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ABSTRACT
Objective of this study was to determine the effect of electroacupuncture and transcutaneous electrical
acupoint stimulation on tumor-related T cells. C57BL/6J mice used in the study were randomly divided
into control and electrical stimulation group. The tumor model was established by subcutaneously
injecting MC38 colorectal adenocarcinoma cells into mice. The mRNA expression of pro-inflammatory
factors IL-10, IL-6 and 1L-1β of the mice was analyzed by RT-PCR. The numbers of CD8 + T cells and
CD4 + T cells were analyzed by flow cytometry. The protein expression of PD-1 and CD39 of the mice
was analyzed by Western blot. The metabolic rate of CD8 + T was analyzed by fluorescent nutrient stain.
Results showed that the mRNA of IL-10, IL-6 and 1L-1β in the electric stimulation group decreased
compared with that in the control group (P<0.05). On the 15th and 25th day, the tumor volume of the mice
in the electric stimulation group decreased compared with that in the control group (P<0.05). Compared
with the control group, the percentage of living cells of CD8+T and CD4+T in the electric stimulation
group increased (P<0.05). The protein expression of PD-1 in the electric stimulation group was higher
and that of CD39 in the electric stimulation group was lower than that in the control group (P<0.05).
The rate of oxygen consumption and extracellular acidification of CD8 + T cells increased after electric
in stimulation group compared with the control group (P<0.05). To conclude, that electroacupuncture
and transcutaneous electrical acupoint stimulation could inhibit the occurrence of tumors, promote
proliferation and activation of T cells, and strengthen the immune clearance of tumor cells.
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ancer is a recessive disease traditionally classified
by cell and tissue origin. The immune system can
recognize and reject cancer (Motomura et al., 2019). When
tumors are produced from chronically inflamed tissues,
tumor cells can also metastasize there. Chronic infiltration
of leukocytes (such as myeloid cells activated by type
2 cytokines and immunosuppressive B, T and myeloid
subtypes) destroys the targeted clearance of T cells, thus
assisting tissue-based procedures, such as angiogenesis,
lymphangiogenesis and matrix remodeling, and supporting
tumor progression (Han et al., 2009). Regardless of the
origin, a common feature of all cancers is the existence of
various combinations of immune cells (Mahon et al., 2019).
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This kind of infiltration has various influences on cancer
cells (Fornia et al., 2020). It is known that cancer cells
will develop mechanisms to evade effective anti-tumor
immunity, such as exonucleases CD39 and CD73. They act
synergistically to convert extracellular immune stimulation
ATP into adenosine (Tantawy et al., 2019). CD39 is
expressed by different immune cell populations and cancer
cells of different tumor types, and supports tumor to escape
immune recognition and destruction (Nakano et al., 2020).
Therefore, increasing extracellular ATP and simultaneously
decreasing adenosine concentration in tumors can lead to
effective anti-tumor immunity (Dineen et al., 2019). Local
immunosuppression in tumor microenvironment is a sign
of many cancers. The reactivation of T cell function by
checkpoint blockade can lead to amazing clinical reaction,
but it is only effective among a few patients (Hojman et
al., 2019). Immunosuppressive pathways that play a role in
tumors significantly affect the efficacy of immunotherapy.
Acupuncture is a treatment technique used in traditional
Chinese medicine. It involves penetrating the skin with
fine sterile needles at well-defined acupoints which
may be exciting muscle/skin nerve complex with high
nerve endings density (Jiang et al., 2019). Needles are
mainly stimulated manually or electrically. In manual
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acupuncture, the needle should be twisted back and
forth. In addition to traditional manual acupuncture,
new acupuncture methods, such as electroacupuncture
and transcutaneous electrical acupoint stimulation, are
becoming more and more popular (Tamura et al., 2019).
In electroacupuncture, stimulation currents of various
parameters are applied to acupoints through needles.
At the same time, in transcutaneous electrical acupoint
stimulation, electric pulses are transmitted to the skin of
acupoints through electrodes (Huffman et al., 2019). It has
been reported that electroacupuncture and transcutaneous
electrical acupoint stimulation can activate the immune
system of tumor mice and inhibit the occurrence of tumor
to some extent (Chapman et al., 2020). The regulatory
effects of electroacupuncture and transcutaneous electrical
acupoint stimulation on tumor-related T cells have not
been reported. In this study, we investigated the regulatory
effects of electroacupuncture and transcutaneous electrical
acupoint stimulation on tumor-related T cells.

minutes, with frequency of 2 Hz and current intensity of 1
mA. The electrical stimulation group received treatment
twice a day until the end of the experiment.

MATERIALS AND METHODS

Experimental grouping
According to the experimental requirements, all
mice were randomly divided into the following two
groups: control group (mice with tumor model established
by subcutaneous injection of syngeneic mouse MC38
colorectal adenocarcinoma cells, n=15); electrical
stimulation group (after the mouse tumor model was
successfully established, the electrical stimulation group
was given transcutaneous electrical acupoint stimulation,
n=15).

Experimental mice
C57BL/6J mice (obtained from Jackson Laboratory)
were used in experimental research, and they were all raised
without specific pathogens. During the experiment, mice
were free to eat and drink water. The room temperature
was set at ±22 2℃. After the experimental treatment, mice
were euthanized and received tumor removal. The tumor
dissociation kit was used to dissociate the tumor into single
cells. All animal studies were conducted according to the
protocol approved by the Ethics Committee of Merck
Research Laboratory.
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Mouse tumor model and electrical stimulation group
treatment
C57BL/6J mice were injected subcutaneously
with 500,000 syngeneic mouse MC38 colorectal
adenocarcinoma cells suspended in phenol red-free
DMEM (without additives), and the model was established
for about 10 days. Once the average tumor volume reached
50-60µmm3, the electrical stimulation group would begin
to give treatment: mice in the group were kept in a fixed
device without anesthesia. The design of this system is not
only convenient for acupuncture research, but also makes
experimental rats feel comfortable and relieve stress.
A pair of stainless steel needles with a diameter of 0.25
mm were inserted into DU26 (depth of 5 mm) and DU16
(depth of 7.5 mm). In EA, continuous wave stimulation
was performed at 2 Hz frequency and 0.2 mA intensity for
30 minutes. In TAES, the same transcutaneous instrument
and continuous wave were applied to two acupoints for 30
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Real-time quantitative PCR
Tumor tissue of mice was extracted, and RNA in
a tumor tissue sample was used. cDNA was prepared
by using large capacity cDNA reverse transcription kit
(Thermo Fisher Scientific). According to the instructions
of Fluidigm Biomark Manufacturer (Fluidigm), genespecific preamplification was carried out. Two unlabeled
primers (Table I) were used for real-time quantitative PCR
of Fluidigm Biomark at a concentration of 900 nmol/L.
Each primer was used together with 250 nmol/L FAMlabeled probe (Thermo Fisher Scientific), and TaqMan
Universal PCR Master Mix was used together with UNG.
Samples and primers were operated on the 96.96 array
according to the manufacturer’s instructions (Fluidigm).
Ubiquitin levels were measured in separate reactions and
normalized by the -ΔΔCt method.
Table I. Primers for RT-PCR.
Group

5’-3’

IL-10

F CCCAGACCCTACTCAGAT
R TTGTCGAAGAGAACCTG

IL-6

F GCAGCTACCTTCTTGCCCGTG
R GTCGTTGCTCTCTCCTTG

1L-1β

F AAGTTTCTCCCAAGATACA
R AGGCAAATTGGTTATAT

GAPDH

F TCCCTCAAGGTCAGCAA
R AGACACAGGATACATT

Detection of tumor volume
Tumor volume was measured twice a week. The
tumor size was calculated as follows: tumor volume
(mm3)= major axis (mm)× minor axis (mm)× minor axis
(mm)/2. Animal health care and experimental procedures
were carried out in animal facilities approved by the Health
Experimental Center of Japan Health Science Foundation.
All the schemes had been approved by the agency’s Animal
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Statistical analysis
The obtained data were expressed as mean±SD.
GraphPad Prism 6.0 was used to analyze the data. (GraphPad
Software Inc, Jolla, California, USA). According to chisquare or ANOVA, Tukeys test was performed. P <0.05
indicated statistically significant difference.

Care and Use Committee, and were carried out according
to the animal experiment regulations of Eisai Co, Ltd.
T cell separation in vitro and flow cytometry analysis
Lymphocytes were isolated from the lymph nodes and
spleen of naive C57BL/6J mice. Tissue was mechanically
destroyed and passed through a 70-μm filter, and ACK lysis
buffer (Gibco; cat# A1049201) was used to remove red
blood cells. The negative selection kit (Miltenyi Biotec;
Catalogue No. 130-104-075) was used to separate CD8+T
cells and CD4+T cells. Cells were inoculated in 6-well
tissue culture plates with plate-bound antibodies. Isolated
T cells were stained in PBS for 30 minutes, washed and
analyzed on LSRII or LSRFortessa flow cytometer (BD
Biosciences). All flow antibodies were purchased from BD
Biosciences as follows: CD8 (# 559250), CD4(#564108).
All flow cytometry data were analyzed using Flow Jo
(TreeStar software).
Western blot analysis
Mice were killed by deep anesthesia with 4% chloral
hydrate, and cell lysis was carried out in M-PER buffer
(Thermo Fisher Scientific; Catalog No.78501) with 0pierce
protease and phosphatase inhibitor cocktail (Thermo Fisher
Scientific; catalogue No.88668). The protein expression
of PD-1 and CD39 was studied by western blot analysis.
Protein homogenate was prepared by rapid homogenization
in 10 volumes of lysis buffer (2μmMEDTA, 10μmMEGTA,
0.4%NaF and 20μm MTris-HCl, pH 7.5). For each sample,
the preparation concentration of protein lysate was 12μg/
lane, and it was fractionated on 12% SDS-polyacrylamide
gel. The electro imprinted protein was transferred
to nitrocellulose membrane (Abkim Biotechnology
Company). The blot was compared with mouse monoclonal
antibody anti-PD-1 (1:1000) and rabbit polyclonal antibody
anti-CD39 (1:2000; Abkim Biotechnology Company).
PD-1 and CD39 bands on immunoblotting were observed
by enhanced chemiluminescence method (ECL kit, Santa
Cruz Biotechnology Company). PD-1 and CD39 protein
bands and β-actin bands were scanned by ChemiImager
5500 V2.03 software. IDV was calculated by Fluor Chen
2.0 software and normalization was carried out with by
β-actin.
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RESULTS
Table II shows that the effect of electric stimulation
on mRNA expression of mouse pro-inflammatory
factors (IL-10, IL-6 and 1L-1β). The mRNA expression
of the cytokines is decreased after electrical stimulation
(P<0.05) (Fig. 1). The tumor volume was also decreased
on 15th and 25th day after electrical stimulation (P<0.05).
The analysis of T lymphocytes by flow cytometry showed
that the percentage of living cells of CD8+T and CD4+T
in mice of two groups was increased after electrical
stimulation (P<0.05), indicating that electroacupuncture
and transcutaneous electrical acupoint stimulation could
promote the activation of T lymphocytes.
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Absorption measurement of metabolic rate of T cells
All fluorescent nutrient stains were purchased from
Sigma-Aldrich. About 250,000 activated CD8+T cells were
placed in 400μLRPMI medium and the concentration of one
marker was as follows: 2-NBDG (100μg/ mL; # N13195),
BODIPY (1.25μg/mL; D3922), C12-BODIPY (1μmol/L;#
D3822) and C16-BODIPY(0.5μmol/L;# D3821). Before
washing and surface staining, cells were incubated at 37°C
for 30 minutes for flow cytometry analysis.
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Fig. 1. RT-PCR analysis of pro-inflammatory factor mRNA
expression.

Table III shows the effect of electrical stimulation
on the protein expression of PD-1 and CD39. The PDI is
down regulated, whereas CD39 is upregulated in electrical
stimulation group compared with control group(P<0.05).
(Fig. 2). In addition, the oxygen consumption rate and rate
of extracellular acidification of mouse CD 8+T cells is also
increased in the electrical stimulation group than in control
group (P<0.05), indicating that the metabolism of mouse
T cells and their proliferation and activation was promoted
in electrical stimulation group.
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Table II. Effect of electrical stimulation on mRNA expression (±s) of pro-inflammatory of cytokines mouse tumor
volume and percentage of living cells analyzed by RT-PCR.
IL-10
IL-6
1L-1β
Mouse tumor volume
measurement
Flow cytometry analysis

15d (mm3)
25d (mm3)
CD8 + T (%)
CD4 + T (%)

Control group
2.16±0.24
2.46±0.28
2.33±0.25
637.25±24.08
968.45±38.26
15.37±4.16
19.75±5.02

Electrical stimulation group
1.38±0.12
1.24±0.18
1.09±0.11
418.76±15.42
529.15±23.44
26.52±6.29
30.58±7.18

t value
5.239
6.175
5.435
5.638
4.109
6.382
5.074

P value
0.026
0.014
0.035
0.034
0.015
0.015
0.037

Table III. Effect of electrical stimulation on the protein expression of PD-1 and CD39 and metabolism of CD8+T
cells by western blot analysis.

le

Group

Control group

Electrical stimulation group

t

PD-1

1.26±0.11

2.34±0.26

4.608 0.022

2.14±0.24

1.15±0.12

18.35±2.15

37.24±4.19

5.316 0.268

Extracellular acidification rate (mph/min) 13.71±2.33

25.16±3.08

4.721 0.017

CD39
Metabolism analysis
of cd8+t cells

Oxygen consumption rate (pmol/min)
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Fig. 2. Western blot analysis.

DISCUSSION
Electroacupuncture and transcutaneous acupoint
stimulation are modern therapies derived from traditional
acupuncture, which have attracted increasing attention
in recent years (La et al., 2019). Acupuncture as an
ancient non-drug therapy originated in China has been
widely used all over the world in recent years. Recently,
more and more studies have shown that acupuncture can
effectively regulate the function of the immune system
(Wei et al., 2020). In this study, the mice with tumor
were used as the research objects, and the regulatory
effects of electroacupuncture and transcutaneous acupoint
stimulation on T cells were investigated. It was found
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P

6.371 0.031

that electroacupuncture and transcutaneous acupoint
effectively inhibited the occurrence of tumor cells and
reduced the tumor size.
According to the concept of nutrition competition in
TME between effector T cells and cancer cells, enhancing
the ability of T cells to obtain nutrition and utilizing
the “adaptability” of nutrition can achieve better tumor
clearance rate (Siemens et al., 2020). Therefore, the cell
metabolism of CD8+T cells was tested in this study.
The oxygen consumption rate and rate of extracellular
acidification were increased after electroacupuncture
and transcutaneous electrical acupoint stimulation. In
this study, electrical stimulation up-regulated oxygen
consumption rate and rate of extracellular acidification in
CD8+T cells in vivo. Tumor cells outperform T cells in
nutrition competition, which is one of the mechanisms of
tumor immunosuppression. Lee et al. (2019) found that
enhancing the metabolism of tumor cells can transform
murine tumor regression lines into progressive cancers (Lee
et al., 2019). Under the condition of nutrition competition,
it may be beneficial to promote T cell metabolism
with electrical stimulation. Immune cell metabolism
is increasingly appreciated because of its influence on
immune cell function. Here, we clarified some metabolic
effects of electrical stimulation group on T lymphocytes in
tumor, so as to better understand the mechanism of tumor
clearance. At present, combined tumor treatment schemes
are attracting increasing attention. Understanding the
mechanism of increased metabolism by electroacupuncture
and transcutaneous electrical acupoint stimulation can
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save the environment of T cell proliferation and effector
function. It is necessary to make people better understand
the role of small molecules combined with immunotherapy
in regulating immune cell metabolism. These insights may
lead to enhanced treatment strategies, thus improving the
prognosis of patients.
To further enhance the efficacy of cancer
immunotherapy, the strategy of targeting tumor
immune escape and/or resistance mechanism is of
clinical significance. More and more evidences show
that extracellular adenosine produced by extracellular
nucleotide CD39 is the key metabolite that negatively
regulates anti-tumor immunity (Stavrakis et al., 2020).
As we all know, Treg promotes tumor progression by
inhibiting anti-tumor immunity. It is known that many
mouse tumor models can be infiltrated by Treg, and
their depletion usually improves the anti-tumor immune
response. In addition, the increased number of Treg is
associated with poor prognosis of various types of human
cancers (Chen and Zhong, 2013). Treg in tumor-bearing
hosts is known to express CD39. Immune escape of
cancer cells is the main mechanism of cancer malignant
tumors, which is mainly due to the failure of CD8+T cells
to recognize tumor antigens. PD-1 signaling pathway is
the key regulator of CD8+T cell failure (Voloshin et al.,
2020). Our study has proved that the CD39 decreased
in mice after electrical stimulation. The improvement of
Treg density by tumor infiltrating CD8+T cells indicated
the re-enhanced anti-tumor immunity, and the induction
treatment effect could be enhanced by anti-PD-1 antibody.
According to the research results, the protein expression
of PD-1 in electrical stimulation group was higher than
that in control group, indicating that electrical stimulation
inhibited the occurrence of immunosuppression and
enhanced the tumor immune effect of T cells. Secondly,
the decrease of CD39 expression led to the decrease of
ATP degradation in tumor microenvironment and caused
an increase in the proliferation of CD8+effector T cells,
thus potentially improving the anti-tumor T cell response.
Anti-tumor immune response usually depends on
treatment time. Recent findings show that about one week
of analysis is enough to reveal the changes of immune
cell population. In our study, flow cytometry analysis
also showed that the electrical stimulation induced the
activation of CD8+T and CD4+T cells after treatment.
As a physiological countermeasure to improve the
harmful overactivation of innate immunity, compensatory
anti-inflammatory reactions usually occur, including
secretion of anti-inflammatory cytokines by monocytes
and T cells (such as IL-10 and IL-6), down-regulation of
inflammatory cell surface receptors on neutrophils and
weakening of monocyte response to bacterial endotoxin,
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which is known to cause transient immunosuppression
(Keilani et al., 2019). Usually, this immunosuppression is
temporary and usually return to normal. However, when
it is serious and persistent in some cases, this immune
imbalance is considered as the cause of postoperative
infection complications. Long-lasting immunosuppressive
reaction is still a clinical challenge. Our research found
that electrical stimulation balanced the inflammatory
reaction caused by tumor reaction and reduced the mRNA
expression of IL-10, IL-6 and 1L-1β.
To sum up, electroacupuncture and transcutaneous
electrical acupoint stimulation has been proved to inhibit
the occurrence of tumor cells and promote the proliferation
and activation of T cells, thus enhancing the immune
clearance of tumor cells.
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