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WD 2008/ 015675PCT/ 1 L2007/ 000959 POLYPEPTI DES AND

POLYNUCLEOTI DES ENCODI NG SAME AND USE THEREOF | N THE

TREATMENT OF MEDI CAL CONDI TI ONS ASSCClI ATED WTH
woh&GShiEdrA. 5 FI ELD AND BACKGROUND OF THE | N\PENTLEDNI/000959

The present invention relates to pol ypeptides and

polynucl eoti des encodi ng sane and. use thereof in ége
- PO EEIEDES IND P AU CHROT TR B ENGKH IR GB ANE NP USE

THEREOE I WA AS IR L DR bREA R N DRIENS IS QLR
physi ol ogi cal condiwimNBEEMIAs the fenal e

reproductive cycle, as 10 well as pathol ogi cal
condi ti ons which include tunors, tissue ischem a and

FIEL@X&%%@E@&@W%MNT@&%% i's the |eading
€ Ity rn many industrialized cauyntrie

anthd presans povestien. eclftes topelyreptiden B%l_ﬁﬂ?éeoflﬁest ?Pem%_%g
sam al 31%? ﬁ)%fcg éxet L st G it daf AL B HonO Risb@ed ivitE ysHenia.

coronary angl oplasty and the npre - 15 -
| NXagib¥eesio nmhartydding of yetyhersk vagpes fPmgPre-eaisige ones. It
However, in all .these,.cases.. teghn | : fe,
occre i RPN PRI cori s S o SETbERe feRSuREy, oycle as
wellBRPSARIb A4S Dhtishs WaRAUbetdy eyndrhetisuenicbothio yandfweung
arterial I esions that cause the occlusion, and the
healggner al cl i ni cal condi tions of the patient _fr‘eque;nt‘I y
DBk ichEY R kMRS é@qéaamﬁ%ugehﬁ nicalignin enany Ssdusialized
20 ess I nvasive approach which hasgﬁe%ﬁntlg be%n ar
coustsisse hrab dresponstole &preener S08:9§0 slyahadn dbe Hy alope P year-
refers tag the jnt cLd BsBRRY iangiepisty fagd tigy Sore
Curment fiep ftg ﬁ%?‘ﬁg‘%ﬁg@t‘ e e R A A
invasive Sbi@nary Akerydiypessigaifiimg(@ARG). scheni a. Two mai n
met hods have been utilized i he .8l ize of the art
{ heioRysath 1% ol Ao sErc e H#é]ssﬁ%r%l{ilulaigga%%{]?%%gnj g
v I6HE 1d:R OF Bptoftidid Bistal Rasclilerftin afmpiaitefUkrartriahiesigns

25 vehicles to deljver vari ki
tatirowe BoRmwep. sse gl Vil card ool bARS ity

_ptet%&te%soui(aﬂéﬁ:o}nﬁﬂﬁ iknbhahisesds. Gowh Factor (FGF). A

fe recent nethod is cell ther

C py, with. ful ly. .
i 14 dsoriniastvecanpsiars WhBASHERTAD beel gﬁg‘ﬁ?l?&ﬁd ig dpgrapegiic

3 h l. . . ) nimed a
_anggq%%ae:cgg A *@ terdd ?é}%rg ﬁ{)) l(tjlg inBB&RiBR o Qetn Bid ¥éni S howis d at

ani na s and early phase clinical )
enbbfidi®d SeovaSidbauidon ofrtheyisdisatiaébas, s |allevighng thg 1pphemia.

A S LS pHIEREY o B SREb b SpRS e

patients suffering from
first SCBRAbEenil §8RSBRrapy either in the form of naked DNA or with viral

vehicles to deliver various cytokines, the most commonly used being Vascular
Endothelial Growth Factor (VEGF) and Fibroblast Growth Factor (FGF). A more
recent method ié cell therapy with fully differentiated cells, endothelial progenitor
cells or mesenchymal stem cells; Both methods have shown success in animal models
and early phase clinical trials. |

waever, many obstacles still have to be overcome before therapeutic
angiogenesis becomes a real clinical alternative for patients suffering from ischemic
diseases. . |

For angiogenic gene therapy, these obstacles include the need for fissue

specificity of transgene expression, choice of delivery vehicle, optimization of dose
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For angi ogeni c gene therapy, these obstacles include
the need for tissue specificity of transgene
expression, choice of delivery vehicle, optimzation

woodoogiases WO 2008/ 015675Per n12007/ 000959 andedi/mizeng 000959
optim zation of route of adm nistration and the
potential of ‘adverse events such as edena and tunor

and 48NS} OpfRBtion of rourddO hdieiniskratioit aid thepdtentishef &tvese seents
of angl ogeni'c gene therapy is the lack of maturation

Sudbﬁﬁﬁﬂ@a 8 YPREEsel s and their subsequent

taﬁ&ﬁ%o ThePhBYRRLF RBgiBashHid) Bédel t88M@by is the lack of
Iong- t|n erapeutic effect This may be because

mattriation aifi merwlanfgmgb me&sebseﬁ@% theie saRSSAREL JRSEHISH 1S
I 53 1S5S L]
prexgp{;zg%v%g %%Ilﬁhgan% W?ﬁ%@ﬁ{ga utfc' BBecthrRil 82 8e MREause th

VESse and recrul tnent of snooth
delimisd |aﬂgiﬁ@nﬁc5gdlﬁs hfﬂ(@cppésaﬁﬂeordr foree selstivelushorippasiod of time

,an I ogeni ctors are reqU| ed for vesse
“ﬁ¥% gﬁFmﬁ%F 5 IETRY B uﬂ?&%n“?%n 5de aﬁﬂﬁgég%%%#?%)
takeEpladeQ BBdAss BOMIpRS Dioybnie tacwms bid réquirad forwassel ma!utatlph éo

angi.ogeni ¢ factors sinultaneousl t hus re C
occpie e ARTDIG SRS 15 [T0 gFT 4T uﬁ?ﬁ@@g@%@ﬁ Qe T k“gi‘
activate rh\ﬁﬁ baangﬁg&ﬁb bh Qork A Gitandosty, Rbds) more closeljrbt&ambﬁng '

ndu0| e Factor-1 (111F-1) is a_transcripti %Ctor
phyamﬁ)gwahamfmﬂnﬂségﬁﬂféﬁofﬁm@f istypoxieislyrble fagh %&&E%nl

| dep{—rll %%ahﬂi U.Glgl%t kAL n&[gy?r is2D ugRRE tléw FcRE AP khadter

eroal neric crlptlon act or conS|st|ng
regmfatot\m thmba:spmtss iot duygdib depribaatipn, ectivatingupject) gence idyree

atio t he. | veI of o Sof h
by sy Dot b apC RHERLF boRtieoof Rk Shnjes dhe
sub@XP 685 Seffedt @O ALK regdatidn DX ihgdevel eflsxxgen and 15 mﬁﬂ@ﬁ dUIrlag .

contains two trapsactjvat| on do

RGP AD T3 B G RO BRI T AT S SHOsion

( Oﬁi@@m IhQaiRs %@ltﬁny&ﬂvéﬂoﬁnﬁimdmsnawwm o-mpy and an
t he ODDD of HI P-1a under nornoxic condi @i an :
oxmnslemdm saradatian dpmes- (PRIt i e PR VEBHSP -Lindau

b)gﬁlt&gﬁéjw tm% E)'D(Pﬁ AR Qf EREP HBImAGI b8 Nind labts as

OXI a merizes wth H F-113 and actlvates
paft hoef &cﬂscblqmm ohgzsé damsplezar Gos sgedies HHF-ikdonprotesgynal

oo b AR TR 04108 o e

ofﬁﬁ@ﬁﬁi@ﬁwiﬁﬁhﬁﬂﬁ&amnth|n the HT- Ia protein (Epstein,

2| Cquzyg%’, 1aI %1%01 5 10%'}104 %f %%ﬂvrﬁzﬁgll&i@f}r%ﬁed by
prot?{ %&W&l@ﬁ&?eﬂ%@p@mﬁ& redRIGEs Fiainhel E@Ehmdpmem @petein, A.C.

during nornoxia. PHD 1 and 2 h r te at
et «'ﬂeﬁ]oaji@dl KUZg%rﬁﬁl guomereb als 2 pEmbR Y o‘iﬁa?t%é)s at

N A i i

Lando
duﬁ‘ﬁg)ﬁomﬁmaeﬁﬁﬁ D8 2 8508 iintean desndugi; é%gnd et whereas PHD 3

" | ation of HHP- 1-a at residue 8083,
1hW$P£§ é?mﬁﬁ%% ragi nyl hydroxyl ase, al so terned

Fac Ifkosre?érfditfhﬁ&ihhmtﬁﬁ dﬂ?iélla(ﬂﬁhltdf{—lll};q 1|amsatmﬁ<yﬁml2@m @iando,
revents e lnteracti on o - W C

D B9 200hy SO A-Phoah igplatss O P po g g i of

Hﬂjni ol B-residfe g(%o%ﬁgété@ %? PaETésﬂyanggﬁlQ}QQ&@%se also tdri@ae actor

during nornoxi a nechani sns of regulatlon are
Inlnbspg) FEF4I (§1}Mb Tm%hxibcmém rrgvepjsphe mteseatiopiof JilF 4 gevith
nger ni b|I tions
S RAEERE D0 b7 pBNERe el Do B M Br B
actlvatlon Vi a asparaglnyl hydroxylatlon These
prolyl and asparagrnyl hydroxyl ases are al
di oxygenases whi ch are 2- oxoglutarate and iron
dependent and their requirement for cellular oxygen
coul d provide the basis for their activity as oxygen
sensors. Two specific point nutations at
reS|dues 402 and 564 wer e dennnstrated to abol i sh the
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 theXN A& sisading ripmzim o4 t dimexieatipn gqoapes, of -

WD 20081015675 An adenoviras expressing a

constitutively active nutant P1Wla, with a deletion

of residues 401-602, under the regulation of CW _
wopemmses was able to i nduce angi ogenesi s i riPQIAE2007/000959

non-ischemc tissue of the retina(Kelly, RD. et al,

2003 Girc Res 93, 1074-81). 5The two constructs

e Hened) @drigb ot oaawol ragohenistes ef jeguigtier are rrspeamitile for the

ol ecul e, and .| ack both. af th ' i Fl j
deotonae HLE119 20V GBmeTRE DA PR e et o Fgtadhs
the bBSlohedrRing ﬁgfﬁ'ﬁ%@n raV Adtivationd@h edphtaginybindiroxylation.

specificity o DI- in addition, HL . T-la i s expressed
in Th%f{slemb’gﬁ%@ pePSEaginyh EroxHlases é’é’Lﬁlla‘?lP’_&F%eB?setﬁ{h}°%§f? >
oxa"@%&ﬁié' & ﬁﬁddﬂﬁgéﬁﬁ Clnbt| GeiP OfRefEnt BRI deliulaf ioBygdni eould
S application due to non- ioexpression and
propide thetbagis fos itbo-asfib g 250X YRRIF 39980851 out es  of
admj.ni stration have.bee del sy ek demonstrated t
t hel P aRFETe RSP Ehe eﬁl%iré%ﬁ%?n%gzregi‘on, S hel udi 03? °
abolif GRVBSEAttian ot main il thus irendeting FHE aogonstitutively

peri pheral i em a, L C j : ,
i e 3905 B £ 10PN 5Pyt v
as TR OhfoxisS GbaMeat il leiving! thavexposson @ftan BRFFbudferase

advant ages whi ch include 15 83/ access W thou ITS i
constzet TP TeRIONG A6 TRt SELAH 803 FEEH IO CSATR Y Lad®

tra.t!ggféfzﬂbg%}! acBSi)\SinhilR %o MG By thdatchént vithahgiRyroaiaimintetic

I on. "Hovvever, despite its obvims clinical
irompbadr, 2,2 Mipyrslyl Grandhicteladin Seier& %8t otie is
uncanunon. due  t .C, i el @M Ahidihesiuest4on to
| eatPHFHS Brng?/vot9 ?%%%é%ﬁlg aegiﬁ?%gs% "B the tar et
60D agAdelale@Nandst tthe ramaationdofe Kpratigs] 4 prampteioph g@preased
organs, resulting,in s em id wWhi C
RO & Hist AT o8 LAY Py B Ty R0 ) € hese
mibd dHblad i Roguiafioh UE MRN ABHSIUA amé STRIGH, knben efrgéts gBiIIT-Lo.
uf the treatnent. Unwanted e.xg&gssi an gf ood vessels which
In geropasieft BEenEH e GERERIBEIng T ° 54t% Efdogl cal
well BLOSRERIShoROS SicleY nlaQRHY.MEnid May bEekploiGwd bopireihot that
-and reti'nopat hy; and may therefore be i macceptagble. .
HIFHusindedee tabatiivajion of dnhliple S1EILERE HaCaRpi-Es B ffiopdietin),

speci fj cal . bhed; | OR! cRH@RNd YEUF alone. In
Sm@)‘??tr %s*gi%%%l?]%%ﬁ%leg? 1(?%%3%{3661%&,0 adm ni stration t0 ge
adidor fHIFciacinduss shrdacsiaftinn ofireany iseformyaf VEGF geg pther genes,

. recogni zed need f d.it. wou L OYeh couid not be
 astif paeagonie romiane BF crioltiseh raBpley Silen, coud ot b

actors together

achibbdd %@a@mﬂm@aﬁ@mm@n@mmm. of delivering sane.
30 SU

RY There is proyi an i sol at . . .

poi ewEOK S Pl DL 6cT e EoaEr i dapifeee s

J i gealhaotionai@nlasibn a02, 25841y 1t containe

theg Ug‘n%@owlf%??{g% tgtﬁael %%{]Ig;pé tiagen bfi n[g st ayk])ll Xcon 1
#l ) Fraghied g e

aspect., there . ' - i : BOtd-GRat
B3R er 55, COEHL et ]S aotsdion
ofNTY RERhbigE The vésnBas nmuimitves abledo sulyoeHER tagget gpres figrvitro.

Whoh e hpOTDlopa e 15 et SR bR BRAEG M illey density and
bibG HHEIRST if @afuh@S hiniiabefeterse nardebdlierdnse obnsifiet also

di sCl osure, the nucleic acid_seque IS et rt
shpwedHgrappriigoeifect Ay w@ﬁbedtlg’I di i%I fIE‘J‘n gﬁr?ﬂ%ﬁ‘? S(?%g% ﬁ@s el

| ; cx j.ked-prefierred enbodi nents the am no acid
zds‘)giq‘g%?é"gsf"sﬂégg’sseg 5 SEQ ID NO 2
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o serfe 1B iSheRfioMp@adinaluding) iekevaarile 88 %me@o_ ,
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According to still further features in the descri bed
preferred enbodi nents the amno acid sequence bei ng

at | east 90 % honol ogous to SEQ I D NO 3 apecl/ii2007/00095%
WORHRBICSi ng a nutation at a position corresponding to

- ‘proline 402 of SEQID NGO 3, a nutation at a position
corresponding to proline 504 of. SEQhR NG-13, and a
mutiat dashoEs é’?ﬁ’éﬁg‘f‘% én© ?%ueﬁggﬂngl r‘{g to asparagi ne

| . ] . ¢ {5ET bie 1o
: deleggrjg 8gfr351%5% %cﬁ-@@ Rder the reghaienr of Ay promeFhgss abe

I e ere is provided an isal aled; pel ypeptite:

| nd@eAREib e arhantmsclenid SEgeite Ehcodi ng a

... pol ype %gﬁ“ having a H F-1a am no acid sequence, the
Clrgps: ﬁe&‘q de’”being stably expressed agg conﬁst@LttyHI igzggﬁlg)g
| ACt N EoAGROF N giehtostd kot Upeehdiret SFFHIES O it e
~described preferred. enbodi nept §, LR A0e dehdns (N-TAD
molseduent ck gueE o8 Oy %tlﬁ*%E%’l D NO. 2, -Acc,or.dirogg%]:

£ -

 anal@rabh ! it f eatdtnes dofivaie pdesiEr PRePHHESS
end QAL ik Rbult aated %

_ ments the am no acid seque HAG=aliatl RaFICHI0,

le. %Mﬁﬁbmgﬂaéaﬁ@e@msq%ﬁr{%se 3@%&%@%‘%?? s ilo n% % n@ fo70m
mitation at a positiop CQRIER SN gstapppeaso e on-

& Ve @“CFBGIW | @98,35 mut ation at a position

speei@atenet@@ﬁ@twitan@pma@f oilprEedt 564 q;f SES Qi| eg Ngn gb ;;}deﬁgc

‘mutation at_a positi r1.espendidng it alelispathadghamg
803V@f‘°‘§E@“‘ief)°ﬂéam§?&%‘é%grﬁ(% ng to a_ second asiﬁlp ! case of
i Sing

escribed preferred. . .
cas%%%%%ggﬁgﬁi&hgxhﬁa g Lot dowonsiery advapipeehpich iciude

I'sing a cis-regul atory el enent > COLA-NGa 10w cost
eatackdss Tithodlre feed for @SR %f%?gﬁ%r }eg‘é‘%ﬁg&%;sef@?? ed

. Smpodi ment g4 h hSot t QM agbe rinvteven rigpieks gbvious |
o SRS EERFETR €pt g

ding to still further. features;
clihiBatt fHpeddeserisbed s eilerinegtrtioRpGHi e ﬁ?‘gowgnpdfugﬁfgtégr 1 a
el ement is an endot hel:i al.  Spech tiiGe4ioa il tirrtaghiemea a:ong
m%‘e‘%ﬁoaioﬁﬁmt"f‘)"t%tteif’%m ¥ ﬁrl?ﬁetrra ?%t urigs‘ in the described .
will 816448 cqbodh ienis: tiet onekot RITHE Sy é"éﬁ“?ﬂg&n L
pronoter el ement conprises . e ORRARAPYN Gfrn} beds to
wiRBE fimip thongsse dhat may e_ai%%?%féﬁgq?%_ still furtknfr =
re%g %L It Qﬁicjﬁ'% drhe desesibudwpned exyredioa ddrmepeeeyRE 5°°
-1" pronmoter is as set forth in P mch-development and
cohCaermpiotgine) apglﬁ%?ﬁ??%rpffsé‘gbﬁ%@zlqﬁ kthﬁ“é) descri bed
preferred enbadi BEOLS [HGcpibtd @gu, dicoabjlitlte et ransgene
T ‘%‘Pﬂaf?é’rm%oﬁ%| ses a hypaxi a response. e‘gengt. importance for
G abaisperificalla it he dschepcRERSFEY § Brd PHEd ™ an :

I'sol ated cel| conprising wcl ei ¢ acid construct
b et e R

ording to a fourth aspect, ther

'S prqy et Bhaidue cutigutedcomodt 18 RolBIds Phg =M

: acfamlsaa;gﬁxa;l;fglt 1?1/329 g?;gltgé%ggg{cgfg%g%:%%&% %l&%&t fdGlrreaingt @ethods

rier as defined above.

ording to an additional enbodinent there is
0@%%&? gﬁ%gkhethod of treating a nedical condition
associated with hypoxia or ischem a, reduced tissue
perfusion inelusion or low flow, the nethod :
conprising adm nistering to a subject in need thereof

&gpeutically ef fective anobunt of an agent :

: of upregulating the pgl (ﬁgd%%toi dﬁsiﬁﬁ al€leic acid sequence
pr es@hereiinpentdesrin; Fpigled PEIYBFCtHE “subf ect; "t her eby |
&é&ﬁﬁgg@ﬂgﬁmgaghggﬁyﬁsls-related



di sease. According to still further features in the
descri bed preferred enbodi ments the agent is the

pol ypeptide. According to still further features in
the described preferred enbodiments the agent is the
nucl ei ¢ acid construct

-According to still further features in the descrlbed
preferred enbodi ments the adn1n|ster|ng is effected
systenlcaH

ccardi fu r d and
amip o #Gif o SUHHN cteh of Bl: hx,ogtés pFr) e¥;ge?)t1§é {éé ne d%@ﬁ expresse an
" condlitg@@seadivecondi tion associated with ischema is
sel ected fromthe. grou onsi f % nucl
i sARerHFEsRIGhIRES i %rgw %n ﬁg%%et r%i@ggl\é@%dcggﬁglsgga nucleic
acidV ?&ftﬁéﬂc@rmcéﬂlﬁgaﬁiymﬁm heitgeny atingeageé sequence of HIF-1o, said

' roi ntestinal. |es [ cells.
 polfeareo BB ReREb Ol G Ry TEbR pendatelial el
r epdRtdive dlifeated atgurek iiv refdirsd rdbpdimentsert the disclosure, the

di sorders, ocul ar .o sorders, bone
nud@@@ﬁé%&ﬂ@&ﬁ1%?§%P§@ﬁ§“g5§f¢1$%§% repair disorders
© andhsampk o BIs éduﬁwc Elatureli s dhaldessribedpreferred sooppigents the
fifth aspect, g%e IS gggyg d,the use of a
mﬁbf‘%@ﬁi‘@ﬁ%%‘? SR EQ”I DNO 2.for the
FaQlHeE sQf f@HeR @éaﬁaa@m thé desctibedipicrgred embddigghts the

con i'tion associ ated with OXI or
amive et as3 e USFor Y RO fedls, ' SR s 2 ana
mﬁ;ﬁ? n? dt;ﬂm'ﬁ ?g g{gg’lﬁ&? 9(‘31'31.‘{:3;)ondmcl th lﬁﬂﬁl'l@“m aESpieciD NO: 3, a

an isol ated pol nucleotlgg O '
mut@ﬁﬁmm slproguan rockeiooding itd rrele At 808 ME Gt th gD FOHT o e

mut@a? ept | %%bp(?r‘f’s', E%‘da’% x:%'ll;n%&ag?ﬁé fossausnaeNas 3set

er transcriptional contro

Ofcﬁ&fcf_)ﬁl% icgééxe{h%m% Bhd@ntiisgt Q§%10‘hﬂed an isolated po]ypepﬁde

sai epti de bei st ab
congupinessethiandcid GWP‘@W"IW@F‘% agolpgRt 141@%“8 g Hif g fmino acid
Theeifh sahiQeNpRselasesafttutiyeladdinesses
' “ﬂﬁﬁkg§:e?m¥pﬁ¥%gsmo? thg pgesently known
configurations by providing novel treatments for
med| gcalfd {%dﬁtﬁi' ﬁﬁigeraéﬁ%b at ed (Yﬁsérlibeld%ﬁﬁemcaembodlments the -
Unl@SS " Otherw se defined, all technical and
mn&ﬁmaﬁmmﬁmnmheaﬂsﬁﬁsednﬁgKbﬂﬂbﬁéék the same neaning as
comonl y u dinar predlibd bmbdtidfies the
ar tA“fC(?r%oFﬁ gh%[ps% i nﬂ\%tﬁ1 alggl% el ongs. 15Alrlefi houg][fwl met hods
2@ dadi@tsBhdeads beingi dtateanr 9 g M@QEOUSV@ SEQ ID NOC:
2008/ 015675PCT/ | 1, 2007/ 000959. 7 tQ t [ qq)
comtSEICrF BERINRAUSBITH CHETS “’ﬁ R é’mﬁ%%%% ? ??EQ r?
rouBhi6R SRt J&%ﬁ;ﬁt EQspSidital) rotRichadss4ant SEaL BY N: s3 art@ a
escrlbe bel ow. Af ubllcatlo é&é&%ﬂ%)No "
muggpph RicaRdsBivs, Cogaﬁi@ﬁfhélg T HEHEHET |3 es-nent i oned
her re | ncor or at 140 (t,@@d)rft { ising the:
o R SRR, pRLREFASEABafibeituct comr
pdﬁpﬁﬁmfmnmﬂﬂﬂmﬂabm@ludlng 5 definitions, wll contro

i1 Gserder gbe iy Gear PiEded %ﬂoﬁ%%fﬁ?%ﬂ’?{’ﬁéﬂeme
auBRk BEd DESERMATHEMN Ompfising @de@mﬁh@mem/enu onis -
herei n descri bed, by

. r ef deenidiag Q)Stllé)ﬁi-rﬁ’ef ‘r&: %npc&%% re\fevre\ﬁn\ﬁl{%ﬁdlments the
cis 3PS Celér&fn@E&ﬁﬁﬁse@‘a\ﬁréxﬁottahaedfemw ngs | n detai |, |t )
I S” st résse d that the particulars sho d%ﬁ? %%) < the
exaﬁptc&dmgdo it fxpﬂmpé@@gew the | dgeribgg P Bffﬁ SERESH
procsl{lﬂt%[rh eélﬁ {searnre%goﬁgf?zﬁqg ?mﬁkt&hﬁenﬁrﬁsem i nvention

& ar'e Dresent e he cause of' providing
whatsct&dtglib eme durtieer Efelturh‘exmﬁ@td'“&@@ﬁé IPfeé?f%Fdr"éfg’@ﬁF%emS the

understood description of th CioRki€ e
oA g HERTE BETERe TETT Reht R T g the PPE-

orddfgard, no attenpt is nade to show structural details
~ of the invention in nore detail than is necessary for
a fundanental understanding of the invention, the




- FIGs. 2A-H are photographs and bar .graphs )
illustrating that the triple nutant HLF-la shows ‘
greater angi ogeni c potency than P402A P5640 and P564A
NBO3A doubl e nutants. Figures 2A-F are representative
phot ographs of an in-vigro angi ogenesis assay in
HUVECs transfected with pcDNA3 (Figure 2A), w-HF-la
%\Fa K 138 8 @Bﬂz f&&@?f&aﬁé@m 1 E LGB 26 fe R G NBRAA the

I gur Triple mutant (Figure 2E) or VEGF
-1 pieingpderes @ﬁ?fi“ﬁhgﬁ@i@“f% 4 bar graph illustrating
t ube torrm f 1 =M1 ts the
qﬁﬂfq%ltgé %Lq%h%unal ng%%ﬁ}g %Dm' g%/ggf&[ Eggueﬂ?’g%ﬁ”m
cis-reg 0 ARE BeScp i ghmpower hnierioscopise cleieid. Resul ts
are expressed as mean S, D of 5 randoglfe:;!‘n CrL.0SC
a

thcebudsng i guihied 26pecis tharepisr PigisdsA an 150 ffﬁ“ngofvﬁéa‘-“g«l@e
: thpm of transfe, ct ed HUVEGCs, as
e elcg‘{ ﬁf (?%&ﬁlgcgg‘@bgmgﬁasg and resul ts XBr.es g1 %ﬁ%ﬂ{bn
Aappring 0, 98 EpocpiAlpERNEedY AR, -
compnﬁh?t%r&lﬁpmw@f agfehﬂlﬁfeeﬁﬁcﬁﬂt mldrmemp:e aechi W’Smaceunca ly
ustratin endot helial and ischem a specificity
3‘39"'9‘@3‘@5@%@ ‘8? Bt. Figures 3A-F illustrate
fA deordasent mmmeb@mdse@ﬂ.tmfg ipproyigied anethed gfstreating a

med:cz{lmgcﬁ]gi onogssm:% S%E%g%uglgt @r el‘séﬂ'éﬁf V\i% sgsdltid:emfd |t1|ssliff9 perfusion

inclusiey st er G ytho st EOMBRTIng éﬁhﬁm?s“?iglﬁéo pSPRRCF figpd tereof
a thera?%}{tﬁﬁfly §ﬁ$dt% afn%hrg:uﬁ"ﬁﬁ a8t aBshbBIO)f, upheluGhils @ePholypeptide of |

e oo ey ords By s [ SR RCh B Rest et

Chsmsé;;astrocnem us -nuscl e of nouse treated with
Ad- PPE- 1- 3x- GFP as seen in fluorescent m croscopy
(Figure 30) or phase m croscopy (Figure 3H) show n
mcmdaﬁ@mﬂmt fagthen feavimes @ epidstatrof p(rﬁﬁﬁwsrybqéﬁa@%gl '
GFP ex ressing endothelial cells (arrowhead).
agent i tegpOlyPRPRES: | |'yst rat e Post-i schem ¢ angi ogenesis is
| m&t&&ﬁg% Oyt fuahal feAGEMA fTrd iserianichréfisrRPEmTodipties the
treatments, Figure 4A is a line graph of Blood flow
agent ¥ ihq BRSIHCSEHBSATET S inh measured i medi ately fol | owing
aﬂ@c&&m to 4t fithePReuRS it 8ys dedbribal fréferte@ binbddempntakhe
~artery Tigation. Data are expressed as the ratio of.
: adnuntstwnlme#ftfrf(ct@(,shfém@ﬁinﬁo right (non-ischemic) linb
rf U] O'f'o stﬁ?ﬂitﬁgr }?&gmr s§m t@d&%fbé&ﬁf&f&ﬁe{f embodiments the
Triple, n :
. chseasé\dr &Hﬁti’ﬁhlaﬁ&cﬁiataﬁl withl chefiiy a8 eelﬁB‘icbﬁ@fﬂ ﬁ@pgré%?ﬁnéﬁ?%d o

o 58l SSRBLGL PARCS R s SR LRSS

renal RASY- SH2GET YastrbiRicGdl0 Neh@te thirmh ki, t:ampmkaua@ vascular
perfusion is depicted in red hi | e Io

grafts,peyeRD SERAIT. | PNB| TgRAray e s dse, rrdéi?lr %n‘f B(‘rf glsgrders
ocular%ﬂ%{o%ne Ed@f&e@ hiopd Hg@ﬁéagén Y FieROShtiBUE g@¥Y disorders
s a ar gr aph |Ilustrat|ng thé per cent age
and smdothimmecls bdiMimgderse necrosi s by day 21 post-surgery.
Figures 4E-F illustrate representative CD31 staining
(Figure 4E) and quantitation W)
2008/ 015675PCT/ | L2007/ 000959 9 (Fi gure 4F) of
capillaries from sections of gastrocnem us nuscles 28
days follow ng fenoral artery ligation. tp<0.O01.
FIG. 5A-Nillustrate that Ad-PPE-Triple is |ess
~toxic than Ad-CW-Triple follow ng systemc
adm ni stration. Figure 5A is a point graph
illustrating the changes 5 in m ce body weights over
time followi ng system c injection of saline or
adenovirus.. Figures 5B-D are bar graphs illustrating
Serum bilirubin (Figure 5B), AST (Figure 5C) and ALT
(Figure 5D) levels at 5 and 21 days foll ow ng
system c injection of saline or adenovirus. Figures
SE-N are histol ogi cal sections of mice livers 5



in HUVEC. HUVEC were either nock infected (O,
infected wwth Ad-CW-G-P (D), WD

2008/ 015675PCT/ 111, 2007/ 000959 10 Ad-CW-wtH F- 1 a
(E), Ad-CW-Triple (F) or Ad-PPE1-3X-Triple (0).
Forty eight hours later, in-vitro angi ogenesi s assay
was perfornmed. Figures C-G are representative
phot ogr aphs of tube fornacﬁ% FIG 7H is a
bar graph illustrating VEG- protein_concentration of

i nf bea Gtih BspquvEEss isasoddadeheisreef aplmepidie gt fosgin S5Q ID

(ﬁrffo?)ﬂ&r RINRL@S JTBARedicamdat forpareatl Qadseal condition associated
W HIF- 12 DESCRI PTI PREFER

wiEOPIEEIoia, Teduosd T PEAGECOBAT 1IOW [ g 8 subjectin

;Kﬂdﬂﬁgaﬁ’polypeptldes and polynucleotldes encodi ng 10

maceut i,cal i,tions i.se .
sarrIE] An athEzlsH%c St}gfe &, 8‘2‘%& 5 g an, hsal hlynuc 1d§ o%%smg a
nu@ge atiflisepichge, erchéding aegﬁﬁtlmpnlygmudg mawag a@@mu“g)quld qq:quence as
setgaﬁh i InGf Zdhﬁ' c@%ﬁ@ﬁl %Bﬁtﬁolvﬂf{ahPPECth;ﬁ‘omoter as
efore ex east

. . ai ni ng? ne enbodi ment
dislaseshin iP6H /1L 1 P2, Isaidinolypspyds hﬁ@glsﬁﬂb@hwgsﬁ%%}ldt‘w&f“mtwely

adk@qngﬂﬂﬁﬁ%hﬁﬁugs not limted |n |ts appllcatlon to
the_details set fort t he ption,o
exehpt AEFIEPT puEdses ﬁ%ifﬁsées é‘ﬁ? ool e RRssgy koown
coﬂfguﬁitlhﬁs' benirodidignieved nreatindasi fng Ipdfthm}ﬂ icoeditions esocipted with
ﬁ in various ways. Also, it is to be understood
iSCQFUR- t he phraseol ogy and t erm nol ogy enpl oyed herein
i s Dolest bibewispdefmedS albieshrisaband seiemtficshiond esed derehehave the
‘ sar?{ﬁ%ﬁrﬁﬁgj a@éoﬂlﬁlﬁhlﬁr'lﬁgerst%gﬁ%? Qxk Bt brughaey BLift i A%t B tol Which this

erodimeric transcrjption, f tor and
invgntibelangs| Mihoueh pethods ardspaisdals ﬁl&lliabww Ul evel s,
and has been suggested as a potential candidate for
t herapeuti c angi ogenesis. Stabilization of HF-la nay
be achi eved by point nutations P402A and P5640
[ Masson et al., 2001, Enbo .1 20, 5197-206] while
constitutive activity of its Ctransactivation donain
(C-TAD) is 25 achieved by point nutati on N803A [ Lando
et al., 2002, Science 295, 858-611. Wi | e
reduci ng the present invention to practice the
present inventors genetically engineered a nutant
formof HF-1 a conbining the three point nutations
P402A P5640 NBO3A (triple nutant), rendering H F-1 a
both stable and constitutively active. Surprisingly,
the triple mutant showed a synergistic effect on 30
the expression of a reporter gene linked to a hypoxia
response el enment as conpared to the two known doubl e
mutant forms of HIF-la, as illustrated in Figures
1A-B. Thus, the present inventors showed that
constitutive activation of the HF-1 a
Ctransactivati on domain, and not nerely stabilization
of the HF- la nolecule, is essential for optinal
H F- medi at ed transcription and proangi ogeni c effects.
WO 2008/ 015675PCULL2007/ 000959 11 Accordingly, "the
triple mutant HIP-1 a, or pol ynucl eoti de encodi ng
sanme, of the present invention can be used to treat
di seases or conditions associated with angi o genesis.
As illustrated in Figures 20-11, the triple nmutant of
the present invention 5 shows a greater angiogenic '
pot ency than P402A P5640 and P564A N803A doubl e
mut ants as denonstrated in in-vitro angi ogenesi s
assays. Furthernore, as illustrated in Figures 4A-F,
an adenovirus expressing the triple nutant REF-|a of
t he present invention showed enhanced bl ood perfusion
and increased capillary density conpared with an
adenovirus expressing wild-type H P-la and controls
in a nmouse hindlinb 10 i schemi ¢ nodel A nodified
preproendot helin-1 pronoter was shown to all ow
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12 Accordingly the half Iife of the polypeptide is

not altered by the presence of VonH ppel - Li ndau

(VHL). Preferably, the half life of the poly %:f
woahbosii&s7pr esent invention are at |east aboutfC ?“%@0959

greater, and even nore pré&ferably 5 tines the hal f
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111u§h@uwaiiyamdﬂdl2nt&miedﬁ0 BE@IHBENO 3, a nutation at a
position corresponding to proline at 564 of SEQ ID
NO 3 and a nutation at a position corresponding to
BREFIIFSCRIIIONOP THEMIRAWINGS 3. As used herein, the

aci KheSBHFEAR & ]&E‘é‘ﬁlﬁ é!re%’&bf‘g b? a?rl J’fee ﬁnglg Doty wiih r8ftenle to

pe séquence
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Gl Qs iioRlor BRSkLA08 @R¥bdirdertd Yahepresot mepadiniyg and
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Ay BAELeL 6ol Vizpptd 86 the
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. A 1995 23 sbhred 292 P64 2 NS0EBR (Tiphek ED), Alriple mutant
Glg@e?@étl){y%j& %gél&?g%%rﬁ?iﬁ%gdy si ngl e- cr(ﬁagﬁe arj abl e

(Figurea @B ot VBT HFigvpr 872d BaRSOHY df &t 8% ﬁ%‘ﬁ ugfplipg tube
h i spl ay’ 3 Bi.al 9 BN
forr&ﬂftl)g%f %ﬁi&?cﬁ%dolr—lgﬁa égﬁﬂ:é% (ﬁémfﬁ’éd Q}v &ﬁﬁﬁﬂg?}he%ﬁ%@ of

rein by refeérence.
capBeRSratibapdr bigh puives mictopaptc fSid ResHiisarg ggpressed as mean =

constitutive acti.vi t ot he H E-| f ant
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 profRiPbRBniraliR of¥amdesd VIRIVELLS asmdetatmeided-by HLAS Hepd irerlts
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are guTpIsed/asieAnApRP: *gfé)o‘?%%i‘isyp@%é\_ RBAG Tt uti ve activity
- usi %S_a%x.?g LRt %hd%@gr&ﬁ[seﬁ QidreReitGRRkoscaEPsttadsaitiasirating
Ss. Softwa

. too , re progranms useful for disp|ayi . _
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LS Qo pic 482 Lt @ Rc2ABiccRE ko ol
oS8 ropig 5 Mg SRR P TR e
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T R St By A
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Crystallogr. 24, 946) can be, utjli,z :
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pol ypepuirde d)ystrars Rust-Ischaiasngesenssigds apuented by local Ad-

I

in BR! NOERE HES mMokeres tnblediany Falowingarsbaty7,dd, Abeed 28 days
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e ermorabirerh g DR P BF RHHTLS the 16%*%?
I f cathon: G S hé,i 1 &t §;08nd-CpaV hi=lél; Ad-
0 3%%@(?&%‘!{‘%‘%%%%1 2007;%%0959 1 bond R
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for exanple, by N-nethylated bonds (-N(CH3)-00-),

ester bonds (-C(RHCO0-0-C(R - 10 N-), ketomnethyl en
bonds (-CO Cl42-), a-aza bonds (-NH N(R)-00-),

wherein Ris any alkyl, e.g., nethyl, carba bonds
“(-CH2-NH), hydroxyet hyl ene bonds (-CH(OH) - CH2-),

t hi oam de bonds (-CS-NW, ol efinic double bonds
(-CHCH), retro am de bonds (-NHCO ), polypeptide
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15These nodifications can occur at any of the bonds

al ong the pol ypeptide chain and even at several (2-3)

at the sanme tine. Natural aromatic am no acids, Trp,
wo bdsedfkes Phe, may be substituted for synthetPica/iL2007/000959

non- natural acid such as #henyl gl ycine, TIC

napht hyl el ani ne (No!), ring-nethylated deri vatives of

FieRem b2 LagR: Sbasictivat ovestraieiha musclos A8tdayd follping

201 n add|t| on to the above, the polypeptides of the
femmabgeemhg?m?éﬂ"iﬂ@@ may al so include one or nore

%n?ll {38 AQLPEINTrifle i50EsE R {am Ad-CMV -(Tnple
: m)norrers atty acids, conpl ex car bohydr
foumg syseamuséuum@om Figuteid 15 garointt igeah ‘ialﬁ chgnges

L
L FEby RO g gt ity e
Fi gtggﬁdlﬁl?fﬂ)e 3.@: ‘%{Si saaphe dlhgstiatisg St:rhtgs blhatphun Figae c@)of%{S%n(F igure
at 1.on
SC)epdnphL, (F%W‘r 8&&%?’%# &é osp gsf\érilg‘%gg a %EM fifbotibP bt
sﬂ%%ﬁmm notsgrm aﬁihﬁbldgmasmahommfmcfahvm5 (Figures
I mte
38, gk g Hhand %éaié%%&‘?rﬁ%gg B vk %I‘ﬁ@% RiBvRE, Stemic
B A et et e
SI-bmwMVl—fs@Ier{Ezgsm|5ﬂ<yLbc%1h’PEnglea{ﬁigﬁ%?Sé (Tabl e 1)
n
e ‘{@g&%tés’gghmﬁ)ﬁm%bﬂce%g si@ s gugfratde by

e prese i nvention.. WO,
s s%a&smmmfbmﬁm A0DEY-Trpl batencpt. KigusoO0Ads @ point

L EELe 0T ARD 3 S leaRNp AR RS 7,
14, 21 and 28 days after left femoral artery resection. Data are expressed as the ratio
of the left (ischemic) to right (nonqschemlc} limb perfusion. Saline, n = 9 Ad-CMV-
Luc n=8; Ad-CMV-wt, n=9; Ad-CMV-Triple, n=7; Ad-PPE-Triple, n = 8. Figure
6B is a bar graph illustrating the percentage of mice showing toe necrosis by day 21 |
post-surgery. Flgure 6C illustrate representative photos of mice hindlimbs 21 days
post-surgery. Figure 6D are representative laser Doppler blood flow images of the
ischemic (left) and non-ischemic (right) limbs at day 28 post-surgery. In color-coded
images, normal perfusion is depicted in red while low and/or no perfusion in blue.

Figures 6E-F illusiraie representative CD31 staining (Figure 6E) and gquantitation

~ (Figure 6F) of capillaries from sections of gastrocnemius muscles 28 days after

femoral artery ligation. *p<0.01.

FIG. 7Ais a compérison of HRE-mediated transcription of HIF-1la expressing
adenoviruses in BAEC. BAEC were transfected with p2.1 HRE-Luc, followed 24h
later by infection with adenoviruses at MOI 20 or MOI 200. Data are expressed as
fuciferase light units (inean + S.D). ' '

FIG. 7B is a Western blot of HIF-1a in HeLa cells. Infection of Hela cells
with Ad-CMV-GFP, AD-CMV-wiHIF-1a, Ad-CMV-Triple or Ad-PPE1-3x-Triple, or
mock ihfection were carried out. Western blot was performed 48h following infection.

FIGs. 7C-G: In-vitro angiogenesis assay for HIF-lo expressing adenoviruses
in HUVEC. HUVEC were either mock infected (C), infected with Ad-CMV-GFP (D),
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Ad-CMV-wiHIE-10. (B), Ad-CMV-Triple (F) or Ad-PPE1-3x-Triple (G). Forty eight
hours later, in-vitro angiogenesis assay was performed. Figures C-G are
representative photographs of tube formation.

FIG. 7H: is a bar graph illustrating VEGF protein concentration of infected
HUVECs, as detennmed by ELISA and results are expressed as mean = SD. *p =
0.01 vs. Ad-CMV-wtHIF-1a.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is of HIF-1o, polypeptides and polynucleotides encoding

same, pharmaceutical compositions which comprise the same and methods of
producing and using same.

Specifically, the present invention can be used in the treatment of diseases
associated with 1schemia. "

Before explaining at {east one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application fo the details set forth in
the following description or exemplified by the Examples. The invention is capable
of other embodiments or of being practiced ot carried out in various ways. Also, itis
to be understood that the phraseoldgy and terminology employed herein. is for the
purpose of description and should not be regarded as limiting.

Hypokia—inducible factor 1o (HIF-1) is a heterodimeric transcription factor

anda key regulator of the response to low oxygen levels, and has been suggested as a

potential candidate for therapeutic angiogenesis. Stabilization of HIF-la may be

 achieved by point mutations P402A and P564G [Masson et al., 2001, Embo J 20,

5197-206] while constitutive act1v1ty of its C-transactivation domain (C-TAD} is
achieved by point mutation N8O3A [‘Lando et al., 2002, Science 295, 858-61].

While reducing the present invention to practice the present inventors
genetically engirieered a mutant form of HIF-1o combining the three point mutations
PAO2A P564G N803A (iriple mutant), renderihg HIF-i¢ both stable and
constitutively active. Surprisingly, the triple mutant showed a synergistic effect on
the expression of a reporter gene linked to a hypoxia response element as compared to
the two known double sitant forms of HIF-1a, as illustrated in Figures 1A-B. Thus,
the present inventors showed that constitutive activation of the I—]IF lo C-
transactivation domain, and not merely stabilization of the HIF la molecule is

essential for optimal HIF-mediated transcripion and proangiogenic effects.



10

15

20

25

30

phenyl al ani ne The F Proline Pro P Serine Ser S

Threonine Thr T tryptophan Trp [ '
I \ p tyrosine Tyr Y Val
Vol V Any ami no acid as above Xaa X Tabl ey2 e

wogﬁq&aﬁ@%oagégnt [ onal am no_ adlol Cogle Non- conv entRCaviakmmnemeso
Accordingly, the triple mutant HIF-la, or polynucleotide encoding same, of the
present invention can be used to treat diseases or conditions assoéiaied with
angiogenesis.

As illusirated in Figures 2G-H, the triple mutant of the present invention
shows a greater angiogenic potency than P402A P564G and P564A NBO3A double
mutants as demonstrated in in-vitro angiogenesis assays. Furthenndre, as illustrated
in Figures 4A-F, an adenovirus expressing the triple mutant HIF-10, of the present
invention showed enhanced blood perfusion and increased capillary density compared
with an adenovirus expressing wild-type HIF-1la and controls in a mouse hindlimb

ischemic model. A modified preproendothelin-1 promoter was shown to allow

- specific expression in ischaemic endothelial celis (Figures 3C and 3F). Expression of

the iriple mutant HIF-1o under the regulation of such a promoter reduced ectopic
expression and systemic side-effects as compared to‘ expression of the triple mutant
under the control of a constltut:lvely active promoter (Figures SA-N and 6A-D).

Thus, according to one aspect of the present mventlon, there is provided an

isolated polypeptide comprising an amino acid sequence encoding a polypeptide

 having a Hif-1a amino acid sequence, the polypeptide being stably exprcssed and

constitutively active.
As used herein, the phrase EITF-10" refers to at least an active portion of HIF-
1o (ie., a portion having HIF-la activity). Preferably the HIF-lo of the present

invention is human HIF-1q, e.g. GenBank Accession No: NMO001530.

As used heérein the phrase "HIF-1o activity” refers to at least the transcripiion
factor activity of HIF-la ie., the ability of HIF-la to trancriptionally up-regulate
target angiogenic genes. In order to function as a franscription factor, HiF-1q,
dimerizes with HIF-1p and binds co-factors such as P300. Accordingly the HIF-10 of
the present invention preferably comprises a _functional DNA binding domain and
functional co-factor and HIF-1p binding domains. The HIF-1e¢ of the present
invention does not have to comprise for example amino or carboxy terminal amino
acids since these terminal sequences are not required for HIF-1a activity.

As used herein, the phrase "constitutively active" refers to HIF-1a which
comprises transcriptiopal activity which is not regulated by the hypoxic state of the
cell. ' '

As used herein, the phrase "stably expressed” refers to a polypeptide which i§

not subject to an increase in proteosomal degradation in response to hypoxia.
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Hlppel-Lmdau (VIL). Preferably, the half life of the polypeptides of the present

invention are at least about 2 times greater, and even more preferably 5 times the half

life of the wild type polypeptides (i.e. not comprising a mutation).
~ According to a preferred embodiment of this aspect of the present invention,
the polypeptide of the present invention is at least 50 % homologous, more preferably

~at least 60 % homologous, more prefembly at least 70 % homologous, more

preferably at least 80 % homologous, and most preferably at least 90 % homologous
to SEQ ID NOQ: 3 and comprises a mutation at a position corresponding to proline 402
of SEQ ID NO: 3, a mutation at a position corresponding to proline at 564 of SEQ 1D
NO: 3 and a mutation at a position corresponding to asparagine 803 of SEQ ID NO: 3.

As used herein, the term "mutation” refers to an alteration in an amino.acid
sequence compared to the wild type sequence (GenBank Accession No: NM00153¢
(G1:31077212)

The mutation may comprise a deletion ora substitution. Exemplary mutations
include an alanine corresponding to proline at position 402, a glycine corresponding
to proline at position 564 and an alanine corresponding to asparagine at position 803.

Thus, according to & preferre& embodiment the polypeptide of tﬁe present
invention is as set forth in SEQ ID NO: 2.

In addition, the polypepide of the present invention may comprise other
conservative variations of SEQ iD NO: 3. | -

The phrase "conservative variation” as used herein refers to the“ replacement of

an amino acid residue by another, biologically similar residue. Examples of 7

- copservative variations include the substitution of one hydrophobic residue such as

isoleucine, valine, leucine, or methionine for another, or the substitution of one solar
residue for another, such as the substitution of arginine for lysine, giﬁtamic acid for
aspartic. acid, or glutamine for asparagine, and the like. The term "conservative
variation" also includes the use of a substituted amino acid in place of an
unsubstituted parent amino acid provided that antibodies raised- to the. substituted
polypeptide aiso immunoreact with the unsubstituted polypeptide.

Methods of protein éngineeri—ng e.g. displéy techniques- may be used to
uncover other mutations which impart stability and constitutive activity to the HIF-1a

of the present invention as well as active portions of HIF-1a.
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structures of a polysaccharide binding antibody to Cryptococcus neaformans and ifs -

'complex with a peptide from a phage dlsplay library: implications for the

1dent1ﬁcat10n of peptide mimotopes™ J Mol Biol 1997 Dec 12;274(4):622-34; G1ebcl
LB et al "Screening of cyclic peptide phage libraries identifies ligands that bind

_streptawdm with high affinities”" Biochemistry 1995 Nov 28;34(47):15430-5; Davies

BL et al., "Selection of specific phage-display antibodies using libraries derived from
chicken immunoglobulin genes" J Immunol Methods 1995 Oect 12;186(1):125-35;
Jones C RT al. "Current frends in molecular recognition and bioseparation” J
Chromatogr A 1995 Jul 14; 707(1) 3-22: Deng SJ et al. "Basis for selection of
improved carbohydrate-bindimg single-chain antibodies from synthetic genc libraries”
Proc Natl Acad Sci U S A 1995 May 23;92(11):4992-6; and Deng SJ ef al. "Selection
of antibody single-chain variable fragments with improved carbohydrate binding by
phage display“ J Biol Chem 1994 Apr 1:269(13):9533-8, which are incorporated
herein by reference. ' -

Other mutations which impart stability and constitutive activity fo the HIF-1a

of the present invention can aiso be uncovered using computational biology. For

| example, various mutated HIF-10 peptide sequences can be computationally analyzed

for an ability to impart stability and constitutive activity using a variety of three
dimensional computational tools. Software programs useful for-displayirig three-
dimensional structural models, such as RIBBONS (Carsorn, M., 1997. Methods in
Enzymology 277, 25), O (Jones, TA. et al., 199i. Acta Crystallogr. A47, 110), DINO
(DINO: Visualizing Structural Biology (2001) hitp//www.dino3d.org); and
QUANTA, INSIGHT, SYBYL, MACROMODE, ICM, MOLMOL, RASMOL and
GRASP (reviewed in Kraulis, J., 1991. Appl Crystallogt. 24, 946) can be utilized to
model prospective mutant peptide sequences to identify useful mutations.

The term "polypeptide” as used herein encompasses native polypeptides
(either degradation products, synthetically synthesized polypeptides or recombinant
polypeptides)  and peptidomimetics (typically, synthetically synthesized
polypeptxdes) as well as as peptoids and semipeptoids which are polypeptide analogs,
which may have, for example, modifications rendering the polypepudes more stable
while in a body or more capable of penetrating into cells. Such modifications include,

but are pot limited to N terminus modification, C terminus modification, polypeptide
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'bond::m% luﬂﬁ Divat TiBked o, iCHR-Rpk GH2-S, CH2-8=0, O=C-

NH, CH2-Q, CHZIC?IEIZ yl—% %HI ?Z%I—l(\ZItHr Iore &%—CH backbone modifications, and
residue modification. Methods for prepanng peptidomimetic compounds are well
known in the art and are specified, for exaniple, in Quaniitative Drug Design, C.A.
Ramsden Gd., Chapter 17.2, F. Cboplin Pergamon Press (1992), which is
incorporated by refereuée as if fuily set forth herein. Further details in this respect are
provided hereinunder.

Polypeptide bonds (-CO-NIE) within the polypeptide may be substltuted, for
example, by N-methylated bonds (- N(CH3)-CO-), ester bonds (—C{R)H—C—O -O-C(R)-

N -), ketomethylen boods (—CO-CH2—), o-aza bonds (-NH-N(R)-CO-), wherein R is
* any. alkyl, €. methyl, carba bonds (-CH2-NI¥-), hydroxyethylenc bonds (-CH(OH)-

CH2-), thloarmde bonds (-CS-NH-), olefinic double bonds (-CH=CH-), retro amide
bonds (-NH-CO-), polypeptide derivatives (-N(R)-CH2-CO-), wherein R is the
"normal" side chain, naturally presented on the carbon atont.

These modifications can occur at any of the bonds along the polypeptide chain
and even at several (2-3) at the same time. '

Natural aromatic amino acids, Trp, Tyr and Phe, may be substituted for
synthetic non-natural acid such as Phenylglycine, TIC, naphthylelanine {Nolj, ring-~
methylated derivatives of Phe, halogenated _derivatives of Phe or o-methyl-Tyr.

In addition to the above, the polypeptides of the present invention may also
include one or more modified amino acids or one or more non-amino acid monomers
(e.g. fatty acids, complex carbohydrates etc).

As used herein in the specification and in the claims section below the term
"amino acid® or “amino acids" is understood to include the 20 naturally occurring
amino acids; those amino acids often modified post-translationally ir vivo, including,
for example, throxyprolme phosphoserine and phosphothreonine; and other unusual
amino acids including, but not limited to, 2-aminoadipic acid, hydroxylysme
isodesmosine, nor-valine, nor-leucine and ornithine. Furthermore, the term "amino
acid" includes both D- and L-amino acids.

Tables 1 and 2 below list naturally occurring amino acids (T able 1) and non-
conventional or modified amino acids ('l:_able 2) which can be used with the present

inventon.
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Amino Acid Three-Letter One-letter Symbol
Abbreviation ]

alanine Ala A

Arginine Arg’ R

Asparagine Asn N

Aspartic acid Asp b

Cysieine Cys C

Glutamine Gin Q

Glutamic Acid Glu B

glycine Gly G

Histidine His - ‘H

isoleucine lie I

leucine Leu L

Lysine Lys K

Methionine Met M

phenylalanine Phe F

Proline Pro P

Serine Ser S,

Threonine Thr T

fryptophan. Tip W

tyrosing - Tyr Y

Valine Val v

Any amino acid as above Haa, X

Table 2
MNen-conventional amive | Code Non-conventional amino Code
acid acid -
a-aminobutyric acid Abu L-N-methylalanine Nmala
o ~AIHine- a - Mgab L-N-methylarginine - Nmarg
methylbutyrate u
amingeyciopropane~ Cpro L-N-methylasparagine Nmasn.
carboxylate L-N-miethylaspartic acid Nmasp
' aminoisobutyric acid Aib L-N-methyloysieine Nmcys
aminonorbomyl- Norb L-N-methyiglutamine Nmgin
carboxylate L-N-methylglutamic acid Nmglu
cyclohexylalaning Chexa L-N-methylhisiidine Nmhis
cyclopentylalanine Cpen L-N-methylisolleucine Nrile
D-alanine Dal 1-N-methylleucine Nmleu
D-arginine " Darg L-N-methyllysine Nmlys
D-aspartic acid Dasp -N-methylmethionine  Nmmet
- D-gysteine Deys L~N-methylnoileucine Nmnle
D-glutamine Dgln L-N-methylnorvaline Nmova
D-glutamic acid Dglu L-N-methylotnithine Nmorn
D-histidine Dhis L-N-methylphenylalanine Nmphe
D-isolencine Dile L-N-methylproline Nmpro
DHeucine Dlen L-N-methylserine Nmser
D-lysine Dlys L~N-methylthreoning Nmthr
D-méthionine Dimet L-N-methyltryptophan Nmtip
D-oraithine Dom L-N-methyltyrosine Nmtyr
D-phenyiatanine Dphe L-N-methylvaline Nrval
D-proline Dpro L-N-methylethylglycine Nmetg
D-serinie Dser L-N-methyl-t-buiylglycine Nmtbug
D-threonine Dithr L-notleucine Nie
D-iryptophan Dtrp L-norvaline Nva
D-tyrosine Diyr o -methyl-aminoisobutyrate Maib
D-valine Dval 0. -methyl-y-aminobutyrate Mgabu
D- ¢ -methylalanine Dmala ¢ ethylcyclohexylalanine Mchexa
D- ¢ -methylarginine Dmar o -methylcyctopentylalanine Mepen
£

D- ¢ -methylasparaging Dmas 0. -methyl- o -napthylalanine Manap
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D- ¢ -methylcysteine Dmey N-(4-aminobutyljglycine Nglu
5
D o -methylglutamine Dmgl N-{2-aminoethyl)giycine Naeg
n
D- o -methylhistidine Dmhis | N-(3-aminopropyl)glycine Noem
D- g -methylisoleucine Dmile §- N- amino- ¢ -methylbutyrate Nmaabu
D- o -methylieucine Dmie ¢ -napthylalanine Anap
u
D- o -methyliysine Pmiys N-benzylglycine - Nphe
D- o -methylmethionine ) Dmm N—(z—(;arbamylethyl)glycinc Ngin
- et .
D- ¢ -methytornithine Dmor N-(carbamylmethylglycine Nasn
n
D~ ¢ -methyiphenylalanine Dmph N-(2-carboxyethyhglycine Ngiu
e .
D- o -methylprofine Dimnpr N-(carboxymethyl)glycine Nasp
o
D- g ~methyiserine Dmser | N-cyclobutylglyeine _Nebut
D- o -methylthreonine PDmthr N-cycloheptylglycine Nchep
D- a -methyltryptophan Dmirp N-cyclohexylglycine Nchex
D- g -methyliyrosine Dty N-cycledecylglycine Ncdeo
D- o -methylvaline - Dmva N-cyclododeclglycine Nedod
1
D- ¢ -methylainine Duma N-cycloactylglycine Neoct
Ia .
D- o -methylarginine Dnma N-cyclopropylglycine Nopro
. iz
D- o -methrylasparagine Dnma N-cycloundecylglycine Neund
sn
D~ ¢ -methylasparatate Dnma N-(2,2-diphenylethyl)glycine Nbhm
sp
D- o -methylcysteine Dnme N-(3,3-dipheaylpropyl)glycine Nbhe
ys
D-N-methylleucine Dol N-(3-indolylyethyl) glycine Nhtrp
(=193 .
D-N-methyllysine s Pnml N-methyl-Y-aminobutyrate Nmgabu
N-methylcyclohexylalanine Nmch D-N-methylimethionine Dnmmet
exa ‘
D-N-methylornithine Dnmo N-methylcyclopentylalanine Nmopen
m
N-methyiglyeine Nala D-N-metbylphenylaianine Danmphe
N-methylaminocisobutyrate Nmai D-N-methylproline Dnmpro
: 1b
N-(1-methylpropyl)glycine Nile D-N-methyiserine "~ Dnmser
N-{2-methylpropyljglycine Nile D-N-methylserine Dnmser
N-(2-methylpropyl)glycine Nieu D-N-methylthreonine Dnmithr
D-N-methylteyptophan Domir N-{1-methylethyl}glycine Nva
. p .
D-N-methyltyrosine Dnmt N-methyla-napthylalanine Nmanap
yr )
D-N-methyivaline _ Dnmy N-methylpenicillamine Nmpen
. al
y-aminobutyric acid Gabu N-{p-hydroxyphenyl)glycine Nhtyr
L-t-butyigtycine Thug N-{thiomethyl)glycine Noys
L-sthylglycine Etg penicillamine Pen
{-homophenylalanine "~ Hphe L- ¢ -methylalanine Mala
L- o -methylarginine Marg L~ o -methylasparagine Masn
L~ ¢ -methylaspartaie Masp L~ ¢ -methyl-t-butyiglycine Mibug
L- o -methylicysteine Mcys L-methylethylglycine Metg
L- o thylglutamine Mgln L~ o -methyighitamate Mglu
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DA ¢-methylisolencine Tl Hie | “N—(z-mem‘ﬂthméﬂﬁf)él’%fné e
D-N-methylglutamine - Dnmg | N-(3-guanidinopropyDglycine MNarg
In :
D-N-methylgiutamate Dnmg, N-{1-bydroxyethyl)glycine Nihr
) fu
D-N-methylhistidine Dnmhb | N-(hydroxyethyiglycine Nser
‘ is .
D-N-methylisoleucine Domil N-(imidazolylethyl)glycine Whis
. o .
D-N-methylieucine Dnmt N-(3-indolylyethyl)glycine Nhirp
eu
D-N-methyllysine - Domlt N-methyl-y-aminobutyrate Nmgzbu
ys
N-methylcyclohexylalanine Nmch D-N-methylmethionine Pnmmet
exa
D-N-methylornithine Dnmo N-methylcyclopentylaianing Nmcpen
m ) :
N-méthylglycine © Nala D~N-methylpheny!alanine Domphe
N-methylaminoisobutyrate Nmai ~ D-N-methylproiine Dampro
b
N-(I-methylpropyl)glycine Nile D-N-methiylsering Dmmser
N-(2-methyipropylglycine Nleu D-N-methylthreonine ___ Dnmthr
VD-N—meﬂlyllIyptophan ' Dnmir N~ I-methylethyl)glycine . Nval
p .
D-N-methyltyrosine Dnmt N-methyla-napthytalanine Nmanap
yr ) i
" D-N-methylvaline Damy | N-methylpeniciliamine ’ - Nmpen
al ' ‘
Y-aminobutyric acid Gabu N-(p-hydroxypheny!)gtycine Nhtyr
L-i-butylglycine Tohug - Ne{thiotnethyl)glvcine Ncys
L-ethylglycine Etg peticillamine "~ Pen
L-homophenylalanine ] Hiphe - ¢ -methylalanine Mala
1.- o -methylarginine 1 " Marg 1~ & -methylasparagine Masn
L~ ¢ -methylaspartate ) Masp L- a -methyl-s-butylglycine Mibug
L~ a -methyleysteine Mcys L-methylethylgiveine Maetg
L+~ o -methylgiutamine Mgln | L- « -meethylgluiamate _ Mgiu
L~ o gthythistidine Mhis | L- 13 —_— Mhphe
) : methythomophenylalanine - :
L- ¢ thylisoleucing ] ] Mile N-(2-methylthioethyl)glycine Nmet
L~ o -methylleucine © Mieu L~ o ~-methyllysine Miys
L- o« -methylmethionine Mmet 1.- ¢ -methylnorieucine Mnle
L- o -methyinorvaline Mava L~ a -methylornithine Motn
L- i -methyiphenylalanine ~ Mphe : L- o -methylproline Mpro
L- o -methylserine mset L- o -methylthreonine Mithr
L- o ethylvaline Mirp L- ¢ -methyltyrosineg - Miyr
L~ o -methyllsucine Mval L-N- Nmhphe
‘Nobhin methylhomophenylakanine
N-(N-(2,2-diphenylethyl) N-(N-{3,3-diphenyipropyl}
carbamylmethyl-giycine Nunbh, carbamylmethyl(1)glycine Nabhe
m _ :
L-carboxy-1-(2,2-diphenyt Nmbec
ethylamino)cyclopropans
Table 2 Cont.

The isolated polypeptides of present iavention can be biochemically
syntheswed such as by using standard solid phase techniques. These methods include
exclusive solid phase synthesxs partial solid phase synthes1s methods, fragment

condensation, classical solution synthesis. These methods are preferably used when it
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' synthemzed

Solid phase polypeptlde synthesis orooedures are well known in the art and |
farther described by John Morrow Stewart and Janis Dillaha Young, Solid Phase
Polypeptide Syntheses (2nd Ed., Pierce Chemical Company, 1984).

Synthetic polypeptides can be purified by preparative high performance hqmd
chromatography [Creighton T. (1983) Proteins, structures and molecular principles.

" WH Freeman and Co. N.Y.] and the composition of which can be confirmed via

amino acid sequencing.

Recombinant techniques are preferably used to generaie the isolated
polypeptides of the present invention since these techniques are better suited for
generation of relatively long polypeptides (e.g., longer than 20 apino acids) and large
amounts thereof. Such recombinant techniques are described by Bitter et al., (1987)
Methods in Enzymol. 153:516-344, Studier et al. (1990) Methods in Enzymol.

- 185:60- 89, Brisson et al. (1984) Nature 310 511-514, Takarnatsu ct al: (1987) EMBO -
J.6 307-311, Coruzzi et al. (1984) EMBO 1. 3:1671-1680 and Brogli et al., (1984)

Science 224:838-843, Gurley et al. (1986) Mol. Cell. Biol. 6:559-565 and Weissbach
& 'Welssbach, 1988, Methods for Plant Molecular Biology, Academic Press, NY,
Section VIIIL, pp 421-463. |

These techniques may be used 1o generate the polypeptide of the present
i_nvention in vitro, ex Vvivo and in vivo (the latter two are further described
hereinbelow). ' '

To produce an isolated HIF-lo. polypeptide of the present invention using
recombinant technology, an isolated polypucleotide comprising 2 nucleic acid
sequence encoding such a polypeptide. may be used. An exemplary nucleic acid
sequence is set forth in SEQ ID NO: 1.

The term "nucleic acid sequence” refers to a deoxyribonucleic acid sequence
composed of naturally-occurring bases, sugars and covalent internucleoside linkages
(e.g., backbone) as well as oligonucieotides having non—natura.liy—occumng poruons
which function similarly to respective paturally-occurring  portions.  Such
modifications arc enabled by the present invéﬂtion provided that recombinant

expression is still allowed.
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polynucleotide sequence and/or a -composite polynucleo’tlde sequences (e.g., a -
combination of the above).

As used herein the phrase "complementary poiynucleotlde sequence" refers to
a sequence, which results from reverse transcription of messenger RNA using a
reverse transcnptase or any other RNA dependent DNA polymerase. Such a
sequence can be subsequently amplified in vivo or in vitro using a DNA dependent
DNA polymerase.

As used herein the phrase "genoxﬁic polynucleotide sequence” refers to a
sequence derived (is_oléied) from a chromosome and thus. it represents a contiguous
portion of a chromosome. |

As used herein the phrase "composite polynucleotide sequence” refers fo a
sequence, which is at least partially complementary and at least partially genomic. A
composite sequence can include some exonal sequences required to encode the
polypeptide of the present invention, as well as some intronic sequences interposing
therebetween. The intronic sequences cap be of any source, including of other genes,
and typically will include comserved splic'uig signal seqﬁences. Such intronic
sequences may further include cis acting expression ré:gulatory elements.

In order to generate the HIF-la polypeptides of the present invention using
recombinant techniques, the polynucleotides encoding same are ligated into nucleic
acid expression vectors, such that the polynucleotide sequence is under the
transeriptional conirol of a cis-regulatory sequence (e.g., promoter sequence).

A variety of prokaryotic or eukaryotic cells can be used as host-expression
systems to express the polypeptides of the present invention. These include, but are
not limited to, microorganisms, such as bacteria transformed with a recombinant
bacteriophage DNA, plasmid DNA or cosmid DNA expreésion vector containing the
polypeptide coding sequence; yeast transformed with recombinant yeast expression
vectors containing the polypeptide coding sequence; plant cell systems infected with
recombinant virus expression vectors (e.g., cauliflower mosaic virus, CaMV; tobacco
mosaic virus, TMV) or transformed with recombinant plasmid expression vectors,’
such as Ti plasmid, containing the polypeptide coding sequence.

Constitutive promoters suitable for use with this embodiment of the present

invention include sequences which are functional (ie., capable of directing
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Induclble promoters suitable for use with this embodiment of the present
invention include for example the tetracyclme-mdumble promoter (Srour, M.A., et al.,
2003. Thromb. Haemost. 90: 398-405). |

- The expression vector according to this embodiment of the present invention
may include additional sequences which render this vector suitable for replication and
integration in prokarjotes, eukaryotes, or preferably both (e.g., shuttle vectors).
Typical cloning vectors contain transcription and translation initiation sequences (e.g.,
promoters, enbances) and transcription and translation terminators (e.g.,
polyadenylation signals).

Fukaryotic promoters typically contam two iypes of recognition sequences,

~ the TATA box and upstream promoter elements. The TATA box, located 25-30 base

pairs upstream of the transcription initiation site, is thought to be invalved in directing

‘RNA polymerase to begin RNA synthesis. The other upsiream promoter elements

determine the rate at which transcription is initiated.

Enhancer elements can stimulate transcription up to 1,000 fold from linked
homologous or heterologous promoters. Ephancers are active when placed
downstream or upsﬁeam from the transcription initiation site. Many enhancer
eiéments derived from viruses have a broad host range and are active in a variety of
tissues. For example, the SV40 early gene enhancer is suitable for many cell types.
Other enhancer/promoter combinations that are suitable for the present invention
include those derived from polyoma virus, human or murine cytomegalovirus (CMV),

the long term repeat from various retroviruses such as murine leukemia virus, murine

. or Rous sarcoma virus and HIV. See, Enhanocers and Eukaryotic Expression, Cold

Spring Harbor Press, Cold Spring Harbor, N.Y. 1983, which is incorporated herein by
reference. o

Polyadenylaﬁon sequences can also be added to the expression vector in order
to increase the translation efficiency of a polypeptide expressed from the expression
vector of the present invention. Two distinct sequence clements are required for
accurate and efficient polyadenylation: GU or U rich sequences located downstream
from the polyadenyiation site and a highly conserved sequence of six nucleotides,
AAUAAA, located 11-30 nucleotides upstream. Termination and p_oiyadenylation

signals that are suitable for the present inventioh_include those derived from SV40.
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increase the level of expression of cloned nucleic acids or to facilitate the
identification of cells that carry the recombinant DNA. For example, a number. of
animal viruses contain. DNA sequences that promote the extra chromosomal

replication of the viral genome in permissive cell types. Plasmids beanng these v1ra1

~ replicons are replicated episomally as long as the appropriate factors are provided by

genes either carried on the plasmid or with the genome of the host ceil.

The vector may or may not include a eukaryotic replicon. If a eukaryotic
replicon is present, then the vector is amplifiable in euLaryotlc cells using the
appropriate selectable marker. If the vector does not comprise a eukaryot1c replicon,
no episomal amplification is possible. Instead, the recombinant DNA integrates into
the genome of the eﬁgineered cell, where the profnoter directs expression of the
desired nucleic acid.

The expression vector of the present invention can further include additional
polynucleotide sequences that allow, for example, the translation of several pro_teins'
from a single mRNA such as an internal ribosome entry site (IRES) and sequences for
genomic mtégration of the promoter-chimeric polypeptide.

Examples for mammalian expression vectors include, bui are not limited to,
pcDNA3, pc_:DNAB.l(M-), pGL3, pZeoSV2(+-), pSecTag?, pDisplay, pEF/myc/cyto,
pCMV/myc/cyto, pCR3.1, pSinRepS, DH26S, DHBB, pNMT1, pNMT41, pNMTSI,
which are available from Invitrogen, pCl which is available ﬁoﬁl Promega, pMbac,

- pPbac, pBK-RSV and pBK-CMV which are avallable from Strategene pTRES which

is available from Clontech, and their derivatives. ‘
Expression vectors containing regulatory elements from eukaryotic viruses
such as retroviruses can also be used by the present invention. SV40 vectors include
pSVT7 and pMT2. Vectors derived from bovine papilloma virus include pBV-
{MTHA, and vectors derived from Epstein Bar virus include pHEBO, and p205.
Other exemplary vectors include pMSG, pAV009/A+, pMTO10/A”, pMAMneo-S,
baculovirus pDSVE, and any other vector allowing expression of proteins under the
direciion of the SV-40 early promoter, SV-40 later promoter, metallothionein
promoter, murineé mammary tumor virus promoter, Rous sarcoma virus promoter,
polyhedrin promoter, or other promoters-shown effective for expression in eukaryotic

cells.
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N- ( FW?% H.{ ﬁﬂﬁ% qlsy C’Itorl?éﬂ;rg&hce the expression vector of the present
invdatibh rlﬂbh@elﬂhj sBuahi methiods memrﬂl?y desoriast WS?IQPS?@( ifé al,
Moi\lsular Cloning: A Laboratory Manual, Cold Springs Harbor- Laboratory, New

York (1989, 1992), in Ausubel et al., Current Protocols in Molecular Biology, John
Wiley and Sons, Baltimore, Md. (1989), Chang et al, Somatic Gene Therapy, CRC
Press, Ann Arbor, Mich. (1995), Vega et al., Gene Targeting, CRC Press, Ann Arbor
Mich. (1995), Vectors: A Survey of Molecular Cloning Vectors and Their Uses,
Butterworths, Boston Mass. (1988) and Gilboa et at. [Biotechniques 4 (6): 504-512, '
1986] and include, for example, stable or transient transfection, lipofection,
electroporation and infection with recombinant viral vectors. In addition, see U.S.
Pat. Nos. 5,464,764 and 5,487,992 for posmve-neganve selection methods.
Transformed cells are cultured under effective conchtlons, which a]low for the
expression of high amounts of recombinant polypeptide. Effective culture conditions
include, but are pot limited to, effective média, bioreactor, temperature, pH and
oxygen conditions that permit proteiﬁ productioﬁ. An effective medium refers to any
medjum in which a cell is cultured to produce the recombinant polypeptide of the
present invention. Such a medium typically includes an aqueous solution having
assimilable carbon, nitrogen and phosphate sources, and approptiate salts, minerals,
metals and other nutrients, such as vitamins. rCells of the present invention can be
cultured in conventional fermentation bioreactors, shake flasks, test tubes, microtiter

dishes and petri plates. Culturing can be carried out at a temperature, pH and oxygen

* content appropriate for a recombinant cell. Such culturing conditions are within the

expertise of one of ordinary skill in the art.

Tt will be appreciated that other than containing the necessary elements for the
transcripﬁon and translation of the imserted coding ‘sequence (encoding ' the
polypeptide), the expression construct of the present invention can also include
sequences engineered to optimize stability, production, pusification, yield or activity
of the expressed polypeptide. |

Depending on the vector and host system used for production, resulant
polypeptides of the present invention may either remain within the recombinant cell,
secreted into the fermentation medium, secreted info a space between two cellular
membranes, such as the periplasmic space in E. coli; or retained on tﬁe outer surface

of a cell or viral membrane.
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The phrase "recovering the recombinant polypeptide” used herem refers to
collecting the whole fermentation medium containing the polypeptide and peed not
imply additional steps of separation or pm‘xﬁcatlon -

Thus, polypeptldes of the present invention can be purlﬁed using a varietj/ of
standard protem purification techniques, quch as, but not limited to, affinity
chromatography, ion exchange chromatography, filtration, elecirophoresis,
hydrophobic interaction chromatography, gel filtration chromatography, reverse phase
chromatography, concanavalin A chromatography, chromatofocusing and differential
solubilization.

To facilitate recovery, the expressed coding sequence can be engineered to

‘encode the polypeptide of the present invention and fused cleavable moiety. Such a

fusion protein can be designed so that the polypeptide can be readily isolated by
affinity chromatography; e.g.. by immobili:zation on a column speciﬁé for the
cleavable moiety. Where a cleavage site is cngmeered between the polypeptide and
the cleavable moiety, the polypeptide can be released from the chromatographlc
column by treatment with an appropriate enzyme ot agent that specifically cleaves the
fusion protein at this site [e.g., sec Booth et al., Immunol. Lett. 19:65-70 (1988}, and
Gardella ef al., J. Biol. Chem. 265:15854-15859 {1990} -

Following production of the polypeptides of the present invention, antibodies
may be generated that specifically recognize the mutant forms and not the native
forms. Such antibodies may be of use for verifying expression thereof.

Since the polypepﬁdes of the present invention comprise angiogenic effects,
they may be used in the treatment a disease or condition associated with ischemia.

“Thus, according to another aspect of the present invention, there is provided a
method of ireating a disease or condition associated with ischemia, the method
comprising administering to 2 subject in need thereof a therapeutically effective
amount of an agent capable of upregulating the polypeptides of tﬁe present invention.

As used herein the term "treating" refers to preventing, alleviating or
difnimshmg a symptom associated with an angiogenesis-related disease. Preferably,
treating cures, e._g., substantially eliminates, the symptoms associated with the

angiogenesis-related disease.
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As used herein, the term "hypoxia" refers to a state of reduced oxygen. This
can occur when the lungs are compromised or blood flow is reduced.

As used herein, the term "ischemia” refers to a reduction in blood flow, which
can be caused by the obstruction of an artery or vein by a blood clot (thrombus) or by
any foreign circulating matter (embolus), or by a vascular disorder such as
atherosclerosis. Alternatively, ischemia can be caused when the artery is not
obstructed but target tissué demand for oxygen is increased relative to supply.
Reduction in blood flow can have a sudden onset and short duration (acute ischemia),
or can have a slow onset with long duration or frequent recurrence (chronic ischemia).
Acute ischemia is often associated with regional, irreversible tissue necrosis (an

infarct), whereas chronic ischeinia is usually associated with transient hypoxic tissue

_injury. If the decrease in perfusion is prolonged or severe, however, chronic ischemia

can also be associated with-an infarct. Infarctions commeonly occur in the splr—.;en,
kidney, lungs, brain, and heaﬁ,- prbdubing disorders such as intestinal infarction,
pulmonary infarction, ischemic stroke, and myocardial infarction.

The present invention thus cleatly conteinplates methods that can be applied to
the treatment of medical conditions associated with any ischemic event, whether
acute, transient or chronic. Acute ischemic events can include those associated with
surgery, organ transplantation, infarction (e.g., cerebral, intestinal, myocardial,
pulmonary, etc,); trauma, insult, or injury, etc. Chronic events associated -with
ischemia can include hypertension, diabetes, occlusive arterial disease, chronic
venous insufficiency, Raynaud's disease, cirthosis, congestive heart failure, systemic
sclerosis, cic.

Other diseases or disorders associated with ischemia include but are not
limited to wound -healing, gastrointestinal lesions, autoimmune diseases and
neurodegenerative disorders. '

Examples of specific conditions include, but are not limited to, wound healing,
ischemic 'stroke, ischemic heart disease, peripheral vascular disease, renal artery
disease, gastrointestinal lesions, burns, skdn - transplantation, vascular grafts, organ
repair {e.g., ex vivo and in vivo), bone reparative disorders, liver disorders, uterine

disorders, ocular angiogenesis disorders, (i.e. retinal detachment, age related macular
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According to one embodiment, agents capable of upregulating the

" polypeptides of the present invention are the HIF-lo polypeptides of the present

invention i.c. the po‘ljrpepﬁdes‘ are generated and subsequently administered to a
subject. Methods of generating the isolated polypeptides of the present invention are
described hereinabove. ‘

Since it is preferable that the HIF-1a polypeptides of the present invention are
provided at the site of the angiogenesis (i.e. proliferating endothelial celis), preferably
the polypeptides are delivered locally or comprise a targeted delivery system {(e.g.
targeted liposomes). -

A particularly preferred method of targeting the HIF-la polypcptides of the
present invention to the site of angiogenesis is by targeted gene therapy.

Gene therapy as used herein refers to the transfer of genetic material {e.g.
DNA or RNA} of interest into a hdst to treat or prevent a genetid or acquired disease

or condition or phenotype. The genetic material of interest encodes a product (e.g. a

_protein, polypeptide, peptide, functional RNA, antisense) whose production in vivo is

desired. For example, the genetic material of interest can encode a hormaone, receptor,
enzyme, polypeptide or peptide of therapeutic value. For review see, in general, the
text "Gene Therapy" (Advanced in Pharmacology 40, Academic Press, 1997).

Two -basic approaches 1o gene therapy have evolved: (1) ex vivo and (2) in
vivo gene therapy. In ex vivo gene therapy cells are removed from a patient, and
while being cultured are treated in vitro. Generally, a functional replacement gene is
introduced into the cell via an appropriate gene delivery vehicle/method (transfection,
iransduction, honiologous recombination, etc.) and an expression system as needed
and then the modified cells are expanded in culture and returned to the host/patient.
These genetically reimplanted cells have been shown to express the transfected
genetic material in sitt. The cells may be autologous or non-autologous to the
subject. Since nen-autologous cells are likely to induce an immune reaction when
administered to the body several approaches have been developed to reduce the
likelihood of rejection of non-autologous cells. These include either suppressing the
recipient immune system or encapsulating the non-autologous cells In

immunoisolating, semipermeable membranes before transplantation.
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in situ, that is within the recipient. In an alternative embodiment, if the host gene is
defective, the gene is repaired in situ (Culver, 1998. (Abstract) Anfisense DNA &
RNA based therapeutics, February 1998, Coronado, CAJ. '

These genetically altefed cells have been shown to express the transfected
genetic material in situ. |

To confer specificity, preferably the nucleic acid constructs used to express
the polypeptides of the present invention comprise endothelial cell-specific promoter
sequence elements. The erdothelial specific promoter element may include, for
example, at least one copy of the PPE-1 promoter as set forth in SEQ 1D NO: 4.
Examples of suitable promoters/enhancers which can be utihzed by the nucleic acid
construct of the present mivention include the endothelial-specific promoters:
preproendothelin-1, PPE-1 promoter (Harats D, T Clin Invest. 1995 Mar;95(3):1335-
44),, the PPE-1-3x promoter [PCT/IL01/01059; Varda-Bloom N, Gene Ther 2001
Jun;8(11):819-27], the TIE-1 (S79347, S79346) and the TIE-2 (U53603) promoters
[Sato TN, Proc Natl Acad Sci U § A 1993 Oct 15;90(20):9355—8], the Endoglin
promoter [Y11653; Rius C, Blood 1998 Dec 15;92¢12):4677-90], the von Willebrand
factor [AF152417; Collins CJ Proc Natl Acad Sci U S A 1987 Jul;84(13):4393-7}, the
KDR/flIk-1 promoter [X89777, X89776; Ronicke V, Circ Res 1996 Aug;79(2):277—
851, The FLT-1 promoter [D64016 AJ224863; Morishita K, : J Biol Chem 1995 Nov
17;270(46):27948-531, the Egr-1 promoter {AJ245926; Sukhatme VP, Oncogene Res
1987 Sep-Oct;1(4):343-55], the E-selectin promoter [Y12462;Collins T J Biol Chem
1991 Feb 5;266(4):2466-73], The endothelial adhesion molecules promoters: ICAM-1
[X84737; Horley KI EMBO J 1989 Oct;8(10):2889-96], VCAM-1 [M92431;
lademarco MF , J Biol Chem 1992 Aug 15;267(23):16323-9], PECAM-1 [AJ313330
X96849; CD31, Newman PJ, Scienc.e 1990 Mar 9;247(4947):1219-22], the vascular
smooth-muscle-specific elements: CArG box X53154 and aortic carboxypeptidase-
like protein (ACLP) promoter [AF332596;Layne MD, Circ Res. 2002; 90: 728-736]
and Aortic Preferentially Fxpressed Gene-1 [Yen-Hsu Chen J. Biol. Chem., Vol. 276,
Issue 50, 47658-47663, December 14, 2001]. Other suitable endothelial specific
promoters are well known in the art, such as, for example, the EPCR promoter (US
Patent Nos. 6,200,751 to Gu et al) and the VEGF promoter (US Patent Application
5,916,763 to Williams et al).
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virions that bud off and infect neighboring cells. The result is that a large arca
bécomes rapidly infected, most of which was not initially infected by the original
viral particles. This is in contrast to vertical-type of infection in which the infectious
agent spreads only through daughter progeny. Viral vectors can also be produced that
are unable to spread laterally. This characteristic can be useful if the desired purpbse

- is to introduce a specified gene into only a Jocalized pumber of targeted cells.

As described above, viruses are very specialized infectious agents that have
evolved, in many cases, to elude host defense mechanisms. Typically, viruses infect
and propagate in specific cell types. The targeting specificity of viral utilizes its
natural specificity of viral vectors utilizes its natural specificity to specifically target
predetermined cell types and thereby introduce a recombinant gene into the infected
cell. The vector to be used in the methods of the invention will depend on desired cell
type to be targeted and will be known to those skilled in the art.

_ It will be appreciated that although adenoviruses a;ie employed in the
experiments described in examples presentéd hereinbelow, the constructs of the
present invention could be easily adapted by those of ordinary skill in the art to other

viral delivery systems.
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15 Methods in Enzynol. 153:516-544, Studier et al.
(1990) Methods in Enzynol. 185:60-89, Brisson et al..
(1984) Nature 310:511-514, Takamatsu et al. (1987)
wobBbMB@1sk75 6: 307-311, Conini et al. (1984) EMBOTHL2007/000959
3:1671-1680 and Brogli et28al., (1984) Science
224:.838-843, Qurley et al. (1986) Mdl. Cell. Biol.
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Pm-'g&%?”"‘lﬁhﬁ&ﬁ & 5'&@5&% &ay 3rifcReshat 43 FesAe)ilngoMalntain a -

S 0l i gonucl eot |

aving non-natural |l y-occurrin
. gemid agntemfiire badnghprocend ©ravish rbspauest F@%‘Bé@? infgotion. The

nat ural | y-occurti.ng | ' kb C ahd 98 8aladelo
spe B o aal Abbi H e B C Tt | °
ard £160 WhbWRRLd @uudile avhibibld siithini the @ bowatbe cptructed by one
2008/ 015675PCT/ 007/00g%%9 19 A nucleic acid
skifladiidhe art g5ingPRl-kpa R BEBIO8PI98 1 0 this aspect of die .
pr leg%g txjaﬂé_ﬂg&ﬁdn%f ceROwhE c%?\ﬁt)amlﬂg epiicaiing adenoviral vectors 1
pol ynudeot i de sequence (c . agenomc . . .. . .
signiflopnilsc st !Cﬁéc@éqlﬁeﬁ&’é% 2Rl s ang &Rﬁg_@iﬂf gviral infection, the
nu {cya@ﬁéogﬁfdcg&ngﬁcgm&ﬁd{tﬁmﬁiy replica@AR bdwdbiioms. of t he
above). 5As used herein the phrase "conpl enentary )
pol Viihe ciérat vateors equieming the endgthcliah cell spegiiic REQMOTGE; £ 280
resylts from.rev L | JEe rof RNA viral
bel Gl 2ooPROR 0 T Sl ABPRLIYS) O exblndil GRAIR of N vir
veBloRENSIRAt afPNbached ydudes shorSumsiptide sisgudnead cian Bgpecific or

.subsequently anpljfied,. VO, Of + kR Vi | R gsR2001).
oifoRp g oRTERE STREPOEy Ny ek R Moleskleh Tty RxR2000
phr ggen0195paMsnAQbisRucbaiics I timausenideventioh earsbe progided
sequence ‘derived (isol ated) froql chron%sonqﬁgﬂgﬁinﬁﬁd
to thhruindividuebpar 86 Mta8 PATEQ ﬁtﬂ%‘ﬁ%ﬁ?g“ k?g]r?q‘%’s Py
Wﬁ@%g DS QB AR 448 ggﬁéﬁwhthe phrase "conposite
pol'ynucl eot' sequence” refers to a sequence, whic
i s aks hedderepan t‘j)]anngqeg’@% lcompRigny 18i8F 1912 preppgguon of one
parti enom ¢4 bk et Chemitdl onents
o1 ‘ﬁeﬁetfgjethé 6‘%‘@'%‘?%'}16%16&3 (]e% ﬁ“%ﬁ’gg 21 %erté‘g Hﬁ?‘?‘gdé to encode the
suBR| ¥Pemyiisiegbll haitghle semtiers namentekaipienss el pagpospnf 2

t [ i nt QS| th .
oA GHIicH SUTBRUBS it dh BELGHS AHJTCHITED. 0 AraarR &7 °

i nc
oRbiieh genes, and typically will include conserved

plicing signal sequences. Such intronic sequences . .
may HeretrHe tirmc pelive ipgradigp{ irqf@rség( &ﬂé}g&pgﬂmfegﬁlﬂog{ng?lgohde

' ! Sons t HI F- |
| prgagi?rgg& %vhldpéxgs g%c'awt.uﬁé}gg korltRe GiBIYRIAL &rdche a

pept | resent | nventjon using .
r ecOHbichafitr, t ebbnigsss  t"peysdbgicallyl eetdeHieBleeneastiping and

.same are Ligated into.nuclei.c acid. '
Ia’élErf‘?ﬁeg?%bﬂ%ﬁc??@he ARSI STRIFH, B é’?’ i'%eé&seg%gﬁgeu sed refer to 2
cAREesr 4 BBudnt 825 86dshiot 8Nk skaffidand indhitian ti & orggnibatapd yloes
sequence (e.g., pronoter sequence) A variety of
prokaryotic or eukaryotic cells can be used as

host - expressi on 25 systens to express the

pol ypepti des of the present invention. These include,
but are not limted to, mcroorgani sns, such as

bacteria transfornmed with a reconbi nant bacteriophage
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- .CQ in t iption and translation initiation
med%‘é%%ﬁ’c"éé‘?%?', 10 pronoters, enhances) and

20 transcription) under nost environnental conditions
and nost types of cells such as the cytonegal ovi ns
(CW) and Rous sarcona virus (RSV). Inducible
woBHRENIes S suitable for use with this enbodip€ant.2007/000959
the present invention inceude for exanple the
tetracycline-induci ble pronoter (Srour, MA , et al.,

adjuvan énitchdedraipden Biesr 8hugerdi Hne 2 ME JBRENCES V\;ﬂ c%

render fNlcSentftd hristiahaRls: &QMplepitianfiemnpiand (PEG), a
phargeedleayi <Sh |£u£r okaryotes, eukar yotgs or preferably
biochapdtibleepdymerswiik 2l widy aengsros polupiiy i Ot}}|05$ﬁﬂﬁﬁgat{§1 3

eciors

t I BBSES ithé | 1ofin atetcipients lreftiso o tasy Migih SYpsganc  gided o a
pol yadenyl ati.on si | S) o el - oredient.
pharmpefutigl| CompaFEat ﬁ) @%@erff%/c&lé% e‘éa?ﬁffﬁgt'reﬁmﬁ 0P APLEHR ingredien

recogni ti on sequences,

: Exa%@l)%s TATAROKmaRsL St ERApiems dntités celciwe rarbondihe CARIR

, l'ocated 25-30 base pajrs. upstream. : tabl
phosphatasvariops FUgATs| ag tyRes b stnch. cellufoge ??{8’%}2‘{3’ %"ﬁo&b’% vegetable
. L nyvol j Ldo&Cting 15 RNA pol ynerase to begin RNA
oﬂsg@#ﬁ%@?}g%& ié ot her upstream gr onot er, el enen S found in
defTecmiqes the formuation Wi edmipisgat PhAress 18y

 Reblighd?! ?’Slﬁmfaﬁguﬁ%gf §c§1’l%gg NEICRbiBhinEUEAl Easton, PA, latest

old fromIinked honol ogous
editfin, WRICE ihegporatedboreit by sfer@shancers are active when

pl aced downstr or . tr f t el &8l i 1efal,
i nitetaRle ﬁ“@?t@é%ﬂ?ﬁgﬁ i R B i e’n't&gﬁ%leri ved
trark DMl S assdaUResinklr @aphriostl delivgey, dncuding ipfeanupeular,
Ina variety of tissues, . Far exanple, the.svad garlifect
subg@arosh hanst etUpedYiars h FBEHIGPS nfhy "eel Tt ypes. O her
e SONANGRE/IREQMRE S, ARSI, aifmbddlor antmosatiajeteont or
e present invention include those deri

: A3 . aJ\(;eg}ef BQMctemic
pol Adtereatelyr ers, M REPLOEFET ﬁﬁ:mr;@:@ypm S | o s %{1 W ’
maétg:gr#af ?)%ghﬁéé u%a'.' ﬁ%@ﬂ n bf REpDhIQYS dE&iIyaNtb el pedtis tegion of

ema virus, nmurine 25 or Rous sarcoma
apatientssbaigd HI V. See, Enhancers and Eukaryotic

Expressiqn, Cold Sprin d 1SaktoRgare used
Har%é'?‘for[&lmf‘.m ‘_@g%r,(‘%ﬂ/ﬁfb %ﬁ%‘@‘%&%%g{%g?%ﬁ ed herei née%y e
which! BEPREE endBhdlial ecly bpciforpremgteen Farsexamplen fhgoprgeedure can

added 'to the expression.vector. in tg. i
take hesivertages PR theh tEF, SPRSHISEY 179, C%%?@%ﬁﬂh ® Ig’?( pﬁﬁi‘i 2_ 24
o dl.frlﬁl%@%r&hﬁ)cﬁﬂ?ﬁt%% 1Rk 3P siee CTRs, Bfcobding forepefured embodiment
WO

inventton. I stinct sequence el ene

nts.are ~
of rigepiosentl Hontios e AEloHrPiG PPTSEER o SR RHDHCE SYSiemioaly
GJ.or U rich catyed;dRwmnsd rigapxdnimen 3, heystemic
(e'%of’grﬁﬁ%l}?wlgt ?%Eg%%gguﬁggé rﬁ%ghl y conserved ps?eque G 11
ad@fniSiakon bt haelymekotide\ofhe, préssatainaentiop. igdred fe R 5P (HE@

cell Fectice PEURUELIBOTEY € HERE LB Frtng . (e Cefgemic
2dkPASEHER o iRfs i eOp I EMARotide linked to a constitutively active promoter
as well as being more effective at the disease site at promoting angiogenesis.

Injection of viral vectors into a spinat fluid can also be used as a mode of '
administration, especially in the case of neuro-degenerative diseases. Following
injection, the viral vectors will circulate until they recognize host cells with

appropriate target specificity for infection.
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 may &l Feonlatdd im couvepHpyabt nERED YSES| PROAT | BOSy

WO 2008/ 015675PCTAL20071000959 21 In addition
to the elenents al ready .described, the expression
vector of the present invention may typically contain

woQbdsmisespeci al i zed el enents i ntended to i ncrREIEE2G0{800959

| evel of expression of cl®ned nucleic acids or to
facilitate the identification of cells that carry the
T e oahhaRticaDdAnpdsitions sodrtind present nuvebben ofay Peampppctured
viruses cantai n- DNA sequences that_ pr € :14 o
by BRI SENROTE R PEAF, GA- B TR O PaTCe s kiR, dblhe
eraRhiHeS Hr¥Re Siking! MiPAGatiok] @fiuliffmeb eacdpagatitye smirepmad or
replicons” are replicated episomally as |ong as the
lyo Floppiogesc¥ actors are provided by genes either
¢ arllsﬂa?ﬁ il BorRb G A usWiid RedohRn@LRitheQiredehitinbanion
cel 12" The vect or may or may not include a euglg,r ti.c
S c,)glcally
t the vector. i Infd AR Bxl1RriSU KM SHOfakititf8 bloBessing
“mﬁ%%ﬂﬁcﬁﬁgﬁﬁﬁj#%%r?é%gggg%é%gfgfe marker. |f theb _
of MeChd@ive dagedient intnprepamtionsewkizhy o & ruspd i 1acggically.

epi sonal .anplificgation |.s ssikbl e,. t he
PropB BRBASH ERpin sgalBoBRE B Rl AR Bt 10
engiferiRdosahd activeemgrddratspsfotptinvention estysbe formulated in
expression of the desired nucleic acid. The ‘
aquERyY @fé’é‘ilf_mﬁa pebrdiy &t P&l}fﬁétﬂﬁglg nfcqlqifl&é%t l’f%ﬁersc g&lch as Hank's
solg,\tﬁcgr% hgﬁg&’&' WHgioaddit igppabiopiehly nue! Baffirde Bequesmsmscosal

ow, for exanple, the translation of severgL th
admpindstetions feneTants apprapirietentRNbe BRERT tsbaRerppigd gi used 1n the
ri boso ntr [ eHeerces for genomc
ﬂn?ﬁ& 8PQEF§H*%%“§E%§%%%E%?%?ggﬁPﬁgric polypegtide._
Exampd esalf adminismtibn, athee xpmpewids ncane b¢ ofosmpkgterdy gradily by
but ,are not.limted to, .20 pc . -1- 1
combiit fipogeiys B g SedpB Rl DR daers e
m@%lnmsl &Nyh;rgufﬂfé\?hﬁqelsh epShia lthe pllimptmﬂﬁfﬁs;f ID:SIBBYGIF?NMHD, be
p , P ,.which are avajlabl e fromlnyitrogen.:
forpmlatothi ash tabietsy a§ll|sab1r%gep§,oﬁﬁt3§$]|8ﬁe gl,lld‘fiﬂvlg‘g%’, > %c ?ﬁ@meg,
su%@&igﬁv AR 1R B OV 3L hingéstioaV By | Aldadiedtr ontharmacological
t'rat egene, pTRES which is avai | abl e from.d ont ec i
pregavitiohefor ogd e ean heemadsing? BiG FELPfignally srmaing te
rest AL AR LEIYBLQliNo Ghe TRtge fot ar¥et iafding suitable

i Ttses suth as retroviruses can al so_be used by the .
aupiliaienit desiveltio ohtailSiablts e dieges £aves. uuighl/sxcipiRds are, 1
MI2. ctors derived .from ' Ldel Wr bitol:
pofE B b e bl 05, PGy ARG 8P sortit
ceﬁﬁbs_é/bﬂéygﬁaﬂiclﬁﬁ ggudle f\’;% gEBe;Ae{l/%g,/. PaOS sta@? gﬁegm@, aioy starch,
vectors include p p + + B
oMY 5 loi bR | oS BSUR SRt A DS RSPy

QU L OfRi/$tSpHyBidRIzidalle adiepebid polymers
| w%@o?%‘g@%@&ﬁﬁﬁétﬂﬂc&fuk&&, LRl SpiyEidRIzidahe adiep

O early pronoter, SV-40 | ater pronoter, ded
supie tapolyvinylomevlidose §HBPRr If desireds disHizasaiing aggnfp may; toidded,
ot er,. .Rau | PRl ¥ heslt thereof such

SUSY BhEBCET I,mke p%%lﬁrg{ﬁ g?%%%oé{?’zaggigm; ef? %ﬁ?%ve for oot e

or °o
aseyingsdiiane n eukaryotic cells. WO

2008/ 015675PCT/ M200O7/ 095§l 22. Vt%# ou ose
vector of ‘tHe

can ‘PEgths QS o0 4en PFHHFEe s{litable  cod

e expressi o

cREERAMI dubMeRhiRRs kAl Beaabd Sthicusly oionalliscentgn gum arabic,

general | y described 1 n Sanbyook et .al., | ecul.ar . .
talth cuoisnvay! Apsireslidens; oregbapeh @ak , PRSTRY sy gwg@, &é?rg%tp dioxide,
151'5%&11% s {u%é?r(s DI \QiuYa%"lé(o ool 482 by sbReUsiB@Es. EDyatuffs or

rren otocols 1n ecul ar Biology, John 5 Wl ey
and Sons, Baltinore, M. (1989), Chang et al.,

- Somatic Gene Therapy, CRC Press, Ann Arbor, M ch.

(1995), Vega et al., Cene Targeting, CRC Press, Ann
Arbor Mch. (1995), Vectors: A Survey of Mol-ecul ar
Cl oning Vectors and Their Uses, Butterworths, Boston
Mass. (1988) and G| boa et at. [Biotechniques -4 (6):
504-512, 1986] and include, for exanple, stable or
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Transfornmed cells are cultured under effective

conditions, which allow for the expression of high .

anmount s of reconbi nant pol ypeptide. Effective culture
Wog&%gyﬁé@ns i nclude, but are not |inited to,pcafiLemtiooese

medi a, bioreactor, tenpergture, pH and 15 oxygen

condi tions that permt protein production. An '
. effectiv [ f t kYR kg abBhkiEagorc et ko
gty I -ureegag@gu%]r%lgutgggttshdg ‘?[g%eogﬁl Irﬁlg%gt pol ypepti de of
chatabefite differeatdombinations ofecti Buctmpourddpspf t ypi cal |y

i n¢l.udes an ueous..sol uti. ‘havi_n sSi.m. | _
-caﬁ@aﬂl?“ﬁ*?%ﬁ@%sw%%‘a"%h 35 phatd” \s%g u?sé3 gséi] a dﬁﬁuﬁc push-fit

cap@r @Rdd f @eRitth tes, well mersafis seaheelt edpsulam dnade drgelatin and a

“nutrients, such_as vjfam.ns ll.s of the pr n :
Pl EYris LT SBEFHCITT VB ILGR [ il the active
inglfeﬁfe% Ninab AR HRE OFRRCHIRE Ssuck hak eactdsas binders eaich t asbeigrches,

mcrotiter dishes and petri plates. Culturi.ng can.be
lubdeantsi wigh cuttalgtoramagnepEFatigtale d ﬁﬁw@%%blg%?ﬁ%eﬁ? Boft

cap@i& QRf Lalg lﬁ%%@rtnﬁ ?ﬁéﬂ?ﬁée ARIvEED] suspbifdad Gallshidbld Yquids,

condi t1ons ar _expertise of one of .
suchradi fagty yoibskillguid pasnffen, 2ort liquid pelysthydencaplyedei alregddifion,

that other than cqrtalni n 1 : fuar;
oy it L A R e o DB SSB AU bElin
dmﬁ@ﬁkﬁﬂﬁ&ﬁﬁu&maﬁgﬁﬁnﬁmﬂfﬁgﬁMhsnpﬁmypeptide), t he
expressi on construct t he pr.esent i
a1 Sk, el dgmeu AR e SREPABEP B p, RS TR SFtlblet or
lozéig?pfdrﬁimétedﬁﬁegﬂ’l%hﬁ&&l mitkierf i cation, yield or ,
~activity of the expressed polypepti de.?ﬁge di ng on ..
t heFaragtmonisigion s sesad SpBHI G ROR IREriRTE: [CpHSe rocording
to {rl%lggalﬂ!:es%:@h%véﬁioﬁ%é/ RERIhRGSy QbivAQl B 8 9bim P ¥ Aklosd] spray

er remaln wthin the reconbi nant cell

- presentation efioing presseriedr paskit &t & orebrierr uwth de g &F 5 ftitgble

ace in or retained on t

Pl’oggliq%gf Z g%e,g %ﬂlo%c\)’&gﬂl%%zjiz%?r}fe, n%m@flﬁﬁxoro%%n@,ﬁ etdk'b%loro-

. tet@ilb@bethatef @aarboh doxidd.| Inohe vaseadf aypmishrzes acraag), the dosage

2008/ 015675PCT/ 112007/ 000959 .23 ... _ | . ng
i gt 0 SR RIBE b7 FEOT AR AR5 dplives sapsitiy bR Chpsules
and ERRIRLNSN t on PelainFbi G2 ih e difeack @thy be formulated Thaining a

phrase "recovering the reconbi npant pol ypeptide" used
* powsraRiK of ErEPEPPBRLEI Rt ANE PONASHHE! Bioh B RURPSRTBRCE

m_sdiI-Pgn gxg i s N QGedci®ed Ohetfin € Ridyd dcamsknii@Red NPE parenteral
5i mpl'y I'tional steps of separation or ;
adypinistiatiomt ¢.on by bolus ifpaion qrosapsiaprusdausm. ¢ Feroytleionsfor
. .lnvention can A ' vari SRR
it e B P is R ghit SfaoBd. 8gy 3t ophul oF hEpbhidbse
cohthifibik eeith Opptiwhililni try aded patsoyatiphy, Thowospesitionge may be
chromat ogr aphy, filtration, electrophoresis .
SRR SHPCOT e BET0h T A1LE L SP Ay ey mnd may contain
fornluidt6 9ok Olts GihAIBEDSRARN WitabIIRWRY HE/op iRpersih agents.
chromat ogr aphy, concanavalin A chronatogragqﬁ
chr Bhemsrotieal pRmeeRiors fipe paraickl BIRISTI0RaPPRYC aqueous
sol-aﬁortsbac?f i LAkR 6151‘8 NS im $AE8-SXIESREd R@@iﬁ@lﬂlﬂ?,eﬂiéﬁéiﬁﬁms
can be engineered to encode the polypeptide of the
of firees:ting inprodéamts may hegrebersé ds eprramaait eilyrer weipt basgd iggtion

fusi.on protein can.be,desi gned. . .
sy oy et BroBRr Sl S IR b e 8P ot uch o soseme
oilC BF QPREART ARRYECIdR. &texs bychi asmethil bieatk) tighenridescw ipnsomes.

speci fic for the.cleavable,nni§ y. W e .a clea%gag]{%wSit
Agiepys inectory FUFBEISIRNS FRANRSIR fE %F?ﬁp S’S‘f“i 8RS Th o
of GhE %\ﬂﬁﬁhﬁoﬁoﬁlﬁhyas thBuROLYRERiedR] CRNuIBS:, IeleRb el dextran.

fromthe chromatographic colum by treatnment with an
appropriate enzyne or agent that specifically cl eaves
the fusion protein at this site [e.g., see Booth et

al., Imninol. Lett. 19:65-70 (1988); and 20Gar dena

et al., J. Biol. Chem 265:15854-15859 (1990)1.

Fol | owi ng production of the polypeptides of the
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The present invention thus clearly contenplates
nmethods that can be applied.to the treatnent of
nmedi-cal conditions associated with any ischenic

 woS¥RRksc7yhet her 20 acute, transient or chron@fmud@eso

i schem ¢ events can incluge those associated with
surgery, organ transplantation, infarction (e.g

Opte84IBL A snipsbeedt In’ﬂa@ﬂ_ alsdsrmﬁtafnd blﬁfablepsthm \or a«gems Ywhich

trauma, i nsul in ni.c event
incresse G Selabaiiof His ASEHE B Ao 1o OHDT HETEREp of highly
'con&hﬁgf§ &£C|USIV6 arterlal di sease, chronic venous
|nsu? |C|enc Raynaud' s di sease, cirrhosis,

o) nPQ@g:tath@Yh@a ractive inamediont $yast bavine PO | faim Sorscongiitgtion

Wﬁh(% 11%1%1%' Eﬁ?i% Oéteﬁfe%é%éﬁ@cm&‘ &E&psomtfoﬁ bedGHesd. a

not 1 t o wound heal i ng,
ga§lhe cpre;taesionrwﬂ the guessnt ;ﬂvamcm nmar?é;mdb% &mulateshin rectal

odegeper ative.di.sor speci
comPRRIT GG FntPHE B0, AFBR Cletiens B0 oPEg Shhfnions
supﬁtﬁﬁbﬂyhrtgsesl%ﬁch e&&hledin @Jg&t ooMBer glmhlém c hear t di sease,
eri phera scul ar, .di sease, renal arter
R e RO SRRl 187 gty Sl 1R present

mvénﬁ@ﬁ] SRR RnkRRitiod ekt adtive  inSredionts rep abﬁtaxﬁai ¢ an
ex vivo and in vivo), bone reparative disorde

amquint/@ffecaves@ra@bnege thgtiaiended ryrRess-oldoss speeifically. @ therdpeutically
ali@sgﬁe
o B BARRE TS SRR, B et Bt s, PRt o)
or ﬂn@&mﬂca@m@h%m bﬁﬂEemﬁgehpm&HBOﬁWd$E@VdeW%ﬂEc%¢W$ﬂh@@g
ﬁe%@pair di sorders and snooth nuscle cell disorders.
tording to one enbodi nent, agents capabl e of
upregetraddtiog dhe }ﬂﬁdramaﬁctallgiesff@:ftwe hen@mesientvell within the

i_nvention H F- | a polyp eptides of the
“WﬂF%Qéﬁﬂuﬁe%ﬂﬁﬁiﬁﬁ@ﬁa4 e. the polypep tides are
ge gy ahe GrepRdiisy Rseisemt metadBion kst igvagioh oha ﬂﬁﬁdyeﬁ@dally

Met hods of eneratlg% the isol ated poly $t|d$
effectiee pResé AL dasAanbe eTiie BEely FEBYnREr PHiaov &F Stample,

a d(é%: %ﬁ]ﬁ bé Forhniabiash eh i $nddiftant RecrHhformagorP@inHRaRtd Basore

e present invention are provided at the site of
accuheliadwirogeeussiid dpses én hynalsi f er ati ng endot hel i al
cel fer t ;
FockTgent BhaReld bl BPLYRER HERAGh, HEchiel fikin
cantterdgedmbhel] ibp cteximel) pharmaceutiohl pmt:eduresl ianiitye, pr etle culwges or

cxRBERAL S0 en 5 A TRBC G PP WRSHTE g el b gess

and! A ES! KEHIGERR BeeaRN fo@ﬂﬁuigrwfaa@a oR8odage ciorh&e &h Ihuman
refers to the transfer of genetic materjal

Thepgrags TRNAPETD flepardmgaron; the dowes Jagm F@pW%%ﬁﬂfb %16 fotte of
adrhRY &N am%ﬁet% KacPfotidhiaBn, %%%%%aﬁ{mmtaneme@age

phenoty e genetic materr al I nterest encodes a
canrheonﬁusm b(}’dh@mdaathabpbyanqmpml wipe pf i;h@eaanep@ ppmgietmn, [Sec e.g.,

func antisense ivo
Fingly ot S 5 % n‘%F a%%e gefﬁg% a%gﬂt‘f% Peri allq’ }j

I ntBé@aﬂmgam it @%@aﬂﬁbfd@pﬁtﬂweﬁ&@ﬁﬂ&r conditiyie be ireated,

rg\,%/agsp sqgé]leg(g%tegly gyeah%]; ﬂéh 2 Fs%‘rfulan% e l"o%wg{a: g geatment
1as«:§a%dff@1afs@9ermrua%% Rl Q414 By u AR CerRER8 Br ddkSiBution of

basi ¢ _appfoaches to .gene therapy have evol ved:

_the(dllﬁ)?afé)sml#@f’laﬁ@d( 2) in vivo gene therapy. In ex vivo

gene therapy cells are renoved froma patient, and
whil e being cultured are treated in vitro. Generally,
a functional replacenment gene is introduced into the
cell via an appropriate gene delivery vehicl e/ nethod
(transfection, 25 transduction, honol ogous

reconbi nation, etc.) and an expressi on system as
needed and then the nodified cells are expanded in
culture and returned to the host/patient. These
genetically reinplanted cells have been shown to
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5 RNA based therapeutics, February 1998, Coronado,

CA) . . These genetically altered cells have been
shown to express the transfected genetic material in
wOoShdsis675 To confer specificity, preferaldgaer/000959

nucl ei ¢ acid constructs uged to express the
pol ypeptides of the present invention conprise

endRLbeLhEds AC@klposies id b@a@ﬁﬁﬁmﬁrmoﬁmn‘@@dependent

el’enents. The endot heli al ec ef..elenent of
on thaysubject heg fr5atedy &b |S@"e“é'f é a@%g {yh%% the °

| adrmg Pt?%tg'ﬁnt gﬁﬁ%fgﬁ{enﬁéf tﬁ@breg&fbh@ ﬂh@m&@ did NO 4. Exarr'pl es

pronot er’ s/ enhancer's | ch can .be
byt et b 6 PR of b st

) mverﬁ})\é%?% o%g'{fﬁ%ﬁll ﬁlf gﬁﬁgﬁﬁb? %ﬁﬁ%ﬂﬁbnﬁ REEVd d dg@nt@ It@mhi@e an

pronoter (Harats D, %rin
imprbBieBbragddib ebfect B5¢RNalRIIP-trepBoent A, Gac ﬁgeq_*grbg ise

pronmoter [PCT/I1L01/0105
suchzbmpya W@ffPSl e—%&é“ %t*i?}/%fi‘%i %% 579346§ and
taker, RSidvede 4 éa%&oamcp EiTbt essecipSd roth FNmbRagen figrpicacad

pr Gﬂgpéﬂt%réigggglé %Sge;%ga%g% 82 ﬁ‘%%ﬁg‘%ﬂtdéb&fgﬂ ¢QehdfRed in

b bebrapartdf platelr in[saFpproptizte
a °°%8§“1J“°%‘)’ Eﬁ %%17‘10‘%%]8%%#1? o % 2 A 18187 J ul[

contfliér] &) 148981 foF treutn@mz«of arpfisated conditighot er [ X89777,

xs 776 éﬁ %,{fes E{%ﬁl P G dusgred YeDresaiéd in a pack
[D64016 AJ224863; Morishita K
or mspémeﬂ @dvu@hetmhl&% Nim apProxed kit6Whish guay. eppfain PR OF mote

it GerecSBOOEPEHE Sironha) ITHRICK CLIC pedk REBORE Ensole

m%;{;ez #6al 6o ﬂagtﬂﬁfo'ﬂ, dudBi la mmpa@@ 1Thepadk; o dlspenser device

66(4): 246 The e eI| ad [

maspheossbpamed EAsI s fegiaserish oty puR g omay

also a@%&baﬁéﬁ% 9 6bticeVibddisted Miﬁwmntaanbe e dorn\prescribgd
0 em 1992 Aug 15: 267(23).: 16323- 9} %a ficls,

by 4 AIBABIBEI }z@a@@z«wegu@@g heNBRRHER TR, USSLT 28 KR

4947 9- SEBh@ of the f f the composfaons
Whlgﬁ{}% éaes%éﬁpf oy IR vane oCAreGongo X53154
or I@dahios vemﬁmx;apemmwmel Skeh: prtise.foR e}(m%)m ‘zﬁﬁ BpeHDE

e or plescr @Qf an
: app[ggyggzgrt{lq pLgyl{épgragﬂttggé% istrA B4 %% fRi8n 636 03Qf

pressed ne-1 [ Yen-Hsu
mﬁgh%a thduBliigdert. Chem , Vol . 276, |ssue 50, 47658 47663,
Decenber 14, 2001]. O her suitable endothelial

speC|f|c prormters are well known in the art, such

gcﬁl}%l?f YWy, altMfitdzRCRoB resvel ﬂ:ﬁtu('dﬂ&‘ﬂﬁt: qui¢senlogvention

to” GQu et m and_t he VEGF pronoter
Wﬂpamme dqpetednt 44 oo %dmas‘éy Pt ef? o i dRgn gpagpostion (fhe

folﬁ%gr?/ %{%1?112} gpam gLagé)QJt/ 120082 % 24 11m1tmg Aﬁ’mﬁfnﬁﬂl@béayzh of the

constructs of the present i né:i ntio
aﬁdﬁ&teh@bdmmﬁm msphyp okiba presgdRvRation aiygpifneaieg Aeremabove

exanpl.e at. | east. one ¢ e b the
and s SRRSD HOT, Sl SRk gt e GUEaRaF ol Iy
mﬂﬂﬁﬂ%%ﬁmn gde 11Wla transgene expressed under the

regul ati on of such a response el enent should, in

turn, activate the 5 pronoter further, thus creating

a positive feedback |OQ§UﬂﬁPhEBCIng the

transcriptional response. nt r oduct.i.on o

nuc Referermeiid gobyrnaqiﬁf tecthe JAllewog &Wpiﬁs VRIER %{hs&‘mh the
oo B Eph iRk L [FERREN o) LfvANkaggs over the

r efficiency can be
obt ai ned due to their infectious nature. Moreover,
viruses are very specialized to and typically infect
and propagate in specific cell types. Thus, their
natural specificity can be used to target the vectors
to specific cell types in vivo or within a tissue or
m xed culture of cells. Viral vectors can al so be
nmodi fied with specific receptors or ligands to alter
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20 vectors. Such approaches include short peptide
| i gands and /or bispecific or bifunctional nolecule
or di abodies (Nettel beck et al. Ml ecul ar Therapy

7 wo20031562901) . The pol ypeptides and = PCI/IL2007/600959

pol ynucl eoti des of the prmsent invention can be -
provided to the individual per se, or as part of a

PhaERBRRM S alontabRass tised huén earidt thes labpyasery wpropedares
pharmaceutical |l y. acceptable carrier. .2 . [
il ipHes PEEELIFEHIORBPCREaHI . iop Bl it lo B

recoRibiRat @2\39 e RfiqRBE BucHBE@NRiucd B Aotdughlyl expladideit e

eSCri herei'n with other chem cal copponents such

literatarepfigs, fot oginpkd, |"Mo&9%§l@%ﬁrlﬁ%%w9’n1%w§i é‘?ﬂéﬁf?@? ot
WLPOS 1 € YRRSs HIINATsibIOR. M.,

ol QR T TR ey L o

od. @99 ARIbeRA bk EumephBrotasolnin Maleaptar iBiglpsts ey Wiley and

refers to th Bl e ar 1896 Mbocular Cloning",
Song, BAFHPE; ﬁ%ﬁﬂ#@ﬁ}% ¥ kgag’o%n?%g[b%flggir t he bicglaggioélalg"
Joh€THB6S -& Soms, Nelerwidoaflpes); Waisomplet éesRecombinant DNA,

Sciengiar MaeRat opkiy NRC SR IBOL &1 P dp4sS aficnqme, Analygis: A
i " | 1.af epld SpringCHAEbbe LalrratarydPlesg ifew
A T E I AT
Yorlar @ 898)s mm oldpes as )] 7 1 0 "29°
ot .ab -9l Ryl o kosiyt YA anghoRitep eHtndbeok",
43015405 05 ORES, LI SR RT, O2 R ABichokyt i Slobtap SHikidbeo

An adjuvant_|s

Volupeh Lie Cellisdl E.,tede699ph ' Eulsere obAairel ollg - iAniflaatal gf Pasic

i ncl yded_in t he npharna i y Bl }Biocol
TeoshuEehy B TD BOry St it ead 5%‘5%@*1?&%@2”@"“ S
in [RAERMR Vhlugep DY Mlici I.IE. 22dn{1984); Stitse el c8puliasiopd

in both or gagi c and..agqueous i t .
Clipiggl7 ymunology” Bk diiqihe Atpg}%n"g C@g&%ﬁ;ﬁ&%@e@ (1994);

il 88T knibiRlianos RedadMemods thaceimtaulhnatology', W. H
composi tion to further facilitate, adninist ratéoegﬂe%fgively
Freamamcandy €oi, ieved ek (1980%npraedle, iy uRRastay s +4: 6N
of exci pl.ents. ing! 158 G 3R ORAatcRampla) Tl.JinPat. Nos.
desﬁﬂ‘&spﬁla?ig, &%e}}iaggséé%gggggﬁand tyges of stgrc
3y

3,70ebbnl Gs339(163;i BRSNIEE; HBIGITSH, %?g%ii?ab?aéﬁlépla‘i PS7%A%
| yet hy, 95l 54 Teg hid aues4508.876; 4,879,219;

3,95216¥r§I §t43g;¢$%rn3%gfn§%? s%’?%\(st’:lﬂgﬁ %)’P %%54{?’; be found

5,011.77Reidng2en5 31 ; Phaligmodsbiidea SySbesisic Gsit” N}ﬂl/aék ed. (1984);

Publ i shing Co,, Eastgn, PA. latest gdifion, Whigh dsssy:
“Noelgor PeKa P GBI BpinFer Br dipant AteldsCS: MG AR

Sul t abl e

"Tfaﬁy(frﬁﬁoﬂfanadf&iaﬂﬁéﬁd@t Hamed ey, O OtndXHpgihe S.i hckdsdd1984);
oral

sy it Frabp ity L oo GRS Sl bbbl

cut us ot hMAschld: W16ihd OPbASBYE1 I84R8nd
IR}S‘#{J‘FS& ﬁggg Agilg?cédg ?ﬁi{a?%ent ricular, ‘%nt ravenous, .
"Moidda peEhdyatvkaly" ViohtIr3¥adehdense Prass:r R6& Frajocols: A Guide To

| nj ' .. Al.ternat el i A t
Vbt RBRIOE ) uedeitic, S, SRLDRAR CAT M0 Motk ct o
"sg_ﬁ{égﬁ ifmf Q’Eot&iial’ﬁﬁﬁﬂ;a_ti?lii amnd n@m&dtﬁ;zagén t-hé palg:pdﬁm Cawtse

I réct into a specific .region o atient's:.
M) CSHL Press 3PRD oA NAHRL FEaResPoli Be ORI R LS
fohtl él%]t%%li? r @k e)"%éﬁﬁrallrgfe)’&%ésoﬁr‘é pRéBdddstebughig ihis dopurhse  The

endot hel e

I a ~specific pronoters, for exanple, .the
prpeegioeed Uhezeic are bedievedavemnweld knoFn ih e ach 3 7it plovided for the

speci fici and co e : : €ncorporated
oIS e TSE 19T e s cBRkink ik, Bancorp
he6if OF defagnéco a preferred enmbodi ment 25 of the present

i nvention, the nucleic acid constructs are

adm ni stered systemcally (e.g. intravenously or

subcut aneously). As illustrated in Exanple 5,

system ¢ adm nistration of a polynucl eotide of the

present invention |inked to an endothelial cel

speci fic pronoter showed a much higher safety profile
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10 For injection, the active ingredients of the
i nvention-may be fornmul ated in aqueous sol utions,
“preferably in physiologically conpatible buffers such

woehodiardess sol ution, Ringer's solution, or PCT/IL20607/000959

.physi ol ogi cal salt bufferss For transnucosa
adm ni stration, penetrants appropriate to the barrier
to be perneated are UEZAMPBLERe fornul ation. Such

enetrant enerall known .in .the

TRttt AR P B rtmasp i sREe i AREY PR
readily by conhhumAMoﬁ:m;mmammunds wi.th

phar maceut i cal acceptable carriers well kpown in

P hePogmtanutainen RALRA o SRAGDYidk R 18 B R v to
abrbdVEHs! BllerhQioR® whr Eﬁé‘ ARt %§pﬂré§§$@tﬁﬂ, p'tﬂdssprevenﬁng its

ragees, capsules, liquids, gels, syrups, slurries,
wbmggénmomo@mﬁndbgrmm k &hisf zﬂsmcﬁdalm istdized JAlble aluring
norRkta r%acmg’gswﬁﬁ %xg@saﬁ?ﬁpg@egg p Bﬁ‘&;'c&%ﬁeﬁn%%a @ﬁ%‘m
hxgﬁhpdhngwmmmmykﬁﬁ%ﬂN&@Ammm¢MmmmMMmﬁpwhm%ssﬁw@mnhemwmi

ft
o S S e BBl L BB BRAE g s
dipiyes . Thliprabhtei¥atoRi Bjctheized thzﬁ QafoEHbﬁmhaii of ali three
fillers such as su ars i ncl udi n t ose,

mulipR aY resglt ig d Hlis g8 PG e i more

actid®S thah ﬁ{e @9@@%46%1‘5& apl &b statiyh ﬁﬁh R BYeal, Ngﬁ?;%emutant,
starch 5 potato starch, gelatin, gumtragacanth

thumtahyg 1t@a@¢r¢ potestefor hyrtpoigpmeiogemesisippmeessl ul ose,

Qﬂi %ﬁi* Qse; and/or physiologically
acceptable Qﬁ$ mer s sucP as pol yvi nyl pynol i done
( PVER czufureteﬁaf faliondngs beit bgcsawﬁngu@geﬁt:mmgmb eendothelial

celf HRBCSPHER ok 8 ik P o B U T8 B0 s
Megiogli Osated) JHORLE eI RRInePIcels FHEKPID el dverd plirchased

o dghan 150 GHaTm o lgaon b SR BRI o 2
of SENLAINwEMRE AECs IR Gurerepﬁ?'l&ﬁ’d Fyﬁ oMY WOIKGERRE (Tel Aviv

car bopol gel, polyethyl ene titani_ um di oxi de,
Universtitie Husesioy unbiisalayein FGs E&Slg Ri5Fec PEGRSAENESs PisViously

e TEYEE bt 1 o0 D005 01 b ety B e

(RAQ d¢elie weabh &irsl gift flomdéeclavatAmpeszehess Indaute, ShehatMeodical

Cerfigyosintty Hokags cE &t G S RTRAR TN Sep BrbiE wic
10%@5@1 Z?EM l@lﬁt@tﬁﬂﬁaﬁlﬁf ad0 Y/mi p%dﬁﬁﬂmphrdxfybin HaDs Uél&.S\were
made o el atin as,K wel ed capsul es nmad
culgred g MR ol pradeforemd sERapegRy it amen.

HUSHR Wb mARaiitash E‘Gm-zcaaﬁmq&:g@o&geﬁ, @bﬂ-ﬂlé%%, asfifoMea,
ingredients 1n adm xture with filler such as 1actose,
US%D n“dleqceé,ls seehmaintainedrat A2 8C in ub P ERmbymidited meubatarc or
eﬂ*ﬂ}rz Ja?zgzrrg(%]te V@iﬂfjtygg Q—h*t"‘ olr&a%ldfo)@haﬁﬁ (i)iﬁg BI8-1 0 [ hhtant
sof capsul es, e ac e Ingredients ma
in gEE&o0d \pémtrmﬁs siesp &inde gifisnfremi MabWéﬁblaqu(ﬁdBlm@u Emiassity).

i d.paraffin, ok . liquid.polyeth .
Pag B i, ked s BOTh Pasle yaf gl ol L e
(OAbid TR eiat bORS.IEEA-RIHRAL aptshi Blasraidi Wi & Rindl @ftbforh G
dosages suitable _for the chosen route of

Sempepse (el alippians Universitypo p2.4  HEErugiifrnss; wey puycdased; fgm
m&ﬁ%@ﬁé @aaug@()ugam @i%@lcxfxﬁé '"N/[Q:‘Srlah@ bh@A;% afdl wad §%%§1y

formuldted 1'n conventional manner. For adm nistration

desprybadd ¥Eshon, Ph@l), eitdl.ofipnesHevakt LGE-Bm0etilent s for use

according 15 to the present invention are

conveniently delivered in the formof an aeroso

spray presentation froma pressurized pack or a

nebulizer with the use of a suitable propellant,

e.g., dichlorodifluoronethane,

trichl orofl uoronet hane, dichlorotetrafl uoroethane or
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to invention include conpositions wherein the active
ingredients are contained in an anount effective to
achi eve the intended purpose. Mre specifically, a
wotheyapest i cal |y effective anmount means an aHOU200EP00959
active ingredients effective to prevent, alleviate or

anel i orate synptons of disease or prol or;\% t he
surRlasezitl $Y40-fraals tiop aurchigesidn fropy Esaresga (Madison WI, USA).

et R TRk A ol B0 ARG R G

of RHGAA N803A fﬁﬁﬂuangtamrmmaEar%Woﬂschgbsted R%éAr%iddfﬁ}dHIRatu
the_jnventi.on, .t her apeuti ca ff ve anount

veolglt” gHe el S PSR S bl (v YA Gt For

trapBRSANS exefifnefty, WM -Bype dind GB@aGIATFOR: EIONAL hx&tef:‘ shbcldned into
ani mal nodel s and such informati on_can be used to

peDpb b vertor{awitrogent-9tPd £ eBEbAdn EatoBIHIUYses i n humans.

To XTI‘&%Mntaﬂ@n&fp&foﬁ binenkst TRAC ?2933fBAJ§@ aAg R Ccells were
i ngredients déscrib herein can bé determ ned by

co-gansfedtgrdn bipémme@ﬂﬂﬁl plgirowah2Pe sz ph 1 HRE- Blﬂfﬁlﬁs% éPP ng
T A N e A

P5 6&@1, R4/ NB0 e or Teiple bertas esing fifofeanarhiat Phig reegerinfeitulgen

Cofo A ol i S A TR onfiRe Mo e AR TR M iony, o

the GffHa0 Rhilientd akpeifentt, | thdngRiionT h&s&)&ﬁiﬁd bar mutrilicgtes using
route_ of _adm nistration and dos q an be chos§\r; bg

Lipplegtapying Plug) reepent Wil L9Gpe pR-1 ﬁ%ﬁf Beiteras gt V40-P-gal,
10050 6F LR - pcbROS Emphy VeEioE‘ \CywilliyR! HIF- (ea-%m ﬂm(} P564A

Phar nacol og| cal  Basis of Therapeutics”, Ch. p. L?
N8@ependiinlg rgratt aed Qé@@ mgtsf RN AR oS} béﬁ%@@sw nchAlA3.
T
assdyr esgstemn t’Prbmsga, nlgjlaﬁlsmm %v &) aegsditg - toetier alanwiaekser's
mstalrcgg]ggsle ué;%%{u%nt YS hécc}%]eg/ :\%asorr;v%ug%tp Hgihé) ol ?ﬁmérhﬁuminometer
mo@d) 0Bk QI&&Z&B@[@*\J&? Iﬁlgdy@@ﬁ%:& &gsA) lL;mferéEh acﬁﬁqumsumfwae

conposi tion_tq be_adm ni stered w
nor@éB%%%ﬁfW@F?@F%ﬁ%ﬁp@W%é %3l erdaden mﬂfﬁ?’g f’igﬁép?ﬁwﬂm
in 1L tﬂlﬁnﬁéédohq;tfla@n ngt MH&EH&ES Sbsdsiwak ShirRl 08D in 2400l

udgnent of Eﬁrescrl bi ng physician, etc. It wl]|
pla %%@dﬂé@fk@t@@@et ut repgrait. PRgasipation @6 HARGEC, grown in 60 mm

I ;}m%% 1.C
dls}%rgov %{1 to t he ?é]éﬁ) u?ﬁl%nf’%l :(teﬁ%dﬁlg ag{ﬁbﬁ? Berlia,
Geragap} sccpoliag hi éwemamfacmuﬁth/ mtruttmpﬁfllmecmémteé,t treagment

. a o treat nent each itself. In :
"‘“ﬂ%gg@”@"ﬁg?aﬁw g’%%g%nm}ée YHs P‘a%fs. ;ﬁ g’ﬁ% sel ection of
t heL gGfepdse WAt BEMaAGRRIsy B5dpst Bliciferdso and \Begas @cidlitke were
effects V\,hl ch nay be associated with cqnbination

detqrpapes Jising, té?ﬁ%@ﬁsesr srent Jepigehgiidenpl b S Ak 36prdge to
the LGB ERGR! ihMVERS O kBt %ﬁﬂq} Reshils aw &0 %hmea for

pharmaceutical carrier may al so be prepared, placed
transfection effigicopt wsingb-ediewelmer, and | abel ed for
U egf it asg";l r{yr@éh(i %B&g %Qm&}sfegﬁorh ceﬂs were flysecl and total
Conpositi one resent i nventi o
RNdesasiedatet e\rmhrlﬁmm ﬁnimpfep ém;c(&hdxgenr Vaiemmze @Qracct&mg ¢y the

mafitficludds Byl BROT NE st rkrsibs, S Rated 8 Dl Wb e

Fasttgt ?@Remsterﬁﬁﬁ(mﬁg V@a¥nhelR) GEX@iP). Semlquilitdiive F&E-PCR
nmetal or plastic foil, such as %gbllster pack The

waspeslernpd firdieleleringessness Hikyl 2p € nFd# earbppic anhydrase
‘instructions for adn1n|strat|on “The pack or
di'spenser may al so be accormpdated by a notice
associated with the container in a formprescribed by
a governnmental agency regul ating the manufacture, use
or sal e of pharmaceuticals, which notice is
reflective of approval by t he agency of the forn1of
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t he nonencl ature used herein and the | aboratory
procedures utilized in the present invention include
Wo%ﬂs;@%y@r bi ochem cal , m crobiol ogi cal andcTaAL2007/600959
reconbi nant DNA techni ques. Such techniques are
thoroughl y explained in the literature. See, for

> AP MGk phgcatat i o

rdctaﬂéﬂzﬁdlabaml&r@hbﬂjw Vol unes- Ausubel, R M, ed.

(1994); Ausubel et al. «%Jlgrent Prot ocols in

Mol ecul ar Bi ol ogy", John" ey and Sons, Baltinmnre,
ryl[anhesBaBI0 DReesbal , " A Practi cal Gyttt No. of

Mo ecul ar d oning”, John WI ey & Sons, r\le\ﬁeg‘brk Cyeles

(1988): Watsan et al Nt DAL

HEfrior j [ WGWC%?%%@T Crigé eIE al (e?f’BI w EBIeiriﬂo(rJre

Anal y N %@p&r Lok XadbrrdalhcSeri es'|, Vol s.| 1-4,
Col d g\;ﬁm(} rbor L%

: aboratory Press, New York (]1998
W@tﬁvﬁm@ﬁmtmmmcm U'S. Pat. |Nos¢ 30
4, 666}, §28p No:683, 202; 4, 801, 531; 5,192, 659 and
5,272 meme D@GBGABTTQWQS‘/AAWQabor at ory Handbook!',
Vol un +ure of—Ani e
VESF| s E“W%ﬁqgﬁ%ﬁac@agsgc‘ﬁ%%ﬁwgﬁ A'G Fr eshnely, 34
W eyt iEe, T cﬁéﬁ%‘fbcﬂ@ﬂébﬁ%ﬁm " Cur rent
Pr ot of TmTuno 'ogy" Vol umes Colijgan J. E.,
X i A G aeTc@aGcaAoeds), "Basic jandsdCl i pi éal |
I mmunpsregw'Ng:8eh Edition), Appleton & Lange, Nofwal k,
CT ( 1DReprse: MMGCAW%TIC@FA(%I s), "Selected '
Net hodSEQ PN 1Bul ar | mmunol ogy" — W H-— Freepnh .

@JDH \IEWarér LOGBFCATRILATERY e | rmunoasls ayg(flar 5

ext ensg E Jpat ent and iscientifi
liter E%’"“ ibyos gcﬁggg@@ﬁp & U S Pat. Nos. 20
—37791; 1537 3,850, 752; 3, 850, 578:;

3, 853,987; 3, 867 517; 3,879, 262; 3, 901, 654;
3, ORESIA4YS 3, 984, 533 3 996, 345; 4,034, 074;

4, Olgégﬁbﬁ?%%q %73 g?/ St }Q%ﬁ @é{c@% aé% g&ﬁfé%?&t(lcl egnsdg’;hehal

cells NB@IEI)Q uﬁﬁm&lﬂ;lybans&cmdtmph mfaahHEE-18 showedha QHF(}g%,S-f{gld

mc;qgﬁse o &%ﬁ?s%tgmorgﬁ 5%“1 i ansr%%%{ éo%g)é?éﬁd?% gﬂlﬁbﬁt PRAG and
PSﬁﬁ‘N@@éA@Sﬁl&dleCel | (@3’1g&1@é6393B§iy, R | . ed. (1986) "
i ze s and Enzynes ress :
pr ahe Gagle Gt 8lg0 WS} (R BRI fahﬁﬁ‘gmdﬂ%‘?d&a CEEPAG et
1984) g wid he diffddeht mutants was
gel% 91§en}%h%n%r ess, t%%%b%n%%{g% A ‘&l d: To I\/Iet Eman v
follmetd Ay phRisat emasﬂqn I REHCR oplysis, Asghovs B gaeur
b rat d much
of ijﬂ”ﬁg?ﬁﬂe cgﬁ sefte'ﬁ S with Tk c%%tﬁﬁ:tsf Whs EJn%a?éHIb and. muc

érization - A Laboratory
higBoMASE chbtpaBtat comﬂmsmsaec( I@Bﬁ)mg trhisfestionhincagrepment
I ncor pot aed b reference f . .
withahepipvices FRsplle AR TP T cith gl §Bhor BRAA induction of
thefbﬁ]nﬂ g haet: géaess cﬁﬁ@rueramydm’gae (@209 UBGE abhBDEFB dhag the
ieved'to be well known in_ the art ang gg ﬁ%&%&
dofigle mutente and wHATRS BT La hRroldndvgradaipy of fb4a
nafor pat QiR Hid Hlabd 6P PR CHs b@@zerdaldue ,
“ﬁ?‘ JEgpgﬁgégeﬂbﬁ$§%g%%815675P ﬁlLZ 07/ 000959 35
leéﬁAﬂPleEpdsed'rtnpﬂnrelymll‘tydrw{thﬁll alns prgegss 1 Dedeethat the observed
nscri tlon act|v1ty n P ZNTETY
CiRER BB TS E L8, T Atk e BAOIATENG PRoat
s rz:luBI tB-VELWeERated eygr@mby, s Nolindefeidt atnebgelt eartingma
interaction with the tunor suppressor VIi1, thus ,
preventing its subsequent proteosonal degradatlon—
This resulted in stabilized H P-la during nommxi a,
reaching activity levels conparable to hypoxic

condition. Simlarly, HFla wth point nutations
P564A N_803A was denonstrated to be as active in
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Pl asm d. 5V4043- gal was purchased from Pronega

(Madi son W, USA). Triple mutant Il F-la was

const ruct ed by insertion of Bsu261/ Notl digested
wo bédeiR of P564A NBO3A HIF-1a nutant into PCT/AL2007/000959

133u261/ Not | di gested PAGEA P564G HI F-la vector. The

integrity of the plasmid was confirmed by DNA

equenci n JFar n efchd¥eiiption Of |1deifeype
(Rcéng % %Sfé%%mf \j\qgir%ﬁgég%?laoned j nt o pcDNA3 d
folloWap! t@a[ns(ehmaﬂsfeogﬂn o FIF-lcanienadn RES ﬁﬂff&nﬂ%‘a f%)§ﬂ56

T . Transieet )
an mé%?%@%@gqé? RHESHCRUEKPR! | IBO b inc 611223 p4BAEPSS

|ntr|p|cates in

1%&511:111% i GoMbT fro@0& i) dfg’%adhﬁbm—f ipureitDor Asexpegiod an '
ng pSv40

o oo s S £ S t@shep%g%%@g%@w

was 1; Llelypl € mutant using Lipofect am ne Plus reagent
nvi t rogen Coﬁg Car | sbad, l.iforni ﬂlGOI‘GAt%Coa
ac Ehd: dﬁ4ﬂl}}ﬁtﬁ5ﬂ wHiank dhoughetia eﬂ’sf’?‘ﬂ {hepeHealiy, st

! $ Qﬁﬁﬁi@\ﬁhb@,mvhia}s the most
hydreﬁq(llmied 8t gl'tﬂhiéﬁl%tﬁg bg)ﬁ?%alf g%ﬂ%lgltn gt X pof Lios is

am.n EH)& t{’it‘» tsrlple
11ke15r%ﬁglaiﬁﬁomf¢>ﬂ’thd Obserpdgiierendrin frepseiondistwerg it

Y Qe i
o, s e B RSO g o
doscllidh@ninih@Bise Ao HRF4Adinigd dfanpepios-AwEldHyge HIF-ia in

nonggéx;aiég;rgel%i g ?}%Aeggpﬁglﬁ %’ \}ﬁi“%@%ﬂ gaglrléée&s% gﬁetd :fold—mductmn

erm ned

of P&é% $56h6 ﬂmﬁ)b‘fttmrrﬁﬁbmm infdiisthat FTH-1 is
§ accordi ng tO e manuf acturer, Ptaé: of the
ind<Sd né depgieparily | reapgéﬁﬂplérfafs@ewé%‘“% s?}?ssfa’ Ei’u‘%" a @%@ner

i uthI%rreter nodel 20e (Turner Designs, Sunnyvale, CA -
P §ﬂ3 Luci ferase activity results were 20 nornalized

for transfection efflmmng fl-gal levels. For

| Agfva{tﬂéo'géR iagﬂcgc Ib’ﬁlgt?nn 0 e )sGenial AP ob ML BIF-Ok ﬁ@&aﬂkﬂ

asm was carried out in 24-well
plates with Lipofect anmgtogetidsus reagent. Magnofection

f HUVEG 6 : i
ge iR & %%%% flp%& % efqtgi E:?ple aﬁféﬁ%ﬁ%ﬁ@eg %raﬂé%ﬁpﬁo

Berlin,

ﬁ?rlﬂ%ﬂé)s oPEERpSIIRGENER géﬁ@mf@mﬂ;ﬁmﬁw @iithesdifferent mutants was
structions. Were, indicated, h} r eat %Cé X‘ft‘n@ﬂ%ﬁ(ﬁ
carpM Qutzrsmg.apm@w angjogenssis @ity &S egfion i toy
co ? unjgﬁfééafl eLipSeddndiaf el QHEMEIZE}J dase assays:
IEum erase an

gal activities were determ ned
usi WTMSMDMEH%t em (Pronega, Madison W,

ESC ff-gﬁ%r%gtrg%gg nes ag% Wf@c%&]&efnf&tédmsl gR%n in 60

Wik su ts were nornalized for
mrh [dhed eedrd anidibed fcermiyhoms mgEEHL-g apediusy Solfowedgpyroedinm

cenjapa SRR e s LB RN 3 T R A, prior
to ggsgﬂz Qféﬂ@ v&fe‘ré ﬂ{egtﬁ@ﬁﬁlm&/ ah®paied atGahcatradomohs0, 0@ @eﬂﬂé per

mantifacturer’s protocol . RNA was then reyerse ..
wefllr ams@ﬁvfﬁéld plage CPRISORST nYLtR h%m tgftg? treé&‘ﬁg gjrigel (BD

kit NYrmafReHT wU azﬁbllcddatfbxveﬂ hours.
B i e L A L

the follow ng genes: HIFIb ¢
Quahfiabibn \EGEapillaay biormagicanivgel megarmegnby counting the number o

2008/015675PCTPL 2007/ 000959, 37 Id
ca P b T IS WL P by i o el filds.
det gppref KrysHatensBediy @i mlﬁe@te&i\AHUV@ﬁlSeg@“@em&QDmnhéﬁées

and SEQIDI\IOsAnnealln Te cl e ¢
wp PogiBAReH \fﬁr B reatis S e Rggacgmer

wﬁﬁgbﬁ_e Cefﬁs Wﬁﬁﬁrﬁa@zl RuNOpricr Bdgition
orwar CACGTGGTTCACCTCAGCAC SEQ ID NO 8 60 .
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30 Reverse: CAGCGA | 11CTTCCAAGCG SEQ ID NO. 9
VEGF Forwar d: CAGCGCAGCTACTGCCATCCAATCGAGA SEQ | D NO
110 Reverse: GCTTGTCACATCTGCAAGTACGTTCGTTTA SEQ ID

WwoN®s8/01%759 34 PDGF- B For war d:  ATCGOCGAGT GCAARGAOGEIS/Mmos
ID NO 12 Reverse: AAGCAGBATTGGCCGTCCGA SEQ I D NO 13
60 34 GAPDH Forward: ACCACAGTCCATGCCATCAC SEQ ID

of Iy}idphdte 0emezernsmmmmmm@m@mbtmmﬁo%@e

24 5RESULTS bot h_hu
RO L L T e
cenélfugé‘cf 'a€gb b¥o fqisxﬁnﬁ& a6t @thuldsi PLESANdbrahemad WEGE petidnens

d increase in tr t act t
- p_erfmrmed@nmdanatcnfbﬁﬁaﬂ@@cwer ﬁpwmﬁ&ﬁs@zt‘% g F>564AI \I<I|8033/>A

d Ogipes emnyl{a?%aclys(tf AR BSs {vhreRhiturk® T 60-trinh rﬂsbesmnﬂ@mwn to

0 a greater nRNA induct | on .o
b gabe gitlo sterEnfoctdh with AHSH-BRPIes AR Bk FCMV-
wit ol;%Ld?Cl\% bl%‘PVa\Lns gigscgiged Bobd e iy <fitsR b Shudh of protein content -

- (Micro BCA; Pierce Blotechnology Inc., Rockford Tltinois, USA), samples containing

equal amounts of protein were separated by SDS-PAGE and transferred to Optitran
BA-S83 reinforced nitrocellulose membranes (Schieicher & Schuell BioScience Inc.,
Keene, New Hampshire, USA). The membranes were probed with mouse anti-human
HIF-1a. polyclonal antibody (Santa Cruz Biotechnology Inc., Santa Cruz, California,
USA), followed by HRP-conjugated secondary antibodies and ECL reaction.

RESULTS

While the empty vector caused no tube formation, all HIF-la constructs,
VEGF and FCS positive controls stimulated angiogenesis (Figures 2A-F). Wild-type
HIF-ia and P402A P564G stimulated ‘tube formation to a similar extent but both had
a significantly reduced aﬁgiogenic effect compared to P564A N803A and the triple
mutant (p < 0.001) (Figure 2G). In agreement with these findings, the VEGF protein
concentration in HUVECS following treatment with wt- HIFla or P402A P564G was
very similar and sigrﬁficanﬂy-lower than treatments with P564A N803A or Triple
mutant (p = 0.029) (Figure 2H). Treatment with the P564A N8O3A or Triple mutant
resutted in a 6-fold and 10-fold increase in VEGF protein respectively, compared with
wi-HIF o and P402A P564G (Figure 2H). These results indicate that stability of HIF-
1e is insufficient and that a consﬁtuﬁvely active C—TAD is essential for maximal
angiogenic effect of HIF-le. No difference was observed between P564A N803A
and the triple mutant. This may be due to high HIF-la overexpression which had
saturatéd the hydroxylase enzymes, thus masking any differences which. are due to

stability, similar to the state found within the RCC in Figure 1D.

EXAMPLE 3
Expression and speciﬂcil_‘y of the PPE-1-3x promoter in ischemia
A prerequisite for the feasibility and safety of systemic pro-angiogenic gene

therapy is the sufficiently robust and specific expression within the target ischemic
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foll owed by nmENA extraction and RT-PCR anal ysis. As
shown in Figure IC, nENA of HHF- la in all cells
transfected with H F-la constructs was conparabl e and -
woltbdshiskgher than enpty vector control, as equac2@u0o009ss
followi ng transfection.. 4on agreenent 15 with the -
previous results, -the triple nutant flILF-1la caused .
ugsgeaﬁg Reg ¢ 5 RN, L BcE 0 CRR%S)IM] angﬁ__d:ecﬁic toAT:0RbdGeN PPE-1

ydrase 9 ( DGFBthanth
prooublie mutmtmg afi dsohemit, tappedeppirus| gXPrEsspgeOFF under the

eg ra of P56 nmedi ated by VHL
reg@ hgglp W@%}Efe ?%gge p?ace by virtue of its

F’mwmlmmmnsposed to prolyi

hydroxyl ation. In _order to. pr t Y

i Gomerisetion o FAPRoialL ¥e ?f‘foﬁg e EoE bR AE AR, gt 20-
CMV-R VeI bt ggaﬂé}a@& %Agd}{&ﬁaghum@nibummug Yector Blolabs

VHL- nedi at ed degradation, a_VHL- def| ci ent ren el}JCR,
(Phifadaiihio S AMEuSGOHED PSTPE 1 %‘3(:%5
foll{)w{hregs‘\ﬁﬁi% h Y56 %0 gxﬁﬁlsﬁiiﬁw ﬁf_ﬁcﬁﬁ@r R ?érﬁﬂmei Viral plagues

cription ferase foll ow ng transjent
subksquastiye abdeowersf largveschile Famplifiogtion i Redollgwed by CsCl
ripoi da reveal ed an increase in activity of
%% ype HIE- 1 a to levels of the stabilized P402A
P5 64 Rinkal: aRtelve-webkealtl ifargale ARVBLAGT exiceoftialan L abesaieps Lid.,

xerﬁe rodsent et v Ay pfimelBreBARER Filp Rty s Ak

C&e%@@e@ﬁnﬁﬁﬁeééﬂﬂeﬁam&ﬁﬁcm observed. The P402A
6450 nmutant, though st abl lized, co,ul d theIo ?te'-v?ré%lkl ¥id
st i Hindgenkn ysehendp #10d6! ndy eAeng i s\gy syt

(3517@%1 3410 IﬂlééWé&afﬁlEMéﬁZle@ RsinpRizGRiukd of Retarflins tandl ixyakive.

explanation for the observed difference .in i
They arse rshfgtéteh b elm@gnb iigchgmip PR tn@qdﬂ,iﬁc@t@@ tathg pprocedure

I

I ncrease of

mdri%’i fstiewal eylligatans of ihetfemnrabgrisyy Ipdawypleto kipebifurgatio of the

norrmX| a g‘?]lefgur?al:ag . wgﬁ%?e%ﬁ th%@g%g@%g%e{%mn

of Qﬁé bfiéérSrYbeH?@B 1@k liglaﬁu&f Wi eheautanted ambalt sidenrandhas were

deed at t sl bl .|

expivel Fouiora) TomERIoUE eGHER. MO R BN dlfizh et Mgcted

at ?dﬁ@”&f suﬁé‘égpgﬁ Ac\dr HAld @ﬁes@fqtﬁdﬁéa?lsﬁﬁidﬁ‘ﬁ,ataﬁmwr and
oma

in 1s”essential for optimal H P ted 11
gasinghegien evisgles. For systemic iniravenous imjections, 10{) x 10" VP o

‘saline were injected via the tail vein 7 days post-surgery.

. GFP analysis: Mice were sacrificed 7 days after virus injection, and

gastrocnemius muscle tissues were collected and fixed in 4 % paraformaldehyde in

C0AM phosphate buffer at 4 ° C for 24 hours, soaked in 30 % sucrose solution at 4 ° C

for 48 hours and then frozen in OCT compound (Sakura, CA, USA) . Tissue blocks
were sliced by a cryomicrotome into 5 um-thick transverse sections and observed
directly under a fluorescent microscope (FITC filter). All tissue processing was
performed under dim light to prevent GFP bleaching.
~ RESULTS
Mice were subjected to hindlimb ischemia by ligation of the femoral artery or

~ to sham procedure, followed by intamuscular injection of Ad-PPE-1-3x-GFP. Control
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‘reaghies thEBIER orgal | Eoniseendningiee pyRaestgdnto

ILn order to assess the significance of the triple
~ mutant's increased transcription 20 ability in terns
of therapeutic angiogenesis, a conparison of the
wodbides@nt nutants was carried out using an RGHELRTHO0959
angi ogenesi s assay foll owing transfection of the
H F-l1a constructs in human .unbilical vein endotheli al

amrﬁﬂls | hord MRS witWHTERMY. SN sdied HoBBessionvoft GBP followmg
an i ogenesj s _assay: . Transfected, or (gf ect.ed HUVECs

B Tmigctieg s afdeied inemesfaiffAUPAEY pesFoTy I both
my!?é}'ﬂ{] ag&%nﬁ@{él?al g UMisbRlrhie W Hov-isoReini e isa Ge Retast,

I's were mai ntained in EBM 2 for
GFP lmpllttemcnzﬁ)ﬂom AdRREo}-3x-63ERs inispriomdyes slefgsted ipfgdothelial

,cellg 8 2 uIra-Te F@gﬁﬁﬁ%}i@%ﬁ%sﬁ? RGE MenBlitPR &ﬁl~1§&re91@<9muscle

per we ate pre coated with
Thege eastitts dednsirate eltusped finigyt ol @ébth(:lel Bibipcisehgaae condgjon. of

nd t be formati on was tracked for 8 hours.
meﬁ@pdéfg% EPWOB}? Bf capillary formation was perforned
by mﬁwanbwdamrymmzbﬁpmﬂ-mm v yffb:rtahn:tmdemrdemngme
power m croscopi ¢ fi in 5 randam m.cro
whitheh s promoter CoAsoBEHR, CXBFIET SOIoBHIN R PSS Syptemic
inj Wﬁ%eregﬁﬁ%uh Rs §8seihAliS Hefe bYBY End1BHIN Taﬁﬂn[ﬁdﬁ'éoﬂbnm it

ours 1n EGW2 nedium foll owed by nedi u grggg gnrrl%nctnr "

eSS PRI ul o lfGin iy Adrrg
GFEMnTrAd CMV-GFP mmsaEﬁSas toroly. iSinsa wzeﬁlaé%w@ lomangfgsporal
art%yg]é;%gé)[e ﬁhlg g{] g@ metglg ﬁéljju tl‘@c#l%l? fagfgggges%han 10 % of the

oGS ifibl 4ng §dlalaiosildbs@AGn bynmbdel, thére nian utvestingHintedal b days

human, VEGF pr.otein rfo d accordi ng -t
PrifigiqURISEH Wy é’i“ﬂ%s'ﬁlﬁ \A%?ﬂagf 18oeg @ﬁ%éms?ﬁ%‘l {)er nglgP ot
allRRk ¥ SirustYEdeh iWekehefitild tanseRd Asshbfn MFHusdsesA-BN dhereas

grown to subconfluence. Cells were |nf ected
nodpRRE- eRpreptien ORGFRNRS HrippPe 1 Iolopioik SeEHoA ! ém%‘ igghmic

an@ﬁo%d‘rasa?err&p ﬁf&sﬁ?@l}é&owﬁfgtsg&eﬁn}’ R @A FARCNAY IGHP @lgures 3B

ern content Pi'erce Bi ot echnol ogy

, and AE), ,spaammmsmn lof GHBicg]y m@mﬁOthsla%ﬁpléssofciWw%mH@de was -

oo B P B oA Ry SO P

nitrocell uI ose msnbr anes (Schl eicher & Schnell

Bi oSci ence Inc., Keene shire, USA). The

menbr anes were probed WM e anti-human H P-1a
M&Mﬁ}e@[&ﬁ o -Pmdl’rqf@m&laqwm&c&z@hmﬂhﬂﬂysclumtzttﬁom

Santa Cruz, California, USA), fol]owed b .
HRP- Brnfoligwinsdesisaoatsryera eriBerde . g eodetrraips jiether

tﬁi_'kﬁg SR Y MBI Ok S A S Oh NOFt UD@nder the
in or mabgl on, é@m h?t& ~/l{]%ncons“;{r}ﬂucts \E/)%%: and  FCS ,
x prasdidn wfd’REahBK@hsn@en crwlcatremoarﬂggmg@r%@ i&VIVBi gur es

2A- nd P402A P5640 sti nul at ed

tubé‘hﬁﬁ#&?ﬁ‘%n&ﬁgﬁ@‘*ﬁ? r extent but both had a

Si Qigbniforide! of Hirdlhale Bload gmg e/ncecwezfefaaesthmnqb amdeplategl for 5

P564A NBO3A and the fri t ant %01&??&5 g‘yr%tmn
niagips crns MgHEGnAte 9 £h Crigs@dr My lzet a aration.
HRERLE  Ho 0N GR RER LRl i) a"fh@ég@ﬁ)rgg h$igh imager system

reatnent wth wt- H Fla or P402A was ver

(Mdoniisermant 1a4. gmuamiapely @ﬂ@rsurg%}haltdr wahe it 4 il o 28
P564A N8 A or,, Tr i r
POSERESTT &BY " AL pE Rk g B %%ET%F% Py Fhereas, the

hlglﬁﬂbér&@mhmgxaﬁwfas) lddphmﬂ ftOrefloCollof ploatestaphsi weryE@©rded and
protein respectively, conmpared with w-H Fla and
P402A P5640 (Figure 2H). These results indicate that
stability of 111E- 25 la is insufficient and that a
constitutively active CTAD is essential for maxinal
angi.ogenic effect of HF-la. No difference was
observed between P564A N8O3A and the triple nutant.
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Ani mal s: Twel ve-week ol d female C57BL/6J mice (Harl an
‘Laboratories Ltd., Jerusalem Israel) were used. Al
ani mal procedures were approved by the Aninal Care

woans/ouses Conmi tt ee of Sheba Medi cal Cent er. BEGTAZRGOAG00959
i schem a nodel and adenowvd2rus injections: Twel ve-week
old 15 C57BL/6J female mice were anesthetized using a

analfisdl WEre gRfoltRidaby pelcalating enivegage Heefysione o€ theuisflwntie dnd
to hlndlln(ﬁiglgls:chemab nodi.ficatien to_ t

. . h K -
nongiseheriry g r 9B tcg?ff aTaese S 25 1@3.1b1$‘ﬁte light and

0kl 4r8 bprb@ER a8 raty bepafuids ih Mgl I8fdischemic) vs.
tem?%ﬁ%%%’ﬂet%@rgy i gat i%rns of trhe f?sm)r al artery proximal

right Gncnkiechigivic) of the deep and superfici al
f ) b 7 ky d e it ifice
o IEA Sty O i e

at ddyg2s, Unindlimta snustlerfissessowers exrrised| andshrersn g aHemes ckePeT

exci Faor. 1.ac i ptr Ao € Cityd ;
congpognd GpsachingSf sl [k e Ha BB IR S &peebtaCled
trardver8@ g EO§ weky BEmShdsesnedqusinly ratependchmal angi-CRYY aelindies

and gast rocnem us scl e or tem c i,NLravenous._ .
(PrpiEEE, S, Do gforiin, BpER PG ef SHE® with
hethdthbSfked via the tail vein 7 days post-surgery. 25G-P

anal'ysis: Mce were sacrificed 7 days after virus

i nj BESU&AS and gastrocneni us nuscle tissues were

col heahed | | %68iddledn 2 RRAbRWE Behiyd ubduld idjedon

phosp%ging %&gﬁe&r%ﬁ%lﬂc for 24 hours, ]gggaked in 30%
of ALPPE4-Ixelrile,0 AdeEMN -Tdpleopr 481-GMN-¥t:ahanielepnifpals, @ire
. .in OCI co ) LLE ) clinidd | RakKsd; £
njgRkede VR &%@le@pyﬂgé gg%iﬁﬁ% Cro odnga% hegl gall 3)??1&%{[% ck mes_o
an%ié@ﬁ&él@ ffele SREMIned Sowen e qlesied vafd2B Qlags. r son¢diately déallowing

| uor escent m.croscope .(EITC filter). Al ki RNER

surgeryc blged ﬁawméhedé%ﬁsﬁﬁﬁfﬁfﬁﬁé? et et 10,9 of te3Pifil limb in
all GrBe Bk RRENIIROdayREEURTSR treated with CAd-ORIE-Tsipkj echdePMEp]-3x-

hindli i schem a_by I%cgatl n _ of t"rﬁf’f eng{r.al .artery o4
Triple showest sianificanty ipceas A Pgod Hpy fGaEys & mice

oA &R Ok g AP REc ks foftfe 4AMDBy day 28, both Ad-
wiljhEPIPR A 1L§‘§‘6%°{§§E“%§°“E§g§§igﬁfé’| fm%?_eaji( nj_eé[)I ed
CNV ¢ Friphel aBWWAIREE o x-Jiplen émpexgst pedasinn 8y thepschemic limb to

f ol | owi ng.Ad- CMY- i njest i on. ted AR- _
bt ot Gl TRl hogh Rl shocigh ko cuicheo
cofifs] aich@lenal (FixatdsstAoB).i otrerer, treamdntruith Ad<PdNT Eriple or Ad-

nuscles. In contrast, P expressi on.foll i .
PrRATE desgerp PRISICGATHE FREPAH R dRbotaisarm
auRa&BliaBo f whislk et Groffehe s W hfce eresta veths AdFCMASWL or

identified in non-ischem ¢ nuscle. These!.r %Z%l ts

coslentpreonsisiens Wikleiapevsc plepd Jlowgo dhgiiseans U 4C- D).

i %{E‘E& G . i hif fic@BorPREmdscly fa€y densit
InIa r a%r@&t{;ﬁggﬁd\{}gbfg?aﬁgﬁ’@é% 1- 3x(-) GFP vvsas ef f gg{ ed !
following @83 1 tsiindeg saveiled highet ¢apillarn fosmapicisfiftes patiogh thy animals

al so .l.e ess . ' -
el el AL oY FHBAT R RE R L3RR Bl AUV ot and control
treflted SAMAA(FadrésUE 4 4R0dy and only a small fraction of

it reaches the target organ. For this end, mice

subjected to hindlinb ischem a or to sham procedure

were injected 7 days post-surgery via the tail vein

wi t h Ad- PPE- 1- 3xGFP and Ad- CW- GFP or saline as

controls. Since immediately follow ng fenoral artery

ligation the blood flowin the ischemc hindlinb

falls to less than 10 % of the 15 normal linb and is
~al nost absent in our nodel, there was a waiting

interval of 7 days prior to injection, with the aim

of enabling sufficient vascul arisation to devel op,

thus allowing the virus to reach its ischeraic

target. As shown in Figures 3A-F, whereas

non- speci fic expression of GFP was detected in

hi st ol ogi cal sections of both ischem c and
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anal yses were perfornmed by cal cul ating the average

perfusion of the ischem c and non-ischem c hindlinb.

To account for variables such as anbient |ight and
wobteispesat ure, the results are expressed as rEiTIB.269f7/000959

‘perfusion in the left (isshemc) vs. right

(non-ischem c) hindlinb 51 nmunohi stochendstly and

gquantification of camXAmmprLxlensity: Upon sacrifice

at day 28, hindlinb nuscle_ tissues were excise
Sytaneiz amonirios 96 AV B S Rl O (AR 14 Tk Bt

USA Inc., TOrr anffarbPhich Aunemy-H§pR and
cryosectioned transversely. ECs were ixggenlé St ali Efedof

Uhen fplioatingroxessiosats werst peronmed A6 CPBBHF oty pro
Bhatotn Pp2090sx G4 @i 3¢ AUSANV-THige. In contrast
SySt%%'S M%%ﬁ%?f‘%dgﬁgsw t Jt% tﬁ%mﬂt oxyl i nﬂ%eESUI(_K‘)FnS *
to 1ddhiNalbriambsdutee sjettmnwalsere nehst efitherndpiayirud i opgrmratsyl ot the
. intranuscylar .injection. of Ad-PPE-1- 3x-Tr:it pLig, £ th
site B gsAUOR [ PRRs o e A i e the Vil Bl most of the
adeﬂor}irﬁs? I’cﬁl&xéé/i aglﬂ tﬁdscﬁi%é—d the glvelr 'Emifelfa:rl-rg, wih mgdrdfs |t@mfety of the
clinical outcomne and | ndlices.o angl o
trenigpegiih Bigs GWSPIALY JOPSFERR &9 TERITLHY R Al o] ot find
othe} 1 A A SUEARIEN oclbdginfihOmiden the Tscheni ¢ | imb

to [ess than 10 % of the normal linmb in all mce
gMPAPERLBYLSAYD METHQIS t reat ed with Ad-CW-Triple or
Adz PPE- 1~ ' ,%F;P' B i LraN e RG0S @Btained at
hi e&l"l‘rﬁ‘%wéf(%%&#lﬁoﬁnre ét{?‘fle to mce treated with
day AdmORY-post;injackiciid lanalyoed wsirlel aneautmatic sRdYZERi gure 4A) .

By day 28 ot h Ad- .al VAN IE . ibed i

s alo R e Yo P Al densi: as dsertbed n
Exabipid4.t o approxi mately 50% of the nornal |inb,

significantly pore th Ad- - ar I

: atioeire prdictioonlieg” susratva BEPR Son wi e

Ay (MM It inbiras SiBRRRE: TSPIE Scieaaggeideazo, Plindigutidhy was

reduce 1 schen a-i nduced toe Becr 0Ssi s

used dorciatistical 0Bl sis PP A EFREA S PR @gﬂ% &aipgormed in

the é\ln{ ?ﬁl’b%&%st Qnd;ﬁgfu%’s%es@ vad 9s&O0R} iRl SadigoNisthéninodel; P

i ‘npr ove flowto the ischenmc linb d
less( fBiag W G waCeorBjderedrsignifiesnieRetayire Brasprichpb Bt FREM an

findi quant i ficati oo j bl € Hekdhbn
werp PR et B hFh oh Jdi B, QRBIoRR Ch e edinc,
Washiaghe WSARr ratio in the aninals treated with

Ad- CW-Tri pl e and Ad- PPE-1-3x-Triple than Ad- CW-w

arfERBRPol - treated aninmals (Figures 4E and 4F). WO

2'3Q§3/6 QhGBARE (oTHih AR T RANR5 erd By kiEmisally siadhd il vein

a

tration of Ad-PPE-1-3x-Tri is. saf |
7 dobmwosimorgm el AU CorpREan. ORRKGTE (GTEMa

whiiQld oM IRt r I OBl db FARRRRS Bijdckien, all
W] %ffké:‘{-)&/ﬁgi EBEE Sgﬁ% SRR RefbRr OBE dhP FARMA Byj n

y protile o systemnm ¢ adm ni stration of ]
grobgs BPmide Byt Fei galive-treatech ahowtd Adoackad rApgiiog. in|hpdy weight.

contrast to l.ocal intr SGul L0 E I,
Ho&r]evefrhév }aeéxi;] |?t§%r z!u{%no%- a2l i%g ?gé I%Estiﬁ?g ogi‘gﬁﬁﬁbody

s concentrate
Wei%?i ast ldlgﬁ 3 _fp@htl—iﬁjb{:tﬁtg? i the rﬁﬂﬁ]MUsTraﬂmmB@d Llaicb otpnfipged to
the tail vein nost of t enovi rys reagche n :
deqreasp o reaght TRaCIRg & @Pﬂ%ﬁﬁr‘%ff85‘é°?{1°{~7sﬁyh&aé’e%a‘P%%f’%%“% systemic
il ﬁ%m@fs&)h e ELAIRRAY testst of VMRS 16I6P A&ieApdribrind Or dagn tpost-
to Itor "any changes in_liver function and %ho X&IFI&[V
injestioneamidcrepentidt e snakadoPSTAE SEFUD} RYrvbin fprgeate &y the AC-LMY-

MATER) . AND _MET - L AT -wit
T B e R
ca@ed to- iflfle@ceiun bilivabia hadrsase dFiggten3ChaMudbarmarg perum AST and

anal yzer. | nrnunohi stachem stry and quantification of

capillary density: as described in 15 Exanpl e 4.

Monitoring of hindlinb blood flow as described in

Exanpl e 4. Statistical nethods: SigmaStat (SPSS

Sci ence, Chicago, Illinois, USA) was used for

statistical analysis. One-way repeated-neasures ANOVA

g
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wei ght by day 3 post-injection, the Ad-CW-Triple
- treated mce continued to 30 decrease in weight
reaching a peak 10 % reduction by day 4, indicating
wosyedasgzs il I ness (Figure 5A). Liver functi oPCH/B200S/060959
the mce were performed S4days post- injection and
reveal ed a marked 25-fold serumbilirubin increase in

ALTh&eNOx&sbMrofdiirdDy Eetdi@bleghyd Gemieeareaied |vhﬂﬁA@0]MV dlriple,
denonstrating severe jaundice,

g sdhant T Hersess "o 1 gt e overt

sysfeltlid nS BF BERAS iIARE exMiBited by the Ad-CMV-Triple treated
2008 15675PCT/1L 071000959 44 ALT_levels were

miqey thisguine ryated watszB? ~Taple showed o seens o dlliegs @R hpd their
erlg:g é_:ln'lw!n"{]b&) RIS?n contr as%%?io %’I@MI&C{O %’s'ﬂ&a’[@@ &%eqﬂ

overt systemc
accomiandeesittathcan@ndifgsh Bpathigolbgirrlesstian lof biitesictifcediat day 5
t.he m

rev??g“ggﬁvmf{‘?kg ﬁé@%n g}‘{ %W%hog?mc H{ergtgo angﬂ\fl1g %IJ&'CMV

Tripl8 eﬁrdate'abiﬁlﬁ:feuﬁhﬂé :Adap&hmﬂaxmiﬁangdmumoemd saline -controls
conpar apl e to sallne-trea ce cor dan
showyed Se pethaleey Gigures BN ngd&wg}l c é‘&&ﬁ? Bl '%?éedh n

S Grediod GRdhpD FEBMARL s heRBpKABIoF hepdticamimidgeth
theé%g_bltvanpgﬁogytl %ﬁ?ﬁnfl Itratlgons| n tEe Ad- Ch/i\f;"rlrcl pl e efithe

AMGMIEY iplerineatetmive shonermadusb partial Ficavernd TR iogripechifgir
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o8 SO0 o B ) SR 1 SExl ol
Hotvileer AtleiChdrumt AST emat SUT grecuipill MMO@M@&W@%M’BE 1-3x-
as he haol o T el

Trigfe ﬁssﬁ{ﬁﬁﬁeﬁ‘?%ﬂggrﬁ%f’a ﬁflﬂar@c over M h@y&rde‘aglcﬁggq’qw

grohb@llfhléépi:ﬁﬂt IEveﬁli?f]tobMyd\ﬁas 338% a6 tin ilivee hisioboridah edations from
serum bl i.rubin returned t er

dayt Plapqst-wysctipp @sm&%g QARG IE FFEP‘E‘QM%&@EP%M
\Mﬁmﬁgeﬁéﬂ%ﬁ@@dm% pnd saline control treat ed
mce, simlarly to Ad- -wt and Ad- CMW/- Luc

grEﬂH@g‘ﬂngT Hreplpepy j mice| trowed | withy ey ngﬁg@e rgiegxpgs@ra}te,c} a
Slgl’lilfi\é Jg(%it kqg'lp fenefi tu‘é (H'I‘%df LehEaY i#lhe ischemic tu_nldhmb

I on |gur showng mld resid
comgmwamdecw Thp}eamd@ﬁ oither trieetoent erglies, whichtweas fgptrapted

o i s i A 01 PR by

' da)Q Qeqioetnsurgaay ameaer% ih r‘:hblﬁmie@lvﬁéﬂ?hpbl goup iFighes 6A -B). The

hemc h| Oco wth Ad- - Iriple :
cliniFl e 2 e SThniconoEe VIt 4F Bieit dfood
floGalerddnsRRSly %ﬁ&@d YSduEfﬁﬁlQB |t(5h916%ﬁﬁfs%ﬂ Fatofhputdor’in the Ad-

erfusion of the normal |inb day_28_ post sur%B
PP{sTripgonges vo. tHeother- aRmpsTFigres %‘?&)pln( P#Cg%ﬁfbﬁu@ﬁ gtion of

wlE S SR LB SIS it e i

fibekenation &t magrcmg teeriod oA ¢-BBEdt 3o Rripls thapshn 4 dr@dV<Trplgland

he Ad- 25 PPE-Triple mce vs. all -
allé’#ﬁégm Po b%m?sl—é%g es 6C-D). In addition,

quantification of nuscle capillary denS|ty fO||0MAng
CD31 stalnlng showed hi gher c ﬁl|Ja .to gﬁicle fi
r at 1igs PRPTERReg Rl sortnia fratreqOf ERegypbiens waieh-Arg, fprec arity,
deéclﬁﬁ&l tih eth‘é“d o{Mkt Thf RESurAR derBbddi@ERE! nfOLRS K ipgdi®d in
I'S appreciated that certaln f eat ur es, of
comhmaﬁmm mogle emiiodhment.e Conyrsely. dfarioys feglaasrafiagyinvention,
f. separa
IS a0k S L I PR TS R RASL BPE bR TRt My also be
puﬁmkﬁam&EMnyyaimgu&uﬁﬁabMﬁssmUEHDMe_invention, whi ch
are, for brevity, described in the context of a
singl e enbodi ment, may al so be provided separately or
in any suitable subconblnatlon WO
2008/ 015675PCT/ 11, 2007/ 000959 45 Although t he
i nventi on has been described in conjunction with
speci fic enbodi nents thereof, it is evident that many




j{t

3. 5. The nucleic acid construct of claim4,

further conprising a cis-regulatory el enent.

6. The nucleic acid construct of claimb5, wherein
woBisth18d75- r egul atory el enent conprises an erR{GyHR007/a90959
~ specific pronoter el ement4s 7. The nucleic acid

construct of claim®6, wherein said endothelial

spegiHoush RO MR @tioR | A ERHen CRBR{ted ein aoriﬁ’ﬁﬁ‘-tlﬂm pwilopedific

8. The nucleic acid onstruct of?ﬁla|n1 wgﬁ;ah d
embodirerPRheregf dfot ePVifnt athppEnany 3 RIGPEHGE e frodications gn
varid35ns W1 £p Qx%hg toctﬁﬂs%t didifdd iRfhChi McbordibiBy, € iB imedddd to

CIS-regu el ement further conprlsesfgépgéhnﬁl
embraeepadh sshaltemhves, modificationg andyap&ing ey e spirit

randl%o Is%t'gpggo% & F]il)b z]@édc g Cais i)ﬁﬁiﬁ:%h&fs oh@hi #hd patent

nmaceu conposi tion conprisi ng as an
appli€dtione nﬁg@cﬁﬁed fidn ﬂusmpemﬁcatloa@mim@n incptporatest mé]iiﬁ,lf ggptirety by
refeg%ﬂ%:e lrlllgt]oAfhé gpem 1cat10nl£cp Hﬁs éingl%?elili[eng %li f%eg%fl idi gubhcatlon,
patér@ réh phﬂ%ntsﬁgﬂldaubl@ wid bpdcifidaly nmldu fmiivtidually oindicated to be

medi canent T or treatln a nrdi cal, ond|t 0
incerperstadabagingPy HORYRH6 iiQrh ciiagon o d’lﬁ‘%rhof option, g 2oy

refdtélc glﬁH‘Q@ eﬂg’ﬁ‘é&tib%‘ sBAl ﬂc?t belcOMétiub®Ws arl Aindissotbihaiciuch reference
nee . Use of a therapeutically

is aeﬁd@hiasmoamﬁmwﬁlemes@ﬂﬁéﬂw%@%l c acid construct of
claim4 for the manufacture of a medi canent for
treating a nmedical condition associated w th hypoxia
or ischem a, reduced tissue perfusion inclusion or
"low flow in a subject in need thereof. 14.
Use of a therapeutically effective anmount of the
nucl eic acid construct of any of clainms 7 to 9 for
t he manufacture of a nedicanent for treating a
nmedi cal condition associated with hypoxia or
i schem a, reduced tissue perfusion inclusion or 'low
flow in a subject in need thereof. 15. The
use of any of clains 12, 13 or 14 wherein said
medi cal condition associated with ischema is
sel ected fromthe group consisting of wound healing,
i schem c stroke, ischemc heart disease, periphera
vascul ar di sease, renal artery disease, ‘
gastrointestinal |esions, bums, skin transplantation,
vascul ar grafts, organ repair, bone reparative
-di sorders, liver disorders, uterine disorders, ocular
angi ogenesi s di sorders, bone regeneration disorders,
cartilage repair disorders and snooth nuscle cel
di sorders. 16. An isolated pol ynucl eoti de
conprising a nucleic acid sequence encoding an H F-1la
pol ypepti de having an am no acid sequence as set
forth in SEQ 113 NO 2, under transcriptional contro
of a PPE-1-3X pronoter as disclosed in
PCT/1L01/ 01059, said polypeptide being stably
expressed and constitutively active in endotheli al
cells. SEQUENCE LI STI NG <110> VASCULAR BI OGENI CS
LTD. BREI TBART, Eyal BANG O, Livnat TAl, Reshef <120>
POLYPEPTI DES AND POLYNUCLEOTI DES ENCODI NG SAME AND
USE THERECF | N THE TREATMENT OF MEDI CAL CONDI TI ONS
ASSOCI ATED W TH | SCHEM A <130> 41795 <160> 15 <170>
PatentIn version 3.3 <210> 1 <211> 2481 <212> DNA

- <213> Artificial sequence <220> <223> Tripl e nutant
H F-1a codi ng sequence <400> 1



at ggagggcg ccggcggcgc gaacgacaag aaaaagat aa
gttctgaacg tcgaaaagaa60 aagtctcgag atgcagccag
at ctcggcga agtaaagaat ctgaagtttt ttatgagcttl120
gctcatcagt tgccacttcc acataatgtg agttcgcatc
ttgat aaggc ctctgtgatgl80 aggcttacca tcagctattt
gcgt gt gagg aaacttctgg atgctggtga tttggatatt240
gdabalMaca t gaaagcaca gatgaattgc ttttatttga
aagcctt i L8Rt @quence encoding a
t ggc at g‘ggf} S(%l%%iaﬁ) c%(ggbgl(tag 3?8?’5%3‘% gdggg(?qgg ;tg gs 6! s
polypggade lmainiganagtind srihstuenae biJHche, saignghypeptidg being stably expressed
attttactca.tccat gt gac420 cat gaggaaa tgagagaaat
and copgiiuipg é@“gbﬁégaﬂgﬂgf?%%tgaaaaa gggt aaagaa480

~Caaaacacac agcgaagctt ttttctcaga atgaagtgta
ccctaact ag ccgaggaaga54Q actat gaaca t.aaagtctgc . .
ebat g sIFes PUSAGIoGEa CEYRIL L e Aug PRERGreid seauence is a
set fok@LiPYEAGPANGCAG aacca acctcagtgt gggt at aaga
aaccacctat gacctgcttg660 gtgctgattt gtgaacccat
tcctcaccca tcaaatattg aaattccttt agatagcaag720
acf{ ttcchca T ic acid sequence is
attat gl - aedapPaateREl B Tl MRlch] Wi hucllc acid sequence fs
as sciefgab jasle@ IDMN&xdgccget caatttatga atattatcat 840
gctttggact ctgatcatct gaccaaaact catcatgata
tgtttactaa aggacaagt c900 accacaggac agtacaggat
gc4.t gccaFAcleRagiitcggatucedomipeisihgahe isglagd pblyaadéifide of claim 1, 2 or
gcaactgtca tatataacac caagaattct caaccacagt
3. gcattgtatg tgtgaattac 1020 gttgtgagtg gtattattca
gcacgacttg attttctccc ttcaacaaac agaatgtgtc 1080
cttaaaccgg ttgaatcttc agatatgaaa atgactcagc . . )
t al.t cacBamnageir it eenstractoofgelaiyaida dahegcopwesiag 12 cis-regulatory
égacaaactt aagaaggaac ctgatgcttt aactttgctg 1200 -
gccgcagccg ctggagacac aatcatatct ttagattttg
gcagcaacga cacagaaact 1260 gatgaccagc aacttgagga

agf accaf.t a_tat.aat gat g taatgctccc.Cteacccaas 13

gahaaat § 4t "4 %lgtaﬁ%gﬁcg‘s?’ﬁtg(gg%%]fng t & grca ?aé% cisHeghiatory element
comER&CatSHgRc A 6 FRIRGNIIBBEcmemct t cgaa gtagtgctga -

ccctgcact ¢ aatcaagaag ttgcattaaa attagaacca 1440

aat ccagagt cactggaact ttcttttacc atgccccaga
t t-£aggatfpa ndAERCELIRTonkP of CAILSE G2 tveheBRAGERIC bidldthelial specific
- acaaagttca cctgagccta atagtcccag tgaatattgt 1560
promptet tlamgniggmprisestagiifat pgictdiat gaa ttcaagttgg
aattggtaga aaaacttttt 1620 gctgaagaca cagaagcaaa
gaacccattt tctactcagg acacagattt agacttggag 1680
atgt t agThgmatiaicd castraatof glhairg 4t whereintsaida-1 promoter is a PPE-1
tacgttcctt cgatcagttg 1740 tcaccattag aaagcagttc
3XP§@E§§gccct gaaagcgcaa gtcctcaaag cacagttaca 1800
gtattccagc agactcaaat acaagaacct actgctaatg

ccaccactac cactgccacc 1860 actgatgaat taaaaacagt

gad aaaale Megeiatagiiaseystivctt Aad SaF%GQFtﬁﬂ ch%@ﬂqurdmnmn
furtnd CoREALE! b AT FEBGAL REARAAAgAA act act agt g

ccacat catc "accat ataga 1980 gat act caaa gt cggacagc

ct caccaaac agagcaggaa aaggagtcat agaacagaca 2040

g aﬁ?aat Kh $soBh& A %%grlgfi%g@ Hollel dotaofltHEOF claim 4.

ctttgagtca aagaactac gttcctgagg aagaact aaa

t ccaaagata ctagctttgc agaatgctca gagaaagcga 2160

aapat ggaac at gat tc actitttcaa gcagta C i

ttﬁbaa t aﬁ?%ﬁ@%%tgﬁmﬁfgwnégggggg%f%a%%g@%ﬁ%?g%meDUdmcaMd
consthR€ 8t HRUlclalsi § g0Raala glagharadgilyatgpabiioairie?.280

agt gaacaga at ggaatgga gcaaaagaca attattttaa

taccctctga tttagcatgt 2340 agactgctgg ggcaat caat

ggat gaaagt ggattaccac agctg@ccag ttatgattgt 2400

gaagttgctg ctcctataca aggcagcaga aacctactgc

agggt gaaga attactcaga 2460 ,gctttggatc aagttaactg a

2481 <210> 2 <211> 826 <212> PRT <213> Artificial

sequence <220> <223> Triple nmutant H P-la <400> 2 Met

GQu dy Ala dy Ay Ala Asn Asp Lys Lys Lys Ile Set

elem



505560 Ser Tyr Leu Arg Val Arg Lys Leu Leu Asp Al a

Ay Asp Leu Asp Ile 65707580 G u Asp Asp Net Lys Al a-

G n Net ASn Cys The Tyr Leu Lys Ala Leu 859095 Asp

Gy Phe Val Met Val Leu Thr ASp ASp Ay Asp Met Ile

Tyr Ile 100105110 Ser Asp Asn Val Asn Lys Tyr Met dy

Leu Thr G n Phe Au Lou Thr 115120125 d i s Ser Val

PhE2. As pUphel arpelypersidpes setyigrtngp SERJDANG: éfg f?étmanu acture of a

medlﬁgf'ge]rt%rd'%ﬁ'hg aqngdtwt colnﬁft'i 1 REsoblafd Abith ﬁﬁ%xﬁ Mr k@lﬁbrﬁ(@' reduced

14515 155160 G n Asn Thr Gn
tzssuéSﬁafrﬁBlm nﬁfh«sldnen awdloviin 4 abjeClis nJdskthereef. Thr 165170175
Ser Arg Ay Arg Thr Met Asn Ile Lys Ser Ala Thr Trp
Lys Val Leu 180185190 H's Cys Thr Gy His Ile H's Val
Ty13.Aspudhef a”tﬁﬂ‘aﬁamcﬂfybffacﬂvd%mmﬁQ&Z:ﬁ@ﬂ@cﬁeiGatid @yrstx@:ty)f claim
TrLsLysProProl\/th?C,é/ eug C,é/
4 ton Vs mdmuetter ook QISP i SRR PR PR FRapjaled with

hypogfaoorLﬁéhei%ﬁJ reflcel YiRsud 2R2R 0188 Grd@iohhsr RIve flodw iSarsubjegt in need
H's Ser Len Asp Met Lys Phe Ser Tyr Cys Asp 245250255

theredf.u Arg Ile Thr Gu Leu Met Gy Tyr Gn Pro Gu Gu
Leu Leu Gy 260265270 Arg Ser Ile Tyr Gn Tyr Tyr H's
Ala Leu Asp Ser Asp His Leu fir 275280285 Lys fir Hs
Hi 84 As pUbbtf aRherafiduticaliysefiettive@nrounta! thd muckiv ac@ gongiryst of any of

claims 7 to 9 for the manufacture of a medicament for treating a medical condition associated
with hypoxia or ischemia, reduced tissue perfusion inclusion or low flow’ in a subject in need

thereof.

15. The use of any of claims 12, 13 or 14. wherein said medical condition
associated with ischemia is sclected from the group consisting of wound healing, ischemic
stroke, ischemic heart disease, peripheral vascular disease, renal artery disease, gastrointestinal
lesions, bumns, skin transplantation, vascular grafts, organ repair, bone reparative disorders,
lver disorders, uterine disorders, ocular angiogenesis disorders, bone regeneration disorders,

cartilage repair disorders and smooth muscle cell disorders.

16. An isolated polynucleotide comprising a nucleic acid séquence encoding an
HIF-1a polypeptide having an amino acid sequence as set forth in SEQ ID NO: 2, under
transcriptional control of a PPE-1-3X promoter as disclosed in PCT/IL01/01059, said

polypeptide being stably expressed and constitutively active in endothelial cells.

47



290295300 Tyr Arg Met Leu Ala Lys Arg Ay Gy Tyr Val

Trp Val Au Thr G n 305310315320 Ala Thr Val Ile Tyr
Asn Thr Lys Asn Ser G n Prlo Gn Cys Ile Val 325330335
Cys Vval Asn Tyr Val Val Ser Gy Ilelle Gn H's Asp
LegE & 40345350 Ser Len Gn Gn fir Gn Cys Val
Q{“ }:}Q% al G n Ser Ser ASp 355360365 Met Lys Met

<110>T%SC§],AQ LedEhethr Lys Val A u Ser Gn Asp Thr Ser
8375880 emer Leu Phe Asp Lys Leu Lys Lys GQu Pro Asp
AI?@‘%%SMFW Leu Len 385390395400 Ala Ala Ala Ala Gy
le Ile Ser Leu Asp Phe Ay Ser Asn 405410415
<120>A9’§LY“F¥?|TID@ ENDTFPLYAEIHO @tqzntg ﬁ%é‘iwﬁl’ @S@H@Cﬁ“ Wal Pro
FETERTRER A 2BASE 43P A AT TS B 5°ER T Pro Thr
_<13e>A|4a79€;I u Thr Pro Lys Pro Leu Arg Set , 450455460 Set
<1600y 1@ Asp Pro Ala Leu Asn Gn Gn Val Ala Leu Lys Leu
‘N Pro 465470475480 Asn Pro G n Set Leu Qu Leu Set
<170>Ph’eteﬁ1|n wstionPy.d G n Ile Gn Asp 485490495 G n Thr Pro
<1058t Pro Set Asp Gy Set Thr Arg Gn Set Set PrO Gn
<211>550@605510 Pro Asn Set Pro Set G u Tyr Cys Phe Tyr Val
<212 Met Val 515520525 Asn Ju Phe Lys Leu Qu
.‘213’A§§A1€fa°ralde§“e ¥s Len Phe Ala G u ASp Thr 530%35540 G u

-~ <2200Al @ Lys Asn Pro Phe Set Thr G n Asp Thr Asp Len Asp

<223>LE;aLpE§ Hutant BHIF-la coding sequence

zigg:gg;cg ccggoggege gaacgacaag azaaagataa gttctgaacg tcgaaaagaa 60
aagtctcgayg atgcagecag atctcggega égtaaagaat ctgaagtttt ttatgagctt | 120
gctcatéagt tgcecacttee acataatgtg agttcgéatc ttgataagge ctctgtgatyg 180
aggcttacca tcagctattt gegtgtgagg aaactictgg atgctgétga tttggatatt 240
gaagatgaca tgaaagcaca gatgaattgc ttttatttga aagccttgga tggttttgtt 300
" . atggttctca cagatgatgg tgacatgatt tacatttetg ataatgtgaa caaatacétg 360
ggattaactc agfttgaact aactggacac agtgtgtttg attttactca tccaﬁgtgac 420
catgaggaaa tgagagaaat gcttacécac égaaatggcc ttgfgaaaaa gggtaaagaa 480
caaaacacac agcgaagcft ttttctcaga atgaagtgta ccctaactag ccgaggaaga 540
actatgaaca taaagtcﬁgc aacatggaag -gtattgcact gcacaggcca_cattéacgta €00
tatgatacca acagtaacca acctcagigt gggtataaga aaccacctat gacctgcttyg 660
gtgctgattt gtgaaccecat tcctcaccca tcaaatatig éaattccttt agatagcaag 720
actttcctca gtecgacacag cctggatatg aaattttctt attgtgatga aagaattace 780
'gaaﬁtgatgg gétatgagcc agaagaactt ttaggccgct caatttatga atattatcat 840
gctttggact ctgatcatct gaccaaaact catcatgata tgtttactaa aggacaagtc 900
accacaggac agtacaggat gocttgccaaa agaggtggat atgtétgggt'tgaaactcaa 860
gcaactgtca tatataacac caagaatﬁbt caaccacagt gcattgtatg tgtgaattac 1020
gttgtgagtg gtattattca gcacgaéttg attttctcee ttcaacaaac. agaatgtgic 1080
'cttaaaccgq ttgaatcttc-agatatgaaa atgactcagc tattcaccaa agttgaatca 1140
gaagatacaa gtagcctctt tgacaaactt aagaaggaac ctgatgettt aactitgetg 1200
© gcegeagecog ctggagacac aatcatatct ttagattttg gcagcaacga cacagaaact 1260
gatgaccagc aacttgagga agtaccatta tataatgatg taatgctccq ctcacccaac 13z2C
gaaaaattac agaatataaa tttggcaatg tctecattac ccaccgctga aacgccaaag 1380
ccacttcgaa gtagtgctga ccectgecacte aatcaagaag ttgeattaaa attagaacca 1440
aatccagagt cactggaact ttcttttacc atgccccaga ttcaggatca gacaccfagt 1500
ccttcogatg gaagcactag acaaagttca cctgagecta atagtcecag tgaatattgt 1560



545550555560 Met Len Ala Ay Tyr tie Pro Met Asp ASp

Asp Phe G n Leu Arg Set 5%5570575 Phe Asp G n Len Set

Pro Leu u Set Set Set Al“a Set Pro G n Ser 580585590
Ala Set Pro G n Set Thr Val Thr Val Phe G n Gn Thr

Gn lle Gn 595600605 G n Pro Thr Ala Asn Ala Thr Thr

ttttaga'ﬂ:ﬁg Iﬂ'&ﬁtg@daﬁ gdttbat Ty tué&a@tt@ Bat&ﬁjﬂag@]&@ﬁa]:&ﬁ%ﬂ by= Thr Val
le Len |lle Ala

st FURIERA S By B B B TR TS e vs G
atgtrddery FhutaSer aabe sfthgacGetag64566065508etatRy 0 1Tf5!0r Ar g

| Th S h |
) tcaccé%g%%"@%ﬁ& tnécgcea'l:igccc da-gag{/ga Aelx %Tc%‘?caaarg{ c%cér??é%ﬁﬁr %8 ¥ Lys Ser

gtattpfage Regrofgat a%B“@WO“@%GS@G%CEASaﬁ Netocdeey S840 Val Al a

actga yt T%Laag E] agaa g:rc Iﬁ a\! aca%ga‘aaa(aek! 03.69@62%5700 G u
tng% nPrgog%/s;geg 5 tg,%strr%AlaGnArg

tctccw%c %agccms?1%??5#2@@@%%&0@%Hcgatﬂgff GL9°Set Leu
gatacPr_Iaga Qc&b‘a&ga chﬁl:cagcyaglaét:Egng yag-gmcaz%gz:-a@z&s 2&-4&55 Ar g

Val Lys Ay S ggsSer Ser GIanAsnGlgl\/thlu
9"“”“"@“’%“7%""3?366? FYE FArTTFR TTEEIEBITPEPr 0288 Asp
gttcc{:ﬁ@b Ng&c@és téd'agagh&l,lcthﬁ:lﬂtta yga?g@?cgﬁﬂﬁﬁagaan Sen Met Asp

ro G.n Leu Thr r S

et U390 U Ve A PS8 g e Arg
ccaga@dB1r dteteotimy t@;nca@tytc@:ggaaac gtg;aaaagg atgcaaatct 2280
agtga_acaga atggaatgga gcaaaagaca attattttaa taccctctgas tttagcatgt 2340
agactgctgg ggcaatcaat ggatgaaagt ggattaccac .agctgaccag ttatgattgt 2400

gaagttgctg ctcctataca aggcagcaga aacctactge agggtgaaga attactcaga 2460

‘gctttggatc sagitaactg a 2481

<210> 2

T <211> 826

<212> BPRT
<213> ArtlflClal seguence

<220> ’
<223> Triple mutant HIF-la

<400> 2
Met Glu Gly Ala Gly Gly Ala Asn Asp Lys Lys Lys Ile Ser Ser Glu
1 5 10 - 15

Arg Arg Lys Glu Lys Ser Arg Asp Ala Ala Arg Ser Arg Arg Ser Lys
20 25 30

Glu Ser Glu Val Phe Tyr Glu Leu Ala His Gln Leu Pro Leu Pro His
35 40 . 45

Asn Val Ser Ser His Leu Asp Lys Ala Ser Val Met Arg Leu Thr Ile
50 55 60

Ser Tyr Leu Arg Val Arg Lys Leu Leu Asp Ala Gly Asp' Leu Asp Ile
65 ’ 70 75 80

Glu Asp Asp Met Lys Ala-Gln Met Asn Cys Phe Tyr Leu Lys Ala Leun
85 20 ) 95

Asp Gly Phe Val Met Val Leu Th'r‘ Asp Asp Gly Asp Met Ile Tyr Ile
100 105 110

Ser Asp Asn Val Asn Lys Tyr Met Gly Leu Thr Gla Phe Glu Leu Thr
115 120 125

Giy His Ser Val Phe Asp Phe Thr His Pro Cys Asp His Glu Glu Met



805810815 G u Leu Leu Arg Ala Leu Asp G n Val Asn
820825 <210> 3 <211> 826 <212> PRT <213> Honb sapi ens
<400> 3 Met Au Ay Ala A% dy Ala Asn Asp Lys Lys
Lys Ile Ser Ser u 151015 Arg Arg Lys A u Lys Ser
g Asp Al a Arg Ser Ar g Ser Lys 202530 du
1éger A u Val QL% Tyr Gu Lenglra Hs Gn Leu Pro Leu
Pro Hi s 354045 Asn Val Ser Ser His Leu Asp Lys Ala
arg cipHenLen RELARY AR ETHE Yo &Y505580 eFTyr Leu Arg
Val Arg Lys Leu Leu Asp Ala Ay Asp Leu Asp Ile
. 65%97(;5180 Glsu AhspPh-AsL Met L¥Js CAI ahG' n Met Asn Cys The
R FLEE A STAMS TeaTBEY0EE R dY 1Thé val  Met  Val
Leu Thr Asp Asp Ay Asp Met Ile Tyr Ile 100105110 Ser
As n n.Lys Tyr Thy G n The Qu
cer 5 RS AR A Gy Y AP T e o Bre The i s
Pro Cys Asp His Gu Gu Mt 130135140 Arg G u Met Leu
ais o3 enzth$ oY 91 AR VA ¥yl 8 MBhed ¥S ALY S % Lys G u
- 145%%650155160 G reoAsn Thr G n ZAsg Ser Phe The Leu Arg
Met Lys Cys Thr Leu Thr 165170175 Ser Arg Ay Arg Thr

Gln Cb@&lypﬁfg Lb; @ysLyrsrfsgﬁﬁeUA\hﬂ C-;hrluequaﬂ ﬂaySle\/aﬁls Leu 180185190

210 215 220

Glu Pro Ile Pro His Pro Ser Asn Ile Glu Ile Pro Leu Asp Ser Lys
225 ' 230 235 ‘ 240

Thr Phe Leu Ser Arg His Ser Leu-Asp Met Lys Phe Ser Tyr Cys Asp
245 250 © 258

Glu Arg Iie Thr Glu Leu Met Gly Tyr Glu Prc Glu Glu Leu Leu Gly
260 265 270

Arg Ser Ile Tyr Glu Tyr Tyr His Ala Leu Asp Ser Asp His Leu Thr
’ 275 280 - 285

Lys Thr His His Asp Met Phe Thr Lys Gly Gin Val Thr Thr Gly Gln
290 _ 295 300

Tyr Arg Met Leu Ala Lys Arg Gly Gly Tyr Val T.rp Val Giu Thr Gln
305 . 310 315 320

Ala Thr vVal Ile Tyr Asn Thr Lys Asn Ser Gln Pro Gln Cys Ile Val
325 330 335

Cys Val Asn Tyr Val Val Ser Gly Ile Ile Gln Eis Asp Leu Ile Fhe
340 345 350 :

Ser Leu Gln Gln Thr Glu Cys Val Leu Lys Pro Val Glu Ser Ser Asp
) 355 © 360 365

Met Lys Met Thr Gln Leu Phe Thr Lys Val Glu Ser Glu Asp Thr Ser
370 375 . 380

Ser Leu Phe Asp Lys Leu Lys Lys Glu Pro Asp Ala Leun Thr Leu Len
385 390 3985 400

Ala Ala Ala Ala Gly Asp Thr Ile Ile Ser Leu Asp Phe Gly Ser Asn
405 410 415

Asp Thr Glu Thr Asp Asp Gln Gln Leu Glu Glu Val Pro Leu Tyr Asn
420 425 430

Asp Val Met Leu Pro Ser Pro Asn Glu Lys Leu Gln Asn Ile Asn Leu
435 440 445



Ala

Ser

465

Asn

Gln

Preo

aAsn

" Glu

545

Met

Phe

Ala

Glu

Lys

625

Ser

Ser

Gly

Asn

Glu
705

195200205 G n Cys Ay Tyr Lys Lys Pro Pro Met Thr
CysrLeu Val Leu lie Cys 210215 220 Gn Pro Ile Pro
Hs Pro Ser ASn lie u Il% Pro Leu Asp Ser Lys
225230235240 Thr Phe Leu Ser Arg H's Ser Leu Asp Mt
Lys Phe Ser Tyr Cys Asp 245250255 Gn Arg Ile Thr Gn
Leu Met Ay Tyr Gn Pro Qu Gu Leu Leu Ay 260265270
MY gerSep Lbd eroTiur A& @lulyhr PRy LysHPwg LAR &rd 891 Asp Ser Asp
"B s Leu Thr 28280 .285 Ly4*°Thr His Hi s Asp Met Phe
Thr Lys Ay Gn Val Thr Thr Ay G n 290295300 Tyr Arg
AlNebsp e A0 Zeul Apg GAF GLUGFa) A yeuTyms %IGMTFQg val du- Thr
G n 305310315320 AI a Thr''al Tle Tyr XSn Thr Lys Asn
Ser Gn Pro Gn Cys Ile Val 325330335 Cys Val Asn Tyr
PYRaFLo\ESF Lgseﬁlua'ey T & E‘g*ﬁ REHS A% fjlﬂ_%"ﬁ Il e Phe
3403453§ Ser Len Gn n Thr Gu Cys Val Len Lys Pro
Val du Ser Ser Asp 355360365 Met Lys Vet Thr G n Leu
TBhECTHE TEY VAP G&;’(@ SBF A FUALH Sﬁw S&F 370375380 Ser
Len Phe Asp Lys Len Lys Lys G n Pro Asp Ala Len Thr
ey 385390395400 Al e y Asp Thr lIle
1 ot et ad haray e et Mo Bils aep Thr G v
Thr Asp Asp Gn Gn Len Gu du Val PrO Leu Tyr Asn

GA@%ZL%%QH SR, VAl ol¥elysLieh B aa%@g 2B &:ASn G n Lys
G'n Asn ld4ze Asn Leu 435464044

Ala Lys Asn Pro Phe Ser Thr Gln Asp Thr Asp Leu Asp Leu Glu
’ 550 : : ] 555 560

Leu Ala Gly Tyr Tle Pro Met Asp Asp Asp Phe Gln Leu Arg Ser
- - 565 : 570 ) 575

Asp Gln Leu Ser Pro Leu Glu Ser Ser Ser Ala Ser Pro Glu Ser
’ 580 ' 585 - 590

Ser Pzo Gln Ser Thr Val Thr Val Phe Gln Gln Thr Gln Iie Gin
595 : 600 605

Pro Thr Ala Asn Ala Thr Thr Thr Thr ala Thr Thr Asp Glu Leu
610 615 620

Thr Vval Thr Lys Asp Arg Met Glu Asp Ile Lys Ile Leu Ile Ala
630 635 ) 640

Pro Ser Pro Thr His Ile His Lys Glu Thr Thr Ser Ala Thr Ser
645 650 655

Pro Tyr Arg Asp Thr Glno Ser Arg Thr Ala Ser Pro Asn Arg Ala
660 665 &e70

Lys Gly Val Ile Glu Gln Thr Glu Lys Ser His Pro Arg Ser Pro
675 680 685

Val Leu Ser Val Ala Len Ser Gln Arg Thr Thr val Pro Glu Glu
690 695 700

Leu Asn Pro Lys Ile Leu Ala Leu Gln Asn Ala Gin Arg Lys Arg
710 715 720

Lys Met Glu His Asp Gly Ser Leu Phe Gln Ala Val Giy Ile Gly Thr

Leu

725 - 730 _ 735

Leu Gln Gln Pro Asp Asp His Ala Ala Thr Thr Ser Leu Ser Trp
740 745 750



Ala Met Ser Pro Leu Pro Thr Ala G n Thr Pro Lys Pro
Len Axg Ser 450455460 Ser Ala Asp Pro Ala Len Asn G n
Au Val Ala Leu Lys Len A& Pro 465470475480 Asn Pro

~GQu Ser Leu u Leu Ser Phe Thr Met Pro Gn lle Gn
Asp 485490495 Pro Asn Ser Pro Ser5GI u Tyqu,SPI'F])heL

s YT s Mt Val Asn u Phe Lys

e CRVA Gnae Lo Bre e G Asp Thr
530535540 G u Ala Lys Asn Pro Phe Ser Thr G n Asp Thr

Lys ASMLden ASibet Gelh:545550555560 Mk, keu Ala Pro Tyr
1Pe Pro Met A8 Asp Asp Phee@ n Len Arg Set. 565570575
Phe Asp G n Leu Ser Pro Len GQu Set Ser Ser Ala Ser =

Gln 8¢ @etChip SetseHB805BH590 Al feuSer sBY 6:@sp ceet Thr Val Thr

785 Val Phe A A°Gn Thr Gn T¥e G n 5956068805 G u Pro Thr .
Ala Asn Al'a. Thr Thr Thr- Thr Ala Thr Thr Asp G u Len"

Glu 3106186200 .11 g Fharsedate Fhrelyen AepiALy: Met G u Asp
Ile Lys ¥Pe Leu lie AFH 625630635640°Ser Pro Ser Pro

: Thr Hs Ile Hs Lys Qu Thr Thr Ser Ala Thr Ser

Glu 64585053 Ser 2Pre2Toy 24rg Asp Thr Gin Ser Arg Thr Ala

Ser Pro Asn Arg Al 3°660665670 Ay Lys Ay Vval Ile Qu
Gn Thr Gn Lys Ser His Pro Arg Ser Pro 675680685 Asn

2194 Leu Set Val Ala Len Ser Gn Arg Thr Thr Val Pro

<211
<212>@ear G U 690695700 '

<213> Homo sapiens

<400> 3

Met Glu Giy Ala Gly Gly Ala 2sn Asp Lys Lys Lys Ile Ser Ser Glu
1. 5 10 15

Arg Arg Lys Glu Lys Ser Arg Asp Ala Ala Arg $er Arg Arg Ser Lys
20 25 30

Glu Ser Glu Val Phe Tyr Glu Leu Ala His Gln Leu Pro Leu Pro His
35 40 45

Asn Val Ser Ser His Leu Asp Lys Ala Ser Val Met Arg Leu Thr Ile
50 55 60

Ser Tyr Leu Arg Val Arg Lys Leu Leu Asp Ala Gly Asp Leu Asp Ile
65 70 75 ) 80

Glu Asp Asp Met Lys Ala Gln Met aAsa Cys Phe Tyr Leu Lys Ala Leu
’ 85 90 95

. Asp Gly Phe Val Met val Leu Thr Asp Asp Gly Asp Met Ile Tyr Ile
106 105 119

Ser Asp Asn Val Asn Lys Tyr Met Gly Leu Thr Gln Phe Glu Leu Thr
’ 115 120 | © 125

Gly His Ser Val Phe Asp Phe Thr His Pro Cys Asp His Glu Glu Met
130 135 ‘ 140

Arg Glu Met Leu Thr His Arg Asn Gly Leu Val Lys Lys Gly Lys Glu
145 150 155 160

Gln Asn Thr Gln Arg Ser Phe Phe Leu Arg Met Lys Cys Thr Leu Thr
165 170 175

Ser Arg Gly Arg Thr Met Asn Ile Lys Ser Ala Thr Trp Lys Val Leu
180 185 190

His Cys Thr Gly His Ile His Val Tyr Asp Thr Asn Ser Asn Gln Pro



Gln
. Glu
225

Thr

Glu

Lys
Tyr
305
Ala
Cys
Ser
Met
" ser
385

Ala

Asp

-~ Bsp

Ela

sSer

165

Asn

Gln

G u Leu Asn Pro Lys Ile Len Ala Leu G n Asn Ala G n
Arg Lys Arg 705710715720 Lys-Met ,du H's Asp Ay Ser
Len Phe G n Ala Val dy | e @ y Thr 725730735 Leu Leu
Gn An Pro Asp Asp His Ala Ala Thr Thr Ser Len Ser
Trp 740745750 Lys Arg Val Lys,dy Cys Lys Ser Set Gn
A@n'Asn Ay Mt u @n 755760765 Lys Thr Ile tie Len
Ile Pro Ser Asp Leu Al a gs_Ar Len Len Gy 770775780
°r3 HYSEF “KetveASp "€ UPSBF ¥ g5 €0 B 8GR Len Thr Ser
Tyr Asp .Cys 785790795800 du Leu Leo Arg Ala Leu
Asp G n. Val Asn 820825 <210> 4 <211> 978 <212> DNA
Pr<°2gl§>Pr%\ersi ecars él(fu%ﬁ éé? gﬁ’zbeé Aépz%%’gz%@PE- 1 pronoter
<400> 1 gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt

- o0 a0t 9f 2,Gtdet0RL GOR0 (9 9at actag cagagat aagg

at gt acckga caaaaccacazsbtgttgttgt taiscattatt 120
atttagtttt ccttccttgc taactcctga cggaatcttt

A6l 566 ¢AALALAC RAGHAAE0Q St Aglikl d-Jagaagact t
ggt graaggg gt ggt ggegg aaaagt aggg’t gat ctt cca240
aactaatctg gttccccgcc cgccccagta gctgggattc
s@afa g6 g aagraglyg gggat.c300sgbacopttigted thgat cagaa
agd@iéat aaaa ggaaddlt caa gtgaaca#fg at cagcccca360
cctccacccc acccccctgec gcgcgcacaa tacaatctat
tid Batdi ghacudrt patrac tist &3 Gld gt the Cratlyygggt gact t
2¥%ct t ct gga gadactcttg attcft’gaac tct gggget g480
gcagct agca aaaggggaag cgggctgctg ctctctgcag
Agpt Iﬁectlgeagachgg‘tretGéi gityc@%a’a% awpt g gy thnt ?#{;ct ttttc
tt agccctgc31 cctggattg tcfﬂgacggcg ggcgtct gcc600
tctgaagtta gccgtgattt cctctagagc cgggtcttat
T@t@ﬂgtgﬁggc}xsaé'@f tLg%eingﬁﬁ(yln Pro Gln Cys ;:;g Val

val Asn Tyr Val Val Ser Gly Ile Ile Gln His Asp Leu Ile Phe
- 3490 345 350

Leu Gln Gln Thr Glu Cys Val Zeu Lys Pro Val Glu Ser Ser Asp
355 - . © 3860 36%

Lys Met Thr Gln Leu FPhe Thr Lys Val Glu Ser Glu Asp Thr Ser
370 375 380 -

Leu Phe Asp Lys Leu Lys Lys Glu Pro Asp Ala Leu Thr Leu Leu
390 395 400

Pro Ala Ala Gly Asp Thr Ile Ilie Ser Leu Asp Phe Gly Ser Asn
405 410 415

Thr Glu Thr Asp Asp Gln Gln Leu Giu Glu Val Pro Leu Tyr Asn
420 - 425 430

Val Met Leu Pro Ser Pro Asn Glu Lys Leu Gln Asn Ile Asn Leu
435 440 445

Met Ser Pro Leu Pro Thr Ala Glu Thr Pro Lys Pro Leu Arg Ser
450 455 460

Ala Asp Pro Ala Leu Asn Gln Glu Val Ala Leu Lys Leu Glu Pro
470 475 480

Pro Glu Ser Leu Glu Leu Ser Phe Thr Met Pro Gln Ile Gln Asp
485 4590 495

Thr Pro Ser Pro S8er Asp Gly Ser Thr Arg Gln Ser Ser Pro Glu
500 505 510



tgggt gact a at cacacaat aacattgttt agggctggaa
t aaagt caga gctgtttacc720 cccactctat aggggttcaa
" tat aaaaagg cggcggagaa ctgticcgagt cagacgcgtt 780
cctgcaccgg cgctgagagc ctgacccggt ctgctccgcet
gtccttgcgc gctgectcce840 ggectgeccge gacgctttcg
ccccagt gga agggccactt gctgaggacc gcgct gagat 900
rro A€l SR OAE &80 cHATAIAAARCTATADAGC SaRsAARaTECaga
‘gge§at caga gcgachgac960 accgtTctct tcgttttgea
ttgagttcca tttgcaaccg agttttcttt ttttcctttt 1020
asn Gl BreCige tret Gluctegaiet Gt L&tStIgEa aagFlyden Sttt C
*ttgtgatctt ct¥ctgetg 1080°tt cgtgactt tccaaggage
t ccagaaaca ggtaggcgcc acttgcgaat ctttctactt 1140
Slu Rmpegeagen it atey it A%t%gt‘f& teeR it fgtttc
§ tttcttttct Ttcattcttt 1 cctttttatt tattttttta
ot Latta(:tgaagI(:t(:(:&g(:ag(: aagt cctta caattaatta 1260
t et ety cht “gaHs ‘é\é%i’gsﬁef‘é? %\ea%c“‘é@@f‘?tgaa
t acagct gac.tacaaccgag 1320 tatcgcat ag cttc 1334
<210> 5 <211> 6 <212> DNA <21 CI al sequence
e A g 3 H P oX! égﬁrseeé:psc?ﬁééa e eﬁr%n% <400> 5 gcacgt
<210> 6 <211> 24 <212> DNA <213> Artificial sequence-
Ala Serzgzg>Gl§%2r3?hr$}aggIlh§ V&cfl.t ghgrkgn %hqldlgqpeugll eot I de 6
6 gtcggacage ctcaccaaacemgag24 <210> 7 <211> 24
<212> DNA <213> Artificial sequence <220> <223>

ciu o Rl Ra SLL 3NdDNA: b gencheohi-de, <A00s 7 gt taacttga
stcccaaagct c t gag24 620

Lys Thr Val Thr Lys Asp Arg Met Glu Asp Ile Lys Ile Leu Ile Ala
625 630 : 635 640

Ser Pro Ser Pro Thr His Ile His Lys Glu Thr Thr Ser Ala Thr Ser
645 : 650 655

Ser Pro Tyr Arg Asp Thr Gln Ser Arg Thr Ala Ser Pro ‘Asn Arg Ala
’ 660 665 670 -

Gly Lys Gly Val Ile Glu Gln Thr Glu Lys Ser His Pro Arg Ser Pro
675 680 685

Asn Val Leu Ser Val Ala Leu Ser Gln Arg Thr Thr val Pro Glu Glu
690 695 70C

Glu Leu Asn Pro Lys Ile Leu Ala Leu Gln Asn Ala Gln Arg Lys Arg
705 710 715 720

Lys Met Glu His Asp Gly Ser Leu Phe Gln Ala Val Gly Ile Gly Thr
725 730 735

Leu Leu Gln Gln Pro Asp Aspr His Ala Ala Thr Thr Ser Leu Ser Trp
740 745 750

Lys Arg Val Lys Gly Cys Lys Ser Ser Glu Gln Asn Gly Met Glu Gln
755 760 765

Lys Thr Ile Ile Leu Ile Pro Ser Asp Leu Ala Cys Arg Leu Leu Gly
770 775 780

Gln Ser Met Asp Glu Ser Gly Leu Pro Gln Leu Thr Ser Tyr Asp.Cys
785 790 795 800

Glu Val Asn Ala Preo Ile Gln Gly Ser Arg Asn Leu Leu Gln Gly Glu
805 810 815



<210> 8 <211> 20 <212> DNA <213> Artifici al

sequence

<220> <223> Single strand DNA ol i gonucl eoti de <400> 8
cacgtggttc acctcagcacz20 <2%0> 9 <211> 19 <212> DNA

<213> Artificial

sequence <220> <223> Single strand
DNA ol i gonucl eotide <400> 9 10 cagcgatttc

claltbC 6AAGE 3101w 2bP 21l B1<2a1> 28 <212> DNA <213>

Artifi¢pPal

sequence’&@220> <223> Single strand DNA

ol i gonucl eoti de <400> 10 cagcgcagct actgccatcc
<2l@aticgaga28 <210> 11 <211> 30 <212> DNA <213>

<21
<Z212>

t£ificial sequence <220> <223> Single strand DNA

<210| ingoRucd eatiefle <400> 11 gcttgtcaca tctgcaagta

<220

228 thf | Glabsequence

<400>
gtgtgtgotgt

gcgatactay
atttagtttt
ctttagttta
aactaatctg
gtcccottgt
ccteeacece
tcattccaat
gcagctagea
tagtgggtgt
tctgaagtta
tgggtgacta
cccactetat
cctgcaccgg
ggctgcocge
ctaaaaaaaa
accgtcctcet
teeoecactet
ttcgtgactt
cagcgcagca
cctttttatt
acttctgtgt

tatcgeatag

gtgtgtgtgt
ggagataagg
cettecttge
gaaaagactt
gtteeccgeo
ttgatcagaa
acccceetge
ggggtgactt

daaaggggaaqg

tttettttte
gccgtgattt
atcacacaat
aggggttcaa
cgctgagagce
gacgcttteg
aacaaadaac
tcgttttgea
tetgacecct
tccaaggage
gttatcgett
tattrtttta
gaagcgaaag

ctte

ol i gonucl eoti de
1

gtgtgtgtgt
atgtacctga
taactcctga
ggtggaaggg
cgecceagta
agacataaaa
gecgeogcacaa
tgcttctgga
cgggctgctg
ttagceetge
cctctagage
aacattgttt
tataaaaagqg
ctgacccggt
cececagtgga
aaaaaacaaa
ttgagttceca
ttgragaatg
teccagaaaca
ctgttttceca
attactgaag

aaataaaacc

cgttcgtttald0 <210> 12 <211> 20 <212> DNA <213>

<220> <223> Single strand DNA

gtgtgtgtgt
caaaaccaca
cggaatcttt
gtggtggtgg
gctgggatte
ggaaaatcaa
tacaatctat
gaaactettg
ctctectgecag
ccctggattyg
cgggtettat
agggctggaa
cggeggagaa
ctgcteceget
agggccactt
aaaacccaga
tttgcaaccg
gattatttte
ggtaggcgcce
cttttetttc
ctcecageage

cectgtttgaa

gtgtagtgta
ttgttgttgt
ctcacctcaa
aaaagtaggg
aagagcgaayg
gtgaacaatg
ttaattgtac
attcttgaac
gttectgecage
tcagacggceg
ctetggotge
taaagtcaga
ctgtccgagt
gtecettgege
gctgaggace
ggcgatcaga
agttttcttt
ccgtgatett
acttgcgaat
tttettttet
aagtgcctta

tacagctygac

cttectgateg
tatcattatt
atgcgaagta
tgatcttceca
agtggggatc
atcagcecceca
ttcatacttt
tctggggctg
égtctctgtc
ggcgtctgec
acgttgcctg
gctgtttace
cagacgegtt
gectgectcee
gcgetgagat
gcgaccagac
ttttcetttt
ctctctygetyg
ctttctactt
ttecattcttt
caattaatta

tacaaccgag

60

120

180

240

300

360

420

480

540

€660

720

780

840

900

960

1029

1080

1140

1200

1260

13290

1334



<400> 12 atcgccgagt gcaagacgcg20 <210> 13 <211> 20

<212> DNA <213> Artificial sequence <220> <223>

Singl e strand DNA oIigonucPeotide <400> 13 aagcaccatt

ggccgt ccga20 <210> 14 <211> 20 <212> DNA <213>

Artificial sequence <220> <223> Single strand DNA

ol i gonucl eoti de <400> 14 accacagtcc atgccat cac20
<21@210> 15 <211> 20 <212> DNA <213> Artificial sequence

<211,

220> <223> Singl e strand DNA ol i gonucl eoti de

<213>»> Artificial sequence

<220>
<223> Hypoxzia response element

<400> b5
gcacgt 6

<210> 6

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> ¢
gtcggacage ctcaccaaac agag 24

<210> 7

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 7
gttaacttga tccaaagctc tgag 24

<210> 8

<211i> 20

<212> DNA

<213> BArtificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 8
cacgtggttc acctcagcac z0

<210> 9

<211> 19

<212> DNA

<213>» Artificial sequence

<220> .
<223> 8ingle strand DNA oligonucleotide

<400> 9



cagcgatttc ttccaageg

<210>,

<211>
<212>
<213>

<220>
<223>

<400>

10
28

.DNA

Artificial sequence

Single strand DNA oligonucleotide

10

cagcgcagct actgoccatoce satcgaga

<210>
<211>
<212>
<213>

<220>
223>

<400>

11
30
DNB ‘
Artificial seguence

Single strand DNA cligonuciectide

11

gcttgtcaca tctgecaagta cgttegttta

<210>
<21l1>
<212>
<213>

<220>
<223>

<4900>

12
20
DNA

“Artificial sequence

Single strand DNA oligeonucleotide

12

atcgocgagt gecaagacgeg

<210>
<211>
<212>
<213>

<220>
<223>

T <490>

13

20

DNA

Artificial sequence

Single strand DNA oligonucleotide

i3

aagcaccatt ggeccgtccga

<210>
<211i>
<212>
<213>

<220>
<223>

<a00>

14

20

DNA

Artificial sequence

Single strand DNA oligonucleotide

14

accacagtcc atgecatcac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

20

DNA

Artificial sequence

Single strand DNA oligonucleotide

15

tecaccacee tgttgetgta

10

19

28

30

20

20

20

20



