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Icariin  which  is a flavonoid  glucoside  isolated  from  Epimedium  brevicornu  Maxim,  has  been  reported  to
have  anti-osteoporotic,  anti-inflammatory  and  anti-depressant-like  activities.  In this  study,  we  observed
the effect  of  icariin  on airway  inflammation  of ovalbumin  (OVA)-induced  murine  asthma  model  and  the
associated  regulatory  mode  on  T-helper  (Th)17  and  regulatory  T (Treg)  cell  function.  Our  data  revealed
that  chronic  OVA  inhalation  induced  a  dramatic  increase  in  airway  resistance  (RL)  and  decrease  in the
lung  dynamic  compliance  (Cdyn),  and  icariin  and  DEX  treatment  caused  significant  attenuation  of  such
airway  hyperresponsiveness  (AHR).  BALF  cell  counts  demonstrated  that  icariin  and  DEX  led  to  a  promi-
nent  reduction  in  total  leukocyte  as  well  as  lymphocyte,  eosinophil,  neutrophil,  basophil  and  monocyte
counts.  Histological  analysis  results  indicated  that icariin  and  DEX  alleviated  the  inflammatory  cells infil-
trating  into  the  peribronchial  tissues  and goblet  cells  hyperplasia  and  mucus  hyper-production.  Flow
cytometry  test  demonstrated  that  icariin  or DEX  administration  resulted  in  a  significant  percentage
reduction  in  CD4  + ROR�t+  T cells  and  elevation  of  CD4  +  Foxp3+  T cells  in  BALF.  Furthermore,  icariin
or DEX  caused  a  significant  reduction  in  IL-6, IL-17  and  TGF-�  level  in  BALF.  Unfortunately,  icariin  had
no  effect  on  IL-10  level  in BALF.  Western  blot  assay  found  that icariin  or DEX  suppressed  ROR�t  and
promoted  Foxp3  expression  in the  lung  tissue.  qPCR  analysis  revealed  that  icariin  and  DEX  resulted  in

a  notable  decrease  in  ROR�t  and  increase  in Foxp3  mRNA  expression  in isolated  spleen  CD4+  T cell.  In
conclusion,  our  results suggested  that icariin  was  effective  in the  attenuation  of AHR  and  chronic  air-
way  inflammatory  changes  in  OVA-induced  murine  asthma  model,  and  this  effect  was  associated  with
regulation  of  Th17/Treg  responses,  which  indicated  that  icariin  may  be used  as  a potential  therapeutic
method  to treat  asthma  with  Th17/Treg  imbalance  phenotype.
ntroduction

Asthma is a common, chronic respiratory inflammatory disease
ffecting 1–18% of the population in different countries, and is
haracterized by variable symptom of wheeze, shortness of breath,
Please cite this article in press as: Wei, Y., et al., Regulation of Th17/Treg
mation by icariin in ovalbumin-induced murine asthma model. Immu

hest tightness and cough, as well as by variable expiratory airflow
imitation (GINA, 2014 update). It is agreed that asthma is a hetero-
eneous disease, with different underlying disease processes.
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T-helper (Th)17 cell has been recognized as the third subset of
effector CD4+ T cell distinct from the classic lineages of Th1 and
Th2 cell. IL-17 is a pro-inflammatory cytokine mainly secreted from
Th17 cell and is considered as its signature cytokine (Park et al.,
2005). Recent evidence suggests except for Th2 cell, Th17 cell is
involved in the pathogenesis of antigen-induced airway inflam-
mation (Li and Hua, 2014; Cosmi et al., 2011). Th17 and IL-17 are
described to be responsible for severe asthma (Morishima et al.,
2013). IL-17 is found to have the potential to recruit and activate
neutrophils and eosinophils to the airways and stimulate them and
other cells to secrete inflammatory mediators (Korn et al., 2009;
 function contributes to the attenuation of chronic airway inflam-
nobiology (2015), http://dx.doi.org/10.1016/j.imbio.2014.12.015

Iwakura et al., 2011).
Regulatory T (Treg) cell, another subtype of CD4+ T cell, has been

implicated in the process of the maintenance of immune homeosta-
sis by suppressing aberrant immune responses which are harmful

dx.doi.org/10.1016/j.imbio.2014.12.015
dx.doi.org/10.1016/j.imbio.2014.12.015
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Fig. 1. Chemical structure of icariin.

o the host (Ohkura et al., 2013; Rudensky, 2011). Treg cell activ-
ty is impaired in asthma (Luo et al., 2006) and restoration of Treg
ell function is documented to suppress allergic inflammation in
sthma. Adoptive transfer of Treg cell into allergen-induced mice
lleviates asthma manifestations (Kearley et al., 2008). Treg pheno-
ype is altered in inflammatory lungs and abrogated by inhalation of
L-17, indicating the involvement of Th17 cell in abrogation of Treg
ell-mediated tolerance in chronic allergic airway inflammation
Zhao et al., 2013).

Icariin is a flavonoid glucoside isolated from Epimedium bre-
icornu Maxim, which has been frequently used in traditional
hinese medicine (TCM) to treat diseases with Kidney essence defi-
iency. Icariin was reported to have anti-osteoporotic (Nian et al.,
009), anti-inflammatory (Xu et al., 2010) and anti-depressant-like
Pan et al., 2007) activities. Our previous studies showed that TCM
ormula Bu-Shen-Yi-Qi-Tang which include Epimedium brevicornu

axim has prominent efficacy in alleviating asthma symptoms of
sthma patients and attenuating inflammation in murine asthma
odel (Luo et al., 2014). However, whether icariin has inhibitory

ffect on the inflammatory changes in asthma is rarely reported. In
his study, we observed the effect of icariin on airway inflammation
f ovalbumin-induced murine asthma model and the associated
egulatory mode on Th17 and Treg cell function.

aterials and methods

eagents

Ovalbumin (OVA), aluminum hydroxide and methacholine
Mch) were purchased from Sigma–Aldrich Co. LLC. Icariin
purity > 98%) was purchased from Chengdu Must Biological
echnology Co., Ltd. Bio-Plex kit was purchased from Bio-Rad Lab-
ratories, Inc. PVDF membranes were purchased from Millipore.
nti-mouse ROR�t and Foxp3 antibodies were purchased from
bcam and cell signaling technology. Anti-mouse �-actin and HRP-
onjugated IgG were purchased from KangChen Bio-Tech. Western
lotting detection reagents were purchased Engreen Biosystem Co.,
td. FITC-labeled anti-mouse CD4, PE-labeled anti-mouse ROR�t
nd Alexa Fluor® 647-labeled anti-mouse Foxp3 were purchased
rom BD Pharmingen. Foxp3/Transcription Factor Staining Buffer
et was purchased from eBioscience. Mouse CD4+ T Cell Isolation
it was purchased from Miltenyi Biotec (Fig. 1).

nimals
Please cite this article in press as: Wei, Y., et al., Regulation of Th17/Treg
mation by icariin in ovalbumin-induced murine asthma model. Immu

Female specific-pathogen-free BALB/c mice (12–16 g) were pur-
hased from Shanghai SLAC Laboratory Animal Co., Ltd. and housed
ith food and water freely available. One hundred and twenty mice
ere randomly divided into six groups (20 mice/group), including
 PRESS
y xxx (2015) xxx–xxx

the normal control (NC), OVA-induced asthma model (A), icariin
(25 mg/kg, 50 mg/kg, 100 mg/kg) and the dexamethasone (DEX)
groups. The protocol of the study was approved by the Committee
on the Ethics of Animal Experiments of Fudan University.

OVA-induced murine asthma model establishment and treatment
As presented in Fig. 2, mice asthma model were induced by

multiple sensitization with OVA and Al(OH)3 suspension (1:100)
in 0.2 mL  normal saline on days 0, 7, 14 and 21. The sensitized
mice were challenged with 3% OVA solution (w/v) for 30 min  at
a frequency of three times per week for 8 weeks from day 25.
The NC group were sensitized and challenged with normal saline.
Mice were placed in a plexiglass chamber and challenged with an
ultrasonic nebulizer (402AI, Yuyue Medical equipment company,
Jiangsu, China). The day before the first challenge, different doses of
icariin and DEX (1 mg/kg) were oral administrated every day before
OVA challenge for 8 weeks. The NC and A groups were oral admin-
istrated with normal saline in parallel. Mice were sacrificed within
24 h after the last OVA challenge and treatment.

AHR measurement

Within twenty-four hours after last OVA exposure, airway
responsiveness to Mch  was assessed by Buxco pulmonary mechan-
ics with an invasive measurements as described previously (Luo
et al., 2014). Increasing doses of Mch  (3.125, 6.25 and 12.5 mg/mL)
were used to assess airway resistance (RL) and lung dynamic com-
pliance (Cdyn) of mice in each group.

Inflammatory cell count and Th17/Treg examination in
bronchoalveolar lavage fluid

Bronchoalveolar lavage fluid (BALF) was  obtained and cen-
trifuged at 800 × g for 10 min. The supernatant was  stored at
−80 ◦C for cytokines assay and the cell pellet was resuspended
for inflammatory cell count and classification. The leukocyte in
BALF were counted and classified into five categories by hemavet
950 instrument (Drew scientific group), including neutrophil (Neu),
lymphocyte (Lym), monocyte (Mon), eosinophil (Eos) and basophil
(Bas).

CD4+ ROR�t+ and CD4+ Foxp3+ T cells in BALF were ana-
lyzed by flow cytometry. In brief, BALF cells were stained with
FITC-labeled anti-mouse CD4 antibody, then fixed and permeabil-
ized with Foxp3/Transcription Factor Staining Buffer Set. The cells
were further stained with PE-labeled anti-mouse ROR�t and Alexa
Fluor® 647-labeled anti-mouse Foxp3 antibodies according to the
manufacturer’s instructions, followed by detection with a FACSCal-
ibur instrument (BD Bioscience).

Histological analysis

The lung tissue was  obtained, fixed in 4% paraformaldehyde and
then embedded in paraffin. Lung sections were cut and stained
with hematoxylin–eosin (H&E) and periodic acid-schiff (PAS). The
inflammatory changes and mucus secretion were analyzed by light
microscope.

Cytokines determination in BALF

The supernatant in BALF was analyzed by Bio-Plex and ELISA
assay according to the manufacturer’s instructions.
 function contributes to the attenuation of chronic airway inflam-
nobiology (2015), http://dx.doi.org/10.1016/j.imbio.2014.12.015

Western blot assay

Total protein in the lung tissue was extracted by RIPA pro-
tein extraction reagent and isolated by 10% sodium dodecyl

dx.doi.org/10.1016/j.imbio.2014.12.015
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Fig. 2. Experimental protocol for establishment of the murine OVA asthma model and icariin treatment. Mice asthma model were induced by multiple sensitization with OVA
and  Al(OH)3 suspension (1:100) in 0.2 mL  normal saline on days 0, 7, 14 and 21. The sensitized mice were challenged with 3% OVA solution (w/v) for 30 min  at a frequency
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to Mch  of mice in each group. After chronic OVA inhalation, mice
demonstrated obviously elevated AHR to increasing doses of Mch
as compared to mice challenged with normal saline (Fig. 3). The
OVA-induced asthma mice had increased RL and decreased Cdyn
f  three times per week for 8 weeks from day 25. The NC group were sensitized a
cariin  and DEX were oral administrated every day before OVA challenge for 8 week
acrificed within 24 h after the last OVA challenge and treatment.

ulphate–polyacrylamide gel electrophoresis (SDS–PAGE), fol-
owed by electroblotting onto PVDF membranes. After electrotrans-
er, the PVDF membranes were blocked with 5% BSA and incubated
vernight at 4 ◦C with primary antibodies (ROR�t 1:4000 diluent,
oxp3 1:1000 diluent, �-actin 1:5000 diluent). The membranes
ere then incubated with HRP-conjugated IgG (1:5000 diluent)

t 37 ◦C for 1 h and the blots were visualized and analyzed with
io-Rad’s Image Lab software.

ouse CD4+ T cell Isolation and qPCR analysis
Mouse CD4+ T cells in spleen were isolation with magnetic

ctivated cell sorting system according to the manufacturer’s
nstructions and the purity of the selected CD4+ T cells were iden-
ified by flow cytometry. The isolated CD4+ T cells were >97% pure.
otal RNA of the isolated CD4+ T cells was isolated and reverse tran-
cripted into the first strand cDNA according to the manufacturer’s
nstructions. Gene expression of ROR�t and Foxp3 was measured

ith qPCR. The fold change of each gene was calculated using the
�Ct method with GAPDH gene as an internal control. The final

ata was presented as fold change compared to the gene expres-
ion of mice in NC group. The primers used for ROR�t, Foxp3 and
APDH were presented in Table 1.

ata analysis

Data was expressed as mean ± SD. Statistical significance of
he differences were performed by one way analysis of variance
Please cite this article in press as: Wei, Y., et al., Regulation of Th17/Treg
mation by icariin in ovalbumin-induced murine asthma model. Immu

ANOVA) followed by the LSD test or Dunnett’s test for multi-
le comparisons. A p-value of less than 0.05 was accepted as
ignificant.

able 1
rimer sequences used for qPCR amplification.

Gene Sequence

Foxp3 (NM 001199347.1) Forward primer:
5′-GGCCCTTCTCCAGGACAGA-3′

Reverse primer:
5′-GGCATGGGCATCCACAGT-3′

ROR�t (NM 011281.3) Forward primer:
5′-TGCGACTGGAGGACCTTCTA-3′

Reverse primer:
5′-TCACCTCCTCCCGTGAAAAG-3′

GAPDH (NM 008084.2) Forward primer:
5′-CATGGCCTTCCGTGTTCCTA-3′

Reverse primer:
5′-GCGGCACGTCAGATCCA-3′
allenged with normal saline. The day before the first challenge, different doses of
 NC and A groups were oral administrated with normal saline in parallel. Mice were

Results

Icariin suppressed AHR in OVA-induced asthma model

Hyperresponsiveness of the airways to bronchoconstrictor
stimuli is a prominent feature of asthma and we assessed AHR
 function contributes to the attenuation of chronic airway inflam-
nobiology (2015), http://dx.doi.org/10.1016/j.imbio.2014.12.015

Fig. 3. Icariin suppressed AHR in OVA-induced asthma model. Airway respon-
siveness to Mch  was assessed by Buxco pulmonary mechanics with an invasive
measurements. (A) RL changes in each group. (B) Cdyn changes in each group. Data
was expressed as means ± SD values. *p < 0.05 vs NC group, †p < 0.05 vs A group,
‡p  < 0.05 vs DEX group.

dx.doi.org/10.1016/j.imbio.2014.12.015
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ig. 4. Icariin inhibited inflammatory cell levels in BALF of OVA-induced asthma
odel. Data was  expressed as means ± SD values. *p < 0.05 vs NC group, †p  < 0.05 vs

 group, ‡p  < 0.05 vs DEX group.

ompared to mice in NC group (Fig. 3A and B, p < 0.05). Icariin and
EX was effective in reducing AHR to Mch  of asthma mice (p < 0.05),
hich manifested as a drop in RL and an increase in Cdyn (Fig. 3A

nd B). All the three doses of icariin exerted marked inhibition on RL
ompared to the asthma mice (p < 0.05), which had no difference
ith efficacy of DEX (Fig. 3A, p > 0.05). Furthermore, icariin also

esulted in significant promotion in Cdyn of asthma mice (p < 0.05),
nd icariin (50 mg/kg and 100 mg/kg) was as effective as DEX in
mprovement of Cdyn (Fig. 3B, p > 0.05).

cariin attenuated allergic airway inflammation in OVA-induced
sthma model

Inflammatory cells count and classification in BALF were tested.
hronic OVA exposure led to increase of total leukocyte in BALF
Fig. 4, p < 0.05). The lymphocyte, eosinophil, neutrophil, basophil
nd monocyte were all increased significantly compared to mice in
C group (Fig. 4, p < 0.05). Icariin and DEX treatment led to a promi-
ent reduction in total leukocyte as well as lymphocyte, eosinophil,
eutrophil, basophil and monocyte counts in BALF (Fig. 4). Icariin
100 mg/kg) and DEX had the same potential in reducing total
eukocyte and lymphocyte counts in BALF (Fig. 4, p > 0.05).

We  further observed the allergic inflammatory changes in the
ung tissue of mice in each group by histopathological analysis. H&E
taining results revealed that a large number of inflammatory cells
nfiltrated into the peribronchial tissues of OVA inhalation mice
ompared with the NC mice (Fig. 5A). Icariin and DEX adminis-
ration led to a dramatic attenuation of inflammatory infiltration
round the airways (Fig. 5A). PAS staining results demonstrated a
ramatically augmented goblet cells hyperplasia and mucus hyper-
roduction compared to the OVA-induced mice (Fig. 5B). Icariin and
EX treatment decreased accumulation of goblet cells and mucus

ecretion (Fig. 5B).

cariin regulated Th17 and Treg percentages in BALF of
VA-induced asthma model

To determine whether Th17 and Treg cell were involved in
he allergic inflammation in the lung, Th17 and Treg percentage
hanges in BALF of mice in each group were determined by flow
ytometry. We  found that mice in chronic OVA exposure group
emonstrated markedly elevated CD4 + ROR�t+ T cells (Fig. 6A and
) and decreased CD4 + Foxp3+ T cells (Fig. 6B and D) in BALF com-
ared to mice challenged with normal saline (p < 0.05). Icariin and
EX administration resulted in a significant percentage reduction
Please cite this article in press as: Wei, Y., et al., Regulation of Th17/Treg
mation by icariin in ovalbumin-induced murine asthma model. Immu

n CD4 + ROR�t+ T cells compared to the OVA-induced asthma mice
Fig. 6A and C, p < 0.05). Icariin (25 and 100 mg/kg) treatment led
o a dramatic percentage rise in CD4 + Foxp3+ T cells (Fig. 6B and D,

 < 0.05).
 PRESS
y xxx (2015) xxx–xxx

Icariin regulated cytokines secretion in BALF of OVA-induced
asthma model

TGF-� and IL-6 play a role in the induction of Th17 cell differen-
tiation and activation (Zhou et al., 2007; Burgler et al., 2009; Yang
et al., 2008). IL-17 is the signature cytokine of Th17 cell and con-
tribute to airway inflammation in asthma. Furthermore, TGF-� and
IL-10 are important in Treg cell induction (Ryanna et al., 2009). To
clarify effect of icariin on these cytokines important for Th17 and
Treg induction and function, we assessed these cytokines secretion
in BALF of mice in each group. IL-6 and IL-17 was found elevated
significantly in OVA-induced asthma model compared to the NC
mice (Fig. 7A and D, p < 0.05). Icariin (50 mg/kg) induced a marked
decrease in IL-6 level in BALF compared to the asthma model mice
(Fig. 7A, p < 0.05). Icariin and DEX administration caused a signifi-
cant reduction in IL-17 level in BALF compared to the OVA-induced
asthma mice (Fig. 7D, p < 0.05). On the other hand, long term OVA
inhalation induced a marked decrease in IL-10 level in BALF com-
pared to mice in NC group (Fig. 7B, p < 0.05). DEX treatment caused
a significant rise in IL-10 level compared to OVA-induced asthma
mice (Fig. 7B, p < 0.05). Unfortunately, icariin had no effect on IL-10
level in BALF (Fig. 7, p > 0.05). Furthermore, we  observed a dra-
matic increase in TGF-� level in BALF of the OVA-induced asthma
model (Fig. 7C, p < 0.05). Icariin and DEX treatment caused a promi-
nent reduction in BALF TGF-� level compared to the asthma model
mice, and Icariin (50 mg/kg) had better potential than DEX (Fig. 7C,
p < 0.05).

Icariin regulated Th17 and Treg transcription factor expression in
lung tissue of OVA-induced asthma model

Transcription factors ROR�t and Foxp3 are crucial for Th17 and
Treg cell differentiation and function, respectively (Ohkura et al.,
2013; Ivanov et al., 2006). To identify the role of icariin on ROR�t
and Foxp3 expression, we measured ROR�t and Foxp3 expression
in the lung tissue of mice in each group. Th17 transcription factor
ROR�t elevated markedly in the OVA inhalation group as compared
with the NC mice (Fig. 8A and B, p < 0.05). Icariin (25 and 50 mg/kg)
treatment suppressed ROR�t expression in the lung tissue com-
pared to the OVA-induced asthma mice (Fig. 8A and B, p < 0.05).
DEX exerted no inhibitory effect on ROR�t expression (Fig. 8A and
B, p > 0.05). Additionally, Treg transcription factor Foxp3 expres-
sion reduced significantly in the lung tissue of asthma model mice
(Fig. 8C and D, p < 0.05). Icariin (25 and 100 mg/kg) and DEX admin-
istration resulted in a dramatic increase in Foxp3 expression in the
lung tissue (Fig. 8C and D, p < 0.05).

Icariin regulated Th17 and Treg transcription factor expression in
isolated spleen CD4+ T cell of OVA-induced asthma model

We  also determined the mRNA level of ROR�t and Foxp3 in
the isolated spleen CD4+ T cell from mice in each group. There
was a prominent increase in ROR�t (Fig. 9A) and decrease in
Foxp3 (Fig. 9B) gene expression after long term OVA inhalation
as compared with mice in the NC group (p < 0.05). Icariin and
DEX treatment led to a notable decrease in ROR�t (Fig. 9A) and
increase in Foxp3 (Fig. 9B) mRNA level compared to the OVA-
induced asthma mice (p < 0.05). Furthermore, the capacity of icariin
(50 and 100 mg/kg) in reducing ROR�t gene expression was the
same to DEX (Fig. 9A, p > 0.05).

Discussion
 function contributes to the attenuation of chronic airway inflam-
nobiology (2015), http://dx.doi.org/10.1016/j.imbio.2014.12.015

Asthma is a heterogeneous disease, usually characterized by
chronic airway inflammation (GINA, 2014 update). In this study, we
induced an OVA-specific murine asthma model, and observed effect

dx.doi.org/10.1016/j.imbio.2014.12.015
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ig. 5. Icariin attenuated airway inflammation and mucus secretion of OVA-induced
he  changes in mucus production measured by PAS staining. Bar = 500 �m.

f icariin on airway inflammation and the associated regulatory
ode on Th17 and Treg cell function.
Consistent with previous findings, our observations revealed

hat AHR increased dramatically in OVA-induced asthma model,
nd a decline in AHR was observed in icariin and DEX treatment
roups. Meanwhile, icariin and DEX caused a significant reduction
n total leukocyte as well as lymphocyte, eosinophil, neutrophil,
asophil and monocyte counts in BALF. Eosinophil infiltration in
he airway is a hallmark of allergic asthma, and our data suggested

 suppression of inflammation in asthma by icariin. Furthermore,
cariin and DEX also led to alleviation of the inflammatory cells
nfiltrating into the peribronchial tissues and inhibition of goblet
ells hyperplasia and mucus production. These data indicated the
ttenuation of airway inflammation by icariin. An positive inter-
ction exists between IL-17 and eosinophilic inflammation (Dias
nd Banerjee, 2013). Furthermore, IL-17 was also implicated in
nduction of neutrophil-recruiting chemokine IL-8 secretion. The
uppression of eosinophil and neutrophil counts in BALF may  be
elated to the decline in IL-17 level by icariin.
Please cite this article in press as: Wei, Y., et al., Regulation of Th17/Treg
mation by icariin in ovalbumin-induced murine asthma model. Immu

Results obtained from cytokine analysis indicated that IL-6, IL-
7 and TGF-� level in BALF declined markedly by icariin. There

s mounting evidence that Th17 cell and its cytokine IL-17 play
ritical roles in the induction of inflammation in asthma. IL-17 is
a model. (A) The inflammatory changes of the lung measured by H&E  staining. (B)

increased in asthma and IL-17-deficient mice developed reduced
inflammatory responses in asthma model (Wakeland, 2014). On
the contrary, Treg cell has the potential to control inflammation
in asthma (Langier et al., 2012). Th17 signature cytokine IL-17
elevated in asthma (Wang et al., 2010, Zhao et al., 2010) and con-
tributed to allergen-induced AHR (Kudo et al., 2012). TGF-� and IL-6
are reported to promote the differentiation of Th17 cell (Morishima
et al., 2013; Hemdan et al., 2012). IL-6 in combination with TGF-�
induces Th17 transcription factor ROR�t expression, and ROR�t in
turn bind to the Foxp3 promoter to inhibit its transcription (Burgler
et al., 2010). The inhibitory effect of icariin on IL-6, IL-17 and TGF-�
secretion into BALF indicated the suppression of Th17 function by
icariin. Furthermore, IL-6 has the ability to reduce Foxp3 expression
(Lal et al., 2009) and cause the loss of Treg cell suppressive func-
tion (Pasare and Medzhitov, 2003). Icariin inhibited IL-6 secretion
in BALF, indicating the abrogation of its suppressive effect on Treg
function. Role of TGF-� in Th17 and Treg differentiation is still con-
troversial. One report found that Foxp3 expression increased in the
absence of TGF-� (Kim and Leonard, 2007). On the contrary, other
 function contributes to the attenuation of chronic airway inflam-
nobiology (2015), http://dx.doi.org/10.1016/j.imbio.2014.12.015

reports support the role of TGF-� as an important positive regula-
tor of Foxp3 expression (Mantel et al., 2007). As described above,
we speculate that the role of TGF-� in Th17 or Treg activity may
depend on the local cytokine milieu. In our study, TGF-� elevated

dx.doi.org/10.1016/j.imbio.2014.12.015


Please cite this article in press as: Wei, Y., et al., Regulation of Th17/Treg function contributes to the attenuation of chronic airway inflam-
mation by icariin in ovalbumin-induced murine asthma model. Immunobiology (2015), http://dx.doi.org/10.1016/j.imbio.2014.12.015

ARTICLE IN PRESSG Model
IMBIO-51278; No. of Pages 9

6 Y. Wei  et al. / Immunobiology xxx (2015) xxx–xxx

Fig. 6. Icariin regulated Th17 and Treg percentages in BALF of OVA-induced asthma model. (A) and (C) Th17 percentage changes in BALF of mice in each group. (B) and (D)
Treg  percentage changes in BALF of mice in each group. Data was expressed as means ± SD values. *p < 0.05 vs NC group, †p < 0.05 vs A group, ‡p < 0.05 vs DEX group.
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ig. 7. Icariin regulated cytokines secretion in BALF of OVA-induced asthma mode
p  < 0.05 vs DEX group.

ignificantly after long term OVA inhalation, indicating that TGF-�
ay  exist as a pro-inflammatory cytokine and may contribute to

h17 differentiation. Icariin induced a dramatic decrease in TGF-
 level in BALF, suggesting the inhibition of inflammation and

hat it may  be associated with inhibition of Th17 function. IL-10
s involved in the induction of Treg differentiation and Treg cell-

ediated inhibition was dependent on the induction of IL-10 from
Please cite this article in press as: Wei, Y., et al., Regulation of Th17/Treg
mation by icariin in ovalbumin-induced murine asthma model. Immu

ost T cells in the lung. IL-10 treatment decreased Th17 cell function
Huber et al., 2011) and deletion of IL-10 in Foxp3-expressing CD4+

 cells promoted allergic airways disease (Rubtsov et al., 2008).

ig. 8. Icariin regulated Th17 and Treg transcription factor expression in lung tissue of O
C  group, †p  < 0.05 vs A group, ‡p  < 0.05 vs DEX group.
a was expressed as means ± SD values. *p < 0.05 vs NC group, †p < 0.05 vs A group,

However, our data demonstrated there was no obvious effect of
icariin on IL-10 level in BALF, indicating a variety of regulatory
pathways may  exist in Treg differentiation and function.

Recent reports demonstrated that ROR�t was  crucial for Th17
differentiation and function (Ivanov et al., 2006). Treg cell is a
subtype of CD4+ T cell with immunomodulatory or immunosup-
pressive activities. Foxp3 plays a key role in Treg cell development
 function contributes to the attenuation of chronic airway inflam-
nobiology (2015), http://dx.doi.org/10.1016/j.imbio.2014.12.015

and function (Ohkura et al., 2013) and Foxp3 deficiency pro-
motes allergic disease (Torgerson and Ochs, 2007). Foxp3+ Treg
cell has the potential to migrate to inflammation sites and suppress

VA-induced asthma model. Data was expressed as means ± SD values. *p < 0.05 vs
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ig. 9. Icariin regulated Th17 and Treg transcription factor expression in isolated spl
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ffector Th cells such as Th17 cell (Chaudhry et al., 2009). Results
rom gene and protein expression analysis of CD4+ T cell from
pleen and lung tissue of mice were consistent with the above pub-
ished data. Icariin administration resulted in a dramatic decline
n ROR�t and rise in Foxp3 gene and protein expression, suggest-
ng the regulatory role of icariin on Th17 and Treg cell function.

oreover, icariin promoted CD4 + Foxp3+ T cells and inhibited
D4 + ROR�t+ T cells in BALF of OVA-induced asthma mice, which
rovided further evidence for the anti-inflammatory capacity of

cariin through regulation of Th17 and Treg cell.
Previous studies demonstrated that icariin had anti-

nflammatory activities (Xu et al., 2010) and could attenuate
nflammation in murine asthma model (Luo et al., 2014). In this
tudy, our data further revealed that icariin could alleviate AHR
nd chronic airway inflammation, down-regulate IL-6, IL-17 and
GF-� as well as promotion of Treg function and suppression
f Th17 function. In conclusion, the present results reveal that
cariin was effective in the attenuation of AHR and chronic airway
nflammatory changes in OVA-induced murine asthma model, and
his effect was associated with regulation of Th17/Treg responses.
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