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Abstract

Objective: To observe the effect of moxibustion on T lymphocyte subsets in peripheral blood of rats with gastric cancer.
Methods: Sixty healthy Sprague-Dawley (SD) rats were adaptively fed for one week. By the random number table method,
10 rats were randomly selected as a blank group, and 12 rats were randomly selected to simulate the tumor transplantation
process; after transplantation, 10 rats were randomly selected as a sham operation group. The remaining 38 rats were used
to prepare gastric cancer models by gastric transplantation of the Walker-256 tumor tissue; 8 rats were randomly selected
to verify the successful modeling after 7 d; the remaining 30 rats were randomly divided into a model group, a moxibustion
group and an infrared group by the random number table method, with 10 rats in each group. From the first day of
enrollment, the rats in the moxibustion group received mild moxibustion at Zhongwan (CV 12), Guanyuan (CV 4) and
bilateral Zusanli (ST 36) (the first group) and bilateral Pishu (BL 20) and Weishu (BL 21) (the second group), and the two
groups of acupoints were alternated every other day. The rats in the infrared group received infrared radiation on the
stomach area and the area on the back between the T,,-T;3 spinous processes, the two areas were alternated every other
day. Rats in the moxibustion group and the infrared group were treated for 20 min each time, once a day for 21 d. Rats in
the blank group, the sham operation group, and the model group were simultaneously grasped and fixed, and no other
treatment was performed. After 21 d of intervention, the rats in each group were fasted for 12 h, and blood was collected
from the orbits. The numbers of CD3*, CD3'CD4", CD3'CD8" T lymphocytes in peripheral blood were determined by flow
cytometry, and the ratio of CD3'CD4"/CD3"CD8" was calculated. The rats were sacrificed and the thymus was dissected
under sterile conditions to calculate the thymus index.

Results: Compared with the blank group, the thymus index, peripheral blood CD3*, CD3'CcD4’, cD3'CD8" and
CD3'CD4"/CD3"CD8" ratio in the sham operation group did not change significantly (all P>0.05). Compared with the blank
group, the thymus index of the model group was increased (P<0.05), the CD3" and CD3'CD8" T lymphocytes were increased
(both P<0.01), and the CD3'CD4"/CD3'CD8" ratio was decreased (P<0.05). Compared with the model group, the thymus
index of the moxibustion group was increased (P<0.01), and CD3*, CD3+CD* and CD3'CD8" T lymphocytes and the ratio of
CD3'CD4"/CD3"CD8" in peripheral blood were increased (all P<0.05). Compared with the infrared group, the thymus index
of the moxibustion group was significantly increased (P<0.05), the CD3" and CD3'CD4" T lymphocytes in the peripheral
blood were significantly increased (both P<0.01), and the CD3'CD8" was increased (P<0.05).

Conclusion: Moxibustion can significantly increase the thymus index of gastric cancer-bearing rats and activate CD3°CD4"
and CD3'CD8" T lymphocytes in peripheral blood.
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Gastric cancer (GC) is a malignant tumor derived
from gastric epithelial cells mainly characterized by
abdominal discomfort, pain, vomiting, etc., and
relatively poor prognosis. Due to bad food habits and
other reasons, the incidence and mortality of GC in
China are far higher than the global average, causing a
serious burden on families and society[l'zl. Although
surgery plus radiotherapy and chemotherapy is still the
main treatment method of GC, other anti-cancer
methods such as immunotherapy and thermotherapy
are continuously explored and generalized. Studies have
shown thatB], high temperature environment can
change cell membrane permeability and fluidity, and
promote cell apoptosis by destroying the cytoskeleton
and disturbing the metabolism. Because the tumor
tissue is rich in blood vessels and poor in heat
dissipation, it is easier to absorb energy to get warmer
and apoptosis. At the same time, with the increase of
body temperature, the body's immune function, such as
the number and activity of lymphocytes, is activated,
which greatly enhances the immune clearance of tumor
ceIIs[4], the most suitable temperature is 40-42 ‘C. With
the development of science and technology, the
therapeutic mechanism of traditional moxibustion has
been continuously revealed. Modern research has
confirmed that moxibustion can activate the meridian
system in the body, through comprehensive thermal
stimulation to achieve prevention and treatment of
diseases’. Although moxibustion has been widely used
in the symptomatic treatment of various adverse
reactions after surgery, radiotherapy and chemotherapy
in cancer patients[6'7], the tumor suppressive effect of
moxibustion itself has not been explored in depth[s].
Studies have shown that when moxibustion (mild
moxibustion) is applied, the skin temperature is around
42 °C and the human body feels comfortable, which
can enhance the immune function of the body[S]. Our
previous study showed that when mild moxibustion
was applied to gastric cancer-bearing rats using a 7 mm
diameter moxa stick, the test rats did not escape and
struggle, and the skin temperature was around 42 C.
After 21 d of moxibustion treatment, the number of
natural killer (NK) cells in the peripheral blood of the
tumor-bearing rats was increased significantlylg]. The
following experiment was conducted for the purpose of

exploring if moxibustion also affects other immune cells
such as T lymphocyte subsets.

1 Materials and Methods

1.1 Laboratory animals and grouping

Six healthy SPF Sprague-Dawley (SD) rats (male,
weighing 160-180 g) were used to prepare
subcutaneous solid tumors; 60 healthy SPF SD rats
(male, weighing 200-240 g) were used for group
experiments.

Grouping method: Sixty healthy Sprague-Dawley (SD)
rats were adaptively fed for one week. By random
number table method, 10 rats were randomly selected
as a blank group, and 12 rats were randomly selected to
simulate the tumor transplantation process; after
transplantation, 10 rats were randomly selected as a
sham operation group. The remaining 38 rats were used
to prepare gastric cancer models by gastric
transplantation of the Walker-256 tumor tissues; 8 rats
were randomly selected to verify the successful
modeling after 7 d; the remaining 30 rats were
randomly divided into a model group, a moxibustion
group and an infrared group by random number table
method, with 10 rats in each group.

The experimental animals were provided by the
China Food and Drug Control Research Institute
[qualification number: SCXK (Beijing) 2014-0013], and
kept in cages at the Animal Experimental Center of
Cancer Hospital Chinese Academy of Medical Sciences.
The feeding temperature and the humidity were
20-25 C and 50%-70%, respectively. Rats were
treated following the relevant ethical regulations
throughout the experiments.

1.2 Main reagents and instruments

Walker-256 cells (Cancer Hospital Chinese Academy
of Medical Sciences, China); lymphocyte separation
solution and red blood cell lysis solution (Huamei Bio,
China); rat CD3-APC, CD4-PE and CD8a-PE-Cyanine 7
(eBioscience, USA); monoclonal antibody (Sigma, USA);
LSRII flow cytometer (Becton Dickinson, USA); LD5-10B
low speed centrifuge (Beijing Jingli Centrifuge Co., Ltd.,
China); 6002B infrared therapeutic apparatus (Xuzhou
Tianfei Electronic Equipment Co., Ltd., China); digital
surface thermometer (Zhejiang Bosiou, China); moxa
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stick (7 mm in diameter) (Changsha Aiyi Technology Co.,
Ltd., China); homemade small animal moxibustion
frame.
1.3 Model preparation method

Animal models were prepared by orthotopic
transplantation of tumor tissues based on the
references’®*?. The brief steps are as follows: Three
rats (weighing 160-180 g) were intraperitoneally
injected with 6.0x10° Walker-256 cells. After the ascites
was formed, the rats were sacrificed, Walker-256 cells
in ascites were collected and adjusted to
0.5x10’ cells/mL, then 1.0x10° cells were injected
subcutaneously into the fore- and hind limbs of three
rats with a body weight of 160-180 g. After 7 d,
subcutaneous solid tumors with a size of about
1.5 cmx1.5 cmx1.0 cm were formed at the injection
sites. The rats were sacrificed and fresh fish-like tumor
tissues with a size of 0.5 cmx0.5 cmx0.5 cm were
sutured at the junction of the skin and gland areas of
the arcus major ventriculi. Laparotomy was performed
after 7 d of tumor transplantation. A tumor tissue with
a diameter of 1 cm at the original transplantation site
showing a smooth surface and clear boundary, no
adhesion and organ invasion indicated successful
modeling.
1.4 Intervention method
1.4.1 Blank group

Normally reared, grasped and fixed in the
moxibustion group and the infrared group without
other treatment.

1.4.2 Sham operation group

The laparotomy, stomach wall stimulation, and
abdomen closure were performed during the modeling
process, and the tumor tissue was not transplanted.
The grasping and fixing were performed without other
treatment used in the moxibustion group and the
infrared group.

1.4.3 Model group

Rats in the model group received modeling. Grasping
and fixing were performed without other process used
in the moxibustion group and the infrared group.

1.4.4 Moxibustion group

From the first day of enrollment, the rats received
mild moxibustion. Two groups of acupoints were
applied, the first group was Zhongwan (CV 12),
Guanyuan (CV 4) and bilateral Zusanli (ST 36), and the
second group was bilateral Pishu (BL 20) and Weishu
(BL 21). The acupoint location was determined referring
to Experimental Acupuncture Science™. The two
groups of acupoints were alternately applied with
moxibustion every other day. When applying
moxibustion, the moxa stick of 7 mm in diameter was
fixed on the homemade moxibustion rack and ignited
vertically above the acupoint. During the moxibustion,
the surface temperature was measured using a surface

thermometer, the height was adjusted according to the
temperature degree, and the ash was removed in time
to ensure that the skin temperature was maintained at
(42+1) C. Moxibustion was conducted for 20 min each
time, once a day for 21 d.
1.4.5 Infrared group

Infrared irradiation was performed from the day after
enrollment. Irradiation sites included the stomach area
and the area on the back between the T1,-T13 spinous
processes, and the two areas were alternated every
other day. For the infrared, the wavelength was
0.4-3.0 um, the intensity was grade 1, and the spot
diameter was 3 cm. During the irradiation, the surface
temperature was measured using a surface
thermometer, and the irradiation height was adjusted
according to the temperature degree to ensure that the
skin temperature was maintained at (42+1) C.
Moxibustion was conducted for 20 min each time, once
adayfor21d.
1.5 Observed items and detection methods
1.5.1 Peripheral blood T cell subset detection

The next day after the intervention, the rats in each
group were fasted for 12 h, and 2 mL blood was
collected from the orbits for flow cytometry detection.
At the time of detection, 100 pL of peripheral
anticoagulation blood within 24 h was added to the
bottom of the flow cytometry tube; appropriate
amount of CD3 APC, CD4 PE, CD8 PE-Cy7 fluorescently
labeled antibodies were added; and incubated at room
temperature for 20 min in the dark after mixing; 2 mL of
red blood cell lysate was added and mixed, and red
blood cells were lysed at room temperature for 10 min;
centrifuged at 2 000 r/min for 5 min, discarded the
supernatant, added 2 mL PBS, mixed at 2 000 r/min for
5 min and discarded the supernatant; added 500 pL PBS
and mixed, and applied to the cytometer to obtain the
analysis by FACS Diva6.0 software.

1.5.2 Thymus indexes

After blood collection, the rats were sacrificed, the
thoracic cavities were dissected in a sterile environment,
the thymuses were removed; after washed with PBS,
the thymuses were blotted dry with sterile gauze, and
the weights were measured with an electronic precision
balance. Thymus index = Thymus weight (mg) + Rat
body weight (g).

1.6 Statistical methods

All data were processed using SPSS 20.0 software. All
measurement data were tested for normality and
homogeneity of variance. When normality was satisfied,
the data were expressed as mean + standard deviation
(x %s). For comparison among multiple groups, one-
way ANOVA was used, when the variance was equal,
the least significant difference (LSD) was used; when
the variance was not equal, the Dunnett T3 method was
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used. The difference was statistically significant at
P<0.05.

2 Results

2.1 Comparisons of thymus index

Compared with the blank group, there was no
significant difference in thymus index in the sham
operation group (P>0.05), while the thymus index of the
model group was significantly increased (P<0.01).
Compared with the model group, the thymus index of
the moxibustion group was significantly increased
(P<0.01), and the thymus index of the infrared group
was increased (P<0.05). Compared with the infrared
group, the thymus index of the moxibustion group was
significantly increased (P<0.05). The details are shown
in Table 1.

Table 1. Comparisons of thymus index of rats in each group

Group n Thymus index
Blank 10 1.1906+0.0859
Sham operation 10 1.1892+0.0990
Model 10 1.5178+0.1820"
Moxibustion 10 1.8684+0.21652
Infrared 10 1.6390+0.2199

Note: Compared with the blank group, 1) P<0.01; compared
with the model group, 2) P<0.01; compared with the infrared
group, 3) P<0.05

2.2 Comparisons of lymphocyte subsets

Compared with the blank group, the percentages of
CD3" and CD3'CD8" T lymphocytes in the model group
were significantly increased (both P<0.01), and the ratio
of CD3'CD4"/CD3'CD8" was decreased (P<0.05).
Compared with the model group, the CD3*CD8" and the
ratio of CD3'CD4"/CD3*CD8" in the moxibustion group
were increased (both P<0.05), and CD3" and CD3'CD4"
were significantly increased (both P<0.01). Compared
with the infrared group, the percentages of CD3" and
CD3'CD4" in the moxibustion group were significantly
increased (both P<0.01), and CD3'CD8" was also
increased (P<0.05). Please see Figure 1-Figure 5.

3 Discussion

GC is one of the diseases that threaten human health.

According to statistics, the number of cancer deaths in
the world is as high as 8 million per year, and it is
increasing at a rate of 3% every year[14]. In China, due to
the bad diet habits and living environment, the
incidence and mortality of gastric cancer are much
higher than the global average. More than half a
century of research has confirmed that the immune
status of the body is closely related to the occurrence

and development of tumors. On the one hand, the
weakening of immune surveillance and immune
clearance promotes tumorigenesis. On the other hand,
tumorigenesis weakens the immune function of the
body through various ways, and ultimately constitutes
an important part of the malignant causal
transformation chain in the process of tumor
development. Therefore, improving the body's immune
function, promoting immune killing of tumors, and
reducing tumor immune escape are the keys to tumor
management!™.
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Figure 1. Flow cytometric patterns of CD3", CD3'CD4" and
CD3"CDS8" T cells in peripheral blood of rats in each
group
Note: A=Blank group; B=Sham operation group; C=Model group;
D=Moxibustion group; E=Infrared group
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Figure 2. Comparison of CD3" T cell numbers in peripheral
blood of rats in each group
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Figure 5. Comparing CD3*CD4"/CD3*CD8" ratio in
peripheral blood of rats in each group
Note: Compared with the blank group, 1) P<0.01; compared with
the model group, 2) P<0.05

In recent years, researchers have used physical
factors to produce heat in the body to ‘kill’ cancer cells
based on the characteristics that ‘cancer cells are more
sensitive to high temperatures than normal cells,
making it a new cancer treatment method after tumor
immunotherapy. Tumor thermotherapy not only has
direct cytotoxic effects, but also enhances the body's
immunity, enhances the efficacy of radiotherapy and
chemotherapy, and improves the quality of patient life.
Studies have confirmed that the tumor temperature is
5-10 ‘C higher than the normal tissues during
thermotherapy“e]. On one hand, high temperature
increases cell membrane permeability and inactivates
enzymes to promote programmed cell death™. On the
other hand, high temperature accelerates blood
circulation, increases vascular pressure, causes rupture
of blood vessels, and collapses the tumor®®,

Moxibustion is an important part of traditional
Chinese therapy. Chinese medicine believes that the
warm characteristics of moxibustion are suitable for the
symptoms of ‘deficiency’, ‘cold’, ‘phlegm’, ‘stagnation’ in
cancer. A large number of literatures have confirmed
that moxibustion has been widely used in the control
and management of symptoms in cancer patients, such
as reducing the side effects of postoperative cancer,
radiotherapy and chemotherapy, improving the quality
of life, etc., especially in improving the immune function
of patients“g'm. Modern research believes that warm
stimulation is the main role of moxibustion, which is
derived from the infrared and red light released by the
burning of the moxa leaves. Compared with infrared
thermotherapy, the heat of moxibustion can activate
the sensory layers of the skin and regulate the whole
body through the neuro-endocrine-immune
network!??.
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The neuro-endocrine-immune network of the human
body is a complex regulatory system in which T
lymphocytes are an important player in the network. T
lymphocytes originate from lymphoid stem cells in the
bone marrow. After being differentiated and matured in
the thymus, they are distributed to the immune organs
and tissues of the whole body through lymphatic and
blood circulation, and play an important role in cell and
humoral immunity. T lymphocytes express a variety of
membrane proteins, such as CD3, CD4 and CD8
molecules, which are involved in T cell recognition,
activation and proliferation. In the early stage of
differentiation, T lymphocytes do not express CD4
molecules and CD8 molecules, called double- negative T
cells (CD4-CD8-T), and do not have any function.
Subsequently, CD4-CD8-T cells are selected to form
double positive T lymphocytes (CD4'CD8" T) via the
B-chain and a-chain precursors of the T cell receptor
(TCR), but still do not have any function. CD4'CD8" T
cells are then selectively differentiated into one of the
CD4" T or CD8" T by major histocompatibility complex
(MHC) class | and class Il molecules (there is still no
activity at this time). Then, the above cells are double
stimulated by CD3 and T lymphocyte TCR, and the
activation signal generated is transmitted to the inside
of the T lymphocytes to become immunologically active
CD3'CD4" T lymphocytes and CD4'CD8" T lymphocytes.

CD3'CD4" T cells, also known as T helper (Th) cells,
are mainly used to recognize soluble antigens secreted
by tumor cells with the help of antigen-presenting cells,
and then release various cytokines to promote
activation of B cells, macrophages, and NK cells to
promote the killing of tumor cells®®. cp4'cpg’ T
lymphocytes are also called cytotoxic T (Tc) cells.
Mature cytotoxic T cells are contacted with target cells
after antigen stimulation, release perforin and embed in
the target cell membrane to form multimers. The
extracellular fluid enters the target cells through the
tubular structure, resulting in increased intracellular
pressure and cell lysis. In addition, Tc cells also secrete
granzymes, enter the target cells from small holes, and
induce apoptosis of target cells. Since Tc cells are not
damaged by themselves during the process of killing
target cells, they can repeatedly act on target cells and
have a strong tumor killing effect®.

Modern research has confirmed that moxibustion
has unique advantages in regulating the immune
system, enhancing the function of immune organs,
regulating immune cells and immune factors in both
directions, improving the ability of immune surveillance
and immune defense, and correcting the immune
function of disorders®™. Some scholars used
evidence-based medicine to evaluate the effect of
moxibustion on the immune function of patients with
malignant tumors. It was found that moxibustion could
improve the immune function of tumor patients to a

certain extent, but more researches are needed®®. In
this study, compared with the blank group, there were
no differences in all indexes of the sham-operated rats,
but the thymus index and other indicators in the model
group were different, indicating that these changes
were caused by gastric tumors, but not caused by
surgery. Since the tumor-bearing animals used to be
healthy SD rats, the samples were collected 21 d after
the model was established, that was, early tumor-
bearing. During this period, the tumor tissue could
induce the activation of the autoimmune system in the
tumor-bearing animals, so the numbers of T cells and Tc
cells in the model group were increased. Compared
with the model group, moxibustion could further
increase the numbers of T cells and Tc cells, and
significantly increase Th cells (P<0.01). Studies have
shown that, the initial anti-tumor immune response is
mainly involved in Tc and NK cells, but Th cells have
important memory functions in tumor immunity, so the
maintenance of anti-tumor effect requires Th cells’?”.
The results of this experiment suggest that moxibustion
can activate immune cells in many aspects, and may
produce a more obvious advantage in the subsequent
anti-tumor effect. In addition, after activation, Th cells
can further differentiate into Thl and Th2 cells under
the action of different cytokines, and further play a role
in tumor immunity by secreting various cytokines such
as interferon-y (IFN-y) and interleukin-2 (IL-2). What
cytokines are released by moxibustion? In which
immune links will these cytokines work? These need to
be further explored.
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