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A Newcastle disease virus (NDV) oncolysate has been established as a unique and effective immune-
stimulatory root for tumor treatment. Thus, the aim of the current study was to investigate the effects
of intratumoral administration of NDV oncolysate on immune response and tumor regression of
C57BL/6 mouse model of human papillomavirus (HPV) related transplanted with TC-1 syngeneic cancer
cells. To further investigate the mechanism underlying the antitumor response, cytolytic and lymphocyte
proliferation responses in splenocytes were measured using lactate dehydrogenase (LDH) release and
MTT assays, respectively. In this regard, levels of IL-10, IFN-c, and IL-4 were measured using ELISA after
re-stimulation. The immune responses efficacy was evaluated by in vivo tumor regression assay. The
results showed that immunization with the different titers of NDV lysate significantly reduced tumor vol-
ume in comparison with a combination of virus lysate and tumor cell lysate. Also, virus lysate could sig-
nificantly enhance cytotoxic T lymphocyte production and lymphocyte proliferation rates versus tumor
cell lysate. Also, our major findings are that the peritumorally injection of NDV oncolysate effectively
induces antitumor immune responses through increased levels of IL-4, IFN-c, and reduction of IL-10.
These results indicate that this treatment is a specific, active immune mechanism stimulator, and may
prove to be a useful therapeutic for a treatment against cervical cancers and merits further investigation.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Although chemotherapy and its role in the treatment of cancer
has a long history, the use of this method is still unclear due to its
side effects. Therefore, scientists always looking for new proce-
dures to overcome the problems with chemotherapy (Arruebo,
Vilaboa et al. 2011, Falzone et al., 2018). Oncolytic viruses (OVs)
as a nascent medicament for cancer therapy has been identified
for almost a century but only over the past ten years have clinical
investigations recorded a therapy profit in the cases with cancer
(Vähä-Koskela et al., 2007, Goldufsky et al., 2013, Mozaffari
Nejad et al., 2021). In this therapy, viruses can selectively propa-
gate in and kill cancer cells while no effect on normal cells. The
effectiveness of OVs is performed in two forms: 1) straight tumor
lysis; and 2) induction of an antitumor immune response in
humans or animals (Jiang et al., 2015). Talimogene laherparepvec
(T-Vec) and Oncorine (H101) are two genetically engineered OVs
for cancer therapy in global marketing as drugs (Cao et al., 2020,
Mozaffari Nejad et al., 2021). Among the different oncolytic viruses
that have been experimented with, several belong to the Paramyxo
Viridae family such as measles, respiratory syncytial virus (RSV),
morbillivirus, and Newcastle disease virus (NDV) that cause dis-
eases between both human and animals (Keshavarz et al., 2019,
Keshavarz et al., 2020, Mozaffari Nejad et al., 2020).

Oncolysate has been used as an auxiliary method for
immunotherapy. Lysed tumor cells turn the suppressive tumor
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microenvironment in favor of immune cells to recognize the hid-
den antigens of tumors (Batliwalla et al., 1998). There are a variety
of ways to allocate oncolysates such as; hypochlorous acid oxi-
dizes, ultraviolet B (UVB) radiation, freeze and thaw, and hyper-
thermia. All of the mentioned procedures yield necrotic antigens
from the tumor cells (Chiang et al., 2010, Vandenberk et al.
2016). In addition to these mechano-chemical procedures, there
is a way that harnesses viruses to develop oncolysates. Viral
oncolysate (VO) was the first introduced into clinical trials as a
treatment adjunct to chemotherapy and nonspecific immunomod-
ulators (Ioannides et al., 1989). The first application of the VO
returns to the late 1970 s when (Murray et al., 1977) monitor the
effect of viral oncolysate obtained by NDV on melanoma patients.
Viral oncolysates are homogenates of a tumor and virus-infected
cells. VO-based method shields animals against transplanted autol-
ogous tumors (Chiang et al., 2010, Fournier and Schirrmacher
2013). In the tumor milieu, the neoplastic cells unleash suppres-
sive signals to hamper the responses of the immune cells.

Therefore, in this study, we explain the effect of NDV oncolysate
on the stimulation of immune responses against tumors, evidence
of cytotoxic T cells activation against tumor cells after VO admin-
istration, as well as the main balance of cytokines involved in
tumor immunity.
Table 1
Different mice groups for in vivo study: The concentration and routes of adminis-
tration are for each group.

Groups Treated with Concentration

VTCL 15 Viral tumor cell lysate with MOI 15 1 � 107 cells/mL
VTCL 10 Viral tumor cell lysate with MOI 10 1 � 107 cells/mL
TCL TC-1 tumor cell lysate 5 cycles of

freezing and thawing (liquid nitrogen
and a 37�C water bath)

1 � 107 cells/mL

TCL/ VTCL 15 TC-1 tumor cell lysate 5 cycles of
freezing and thawing combined with
viral tumor cell lysate with MOI 15
(50/50)

5 � 106 + 5 � 106

cells/mL

TCL/ VTCL 10 TC-1 tumor cell lysate 5 cycles of
freezing and thawing combined with
viral tumor cell lysate with MOI 10
(50/50)

5 � 106 + 5 � 106

cells/mL

PBS Control group administration just PBS 100 ml

VTCL 15: Viral Tumor Cell Lysate MOI 15; VTCL 10: Viral Tumor Cell Lysate MOI 10;
TCL: Tumor Cell Lysate; PBS: Phosphate-Buffered Saline.
2. Materials and methods

2.1. Cell culture

For our model research studies, we apply the murine lung can-
cer cell line (TC-1), and the murine T-lymphoma cell line EL4
[carcinogen-induced lymphoma of C57BL/6 mice (H-2b) origin]
prepared from the Cell Bank of Institute Pasture of Tehran, Iran
which was provided in RPMI (Roswell Park Memorial Institute)
1640 medium completed with 10% (v/v) fetal bovine serum (FBS)
and finally the cells were kept at 37�C under 5% (v/v) CO2 for
experiments.

2.2. Newcastle disease virus purification

The avirulent, nonlytic Hitchner B1 strain of NDV (HB1 NDV)
was used for virus infection. Briefly; the HB1 NDV was prepared
from Razi Institute of Serum and Vaccine Research Center, Karaj,
Iran. It was inoculated in the allantoic cavity of 9–11 days-old
specified pathogens free (SPF) embryonated chicken eggs and incu-
bated at 37�C for 72 h. The allantoic fluid was harvested aseptically
and centrifuged at 30000 � g for 3 h at 4 ◦C (Mozaffari Nejad et al.,
2020).

The re-suspension of purified virus was carried out in PBS (pH
7.4), followed by titration via haemagglutination test. Finally,
obtained virus was stored at �80�C for further analysis.

2.3. Animals

Female C57BL/6 (H2b) mice, six to eight weeks-old, were pro-
cured from the Institute Pasture of Tehran, Iran for this research
confirmed by the Ethical Committee guidelines for the care and
use of laboratory animal’s protocol of Hamadan University of Med-
ical Sciences, Hamadan, Iran (IR.UMSHA. REC.1396.403).

2.4. Preparation of Viral oncolysate

According to a previous study (Mozaffari Nejad et al., 2020), the
TC-1 Cells 24 h after the seeding was inoculated with HB1 NDV of
the multiplicity of infections (MOIs) of 10, and 15 and maintained
at 37 ◦C, with 5% CO2 until the cytopathic effect (CPE) appears.
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Subsequently, cells were lysed with 3 freeze and thaw lysing cycles
using liquid nitrogen and a 37�C water bath. The cell suspension
was centrifuged for 10 min at 1000 g/min. The supernatant were
harvested and was further centrifuged at 20000 rpm for 1 h and
the pellet was harvested and finally, was homogenized and sus-
pended in phosphate-buffered saline (PBS) (Wallack 1980). One
ml aliquots were frozen at �80 �C for use later.

2.5. Tumor induction and therapy

For tumor induction, 6 groups of female C57BL/6 mice with ten
animals in each group were used by subcutaneous administration
in the left flank of the mice on day 0 with 3 � 105 TC-1 tumor
cells/mouse combined with 100 ll PBS (Mohebbi et al., 2019). After
14 days of tumor cells injection, all animals were treated peritu-
morally with various formulations (Table 1).

We repeat the same process of using the same amount of treat-
ment in the second and third weeks (Thrice at one-week intervals).
After one week of TC-1 tumor cell administration, every three days’
interval a lab technician blindly and based on the tumor codes
checked the tumors ’size using a digital caliper. A simple mathe-
matical formula was used to check the volume of the tumors,
(length � width2)/2. The length indicated the tumor diameter
and the width denote the vertical growth of the tumor
(Keshavarz et al., 2020). We checked the tumor growth for six
weeks. Besides, after the last treatment, the spleens of three mice
from each groups were sacrificed and used for immunological
studies. The schematic picture of all tentative procedures is pre-
sented in Fig. 1.

2.6. Cytokine assay

After 7 days of final treatment, the animals were sacrificed (3
animals of each group) and their spleens were segregated and the
next red blood cells (RBCs) were cleaned using incubation in lysis
buffer (0.15 M NH4Cl, 1 mM KHCO3, 0.1 mM Na2EDTA, pH 7.2) at
37 �C for 5 min. We seeded mononuclear cells at a density of
2 � 105 cells/well in 24-well plates (TPP, Switzerland) for 72 h
in RPMI 1640 completed with L-glutamine (1% v/v), 2.5 mM 2-
mercaptoethanol, HEPES (1% v/v), FBS (10% v/v) and E7-specific
H-2Db CTL epitope at a concentration of 1 lg/ml (Biomatik,
Canada) and finally incubated at 37 �C in 5% CO2 for 48 h. The
supernatants of the cells were collected and then IL-10, IL-4,
and IFN- c cytokines were measured by commercial sandwich-
based ELISA kits. For analysis, we used Il-10 (eBioscience, Inc.
USA), IFN- c, and IL-4 (R&D Systems Inc., USA) according to the



Fig. 1. Schematic overview of all experimental procedures.
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protocol for the user. We confirmed all analysis three times.
Finally, the optical density (OD) of each plates were read at
450 nm wavelengths (Abdolalipour et al., 2020, Keshavarz et al.,
2020).

2.7. Lymphocyte proliferation assay (LPA)

We acquire white blood cells 7 days after the mice received the
oncolysate for the third times. The cells were cultured in MDEM in
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combination with 1 lg per ml of the E7-specific H 2Db CLT epitope
at 37 �C. We used 5 lg per ml T cell mitogen phytohemagglutinin
(PHA) to positively control the process. After 72 h, we added to
each well 5 lg per ml of MTT salt [3-(4, 5 dimethylthiazal-2-yl)
� 2,5-diphenyl tetrazolium bromide] and incubated at 37 �C under
5% (v/v) CO2 for 5 h. Afterward, we added 100 DMSO ll to the dis-
solving of crystals of the formazan. Finally, the optical density (OD)
of the cultured cells was measured with an OD meter at 540 nm
and the results were evaluated as a stimulation index (SI). The SI



Fig. 2a. The concentration of IFN-c in supernatants following stimulation of
splenocytes with E7 antigen. All treated groups > PBS groups *** (P < 0.001)
indicates statistically significant difference between treated groups compared with
control group. * (P < 0.05) indicates statistically significant difference between VTCL
10 compared with other groups.
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ratio was calculated as follows: OD values of stimulated cells
minus relative cell numbers of unstimulated cells divided by rela-
tive OD values of unstimulated cells (Mohebbi et al., 2019,
Keshavarz et al. 2020). All experiments were assayed three times
(n = 3) for each mouse.

2.8. Cytotoxicity assay

After 7 days of final treatment, the animals were sacrificed (3
animals of each group) and their spleens were isolated. Mono-
cell suspensions of single nuclear cells were applied as the effector
cells (splenocytes cells). 4 � 104 EL4 cells in a volume of 100 ll (as
a target cells) were co-cultured with the effector cells (100 ll) at
50:1 effector-to-target cell (E/T) ratio for 8 h in phenol-red-free
RPMI 1640. For the preparation of target cells, EL4 cells were stim-
ulated with a synthetic E7-specific cytotoxic T lymphocytes (CTL)
epitope at a concentration of 1 lg/ml (Biomatik, Ontario, Canada,
>99% purity) (specific antigen) and then incubated for 4 h. After
centrifugation at 250 g/min for 10 min, 50 ll/well the supernatants
were removed and transferred to new 96-well plates, and finally,
the CTL activity was surveyed according to detection kit protocol
(Takara Biochemicals, Japan) (Mohebbi et al., 2019, Keshavarz
et al., 2020).

The ‘high control’ was used for measuring total LDH release
from the target cells (all EL4 cells were lysed with a medium con-
taining 1% Triton X-100). The ‘low control’ was used for measuring
the natural release of LDH from the target cells (which was
obtained by adding EL4 cells only to the test medium). For all sam-
ples, including the controls, the experiment was done in thrice. The
LDH-mediated alteration of tetrazolium salt into a red formazan
product was measured at 490 nm after incubation at room temper-
ature for 30 min. The percentage of specific cytolysis was deter-
mined by the following formula (Jahromi et al., 2014):

Cytotoxicity = [(experimental value � effector cell
control) � low control / high control � low control] � 100.

2.9. Statistical analysis

All the experiments have done thrice and we employed
GraphPad software, version 5.01 (GraphPad Software, CA, USA) to
analyze the data. One-way ANOVA statistical test was used to
juxtapose the means in each group. Tukey’s post hoc test was
implemented to confirm the differences in the means. The mean-
ingfulness of the difference indicated when the P-value was:
P < 0.05, P < 0.01, and P < 0.001.
Fig. 2b. The concentration of IL-4 in supernatants following stimulation of
splenocytes with E7 antigen. All treated groups > PBS groups *** (P < 0.001)
indicates statistically significant difference between treated groups compared with
control group; VTCL 15 > other treated groups *** (P < 0.001).
3. Results

3.1. Cytokine assay

To determine the specific balance of the cellular and humoral
immunity following inoculation of oncolysate, the levels of cytoki-
nes were measured in different groups of mice. After 7 days of the
last treatment, the spleen of the mice was eradicated and after
stimulation with a specific antigen (E7-specific H-2Db CTL epi-
tope), the levels of IFN-c, IL-4, and IL-10 were assessed. As shown
in (Fig. 2a) the spleens of the VTCL15 and VTCL10 treated mice
secrets significant levels of IFN-c (P < 0.001) in comparison to
TCL, TCL/ VTCL15, TCL/ VTCL10, and PBS groups. Moreover, the
levels of IL-4 were increased when the VTCL15 was conducted
compared to VTCL10, TCL, TCL/ VTCL15, TCL/ VTCL10, and PBS
groups (P < 0.001) (Fig. 2b). On the other hand, the secretion of
IL-10 in the VTCL15 group showed a significant decrease compared
to VTCL10, TCL, TCL/ VTCL15, TCL/ VTCL10, and PBS groups
(P < 0.001) (Fig. 2c). The results of cytokines evaluation showed
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that the VTCL15 group caused a balance of cellular and humoral
responses and on the other hand, by reducing anti-inflammatory
responses may play a critical role in reinforcing antitumor
immunity.
3.2. Lymphocyte proliferation and cytotoxicity assay

To verify the impact of the VTCL on lymphocyte propagation we
employed lymphocyte proliferation assay (LPA). The mice that
were administered with VTCL 15, and 10 display a meaningful
increase in the lymphocytes in comparison to the mice that
attained TCL/VTCL 10 and 15 (P < 0.001). Also, we could not see
any differences between the TCL/VTCL 10 and 15 groups. More-
over, those treated with VTCL15 and VTCL10 showed a significant
lymphocyte proliferation response when compared with the TCL
group (P < 0.001) (Fig. 3a). These results suggest that treatment
with VTCL 15 and VTCL 10 can significantly stimulate an E7-
specific T-cell response.

To further obtain a clear picture of the VTCL activity, we per-
formed the LDH cytotoxicity release assay. The CTLs primary
encounter with HPV-16 antigens such as E7. Then, the cytotoxicity
of the CTLs on the tumor cells analyzed using LDH release assay.
The best cytotoxicity effect was found to be at the ratio of 100
CTLs: 1 tumor cells. The ratio was the foundation of measuring



Fig. 3b. CTL-mediated tumor-specific cytotoxicity in vitro. All treated groups > PBS
groups *** (P < 0.001); VTCL 15 > other treated groups *** (P < 0.001); VTCL
10 > other treated groups *** (P < 0.001); No significancy between other groups
(P > 0.05).

Fig. 2c. The concentration of IL-10 in supernatants following stimulation of
splenocytes with E7 antigen. All treated groups < PBS groups *** (P < 0.001)
indicates statistically significant difference between treated groups compared with
control group; VTCL 15 < TCL/VTCL10 *** (P < 0.001); No significance difference
between VTCL 15 and VTCL 10 group * (P > 0.05).
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all the in vitro cytotoxicity effects. As shown in (Fig. 3b), treated
mice with VTCL15 and VTCL10 groups can significantly induce
higher antigen-specific CTL responses compared to TCL and PBS
groups (P < 0.001). Moreover, treated with VTCL 15 and VTCL 10
showed a significant E7-specific lytic response when compared
with the TCL/VTCL 15 and 10 groups (P < 0.001). The cytotoxicity
analysis signified that the group of mice that received VTCL 15
express higher lytic activity as compared to other groups. Cytotox-
icity effects have not been seen in the mice that were injected with
PBS and TCL. Overall, the result demonstrated that VTCL 15 and
VTCL 10 groups could increase the specific cytolytic immune
responses against tumor cells in the syngeneic model of
papillomavirus.

3.3. Virus tumor cell lysate inhibits tumor growth

Two weeks after TC-1 injection and tumor appearance, mice
were accidentally divided into 6 groups and treated three times
at one-week intervals with VTCL 15, VTCL 10, the combination of
TCL/VTCL 15, TCL/VTCL 10, and TCL. For the control group, an equal
volume of PBS was injected. After the treatment, the groups were
followed for 42 days and the response of VTCL on tumor size
Fig. 3a. Lymphocyte proliferation levels after in vitro stimulation with E7 antigen.
All treated groups > PBS groups *** (P < 0.001); VTCL 15 > other treated groups ***
(P < 0.001); VTCL 10 > other treated groups *** (P < 0.001); No significancy between
other groups (P > 0.05).
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changes was measured with a digital caliper. As expected, tumor
volume decreased significantly in the VTCL 15 and VTCL 10 admin-
istered groups when compared to the other groups (P < 0.001)
(Fig. 4). In this context, tumor volume decreased significantly in
the TCL/VTCL 15 and TCL/VTCL 10 treated groups when contrasted
to the TCL and PBS groups (P < 0.001). Moreover, no significant dif-
ference was found between the VTCL 15/TCL and VTCL 10/TCL
groups (P > 0.05). Overall, our results showed that treatment with
VTCL could potentially increase antitumor responses and inhibit
tumor growth. Notably, the largest decrease was observed in the
VTCL 15 group compared to other groups (P < 0.001).
4. Discussion

Cervical cancer is the fourth most common cancer in women
after breast, colorectal, and lung cancer, and the most common
cause of deaths worldwide in 2020 (Sung et al., 2021). Human
papillomavirus genotypes 16 and 18 are the most important causes
of cervical cancer (Sabet et al., 2021). The use of chemotherapy and
radiation therapy regimens in patients with metastatic cervical
cancer does not improve survival in most cases (Yang et al.,
2019). Hence, it is important to develop a cancer therapy with high
efficacy selectivity killing malignant cells. Virotherapy using onco-
lytic viruses had been proposed as a potent cancer therapeutic.
Oncolytic viruses replicate selectively in tumor cells and exert
anti-tumor cytotoxic activity (Keshavarz et al., 2020, Mozaffari
Nejad et al., 2020). Thus, the focus of this study relates to evaluate
the antitumor immunity of NDV oncolysate in mice model.

To evaluate the response of immune system cells to a specific
antigen, the proliferation of these cells can be measured after their
proximity to the antigen. Therefore, in this study, the proliferation
of spleen cells in mice treated in response to their stimulation with
E7 protein (tumor cell-specific antigen) was evaluated. The results
of the lymphocyte stimulation test showed that mice in VTCL 15
and VTCL 10 groups had higher stimulation index than other study
groups. These results showed that these two groups have a great
ability to elicit cytotoxic responses against tumor cells. There
was no significant difference between TCL, TCL / VTCL 15, and
TCL / VTCL 10 groups with a control group (PBS).



Fig. 4. In vivo anti-tumoral response experiment in NDV-loaded VTCL mice. All treated groups < PBS groups (P < 0.001); VTCL 15 < VTCL 10 (P < 0.01); VTCL 15 < TCL,
TCL/VTCL15 and TCL/VTCL10) (P < 0.001); VTCL 10 < TCL and TCL/VTCL10 (P < 0.01).
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Specific cytotoxic responses of lymphocytes to virus-infected
cells and tumor cells are one of the most important and effective
mechanisms in killing these cells. In our study, the spleen cells of
mice injected with oncolysate were adjacent to the EL4 cell line
as the target cell and the lysis of EL4 cells was used as the effector
cell by measuring the enzyme lactate dehydrogenase due to the
function of the spleen cells and comparisons with a control group
were checked. In a previous study, CD8+ T cells antitumor
responses were measured after injection of oncolytic vesicular
stomatitis virus (VSV) into a melanoma model. The results indi-
cated that VSV virus as a booster vector can cause rapid prolifera-
tion of CD8+ T cells and cytotoxic responses against tumor cells
(Bridle et al., 2013). Also, in another clinical study in patients with
pancreatic cancer, herpes oncolytic virus (HF10) was used as a
treatment. The results after injecting the virus into the pancreatic
tumor showed that the amount of CD4+ and CD8+ T cells and
macrophages inside the tumor increased significantly in patients
compared to the control samples, which indicates the anti-tumor
responses induced by the oncolytic virus (Nakao et al., 2011). In
a related study, Zamarin and colleagues preformed a modified
Newcastle virus that expresses the NS1 influenza protein to evalu-
ate antitumor responses. The results of this study demonstrated
that the level of CTL (CD8+) cells in mice treated with this virus
was significantly higher than in the control group and this method
can be used as a treatment for cancer (Zamarin et al., 2009). The
findings of our study in this regard too confirmed that VTCL 15
and VTCL 10 groups potentially increase the amount of CD4+ and
CD8+ T cells in the spleen and also increase anti-tumor responses.

Interferons (IFNs), interleukins (ILs), and tumor necrosis factors
(TNFs) as biological response modifiers are played an important
role in cancer immunotherapies to increase the host cellular
immunity (Bisht et al., 2010, Ekmekcioglu and Grimm 2016). Given
the importance of the cytokine response in the antiviral and anti-
tumor immune response, if the cytokine response of type Th1 cells
can be induced in treated mice, the cellular immune system will be
able to kill the virus-infected tumor cells using various mecha-
nisms. IFN-c is the major macrophage-activating cytokine and
plays an important role in innate and cellular immunity. The IFN-
c is a subtype of Th1 cells and is produced from Th1 and CD8 + T
cells (Keshavarz et al., 2020). In the present study, the cytokine
response of IFN-c spleen cells of treated mice was evaluated in
comparison with a control group. All groups (TCL, TCL / VTCL 15,
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TCL / VTCL 10, VTCL 10, and VTCL 15) were significantly different
from the PBS control group.

Interleukins 4 and 10 and transforming growth factor-b (TGF-b)
induce the conversion to Th2 lymphocytes, which will definitely
play a role in balancing cellular and humoral immunity. According
to the above, quantitative measurement of the expression of these
key interleukins can show a good interpretation of the viral onco-
lysate performance in the environment used in both in vitro and
in vivo (Mohebbi et al., 2019, Keshavarz et al., 2020). IL-10 is an
anti-inflammatory cytokine with anti-tumor and anti-metastatic
activities that exerts its activity by inhibiting the synthesis of vas-
cular endothelial growth factor (VEGF) and other angiogenic
cytokines (Huang et al., 1999). Our findings revealed that a signif-
icant decrease of IL-10 concentration in all groups compared to the
control group (PBS) (P < 0.001). Moreover, the group (VTCL 15)
showed the lowest secretion of IL-10 compared to the TCL / VTCL
10 group (P < 0.001). There was no significant difference between
the other groups (P > 0.05). The previous report by (Li et al.,
2007) applied the herpes oncolytic virus (FusOn-H2) for the treat-
ment of breast cancer. Evaluations of the anti-tumor response of
this virus on the tumor model showed that after virus injection,
the secretion of Th1 cytokines (IFN-c and IL-2) increased on aver-
age 3 to 5 times compared to the control group. On the other hand,
there was a slight increase in the secretion of Th2 cytokines (IL-4
and IL-5) in the splenocytes prepared frommice treated with onco-
logical herpes virus, while IL-10 levels were the same among dif-
ferent treatment groups. A prior survey conducted in an animal
model confirmed that the NDV can increase the level of IFN-c
and reduces the accumulation of myeloid suppressor cells in the
tumor medium (Koks et al., 2015).

However, as predicted, we showed that there was a significant
increase in IL-4 and IFN-c with all oncolysate formulations com-
pared to TCL and PBS. The increase in IFN-c concentration was
much higher than that of IL-4, which indicates a switch from a
Th2 to Th1 dominated profile. Besides, we observed the level of
IL-10 a significant difference compared with that in the control
group. IL-10 is a critically important cytokine for attenuating the
cellular immune response after removing a danger signal (Iyer
and Cheng 2012, Ng, Britton et al. 2013).

The mechanisms of oncolytic NDV-mediated damage of the
tumor cells have been evaluated in some investigates. They have
described that NDV can suppress the growth of tumor cells
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through apoptosis via the mitochondrial intrinsic pathway
(Elankumaran et al., 2006, Ravindra et al., 2008).

Consistent with the above studies, the results of this research
also showed that after monitoring the tumor growth rate in the
studied mice after 6 weeks of oncolysate injection, in both VTCL15
and VTCL10 groups, the decrease of tumor volume was more than
the other groups, which was statistically significant. In addition, all
groups showed a significant decrease in tumor volume compared
to the control group (PBS)

5. Conclusion

The results showed that the proximity of oncolysate of NDV
HB1 strain with tumor tissue could increase the release of lactate
dehydrogenase, which indicates the activity of the immune cyto-
toxicity index. Also, increasing the induction of cytokines (IFN-c,
IL-4) and decreasing the IL-10 slowed tumor growth in the mouse
model. In this study, we successfully demonstrated that the NDV
oncolysate is an immune system stimulator both at the cellular
and humoral aspects. Therefore, this system of immunotherapy
with the trigger of the virus may tremendously impact cancer
immunotherapy in the future.
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