
 

 

Introduction 
 
H19 and IGF2 (the human P3 and P4 promot-
ers) are onco-fetal genes and are oncogenes [1-
3], expressed in the fetus and/or shows aber-
rant allelic pattern of expression in a broad 
spectrum of tumors, but rarely in normal adult 
tissues [4-6]. Studies of various carcinomas 
(such as breast, bladder, pancreas, glioblas-

toma, ovary, hepatocellular and numerous other 
neoplasm) have demonstrated high expression 
levels of the H19 and IGF2 genes as compared 
to the normal tissue [7]. 
 
Based on early studies of our group and others, 
the transcriptional regulatory sequences of the 
H19 and IGF2 genes emerged as candidates for 
cancer targeted therapy.  
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Abstract: Background: The human IGF2-P4 and H19 promoters are highly active in a variety of human cancers, while 
existing at a nearly undetectable level in the surrounding normal tissue. Single promoter vectors expressing diphthe-
ria toxin A-fragment (DTA) under the control regulation of IGF2-P4 or H19 regulatory sequences (IGF2-P4-DTA and 
H19-DTA) were previously successfully used in cell lines, animal models and recently in human patients with superfi-
cial cell carcinoma of the bladder, pancreatic cancer and ovarian cancer (treated with H19-DTA). However this tar-
geted medicine approach may be limited, as not all cancer patients express high levels of H19 and it requires prereq-
uisite diagnostic test for H19. Hence, a double promoter DTA-expressing vector was created, carrying on a single con-
struct two separate genes expressing the diphtheria toxin A-fragment (DTA), from two different regulatory sequences, 
selected from the cancer-specific promoters H19 and IGF2-P4. Methods: H19 and IGF2-P4 gene expression was 
tested in cell lines of a broad spectrum of different carcinomas (bladder, pancreas, ovary, glioblastoma and HCC), by 
RT-PCR. The therapeutic potential of the double promoter toxin vector H19-DTA-(IGF2)-P4-DTA was tested in the dif-
ferent cancer cell lines. Results: The double promoter vector exhibited superior inhibition activity compared to the 
single promoter expression vectors, in the different cancer cell lines furthermore, the double promoter vector H19-
DTA-P4-DTA exhibited augmented-than-additive anti-cancer activity relative to single promoter expression vectors 
carrying either DTA sequence alone, when tested in a broad spectrum of tumor cells. Conclusions: Our findings show 
that administration of H19-DTA-P4-DTA has the potential to reach tumor cells, deliver its intracellular toxin without 
targeting normal tissues, and thus may help reduce tumor burden, improve the quality of life of the patient; and pro-
long their life span. As H19 and IGF2 were expressed in a broad spectrum of different cancers, therefore we propose 
a double promoter expression approach for treating a variety of tumors expressing H19, IGF2, or both. According to 
this approach patients may be treated with a single double promoter expression toxin vector which is under the con-
trol of the IGF2 and H19 regulatory sequences, differentially expressed in those cancers. As majority of the tumor 
cells express H19, IGF2, or both, therefore the use of prerequisite diagnostic test will be unnecessary. 
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H19 is a paternally-imprinted, oncofetal gene 
that encodes a RNA (with no protein product) 
acting as a “riboregulator” [8], which is ex-
pressed at substantial levels in embryonic tis-
sues, in different human tumor types, and mar-
ginally or not expressed in the corresponding 
tissues of the adult [5, 9].  
 
The 67-aa IGF2 is a member of the insulin like 
growth factor family that is involved in cell prolif-
eration and differentiation [10]. The human 
IGF2 gene contains 9 exons (E1–9) and 8 in-
trons [10, 11], and is transcribed from 4 differ-
ent promoters (P1–P4) producing 4 different 
transcripts [11-13]. All four transcripts share a 
common coding region and a common 3.9kb 3-
UTR, but variable 5-UTRs [11]. IGF2 is an im-
printed gene that is almost exclusively ex-
pressed from the paternal allele [14-16]. The P3 
and P4 promoters are the major IGF2 promoters 
during embryogenesis and tumor development, 
while P1 is exclusively active in adult liver tissue 
and P2 activity is rarely detected in adult human 
tissue [10]. Increased expression of IGF2 as a 
result of the loss of its imprinting is frequently 
seen in a variety of human tumors [16-18]. In 
addition, abnormal signal transduction and/or 
promoter activation was reported as a major 
mechanism for IGF2 over-expression in a variety 
of tumors including bladder carcinoma, hepato-
cellular carcinoma, breast cancer, ovarian can-
cer and prostate cancer [19-22]. The human 
H19 gene lies within 200kb downstream of the 
paternally expressed IGF2 gene at 11p.15.5. 
These two genes are frequently coordinately 
regulated, both in terms of their common ex-
pression pattern and are reciprocal imprinting. 
Enhancers located downstream of H19 stimu-
late transcription of both genes [23].  
 
We have shown that IGF2 or H19 are signifi-
cantly expressed in the majority of human blad-
der carcinomas [6, 24]. Furthermore, we have 
recently shown that their combined expression 
is 100% [25]. Our group has previously reported 
the construction of a double promoter vector 
expressing diphtheria toxin A-chain gene, under 
the control of H19 and IGF2-P4 regulatory se-
quences (H19-DTA-P4-DTA). We showed that 
this construct was able to selectively kill tumor 
cell lines and inhibit tumor growth in vitro and in 
vivo in accordance to the transcriptional activity 
of the above-mentioned regulatory sequences 
[25].  
 
The use of a double promoter DTA-expressing 

vector, carrying on a single construct two sepa-
rate genes expressing the diphtheria toxin A-
fragment (DTA), from two different regulatory 
sequences (H19 and IGF2-P4; ‘H19-DTA-P4-
DTA’ vector) is highly novel. This novel ap-
proach, create a new family of plasmids regu-
lated by two regulatory sequences, which in 
their natural genome position are both proxi-
mately located and are reciprocally imprinted. 
This is a new biology concept, which mimics the 
unique biology reciprocity relations phenome-
non of IGF2 and H19. 
 
In this study the therapeutic potential of the 
double promoter vector (‘H19-DTA-P4-DTA’) was 
further tested in a broad spectrum of tumor cell 
lines (glioblastoma, pancreatic ovarian, and 
hepatocellular carcinoma).  
 
The results show very high inhibition activity of 
the double promoter vector in all tested cancer 
cell lines, as well as positive expression of H19 
and IGF2 in these cells. Thus, indicating that the 
H19-DTA-P4-DTA construct has a high therapeu-
tic potential and therefore could be a very prom-
ising candidate for targeted cancer therapy in a 
broad spectrum of tumors expressing H19, IGF2 
or both. 
 
Materials and methods 
 
Cell culture 
 
The human ovarian carcinoma cell lines (ES-2), 
human pancreatic cancer cell lines (CRL-1469), 
human hepatocellular carcinoma cell lines 
(Hep3B) and the glioma cell lines: human 
glioblastoma (U87 and A172) and mouse 
glioblastoma (GL261), were obtained from the 
American Type Culture Collection (ATCC; Rock-
ville, MD). Cells were grown to confluence in a 
humidified incubator with 5% CO2 in polysty-
rene culture flasks and were maintained in 
DMEM-F12 (1:1) medium containing 10% fetal 
calf serum.  
 
RNA isolation, cDNA synthesis and PCR 
 
RNA was extracted from cell lines or frozen tis-
sue blocks, using the RNA STAT-60TM Total RNA/
mRNA isolation reagent, according to the manu-
facture’s instructions. The RNA was treated by 
RNAse-free DNAse I to eliminate any contami-
nating DNA. Total cDNA was synthesized from 
2μg total RNA in 20μl reaction volume with 
10ng/μl of the oligo-(dT) 15 primer and 10 
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units/µl M-MLV Reverse Transcriptase accord-
ing to the manufacturer instructions. 2μl of 
cDNA samples were taken for the amplification 
of the different transcripts using the different 
primers. The amplification conditions were 95°
C for 2 min, followed by 30 cycles of 94°C for 
30 sec, 59°C for 45 sec and 72°C for 60 sec, 
and finally 72°C for 5 min. The PCR reactions 
were carried out in 25µl volumes in the pres-
ence of 6ng/µl of each of the forward and the 
reverse primers using 0.05 units/µl of Taq poly-
merase according to the kit instructions 
(Takara). The forward (5’-CCGGCCTTCCTGAACA) 
and reverse (5’-TTCCGATGGTGTCTTTGATGT) 
primers designed for the detection of H19 RNA 
are spanning exons 2-3 and from exon 5 re-
spectively, in order to validate that the PCR 
product is of the H19 RNA transcript and not 
from the endogenous H19 gene. The primers 
designed for the detection of IGF2-P4 RNA were 
designed to bind at exon 6 (5’-
TCCTCCTCCTCCTGCCCCAGCG), for the P4 tran-
script in the forward direction and the reverse 
primer (5’- CAGCAATGCAGCACGAGGCGAAGCC) 
was designed to bind the 3’ end of exon 7 and 
the 5’ end of exon 8 without the introns in be-
tween. The integrity of the cDNA was assayed by 
PCR analysis of the ubiquitous, cell cycle inde-
pendent, histone variant, H3.3 [6]. The PCR 
products were separated by electrophoresis on 
2% gel agarose, and detected by ethidium bro-
mide dye. 
 
Plasmid construction 
 
The H19-Luc plasmid which contains the 
luciferase gene under the control of the human 
H19 promoter region from nucleotide –818 to + 
14 was prepared as described [26]. The H19-
Luc plasmid was digested with XbaI and NcoI, 
and the insert of the luciferase gene (luc) was 
replaced by the Diphtheria toxin A chain (DTA) 
coding region to yield the H19-DTA construct. 
The DTA gene was prepared from the pIBI30-DT-
A plasmid (kindly donated by Dr. Ian Maxwell, 
University of Colorado, USA). The human IGF2-
P4 promoter from the Hup4 vector (described in 
[11]) (a kind gift from Prof. P.E. Holthuizen, Uni-
versity of Utrecht, The Netherlands) were con-
structed by GENEART into the pGL3 basic vector 
(Luc-1) (Promega, Madison, MI), which lacks any 
eukaryotic promoter and enhancer sequences 
and carries the Kanamycin resistance gene 
(insert 812 bp), using BstEII and Hind III restric-
tion sites, resulting in the expression vector P4-

Luc. The DTA containing vector P4-DTA was de-
signed by replacing the luciferase gene in P4-
Luc with the DTA gene between the XbaI and 
NcoI restriction sites. Each of the cloned pro-
moters and the DTA gene were sequenced and 
compared to the published sequences of the 
gene bank. We constructed double promoter 
expression plasmids, carrying on a single con-
struct two separate genes expressing the diph-
theria toxin, from two different regulatory se-
quences: H19 and IGF2-P4 promoters 
(hereinafter "H19-DTA-P4-DTA"; depicted in Fig-
ure 1).  
 
A double promoter control constructs was cre-
ated, using the same strategy, expressing the 
luciferase reporter gene (‘H19-Luc-P4-Luc’). The 
double promoter expression plasmids were 
cloned by GENEARTTM, (Germany).  
 
Transfection 
 
Cationic polymer (jetPEI) transient transfection 
 
The in vitro jetPEITM transfection reagent com-
pact the DNA into positively charged particles 
capable of interacting with anionic proteogly-
cans at the cell surface and entering cells by 
endocytosis. The transfection procedure was 
done as recommended by the manufacturer 
(Polyplus-transfection, France). A total of 
0.1×1O6 cells/well were grown overnight in a 
twelve-well Nunc multidish (75mm). For each 

Figure 1. A schematic illustration depicting the con-
struction of the double promoter H19-DTA-P4-DTA 
expression vector: The coding sequence of each DTA 
is under the transcriptional control of both H19 and 
IGF2-P4 promoter sequences, respectively, Kana (R) 
– kanamycin resistance gene. 
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well, 2μg DNA and 4μl of the jetPEI (N/P =5) 
were diluted separately with 50μl of 150mM 
NaCl each, and vortex-mixed gently. The jetPEI 
solution was added at once to the DNA solution, 
the mixture was vortex-mixed for 10 seconds 
and the mixture was incubated for 15 minuets 
at room temperature. The 100μl jetPEI/DNA 
mixture was then applied drop-wise onto the 
serum containing medium of each well. The 
transfection experiment was stopped after 48 
hours.  
 
Luciferase activity 
 
The cells were harvested and the luciferase ac-
tivity was determined using the luciferase Assay 
System kit (Promega). The light output was 
measured using a Lumac Biocounter apparatus. 
The total protein content of the lysates was de-
termined by the Bio-Rad protein assay reagent 
and the results were normalized to the total 
protein and expressed as Light units/µg protein. 
LucSV40 (Luc-4) was used as a positive control 
for the efficiency of transfection as it contains 
the SV40 promoter and enhancer, while Luc-1 
that lacks any regulatory sequences was used 
as a negative control to determine the basal 
nonspecific luciferase expression, which was 
found to be negligible in all of the cell lines. All 
experiments were done in triplicates and the 
results expressed as mean and standard error.  
 
Results 
 
The possibility of using the double promoter 
strategy in a broad spectrum of cancers 
 
The human IGF2-P4 and H19 regulatory se-
quences are highly active in a variety of human 
cancers. In order to confirm if the double pro-
moter strategy could be applicable to a broader 
spectrum of cancer indications, we further stud-
ied the expression level of H19 and IGF2-P4 in 
different cancer cell lines. Furthermore we 
tested the activity of the double promoter vec-
tor, H19-DTA-P4-DTA, in different cancer cell 
lines.  
 
The Expression of IGF2 and H19 in cell lines of 
different cancers determined by RT-PCR 
 
A possible indication for H19 and IGF2-P4 pro-
moter activity can be the expression of their 
specific transcripts. To evaluate the possible use 
of IGF2-P4 and H19 regulatory sequences for 
cancer targeted therapy, we determined the ex-

pression of IGF2-P4 and H19 transcripts by RT-
PCR.  
 
We determined the expression of H19 and IGF2 
mRNA in a broad spectrum of cancer cell lines. 
Total RNA was extracted from the cell cultures 
and the expression of H19 and IGF2-P4 tran-
scripts was detected by RT-PCR analysis in the 
human cancer cell lines: Hep3B (hepatocellular 
carcinoma), ES-2 (ovarian cancer) and CRL-
1469 (pancreatic cancer), and in human glioma 
cell lines: A172 (glioblastoma), U87 
(glioblastoma) and GL261 (mouse glioblas-
toma). The expression levels are shown in Fig-
ure 2.  
 
Enhanced in vitro activity of the double pro-
moter H19-DTA-P4-DTA in different carcinoma 
cells 
 
The activity of the double promoter construct 
H19-DTA-P4-DTA was tested in vitro by deter-
mining its ability to lyse different human carci-
noma cell lines, relative to the activity of expres-
sion vectors carrying either sequence alone 
(single promoter constructs: H19-DTA or P4-
DTA), in order to examine its activity in a broad 
spectrum of tumor cells.  

Figure 2. The expression of H19 and IGF2 in differ-
ent cancer cell lines determined by RT-PCR: Shown 
are RT-PCR analyses of H19 (upper band) and IGF2-
P4 (lower band) in human cancer cell lines of (A): 
Hep3B (hepatocellular carcinoma), ES-2 (ovarian 
cancer) and CRL-1469 (pancreatic cancer), and in 
human glioma cell lines (B): A172 ((glioblastoma), 
U87 (glioblastoma) and GL261 (mouse glioblas-
toma). ‘M’, 100bp DNA ladder, ‘C’, negative control. 
Lower figures, are RT-PCR product of histone inter-
nal control. 
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Consequently the protein synthesis inhibition 
activity of the H19-DTA-P4-DTA construct was 
tested in vitro in the following human cancer 
cells lines: Hep3B (hepatocellular carcinoma 
cells), ES-2 (ovarian cancer cells), CRL-1469 
(pancreatic cancer cells), U87 (glioblastoma 
cells), A172 (glioblastoma cells) and GL261 
(mouse glioblastoma cells).  
 
Anti-tumor therapeutic activity was determined 
by measuring the inhibition of luciferase activity 
following co-transfection with LucSV40. Each 
cell line was co-transfected with 2μg of 
LucSV40 and H19-DTA, P4-DTA, or H19-DTA-P4-
DTA in a dose-response manner at different 
concentrations (0.005mg - 0.05μg).  
 
As seen in previous studies [25], the double 
promoter construct H19-DTA-P4-DTA exhibited 
far enhanced efficiency in lysing the cancer cell 
lines, relative to each of the single promoter 
constructs (Figure 3).  
 
Thus, the H19-DTA-P4-DTA double promoter 
expression vector exhibited significantly en-
hanced ability to lyse broad spectrum of tumor 
cells, relative to expression vectors carrying ei-
ther sequence alone. 
 
Augmented-than-additive protein synthesis inhi-
bition activity of the H19-DTA-P4-DTA vector in 
different carcinoma cell lines 
 
The presence of an augmented-than-additive 
protein synthesis inhibition activity of the double 
promoter construct H19-DTA-P4-DTA was tested 
in Hep3B, ES-2, CRL-1469 and U87 cells. The 
cells were co-transfected with 2μg of LucSV40 
and either (a) the indicated concentrations 
(Figure 4) of single-promoter constructs H19-
DTA + P4-DTA in combination, or (b) H19-DTA-
P4-DTA. The total amount of DNA co-transfected 
in samples receiving both single promoter con-
structs was therefore twice (0.005μg + 
0.005μg) than the cells transfected only with 
H19-DTA-P4-DTA (only 0.005μg). Luciferase 
activity was determined and compared to that 
of cells transfected with LucSV40 alone. The 
double-promoter construct H19-DTA-P4-DTA 
exhibited enhanced efficiency in lysing the can-
cer cell lines, relative to the combined activity of 
both single promoter constructs (H19-DTA + P4-
DTA), in Hep3B human liver cancer cells 
(Figures 4A). Very similar results were obtained 
in ES-2 human ovarian cancer cells (Figures 

Figure 3. The enhanced activity of H19-DTA-P4-DTA 
vector in a spectrum of tumor cells: Protein synthesis 
inhibition activity of the H19-DTA (white), P4-DTA 
(gray) and H19-DTA-P4-DTA (black) vectors in Hep3B 
(A), ES-2 (B), CRL-1469 (C), U87 (D) and A172 (E) 
cells, was measured as a reduction of LucSV40 ac-
tivity. Cells were co-transfected with 2µg of LucSV40, 
and with different concentrations (0.005mg - 
0.05mg /well) of the DTA expressing vectors or with 
LucSV40 alone. Transfection experiments were 
stopped after 48 hours and luciferase activity was 
assessed. The decrease in LucSV40 activity was 
determined by comparison to the same cell type 
transfected with LucSV40 alone as a measure for 
cytotoxicity. The diverse effect of each vector at the 
lowest plasmid transfected concentration (0.005mg) 
is indicated. 
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4B), CRL-1469 human pancreatic cancer cells 
(Figures 4C) and U87 human glioblastoma cells 
(Figure 4D). 
 
Thus, H19-DTA-P4-DTA double promoter expres-
sion vector exhibited augmented-than-additive 
protein synthesis inhibition activity relative to 
expression vectors carrying either sequence 
alone when tested in a broad spectrum of tumor 
cells.  
 
Discussion 
 
The present study shows the successful use of 
a double promoter expressing vector, carrying 
on a single construct two separate DNA se-
quences expressing the diphtheria toxin A-
fragment (DTA), from two different regulatory 
sequences, selected from the cancer-specific 
promoters H19 and IGF2-P4. This construct was 
used to transfect and to eradicate broad spec-
trum of tumor cells. 
 
The H19 gene is an oncofetal RNA triggered by 
hypoxic stress [1]. H19 gene is highly expressed 
during embryogenesis, but shuts off in most 
tissues post-natally and re-expressed in a vari-
ety types of cancers, like bladder cancer [24], 
hepatocellular carcinoma [5], colorectal cancer 
[27], lung cancer [28], ovarian cancer [29], pan-
creatic cancer and in many other cancers [1].  
 
Studies of various tumors (such as breast, blad-
der and hepatocellular carcinoma) have demon-
strated high expression levels of the H19 gene 
as compared to the normal tissue [7]. Further-

more, in cancers of different etiologies and line-
ages aberrant expression in the allelic pattern 
was observed in some cases suggesting that 
H19 might play a role in promoting cancer pro-
gression, angiogenesis, and metastases [7].  
 
The occurrences of loss of heterozygosity (LOH) 
as well as loss of imprinting (LOI) are major 
events related to cancer. LOI resulting in bi-
allelic expression of the H19 gene, was found in 
various types of cancers [30]. 
 
IGF2 plays a fundamental role in human fetal 
growth displaying both tissue-specific and devel-
opmental regulation. As IGF2 promotes mito-
genesis and inhibits apoptosis, the growth disor-
ders that involve excessive growth, as well as 
malignant tumor cells accumulation could be 
attributable to over-expression of IGF2 [31]. 
Transgenic mice, over-expressing the IGF2 
gene, developed spontaneous tumors at a high 
frequency [32-34], suggesting that over-
expression of IGF2 may be involved not only in 
the progression of tumors but also in the initia-
tion of neoplasia. IGF2 over-expression is signifi-
cantly correlated to the increased tumor pro-
gression and proliferative activity as well as to 
decreased patient survival [34-36]. IGF2 over-
expression in tumorigenesis is correlated to the 
induction of benign cellular proliferation, by pre-
venting apoptosis, and later to the malignant 
hyper proliferation during tumor formation [37, 
38]. Increased expression of IGF2 is a common 
feature of both pediatric and adult malignancies 
[39], and mounting evidence implicates IGF2 as 
a major factor contributing to oncogenesis [29]. 

Figure 4. Augmented-than-
additive activity of H19-DTA-P4
-DTA in human different can-
cer cell lines: The additive 
effect of H19-DTA-P4-DTA 
vector was tested in Hep3B 
cells (A), ES-2 (B), CRL-1469 
(C) and U87(D) cells trans-
fected with only 0.005mg H19
-DTA-P4-DTA (black) and com-
pared to combination transfec-
tion of both vectors (white) 
H19-DTA + P4-DTA (which the 
total transfected concentra-
tion was therefore twice 
(0.005mg + 0.005mg).   
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Cancer cells with a strong tendency to metasta-
size have higher expression of IGF2 [40]. Re-
cent study has demonstrated that IGF2 repre-
sents a therapeutic target in ovarian cancer, 
particularly in the setting of Taxol resistance 
[41]. 
 
Therefore H19 and IGF2 regulatory sequences 
are expected to be good candidates for specifi-
cally inducing the expression of DTA in target 
tumor cells but not in cells of normal tissue. 
They are known to be differentially over-
activated in various tumor types and to show no 
or minimum activity in the surrounding normal 
tissue [38, 42]. 
 
Therefore, we applied an innovative approach 
using on a single construct more than one spe-
cific marker gene which are differentially ex-
pressed in tumor cells, for targeted cancer ther-
apy. 
 
Using a single promoter (e.g. an H19 promoter 
or an IGF2-P4 promoter) alone for expression of 
a cytotoxic gene presents several unresolved 
problems. For one, not every tumor cell of a 
given type of cancer is positive for expression 
via the H19 promoter or the IGF2-P4 promoter 
sequences. Moreover, using a single promoter 
(H19) expression vector, requires a prerequisite 
diagnostic test for H19, as not all tumor cells 
express H19 and therefore may not be suitable 
for this treatment.  
 
Thus, such therapy could be limited in a sizable 
proportion of patients, even without accounting 
for tumor mutagenesis. Determination of re-
sponsiveness to such constructs would involve 
the costly and difficulty step of genotyping indi-
vidual tumors. 
 
Tumors are known to exhibit significant genomic 
instability and heterogeneity. Thus, even indi-
viduals with an H19-expressing tumor, for exam-
ple, may contain some cancer cells that have 
downregulated or abrogated H19 expression via 
mutation. Therefore, expressing the cytotoxic 
gene from a single promoter in such patients 
may result in temporary and partial tumor re-
gression that will rapidly be reversed when the 
cells containing these mutations survive and 
rapidly multiply. 
 
Therefore the use of double promoter express-
ing vectors is highly novel. Tumor cells can ex-
press high levels of H19 and IGF2, or only one 

of those genes. That way, majority of the tumor 
cells could efficiently express the diphtheria 
toxin.  
 
This novel approach, create a new family of 
plasmids regulated by two regulatory se-
quences, which in their natural genome position 
are both proximately located and are recipro-
cally imprinted. This is a novel biology concept, 
which mimics the unique biology reciprocity re-
lations phenomenon of IGF2 and H19. 
 
In vitro superior therapeutic effect in a broad 
spectrum of cancers 
 
In order to determine if the double promoter 
strategy could be applicable to broader spec-
trum of cancer indications we further studied 
the expression of H19 and IGF2 in a broad 
spectrum of tumor cells. Furthermore we tested 
the protein synthesis inhibition activity of the 
double promoter vector, H19-DTA-P4-DTA, in 
different cancer cells.  
 
Superior activity of the double promoter con-
struct, H19-DTA-P4-DTA (Figure 3) relative to the 
single promoter constructs (H19-DTA, or P4-
DTA), was demonstrated in the following human 
cancer cells lines: Hep3B (hepatocellular carci-
noma cells), ES-2 (ovarian cancer), U87 
(glioblastoma), A172 (glioblastoma) and CRL-
1469 (pancreatic cancer). 
 
Thus, H19-DTA-P4-DTA expression vector con-
sistently exhibited significantly superior activity 
when tested in a broad spectrum of tumor cells, 
relative to expression vectors carrying either 
sequence alone. The consistency of these re-
sults across each of these cancer cell lines 
demonstrates the superior ability of the H19-
DTA-P4-DTA construct in broad spectrum of tu-
mor cells expressing H19, IGF2, or both. 
 
The protein synthesis inhibition activity of the 
DTA expressing vectors (Figure 3), does corre-
late with the H19 and IGF2-P4 RNA expression 
levels (Figure 2) in those cells, except ES-2 cell 
line in which RNA could not be detected. This 
exception could be explained by possible inhibi-
tory elements upstream the endogenous regula-
tory sequences which do not appear in the 
cloned promoters and therefore their activity is 
not correlated. 
 
Similarly, in our previous srudies, H19 RNA 
could not be detected in T24P (human bladder 
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cancer cell lines). However, H19 expression was 
detected in tumors developed in nude mice fol-
lowing inoculation of T24P cells, correspond-
ingly to the case of ES-2 cells.  
 
This occurrence may results from the major role 
IGF2 and H19 play in tumor development. Both 
genes contribute to the initiation of neoplasia 
and for tumor growth directly or via secondary 
routes such as angiogenesis, uncontrolled cells 
proliferation and inhibition of apoptosis. More-
over, IGF2 exerts its effects in autocrine and 
paracrine manner [31, 43] which contributes to 
its significant expression in vivo, in tumors. 
 
The reciprocally imprinted IGF2 and H19 genes 
are expressed during embryonal life and are 
downregulated postnatally. Therefore IGF2, as 
well as H19, has been long thought to be an 
ideal tumor marker [44]. Thus the use of such 
tumor markers, by expressing toxin only in can-
cer cells, presents distinguish targeted therapy 
approach.  
 
In vitro augmented-than-additive activity 
 
In vitro additive activity of the double promoter 
vector H19-DTA-P4-DTA (Figure 4) was exhibited 
in Hep3B, ES-2, U87 and CRL-1469 human can-
cer cells lines.  
 
Thus, H19-DTA-P4-DTA vector exhibited superior 
efficiency in lysing the cancer cell lines, relative 
to the combined activity of both single promoter 
constructs (H19-DTA + P4-DTA).  
 
It should be stressed that the superior activity 
was demonstrated even though the total 
amount of DNA co-transfected in samples re-
ceiving both single promoter constructs (H19-
DTA + P4-DTA) was therefore twice (0.005μg + 
0.005μg) than the cells transfected only with 
H19-DTA-P4-DTA (0.005μg). 
 
Overall, the double promoter vector H19-DTA-P4
-DTA exhibited augmented-than-additive anti-
cancer activity relative to single promoter ex-
pression vectors carrying either DTA sequence 
alone, when tested in a broad spectrum of tu-
mor cells.  
 
The consistency of these results across each of 
the different cancer cell lines demonstrates the 
superior ability of H19-DTA-P4-DTA double pro-
moter construct in cancer in general.  

As H19 and IGF2 are expressed at very high 
levels in a broad spectrum of different cancers, 
therefore we propose a double promoter expres-
sion approach for treating a variety of tumors 
expressing H19, IGF2, or both. According to this 
approach patients may be treated with a single 
double promoter expression toxin vector which 
is under the control of the IGF2 and H19 regula-
tory sequences, differentially expressed in those 
cancers.  
 
As the majority of the tumor cells express H19, 
IGF2, or both, therefore the use of prerequisite 
diagnostic test (such as in-situ hybridization) will 
be unnecessary.  
 
Although this is a preliminary study, our working 
hypothesis is that administration of H19-DTA-P4
-DTA has the potential to reach tumor cells, de-
liver its intracellular toxin without targeting nor-
mal tissues, and thus may help reduce tumor 
burden, improve the quality of life of the pa-
tients; and prolong their life span. This sug-
gested approach should be further studied in 
appropriate animal models. 
 
Address correspondences to: Dr. Doron Amit, The 
Department of Biological Chemistry, Institute of Life 
Sciences, Edmond Safra Campus, Givat Ram, Jerusa-
lem, Israel, 91904 E-mail: dyamit@gmail.com 
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