; e3eH) HL#X$$)62) T)C,' 2 ~ FEB ~~0~ . WD 00/ 10578 PCT/ US99/ 19416 STABLE
'HYPOXI A | NDUCI BLE FACTOR-1 al pha AND METHOD OF USE STATEMENT \f\f T\‘%B ?993
FEDERALLY SPONSORED RESEARCH Thi s invention was nade in part {'h

from t he . N#O @rtas7sHeart, Lung, and Bl ood Institute, grant nundEUS99/19416
1R01- HL55338. The governnent 5 may have certain rights in this invention.

FI ELD OF THE | NVENTI | s invention relates generally to

hypoxi a-i ndu W\\m O“ ding proteins and nore specifically to DNA bi nding
proteins that\ ed such 10 that they are stable under non-hypoxic
as well as hypoxiawendi ti ons. BACKGROUND OF T E I NVENTI ON Mammal s require
nol ecul ar oxygen (Qz) for essential netabolic processes including oxidative

phosphoryl ation in C during ATP
formation. Systeni cvgl*‘gg!ﬂ%zﬂ m@@%@@g ggh@‘ar esponses
elicited by hypoxia (the stat d exceeds supply) include

eryt hropoi esi s by indivi dual s who are anem c or at high altitude
(Jel Il cmann, Physi ol . ¢RY%yw 2 i schem ¢
rryocardlum(Wute et ar. ' ' ‘ “YyCOl ysis in
20 cel | s cul tured This medumadwmnhdmsupm witofifnds ﬁbnﬁﬂhe Nél'ﬁbhal HcartBl ochem

(Bb: 405-41 2, 1983) adaptive res crease 02 delivery or
activate alt Pﬂ%ztaé’ P% B}Sf'@tﬁﬁrw iﬁghghr#355$ eﬁ’&‘? pevegpmenty poxi a

i nduci bl e5 gepg maQQH&Ttaﬁnh%S{s iRRE iReRasE 1 n these responses include VO
00/ 1 0578 2 4 F B 2003 PCTNS99/ 19416 erythropoietin (EPO) (reviewed in

Senenza, Hematol. Oncol. dinics N. Arer. $:863- 884 1994), vascul ar

endot helial growth factor (VEGF) ikl Nl‘l e ~5 :843-845, 1992;
Banai et al., Cardiovasc. Res. ?8 & dberg & Schnei der,
J. Biol. Chem i:43%abinddrdn rélaae%%%}many@b &LMHh&bErI;NKE&n&E rth et al.
Proc. Natl. Acad. Sci. USA Q 6496-6500 4 Senenza et al. . Biol.

Chem 72: 2375Wi0igy 6l mpe@memfmhkly tDBAbiadingmaeigivs ¢hat armpdifiedisatte genet i ¢

res ponse§0 0 a¥ B%' aZe stable under non-hypoxic as well as hypoxic conditions.

B D OF THE N
Mammals require molecular oxygen (O;) for essential metabolic
processes including oxidative phosphorylation in which O, serves as electron
15  acceptor during ATP formation. Systemic, local, and intracellular homeostatic
responses elicited by hypoxia (the state in which O, demand exceeds supply)
include erythropoiesis by individuals who are anemic or at high altitude
(Jelkmann, Physiol. Rev. 72:449-489 , 1992), neovascularization in ischemic
myocardium (White et al., Circ. Res. 71:1490-1500, 1992), and glycolysis in
20  cells cultured at reduced O, tension (Wolfe et al., Eur. J. Biochem.
135:405-412, 1983). These adaptive responses either increase O, delivery or
activate alternate metabolic pathways that do not require O,. Hypoxia-

inducible gene products that participate in these responses include

MM
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have been extensively investigated for the EPO gene, which encodes a growth
10 factor that regul ates erythropoiesis and thus bl ood OZ- carryzp §ﬁ ity
3

(Jel kmann, 9 pra; Senenza, 1994, supra). Cis-acting DN@
required fo%(ﬁ)grqi riptional activation in response to hypOX|

identified in the EPO 3'-flanking region and a trans-acting factor that

bi nds to the enhanegfthropyieei (BPON(hevictes if Seth&iza 1Hémhbt Oncof. Ll'.t'lfﬁzl:.sl ed
criteria for a physio i cal 15 regqgul at or of EPOtranscrlvotl on.

o)
i ourar i o SR 865 B 1690), vaguim cplothelial FRRERREGTIVEGE [ o0l 2], and

desferrloxam ), ;8 i Vi W th 5|mlar
ki neti cs. E%HLJE?E&t al h}ﬁg‘ﬁé?‘#%y?k‘%ﬂ?é%@gs{%n% ?%\Sgn{%‘? D,

cycl ohexi m de;&ﬂﬂ%-ﬂl&ﬁ} opuGblibergad Sekssddérnd BivA Chemf269:4355-4339,vity.

Furt her nor e, ngélgtl ons in the EPO 3' -flanking ﬁ}%etgg‘ﬁ;gon that elimnated

HI F-1 bi nd? ng oald EhyeolntieenzymesElth & ghcfros Azecl Y844, supra).
Th |
ese resu tsgilé;%@ss}so@ 1‘@‘93”@4 éﬁzﬁ@?gl{cf. Bﬁdgspﬁ%r?‘#%tﬂ?ﬂ?‘bﬁ??ﬂcllgggf' ng

transcription; translation, proter'n p ion par es in the
i nduction of H F-1 DNA-bi nd| ng activity and EPO transcription in hypoxic

cells (Senmenza, 19 2 ression is cell type ecific, but
i nduction of HIF- 19rik‘?t @F‘i@gfﬂf}e%@@“ 1at%gerﬁp@msmeégq Egg%‘&ﬁl n many
mamal i an cel hayd hias kW9 1§%§ﬁ é1éd f(ﬁ"rtH@EPU?ehe vii@flenceats ag%th

20: 4304- 4308, 1993). The EP enha cer directed hypoxi a-i nduci Bl e

transcri pl®on fmowtbptatgldategerrymropmamsﬁmd:thedb&@d|Oat0@rrmmg- P@&ipr oduci ng cel l's

(Wang & Serren | 993, pra; xwel | 2 4. F.E 00/ | os~s

PCT/ US0/ | o4 L&lkgpany, 199syara; ggrppnzaAéé% SUgLQ). @éﬁ"%"# B?%Q%‘l"fﬁﬁef 1993) .

| ZNAs encodI ngeqiﬁ‘éﬁrf@xl tris¥igstlonl &tﬁ,aﬁym&emhee ﬂoﬂﬁrFGﬁG w¥e idechriféd if0C 2, or
DFX i n EPO produci ng Hep3B or nonproduci ng HeLa célls whereas cycl ohexi m de

bl ocked t hei r thenBP@t3-Blanking regigrcanda trensgmr@gsf@cz!i@reth@tésndﬁdmtm enbageet F- 1 5

aseays (Fi 0 nSPOHF ISR RN ) R, Ruokd BIRGR R0 R T coe

experi ments sugnddtbr $1EPO @lafsceiptibh Finlpdriiciasr lxﬂ@tcbn@@fm@qireésﬁ&x (19gponses~u
hypoxi a. Hypoxia inducible factor-1 (H F-1) is a manmalian transcription 10

factor expr es&dcwt(ﬁh&fgdcﬂﬁo@bir?@ﬁ@éSfFGI%Wﬂq{P@éﬂ&JW ndugedtdfd | evel s of

Ting & LS DrPbingi adtuity vt kineyctt 3 adfibe, siFSGRBTRFGDLS, ) S99
Patent No. 5, aaaresswa (actihémilcin D, @yblaéximite) and 2-aminopeting) Woeked n t hat bi nds

to cis-acting, hypoxia-responsive el ements of genes induced by hypoxia
(Wang, 15 G Lindug Hans&ﬁéﬁ—?actw@n Fu °f°cqa?tﬁ9°'ﬁé%h€oﬁ 8 ﬂEE‘Gm&esz | 992

Jiang, B.hp, %éﬁ that efxmlrﬁieﬂlHImﬁaln aﬂsggﬁ&xﬂa?&p&haﬂ-c%?ﬂncn—gne genes t hat

are actlvate H'F-1 1n cells subjected to hypoxia i1 nclude EPQO, vascul ar
endot hel i al gt(Swm‘tnzlaot?ﬁélnmpﬁwEmﬁ)ese nesuits somcgtemaugeal Itransdu;tUQn k)bthwwyt ri c oxide
synt hase, and %1 coI tic enz mes al tate

e A
dehydr ogenase W%té‘? P} grﬁgggtlon 5?1 }‘F %SBP% W% ki nase 1
(Semenza, G LpartRipa¥ds in the ildddtion df HIF3 BRA- bﬂaaﬂ@actlﬁl:farﬂd BEPH bi ndi ng

activity and HI F- 1 protein concentration increase exponentially as cells
are subj ect ed trapsagiptionas hyppxdocadlsi8emenzat 1 9dssypse)ang, B. H., et al., AmJ.
Physi ol . 5C1172 C1180, 1996). 25 HIF-1 also activates transcri ption of the
VEGF gene”in hypoxic cells

EPO expression is cell type specific, but induction of HIF-1 activity by
1% O,, CoCly, or DFX was detected in many mammalian cell lines (Wang &
Semenza, Proc. Natl. Acad. Sci. USA 90:4304-4308, 1993). The EPO
enhancer directed hypoxia-inducible transcription of reporter genes transfected

30  into non-EPO-producing cells (Wang & Semenza, 1993, supra; Maxwell



(Forsythe et al., 1996; lyer et al., 1998). Wen cultured cells are
transfected wwth pCEP4/H F-1 al pha plasm d under conditions that2 &lHE®M003
expression of HHF- | alpha froma cytonegal ovirus pronoter and a reporter
pl asm d cont gj hi he hypoxi a response el enent fromthe VEG-_gene
reporter gen@oa@ﬂg ression is increased in cells under non- hf%&‘%f%””‘"ﬁ
conditions and there is a 3 2 4 FEB 2003 wo oo/l os~s PCT/ US99/ 19416

dramatic superia@ucPida) Naideéad)SpORISE 90Pad3-DUDTIS 9DBRt RNA s@apedient upon the
presence of an intact H F-1 binding s!te%eélzbor%zt he et al., 1996). In

embryoni ¢ st em €¥¢akglyeelitia ergymeassrare indu €h, Cakle, o1 PFX ial pha

expression, th i . ' : | . hynoxi a
(1 Yer ot ai . ToRaprodR LR b RnBoBHE IS ey hERRERRT RO P,
and HI F-1Dbeta. Blbekedltheidinduplien sdplydolyticgenabaguendes cbhfaining Wik1eas H F-1

beta (al so known as aryl hydrqcarban, receptor nuc|ear transl ocator, ARNT)
can di meri ze wi PIRABE §EEs HeGatedhypoxiprindusiRled NS GHRTINR 18 rapplectionassis and

HIF-1 beta RNA @%&y &%1t o4 %gg%s%%{,ega).,h%gS%Pkasgﬁﬁggéa%%{eﬁgg;es in

cell s exposed t poxi’c candi trons ner, I OC

Bi ophys. Res. Goppontthe1dke of4A8H -1 8Bactiv &8y hoieostatidrespetiseato hypdixial. Physi ol .
27S.L818-1826, 1998). Structural analysis of H F-1 al pha reveal ed that

di meri zation requires 1S two domains, ternmed HLH and PAS. DNA binding is

medi ated by a basi C_ﬁg@@&%@ﬂmﬁﬁ@tor-@(mﬁ-m& a%ammmi%x tr%ugsIHRgaﬁtl_i SS3- 585,

| 997). Two transactiv on donmins are contained in HF-Talp ocat ed

bet ween am Hb aloctds exg8¢ssadgnB@ely i esporisnitopltysialegisabyt icleventdavelpofii ns are at
am no acid resigdues. - S73 and, 786- 826 (.Jj a B, 1. 0-88c @l coq 41997, Supr a;
Senenza, 20 G Ll_.lxpoé‘_[aﬁ%a}",g’ é@lg??t‘gwgf%f) ?’a&(rﬁlt‘ﬁg'g ﬁ%FHSAﬁzﬁdaéﬁsé“r pred for
optimal het er odiwagg,iG 2L, 08 SehieRzldL 1/ mba cheRNT)o: prwd- P hooslitng. | n

addition, deletion of the carboxy term nus of H F-1|al pha (am no aci ds

391-82b) decr ealaentiNm 5821914y - His @-basie belie loopdelix pretamchatdiindsto However ,

H F-1 al pha (1-390) was expressed a igh |l evels.in both,hypoxig, and

non- hypoxi c cel Ws%?tw ngl,?fr,ﬁ gpsotnsx[v% eP: H%Pt-sloiﬁ%%e% 1#‘199$§V6’H§87ﬁ-(@f§?’ whi ch
was expressed aG.Lnumd Senghes, Gy eher. i0pih ol 3a6611i6221992; Mang, Y PDXI C
cells (Jiang, B.-H, et al., J. Biol. Chem :17771-17778, 199%). Thus,
hypoxi a has t woetithdepBiedrtens 2L2d035K0360F190 7)) Bhe genssithatiaye aqtivatedhy poxi a

i ncreases the s A yo - b r i hlizing it
(i.e, decreasi n%e?g}sl]zlgg%lgsdégtreg%)a;t g"?@&%ﬁ&ahg Egéﬁgﬁgmﬁg%%&f\}éggoi | 0os~s
PCTNS99/ 19416 hgrpett horimne € W EET )1 rvenespxggerfase | f indudbleinptricanxade syathasge,t y of
theprotein (i.e. | r?de endent of t hle éal&ot ei1 n ?oncenté %ti on). 5 SUMVARY OF
THE | NVENTI ON and glycalytic enzymes aldolase A, enolase 1, lactate dehydrogenase A,
20  phosphofructokinase I, and phosphoglycerate kinase 1 (Semenza, G.L., et al.,
Kid. Int. 51:553-555, 1997). HIF-1 DNA binding activity and HIF-1 protein
concentration increase exponentially as cells are subjected to decreasing O»

concentrations (Jiang, B.H,, et al., Am J. Physiol. 271:C1172-C1180, 1996).

25 HIF-1 also activates transcription of the VEGF gene in hypoxic cells
(Forsythe et al., 1996; Iyer et al., 1998). When cultured cells are transfected
with pCEP4/HIF-1alpha plasmid under conditions that allow expression of
HIF-1alpha from a cytomegalovirus promoter and a reporter plasmid
containing the hypoxia response element from the VEGF gene, reporter gene

30 expression is increased in cells under non-hypoxic conditions and there is a



This invention is based on the discovery and isolation crf unique variant
forms of H F-1al pha polypeptide that are stable under hypoxic andg, FEB
nonhypoxi ¢ conditions. The invention further includes chineric prgt el ns ZEQ?
havi ng HI F- | $lqoiea08M8A bi ndi ng dormai n and di meri zati on domai ns BOT/U899/19416
het er ol ogous transactivation domain. Gven the structural and functional

simlarities between H F:|al pha | E- 2al.pha (.al so own as . EPAS]1, HLF, HRF,
2nd. NBP2) | and SrATERR g pprindRele e by 3B OadiB R all Y BeRacny i85 1 bog;
it is understoggestiiofizh ntdctAIFORAbIntikLCHLI(FBRGtHet a).| 1958) I & EMBrybRic
purposes, but that all these HFs are 1ncluded herein. A'stable’H F-1al pha
(sHI F-1 al pha) steot eslls fioin 2 keogkoutmonsm Which larksHIHréalpha expressipnpthepeist i es:  (
1) sHF-1 al pha wll .conftg#ﬁgt h asi c- hel i x-*}go(g‘éhgl i X-tpﬁgk%% in of

H F-1 al pha t h&P SARGFI% FPSRYT BHEHRHRC 19 BYRSBE BYsoete and bi ndi ng
to HF-1 regognition sites on DNA, e.g., the sequence 5 TACGIGCT-3" from
the human EPO gene (which was used to purify H F-1 originally) or the
sequence 5' - TACGTGGEIB:1 i adwtarpdinen of v o/sugungsfdIH-Fophy amkHE-1b¢ta,  1996;
Senenza and V\apr%e

| | 1. Bigl. .12: -5 ' F- | pha
will contain delérf 'nlg lpcc)ar?i S{él?ﬁmr%{ogél&l%’%stggg&]t’u %%%%g{be%éaé%b%}oﬁa?al |y

increase its hahfl hytifoearbbn e&eptor unclesr thmatodyeXxARNIY AL didrizesugh t hat the
sHI F-I al pha protein accurmul ates to much _hi gher | evel s than _the wil dtype

HI F-1 al pha pr éther praigiae r Theeansertsaipn af SHE- 1atplea anddiEF-hhsty RNA ped ent

del eti ons dl ' [ tl | : ' I [ IS, ef fect;
mul tiple e?gnpﬁgg?lg’r@gSgg\%ﬁgw%té&l%éggggé’%cg@aﬁg%,m{ %e%ls??ﬁ%éed{@ﬁ@ﬁ% 1 al pha
contai ns one 3@onditions @Vicnhan oV, et kbnBilockai.i Riaphyan Rdo i@uimeu Q25 M88- ei t her
fromH F-1 al pha_or 2 4 FE8 200 0/ 10578 PCT/ US99/ 1941 b anot her
eukaryotic or \f’g?aﬁ99§'r¥ﬁs%r¥-p?‘i n%f"\é/l\gtp Y.S‘Oge%yéhﬁﬁg%ldggﬁg’t]égs)acti vation
domain utilized, the transcriptional activity of sH F-1 al pha may be

regul at ed by oxygen concentration or nay be constitutively active
regardl ess of oxygeStmorceanalysis ofl HIEHaphhatytadedbdi ditresizatior regeiech

transcriptign of oxia 5 i i bl n rmally requl ated by, HHF-1. In
one enbodi rment ,tWPHé%aﬁ\?eﬁqfq‘?fﬂﬂﬁﬁt‘?wg%/ggaﬁﬁ’gE’F%n@%.}grm%‘ﬁéﬁeai’é{@ib&g‘ggquence
encodi ng a st alofald (Sehetdd TRLDEPLRI RY4t Hals 1 5058411 199Y). ~TR6ansact i vat or.
This chineric transactivator includes: a) a nucledtide sequence encoding a

DNA bi ndi ng dormnsactivation ddimresny araicpotaingd nmHAF ofalphahlogated deiwagna@imihe f act or

Seauence encodthgeal Pakies Tod iR aL e b ot ortpe Spbiacf oo

hypoxi a i nduci hbsidiea 6B 04578 fnd 186808 €JiangB.Hs druF; 1 W7phipra) Seragtaher
enbodi nent, the inventiaon provides non-chineric stable HF 1 al pha

pol ypepti de8. $ubh ep@h\8ptsuaEd)- iABingsidsgnd 9Qpte ragiirgd for ertgmelo, HIF 15 1
al pha am no aci i ] - PR 5 : j acid
resi dues 1-391 hgtﬁé&ﬁ@gﬁ%@g?’ﬁ %E%%%g@?a%%o ac#@drhgéi]iat?gg?t@?%l and
576- 826 of SEQdel8tididof theantboay aerdnusst MiFetalph8Qimiandcid 398-836pf SEQ | D
NO 1, wherein 551 is no | opger rine and 552 is npot threoning, gmno acid
resi dues 1-391 dﬁ%aﬁééh%%ﬂg'f(’f@‘i £ ‘N‘@"Ft,e tWﬁ’éFré?tl‘P"S OW%V%JQﬁOFPgB?a serine
IZg and 552 i's nei3ob&ONp&se AN High RER if 88iHIMOxic AR AL AR RRGiPT SEQ

25  contrast to full-length HIF-1alpha (1-826) which was expressed at much
higher levels in hypoxic relative to non-hypoxic cells (Jiang, B.-H., et al., J.
Biol. Chem. 271:17771-17778, 1996). Thus, hypoxia has two independent
effects on HIF-1alpha activity: (1) hypoxia increases the steady-state levels of

HIF-1alpha protein by stabilizing it (i.e. decreasing its degradation); and (2)



NO 1, wherein 551 is no |longer serine and 552 is not threonine; am no acid
resi dues 1-391 and 508-826 of SEQ ID NO 1, wherein 551 is no |onger serine
and 552 is not threonine; amino acid residues 1-391 and S 12-826 &f B200D
NC 1, vvherei\& 503111 §7§ no | onger serine and 552 is not threonineg; and anino
acid 25 resi 008%185891 and 517-826 of SEQ ID NO 1, wherein 55FGTUS8 P Hfger
serine and 552 is not threonine. The invention further provides a nethod
for providing gepsdd fndfdavd t%ﬁfe@ﬁ'ﬁ'tﬁﬂs&fpﬁ@nﬂ%ﬁﬁtﬁofﬂh@ﬁx@t&b@i.é.aCtOr in a
cell, under hypoxic ar non-hypoxic conditions. The method incl udes

contacti ng t heingep¢ndgnt ¢of the prgtdierencaafatioshquence 6 2 4 FEB 2003 wo oon
os~s PCT/ US99/ 19416 encoding a chinmeric transactivator protein as descri bed
herein, or a stable HIF 1 al pha as descri bed herein, under conditions that
al | ow expression of the nucleic acid sequence, thereby providing
constitutive expression of a hypoxia inducible factor. 5 The invention also
provi des a +ethod for increasi ngSUMMARY OF RHE INVIINTEONyduci bl e gene in
a cell. The nethod includes contacting the cell with an expression vector
cont ai ning a polynucl eotide encoding a stable H F-1al pha of the invention
or a chineric trans&atsiivedntion i ieised on the dikescdryhad idodat@inrofundipre wapiadi t i ons

that all ow expressi f e nucl ei cid sequenge .contained in the 10
vector ther ebyfm\ﬂ%&lﬁd#@f‘ PPE’BF%‘&ieé ‘é‘&ep?t%‘ggiuliaercﬁypﬁi?‘ﬁ&? a inducibl e
genes in the Cﬁbﬁhyg%ﬁ&%g?ﬁ%ﬁs 'ﬁ&'iHﬂ&tioﬁ?ﬁrﬁﬁmﬁ&s cMiric fiddifr i ncl uded

in the invention i od for reducing hypoxia or i|schem a-related

ti ssue danb@e having $1iBilalpha ANA bipdorg domain shd dimdrerafiongdemeinsdadage . The
met hod i ncludes adm ni stering to the subj.ect .a therapeuti.cal] 5 effective
anount of a nuBF QTOEE’%?&'E‘E@GEW‘BB d@ﬁ‘@lﬂ‘di(f’f@'e%ﬂﬁﬁt’i‘r‘éwig af‘szgﬂ%cé@/’ia&at or

protein as desgiinemiehBEGicth HO-1Apks, MIFal¥a-(31s8/khbWn a8 FBAYY, ihgd herein,
in a pharmaceutically acceptable carrier, thereby inducing gene expression

that will redutiRF,end pM@RDnand BiF-3adphai (see GesYieZdghalgdienetaxppl E20%f gene

products whose I ion is in y, sH EF-1 al.pha.resulting in a

t herapeutic ef ?gi’ltol9§g)s¥thsc‘f‘l?gréltc\?ggﬁgﬂg'lgfwgﬂs %r%sﬁflg‘f‘ifoé'l l1'St‘§H§'?ogenesi s and
insulin-1ike gpoMlobes BEiltBAt aB thdsSHIRY arengtledddeerdiact ors pronoting cel |
survival (lyer et al., 1998; Feldser, D., et al., Cancer Res. S9:3915,

1999).  wo oon os~s 2 4 FEB 2003 PGI/ US99/ 19416 In anot her enbodinent, the
Lo 2OV 5, AR B SRR R o (SSue
the following properties: (1) sHIF-1alpha will contain the basic-helix~loop-
helix-PAS domain of HIF-1alpha that mediates dimerization with HIF-1beta
20 (ARNT) and binding to HIF-1 recognition sites on DNA, e.g., the sequence 5'-
TACGTGCT-3' from the human EPO gene (which was used to purify HIF-1
originally) or the sequence 5’-TACGTGGG-3’ from the human VEGF gene
(Forsythe et al., 1996; Semenza and Wang, Mol. Cell. Biol. 12:5447-5454,

1992); (2) sHIF-1alpha will contain deletions or amino acid substitutions that

25  substantially increase its half-life in cells under non-hypoxic conditions such
that the sHIF-1alpha protein accumulates to much higher levels than the wild-
type HIF-1alpha protein under these conditions. There are many different
deletions and/or amino acid substitutions that will result in this effect; multiple
examples are provided but these are not limiting; (3) sHIF-1alpha contains one

30  or more transcriptional activation domains derived either from HIF-1alpha or



adm nistering to the subject an anmount of a pol ypepti de encoded by a

pol ynucl eoti de encoding a chinmeric transactivator protein as descrb?ed
herein, or 5 a stable H F-Ial pha as descri bed herein, such that FEB 2003
angi ogenesi's woobmgduged at |evels that are greater than before peT/useos9416
adm ni stration of the polypeptide, thereby providing prophylactic therapy.

I n one enmbodi nent, the inventiqQn provides ?qsuba%anti ally purified 10

pol ypepti de haARHICR CWeyRifc Yl Fapscriphipn fagtorsidspepsling,on|the agtiyafieh n ani no
1ds 392 4 : i i i
acl ds to Q&ﬁﬁd}ﬁ uflfitéd t%ﬂ?\?%tﬁé}f&m a%@%&@@!@-l?@ha h%%ﬂgg@g@gteﬁr om a

serine to any other amno’ acid, amno a c om a
t hreoni ne to arby otyigen camientratiori ok mhy bé admstitydiejynamive otgatdisssacofaxggery such a

pol ypeptide as well as antj ies which preferentially. bi t hi.s
ol Yhent i de 15 AEeniidgny UL et Hed i preaiad ORI IYPOER ne 551 i s

changed to gl yGha&igeGehdl RRMaNG réRiatt@bplapiNe. 1 n one enmbodiment, a
nmethod is provided for treating a hypoxia related tissue damage in a

subj ect, by adni ni stlaranegntbodinat,shbinvention iaduddsenaspdaied madldiy agfif ecti ve
amount of a nucl eoti de sequence, risin n. expr.essi.on .control. sequence
oper at i vel y |1 rRAFTES SacpUPs ASEPEHF e mRutieinghal b8 Py Rt ra- Rty
sequence as setTyiQERithekiB @Eﬁgiiﬂtmaudawgfﬂw@ﬁua@eq@eﬂ&%né&zngQDW& are

del eted therefrom amno acid S51 is changed froma serine to any ot her

am no aci d, andindingdomsincgngBalimerizatign gemainrofra hyposa idugiblg faetor te.aany ot her
amno acid.;4n r di nent , Lhnvention _provides a net hod. of
Frensi oot o W, p o, IR 0IR0E b rykr Sy Ak bOR pRaRoE Sealaft tBBEnE g 1 o
the subject a thwirRpeptidnaPadiivatiinl ®eidiv.erirppeired hypoioindpebid fd@ohsvi ng a
sequence as set 30 forth in SEQID NO 1, wherein am no acids 392 to 428 are

del et ed t her ef rteqnventporyis FEE-Ialpha. WO 00/ 1 0578 PCT/ US99/ 19416 ami no acid 551
is changed froma serine to any other amno acid, and amno acid 552 is

changed from a threop fifeP eBiifoh thedffl fioRbldidet Roft chiddrBSfapfiiRd! ment

t he i nvention provi of mulati on a nistration o e human
Eypoxi a i nflu;:i l(:j)laéptfaqmﬂ)qupﬂde(sHSEgrﬂhpcblpﬂs?)ﬁidpmi!nyhxldﬂtﬁuderemm ﬁ:m%ted io_ehl}nfhavi ng
ypoxi a rel gted, ti ssue dammge, u stantia pure
pol ypept i delhavl ae?"é‘@&ﬁ&ﬁ%@‘%%gﬁﬁ&P&%d'&@E&?ﬁ@w_@l;ﬁﬁé}"é’lc am no
acids 392 to 421%%@{1@5 198 EARCs D6 HD IR NAP; Aihd aé§}¢s'i(ﬁ1e§2ﬁ332§ﬂ?f roma

f!
serine to any other amno acid, and amno acid 552 10 is ch roma
t hreoni ne to any76edfeof SHQ HO NX 1 tamiandcid rphiduasd eI tand 42948260 8FQdD e

ol ynuci eot | de SHobaTRE T P abRaSHufEn FsGRI4 o Rt M fagege aed | O ©F @

residues 1-391 and 469-826 of SEQ ID NO:1, wherein 551 is no longer serine

20  and 552 is not threonine; amino acid residues 1-391 and 494-826 of SEQ ID
NO:1, wherein 551 is no longer serine and 552 is not threonine; amino acid
residues 1-391 and 508-826 of SEQ ID NO:1, wherein 551 is no longer serine
and 552 is not threonine; amino acid residues 1-391 and 512-826 of SEQ ID
NO:1, wherein 551 is no longer serine and 552 is not threonine; and amino acid

25 residues 1-391 and 517-826 of SEQ ID NO:1, wherein 551 is no longer

serine and 552 is not threonine.

The invention further provides a method for providing constitutive
expression of a hypoxia inducible factor in a cell, under hypoxic or non-hypoxic

conditions. The method includes contacting the cell with a nucleic acid sequence



15 (H F-1alpha) to a patient having hypoxia related tissue damage,
including a therapeutically effective anmount of a nucleic acid SeqUeReR 2003
conpri sing an expression control sequence operatively linked to a

pol ynucl eoti de encodi ng a pol ypepti de having a sequence as set forth in SEQ
ID NO 1, whe¥@% %P no acids 392 to 428 are del eted theref r omP CAHNAE 4L d
551 is changed froma 20 serine to any other am no acid, and am no acid 552
i's changed frogcadihbaRAMER thRsRivat bRteiR Bl AQciteldhere)dr 8 sRbRHMMceut i cal Iy
aeceptabl e carrier. BRI EF DE, ~CRI PTI OF THE DRAWNGS 25 FIG ITA-His the
am no aci d seqlrphaesdesnbedheseini inddr canditionsythas allpw-exprassponeof the miclele shows an

oyt o o LR8BSR A MO

i nternal del etfaetds. on regul ated 30 expression of H F-1al pha pol ypepti de.
Oxygen regul ati on of the H F-1al pha 2 4 FEB 2003 . WD 00/10578

PCT/ US99/ 19416 pol ypepti de containing the indicated internal deletion is
shown in tRe "wt" c‘gh%wsmtwa@ﬂse’ provides 3 mgthed frdnqreasingrepares iy plbt i de i s

regul ated, and,, 3 e i £ Each of
the i ndi cat ed tu"}r?t%’e‘fangﬁmygf g%rl}ég;ﬁéﬁ:?lg @E“%“Q?S‘%%*%Sg%%ﬁgg%éﬁﬁﬁﬁ’ with a
doubl e poi nt Samexpadssion véaosentai®ing @ polynacleatidaicheddinga stablaklRdalpha d 551 and
a threonine tg‘éfahani ne . mut a’;?'h}on at residue 552&,. T(Eue ox%‘%en,re | ation of
the pol ypept i d&f BOHRVERHATRY asbiReR GRaNSACHVARF BEPHIR OGS OddICEHR BREANd t he

doubl e poi nt n&&mti@%;ﬂaﬁxwisxg»e di&rgﬁéﬁ@m&ei&mimaueﬁ@e%sﬁta@e&i i'h"tgie ndi cat es

that the pol ypeptide 1s regulated, I's therefore unstabl e under
non- hypoxild covatidritioareby [roviBing forinstvases] expressie ofdfyppxiginducibde genps mssi on of

H F-1 al pha. Puytative requl ataory sequences_] tified wwthin the HF-1
al pha protein %Cﬁl Ig‘t“i n%ﬁd&?‘;ié?asfga?x@rﬂpﬁ%ﬁ‘)ﬁfﬁd. Potential interactions
with regul atory proteins such as a phosphatase, kinase, or protease are

al so shown. 15 FI G Flrthes irthiRE igthRAAvdntibY Sta aéthodfor helukmginipsaser activity
upon cotransfection of human 293 cells with a reporter gene containing a

hypoxi ¢ r esponisgheatiawelpted tissyadamage incpesiibiecHiaving asjatyds vingyueli t h

expressi on vec i . ek ) . - H F-1 al pha
(am no acids 1&%2‘%55&?}3 rﬁ%ﬁgﬁng%%%%rﬁgns?&@%%@e/s ﬁ%é‘zt@g@ra}%@ﬂ%ﬂon only);
(4) HI g- 1 mhphefBEti(zderhem}tMaaudeit aizﬁféeqeerk:é)c@oﬁ?@ﬂ&hhﬂ?xﬁi&maw‘t’atﬁfﬁ no acid
551 and a threonine to alanine nutation at residue 55 Reporter gene
expression is gqqma%gesqnt(egmg@kn,%,agang 2 /B]@Z‘S@W?Pg%d perpigyina

pharmaceutically acceptable carrier, thereby inducing gene expression that will
reduce, or prevent, or repair tissue damage. Examples of gene products whose
expression is induced by sHIF-1alpha resulting in a therapeutic effect

20  include VEGF and other mediators of angiogenesis and insulin-like growth
factor 2 (IGF-2) and other factors promoting cell survival (Iyer et al., 1998;
Feldser, D., et al., Cancer Res. 59:3915, 1999).



25 FIG 6 is a bar graph illustrating the luciferase activity upon
cotransfection of Hep3B cells with a reporter gene containing a hypoxic
response elenent (that includes a H F-1 binding site) and with expéecERS am3
vect or pCEPAWEEABF8g (1) no protein; (2) H F-lalpha; (3) H FPCIVYRIY19416
(1-391/429-826, deletion only); (4) H F-lal phaDP (deletion and a serine to

30 glycine nutation 1 1 : : ] | tation
at 10 2 4 FEB 200 mrgﬁg%%gg@h%@%é%%ﬁ%&%aggg% %&%@ﬁﬁﬁk@% ter gene
expression i s piophylactic therdpy folr isduelima sybjernih i2ed4ieeeof varnprsibgr s) . DETAI LED
DESCRI PTI ON OF THE. I NVENTI ON 5 |t nust be no& ed t(pat a@? ﬁg/ed herein and in
the appended cPApPiRisteringdo E}ieﬁB'BJF%franfaBWEt of2 polyppi! C4Ha° & Ry2 i ncl ude pl ural
referents unl epsyhitto A bitekink! ARihMick Sk AR AoPHBRIN S ResoriidSherdiflor exanp! e,
referent,2 to "a"cell” 1ncludées a plurality of such cells and refeerence to
"the plasmid" astabladd§- latpheaedeseribed lenein,snclnthneanglogemdsibss aticedjati val ent s

t hereof known t{o those 10 skilled.in the.art. sq forth. Un] ess defined
ot herwi se, allh?’%]é teagf%t@&?h&ﬁ?fFPiﬁfEmesgﬂh@ @gﬁpﬁwwﬁe%%{w he same
meani ng as ConpRRMdingEpkictedhdrapyone of ordinary skill in the art to which
this inventi ogﬁig)el ongs. sﬁﬁ?t houghéba)ﬂy met hods, devices and 15 material s
simlar or equivalent to those described herein can be used in the practice

or testing of the ipnvention, .the preferred nethods evi ces a material s
are now descri bed. ?“?p‘ﬂ%'i"?d&’é‘{:ﬁ“oﬁ?’ KEPOREY ‘%&Pé}‘h&%tgﬂyﬁ’&’éi}%& ated
herein by 1®f epelppeptiie Hating Wl seqiddice bhiget PoHPRABE@ID BEDQ! ivbkrfeh amthodi Scl osi ng
the cell lines, vectors, and nethodol ogies which are described in the

publ i cations wAtién393 @28isse deletgditherefpmeanmine acidiSoh is ehanged&em 2y descri bed
i nvention. The i ion I.SC t.or he text are
provi ded sol el f/gﬁlgrtogsﬁ%f)fr%eﬁ?’gi:"l%oa;éﬁd?gg%%?gl\réeﬁcgdqﬁe@f:%%g%a & of the
present appl i céiréstine fSainkioftger A/TISD acid. SIsblatddepodymsleotidss @godimganciagn ssi on
that the inventors are not entit]led to antedate, such disclosure by virtue

of prior i nvenPPiyReptideaswellasrpBbodieoyhigl sredersniialy hind His polypersidst apl e
PP St 1o So Rl Pt b AL RR i Lo o301y Mg ML 1P

full-1lengt a’'1s express poxic cells
as conpar ed t oaddthrechine $52Ro 20Mmae.

In one embodiment, a method is provided for treating a hypoxia-
related tissue damage in a subject, by administering to the subject a
20  therapeutically effective amount of a nucleotide sequence comprising an
expression control sequence operatively linked to a polynucleotide encoding a
polypeptide having a sequence as set forth in SEQ ID NO:1, wherein amino
acids 392 to 428 are deleted therefrom, amino acid 551 is changed from a
serine to any other amino acid, and amino acid 552 is changed from a

25  threonine to any other amino acid.

In another embodiment, the invention provides a method of treating a
hypoxia-related tissue damage in a subject by administering to the subject a
therapeutically effective amount of a polypeptide having a sequence as set

30  forth in SEQ ID NO:1, wherein amino acids 392 to 428 are deleted therefrom,



wo oon os~s PCT/US99/ 19416 hypoxic cells (Wang, G L., et al., Proc. Natl.
Acad. Sci. USA ?:5510-5514, 1995; Wang, G L., and Senenza, G L., 214. FEEO}'
Chem 270:1230-1237, 1995; Jiang, B.H., et al., J. Biol. Chem 003
i:19253-1926 herein incorporated by reference) while - IS
stabl e underaﬁr?oﬂrll)ag%gxi c as well as 5 hypoxic conditions. WI dﬁ‘fﬂ@%@g

al pha and sH F-1 al pha are characterized as being able to form heterodiners
wi th Hl F-1 bet aatmind aoidr5 51 INAabgeddrony a peririead any bihee xinénd svidi@inblamih@ct or - 1
(HF-1), a mamglian transcription factor. HF-1 activates transcription
of multiple ged 5iS§é§ chingef FABALhEsRBEthaNePherABpsiasid n (EPO, vascul ar
endot helial gromh factor (VEGF), glucose 10 transporters, and glycol ytic
enzynmes. The term "nutein” as used herein refers to a variant formof HF-1
al pha pol ypepti de t hab firthes eaibbdimend elte inygmion providesa fdrnniatioa fondi t i ons.

H F- 1 al ph ol.ypeptide, .u di meri zat.i o h, H F- 1 is a 15 DNA

bi ndi ng plroosl eipﬁ?%&?ﬁg{ﬂﬁ’of‘é’f&ﬁ%g]{f]’MPihi’B?f“%g’%H&’fev%ﬁoﬁ‘d ggﬁh?'éilﬁié)sm on where
the promoter r %ely?eptme th fa_efmﬁ@f&q\%mng%ggommﬁwﬁssﬁeHh&-aée.wwmﬁaoa' te
{Semenza, G L., ét al., Kid. Int. y:553-555 1997; lyer, N V., et al.
Genes Dev. ?: 14®ludss a subas)tially phrepetynentidafeayingos saquendsyasrsef forthrine) .

Exanpl es of su ural genes_include erythropoietin PO), vascul ar
endot hel i al 20%&@)@ ﬁgr‘%beﬁ%"(awm%m ZgIP%%Fg&‘?@“_@@ﬂ&&%ﬁ@&f’pha

m grates on SDgciddlsy acEnanaed #6mIderifié RNy UM aBihS adid! dhdeminb RaidesH2

mol ecul ar mass of 120 kDa and has essentially the am ho acid sequence as
set forth 6 SEFhapgeddram attheconise o pyrotheranpheacideandiepharmacguiopBept i de as
set forthin S ._and conservative variations of the polypeptide
sequence. The F%rehgfg%‘a%%?%ervati ve variant"” as used herein denotes the
repl acenment of an am no acid residue by another, biologically simlar

resi due. Exanpl es of_ conservatjve variations include the substitution of
one hydrophobi ¢ resil@#gaventan also pryides aiferaulaiign; fge admipigtiatien 6f anet hi oni ne
for another, or Magtd i f . I r_ianot her, such as
the substituti 8ﬁfyg§c}§r gl néln%g&*\g?ta ;?gl?ﬂlgnmg%%? L@Fﬂﬁ%@?afg&ralsparti c acids, or
gl utam ne 16r #Hpaiadgha)ao agadertthevihg kgpoxiaredatéd tdue damaggiihadsdiaga 4 FEB
2003 PCT/ US99/ 19416 ﬁéﬁ&erh?d enbodi rTFnt, HI F- | al gha has t he. sequence as
set forth in SERSIRSUNRY'Y CTRCIYS APOHY Of A NYAGE AFISFANTNoG SPRPTISIPR BBopendi ng
application U. %xpx%%ﬁ&ﬂéonﬁ%%éqﬁ&ﬁde%eﬁﬁ%l?|Iin1}&l to%é‘?@ucﬁgﬁi’delé%@diﬁ% a _
incorporated by reference. 5 1n general, a mutein will have an antno acid
sequence t hat dolypeptidefhagingtarequeice aeset &qtheinSEQ YD INQ1 luwihegisamito t ut i ons,

i nsertions, and/.qr ef{.,ons ,f.0 ampl e) . .Mit ei ar e easi | [ epar ed

usi ng nmodern cIaS'ﬁF ﬁgﬂ(’e nqraﬂglg{edgﬁer%ci}n,baémg?ﬁgﬁg%?iliéghwegg%pﬁaState

net hods by26i t geriliet8@hg dthHEr hAGRNRE, Snd Anifetaeids 3P chideddonslani nant
negative fornms of a pol ypeptide. 10 The invention provides a substantially
pure stabl e hyHyRPHDS KNy Bhes amieq efid; and g phaumacgpiicadly acspenistie camrjer- | al pha
pol ypepti de has a sequence as set forth in SEQID NGO I, wherein am no acids
392 to 428 are deleted therefrom amno acid 551 is changed froma serine
to any other am no acid, 15 BRIENDESCRIPIIOE HIEAD R 8 a t hreoni ne
to any other amino acid. In one enbodi nent, am no acids 392 to 428 are
deleted fromSEQ ID NO 1 and am no acid 551 is changed froma serine to a
gl yci ne. 1 psanot her ppabpditiRithe aifoRidehthc BEQIDARS: Blot wirl-Sped from SEQ
ID NGO | and amino acid 552 is changed froma threonine’to an alfanine. In
yet anot her enitdBilaipb, am no

FIG. 2 shows an analysis of the effect of carboxyl-terminal deletions

on the regulated expression of HIF-1alpha.
FIG. 3 shows an analysis of the effect of internal deletions on regulated

30  expression of HIF-1alpha polypeptide. Oxygen regulation of the HIF-1alpha



20 acids 392 to 428 are deleted fromSEQ ID NO'1 and am no acid 551 is
changed froma serine to a glycine and amno acid 552 is changed f7prRe® 2003
threonine to an al anine. Wthout being bound by theory, two regions of
full-1ength YPRIM®Hha 25 have been identified that are inpor FATUS8A9416
stabl e expression of H F-1 al pha. Region AB is |ocated from about am no
acid 392 to a y iRl ESWAS vwAdpand B, have
been identifi 2%6’9?‘%&'85&5‘?%’3 ﬁ{n@;ﬁ%&éﬁ@&%x 2?%%21%1 no g@lﬂg 392 to am no
acid 428 of SE@lutﬁnN@xdm adnt] incbcpiesthet tBepelypbp@dmlmregmtnm aadilgl 429 to 552

of SEQ ID NO 1, is 30 | ocat edf abo m acid 703 to am no
acid 726 of SE °T°%’gfﬁ|é“§‘a Ig ipder nop-hyneg U%%ﬂ 1‘633%‘“15@%9599119416

"nutation” in gEChiiQeNHoss TR -FalpRa Easdtf‘éeﬁrcb%anéd%ﬁﬁ&'dgﬁble Bingti on or
substitution of one or nore am no acids. Stable H F-1 al pha can be conposed

of a mutatibn vwtatioh€a saincito ghire muglionst animocckl 53 arsrnthréongieftp st abl e

H F | al pha can beco gsed  of tihon in re C. r exanple, regions

N 5P s andannS gugion g sideore) A iR e TR o P B BRPI By one A tan
be nutated andcgRahRg B3tE@E ilcated fitadal deddticdnd tB@Boie g6ihehRehiRRds F egi on

B can be nutated, or reg ion C can be mutated, or region can be. del et ed.

I'n one nonli ni showg @%h@rpmét" celuam, avharea +] indicates thaihopelipertida ivlel et i on of
am no aci d 392,005 B A5h6leRR0 Rk SEGP kool BRGRARL nonl I ting 10

exanpl e, stabl ek s conposed o f'on~o o0 acid 392 to
428 of SEQ¢D NO |, conbl ned with point nutation of either amno acid 551
or 552, or conbined with point mutation of both amno _acid 55 | and 552.

The point mut at i ons¥Fl@drsheadsagnpde of regulatedexesiannf HIF- talpho Biative 392 to
amno acid 428 %{JP%A:'T%S @eggsédgggietdhgt}ﬂﬂ'tﬁngwtl @hQBE&%xﬁ%g Lfyegnoi ned 15

with a del eti on®o amno a amno acid 429
and am no aci daifshis aramdisdtade,P@I‘éntﬁif@nté@cﬂ}@shmtlh Fegnitorgpebtetis suchnhd ani ti ng
exanpl e, stable H F-lalpha is conposed of a deletion of amno acid 704 to
am no aci d 826PkspRtese; KnAgs, QFPI‘FWF%G o *’8& %Ml el i ni nat es t he
transactivaéion domain (amino acid 786 to ami no acid 826), and thus can
result in a loss of biological activity. In one enbodinent, stable H F-1

al pha can be for medFHy. ijislaéia'rgraphfillmﬁatiogalri laciférasd activitympoaci d 826 of SEQ

ID NO 1 th t dij.t t t t. d
fol | ow ngWIam n&° ?@F% tl‘f?flhgﬂﬁ*m% a?ﬁéf%ﬁ?ﬁ|vﬂﬁ%§gﬁ%°ﬁ?§£§§§€}’@ﬁ‘§% hﬁgon’gépral nis a
transactivati Ofbsﬁﬂ{f@crbn%f (tﬁﬁqnélﬁﬁég @Hmll YoeRhg 9Re)Qbifteexprédbnettor |- 1N

one enbodi nent e activity of the heterologous transactivation donain is

not affected prEkygmd@w{d noupaqtmh(Z)lfnllmthwﬂlmmﬂatﬁgnéwmw- t he

het er ol ogo S fiQn r | virus (HSVO)
VP 16 protg n %%}i ﬁﬁtfgfa] ;p%ﬁ’l(g%f){bg $2n6 P%’I)]I 5 eﬁ%lgg (ﬁgﬁgﬁ g@’llngé?on of 30
anm no aci d 391(defetibd4ni 8 sefidiogficine inutAionelt airinmadif 58randa dgechiddth t 0
am no 14 2 4 FEB 2f ~~ wo o0o0i | os~s PCT/ US99I 19416
alanine mutation at residue 552). Reporter gene expression is shown at 1%

(black bars) and 20% O, (white bars).

25 FIG. 6 is a bar graph illustrating the luciferase activity upon
cotransfection of Hep3B cells with a reporter gene containing a hypoxic
response element (that includes a HIF-1 binding site) and with expression
vector pCEP4 encoding (1) no protein; (2) HIF-1alpha; (3) HIF-1alpha
(1-391/429-826, deletion only); (4) HIF-1alphaDP (deletion and a serine to

30 glycine mutation at amino acid 551 and a threonine to alanine mutation at

10



acid 826. The transactivation domain fromthe HSV VP126 pr ot ei nis then
fused to amno acids 1 to 390 of the H F-1|al pha pol ypepti de. ré%g.% not her
enbodi ment, a transactivation domain fromH F-1 alpha (amno a ?“" 26)
is fused to ACids 1-390 (Jiang et al., 1997). Additiona

conmbi nations o tﬁe regions identified to be significant to thc15/]u89r9#3‘tu|60n
of sH Flal pha nutein will readily be apparent to one of skill in the art. A
stabl e Hl F- 1| alrgsiduei Sézaanbcﬁﬂtdreglepdswxmeésjmeﬂstshd\en ahl%lfblaels bams) amt208ased hal f
l.ife as corrpa:éﬂ Hlo \Igl gl type H F-1 al pha under nonhypoxic 10 conditi ons.

I n one enbodi white 9ats).gi ven cell, sH F-1 al pha has the same half life
under hypoxi c or nonhypoxic condltlons and is present at the sane
concentration in cells exposed to nonhypOX|c condltlons as in ceIIs exposed
to hypoxic conditions. y ) ' IWEIONenand |n a
ti ssue exceeds the suppl oxyge t hat, . ti ssue oxi c" and
15 "non- hypoxi c" are unc}g ‘o%edy‘}q%&ﬂ‘ép?seﬁ‘sﬁf’ﬁ\‘i%*""{%*}%% ?Wepgs$%lé %o oxygen
concentrati on thyfhgaht HraPSLr Veghd N hdand! iabluadé pmaawerenTMIeﬁlthé ty of
wild-type HF-1 alpha to act’i vat e transcrltptlon I's regul ated by oxygen
concent r at i on cprigepearbndicatestotherwisee dthusf oowgmie aefermceita"4 edllSha protein

From am o' aci s il o el ROl ERTreE S e BlaPil tntp® e, Gel et ea,

results in lneﬂem‘ae@ltd6%@@@4%@@@&&&%@%@@%& tohosd Ji ang et
al., J. Biol. Chem i:19253, 1997, herein incorporated by reference). Thus,

wi t hout bdPng skiblgddn By arhand §0 faady et i on of one or nore 25 amino acids in
this sequence, such that the anmino acid is replaced by a bond, results in a
hi gher transcriptional activity, independent of the half Iife of the
protein. Thus, del dfiless definedothervaice,dsd] t56kﬁn@a85nd)§c1éxﬂtﬂﬁc]temhspmd¢1mlrbe

conbi ned with, del ion of am no aci ds 392-428, .and pQ tl on_of am no
acid 551 frombh avgg}e SRR TREARINg) 35 CORUNOnIY 4nderstapd Fﬂﬁ%?tquc?ﬁélﬁ ‘hB‘tQa d 552

from30 a thr%ﬂ%%l&?th‘?ﬁn%[ﬁ%%loﬁg? Alebqg@a@ﬁ%%dﬂdﬁw%e@é

pol ypeptide. Deletion of Wo 00i1 0s~s 24 FEB 2003 PCINS99/ 19416 ami no
acid 576 tl6 arrmatcneslulmllASBr oc[unHlﬁatItaIﬂpﬂsadcmmbad bereimecandehisedth thet h del eti on
of amino acids 392 to t2 eIdasabI HI F- | pti de.

A ternaci vel y Prisdespr tsits SEmY i eRutn e Breferidmiod RaRe il W'E 1 al pha
can be conbi n%tél%]ggleq{d“p&sglflb@m no acid 704 to amno acid 826 (resulting
in 5 deletion of amno acid 576 to 82b of H F-1 alpha) to yield a stable
HI F-1 al pha pol ypeptide. Such combinations will readily be apparent to one
of ordinary skill i tgg}ﬂ ! d her ei n
refers to HF-lalp Aﬂl kgﬁvc\l%% rl}l;g&?té %gtrﬂgﬁet?#g %éeg rﬁlé}/?%fer‘éﬁm ns,

li pi ds, caf)bohryﬁﬂhfoeshe)purpbsfemf demirhinghrsd dm]bsmgtmhellﬂmes veetory, and y

associ ated. One skjlled i rt .cap, purify H F-1 al pha using standard

t echni ques formeﬁ]i‘?f{"é‘i’%eﬁaﬂg@ Sgeeoe ibeckigche B%bIWO%fWhlﬁﬁwg'&?hfdﬁﬁ 8gr aphy
(e.g., Vang, SEHE : e 995) and
I nmunopr eci pi ?3{1?0886?% Y ?f"g%“gﬂl/ %a.seHr.ll?%ei'(tabirgggf T,hej) .(lbglé%ﬁ%gs éﬁg%’slsedl
i:17771-17778 abb‘@e%)dthﬂ'mgheutbhd: Mt 'axalpryviped eolpiglfyprpitridd:belq&htelpr;dred d a
single band o Iam urity of the H F-1
al pha pol ypep?ﬁ’%gp%ﬂatﬁlog g’é gs @m&h?f%?ﬁ e %H'Ftﬁl&dé"él d
sequence asal wﬁlaamxdﬂio%ﬂhadtaeaw@ﬁwr@m@ ﬂoae;htme&ofam@sétb@ﬁ@idlwmws of the
pol ypeptide, as long as the activity and the 20 stability in nonhypoxic
condi ti ons of vémperofiprigrpmventiedrai ns. Sral | er peptides containing the

bi ol ogi cal activity of sH F-1al pha are thus included in the invention.

The invention provides a substantially pure stable hypoxia-inducible
factor-1 (sHIF-1alpha) protein, or mutein. Wild-type, full-length

30  HIF-lalpha is expressed at lower levels in nonhypoxic cells as compared to

11



The invention provides pol ynucl eoti de sequences encodi ng 25 sHI E-l’l Eé&hﬁ@
pol ypepti de having a sequence as set forth in SEQ ID NO 1, wheréi'n 1
acids 392 t del eted therefrom am no acid 551 is changed from.a
serine to -a(r)lvé(%)]ﬁﬂggrﬁam no acid, and am no acid 552 is changedq%rer(‘jlrlﬁgg“9 16
threonine to any other am no acid. These pol ynucl eoti des include DNA, cDNA,

and RNA sequenpgsoxidicells @6 .Is il Prdd Mail. Head. Scialsd BO510ess 18K ood t hat
al | polynucl eotides _encoding all or a portion of sH F-lalpha 16 wo oon

os~s 2 4 FEB 20%9%; Mamg,$ob), aodSemenz, GiloolifHel G(hewn B E39-1285, 189y as t hey

ercode 2 o1 YORIAE SR A IhERb RARASII YoM, S ReRLPOLEINES |
occurring, synbpedferencé)nchilestHRt iabptalib ytableninded rnbigpgxid yswell aot i des.  For
it agenes: & | TRPEF GRS PAE Yeg IR aPo AL HRIE: Seh e chregeriAe] ud

mut agenesi s’ E udes
anti sense sequ <TeIMY | t j L ARG sequences
that are degengg'r)gétiggggﬁgoresuwggg%%rggﬁtgglgt%tdctg e. bl'?e}\gérﬁllrﬂe{qgo nat ur al
am no aci ds, npsteiof hypuxchinduable fagor-1 EdifY), smnamimilian temecripmttonfactoher ef or e,

al | degenerate | eoti de. sequences,.are. included,in the 10 invention as
| ong ag t he anﬁﬁgﬁﬁﬁt‘c‘!g‘géa E‘Bt‘?ﬁ Of;ff"?ﬁ Ilcaﬁiﬁémﬁzﬂldﬂgetg??eoeé’clp ‘\{’Sncijded by

t he nucl eoti dee [ cbgat | ons of
he SH Fo I 2l pha B A e R o o
are st abl elQinduanspontesspend glycalyti¢ enzymesand have 1 S substantially

equi val ent activity as conpared to the sH F-1 al pha pol ypepti de descri bed
herein. These m nor nodifications include the mnor differences found in
the sequence of HI FihalghemakinpeRuksdehdréialrafefdo hvamstithiebent species
(e.g., human, nouse, and rat H F-1 al gha pol ypeptide). Such proteins

i ncl ude t hose HFdelnhaaehppptidecthatis stableaindaghypesemringnthyperie ani no acid 20

sequence" of t ) F- | ph J i . ay]e i ons may be
del i berate, as‘lsl I§/dﬂs;g|)4zsé%l_cli|ﬁlr fe)aé@'eﬁlor%% i&iej?f\é@?é 1dﬂg$rxz§§§9g§%§—gfgnfb}%&§ as

t hose foungs i NDINA baiding propsis,ivitich Al dhatikterized aodcyipstivig gtos cppregiiepd by these
nodi fi cations are included herein as |long as the biological_ activity of

sH F-1 al pha st Mherethe promotargsioneoi g {rpgeh genfecontaing Tz 1 binding sihhypoxi ¢ 25
conditions as tro i b d Feal . r |e1,jons of one
or nore am no aci sZggcni'Lﬁéggk’rfggsyuP’?'ﬂﬁg?r%gl?#’ﬁ?gz’ilg%{wfﬁteglg’ﬁ%dce ure of the
resul tant nol ePebel2Mi4Rh062, 19P§Hoth hemin iicabbmtadity refegenoe)o | Exgingsies afct i vity.
This can lead to the devel o%gie t of smal |.er tive Ig&uﬁé.a\(ﬁhi ch woul d
have broader u§‘i‘qh!5tt§}‘.°“¥f6lrg°8 “9_? CHIYIORYRUR ke VaSEP beBtOeHoxy termi nal
30 am no agp ds gi’w’tﬁhxoﬁh@n@%ﬁd? d %Qcoflﬁ'ic Sdief - Hlﬁllﬁfﬂa%?}a@&' &PSp/ctivity.
wo oonos~a 2 4 FEB 20f)3 PCT/ US99/ 192416 Specifically di sclosed herein is a
DNA sequence epelydenydpmide gellalestrophibiesis withmeappancat molefilar inasseoft i20n provi des
pol ynucl eot i de, sequences encaodi stable. HF-1 al Ut e vy a
sequence as se@?%{’ﬁﬁlaf ﬁssgéaﬂyﬁgamoﬁm%eg}‘%qcﬁ aag%}ﬁ’%rtl&g] %EQQS)}I@%IAZB are
del et ed t her ef TagteraHIF | Aphdlinehiliel mecﬁmgggﬁdé 4sdt forthah ISEE) 1INy, ot her

am no acid, and amno acid 552 is change roma threonine to any ot her

ani no aci d. Thandonserypkizse Mprrtipng phig pobipentidesseauenspedbe @i ng fr ane

encodi ng ol y ' . am Lds: ] cid 551
(serine) (a)%§)SEd’p q?%&ﬂmgﬁv$g$1sa§?1ea%ﬁ1§§cghgg? %Hé@ﬁgeqi@%%&ﬁgggg?aaﬁouch as an
gl yci ne, or ama¢id residee EBpzhoflidn) Holigiva)ly efimifdr@@sidaeNBxamiptes of pbaseedh-by

anot her am no acid, ,such as qeéltgni ne,. a_ndd)(%ne or remr ,of amno acid 392 to

anino aci d 42911¥%¢ vaERYians inginqe the sYRsHREOBPTBHC BYdBPRACIE KEIdHE FYHLAS eot i de
wi 'l encode a %héﬁ@glg 'V%Ew;[ Ralink or HRAGEARE r'aloth& 8F the RYbAitHRSA §8RRNDI Ng

nunber of am no aci
polar residue for another, such as the substitution of arginine for lysine,

30 glutamic for aspartic acids, or glutamine for asparagine, and the like. In a
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I n anot her enbodi nent, the invention provides pol ynucl eoti des encodi ng

sH F-1 al pha as well as nucleic acid sequences conpl enentary to

pol ynucl eoti des encodi ng sHI F-1al pha. The term p ol ynucl eoti d@ %FER W ei ¢
acid sequenw® 008P%¥8s to a polyneric form of nucl eotides at | easUSIVIRAD6
bases in length. By isolated polynucl eotide is neant a pol ynucl eoti de that

is not imredi atel ont 1,guouUs, Y ot h .of the caodi u wi th which
T s i e apEred A egIoa Tl MaRe bRt AR R B SBRED " ey i
the natural | yNgeEUHIFNglpEe od@criBiedtih detail Gintdpending appNdatieh U.S. Pienter i ved.
The termtherefore includes, for exanple, a reconbinant DNA which is 25

i ncor por at ed ARpHcatiopSetiak No.j (/4B 0:4v3ahereindnenupargted byirefesancag pl asnid or
virus; or into the genom c DNA of a prokaryote or eukaryote, or which
exists as a separate nolecule (e.g., a cDNA) independent of other
sequences.5 The nucliegéreeissa muteim@ill wenhiagtineavid beuendeothiicdifots fias,

deoxyri bonucl eotides, or nodified forns, of either nucleotide, The term

i ncl udes si ngthe natiye srsuBNGE byoncluding substitygions, ipgertiggs, anddor defetigns fTB 08 wo

oon o~~s PCT/ - anti sense
nucl eot i de. en I%)Zﬁgslgtﬁﬁﬁg%géﬁ@%?{epr@ﬁggﬁ%ﬁhc elggﬁ%é%ﬂ&,eg&r C and T

i n the pol ynualagdkisgethesizeddiyrsplid lstafe thethbghby siteadireetpdanetdgdnesisi Bonucl eot i des
A G C 5 and U, respecgtively, A so included. in. .the .invention are
fragnents of W&‘%Wénﬁﬂé—ﬁf‘?ré“é’ﬁfWﬁ@?@ié%&&%@ﬂé@s that are at |east
15 bases j@ length, which is sufficient to permt the fragment to

sel ectively hybrid-ize to nucleic acid that encodes sH F-1 al pha, but not
SEQ I D NO | under Tphywicotioygprosides asahistantialdy pi@p etablei hypokia:-indiabler agnent s

shoul d sel ecti.vel y, hybridi o_nucl ej cid encading sH F-1 al pha

pol ypept i de. ﬁar?gorfler ﬁ%@%*éﬁ@z{)@ﬁgn@bflf-éﬁg@& p(ﬂ&?e@?@eb@g ByBHCBFS A i on under
noder at el y or sdtifgtih o SEQIDAROL1, GBBfid ArRing adids 302 frigisiedeRfi rel ated

nucl eoti de sequences. I n nucleic acid hybridization reactions, the

condi ti ons us#greftom,cmiay ecid 555 ipehangedifrem ajsesnd togny otharagenegeidi | | vary,
dependi ng; on ture ; I.C I I L dize or exanpl e,
the I engt }l§’ dé@‘f‘é‘%& C(‘:do%!pgl %Eﬁaﬁ{ﬁgg}frﬁv a%?jé(ﬂg‘gqgﬁ ?3&93{%5%@%@ € drfp(i%i tion

(e.g., CCv. bdeeabbditent, amith dvids 30ao 428 aretd¢feeed(feorg SERNANO: 1MA) of the
hybri di zi ng regions_of the nucleic acids can be cqnsidered jn_selecting
hybri di zat i on2EHHRN] osis chengsd diam 8 semedp A&hgEeatln gnother srabegienter one of

the nucl el ¢ aghfit, dctod RBUbA SEIAAN (EKAIR) B N0} dd hink T apidBgarpl e of

progressively er stringency conditions is as 2 x SSCU 0.1 % SDS
at about roonchangpe fratrua thrddmyrerto cin adninen I getdinbthenebodin2nk aB®® 0. | % SDS

at about om t. atyre (l,qw strin condi t.ions),;..0.2 x SSC/ 0. 1%
Sos at abblt MRS artodFed Mo eI BRepindARt g1 1% SsCat abou
68/ C (high st Em%;e@%np@wi'in%lt@a%)ycme%h!aﬂﬁsnd:@erxa5@2ﬁ_@hﬁh@fémaum ng only

one of these conditions, e.g., hi'gh stringency conditions, or each of the

condi ti ons cathreeninstecan alangne. for 10-15 minutes each, in the order listed
above, repeating any or all of the steps listed. 19

Without being bound by theory, two regions of full-length HIF-1alpha
25  have been identified that are important for stable expression of HIF-1alpha.
Region AB is located from about amino acid 392 to amino acid 552. Within
this region, two sequences A and B, have been identified. In particular,
sequence A is from amino acid 392 to amino acid 428 of SEQ ID NO:1, and
sequence B is at about amino acid 429 to 552 of SEQ ID NO:1. Region C is
30 located from about amino acid 703 to amino acid 726 of SEQ ID NO:1. A
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~ ~ FEB 2AB wo 00/1 os~s PCT/US99/ 19416 However, as nentioned above,
optimal conditions will vary, depending on the particular hybrdfifzgtj

reaction inygloygesyg and can be determ ned enpirically. Wen US#({’IQUS%QH?I F-1
al pha specific probe, it nay be necessary to 5 anplify the nuclerc acid

prior to binding with an sHIF-1 al pha specific probe. Preferably,
pol yner ase chanwatierioniSEQ [DPNR):1 refersse d, deletipoyiasertionvautatigolosi ¢ aci d

anplification_procedures such as _l.i gase_chaj tipon (L | i gat ed
activated tr aﬁ@é??ﬁ?? 8ﬁ°r(el_9iﬁ'°r§r‘i18“ﬂ€3?‘§f'c§t§%{éc}'ﬁ§§§ﬂ8ﬁ%85%%2&1“%%8 i fication
(NASBA) nay bef algm@ehtion Or déleticitnfootiatdpidhs O hydBC | Aedrhatevedy, stdbge HIRLENt i ON can
be derived froma manmmal i an organi sm and nost preferably from human.

Screeni ng pr ot@pla w8 btsoaiposeas) of agkeleiipn iairegiar Cd fppisxpmiplaregionsihke it

possible to i t : r i rovi,ded the
appropri atgé p?’gdogc?nsgél]ée]gt\ggﬁfsglgﬁ%ﬁn%%i%g)%ﬂ% eofa?%%grr%g?‘%bgh correspond
to a part of thetskadeasgion Baadienizlddd rggiot Al canibe dplasd andiregidiB be

synt hesi zed chemically. This requires that short, oligopeptide stretches of
am no aci d se6iidifdBytatedser IBioR fotin bermutatgdaoskegitie €aB heslgletrd: tthe prot ei n
can be deduce At I i r f the code
must be taken%%‘%@%@%%ﬁ%ﬁ%gg@%ﬁg gﬂgﬁ%{gsdcogjir%bgagﬁgﬁ{a?feﬁﬁéogrObe can

del i neat e bet wamo asid F21to amidmacid d20of SEQMPENDL: F- Irndrpither nonlingtimpssi bl e to
performa m xed aqddition reaction when the sequence. is. degenerate. This

i ncl udes b%e?’é@ﬁ%ﬁé’&ﬁﬁsﬂ{ﬁ'i@ﬁal?aels@"@@ﬁ QA eHAT R LADIBOGR I hItIde DA For
such screenin fy Ght 1Ye) (RIRLSY Fo1g : ]

si ngl e- st randg%j8 %%%@ﬁ'ét %brdé ng%ﬁ{lj[ﬁ -sttﬂlﬁg%%p%gqﬁa rfll%?ggtsls%n is
particul arly us&2br combihel @ith point ontationodfitatlc hroimesaaié 55V end 55 Mhsour ces

where an extrenely | aw unt of S ences rel ating .t he pol ypepti de
of | nt erest - aPOTHLEBREC) 4 b REIOTHRT Wa A5 1RGN 96 AGLRe AEREOLE

hybri di zati onyggRdicld m%@m%% Nb:tlOoxatK@BQin'f'ﬂﬂﬁﬁﬁﬁié%'&n@e%hﬁ%ed' tis
possible, 20  Z ~ F EB U03 WD 00/1b578 PCI/ US99/ 19416 for exanple, to

al | ow t helaut withaidstgtiaplof amiriosagid 392at0 amy apfing agiddsiween amiva acidod2® by t he

hybri di zati on_of the target. to i\ngl.e probe in the m xture which
is its conpl ef %W’Blaéﬁeﬁﬁ’ T%FO%%@ I@Iﬁ.@'ll'e | honing: A Labo~torv
Man.u,, 2nd Ed.; Cold Spring Harbor Laboratory Press, Plainview NY, 1998).

The devel opnent of specific DNA sequences encodi nlg. sH F-1 al pha
In yet another nonlimiting example, stable HIF-1alpha is composed of

a deletion of amino acid 704 to amino acid 826 of SEQ ID NO:1. This

20  deletion eliminates the transactivation domain (amino acid 786 to amino acid
826), and thus can result in a loss of biological activity. In one embodiment,
stable HIF-1alpha can be formed by deletion of amino acid 704 to amino acid
826 of SEQ ID NO:1, with the addition of a heterologous transactivation
domain following amino acid 704. The "heterologous" transactivation

25  domain is a transactivation domain derived from a polypeptide other than HIF-
11. In one embodiment, the activity of the heterologous transactivation
domain is not affected by oxygen concentration. In one nonlimiting example,
the heterologous transactivation domain is from the herpes simplex virus
(HSVC) VP16 protein (amino acids 413-490). In this embodiment, deletion of

30 amino acid 391 to 704 is combined with a deletion of amino acid 704 to amino
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can al so be obtained by site-directed nutagenesis of a nucleic acid
sequence encoding SEQ ID NO 1 or chenical manufacture of a DNBé4sEEBeMide to
10 provide the necessary codons for the pol ypeptide of interest. The

synt hesi s, oW@NAOSBquences is frequently the nethod of choi ceraiTesoK19¢16
entire sequence of am no acid residues of the desired pol ypeptide product

is k A ion Libr ! ' da. gt | 1, b
15" scr cened 1At EE i tegracehuhst domfinrost thd HSY PEReRCR sdhen Tone ¢
epi tope, usi ngugdttb AREhEECiaPEE 390of taE HIF Iaigmal epfRiC hIRpdtidneghees can be

either polyclonally or nonoclonally derived and used to detect expression
product i ndi c&mbpdingnt; higansaetiwtion domagHremiHH- brlpkDiamineacidnA8Gequences

encodi ng sHI F- n_be expre i.n Vitro transfer into a

sui t abl e host ég@# ﬁ%ﬁe@%&a’%ﬁ’ ?("éds g’?’gséjé??%éti%’\’ﬁ%c)%(\’}éo&a r can be

pr opagat ed 5ancohibsnatidiAs 6K heeegienk ideiiedad|Yesignifitdnd ® thobmitiokafyoti ¢ and
eukaryotic cells. The termalso includes any progeny of the subject host

celI. 1t is uriddF kalphaomutein will reagily e apparent taene peskilémtheest to the
parental cell 25 since there may be nmutations that occur_during
replication. However, such progeny are included when the term "host cell"
is used. Methods ofAstsasible tHERdkipha isw@aHIR]alphapolypeptidervehighadNd i S
continuously mai ntained jn the hos are kno [ he art. 21 2 ~ F~~
2Q03 WO 00/ 1057@6%&5@%939’? FO9TEPIrRB I 11BY D i b B‘_F‘f‘?crﬁen@ﬂj_é’c’flcri c

sH F-1al phg cagy ﬁoﬁé?gfn’“tﬁx%reﬁ%oﬁﬂnéﬂ%fi%*be%iy@rf‘@éf,‘?ﬁlﬁ-tﬁl?hé'Haé‘th afle0d! cal
activity, production, purification, or Vyield of the expressed product. For
exanpl e, the dalfilds sinder hypoxzicfan sbolmypoxat @inditoms and isgaesent & theisama pr ot ei n
conprising the sH F-1 al pha and a.heterol ogous 5. protejin can be engi neered.
Such a fusi on COPCRUROR RS Sraosa i noRRiPaREFongians b im IS ArRased B5r aphy,

e.g., by i mmbyhbzaichbdltions. aHSBbXIATs $B&Hifidif where thE6xy1RhFeRlaRgaLs Protein.
Where a cleavage site is engineered between the H F-1"al pha noiety and the

het er ol ogous prsesesgxgeedsiibe sUpplylofoxigan pothaptgsue ddhe tatmb&hymixe’sad from t he

chr omat ogr,aphi.c_col unm ,by treat it n 10 appropriate enzynme or agent
Char ol oodaR ol Bubdle s haE KR8 to bt teladft dinfRARIBHER'S oZPEH™T. OF 505
1988; Gardel | aoftenttation dypidaill§lobséehediin H5arfibBord&asd, 1990). The invention
provi des an isolated nucleic acid sequence encoding a 15 fusion protein.

The fusion protein is encoded by a nucl eoti de sequence encodi ng a DNA

bi ndi ng donmai n and [ i i I3 b i-hle factor,
preferably H F-1 aljgﬁ%!bﬂgcgg%gﬁfga{??éejg??dglpglééﬁg%ﬁ;e&%e({rﬁ%gb| ngb%alg
transcri pti onatgudated bpokpgendmmemratidhiisdepeindane ot it effeansfasypgeador i s usef ul

for affectjng ne _expression .of farget ge , such as VEGF, _and

neovascul zf!oi zé%i%(‘)lrf‘_l Rrg@%ﬁfrﬁﬁ‘ﬂ?.(i]tai“. §{1@8’ 1%%3’ Wé‘i’)edﬁ]edég‘%&ﬁence_ encodi ng
a DNA bi ndi ng s@l‘?ﬁﬁbﬁ)hé%’ca_@ed@rm%hﬁ& h@Q8 5461k Rs Dhe _tiWPé%&'lﬁox‘y’HM?dix?' e
factor is useful for providing constitutive activation of genes regardl ess

of the oxygen thasneben ddetediresultstinéncseased trackicnigtiom undeymopltpoxi® chi neri c

transacti vat or_of..the,inventio 0, des, 5.0 e i fic_activation of
expressi on of cﬁ?%&)‘(’f’sa@f%’&féflb@_Bg%lﬁgée'g' 20[9r%t5ﬁgl%f§§f68$<‘?*8°?8_%“§e sive
el enents ( HREy.refeb@icE)THRG VoMb ellieBbung b8 thedty, ddipnefphessmere The HREs
each contain a bhinding site for HF-1, which is recognized by the chineric

transact i V&t oraminea¢ids inflisgeguasecugh thah theqrunp arigha replassd by #thosf, and DNA
bi ndi ng domai g j I JYB: | i i i tion in
verteprate celTuRE B iR RIS RGTRD iide Ao MBI I, Stife

protein. Thus, deletion of amino acids 576-785 of HIF-1alpha can be

combined with deletion of amino acids 392-428, and point mutation of amino

acid 551 from a serine to a glycine, and point mutation of amino acid 552 from

30 athreonine to an alanine, to yield a stable HIF-1alpha polypeptide. Deletion of
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30 transactivating proteins or domains of proteins fromeukaryotic cells
including 22 2 4 FEB 2003 wo oon os~s PCT/US99/ 19416 vert ebrgi eppehi)s.

viral transgede/sid)d proteins, or any synthetic am no acid SF&HXE&&%& t
is able to stinulate transcription froma vertebrate pronoter.

transactivation domain of the chineric transactivator is derived from

t ransacti vat i raipo etidi 576, toiamihaiakid 8 Haf HiGd alphaitcerealse be eighbived &itha heat
shock 5 factor 53, fos, v .ju ar EE:C, HPV E2, .Ad EI A Spl,
APL, CTFY NEL, delsBph qfaptino mﬁsﬁ@%}@?@ ‘ﬁwaéﬁ&}ﬁ@\ﬁk’h%y@ﬂﬂe-lz and
NFkB and ot heraRehiRl RS oR 0P intSadid876 RAMRING Weld ABS5IITMIFAGIPhd&hh NT
domain. One of skill in the art wll reco&?l ze that a transcriptional

activation dorhgicenfinedisoalelation of empassacid 30 tsx aming acid826t(resnltiginbe from a

Cequence nat - dbianRatino i a7ara Ao ORI RRGSIb S n Seblsd BT ER o of

transactivati galyseptds. Sach &anisiaatingiwiR deddily teaippikit tbioRk bherdmatesi r ed
dormain froma g_rojt ein with an appropri ate sequence and assayi nhg Tor
S,

expressi on of siillspbe@syr sequence. A reconbinant nuclei c-acid construct
encoding a chineric transactivator 15 protein of the invention may be
pl aced under the control of or "operatively linked to" a suitable pronoter

and/ or ot her expresFhofradBibistintitRYphret as Wsedd@rdn eefers té HIPAyIphe desirabl e
for the transactivator %Qt ein to be aced under the control of a

I
const i t ut i!el yvhighisaibg Hﬂb@fre%@%mbﬁgg?tem higidgearteaydpten shetEy at or
protein may a'ﬁ@e{?ﬁls%ﬁ%ﬂioﬂ@ﬁ@Ba&%pﬁﬁ%cﬁﬂéd.obné‘@kihgﬂﬁpLu‘%cpﬁO”Dter’ such
(6] | a 1 TI e

as the 20 neta oneln pronoter o t1ssue spec C pronoter. An
i nduci bl e pr oruir€y HF} enyhahingestaridan] teelthiques fensetein puléftvadas,asucti aexpr essi on

of a particul at_gene, whjle constitutive expression allo for continual
expr essi on of %Néequp.lty(gbrogya&%p@y & ﬁfaﬁgu i ga“éin%eé‘ifé‘zmﬁoc(uef"?-i n culture,
or in a transgep,e it ab.12 hga%%ﬁ&ﬁﬁﬁg@g@&gﬁﬁ% (k. ?}tJiaﬁg,eB.!‘EeJtU'

include, but are not fimted to, e 25 early pr@rotef” redion; RSV or
ot her retrévi rdl, JLBRS., Chen. 233 : 7RV 1 @778 1R96)aSEhesubstartiatly pnrenan

ey OTEgal 0¥ e LTSS 1 SRk B TR L SRt ) S G Pr oot o1
Toase ATy e e B L O e s0r] oag o "
PCT/ US99/ 1941 8emeigabamingl dsishiequensaanalpsis.r HIFlalpha proteinpirdudest opr ot ei n gene
control regi Orﬁm&%oon}}?fragments of the polypeptide, as long as the activity and the
20  stability in nonhypoxic conditions of sHIF-1alpha remains. Smaller peptides
containing the biological activity of sHIF-1alpha are thus included in the

invention.

The invention provides polynucleotide sequences encoding
25  sHIF-lalpha polypeptide having a sequence as set forth in SEQ ID NO:1,
wherein amino acids 392 to 428 are deleted therefrom, amino acid 551 is
changed from a serine to any other amino acid, and amino acid 552 is changed
from a threonine to any other amino acid. These polynucleotides include
DNA, ¢cDNA, and RNA sequences which encode sHIF-1alpha. It is also
30 understood that all polynucleotides encoding all or a portion of sHIF-1alpha
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l-antitrypsin gene control region and beta-gl obin gene control region. The
nucl eic acid sequence encodi ng the DNA bi ndi ng domain and di %lpﬁgbﬁg
dormain of H F-1 al pha and the heterol ogous transactivation d i e
operably | |W9&9"§67%t hat the structural and functional activi PCEAS8¥1%3&¢h
region is retained (i.e., DNA binding, dinmneri zati on and transactivating

activi'y) . F g g, s AoRrowl s ne Bl acBl ML AUSAOEL SO b H -1

al pha and the S on regu ene ex

results shown acﬂnvxtthhfchgystaﬂe aﬂdkrlhypbkaand’aérﬁiyboﬂo coxﬁxﬁ&& Huweh the
invention chineric transactivator y in¢lude 10 DNA bi ndi ng and
di meri zation P&Y; ﬁeWenn%maﬂa ?cwwvr&ﬁet% gudy inggndieBallfi no aci ds

of |20 1 D No “19“?@}‘3‘%%?3“?“2@?%“‘% e SR N oA o <o

i ncl udes eXpr bssubjected td Btesdircotedanutaganesis.nlibé polgzmmteodhdseemzencefoencodl ng a
e crlbed her ei n. ctors 1

chinmeric trans er:lvﬁlor as f g %fg
adenovi r us, % la P\?lsf’u‘é"u & ARBIENY jeguences;c WQAYQHC qeidey, tEFOVl rus,
relrovirus, DGAELARALR scfRBlihar bt A5Gt ARTSMICT (hd YRR cygcL 0TS and

ot her vectors known in the art that are used for expression in eukaryotic
and prokar yot iTheteowe 20 ehtuga] apmeb awgs, D@SUS@Mthhamvaﬁgdbgmethaerapy or in
vitro in cell cult ns of the

vent1 on al s8%F RRfGG TR Bk Gnefite cBiptfi Mmoo s AGRER] bR P

residues {639 1nvand 53@-} @s fHe antikb hEdNeyuenca T MIF- Allplth 391 and
549-826 of SEQ I D NO Io;%%a?n no ac%d Fjg%df}gs |F§91 air)ld m?%“e o% SEQ ID

NO: |; anino aéherdeddiydhesucieatige seanenaps-fepdiopallygmohpmpelio |, wherein S51 is
no Ionger serine and 552 is not threonine; amno 25 acid residues 1-391 and
469-826 of SEQ ID NO 1, wherein 551 is no |onger serine and 552 is not

t hreoni ne; ami no aavihor amidifivatiors ke SHIF- YelghaGittmary afolikd AdR1 Bégqubncerher ei n
551 is no | onger serl ne and 552 is not_ threonine; amno_acid residues |-391
and 508- 826 ofmaypesylpinNgroteins ikehearg stable ynderponhypeds cenditions apd havcz ~ FEB

rlgng\l/J\gso?_g?,g ﬁﬁs@%@%%%@%&%%?gg?@fw{v%ggge}iqﬁng@% I onger serine

and 552 i s notdesdribedhiered. ’Bmadeanmronexhﬁchtmsnrdlmlsﬂhe—xﬁﬁmbrdrfﬂer&ﬂcésSZG of SEQ

ID NO |, wherein 551 is no | r rine and, 55 not reoni ne. \Wen
551 ser he. 15 FeHEte ST e oS PRRH I Boed ERTL BT my e

gl ycine. FurtRgggied &), Rmdant ﬂb@&nhﬁtﬁra't ?IIFh@Iibﬁ@ﬁol pEpHIAR). oG grBRIMUe S52 may
be alanine. In addition to these pol ypeptid ﬁle I nvention includes

nucl ei ¢ aci d sedJuéntbese srichidedby ﬁl@dbmpdiaypapﬂss@@slhaﬁ)&mm esdi on vectors
Skl i the SFRER ofaRF Bufrar PR Dy SR it EPhThR88r o cequences
provi ded her eidalibyradchshy ﬁ@-difec&ddmﬁtgenesm, or may be spontaneous, as those

found in different species. All of the polypeptides produced by these

modifications are included herein as long as the biological activity of

sHIF-1alpha still exists, and the polypeptide is stable under nonhypoxic

25  conditions as compared to wild-type HIF-1alpha. Further, deletions of one or

more amino acids can also result in modification of the structure of the

resultant molecule without significantly altering its biological activity. This

can lead to the development of a smaller active molecule which would have

broader utility. For example, one can remove amino or carboxy terminal

30  amino acids which are not required for sHIF-1alpha biological activity.
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am no acid residues or nucleotides, respectively, as long as the activity
ascribed to the sequences is retained, e.g., constitutive transg4 iFggts
or stabl e Hio do/kmha properties as described herein. One of gk 94/@4%?9
art coul d.use the teachings herein to assay for such activities (see the
Exanples). 15 In the present invention, the sH F-|al pha pol ynucl eoti de

sequences nay be inserted into an expression vector. The term "expression
vector" refers to I id,. vir or. oth vehi cl e kno i he art that
has been mani pul at PSR RSSPTIPER Torein RbPPYY SRERCEseoDadhy bl oo
genetic sequengrs-1affianaltsinuThe tHveAorP SIWRIRE polhbslBoRIC QdResddsF- | al pha can
be operatively linked to expression control sequences. "Qperatively |inked"

re}‘ ers toha j m@%ﬂﬁbsﬂabbrlﬁﬁ/d@héiarﬁmﬂhi@ f@&iﬁﬂcﬁﬁﬂﬁﬂ@@tﬁsé%ﬁaﬂ HadEQBin a
xpr esei onSeono oy Wi ABES RS 297 S0 we elehed el BB ARG . <

ligated such tihakang¥@fremsd @hindto irlyeotRér Ainidbagdids alienan acd 8shiseved under
condi tions cogBati ble with the expression control qluences. As used

sec
herein, the t&hangeddgnmeadhrepningioanyotherquine asd. Tl wild type Hillalphaaci d
sequences t hat | at i f i i.d . e to which
it is operati vcgflgﬂﬁ aﬁko 3}1 p@g@&aﬁ%‘%\&ggﬁﬁﬁ?&g@aﬁg%ggg ag}lgggéggér]a ively

| i nked to a nuehngh.cWiehdnisgad &1 (Medne) dfeSELY PD @83i1de repmladeddy adother 2 4 FEB
1U3 WD 00/1 0578 PCTNS99/ 19416 seguences, cont rgl ?nd r,egbjl ?ée t he

transcri ptiPon 2&HBO 26i6, HSPALRP BREWS. OF aMinNcAt b Dfthieaping)ef eFQ ki d
sequence. Thu i [ Late

o oot or s, enisaags Rl b Aok o BAERC SRR JiE FERERRE B °.  arg
in front of a aptiodetid-302cmahing agei?9 HSEQIDANGIlgnadpliced Hy 4 bdrd) tiw,

mai nt enance of the correct. reading frame of t.hat gene.to permt proper
transl ation Oquﬁmqgfeogﬂ%wg{ B0 n BRYPeRtls ‘L%tr‘ e?fg?ﬁegdﬁ’?%ﬁh&ées" is

i ntended to ir}_g,mmdi@tnu%gg}gfm%agmgponents whose preserve can influence
expression, and can al so I nclude additional conponents whose presence is

advant agedos, for exanple, |eader sequences and fusion partner 10

sequences. Expression contraol sequences can incl.ude r ter. By
"promoter" is mantlnﬁmﬁl%qrggoegﬁraglﬂcglcgwqq%gp@mw{ll%s Qﬂqylg't"‘?ggglrdﬁﬁscri ption.

Al so included dndodiig sHIR.@ilphL4 RélEad MRHEc REIAFBGRNCE BIRpltmenanel are
sufficient to render pronoter-dependent gene expression 15 controllable for

cel | -type spediofymicleotidespacedig siliFclalpha.i Herferml @ elynugleetidml ofi gnal s or
agents; such el foBeks c{fﬁ%ﬂﬁc’%}em}%&'ﬁg tc% Qpéf,}f‘he?ilc 8m 3f d@gg’.:oﬁa?%é}fleésp?o gene.

Both constitutive an e ‘pronot e are rnclu e Invention

(see e. g. 20Bi tHaets iatlerifth., Bvetiboldedipolymuecleotd©g)s @eanbd polhdcled@derthat For
exanpl e, when cloning i.n bacterial systens, .indycible pronoters such as pL
of 20 bact eri dpRagEUedigelycontigyoys withhoth Bf?hﬁ-clo vesgRTECHMHROTEEY tand t he
i ke may be us i [ i1 ers derived
fromthe geno?rggg?]%n%m+@§ﬁﬂguesl@g e. g.j, @Hrr%tglg(? {)%ets ?%ﬁ?ﬁn%mgﬁ%ngati on
factor 1 al phanaralipbdemn)ring gdhomeofithenarigamsmyfrorn sdsch( i igyderiviede Tihet r ovi r us

|l ong term nal repeat;.the adenpvirus |late promoter:.. the.vaccinia virus 7.5K
25 pronoter; ttﬁ’é‘?gwgﬂgdﬁ?ll}&s_rg’ e%t@ﬁgwﬁy’aﬂbb&a& Smoters produced
by reconbiyganti,thifofatedSiidlahRitos; th@CNHUIMRMIRY @hﬁ&a_tﬂ@ plaghidia vixuevi de for

transcription of the nucleic acid sequences of the invention. 26 2 4 FEB
LUO3 WD 00/ | 05 8ntedlé gisearid DNK6 of mprokaryeteereankaryote: or wdich ¢xigis as a

pol ynucl eoti de_encodi H F-1 . .. be itnsert I NL.O4an expression
vector whi ch ngﬁ?rafe &gc%? tfn%t aegblgg;efé%gnden?of BiRE $ctidendts O 188
nucleotides of the invention can be ribonucleotides, deoxyribonucleotides, or
modified forms of either nucleotide. The term includes single and double
30 stranded forms of DNA.
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which facilitates the efficient transcription of the inserted genetic
sequence of the host. The expression vector typically contains2anFbBidldn of
replication, a S pronoter, as well as specific genes which all ow phenotypic
sel ecti on ovowhesr8 ansforned cells. Vectors suitable for usepcwushemigiesent
invention include, but are riot limted to the T7-based expression vector
for expression in bacteria (Rosenberg et al., Gene _Sf : 125, 1987), the
pMSXND expressi on vector for expression in manmmalian cells (Lee and

Nat hans, J. Biol. g&@mplérﬁe’ﬁ%seé%%néeg&%} iftMehelacaiR¥hde e dstiiy ed vectors

for expression in insect cells. e DNA segnent can be present in the
vect or oper abWpen thekseduange rsdiy Aatherdeosyruetastides Ao, €xanpTan the pr onot er

(e.qg., CQW, T7, netal.lothignei .00 pol yhedr | prormters%ﬁ. 27 Wo

b0 Los-s 7 ~ W EIaReniedi FukuehaieiPRred By PURERUR Mrs B Guni ch
utilize rexonfidiagtespeclivdRSAD iMelnadd @ tRORVestidrOadi fiReten®GTtRSSI on nmay be
engi neered. Faor exanpl e, when using adenovirus expression vectors, the

sH F- 1 al pha #wye-idpndfigdandeicggid ssauenicgthatiare ot laastakfebrses indengthanscri pti on/
t | ati . . i tit
ranstatlon COBRER BB pofue lfch LY RSN BRT, LERR! LT L ©

replication- dsfid thaeéricodsbasHIVi Iralsha( Butmn SEQAD NO:1 ehde physiolopicalzene Ther .
6: 1343- 1353, 1995; Hehir, K. M, et al., J. Viol. 70:84598467, 1996).
Al t er nat i vel yeondiiong.aSescifically; thg dragmspisshewidselectivs)y hybridigeito pusleic | see,

Macket t al , . . . i 121419 »10 Mackett
et al., \?f.o Yi ?c(l) E’ﬁcﬁgmgggﬁ géﬁ’%%?gglﬁ EE%%%J?QW%@%% %Elﬁ.e(:jtﬂ%&olg]o? %tel . Acad. Sci.
USA i : 4927- 49ffers d8dyidiZeean under masiechtelp obbighhestpiagenticonditions whichave t he

ability to reg)l h@gte as ,ex ratho sonmal elements (Sarver, et al., Ml.
Cel | . Biol. 1°%chilgs nen-gelated puclegridesequencessr entry of this nucleic acid into
nouse cells, the plasmd replicates to about 100 to 200 copies per cell.

Transcription of the 15 inserted cDNA does not require integration of the
plasm d into the hioswckicinidhdyidizationirezcsibys, fhetendigons used ro adkicyk aof

expressi on. These,vectors can be used for stabl Xpressi by jncluding a
Sel ot abl & maPREFHreYae? BIBEsHCY Wl deoctidie g Higane of the pbslelic o

Al ternativel yacidstinghybdizal FOEaamlean: Ragpdidieedf tanpldtRnaAna vect or
capabl e of introducing and directing the 20 expression of the sH F-1 al pha

gene in host Buslqotide exavence qomnuosiion (e.Br §IC vNAT |conigagl andsaycleiggpd
i : 6349- 6353, Lgh, | i . i i
nduci bl o pr olBF (8%, RNKY INE)oF ERASEALEM TR GRS BEaluBRll SXEealbeTd

pronot er and tweaidesdon kelgatimguiyeridiza@én Eaydéiohis N A rugdiditidriad corsidesationt i | | zed,
pol ynucl epoti de sequences_encodi ng sHL.F: | al pha be expressed in either
prokaryot€s of F OBt %fst.ﬁePB g &{;W HE‘PB@BZ?H%SBW‘&?P?Q;P@& lterj hsect and
manmal i an or gani sns. Met hods of expressi ng DNA sequences having eukaryotic
or viral sequences in prokaryotes are well known in the art. Biologically
functional viral ahde3dnpkafpiagrehixclydugharstringsney eorsthitiensps @ssi on and
replication i

cown 1 the BPYSS ey Nigadeh DS b aodrt iRt GBI Whquences of the
conditions); 0.2 x SSC/0.1% SDS at about room temperature (low stringency
25  conditions); 0.2 x SSC/0.1% SDS at about 42/C (moderate stringency
conditions); and 0.1 x SSC at about 68/C (high stringency conditions).
Washing can be carried out using only one of these conditions, e.g., high
stringency conditions, or each of the conditions can be used, e.g., for 10-15

minutes each, in the order listed above, repeating any or all of the steps listed.

19



i nvention. For Long-term high-yield production of reconbinant Z%Ot ei ns,
stable 5 expression is preferred. Rather than using expression

whi ch cont ajy@ ggj1bs¥%s Origins of replication, host cells can bg ,@gl,?jlg‘{]ged
with sH F-1 al pha cDNA controll ed by appropriate expression contro

el ements-(e.g., pronoter, enhancer, sequences, transcription term nators,
pol yadenyl at i bimv\@ivcess rrmndomed Meaomimaécomﬁti@lmﬂk@ﬁry depending exthebl e

mar ker |nther %bbn%(ﬁg 100 nfers resi ha}ncet t he. sel ection
and al | ows cePil Vabt's tf‘?ﬂr(?@? igndnyely ecglaﬁgﬁ"i"bl? ?8“‘[“?18 FMRRCB¥hsones and
grow to formfoci which in tumcan be cloned and expanded into cell Iines.

For exanple, follow ng the introduction of foreign nucleic acid, engineered
cel s may be al | owddherousingon sKIF-1alphaispesificrprebe, émaybeneossdinato and t hen

tched t | ect t b
sed, | noltdi APTALBeREElel s BB o hiRPR Hindh HE I RIS VR i ne.
ki nase gene ( Peferably, 8blydterase@Bhin rédétidAIPCRY fshised, Wﬁ‘bﬂieﬁﬁuﬂb‘i@m ne

phosphori bosyl t rans er ase gene (Szybal ska & Szybal ski, Proc. Natl. Acad.

Sci. USA a$: 2e9d arrmra”@)moxan@cgwew@huaﬁélgm@bpmpmwﬂmdsga&dase ( Lowy,
t al., Cell f t
el I's' T espect PHRAFd i ypSaDATA Prihdiftcrft SIPLANEfed Busk aoplifBiion?" | 204

t he basis of QNASBtA)Qﬁa)fbdsungfr whi ch confers resistance to nethotrexate

{Wigler, et al., Natl. Acad. Sci. USA i:3567, 1980; O Hare, et al., Proc.
Nat | . Acal:lO Sci. USA Z:1527, 1981 ); the gpt gene, V\/nich confers resistance

to mycophenol e acig 1R 18R o Oine Mo Eafhe B8 rond 0

, Z%: 2072, 1981; the neo confers reS|s ance
ani nogl ycosi dma@rﬁﬂl&n(@ghrhemr endGmosyyreferably fibm hulnanMScreelingl . Q60: 1, 1981);

and the hygro C nfers resista to hy mycin (Santerre et
al., Gene Q 190 e dugay hygh@gv OIRBRIFE 514 BRI IERURRH g%l‘@@ﬁ%‘HFéﬁ’ gekis have
been describegp, pane| ue[{o@&r aﬁ?g V@hce, rcRr?c!le'dSth& Jhétz rdb@qlé)' e in place

of 30 tryptophan hi's sto ut| |no in place of
hi sti di nel®29 avzﬁlabld:EBhg@ﬁ@laNddopmbos,%hiﬂm'drtﬁﬁmclwmr(tHéthe saquedceMul | i gan,

P Nat| . Acad.,.S USA. $ 8047, 19
dreg;r boxyl ase}%gm”lé’:l{h&i’ﬁ? &1 r°é1§ft§°cnaﬁ?:‘b ‘%%’“ é‘zgﬁ‘%ﬁc% gb@éf%}{'fﬁ ase
i nhi bitor, 2- ¢ght5hate dHEBheptide- s@'etcﬂé@bﬁaﬂhﬂ@ac@@&@eﬁ'xm{lét%q@okm I'n:

Current Cormunl cations | rk | [yl ol ecul ar Biolo~v, Cold 5 Spring Harbor
Laboratory edThe IQQAK)SCQIB]ICC eneadiigthaproteincan e deduned frogethetgenetishange

i nduced-in a foIIo n Q £xogenous
to the cell). %%éth 8weﬁ eglelgerél ”éﬁﬁé ?‘?dé:ng]%%% %Aléggégcqung%nange IS
general | y2(achlpeefadedl&nbydlm&)f,wmlpﬁob@aarpaelinh@teBbh%vdentsBIIFhelpgslﬁmwllef t he
cell (i.e., stable). By "transforned cell” is nmeant a cell into which (or
into an ancestd BF-}HPEh has been introduced, by neans of reconbi nant DNA
techni ques, a DNA nol ecul e encoding sH F-1 al pha. Transformati on of a host
cell with 15 reconbinant DNA may be carried out by conventional techniques
as are well known ﬂoistﬁmssiblestkipbn‘fedn amikédadalition Mheticn when the s¢quiesce

pr okaryoti c, h as E. cor’rg tent cells which.are capabl e of DNA
upt ake can be! &@ﬁﬁ?r@@f ncde E‘SFGMP%’SQ’FEVC 8&% Crg‘?“bg‘? “owt h phase
and SUbSGQS’ems!ré{ncfeH%‘Nﬁd 1*&‘sﬁmsc%xébgfﬁm%t%'1E‘Brd¥éxﬁﬁl?%ﬁ€§né’&96ﬂ known in

the art. Alternatively, can be used. Transformation can
al so be per f oeither SaigleﬁtrﬁmiemINgAa)rpieoatomﬂabvbbfsmahéemBM cell if desired.

30 Hybridization is particularly useful in the detection of cDNA clones derived

from sources where an extremely low amount of mRNA sequences relating to
the polypeptide of interest are present. In other words, by using stringent

30 hybridization conditions directed to avoid nonspecific binding, it is possible,
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2 4 FEB 2003 wo ooiios~s PC T/US99/ 19416 When the host is a eukaryote, such
met hods of transfection of DNA as cal ci um phosphate co-precipi tat €8 03
conventional mechani cal procedures such as mcroinjection, eleftroporation,
i nsertion oWOR0/p538 i d encased in |iposones, or virus vect or PATAYSBAIdISed.
Eukaryotic cells can also be cotransfornmed with DNA sequences encodi ng the
sH F-1 al pha o V. i . I . encodi ng a
sel ect abl e phgorrltg?%@?’ @[l%]: Ow;tg et% H%r é‘?%g@nglvﬁr%%%géaqﬁ%%é 5P%éﬁ§?ir%§éb‘e gene.

- Anot her net hcldné by the hydeidizadok af thettargetIDNA toshatt sirigle prodb imehesi m an vi rus
40 (Sv40), adenovirus, or. bovine papilloma virus, to transiently infect or

transform 10 BuxBrewhich ity gampletg cemplcaaent (Sambrogk &f 4., Melgcular  exanpl e,

Eukarvotic Vi Ho gorPi . : d., 1982).

| sol ati on and%%c% Foh ot %H%lg%?&;?&é%?gggé%%gﬁb%g%%%&or fragments
t her eof , pf ovPates) Phaintibw, Ny dB98)on, may be carned out by 15 conventi onal
means i ncl udi ng preparative chromatography and i nmunol ogi cal separations

i nvol vi ng nonocl onal or polyclonal antibodies. The H F-1al pha pol ypepti des
of the invention c u i d?;?% ?MHIFC

i mrunor eactive or ?g? g%:‘t%?o el yﬂgfﬁa&gb@%% Eﬁg?ﬁﬁg}@%{?ﬁe sHI F- lﬁéﬂaﬁa

pol ypept i des. cannlsmbe tlaipedhy sie-tizedted muvagepetis otisnudeic addsetente al pha i s

an anti body that ,bi LE=1 al pha.with hi ghe inity the anti body
b nds to v | deRypREnR PN & Fheict ian B Rlsts BNA Saitasiatbon can_ ba
used to digti p@videlihé heceRaes 6ddons Br thEpblypaptiofbferist) THesPnMesidofype HI F-1
al pha pol ypepti de. Antibody which consists essentially of pooled nonocl onal

anti bodi es w DNAdpgquencents Bpaueafly thespeidiodiof cheies Whes theemfiresequensei nct 25
monocl onal anty hody a@*deﬂ.%ﬁhﬁégs'cgqﬁe é‘és?reﬁr;)%wpgﬁtgdep;&r\{g?\?&'i& gntibodies are

% W1,
made from antigen containi ragnents*o

I
ei n by nmeét hods wel |l known
inthe art (Kohler et al. Nature i:495, 1975; Current Protocols in
Mol ecul ar Bi ol ogX, Ausubel et al., ed., 1989). 31 2 4 FEB 2Q03 WO
00/ 10578 PCT/ US99/ MDA Tgressippibeny.isheki9s inaahage &ambds gthl,sap Reent i on

i ncl udes jsata 1 f : h g b,
Fab )2, Snd Ecoid SriteEly 86 i abha e ab e 1 GR one i SRR
These ant i bodyntfbodipsspécfic firaHiF-dalphaaButh anptibodiesehrbe eitldry bind with its

antigen or receptor and are defined .as,fo]lows: 5 (1) Fah, the, fragment
o e ot ai mEoRRRaRY S BRoc il ARriRsd e a G e eBrooHAn BB
nol ecul e can lgﬁiogﬁoggp@,qpp?gegé&q%glpnamha@bpqug anti body with the enzyme

papain to yield an intact light chain aad a portion of one heavy chai n;
20 DNA sequences encoding sHIF-1alpha can be expressed in vitro by
DNA transfer into a suitable host cell. "Host cells" are cells in which a vector
can be propagated and its DNA expressed. Host cells include both prokaryotic
and eukaryotic cells. The term also includes any progeny of the subject host
cell. It is understood that all progeny may not be identical to the parental cell
25  since there may be mutations that occur during replication. However, such
progeny are included when the term "host cell” is used. Methods of stable
transfer, meaning that the foreign DNA is continuously maintained in the host,

are known in the art.
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(2) Fab', the fragnent of an antibody nolecule can be obtained by 1
treati ng whol e anti body with pepsin, followed by reduction, to@i EE&! 208

i ntact |i ghivgdeaiosrsand a portion of the heavy chain; two Fab’ PT/8809R are
obt ai ned per antibody nol ecule; (3) (Fab')z, the fragrrent of the anti body

that can be obtained by treating whole antibody with the enzynme pepsin
wi t hout subsequent ‘MMedidiei’'oversipgs pf tigsperifie skl aipha ¢an begogmgeredfte agment s

hel d toget her fBMhér"&thf uétgglﬁlg F E]O%VCal gc L\ixgl Pro(aﬁét &eg {ilﬁca?llogg%%;%lﬁa! ly

engi neered fragment con ain and

the variabl e refgh® Jﬁ&ssb@prdmawwdiIeaarnplexmeesp@@klmoﬁw@simirmm@rruﬂ (5)
Si ngl e chain anti bo "SCA"), defined as a genetically engi neered 20

nol ecul e cont aaqﬂvagletfhsovarqt@mcemp@gmsrﬁthIEhbalmhaga@d adietgralogetfe vari abl e

regi on of the e r as a
ge%et I cal I§ foJs;l @&%Agef*ﬁn‘%@%aﬁgﬁ&}\éﬁﬁ IS W#Jﬁﬁgﬂ QS h fragnents
are known in tdﬁﬁnmy throﬁﬁxeogrﬁ;my 23., byampiobiliddaon ouvaanhlmhﬁs@eclﬁéﬁbn thedi es: A

Laborat ory l\/hﬁ@ Col d @%E“ ng. Har bor Laborat ory, New York, 1988,
i ncor por at ed HEFSEPIOBRYS Profein.¢ Methere aglegiaga SF?I‘%%EE‘*’FW%’HW"&W &he term

" epi tope” meansiran AkigRphed HELR Ee%xag(ms FOANRMIEI Rl Ho §hcon5| st of

par at ope of an anti body 0 det érmi nant's
cheni cal | y actdaudegalehseddramn diwp]}mgsatﬁgraphﬁe coélurirBb R GeaméM With 40578

PCT/ CJS99/,19416 of nol ecul es suc S am no or sugar side chains and
usual 1y hdle SPBEIFIRE EHYEE QAEHLIS AReSa TERAPE R BopGer €l oo, as el |
as specific charasshenag %Blﬁ)tS' £988; Gaftléila RPS %BYE?'@%&%QEBS’&! y bind to

the sHI F-1al pha pol ypepti the Tnvention, can be prepared using an

i ntact pol ypeptsi8dg, 190 agrrents cont ai ni ng smal | pepti des of interest as
the i muni zing anti gen. The pol ypeptide or a peptide used to i Mmuni ze an
ani mal can be derived fromtranslated cDNA or chem cal synthesis which can

be conjugated to a T MREntiLA PR6RE&IaR isoldteIREIdi€sbid S4mbn e RAPEIMgY/a Used
carriers which are chemcally coupled to the peptide include Keyhole |inpet
henmocyani A5( KUkgion protein. The fusion protein is encoded by a nucleotide sequence encoding

a DNA binding domain and a dimerization domain of a hypoxia inducible factor,
preferably HIF-1alpha; and a nucleotide sequence encoding a transcriptional
activation domain. This “chimeric” transactivator is useful for affecting gene
expression of target genes, such as VEGF, and neovascularization of ischemic

20 tissue. The nucleotide sequence encoding a DNA binding domain and a
dimerization domain of a hypoxia inducible factor is useful for providing
constitutive activation of genes regardless of the oxygen concentration in the
surrounding environment. A chimeric transactivator of the invention provides
for the specific activation of expression of hypoxia-inducible genes containing

25  hypoxia responsive elements (HREs), thereby achieving high levels of gene
expression. The HREs each contain a binding site for HIF-1, which is recognized
by the chimeric transactivator due to the presence of the HIF-1alpha dimerization
and DNA binding domains. Invention chimeric transactivating proteins function
in vertebrate cells and may include naturally occurring transcriptional

30 transactivating proteins or domains of proteins from eukaryotic cells including

22



t hyr ogl obul i n, bovi ne serum al bumin (BSA), and tetanus toxoid. The coupl ed
peptide is then used to immunize the aninal (e.g., a nouse, a F@AFEROIQPR
rabbit). 15 If desired, polyclonal or nonoclonal antibodies can be further
purified, fwoewmsmd e, by binding to and el ution froma matripctusseshoqab the
pol ypeptide or a peptide to which the antibodies were raised is bound.

Those of skill in the art wll know,of various techniques co nin the
i mrunol ogy ar t ¥rieBrat ?’fW‘%LWIH?Ft’é(ﬁH?%?rOE?Hﬁc‘EﬁPY %Wq%’%@fm%f‘%})onal

anti bodi es, asselflrce dar AAbIEAD AARE raABIIASH K8 a Re@brafeProayp! e, Col i gan
et al., Unit 9, Current Protocols in Inmunol oQ/, Wley I'nterscience, 1994,
herein specifically incorporated by reference. It is also possible to use

the anti-idi otype tAdtansicavgiiondomasuefdee cimeniisansantizntonistdenyed femnhi ch

mmc an epitope. FEor.example,. an.anti-idi.otypi |l onal .anti.body nade
Foa tirst mor SoEtRreiE s oG0P Ay AR SV a0 ey A By P

hypervari alsl e fag@t,@33\Wak,6hjuh SfaétbEER ICTROV tatOAPVIER, ARIEIASpboAPY by the first
nonocl onal antibody. 33 2 4 FEB 2003 WD 00/ 10578 PCT/US99/ 19416 For

bUr poses of t HETFAVEIRERBh HAR AR MigMar PHOR] GALA, L6 N4 AneilBAL bbend ¢ f or
sHI F- 1 al pha = I .de. .ynucl eoti de
i n bi ol ogi caraﬁ‘drg;ﬁggéggﬁllll%&?@gg%@gkgrs hﬁ* 245%3{5?& %%Q%!ﬁ&?%@%g/&ﬁééct ive with
sHI F-1 al pha oDn¢ bfskilliinl the art adll cbepgritecthata tansdriptiadd] yctivatien domaintfbr 5 a
conpound whi ch allows detection of binding fo sl-I1F-1 al pha. Any specinen
cont ai ni ng a dl@ﬁé%?agmeosgrﬂmtthwvaﬁwg@hgfofroraamwwlww%ag@aﬁe*s@rused.

The i nventjigon Q@i fEE BOHsseli @ alsbQRhEEMN: il nL i Reh) ﬂ?'%orders,

i ncl udi ng hypox?’a- S%’?E?ghgr’n a-ererlgtseﬁétl ssug égmaglg, whi zé??‘g%é’ i mproved
or anel i or at edproteimudentiichtion affa trdnFactivationrdesminonan de detetriivned by The term
"nmodul ate" envi si ons .t.he iaducéligon or augrrent at lggn of H E-1 expression when

appropriate. TPRETAPLY Hnkinga dsipd demaig fom QRrolein WU an PRRIORIALE RRAVARASY i ment al

effect of the aRisRE M Sippasds of ArdpBReSURIAEL. recei ving therapy. Were
expression or augnentation of expression of HF-1 is desirable, the 15

met hod of the treatment includes adm nistration of substantially purified
sHI F-1 al pha pol ypeptireromhinasbnyshtie peid constuet gaendingp ehimedamansagipvatardi ng t o

H F- | al pha_pol ypepdirarding . e dhvmcrs .
the pol ynddt eottba S0 bEon b B Rk Bbeo) Sl FMURE T

vector is intrddeeitabldpromaten tidior gihdrierpriessicar cohirel regiddbryasetingnceprievent i on
of hypoxi a/ischem a-rel ated tissue damage. N%g:il i m élpg exanpl es | ncl ude

ge. .
patients with BaY Bhdesjrable dordhy ansagiivaior profimioe placed ppdar the cOngobolshd
patients with -0 r: . s i ‘ cli.ni cal
conditions tr e‘?t?'gté‘g@a?ﬁ@”ﬁ@ﬁ{ﬁﬁg’] égﬁ%n\gg,#gg@lgp ?}%ntghg?d'ut‘% h@y?{r?\&/%ﬁﬁa n incl ude
i schem a due t@sabsplase uofertthecagobof al indudioprampiergucipas thpher al

circulatign. One therapeutic goal is to onot e _angi ogenesi s _in_ the

“schem ¢ E0ssBoB)oBuBPB LS ot taReRbS PRI AT Sls Bt ner | ze

wi t h endogenougidvkHot QtrBlledinfidade@r IB@E4sE bEcXphisicR B epaasulard&nand activate
transcription of hypoxia-induci bl e genes rel evant to angi ogenesis, 34 2 4

FEB 2003 wo OOwhileeonstimivy e3possion aHevsior pordigual sxpressinn ofiargenedor o, t he gene

encodi ng vascu ot i.al VEGE) W\Q SLf-1 target
gene (J. A Forésxgmgé}g?r pgﬁu,(ﬁl%t?ge%\%dgﬁﬁ 8&%“%5@52‘1@@&* v/ Ia'yer et al.,
CGenes Dev 12: Other prb@idfor sequiaces diat araisefuf includs bogarthét-limiaddabathe s t hat
because it_is a transcription fact gr t hth cont,r%ds t I"f .
25 V40 early promoter region; RSV or other retroviral LTRs; herpes thymidine

kinase promoter, human cytomegalovirus (CMV) immediate early

promoter/enhancer. Other promoters that have been used for this purpose

include the elastase 1 gene control region; insulin gene control region;

immunoglobulin gene control region; mouse mammary tumor virus control
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5 expression of multiple genes involved in angiogenesis it wll ve a
superior clinical outcone conpared to treatment with a single &hﬁi&ﬁgmc
factor such . However, the nethod of delivery of DNA t tissue
siteis in ﬁ%@ggffected by the identity of the particular g%f(ﬂg??é‘iﬁ%
delivered. Further, many patients with coronary artery di sease do not have
reduced nyocargjish; albunith gt dohewl regiohyalphd-fetaproteRSiene kbnirsl regiby: afhan t hey
are active and re9uire increased myocardial blood flow that they experience
angi nal synpt dn#ntitypsin generopirolegipd and Betaiglqbin gene contrpl regioRat i vel y, a
narrowed coronary vessel may becone conpl etely occl uded either by spasm or

a clot, resulting i I L j @&FQ erefore the
goal of the treat mﬁe%f%fev%n%{dﬁb%egbggg%@edgﬁg?%@?Bﬁldg{gtl a Bﬁg (?s to i nduce
angi ogenesi s idimetizasion darhiianf SIF-dakpha aid thedeterolsgos tiappactivatici donkein t i ne, i n
composi t1 brfe. gF° PGB S5hebHEATIEUEY st EReTaL S 106 of adh EaPapeut i
conposi ti ors [ apeutic
treatment regi;oRRs e T, BSRR i hQRd BLRMCHes; iV i on of
pol ynucl eot i dels en%egg?%@bglﬁ-ﬁa‘?’pdﬁg ﬁ\‘{%{rﬁot he E}?eat rrgazltntgdr}i%nkl 30m a?érsel at ed
di sorders, whiZdndamovidpresulescfonriaussdelations mdHIR 1 dplpa asbihe vffedts omne HI F- 1

| ph | tide, . Such th . | d i its th tic effect b
e r odbct | on OFEUHHERSRREICEaT YR A GBI APl SPAVE 16 019 LB 1o
hypoxi ¢ condi t{y8NBaterd No ¥ 831,9 A, BRAInY éntfoll RinSF R RS £&Givhidr RRhndite Aﬂhypoxi c

and surroundi ng nonhypoxic tissues, such that it can dinerize wt
H F- | bet a 10whiRINAjbindingandrdimemzation esgion whigh gnsddes,dfavexamnie,d0kt alphel | s), and
activate the transcr.ipti ream.t ar get e es of genes
whi ch can be aaé‘lli’?/s‘i‘%sgf'z&]ﬁﬁ?@%-%é%%ar&%n‘dg?ﬂ%f%&@;@@fr factor,

gl ucose transpaiih®adids BLYTHI SHQ ID NE:YITBs amidtheRld 1-3BIUGT SED THN@rowt h fact or
2. These genes nedi ate inportant adaptive 35 2 4 FEB 2003 WO 00l 10578
PCT/ US99/ 19416 respgnses t.o hypoxia includjng angi ogenesi s and gl ycol ysi s,
and prevention of cdielingatemalsemshides expressinr Vestas<@ninning aauslpigapidi on

provi des a net I Jj: 1 ng: : i : poxi &.l.Aduci bl e gene
in a cell. Thesgﬁ%tn E%@*ﬁgéggglﬁgﬁagﬁflﬁgat %erh egéerftfédvh\%é .:tﬂﬁ('age%t?(%r essi on
vect or cortSai nhclogdeqagumoyimse AAM, lahtivans, hdipeg viauss vaddima Mirks, baadlpvieuspf t he

i nvention or a chi.meric transactivator, pr.Qtein as, descr, bed herei.n under
condi ti ons. t hdEToHTBybaSterPRIEEs SRS almids Phpaids: fGneal yee et ORI ned i n

the vector therghy m%iiﬂ}ﬂaantﬁaﬁ a}meempﬁgﬁaﬁﬁﬁémn%c%aypoxi a 10

i nduci bl e gene in the cel Such genes inc for eXanple, those encoding

VEGF, gl ucose prokamgtisrhostreslls, ghd/mey Ye usedan ¥woefor gér@rherapy GFinbiimelimagllpr ot ei ns
and the |ike. CT e ipventnibq?n further provides a nmethod for providing
constitutive express SHET“a hypoxi a i nduci ble factor in a cell, under
hypoxi ¢ or non-hypoxic 15 conditions. The nethod includes contacting the

cell with2a nucl ei Stale HIB-¢slplensrotetinadthaigventiohiatserihclull¢, dnsaehby at or
protein as described herein, or a stable H as described herein,

Cinder condi {1 dISteCaHET Ate Rt GAIcars 1481 ARhel 826 el SE0dRdMde.
thereby provi difig, 598 %dsldutd 1-961 SRSt sHQ B RAXdrftino WG eQbeshact or -
391 and 576-826 of SEQ ID NO:1; amino acid residues 1-391 and 429-826 of
SEQ ID NO:1, wherein 551 is no longer serine and 552 is not threonine; amino
25  acid residues 1-391 and 469-826 of SEQ ID NO:1, wherein 551 is no longer
serine and 552 is not threonine; amino acid residues 1-391 and 494-826 of SEQ

ID NO:1, wherein 551 is no longer serine and 552 is not threonine; amino acid
residues 1-391 and 508-826 of SEQ ID NO:1, wherein 551 is no longer serine
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20 Further included in the invention is a nethod for reducing ?/Pﬁgga
i schem a-related tissue damage in a subject having or at risk 4@{
such danmage . The nmethod includes adm nistering to the subject a

t her apeut.i caN0 go/@ff8ect i ve anount of a nucleic acid sequence ercrHUSNYIA6
chinmeric transactivator protein as described herein, or a stable H F-1al pha

as descri bed her, n_a 25 pharmaceuti ly ce i er, thereby
reduci ng the tainggéglsd’é?hgﬁ@mqega‘gm% re%gr%dlh@n? doélﬁeé%rﬂ%gim% provi des a
met hod for prayhdi ffe JQirnCSBhXé ﬁ&fohgexis'aﬁﬁ@z&)ﬁ §52"is hbSfiBning; &dsgm&% d n need

t her eof conpri sing m ni stering the subject an anount of a po ypepti de
encoded by a 3691due§1-£39|¥l§8d Sb'bS% mﬁSE@rlBé\é@ 15whereRCI1Lis80 Idrigéd Grine

ol ynucl eoti de di ng.,a chi ansacti yator rot ei n as .descri bed
Eergi n, or a saf’ggg 15 gthlr?ﬁnﬁt?a SFRpey © ﬁ@rr‘@ldn r%“lfﬂ’q?ﬁﬁm%ﬁﬂiﬁogeney s

I s induced sat rtﬁmﬁltnt@tbe?l ik, anrt%r When 59@&9&&:@@&95;@%&%@&8& the
pol ypeptide, thereby prodviding prophylactic therapy. | "'very of

pol ynucl eot i deesidue 358 Wt’ﬂe@mmmsinﬁgdlaom @dbmlmé)mcpéﬁqsmasm\@ntwect or such

as a chineric .vi,LuUs_qr i dal di spersi ecially preferred
For "t her apeut iR e ofseichfes AmeOREE B bolibohides arEBREkHomy obonee.
Various viral %e@tscyogtammcnaﬁcls,@ auidlsbqgegdesfor gene therapy as taught
herei n i ncl ude adenovirus, adeno-associ ated virus, herpes virus, vaccinia,
or, preferably, an RNA virus such as a retrovjrus. Preferable%, the

retroviral vector ilsshulddeiupdersipad ghat anerﬂfrshtbmdheamcahma@w@ théis. Exanpl es
of retrovijmal r i nserted
“ncl ude, B S0 848 prclele S SepBncSs BN By BB Al \ovuLy)
Harvey muri ne aswinmm&resndnessor(ﬂﬁalvbﬁdes rcspuctivdy,rasrlmgsthummtylasautbcd I\/UI\/rI'V)

and Rous Sarco Vi rus .. Preferabl when e subj ect a human,
vector such adot ée%‘f%%ds %?baé“qdeﬁﬁeﬁ?’&t‘é“ﬁ’ﬁga(’%[%t‘(’i"é}ré'tapllelfilgd A nunber

of addi ti onal i3tk gl Biiet B JUEARNIEERNODOEAIRPIARE afbLREErgenes. ALl of
t hese vectors can nsfer or 1ncorporate a gene for a selectable marker so
t hat transducechchinigs Bereiano bssay theistcl actidlitian (beg thediaamgdes).By i nserting a

sHI F-1 al pha sequence of interest into the viral vector, along wth anot her
gene whi ch\ encodes the ligand for a receptor on a specific target cell, for
exanpl e, t?e vector is now target 25 specific. Retroviral vectors can be
nmade target speci filf thyprédentinveigon, oy sHIFarabpies, paymuchatide seqileyessl i pi d, or a
protein. Preferred tarr?etl ng i s acconplished by using an antibody to target
the retrovi ralm%bébﬁ’@ﬁe eRAOAN SKPEGEFIPN VEGIOF: h'Eheaﬁef’T‘V\ﬂ‘HreWRﬂ/Vthor Biferg an

Ceauentes: whi o LU s 4POE: FARGE ABERJ T SBEfL ek RERANRLFOL | 4

by msert10n or incorporation of the sHIF-1alpha genetic sequences.

20  Polynucleotide sequence which encode sHIF-1alpha can be operatively linked
to expression control sequences. *“Operatively linked” refers to a juxtaposition
wherein the components so described are in a relationship permitting them to
function in their intended manner. An expression control sequence
operatively linked to a coding sequence is ligated such that expression of the

25  coding sequence is achieved under conditions compatible with the expression
control sequences. As used herein, the term “expression control sequences”
refers to nucleic acid sequences that regulate the expression of a nucleic acid
sequence to which it is operatively linked. Expression control sequences are

operatively linked to a nucleic acid sequence when the expression control
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wo oo/l os~s PCT/ US99/ 19416 the retroviral genone or attached tfu,aﬂ:_\g' Q@é
envel ope to allow target specific delivery of the retroviral vector

cont ai ni ng \R;@%O/?Eﬁ E-I al pha pol ynucl eotide. Since reconbinant retraoviruses
are defecti Ve, é7y require assistance in 5 order to produce PCIReP A le
vector particles. This assistance can be provided, for exanple, by using
hel per cell |bdl{é&née@%bnﬁ@ﬂérﬁiﬂégﬂbﬁ:&ﬁ%ﬁ&ns@ﬂﬁ@&i 5, ab hpprbpridtg structural
genes of the retrovirus under the control of regulatory sequences wthin
the LTR Thestaplation efsthg nuclpicasidigquensec Thus expsession rontrel sganiseEnabl es t he
packagi ng nec | i ranscrint. £ . i dati on.
Hel per cell | P%gfgéwﬁl%%ﬁf) %&&g&&éﬁg&%ﬁé%#c hb&%{asc{é%tg?qﬁﬁag]ingﬁg’gléncl ude, but
are not |imit edrttcod@n BAB,JATGHth RéAL0f afpsterxaitoling gthespliciat kighalfos pr oduce
enpty virions, since no genong.is packa%.ed. If a retroviral vector is

i ntroduced i niEroBsIRAEEGNAgCE of tha cemedt feadiecikarye afthat gengito parmIkPraREr pbut t he
structural ge t g «) ..vector can be
15 packaged an S\}%E:(tﬁloérﬁ\i}lkﬁlg%ng%g u%ggr.ls' 211"}{% 3?%& %@E@;g&%iﬁegeﬁ or ot her

ti ssue cul t ur mteeledso daoiudeel, ali a miriihynt, canpdrentsewhodetpieseheessands encodi ng t he

retroviral stryctural genes a‘g, qpé)ll and eny,. by conventi ongl cal ci um
phosphate tra Bt otPTesfts an¢t Ed Soa'lnélufiﬁéi\idli‘enﬁlrcﬁﬁ’é’f)%‘?f’ct%?{ M h the vector
pl asm d cont ajRi : %@&% i J I | ease the
retroviral veE%%egggdt e CSF{’S?{}XE@ fefﬁ}%a-drﬁﬁsgtﬁﬁ%t&% %%%%@h palétf"?rvery system
for H F- 11(pol yemuehast iEkpsessonaonbl ssqutakcedianpecisdoapsysiten  Col | oi dal
di spersion systens include 25 macronol ecul e conpl exes, nanocapsul es,
m crospheres, beads, and |i pid-based systens including oil-in-water
emul si ons, m cel | eRy Pry@Sted GehéRe miffd] bdResQRIficidii®o Bir&dier red col | oi dal
systemof this invention is a |iposone. Liposones are artificial menbrane
vesi cl es whi chargceiptionf Alsainckided irethy invghiien ars thesepremeteneldmentsvi vo. |t has
been shown that.|.arge i.lamellar 30 vesicles, (L which range in size
from o o-a. 0 ami<ae sl RicoRr Hmors o fehbarys cfifelin ooos
PCT/ US99/ 1941 6orstIRbR Mor ak1148@ieGspBtifio tisale-speciity epindubivfclsrextandlai ni ng | arge
macr onol ecul es. RNA, DNA and intact virions can be encapsul ated within the
aqueous i nt er Fignals@r agentgenrly elemenisanayeie located in the §| &' eegions odéhe ve form
(Fraley et al eneTrﬁ&ﬂsc i t%h%@nd?ﬁx#jucibl é?om&t%&,lal) 'inélPde%qq'tlr)é ﬂpg{tﬂmmml lan
cells, liposoffes have QBeen used Tor - d Ivery oF po ynucleoltl es in plant,
yeast and bac(setiedd., Bitlel 8z all, MaholbrinEarymolbgppbShiks-544,11887n Fekf i ci ent gene
transfer vehicle, the fol] owi ng characterist,i¢s should be present: (1)
encapsul at i onSHMpReVhemelongg! ﬁ’f‘%‘?"é%tsy%?mﬁi igfuclble PESTRRLET ?Seprlnﬁff
conpr om Shig T igal kM (Yo i Gk tanti al
bi ndi ng t%@a Pgtﬁgrg?ﬂggkﬁ'%%@,cpgﬁ% 'ﬁa;és(%?]‘p %Jga?ﬁygﬁ?%%%blaghéel I se;SIHl‘(?%) delivery
of the aqueoube vsat When cfoninginueanmhkan eelltsystemsy promotars tereveddinasm at  hi gh
efficiency; art}ld é4) accurate and {fecti ve lexlpressi 0

e s allothi

enome of mammalian cells (e.g., me onein or Qlogéation factor-
lalpha promoter) or from mammalian viruses (e.g., the retrovirus long
terminal repeat; the adenovirus late promoter; the vaccinia virus 7.5K
25  promoter; the cytomegalovirus promoter) may be used. Promoters produced
by recombinant DNA or synthetic techniques may also be used to provide for

transcription of the nucleic acid sequences of the invention.
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genetic information (Mannino et al. Biotechniques i:682, 1988). The
conposition of the |liposome is usually a conbination of 15 phbsEBokigdpi ds,
particul arly hi gh-phase-transition-tenperature phospholipids, usually in
conbi nati on wwobvies7er ol s, especially chol esterol. O her phosp?g*,iug;%‘,ﬁr
other lipids may al so be used. The physical characteristics o I posones
depend on pH, ionic _strength, and the presence of divalent cations. 20
Exanpl es of |ipids GRHEArESeRt inyesivanthemobmueleptide enseding sHpPhdalphamiayy |
conmpounds, suc i P . hati dyl chol i ne

phosphat i dyl se?? ﬁgfﬂgﬁgﬁ@a%%%ﬁ%%%g%Pg%éz&%ﬁg i ARYBIOBT SRAUPES ebr osi des,
and gangl i osi dehichHacititates the bfficienefranscaptionlof he ysehesghatié sbduemteyser ol s,
where the [i piﬁl g:{%l et¥ contai,ns from 14-18 carbon atons, particularly from
16- 18 25 car boedtoshs! hef@ression Xeciprypisally confains an prginsifsendicatiomiads i ncl ude
egg phosphat i dyjogkib,d L j I I . d _di st earoyl phos
phati dyl chgi n%l% Thgﬂ’ t9 é;‘ryag!ta ?gﬂgeméﬁc Cgélhg%ggﬁgghgg#hgwlgggl?#}lo&ofﬁéged on

anat oni cal andtra3sfomsrdanellst Vectbmotidatde foinae anihe presentdsdntios atdigte, i s based

on the level of .39 . 4. FEB Wo oon 0s~s PCTNS99119416 sel ectivity,

for exanple, gl?lgffﬁ? g%tégplft'?cﬁo tg&?—bgggcqxpfﬁsmx&%ctgr BAEITPSLOR B bagtera

Mechani stic ta(rmg&hmg@pﬂ:,@nggﬁ;lpggwﬁz’qge pm@ygm mt@%gorifgr i s passive
ra

or active. Passive targeting utilizes the natu tendency of I'T'posones to
di stribute to @@ressiazfinmpmmaliancglle (leaechodNsthank, 5 PBid/eGhéRBSR:3521pr gans
which 5 ¢ ai j Ldal .capjl.laries. Active targeting, on_the other
hand, invgll%t/esfba g}ﬁlg? lfl%lilov&usﬁggv?chﬁ?zg OT S PESHIRT ﬁ}fgS%Cﬂ%ellSi fdd€orme to a
speci fic | i ganONsUsdgnemt Can By YtedeBN tha RedtBOsherabhy Baked tgkyg%%& id, or
protein, or by clanging the conposition or size of the [1poso in order to
achi eve t ar get§!fgents. loF gramplafdrewioter (§:ge EMY HET, mdtaliothibeeindtarr al | y
occurring sit i hon. 10 The surface of the targeted delivery
syst em may be%%%g$?#@@§#ﬁ5§$%ariety of ways. In the case of a |iposonal
targeted delivery system |ipid groups can be incorporated into the lipid
bil ayer of the liposone in order to maintain the targeting ligand in stable
association with the liposomal bilayer. 15 Various |inking groups can be
used for joining the lipid chains to the targeting ligand. sH F-Ial pha

pol ypepti de can be used in therapeutic adm nistration. For such

adm ni stration the pol ypeptide nust be sterile. Sterility is readily 20
acconplished by sterile filtration through (e.g., 0.2 mcron) nenbranes.
The conpound of the invention ordinarily will be stored as unit or
mul ti dose containers, for exanple, sealed ampules or vials, as an agueous
solution, as it is highly stable to thermal and oxidative denaturation.
Lyophilized fornul ations for reconstitution are al so acceptable. The

pol ypeptide will be 25 adm nistered as a pharmaceutical conposition (see
bel ow) .
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The invention al so describes a nethod of treating a subject having a
hypoxi a rel ated di sorder by adm nistering to the subject a 24 FE 003

t her apeuti | ective anount of cells expressing sH F-1
"Ther apeutic‘? |0}§9.8§e7%f ective" as used herein, refers to that a%‘gﬂﬁs%’ 88| s

that is 40 WO 001 10578 24 FEB ZQQ- PCTNS99/ 19416 of sufficient quantity

to alleviate a synMsihaliad &@reksoaagaens whicthuilizeatedmbihgt vinypexi a-
rel ated di sorder, The effective anpunt results in_expression of

bi ol ogi cal |y &&e]¢lemspigpp direqt xpressinnamaobe engigearedi Ber exampla veient hat one or
Tor e SYIPLOMS s adgndlit§ 8RS eth N REs e ﬁkfFQYdlgl?aeﬁd&%Q%ugﬁééﬁgz pare

useful 5 to incréase or sustalin the eXpression a an

hypoxi a- i nducilighted e ar adéndvirusisameriptivale trahgl ot control camnplexpei, thecondi ti ons.
In sone preferred enbodi nents of %{{w met hods o th? i nventign descri bed
above, t he”sHIate Promofanandripgftisle eéﬁwcp%%w{wter@ ous (1gefM¥) onal 1'y) 10

andl or system - _ 1 U i on” t ivery to
a defined are ?%bbt}éreggggﬁd ;(’)1?6 %nﬁ%ﬂ ]@ggém aﬁeéﬁﬂtggéﬁ%‘}rﬁﬁéﬁ?ﬁgg{alﬁ%’gﬁ'\?\gﬁ%as, \>//\hi | e
t he term "systthm.cGastriTher.st: 1 343k 53] 995 Behirf K.Mneoalpds Visiel 1008459-t 0 t he
subj ect by oral ro by.intranmuscul ar, i avenous, intraarterial,
subcut aneous, %8PJ}I @gép‘g}}?‘?’%ﬁ‘ﬁ@%’ t}?%']'aéﬁ‘t“i'aoYl‘.r‘.‘s 'Eg -m%mpg,,r M2y ‘I‘Sr"rﬂpeut ically
acceptabl &' MgaRs g, MRK:RE] & PO NG AERRIS AT TOY41 19419, 08w th the

ef fectiveness of ‘the biological activity of the active ingredient(s). The
t erm " phyd0ol ddaakattiey abck épohdOSB5786f o1 W4, Bavicalbar algfiroc.néatérdcar. t hat is

conpati ble w th,. | Ol O S h | ]. | L. 20 | t ,
tissue, or or 5?1?]3% ﬁl’ﬁ%éﬁ%—li X&éﬁ‘p ﬁgtgf)sr@%g??ﬁ%’ﬂngg’nggnTanﬁg‘m}}%%g may be
used as part Ghe @bmp%rf@;ﬂ@uteia@@ktrﬂm&omamelmfg Sanier, R &, W Cell.
physi ol ogi cal | y and/or pharnmaceutically acceptable carrier. The

ik

charact eri st i ddolof 48Rel Bd.r Pleartlyifter engyd Hleip auelgictased ingmousg cells,

Synthet i c ol | Qunbir Ao BT bhRR TR ST od B Bl R e o

stabilizens, Sfderbil cDNA Soesadtreqiiite intémrbtiur &f the pRIsmikiMuhd lost'e art. The
phar maceuti cal conposition of the invention may al so contain other active

factors and/ orcheRyeefomenticeaby viiding a hishlerel af GxPisssigni Thesgi @Ctoss & nul at i ng

41 be used for stable expression by including a selectable marker in the plasmid,

such as, for example, the neo gene. Alternatively, the retroviral genome can
be modified for use as a vector capable of introducing and directing the

20  expression of the sHIF-1alpha gene in host cells (Cone & Mulligan, Proc.
Natl. Acad. Sci. USA 81:6349-6353, 1984). High level expression may also be
achieved using inducible promoters, including, but not limited to, the

metallothionein IIA promoter and heat shock promoters.

25 Depending upon the vector utilized, polynucleotide sequences
encoding sHIF-1alpha can be expressed in either prokaryotes or eukaryotes.
Hosts can include microbial, yeast, insect and mammalian organisms.
Methods of expressing DNA sequences having eukaryotic or viral sequences
in prokaryotes are well known in the art. Biologically functional viral and

30 plasmid DNA vectors capable of expression and replication in a host are
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WO 00/10578 2~ FEB 2010a PCT/ US99/ 19416 angi ogenesis. For exanple, sH F-1

al pha in conbination with VEGF may be used in the phar maceutifglF 2003

conpositions of the invention. The pharmaceutical conposition of Etane

i nvention mwpdogosm the form-. 5 of a |iposone in which the ghihfsod/1eipha

conpositions of the invention are conbined, in addition to other

phar maceutical |y acceptable carriers, w th anphipathic agents such as

|i pi ds whi ch &xiogn m.ﬁh%?g*gr%gﬁtvsﬁmrwﬁﬂa@ tRilpeaIrpate PNAgseguercesshbeayer s,

l'iquid crystal§yefion! @mel I ar I ayers which are in aqueous solution. Suitable

l'i pids for IiposomaP formul ation include, wthout limtation, 10

nonogl yceri des, diglycerides, sulfatides, |ysolecithin, phospholipids,

saponin, bile acid nd the l.ike, e particularly useful |ipid earner is

| i pof ectin. Prepar :ﬁqr g?PgotF”EtHiﬁh'V}%&Eﬂqﬁ?uqno?ﬁﬁ?%{Pg'ﬁﬁ%t Rreteifsy Hakiet he | evel

of skill in th&gpdstion Psgargfeﬁr%.oﬁ%er fhah u@iﬁg@gﬂ)&ssibﬂ‘v é&s Wiith cORain4: 235, 871,

U S Pat. No. 4,501, 728; U S. Pat. No. 4,837,028; and U.S. Pat. Ro.

4,737, 323. Thevitabopgias nfisplication) hasd agltssian be trapsformed imithestilFelalpbay f urt her

i ncl ude conpou such ] gbcycl ode.xf rins and the |ike vyni ch enhance delivery

of nucl eic aci 9 NOI°QRYRIEY by APRrOPHAte.exXPEgsSIon SNFQl cleients §1. nBOMOtfon 5

t her apeut i cal | ghhefhdeg GbiueacaRaEriplior @fmMGtdrs, polyllehylat &Psiteavans,i on is

adm ni stered by intravenous, subcutaneous, intranuscular, intraarterial,

i ntraocul ar, cmdiapelesisbleimaskera Thersplsstablsrmarkerindherpesombinant plasmiche in t he

formof a ro . hald s.solution. The

preparati olir?yofcq)glgeé'%]}:eglgtraélg%ﬁg‘% %31/ é‘é’ﬁe‘:‘g‘?ég?‘é’gg&c}ﬁ}s i%g%g‘?““%ﬁtﬁ;hedue regard to

pH, i sotoni ci tplasmidadtblthdiychrémfesontsd ant lgeow k@ fornt facnwhiz@ i kirhlcah Be t he art. A

preferred 25 pharmaceutical conpaosition for intravenous, subcutaneous,

i nt ranuscul ar , clPpadragg expangerdto cel lingst Fopexanaples fojlewinghednisrdugtiennt ai n, in

addition to t : b Qo { L e Vehi as Sodi um
L her ot dnn o QHPRSLLH Btis Ay bEPADES oV ERUCIOP 1945

Chl ori de Injection, nger's I nfection, rose I njecti ose and

Sodi um Chl ori die anrepeciadomedid, and gteachrédwiyehed so b nglectiveanediar ’Aoiilhﬂhier\oéhi cle as
known in the art. -The 30 pharmaceytj cal . copposit.iqn of the present

i nventi on may S&i%%@ﬁf"&isﬁn%?be “SEHAIHF@é‘%pg% W‘GUMGB?@ SUS99/ 19416
stabilizers, ph@3RKkVALS UEMidiAkIRES gerNWiBler 2R SCeR1 190RE 9AYdI tives known
to those of skill? in the ar?tl. The a%r%ugt lgf SHI F- 1ear%'ha ’corr7g(§)l’si tion, in

t he phar maceuthypakamshipegpadng phospldritiosgltpnsferant génevSaybalskadkl | depend upon

the nature and,sever. 0 h opdi } i heing at and.on the nature
of prior trea?%ﬁ?]gﬁ\'/\ﬁ/ofhh?&'efcﬁgt ‘gﬁt bﬁgg&%ﬁgg,r]gg%gangﬂp? ASTURS P ¢ he

at t endi ng phy shdspRétibosyitrhnst@eded®otviyeeTn @rll 20f815H1 §3(0) gehehennaposi ti on,
with which to treat each jndividual ﬁatl ent. Initially, the attending

physi ci an 4% | | erBRIRYss 18ty hgpstnorierrE cells respretivelys dditionaliynantiraerpdite i on, and
observe the pafiien c'escaﬁ%?'ﬁgn{]@ﬁa‘%-thé-ﬁésgﬁe&;%%ﬁén r dhiel Ev?&clfé&ﬂé}sconpos' tion,

may be adm ni stered unti optI ma erapeutic éffect 1S obtained for
t he patient, amsis@ahcetbaictiprenate (Wagltgeaak, Nl atndi Swir BA4GQ:X56711980; It is

contenpl ated t the vario phar paceuyt ¢ jtions used to practice
t he nmet hod of gﬁ%’r‘bf‘b e%l’o‘i' ﬁ_@&?%ﬁ%%ﬂdﬁébﬁ%ﬁg?bbmgme%\ s about
20 mg of sH F-{dongdDRRiskatPRSH Hexﬁﬁfc A6 ey PY&E. ARy, adde duration

_ %“502 g&H &OB&%,”
of intravenous therapy using the pharmaceutical conposition of the present
i nventi on 2§ | | Sci.aV§4 18t@pEhdPRY theneogensewhich cgnisfs tehistadicstrathe bei ng treat ed

and the condition and pot ' idiosyncratic,r onge ,20. 0 h
i Vi dual - pac TERPEY TR G {CRET SRR St A B dBB e an ¢ he
appropri ate dugritth®@Rygb gkt WhichnOusers RelsaR¥e tShyomyeinBantere ikl cal

Gene 30:147, 1984) genes. Recently, additional selectable genes have been

described, namely trpB, which allows cells to utilize indole in place of

30 tryptophan; hisD, which allows cells to utilize histinol in place of histidine
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conposition of the present invention. Transduction of the cell is perforned

invitro, generally with isolated 25 cell popul ations or cell | idrfe EEBT2063
cells may nei c, all ogeneic, syngeneic or autol ogous, y
aut ol ogousfwﬁ))ré&gé%ggr to reduce adverse inmune responses. The P&@W%%fg‘)?é be

adm ni stered in any physiologically acceptable nedium normally

i ntravascul ar (Hartrahn BoMalligahePromwadl eaddScii DISHESBEA, 1 988); 4ridsODE
surroundi ng a vessel or other convenient site, where the 30 cells may find
an appr opr i at @mithige degarkoxylass) whichroniars resisianes i thg grithine W 00/ 10578

P?T/11S99~/ 194 . EQrat el r  SCRER DFRE! i ng the

di sease's or ?C;ag?oa@?%lgH@é@??ﬁ%étﬂgﬁkz(%‘?gg*l??} ?ﬁg‘ﬂb’%f |dent receiving the

t herapy. Any @icCbrlognahs fbh: a¢1it Gonanuni nirmMoabevupar @leldgy aSoldnown i n t he
art 5 can ibJe tili ﬁ%gq. Egg exanpl.e, §%e selected cells or cells of interest
can be surdi caPiye of hakeratoy §dp @8 deci pi ent or subject. Transpl antation
or inplantation is typically by sinple injection through a hypod~nic needl e

having a bore dianmeter sufficient to permt passage of a suspension of

cel | s t her et hr ough Byi ‘tttansformdatiery’ is gneahtea gaetis changeiisdugedgoatcéelhg. For

i npl ant ati on, t.he.typi call ncapsul at e coated cells e formul at ed
as phar maceut foégﬁw%%ﬁﬁég?q%bq{goﬁfd%ﬁ% a\ﬁl’W‘é eﬁﬂ%%ﬁg%b\efﬁﬁ y-accept abl e
carrier. Suchyoapar dellGfa nfithalidh IS tHef pdneg8BthagelieseRtalEoRhRYed r anspl ant
cells which can be injected into, or adm nistered through a |aparoscope to,
a subj ect 10 Usbuintyodugtion efihe RINAuntorthg gareme of the gell G&.,cébl®. wi | | be

adm ni stered, preferably 1 x 106 or 15 nore. The cells nay be frozen at
liquid nitrogen tenperatures and stored for |ong periods of time, being
capabl e of use on tBiawangforBg eell’NidesAnt 4 bl ined WhichEYr e axdarstetef Furt her,
the cells can be adm nistered in an enca%)sul ated form or non-encapsul at ed

form Pref er abihjchthps beem jrdrogneeds by apeanp a1 @gombipaghipNA geknigessud red, it nay

be desirable PS"{EMI%‘?‘;S{COQ{}’@{M%% PrEsSH ﬁg?@%regﬁ]as%%ég?]g ﬁ'hpi ent of the

cells, prior Si nmul't aneous nd/ or a ion. In

particul a5 arecombims DNK ansi beccadgahdut brobeentibhalitzcithiqvet bs xervegdenei ¢ or

al l ogeneic cells expressinﬁ sH F-1 al.pha. An agent such, as Cycl osporine A
\g r}ﬁﬁﬂ

(CsA) is pref 15?%%9%5%!9 d gy thgart; _%ﬂ?@% BM@%YQF&&W@C% be
used, such as o5 ARSI cARSIALERRS GhiablcRe DNAERAKERs bd eparia agent s

are adnministered to cause an | nmunosuppressi ve ect 1n the subject, such
t hat the transglsdraresttaiclftes eapenental greyécphase yd subatquently erested by theune

system Typic , _the.,i mmunosuppressive agent, i s, adyini ster nti nuously
t hr ough- out t?g@bérraﬁg‘ﬁf‘é‘ﬂf‘gtpf%cfﬁﬁ?ﬁtw Mo |‘P§“eo%rggé'ﬁ’é§Ye§&%§$E§o days or
weeks; fog0exapRbel céohe ﬁsreeammtfol%ﬁa%ﬁ%aﬁ 5196bapOMbmed e BQHfingh 44 2 4

FEB ZU~-3 wo ooiios~s PCT/ US99/ 19416
protoplast of the host cell if desired.

ViQOeTUIAr 1 Q1
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days at a dosage range of about 5 to 40 ng per kil ogram of body wei ght per
day. The agent can be adm nistered by a variety of neans, ianudFaggmB
parenteral, subcutaneous, intrapul monary, oral, intranasal adm nistration
and the l|.ikwooened»er ably, dosing is given by oral adm nistrapcrisodnohie
cells expressing H F-1 al pha al so can be encapsul ated prior to
transplantation. Although the cells are typically m croencapsttlated, they

can be encased i n Whenaslshasy presseukpryiols, sesh methedsolgransfgciohoideNAgts

conpost t | ons A RS Bront dEbleEiptafts SR G RRERRE Rl e RS iR on
met hods for ugenicfoihjeaficm eidetropbratiom insertich dfaplssesidecdsbeinuse of al gi nate

pol ymers or agarose to supply the encapsul ation_ conpositions. Al ginates are
| i near pol ynmeliROSOmESEQS YIS NEEOBEARAYRA Usetn Eukaryptic ¢edlsicanalso bpi ch are
arranged isn b r J : j Cq wdues form ng
gul uronaté5 blég@r‘éé&gﬁée%ﬁfg@k é%g?@eglggaeggﬁ?ﬁ{émﬂ%nﬁlgnfla h%c;%? resi dues formng
mannur onat e biheektson, amd 2sapad $SadigniDNAMolechle encodetger @ipembles bl ocks of
alternating gyl uronic ang g%r]{l?ur onj c .aci.d r.esi dues. Cenerally, nonoval ent

I

cation al gi naRENSYPESUS Bres singpley thyrpidine Kinasg geneoednsthe| ent cati ons,
such as Ca++, mBasd iffo 13k HeukdrgBtc {RalvBESF 3Gt ¥4 LithidiHIsA03Eg40nd t he
cooperative brinﬁlgi nglg gfét hese @aﬁ? on% Wt hin the lglljl urlorﬁapgggl o)gks provi des
the primary iadenavinisgoubavinepapiomakireg to eapoaglybhfectf artrahsformt i on of stabl e
i on-pair al gi. nat el.s. i nate encapsul ati on nethaods generglly take
nvant agdlor kaRGEe RELSans xR i O Rhe R euhE LarndlEdids i val ent
cation sol ut iﬂ&i%rﬁ! CoReSfrifgMAbor LAWRSRoEGNMN, 8Y.01989)t he suspension of
the material to be encapsulated, in a sol uti on of nonoVval ent cation

al ginate salt, e.g., sodium Droplets of the solution are then generated in
air and collected j_n SQl Ut | f di-val ept . cation e.g....Cad 2. The

di val ent canons i nitsglrag‘(?f‘%ﬂ# P H‘Q{‘]%ag‘og%f“ﬁés g‘ag qr%sge%ml]g%%utdg,nog ition between
the dropl et afpshridifts BRrebfMabEIAEd BRtHedAVERIOH] Ay bé estikd bingyl N the formation
of a stable alginate gel 45 f_ wo oon 0os~s 2 4 Fl;B 2003 PCTNS99/ 19416
matri x beidhg §oBVeRiiPnabEaRsinFYAingPrenagatiyschramaipgrapky anddmmunplegical y been
carried out b 3 l.e.. - apl et s have been

gener ated by 5’>eég?‘rra ﬂglﬁ%ﬁ%&%{%l{)ﬁ%®%} E’?%odgﬁgggtaﬁgg&%%pgr avitational flow,
into a sol uti on of The IdF-dalpha adlypasideSofitheanveptior cacilsmbe adedeo dr opl et
generators which 5 rely.on th eneration of an electrastati ¢ differential
et weon « he. AGHERAILBIEE MOHFPLRG TOHANIRUNEAF SUEHGH B (R SRPFave. been
described. Thergpt eqir-981bR4 p6lypéftiaes. ek 'aﬁ!ibdc@rs\b'llxikﬁ“_e'l'eciibéigt%'irﬂis’!"ﬁi e solution
bei ng drawn through a tube, into the solutidn of divalent cations. Methods
have beer20dessHIFpdphenie aniantibpdyphattbindsrséllGdalphavath 4 higherafBnityethen of t he

Speci 11 cal Ly, WAPLY RS i PR aBhd, b GRS Sl st o,

sl eeve. Air il whel e fisting@islgthetpiesente (sHEF aalpha andeit f@npailgigse sol ution is
fl owregul ated through the inner tube. The air flow. fromthe outer sleeve

breaks up t heHFi-Uslght peliperfider dvntibrdy whishiconsists eeasatialnef rosted droplets
(see U S. Patgnh,Mohal ?g{f@c@dlé&%&h dﬁﬁ?en@e@n‘é&ﬁé @esﬂ!cﬁﬁdlsﬁkﬁa}%sodgséﬁ{ct dropl et

generation in encapsu I On processes,
Fundanentzl s mbndviomalanteddy progaamions atd providad, Muomoblohalzatibadies ath. 6, pp.

114-142 (CRC Press, 1993). Atteppts to tr | ant. prgan tissyes into
genetically d‘i“%‘% ?FPF’&H““RB%P%“‘?‘@‘%‘?W‘% m%&%gﬁgﬁwsw general | y
def eated by tRRWATHUIAE aRYROERY & al. Nasure 256:495, 1975; Current Protocols in

Molecular Biology, Ausubel ez al., ed., 1989).
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the host. Accordingly, attenpts have been nmade to provide other effective
protective barrier coatings, e.g., by mcroencapsulation, to i leé e
transpl ant tj fromthe host immne-system Successful c ‘f ?i ue
transpl ant swé):o?lj}eirﬁglply reguire a coating that will prevent thei T’ﬁ%‘? P48t on
by a 25 host's inmune system prevent fibrosis, and wll be perneable to

and allow a free dThé tgin0anPodyhas iéllin ik Bvemidrhiackdas Bthct hadleqllént and
renoval of the secretory and waste products fromthe coated transpl ant.

Vi abl e ti ssueasyell axfragmenty thepodfughyackabs F(abl)y, andfppwhichege capablegphat e

capsul es coat it Lysine.: : rm.: SCi 1:3S 1- 354

, 1981 ). The gigdngg\}g %%ﬁ%’&%ﬁﬂ&%ﬁ%@%%@b@ﬁ grégg{g g?erg?alnﬁgdcrg éi&li}ﬁ?al gi nat e
capsul es reactoadleéfively birtl With itd Bt en@r ebptos arrd 2CTSHASE 10l wA: t h
polylysine is also described, for exanple, in U S. Patent Nos. 4,673, 566,
4,689, 293,5 4, 789, 560 Fab, odragmsnt whigh 2ontans sgipnovalent aigenbinding4 933
descri bes enc t i Wl L L Cal hye materials
in a rrerrbraneigr?)éH %’ﬁtdg;agragglé@dﬂ g‘?‘é‘ﬁ%%@@ﬁﬁ%%b%&%ﬂ %%gh?éé%ﬁl . Pat ent

4, 696, 286 r epaitibodg witi the éntyoie papaini to yidld ansypdcalipht chain adad @ pbnion of

transpl antation into ge,ngati cally dissimlar individuals. The nethod

i nvol ves coat PRgh43E Chalinspl ant with a surface conforni ng bondi ng bridge of
a mul t T-functi onal quia ri é?v?etn F POti6 bGP IoRche daf Wi conponent of
t he transpl ant, Whl( h iSs’chlnf\r/g optegfl n etalsserri per?nbeéabl eb,%og)i 5{]%5?}(’:& |y

conpat i bl B) | atreatingfwlolpehtyboely with pepsin, followsd bjieeductibhytotyseld laa ibtactdi ng
bridge | ayer. .. thod for introducin .Seco al.gi nate gel, coat,ing to
cells al ready]@&?ﬁé’ﬂ‘ a\ﬂdtarp%?rﬂl?{)}g? ﬁ%av%cggnﬂat[\@n}g%b &%SETFPH pPhtagmed  pat ent
5,227, 298. Bopd} dnhiBody mdlecard second coating of this method require

stabilization by polylysine. | S Encapsul ati on nethods applied to make
these material s ha(@ (Eabir the drigmentrafdeiantibofly that cambergbtdimeglbat s of t he
encapsul ati ng di u nd _t.he bhi.gl ogi cal material, and .a procedure for

Sol i di fying t HE e Pursasy WilhaPE sV R eatln Ui St eaa FREAPH s have
been fornesl by(akhi isld dithea Bf GVOFHF fligRéntBN4d el B ltRbHitoidebimdig

bi ol ogi cal materials _as shown by 20 N Isson, et al., Nature 302:629-630 (
1983) and Ni | sson, (DtFvadefined as a ggnetigglly engineereshiragmend qogtaieingdhe 17: 319- 326
(1983). Inject] 0 f I i Q- halwoqi material s
into a body o%rg%éﬁo%ﬁgnsﬁléﬁé g%lﬁggﬁga%f%tvﬁg%l%%lgggf k@a%gkgghﬁggn reported
by G n, et al exprdssedhstweciodmpsanditi on 4: 329-242 (1987). 2S This invention

i nvol ves adm nistering to a ,subi&l?ect i éhlgr@%euti cally e{?s ective dose of a
phar maceut i cal conpdsiiBglgshaipap Wrﬁgﬁ” he: L5825 pissReIGH]Y eRgINsERdent

i nventi ony@nd | : A hSGUR 2B INg" the
phar naceu%(?cap%(]:%ﬁ%(r)@t&? %{hég?é‘{aﬁlga%??s?%ﬁ?h?ﬁ? méi}%?]n’rtr}ﬁy 30%?%?%2an i shed
by any neans kfitheshesy ¢Hain,dinkéd eyda suitabkgolypeptide BnkerEg geotdcall® 0011 0578
PCT/ US991i 94?1‘}% %h.e Ph rmace%tilcal conpositions are preferably prepared and
adm ni st ered PHREYSHE IMOEEYP-d dose units are tablets, capsules and
suppositories. For treatnent of a patient, depending on activity of the 5

conpound, manner of admi nistration, nature and severity of the disorder,
age Methods of making these fragments are known in the art. See, for

25  example, Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory, New York, 1988, incorporated herein by reference.

As used in this invention, the term "epitope" means any antigenic

determinant on an antigen to which the paratope of an antibody binds.

30  Epitopic determinants usually consist of chemically active surface groupings
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and body weight of the patient, different daily doses are neces g;;y %Jnder
certain circunstances, however, higher or |ower daily doses mayf EB 2003
appropriate. The adm nistration of the daily dose can be carried out both
by singl e, ayd gu/fosigati on in the formof an individual dose “@é’ﬁ@ﬁ%ﬁbﬁ%
several 10 smaller dose units and also by multiple adm nistration o

subdi vi ded doses at specific intervals. The pharnmaceutical conpositions
accordi ng to tfiedleondastsicnaseaneing acideomsughr sidechdint adagualdphawd |y, oral |y,

i ntravenously, or.by anather. renteral, 15 route, or.as inplants, or even
Fectal use i 5 SRS iR evtel e dusleS s NAIGR spRar gharee

phar maceut i calchfpraeRdastedsi on forns are, for exanple, granules, powders,
tablets, coated tablets, (mcro)capsul es, suppositories, syrups, emnulsions,
suspensi ons, creans, aerosols, drops or injectable solution in ampule form
and al so peeparati oS W t : I actl,ve nds, in
whose prepgar ation é)}@}b‘é':d%egengﬁchﬁé@g%\gcﬁg{ f"?‘é’?gz*ﬁe OIIF '%tlxqalﬁoiﬁ?eg@agﬁgh as

di si nt egr ant s thedinveigtich, candnt pragirabesiigan Bkt polygepiieir fraghidatd cant s,
flavorings, sweeteners or solubilizers are customarily used as descri bed
above. The ph&Pnatueg sBall epbdprfiinterssasdhe inpunigingantigenyddein a variety of

d del i ] j ' : d
del Tvery, " sen PBEPEETE orsepacheeio Y5 % a5 L pEBCARROR" 110
i ncor por at ed hendatede]PNAbdecteniel! sfahesikeWhich cyn bé cajigateditqphaarniat ei n, t he

formul ati gpns are prepar.e contactjn H E-1 al pha nutei n iformy and
intimately”wi PFOtP an‘iDCQmE%r %‘&b 50"3@108{&' ‘%Fﬁi@?’?‘eﬂ"l wﬁ?lagares%aeme@r ners or both,
and then, if Reasied & the pe 'iHé]u&J]&yﬂgle lin?peThEE@cmg@BH?o' | 0s~8

PCT/ US99/ 19416 product into the desrred fornulati'on. Pref €rably the carrier
i s a par ent er dghyroglobiukm, bowine eerpmeflimmaipl (BS4 ) soidutiaous tolaid. i Bheé @upledi ¢ wi t h

the bl ood of the.recipient, Exanmples,of such carrier vehjcles inglude

wat er, sali ne,peﬁl‘#g’étﬂ?eé’ used [?tlmﬁ!%"@et}?? P'&'w?é%g'u? FB’H?C’MBL%&‘H?M *serum

al bumi n. Nonaqueous 5 vehicles such as fixed oils and ethyl oleate are also
useful herein, as well as |iposonmes. Cenerally, the carrier can contain

m nor armpdbts of adfidesiredpolyriinaber morenlenat artibodias cenbaderhérgurifiedci ty and
chem cal stabigj ~a0, ffe . i S | as.l.ow
nol ecul ar wei gfhxlt é’%"f“é’%eg b?' ﬁ’?r?"ggo%z‘{’ ggg’tlfg{elg‘lso u%s akr\é)gfdy%@lﬁpﬁ%eg?]y B?péft%jgi ns,

am no aci ds, oaalpepydy tatvisch the huibodiesobare esisedos bdthdl Thbsaosskilt hrethat i ng
agents such as EDJA, or other excipients. The conposition herein is also
sui tably adnmi SRl WRS variepsteFindducs CRRBIoNdy dheimmurglog v pite iy anpl es of

sustai ned rel ﬁ:gﬁﬁc&motrk%%n%&i?dn}&iff?oﬁ%ﬁﬂxﬁ%ﬁ%ﬁle@, RALYIGL matrices in

the formof shaped articles, ms, 15 m crocapsul es, or
m cr osphe2@s. nBuschinakahtibediensSeenfor ekamplej Geligates? af oWUnit Pafiptrent pol yacti des

US. Pat. No., 3 773.9] 9 s f L-glatanc acid.and -
thyl Lol ut ameaofel ntmebio gl VB ienrs 199 Rorbndencindels) * o

pol y- D- (-) - 3- hyehrporuRdtbyréfereasd. d (EP 133, 988). Sustained rel ease
conpositions al so include one or nore |iposomally entrapped conpounds of 20

formula |I. Such conpositions are prepared by nethods known per se, e.g., as

taught by Epstein . ah. Progc, I d,. ' %% : - 3692, 1985.
o dinarily, the Ii 3%%% ?055?@664\{?%‘%‘&“ @ﬁgfqlot?ﬁé&_cggﬁo fouﬁﬁ%ﬁgn@el lar type in
whi ch the2bi pimbrieeitngnintibsdigs ®hick mitdician eficope. For sxdmplewl esterol , the
sel ected proportion being adjusted for the optinmal therapy, .
anti-idiotypic monoclonal antibody made to a first monoclonal antibody will
have a binding domain in the hypervariable region which is the "image" of the

epitope bound by the first monoclonal antibody.
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25 The pharmaceutical conpositions accor d| ng to the invention ['y\}%%
adm nistered locally or systemically. By "therapeutically ef f ect q&dd .
is neant t ty of a conpound according to the invention necessary to
prevent, %8&%9%# at least partially arrest the synptons of P¢HESH/8H6der
and its 30 conplications. Amounts effective for this use will, of course,

depend on the 49 ggr purbbls of%nV@thW a9 arftdbod ?'%q{lél@ﬁ:gc{c %ﬁeseveri ty of

t he di sease and the wei ght and general state of the patient. Typically,
dosages used $pecifictfoosiitty 1 gpbaindy bessédito dpt¢ad aHUe 1alpha pelypeptidetar usef ul for

in situ adm nj trat| of t he . ceufical comositi ni mal nodel s
may be used t®° H’é‘f é? Qf‘?%%’?"iﬁ%rrg%éfﬁb'é@gﬁﬁs @5&?%%3@“ °‘§'art| cul ar

di sorders. Vafehtive mngnﬁen h& BB thRIMcHES &did PRfbe 1@pr@feral‘)l9 1ABdIeERitet al .
eds., Goodmam And G | man's: The Phar nacol ogl cal Based of "Thera eutics, 8th

ed., Per gahone ferepeundiwhigh allaws Retertien ohbisdingde pfddelalpbal Asgispesimen 17t h

orvar at od SR o Berectdede 3By F anripely St pi AR A Kb hfed"*" €

transacti vator conpositions of the invention can al so be delivered in the
form of naked DNA, for exanple by the nethods described in US Patent No.
5,589, 466. 15 The fBf INyANtieN BSexiss aactheds fontreament af$1HE-1-madiated but not

I t th b d,
olt hmer pr gcleg\tﬁgéﬂdgﬁbl \ém “?%‘tﬁg’?é‘ a'.;lrkolﬁ‘\ll cﬁgh?fllel‘ﬂgd H@ﬁéaaﬁlgg(% ’t er na%l vgl ;Sge
used. EXAMPLEniprBOed‘ﬁNEMIB&&bﬂG}mmﬁBIOMFMr&XHBESSEﬁNMG H F-1

al pha It has reV| 0 sky been.sho (Ji a@g al ﬁ% Chem 272: 19253,
1 997; Pugh et 5?‘ "moglulatg” Anvisiens l“dilitz 9%‘1@&’(“3’“% &HF o StPEsSSioBoNsi st i ng

f the GAL4 531- 826 25
Y e %@Qb@gﬁgoﬁcﬁé Berhiy Er@llto?attﬂ A:eno?elsﬁh@ssérﬁﬁ%%?% is a

constitutively ex protein that can activate traRscription of
reporter genedetnowrntl nffe o@ﬁleﬂasbomahed@sa&eea thd—knWEre,ceivh@tdaeﬁﬁyM H F-1

al pha construg}eh do not.activate the n tar gﬁ re uI ted by
H F-1. Conver SaI°{F SARICSFIQD Qiaygmepiagen 9 E"Weéﬂ 390 are

suf fici enfs f omefiod®ITitRAtréRAMeR intlubied AMmirdsraforbl sdb?ﬁhﬁal%ﬁﬁ’u%élfj' ng to

target DNA 30 sequences but insufficient for optimal activation of gene
transcri pti onsHU-balpha padypeptids oF palyaucigotids 9@odiDg 78 fa0T9. US99/ 19416 B. H., et
al., J. Biol. Chem 271:17771-17778, 1996; U.S. Patent No.

According to the method of the invention, substantially purified
sHIF-1alpha mutein or the polynucleotide sequence encoding sHIF-1alpha in
20  an appropriate vector is introduced into a human patient for the treatment or
prevention of hypoxia/ischemia-related tissue damage. Non-limiting examples
include patients with coronary, cerebral, or peripheral arterial disease and

patients with one or more non-healing wounds.

25 The relevant clinical conditions treated by the methods and
compositions of the invention include ischemia due to disease of the cerebral,
coronary, or peripheral circulation. One therapeutic goal is to promote
angiogenesis in the ischemic tissue by overexpression of sHIF-1alpha, which
would dimerize with endogenous HIF-1beta, bind to specific DNA sequences,

30 and activate transcription of hypoxia-inducible genes relevant to angiogenesis,
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5,882,914). To generate a constitutively expressed formof H F-1al pha, two
series of deletion constructs were produced, one in which the 24| FE8 oms
began at the carboxyl-term nal end of the nolecule (am no acid 826) and

ext ended .t gy@bgifostdre am no term nus, and one in which the depgtigdesopgoan
at amno acid 392 and extended towards the carboxyl term nus. Each of these
constructs was expressed in manmmalian cells under 10 nonhypoxic (20% 02) or
hypoxi c ( 1 owmelpys, bohaitdinited toathg geneencpgingsesaarendethabdjetiowth ful | | engt h

-l al ph d del -1 i i bl
ey uEa, e Ast e Ser kGl A€ PSRN eyt Tronc®!
reveal ed t hatlsersdagoaeus. Hiled clahNGesdd @ewd 2¢ ¢49|1 1998y Eheratissdl@for( nor e

protein expressed in cells at 1 %02 than in cells at 15 20%02). In

addi ti on t he UstngdiiFs! alplns dhatibseaves ftds AfrABICriguPRfactny thas capirelg theci d 726 had
no effectcon : i l; B : d i essi &z
concentrati oﬁ?%%?‘ggg&gg@% g%%éétxgvoévn@ n‘gQg%ﬁag&{fggq%‘?ﬁgéﬁgﬁég&%muI ted in

| oss of regulclihicahoWttorae compmetitd treatuenewjh e stighnangs@eniel factoPduch| nt er nal

del eti ons ext endi rom ani.no agi .thro 517, had no. ef fect on

expr essi on, %%@ﬁeg‘ewa@?refhednef@fbg af?s?%tye%? §othe Ussph Sitesiyng 21
resulted in I,,@ﬁ,sa : b b d1d ] ssense
mut at i ons Sb5 | g)ef '%%2% %g'i%ée?lr'ﬁit)ﬁéﬁfxgEgﬁgﬁﬁgedg?gﬁﬁﬂgﬁﬁgé@ghg} ani ne
subst i t ut i on mnygratiaots adtldcdbharyadesSdiseasedpratthayve rgducedemybeardial n | oss of
regul ati of .the.internal .de]etiqp. constructs that .otherw se showed
oo ot I Dbt nglof hiignas Bt AP ise R BT R s 2 P HeBTe o anvaher 6
bet ween anm n@n@eisdd 43dcarialBladd flgW ase by sk eakRciuh@hilapmpidne did not

cause dysregul ated expression of full-length H F-Ial pha” (am no acids 1-826,
see FIG 3). rgndtingfomtrsyensgdjekiseheminad licimatieclyvwn rartoneedrogrgnans of Hi F- 1

al pha that 3Q were required for. reqgulated.expression, such that deletion of
ci thor regi o may SR SamBles ] @S5 SERL T Red 0 p3MT6reblle ol
dysr egul at ed FrpsesdihlOnfosEsh hebrt addck). TRertfokSthePoal bk tre@eieaNs i s region

AB (am no _acid 392-552). Wthin this internal region, tw sequences (A and
B) were ildentWith &g stabla fosmnddTIEq #lphads toindnes angiqgghesinin thesepatienthe presence

of either se L CJ: r i g]ﬁﬁ f e 5 sequences
(A) was iden%légﬁpggh%% ﬁggg‘g@l%%thégfn& ?%dr%h%tntg%t?wee ot agrat%glgstshence (B) was
i dentified byAdchediBgl®; (B2 Gtathéd Hili-dalphocorhpwsitisms bf Bebbioppromidarut at i ons.
This latter re%li’lly su gesﬁed Bhat the serine and/or threonine residue was
subjected to B E‘?F(S‘Fg‘ RS tHEAPLIS AR FR& M ch coul d be di srupted by
the 392-S20 deletion. Since |oss of the serine/threoni ne sequence 10

m m cked hypoxi a, these results suggest phosphorylation of serine 551 andl
or threodPne 552 uHthepresenhinysotidrcproyidgs thednsodugtion eppdypadestidas i on under

h i diti . h d of By it i bl
That . phospiiarada sEF MR B b e A0 P e R Bt ol o a near by
serine or threofhpevéest siftelicrbtclRdFieRpressiobofi@t HIEA alphatpaf/pdpfidecr ent ef fects

of del etions enconpassing am no acids 704 to 826 as conpared to del etions
enconpassi ng e tleerapy weuldarhicye #s theransytic effeqt dyiinfroductian pbther edundant wit h

the | f i : ROy Lisel i S @011 be i | ved
i neso(r)r:so? he?swﬁﬂg%@ gﬁ) o?;&l&gléggd% gﬂégéﬁfsee\émg%ta ﬁ%h%@“il?@@mﬁwbha ste albin?/iot ;e
W t hout R6i ndHIFelalphadig thiuseexpyessed initotipths hiypdrac tid surremiding riomhypoxid ved i n

ubi quitination or proteolysis,. Apo f rans ivation domain, is | ocated
bet \(/qveen ami ndpsé‘é"isdgl dhat i%/ can dimerige Vw\?til }ﬂk:-l eta (w%?c is present in excess in

hypoxic and nonhypoxic cells), and activate the transcription of downstream

target genes. Examples of genes which can be activated by HIF-1 are vascular
endothelial growth factor, glucose transporters, glycolytic enzymes, and

30 insulin-like growth factor 2. These genes mediate important adaptive
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and 826. As a result, although H F-1 alpha (amno acid I-703) is
constitutively 25 expressed, it is not as biologically active &% FEB 2003

full-length = ha. In order to determne if sH F-1 al pha |
denonstr at e%@?’ie‘gléée)d bi ol ogi cal activity conpared to full-I eﬂé?’#sgﬂ/ﬁ)-“lﬁ

al pha cotransfection experinments using the deletion/point nutant H F-1

al pha ( 1-391/ i héd shd ] f or med.
Ei t her 293 celr?%)%?%égé G 1%&5?12@6?%%0 g?el |'s 3? I%%Og}éﬁgﬁfbgapéé)lﬁ&g?lgﬁ

cot ransf ect ed oglldrath. reporter gene containing a hypoxia 52 wo oon 0s~s Z
~ FE ~AQ@ PCT/ US99/ 19416 response el enent that includes an H F-1 binding
site, and with manmal i an expression vector pCEP4 (Invitrogen) encoding

either (1) rBasgd@ichithe preddding, thelinddnfibaplovide$2 tethddFor irklfeﬁsiﬁ%m pha { 1-391
[ 429- 826) %del etion onl yg, or (4) stable H FE-I|alpha (H F-1al phaDP, a form
of sHI F- 1 aPph&xprsssion elgriyponia indmiblegene g g celsJihe/nreshoduncludasiepptacsing

e L S AR OB i 55

medi at ed si gniHIFckilpha\of gedatention epa chigkrig @nsactivptor peotoin asdestgibkd exposed to
20% 02, due tqQ the presenge of higher |levels of biologically active HF-1
al pha (note t Hireinpmder condispnsithat eBow sxprassiop of fsusleicacighssaugncel o () .

These results 3 { i - j eal ly
active form ofcgﬁﬁaﬁi-aﬁhg %ﬁg&ﬂﬁ@@%&%h&éé&fn ﬁé?{ gﬁ%%at%ﬁgﬁegﬂg? Eg%iﬁgﬂ i on has
been descriObedndhicible gafeen drexellt Sutthgentdinpluds dortdxgmpleg flese entodimigodi nents, it
shoul d be under od that various nodificatio Jmmde w t hout
departing f romqgig’ gg?ﬁo,s? {ransporiers, s‘mgﬁ?ieawmeﬂgé%é’f— @qﬁ%??}{%w@rqtﬁ%mi onis
limted only bugtaideo! lowing claims. 53 Z 4 FEB ?~,~ CLAIMS 1. A

pol ypepti de selected fromthe group conprising: amno acid residues 1-391

and 521-826 of SEQ ID NO 2; amino acid residues 1-391 and 549-826 of SEQ
| D NO. 2; amino acikherpgintoe&irthepprovidasia aipthod fg psovidm@cpmstiidive2: ami no aci d

resi dues 1-391 and.429:826 of . LD NG . 2 rein 551 is ng lLonger serine
hnd 585 15 ot PRV T Pepie BRRHICHPE i sl e Byl ke haoBBBE S0 | b

NO 2, whasei reohifionss THe rhéih@Pinclugléd ddgtadtik theeell with@hutleiceeni segiendsi No aci d
resi dues 1-391 and 494-826 of SEQ ID NGO, 2, wherein 551 is no | onger serine

and 552 is noteneeiedhshmeria rpngciater pratein gbdescbesidereinorsgiatiolllhf  SEQ 1D
NO 2, wherei I i : I . i.ne:..anm no acid
resi dues 1- aon e °5 TR ipak R a0t ARaIbS, Aflecth 8P e eich

acid sequence, thereby providing constitutive expression of a hypoxia inducible

factor.

20 Further included in the invention is a method for reducing hypoxia or
ischemia-related tissue damage in a subject having or at risk of having such
damage . The method includes administering to the subject a therapeutically
effective amount of a nucleic acid sequence encoding a chimeric transactivator
protein as described herein, or a stable HIF-1alpha as described herein, in a

25  pharmaceutically acceptable carrier, thereby reducing the tissue damage.

In another embodiment, the invention provides a method for providing
prophylactic therapy for tissue in a subject in need thereof comprising

administering to the subject an amount of a polypeptide encoded by a
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| onger serine and 552 is not threonine; and am no acid residues 1-39l and
517-826 of SEQ ID NO 2, wherein 551 is no |onger serine and 55@“&&%
threonine. 2. A polypeptide of claim1l1l, wherein am no acid residue S

gl ycine. .3.wbogqbymepti de of claim1l, wherein am no acid res?gyﬁjsgtﬁ?%ims
al anine. 4. A nucleic acid sequence encoding a pol ypeptide of claim1. 5.

An expression vector conprising a nucleic acid sequence of claim4. 54 6.
A net hod for polgmedentidg eroqulinessthimerid transéofivetor protailascddstrébed darein, or a cel |

conprising contagcti t cel,l with an expression vectar.as in claimb5s
under condi ti %ﬁgbclf’ ﬁﬁ?-’ﬁ&ﬁ&\ﬁ‘ Qﬁsﬁ%‘%‘&%ﬂn’éﬁq ﬁ’@t ?ﬂgbqgﬁi‘eé‘sdﬁlng“%eé’cfﬁence

contai ned in feh&ls VRe bR gré NG tRAVb RS i HinikGratiOf of tﬁéﬁﬁ?ﬁﬁfﬁdé{%ﬁéﬁ%ﬁ' on of a
hypoxi a i nduci bl e gene 1n the cell. 7. The method of” ¢claim 6, "wherein the

hypoxi a i nducprovilingprophylagticiheragy. al pha. 8. A nethod for providing
constitutive expression of a hypoxia inducible factor in a cell conprising
contacting: the cell with a nucleic acid sequence of claim4 under
conditions that all.ow expressi,on of .the nucleic aci.d seqguence, .thereby
rovi di ng conet | { uPRIESERS s PRaroa it airved fribe Brebortinist o, A

met hod for regipéRbnOfechir 8GN éhiM¥RO¥iras 6ia doHoRIMRpéBbALeHeh] ssue damage
in a subject having or at risk of having such danmage conprising

admi ni st er i ngEspscially psefisjred forgherppausip dativary of sequenasg is theusmefunt of a

nucleic acid e f ¢claim4 in a pharnmaceutically acceptable carrier,
t her eby reduc?‘ﬁ%??cﬂ]g&fﬁg s?g'e damage. 10. The method of claim9, wherein the

admnistergng is in vivo. 11. The nethod of claim9, wherein the
adm nistering is ex vivo.  12. The net hod of .claim9, wherein the hypoxia or
i schemi a-rel ated t Yé50Bs Waahygeorssvhicle cambeutilized foregeneg therapy asdaugbt aj |

coronary or pgtlhphgatahe S&Jr@]!dlrﬂé, iaa&o-alé%ca@ﬁaggfgggﬂg@% vﬂﬁse’%&iirgg.o?r ophylactic

therapy for tissue In a subject In nee risrng administering to
t he subj ect apreforshigfaroDRNA yiedsysuelphs deetiobirod. Freferhblys thetretrévdtal aegorogenesi s

is induced at. Iﬁ@{/ej s .tha are gr eater than before adnf] ni stration of the
pol ypepti de, BREHENGUNBT B3 BRUAES B’f%‘ﬁ?ﬁ/'_fegé’f’irﬁs't%“%?ﬁ.o IOV VTR od of
cl ai m 13, 1 smhefayBich R0 FdREikn bindlan'teSHsebd HRIRIAEM 278 A& ¥nitHatease. 55

Moloney murine leukemia virus (MoMuLV), Harvey murine sarcoma virus
(HaMuSV), murine mammary tumor virus (MuMTYV), and Rous Sarcoma
Virus (RSV). Preferably, when the subject is a human, a vector such as the
gibbon ape leukemia virus (GaLV) is utilized. A number of additional

20  retroviral vectors can incorporate multiple genes. All of these vectors can
transfer or incorporate a gene for a selectable marker so that transduced cells
can be identified and generated. By inserting a sHIF-1alpha sequence of
interest into the viral vector, along with another gene which encodes the ligand
for a receptor on a specific target cell, for example, the vector is now target

25  specific. Retroviral vectors can be made target specific by attaching, for
example, a sugar, a glycolipid, or a protein. Preferred targeting is
accomplished by using an antibody to target the retroviral vector. Those of
skill in the art will know of, or can readily ascertain without undue

experimentation, specific polynucleotide sequences which can be inserted into
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15. The method of claim 13, wherein the subject is at risk of ischemc

ti ssue damage. 16. A substantially purified stable form of 24 FEB 2003
hypoxi a- i nduc (%I/ factor-lalpha (H F-lalpha), having a sequence as set
forth in SE% lﬁﬁ 2, wherein amno acids 392 to 428 are delRGEHS99/19416
therefrom amno acid 551 is changed froma serine to any other am no acid,

and am no aci g, oh 1503048 dgtfaeﬁd:to%m&?gﬁm%tf aa’i'l)ﬁ*ﬂ%{ég acid. 17.

The stable formo XI a- I nduci actor-1 vvherel n
am no acid 55alel|\s:r3ao’gihy<remlral8ectdﬂwnmimﬂng mefséﬂmlmipHayMXnmlemtﬂwl bl e
factor-1 al pha of claim 16, wherein amno acid 552 is an alanine. 19. The
st abl e hypoxi a-i nduci ble factor-1 al pha of claim 16, further conprising a

del etion of am no &gidseRAfbiddPretdiraitd aROIdE& Vel h,%g?%ne?a‘;m Anl4f € ¢ acid

sequence conprising a polynucleotide encoding a pol eoti de encodi ng the
stabl e forin obrdeutmaprodyronfeatiousdiecion partickest Fhisiassisahee ¢arlltfe-frosidetia) of

Gxcpr assi on cofft FSPE e L VRS Bparasty et Mebton HB it iasSteoting ALY ci ¢ aci d

sequence of christudtiral WeRssifMhd REoPHMRNBUSH BR ORI &Yl re SRHBRNSSukc
pronoter. 23. The@g}ol ynucl eotide of claim 22, wherein the pronoter is

ti ssue speci f withirpthe LAR. eIlpnseQbsmrdsmmcssmemwmndg Scmenngjnmlncl eoti de of

claim?20. 25. T cton of cI 24, wherein t aplasmd 56
LA 2 52 e iEbRiadnetidhiian o tREEERSan REA BRbSH0l B3 Dl Pa" Vector
27. The VEEt Oendabsidhtidnn Rélperidait nipkdwhieh hue@aaemr& of thepdcRugingdlsigtagt or . 28.
A host cell contajning the vector of claim 24. A host cell of claim 28,

wherei n the cicludesby %%R%frlyﬁ)‘fqddocez PA339 and\PIﬁdgt fosexample. dhesereedB, wher ei n
the cell is a h A ly binds to
t he pol ypepti d%sﬁ#ﬁa‘?{ H?pfgglrkgs %%Iﬁe%r%%ﬂ%&lg éj%afc‘ﬁ%éegif ﬁgieqpv\%l@ ein the
anti body is nmecoal ie mai"oduced into such cells in which the packaging signal is intact, but

the structural genes are replaced by other genes of interest, the vector can be

15  packaged and vector virion produced.

Alternatively, NIH 3T3 or other tissue culture cells can be directly
transfected with plasmids encoding the retroviral structural genes gag, po!/ and
env, by conventional calcium phosphate transfection. These cells are then

20  transfected with the vector plasmid containing the genes of interest. The

resulting cells release the retroviral vector into the culture medium.

Another targeted delivery system for HIF-1 polynucleotides is a
colloidal dispersion system. Colloidal dispersion systems include
25  macromolecule complexes, nanocapsules, microspheres, beads, and
lipid-based systems including oil-in-water emulsions, micelles, mixed
micelles, and liposomes. The preferred colloidal system of this invention is a
liposome. Liposomes are artificial membrane vesicles which are useful as
delivery vehicles in vitro and in vivo. It has been shown that large unilamellar

30  vesicles (LW), which range in size from 0.2-4.0 um can encapsulate a
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33. The antibody of claim31, wherein the antibody is polyclonal. 34. A
met hod of treating a hypoxia-related tissue damage in a subject, 24oRfB i2663ng
adm nistering to said subject a therapeutically effective anmount of a

nucl eoti de G@gaos»8 conprising an expression control sequenceQRRLALINE! Y
| i nked to a pol ynucl eoti de encodi ng a pol ypepti de having a sequence as set

forth in SEQ ID NO 2, wherein anmno acids 392 to 428 are del eted

t her ef rom ansubstantialgpetcditags ofdmagyecus buffar @ostemimgelarge magroatdlemlesm no aci d,
and am no aci 52.1s changed. from a threonine ,to any other am no acid. 35.
The ot hodof RPa DA 450 FREE dirions e SRepamadied i theiparens Bmorhe. met hod
of claim 34, WheSeleyait MOcdfifla BRAokisalR/acthaRMP(FrilEy o1 1. TFRE 2002 S7. A

met hod of treating a hypoxia-related tissue danmage in”a subj ect, conpri sing
adni ni st er i ngBiocheyaiSi. uily), 4881 )a In additpe tt meminajian £l diposoraehave of a

pol ypepti Vi n nucl. eot i de .sequence as .set _forth,in SEOQ I r 1,
et ot amt nobseraer 58 S8 G bR IERERS R weeRhind bR el 1851 1 s
changed from gdgefor B¢ipbsoni ks bRl At R ne trafsfetthi AL tHO flfdwing52 is
changed froma threonine to any other am no acid. 38. The nethod of claim

37, wherei n athamstesisties $onldibe presghty €1 rencapylatiph®f tha gengs of injergtrat 37,
wher ei n am no,.agi : .S - Lne. .4 .ornul ati.on f adm ni stration
of stable huon}g%ﬁﬁgiﬁg%%gﬁjﬁ%l%g?%q%g&?%é lgggfﬁal{lglﬁg%fﬁécﬁl-vi a&;}ha) pol ypepti de
to a patient pheferéigiahymbsubstarittd] dirkithg tosstafzet aeTh@ongsaTiRbh $0 NEti-taf @t a
t her apeut | cal I% effective anount of a substantially pure pol yﬁepti de havi ng
a sequenck ascdlst 39 delivery af theenyqounepntonts gf theaiepicletorthe sgeiseBo2 to 428 are

deleted th i ' [ ' . th
i o aci d. - eerioksf 3t 1gh oo’ bnltfafARGREL A ARBVERKESHEATY O NC!
am no aci d; agehefibjnfarnmnen fkaaiho eakl Bicedmpiebbh®82at988)r. 41. The

formul ati on of claim40, wherein the carrier is a |iposone. 42. The
formul ation of claim40, wherein amino acid 551 is a glycine. 43. The

formulation of ol afR diupofiRhrPMBcEnR Sl Safig alctritinaldtine. 58 .~ -

~E~ 2003 44. A formulati'on for admnistration of a polynucleotide encoding
st abl e hutfan phaspialipidsydarticihely hightnhasettrafgitien-(ehiferatus gioaphalipids, pat i ent

havi ng hypoxi a rel ated .t.i ssue .da , CO i Sing: ) t herapeutically
effective armfﬁ‘l‘?ﬁ%f" %0%81 @Pcw’g’tgaﬁ%gseafpé’%@ySh%?tfzéﬁpﬁﬁ]&?{ expr essi on
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pol ypepti de havihg a sequence as set forth in SE D NO 2, wherein am no

aci ds 392 to lpsomesdepsndosath insiestrength, and the nieseaceofidiveleaheatigadl from a
serine to a any other am no acid, and am no acid 552 is changed froma
threonine to any other amno acid; and (b) a pharmaceutically acceptable
carrier. 20 Examples of lipids useful in liposome production include phosphatidyl

compounds, such as phosphatidyl-glycerol, phosphatidylcholine,
phosphatidylserine, phosphatidylethanolamine, sphingolipids, cerebrosides,
and gangliosides. Particularly useful are d-1acylphosphatidyl-glycerols, where
the lipid moiety contains from 14-18 carbon atoms, particularly from 16-18

25  carbon atoms, and is saturated. Illustrative phospholipids include egg
phosphatidylcholine, dipalmitoylphosphatidylcholine and distearoylphos-
phatidylcholine.

The targeting of liposomes can be classified based on anatomical and

30 mechanistic factors. Anatomical classification is based on the level of
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formul ati on of claim 44, whereln amno acid 551 is a glycine. 47. The '
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The term "pharmaceutically acceptable" means a non-toxic material
that does not interfere with the effectiveness of the biological activity of the
active ingredient(s). The term "physiologically acceptable” refers to a non-
toxic material that is compatible with a biological system such as a cell, cell

20  culture, tissue, or organism.

The sHIF-1alpha compositions of the invention may be used as part of

a pharmaceutical composition when combined with a physiologically and/or
pharmaceutically acceptable carrier. The characteristics of the carrier will

25 depend on the route of administration. Such a composition may contain, in
addition to the synthetic oligonucleotide and carrier, diluents, fillers, salts,
buffers, stabilizers, solubilizers, and other materials well known in the art. The
pharmaceutical composition of the invention may also contain other active

factors and/or agents which enhance expression or which aid in stimulating
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10 3(10%%' ) - 841@%pYséhe in MIBICK: the sHIB4AADPKY compositions of the invention are
combined, in addition to other pharmaceutically acceptable carriers, with
amphipathic agents such as lipids which exist in aggregated ferm as micelles,
insoluble monolayers, liquid crystals, or lamellar layers which are in aqueous
solution. Suitable lipids for liposomal formulation include, without limitation,
10  monoglycerides, diglycerides, sulfatides, lysolecithin, phospholipids, saponin,
bile acids, and the like. One particularly useful lipid carrier is lipofectin.
Preparation of such liposomal formulations is within the level of skill in the
art, as disclosed, for example, in U.S. Pat. No. 4,235,871, U.S. Pat. No.
4,501,728; U.S. Pat. No. 4,837,028; and U.S. Pat. No. 4,737,323. The
15 pharmaceutical composition of the invention may further include compounds
such as cyclodextrins and the like which enhance delivery of nucleic acid

molecules into cells, or slow release polymers.

When a therapeutically effective amount of composition of the

20 invention is administered by intravenous, subcutaneous, intramuscular,
intraarterial, intraocular, or intraperitoneal injection, the composition will be in

the form of a pyrogen-free, parenterally acceptable aqueous solution. The
preparation of such parenterally acceptable solutions, having due regard to pH,
isotonicity, stability, and the like, is within the skill in the art. A preferred

25 pharmaceutical composition for intravenous, subcutaneous, intramuscular,
intraperitoneal, or intraocular injection should contain, in addition to the sHIF-
lalpha composition, an isotonic vehicle such as Sodium Chloride Injection,
Ringer's Injection, Dextrose Injection, Dextrose and Sodium Chloride
Injection, Lactated Ringer's Injection, or other vehicle as known in the art. The

30 pharmaceutical composition of the present invention may also contain
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5  composition of the present invention will depend upon the nature and severity

of the condition being treated, and on the nature of prior treatments which the

patent has undergone. Ultimately, the attending physician~will decide the

amount of sHIF-lalpha composition, with which to treat each individual

patient. Initially, the attending physician will administer low doses of the

10  sHIF-lalpha composition, and observe the patient's response. Larger doses of

sHIF-1alpha composition, may be administered until the optimal therapeutic

effect is obtained for the patient, and at that point the dosage is not increased

further. It is contemplated that the various pharmaceutical compositions used

to practice the method of the present invention should contain about 10 ug to

15  about 20 mg of sHIF-1alpha composition,per kg body or organ weight.

The duration of intravenous therapy using the pharmaceutical
composition of the present invention will vary, depending on the severity of
the disease being treated and the condition and potential idiosyncratic response

20  of each individual patient. Ultimately the attending physician will decide on
the appropriate duration of intravenous therapy using the pharmaceutical

composition of the present invention.

Transduction of the cell is performed in vitro, generally with isolated
25  cell populations or cell lines. The cells may be xenogeneic, allogeneic,
syngeneic or autologous, preferably autologous, in order to reduce adverse
immune responses. The cells may be administered in any physiologically
acceptable medium, normally intravascularly, although they may also be
introduced into tissue surrounding a vessel or other convenient site, where the

30 cells may find an appropriate site for expansion and differentiation.
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10%& () - &10%& GurplchAYdmplantdd YloIhe ¥eé&kpiént or subject. Transplantation or
implantation is typically by simple injection through a hypodermic needle
having a bore diameter sufficient to permit passage of a suspension of cells
therethrough without damaging the cells or tissue coating. For implantation,
10 the typically encapsulated or coated cells are formulated as pharmaceutical
compositions together with a pharmaceutically-acceptable carrier. Such
compositions contain a sufficient number of coated transplant cells which can
be injected into, or administered through a laparoscope to, a subject. Usually,
at least about 1 x 10%to 1x10° cells will be administered, preferably 1x10° or
15 more. The cells may be frozen at liquid nitrogen temperatures and stored for
long periods of time, being capable of use on thawing. Once thawed, the cells
may be expanded. Further, the cells can be administered in an encapsulated

form or non-encapsulated form. Preferably the cells are encapsulated.

20 While not required, it may be desirable to administer an
immunosuppressive agent to a recipient of the cells, prior to, simultaneous
with, and/or after transplantation. In particular, an immunosuppressive agent
can be utilized with xenogeneic or allogeneic cells expressing sHIF-1alpha.
An agent such as Cyclosporine A (CsA) is preferable, however other immune

25  suppressive agents can be used, such as rapamycin, desoxyspergualine, FK506
and like. These agents are administered to cause an immunosuppressive effect
in the subject, such that the transplanted cells are not rejected by that subject's
immune system. Typically, the immunosuppressive agent is administered
continuously through-out the transplant treatment typically over a period of

30 days or weeks; for example, CsA treatment ranges from about 2 to about 20
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transplant therapy have focused on the use of alginate polymers or agarose to

supply the encapsulation compositions. Alginates are linear polymers of
mannuronic and guluronic acid residues which are arranged in blocks of
several adjacent guluronic acid residues forming guluronate blocks and block
15 ofadjacent mannuronic acid residues forming mannuronate blocks,
interspersed with mixed, or heterogenous blocks of alternating guluronic and
mannuronic acid residues. Generally, monovalent cation alginate salts are

soluble, e.g., Na-alginate.

20 Divalent cations, such as Ca™*, Ba™ or Sr', tend to interact with
guluronate, and the cooperative binding of these cations within the guluronate
blocks provides the primary intramolecular crosslinking responsible for
formation of stable ion-paired alginate gels. Alginate encapsulation methods
generally take advantage of the gelling of alginate in the presence of these

25  divalent cation solutions. In particular, these methods involve the suspension
of the material to be encapsulated, in a solution of monovalent cation alginate
salt, e.g., sodium. Droplets of the solution are then generated in air and
collected in a solution of divalent cations, e.g., CaCl,. The divalent cations
interact with the alginate at the phase transition between the droplet and the

30 divalent cation solution resulting in the formation of a stable alginate gel
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wherein droplets are generated from a stream of the alginate solution using a

10 Jaminar air flow extrusion device. Specifically, this device comprises a
capillary tube within an outer sleeve. Air is driven through the outer sleeve
and the polymer solution is flow-regulated through the inner tube. The air
flow from the outer sleeve breaks up the fluid flowing from the capillary tube
into small droplets (see U.S. Patent No. 5,286,495). For a general discussion

15 of droplet generation in encapsulation processes, see, e.g., M.F.A. Goosen,
Fundamentals of Animal Cell Encapsulation and Immobilization, Ch. 6, pp.
114-142 (CRC Press, 1993).

Attempts to transplant organ tissues into genetically dissimilar hosts

20  without immunosuppression are generally defeated by the immune system of
the host. Accordingly, attempts have been made to provide other effective
protective barrier coatings, e.g., by microencapsulation, to isolate the
transplant tissues from the host immune system. Successful cell or tissue
transplants generally require a coating that will prevent their destruction by a

25  host's immune system, prevent fibrosis, and will be permeable to and allow a
free diffusion of the nutrients to the coated transplant and removal of the
secretory and waste products from the coated transplant. Viable tissue and
cells have been successfully immobilized in alginate capsules coated with
polylysine (see above and J. Pharm. Sci. 70:351-354 ,1981). The

30 development of transplants encapsulated in calcium alginate capsules reacted
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transplant with a surface conforming bonding bridge of a multi-functional
material that binds chemically to a surface component of the transplant, which
is enveloped in a semipermeable, biologically compatible layer of a polymer
10  that binds chemically to the bonding bridge layer. A method for introducing a
second alginate gel coating to cells already coated with polylysine alginate is
described in U.S. Patent 5,227,298. Both the first and second coating of this

method require stabilization by polylysine.

15 Encapsulation methods applied to make these materials have
comprised a procedure for forming droplets of the encapsulating medium and
the biological material and a procedure for solidifying the encapsulating
medium. Agarose encapsulated materials have been formed by chilling an
emulsion of agarose droplets containing biological materials as shown by

20  Nilsson, et al., Nature 302:629-630 (1983) and Nilsson, et al., Eur. J. Appl.
Microbiol. B-iotechnol. 17:319-326 (1983). Injection of droplets of polymer
containing biological materials into a body of coolant such as concurrently
liquid stream has been reported by Gin, et al., J. Microencapsulation
4:329-242 (1987).

25

This invention involves administering to a subject a therapeutically
effective dose of a pharmaceutical composition containing the compositions of
the present invention and a pharmaceutically acceptable carrier.
"Administering" the pharmaceutical composition of the present invention may

30 be accomplished by any means known to the skilled artisan.
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single administration in the form of an individual dose unit or else several

10  smaller dose units and also by multiple administration of subdivided doses at

specific intervals.

The pharmaceutical compositions according to the invention are in

general administered topically, orally, intravenously, or by another parenteral

15  route, or as implants, or even rectal use is possible in principle . Suitable solid
or liquid pharmaceutical preparation forms are, for example, granules,
powders, tablets, coated tablets, (micro)capsules, suppositories, syrups,
emulsions, suspensions, creams, aerosols, drops or injectable solution in
ampule form and also preparations with protracted release of active

20 compounds, in whose preparation excipients and additives and/or auxiliaries
such as disintegrants, binders, coating agents, swelling agents, lubricants,
flavorings, sweeteners or solubilizers are customarily used as described above.
The pharmaceutical compositions are suitable for use in a variety of drug
delivery systems. For a brief review of present methods for drug delivery, see

25  Langer, Science, 249:1527-1533, 1990, which is incorporated herein by

reference.
For delivery of sHIF-1alpha mutein, the formulations are prepared by

contacting sHIF-1alpha mutein uniformly and intimately with liquid carriers

30  or finely divided solid carriers or both, and then, if necessary, shaping the
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109! 894.0%@& () -af sI3UBBed that enhance isotonicity and chemical stability,2.g., buffers and
preservatives, as well as low molecular weight (less than about 10 residues)
polypeptides, proteins, amino acids, carbohydrates including glucose or

10 dextrans, chelating agents such as EDTA, or other excipients.

The composition herein is also suitably administered by sustained
release systems. Suitable examples of sustained release compositions include
semipermeable polymer matrices in the form of shaped articles, e.g., films,

15 microcapsules, or microspheres. Sustained release matrices include, for
example, polyactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic
acid and -e thyl-L-glutamate (Sidman et al., Biopolymers 22:547-556, 1983),
or poly-D-(-)-3-hydroxybutyric acid (EP 133,988). Sustained release
compositions also include one or more liposomally entrapped compounds of

20 formulal. Such compositions are prepared by methods known per se, e.g., as
taught by Epstein et al. Proc. Natl. Acad. Sci. USA 82:3688-3692, 1985.
Ordinarily, the liposomes are of the small (200-800 A) unilameliar type in
which the lipid content is greater than about 30 mol% cholesterol, the selected
proportion being adjusted for the optimal therapy.

25

The pharmaceutical compositions according to the invention may be
administered locally or systemically. By "therapeutically effective dose" is
meant the quantity of a compound according to the invention necessary to
prevent, to cure or at least partially arrest the symptoms of the disorder and its

30 complications. Amounts effective for this use will, of course, depend on the
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Therapeutics, 8th ed., Pergamon Press, 1990; and Remington's-Pharmaceutical

Sciences, 17th ed., Mack Publishing Co., Easton, Pa., 1990; each of which is

herein incorporated by reference.

10
Stable HIF-1alpha and chimeric transactivator compositions of the
invention can also be delivered in the form of naked DNA, for example by the
methods described in US Patent No. 5,589,466.

15 The following examples are intended to illustrate but not limit the
invention. While they are typical of those that might be used, other procedures
known to those skilled in the art may alternatively be used.

EXAMPLE 1
20 E N LY EXPR D FOR
HIF-1alpha

It has previously been shown (Jiang et al., J. Biol. Chem 272:19253,

1997; Pugh et al., J. Biol. Chem. 272:11205) that a fusion protein consisting of
the GAL4 DNA binding domain fused to HIF-1alpha residues 531-826 is a

25  constitutively expressed protein that can activate transcription of reporter
genes containing GAL4 binding sites. However, these GAL4/HIF-1alpha
constructs do not activate the normal target genes regulated by HIF-1.
Conversely, it was shown that HIF-1alpha amino acids 1-390 are sufficient for
dimerization of HIF-1alpha to HIF-1beta and binding to target DNA

30  sequences but insufficient for optimal activation of gene transcription (Jiang,
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aBb@ 10! &n$50%catboxy Retroinl end of the molecule (ammo ac1d 826) and extended towards

the amino terminus, and one in which the deletions began at amino acid 392

and extended towards the carboxyl terminus. -

Each of these constructs was expressed in mammalian cells under

10 nonhypoxic (20% O,) or hypoxic (1% O;) conditions, and the expression of
endogenous full length HIF-1alpha and transfected deleted HIF-1alpha was
quantitated by immunoblot assay using affinity-purified anti-HIF-1alpha
antibodies. These studies revealed that endogenous HIF-1alpha showed
regulated expression (more protein expressed in cells at 1% O, than in cells at

15 20% O,). In addition the studies showed that C-terminal deletion to amino
acid 726 had no effect on the regulation of HIF-1alpha protein expression by
0, concentration, whereas deletion to amino acid 703 or beyond resulted in
loss of regulation (i.e., constitutive expression, see FIG. 2). Internal deletions
extending from amino acid 392 through 517 had no effect on expression,

20  whereas deletion of amino acid 392 to amino acid 521 resulted in loss of
regulation (see FIG. 3). In addition, the missense mutations S551G/T552A (a
serine to glycine and threonine to alanine substitution at amino acid 551 and
552, respectively) resulted in loss of regulation of the internal deletion
constructs that otherwise showed regulation (i.e., deletions extending from

25 amino acid 392 to anywhere between amino acid 429 and 517). These
missense mutations alone did not cause dysregulated expression of full-length
HIF-1alpha (amino acids 1-826, see FIG. 3).

The results suggested that there were two regions of HIF-1alpha that

30  were required for regulated expression, such that deletion of either region

51



U& ()-S10% U& ()- ! 8&$L0YEUEUE () - &&10% U& () - Z#10% U& ()- G !!"aBb@ 10!y
F10% U& () -, Z10% U& () - &10% U& () - &10% U& () - &L10%

U& ()-1\10% Ui U8 ()-"T""" 2#r ##dEb@ 10! &+10% U&' () - & 10% U&' () - &Fifdd003

U& () - F9A.0% W 0PHISZH310% UL () - &' 10% U& () - ##&Y0 %% %6 % 98K b @CT/US99/19416

101 %40%& ()- 10 U 10 U 10 U, <10% U& ()- y510%U& ()-& 10% U& ()-" - 10%

Ug' () - Y8R Y | 10% 91098
10%8&' ()- 10Wgéf%)§{{%‘?‘6393 gé‘i‘%%ﬁsi‘ %?’) Mg figst of these regions is
10! 11098 () - | 16pHgRABYao%eid 192- S@OW&hxh)thx& AU TGioRINEWickesT ", Y, |

dEMbC 101& 1100/ &I 5}3) %ve{'ellgét%ed) that appeared functionally redundant, since the
presence of either sequence was sufficient for regulation. One of these
5  sequences (A) was identified by the 392-428 deletion and the other sequence
(B) was identified by the 392-520 deletion, or the SS51G/T552A point
mutations. This latter result suggested that the serine and/or threonine residue
was subjected to phosphorylation/dephosphorylation which could be disrupted
by the 392-520 deletion. Since loss of the serine/threonine sequence
10 mimicked hypoxia, these results suggest phosphorylation of serine 551 and/ or
threonine 552 under nonhypoxic conditions and dephosphorylation under
hypoxic conditions. Based upon the redundancy of A and B, it is possible that
a phosphatase may also bind at the A site and dephosphorylate a nearby serine
or threonine reside.
15
Region C is defined by the different effects of deletions encompassing
amino acids 704 to 826 as compared to deletions encompassing amino acids
727 to 826. Loss of region C is not redundant with the loss of region AB, thus
it is likely that this region will be involved in some other function related to
20  regulation of HIF-1alpha stability. Without being bound by theory, it is

possible this region is involved in ubiquitination or proteolysis.

A powerful transactivation domain is located between amino acids 786
and 826. As aresult, although HIF-1alpha (amino acid 1-703) is constitutively
25  expressed, it is not as biologically active as full-length HIF-1alpha. In order to
determine if sHIF-1alpha would demonstrate increased biological activity
compared to full-length HIF-1alpha cotransfection experiments using the
deletion/point mutant HIF-1alpha (1-391/5 12-826/S551G/T552A), a stable
HIF-1alpha, were performed. Either 293 cells (see FIG. 5) or Hep3B cells

30 (see FIG. 6) were cotransfected with a reporter gene containing a hypoxia
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higher levels of biologically active HIF-1alpha (note that HIF-1alpha is

10 normally expressed only at 1% O,). These results demonstrate a
constitutively-expressed and biologically active form of HIF-1alpha has been

generated.

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

Accordingly, the invention is limited only by the following claims.
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amino acid residues 1-391 and 469-826 of SEQ ID NO: 2, wherein 551 is no
longer serine and 552 is not threonine;

amino acid residues 1-391 and 494-826 of SEQ ID NO: 2, wherein 551 is no
longer serine and 552 is not threonine;

amino acid residues 1-391 and 508-826 of SEQ ID NO: 2, wherein 551 is no
longer serine and 552 is not threonine;

amino acid residues 1-391 and 512-826 of SEQ ID NO: 2, wherein 551 is no
longer serine and 552 is not threonine; and

amino acid residues 1-391 and 517-826 of SEQ ID NO: 2, wherein 551 is no

longer serine and 552 is not threonine.

2. A polypeptide of claim 1, wherein amino acid residue 551 is glycine.
3. A polypeptide of claim 1, wherein amino acid residue 552 is alanine.
4. A nucleic acid sequence encoding a polypeptide of claim 1.

5. An expression vector comprising a nucleic acid sequence of claim 4.
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contacting the cell with an expression vector as in claim 5 under conditions that allow expression
of the nucleic acid sequence contained in the vector thereby providing for increased expression

of a hypoxia inducible gene in the cell.
7. The method of claim 6, wherein the hypoxia inducible factor is HIF-1alpha.

8. A method for providing constitutive expression of a hypoxia inducible factor in a cell
comprising contacting the cell with a nucleic acid sequence of claim 4 under conditions that
allow expression of the nucleic acid sequence, thereby providing constitutive expression of a

hypoxia inducible factor.

9. A method for reducing or preventing hypoxia or ischemia-related tissue damage in a
subject having or at risk of having such damage comprising administering to the subject a
therapeutically effective amount of a nucleic acid sequence of claim 4 in a pharmaceutically
acceptable carrier, thereby reducing the tissue damage.

10. The method of claim 9, wherein the administering is in vivo.

11. The method of claim 9, wherein the administering is ex vivo.

12. The method of claim 9, wherein the hypoxia or ischemia-related tissue damage is due

to a disorder of the cerebral, coronary or peripheral circulation.

13. A method for providing prophylactic therapy for tissue in a subject in need thereof
comprising administering to the subject an amount of a polypeptide of claim 1, such that
angiogenesis is induced at levels that are greater than before administration of the polypeptide,

thereby providing prophylactic therapy.

14. The method of claim 13, wherein the subject is at risk of coronary artery disease.
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is changed from a threonine to any other amino acid.

17. The stable form of hypoxia-inducible factor-1alpha of claim 16, wherein amino

acid 551 is a glycine.

18. The stable form of hypoxia-inducible factor-1alpha of claim 16, wherein amino

acid 552 is an alanine.

19. The stable hypoxia-inducible factor-1alpha of claim 16, further comprising a deletion

of amino acids 576-785, or any portion thereof.

20. A nucleic acid sequence comprising a polynucleotide encoding a polynucleotide

encoding the stable form of human hypoxia-inducible factor-1alpha (HIF-1alpha) of claim 16.

21. The nucleic acid of claim 20, further comprising an expression control sequence

operably linked thereto.

22. The nucleic acid sequence of claim 21, wherein the expression control sequence is a

promoter.
23. The polynucleotide of claim 22, wherein the promoter is tissue specific.
24. An expression vector containing the polynucleotide of claim 20.

25. The vector of claim 24, wherein the vector is a plasmid.
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28. A host cell containing the vector of claim 24.

29. A host cell of claim 28, wherein the cell is a eukaryotic cell.

30. A host cell of claim 28, wherein the cell is a prokaryotic cell.

31. An antibody which selectively binds to the polypeptide of claim 16.

32. The antibody of claim 31, wherein the antibody is monoclonal.

33. The antibody of claim 31, wherein the antibody is polyclonal.

34. A method of treating a hypoxia-related tissue damage in a subject, comprising
administering to said subject a therapeutically effective amount of a nucleotide sequence
comprising an expression control sequence operatively linked to a polynucleotide encoding a
polypeptide having a sequence as set forth in SEQ ID NO: 2, wherein amino acids 392 to 428
are deleted therefrom, amino acid 551 is changed from a serine to any other amino acid, and
amino acid 552 is changed from a threonine to any other amino acid.

35. The method of claim 34, wherein amino acid 551 is a glycine.

36. The method of claim 34, wherein amino acid 552 is an alanine.
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is changed from a threonine to any other amino acid.
38. The method of claim 37, wherein amino acid 551 is a glycine.
39. The method of claim 37, wherein amino acid 552 is an alanine.
40. A formulation for administration of stable human hypoxia-inducible factor-1alpha
(HIF-1alpha) polypeptide to a patient having hypoxia related tissue damage, comprising:

(a) atherapeutically effective amount of a substantially pure polypeptide having a
sequence as set forth in SEQ ID NO: 2, wherein amino acids 392 to 428 are deleted
therefrom, amino acid 551 is changed from a serine to any other amino acid, and amino
acid 552 is changed from a threonine to any other amino acid; and

(b) a pharmaceutically acceptable carrier.

41. The formulation of claim 40, wherein the carrier is a liposome.

42. The formulation of claim 40, wherein amino acid 551 is a glycine.

43. The formulation of claim 40, wherein amino acid 552 is an alanine.
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ac1d and amino acid 552 is changed from a threomne to any other amino acid; and

(b) a pharmaceutically acceptable carrier.

45. The formulation of claim 44, wherein the carrier is a liposome.

46. The formulation of claim 44, wherein amino acid 551 is a glycine.

47. The formulation of claim 44, wherein amino acid 552 is an alanine.
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