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Conditionally replicating oncolytic adenoviral vector expressing
arresten and tumor necrosis factor-related apoptosis-inducing
ligand experimentally suppresses lung carcinoma progression
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Abstract. Current methods of treatment for lung carcinoma
are ineffective for the majority of patients. Conditionally
replicating adenoviruses (CRAds) represent a potential novel
treatment for a number of neoplastic diseases, including lung
carcinoma. The present study aimed to investigate the syner-
gistic mechanisms underlying the anti-angiogenesis gene,
arresten, and the apoptosis-inducing gene, tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL), in order to
evaluate their therapeutic potential in lung cancer. The two genes
were expressed by CRAd, which was confirmed using reverse
transcription-polymerase chain reaction and western blotting.
In vitro analyses demonstrated that CRAd adenoviruses are
capable of selectively inhibiting A549 lung cancer cell growth
and replication but not in that of healthy cells. In vivo analyses
demonstrated that the infection of A549 cell lines using CRAd
armed with the two genes (CRAd-arresten-TRAIL) enhanced
the tumor inhibition, compared with cells infected with
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CRAd-arresten, CRAd-TRAIL or CRAd, and with the control
group. CRAd-arresten-TRAIL may therefore be useful in the
treatment of lung cancer.

Introduction

Lung carcinoma (LC), is the most common type of cancer and
the leading cause of cancer-related mortality worldwide (1).
Currently available treatments are ineffective in 60-70% of
patients with LC (1,2). LC is remarkably resistant to chemo-
therapy and radiotherapy (2). Therefore, novel therapeutic
approaches to LC are required.

Adenoviral vectors may be produced in high titers, gener-
ally do not integrate into DNA and exhibit low pathogenicity
in humans. Therefore, they are commonly used in cancer gene
therapy (3.4). However, adenoviral vectors are rarely capable
of successful amplification in tumor cells, which limits their
therapeutic efficacy in cancer (4). Conditionally replicating
adenovirus (CRAd; oncolytic adenovirus) is currently used
for the treatment of solid tumors (5). Oncolytic therapy uses
viruses that are tumor-specific and cause the proliferation
of progeny viruses in neighboring tumor cells, eventually
resulting in lysis of these cells.

CRAds are currently separated into three categories: A
tumor-specific adenoviral vector that uses tumor-specific
promoters (such as telomerase) to express the early region 1A
(E1A) gene, which is amplified in tumor cells (6,7); adendo-
virus 5 (Ad5) A-24 vector, which exhibits a 24 base pair (bp)
deletion in the Ad5 E1A conserved domain 2 (CR2) region
and is replicated in tumor cells exhibiting retinoblastoma
protein dysfunctions (8,9); and ONYX-015, which lacks the
E1B 55 kilodalton (kDa) gene, d11520, and is replicated in
p53-deficient tumor cells (10,11).

ONYX-015 exhibited positive experimental results, with
the ONYX-015 vector being able to selectively replicate in or
cause lysis of p53-deficient tumor cells in in vitro and in vivo
experiments (12,13). However, the outcomes of clinical trials
that used ONYX-015 as a monotherapy were found to be
less positive (14,15). ONYX-015 is therefore combined with
therapeutic genes, such as canstatin and mutant K5 genes, in
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order to overcome this limitation. Antitumor gene therapy
makes use of angiogenesis inhibitor genes (16,17). Arresten is
an angiogenesis inhibitor, which may help to inhibit tumor cell
growth (18).

In the present study, Ad5 E1B 55 kDa-deficient CRAd was
used in order to investigate its potential in the treatment of
LC. Two expression cassettes that express arresten and tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL)
were inserted into the fiber and the putative early region 4 (E4)
of CRAd in order to investigate the synergistic mechanisms of
the two genes and their potential in the treatment of LC.

Materials and methods

Cell cultures. Cell lines were maintained in a humidified 37°C
atmosphere at 5% CO,. The following cell lines were purchased
from the Shanghai Cell Collection Center (Shanghai, China),
A549 (human lung adenocarcinoma), NCI H460 (human lung
large cell carcinoma), and HeLLa and MRC-5 (healthy human
lung cells). The HEK293 human embryonic kidney cell line
was purchased from the American Type Culture Collection
(ATCC, Manassas, VA, USA). Cells were maintained in
Dulbecco's modified Eagle's medium or RPMI 1640 medium
(Gibco Life Technologies, Carlsbad, CA, USA) supplemented
with 10% heat-inactivated fetal bovine serum (Hangzhou
Sijiging Co. Ltd., Hangzhou, China), 250 U/ml penicillin and
250 pug/ml streptomycin (North China Pharmaceutical Co.,
Ltd., Shijiazhuang, China).

Construction of adenovirus transfer plasmids. The human
arresten and TRAIL genes were amplified using polymerase
chain reaction (PCR) from a human cDNA library (Agilent
Technologies, Inc., Santa Clara, CA, USA). The following
primers were used: Forward: 5'-aatcgatatgtctgttgatcacggcttc-3'
and reverse: 5'-atctagattatgttcttctcatacagac-3' for arresten
(with the restriction site Cla I and the initiation codon atg) and
forward: 5'-aatcgatatggctatgatggaggt-3' and reverse: 5'-atcta-
gattatgttcttctcataca-3' for TRAIL (with the restriction site
Xba1). Protocols for PCR and cloning into the shuttle plasmid,
pAd5-cytomegalovirus-(CMV) and pAd5-phosphoglycerate
kinase 1-(PGK) were performed according to the methods
described previously (19). Following digestion and sequencing
of the amplified fragments, the shuttle plasmid was linear-
ized with Pme I, and then transformed into Escherichia coli
BJ5183-Ad Easy-1 (Agilent Technologies, Inc.) using electro-
poration (Multiporator; Eppendorf, Hamburg, Germany).

The plasmids were termed pAd-arresten and pAd-TRAIL,
and their identifications were confirmed using kanamycin
(Amresco LLC, Solon, OH, USA) selection and restriction
digestion. The recombinant pAd-arresten and pAd-TRAIL
were linearized with Pme I and transfected into HEK293 cells
in order to form CRAd-arresten, CRAd-TRAIL and
CRAd-arresten-TRAIL (Fig. 1).

Adenoviruses were detected by observation of a cyto-
pathic effect using a fluorescence microscope (Observer Z1;
Carl Zeiss AG, Jena, Germany), which is a routine method
to detect the efficiency and activity of adenoviruses. Viruses
were propagated in HEK293 cells, purified using ultracentri-
fugation in a cesium chloride (Sigma-Aldrich, St. Louis, MO,
USA) gradient and subjected to dialysis in virus dialysis buffer
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(10 mM tris-HCI, pH 8.0; 2 mM MgCl,; 4% sucrose) four times
for 1 h each time. Adenoviral functional titers were deter-
mined using a plaque assay of the HEK293 cells (19). Titers
of the viruses were measured using a standard end point dilu-
tion assay, as described previously (19). Replication-deficient
adenovirus-expressing reporter with enhanced green fluores-
cent protein (¢GFP) with an RGD modification in the HI loop
(Ad5-CMV-eGFP) from stock (Agilent Technologies, Inc.)
was used as the negative control.

Reverse transcription-PCR (RT-PCR) analysis. Total RNA
was extracted using TRIzol® (Invitrogen Life Technologies,
Shanghai, China) from A549 human lung adenocarcinoma
cell lines infected with the five adenoviruses and treated with
DNase I (Takara Bio, Inc., Otsu, Japan; 0.2 U/ul working
concentration). First strand cDNA was generated from 1 pug of
RNA using an RNA LA PCR™ (AMYV) kit (Takara Bio, Inc.).
PCR was conducted using the following primers: Forward:
5'-acgggggaaaacataagacc-3' and reverse: 5'-tggcgcacttcta-
aactcct-3' for arresten; forward: 5'-acgacaaacaaatggtccaa-3',
and reverse: 5'-actaaaaaggccccgaaaaa-3' for TRAIL gene;
and forward: 5'-ggccaaggtcatccatgacaac-3' and reverse:
5'-tccecgttcagetcagggatgac-3' for GAPDH, which was used
as a reference gene. PCR conditions consisted of an initial
denaturation step for 5 min at 94°C, followed by 30 cycles of
amplification (denaturation for 30 sec at 94°C, annealing for
30 sec at 55°C and extension for 30 sec at 72°C) and a final
extension for 10 min at 72°C. PCR products (6 1) were electro-
phoresed on 15g/1 agarose gels (Invitrogen Life Technologies)
in order to visualize cDNA products.

Western blot analysis. Following 48 h of infection with
one of the five adenoviruses (CRAd, CRAd-arresten,
CRAd-TRAIL, CRAd-arresten-TRAIL or the negative
control, Ad5-CMV-eGFP, the infected A549 cell lines were
harvested and total protein was extracted using a lysis buffer.
Protein concentrations were measured using a protein assay
kit (Bio-Rad Laboratories, Hercules, CA, USA). Total protein
(20 ug) was separated on a 12% SDS-polyacrylamide gel
(Amresco LLC) and transferred to a polyvinylidene fluoride
membrane (GE Healthcare Bio-Sciences, Pittsburgh, PA,
USA). Standard western blotting was conducted using poly-
clonal rabbit antibodies against human arresten (1:1,000;
cat. no. PB0126) and TRAIL (1:500; cat. no. BA1446), and a
secondary antibody (horseradish peroxidase-conjugated goat
anti-rabbit IgG; cat. no. BA1055, Wuhan Boster Biological
Technology, Ltd., Wuhan, China). Cells were washed three
times with phosphate-buffered saline and Tween-20 (PBS-T)
and bands were visualized using an enhanced chemilumines-
cence western blotting kit (EMD Millipore, Billerica, MA,
USA).

Virus cytotoxicity was measured using a 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide (MTT)
assay. Cells were seeded in 96-well tissue culture plates
(2x10° cells/well). Following exposure to adenoviruses for 24,
48 or 72 h (with five multiplicities of infection), 20 ul of MTT
solution (Sigma-Aldrich; 2 mg/ml) was added. Subsequently
the plates were incubated at 37°C for 4 h. The supernatants
were replaced with acid isopropyl alcohol (Tianjin Chem Co.,
Ltd., Tianjin, China) in order to dissolve the solid product. The
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Figure 1.Constrution of oncolytic adenoviruses. (A) Schematic diagram of Ad5-CMV-eGFP,CRAd,CR Ad-arresten, CRAd-TRAIL and CR Ad-arresten-TRAIL.
In CRAd, the E1B 55kDa fragment was deleted. In CRAd-arresten, the region between modified fiber and E4 was replaced by one or two expression cas-
settes of genes derived from CMV or PGK promoters. (B) The arresten gene was cloned from the human cDNA library using polymerase chain reaction.
(C) shuttle-arresten was cut using Hind 111 enzyme. (D) CRAd-arresten released a fragment of 4.5 kb following Pac I digestion. (E) The cytopathic effects
of HEK293 cell lines infected with CRAd-arresten. CRAd, conditionally replicating adenovirus; TRAIL, tumor necrosis factor-related apoptosis-inducing
ligand; E4, putative early region 4; E3, early region 3; kDa, kilodalton; AdS5, adendovirus 5; CMV, cytomegalovirus; eGFP, enhanced green fluorescent protein;
PGK, phosphoglycerate kinase 1; ITR, inverted terminal repeat; PA, protective antigen.

absorbance at 570 nm was measured using a microplate reader
(Bio-Rad Laboratories). Experiments were repeated three
times.

Animal experiments. Mice received care in compliance with
the guidelines for the care and use of laboratory animals in
research (20). Experiments were approved by the Ethics
Committee of Shaanxi Normal University (Xi'an, China).
A total of 30 female Balb/c nude mice, aged 4-6 weeks
were obtained from the Animal Research Committee of
the Institute of Biochemistry and Cell Biology (Shanghai,
China). A xenograft tumor model was established using
subcutaneous injections of A549 cell lines (2x10%/ml) into
the right flanks of the mice. Once the tumors had attained
a size of 80-100 mm?, mice were randomly assigned one
of five groups: Ad-CMV-eGFP (negative control), CRAd,
CRAd-arresten, CRAd-TRAIL or CRAd-arresten-TRAIL.
Mice were intratumorally injected with (5x10® plaque-forming
unit) plaque-forming unit in 100 1 PBS and tumor size was
measured, everyday for a period of eight days. Tumor sizes
were measured using a caliper and tumor volume was calcu-
lated as length x width*/2 = tumor volume (mm?). At the end
of the experiment, the mice were sacrificed by etherization and
the tumors were resected in order to conduct immunohisto-
chemical analysis.

Immunohistochemical analysis. Tumor tissues removed from
treated mice were fixed in 10% buffered formalin (Tianjin
Chem Co., Ltd.), dehydrated using gradient alcohols and
embedded in paraffin. Serial sections (4-ym) were prepared

and stained with hematoxylin and eosin (H&E). An ABC
staining system kit (sc-2019; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) was used in order to perform immunohisto-
chemical analysis. Sections were washed with PBS and treated
with 1% hydrogen peroxide for 20 min in order to inactivate
the endogenous peroxidase. Subsequently, the sections were
blocked using a blocking serum (Zhongshan Golden Bridge
Biotechnology Co., Ltd., Beijing, China). Intratumoral
microvessels were stained using a monoclonal rat anti-mouse
antibody against the cluster of differentiation 31 (CD31;
sc-71871; 1:200; Santa Cruz Biotechnology, Co., Ltd.) antigen
in order to measure intratumoral microvessel density (MVD).
The number of microvessels was counted from ten randomly
selected visual fields (x400) using a light microscope (Observer
Z1) and MVD was calculated using the Weidner standard of
scoring (19). Steps were performed according to the manufac-
turer's instructions. H&E was used as a counterstain.

A terminal deoxynucleotidyl transferase-mediated deoxynucle-
otide triphosphate-biotin nick end-labeling (TUNEL) assay. A
TUNEL assay was performed in order to detect the presence
of apoptotic cells, according to the manufacturer's instructions
(Nanjing, Keygen Biotech Co. Ltd., Nanjing, China). Apoptotic
cells were counted on ten randomly selected visual fields (x400)
using a light microscope. The apoptotic index was calculated
using the formula: Apoptotic index = (total number of apop-
totic cells/total number of cells) x 100.

Statistical analysis. Data are presented as the mean + standard
deviation. Unpaired student's t-test and one-way analysis of
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Figure 2. Expression of TRAIL and arresten in A549 cell lines, following 48 hr adenovirus infection. (A) Expression of arresten and TRAIL genes in A549 cell lines
infected with adenoviruses were examined using RT-PCR. Arresten (217 bp) and TRAIL(236 bp) genes were expressed in cells following infection with CR Ad-arresten
and CRAd-arresten-TRAIL. It was neither expressed in cells following infection with CRAd-TRAIL nor in control cells. (B) Protein analysis of TRAIL and arresten
expression using western blotting. CRAd, conditionally replicating adenovirus; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand; AdS, adendovirus 5;
eGFP, enhanced green fluorescent protein; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; RT-PCR, reverse transcription-polymerase chain reaction.
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Figure 3. Growth inhibitory effects of adenoviruses infection in lung cancer cells in vitro. Cells were infected with Ad5-CMV-eGFP, CRAd, CRAd-arresten,
CRAd-TRAIL and CRAd-arresten-TRAIL at a multiplicity of infection of five. At 48 h post infection, cell survival was measured using a 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide assay. Results are expressed as a percentage of the control group's cell viability. The data represent the
mean + standard deviation of three independent experiments. 'P<0.05, as compared with the control group. CRAd, conditionally replicating adenovirus;
TRAIL, tumor necrosis factor-related apoptosis-inducing ligand; Ad5, adendovirus 5; CMV, cytomegalovirus; eGFP, enhanced green fluorescent protein.

variance were conducted in order to assess significant differ-
ences between groups. In all cases P<0.05 was considered to
indicate a statistically significant difference.

Results

Gene cloning and the construction of four oncolytic adenovi-
ruses. A schematic diagram of the five adenoviruses, including
Ad5-CMV-eGFP (negative control), CRAd, CRAd-Arresten,
CRAd-TRAIL and CRAd-Arresten-TRAIL is shown
in Fig. 1A. The E1B 55 kDa fragment was deleted from the

CRAd adenovirus. For the CRAd-arresten, CRAd-TRAIL or
CRAd-arresten-TRAIL adenoviruses, the regions between
fiber and E4 were replaced by one or two gene expression
cassettes derived from CMV or PGK promoters (Fig. 1A).
Arresten cDNA (712 bp) was obtained using PCR ampli-
fication (Fig. 1B). The amplified fragment was inserted into a
shuttle vector, downstream of the cytomegalovirus promoter
using ligation and then confirmed using digestion with
Hind 111. A 1,300 bp fragment was released from shuttle-CMV
ligated with arresten, by contrast, no fragment was released
from shuttle-CMV without arresten (Fig. 1C). The resultant
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Figure 4. Tumor volume in nude mice bearing A549 xenograft tumors. When tumor volumes had reached 80-100mm?, mice (n=6 in each group) were intratu-
morally injected with 2.5x10® pfu of five adenoviruses; Ad5-CMV-eGFP (negative control), CRAd, CRAd-arresten, CRAd-TRAIL and CR Ad-arresten-TRAIL)
in 100 ul of virus preservation buffer every other day for eight days. The tumor volumes were measured everyday. The CRAd-arresten-TRAIL-virus-tre
ated group exhibited the most significant inhibition of tumor growth. Data are presented as the mean + standard deviation. "P<0.05 and “P<0.01. CRAd,
conditionally replicating adenovirus; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand; pfu, plaque-forming unit; Ad5, adendovirus 5; CMV,

cytomegalovirus; eGFP, enhanced green fluorescent protein.

plasmid was referred to as shuttle-CM V-arresten, which was
identified using DNA sequencing (21).

The protocols for TRAIL gene cloning and for the
construction of the oncolytic adenovirus CRAd-TRAIL are
similar to those of CRAd-Arresten (21).

Antitumor efficacy of CRAd with dual expression of TRAIL
and arresten in vitro. In order to examine the expression
patterns of the infected cells, total RNA was extracted from
A549 cell lines infected with the five adenovirus vectors.
RT-PCR assays were performed and the results suggested
that arresten (217 bp) was expressed in CRAd-arresten- and
CRAd-arresten-TRAIL-infected A549 lung carcinoma
cells. By contrast it was not expressed in Ad5-CMV-eGFP-
(negative control), CRAd- or CRAd-TRAIL-infected
A549 cells. TRAIL was expressed in CRAd-TRAIL- and
CRAd-arresten-TRAIL-infected A549 cells. By contrast, TRAIL
was not expressed in Ad5-CMC-eGFP- (negative control),
CRAd- or CRAd-arresten-infected A549 cell lines (Fig. 2A).

Western blot analysis was also performed.
Anti-arresten was detected in CRAd-arresten- and
CRAd-arresten-TRAIL-infected A549 cells (Fig. 2B).
Anti-TRAIL was detected in CRAd-TRAIL- and
CRAd-Arresten-TRAIL-infected A549 cells. Anti-arresten
and anti-TRAIL were not detected in Ad5-CMV-eGFP- or
CRAd-infected A549 cell lines.

The influence of the viruses on cell viability was evaluated
using an MTT assay (Fig. 3). The results of the present study
demonstrated that cell proliferation was significantly inhibited
following infection with the CRAd adenoviruses compared
with the cells treated with the control virus (P<0.01). The
results also suggested that CRAd viruses are capable of
replicating in tumor cells but not in healthy cells (MRC-5
cell line). Furthermore, A549 cell proliferation was inhibited
to a greater degree following infection with CRAd-arresten

and CRAd-TRAIL, which may contribute to the replica-
tion of these viruses in cancer cells. Cells infected with
CRAd-Arresten-TRAIL exhibited the lowest percentage cell
viability. However, there were no significant differences in cell
viability among the CRAd virus infected groups (P>0.05).

Lung cancer xenografts. The antitumor effects of adenovi-
ruses were analyzed in vivo using A549 cancer subcutaneous
xenografts. Tumor growth was significantly inhibited following
infection with CRAd, CRAd-arresten, CRAd-TRAIL and
CRAd-arresten-TRAIL adenoviruses, compared with that of the
control group (Fig. 4). Tumor growth in mice infected with the
four CRAd adenoviruses was slower than that in mice infected
with the control adenovirus (Ad5-CMV-eGFP infected cells).

Following four injections of CRAd-arresten, tumor
growth ceased on day 16 (Fig. 4). In addition, on day 22
tumor volumes in samples treated with CRAd-arresten
(tumor volume 629.75£109.57 mm?®) were significantly
smaller than those in the control group (control cells;
1,477.38+110.23 mm?; P<0.01) and than those in the
CRAd-infected group (902.44+179.61 mm?; P<0.05).

Mouse mortality was observed in the control group
(Ad5-CMV-eGFP) on day 19. Mortality was observed in the
CRAd-infected group on day 21. By contrast, there were no
mortalities in mice infected with CRAd-arresten-TRAIL. The
causes of mouse mortality were due to heavy tumor burden and
consequent organ failure or cancer cachexia. Autopsies were
performed and no evidence of tumor metastasis was observed.

In order to measure angiogenesis and the presence of apop-
totic tumor cells, microvessel density (MVD) and TUNEL
analyses were conducted. Immunostaining with anti-CD31 anti-
body (Fig. 5A) followed by quantification using MVD (Fig. 5B),
suggested that MVD in the CRAd-arresten-TRAIL group
(6.7+1.4; P<0.01), CR Ad-arresten group (8.6+1.8; P<0.01) and
CRAd-TRAIL-group (15.4+1.3; P<0.05) was significantly
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factor-related apoptosis-inducing ligand.

lower, as compared with that of the control virus infected
group (Ad5-CMV-eGFP; 29.6+3.4).

TUNEL staining followed by quantification (Fig. 5C)
suggested that the apoptotic indices in the CRAd-infected
groups (17.9+2.9%, 21.5+3.2% and 24.6+3.7% and 37.7+3.3% in
the CRAd, CRAd-arresten and CRAd-arresten-TRAIL infected
A549 cell line groups, respectively) exhibited a significantly
higher apoptotic index, as compared with that of the control
(Ad5-CMV-eGFP) group (7.7+1.8%) (“P<0.01, "P<0.05).

Discussion

Previous investigations have suggested that soluble TRAIL or
adenovirus-mediated TRAIL exhibit antitumor properties by
inducing apoptosis in a number of types of cancer, such as lung
cancer (21-23). However, to the best of our knowledge no studies
have examined the influence on cancer cell growth of two anti-
tumor genes expressed from a single CRAd virus on. In the
present study, in order to establish a CRAd-arresten-TRAIL
adenovirus, two expression cassettes were inserted into the
region between fiber and E4 of CRAd genes, and were initi-
ated using two promoters (CMV or PGK;Fig. 1A). RT-PCR
and western blot analyses demonstrated that arresten and
TRAIL genes were successfully expressed following in vitro
infection of A549 cell lines with CRAd-arresten-TRAIL.
TRAIL is a member of the tumor necrosis factor family
and is capable of inducing apoptosis in malignant human
cells but not in healthy cells (24). Recently, non-replicative
adenovirus-mediated TRAIL has been used in clinical trials on

malignant glioma (25).Inthe present study, TR AIL wasexpressed
by RGD-modified CRAd, which replicates selectively in tumor
cells. The results of the present study suggested that CRAd did
not replicate in a healthy human lung cell line (MRC-5; Fig. 3)
nor in HUVEC blood vessel epithelium cells (data not provided).
However, cell viability was inhibited in A549, H460 and HeLa
cell lines treated with CRAd, CRAd-arresten, CRAd-arresten
TRAIL and CRAd-TRAIL adenoviruses, although it was not
affected in the control group (Fig. 3). Results of crystal violet
assays confirmed these observations (data not shown).
Arresten, a 26-kDa, non-collagenous domain involved in
the collagen I'V al chain, has been shown to inhibit angiogen-
esis (26). However, the mechanisms underlying this process are
not fully understood. Previous studies have demonstrated that
arresten is capable of inhibiting vascular endothelial growth
factor-mediated angiogenesis by promoting apoptosis and
caspase-3/poly (ADP-ribose) polymerase-1 activation (27,28).
Furthermore, arresten may inhibit the phosphorylation of
adhesion kinase/p38 mitogen-activated protein kinase and the
expression of B-cell lymphoma 2 and B-cell lymphoma-extra
large, which results in endothelial cell death (28). Recent
research has also suggested that arresten production is associ-
ated with the p53 tumor suppressor pathway (29). In the present
study, arresten genes were inserted into the CRAd viruses,
to produce CRAd-arresten and CRAd-arresten-TRAIL.
CRAd-arresten and CRAd-arresten-TRAIL infection led to
the inhibition of matrigel neovascularization in HUVEC cell
lines in vitro (data not shown). Xenograph lung tumor growth
was inhibited in mice following subcutaneous injection of
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CRAd-arresten and CRAd-arresten-TRAIL. Following four
CRAd-arresten adenovirus subcutaneous injections, on day
16, tumor volumes remained constant until day 22 (Fig. 4). By
contrast, tumor growth continued to increase in mice following
four subcutaneous injections of CRAd, CRAd-TRAIL,
CRAd-arresten-TRAIL and AD5-CMV-eGFP. The results
of the present study may contribute to a better understanding
of the mechanisms underlying the inhibition of endothelial
cell growth and its association with arresten secreted by the
CRAd-arresten adenovirus.

In the present study, a oncolytic adenovirus containing two
genes (CRAd-arresten-TRAIL), exhibited greater tumor inhibi-
tory activity than the CRAd, CRAd-arresten or CRAd-TRAIL
adenoviruses. These observations may be due to a greater level of
viral replication and expression of tumor suppressor genes in cells
infected with CRAd-arresten-TRAIL compared with CRAd-,
CRAd-arresten- or CRAd-TRAIL- adenovirus-infected cells.
However, the relative contributions of these components and the
possible underlying mechanisms remain unclear. According to
the results of in vitro analyses in the present study (Fig. 3), cells
infected with CRAd exhibited cell growth inhibition. Therefore,
treatment with CRAd, without arresten and TRAIL, may be
sufficient to inhibit tumor cell growth. There was a decrease
in the relative contribution of the replicating vector to tumor
inhibitory activity in in vivo analyses (Fig. 4). The mechanisms
underlying the patterns observed are complicated, and may be
associated with the decrease in viral transduction of the tumor
tissue compared with that of the cultured cells.

In conclusion, the present study provides potential for the
development of novel cancer gene therapy. An original approach
is described, involving the treatment of a single viral vector
containing two genes, which may enhance cancer cell apoptosis.
The results may be applicable to lung cancer and to a number of
other types of cancers, such as breast and liver cancer.
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