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Adenovirus encoding XAF-1 and TNF-a in the same open
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Abstract. X-linked inhibitor of apoptosis (XIAP)-associated
factor 1 (XAF-1), a tumor suppressor, is downregulated in
most human malignant tumors. However, the tumor suppres-
sive role of XAF-1 in hepatocellular carcinoma (HCC) and
its therapeutic value require further elucidation. The present
study examined the expression of XAF-1 at the mRNA
and protein level in the HCC and paired peritumor tissue
specimens, as well as in HCC cell lines and a normal liver
cell line. A recombinant adenovirus which co-expressed
XAF-1 and TNF-a was then constructed, and its effects on the
proliferation and colony formation ability of the MHCC97H
HCC cell line were assessed using apoptosis induction, flow
cytometry, trypan blue staining assay and a clonogenic assay.
The results demonstrated that the expression of XAF-1 was
significantly reduced in HCC tissues compared with that in
their matched peritumor specimens, and a significant correla-
tion with the tumor size, stage and tumor - nodes - metastasis
stage was identified. The reduced levels of XAF-1 were
further confirmed the HCC cell lines MHCC97L, HepG2 and
MHCC97H compared with those in the L02 normal liver cell
line. The recombinant adenovirus Ad-XAF-1&TNF-a, which
co-expressed XAF-1 and TNF-a, was shown to efficiently
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express the two proteins at the mRNA and protein level.
Furthermore, infection with Ad-XAF-1&TNF-a synergisti-
cally induced apoptosis, reduced the proliferation and colony
formation ability of MHCCO97L cells to a significantly greater
extent than overexpression of XAF-1 or TNF-a individually.
To the best of our knowledge, the present study was the first
to construct an adenovirus which co-expressed XAF-1 and
TNF-a in the same open reading frame and expressed them
proportionally. As Ad-XAF-1&TNF-a inhibited HCC cells
with enhanced efficiency, it may be applicable for the treat-
ment of HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignant cancer types worldwide and is accountable for
almost 600,000 mortalities each year worldwide (1); it is also
has the second highest mortality rate amongst all cancer types
in China (2). The main risk factors for HCC development
include chronic hepatitis B and C infection, alcohol abuse
and aflatoxin intake (3,4), as they induce liver cirrhosis, from
which 80% of HCCs are derived (5). Activation of oncogenes
and inactivation of tumor suppressor genes have been identi-
fied to be associated with carcinogenesis and progression of
HCC. Various genes have been identified to be differentially
expressed in HCC tissues compared with paratumor tissues,
including HIWI IGF2, FAT10, SCARAS, DLKI, p53 and
ZNF267 (6-12), which have either oncogenic or tumor suppres-
sive roles, indicating that HCC is based on complex oncogenic
factors.

Besides oncogene activation and deregulation of apop-
tosis-associated genes, inactivation of tumor suppressor genes
has also been associated with HCC (13). Evasion of apoptosis
and angiogenesis are typical cancer-associated processes,
whose reversal is an efficient therapeutic strategy for HCC (14)
and other tumor types (15). Inhibitors of apoptosis (IAPs)
are characterized by highly conserved baculoviral IAP
repeats (16), belonging to a family of endogenous inhibitors of
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caspases (17,18). X-linked IAP (XIAP) prevents the activities of
caspase-3, -7 and -9 via directly binding to these caspases (19).
Overexpression of XIAP has been reported in most human
cancer types, including HCC, and to be an independent prog-
nostic factor for HCC patients (20). Inhibition of XIAP induces
apoptosis and inhibits the growth of HCC cells (21), implying
that targeting XIAP may be a promising approach for HCC
therapy. XIAP-associated factor (XAF)-1 specifically inhibits
IAP and sensitizes cancer cells to apoptosis (22), resulting in
a pro-apoptotic effect (23). Thus, this antagonist may have
significant value in the treatment of cancer.

In the present study, a recombinant adenovirus was
constructed, which carries a coding sequence for XAF-1 and
another sequence encoding tumor necrosis factor (TNF)-a,
which induces apoptosis similarly to XAF-1, with the 2A
peptide coding sequence (24). The anti-tumor effects of this
recombinant adenovirus was then assessed in HCC cells
in vitro. The present study provided a novel strategy for the
treatment of HCC.

Materials and methods

Tissue specimens, cell lines and culture. A total of 56 HCC
intratumor specimens and 56 paired peritumor specimens (as
controls; obtained at a distance of >10 mm from the tumor
edge) were included in the present study. All specimens were
obtained from the pathological archives of Baotou Cancer
Hospital (Batou, China) and had been obtained between
May 2009 and June 2014 with informed consent of the patients.
The HCC specimens had been obtained by surgical resection,
immediately frozen in liquid nitrogen and stored at -80°C prior
to radiotherapy or chemotherapy. Clinico-pathological charac-
teristics of each patient are listed in Table I. The present study
was approved by the Medical Ethics Committee of Baotou
Cancer Hospital (Batou, China).

The MHCC97L, HepG2 and MHCC97H human HCC cell
lines and the LO2 control liver cell line were purchased from
the cell resource center of the Chinese Academy of Medical
Sciences (Beijing, China). Each cell line was cultured in
Dulbecco's modified Eagle's medium (DMEM; Ameresco,
Inc., Framingham, MA, USA) with 10% fetal bovine serum
(FBS; Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) at 37°C in a humidified atmosphere containing 5%
CO,.

Construction of an adenovirus co-expressing XAF-1 and
TNF-a (Ad-XAF-1&TNF-a). The open reading frame (ORF)
of human XAF-1 (NM_017523) and TNF-a (NM_000594)
was amplified by polymerase chain reaction (PCR) with
primers that deleted the stop codon, and was overlapped
with a sequence encoding a 2A peptide linker (24). The
overlapped XAF-1 - 2A - TNF-a nucleotide was inserted
into the pShuttle-cytomegalovirus (CMV) vector (Qbiogene,
Inc., Irvine, CA, USA) to generate the recombinant
pShuttle-CMV - XAF-1 - 2A - TNF-a. The adenovirus
Ad-XAF-1&TNF-a and the Ad-control (Ad-con) virus were
enveloped via co-transfecting the pShuttle-CMV - XAF-1
- 2A - TNF-a and the pAdeasy-1 (the viral DNA plasmid)
into 293GPG retrovirus packaging cell line (Cell Resource
Center of the Chinese Academy of Medical Sciences) using
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Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). To co-express XAF-1 and TNF-a in HCC cells,
MHCC97L cells were infected with Ad-XAF-1&TNF-a at a
multiplicity of infection (MOI) of 1 or 10 for 2 h, followed by
culture in fresh DMEM containing 2% FBS.

RNA isolation and reverse-transcription quantitative PCR
RT-gPCR. Cellular mRNA was isolated from tissues or cell
lines using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's manual, following homog-
enization of tissues. RT-qPCR was performed using the One
Step SYBR® Green RT-qPCR kit (Sigma-Aldrich, St. Louis,
MO, USA) following the manufacturer's instructions. The
PCR reaction conditions were as follows: Initial denaturation,
5 min at 95°C; 40 cycles of denaturation for 20 sec at 94°C,
annealing for 20 sec at 61°C and extension for 20 sec at 72°C;
and a final extension for 5 min at 72°C. The primers for XAF-1,
TNF-o and f-actin were synthesized by Invitrogen; Thermo
Fisher Scientific, Inc., and were as follows: Forward, 5'-CCC
AGGGACCTCTCTCTAATC-3' and reverse, 5-ATGGGC
TACAGGCTTGTCACT-3' for TNF-a; forward, 5'-AGAATT
CCCCATTCAGTAAG-3" and reverse, 5'-GTGTAAGGAAGT
GGTTCAGT-3' for XAF-1; and forward, 5'-CATTAAGGA
GAAGCTGTGCT-3" and reverse, 5-GTTGAAGGTAGTTTC
GTGGA-3' for B-actin. RT-qPCR was performed in an ABI
PRISM 7000 (Applied Biosystems; Thermo Fisher Scientific,
Inc.). Expression levels were normalized to the internal control
B-actin, expressed as the fold change compared with the
control and calculated using the AACt method (25), subsequent
to confirm the target PCR product with melting curve analysis.

Western blot analysis. Intratumor or peritumor specimens
from HCC patients were homogenized prior to protein extrac-
tion. Lysis was then performed with a Cell Lysis and Protein
Extraction kit (Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions, followed by addition of protease
inhibitor cocktail (Sigma-Aldrich). Proteins were quanitified
using the BCA Protein assay reagent kit (Thermo Fisher
Scientific, Inc.) and 25 ug of each sample was separated by
10% sodium dodecyl sulfate polyacrylamide gel (Thermo
Fisher Scientific, Inc.) electrophoresis and then transferred
onto a nitrocellulose membrane (EMD Millipore, Billerica,
MA, USA). Non-specific binding was blocked with 2%
bovine serum albumin (Ameresco, Inc.) overnight at 4°C, and
membranes were subsequently probed with rabbit polyclonal
antibody to XAF-1 (Abcam, Cambridge, MA, USA; cat.
no. ab81353; 1:500 dilution) B-actin (Abcam; cat. no. ab8227;
1:200 dilution) or TNF-a (Cell Signaling Technology Inc.,
Danvers, MA, USA; cat. no. 3727; 1:500 dilution) at 4°C
overnight. The membrane was finally incubated with goat
anti-rabbit horseradish peroxidase-conjugated secondary anti-
body (Promega Corp., Madison, WI, USA; cat. no. W4011) at
4°C for 2 h, and antibodies were visualized using an enhanced
chemiluminescence detection system (GE Healthcare, Little
Chalfont, UK) following the manufacturer's instructions. The
images of the blots were captured on a UVP BioSpectrum 500
imaging system (UVP, LLC, Upland, CA, USA) and the bands
were analyzed using Image J (imagej.nih.gov/ij/). The protein
levels of XAF-1 or TNF-a were expressed as a percentage to
[B-actin.
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Table I. Association of XAF-1 mRNA with clinico-pathological characteristics of hepatocellular carcinoma patients [mean age,
53.4+10.3 for XAF-1 levels =1 and 51.5+9.6 years for XAF-1 levels <1 (P=0.7620)].

XAF-1 mRNA levels

Characteristic >1 (n=20) <1 (n=36) P-value

Age (years) 0.2012
>50 13 17
<50 7 19

HBsAg 0.1878
Negative 2 3
Positive 8 13

AFP 0.1385
=200 ng/ml 3 7
<200 ng/ml 7 9

Tumor size 0.0406
>5cm 3 10
<5cm 7 6

BCLC stage 0.0470
0-B 8 8
C-D 2 8

TNM stage 0.0274
I+11 8 7
II+1V 2 9

Vascular invasion 0.0731
Yes 1
No 9 11

The XAF-1 mRNA levels were relative to [3-actin. HBSAG, hepatitis B surface antigen; BCLC, Barcelona clinic liver cancer; TNM, tumor,

nodes, metastasis; AFP, alpha-fetoprotein.

Apoptosis assay via Annexin V-fluorescein isothiocyanate
(FITC)/propidium iodide (PI) kit. The apoptosis of MHCC97L
cells with or without infection (1 MOI, 24 h) with Ad-Con,
Ad-XAF-1, Ad-TNF-a or Ad-XAF-1&TNF-a was examined
with an ApoDETECT Annexin V-FITC kit (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
Briefly, MHCCO97L cells either without or post-infection
were incubated at 37°C for 24 h, and then were harvested and
suspended in binding buffer (5x10° cells/ml). The suspended
cells were mixed with 5 ul Annexin V-FITC and 10 pl of PI
and incubated for 15 min in the dark at room temperature. The
stained cells were detected using a FACScan flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA). The results
were calculated using the CellQuest™ Pro software (BD
Biosciences) and were presented as the percentage of apoptotic
cells to total cells.

Cell proliferation assay and colony formation assay. The
proliferation of HCC cells was evaluated using a cell counting
assay and a colony formation assay. The cell counting assay was
performed as follows: Cells (10*/ml) were seeded into 12-well
plates and then infected with Ad-XAF-1&TNF-a or Ad-con
virus at an MOI of 1 or 10 for 2 h, followed by further incuba-
tion in medium for 1, 3 or 5 days. The cells were trypsinized

and the number of viable cells was counted using a hemocy-
tometer (Reichert, Inc., Depew, NY, USA) following trypan
blue (Thermo Fisher Scientific, Inc.) staining. For the colony
formation assay, 1,000 cells were seeded into a 12-well plate
and infected with Ad-XAF, Ad-TNF-a, Ad-XAF-1&TNF-a or
Ad-con virus at an MOI of 1 or 10 for 2 h, followed by incuba-
tion in medium for another five days. The cell colonies were
stained with 0.5% crystal violet (Sigma-Aldrich) in methanol for
10 min and colonies were counted on the plate by the naked eye.

Statistical analysis. Values are expressed as the mean + stan-
dard error of the mean. Differences between two groups were
evaluated using Student's unpaired #-test for the cell viability
assay, and the paired-samples #-test was used for comparison
of expression levels in the tumor and peri-tumor tissues or
among the cell lines. Statistical analysis was performed using
GraphPad Prism software (version 5; GraphPad Inc., La Jolla,
CA, USA) and P<0.05 was considered to indicate a statistically
significant difference between values.

Results

XAF-1 is downregulated in HCC specimens and cell lines.
To confirm the tumor suppressive role of XAF-1 in HCC,
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Figure 1. Reduced expression of XAF1 in HCC specimens. (A) Relative mRNA levels and (B) protein levels of XAF-1 in HCC and paired peritumor samples
(n=56). (C) Relative mRNA levels and (D) protein levels of XAF-1 in the HCC cell lines. mRNA levels were determined by RT-qPCR analysis and protein
levels were determined by western blot analysis, expression levels were normalized to (3-actin. RT-qPCR and western blotting analysis were repeated in
triplicate. Values are expressed as the mean + standard error of the mean. "‘P<0.05, “P<0.01. XAF-1, X-linked inhibitor of apoptosis-associated factor 1; HCC,
hepatocellular carcinoma; RT-qPCR, reverse-transcription quantitative polymerase chain reaction.

its expression was determined in 56 HCC specimens and
paired peri-tumor tissues. As shown in Fig. 1A, compared
to the levels in the peri-tumor tissues, the relative XAF-1
mRNA levels (to p-actin) in the HCC specimens were
significantly reduced by ~40% (P<0.01). Furthermore,
western blot analysis confirmed a ~50% reduction of XAF-1
protein expression in the HCC group compared with that in
the peri-tumor samples (P<0.001) (Fig. 1B). Furthermore,
the expression of XAF-1 in the HCC cell lines MHCC97L,
HepG2 and MHCC97H was significantly reduced at the
mRNA and protein level compared to that in the LO2 human
hepatic cell line (P<0.05 or P<0.01) (Fig. 1C and D). Thus,
the significant downregulation of XAF-1 in HCC specimens
and cell lines was confirmed.

Downregulation of XAF-1 is associated with the degree of
malignancy of HCC. To assess the association of the reduced
XAF-1 with the malignant characteristics of HCC, the correla-
tion of XAF-1 expression with clinico-pathological features,
including tumor size, Barcelona clinic liver cancer (BCLC)
stage, tumor -nodes -metastasis (TNM) stage and vascular
invasion, was assessed. As shown in Table I, there was no
significant difference in age, hepatitis B surface antigen
positivity or alpha-fetoprotein levels between the groups

with XAF-1 levels <1 and XAF-1 levels =1. However, XAF-1
expression was negatively associated with the tumor size,
BCLC stage, TMN stage (P<0.05, respectively). However,
the association of XAF-1 mRNA levels with vascular inva-
sion was not significant (P>0.05). In conclusion, these results
confirmed the association of reduced XAF-1 mRNA levels
with the degree of malignancy of HCC.

Construction of adenovirus co-expressing XAF-1 and
TNF-a. To further identify the suppressive role of XAF-1 in
HCC, an adenovirus co-expressing XAF-1 and TNF-a was
constructed. XAF-1 and TNF-a cDNA were amplified by
PCR and then linked with a 2A peptide coding sequence (24).
The construction strategy of the recombinant adenovirus
Ad-XAF-1&TNF-a was illustrated in Fig. 2A. The adeno-
virus expressing green fluorescence protein (Ad-con),
XAF-1 (Ad-XAF-1) or TNF-a (Ad-TNF-a) were used as
controls. Each recombinant adenovirus was enveloped via
co-transfection of the respective adenoviral genomic plasmid
and the shuttle plasmid into BJ5183 bacterial cells. The effi-
ciency of the adenovirus to co-express XAF-1 and TNF-a
was evaluated in MHCC97L cells at an MOI of 1 or 10. At
24 h post-infection, the mRNA levels of the two genes were
significantly enhanced (P<0.01 or P<0.0001, respectively)
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Figure 2. Construction of Ad-XAF-1&TNF-a and confirmation of efficient upregulation. (A) Schematic diagram of Ad-XAF-1&TNF-a with a 2A peptide
linker. (B) mRNA levels and (C and D) protein levels of XAF-1 and TNF-a in MHCC97L hepatocellular carcinoma cells infected with Ad-XAF-1&TNF-a
or Ad-con at an MOI of 1 or 10 for 24 h. Protein levels of XAF-1 or TNF-a were normalized to f-actin. Values are expressed as the mean + standard error of
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(Fig. 2B). Furthermore, western blot analysis indicated that
the protein levels of XAF-1 and TNF-a were significantly
enhanced by the adenovirus (P<0.01, P<0.001 or P<0.0001)
(Fig. 2C and D).

In addition, to compare the effects of Ad-XAF-1&TNF-a
with those of XAF-1 or TNF-a alone, MHCCO97L cells were
infected with Ad-XAF-1 or Ad-TNF-a. As expected, XAF-1
was only overexpressed following infection with Ad-XAF-1,
while TNF-a was only overexpressed following infection with
Ad-TNF-a at the mRNA and protein level (P<0.001), while
Ad-con had no effect (Fig. 3). While XAF-1 as well as TNF-a
were significantly overexpressed following infection with
Ad-XAF-1&TNF-a (P<0.001), their expression levels were
significantly lower than those following infection with the
respective mono-overexpression vectors.

In addition, apoptosis in the MHCC97L cells that
were infected with 1 MOI Ad-Con, Ad-XAF-1, Ad-TNF-a
or Ad-XAF-1&TNF-a was examined. MHCCO97L cells
without infection served as a blank control. As indicated in
Fig. 3D and E), compared with the Ad-Con, Ad-XAF-1 or
Ad-TNF-a induced a significantly increased level of apoptosis
in MHCCO97L cells (P<0.05 or P<0.01). Furthermore, the
Ad-XAF-1&TNF-a infection induced more apoptotic cells

than the infection with Ad-XAF-1 or Ad-TNF-a (P<0.01).
Thus, the co-expression of XAF-1 and TNF-a synergistically
induced apoptosis in MHCCO97L cells.

Co-expression of XAF-1 and TNF-a. inhibits the growth of
HCC cells. The present study then investigated the effects of
XAF-1 and TNF-a co-expression on the growth of HCC cells.
The growth of MHCCO97L cells was assessed in vitro using
a cell counting assay and a colony formation assay. It was
revealed that following infection with Ad-XAF-1&TNF-a, the
proliferation of MHCC97L cells was reduced compared with
that of the cells infected with Ad-con, Ad-XAF-1 or Ad-TNF-a
at either 3 days (P<0.05 or P<0.001) or 5 days (P<0.05, P<0.01
or P<0.001) post-infection, while infection with Ad-XAF-1
or Ad-TNF-a also significantly inhibited the proliferation of
MHCC97L cells (P<0.05 or P<0.01) (Fig. 4A and B). Similarly,
the colony formation assay showed that the clonogenicity of
MHCCY7L cells following infection with Ad-XAF-1&TNF-a
was significantly reduced compared with that following infec-
tion with Ad-XAF-1 or Ad-TNF-a (P<0.05; Fig. 4C and D),
while mono-infection still significantly reduced the number
of colonies formed (P<0.05 or P<0.01; Fig. 4C and D). These
results indicated that co-expression of XAF-1 and TNF-a
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Figure 3. Overexpression of XAF1, TNF-a and their combination in hepatocellular carcinoma cells. (A) mRNA levels and (B-D) protein levels of XAF-1 and
TNF-o in the MHCC97L cell line following infection with Ad-XAF-1&TNF-a, Ad-XAF or Ad-TNF-a at a multiplicity of infection of 1 for 24 h. The levels
of XAF-1 or TNF-a were normalized to f-actin. (E) Representative flow cytometry assay and (F) the percentage of apoptotic MHCC97L cells following
infection. MHCC97L cells without infection served as a blank control. Values are expressed as the mean =+ standard error of the mean for triple independent
experiments. 'P<0.05, “P<0.01 or “"P<0.0001; ns, not significant; Ad-AF-1&TNF-a, adenovirus for the co-expression of XAF-1 and TNF-a; Ad-con, control
vector; TNF, tumor necrosis factor; XAF-1, X-linked inhibitor of apoptosis-associated factor 1.

inhibited the growth of HCC MHCCO97L cells more efficiently ~ was lower than that following infection with Ad-XAF-1 or
than either protein alone, even though their co-expression  Ad-TNF-a.
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Figure 4. Co-expression of XAF1 and TNF-a by Ad-XAF-1&TNF-a inhibits the growth of hepatocellular carcinoma cells. (A) Transfection with
Ad-XAF-1&TNF-a significantly reduced the number of viable MHCC97L cells compared with Ad-con, Ad-XAF or Ad-TNF-a day five according to a Trypan
blue staining assay. (B) Statistical analysis of differences between cell numbers in each group using the unpaired #-test. (C and D) A colony formation assay
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apoptosis-associated factor 1; D.P. I, days post-infection.

Discussion

XAF-1 has been identified as a tumor suppressor gene (8)
and has been reported to be deregulated in gastric (26),
renal (27), pancreatic (28) and esophageal (29) cancers as
well as in HCCs (14). The present study reconfirmed the
downregulation of XAF-1 in HCCs at the mRNA as well as
at the protein level, which was demonstrated in HCC tissues
and paired peritumor specimens as well as in cell lines. Of
note, the downregulation of XAF-1 was associated with the
degree of malignancy of HCC, as a significant correlation of
XAF-1 downregulation with the clinico-pathological char-
acteristics of tumor size, BCLC stage and TMN stage was
identified. However, the association of XAF-1 mRNA level
with the vascular invasion was not significant, possibly due
to the small sample size.

XAF-1 has been shown to inhibit the proliferation of
lung cancer cells (30), to suppress colon cancer growth and
trigger tumor regression (31), and to induce cell apoptosis
in gastric and colorectal cancer cell lines; furthermore,
XAF-1 was reported to enhance the apoptotic effects of
chemotherapeutic drugs and TNF-related apoptosis-inducing
ligand (31,32). Recombinant adenoviral vector-mediated
XAF-1 overexpression was previously shown to signifi-
cantly suppress tumor growth in gastric and colon cancer
in vitro and in vivo (14,31-34). The present study confirmed
that the co-expression of XAF-1 and TNF-a by the
Ad-XAF-1&TNF-a infection synergistically induced
apoptosis in the HCC MHCC97L cells and inhibited the
proliferation of HCC cells. To amplify the inhibitory effects
of XAF-1 on HCC cell growth, a co-expressing strategy was
utilized to overexpress XAF-1 and TNF-a by a singular
adenovirus with a 2A peptide linker.

The 2A peptideis a ‘self-cleavage’ peptide, which is encoded
by the foot-and-mouth disease virus. The 2A peptide links two
coding sequences in one ORF, which is transcribed into one
mRNA molecule, whereas it is translated into two different,
function-independent proteins (24). The ‘self-cleavage’ char-
acteristic of 2A peptide qualifies it to co-express two separate
molecules by same vector efficiently (35,36). The present study
was the first to constructed an adenovirus, Ad-XAF-1&TNF-a.,
which co-expressed XAF-1 and TNF-a efficiently. The
expression of the two genes was significantly increased at
the mRNA as well as the protein level by infection of the
Ad-XAF-1&TNF-a into HCC MHCC97L cells. Furthermore,
infection with Ad-XAF-1&TNF-a significantly reduced the
proliferation and clonogenicity of HCC MHCC97L cells to a
greater extent than infection with the Ad-XAF-1 or Ad-TNF-a
virus individually. The present study provides a method by
which XAF-1 and TNF-a were expressed simultaneously per
transcription. The co-expression vector presents an advantage
as a potential anti-tumor strategy, as a single administration
simultaneously presents two different anti-tumor effectors in
the same tumor cell.

In conclusion, the present study was the first to construct
an adenovirus which co-expressed XAF-1 and TNF-a
in same ORF and expressed them proportionally. This
Ad-XAF-1&TNF-a co-expression virus inhibited the prolif-
eration of HCC cells more efficiently than infection with
Ad-XAF-1 or Ad-TNF-a alone, suggesting that it may be a
promising therapeutic for the treatment of HCC.
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