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Abstract: Electroacupuncture (EA) can improve immunity in the elderly, but the effects of EA on the immunocompe-
tence of dendritic cells (DCs) and Cytokine-induced killer cells (CIKs) remain unknown. SAMP8 mice were randomly 
divided into three groups: control group, sham EA group and EA group. Except for the control group, all the mice 
in the other groups (the sham EA group and the EA group) were pierced with needles at the Guanyuan (CV4) and 
Zusanli (ST36) acupoints, but only the mice in the EA group were treated with electrical stimulation. DCs and CIKs 
were isolated from peripheral blood and induced to be cultured. The cellular morphology and immune phenotype of 
DCs and CIKs were analyzed. The cytotoxicities, proliferative abilities and antitumor activities of CIKs and DC-CIKs 
were detected. The cellular cytotoxicity and inflammatory cytokines of DC-CIKs were evaluated via co-culture with 
DC-CIKs and SW480. These results showed that EA treatment significantly promoted the expressions of costimula-
tory molecules in DCs and the population of CD3+CD8+ and CD3+CD56+ cells in CIKs and DC-CIKs, and markedly 
increased the proliferative multiple of CIKs and DC-CIKs. EA also enhanced the antitumor ability of DC-CIKs on 
SW480 and that the effect was effector/target-ratio-dependent. And EA accelerated the production of IL-2, IL-12, 
IL-17 and TNF-α in DC-CIKs. Furthermore, acupuncture was observed to have similar and partial effects with EA, but 
these effects were weaker than EA. In conclusion, EA enhanced immunocompetence of DCs and CIKs in the aging 
mice by enhancing the function of DCs, promoting proliferation and cytotoxicity of CIKs and DC-CIKs, and promoting 
the release of inflammatory cytokines. These immunomodulatory functions of EA may be advantageous in enhanc-
ing the immunocompetence.
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Introduction

Immunosenescence usually occurs during the 
progression of normal human aging and is 
characterized by quantitative and functional 
alterations in the immune system. And these 
changes are clearly observed in the adaptive 
immune system, particularly in T cells [1]. Thus, 
as the principal effector cells, the status of T 
lymphocytes is critical for the regulation of 
immune responses and protection against the 
autoimmune diseases and the risk of cancers. 
However, disorders of T lymphocytes negatively 
affected immune responses in the elderly [2]. 
In addition, it has been reported that aging pro-
motes an increase in memory T cells and a 
decrease in naive T cells [3], which might be 
one of the reasons underlying low immunity. 

Thus, in recent years, there has been great 
interests in the study of slowing down the aging 
of the body and enhancing the immunity of 
immune cells in the elderly. 

Traditional Chinese Medicine (TCM) is widely 
used to delay aging by enhancing the function 
of the kidney and spleen, in which a deficiency 
of function of these organs is considered to be 
the main reason for aging [4]. Acupuncture, one 
type of TCM, is based on the ancient theory of 
oriental medicine. The clinical manipulation of 
acupuncture is conducted using thin needles 
inserted into specific body sites known as acu-
points. Electroacupuncture (EA) is a modified 
technique of acupuncture that requires electri-
cal stimulation. Clinical and experimental stud-
ies have shown that sequential EA stimulation 
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is effective in improving health and the treat-
ment of various diseases [5-7]. Several other 
studies have shown that EA improves immunity 
by regulating immune cells and molecules 
[8-11]. Our previous studies also showed that 
EA at acupoints of Guanyuan (CV4) and Zusanli 
(ST36) induced an upregulation of T cell prolif-
eration and IL-2/IL-2R, as well as CD8+CD28+ T 
cells, and decreased serum inflammatory fac-
tors IL-1β and IL-6 in a rat model of senile yang 
deficiency [12]. 

Cytokine-induced killer cells (CIKs), a type of 
immunocompetent T lymphocyte, are a group 
of effector CD8+ T cells possessing non-MHC-
restricted cytolytic activities against tumor 
cells [13]. Like antigen-presenting cells (APCs), 
dendritic cells (DCs) play an important role in 
the activation of T cells via processing and pre-
senting antigens to T cells in the immune sys-
tem [14]. The expression of costimulatory mol-
ecules in the surface of DCs, including CD40, 
CD80, CD86 and HLA-DR, is necessary for the 
antigen-presenting capacity and activation of T 
cells. Cellular immunotherapy, which is based 
on DCs and CIKs, is a popular and novel meth-
od for the treatment of tumors in the clinic [15, 
16]. The treatment based on the combination 
DCs and T cells promoted T cells proliferation 
and induced the antitumor effects of cytotoxic 
T lymphocytes (CTLs) [17]. The co-culture of 
DCs and CIKs elevated the expression levels of 
surface antigens and the antigen presenting 
capacity of DCs, promoting the proliferation 
and cytotoxicity of CIKs and rising the popula-
tion of T cell subsets, including CD3+CD8+, 
CD3+CD56+ cells, which is positively related to 
the cytotoxicity ability of CIKs [18, 19]. Both the 
improvement of immunity by EA and immuno-
competence of DC-CIKs have been well kn- 
own; however, it is still unclear whether EA can 
improve immunocompetence by modulating 
the function of immune cells, especially DCs 
and CIKs at CV4 and ST36 in an aging model.

Thus, this study aimed to investigate the rela-
tionship between EA and immunocompetence 
in the aging model of animal and to examine 
the potential mechanisms of EA. The senes-
cence accelerated prone mouse P8 (SAMP8) is 
the only mammalian model used to evaluate 
accelerated senescence and is widely used as 
an aging model in the study of geriatrics [20, 
21]. These mice are characterized by learning 

and memory impairment, as well as pathologi-
cal changes in the cerebral cortex and hippo-
campus in the central nervous system [22, 23]. 
SAMP8 mice were used as an aging model to 
investigate the effects of EA on the immuno-
competence of immune cells in the elderly in 
this study.

Materials and methods

Animals

SAMP8 mice (9 months of age, weighing 25-28 
g, male) were obtained from the first affiliated 
hospital of Tianjin Medical University (Tianjin, 
China). All mice were maintained under patho-
gen-free conditions using air conditioners and a 
12 h light/dark cycle (20-25°C, 45-55% relative 
humidity). All mice had free access to food and 
water during the experiments. All experimental 
procedures were approved by the Animal Ethics 
Committee of Hubei University of Chinese 
Medicine (Wuhan, Hubei) in accordance with 
the Guide for the Care and Use of Laboratory 
Animals of the State Scientific and Technological 
Commission of China.

Experimental design and electroacupuncture 
treatment

A total of 30 SAMP8 mice were randomly 
arranged into the three groups: Control, EA and 
Sham EA (n=10). It was reported that the elec-
troacupuncture at CV4 and ST36, which were 
commonly used as acupoints to study acupunc-
ture effects on immunity, showed a better regu-
lating effect on senile immunologic function 
than conventional acupuncture [12, 24]. The 
CV4 and ST36 points were selected as report-
ed by Gao et al [25]. CV4 point was located at 
the point under 1/7 of the connecting line 
between the lower edge of the xiphoid of the 
sternum and the upper edge of the pubic bone 
and ST36 point was located at 2 mm lateral to 
the anterior tubercle of the tibia, near the 
mice’s knee joint of the hind limb [26, 27]. A 
pair of needles (diameter, 0.35 mm; length, 25 
mm), were inserted into the CV4 (oblique nee-
dling forward lower abdomen, 1.5 mm) and 
ST36 (perpendicular needling, 3.0 mm) acu-
points of mice in the EA and sham EA group. 
Then the needles in mice in the EA group and 
not in the sham EA group, were connected to  
an electrical acupuncture apparatus (HANS 
LH202H, Huawei, Beijing, China) where the 
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parameters of electrical stimulation had been 
set at 2 Hz frequency and 1 mA intensity. The 
mice were treated with electrical stimulation 
for 15 min and each treatment with EA stimula-
tion was performed at 9:00-11:00 am once a 
day over four consecutive weeks. Mice of the 
sham EA group underwent the same manipula-
tion as the EA group but without the electrical 
current during treatment.

Cell culture and trypan blue staining

Mononuclear cells were isolated from periph-
eral blood using lymphocyte separation medi-
um. The adherent cells were collected to cul-
ture DCs, and the suspension cells were 
transferred for inducing CIKs. All cytokines of 
cell culture were purchased from R&D Systems. 
The adherent cells were cultured in RPMI-1640 
medium containing RhIL-4 (1000 U/ml), RhGM-
CSF (1000 U/ml), TNF-α (10 ng/ml) and 10% 
fetal bovine serum (FBS, Gibco). DCs reached 
maturity on the 9th day due to mature morphol-
ogy. The suspension cells were cultured in 
RPMI-1640 supplemented with IFN-γ (50 ng/
ml) and 10% FBS. After 24 h, IL-2 (500 U/ml) 
and CD3 (50 ng/ml) were added. Half of the 
culture medium was replaced every 3 days. 
After being cultured for 9 days, DCs and CIKs 
were co-cultured at a ratio of 1:3 to generate 
DC-CIKs. Half of the culture medium was 
replaced every 2 days. Human colorectal can-
cer SW480 cells were cultured in complete 
medium composed of Dulbecco’s Modified 
Eagles Medium (DMEM) supplemented with 
10% FBS, and penicillin and streptomycin (100 
U/ml each). All cells were maintained in 5% CO2 
at 37°C. In order to evaluate the cell viabilities 
of DCs and CIKs, trypan blue staining was per-
formed with 0.4% (w/v) trypan blue solution 
(Beyotime biotechnology Co. Ltd,. Shanghai, 
China). Cell suspension solution was mixed 
with 0.4% trypan blue solution at a ratio of 9:1 
and then live cells and dead cells were count-
ed. Cell viability equals to number of living 
cells/total number of cells ×100%. 

Cell proliferative capacity and cytotoxicity 
detected by CCK-8 assay

The CCK8 (cell counting kit 8) assay was used 
to evaluate the cell proliferative capacities and 
cytotoxic activities of CIKs or DC-CIKs. In order 
to detect the cell proliferative capacities, sin-
gle-cell suspension of CIKs and DC-CIKs were 

placed into 96-well plates after CIKs were cul-
tured for 9 days, 1×104 cells for each well; and 
cells were continuously cultured for 3, 5, 7 
days. Three compound holes were set for each 
group. At the end of experiments, a 10 μl of 
CCK8 solution (5 mg/ml in PBS) was then 
added to each well, and the plates were incu-
bated at 37°C for 4 h. The optical density (OD) 
was measured at 450 nm. The proliferative 
multiple was calculated according to the OD 
values. The proliferative multiple equals to the 
ratio of the OD value of cells at the end of the 
experiment to the value of cell at the beginning 
of the experiment.

During the experiment to measure the cytotoxic 
activities of DC-CIKs, SW480 cells were used 
as target cells and DC-CIKs were used as effec-
tor cells. The concentration of SW480 cells was 
adjusted to 1×105 cells/ml, and the concentra-
tion of DC-CIKs was adjusted to gradient con-
centration. The ratios of concentration of 
DC-CIKs to the concentration of SW480 cells 
were 5, 10, 20 and 30. In order to ensure the 
effector/target ratios of 30:1, 20:1, 10:1 or  
5:1, each 100 μl of single-cell suspension of 
SW480 cells and DC-CIKs were placed into 
96-well plates as DC-CIK-SW480 group. Ad- 
ditionally 100 μl of single-cell suspension of 
SW480 cells and medium were placed as SW- 
480 group; and 100 μl of single-cell suspen-
sion of different concentration of DC-CIKs and 
medium were placed as DC-CIKs group. Each 
group was set three compound holes. Then 
mixed cells were incubated for 24 h. At the end 
of the experiment, a 10 μl of CCK8 solution (5 
mg/ml in PBS) was then added to each well, 
and the plates were incubated at 37°C for 4 h. 
The optical density (OD) was measured at 450 
nm. The killing rate of DC-CIKs was calculated 
according to the OD values. The formula used 
as following: killing rate=[1-(ODDC-CIK-SW480-ODDC-

CIK)/ODSW480]×100%.

The immune phenotype of DCs, CIKs and DC-
CIKs detected by flow cytometry

A flow cytometric analysis was performed to 
detect immune phenotype of DCs, CIKs and 
DC-CIKs. DCs and CIKs were induced to be cul-
tured for 9 days. Then DCs and CIKs were co-
cultured to generate DC-CIKs at a ratio of 1:3 
for 3 days. At the end of the experiment, cells 
were collected and washed twice with ice-cold 
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phosphate-buffered saline (PBS), adjusted to a 
cell density of 1×106 cells/ml, and then incu-
bated with FITC anti-mouse CD40 (cat NO. 
561845) and PE anti-mouse CD80 (cat NO. 
553769) antibodies or FITC anti-mouse CD86 
(cat NO. 561962) and PE HL-ADR antibody (cat 
NO. sc-33718 PE) for 20 min. All antibodies 
were purchased from Becton Dickinson and 
Company (BD Pharmingen) or Santa Cruz 

Results 

DC and CIK cells were isolated and cultured

The adhered cells and the suspension cells 
were separated 2 h after the culture of isolated 
peripheral blood monocytes, aiming to induce 
the differentiation and formation of DC precur-
sors and CIK by different cytokines. The mor-

Figure 1. Cell morphology and cell viability of DCs and CIKs. Cell morphology 
of DCs (A) and CIKs (B) on the 9th day after induction by different cytokines 
was observed and photoed using an inverted microscope with a magnifica-
tion of 200 (upper) or 400 (under) times. The cell viability of DCs and CIKs 
(C) was measured by trypan blue staining. The data was expressed as the 
mean ± SD for three independent experiments. 

Biotechnology, Inc. After fixa-
tion with 4% paraformalde-
hyde, the expression of mark-
ers was evaluated by flow 
cytometry. 

The levels of inflammatory 
cytokines detected by ELISA

The DC-CIKs and SW480 cells 
were co-cultured at a ratio of 
30:1 in 24-well plates for 24 h, 
5×105 cells of SW480 in each 
well. Then interleukin-2 (IL-2), 
IL-12, IL-17 and tumor necro-
sis factor-α (TNF-α) produc-
tion were quantified with 
mouse IL-2, IL-12, IL-17 and 
TNF-α ELISA kit (Bio-Swamp), 
following the manufacturer’s 
recommended assay proce-
dures. The optical densities 
(OD) were measured at 450 
nm using a microplate reader. 
The cytokine concentrations 
were determined using a stan-
dard curve established with 
the appropriate recombinant 
cytokine, and are expressed in 
pg/ml.

Statistical analysis

All data are presented as the 
means ± SD. The SPSS 19.0 
statistical software was used 
for data analysis. Differences 
between multi-groups were 
determined using one-way AN- 
OVA and the mean values 
among groups were evaluated 
using Student’s t-test. Results 
with P < 0.05, P < 0.01 and  
P < 0.001 were considered 
significant.
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phology of the adherent cells was obviously 
dendritic on the 5th day. The displayed a large 
number of dendrites and pseudopodia, charac-
teristics of matured DC cells, on the 9th day 
after induction by RhIL-4, RhGM-CSF and TNF-α 
(Figure 1A). The suspension cells grew gradu-
ally in form of aggregate clusters at the begin-
ning of the 3rd day after induction by IFN-γ, IL-2 
and CD3 antibody, and they displayed a small 
circle and other irregular shapes which are the 
characteristics of CIK cells after being induced 
by cytokines on the 9th day after induction 
(Figure 1B). The results of trypan blue staining 
showed that the percentage of live cells of both 
DCs and CIKs on the 9th day were above 95% 
(Figure 1C), indicating cell viabilities of both 
isolated DCs and CIKs were strong enough to 
progress the following experiments. 

EA promoted the immune phenotype of DCs, 
CIKs and DC-CIKs

To investigate the effect of EA on the function 
of DCs, CIKs and DC-CIKs, the expressions of 
some cell surface specific molecules were 
detected by flow cytometry. Results indicated 
that the percentages of positive DCs which 
expressed costimulatory molecules of DCs, 
such as CD40, CD80, CD86 and HLA-DR, sig-
nificantly increased in the EA group on the 9th 

mulation also exerted these effects to a certain 
extent.

In addition, when DCs and CIKs were co-cul-
tured at a ratio of 1:3 for 3 days, as shown in 
Figure 2C and 2D, the percentages of CD3+- 

CD8+ and CD3+CD56+ cells in three groups 
were higher in DC-CIKs than those in CIKs (P < 
0.05). Compared to the control group and the 
sham EA group, the percentages of these two 
double-positive CIKs in DC-CIKs in the EA group 
were increased (P < 0.05). And there were also 
significant differences for the percentages of 
these cells between the control group and 
sham EA group. The killing ability of CIKs and 
DC-CIKs was dependent on the immune pheno-
types of CD3+CD8+ and CD3+CD56+. Thus, this 
data verified that the killing ability of DC-CIKs 
was stronger than CIKs and that EA could 
strengthen their killing ability by increasing the 
formation of those two kinds of immune pheno-
type cells. 

EA enhanced the cell proliferative capacities 
of CIKs and DC-CIKs

In order to evaluate the effects of EA on the cell 
proliferative capacities of CIKs and co-cultured 
DC-CIKs, CCK-8 assays were performed when 
these cells were seeded into 96-well plates and 

Figure 2. The effect of EA on the immune phenotype of DCs, CIKs and DC-
CIKs. The expressions of costimulatory molecules of DCs (A) and the im-
mune phenotype of CIKs (B) were detected by flow cytometry after cultured 
for 9 days. The immune phenotypes of DC-CIKs, such as CD3+CD8+ (C) and 
CD3+CD56+ (D), were assessed using flow cytometry after DCs were co-
cultured with CIKs for 3 days. The data was expressed as the mean ± SD 
for three independent experiments. Compared with the control group, *P < 
0.05, **P < 0.01, ***P < 0.001; compared with the sham EA group, #P < 0.05, 
##P < 0.01, ###P < 0.001.

day compared to both the con-
trol group and the sham EA 
group (all of P < 0.05) (Figu- 
re 2A). The percentages of 
CD3+CD8+ and CD3+CD56+ ce- 
lls in the EA group were also 
significantly higher than that 
in the control group and sham 
EA group on the 9th day (P < 
0.05) (Figure 2B). Interestingly, 
compared to the control gro- 
up, the percentages of simple-
positive DCs, such as CD80 
and CD86, and double-posi-
tive CIKs, such as CD3+CD56+ 
in the sham EA group obvious-
ly rose (P < 0.05). This data 
indicated that EA could en- 
hance the ability of antigen 
presentation of DCs and kill-
ing ability of CIKs through pr- 
omoting the expression of  
surface specific molecules of  
DCs and the formation of 
CD3+CD8+ and CD3+CD56+ 
cells of CIKs. Undeniably, acu-
puncture without electrical sti- 
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continuously cultured in vitro for 3, 5 and 7 
days. As shown in Figure 3A and 3B, the OD 
values of CIKs and DC-CIKs in the EA group 
were significantly higher than those in the con-
trol group and sham EA group (P < 0.05) for 3, 
5 and 7 days. And proliferative curve showed 
that cell proliferative multiples of CIKs and 
DC-CIKs in the EA group were remarkably high-
er than those in the other two groups (P < 0.05) 
(Figure 3C, 3D). These data suggested that EA 
could enhance the cell proliferative capacities 
of CIKs and DC-CIKs. The proliferative multiple 
of DC-CIKs was also higher than that of CIKs in 
the EA group (P < 0.05) (Figure 3E), which indi-
cated that the proliferative ability of DC-CIKs 
was stronger than that of CIKs.

EA enhanced antitumor ability of DC-CIKs on 
human colorectal cancer cells

Then cytotoxicity assay was performed to eval-
uate the effect of EA on the antitumor ability of 

ty of DC-CIKs to some extent. These data illus-
trated that EA markedly enhanced the antitu-
mor ability of DC-CIKs on human colorectal 
cancer cells and that the effect was effector/
target-ratio-dependent.

EA accelerated the release of inflammatory 
cytokines by DC-CIK cells

According to the results obtained from cytotox-
icity assay of DC-CIKs in different effector/tar-
get ratios, the killing rate of DC-CIKs was maxi-
mized when the effector/target ratio was 30: 
1. Thus, we continued to design the experi-
ments to evaluate the inflammatory response 
in SW480 cells when co-cultured with DC-CIKs 
at an effector/target ratio of 30:1. As shown in 
Figure 5, the levels of IL-2, IL-12, IL-17 and 
TNF-α markedly increased in DC-CIK-SW480 
cells compared to DC-CIKs in the three groups 
(P < 0.05), indicating that the release of inflam-

Figure 3. The effects of EA on the cell proliferative capacities of CIKs and DC-
CIKs. CCK-8 assay showed the cell viabilities of CIKs (A) and DC-CIKs (B) in 
three groups when the cells were cultured for 3, 5, 7 days. The proliferative 
multiples of CIKs (C) and DC-CIKs (D) displayed the differences among three 
groups. The proliferative multiples in the EA group (E) showed the difference 
between the CIKs and DC-CIKs. The data was expressed as the mean ± SD 
for three independent experiments. Compared with the control group or CIKs 
in the EA group, *P < 0.05, **P < 0.01, ***P < 0.001; compared with the sham 
EA group, #P < 0.05, ##P < 0.01, ###P < 0.001.

DC-CIKs against human col- 
orectal cancer SW480 cells. 
When DC-CIKs were co-cul-
tured with SW480 cells in any 
condition of different effector/
target ratios for 24 h, com-
pared with both the control 
group and sham EA group, the 
OD values in the EA group  
significantly decreased (P < 
0.05), whereas OD values di- 
dn’t obviously change between 
the sham EA group and con-
trol group until effector/target 
ratios was up to 20:1 (Figure 
4A-D). As shown in Figure 4E, 
the killing rates of DC-CIKs in 
three groups continuously in- 
creased following the increas-
ing of effector/target ratios, 
indicating that the killing ef- 
fect of DC-CIKs was effector/
target-ratio-dependent. The ki- 
lling rates of DC-CIKs in the EA 
group, however, were signifi-
cantly higher than those in 
both the control group and 
sham EA group (P < 0.05), 
while the killing rates in the 
sham EA group were higher 
than those in the control gr- 
oup, suggesting that acupunc-
ture without electricity also 
enhanced the antitumor abili-
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matory cytokines were induc- 
ed after the co-culture of DC- 
CIKs and SW480. Compared 
to the control group, the levels 
of IL-2, IL-12, IL-17 and TNF-α, 
released by DC-CIKs or both 
DC-CIK-SW480 cells, predom-
inantly upgraded in the EA gr- 
oup. The data demonstrated 
that EA accelerated the re- 
lease of inflammatory cytoki- 
nes by DC-CIKs against SW- 
480. Additionally, it was noted 
that significant changes also 
existed for the levels of those 
inflammatory cytokines induc- 
ed by DC-CIKs or DC-CIK-SW- 
480 cells between sham EA 
group and control group (P < 
0.05), indicating acupuncture 
without electricity also exert-
ed the function to promote the 
release of inflammatory cyto-
kines. Even so, there were 
also significant changes for 
the levels of those cytokines 
between the EA group and 
sham EA group. Therefore it 
could be considered that the 
acceleration effect of EA on 
the release of inflammatory 
cytokines was superior to the 
effect of acupuncture without 
electricity. 

Discussion

Human aging over time is ac- 
companied by immunosenes-
cence mediated by the immu- 
ne system. During immuno- 
senescence the decrease and 
dysfunction in immune cell 
subsets obviously affect the 
effects on the inflammatory 

Figure 4. The effect of EA on cytotoxicity of DC-CIKs against SW480. Effec-
tor cells DC-CIKs were co-cultured with SW480 cells at the effector/target 
ratios of 5:1 (A), 10:1 (B), 20:1 (C) or 30:1 (D) for 24 h. Then cell viabilities 
of each group were detected by CCK8 assay. The killing rates of DC-CIKs (E) 
were calculated according to the OD values of cells in three groups. The data 
were expressed as mean ± SD for three independent experiments. Com-
pared with the control group, *P < 0.05, **P < 0.01, ***P < 0.001; compared 
with the sham EA group, ##P < 0.01, ###P < 0.001.

Figure 5. The effect of EA on the levels of inflammatory cytokines. The lev-
els of IL-2 (A), IL-12 (B), IL-17 (C), TNF-α (D) in DC-CIKs or DC-CIK-SW480 
cells were assessed using ELISA kits. The data were expressed as mean ± 

SD for three independent repeti-
tive experiments. Compared with 
the control group, *P < 0.05, **P 
< 0.01, ***P < 0.001; compared 
with the sham EA group, #P < 
0.05, ##P < 0.01, ###P < 0.001; 
compared with DC-CIKs of the 
same group, &P < 0.05, &&P < 
0.01, &&&P < 0.001.
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conditions of human bodies, autoimmune dis-
eases, the risk of cancers and response to 
medical treatment [28, 29]. Therefore, Immune 
cells, which refer to a series of specific cells 
participating in the immune response, play a 
critical role in defense of the immune system. 
Natural kill (NK) cells, T helper (Th) 1 cells, Th2 
cells, T lymphocytes and other cells are impor-
tant immune cells. In addition, dendritic cells 
(DCs) are known to be the most potent APC, 
while cytokine-induced killer cells (CIKs) pos-
sess antitumor activity against a variety of tu- 
mors [13, 14]. Due to low immunity caused  
by quantitative and functional alterations of 
immune cells with age, the elderly are prone to 
some diseases, e.g., cancers and susceptibility 
to infection [28, 29]. Thus it is a novel perspec-
tive to reduce the prevalence of diseases, par-
ticularly tumors, in the elderly by enhancing the 
immunity. It is unclear whether EA can improve 
immunocompetence and kill tumor cells by reg-
ulating the function of immune cells in an ag- 
ing model. Therefore, this study explored the 
effects of EA on immunocompetence in the 
aging model, and further examined the poten-
tial antitumor effects of EA through cell ex- 
periments.

Acupuncture is one therapeutic approach used 
to treat multiple illnesses, such as pain relief, 
and is accepted worldwide, not only in the East 
[30]. The effect of acupuncture or EA on differ-
ent immune cells was different under different 
conditions. Several studies have shown that EA 
increased the activities of NK cells in the spleen 
and there were no effects on the population of 
NK cells in the spleen in normal mice and rats 
[31, 32]. EA can effectively alleviate tissue 
damage and reduce inflammatory reaction in 
ulcerative colitis by reducing Th17 cells and 
increasing Treg cells to achieve dynamic bal-
ance of Treg/Th17 cells [33]. EA also effectively 
upregulates peripheral blood CD3+, CD4+ and 
NK cells levels in stress-training rats [11]. Our 
results showed that EA and acupuncture pro-
moted maturity of DCs and enhanced the cyto-
toxicity of CIKs and DC-CIKs by increasing the 
expression of whole or partial costimulatory 
molecules in the surface of DCs, the population 
of CD3+CD8+ and CD3+CD56+ cells in CIKs and 
DC-CIKs in SAMP8 mice. But the significant dif-
ferences between the EA group and sham EA 
group suggested that the regulative effect of 
EA on the functions of DCs, CIKs and DC-CIKs 

were superior to acupuncture without electrical 
stimulation. Interestingly, compared to the con-
trol group, EA significantly increased the prolif-
erative multiple of CIKs and DC-CIKs, and there 
was no significant increase in the proliferative 
multiple of the two types of cells in sham EA 
group. Our research confirmed that EA can 
improve immune function of the aging organ-
ism, hence resisting various diseases. Tang et 
al. also reported that EA elevated the popu- 
lation of T cell subsets (CD3+, CD4+ and 
CD4+CD8+) and IgG in senile yang deficiency 
[34]. After moxibustion treatment, the aging 
scores of 223 cases were all substantially 
reduced, along with a strengthened cellular 
immune function and an increase of total 
T-lymphocyte count [35]. These studies showed 
that EA or acupuncture was effective in the 
regulation of the population and activities of 
immune cells and that the effect of EA was 
better.

Additionally, EA also improves immune function 
by balancing T helper 1 (Th1) and Th2 cytokines 
in splenic T cells of traumatized rats [5]. In 
recent studies, DC-CIKs, which are a result of 
co-cultured DCs and CIKs, exerted efficient 
antitumor activity [36]. Thus the effects of EA 
on the antitumor activities of DC-CIKs were 
evaluated by detecting the cell viabilities of 
DC-CIK-SW480 cells and calculating killing 
rates of DC-CIKs using human colorectal can-
cer SW480 cells as target cells. These results 
showed that EA significantly decreased the cell 
viability of DC-CIK-SW480 cells; and that EA 
increased the killing rates of DC-CIKs following 
the increase of effector/target ratio. Similar 
tendency was observed in the sham EA group. 
Thus, EA enhanced the antitumor activity of 
DC-CIKs from SAMP8 mice, while acupuncture 
exerted a relative weaker function than EA. A 
report showed that acupuncture at ST36, Hegu 
(LI4) and Sanyinjiao (SP6) increased immune 
function and inhibited tumor growth in Wal- 
ker-256 liver cancer, gastric cancer and hypo-
dermic tumor rats [6]. Combined with our stud-
ies, EA at CV4 and ST36 has been shown to 
activate immunity and increase the cytotoxic 
activity of DC-CIK on human colorectal cancer 
cells. DC-CIK adoptive immunotherapy is devel-
oping rapidly as a new antitumor therapy [37]. 
Lin et al found that DC-CIK adoptive immuno-
therapy reduced the severity of adverse effects 
and prolonged the survival of colorectal cancer 
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patients [38]. This study showed that EA can 
enhance the antitumor activities of DC-CIK ag- 
ainst SW480 cells in the aging model. Therefore, 
our findings provide new basic research data 
for the antitumor effects EA, and supported EA 
as an adjunct to DC-CIK adoptive immunother-
apy. However, the antitumor effects and mech-
anism of EA need further study. 

Immunosenescence, is accompanied by chron-
ic inflammatory conditions, which is also known 
as inflammation, featured by an increase in 
inflammatory cytokines (e.g., interleukin (IL)-6, 
IL-1β and tumor necrosis factor (TNF)-α) [39]. 
Th1 cells and Th17 cells are key immune cells 
to induce the inflammatory responses by re- 
leasing specific cytokines. IL-2 and IL-12 are 
representative cytokines in Th1 cells produced 
by activated T cells, while cytokine IL-17 is a 
typical cytokine in Th17 cells [40]. 

In our study, the levels of IL-2, IL-12, IL-17 and 
TNF-α released by DC-CIKs or DC-CIK-SW480 
in the EA group significantly increased com-
pared to the control group, and the levels were 
higher in DC-CIK-SW480 cells than that in 
DC-CIKs in the EA group. These findings illus-
trated that the inflammatory response was 
strongly induced when the SW480 was co-cul-
tured with DC-CIKs, whereas EA stimulation 
enhanced this effect. TNF-α induced by EA 
treatment played an essential role in the cy- 
totoxic activity, which is consistent with the 
results of killing activity of DC-CIKs. In our 
study, EA induced IL-2, IL-12 and IL-17 produc-
tion, which were regulated by different T cells. 
Thus, we speculated that EA regulated T cell 
differentiation to modulate immune function. 
However, these findings warrant further study.

In conclusion, this present study demonstrated 
that EA stimulation at CV4 and ST36 in SAMP8 
mice significantly promoted the expressions of 
the surface costimulatory molecules in DCs, 
and promoted proliferation and cytotoxicity of 
DC-CIKs against SW480. Simultaneously the 
cytokines produced by DC-CIKs and DC-CIK-
SW480 were markedly increased in response 
to EA stimulation. Additionally, acupuncture 
had similar effects with EA, but these effects 
are weaker than EA. This study highlighted that 
EA could enhance immunocompetence of DCs 
and CIKs by enhancing the function of DCs, pro-
moting proliferation and cytotoxicity of CIKs 
and DC-CIKs, and promoting the release of 

inflammatory cytokines. Our findings provided 
new insights into the mechanism of improving 
immunity by EA administration and supported 
the use of EA as a preventive health measure in 
the elderly.
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