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Abstract. Regulatory and effector T cells possess 
immunological cytotoxicity for tumor cells in the tumor 
microenvironment during tumor progression and are the 
primary suppressors inhuman cancer therapy. Interleukin‑2 
(IL‑2) is an anticancer cytokine, which triggers human innate 
and adaptive immunity by stimulating T cell propagation and 
lymphocyte infiltration into tumor sites. IL‑2 has been used 
successfully for cancer therapy. Recombinant adenovirus 
expressing IL‑2 (rAd‑IL‑2) injection is a gene therapy agent 
that may improve prognosis of hepatocellular carcinoma 
(HCC) patients. In the present study, the ability of IL‑2 to 
stimulate an immune response and the ability of recombinant 
adenovirus to inhibit tumor cell growth in HCC was 
investigated in a HCC tumor model. It was demonstrated that 
the regulatory and effector cell‑mediated tumor suppression 
by antitumor cluster of differentiation (CD)4+ and CD8+ 
T cells stimulated by rAd‑IL‑2 is tumor‑specific. Furthermore, 
rAd‑IL‑2 significantly stimulated tumor‑specific cytotoxic 
T lymphocyte responses, increased interferon‑γ release and 
enhanced antitumor immunity by inducing CD4+ and CD8+ 
T cell recruitment into the tumor, and additionally induced 
memory to protect tumor‑bearing mice against tumor 
challenge. Treatment with rAd‑IL‑2 led to tumor regression 
and long‑term survival of mice in the 120‑day treatment 
period. Tumor challenge experiments demonstrated that 
rAd‑IL‑2 induced memory, protecting against reinfection. In 
conclusion, rAd‑IL‑2 may promote tumor‑associated effector 
and regulatory T cell expansion and may be a potential 
therapeutic agent for clinical immunotherapy application in 
the treatment of cancer.

Introduction

Hepatocellular carcinoma (HCC) is the predominant form of 
primary liver cancer, which has a high recurrence, leading to 
high mortality rates following radiotherapy, chemotherapy 
and surgery  (1). HCC has the greatest incidence among 
human cancers; however, therapeutic strategies remain 
limited, particularly for patients with advanced late‑stage 
HCC  (2). Currently, the common clinical therapies of 
surgery, chemotherapy and radiotherapy result in only a 
modest efficacy, and are associated with severe side‑effects 
during and post‑treatment. Therefore, novel clinical therapies 
with enhanced efficacy and reduced adverse effects are 
urgently required to prolong the survival of patients with 
HCC  (3,4). Tumor immunotherapy is a novel anticancer 
therapy strategy, which combines potential efficacy with no 
or few treatment‑associated adverse events; this strategy may 
lead to improved treatment for HCC patients (5,6). Previous 
studies on tumor immunotherapy have identified numerous 
candidates through target antigen presenting molecules and 
bioinformatics, which have revealed numerous methods by 
which the immune response may target tumor cells  (7,8). 
The present study demonstrated that mice with HCC 
benefited from immunotherapy with recombinant adenovirus 
expressing interleukin‑2 (rAd‑IL‑2), which suggested 
that rAd‑IL‑2 immunotherapy may provide therapeutic 
advantages and improve the quality of life for patients with 
HCC.

Interleukin‑2 (IL‑2) is a pleiotropic and multifunctional 
cytokine, which is important for adaptive immune systems (9). 
IL‑2 treatment was the first immunotherapy approved by the 
US Food and Drug Administration for use in melanoma (10). 
IL‑2 serves a pivotal role in T‑cell activation and effector 
function, including proliferation and cytotoxicity (11). IL‑2 
may stimulate the propagation of lymphocytes and induce 
cytotoxic T lymphocyte (CTL) and lymphokine‑activated 
killer (LAK) cell responses against numerous tumor cells (12). 
Furthermore, IL‑2 influences memory T cell homeostasis via 
regulation of memory T cell numbers, driving the generation of 
antigen‑specific T cells and promoting the survival of memory 
cluster of differentiation (CD)8+ T cells (13). Therefore, it has 
been used for cancer immunotherapy. In addition, previous 
studies have reported that IL‑2 gene therapy enhances the 
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efficacy of other anticancer agents by stimulating the immune 
system to produce tumor‑specific immune cells (14).

Previous studies have indicated that gene therapy is a 
potential clinical strategy with improved efficacy for HCC, 
and may be a potential adjuvant for other cancer thera-
pies (15,16). The adenovirus vector is the most widely used 
and adenovirus‑mediated delivery of functional genes or 
polypeptides into tumor cells is well understood (17). These 
results have led clinicians to use immunotherapy, including 
inhibition of oncogenes and restoration of tumor‑suppressor 
genes, anti‑angiogenesis, and virotherapy to treat patients 
with HCC (18). Therefore, the present study may increase the 
efficacy of immunotherapy for HCC by delivering the IL‑2 
gene using a recombinant adenovirus vector, which may be 
combined with alternative therapeutic options as an adjunct 
therapy.

In the present study, a mouse model of HCC was used to 
study the therapeutic effects of rAd‑IL‑2. The effects of IL‑2 
immunotherapy were consistent with the majority of studies 
that revealed therapeutic effects, and were additionally demon-
strated in HCC mice treated with rAd‑IL‑2. rAd‑IL‑2 gene 
therapy has reached preclinical development in the treatment 
of HCC. The present study aimed to investigate the impact of 
rAd‑IL‑2 on HCC apoptosis, prognosis and treatment, and its 
effect on lymphocyte infiltration, toxicity and memory. The 
results of the present study may provide insight into the patho-
physiology of HCC, and may suggest a potential therapeutic 
strategy for HCC.

Materials and methods

Ethics statement. The present study was carried out in strict 
accordance with the recommendations in the Guide for the 
Care and Use of Laboratory Animals, produced by the National 
Institutes of Health (Bethesda, MD, USA), and was approved 
by the Committee on the Ethics of Animal Experiments 
Defense Research of The First Affiliated Hospital of Wenzhou 
Medical University (Wenzhou, Zhejiang, China). All surgery 
and euthanasia (performed following 120 days due to tumor 
progression) were designed to minimize suffering.

Cell culture. HepG2 human liver carcinoma cells, H22 mouse 
hepatoma cells and HEK293 human embryonic kidney cells 
were purchased from the American Type Culture Collection 
(Manassas, VA, USA) and cultured in Dulbecco's modi-
fied Eagle's medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) containing 10% fetal bovine serum 
(Gibco; Thermo Fisher Scientific, Inc.).

Construction of recombinant adenovirus. The expression 
system of Adeno‑X (Shanghai Rebiosci Biotechnology Co., 
Ltd., Shanghai, China) was used to construct the recombinant 
adenovirus virion, according to the manufacturer's protocol. 
The DNA sequence encoding 402 basic group of human 
IL‑2, including the cell‑penetrating peptide, was amplified 
by polymerase chain reaction (PCR) from pMD‑18‑IL‑2 and 
subcloned into the pAd‑X plasmid to produce rAd‑IL‑2. The 
following primers were used for PCR: IL‑2 forward, 5'‑CAA​ 
AGG​TGG​ATC​AGA​TTC​AAG‑3' and reverse, 5'‑GGT​GAG​
CAT​TAT​CAC​CCA​GAA‑3'; β‑actin forward, 5'‑GAG​GGC​

AGA​ATC​ATC​ACG​AAG​T‑3' and reverse, 5'‑TGA​GAG​ATC​ 
TGG​TTC​CCG​AAA​C‑3'. The thermocycling conditions were 
as follows: 95˚C for 30 sec, followed by 45 cycles of 95˚C for 
5 sec and 60˚C for 40 sec. PCR and gene sequencing were used 
to select the correct clone, which was translated into E. coli. 
The recombinant adenoviruses were generated by transfecting 
HEK293 cells, which were then cultured. Recombinant 
viruses were purified as previously described (19). Adenovirus 
titers were determined by 50% cell culture infectious dose, as 
plaque‑forming units (pfu)/ml.

Analysis of rAd‑enhanced green fluorescent protein (EGFP) 
expression in the constructed adenovirus using rAd‑IL2 
miRNA‑short hairpin‑RNA (miRsh). H22 cells (1x105) and 
HepG2 cells (1x105) were infected with rAd‑IL‑2 miRsh with 
a multiplicity of infection (MOI) of 10 pfu/cell. The cells were 
then incubated with anti‑EGFP (1:1,000; cat. no. VPY0002; 
ChangshaYingrun Biotechnology Co., Ltd., Hunan, China) 
at 37˚C for 24  h, and EGFP expression was examined at 
48  h following infection using an Olympus fluorescence 
imaging system (BX63; Olympus Corporation, Tokyo, Japan; 
fluorescent filter set at an excitation of 450‑490 nm).

Animal experiments. Specific pathogen‑free female BALB/c 
nude mice (n=120; age, 6  weeks) were purchased from 
Harbin Veterinary Research Institute (Harbin, China). All 
animals were maintained under pathogen‑free conditions at 
a constant temperature and humidity (22±1˚C; 50%), and a 
12‑h light/dark cycle, with <5 per cage and ad libitum access 
to food and water. H22 cells (1x106) were injected into the 
right flank of female BALB/c nude mice in a total volume of 
200 µl. rAd‑IL‑2 therapy was initiated when tumor diameters 
reached 6‑8 mm on day 7 after tumor inoculation. Mice with 
HCC were randomly divided into three groups (n=15 in each 
group) and injected intratumorally with 2x107 pfu rAd‑IL‑2, 
EGFP (Shanghai Rebiosci Biotechnology Co., Ltd.) or PBS. 
The treatment was repeated five times at intervals of two days. 
Tumor diameters were recorded once every two days and 
tumor volume was calculated using the following formula: 
0.52 x smallest diameter2 x largest diameter.

Splenocyte collection and CTL responses. Splenocytes were 
obtained from the spleens of euthanized animals. A total of 
15BALB/c mice treated with rAd‑IL‑2, as aforementioned, 
were sacrificed by a subcutaneous injection of 200 mg/kg of 
pentobarbital sodium. Red blood cells were lysed in radioim-
munoprecipitation buffer (Shanghai Rebiosci Biotechnology 
Co., Ltd.). The cell suspensions were washed three times 
with PBS and incubated with H22 cells inactivated by 
30 µg/ml mitomycin (Sbjbio, Nanjing, China). The secretion 
of interferon‑γ (IFN‑γ) was evaluated by ELISA in the super-
natants after culture for 72 h. ELISA was performed using a 
sandwich ELISA kit to determine the IFN‑γ (cat. no. ab193969; 
Abcam, Cambridge, UK) and IL‑2 (cat. no.  ab208207; 
Abcam) expression levels in the supernatants according to 
the manufacturer's instructions. In addition, all T cells (1x106) 
were purified from splenocytes as previously described (20) 
and co‑cultured with fresh H22 cells for 4 h at effector:target 
ratios of 10:1, 20:1 and 40:1. Specific CTL activity against 
the target cells was determined by MTT cytotoxicity assays 
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as previously described (21). For the control group, T cells 
(1x106) were cultured using commercial IL‑2 (100 µg/ml; 
cat. no. AZ‑013, Shanghai Jianglai Bioscience, Co., Ltd., 
Shanghai, China) for 4 h at 37˚C. The negative control group 
was cultured in culture medium only without any treatments.

Flow cytometric analysis. Cell suspensions from tumors of 
treated mice were prepared for flow cytometric analysis. Cells 
were carefully suspended in the residual volume of staining 
buffer and then 200 µl of freshly prepared cold fixation buffer 
(Shanghai Haoran Biological Technology Co., Ltd., Shanghai, 
China) was added. Cells were fixed with 70% ethyl alcohol 
(Shanghai Haoran Biological Technology Co., Ltd.) for 30 min 
at 4˚C in the dark. Then, the sample was centrifuged at 1,000 x g 
for 5 min at room temperature and the fixative was removed. 
To permeabilize the cells, the cell pellet was suspended in 
200 µl of freshly prepared, pre‑warmed (37˚C) permeabiliza-
tion buffer (Shanghai Haoran Biological Technology Co., Ltd.) 
and the cells were then incubated for 30 min at 37˚C in the 

dark. The cells were subsequently centrifuged at 1,000 x g for 
5 min at room temperature and the buffer was removed. To 
wash the cells, 200 µl of PBS was added to each tube (1x105), 
centrifuged at 1,000 x g for 5 min at room temperature and 
the buffer was removed. Then, the tumor cells were labeled 
with FITC‑conjugated CD3 (cat. no. ab16669; Abcam) and 
phycoerythrin‑conjugated CD45 (cat. no. ab10550; Abcam) 
plus peridinium chlorophyll protein‑conjugated CD4 (cat. 
no. ab19514; Abcam) and CD8 (cat. no. ab25477; Abcam) anti-
bodies to assess the frequency of CD4 and CD8 cell subsets 
in total infiltrated immune cells. The stained cells were 
analyzed using a Becton Dickinson FACScan flow cytometer 
(BD Biosciences, Franklin Lakes, NJ, USA) and WinMD I 
software (version 2.9; BD Biosciences).

Statistical analysis. All data are expressed as the 
mean ± standard deviation. Analysis was performed using 
SPSS software version 20.0 (IBM Corp., Armonk, NY, USA). 
Unpaired data was analyzed using a Student's t‑test. Multiple 

Figure 1. EGFP Expression in rAd‑EGFP‑infected HepG2 and H22 cells. The HepG2 and H22 cells were infected with rAd‑EGFP at a multiplicity of infection 
of 40. (A) EGFP expression in rAd‑EGFP‑infected HepG2 and H22 cells was observed under a fluorescence microscope (scale bar, 100 µm). (B) IL‑2 expres-
sion in HepG2 and H22 cells supernatants was detected using ELISA. **P<0.01 vs. Mock (untreated control cells). EGFP, enhanced green fluorescent protein; 
rAd, recombinant adenovirus; IL‑2, interleukin‑2.
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groups were compared using one‑way analysis of variance and 
a Tukey honest significant difference post hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Detection of recombinant IL‑2 in rAd‑IL‑2‑infected cells 
in vitro. To detect the expression of foreign genes, the expres-
sion of EGFP in H22 and HepG2 cells infected with rAd‑EGFP 
were observed under a fluorescence microscope. Fig.  1A 
demonstrates that EGFP was observed in H22 and HepG2 
cells, suggesting that foreign genes were efficiently expressed 
by tumor cells. To confirm the expression efficiency of IL‑2 
in rAd‑IL‑2‑infected tumor cells, the expression of IL‑2 in 
H22 and HepG2 cells infected with rAd‑IL‑2 was detected by 
ELISA using an anti‑IL‑2 antibody. The results presented in 
Fig. 1B revealed that IL‑2 protein was expressed and secreted 
by tumor cells infected with rAd‑IL‑2.

Characterization of the IL‑2 protein. To investigate the 
biological activity of IL‑2 in rAd‑IL‑2‑infected tumor cells, 
the proliferation of T cells was examined following treatment 
with IL‑2 from rAd‑IL‑2‑infected HepG2 cells. As presented 
in Fig. 2A, purified IL‑2 from rAd‑IL‑2‑infected tumor cells 

stimulated the proliferation of CTL cells compared with 
untreated cells. This indicated thattheIL‑2 protein expressed 
by rAd‑IL‑2‑infected tumor cells was biologically active. In 
addition, the cytotoxicity of splenocytes stimulated with IL‑2 
from rAd‑IL‑2‑infected cells was assessed. As presented 
in Fig. 2B, IL‑2 from HepG2 cells infected with rAd‑IL‑2 
stimulated T cells to differentiate into LAK cells, resulting in 
increased cell death of HepG2 and H22 cells compared with 
the control group.

In vivo antitumor efficacy of rAd‑IL‑2. Subsequently, the 
antitumor effect of treatment with rAd‑IL‑2 was investigated 
in an HCC mouse model, using mice treated with PBS and 
rAd‑EGFP as controls. Tumors in the PBS‑treated group 
reached a volume of 2007.43±123.42 mm3 by day 25 after 
tumor incubation (Fig. 3A). Tumor growth increased in the 
rAd‑EGFP‑treated group, although the rate of growth was 
significantly reduced compared with the PBS‑treated group 
(P<0.01). By contrast, the growth of tumors treated with 
rAd‑IL‑2 was significantly inhibited compared with the PBS‑ 
and rAd‑EGFP‑treated groups (P<0.01). During the treatment 
period, no side‑effects were observed except swelling at the 
injection site. Furthermore, the survival of mice was assessed 
long‑term for 120 days. As presented in Fig. 3B, rAd‑IL‑2 

Figure 2. Characterization and biological activities of IL‑2expressed by rAd‑IL‑2‑infected tumor cells. (A) CTL proliferation was stimulated by IL‑2expressed 
by rAd‑IL‑2‑infected HepG2 cells. **P<0.01 vs. CTL. (B) The purified IL‑2 enhanced the cytotoxicity of immune cells against H22 and HepG2 cells. **P<0.01. 
Data are expressed as the mean ± standard deviation. IL‑2, interleukin‑2; rAd, recombinant adenovirus; CTL, cytotoxic T lymphocyte; Mock, untreated 
controls cultured in culture medium only.

Figure 3. Tumor growth inhibition and long‑term survival of H22‑bearing BALB/c nude mice. Mice with HCC were injected intratumorally with rAd‑IL‑2, 
rAd‑EGFP or PBS. (A) The tumor volumes of each experimental mouse were recorded every two days. (B) Survival of mice was assessed up to 120 days. Data 
are expressed as the mean ± standard deviation. **P<0.01. rAd, recombinant adenovirus; IL‑2, interleukin‑2; EGFP, enhanced green fluorescent protein; HCC, 
hepatocellular carcinoma.
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prolonged the survival of mice compared with control groups 
(n=15 total mice; n=10 survived). These results indicate that the 
therapeutic agent rAd‑IL‑2 is effective in HCC tumor‑bearing 
animals to eliminate the tumor cells, contributing to long‑term 
and tumor‑free or tumor‑bearing survival.

rAd‑IL‑2 effectively induced toxicity. Adaptive immune 
responses are important for human cancer therapy. Therefore, 
the formation of adaptive immune responses against H22 cells 
was assessed in tumor‑bearing mice treated with rAd‑IL‑2. As 
presented in Fig. 4A, mice treated with rAd‑IL‑2 developed 
a strong CTL response against H22 cells compared with 

the rAd‑EGFP and PBS groups. The secretion of IFN‑γ by 
rAd‑IL‑2‑treated mouse splenocytes was additionally exam-
ined. As presented in Fig. 4B, H22‑bearing mice treated with 
rAd‑IL‑2 demonstrated greater IFN‑γ secretion compared with 
rAd‑EGFP‑ and PBS‑treated groups. These effects of rAd‑IL‑2 
may contribute to the long‑term survival of HCC mice.

Mice inoculated with rAd‑IL‑2 develop a memory response 
to H22 cells. Cancer recurrence is a common phenomenon 
in cancer therapy. To confirm whether HCC mice develop a 
memory response that protects mice against challenge with 
the same tumor cells, CD4 and CD8 expression and tumor 

Figure 4. rAd‑IL‑2 virus enhanced immune responses against tumor cells ex vivo. (A) CTL responses against HCC cells. (B) Tumor‑specific IFN‑γ secreted 
from stimulated splenocytes in the HCC model was detected by ELISA. Data are expressed as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. PBS. 
rAd, recombinant adenovirus; IL‑2, interleukin‑2; EGFP, enhanced green fluorescent protein; CTL, cytotoxic T lymphocytes; HCC, hepatocellular carcinoma; 
IFN‑γ, interferon‑γ.

Figure 5. IL‑2 expressed by rAd‑IL‑2 protected mice against tumor challenge in vivo. (A) The percentage of CD4+ and CD8+ cells in tumors from HCC 
mice was analyzed by flow cytometry. (B) Tumor challenge with H22 cells was performed at 120 days. Data are expressed as the mean ± standard deviation. 
**P<0.01 vs. control. IL‑2, interleukin‑2; rAd, recombinant adenovirus; CD, cluster of differentiation; HCC, hepatocellular carcinoma; EGFP, enhanced green 
fluorescent protein.
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challenge experiments were conducted after a 120‑day 
survival period. As presented in Fig.  5A, tumors from 
rAd‑IL‑2‑treatedmice contained a greater percentage of CD4+ 
and CD8+ T cells compared with PBS‑ and rAd‑EGFP treated 
mice, suggesting a greater immune response in these mice. 
Furthermore, tumor challenge with 1x105 H22 cells injected 
on day 120 was performed to assess the memory response. As 
presented in Fig. 5B, mice treated with rAd‑IL‑2 demonstrated 
a memory response to H22 tumor cells, mediating prolonged 
survival of mice with HCC. Although H22‑bearing mice 
treated with rAd‑EGFP demonstrated slight immune memory 
against homologous tumor cells compared to the PBS‑treated 
group, all mice in this group died by day 30 as a result of tumor 
recurrence. These results suggested that rAd‑IL‑2‑treated mice 
developed immune responses and immune memory against 
tumor cells, which contributed to the long‑term survival of 
mice and their partial protection from tumor recurrence.

Discussion

Previous studies have demonstrated that recombinant adeno-
virus constructed using the Adeno‑X expression system is a 
suitable gene therapy vehicle in human cancers (19,22). The 
adenovirus vector is one of the most widely used vectors 
in gene therapy applications for the treatment of diverse 
human diseases including cancer (23). Ye et al (24) reported 
that adenovirus‑mediated gene therapy demonstrated 
beneficial preclinical outcomes by inducing apoptosis of 
tumor cells and inhibiting tumor angiogenesis, which led 
to HCC regression in a HCC tumor model. Hu  et  al  (25) 
revealed that adenovirus‑mediated expression of melanoma 
differentiation‑associated‑7 efficiently inhibited HCC growth. 
In addition, He et al (26) investigated the inhibition of HCC 
growth by adenovirus‑mediated expression of human telom-
erase reverse transcriptase COOH‑27 terminal polypeptide 
in mice. However, there are few reports regarding immuno-
therapy using delivered recombinant adenovirus.

Immunotherapy in combination with other therapeutic 
agents has demonstrated clear benefits in animal models of 
different human cancers (27‑29). Treatments with antineo-
plastic agents and immunotherapy have been demonstrated to 
be effective therapies for tumor cells, targeting specific recog-
nition molecules (30‑33). Currently, numerous immunotherapy 
agents against cancer are being assessed in preclinical studies. 
The immunotherapy agents, in which an antibody or inter-
leukin is inserted into a gene expression vector, have revealed 
positive outcomes in patients with advanced tumors in clinical 
trials (34). The establishment of an effective gene delivery 
system is crucial for gene therapy. The present study combined 
an oncolytic adenovirus‑mediated gene therapy system with 
IL‑2 immunotherapy to treat HCC‑bearing mice.

The antitumor activity of IL‑2 has been demonstrated 
in human cancer therapy (35,36). The application of IL‑2 
may improve the microenvironment of tumors or stimulate 
the immune system of mice. IL‑2 may induce tumor cell 
eradication and prevent tumor recurrence by stimulating 
tumor‑specific immune cells and improving the immuno-
genicity of tumor cells to enhance cytotoxic lymphocyte 
infiltration (37). The present study supports this hypothesis. 
It has additionally been reported that IL‑2 is important 

for the expansion of immune memory T cells  (38). The 
results of the present study indicated that memory T cells 
significantly contribute to long‑term survival and tumor 
challenge through IL‑2‑mediated effects on the immune 
response. Furthermore, CD8+ T cells are an essential part of 
the adaptive immune system against intracellular pathogens 
and cancer, and IL‑2 is an important molecule for CD8+ T 
cell responses. The results of the present study indicated that 
IL‑2 protected long‑term surviving mice by offering protec-
tion to certain animals.

The present study revealed that the CTL responses were 
significantly enhanced inrAd‑IL‑2‑treated mice compared 
with rAd‑EGFP‑ and PBS‑treated controls. The enhanced 
cytotoxic sensitivity of tumor cells may have contributed to 
the long‑term survival of mice. The expression of IL‑2 by 
rAd‑IL‑2‑infected tumor cells resulted in greater percentages 
of CD4+ and CD8+ cells in tumors from mice. Thus, promoting 
apoptosis via cytokine induction of killer cancer cells may be 
crucial in cancer treatment. Previous evidence has revealed 
that IL‑2 expressed by Newcastle disease virus is an efficient 
anti‑cancer agent (39). Although HCC cells are insensitive to 
apoptosis induced by the CTL response (39), the results of 
the present study revealed an improved effect when IL‑2 was 
expressed by adenovirus. The expression system was tested 
using EGFP reporter assays. The results demonstrated that 
EGFP was detected in late onset infection and MOI cell lines 
infected with rAd‑IL‑2. Notably, the volume of tumors was 
significantly inhibited in the rAd‑IL‑2‑treated mice compared 
with PBS‑ and rAd‑EGFP‑treated controls, suggesting that 
a greater effect was induced by IL‑2 expressed by rAd‑IL‑2 
in vivo. Therefore, the therapeutic effects against HCC cells in 
mice were achieved through treatment with rAd‑IL‑2.

The present study revealed that rAd‑IL‑2 treatment of mice 
with HCC stimulated T cell proliferation and the production of 
memory T cells, and additionally induced tumor‑specific CTL 
responses and IFN‑γ secretion. The development of immuno-
logic memory was demonstrated by challenge of HCC mice 
with the same tumor cells. In conclusion, the present study 
investigated the potential anticancer effects of a recombinant 
adenovirus expressing IL‑2. The results of the present study 
suggested that rAd‑IL‑2 therapy represents an attractive novel 
agent for the treatment of HCC, and other cancer types, in 
future clinical trials.
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