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Purpose: Cyclophilin A (CypA) inhibits CD4+ T cell signal transduction via interleukin- 
2-inducible T-cell kinase (Itk), a tyrosine kinase required for T helper (Th) 2 cells function. 
Furthermore, mice with CypA silencing developed allergic diseases associated with 
increased Th2 cytokines production. CD4+ T cells with a Th2-cytokine pattern have been 
demonstrated to have a pivotal role in the pathogenesis of asthma. However, the effects of 
CypA in regulating immunity in asthma and in relieving asthmatic symptoms in vivo are 
entirely unknown.
Methods: Recombinant CypA protein (rCypA) was generated and purified. Ovalbumin 
(OVA)-challenged asthmatic rats model and acetylcholine chloride (ACh)-induced contrac-
tion of tracheal spirals were established. The pulmonary resistance (RL) value of asthmatic 
rats in vivo and the isometric tension of tracheal spirals ex vivo were recorded by MFLab 
3.01 software. The levels of Th1 and Th2 cytokines and the quantities of immunoglobulin 
(IgA, IgG, IgM and IgE) in the supernatants of rat spleen lymphocytes were detected and 
analysed by bio-plex Suspension Array System and ELISA, respectively. CD4+ T cells were 
separated by MicroBeads, and the levels of interleukin (IL)-4 and interferon-γ (IFN-γ) were 
detected by ELISA.
Results: rCypA (10 ng/kg) significantly reduced RL within 2–7 min in OVA-challenged 
asthmatic rats in vivo, and there were no significant differences compared with terbutaline 
(TB) and hydrocortisone (HC). Furthermore, rCypA (10 ng/mL) significantly reduced the 
isometric tension in the ACh-induced contraction of the tracheal spiral ex vivo, and the effect 
of rCypA was better than that of TB. Additionally, rCypA suppressed the secretion of both 
Th1 and Th2 cytokines, and the suppressive effects of rCypA were stronger than those of 
HC, especially on Th2 cytokines.
Conclusion: These findings indicate that CypA may serve as a potential novel therapeutic 
strategy for asthma.
Keywords: cyclophilin A, asthma, Th2 cytokines, immunoregulation

Introduction
Asthma is a disease that characterized by airway inflammation and manifests as 
reversible airway obstruction.1 It now affects 300 million individuals and accounts 
for 1 in every 250 deaths worldwide.2,3 The preferred treatment for asthma is the 
combination of inhaled corticosteroids (ICS) and long-acting β2 agonist (LABA) in 
clinics,1 even though the side effects of ICS and LABA in asthmatic patients have 
been recognized for decades.4,5 Other options such as leukotriene receptor antago-
nists, azithromycin, or anti-immunoglobulin E monoclonal antibodies are used in 
patients whose asthma is not well controlled by ICS-LABA therapy.6–8 However, 
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despite receiving optimal therapy, there is still a group of 
asthmatic patients who continue to have symptoms, in 
particular, associated with the T helper (Th) 2 immune 
response including interleukin (IL)-4 and IL-13.9 

Therefore, there is an urgent need for new drugs and 
targets for asthma, especially inhibitors of the Th2 
immune response.10

Corticosteroids are the first-line therapy against asthma 
in the clinic and have immunosuppressive effects.11,12 

Immunosuppressive agents for asthma have been con-
cerned since then, such as purine antagonists, methotrexate 
and cyclosporin A (CsA).13 CsA is a powerful immuno-
suppressive agent that was used against asthma by inhibit-
ing the production of cytokines, predominantly in those 
produced by T lymphocytes.14 CsA is an effective treat-
ment in severe corticosteroid-dependent asthma and sig-
nificantly improves pulmonary function in the clinic.15 

Despite the potential benefits of CsA for asthma, the 
toxic effects of elevated liver enzymes, hypertrichosis, 
neuropathy/paraesthesia, and gastrointestinal disturbances 
have been established.16 Nonetheless, CsA mediates its 
immunosuppressive effects by combining with the pepti-
dyl prolyl isomerase (PPIase) of the Cyclophilin 
A (CypA),17 and CypA is the primary mediator of immu-
nosuppression by CsA.18 This suggests that CypA may 
contribute to immunosuppressive effects by inhibiting the 
activity of T cells in asthma.

CypA is a ubiquitous protein with PPIase, it was the 
first identified and is the most abundantly expressed mem-
ber of the family of Cyclophilins.19 Generally, CypA is 
presented intracellularly (iCypA), and it can be secreted 
from cells (called extracellular CypA, eCypA) in response 
to inflammatory stimuli such as hypoxia, infection, and 
oxidative stress.20–22 In addition to the immunosuppres-
sive function of CypA bound to CsA, a previous study also 
revealed that CypA catalysed the isomerization of the 
T cell-specific Tec family member interleukin-2-inducible 
T-cell kinase (Itk). CypA promotes the dimerization of Itk, 
decreases the activity of Itk protein-kinase activity, and 
inhibits intracellular signalling events, thereby inhibiting 
T cell activation.23,24 Furthermore, a previous study 
showed that CypA/Ppia−/- mice developed allergic dis-
eases with elevated immunoglobulin (Ig) E and Th2 cyto-
kines (particularly IL-4),25 probably reflecting the essential 
role of CypA in regulating immunity in allergic diseases, 
including asthma, and its potential role in relieving asth-
matic symptoms.

In the study, recombinant CypA protein (rCypA) was 
generated and purified, and the effects of rCypA in both 
ovalbumin (OVA)-challenged asthmatic rats in vivo and 
acetylcholine chloride (ACh)-induced contraction of tra-
cheal spirals ex vivo were clarified. Furthermore, the effect 
of rCypA on the cytokine profile of lymphocytes, particu-
larly the regulation of Th1/Th2 cytokines balance, was 
studied.

Materials and Methods
Purification of Recombinant CypA
The recombinant human pET21a-CypA plasmid was 
donated by Dr. Xu Shen (Shanghai Institute of Materia 
Medica, Chinese Academy of Sciences).26 The plasmid 
was transfected into E. coli BL21 (DE3) strain (Merck 
Millipore, USA). In the protein expression procedure, 0.1  
mM isopropyl-beta-D-thiogalactopyranoside (IPTG) 
(Beyotime Biotechnology Co. Ltd., China) was added 
when the optical density at 600 nm reached 0.6, and 
protein expression was induced at 37°C for 12  h. E. coli 
cells were harvested and resuspended in resuspension 
buffer (20 mM PB, 300 mM NaCl, pH 7.4) and then 
broken by ultrasonication on ice. After that, Triton 
X-100 (Beyotime Biotechnology Co. Ltd., China) was 
added, and the supernatant was collected. rCypA was 
purified in 2 steps. The first step was affinity chromato-
graphy purification using Ni2+ Sepharose 6 Fast Flow 
beads (Danaher Corporation Life Sciences platform, 
USA), and the second step was ion-exchange chromato-
graphy purification using Q Sepharose Fast Flow beads 
(Danaher Corporation Life Sciences platform, USA). The 
purity of rCypA was confirmed by SDS-PAGE with purity 
higher than 95% (Supplementary Figure S1A). In addi-
tion, the PPIase activity of rCypA was measured by the 
method described previously.27 With the addition of α- 
chymotrypsin, the rate of reaction significantly improved, 
implying the obvious PPIase activity of rCypA 
(Supplementary Figure S1B).

Preparation of Ovalbumin-Challenged 
Asthmatic Rats Model
Sprague Dawley (SD) rats (120±10 g) were used and 
purchased from the Shanghai Experimental Animal 
Centre (SLAC Laboratory Animal Co. Ltd., China) in the 
study. All rats were housed in specific-pathogen free (SPF) 
conditions with a temperature of 20–22°C and air humidity 
of 45–55% on a regular light-dark schedule.
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Rats were randomly divided into 5 groups with 8 rats 
in each group. The groups were the control group (Blank); 
asthmatic rats group (AS); asthmatic rats with 0.055 mg/ 
kg terbutaline (Chengdu Huayu Pharmaceutical Co. Ltd., 
China) group (TB); asthmatic rats with 15.0 mg/kg hydro-
cortisone (Tianjin Biochem Pharmaceutical Co. Ltd., 
China) group (HC); and asthmatic rats with 10.0 ng/kg 
rCypA group (rCypA). TB and HC, two drugs widely used 
to control asthma symptoms in the clinic, were used as 
positive controls. The dose of two drugs was prepared 
according to the previous work.28

The rats in the AS, TB, HC and rCypA groups were 
sensitized and challenged with OVA (Sigma-Aldrich Co. 
Ltd., USA) as previously described.28 On day 0, rats were 
intraperitoneally injected with 1 mg of OVA precipitated 
with 10 mg of Al(OH)3 gel (Shanghai AiBi Chemical 
Reagent Co. Ltd., China) dissolved in 1 mL of normal saline 
(NS) (0.9% NaCl). On day 14, the rats were injected with 
0.055 mg/kg TB, 15.0 mg/kg HC and 10 ng/kg rCypA 
through the external jugular vein 10 min prior to challenge 
with OVA (5 mg/kg body weight), respectively. Rats in the 
Blank group were sensitized and challenged with NS only.

Measurement of Pulmonary Resistance
The rats were placed on a fixed plate in a supine position, 
kept warm by incandescent bulb after anesthetized. Expose 
the trachea and made a T-shaped incision at the upper part 
of the trachea. Meanwhile, gently inserted a T-shaped 
cannula into the trachea, which was directly connected 
with a heater-controlled pneumotachograph (Hans Rudolf 
Inc., USA). The flow rate and tidal volume were measured 
by connecting the heater-controlled pneumotachograph 
with a differential pressure transducer (Kent Scientific 
Corporation, USA). Another cannula was inserted into 
the esophagus to the mid-thorax level, and connected to 
a physiological pressure transducer (Shanghai Jialong 
Instrument Factory, China) to detect the transpulmonary 
pressure. Pulmonary resistance (RL) was calculated over 
a complete respiratory cycle using an integrated method, 
in which flows, volumes, and pressures were continuously 
recorded by MFLab 3.01 software (Shanghai Medical 
College, Fudan University, China), as described 
previously.28

Preparation of Rat Tracheal Spirals
Preparation of rat tracheal spirals was conducted according 
to the previously described protocol.28 Briefly, the rats 
were anaesthetized, and then the trachea was taken out 

and cut into a 3–5 mm width and 15–18 mm length spiral. 
The lower part of the tracheal spiral was fixed to a support 
in the tissue bath, and the upper part was connected to the 
tension transducer (Shanghai Jialong Instrument Factory, 
China), prepared for experimental procedures described 
below.

Measurement of Isometric Tension
The optimal concentration of ACh (Sigma-Aldrich Co. 
Ltd., USA) was 1×10−5 g/mL, and the normal contraction 
degree of the tracheal spiral ex vivo was 70% (0.51±0.09 
g). The study of the measurement of isometric tension was 
divided into 5 groups: normal tracheal spiral group 
(Blank); tracheal spiral pre-treated with 10 μg/mL ACh 
group (ACh); tracheal spiral pre-treated with 10 μg/mL 
ACh and 0.015 mg/mL of TB group (TB); tracheal spiral 
pre-treated with 10 μg/mL ACh and 9 mg/mL of HC group 
(HC); and tracheal spiral pre-treated with 10 μg/mL ACh 
and 10 ng/mL rCypA group (rCypA). The dose of ACh, 
TB and HC were prepared according to the previous 
work.28,29 The isometric tension value of tracheal spirals 
was continuously monitored for 10 min with MFLab 3.01 
(Shanghai Medical College, Fudan University, China) soft-
ware, and the data obtained from each group were sum-
marized and analysed.

Cell Cultures
Lymphocytes were isolated from the spleens of normal 
SPF SD rats, and the proportion of lymphocytes was 
analysed by flow cytometry. T lymphocytes were labelled 
with FITC anti-rat CD3 (BD Biosciences, USA), account-
ing for 24.60 ± 1.61%. B lymphocytes were labelled with 
PE anti-rat CD45RA (BD Biosciences, USA), accounting 
for 48.71 ± 3.22%.

In addition, CD4+ T cells were separated by rat CD4 
MicroBeads (Miltenyi Biotec, Germany) for subsequent 
experiments. The purity of CD4+ T cells was determined 
by flow cytometry, and the purity of the isolated CD4+ 

T cells in the study was more than 95% (Supplementary 
Figure S2A and B). All cells (5×105 cells/mL) were cul-
tured in a 24-well plate in RPMI-1640 medium (Gibco/life 
Technologies, USA) containing 10% FBS (Gibco/life 
Technologies, USA) and 100 U/mL penicillin-100 μg/mL 
streptomycin (Gibco/life Technologies, USA) solution.

The lymphocytes isolated from spleens were divided 
equally into 2 parts: the control part and the experimental 
part. In the control part, all cells were suspended and cul-
tured with RPMI-1640 medium (Non-stimulated, Non-stim), 
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and based on that 4 groups were set. They were the 
RPMI-1640 medium only group (baseline); rCypA 
(0.0032, 0.016, 0.08, 0.4 and 2 μg/mL) groups;30 positive 
control drug HC (0.2 mg/mL) group31 and negative control 
protein bovine serum albumin (BSA) (0.4 μg/mL) group. In 
the experimental part, cells were suspended and cultured 
with RPMI-1640 medium and 5 μg/mL pokeweed mitogen 
(PWM) (Gibco/life Technologies, USA), namely, the PWM- 
stimulated group (PWM-stim). Based on that, 4 groups were 
set according to the control part. Cells in each group were 
cultured for 5 days and incubated in a humidified incubator 
at 37°C with 5% CO2. After that, the supernatants were 
collected and used for further analysis.

The isolated CD4+ T cells were divided equally into 5 
groups, cells cultured with RPMI-1640 medium (Blank); 
cells cultured with 5 μg/mL Concanavalin A (Con A) 
(Sigma-Aldrich Co. Ltd., USA) group; cells cultured with 
5 μg/mL Con A and 0.2 mg/mL HC group (HC); cells 
cultured with rCypA (0.001, 0.01, 0.1, 0.2 and 0.5 μg/mL) 
groups (rCypA); and cells cultured with 5 μg/mL Con A and 
0.4 μg/mL BSA group (BSA). Cells in each group were 
cultured for 4 days and incubated in a humidified incubator 
at 37°C with 5% CO2. After that, the supernatants were 
collected and used for further analysis.

Cytokine Multiplex Assay
The cytokines in supernatants from the isolated splenic 
lymphocytes were measured by Suspension Array System 
(Bio-Rad Laboratories, Inc. USA) using a Bio-Plex Pro Rat 
cytokine multiplex assay kit (Bio-Rad Laboratories, Inc. 
USA). Cytokines, including Th1 cytokine IL-2, interferon- 
γ (IFN-γ), Th2 cytokine IL-4, IL-5, IL-10, IL-13 and tumour 
necrosis factor alpha (TNF-α) were analysed. The assay was 
performed according to the manufacturer’s instructions.

ELISA
The quantities of immunoglobulin (IgA, IgG, IgM and IgE) 
in supernatants from the isolated lymphocytes of spleens and 
cytokines (IL-4, IFN-γ) in supernatants from isolated CD4+ 

T cells were measured by ELISA kits (R&D Systems, USA).

Statistical Analysis
All experimental data are presented as the mean ± SEM. 
Comparisons among groups were performed using one- 
way ANOVA. Differences between two groups were ana-
lysed by Bonferroni’s post hoc test. A P-value of less than 
0.05 was considered statistically significant.

Results
Recombinant CypA Reduces RL in 
Ovalbumin-Challenged Asthmatic Rats
The data in the study showed that the RL in the AS group 
increased significantly within 2–8 min after OVA chal-
lenge (P < 0.05 versus Blank, Figure 1A). These results 
confirm the positive early allergen-specific airway 
response of asthmatic rats to OVA. The RL in both the 
TB and HC groups decreased significantly during the 2–8 
min period of the early airway response (P < 0.05 versus 
AS, Figure 1A). This indicates that both of the positive 
drugs TB and HC have a significant reduction effect on RL 
in asthmatic rats, which was consistent with the clinical 
effect. Furthermore, the data showed that rCypA (10 ng/ 
kg) significantly reduced the RL within 2–7 min (P < 0.05 
versus the AS group, Figure 1A). The effects of rCypA on 
the sum value in RL during the 2–4 min of the early 
airway response showed no significant differences com-
pared with the positive drugs TB and HC (Figure 1B). 
This indicates that 10 ng/kg CypA has almost the same 
effect in reducing the RL in the rat model of asthma with 
0.055 mg/kg TB and 15 mg/kg HC.

Recombinant CypA Reduces 
ACh-Induced Isometric Tension of 
Tracheal Spirals
ACh significantly increased the isometric tension from the 
beginning 1 to 10 min (P < 0.05 versus blank, Figure 2A) in 
the study. The positive drugs HC and TB completely abro-
gated the ACh-induced isometric tension at 1–10 min (P < 
0.05 versus ACh, Figure 2A). The data showed that rCypA 
(10 ng/mL) significantly reduced isometric tension, and the 
effect lasted for at least 10 min (P < 0.05 versus ACh, 
Figure 2A), indicating that rCypA inhibits contraction 
effects on tracheal spirals. Similarly, the data in Figure 2B 
showed that the sum value of isometric tension of rCypA (10 
ng/mL) from 1 to 10 min significantly decreased the ACh- 
induced isometric tension of the tracheal spiral. Notably, the 
inhibitory effect of 10 ng/mL rCypA is almost 1.6-fold more 
efficient than that of 0.015 mg/mL TB.

Suppressive Effects of Recombinant CypA 
on Cytokines and Immunoglobulins
The current study reveals that the imbalance of Th1/Th2 
cytokines contributes to the aetiology and pathogenesis of 
asthma.32 In this study, PWM was used to stimulate the 
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proliferation and differentiation of both B and 
T lymphocytes in the PWM-stim group. The Non-stim 
group was set to represent the normal physiological state 
of cells as a control. Different doses of rCypA were added 
and the effect of rCypA in regulating Th1/Th2 cytokines 
balance was observed in both the Non-stim and PWM-stim 
groups in vitro.

In the PWM-stim group, the data showed that PWM 
promoted the secretion of IL-2, IFN-γ, IL-4, IL-10, IL-13 
and TNF-α (P < 0.05) but not IL-5 (P > 0.05), and none of 
these cytokines were significantly changed in the Non-stim 

group (P > 0.05, Figure 3). HC, a type of glucocorticoid, 
inhibited the levels of IL-2, IFN-γ, IL-4, IL-10, IL-13, 
TNF-α and IL-5 (P < 0.05, Figure 3) in both the Non- 
stim and PWM-stim groups. As a negative control, BSA 
only influenced the levels of IL-2, IL-4 and IL-13 in the 
PWM-stim group (Figure 3).

Significant inhibitory effects on Th1 cytokines (repre-
sented by IL-2 and IFN-γ) were observed under rCypA con-
centrations of 0.0032, 0.016, 0.08, 0.4 and 2 μg/mL (P < 0.05, 
respectively, Figure 3) in the PWM-stim group, and the 
inhibitory effects were dose-dependent. Meanwhile, 

Figure 1 Effects of rCypA on pulmonary resistance (RL) in asthmatic rats. (A) Time–response curves of blank, asthmatic rats (AS), terbutaline (TB), hydrocortisone (HC) 
and recombinant CypA (rCypA) in asthmatic rats. The data are presented as the mean ± SEM (n = 8). (B) Boxplot analysis of the sum value in RL during the 2–4 min of the 
early airway response (RL2–4min). *P < 0.05 for TB, HC and rCypA groups vs AS group.

Figure 2 Effects of rCypA on isometric tension of tracheal spirals. (A) Time–response curves of the blank, ACh group (ACh), terbutaline (TB), hydrocortisone (HC) and 
recombination CypA (rCypA) groups in isolated tracheal spirals. The data are presented as the mean ± SEM (n = 4). (B) Boxplot analysis of the sum of isometric tension 
among all the groups. *P < 0.05 for TB, HC and rCypA groups vs ACh group.
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significant inhibitory effects on Th2 cytokines (represented 
by IL-4, IL-10 and IL-13) were observed under rCypA at 
0.0032–2 μg/mL, and the inhibitory effects of rCypA on Th2 
cytokines were also in a dose-dependent manner, similar to 
those exerted on Th1 cytokines. Changes in the levels of most 
Th1 cytokines and Th2 cytokines were not observed under 
rCypA at different concentrations in the Non-stim group (P > 
0.05, Figure 3). Furthermore, the level of TNF-α was inhib-
ited under rCypA at 0.0032–2 μg/mL in the PWM-stim 
group, but displayed an elevated trend in the Non-stim 
group under the same concentration of rCypA (Figure 3).

The data showed that the levels of immunoglobulins, 
including IgG, IgA and IgM were suppressed by rCypA at 
0.0032–2 μg/mL in the PWM-stim group, but slightly 
promoted in the Non-stim group at the same concentration 
of rCypA. Additionally, the level of IgE was not detected 
in either the Non-stim or PWM-stim groups, which is 
consistent with a previous report showing that IgE is 

generally more difficult to detect because of its low fre-
quency in the spleen (Figure 3).33

Effects of Recombinant CypA on IL-4 and 
IFN-γ Levels in Separated CD4+ T Cells
To determine the effect of CypA on Th2 cytokines (IL-4) and 
Th1 cytokines (IFN-γ), Con A was used to stimulate T cells, 
and the levels of IL-4 and IFN-γ were measured. The data 
showed that Con A significantly promoted the secretion of IL- 
4 and IFN-γ (P > 0.05), and the positive drug HC significantly 
inhibited the level of IL-4 (P > 0.05). Significant inhibitory 
effects on IL-4 levels were observed for rCypA (0.01, 0.1, 0.2 
and 0.5 μg/mL), and the inhibitory effects of rCypA were 
dose-dependent (P < 0.05, respectively, Figure 4A). However, 
the IFN-γ level was only inhibited under rCypA at the dose of 
0.2 μg/mL (Figure 4B). As a negative control, BSA had no 
influence on the levels of IL-4 and IFN-γ.

Figure 3 Suppression effects of recombinant CypA on cytokines and immunoglobulins. (A–J) The concentrations of cytokines and immunoglobulins. The unit of each 
cytokine is described as pg/mL. The unit of each immunoglobulin is described as ng/mL. Data are presented as the mean ± SEM (n = 8). *P < 0.05 vs baseline in the Non- 
stim group; #P < 0.05 vs baseline in the PWM-stim group. (K) Heatmap of the cytokines profile for Th1, Th2, TNF-α and immunoglobulin in supernatants of lymphocytes.
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Discussion
The hallmark features of asthma involve airway inflamma-
tion, and variable airflow obstruction. Inflammation in 
asthma consists of airway infiltration by lymphocytes, mast 
cells, and eosinophils.34 There is accumulating evidence that 
CD4+ lymphocytes with a Th2-cytokine pattern play 
a pivotal role in the aetiology and pathogenesis of asthma.

A previous study reported that mice with CypA silencing 
developed an allergic condition associated with increased 
Th2 cytokines production; meanwhile, CypA was able to 
inhibit the activity of T cells by repressing Itk activity. 
Thus, to identify the effects of CypA in regulating immunity 
in asthma, PWM and Con A were used to produce the Th2 
polarization effect similar to that of asthma in vitro.

PWM can stimulate the proliferation and differentiation 
of both B and T lymphocytes. The data in this study showed 
that when rCypA was added to the PWM-stim group, 
a significant suppressive effect was shown on both Th1 and 
Th2 cytokines. The suppressive effect of rCypA reported in 
this study was similar but not quite the same as with the effect 
of HC, which is a well-known immunosuppressive agent.35 

Both rCypA and HC played an inhibitory role in the secretion 
of Th1 and Th2 cytokines, while the suppressive effects of 
rCypA were stronger than those of HC, especially on Th2 
cytokines (Figure 5). In addition, rCypA showed a greater 
advantage in the modulation of Th1 and Th2 cytokines than 
HC in this study. The ratio of Th1/Th2 cytokines was not 
altered in the HC group, whereas in the rCypA group, the 
ratio of Th1/Th2 cytokines returned to normal proportions 
(Figure 5). Another aspect of rCypA should be noted is that 

the inhibitory effect of rCypA on Th1 and Th2 cytokines was 
only observed in PWM-stim group but not in the Non-stim 
group, while HC showed significant inhibitory effects in both 
the Non-stim and PWM-stim groups. The results of this 
study confirm the immunosuppressive effects of rCypA in 
inhibiting the cytokines production of T cells and balancing 
Th1 and Th2 cytokines. Furthermore, among all of these 
cytokines, a less suppressive effect of rCypA was only 
observed for IL-5. We tried to determine the fundamental 
reasons and mechanisms underlying this observation. 
Finally, we noticed that there was a narrow range of IL-5 
production under the stimulation of PWM,36 which is in 
accordance with our data in Figure 3D. To further clarify 
the role of rCypA on T cells, Con A was used. Consistent 
with the suppressive effect of rCypA under PWM, significant 
inhibitory effects on IL-4 levels were found.

On the other hand, the effects of rCypA in vivo and ex 
vivo were studied. These data showed that rCypA signifi-
cantly reduced the RL after the rats were challenged. 
However, the expression of eCypA has been reported to be 
persisted upregulated in the bronchoalveolar lavage fluid of 
both acute and chronic asthmatic mice.37 In addition, in the 
case of eCypA present in nasal wash samples collected from 
asthma patients in the chronic phase of asthma, levels of 
CypA are undetectable in many samples.38,39 In the previous 
study conducted by our team, down-regulated expression of 
rCypA mRNA was found in the lung tissues of an asthmatic 
rat model (data not published). Therefore, the inconsistency 
between the present study and others likely resulted from 
differences in phase detection techniques, animal species and 
measurement locations.

A B

Figure 4 Effects of recombinant CypA on IL-4 and IFN-γ levels in separated CD4+ T cells. (A) The concentrations of IL-4 in different groups. (B) The concentrations of IFN- 
γ in different groups. The unit of each cytokine is described as pg/mL. Data are presented as the mean ± SEM (n = 4). *P < 0.05, when compared with the Con A group.
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Otherwise, the data for rCypA on RL in this study 
showed that the effect of rCypA in reducing RL was almost 
the same as that of the positive drugs TB and HC. Further 
analyses of the effect of rCypA on tracheal spirals showed 
that rCypA significantly inhibited the ACh-induced isometric 
tension of tracheal spirals, and the effect was better than TB 
and quite comparable to that of HC. Airway smooth muscles 
(ASMs) are the main components of the tracheal spiral, and 
are considered critical effectors of bronchoconstriction and 
contraction. TB is a kind of β2-receptor agonist convention-
ally used as the key drug for bronchoconstriction and 
contraction.40 In this study, TB reduced the isometric tension 
of the tracheal spiral from the beginning to 4 min, while after 
that the contraction arose again. A previous study described 
a rebound increase in β agonists during airway reactivity.41 

The changes we observed for TB are likely to be due to 
desensitization of β-receptors on ASMs.42 Additionally, it 
should be mentioned here that, in addition to the immu-
notherapeutic effect of HC on asthma, HC can also promptly 
relax ASMs.43 HC reduces bronchoconstriction by increas-
ing the cyclic adenosine monophosphate level to reduce Ca2+ 

entry into ASMs.44

Additionally, recent studies indicated that overexpression 
of CypA can protect liver cells against oxidative damage.45 

Meanwhile, this protective effect of CypA was also found in 
cardiomyocytes.46 Oxidative stress is believed to contribute 
to asthma pathogenesis, and a previous study reported that 
antioxidant therapy can be useful for asthma.47 Therefore, the 
mechanisms of CypA on oxidative stress involved in asthma 
should be noted. Thus far, our understanding of the mechan-
isms of CypA is far from complete. The role of CypA in the 
functioning of asthma with regard to the mechanism of 
reducing the RL and the isometric tension of tracheal spiral 
is unknown and is the subject of further study.

Conclusion
In summary, this work has demonstrated the effects of 
rCypA in asthma in both OVA-challenged asthmatic rats 
in vivo and ACh-induced contraction tracheal spirals ex 
vivo. The study also identified the underlying mechanism 
by which rCypA may have a precise role in limiting 
inflammation in asthma by suppressing the secretion of 
Th2 cytokines and balancing the ratio of Th1/Th2 

Figure 5 Schematic illustration of the suppressive effect of CypA on the levels of cytokines in the Non-stim and PWM-stim groups. The Y-axis represents an arbitrary 
measure of cytokines.
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cytokines, indicating that CypA may serve as a potential 
novel therapeutic strategy for asthma.
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