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METHODS AND COMPOSITIONS FOR INDUCING 

TUMOR-SPECIFIC CYTOTOXICITY 

The present application is a continuation-in-part of co-pending 

application serial no. 08/943,608 filed October 3, 1997, which is incorporated 

by reference herein in its entirety. 

5 1. Field of the Invention 

10 

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 

cells. 

2. Background of the Invention 

2.1 The H19 Gene 

The H 19 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 

1s embryogenesis, Hl 9 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 maternally inherited allele is transcribed. 

Hl9 is abundantly expressed during embryogenesis, and was first 

identified as a gene that was coordinately regulated with alpha-fetoprotein in 

20 liver by the trans-acting locus raf (Pachnis et al., 1984, Proc. Natl. Acad. Sci. 

USA 81 :5523-5527). Additionally, Hl9 has been independently cloned by a 

number of groups using screens aimed at isolating genes expressed during 

tissue differentiation. For example, Davis et al. (1987, Cell 51:987-1000) 

identified the mouse homolog ofH19 in a screen for genes active early during 
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differentiation of C3Hl0Tl/2 cells. Pourier et al. (1991, Development 

113:1105-1114) found that murine Hl9 was expressed during stem cell 

differentiation and at the time of implantation. Transcription of the human HI 9 

gene was also discovered in differentiating cytotrophoblasts from human 

5 placenta (Rachmilewitz et al., 1992, Molec. Reprod. Dev. 32:196-202). 

While transcription of HI 9 RNA occurs in a number of different 

embryonic tissues throughout fetal life and placental development, H19 • 

expression is down-regulated postnatally. Relatively low levels of H19 

transcription have been reported, however, in murine adult muscle and liver 

10 (Brunkow and Tilghman, 1991, Genes & Dev. 5:1092-1101). Hl9 also is 

activated postnatally in cancer cells. Ariel et al. ( 1997, Molec. Pathol. 

50:34-44) demonstrated Hl9 expression in a number of tumors arising from the 

tissues in which it is expressed prenatally. Additionally, these authors found 

HI 9 RNA in tumors derived from neural tissues, in particular astrocytoma and 

15 ganglioneuroblastoma, that are not known to be associated with HI 9 

expression. Given the large array of cancers expressing H19 RNA, these 

authors speculated that H 19 was an oncofetal RNA and proposed investigating 

Hl 9 as a tumor marker for human neoplasia. 

Both human and murine HI 9 genes have been cloned and sequenced 

20 (Brannan et al., 1990, Molec. Cell. Biol. 10:28-36). Comparison of the human 

and mouse H 19 genes revealed an overall 77% nuc~eotide sequence identity. 

Despite this conservation of nucleotide homology between species, very low 

deduced amino acid sequence identity could be predicted from the open reading 

frames of the two genes (Id.). Further, although Hl9 RNA is transcribed by 

25 RNA polymerase II, spliced and polyadenylated, it does not appear to be 

translated. Instead, HI 9 RNA has been found associated with the 288 

cytoplasmic RNA, leading to speculation that H19 R."NA may function as an 

RNA component of a ribonucleoprotein (Id). 
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The actual physiological role of Hl9 is not fully understood. H19 can 

act as a dominant lethal gene; a high ectopic expression of an H19 transgene 

causes lethality in mice shortly before birth (Brunkow et al., supra). This lethal 

period coincides with the time when HI 9 transcription becomes repressed. On 

s the other hand, no defect has been observed in either heterozygous or 

homozygous mice carrying an H19 knockout allele(s) (Leighton et al., 1995, 

.. Nature 375:34-39). A knockout of the maternally inherited allele does interfere 

with imprinting of the genetically linked and oppositely imprinted IGF-2 gene; 

the resulting mice are larger at birth than their littermates due to the increased 

10 prenatal expression of!GF-2 (Id.). Since these two oppositely imprinted genes 

share cis-acting regulatory sequences, Leighton and colleagues speculated that 

H19 may be involved in imprinting the IGF-2 gene. 

Another function proposed for the H19 gene product is that of a tumor 

suppressor RNA. Hao et al. (1993, Nature 365:764-767) reported that 

15 transfection of two embryonal tumor cell lines, RD and 0401, with an H19 

expression construct resulted in cell growth retardation, morphological changes 

and reduced tumorigenicity in nude mice; Such a tumor suppressor activity has 

been noted as consistent with the observed lethality of ectopic expression in 

mice (Hao et al., supra) as well as the increased size of mice that are knocked 

20 out for the maternal H19 allele (Leighton et al., supra). The proposal that Hl9 

is a tumor suppressor has been controversial, however. Some of the results 

were reportedly not reproduced, and there may exist another candidate tumor 

suppressor gene closely linked to Hl9 (Ariel et al., supra). H191s proposed role 

as a tumor suppressor also conflicts with the experimental data that H19 is 

25 activated in a broad array of tumor cells (see for example Lustig-Y ariv et al., 

1997, Oncogene 23: 169-177). 
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2.2 The Insulin-Like Growth Factor UGF) Genes 

IGF-2 is another imprinted gene whose expression depends upon it's 

parental origin. However in contrast to H19: IGF;.2 in both mice and humans is 

maternally imprinted and therefore expressed from the paternally inherited 

s allele (Rainier et al., 1993, Nature 363:747-749). The human IGF-2 gene 

exhibits a complex transcriptional pattern. There are four IGF-2 promoters that 

are activated in a tissue and developmentally specific manner. Only three of the 

promoters, P2, P3 and P4 are imprinted and active during fetal development 

and in cancer tissues. The fourth, promoter Pl, is not imprinted and is activated 

10 only in adult liver and choroid plexus (see Holthuizen et al., 1993, Mol. 

Reprod. Dev. 35:391-393). The P3 promoter of the IGF-2 gene has been 

implicated in the progression of liver cirrhosis and hepatocellular carcinoma 

(Kim and Park, 1998, J. Korean Med. Sci. 13:171-178). 

Loss of imprinting of IGF-2 has been implicated in Wilm's tumor 

15 (Ogawa et al., 1993, Nature 363:749-751). This observation led many 

investigators to speculate that the loss of imprinting and biallelic expression of 

imprinted genes may be involved in growth disorders and the development of 

cancer (see also Rainier et al., 1993, Nature 362:747-749. and Glassman et al., 

1996~ Cancer Genet. Cytogenet. 89:69-73). 

20 

2.3 Tumor-Specific Gene Therapy 

Regulatory sequences from tumor-associated genes have been used to 

selectively target expression of a suicide gene in twnor-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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became sensitive to the normally non-toxic prodrug 6-methoxypurine 

arabinonucleoside (araM). Kaneko et al. (1995, Cancer Res. 55:5283-5287) 

constructed an adenoviral vector expressing HSV TK under the control of the 

alpha-fetoprotein control sequences. Recombinant adenoviral particles 

5 containing this vector were directly injected into hepatocellular 

carcinoma-derived tumors generated in athymic nude mice. Subsequent 

• intraperitoneal injections with ganciclovir caused regression of the 

hepatocellular carcinoma-derived tumors. 

Osaki et al. (1994, Cancer Res. 54:5258-5261) transfected into A549 

10 lung carcinoma cells an expression construct containing the control sequences 

for the lung carcinoembryonic antigen gene linked to the coding sequence for 

Herpes simplex virus thymidine kinase (HSV TI<). The transfected cells were 

sensitive to ganciclovir. Additionally, tumor growth in nude mice from 

subcutaneously injected transfected cells was inhibited by repeated· 

15 intraperitoneal injections of ganciclovir. However, the carcinoembryonic 

antigen gene has recently been described as expressed in normal colonic 

mucosa, thus limiting the usefulness of these control sequences as tumor 

specific regulatory regions (Osaka et al., supra). Thus, there remains a need for 

the development of gene therapy vectors that specifically express gene products 

20 in tumor cells. 

3. Summary 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 

twnor-specific expression of the heterologous genes. More panicularly, the 

regulatory transcriptional sequence is derived from a genomically imprinted 

gene that is specifically expressed in cancer cells such as the H19, and the 

SUBSTITUTE SHEET (RULE 26) 



W099/18195 PCT/IL98/00486 

6 

IGF-2 P3 and P4 promoters, and the heterologous gene encodes a cytotoxic 

protein or cytostatic gene product. In another embodiment of the invention, the 

IGF-1 promoter is operatively linked to a heterologous gene to result in 

tumor-specific expression of the gene. The regulatory sequences will direct 

5 gene expression in a number of different cancerous cell types. Such methods 

and compositions are useful in the treatment of a wide variety of cancers and 

hyperproliferative conditions. 

One aspect of the invention are expression vectors containing 

polynucleotides comprising such regulatory regions operatively linked to 

1o heterologous genes. Particularly preferred regulatory regions are those 

encoding H 19 regulatory regions such as promoter and enhancer sequences, the 

IGF-2 P3 or P4 promoter or an IGF-1 promoter. In that connection, the H19 

enhancer and active portions thereof may be used in any combination with HI 9 

promoter, IGF-1 promoter, IGF-2 P3 promoter or IGF-2 P4 promoter. Also 

15 encompassed by the invention are host cells containing such vectors. In that 

regard, an expression construct containing a heterologous gene controlled by 

Hl9 promoter with or without H19 enhancer may be co-introduced into a cell 

with a second construct containing a heterologous gene controlled by IGF-1 

promoter or IGF-2 P3 or P4 promoter in combination with the H19 enhancer. 

20 In another aspect, the invention provides methods of using such vectors to 

express heterologous genes in tumor cells. Yet another aspect of the invention 

is the treatment of cancer using the vectors of the invention in gene therapy. 

25 

4. Brief Description of the Figures 

Figure lA-lC. The nucleotide sequence of human H19 promoter 

region. The promoter region from nucleotide position -837 to -7 (relative to the 

start of transcription) is shown (SEQ ID NO:l). 

Figure 2. Schematic diagram of the vectors used to express a 

heterologous gene under the control ofH19 regulatory sequences. 
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Figure 3A-3E. H19 Regulatory Sequences Direct Expression Of A 

Heterologous Gene (CAT) in Bladder Cancer Cell Lines. For the five different 

indicated cell lines, CAT specific activity ( cpm/i g protein) is plotted as a 

function of the vector used for transfection. Figure 3A: HT-1376 cells. Figure 

5 3B: EJ28 cells. Figure 3C: T24P cells. Figure 3D: 1197 cells. Figure 3E: 

UM-UC-3 cells. The vectors, as follows, are described more fully below in 

Section 6: (1) pCAT-basic; (2) pCAT-control; (3) pH19E; (4) pH19EH19D; 

and (5) pH! 9EH19R. 

Figure 4A-4E. The IGF-2 P3 and P4 Promoters Direct Expression Of A 

10 Heterologous Gene (Luciferase) In Bladder Cancer Cell Lines. For the five 

different cell lines shown, luciferase specific activity (counts per '?g of protein) 

is plotted as a :function of the IGF-2 promoter used in the transfected construct 

to direct expression of luciferase. Figure 4A: T24P cells. Figure 4B: 1376 

cells. Figure 4C: UM-UC3 cells. Figure 4D: 1197 cells. Figure 4E: EJ28 

15 cells. The vectors are described more fully below in Section 10. 

Figure 5. Nucleotide sequence of a Human H19 promoter :fragment 

(SEQ ID N0:2). 

Figure 6. Nucleotide sequence of the 0.9 kb Hl9 enhancer fragment 

(SEQ ID N0:3 ). 

20 Figure 7 A and 7B. Nucleotide sequence of the 2 kb H 19 enhancer 

fragment (SEQ ID N0:4 ). 

Figure 8A-8C. Nucleotide sequence of the 4 kb H 19 enhancer fragment 

(SEQ ID NO:S). 

Figure 9A-9. Transfection with vectors containing vanous H19 

25 regulatory region and P4 promoter combinations directs luciferase expression in 

tumor cells. Figure 9A: 5637 cells. Figure 9B: Huh7 cells. Figure 9C: 293T 

cells. 

Figure lOA-lOE. Transfection with vectors containing H19 regulatory 

regions direct luciferase expression in tumor cells. Figure lOA: 293T cells. 
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Figure IOB: T24P cells. Figure lOC: Huh7 cells. Figure lOD: 5637 cells. 

Figure lOE: RT112 cells. 

5. Detailed Description of the Invention 

The invention is based, in part, on the discovery that the regulatory 

regions from genomically imprinted genes that are expressed in cancer cells can 

be used to target the expression of coding sequences of interest in cancer cells. 

In particular, it has been found that Hl9 expression is activated in a wide array 

of carcinomas, including but not limited to bladder carcinoma, hepatocellular 

10 carcinoma,· hepatoblastoma, rhabdomyosarcoma, ovarian carcinoma, cervical 

carcinoma, lung carcinoma, breast carcinoma, squamous cell carcinoma in head 

and neck, esophageal carcinoma, thyroid carcmoma, astrocytoma, 

ganglioblastoma and neuroblastoma. Ftirther, it has been discovered that 

constructs containing the H19 promoter regions operatively linked to a 

15 heterologous gene, or the IGF~2 P3 or P4 promoter operatively linked to a 

heterologous gene, or constructs containing such a promoter in combination 

·with a downstream H19 enhancer, are specifically activated in tumor cells. In 

another aspect of the invention, an IGF-1 promoter is used to direct expression 

of the heterologous gene. 

20 Accordingly, in one of its aspects, the invention provides methods and 

compositions for altering the phenotype of, or selectively killing, cancerous 

cells. This object is accomplished by delivering to the cells a polynucleotide 

comprising the regulatory regions from genomically imprinted genes that are 

expressed in cancer cells operably linked to ·a heterologous gene. The 

25 heterologous gene can encode, for example, a cytostatic or a cytotoxic agent 

(e.g. a toxin, an antisense RNA or a ribozyme ). 

Regulatory regions from genomically imprinted genes that are expressed 

in cancer cells include but are not limited to the HI 9 promoter and enhancer, 

and the IGF-2 P3 and P4 promoter. 
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For purposes of the invention described herein, the term "operatively 

linked" means that a nucleotide sequence is linked to a regulatory sequence in a 

manner which allows expression of the nucleotide sequence to be directed by 

the regulatory sequence. 

5 A "heterologous" gene sequence referst for purposes of the instant 

application, to a gene sequence that is not normally operatively linked to the 

regulatory sequences of the H19 gene. Generally, heterologous gene sequences 

include sequences that encode cytostatic and cytotoxic gene products. 

As used herein, the term "expression" refers to the transcription of the 

10 DNA of interest, and the splicing, processing, stability, and, optionally, 

translation of the corresponding mRNA transcript. Depending on the structure 

of the DNA molecule delivered, expression may be transient or continuous. 

5.1 Regulatory Sequences of the H19 gene, the IGF-2 P3 and P4 

15 Promoters and IGF-1 Promoter 

Described herein are HI 9 regulatory sequences that can be used to direct 

the tumor cell specific expression of a heterologous coding sequence. These 

Hl9 regulatory sequences include the upstream Hl9 promoter region and/or the 

downstream HI9 enhancer region. The nucleotide sequence of one Hl9 

20 promoter region is shown in Figure lA-1 C (SEQ ID NO: 1 ). This 830 · 

nucleotide sequence extends from -837 to -7 nucleotides from the cap site (as 

described in Brannan et al., supra). A consensus TATA sequence occurs at 

nucleotides -27 to -35. Two consensus AP2 binding sites (8/9 matches) occur 

at approximately -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 

regulatory region is sufficient to direct expression of the operatively linked 

heterologous gene in cancer cells that also express endogenous H19. 

Additionally, another HI9 promoter region between nucleotides -819 to +14 
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(Figure 5, SEQ ID N0:2) is also sufficient to direct expression of the 

operatively linked heterologous gene in cancer cells. 

The downstream enhancer region of the human H 19 gene can optionally 

be added to an Hl 9 promoter/heterologous gene construct in order to provide 

5 enhanced levels of tumor cell-specific expression. As described more fully 

below and illustrated by way of example in Section 6, the downstream enhancer 

region is encompassed on a Sacl restriction fragment extending from +6 kb to 

+ 11 kb relative to the start site of transcription. As expected from an enhancer 

sequence, the downstream enhancer is able to exert its effect when placed in 

1o either reverse or direct orientation (relative to the orientation of the Hl 9 

enhancer in the endogenous H19 gene) downstream from the coding region of a 

heterologous gene under the control of the Hl9 promoter. Additionally, 

fragments of this enhancer containing the sequences as shown in Figures 6, 7 A, 

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 

nucle_otides 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 Pl, 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 -546 to +102 of the IGF-2 gene) 

and P3 promoter (nucleotide sequence -1229 to + 140 of IGF-2 gene) are 

activated in human bladder cancer cells, and may be used to direct expression 

of an operatively linked hetei:ologous gene to tumor cells. The IGF-2 P3 and 
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P4 promoters may be iised in combination with the H19 enhancer or active 

fragments thereof. 

These regulatory sequences from genomically imprinted and 

non-imprinted genes that are expressed in cancer cells can be further delineated 

5 to define the minimal regulatory sequences required to obtain the desired tumor 

specific expression. For example, the promoter region may be altered by 

additions, substitutions or deletions and assayed for retention of tumor specific 

expression function. Various portions of the H19 downstream enhancer may be 

tested individually for the ability to enhance transcription from the Hl 9 

10 promoter. 

Alterations in the regulatory sequences can be generated using a variety 

of chemical and enzymatic methods which are well known to those skilled in 

the art. For example, regions of the sequences defined by restriction sites can 

be deleted. Oligonucleotide-directed mutagenesis can be employed to alter the 

15 sequence in a defmed way and/or to introduce restriction sites in specific 

regions within the sequence. Additionally, deletion mutants can be generated 

using DNA nucleases such as Bal31 or ExoIII and SI nuclease. Progressively 

larger deletions in the regulatory sequences are generated by incubating the 

DNA with nucleases for increased periods of time (See Ausubel, et al., 1989 

20 Current Protocols for Molecular Biology, for a review of mutagenesis 

techniques). 

The altered sequences are evaluated for their ability to direct tumor 

specific expression of heterologous coding sequences in appropriate host cells, 

particularly Hl9-expressing carcinoma-derived cells (e.g. bladder carcinoma 

25 cells, to name an example). It is within the sc~pe 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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A wide variety ofheterologous genes can be expressed under the control 

of these regulatory sequences such as genes encoding toxic gene products, 

potentially toxic gene products, and antiproliferation or cytostatic gene 

products. Marker genes can also be expressed including enzymes, (e.g. CAT, 

s beta-galactosidase, luciferase ), fluorescent proteins such as green fluorescent 

protein, or antigenic markers. 

Cytotoxic gene products are broadly defined to include both toxins and 

apoptosis-inducing agents. Additionally, for purposes of the invention, 

cytotoxic gene products include drug metabolizing enzymes which convert a 

1o pro-drug into a cytotoxic product. Examples of cytotoxic gene products that 

may be used in methods of the invention comprise · diphtheria toxin, 

Pseudomonas toxin,.ricin, cholera toxin, PE40 and tumor suppressor genes such 

as the retinoblastoma gene and p53. Additionally, sequences encoding 

apoptotic peptides that induce cell apoptosis may be used. Such apoptotic 

15 peptides include the Alzheimer's A beta peptide (see LaFerla et al., 1995, Nat. 

Genet. 9:21-30), the atrial natriuretic peptide (see Wu et al., 1997, J. Biol. 

Chem. 272:14860-14866), the calcitonin gene-related peptide (see Sakuta et al., 

1996, J. Neuroimmunol. 67: I 03-109), as well as other apoptotic peptides 

known or to be discovered. 

20 Drug metabolizing enzymes which convert a pro-drug into a cytotoxic 

product include thymidine kinase (from herpes simplex or varicella zoster 

viruses), cytosine deaminase, nitroreductase, cytochrome p-450 2Bl, thymidine 

phosphorylase, purine nucleoside phosphorylase, alkaline phosphatase, 

carboxypeptidases A and G2, linamarase, -J lactamase and xanthine oxidase) see 

25 Rigg and Sikora, August 1997, Mal. 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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antisense or ribozyme molecules should be those encoding gene products that 

are essential for cell maintenance or for the maintenance of the cancerous cell 

phenotype. Such target genes include but are not limited to cdk2, cdk8, cdk2 l, 

cdc25A, cyclinDl, cyclinE, cyclinA and cdk4. 

5 For example, vectors which express, under the control of regulatory 

sequences from imprinted genes or IGF-1 promoter that are expressed in cancer 

cells, antisense RNAs or ribozymes specific for the transcripts of oncogenic 

forms of p53, c-fos, c-jun, Kr-ras and/or Her2/neu are introduced into cells in 

· order to down-regulate 'expression of the endogenous genes. Tumor cells which 

10 express Hl9, and can activate the H19 regulatory sequences, (or which 

specifically activate IGF-1, the IGF-2 P3 or P4 promoter) can be specifically 

targeted for expressi_on of the antisense RNA or ribozyme RNA. 

Antisense approaches involve the design of oligonucleotides (in this 

case, mRNA) that are complementary to the target mRNA. The antisense 

15 oligonucleotides will bind to the complementary target mRNA transcripts and 

prevent translation. Absolute complementarity, although preferred, is not 

required. A sequence "complementary" to a portion of an RNA, as referred to 

herein, means a sequence having sufficient complementarity to be able to 

hybridize with the RNA, forming a stable duplex. The ability to hybridize will 

20 depend on both the degree of complementarity and the length of the antisense 

nucleic acid. Generally, the longer the hybridizing nucleic acid, the more base 

mismatches with an RNA it may contain and still form a stable duplex (or 

triplex, as the case may be). One skilled in the art can ascertain a tolerable 

degree of mismatch by use of standard procedures to determine the melting 

25 point of the hybridized complex. 

Oligonucleotides that are complementary to the 5' end of the target 

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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mRNAs have recently shown to be effective at inhibiting translation of mRNAs 

as well. See generally, Wagner, R., 1994, Nature 372:333-335. Thus, 

oligonucleotides complementary to either the 5'- or 3'- non-translated, 

non-coding regions of the target gene transcripts could. be used in an antisense 

s approach to inhibit translation of endogenous genes. Oligonucleotides 

complementary to the 5' untranslated region of the mRNA should include the 

complement of the AUG start codon. Antisense oligonucleotides 

complementary to mRNA coding regions are less efficient inhibitors of 

translation but could be used in accordance with the invention. Whether 

10 designed to hybridize to the 5', 3' or coding region of the target mRNA, 

antisense nucleic acids should be at least six nucleotides in length, and are 

preferably oligonucleotides ranging from 6 to about SO nucleotides in length. 

In specific aspects the oligonucleotide is at least 10 nucleotides, at least 17 

nucleotides, at least 25 nucleotides or at least SO nucleotides. 

15 Regardless of the choice of target sequence, it is preferred that in vitro 

studies are first performed to quantitate the ability of the antisense 

oligonucleotide to inhibit gene expression. These studies should utilize 

controls that distinguish between antisense gene inhibition and nonspecific 

biological effects of oligonucleotides. It is also preferred that these studies 

20 compare levels of the target RNA or protein with that of an internal control 

RNA or protein. 

Ribozyme molecules designed to catalytically cleave an essential target 

gene can also be used to prevent translation of target mRNA. (See, e.g., PCT 

International Publication W090/l 1364, published October 4, 1990; Sarver et 

25 al., 1990, Science 247:1222-1225). When the ribozyme is specific for a gene 

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 destroy target 

mRNAs, the use of hammerhead ribozymes is preferred. Hammerhead 
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ribozymes cleave mRNAs at locations dictated by flanking regions that form 

complementary base pairs with the target mRNA. The sole requirement is that 

the target mRNA have the following sequence of two bases: 5'-UG-31
• 

Construction and production of hammerhead ribozymes is well known in the art 

s and is described more fully in Haseloff and Gerlach, 1988, Nature, 

334:585-591. Preferably the ribozyme is engineered. so that the cleavage 

recognition site is located near the 5' end of the target mRNA; i.e., to increase 

efficiency and minimize the intracellular accumulation of non-functional 

mRNA transcripts. 

10 Ribozymes for use in the present invention also include RNA 

endoribonucleases (hereinafter "Cech-type ribozymes") such as the one which 

occurs naturally in Tetrahymena thermophila (known as the IVS, or L-19 IVS 

RNA) and which has been extensively described by Thomas 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 

whereafter 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. Hl9, 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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hybridization and reporter gene constructs. In addition, tumor cells with 

activated IGF-1 gene expression may be similarly determined and targeted in 

gene therapy using the IGF-1 promoter to direct expression of a heterologous 

gene. 

5 For most RNA analysis applications, a labeled probe that specifically 

hybridizes to the gene transcript of interest is prepared using any number of 

techniques well known in the art. The labeled probe can contain at least 15-30 

bases complementary to the HI 9 nucleotide sequence, and more preferably 

contains at least 50 to 150 bases complementary to the Hl9 transcript. A 

10 particularly preferred hybridization probe for HI 9 expression is a 

polynucleotide complementary to the 3' end of the Hl9 message from 

approximately 800 base pairs upstream of the poly A site to the poly A site. 

In a specific embodiment of the invention illustrated below by way of 

working example, a labeled antisense RNA probe is generated in vitro using a 

15 T7 or T3 expression plasmid. H19 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 a standard nick translation reaction. 

Labels appropriate for polynucleotide probes include nucleotides 

. . d' . . ( h 35S d 32P) mcorporatmg ra 10acttve isotopes sue as · an , 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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protection or primer extension) can be performed to determine the level of 

mRNA expression of the gene of interest. 

Additionally, it is possible to perform such gene expression assays "in 

situ", i.e., directly upon tissue sections (fixed and/or frozen) of patient tissue 

5 obtained from biopsies or resections, such that no nucleic acid purification is 

necessary. Nucleic acid reagents such as those described above may be used as 

probes and/or primers for such in situ procedures (See, for example, Nuovo, 

G.J., 1992, "PCR In Situ Hybridization: Protocols And Applications", Raven 

Press, NY). 

10 An alternative method to determine if a cell type or tumor will be 

capable of specifically activating expression constructs containing the particular 

regulatory 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. 

20 

25 

Using these techniques, exempl_ary tumor types with activated H19 

expression are as follows: 

A. Pediatric solid tumors 

1. 

2. 

Wilm's tumor 

Hepatoblastoma 

3. Embryonal rhabdomyosarcoma 

B. Germ cell tumors and trophoblastic tumors 

I. Testicular germ cell tumors 

2. Immature teratoma of ovary 

3. Sacrococcygeal tumor 

4. Choriocarcinoma 

5. Placental site trophoblastic tumors 
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c. Epithelial adult tumors 

1. Bladder carcinoma 

2. Hepatocellular carcinoma 

3. Ovarian carcinoma 

5 4. Cervical carcinoma 

5. Lung carcinoma 

6. Breast carcinoma 

7. Squamous cell carcinoma in head and neck 

8. Esophageal carcinoma 

10 9. Thyroid carcinoma 

D. Neurogenic tumors 

1. Astrocytoma 

2. Ganglioblastoma 

3. Neuroblastoma 

15 Accordingly, the above cancers are treatable by the methods of the invention. 

In fact, any tumors which activate HI 9 expression may be treated by the 

methods of the invention. 

Additionally, the aforementioned techniques may be applied to 

determine tumors that activate the IGF.,1, and the IGF-2 P3 and P4 promoters. 

20 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 
25 Of Regulatory 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 

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

SUBSTITUTE SHEET (RULE 26) 



W099/18195 PCT/IL98/00486 

19 

inserted into any of a wide range of vectors which are subsequently delivered 

using the presently disclosed methods and materials. Such vectors can be 

produced using well established molecular biology techniques (see generally, 

Sambrook et al. (1989) Molecular Cloning Vols. I-III. Cold Spring Harbor 

5 Laboratory Press, Cold Spring Harbor, New York, and Current Protocols in 

Molecular Biology (1989) John Wiley & Sons, all Vols. and periodic updates 

thereof, herein incorporated by reference). Typically, where translation is 

desired, the heterologous genes of interest will also be engineered to comprise a 

suitable 3' polyadenylation sequence if necessary. 

10 

5.3.1 Cultured Cells 

Host cells transfected with polynucleotides containing imprinted gene 

regulatory regions operatively linked to a heterologous gene may be any 

prokaryotic or eukaryotic cell. Ligating the polynucleotide into a gene 

1s construct, such as a vector, and transforming or transfecting into host cells, 

either eukaryotic (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, pEN.IBL-derived plasmids, pEX-derived plasmids, pBTac-derived 

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

YIPS, YEPS!, pYES2 and YRP17 plasmids are cloning and expression vehicles 

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

25 example, Broach et 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 7m circle plasmid. In addition, drug 

resistant markers such as ampicillin can be used. 
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Similarly, preferred mammalian vectors for the polynucleotides of the 

invention contain both prokaryotic sequences to facilitate the propagation of the 

vector in bacteria. Such vectors, when transfected into mammalian cells, can be 

designed to integrate into the mammalian chromosome for long term stability 

5 by use of a linked selectable marker gene. Alternatively, derivatives of viruses 

such as the bovine papillomavirus (BPV-1) or Epstein-Barr virus can be used 

for transient expression. The various methods employed in the preparation of 

plasmid transformation of host organisms are well known in the art. For other 

suitable vector systems, as well as general recombinant procedures, see 

10 Sambrook et al., supra. 

5.3.2 Gene Therapy 

The invention also encompasses the use of polynucleotides containing a . 

gene regulatory region operatively linked to a heterologous gene for use in gene 

15 therapy to treat cancer and hyperproliferative diseases. For gene therapy 

purposes, expression constructs of the instant invention may be administered in 

any biologically effective carrier, e.g., any formulation or composition capable 

of effectively delivering the 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-I, 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. 

D.D.A.B. 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 CaPQ4 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. 

SUBSTITUTE SHEET (RULE 26) 



WO 99n819S PCT/IL98/00486 

21 

It will be appreciated that because transduction of appropriate target 

cells represents an important first step in gene therapy, choice of the particular 

gene delivery system will depend on such factors as the phenotype of the 

intended target and the route of administration, e.g. locally or systemically. 

s Furthermore, it will be recognized that the particular gene construct provided 

for in vivo transduction of expression constructs are also useful for in vitro 

transduction of cells, such as for use in the ex vivo tissue culture systems 

described above. 

A preferred approach for in vivo introduction of nucleic acid into a cell 

10 is by use of a viral vector containing nucleic acid, e.g., a particular cytotoxic 

gene under the control of Hl 9 regulatory sequences. Infection of cells with a 

viral vector has the advantage that a large proportion of the targeted cells can 

receive the nucleic acid. Additionally, molecules encoded within the viral 

vector, e.g., by a cDNA contained in the viral vector, are expressed efficiently 

15 in cells which have taken up viral vector nucleic acid. Suitable vectors which 

can be delivered using the presently disclosed methods and compositions 

include, but are not limited to, herpes simplex virus vectors, adenovirus vectors, 

· 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 LoeV\ry, 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 

publications W093/25234 and W094/06920). For instance, strategies for the 

modification of the infection spectrum of retroviral vectors include: coupling 
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antibodies specific for cell surface antigens to the viral env protein (Roux et al., 

1989, Proc. Nat. Acad. Sci. USA 86:9079-9083; Julan et al., 1992, J. Gen. 

Virol. u3:3251-3255; and Goud et al., 1983, Virology 163:251-254); or 

coupling cell surface receptor ligands to the viral en~ proteins (Neda et al., 

5 1991. J. Biol. Chem 266:14143-14146). Coupling can be in the form of the 

chemical cross-linking with a protein or other variety (e.g. lactose to convert 

the env protein to an asialogycoprotein), as well as by generating fusion 

proteins (e.g. single-chain antibody/env fusion proteins). For example, cancer 

cells may be targeted using this technique by, for example, coupling antibodies 

10 against tumor-associated molecules or cancer cell surface proteins to the 

surface of the recombinant virus. This technique, while useful to limit or 

· otherwise direct the infection to certain tissue types, can also be used to convert 

an ectotropic vector into an amphotropic vector. 

A preferred viral gene delivery system useful in the present invention 

15 utilizes adenovirus-derived vectors. The genome of an adenovirus can be 

manipulated such that it encodes and expresses a gene product of interest but is 

inactivated in terms of its ability to replicate in a normal lytic viral life cycle. 

See for example Berkner et al., 1988, BioTechniques 6:616; Rosenfeld et al., 

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 dl324 

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 ~f cell 

types, including airway epithelium (Rosenfeld et al., 1992, cited supra), 

25 endothelial cells (Lemarchand et al., 1992, Proc. Natl. Acad Sci. USA 

89:6482-6486), hepatocytes (Herz and Gerard, 1993, Proc. Natl. Acad. Sci 

USA 90:2812-2816) 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 spectrum of infectivity. Additionally, introduced adenoviral DNA (and 

foreign DNA contained therein) is not integrated into the genome of a host cell 

but remains episomal, thereby avoiding potential problems that can occur as a 

result of insertional mutagenesis in situations where introduced DNA becomes 

5 integrated into the host genome (e.g., retroviral DNA). Moreover, the carrying 

capacity of the adenoviral genome for foreign DNA is large (up to 8 kilobases) 

relative to other gene delivery vectors (Berkner et al., cited supra, Haj-Ahmand 

and Graham, 1986, J. Virol. 57:267). Most replication-defective adenoviral 

vectors currently in use and therefore favored by the present invention are 

10 deleted for all or part of the viral El and E3 genes but retain as much as 80% of 

the adenoviral genetic material (see, e.g., Jones et al., 1979, Cell 16:683; 

Berkner et al., supra; and Graham et al. in Methods in Molecular Biology, E.J. 

Murray, Ed. (Humana, Clifton NJ, 1991) vol. 7, pp. 109-127). 

Another viral vector system useful for delivery of one of the subject 

15 expression constructs is the adeno-associated virus (AA V). Adena-associated 

virus is a naturally occurring defective virus that requires another virus, such as 

an adenovirus or a herpes virus, as a helper virus for efficient replication and a 

productive life cycle. (For a review see Muzyczka et al., 1992, Curr. Topics in 

Micro. and Immunol. 158:97-129). It is also one of the few viruses that may 

20 integrate its DNA into non-dividing cells, and exhibits a high frequency of 

stable interaction (see for example Flotte et al., 1992, Am. J. Respir. Cell. Mol. 

Biol. . 7:349-354; Samulsk.i et al., 1989, J. Virol. 63:3822-3828; and 

McLaughlin et al., 1989, J. Virol. 63:1963-1973). Vectors containing as little 

as 300 base pairs of AA V can be· packaged and can integrate. Space for 

25 exogenous DNA is limited to· about 4.5 kb. An AA V vector such as that 

described in Tratschin et al., 1985, Mol. Cell. Biol. 5:3251-3260 can be used to 

introduce DNA into cells. A variety of nucleic acids have been introduced into 

different cell types using AA V vectors (see for example Hermonat et al., 1984, 

Proc. Natl. Acad. Sci USA 81:6466-6470; Tratschin et al., 1985, Mol. Cell. 
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Biol. 4:2072-2081; Wondisford et al., 1988, Mol. Endocrinol. 2:32-39; 

Tratschin et al., 1984, J. Virol. 51 :611-619; and Flotte et al., 1993, J. Biol. 

Chem. 268:3781-3790). 

In addition to viral transfer methods, such as those illustrated above, 

5 non-viral methods can also be employed to cause directed 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 

phannaceutical 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 et al., 1994, Cancer Treat. 

Rev. 20:105-115. 
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The pharmaceutical preparation of the gene therapy construct can consist 

essentially of the gene delivery system in an acceptable diluent, or can comprise 

a slow release matrix in which the gene delivery vehicle is embedded. 

Alternatively, where the complete gene delivery system can be produced intact 

5 from recombinant cells, e.g., retroviral vectors, the phannaceutical preparation 

can comprise one or more cells which produce the gene delivery system. 

5.3.3 Therapeutic endpoints and dosages 

One of ordinary skill will appreciate that, from a medical practitioner's 

10 or patient's perspective, virtually any alleviation or prevention of an undesirable 

symptom associated with a cancerous condition (e.g., pain, sensitivity, weight 

loss, and the like) would be desirable. Additionally, any reduction in tumor 

mass or growth rate is desirable, as well as an improvement in the 

histopathological picture of the tumor. Thus, for the purposes of this 

15 Application, the terms "treatment", "therapeutic use", or "medicinal use" used 

herein shall refer to any and all uses of the claimed compositions which remedy 

a disease state or symptoms, or otherwise prevent, hinder, retard, or reverse the 

progression of disease or other undesirable symptoms in any way whatsoever. 

· An effective dosage and treatment protocol may be determined by 

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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heterologous gene product. Additional factors include the size of the patient, 

the age of the patient, the general condition of the patient, the particular 

cancerous disease being treated, the severity of the disease, the presence of 

other drugs in the patient, the in vivo activity of the gene product, and the like. 

5 The trial dosages would be chosen after consideration of the results of animal 

studies and the clinical literature. 

For example, a typical hum.an dose of an adenoviral vector containing an 

H 19 regulatory region operatively linked to a heterologous gene encoding a 

cytotoxic agent such as thymidine kinase is from I x 107 pfu to I x 1010 pfu 

10 injected directly into the tumor mass per day. More preferably, the daily dose 

of such an adenoviral vector injected directly into a tumor would be from I x 

108 pfu to I x 1010 pfu, depending upon the tumor size. For an adenoviral 

vector containing an Hl9 regulatory region operatively linked to a cytotoxic 

gene product with a different level of toxicity, these values would of course be 

1s 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 

preferably result in a product that is substantially free of any potentially toxic 

25 agents which may have been used during the synthesis or purification 

procedures. 

For use m 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 

SUBSTITUTE SHEET (RULE 26) 



WO ·99/18195 PCTllL98/00486 

27 

an HI 9 regulatory region operatively linked to a heterologous gene encoding a 

cytotoxic agent or a vector-releasing cell. In one embodiment, the kit contains 

a polynucleotide vector containing an Hl9 regulatory region operatively linked 

to a heterologous gene encoding a cytotoxic agent, as an administration-ready 

s formulation, in either unit dose or multi-dose amounts. wherein the package 

incorporates a label instructing use of its contents for the treatment of cancer. 

Alternatively, and according to another embodiment of the invention, the 

package provides a sterile-filled vial or ampoule containing such a 

vector-releasing cell or cell line. For storage and transport, the vector-releasing 

10 cell or cell line should be frozen. Optionally, the package may also contain 

media and reagents for culturing the vector-releasing cell or cell line. 

The invention having been described, the following examples are 

offered by way of illustration and not limitation. 

15 6. Example: H19 Regulatory Sequences Facilitate Expression 
of a Heterologous Gene in Tumor Cell Lines 

This section describes the construction of a variety of expression 

constructs containing a CAT reporter gene placed under the control of Hl9 

20 regulatory sequences and their transfer into several different bladder cancer cell 

lines. 

6.1 Materials and Methods 

6.1.1 Cell Lines and Transfections 

Bladder cancer cell lines HT-1376, EJ28, T24P, 1197 and UM-UC-3 

25 were obtained from the American Type Culture Collection (ATCC) and 

maintained according to ATCC recommendations. 

Transient transfections were carried out using the calcium phosphate 

precipitation transfection method. Precipitants (containing 7 lg plasmid) were 

added in 1 ml of media to 0.3 x 106 cells in 30 mm dishes. After 16 hours, 

30 transfection media was removed and fresh media added. Cells were harvested 
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24-96 hours after transfection and CAT activity determined using the 

butyryl-CoA organic phase extraction procedure (Sambrook et al., 1989). An 

aliquot of the organic upper phase (100 '71) was transferred to a scintillation 

well containing 3 ml of scintillation fluid and counted. 

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 SV 40 promoter 

and enhancer) were all obtained commercially from Promega (Madison, WI). 

To construct the plasmid pH19E, 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 Hl 9 promoter sequence was amplified from human placenta 

DNA using primers 

ESPCR21: CGGTTCCCCACTTCCCCAGTTT (SEQ ID N0:6) and 

20 ESPCR22: CGGAAGTCGACAACCCTCACCAAAGGCCAAGGT (SEQ 

IDN0:7). 

The PCR product was end-polished with Kienow enzyme and cloned into the 

EcoRV site of pBluescriptIISK +. 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 Hindlll and Pstl, and the 

resulting approximately 0.9 kb fragment was inserted into the Hindl!I-Pstl sites 

of pCAT-basic to produce pH19E. 
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Expression plasmids containing the H19 enhancer region inserted in 

both orientations downstream of the HI 9 promoter/CAT reporter gene were 

constructed as follows. A 5 kb Sacl fragment containing the H 19 downstream 

enhancer (from +6.0 kb to+ 11 kb relative to the start of H19 transcription) was 

s cloned into the Sacl site of pUC19. This enhancer fragment was then excised 

with EcoRI and HindIII and ligated into the EcoRI-HindIII sites ofpBluescript 

II SK+ to create pBhH19En-Sa. pBhH19En-Sa was partially digested with 

Barn.HI, and the 5 kb fragment containing the H 19 enhancer (and an internal 

Barn.HI site) was cloned into the BamHI site downstream of the H19 

10 promoter/CAT reporter gene in pH19E. Plasmids containing the H19 enhancer 

in both the direct (pH19EH19D) arid 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 pH19EH19R. 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 SV 40 enhancer and SV 40 

promoter. This construct served as a positive control, as SV 40 regulatory 

seque~ces have been established as inducers of gene expression. However, 

SV 40 regulatory sequences are not tumor cell-specific in their ability to induce 

gene expression. Cell lines transfected with pH19E, containing the CAT 

25 reporter gene under the control of the Hl9 promoter, also exhibited 

significantly increased expression of CAT over back.ground. The level of 

induction of CAT activity by the H19 promoter ranged from five fold in the 

HT-1376 cell line to ten fold in the UM-UC-3 cell line. Addition of the H19 

enhancer to the H 19 promoter/CAT reporter gene constructs further increased 
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levels of expression in certain cell lines. For example, in cell lines EJ28, T24P 

and 1197: the Hl9 enhancer significantly increased expression from the H19 

promoter/CAT reporter gene. However, the orientation of the enhancer gave 

different results in different cell lines. In cell lines HT-1376 and UM-UC-3, the 

5 enhancer had little or no effect on expression. 

The results demonstrate that the human Hl9 promoter region directs the 

expression of an operatively linked heterologous reporter gene in a wide variety 

of bladder cancer-derived cell lines. In some bladder cancer-derived cell lines, 

the Hl 9 enhancer can further increase expression of a reporter gene under the 

10 control ofH19. 

7. Example: A Toxin Gene Under The Control Of.Hl9 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. 

25 

The Hl9/prodrug 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. 

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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room with a 12 hour light/12 hour dark cycle. At 8 weeks of age, the 

experiment was begun and the mice divided arbitrarily into a control group ( 10 

mice) and experimental group (60 mice). The experimental group of mice were 

given 0.05% N-butyl-N-(4-hydroxybutyl)nitrosamine. (BBM) (Tokyo Kasei 

s Kogyo Co. Ltd., Tokyo, Japan) dissolved in their drinking water ad libitum. 

Control mice were given tap water. Animals from both groups were killed at 4, 

S, 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. [35S]-labeled antisense H19 

RNA was produced in vitro from HindIII-linearized plasmid DNA using T7 

polymerase (Boehringer Mannheim) and an Amersham RPN 2006 kit. In 

15 vitro-generated transcripts had a specific activity of 107 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 (57M) of formalin fixed tissues were mounted on 

20 3-a.minopropyltriethoxylane (Tespa, Sigma) coated microscope slides and dried 

overnight at 37°C. Sections were dewaxed with xylene, fixed with 4% 

paraf~rmaldehyde, 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 [35
S]-labeled RNA probes (specific activity of 50,000 cpu/71) were 

hybridized as described by Rangini et al, 1991 .. Mech. Dev. 35:13-24, omitting 

the thio-AMP step. Slides were exposed to fihn 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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dark field illumination. Controls included hybridization with sense RNA probe 

and RN Ase prehybridization treatment. Additionally, sections of bladders from 

adult healthy mice (which do not express HI9) and embryonal mouse bladders 

(which do express H19) served as negative and positive controls, respectively. 

s 8.2 Results and Discussion 

By 26 weeks, all of the surviving experimental group mice had 

developed palpable bladder tumors. Extensive expression ofH19 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 cytotoxicity in vivo of constructs containing the 

H 19 regulatory regions operatively linked to a toxin gene. 

9. 
15 

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

The HI 9/toxin or prodrug expression plasmids are incorporated into 

20 liposomes (as described by Takashita et 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 1 of Optimen's 

25 serum-free medium (BRL Life Technologies, Gaithersburg, :MD) is added to 

250 II of Lipofectamine 

250 It of water. The mixture is incubated for 30 minutes at room temperature, 

then diluted in 10 mls of balanced salt solution (BSS(-): 140 mM NaCl, 5.4 mM 

KCl, 10 mM Tris-HCl, 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 1 mM CaCh. Approximately 0 .2 mls of the concentrated liposomes 
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are administered to mice that have chemically induced bladder tumors via 

catheter. A control group of mice with bladder tumors receive liposomes with 

no DNA or with a construct containing an irrelevant gene under the control of 

the Hl9 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 Hl9 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 ofH19 in the bladder tumors 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 

20 

10. Example: Expression from the IGF-2 P3 and P4 Promoters 
in Tumor Cell Lines 

10.1 Materials and Methods 

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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Plasmid Construct IGF-2 Gene Nucleotide Promoter 
Sequence 

Hupl -980 to +54 Promoter I 

Hup2 -379 to +271 Promoter 2 

Hup3 -1229 to +140 Promoter 3 

Hup4 -546 to +102 Promoter4 

The IGF-2 promoter sequences are described in Sussenbach et al., 1992, 

Growth Reg. 2:1-9~ incorporated herein by reference. The luciferase reporter 

5 vector is commercially available from Promega, Madison, WI (catalog 

#E1641). 

10.2 Results and Discussion 

The resulting expression plasmids . were transfected into human bladder 

10 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 

15 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 tum.or cell 

lines, including choriocarcinoma cells and rhabdomyosarcoma cells. 
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11. Example: H19 Promoter and IGF-2 Promoter Function with H19 

Enhancer to Facilitate Expression of a Heterologous 

Gene 

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 8 different lipids reagents 

(lnvitrogen), 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 ofpBluescript II SK (pbhl9p 

#1) is described in Section 6.1, supra. The H19 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-pbhl 9 construct. 

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

from the pbh19p #1 plasmid, using pnmers 5' 

20 -ATATGGTACCGACAACCCTCACCAAAG-3' (upstream, SEQ ID N0:8) 

and 5'-ATATAAGCTTCTTCTCCCTCACCCTGCTC-3' (downstream, SEQ ID 

N0:9). The resulting PCR product was digested with Kpnl and Hind ID, and 

ligated into the Kpnl-Hind HI 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 Ehner). 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-PBH19-0.9EH19 and Luc-PBH19-4EH19 constructs were constructed 
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by the insertion of the 0.9 kb and 4.1 kb BamH I fragments of the Hl9 enhancer 

into the BamH I site of Luc-PBH19 plasmid, respectively. The enhancer 

sequences were positioned downstream of the Hl9 promoter/luciferase reporter 

gene. 

s The BamH I enhancer fragment of 0.9 kb was ligated into the BamH I 

site of pGL-Basic vector to produce the Luc-0.9EH19 vector. The Hl9 

promoter of the pbhl9p #1 plasmid was excised by KpnI-BamH I, and ligated 

into the KpnI-BglII 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 

PI, 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 pnmers 

5'-ACAGGTACCTCTAGAGTCGACCT-3' (upstream, SEQ ID NO:lO) and 

5'-ATATAAGCTTGCTCCCATCCTGCA-3' (downstream, SEQ ID NO:l l). 

The resulting PCR product was digested with KpnI-Hind ill, and ligated into 

20 the KpnI-Hind III 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 Hl9 

enhancer were also prepared. A BamIIl 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 H19 enhancers were sequenced using 

automated DNA sequencing. The nucleotide sequence of the 0.9 kb enhancer is 

shown in Figure 6 (SEQ ID N0:3). The nucleotide sequence of the 2 kb 
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enhancer is shown in Figure 7A and 7B (SEQ ID N0:4). The nucleotide 

sequence of the 4.1 kb enhancer is shown in Figure 8A-8C (SEQ ID NO:S). 

11.2 Results and Discussion 

When several transfection reagents were used to introduce four 

5 luciferase gene-containing vectors into cultured cell lines, calcium phosphate 

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 Hl9 or IGF-2 P4 promoter in combination with the H19 enhancer. 

15 Cells transfected with Luc-phl9 and Luc-PHl9 containing the reporter 

gene and the HI 9 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 Hl9 enhancer :fragment to the 

Luc-P4 e:x.-pression vector enhanced the P4 promoter activity. The level of 

25 induction of luciferase activity by the 2 kb enhancer fragment 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 I OA-1 OE shows that expression of the construct 

Luc-ph19-4EH19) containing both the PCR-generated Hl9 promoter and 4.1 kb 
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H19 enhancer fragment. The enhancer greatly increased the activity of the 

promoter by 3-28 folds in the cell lines except in the 563 7 cell line. 
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12 DEPOSIT OF CLONE 

The following plasmid was deposited with the American Type Culture 

Collection (ATCC),Manassas, VA, under the terms of the Budapest Treaty on 

the International Recognition of the Deposit ofMicroor~anisms for Purposes of 

s Patent Procedure: 

10 

Clone 

pH19EH19 

ATCC 
Access. No. 

209322 

Date 
of Deposit 

October 2, 1997 

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, medidne or related fields are 

intended to be within the scope of the following claims. 

All publications cited herein are incorporated by reference m their 

20 entirety. 
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WHAT IS CLAIMED IS: 

I. A method of expressing a heterologous sequence in a tumor cell 

comprising introducing into the tumor cell a polynucleotide comprising a 

s regulatory sequence operably linked to a heterologous sequence encoding a 

cytotoxic gene product, wherein the regulatory sequence is derived from a 

genomically imprinted gene that is specifically expressed in the tumor cell. 

2. The method of claim 1 wherein the regulatory sequence is an H19 

10 regulatory sequence. 

3. The method _of claim 1 wherein the regulatory sequence is an IGF-2 P4 

promoter. 

15 4. The method of claim 1 wherein the regulatory sequence is an IGF-2 P3 

promoter 

5. The method of Claim I wherein the tumor cell is a bladder tumor cell. 

20 6. The method of claim 5, wherein the bladder tumor cell is selected from 

25 

the group consisting ofHt-1376, EJ28, T24P, 1197 and Um-UC-3 

7. The method of claim 2, wherein the H19 regulatory sequences are the 

H19 promoter, the H19 enhancer, or both the H19 promoter and H19 enhancer. 

8. The method of claim I, wherein the heterologous sequence is selected 

from the group consisting of the coding sequence for -..::i galactosidase, diphtheria 

toxin, Pseudomonas toxin, ricin, cholera toxin, retinoblastoma gene, p53, 

herpes simplex thymidine kinase, varicella zoster thymidine kinase, cytosine 
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deaminase, nitroreductase, cytochrome p-450 2B 1, thymidine phosphorylase, 

purine nucleoside phosphorylase, alkaline phosphatase. carboxypeptidases A 

and G2, linamarase, -Jiactamase and xanthine oxidase. 

5 9. The method of claim 1, wherein the heterologous sequence is an 

10 

15 

antisense sequence that specifically hybridizes to a sequence encoding a gene 

selected from the group consisting of cdk2, cdk8, cdk21, cdc25A, cyclinDl, 

cyclinE, cyclinA, cdk4, oncogenic forms of p53, c-fos, c-jun, Kr-ras and 

Her2/neu. 

I 0. The method of claim l, wherein the heterologous sequence encodes a 

ribozyme that specifically cleaves an RNA encoding a gene selected from the 

group consisting of cdk2, cdk8, cdk2 l, cdc25A, cyclinD l, cyclinE, cyclinA, 

cdk4, oncogenic forms ofp53, c-fos, c-jun, Kr-ras and Her2/neu. 

11. The method of claim 1, wherein the tumor cell is in a subject. 

12. The method of claim 11, wherein the subject has a tumor selected from 

the group consisting of bladder carcinoma, hepatocellular carcinoma, 

20 hepatoblastoma, rhabdomyosarcoma, ovarian carcinoma, cervical carcinoma, 

lung carcinoma, breast carcinoma, squamous cell carcinoma in head and neck, 

esoph~geal carcinoma, thyroid carcinoma, astrocytoma, ganglioblastoma and 

neuroblastoma. 

25 13. The method of claim 7, wherein the H 19 promoter comprises nucleotides 

1through830 of SEQ ID NO:l. 

14. The method of claim 7, wherein the Hl9 promoter comprises the 
-----·-----··-····--------------

sequence of SEQ ID:NO 2. 
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15. The method of claim 7, wherein the H19 enhancer comprises the 

sequence of the H19 enhancer cloned in plasmid pH19EH19 (ATCC deposit 

no. 209322). 

16. The method of claim 7, wherein the Hl9 enhancer comprises the sequence 

of SEQ ID N0:3. 

17. The method of claim 7, wherein the H 19 enhancer comprises the sequence 

10 of SEQ ID N0:4. 

18. The method of claim 7, wherein the H19 enhancer comprises the 

sequence of SEQ ID N0:5. 

15 19. The method of claim 7, wherein the Hl9 enhancer is placed 3' to the 

heterologous sequence. 

20. A vector for expressing a sequence m a tumor cell, the vector 

comprising a polynucleotide comprising a regulatory sequence operably linked 

20 to a heterologous sequence encoding a cytoxic gene product, wherein the 

regulatory sequence is from a genomically imprinted gene that is specifically 

expressed in cancer cells. 

21. The vector of claim 20 wherein the regulatory sequence is an Hl9 

25 regulatory sequence. 

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

promoter. 
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23. The vector of claim 20 wherein the regulatory sequence is an IGF-2 P3 

promoter. 

24. The vector of claim 21, wherein the H19 regulatory sequences comprise 

5 the H19 promoter and the H19 enhancer, and the heterologous sequence 

encodes a protein selected from the group consisting of -.:lgalactosidase, 

diphtheria toxin, Pseudomonas toxin, ricin, cholera toxin, retinoblastoma gene, 

p53, herpes simplex thymidine kinase, varicella zoster thymidine kinase, 

cytosine deaminase, nitroreductase, cytochrome p-450 2B l, thymidine 

10 phosphorylase, purine nucleoside phosphorylase. alkaline phosphatase, 

carboxypeptidases A and G2, linamarase, -llactamase and xanthine oxidase. 

25. A host cell containing the vector of claim 20. 

15 26. A method of treating cancer in a subject comprising administering to the 

subject a polynucleotide encoding a cytotoxic or cytostatic gene product 

operably linked to a regulatory sequence derived from a genomically imprinted 

gene that is specifically expressed in cancer cells. 

20 27. The method of claim 26 wherein the regulatory sequence is an H19 

regulatory sequence. 

28. The method of claim 26 wherein the regulatory sequence is an IGF-2 P4 

promoter. 

25 

29. The method of claim 26 wherein the regulatory sequence is an IGF-2 P3 

promoter. 
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30. The method of claim 26, wherein the cytotoxic gene product is selected 

from the group consisting of diphtheria toxin, Pseudomonas toxin, ricin, 

cholera toxin~ retinoblastoma gene and p53. 

s 31. The method of claim 27, wherein the Hl9 regulatory sequences are the 

10 

H19 promoter, the H19 enhancer, or both the H19 promoter and H19 enhancer. 

32. The method of claim 31, wherein the H19 promoter comprises 

nucleotides 1 through 830 of SEQ ID NO: 1. 

33. The method of claim 31, wherein the H19 promoter comprises the 

sequence of SEQ ID N0:2. 

34. The method of claim 31, wherein the H19 enhancer comprises the 

1s sequence of the H19 enhancer cloned in plasmid pH19EH19 (ATCC deposit 

no. 209322). 

35. The method of claim 31, wherein the H19 enhancer comprises the 

sequence of SEQ ID N0:3. 

20 

36. The method of claim 31, wherein the H19 enhancer comprises the 

sequence of SEQ ID N0:4. 

3 7. The method of claim 31, wherein the H 19 enhancer comprises the 

25 sequence of SEQ ID N0:5 

38. The method of claim 31 wherein the H19 enhancer is placed 3' to the 

heterologous sequence. 
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39. The method' of claim 31, wherein the cancer is selected from bladder 

carcinoma, hepatocellular carcinoma, hepatoblastoma, rhabdomyosarcoma, 

ovarian carcinoma, cervical carcinoma, lung carcinoma, breast carcinoma, 

squamous cell carcinoma in head and neck, esopha~eal carcinoma, thyroid 

s carcinoma, astrocytoma, ganglioblastoma and neuroblastoma. 

40. A method of expressing a heterologous sequence in a tumor cell 

comprising introducing into the tumor cell a polynucleotide comprising an 

IGF-1 promoter operably linked to a heterologous sequence encoding a 

1 o cytotoxic gene product. 

15 

41. A vector for expressing a heterologous sequence in a tumor cell, 

comprising a polynucleotide comprising an IGF-1 promoter operably linked to 

a heterologous sequence encoding a cytotoxic gene product. 

-----------------·-·-
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