Acta Pharmacol Sin 2009 Apr; 30 (4): 467-477

Original Article

Enhancement of tumor cell death by combining cisplatin with an
oncolytic adenovirus carrying MDA-7/IL-24
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Aim: The aim of this study was to creatively implement a novel chemo-gene-virotherapeutic strategy and further strengthen
the antitumor effect in cancer cells by the combined use of ZD55-IL-24 and cisplatin.

Methods: ZD55-1L-24 is an oncolytic adenovirus that harbors interleukin 24 (IL-24), which has a strong antitumor effect and
was identified and evaluated by PCR, RT-PCR, and Western blot analysis. Enhancement of cancer cell death using a com-
bination of ZD55-IL-24 and cisplatin was assessed in several cancer cell lines by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay and cytopathic effect (CPE) assay. Apoptosis induction by treatment with ZD55-1L-24
and/or cisplatin was detected in BEL7404 and SMMC7721 by morphological evaluation, apoptotic cell staining, and flow
cytometry analysis. In addition, negative effects on normal cells were evaluated in the L-02 cell line using the MTT assay,
the CPE assay, morphological evaluation, apoptotic cell staining, and flow cytometry analysis.

Results: The combination of ZD55-IL-24 and cisplatin, which is superior to ZD55-IL-24, cisplatin, and ZD55-EGFP, as well
as ZD55-EGFP plus cisplatin, resulted in a significantly increased effect. Most importantly, conjugation of ZD55-1L-24 with
cisplatin had toxic effects equal to that of cisplatin and did not have overlapping toxicities in normal cells.

Conclusions: This study showed that ZD55-IL-24 conjugated with cisplatin exhibited a remarkably increased cytotoxic and
apoptosis-inducing effect in cancer cells and significantly reduced the toxicity in normal cells through the use of a reduced
dose.
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Introduction IL-24 was a potent therapeutic gene for human cancers.

Recently, the novel oncolytic adenovirus vector, ZD55, was
MDA-7/IL-24 (melanoma differentiation associated

constructed by deleting an E1B 55-kDa gene of adenovirus
gene-7/ interleukin-24), which was first classified as a mem-

S. ZDSS is similar to the virotherapy agent, ONYX-01S,
which is an oncolytic adenovirus with a deleted E1B 55-KDa
that selectively replicates in p53-deficient tumor cells and

ber of the interleukin (IL)-10 gene family, has attracted
particular attention'! because it can specifically induce
apoptosis in a wide variety of malignant cells but spares
normal cells'*’, Many studies proved that IL-24 exhibited
potent “bystander antitumor” activity'*! and enhanced radia-

tion lethality[s], induced immune-regulatory activities!®,

lyses them. The novel gene-virotherapy strategy for cancer
using the delivery of therapeutic genes by ZDSS was first

reported by us and indicated a strong antitumor effect both

[10, 11

in vitro and in vivo"” ", We have previously demonstrated

and inhibited tumor angiogenesis ™. In addition, Ad.IL-24, that ZDSS-IL-24 exhibits a strong tumor suppression effect
which is a recombinant adenovirus that encodes the human
IL-24 gene, has been evaluated in a phase I/II clinical trial

in patients with advanced carcinoma'®®), which showed that

in a panel of tumor cells and has a high antitumor effect for

. . . 12
human colorectal carcinoma xenografts in nude micel?,

Furthermore, ZDSS5-IL-24 has been exploited as an antican-

. cer drug in China for its potent antitumor activity.
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Chemotherapy is one of the most conventional thera-
peutic strategies for human cancers. Cisplatin, which is also
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named cis diamminedichloroplatinum (DDP), is deemed
to be the “penicillin of cancer drugs” due to its universal,
early, and effective treatment for many cancers"™*. In fact,
cisplatin is often used as part of an attractive chemotherapy
regimen and is widely used to treat a variety of cancers,
including ovarian, head and neck, bladder, prostate, cervical,
testicular, lung, gullet, stomach, and other neoplasms. To
date, the mechanism has not yet been fully elucidated, and
cisplatin is generally believed to kill cancer cells by binding
to DNA and interfering with the cell's repair mechanism,
which eventually leads to cell death!*. Unlike many anti-
cancer drugs, which are organic molecules that have complex
structures, cisplatin is an inorganic molecule with a simple
structure. Despite these merits, severe toxic side effects and
drug resistance are major clinical obstacles associated with

151 The dose that is necessary to over-

cisplatin therapy!
come even a small increase in cellular resistance can result in
severe cytotoxicity in normal cells. Therefore, it is urgent to
explore novel approaches to reduce drug dosage, minimize
side effects, enhance the efficacy of therapy, and promote the
application of cisplatin in cancer therapy.

Although either ZDSS-IL-24 or cisplatin alone displays
potent antitumor activity, some disadvantages exist, such as
drug resistance and damage to normal cells. Thus, further
investigation is required to increase the antitumor effects of
these drugs. Chemo-gene-virotherapy, a novel strategy that
combines a chemotherapeutic reagent, therapeutic genes,
and an oncolytic virus (ZD55), was first proposed by us"”.
Previous reports have demonstrated that the combination of
ZDS5S, carrying the TRAIL or Smac gene, and chemothera-
peutic drugs significantly improved the tumor-killing effect
and reduced side effects"”'*,

In this study, we utilized the above strategy and combined
cisplatin with ZDS5-IL-24 to investigate antitumor efhicacy.
Our data proved that conjugation of cisplatin with ZDSS-
IL-24 resulted in robust cytotoxicity in tumor cell lines
without any overlapping toxicity in normal cells. In addi-
tion, negative effects were avoided by the use of the tumor
specific-replication adenovirus and the decreased drug dose.
This is the first study in which ZDSS-IL-24 was applied in a
novel chemo-gene-virotherapy strategy and it demonstrated
the potential of gene therapy for human cancers.

Materials and methods

Cells and cell culture HEK293 (human embryonic
kidney cell line containing the E1A region of adenovirus)
was obtained from Microbix Biosystems, Inc (Toronto,
Ontario, Canada). L-02 (normal human liver cell line),
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BEL7404 (human hepatocellular carcinoma cell line, HCC),
SMMC7721 (HCC cell line), H1299 (human lung adeno-
carcinoma cell line), HCT116 (human colorectal cancer
cell line), HeLa (human cervical cancer cell line), and CNE
(human nasopharyngeal carcinoma cell line) were purchased
from the Shanghai Cell Collection (Shanghai, China). The
HEK293 cell line was cultured in Dulbecco’s modified Eagle’s
medium (DMEM; GIBCOBRL, Grand Island, NY) supple-
mented with 10% heat-inactivated fetal bovine serum (FBS;
GIBCOBRL). Other cell lines were cultured in DMEM
supplemented with 5% heat-inactivated FBS. All cell lines
were cultured at 37 °C in a 5% CO, humidified incubator.

Plasmids and generation of recombinant adenovi-
rus The plasmids, pZDSS-EGFP and pZDS5S-IL-24, were
previously constructed in our laboratory. The oncolytic
adenoviruses, ZDSS-EGFP and ZDSS-IL-24, were generated
in HEK293 cells by homologous recombination between
pZDSS-EGFP or pZDS55-IL-24 and the adenovirus pack-
aging plasmid, pPBHGE3 (Microbix Biosystems, Toronto,
Canada), respectively!'?. ZD55-EGFP and ZDS55-IL-24
were amplified in HEK293 cells, purified by cesium chloride
gradient ultracentrifugation and subjected to dialysis. Virus
titer was measured using a standard plaque formation assay
in HEK293 cells.

Identification of recombinant viruses by conven-
tional PCR The viral genome was extracted from the
purified stock of ZDSS-EGFP or ZDS55-IL-24 using a
QIAamp DNA blood mini kit (QIAGEN, Germany). The
EGFP gene and IL-24 gene were verified by conventional
PCR using the following primers (EGFP gene forward:
S'-AGCTGGACGGCGACGTAAAC-3" and reverse:
S-CACGAACTCCAGCAGGACATG-3'; IL-24 gene for-
ward: 5'-GAATTCGATATCTCTAGA C-3’ and reverse:
S"-ATAGATATCTCAGAGCTTGTA-3'). The cycle condi-
tions were 94 °C for 5 min, followed by 30 cycles at 94 °C for
1 min, 50 °C for 30's, 72 °C for 1 min, and a final extension at
72 °C for 10 min. The amplification product was visualized
by electrophoresis on a 1% agarose gel containing ethidium
bromide.

RT-PCR analysis Total cellular RNA was isolated using
TRIzol reagent (Life Technologies, USA) according to the
manufacturer’s protocol. Reverse-transcription (RT)-PCR
was performed with total RNA (2 pg) using the First Strand
RT-PCR Kit (Stratagene, USA). A cDNA equivalent of 1 ng
RNA was amplified by PCR using primers specific for the
target gene. The forward and reverse primers for the IL-24
gene (649 bp) were 5'-GAATTCGATATCTCTAGAC-3’
and 5-ATAGATATCTCAGAGCTTGTA-3’, respectively.
The cycle conditions were the same as above. The amplified



www.chinaphar.com

WuYM et al

products were visualized by electrophoresis on a 1% agarose
gel containing ethidium bromide. In addition, a control PCR
for the detection of DNA contamination was performed
using RNA samples devoid of the RT enzyme. The results
were negative in all RNA samples, which indicated that our
RNA preparations were not contaminated by viral DNA.

Western blot analysis Cells were harvested from the
plates and resuspended in lysis buffer. Protein concentra-
tions were determined with the Bio-Rad protein assay sys-
tem. Total proteins were separated by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE) on an
8%-12% gel and then transferred to a 0.45-um nitrocellulose
membrane (Millipore, USA). The membrane was blocked
with blocking buffer (5% bovine serum albumin, 10 mmol/L
Tris-HCI, pH 8.0, 150 mmol/L NaCl, and 0.05% Tween 20)
overnight at 4 °C, and then incubated with primary antibod-
ies (1:1000 dilutions). After incubation in the dark with IR
Dye 700 or IR Dye 800 conjugated IgG secondary antibodies
(1:4000 dilution, Rockland Inc, UK), immunodetection was
performed using the Odyssey Infrared Imaging System (LI-
COR Biosciences, USA). The primary antibodies of actin,
E1A, and poly (ADP-ribose) polymerase (PARP) were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, USA).
The IL-24 primary antibody was obtained from GenHunter
(Nashville, TN).

Cell viability assay Cells were plated in a 96-well plate
and treated with the adenovirus, cisplatin (Alexis, Switzer-
land), or a combination of the virus and cisplation at the
indicated MOI (Multiplicity of Infection, ratio of infectious
virus particles to cells) or drug dosage. At the indicated
time, the medium was removed and fresh medium contain-
ing 3-(4, S-dimethylthiazol-2-yl)-2, S-diphenyltetrazolium
bromide (MTT, 0.5 mg/mL, Sigma) was added to each well.
Cells were incubated at 37 °C for 4 h. The supernatant was
removed, and 150 pL DMSO was subsequently added to
each well and mixed thoroughly. Absorbance was read at 595
nm with a Bio-Rad microplate reader (Hercules, CA).

Cytopathic effect (CPE) assay Human hepatocellular
carcinoma cell lines (BEL7404 and SMMC7721), human
cervical cancer cell line (HeLa), and normal liver cell line
(L-02) were plated in a 96- or a 48-well plate and treated
with cisplatin alone, the virus alone, or a combination of cis-
platin and the virus at the indicated dosage. 72 or 120 h after
treatment, the cells were washed, paraformaldehyde-fixed,
and stained with crystal violet (Amresco, USA).

Flow cytometry analysis Cells were plated on 6-well
plates at a certain density and treated with cisplatin alone,
virus alone, or a combination of cisplatin and the virus at
the indicated dosage. Cells were harvested 48 h after infec-

tion, trypsinized, and washed once with complete medium.
Aliquots of cells (5x10°) were resuspended in 500 pL of
binding buffer and stained with fluorescein isothiocyanate
(FITC)-labeled annexin V (BioVision, Palo Alto, CA). A flu-
orescence-activated cell-sorting (FACS; Becton Dickinson)
assay was performed immediately after staining.

Morphological evaluation Cells were plated in a
48-well plate overnight and then treated with ZDSS5-EGFP
and/or cisplatin or ZDS5-IL-24 and/or cisplatin, and ana-
lyzed by microscopy for signs of apoptosis or cell death. The
cells were examined 24 h and 48 h after treatment, respec-
tively.

Apoptotic cell staining Cells seeded in 96-well plates
were treated with ZDSS-EGFP, ZDSS-IL-24, cisplatin,
ZDSS5-EGFP plus cisplatin, ZDSS5-IL-24 plus cisplatin, or
phosphate-buffered saline (PBS). After 48 h or 72 h of treat-
ment, the cells were incubated with Hoechst 33342 (Molecu-
lar Probes, Eugene, OR) for 30 min, washed with PBS twice,
and observed under a fluorescence microscope.

Statistical analysis All data are displayed as means
+SD. Student’s t-test was applied to analyze the relationship
between the different variables. Statistical significance was
assumed when P<0.05.

Results

Characterization and Identification of recombinant
oncolytic viruses The oncolytic adenovirus vector, ZDSS5,
was constructed by deleting the E1B 55-kDa gene of adeno-
virus S, which can selectively replicate and lyse in a large
number of tumor cells. Based on the novel gene-virotherapy
strategy, we utilized ZDSS5 to deliver the therapeutic gene
IL-24 under the control of the human CMV-IE promoter
and obtained the recombinant oncolytic adenovirus, ZD-
S-IL-24. The control virus, ZD55-EGFP, was constructed
using the same methods. The packaging and purifica-
tion of recombinant virus were performed as previously
described™, and the titer of ZDS55-IL-24 and ZD55-EGFP
contained 5x10° plaque-forming unit (pfu)/mL and 1x10"
pfu/mL, respectively. To identify the expected recombi-
nant virus, the virus DNAs were extracted and PCR was
performed to detect the corresponding exogenous gene (IL-
24 and EGFP) of the recombinant virus. There is a distinct
DNA fragment from the IL-24 (649 bp) and EGFP (623 bp)
genes in each virus (Figure 1A, 1B).

To assess the transgenic delivery capability that is medi-
ated by oncolytic adenovirus, ZDSS, the HCC cell line
BEL7404 was infected with ZDS55-IL-24 for 48 h, and
RT-PCR was performed to detect the expression of IL-24
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Figure 1. Identification of recombinant oncolytic adenovirus. (A)
Identification of the IL-24 gene in ZDS5S-IL-24 by PCR. Lane 1:
negative control; lane 2: positive control; lane M: DL2000 marker;
lane 3: ZDSS-1L-24. (B) Identification of EGFP in ZD55-EGFP
by PCR. Lane 1: negative control; lane 2: positive control; lane M:
DL2000 marker; lane 3: ZDSS-EGFP. (C) The expression of IL-24 was
detected by reverse transcription polymerase chain reaction (RT-PCR).
Lane M: DL2000 marker; lane 1: pZDSS-IL-24 (positive control);
lane 2: ZDSS-IL-24; lane 3: negative control. (D) Expression of E1A
and IL-24 genes in L-02, BEL7404, and HeLa cells 48 h after infection
of ZDSS-EGFP.

gene. The results showed that IL-24 gene express efficiently
in BEL7404 cells (Figure 1C). Furthermore, to prove the
tumor-selective replication ability of the oncolytic adenovi-
rus, we detected the expression of the adenovirus E1A pro-
tein and the therapeutic gene IL-24 by Western blot analysis
in two tumor cell lines (BEL7404 and HeLa) and a normal
cell line (L-02) that were infected with ZD55-EGFP and
ZDSS-IL-24. The strong expression of E1A in tumor cells
indicated that ZDSS-EGFP and ZDS55-IL-24 could replicate
at higher levels in tumor cells than in normal cells (Figure
1D). In addition, the expression of the IL-24 gene in tumor
cells treated ZDSS-IL-24 was observed at a much higher level
than in normal cells. These results suggest that the oncolytic
adenovirus ZDSS is tumor-specific and could significantly
mediate efficient exogenous gene expression in tumor cells.
Enhanced antitumor effect using a combination of
ZDSS5-IL-24 and cisplatin As a conventional chemothera-
peutic drug, cisplatin was reported to augment IL-24 or
ONYX-015-mediated virotherapy in tumor cells from several
origins"”*"), To evaluate the cytotoxic effects of ZD55-IL-24
and cisplatin, two HCC cell lines (BEL7404, SMMC7721),
a human lung cancer cell line (H1299), a human colorectal
cancer cell line (HCT116), a human cervical cancer cell
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line (HeLa), and a human nasopharyngeal carcinoma cell
line (CNE) were infected with ZD5S5-IL-24 and ZDSS5-
EGFP separately or in combination with cisplatin. The MTT
assay was performed, and the results are shown in Figure 2
(P<0.05). The cell viability in the six tumor cell lines treated
with a combination of ZDSS-IL-24 (S MOI) and cisplatin
(3 pg/mL) decreased to approximately 30%-80% in a time-
dependent manner compared with ZDSS-EGFP (S MOI)
alone, ZDSS-IL-24 (5 MOI) alone, cisplatin (3 pg/mL)
alone, or ZDSS-EGFP (S MOI) plus cisplatin (3 pg/mL).
About 81% of HeLa cells and 73% of SMMC7721 cells were
killed by the combination of ZDS55-IL-24 and cisplatin for
72 h, but such a phenomenon could not be observed with
other treatments. In addition, ZDS5-EGFP or ZDS55-IL-24
in combination with cisplatin was significantly different
from either treatment alone for the six kinds of tumor cells
(P<0.05), which indicated that the combination of the onco-
lytic adenovirus with cisplatin had an obviously enhanced
antitumor effect. Other than CNE cells, comparison of the
other five tumor cells with regard to treatments using ZD-
S-IL-24 plus cisplatin and ZDSS-EGFP plus cisplatin was
significant (P<0.0S) or very significant (P<0.01), which
indicates that the IL-24 gene can induce tumor cell apoptosis
and kill the cells. The results suggest that the combination
of ZDSS-IL-24 and cisplatin has an enhanced tumor-killing
effect.

The cytotoxic effects of ZDSS-IL-24 or cisplatin and
the combination treatment on HeLa, SMMC7721, and
BEL7404 were also assessed by crystal violet staining (Fig-
ure 3). When the cells were treated with a combination of
ZDSS5-IL-24 and cisplatin, the enhanced cytotoxicity was
significantly more potent than that of the other treatments.

Apoptosis induction by treatment with ZD55-IL-24
and/or cisplatin ZDS55-IL-24 could efficiently mediate
IL-24 expression in tumor cells, as shown in our previous
study™®). We detected IL-24 protein expression in HCC
BEL7404 cells and human cervical cancer HeLa cells by
Western blotting (Figure 1D). To determine whether cispla-
tin affects IL-24 expression, we treated the cancer cell line,
BEL7404, with ZDSS-IL-24 alone or ZDS5-IL-24 plus cispl-
atin. The results indicated that cisplatin did not attenuate the
expression of IL-24 (Figure 4). To determine the underlying
mechanism by which ZD55-IL-24, cisplatin alone, or a com-
bination of ZDS55-IL-24 and cisplatin can induce apoptosis
in cancer cells, the activation of death substrate poly (ADP-
ribose) polymerase (PARP) was detected by Western blot
analysis. The results showed that the cleavage of PARP (p8S,
the active form of PARP, which is typical of apoptosis) was
observed in the tumor cells, BEL7404 and HeLa, after infec-
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Figure 2. Enhanced suppression of tumor cell proliferation using the combination of ZDSS-IL-24 and cisplatin. The tumor cells BEL7404 (A),
SMMC?7721 (B), H1299 (C), HCT116 (D), HeLa (E), and CNE (F) were treated with ZDSS-EGFP (S MOI), ZDSS-IL-24 (5 MOI), cisplatin (3
pg/mL), ZDSS-EGFP (S MOI)+cisplatin (3 pg/mL), or ZDSS-IL-24 (S MOI)+cisplatin (3 pg/mL). Cell viability was determined by the MTT

assay. Data are presented as means=SD of three independent experiments.

tion with ZDSS-IL-24 for 48 h but not in the normal L-02
cells, which suggested that our oncolytic virus could cause
tumor-specific apoptosis (Figure 5).

Flow cytometry analysis was performed to confirm
the enhanced apoptosis of tumor cells after treatment with
combined ZDS55-IL-24 and cisplatin therapy. The percent-
age of apoptotic cells was determined by annexin V stain-
ing. The combination of ZDSS-IL-24 with cisplatin showed
a higher percentage of cell apoptosis in SMMC7721 and
BEL7404 cells compared with other groups (Figure 6A).
These observations were consistent with the morphological
features. Most tumor cells died during treatment with com-
bined ZDS55-IL-24 and cisplatin, as shown by cell surface
blebbing and the formation of apoptotic bodies (Figure 6B).
Additionally, Hoechst 33342 staining also was performed to
detect the apoptotic morphological changes of tumor cells
after each treatment using a fluorescence microscope. More
tumor cells treated with a combination of ZDS55-IL-24 and
cisplatin showed obvious apoptosis, including chromatin

condensation and nuclear fragmentation (arrows indicate
apoptotic cells), compared with other treatments (Figure 6B,
6C).

Taken together, ZDS5S-IL-24 could lead to efficient
tumor-specific viral replication and IL-24 expression and
significantly induce tumor cell apoptosis. The combina-
tion of ZDSS-IL-24 and cisplatin resulted in a significantly
enhanced antitumor effect.

A dose-dependent manner of cytotoxicity in normal
cells To evaluate the safety of the cisplatin and virus com-
bination, it is necessary to use a proper dosage that not only
kills cancer cells but also has significantly reduced side effects
on normal cells. According to the MTT data (P<0.0S; Figure
7A), the lowest drug dosage of cytotoxicity was determined
to be 5 MOI of ZD55-IL-24 and 3 pg/mL of cisplatin. Sub-
sequent CPE assays, morphological evaluation, and apop-
totic cell staining further confirmed that this dose of 5 MOI
ZD55-IL-24 and 3 pg/mL cisplatin was reliable (Figure 7B,
7C, 7D). As a tumor-selective replication vector that drives
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Figure 3. The CPE assay was performed by crystal violet staining. The
tumor cell lines BEL7404, SMMC7721, and HeLa were infected with
ZDSS-EGFP, ZD55-IL-24, cisplatin, a combination of ZDS5-EGFP
and cisplatin, or a combination of ZDS55-IL-24 and cisplatin at the
indicated doses. 120 h later, the cells were stained with crystal violet.
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Figure 5. PARP activation in cells infected with ZDSS-EGFP or
ZDSS-IL-24. Expression of PARP and its active form, p8S (cleaved
PARP), was detected by Western blot analysis in L-02, BEL7404, and
HeLa cells 48 h after infection with ZDS5-EGFP or ZDS55-1L-24.

a cancer specific pro-apoptotic gene, ZD55-IL-24 could
theoretically spare normal cells. However, an extremely high
dosage could still cause damage to normal cells (Figure 7A).
Approximately 40% of L-02 cells were killed with ZDS5-
IL-24 treatment at 80 MOIL The dose-dependent effect of
cisplatin (Figure 7A) demonstrated that more than 70%
of L-02 cells were killed at the highest concentration (48
pg/mL) but only about 10% of normal cells died at the low-
est concentration (3 pg/mL). Similarly, the combination of
ZDSS-IL-24 and cisplatin also resulted in dose-dependent
cell death. Most importantly, the combination of ZD55-
IL-24 and cisplatin had approximatively equal toxic effects
compared with cisplatin alone but did not have any overlap-
ping toxicity in normal cells.

Morphological evaluation showed that most L-02 cells
that were treated with ZDSS-IL-24 (80 MOI) and cisplatin
(48 pg/mL) were killed after 24 h, a trend that became more
obvious after 48 h (Figure 7C). However, the L-02 cells
treated with ZDSS-IL-24 (S MOI) and cisplatin (3 pg/mL)
exhibited no apparent apoptosis, similar to that observed
in the CPE analysis (Figure 7B). In addition, apoptotic
cell staining clearly indicated that higher doses resulted in
remarkable chromatin condensation and nuclear fragmenta-
tion in L-02 cells (Figure 7D).

To validate whether the combinatorial treatment with 3
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Figure 6. Detection of apoptosis and morphological evaluation of tumor cells. (A) Annexin V binding assay. The BEL7404 and SMMC7721
cells were treated with PBS, ZDSS-EGFP, ZDS55-IL-24, cisplatin, ZDSS-EGFP plus cisplatin, or ZDS5S-IL-24 plus cisplatin at the indicated dose.
72 h later, the cells were harvested and stained with annexin V-FITC, which was immediately followed by flow cytometry analysis for apoptosis.
The percentage of apoptotic cells was calculated using CellQuest software. Each value represents the mean of three wells. (B) BEL7404 cells
and SMMC7721 cells were treated as above and the morphological changes of dead tumor cell or cells undergoing apoptosis were analyzed
by microscopy after 72 h (Original magnification: x200). (C) Cells were incubated with Hoechst 33342 for 30 min. and condensation and
fragmentation of nuclei were observed under a fluorescence microscope (arrow) (Hoechst 33342 stain; original magnification: x200).

pg/mL cisplatin and S MOI ZDS55-IL-24 affected the sur-
vival of normal cells, an MTT assay was performed to evalu-
ate the cell viability. The survival of L-02 cells was seldom
affected by the combinatorial treatment (Figure 8A). The
toxic effect of the conjugation group is similar to that of cis-
platin, which showed that it was safe to use in normal cells.

The annexin V binding assay also indicated that the combina-
tion of oncolytic virus and cisplatin did not lead to increased
cell apoptosis compared with the individual treatments
(Figure 8B). The results indicated that the above combina-
tion treatment was a potent anticancer therapy strategy and
hardly affected the viability of normal cells.
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Figure 7. Dose-dependent manner of toxicity to normal cells. (A) The MTT assay was used to determine the viability of L-02 cells at various doses
of ZDSS-IL-24, ZDS55-IL-24 +cisplatin, or cisplatin after 48 h of treatment. Data are presented as means + SD of three independent experiments.
(B) CPE assay. Normal L-02 cells were treated with ZDSS-IL-24, ZDSS-IL-24+cisplatin, or cisplatin at the indicated doses. 72 h later, the cells
were stained with crystal violet. (C) Morphological evaluation. L-02 cells were treated with ZDS5-IL-24, ZDSS-IL-24+cisplatin, or cisplatin and
cell death was analyzed by microscopy after 24 h and 48 h. (Original magnification: x100) (D) Apoptotic cell staining. Normal L-02 cells were
treated with ZDSS-IL-24 plus cisplatin at the indicated dose. Two days later, the cells were incubated with Hoechst 33342 and the condensation
and fragmentation of nuclei was observed under a fluorescence microscope (arrow) (Hoechst 33342 stain; original magnification: x200).
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Figure 8. Combinatorial treatment with cisplatin and ZDSS-IL-24 did
not significantly affect the survival of normal cells. (A) L-02 cells were
treated with ZDSS-EGFP (S MOI), ZDSS-IL-24 (S MOI), cisplatin
(3 pg/mL), ZDSS-EGFP (S MOI)+cisplatin (3 pg/mL), or ZDSS-IL-
24 (S MOI)+cisplatin (3 pg/mL). Cell viability was determined by
the MTT assay. Data are presented as means+SD of three independent
experiments. (B) Apoptosis detection by annexin V binding assay.
The L-02 cells were treated as in Figure 8A. 72 h later, the cells were
harvested and stained with annexin V-FITC, which was immediately
followed by flow cytometry. The percentage of apoptotic cells was
calculated using CellQuest software. Each value represents the mean of
3 wells.

Discussion

MDA-7/IL-24 is a novel cancer growth-suppressing and
apoptosis-inducing gene acquired by subtraction hybridiza-
tion using a human melanoma cell line™. Some studies have
indicated that increased expression of the IL-24 gene sup-
presses cell growth and induces cell apoptosis in a variety of
cancer cells with single or multiple genetic defects, including
alterations in p53, p16/INK4a, and Rb™?!\, 'The IL-24 gene
is currently widely utilized in cancer gene therapy. Adeno-
virus mediated IL-24 gene overexpression in tumor cells is
a promising way to improve cancer therapy. In our study, an
E1B 55 kDa-deleted oncolytic adenovirus vector (ZDSS)

was engineered to specifically replicate and cause significant
cytotoxic effects in all tested tumor cells while exhibiting low
side effects in normal cells!* . Using the gene-virotherapy
strategy, the ZDSS-mediated IL-24 gene (ZDSS-IL-24)
exhibited potent antitumor activity and may represent a
novel approach to cancer therapy.

Cisplatin is an inorganic compound that is broadly used
for the treatment of various forms of malignant tumors, in
particular head and neck cancer and several pediatric malig-
nancies. However, these so-called virtues are often offset by
disadvantages, including chemoresistance and toxicity>**.
To eliminate drug resistance and reduce side effects, several
conjugated strategies have been applied successfully in can-
cer therapy, such as the combination of cisplatin with the
anticancer gene IL-24 or the viro-agent ONYX-015"2%,
Using these methods, potent antitumor effects and reduced
side effects have been obtained with the combination of two
regimens and a reduced dose. However, further improve-
ments are still required to facilitate such strategies for clinical
cancer therapy.

Previous studies in our laboratory have shown that
ZDSS-IL-24 could selectively replicate in the tumor cell
lines Bcap37, BEL7404, HeLa, SMMC7721, HCT116, and
SW620 and that overexpression of IL-24 suppressed tumor

121 In this study, we used

cell growth and induced apoptosis
the chemo-gene-virotherapy strategy and comprehensively
combined cisplatin with both IL-24 and ZDSS. The com-
bination of ZDS55-IL-24 and cisplatin was first performed
to treat a variety of tumor cells, and an empiric inhibition of
tumor efficacy has been demonstrated. Western blot analy-
sis has distinctly addressed the specific viral replication in
BEL7404 and HeLa cells (Figure 1D). Notably, although
ONYX-01S has been used extensively in cancer clinical trials,
it has not been proven to be very efficient”>?*), Nevertheless,
ZDS5-1L-24, which is an oncolytic adenovirus that harbors
the therapeutic gene IL-24, cannot specifically replicate and
efficiently express the IL-24 gene in cancer cells (Figure 1).
However, it does lead to robust cancer-specific cytotoxicity
(Figures 2, 3). Thus, this combinatorial strategy with ZD-
S-IL-24 and cisplatin has become an intriguing prospect for
clinical cancer therapy.

The purpose of this study was to identify the enhanced
cytotoxicity of cisplatin with gene-virotherapy agent ZD-
S-IL-24 in cancer cells and to evaluate the negative effects in
normal cells. The MTT analysis showed that conjugation of
cisplatin with ZDS5-IL-24 was obviously superior to cispla-
tin, ZDS5-EGFP, ZDS5-IL-24 alone, or ZDSS-EGFP plus
cisplatin (Figure 2). However, a difference in cytotoxicity
among the six tumor cells exists after various treatments.
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The difference may be caused by the sensitivity of different
tumor cells to the adenovirus, the IL-24 gene, the chemo-
therapy drug, or their different cellular mechanisms. Some
reports have indicated that the adenovirus-mediated IL-24
gene can be significantly expressed in tumor cells and lead
912 11,24 triggers
the external pathway of cell apoptosis, such as the activa-

to the specific apoptosis of tumor cells!

tion of the caspase family, including the cleavage of caspase
3,9, and PARP. The intrinsic pathway of apoptosis involves
mitochondria cytochrome ¢ release. In addition, IL-24 can
improve antitumor immunity and suppress tumor angiogen-
esis. It indicated that oncolytic adenovirus mediated IL-24
induced a strong cleavage of PARP by Western blot analysis
(Figure S). Hoechst33342 staining indicated that extensive
chromatin condensation and nuclear fragmentation, which is
a typical sign of cell apoptosis, was observed in the combined
treatment of cisplatin with ZDSS-IL-24 (Figure 6). How-
ever, the results have also shown that ZDSS-EGFP exhibited
a small antitumor effect and led to the apoptosis of tumor
cells through the small cleavage of PARP compared with the
ZDSS-IL-24 plasmid (Figure S). This suggests that the IL-24
gene has a significant role in tumor cell apoptosis. Oncolytic
adenovirus can proliferate in tumor cells, lyse them, and
achieve a vigorous tumor-killing effect!'®2526] Furthermore,
some adenovirus structure proteins, such as E1A and E4,
have an affect on the induction of tumor cell apoptosis.

ZDSS-IL-24 had a dual role in both gene therapy and
virotherapy, which led to a further improvement in the
antitumor effect when it was combined with cisplatin. The
mechanism of combined therapy includes an increased
tumor killing effect, the promotion of tumor cell apoptosis,
and reduced side effects in normal cells (Figures 2, 6, 7). The
conjugation of ZDS5-IL-24 and cisplatin may cause cell cycle
arrest in tumors, stimulate an antitumor immune response,
and exhibit a “bystander effect” to inhibit tumor angiogen-
esis and vascular epithelial growth factor. ZDS5S-IL-24 may
also improve tumor cell sensitivity to cisplatin and reduce the
resistance of cancer cells to cisplatin. The strong antitumor
mechanism of this combination is still unclear and requires
further investigation.

The severe side effects of high-dose chemotherapy with
cisplatin are the essential obstacles in the treatment of solid
tumors™®” *), With cisplatin and ZD55-IL-24 working
together, the dose could be expected to not only dramatically
enhance the tumor killing effect but also significantly reduce
the toxicity in normal cells. The MTT assay in L-02 normal
cells led us to determine the minimal dose (5 MOI ZD55-
IL-24+3 pg/mL cisplatin) in the current test. The cytotoxic-
ity assay, morphological evaluation, and apoptotic detection
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showed very slight damage to normal cells at the minimal
dose (Figures 7, 8).

This study is the first to show the combined use of ZDSS-
IL-24 and cisplatin in cancer therapy. Conjugation of ZDSS-
IL-24 with cisplatin could cause remarkable cytotoxicity in
several cancer cell lines and significantly abolish side effects
in normal cells through a reduction in the required dose. In
addition, we have demonstrated that the current chemo-
gene-virotherapy (cisplatin+ZDSS-IL-24) strategy is supe-
rior to the conventional chemo-gene (cisplatin+IL-24) or
chemo-viro (cisplatin+tONYX-015) approach. We therefore
conclude that the chemo-gene-virotherapy, with a combina-
tion of ZDSS5-IL-24 and cisplatin, may be a powerful and
effective strategy for clinical cancer treatment.
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