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The human IGF2 P3 and P4 promoters are highly active in a variety of human cancers. We here
present an approach for patient oriented therapy of TCC bladder carcinoma by driving the
diphtheria toxin A-chain (DT-A) expression under the control of the IGF2 P3 and P4 promoter
regulatory sequences. High levels of IGF2 mRNA expression from P3, P4 or both promoters were
detected in 18 TCC samples (n � 29) by ISH or RT-PCR. Normal bladder samples (n � 4) showed
no expression from either promoter. The activity and specificity of the IGF2 P3 and P4 regulatory
sequences were established in human carcinoma cell lines by means of luciferase reporter gene
assay. These sequences were used to design DT-A expressing, therapeutic vectors (P3-DT-A and
P4-DT-A). The activity of both was determined in cell lines (in vitro) and the activity of P3-DT-A
was determined in a heterotopic animal model (in vivo). The treated cell lines highly responded
to the treatment in a dose-response manner, and the growth rate of the developed tumors in vivo
was highly inhibited (70%) after intratumoraly injection with P3-DT-A compared to non-treated
tumors (P < 0.0002) or tumors treated by luciferase gene expressing LucP3 vector (P < 0.002).

Key Words: insulin like growth factor 2, IGF2, bladder cancer, gene therapy, diphtheria toxin,
regulatory sequences

INTRODUCTION

Bladder carcinoma is one of the most common urologic
malignancies. 93% of the bladder cancers are transitional
cell carcinoma (TCC) [1]. Different treatments including
Bacillus Calmet-Guerin (BCG) and transurethral resec-
tions of the bladder tumor (TUR-BT) are used to cure TCC,
however high recurrence rates are seen [1]. Different strat-
egies have been proposed for targeted cell killing of cancer
tissues including the exogenous delivery of a suicide gene
under the control of regulatory sequences of genes differ-
entially expressed in tumors [2,3]. The Diphtheria toxin
A-chain (DT-A) was introduced as a candidate for cancer
cell killing [4–7]. DT-A peptide catalytically ADP-ribosy-
lates the diphthamide residue of the cellular elongation
factor 2 (eEF-2), inhibiting protein synthesis leading to
cell death [8,9]. Unintended toxicity to other cells can be
avoided by introducing the DT-A gene under the control
of regulatory sequences of genes differentially expressed
in tumors. Moreover, DT-A released from the lysed cells is
not able to enter the neighboring cells in the absence of
the DT-B-chain [5].

The 67-aa IGF2 is a member of the insulin like growth
factor family that is involved in cell proliferation and
differentiation [10]. The human IGF2 gene contains 9
exons (E1–9) and 8 introns [10,11], and is transcribed
from 4 different promoters (P1–P4) producing 4 different
transcripts [12–14]. All four transcripts share a common
coding region and a common 3.9kb 3�-UTR, but variable
5�-UTRs [11]. IGF2 is an imprinted gene that is almost
exclusively expressed from the paternal allele [15–17].
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 ex-
pression of IGF2 as a result of the loss of its imprinting is
frequently seen in a variety of human diseases and tumors
[17–20]. In addition, abnormal signal transduction and/or
promoter activation was reported as a major mechanism
for the IGF2 overexpression in a variety of tumors includ-
ing bladder carcinoma, hepatocellular carcinoma, breast
cancer and prostate cancer [21–25].

The IGF2 regulatory sequences might be good candi-
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dates for targeted cancer cell killing including TCC, as it
can be administered to patients with high IGF2 express-
ing cancer cells (patient-oriented gene therapy). Here we
report high levels of IGF2 P3 and P4 driven mRNA expres-
sion in TCC. Therefore we have constructed expression
vectors carrying the diphtheria toxin A-chain gene, under
the control of the P3 and P4 regulatory sequences. In this
communication we show that these constructs are able to
selectively kill tumor cell lines and inhibit tumor growth
both in vitro and in vivo. The cytotoxic activity of these
constructs is in accordance to the endogenous IGF2
mRNA expression from P3 and P4 promoters and to the in
vitro promoters activity assayed by the luciferase reporter
gene.

RESULTS

The Level of IGF2 P3 and P4 Transcripts in Cell Lines
We determined the level of IGF2 expression driven by P3
and P4 promoters in the cell lines HepG2, T24P and
Skhep1 (Fig. 1A). The HepG2 cell line showed the highest
level of P3 transcript expression, while the T24P cell line
showed medium P3 expression. The P4 transcript expres-
sion was nearly equal in both HepG2 and T24P cell lines.
Skhep1 showed no P4 expression but relatively high P3
expression.

The Level of IGF2 P3 and P4 Transcripts in Human
Bladder Carcinoma Tissue
Different human bladder carcinoma and normal bladder
tissue samples were tested for IGF2 expression from P3
and P4 promoters by PCR or by in situ hybridization (ISH)
(Table 1). Five out of the 10 TCC samples examined by
PCR showed both P3 and P4-driven IGF2 RNA expression
and another sample expressed only the P4-driven tran-
script. The level of the transcripts varied from very high to
low. However, none of the 4 normal bladder samples
tested by PCR expressed IGF2 from either of P3 or P4
promoter. On the other hand 11 and 7 out of the 19 TCC
samples examined by ISH showed high IGF2 expression
from P3 and P4 promoters respectively, while 7 were
negative for both of the transcripts (Table 1). The inten-
sity of ISH staining was heterogeneous and varied from
�1 to �3, and was mostly focal (Fig. 2). Two of the
samples tested by ISH, that showed strong staining from
both promoters, contained non-tumor mucosa adjacent
to the tumor. One of them showed low staining from the
two promoters in the surrounding normal-like tissue.

The Activity of P3 and P4 Regulatory Sequences in
Cell Lines
The luciferase activity controlled by P3 and P4 (LucP3 and
LucP4 respectively) was determined in the three human
cell lines (HepG2, T24P and Skhep1). Figure 1B shows that
the relative LucP3 activity in the different cell lines is
(HepG2� T24P� Skhep1). The activity of LucP3 construct
is in accordance with the endogenous expression of the
P3 transcript in HepG2 and T24P but not in Skhep1 (Fig.
1A and B). LucP4 activity on the other hand was in ac-
cordance to the endogenous expression from P4 in the
three-tested cell lines with equal expression in HepG2 and
T24P and minimum expression in Skhep1 (Fig. 1A and B).

In Vitro DT-A Expression Under the Control of P3
and P4 Regulatory Sequences
P3 and P4 are able to drive the expression of the DT-A
gene in the cell lines HepG2, T24P and Skhep1. Both
P3-DT-A (Fig. 3A) and P4-DT-A (Fig. 3B) gave a dose-
response behavior in the three cell lines. P3-DT-A was able
to reduce the LucSV40 activity to about 50% at concen-
trations as low as (0.01 and 0.015 �g/well) in the HepG2

FIG. 1. The activity of IGF2 P3 and P4 promoters in HepG2, T24P and Skhep1.
(A) The level of the endogenous P3 and P4 transcripts determined by RT-PCR
(see Materials and Methods). (M) Is 100-bp ladder (Amersham Pharmacia
Biotech Inc) and (C) is negative control. The sizes of the PCR products are 370,
259 and 213 bp for P3, P4 and Histone internal control respectively. (B) Each
cell line was transfected with 3�g of LucP3, LucP4 or 5�g LucSV40. The
luciferase activity of LucP3 and LucP4 was determined by the Luciferase Assay
System kit (E-1500-Promega), and normalized to the activity of LucSV40
plasmid and the results are expressed as % of LucSV40 in the corresponding
cell line.

TABLE 1: Endogenous P3 and P4 expression in normal
bladder and TCC tissues determined by RT-PCR and ISH

Determined by PCR Determined by ISH

Normal bladder TCC TCC

P3 0/4 5/10 11/19

P4 0/4 6/10 7/19

Fourteen samples were tested by PCR, among which 4 samples were normal bladder from
independent patients. The results represented for ISH are the number of strongly positive
samples (�2 to �3) out of the total number of samples analyzed.
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and T24P cell lines respectively. Fifty percent inhibition
by P4-DT-A was obtained at very low concentrations
(�0.005 �g/well) in HepG2 and T24P cells. However, rel-
atively high concentrations of P3-DT-A and P4-DT-A were
needed to achieve 50% reduction in Skhep1.

Both the human P3 and P4 are active also in the mu-
rine MBT-2-t50 cell line, which we used to establish the
animal model for bladder cancer described in “Materials
and Methods”. They show comparable activity to those of
the relevant mouse P2 and P3 promoters. Moreover they
both are able to drive the expression of the DT-A toxin,
which reduces LucSV40 activity in this cell line by (79.5 �
2.3% and 63.9 � 3.7%) by 0.5�g/well of P3-DT-A and
P4-DT-A respectively (P � 0.003 for P3-DT-A and P �
0.007 for P4-DT-A) (data not shown).

In Vivo Tumor Growth Inhibition by P3-Driven DT-A
Expression
We chose the P3-regulated vector for further examination
in order to evaluate its potential to drive DT-A expression
in vivo using an animal model for bladder cancer as de-
scribed in “Materials and Methods”. Figure 4A shows that
3 injections of P3-DT-A in two days intervals were able to

inhibit the tumor development by at least 70% compared
to those of LucP3 (P � 0.002) and to the non-treated
tumors (P � 0.0002). This effect emerges early after the
first treatment of the tumors. No difference however was
seen between the growth of LucP3 treated and the non-
treated tumors three days after the third injection (P �
0.9) as both were progressively increasing in size at the
same rate (Fig. 4A). The group of four healthy animals,
which received seven subcutaneous injections with P3-
DT-A didn’t show any signs of “negative” toxicity after 24
days. They continue to increase in weight in parallel to
the group of three healthy animals injected by LucP3.
Moreover, the histopathological examination of the two
groups didn’t reveal any evidence for toxicity in any of
their internal organs (liver, kidney, heart, spleen, pan-
creas and adrenals) (data not shown). We have also cal-
culated the ex-vivo density of each tumor and saw no
significant differences between the non-treated group and
the LucP3 treated (P � 0.3) or the P3-DT-A treated group
(P � 0.2). Moreover, the histological examination of the
excised tumors revealed that the average necrosis area,
determined by visual examination, in the tumors treated

FIG. 2. In situ hybridization detection of the expression of P3 transcript (A and B) and P4 transcript (C and D) in TCC tissue samples. Black arrows indicate strong
positive staining in the cytoplasm; white arrows indicate non-tumor bladder tissue. The nuclei are stained by Giemsa counter stain. Some positive signals are seen
in the nuclei as the probes can hybridize to mRNA as well as to DNA. (Magnification of A and C is 20� and of B and D 40�).
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with P3-DT-A (56% � 15%) was higher than in the tumors
treated by LucP3 (39% � 18%) (P � 0.05). No difference
however was seen between the non-treated tumors (39%
� 22%) and those treated with LucP3 (39% � 18%) (P �
0.95). DT-A mRNA could be detected in the P3-DT-A
treated tumors (Fig. 4B, lanes 3–6) analyzed by PCR but
not in the LucP3 treated tumors (Fig. 4B, lanes 1, 2).

DISCUSSION

We applied a simple and convenient approach in our
preliminary experiments for gene therapy. This approach
involves the intratumoral injection of mouse with ectopi-
cally developed tumors by plasmid vectors expressing the
DT-A toxin under the control of the IGF2 promoters P3
and P4. The LucP3 vector was used to transfect the tumor
cells in vivo as a calcium phosphate co-precipitate, which
enhances the transfection efficiency. The use of the plas-
mid vector avoids any immunological consequences re-
sulting from successive injections by viral vectors. More-
over transient transfection of the tumor cells is sufficient
for the toxin expression and cell killing. The in vivo model
we used has the advantage of rapidly developing tumors,

which allows short turn-around times for the experiments
(3 weeks).

In order to determine the validity of this approach for
human TCC therapy, both RT-PCR and ISH techniques
were applied to determine the level of IGF2 expression in
TCC tissue samples from P3 and P4 promoters (Table 1).
16 out of 29 samples (55%) and 13 out of 29 (45%)
showed high levels of expression from P3 and P4 respec-
tively. All in all, 18 samples (62%) were found to express
IGF2 from P3, P4 or both promoters and 11 samples (38%)
didn’t express the gene from any of the promoters. More-
over, none of the 4 independent normal samples analyzed
by PCR showed IGF2 expression from any of the promot-
ers. On the other hand, the low level of staining of the
normal-like tissue adjacent to the tumor in one of the
samples analyzed by ISH may be due to its entry into the
early stage of transformation. This might have important
implications for preventing tumor recurrence by gene
therapy, as both the tumor and the premalignant tissues
will be affected by the treatment. The results of (Table 1)
are in accordance to previous reports that showed high
levels of IGF2 mRNA and protein in 50% of bladder car-
cinoma tissue samples, which was localized in the malig-
nant tissue [26,27]. This makes the IGF2 P3 and P4 regu-
latory sequences good candidates for the TCC targeted
gene therapy. Moreover, the targeting of IGF2 expressing

FIG. 3. Effect of the Therapeutic vectors P3-DT-A and P4-DT-A on HepG2,
T24P and Skhep1 cells measured as reduction of LucSV40 activity. The cells
were cotransfected with 5�g of LucSV40 and the indicated concentrations of
P3-DT-A (A) or P4-DT-A (B). The decrease in LucSV40 activity was determined
by comparison to the same cell type transfected only with LucSV40 as a
measure for cytotoxicity.

FIG. 4. Inhibition of tumor growth in response to P3-DT-A treatment. (A) The
tumor sizes were determined prior to each treatment and before sacrifice. The
folds increase in tumor volume was calculated relative to the initial volume at
the day of the first treatment. (B) The DT-A mRNA expression was determined
in some of the LucP3 and P3-DT-A treated tumors. 400 ng RNA (extracted
from the tumors after sacrifice) were used for the RT-PCR reactions. Lanes 1
and 2: LucP3 treated tumors; lanes 3–6: P3-DT-A treated tumors. Lane 7: a
blank control; lane 8: a positive control (50 ng P3-DT-A plasmid) and M is a
100-bp ladder. The upper panel is the 468 bp DT-A mRNA and the lower is the
Histone internal control.
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cells in the tumor area is advantageous because IGF2
exerts its mitogenic effects in autocrine and paracrine
manner [28,29] and contributes to tumor progression and
proliferative activity [30]. Therefore, killing the IGF2 ex-
pressing cells not only will destroy the IGF2 expressing
foci of the tumor but also will limit the IGF2 supply for
other parts of the tumor in a bystander effect and thus
may contribute to the inhibition of the tumor develop-
ment.

Among the TCC samples analyzed by ISH, 7 samples
showed expression from both promoters. Only two of
those expressed the gene in the same localization from
both promoters while the rest expressed the gene from
each promoter in different tumoral location. This suggests
that a combination of therapeutic vectors controlled by
P3 and P4 regulatory sequences is expected to exert higher
therapeutic potential.

We evaluated the correlation between the P3 and P4-
regulated expression vectors in cell lines and the level of
the endogenous IGF2 expression from P3 and P4 in these
cell lines. The activity of the vectors was in general posi-
tively related to the endogenous expression levels of IGF2
from the relevant promoters except for LucP3 in Skhep1
(Fig. 1A and B). Moreover, the activity of the DT-A toxin
expressing vectors (P3-DT-A and P4-DT-A) showed a dose
response effect (Fig. 3A and 3B) and acted in accordance
to their corresponding luciferase expressing vectors
(LucP3 and LucP4) (Fig. 1B). The human P3-DT-A and
P4-DT-A vectors were also active in the MBT-2-t50 murine
cell line although higher concentrations are needed to
reach the same inhibition as in the human cell lines. This
can be explained by the extensive homology between the
human and murine IGF2 genes and promoters’ sequences
[11]. Thus this cell line proved to be suitable for the
generation of the animal model used later to examine
P3-DT-A in vivo. P3-DT-A was able to highly inhibit the
growth rate of the tumors induced in mice (Fig. 4A). At
least 70% inhibition is obtained compared to LucP3 (P �
0.002) and to the non-treated tumors (P � 0.0002). This
effect was detected early after the start of the treatment.
The inhibition of tumor progression resulted exclusively
from the toxic effect of the DT-A and not from the de-
struction of the tissue by the needle insertion and/or any
possible effect of the plasmid backbone sequence. This is
obvious as no significant difference was seen between the
tumor sizes of the LucP3 treated and the non-treated
groups (P � 0.9). Moreover, it is important to note that we
didn’t detect any signs of unwanted toxicity in the liver,
kidney, heart spleen, pancreas and the adrenals of mice
subcutaneously injected by P3-DT-A. We also introduced
the calculated ex-vivo tumor density as a measure for the
consistency of the tumors. No significant difference in the
density was seen between the three groups. By this we
exclude any possibility that the reduction in tumor size is
a result of changes in the tumor consistency subsequent
to the treatment. We also validated the tumor size calcu-

lations as a representative way for estimating tumor cell
killing and thus the efficiency of the treatment. The cy-
totoxic effect of P3-DT-A was also obvious by the increase
in cellular necrosis of the P3-DT-A treated tumors com-
pared to the LucP3 treated and non-treated ones.

In this work we used the regulatory sequences of the
IGF2 P3 and P4 promoters for two reasons. First, IGF2
gene is differentially expressed. We detected high levels of
IGF2 expression from either the P3 or the P4 promoters in
at least 62% of the TCC samples examined, but could not
detect any IGF2 expression in four normal bladder tissue
samples. Second, IGF2 plays a role in tumor development.
By selective killing of cancer cells, which express IGF2, we
deprive the neighboring tumor cells at least partly of their
IGF2 supply.

At least a third of the TCC samples tested didn’t ex-
press IGF2 from either P3 or P4 promoter, while the rest
expressed IGF2 from both promoters in a heterogeneous
manner. Therefore we propose a patient oriented ap-
proach to treat TCC. According to this approach the pa-
tient will be simultaneously treated with a combination
of toxin expressing plasmids some of which are under the
control of the IGF2 regulatory sequences, and other plas-
mids are under the control of the regulatory sequences of
other differentially expressed genes. Moreover our pro-
posed treatment may be applied in conjunction to other
cancer therapy methods. This approach should be tested
in appropriate animal models.

MATERIALS AND METHODS
Cell culture. The human bladder carcinoma cell line T24P and the hepa-
tocellular carcinoma cell lines HepG2 and Skhep1 were obtained from the
American Type Culture Collection (ATCC; Rockville, MD). They were
chosen because they express varying levels of endogenous IGF2. The
highly metastatic variant (MBT2-t50) of the MBT2 murine bladder carci-
noma cell line was kindly provided by Dr. O. Medalia (Sackler Medical
School, Tel-Aviv University, Tel-Aviv, Israel) and used to establish our
working animal model because of their relatively fast tumor development
and their ability to activate the human IGF2 promoters. The cells were
grown as previously described [31].

RNA isolation and cDNA synthesis. Total RNA was extracted from cell
lines or tissue blocks, using the RNA STAT-60™ Total RNA/mRNA isolation
reagent (Tel-Test, Inc. Friendswood, TX), according to the manufacture’s
instructions. The RNA was treated by RNAse-free DNAse I (Roche Diagnos-
tics GmbH, Mannheim) for eliminating any contaminating DNA.

The cDNA was synthesized from 2�g total RNA in 20 �l reaction
volume by 10ng/�l of the oligo-(dT)15 primer (Roche) and 10 units/�l
M-MLV Reverse Transcriptase (GibcoBRL, United Kingdom) according to
the manufacturer instructions. 2�l (about 200 ng) cDNA samples were
taken for the amplification of the different transcripts using the described
primers.

PCR amplification of P3 and P4 driven transcripts and DT-A coding
mRNA. The PCR reactions were carried out in 25 �l volumes in the
presence of 6 ng/�l of each of the forward and the reverse primers using
0.05 units/�l of Taq polymerase (TaKaRa Biomedicals, Japan) according to
the kit instructions. The primer sequences used to amplify the IGF2 tran-
scripts were (5�-GGACAATCAGACGAATTCTCC) for P3 transcript in the
forward direction (from exon 5), (5�-CTTCTCCTGTGAAAGAGACTTC) for
P4 transcript in the forward direction (from exon 6) and (5�-GCTT-
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GCGGGCCTGCTGAAG) for both P3 and P4 transcripts in the reverse
direction (from exon 7). The amplification conditions for P3 and P4
transcripts were 94°C for 5 min, followed by 28 cycles of 94°C for 1 min,
53°C for 40 sec and 72°C for 30 sec, and finally 72°C for 5 min. Different
number of cycles was examined and we found that 28 cycles are low
enough to keep the PCR in the linear phase. The primer sequences for
DT-A amplification were (5�-TTCGTACCACGGGACTAAACCTGG) in the
forward direction and (5�-CCACGTTTTCCACGGGTTTCAA) in the reverse
direction. The amplification conditions for DT-A were 94°C for 5 min,
followed by 31 cycles of 94°C for 1 min, 52°C for 40 sec and 72°C for 30
sec, and finally 72°C for 5 min. The integrity of the cDNA was assayed by
PCR analysis of the ubiquitous, cell cycle independent, histone variant,
H3.3 [32]. The products of the PCR reaction were run on 2% agarose in TAE
electrophoresis running buffer (40 mM Tris acetate, and 2 mM EDTA, pH
� 8.5), stained by ethidium bromide and visualized by UV.

DIG-labeled probe synthesis. We used a PCR strategy for generating tem-
plate DNA for synthesis of labeled RNA probes. We designed forward
primers that contain Sp6 promoter in their 5�-end and a reverse primer
with T7 promoter incorporated in its 5�-end. The forward primers sequences
were (5�-AGGGATCCATTTAGGTGACACTATAGAATCAGACGAATTC) for
P3 and (5�-AGGGATCCATTTAGGAGACACTATAGAAAGAGACTTCCAG)
for P4-specific transcripts. The reverse primer sequence was (5�-GGATC-
CTAATACGACTCACTATAGGGAGCCCATTGGTGT) for both P3 and P4
transcripts, which binds the first 11 bps of the 5�-end of exon 7, not
sufficient to hybridize nonspecifically. The PCR conditions used to gener-
ate the T7/Sp6 templates were the same as described earlier for the syn-
thesis of the P3 and P4 specific transcripts. The PCR products were purified
from the gel by the GFXTM PCR, DNA and Gel Band Purification Kit
(Amersham Pharmacia Biotech Inc), sequenced and compared to the pub-
lished sequences in the gene bank. 100 to 200 ng from the purified
products were used as templates for the T7 and Sp6 polymerase (2 units/�l)
(Roche) according to the manufacturer instructions in the presence of 2
units/�l RNAse inhibitor (Roche). T7 and Sp6 promoters were respectively
used to drive the synthesis of the antisense and the control sense probes.
The resulting probes were treated by 2 units of RNAse free DNAse I (Roche),
pelleted and resuspended in appropriate volume of DEPC-treated double
distilled water. The sizes of the synthesized probes were analyzed by
running on 4% denaturing agarose minigel, and their labeling efficiency
was determined by dot blot analysis.

In situ hybridization. Paraffin wax bladder carcinoma sections were
kindly received from both Hadassah University Hospital and Makassed
Hospitals (Jerusalem, Israel). The nonradioactive in situ hybridization
washings and treatments were as described in [33]. Each section was
hybridized by 30 �l of the hybridization solution containing 30–100 ng of
the DIG-labeled probe at 52°C. The intensity of staining was indicated as
(�1) for weak, (�2) for moderate and (�3) for strong signals. The degree of
staining was referred to as focal (20%–70% of the cells) and defused (�
70% of the cells).

Plasmid construction. The human P3 and P4 regulatory sequences were
subcloned from the Hup3 and Hup4 vectors described in [11] (a kind gift
from Prof. P.E. Holthuizen, University of Utrecht, The Netherlands) into
the pGL3 basic vector (LUC1) (Promega, Madison, WI), which lacks any
eukaryotic promoter and enhancer sequences. The (LucP3) construct was
prepared by digesting the P3 promoter (	747 to �140 relative to cap site)
from (Hup3) plasmid by SacI/SalI and its insertion between the SacI/XhoI
restriction sites of the pGL3 basic vector. The (LucP4) construct was pre-
pared by amplifying the P4 regulatory sequence (	645 to �123 relative to
the cap site) from the (Hup4) vector using the primer (5�-ATAGGAGCT-
CATTCCCGGTCGGTCT) in the forward direction and (5�-ATACAAGCT-
TCGACTCTAGAGGATCC) in the reverse direction. The SacI and HindIII
sites were introduced to the 5� end of the two primers respectively and
used to clone the sequence at the same sites of the pGL3 basic vector. The
DT-A containing vectors P3-DT-A and P4-DT-A were designed by replacing
the luciferase gene in LucP3 and LucP4 respectively by the DT-A (prepared
from the pIBI30-DT-A plasmid kindly donated by Dr. Ian Maxwell, Uni-
versity of Colorado, Denver, Co.) between the XbaI and NcoI restriction
sites before or after the promoters cloning.

Transfection. A total of 0.3 � 106 cells were grown overnight in a six-well
Nunc multidish (30mm). Transient transfection of the cells was performed
using the calcium phosphate precipitation method [34]. In short, LucSV40
(Promega) and the other plasmids at the proper concentration were left to
precipitate for 20 minutes at room temperature and used to transfect the
cells for 16 hours. The medium was replaced by a fresh one and the cells
were left to grow for another 48 hours. The cells were harvested and the
luciferase activity was determined using the Luciferase Assay System kit
(E-1500-Promega). The light output was measured using a Lumac Bio-
counter apparatus. The total protein content of the lysates was determined
by the Bio-Rad (Hercules, CA) protein assay reagent, and the results were
normalized to the total protein and expressed as Light units/�g protein.

LucSV40 was used as a positive control for the efficiency of transfection
as it contains the SV40 promoter and enhancer, while LUC1 that lacks any
regulatory sequences was used as a negative control to determine the basal
nonspecific luciferase expression, which was found to be negligible. All
experiments were done in triplicates and the results expressed as mean and
standard error.

In vivo gene therapy. 0.33 � 106 MB-2-t50 bladder carcinoma cells (in 250
�l serum free DMEM medium) were subcutaneously injected into the
dorsa of 6-7 weeks old C3H/He female mice (purchased from Harlan
Laboratory, Jerusalem, Israel) as described in [3]. Measurable tumors ap-
peared after 10 days. After 14 days of cell inoculation the developed
tumors were measured by a caliper in two dimensions and subjected to
different treatments. A group of 8 animals was treated with 50 �g/mouse
of the plasmid containing the DT-A gene under the control of P3 pro-
moter. Another group of 8 animals was treated by the injection of 50 �g of
the luciferase expressing plasmid (LucP3). And a group of 4 animals was
kept with no treatment. The plasmids were injected directly into the
developed tumors as a calcium phosphate precipitate and the needle was
left in the tumor for 30 sec to prevent back-diffusion. Each mouse of the
treated groups received 3 injections of the proper plasmid in two days
intervals. The dimensions of the tumor were measured before each injec-
tion and before sacrifice. The tumor volume was calculated by the formula
(0.5 � L � W) where L is the longest and W is the shortest dimension. The
animals were sacrificed 3 days after the last injection, the tumors were
excised and their ex-vivo weight and volume were determined. Samples of
the tumors were fixed in 4% buffered formaldehyde and processed for
histological examination for evidence of necrosis and persistent tumor.

To detect any undesired toxicity of P3-DT-A, a group of 4 and a group
of three control healthy animals were injected subcutaneous by 50 �g of
P3-DT-A and LucP3 respectively every 2–4 days (a total of 7 injections).
The animals’ weight was recorded each time prior to the injection. The two
groups were sacrificed after 24 days and their Liver, kidney, heart, spleen,
pancreas and adrenals were taken and examined histopathologically for
any signs for negative toxicity.
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