Cancer Management and Research

Dove

ORIGINAL RESEARCH

Oncolytic viro-chemotherapy exhibits antitumor
effect in laryngeal squamous cell carcinoma cells
and mouse xenografts

Yigang Wang'
Binrong Wang'
Junnan Liang?
Caixia Cui’
Chang Ying'
Fang Huang4
Buyun Ma'
Xiumei Zhou'
Liang Chu?®

'College of Life Sciences, Zhejiang
Sci-Tech University, Hangzhou 310018,
People’s Republic of China; 2Hepatic
Surgery Center, Tongji Hospital, Tongji
Medical College, Huazhong University of
Science and Technology, Wuhan 430030,
People’s Republic of China; 3Department
of Otorhinolaryngology, Affiliated
Hospital of Hangzhou Normal University,
Hangzhou 310015, People’s Republic of
China; “Department of Pathology,
Zhejiang Provincal People’s Hospital,
Hangzhou 310014, People’s Republic of
China

Correspondence: Liang Chu
Hepatic Surgery Center, Tongji Hospital,
Tongji Medical College, Huazhong

University of Science and Technology, No.

1095 Jie Fang Avenue, Wuhan 430030,
People’s Republic of China

Tel +86 278 366 2497

Fax +86 278 366 2497

Email liangchu@tjh.tjmu.edu.cn

This article was published in the following Dove Press journal:
Cancer Management and Research

Background: Oncolytic virus can specifically replicate in and then lyse tumor cells, but
seldom in normal cells. Further studies have shown the significant therapeutic effect of
oncolytic virotherapy combining with other strategies, such as chemo-, radio-, and immu-
notherapy et al. In this study, we investigated the combinational effect of oncolytic virus
ZD55-TRAIL and chemotherapy drug doxorubicin (DOX) on human laryngeal squamous
cell carcinoma (LSCC).

Methods: The effect of ZD55-TRAIL combined with DOX on cell growth was assessed in
LSCC Hep2 cells and normal cells by MTT assay. Hochest 33342 staining was performed to
observe cell morphological changes. Western blot was used to detect the expression of
apoptotic activation proteins. The in vivo antitumor efficacy of combination treatment was
estimated in laryngeal cancer xenograft models.

Results: The combination of ZD55-TRAIL and DOX exhibited enhanced inhibitory effects
on laryngocarcinoma cell growth, and had few side effects to normal cells in vitro.
Chemotherapy drug increased the inducement of tumor cell apoptosis mediated by oncolytic
virus. In vivo experiment confirmed that the combination treatment significantly inhibited
Hep2 laryngocarcinoma xenografts growth in mice.

Conclusion: The oncolytic viro-chemotherapy is a potent therapeutic approach for in vitro
cytotoxicity evaluation of Hep2 cells and xenograft growth in vivo.
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Introduction

Human laryngeal squamous cell carcinoma (LSCC) is the sixth most common
cancer worldwide with high morbidity and mortality, which is a serious threat to
human health.! The incidence rate is about 16%~40% of systemic malignant tumors
according to the National Cancer Institute Data of Surveillance, Epidemiology, and
End Results (SEER).Z‘3 In the United States, >55,000 new cases of LSCC were
found each year, and among them 12,000 were dead.>* Although the development
of early detection technique largely improved laryngeal cancer diagnosis and
prognosis, it is still hard to eradicate the high-grade laryngeal cancer.’ Therefore,
novel therapeutic strategies for LSCC are urgently needed.

Recently, oncolytic virotherapy has attracted great attention since oncolytic virus
can specifically proliferate in and finally lyse tumor cells.®® Even a small quantity of
oncolytic virus can selectively spread to surrounding tumor cells.”'® Up to date, >12
different oncolytic viruses are undergoing Phase I-III clinical trials for treatment of
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various types of cancers, ! including adenovirus, poxvirus,
herpes simplex virus (HSV), and reovirus.'>'* In particular,
the first authorized oncolytic virus agent by US Food and
Drug Administration, Talimogene laherparepvec (T-VEC),
which is a genetically modified HSV delivering granulocyte
(GM-CSF),
improved durable response rate in patients with advanced

macrophage  colony-stimulating  factor
melanoma in a Phase III trial.'* Further studies have shown
the significant therapeutic effect of oncolytic virotherapy
combining with other strategies such as chemo-, radio-,
and immunotherapy.'

In our previous studies, although oncolytic adenovirus
acquired a great achievement focusing on treating solid

tumors, ' *!”

the antitumor effect of adenovirus particles
alone is limited. It makes us explore more effective
regime, such as oncolytic viro-chemotherapy and viro-
radiotherapy. To be noted, the combined therapy indeed
made great progress in preclinical or clinic cancer trials.'®
The oncolytic adenoviruses include ZD55-TRAIL, H101,
AD5/3.2xTyr,"® CRAdRGDAIt-1L24,° Ad5/5-D24*!, and
SG600.%2 ZD55-TRAIL, an E1B55K gene-deleted oncoly-
tic adenovirus harboring tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) constructed by us,
exerted efficient cancer therapy effect.”?

TRAIL is a member of the tumor necrosis factor
family that selectively induces apoptosis in tumor cells
but not in most normal cells. However, tumor cells
represent resistance to TRAIL. As a traditional che-
doxorubicin (DOX) could inhibit
tumor cell cycle and induce apoptosis in a wide-broad

motherapy drug,

human tumors,**** but chemotherapy could cause side
effect to normal cells. Therefore, how to improve cell
sensitivity to TRAIL and reduce DOX toxic effect is
needed to solve. In this study, we investigated the ther-
apeutic effect of ZD55-TRAIL combining with DOX in
LSCC. The results showed that the combination treat-
ment effectively inhibited tumor growth both in vitro
and in vivo, enhanced tumor cell apoptosis, and
decreased the toxicity effect on normal cells in vitro
by reducing DOX dosage.

Materials and methods

Cell lines and viruses

HEK293 cell line was obtained from Microbix Biosystems
Inc. (Toronto, Ontario, Canada). Human normal liver cell
line L-02 and human LSCC cell line Hep2 were purchased
from the Shanghai Cell Collection (Shanghai, China).

HEK?293 and L-02 cells were cultured in DMEM (GIBCO
BRL, Grand Island, NY, USA) supplemented with 10%
heat-inactivated FBS (GIBCO BRL). Hep2 cells were cul-
tured in 1640 supplemented with 10% FBS. All cells were
cultured in a 5% CO, humidified incubator at 37°C.
ZD55-TRAIL, ZD55-enhanced green fluorescent pro-
tein (EGFP) virus was amplified in HEK293 cells, and the
large-scale purification was performed by ultracentrifuga-
tion in a cesium chloride gradient, followed by dialysis.
Virus titer was determined by TCID50 assay in HEK293
cells. EGFP expression was observed by fluorescence
(IX71-22FL/PH, Olympus
Tokyo, Japan), and the percentage of EGFP-positive cells

microscope Corporation,

was measured by flow cytometry.

Comparative replication assay

To determine the relative replication efficiency of virus,
Hep2 cells were infected with ZD55-TRAIL, ZDS5S-
TRAIL plus DOX in a humidified chamber at 37°C with
5% CO, air and maintained for 48 hrs. The progeny virus
was collected from supernatant for virus titer determination.

Assessment of viral E4 levels

Total DNA was obtained from each sample using FastPure
cell/tissue DNA isolation mini kit (Vazyme, Nanjing,
China). E4 gene was measured by quantitative real-time
PCR and normalized with a standard. Standard curves
were generated by serial dilutions of pAdeasy-1, which is
a 33.4 kb plasmid containing most of the human adeno-
virus serotype V genome (ThermoFisher scientific,
Waltham, MA, USA). The primers sequences are: E4,
forward 5'-CTAACCAGCGTAGCCCCGA-3' and reverse
5'-TGAGCAGCACCTTGCATTTT-3'; GAPDH, forward
5'-ATTCCACGGCACAGTCAAGG-3’
ACATACTCAGCACCAGCATCG-3'.
were done in triplicates.

and reverse 5'-
All the reactions

Assessment of TRAIL mRNA expression
Total RNA was extracted from each sample to assess for
TRAIL levels using quantitative real-time PCR. TRIzol
reagent (ThermoFisher) was used for RNA isolation. Single-
strand cDNA was synthesized using ReverTra Ace qPCR RT
Kit (Toyobo, Osaka, Japan), and SuperReal Premix plus
(Vazyme) was used for amplification. The primer sequences
are: TRAIL, forward 5-TGCGTGCTGATCGTGATCTTC-3’
and reverse 5-GCTCGTTGGTAAAGTACACGTA-3". All
the reactions were done in triplicates, and the results obtained
for TRAIL were normalized to GAPDH.
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Cell viability assay

Cells were seeded in 96-well plates for 12 hrs, and then
treated with ZD55-TRAIL, DOX, ZD55-TRAIL plus DOX.
At the indicated time points after treatment, the medium was
removed and fresh medium containing (MTT, 0.5 mg/mL)
was added to each well. After 4 hrs in the incubator, the
supernatant was removed and 150 pL dimethyl sulfoxide was
added to each well. Absorbance was read at 490 nm with a
microplate reader (TECAN, Grodig, Austria).

Western blot analysis

Total proteins were collected by cell lysis buffer (Beyotime,
Nantong, China). Protein concentrations were determined by
Pierce BCA protein assay kit (ThermoFisher scientific).
Proteins were separated by SDS-PAGE on an 8-12% gel
and then transferred to a 0.45 pm nitrocellulose membrane
(Millipore Corp., Bedford, MA, USA). After being blocked
in blocking buffer (5% bovine serum albumin, 10 mmol/L
Tris—HCI, pH 8.0, 150 mmol/L NaCl, and 0.05% Tween20),
the membranes were incubated with primary antibodies and
the corresponding secondary fluorescent antibodies (LI-COR
Biosciences Inc., Lincoln, NE, USA). The fluorescent signal
was detected by the Odyssey infrared imaging system (LI-
COR Biosciences Inc.). The primary antibody anti-E1A,
TRAIL, Bax, and GAPDH were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). XIAP, PARP,
and caspase-8 antibodies were purchased from Cell
Signaling Technology (Danvers, MA, USA).

Cytopathic assay

Hep2 cells were grown in 48-well plates, then treated with
ZDS55-TRAIL, DOX, ZD55-TRAIL plus DOX. Two days
later, cells were exposed to 2% crystal violet in 20%
methanol for 15 mins and then washed with distilled
water and documented by photography. Uninfected cells
served as control.

Hochest33342 staining

Cells were seeded in 6-well plates at a density of 2.5x10°
per well overnight. 48 hrs after treatment, cells were
incubated with 1 ug/ul hochest33342 (Beyotime) for 15
mins, washed twice with ddH,O, and observed under a
fluorescence microscope.

Flow cytometric analysis
Adherent cells were trypsinized and harvested at 48 hrs after
treatment. Apoptosis cells were detected using Annexin-V-

fluorescein isothiocyanate (FITC) and propidium iodide (PI)
double staining following the manufacturer's (Beyotime).

Animal experiments

4— to 5-week-old female BALB/c nude mice were pur-
chased from the Shanghai Animal Experimental Center
of the Chinese Academy of Sciences. The present study
was approved by the ethics committee of College of
Life Sciences, Zhejiang Sci-Tech University. All proce-
dures in animal experiments were performed according
to institutional guidelines and conformed to the National
Institutes of Health guidelines on the ethical use of
animals. 5x10° Hep2 cells were subcutaneously injected
into the right flank of nude mice. When tumor volumes
reached 70-100 mm®, the mice were randomly divided
into four groups. The mice borne with tumors were
treated with ZDS55-TRAIL, DOX, ZD55-TRAIL com-
bined with DOX or PBS, respectively. Total 1x10° pla-
que-forming units (PFUs) ZD55-TRAIL were injected
into each mouse via an intratumoral manner for three
times every other day, while DOX was injected into the
peritoneal cavity at a dose of 4 mg/kg body weight for
three consecutive days. Tumor size was measured by a
vernier caliper every 3 or 4 days. Tumor volume (V)
was calculated according to the formula: V (mm?®)
=1/2x length x width x width.

H&E staining and TUNEL assay

Tissues were fixed in 10% formalin, dehydrated with
graded concentrations of ethanol, and embedded in paraf-
fin wax. The sections were stained with HE for histologi-
cal analysis. For TUNEL assay, an in situ apoptosis
detection kit

Luoyang, China) was used.

(Sino-American  Biotechnology Co.,

Briefly, tumor sections were incubated with protei-
nase K (Merck Co., Darmstadt, Germany) and rinsed
with ddH,O, then dewaxed with dimethylbenzene, and
rehydrated with gradient ethanol twice, each for 5
mins. Endogenous peroxidase was blocked with 3%
H,0,, and sections were incubated with equilibration
buffer and terminal deoxynucleotidyl transferase (TdT)
enzyme. Finally, the sections were incubated with anti-
digoxigenin—peroxidase conjugate. Peroxidase activity
in each tissue section was shown by the application of

DAB (peroxidase substrate kit, Sino-American
Biotechnology). Hematoxylin was wused as a
counterstain.
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Statistical analysis
The combined effects of DOX and ZD55-TRAIL on cell
viability were analyzed with the median-effect methods of
Chou and Talalay*® using CalcuSyn software (Biosoft,
Ferguson, MO, USA). The combination index (CI) values
were used to evaluate the interaction between the drug and
virus. For the fraction of virus affected combination index
(Fa-CI) plot analysis, CI <1, =1, and >1 is defined as
synergism, additive effect, and antagonism, respectively.
The data were confirmed with the isobologram method.*”**
The experimental statistical significance was analyzed
by Graph Pad 6.0 software and Student’s t-test. When
p<0.05, it is considered statistically significant.

Results
Characterization of ZD55-TRAIL in

laryngocarcinoma cells

Oncolytic viral vector ZD55 was constructed based on
adenovirus serotype V with an E1B 55-kDa gene deletion,
enabling selective replication in many types of tumor
cells.'””> ZD55-TRAIL was obtained by inserting TRAIL

gene expression frame into the deleted E1B 55-kDa region
under the control of human cytomegalovirus immediate-
early (CMV-IE) promoter (Figure 1A). Hep2 cells were
treated with ZD55-TRAIL, DOX, or the combination for
48 hrs. The combined treatment caused more adenovirus
E1A and TRAIL protein expression in Hep2 cells than
those in ZD55-TRAIL-infected cells. There was no E1A
expression in mock cells and cells treated with DOX
(Figure 1B). The ZD55-TRAIL replication capacity was
enhanced by DOX (Figure 1C). The DNA level of E4
gene, another early adenoviral gene, was higher in the
combination-treatment group than ZD55-TRAIL infected
group (Figure 1D).

ZD55-TRAIL exerts synergistic effect

with DOX in laryngocarcinoma cells

Hep2 cells were treated with DOX (from 0.05 pmol/L to
0.8 umol/L), ZD55-TRAIL (from 2 MOI to 32 MOI), or a
combination at the constant ratio of 1:40 for 48 hrs. The
combination of ZD55-TRAIL and DOX displayed an
enhanced tumor-killing effect in Hep2 cells (Figure 2A).
The survival rate of cells with 0.2, 0.7, and 0.8 pmol/L
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Figure | Characterization of oncolytic adenovirus ZD55-TRAIL. (A) The diagram of adenovirus. WT, wild type. ITR, inverted terminal repeats. (B) Identification of
recombinant adenovirus by western blot analysis. ZD55-TRAIL (8MOIl), DOX (0.2 pmol/L), or ZD55-TRAIL (8MOI) plus DOX (0.2 pmol/L) were used to treat Hep2 cells
for 48 hrs. Collected cell proteins for analyzing the expression of EIA and TRAIL. Untreated cells served as control. GAPDH was used as a protein loading control. (C)
Hep2 cells were treated as (B). The progeny virus was collected for virus titer determination. (D) E4 gene copies were determined as a measurement of viral replication.
Data are presented in (C, D) as mean + SD of three independent experiments. *<0.05, **p<0.01.
Abbreviations: DOX, doxorubicin; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand.
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Figure 2 The combination of ZD55-TRAIL and DOX suppressed tumor cell proliferation. (A) Hep2 cells were treated with ZD55-TRAIL, DOX, or ZD55-TRAIL plus DOX
for 48 hrs with the indicated dosage. Cell viability was evaluated by the MTT assay. (B) Synergistic effect of ZD55-TRAIL combined with DOX was quantified by combination
index (Cl) analysis and expressed as log (Cl) versus fraction affected. 95% confidence intervals are shown. (C) Hep2 cells were subjected to crystal violet staining for cell
viability determination 48 hrs after treatment. (D) Representative fluorescence microscope images of EGFP expression in Hep2 and L-02 cells after I0MOI ZD55-EGFP
infection. (E) The percentage of EGFP-positive cells was measured by flow cytometry. (F) L-02 cells were treated with ZD55-TRAIL, DOX, or ZD55-TRAIL plus DOX for
48 hrs with the indicated dosage. Cell viability was determined by the MTT assay. (G) Expression of TRAIL mRNA was detected in Hep2 and L-02 cells using qRT-PCR at the
indicated time points after |0MOI ZD55-TRAIL infection. Data are presented in (A, E, F, G) as mean * SD of three independent experiments. **p<0.01, NS, nonsignificant.

DOX treatment was 76.57%, 63.01%, 59.57%, and 50.54%,
30.95%, 28.99% after 8, 28, 32 MOI of ZD55-TRAIL
infection, respectively. All were higher than the survival
rate of cells with the combination treatment (34.43%,
23.34%, and 20.54%) (Figure 2A). Besides, ZD55-TRAIL
plus DOX indicated a synergistic antitumor effect analyzed
by the median-effect methods of Chou and Talalay. We
evaluated these quantitated data by Fa-Cl (Figure 2B).
The X marks represented the CI values of the combination

treatment groups. The CI values were 0.416, 0.381, 0.444,
0.609, and 0.55, respectively (Figure 2B). The middle curve
line represented the simulated CI values of the combination
treatment groups surrounded by two lines of algebraic esti-
mations of the 95% confidence intervals. All experimental
CI values at the tested ratio were significantly <1 and
between the two confidence lines, indicating synergism of
combination treatments. Moreover, the result of crystal
violet staining for cell viability determination showed that
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conjugation of DOX with ZD55-TRAIL obviously inhibited
cell growth (Figure 2C).

Combination of ZD55-TRAIL and DOX
does not increase cytotoxicity to normal

cells

The EGFP protein expression was examined in Hep2 and
liver normal L-02 cells after ZD55-EGFP virus infection,
which is an oncolytic virus carrying EGFP gene.
Fluorescence microscope images showed the EGFP
expression in both cells and stronger expression in
Hep2 cell at 48 hr time point (Figure 2D), consistent
with the flow cytometry analysis results (Figure 2E).
After confirmation of virus infection, it is necessary to
evaluate the toxicity of ZD55-TRAIL and chemothera-
peutic agent on normal cells. L-02 cells were treated with
ZD55-TRAIL at different MOI, and the cell viability was
detected by MTT assay. It is noticeable that the survival
rate of L-02 cells kept at 84.42% after co-treated with the
highest dosage of ZD55-TRAIL (30MOI) and DOX (1
pmol/l), indicating the combination treatment caused lit-
tle toxic effect in L-02 cells (Figure 2F). The mRNA
level of TRAIL gene was significantly higher in Hep2
cells than L-02 cells 48 hrs after infection (Figure 2G),
suggesting that oncolytic virus could infect but fail to
replicate in L-02 cells.

Combination of ZD55-TRAIL and DOX

induces cell apoptosis

We wondered whether the antitumor effect in Hep2 cells
was caused by increased cell apoptosis. First, we per-
formed Hoechst 33342 staining to detect the morphologi-
cal alterations of Hep2 cells after treatment. The results
showed that co-treatment led to significant apoptosis with
a feature of chromatin condensation, nuclear fragmenta-
tion, and apoptotic bodies, compared with ZD55-TRAIL
or DOX-alone treated cells (Figure 3A). Annexin-V and PI
staining were performed to quantify cell apoptosis. ZD55-
TRAIL plus DOX caused higher ratio of apoptosis cells
(33%) than ZD55-TRAIL (15.9%) and DOX (10.2%)
(Figure 3B). Western blot analysis demonstrated that
ZDS55-TRAIL activated caspase-dependent apoptotic path-
way including activation of caspase-9, and the activation
could be further enhanced by DOX. Simultaneously, we
found that co-treatment downregulated the expression of
antiapoptosis protein XIAP and upregulated the expression
of proapoptotic protein Bax (Figure 3C).

Combination of ZD55-TRAIL and DOX

suppresses tumor growth in vivo

The above in vitro data verified that the combination of
ZDS55-TRAIL and DOX had synergistic tumor cell-killing
effect and induced tumor cell apoptosis. Next, we investi-
gated the therapeutic effects of DOX and ZD55-TRAIL in
nude mice. As shown in Figure 4A, the average tumor
volume reached about 550 mm? within 21 days in the control
mice receiving PBS treatment, while DOX or ZD55-TRAIL
suppressed tumor growth, with average tumor volume <300
mm?>. ZD55-TRAIL plus DOX treatment exhibited a remark-
able tumor growth suppression effect, with average tumor
volume <100 mm®. It is worth mentioning that the xenograft
tumors in three of eight mice in the co-treatment group were
almost eradicated. We further detected cytopathic effect in
vivo. The H&E staining for the liver sections showed no
distinct toxicity in the combinational treatment (Figure 4B).
TUNEL analysis indicated that the combination of TRAIL
and DOX resulted in more cell apoptosis in tumors than that
of ZD55-TRAIL or DOX alone (Figure 4B).

Discussion

Oncolytic virotherapy has shown promising therapeutic
effects.”” The prominent advantage of this approach is
that, with adding a small amount of viruses, oncolytic
effects can selectively initiate anticancer action and
spread to the surrounding regions. We constructed
oncolytic viral vector ZD55, which is similar to
ONYX-015 with an EIB 55-kDa gene deletion. The
difference between them is that ZD55 has a multiple
clone site and can deliver genes.*® In our previous
studies, ZD55 delivered genes including TRAIL, IL-
24, Smac, and XAFI1. and exhibited efficient tumor-
inhibition capability.?!-3?

TRAIL selectively induces apoptosis in various tumor
cells and causes few toxicity to normal cells.*> TRAIL
recognizes, binds with death receptors (DR4, DRS),34 and
then initiates the apoptosis signal transduction pathway.>> It
has been reported that oncolytic virus ZD55-TRAIL selec-
tively replicated in tumor cells, and the exogenous TRAIL
gene did not attenuate the replication ability of the oncolytic
virus."® However, there are several disadvantages in cancer
therapy with ZD55-TRAIL, such as tumor resistance, host
immune response, neutralized antibody, and unable to elim-
inate high-malignant tumors.*

Chemotherapeutic drugs, such as DOX, are used as an
auxiliary therapeutic method for surgery in treating
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Figure 3 DOX enhanced ZD55-TRAIL-induced apoptosis in Hep2 cells. (A) Hep2 cells were infected with ZD55-TRAIL (8MOIl), DOX (0.2 pmol/L), or ZD55-TRAIL
(8MOI) plus DOX (0.2 pmol/l). 48 hrs later, Hep2 cells were stained with Hoechst 33342. The white arrows indicated apoptotic cells. Original magnification, 200x. (B) 48
hrs after treatment, the apoptosis of Hep2 cells was measured by flow cytometry. *p<0.01. (C) Activation of caspase-mediated apoptosis signaling pathway. Cells were
treated as mentioned in (A) for 48 hrs. The expression of the indicated proteins was detected by western blot. GAPDH was used as a loading control.

malignancies.’” However, the severe side effects of high-
dose DOX are essential obstacles. The combination stra-
tegies with oncolytic virus and chemotherapy drugs are
developed for cancer therapy. In order to obtain an
enhanced or synergic therapeutic effect, it is essential to
select chemotherapeutic drugs and oncolytic viruses with
complementary mechanisms. Studies indicated that che-
motherapy drugs upregulated death receptors (DR4 or
DRS) or activated intracellular signaling pathways of

TRAIL, suggesting that chemotherapy drugs may sensitize
tumor cells to TRAIL-mediated apoptosis.*>-*®

Virus replication and diffusion are restricted in animal
studies and clinical trials, especially when the objectives
P41t is difficult for

viruses to penetrate massive tumors, and it may be the

carry tumors with large masses.

reason for disappointing therapeutic outcomes. Therefore,

exploring novel tumor biomarkers or therapeutic targets is

crucial for oncolytic virus-mediated laryngeal therapy.****
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followed by DOX. (A) Tumor volume was measured. *p<0.05. (B) Subcutaneous Hep2 tumors and liver tissues were performed for HE staining analysis (the upper two
rows, original magnifcation: 100%). The lower row showed the cell apoptosis in tumor tissues by TUNEL assay (original magnification: 200x).

In the present study, we confirmed the enhanced inhibi-
tory effect of ZD55-TRAIL and DOX in Hep2 cells in vitro
and in vivo. The results indicated that ZD55-TRAIL not only
replicated, but also expressed TRAIL gene efficiently in
Hep2 cells (Figures 1B and 2G). Notably, the addition of
DOX was able to enhance the virus replication and TRAIL
expression, and resulted in synergic inhibitory effects on the
proliferation of Hep2 cells (Figures 1B-D and 2A-C).
Besides, ZD55-TRAIL combined with DOX did not increase
toxicity in normal liver cells in vitro (Figure 2F). Further,
combination treatment induced distinct apoptosis in Hep2
cells compared with individual treatment (Figure 3).

Conclusion
The oncolytic viro-chemotherapy combining ZDS55-
TRAIL and DOX exerted antitumor effect in cells and in

tumor xenografts in mice, indicating that the combined
treatment could represent a rational approach for laryngeal
cancer therapy.
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