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Asthma is a common disease with various causes 
and complicated pathophysiology.(1) A common belief 
is that many immune cells, especially the activated T 
cells subtypes, release cytokines and act together to 
cause cardinal symptoms of asthma.(2) Th2 cells and 
related cytokines, which induce eosinophilic airway 
inflammation and IgE synthesis, participate in the 
pathogenesis of asthma, and this pathological progress 
could be inhibited by Th1 cells and interferon gamma 
(IFN-γ). Th17 cells and related cytokines cause 
neutrophilic infl ammation while Treg can release Foxp3 
and inhibit RAR-related orphan receptor gamma t 
(RORγt) to abort the differentiation of Th17 cells.(3) 
These considerable evidences indicate that asthma 
features are suppressed through Th1, Treg cells and 
their cytokines, while they are aggravated through 
Th2, Th17 cells and their cytokines,(4) suggesting that 
the activities of these cells are associated with the 
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pathology and therapeutic effect of asthma.(5)

As important parts of mitogen-activated protein 
kinases families, p38 and p44/42 not only play 
important roles in inflammation and stress, but also 
participate in the process of cell survival, differentiation 
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and apoptosis.(6) Previous reports observed that 
p38 and p42/44 were activated by responding to 
infl ammatory signals in asthma.(7) p38 and p42/44 were 
also involved in eosinophil differentiation and cytokine 
production,(8) suggesting that they may participate in 
asthmatic T cell polarization.

As a  t rad i t iona l  therapy  supp lement  to 
glucocorticoid, acupuncture has been applied in 
treating asthma symptoms for centuries.(9) Many 
controlled trials suggest that acupuncture is effective 
in treating asthma,(10) like alleviating asthmatic 
symptoms,(11,12) improving lung function and decreasing 
medication dosage.(13) Furthermore, previous studies 
have identifi ed that acupuncture can elevate Th1 and 
Treg cytokines and decrease Th2 and Th17 cytokines 
in bronchoalveolar lavage fluid (BALF) of asthmatic 
model.(14,15) But the regulation role of acupuncture on 
these 4 CD4+T cell subtypes in asthma has not been 
explicitly explained. Aiming to clarify the infl uence of 
acupuncture in balancing these CD4+T cell subtypes, 
we created experimental allergic asthma mice and 
detected the related cytokines, transcription factors, 
cell polarization and pathway, in which we may 
enhance the understanding of asthma as well as the 
development of acupuncture research.

METHODS

Reagents
Ovalbumin (OVA, grade Ⅴ) and methacholine 

(Mch) were purchased from Sigma (St. Louis, 
MO, USA). Mouse premixed multi-analyte kit was 
obtained from R&D (Minneapolis, MN, USA). Sterile 
acupuncture needles (0.25 mm×13 mm) were 
purchased from Shenlong Medical Apparatus Co., 
Ltd. (Wujiang, China). Mouse interleukin 5 (IL-5), 
IL-10, IL-13 Bio-Plex kits were custom-made from 
Bio-Rad Corp. (Hercules, CA, USA). Mouse IL-17A 
enzyme-linked immunosorbent assay (ELISA) kit was 
purchased from Anogen Biopharmaceutical Company 
(Mississauga, Ontario, Canada). Cell stimulation 
cocktail (500X) was obtained from eBioscience (San 
Diego, USA). FITC-labeled CD4, phycoerythrin/
cyanine 7 (PE/Cy7)-labeled IFN-γ, allophycocyanin 
(APC)-labeled IL-4, brilliant violet (BV) 421-labeled 
IL-17A and phycoerythrin (PE)-labeled Foxp3 were 
obtained from Biolegend (anti-mouse, San Diego, 
USA). Anti-mouse IgG of GAPDH and horseradish 
peroxidase (HRP)-conjugated secondary antibodies 
were obtained from Kangchen (Shanghai, China). 

Anti-mouse T-bet, GATA binding protein 3 (GATA3), 
RORγt, Foxp3, p38, p-p38, p44/42, and p-p44/42 
antibodies were obtained from CST (Danvers, MA, 
USA) and Abcam (Cambridge, MA, USA).

Animals and Grouping
Healthy female BALB/c mice (certificate No. 

0003425), weighing 12–15 g, were provided by 
Shanghai Laboratory Animal Co., Ltd. The mice were 
reared in a pathogen-free rodent facility according 
to approved procedures and housed in separate 
stainless steel cages in a temperature-controlled 
environment (20–24 ℃) with a 12-h light/dark cycle. 
Fifty-six mice were feeding in pathogen-free animal 
facilities with free access to diet in a 12-h light/dark 
cycle and randomly divided to 4 groups (14 per group) 
according to the random number table: the normal 
control group (NC), the OVA-induced asthma model 
group (model), the acupuncture group, and the sham 
acupuncture group. The protocol of this study was 
following the guidelines and approval of the Animal 
Care and Use Committee on the Ethics of Animal 
Experiments of Fudan University.

Establishment of Experimental Asthma Mice 
On Day 0 and 7, mice were sensitized with 

0.2 mL normal saline containing 50 μg of OVA and 
1 mg of alum. From Day 14 to 16, mice were put into 
plexiglas chambers and challenged with 3% OVA for 
30 min every day using ultrasonic nebulizers (402AI, 
Yuyue Medical Equipment Company, Jiangsu, China). 
After a week of non-treatment period, all mice were 
challenged every other day for 4 weeks (Day 24–51). 
The NC mice were managed with normal saline with 
the same method (Figure 1).

Figure 1. Time Line of Establishment of Mouse 
Model and Acupuncture Treatment

Sensitization 
(twice) Euthanize

3% ovalbumin challenge for 3 days

14 – 16

Day
0 7 24 51 52

Acupuncture treatment plus 3% 
ovalbumin challenge

(every other day for 4 weeks)

Acupuncture Treatment
To perform the acupuncture treatment, the 

acupoints of Dazhui (GV 14), bilateral Fengmen (BL 
12) and Feishu (BL 13) were selected according to 
the theory of acupuncture.(16) For mice in the sham 
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acupuncture group, the irrelevant distal acupoints of 
bilateral Huantiao (GB 30) were selected for sham 
acupuncture by operator blinded to experimental 
group allocation. The acupuncturist was not involved in 
asthma establishment and the following measurements. 
From Day 24, both acupuncture and sham acupuncture 
procedures were performed 1 h before each challenge 
with a fixation device in an awakened state. Sterile 
needles were inserted approximately 3 mm into 
the acupoints and withdrawn after 30 min. During 
the needling time, no manual manipulations were 
performed. Mice were sacrifi ced by cervical dislocation 
after the airway hyper-reactivity (AHR) measurement.

AHR Measurement 
The measurements of airway responsiveness 

were performed after the last challenge. Mice were 
inhaled with gradient doses of Mch (3.125, 6.25, and 
12.5 mg/mL) under anaesthesia with pentobarbital 
sodium using Buxco Pulmonary System (Buxco 
Electronics, Troy, NY, USA) to assess pulmonary 
resistance (RL) and lung dynamic compliance (Cdyn). 
Results were expressed as the percentage change in 
baseline following Mch challenge.

Histopathological Assessment
After fixed in 4% paraformaldehyde, the lung 

was embedded in paraffin and then cut into 4-μm-
thick sections. The sections were stained with 
hematoxylin eosin (HE) and periodic acid-Schiff (PAS) 
to assess the severity of lung pathology, leukocyte 
infiltration and mucous/goblet cells proliferation. 
The inflammatory changes were observed in the 
perspective of 10 times with an optical microscope 
(Eclipse 80i, Nikon Corporation, Tokyo, Japan).

Cytokines Determination in Serum
The blood was collected after the AHR detection 

by ophthalmia and thereafter centrifuged for serum 
collection. Levels of cytokines including IL-5, IL-10, 
IL-13 and IL-17A in serum were detected by Bio-Plex 
and ELISA assays.

Flow Cytometric Analysis
The single-cell suspension of lung tissue was 

dissociated by gentleMACS™ Dissociator (Miltenyi, 
Germany) for further flow cytometric analysis. Lung 
tissue cells were cultured with 1X cell stimulation cocktail 
for 4 h and then stained with CD4 antibody for 30 
min. After incubation with the fixation/permeabilization 

solution for 1 h, the lung tissue cells were incubated with 
antibodies for 40 min, followed by detection with a FACS 
Calibur Instrument (BD, San Jose, CA, USA).

Western Blot Analysis
The extraction of lung total proteins in each 

group was finished according to the instructions. 
Sod ium dodecy l  su l fa te -po lyacry lamide ge l 
electrophoresis (SDS-PAGE) was performed using 
20 μg protein, and then the targeted proteins 
including T-bet, GATA3, Foxp3, RORγt, p38, 
p-p38, p44/42 and p-p44/42 were transferred to 
polyvinylidene fluoride membranes and blocked. 
Thereafter,  targeted proteins were blotted at 
1:10000 dilution using specifi c antibodies and HRP-
conjugated secondary antibodies. The results were 
quantifi ed by Bio-Rad Image Lab software 3.0 (USA).

Statistical Analysis
Data was expressed as mean±standard 

deviation (x–±s). Statistical analysis was performed 
using one-way analysis of variance followed by 
post-hoc test of least significant difference or 
Games-Howell tests (depending on the data and on 
the hypothesis tested) by SPSS 18.0. A P value<0.05 
indicated a statistically signifi cant difference.

RESULTS

Effects of Acupuncture on AHR in Asthma Mice
With the increasing dose of Mch administration, 

mice in the model group showed an obvious 
increase of RL and a significantly decrease of Cdyn 
compared with the NC group (P<0.05 or P<0.01). 
After acupuncture treatment, RL was decreased and 
Cdyn was increased significantly compared with the 
model mice (P<0.05 or P<0.01). However, changes in 
RL and Cdyn of mice in the sham acupuncture group 
were not obviously (P>0.05, Figure 2). 

Effect of Acupuncture on Inflammation in 
Asthma Mice 

The HE results showed that there were lots 
of inflammatory cells infiltrating around the airway 
in asthma mice. Acupuncture treatment revealed 
obvious decrease in the infiltration of inflammatory 
cells. Sham acupuncture group also showed a trend of 
improving in lung infl ammation, but the improvement 
is limited. The PAS staining results denoted that 
there were a large number of mucous/goblet cells 
proliferating and producing mucin/mucous around the 
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airway in asthma mice. In contrast, the lung tissues 
of acupuncture group were protected from mucin/
mucous hyper-secretion by airway epithelial cells and 
sham acupuncture also did manifest improvements 
(Figure 3).

Effect of Acupuncture on Cytokine Levels of 
Different CD4+ T Cell Subtypes in Serum of 
Asthma Mice

Th2 cytokines (IL-5 and IL-13) and Th17 cytokine 
(IL-17A) elevated obviously in the model group 
compared with the NC group (P<0.05 or P<0.01), 
while acupuncture presented an inhibiting effect on 
these cytokine levels (P<0.05 or P<0.01). The level 

of IL-10 was decreased in the model group compared 
with the NC group (P<0.05), while it was obviously 
increased in the acupuncture group (P<0.05). However, 
sham acupuncture did not have any effect on the 
production of IL-5, IL-13, IL-17A and IL-10 compared 
with the asthma model mice (P>0.05, Figure 4). 

Figure 2. Effects of Acupuncture on Airway Hyper-
Reactivity to Mch in OVA Inhalation Mice (n=14)

Notes: RL: pulmonary resistance; Cdyn: lung dynamic 
compliance; OVA: ovalbumin. Data was expressed as percentage 
change of the baseline value. P<0.05,  P<0.01 vs. normal control 
group; △P<0.05, △△P<0.01 vs. model group; ▲P<0.05, ▲▲P<0.01 
vs. sham acupuncture group

Figure 3. Changes of Infl ammatory Cells Infi ltration and Mucous/Goblet Cells Proliferating 
around the Airway of Asthma Mice by HE and PAS Stainings (×20)

Notes: HE: hematoxylin eosin; PAS: periodic acid-Schiff. The arrows indicate the infl ammatory changes and mucus secretion 
around the airways.

Figure 4. Acupuncture Regulated Cytokine 
Levels of Different CD4+ T Cell Subtypes in 

Serum of Asthma Mice ( ±s, n=14) 
Notes: IL: interleukin. P<0.05,  P<0.01 vs. normal control 

group; △P<0.05, △△P<0.01 vs. model group
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Effect of Acupuncture on CD4+ T Cell Subtypes 
in Lung Tissues of Asthma Mice 

The model group had significantly lower CD4+ 
IFN-γ+ cells in lung tissue compared with the NC group 
(P<0.01). After acupuncture treatment, the mice had a 
prominent increase in CD4+ IFN-γ+ cells (P<0.01), and 
there was no decrease in CD4+ IL-4A+ cells compared 
with the model group (P>0.05). Mice in the model group 
had significantly higher CD4+ IL-17A+ cells and CD4+ 
Foxp3+ cells compared with the NC group (P<0.01). 
The mice in the acupuncture group had an obvious 
reduction in CD4+ IL-17A+ cells and a prominent 
increase in CD4+ Foxp3+ cells in lung tissue compared 
with the model group (P<0.05 or P<0.01). There were 
no obvious changes in these cell populations in the 
sham acupuncture group compared with the asthma 
mice (P>0.05, Figure 5). 
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Effect of Acupuncture on Expressions of CD4+ T 
Cell Subtypes Associated Factors in Asthma Mice 

The level of T-bet was reduced obviously in the 
asthma mice compared with the NC group (P<0.01), 
while it was increased signifi cantly in the acupuncture 
group (P<0.05). However, there were no marked 
changes in Th2 transcription factor GATA3 expression 

in each group (P>0.05). Compared with the NC group, 
Foxp3+ and RORγt were elevated significantly in 
the model group (P<0.05 or P<0.01). Acupuncture 
resulted in a significant increase of Foxp3+ and a 
significant reduction of RORγt (P<0.05 or P<0.01). 
However, sham acupuncture has no effect on the 
expressions mentioned above (P>0.05, Figure 6).

Figure 5. Acupuncture Regulated Proportion and Counts of Different 
CD4+T Cell Subtypes in Lung Tissues of Asthma Mice ( ±s, n=14)

Notes: IL: interleukin; IFN-γ: interferon gamma. P<0.01 vs. normal control group; △P<0.05, △△P<0.01 vs. model group; ▲P<0.05, 
▲▲P<0.01 vs. acupuncture group
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allergic asthma.(17) Such as Th2 cells and their 
cytokines are participated in eosinophil chemotaxis, 
goblet cell hyperplasia and mucus hypersecretion, 
AHR development and lung remodeling.(18) On the 
other hand, Th1 cell is protecting us from intracellular 
pathogens. Th17 cells and related cytokines can 
aggravate allergic inflammation,(19) as well as the 
accumulation of neutrophil and eosinophil.(20) Treg 
cells and IL-10, are increasingly believed to play key 
roles in asthma peripheral tolerance.(21) Furthermore, 
evidences have suggested that Th2-mediated 
pathological changes in asthma could be further 
synergized by specific Th17 cells.(22) Therefore, the 
discord of CD4+ T cell subtypes may be a key role for 
asthma mechanism, and Th1 and Treg are critical in 
suppressing asthma features.

In this experiment, OVA challenge caused 
obvious AHR, inflammatory cells infiltration, mucus 
hypersecretion and increased cytokines of Th2 and 
Th17 cells. An obvious weakness in Th1 response 
as well as the enhancement of Th17 response 
represented the characteristics of allergic asthma. 
Meanwhile, a remarkable up-regulation of Treg 
response was also observed, but the up-regulation 
of Treg response was weaker than that of Th17 
response. All the results leading to a Th2 and Th17 
dominated infl ammation in experimental asthma mice. 

Acupuncture is now a popular comprehensive 
and alternative therapy of asthma in Western 
countr ies. (9) In pat ients with al lergic asthma, 
acupuncture can increase T lymphocytes and attenuate 
symptoms.(16) So the disorder of CD4+ T cells is 
considered to be involved in the anti-asthma effect of 
acupuncture. In this experiment, as compared with 
OVA-challenged mice, acupuncture could attenuate 
AHR by increased RL and decreased Cdyn, airway 
inflammation, mucus hypersecretion in experimental 
asthma model. Furthermore, acupuncture treatment 
simultaneously promoted Th1 and Treg activities, 
including the higher levels of IL-10 secretion, the 
high expressions of T-bet and Foxp3 protein, as 
well as the increase of Th1 and Treg. Our data 
was in accordance with previous research in which 
Treg cells can suppress asthma features and drive 
peripheral tolerance of asthma through the increase of 
IL-10.(23) In the meantime, acupuncture treatment 
markedly decreased the productions of IL-5 and 
IL-13, which are correlating with airway eosinophilia 

Figure 6. Acupuncture Regulated Expressions of 
CD4+ T Cell Subtypes Associated Factors in Lung 

Tissue of Asthma Mice ( ±s, n=14)
Notes: RORγt: RAR-related orphan receptor gamma t; 

GATA3: GATA binding protein 3. P<0.05,  P<0.01 vs. normal 
control group;△P<0.05, △△P<0.01 vs. model group; ▲P<0.05, 
▲▲P<0.01 vs. acupuncture group

Figure 7. Acupuncture Suppresses 
Phosphorylation of p38 and p44/42 Expression in 

Lung Tissue of Asthma Mice ( ±s, n=14)
Notes: P<0.01 vs. normal control group; △P<0.01 vs. 

model group

Effect of Acupuncture on Phosphorylation of 
p38 and p44/42 in Lung Tissue of Asthma Mice 

OVA inhalation induced a sharp up-regulation of 
p-p38, p-p44/42 expressions (P<0.01). And obvious 
declines were observed in the acupuncture group 
and the sham acupuncture group compared with 
the asthma mice (P<0.01). However, there was no 
marked change in p38 and p44/42 expressions in 
each group (P>0.05, Figure 7).
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degree, mounting AHR and goblet cell metaplasia.(24) 
The remodeling of airway and counteract of Treg was 
also weakened by the decrease of Th17 cells and 
IL-17A(25,26) after acupuncture treatment. These fi ndings 
revealed that acupuncture could switch asthma model 
from a predominant Th2 and Th17 response to Th1 
and Treg response, which reasonably attenuated 
asthma symptoms. However, no obvious effect of sham 
acupuncture treatment on airway inflammation was 
observed in OVA inhalation mice except the pulmonary 
histopathology results, indicating acupuncture effect is 
not equal to the placebo effect, and the different effects 
between acupuncture and sham acupuncture may 
depend on acupoint specifi city. 

Considered as a transfer station of many 
signal transduction pathways, p38 and p44/42 are 
responsive to multiple extracellular stimuli, involved 
in eosinophil differentiation and cytokine production(8) 
and activated in response to inflammatory signals 
in asthma.(7,27) Previous reports observed that when 
asthma progression was inhibited, the p38, p42/44 
activation were suppressed,(7,28) which indicating a 
relationship between asthma and the activation of 
p38 and p42/44. The current results showed that OVA 
challenged induced a sharp increase of p-p38 and 
p-p44/42 expressions in experimental asthma group. 
Furthermore, we observed that both acupuncture and 
sham acupuncture could reduce the level of p-p38 
and p-p44/42, indicating that both specific and non-
specifi c effects contributed to the inhibition of the p38 
and p44/42 activities, and might further affect the 
downstream signal transduction. Unfortunately, our 
results did not clearly establish whether the inhibition 
of p38 and p44/42 activities directly contribute to 
the anti-asthmatic effects of up-regulation of Th1, 
Treg activities and down-regulation of Th2, Th17 
activities. In our study, specific acupuncture could 
simultaneously promote the activities of Th1 and Treg. 
But non-specifi c effects of sham acupuncture could not 
regulate the differentiation of CD4+ T cells. Except cell 
differentiation activated by inflammatory molecules, 
the p38 and p44/42 are also involved in signaling 
pathways to stress stimuli, like oxidative stress.(6,29) 
So the reduction of phosphorylation expressions in 
both acupuncture and sham acupuncture treatment 
might be more inclined to oxidative stress, which 
needs further investigation. In spite of this limitation, 
this study indicated that acupuncture could attenuate 
asthma symptoms in experimental asthma mice by 

strengthening Th1 and Treg activities and regulating 
the balance of CD4+ T cell subtypes. 
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