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Abstract: Background: The human IGF2-P4 and IGF2-P3 promoters are highly active in a variety of human can-
cers, while existing at a nearly undetectable level in the surrounding normal tissue. Thus, a double promoter DTA-
expressing vector was created, carrying on a single construct two separate genes expressing the diphtheria toxin 
a-fragment (DTA), from two different regulatory sequences, selected from the cancer-specific promoters IGF2-P4 
and IGF2-P3. Methods: The therapeutic potential of the double promoter toxin vector P4-DTA-P3-DTA was tested in 
different cancer cells (pancreatic cancer, ovarian cancer and HCC). Results: The double promoter vector P4-DTA-P3-
DTA exhibited superior inhibition activity in different cancer cell lines, compared to the single promoter expression 
vectors activity. Conclusions: Our findings suggest that administration of P4-DTA-P3-DTA has the potential to reach 
and eradicate tumor cells and thus may help reduce tumor burden, improve the quality of life of the patients; and 
prolong their life span.
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Introduction

The IGF system plays an important role in nor-
mal growth and development as well as in path-
ological situations, particularly tumorigenesis 
(reviewed by [1-5]).

The 67-aa IGF2 is a member of the insulin like 
growth factor family that is involved in cell pro-
liferation and differentiation [6]. The IGF2 gene 
is transcribed from four different promoters 
(P1–P4) and is transcriptionally regulated in a 
development-dependent and tissue-specific 
manner. The P3 and P4 promoters are the 
major IGF2 promoters during embryogenesis 
and tumor development [6, 7], while P1 is 
exclusively active in adult liver tissue and P2 
activity is rarely detected in adult human [6, 8].

Increased expression of IGF2 is a common fea-
ture of both pediatric and adult malignancies 
[9], and mounting evidence implicates IGF2 as 
a major factor contributing to oncogenesis [10]. 

Cancer cells with a strong tendency to metasta-
size have higher expression of IGF2 [5]. 

Enhanced levels of IGF2 have been detected in 
many mouse and human tumors, including 
Wilm’s tumor [11, 12], hepatocellular carcino-
ma (HCC) [13, 14], breast cancer, prostate can-
cer, bladder carcinoma [15, 16], colon carcino-
ma and gastrointestinal tumors [17-19], adrenal 
cancer [20, 21], lung cancer [22, 23], renal cell 
carcinoma [24], ovarian cancer [25] and in 
many other tumors. These findings suggest that 
transcriptional up-regulation of IGF2 activity 
may be importantly involved in the tumorigene-
sis of several cancers [18, 26-31]. 

Based on theses findings and on further stud-
ies of our group, the transcriptional regulatory 
sequences of the IGF2 gene emerged as candi-
dates for targeted cancer therapy.

We have recently shown that IGF2-P4 or IGF2-P3 
are significantly expressed in the majority of 
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human bladder carcinomas [8, 32]. Our group 
has previously reported the construction of a 
double promoter vector expressing diphtheria 
toxin A-chain (DTA) gene, under the control of 
IGF2-P4 and IGF2-P3 regulatory sequences 
(P4-DTA-P3-DTA). We showed that this con-
struct was able to selectively kill bladder tumor 
cells and inhibit tumor growth in vitro and in 
vivo in accordance to the transcriptional activi-
ty of the above-mentioned regulatory sequenc-
es [8]. The use of a double promoter DTA-
expressing vector, carrying on a single construct 
two separate genes expressing DTA, from two 
different regulatory sequences (IGF2-P4 and 
IGF2-P3; ‘P4-DTA-P3-DTA’ vector) is highly 
novel. This novel approach, create a new family 
of plasmids regulated by two regulatory 
sequences.

In this study the therapeutic potential of the 
double promoter vector (‘P4-DTA-P3-DTA’) was 
further tested in tumor cells of spectrum of 
solid tumors (pancreatic cancer, ovarian cancer 
and HCC). The results show very high inhibition 
activity of the double promoter vector in all test-
ed cancer cell lines, as well as positive expres-
sion of IGF2-P4 and IGF2-P3 in the cells. Thus, 
indicating that the P4-DTA-P3-DTA construct 
has a high therapeutic potential and therefore 
could be a promising candidate for targeted 
cancer therapy in a broad spectrum of tumors 
expressing IGF2-P4, IGF2-P3 or both.

Materials and methods

Cell culture

The human ovarian carcinoma cell lines (ES-2), 
human pancreatic cancer cell lines (CRL-1469), 
human HCC cell lines (Hep3B) and the glioma 
cell lines: human glioblastoma (U87 and A172) 
and mouse glioblastoma (GL261), were 
obtained and grown as previously described [8, 
32, 33]. 

RNA isolation, cDNA synthesis and PCR

RNA extraction from cells or frozen tissue 
blocks, cDNA synthesis and PCR protocol were 
all conducted as previously described [8, 32, 
33]. 

Plasmid construction

The DTA (P3-DTA and P4-DTA) or luciferase sin-
gle promoter vectors were designed as 

described [34]. We constructed double promot-
er expression plasmids, carrying on a single 
construct two separate genes expressing DTA 
from two different regulatory sequences: 
IGF2-P3 + IGF2-P4 (hereinafter: “P4-DTA-P3-
DTA”) (cloned by GENEARTTM (Germany)). A dou-
ble promoter control construct was created, 
using the same strategy, expressing the lucifer-
ase reporter gene (‘P4-Luc-P3-Luc’). 

Transfection luciferase activity

Cells were harvested and luciferase activity 
was determined as previously described [8, 32, 
33]. LucSV40 was used as a positive control for 
the efficiency of transfection, while Luc-1 that 
lacks any regulatory sequences was used as a 
negative control. In-vitro jetPEITM transfection 
reagent was used as described [8, 32, 33]. 
Cells were cotransfected with 2μg of the 
LucSV40 control vector and with the indicated 
amounts of DTA expressing vector (P3-DTA, 
P4-DTA or the DTA double promoter expressing 
vector (P4-DTA-P3-DTA). Cytotoxic activity was 
determined by calculating the % of decrease of 
LucSV40 activity in cotransfected cells com-
pared to cells transfected with LucSV40 alone.

Results

The expression of IGF2-P4 and IGF2-P3 in 
cell lines of different cancers determined by 
RT-PCR

A possible indication for IGF2-P4 and IGF2-P3 
promoter activity can be the expression of their 
specific transcripts. To evaluate the possible 
use of IGF2-P4 and IGF2-P3 regulatory 
sequences for targeted therapy in different 
solid tumors, we determined the expression of 
IGF2-P4 and IGF2-P3 transcripts by in a broad 
spectrum of cancer cell lines. Total RNA was 
extracted from the cell cultures and the expres-
sion of IGF2-P4 and IGF2-P3 transcripts was 
detected by RT-PCR analysis in a broad spec-
trum of cancer cell lines: Hep3B, ES-2, CRL-
1469, A172, U87 and GL261. The expression 
levels are shown in Figure 1. 

Enhanced in vitro activity of the double pro-
moter P4-DTA-P3-DTA in different cancer cells

The activity of the double promoter construct 
P4-DTA-P3-DTA was tested in vitro by determin-
ing its ability to lyse different human carcinoma 
cell lines, relative to the activity of expression 
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vectors carrying either sequence alone (single 
promoter constructs: P4-DTA or P3-DTA), in 
order to examine its activity in a broad spec-
trum of tumor cells. 

Consequently the protein synthesis inhibition 
activity of the P4-DTA-P3-DTA construct was 
tested in vitro in the following human cancer 
cells lines: Hep3B, ES-2 and CRL-1469. 

Anti-tumor therapeutic activity was determined 
by measuring the inhibition of luciferase activi-
ty following co-transfection with LucSV40. Each 
cell line was co-transfected with 2µg of 
LucSV40 and P4-DTA, P3-DTA, or P4-DTA-P3-
DTA in a dose-response manner at different 
concentrations (0.005µg - 0.05µg). 

As seen in Figure 2, the double promoter 
expression vector P4-DTA-P3-DTA exhibited far 
enhanced efficiency in lysing spectrum of tumor 

cells, relative to each of the single promoter 
constructs carrying either sequence alone. 

Augmented-than-additive protein synthesis 
inhibition activity of the P4-DTA-P3-DTA vector 
in different carcinoma cell lines 

The presence of an augmented-than-additive 
protein synthesis inhibition activity of the dou-
ble promoter construct P4-DTA-P3-DTA was 
tested in Hep3B, ES-2 and CRL-1469 cells. The 
cells were co-transfected with 2µg of LucSV40 
and either (a) the indicated concentrations 
(Figure 3) of the single-promoter constructs 
P4-DTA + P3-DTA in combination, or (b) P4-DTA-
P3-DTA alone. The total amount of DNA co-
transfected in samples receiving both single 
promoter constructs was therefore twice 
(0.005µg + 0.005µg) than the cells transfected 
only with P4-DTA-P3-DTA (only 0.005µg). 
Luciferase activity was determined and com-

Figure 1. The expression of IGF2-P3 and IGF2-P4 in different cancer cell lines determined by RT-PCR: Shown are RT-
PCR analyses of IGF2-P3 (upper band) and IGF2-P4 (lower band) in human cancer cell lines of (A): Hep3B (hepatocel-
lular carcinoma), ES-2 (ovarian cancer) and CRL-1469 (pancreatic cancer), and in human glioma cell lines (B): A172 
((glioblastoma), U87 (glioblastoma) and GL261 (mouse glioblastoma). ‘M’, 100bp DNA ladder, ‘C’, negative control. 
Lower figures, are RT-PCR product of histone internal control.
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pared to that of cells transfected with LucSV40 
alone. The double-promoter construct P4-DTA-
P3-DTA exhibited enhanced efficiency in lysing 
the cancer cell lines, relative to the combined 
activity of both single promoter constructs 
(P4-DTA + P3-DTA), in Hep3B human HCC cells 
(Figure 3A). Very similar results were obtained 
in ES-2 human ovarian cancer cells (Figure 3B) 
and CRL-1469 human pancreatic cancer cells 
(Figure 3C). 

Thus, P4-DTA-P3-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 
sequences expressing DTA from two different 
cancer-specific regulatory sequences, IGF2-P4 
and IGF2-P3. This construct was used to trans-
fect and to eradicate tumor cells of different 
solid tumors.

Figure 2. Enhanced activity of P4-DTA-P3-DTA vector 
in spectrum of tumor cells: Protein synthesis inhibi-
tion activity of the P3-DTA (white), P4-DTA (gray) and 
P4-DTA-P3-DTA (black) vectors in Hep3B (A), ES-2 (B) 
and CRL-1469 (C) cells, was measured as a reduc-
tion of LucSV40 activity. Cells were cotransfected 
with 2µg of LucSV40 and with different concentra-
tions (0.005µg - 0.05µg /well) of the DTA expressing 
vectors or with LucSV40 alone. Transfection experi-
ments 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 mea-
sure of cytotoxicity. The diverse effect of each vec-
tor at the lowest plasmid transfected concentration 
(0.005µg) is indicated.

Figure 3. Augmented-than-additive activity of P4-DTA-
P3-DTA in different human cancer cell lines: The ad-
ditive effect of P4-DTA-P3-DTA vector was tested in 
Hep3B (A), ES-2 (B) and CRL-1469 (C) cells, trans-
fected with only 0.005µg P4-DTA-P3-DTA (black) and 
compared to combination transfection of both vec-
tors (white) P3-DTA + P4-DTA (which the total trans-
fected concentration was therefore twice (0.005µg 
+ 0.005µg)). 
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Among IGFs’ several physiologic roles, their role 
in the pathogenesis of malignancies is of cen-
tral importance. The IGF system role in the 
pathogenesis of malignancies has been estab-
lished in vitro and by in vivo animal models. In 
addition, growing body of epidemiological stud-
ies confirm the correlation between the serum 
levels of IGF system components and cancer 
risk and survival in humans [35]. IGF2 is a 
strong mitogen for a wide variety of cancer cell 
lines, including sarcoma, leukemia, and can-
cers of the bladder, prostate, breast, lung, 
colon, stomach, esophagus, liver, pancreas, 
kidney, thyroid, brain, ovary, uterus [36-41] and 
many other cancers [5]. Increased expression 
of IGF2 as a result of the loss of its imprinting is 
frequently seen in a variety of human tumors 
[42-44]. In addition, abnormal signal transduc-
tion and/or promoter activation was reported 
as a major mechanism for IGF2 over-expres-
sion in a variety of tumors [45-48]. 

Hepatocellular carcinoma (HCC) is one of the 
most common cancers, representing a major 
international health problem because its inci-
dence is increasing in many countries. Many 
genes and gene products, such as p53, nm23, 
telomerase and vascular endothelial growth 
factor, have been identified as being associat-
ed with the metastatic potential of HCC [49]. 
Recently, epigenetic dysregulation of the 11p15 
locus has attracted attention as one of several 
pathways in hepatocarcinogenesis [50, 51]. 
Among several genes localized to 11p15, epi-
genetic abnormalities in IGF2 and H19 genes 
have been observed in HCC. It has been report-
ed that, during hepatocarcinogenesis, 
increased expression of the IGF2 gene is asso-
ciated with loss of adult-type promoter (P1) 
transcription, reimprinting of the fetal-type pro-
moters (P3-P4) and expression of both alleles 
of the H19 gene [49]. Biallelic expression of the 
IGF2 gene in HCC has also been observed [52].

Pancreatic cancer has an exceptionally high 
mortality rate, making it the fourth most com-
mon cause of cancer deaths in the United 
States. Insulin resistance and inflammation 
may be the biological mechanisms shared by 
obesity and diabetes in promoting pancreatic 
carcinogenesis [53]. The abnormality of IGF-
axis confers insulin resistance and plays an 
important role in pancreatic cancer develop-
ment [54, 55].

Ovarian cancer is the leading cause of death 
from gynecologic malignancies because the 
majority of cases are not detected until the dis-
ease has metastasized. Ovarian tumors are 
end results of a complex pathway involving mul-
tiple oncogenes and tumor suppressor genes 
[56]. Gene expression profiles obtained from 
these cancers indicated that more than half 
exhibited a high level of expression of IGF2 
gene [10]. High IGF2 expression was recently 
shown to be a predictor of poor prognosis in 
epithelial ovarian cancers and was associated 
with the most aggressive forms of this disease 
[25]. Recent study has demonstrated that IGF2 
represents a therapeutic target in ovarian can-
cer, particularly in the setting of taxol resis-
tance [57].

These findings indicate that IGF2 dysregulation 
should be considered as an important indepen-
dent marker for cancer risk, and as a potential 
target for novel antineoplastic therapies and/or 
preventative strategies in high-risk groups [4, 
35]. As a result of these findings, intensive 
effort is being directed towards investigating 
the utility of the IGF2 system as both a diagnos-
tic marker and a therapeutic target in cancer 
therapy. 

Based on early studies of our group and others, 
the transcriptional regulatory sequences of the 
IGF2 gene emerged as candidates for cancer 
targeted therapy. IGF2 (the human P3 and P4 
promoters) is an onco-fetal gene and oncogene 
[58, 59], expressed in the fetus and in a broad 
spectrum of tumors, but rarely in normal adult 
tissues [8, 32, 34]. Therefore over plurality of 
cancer specific promoters, IGF2-P3 and 
IGF2-P4 regulatory sequences were selected 
for targeting cancer cells. The IGF2-P3 and P4 
regulatory sequences are expected to be good 
candidates for specifically inducing the expres-
sion of DTA in target tumor cells but not in cells 
of normal tissue. They are known to be differen-
tially over-activated in various tumor types and 
to show no or minimum activity in the surround-
ing normal tissue [15, 16]. This is in addition to 
the known autocrine/paracrine mode of IGF2 
mitogen action in the development of a wide 
range of human malignancies. Accordingly, 
destruction of the IGF2 expressing tumor cells 
not only will eliminate part of the tumor but will 
also diminish the supply of mitogenic IGF2 to 
neighboring tumor cells and may lead to arrest 
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in tumor growth and prevent following metasta-
ses process. 

The use of a double promoter DTA-expressing 
vector is highly novel. Tumor cells can express 
high levels of IGF2-P3, IGF2-P4, or both. That 
way, majority of tumor cells could efficiently 
express DTA. Thus the use of such tumor mark-
ers, by expressing toxin only in cancer cells, 
presents distinguish targeted therapy approach 
[60]. 

Subunit A of the diphtheria toxin (DTA), a highly 
potent poison, was chosen as an effector mol-
ecule. When only the cDNA coding for the 
A-fragment is expressed, the released DT-A 
toxin from the lysed cells will not be able to 
enter neighboring cells in the absence of the 
DT-B fragment [61]. This approach not only will 
insure high killing activity but will be of great 
advantage against any unintended toxicity to 
non-target normal cells. Moreover, introduction 
of DTA DNA sequence under the control of regu-
latory sequences of genes differentially 
expressed in tumors but not in adjacent non-
tumor cells will selectively favor the specificity 
of the treatment. 

In vitro superior therapeutic effect in a broad 
spectrum of cancers

In order to determine if the double promoter 
strategy could be applicable to a broader spec-
trum of cancer indications we further studied 
the expression of IGF2-P4 and IGF2-P3 in a 
broad spectrum of tumor cells. Furthermore we 
tested the protein synthesis inhibition activity 
of the double promoter vector, P4-DTA-P3-DTA, 
in different cancer cells. 

Superior activity of the double promoter con-
struct, P4-DTA-P3-DTA (Figure 2) relative to the 
single promoter constructs (P4-DTA, or P3-DTA), 
was demonstrated in the following human can-
cer cells lines: Hep3B (HCC), ES-2 (ovarian can-
cer), and CRL-1469 (pancreatic cancer). Thus, 
P4-DTA-P3-DTA expression vector consistently 
exhibited significantly superior activity when 
tested in different tumor cells, relative to 
expression vectors carrying either sequence 
alone. The consistency of these results in the 
different cancer cell lines demonstrates the 
superior ability of the P4-DTA-P3-DTA construct 
in broad spectrum of tumor cells expressing 
IGF2-P4, IGF2-P3, or both. 

The protein synthesis inhibition activity of the 
DTA expressing vectors (Figure 2), does corre-
late with IGF2-P4 and IGF2-P3 RNA expression 
levels (Figure 1) in the 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 regu-
latory sequences which do not appear in the 
cloned promoters and therefore their activity is 
not correlated. 

Similarly in our previous studies, H19 RNA 
could not be detected in T24P (human bladder 
cancer cell lines). However, H19 expression 
was detected in tumors developed in nude 
mice following inoculation of T24P cells, corre-
spondingly to the case of ES-2 cells. This occur-
rence 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 prolif-
eration and inhibition of apoptosis. Moreover, 
IGF2 exerts its effects in autocrine and para-
crine manner [3, 62] which contributes to its 
significant expression in vivo, in tumors. 

In vitro augmented-than-additive activity

In vitro additive activity of the double promoter 
vector P4-DTA-P3-DTA (Figure 3) was exhibited 
in Hep3B, ES-2 and CRL-1469 human cancer 
cells lines. Thus, P4-DTA-P3-DTA vector exhibit-
ed superior efficiency in lysing the cancer cell 
lines, relative to the combined activity of both 
single promoter constructs (P4-DTA + P3-DTA). 
It should be stressed that the superior activity 
was demonstrated even though the total 
amount of DNA co-transfected in samples 
receiving both single promoter constructs 
(P4-DTA + P3-DTA) was therefore twice (0.005µg 
+ 0.005µg) than the cells transfected only with 
P4-DTA-P3-DTA (0.005µg).

Overall, the double promoter vector P4-DTA-P3-
DTA exhibited augmented-than-additive anti-
cancer activity relative to single promoter 
expression vectors carrying either DTA 
sequence alone, when tested in a broad spec-
trum of tumor cells. The consistency of these 
results across each of the different cancer cell 
lines demonstrates the superior anti-tumor 
activity of P4-DTA-P3-DTA double promoter con-
struct in cancer in spectrum of solid tumors. As 
IGF2 is expressed at very high levels in a broad 
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spectrum of different cancers, therefore we 
propose a double promoter expression 
approach for treating a variety of tumors 
expressing IGF2-P4, IGF2-P3, or both. According 
to this approach patients may be treated with a 
double promoter expression toxin vector which 
is under the control of the IGF2-P4 and IGF2-P3 
regulatory sequences, differentially expressed 
in those cancers. 

As the majority of the tumor cells express 
IGF2-P4, IGF2-P3, 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 P4-DTA-P3-
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 
patients; and prolong their life span. This sug-
gested approach should be further studied in 
appropriate animal models. 

Abbreviations

DTA, diptheria toxin A; IGF2, insulin like growth 
factor 2; HCC, hepatocellular carcinoma.
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