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ABSTRACT

In this study, we construct a subcutaneous tumor mice model of U14 cells, observe the tumor
growth, and detect the expression of Foxp3 and VISTA in cervical cancer tissues and adjacent
tissues during CMNa-enhancing radiotherapy.From the 15th day, compared with the control
group, the tumor volume changes in each treatment group were significant (P < 0.01). CMNa
combined with radiotherapy had an interactive effect and a positive effect in inhibiting tumor
volume growth. There was no significant difference in the expression of Foxp3 and VISTA in
mouse cervical cancer tissues and adjacent tissues in each group. The Foxp3 level in the RT group
was the highest, and the CMNa group was the lowest. The VISTA level of the CMNa+RT group was
the highest, the RT group is followed by, and the Control group is the lowest. The Foxp3 level of
the CMNa group did not change much at each different point. The Foxp3 level in RT and CMNa
+RT group gradually decreased after a transient increase, and the VISTA level in the CMNa+RT
group increased more.Our results show that CMNa can enhance the efficacy of radiotherapy, and
at the same time can reduce the compensatory increase in regulatory T cell Foxp3 levels caused
by radiotherapy, and reduce the radiotherapy response. However, in the course of the treatment
of the two, there may be a substantial increase in the level of VISTA, and the combined
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application of VISTA inhibitors may increase the anti-tumor response.

1. Introduction

Cervical cancer is a common gynecological malig-
nant tumor in the world, especially in developing
countries, and its incidence is the fourth largest
among female tumors [1]. The treatment of
advanced cervical cancer mainly includes radio-
therapy and chemotherapy. With the advancement
of radiotherapy technology and the emergence of
new chemotherapeutic drugs, the curative effect is
correspondingly improved [2]. However, the over-
all 5-year survival rate is still not high. Orbegoso
et al. reported that 40% of advanced cervical
patients quickly developed disease [3]. Analysis of
the occurrence of cervical cancer is mostly related
to high-risk HPV virus infection. When the body’s
immunosuppressive effect cannot effectively elim-
inate the virus, the local cervical immune micro-
environment is unbalanced, which in turn leads to
the occurrence and development of cervical can-
cer. Researchers have observed that the expression

of negative immune checkpoint PD-L1 on the cell
membrane is up-regulated in human HPV virus-
related tumors [4,5]. Although cervical cancer can-
not yet be classified as an immunogenic tumor,
more and more evidences show that cervical can-
cer has an endogenous anti-tumor immune
response, which indicates the feasibility of immu-
notherapy in cervical cancer research.

In recent years, major breakthroughs have been
made in immunotherapy. However, the tumor
microenvironment plays an important role in
suppressing or enhancing the immune response.
Among them, the forkhead transcription factor
(Foxp3) is a specific marker of T-regulatory cells
(Treg) [6,7]. When Foxp3 is over-expressed in the
local tumor microenvironment, it helps tumor
cells escape the surveillance of the immune system
and promotes tumor growth. T cell activation
inhibitor ~immunoglobulin variable domain
domain (VISTA) is a negative immune
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checkpoint molecule that inhibits T cell response.
It has dual functions of receptor and ligand, and
its expression is increased in tumor microenvir-
onment and tumor infiltrating lymph nodes [8].
Ledi et al. [9] found that the high expression of
VISTA on immune cells (IC) and vascular
endothelial cells (VEC) in tumors is closely
related to the stage of advanced cervical cancer
and lymph node metastasis (LNM). VISTA has
a certain correlation with the prognosis of cervical
cancer, and it has the potential as a treatment
target.

Glymidazole sodium for injection (CMNa) is
a highly effective and low-toxic hypoxic cell sensi-
tizer that is currently officially used in clinical
practice. Previous studies have proved [10,11]
that in the treatment of cervical cancer, CMNa
can improve the tumor control rate without
increasing the adverse reactions of radiotherapy.

To study the changes in the tumor immune
microenvironment after radiotherapy combined
with CMNa sensitization therapy, and to explore
the feasibility of radiotherapy combined with
immune checkpoint inhibitor therapy. In this
study, C57bl/6 mice bearing U14 cells were used
as the research object to observe the changes in the
expression levels of Foxp3 and VISTA at immune
checkpoints before and after radiotherapy and
during CMNa-enhancing radiotherapy. We envi-
sion that immune checkpoint inhibitor immune
targeted therapy, CMNa and radiotherapy can be
combined in the treatment of cervical cancer. It is
hoped to lay a theoretical foundation for the com-
bination of radiotherapy and immunotherapy for
cervical cancer. The combination of immunother-
apy and radiotherapy and radiotherapy sensitizers
will assist each other.

2. Experiment materials and methods
2.1 Preparation and feeding of animals

Fifty C57bl/6 mice, female, SPF grade, 6-8 weeks
old, weighing 16-22 g, were purchased from the
Animal Center of Soochow University and raised
in the animal room of Soochow University. The
mice were purchased about 2 weeks before the
experiment and allowed to adapt to the new
environment.
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2.2 Cell lines

Purchase mouse cervical cancer cells (U14) from
the Cell Bank of the Chinese Academy of Sciences.
Mouse Ul4 tumor is a squamous cell carcinoma.
In 1958, the experimental tumor group of the
Department of Pathology, Institute of Basic
Medical Sciences, Chinese Academy of Medical
Sciences used 20-methylcholanthrene to thread
and induce ectopic cervical cancer. The strain
was established and stored. The initial pathological
structure was similar to carcinosarcoma, and it
was clearly undifferentiated after the 1980s. The
average survival time of tumor-bearing mice was
27 days. The lymph node metastasis rate is 95%,
and the lung metastasis rate is 80%. It is
a bidirectional metastatic strain.

2.3 Main instruments, medicines and reagents

The optical microscope was produced by
Olympus, Japan, and the radiotherapy machine
was the Varian 23EX linear accelerator in the
Radiotherapy Center of the First Affiliated
Hospital of Soochow University. CMNa is a gift
from Luye Pharmaceutical Company, Foxp3 poly-
clonal antibody is produced by Abcam, and
VISTA polyclonal antibody is produced by CST.
Immunochromogenic reagents are provided by
Gene Technology.

2.4 Construction of mouse subcutaneous tumor
model

Take the Ul4 cells in the logarithmic growth
phase, add physiological saline to dilute them,
make them into a cell suspension, count them
by the above method, and adjust the cell suspen-
sion concentration to 5 x 106/ml for later use.
The skin of the left groin of the mouse was dis-
infected with iodophor. A 1 ml empty needle was
used to inoculate 0.2 ml of cell suspension 0.5 cm
subcutaneously on the groin of the left lower limb
of the mouse. Make it partly present skin hills the
size of soybean grains, and observe whether there
is any liquid overflow. After inoculation, observe
no abnormalities and send them back to the ori-
ginal place to continue feeding. Tumors formed
about 1 week after the inoculation. After the soy
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nodules can be palpated, the growth status of the
transplanted tumors was checked the next day
and the behavioral changes of the mice were
observed. Including mental state, weight, eating
and drinking, activities, using vernier calipers to
measure the length and short diameter of the
transplanted tumor and calculate the tumor
volume, and record it completely.

2.5 Grouping and treatment of tumor-bearing
mice

Make 100 tumor-bearing mice. When the diameter
of the transplanted tumor reaches 8-10 mm, the
100 mice are divided into 4 groups according to
the random number method, each with 25 mice.
After grouping, the quality of the mice in each
group was compared, and there was no significant
statistical difference (P > 0.05), which proved that
the general conditions of the mice in each group
were similar before the experiment, indicating that
the comparability was better.

Control group (Control group): 0.2 ml physio-
logical saline was injected intraperitoneally. At the
same time.

Radiotherapy alone group (RT group): 0.2 ml of
normal saline was injected intraperitoneally. The
hind limbs of the mice were extended and
extended as far as possible, and the trunk and
extremities were fixed with tape. Adjust the light
field of the accelerator so that the tumor tissue is
located in the irradiation area, and try to avoid
exposure to the trunk and limbs other than the
tumor. The tumor area of the forelimb was locally
irradiated with 6Me V-electron line source skin
distance, SSD = 100 cm, depth (d) = 1 cm, plus
0.5 cm tissue compensation, dose (DT) = 8 Gy.

Glycidazole sodium group (CMNa group):
using intraperitoneal injection, inject CMNa,
60 mg/kg/d, diluted with 0.9% normal saline,
about 0.2 ml/mouse.

Glycidazole sodium + radiotherapy group
(CMNa+RT group): intraperitoneal injection
4 hours before radiotherapy, injection of CMNa,
60 mg/kg/d, diluted with 0.9% normal saline,
about 0.2 ml/head. The radiotherapy method is
the same as the radiotherapy group.

The mice were sacrificed by cervical dislocation
on 1d, 8d, 15d, 22d, and 29d. The tumor was
removed, washed with saline and weighed. The tis-
sue sample was placed in an embedding box, fixed
with 10% formaldehyde solution, and set aside.

2.6 Observe the tumor growth

Observe the growth of each group of tumors, the
maximum diameter a mm and the minimum
diameter b mm of the transplanted tumor, and
calculate the tumor volume (mm3) with the for-
mula V = ab2 /2. And get the average value, and
then draw the growth curve of the four groups of
mouse tumors. And observe the behavioral
changes of mice, including mental state, eating
and drinking, and activities.

2.7 Immunohistochemical method to detect the
expression of Foxp3 and VISTA in cancerous
tissues and adjacent tissues

Using immunohistochemistry SP  three-step
method. Paraffin sections are conventional xylene,
gradient ethanol, dewaxed and hydrated, heated
with citrate of pH = 6 in boiling state for 20 min-
utes, then cooled at room temperature; Wash in
phosphate-buffered saline (PBS) for 5 min, repeat
3 times; blocker 3% hydrogen peroxide (H202) to
remove endogenous peroxidase, room temperature
for 15 min; Wash with PBS for 5 minutes and
repeat 3 times; add blocking solution (normal
goat serum) and block at room temperature for
15 minutes; pour out the blocking solution, (do
not wash) drop I antibody, overnight at 4°C; Wash
with PBS for 5 minutes, repeat 3 times; Add bio-
tin-labeled anti-rat/rabbit IgG II antibody (reagent
C) for 20 minutes at room temperature; wash in
PBS for 5 minutes, repeat 3 times; Add horseradish
peroxidase-labeled streptavidin (reagent D) for
20 minutes at room temperature; wash with PBS
for 5 minutes and repeat 3 times; add the color
developing agent DAB, observe under light micro-
scope, stop with water after proper color develop-
ment; Hematoxylin counterstain the cell nucleus,
wash with water; mount the slide with dehydrated,
transparent, neutral gum.



2.8 Determination of positive results

All sections were double-blind and read by two
pathologists independently. After immunohisto-
chemical staining, 3 slices were randomly taken
from each sample, and the slices were first observed
under a low power microscope (X 40). Select the area
with the highest density of infiltrating lymphocytes
in cancer nests and interstitial tissues, and then
switch to a high-power microscope (X 400) to ran-
domly select 5 different fields of view to count posi-
tively stained cells. Cell count analysis was
performed on tumor cells with positive expression.
The result is judged by the semi-quantitative integral
evaluation method: Scoring according to the degree
of cell coloration, 0 points for no staining, 1 point for
light yellow or light black, 2 points for brownish
yellow or brown black, and 3 points for brown or
black. Score according to the number of stained cells,
1 point for stained cells in a field of view <5%; 2
points for 5%-25%;26% ~ 75% is 3 points; >75% is 4
points. The multiplication of the two scores is the
semi-quantitative test score result.

2.9 Statistical methods

SPSS 21.0 was used for statistical analysis. The
tumor volume and Foxp3 and VISTA levels were
expressed as mean + standard deviation
((x £5)). The interaction and individual effects
of the two treatment methods were analyzed by
2 x 2 factorial design data analysis of variance.
The multi-group measurement data method is
a one-way analysis of variance. After the differ-
ences between the groups are found to be statis-
tically significant, the LSD method is further
used for comparison between each two groups.
The two groups of measurement data used t test.
For all tests, a two-sided P < 0.05 is considered
to indicate a statistically significant difference.
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3. Results
3.1 General changes in tumor-bearing mice

C57bl/6 mice formed tumors 7-10 days after
inoculation with Ul4 cells, with a tumor forma-
tion rate of 90%. No mice died abnormally during
the experiment. The transplanted tumor is round,
nodular, and hard in texture. When the size of the
transplanted tumor is small, it is easy to peel off,
and when it is large, it has adhesion to the sur-
rounding tissues and is not easy to peel off. One
week after tumor formation, the mice’s living con-
ditions, activities and food intake did not change
significantly. After 3 weeks, the tumor load
increased, and the mice gradually became thinner,
less active, lethargic, and food intake also
decreased. The transplanted tumor grew fastest in
the Control group. The mice were sacrificed
according to the experimental plan, and the
tumor was taken out. The surface of the tumor
was uneven. The tumor was light red, and the
inside of the incision was grayish white.

3.2 Comparison of tumor volume of mouse
cervical cancer transplantation

The changes of transplanted tumors in each group
of mice are shown in (Table 1), and the growth
curve is shown in (Figure 1). The tumors in the
Control group, RT group, CMNa group and
CMNa+RT group all gradually increased at the
beginning of treatment. However, the growth rate
of the Control group was faster than that of the
three treatment groups at all-time points. Statistics
found that the tumor volume changes in each
treatment group and the Control group from the
15th day were significant (P < 0.01); the inhibitory
effect of CMNa+RT group on tumor growth was
significantly stronger than that of RT group
(P < 0.01) and CMNa group (P < 0.05).

Table 1. Comparison of tumor volume of transplanted cervical cancer in mice (mm3, (X & s)).

Group 1 day after treatment 8 days after treatment 15 days after treatment 22 days after treatment 29 days after treatment
Control 31.10 = 11.42 241.10 + 53.07 1085.00 + 249.69 2240.10 + 429.93 4622.60 + 466.20
RT 31.10 = 11.42 104.00 + 27.77 373.10 + 81.49a 927.80 + 150.67a 1858.40 + 420.15ac
CMNa 35.50 + 9.87 139.50 + 40.59 709.90 + 208.10a 1146.20 + 206.36a 3197.70 + 514.00a
CMNa+RT 32,70 + 13.17 103.40 + 17.46a 262.50 + 48.97ac 571.70 = 117.16abc 844.00 + 58.67abc

a. Compared with the Control group, P < 0.05; b. Compared with the RT group, P < 0.05; c. Compared with the CMNa group, P < 0.05.
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Figure 1. The growth curve of cervical cancer transplanted
tumors in each group of mice.

The results of the analysis of variance with 2 x 2
factorial design showed that CMNa combined with
radiotherapy has an interactive effect (F = 5.49,
P = 0.0381) and a positive effect in inhibiting
tumor volume growth. There is a synergistic effect
between CMNa and radiotherapy. When fixed or
not using radiotherapy, the tumor volume with
CMNa was less than that without CMNa
(P < 0.05); When CMNa was fixed with or without
CMNa, the size of transplanted tumor was reduced
with radiotherapy compared with without radio-
therapy, and the difference was statistically signifi-
cant (P < 0.05).
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CMNa group:

u
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A

3.3 Comparison of Foxp3 and VISTA expression
in C57bl/6 mouse tumor tissue and adjacent
tissues of each group

As shown in (Figure 2), the expressions of Foxp3
(A) and VISTA (B) in mouse cervical cancer tis-
sues and adjacent tissues were not significantly
different in each group.

As shown in (Table 2), in cervical cancer tumor
tissue, the levels of Foxp3 and VISTA in the four
groups are significantly different. The Foxp3 level
in the RT group was the highest, and the CMNa
group was the lowest. The comparison between
the two groups was statistically significant
(P = 0.000). The Foxp3 level in the CMNa+RT
group was slightly lower than that in the RT
group, but there was no significant difference
(P = 0.535), indicating that CMNa can down-
regulate the Foxp3 level. The VISTA level of the
CMNa+radiotherapy group was the highest, and
the difference was statistically significant com-
pared with the other three groups (P = 0.000),
followed by the radiotherapy group. The difference
between the radiotherapy group, the CMNa group
and the Control group was statistically significant
(P = 0.029 and 0.001), the CMNa group was
slightly higher than the Control group, and the
difference was not statistically significant
(P = 0.272). It shows that the expression of
VISTA increases after radiotherapy, CMNa alone
has no effect on the expression of VISTA, but the
expression of VISTA can be further increased after
combined radiotherapy.




Smpling position

mor
beside the tumor

T T
Control RT ChNa+RT

@

Vista

BIOENGINEERED (&) 1071

Sampling position
— tumor
heside the tumor

T
RT+CMNa

(b)

Figure 2. Differences in the expression of Foxp3 and VISTA tumor tissues and adjacent tumors in different groups.

Table 2. Comparison of Foxp3 and VISTA levels in mouse cervical cancer tissues (mm3, (X £)).

Group Foxp3 F P VISTA F P
Control 4.64 + 2.271 8.602 0.000 4.64 + 2.271 25.596 0.000
RT 6.68 + 4.289 6.68 + 4.289

CMNa 3.16 + 1.106 3.16 £ 1.106

CMNa+RT 6.2 £ 2217 6.2 £ 2217

3.4 The changes of Foxp3 and VISTA in C57bl/6
mouse tumor tissues at different times in each

group

As shown in (Figure 3(a)), the Foxp3 expression
levels in the tumor tissues of C57bl/6 mice in each
group changed as follows, and there was no sig-
nificant difference between the groups one day
after radiotherapy; The increase in the RT group
and CMNa+RT group was 8 days after radiother-
apy, which was significantly different from the

T T T
GEEISE  WREE2E AEE29E
AV IR IA)

(2)

T T
BERE R itEEek

Control group. 15 days after radiotherapy, the RT
group further increased, the CMNa+RT group
changed little compared with the previous, the
difference between the two groups was significant,
and the Control group gradually increased; The
decrease in the RT group and the CMNa+RT
group at 22 days after radiotherapy was not sig-
nificant compared with the Control group, and
there was a difference compared with the CMNa
group; the Control group was higher than the

6

T T T T
ArEE R hEEEE MEFEISK HEE2E

Figure 3. The changes of Foxp3 and VISTA in C57bl/6 mouse tumor tissues in each group at different times.
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Table 3. Comparison of Foxp3 levels in mouse cervical cancer tissues at different times (mm3, (X £)).

Group 1 day after treatment 8 days after treatment 15 days after treatment 22 days after treatment 29 days after treatment
Control 2.2 + 0.447 34 + 0.548 4.0 + 1.000 56 + 1.673 8.0 +£ 1.225
RT 2.8 + 0.837 6 + 1.414ac 12.8 + 2.280ac 84 +4336 ¢ 3.4 + 0.548a
CMNa 2.6 + 0.548 3.6 = 1.517 3.6 + 1.140 3.6 + 1.140 2.4 + 0.548a
CMNa+RT 44 + 0.894 7.4 + 1.342ac 7.6 = 1.517abc 8.0+ 1.225¢ 3.6 £ 1.517a

a. Compared with the Control group, P < 0.05; b. Compared with the RT group, P < 0.05; c. Compared with the CMNa group, P < 0.05.

Table 4. Comparison of VISTA levels in mouse cervical cancer tissues at different times (mm3, (X + s)).

Group 1 day after treatment 8 days after treatment 15 days after treatment 22 days after treatment 29 days after treatment
Control 24 + 0.894 3.2 £ 0.837 3.4 £ 0.894 3.8 £1.483 2.8 £ 0.837
RT 2.4 + 0.548 6.0 £ 0.000ac 6.4 £ 0.894ac 4.4 £ 0.894 4.2 £ 1.095
CMNa 3.0 £ 0.707 3.4 £ 0.548 4.8 = 1.095 4.0 £ 1.225 3.0 £ 0.707
CMNa+RT 4.0 £ 0.994 7.6 £ 1.517ac 9.6 + 1.342ac 9.6 + 1.342abc 5.2 + 0.095

a. Compared with the Control group, P < 0.05; b. Compared with the RT group, P < 0.05; c. Compared with the CMNa group, P < 0.05.

other three groups at 29 days after radiotherapy,
and the difference was significant. The Foxp3 level
in the CMNa group did not change much at each
time point, while the RT group and the CMNa+RT
group gradually decreased after a transient
increase, and the RT group increased more
rapidly, as shown in (Table 3).

As shown in (Figure 3(b)), the expression of
VISTA in the tumor tissues of C57bl/6 mice in
each group had no significant difference 1 day after
radiotherapy. 8 and 15 days after radiotherapy, the
RT group and the CMNa+RT group increased pro-
gressively, which was significantly different from the
Control group and the CMNa group. The post-RT
group and CMNa+RT group gradually decreased,
and the CMNa+RT group was higher than the
other three groups at 22 days after radiotherapy.
The difference was significant, and there was no
significant difference among the other three groups.
There was no significant difference between the
groups 29 days after radiotherapy. The expression
of VISTA in the CMNa group did not change much
at each time point, while the RT group and the
CMNa+RT group gradually increased after
a transient increase, and the increase in the CMNa
+RT group was higher, as shown in (Table 4).

Discuss

This experiment established a mouse cervical
cancer model to detect the levels of Foxp3 and
VISTA, a T cell activation inhibitor, after
CMNa sensitized radiotherapy. To explore the

feasibility of combination of CMNa sensitized
radiotherapy and immune checkpoint VISTA
inhibitors.

The immune system is dually regulated by cost-
imulatory signal molecules and negative immune
checkpoint molecules. Among them, negative
immune checkpoint molecules can inhibit the
activity of T cells to kill tumor cells, blocking
these inhibitory signals can improve anti-cancer
immunity, and ultimately achieve the goal of elim-
inating tumors [12,13]. Researchers analyzed the
relationship between the status of HPV virus in
head and neck squamous cell carcinoma and anal
cancer related to human HPV virus and the
expression of negative immune checkpoint PD-
L1. It has been observed that the expression of PD-
L1 on the cell membrane is up-regulated [4,5]. The
occurrence of cervical cancer is mostly related to
HPYV virus infection. When the body’s immuno-
suppressive effect is strong, the virus cannot be
effectively eliminated, and the local immune
microenvironment of the cervix is imbalanced,
which in turn leads to the occurrence and devel-
opment of cervical cancer.

VISTA, similar to the B7 Ig superfamily includ-
ing PD-L1 [14]. In vitro and in vivo, VISTA exerts
immunosuppressive activity on T cells, and may be
an important mediator to control the development
of autoimmunity and the immune response to
cancer. Le Mercier et al. [15] proved that the
expression of VISTA is increased in the tumor
microenvironment and tumor infiltrating lymph
nodes. Blocking the expression of VISTA can



inhibit the differentiation of natural regulatory
T cells and tumor-specific inducible T cells, and
hinder tumor growth. Studies have found that the
overexpression of VISTA on tumor cells in murine
cancer models can trigger the immune protection
of tumor cell growth, and the application of
VISTA monoclonal antibody treatment can con-
trol tumor growth, and the combined use of tumor
vaccines will produce significant results [16].

Regulatory T cells (Treg cells) can inhibit the
immune response of the body to make the body
develop immune tolerance to tumor cells, thereby
causing the immune escape of cancer cells. Treg
cells mainly express forkhead transcription factor
(Foxp3) protein. In some tumors, Foxp3 is related
to the activation of CD4 + CD25 + Treg cells, and
also affects the development and function of Treg
cells, thereby affecting tumor proliferation [17]. In
addition, experiments found that in cervical can-
cer, the high expression of Foxp3 is not only
related to poor prognosis, but also an independent
prognostic factor predicting overall survival and
disease-free survival. The experimental results of
Shimizu et al. [18] showed that the number of
Foxp3+ Treg infiltration in tumors is related to
recurrence and survival.

As early as 1953, studies have found that radio-
therapy can cause the reduction or regression of
tumor tissue outside the irradiation field. This
phenomenon is the abscopal effect of radiotherapy
[19]. Up to now, the occurrence of distant effects
has only been seen in case reports including mel-
anoma, non-small cell lung cancer, liver cancer,
etc [20-22]. In recent years, three-dimensional
qualitative radiotherapy and other technologies
have become more and more widely used. In the-
ory, this single high-dose radiotherapy is easier to
induce remote effects, but the actual incidence is
still extremely low, suggesting that there are some
factors that hinder anti-tumor immune response
[23,24].

The body’s immune activity effect surpasses the
immunosuppressive  effect ~and  occupies
a dominant position, and the remote effect is pos-
sible. Radiotherapy will cause a series of complex
reactions in the body. On the one hand, radio-
therapy can induce immunogenic death of tumor
cells, expose tumor antigens to become “in situ
tumor vaccines”, and induce the production of
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damage-related molecular patterns (DAMPs) to
promote the maturation of dendritic cells (DC).
It is manifested as an immune-promoting effect.
On the other hand, immunosuppression can also
occur in radiotherapy. First, studies have con-
firmed that increased levels of Tregs in the tumor
microenvironment [25-27] are associated with late
tumor staging and poor prognosis [28,29];
However, in a mouse model of subcutaneous
transplantation tumors on both legs, local radio-
therapy can cause increased Treg and CTL infil-
tration of the tumors on both legs. Our experiment
also found that Foxp3 levels in the radiotherapy
group increased progressively at 1 day, 1 week,
2 weeks, 3 weeks, and 4 weeks after radiotherapy.
Consider the increased reactivity of immunosup-
pressive cells such as Treg and MDSCs after radio-
therapy [30-32]. In addition, studies have found
that in PD-1 knockout mouse melanoma and renal
cell carcinoma models, local radiotherapy
(I5 Gyx1 times) can cause PD-L1 expression.
Our research also found that the expression of
VISTA at the negative immune checkpoint gradu-
ally increased after radiotherapy. These are all
unfavorable factors affecting tumor immunity. It
shows that although radiotherapy can activate
tumor-specific immune responses, the immune
system will also have negative immune check-
points and other suppressive factors after radio-
therapy. In  addition to  the  tumor
microenvironment that is already in a highly
immunosuppressive environment, radiotherapy
will also hinder the killing effect of cellular immu-
nity on tumor cells [33].

Therefore, we propose that radiotherapy com-
bined with immune checkpoint inhibitors can be
used to treat cervical cancer. In mouse breast and
colon cancer models, the researchers combined
radiotherapy and CTLA-4 inhibitors significantly
inhibited lung metastasis and prolonged the over-
all survival of mice [34-36]. When combined with
CTLA-4 inhibitors, the ratio of Treg/CTL within
the tumor decreased significantly, and the release
of inflammatory factors increased, which even-
tually caused the inhibition of distant tumor
growth [36]. Case reports in clinical practice also
confirmed that this combination therapy can cause
clinical remote effects [20-22]: A patient with
metastatic melanoma was evaluated as disease
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progression during the administration of ipilimu-
mab (CTLA-4 inhibitor). After radiotherapy for
spinal cord metastases, treatment was continued
with ipilimumab, and all lesions were found to be
significantly reduced. Monitoring the patient’s
hematological indicators found that the number
of antigen-presenting cells was significantly higher
than before, while MDSC was lower than before,
suggesting that combination therapy reduces the
increase in immunosuppressive cells caused by
radiotherapy; On the other hand, after radiother-
apy, the expression levels of negative immune
checkpoints in the tumor and adjacent to the
tumor are significantly higher than before radio-
therapy [37], so the efficacy of immune checkpoint
inhibitors after radiotherapy can also be improved
compared to before radiotherapy. In other words,
radiotherapy can restore or improve the response
of tumors to immune checkpoint inhibitor ther-
apy, which is more beneficial for the control of
residual tumor cells and tumor micrometastasis
after radiotherapy. Our study found that the level
of VISTA increased significantly after radiother-
apy, suggesting that if radiotherapy is combined
with immune checkpoint VISTA antibody, it can
down-regulate Foxp3 and VISTA levels, reduce the
impact of suppressive immunity, and amplify the
efficacy of radiotherapy. In addition, the study
found that patients with malignant melanoma
who were resistant to ipilimumab in the early
stage showed high expression of PD-L1 after
radiotherapy, and thus benefited from PD-LI
blockers again [38]. A clinical report about radio-
therapy combined with PD-1 antibody in the treat-
ment of Kras wild-type non-small cell lung cancer
also confirmed that this combination is safe and
feasible [39]. Therefore, radiotherapy combined
with immunotherapy can not only reduce the
influence of suppressive immune factors.
Moreover, under the action of radiotherapy, the
immune checkpoint is increased, and the corre-
sponding checkpoint inhibitor needle therapy will
be further amplified, which is better than single
radiotherapy or immunotherapy. With more
understanding of the remote effects of radiother-
apy and immunotherapy, the use of this combina-
tion therapy to treat many malignant tumors
becomes more and more feasible.

CMNa is connected to the chemical structure of
the pro-tumor cell to capture the electrons on the
target molecule damaged by radiotherapy of tumor
cells, thereby forming cationic free radicals, accel-
erating tumor cell death and enhancing the
damage effect. And it can inhibit the damaged
DNA molecule polymerase B in tumor cells,
thereby hindering the repair of DNA, and achiev-
ing the purpose of improving the efficacy of radio-
therapy. From our experiments, the Foxp3 protein
level was the highest in the radiotherapy group,
and CMNa down-regulated the Foxp3 protein
level. While CMNa sensitized radiotherapy, the
negative immune regulation point VISTA in the
immune microenvironment was further increased
than the radiotherapy group alone. It is speculated
that the influence of CMNa on the immune micro-
environment has the following aspects: 1. CMNa
can significantly improve the immune function of
the body. It can directly or indirectly down-
regulate the expression of TregFoxp3, reduce the
immunosuppression caused by radiotherapy, and
improve the microenvironment. Studies have
found that in the treatment of cervical cancer,
the combined use of CMNa has higher levels of
CD3+, CD4+, CD4+/CD8+ (P < 0.05), and lower
CD8+ levels (P < 0.05) compared with the radio-
chemotherapy group alone. It shows that CMNa
can reduce the side effects of radiotherapy by
improving the immunosuppressive state in the
microenvironment [40]. 2. CMNa combined with
radiotherapy and chemotherapy can reduce the
level of HIF-1a in patients with cervical cancer.
Many studies have confirmed that the silence of
HIF-1a expression can significantly inhibit the
growth of transplanted tumors [41,42], and signif-
icantly down-regulate the expression of VEGF-C,
SDFa, IL-8 and G-CSF [43-46]. Therefore, CMNa
may inhibit the growth and infiltration of tumor
cells by improving hypoxia, reducing the expres-
sion of HIF-1a, and reducing the expression of
VEGF. 3. CMNa can selectively act on tumor
hypoxic cells, but has no obvious activity on nor-
mal oxygenated cells. After being combined with
tumor hypoxic cells, CMNa affects its repair by
competitively binding electrons with the free radi-
cals of biological target molecules induced by
radiotherapy. As a result, tumor hypoxic cells are



reduced, and the negative immune regulatory
point VISTA in the immune microenvironment
is further increased. Li Weidong et al. pointed
out [47] that hypoxic microenvironment can pro-
mote cancer cell metastasis and infiltration, which
is one of the key factors leading to treatment
tolerance and an important factor for resistance
to anti-tumor immune response. Therefore,
CMNa sensitization radiotherapy combined with
immune checkpoint inhibitor therapy may
improve the therapeutic effect.

In summary, our research shows that radiother-
apy itself can increase the expression of VISTA
and other immunosuppressive signals in tumor
cells and tumor microenvironment and induce an
increase in the number of Foxp3, and CMNa sen-
sitization radiotherapy combined with immune
checkpoint inhibitor therapy can achieve mutual
benefits. CMNa can sensitize the efficacy of radio-
therapy, and can also reduce the compensatory
increase in Foxp3 level caused by radiotherapy,
and reduce the radiotherapy response. At the
same time, it may cause the VISTA level of
immune checkpoint to further increase. If the
immune checkpoint VISTA inhibitor is combined
at this time, it will improve the anti-tumor effi-
cacy, and this benefit can only occur when the
CMNa sensitization radiotherapy is combined
with the VISTA inhibitor treatment at the same
time. The curative effect is better than the treat-
ment with VISTA inhibitor alone, which will also
increase the incidence of distant effects. At pre-
sent, evidence shows that high-dose fractionated
radiotherapy is more closely related to the genera-
tion of distant effects. Therefore, research on the
optimal dose and treatment method is very impor-
tant for optimizing radiotherapy combined with
immunotherapy, which may be affected by the
biological behavior of different tumors and the
limitations of experimental animal models. And
for the observation of the side effects of the com-
bination therapy, these all need further research
and clinical verification.

Conclusion

CMNa can enhance the efficacy of radiotherapy,
and at the same time can reduce the compensatory
increase in regulatory T cell Foxp3 levels caused by
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radiotherapy, thus reducing the occurrence of
radiotherapy side effects. However, in the course
of the treatment of the two, there may be
a substantial increase in the level of VISTA. It
mesns that if combined application of VISTA inhi-
bitors may increase the anti-tumor response, and
this benefit only occurs when CMNa sensitizing
radiotherapy is given in combination with VISTA
inhibitor treatment at the same time.

Data Availability Statement
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study appear in the submitted article.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

[1] Cancer; IAfRo. Cancer fact sheets: cervical cancer;
[Cited 2020 Mar 03]; Available from: http://gco.iarc.
fr/today/data/pdf/factsheets/cancers/cancer-fact-sheets
-16.pdf

[2] Koh WJ, Abu-Rustum NR, Bean S, et al. NCCN guide-
lines panel disclosures emily wyse patient advocate
NCCN guidelines version 2. 2018 Cervical Cancer.
[Cited 2020 Mar 03]; Available from: https://www.
ncen.org/professionals/physician_gls/pdf/cervical.pdf

[3] Orbegoso C. Murali K and Banerjee S. The current
status of immunotherapy for cervical cancer [J]. Rep
Pract Oncol Radiother. 2018;23(6):580-588.

[4] Franzen A, Vogt TJ, Miiller T, et al. PD-L1 (CD274)
and PD-L2 (PDCDILG2) promoter methylation is
associated with HPV infection and transcriptional
repression in head and neck squamous cell carcinomas.
oncotarget. 2018;9(1):641-650.

[5] Balermpas P, Martin D, Wieland U, et al. Human
papilloma virus load and PD-1/PD-L1, CD8+ and
FOXP3 in anal cancer patients treated with chemora-
diotherapy: Rationale for immunotherapy.
Oncoimmunology. 2017, 6(3): 1288331

[6] Brunkow ME, Jeffery EW, Hjerrild KA, et al
Disruption of a new forkhead/winged-helix protein,
scurfin, results in the fatal lympoproliferative disorder
of the scurfy mouse. Nat Genet. 2001;27(1):68.

[7] Schneider T, Kimpfler S, Warth A, et al. Foxp3+
Regulatory T Cells and Natural Killer Cells Distinctly
Infiltrate Primary Tumors and Draining Lymph Nodes
in Pulmonary Adenocarcinoma. Journal of thoracic
oncology. 2011, 6(3): 432-438

[8] Xuan C, Liu J. Research progress of immune check-

point molecule T cell activation inhibitor


http://gco.iarc.fr/today/data/pdf/factsheets/cancers/cancer-fact-sheets-16.pdf
http://gco.iarc.fr/today/data/pdf/factsheets/cancers/cancer-fact-sheets-16.pdf
http://gco.iarc.fr/today/data/pdf/factsheets/cancers/cancer-fact-sheets-16.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf

1076

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

& LLUETAL

immunoglobulin variable domain domain (VISTA).
J Cell Mol Immunol. 2017;33(2):266-269.

Ledi K, Yuedong H. Potential value of V-domain Ig
suppressor of T-cell activation for assessing progn osis
in cervical cancer and as a target for therapy. Int J Clin
Exp Pathol. 2020;13(1):26-37.

Zhou Y, Li X, Fang M. Comparison of the short-term
efficacy of radiotherapy combined with sodium glyci-
didazole and radiotherapy alone in the treatment of
locally advanced cervical cancer. Strait Pharm, 2018,
v.30.;220(5):132-133.

Liu Y, Wang X, Wang X. Efficacy of concurrent radio-
therapy and chemotherapy combined with glycidida-
zole sodium in the treatment of NSCLC and its
influence on the expression of microRNA-21 and
SIRT1. Hebei Med. 2018 (6):841-844

Frenel JS, Le Tourneau C, O’Neil B, et al. Safety and
efficacy of Pembrolizumab in advanced, programmed
death ligand 1-positive cervical cancer: results from the
phase Ib KEYNOTE- 028 trial. Clin Oncol.
2017;35:4035-4041.

Li Z, Song W, Rubinstein M, et al. Recent updates in
cancer immunotherapy: a comprehensive review and
perspective of the 2018 China cancer immunotherapy
workshop in Beijing. ] Hematol Oncol. 2018;11(1):142.
Lines JL, Pantazi E, Mak J, et al. VISTA is an immune
checkpoint molecule for human T cells. Cancer Res.
2014;74(7):1924-1932.

Le Mercier I, Chen W, Lines JL, et al. VISTA regulates
the development of protective antitumor immunity.
Cancer Res. 2014;74(7):1933-1944.

Wang L, Rubinstein R, Lines JL, et al. VISTA, a novel
mouse Ig superfamily ligand that negatively regulates
T cell responses. ] Exp Med. 2011;208(3):577-592.
Nishikawa H. Definition of target antigens for naturally
occurring CD4+ CD25+ regulatory T cells. ] Exp Med.
2005;201(5):681-686.

Shimizu K, Nakata M, Hirami Y, et al. Tumor-
infiltrating Foxp3+regulatory t cells are correlated
with cyclooxygenase-2 expression and are associated
with recurrence in resected non-small cell lung
cancer. ] Thorac Oncol Off Publ Int Assoc Study
Lung Cancer. 2010;5(5):585-590.

Mole RH. Whole body irradiation; radiobiology or
medicine [J]? Br J Radiol. 1953;26(305):234-241.
Golden EB, Demaria S, Schiff PB, et al. An abscopal
response to ra- diation and ipilimumab in a patient
with metastatic non-small cell lung cancer. Cancer
Immunol Res. 2013;1(6):365-372.

Van De Walle M, Demol ], Staelens L, et al. Abscopal
effect in meta- static renal cell carcinoma. Acta Clin
Belg. 2016;1-5.

Postow MA, Callahan MK, Barker CA, et al
Immunologic correlates of the abscopal effect in
a patient with melanoma. N Engl ] Med. 2012;366
(10):925-931.

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

Pilones KA, Vanpouille-Box C, Demaria S.
Combination of radiotherapy and immune checkpoint
inhibitors. Semin Radiat Oncol. 2015;25(1):28-33.
Formenti SC, Demaria S. Combining radiotherapy and
cancer immunotherapy: a paradigm shift. ] Natl Cancer
Inst. 2013;105(4):256-265.

Penninger JM, Kroemer G. Mitochondria, AIF and
caspases-rivaling for cell death execution. Nat Cell
Biol. 2003;5(2):97-99.

Kroemer G, Galluzzi L, Brenner C. Mitochondrial
membrane permeabilization in cell death. Physiol
Rev. 2007;87(1):99-163.

West AP, Khoury-Hanold W, Staron M, et al
Mitochondrial DNA stress primes the antiviral innate
immune response. Nat. 2015;520(7548):553-557.

Wei MC, Zong WX, Cheng EH, et al. Proapoptotic
BAX and BAK: a requisite gateway to mitochondrial
dysfunction and death. Sci. 2001;292(5517):727-730.
Pedro JM, Wei Y, Sica V, et al. BAX and BAKI1 are
dispensable for ABT-737-induced dissociation of the
BCL2-BECN1 complex and autophagy. Autophagy.
2015;11(3):452-459.

Lu T, Ramakrishnan R, Altiok S, et al. Tumor-
infiltrating myeloid cells induce tumor cell resistance
to cytotoxic T cells in mice. J Clin Invest. 2011;121
(10):4015-4029.

Nishikawa H, Sakaguchi S. Regulatory T cells in tumor
immunity. Int ] Cancer. 2010;127(4):759-767.

Schaue D, M W X, ] A R, et al. Regulatory T cells in
radiotherapeutic responses. Front Oncol. 2012;2:90.
Teng F, Kong L, Meng X, et al. Radiotherapy combined
with immune checkpoint blockade immunotherapy:
achievements and challenges. Cancer Lett. 2015;365
(1):23-29.

Demaria S, Kawashima N, Yang AM, et al. Immune-
mediated inhibi- tion of metastases after treatment
with local radiation and CTLA-4 blockade in a mouse
model of breast cancer. Clin Cancer Res. 2005;11(2 Pt
1):728-734.

Dewan MZ, Galloway AE, Kawashima N, et al
Fractionated but not single- dose radiotherapy induces
an immune- mediated abscopal effect when combined
with anti- CTLA- 4 antibody. Clin Cancer Res. 2009;15
(17):5379-5388.

Wu L, Wu MO, De La Maza L, et al. Targeting the
inhibitory receptor CTLA-4 on T cells increased absco-
pal effects in murine mesothelio- ma model
Oncotarget. 2015;6(14):12468-12480.

Rodriguez-Ruiz ME, Vanpouille-Box C, Melero 1, et al.
Immunological ~ mechanisms  responsible  for
radiation-induced abscopal effffect. Trends Immunol.
2018;39(8):644-655.

Twyman-Saint Victor C, A J R, Maity A, et al
Radiation and dual checkpoint blockade activate
non-redundant immune mechanisms in cancer. Nat.
2015;520(7547):373-377.



(39]

(40]

[41]

(42]

(43]

Herter-Sprie GS, Koyama S, Korideck H, et al. Synergy
of radiotherapy and PD-1 blockade in Kras-mutant
lung cancer. JCI Insight. 2016;1(9):e87415.

Jiang M, Jia Y, Lei K, et al. Effect of CMNa combined
with Spirulina on serum TPS, sMICA, HIF-1la and
Her-2 levels in patients with primary advanced cervical
cancer. Adv Mod Biomed. 2017;21:4152-4155, 4178.
Bao Y, Lu F, Ma Y. The effect of hypoxia on the
expression of hypoxia-inducible factor-la, P53 and
vascular endothelial growth factor in mice. Chin
] Rehabil Med. 2006;21(5):408-411.

Dai Y, Dai Q, Zou W, et al. Effects of HIF-1a on the
growth and expression of CEACAM1 and VEGF-C in
nude mice with oral cancer. ] Pract Stomatol. 2017;33
(4):459-463.

Obermajer N, Muthuswamy R, Lesnock J, et al
Positive feedback between PGE2 and COX2 redirects
the differentiation of human dendritic cells toward

(44]

(45]

(46]

(47]

BIOENGINEERED 1077

stable myeloid-derived cells. Blood.
2011;118(20):5498-5505.

Juhas U, Ryba-Stanislawowska M, Szargiej P, et al.
Different pathways of macrophage activation and
polarization. Postepy Hig Med Dosw. 2015;69:496-502.
Doedens AL, Stockmann C, Rubinstein MP, et al.
Macrophage  expression of  hypoxia-inducible
factor-1 alpha suppresses T-cell function and pro-
motes tumor progression. Cancer Res. 2010;70
(19):7465-7475.

Powell WC, Fingleton B, Wilson CL, et al. The metal-
loproteinase matrilysin proteolytically generates active
soluble Fas ligand and potentiates epithelial cell apop-
tosis. Curr Biol. 1999;9(24):1441-1447.

Weidong L, Xueying S. The research progress of the
influence mechanism of malignant tumor hypoxic
acidic microenvironment on immunotherapy. World
Chin J Digest. 2017;25(21):1934-1944.

suppressor



	Abstract
	1.  Introduction
	2.  Experiment materials and methods
	2.1  Preparation and feeding of animals
	2.2  Cell lines
	2.3  Main instruments, medicines and reagents
	2.4  Construction of mouse subcutaneous tumor model
	2.5  Grouping and treatment of tumor-bearing mice
	2.6  Observe the tumor growth
	2.7  Immunohistochemical method to detect the expression of Foxp3 and VISTA in cancerous tissues and adjacent tissues
	2.8  Determination of positive results
	2.9  Statistical methods

	3.  Results
	3.1  General changes in tumor-bearing mice
	3.2  Comparison of tumor volume of mouse cervical cancer transplantation
	3.3  Comparison of Foxp3 and VISTA expression in C57bl/6 mouse tumor tissue and adjacent tissues of each group
	3.4  The changes of Foxp3 and VISTA in C57bl/6 mouse tumor tissues at different times in each group

	Discuss
	Conclusion
	Data Availability Statement
	Disclosure statement
	References



