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Abstract. Oncolytic vaccinia virus is currently undergoing 
evaluation as a biological anticancer agent in clinical trials. 
This treatment exploits the lytic nature of a viral infection to 
eradicate the tumor mass in a cancer cell‑specific manner. So 
far, various vaccinia strains have been used as backbones in the 
design of oncolytic agents. However, the efficacy as oncolytic 
virotherapy of Chinese vaccinia strain Tian Tan (VTT) has not 
been reported. Vaccinia strain Guang9 (VG9), derived from 
VTT by consecutive plaque-cloning selection, was attenuated 
to a greater extent than its parental strain. In this study, the 
oncolytic efficacy of VG9 was evaluated. We examined in 
vitro replication and cytotoxicity, in vivo biodistribution, and 
antitumor effects in a B16 tumor model. The results revealed 
that VG9 replicated rapidly, but the cytotoxicity varied in 
different cell lines. Significant antitumor effects of VG9 were 
observed in a murine melanoma tumor model, and an antitumor 
cytotoxic T-lymphocyte response induced by VG9 was also 
observed. The results indicated that the Chinese vaccinia 
strain VG9 holds promise in the construction of a recombinant 
vaccinia virus vector and as a potential therapeutic strategy in 
cancer treatment.

Introduction

In recent years cancer has become one of the most serious 
threats to human health and life. Current cancer therapies, 
such as radiotherapy and chemotherapy, are less effective and 

cause various side effects, therefore, novel strategies for cancer 
therapy are urgently needed. In the search for novel cancer 
therapies, oncolytic virotherapy has recently appeared as an 
appealing approach due to its ability to replicate in tumor cells 
with consequent spread to other cells (1‑5), leading to signifi-
cant oncolytic efficacy. In addition, oncolytic virotherapy 
can specifically kill through additional mechanisms such as 
arming therapeutic genes and causing tumor‑specific cyto-
toxic T lymphocytes (CTL). Therefore, oncolytic virotherapy 
appears to be a promising approach to treat cancers that are 
refractory to current treatments.

At present, various viruses are used as replication-selective 
oncolytic viruses in the treatment of cancer, such as the 
adenovirus, herpes virus, Newcastle disease virus, and vaccinia 
virus (6-9). Among them, the vaccinia virus exhibits notable 
benefits such as intravenous stability, efficient delivery, large 
transgene‑encoding capacity, verified ability to induce efficient 
immune responses, and a safe, live vaccine administered in 
humans. So far, a number of wild-type vaccinia strains have 
been used as backbones in the design of oncolytic agents such 
as Wyeth (10‑16), Copenhagen (17) and Lister (18).

The vaccinia virus Tian Tan strain (VTT), the most 
widely used vaccine in China, played a critical role during 
the Chinese smallpox eradication campaign (19-21). The 
biological characteristics of VTT have already been studied 
systematically (22,23). Briefly, VTT has a wide host cell 
range, and is less virulent than vaccinia virus Western 
Reserve strain (WR) but still remains neurovirulent. Some 
attenuated strains of VTT with lower toxicity were obtained 
by genetic modification (24-26). Of these, vaccinia virus 
strain Guang9 (VG9) displayed better attenuated properties as 
compared to its parental strain by using a traditional single 
plaque purification method (27‑29). The neurovirulence and 
pathogenicity of VG9 were also notably lower (30), while the 
immunogenicity of VG9 was no less than that of VTT (31). Thus 
far, the biological characteristics of VG9 have been well studied 
and it is supposed to become an essential building block in the 
construction of a recombinant vaccinia virus vector. However, 
very few studies have evaluated the oncolytic efficacy of VG9, 
and no clinical application has been performed. In this study, 
we assessed the replication and cytotoxicity of VG9 in vitro, 
and evaluated the antitumor effects in a murine melanoma 
tumor model. Our findings will serve as a promising platform 
for further cancer therapy.
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Materials and methods

Cells and virus. Tumor cell lines including B16 (murine 
melanoma), Hepa 1-6 (murine hepatoma), HeLa (human 
cervix carcinoma), SGC‑7901 (human gastric carcinoma), 
A549 (human lung carcinoma), MDA-MB-231 (human breast 
carcinoma) and normal cell line L-02 cells (human normal 
liver) were purchased from Shanghai Cell Collection (Shanghai, 
China). Vero (African green monkey kidney epithelial), BSC-40 
(African green monkey kidney epithelial), and NIH3T3 (murine 
embryo fibroblast) cell lines were purchased from the American 
Type Culture Collection (ATCC; Manassas, VA, USA). All cells 
were cultured under the conditions suggested by the ATCC.

The vaccinia virus of Tian Tan strain VG9 was a gift 
from National Institutes for Food and Drug Control (NIFDC; 
Beijing, China). The titer of VG9 was determined by a 
plaque-forming assay on BSC-40 cells.

In vitro viral replication. The replication ability of VG9 
was observed in various cancer cell lines and normal cell 
lines at the multiplicity of infection (MOI) of 0.1 PFU/cell. 
Cells pre-incubated in growth medium containing 2% fetal 
bovine serum (FBS) for 2 h were then washed and incubated 
in complete growth medium. Cells and supernatant were 
harvested at different time points (24, 48 and 72 h), and viral 
titers were determined in BSC-40 cells after three cycles of 
freezing and thawing.

In vitro cytotoxicity assay. Cells (104/well) seeded in 96 well 
plates were infected with different MOIs of virus suspended 
in growth medium containing 2% FBS. Following cell 
culture at different time points (24, 48 and 72 h), 20 µl of 
5 mg/ml 3‑(4,5‑dimethyl‑2‑thiazolyl)‑2,5‑diphenyl‑2‑H‑tet-
razolium bromide (MTT; Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) was added to each well. Cells were 
incubated at 37˚C for 4 h, then the supernatants were discarded, 
and 150 µl dimethylsulfoxide (DMSO) was added to each 
well and mixed thoroughly. After 10 mins of shaking, the 
color absorbance at 490 nm was measured by a spectropho-
tometric system (SpectraMax M5e; Molecular Devices, LLC, 
Sunnyvale, CA, USA).

Mice. The animal experiments were approved by the 
Institutional Animal Care and Use Committees (IACUC) 
of Jiangsu Institute of Nuclear Medicine (JSINM2010007). 
20 female C57BL/6 immunocompetent mice (6 weeks old) 
were purchased from Shanghai Laboratory Animals Center 
(SLAC; Shanghai, China). They were housed under standard 
conditions (at 25˚C, with 40‑50% humidity and a 12‑h/12-h 
light/dark cycle) and were given free access to diet and water.

In vivo viral replication. To evaluate in vivo viral replication, 
mice bearing subcutaneous B16 murine melanoma tumors 
were intraperitoneally injected with VG9 (1x107 PFU). After 
5 days, brain, lung, liver, spleen, kidney and tumor tissue were 
harvested and homogenized. The viral yield was quantified by 
plaque assay on BSC-40 cells.

Tumor models and antitumor effects. To establish a murine 
melanoma tumor model, approximately 5x105 B16 cells 

in 100 µl phosphate‑buffered saline (PBS) were injected 
subcutaneously into the right flanks of C57BL/6 mice. 
PBS control), 107 PFU of VG9 was injected intratumorally 
when tumors reached the size of 3‑5 mm in diameter. 
Tumor growth was monitored every other day by computed 
tomography  CT) scan. The tumor volume was calculated as 
the [(width)2 x length] x 0.52 (32). Mice were euthanized when 
tumors reached their maximal permitted size according to the 
animal regulations, and Kaplan-Meier survival curves were 
plotted.

Measurement of neutralizing antibody to VG9. The titer of 
serum antibodies to virus was determined by time-resolved 
fluoroimmunoassay (TRFIA) (33). After coating 96-well 
plates with VG9 (20 µg/ml) overnight, diluted serum samples 
were incubated with the virus for 2 h. After the plates were 
washed 6 times, Eu3+-labeled anti-mouse IgG secondary 
antibody (Cell Signaling Technology, Danvers, MA, USA) 
incubation followed for 1 h. The fluorescent emission spectra 
of Eu3+ were obtained on a PerkinElmer LS‑55 fluorescence 
spectrometer (PerkinElmer, Inc., Waltham, MA, USA) and 
time-resolved fluorescent measurements were carried out 
with an AutoDELFIA‑1235 automatic analyzer (WALLAC; 
PerkinElmer, Inc.).

Cytotoxic T‑lymphocyte study. After PBS or VG9-treatment 
for 13 days, spleens harvested from the PBS or virus-treated or 
from normal control mice were homogenized, filtered through 
a 40‑µm nylon strainer (BD Falcon; Becton Dickinson and 
Company, Franklin Lakes, NJ, USA) and cultured for 24 h. 
B16 or Hepa 1-6 cells (1x104 cells/well) were cultured on 
96-well plates and splenocytes were added at ratios of 10:1. 
Cell viability was measured by MTT assay after 48 h.

Thyroid samples. Three surgically removed thyroid samples 
from 3 patients (1 male, 2 females, median age 52 years) 
were collected at the Department of Pathology of Jiangyuan 
Hospital Affiliated to Jiangsu Institute of Nuclear Medicine  
(Wuxi, China) in December of 2016. All patients provided 
informed consent before enrollment in the study, which was 
approved by the Ethics Committee of the Jiangyuan Hospital 
Affiliated to Jiangsu Institute of Nuclear Medicine.

Statistical analysis. Values are indicated as the mean ± stan-
dard deviation (SD). Statistical analysis was calculated using 
the Mann‑Whitney test for non‑parametric data or Student's 
t-test for 2 independent samples when appropriate. Survival 
was calculated by Kaplan-Meier method, and differences 
between curves were assessed by log-rank test. All statistics 
were generated by SPSS 19.0 software (IBM Corp., Armonk, 
NY, USA).

Results

Replication of VG9 in vitro. The ability of VG9 to replicate 
and spread was determined in various cancer cell lines and 
two normal cell lines. The yield of infectious virus in cells 
at indicated time‑points was quantified by plaque assays in 
BSC-40 cells. As shown in Fig. 1, VG9 rapidly increased in all 
cell types, reaching a maximum within 48 h. The value either 
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remained the same or changed slightly by 72 h. Maximum 
virus production occurred in MDA-MB-231 cells, followed 
by B16 cells. VG9 titer in the two normal cells was lower as 
compared to that of the cancer cells. The results suggested 
natural tumor tropism of the vaccinia virus.

Cytotoxic effect in vitro. The oncolytic potency of VG9 was 
evaluated in various cell lines. Cells were cultured in 96-well 
plates and then infected with increasing doses of viruses. 
After 3 days infection, cell viability was assessed (Table I). 
The sensitivity to virus-induced cell killing varied between 
the cell lines. At an MOI of 1, >50% of all cancer cells were 
killed. A viral MOI of 10 resulted in survival of <20% in B16 
cells or MDA‑MB‑231 cells; while ~20‑40% in other cell 
lines. Normal cells were poorly sensitive to virus-induced cell 
killing. Even when infected with an MOI of 10, ~60‑80% of 
normal cells survived. The cell viability was also evaluated 
after infection at different time points (Table II). The results 
revealed that the cytotoxic effect of VG9 was time-dependent. 

Replication of VG9 in vivo. The viral yield of VG9 in tumors 
and normal organ tissues was evaluated 5 days after infection. 

Harvested viruses were titered on BSC-40 cells and the yield 
was quantified per milligram of tissue. The results presented 
in Table III indicated that the viral yields of VG9 were signifi-
cantly reduced in normal organs, while it was recovered at 
higher amounts in tumor tissue.

Table I. Cell viability of various cell lines infected with VG9 at different MOIsa.

 Cell viability (%)
 ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cell lines 0.01 MOI 0.1 MOI 1 MOI 10 MOI

B16 77.15±2.15 37.50±2.47 26.77±1.77 12.30±1.18
Hepa 1‑6 59.73±1.41 37.93±0.08 33.47±1.05 27.14±1.21
A549 62.55±3.73 53.32±1.69 46.91±0.93 40.40±1.90
HeLa 69.52±1.49 52.55±0.69 39.53±2.29 26.08±3.09
SGC‑7901 70.35±4.22 60.07±2.12 29.75±1.59 21.13±2.25
MDA‑MB‑231 58.75±2.06 48.61±1.33 30.07±0.22 15.24±2.70
NIH3T3 104.04±5.75 95.53±5.03 80.41±2.26 55.90±3.02
L‑02 96.60±1.96 99.50±1.17 95.25±2.93 79.85±4.04

aFollowing infection for 72 h, cell viability was assessed by MTT assay.

Table II. Cell viability of various cell lines infected with VG9 at different time-pointsa.

 Cell viability (%)
 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cell lines 24 h 48 h 72 h

B16 77.33±3.06 25.12±2.58 12.30±1.18
Hepa 1‑6 88.36±3.47 38.06±1.29 27.14±1.21
A549 86.67±2.09 55.08±2.24 40.40±1.90
HeLa 80.36±2.11 40.06±1.38 26.08±3.09
SGC‑7901 83.02±2.58 38.13±3.26 21.13±2.25
MDA‑MB‑231 72.06±3.48 34.61±1.33 15.24±2.70
NIH3T3 102.88±3.26 80.41±2.66 55.90±3.02
L‑02 99.87±2.15 82.96±3.23 79.85±4.04

aCells infected with VG9 at 10 MOI were cultured for different time-points, and then cell viability was assessed by MTT assay.

Table III. Biodistribution of vaccinia viruses in tumor and 
normal tissuesa.

Tissue VG9

Tumor 12.0 (7.2‑16) x 104

Brain 50 (0-160)
Lung 0 (0-50)
Liver 0 (0-20)
Spleen 80 (16-240)
Kidney 50 (30-90)

aThe median (range) viral yields, PFU/mg tissue on day 5 after injec-
tion with VG9.
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Antitumor effect of VG9 in vivo. The ability of VG9 to function 
as an oncolytic virus was examined in a B16-murine mela-
noma tumor model. Immunocompetent C57BL/6 mice bearing 
subcutaneous B16 murine melanoma tumors were injected 
intratumorally with 1x107 PFU of VG9 or PBS (control). Tumor 
development was monitored by CT (Fig. 2A). At 2 weeks from 
the initial treatment, tumors in the control group had signifi-
cantly increased in size, while those in the VG9‑treated groups 

had stabilized (Fig. 2B). All control mice died within 13 days, 
while VG9-treated mice lived longer with survival extended 
up to 28 days (Fig. 2C). 

Notably, the antitumor effect of VG9 was attributable to the 
replication of the virus alone as no therapeutic genes had been 
introduced into the virus. These results strongly indicated that 
VG9 had a notable antitumor effect as an oncolytic vaccinia 
virus.

Immune response induced by VG9. To evaluate the immune 
response against the virus itself, neutralizing antibody to virus 
was determined by time‑resolved fluoroimmunoassay (TRFIA). 
As shown in Fig. 3A, neutralizing antibodies to VG9 were 
detectable by day 7 after injection and elevated through 
day 21. To assess the immune response against the target 
tumor, we evaluated tumor-specific CTL. Splenocytes 
harvested from VG9-treated or PBS-treated mice harboring 
B16 tumors or normal control mice were co-cultured with 
B16 or Hepa 1-6 cells. Cell viability assays revealed that VG9 
induced a notable increase in B16-targeting CTL, while the 
effect was lost in Hepa 1-6 cells (Fig. 3B), indicating that 
vaccinia oncolysis induced tumor‑specific immunity.

Oncolytic effect of VG9 on clinical samples. To further 
investigate the oncolytic effect of VG9 on clinical human 
tumor samples, we obtained three surgically resected human 
thyroid samples from Jiangyuan Hospital Affiliated to Jiangsu 
Institute of Nuclear Medicine and the oncolytic potency 
of VG9 was evaluated. Primary cells (104/well) from fresh 
thyroid tissue were cultured in 96-well plates. Three days 

Figure 2. Antitumor efficacy of VG9 in a murine melanoma model. (A) Tumor development monitored by CT. (B) Mean tumor volume in mice treated with 
PBS (control group) and VG9 (VG9 group). (C) Kaplan-Meier survival curves for B16 tumor-bearing mice treated with PBS (control group) and VG9 (VG9 
group) (**P<0.01, Mantel-Cox test). n=5 per group. 

Figure 1. Viral replication of VG9 in vitro. Various cancer cell lines (B16, 
Hepa 1‑6, A549, HeLa, SGC‑7901 and MDA‑MB‑231) and two normal cell 
lines (NIH3T3 and L-02) were in fected with VG9 at 0.1 MOI and samples 
were collected at indicated time-points. Virus titers were determined on 
BSC-40 cells.
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after VG9 infection, cell viability was analyzed using the 
MTT cytotoxicity assay (Fig. 4). The results revealed that VG9 
induced a cytotoxic effect in patient 1 and 3, while patient 2 was 
poorly sensitive to VG9-induced cell killing. A pathological 
test indicated that the thyroid samples from patients 1 and 3 
were malignant while that of patient 2 was benign.

Discussion

We are interested in the research of cancer therapy using the 
vaccinia virus due to several favorable features. The lifecycle 
of vaccinia virus is short with mature virions forming within 
6 h after infection (34), resulting in a high titer produced within 
a short period of time. The large transgene-encoding capacity 
of vaccinia virus facilitates multiple therapeutic strategies. Its 
native promoters are strong and efficient, leading to high levels 
of transgene expression using its own enzyme systems. There 
is a long history of the use of the vaccinia virus during the 
smallpox eradication and its biology is clear, making it safe and 
easy to use in humans. Notably, many laboratory studies and 
clinical trials have examined the applicability of several vaccine 
strains including Wyeth, Copenhagen and Lister. However, the 
potential of the Chinese vaccine strain as an oncolytic agent 
was previously untested. In this study, data characterizing the 
antitumor effect of Chinese vaccine virus Guang9 strain (VG9) 
in vitro and in vivo were presented. The results revealed that 
viral replication and cytotoxicity of VG9 was potent in vitro, 
and VG9 exhibited notable antitumor efficacy in inhibiting 
tumor development in a murine melanoma tumor model.

VG9 was derived from the Chinese vaccine Tian Tan 
strain (VTT) using consecutive plaque-cloning selection. 
According to research, VG9 produced a smaller necrosis area 
and pock diameter, less red swelling and lower incidences of 
fever and hyperpyrexia (27‑29). Although VG9 still had neuro-
toxicity to a certain extent, the virulence was found to be lower 

Figure 3. Immune response induced by VG9. (A) Anti‑vaccinia neutralizing antibody development over time. (B) Cell viability of B16 and Hepa 1‑6 cells 
cultured with splenocytes from naïve mice (naïve group) or murine melanoma tumor-bearing mice treated with PBS (control group) or VG9 (VG9 group). Each 
bar represents the mean ± SD (n=5). *P<0.05 vs. the naïve or control group. 

Figure 4. Oncolytic effect of VG9 on human thyroid tumor samples. Three 
surgically resected human thyroid samples from patients were harvested and 
primary cells (104/well) from fresh thyroid tissue were cultured in 96-well 
plates. Three days after VG9 infection, cell viability was analyzed using the 
MTT cytotoxicity assay. 
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than its parental virus (VTT) in various animal models (30). 
In previous studies, the neurovirulent vaccinia strain Western 
Reserve (WR), which has been widely used in laboratories and 
extensively tested in clinical trials, has an LD90 of 2.4 PFU, 
while VTT is about 5000-fold less virulent (23). Collectively, 
we conclude that VG9 may become an ideal vaccinia virus 
vector and a safer human vaccine. Some preliminary studies 
have indicated that removing the thymidine kinase gene of the 
vaccine virus may reduce the virulence as well as enhance tumor 
targeting (35,36). Another approach to attenuate or enhance 
tumor-selective replication is the introduction of selected dele-
tions in the viral genome (37‑39). These constructions based on 
VG9 hold promise and the detailed oncolytic potency will be 
investigated in future studies. Our next step to improve VG9 
will be to insert various therapeutic genes such as immune cyto-
kine genes, suicide genes and enzyme‑prodrug genes, to elevate 
its potency as well as maintain its high tumor selectivity.

Oncolytic viruses preferentially grow in tumor cells due to 
their natural tropism for cell surface proteins that are aberrantly 
expressed by tumor cells. In our in vitro study, the cytotoxic 
effect on tumor cells was much stronger, while normal cells 
were poorly sensitive to virally-induced cell killing. Our in 
vitro study also revealed the differences between the replica-
tion rates in different cancer cell lines. Vaccinia virus replicates 
in cytoplasm and needs a nucleotide pool for replication of the 
viral genome. Tumor cell lines have different pools of functional 
nucleotides, which produce different replication rates in various 
tumor cells. In addition, the growth rate of tumor cells is another 
factor. The ability of viral replication was evidently higher in 
fast-growing tumor cells, like highly malignant cells B16 and 
MDA-MB-231 cells. Another mechanism that may limit the 
overall effectiveness of oncolytic viruses is the susceptibility of 
cancer cells to apoptosis, which may be induced by viral infec-
tion or other factors. If cells undergo apoptosis too rapidly, this 
will reduce the time for viral replication and propagation.

The safety of the vaccinia virus is one of the most essential 
considerations for clinical applications. Since being used in 
smallpox vaccination programs globally, the safety of oncolytic 
vaccine viruses in humans has been demonstrated and specific 
antiviral agents are available (40,41). Mild flu‑like symptoms 
have been the primary side effects; no treatment‑related changes 
in the parameters of hematological, hepatic, and renal function 
and no significant normal tissue toxicity has been reported to 
date (10,12,42). In this study, there was no significant toxicity 
and no mice died even when 109 PFU of VG9 was injected (data 
not shown). In some clinical studies, the dosage of the virus 
intravenous injection was 108 PFU, while it was 107 PFU for 
intratumoral injection. Upon 108 PFU of VG9 treatment, similar 
results were observed with an insignificant change of the survival 
curve (data not shown). Furthermore, a higher concentration of 
the virus is not easy to disperse in tumors. Therefore, the dosage 
of 107 PFU was safe and enough. Due to its excellent safety in 
humans, novel cancer therapeutic strategies based on vaccinia 
backbones of the vaccinia virus are feasible to design, owing to 
its fast replication cycle and high selectivity for cancer tissue.

The rapid antiviral immune response and subsequent virus 
clearance, which limit the use of repeated injections, are poten-
tial limitations in the use of the vaccinia virus as an antitumor 
agent (43). To address this problem, one possible strategy is 
the administration of the vaccinia virus concurrently with 

tumor‑trafficking immune cells, which would deliver viruses 
to their tumor targets (44). Another approach is using lipo-
somes, polyethylene glycol, neutralizing antibodies, or other 
biological agents to disguise the vaccinia virus.

In this study, we revealed that the vaccinia strain VG9 alone, 
without therapeutic genes, can induce an antitumor effect by viral 
replication and consequent cell lysis. It has the potential to be 
a novel platform for cancer treatment with the ability to induce 
tumor destruction by multiple mechanisms and no cross-resistance 
with traditional therapies. However, hurdles such as the immune 
response, systemic distribution and intratumoral spread are major 
potential limitations and must be addressed in future studies.
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