
Advance Access Publication 7 February 2007 eCAM 2007;4(4)447–453
doi:10.1093/ecam/nel107

Original Article

Acupuncture Regulates Leukocyte Subpopulations in Human
Peripheral Blood

Nobuo Yamaguchi1, 3, Takashi Takahashi2, Masahiro Sakuma1, Toshiroh Sugita3,
Kumiko Uchikawa3, Satoshi Sakaihara1, Tsugiyasu Kanda2, Matsuo Arai3 and
Kenji Kawakita4

1Department of Fundamental Research for Complementary and Alternative Medicine, 2Department of General
Medicine, Kanazawa Medical University, 3Ishikawa Natural Medicinal Products Research Center, Kanazawa,
Ishikawa and 4Department of Physiology, Meiji University of Oriental Medicine, Kyoto, Japan

Acupuncture has recently been attracting more and more people throughout the world as an
alternative treatment, however little is known about its physiological activities (i.e. immune
system). We examined acupuncture both quantitatively and qualitatively by measuring
CD-positive cell counts and cytokine expression levels in the blood, to determine the activity
of T cells, B cells, macrophages and natural killer (NK) cells. Fifteen milliliters of peripheral
blood obtained from 17 healthy volunteers aged 21–51 years, were analyzed using flow
cytometry before and after acupuncture treatment. There was a statistically significant increase
in the number of CD2þ, CD4þ, CD8þ, CD11bþ, CD16þ, CD19þ, CD56þ cells as well as IL-4,
IL-1b and IFN-g levels in the cells after acupuncture stimulation of meridian points. These
observations indicate that acupuncture may regulate the immune system and promote the
activities of humoral and cellular immunity as well as NK cell activity. In this article,
we discussed how acupuncture regulated leukocyte numbers and functions since they are
considered to be potential indicators for evaluating complementary and alternative medicine.
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Introduction

We have previously reported that hot-spring hydrother-

apy or walking during a short time could regulate

the immune system in humans (1–3). Like hot-spring

hydrotherapy, acupuncture treatment is traditionally used

to improve disorders or complaints (i.e. pain and so on)

of ill subjects (4–7). Therefore, it seems that acupuncture

should also have some influence on the immune system

as well as the nervous system (8,9). Eastern traditional

medicine including acupuncture and moxibustion are
once again being recognized in Japan and other Asian
countries (10) as well as in the West where it is
considered a complementary or alternative medicine.
It is considered to be an alternative medicine in the
West since it may provide benefits for numerous
conditions from common cold to drug addiction and
chronic fatigue syndrome (11–13).
The immune system not only works against local

infections mediated by pathogens, but also immuno-
competent cells and certain cytokines can cause a whole
body reaction. Immune system function is closely related
to the neuroendocrine immune system (14). A placebo-
controlled single-blinded study has shown that acupunc-
ture can cause a neutrophil respiratory burst (15).
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Thus, we hypothesized that acupuncture may influence

the immuno-competent cells qualitatively and quantita-

tively. Although it is often applied in conjunction with

moxibustion, we herein describe how acupuncture alone

regulates leukocyte and lymphocyte subpopulations in

human peripheral blood.

Methods

Volunteers and Methods of Acupuncture

Seventeen healthy volunteers aged 21–51 years (mean
age 35.3 years, 2 men and 15 women) received one
acupuncture treatment on 10 August 2005. The exclusion
criteria for volunteers were previous episodes of allergic
reactions. Disposable acupuncture needles (30mm,
160 mm in diameter and 50mm, 230 mm in diameter,
Seirin Co. Ltd, Japan) were inserted into the acupuncture
points on liver, spleen and kidney meridians as well as
into the acupuncture points under the knee joint that
could stimulate the internal organs mostly, so called
Tai-chi procedure. The points were specified as follows:
Ganshu (BL18), Pishu (BL20), Shenshu (BL23) and
Zusanli (ST36). Acupuncture treatment was singly
performed with needles, which stayed in place for 5 s
and were not stimulated, by a well-trained acupuncturist
with 30 years of experience. The volunteers did not report
any feeling of deqi from the needle.
In a preliminary study, we observed a strong

host-response 24 h after a single acupuncture treatment
(data not shown). Fifteen milliliters of whole blood were
drawn from the forearm veins of all subjects 1 h before
acupuncture treatment, 1, 2 and 8 days thereafter, and
were collected into standard blood sampling tubes. Every
volunteer was informed of the purpose of this trial in
advance, and written informed consent was obtained.
This research protocol was approved by the Ethics
Committee of Kanazawa Medical University.

Leukocyte Counts were Based on the Proportion of

Granulocytes and Lymphocytes

Total numbers of leukocytes were recorded with a
standard counter. In the differential counting, 200 cells
were enumerated on each May–Gruenwald–Giemsa
stained slide, and then, each percentage of lymphocytes
and granulocytes was determined. The proportion of
granulocytes and lymphocytes varies in each subject and
susceptibility of the subjects closely related to their
proportion (16). High proportion of granulocytes
(over 70%) is sympathetic dominant (G type) and that
of lymphocytes (over 40%) is parasympathetic dominant
(L type). So we performed subgroup analysis based on
the proportion of granulocytes and lymphocytes.

Leukocyte Subsets Analyzed by Flow Cytometry

Whole blood was washed 2 times with phosphate buffered
saline (PBS). One hundred microliters of the suspensions
were stained with 20 ml of fluorescent monoclonal anti-
bodies (anti human CD2þ, CD4þ, CD8þ, CD11bþ,
CD14þ, CD16þ, CD19þ and CD56þ). Ten thousand
stained cells were re-suspended in PBS to detect surface
markers by flow cytometry (FACS Calibur; Becton
Dickinson Immunocytometry Systems, CA, USA).

Measurement of Cytokine Expression Levels in Blood Cells

Blood cell suspensions were cultured in phorbol
12-myristaten 13-acetate (PMA), ionomycin and bovine
serum albumin (BSA) (Sigma Co. Ltd, MO, USA) for
4–5 h at 37�C. Then, cell suspensions were stained with
monoclonal antibodies [Percp-CD3, Percp-CD45, FITC-
interferon (IFN)-g, PE-interleukin (IL)-4, FITC-IL-1b].
Ten thousand stained cells were then analyzed by
FACS. All antibodies were purchased from Becton
Dickinson Immnocytometry System (CA, USA).
The typical adjustment of acquisition dot plots for
the CD markers and cytokines in FACS analyses
was performed in combination with CD11bþ/IL-1b,
CD4þ/IL-4 and CD56þ/IFN-g.

Statistical Analysis

Data are expressed as means� SD. The association
between baseline and changes after acupuncture
treatment was analyzed using a one-way analysis of
variance (ANOVA) followed by post hoc Dunnett’s multi-
ple test. Data analyses were performed on a microcomputer
running SPSS version 8.0 (SPSS; IL, USA). AP value50.05
was considered to be statistically significant.

Results

No Significant Changes were Observed in Leukocyte

Counts

Numbers of leukocytes were counted 1 h before acupunc-
ture and 1, 2 and 8 days thereafter. We set the cell number
observed 1 h before acupuncture at 100% (baseline level)
and then, calculated the relative percentage values.
The baseline counts of leukocytes were 6191� 1274
(mean� SD, n¼ 17). No significant changes were observed
among the measure of baseline and other measures after
acupuncture (Fig. 1a).

Granulocyte and Lymphocyte Counts Varied According

to Group

There was no significant difference in variations of
granulocytes and lymphocytes (Fig. 1b and c). In order to
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clarify this, we performed a subgroup analysis of data based
on classifying participants as either granulocyte (G) or
lymphocyte (L) types (16). There were five or six subjects
classified as either L or G, and six as non-L and non-G.
We found that the lymphocyte counts decreased on days 1
and 2, accompanied with an increase of granulocyte
numbers on day 2 in the L-type group (P50.05, Fig. 2).
On the other hand, the granulocyte counts decreased on
day 1, whereas the lymphocyte numbers increased on day 8
in the G-type group (P50.05, Fig. 3).

Acupuncture Increased the Number of NK Cell-related

Subsets

Cell counts of CD2þ, CD4þ, CD8þ, CD11bþ, CD16þ,
CD19þ and CD56þ were evaluated for variations in T cells,
B cells, macrophages and NK cells after acupuncture
treatment. Our results showed that the CD16þ and CD56þ

cell counts, which are closely associated with NK cell
activity, increased gradually at statistically significant

levels. The variations of CD56þ cell number on day 8
were especially remarkable. The CD2þ, CD4þ and
CD8þ levels, which are closely associated with activity
of T cells, were statistically unchanged except on day 8
after acupuncture (P50.05). The CD19þ counts, which are
closely associated with activity of B cells, significantly
increased on day 8 after acupuncture, like variations
of CD16þ and CD56þ counts. The CD11bþ levels, which
are closely associated with macrophage activity, showed no
significant increase, but the variable patterns were similar
to those of CD2þ, CD4þ and CD8þ (Table 1).

Cytokine Expression Levels Varied in Blood Cells

To determine whether acupuncture stimulation could
affect functional maturation of immuno-competent cells,
we investigated expressions of various cytokines in blood
cells with FACS analyses. The levels of IL-1b, IL-4 and
IFN-g containing cells, which are closely associated with
activities of macrophages and humoral and cellular
immunity, were examined.
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Figure 1. Variations and relative values of leukocytes (a), granulocytes

(b) and lymphocytes (c) in all of the volunteers. The solid circles denote

the value in each individual and the open circles indicate mean levels on

each day. #P50.05 versus baseline.
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We observed significant increases in the levels of IL-1b,
IL-4 and IFN-g containing cells. However, each variation

pattern was different; the levels of IL-4 and IFN-g
increased on days 1 and 2, showing their peak values on

day 8 (Fig. 4). In contrast, levels of IL-1b significantly

increased on days 2 and 8 after acupuncture (Fig. 5). The

expression of IFN-g increased on days 1 and 2, showing

peak values on day 8, and then almost returned to an

ordinary level by the 30th day after acupuncture (Fig. 6).
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Figure 3. Variations and the relative values of leukocytes in subjects of

G-type group. The solid circles represent means on each day. #P50.05

versus baseline.

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

Before First day Second day Eighth day

R
el

at
iv

e 
va

lu
e 

(%
)

P<0.01
P<0.05

P<0.05

IFN-γ and IL-4

Figure 4. Variations of interferon (IFN)-g (circle symbols) and

interleukin (IL)-4 (triangle symbols) expression levels in blood cells.

To qualitatively evaluate acupuncture, cytokine expression levels in the

cells were counted with fluorescence-activated cell sorter. The levels of

IFN-g and IL-4 containing cells were counted as an indicator of cellular

(Th1) and humoral (Th2) immunity, respectively. The solid circles

represent mean values.
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Figure 5. Variations of interleukin (IL)-1b expression levels in blood

cells. To qualitatively evaluate acupuncture, cytokine expression levels in

the cells were counted with fluorescence-activated cell sorter. The levels

of IL-1b containing cells were counted as an indicator of macrophage.

The solid circles represent mean values.

Table 1. Variations of CD positive cell counts in each subset of CD2þ, CD4þ, CD8þ, CD11bþ, CD16þ, CD19þ and CD56þ

Timing for measurement CD2þ (%) CD4þ (%) CD8þ (%) CD11bþ (%) CD16þ (%) CD19þ (%) CD56þ (%)

Before acupuncture 22.8� 2.0 8.8� 0.8 7.0� 0.6 6.3� 1.3 0.8� 0.2 3.7� 0.4 5.8� 0.7

First day after acupuncture 25.4� 2.2 9.0� 0.9 7.5� 0.8 6.4� 1.5 1.6� 0.3* 4.0� 0.7 7.5� 1.0*

Second day after acupuncture 19.8� 3.7 8.9� 1.4 7.2� 1.3 7.6� 1.6 2.2� 0.5* 4.6� 1.0 8.5� 1.5*

Eighth day after acupuncture 34.7� 3.5* 13.6� 1.5* 11.4� 1.5* 7.9� 1.5 2.1� 0.4* 4.9� 0.8* 11.2� 1.8**

Note. Data are expressed as means� SD. *P50.05, **P50.01 compared with baseline levels in each parameter. Blood samples were drawn from a
forearm vein with a syringe containing heparin, according to the same procedure as Fig. 1. The blood cell suspensions were stained with fluorescent
conjugated monoclonal antibodies and analyzed with fluorescence-activated cell sorter (n¼ 17).
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The Benefits of Acupuncture Lasted for 30 Days

after Treatment

To elucidate how long acupuncture stimulation could
affect the immune system, three additional healthy
volunteers 37–38 years (1 man and 2 women, one L
type and two non-L and non-G type), who had
never been enrolled in this trial, received acupuncture
stimulation, and were followed at intervals different
from those of the first 17 volunteers (i.e. on 1 day

before acupuncture and on days 1, 11, 18, 25 and 30
thereafter). We found that the expression levels of IFN-g
were most significantly altered on day 11, and that they
returned to original levels after 1 month (Fig. 6).

Discussion

We investigated the influence of acupuncture on the
immune system, especially on granulocytes, lymphocytes
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and their subsets. For quantitative evaluation, the
number of CD positive cells was counted as indicators
of T cells (17), B cells (17), macrophages (18) and NK
cells (19). For acceptable qualitative evaluation, antibody
titers should be measured as a marker of humoral
immunity, and the effectors’ function should be examined
as an indicator of cellular immunity. However, we
selected the widely used method of examining the
cytokine expression levels (20–23). We measured them
directly in cytokine containing cells thus eliminating
possible artificial factors that could arise from culturing
them in test tubes. Because leukocytes have circadian
rhythms (24–26), we obtained blood samples at the same
time from each donor. The variable pattern of CD11bþ

cell counts showing activity of macrophages was similar
to those of CD2þ, CD4þ and CD8þ cell numbers
indicating T-cell activity. The expression levels of IL-1b,
a cytokine derived from macrophages, were significantly
increased on days 2 and 8 after acupuncture. Ma et al.
showed that acupuncture modulated cytokine-NK cell
regulatory network (27), and our investigation confirmed
the existing IL-1b-macrophage-T cell regulatory network
(28–30). Basic research on the cytokine-cell network is an
important direction for future research.
We confirmed that acupuncture stimulation could

quantitatively as well as qualitatively regulate leukocytes
and their subsets. First, the increase of CD2þ, CD4þ,
CD8þ, CD11bþ, CD16þ, CD19þ and CD56þ cell counts
as well as the levels of IL-1b, IL-4 and IFN-g suggested
that acupuncture enhances humoral and cellular immu-
nity, including the activities of NK cells (31–35). We
observed that the levels of IFN-g containing cells were
increased 9 times in this trial, while in a previous trial on
hot-spring bathing, the levels only increased 1.19 times.
Based on the observations that expression levels of IFN-g
were elevated on day 11 and returned to the original
level by 1 month after stimulation, one treatment of
acupuncture per month might be recommended in order
to enhance IFN-g. This remarkable variation was far
beyond our prediction. The possible explanation of this
enhancement could be activation of the circulatory and/or
autonomic nervous systems, even though the details of
this mechanism remain unclear. Further research into the
mechanism is necessary. Secondly, granulocyte counts were
negatively associated with lymphocyte counts. Namely,
granulocyte numbers were decreased in subjects with many
granulocytes, and were accompanied by an increase in
lymphocytes.
The lymphocyte levels, however, decreased in subjects

with many lymphocytes, accompanied by an increase in
granulocyte counts. Abo and Kumagai (26) reported that
granulocytes increased as a result of excitation of the
sympathetic nervous system, as were lymphocytes by
excitation of parasympathetic nervous system. In this
regard, subjects dominated by the sympathetic nervous
components could release stress, whereas those in subjects

dominated by the parasympathetic nervous system were
excited by acupuncture. In this way, cell counts appeared
to return to appropriate levels after acupuncture.
Another article regarding the role of acupuncture on
immune function (31) reported the following considera-
tions: (i) the Zusanli (ST36) point might be one of the
specific points modulating immune activity; (ii) this
immune modulation system might share a common
nervous pathway with the acupuncture analgesia-
producing system; (iii) acupuncture treatment might
modify NK cell activity through unknown heat-stable
humoral factors and the nervous system; (iv) acupuncture
might activate the complement system.
In order to prove whether the elevation of leukocyte

counts resulted from an infection triggered by acupunc-
ture, the subjects were followed up 8 days after
acupuncture. We observed no infectious signs or symp-
toms including pyodermitis and fever during the
follow-up period. Thus, acupuncture treatment might
provide maximum benefits without the dangerous side
effects such as local infection. We hope that acupuncture
treatment can be used more often to treat many disorders
including acquired immunodeficiency syndrome.
There are several limitations regarding the protocol of

our current investigation. We had no control subjects
who did not receive acupuncture treatment. There were
also a small number of 17 volunteers who had been
enrolled in the study. To demonstrate definitive useful-
ness of acupuncture stimulation on immune system,
double-blind, placebo-controlled studies with a large
number of subjects should be required in the future.
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