. e |
T NS tscnem e heart i sease occur UMMM  “modcl thossthor |

recei ve an adequate bl ood supply and is thus deppi-ved of ne els
of oxygen éﬁ'd”%ﬁf"r’i ents. Ischema is commonly a result of aﬁﬁ‘é?@%’lzéﬁ si s

whi ch causes bl ockages in the coronary arteries that provide blood flow to
the heart nuscle. |Ischem c heart disease cammmﬁmmMWHMQNFertain adaptive -
responses within 10 the heart which are lik neficial. Anong
these responses are: 1 ) increased expression ofge@ngi ogenic growth factors
and their receptors, leading to the formation of collateral circulation
Zagyggsb!ao ‘.'1'..' ] v‘ M-E"' ' ‘éb o.o‘iﬁiid.ig ."v.ivs: v.v "@oiu-.‘; ‘fja quu;:re
02;. and 3) expression gRA( NVENTION can protect the
ischem c tissue from death. _ “tnese responses appear to be
regul aged by a corghei®k¥arediseasSoetariRHRAThS Read naltcRYE6dsidt réceigads to
the activation of transcription factors which control the expression of
critical genskquatedlved supplyhaind isdaptddprived dlarsessary lvvelsof exygengene
expression occurs only in response to 20 hypoxia, which usually only occurs
when a st madmwtdentsadsaheaie iseommaqilyaadsulpofathemsdlesesis mchibk anusescar di ac
patients do not usually receive much benefit fromthis endogenous

conpensat dlgckagen imthecorpnary artesigstthatpravidsdrloed flovnicethei haast museleapi es
attenpt to supplepent the natural therapeuytic responses of the heart to

i schenmi a. 25 For g%&‘ﬁm“éﬁe%éﬁeﬁ%%ﬁq@ﬁ?g 1D genapAdapty e Eespogges within

e o SR T B8 e 8T L AP B SO Ay ) 4 o
pher mcol sobealed SEERol 5 BASFRERS BloSh PSRBT iRt pclabBig)

y . . _ e G
hor caced ‘DS SHEIRI & cdiifer Aty MGE st bISMERLBRAY MG ERRY,
cal ci um chagrabedb:qskesion Bf gRichlyal EHhidE as RS PRONVal! £ nidiabsliy 1O

i ncrease the dianeter of diséaséd artéries by causing relaxation of the
smoot h 5 rpatlewey whitlhdoes nétreqhirev@,} and Beexpmessidn df emcshokktpgretdigart nmuscl e

for oxygen and nutrients is acconplished either by agents that decrease the |

henod¥haniwhichadn gprotebtthedsehemis drshueifromr deathal vasodi |l ators, or those that

decrease the contractile response of the heart to a given henodynam c | oad, '

such as bet aadr enéitdeast semeof thesgrespanses eppear do baregwated: s acoamlent

i schenic heart di i s based on the b f diseased arterial t

uh Ch Sty atBEERRPRIRE Ak Rg BB RGO atS 1o B AENBUGR O n or | niernal
{ Q- P t } . | i th

of ot et BB aetors R cBRRBY e OFRGISEA AR hehs BRRAP:E 17 Uo7

these str QBﬁge.ld&géa,%foghtﬁ%%g&«ﬁtﬂ?&ft@@ﬁ%fgg l‘?:lxk]r:bsgi‘éﬂt&rcufg I\%x}lgrintr@seé;({xﬁg i,tS ate

i Schem ¢ epl so ave vari tations. rec

del i veoy dfypaned, dech ashdabi 6§ Rcultewhe RatiPahaisExeydise By plaed Or gene
t herapy has been proposed 'to further augnment the heart's natural response

t o i schemuponl thé@istasedhheart| cardibe patients de vt veuallysracebednubk beaefit of gene
transfer for the treatnent or prevention heart disease. See, for 20

exanpl e, Meomrthist ermlogendiGocampensaRey mecahansnanAs@aesultenumper ofbl ecul ar
and Cel l ul ar Pharmacol ogy 21:104-111 (1994); French, B.A "Gene Transfer
and Car di coayentienal theraptes attempé to supemenp the metgral theygzutioyesponses,
"Prospects for Cene Therapy of Ischem c Heart Disease", Am J. Med. Sci.
306: 129- 13#‘@9@99??0%’?}1%@1%& and French "The Advent of Adenovirus: Gene 25

Therapy for Cardi gqvascul Di sease” Circulatign 88: 1937- 1993) .
1nter ﬁét i onal Pat Eﬂf CRYPP ceﬁ't"i‘s'bﬁemenﬁdﬂci aﬂ‘fﬁg,o%‘??? iﬁ‘é’@&‘e Adenovi r us
coronary artery bypass surgery and percutaneous revascularization using

techniques such as balloon angioplasty. Standard pharmacological therapy is

predicated on strategies that involve either increasing blood supply to the heart




Medi ated Gene Transfer to Cardiac and Vascul ar Snooth Muscl e” gﬁp&gginbf r
" r .. ,., ,.. -3 ~e~r 1~;" , "2rcTNS9sns~s3 the use of« AN
adenovirus-nmedi at ed gene transfer for regulating function in-cardi-ae-...
vascul ar snoot h muscle. Accordingly, there exists a need in the art for
conpositions and nethods for inducing the expression of benefici al -
hypoxi a-i nduci bl e genes in 5 ischem a-agsociated cells. Additionally, there
exi sts a need for new vector conpositiofs that allow efficient expression
of a range of potentially beneficial genes that are activated by the

sust ai ned wuseletordesreasyigthedernand of B keart uselei foe oxrgemandnutrients.

br ovi des 1 el at od dBGiEPEGBIGLSRRY 10 TP EORARIADHS Rekich RYENAESRISThG

rovides relate . e

Br esent inyvention roviﬁles ogbi nant .. nucl ei ¢ i d nmol ecul es, encodi ng a

i mor i o ¢ MEArIOREY PhEiie) BIERAS B O FiilThg ! hEYAGSIG 212 tBRAZR ted: ng
toi . L Do Lian. h o ol

Pact or pr opieroce SHEARNReR BF Ul 8L hRules By Pl Ree g P e St o o

transciy Pt ifdgle idtht ¥AARI RRALC Dbcréfeldidldof the iR il fol QAL O We

sought to exploit t adaptive response to hypoxia as an a
Sllin@ase. e
on

approach f - t k ) I 1
consi der edﬁgdhg?ﬁlgmﬁa%i EISE?P? i ghh%:‘é hglg}ng%i ?léﬂelg tﬁ@%ﬁua{s?amn%@ﬁﬁl&ﬁ &n act or

via gene tloadamytheiteatt, sichisLarérishwisodflafdis, Ur thostthat d&drepg @t i al ly
beneficial genes and uf ti mat el y lead to the neovascul arization of ischemc
ti ssues. Veorteactilerespoase af therlsdart td 4 golen leshodymahsictoad, sdch-ab tet£onsi sting
of the DNA-binding and dinerization domains fromHF-1 a and the

t ransact i vadrenergioraieptdrrantagmgristes si npl ex virus VP 16 protein. Among the
possi bl e target genes for this nodified transcription factor 25 is VEG, an

endot B8 i al cel | - spugical geptmenteaf ischemistheart diseasgliabasedodn thegbypessesi s. I n

|

of .an HF-1 a/VP 16 hybrid transcrjption factor of i 7 -~ .

it I ;
T e e et oo o S B S bt | o
b et ol SRR RRhbS T S, iEhple L enecr Pl one
d . ! ! ind dent of
orogenous e A5BR B RIASEATN 0 EbF SR B REPMRISREEIED! T e

to test thgisbaseaidassh té?&hcaxqama?%séci%wﬁém@md% decx%hgxfmed encodi ng

H F-1 a/VP 16 coul d enhance col | ateral vess formation an SO-to conpare

t he pasencyumbetbf; ot 86 ¥RIdicatk istHehsic episodeSFbwt allHhvenGirRARTiRithASAAPY -
Results of these studies suggest that adm nistration of DNA encoding a

transcription factMoremecentlyy dedevery of\ungivgenio faetoreor hear shioelyproteiaor
tissue ischem a. The present invention also provides reconbinant viral and
non-vi ral Viédqretein phgenetherapy bas be¢mproposed iy firther augieent theylieat’st ai n
expressi on of bi ol ogically active chineric human-viral transactivator
protein i mafrAlkaesponse & |schemia. Indeed, various publications have discussed the
uses of gene transfer for the treatment or prevention heart disease. See, for
20  example, Mazur et al., “Coronary Restenosis and Gene Therapy”, Molecular
and Cellular Pharmacology 21:104-111 (1994); French, B.A. “Gene Transfer
and Cardiovascular Disorders” Herz. 18(4):222-229 (1993); Williams,
“Prospects for Gene Therapy of Ischemic Heart Disease”, Am. J. Med. Sci.
306:129-136 (1993); Schneider and French “The Advent of Adenovirus: Gene
25  Therapy for Cardiovascular Disease” Circulation 88:1937-42 (1993).
International Patent Application No. PCT/US93/11133, entitled “Adenovirus-

Mediated Gene Transfer to Cardiac and Vascular Smooth Muscle” reporting




+ 15 The present invention further provides a reconbi nant pl asgi.ldhy,gctq;
(pcDNA3/ HI F/ VP 16/ Af12) . In another enbodi nent, the present*inventto

provides a reconmbinant plasmd expression vector (pcDNA3/HI ) . In
yet anot hér  enbodi ment, the present invention provides 20 rgéﬁg?‘#%%éel S

and cel | lines transfected with pcDNA3/H F/ VP 16/ Afl 2 or pcDNA3/ H F/ VP
16/RI. In still yet another enbodi nent, the present invention provides -
reconbi nant mammalian cell lines able §0 express biologically active

chimeric human-viral transactivator protein at sustained |levels. 25 The
(O ' | SQ. ' §10]] t |} host || Li bl

AP e R e L R T N

transacti Vﬁ?étﬁ&rﬂ'fn%ﬁilﬂgeélgsu“ ai ned |l evel s . a’ yr ~ ~"~ii ~~ LI~

rc -

S TTUSysl zS~S " In anot her enbodi ment, the present invention

provides a fusi ONARESH g1y CAERE bRisia Aedd ¥ thk et 108 coRPstoRk aadDNA bi ndi ng
_protein wherein the DNA DI'nding protein is the mammali'an hypoxi a-inducible
" factor 1 @eihbds foranhdikifgehe eprebsion dfibefeficialhypsiia-dndhciblewtnes anal _
transcriptional activator 5 domain of a transcriptional activator protein,
wher eif sisctietniavassocigted ceHs. Additiadally, fhare exists sneformebvedtotr he car boxy
termnus. The present invention further provides a non-hunman transgenic
manmal ex pompositipns dhatrdllova effidisnt expressionyoba carigesdi potentialbubereficialr
conprising a DNA binding domain of a DNA binding protein wherein said 10
DNA bi ndi ggnes ihabare activiates by theasustained disretexpresstanoka bidegicallya (HIF-1 a)
protein, and a functjonal transcriptional activator domain_of a
fj ranscri peliymmanmalign tgpsEIRiQ Factem he presentanyendiencsatishiesthese act i vat or

protein is V VP 16. .in yet .anot her enbodinent, the present invention
provi des aeﬁ;&ﬂ%fgpwad?srr&ﬁs‘%ﬁﬁgmgﬂg?se@s - of hypoxi a-induci bl e genes. 15

I n stidl yet anot her enbqdi AR% s mi\ﬁw’gn provi des a net hod

for providing sustained SSTo—of—oDrorugrc tive HHF-1 a under

nor noxi ¢ condi t i Ioggci Rg%%flpfn%%ﬂﬂ Y§iaks A obifat TS Scid MBldaattsk O

treating/ prevent ating 9 OXl a-assocl ated t1ssue danage I h a

subj ect . Eﬂchlﬁgfar&ﬁﬁi%&ic'tfﬁfﬁﬁéﬁ%tof S6hpAEingrODNIE Biridlin® UbRfAin 8f aPr ovi di ng
bi ol ogi cal |y active chinmeric human-viral transactivator protein to the

cel I s of BDNArdhdingusotein whidrsinthe DINAObindinggpriotdin i$ b enaiemalianf an

i ndi vi dual an anmount of pcDNA3/H F/ VP16/ Rl or pcDNA3/HI F/ VP16/ Af | 2

ef f ect i vehypoxiaanduieible favtorsprotennanka fesdional vanderiptiogakadtivaterct i ve
chimeric human-viral transactivator 25 protein in the cells of the

i ndi viduadomaimef aftransoripdons] ECHYOOEDIOEM. of t he present invention will be

apparent fromthe, followi.ng. detail ed description as well gs.fromthe
claims. a 1 ~~ Accordinglysin ‘,n,aﬁmg (%c_lng Ny MCSPUERRI ?’Hgf’\té{ﬁ%, pat ent s,

ot o PR o o RSSO Bl
pconst =t SR UM ASAN ARG R ) NPLURA AT il

map of hyRfiadnédifiRd"WI-1a transcription factor via gene therapy might induce

20  expression of a panel of potentially beneficial genes and ultimately lead to the
neovascularization of ischemic tissues. We have created a constitutively active
form of HIF-1a consisting of the DNA-binding and dimerization domains from
HIF-1a and the transactivation domain from herpes simplex virus VP16
protein. Among the possible target genes for this modified transcription factor

25 is VEGF, an endothelial cell-specific mitogen and potent stimulator of
angiogenesis.

In vitro analyses of an HIF-10/VP16 hybrid transcription factor of




. 1
pcDNA3/ H F/ VP 16/ Afl1 2. Figure 2 shows a restriction map of hyb@iﬁ;@gﬂq}%yct’
pcDNA3/ HI F/ VP16/ RI. 10 Figure 3 shows the assay results testing the ability
of the HF 1 a/VP 16 hybrid constructs to activate EPO or VEG--genes:~
expression in 293 cells. Figure 4 shows the assay results testing the
ability of the HHF 1 a/VP 16 hybrid constructs to activate EPO or VEGF gene
expression in HeLa 15 cells. Figure 5 s%oms assay results testing the
ability of the HHF-1 al VP 16 hybrid cohstructs to activate expression of

an endogenous VEGF gene in HelLa cells. Figure 6 shows results testing the

abi lity ofthedaventron desponsiraied that activaties of Jueiderase epporigncenstrests| ef t) or
e Pa b SRR confe o o e CHE P SoRetaa vl "
B NEKB cort PREeEYIBOan O sARebenBRoL BT Ece Prhuetionibeld DS el 1 rela
PELUS 1t Dbl BRderdBte St RGN ¥R bR AR et Lokl B BP0 P O |
Hypoxi 3 (el ié&hl?ﬁ%ié& d#l {&P%eﬁwﬂ&iﬂg&?@y{%&foﬁa@?ﬁﬁé&ﬁti dul at or

of gené expression. physi ol ogi ¢ ponse Xla i nvol ves enhanced
erythr opoi §sh pldshildehroding MF-Qle/ VB8 coffd édiarfts Oeskel i
neovascul aﬁlﬁggtl on ini slc emﬂé tll\s/suesco(V\hl te et %g?l?{,er% rc.el?égnayf:nMQO- 1

S00 ( 19923nd a6 t8 compaie theopaliexep oY H1F- hesar awithiRat SIVEQE heagt al .,
Eur. J. ' Biochem 135:40S-412 {1983)). These adapti ve responses either

i ncrease GhglegeniertiierapyaRdsubts of thdsershadies swggazothac admiimisaytonloft do not
require OZ. The gene products involved in these processes, include, for )
exanpl e: (DNARBcodimgemtrensanptonyfiahtorpoaytrépresenha wabledreatmentstedtegy of
erythropoiesis and thus a major determ nant of blood 02-carrying capacity
(Ji andOet for tisspe iwhemiaCchem 271 (30):17771-78 ( 1996); (ii) VEGF,

encodi ng vascul ar endothelial growh factor, the primry regul ator of ; i
angi ogenesi s and th&PEesaR ipveRden alsoiavidss r@«i@s@@apbwﬁsqr&mwwl et al., |
J. Biol. Chem 270:133 1995): Liu et al., Crc.. 15 Res. 77:638 ( 1995);
For oyt he cvedprs thabice able fo inipe andier yriefEet dndbpisfain CRPISSRRLE ENOL, 1L DrA :
PFKL, and . i: | vti. . enal, 1,

| actate de ﬁ‘r}%lﬁgﬂg%ghg?c%ﬁ%%%ﬁ&ﬁéf‘é%}]%%?Vagélﬁs)ljﬁgeégﬁﬁ(% Vot &l ki nase i
1, respectiMpaly, which provide a netabolic pathway for ATP generation in

t he absence of 02 (Firth et al., Proc. Natl. Acad. Sci.) 20 USA 91: 6496 (
1994) ;15Fi rth et alThe presBhiOhvefrhiemfurtié} ptdOriks @ rt8Sabinane pRidafidstectdr . J.
Biol. Chem 269:23757 ( 1994)); (iv) HO'1l and i NOS, encoding hene oxygenase |
1 and i ndu@dDNANHIFA/RY6/Ad129ynt hase, which are responsible for the '
synthesis of the vasoactive nol ecul es carbon nonoxi de and nitric oxide,

respectively (Lee Ietarither embddiaientGheprestnl ilvdedbionrbvidesaet al . J. Exp.
Med. 25 182:1683 ( 1995)). An inportant nediator of these responses is the )
|

o=

i nt er act i orecombEnant plasmid expression vector (pcDNA3/HIF/VP16/RI) .
In yet another embodiment, the present invention provides
20  mammalian cells and cell lines transfected with pcDNA3/HIF/VP16/Af12 or 1
pcDNA3/HIF/VP16/RI.

In still yet another embodiment, the present invention provides !
recombinant mammalian cell lines able to express biologically active chimeric
human-viral transactivator protein at sustained levels.

25 The present invention also provides recombinant mammalian host

cell lines able to express and secrete biologically active chimeric human-viral

transactivator protein at sustained levels .




rtranstriptional conpl ex conprising a DNA bi ndi ng, hypoxia i ndUGiIblf‘.ﬁ”/f aotjor
rl ~/ r 1! i Y~1 - protein, with its cognate DNA recognition”$ite" a
hypoxi a-responsi ve el ement (HRE) |ocated within the promoter/ep bs3

el enments of hypoxi a-i nduci bl e genes. HREs consi st of an hypoxia rnducrble
factor protein binding site (that contains the core sequence 5 -CGIG 3') as
wel | as additional DNA sequences 5 that are required for function, which-in
sonme el enents includes a second bindingssite. HIF-1 is a heterodineric
protein conposed of two subunits~(i) a constitutively expressed beta ((3)
subuni t (shared by,Qi 3k £ Lt} . :hy an al pha
(a) subunit (see,ylg.g., ?ﬁ%}u 4 %qn?ﬂ%#hgwgﬁgﬁﬁ%@Agﬁlgcfg%llbén No.

PCT/ US9611 i Cteoiﬁﬁ ' bRRid#E défmlain iHih&@k! cul ar

cl oni ng of ﬁl?l—(ﬁﬁélp 1 a) i\}\ﬁggg %@?ﬁm ati oﬁ;ni gm?ggﬂ?gh@%aﬁgg@ﬁﬁé@ati onal
mechani sm gi«CDNA bindihg proteieisthe mdmatibih hgpexiatinttcibhnfandryl R{HIBL ect ed
during hypoxic conditions. Both subunits are nenbers of the basic

hel i x- | ooplaglpretefi bt the- difiof terminuspénd a duscaional transdrigtiomat activeter domai ns
15 regul ate DNA bi nding and dimerization. The transactivation domain is

t houghtS t odoeminief a trankerigional activatoppratemm, pherein saidtianssaiptiopa- 1 ~3

J

(ARNT) is expressed constitutively at a high |evel, accunulation of HF-1 a

in the cel activaterprstenis HQV 0P lodicthacathoxyrtesuumst hat hi gh | evel s are

detected only duripng hypoxia. This_ohservatjon has |ed to a 20 proposed
mechani smfor targ esaqs@tdeypwrrémbimmﬁgdeeen@aﬁmwg@nwm% det ect ed

X abi || 2ot MG Phreryes tecprainant BRA Bheadill A chiferc ipamaiat o conpl ex
wth HF-1 ~i bj l. iLvely. . H i .in th [ t er/.enhancer of
t he target ca@ggi?&g 4 p&‘fﬁg’r@&é? cﬁﬁ%a1&%&9?5151?\&%[%&g]p{oﬁgxgﬁy/g%%}rhseé nferring
this 2yre : - g ok h- [l | IF
Lo 260 SRR BRMANL e dp BRI LD HRREME sP) W)
9", | iR Rk it o) ddRold i IO o

- i nvol v [ ey, g 1~f, 4.0, .~2 .. : ~i-lu ~
t hi s responstvdierprdreitn wheseihisarlrinsctiptiofal sotivatot profein eHSVOVPI1G, and
overlap the transactivation domain. For exanple, Jiang et al., J. Biol.
Chem 271(30): 17771 y8 andt@s emblodinment, il prdsént iaventiorcprostidest a mawthed aci d

390 |l ost transactivation activity but retained the ability to bind DNA and
showed hi gforsincesaging expressianepbhyprida-indngiblegenssi ¢ and hypoxi ¢ condi ti ons.

This result suggested.that the transactivation domain as well. .as the region
conf erﬁS ng i nstabillt“i ‘itS}I W&W%ﬁé&ﬁ%ﬁd&e PIESERLNZCRUPRPINIdERRt of the
protein. Pu al., J.. Biol. .Chem 272 411205~ 14 have further
ocal | zed TS SR aovdine sipined SRhesSitnr g gyttt A a0
775-826. 1Q.hRofR& Sligrent, this invention provides nucl ei ¢ acid

nol ecul es encoal ng qbl ologically active chineric transactivator proteins
F_C)TW! sing a domai 'Ph@f)résﬁﬁt fiventioR aRoPr8lIdes dithéthb8 For f or DNA bi ndi ng and
difmerization with HF-1 p (ARNT) and a protein donai n capabl e of

transcri pt heathgpesventinghnoddlatihg hypokiacassosiand tissné damapeiRbaubjdsh

bi ndi ng, hypoxi a i nducible factor protein is EPAS 1. EPAS 1 is a PAS donain
transc20 pti on f actBhe peesentinyennoh drtledr gréGides aThethodtfomprovidimges Dev.
11:72 ( 1997). EPAS 1 shares 48%identity with HF-1 a and | esser

si mi | ari t y biglogicalljactive shimerohumiantyirlSransagtiviatarqrotein 66 the egliscofi gt i on

factors (EPAS 1 human sequence GenBank Acc. L.
individual comprising introducing 1nto the cells of an individual an amount of

pcDNA3/HIF/VP16/RI or pcDNA3/HIF/VP16/Af12 effective to transfect and

sustain expression of biologically active chimeric human-viral transactivator
25 protein in the cells of the individual.
Other features and advantages of the present invention will be

apparent from the following detailed description as well as from the claims.




20 No. UB1984; npuse sequenc GenBank Acc. No. U81983). Like H B '&PIEP 1
binds to and activates transcription froma DNA el enent originally |s&
fromthe EPO gene and contai ning the HRE core sequence. EPAS-l—atso—FornB a
het er odi meric conplex with ARNT prior to transcriptional activation of
target genes. 25 Human and rnurine EPAS 1 share extensive primary amno -
acid sequence identity with HF-la (48% . Sequence conservation between the
t wo proteins is highest in the bHLH (85%, PAS-A (68%, and PAS-B (73% J
1 h~~L~"2r v. i i v~70~i~ iaJ -10 regions, A second region of sequence

i dentity occurs aﬁlltp?ée@mpé%tl@s,@mmandhmatgquremas Fited

proteins. Thi.s conserved e ion in g has been shown to contain a
hypoxi a r&ﬁféﬁ% o A% her Y fBPfate nyfeé'F E‘F‘r?ﬁilf?%’ Jp.cp89683- 67 (

1996)). Th h d f Lari t PAS 1.and HIF-1
suggbet s EsrRe e poEruhey: Sk BRSEnT st Bioby incREE sfintign, pill )

condition ﬁ%épulate the ability of HHF-1 a to traps-activate a target gene
containing HRE core sequence ~The act|V|ty of EPAS 1 is also enhanced
in celds grown under ) TREGYt may be subject
to the same regul atofry rTue ’ ' [ .'other enbodi nment
of the present i lﬂQﬁﬁH orldtcbi ndi ng, hypoxi a

i nduci bl e factor ”g;@(i)h?%?%@g%ﬁfe@%{t'i:dxfgﬂ grbbtfHLl-l- PAS protcgl ntermed H F-1
a-like fa?&Eﬂ%AgﬂQHHVPﬂBA&ﬂPFOC- Nat|. Acad. Sci.) USA 94:4273 (1997). HLF
is a novel polypeptide of 874 amno acids with a cal cul ated nol ecul ar mass
of 97 kDa (GenBanRigite@shows dNestrictiorDRpbhhybielcmistticeonpari son reveal ed
that the am no acid sequence has a striking simlarity to that of HF-1 a
in the anpoPNABMIFAVPH6/RI.(aa 1-344) including bHLH (83.9% and PAS

(66. 56% notifs fol lowed by a sequence with a noderate simlarity (36.4% as
345-5HY) . Wi | e nBigure stxntéJSsIbqlaémeresnlts restingtthe abity afahe Hieis™ vari abl e '
bet ween thi raotein, and HF-1 a, a small portlgp 20 (63% .as 824 874) of
not i ceabl é@\éﬁ&é#&bﬂ@. sAmsEprisyoastivels kRO of YESK gee @‘Eféﬁﬂpﬂ% 9%hat " basic
am no aci ds,of the bHLH region involved in DNA recognition are conpletely
conserved ﬁﬂﬁng HLF and HI F-1 a, suggests that these factors recogni ze very

simlar, if not I nts showed
that both HLF andt e $opsifY i %@@%@%ﬂﬁﬁéﬁﬁmﬁﬂﬁéﬁgﬁces T
associ at | gyl HYBNE ArslubrstoMHctivaidhPOréd YEQRsafobXSesiBhaEIN . the
chimeric transactrvator proteins of this inventio rise a onaln of a
non- npgmalekRpg hypoxi a i nduci bl e factor ~s v if 6. L|, 1~~~ " ""2r~
~~~us9sns~s3 -11 protein. As will be recognized by the skilled artisan, the
adapti ve responseFiguréyphons dssay réslls testinpathe abdléty ¢f the HIFKdasePved
t hroughout evol ution. Accordingly, hypoxia inducible factor proteins would
be expect &ybrid econstmcistoactivaie expressign of as padogenouscVEGFgeneon-Hebaxal i an
vertebrates_and non 5 vertebrates such as insects. See, for exanple, Bacon
et al., BieHfem Biophys. Res. Conm 249 811 816 (1998), which reports the

f i | siml api h I i

7 ool Reths il e *:%*‘lfﬁ;tﬁ'@f:{t?ﬁr o
i u uci i ns

be. ob2d neanaguLi o BRYHIE mtﬁﬁﬁp@ﬁsﬁ’&m EPHE PR S fa oxanml e

by cross- hybri di 2 eﬁhowtguaﬁ% EBE 1 BlnBirallodhenOrd tettafed! e

sequences referred o herein e sequence enco can ate

hypoxi a i @ﬁmﬂm BIE A P18 i ent t vl;mlggng%t £rm ned, the | ocal i zati on of

portions of the proteln suf t0 HREs and dinmerize 15 with

HF-1 (3 may be dFi@IrH‘S”SQﬁWk%éﬁﬂy ré&sults: teéthﬁg ﬂﬁ%lﬁwp@ﬁth%fHIEQHVNHKBS used
to determ ne the |location of those donains wthin the human HF-1 a

protein. [donsnacttoteoiRasexpressivn ot drméndugehvao¥EGF petie ib Felfaaed
proteins useful in the conpositions and nethods of this invention may al so
be pr238ucdtbp) and the endogenous EPO gene in Hep3B cells (bottom).




r synthetically or by site-directed mani pul ati ons of the DNA encq_.di gg,‘}(no
20 mammal i an hypoxi a i nduci ble factor proteins. It is al so expectéd+t #at
t he sequence notifs in comon anong various manmal i an and nQR-,neaymALj-gn
hypoxi a i nduci bl e factor proteins wi |l suggest consensus sequences that,
whi | e perhaps not occurring naturally in any species, would neverthel ess
produce domai ns useful in the methods and conpositions of this invention?
Al that is 25 required in order to suf¥stitute such non-mamal i an hypoxi a
i nduci bl e factor protein domains for the human H F-1 a protein domains
exenplified herei n DETAI} INSOE : I THE INVRNTPION di nerize with
H F-1 j3 (ARNT). , ~ ~"2ai/ " 1.1.. at. al vur0liJ 13J -12
Accordingly, it i Hypoxi®aestateanrwhiichyO4 deminydbexdeeds sdpplyhlisa pastepful pr ot ei n
by renoving the C-termnal (transactivation)domain and replacing it with a
st rong t r anedelaioraifigersaxpesssion. Thihsphysiologuaresponsshtouiypoxdd imiolees i t s
ability to dinerize with the ~3/ARNT subunit or bind to specific DNA 5
sequences ghageed emtknopeiasic@ealkanars Rhavsiol: Rev. gptha-489 (2D e f act or
protein into a cgonstitutjve inducer of tentially therapeutic nes (for
exanpl &, W?S@@Z%mwﬁé@h%’&rtﬁs@ﬁ((m,ﬂ éﬁd f’l‘feRlef-%g‘)' 8§9errent of

brot e tne&d‘dlH82>>&%Mé%ﬂéﬁﬁééﬁy%%b%ﬁ‘€-eflﬁ%ﬁbﬁ§sa Bﬁ%x%?@ﬁéfr%%xeiv Al St onal

i i S, , d i ; VP16
e o RRhE S A S TR BB s Be N iR o Tre
yancer praanars BERES i SRE A als (el 88 3ot FEMRH O THELer 1 s o
a’subj ect v ;ﬂsﬂﬁﬁts hEYAR¥d S EEsE phScedSeseiddsdd, \6r éiaﬁﬁ@y@ g.?) EPO.L15

prophyl acttc f'or chronic 1schema due to coronary arte I'sease, |
peri pher al encadiig éiytlﬂb?ﬁﬁﬁiﬂ,ﬂ&ﬁﬁﬂ_nhr}aﬁegumbﬁﬁfé feRisPdnd taslad nb. I n the
present application, of interest is the ability of hypoxia inducible factor
pr ot ei ns, mmajorectrmiranttdffblaod O,HaNYidg aapadityRJiangiendlicd. Biglr €hemon of
hypoxi a-i nduci bl e genes such as, for exanple VEG- and the |ike, 20

resul ti ng 2H(80r1AFEI-781(2996) (v) VEGIHteaneoding wasgulap endethelial gfowethl | at er al
bl ood vessel growth, For exanple, although the H F-1 a subunit is unstable
during norfestarctheamamenoregulaioobangiegencsts ad thes 3 maien determinantiafur ed

o mal Iy SissRaGEB LR HOt Al Tl CheetC I U EU G er apy
near t 16 ko TS g3 RO MR oL TN 6P BT I Feda PP 0. o Ve ©

strategy r ~ - b o 1h = ansomes 2
SCT/ USon/ %g?j?,bENm, LDHA|, PFKE afl PGK I, +8cddihg the flycolytic enzymes

aldolase A, enolase 1, lactate dehydrogenase A, phosphofructokinase L, and

) phosphoglycerate kinase 1, respectively, which provide a metabolic pathway
for ATP generation in the absence of O, (Firth et al., Proc. Natl. Acad. Sci.,

20  USA 91:6496 (1994); Firth et al., J. Biol. Chem. 270:21021 (1995); Semenza et
al., J. Biol. Chem. 269:23757 (1994)); (iv) HO1 and iNOS, encoding heme
oxygenase 1 and inducible nitric oxide synthase, which are responsible for the
synthesis of the vasoactive molecules carbon monoxide and nitric oxide,
respectively (Lee et al., J. Biol. Chem. 272:5375; Melillo et al. J. Exp. Med.

25  182:1683 (1995)).

An important mediator of these responses is the interaction of a

transcriptional complex comprising a DNA binding, hypoxia inducible factor




modi fy the HIF-1 a subunit such that it no longer is destabili%ddVdy LkZ
nor noxi ¢ conditions and woul d therefore be nore potent, particularly when
the patient being treated is not actually ischemc. To stabilize the "
hypoxi a i nduci bl e factor protein under nornoxic =~ ' 5 conditions and to
provi de strong, constitutive transcriptional activation, a hybrid/chineric
fusion protein consisting of the DNA-bigodi ng and dinerization donmains from
HF-1 a and the transactlvatlon dormain from Herpes Sinplex Virus (HSV) VP

cel s of BrdtEfy SPEe ?‘%ﬁgrg IR RGO o b PrEsrls iVl dEdpl O "
ié%rpe:ﬁh"?ﬁﬂﬁﬂégﬁ AR the poimbRlfriiaRed QehfchRO0P @#%??fﬁ%lgnsact | vat er
proteins, %EHE@ BREB éHrﬁis?'oE'aﬁ‘H@Wxﬁ ggitultcgﬁe%op psteobialth éxi@ thg@t i on

donman frof H E-1 a and the transac dOITB.I fromthe NFKB
protein, ghRtaidPRiRAe sequUdncRBBGEGSBYlak: aiell &8s hddisional Dwmﬁﬁq&ncﬁﬁans the
state in which OZ demand exceeds supply. j "Hypoxia-induci bl e genes" neans

genes X onthutare gequiredofor fonetidry, pobich insspenalemened ichrdes a(ddebad bi ndi ng
sites) within sequences nediating transcriptional activation in hypoxic
cel I's. 20bHydingisttei nduci bl e factor nmeans a DNA bi ndi ng

protein/transcri ptl on factor the expression of which is upregul ated under
hypoxi ¢ condi t i onHIFthista h@temghm@é@ proteinicampased of hyporbunitsdponsi ve

el enment core sequence w thin &fne and t hereby actl vates such gene.

Hypoxi a- a§9@%§lt§i1¥§l1}'d¢7@iﬁﬂéfl§)eﬁ1 Lsbungtfshased by ether selated team:@apm%
di h f the.lingb, and th
ke The aiph and ik Ao ARTALS) SERSY (k. fe N 0D S5 nishaien es)a“ ) i
RNA t o
o A ha?n%?m‘f“e PCTUSHEA0E ST Heptiiag the S Aty wufRsai Ny i ¢

it sense Saf HAGHBERE ol A2 LERLEL PhgRE ML ARANRNSS relilelly Pogsn>e 2L
1, ort hen‘ﬂhﬁlaﬁ%ﬁﬂpﬂ&%ﬁamﬁh':s\kh%at lﬁpﬁﬁew}é]s o‘?rthé"hf‘lﬁ%b\dﬁﬂ canhlly'BECES MRy

al so be associ ated het er ol ogous sequences IP di ng pronoters,

enhancers{lef@mpmen hgﬁm icconditisie). Bethutibunits aﬁ@iﬂ@ﬁl@d}ybﬂh@mﬁ@quences
and the |like. As used herei the phrase "isol ated" neans a pol ynucl eoti de

that is i helxfloopihehixt(biiicd)- RS family oftramatription Exctorse dFisesefdonsaihsit i ng
pol ynucl eotides is to probe a human tissue-specific library with a 10

nat ur b% oregulatef DNAbinding ahd damenixiation .o Fheusinsactinativoddomein iskhowghti n t he
art. DNA probes derived fromthe human, HI F-1 a gene, EPAS1, or the HLF gene
are parti é@F&‘Hd@/%Q@fGTtCW‘lﬁIﬂ dhe prefee. DNA and cDNA rml ecul es that

E&Zﬁd?d@??t RNA Wﬁ%&em@ﬁwg&é Sieeronshae ﬁ{fir bigh & la%ﬁ?ﬁmi? ’

| brar es iRy AUEIA B e IE Setub o SEPRRRAsRn e TR0
| b d

arfin e f%ﬁ’ﬁ‘@%‘e’sﬁ?.dﬁfd&éd Bl uBug RYpSLEC i Shsgdaih EE%%@’n%eLngan

furtheg i RrbpeRdiHECIRANSn T8Etat e EerRNRTIVAGLA WH&GEbY O, concentration is

detected by a sensor protein and through a complex signaling mechanism leads

e

to stabilization of the HIF-1a subunit. HIF-1¢ is then available to complex

with HIF-1f and bind selectively to HRE sites in the promoter/enhancer of the

target gene(s). Regions of the HIF-1a protein involved in conferring this
25  response are thought to coincide with regions involved in transactivation.
Induction of HIF-1 activity in response to hypoxia is thought to

occur via stabilization of the HIF-1a protein. Regions of HIF-1a involved in




'20 p'hésphor oam date, and net hyl phosphonat e derivatives, as Wel’lﬁ S, Prptein '

nucl ei c acid" (PNA) forn~ed by conjugating bases to an ani no ach d#bagkldone
as describgd,i,n,. 0 el sen et al., Science, 254:1497, ( 1991 ) ic
acid may be derivatized by |inkage of the a-anoner nucl eoti 5&Fﬂgrgglzi7kf
formati on of a nethyl or ethyl phosphotriester or an al kyl phosphoram date
| i nkage. Furthernore, the 25 nucleic acid sequences of the present -
invention may al so be nodified with a lgabel capable of providing a
detectabl e signal, either directly or indirectly. Exenplary |abels include
radi o sot gpRSesdrde MATE Pakn MELHZLHES ’thé’CQfeh%inlﬁrthth@grotcin afd éerlap L1 - . -
~9 ~' =~ T2 00 o - =T U Y r1Us981 25753 - 1511 ke, I'n general,” nucleic
aci d mani gh¢ fhhdttivatieR 'ddmiin! Fok RRaMphs Indng v NYi BpluChenet hods that are
well known in the art, as disclosed in, for exanple, Sanbrook et al.,

Mol ecul ar 2Q1(30)n7 77A-1801996)ashy wddnthat HZB- ledtruficatédavarbipio agdi3d0dest NY,
1989), or Ausubel et al., Current Protocols in Ml ecular Biology (Geene
Assoc., Wtramgadtivationciotivity, butlYetaied thegibylityTioitind DINAtandsheivead kighonpasses
nucl eic acids which differ fromthe nucleic acids encoding a human H F-1 a,
EPAS 13 odewdlsof prateinhinder botle noreoxrandohepoay penditions., Thiscxegult
substantially the same am no acid sequence, 10 respectively. Phenotypically
simlar nsuggestedithag thetransactiyation domain as well as the cegORAMPCIENS val ent

R L
o Cons e i RSB A SR SRS L S bR

products) ; olb@&t&gﬁéﬁk&se‘&' oga%:g'(;%?@hiﬂ &rs.ghg. particul ar,

functionally equiv nucleic acids encode protéins that are the sane as

thosef@" scl osed hgy ghdlefiboldiAbnt) B iff O RAIBoVides ATEC gead%werch i ons. For
exanpl e, conservative variations include substitution of a non-polar .
resi due WiehBodin@HislogiulhyPadtivie dfriegi¢arardhciviist plotdihg Bomiprdisgdar ged
residue with a simlarly charged 20 resi due. These variations 1nclude those
r ecogni zedomais lof theHIBs ta protsinasuffibiene forBNAlbindiig snddimotizatidy al ter the
tertiary structure of the protein. A structural gene is that portion.of a
gene conpwish HiFal (DARMEGand a preseui domaineapableof tpasisgpppionale or a portion
t hereof, and excluding the 5 sequence which drives the initiation of
transcri ptacB¥atiothe structural gene may 25 be one which is normally found in
the cell or one ich is no ormal |y u in, t cellular.lpcation

wher ef# it isint 'bmfbtbaf,eﬁ?f’a)fwg‘ﬁ’ ee{g{é‘?‘?‘{]ﬂ&{lpﬂﬁi%ﬁypﬁéf%ﬁuﬁgﬁﬁs gene. A
het er ol og ne e ri i r .. ~~ .. =.F _~2, a
ii wLL~ %@o?ﬁgo%elgnné @fﬁﬁsg'e %ﬁ%vsvlp (s)\gpﬁ}égéfr% t“}"{nlt11 rtf%ﬁ%%?lﬁbonaf g%rtt’gplng genone
or epi sor iy i L€, TG GRT G¥neR IR 8- 72NA09 PPNAP AST! HarddMR !

chemi cal | yﬁg?/ﬁ# gg!yg‘tesdPD{&.ﬂ A s_f rcytiétfur al gemg cont algn _or?é or g_r%%ore

mydi fi cat @&ty with HIBL1 & BRd ¢adenSintilaritySvith btk merhBéks (fTGHIE/PASCh coul d
affect the biological | 5, activity or the chem cal structure of the

expr essi ordopiain faxilytdfaramstaptibn dagoes@ERAS b huhian segoaste GeEnBapk Axel on
control . Such nodifications include, but are not limted to, mutations,

i nser20 onNo.dd8 K184 mousedsegubnt GenBanksAcd. NmdJ81983)r LikeitllEela,des. The
structura:fdgenia may constitute an uninterrupted coding sequence or it may

i ncl ude ofP4b torandaedivates transeyiptine fuam adpNépelemeat opiginadly unct i ons.
The struct.ural ne be a conposite of se ts derived f plurality
of source§§°1ﬁf§@%f@mt§g§é’&gﬁnﬁag&coggﬁwmttﬁeﬂ%emﬁm@mem Eﬁ@@ may al so
encode a fusign pratein.,.lt .is contenpl.at hat the introduction of
reconbi na S%ﬁﬂ"%%“gﬁﬁ%msaﬁtcm ﬁﬁ%ﬂé@&ﬂtm iﬂ’ %ﬁgﬁwfft? acti vat or

conmpl ex will. [& nstructions wherein the structural 15 gene and the
transacti \fgklg?&% §P§a£§?o1t %eteprclg'ved fromdifferent sources or species.

Eukarygtic transCijypldhd gﬁ:{xﬂ{esEPA‘SIOJhta?é‘FﬁQHBQégﬂngr&%%ﬁ%% and

i ndependent DNA bi'nding an ranscri ptional activator domal ns tchell and

Tjian, Scisggeéhctidertity wih HIFl9&?)&2%)?9%@_@9@&%@%%9%&%&%@m@ has

all owed for the creation of functional fusion proteins consisting of the
DNA 20 bi ntoteinsoid higlidst o thelgHUSE8 5% ), IPA B A €68%:),amdsP ABCBE78%5) Chi neri c

eukaryotic




regul atory proteins, consisting of the |exA DNA binding proteiln gad trhﬁz; '
’ t ed

activation domain of the yeast transcription factor, GAL4, were cofst®

by Brent and Ptashne {Nature 312:612-615 ( 1985)). The use of“FUSTHIP’'>>
proteins has identified several types of protein donains which act as
transcriptional 25 activators. These donmains have little am no acid -
simlarity but often are characterized;gs being either highly acidic (as in
the case of GAL4 and GNC4), glutamine-rich (as in the case of Spl), or

05 5kt B i et
Tji 1 ; S8:£41- 753 (1989)) . t t
eriicient %3{3'?'? PREGTT G TaRst e pifirines "D eatsizuced et in BRI P08 i nat 100
' [ ' . AW i+ 16 (VP16;
Sadovski  SraenbUR IORRRy 2 IR Spblen FohT it R Chertones ¢

Dev. 2:7187 ¢ AP 1698). i f\ggy_i@ : -gp@z

traps-i nd%cizgggas)f%ctor??i(s a gt?&?z?ﬂ%@l re%'foei n o%“%lrsc\lﬁll\}\}hl bgg?‘?e\;lat es
transcy i pEPAS band [HIR-1asdpaésts dait tey 510478 h&oinm@b ' fuhctiph! udi ng
those for I CPO and | CP4 (ngrr%bel | et )gl ., J. Mol nghglsl‘ﬂlq%gallﬁ%)gh%(
1984) ; Kr Hypoxiandnditionsstimutatecthe dbility ofHHEF-185¢b mans'optidatedDfrpdO069 (
1984); Pellet et al., Proc. Natl. Acad. Sci., USA 82:5870-5874 % 1989)).
Al t hough ¥ene eontamingithaHRE zoré sequencer dhotaetisitg of BRAS his 4lbe so cal | ed
TAATGARAT el enent, the specificity is endowed by a cellular DNA binding
pr ot ei ns) enhareed iy eadisigrewadinder hypbxicaoanditions; suggdstidgrthatiinaiz) bef VP 16
15 (McKnight et al., Proc. Natl. Acad. Sci., USA 84:7061-7065 ( 1987);
Preston efubject tactheisage vepylatow inflisngys as HER-1¢: esent i nventi on provi des

novel  hybrid/ chingric transactjvatin roteins conprising a functjonal
porti of a DNA H X&f pt ‘?ro‘?rﬁi"ﬁ‘% ?QI%F%E'E‘?SBWGEPVWQ‘? Hi¢ tsansgription

A R
Doyl b r CHLHBAS DBl Ko ALY PRED e WOl 08RG, G002 " Y,
level s of SeeNE/SAY:89%3 PrO9HNVEMIF R AR ls%hfmg.%%iiersat i ng

. :pGM IfRE lof
proteins are capable of functioning in vertebrate cells and nay 1 ncl ude

nat ur al | ywith acaleuldted mdlaasier indké 6087 KDAGAMANAL&sIONSI ns or domai ns
of proteins fromeukaryotic cells including vertebrate cells, viral

t r anskfct i IXRIT8F).pSeyrems amparysonyreybaled thartheansiss deiskesedasne: hiws is able
to stimulate transcription froma  'n 1 ~~ ;! ~~ 2 a ~ aivu7ol~.J~JJ -
ver t ebr at 8trpkingsimetaritytentbatef BiF-decin theamiaottenminahbalfi(aa e3dd) i ncl ude, but

7 o S RIS ST Ao by e i
t al., On 3:.43: 5 Ve ] in (Bos.et al., Cel

S 2 ARSI (o A, o b Rl

9: 2787- 2794 - 1. i n(Arva. et al. - Sci 229: 69- 73
(1989)), t 'tee(“j’pﬁﬁia? aéfrgu\?%/r" é?ggff %‘8’%‘%’ E’"%’ E’ii?vr%gf?“‘g}(ugﬂ:“?ﬁ%% POTtIOTs 3. 31 S

ann. ey, (e SR IARELIE ste B TR e N i an et

'
);

]

( 1607), Ko ang. prvec e iitlo poliSofmebBRITRash M BFONA' \Cdonaga,

et al. Cerd itiély elP&énhie - . 868- 372
(1987)); e ( Ner rmg',ktet?al ?‘?e%e&:?fl ﬁlsdé‘:%q%ﬁ?ggl{? igg‘%%@ shat (Neunan,

et al., GCthesefi@orsiBoghize Vet Siinilar, fdtlidémicilfregulatsrydDNA Cel | 56:
291-301 ( 1989)); HAP2 (Pinkham et al., M. Cell.Biol. 7:578-585 15 (
1987)); MNepquencessExpenments showedithanboth BLE andAF-3abdimd the MBGF. PHO?2
(Sen ag, %&%&k—ﬂ{nﬁn NAR 1S:233-246 (1987)). and GAL11 (Suzuki et al.,
Mol . <Cel | angiE3|0 BRE sequenygs i aspogiation with ARNT withasiodlareffisityf t he
invention, the transacjivatjng. protein_ is Herpes sjnplex virus VP 16
(Sadowski et al. ,ﬁ’l\ﬁi%ﬁg% ‘?‘%@%I%&C(CMBFP transactiatesr protaing pf thisenes and
55\7/ (2.1;3 \fe?lti%rzlgco(mplr?s%@ bbml.’:\llﬁlng gggﬁpxglnaﬁlﬁua?&% h%f%%?{?ar in%th)IYeB?agtbr 10:3 805-3

|




v Schmitz, et al., J.Biol. Chem 269:25613-25620 ( 1994); and Sgh{n' 2 €}
al ., J. Biol. Chem 270:15576-1S584 (1995)), and yeast activatol $V/¢aLd tand
GCN4. O course, the skilled artisan will understand that tgapaabspdkpnal
activation domains useful in the conpositions and nmethods of this invention
25 may al so be synthetic, i.e., based on a sequence that is not contained
within a known, naturally occurring protein. See, for exanple, Pollock and
G | man, PNAS 94:13388- 13389 (1997), whilch teaches that transcriptional
activation is -l 97'"'"~~P~l n* vili al.l. . Lrwi (U598125753 an
| nherent| ?r&tkﬁf?'ﬂk %iﬁr&cﬁéégﬁiﬂea"ﬁgﬁc _E]Fi?ﬂ%ﬂ arfisdn! e &da ifveq'Eé‘;?oHs@%' rement

for specific structures or 3tereospecific protefn contacts. It also reviews

the vari ehyp@tiads iﬂc@fﬂ&hd%'&%ﬂ'lﬂ%lﬂ&%s@ﬁ@dftmgheﬂt évollifighscri pti onal
“activators, including short peptide ' notifs (as simall as eight am no acids),

si npl e anplecpedifigly, hgpogiasndicibiy/ frtoriraginy weoldlssekpeetad tadsciueiing

unrel ated to transcriptional activation. According to the invention, DNA
sequenceswade vdriaty ofepebdd ihclodingner-otammahamd vettebratesrandaion+at i ng protein
are conbined so as to preserve the respective binding and transactivating
properd i eyensébratestsuchrasvinsaotusSer) fi nplenBacarf et 4lg Rinokaw.i Biophyhe DNA

encodi ng the transactivatin rotein, or ar?é)rti on thereof capabl e of
activat i ngef-rﬁﬂw-i%49=8ﬂ.,1-84%ﬁ888),n§1@phé@m the fhpactignad similagtynhi ch does

not conmpl etely disrupt the nction_.-of. i d DNA hi ndi prot.ei n.. Regi ons
not requi gvdes, the Stina basics &mioqn-hekvﬁgipfmwﬁ?rw l?f?ﬂéﬁegwlapﬂa &l

transactivati n% .ﬁr j gs .be identified by any nethod known 15 in the
art, incl HTERY ﬁﬁ/‘?l‘ @ protlbped nutations as well as identification of

mication than ot noRereopaaAndTine ARl ool B BRI AR R ccu o

Th i at i ~ ' d
{ echm et Ble BERTBIAE: 87 BE OGSy dReeiied ifibn 15 Mad@ VT
(Mol ecul afecﬁqﬁ?}lfggfor?&aﬁlﬂiébgg:g?ﬁtﬂyrﬂ‘r‘?diﬂﬁion( SoAfpPAEAtRGh tEihB@L o Y., Col d

Spring Harbor oratory ( 1 ) he reconbi nant DNA construct encodi ng

t he chi nepogtidn eftiraieiquences refevicd to HeryinbOnpe decstquedes endwrlingat r ol of
(i.e., operatively linked to) a suitable pronoter andlor other expression
control seandidete hypoxmmindd®itile fakier prittio las beemdetermmmed; the/at or protein to
be pl aced under the control of a constitutively, active_pronofer sequence,
al t hough lefadizetien of pertenss the prefem sufficient to badgpddREs grddimergecont r ol

of an, jnduci.b pronot er, . such ag the r"' -r,~, .+~ L .-20
et a Vot ot HIFDERSY de ddsriond nSe. g6, e opdsotischapes ysed ) or

the. | nventt OHerRRICHS o PEmGSE aBRMFLGR R R eI SR or 7

region (Bﬁé?é\?n[t Elg a Sh- M%ﬁaﬁﬂgpg)gﬁ‘ &%iﬁle]ﬁgﬂor)&ote&s s%!ﬁ?l”m er

contained In ong termnal repea ousS sarcoma"vir amanot o, et

aly, Cell ir?%J@Jmﬁ&s?uibnétgﬁ@Heth6&$oMfﬁ%$eﬁtM§{%s&Bagﬁﬁi&eaﬁvt er (\Vagner
et al., Proc. Natl. Acad. Sci., U S A 78:144-1445 ( 1931 )),-the human-

cyt onegal synthetic4IGVeY by itedirctedamahipuputivie iof the DN eatodigdimwvin et al .,
Cel |l 41:521-530 ( 198531), and the follow ng animal transcriptional control
regi o, whammmabishiblypbxia indueiblOfacporgirbteins. yIt analsd @axpedted thattthéi zed i n
transgenic animals: elastase | gene control region which is active in
pancr eat i §equsnegrmetifsiin cogwnen agiong variogs imargmabian -agdgon-mgaunalia ni t z et
al ., Cold, Spring Harbor np. Quant. .Biol. 50:399-409 ( 1986); cDonal d,
Hepat ol og}lypomzxsnslw%fe ﬁa@&ﬁmryptq%mlil RUZRSSECONFCABNS SeayrBeesihnt %am&e active
in pancreati,c beta cells (Hanahan, Nature 315:1l 5- 12}%}1%6?985%}% 15
i mmunogl oBSTRARS Rt occwringratizally i apyisproies, wenldneve ShREtdNCEe) | 5

507535 prlobbyen S befubtds i SARgll L s ATUAS (100,
breactd T FEirdd Hbrd 1d'RutsBE 8k Gh Haohiafin iy pBRin GuEBIE BRIGED
al buni n gensteRP d6MAlsYor 'ﬂ?éJhﬁBaﬁ“Hl‘Phldé ?r&ﬁfni Ifinaifis ek ¥@pliffedMteréih 8t al -,

Genes and Devel . 1:268 2/6 ( 1987)), pha-fetoprotein"gene control region
which is akdtithey be able/@ bind to HREs and dimerize with HIF-13 (ARNT).




(Kxum auf et al., M. Cell. Biol. 5:1639-1648 ( 1985); Hammer, ftéa)Jpq'
Sci ence 235:53-58 (1987)); alpha 1l-antitrypsin gene control reg Jm"whf is
active in the liver (Kelsey et al, CGenes and Devel. 1:161- 170 v3i987)3,

bet a- gl obin gene 25 control region which is active in erythroid cells
(Mogramet al., Nature 315:338-340 ( 1985); Kollias et al., Cell 46:89-94 (
1986)); nyelin basic protein gene contrgl region which is active in

ol i godendrocyte cells in the brain fii‘.., 1 Er,~, ""~2V71-—~/.7.. r~
| 1 USy8l Z5753 (Readhead et al ., Cel 148: 703-712 ( 1987)); .myosin |ight chain-2
gene control regi decardingly, 4t isqrppesaditogrediy dhe hypexia l%smb]e fagtarr e
314:283-28b (.1985)), and gonadotropic rel easing hornone_gene coni xol

regi on whiPEateiR by sempying, thee-tappinah firapsastiyaenidomain pnd replagingdt

L L g it S SR 013
Lhe. Yot Dk 0 AR R B08, S Tyspedigs o,

1121075 19ECAAA KL g RSP R B5ScShe Kb RaSHOGPR ARG ot One

L ansact| VR oBRAS e i 800 BB RO L VE SIS LomBRn s o

pref erred ERACHhdsHHS rAVB'Kinse, AR the ) | On, the chineric transactivator
protein is eni:%des? by “pcl 5NA3/ H ENP 16/ RI," which is identical to

PcDNA3/ HI F/ VP 16/ Rfei)?a&m‘fﬁﬂfofft]ﬁ@ct'ﬁehﬂin\éﬁ’(é;ﬁtréﬁﬁﬂ?fﬁ%tibr@ reBfoH dfheafl t er codon
1 S 530 of the HF-1 a coding region. According to the invention, the

hybri d/ chihypoxia indaoitde factet proteinovith asstrngt thensaotieatiorndomain fremuai | i zed to
specifically regulate the expressi on of genes containing hypoxia responsive
el emeh@s (rRES)iptiohalsetiMRET protein spcinas,tfor examples Herpes Sinsplen dvices

recogni zed_and bound by the DNA 20 binding protein used as the backbone of
t he chi medHESVY) ¥Rdaari msbvarpﬁcgp@pn.faﬁwr@%wépﬁ pnd GfeNénisasigned to

transactivataq. proteins of the invention.my be used to selectively control
t he expr eééqthsﬁzgfhegm%@ndmeﬁpeﬁagﬂc qq;&‘%‘?(‘é’rﬁﬂ‘b?“‘éfh@ HEN&HyY way of

e g B e

const ! UL iUl FAR 03l DEnE MU ARPLANIA o ARG dlRERPDy 25S0C! at ed

w th hypoxia réesponsive efene Pt is desirable

to proguc i : i i i I e or in a
P abe$on; BrEPRFLIE SRR ERAHENd Sk Y19 drcsbipgone, o7 |

t he transaeistiiat diseRsievellmisdifenpicaliSehse dfiehe i, control of a
ti ssue-specific pronoter so that the gene of interest is expressed in a

particul ar ti ssueln tire piesentrapiplicatienpofiinterastsis the abidity of hppoxia, t he
chinmeric transactivator function is inducible, so that the expression of a
gene of i nndueble fagtar proteins fonexamples HIVel o) ERAST sandHBEE to indycehe
sel ectively increased or decreased. For reviews of conditional and
i nduci bl e €PEessyEhel bypadadnduciblegenes sugh as, for example; VE(H) and thghke, 1998)
and F'g@hman' Trends, Cardi.ovasc. P/bd. ,. 5 2&%- 217 &19953 : il'he chineric
t r ans&ft i VERwiHge R thepmeligrtion el syfaptomsthraygly promotion of collatera

blood vessel growth.

For example, although the HIF-10o subunit is unstable during
normoxic conditions, overexpression of this subunit in cultured cells under
normal oxygen levels is capable of inducing expression of genes normally
25 induced by hypoxia. This suggests that a useful gene therapy strategy might be
to express high levels of the HIF-1a subunit in ischemic heart in vivo using a

recombinant plasmid or viral vector. An alternative strategy would be to




» 10 property of binding specifically to responsive el enents hofol ddlus.td
DNA sequences recogni zed by the chineric protein's DNA binding protein
backbone. Vectors: Exanples of vectors are viruses, such as_adenoviruses,
adeno- assott V& Vi ruses (AAV), lentiviruses, herpes viruse&CT e
strand RNA viruses, vaccinia viruses, bacul oviruses and retroviruses,
bact eri ophages, 15 cosm ds, plasmds, fungal vectors and ot her -

reconbi nati on vehicles typically used_pl the art which have been descri bed
for expression in a variety of eukaryotic and prokaryotic hosts, and may be

df | | f Siml . i ion. .
pol ynucl o grodge e AR Brbinn 8Fh BRI 0o Torathue devRbGiR B TBiavde 20
t hod || i;n. t te F | [ t d b
ot ot cqCohBRE ISR Bk s BORBbRns BRBC RSB B, cne e
I -1 hat [ ith h oth db
Toihed T o FEEd AasRiehdl) BEHGSICIT SV Poyntheticnucl oi o actd
linkers can be |igglembifife fHathypRikia deﬁilgé%a& E%&Qinﬁﬁldé?%h%&i@e- Fhese

synthetic linkers 25 contain nuclelc acid sequehces that correspond to a
par ti csll acoh@hions@hdas provide istrohBcortstitdtivélnsoptionaPa@ivationas

ol i gonucl eoti de containing a termnation codon and an appropriate

restri cti tybsid/chimernictfasibh gaoteih Eonsistiisgeof thenDNA-bimding and dimetizatiom” 2 1 ~.
~ [uJyB/ L~ ~J -23 vector containing, for exanple, sone or all of the

f ol | owi ngdomains fotraHIE- lenandthegransactivatiomdomaim freoniderpesdiimpléxr

sel ection of stable or transient transfectants in mammualian cells;
erhancer/ PrisasfiES V3 ddUdrpretein mas eanstiugteddi Administratjoyehithisf hunan CW for
h

gh levels of transcription; rapscription _term ngli on and_RNA

A t [
pr ocessi n@ybrigfrdimera tothe\gets pzua S#&@sztyﬂaasm therapy\wil theoyesirallyr i gi ns of
replication,and, Col EIl for oper episgmal replication; versatile.nmultiple
o Ponf0] o eaREmE Fprossidh ' 5eBES ARANANEMD EERIAS I feheRSEOVRGSA | pt i b of
sense and  ant i . er neans are well known and avail able in the
art. 10 Tﬁg@.smgngﬁﬁ L’% ‘Wi || recogni ze that when expression fromthe
vector is desiredyichtaRRSNEIGY SR IRRIRIEMAR RASRINE! Sch nked Lo
ec oth

expression control sequences. ors that contaln prongter and a

cl oni ng siakAprotein WBhiphistrgBle)IDNA BRidiske afd ditirigfsPdoieh Yrdnh FEd1@r e el |
known in the art. Such vectors are capable of transcribing RNA in vitro or
i n 15 vi vandahe transactivation doaidiy fromith@htmah MNPkB qroras aseleRpastedtd at agene
(La Jolla, CA) and Pronega Biotech (Madison, W). In order to optim ze
expr e$Si opraduecsimilar vésults. t r anscri ption, it may be necessary to renove,
add or alter 5 and/or 3' untranslated portions of the clones to elimnate
extra, potential | HYPP¥igpmmeans the state i which Oademand exceadsisuppYon codons or

ot her sequences th@t 20. mag i.gﬁerferg with or reduce .expression, either at
the level of transcYPPFRIRIBFIDIG BFRGSaINCATS SANER FARIBITYRE P1C OF MRS us

;zﬁgzzgeeswgg&grga@s@ww @?&%ﬁﬁ#&?@&%&?ﬁ;ﬁﬁ?&%g & Il%t“ oo o
id, ' : i H F-1 ~a, EPAS1
o HiLF poltisehptiondl doflaleH ufBbalc BEHLENEES O ption (0. 4. the codon
pref epgnce of t hegig@g%iﬁﬁli&iﬁ%‘fé&%ﬁ%ﬁﬁﬁ'Dﬂh%iﬁﬂﬁggj?éﬁi%aﬁs&#ﬁ&h

domai ns can be re and the |ike). Preparations I I

I nventl o

pol ynucl edhétde sheagsdisiéh bfwhickHshupregulatedundel hypdkit- corlditions, thatvi ar ~i . . JJ
-24 EPAS 1 and HLF or anot her hypoxia inducible tfactor protein can be

i ncor por atrecognizes ad biads o ¥ hypoxiafrespeislives eleynenntoressequenoes vithin 8 cel | s
using nethods that are known in the art. See, for exanple, Finkel and
Epst ei n, gene and thereby activates such gene.
Hypoxia-associated disorders include, for example, ischemic heart
25  disease, peripheral vascular disease, ischemic disease of the limb, and the like.
The term "nucleic acids" (also referred to as polynucleotides)

encompasses RNA as well as single and double-stranded DNA, cDNA and

|



FASEB . 1. 9:843-851 ( 1995); Feldnan et al., Cardiovascul ar ~Zesit/ ‘09
32:194-207 S ( 1996). In one enbodinent, this invention provides
conpositions conprising a pharmaceutically acceptabl e carri epc iddvinsgidsei c
aci d- nol ecul es capabl e of expressing biologically active chineric
transactivator proteins. The chineric transactivator proteins encoded by.
the nucleic acid nolecules include a DNA 10 binding domain froma hypoxi a
i nduci ble factor protein and a proteinldonmai n capabl e of transcriptional
activation. Such domain may be fromeither a naturally occurring or

synt het i c dligommicldgpidesnal activator nol ecul e. The nucleic acid nol ecul es
within the conposition are in a formsuitable for delivery into cells in
vivo or in vitro. Nudleiciastigs alsosncbhmpassisolated nutleidavidsequences, art. 15

G ven the teachings set forth herein, the skilled artisan may sel ect anong
various vénelydingsensetanskantigenss eligenurieotide sequeneasyeg. odgyivad frgnothesuch
factors as_the site and route of admnistration_and the desired |evel and

duration Stlksips ESADh orthirdi Brpquencsse HIB kswEd ASNa, enhldedenvedduced
(ol ¥l Hotoddioht st iR sl i el
possoge- REUTGHe Al et fEbentobla Bt b tbindon o ™
because t ﬁg‘f’ ac\fté’ @%%ﬁ@%ﬁ53%§§§’§5?‘gt g“tfé??ge? 1\%\?%1%6% Zh, general |y,

has a negajy ; if&rr%. i S iate
intracell m¥&d¢gﬁg€§ha§g Bfgsm lt%\ﬁﬁ)f E@I%gﬁgéﬁgﬂgﬁm&w ﬂe%gé‘@f‘ .o~ ~ }
meyuns~s3 jsatift padthclObi désSis 16 proe a ﬁuﬁ%gds)suerg&éiﬁE%ﬁHﬁ' Witheption of |
cationic lipid plfasmd conplexes into m ce has been shown to result in

expr e$8i omaodral be afificially ldesigneBDNRaprodle wwing mBthods wélk#no®@i in tB88: 278 (
1989)). See also, OCsaka et al., J. Pharm Sci. 85(6):612-618 { 1996); San
et al., HaranDSAherébdderived froitBtheafingi BHB) Lo Seme, BPAS1 adr. theBiloEheni ca et
Bi ophysics Acta 1070:173-179 81991); Kabanov and Kabanov, Bi oconjugate
Chem 6: 7-gzoc(arg pagjculmdympseful 4or thigpoposg.u VA andasbNA: suwleddes that 994) :
Behr, J-P., Bi.oconjugate Chem 5:382-389 (1994); Behr et al., Proc. Natl.
Acad. Sci encodaumyentionpalypeptidesaman bepused prhtaiacomplempniany genomic

iy S e T
oo 3,185 1S VO 96/ 18372)
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Adenovi rus- based Veefhefhot®)the REcReE hids ¥aR bethadifieane altef Stabilty, known in
the art and nay be obtai ned conmer ci ally or constructed by standard 5

mol ecul ar sbiubility, bahdimgtdffinity, RHed spicificity. FdeeRanpR), imesitionsdadvddi ni ng
exogenous genes for transfer are, generally, derived from adenovirus type 2
(Ad2) and saquennesroas fugther inqludiShuclEhseyrasisfarit@hakplootothidatel, ved from ot her _
non-oncogeni ¢ serotypes. See, for exanple, Horowitz, "Adenoviridae and ,
t hei r 2@epiphospheseamidaig, mud omthynhosphonate derivativesaps Welisas "rratedm Press

Ltd., New York, 1990, ipcarporated herei.n by reference. The adenoviral
vectors ofn“tciféc 6PE§E(I?N’R)18%WP? by &PE“&QE&BS’BF@ tgfan amino acid backbone as

described in Nielsen et al., Science, 254:1497, (1991). The nucleic acid may be

derivatized by linkage of the a-anomer nucleotide, or by formation of a methyl

or ethyl phosphotriester or an alkyl phosphoramidate linkage. Furthermore, the
25 nucleic acid sequences of the present invention may also be modified with a

label capable of providing a detectable signal, either directly or indirectly.

Exemplary labels include radioisotopes, fluorescent molecules, biotin, and the




expressing a transgene in target cells. Adenoviral vectors are genera‘l'l y
rendered replication defective by deletion of the E1 region

replicati o'h-gdé'fé'éfi ve vectors ~~~f y ~ ~ 11 ~ ~ .. -26 P?f‘a%?"%%guced
in the 293 cell line (ATCC CRL 1573), a human enbryonic kidney cell |ine
expressing E1 functions. The deleted El region may be replaced by the ~
iransgene of interest under the controjs.of an adenoviral or nonadenoviral
pronoter. The transgene may al so be placed in other regions of the 5

» 25 neplicating, have mninmal viral gene expression and are ca@a‘b[\fe‘lof‘!‘

adenovi rtrjrgiik%enorre. See, Grahamet al., "Adenovirus-based Expression Vectors !

and Reco nant Vacci nes" in VACC NES: NEW APPROACHES to | MMUNOLOG CAL

PROBLEMS pp363- 39 j d . [ 0 PRt 1992) for a
review of the pro u%ﬁégzrllp’gyaéécp?aggb%ﬁgre%&??ia@g@é@%v| r a‘ﬁg%eengt ors, also
i ncor por ateeeriiRnise M¥thoRE MAME wellkmdWh i thedart) Afigc|8ted ifl, §6r avare that
other non-essential regions of the adenovirus can be deleted or

repositi omsmgn' é,/Sambroek et bB| MugeauTer ClomhgV 4 duabdpafe Moriad2dELt or
suitable for delivery of a transgene in acgor dance %h t he present

i nvent 5 on (Cold SpringtarboRROTY UEORY)] 6 Anis(WE) &4l.] ZhAaPont drdtddols iPat ent

5, 670,488,1%«;12(:04%’2% azaedr(gerei nbgy re{gfik;nlce, di scl (ggsh{;]gl}g sgme or all of
15 the E du ieliigyn(Eroene Assote] Bikay, Inderdcience,dS¥eMY,dl992pen readi ng
frames (ORFs) of E4 can also he deleted. Qher representative adenoviral
vectors are di scl Ebisdnvenionalsgeneompasisaruclaic gaeids whichdiffenGomhtheapy
4:461 ( 1993); Brody et al.,, Ann. Acad. Sci. 716:90 (1994): WIlson, N
Eng. JH . w@%?esegfgdgac?%g@)%gw&;ﬁ(rgcigél’éggecgﬂﬁ{&mf vm@sl havegheeal et
al., Hum : net . ; ;.an ahamet  al., supra.,

i ncor por aﬁaﬁlem&PWP&y'-PeFaF%CFFc%J.b(SF*}P%é“)yrtQFéﬁm&&%m&&?%?ﬂ“%?e’t he present

denol)r are e g erRbni PR T RS SRR ERUSURIARIER 45T Tansgone
I's oper ablegyjdiidaf teﬂuﬁ?&l?«%xﬁ cRilc GETls" OAsSRBHGREGH, thkhifask . @ Promoter

that directs expregsmn of the transgene. As used herein, the phrase

" oper at i ve'liyndtiondRY 'equifabérnt riRldib @ciddm eht GMphsses naktlef a1 cRiradterized

pol ynucl eoti de/trahsgene with regul atory and effector sequences of

nucl eot i déy, slightand ndi-danBeduentiah sdquence variatlons that wil fangti@Birsuch as
pronoters, enhancers, transcriptional and translational stop sites, and

ot her si gisubstartialbnthessankomaerentyl prodope thit same br sikbstantillysthpshyeucl eot i de
to a grom)ter.refers to the physical and functional 'relationship between
t he pdfynpEpiein pasdusHs) @mélemu%@p@m@@ﬁclpm hereshshypasticelarof DNA i s
initiated 5 fromthe prqnoter by an. RNA pol ynerase fhat. specificall

recogni zedUaGHP 'lﬁ(cf'sq“ﬂYf’ciFWemﬁl%‘ﬁIﬁcéqs, e%ﬁﬁﬂﬁ%ﬁﬁé}%ﬁ?h@ﬁﬁhﬁﬁ%‘?&@ﬂd ?¥cts the

transcri ptjy. f f C tide Pt .ef reg i ngl ude
LAt Pl o RN R ORI TR Sl K Wb
bndi ng. aednkddnace biliadhd Mchicd! dubBindfon A Aol tesiBEO MRl PAndiR ONS.

i ncl ude sequences that nodul'ate the recognition, “bi'nding an ranscription
i ni tiati omoRChoIE fesidife, BPOURMINABE 8F 8 -chatlidd RSB FIRE a BRHilRGy Charged! | Ng OF
may be responsive to traps acting factors. Depending upon the nature of the
regul 20i oesidi@NTheseSvatintions ifichudeithodd NCophize byl skilkdl artisaPALthosé
pronoters are SP6, T4, T7, SV40 early pronoter, S cytonegal ovi rus (CW)
pronot er, thatudenoesubstantibliymaitey theutertjddyTSthucsurerofithle prateini bl e pronoter,

Mol oney nurine | eukem a virus (MWV) pronoter, phosphoglycerate kinase
(PGK) pronoter, aAdstrietutal gene 1§ that pertione¢fa gemecomprisingra BNA be an
endogenous adenovirus pronoter, for exanple the El a pronpter or the Ad2

maj or | at SCERSRbeRGOdINg pproteininolypeplidecor apartions thereaf, and exalpdingithe t he art
can constryct adenovi.ral, vectors.utiliziLng endogengus or heterol ogous poly
A addi t 1 or? SERHFRFE Which JeXES i Bifiaton BhBHRsoTRANRed 5O sHUEHEAl ERICIBEY de

sequenges lotd\GpiFAndlng LA Helotf5hSne Whilh i Horhifly Blid 201 on of

in the cellular location wherein it is introduced, in which case it is termed a

heterologous gene. A heterologous gene may be derived in whole or in part




: |
sequences are necessary, but not always sufficient, to drive the p)ﬁg‘r{e%:?izori 1
of a 25 downstream gene. In general, eukaryotic prompters include a :
characteristic DNA sequence honol ogous to the consensus S TATA box-about
10-30 by 5 to the transcription start site (CAP site). Another pronoter
conponent, the CHAT ~s r,n~~] a ~ ~~li~~ LlI. a a..aiVJydLJIJJ -28 boxy
is often found about 30-70 by S to thg.TATA box. As used herein "enhancer"
refers to a eukaryotic pronoter sequence el enent that appears to increase

and or1 enrfT By Sovre® KHREL I thebrl ORI BhtitBal et RRRERR OBRont Doe' ("
1983) Cel buddy d-ildar o Sadhid DA KRG DRAISIRER4y  unct i on
upstreamtront W’thin or downstream¥rom éukaryotic genes distinguishes

t hem f ' t j =\ f th
emitr O{Qrﬁtﬁéﬁi& DNAD &rstriﬁbﬁx‘i‘ﬂr%e%e mE¢ c¥hiafh ofe @r H%e?fhéd’i}ﬁgéﬁ&ﬁé’ﬁ? 0 €

pr esent ention are useful for Transferring a pol ynucl eot transgene to
a target &eldrthd B8dind SetheqftittangRitedfegiOnd WhidH Eul@'affedt #HeVioldgigalof
invention vectors invitro allows the transfer of a

pol yngc! emtivity 6r theselensichbsteuatute of the exptdssivitproducts éicitaté of t he

reconbi nant production of the polynucl eotide/transgene product. In vitro
met hods ampresson os ¢hieiinanneerf expressjoneontrel. afychatddifieations inblude, a
transgene is introduced into cells in vitro and the cells are then

i mpl ant edbutrare noh linmidied, taj imntativns, insgrtipas, deletions andwsubistitutionsafrinee t hat in
enpl oyi ng such techni_gues the transgene may be. introduced intqg freshly

i sol at ed @emose puclegtidgs.e d'he stmstura ganeanay censtityte an upkdeIRePtednt ai ni ng

cells may be inplanted iymediately after introductjon tlt;e i ransgene or y
may be cuﬁqcﬁflggg%“?%e Qro‘_ti“l'ﬁ)'l @ﬁf%%.orﬁﬁ@r%m%}ss B‘Fn‘ﬂ%}'§ ¥nvention find
or -t 1lat rRroBrA B AR Eeo e el BenE Bs b e toaPStiee s For

le, 4t t j 3 .
car oy SSpradRs BEE0CH R ikl orsBRRS WhAHIB L hri b Fheric,

(Ren-Ke LThsguaémralgehe H]Q]Wai’s‘b_ endéds -a Rdidrofdn, It i&@&@t):m?l&tekif%ﬁ%tal so been

reported that vario conbl nations of growh factors are 25 capabl e of

i nduci ng theridtrogesesn of récaitbinanPDNW melacules eohiaifing ¢ §t9€tural R
PCT/ LJS97/14229). G ven the teachings contained herein, the skilled artisan
Y will ungarestramchctivatoricompldx avillanclde xonsirhefiensswheremthecsthectempabl e of

C e -29 11 ~/ r n' ~—~Im t~t~ PCINS98125753 expressing a chineric
t r and&ct i genwandthet teinsagtivatodiang cach dérieed fromndiffenentsovraesragespecies) s pri or
to inplantation in vivo may provide additional advantages to cellul ar
therapy methods i Fukeryasiestransgsiphiapdactors %tte,off%cmms:p%ﬁwe@érateaad a

|
130 e 5 B B OB b 017158,
i n which 4h .l ' i on. af hi [ g
o DSl SRR AR H R AP S0
oL AN 151 ) BYR R TR EReRE S s HEOL ODRO, hYPE

vessep deUi?x'dﬁig'EﬁH ' & Sheérol rBtdifg)- ' iton i
vectors to deliver agﬁ‘éggpgg?\ég?%oti de/ t rrang%é%?tgdlg@cgﬁﬁ?ﬁé SP]S%&?Ptslbusef ul I

for the trepaldter) pfiteind| consistiigof ﬂ\%rl_éfoIDN_Aﬁbﬁmh?prdtéintdiﬁl these of ,
hypoxi a- associ at ed di sorders such as ischem c heart” disease, to a cell in
whi ch Hi Factivation ddimsimt of thesiehét traresetiption factory GAILe) &ltere Ebtistrudtad byr t her
Brent and Ptashne (Nature 312:612-615 (1985)). The use of fusion proteins
has identified several types of protein domains which act as transcriptional
25 activators. These domains have little amino acid similarity but often are

characterized as being either highly acidic (as in the case of GAL4 and GNC4),

glutamine-rich (as in the case of Sp1), or proline-rich (as in the case of NF1,




1 S enbodi ments, this invention provides nethods for increasi Rg th,e/ . on
expressi on of hypoxia-induci ble genes in target cells of a sulj E&ﬂv--i mwhi ch
such increased expression is desired by adm nistering an effective anmpunt
of a conposition conprising nucleic acid nol ecul e encodi ng & T’HP??@%%% |y
active chinmeric transactivator protein according to this invention in form
suitable for expression 20 (e.g., operatively linked to expression contrael
sequences). An "effective amount” refef$. to an amount which results in

expression of biologically active chimeric transactivator protein at a

| evel and ' i fh to_allewiat _or. nore of the
synpt ons ggggglazﬂ% gﬂ{%ﬁ?l la§ '%%‘jﬁg-(égggit%‘%“éﬁfal“m‘a‘aﬁ.18@&&%&* 8% are
usef ul toai_pg@gaﬁgym-ms@ggg)'ghe expression of HF 25 1 a and

hypoxi a-i nduci bl e genes in tlgsues under hypoxi ¢ and nornoxi c conditions.

In related enmbodi @aetst, the hsost R¥eETER i i ' ey ~aa
~fi vV ~~ml~-30 r~1i ~ u~9if12572?%%?(:%’3&;{%&?%%6%gé’é{ﬁg‘?‘%h‘n

hypoxi a- aslsncarbbasil-térasinsl LE0MEd Acids 88 HeHErpY Sim Yé)é’_Vi:‘&%ﬁ’S j VO ,
adm ni stration of an effective anmount of the nucl elg aci d ecules of this
i nventd onvireor ptatein h6 (NiPdb; Bagovesldiet al. pNagir0i33I56863c 564 y1988)i ve chineric
transactivator protein is desired. The treatnment and/or prevention of S
hypoxi a- aJéiseenberg atiads Geends dafevny 1872010883 3P 116y also\larova s of

physi ol ogj ¢al ffecitﬁ, i ncluding increased perfusion into a previously

i scheni ¢ MaBPER Yralpha sgene trans-mdupingsfagior; isiasstiucturat proteiniofd8Ve in t he
treat nent _qf. ,suc i sorders as cpronary artery di sease and peri pheral
vgscul ar W&%Q&&V%ﬁﬁfrﬁﬂﬁﬂ@tm ‘Pﬁiﬁumm\?@aﬁese@mmramqm 1of the yirus,

a

S oty oM BaE mbRe RIS b IEPaTCatell QL4 LB oL TR0 Tibeer . Y ©
i . . J : _ . e sal .
ool W En POp PR KU I RODHRAS PROE M fedl SEL Bisa b A6 Hao gt T 0 (v

amount of(tgsa;)g:parnetséttalgwrbe_N@rl.aﬂéﬂd)is%fﬁpsﬂ 8HER7BES t@@tﬁﬁgﬁd by the

skilled artisan with 15 consideration o actors such a specific

conponent AlthouigheVPBbd6ppeditically hotivReLpromobtetSédiftaintpethe RBtianel
adm nistration, and the age, weight, extent of disease and physi cal

condi t i onTHATRARAL] elemene;ithg specifitity is dhdowed by hdetlulay DNAShingunt i on are
vectors conprising a pol ynucl eotide encoding human H F-1 a, EPAS 1, HLF
pol ypept i Beoteinds)ywhirbnigicompl¢xast with thg pmina teriminaloddrhainé(a} b6 VRI6Ot i ens,

adapt far ressiqQn .in bacterial cell, a yeast cell, an anphibian
cel | ,lesgn ﬁ}@%ﬁg@eﬁ’tl*ﬁw regniVelli 4ead oxr.. didd Miﬂéﬁl-aﬁﬁﬁrél%ﬂét Pgestamet vect or s
addi ti onal]ll_ y%%?ﬁ?r‘if-ﬁﬁﬂzl%@@b” atory el ements necessary for expression of

t he pol ynudl e erial, yeast, anphibian, nmamalian or ani mal
|1 I ted ' 3 tihde . t. it [
her cor . As. used 1 Bidstft BYchll BEOAHE R G nyBrif pimetif eBS vl "
o I o ; . . _ = i des.
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pol ynuc! efifrictienabpéftion/éla frafeBrigfional Sctidifor FORGRS q*hl%g'ﬁﬁigl/é c&‘{le spl i cing
ted. Regu

of the NMRNA, if an appropriate eukaryotic host is sele atory

el eng}l s trenssdctizdtihgpretefiisastthe inventiondstar OvaHey of aavARAESs, iclling RNA
pol ynerase and transcription initiation sequences fox 5 ribosonme binding.

For ~ exanpthg, spgcificcaativationefiexpsession ofdryparxia-indusitde genes cofith@inguch as the
lac pronmoter and for transcription initiation the ShineDal garno sequence
and the sR¥PX12oeesponsins cloaants JREs),dherebyachieving excleptionajly Biglabor at or y

Manual 2d, Ed Id Spri bor, NY, 1989), or Ausubel et al., Current
o ot acol. STl BRI SIPreRtb QP prliet RbRSLBmen oipasacyaing eretsimmee. N,
NY, 1992 i i | .eukar.yot i i t i | ud
het er ol o)g%rﬁ’s% a?f’{’%g‘ﬁ%f%‘gtlﬁﬁmglﬁoml @C P%?t frcgﬁ@\ﬂSI Ougm\fy}ﬁﬁ&r&é'e ?‘%F“g'a Sdgwnst ream
| i i o .cod A t i t i d f
ot 28 IVodirfile HARRHpHLAA eyRhi RS hrotehs ShSuReins ol pratimuTon |y or
nbl i j . 15 i th t,
o B uRary bitc BEMMIHAARng TRAELRAE culls il fdRealy ps RISIGR osthel' s
general . $)MhESE hwiny B6IdVequai@ tHﬁ?stHbléfb(ifiﬁHGlé tr%gc@éitgpﬁfrd%r%?f ess the

i nvention hybrid/chinmeric transacti vator usi on hi s
invention provides a transforned host cell that reconbinantly expresses the
i nvention hybridlchinmeric transactivator (fusion) polypeptides.
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20 Invention host cells have been transformed with reconbi nant, ﬂﬂgﬁﬁben'cid i
nol ecul es encodi ng chinmeric transactivators conprising a DNA by hdi"rg “d in
of a mammal i an or non-mamal i an hypoxi a-i nduci bl e factor proteir-and s
functional transcriptional activator domain of a transcriptional activator
protein. An exanple is a manmalian cell conprising a plasm d adapted for -25
expression in a mammal i an cell. The phﬂgnid contains a pol ynucl eoti de
encodi ng a DNA bi ndi ng donai n of a maimtélian or non-nmanmal i an hypoxi a

i nduci bl e factor protein and a functional transcriptional activator domain
of a (~vexebratd promoter. Examples of such-transagtivaiing proteiosiipeludgabutaarei vat or

vent § onne imitsday s DERhoid GaeR B TCRPUYR HBtopHepDBetDebuIIgRSt opr i at o |+
o et oL eSS BB B s tein kbl s RS DRSS s o
D 1 B 57 B0t PSR el U 57 RS T AR SRR S 2
pr i or} ot PBRPEINE ehiESYRE Sl AR D RS TIR DS PR v 10
 anbda,  aARPOY bl 415 .S d1129.69.78 11985 Oflﬁspaéﬁpgnfabﬁukiéﬁ?pmfeiharge nunber  of

transcrip rnitiation and term nat1’dn redul atory regions have been

i sol at ed gﬂ%@&%_an.OJ.b?ir@i.f@G.aiymhm@emmaa&%m ETAl progdis! ation of
het er ol ogous proteind in the various hosts.” Exanpl es of these regions,

met hods Ogrc'vwb@d P Flini &S Shel, AN Reil Geiner (1889), hbst dhidek. fastagsknown in
the art. Under appropriate 1 S expression conditions, host cells can be )
used as a(HSFIcmdAHSFRy (Rbindrdr, ¥t pl. pBNeISRE:696646900 (h991))rIthbipH8r i c '
transactivator (fusion) protein. Nucleic acids (polynucleotides) encoding

i nveni® onphytein dLahnepCel 8813233kt (1227 Kofansd Bnyes, Srapes grawid9): -al so be

i ncorporated into the genome of recjipient cells by reconbination events. -

O her recdRFR(APPeN; Bk éKadonaga, sbak (alchl 4979 fdP8ghudhleeftichat i ons ;

or oLt of QL PHEReRS TG0, PATRIONE ecen pobir epfcntal 1 11
or oS COl4SoIRY (RERRTBL LI G, | DI B IS RPLRPTISE 0 L
{1 ssue (YRE ekl g Asier (IRNIRPNEIARY Gl Sfomontpiany Smlgassuoer.

recept or, mo ity’of targeted vectors

rende i \O t i af | 04 '
oA oig s (YPBTDOMGIREL (PasaiBte o AT Mol. Bl D04 3931606 X188 IO 1257253

Transfer QSehgﬁanAmmmz R 1 52330461198 7Y @andak A8 1qSulzaki ecsll,l s by
i nvention vectors can be eval uated by neasuring the | evel of the

!
pol ynucl eddbtialdll, Bisl) 4994992 (1988)).hin prafeertd embvdiments| of thehe | evel of 5 !
pol ynucl eoti de/transgene product in the target or host cell directly B
corr el at esnviéntion, ithe Ghhsastivatipg proteimissilenpessimplexparumVBil 6dSadewskiinsgene
by invention vectors. Expression of the polynucleotide/tr z}gsgein,? gan be \
moni t or ed ebpl.aNature 335:563-564 (1988); Trniezenberg et al., Genes and Dev. 2:718-
20 729 (1988)), NFkB ((Schmitz and Baeuerle, EMBO J. 10:3805-3817 (1991); !
Schmitz, et al., J. Biol. Chem. 269:25613-25620 (1994); and Schmitz, et al., J. \
Biol. Chem. 270:15576-15584 (1995)), and yeast activators GAL4 and GCN4. }
Of course, the skilled artisan will understand that transcriptional
activation domains useful in the compositions and methods of this invention

|
25 may also be synthetic, i.e., based on a sequence that is not contained within a i
known, naturally occurring protein. See, for example, Pollock and Gilman, i

|

PNAS 94:13388-13389 (1997), which teaches that transcriptional activation is




., varihety of methods known in the art including, inter alia, i ngwnql‘,pg,i.gil ,
10 histochem cal and activity assays. |munol ogi cal procedures'usef utt-tor
in vitro detection of the hybrid/chineric transactivator (fpé'l,gggw 5753
pol ypeptide in a sanple include i munoassays that enploy a detect azbre
anti body. Such i mmunoassays include, for exanple, ELISA, Pandex
m crofluorinmetric assay, agglutination assays, flow cytonetry, serum
di agnosti c assays and 15 i mmunohi st ochein cal staining procedures which are
wel | known in the art. An antibody can be nade detectabl e by various neans

wel I kno i . | Ehi @%ee-ﬁgt q irectly or
i ndirect ngh gt'{ﬁ[egégﬁlag%%lbfcﬂ%mgﬁﬁo\gb{cﬁ efu lﬁnglraﬁg?g&%u&%gléﬂ?g&l exanpl e,
radi onucl dudgfic _ﬁﬁzafﬂfe%,orfskéi%gﬁ@iﬁo pFOEIATERASs. 2RISRV EWTHRED | abel s.
20 For in'vivo imaging nethods, a detectable antibody can be adm nf stered

to a subjskdifferémgtleeiles that cARduhSRo® h tlafSerititidnal adtivatbey] Yndladinge
pol ynucl eoti de/ transgene product can be detected by inmagi ng techniques well |
known i n ghoet peptideSuotif{as siﬂmnisn@ighgammo acids ) shmplecaigphipathic elif ey ‘
exanple, gamma-em tting radionuclides such ast "In, 9~""Tc, 5 C and the

| i ke, 5as ams ¢vasmptageaizzdatpmeding ofrpratkinsamselatdd toHtranseriggional bed in U. S _
Patent No. 4,647,447. The radionuclides permt the imaging of tissues by |
ganma sciaetivialigni on phot ometry, positron eni ssion tonography, single photon |
em ssi on comput ed 1 ~1~ 1 E~~
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I n' ent’iorl ypep es and/or proteins in € any natur y octurring

allelic vgrd %ﬁioﬂ%e%ﬁcaﬁ%l&%fﬁ@ﬁ{rm trBﬂ&ﬁéaﬁd?ﬁh%&%e iRl iR |
pol ypepti des” can be isol ated using vari ous thods well 10 known to a 1
person of DBIA kt a lécuishehizhtdoes het o8ipiielyadisiipe hefunetiohd saikdDMNA on and :
purification of invention fusion proteins include, precipitation, gel 1
filtrati dindingpoicionBRegpnamiot cequiteddos fametiandofHGNA bendihg prefieenssor

i on-exchange, and aff nity chromat ography usi n?_ e.g- HF-1 a-, EPAS 1-, or |
HLF- speci transcmptiopaljtransaghivatingpepteinompas; beidentified methediknawa

descr i bed, igBDeuts her et @ﬂ g#éde 0 Protein Purification:. Methods in !
~nzyrel o theart, ingiuding anabsicoimepped mydahons giawel! B8 19FRIEMAUOR Yol ypept i de
to be purified.s .produced in r ecopbi nant syst t he reconhi nant
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means foré%{* 2%%??#3b{"ﬁgﬂfdﬁggﬂﬁgﬁ&hyb id/I(I):llr‘l)iagg(rxih ‘ég? rgg?iasnact(iivator li(%fsusi on)

pol ypept i iahdleculartio®sR! Acfudiny edseset Psrtly i Manitis@oldtutarClohity:© host
celi, such as a bacterial cell, a yeast cell, an 25 anphibian cell (i.e.,

oocyt28), ArLabweawry Mirnual (Celd Spring bianborg N.4T., GolieSprahg Harbed |, using

met hods well known in the art, and recovering the expressed pol ypepti de,
agai n usihabavetdry Kh®8M))net hods. | nvention pol ypeptides can be -35 ~~i~~
t1."Zr~1i ~u~9~/25753 isolated directly from.cells that, have been
transformed wit h Teeeembinant &N Jrepnsiaseengnsding, theghimegiichor e detail . The

act e {1 ERRBRHYStOR RO e AN acss AT Sht EoniRal bR PP EE e pr oduced
et oret R BOARURol Dol B Pivg? el B SRl s85hente. T AT

25  be desirable for the transactivator protein to be placed under the control of a

constitutively active promoter sequence, although said transactivator protein

may also be placed under the control of an inducible promoter, such as the



assenble into an active protein. Synthetic pol ypeptides can lgem:r,,opquegi'
usi ng Applied Biosystens, inc. Mdel 430A or 431A automatic peptide
synt hesi.zer (Foster City, CA) enploying the chem stry provided by-the~
manuf acturer. Modification of the invention nucleic acids, polynucleotides,
10 pol ypepti des, peptides or proteins with the foll ow ng phrases: -
"reconbi nantly expressed/ produced”, "i,s0l ated", or "substantially pure",
enconpasses nucl ei ¢ aci ds, pol ynucl eoti des, pol ypeptides, peptides or

pr ot ei ns thah ave, been prodyced in such formby the hand of man, and are
thus sepaneladatmeninenremoteriBrastenetalydVasure a9éa9e43«u%aamamma resul t
of this human intervention, the 1 S recqnbi nant, nucl ei c agi ds,

pol ynucl &BFf ’é?sf?mﬂ?ﬂt?beg’fqrﬂ%gcf Sﬁ%‘ﬁq%éﬁa mayobeused apcordingitashé i i on are

ot suchmbatoaaEtde Tt B SRRt VB VAL Yol BBl atBoR o b coent
encoai ng BRPASH A3 G BR RS 20D SR0E10 LRI LS Rl @b EBalARPRE < ey
furthgr Qﬁﬂg@gﬁxﬁ:iﬂﬁ%ﬁ& dﬂlingﬁse%cb'ﬂﬁ%ﬁs dathb R ePBl.,ht?ﬁlgébﬁsr?@SpO”Si ve

el enent s n vartous enbodi nents of the invention,

transact ingt@o8oy)0HR RerpRY tIsARRIIhE Kinase!proMdia Wade R 1D! PASA NPt the

gene of interest’” Alternatively, the transactivator protein nay only
enhance M&zd?S@L,eé@iﬂD78f14f4hB4‘ﬁ9?E981f)),lthé huftfin dinciaegaloVirak (CRAVY ti ons;
for exanple, and not 25 by way of limtation, by induction. The reconbi nant
DNA nol eduimadiafe ¢drly promotet/enhamger (B oshart etlalcaCell 41 521-83QEIIBH), of

non- human ani mal s using any nethod for generating transgeni c ani mal s known
i n the arand the following animalAraniscriptiendl control regions,avhichaxhibi? fikshie, J1 JJ - 36
The invention provides a transgenic non-human manmmal that is capabl e of
expr 88si mpeedicity andha viesbesnarilizeg infvanagenie anjmalsi clastasedigenecantratt i vat or

b sEOBHSEREb S bt fld LA A VB ARET™
rensact | (oker Al 2%, POURSPHECER e S L b s aRELe

Conpl ement SRS Matthild, HedaRAbEy TORR ST (EHEN IASHDE sPl bttt
{ransact iieRli G0 AMbarkeRtl VORI oG W Ai251 59159127 @BRSY), bed i nto

anti sense nRNA conp ntary to mRNA encodi ng I nvention fusio

pol ypspt !iﬂﬁﬁundglbsﬁliﬂ¥eﬁb dor@ol Fdpaoie whiah b adtiRrif lymphefledlss t he

transl ation thereof. The pol ynucleotide may additionally conprise an

i nduci bl €Grossrhedf etadl/Cyll 3865476 5P EIIF4)cAdagies 2t ol yNehseaBnB8533s838 hat
expression can be induced, or restricted to 15 specific cell types.

Exanpl es (3985 Alenandertatahs §&rli Celafial 3:1436-1446d§87)); mawss, sheep, goats,
pigs, rabbits, rats and mce. Exanples of .tissue specificity-determning

el ement s TRARMATY twos VigIsIFoaHel Kegienvkich inaetivaim testigHandreast, Ani mal nodel
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ver si ons pfg Qg?bf)"égl AL RosOfAH el AR Fafloh YHIARILRMRGRINEES Y

m croinj ectl vira n or o I neans we Known to those

ski | ed Kchihlcrall Mol CHIRBIBRR: | 63521688 (198535 aRHiEY AL, Schmpluce 2

transgenic ani mal. Sée, for exanple, rver, et’a ol ogy
11: 1263- DBAYS3-58398THE ¥ a%-aﬁﬁtryg&itg&ﬁ%ﬂﬁjop i6n whiitis ddtB#inC ark et
al , Biol Technol ogy 7%97‘?}92, a MTID L ~c' EBS ~~~2

the liver (Kelsey et al, Genes and Devel. 1:161-171 (1987)), beta-globin gene
25 control region which is active in erythroid cells (Mogram et al., Nature
315:338-340 (1985); Kollias et al., Cell 46:89-94 (1986)); myelin basic protein

gene control region which is active in oligodendrocyte cells in the brain

)i



v a a~dlVJ70/i'/JJ -3? 1989; Sinpbns et al., Biol Technol og7r 6: B79-1188,7 4988,
Swanson et al., Biol Technol ogy 10: S57-5S9, 1992; Vel ander et al., Proc.
Natl|. Acad. Sci., USA 89:12003-12007, 1992; Hanmer et al., X

315: 680- 6837 '1985° Krinpenfort et al., Biol Technol ogy 9: 844%%}{59%5&3;
Ebert et al., Biol Technology 9:835-838, 5 1991; Sinons et al., Nature
328:530-532, 1987; Pittius et al., Proc. Natl. Acad. Sci., USA -
8S: 5874-S878, 1988; Greenberg et al.,2Rtoc. Natl. Acad. Sci., USA
88:8327-8331, 1991; Wiitelaw et al., Transg. Res. 1:3-13, 1991; Cordon et

al ., Biolfach 5y 243 ; _ I - 07S- 98S,
1087 Brihet e?*9%‘?g*é?‘:’,‘"%ﬁ?‘g%%mllﬁ%%& "@é’.‘ﬂ, figflctiin 5@5&?&’?&?891;
Brinster i ickish i 1068ani 19: ) Brinster
ot ar. . PO whiisichte i3k euliitul oton, Nt E SRS Ao ol
Mol . Cel landBgehad %0 reléssind A8rméAe Gend/8ontksY rebit Whichtis attive fif e, Nat | .
Acad. Sci., USA 82:6148-6152, 198S; Thonpson et "al., Cell 56:313-321, 1989;
Cor don ethyothalamius(dMasdhletla?4 Scibzé6 234A372- B318 (1986)). dDf particuldeni pul ati ng
the Mouse Enbryo: A 1 S Laboratory Manual (Cold Spring Harbor Laboratory,
1986) S Anatdrest is thhaimyesintwayly ehairs gerec(@ubrammaniam, et ahul. &l Chewar mal

versi ons of these genes with the native 3ene | ocus in transgenic ani nmals,

may be usid:246k3-24620Hd 903 pand thermyesinlighé shainr? prometer (rlendarsom of t he
i ti | ] , hi et al., .Sci 244:; 1288, (1989);
et oretial I Biplnbhare 364H514a- 1§ 180 PRD) hivkBrogBacShac st ddeh on

ot ve ( coeliubinbold 1 G BastaoT) doth ol RAFGH B¢ AebbEFR AR, oduce an

hi mal t hat i €] . L f
xanl e, a mut at ab e orenetic ERPATRA AL ByeblloR e BimERE! toane  on
fusi 98 PAEYRGRHVLSS prétein & éh%gé&%g Sﬁ&)r@%ﬁkw 6/ K19 "&Hﬂéﬁhb&ﬂh
m croi njection adds“genes to the host genon€, w thout renoving host genes.
M cr oi nj egdcofdingah niétREdS SetforthdnFaehyie ANAnEFigubdl. TS aféheP pfefBfred
expressi ng bot h“endogenous and ~~~~tvZ ra.iJVJ70/~"J"J -33 exogenous

pol ypept i spesifid etbodihentofahe igvention) theecHimekedrimattivatoopiotgnriegi on of the
nucleic acids to provide a neans to regul ate expression of the transgene.
Ti ssue- spawioded bygquidMNAS/HIBNENGIRS, whichde idémicalita o t he coding region to

permt tissue-specific expression of the transgene, Transgenic animal S
nodel syg@@@@hl%@ww exqepy thad the VEdfi segment wmﬂg%ﬂwmdome ntif

i 09t *poiQ B 15 codifgregion, 10 7T 20T ST, W eh activate of
. D . This i ti further. id Pti
coniai i ng an acasgostie by yedibe. e P ARG SRR ca”
contai i ng an . i . i t
ber cof . BPeahE of he ATERAGH Y B L) B p HRpERIe B0 Ak 0 one

or) i n corgy %ﬂég%nv&iﬁmggﬁgmm R&pondie S ferity PERESY ePhedk HRBE ei ns can be

conbi nant erived, m cally synthesized or purified. As used herein,
the term (':'thb«b a merldit acid ssypenpéssognized antd HduadHyahd DNA
pharmaceutical carriers, such as 15 phosphate buffered saline solution,
wat e20andbiadingprotsinaised as thabacliboneadfahe chimerietransactieator pratein.and vari ous
types of 'wetting agents. As used herein the term"effective anount” refers
to an anount t hatlngenesalsghe<shimeriddransactivajorprotains efithednvention mayct i on of
bi ol ogi ca&lhy active chimeric human-viral transactivator protein in the

cel I's of dmusstosedrsaivelyoonirakthe cxpressiomniigenss of iMessb §ioE sKAgpPlt i ve

by e ol PR, PR A ORIRBA G B ehABERE FATMFIARR ROBIM Ol Becoc  ated

scnem o Pveffiaf BEERE plaRER BuEs SRR A GRB A BRRI R R of Vect o
to_bosuscakddioldisfARE) fortdlf (RE ERBYksid drd! Rl inAdk solBhea m ned by

one O lnary S e art w consli Ion O or exanpl e,

i ndi vi duagyji ij%&wj_&siﬁ%%ggggameﬁk YAREs§ of Bkamble] wiRASEisAdckiraBdigt | on of

t he individual.
produce a particular gene product in quantity in a cell culture or in a transgenic




e .. .., .."". . rc. | 1U598/ 75753 -39 The present inventi on ¥ brleher o2
provi des a nethod for providing biologically active chineric human-viral
transactivator protein to the cells of an individual with a-=--~~-n=v~
hypoxi a- associ at ed di sorder conprising introducing into a such individual
an anmount of invention vectors effective to infect and sustain 5 expression
of biologically active chineric human-2¥i ral transactivator protein in cells
in which the associated transcription“factor is absent, insufficient or
nonfunctional therein. Invention vectors may be delivered to the target

cel | s as animabrAtematively, the trpnsactivaior aseisin maydpe plecedvnder thed a
pharmaceuti cal ly acceptable carrier. The vector y be delivered to target
cel I's by GREtF @f aisspesRACHlc RIREQLEE SO Fﬁ&&ﬁ?ﬁl &ﬁﬂ%@ﬂd%ﬁﬁ(@?t’«d mn

i ntrarnuscul i ntranasal,, subcut anequs, intybation. |ayage, and the |ike.
Accor di ndh Bartchlar ssGer R SHepRattv s Bpamenss Of einwertion e ShimeREs i n whi ch
t he expr i . r e of. nti al enefici.al nes i se. nduced

Fol | ow ngreracusoESuaRhR BN 8 e RRbIsSliBh e Eohe LMD on 1 s
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cw pronote_ecrr. Ep] I ovrvi ng cosnfi rmation o? '?éue st reuct uggﬁ% gﬁct:){(}hésjeftefuct_ by
20 sequergishfhani CiNeRek S SRE8S7-8447€1908) A d38shmsh,| Brepds €lrdfsvelsection with
reporter plasmds in which transcription of the luciferase gene is

control | etfelly 5221121 7(n@95PO pronvt er/ enhancer or the VEGF pronoter. :
I nduction of HIF-la activity was acconplished by treatnment of the cells )’
with wther CoC Jherchipsiiertrainsaciivating protéine possess theaadvantageouso i nduce

H F-1 a activity by a 25 nechanismsimlar to hypoxia. This assay confirmed |
t hat 10he propenty of bindiagrspeeidicallyde desponsive elamentsihonmelogousthNAds wer e ‘
constructed, the first, truncated ~=~Y{~ ~ | n~.rte, i_iuayai~a ia~ -40 |
at amino sgaven%@deepgw%‘ix,t{l@ﬁ @G REPtEN sdANApbinding pryei bone. l

transacti vation n%i n_ of 'ﬁ%/a ngé(s &aa413- 490‘%. was thgn 'r?gi' ned. downst ream
These proteins wef®®Bst ed FAATARIES 9L YEEIOFS ¢ VIFHSES:1UC CBO¥IP®S s with

ei t her thg EPQ: i I, AVEGE1L UG - as 5 W
descri bed oo OSialed Rl AR, eHEY e ik eE irpSs, BoBTVE TR, ¢ o

| uci fera ] . r 1 I C 1 e hybrids

i s higher asoﬁuugﬁ??ggéég%l -tﬁgﬁﬂ?ﬂgﬁ gg?l gﬁgﬁéﬁ?ﬁeﬁ’hbﬁﬁéﬁbga é\%én when |
expo3sd tersnidsoiladmidyy fitRdl ¥ ellorslgad Btlier PXcUmMbiRatidh vehickes ypiddIR} | es that
t he hybrid pr otgisns g% indeeg aéti ve and t hat tﬂel VP 16 domai] ndncyonf ers
strong 1O0udedanghe hrtwehichrhavetbeehtdesevised fon ekpresaibndncevarietyeduct i on (i.e.,
under nornoxic conditions). This suggests that these hybrid/chineric fusion
prot ei ns enkgnyoticand praksryotid bostpeand may be sed fiongendtharapyaswalas The .
present invention is further illustrated by the follow ng exanples which in |
no way shi®xisimple preteinexpeessiombei ng further liniting. The contents of 15

all references ci Eéﬁd t hroughout this a pIi(i_%ftdi.on are hereby expressly ,
i ncorporated by rei¥usieets Sgenesangneerted Ipfg,YetPTRERAINES BSWEt r uct i on A

oy o, SRRRERHD BB Ak RC Y srenlE S VeSS NEGAR YL 0

o " SRR T O, 0L i ARSpAP IR £, © oY1 oo

strong, cons utrve actrvation o

hysi ol ogi i i i xC L e nal yzed t he
BT ect ofcSRPIEARTHIAY ot rfedb K1 Ruldhal Sor BAF DM Cochy it altf b1 Y2 |
expr essi ojpinéd tdg%:ﬂ@/& vgﬂga 9\@a§§.$%&2€eﬁn}xﬁtﬁ{eﬂ%%§rhﬂﬁtib hueldie aeid liftkérd|cafid

—

i schem a nodel .
be ligated to the termini of restricted polynucleotide. These synthetic linkers

25 contain nucleic acid sequences that correspond to a particular restriction site in
the vector DNA. Additionally, an oligonucleotide containing a termination

codon and an appropriate restriction site can be ligated for insertion into a

-

l .



» I'~. »= ruaysris~s3 -41 Reconbi nant plasmds The full-length (aal -?26')& HF-1
a gene was isolated by PCR (Advantage cDNA PCR Kit, C ontech, Rall oMAf ta"?
CA) froma HeLa cell cDNA library (C ontech) using the pri thin

SEQIDNOs 1 and 2 and 5 inserted between the Kpnl and Xbﬁ%l"?%é"%?sthe
expression vector, pcDNA3 (Invitrogen, Carlsbad, CA). In this plasm d, gene
expression is controlled by the cytonegal ovirus (CW) imedi ate early ~
enhancer| pronoter. The HHF 1 a/VP-16 Ipgorid was constructed by truncating
HF-1 a at aa390 (an Afl2 site) and then joining the transactivati on domain

cnos v P ORI e S LSO A AR oo
Beverly, Milkénskde)Suth hiSnédihydif'dehe for siédtldn Htabld fﬁ‘%n;&ie%@d this

fragnent was cloned into the appropriate sites of the pcDNA3/H F-1 a

const r uct grafisfeeladtscih manfhakiad céll; BhiRedder//profmoldy/sBdienites flmpdced by
truncating HHF-1a at aa530 by 15 partial digestion with EcoRl (Figure 2).
The i nt egiminedidte @htly peneofdannaeOM Hiforhiph leCeswisranscripticn] by DNA
sequenci ng using an Applied Biosystens 377 DNA Sequencer. Al cloning

mani pdl at trenscription teaminaibmoand RNA procegsingsighalsifronoS¥d0rfos mBXAbr ook, J.
et al., Mlecular_ Coning, A Laboratory Minual 2d Ed. (Cold Spring Harbor,
NY, 1989)5tabiityt SV40ipalyomaceriging of renlication #pdiGalEd forprapes spisemal obt ai ned

from et her New .Engl and .Bi ol abs or. .Li.fe. Tech i - lnc. (Gaithersburg,
MD) and usEfiPhé’@E‘SFgY‘FF@a'F mﬁﬁliﬁﬁ& THRE Sites '%321&281?43 §Bétm§ﬁ§?(f°m0$§li$i d DN%S
were purified with kits gbtained fro I agen atsworth, CA). e plasmd
c;mst Puct %)(’Brv\é@Q:}F?d‘sﬁUHﬁﬂn\?é@??@Sa ‘H%é@g‘? Mabtﬁ%éﬂe Fivﬁég P

evi ousl 1oy . Circulation 96:11-382-11-388 (1997)).
i tor asknp R Hvaifibidhn hedlig |1’ o fousl Y.

Luci feras €po O luc and VEGF-1uc) were generously

proviged by Dr. sl : i ' {talg  Harvard
Medi clgjla School ). Whéfg%l?%brﬁlajﬂ%éﬂ %dc%“?i?tg\?\ﬁw }ﬂgggg?%ﬁégﬁgﬁérﬁrtg%sf ections
t 1., 1 T8t A7 dMePp S19hliSl ol aEs/Famie nkS afe bieaewely 1iikel i ed Eagl es
medi um hi gh gl ucose (DME;” Ifvine Scientific, Santa Ana,  CA) suppl emented
wi t h 10% éghrebsibn\controd SEqUBNCERSY edfdrs Biavechritcboth 4 progucter id a For the

| uci ferase reporter 5 experinents, HeLa cells (3 x 105 cells/60 nM dish)
‘wer e t r ancfontngssite/gitogvhich acpolynuclcoptids pirabe opemkiwely lonkdd dre (WRllbnega,

Madi son, W) according to rriariu~actuxer's insti actions. Duplicate
iiis~es 'knowntinghe peetSurhyaators ase capabde efitrgnsesthing RN Ain vitreonét r uct and
ei ther_the, EPO- | uc 1(’BI anchatd, K.L t al. Mol. Cell-: Biol. ]];2: 51?]73- 85 (
1992)}5 or ViRe aRtEaFS Soramareiplly sxaabledrony sources speh ps Swgtagena(Ladellassas- 40

1995 | L. ~3 h At 24 h - 1. f i ,
(1959)) " 00T Lt e bl RiMaRot SH. 5 0koe o BRBRUORLY S°LL0"
har vest ed, 185, BRP iﬂaﬂgéggﬁeﬁ%{; ti?@xﬁyl}}é%cfc%s%?f g%dé&%ég&%ﬁ aftep 3y ed

(Promega). ~i-gal act osi I'n eac so determ ned

Ui ng t eaflcaa! andsllichiforih 081 the BBl linMRlicAll heRdrual Ues 15 vere

ed to normalize the luciferase activity as a contro or transfection

ef fi ci encihapprepiiate alterfitiveviranslation-inftidtioragstionls for lotheyREGuendesghatc/ hybri d
constructs in vitro w The H F-1a/ VP16 hybrid constructs were tested for

t hei r2(abi mayyinterf@e veith oy a¢ducgesnpresspors efthenatithe dotel af aaastriptiorabong wi t h
reporter plasmds into either 293 or HeLa cells {Figs. 3 and 4,

respect i véiapylativhe Altgroatieelyprersenss ribespme bindingsitesan beeimsertednt ai ned
the luciferase, gene under the transcriptional cantraol of either the

er yt hr opoiremediaghan i thp starbeedon o ephane? expession. Simyprly, altgmatdye . Bi ol .
12: 5373-85 (,1992 t VEG- 25 t L . . et.,al., J. Biol.
Chom | 57000883, hboding e same rRinel Asifh Gen be sTONMI AL oA SeRoe
PCDNAS/ H 54 e ﬁur%%n(ﬁﬁ’—iﬁf Eﬁk%‘i SPHER polypeptide in order to enhance

25  transcription (e.g., the codon preference of the host cell can be adopted, the

presence of G-C rich domains can be reduced, and the like).

Preparations of invention polynucleotides encoding human HIF-1a,




1 ~Rl E~~2 ..v ~~i~ uw -43 "H F-4NP-16. Afl 11" and "H F-4/VP-18.1RM!", "_L"
respectively.) YC 1 /U198/ 25753 Prior to transfection, cells were plated in
6 cmdishes at a density of 1 x | OG {239) or 2.5 x 105 (HelLa)- eeils per
dish. Cells were co-transfected with the HHF-1 a or H F-1 a/ VP16 expression
pl asm ds and a luciferase reporter 5 plasm d containing either the EPO -
enhancer/ pronoter or the VEG- pronot e[2[ _Transfection was carried out by

cal ci um phosphate precipitation using i e~ ProFectionTM kit (Pronega,

Madi son, ) SN ~g each of the H.F. 1 al VP16 expressing constructs and

t he repori'{gA |%!§ﬁ4ﬁfg%¥amt§ﬁr.hm°@a1w®e 8<ior prajguyean bon, cells were

i nduced by adding fresh .medi a cont.ai pi.ng either., 10.100pg/ Cad 2 or

100ug/ n %‘88%9’?&%?} ﬂ@%ﬂ\? VE%tOﬁt r@d Y !‘?tﬂ(i‘l}ef]‘i?vd%‘,‘&tg%cﬁ%‘llqlggmr e

har vest e i.er tiyi peasur ed ;usi n | uci f erase assay
kit (Pr o(rjrrep%gyo cfasrc}ggér %%n%ﬁ}fvgﬁﬁhgl%r’#&%u?é%\t,@f8¥ar§ptén§mli?i?f’gr@8tqlﬂducti on of

H F-1 act gyi h Qkh gt ] } 1 iron
chel at or ,FM I ch@?i? \rlg}s e{qe{gﬁ%g}f?ae?l‘?@%ﬂ s%? rgr%t"l glrz;‘{)ggﬁLﬁdglﬁp%%?T %4%@2

predi st ed1996)t he H F-1 a/VP-16 hybrid transcription factor, luciferase
expression was constitutive and not dependent of desferrioxam ne induction.
Luci ferase expr edaidie émbodinditchis mventder P%qiu%%ﬁssfﬁbﬁgbsﬂuﬁﬂkﬁg was

not significantly different. In contrast, luciferase activity I'n cefls

t r ansf ectzphasmaceubieallylatedpalgle eattiér dndmedeistacid moleculeneamaiedf 4-5 fol d
20 followi ng treatment with desferrioxam ne. Furthernmore, transcriptional
acti vat i cexprestirg biblbgicaly aetiFe thiahltic Gahsgantivatdriproteinsd UTkel chizhésc Was i
10- 20f ol d hi gher than that observed in desferrioxam ne-treated cells )
t r ansf ecttEansAciMaton ®retgins ¢enceded byl the nucleir a¢id moleoeles indlutieaibditase

expressiqn actiyated by HF1 a were not nuch higher than the background !
Ieveﬁ aﬁ?‘?‘gm& Pmain OEh'{‘Jb@Bﬁ%‘GstBC‘gliqﬂft%de ngnd g prateimdomagel | s. As

o ot GRANE ot Rt hE et atny SR eg Ry B peghcEAhancer | 1
' ~7 ~ ~ - Moo Lo Lo L 125753 = ifer
r ep(r)]r ;/e; rﬂ:‘%ﬁ\é@r}' u%%c“fﬂ?‘gg’%y’é&éfx‘?éﬁ“s Clgﬂtﬁ%’ Iaﬁﬁ?'?tg F g'réojgg‘hg ﬂ"‘? g?luﬁ E)‘g 3§ed

br odact i e PRIERE it the EaRPoLTRA fsfin B 1B3h stk PR IR Sertigtiict cr mine
i f the Hidells mWl6r Wbﬁifd@'%‘%"t@f@f’ﬁ%lﬁf&&s%éWkﬁ’tﬂv{gmﬂ?é&itpn' of an

endogenous. - VEGF gene, these constructs-were-transfected-- 1nto HeLa cells
and VEG- Gberatheayashings $8tfohh heréin) theakilled ariiest nfiy, seidtantdiig s vere

plated in 6 cmdishes at a density of 2.5 x 1 OS cells per dish. The cells
wer e t r ansAresececiors and®ther efpresseonddeliver \dhdreeiig kicpendingon shdANA. 10 At 24

hour s posft -transfection, cells in duplicate plates were either control (not
actors as the site and route of administration and the desired level and duration

|
|
|
_ |
of expression. )

Naked DNA - Naked plasmid DNA can be introduced into muscle '

20  cells, for example, by direct injection into the tissue. (Wolff et al., Science

247:1465 (1989)).

DNA-Lipid Complexes - Lipid carriers can be associated with naked
DNA (e.g., plasmid DNA) to facilitate passage through cellular membranes.
Cationic, anionic, or neutral lipids can be used for this purpose. However,
25  cationic lipids are preferred because they have been shown to associate better
with DNA which, generally, has a negative charge. Cationic lipids have also

been shown to mediate intracellular delivery of plasmid DNA (Felgner and




+» . nduced) or induced by adding fresh nmedia containing 100 pg/m, TR
desferrioxanine. At 40 hours post-induction, the nedia was harvestéd an
assayed for VEG- by ELISA (QuantikineTM R&D Systens, M nn?é?ﬂ]sbhmw
according to the manufacturer's instructions. 15 The results fromthis
assay (Fig. 5) showthat the hybrid HF 1 alVP 16/ Afl 11 construct
(truncated at amno acid 390 of HHF-1 a) was able to activate expression of
VEGF even in the absence of induction25The concentration of VEGF in the
media fromthe HF-1 a/VP 16/ Aflll-transfected cells, however, was not

hi gher t e dRNGRPesYPd g1 080N Il Rhea! ffleon b catfbntc fipidt ansfect ed

cells with ction. S sugg at perhaps a nmaxi num plateau |level is

achi eved_mas&iwc&ﬁgmgma rhice hhsdebh 8R8WH thRedifit M S§Irkssiod Bﬁ thdTpor t ant
observation, however, is that this |evel can be acherved wth the HF 1

al VP16/ ATHNIA. hy hirigc( Brighahe eedls edme] ieinSeic202n78 ThogSnmepadst,t was not
achieved with the second hybrid construct, 25 H F-la/VP16/Rl (truncated at

am no aci@sdk3Oetadl., I Phhey. Scil 85@) @1 2t 61 &( 199631 Barcet dlgdiimen Gerid ve in t-he
| uci ferase reporter assay. Additional in vitro V~ ~fl~ ~1~~ w

yyi ~a§oy Thezape# 189888 V8 )nReanips esahaBiwchonida etdRiophysippdeémt di f f er ence
in activity between the two constructs. Specifically, the H F-|a/VP16/Afl 2
const r uct1Q740: LAt-378d1991)a K abenay and Xobaspv HPioconipgate Ghgime 6520ve t han t he

| onger HioBs MRS B RRnSiincs oL SARGLERR BRaSavall on o
oo 9, S0 S8 RehL o B BB NI e s e
o] 2 0O RoBS (3Re AT oL ORIt BB I 5, PEr L
o5 19877952, (15 ki Bl RS 3SRyt MACT et on, Pela

Technol oqr &sreséniative cationi® liphfy indthdelth8ée disPIRLEE, faFERANpld) ifRI.5; MRV nedi a
(Life Technologies, Inc.) for 17 hr. Seven hours |ater, one set of dishes
was treatNg. 5288, 1830 and/POIYUSHSY edepdi (WO 96/18372Y, thodisciozdisstafonhichhe

cul ture nedium 15 was harvested and the cells were lysed in 250 ~. 1 lysis
buf f er '( Gir6%hddipotated heetiebY AcfeStnaeMIfira preferréBedpodi@dntyteNzationid 00 pM
PMSF, 0.1 U ni e\proti nin, 1 gM Pefabloc, 5 ~.g/nl Leupeptin). VEG-

concent r dipidris Misspesminechalesienpd garbampte KL+ 61 adiselosed By W@/ W87 2nal yzed

usi ng _the Bio-Rad (Hercules, CA).prQteipn assa LI .val ues were
nor rrgﬁi zed to tot GWFWSZG\WEBﬁg’aP&?V%%#%E@ SQI‘Y%W( meri can Type

Cul | ect Rockvi | | d 12-vel | . cul | 3
days  bef SPEEPIROMECY R o Toui aftaraner oo omiambie  Fno)© |

I i 0 ; : _ _ .
cor Por mod elicled 1 subag b @ERtar Bolob il fretlds: REARMIREM 00 0

Gene Theradeﬁb%?@ﬂvé&brﬂcdméliglﬁ@p é)%og@hbﬁ% bnestop frahsePhife, WRnefARP! exed with

arl equal volume of cationic [ipid GL#67to obtain a final concéntration of
80: 20 p. Meriéd from alenokirits e/pNA(AdP A edenovirus thpe 5'(AdS) ~Thed ma

a., | 1'VJ701LJ/JJ -46 (400 ~Ilwell, ag}gir‘oxi mat el y 5tM$)< 165 cgl I s/c\?\[/el |3’ wer e
adde@0t o dlbebedlerived frompoihdEMonechcagant semctypeas.c8eé,dor Bxample, The conpl exes
were then renoved and cells returned to DVE+10% FBS. The nedi um was

repl aced Hprawitz.edensyindacand theinReplicaionhi in VIROLQGY, 2d stleHitldgani ne (
100 p.M 24 _hr, after 5 transfectiopn, Twenty-four hours |ater, the nedium
was col | edtaldEdsy Raven Drgss Iéﬁ-aWWE@befmfgt"i“‘cﬂfpaﬁ@d heregebys were lysed in
500 pl cell. lysis buffer. VEG- production was assayed-usi ng an

ELI SA~Ki t’%ﬁf@%??'i c for mouse VEGF (R&D Systens) and val ues were nornmalized

to total cell proygl adenoviral vectors of the present invention are incapable of :

25  replicating, have minimal viral gene expression and are capable of expressing a
transgene in target cells. Adenoviral vectors are generally rendered replication-

defective by deletion of the E1 region genes. The replication-defective vectors

|
|
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|
|
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In both HeLa cells and C6 cells the H F-1aNPl 6 hybrid const ruct 1247/ L
significantly enhanced production of VEGF in the absence of desferrioxam ne
treatnment. In HeLa cells, VEG- production in,HF-1 aNP 16-transfected-cells
was further enhanced by desferrioxamne, but in C6 cells, no difference was
observed. Background | evels of VEGF expression were nuch higher in HeLa -
than in the C6 cells. A much greater efjgect of the H F-1 aNP 16 hybrid on
the 15 magni tude of VEGF expression was observed in the C6 cells (5-fold

‘ . | d wth
dect or nowaneypretlEL £ e 293 B e T TR RE TS i iman Gy abic ane
Lo deaf or 1 oaan ab e EBESTRE PGl | Phe Ak RS B rpunt o

to desferrioxam ne. ver, ce 1 nes, Gnount  of

VEGF (2.3 r@?l/ab& By @he trths @6h o6 O sRSk it The BH5ESY oﬂﬂnfﬁcfeﬁgUﬁai 8 hognst ected

cells was al nost 1dentical. These results suggest tha

desf er ri ondehowralytonsster. eYht nahsgeitosRyalso bi Fta'cé‘d 1] Bﬂ'ﬁk ?e@ﬁﬂé 8f tl? F-1a
Il's; e explaine

activity is greater in HeLa than in C6 ce his may by a

speci €5 orderdvirus/genampecSéa, Gmlhﬁmeeteaigé‘AdEﬂb&i?hy-baééaFEki%ﬂéséi@NRl’&t&ébri d,
based on a human transcription factor, is able to activate 25 the rat VEGF

gene, sug@bdiResrgmhinart Vactions’vin KRECIAES sSNEBARRROACHES rse anal ysi s of
the 5 fI?M&g on of the rat VE@éggne has reveal ed several potenti al
HREs; the 6t CHe FROBREMS pp36HA90; Glis, Bdt; Bagterwioeth-at -and a ~
~~i a~ L.iMI_fL a a. @I v~ 7VI B.J | JJ, -47 human genes. This elenent is

| ocat ed witHPEMAND, Bﬁf@eé%’# done reepgelthe papdudtionrof replicatioh-human VEGF

. Ex . 4: |ysis of the HF-lalVP brid T i ption Fact
n the RARBTCHHe AdERRYFFL Bortopsa® Rpdbpormorated Seraimbveeierenseel Naked plasn d )
DNA di i t hepithe~HLE-] al VPl 6_hybrj.d H F- 1. alVP16 h
VEGF B ( phvecr, ook e e Al ani(F 1 O ohbieeentiolacsiont af thear go.
dduct e . of rabbite | ich the f | art
had beon S AR Ye AORKH PRt ed AN e Vol Ui Gab S preife Sy o

assayed bydemovitdl 98¢ I } y%gm nhgly, this
assay as applied to ﬁ?ﬁﬁflgﬁfﬁ\%{igﬁgﬁg{’éga& up l}n@%%r(%%ﬁgg(ﬂﬂg itative as
the endogpresent iilehtionp ok exarripte, OWNISIBLNGE N EWR) 91/ 1Y) ahiFRSr , Lhe

ki netics and persistance of VEGF expression nay be conpared anong the
groups. BPatent 5674 88;ihcorperated heraih @y teforehse, Wiscbosels MR somiwlet s8 bab! e and
sim I]g far each (_Eﬁoup.‘ However, at 3 days post-adm nistration, the VEG-

| evell® i nteck aadits negiony mayde deleted, and nbe-esbarEalopén tealing Genag ani mal s
and to 26(; ~4. gﬁ pq%/m ig the pH Fl a/ VP16-treated group. The VEGF |evels
in the pHERES) 0PE4-canalse e sgleted s Otherareprasentativg adenairalswotrrs afe 14. 9 ~

3.0 pg/ m ). days _after treatnent. 20 In gontyrast, at 5 days, serum VEGF
was undet Eeilcst% Fa Sfﬁ'g’ ﬁ% % e"Pj?Pi%Eéc}Wte%lt’ URRAR @544\@@9&é¥ not

days af el oL AP Rel TEB N BBy Con I B Lled oy rive

d , i b1 +P ' dtoi 4
days. pastoacnr St Tacy oty e SR 27604 195 Y oatinat, B . oo
SOl

Bl 00@0Ce| GeWeASuI4RI99E)CanECGritia2a St GE! u ' d hemogl obi n
val ues before treatnent ?d%y 16) and 30’%‘5’? ,3%@ treaﬁ&lrrgnr%gyday 40) for

t he phVEGRferenceHIiralpréfarfed @nbodiondéritaf the Pt&%@nﬁiﬁ%ﬁﬁ&’(‘,ﬂh& 'ad'erﬁ&bi?all bel ow.
There was no 5 difference in red blood cell count and henogl obi n anong the
t hree grovgeoristancEl deleted Aut2-badecr véatermt nent . Al t hough the hematocrit
appeared to increase in the pH F-1 a/VP 16-treated aninmals, a simlar

i ncrease was obsdmvhe adenovind vestonssif the prgsensinygetion,ithet hat this resul t

was not due] toﬁﬁx%e/ssi on of the H Fl a/VP 16 hybrid transcription factor.
10 C. LowRPYPHgorde/trapsgene israpssably Imkeddoexpressionarontrod sequencesf i scheni a

[ i ately bef id injecti : | f bl ood ti

(i scien of ByReRT o Auctsiparssifth R tiereanspee. ghaousd Hgmedie 65 -
0. 4y0. 01, " 6 1= 10: 440.02 tral = 0,45t0. 03; P-NS). By day 40
(30ydays %IH%E %%%EY%I&H%, TEfELS 19 gﬁﬁﬂr"g%ﬂﬂéla_i@nﬁlé‘i’i@ thad i)rrprgvegy

2 VPT6. { rRop nlegliaufiansdoif PR SRR (el wypmtslepicleotidoser
(P<0.01) than in those that received phVEG- 6s (0.82~0.03)or the control

group (0.690.02). The bl ood pressure ratio at day 40 was hi gher (P<0.01)
in the phVEGF 6s-treated group than in the controls.




. 20 D Intravascul ar Doppler Guide Wre Measurenents Resting B ¢od!f1Qd2and
maxi mal bl ood fl ow (papaverine-stinmulated) in the ischemc linb were
simlar anmong the three groups at day 10. However, at day 4 ‘.l.,ggﬁ,zrsgs%ti ng
and papaverine-stinul ated maxi mal blood flowin the pHF-1 a/V
16-transfected (41.63.1 nmL/mn and 111.25.7 nL/mn, 25 respectively) and
phVEGF, 6s-transfected groups (42.23.9 niL/mn and 88.p7.4 nLlm n, i
respectively) were significantly higlager than that of the control group
(28.p1l.5 nL/mn and b5.33.8 nL/mn, respectively). The al~~r,f a—~2rc.
I may~nms - n

hVEGE, cauep s offRRbrs Gniiarkt s Bangorfridtal 4Gl HafiRaRthar ctBpSlehs 380

si gni fi C@tﬁtef ¥ighh DiRfuehPel - % exath 19,60%«%{1_% ﬁnkééﬁ‘éﬁ‘@?%@fﬁu‘é’iéo@id@%'ﬁ" al VP16

than in the pAVEG bs-treated group. Resting and max bl ood flow in the

noni schepiomadterfefeRie the ghgﬁbaﬁrﬂhﬁﬁﬁtibh@l rlgiodhip Bétwdel tH® as wel | as day
40. E. Effect of H F-l1aNPl 6 and VEG-~65 on Col |l ateral Vessel Devel opnent

Quant i t apolyaucleatigs and ohic proghotgr sydh theit tyansériptivneoftON Aieindtiatedssel s on the
medi al thigh was perfornmed by determ ning vascul ar density. At baseline

{ day 510) fromf thegromeademanan M%Arwlymsraso thatppecificaly ra¢dgmzesransd i n

angi ographi c 10 score anong the phY EGF, 65, pH F-1 aNP 16 and control
groups (inds $othepromater, and whereym theqromaterslisedts, heytragsengfion®f day 40, the

angi ogr jc.scores in the pH F-1aNPl 6-treated (0.61t0.01) and in the
phVEGF, gﬂﬁ ETMH’QPPIBEP&PGEQCT abbits were significantly higher than that
Ot erance 1 aRSPUGNARE A Sl T oA £ 7o
[ 20 r gas e §R§{"§%§§%ﬁ%€%§§§n@£§§d§§é\?§g @%sg%tuﬁrkﬂﬁ%ﬁti&@h at r gcei ved

pHI aﬂﬁggit@l}‘gpﬁé Eﬁoféu r{@éﬁ@l&@%kﬁ%@&é} ﬁgfﬁﬂhh&q% ?ﬂeﬂl zone col | ateral

|
vessel s eval ua ect” of I ntramusc F-1 aNP 16 and ‘
|

20 VEGF ﬂz{éﬂgnﬂi'&ﬂ[ Bﬁwii@aﬂd tRnaasptict imaafionadivib6f RN PBlyinéYalell i mb, t he
medi al thigh nuscles of the ischemic |inbs were histologically exam ned at
day 40. Sugh sdquesicetomaitbeads abihgy vethayrbd fesponiied ®etrahs hbng Fckord. aNP
16treated group (25 5~ 13/ me) and phVEGF ~ ~s-treated group (21 O 10/ mR)
wer e ‘si gbepercding bpohithé eaturs af thenmgubdtion; pramoteromayrbeugonstiutB@t e’ mmz) . I n
addition, 25 the capillary density was hi %her@:‘éﬁm. 05) in the animals

t r ansf ecregulajgd. nEgamplasrofigomedersiate SRS, JHy/E 4fsarlyproawteni nal s.

Mo , th il / le fib ti f th Hl F- P d
L i ST
. 880. . , tiv i gni fi
control ?Gtﬁr.q?) ?'Oqlfé,grer Qmﬁg‘emi"@ﬁxﬁwﬂif@%ﬁﬂ% XFB%EWE’WQ?QHS of frank
. o ST O3 o oS :
et var | odtEl BRSO EU s R ORD posier, S eflle, | T L S20 073 O
and i VAWenREARE the pstholel fPod f 86byid QRIS prorigiee fbp | Nt er act

vm')th the accessory factors Tequired for expression of the H F-1 target gene
in the cetdmplenhe Bdupronrter(diutieAdEmajcelateproitutes @ILPYL Sirnilarly, rabbit |
skel etal mnuscle). Thus, admnistration of the HF-1 a/VP 1 f hybrid via '
gen@010 those afprdingrypskillan tlee & can cehfiruttiadenoviealtveetdrs futilizirgg heni a |
associ ated with vascular disease. In this application, HF-1 aNP 16 nay (
|

up- r egul endoggnons pehsterslogeuspolyi Aadditionysigmls. Ther apeutic benefit may be
achieved, not only as a . .
As used herein “promoter” refers to the nucleotide sequences at the
5' end of a structural gene which direct the initiation of transcripiton. Promoter
sequences are necessary, but not always sufficient, to drive the expression of a ‘
25  downstream gene. In general, eukaryotic promoters include a characteristic ’
DNA sequence homologous to the consensus 5' TATA box about 10-30 bp 5' to

the transcription start site (CAP site). Another promoter component, the CAAT



result of stimulation of angi ogenesis, but also through addi ti:pqathl 'Fw,ng
medi at ed | ocal adaptations to | ow oxygen tension such as vasodila T'on“‘afid
upl5 regul ati on of anaerobic netabolism The adm ni stration of:gyoathiss
factors and/ or the genes encodi ng themto enhance angi ogenesis nay be
useful as a treatnment for tissue ischema in cases where conventional -
revascul ari zati on techni ques are not _Zgasi bl e. The enhanced potency

observed with the HI F-1 a/ VP16 hybrid 20 relative to VEGF, 6s in vivo night
be attri hpLe 1 Fh IS vel s of expression of VEGF
pr onot ed by’gﬁfiﬁfﬁgﬁ)&’&%&@%(gzgpgdg ttgtil&igg#‘g’ﬁét achieved with the

VEGF, 6s pl asm d. S Kdrein¥ ) i ared to persist longer in
the pH F-1 a/ VPlél%t) {leat egegln?%ﬁgéﬁlgﬁargpq ﬁgggarty HEF pf%‘%@fqéﬁq}iﬁm, 6s,

since at eﬁerﬁ@ﬁﬁtlﬁ@%?p@éfmt@irﬁiréﬁteit%hscﬂgﬁgﬂﬁilvgﬁie‘ﬁ@gﬁg detected in the

former group but not in the latter. Tpan eTrruaytsW~~-53 -51

F. Procedelativelyrindepeadentat pasitRonT4m sfihtatibh Witk 'sﬁgg}[t?)‘%gﬁ%ailaﬁ’%ﬁ?ﬁgusiﬁ to

studgﬁt\he_ ef fect of intranmuscul ar gene therapy on

pr ot ool §Kheuey apdGross (198 {CelP3H3i13abrf)h ' ' j re and
Use Committee. Male New(ZeI?nd VWi te rabbi ﬁekgagykgkﬁﬁﬁéég?%cgﬁcre
Rabbi t r y fo Kenction upstycam fronyneithinedr desnstidd fro ¥hka§oat gegbam ne (50

nmg/ kg) and acepromazine (0.8 ng/kg) after preneditati on with xylazine (2
mg/ kg) . Andingwighesthemwy Geomaassic promotee elenpersyii ousl y descri bed” ( Takeshit a,
S. et al., Am J,_ Physiol. 93:662-670 10 ( 1994a)). Briefly, the fenoral
artery was conpl Ibél‘?raé%@dé@ﬂ"ﬂmirﬂfﬁctﬁspfﬂm pegsentringentiasar wyeditcforof t he

external il iﬁ‘c .arter(é to the ‘?oi nt distally where it bifurcates into the )
saphenou¥a0RPIHBE 3 RUYPucleoUds/Iransgane tq .4 takges callr d'heltarget pelwmay be ed

foll i . _Anal i 0. 25 [ kg | h | tartrate; Hoff -L ]
rocr| i BHESSE iy VAR OGS inkRaton FRHEH Mo malios bryrmeforatn 15 day.
P hyl i i, i fl i B ti , Sh M i on,
s Py oG] itk ehE I Rich RG] St 5 B usghIIBE e secembigant oo O
t i i | f t ti
FecovaryProdittion dithe ofmledtidchtadiic FRR YL IV Pllrq Retobibalo at  on
| abor at ouyefuFir bowivadgee tﬁ@ﬁ@kl%&lﬁﬂd@ﬁn%@hiar@aﬂg‘g@ﬁyfsmgﬁc?%?@ét i ons :

different sites in three majofr thigh nuscles recefved

wi th pl aselislinDbitrooand el callls ave then(ingslantedSato difindibiiial MPRe'sigRp @ 3-
syri rhge and a 25-gauge needl e advanced through a small skin 1 ncrsion. For

eachld nj adispawilk resognize dhattinenploying sweh tecladqbey the/@asspich¥ rhay Bedept h of
3to5 mmin thg,rredi al Iarq%%et étwo sites), adductor (one 25 site), and \
semi r nenitEaiiced intaetreshlx ysolated icells Pheoultutedi dedld. Fucthermore, ige t he nuscl e ‘

i njection_has been previo fl described (Tsurum et al., Grculation

94: 3281-‘2%%5??9%}‘ ‘.m“ﬂﬁej St‘gé}‘ng?deleﬁ swmediateldafiteriiptrodusiion p§ of pH F

l, ~ ~ = ~~~7 ~ ~ ~ 1 y . r/\{l rJ|.JJ -52 1 oc/VP16 (n=11), 500 pg of
phVEGF, g@e(%nfé’?egfWObep‘é“lSqreg@ﬂ?lim(‘mtam hundred and twenty five ~g )

in 0.5 m of | - L0J t h of f |t f t ot al
of Soopg/ 2.0 it Tt VERels o MR Bl E P loe 8 B At By Shigenen; cct i one.
e 1T ot e b prX chtof ot Shmet ST Fher o ™

the first 6 rabbits in each group, bloo
hypoxia-associated disorders. For example, it has been reported that

transplantation of cultured cardiomyocytes into myocardial scar tissue may
prevent heart failure (Ren-Ke Li et al., Ann. Thorac. Surg. 62:654-661 (1996).
It has also been reported that various combinations of growth factors are

25  capable of inducing cardiogenesis in cells of non-cardiac lineages (see
PCT/US97/14229). Given the teachings contained herein, the skilled artisan

will understand that introduction of a nucleic acid molecule capable of




. the.central artery of the rabbit ear iisiiig a 23=gauge needl®1 M~/ L
iniriediately before treatnment as well as 3 and 5 days after plamd
transfection. The bl ood sanple was stored at 4C for 30 m nuﬁ@ﬁu% en
centrifuged at“3000 rpmfor 15 10 minutes. Serumwas frozen at - unti |
assay of VEGF by ELISA (R&D Systens). The lower limt of detection of serum
VEG- was 9.0 pglnL. The assay was perforned in duplicate for each sanple.
The i nfra-observer coefficient of vard@tion was | ess than 8% Red Bl ood
Cell, Hematocrit and Henogl obi n Measurenent 15 Bl ood sanpl es were drawn

| rmad a1 SRpRsER e HRAC essug ot BBt o ViGN e e (day 40).

comer ci AT ofifnrion © RulahlelioR Ly DR B BT IRARM e, Long
T bot b GelyeR thetaby MARSACHERTLAS iRl fye; Wity MEBROUBRES Wibe ¥R, (ER0H o
El ect r onigemspoit SeRiclEr ﬂmH‘Eﬁﬁfe%&i%hko%ﬁﬁét?Eécfggﬁ%i;ﬁ_@ite(&’i%’ctéﬁ)deﬁ%eﬂﬁ' | as

one nonth after initiation of the therapy On each occasron, with

rabbi§s widhé chimgsideandactivier protdin Hbamyeeton’sf hedody iafwhicheheed. The
pul se of the posterior tibial artery was identified using a Doppler probe

and the sgHbaké wamEplatedr Sssond; theeopricksibh wfa chirnerie aausactivitomg st andar d
techni ques (Takeshita, S. et al., Am J. Physiol. 93:662-670 1 P-53-~1
~9; ;! ~~protem in theymplanted celld =iy théinsunvaval affteo omplamtatson, eithet i 0 was
defined for each rabbit as the ratio of systolic pressure of the ischemc
linb to tyaallowingithemdormaore ¢asily adaptiaanydpiiozic conditinaswibichhmay | ood f1 ow
was quantified in vivo befgre selective internal jlia¢c 5 angiography on
days 10 &wesendafies inplapt, @ngdlarbysippyleting blepd vessel daveiopmentiniths | nc. |

Mount ai n _View, m%!as reviously described (Bauters, C. et al., Am

JP_hy_g(?ol :eé‘ﬁ?:(ﬁ‘ -@ﬁ‘i‘??l ( 1994)). The wire tip was posi ]Ei oned at theI
2l {11ac artery. DpatimvdteRe' Elonig e b Re 8080 aRhodmad® cpect ra
peak 10 wehighivivg {s.’iﬁé’ful?@étﬂgyﬁ?ﬁtﬁﬁﬂt&fdﬁ&}s @g&g@f@fé_x@%e‘gﬁ? eforded

after bolus I njection o papaveri ne

Doppl er - ¢asé ¥eRypd8sidited orders stoh ey ithemhi@Reddr diseass; 3d/akell(i@- 5 X
APV), where d i's vessel dianmeter, and APV is tinme average of the spectral

peak vel echich HIFRby isiabseat, idswifieient oohohfimctibhalc Fidsginy/ fumiserdet er mi ned 15
angi ographically with an aut onmat ed edge-detecti on systemthat has been
val i tat e¢mbadiineats, this mwenvion provides suethads firaneatasingthe expressied oft t he
site of the Doppler_sanple volume (5 mmdistal to the wire tip),

Cr oss- sedypertd-indueblogenesdndarget eellneba subigctingvhigh sueh frgreasedrne mean

vel ocity was esti.mted 0.,5.x. APV b syning a tine- aver aged par abolic
vel oci ty SPPERFI iadevied bradnynislariia an afec s n et Al SREBPPPBRRCAl cul at od
in this fashion has .heen.sho |.ate W L 0 r nts
de} er mi néd Sé'?%Bﬁ?‘S}Fa ém@&tﬁ@@ﬁ@{)@ﬁg%@p@@%l& qc&fﬁgﬁﬁﬁeﬁx@si vo (Tsurum
et al., j . = : Tb%ﬁn : .ine had no
ef f ect o?@%géﬁdt%%lgr%gé ?gu, %th&’?sgfe}%v)egF&ﬁ’g\m .gm 3}‘2?‘% é‘)&%égsrl 86- H592
( 19%8)) ,(e.?h,%&ﬁtiﬁflinﬁﬁé‘wé Bdidn WBhfol seflences).0 AP+ dflciive both rest and
maxi mum f'l Ow. "Sel ect1 ve Angl ography Sel ective internal iliac angi ography
was per f aid@sht2seflrsedl atghiunt which results in expression of biologically active

chimeric transactivator protein at a level and for a period of time sufficient to

alleviate one or more of the symptoms associated with a hypoxia-associated

disorder. Such methods are useful to increase or sustain the expression of HIF-

25  le and hypoxia-inducible genes in tissues under hypoxic and normoxic

conditions.

In related embodiments, the invention provides methods for treating,




1 ~' ~rv L~~2 a aratvu7ut~..7eJJ -54 described (Takeshita, S. é"t'ahil A J.
Physiol. 93:662-670 (1994a)). The tip of the catheter was positioned in the
internal . itrac~artery at the level of interspace between the's¥¥2R{ZPunbar
and the first sacral vertebrae. Atotal of 5 ml of nonionic contrast nedia
(I sowe-370; Squi bb Di agnostics, New Brunswick, NJ) 5 was injected with an
aut omat ed angi ographic injector at a flowrate of 1 m/s through a 3F

i nfustion catheter (Tracker-18; Targe't30Therapeuti cs, Frenmont, CA)
positioned-iij the~internal~iliac aifeiy: Serial |jnages of the ischemc

hi ndl i r nFedBeing: anskor prexeniarg BYPoXig-aasptigtad tissugdamagerin@subiecs by #i | m per

d for,_ at least 1 ds. Aft | etion gf angio; . th

cat hot or it B+ SRRATITHFGBHOTL LR RITCRALE amoudhiof HERIGIEAAC. angi ogr aphi ¢ |
lysi's of collatesal. | . devel f opned USi i d

over | 2y dBRlsERlesP RN ERREn ST PRI Selion SLAHoloRA 3y S
t. Thi | | aced th ial thigh f the 4

nat ogr arvtrptc el REad BrFin Hesitd B Praghen e REB ekl ¢ i gn

ar ea, sas dxi??g%ﬁat&&%i@kué“&%& eﬂ{a[ye flanfrekted g(,?,lqﬁﬁd?py a |

cont r ast - gpaci artery, were toun Inasingle b ashion. An

angi ogr agkivxi a &plgé} i t 1WP; i d

i nter sec!t%i;H né&grgg%éggégﬁ’ ior%guc(??igqel%&g?% eri egﬁ dédl)l\srlllgg(:? %Sv{ﬁ;eshﬂ)s?g?ﬂ%nber of
grid int elegfsit oPfissuen THiemeridde loftthisdAvemiorAnd lusa iy theneatnyenyadgcul ar
density was evaluated at the mcrovascular |evel using |light m croscopic
secti ons guehelisérders iheoroaaryeartary [isehise Iﬁbd.peﬁFhetaé vapardangissasepr e obt ai ned
as transverse sections fromthe adductor nuscle and sem menbranous nuscl e

of the i siobbrding kriticallmmb is¢henmai mal s were 25 sacrificed. Muscle sanples
wer e enbedded in OCT conpound (Mles, Elkhart, Il&%, snap-ftozen in liquid
nitrd@en, and cut/nivivwadmimstratiarkosthet ¢ampositiossokthisiveptionumaybet ai ned

for al kaline phosphatase with an indoxyl-tetrazolium -55 1 M~~~p~ L~~2 \

r~. ~ | UsSffeqted by-ajvariaty 0 rewes incddedingpmt rapscudary it trayangs ciatragasal,
1980)) “;'F%nb% SC3@@3&@@5%%2@5‘5%?9?ﬁvékf@ag‘?fh&i%vr?ifs&ac f%étzé%é A gg;ﬁt (
gggls: Itar ivggil_xi% %%}@F@iﬁ%ﬁ% %%I ggge_er Sé’ @Jgﬁ%@%f% ?ﬁ‘\'/egﬁ?ﬁg@ggﬁ Ihgl;] y
et or m nedb oo IS LR IAREr R ETEL dbERIAG B B0 AN RIS

. ! . |
al t ensat i yshsiderafbs of Rorsatien ay¥ 'tl'ié‘%pé&ﬁﬁ& CbmpURERtsSTAE CBfipRAitioH foyi ng the |
H F-1 a- based genetic construct, as described below. 10 Two H F-1a/ VP16 '

|

hybri ds vieg adeiisreted, theréute ofuilimdhisiiatisn] shd/ thetape, WeMdhtpeweat of , SV40 pA,
plX-; called "enpty vector" (EV) - obtained originally fromR Doll). As is
descri beddiabaseand plesecal wondigioni of the subject beingttedated.he DNA- bi ndi ng and _
di meri zation domains fromHUF-1 a (the first is truncated at aa390 of HF-1 |
a at an AF 111 siAlso prawided byrfhisi invenuor areveerseompisng aat EcoRl site) )

Shutt1'e \RIbBRCleetitp endodipgpuman -ttt AS hait Fhelmsiidemids "and shutt | o
3%3? 2:#’/ wcdStgaigts ot afhergymp, dhducibichl il affpieapt SybrbsSionh'a ' #¢7
P esuspendib PHAPIE R VepSisell s A BRY S B R beick Pl eioafibd o#FC

di gest ed DAL SnfiHA @s? THE Vet adkRidAY N oHibricd e rBESRGS! 1 0N of viral

backbone
elements necessary for expression of the polynucleotide in the bacterial, yeast, -

amphibian, mammalian or animal cells so located relative to the polynucleotide '
25  asto permit expression thereof.
As used herein, "expression" refers to the process by which

polynucleotides are transcribed into mRNA and translated into peptides,




* N

+ .5pgr bf Ad2CWBgal - 6 DNA were digested with PshAl and SnaBl 2§ LtM%{?G“?%r
about 24 hours, and 1/10 of the reaction was run on 0.8% Agarose/ TBE gel to
check the.completi on of digestion. The rest of the reacti onPCT/YSHB2S7S3; ~r
e~~2 ~~ n -56 was used for transfection. r4 i ~ u~yaria r~~ The
Ad2CWBgal- 6 backbone is the sane as that of the vector described in the
Exanple of U S. patent 5,707,b 18, incorporated herein by reference inits
entirety, except that it contains the3B-gal gene inserted into the S

del eted El portion of the vector. Specifically, this vector is deleted for
Ad El, anpdlyeptrigucnicmoteins Hthetpatyducteotideds defived fiotn gen@hi’DNA, t he Taq|l
site at 35597. The ORF6 sequence from 33178 to 34082 is inserted into the
E4 regi orxpitasidiih@y enclde spligiag ofdbhe mRNiAs if arsappirepriatt eukanyotio t he ORF6,
whi ch al so serves to prevent readthrough fromthe -ORF6 gene into the LS 10
(fiber) deogtistelestedr ﬁpguhtorx dlements sequireshfar exprassionsingludgipramatercat i on i n
. the virus genone into, the E4-deleted region ,as a BanH 1 fragnent. The
protein |san¢wﬁé%8n&bm PolymeraseAne HERsATIIONIAEIAHON SFAUENERFHPTi nt o t he
vector in.either diirection. The copstruct is shown in Figure 3 of the 618
patent . TIORSOMERINGE I or HBMRIE ? BACIGHE CHREAALECIRE IMSTHURS &t andar d

e

i1 ans eott B Riassiaitn e bfart BBdof AIS (SRHbrAR ECu MBlechfor, ) 4 5 m
f f h ' hec s ' ; f viral
backbone ERATEATDAREaRS ) T ERES A PR ORI ANG el SRR Y 11, Bt

48pl 25 AduBRCEPal3 (rrert RR1880 IR in MoleculaP BidloYy (Gr&hie Adsbe.iWilgy1. 5 n

eppendorf tube and m x gentle. Leave mixture at roomtenperature for 1 S-30 |

m nul@s. Igters¥iende) Ny NYDNAOTH CEinilantty, a3lauriotid expresdddn ackorncubat e at RT
for 0.5 to 2 hours. Then add precipitated DNA to cells and i ncubate for

16- 17 houncludes DhgteTologeus 6h hommldgoiisipronioder fior RNA olymeraselIE  rom 60 mm
dish to 100mm di sh. Day Seven: 10 Split cells from 100mm di sh to 150mm |
di sh. Dayonnstream polyaderylation sigpab thestert codan W6 pod a teemimationen: Pick up |
12 nore pl agues from EV+RI _and_10 nore_pl agues fro +Af111. 15 The

pl agues cRosn dar é?fa@h@mhofﬁ&mhﬁsmee Fycb ¥sctors gan baoddaged nes and st or ed

he: 20 SoeRREOE RS ied by IR TRReAP I IGRaReY LR By yefl 166" 72

15  in the art, for example, the methods described above for constructing vectors in

|

general. Expression vectors are useful to produce cells that express the
invention hybrid/chimeric transactivator (fusion) polypeptide.
This invention provides a transformed host cell that recombinantly
expresses the invention hybrid/chimeric transactivator (fusion) polypeptides.
20  Invention host cells have been transformed with recombinant nucleic acid
molecules encoding chimeric transactivators comprising a DNA binding
domain of a mammalian or non-mammalian hypoxia-inducible factor protein
and a functional transcriptional activator domain of a transcriptional activator
protein. An example is a mammalian cell comprising a plasmid adapted for
25  expression in a mammalian cell. The plasmid contains a polynucleotide
encoding a DNA binding domain of a mammalian or non-mammalian hypoxia- !

inducible factor protein and a functional transcriptional activator domain of a



Day Two: Infect cells (about 40-50% confluent) with 200.1 of dabHMiy 4§%@ at
31 M~~~ ~~~ 2 ra. iivayaiiaiaa -58 37C/5%02 for 2 hours and then add 80091l
of growt h "nedi'unr” Repl ace cells in incubator and grow until CREvsecHrs. Day
Four: Harvest one well of each plate when CPE is advanced. 5 Day Five: Wash
off CPE cells from 10 wells of EV+Afl 11 and 13 wells of EV+RI. Day Ei ght.:
Wash of f remaining CPE cells. Freezelthaw CPE cell lysate 3 tines. 10 2.
Preparation of Viral DNA from CPE cel 13 fysate 250g.1 of CPE 250g1 of 2x
proteinase K lysis buffer 40g.1 of 10 ng/m proteinase K Cells were

i ncubat edTHISCHIPEONAY aciiVigRI Rroin and:the cegulatory iclernents mecdssary for

phenol /chl orof orm .Sanpl es .were precipitated with ethanol at 20C oi N and
pel lets \ﬁéﬁpée%%%ﬁméaemh%E?pjbné?c}mmgtrmyeﬁl‘eaton(ﬁmmn)4omv| EDTA; 40Mm
Tris-HC, Fl>H $ .Hf% SDS) 3. Viral DNA Digestion 25pl of DNA was di gested
with restRG &P eénzym&* Bcll at 50C O N and then 20 separated on 0.8%

bzgkgs E{JIE.E %eéeﬁé‘#gﬁﬁéa%&eqsﬁ's@ﬂ%@%&\% ﬁ?étf*i% vgﬁ%”fcéeﬁ%tﬁa?gT?tS’Slzmss
shown i n%lgﬁgﬁ? 29%%%?%@‘3%?%? “%éﬁicglelgf‘f‘@?fma‘l?ﬂ@’ ﬁﬁféﬁ\ﬂ\}g’gal- 6 backbone
conat ruct P nRind cEl. Eor R AR R T ottt il SochBomices.nn ques
CeauEnce oncod o a Ch T e el MDA Y B TOSA ¢

bi ndi ng @eHsHeka iceHs, and iMﬂaliié@m%ﬁaﬁaﬁ%H?ﬂ éﬁcﬁ@ﬁﬁﬁi&iﬁ%&ehon domai n

from NF-xB. Specifically, a DNA fragnent cod or t ctrvation donain )

of the pémesulPueferredireplioidrSeysitmz indtule MIB] COIFI2SVRI0, Bacilodirys 1991 EMBO
J. 10.3805-3817, Schmtz, ML. et al., 1994 J.Biol.Chem 269: 25rgl,3_ 25620,
Schni® z, lambdacadeapvirusggtificial chrainosdinesy anzi7he 1iks5 7414 dtimb@ofgener at ed
by PCR anplifi.cation.of the DNA sequence (Advantage cDNA PCR kit, O ontech)
from a HERRSeEpYion pNfation apd jermingtion segulatomg regians hayerbeen isadateden

i nserted bgt geen tt tl)eﬁﬁfl 2. and Xbal 15 sites of the pcDNA3/H F-1 a !
expr essi R Varto b sifectiyean the fransepiption andtrapglationefdietarelagomsi st s of as |

1- 390 of + -551.of the NE-xB 65 subynit. The integrity of
 eononocDROE N8 BSoURAORE. ERantiles DFiRESe keBonscetiornof olntion i n

it % f 3 t bility of 20 the H F-1 .
al NE- éﬁ%ﬁ’f?ﬁ?ﬁ?ﬁﬁé@&ﬁ?@ I 18 BHEHENE ibiifie 3o Jindesenternidte: n e a
cel IS Tbig?fﬁslblﬁnjco%i‘dﬁ)ﬂé?hé_ﬁ’bﬂfsl&h eyrﬁ;@ﬁ.gbgﬂfh{@o?n@ﬂgﬁtyat e plates

of HeLa cells in parallel with the pHF-1 a construc pH F-1 a

(f ul | - | eprpducediihderitiqchyBrid/Ehiin 680 Banddctivatst (fhsibn) pioit&ig, et hods simi | ar
to those described in Exanple 3. Twenty-four hours atter transfection, one
set of 25 pl at esNueleic acids épalynucktetities)énevdinghinveafion AYbEH BimeficH F- 1 a
activity, the other set was left untreated. The nedi a was harvested 48 hr
after inbgBsactyates(fusion) polypeptides may also be incorporated into the genome )

Al

of recipient cells by recombination events. Other recombination-based
20  methods such as nonhomologous recombinations or deletion of endogenous ‘

gene by homologous recombination, especially in pluripotent cells, may also be ‘

used.

Targeting invention vectors to target or host cells may be

accomplished by linking a targeting molecule to the vector. A targeting
25  molecule is any agent that is specific for a cell or tissue type of interest,

including for example, a ligand, antibody, sugar, receptor, or other binding

molecule. The ability of targeted vectors renders invention vectors particularly




3 LMY ~C2 ~~" a~ alV70lflJ 17 -60 assay of VEGF by lnSA
Systens). As shown in Figure 8 top, the pH F-1 a/ NF-xB const r‘U bp‘e S to

be constitutiveky active, i, e, the level of VEGF detected li'cnr/usasndmed
cells was relatively high, equal to that of induced, nock-transfected
cells. However, the overall |evel of VEGF expression in cells 5 transfected

with the pH F-1 a/NF-xB construct was not as high as that observed in cells
transfected with pH F-1 a/VP 16. A si-B84 ar experinent was perfoined- to
eval uate up=Tegul atiori~ of erythropoietin (EPO gene expression by

pHI F- | a/ Ngefif} ih the Ruhierit oThShoRid-atociated HiepRRree! | s. As with VEGF,
transfection of the cells w 10 pHIF-1 a/NF-kB results in expression of
endogenous EPO i TrinsferadfSthe polpiudlestids/iransgene e tes tatdet drdiost sellf byEPO ar e
| ower than those observed in cells transfected with pH F-1a/VP16 (Figure 8,
bot t on) . iAVentmgvedtors danvendvahmathd bylraeasuwtmecthe bect] of the r ef erence to t he
di scl osed enbodi nents, it should be understood that various nodifications
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antibody. Useful markers include, for example, radionuclides, enzymes,
fluorogens, chromogens and chemiluminescent labels.

20 For in vivo imaging methods, a detectable antibody can be
administered to a subject, tissue or cell and the binding of the antibody to the
polynucleotide/transgene product can be detected by imaging techniques well
known in the art. Suitable imaging agents are known and include, for example,
gamma-emitting radionuclides such as !''In, *"Tc, 3'Cr and the like, as well as

25  paramagnetic metal ions, which are described in U.S. Patent No. 4,647,447.
The radionuclides permit the imaging of tissues by gamma scintillation

photometry, positron emission tomography, single photon emission computed
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encoding a biologically active chineric rva F BE¥PWSconpri si ng:

(a) the DnAuBe adymatataiigioccofring ﬂua%b%é&?&@%heasfx@%ﬁﬁirﬁdh?g&iﬁg% and (b) a
I C |
)

protei n domai n capabl e of transcriptional activation derived

from a hikergeh Inventionipelypeptisles pantheiisolated T8i8g DEGLEE fclitodl &9{1““' €
accoi(gi ngnto claim1l, wherein said hypoxia inducible factor protein is

HI F- owRdorf perspa ofskil imtheaqrt.e according to claim 1, wherein said
protein donain C%Babl e of trapscriptional activation is derived $om a
protein sel ect ed! Pf &pthads @Y%[}ﬁbl%&rsﬁhgtwolgtlm anbpurificatioNiof Baventiopat shock
factor; . fos:.v-jun;, factor. EF-C, HLV tat; HPV E2; Ad EI A, Spl; AP,
CTF/ NF1: @ﬂ?r?ﬁﬁﬁf ‘I"Fﬁliﬂfz Pmmltatmn@z;@mgomm chromdatepragtic 4. The
nucl ei ¢ o i . ing. to clai , Wherein said hypoxia inducible
fact or pf}f(?ttg? n .?ﬁm‘ﬁg?ﬁ@%‘ﬂaf%ﬁ Cnloge @frgba%?veﬁqﬁl By chirematagraply i pt i onal
activati @§inke.& rEphicgn i yvatien domai.n from HSV VP16. 5. The
nuclei ¢ acl n%l%glﬁpgch%g%r i’?\%;r ?gf’cﬁciﬁﬁ?%@ngﬁg@ Shﬂig% wellnduci bl e
factisr pknowhmethoth brd destfbeliif IRGIER SR EABBL ool T ranscripti onal
ntro

activation is a transcriptional activation donai f#xB. 6. The nucleic

aci d nol BenifieationorMethgds in Engymplag Vsl 280 G@éaﬁeﬁ}@\gﬁi‘%ggdw omai n of

H F-1 a conprises the am no acid residues that exten romtné first am no

acid to YWhendheanyention polypeptidptebs poanifiedds produRelih fireBomBmanyc! ei ¢ aci d
mol ecul e_according to_any one of clainms 1-6 and 15-19, operatively |inked
to an ex%fsé%rﬁi regambanant €ypeasswn vector may comprise additional sequences

that encode additional amino-terminal or carboxy-terminal amino acids; these
20  extra amino acids act as "tags" for immunoaffinity purification using
immobilized antibodies or for affinity purification using immobilized ligands.
An example of the means for preparing the invention
hybrid/chimeric transactivator (fusion) polypeptide(s) is to express invention
polynucleotides in a suitable host cell, such as a bacterial cell, a yeast cell, an
25  amphibian cell (i.e., oocyte), an insect cell (i.e., drosophila) or a mammalian
cell, using methods well known in the art, and recovering the expressed

polypeptide, again using well-known methods. Invention polypeptides can be




~ 1 MAY ~~~2 8. The expression vector according to claim7, \Mgef$/n, Sah
expression control sequence conprises an inducihle pronoter. 9. g
expressi on vector-according to claim 7, wherein said expres¥amnusssesss i S
pcDNA3/ H1F/ VP 16/ Af1 2. 10. The expression vector according to claim?7,
wherein said vector is an adenoviral vector. 11. An isolated host cell _
conprising the expression vector according to claim7. 12. A pharmaceuti cal
conposition conprising the expression-vYector according to claim7 and a
phar maceud i I(Léi acceptable carrier. 13. A nethod for increasing the

expr essi O'ﬁog’?e ’ﬁ??f& ?r;gmp gellcthat baygbeen tmansformedvithrexpetdsiors védtofet hod

conprisin gp..of. introducing into said manmalian cell in vitro the
expr essi o(geséggf"i?’ege%(l? ] q%Ba’LI ﬁh%m’e!ﬂboaélybudfdnmeéseramb@ctévm&ﬁssi on of
sai d hypQg,3.i I bl ne, in idcell. 14. A nmethod for reducing

i scheni cmgg{&ggmggdg’ilﬁl% I?cé‘rYesl'J[ﬁﬂWtS,Iﬁi\ﬁ fagcional pguivalestsoci at ed

di sor der 54 t admni sterjng, at the site of said ischemc
tissue datﬁngfgye%:cﬁhggéd&gaﬁic@g?ghxc fmucalsynthesis, fs wsedtheseiphar maceut i cal

conposi t i"Biolasicalld et rhe nucleic acid npl ecul e according
to claim 4, \M%er ggndbgig}?gr%@rﬁ: %\%fleﬁségc%l%ﬁ 18R @iﬁpélyeemww@scme am no
aci d r esiadserablenato & hefive pRITIN Ky \ id to the Afl2 site. 16.
The nucleic acid rr%l ecul e acco@d?sr?gitﬁegicmgg?&fﬁgpgﬁem@%@ Ngi ndi ng
domai n ofAppliedIBrosystepis, 386 Mb@elmmoﬁﬁﬁﬂAVa@?&Hgﬁégéﬂiﬂf xtend from the

~Y a~2"- .

first arﬁ(goﬁaciﬁf t%wto)he Afl12 site. 3 1 = CHEd ei ¢ acid

nol ecul e (Bester Gityg GA) erhplaying thehehiegii r&liBYPBY it | ' fact or

ﬁLot ein is the human hypoxi a i nduci bl geh?gct (;r prgtt%hﬁapﬁc{e%&r'l& The
cleic acid ol Madifcaitarwofithegnventidranwolsic athdy, pblyntdicdtiaypoxi a i nduci bl e

factmJ protein .i.,s the human hypoxia inducible factor protein H >~1la. 19.
The htcl BPYPSRIdesnneptidee onprateias vyth theclolioming phiwtei YrepambikumigXi 2

i nduci bl to rotein s the human hypoxia inducible factor protein
HI F-1 a. %ﬁl%%%ecf/g&cﬁnpgqﬂhb@gatg& s|°f<r:J[H sebstantially pure”,cnpompases meldior }
accor di ng.; I .21. An isaol.ated hqst cell conprising the expression |
vect or ag%lgg’oﬁ; ‘%‘ghg}%’ﬂéﬁ% PQE‘/.PCRﬁdeeBPaas AoRKoteins that hape %Qélmg t he i
expr essi i i 23, rmaceuti gal, conposition
conpr i oi By el % sa0E f4rch BY e Bart SPmal il ol BiSpeiesetst drom theie

phar mac endtiveein yivaeeHilar RhQirSAMehe" I euti.cal conposition
conpri sing the expression vgcﬁiglfhgcégfzi F%‘Q‘ ?gﬁ’é@%ag lléﬁqgveél%on,t ©

pharlac execondiihgntanigit abids, pelyhuieleotidss, ggl){j%@gipgsﬁ %@kﬁﬁgﬁn%&gﬂpo‘%éfntsi on

conprising the expression vector accordi

phar mace®f thednventirt eretwselid inavayisethat (A6 cofrebBoruA hefurAINF HEAR gthe
expr essi on] of ~a hypoxi a-induci bl e gene in a mammalian cell, sal @ nethod
conpri siglachlesare mosisuchtas ddentifraationted sskictiverdrusy dredorsdundsh vitro the
expressi on vectg[r accordi.ngetp claim8 so as to increase the expression of
sgi d hypoxi a i ndutsi BjEsenjdn¥entipnsproides|for non-BumanRransgeni2 anbmalk?. A nmet hod
for incr j: ression of a .hypoxia;inducible gene in a manmmal i an
cel |, sa‘%gﬁ,rlr@g Htgggg‘%i%repgp%gtq%gngpg agfaGtiyatorureteias. ?frhese tansgemomal i an
cel RO n anlifna | vector according.to claim9 so as to increase
t he expressi gnlhgf @ﬁ?ﬁ%ﬁﬁ%&%ﬁ%@mﬁgﬁwﬁwﬁh%mmr%lé?ﬂhypm:a A net hod
for i ncregsomtvd &8 f}fRE i g-induci.hl e. gene in a manmal i an
cell, said method '8% SI n?gﬁ&aié?{e}%&glpoaﬂ??rgﬁBtaﬁgml%ﬁflﬁo%éhﬁ manmal i an
cel | i n trarsactivdier EIRSRAP BoN& | t im so as to increase
t he eXpr.eﬁssi OnA?tf o hyp%xi a f‘%‘éﬁ%‘?%?’@‘gée@n%eieﬁpié%?@nc%‘ﬁh? gs8¢€ of et hod
for reduatengsti Altbmatively, sheierafitlg8tor Brét iﬁiﬂ%g" n | having a

hypoxi a- associ at ed di sorder conpri si ng tﬁe st gng¥e§ mcﬁicdsl?eri ng at the

si te of e¥Rressioncfahe gene of itertstragder cerGiai dorﬂiﬁbﬁggtfo@gx%{lf,%c%q ofmount  of
t he gha maceut i.cal. conmposition according to claim23. 30." A’nethod for

r edfti n&yi‘gﬁlhe 1gutation, by dadugsion. rilke reeombinam DB welechRdi oTaha

hypoxi ahg‘;s ci at ed,di.sorder conprising the step of adm nistering at the
site of "LYTHondnay beintrpduced intorthecganomeofinenshinman animalshiefig ¥y amount  of
t he pham‘@ﬁ tcal composition.according to_claim?24. 31. A method for
reduci ng @Sﬂ | &° clrgtg&ﬁa%&@ amalsknewiniimthesambj ect having a

hypoxi a- associ at ed di sorder conprising the step of adm nistering at the

site of said ischemc tissue damage in said subject an effective anmount of
t he pharnmaceutical conposition according to claim25.




32. The nucleic acid nolecule according to claim1, 3, 4, or 53 1mNﬁYe[~;@2t he |
hypoxi a i nduci bl e factor protein is a human hypoxi a induci ble factor
protein. 33.- An-expression vector conprising a nucleic acid-*moleeuke-”
according to claim32. 3 1 MAY e~Q2 -67 34. A host cell conprising an
expression vector according to claim33. 35. A pharmaceutical conposition
conprising an expression vector according to claim33. 36. A nethod for

i ncreasing the expression in a target3QreI | of a hypoxia-induci bl e gene,
said method conprising the steps of: (a) introducing into said cell an
expr essi on vect ofhaxendionprovides a trarsgeniembr-byman nanmeldhpt isssi on of
said biologically active chineric transactjvatqor protein_encoded by said
expr essi 6apahle obexpreasing nusleie @cidsrenceding imyentiendybad{chimesicianage in a
subj ect havin%.a hypoxi aassoci at. ed di sorder conprising the steps of

adm ni st ERNFRS lt"@t%"y' 19&)]’%]&/?33 & fective anount of a pharnmaceuti cal
conposi tion accor‘Agi n& ta,clai mh35' 38. A nethod for r ducgéﬁg i.schem c
tissue dammge in/45QPEPHEEd 13 ARSEEMG BoR himan mammakicapable @€ conpri sing
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microinjection, retroviral infection or other means well known to those skilled
25  in the art, into appropriate fertilized embryos to produce a transgenic animal.

See, for example, Carver, et al., Bio/Technology 11:1263-1270, 1993; Carver et
al., Cytotechnology 9:77-84, 1992; Clark et al, Bio/Technology 7:487-492,
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cells in which the associated transcription factor is absent, insufficient or
nonfunctional therein. Invention vectors may be delivered to the target cells as
a pharmaceutical composition comprising the vector and a pharmaceutically

) acceptable carrier. The vector may be delivered to target cells by methods

10  known in the art, for example, intravenous, intramuscular, intranasal,

subcutaneous, intubation, lavage, and the like.

Accordingly, the present invention provides alternative approaches in
which the expression of a range of potentially beneficial genes is induced
following the expression of biologically active mammalian transcription

15 | factors.

HIF-1a was cloned by PCR from HeLa cell cDNA and inserted into
the expression vector, pcDNA3 (Clontech, Palo Alto, CA; Invitrogen, San
Diego, CA). In this plasmid, expression of the gene 1s controlled by the CMV

) promoter. Following confirmation of the structure of the construct by
20  sequencing, it was tested in HeLa and 293 cells by cotransfection with reporter
plasmids in which transcription of the luciferase gene is controlled by either the
EPO promoter/enhancer or the VEGF promoter. Induction of HIF-1a activity
was accomplished by treatment of the cells with wither CoCl, or
desferrioxamine, both of which are known to induce HIF-1¢« activity by a
25  mechanism similar to hypoxia. This assay confirmed that the HIF-1a protein

was indeed active.

Two HIF-1a/VP16 hybrids were constructed, the first was truncated
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cells with either the EPO-luciferase or VEGF-luciferase reporter plasmids as
5 described above. The results show that in both cell types, the levels of
luciferase gene expression observed in cells cotransfected with the hybrids is
higher (as much as 20-100X) than that obfained with HIF-1a even when
exposed to induction by CoCl, or desferrioxamine. This result implies that the
hybrid proteins are indeed active and that the VP16 domain confers strong
10  transactivation activity even in the absence of induction (i.e., under normoxic
conditions). This suggests that these hybrid/chimeric fusion proteins might be
a viable therapeutic for ischemic heart disease.
The present invention is further illustrated by the following examples
which in no way should be construed as being further limiting. The contents of
15 all references cited throughout this application are hereby expressly

incorporated by reference.

EXAMPLES

Example 1: Hybrid/Chimera Construction
A hybrid transcription factor (pcDNA3/HIF.VP-16.Af12) composed
20 of a DNA binding and dimerization domains from HIF-1¢ and the
transactivation domain from herpes simplex virus VP16 (Fig. 1) was
constructed to provide strong, constitutive activation of genes normally
mvolved in the physiological adaptation to hypoxia. As is described below, we
analyzed the effect of this HIF-1a/VP16 transcription factor on VEGF gene
25  expression in vitro, and on neovascularization in a rabbit hindlimb ischemia

model.
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inserted between the Kpnl and Xbal sites of the expression vector, pcDNA3

(Invitrogen, Carlsbad, CA). In this plasmid, gene expression is controlled by
the cytomegalovirus (CMV) immediate early enhancer/promoter. The HIF-
1a/VP-16 hybrid was constructed by truncating HIF-1¢ at aa390 (an Afl2 site)
and then joining the transactivation domain of HSV VP-16 downstream. A
VP16 fragment (aa 413-490) with Afl2 and Xbal ends was amplified by PCR
using Vent polymerase (New England Biolabs, Beverly, MA) and the primers
set forth in SEQ ID NO’s 3 and 4 and this fragment was cloned into the
appropriate sites of the pcDNA3/HIF-1a construct. A related construct
(pcDNA3/HIF/VP-16/R1) was produced by truncating HIF-1a at aa530 by
partial digestion with EcoR1 (Figure 2). The integrity of all sequences
generated by PCR was verified by DNA sequencing using an Applied
Biosystems 377 DNA Sequencer. All cloning manipulations were carried out
following standard procedures (Sambrook, J. et al., Molecular Cloning, A
Laboratory Manual 2d Ed. (Cold Spring Harbor, NY, 1989)). Restriction -
enzymes and DNA-modifying enzymes were obtained from ether New England
Biolabs or Life Technologies, Inc. (Gaithersburg, MD)and used according to
the maunfacturer’s specifications. Plasmid DNAs were purified with kits
obtained from Qiagen (Chatsworth, CA). The plasmid construct expressing
human VEGF ¢ (phVEGF ;) has been described previously (Tsurumi, et al.,
Circulation 96:11-382-11-388 (1997)). Luciferase reporter plasmids (EPO-luc
and VEGF-luc) were generously provided by Dr. H. Franklin Bunn (Brigham
and Women’s Hospital, Harvard Medical School).
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bo(\)ine serum (I§‘Bgz JRH Biosciences, Lenexa, KS). For the luciferase reporter
5 experiments, HeLa cells (3 x 10° cells/60 mM dish) were transfected using the
calcium phosphate ProFection kit (Promega, Madison, WI) according to
manufactuter’s instructions. Duplicate dishés were transfected with 5 pg of
each plasmid (HIF-1o construct and either the EPO-luc (Blanchard, K.L., et al.
Mol. Cell. Biol. 12:5373-85 (1992)) or the VEGF-luc (Levy, A.P., et al., J. Biol.
10  Chem. 270:13333-40 (1995)) reporter as well as pCMV[3 (Clontech). At 24 hr
post-transfection, one set of dishes was induced with 100uM desferrioxamine.
The cells were harvested 18 hr post-induction and luciferase activity was
assayed (Promega). {3-galactosidase activity in each sample was also
determined using the Galacto-Light kit (Tropix, Bedford, MA) and these values
15 were used to normalize the luciferase activity as a control for transfection

efficiency.

Example 2: Activity of HIF-1o. and HIF-10/VP16 chimeric/hybrid
constructs in vitro
The HIF-10t/VP16 hybrid constructs were tested for their ability to
20  activate gene expression by cotransfection along with reporter plasmids into
either 293 or HeLa cells (Figs. 3 and 4, respectively). The reporter plasmids
used in these experiments contained the luciferase gene under the
transcriptional control of either the erythropoietin enhancer/promoter
(Blanchard, K.L., et al., Mol.Cell.Biol. 12:5373-85 (1992)) or the VEGF
25  promoter (Levy, A.P. et al,, J. Biol. Chem. 270:13333-40 (1995)). (In Figures
3-5, pcDNA3/HIF/VP16.Af12 and pcDNA3/HIF/VP16.R1 are referred to as
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x 10% (239) or 2.5 x 10° (HeLa) cells per dish. Cells were co-transfected with
the HIF-1a or HIF-1a/VP16 expression plasmids and a luciferase reporter
5 plasmid containing either the EPO enhancer/promoter or the VEGF promoter.
Transfection was carried out by calcium phosphate precipitation
using the ProFection™ kit (Promega, Madison, WI) using 5pg each of the HIF-
1a¢/VP16 expressing constructs and the reporter plasmid per dish. At 24 hours
) post-transfection, cells were induced by adding fresh media containing either
10 100pg/ml CoCl, or 100pug/ml desferrioxamine. At 16 hours post-induction, the
cells were harvested and the luciferase activity was measured using a luciferase
assay kit (Promega) according to the manufacturer’s instructions.
Induction of HIF-1 activity was simulated by treatment with
desferrioxamine, an iron chelator, which acts via a mechanism similar to
15 hypoxia. As was predicted for the HIF-10/VP-16 hybrid transcription factor,
luciferase expression was constitutive and not dependent of desferrioxamine
induction. Luciferase expression in uninduced and desferrioxamine-treated
cells was not significantly different. In contrast, luciferase activity in cells
transfected with the full-length HIF-1a construct was increased 4-5 fold
20 following treatment with desferrioxamine. Furthermore, transcriptional
activation achieved by the HIF-1a/VP16 hybrid in uninduced cells was 10-20-
fold higher than that observed in desferrioxamine-treated cells transfected with
the full-length HIFa.. Overall, levels of luciferase expression activated by HIF-
1. were not much higher than the background levels attributable to endogenous
25  HIF-1 activity in the HeLa cells.
As shown in Figure 6, subsequent studies have confirmed these findings.

Figure 6, left, shows luciferase activity produced using an EPO 3' enhancer-
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5 To determine if the HIF-10/VP16 hybrids were capable of activating
expression.of an endogenous.V.EGE gene, these constructs-were-transfected- -
into HeLa cells and VEGF was assayed by ELISA. Prior to transfection, HeLa
cells were plated in 6 cm dishes at a density of 2.5 x 10° cells per dish. The
cells were transfected with 10 pg of the HIF-16/VP16 hybrid plasmid DNA.

10 At 24 hours post-transfection, cells in duplicate plates were either control (not-
induced) or induced by adding fresh media containing 100 pg/ml
desferrioxamine. At 40 hours post-induction, the media was harvested and
assayed for VEGF by ELISA, (Quantikine™, R&D Systems, Minneapolis,
MN) according to the manufacturer’s instructions.

15 The results from this assay (Fig. 5) show that the hybrid HIF-
1a/VP16/AflII construct (truncated at amino acid 390 of HIF-1a) was able to
activate expression of VEGF even in the absence of induction. The
concentration of VEGF in the media from the HIF-1a/VP16/AfllI-transfected
cells, however, was not higher than that observed in mock-transfected or HIF-

20 la- transfected cells with induction. This suggests that perhaps a maximum
plateau level is achieved by the endogenous HIF-1a present in HeLa cells. The
important observation, however, is that this level can be acheived with the HIF-
1a/VP16/AflI1 hybrid in the absence of induction.

The same result was not achieved with the second hybrid construct,

25 HIF-1a/VP16/R1 (truncated at amino acid 530 of HIF-1a), although this

construct had been active in the luciferase reporter assay. Additional in vitro
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5 and up-regulation of endogenous VEGF and EPO gene expression in HeLa and
Hep3B cells. This difference in activity may be due to the presence in the
longer construct of a portion of an “oxygen-dependent domain” of HIF-1a
which is reported to confer instability under normoxic conditions, (see Huang
) et al., PNAS 95:7987-7992 (1998)).
10 In additional analyses of VEGF production, HeLa cells (3 x 10°
cells/60 mM dish) were transfected with Lipofectamine (Life Technologies,
Inc; 3.7 pg DNA, 14 ul of Lipofectamine) in Opti-MEM media (Life
Technologies, Inc.) for 17 hr. Seven hours later, one set of dishes was treated
with 100 pM desferrioxamine. At 42 hr post-induction, the culture medium
15 was harvested and the cells were lysed in 250 pl lysis buffer (0.5% NP-40, 1
mM EDTA, 50 mM Tris (pH 8.0), 120 mM NaCl, 100 uM PMSF, 0.1 U/ml
Aprotinin, 1 pM Pefabloc, 5 pg/ml Leupeptin). VEGF concentration was
) assayed as above and the total cell protein was analyzed using the Bio-Rad
(Hercules, CA) protein assay. ELISA values were normalized to total cell
20  protein.
Rat C6 glioma cells (American Type Culture Collection, Rockville
MD) were seeded onto 12-well culture plates 3 days before transfection and
cultured with DME (Life Technologies, Inc) supplemented with 10% FBS
(Sigma, St. Louis, MO). Transfection was performed essentially as described
25 previously (Lee, E.R. et al. Hum. Gene Ther. 7:1701-1717 (1996)). Briefly,
plasmid DNA was complexed with an equal volume of cationic lipid GL#67 to
obtain a final concentration of 80:20 uM (DNA:lipid). Lipid/DNA complexes
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5 transfection. Twenty-four hours later, the medium was collected for analysis of
VEGF.production and the cells were lysed in 500 pl cell lysis buffer. VEGF
production was assayed using an' ELISA kit specific for mouse VEGF (R&D
Systems) and values were normalized to total cell protein.
In both HeLa cells and C6 cells the HIF-1a/VP16 hybrid construct
10  significantly enhanced production of VEGF in the absence of desferrioxamine
treatment. In HeLa cells, VEGF production in HIF-1a/VP16-transfected cells
was further enhanced by desferrioxamine, but in C6 cells, no difference was
observed. Background levels of VEGF expression were much higher in HeLa
than in the C6 cells. A much greater effect of the HIF-1a/VP16 hybrid on the
15 magnitude of VEGF expression was observed in the C6 cells (5-fold greater
than untransfected or HIF-1o-transfected cells treated with desferrioxamine).
In HeL a cells, VEGF production in uninduced HIF-10/VP16-transfected cells
was comparable to that in untransfected cells exposed to desferrioxamine.
However, in both cell lines, the absolute amount of VEGF (2.3 pg/pg protein)
20  produced in uninduced, HIF-10/VP16-transfected cells was almost identical.
These results suggest that the desferrioxamine-induced level of endogenous
HIF-1¢ protein and/or HIF-1o activity is greater in HeLa than in C6 cells; this
may be explained by a species or cell type-specific difference. Notably, the
HIF-10/VP16 hybrid, based on a human transcription factor, is able to activate
25  the rat VEGF gene, suggesting conservation of HREs across species. Sequence
analysis of the 5'-flanking region of the rat VEGF gene has revealed several

potential HREs; the position of one of these is conserved between the rat and
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Example 4: Analysis of the HIF-1a/VP16 Hybrid Transcription Factor
in the Rabbit Hindlimb Ischemia model:

S A. Serum VEGF Level

Naked plasmid DNA encoding either the HIF-1a/VP16 hybrid gene
(pHIF-10/VP16) or human VEGF,; (phVEGF,,,) was administered by
) injection into the medial large, adductor and semimembranous muscles of
rabbits in which the femoral artery had been excised to induce hindlimb
10  ischemia. Serum VEGF levels were assayed by an ELISA assay prepared
against human VEGF. Accordingly, this assay as applied to the HIF-1a/V P16-
treated group may not be quantitative as the éndogcnous rabbit protein is
produced in these animals. However, the kinetics and persistance of VEGF
expression may be compared among the groups. Before treatment, serum
15  VEGF levels were almost undetectable and similar for each group. However,
at 3 days post-administration, the VEGF levels increased to 10.5 (+3.9) pg/ml
) in the phVEGF 4s-transfected animals and to 26.3 (+4.6) pg/ml in the pHIF-
’ 1et/VP16-treated group. The VEGF levels in the pHIF-10/VP16-treated
animals were still high, yet reduced (14.9 + 3.0 pg/ml) at 5 days after treatment.
20 In contrast, at 5 days, serum VEGF was undetectable in the animals treated
with phVEGF,,;. VEGF was not detected in the control (pCMV-treated)
group either before or at 3 and 5 days after treatment. Though VEGF protein
levels had decreased by five days, expression of both transgenes, analyzed by

RT-PCR, persisted to 14 days post-administration.
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10%& () tr&nf@eh? a4y 10) and 30 days after treatment (day 40) for the phVEGEF, s,
pHIF-10/VP16, and control groups are shown in Table 1 below. There was no
5 difference in red blood cell count and hemoglobin among the three groups
either before or after treatment. Although the hematocrit appeared to increase
in the pHIF-1a/VP16-treated animals, a similar increase was observed in the
control group, suggesting that this result was not due to expression of the HIF-
10/VP16 hybrid transcription factor.
10 C. Lower-limb Calf Blood Pressure
At 10 days after induction of ischemia (immediately before plasmid
injection), calf blood pressure ratio (ischemic/normal limb) was similar among
the three groups (phVEGF, ;= 0.45£0.01, pHIF-10/VP16 = 0:4420.02 , control
= 0.45+0.03; P=NS). By day 40 (30 days after transfection), the blood pressure
15 ratio had improved among the three groups. The blood pressure ratio in the
pHIF-10/VP16-treated animals (0.9320.02), however, was significantly higher
(P<0.01) than in those that received phVEGF ¢ (0.82+0.03)or the control group
(0.69+0.02). The blood pressure ratio at day 40 was higher (P<0.01) in the
phVEGF,,-treated group than in the controls.
20 D. Intravascular Doppler Guide Wire Measurements
Resting blood flow and maximal blood flow (papaverine-stimulated)
in the ischemic limb were similar among the three groups at day 10. However,
at day 40, the resting and papaverine-stimulated maximal blood flow in the
pHIF-1a/VP16-transfected (41.6+3.1 mL/min and 111.2+5.7 mL/min,
25 respectively) and phVEGF,(s-transfected groups (42.2+3.9 mL/min and
88.7+7.4 mL/min, respectively) were significantly higher than that of the
control group (28.7+1.5 mL/min and 65.343.8 mL/min, respectively). The
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in the animals transfected with pHIF-10/VP16 than in the phVEGF (s-treated
group. Resting and maximal blood flow in the nonischemic limb were similar
5 among the 3 groups at day 10 as well as day 40.
E. Effect of HIF-10/VP16 and VEGF,4 on Collateral Vessel Development
Quantitative analysis of angiographically visible collateral vessels on
the medial thigh was performed by determining vascular density. At baseline
) (day 10) before treatment, there was no significant difference in angiographic
10 score among the phVEGF,s, pHIF-10/VP16 and control groups (0.38+0.03,
0.42+0.01, 0.41+0.02, respectively; P=NS). By day 40, the angiographic scores
in the pHIF-10/VP16-treated (0.61+0.01) and in the phVEGF, ¢s-treated
(0.58£0.03) rabbits were significantly higher than that of the control group |
(0.51+0.05). There was no statistically significant difference in angiographic
15 score at 40 days between pHIF-1a./VP16-treated and phVEGF ¢s-treated
groups. The principal finding accounting for the increase in angiographic score
observed in the animals that received pHIF-1¢/VP16 and phVEGF (s was
enhancement in so-called mid-zone collateral vessels.
To further evaluate the effect of intramuscular HIF-1a/VP16 and
20  VEGF gene therapy upon revascularization of the ischemic hindlimb, the
medial thigh muscles of the ischemic limbs were histologically examined at
day 40. Capillary densities observed in the muscles of the pHIF-1¢/VP16-
treated group (255£13/mm?) and phVEGF ,-treated group (210£10/mm?) were
significantly higher than that of the control group (150+4/mm?). In addition,
25  the capillary density was higher (p<0.05) in the animals transfected with
pHIFa/VP16 than in the phVEGF, (-treated animals. Moreover, the

capillary/muscle fiber ratios of the pHIF-10/VP16 and phVEGF ¢s-transfected

Sl1
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myonecrosis were not observed in either group.

5 Activation of VEGF gene expression by the HIF-10/VP16 hybrid

factor in vitro and in vivo suggests that the VP16 activation domain is able to
intéract with the accessory factors required for expression of the HIF-1 target
gene in the cell types examined (human cervical epithelia, rat glioma, rabbit
skeletal muscle). Thus, administration of the HIF-1a/VP16 hybrid via gene

10  therapy may prove to be an effective treatment for ischemia associated with
vascular disease. In this application, HIF-1a/VP16 may up-regulate a variety
of genes, including VEGF. Therapeutic benefit may be achieved, not only as a
result of stimulation of angiogenesis, but also through additional HIF-1-
mediated local adaptations to low oxygen tension such as vasodilation and up-

15  regulation of anaerobic metabolism. The administration of growth factors
and/or the genes encoding them to enhance angiogenesis may be useful as a
treatment for tissue ischemia in cases where conventional revascularization
techniques are not feasible.

The enhanced potency observed with the HIF-1a/VP16 hybrid

20 relative to VEGF 4 in vivo might be attributed to several factors. First, the
levels of expression of VEGF promoted by HIF-1¢/VP16 appreared to exceed
that achieved with the VEGF s plasmid. Moreover, VEGF expression
appeared to persist longer in the pHIF-1a/VP16-treated animals than in those
that received phVEGF,;, since at 5 days post-administration, serum VEGF was

25  detected in the former group but not in the latter.
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ntramuscular Gene Transfer
Twenty-nine rabbits were used to study the effect of intramuscular
gene therapy on hindlimb ischemia. All protocols were approved by St.
5 Elizabeth’s Institutional Animal Care and Use Committee. Male New Zeland
White rabbits (4.0 to 4.3 kg) (Pine Acre Rabbitry, Norton, MA) were
anesthetized with a mixture of ketamine (50 mg/kg) and acepromazine (0.8
mg/kg) after premedication with xylazine (2 mg/kg). The surgical procedures
) have been previously described (Takeshita, S. et al., Am. J. Physiol. 93:662-670
10 (1994a)). Briefly, the femoral artery was completely excised from its proximal
origin as a branch of the external iliac artery to the point distally where it
bifurcates into the saphenous and popliteal arteries. All animals were closely
monitored following surgery. Analgesia (0.25 mg/kg levophanol tartrate;
Hoffmann-La Roche Inc., Nutley, NJ) was administered subcutaneously for one
15 . day. Prophylactic antibiotics (enrofloxacin, Bayer Corporation, Shawnee
Mission, KA) were also administered subcutaneously for a total of 5 days
postoperatively.
An interval of 10 days was allowed for postoperative recovery , after
which the rabbits were returned to the catheterization laboratory. Following

20  completion of baseline measurements, four different sites in three major thigh

muscles received direct injections with plasmid DNA or vehicle only (normal
saline) with the use of a 3-ml syringe and a 25-gauge needle advanced through
a small skin incision. For each injection, the tip of the needle was inserted
typically to a depth of 3 to 5 mm in the medial large (two sites), adductor (one

25  site), and semimembranous (one site) muscle. The detailed procedure for the

muscle injection has been previously described (Tsurumi et al., Circulation

94:3281-3290 (1996)). This technique was used to administer 500 pg of pHIF-
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One hundred and twenty five pg in 0.5 ml of normal saline was injected at each
of four sites for a total of 500png/2.0 ml for each animal. After the completion
of four injections, the skin was closed with 4-0 nylon sutures.
Immunoassay of Serum VEGF

For the first 6 rabbits in each group, blood samples were drawn from
the central artery of the rabbit éar usiiig a 23-gauge needle immediately before
treatment as well as 3 and 5 days after plamid transfection. The blood sample
was stored at 4°C for 30 minutes and then centrifuged at 3,000 rpm for 15
minutes. Serum was frozen at -80°C until assay of VEGF by ELISA (R&D
Systems). The lower limit of detection of serum VEGF was 9.0 pg/mL. The
assay was performed in duplicate for each sample. The intra-observer
coefficient of variation was less than 8%.
Red Blood Cell, Hematocrit and Hemoglobin Measurement

Blood samples were drawn from the central artery of the rabbit ear
using a 23-gauge needle immediately before treatment (day 10) and at the day
of sacrifice (day 40). The red blood cell, hematocrit and hemoglobin were
measured by a commercially automatic detector (Sysmex alpha, Sysmex
Corporation, Long Grove, IL).
Calf Blood Pressure Ratio

Calf blood pressure was measured in both hindlimbs using a Doppler
flowmeter (Model 1050; Parks Medical Electronics, Aloha, OR) immediately
before treatment (day 10) as well as one month after initiation of the therapy
(day 40). On each occasion, with rabbits under anesthesia, the hindlimbs were
shaved and cleaned. The pulse of the posterior tibial artery was identified using
a Doppler probe and the systolic blood pressure in both limbs was measured

using standard techniques (Takeshita, S. et al., Am. J. Physiol. 93:662-670
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In Vivo Doppler Flow Measurement
Blood flow was quantified in vivo before selective internal iliac
5  angiography on days 10 and 40 with a 0.018-in Doppler guide wire
(Cardiometrics, Inc., Mountain View, CA) as previously described (Bauters, C.
et al.,, Am J Physiol. 267:H1263-H1271 (1994)). The wire tip was positioned at
the origin of the common iliac artery to the proximal segment of the internal
) iliac artery supplying the ischemic limb. Time average of the spectral peak
10 velocity (APV) was recorded at rest and maximal APV was recorded after
bolus injection of 2 mg of papaverine (Sigma, St. Louis, MO).
Doppler-derived blood flow (Qp) was calculated as Qp= ( nd*/4)(0.5
X APV), where d is vessel diameter, and APV is time average of the spectral
peak velocity. The luminal diameter of the iljac artery was determined
15  angiographically with an automated edge-detection system that has been
validated previously in vivo. The vascular diameter was measured at the site of
the Doppler sample volume (5 mm distal to the wire tip). Cross-sectional area
was calculated assuming a circular lumen. The mean velocity was estimated as
0.5 x APV by assuming a time-averaged parabolic velocity profile across the
20  vessel. The Doppler-derived flow calculated in this fashion has been shown to
correlate with flow measurements determined by electromagnetic flowmeters
both in vitro and in vivo (Tsurumi et al., Circulation 94:3281-3290 (1996)).
Because 2 mg of papaverine had no effect on vessel diameter (Ku, D.D,, et al.,
Am. J. Physiol. 265:H586-H592 (1993)), the diameter measurements were used
25 to calculate both rest and maximum flow.
Selective Angiography

Selective internal iliac angiography was performed as previously
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described (Takeshita, S. et al., Am. J. Physiol. 93:662-670 (1994a)). The tip of
the catheter was positioned in the internal iliac artery at the level of interspace
between the seventh lumbar and the first sacral vertebrae. A total of 5 ml of
nonionic contrast media (Isovue-370; Squibb Diagnostics, New Brunswick, NJ)
5 was injected with an automated angiographic injector at a flow rate of 1 ml/s
through a 3F infustion catheter (Tracker-18; Target Therapeutics, Fremont,
CA) pusitioned in the internal iliac ariery. Serial images of the ischemic
hindlimb were then recorded on 105-mm spot film at a rate of one film per
second for at least 10 seconds. After completion of angiography, the catheter
10 was removed and the wound was closed.
Quantitative angiographic analysis of collateral vessel development
was performed using a grid overlay comprised of 2.5-mm-diameter circles
arranged in rows spaced 5 mm apart. This overlay was placed over the medial
thigh area of the 4-s angiogram. The total number of grid interséctions in the
15 .medial thigh area, as well as the total number of intersections crossed bya
contrast-opacified artery, were counted in a single blind fashion. An
angiographic score was calculated for each film as the ratio of grid intersections
crossed by opacified arteries divided by the total number of grid intersections in
the medial thigh.
20  Capiliary Density
Vascular density was evaluated at the microvascular level using light
microscopic sections taken from the ischemic hindlimbs. Tissue specimens
were obtained as transverse sections from the adductor muscle and
semimembranous muscle of the ischemic limb when the animals were
25  sacrificed. Muscle samples were embedded in OCT compouﬁd (Miles, Elkhart,

IN), snap-frozen in liquid nitrogen, and cut into 5-um-thick sections. Tissue

sections were stained for alkaline phosphatase with an indoxyl-tetrazolium

S
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with eosin. A total of 20 different fields from the two muscles were randomly
selected, and the number of capillaries and myofibers counted under a 20X
5  objective. The capillary density (capillaries/mm?) and the capillary-to-myocyte

ration were then determined.

Example 5: HIF-10/VP16 recombinant adenoviruses
As an alternative to naked DNA, adenoviral vectors were constructed
carrying the HIF-1a-based genetic construct, as described below.

10 Two HIF-10/VP16 hybrids were cloned into a previral plasmid
vector (CMV promotor, SV40 pA, p1X-; called “empty vector” (EV) - obtained
originally from R. Doll). As is described above, these two hybrid proteins
contain the DNA-binding and dimerization domains from HIF-1a (the first is
truncated at aa390 of HIF-1a at an AF111 site; the second is truncated at aa

15 530 at EcoR1 site) and the transactivation domain from Herpes Simplex Virus
VP-16 protein.

) Shuttle vector EV/HIF-1a/VP-16.Af111 was linearized with BstB]

and shuttle vector EV/HIF-10/VP16.R1 was linearized with BamHI. 15pg of
DNA of each vector was digested for 4 hours, then purified twice by
20  phenol/chloroform extraction and ethanol precipitation. Pellets were
resuspended in 50 pl of 0.1xTE and used for transfection (2pl of each digested
DNA were run on a gel prior to transfection).
Preparation of viral backbone DNA
5ug of Ad2CMVBgal-6 DNA were digested with PshAT and SnaBI
25  at37°C for about 24 hours, and 1/10 of the reaction was run on 0.8%

Agarose/TBE gel to check the completion of digestion. The rest of the reaction
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The Ad2CMVBgal-6 backbone is the same as that of the vector
described in the Example of U.S. patent 5,707,618, incorporated herein by
reference in its entirety, except that it contains the B-gal gene inserted into the

5 deleted Elportion of the vector. Specifically, this vector is deleted for Ad El,
and E4 sequences are deleted from the Clal site at 34077 to the Taql site at
35597. The ORF6 sequence from 33178 to 34082 is inserted into the E4
region. The SV40 early polyA sequence is inserted adjacent to the ORF6,
which also serves to prevent readthrough from the ORF6 gene into the L5

10 (fiber) sequences. Protein IX is repositioned from its original location in the
virus genome into the E4-deleted region as a BamH1 fragment. The protein IX
fragment contains its own promoter, and may be cloned into the vector in either
direction. The construct is shown in Figure 3 of the ‘618 patent.
Transfection
15 Transfection was conducted using the standard protocol from
Promega’s “Profection-Calcium Phosphate Transfection Kit,” as follows.
Day One: Plate 293 cells on 60 mm dish at 1x10%dish and incubate at
37°C/5%CO, for 24 hours.
Day Twe:
20 1. Four hours prior to the transfection, remove the medium from the cells and
replace it with 4.5 ml of fresh growth medium.
2. Prepare the DNA and CaCl, mixture:
4pg of viral backbone DNA (Ad2CMVBgal-6) 120ul
10pg of shuttle vector (EV+Afl11,EV+RI) 48pl
25 2 M CaCl, 37ul
ddH,0 95ul
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3. Precipitate DNA-CaCl, with 300ul of 2x HBS and incubate at RT for 0.5 to
2 hours. Then add precipitated DNA to cells and incubate for 16-17 hours.
5 Day Three:
Change Medium.
Day Five:
) Split cells from 60 mm dish to 100mm dish.

Day Seven:

10 Split cells from 100mm dish to 150mm dish.
Day Nine: |

-Pick up 5 plagues of each transfection.

Day Eleven:
Pick up 12 more plagues from EV+RI and 10 more plagues from EV+Af111.

15  The plagues in 250ul of growth medium were frozen and thawed 3 times and

stored at -20°C.
Initial Screenings of recombinant adenoviruses

1. Infection

Day One:
20  Plate cells on 24 well plates at 1.4x10° cells/well.

Day Two:
Infect cells (about 40-50% confluent) with 200pl of each plague at




>

F,#3"10% & ()- L!10% & ()-10% & ()-10% & ()- 10% & ()-bl | GIIKR: L#YaE0?
10710% & ()-3510% & ()-3. 10% & ()- f, 10% & ()- !cS(#10%/J/ & éz-&

10% & ()- :LLLLLLLLL{\= F10%& ()-10%& ()-s! 0% 0%<& ()-! Sy Y510/
10/ 10/ " 9F10% & ()- LLMPMWDNaB{\= s 10%& ()- "10%& ()-!Ks,

109R<?<& () -s10%& ()- ~&RI0%& ()- ,# 10%& ()-ON{NNGg OhPPdE{\= $@ -
10%<& ()- SFI0%& ()- 9, #10%& ()- sl 10%& ()- s@&LOWE ()-Ys 10%& ()-
PQSRSRRR: SAE{\= @& ° 58"

10%<& ()- 310%& ()-1& 10%<& ()-/ & 10%<& ()--4"10%& ()-f &z

10%<& () 3745856664pr2 homrs agd thersadd 8001 of groyeth mediumy Replacq gelds

109%<& ()- 7 10%& ()- STAUUY bC !PS $10%& ()-10%& ()-10%& () - N
"10%& () inin randigrawanty SORKBYdBbC | <f)-#109&' ()- & s10%&' () -

YY40%&' ()-3y#! 109%&' ()- 10%& ()-3,!10%& ()- dYpYYYAZZZAEbC ! 6! 10%&' ()- 4-
10%&' () - @10%&' ()- 0mlO%&' ()- .109%& ()- ,10%& ()- Z' [r[s[t[u[[[[~_@

310%¢& ()5 Qfﬁ%ﬁ‘}/@&' ()-! #F10%b& () -

Harvest one well of each plate when CPE is advanced.

5 Day Five: T
Wash off CPE cells from 10 wells of EV+Af111 and 13 wells of EV+RI.

Day Eight: .
Wash off remaining CPE cells. '

Freeze/thaw CPE cell lysate 3 times.

10 2. Preparation of Viral DNA from CPE cell lysate
250ul of CPE
250ul of 2x proteinase K lysis buffer !
40pl of 10 mg/ml proteinase K

Cells were incubated at 37°C for 3 hours and extracted 2 times with
15  phenol/chloroform. Samples were precipitated with ethanol at 20°C o/N and

pellets were resuspended in 25pl of ddH,0. (Lysis buffer: 40mM EDTA; |
40Mm Tris-HCI, PH 8; 2% SDS)

3. Viral DNA Digestion
25ul of DNA was digested with restriction enzyme Bcll at 50°C O/N and then
20  separated on 0.8% agarose/TBE gel. All of the plagues were true

recombinants. There was no background. A schematic of the adenoviral
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Example 6: HIF-10/NFxB Hybrid Transactivators
5 Using techniques similar to those described in Example 1, we

constructed a nucleic acid sequence encoding a chimeric transactivator protein
comprising a DNA binding and dimerization domain from HIF-1ct and a
transactivation domain from NF-xB. Specifically, a DNA fragment coding for
the activation domain of the p65 subunit of NFkB (Schmitz, M.L. and

10 Baecuerle, P.A., 1991 EMBO J. 10:3805-3817, Schmitz, M.L. et al., 1994
J.Biol.Chem. 269:25613-25620, Schmitz, M.L. et al., 1995, J. Biol. Chem.
270:15576-15584) was generated by PCR amplification of the DNA sequence
(Advantage cDNA PCR kit, Clontech) from a HeLa cell cDNA library
(Clontechj. The DNA fragment was then inserted between the Afl2 and Xbal

15  sites of the pcDNA3/HIF-10a expression vector. This construct (pHIF-1a/NF-
kB) therefore consists of aa 1-390 of HIF-1a and aa 407-551 of the NF-xB

) p65 subunit. The integrity of sequences generated by PCR was confirmed by

DNA sequencing.

Initial in vitro experiments were performed to evaluate the ability of
20 the HIF-1a/NF-xB hybrid to activate expression of the endogenous VEGF gene
in HeLa cells. The pHIF-1a/NF-kB construct was transfected into duplicate
plates of HeLa cells in parallel with the pHIF-1a/VP16 construct and pHIF-1«
(full-length, wild-type HIF-1a gene) as a control, using methods similar to
those described in Example 3. Twenty-four hours after transfection, one set of

25  plates were exposed to desferrioxamine for induction of HIF-1a activity, the

other set was left untreated. The media was harvested 48 hr after induction for
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mock-transfected cells. However, the overall level of VEGF expression in cells
5  transfected with the pHIF-10/NF-kB construct was not as high as that observed
in cells transfected with pHIF-1a/VP16.
A similar experiment was performed to evahiate up-régulation of
erythropoietin (EPO) gene expression by pHIF-10/NF-kB following
transfection into Hep3B cells. As with VEGF, transfection of the cells with
10 pHIF-1a/NF-kB results in expression of endogenous EPO in the absence of
induction, however the levels of EPO are lower than those observed in cells

transfected with pHIF-10/VP16 (Figure 8, bottom). -

Although the invention has been described with reference to the
disclosed embodiments, it should be understood that various modifications can
15 be made without departing from the spirit of the invention. Accordingly, the

invention is limited only by the claims which follow the References.
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What is claimed is;
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hypoxia inducible factor protein.

2. The nucleic acid molecule according to claim 1, wherein said hypoxia inducible

factor protein is HIF-1o.

3. The nucleic acid molecule according to claim 1, wherein said protein domain
capable of transcriptional activation is derived from a protein selected from the group
consisting of: HSV VP16, NFxB, a heat shock factor; p53; fos; v-jun; factor EF-C; HIV
tat; HPV E2; Ad E1A; Spl; AP1; CTF/NF1; E2F1; HAP1; HAP2; MCM1; PHO2;
GALA4, GCN4, and GALL11.

4, The nucleic acid molecule according to claim 1, wherein said hypoxia inducible
factor protein is HIF-1o and the protein domain capable of transcriptional activation is a

transcriptional activation domain from HSV VP16.

5. The nucleic acid molecule according to claim 1, wherein said hypoxia inducible
factor protein is HIF-1o and the protein domain capable of transcriptional activation is a

transcriptional activation domain from NFxB.

6. The nucleic acid molecule according to claim 2, wherein said DNA binding
domain of HIF-1o comprises the amino acid residues that extend from the first amino
acid to the Afl2 site,

7. An expression vector comprising the nucleic acid molecule according to any one

of claims 1-6 and 15-19, operatively linked to an expression control sequence.
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9. The expression vector according to claim 7, wherein said expression vector is
pcDNA3/HIF/VP16/AT12,

10.  The expression vector according to claim 7, wherein said vector is an adenoviral

vector.
11.  Anisolated host cell comprising the expression vector according to claim 7.

12. A pharmaceutical composition comprising the expression vector according to

claim 7 and a pharmaceutically acceptable carrier.

13. A method for increasing the expression of a hypoxia-inducible gene in a
mammalian cell, said method comprising the step of introducing into said mammalian
cell in vitro the expression vector according to claim 7 so as to increase the expression of

said hypoxia inducible gene in said cell.

14. A method for reducing ischemic tissue damage in a mammalian subject having a
hypoxia-associated disorder comprising the step of administering at the site of said
ischemic tissue damage in said subject an effective amount of the pharmaceutical

composition according to claim 12.

15.  The nucleic acid molecule according to claim 4, wherein said DNA binding
domain of HIF-1o comprises the amino acid residues that extend from the first amino
acid to the Afl2 site.

16.  The nucleic acid molecule according to claim 5, wherein said DNA binding
domain of HIF-1o comprises the amino acid residues that extend from the first amino
acid to the Afl2 site.
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19. The nucleic acid molecule according to claim 4, wherein said hypoxia inducible

factor protein is the human hypoxia inducible factor protein HIF-1a.

20.  Anisolated host cell comprising the expression vector according to claim 8.
21.  Anisolated host cell comprising the expression vector according claim 9.
22.  Anisolated host cell comprising the expression vector according claim 10,

23. A pharmaceutical composition comprising the expression vector according to

claim 8 and a pharmaceutically acceptable carrier.

24. A pharmaceutical composition comprising the expression vector according to

claim 9 and a pharmaceutically acceptable carrier.

25. A pharmaceutical composition comprising the expression vector according to

claim 10 and a pharmaceutically acceptable carrier.

26. A method for increasing the expression of a hypoxia-inducible gene in a
mammalian cell, said method comprising the step of introducing into said mammalian
cell in vitro the expression vector according to claim 8 so as to increase the expression of

said hypoxia inducible gene in said cell.
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29. A method for reducing ischemic tissue damage in a mammalian subject having a
hypoxia-associated disorder comprising the step of administering at the site of said
ischemic tissue damage in said subject an effective amount of the pharmaceutical

composition according to claim 23.

30. A method for reducing ischemic tissue damage in a mammalian subject having a
hypoxia-associated disorder comprising the step of administering at the site of said
1schemic tissue damage in said subject an effective amount of the pharmaceutical

composition according to claim 24.

31. A method for reducing ischemic tissue damage in a mammalian subject having a
hypoxia-associated disorder comprising the step of administering at the site of said
ischemic tissue damage in said subject an effective amount of the pharmaceutical

composition according to claim 25.

32. The nucleic acid molecule according to claim 1, 3, 4, or 5, wherein the

hypoxia inducible factor protein is a human hypoxia inducible factor protein.

33. An expression vector comprising a nucleic acid molecule according to claim
32,
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35. A pharmaceutical composition comprising an expression vector according to

claim 33.

36. A method for increasing the expression in a target cell of a hypoxia-inducible
gene, said method comprising the steps of:

(a) introducing into said cell an expression vector according to claim 33; and

(b)  allowing expression of said biologically active chimeric transactivator protein

encoded by said expression vector.

37. A method for reducing ischemic tissue damage in a subject having a hypoxia-
associated disorder comprising the steps of administering to said subject an effective

amount of a pharmaceutical composition according to claim 35.

38. A method for reducing ischemic tissue damage in a subject having a hypoxia-
associated disorder comprising the steps of:

(a) isolating cells to be implanted into said subject

(b)  introducing into said cells an expression vector according to claim 33; and

(©) implanting said cells containing said expression vector into said subject.




