.1 Mmoe3e@\ 66T} 3 May 2002 WO 991 18195 PCT/| L90100. 186 METHODS AND
COVPCSI TI ONS FOR | NDUCI NG TUMOR- SPECI FI C CYTOTOXI CTTY The present
application is a continuation-in-part of co-pending applicati chMag 2092 o
08/ 943,608 filed Cctober 3, 1997, which is incorporated by reference herein
inits ent i‘Y‘é?%s’ . Field. of the Invention The invention i ST el d of
tunor cell biology and camwmmum’lmtl"[ﬂ#nt More specifically, the invention
relates to the specific i het er ol oaous Genes, particularly
genes encodi ng cytotoxic produets, in tunor celis. 2. Background of the
Invention 2.1 The H19 Gene The H19 Gene is one of the few genes known to be
inprinted in humans ﬂmmmmmmﬂmmm , 1996, Nature Genetics 12:234-237). At
the very beginning o nesis, H 19 is expressed from both
chronosonmal alleles (DeGdab+et al., 1994. Trophobl ast 8:285-302). Shortly
afterwards. silencing of the paternal allele occurs. and only the

mat ernal |y inheri teﬂ’ll@i‘i—l@ﬁstﬁ\lﬁr@@@ﬁ@@?ﬁoﬁg%éﬁ NPEeRE v expressed
during enbryogenesis. and was first identiflied as a gene that was

coordi nately regul ated WTUVHDRRSPEEIBRC GI¥TOTIOXICPEY Li ver by the
trans-acting locus raf (Pachnis et al., 1984. Proc. Natl. Acad. Sci. USA
81: e23-5527). Additionally, H19 has been independently cloned by a nunber

of groups using e i at.:.1.sol.atjn XDLEeSS ri.ng:tj ssue

i fferenti ati on. Thor Pagy BRIt st d eorggRo P HRBR 1Y, GHeRisk)
identified tapplicanossetialnmd.G8/943,608 filed Bctoberdn 1997, Whickds dwdorperasdr | y
during SUBSTI TUTE SHEET  ( RULE 26) 3 May 2002 'O 99118195 P~TI1L98/00486 2
di ff er ent i abyspfesmceherediyy #s e®ITPY. Pourier et al. (1991, Devel opnent
[13:1105-1114) found that marine HL9 was expressed during stemcell
differentiation and at the time of inplantation. Transcription of the human

H 19 geng was al geldio eitvRivestion di fferentiating cytotrophobiasts from
human

The invention is in the field of tumor cell biology and cancer treatment.
More specifically, the invention relates to the specific expression of
heterologous genes, particularly genes encoding cytotoxic products, in tumor
celis.
10
2. Backearound of the Invention
2.1 The H19 Gene

The H19 gene is one of the few genes known to be imprinted in humans

(Hurst et al., 1996, Nature Genetics 12:234-237). At the very beginning of
15 embryogenesis, H19 is expressed from both chromosomal alleles (DeGroot et
al., 1994. Trophoblast 8:285-302). Shortly afterwards. silencing of the paternal
allele occurs, and only the matemnally inherited allele is transcribed.
HI9 is abundantly expressed during embryogenesis, and was first
identified as a gene that was coordinately regulated with alpha-fetoprotein in
. 20  liver by the mrans-acting locus raf (Pachnis et al., 1984, Proc. Natl. Acad. Sci.
USA 81:5523-5527). Additionally, H19 has been independently cloned by a
number of groups using screens aimed at isolating genes expressed during
tissue différentiation. For example, Davis et al. (1987, Cell 51:987-1000)

identified the mouse homolog of H19 in a screen for genes active early during
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s placenta (Rachmlewitz et al., 1992, Mdlec. Reprod. Dev. 32:196-202).
Wil e transcription of H 19 RNA occurs in a nunber of differené nbé%(ﬁnic
ti ssues throughout fetal Iife and placental devel opnent, H 19 4\& “on is
down-r egul ayg89y/fxesst Natal ly. Relatively low | evels of H 19 tprgrgssfoodtlsi on
have been reported, however. in marine adult nuscle and liver 1o (Brunkow
and Tilghman, | 991, CGenes & Dev. 5 :1092-1101 ). H 19 also is activated
postnatally in cancer cells. Ariel et ap. ( 1997. Ml ec. Pathol QO:34-44)
denonstrated H19 expression in a nunber of tunors arising fromthe tissues
inwhichit is expr essed prenatall y Addi tionally. these aut hors found H19

RNA 0 tUmDLeetNed LrOPRARYTRD URSUChoul: PAT LI CHI BLIAGYLERR and TS

ganal i oneur 0 are not Known e assocrat’ed w

expression. [@Gye0shes) Foard ahaﬁynmﬁns:&mp@r\sa@@%m@swgwﬁnw sEA ddilese
authors specul ated that HI 9 was an oncofetal and proposed

i nvestigat i dgfmmwei@naan&ime mﬁwénmpmtatmmnmemp@@n@f tephuman FH? and

H19 h d d (B ,..1990,
ol ec. Col | 508 OF% 15028138y SRty SRR R PORRCANG  HOTb AUES gones
reveal ed an,pxesdl Raglﬁrf?lé‘d&'ﬁi erki, Q@9SEW%R?P&ID&Y32@9§¥EGZ§ this

conservaPI oﬁ of nuc eoti de honol o bet ween ecies, very |l ow deduced am no
aci d sequence i d&itilet yransnrlpmoheoﬁrléﬁ‘i’ CRHA forcomst he aopambleean:ﬁ diffdremtes of

the two genes (Id . Further aIt 19 RNA is nscri bed 2s RNA
pol yneri se FMDIGHI§ c‘éﬁuaﬁmtnwgy 9Iat apé Blssentabt eas‘&@mﬁnao%é?

E:;/?g;s): :Lﬁ?c g&& ?ﬁejaal ngwﬁ(’glégtplecul %18%1& @%&%QWIE{EWE% on as an '

RNA corrponel&fanmhpaohlﬂwﬂm&crapmﬁ rhofweder, 1)1 mShRéEHJlUEﬁJéﬁHEEfd (iVeE 26)

WO 99118195 3 3 May 2002 PCTIIL98."' 00486 The act ual SI ol o lcal role of
HL19 is not fBrunjiowhard diledmanl§9éaticaes dsDav danIOﬂ%nItl et HAIO glsgels a hi gh
ectopi c expressio 19 t g ca | et i c rtly
before birt ﬁCtC‘I??t%dqn %\%\;ng&”gl 9“ Jsaggéfsra?Qﬁsl'h| }sk%’l%gt%afpaaelPBZd }\;ci%ll@ﬁm 3%‘2)?w th the
time when H35384t190Re onbirared }Dl@cmésstcﬁpmxeasﬁ@ﬁbem thhRrPitang fdnfdtheno

def ect has been observed in either heterozygous or honbzygous m ce carryl ng
an H19 knocKees an sthlélsyt {sLespgerseh pegnagally. fgiglmomélmtl@seasﬂ@mﬁgyn

knockout of t her it ed d Wi th t
o r e omcE BT il iionY ahAvEl b bl ity i satl e s fatds omtaIeEl%“ nting
resul ting MgggelpnBuicdldedmat it ke than HnBﬁ‘nr thi bt ehsREREed URith OHtIbe

increased prenatal expression of IGF-2 (Id. ). Since these two oppositely
i mprinted gexprssstrar eSoies- tict langs aogul off cancesegupresesg HE? JiNAn thesd

| | at b I t he | GF-2
gane. - Anot hal SP U PEr HALe0 BB oA TR e oF Ao eh Br, PBiRohed POt o
tunor suppr g9k aﬁmorﬁ?@kﬁifoahumﬁg%géﬂamture 36: 764-767) reported that

transfection of two enbryonal tunor c lines, RD and (401, with an H19
expressi on const Bodt humenlanddmirine di 19 geoest haveebeardatonod. andofrqqhmaﬁgl cal

h d d d t t h t
aetivr ey nalbBBER foted 20" BEIES SethBint L& Surauioncthiar BYRBR oot (r)pi .
expressi on R4 MdiRe HiBP oblesAeveal &l Rh Dvefiitl M4 m?c?e&tﬂ@ deBGERRSALNHRYy Ze Of

m ce that are knocked Zp out for the maternal H19 allelé (Leighton et al.
sacpra). Th@eppxupdnalconMatfdﬁBof sucleotido hoswiyEyebatwreeh apetiegnvery low

cont rover si weyer one of t result reportedly not reproduced,
and there naﬁdlé’fgéﬂ%?lé‘fl equ‘éeé’I‘falg"é’t“& ’ COMSr eﬁﬁ&@é&mé@%epm sading | i nked
to H 19 (Ari t eR R ressor
al so confli c?’?lsnegmotfﬁh% I?ééz%gggr I(Ir@nt aF&géa% gﬂ?ﬁ@ﬂ, Hq?Q 'S %S&Eaﬁgeﬁvg%@ in a
broad argay RNA tpoipmerst |13, ¢pléeedf and q»o&ymlleeﬂamitngd‘éamnore& pahr to IH297,
Oncogene 23:169-177). SUBST] TUTE SHEET ( RULE 26% y 2002 WD 99118l 95
PCT/ I L98/ 004ggslated. 2 Invigad.nEdPi RNA kleascbesit Ho taﬁﬁomrgil waBnthe 285-2 i s
anot her i npr, & S I or| gi n.
However in ¢ %ﬁgﬁ%@ )theiaineﬁ)zﬁ%%h ﬂ%ﬂgﬁgﬁgu@% %{Xsﬁﬁg{lﬁﬁ;?gr nal |y

i nprinted apadNA h@ﬂh@f)@éxﬁ mp[&ﬁ@eﬁo{;ﬂr t(]us) paternally inherited allele (R
infer et al., 1993, Nature 363:7-17-749). The human | G--2 gene
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exhibits a conplex transcriptional pattern. There are four 1 G--2 pronoters
that are activated in a tissue and devel opnentally specific er . |y
three of the pronoters, P2, P3 and P4 are inprinted and acti\rlrgp@mizﬂé?f et al
devel opmen{yggadsgios cancer tissues. The fourth. pronoter P A¢TA198/00b6
inprinted and is activated Ip only in adult liver and choroid plexus (see
Hol t hui zen et al., 1993, Mdl. Reprod. Dev. 3:391-393). The P3 pronoter of
the | GF-2 Gene has been inplicated in the progression of liver cirrhosis
and hepatocel | ular carcinoma (ki mand Park, 1998, J. Korean Med. Sci .
| 3: 171-178). Loss of inprinting of IGF-2 has been inplicated in Wlms
tunor (Ogawa et , ty X : I th d many
investigators po%igf)ggﬂq%gﬁ Iéy ' gt’{c? Lg&?poéé—? %9? SllPrlr%trilq;rIr:ltly f%’g&%gﬁﬁéa/‘& g—ﬁ Pe%al%c
devel opmont o oo ae ] Bl e Tl e Rt s o T3, vd7- 745
and- G assmanauses &thality o eiccshnstly before birtto{Bgkewter agosupaay 3This eshal, 3
Tunor - Speci fic ne Thera Regul at or uences from tunor-asspcjated
genes have B%’éﬂgg%’é‘&‘ 6"@@@83&9@?\%‘%?@& a@?ﬂPéQ%&’SﬁOYB?S BEPLEPeT degene in
turor - degi Vpp: RhdrS haki® n&¥@MREE had! RO~ LBIGREP LRI BitkePheRsdRBouS drnduced
i n hepatdcellular carcinoma. 25 Huber et al. (1991, Proc. Nafl". Acad. Sc.
USA 88: 8039h83aygausenticeortrryihg seddthdasciauwnllele($)efldgisonled whi 1998ne or
thyrm i no. kNFEEe 00010 b EREEB P B G BanE e BHE o SR FESer e pat o
cells infec ' 5 o0n AV 10=al : at a0 1 1 hese
G SO S s e
y rasBlting 1 tl itSerfititdsl igcreay y
non-t oxi ¢ prodrug 6-nethoxypurine arabi nonucl eoside (araM.  Kaneko et al.
(1995, Ganc@renRis eXBBSEHoR 9 E§§-72) (ldonstipercthese BYP apRaséelyr rprinied genes
expressi ng V_TK under ) | pha- f tel I
B o PAMIE sl e onsRt ' BB Wl o ARl SBRWEdR b4

sequences. par alrntng s vector were
directly inpaotggy betvdMddahagplintihdthe RFERNeRB- deri ved tunors generated in
athymi ¢ nude mi¢e. Subsequent intraperitoneal injections with ganciclovir
caused regressi oAngther Hendiigpapropesedufonthe B1i geamepradudtue that wisr imasaki et

al . (1994, Cancer R 54: 5258- 526 an cted. i 49 tp |
car ci(noma cé‘llﬁgeséﬁrg@ﬁj sstof 52&1?(&% "’c@%ﬁﬁ?nfﬁg%“ﬁ@ oﬁf?cgrfedgg%ﬂences
for the Lungaasesidip ey Qmbryonill G@ibrGIElhéNREY dnd Ghel,caethng BHQUence

for Herpes sinplex virus thynidine kinase (HSV TK). The transfected cells
wer e sensi t eypressiomaendisicorasultediideall gnoatth yetardation. momhotogierl shargasi ce from

subcut aneously injected transfected cells was inhibited by repeated

i ntraperi toﬁ%‘grec{?‘{‘ﬂ:é&mgﬁ%ﬁ:%‘f‘ d%fb‘fd& BACr S”ﬁg\ﬂéﬁ@or S?*?‘Pé'e%?ﬁ Sftﬁ‘é}g'nﬁﬁsyo_ni c
anti gen Qengedipsofc@CANEINLIRERNVHIE SRS I0BSGH A QKRS SSeskibplc NXpra@kioaahoNi C
mucosa. thus limting the useful ness of these control sequences as tunor

speci fi c requitat{bay et e npsa) Bswkih astthaincreasepsiay of Thigs thatiase neckedi ns a
need for the deve] opnent af ther vecgtors th specifjga express
gene pro?Bucht%*%%%?I%Eﬁggeﬁe@%‘?’ (i'of”fi.’rﬂé' ﬁ-ﬁ?\?é’ﬁ?ﬁ%ﬁi %ﬁLm_ﬂventi on
relates to rfgehftqﬁfar%nggﬁggmqﬁstrséeﬂstn%vb@ﬁm,Chwexfe@! eShhY Oraneesfison of
het er ol ogous genes in tunor cells. In particular. the invention relates to

pol ynucl eot ives remrfedis hqgre@rmchga&,am there areycexigtt ammtldr cadidate mmor

operatively |inked to heterol.oaous whi ch result _jn tunor-gpecific

ko 6551 on’ SHPRIFEOR&ERs PR HORGLIRET (Briel gedte PRar D SmEPYeg abist ory-

transcripti Qoal nsEauenseedss: d8b! il AR BERRRGAbAN LA iaf erloGane That
a esse s the H .

is specifically expr I'n cancer cells such and t he
SUBSTI TYEE atfkated RURBra4) arrayd of/yman 0ilsnG@ed Fbrl&dmpl Pl ustip-YA&/ e0aB86 6

|GF-2 P3 and P4 8r onoters. and the heterol oaous gene encodes a cytotoxic (
1997, Oncogene 23:169-177).
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protejn or cytostatic gene product. In another enbodi ment of the invention,
the 1G--1 pronoter is operatively linked to a heterol ogous gene.to ul t
in tunor-specif a expression of the gene. The regul atory sequghM€§2@§$I
direct gene expression in a nunber of different cancerous cell types. Such
nmet hods and¥@8#d%i ti ons are useful in the treatnent of a RCABLSPAP88ty of
cancers and hyperproliferative conditions. One aspect of the invention are
expressi on vectors containing polynuclegtides conpri sing such regul atory
regions operatively linked to I p heterolfogous genes. Particularly preferred
regul atory regions are those encoding H 19 regul atory regi ons such as
pronoter and enhancer sequences, the IG-2 P3 or P4 pronoter or an IG~-1
pronoter. in tha.2Zondbetlnoulin-Llike Browth Factws(I&GT) Getdsve portions ther eof

may be used in a onbi nation wi,th H19 pronoter. 1G--1 propoter, .| GF-2 P3
gégf;; im d 'g (Bres$ion ge-

E(r)g{rogglrl gr | GF- 39p~ ﬂﬁ;&ﬂ% &% .%RPE‘E? ;%C?ng ﬁ‘b%%Bg Hon tdsaen entrt & ﬁgteruct

cont ai ni ng ﬂe'?éel%Lodous S\e/’nel gcron%rraotlrlf)eg b&éalggpl?%tﬁo @?B\F}\A&?ﬁ or W thout H'

| 9 enhances naymbly Cimpriitéddndethetsfore axpretdedefrom #he parnghliyohdietited
cont ai ning a heteraol oaous gene controlled -1 pronmoter_or 1G--2 P3 or

| by | GF
P4 pronoser AllecORAMITAA o vl 108, ONREUR1 S0 BARETAs, The AHBERCICEZERe t he

i ti ' f f _usi h f h
gones. 1 't LioeREH R atorHapRA B oPRHR SR Fu TR PRt ke BrCar mene
of cancer ugkdgcivatedifGliste 8id B b ETAIIY EpdcifidfARnd D@p Yhred of #1BSTI TUTE

SHEET (RULE 25) 3 May 2002 6a Still anot’her aspect, the invention
provi des use@romoridldy fi hed Phdae comppinted agd actiee dnohg dotab devejopment

encodi ng a cytotoxi c_gene product .oper abl inked.to.a regyl.atqry, sequence,
wherei n't he HBguFASF §E0Es AR LD GERROSY P11 Bt HuPriflsd S Ay 5 g
pronot er, r egihatipraduet! BUENESd dhdrdifepleRMU{R6! HoRhRfzeR &8 AR oaTER o] f OF
treating cancér in a subject. Yet still another aspect, the invention

provi des us&Reptod Pov.yhudpedObe Thanpdi piongpter loétibe diGhgd Leens etpsebeea

encodi ng a ¢yt at oxi ¢ ne product erably linked to a requl atory sequence,
wher ei n t he WEHEHER oF YOS FEUERIICT OF JBFT FithasioAnd depHacs Rt Ca8 Mot or
regul atory efement.pabn FTBEYL eq@f 1. 1ARdi~ganment for treating cancer
in a subj ecl(:ﬁ,& sai gpt?glﬁclrgrbg"sél ectE%g rdb%eit' fgg’lg?glu%‘%consi sting of bl adder
carci noma, rhabdboyosdr meprintingv af | [GF-2 ahasi beem, impéicated ain  Séilmlsnangor | ung
carci nonma, breast car inomi’(ﬁ uamus cel | carcinoma of the head and neck,
esophageidl EQ8RVAofa 2t h1y9_r9§'r eci-’t@@i?é’f,g‘%l_%lt)r ocﬁlénﬁ?seﬁéﬁﬁlﬁpi K¢ #@AYma 15
and_neur obl 35! @TBaoldtod okl Ndte AIPREoss onlNEAk! 4D LRSS AsmCIOr
conprising a polynucl eoti de conprising a regulatory sequence operably

| i nked to a imptiated gges masebp anvobvezninogiongh aisydeat axi chg deeslppraeicsdt
wherein the regul atory 20 sequence is derived fromH19, |1G--1, or ) G--2 P4
pronot er redal&r 856F i Ramia er4l.. pPYBINTECH 6L bri 40 andr@lassyen 85925 Fi gure
1A-1C. The | u H-K19 pronoter region. The pronoter
regi on fromq%géf‘g%rtcggg%g%é???%ﬁgg%gg%?g{H (relative to the start of
transcrigtion) is shown (SEQ ID NO:1). Figure 2. Schematic di agram of the

vectors used to express a .
2.3 Tumor-Specific Gene Therapv

Regulatory sequences from tumor-associated genes have been used to
selectively target expression of a suicide gene in tumor-derived cells. For
example, alpha-fetoprotein expression is induced in hepatocellular carcinoma.

25 Huber et al. (1991, Proc. Natl. Acad. Sc. USA 88:8039-8043) used control
sequences from either the albumin gene or the alpha-fetoprotein gene to target
expression of varicella-zoster thymidine kinase (VZV TK) gene coding
sequences to hepatoma cells. Hepatoma cells infected in vitro with a retroviral

vector containing one of these expression constructs expressed VZV TK and
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30 heterol ogous gene under the control of H19 regul atory sequences. 3 May
2002 WO 991 18195 PCTJI L98! 00486 7 Figure 3A-3E. H19 Regul atory_ Sequences
Direct Expression OF A Heterol oQous Gene (CAT) in Bl adder CanceM 02

Li nes. For wheohdiye different indicated cell |ines. CAT specriLwmoasbi vity
(cpm 7g protein) is plotted as a function of the vector used for
transfection. Figure 3A: HT-1376 cells. Figure 3B: EJ28 cells. Figure 3C
T24P cells. Figure 3D: 1197 cells. Figdsre 3EE UM UC- 3 cells. The vectors,
as follows. are described nore fully belowin Section 6: ( 1 ) pCAT-basic;
(2) pCAT-control; (3 ) pH 19E; (4) pH 19EH19D;, and (5) pHL9EHI9R. Figure
4A- 4E. The - P4.P sShe regt r i ) . r ol ogous
Gene (Lucifié%agé %ﬁ?@]@gd %rﬁ%gﬁ%er &Q:l |tr?§§P @?rﬁﬁe Ille\?%éh ip lielgent cel
| i nes shownarabimonficleaside s@aM)t | Kaaelto vi b (109SInCandeerResy 56f52)8B3287N) i S
plotted as a function of the |G- 2 pronoter_used in the transfected
construct teonsiruelet anxgsleagyirdrvestor| ayprassingsdS VET guinden e qommol @dithe.  Fi gur e

4B: 1376 cells, Figure 4C UM UC3 cells. Eigure. 4D 1197 cells.  .Rigure 4E:
£128 ool | <. R RBfle * soured. RGeS mor BefimPipnt) SlROREE. oo

Fi gure |5:5Nu§drﬁﬂhhﬁe IQUeDERoOf vierElUMaipeddyd RhjeBiRE T intd adkepatocefbgr | D
NO:2). Figure 6. Nucleotide sequence of the 0.9 kb HL9 enhancer fragnent
(SEQ | D NO: &rcingmardagived WumersdgatBratiidcine atliyamics agdremsiseof Subsequeab H19
enhancer fragnment (SEQ ID NO:4). .Figure.8A-8C. Nuc|eotide.sequence of the 4
b 119" enhafU@PeRioBEATo FUSCHRes | 1Mo, GRmcieioylr cceh e emiocDl o ¢ h

vectors CO”B&J&P&&EQuWEM mil@erredtfgidrat ory region and P4 pronoter
Ir

conbi nati ons ects luciterase expression in tunor cells. Figure 9A: Q637
cells. Figure 9B)sdliler ale(1994, ElanguereROC: 329B5B-624 1)strarfsfegtade irit6 AA J4TE.
Transfection with vect orls1 cont ai ni.,ng H19 reqgul atary regions direct

| uci f er &&e B‘X‘Sr"@&‘éi‘@ﬁa iCRLE APSKPICEPIPR COPFLREt EOn@NINSHETCIEIq! $EQUADRET| TUTE

SHEET (RUL - - 95. PG: / ' B: T24P
cel T 5. " gui’s et pRyne b o Sl BP0 0 T sPue 2™ 1077
cells. S DHefek atinples siruptthynidide kinasd (HSVtTION The uansfected @olls svebased, in

part, on the discovery that the requlatory regions fromgenomcally
i mprinted gEWESIVEN®: ZARUCONBr e A TipalbandEtorc 8TqvEh ciiin nde yBKE 1ot ar get

the expressig,ah.GRA ng, SENeNEEsRled NLLEShal N GAOCE 66! |3ocddl

particular. 1t oun 9 expression IS actH/ate%Ieln a wde
array ofs cajntiaperi@geali ijédtidingJod Waneielovid. M Hedet e, bhadegtineambiyoni,

hepat ocel | ul ar carci nona. hepat obl ast oma_ r habdonyosar coma, ovari an
carci noma. &diggncggne has recently been described as expressed in normal colonic
mucosa. thus limiting the usefulness of these control sequences as tumor
specific regulatory regions (Osaka ez al., supra). Thus. there remains a need for
the development of gene therapy vectors that specifically express gene products

20 Intumor cells.

3. Summaryv of the Invention

The invention relates to methods and compositions for inducing

selective expression of heterologous genes in tumor cells. In particular, the

25 invention relates to polynucleotides comprising a regulatory transcriptional
sequence operatively linked to heterologous genes which result in
tumor-specific expression of the heterologous genes. More particularly, the
regulatory t-ranscriptional sequence is derived from a genomically imprinted

gene that is specifically expressed in cancer cells such as the H19, and the
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carcinoma, |lung carcinoma, breast carcinoma. squanous cell carcinoma in
head and neck; esophageal carcinoma, thyroid carcinom. astrocytons,

ganal i obl ast oma and neurobl astoma. Further, it has been di scovered that
constructs containing the H 19 pronoter regions operatively Bimigedood a

het er ol ogous gene, or the 1G~2 P3 or P4 pronoter operatively linked to a
het er ol caousvay@nel9sor constructs contai ning such a pronot erpaimmiLesedganat i on
with a downstream H | 9 enhancer, are specifically activated in tunor

cells. in another aspect of the invention. an IGF-1 pronoter is used to
direct expression of the heterol ogous géne. 2p Accordingly, in one of its
aspects, the invention provides nethods and conpositions for altering the
phenotype of. or selectively killing, cancerous cells. This object is
acconpl i shedGlpy2 #8l i@ PUngrohtotéieane lthe hatePsIb¥uc bat bl dedaPEsiore t he
regul atory regions fromgenomcally inprinted genes that are expressed in
cancer cel | propir etdyyostitik genetpyodudie e andtbgoembgdiment ohthedBverdios; Hiecogous
gene can en for exanpl e tostatic or _a cytotoxic ent ' (e.g. a
Joxi . "an’ anbreksamai by operefndY, B i gh efhstibepit tsfie B Bmlselont ca | v
| ted to thEOp g s crpRaRbRTiate dent SRR nalqidn) RRhARs Wil Aol
pronot er 5 Slgone Ekfressbtict a(rRidhifer 20)diffe@nMayn 20608 MO §ped 880th RETHedsO8100486
9 For purposes of the inventiagn described herein. the term "operatively
linked" nead@diREPOaLIONE 385 Lpedl! WetiGdRrabment of & pde t"é“ﬁwr‘gt]g“cﬂ"ﬁ?réraﬁdsequence
in a manner i ion of the nucleotide sequence to be

di rected by %gﬁh%%agﬁféhgégﬁénce. 5 A "heterol ogous" gene sequence
refers. for purpomes aspedthefi st sinvetjpl | mat ieRpression a veads semtdnimg that is
not normally operatively linked to the regul atory sequences of the H 19
gene. Gener@PlWchﬁétlé?%IC@gmﬁkﬁ‘f@eﬁBC}Se'GGB'@EQ% rgedPnpd ©pseativelyc dinkedhato encode
cytostatic an L Ot OX] en S sed herein, the ter

" expr _ess‘i“on%er%é&éfgst >o(gc§ ﬁsg_ t?’é‘ﬁg"g‘?%{ i%ﬁé%?e tﬁéej:"p%o%i\lﬁf’eaﬂ‘onsn%reer g%"s?s‘.e and the
splicing, praeshiss FO9 reb@bidry roiomdlich@Rtprémater Yind ehRittkAtd@an&ds, tHee
correspondi ng nRNA transcript. Depending on the structure of the DNA

mol ecul e delfGFet 83, ordid prxsotenonay I6&-1 paempent Iothaqennecions thesHi 9

g aLory SeUEIess: Sl i SIS A %t Mabinite TS on°

| GF-1 Pronot S I e regul-at °S an be
used to direeémble IGIDIpeaIdterSPEELT PG BERRESHOTGPY B4 hebRbRIrodALS codi ng
sequence. These H 19 regul atory sequences include the upstreamH 19

pr onot erisr eghermpasdéd by tthe ieisntion readrsileelsntratripingr egh otectoThe Imtkateot i de
sequence of one H19 praomoter region is.shown in Figure |A-1C (SEQ, 1 D NO

1), Thi's 8300k bR Loy SanB L ooRRising Aohiiolostis eene omiralit s from
the cap sit g[|0asrolRY& WhE GriviiRi M@eHandér maf BRI @) intrOd GQISRAS B TelIATA
sequence occurs at nucleotides -27 to -35. Two consensus AP2 binding sites
(8/9 mat chesyithoe cacorat cappruok coniming aSgdecragoud @enacoauoilek by ugdi-leam f rom

the initiation of z5 i ption. Vhen pl aced. upst f, the codi
ogi on for APBRET BT S3bunr ehe HOmASCSCaP M GHDP R ARt B SRR

appr oxi ngt eiy ﬁ%&epaﬁﬁed@,ames iRenidle preAMEALUiNodsCHF ABink SsusHf ddcfdr§th 1O
di rect expression of the operatively |inked heterol ogols gene in cancer

cells that eapess kotprodsgous dagemoumarteils. Adet anathed dspectasfahbénvedtiOnpr onot er

regi on between nucl eotides -819 to +14 ) .
is the treatment of cancer using the vectors of the invention in gene therapy.

25
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SUBSTI TUTE SHEET (RULE 26) 3 May 2002 WD 99118195 PCT/1L98/ 00486 10
(Figure 5 SEQID NO:2) is also sufficient to direct expression of the
operatively Linked heterol ogous gene in cancer cells. The dohMgyr2882n
enhancer region of the human H 19 gene can optionally be added to an H 19
pronot er/ het er ol ogous Gene construct in order to provide enhanced | evels of
tunor cell-specific expression. As described nore fully bel ow and
illustrated by way of exanple in Sectiop,6. the downstream enhancer region
i s enconpassed on a Sacl restriction fragnment extending from+6 kb to +I |
kb relative to the start site of transcription. As expected from an
enhancer sequencestilt mothenwnatpeetanthe nimaenten ipovideise us® @xar polynislestitiect when

b fent at | on_ ghorita A EEIAGadls, aliie. MceADEE bRBokE SeBe RS B st am £ om
t he codi ng rlrkedro afregulbteryeserjuegcoel svigeeie the tegulatdrg sequerncel is dériveuefrdth 19

pronoter. Adgditi . of. thi han C i ni gquences
as shown in Id_ll,l ezé%}ﬁ o;Aé?%ﬁh%ng) ?régb‘?g%% %B%%Eg 81'1&?%%§L@§0ﬁ§ used
to facil i at medieamehtfoekgatimgsiaocer iTbesubjept essi on of the | G- 1 gene has been
associated wth lung cancer and breast cancer. The |G- 1 pronoter

(nucl eoti de sequence between nucleotides 1 to | 630 in the human | G--1 gene
sequence (CGenbanl Yetstikessatber aspeotrthiy idestioMprdddes nsomopear polpoudentide n by
reference; R I . _Bi , . 4 I he
G2 gene protRiings rlredde sHienc: ofellnp £ 8iRosERPOF B ey

regi ons. Thr linkedfto talregalafoouseqpiecostveheseiartke reguitatory sdqaerteds dedvegrfessed i n

onty” ( SufR enBBHFR PaIBNBla rebup Gl SR ' 1R bk Blef e B BMCdcd o0
been i rrp:ji c afoe drentindregreennea subjectpsaid camaes selestedifeonm treli groop eprsistingadf t he

[ i nt P4 . ' -, +10 . -

ang P3 pr omoPBPAT S inG PG EBhO SR e Salpihole e Rt 9"
acti vat ed i nlungnaancibbraadereastapareinomal Isquaraous wely cbreinesed of thedheat and

expression - [ i . het e g t | s. The
| GF-2 P3 and"%B%%P@%?ﬁggﬁéﬁlP%ﬁﬂuﬂéﬁg' )%fg'hﬁfnégﬁ%’%ﬁ‘é@*ﬁ %W@E@%@ﬁg PCT/ |
L9810048% P4amt newbklastom@y be used in conbination with the H 19 enhancer or
active fragnents thereof. These regul atory sequences from genom cally
inmprinted and non-inprinted genes that are expressed in cancer cells can be
further delineateth ta firelli agpeche ting ninveritione godvidesr ya segtasncemprigiogi aed to
obtain the dgsj : r WL i O e , p ter
reg;on my bEoUMFokED oRBARDE 3, PEUERN Bequsbe CRGRNE: IbRES DI CT o
f or retenti ohetefolagnue isegyarcefancoding aeytotaxic jenecqeroduct, wheareipdke regutataps of
the H 19,40 Le _h Bdi Vi jlity to
enhance drjansc L{eg?‘lmén i?%%ﬁ{)rﬁe E’?@th‘gﬂﬁ#e? M&Y{”ﬂg{%t !%H];a?(lgrxg'[éﬁne&?ééaul atory
sequences can be generated using a variety

4. Brief Description of the Fiqures

25 Figure 1A-1C. The nucleotide sequence of human H19 promoter
region. The promoter region from necleotide position -837 to -7 (relative to the
start of transcription) is shown (SEQ ID NO:1).

Figure 2. Schematic diagram of the vectors used to express a
30 heterologous gene under the control of H19 regulatory sequences.



of chem cal and enzymatic nethods which are well known to those skilled in
the art. For exanple, regions of the sequences defined by restyi tL@ sites
can be deleted. Oi Qonucl eotide-directed nutagenesis can be enﬁv&y o]
alter the sequence in a defined way and/or to introduce r Lchl sites
in speci figoﬁ"éﬁ?%ﬂs within the sequence. Additionally, de%'&i%"@g%ant s can
be generated using DNA nucl eases such as Bal 31 or Exolll and S 1 nucl ease.
Progressively larger deletions in the yegul ator~~ sequences are generated
by incubating the DNA "ith nucl eases for increased periods of tinme (See

Ausubei . e: al., 1989 2p Current Protocols for Mlecular Biology, for a
hel rabi 11ty { gt ot Tl S Ua e b BEFoR P HOPErBIBgbhshcod ng
sequences L aBRigans Gihe 5@5‘4\%{) hgplxé er @%&ér?@élﬁr,iraés.HF%?pﬁ:xmgéﬁfe?&n

carci noma-derived cells (€.qg. adder carcinoma 25 cells, to nane an
exanpl e) . fddi¢sed eellt Inas, tCAT sspepidicofictivie fupas€pt proreinis plottedass any

altered revel atory sequences which retain their_ability to direct tunor
speci fic efcaenigdihpreqtaceseddpriransipsiion. ridauiept valid - Bdéredlsi dwgwect ors for

PCT I L08] 00B6&15 iy dUEWE TG § 25T FitelJPHROR. bLresilan FHE e s od

under the ¢WItIIOL3 cel® tTReSRcioRgWsafoMowssS aftlgaebed Widte amllgem@sweancodi ng.
toxi c gene products. potentially toxic gene products. and antiproliferation

or cyt ost aSectigge fie (Y pdadi-basivRk dCAybwestrehr(3 apEd 9be (4 pHEEEHT Iic| udi ng
enzynes, (e.g,..CA s gal actosi dase, luciferase), fluorescent proteins
such as gré@‘g(?)lﬁgrfge@it%‘ protein. or antigenic nmarkers. Cytotoxic gene
products are brepdlk gdehEnet G DPEULE HOP iRk THir&P ExpRABLADSAI nduci ng
agents. Additionally. for purposes of the invention, cytotoxic gene
productsg i Heterdbgdnydramet @luolferasa)glneBiaddes GahcarnCelbhiress &oprtine ivab i nto a
cvtotoxic praduct. Exanples of cytotoxic.gene products that .nmay be used in
met hods of GFERRAENIRGS etyﬁpfuﬁ Eragt SPAGHAS REHIBLCAUTSDET B ASPELLetx .
ricin, chol LD, ifeliye I

reti nobl as'tl o@gnégﬁ%aafun}g&gogé@}%égm a @‘%’egﬁu‘ég‘ggg‘%ﬁ%o F%S’“%LE‘SC& otic
pepti des thadireodergeessédd ofihapfeceses FigurdoeAudedP Gillsh Bigapt 6Bt d3{@épt i des

i nclude the Al zheiner's A

b tid LaFerla et _al., 1995 Nat.
Gonet - 9: 2eehio) Fiauie 46 U Uk Bl of v B0 ad- vieare 4F° E12807.

Biol. Chem 214 - : j J ~fel at ed peptide (see
Sakut a 8t §Fﬁ>57 T}&%&Qﬁ%ﬁﬁ%&rsg?%wgfé ﬁ%@%ig&}w ?%g??tfoglsﬁV\BI | as ot her
apoptotic pepti Higfurkn®WNuoleotide Bequbinge wfes ddumao HYU@rombabdragherg enzynes
whi ch convert a pro-drug into a cytotoxic product include thym dine kinase
(from herpé%E@iIﬁjBN@kz)or varicella zoster viruses). cytosine deam nase,

ni troreduct ase. chr ~ 45 inCH ) I rine
nucl eosi de phosgﬁ%lfrrglgs@gagﬁé ?encé B%%sogﬁg%ng?e?gc}g?goe@ﬂ%éeéﬁta? %%r%%g A and
@, Iinarragggg,n}md; ct amase and xant hi ne oxi dase) see 25 Ri gQ and Sikora,
August 1997, Mol. Med. Today, pp. 3~9-366 for background). Additionally,
anti serme, anti figwre A apd e Necledtidgosaqienet ofidbe Raybbid 1 Yednhertesd t o

cancer cell.s usin resent| ~~ descri bed expression constructs.

Ri bozymes ﬁggﬁeﬁb&é@@ﬁﬂﬁeﬁ' RI~TA can al so be expressed in the cancer.cell
to inhibit the pyar@Ed 8. Muckolas kbmithas oBefRes Rb H 1Y &ltaRber Fhgndmr get
genes for these BSTI TUTE SHEET ( RULE 26) 3 May 2002 wO 9911819

PCT/ | L98/ 0G3BQ II3Nénd). sense or ribozyne nol ecul es shoul d be those encodi ng

gene products that are essenti for cell maintenance or far th
mai nt enance of EF?é"(?are?é\e'éou raHeFtion e Wy YECIO5, GonalRIge: VGERBS ﬁﬂ& ude but

are not,|im 2T | . i.nE, cyclinA
o caidi | P ifoh resiifandflt fronfil combinfiE hec UGk R oSl ©

regul at ory tsaquesiteFifurerfA:npéihitd. Finas 9B: HGR7 telfy. ofiguey 9Chav3dr e
expressed in_cancer cells, antisense RNAs or ribozynmes specific for the
transcri pt $eldy. oncogeni c forms of p53, c-fos, ¢ jun, Kr-ras and/ or Her?/ neu

andogenous gene e a0 IR SRRt OURRERT R ne vao

regul at or <regefl gire@sluciferasaveksrbssifie el hirgal tallsackigvad @0AGRI3T, cellse | G--2 P3
or P4 pronoter) can be specifically targeted for expression of the
antisense R ~1A or ribozyne RNA
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Anti sense approaches involve the design of oligonucleotides (in this case.
MRNA) that are conplenentary to the target nRNA. The anti sens &
oligonucleotides will bind to the conplenentary target nRl Vv’ A 3%389?pts
and prevengdégﬁﬁsiation Absolute conpl enentarily, aIthoungEgQ#%&&ed is
not require sequence "conpl ementary” to a portion of an . as
referred to herein. neans a sequence haV|ng sufficient conplenentarit5 to
be able to hybridize with the Rl ~ grnlng a stable duplex. The ability
to hybridize will 20 depend on both the degree of conplenentarily and the
length of the antisense nucleic acid. Generally, the Ionger t he hybri di zi ng
nucl eic acid, the nore base m smatches with an contain and stil
forma stabiaugufiRx 124P th’rUlSpIFé%Ufealé)q hEU@ascellﬁmFlg@)e 102 fe 56RVIcH8 in the -
art can as rtal e degree of m smatch by use of standard
procedures ﬂ%fn#ﬁiﬁyﬁgineltlng poi nt of the hybridized conpl ex.

a igonucleotldes that are conplenentary to the ~' end of the target

message. e.~., the ~' untranslated sequence up to and including the AUG
initiation m;odod)etaﬂoallDttsmpkommﬁtheehimntlent ly at inhi h| ting translation.

Howe~rer. sequenges, co ary to the 3' unyansl at guences of
SUBSTI TUTE SNE- W’Efq'g%‘) %3 wﬁynm N1 (A13PYerY1 ég?IrEé‘ﬁPWSG

nRI ~TAs hav S f, i on of
TRNAS . ae GBI REL KeRE ) Snbf el bEhls (6 5 AR TSI BT T
ol i aonucl eosd ated towgbtaheatcp:reysmmoEccbdmg stdeences oDintedest in@anddrasis.at ed,
non-codi ng regi ons of the target t%ene transcri pts coul d be used in an

anti sense alprasaetat & hasiesn foundahal Hi P sxpisssiendoaetiates igensdde array

Shoat 1 el dhoe G Ronor B b LA B s ffon g cgpuinaf

ol i gonug] eodarélasme ONpHAGEIB BN, rRabICY csRdbRG, RaHAN TatdifoheS Servidal Ci ent
i nhibitors of translation but could be used in accordance with the

i nvention. cAenp@e, Wagicareirpmy bﬁgetsr Fafcin@mag sqipmmeus, cel camm@m@un@ea‘égu on of
t he target qﬁNA nt |sen ei c._aci ds Eslhou d be .at | east tr5| X, nucl eoti des
in |Iength, Y QF prgto 3%?% o‘fﬁrﬂgﬁﬁ@t ed Y‘&i’é‘l r%f’ﬁ&f’ﬂﬁlafroarﬁ 8" 6Mhout ~ 0
nucl eot i desgdnBlibeiastbtha hid SR@EdHIAorAs PeELfhEN et OhdsOPEC deRblglRdi hadtt | east
10 nucl eotidesS. at |east 17 nucl eotides. at |east 2~ nucleotides or at

| east ~0 nuwinsiudtelegontdininge dae dﬂ&sprotnmdtercglon:t:eomattvatbgdunksdqt@n@e it is
preferred that n vitro Stuﬂ'{j ﬁ(a]g ilrslt, perforned tao. III Q gte t he

abi | i n~1%f teeﬁgo s S8 ¥ 1eb? i Hel't PTPRRFDi ‘tpeé@hv X '6':1(8 dPch. These
Studi es. shohgoligolit 28 & bRlstutorlintEnaInS] PEHBRFARABIRGS 0ene

i nhi bition and ndonspécific biological effécts of oligonucleotides. It is

al so pref erwihl atdestnstrhers 159 eohanser; anp apesifiealiyl activhtedhie thamogeellRNE or
protein wt at _of an .internal o/ RNA or .protein. Ri bozyne nol ecul es
ot gned t AEHEA5RIcE A Y o g &R 1BES AT AP et if (et T AL OTETARR be useq
to prevent <Sf&ﬁ£‘§ét@§d196bd§fgeh@r get nmRNA. (See, e.g., PCT International

Publ i cation W90/ 113 64,” published COctober 4, 1990; Sarver et 25 al.

| 990. Sgj ence ZMccbﬁﬁﬁouzﬁﬂonHWémtstdspeats tIhzymaentmnspnemdfes (méthodaa.tglane
transcript encodi r cancer, cell. growth. such

E%’?tm n ss nti al

ri bozynes c%ﬂﬁ‘%oél}sog‘sr@ €gpe %?FXB‘? sOEéF ecBﬁ@ﬁo‘tlyB@ CARFETRYT i bozyrmes
that cl eaveJRNA S e to

dost oy tarat RS Ehs %%é“s’%@téﬁ%%%%f% e RIR 53 EIUage

Harnmer head &dBSiEEME fegfrlator{’ RkonR @fom gaoRddl Bl Bivpridied Jdvhys 8O0 2rdCTI |

L98; 00486 ri boz s cleave nNRNAs at | gcatjons dictated by flanking regions
that form cOWpe AR afincerells apnesably « Hnlede te o7 gl&terﬁm&us TEes o| Ehe

requi r egent h t <vo
bages: B g golcRhs E8f LK SELoAE BEIRIETE oyfosll B0 SRIEREShe 2X°,
wel | known (erg hh@uﬁfﬁnﬂﬂdeﬁ&lﬂﬁ&%ﬂﬂ@%m@ fully in Hasel of and Ger | ach,
1988, Nature, 334:383-391. Preferably the ribozyme is engineered so that
the cl eavage redogHalPoITesions fiom peramisally émprinied gEHCSeﬂii@t are expeessed get

MRNA; i . n m the| el lul ar
accunul at i olr’rlléo Cér{o%ugaiﬁgfl ?%fr?gf&%nﬁ?%'ll ?J;hosbt %{?g pr?iinﬁ ﬁ?@ “fh&flcethe in the
present i nvgthe®GBRISP3 hmpm@eomgr.endorl bonucl eases (hereinafter "Cech-ype
ri bozymes") such as the one which occurs naturally in Tetrahynena
t hermophila (known as the IVS, or L-19 IVS RNA) and which has been
eartensively described by Thomas Cech and col | aborators (Zaua ei al., 1984,

Science. 2?74:374-378: Zaug angdGbuTe SHEET (RULE 26)




~5 Scj ence. 231:470-473; Zaug et al., 1986, Nature., 324:429-433; published
I nt er nati onal Patent Application No. WO 88/ 04300 by Uni versi ty, ﬁsh&gbi

Inc.; Been and Cech, 1986, Cell, 47:207-216). The Cech-ype ri bb ave
an ei ght bagg oppdiss actil ~e site which hybridizes to a targecrfiLddposgauence
wher eaf cer cleavage of the target RNA takes place. The invention

contenpl ates 20 the use of those Cech-type ribozynes which target eight
base-pair active site sequences that arg present in target genes. 5.2
Activation of Genes In Tunor Cells Cells that reactivate inprinted gene
expression will also be capable of 25 specifically activating expression

constructs contal.ni ng such inprinted ge aton~re|os operatively
hked to a hot oF0i BiBRScyehate uieRoedidescrial bt di yoranoPeRarrY. ar o
appropriate t aH 19,
and 1GF-2 P hgén(geréiar{s?gg%tr l?%&gd;%re é?g %{na\érlghrﬁhﬁ&ﬂﬁb é);eoﬁlls}&?hrk\ég{}%:de#pnl I nes may
be -det er m nethnust ndidhhalldver exprepsiom of tHeNAudestidesiesuenceztoshd dir&d@Sbly TUTE

SHEET ( RULE 26) 3 May 2002 WD 99/18t95 16 PCT/1L98/ 00486 hybri di zati on
and reporteﬁhegféﬁél%:f}ﬁqu?@?% In addition, tunor cells with activated |G--1

deing the | GF 1 %’E‘“rr%?reoiééﬁgsﬁfa'sés?s%éﬁ%r”s;‘Eﬂoﬁ“"f# PR o pRiaRE " or
nost RNA anappyisdatiodPR & Gehé QPguende kizddgh et RoaRglly bptratively finieal 1oythe

hybri di zes to the gene transcript of interest is prepared using any nunber
of teehzi quesgulasbty dequences of theddB? geneThgenembBy ditteroligous gana saguaneesat | east

15- 30 bases | ement ar e nucl .eoti de. se uenc and nore
oref er ably e sguaees fhat fnied® bt RIS BRGS0 ( ne Huo
transcript. A ipaRaiskd Guteds,! the Rérai eéiﬁésswrfe‘?ér%%'tﬁ’é‘trﬁﬁ%ﬁ‘mfoﬁroﬂ‘ﬁa@
expression is a pol ynucl eotide conpl ementary to the 3" end of the H 19
message 1ﬁroﬂal\é@pob>«ntm¢sel pnd0ohebsEecipgi psoapsing eatmbdityt hedpalpyionaliy,te to

t he ponAS|t speci fic .enbo nt of .the_invention illustrated

bel ow by wa§)r ?ﬂ’ﬁ OxsspAnding n&é%ﬁg@s%m %Fﬂﬁbrorbm?o%rq%”r@ener at ed
invitro us al so be

| abel ed by 'ng‘ %ﬁg\rgﬁlegme:a%h?ﬁga é@srgegr%%:@l% %g&a};@lg nu%taeotr e, for
exanple. using the Prime-It kit (StrataQene, La Jolla, CA, Catal og No.
300392). Alternativel Iabel ed pr obes can be generated in a PCR reactr on
using a cD\TA cl 8de oRegwatorydegysnees ofothe 18 oeng, theglGlP3 and Pd

anpl i f~~ a region of p| gl D FeH.PProfflota® DY a standard ni ck

transl atfon reacti on. nrﬁ%ggs—a'p'p'mprra‘re&fgcr pol ynucl eoti de probes i ncl ude
nucl eot i des i ncobpsuritedgreimdieddtd 'rmlitsr»t sgo@sndes usd cas bdassednaldired?) ;

fluorescent, |um nescent and col or ta “and enzymatic noieties, The
| abel ed pr o Uy AsLl esEE gxpression 0 6 héteééhoLOB? coqigg $EIUEeH elhgse ng 25

standard te iq u eand in
co-pend ng TS CaEoR SRR RALICRE AN M S br S L A AR
herein by rabavhamm A9 eanhaﬁdevaichomf %é@h&ie@tx&atscthl b ont Hhe

appropriate cells can be obtained. standard RNA anal (yN)Q vléSUCh as Northern
anal ysi ¢ RRENROISUBSIPITUSEShopm=1n (lﬁgms 24y1C Gh@D odhis £38

PCT/ | L98/ Ooﬁgafe&?dcfge%ﬁﬁﬁg\%kr% @5&1”%57%) ?r}ﬁfcpe%)udg?ﬁ'o El'ﬂ:eéagt fée&st ©

determne t eve éxpression o he "gene o

Addi ti onal | Yesdribed Sn (Brasndn er &lo PFERr W &umnfﬁlmqm&mn@a o’ESHBYR
situ", i.e.. directl X upon_tissue sections (fixed and/or frozen) of patl ent

tlssueota m-bitdpa+-e I 1 S (28} ecutici
bt afHelgondesm2Bito pas-ed Wer cansemsiisi ARG bingding sitesai®/ hmantheskp d
purificati % aﬁprommately -500 and -40 nucleotides upstream from the initiation of

25  transcription. When placed upstream of the coding region for a heterologous
gene, as discussed in more detail below, approximately 830 base pairs of the
regulatorv region is sufficient to direct expression of the operatively linked
heterologous gene in cancer cells that also express endogenous HI9.

Additionally. another H19 promoter region between nucleotides -819 to +14
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necessary. Nucleic acid reagents such as those described above nmay be used
as probes and/or priners for such in situ procedures (See. for_exanple.
Nuovo, G J., 1992. "PCR In Situ Hybridization: Protocols And Abmaygﬁpgony'
Raven Press, NY). An alternative nethod to determne if a cell type or
tunor will BO¥4PBI e of specifically activating expressi onPEBHSEPYUSE s
containing the particular regul ator<~ regions operatively linked to a

het er ol ogous gene is to actually transfect such expression constructs into

the cell. For these purposes, the het er® oaous gene is preferably a marker
gene product. A positive result in an assay for the marker Gene product
reveals that the cell or cell |ine is capable of activating expression from

t he regul at dhiguregi.oREQ UBD NP 2hesealsectufifigiens , toexdaem axpressiomroff yipes wit h
activated H19 erF‘@s ion are ﬁ% follows: A Pediatric solid tunors 2p 1.
Wlin's tunfPeRuy |hgdaralegons eenfinfBRssr SeHahdonyosar coma B. Germ cel |

tumors and trophek acﬁ)gzrﬁtrgzmnﬁa&c -FEQBE%?Z}?J%EM@ &ente%ro% idnaflyrRLUre
teratoma of ovary 3. Sacrococcygear tunor A Lhor: ocarcinona Blacamal site
t rophobl ast ite ddde@s 8UBST IpfébtebhEterol6&bdsEecte JonstrEMAndGHdEB 19 prokids May

2002 PCTII1L9g/ 00486 C. Epithelial adult tunors 1. B | adder carcinoma 2.
Hepat ocels| uleaharcgd clenelseof3tumoragallaspesificc Expression.4. ACslesdrihed ware filiiha 5.

rool 67 B0 Ty and UEBARY VS 87 Fardate T8 SERG 6 ohe oS AR AR ety o
Ast rocyt OBgidn iSRRG HPREAE bRABS 23] résﬁT&wrpﬁbé%mté@&ﬁ& Qi]td?ﬁl L. kg e above

cancers are treatable by the methods of the IfAvention. Ih fact, any tunors

whi ch act i vaitld K4l@lativertoske startrsity dfgransarattanh. bis ekpeated frodsaméntdneer

invention. Additionally; the aforenentjoned techniques may be app]ied to
e das I st i

det ermi ne t FRBHERCE YRSPSRm §TanFeEHS able, 1) exerd i eRpfagsd in
pr onot er s %?tht“?é\/etr%@;'ai‘ s &1cﬁ9atfd'neg{egagilv§ Qytﬁ%"g»ﬁig(ﬁ;%\ﬂ?ﬂsopfthct g

i nventio For exanp I's activ I'n chi unors, such as
W1 m s tunoreshandeadtheend agamum$] 1 nganepBbwastosans frandtheepdinpiegivhatas .

heterologous gene under the control of the H19 promoter. Additionally,

fragments of this enhancer containing the sequences as shown in Figures 6, 7A,
7B and 8A-8C (SEQ ID NOS:3-5) may also be used to facilitate gene
15 expression.

The expression of the IGF-1 gene has been associated with lung cancer
and breast cancer. The IGF-1 promoter (nucleotide sequence between
nucleotides 1 to 1630 in the human IGF-1 gene sequence (Genbank accession
number M12659 M77496 incorporated herein by reference; Rotwein et al.,

20 1986, J. Biol. Chem. 261:4828-4832).

The IGF-2 gene product is expressed using one of four different
promoter regions. Three of these four promoters are imprinted and are
expressed in embryonic tissues; promoter P1, however, is activated in adult
tissues only (Sussenbach et al., 1992, Growth Reg. 2:1-9). The P3 promoter

25  has been implicated in hepatocarcinoma. It has also been discovered that the
imprinted P4 promoter (nucleotide sequence -346 to +102 of the IGF-2 gene)
and P3 promoter (nucleotide sequence -1229 to +140 of IGF-2 gene) are
activated i;1 human bladder cancer cells, and may be used to direct expression

of an operatively linked heterologous gene to tumor cells. The IGF-2 P3 and
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5.3 Methods O | ntroduci ng Pol ynucl eoti des Under The Control 2g O

Reaul at orv Seguences Into Host Cells The invention also pertai t % host
cell transfected with polynucl eotides containing regulatory reg%ﬂ&o 2
operativel wodoikwsl to a heterol ogous gene. Such host cel | spamobendss
maintained in culture or may be part 30 of an animal., preferably a mammal.
Pol ynucl eotides of interest are typically SUBSTI TUTE SHEET (RULE 26) 3
May 2002 w0 99/t819 FCT/ 1193100486 19 finserted into any of a w de range of
vectors w hick are subsequently delivered using the presently disclosed
met hods and materials. Such vectors can be produced using well established
mol ecul ar  tpoOhRANoTRC Rl B BsddS BE cORBRIaAbh YvitlPaR® TPBK effiambr of abH3E)

Mol ecul ar A oning Vols. I-111. Cold Spring Harbor 5 Laboratory Press. Cold
Spri ng Har Hoagmdddswb¥ozdf. and Current Protocols in Ml ecul ar Biol ogy (1989)

John Wley & Song, all Vqls. and periodic updates .thereof herein
i ncor por at ed byrﬁ@\s%ré ?FOGTyﬁFﬁ'gqqcﬁs. iine FSNOREFAY oAMPEDIFLsi ARG, t he

het er ol ogo i j i i a
ot tapl o3 TROCTRRIE] gt St ake oo B3R chfeck BANTER] SERL L OBRACREL S, |
Host celgl s tbrdefiaé €led méhiwial Feguddtytyweljeaides esquiredttaiobiaiy thengusiret eningene

regul atory regions operatively Iinked to a heterologous gene may be any
pr okar yot i spe¢ifisugerresiane da@r| exampiat hegPreotpoIrggiae | BaY itsealtered BY gene ~5

construct. h as £ nd.: ' r_iransf ' ' host
cells, eit @aﬁ%ﬁﬁ@ﬁﬁﬁ-‘g‘o%gg% E ué@s?gr?é gsfsagé;cgf&or?{e@ﬂﬁrg??&aﬁrﬁpﬁé&ﬁ%kar yotic
(bacterial &8ldssondufictidndaidisorsaiiRhe BHOH oM Hele¥mi shhhficer iy Bdi al  or
tissue-culture technol ogies. Vectors suitable for cultivation of the

subj ect poltgsted | individisdlyi for2ghenabilisy i tal eskdrcs, transshiption Hromolthe HHE| ude

pl asm ds of die types: pBR322-derived plasm ds, pEMBL-derived plasm ds,

pEX- der 0veP™BPREH ds, pBTac-derived pl asnids, and pUC- derived piasmids. For
replication in yeashiodshs tYEPAAla¥hPRquiiRs ban BESR ARd] YRR, hARleasni ds are
cl oning and expression vehicles uséful in the inttoduction ©of genétic

const ruct s dfrch8micaraadi gizpmatis eesthéds whAheasranpdle kn®Broachihese sMilled #1993, in

Experi ment ag Mani pul ati on of Gene Eressi on, ? I\/Lb | nouye, Academnmi c press.
b, 83). Theds hedi®r Sable. FegPRal 19 BRI Eeliogd by JETER0R fiSHF Bk ence of
the pBR327? ard.i.apd Olfgo}igaé%)tri]wgiéé&_e& Hﬁne&r@oﬂkéiﬁhﬂx 8B A6yl daiter e t he

yeast 2 7mcircle plasmd. addition. drug resistant nmarkers such as

anpi ci | {si n scamerive ins e ddefiBEBSThT UHE/GHEE int(dAUCE 26iriction ditey iBOSEcific 991 18195
20 PCTI| 198100486 .Sinmlarl5, pr ferred, m l.ian vectors for the

pol ynucl eot F&88s §fithipdhg me%nﬁé@m%@lb’bggﬂﬁﬂw BRI CRR beraerteds ¢ o

facilitate dfst}ﬁ! B'f\%’%gé‘l}eés‘ég cht,}r %ggamc&oéx&dl@l DALt ehlufleastl CHrobPGE Ry ~ Vhen

transfected 1Mo nmamal I an ce . can be designed to Integrate into the
manmal i an dhrgeraistatient on thomgguletony st@lenked yrebgenessatedfbvaidcubkidnk skd ect abl e

mar ker gene. Alternatively, derivatjves of viruses such as the bovine
papi | | omaviPj4 pEp\AUElgasey f%dg?ré'f‘??-dséﬁﬁ"\ﬂisersmEErﬁgB%%’é%‘agf & abr BAfST ent

expr ess%oon'CeréantV?ﬁétBb@s R N RS ST cﬁ’iSﬁg‘y” fopea PE&ERAL abt %u@foeﬁés?im d
transfof'mation of host organi sns are wel =" known in the art. F&r other
sui t abl e vaetlmiqeagyt ens, as well as general reconbi nant procedures, see tQ
Sanbrool c et al., supra, ) . .
The altered sequences are evaluated for their ability to direct tumor
specific expression of heterologous coding sequences in appropriate host cells,
particularly H19-expressing carcinoma-derived cells (e.g. bladder carcinoma
25 cells, to name an example). It is within the scope of the present invention that
any altered regulatory sequences which retain their ability to direct tumor
specific expression be incorporated into recombinant expression vectors for

further use.
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5.3.2 CGene Thera~v The invention al so enconpasses the use of

pol ynucl eoti des containing a gene regul atory region operativeg¥ IIQBSQ to a
het er ol ogous gene for use in gene t5 therapy to treat cancer May

hyper pr ol i fve® ad7isyss di seases. For gene therapy purposes. exHcTasssmodse
constructs of the instant invention tnay be adm nistered in any
biologically effective carrier. e.g., any formulation or conposition
capabl e of effectively delivering the prgconbi nant gene to cells i~z vivo.
Approaches include insertion of the subject gene in viral vectors including
reconbi nant retroviruses, adenovirus, adeno-associated virus. and herpes

i npl [ I i b I Kk | I
vectors {ranet eot WSFNE S Gaers gl efter At a Batdufndakadureh The

hel p of, fopf %ﬁ@gpleeulcaﬁ;rv%t;ﬁemkysmﬁ%s S@AesOénc%dhmo&%mneep@duas
l'i pof ecti n, chol estérol derivatives such D.D. A.B. and Tcationic

phosphol i pi pst)enmll)daohmatglenedpr(odugts, et mlnupx;olﬁBrauonj ogacyditatipogareysi ne

conj ugat es. gram ci S, artifi viral vel opes or other s

T .1@ oF geRiutan 150 e aspressel] BNBRS SREYRE &l Abne

construck.  BLESHIARUALE cfle Qgpgﬁm%s%emp (RO TGRS | ferd thuokdeter VO A
ene ens for

recent Vi ew rans ex ress on s-=s cancer

therapy is ﬁr@rahﬁg@mcsﬂﬁkaﬁrs in Oncol 0g; ~ 23:172-187. SUBSTI TUTE

Sl -1 EET (RULE 26 3 _May 2002 1'VO 99118195 21 PCTI|1L98/00.~86 It WI Il be
appr eci at ed t hat Cyioeeris geng pradugiscare broadly slspnedie mCéUQeabg@t togEIs| and

par i oul ar s iiRlng, selos; SRadorEE K6 Rkt i) dfeciuelon.

phenot ype ofytbitRid B gasdliucar E@Iudéﬂﬂ'utrhﬁeth@b'lﬁﬁnefeaédﬁbﬁlvﬂilbﬁtdoﬁﬁertQ g.
| ocal |y or system Cally. Furthernore, it will bé recognized that the

parti cuh@r pendrugonsy mctotpmvpraéwctf oFxampley jof eyiotanisceanei predoets dkar essi on
constructs are %I so _usef ul ;}éro tr nsductlon of c IIs guch as for

use in the B¥Yvi%oYt§ slern&fiI ?ewgeﬂé%r?%wlsfbo@g et [y e

approach f opsdudoiions 1ok, QI&I?tc'h@ﬂ:r@fox”ﬂxlCP@I(FarﬁFIu%dr@hﬁpfés%'Jenésosdcﬁ by use
of a viral vector containing nucleic acid. e.,;.. a particular cytotoxic

gene under ahehcorrmnoblasrbmﬂ g@nﬁ:eagldl enSGry Addumaé}s sbquim’csi oncoflingel | s
with a viral vector t he advantage that .a | ar e pr portl n _of the

target ed cefPFIEh pF%té sBat pRAYCE Ll BPORIPYS TR | PUCRAPORIPISS
encoded i t Béeﬁhcfeg%ah&ﬂhe\’&&hgmer% ngetabye d@ ﬁlf@rﬁi E‘teﬁIl Jroosherayi ral

vector. are xpressed efficiently t~in c have taken up viral
vect or nucl Geoeta®i2l- ocﬁ,uthataltxmalvmtmrwcmpnmihlec(aae b?éudfel alet @/, usiligl.t he

resentl d cIo ositions but are not limted
IO 0, herpgs Zig\ﬂg‘{@?‘\%@ﬁo&‘g ca HB\/gqnﬁsreIﬁéi‘I B‘?példeéﬁ?fn ki giq/at ed
virus vect 05§9%rﬁt KR diAndcBE! 87:503A9940Q! APLIPSsVbiiS 2 SQ’?P‘II BEBiRRS ViT S
vectors, orough revi 8w of viral vect p particularly

viral vect oksowniot abbedikcovenadi f yi ng nonrepiicating cells, and how to use

such vectors in ﬁonj unctl n wth the expression of pol nucI eot i des, of
i nterest0 can be PBigheiabofigRg g mes; Which voavert ¢ Pr@eﬁII'é‘c’T‘ﬁé‘I ApyytetA¥ic

Neur 056 encgfe) LAACHymthe LERhL (iroM hehfY SimpleARRIRTAGIR Bfer Sar

viruses), cytosine deaminase, nitroreductase. cytochrome p-450 2B1, thymidine
phosphorylase, purine nucleoside phosphorylase, alkaline phosphatase,
carboxypeptidases A and G2, linamarase, -1lactamase and xanthine oxidase) see

25  Rigg and Sikora, August 1997, Mol. Med. Today, pp. 359-366 for background).
Additionally, antisense, antigene, or aptameric oligonucleotides may be

delivered to cancer cells using the presently described expression constructs.
Ribozymes or single-stranded RNA can also be expressed in the cancer cell to

inhibit the expression of a particular gene of interest. The target genes for these
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25 It .has been shown that it is possible to limt the infection spectrum of
viruses and consequently of viral-based vectors, by nodiffina the viral
packagi ng proteins on the surface of the viral particle (see. ?Maye%gﬁfpl e
PCT publ i cayd 9910809312234 and W94106920). For instance. $tcraisgoss for
the nodification of the infection spectrumof retroviral vectors include:
coupl i ng SUBSTI TUTE SHEET ( RULE 26) 3 May 2002 w0 99J1 8195 PCT/1L98/ 00486
22 antibodies specific for cell surfacd3antigens to the viral env protein
(Roux et al., _ 1989, Proc. Nat. Acad. Sci. USA 86:9079-9083, Julan et al.,
1992, J. Cen. Virol. u3:32 1-32; and Goud et al., 1983, Virol ogy 163: 2~
1-2~4); O GREAhEr ﬁ%béfrﬁb’ﬁﬁﬁ@&llé@ﬁ?o%tl@'be'th@&n%oﬁihgt BgneVbfclucRMHatr Ot €1 ns
(Veda et al., 1991. J. Biol. Chem 266:14143-14146). CoUplihg can be in the
form of theamhessemal for odbmlaimtknange wir tfor thepneingenanoes obtheecancaraustogll( e. g.

| actose to convert the env protein to an asial ggycoprotein), as by

| |

gener at i ng PR&IBYPSr D 132t genes i8eluge ubarginotdiveit de@vc@lggiscgﬁ?l,

pr ot ei ns) . F8§55%¥%gpﬂi lcca)Eﬁfl'E ‘%%hlﬁ ccﬁ)ﬁ targeted using this technique
€. Tcouplnt I bodi i

by, for exaﬁp I g -ant es 1a against tunor-associated nol ecul es
or canceﬁ cel | sPé&f eg@mpleOtvetioss ihidihexpresd.ardef the heont@t wibidaabioryi r us.
This technique; while useful to limt or otherwise direct the infection to
certain ti sseguenggsdsomdmpriatesioganes os KaFtlpromeerrthatzare egprsssashincagesst or i nt o
an anphotropi.c vector. referred viral geng delivery.system useful in the
present invg?}gﬁfﬁﬁt‘iﬁls_ﬁtllﬁﬂ%eog ﬂmg%ﬁsr%’%‘g%rf%e e\}éacf’l%ﬁ‘%tg ngﬁ%“%gﬁ%’ﬁﬁ of an
adenovi rus  gamder PRk a¢ pch, KiChHs tAdlor Her2/HeAdRS iARsRERNBRSESIsAndeNe
product of interest but is ifnactivated in ternms of its ability to replicate
i n a normal otderite dvwnatgulateexpiastion ofte dralogenamdeaeBeTumer cells which 1988,

Bi oTechni ques 6:616;. Rosenfeld et al . 1991. Science 22:431-434; apd

Rosenf el efXBeSS 1‘?19992@%@&9 Bt e HIT, FeBha agtsoral (0 ORPBRS
derived fro eNRNLfUEGEN ! fld AR YPS P4 et s of
adenovi rus ?%édgﬁcaq{g\d%& A(fg, AA?a{etIc. agje) \5\/el Ip noweﬁtco ttﬁgspe skil Ped in
the art. RecarpitedéortexpdessioniofubeantisanseNAdoranb@ryaERNAN certai n

circunstances in that they can be Uied to infect_ a w de varéfeety of. cel l

t<~pes, i ncl udi n§REFFIREAEPEPAChEY ilvAlYRARG dedien ef obgonuclepsiies (q dhissypr a)

zg endotheli% GERIS ) ( ? vt Pr.oc. t | ThACAi S USA '
89: 6482- 64865 hepafs'%c@%{%g& BRpIAe troa?r%,zmi@%%‘?l ML TrECsERe, V25
USA 90: 2812 oH8bfjcleumideswallItind eb e (duplotmentaey tadget mRAOR, trdfsoxptshdadl . Acad.

Sci USA 89:281-7?584). Furthernore, the virus particle is rel ad'éi,vel y stable,
anenabl e t o PRRYERY t@aslaHAN-andbsehte somplsresniatiyg hqual PrEfTededs s®tas to
af fect SUBS . LE,!%]: . RN Y Si 00486
23 the specgércij[l%ggf %Un g'gjlg%it ~A]Q%§3tla?\|"lc\)§g ﬁg&g}nxﬁr%ducedgdasdg%hbgl DNA

(and forei ghefith memisaknedueder Ravihg i sifficdend obeplariatarint o bbeatgenone of a
host cell Gut remains episomal, ther e% avoi di ng_ pot ent i al gr,o,bl ens that
can occur a$vhridigawith e RNSefarminsp stableademiesi dhembiity sahybridizaate

i oduced BNBSONRR B LA St I, LNR, BOPtORRBRFoA BelhmiskBEr OVI 2!

DNA) . M eo carryi ng capac adenovi enone for foreign

DNA i s | ar geuélefe dcid.8 Genbraligses)lofigdrahé HebridizRighicigleneiddetd Moy basect or s
(Berkner el alL. cited supra. Haj-Ahmand and Graham 1986, J. Virol.
57:267). Mo&ismaighes atithopn ddlAckimey gaeiaby prdistilefarey 8 staltle chvplsx (of use and

t her ef f d by t ' td on. leted for. al t of
the virar ECiResrhe BRehET B0 (DRI o7 Bhopiin Lipanery) ©
genetic nat gegrk dfS@BmAct) bP/ wkeneSsteidarll -prodeditPes ferlbtedRineSthe Melingner et

al., supra: and Grahamet al. in Methods in Mlecular B iology, E J.
Mirray. %&d. ppueéte hybridizedreonplext991) vol . 7, pp. 109-127). Another viral
vector system us

ul _fqr deliye of one of the subject ex ssion
constructs is the &48%H 9%&%805'\{’3{ GP?IBECW%AW. t°A<L5i3=§!m3- §§§o&'r Celfreet
message, e.g., the 5' untranslated sequence up to and including the AUG

initiation codon, should work most efficiently at inhibiting translation.

However. sequences complementary to the 3' untranslated sequences of
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virus,is a naturally occurring defective virus that requires another vi rus,
such as an adenovirus or a herpes virus, as a helper virus for @ffl
replication and a productive Life cycle. (For a review see I\/u
| 992. Curr. gggm ?% in Mcro. and Imunol. 158:97-129). It ﬁtﬁ%o e of

th a

the few vir t may za integrate its DNA into non- dIVI ing cells, and
exhibits a high ftequency of stable |nteract|on (see for exanple Ftotte et
al., 1992, Am J. Respir. Cell. Ml. Biol. 7:349-354; Sanulski et al.,
1989, J. Virol. 63:3822-3828; and M Lad hI|n et al., 1989, J. Virol.

63:1963-1973). Vectors containing as little as 300 base pairs of AAV can be
packaged and can integrate. Space for 25 exogenous DNA is linmted to about
4.5 kb. An m&hﬁebamresauly stowrhtat badeffestivieen inhibifingtteamkiatiostofamRINAS1985,

Mol . Cell. Bioi 251 32 be used {0 introducy Dl%mlo l1s
vari et <~ ofa-"hl)’t‘?l& c g%,gfgewgl\y %&égp,er-, rs1§1’ ofﬁ?@e&\rﬁ?ﬁ% EEESEENE cgﬁps’types

Sei "Uisn 81" BORELEIFoBECs, dimMEATRAR [ TERE Blo 5 o P ot e
(RULE 26)  néh-bbding egioMDoP el BAR6 cBke trahddsddl 06048GelteBiinlan Ahtigda- 2081;

wondi sford et al., 1988, M. EndocCrinol. 2:32-39; Tratschin et al., 1984,
J. Virols ~anpreqCIL o1 dnhibifgtramsbation eaf ghdogenoys genespi oPligomesieotides

268: 3781- 3790 ddi.ti fo vir r ansf er, hQs

i |lustrated® gl,enﬁ’& Wi ﬁ:’)eap %é %éerg‘%ﬁ 96 B mﬁ#ﬁ Hﬁ{]lf‘c@é‘{f t2’ed| rect ed
expressi on empleHRat I 8¢ B erhQgoyism 9&@ohN thﬁnﬁgeﬁwe_oqx@oﬁ@cle&ad@l Most
nonviral nethods of gene transfer rely on nornmal nechani sis used by

mammal i an cedmiplementarpetoumBNA aadingntregions | art aless reffisisot tinbi‘bitors of

I I | f nbod t I del t
of t he. pr csERRIRRe AT GROHERS SBRT, 1 BrRABiateeC i oS oRas ni e of

the subj,ectaeyiicasel APbGERS!EUHES DY il dhgekelnC St e RERRDIARNAeNe
delivery systens of this n~pe Inc |'i posomtal ~derived systens,
pol y- | ysi neampansegatasic, acds skould fhec paleasi sixl neieaidepas. lehgthelandi aral

settings, the ge e ellvery st ens r the t erapeutlc expr.essi o
construct cBfHRPly @aaesanq?%transmgaﬁ?@ré ¢ %Pﬁyboo\“u%le?f or Igneths

met hods. eap} hf,%cxfw'a%cissth\éel (ngmua@ it @ 18ast Lo E&Jleétib%%agP?eas@17
phar maceuti cal® preparation o deid very system can’ be 1 ntroduced
syst em cal | yucleotiziesat Iea&tﬂam&ﬂeo&sdasrqremeaemo anclestpdesi fic expression of the
construct in the tar&et C occurf(s) predom nant|y fro fm qﬁ)em ficity of

€48

|
transfedtion prob¥sHeé ebsyoggqqc fArgatSeqRenceplt is Pps éh\atdﬁé’"{% the 20
regul atory SEGUENGES f‘fﬁf‘téé}ﬂdﬁé q& P! g%ﬁﬁv\nﬁﬁh%%t Qﬁ"xhl?\et f OfHRI QM s

the regul atory sequences 1n co i nat i’ I|very ve cIe

targeting peligdnuualeatideedol ihipiesgeren empfmsxoﬁ.nbMesermsdles rghouhd uﬂeizevery of
t he reconbi nant expression construct is nore limited with introduction into
the ani nmal BRGNS dhatt distipguish Pefveanoantiseaps|gene tipbibiiate agd| perspseiliehi cl e

can be intrgduced by-25 &atons%ﬁ{a }1402 sU P is ggs[f&fgrf%gégdzﬁa#més AcaQ%s Sci .

stereotactic Injection (e USA

91: 304- 3@57domﬁﬂe€1¥@d‘l§%§ltﬂ@ t&GElSRNPCTorqfroffehﬁx\hm“ﬁm lofranCiaferhsl eitiotered in
a gene therapy construct by efectropor ation using techniques described, for

exanpl e. by ORProfgin. 1994, Cancer Treat Rev. 20:10r 11 ~. SUBSTI TUTE

ohar macout i cal . gRERENAF FARoaHeT AR imipea b Bleets o sintl Bresrc

essenti al | ygéfe ddnealgieBe uded td’ﬁie)&er&yﬁér%'lmldh @ﬂ%aﬁfé@ﬁmﬁm e(Shel lé%ntPC"Pr can
conprise a slo ~i~ rel ease matrix in which the gene delivery véhicle is

embedded. Alm@nnra@na}é?qblxcm é"@ﬂ@lébﬁ‘bl Ieﬂﬂlsged\é)cd@iqr\/’erW%yﬁaemroqn be
BLgﬁﬁgggﬁl In % F? o glrerg?é: gg? 199" t125.e %Vhen ﬁlxe rlbroezglgn%vlls rS%CC ttor asge Lhe
transcript encoding a protein essential for cancer cell growth, such ribozymes
can cause reversal of a cancerous cell phenotype. While ribozymes that cleave
mRNA at site specific recognition sequences can be used to destrov target

mRNAs. the use of hammerhead ribozymes is preferred. ~Hammerhead
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can conprise one or nore cells which produce the gene delivery system

5. 3.3 Therapeutic endpoints and dosages One of ordinary skill wll
appreciate that, froma nmedical practitioner's ip or patient's3May982tive,
virtual ly amnyomishgvi ati on or prevention of an undesirabl e Penpiamoiss
associated with a cancerous condition (e.g., pain. sensitivit}~, weight

| oss, and the like) would be desirable. Additionally, any reduction in
tunmor nmass or gro~.vth rate is desirablg, as ~ell as an inprovenent in the
hi st opat hol ogi cal picture of the tunor. Thus, for the purposes of this
Application, the terns "treatnent", "therapeutic use", or "nedicinal use"

used her ef nBAlhe! BLATe hEBRY o2 FbA. WRGR AT Bonehdl MBH COIRORIL OnS

. ca
whi ch rened Sease state or synptons, or ot-herws€ pfeven der.

retard, or e&ﬁﬁre&s%ntdw bRsOPEIBSWIRMhOtar8etSARIEA OTHRtDRS rediiiesieheRd| tRatSy npt ons
in any way v~~hatsoever. An effective ﬁosage and treatnment protocol nmay be

determ ned the mggomPawAi el thee fpltowingasaquengcariafhtveo [basesdosB-UG-3.abor at ory
ani mal s and -t hen increasi ng t.he sage iJ]e nonitaring the effects, and
yst emat | caFPPE R AGE Procus08 o8 RREHerhrP L Sodamees ittt ip BE ot
preferably pRdmRl iR HHdifse FBy CRMINUNtSEAdt GHRERT NM9RE. tREnEXI Nal

tol erabl @ dose, or MID, of bioactive agent per kil ogram weight. Thdse
skilled in BhM5854591 egRraefetablyexite ajbolzpie dosegingérefioso efidti thecyleavegeavoi di ng
toxicity to other species, including human, Before human studies of

ef ficacy arEccQEubipn sNeds lqoaiedanear ie ) engl ofsthgdarest mRINHaR&n 1Q ireases hel p
establ i sh sgfie;asesnq NHIRLONS e Chhsel TR BRcLANERChEE £NALUARLAY on by
clinician when determ ning an optinmal dosage Tor a giveh subject. Primry
among t hesepiRNAh&ns&igtsi n~ and half life of the chosen SUBSTI TUTE SHEET
(RULI E 26) 11 3 May 2002 CVO 991 18195 PCT/ |1 L98/ 00486 26 heterol oaous
gene product. AdQiboryngs foiciuss siny fbfudeesenle igvomiasy alse wahiden®NAhe ase

of the pati S“xlx"&d ibtog cl%&?[(ﬁ‘éreﬁlggg} t'.gg&ls-gj g? ii o~zg'ﬁ%4se?%%ch3%§ggga&}ei \ﬂ#cﬁr

cancerous di SEéSE §6I ng trea ase, e presence

of other drygsurd RatuRglyPiat T@fthynidhe thermbphPladkhbwhtastheTvisher gene Jygoduct .
and the like. The trial dosages woul d be chosen after consideration of the

resul ts of BMNAvmlandt whichs hasmdbeache extiensivelyl desardbedt by eThomas Cech and
collaborators (Zaug et al., 1984, Science, 224:574-578: Zaug and Cech, 1986,

15  Science. 231:470-475; Zaug et al., 1986, Nature, 324:429-433; published
International Patent Application No. WO 88/04300 by University Patents Inc.;

Been and Cech, 1986, Cell, 47:207-216). The Cech-type ribozymes have an

eight base pair active site which hybridizes to a target RNA sequence

whereafier cleavage of the target RNA takes place. The invention contemplates

20 the use of those Cech-type ribozymes which target eight base-pair active site

sequences that are present in target genes.

5.2 Activation of Genes In Tumor Cells

Cells that reactivate imprinted gene expression will also be capable of

25  specifically activating expression constructs containing such imprinted gene
regulatory regions operatively linked to a heterologous gene. Such cells,
particularly tumor cells, are appropriate targets for the gene therapy methods of

the invention. HI19, and IGF-2 P3 and P4 specific expression in both tumors

and cell lines may be determined using the techniques of RNA analysis. in situ
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For exanple, a typical human dose of an adenoviral vector containing an H
l9 regul atory region operatively linked to a heterol ogous gene encaoding a
c~~totoxi c agent such as thym dine kinase is froml x 10" pfu § May 2002
pfu za injected directly into the tunor nass per dad-. Mre preferably, the
daily dose Y01 486K an adenoviral vector inj ected di rectlyplc 78 hor
would be fi om1l x I1Gs pfuto I x 101 pfu, depending upon the tunor size.
For an adenoviral vector containing an4kl 19 regulatory region operatively
linked to a cytotoxic Qene product with a different | evel of toxicity,

t hese val ues woul d of course be t5 altered accordingly. Simlar doses of an

adenoviral yector containing an | G--2 P4 pronoter, operati vel inked to a
he' t er ol ogo@rﬁg‘?‘?éloé‘n@ﬁ@irﬁﬁgﬁercﬁeﬁ?(f)ﬂnétr% Snt 1% add =ttP1‘Wﬂrdf\'/?'} B'fase can

al 50 be uSeghgs:d RIS R0 Al hal e bimiPA HGUAGLY AMAShEekdl ¥ VO use

i s contenpl at vari ous “bi oc conponents of the préesent

i nvention agenephefapyalying dfe IrEH promidtsr @ndiredt expeessiohsdfanheetdlpgdus ee of
potentially harnful contam nants (e.g., at |east National Food (NF) grade.
general |y ag€lfeast anal ytical grade. and preferably at |east pharnaceuti cal

de). To th =~ rtent t i d t, b { i d i t
Dse ) Sth synt i 583 RS eyl ErhiRABRLTY P ool L SResFOBL LT 11
a product theridifesSiobieagdneadrhnschipt 6€ imbrednys PRIpAN adihy ah?xﬁtﬁnl's’é goents

whi ch may have -been used during the s~~nthesis or purif cafion procedures.
For use in techmguesgwall kanwerioube enndite loheled paotribgneantain ¢ Igast $ 8430

[ ti i,d [ f t ki t k - I the f
of 5 stori | ERe pBpIanes; el RERAS fedvricea Sh IR PESTARY voct or |
(I;(C):'rll'/ ?:_823?804%3(6 -é - ngasgn H{%(lreggﬁﬁsgggro?@%gl oﬁggg(grt%%)il—gg y ||?°§l?éd f‘o a

het er ol epousargjerierlengudfeneda byhiradization apwbe ofora WECt expresdiemsiing acel | . I n

one enbodinent.. the kit contains a pql ynucl eotide vector containing an H19
regul atory P@@ﬂ%ﬁ%&&p FPERAR 8 e 3" hecbrad o is! YeRESs@Be oliPMg a

CALSt o AR AR YOS S pA R et A pd LT
mstruct ng use oflnid spenifit enttodiment dfether matment ilbfstramdcdsiow by way of
working example, a labeled antisense RNA probe is generated in vitro using a
15 T7 or T3 expression plasmid. HI19 probes can also be labeled by random
priming in the presence of labeled nucleotide, for example. using the Prime-It
kit (Stratagene, La Jolla, CA; Catalog No. 300392). Alternatively, labeled
probes can be generated in a PCR reaction using a ¢cDNA clone of the H19
coding region and primers designed to amplify a region of the coding region, or
20 by astandard nick translation reaction.

Labels appropriate for polynucleotide probes include nucleotides
incorporating radioactive isotopes (such as >°S and *2P), fluorescent,
luminescent and color tags, and enzymatic moieties.

The labeled probe is hybridized in situ to a cell or tissue sample using

25  standard techniques such as described below by of working example, and in
co-pending U.S. patent application Serial No. 08/704,786. incorporated herein
by reference. Alternatively, if a sufficient quantity of the appropriate cells can

be obtained, standard RNA analysis (such as Northern analysis, RNase
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Alternatively. and according to another enbodi nrent of the invention, the
package provides a sterile-filled vial or anpoul e contai ning Sf@lh 65002
"vector-releasing cell or cell line. For storage and transport.® Y'RE
vector-rel au@d%tBiel | or cell line should be frozen. Opti of&IT{198/00486
package may al so contain nedia and reagents for culturing the
vector-releasing cell or cell line. The invention having been descri bed.

the follow ng exanples are offered by vy of illustration and not
limtation. 6. Exanple: H 9 Regul atory Sequences Facilitate Expression of a
Het er ol oaous Gene in Tunor Cell Lines This section describes the

const ructi 0rgbcifn8f loepter by RS HSEAP Be GRARINA!S QARSI AY 18 AT
reporter gene placed under t)he control of® H19 Zp reQul atorv sequences and

t heir transtBNAnxpressioara]the géhdeofinteredtadder cancer cell lines. 6.1
Materials and Methods 6.1.1 Cell ,Ei nes and Transfections Bl adder cancer

cel | lines HT-137gditonagy, #48mossivsrtoperiomm sksiBehe: eXIBISHIThaHars o t he
Aneri can Type Cyl t uk. I ti ( ' | ' ATCC

r econmendat ?@?\?’eﬁéﬁ%ﬁﬁgn‘ﬁ Q[%r gg@?e@?@%%ﬂ %@éﬁ?gg&gﬂﬁcﬁéghg%%‘g cal ci um
phosphat ¢ poHBRin¥dt f#bmObiobsies of @edecABnI R that Ricefudleit atid plfddtRinnisng 7 7Q
pl asm d) were added in | inl of nmedia to 0.3 x 106 cells in 30 mm di shes.
After 16 hooeesssaryanbfcdeic iaoid neagings sweh asghoseedesanibed anye masdbausedcesd. Cel | s
wer e harvested SUBSTI TUTE SHEET [(‘RULE.Z% f‘éf) I\/aa/ 2002 WO 991 18195
P=T/ 1 L93/ O0BERS&09/Pr RS, 10T S1ER 77 o4 I PETAUr o (3t [ EATARR PV NHOVO,
det er mi ned gsj ngodhepyt PriSiilHERAGIAGEH Pritdasls AR WppGLiiRihshIRARAUr
(Sanbr ook et al ., 1989). An aliquot of the organic upper phase ( | 00 71)
was transfePrasd, N&)a scintillation well containing 3 m of scintillation
fluid and counteq. 5 6.1.2 Construction af E%(preglzi on Vectors P| E%m ds
DCAT- badPc ( cont APnRITRATEATIGHROM 1P deigfanRe gF éc SHL YRS %4 ®Hari BIE O€1 oni ng

site), pCAT RSRIOLELCHRAN BRIl Bptlidn &AL L&t 85 ining the particular
regulatorv regions operatively linked to a heterologous gene is to actually
transfect such expression constructs into the cell. For these purposes, the
heterologous gene is preferably a marker gene product. A positive result in an
15  assay for the marker gene product reveals that the cell or cell line is capable of
activating expression from the regulatory regions.
Using these techniques, exemplary tumor types with activated HI9

expression are as follows:

A. Pediatric solid tumors
20 1. Wilm's tumor
2. Hepatoblastoma
3. Embryonal rhabdomyosarcoma

B. Germ cell tumors and trophoblastic tumors

l. Testicular germ cell tumors
25 2. Immature teratoma of ovary

3. Sacrococcygeal tumor

4. Choriocarcinoma

wh

Placental site trophoblastic tumors
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under . the control of an SV40 pronoter), pCAT-enhancer (containing t
tp enhancer do~nstream of the CAT reporter gene) and a multiple_cl aoning
site for insertion of a pronoter upstream of the CAT reporter %M)zogﬁd
pCAT- cont r 4o §gz@sai ni ng the CAT reporter gene under contrett®foshedsh t he
SV40 pronoter and enhancer) ~~ere all obtained commercially fromPr

( Madi son,

W). To construct the plasm d pH 19E. containing the CAT
gene under the control of the H19 prondBer, the H19 pronoter region (SEQ ID

NO1 ) was first cloned into pBluescript Il SK+ (Promega). A polynu
containing the H 19 pronoter sequence ~i~as anplified from human pl acenta
DNA Usl ng pCi nerBpidaaRadult f&miar§ CCCCACTTCCCCAGTTT (SEQ I D NO: 6) and Zo

ESPCR27?:

¢ GGAAGT CGACAACCCTCACCAA. AGCCCAAGGT (SEQ ID NO ?). The PCR

he SV40

onega
reporter

cl eoti de

pr oduct

was end- pol i shedlwi t hBladderssgreinemge and cl oned into the EcoRV site of
pBl uescriptl | SK~, The,li nseréleg DNA.was verified by digestion with t

internal ly cuttifig enZ§RAec

pronoter was oppgsi teﬂ’ifﬁ}"i‘atn&frcihl? ol acZ coding region of the vector.
t

pronoter regi on was

en excl sed by cleavage with Hndlll and Pstl,

he

The
and the

resul ting approx4.mat eCyrvicabcitbirorregnent was inserted into the Hi ndlI1-Pstl

sites of

pCAT-basi c to produce pH 19E. SUBSTi TUTc SHEET ( F?ULE 26)

w0

991 18195 29 3 Ma3r 2002WRCSATEINOMA00486 Expressi on pl asmi ds contai ning t he
H19 enhancer regkon i ted.. oth or ientations downstreamof the H 19
pr onot er ! CAT rep%rterggeg%teﬁpv\%lr@ngonstruct ed as fol lows. A ~ kb Sac
&Qrent contai ning t hqudmidhs delMeatoitsna Bihedced ekkom +6. 0 kb to +1
relative to the start_of HL9 transcription) was g cloned into the Sacl site
of pUC 19. Thi s &nhankwphagesdeesinomes t hen excised with EcoRl and Hindi ||

and liaated into,the EcoRI-H ndll|l sites of pBluescript Il SK+ to c
pBhH 9EA Sa. th?—iI 9En: ziOWa%arﬁﬁ?Wal ly digested with BarnH, and th
fradment copt ai NNBgroebsickid8rsenhancer (and an internal BanH site) was

cloned into the BanH site downstream of the H19 to pronoter/ CAT reporter
gene in pH 19E. Pl asmisisoqytmnai ni ng the H 19 enhancer in both the direct
(pH 19EH 19D) a‘ng rev rsggioé?H 19EH 19R) orientations were generated

Results and Di sctussi od%

aébonﬁqfferent bl adder cancer cell 1ines

EJ28, T24P, 11973 and WM Aehdonrr € each transfected w th pCAT-basic
(designated P-E in Figure 2), pCAT-control (designated pSV40ESV40 i
2). pH 9. peEeOEHIN hadbpye Far@Els aregRatdtie bpsthe esshals ofgbelinentibneach
construct are presented in Fi.gure .3A- 3 In each cell |ine, t hi
I Hip sy

| evel of CA

i Y yIUHRELS SYUER et Valet H 1P nesPpesaien Bier BF T

both the SVAQuRAIRPAR! indBtionY40

20

25

30

Additionally, the aforementioned techniques may be applied to
determine tumors that activate the IGF-1, and the IGF-2 P3 and P4 promoters.
Such tumors are also treatable by the methods of the invention. For example,
IGF-2 is activated in childhood tumors, such as Wilm’s tumors,

rhabdomyosarcomas, neuroblastomas and hepatoblastomas.

5.3  Methods Of Introducing Polynucleotides Under The Control
Of Regulatorv Sequences Into Host Cells

The invention also pertains to a host cell transfected with
polynucleotides containing regulatory regions operatively linked to a
heterologous gene. Such host cells may be maintained in culture or may be part

of an animal, preferably a mammal. Polynucleotides of interest are typically

SUBSTITUTE SHEET (RULE 26)
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pronoter. This construct sen~ed as a positive control; as SV40 regul atory
sequences have been established as inducers of gene expression, However,
SV40 regul atory sequences are not tunor cell-specific in thei rsy'@WIqu? to

i nduce gene_expression. Cell lines transfected with pH 9E, containing the
CAT zj repo%?'#Re under the control of the HL9 pronot er , FGILE3/¥484,i bi t ed
si~nificantl 5~ increased expression of CAT over bacharound. The | evel of

i nduction of CAT activity by the H 19 pronoter ranged fromfive fold in the
HT-1 37 6 cell line to ten fold in thel@MUC 3 cell line. Addition of the
Hi 9 enhancer to the H 19 pronoter/ CAT reporter gene constructs further

i ncreased SUBSTI TUTE SHEET ( RULE 2s) W 99118195 30 3 May 2002

PCT/ 1 L98/ 004BRerted eits anf ofapwadestamge iof veetotaiwhichedre dubsementfprdexakdpl e. in
cell lines EJ28, T?4P and 1197. the H19 enhancer significantly increased
expr essi on f YR tthe m&@ngy glesgdomethods oide mMaiinds. ~ Hoteby BeCtoishean be

orientation ; Iif K k0. differe call lines.
In cell Ii neg Qﬁ@%&ﬁgngﬁga[lws\ﬁdt[ﬁgfee%ér}?@gé%g%hﬁ@[e% é?egr E&%{gr@yf, ect on
expression. Ihbrodkubt 8. (@989SMdléculihalodife VeIsBNRITHLEoRT SHHher HaRSE 0N

directs the expression of an ger atively Tinked heterol oaous reporter Cene

in a wdes vakikargtosy Bressd old Spningr Hadhor,vNawe ¥lork. | ande€urrent Brotecdd$ anider
cancer-deri v cell lines, I enhanger c further increase

expr essi on oﬁ—fj(—’ée—cvuiééeé%g&gi ghgshlrﬁ%@ %Y‘ﬁeé' %og?‘?'solaﬁor\[ ‘P—‘FQ?”“?P“H‘Q%‘P ated Toxin
Gene Under Tingrdg@nhein GhodrdSraRRUBY afebkn S59UEYARIINS wherk 81 §5 and

Met hods The exrpre'ssi onn co%s r&cts gesecrri %e abgge ]i% gegti g{%}lgﬁgﬁ%ﬁodi fied
to express adessggdethedetnalodowmggenes of interestoslilbalsobe angineded @ commprsegda of CAT.
For e~anple. the sequence encodi ng the CAT Gene product is renoved and

repl aced ~i twlﬁgkeehg’@ﬁ’@ée%‘ﬁ%ﬂi ?F@%ﬁ%?ep’é§e%‘?sﬁﬁb’ex virus th~m dine kinase Zp
( HSV- TK) édJSi ng standard cloning nethods that are well known in the art. The
H 19/ prodrug expression plasmds are transfected into bl adder
cancer-derived cell |ifik2d LuldaedrCdld in Section 6. Wen transfected into

bl adder cancer cel |l lines, an H19/ HSV- TK expressi on plasm d i nduces bl adder
cancer cell speciPg <ol Jransfestiads withnpeliaugipetides ongRnigaigpsingsd genos 8.

Gar of nom 6, FEaRY (e RifelbdoAR b e a, Brro FROE BB el HCRYy &' ° '

C3H He mi ce frokamybes & \cakjryort ecélbuseibatihgbthel pelvpatleonde iafed aalgepsved to
acclimatize in an air-conditioned SUBSTI TUTE SlIi EET ( RULE 2611
15 construct. such as a vector, and transforming or transfecting into host cells,

either eukaryvotic (yeast, avian, insect or mammalian) or prokaryotic (bacterial

cells) are standard procedures used widely in the microbial or tissue-culture
technologies.

Vectors suitable for cultivation of the subject polynucleotides in

20 bacterial cells, such as E. coli, include plasmids of the types: pBR322-derived

plasmids, pEMBL-derived plasmids, pEX-derived plasmids, pBTac-derived

plasmids, and pUC-derived plasmids. For replication in yeast. the YEP24,

YIPS5, YEP51, pYES2 and YRP17 plasmids are cloning and expression vehicles

useful in the introduction of genetic constructs in S. cerevisize (see, for

25 example, Broach er al, 1993, in Experimental Manipulation of Gene

Expression. ed. M. Inouye, Academic press, p. 83). These vectors can replicate

in both E. coli due to the presence of the pBR322 ori. and in yeast due to the

replication determinant of the yeast 2 ?m circle plasmid. In addition, drug

resistant markers such as ampicillin can be used.

SUBSTITUTE SHEET (RULE 26)



w0 99l 18195 31 3 May 2002 FCT/1L9a/ 00486 room ~ith a 12 hour light/1? hour
dark cycle. At 8 weeks of age, the experinent was begun and taﬁe\m g(fo
-divided arbitrarily into a control croup ( 10 mice) and exper M 2’group
(60 mce). widhengiogeri mnental group of mice were given 0.05%cTAL98/00486

N- but yl - N- (4- hydroxybuty |)nitrosam ne (BBM (Tokyo Kasei Kogyo Co. Ltd..
Tokyo, Japan) dissolved in their drinking water ad libitum Control mce
were given tap water. Animals from botP) G oups were killed at 4, 8, 12, 16.
20 and 26 weeks after the start of the experinent. The bl adders were

exci sed. fixed, and enbedded in paraffin bl ocks using standard procedures.
8.1.1 Preparati r ;s WaTiyeleb se H 19
codi ng region vvaosshfs}Latg@I’ g’ﬁ%ﬁﬁ ?%ﬁé%gh%lgl‘%é@g{?ﬁthlglcl%@%hgglrﬁeg%{ Sr@ Fat aaene, -
La Jolla, Ghyeinidn ¢uhtiineoityprokdrybdic Bbugneky refacleatbitleoprogagationsof the

[' SS] - | abel ed anti sense H19 RNA was produced in vin~o from

Hi ndl |1 -1 i neesiorAB daplesig mSHCIDRRCLOEs: e rapsfegted inte anqrp@aiag Aelds: cbbaihei m)

and an Anergham RPN .2 (P i.II Qs rated tr i a4 specific
Setivity o esaeg it intaruiy hf oldcairAaf BN Erls 71658 Ry ARy

(Boehri ngerpVagnbes hk@ k&R mhdrRdsdree A QAR @lE - denRatieedf visusds control .
8.1.2 Irr situ H-~bridization Paraffin wax sections (~'~M of fornalin
fixed ti ssusshvasrtbe roowineeuhpiltor@dvigisal e ap\BstdieBaoayiranear Pesised Si gma)
coated m chsco e. slides and ﬁj’éi ed .overni ght at 37q%e. Sections were_.dewaxed
Wi th xyl eneloF (FARSGRLFXRES Tl AF SEHANTIEAHRSS SHRIOYRLIR BEIPRRalPt At

pr ot ei nase j j = S hhee bi ndi ng
A R S S R g - R
probes (spesiifable aettoyi tygtends, G, 60! cpukidralveesntbiharitdpreddaesdaser i bed by
Rangini et al .1991 .. Mech. Dev. 3:13-24; omtting the thio-AW step.
Slides wer eSERYOEE €6 4 for 10 days, and counter-stained with

hemat oxyl in and eosin. The slides were exam ned and phot ographed using a
Pol yvar (Reichert Jung) m croscope under bright and SUBSTI TUTE SHEET ( RULE
2S) 3 May 2002 WO F3.2810mePhéraphL 98/ 00486 32 dart: field illum nation.
Controls included hybridization wmth sense RNA probe and R ~t Ase

prehybri di zat i ont ey BYEREN alspgacampased (e use ©f ipohausieonfesdeRItainmEydn adul t
heal thy mc i 0 , rs

Coni o’ do. earires iy vk SREE, Mokt (L HeBRN I Ten TNl 2R

respect hyel therapy2toReul cancentardd S0peptalifeByivebdiveetss, Fdr geie ttherapyr vi vi ng
experimental group mce_had devel oped pal pabl e bl adder tunors. Extensive
expr essi on BHIPPEES. GEsewiseransduety of ke wiant owenyon may dshdsriageeed finors. in

, J N of . d [ I 1. Dl :
accor ai ngl ye PSR Renkh bR L8 B T et HELoRP T al P cor my

be used as enhe#ediively @eldedrideOthe recombinant gene to cells in vivo. Approaches

include insertion of the subject gene in viral vectors including recombinant
20 retroviruses, adenovirus, adeno-associated virus, and herpes simplex virus-1, or
recombinant bacterial or eukaryotic plasmids. Viral vectors transfect cells
directly; plasmid DNA can be delivered with the help of, for example cationic
polymers. cationic liposomes (e.g. lipofectin, cholesterol derivatives such as
DD.AB. and cationic phospholipids) or derivatized (e.g, antibody
25 conjugated). polylysine conjugates, gramicidin S, artificial viral 'envelopes or
other such intracellular carriers, as well as direct injection of the naked gene
construct. electroporation or CaPQ, precipitation carried out in vivo. A recent
review of gene transfer and expression systems for cancer gene therapy is

Cooper, 1996. Seminars in Oncology 23:172-187.
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denonstrate the tunor-specific cvtotoxicit;~ irz vivo of constructs

contai ning the 1K19 regul atory regions operatively linked to z &@xizﬁogene.
9. Exanple: Gene Therapy Usiag H19 Regul atory Sequences To Exp"f 4

Het er ol ogouv?,ogglpﬁgg n A Mouse Mddel of $ladder Carcinona Thq,cl?i;tgggy 9396” or
prodrug expression plasmds are incorporated into |iposones (as descri bed
by Takashita et al.. 1993, J. din. Invest. 93:652-651, incorporated herein
by reference) for deliven~ to nouse bl agder in vivo. Mce used for this
experinment have chem cally induced bl adder tunors as descri bed above in
Section 8. Briefly. 507g of plasm d DNA, dissolved in 5007 | of Optinmen's
25 serumfree nmedium (BRL Life Tei%gg ogd es. ithers?ur.g, MD) is added to
250 71 of Li pof edt ¥HlrRe snpregipteds thag bspausegansinetione of APPFGISIE &dg¢lor 30

Colut on- ( BSSRE YRRt gt G Byt st e el ot AR
pel |l eting bygegendslivetgsygerh heilk depéridonaducBOfacidss GQ0the phdnotypdOoftieut es,

the Iiposones -are resuspended in 1 nml of BSS(-) containing I nmM CaCh.
Appr oxi mat eliptepded targetodnd: the reuisceinedmingdratiopoggme bcalBITISYSERIGHFET ( RULE

26 3 Ma 002 WD 9911 5 PCT/1L98/ 00486 33 dm ni st dt i
Coht v FanErmote. X AL BR reccknizen tha e paatas efie canstel B, oL
of nice ~. vigh;bhaddginddupREs of"eﬁ‘cﬁ}e‘éﬁohid&§t‘£ﬁ‘&§ apd ta!bo”@se@iNAfd?rinVﬁ}rfoh a

construct containing -an irrelevant gene under the control of the- HI9
reattl at ory ismgdisnioasof Atllsjetiched for neseoinntie. exriviw tissun ealtire pystemsar e
sacrificed and th @gl adders excised, fixed, and enbedded in paraffin bl ocks
usi ng standéjteécrlﬁeg Q¥f-es. Alternate sections are processed for in situ

hybri di zati on usisn ' ol CL ¢ : ; probe to
t he codi ng sequer‘fégreg#&%ggepﬁgﬁ%l:%g Z?&% ﬁinggﬁlé&ﬁi}d%{ @?%%lgﬁ%&e"}t(ﬁé cglnze,
nunber, and inéennssict HYirdliveie a@neinpgparchdc heidveay. & harticudr Glotarid
experimental 1p groups. Expression of Pseudornonas toxin is found to

co- 1 ocal i ze 3k HNEstpesoPBAl of Hif gegwatone sequsaass: Infeasion of eallstwich a

exper i ment alvir%f QHhoP I‘xasmh eadxmgé aqréaia}c_ye’ ggoggnpdnagp&% th U cdlfd cta.ge
experinmental group of mce are reduced 1T SizZe and nécroti ¢ asS Conpared to

the bl adder rbesivg $hd AutleR esidl r aldditondly OfnoRcuges dircolied Writhifiptte: viedpr essi on
fromthe 1G--2 P3 and P4 Pronoters in Tanor Cell Lines 10.1 Materials and

Met hods 2p I¥CtoRi &8-eRper Flaklf cordaiped ibthy iral sieptossarecipesned eifisiently

Cont L1 19, R LB ELAYS LEADHE SHENToPhAA NS RSBk o) one O

several diffeahetd deliasidérusimnake predentlli digslosddendthbd0\wha dcdibiparitidrish- 2

promot er/| uciilélgcriea}%%t grg)znnsc)tt rhlxjncl%e?i tg,Shevr\ggsesirrIrlg(lje?(: virsuléB:'Se-go-lr-gl;xlcEiex?y\ErEus \geﬁgfslf '8
adeno-associated virus vectors, retroviral vectors. pseudorabies virus,
alpha-herpes virus vectors, and the like. A thorough review of viral vectors,

20 particularly viral vectors suitable for modifying nonreplicating cells, and how to
use such vectors in conjunction with the expression of polynucleotides of
interest can be found in the book "Viral Vectors: Gene Therapy and
Neuroscience Applications" Ed. Caplitt and Loewy, Academic Press, San
Diego (1995).

25 It has been shown that it is possible to limit the infection spectrum of
viruses and consequently of viral-based vectors, by modifying the viral
packaging proteins on the surface of the viral particle (see. for example PCT
publicationé W093/25234 and W094/06920). For instance. strategies for the

modification of the infection spectrum of retroviral vectors include: coupling
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1V0 99118195 34 3 May 2002 PCT/I1L98/ 0486 Plasm d Constructl GF-2 CGene
hTucl eoti de Se uencePronoterHu 1 ~-980 to +~4Pronoter 1Hup2 I-3'ﬁ9 éﬁ%
+271Pronoter 2Hu 3-1229 to +l 40Pronoter 3L Hup4 ~-546 to + 102?' BY %er 4

The 1 G--2 s sequences are described in Sussenbach et . 2,
G o~~th Regwg&&ﬁ% i ncorporated herein by reference. The | Sg)i"fgg/rog‘%g

reporter vector is commercially available from Pronega. Mdi son, VJI

(catal og #E1641 ). 10.2 Results and Di §gussi on The resulting expression

pl asm ds were transfected into human bladder 1o cancer cell |ines HT-1376.
EJ28, T24P, 1197 and UM UC-3 as descri bed above in Section 6. Luciferase
activity was assayed using a comercial kit %Prgmega; Madi son, W, catal og
#E1500) . Thentikedies speckitoian celh sufepgrantigenyio thg aishely protein KROWX fleal|,GF- 2 P4

pronoter dir ed th XRresskLon the ; a report epe~in each
bl adder canéggé’c fqc- ﬁ\II%E‘ _cﬁé‘t g‘é‘.‘ Lﬁf‘c%e?d?#%@gﬂ : F'ﬁgi’l gé__gg jI;|>3C’f)l?‘ormt er
al so di rect egrdihapexamessIsonaf Ghfl lechf enass narAbSEr163e15.-234); Sybsequent
experinents. |-GF-2 P3 and P4 pronoters were shown to direct expression of

| uci f erase gewdimexpelésuiface reveptondigandsnor theiviral ehi pesteinsnNaddi atgal.,
choriocarcin J d rhabdonyosarcomg, cells. SUBSTI TUTE SH (F3ULE
25) 3 Bhy lggng%oggéﬂmgg%ﬁéﬁ%ﬁgﬁgm upiing |°.an%&1wp%é:f%mg>% mot er
and 1GF-2 Pr i i . , ~aGi ) i ion of a
et er ol ogous ChiE! T TkRE Mihch BN AGE! e el IS SORRR |
vectors) pGk Basigrotgiflid- & eisbil@tycoplatéinnhanesdl aarsy pehcratingt fusionver e

obtai ned from Pronmega._ These vectors ~ere transfected into cultured cell
| i nes usi ngpEotpigatier. singler¢laie antibadyinyr Bistanagprofesryeftos expmpla) ¢RAGET

| i pof et am ne G hceBRL 2ne.. (. Boehr.i nger t he Perfect,. Transfection Kit
of °8. di 17 er SFES THRS PRamesieB AR g BERHBRERY! fopidbg 5l AteRiss.o!
(Pronega), absinbheurfial-sdsbelafdosiiledutesnBE g cérCREMBurfice aproteidP 32, thvd! .
Cell. Biol. 2:1044-10~ 1). The H19 pronoter cloned into EcoRV site of

pBl uescri pt suffacgKof plhiregpmbinantsvigess c rlibbe dedhnig@ec twlile gseful supinit othe H19
pronoter was excised by cl.eavage with.Sm | and Hond 111, and the resulting
D kb1 r aq e T dieL BEERANTR 19 e EPSsach Flsg Pe SR RaaTEaei
vector to phAdGerobiteydettt iRt fopiCtectdhe H 19 pronoter region from nt
-819 to T 14 was anplified by PCR fromthe pbhl9p m plasm d, using priners

5 20 : aTATGGTACSERAACCOTIAGDRAMERTY Gysiet exefyl BEQE! et §)vention
~' - ATATA. AGCLICTT CCCTCA%CCT C 3 (dﬂy’\éBSt ream SEQ I.D NO: 9}. Tge
resul tin§ PERIATHAGTHOVHYS AGHYeS (VEGUOR- t hlH%SFRYRE ¢ AR A9FROVIESSAT Y5t ed into

the Kpnl - H pghnbddiaehs8eh Mat R@BoBAYNG e‘k??és@é& a YR SHoBfctioTentektGe 5’@1"%9

construct. This PCR-generated H19 pronoter was~sequenced on 25 bot

di rection bynastivawdtiedenhseoft ity abitigt tor replicdte is aoueemal hygic(isll lite icsele377 DNA
sequencer . Rl N B NS §oToNR Rl S bIRaS G0 Lhe
1991. Science 252:431-434; and Rosenfeld et al., 1992, Cell 68:143-155.
20 Suitable adenoviral vectors derived from the adenovirus strain AD type 5 d1324
or other strains of adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are well known to
those skilled in the art. Recombinant adenoviruses can be advantageous in
certain circumstances in that they can be used to infect a wide variety of cell
types, including airway epithelium (Rosenfeld er al, 1992, cited supra),
25 endothelial cells (Lemarchand er al, 1992, Proc. Natl. Acad Sci. USA
89:6482-6486), hepatocytes (Herz and Gerard, 1993, Proc. Natl. Acad. Sci
USA 90:28.12-2816) and muscle cells (Quantin et al.. 1992, Proc. Natl. Acad.
Sci USA 89:2581-2584). Furthermore, the virus particle is relatively stable,

amenable to purification and concentration. and can be modified so as to affect
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The ~,kb H19 dov~~nstream enhancer described in Section 6, supra, was
digested with Danes to yield two fragnents of 4.1 kb and 0.9 k tztoﬂf 3
end. The Luc-PBH 19-0.9EH 19 and Luc-PBH 19-4EH 19 constructs )
const ruct edvdAdASI TUTE SHEET ( RULE 26) CVO 99/ 18195 30 3rdbmyLsR6Q%s
PCT/1L98/ 00486 by the insertion of the 0.9 kb and 4.1 kb BanH | fragnents
of the H19 enhancer into the BanH | site of Luc-PBH19 plasm d.
respectively. The enhancer sequences wegye positioned downstream of the H 19
pronoter/ |l uciferase reporter aene. The BanH | enhancer fragment of 0.9 kb
was Ligated into the Bam-~i site of pG.-Basic vector to produce the

Luc-0. 9EH19\v.e ono h xci sed
by Kpnl - Ba ¢ &}e%{rgm] ?ga‘{&%“ﬂht o ’{‘ﬁ‘ﬁ‘t‘ﬁ‘r’alf‘ gnﬁpﬁdcgﬁt%dse“g#’ﬁ@ bil 89EH19
construct, r@ﬂodlmgAt duatdinksd tiehdif)y 3. rﬁ)EHit@crr@t@ldﬁﬁ&ﬁﬂh@ nreﬁ@m%tdﬂacrtosr\/eerr h

cont ai ned the prormt er clones as described in Section 6, supra. and the 0.9
kb enhancer baowmainseepisamal; Hierghy aydidingrmopentiab prabieres that@apmggn @havectors
desi gnat ed as

gene under rasult @gﬁrgsrﬁ&xorgq W%%ﬁﬁﬁ%ﬁ“ﬁ%@ﬁgipngrvg}%?@ft@d ngEbEX Iucr fer ase

respecti vel r , S
09> G but ﬁ“e%afég xﬁtoctﬁ@%ﬁ%hs{i’rea(% egz;%grg{ 12£%Nﬂ%ag§§%@§?me§éﬁﬁ% from

t he Hup-4 coammtitvof thrsadmgomalrgnsme &Amaéﬁmm&ﬂmﬂﬁhaimmst ream

SEQ I D NO: 10) and ~' - ATATAAGCTTGCTCCCATCCT (dovenstream  SEQ I D

NO 11) . There#%ts\mtplqﬁl@errseme BEIOYRTY tveiess (ﬁegle%qréaab Q}quh’“Rﬁ‘F“rl YrHemend, and

| i aated i nt < e

pA.3- Basi c o‘?g’rr%lgﬁ“ ?%]%H'L{}fé: él4 Dr7 ?65) tel?[fostt R@I&ﬁ?cﬁf hgfeg‘gggésllfooﬁra\[/ectors

cont ai ni ng {étors GurdenB4 iar aeehed taaréfdrbefabbrw tgnlrtwpﬁdsemerr@eahsm ape epar ed.

A BanmH enhancer fra?rrent of 2 hb derived fromthe 4.1 kb fragnent

previ ousby d@g@difm arRare pbtheyitahEd andd3Rzanes pukietain a5 myichias 804 ef P4

construct, [ ' c-P4- expr ct b. 2 hb
g&‘L oUHal ugne!tlé materga'iz'gén e, %E %%ﬁé A I?r?g 32721 3%%& .

and 4.1 kb enhancérs were se e usrng utoha hci ng.
The nucl eot Begnsearen Gepad; ahh@r@.h&n"eba@riﬂm&ﬂéddﬁllﬁf@w&ﬂldﬂBra rEJﬁ (SEQ 1D
NO: 3). The nucl eoti de_sequence of the 2 | b SUHSTt TUTE SNI EET | LE 25j 3
May 2002 WOMBBTRYSFds(Hhmmana. 6810048k 189 evitiahaer 105 18Abwn in Figure 7A and

'n Froure aa sc e BYRFEYS SiagHAERGT, 8 delifedcbr b0e 1 AR cRbuDcr ol "

transf eqti opxpgrea@@ntsnswRE® isl s addno-atsba8he8 iheUAA VYL A-leASAssociated
gene-contai ning vectors into cultured cell lines, calciumphosphate

precipitati muqorsmommllr I@écumgﬁéi@fecmarrgﬂ@dtar muetres nano@ntyxm%rsuﬂbsi of the
cell Lines gée

e L e

concentrati prbdgtur& RfeNdyd1eDNRoE h deviety deBMBiviczikd ansf. aob 0puAf Thpicemey, even
when they used at 1Q concentrations above the plateau. The bl adder cancer

cell line Qb8ro. tahé mapmodci8iQl-429) altds nbweoneHEChe dem virisse thimayand t he
ki dney tunor  cell 93T wer & ch tr nsf C i fferent censtructs
cont ai ni?hg {rﬁ%grﬁgcritsf Zﬁ%‘éemr % B8P éYl B’@n%e &etxﬁgn 071?\‘%? FSAUERY PAo or

| GF-2 P4 pr gasrt:qmerawéﬁr(@err@; b»@ﬁnﬁretﬁro&ér& d119990hRRC S Redsrr. @RI $ol.
transfected with Luc-ph 19 and Luc-PH 19 containing the reporter gene and

the H19 proBiler7:34%i36#1 eSamulskic ated/.ge h®8%xpr e¥Bdbn 6313822t3828baakd-- r ound
(Figure 9A- .. The const 9. C t he PCR. Gener at ed

pronot er shotie24e }Itki“bﬁ%? a]rc(’téi5 lf?ﬁgﬁ %%3 tﬂ:’sl ﬁ%@tqrﬁ C@%‘@H“E%PP '?ene
tested. Addidi t neekd f 4,0 e 9 Zp
reporter ve?ﬁ% gr@O %E %ﬁs%@é%\%ﬁ&?g?@ urt rrécr1 %ﬁc%{;?gégﬁag/e qug%(pressr on

from?2 t 4e1tcnz|edeus DN Adsdehited toebobb63 s &bd AQ3AAV e&pmtswzhlas thahe | G- 2

P4 pronoter al sg ncreased t he exgressron of luciferase in all 'l 1ines
over backgr BERHOCRHI FASAILE dlind 9201 oH Cedl. Biplandep ! 132 é@r?é‘ﬁtbet%e R Luc-P4

Pl oot o HERAE: PRI BREAICARARIOIPRRCiB A HhYe bdBPidUfLedye NAICH On

of luciferase ac ancer ra nmen

in 293T cel ifferera cell tgpos tfsQ10dAJAN vecotsl(bek fb@hkarhpl&eHex\Mmda@ el Bk, fgglztancer

onl mar gi nal | enhancedthe ronoter activity in 73 cells
y g grocy Natl. Acad. Sci USDA 81:6466-6470; Tratzchln egsal 1985, Mol Cell.
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Fi gure 10A- 10E shows that expression of the construct Luc-ph 19-4EH 19)
contai ning both the PCR-generated H 19 pronoter and 4.1 kb SUBSTI TUTE SHEET
(RULE 26) 3 May 2002 WD 991 18195 PCT/ 1L98/ 00486 38 H 19 enhahMay 2002 -
frament. TR®heogiBaancer ereatly increased the activity of thpetpigmeiser by
3-?8 folds in the cell lines except in the Q37 cell Line. 5 10 SUBSTI TUTE
SHEET ( RULE 2f) WO 99118195 39 3 May 2002 _ PCT/1L98/ 00486 12 DEPCSI T OF
CLONE The foll owi ng plasm d was deposi t%d with the Arerican Type Culture
Col I ection (ATCC), Manassas; VA, under the terns of the Budapest Treaty on
the International Recognition of the Deposit of M croorganisns for Purposes

Gt ober 2, 1957 1297220801 ROBRFEe! (@ od3thg ML FrdeRsbeci T 2dti on 15 -
Tndeed, var | QGeoAd e and” gl SRboLoyald HIRS £ oL, ISP ERIDT g out
the inventi @henhi2sl:38¢-3M90).ous to those skilled in the field of nolecular
bi ol o~~, nedicine or related fields are intended to be within the scope of
the foll owi ng cl &r raglditiqn| topuisel sarsfemmethadsd suelt @5 rheseeillugaiegoraved b~~
refer ences | r}lotnbv%li'arl n%tr:]t&lgcrise >c’:ansa sEc’)S ETeUrﬁ-Iﬁo?ycF = éa'ﬁlchlz‘ Edirze@cd expression of a
desired heterologous gene in the tissue of an animal. Most nonviral methods of
gene transfer rely on normal mechanisms used by mammalian cells for the
uptake and intracellular transport of macromolecules. In preferred
embodiments, non-viral gene delivery systems of the present invention rely on
10 endocytic pathways for the uptake of the subject expression constructs by the
targeted cell. Exemplary gene delivery systems of this type include liposomal
derived systems, poly-lysine conjugates, and artificial viral envelopes.
In clinical settings, the gene delivery systems for the therapeutic
expression construct can be introduced into a patient by any of a number of
15 methods, each of which is well known in the art. For instance, a
pharmaceutical preparation of the gene delivery system can be introduced
systemically, e.g. by intravenous injection. and specific expression of the
construct in the target cells occurs predominantly from specificity of
transfection provided by cell-type or tissue-type expression due to the
20 regulatory sequences controlling expression of the heterologous gene, or the
regulatory sequences in combination with the gene delivery vehicle targeting
particular cell types. In other embodiments. initial delivery of the recombinant
expression construct is more limited with introduction into the animal being
quite localized. For example, the gene delivery vehicle can be introduced by
25  catheter (see U.S. Patent 5.328,470) or by stereotactic injection (e.g. Chen et
al., 1994, Proc. Nat. Acad. Sci. USA 91:3054-3057). An expression construct
of the invention can be delivered in a gene therapy construct by electroporation
using techniques described, for example, by Dev er al.. 1994, Cancer Treat.
Rev. 20:105-115.
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3 May. 2002 40 CLAIMS: 1. Use of a pol ynucl eotide conprising a heterol ogous
sequence encodi ng a cytotoxic gene product operably linked to a re%ulatory
sequence, wherein 5 the regulatory sequence is derived from t hl 1
or | GF-2 PAvVEPYIP®er regul atory el enments, in the manuf act urRETALSEN0486

medi canment for treating cancer in a subject. 2. The use of claim1l, wherein
the reqgul atory sequence is a H19 regul atory 10 sequence. 3. The use of
claim1l1, wherein the regulatory sequen@é is an 1G—-2 P4 pronoter. 15 4. Use
of a polynucl eotide conprising a heterol ogous sequence encodi ng a cytotoxic
gene product operably linked to a regulatory sequence, wherein the

regul atory sequeite pharmimentied pfepanmtidneof] thE g2nétheprpynametructagn|cahsisty

el enent, in the nuF cture ,of a medicanment for treating cancer in a

subj ect, saieaﬁeeaﬁp @é@é&? daliysry sy vAm 1grascerRsARlF SHIURRL 6F ¥ &RBRTS20

carcinom,  LhaRdoTERAr AR 1§ SHIAN AL RPTUhEN CAGhORER. | Ung

car ci noma, breast carci hona, squanbus ¢ carci noma 0 neck,
esophageal gdfeehAiivel;, wheye medcmpleter@m defistfog)teamean apgdduet dstacrma and
neur obl astoma. 25 5. The use of any one of clai'ms 1 to 4, wherein the

cyt ot oxi 6 géigm pﬁecemmmam $elslqgt sirovinghvesrersy Mphmelmqahgr@mmopt heri a
toxi n, Pseudononas . ol,era toxin, re obl ast oma gene and
053, 6. The cSEOBprisn PACormBEE Bils SR PGS ek e PRy B HB o ¢ gone
product is 30 selected fromthe group consisting of of ~-gal actosidase,
her pes sinplex thym di ne ki nase, varicella zoster thym dine kinase,

cyt osi ne deam nase, n3.8:3orEherapastc endbmmlﬂsmm@dpsa@@ ZBl t hym di ne

phosphoryl ase, rin cl eosi osphor al kal i hosphot ase,
car boxypept| daseé Ogrﬂig’@?’y Flflﬂa‘ﬁg{]%&%ec‘? é‘iztféﬂﬁi%m& ’&a BRC Pﬂ%ergm dase.

35 S ot he
het er ol ogou%pgétqeﬁé%éers%&g}r% g}]r?{alslg%g%%gggge%@e%ﬂaf&tsl%rggﬁ ?%}gﬁs'&'aﬁybrl di zes
to a sequensanprmmdssrmgxaaecgm sedmmet@d donditidohé.gr pain. sanitivity. veigit cdk2,
cdk8, cdk21 ?(;IH? EKCl i nDL, cycl.inE, cycl.inA,  cdk4, oncogenic forns of
p53, c-fos, 1?,55 ther BRe)awouldibeidrsiyabls,. dlwlbsénbfreﬁwmén’é’ Mt aims 1
to 4, Wnere 0 ce e i at

speci ficall g}ﬁc% eavgs%}ﬁl\ﬁ&eﬁgog%sgz g%ﬂ‘gg@ g%'?aer{j H% tléerngﬁrtl)utgl)w

consi sting afstaukiblogidkl8 pictatie? bf uhdcﬁﬁpibr cyThiug)Dior e gwepases, oft Yhisi NA,
cdk4, oncogenic¢ forms of p53, c-fos, c-jun, Kr-ras and Her2/neu. 9. The use
of cl ai 62, ARREF&EIGT the tamms ' F@@Eﬁ‘l‘ed’t‘or)?h@éléﬁi)éﬁc‘% afle mﬁ@cmbugﬁ dl*ﬁ?f’er t he

H19 enhance t e H The use

of claim o, Emﬁ%%‘?ﬁ %ﬁ&bﬁigl%nﬂﬁtﬁ%s ‘léf&ﬁg%at“légdﬁég’lpég‘tt‘g i&{:ﬁr ouéh 830 of

SEQ | D NO: 1a d24¢adelstaithe sUﬁ@:t(ﬁlﬁs cﬂramﬁera,lsev\;isteweunhmher hﬁt&rcermhaamfe thenpri ses

the sequence of SEQ ID.NO:2. 12. The use of claim9, wherein the H 19

enhancer coRfSF %Sébont Hediseash @b enndenisalile 5y BRFRIRAL Br 208 R W hAKORY s M d

pHL9EH19 ( ATCC dgpo -20 e ein the
&R §ffEct{1@edgssd 20232 2. Fmé%b g%‘??\iﬁ BmQ{ & %feEQ&me‘M‘%S

H19 enhancer conprises sequence 0
20 conventional means, starting with a low dose in laboratory animals and then

increasing the dosage while monitoring the effects, and systematically varying
the dosage regimen as well. Animal studies, preferably mammalian studies, are
commonly used to determine the maximal tolerable dose, or MTD, of bioactive
agent per kilogram weight. Those skilled in the art regularly extrapolate doses
25 for efficacy and avoiding toxicity to other species, including human.

Before human studies of efficacy are undertaken, Phase I clinical studies
in normal subjects help establish safe doses. Numerous factors may be taken
into consideration by a clinician when determining an optimal dosage for a

given subject. Primary among these is the toxicity and half-life of the chosen
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30 14. The use of claim9, wherein the HL9 enhancer conprises the sequence
of SEQ ID NO:4. 15. The use of claim9, wherein the H19 enhancgr co%i ses
t he sequence of SEQ ID NO:5. 35 3 May 2002 42 16. The use of May, ,
wher ei n t heyHbh§hgehancer is placed 3' to the heterol ogous SReUeHGR4ssl?7- The
use of any one of clains 1 to 3 and 5 to 16, wherein the cancer is 5

sel ected fromthe group consisting of bladder carcinoma, hepatocellular
carci noma, hepatobl ast oma, rhabdonyosardbonma, ovarian carci noma, cervical
carcinoma, |lung carcinonma, breast carcinom) squanous cell carcinoma in
head and neck, esophageal carcinoma, thyroid carcinoma, astrocytons,

gangl i obl astapRo8Bgud8eHOPoAREONRddiHOndB factdry 88E10He GXRIZE DB Patient,
pol ynucl eoti de cofrpriSing a regulatory sequence operably linked to a

het er ol ogoushes egeesic thee pausiitnthea gepdral epnditiganef phoguactent, whergarticulae

regul atory sequence js derived fromH19, 1G-1, or |G--2 P4 pronote

regul atory ERRIFEPHSS Fhsi"}ﬁelé?mgf feeatsde s Seyerity fihihegdisggser Hienp fﬁéﬂqee@{ll atory
sequence i s VRS o8 ieis T | wher ei n
t he regul at S yg#;dgud%sgﬁé{égﬁjgﬁ%%’ @%&ﬁgﬁ&lﬁ%@“brdgqrr%%(gfgﬁé)érfﬁlﬁLélﬁé\i/ghée[l@fe'of claim

19, wher gi n Trearikl Qoda@es Walult We SROMEANTRr GOAFIHEEDNt dTethEEEsudts WTainghal t he H19
enhancer, or both the H19 pronoter and H19 enhancer. 25 22. The vector of

any one of chusigssmndghe glimical lithrabusen t he het er ol ogous sequence encodes a
cytotoxi c gene pgoduct selected,{romthe oup .consi st i of . ..

a- gal act osi dase, %87 B’f%ﬁlleaa @8&%,““‘?&8@8&3&3& gg%r}gvhr,affﬁ%gﬁ?orgw&p&@ t oxi n,
reti nobl ast om) ABRGKIR5RiEbPAEHFEFMRed Y B ilid81dgonaene Wcydinkce! | a

zoster thym di ne ki nase, cyt osi ne deam nase, nit roré’Quct ase, cyt,(pchroma
p- 450 2B1, tchtotdxde rgepthosprasriymsdine kimdsads rfrorh dosilde pfadsdharil aphy

2l kal | e DhORgl a0 1§ A0y BSRLL 9808 A8 MR prl AT S wally B 2P0
of such an adenoviral vector injected directly into a tumor would be from 1 x
10° pfuto 1 x 10" pfu, depending upon the tumor size. For an adenoviral
vector containing an H19 regulatory region operatively linked to a cytotoxic
gene product with a different level of toxicity, these values would of course be

15  altered accordingly. Similar doses of an adenoviral vector containing an IGF-2
P4 promoter operatively linked to a heterologous gene encoding a cytotoxic
agent such as thymidine kinase can also be used as a suggested starting point.

Particularly where in vivo use is contemplated. the various biochemical
components of the present invention are preferably of high purity and are

20 substantially free of potentially harmful contaminants (e.g., at least National
Food (NF) grade, generally at least analytical grade, and preferably at least
pharmaceutical grade). To the extent that a given compound must be
synthesized prior to use, such synthesis or subsequent purification shall
prefe}ably result in a product that is substantially free of any potentially toxic

25 agents which n‘xay have been used during the synthesis or purification
procedures.

For use in treating a cancerous condition in a subject, the present
invention also provides in one of its aspects a kit or package, in the form of a

sterile-filled vial or ampoule, that contains a polynucleotide vector containing
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23. The vector of any one of clainms 18 to 21, wherein the heterol ogous
sequence is an antisense sequence that specifically hybridi Zes3é\€qj§200 .
sequence encodi ng a gene selected fromthe group consisting of 5 @dk8,
cdk21, cdc2B@9yt8ted i nD1, cyclinE, cyclinA, cdk4, oncogeni c ACARE/A4865 p53,
c-fos, c-jun, Kr-ras and Her2/ neu. 24. The vector of any one of clains 18
to 21, wherein the heterol ogous sequen encodes a ribozyne that
specifically cleaves a RNA encoding a ?jgne sel ected fromthe group

consi sting of cdk2, cdk8, cdk21l, cdc25A, 10 cyclinDl) cyclinE, cyclinA
cdk4, oncogenic forns of p53, c-fos, c-jun, Krras and Her2l neu. 25. The
vect or of claibilRegulaenyaegionpertvelir bnkadeto & baferologeusngriiecwncpdiag a

th h 830 of SEQ ID NO:1. 15 26. Th f ¢l ai in the H19
pronoter cofiolSES ERY e s aiselp Kopns embodiiat Jhe oG o m 21,
wher ei n_t he ;L3 RRIRMEE ves@MRbARASNS AR O Fe%ﬁ}&%%ﬁ'egfontdgﬁrmuﬁﬁﬁﬁé’tper
cloned in plasmd pHI9EHLI9 (ATCC Deposit No.” 209322). 28. The vector of
claim 21, wheadieterolgoutl @ermmbraudeng e myprtosiesageht asequadniaissfatisiE@eady NO: 3.
25 29. The vect qr .of claim 21, erein Etg—ﬁ H19 enhancer conpri seﬁ t he
seﬂuenceS of f@E@‘ RYEPINGD £1theE Unity, S\?e‘?f]EE]ru 0% AMAUSE, “WAKET'Bi IHE tHREXIE -
enhancer cor SEauUs ; claim
21, wherei n%ﬁ ﬁtg‘é Eﬂﬁgﬁc@r I Sﬁ%ﬁlésge%%ggdtnge xﬁ%g&h’[g’? é?egpg%ﬁgﬁcgt%éagjience. 35
Bi{ QHD/O,SA:& hggtAagmg/@grAg ﬁimgctd‘rﬁidgecd Qinottfer adibodignent ofl temnvbBtivn, Be
. . 0 . n. .
. A9u. AA. AH. patkagen preyidel . Agslerifa-fileth | vial Aldr AnoipeubY, oqaingIg Ausbo aA{r . A9. A
,VOACALUL. A&% AT JALNL. AR A U AL A. . A A% AsN. AN L AUYr) * Pl #:
A ek e i it
ca] ca] cajc” c : i
#*wP| ! #,q]iyt gi lgTY'ICS']%Clg!\/]ecca] ca] cal] ca] ca]B%aU?%aw]’caU]Cp?g] ca] ca] caz;\/] 8?;]1%11:;1\/] cal ca]
; g]( E a]6c ?\/] E ﬁ?{aﬁ e Ymﬁagmyfwaju@aylngmm?qg}@ax]emq%ell or cell line.

: v | ]1]lcalcaV] ca]calca] ¢ a. .
U] c”a] ga] (F:)aU] caU](llgﬁ] %‘&?J]‘tl%ﬂ \c%\"/]’lga?’%ﬁ’]‘ céﬁrdgff%a}}hea]felé‘vﬂ‘&] EXVPRYSF c&EcaV] ca] ¢
aV] ca] caV] cariref byl KaPBS Rludtration and not limitatjon.
I~ 5#<#%-xsnhc] Xi d YT] ]| caV] ca] caV] ca] ca] caU] ca] caU] ca] ca] caV]caV]ca]ca]c
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6.1.2 Construction of Expression Vectors

. Plasmids pCAT-basic (containing a CAT reporter gene preceded by a
multiple cloning site), pCAT-promoter (containing the CAT reporter gene
under the control of an SV40 promoter), pCAT-enhancer (containing the SV40

10 enhancer downstream of the CAT reporter gene, and a multiple cloning site for
insertion of a promoter upstream of the CAT reporter gene) and pCAT-control
(containing the CAT reporter gene under control of both the SV40 promoter
and enhancer) were all obtained commercially from Promega (Madison, WI).

To construct the plasmid pHI9E, containing the CAT reporter gene

15 under the control of the H19 promoter, the H19 promoter region (SEQ ID
NO:1) was first cloned into pBluescript II SK* (Promega). A polynucleotide
containing the H19 promoter sequence was amplified from human placenta
DNA using primers
ESPCR21: CGGTTCCCCACTTCCCCAGTTT (SEQ ID NO:6) and

20 ESPCR22: CGGAAGTCGACAACCCTCACCAAAGGCCAAGGT (SEQ
ID NO:7).

The PCR product was end-polished with Klenow enzyme and cloned into the
EcoRYV site of pBluescriptlISK+. The inserted DNA was verified by digestion
with the internally cutting enzymes Pvull. EcoRI and Apal. The orientation of

25 the promoter was opposite that of the lacZ coding region of the vector. The
promoter region was then excised by cleavage with HindIll and Pstl, and the
resulting approximately 0.9 kb fragment was inserted into the HindIII-Pstl sites
of pCAT-bésic to produce pHI19E.
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& ()-14@10% " &'QRJ -f%b%&'p Gmyds containing \the 1 Enpancer regigg, ipserfed in
both orientations downstream of the H19 promoter/CAT reporter gene were
constructed as follows. A 5 kb Sacl fragment containing the H19 downstream
enhancer (from +6.0 kb to +11 kb relative to the start of H19 transcription) was
5 cloned into the Sacl site of pUC19. This enhancer fragment was then excised
with EcoRI and HindIII and ligated into the EcoRI-HindIII sites of pBluescript
II SK* to create pBhHI19En-Sa. pBhH19En-Sa was partially digested with
BamHI, and the 5 kb fragment containing the H19 enhancer (and an internal
. BamHI site) was cloned into the BamHI site downstream of the HI9
10 promoter/CAT reporter gene in pHI9E. Plasmids containing the H19 enhancer
in both the direct (pHI9EH19D) and reverse (pH19EH19R) orientations were

generated.

6.2  Results and Discussion
15 Five different bladder cancer cell lines HT-1376, EJ28, T24P, 1197 and
UM-UC-3 were each transfected with pCAT-basic (designated P-E in Figure
2), pCAT-control (designated pSV40ESV40 in Figure 2). pH19E, pH19EH19D

and pHI9EHI9R. The expression results of each construct are presented in
Figure 3A-3E. In each cell line. the highest level of CAT activity was observed
20 with the pCAT-control plasmid containing both the SV40 enhancer and SV40
promoter. This construct served as a positive control, as SV40 regulatory
sequences have been established as inducers of gene expression. However,
SV40 regulatory sequences are not tumor cell-specific in their ability to induce
gene expression. Cell lines transfected with pHI9E, containing the CAT
25 reporter gene under the control of the HI9 promoter, also exhibited
significantly increased expression of CAT over background. The level of
induction of CAT activity by the H19 promoter ranged from five fold in the
HT-1376 céll line to ten fold in the UM-UC-3 cell line. Addition of the H19

enhancer to the H19 promoter/CAT reporter gene constructs further increased
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the H19 enhancer can further increase expression of a reporter gene under the

10 control of H19.

7. Example: A Toxin Gene Under The Control Of H19 Regulatory
Sequences

15 7.1 Materials and Methods

The expression constructs described above in Section 6 are modified to
express a sequence encoding a toxic product or a prodrug instead of CAT. For
example. the sequence encoding the CAT gene product is removed and
replaced with a sequence encoding herpes simplex virus thymidine kinase

20 (HSV-TK) using standard cloning methods that are well known in the art.

The Hl9/prddrug expression plasmids are transfected into bladder
cancer-derived cell lines as described in Section 6. When transfected into
bladder cancer cell lines, an H19/HSV-TK expression plasmid induces bladder

cancer cell specific cytotoxicity in the presence of ganciclovir.

25
8. Example: Expression Of H19 In A Mouse Model Of
Chemicallv Induced Bladder Carcinoma
8.1+ Materials and Methods
30 Seventy five-week old female C3H/He mice (Charles River) were

housed at 6 mice per cage and allowed to acclimatize in an air-conditioned
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0% ()-:!Y "COMBSIInRe (Fere gkl tap water. Animals from both groups were killed at 4,
8, 12, 16, 20 and 26 weeks after the start of the experiment. The bladders were
excised. fixed, and embedded in paraffin blocks using standard procedures.

8.1.1 Preparation of Probe

10 A 2.1 kb fragment containing the mouse H19 coding region was
subcloned into the pBluescript II KS plasmid (Stratagene, La Jolla, CA) behind
the T7 and T3 RNA polymerase binding sites. [BSS]-labelcd antisense H19
RNA was produced in vitro from HindlIl-linearized plasmid DNA using T7
polymerase (Bochringer Mannheim) and an Amersham RPN 2006 kit. /n

15 virro-generated transcripts had a specific activity of 10 cpm/?g. Sense H19
mRNA, prepared with T3 polymerase (Boehringer Mannheim) and
EcoRI-linearized template. was used as a control.

8.1.2 In situ Hvbridization

Paraffin wax sections (5?M) of formalin fixed tissues were mounted on

20 3-aminopropyltriethoxylane (Tespa, Sigma) coated microscope slides and dried
overnight at 37°C. Sections were dewaxed with xylene, fixed with 4%
paraformaldehyde, and then treated with proteinase K (Sigma). Slides were
acetylated to reduce non-specific binding of the probe and dehydrated through
an ethanol series.

25 [**S]-labeled RNA probes (specific activity of 350,000 cpu/?l) were
hybridized as described by Rangini er a/ .1991 ..Mech. Dev. 35:13-24, omitting
the thio-AMP step.  Slides were exposed to film for 10 days, and
counter-stained with hematoxylin and eosin. The slides were examined and

photographed using a Polyvar (Reichert Jung) microscope under bright and
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and RNAse prehybridization treatment. Additionally. sections of bladders from
adult healthy mice (which do not express H19) and embryonal mouse bladders
(which do express H19) served as negative and positive controls, respectively.
5 8.2 Results and Discussion
By 26 weeks, all of the surviving experimental group mice had
developed palpable bladder tumors. Extensive expression of H19 was observed
in the chemically induced bladder tumors. In contrast, no expression of H19
was detected in normal adult bladder. Accordingly, this mouse model of
10 chemically induced bladder cancer may be used as an animal model to
demonstrate the tumor-specific cvtotoxicity in vivo of constructs containing the

H19 regulatory regions operatively linked to 2 toxin gene.

9. Example: Gene Therapy Using H19 Regulatory Sequences To
15 Express A Heterologous Gene In A Mouse Model of
Bladder Carcinoma

The H19/toxin or prodrug expression plasmids are incorporated into
20 liposomes (as described by Takashita er al.. 1993, J. Clin. Invest. 93:652-651,
incorporated herein by reference) for delivery to mouse bladder in vivo. Mice
used for this experiment have chemically induced bladder tumors as described
above in Section 8.
Briefly, 507g of plasmid DNA, dissolved in 5007 | of Optimen’s
25  serum-free medium (BRL Life Technologies. Gaithersburg, MD) is added to
250 71 of Lipofectamine
250 1 of water. The mixture is incubated for 30 minutes at room temperature,
then diluted in 10 mis of balanced salt solution (BSS(-): 140 mM NaCl, 5.4 mM
KCl, 10 mM Tris-HCI, pH 7.6). After pelleting by centrifuging the solution at
30 15,000 rpm for 30 minutes, the liposomes are resuspended in 1 ml of BSS(-)

containing I mM CaCl,. Approximately 0.2 mls of the concentrated liposomes
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no DNA or with a construct containing an irrelevant gene under the control of

the H19 regulatory sequences. At defined timepoints. mice from each group
5 are sacrificed and the bladders excised, fixed, and embedded in paraffin blocks
using standard procedures. Alternate sections are processed for in situ
hybridization using either the H19 probe, as described above, or a probe to the
coding sequence of Pseudomonas toxin gene. Additionally, the size, number,
and necrosis of tumors are compared between the control and experimental
10 groups. Expression of Pseudomonas toxin is found to co-localize with
expression of H19 in the bladder rumors from the experimental group of mice.
Additionally, the bladder tumors in the experimental group of mice are reduced

in size and necrotic as compared to the bladder tumors in the control group of

mice.
15
10. Example: Expression from the IGF-2 P3 and P4 Promoters
in Tumor Cell Lines
10.1 Materials and Methods
20

In this experiment, a variety of expression constructs containing the
luciferase reporter gene placed under the control of one of the four different
IGF-2 promoters were constructed and transferred into several different bladder
cancer cell lines. The following human IGF-2 promoter/luciferase constructs

25  were made:
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15

Plasmid Construct IGF-2 Gene Nucleotide | Promoter
. Sequence

Hupl -980 to +54 Promoter |

Hup2 -379 10 +271 Promoter 2

Hup3 -1229 to +140 Promoter 3

- Hup4 -546 to +102 Promoter 4

The IGF-2 promoter sequences are described in Sussenbach er al, 1992,
Growth Reg. 2:1-9, incorporated herein by reference. The luciferase reporter
vector is commercially available from Promega. Madison, WI (catalog
#E1641).

10.2 Results and Discussion

The resulting expression plasmids were transfected into human bladder
cancer cell lines HT-1376, EJ28, T24P, 1197 and UM-UC-3 as described above
in Section 6. Luciferase activity was assayed using a commercial kit (Promega,
Madison, WI, catalog #E1500). The results, shown in Figure 4A-4E,
demonstrate that the IGF-2 P4 promoter directed the expression of the
luciferase reporter gene in each bladder cancer cell line tested. In cell line
1197, the IGF-2 P3 promoter also directed the expression of the luciferase
reporter gene. In subsequent experiments. IGF-2 P3 and P4 promoters were
shown to direct expression of luciferase gene expression in other tumor cell

lines, including choriocarcinoma celis and rhabdomyosarcoma cells.
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5 11.1 Materials and Methods

Four luciferase reporter vectors, pGL3-Basic, pGL3-Promoter,
pGL3-Enhancer and pGL3-Control were obtained from Promega. These
vectors were transfected into cultured cell lines using a number of different
transfection reagents, including lipofetamine (Gibco/BRL), fugene

10 (Boehringer), the Perfect Transfection Kit of & different lipids reagents
(Invitrogen), TFX-10, TFX-20, transfast (Promega), and the calcium phosphate
method (Gorman et al., 1982, Mol. Cell. Biol. 2:1044-1051).

The H19 promoter cloned into EcoRV site of pBluescript IT SK (pbh19p

#1) is described in Section 6.1, supra. The HI19 promoter was excised by

15 cleavage with Sma I and Hind III, and the resulting 0.9 kb fragment was
inserted into the Sma I-Hind III sites of pGL3-Basic vector to produce the
Luc-pbhl19 construct.

The H19 promoter region from nt -819 to +14 was amplified by PCR

from the pbh19p i1 plasmid, using primers 5'

20 -ATATGGTACCGACAACCCTCACCAAAG-3' (upstream, SEQ ID NO:R)
and 5'-ATATAAGCTTCTTCTCCCTCACCCTGCTC-3' (downstream, SEQ ID
NO:9). The resulting PCR product was digested with Kpnl and Hind III, and
ligated into the Kpnl-Hind III sites of pGL3-Basic vector, yielding the
Luc-PBH19 construct. This PCR-generated H19 promoter was sequenced on

25 both direction by automated dye terminator cycle sequencing (ABT Prism 377
DNA sequencer, Perkin Elmer). Figure 5 shows the nucleotide sequence of the
H19 promoter (SEQ ID:NO 2) generated by PCR.

The .5 kb H19 downstream enhancer described in Section 6, supra, was
digested with DamH to yield two fragments of 4.1 kb and 0.9 kb at the 3' end.

30 The Luc-PBHI19-0.9EH19 and Luc-PBH19-4EH 19 constructs were constructed
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by the insertion of the 0.9 kb and 4.1 kb BamH I fragments of the H19 enhancer

into the BamH 1 site of Luc-PBHI19 plasmid. respectively. The enhancer

sequences were positioned downstream of the H19 promoter/luciferase reporter

gene.

5 The BamH I enhancer fragment of 0.9 kb was ligated into the BamH I
site of pGL-Basic vector to produce the Luc-0.9EHI9 vector. The HI19
promoter of the pbh19p #1 plasmid was excised by Kpnl-BamH I, and ligated
into the Kpnl-Bglll sites of the Luc-0.9EH19 construct, yielding the
Luc-pbh19-0.9EH19 expression construct which contained the promoter clones

10 as described in Section 6, supra. and the 0.9 kb enhancer downstream of the
H19/Luc reporter gene.

. Expression vectors designated as Hup-1, Hup-2, Hup-3, and Hup-4,
containing the luciferase gene under the control of the human IGF-2 promoters
P1, P2, P3 and P4, respectively, were constructed as described in Sussenbach et

15 al. 1992, Growth Reg. 2:1-9. A 512 bp region of P4 was amplified by PCR
from the Hup-4 construct using primers
5'-ACAGGTACCTCTAGAGTCGACCT-3' (upstream. SEQ ID NO:10) and
5“ATATAAGCTTGCTCCCATCCTGCA-3' (downstream. SEQ ID NO:11).
The resulting PCR product was digested with Kpnl-Hind III, and ligated into

20 the Kpnl-Hind IIT sites of the reporter gene vector pGL3-Basic to produce the
Luc-P4 reporter gene vector.

Expression vectors containing the IGF-2 P4 promoter and the HI19
enhancer were also prepared. A BamHI enhancer fragment of 2 kb derived
from the 4.1 kb fragment previously described was cloned into the BamH I site

25 of'the Luc-P4 construct, producing the Luc-P4-2EH19 expression vector.

The 0.9 kb, 2 kb and 4.1 kb HI9 enhancers were sequenced using
automated DNA sequencing. The nucleotide sequence of the 0.9 kb enhancer is

shown in Figure 6 (SEQ ID NO:3). The nucleotide sequence of the 2 kb
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sequence of the 4.1 kb enhancer is shown in Figure 8A-§C (SEQ ID NO:3).

11.2 Results and Discussion

When several transfection reagents were used to introduce four

5 luciferase gene-containing vectors into cultured cell lines, calcium phosphéte
precipitation produced the highest transfection efficiency for most of the cell
lines tested. Therefore, calcium precipitation was subsequently used to
transfect various expression vectors. In addition, increased concentration of
plasmid DNA did not inhibit transfection efficiency, even when they used at

10 concentrations above the plateau.

The bladder cancer cell line 5637, the hepatocellular carcinoma (HCC)
cell line Huh7 and the kidney tumor cell line 293T were each transfected with
different constructs containing the luciferase reporter gene under the control of
the H19 or IGF-2 P4 promoter in combination with the H19 enhancer.

15 Cells transfected with Luc-ph19 and Luc-PH19 containing the reporter
gene and the HI9 promoter exhibited increased gene expression over the
background (Figure 9A-9C). The construct Luc-PH19 containing the
PCR-generated promoter shows a higher activity than the Luc-ph19 in each cell
line tested. Addition of the H19 0.9 kb enhancer fragment to the Luc-phl9

20 reporter vector (Luc-ph19-0.9EH19) further increased levels of expression from
2 to 4 folds in the cell lines 5637 and 293T, respectively.

The IGF-2 P4 promoter also increased the expression of luciferase in all
cell lines over background. Addition of the 2 kb H19 enhancer fragment to the
Luc-P4 expression vector enhanced the P4 promoter activity. The level of

25 induction of luciferase activify by the 2 kb enhancer fragiment ranged from two
fold in 293T cell line to six fold in the Huh7 cell line, while the enhancer only
marginally enhanced the promoter activity in 5673 cells.

Figure 10A-10E shows that expression of the construct
Luc-ph19-4EH19) containing both the PCR-generated H19 promoter and 4.1 kb
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5  Patent Procedure:

ATCC Date
Clone Access. No. of Deposit
pHI9EHI19 209322 October 2, 1997
10
EQUIVALENTS

The foregoing written specification is sufficient to enable one skilled in

15 the art to practice the invention. Indeed, various modifications of the

above-described means for carrying out the invention which are obvious to

those skilled in the field of molecular biology, medicine or related fields are
intended to be within the scope of the following claims.

All publications cited herein are incorporated by reference in their

20  entirety.
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1. Use of a polynucleotide comprising a heterologous sequence encoding a
cytotoxic gene product operably linked to a regulatory sequence, wherein
5 the regulatory sequence is derived from the H19, IGF-1 or IGF-2 P4

promoter regulatory elements, in the manufacture of a medicament for

treating cancer in a subject.

2. The use of claim 1, wherein the regulatory sequence is a H19 regulatory
10 sequence.
3. The use of claim 1, wherein the regulatory sequence is an IGF-2 P4
promoter.
15 4. Use of a polynucleotide comprising a heterologous sequence encoding a

cytotoxic gene product operably linked to a regulatory sequence, wherein
the regulatory sequence is derived from the IGF-2 P3 promoter regulatory
element, in the manufacture of a medicament for treating cancer in a
subject, said cancer selected from the group consisting of bladder

20 carcinoma, rhabdomyosarcoma, ovarian carcinoma, cervical carcinoma,
lung carcinoma, breast carcinoma, squamous cell carcinoma of the head
and neck, esophageal carcinoma, thyroid carcinoma, astrocytoma,
ganglioblastoma and neuroblastoma.

25 5. The use of any one of claims 1 to 4, wherein the cytotoxic gene product is
selected from the group consisting of diptheria toxin, Pseudomonas toxic,

ricin, cholera toxin, retinoblastoma gene and p53.

6. The use of any one of claims 1 to 4, wherein the cytotoxic gene product is
30 selected from the group consisting of of B-galactosidase, herpes simplex
thymidine kinase, varicella zoster thymidine kinase, cytosine deaminase,
nitroreductase, cytochrome p-450 2B1, thymidine phosphorylase, purine
nucleoside phosphorylase, alkaline phosphotase, carboxypeptidases A
and G2, linamarase, B-lactamase and xanthine oxidase.
35
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selected from the group consisting of cdk2, cdk8, cdk21, cdc25A, cyclinD1,
10 cyclinE, cyclinA, cdk4, oncogenic forms of p53, c-fos, c-jun, Kr-ras and

Her2/neu.

9. The use of claim 2, wherein the H19 regulatory sequences are the H19
promoter, the H19 enhancer, or both the H19 promoter and the H19
15 enhancer.

10. The use of claim 9, wherein the H19 promoter comprises nucleotides 1
through 830 of SEQ ID NO:1.

20 11. The use of claim 9, wherein the H19 enhancer comprises the sequence of
SEQ ID NO:2.

12. The use of claim 9, wherein the H19 enhancer comprises the sequence of
the H19 enhancer cloned in plasmid pH19EH19 (ATCC deposit no.
25 209322).

13. The use of claim 9, wherein the H19 enhancer comprises the sequence of
SEQ ID NO:3.

30 14 The use of claim 9, wherein the H19 enhancer comprises the sequence of
SEQ ID NO:4.

15. The use of claim 9, wherein the H19 enhancer comprises the sequence of
SEQ ID NO:5.
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19. The vector of claim 18, wherein the regulatory sequence is a H19

regulatory sequence.

20. The vector of claim 18, wherein the regulatory sequence is an IGF-2 P4
20 promoter.

21. The vector of claim 19, wherein the H19 regulatory sequence comprises
the H19 promoter, the H19 enhancer, or both the H19 promoter and H19
enhancer.

25

22. The vector of any one of claims 18 to 21, wherein the heterologous
sequence encodes a cytotoxic gene product selected from the group
consisting of B-galactosidase, diptheria toxin, Pseudomonas toxin, ricin,
cholera toxin, retinoblastoma gene, p53, herpes simplex thymidine kinase,

30 varicella zoster thymidine kinase, cytosine deaminase, nitroreductase,
cytochrome p-450 2B1, thymidine phosphorylase, purine nucleoside
phosphorylase, alkaline phosphotase, carboxypeptidases A and G2,

linamarase, pB-lactamase and xanthine oxidase.
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The vector of any one of claims 18 to 21, wherein the heterologous
sequence is an antisense sequence that specifically hybridizes to a
sequence encoding a gene selected from the group consisting of cdk2,
cdk8, cdk21, cdc25A, cyclinD1, cyclinE, cyclinA, cdk4, oncogenic forms of
p53, c-fos, c-jun, Kr-ras and Her2/neu.

The vector of any one of claims 18 to 21, wherein the heterologous
sequence encodes a ribozyme that specifically cleaves a RNA encoding a
gene selected from the group consisting of cdk2, cdk8, cdk21, cdc25A,
cyclinD1, cyclinE, cyclinA, cdk4, oncogenic forms of p53, c-fos, c-jun, Kr-

ras and Her2/neu.

The vector of claim 21, wherein the H19 promoter comprises nucleotides 1
through 830 of SEQ ID NO:1.

The vector of claim 21, wherein the H19 promoter comprises the sequence
of SEQ ID NO:2.

The vector of claim 21, wherein the H19 enhancer comprises the
sequence of the H19 enhancer cloned in plasmid pH19EH19 (ATCC

Deposit No. 209322).

The vector of claim 21, wherein the H19 enhancer comprises the
sequence of SEQ ID NO:3.

The vector of claim 21, wherein the H19 enhancer comprises the
sequence of SEQ ID NO:4.

The vector of claim 21, wherein the H19 enhancer comprises the
sequence of SEQ ID NO:5.

The vector of claim 21, wherein the H19 enhancer is placed 3' to the

heterologous sequence.

A host cell comprising the vector of any one of claims 18 to 31.



