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Abstract: Background: The H19-IGF2 locus is either highly expressed and/or shows aberrant allelic pattern of expres-
sion in a large array of human cancers, while rarely expressed in the corresponding normal tissue. Preclinical, clinical
studies and human compassionate using a DNA plasmid containing H19 and/or IGF2-P4 regulatory sequences that
drive the expression of an intracellular toxin [diphtheria toxin A-fragment (DTA)] have demonstrated promising results
in several types of carcinomas. Recently we reported that a single construct that expresses DTA under the control of
both H19 and IGF2 P4 promoters showed superior efficacy in vitro as well as in vivo, in comparison to a single pro-
moter construct in bladder carcinoma. Here we extended this approach to glioblastoma and tested the antitumor
efficacy of the double promoter DTA-expressing vector (H19-DTA-P4-DTA) in vitro as well as in heterotopic animal
model. H19 gene expression was tested by in-situ hybridization (ISH) and by quantitative Real-Time PCR (qRT-PCR) in
samples of diffuse glioma. Methods: IGF2-P4 gene expression was tested by qRT-PCR as well. Results: Both H19 and
IGF2-P4 transcripts were highly expressed in high grade gliomas. Furthermore, significant H19 expression in other
types of primary brain tumors as well as in brain metastases was detected by ISH. Both A172 and U87 human
glioblastoma cell lines showed high expression of IGF2-P4 while the A172 cell line showed high expression of H19
RNA as well. H19-DTA-P4-DTA exhibited superior cytotoxic activity compared to the single promoter expression vec-
tors, in U87 and A172 glioblastoma cell lines in vitro and showed antitumoral efficacy in heterotopic glioblastoma
animal model. Conclusions: Our findings indicate antitumoral efficacy against glioblastoma of the targeted double
promoter vector H19-DTA-P4-DTA, both in-vitro and in-vivo. Thus, its test in orthotopic animal model of glioblastoma
as well as in clinical trials is warranted.
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Introduction

H19 is an imprinted non-coding RNA gene,
which is located within the imprinted cluster on
chromosome 11p15.5 in human and its ho-
mologous region chromosome 7 in mice, and
shares common regulatory sequences with
other genes within the cluster including insulin-
like growth factor-2 (IGF2) [1]. Extensive investi-
gation including from our own group, have un-
veiled exciting findings on the mode of imprint-
ing and expression of the H19 gene [2, 3]. H19
gene is either highly expressed and/or shows
aberrant allelic pattern of expression in a large
array of human cancers, while not expressed in
the corresponding normal tissues [2, 3]. H19

expression is also induced by a variety of car-
cinogens [2, 3]. In previous works, we showed
that H19 and IGF2 possess diagnostic, prognos-
tic and therapeutics values in many types of
human cancers [2, 3]. Elevated H19 expression
was reported in both primary and metastatic
tumors, in morphogenesis and epithelial-
mesenchymal transition (EMT), in migration and
angiogenesis, in inflammatory diseases, and
wound healing, and in multidrug resistant [3, 4].
The human IGF2 gene contains 9 exons (E1-9)
and 8 introns [5, 6] and is transcribed from 4
different promoters (P1-P4) producing 4 differ-
ent transcripts [6-8]. All four transcripts share a
common coding region and a common 3.9kb 3-
UTR, but variable 5-UTRs [6]. IGF2 is an im-
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printed gene that is almost exclusively ex-
pressed from the paternal allele [9-11]. 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 [5]. Increased expression of IGF2 as a
result of the loss of its imprinting is frequently
seen in a variety of human tumors [11-13].

Modulation of the imprinting status of H19 and
IGF2 may play an important role in the develop-
ment of brain tumors including meningioma
[14], medulloblastoma [15-17] and glioma [18].
Increased expression of IGF2 has been reported
in astrocytoma [19], influencing cell growth and
motility in vitro [20, 21]. A significant subset of
primary high grade astrocytomas expressed
IGF2 mRNA levels >50-fold the sample popula-
tion median [22]. Tumors in this IGF2-
overexpressing subpopulation lacked epidermal
growth factor receptor (EGFR) amplification,
frequently displayed phosphatase and tensin
homolog (PTEN) loss, were highly proliferative,
and were related to poor survival [22]. The
growth-promoting effects of IGF2 appear to be
mediated by the insulin-like growth factor recep-
tor 1 (IGFR1) and phosphoinositide-3-kinase
regulatory subunit 3 (PIK3R3), and by blocking
PIK3R3 this effect can be blocked [22]. In the
central nervous system, IGF2 bioavailability is
mainly modulated by insulin-like growth factor
binding protein 2 (IGFBP2), which prevents its
growth-promoting effect [23]. Matrix Metallopro-
teinase-9 (MMP-9)-induced IGFBP2-1GF2 com-
plex proteolysis releases free IGF2, which en-
hances the motility and the growth of astrocy-
toma in-vitro [23].

While hypoxia is a common feature of solid hu-
man tumors, and p53 pathway is most com-
monly mutated in most tumors, we recently
studied how these pathways could influence
H19 gene expression [24]. We demonstrated a
tight correlation between H19 RNA elevation by
hypoxia and the status of p53 [24]. Further-
more, a link between IGF2 and p53 has also
been suggested [25, 26] and up-regulation of
IGF2 due to hypoxic stress has been reported in
several tumors including glioblastoma [27].
Also, glioblastoma derived from CD133 positive
cells show high expression of H19 [28], which
might be explained by hypoxia induced up-
regulation of both H19 non-coding RNA [29] and
CD133 expression [30].
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Thus, the expression of H19 and/or IGF2 in a
large array of human tumors and at different
stages of tumor development, their hypoxic in-
duction and their association with mutant forms
of p53 make them an ideal new target for can-
cer therapy, including diffuse astrocytoma,
which show frequent p53 mutations [31], and
glioblastoma, which show unique hypoxia-driven
angiogenesis (microvascular proliferation) and
necrosis (pseudopalisading necrosis) [32].

Several anti-tumoral vectors were constructed
in our lab during recent years, which are based
on the use of regulatory sequences of either
H19 gene [33] or IGF2-P4 [34] or a combination
[35], conjugated to the gene for the A fragment
of diphtheria toxin (DTA), namely H19-DTA [33],
P4-DTA [34] and H19-DTA-P4-DTA [35], respec-
tively. Our group has already showed the rela-
tive efficacy and safety of the use of these vec-
tors, both in-vitro and in-vivo in several types of
carcinomas [33-39], as well as in FDA approved
phase I/1l clinical study of bladder transitional
cell carcinoma [40], and human compassionate
of bladder transitional cell carcinoma, colon
carcinoma metastatic to liver [3], inoperable
ovarian cancer associated with massive ascites
[41], and carcinoma of the exocrine pancreas
(unpublished data). In addition, we have devel-
oped a very efficient siRNA, specifically target-
ing the H19 RNA. Preclinical results using het-
erotropic models of urothelial and hepatocellu-
lar carcinomas are promising, and indicate the
ability of H19 siRNA to retard tumor growth in
both models (unpublished data).

The aim of the present study was to establish
that there is high expression of both H19 and
IGF2 in brain tumors, and to show anti-tumoral
efficacy of DTA based vectors, mainly H19-DTA-
P4-DTA, against glioblastoma, both in-vitro and
in-vivo.

Materials and methods
Brain tumor samples

Paraffin sections cut from archival material
(paraffin blocks) of 34 variable brain tumors
(Table 1) were subjected to in-situ hybridization
(ISH) for H19 as previously described [35, 42-
44]. Also, Banked frozen glioma samples were
subjected to quantitative RT-PCR for both H19
(5 samples) and IGF2-P4 (3 samples). An ex-
emption from the local ethical (Helsinki) com-
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Table 1. H19 in-situ hybridization results (as average intensity and quantity) for variable brain tumors

Tumor type Number

H19 average intensity

H19 average quantity

Normal brain (control)

Pilocytic astrocytoma, WHO grade |
Diffuse astrocytoma, WHO grade I
Oligoastrocytoma, WHO grade Il
Anaplastic astrocytoma, WHO grade I
Primary glioblastoma, WHO grade IV
Secondary glioblastoma, WHO grade IV
Oligodendroglioma, WHO grade I
Anaplastic oligodendroglioma, WHO grade llI
Diffuse large B-cell ymphoma (primary)
Diffuse large B-cell lymphoma (secondary)
Medulloblastoma, WHO grade IV
Meningioma, WHO grade |

Atypical meningioma, WHO grade I
Rhabdoid meningioma, WHO grade IlI
Schwannoma (acoustic), WHO grade |
Metastatic urothelial carcinoma
Metastatic lung carcinoma

Metastatic malignant melanoma

PRPPRPRPRPRPPRPNRPPWOWNRRR

0] 0]
2 3
1 1
1 1
25 25
1.6 1.8
1.8 1.8
0] 0]
3 3
3 3
3 3
25 15
3 3
3 1
3 3
2 2
25 3
3 3
2 1

mittee at Hadassah Hebrew University Medical
Center was secured.

In situ hybridization (ISH)

The non radioactive ISH washing and treat-
ments were done as previously described [35,
42-441]. Briefly, each section was rehydrated by
30 ul of the hybridization solution containing
about 30 ng of DIG labeled RNA probe at 52°C.
The ISH was performed on successive paraffin
sections of brain tumors tissue for H19 tran-
scripts. The intensity of hybridization signal was
indicated as (0) for no staining, (+1) for weak,
(+2) for moderate and (+3) for strong staining
signals. The area of the hybridization signal was
referred to as (0) for no staining, up to one third
of the cells (+1), one to two thirds (+2), and
more than two thirds (+3). Therefore, total scor-
ing (intensity+ quantity) for each sample varied
from O (no expression) to 6 (very high expres-
sion). Low expression was set as total scoring of
0 < X < 3 and high expression was set as total
scoring of 3 <X <6.

Cell culture
The human glioblastoma cell lines A172, U87,

and the mouse glioblastoma cell line GL261
were obtained from the American Type Culture
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Collection (ATCC; Rockville, MD). Cells were
grown to confluence in a humidified incubator
with 5% CO2 in polystyrene culture flasks and
were maintained in Dulbecco's Modified Eagle's
Medium-F12 (DMEM-F12) (1:1) medium con-
taining 10% Fetal Calf Serum.

RNA isolation, cDNA synthesis and PCR

For in vitro experiments we evaluated the ex-
pression level of H19, IGF2-P3 and IGF2-P4
using semi-quantitative PCR. Reverse transcrip-
tion of total RNA was performed as previously
described [35, 45]. The PCR reactions were car-
ried out in 25 pl volumes in the presence of 6
ng/ul of each of the forward and the reverse
primers using 0.05 units/ul of Taq polymerase
according to the kit instructions (Takara). The
forward (5’-CCGGCCTTCCTGAACA) and reverse
(5’-TTCCGATGGTGTCTTTGATGT) primers de-
signed for the detection of H19 RNA are span-
ning exons 2-3 and from exon 5 respectively so
that no genomic H19 gene could be amplified.
The primers designed for the detection of IGF2-
P4 RNA were designed to bind at exon 6 (5'-
TCCTCCTCCTCCTGCCCCAGCQ), 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. The integrity of the cDNA
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was assayed by RT-PCR analysis of the ubiqui-
tous, cell cycle independent, histone variant,
H3.3. The PCR products were separated by elec-
trophoresis on 2% gel agarose, and detected by
ethidium bromide dye.

Quantitative real time PCR (qRT-PCR)

Banked frozen glioma samples and human
glioblastoma cell lines (including A172 and
U87) were subjected to RT-PCR (Applied Biosys-
tems 7000 Real-Time PCR system) for both H19
and IGF2-P4. Normal human brain tissue as
well as neuronal stem cells (NPCs) and embry-
onic stem cells (ESC) were used as control sam-
ples. For H19 analysis, starting from 0.2 ng (9 x
107 copies) up to 0.2 x 107 ng (<9 copies of
plasmid DNA) were used. For IGF2-P4 analysis,
starting from 0.2 ng (3 x 107 copies) up to 0.2 x
107 ng (< 3 copies of plasmid DNA) were used.
Total RNA was prepared using Trireagent
(Sigma). cDNA was prepared from 1 pg of total
RNA using MuLV reverse transcriptase (Applied
Biosystems) and random hexamers according to
the manufacturer’s instructions for first-strand
cDNA synthesis. The reaction mixture included 1
pl of cDNA, 0.75 pl of TagMan probe and prim-
ers, and 7.5 ul of the master mix buffer contain-
ing nucleotides and Taq polymerase, (Tagman
Master Mix, Applied Biosystems), in a total vol-
ume of 15 ul. Gene amplification was carried
out using the GeneAmp 7000 Sequence Detec-
tion System (Applied Biosystems). Amplification
included one stage of 10min at 95°C, followed
by 40 cycles of a two-step loop: 20s at 95°C and
1min at 60°C. The gene expression results were
normalized to the 18S rRNA gene.

In vitro targeted therapy

The in-vitro cytotoxicity of the vectors was deter-
mined by cotransfection of A172 or U887 human
glioma cell lines with 2 yg of LucSV40 and serial
concentrations of H19-DTA, P4-DTA, or H19-DTA
-P4-DTA as described before [35]. Briefly, the in
vitro jetPEI™transfection reagent compact the
plasmid 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 x
106 cells/well were grown overnight in a twelve-
well Nunc multidish (75 mm). For each well, 2
pg plasmid DNA and 4 ul of the jetPEI (N/P = 5)
were diluted separately with 50 yl of 150 mM
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NaCl each, and vortex-mixed gently. The jetPEl
solution was added at once to the plasmid DNA
solution, the mixture was vortex-mixed for 10
seconds and the mixture was incubated for 15
minutes at room temperature. The 100 pl jet-
PEI/DNA mixture was then applied drop-wise
onto the serum containing medium of each well.
The transfection experiment was terminated
after 48 hours. The cells were harvested and
the luciferase activity was determined using the
luciferase Assay System kit (Promega). The light
output was measured using a Lumac Biocoun-
ter apparatus. The total protein content of the
lysates was determined by the Bio-Rad protein
assay reagent and the results were normalized
to the total protein and expressed as Light
units/pg protein. LucSV40 (Luc-4) was used as
a positive control for the efficiency of transfec-
tion as it contains the SV40 promoter and en-
hancer, while Luc-1 that lacks any regulatory
sequences was used as a negative control to
determine the basal nonspecific luciferase ex-
pression level, 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. The H19-DTA, P4-DTA and
H19-DTA-P4-DTA cytotoxic activity was deter-
mined by calculating the % of decrease in the
cotransfected LucSV40 activity compared to
that of LucSV40 transfected alone in the same
cell type normalized to total protein and ex-
pressed as light units/ug protein.

In vivo targeted therapy in heterotopic nude
mice animal model

All surgical procedures and the care given to the
animals were approved by the local committee
for animal welfare. Animals were kept in the
Hebrew University’'s animal facility with water
and food ad librum (all experimental research
on animals follow internationally recognized
guidelines).

Cells preparation, tumor inoculation and tar-
geted therapy were performed as previously
described [35]. Briefly, confluent U887 human
glioblastoma cells were trypsinized to a single
cell suspension and resuspended in PBS. 3 x
106 cells (in 150 ul volume) were subcutane-
ously injected into the back of female CD1 nude
mice, 6-8 weeks old. 10 days after cell inocula-
tion the developing tumors were measured in
two dimensions and randomized to different
treatments. Animals were separated to different
groups of the same size (n= 6). Since in-vitro

Int J Clin Exp Med 2012;5(2):124-135



Targeting glioblastoma by H19-DTA-IGF2-P4-DTA

experiments showed an advantage of the dou-
ble promoter DTA expression vector (H19-DTA-
P4-DTA) over other vectors we have tested its
antitumoral efficacy. Intratumoral injections of
25 pug of either DTA expressing construct
(treatment group) or Luc expressing construct
(control group) were given 10, 12 and 14 days
after cells inoculation. In vivo Jet-PEl, a 22 kDa
linear form of polyethylenimine (PEIl) was used
as a transfection enhancer reagent. PEI/DNA
complexes of N/P ratio of 6 were prepared in a
solution of 5% w/v glucose according to the
manufacturer's instructions. Each tumor was
measured, and volume was calculated accord-
ing to the formula width2 x length x 0.5. The
animals were sacrificed 3 days after the last
treatment, the tumors were excised and ex-vivo
weight and volume were measured. Samples
were fixed in 4% buffered formaldehyde and
processed for histological examination for evi-
dence of necrosis and persistent tumor.

Results

H19 RNA is highly expressed in variable brain
tumors and glioblastoma cell lines

Our preliminary data (Table 1) is indicating high
expression (>3) of H19, demonstrated by ISH
performed on paraffin sections from 34 variable
brain tumors including high grade diffuse astro-
cytic neoplasms, low and high grade men-
ingioma, medulloblastoma, primary and secon-
dary diffuse large B-cell lymphoma, and metas-
tatic urothelial and lung carcinomas (Figure 1).
High expression is indicated in most primary (6
out of 9), and secondary (2 out of 3) glioblas-
tomas. Although the cohort is too small for sta-
tistical analysis, low grade diffuse gliomas (WHO
grade |l) appear to show low expression of H19,
while high grade diffuse gliomas (WHO grade llI
and IV) show high expression.

Furthermore, we assessed both H19 and IGF2-

Figure 1. H19-in situ expression in variable brain tumors (original magnifications x40). A. Glioblastoma; B. Medul-
loblastoma; C. Diffuse large B-cell lymphoma; D. Metastatic lung carcinoma.
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Figure 2. Quantitative real time PCR (qRT-PCR) of banked frozen glioma samples and human glioblastoma cell lines
(including A172 and U87) for H19 and IGF2-P4. Normal human brain tissue as well as neuronal stem cells (NPCs)
and embryonic stem cells (ESC) were used as control samples. Relatively high expression level of H19 is indicated in
2 glioblastomas (174, 307). High expression of IGF2-P4 is indicated in 1 glioblastoma (174), but to lower extent than

for H19.

P4 expression in banked frozen glioma samples
and human glioblastoma cell lines (including
A172 and U87) by qRT-PCR analyses. Normal
human brain tissue as well as neuronal stem
cells (NPCs) and embryonic stem cells (ESC)
were also included in the analyses as control.
Relatively high expression level of H19 was indi-
cated in 3 out of 4 high grade gliomas (3
glioblastomas and one anaplastic astrocytoma)
and one low grade diffuse glioma
(oligoastrocytoma). One glioblastoma and hu-
man glioblastoma cell lines (A172 and U87)
showed low expression. Expression of IGF2-P4
was indicated in 2 out of 3 glioblastomas, but to
lower extent than for H19. One glioblastoma
and one human glioblastoma cell line (A172)
showed low expression. Some of the results are
shown in Figure 2.

Furthermore, H19 as well as IGF2 (P3 and P4)
expression was tested in several glioma cell
lines using semi-quantitative PCR (Figure 3). Our
results indicate that the A172 human glioblas-
toma cell line expressed both H19 and IGF2
genes at relatively higher levels than U87 hu-
man glioblastoma cell line and GL261 mouse
glioblastoma cell line.

The double promoter vector H19-DTA-P4-DTA
encounters an enhanced cytotoxic activity rela-
tive to others in vitro

All tested vectors were able to drive the expres-
sion of the DTA gene and thus significantly re-
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Figure 3. Expression of H19 and IGF2 in glioma cell
lines by semi-quantitative RT-PCR analyses. 3A: RT-
PCR analyses of H19 (upper band), IGF2-P3 (middle
band) and IGF2-P4 (lower band) in two human
glioblastoma cell lines (A172, U87) and one mouse
glioblastoma cell line (GL261). 3B: The integrity of
the cDNA was assayed by PCR analysis of the ubiqui-
tous, cell cycle independent, histone variant, H3.3.

duces LucSV40 activity, in a dose-dependent
manner in both A172 and U87 cell lines (Figure
4). However, the double promoter construct
H19-DTA-P4-DTA exhibited far enhanced cyto-
toxic effect relative to each of the single pro-
moter constructs. Luciferase activity was deter-
mined and compared to that of cells transfected
with LucSV40 alone. The total amount of DNA
cotransfected in samples receiving both single
promoter constructs was twice than the cells
transfected with H19-DTA-P4-DTA alone. Never-
theless the H19-DTA-P4-DTA vector exhibited
enhanced cytotoxicity, relative to the combined
activity of both single promoter constructs
(Figure 4C).

Int J Clin Exp Med 2012;5(2):124-135



Targeting glioblastoma by H19-DTA-IGF2-P4-DTA

© H19-DTA
A A P4-DTA
120 = H19-DTA-P4-DTA

[@2]
o

0 1 | 1 l |
0 0.005 0.0125 0.025 0.05
© H19-DTA
B A P4-DTA
120 ® H19-DTA-P4-DTA
60
ol e

0 0.005 0.0125 0.025 0.05

100

(%)
o

Relative luciferase activity (% of control)

C
H19-DTA0.005ug+ H19-DTA-P4-DTA
P4-DTA 0.005ug 0.005ug

ug plasmid/well

Figure 4. In vitro enhanced protein synthesis inhibi-
tion activity of H19-DTA-P4-DTA in A172 human
glioblastoma cell line (A) and U87 human glioblas-
toma cell line (B). The cells were cotransfected with
2ug of LucSV40 and the indicated concentrations of
the vectors are shown on the x-axis. The decrease in
LucSV40 activity was determined by comparison to
the same cell type transfected with LucSV40 alone as
a measure of cytotoxicity and shown as percentages
on the y-axis. The double promoter construct H19-
DTA-P4-DTA exhibited enhanced efficiency in lysing
the glioblastoma cells, relative to each of the single
promoter constructs. H19-DTA-P4-DTA exhibited su-
perior efficiency in lysing the U87 cells, relative to the
combined activity of both single promoter-constructs
(C).

The double promoter vector is highly potent in
suppressing tumor growth in heterotopic
glioblastoma model in vivo

We used the double promoter construct, H19-
DTA-P4-DTA to assess its tumor growth inhibi-
tion activity, in vivo, using heterotopic animal
model for glioblastoma, induced by U87 cells.
U87 cells were subcutaneously injected into the
back of 6-7 weeks old CD-1 female mice in or-
der to develop a model for heterotopic glioblas-
toma. 10 days after subcutaneous cell inocula-
tion, the mice developed measurable tumors.
The therapeutic potency of the vectors was
tested by direct intratumoral injection of 25 pg
of the DTA expression vector H19-DTA-P4-DTA,
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Figure 5. In vivo inhibition of heterotopic glioblas-
toma tumors in response to H19-DTA-P4-DTA treat-
ments. Inhibition of tumor growth in response to H19
-DTA-P4-DTA treatment is shown. Tumor size of tu-
mors treated with the DTA expressing vector, or with
control luciferase expressing vectors were deter-
mined prior to each treatment and before sacrifice.
The fold increase in tumor volume was calculated
relative to the initial volume at the day of the first
treatment.

or of the control H19-Luc-P4-Luc. Tumor size
was determined and the in vivo fold increase of
tumor size was calculated prior to each treat-
ment and before sacrifice. Three injections of
the double promoter plasmid H19-DTA-P4-DTA
at two-day intervals significantly inhibited tumor
development by 61% (P=0.004) compared to
H19-Luc-P4-Luc treatment (Figure 5). The dou-
ble promoter construct thus exhibited enhanced
ability to inhibit tumor development in vivo.

To confirm the difference between the H19-DTA-
P4-DTA and H19-Luc-P4-Luc groups, tumors
were excised and their ex vivo volume and
weight was determined. Mice treated with H19-
DTA-P4-DTA exhibited a 57% (P=0.01) reduction
of the ex vivo tumor volume (Figure 6A) and a
38% (P=0.005) reduction of the ex vivo tumor
weight (Figure 6B) compared to H19-Luc-P4-Luc
treated mice. The consistency of the results, in
measurements of ex vivo tumors as well, elimi-
nates any unrelated difference of the measure-
ments (such as subcutaneous swelling due the
inflammatory reaction, etc.).

Discussion

Our work indicates the efficacy of a double pro-
moter expressing vector, carrying on a single
construct two separate DNA sequences express-
ing 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 induce cy-
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totoxicity both in vitro and in vivo in glioblas-
toma heterotopic cancer model.

Although our cohorts are too small for statistical
analysis, our preliminary data is indicative of
significant expression of H19 RNA in variable
brain tumors, as demonstrated by H19-ISH per-
formed on paraffin sections (Table 1 and Figure
1), quantitative RT-PCR performed on banked
frozen glioma samples (Figure 2); and semi-
quantitative RT-PCR performed on several
glioma cell lines (Figure 3). There is also an ex-
pression of IGF2-P4 in high grade glioma dem-
onstrated by quantitative RT-PCR performed on
banked frozen glioma samples (Figure 2); and
of IGF2-P4 and IGF2-P3 as demonstrated by
semi-quantitative RT-PCR performed on several
glioma cell lines (Figure 3).

We have previously reported that in some of the
glioblastomas, expression of H19 RNA was ob-
served in neoplastic cells as well as in proliferat-
ing microvasculture and was also associated
with high immunoreactivity for p53 [46]. This
finding might be related to the aforementioned
link between p53 and H19 [24]. There also ap-
pears to be difference of expression of H19 RNA
between low grade (WHO grade 1) diffuse glio-
mas (low expression) and high grade diffuse
gliomas (WHO grades lll and IV) as indicated by
H19-ISH. However, the significance of this result
as well as all other results of H19-ISH and RT-
PCR should be verified in a larger cohort. Never-
theless, the high expression of H19 in metas-
tatic carcinoma as indicated by ISH is consis-
tent with previous data regarding metastatic
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treated tumor

Figure 6. Heterotopic glioblas-
toma tumors treated by H19-
DTA-P4-DTA. Heterotopic
glioblastoma tumors treated
with H19-DTA-P4-DTA vector or
with  H19-Luc-P4-Luc control
vector were excised and ex-vivo
tumor volume (A) and weight
(B) was determined. C-D: Necro-
sis of heterotopic tumors
treated with H19-DTA-P4-DTA:
representative sections of tu-
mors treated with H19-Luc-P4-
Luc (C), or with H19-DTA-P4-
DTA (D) (H&E, original magnifi-
cation x40). Necrotic area is
highlighted by dashed line (D).
Inserts are macroscopic photo-
graphs of the heterotopic tu-
mors, both in vivo and ex vivo.

carcinoma to the liver [44]. Also, H19 high ex-
pression in meningioma and medulloblastoma
as indicated by ISH is consistent with previous
reports [14, 15].

All therapeutic vectors tested in-vitro, showed
cytotoxic effect against glioblastoma cells
(Figure 4), however, the double promoter con-
struct H19-DTA-P4-DTA exhibited superior cyto-
toxicity in glioblastoma cell lines, relative to
each of the single promoter constructs carrying
either DTA DNA sequence alone (H19-DTA or P4
-DTA) (Figure 4). This was in accordance with
our previous report that show superior activity
of the double promoter vector in urothelial car-
cinoma [35]. The advantage of using a double
promoter over a single one has been discussed
before [35], and includes the ability to target
the treatment to a larger population of neoplas-
tic cells that might express either H19 or IGF2-
P4 or both. Thus, the majority of the neoplastic
cells could efficiently express the diphtheria
toxin. As discussed before [47, 48] once intro-
duced into target tissue, the plasmid vectors
have several advantages over viral vectors, in-
cluding: no infectivity, similar levels of expres-
sion per cell without traces of extra-
chromosomal elements, lack of immunogenic-
ity, which allow repeated treatments, transfect-
ing mainly dividing cells, long term stability,
safety and lack of need of special treatments or
storage requirements. Direct DNA injection is
considered a reliable, reproducible, and simple
technique for intra-tumoral gene transfer [49].
We have transfected the plasmids into cell lines
and into the target tissue of the animal model,
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as complex with the linear cationic polyethylen-
imine (jetPEl) as a transfection reagent. This
method was chosen based on previous studies
of our group showing relatively high levels of
transfection efficiency [35]. Subunit A of the
diphtheria toxin (DTA), which is highly potent,
was chosen as an effector molecule. When only
the cDNA coding for the A-fragment is ex-
pressed, the released DTA toxin from the lysed
cells will not be able to enter neighboring cells
in the absence of the DTB fragment [50], insur-
ing highly specific killing activity of targeted neo-
plastic cells. In previous works the cytotoxic ac-
tivity of diphtheria toxin conjugated to either
transferrin or EGF has shown some degree of
benefit in both animal models of glioma and
clinical trials [51-56] with only minimal toxicity.
As indicated by H19-ISH and RT-PCR results,
H19 and IGF2-P4 regulatory sequences are ex-
pected to be good candidates for specifically
inducing the expression of DTA in target neo-
plastic cells but not in cells of normal brain. Fur-
thermore, there appears to be an additive activ-
ity of the double promoter vector versus combi-
nation of two single promoter vectors, as was
shown for urothelial carcinoma, both in vitro
and in vivo [35].

A superior cytotoxic activity of the double pro-
moter vector H19-DTA-P4-DTA against U87
glioblastoma cells was exhibited, relative to the
combined activity of both single promoter con-
structs (H19-DTA + IGF2-P4-DTA), in a dose re-
sponse manner (Figure 4C). It should be empha-
sized that a surprising additive anti-tumor activ-
ity of the double promoter vector H19-DTA-P4-
DTA was demonstrated in glioblastoma cells,
although the total amount of DNA co-
transfected in cells receiving both single pro-
moter constructs was twice than the cells trans-
fected with the double promoter construct.
Thus, H19-driven and |GF2-P4-driven DTA-
encoding sequences presented on a single ex-
pression vector (H19-DTA-P4-DTA), exhibited
enhanced protein synthesis inhibition activity,
relative to expression vectors carrying either
DTA sequence alone when tested in glioblas-
toma cells. Due to these in vitro results we have
decided to evaluate the therapeutic potential of
the double promoter toxin vector H19-DTA-P4-
DTA in a heterotopic mouse model. The inhibi-
tion of tumor progression resulted exclusively
from the toxic effect of the diphtheria toxin.

In conclusion, the double promoter expressing
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vector, expressing DTA from two different regu-
latory sequences, H19 and IGF2-P4, namely
H19-DTA-P4-DTA showed efficacy against
glioblastoma, both in vitro and in vivo in het-
erotopic mouse model. Several reasons support
this strategy. IGF2-P4 and H19 appear to be
expressed in glioblastoma cells and not in nor-
mal brain. As previously noted, there appears to
be a regulatory role for IGF2 in the development
of glioblastoma [22, 23, 27]. By using the dou-
ble promoter expression vector DTA could be
better expressed in larger number of glioblas-
toma cells and therefore enhance tumor inhibi-
tion activity. By selective killing of glioblastoma
cells, which express H19 and/or IGF2, the
treated neoplastic cells as well as the neighbor-
ing tumor cells are at least partly deprived of
their IGF2 supply. By that the targeted destruc-
tion of neoplastic cells expressing IGF2 or H19,
accompanied by enhanced bystander effect,
may lead to at least partial inhibition of tumor
growth. Thus, this proposed treatment may be
applied in combination with present and less
targeted therapy methods for glioblastoma,
such as chemotherapy and radiotherapy. This
approach should naturally be tested in appropri-
ate intracranial orthotopic animal models and
clinical trials. Clinical trials (including phase Il
trials) of the effectiveness of targeted diphtheria
toxin were based upon intra-tumoral convection-
enhanced delivery [57, 58]. As noted above,
some of these trials demonstrated evidence of
tumor response. However, improved delivery
methods and non-invasive imaging of toxin dis-
tribution are probably necessary for better re-
sults [59]. Since our group have shown promis-
ing results regarding the efficacy of H19 and
IGF2 related anti-tumoral vectors for several
types of carcinoma [33-41], including in clinical
trials, it appears to be reasonable to test the
anti-tumoral efficacy of H19-DTA-P4-DTA as a
palliative treatment of brain metastases of vari-
able carcinomas. Since brain metastases are
usually well demarcated from the surrounding
brain, a direct intra-tumoral vector delivery by
stereotactic procedure appears plausible, and
might be as efficient as metastasectomy or ra-
diotherapy. Obviously this assumption should be
tested by intracranial orthotopic animal model
and by following clinical trials.
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