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ABSTRACT
Background: Breast cancer patients often experience decreased the immune system such as 
a decreased of lymphocytes, which can increase mortality. Acupuncture is expected to be a 
therapeutic option to increase lymphocyte because current pharmacological therapy is very 
expensive with the risk of adverse event. This study aims to prove the action of Electro­
acupuncture (EA) as an immunomodulator for cellular immunity by increasing the percentage 
of lymphocytes of Peripheral Blood Smear (PBS) in C3H mice of breast adenocarcinoma 
model.

Methods:Laboratory experimental study with post test only controls group design involving 
twenty PBS preparations taken from 20 C3H mice of breast adenocarcinoma models divided 
into 4 groups. Group K with no EA treatment, group P1 was given 1 time EA treatment, group 
P2 was given 2 times EA treatment and P3 was given 3 times EA treatments (with seven days 
interval). EA stimulation was performed at ST36 Zusanli, BL18 Ganshu, BL20 Pishu with 
frequency of 2 Hz for 15 minutes.

Result:The mean weight of mice was 23.90 ± 3.03 gr in control group, 25.40 ± 1.54 gr in P1 
group, 27.00 ± 3.87 gr in P2 group and 25.90 ± 5.83 gr in P3 group, with most of them were 
female mice. The mean volume tumor in mice of control group was 14.49 ± 2.75 mm3, 16.72 
± 6,40 mm3 in P1 group, 20.18 ± 5.94 mm3 in P2 group and 22.07 ± 6.51 mm3  in P3 group. The 
mean percentage of lymphocyte was 44.20 ± 15.72 in control group, 43.00 ± 11.70 in P1 
group, 49.60 ± 7.02 in P2 group and 43.20 ± 13.10 in P3 group. The correlation between the 
number of electro­acupuncture treatments on the number of lymphocytes in the treatment 
group were compared to the control group with p = 0.811.

Conclusions: Research acupuncture on cancer management has been done and provided 
good result. Acupuncture in particular EA has benefits in improving immunity by affecting 
lymphocyte enhancement. Acupuncture can be considered as adjuvant therapy in cancer 
patients breast.

ABSTRAK

Latar Belakang: Pada pasien kanker payudara sering terjadi penurunan sistemimun antara 
lain menurunnya limfosit, yang dapatm eningkatkan angka kematian. Akupunktur diharapkan 
dapat menjadi pilihan terapi untuk meningkatkan limfosit karena terapi farmakologi saat ini 
harganya sangat mahal dengan resiko efek samping. Penelitian ini bertujuan untuk mem­
buktikan bahwa tindakan elektroakupunktur (EA) dapat berefek sebagaii mmunomodulator 
terhadap imunitas seluler dengan meningkatkan persentase limfosit sediaan apus darah tepi 
(SADT) pada mencit C3H model adenokarsinoma payudara. 

Metode: Penelitian eksperimental ini dilakukan dengan post test only control group design 
terhadap dua puluh sediaan apus darah tepi yang diambil dari 20 mencit C3H model 
adenokarsinoma payudara. Kelompok studi dibagi menjadi 4 kelompok yaitu Kelompok K 
tidak diberi perlakuan EA, kelompok P1 dilakukan EA 1 kali, kelompok P2 dilakukan EA 2 kali 
dan P3 dilakukan EA 3 kali. Tindakan EA dilakukan pada titik ST36 Zusanli, BL18 Ganshu, BL20 
Pishu dengan frekuensi 2 Hz selama 15 menit. 
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Hasil: Rerata berat mencit adalah 23,90 ± 3,03 g pada kelompok 
kontrol, 25,40 ± 1,54 g pada kelompok P1, 27,00 ± 3,87 g pada 
kelompok P2 dan 25,90 ± 5,83 g kelompok P3, sebagian besar 
terdapat mencit betina. Rerata volume tumor pada mencit 
kelompok kontrol adalah 14,49 ± 2,75 mm3, 16,72 ± 6,40 mm3 
pada kelompok P1, 20,18 ± 5,94 mm3 pada kelompok P2 dan 22,07 
± 6,51 mm3 dalam P3. Rerata persentase limfosit adalah 44,20 ± 
15,72 pada kelompok kontrol, 43,00 ± 11,70 pada kelompok P1, 
49,60 ± 7,02 pada kelompok P2 dan 43,20 ± 13,10 pada kelompok 
P3. Korelasi antara jumlah terapi elektro­akupunktur pada jumlah 
limfosit pada kelompok perlakuan dibandingkan dengan kelompok 
kontrol p = 0,811.

Kesimpulan: Penelitian akupunktur pada manajemen kanker telah 
banyak dilakukan dan memberikan hasil yang baik. Akupunktur 
khususnya elektroakupunktur memiliki manfaat dalam meningkatkan 
sistim imun dengan mempengaruhi peningkatan limfosit. Akupunktur 
diharapkan dapat menjadi pilihan sebagai terapi adjuvant pada 
pasien kanker payudara.

BACKgRound

Breast Cancer (BC) is the second most common cancer 
in women after cervical cancer. BC becomes a problem 
because the etiology is definitely not known so it is 
difficult to prevent. BC is often detected by the time it 
enters an advanced stage and may cause pain or 
disability.1 In 2012, based on the Global Burden of Cancer 
(GLOBOCAN) data, the International Agency for Research 
on Cancer (IARC) has 14,067,894 new cases of cancer and 
8,201,575 deaths from cancer worldwide, with lung 
cancer and BC being the leading cause of death.2,3 In the 
United States, an estimated of 235,030 new cases of BC 
are diagnosed in 2014.2 Based on data from 2013 Basic 
Health Research (Riskesdas) in Indonesia, the prevalence 
of cancer in the population of all ages was at 1.4%, with 
the highest prevalence in Yogyakarta Province, which is 
4.1%.3

Breast cancer as well as other malignancies will 
stimulate the immune response of both cellular and 
humoral immunity. Cancer cells express Specific Tumor 
Antigens (STA) that are recognized by the immune 
system as foreign matter. There are several effector 
mechanisms that contribute to cancer cells, Cytotoxic T 
Lymphocytes (CTL), Natural Killer cell (NK cells), macro­
phages and antibodies. The immune response to cancer 
cells begins with the introduction of cancer cell antigen 
by Lymphocyte T through mechanism of presenting 
antigen by macrophage cells, then activating effector 
mechanism to eliminate cancer cells.4

One of the attempts to overcome cancer is by 
modulating the cellular immune system, especially 
increasing the role of macrophage cells and T helper (Th) 
lymphocytes as interferon-gama (IFN-γ) -curring immuno-
competent cells. Increased IFN-γ will activate NK and CTL 

cells that will destroy cancer cells without causing side 
effects in patients.

EA is defined as an acupuncture procedure using 
electrical stimuli for promotive, palliative, curative and 
rehabilitative purposes.5 EA is used for analgesic effects 
or overcoming pain, relaxation, improving blood circulation, 
and overcoming muscle disorders, has an immuno­
modulatory effect by affecting the autonomic nervous 
system (ANS) and the hypothalamicpituitary adrenal (HPA) 
axis.6, 7 Based on the research, EA at point ST36, BL18 
and BL20 can increase the percentage of lymphocytes 
that can increase the body’s ability to fight cancer.8

BC will stimulate cellular or humoral immune responses. 
This is because cancer cells will express molecules that 
the immune system will recognize as foreign. CTL cells, 
NK cells, macrophage cells and antibodies are the 
immune response that plays a role against cancer. The 
immune response to cancer cells begins with the 
introduction of Antigen Presenting Cell (APC) of cancer 
cells by T lymphocytes through the mechanism of antigen 
presentation by macrophage cells, then immune response 
activates in the form of lymphocyte proliferation and 
activates effector mechanism to eliminate cancer cells.

Immune surveillance is a mechanism used by the body 
to react against any antigen expressed by cancer cells. 
NK cells, CTL and macrophages play a major role in 
immune surveillance tumors.9

Lymphopoiesis is the growth and maturation of 
lymphocytes. Nearly 20% of normal bone marrow 
consists of developing lymphocytes. After maturation, 
lymphocytes enter the blood vessels, circulate and then 
converge in the lymph nodes. The time needed by stem 
cells to become lymphocytes is 7–11 days.10 Examination 
of leukocyte count is often neglected if the number of 
leukocytes in the blood is normal and there are no 
hematologic abnormalities either clinical or laboratory. 
Although the number of leukocytes is still within normal 
limits, there are many disorders such as inflammation, 
malignancy and immunologic abnormalities that can cause 
changes in the percentage of this type of leukocytes. The 
peripheral blood smear is a microscopic examination, to 
observe the morphology of blood cells and other 
components that can provide considerable and useful 
information to know a person’s hematologic state.10

Acupuncture comes from Latin, acus, “needle”, and 
pungere, “puncture” or in Chinese is called zhen jiu 
where zhen (puncture) and jiu (burn), otherwise known 
as “acupuncture moxibustion” therapy which is a 
therapeutic techniques of thrusting needles or heating to 
the acupuncture points of the body. The definition and 
characterization of these points is standardized by the 
World Health Organization (WHO).
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EA is defined as acupuncture puncture stimulation 
using electrical stimuli for promotive, preventive, curative 
and rehabilitative purposes.5 Animal experiments show 
that EA stimuli can modulate the immune response.7 

Other research proves that EA can relieve pain in cancer, 
stimulate the body’s immune function including increasing 
blood counts, increasing lymphocytes and increasing NK 
cell activity.11 The effects of low frequency EA appear 
after 30 minutes and are adequate between 30 minutes 
and 45 minutes. In cancer, EA can modulate the immune 
system because EA can stimulate the growth of 
leukocytes (granulocytes and lymphocytes) through HPA 
axis, and increase the activation of T lymphocytes and NK 
cells so that the immune function of cancer patients 
increases.

This study aims to prove the role of EA as an 
immunomodulator in C3H mice breast adenocarcinoma 
model. Stimulation of EA is thought to increase the PBS 
lymphocytes so BC cells can be reduced.9,10,12­14 The 
results of this study are expected to provide information 
to the wider community that acupuncture can be used 
as a therapeutic option to increase the percentage of 
lymphocytes in BC.

METHodS

This laboratory experimental research with post test 
only control group design was conducted in histology 
department laboratory FKUI from March to June 2017. 
This study starts from PBS examination and analysis. 
Mice and treatments are part of Mihardja’s research 
entitled “The Influence of Electroacupuncture at the point 
ST36, BL18, BL20 on levels of Interferon Gamma, mitotic 
image, apoptosis and weight of breast cancer Adeno­
carcinoma Mice C3H and correlation with number of actions”. 
The estimation of minimum sample size was calculated 
using the formula for a correlation study.14 Subjects were 
obtained using computer­based random table.

All C3H mice successfully modeled adenocarcinoma of 
the breast, reaching the size of 1 cm tumor. There is no 
anatomic abnormalities in the area to be done acupuncture 
and after preparation was made, the color is well were 
included in this study. The exclusion criteria were not 
growing tumors in mice, mice in an unhealthy state and 
preparations can not be read.

In this study, C3H mice used anatomical, physiologically 
well­characterized traits as well as immunities similar to 
humans,8,15,16 available C3H mice injected Mice Mamilary 
Virus resulting adenocarcinoma of the breast as a tissue 
donor tumor to be injected into the recipient. Angus 
blood smear is divided into four groups: a). The controls 

were PBS mice C3H breast adenocarcinoma model that 
did not get EA action, b). Group P1 is PBSmice C3H 
breast adenocarcinoma model who got EA action once, 
c). Group P2 is PBS mice C3H breast adenocarcinoma 
model who got EA action twice, d). Group P3 is PBSmice 
C3H breast adenocarcinoma model that got EA action 
three times.

The research received approval from the ethics 
committee of animal care and use committe of PT. 
Bimana Indomedical R.01­16­IR.

Data were collected through weight examination of 
mice, tumor volume, sex of mice and blood sampling. 
Weight examination of mice, tumor volume and sex of 
mice were conducted to determine the characteristics of 
subjects. Blood sampling were conducted to determine 
percentage of lymphocytes. The mean percentage of 
lymphocytes was calculated based on the number of 
lymphocytes on the count of 100 leukocyte cells seen 
under a microscope with 400 times magnification. The 
peripheral blood smear preparations examined were 
made from C3H mice of the dyestruched breast 
adenocarcinoma model on day 7 (P1 group), on the 14th 
day (group K, P2) and on the 21st day (P3 group). The 
calculation of lymphocyte obtained from the PBS 
leukocyte count examination was observed using the 
Olympus CX­21 brand light microscope, searched for the 
thinest, non­lumped pulse area, with 100x initial 
magnification, then viewed with 200x enlargement, up to 
400x magnification. When it appears that blood cells are 
far apart or not accumulate, just start counting all types 
of leukocytes to 100 cells, then calculated the percentage 
of lymphocytes. The appearance of the PBS application 
under the microscope can be seen in Figure 1–3.

n
L

M

Figure 1. The appearance of the peripheral blood 
smear application under the microscope can be seen 
Lymphocytes (L), Neutrophils (N), Monocytes (M), 
magnification 400 times
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LB

Figure 2. The appearance of the peripheral blood 
smear application under the microscope can be seen 
Big Lymphocyte (LB), magnification 400 times

n

L

L

Figure 3. The appearance of the peripheral blood smear 
application under the microscope can be seen 
Lymphocytes (L), Neutrophils (N), magnification 400 times

Statistical analysis

Data was processed using the program Statistical 
Package for Social Sciences (SPSS) for Windows version 
20. The normality of data distributions was analyzed 
using Shapiro­Wilk test. If p < 0.05 data were normal 
distributed and were presented as mean ± standar 
deviation, otherwise data were presented as median 
(minimum­maximum). Percentage of lymphocyte are 
analyzed by Anova test.

RESuLTS
Subjects characteristics

The characteristics of the subjects were summarized 
in Table 1. The mean weight of mice were 23,90 ± 3,03g 
in control group, 25,40 ± 1,54 g in P1 group, 27,00 ± 
3,87g in P2 group and 25,90 ± 5,83 g P3 group, most of 
them were female of mice. The mean volume tumor in 
mice of control group were 14,49 ± 2,75 mm3, 16,72 ± 
6,40 mm3 in P1 group, 20,18 ± 5,94 mm3 in P2 group and 
22,07 ± 6,51 mm3 in P3. The mean percentage of 
lymphocyte were 44,20 ± 15,72 in control group, 43,00 ± 
11,70 in P1 group, 49,60 ± 7,02 in P2 group and 43,20 ± 
13,10 in P3group (Table 2). In this study, we did not find 
significant correlation between between the number of 
electro­acupuncture treatments on the number of 
lymphocytes in the treatment group compared with the 
control group. (Table 3).

Table 1. The Characteristics of Research subjects

Basic data
Treatment

C
(n = 5)

P1
(n = 5)

P2
(n = 5)

P3
(n = 5)

Value p*

1.  Weight (g) 0,229

Average (SD) 23,9 (3,03) 25,4 (1,54) 27,0 (3,87) 25,9 (5,83)

Range 19,7­28,0 24,3­228,0 23,4­32,2 18,7­34,2

2.  Volume to Max (mm3) 0,182

Average (SD) 14,49 (2,75) 16,72 (6,40) 20,18 (5,94) 22,07 (6,51)

Range 10,21­17,52 11,95­27,50 11,18­27,27 11,49­27,42

3.  Gender 0,190

Male 2 3 0 1

Female 3 2 5 4

Information: *) Based of the F Test (Variance Analysis),exept sex by Chi­square test. Source: Mihardja,H. (2016)
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Table 2. The mean value of the calculated lymphocyte 
percentage in each experimental group 

group Mean % (Sd) percentage of lymphocyte count

P1 43,00  ±  11,705

P2 49,60  ±  7,021

P3 43,20  ±  13,103

Control 44,20  ±  15,723

Table 3. The correlation between the number of 
electro­acupuncture treatments on the number of 
lymphocytes in the treatmend group compared with 
the control group

group Average (%) p*

P1 43,00 0,811

P2 49,60

P3 43,20

Control 44,20

*Anova test

diSCuSSion

In this study, the weight of the mice used was 
between 23gr–25gr.17 Due to the limitations of the study 
subjects, when the tumor has grown on one side without 
limiting the weight of the tumor volume achieved all 
inserted to the study.The subjects of the study were 
male C3H mice that can grow adenocarcinoma of breast, 
it shows that breast cancer can occur in human beings 
both men and women.18,19

In the P1 group the number of lymphocytes is lower 
than the control, it proves that the cancer stimulates 
lymphocyte cells but with the administration of EA 1 
times has not formed much due to the process of 
formation of lymphocytes to mature lymphocytes and 
circulated in the blood takes 7­11 days and this is in 
accordance with other previous research.9,20

In the P2 group of C3H mice, the adenocarcinoma 
model of breast received EA action twice, obtained the 
mean percentage of lymphocytes 49,60%, the highest 
among all groups although there was no statistically 
significant difference (p = 0.811). This suggests that EA 
may increase the percentage of lymphocytes in C3H mice 
of breast adenocarcinoma model and as in other previous 
research, the lymphocyte increased on day eight.21

In the P3 group the number of lymphocytes has a 
higher mean than the P1 group but not as high as the 

mean P2 group, which means that the more EA the 
higher the number of stimulated lymphocytes, but facing 
cancer cells required more frequent EA action with a 
longer period of time, as in other previous study showed 
an increase in NK cells after 10 acupuncture treatments.22 
It is also in accordance with the results of other previous 
research that conducted acupuncture every day for 21 
days.23

Selection of ST36 Zusanli points in previous studies 
has been shown that ST36 Zusanli can regulate immune 
system activity by affecting T cells and B cells.[24,25] 
BL18 Ganshu can increase lymphocyte cell proliferation 
with increased T cell mitosis, increase the formation of 
IFN- γ and IL-4, stimulates macrophages to produce IFN-γ 
and IL­12 and decrease cancer metastases in the liver.27,28 
Acupuncture at BL20 Pishu in previous studies showed 
the increase of beta (β)­ endorphin production as well as 
the amount of activated T lymphocytes.[21] Studies using 
ST36 Zusanli, BL18 Geshu, BL20 Pishu for one month of 
acupuncture therapy showed increased NK cell activity. 
Previous study found that acupuncture increased the 
percentage of NK cells after therapy for 1­8 days by 
producing important IFN­γ in immune mechanisms to 
remove cancer cells.21,26,28

In this study, the use of EA excitation technique with 
frequency of 2 Hz, low frequency will stimulate opioid 
receptors μ and δ release β-endorphins that affect 
immune cells.27 In previous studies, both experimental 
animals and healthy volunteers, the use of low frequency 
EA and acupuncture manuals was proven to induce 
cytokines associated with opioid receptors and NK cell 
receptors.21,28

T lymphocytes play a very important role in controlling 
the growth of cancer cells. Cancer cells can cause 
interference or failure of the mechanisms of organ 
multiplication and homeostasis. This has an impact on 
the body’s immune system. Examination count leukocyte 
type is often ignored, if the state of the leukocyte count 
in the blood is quite normal and there are no hematologic 
abnormalities both clinical and laboratory. Actually, 
although the number of leukocytes is still within normal 
limits, there are still many abnormalities such as 
inflammation, malignancy and immunologic abnormalities 
that can cause percentage changes in the leukocyte 
count type.

Conditions of breast cancer in the body will trigger the 
occurrence of resistance by the immune system to fight 
cancer cells however cancer cells can avoid detection and 
continue to grow. Cancer cells will release substances 
that create dominance against Th­2 and make the body 
less able to fight cancer cells. 
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Decreased activation in Th1 will decrease the Th1 
stimuli against IL­2 proliferation that will decrease the 
efficiency of immune response resistance to cancer cells. 
Stimulation at ST36 acupuncture points can activate 
neurotransmitters in the brain. At stellar stimulation cell 
level ST36 can induce the synthesis of nitric oxide (NO) 
enzyme in keratinocytes. Skin cells that produce NO 
neurotransmitters will send signals through the spinal 
cord to the brain, stimulating the HPA to release 
endogenous opioid neurotransmitters (β-endorphins), to 
locations containing immune cells.

The stimulator activates Th1 and increases the production 
of IL­2. resulting in increased lymphocytes, increased NK 
cell activation, production and enhancement of cytokine 
products that have tumorisidal properties or cytolytic 
activity against tumor cells, thereby directly suppressing 
tumor growth. The study showed that acupuncture 
stimulation in ST36 Zusanli, BL18 Ganshu, BL20 Pishu 
stimulates the formation of β-endorphins, and 
β-endorphins affect the proliferation of lymphocytes by 
increasing mitosis of T cells. Β-endorphins also play an 
indirect role in stimulating macrophages to produce IL­1 
and stimulates T lymphocytes to produce IL­2, which 
induces an increase in NK cell expression, thus causing an 
increase in NK cell sitolytic activity.29,30 The above research 
data explain that EA 2Hz has an immunomodulatory 
effect by increasing the percentage of lymphocytes which 
further increases immune surveillance in C3H mice breast 
adenocarcinoma model.This occurs because the low 
frequency EA action induces the release of β- endorphins 
through stimulation of HPA axis. β-endorphins stimulate 
lymphocyte proliferation by increasing T cell mitosis. 
β-endorphins also play an indirect role in stimulating 
macrophages to produce IL(interleukin)­1 and stimulate T 
lymphocytes to produce IL­2, thus strengthening anticancer 
immune function.31,32

Conclusion

This study performed research on acupuncture incancer 
management and provided good result. Therefore 
acupuncture, in particular electroacupuncture, proved to 
be beneficial in improving immunity by affecting lymphocyte 
enhancement. Acupuncture can be considered as adjuvant 
therapy in breast cancer patients.
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