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Abstract

AIM: Because of a major resistance to chemotherapy,
prognosis of hepatocellular carcinoma (HCC) is still poor.
New treatments are required and gene therapy may be
an option. Tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) induces apoptosis in multiple malignant
tumors, and using adenoviral vectors has shown a targeted
tumor-specific therapy. However, repeated administration
of adenoviral vectors can lead to cell resistance, which
may be caused by the initial coxsackie-adenovirus receptor
(CAR). One technique to overcome resistance is the use
of modified adenoviral vectors containing an Arg-Gly-Asp
(RGD) sequence. In this study we constructed an adenoviral
vector (designated Ad/TRAIL-F/RGD) with RGD-modified
fibers, expressing the 7RAIL gene from the human telomerase
reverse transcriptase (hTERT) promoter, and evaluated
its antitumor activity in HCC cell lines.

METHODS: To investigate the effects of Ad/TRAIL-F/RGD
in human HCC cell lines Hep G2 and Hep 3b, cells were
infected with Ad/CMV-GFP (vector control), Ad/gTRAIL
(positive control), and Ad/TRAIL-F/RGD. Phosphate-
buffered saline (PBS) was used as control. Cell viability
was determined by proliferation assay (XTT), and
apoptosis induction by fluorescence activated cell
sorting (FACS).

RESULTS: Cells treated with Ad/TRAIL-F/RGD and Ad/
gTRAIL showed a significantly reduced cell viability in
comparison to PBS and Ad/CMV-GFP treatment in both
cell lines. Whereas, treatment with PBS and Ad/CMV-
GFP had no cell-killing effect. The reduced cell viability
was caused by induction of apoptosis as shown by FACS
analysis. The amount of apoptotic cells was similar after
incubation with Ad/gTRAIL and Ad/TRAIL-F/RGD.

CONCLUSION: The new RGD modified vector Ad/TRAIL-
F/RGD could become a potent therapeutic agent for the
treatment of HCC, adenovirus resistant tumors, and CAR
low or negative cancer cells.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) represents up to 80% of all
primary malignant liver tumors with an increasing incidence
wotldwideY. The most common tisk factors for this disease
are liver cirrhosis, chronic infections with hepatitis B and
hepatitis C viruses, and exposure to aflatoxins?. Surgical
resection and liver transplantation are therapies of choice,
with potential cure, but at the time of diagnosis, about 80%
of no curative therapy is possible. Local tumor ablations such
as radiofrequency ablation, and laser-induced thermoablation
may be a good alternative, but the indication is restricted
only to selected patients with small tumors. Chemoembolization
has no effect on long-term survival, and no promising radio/
chemotherapy is availablet’.

Because of a poor outcome in non-resectable HCCs,
new treatment strategies are of high clinical interest, and
gene therapy may be an option. One reason for focus on
gene therapy is the tumor necrosis factor-related apoptosis-
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inducing ligand (TRAIL), which is a death-inducing ligand
belonging to the tumor necrosis factor (TNF)-cytokine
superfamily.

It has recently been demonstrated that the direct transfer
of the TRAIL gene via adenoviral vectors into a variety of
human cancer cells could induce strong apoptosis 7 vitro
and suppress tumor growth significantly 7 vivot*.

However, repeated application of apoptosis-inducing
adenoviral vectors can result in the selection and expansion
of resistant cells, and resistance to adenoviral infections is
presumably caused by a low expression of the initial binding
receptor, the coxsackie-adenovirus receptor (CAR) or integrins,
such as avP3, avp5, or avB17. In addition, reduced
expression of CAR has also been reported in primary tumors!'”,
suggesting that overcoming resistance to adenoviruses in
cancer cells is important for the future success of adenovirus
mediated cancer gene therapy in patients.

Adenoviral capsid proteins can be modified to retarget
adenovectors to CAR-independent binding molecules. One
technique is to modify the adenoviral vector by incorporating
the integrin-binding motif RGD sequence into the HI loop
of the adenoviral fiber proteins.

Therefore, we constructed an adenoviral vector broadly
applicable to cancer therapy, designated as Ad/TRAIL-F/
RGD. This new vector was modified with the RGD sequence
in the HI loop of fibers and expressed the TRAIL gene
from the hTERT promoter via GAL4 gene regulatory
components that could augment transgene expression
from the tumor-specific promoter without losing target
specificity.

We evaluated the efficiency of Ad/TRAIL-F/RGD in
comparison to our previously constructed adenoviral vector
Ad/gTRAIL in vitro in two HCC cell lines. Our results
showed a strongly reduced viability and apoptotic effect of
Ad/TRAIL-F/RGD in both cell lines.

MATERIALS AND METHODS

Adenovectors

The adenoviral vectors Ad/CMV-GFP and Ad/gTRAIL
were described previously®. Ad/TRAIL-F/RGD was
constructed by co-transtecting 293 cells with a shuttle plasmid
expressing a full-length human TRAIL coding sequencing
from the hTERT promoter and a 30 kb Clal fragment
from Ad/LacZ-F/RGD as described previously?. The
expansion, purification, titration, and quality analyses of all
these vectors were performed at the vector core facility at
The University of Texas MD Anderson Cancer Center as
previously desctibed!l. All viral prepatations wete found
to be free of the E1" adenovirus using polymerase chain
reaction (PCR)" and to be free of endotoxins using a Limulus
amebocyte lysate endotoxin detection kit (BioWhittaker,
Walkersville, MD). The titer used in this study was determined
by the absorbency of the dissociated viruses at A om (On€
Ao wm unit = 10'* viral particles [VP]/mL), and the titers
determined with a plaque assay were used to determine
additive information. Particle: infectious unit ratios were
usually between 30:1 and 100:1. Thus, the multiplicity of
infection (MOI) of 1 000 VP was equivalent to a multiplicity
of infection of 10-30 infectious units. Unless otherwise

specified, Ad/CMV-GFP was used as the vector control
and phosphate-buffered saline (PBS) as a control.

Cell lines and reagents

Human HCC cell lines Hep G2 and Hep 3b were purchased
from the American Type Culture Collection (ATCC)
(Rockville, MD). Both cell lines wete maintained in Dulbecco’s
modified Eagle’s medium (DMEM), supplemented with
100 mL/L heat-inactivated fetal bovine serum (CFBS), 1%
glutamine, and 1% penicillin and streptomycin (Gibco-BRL,
Life Techologies, Inc., Grand Island, NY). All cells were
cultured at 37 ‘C in a humidified incubator containing
50 mL/L CO,,

Cell viability assay

Cell viability was determined using a 3-bis-(2-methoxy-4-
nitro-5 sulfenyl)-(2H)-tetrazolium-5-carboxanilide (XT'T)
assay (Cell Proliferation Kit I, Roche Molecular Biochemicals,
Indianapolis, IN, USA), as described previously!'?. Briefly,
1Xx10* cells/plate were seeded onto a 96-well plate, and
after 24 h Ad/CMV-GFP, Ad/gTRAIL, or Ad/TRAIL-F/
RGD were added to each well with a multiplicity of infection
(MOYI) of 2 000 VP/cell. PBS was used as a control. Cells
were incubated at 37 C in a humidified atmosphere
containing 50 mL/L CO,. A XTT assay was performed
for the following 5 d after the treatment. Each experiment
was performed in quadruplicate and repeated at least twice.
Data are expressed as meantSD.

Flow cytometric assay

Fluorescence-activated cell sorting (FACS) was performed
to determine iz vitro apoptosis induction. The Hep G2 and
Hep3b cells were plated onto 100 mm plates at a density
of 1X10° cells/plate a day before treatment. Cells were
infected with Ad/CMV-GFP, Ad/gTRAIL, or Ad/TRAIL-
F/RGD using a MOI of 1 000 VP/cell. PBS was used as
a control. After incubation for 48 h, both adherent and
floating cells were harvested (adherent by trypsinization)
and washed with PBS. The cells were then fixed with 70%
ethanol overnight and stained with propidium iodide (PI)
(1 mL of PI, 10 uL. of RNase, 9 mL of PBS, PI: 50 pug/mL)
before analysis. This procedure was done using flow
cytometry, the sub-Gy/G; cellular DNA content was
measured using Cell Quest software (Becton-Dickinson, San
Jose, CA, USA).

Statistical analysis

Statistical differences among the treatment groups were
assessed by ANOVA using the Statistica software program
(StatSoft, Tulsa, OK). P<0.05 was considered statistically
significant.

RESULTS

Construction and characterization of Ad/TRAIL-F/RGD

Ad/TRAIL-F/RGD had the same bicistronic expression
cassette as Ad/gTRAILP except that wild-type TRAIL
cDNA was used instead of the GFP/ TRAIL. fusion construct
desctibed in Ad/gTRAIL. In addition, Ad/TRAIL-F/RGD
contained an insertion of the CDCRGDCFC sequence in
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Figure 1 GFP-expression (%) of Hep G2 and Hep 3b cells.
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Figure 2 Cell-viability of Hep G2 cells (A) and Hep 3b cells (B); (4 ) PBS, (M) Ad/

the HI loop of fibers and a deletion in the E3 region from
28 599 to 30 469 bp. The sequences of the E3 region, the
fiber region, human TRAIL cDNA, and the GAL4/1P16
fusion gene in the E1 region in Ad/TRAIL-F/RGD were
verified by automatic DNA sequencing using purified viral
DNAs as templates.

GFP-expression in hepatocellular carcinoma cells

We transfected both cell lines with Ad/CMV-GFP and
Ad/gTRAIL for evaluation if the cell lines wete capable of
transfecting adenoviruses. PBS was used as a control. Cells
were transfected with a MOI of 1 000 VP/cell and the
GFP expression was measured after 48 h of treatment by
FACS analysis. Hep G2 and Hep 3b showed a strong
transfection rate for Ad/CMV-GFP between 98% and 99%
and for Ad/gTRAIL between 40% and 97% (Figure 1).

Cell-killing effect of Ad/TRAIL-F/RGD on hepatocellular
carcinomacells
We examined the effects of Ad/TRAIL-F/RGD on HCC

After treatment (d)

CMV-GFP, (@) Ad/gTRAIL, (A) AdTRAIL-F/RGD; data are expressed as mean+SD.

cell lines Hep G2 (Figure 2A) and Hep 3b (Figure 2B).
Both cell lines were sensitive to Ad/TRAIL-F/RGD and
Ad/gTRAIL and showed a significantly reduced viability
compared to cells treated with PBS or Ad/CMV-GFP, after
5 d of treatment in all groups (P<0.05). The viability reducing
effect was not significant between Ad/gTRAIL and Ad/
TRAIL-F/RGD.

Apoptosis induction in hepatocellular carcinoma cells

To further evaluate the apoptosis caused by Ad/TRAIL-
F/RGD and Ad/gTRAIL, we quantified the sub-G,
population in both cancer cell lines by FACS analysis. The
MO for the adenoviral treatment was set at 1 000 VP/cell.
Ad/gTRAILand Ad/TRAIL-F/RGD dramatically increased
the percentage of apoptotic cells in comparison to cells
treated with PBS, or Ad/CMV-GFP. The apoptotic effect
between Ad/gTRAIL and Ad/TRAIL-F/RGD was almost
equal and cells treated with PBS or Ad/CMV-GFP had
only background levels of apoptosis (Figure 3).
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Figure 3 Cell apoptosis (%) of Hep G2 and Hep 3b cells.

DISCUSSION

Gene therapy may be an alternative approach, using the
proapoptotic tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL).

TRAIL belongs to the TNF-a cytokine super-family,
including TNF-a, Fasl./ CD95/Apoll, TRAIL/Apo2l, and
TWEAK/DR3L/Apo3L". These ligands are type-11
transmembrane proteins and membrane-bound TRAIL as
recombinant soluble TRAIL could rapidly induce apoptosis
in vatious cancer cells by interaction with DR4/TRAIL-R1
or DR5/TRAIL-2 death receptors™. It has recently been
reported that expression of the TRAIL or TRAIL/ GFP
fusion gene could induce apoptosis in a wide variety of
cancer cells®>17220 Moreover, the direct transfer of the
TRAIL gene resulted in an apoptotic bystander effect
including non-transfected neighboring cancer cellst*'.
However, one major concern of proapoptotic gene therapy
is its systemic toxicity. Using tumot-specific promoters with
targeted gene expression can avoid this effect. For this reason,
we used the human telomerase reverse transcriptase (WI'ERT)
promoter, whose gene was active in 85% of human cancer
cells, but inactive in most somatic cells®. But a limitation
of tissue- or cell-type-specific promoters to target transgene
expression was hampered by their weak transcriptional
activity™. A solution for this problem is the GAL4 gene
regulatory system, wherein a weak tissue-specific promoter
could drive expression of the GAL4/VP16 fusion protein
(GV 16), which in turn could transactivate a minimal
synthetic promoter, GAL4/TATA (GT), which upstreams
the TRAIL gene". We recently constructed an adenoviral
vector, which could combine these qualities, expressing the
GFP/TRAIL fusion gene driven by the hTERT promoter
via GAL4 gene regulatory components (designated as Ad/
¢TRAIL). This vector prevented transgene expression and

toxicity in primary human hepatocytes®, but led to apoptosis
in multiple human tumor cell linest*.

Nevertheless, repeated administration of adenovectors,
as a gene transport delivery device, could result in cell
resistance to adenovirus binding mechanism, especially the
initial CARI*!. Moreovert, reduced expression of CAR has
also been reported in primary tumors!'”l. Thence, new
techniques to increase the transfection efficiency are desirable.
A simple solution could be the increase of the viral titer,
but it would lead to mote systemic toxicity in animal
experiments or clinical trials. An alternative way is to retarget
the adenoviral capsid protein by modifying adenoviral
vectors to CAR-independent binding molecules. One
technique is the incorporating of the integrin-binding motif
RGD sequence into the HI loop of the adenoviral fiber
protein.

Recently published reports showed a significantly
increased transduction efficiency in oral squamous cell
carcinoma™” and cervix carcinoma cells®, ovarian cancer
cells?!, melanoma cells??, and glioma cells®.

Therefore, modified vectors containing polylysine or an
RGD sequence might have a broader application than
conventional adenovectors in tatgeted cancer gene therapy™”,
especially for in vivo experiments. These vectors could
overcome resistance to adenoviral treatment, and increase
the transfection efficiency in cells with a low CAR expression.
Consequently, we constructed an adenoviral vector
expressing the wild-type TRAIL gene from the h"TERT
promoter and contained an RGD sequence in the HI loop
of its fiber protein (Ad/TRAIL-F/RGD), which would have
a broader application than the vectors previously reported.
We compared the new vector with our previously constructed
adenoviral vector Ad/gTRAIL as a positive control, which
showed a strong apoptotic effect on a variety of human

tumor cells®*l.
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The in vitro expetiments of out study showed that Ad/
TRAIL-F/RGD significantly reduced the cell viability in
Hep G2 and Hep 3b cells in compatison to Ad/CMV-GFP
and PBS treated cells. FACS analysis concerned these results.
Both experiments showed no significant difference between
Ad/¢TRAIL and the new Ad/TRAIL-F/RGD in both cell
lines. These results confirmed that the modification of our
previously demonstrated vector Ad/gTRAIL did not
decrease the proapototic efficiency 7z vitro. It would be
interesting to compare both vectors 7 vivo in tumor models
with CAR low or negative cell lines, but so far no tumor
model with these criteria has been established. However,
we have previously reported that the pancreas carcinoma
cell line MTA PaCa-2 has alow CAR expression® and might
be an option for a tumor model, because of its tumorigenicity
in nude mice. Furthermore, it has recently been found that
some chemotherapeutic agents have a synergistic effect in
combination with adenovirus mediated TRAIL synthesis,
even on chemoresistant cancer cells!’*. These results and
the increased transfection rate by fiber modified adenoviruses
in CAR low cell lines may reduce the virus particles for
clinical studies, which seems to be an effective treatment
without side effects due to high adenovirus titers.
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