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Abstract
AIM: To investigate the effect of oncolytic adenovirus 
SG600-IL24 and replication-incompetent adenovirus 
Ad.IL-24 on hepatocellular carcinoma (HCC) cell lines 
and normal liver cell line.

METHODS: HCC cell lines (HepG2, Hep3B and MHC-
C97L) and normal liver cell line (L02) with a different 
p53 status were infected with SG600-IL24 and Ad.IL-24, 
respectively. Melanoma differentiation-associated 
(MDA)-7/interleukin (IL)-24 mRNA and protein expres-
sions in infected cells were detected by reverse tran-
scription-polymerase chain reaction (RT-PCR), enzyme-
linked immunosorbent assay (ELISA), and Western 

blotting, respectively. Apoptosis of HCC cells and nor-
mal liver cells was detected by cytometric assay with 
Hoechst33258 staining. 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay was used to 
investigate proliferation of HCC cells and normal liver 
cells, and cell cycle was assayed by flow cytometry.

RESULTS: RT-PCR, ELISA and Western blotting showed 
that the exogenous MDA-7/IL-24 gene was highly ex-
pressed in cells infected with SG600-IL24. MTT indicated 
that SG600-IL24 could suppress the growth of HepG2, 
Hep3B, MHCC97L, with an inhibition rate of 75% ± 2.5%, 
85% ± 2.0%, 72% ± 1.8%, respectively (P  < 0.01), 
promote the apoptosis of HepG2, Hep3B, MHCC97L, 
with an apoptosis rate of 56.59% ± 4.0%, 78.36% 
± 3.5%, 43.39% ± 2.5%, respectively (P  < 0.01), 
and block the HCC cell lines in the G2/M phase with a 
blocking rate of 35.4% ± 4.2%, 47.3% ± 6.2%, 42% ± 
5.0%, respectively (P  < 0.01) but not the normal liver 
cell line in a p53-independent manner. 

CONCLUSION: SG600-IL24 can selectively suppress the 
proliferation and apoptosis of HCC cell lines in vitro  but 
not normal liver cell line L02 in a p53-independent man-
ner. Compared with Ad.IL-24, SG600-IL24 can significantly 
enhance the antitumor activity in HCC cell lines.
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INTRODUCTION
Hepatocellular carcinoma (HCC), one of  the most com-
mon lethal malignant diseases in the world, is responsible 
for a significant number of  deaths annually[1]. The HCC-
associated annual morbidity and mortality rank second 
among all tumors[2]. In addition, the prognosis of  HCC 
patients is poor. Gene therapy has emerged as an attrac-
tive option in treatment of  HCC, and its strategies include 
transgenic therapy with anti-oncogenes such as p53 and 
Rb, anti-sense nucleotide therapy, drug gene therapy (e.g. 
suicide gene like HSV-TK), and tumor vaccines[3]. How-
ever, its current strategies destroy both tumor and normal 
cells simultaneously, thus limiting their clinical application. 

Melanoma differentiation-associated (MDA)-7/inter-
leukin (IL)-24 was identified by a combination of  recombi-
nant fibroblast interferon-β and protein kinase C activator 
mezerein subtraction hybridization by Fisher in 1995[4]. 
It has been shown that MDA-7/IL-24 can suppress the 
growth of  melanoma, inhibit the proliferation and apop-
tosis of  other cancer cells[5-8], and has thus been hailed as a 
novel and interesting development in experimental tumor 
therapy in the early 21st century[9]. Our previous study 
showed that Ad.IL-24 can selectively destruct a variety of  
liver cancer cells without any toxic effects and inhibit the 
proliferation of  normal liver cell line L02. Ad.IL-24 can fa-
cilitate release of  CytC and Smac from mitochondria into 
cytoplasm, independent of  the Fas pathway[10]. MDA-7/
IL-24 can also inhibit the growth and metastasis of  high-
transfer (HCCM6) liver xenograft tumors, with a syner-
gistic effect when combined with doxorubicin. However, 
replication-defective adenovirus is limited in cancer gene 
therapy due to its poor targets, low transfection efficiency, 
low gene expression effect, and severe immune reaction. 
Oncolytic adenovirus, a non-defective virus, has a higher 
transfection efficiency because the exogenous gene can se-
lectively replicate in tumor cells and kill tumor cells but not 
normal cells[11]. Besides, it combines the antitumor effect 
of  viral vector and therapeutic gene. Therefore, we used 
this strategy to construct replication-competent oncolytic 
adenovirus SG600-IL24 carrying human MDA-7/IL-24. 
However, its effects on HCC cells with a different p53 sta-
tus remain largely unknown. To clarify its effects, we first 
determined the expression of  SG600-IL24 in HCC cell 
lines HepG2, Hep3B, MHCC97L, and normal human liver 
cell line L02 in vitro.

MATERIALS AND METHODS
Cell lines and culture conditions
HCC cell lines HepG2 and Hep3B, MHCC97L and nor-
mal human liver cell line L02 were purchased from the 

Institute of  HCC, Fudan University (Shanghai, China). 
Human embryonic kidney cells (HEK 293) were a gift 
from Professor Qi-Jun Qian, Laboratory of  Viral and 
Gene Therapy, Eastern Hepatobiliary Surgery Hospital, 
Second Military Medical University (Shanghai, China). 
The cell lines were cultured in a high glucose DMEM 
(HyClone, USA) supplemented with 10% FBS (Gibco, 
USA) at 37℃ in a humidified incubator containing 5% 
CO2 and 95% air. L02 was cultured in RPMI-1640 (Hy-
Clone, USA) supplemented with 10% FBS.

Virus construction, identification and purification
Oncolytic adenoviruses SG600-IL24 and SG600-EGFP 
were constructed and amplified. In brief, IL-24 expression 
cassette was released from pZD55-IL-24 and introduced into 
pClon9-INS to produce pClon9-INS-IL24. Using a plasmid 
transfection method, we co-transfected pSG600-IL24 and 
adenovirus skeletal plasmid pPE3 into HEK293 cells to con-
struct the recombinant adenovirus vector SG600-IL24 carry-
ing the MDA-7 gene. The genomes were analyzed to confirm 
the recombinant structure, and the virus was plaque purified 
and amplified in HEK293 cells. The recombinant replication-
defective Ad.MDA-7 virus was constructed and amplified 
as previously described[11]. The titer of  SG600-IL24, SG600-
EGFP and Ad.IL-24 was 2.25 × 1010 PFU/mL, 2.79 ×  
1010 PFU/mL, and 7.1 × 109 PFU/mL, respectively.

Virus infection
Six-well plates for each cell line were divided into con-
trol group, Ad.IL-24 group, SG600-EGFP group and 
SG600-IL24 group. Control group was treated with a se-
rum-free DMEM. The cells were infected with oncolytic 
adenovirus with its multiplicity of  infection (MOI) = 10.

Expression of MDA-7/IL-24 detected by reverse 
transcription-polymerase chain reaction
Cells were harvested at 24 h following SG600-IL24 infec-
tion for detection of  MDA-7/IL-24 mRNA expression. 
Total RNA was extracted and reverse transcription-poly-
merase chain reaction (RT-PCR) was performed as previ-
ously described[10,12]. The sequences of  primers of  MDA-7 
mRNA are sense: 5'-GGGCTGTGAAAGACACTAT-3', 
antisense: 5'-GCATCCAGGTCAGAAGAA-3'. The 
length of  amplified fragments was 381 bp. The se-
quences of  primers of  β-actin are sense: 5'-CCTTCCT-
GGGCAATGGAGTCCT-3', antisense: 5'-GGAACAAT-
GATCTTGATCTT-3'. The length of  amplified fragments 
was 201 bp. The PCR conditions were as follows: dena-
turation at 94℃ for 5 min, followed by 30 cycles at 94℃ 
for 30 s, at 56℃ for 30 s, at 72℃ for 30 s, a final extension 
at 72℃ for 10 min. The PCR products were subjected to 
1% agarose gel electrophoresis.

Concentration of MDA-7/IL-24 in supernatant
Two-antibody sandwich ELISA was developed for detec-
tion of  human MDA-7/IL-24. The antibodies used were 
monoclonal mouse anti-human IL-24 antibody (R&D 
Systems) and peroxidaseconjugated rabbit anti-goat IgG 
antibody (R&D Systems). Cell culture supernatant was col-
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lected after 24, 48 and 72 h, respectively and stored at -20℃. 
Concentrations of  MDA-7/IL-24 in supernatant were 
measured by ELISA at different time points. Absorbance 
was read at a wavelength of  450-nm. Concentration of  
IL-24 was measured according to the standard curve.

Cell proliferation determined by 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide assay
Cells were seeded into 96-well tissue culture plates (1 × 103 
cells per well), and treated with PBS, 10 MOI of  Ad.IL-24, 
SG600-EGFP, SG600-IL24, respectively, on the next day. 
After cultured for 24 h, the medium was replaced with a 
fresh medium containing 0.5 mg/mL 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT). The 
cells were incubated at 37℃ for 4 h. After about 150 μL 
of  a solution was added to each well, the cells were incu-
bated for an additional 10 min at 37℃ with gentle shaking. 
Absorbance was read on a Bio-Rad microplate reader at a 
wavelength of  595 nm. 

Western blotting analysis
Cell lines were cultured in 6-well plates, and cells after 
different treatments were collected at the indicated time 
points. The cells were collected and suspended in lysis 
BCA for protein quantitation after 48 h. A total of  25 μg 
of  protein was applied to 15% SDS-PAGE and trans-
ferred to polyvinylidene fluoride (PVDF) membranes 
which were probed with polyclonal antibodies to MDA-7/
IL-24 and β-actin. The corresponding fluorescent sec-
ondary antibody was hybridized. The second anti-PVDF 
membrane fluorescence signal was detected with an infra-
red imaging system.

Fluorescence microscopy evaluation of cell apoptosis
Forty-eight hours after infection, the cells were washed 
twice with PBS and fixed in 1mL of  4% paraformalde-
hyde for 10 min at 4℃. After washed twice with PBS, the 
cells were stained with 100 μL Hoechst33258 in PBS for 
15 min at room temperature in dark. Then 1000 cells were 
counted with their nuclear fragmentation visualized under 
a fluorescence microscope (TE2000-U, Nikon, Japan). 
Apoptotic cells were identified by condensation of  nuclear 
chromatin and its fragmentation.

Fluorescence-activated cell sorter analysis
Cells were trypsinized and washed twice with complete 
media 48 h later. Aliquots of  cells (1 × 106) were resus-
pended in 500 μL binding buffer and stained with 5 μL 
FITC-labeled Annexin-V according to its manufacturer’s  
instructions. Five microliters of  propidium iodide (PI) 
was added to the samples after stained with Annexin-V 
to distinguish late apoptotic and necrotic cells, and then 
put in a dark place for 30 min. Flow cytometry (BD, 
FACSCalibur, USA) was performed immediately after 
staining.

Cell-cycle and hypodiploidy analyses
Cells were cultured when they grew about 30%, and 
then treated with DMEM without FBS for 24 h for syn-

chronization. The cells were divided into DMEM group, 
Ad.IL-24 group, SG600-EGFP group, and SG600-IL24 
group 48 h later, and harvested using trypsin to adjust the 
cell concentration to l × 106 per mL. After fixed in 70% 
cold ethanol overnight at -20℃, the cells were washed 
with PBS, and aliquots of  1 × 106 cells were resuspended 
in 1 mL of  PBS containing 1 mg/mL of  RNase A and  
0.5 mg/mL of  PI. After incubated for 30 min, the cells 
were analyzed by flow cytometry using a FACScan flow 
cytometer (BD, FACSCalibur, USA). The treated cells were 
evaluated by FACS analysis for identifying cells at different 
stages of  cell cycle. The percentages of  cells at G0/G1, 
S, and G2/M stages were calculated using multicycle soft-
ware and the results were analyzed using variance analysis.

Statistical analysis
All experiments were performed at least three times. 
Data were expressed as mean ± SD. Statistical compari-
sons were made by analysis of  variance. P < 0.05 was 
considered statistically significant. All analyses were per-
formed with SPSS14.0 software.

RESULTS
Expression of SG600-IL24 mediated ectopic MDA-7/IL-24 
in cells
The expression of  MDA-7/IL-24 mRNA was markedly 
increased both in normal liver cell line (L02) and in HCC 
cell lines (HepG2, Hep3B, MHCC97L) with a different 
p53 state that were infected with SG600-IL24. In contrast, 
the expression level of  MDA-7/IL-24 was very low in 
cells infected with Ad.IL-24, SG600-EGFP, and DMEM 
(Figure 1). 

Detection of MDA-7/IL-24 in supernatants by ELISA
Secreting MDA-7/IL-24 protein was detected by ELISA 
after SG600-IL24 infection. The concentrations of  
MDA-7/IL-24 protein in supernatants of  cells infected 
with SG600-IL24 increased in a time-dependent manner. 
The expression of  endogenous MDA-7/IL-24 was not 
detected in SG600-EGFP and control groups (Table 1).

Detection of MDA-7/IL-24 protein expression by Western 
blotting
Mda-7/IL-24 protein was not expressed in control group, 
Ad.IL-24 and SG600-EGFP groups, while MDA-7/IL-24 
was highly expressed in oncolytic adenovirus 48 h after 
SG600-IL24 infection (Figure 2).

SG600-IL24 inhibited proliferation of HCC cells
To investigate whether SG600-IL24 can inhibit cell prolif-
eration, HCC cell lines (HepG2, Hep3B and MHCC97L) 
and normal liver cell line L02 were infected with SG600-
IL24. The cell proliferation and viability were determined 
by MTT. No proliferation arrest effect was observed on 
normal liver cell line L02 (Figure 3). However, the activity 
of  SG600-IL24 in HCC cell lines (HepG2, Hep3B and 
MHCC97L) was significantly inhibited with an inhibition 
rate of  75%, 85% and 72%, respectively. 
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SG600-IL24 selectively induced apoptosis of HCC cell 
lines
Hoechst staining showed that SG600-IL24 induced the 
apoptosis of  human HCC cell lines of  HepG2, Hep3B 
and MHCC97L (Table 2). The apoptosis level of  HCC 
cells was higher in SG600-IL24 group than in other groups 
(HepG2: F = 156.6, Hep3B: F = 202.4, MHCC97L: F = 
143.2, P < 0.05), indicating that SG600-IL24 can induce 
apoptosis of  HCC cells. In contrast, no apparent change 
was observed in normal liver cell line L02, with an apop-
tosis rate of  1.0%, 1.4%, 1.2% and 2.0%, respectively (F = 
1.78). Flow cytometry showed the effect of  SG600-IL24 
on the apoptosis of  HCC cell lines of  HepG2, Hep3B and 
MHCC97L and normal liver cell line L02 with Annexin-V 
and PI staining. The percentage of  apoptotic HCC cells 
was significantly higher in SG600-IL24 group than in con-
trol group, SG600-EGFP and Ad.IL-24 groups (HepG2: 
F = 203.4, Hep3B: F = 313.2, MHCC97L: F = 160.6, P 

< 0.05, Table 2). In contrast, no significantly change was 
found in normal liver cell line L02 with an apoptosis rate 
of  0.75%, demonstrating that SG600-IL24 infection can 
kill HCC cells but not normal liver cells. 

SG600-IL24 induced cell cycle block in HCC cells
Cell cycle phase was assayed by flow cytometry after the 
fixed cells were stained with PI. The accumulation level of  
HCC cell lines at the G2/M phase was higher in SG600-
IL24 group than in control group, Ad.IL-24 and SG600-
EGFP groups (P < 0.05) with an accumulation rate of  
35.4%, 47.3%, 42%, respectively (Figure 4). However, the 
accumulation rate of  normal liver cell line L02 at the G2/
M phase was 5.5%, 5.6%, 6.3%, and 6.8%, respectively, 
suggesting that SG600-IL24 infection can significantly 
increase the accumulation of  HCC cell lines but not of  
normal liver cell line L02 at the G2/M phase.

DISCUSSION
MDA-7/IL24 is a new member of  the IL-10 class-Ⅱ fam-
ily of  cytokines. It has been shown that MDA-7/IL24 
not only inhibits the growth of  melanoma but also the 
proliferation and apoptosis of  other carcinoma cells, such 
as ovarian cancer[13,14], lung carcinoma[15,16], breast cancer[17], 
pancreatic cancer[18], glioma[18,19], prostate[20]and colon 
cancer[21]. It has been reported that increased expression of  
IL-24 gene suppresses cell growth and induces cell apop-
tosis in a variety of  cancer cells with single or multiple ge-
netic defects, including alterations in p53, p16/INK4a, and 
Rb[22,23]. It has been shown that some signal transduction 
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Table 1  Concentration of melanoma differentiation-associated-7/interleukin-24 protein in different 
hepatocellular carcinoma cell lines and normal liver cell line (pg/mL)

Concentration of MDA-7/IL-24 protein

HepG2 Hep3B MHCC97L L02

Control group  8.0 ± 1.0   9.0 ± 0.5  4.0 ± 0.4   9.0 ± 0.8
Ad.IL-24 group 8.2 ± 0.5   9.0 ± 1.0  4.5 ± 0.5 10.0 ± 1.0
SG600-EGFP group 9.0 ± 0.8 10.0 ± 0.1  3.5 ± 0.5   9.0 ± 0.6
SG600-IL24 group
   24 h   90 ± 10b   60 ± 8a   56 ± 10b   110 ± 12b

   48 h 160 ± 20b     90 ± 15b 180 ± 20b   180 ± 15b

   72 h 780 ± 80b   800 ± 60b 680 ± 50b   920 ± 80b

aP < 0.05 vs Ad.IL-24 and SG600-EGFP groups; bP < 0.01 vs control group. MDA: Melanoma differentiation-
associated; IL: Interleukin.

A

B

1          2           3           4 1           2           3           4 1           2            3           4 1            2            3           4

HepG2 Hep3B MHCC97L L02

Figure 1  Expression of adenovirus-mediated melanoma differentiation-associated-7/interleukin-24 mRNA in hepatocellular carcinoma cell lines of HepG2, 
Hep3B and MHCC97L and human normal liver cell line L02. Cells were infected with 10 multiplicity of infection of Ad.IL-24, SG600-EGFP, SG600-IL24,harvested 
at 24 h, treated as described in “Materials and Methods”. A: Lanes 1, 2, 3, 4: Ad.IL-24 group, SG600-EGFP group, control group and SG600-IL24 group; B: β-actin 
corresponsively.

A

B

1             2             3             4             5            6             7

Figure 2  Expression of melanoma differentiation-associated-7/interleu-
kin-24 after infection with SG600-IL24 protein in hepatocellular carcinoma 
cells and normal liver cells. Cells infected with 10 multiplicity of infection of 
Ad.IL-24, SG600-EGFP and SG600-IL24 were collected 48 h after infection 
as described in “Materials and Methods”. A: Lane 1: Control group; Lane 2: 
Ad.IL-24 group; Lane 3: SG600-EGFP group; Lanes 4, 5, 6, 7: HepG2, Hep3B, 
MHCC97L and L02 SG600-IL24 groups; B: β-actin corresponsively.
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pathways and molecules are regulated during IL-24-induced 
tumor suppression, including activation of  caspase cascade, 
PKR, p38,STAT3, PI3K, GSK-3, ILK-1, BAX, BAK, Fas, 
DR4,TRAIL, inducible nitric oxide synthase (iNOS), IRF-1, 
IRF-2 and p53[24].

HCC gene therapy has become a current research 
focus. However, most methods used are not tumor 
specific and affect normal cells, thus limiting their clini-
cal application. Gene therapy, a research hot-spot in 
cancer gene therapy, is able to selectively kill tumor cells 
without affecting normal cells[25]. In this study, onco-
lytic adenovirus, which is characterized by antitumor 
activity and can proliferate and replicate specifically in 

tumor cells, was used as a carrier. Oncolytic adenovirus 
can make the exogenous gene copy thousands of  times 
and enhance the effect of  anti-cancer gene in a similar 
manner, ultimately killing tumor cells[26]. Since tumor-
specific oncolytic adenovirus can amplify many times in 
infected cancer cells and dissolve tumor cells, it can be 
used as a promising anti-tumor gene therapy vector[27]. 
Adenovirus SG600IL-24, which was constructed in this 
study, has the E1B 55 kDa defective oncolytic adenovirus 
(ZD55), replicates in tumor cells and causes significant 
cytotoxic effect, while normal cells show little or no tox-
icity[28]. SG600IL-24 was constructed with the oncolytic 
adenovirus SG600 vector using the telomerase reverse 
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Table 2  Hoechst staining and flow cytometry showing apoptosis of hepatocellular carcinoma cell 
lines and normal liver cell line (mean ± SD)

Cell line Apoptotic cells (%) F -value P -value

Control Ad.IL-24 SG600-EGFP SG600-IL24

Hoechst staining
   HepG2 2.5 ± 0.1 4.0 ± 0.3 5.5 ± 0.3 42.0 ± 4.5 156.6 0.000007
   Hep3B 3.0 ± 0.2 3.5 ± 0.3 4.5 ± 0.2 56.0 ± 3.8 202.4 0.000003
   MHCC97L 1.6 ± 0.2 3.0 ± 0.4 2.6 ± 0.3 40.5 ± 1.9 143.2 0.000010
   L02 1.0 ± 0.1 1.2 ± 0.2 1.4 ± 0.1   2.0 ± 0.1        1.78       0.360
Flow cytometry
   HepG2 2.0 ± 0.1 4.2 ± 0.4 10.0 ± 2.0 56.5 ± 4.0 203.4 0.000003
   Hep3B 2.5 ± 0.2 5.0 ± 0.2 13.5 ± 1.5 78.3 ± 3.5 313.2 0.000001
   MHCC97L 1.4 ± 0.2 3.2 ± 0.4 10.4 ± 1.0 43.3 ± 2.5 160.6 0.000006
   L02 1.0 ± 0.1 1.2 ± 0.1   1.4 ± 0.1   1.7 ± 0.1        1.62        0.280
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Figure 3  Cell viability of different hepatocellular carcinoma cells and normal liver cells infected with oncolytic adenoviruses SG600-IL24 and replicant 
replication-deficient adenovirus Ad.IL-24 measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay at 24, 48, 72 and 96 h after infec-
tion. Results are presented as means ± SD (n = 5).
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transcriptase promoter (TERTp) which is highly active in 
more than 85% of  different human cancers, but inactive 
in most normal somatic cells, and can thus be applied to 
a wide range of  cancers[29]. Hypoxia regulatory elements 
can control adenovirus proliferation genes E1a and E1b, 
and delete the E1a gene, thus promoting virus-specific 
replication in tumor cells and enhancing the effectiveness 
and safety of  gene therapy[30].

In contrast to the replication-incompetent adenovirus 
Ad.IL-24, oncolytic adenovirus can replicate in tumor 
cells exclusively and kill tumor cells, inducing a high ex-
pression of  MDA-7/IL-24 in these cells. MDA-7/IL-24 
protein can also selectively kill cancer cells. Moreover, 
oncolytic adenovirus can selectively kill tumor cells and 
MDA-7/IL-24 protein can release into blood and kill 
distant micrometastatic tumor cells, resulting in a radical 

treatment of  HCC because of  the potent “bystander” 
antitumor activity[31]. 

Since MDA-7/IL-24 can selectively kill various can-
cer cells, it has been used in treatment of  patients with 
HCC[32,33] with encouraging results. However, the treatment 
is restricted only to melanoma, but not to other tumors. 
HCC has much more cells, bulkier volume, and higher 
metastatic potential than melanoma. If  replication-defec-
tive adenovirus is used as a vector, a large number of  ad-
enoviruses would be required and lead to mortal immune 
reaction to human bodies, thus limiting its further clinical 
application. Oncolytic adenovirus was constructed in this 
study as a vector carrying the MDA-7/IL-24 gene, which 
can proliferate in tumor cells exclusively and kill tumor 
cells, release a large number of  adenoviruses which would 
infect other tumor cells, proliferate and kill tumor cells. 
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Moreover, MDA-7/IL-24 protein releases and selectively 
kills tumor cells when tumor cells are dissolved. There-
fore, few adenoviruses are required, thus greatly benefiting 
the clinical application of  MDA-7/IL-24. Furthermore, 
SG600-IL24 has few or no toxic effects on normal cells 
because it cannot proliferate in normal cells[28].

In this study, RT-PCR, ELISA, and Western-blot dem-
onstrated that MDA-7/IL-24 was successfully transfected 
into HCC cells and normal liver cells. Mda-7/IL-24 gene 
and protein were not expressed in control and SG600-
EGFP groups. ELISA showed that the expression of  
secreted and intracellular MDA-7/IL-24 protein in 
SG600IL-24 group increased in a time-dependent manner. 
Flow cytometry showed SG600IL-24 significantly inhibited 
the proliferation of  tumor cells, promoted the apopto-
sis of  tumor cells, and blocked tumor cells in the G2/M 
phase. Normal liver cell line L02 was not affected although 
it increased by 1.3% in the G2/M phase. Flow cytometry 
showed that the early and late apoptosis rate of  HepG2, 
Hep3B and MHCC97L was 56.59%, 78.36% and 43.39%, 
respectively, with Annexin-V and PI staining. MTT showed 
that SG600IL-24 could promote apoptosis and kill HCC 
cells but not normal liver cells with Hoechst33258 stain-
ing, indicating that the antitumor activity of  SG600IL-24 is 
stronger than that of  Ad.IL-24.

HCC cell line HepG2 is a wild type in gene p53 and 
a mutant type in gene Rb. Hep3B is a line with p53 gene 
deleted, and MHCC97L is a mutant type in gene p53[34-37]. 
Although these cell lines have different gene types, they 
induce apoptosis and growth arrest by infection with 
SG600IL-24, demonstrating that SG600IL-24 can kill 
different tumor cells independent of  the p53 state. 

In conclusion, SG600IL-24 selectively kills HCC cell 
lines in a p53-independent manner and enhances antitu-
mor activity in HCC cell lines. SG600-IL24 can be used as 
a HCC gene therapy vector.
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