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In addition to the standard therapies of chemotherapies and surgical interventions, viral therapy for tumor
treatment has provided a new option for cancer patients. Whether the effects are safe, however, remains to
be fully evaluated. Accordingly, we explored the immunological mechanisms of viral action against the Hy
ascitic tumor, using both the Newcastle disease virus (NDV) and the parainfluenza virus (PIV). We measured IL-2
levels, NK (Natural killer) cell activity, lymphocyte proliferation rates, and the CD4"/CD8" cell numbers' ratio.
All indicators were superior in the virus-treatment group compared with the control group. Tumor cells
infected by either virus induced the expression of the tumor-associated antigen, which stimulated the host

immune system.
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INTRODUCTION

Cancer is a major cause of death in developed countries.
Standard therapies include surgery and chemotherapy to
remove or shrink the tumor. However, the therapeutic
efficacy of these methods is variable, and relapse and
death rates remain high. Over the past hundred years, it
has been observed in cancer patients that tumors regress
after a viral infection. This observation has led to studies
examining the ability of different viruses to kill tumor cells
(Chou and Roizman, 1994; DeBiasi et al., 2004; Yun et
al., 2005). During viral infection, the body produces an
effective anti-tumor response through the stimulation of
non-specific and specific immunity reactions. These
responses can inhibit tumor growth or even kill tumor
cells. In recent years, many viruses have been used for
cancer therapy, including the reovirus (DeBiasi et al.,
2004), herpes simplex virus (Chou and Roizman, 1994),
and adenovirus (Yun et al., 2005). These viruses have
achieved promising initial results. Because viruses can
easily undergo mutation or genetic modification, however,
their safety profiles still need to be evaluated (Alemany et
al., 2000; Kay et al., 2001; Kirn et al., 2001; Kirn, 2000;
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Qian et al., 2002; Somia and Verma, 2000; Vile et al.,
2000). An optimum anti-tumor virus would stimulate an
antigenic response against the tumor but at the same
time show low mutagenic potential. In order to develop
optimum viral therapies, we need to clarify the immune
mechanisms that explain the anti-tumor effect. In this
article, we focused on the use of NDV and PIV to treat
H,, ascitic tumors in mice in order to examine the
immune response and provide a theoretical basis for viral
anti-cancer treatment strategies.

MATERIALS AND METHODS
Experimental animals

Eighty healthy inbred 615-strain mice were selected. The (Spruce,
Pine and Fir) SPF-grade mice were three months old and weighed
18-20 g. We used 40 male and 40 female mice, obtained from the
Experimental Animal Center of Dalian Medical University. This
study, approved by Dalian Medical University's Animal Ethical
Review Committee, conforms to the guidelines for the use and care
of animals that are published by the National Institute of Health.

Carcinoma cell lines

Hz; (mouse ascitic liver tumor) cell lines and YAC-1 (mouse
lymphoma cells) were obtained from the Department of
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Microbiology in Dalian Medical University and were grown in RPMI-
1640 media (Gibco) with 10% fetal calf serum (China National
Medicines Corporation, Ltd). The cells were incubated at 37°C in a
humidified atmosphere containing 5% COx.

Virus

The Newcastle disease virus (NDV) B1 strain and the parainfluenza
virus (PIV) type a  were obtained from the Institute of Virology at
the Chinese Academy of Sciences, and cultured in chicken
embryos by conventional methods (Paldurai et al., 2009). Virus
titers were determined by the conventional hemagglutination test.
Both of the virus titers were at least 1:1280, and were stored at -
70°C until used.

Establishment of H,, tumor-bearing mice

The Hy, ascitic tumor cell number and viability were determined,
and the cell concentration was adjusted to 1x10’ cells per ml with
complete RPMI 1640 medium. The inbred 615-strain mice were
inoculated with 1 ml tumor cells by intraperitoneal injection.

Animal groups and immunotherapy

We established Hj, ascitic tumor cells in mice (n=80) and divided
the mice into four groups of 20 each: 1) normal saline (NS) control,
2) cyclophosphamide (CTX) group, 3) NDV-treatment group, and 4)
PIV-treatment group. The four groups were injected intraperitoneally
with NS, CTX, NDV, or PIV on days 1, 3, 5, and 7 after the tumors
were established. At 12 days after inoculation, 10 mice in each
group were taken for collection of blood, spleens, tumors, and
ascites. Tissue was collected under anesthesia with ether. Blood
was collected for serum by retro-orbital sampling. The enterocoelic
cavities were opened, and the spleens were removed to sterile
Hanks solution. The tumors were removed and placed in 10%
formalin. The ascites were collected and transferred into sterile
tubes.

Detection of IL-2 levels (Corsi et al., 2004)

IL-2 levels were measured in venous serum samples according to
the manufacturer’'s instructions (China National Medicines
Corporation, Ltd).

Preparation of mouse spleen cells

The spleens were minced in Hanks solution and passed over a
200-mesh strainer to remove erythrocytes. The remaining red cells
were lysed, and the cell suspension was added to 5 ml Hanks
solution and centrifuged at 12000 rpm for 10 min. The supernatant
was discarded, and the cell pellet was resuspended in 2-3 mL RPMI
1640 and centrifuged at 1500 rpm for 5 min. After washing twice in
RPMI 1640, the cells were again resuspended in RPMI 1640 with
10% fetal bovine serum (FBS). The cell survival rate was >95%, as
determined by trypan blue staining. The cell concentration was
adjusted to a final concentration of 5x10°cells per ml.

Preparation of target cells

The YAC-1 lymphoma cells were cultured in RPMI-1640 medium
with 10% (100 ml/L) fetal bovine serum (FBS). The cell medium
was changed and cultured for another 22-24h before the

experiment; the cells were then washed for 2-3 times in complete
media and centrifuged at 1500 rpm for 5 min. The cells were
washed once with 5 mL Hanks solution, centrifuged at 1500 rpm for
5 min, and resuspended in RPMI media after adjusting the
concentration to 2.5x10° cells per ml.

Determination of NK cell activity, lymphocyte transformation,
and CD4'/CD8" ratio

NK cell activity and lymphocyte transformation were measured as
described previously (Kano et al.,, 2007; Mosmann, 1983).
Fluorescently conjugated antibodies against CD4 * or CD8
(Serotec) were added to the spleen cells (5x10° / ml), and the
CD4+/CD8*ratio was determined by flow cytometry.

The tumors were embedded in paraffin, sectioned at 5 pum,
stained with hematoxylin and eosin (HE), and examined under light
microscopy.

The ascites were centrifuged, and the pellet was fixed in 2.5%
glutaraldehyde for 2 h at 4°C. The ascites were further fixed in 1%
osmium tetroxide, dehydrated by graded alcohol, and embedded
with propylene oxide and epoxy resin. Ultrathin sections (50 x 70
nm) were double-stained with acetate uranyl and lead citrate. The
sections were viewed under transmission electron microscopy.

Other indices

The growth rates and survival times of tumor-bearing mice were
determined. From these values, we calculated the viability of tumor-
bearing mice that survived for a minimum of 60 days.

Statistical analyses

The data were analyzed by ANOVA using SPSS software. Results
are reported as meantstandard deviation, and p<0.05 was set as

statistical significance.

RESULTS
Survival

The tumor visibly increased in size, and survival time
decreased in the H,, tumor-bearing mice. We observed
peritoneal swelling in the NS-control group by the
seventh day after inoculation, and mortality was 100%,
with an average survival time of 16.3 days (Figure 1 and
Table 1). In the CTX group, mortality was 100%, with an
average survival time of 20.4 days (4.1 days longer than
the control group; p<0.05). In the (pelvic inflammatory
disease) PIV-treatment group, mortality was 50%, with an
average survival time of 33.3 days (17.0 days longer than
the control group; p <0.01). In the (Newcastle Disease
Virus) NDV-treatment group, in contrast, mortality was
only 60%, with an average survival time of 27.1 days
(10.8 days longer than the control group; p <0.01).

Serum IL-2 levels
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As shown in Figure 2 and Table 2, IL-2 levels in
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Figure 1. Comparison of survival times of Hj, tumor-bearing mice among the 4
treatment groups. % p<0.05 compared with the NS group; A p<0.05 compared with
the CTX group; and #p<0.05 compared with the PIV group.

Table 1. Comparison of survival times of Hz, tumor-bearing mice among the 4 treatment groups.

Group Death/total Average survival time Survival rate (%)
NS group 10/10 16.3+3.1 0
CTX group 10/10 20.4+1.9* 0
PIV group 5/10 33.3.45.7%4 50
NDV group 6/10 27.1+5.1*4* 40

*p<0.05 compared with the NS group; A p<0.05compared with the CTX group; and ¢p<0.05 compared with
the PIV group.
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Figure 2. Comparison of serum IL-2 levels on Hz, tumor-bearing mice among 4 groups.
p<0.05 compared with the NS group; A p<0.05 compared with the CTX group; and ¢p<0.05
compared with the PIV group.
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Table 2. Comparison of serum IL-2 levels on Hz, tumor-bearing mice among 4 groups.

Group Animal IL-2

NS group 10 7.25+2.83
CTX group 10 6.58+1.05*
PIV group 10 15.58+4.73* 4

NDV group 10 11.65+3.41*4*




*p<0.05 compared with the NS group; Ap<0.05compared with the CTX group; and 4p<0.05

compared with the PIV group.
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Figure 3. NK cell activity and lymphocyte transformation rates on H, tumor-bearing mice among the 4 groups.
% p<0.05 compared with the NS group; A p<0.05compared with the CTX group; and 4p<0.05.

Table 3. NK cell activity and lymphocyte transformation rates on H, tumor-bearing mice among the 4 groups.

Group Animal NK cell activity lymphocyte transformation rates
NS group 10 38.61+13.54 36.03+7.00

CTX group 10 24.61+10.99* 22.64+5.50*

PIV group 10 76.02+4.2%4 61.09+13.96* 4

NDV group 10 57.06+16.76%4* 55.92+17.29%4

*p<0.05 compared with the NS group; A p<0.05 compared with the CTX group; and #p<0.05 compared with the PIV group.

the PIV- and the NDV-treatment groups were also
significantly elevated over the NS and CTX groups
(p<0.01 for all).

Lymphocyte transformation rate, NK cell activity, and
CD4+/CD8+ ratios

As can be seen from Figure 3 and Table 3, NK-cell
activity in the PIV- and NDV-treatment groups were
significantly different from the NS and CTX groups
(p<0.05 for all). NK-cell activity in the PIV-treatment
group was higher than that in the NDV-treatment group
(p<0.05). NK-cell activity in the CTX group was
significantly lower than that in the NS-control group
(p<0.05). Lymphocyte transformation rates in the PIV-
treatment group and the NDV-treatment group were
significantly higher than those in the CTX group and the
control group (significant difference with p<0.05), but
rates between the PIV group and the NDV group were
not significantly different. The lymphocyte transformation
rate was significantly lower in the CTX group than in the
NS group (p<0.05). As shown in Figure 4 and Table 4,
CD4'/CD8" ratios in the PIV- and the NDV-treatment

groups were both significantly elevated over the NS and
CTX groups (p<0.05 for all).
Tumor cell morphology

1. Light microscopy evaluation of the tumor cells,
showing irregular, large nuclei, stained deeply and with
more pathological mitoschisis and higher hetero-
morphism (Figure 5a).

2. Tumor cells with viral infection by light microscopy: the
cell morphology and size are the similar, with large areas
of cell necrosis (Figure 5b).

3. Observation of tumor cells with viral infection by
electron microscopy: The tumor cells consisted of
irregular, large nuclei, a large number of normal nuclear
chromatin, and rare membrane protrusions (Figure 6a).

4. Observation of tumor cells with viral infection by
electron microscopy: the endoplasmic reticulum has a
high degree of expansion and comes in different sizes
and shapes, with very irregular bubbles; mitochondrion
begins swelling and degenerating; more protrusions with
sticking a small amount of virus particles and budding
body of virus particles are in the membrane (Figure 6b).



DISCUSSION

Each year, nearly 10 million new cases of malignant
tumors appear all over the world; moreover, 7 million die
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Figure 4. Comparison of CD4'/CD8" ratios on H,, tumor-bearing mice among 4 groups. %
p<0.05 compared with the NS group; Ap<0.05compared with the CTX group; and ¢p<0.05
compared with the PIV group.

Table 4. Comparison of CD4'/CD8" ratios on Ha,, tumor-bearing mice among 4 groups.

Group animal CD4+/CD8* (%)
NS group 10 2.72+0.13
CTX group 10 2.15+0.07*
PIV group 10 3.85+0.38**
NDV group 10 3.39+0.21***

*p<0.05 compared with the NS group; A p<0.05compared with the CTX group; and #p<0.05 compared
with the PIV group.
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Figure 5. Top) Tumor cells without any kind of viral infection (x400 magnification). Bottom)
Tumor cells infected with a virus demonstrating cell necrosis (x100 magnification).
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Figure 6. Top) Morphology of tumor cell without viral
infection (x5000 magnification). Bottom) Morphology of
tumor cell with viral infection (x5000 magnification).

of malignant tumors (Ebina, 2005). Surgery, radiotherapy,
chemotherapy, and other methods induce substantial
damage to the patient, particularly impacting the immune
system. This damage to the immune system often leads
to tumor-cell escape from immune surveillance, resulting
in tumor spread or recurrence. Thus, it is very important
to both kill cancer cells and enhance immune function.
This study is the first to find that PIV and NDV treatment
significantly prolongs survival in tumor-bearing mice.

NK cells play an important role in the non-specific
immunity of the tumor. When NK cells kill sensitive cells
without being restricted by MHC, the consequence is
directly cytotoxic and results in the secretion of
lymphokines (McFarlin et al., 2007). Lymphocytes could
change into lymphogonia, differentiating and proliferating
by concanavalin (ConA) stimulation. Once this occurs,
the cells can release a variety of factors that improve
overall anti-tumor levels (Zhang et al., 2010). While CD8"
T cells are the major component against tumor cells, CD4

" T cells play an important adjuvant role in tumor
immunity. Therefore, the CD4+/CD8+ ratio directly

reflects the overall cellular immunity function (Wang et
al., 2004). IL-2 secreted by T cells is a primary
component of cellular immune function (McFarlin et al.
2007).

Our experimental results show that NK cell activity and
lymphocyte transformation rate, the CD4 */CD8" ratio,
and the IL-2 levels of PIV- and NDV-treatment groups
were all higher than those in the NS group (p<0.05 for
all). Furthermore, these values were also increased over
those in the CTX group (p<0.05 for all). All of these
factors indicate an enhanced immune function, consistent
with the anti-tumor effect of the virus through enhancing
the immune function. The effect of the PIV-treatment
group was superior to the effect of the NDV-treatment
group.

Cyclophosphamide can inhibit immune function, so its
anti-tumor effect is not achieved through positively
modifying the immune system. PIV and NDV are
enveloped viruses, which means that proliferation in the
host cell is a virus-budding process. In this study, by
observing the morphology of tumor cells, we found that
within H,, tumor cells with viral infection were large areas
of necrosis, and viral particles and virus-budding bodies
appeared on the cell membranes. Tumor cells without
viral infection display no such phenotype, illustrating that
the anti-tumor effect by enveloped viruses induces an
enhanced antigenic response of the tumor cell. The
immune mechanism involves the rapid adsorption of live
enveloped viruses to infect tumor cells when the viruses
enter the body. Viral biological synthesis in tumor cells
induced enhanced antigen and a strong tumor-associated
antigen (TAA), thereby stimulating the body's immune
system to improve immune indicators for enhancing the
immune response, and Kkilling the tumor cells. This
indicates that the virus has a direct anti-tumor effect while
enhancing the immune function. Further research will
focus on the structure and biochemical character of TAA.
In conclusion, our study provides a new theoretical basis
for further study of the mechanism in viral immune-
therapy tumors.
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