ELTLHS39H9425

transt horaci ¢ echocardi ography should be very simlar to the percentage
decr ease me83EFEd thFadoRdHt REEMBLQNAd ng atrial pacing in the same nodel

(Hammond, et al. i I . : 4 99 do%ﬁé' uracy
of echocar di ogr agﬁlyagor%%eeégghamgn&ﬁf alréchemagl ysS cé?%n%gﬁp?&gugh
preferred eobddsmemansiermpdcwlthalddemedanishe@l AYRIE ngehés Wi Eyph€y

appreci ated that _many nodifications_and variations of the present invention
are possi bl BSPAU REDEIE (6ohb LoBERI n6E dF RIFFLIRP pof vEsRYof ¢ he
appended cl %gﬁi\e«aﬁﬁ%td@@%rttiw@ VB $RiWeVerandthaterded 39Re of the
I nventi on. 5 ~ U~ 2002

which allow replication-defective adenovirus vectors to

propagate therein can also be used, such as Hela 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 in 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,
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. CLAIM5: 1. A nucleic acid sequence, encoding a 6b-nodified human VEG-- A

--pol ypepti de, conprising exons 1-5, 6b and 8 of VEGF-A and 0dcidlUdy280fon 7 of

VEG--A. 2. The nucleic acid sequence of claim1l1, encoding the am no acid

- sequence WOSEQIYD NO 24. 3. The nucleic acid sequence of ACAURR/0248Acodi ng

“the ami no acid sequence of SEQ I D NO 2§9 4. An expression vector conprising
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ampicillin resistance (4.3 kb). Although JM17 encodes all
of the adenoviral 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 pJM17 provides a recombinant genome that
is deficient in the E1A/E1B sequences, and that contains
the transgene of interest but secondarily loses 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.
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vectors as delineated above. The advantages of these

vectors include the ability to effect high efficiency gene
transfer (more than 60% of target organ cells transfected
in vivo), the ease of obtaining high titer wviral stocks
and the ability of these vectors to effect gene transfer

into cells such as cardiac myocytes 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 left 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
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believed that the cardiac myocyte alone (that is without
concomitant expression in endothelial cells, smooth muscle
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 in the 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, 159%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 plaque purified
according to standard methods. The resulting viral
vectors are propagated on 293 cells which provide El1A 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 cycles the cellular debris is ©pelleted by

centrifugation and the virus purified by CsCl gradient
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product is then filtered through a 0.3 micron filter,
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* wviral 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 CsCl gradient
ultracentrifugation. The recombinant adenovirus can also
be passed through an appropriately-sized filter prior to

intracoronary injection

Delivery of Recombinant Adenovirus Vectoré

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 107-10" 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
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guidance, at an amount sufficient for the transgene to be
expressed to a degree which allows for highly effective
therapy. The injection should be made deeply intc the
lumen (about 1 cm within the arterial lumen) of the
coronary arteries (or graft vessel), and preferably be
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 (or
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 wmyocytes, 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 viral
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
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example, the cells of the left ventricle.

It has been found that gene expression when delivered
in this manner does not occur in hepatocytes and viral RNA
cannot be found in the wurine at any time after
intracoronary injection. Any variety of coronary
catheter, or a Stack perfusion catheter, for example, can
be 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 Applications

Stimulating angiogenesis in mammals by transfecting
the cells with a polynucleotide coding for VEGF-A,,,, VEGF-
A, VEGF-A,,, or other éb-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 1in 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-3,,,, or other 6b-
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-A,,, and VEGF-A,,, but not in VEGF-A,, or
VEGF-A,,,. However, VEGF-A,,;, VEGF-A,,,, VEGF-A,;,,, or other
eéb-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,,, Or
other 6b-modified VEGF protein may be slowly released

later thus prolonging the angiocgenic effect as compared to
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VEGF-A,;, or VEGF-A,,. Furthermore, the ECM bound VEGF-A,,,,
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 6éb-
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 blocod vessels. Smooth muscle
cells often infiltrate into the opened blood vessels
causing a secondary obstruction in a process called
restenosis. VEGF-A,,,, VEGF-A,,,, VEGF-A,;,, or other 6b-
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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monolayer of endothelial cells, hoping to restore the
original structure of the blood vessel. Adenovirus
mediated gene therapy may also be applicable in this case
as a method aimed at the delivery of inducers of
endothelial cell proliferation to the lesion created by
the balloon angioplasty procedure. The ability to bind to
the ECM may offer several advantages for this application.

To prevent restenosis following balloon angioplasty,
two types of approaches may be considered. It is possible
to deliver a protein, or deliver an expression vector
which will direct the expression of such a protein, to the
site of occlusion using the balloon that is used to open
the clogged vessel. Such a protein will also inhibit the
proliferation of the non-endothelial cells which invade
the reopened blood vessel until the endothelial cells on
both sides of the wounded endothelial cells monolayer have
a chance to re-grow. This can be combined with the
delivery of a protein or 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, DbFGF 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 6éb-modified VEGF

protein have the potential to stick to the exposed
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extracellular matrix in the balloon treated vessel, and
thus promote proliferation and re-growth of endothelial
cells specifically at the site of the lesion. Thus,
VEGF-A,;3, VEGF-A,, VEGF-A,;,, or other éb-modified VEGF
protein can localize and concentrate in the very region
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 prevent 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 éb-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 preduced
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, 1994). 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 sequence coding
for V*EJGF‘-I-\.H_g

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-3A,, 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
AGAGCAAGACAAGAAAAAAAATCAGTTCGAGGAAAGGGAAAGGGGCAAA
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



e = -

. 0WBR ()-+@>|[:vU4 5SS 1099+9& () - 9WMUW&M()--SlM@£§ l %
- 1099+9&' () - Yfg 1099+9& ()- Yfg 1099+9& ()->z{|}ovWM4 IS 10% (¥ @Qﬂm

e v ey mpm—mirs ¢ T Y= T em Tpm e T S oo mes v o

y1l0% +& ()- &10% +& ()- "110% +& ()-4109+9109+9109+9 8

. 1099+9& (WORIHORESAVUA 310%.94.& ()- Y'310%.94.& ()-310_+10_PCO/USIY/ER425

10% +& ()-@ |'S 10% +& ()- @ 1S 10% +& () - @ADS'| [ NA4IOL% 10L% 10L% ! f
10%4%4.8& ()-S2 f 10%A%& ()-S2 f 10%9%& ()-S2 "10%%& ()-

10% % & ()- 825P 0 10% M 3. 109, & 910%&
10% & (9’“?0%{’8’\1@4‘% hXo%‘&gFé‘F(%‘m F J{B e@}‘lsgfo@&&l’ﬁ) aret O
"10%9%9& ()-3102, 16@ndl3tel & 1§f/€e8916éc1311.c MPEA S dn - MhV Wed@ H)9090& () -

rrfLOf%S)f%sa&/(g;ii 10%10%10% 10984, () - 1090& ()-,2 Y'1098& ()-C ~ |T:-4109%®
33f 1099988af) w121133111 /@%&t(l)mtzosef inpegi@gedy- -2' 39€ 1 0&3()--2 33f

109090& ()3- 2 Ok 4109 % % (V&() Q@
10% % & ()‘ € 06 Q}é@ﬁ%@n 5% E%E&id%% 41099 /ﬁlgg%@[\ | [ﬁZ\%o&‘é et 10°% F
z 10% % &wi}1f eréare1Bpbod&stiyet2 F z 10% % & ()-f2 F z 10% % & ()-f2 F z
10% % & ()-f2\jwz 1010, 3Y%40% -2 3YY0YRSE' Y'1Q%m+& () - y
109%n+&: () - 5 18 /}r%cét t5esy g& m)% " A UAD %O‘Té%g/éé (Py site-

109090& (hi@&&@&lﬁ&&g’a@e&@& ffomZAaé{%iﬁ%@*&o()Th idine. This

3YVH0%RE ()--2)E |[:-41099%% 3f 109990& ()-f2 3f 10909U0& ()-f2 3f

109999& (YVit2 3phamgdoddq ) existingoogegrenref 2fromypdFRRAAT/ HAL109%0

'%@1&%{@8‘&(“@‘%5 }éigm l%%ﬂ% (E)‘ﬁl€ QM%T?L’%X 10X, 10X, | @

109 & ()-22° | @109, & ()-22 | @10%K & ()- 22|obU410 109, & ()-10L L10L
L10L L 3. %40% L& %% Fi 10%%.& ()-& " 10% % & (
"1094.9%.& ()-!h%f| )| BECAEE 3EXPPoy & ()aliéx %anoﬁ BZ FOSKTASEEOM YYS

10%X, & 1 Q41
10%-& (Q F%ﬁogﬁ?%g!/g& &él(éavagéloo%t_%i% ! ZS%%JJ)%&W Attt eqd

10%-& () - waﬁuai.g Witz 0o AT+ andGREGRS 52 EFORBIRERAtER- B2bLRNLOHRE & () - S2
Y MLO%Y) Y& Y. )= 9+HKVUAL10 | 3Z9A.09%R88E () - S2
@omﬁg& H‘()Che %Qﬁ) ? (%’flé&ﬁ%é‘? 1’6‘§f(’5¥10$ _F109%& () - 5(23/u41o f

3. Remove the Apo I 5' overhang by digestion with

Mung Bean nuclease.

4, This will create a truncated, linearized, VEGF-

A, 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 |be:
(n) ;£tacGTACGTTGGTGCCCGCTGCT.
The 3' oligo would be:
ACCTCGGAGGGACCGGGGGccetatag (n) ,,

Uppercase letters represent nucleotides  which

comprise VEGF-A sequence.
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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 is 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 EcoRS (cleaves 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 Notl (cleaves at
GC/GGCCGC) . NotI will cleave 3! of the VEGF-A sequence in
the pCRII vector.
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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 TI - Expression 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-3,,, 1is biologically active and
induces the proliferation of human umbilical vein derived
endothelial cells (HUVEC cells). Other 6éb modified VEGF-A

proteins can be expressed using analogous methods.
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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, 1980,
which is 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 wvascular cell

proliferation or angiogenesis-promoting factor.
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mediated angiogenesis therapy as described, for example,

in International Patent Application No. PCT/USS6/02631,
published September 6, 1996, as W096/26742, hereby

incorporated by, reference herein in its entirety.

Adengviral Constructs
A helper independent replication deficient human
adenovirus 5 system may be used for gene-transfer. A
nucleic acid molecule coding for VEGF-A,;,, VEGF-A,,
VEGF-A,;,, or other 6b-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 pJdM1l7 too large to be encapsulated. Homologous
rescue recombination results in adenoviral vectors
containing the transgene in the absence of EIA/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



 10r9%0r%0r % | f @ 10% %' ()- F"abcdsvU4; Yy 1090+0& ()- = 1090508 ) 4

© $1 109%0+0& ()- 10L+L10L+L10L+L z 10%+L& ()--2 z 10% +L& ()-- 29u:AUG 2002
3109099& ()- &$109990& ()- 100+0100+0100+0 Yf 10%0+0& ()- @ Yf 1099+0& ()- @

| " LOYO+0&vp)99msiol NA4; * 109 9109] 9109 9 %109BJ 9&' ()- S2 YFTIAIEINELS - S2

- %4099 9&' ()-S2 "3109090& () - 10%90/@&'_@ ol [: NAd; * 10| 45@ 1099+9& () s | Y-

1099+9& ()-S | Y- 1099+9& ()-S f 109%9+9 ' 1000+98 () - L$100/<9+9&'

; "k | () 0 0 +
T0s+5i ()1 ML RS 5 sﬁcﬁ’%ﬁﬂé@ec 2 FihAREE e B B ?29% 0|10

10% +& % OYRURSE'
0 s )0 S v i ot

/ ML0% +& (@tlgir{o]bmrecn.plte%&%&& ( $ucces$ﬁ%%&&c(o)&b1nantﬂ$)%/ﬁé (hen"
10%&%&&()1dent1fled with PCR using primers (Biotechniques, 15:868-
72, 1993) complementary to the CMV promoter and SV40
polyadenylation sequences to amplify the VEGF-A,,,, VEGF-
R,e,» VEGF-A,,,, or other 6b-modified VEGF protein nucleic
acid insert and primers (Biotechniques, 15:868-72, 1993)
designed to concomitantly amplify adenoviral sequences.
Successful recombinants then are plagque purified twice.
Viral stocks are propagated in 293 cells to titers
ranging between 10*° and 10 viral particles, and are
purified by double CsCl gradient centrifugation prior to
use. The system used to generate recombinant adenoviruses
imposed a packing limit of 5kb for transgene inserts. The
VEGF-A,,;, VEGF-A,,,, VEGF-3,,, 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** wviral 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 viral 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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al., in. Invest., 91:939-49, 1993). Catheters are

placed in the left atrium and aorta, providing a means to
measure regional blood flow, and to monitor pressures.
Wires are sutured on the left 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. Physiol 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 1level and recorded on VHS tape. Images are

recorded with animals in a basal state and again during
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/MT=m2qug@\L§§ﬂQh£E| ARAP el \ M |§ta§1dardlzed 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
material (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 video 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 1is isolated, a canula inserted, and other great
vessels ligated. The animals receive intravenous heparin

(10,000 IU) and papaverine (60 mg). Potassium chloride is
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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 (ILCx), 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 1lpm 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 regiocnal function and
blood flow result from transgene expression, PCR and
RT-PCR may be used to detect transgenic VEGF-A,,,, VEGF-A,,,
VEGF-A,,,, or other 6b-modified VEGF protein DNA and mRNA
in myocardium from animals that have received VEGF,,;,, VEGF-
A, VEGF-A,,,, or other 6b-modified VEGF protein gene

transfer. Using a sense primer to the CMV promoter
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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 6&b-
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 6éb-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-34,,, VEGF-A,;,, or other 6éb-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) adenovirus. 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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from both vessels). Animals are anesthetized, and
arterial access acquired via the right carotid by cut-
down; a 5F Cordis sheath 1is then placed. A 5F
Multipurpose (A2) coronary catheter is used to engage the
coronary arteries. Closure of the LCx ameroid is
confirmed by contrast injection into the left main
coronary artery. The catheter tip is then placed 1 cm
within the arterial lumen so that minimal material is lost
to the proximal aorta during injection. This procedure is
carried out for each of the pigs.

Once gene transfer is performed, three strategies are
used to establish successful incorporation and expression
of the gene: (1) Some constructs may include a reporter
gene (lacZ); (2) myocardium £from the relevant beds is
sampled, and immunoblotting is performed to quantitate the
presence of VEGF,,, protein; and (3) PCR is used to detect
VEGF-A,;,, VEGF-A,,,, VEGF-A,;,, or other 6éb-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. In 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-34,;,, VEGF-A,,,, VEGF-A,,, or
other éb-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 claims without departing from the

spirit and intended scope of the invention.
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CLAIMS:

1. A nucleic acid sequence, encoding a 6b-modified
human VEGF-A polypeptide, comprising exons 1-5, 6b
and 8 of VEGF-A and lacking exon 7 of VEGF-A,

2. The nucleic acid sequence of claim 1, encoding the
amino acid sequence of SEQ ID NO 24.

3. The nucleic acid sequence of claim 1, encoding the
amino acid sequence of SEQ ID NO 28.

4. An expression vector comprising a nucleic acid

according to claim 1.

5. The expression vector according to claim 4,
wherein said nucleic acid encodes the amino acid sequence of

SEQ ID NO 24.

6. The expression vector according to claim 4,
wherein said nucleic acid encodes the amino acid sequence of

SEQ ID NO 28.



