
adenovirus SG300 has a better cancer-select ive 
replication-competent ability, and can specifically kill 
a wide range of cancer cells with positive telomerase 
activity, and thus has better potential for targeting 
therapy of hepatocellular carcinoma. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the malignant 
diseases with a high incidence and mortality in China. 
Today, malignant tumors have already become the first 
death cause in Chinese city residents, and the second 
in country residents. Among various malignant tumors, 
HCC is the second cause of  cancer death, next only to 
lung cancer. Based on recent incidence and mortality data 
available, the International Arctic Research Center (IARC) 
estimated that there were about 564 000 new cases of  HCC 
in 2000 worldwide, in which 306 000 people were in China. 
About 300 000 people died of  HCC annually in China[1]. 
The mortality of  HCC is more than 40/100 000, especially 
in the high-risk area of  Qidong, Jiangsu Province. HCC 
severely threatens people’s life partially because of  lack of  
effective therapeutic methods in clinics, and most strategies 
of  gene therapy are not quite satisfactory. Therefore, to 
develop a therapeutic approach mainly targeting at HCC 
and synchronously at other tumors is an urgent task. 

In cancer gene therapy, human adenoviruses have 
been used extensively[2], because they can infect most 
types of  human cells, carry a large fragment of  foreign 
sequence, and be grown in cultures to high-titered stable 
stocks[3]. Most adenoviral vectors used in gene transfer are 
replication-deficient because the adenoviral E1 region is 
deleted and replaced by antitumor therapeutic genes[4]. The 
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Abstract
AIM: To construct a tumor-selective replication-
competent adenovirus (RCAd), SG300, using a modified 
promoter of human telomerase reverse transcriptase 
(hTERT). 

METHODS: The ant i tumor eff icacy of SG300 in 
hepatocellular carcinoma was assessed in vitro  and  
in vivo . In vitro  cell viability by MTT assay was used to 
assess the tumor-selective oncolysis and safety features 
of SG300, and in vivo  antitumor activity of SG300 was 
assessed in established hepatocellular carcinoma models 
in nude mice. 

RESULTS: SG300 could lyse hepatocellular carcinoma 
cells at a low multiplicity of infection (MOI), but could 
not affect growth of normal cells even at a high MOI. 
Both in Hep3B and SMMC-7721 xenograft models 
of hepatocellular carcinoma, SG300 had an obvious 
antitumor effect, resulting in a decrease in tumor 
volume. Its selective oncolysis to tumor cells and safety 
to normal cells was also superior to that of ONYX-015. 
Pathological examination of tumor specimens showed 
that SG300 replicated selectively in cancer cells and 
resulted in apoptosis and necrosis of cancer cells. 

CONCLUSION: hTERT promoter-regulated replicative 
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first generated replication-deficient adenovirus (RDAd) 
lacks only one (E1) or two (E1 and E3) early genes. 
The second and third ones also contain E2 and/or E4 
deletions[5,6]. Although the clinical protocols employing 
RDAd have been large in number[6], all of  them have 
major problems. Since RDAd cannot replicate, they 
express foreign therapeutic genes at low levels only in cells 
that are initially infected. As a result, the antitumor effect 
is easily lost rapidly and the bystander effect on proximal 
cancer cells is limited. Another problem of  RDAd is lack 
of  specificity targeting cancer cells[7], which may further 
decrease the therapeutic effect on cancer cells and result in 
toxicity to normal cells. Therefore, development of  novel 
effective tumor-targeting adenoviral vectors to enhance 
the efficiency and specificity of  transgene expression is 
needed.

Recently, cancer-selective replication-competent adenovirus 
(RCAd) has attracted more attention in the field of  
cancer gene therapy. RCAds can specifically replicate in 
cancer cells, induce cell death and release progeny virions. 
The progeny virions will continue to infect neighboring 
cancer cells, thus magnifying the oncolytic effect[8]. In this 
approach of  virotherapy, the specificity of  the viral agent 
to selectively kill cancer cells, while relatively spare non-
cancer cells, is achieved by controlling viral replication[9]. 
Abnormal biological features shared by various cancers 
have been used to restrict replication of  adenoviruses 
to cancer cel ls. Recently the promoter of  human 
telomerase reverse transcriptase (hTERT) was used to 
restrict adenoviral replication to telomerase-positive cancer 
cells through controlling the adenoviral E1a gene or E4 
gene[10,11]. The results suggested that the tight regulation 
of  the adenoviral E1a gene is more crucial for replication 
of  viruses. Compared with other promoters, the hTERT 
promoter is highly active in more than 85% of  different 
human cancers, but inactive in most normal somatic cells, 
and thus this mechanism can be applied to a wide range of  
cancers.

We constructed an hTERT promoter-regulated RCAd, 
designated SG300, in which the adenoviral E1a gene was 
driven by the hTERT promoter core sequence (-212 bp 
to +46 bp) with additional 3 E-boxes (CACGTG). It can 
selectively replicate in a broad array of  human cancer 
cells with positive telomerase activity, but not in normal 
cells[12]. However, its effect in treating HCC in vitro and 
in vivo is unknown. In this study, we further tested the 
antitumor activity of  the tumor-selective RCAd, SG300, 
and confirmed its highly efficient antitumor activity in vitro 
in several types of  cancer cell lines and in vivo in xenograft 
models of  HCC.

MATERIALS AND METHODS
Cell culture 
Human primary HCC cell lines Hep3B and HepG2, and 
human normal fibroblast cell lines MRC-5 and IMR-90 
were purchased from American Type Culture Collection 
(ATCC, Manassas, VA). Human HCC cell lines BEL-7401 
and SMMC-7721, and human normal hepatocellular line 
L02 were obtained from the Institute of  Cell Biology, 
Chinese Academy of  Sciences, Shanghai, China. All 

cell lines were cultured in media recommended by the 
providers: MRC-5, and IMR-90 in modified Eagle’s  
medium (Gibco BRL, Gaithersburg, MD), and al l 
other cell lines in Dulbecco’s modified Eagle’s medium 
(GibcoBRL) in a 5% CO2 atmosphere at 37℃. All media 
were supplemented with 10% heat-inactivated fetal bovine 
serum (FBS) containing 100 U/mL penicillin and 100 
μg/mL streptomycin. Telomerase activity of  every cell 
line was measured by the telomeric repeat amplification 
protocol (TRAP) and ELISA assay with TRAP-PCR-
ELISA telomerase detection kit (Chemicon International, 
Temecula, CA) according to the protocols. 

Construction of SG300
hTERT promoter core sequence (-212 bp to +46 bp) 
containing three E-box (CACGTG) motifs was synthesized 
and cloned into plasmid pMD18-T (TaKaRa Biotech. 
Co., Ltd., Ohtsu, Japan), and plasmid pCAG166TP was 
generated. After sequencing, the fragment containing 
hTERT promoter released from pCAG166TP was inserted 
into upstream of  E1a gene of  the adenoviral vector 
plasmid pXC1 (Microbix Biosystem Inc.), which has type 
5 adenovirus sequence from 22 bp to 5790 bp containing 
E1 gene. The obtained novel adenoviral vector plasmid, 
named pXC20-TP, was co-transfected with pBHGE3 
(Microbix Biosystem Inc.), a plasmid of  type 5 adenoviral 
right arm, into HEK293 cells using the Effectene 
Transfection Reagent (QIAGEN Inc.) to construct 
the recombinant adenovirus. About 9 to 14 d after 
transfection, single white plagues emerged in HEK293 
cells. After plague purification three times, we obtained a 
recombinant replicative adenovirus designated SG300, in 
which E1a gene expression was driven by the hTERT core 
promoter. SG300 was amplified in HEK293 cells, extracted 
using QIAamp DNA Blood Mini Kit (QIAGEN Inc.), and 
purified by ultra-centrifugation on cesium chloride (CsCl) 
gradients.

Cell viability assay 
Cell viability was measured by MTT assay using Cell 
Proliferation Kit I (Roche Molecular Biochemicals, 
Indianapolis, IN). Serial concentrations of  cells were 
diluted from 2 × 104 to 2 × 105 cells/mL, and seeded in 
96-well plates at 100 μL per well. Every concentration 
was installed in 8 wells. After cultured for 24 h, 100 μL 
medium per well without FBS was added and cells were 
continuously cultured for another 7 d. After removal of  
culture medium from the plates, 100 μL 0.1 mol/L PBS 
and 10 μL MTT labeling reagent per well were added. The 
plates were then placed in an incubator for 4 h. After 100 
μL solubilization solution was added per well and cultured 
overnight, the plates were examined with Microplate 
Reader Model 550 (BIO-RAD Laboratories, Tokyo, Japan) 
at 570 nm with a reference of  655 nm. Cell viability curves 
were drawn, on which the most suitable cell concentrations 
or densities were defined. To test the multiplicity of  
infection (MOI) of  cell viability, every cell line was plated 
at the density defined above in 96-well plates and infected 
24 h later with SG300, ONYX-015 (a control replicative 
adenovirus, kindly given by Berk AJ, University of  
California-Los Angeles, Los Angeles, CA), and wild-type 
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adenovirus 5 (WAd5) at a wide range of  MOIs from 0.0001 
to 500 pfu/cell. Seven days after infection, MTT assays 
were performed as described above. 

Virus replication
Cells were plated in 6-well plates at 106 cells per well 
and infected with the replicative adenovirus SG300 or 
ONYX-015 at an MOI of  1 pfu/cell synchronously 
with MTT assay. At 48 h after infection, the cells and 
supernatants were harvested, and their viral titers were 
examined with TCID50 method. The titer data were 
normalized to that at the beginning of  infection and 
expressed as replicative times.

Animal experiments 
BALB/c nude mice aged 6 to 8 wk were purchased 
from Shanghai Experimental Animal Center, Chinese 
Academy of  Sciences, Shanghai, China. Human HCC cell 
lines, SMMC-7721 and Hep3B, in log phase (107 cells in 
100 μL medium) were subcutaneously injected into the 
right flanks of  mice. When tumors were induced, mice 
were divided randomly into four groups as SMMC-7721 
models (SG300, ONYX-015, WAd5 and control groups, 
n = 10 mice/group), and three groups as Hep3B models 
(SG300, ONYX-015 and control groups, n = 10 mice/
group), and given intratumoral injection of  2 × 108 pfu 
viruses in a volume of  100 μL viral preservation solution 
(10 mmol/L Tris-HCl pH 8.0, 2 mmol/L MgCl2, 4% 
sucrose), once every other day with total injections of  
five times and total dosage of  109 pfu per mouse in the 
SG300, ONYX-015 and WAd5 groups, respectively. In 
the control group, mice received injections of  the same 
volume of  viral preservation solution five times. Tumor 
sizes were measured regularly using calipers. Tumor 
volumes were estimated with the following formula: a × b2 

× 0.5, in which a and b represent the maximal and minimal 
diameters, respectively.

Mice were killed on d 42 after treatment in SMMC-7721 
model group and on d 56 in Hep3B model group by 
cervical dislocation. Specimens from the tumor, liver, and 
lung were collected, fixed in 10% neutral formaldehyde for 
6 h and paraffin-embedded, and 5 μm-thick consecutive 
sections were sliced for pathological examination. The 
expression of  adenoviral capsid protein, hexon, was located 
using mouse anti-adenoviral hexon antibody (Biodesign 
International, MA, USA). To demonstrate apoptotic cell 
death of  tumor tissues on paraffin-embedded sections, 
terminal deoxynucleotidyl transferase-mediated dUTP 
nick end labeling (TUNEL) assay was performed using In 
Situ Cell Death Detection Kit (Roche Diagnostics, Basel, 
Switzerland) according to the manufacturer’s instructions. 
Positive index (PI) was counted from five randomly 
selected high-power fields under light microscope, and 
expressed as a percentage of  total cells counted.

Statistical analysis
Experiments were performed three times and the data 
were presented as mean ± SD. Student’s t-test was carried 
out to assess the statistical difference. P < 0.05 was 
considered to be significant.

RESULTS
Telomerase activity of cell lines
By TRAP-ELISA assay, telomerase activity of  cultured cell 
lines was measured. It showed that all cancer cell lines were 
positive for telomerase activity; however, the two normal 
fibroblast cell lines were not. The normal hepatocellular 
line L02 showed weak telomerase activity (Figure 1A).

In vitro virus selective replication
By TCID50 method, we measured virus titers on d 4 after 
infected with SG300 and ONYX-015, respectively. The 
replicative capability of  SG300 was markedly enhanced 
in different cancer cell lines with increases of  virus yields 
by 50 793 to 406 250 times. In normal fibroblast cell lines, 
however, SG300 had a lower replicative capability. Its 
replicative times were below 160 (P = 0.0453). It showed a 
certain replicative activity in human hepatocellular cell line 
L02, with replicative times of  796 (Figure 1B). ONYX-015 
replicated more slowly than SG300 in cancer cells (P = 
0.0348).

In vitro cell viability
To quantify the viability of  cells, MTT assay was used. 
First, a suitable cell concentration or density for each cell 
line was determined, at which cells were seeded in 96-well 
plates and would not induce any cytopathic effect (CPE) 
within 7 d. This was to make sure that the killing effect 
that might appear in the following experiments was due 
to adenoviral replication. Second, we investigated the 
viability of  cells, including HCC cell lines and normal cell 
lines, respectively infected with SG300, ONYX-015 and 
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Figure 1  Relationship between telomerase activity of the cell lines and replicative 
capability of SG300. By telomeric repeat amplification protocol (TRAP) and ELISA 
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WAd5, which reflected the selectivity and safety of  SG300. 
The results showed that SG300 could lyse HCC cells at 
a very low MOI (Figure 2). Seven days after infection of  
SG300 at an MOI of  10 pfu/cell, the viability of  each 
HCC cell line was below 30% (15.3%, 27.6% in HepGII, 
SMMC-7721, respectively); however, at the same MOI, 
the viability of  each normal cell line was higher (68.0%, 
84.8%, 94.0% in L02, IMR-90, MRC-5, respectively). The 
IC50s (MOI values of  50% viability) of  SG300 in cancer 
cells were markedly lower than that in normal cells (P = 
0.0111) (Table 1). Hep3B was very sensitive to SG300, 
and cells were killed obviously and cell viability decreased 
to 13.2% at an MOI of  0.05 pfu/cell. ONYX-015 also 
had a killing effect on cancer cells, but it required a higher 
MOI than SG300 to reach the same effective level as 
SG300. The viability of  HepGII or SMMC-7721 infected 
with ONYX-015 was 16.3% or 81.1% at an MOI of  10 
pfu/cell, and of  Hep3B was 17.8% at an MOI of  0.05 
pfu/cell. There was no difference between the IC50s of  
WAd5 in cancer cells and normal cells (P = 0.4081). MTT 
assay directly showed that the killing effect of  SG300 was 
several times or even more than that of  ONYX-015 on 
HCC cells, but weaker than that of  ONYX-015 on normal 
cells.

In vivo antitumor activity of SG300 
Hep3B and SMMC-7721 cells were implanted into BALB/c 
nude mice to induce subcutaneous tumors. Tumors were 
seen 20 d later after implantation of  SMMC-7721 cells, and 
about 30 d later after implantation of  Hep3B cells. The 
adenoviruses and the control buffer (viral preservation 
solution) were injected intralesionally. Forty-two days later, 
half  mice (5/10) died in WAd5 group of  SMMC-7721 
models. The groups injected with adenoviruses both in 
these two models of  HCC showed antitumor effects to 

some extent when compared with the control group (P = 
0.0001, 0.0364 for SG300 and ONYX-015, respectively, 
in SMMC-7721 models; P = 0.0005, 0.0019 for SG300 
and ONYX-015, respectively, in Hep3B models), and 
the effects of  SG300, being close to that of  WAd5, were 
better than that of  ONYX-015 (P = 0.0029, 0.0066 in 
SMMC-7721 and Hep3B models, respectively) (Figure 
3). Mice of  the control group in Hep3B models were 
sacrificed ahead of  time on d 42 after treatment by cervical 
dislocation due to overloading of  tumors.

Pathological examination 
Pathological examination showed that there were many 
areas of  necrosis in tumor tissues of  the SG300-treated 
group and ONYX-015-treated group. In the control 
group, however, cancer cells grew luxuriantly with only 
a few, small focal areas of  necrosis (Figure 4A and B). 
Immunohistochemistry demonstrated that most cancer 
cells positive for hexon were distributed mainly around 
the necrotic areas (Figure 4C and D), and that more 
apoptotic cancer cells were positive for TUNEL labeling 
in tumor tissues of  the SG300-treated group, compared 
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Figure 2  Selective oncolytic effect of SG300 on HCC cell lines. At MOI = 10, the cell viability was < 30% in HCC cells, but > 68% in normal cells when infected with SG300.  
The oncolytic effect of SG300 was stronger on HCC cells and weaker on normal cells than that of ONYX-015, being close to that of WAd5. The killing effect of SG300 and 
ONYX-015 on normal cells became apparent when MOI = 100. —▲—SG300, —□—ONYX-015, — —WAd5.

Table 1  IC50 values of adenoviruses in different cells

Cells SG300 ONYX-015 WAd5

L02 41.5658 ± 2.2122 58.0351 ± 8.9114 0.1520 ± 0.0099

IMR-90 94.5783 ± 5.2813 90.4534 ± 8.2359 2.1342 ± 0.0897
MRC-5 82.5674 ± 8.5549 14.2622 ± 1.7781 1.1525 ± 0.0336
SMMC-7721    2.8954 ± 0.0641a 25.5323 ± 6.2351 1.3426 ± 0.0625
HepGII    0.3232 ± 0.0085a    1.9845 ± 0.0046a 0.1123 ± 0.0030
Hep3B    0.0017 ± 0.0003a    0.0042 ± 0.0005a 0.0013 ± 0.0002

aP < 0.05 vs normal cells in the same group.
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with the control group (Figure 4E and F). PIs in SG300, 
ONYX-015 and control groups were 59.4 ± 21.1, 42.3 
± 18.2, 17.5 ± 8.9 for TUNEL labeling, respectively. 
There was a difference between TUNEL labeling PI in 
the control group and in any other replicative adenovirus-
treated group (P = 0.0007 for SG300, P = 0.0032 for 
ONYX-015). The liver and lung tissues of  mice were 
negative for hexon in SG300-treated group as well as 
ONYX-015 and control groups. 

DISCUSSION
Virotherapy employing tumor-selective replication-
competent adenovirus (RCAd) is a promising strategy 
in cancer treatment. An alternative approach to restrict 
adenoviral replication to targeting cancer cells and achieve 
RCAd is to modify adenovirus by partial deletion of  viral 
genes that are essential for replication in normal cells 
but not in tumor cells[13-15]. The representative RCAd of  
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Figure 3  Antitumor activity of SG300 
on HCC xenografts in nude mice. 
In SMMC-7721 and Hep3B models, 
efficient antitumor activities were found 
in groups treated with SG300 when 
compared with control group on d 42 (P 
< 0.05). The antitumor effect of SG300 
was better than that of ONYX-015. 
WAd5 group in SMMC-7721 models 
also showed efficient antitumor efficacy, 
however, 5 of 10 mice died during the 
period of observation.
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Figure 4  Pathological examination of tumor specimens (× 200). HE staining showed wide areas of necrosis (arrow) in tumor tissues of the SG300-treated group (A), 
but cancer cells grew luxuriantly (arrow) in the control group (B). Immunohistochemistry demonstrated that most cancer cells around the necrotic area were positive for 
adenoviral capsid protein hexon (arrow) in the SG300-treated group (C), but cancer cells were negative for hexon in the control group (D). More cancer cells were positive 
for TUNEL labeling (arrow) in tumor tissues of the SG300-treated group (E), whereas only a few cancer cells were positive for TUNEL labeling in the control group (F).
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this type is ONYX-015[16]. It has a deletion of  E1b-55K 
gene and replicates specifically in cancer cells lacking 
wide-type p53[17,18]. An additional approach to achieve 
RCAd is to place viral replicative genes under the control 
of  cancer-specific promoters that are activated only in 
cancer cells[19]. Several cancer-specific promoters that are 
more active in particular cancer cells but inactive or only 
weakly active in cancer-originating somatic cells, have 
been identified and explored to construct RCAds, such as 
the carcinoembryonic antigen (CEA) promoter targeting 
colorectal and lung cancer[20], the α-fetoprotein promoter 
targeting hepatocellular cancer[21,22], the prostate-specific 
antigen (PSA) promoter targeting prostate cancer[2], the 
MUC1 antigen promoter targeting breast cancer[7], the 
E2F transcriptional factor promoter targeting cancers with 
a defective pRb/E2F/p16 pathway[23-25], the surfactant 
protein B (SPB) promoter targeting lung cancer[3], and 
the L-plastin promoter targeting ovarian and bladder 
cancers[26]. These cancer-specific promoters can provide 
RCAds, the selective replication in corresponding cancer 
cells and demonstrate antitumor activity in preclinical 
models and clinical trials. However, most of  them are 
limited, targeting a narrow range of  cancers expressing 
the corresponding tumor antigen, thus attenuating their 
efficacy in cancer therapy[27].

A number of  gene therapeutic approaches have been 
proposed to kill cancer cells or inhibit growth of  caners by 
targeting telomerase[28]. Most of  them utilize the hTERT 
promoter to drive antitumor gene expression selectively 
in cancer cells with positive telomerase activity, without 
affecting normal cells negative for telomerase[29,30]. It 
indicates the potential therapeutic application of  the 
strategy targeting telomerase for a wide range of  various 
cancers. Recently the hTERT promoter has been tested 
for targeting cancer gene therapy with replication-
competent viral vectors. It was used to control the 
adenoviral early gene expression and produce a series 
of  RCAds, but experimental results were inconsistent. 
Some studies showed that the hTERT promoter provided 
a sufficient selection for viral replication in cancer cells 
and did not in normal cells when it was used to construct 
CRAds by controlling E1a gene[10,31,32]. Other studies 
demonstrated that the hTERT promoter failed to block 
viral replication in telomerase-negative cells when it was 
used to control E4 gene expression[11]. Because the wild-
type hTERT promoter is incapable of  mediating a high 
level of  RCAd replication in cancer cells, it is necessary to 
develop a modified form of  the promoter with improved 
transcriptional activity and cancer specificity. Wirth and 
coworkers reported that the transcriptional activity of  
the hTERT promoter could be enhanced significantly 
in a majority of  tumor cell lines by inserting the E1a 
TATA box upstream of  the transcription start site of  its 
controlled gene[33]. This modification in an RCAd, named 
hTERT-Ad, did not alter the tumor-selective specificity of  
the promoter. Kim et al[34] constructed a modified hTERT 
promoter-controlled RCAd, Ad-mTERT-Δ19, in which a 
fragment containing one copy of  c-Myc binding site and 
five copies of  SP1 binding sites was incorporated into the 
downstream region of  the wild-type hTERT promoter. 
The experimental results strongly suggested that the 

transcriptional activity of  the modified hTERT promoter 
was up-regulated in cancer cells but not in normal cells, 
and the replicative capability and cytolytic effect of  Ad-
mTERT-Δ19 were enhanced only in cancer cells compared 
with wild-type hTERT promoter-controlled RCAd, Ad-
TERT-Δ19. To further increase the tumor-selective 
specificity of  RCAd controlled by the hTERT promoter 
and decrease the adenoviral toxicity to normal cells, we 
previously used a modified hTERT promoter with three 
additional copies of  E-boxes (CACGTG) to construct an 
RCAd, named SG300. The results suggested that by this 
modification, the specificity of  RCAd targeting cancer cells 
could be improved and its toxicity to normal cells could be 
reduced[12].

Our experiments in vitro showed that SG300 lysed 
or destroyed cancer cells at a low MOI, including 
human HCC cell lines, Hep3B, HepGII, BEL-7401 and 
SMMC-7721, but did not affect growth of  normal cells 
such as human normal fibroblast cell lines, MRC-5 and 
IMR-90, even at relative high MOIs. The oncolytic ability 
of  CRAds varied in different types of  HCC cells. Both 
SG300 and ONYX-015 had strong effects on Hep3B. The 
selective cytolytic ability of  SG300 was more powerful 
than that of  ONYX-015 in HCC cells. The effect of  
SG300 on normal cells was less than that of  ONYX-015. 
ONYX-015 is an oncolytic adenovirus that shows different 
mechanisms and replicates preferably in p53-deficient 
tumor cells. Because the positive rate of  telomerase activity 
was higher than the incidence rate of  p53-deficiency in 
human cancers, ONYX-015 targets a narrower range of  
cancer types than SG300. Furthermore, our previous 
studies and the current data proved that the replicative 
capacity of  ONYX-015 in tumor cells was weaker than 
that of  SG300 series[12]. Probably that is why the selective 
cytolytic ability of  ONYX-015 was weaker than that of  
SG300 in HCC cells. All these results, combined with the 
data of  telomerase activity and viral replicative capability 
in cultured cell lines, demonstrated that SG300 has a better 
cancer-selective replication-competent ability, and can 
specifically kill a wide range of  cancer cells with positive 
telomerase activity. The killing effect of  SG300 was not 
only consistent with its replicative capacity in different cell 
lines but also with the telomerase activity of  these cells. 
L02 cells showed a weak telomerase activity, and SG300 
could replicate in this cell line to some extent and resulted 
in weak cytolysis. 

BALB/c nude mice were subcutaneously injected 
with Hep3B and SMMC-7721 cells, respectively. When 
the tumors were induced, the replicative adenoviruses 
were injected intralesionally with a total dosage of  109 
pfu per mouse. The results showed that SG300 yielded 
an obvious antitumor effect on HCC xenografts. Tumor 
growth was inhibited with a decrease in tumor volume. 
The antitumor effect of  SG300 was better than that of  
ONYX-015. During the period of  observation, half  mice 
of  WAd5-infected group in SMMC-7721 models died of  
virus toxicity, but no mice died in SG300-treated groups 
either in SMMC-7721 or in Hep3B models, demonstrating 
that SG300 had no toxicity to normal tissues or organs 
and therefore, was safe in cancer therapy. Pathological 
examinations showed that SG300 replicated selectively in 
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HCC cells and resulted in apoptosis and necrosis of  cancer 
cells. In brief, hTERT promoter-regulated replicative 
adenovirus SG300 has a selective replicative ability and 
a specific cytolytic ability targeting HCC cells and other 
cancer cells that are positive for telomerase activity. It 
shows superior selective replication and antitumor effect 
when compared with ONYX-015, and thus has better 
potential for HCC therapy. 
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Background
Recently, a number of gene therapeutic approaches by cancer-selective 
replication-competent adenovirus (RCAd) have been proposed in the field 
of cancer gene therapy, and attracted much attention. However, in vitro 
experimental results are inconsistent. The objective of this study was to further 
increase the tumor-selective specificity of RCAd and decrease the adenoviral 
toxicity to normal cells.

Research frontiers
In this study we constructed SG300 by use of a modified hTERT promoter. 
It could lyse hepatocellular carcinoma cells at a low multiplicity of infection 
(MOI), but did not affect growth of normal cells even at a high MOI. Its selective 
oncolytic ability was stronger than that of ONYX-015, which is the representative 
selective replicative adenovirus, and its influence on normal cells was less than 
that of ONYX-015.

Innovations and breakthroughs
To further increase the tumor-selective specificity of RCAd controlled by the 
hTERT promoter and decrease the adenoviral toxicity to normal cells, we 
constructed an RCAd, SG300, by use of a modified hTERT promoter with three 
additional copies of E-box (CACGTG). Its antitumor activity in vitro and in vivo 
was shown to be excellent. Both in Hep3B and SMMC-7721 xenograft models of 

comments

hepatocellular carcinomas, SG300 had an obvious antitumor effect, resulting in 
a decrease in tumor volume due to its selective replication in cancer cells and its 
specific oncolysis.

Applications 
hTERT promoter-regulated replicative adenovirus SG300 has a selective 
replicative ability and a specific cytolytic ability targeting hepatocellular 
carcinoma cells and other cancer cells that are positive for telomerase activity.  It 
displays superior selective replication and antitumor effect when compared with 
ONYX-015, and thus has better potential for HCC therapy.

Terminology
RCAd: replication-competent adenovirus; hTERT: human telomerase reverse 
transcriptase 

Peer review
hTERT promoter-regulated replicative adenovirus SG300 has a better cancer-
selective replication-competent ability, and can specifically kill a wide range of 
cancer cells with positive telomerase activity, and thus has better potential for 
targeting therapy of hepatocellular carcinoma.
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