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ABSTRACT. Asthma is a syndrome of chronic bronchial inflammation and airway remodelling. Initially, asthma
has been categorized into atopic and nonatopic types, based on antigen-specific IgE levels. Moreover, recently,
asthma has been classified into different endotypes based on its pathophysiology, leading to the selection of the
most optimal and effective therapies. Although T helper cell type 2 (Th2) cytokines were proven to play critical
roles in atopic asthma, IL-17A has been reported to be involved in severe refractory asthma. Patients and methods:
In this study, we measured the levels of 24 cytokines/chemokines in the sera of healthy controls (HCs) (n = 34)
and patients with asthma (n = 77), that were compared among patient groups with different disease activities and
characteristics. Results: The serum levels of nine cytokines were significantly higher in patients with asthma than in
HCs, and the levels of IL-17A and SCF were significantly different between uncontrolled and well-controlled patient
groups (p = 0.003). The IL-17A levels were significantly correlated with those of IL-4, IL-25, IL-10, and IFN-� in
patients with uncontrolled asthma, and the patients with the highest levels of all the above cytokines were refractory
to high-dose of inhaled corticosteroid therapy and have a history of acute exacerbation within 1 year, requiring
systemic steroid therapy. Discussion: This study examines the profiles of upregulation and downregulation of various
cytokines and chemokines in relation to asthmatic control status. IL-17A was significantly upregulated in patients
with the uncontrolled and refractory status. Therefore, IL-17A may play important roles in asthmatic exacerbation,
and its high level, in combination with upregulated Th2 and other cytokines, may indicate the refractory endotype
of asthma.
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sthma is a syndrome of chronic bronchial inflammation
nd airway remodelling, with reversible smooth muscle
onstriction and hyper-responsiveness, leading to wheez-
ng, coughing, and shortness of breath, and it is also thought
o be caused by a combination of complex and incom-
letely understood environmental and genetic interactions.
lthough asthma had been considered as a single disease

or a long time, recent studies have emphasized its patho-
hysiological heterogeneity [1].

ndeed, results from cluster analyses [2, 3] revealed
everal heterogenous asthmatic subgroups with different
athophysiology and distinct responses to treatment. The
ubgroups have been classified into “endotypes”, based on
arious features, including serum allergen-specific IgE lev-
ls, numbers of sputum eosinophils, and fractional exhaled
itric oxide (FeNO) in a breath test [4-6].

ytokines and chemokines play an important role in the

athogenesis of the various types of bronchial inflamma-
ion [7-9]. The Th2 type cytokines, IL-4 and IL-5, induce
witch recombination leading to the production of IgE
y B cells and promote the differentiation and activation
IL-17, Th2

of eosinophils, respectively [10-12]. IL-13, another Th2
cytokine, has pleiotropic activities different from IL-4, and
enhances airway inflammation and hyper-responsiveness
by goblet cell differentiation, fibroblast activation, and B
cell class switch from IgM to IgE [10-12].

More recently, IL-17A, a cytokine with strong pro-
inflammatory properties, has been described in mul-
tiple aspects of asthma pathogenesis. IL-17A is a
pro-inflammatory cytokine produced by a subset of CCR6-
expressing CD4+ T (Th17) cells that induces the secretion
of IL-8 and IL-6, as well as several chemokines, including
CXCL1, 3, 5, and 6, resulting in the recruitment and activa-
tion of neutrophils and macrophages [13]. Increased levels
of circulating IL-17A levels have been observed in patients
with asthma [13-20], and IL-17A has been described to
exacerbate Th2 cell-mediated eosinophilic airway inflam-
mation and hyper-responsiveness in experimental animal

models [21, 22].

Most of those reported results are based on ex vivo exper-
iments [15, 23], and there are few studies analyzing
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L-17A and Th2 cytokines in severe uncontrolled asthma

ytokine profiles in association with pathophysiological
eatures in patients with asthma.
n the present study, we have investigated the relation
etween the serum levels of cytokines and chemokines
nd the severity of asthma, in particular in patients with
severe and steroid-resistant phenotype.

ETHODS

ubjects

atients’ and matched control subjects’ characteristics
ncluded age, sex, disease duration, presence or absence,
f atopic asthma [4], % forced expiratory volume (FEV),
nd serum IgE levels. The assessment of patient’s control
tatus was performed based on the standard medication
rotocols of Japanese Asthma Prevention and Management
uidelines 2009.
he study was approved by the research and ethics com-
ittees of Sagamihara National Hospital and Sysmex
orporation. All the study procedures were performed in
ccordance with the Declaration of Helsinki. Patients with
sthma and healthy controls (HCs) were recruited from
agamihara National Hospital and Sysmex Corporation,
espectively.

total of 77 patients were included as eligible for this
tudy. Exclusion criteria were as follows: non-observance
f treatment according to the medication protocol
uidelines, the presence of other clinical entities,
ncluding atopic dermatitis, hyperthyroidism, paranasal
inusitis, aspirin intolerant asthma (AIA), non-steroidal
nti-inflammatory drug (NSAID) hypersensitiveness, or
osinophilic bronchitis or having a history of smoking.
he average age of the patients was 56.3 (range 23-85)
ears, with the group comprising 30 men and 47 women.
he average respiratory function (%FEV1) was 91% (SD
9.3%, range 50-146%, n = 76), with 13 patients having a
FEV1 lower than 70%. The median serum IgE level was

31 (range 49-459, n = 72) IU/mL. The number of patients
ith atopic asthma was 40 (56%).
ifty-four patients (70%) were categorized as having
uncontrolled asthma” (UA), unlike patients with con-
rolled asthma (CA) and, therefore, received step III
herapy. Patients receiving low, middle, and high doses of
nhaled corticosteroid (ICS) were 9, 29, and 38, respec-
ively. Patients receiving the daily medication step I, II,
nd III were 10, 25, and 42, respectively. The doses of ICS
nd daily medication steps were not significantly different
etween UA and CA patient groups (data not shown). The
verage age of the HC was 30 (range 20-50) years, with
he group comprising 6 men and 28 women.

ample collection and cytokine and chemokine
easurement

erum samples were collected, frozen at −80 ◦C, and
hawed immediately before analysis. Freeze–thaw cycles
id not exceed three times.
he serum concentrations of 24 cytokines and chemokines
ere measured with a sandwich ELISA system using the
ntibodies as follows: anti-IL-4 (8D4-8 and MP4-25D2)
nd anti-IFN-� (NIB42 and 4S.B3) antibodies were pur-
hased from BioLegend (CA, USA), and anti-IL-17A
eBio64CAP17 and eBio64DEC17) and anti-IL-10 (JES3-
9

9D7 and JES3-12G8) antibodies were purchased from
eBioscience (CA, USA). HGF, angiopoietin-2 (Ang-2),
SCF, MIF, IL-1RA, IFN-�, IL-5, IL-6, IL-8 (CXCL8),
IL-10, TGF-�, IL-13, CCL11 (Eotaxin), CCL17 (TARC),
TSLP, and periostin were measured with ELISA develop-
ment system DuoSet (R&D Systems). IL-25 and IL-9 were
measured with Human IL-17E Standard ELISA Develop-
ment Kit (Peprotech, NJ, USA).
Recombinant cytokines, including IL-4 (BD Biosciences,
NJ, USA), IL-10, IL-17A, IL-23 (eBioscience), and IFN-�
(BioLegend), were used as standards.
All the detection protocols were modified by using
streptavidin-alkaline phosphatase (R&D Systems) and
CDP-Star Substrate with Sapphire-II Enhancer (Life
Technologies). The chemi-luminescence intensity was
measured on an FLUOstar OPTIMA microplate reader
(BMG LABTECH, Ortenberg, Germany) (Berthold, Wild-
bad, Germany). The within-run coefficients of variation
were less than 15%.

Statistical analysis

Statistical analysis was performed using the StatFlex soft-
ware (Artech Co. Ltd., Osaka, Japan).
All values were log-transformed, and the p-values were
calculated using Welch’s t-test (table 1, figures 1 and 3).
Clinical parameters were analyzed using Fisher’s exact test
in R (http://www.r-project.org/) (table 2 and figure 4B) .
Correlation between cytokines was analyzed using Spear-
man’s rank-order correlation analysis (table 3 and figure 2).
Unsupervised hierarchical cluster analysis was performed
using Cluster 3.0 (University of Tokyo Human Genome
Center) (figure 4A).
P-value <0.05 was considered to be statistically signifi-
cant.

RESULTS

Various cytokines and chemokines are upregulated
in patients with asthma

We measured serum levels of a very large panel of inflam-
matory mediators, including 24 cytokines/chemokines and
periostin, in patients with asthma and HC. Serum levels
of IL-6, IL-8, IL-13, IL-16, HGF, TSLP, IL-1RA, MIF,
and MIP-1� were significantly higher, while those of IL-4,
EGF, SCF, and Ang-2 were significantly lower, in the asth-
matic patient group, as compared to the HC group (table 1).
To investigate the correlation between the levels of the
above factors and the severity of asthmatic disease, we
then compared their serum levels among HC, CA, and UA
patient groups.
Serum levels of IL-16, IL-1RA, Ang-2, and MIP-1� were
significantly different between UA and HC, as well as
between CA and HC groups (table 1). Moreover, the lev-
els of IL-17A and SCF were significantly different between
UA and CA groups (table 1).

Higher IL-17A levels in patients with uncontrolled
asthma
Because of the statistically significant difference between
serum IL-17A levels of the UA and CA patient groups,
we extensively analyzed the various clinical characteris-
tics of these patients with asthma in relation to their serum
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Figure 1
Serum IL-17A levels determined by ELISA. A. Serum IL-17A levels (pg/mL) were compared in relation with the control status, history of
systemic steroid therapy, and emergency room (ER) admission within 12 months. B. Serum IL-17A levels were compared between patient
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atients with controlled asthma and closed circles indicate patients
teroid history, and closed diamond indicates the patients with steroid
riangle indicates the patients with ER history. P-values were calcula

evels of these pro-inflammatory cytokines. This compar-
son revealed that the levels of IL-17A were significantly
igher in UA (n = 44) than in CA (n = 22) group (p = 0.002,
gure 1A). Moreover, the IL-17A levels were significantly
igher in patient group with a history of systemic steroid
herapy than that in the group without history (p = 0.011,
gure 1A), whereas no differences between the emergency
oom visits of both groups were observed.
imilarly, when compared among distinct clinical groups,

ncluding the group II and III of the daily medication
teps and the group of middle ICS dose, the IL-17A levels
f UA group were significantly higher than those of CA
roup (figure 1B). However, no significant correlation was

bserved between IL-17A levels and respiratory functions
%FEV1) (Spearman’s rank correlation test) (figure 1C).
hen, the patients were divided into two groups, includ-

ng the group of patients with serum IL-17A levels higher
uncontrolled asthma. Open diamond indicates the patients without
y. Open triangle indicates the patients without ER history, and closed
ng Welch’s t-test (A, B).

(n = 20) and lower (n = 47) than the third quartile,
respectively (table 2). The comparison of eight clinical
characteristics between the two groups revealed the sig-
nificant differences in control status, as well as history of
systemic steroid therapy and emergency room (ER) admis-
sion within 12 months (table 2).

Various atopic cytokines are upregulated along with
IL-17A

Several sets of cytokines and chemokines are co-induced in
various control status of asthma, reflecting various immune

conditions. The correlation analysis of the above 25 factors
revealed the significant correlation between the levels of
IL-17A and those of IL-4, IL-9, IL-10, IL-25, and IFN-�,
respectively (figure 2A and table 3).
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orrelation between IL-17A and other cytokines. The correlation di
n all asthmatic patient group (A) and patient groups with controlle
pearman’s rank correlation.

he correlation between IL-17A and all the above factors
as also significant in the UA patient group (figure 2C),
hereas, in the CA patient group, only IL-4 levels signifi-

antly correlated with IL-17A levels (figure 2B).
topic asthma is a subtype with increased serum Th2

ytokines and sputum eosinophils. As described above, the
evels of several Th2 cytokines, including IL-4, IL-9, IL-
0, and IL-25, as well as IFN-�, correlated significantly
ith those of IL-17A. Therefore, we focused on atopic

tatus of asthma, and revealed that the levels of IL-4, IL-9,
L-25, and IFN-�, but not IL-10 and IL-17A, were signifi-
antly higher in atopic than in nonatopic asthmatic patient
roup (figure 3A). Moreover, we showed that the levels
f IL-4 and IL-25 of the atopic group were significantly
igher than those of the nonatopic group, respectively, in
he patients with UA (figure 3B). Contrarily, the serum
L-17A levels of UA group were significantly higher than
hose of CA group, in both atopic and nonatopic patient
roups (figure 3B).

teroid-resistant patients with high IL-17A cytokine
rofiles

s the serum levels of IL-9, IL-4, IL-25, IL-10, and IFN-�
orrelated significantly with those of IL-17A in all asth-
atic patients as well as in the group of patients with

A (figure 2), we examined their correlation by cluster
nalysis (figure 4A). A subgroup of patients (G4), who
howed significantly higher levels of all the six cytokines,
as identified (figure 4A, C). All the four patients in this
among IL-17A and IFN-�, IL-4, IL-9, IL-10, and IL-25 was shown
and uncontrolled asthma (C). The correlation was calculated using

subgroup showed uncontrolled status in spite of receiving
high dose inhaled corticosteroid (ICS) therapy (figure 4B).
Moreover, three (75%) of them suffered acute exacerbation
that required systemic steroid therapy within 12 months
(figure 4B).

DISCUSSION

Asthma is a heterogeneous and genetically complex dis-
ease whose pathogenesis is classically thought to be driven
by a Th2 cell-skewed immune response, referred to as
Th2high asthma. Indeed, results from various studies have
underscored the critical role of cytokines and chemokines
in asthma pathogenesis [7-9]. Airway epithelial cells acti-
vated by allergens, viruses, or oxidants, produce TSLP,
IL-25, and IL-33, leading to the increased production
of Th2-type cytokines, including IL-4, IL-5, IL-9, and
IL-13, which, in turn, trigger disease-associated down-
stream events, such as IgE-triggered hypersensitivity to
allergens, activation of airway epithelium, recruitment of
eosinophils, neutrophils, and mast cells, as well as airway
remodeling [11, 12].
Measurement of cytokine levels provides useful infor-
mation for understanding the pathologic process and
monitoring of disease progression and inflammation [24-

26]. Various cytokines are produced locally and have a very
short half-life [27].
Therefore, the detection of cytokines in the affected tis-
sues is theoretically optimal, but it requires a biopsy and
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Figure 3
Serum levels of IL-17A and other cytokines. A. The levels of IL-17A and related cytokines were compared between patient groups of atopic
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ontrolled (open circle) and uncontrolled asthma (closed circle) and
alculated using Welch’s t-test.

ay be difficult to perform. Moreover, cytokines produced
y peripheral blood mononuclear cells (PBMC) can be
easured by ELISA of culture supernatants, intracellular

ytokine detection by flow cytometry, and the measure-
ent of cytokine messenger RNAs (mRNAs) [25]. Using

he ELISA method, Abbal et al. examined the kinetics of
irculating allergen-specific T cells in patients with allergy
nd revealed the rapid disappearance of the above T cells
fter the allergen challenge in vivo [28].
ontrarily, cytokine levels can be measured more easily in

he serum or plasma [8]. As they are influenced by various
rocesses, including local production by various cell types,
ecretion into tissues and circulation, tissue absorption, and
egradation (half-lives) [24-26], many cytokines, except
or TNF-�, IL-1� and IL-6, are not easily detectable in the
irculation.
n spite of those limitations, the detection and profiling of
erum cytokines have led to a better understanding of the
nflammatory responses in several diseases [25, 29].
n the present study, we investigated the serum levels
f a large panel of cytokines and chemokines in rela-
ion to asthmatic endotypes. The serum levels of nine
ytokines were found to be significantly higher in patients
ith asthma than in HCs (table 1), and, when compared
etween uncontrolled and controlled asthmatic patient
roups, serum levels of IL-17A and SCF were significantly
ifferent. Moreover, the results show that serum levels of

L-4, IL-9, IL-25, and IFN-� were significantly higher in
topic (n = 40) than in nonatopic (n = 33) patients with
sthma (figure 3), compatible with the previous reports
11, 12, 30].
en patient groups with atopic and non-atopic asthma. P-values were

Furthermore, cluster analyses of large cohorts identified
several asthmatic phenotypes with distinct pathophysiol-
ogy and responses to treatment, called “endotypes”, based
on allergen-specific IgE levels, sputum eosinophils, and
respiratory functions [1-6, 31, 32].

More specifically, Wenzel identified five endotypes [1],
including three Th2-dominant, referred to as early-onset
allergic, late-onset eosinophilic, and exercise-induced
asthma, and two non-Th2-dominant subtypes, neutrophilic
and obesity-related asthma, respectively. Among these
endotypes, Th2high asthma is a more atopic and allergic
condition with childhood-onset, higher amounts of tissue
IL-13 and IL-5 mRNAs, as well as greater number of
eosinophils and mast cells that respond well to classical
steroid therapy. In contrast, Th2low asthma is a less atopic
condition with adult-onset, responding poorly to steroid
therapy [33]. Of the Th2high endotypes, early-onset aller-
gic asthma is corticosteroid-responsive, whereas late-onset
eosinophilic asthma is often severe and refractory to cor-
ticosteroid therapy, albeit responsive to specific antibody
therapy directed against IgE, IL-5, IL-13, etc. Of the latter
subtypes, neutrophilic asthma shows lung neutrophilia, in
addition to the above-mentioned characteristics of Th2low

asthma [1].

Taking into account these various endotypes, the results
from our study show that, out of the 25 factors, only IL-17A

was significantly higher in patients with steroid-resistant
asthma (UA), as compared to CA patients (table 1 and
figure 1). The upregulation of IL-17A levels was prominent
in patients with severe asthma with history of systemic
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red dot).

teroid therapy and ER admission, higher daily medication
roup, and higher ICS doses (figure 1).

L-17A is an inflammatory cytokine produced by Th17
nd type 3 innate immune (ILC3) cells that induce the
ecruitment of neutrophils into the lungs through activa-
ion of epithelial cells to secrete various cytokines and
hemokines [13]. In animal models, IL-17A exacerbates
h2 cell-mediated eosinophilic airway inflammation and
yper-responsiveness [21, 22]. IL-17A also counterbal-
nces the effect of glucocorticoid on airway epithelium
34,35] and induces airway fibrosis by activating epithe-

ial, fibroblastic, and smooth muscle cells [36]. Moreover,
ncreased IL-17A levels were observed in patients with
evere and steroid-resistant asthma [13-20]. Therefore, IL-
7A is likely to play a critical role in the exacerbation of
asthma, through neutrophilic infiltration, IL-8 production
and induction of airway hyper-responsiveness [17].

Several previous large studies have suggested a positive
correlation between IL-17A production and asthma sever-
ity [15, 17, 19, 37-40]. Our results confirm and extend
these observation by showing higher IL-17A levels in UA,
as compared to patients with CA, and in those with a more
frequent history of systemic steroid administration and ER
admission (table 2).

Our results, furthermore, indicate that increased serum IL-
17A levels positively correlate with those of IL-4, IL-25,

IL-10, and IFN-�, especially in patients with UA (figure 2).
Although Th2 cytokines, such as IL-4, IL-9, and IL-25,
were significantly upregulated in atopic, and, in particu-
lar, atopic UA patients, the levels of IL-17A, IFN-�, and
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L-10 were not different between patients of atopic and
onatopic types (figure 3). In contrast, IL-17A was signifi-
antly upregulated in patients with UA, of both atopic and
onatopic phenotypes (figure 3B), suggesting that IL-17A
ay affect the severity of asthma, irrespective of the atopic

ubtypes.
hoy et al. have reported the dichotomous, mutually
xclusive, pattern of Th2 and Th17 lymphocyte signa-
ures by airway tissue gene expression analysis [41].
owever, several other reports revealed the presence of
ual-positive Th2/Th17 cells in broncho-alveolar lavage
uid (BAL) from patients with asthma [40, 42, 43].
ompared with classical Th17 or Th2 cells, dual-positive
h2/Th17 cells induced a profound effect in the recruit-
ent of inflammatory leukocytes and exacerbation of

sthma [43]. And the Th2/Th17-predominant subgroup
anifested the most severe form of asthma, compared with

he Th2-predominant or (Th2/Th17)-low subgroups [40].
oreover, the levels of messenger RNAs of IL-4, IL-5,

nd IL-13 are significantly increased in sputum cells from
sthmatic patients [44], and the ’IL-5, IL-17A, and IL-

5-high’ airway inflammatory pattern is often observed in
atients with more severe, UA [45, 46]. Serum levels of IL-
7A and IL-22 tend to increase with the severity of allergic
sthma [47], and IL-17A may act in synergy with Th2
cytokines, including IL-4, IL-13, IL-25, IL-33, and TGF-�,
to modulate airway inflammation and remodeling [48-51].
Our results are in line with previously reported findings
that IFN-� is upregulated in the airway epithelial cells
and peripheral blood lymphocytes of patients with severe
chronic asthma [20, 52, 53], thus confirming the correla-
tion of the expression of this cytokine and IL-17A in the
pathogenesis of asthma. In contrast, IL-10 is an immuno-
suppressive cytokine, which is produced by both adaptive
and innate immune cells [54]. The polymorphism of IL-
10 is correlated with the decline of respiratory function in
pediatric asthma [55], and IL-10 produced by Treg cells
and mesenchymal stem cells (MSC) is capable of inhibit-
ing the differentiation and function of effector Th cells
[56], which suggests a protective function of IL-10 in aller-
gic asthma. Unexpectedly, however, the results from the
present study point to an upregulation of serum IL-10 lev-
els in patients with UA, as compared to patients with CA
(figure 3B). These results might be explained by the induc-
tion of an ongoing immunosuppressive counter-response
in order to dampen sustained inflammation [57, 58].

The results from our cluster analysis identified a subgroup
of patients with high levels of all six cytokines, who suf-
fered from severe UA attacks in spite of high dose ICS
medication (figure 4: G4 subgroup). Three of the four
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Table 2
Association of serum IL-17A levels with clinical characteristics of

asthmatic patients.

IL-17A
P value

Lower 75%† Higher 25%‡

Onset period

Childhood 6 1 0.667

Adult 47 18

Control status#

Uncontrolled 35 19 0.004*

Controlled 22 1

Exacerbation at the sample collection

Yes 7 5 0.28

No 50 15

Atopic status

Yes 28 12 0.61

No 25 8

ICS dose§

High 26 12 0.5

Middle 22 7

Low 8 1

Daily medication step

Step 1 9 1 0.443

Step 2 19 6

Step 3 29 13

History of systemic steroid therapy within 12 months

Yes 14 12 0.006*

No 43 8

History of ER visit within 12 months

Yes 2 4 0.042*

No 52 16

* P-values were calculated in Fisher exact test (� = 0.05); † number of patients whose
serum IL-17A levels were lower than the third quartile; ‡ number of patients whose
serum IL-17A levels were higher than the third quartile; # Controlled and uncon-
trolled conditions were defined in accordance with physician’s diagnosis based on
Japanese Asthma Prevention and Management Guideline 2009; § Low Dose, 100-
2
F
a

p
r
o
p
[
C
p
c
c
o
r
t
[
m
r
p

Table 3
Correlation between IL-17A and other cytokines.

rS P-value

IL-4 0.447 <0.001*

IL-5 0.225 0.061

IL-6 0.139 0.252

IL-8 −0.014 0.911

IL-9 0.273 0.022*

IL-10 0.466 <0.001*

IL-13 −0.035 0.776

IL-16 0.179 0.138

IL-25 0.340 0.004*

IL-33 0.116 0.338

IL-1RA 0.085 0.484

IFN-� 0.509 <0.001*

SCF 0.061 0.614

EGF −0.060 0.623

HGF 0.203 0.093

Ang-2 −0.182 0.131

TSLP 0.232 0.053

TGF-� −0.051 0.677

MIP1� 0.026 0.830

Eotaxin −0.186 0.124

GRO� 0.148 0.220

TARC 0.070 0.563

MIF −0.104 0.391

Periostin 0.189 0.116
00 �g/day FP-HFA, Middle dose, 400 �g/day FP-HFA, High dose, 800 �g/day
P-HFA; ¶ Daily medication step according to the Japanese Asthma Prevention
nd Management Guideline 2009.

atients in this subgroup suffered acute severe exacerbation
equiring systemic steroid therapy. Approximately 5-10%
f patients with asthma are shown to be refractory and
oorly controlled despite maximal inhaled steroid therapy
2].
onsidering these characteristics, the above subgroup of
atients in our study, with high levels of all the six
ytokines, including IL-17A, IL-10, IFN-�, and Th2-type
ytokines, may fall into the endotype of severe late-
nset eosinophilic asthma [1]. This endotype is reportedly
efractory to corticosteroid treatment, but may respond
o anti-IL-5 antibody and cysteinyl leukotriene modifiers

1, 59, 60]. Recently, Liang et al. hypothesized that asth-
atic endotypes are related to systemic inflammation, and

evealed three distinct endotypes by cluster analysis on the
rofiles of circulating cytokines [29].
rS is Spearman’s rank correlation coefficient. * P-values were calculated using
Spearman’s rank correlation coefficients (P = 0.05).

As discussed above, the precise categorization into distinct
endotypes could facilitate the better-personalized therapy
of severe refractory patients with asthma.
Taken together, the results presented here are compatible
with and extend the previously reported subtyping of atopic
and non-atopic asthma and underline the modulation of
specific cytokine and chemokine levels in the circulation
in association with the control of the disease. Moreover,
we revealed the importance of IL-17A in the severity and
exacerbation, beyond the atopic and non-atopic endotypes
and identified a group of patients with severe refractory
asthma with upregulation of all the cytokines, including
IL-17A, IFN-�, and Th2-type ones.
The cytokine profiling in our study may substantiate the
endotying of asthma, based on clinical characteristics
and facilitate the development of better-personalized and
phenotype-specific therapies.

Acknowledgments The authors thank Prof. Shigetaka Asano for
his kind instructions and advices; Dr. Hans Yssel for his kind com-
ments and advices; Dr. Masafumi Ikeda, Dr. Takahiro Okazawa
and Ms. Mina Yabusaki for their discussion; Ms. Mizuho Kawate

for her assistance; and Mr. Rodgers Ian Lee for their English
editing.

Disclosure. Financial support: none. Conflict of interest: none.



Journal Identification = ECN Article Identification = 0390 Date: May 31, 2017 Time: 10:58 am

I

R

L-17A and Th2 cytokines in severe uncontrolled asthma

EFERENCES

1. Wenzel SE. Asthma phenotypes: the evolution from clinical to molec-
ular approaches. Nat Med 2012; 18: 716-25.

2. Haldar P, Pavord ID, Shaw DE, et al. Cluster analysis and clinical
asthma phenotypes. Am J Respir Crit Care Med 2008; 178: 218-24.

3. Lotvall J, Akdis CA, Bacharier LB, et al. Asthma endotypes: a new
approach to classification of disease entities within the asthma syn-
drome. J Allergy Clin Immunol 2011; 127: 355-60.

4. Szefler SJ, Wenzel S, Brown R, et al. Asthma outcomes: biomarkers.
J Allergy Clin Immunol 2012; 129: S9-23.

5. Hanania NA, Wenzel S, Rosen K, et al. Exploring the effects of oma-
lizumab in allergic asthma: an analysis of biomarkers in the EXTRA
study. Am J Respir Crit Care Med 2013; 187: 804-11.

6. Bjermer L, Alving K, Diamant Z, et al. Current evidence and future
research needs for FeNO measurement in respiratory diseases. Respir
Med 2014; 108: 830-41.

7. Trevor JL, Deshane JS. Refractory asthma: mechanisms, targets, and
therapy. Allergy 2014; 69: 817-27.

8. Pukelsheim K, Stoeger T, Kutschke D, Ganguly K, Wjst M. Cytokine
profiles in asthma families depend on age and phenotype. PLoS One
2010; 5: e14299.

9. Bettiol J, Sele J, Henket M, et al. Cytokine production from spu-
tum cells after allergenic challenge in IgE-mediated asthma. Allergy
2002; 57: 1145-50.

10. Wong CK, Ho CY, Ko FW, et al. Proinflammatory cytokines (IL-17,
IL-6, IL-18 and IL-12) and Th cytokines (IFN-gamma, IL-4, IL-
10 and IL-13) in patients with allergic asthma. Clin Exp Immunol
2001; 125: 177-83.

11. Fahy JV. Type 2 inflammation in asthma – present in most, absent in
many. Nat Rev Immunol 2015; 15: 57-65.

12. Lloyd CM, Hessel EM. Functions of T cells in asthma: more than
just T(H)2 cells. Nat Rev Immunol 2010; 10: 838-48.

13. Souwer Y, Szegedi K, Kapsenberg ML, de Jong EC. IL-17 and IL-22
in atopic allergic disease. Curr Opin Immunol 2010; 22: 821-6.

14. Ciprandi G, De Amici M, Murdaca G, et al. Serum interleukin-
17 levels are related to clinical severity in allergic rhinitis. Allergy
2009; 64: 1375-8.

15. Agache I, Ciobanu C, Agache C, Anghel M. Increased serum IL-
17 is an independent risk factor for severe asthma. Respir Med
2010; 104: 1131-7.

16. Doe C, Bafadhel M, Siddiqui S, et al. Expression of the T helper
17-associated cytokines IL-17A and IL-17F in asthma and COPD.
Chest 2010; 138: 1140-7.

17. Wang YH, Wills-Karp M. The potential role of interleukin-17 in
severe asthma. Curr Allergy Asthma Rep 2011; 11: 388-94.

18. Newcomb DC, Peebles Jr. RS. Th17-mediated inflammation in
asthma. Curr Opin Immunol 2013; 25: 755-60.

19. Chesne J, Braza F, Mahay G, Brouard S, Aronica M, Magnan A.
IL-17 in severe asthma. Where do we stand? Am J Respir Crit Care
Med 2014; 190: 1094-101.

20. Chambers ES, Nanzer AM, Pfeffer PE, et al. Distinct endotypes
of steroid-resistant asthma characterized by IL-17A(high) and IFN-

gamma(high) immunophenotypes: potential benefits of calcitriol. J
Allergy Clin Immunol 2015; 138: 628-37.

21. Wilson RH, Whitehead GS, Nakano H, Free ME, Kolls JK, Cook DN.
Allergic sensitization through the airway primes Th17-dependent
17

neutrophilia and airway hyperresponsiveness. Am J Respir Crit Care
Med 2009; 180: 720-30.

22. Wakashin H, Hirose K, Maezawa Y, et al. IL-23 and Th17 cells
enhance Th2-cell-mediated eosinophilic airway inflammation in
mice. Am J Respir Crit Care Med 2008; 178: 1023-32.

23. Alyasin S, Karimi MH, Amin R, Babaei M, Darougar S. Interleukin-
17 gene expression and serum levels in children with severe asthma.
Iran J Immunol 2013; 10: 177-85.

24. Zhou X, Fragala MS, McElhaney JE, Kuchel GA. Conceptual and
methodological issues relevant to cytokine and inflammatory marker
measurements in clinical research. Curr Opin Clin Nutr Metab Care
2010; 13: 541-7.

25. Sullivan KE, Cutilli J, Piliero LM, et al. Measurement of cytokine
secretion, intracellular protein expression, and mRNA in resting
and stimulated peripheral blood mononuclear cells. Clin Diagn Lab
Immunol 2000; 7: 920-4.

26. Bienvenu J, Monneret G, Fabien N, Revillard JP. The clinical use-
fulness of the measurement of cytokines. Clin Chem Lab Med
2000; 38: 267-85.

27. Rabinowitz J, Petros WP, Stuart AR, Peters WP. Characterization of
endogenous cytokine concentrations after high-dose chemotherapy
with autologous bone marrow support. Blood 1993; 81: 2452-9.

28. Abbal C, Persi L, Bousquet J, Yssel H, Pene J. Effect of bronchial
allergen challenge on in vitro cytokine release by peripheral blood
mononuclear cells of atopic patients. Allergy 1998; 53: 945-50.

29. Liang Z, Liu L, Zhao H, et al. A systemic inflammatory endotype of
asthma with more severe disease identified by unbiased clustering of
the serum cytokine profile. Medicine 2016; 95: e3774.

30. Lambrecht BN, Hammad H. The immunology of asthma. Nat
Immunol 2015; 16: 45-56.

31. Moore WC, Meyers DA, Wenzel SE, et al. Identification of asthma
phenotypes using cluster analysis in the Severe Asthma Research
Program. Am J Respir Crit Care Med 2010; 181: 315-23.

32. Siroux V, Basagana X, Boudier A, et al. Identifying adult asthma
phenotypes using a clustering approach. Eur Respir J 2011; 38:
310-7.

33. Woodruff PG, Modrek B, Choy DF, et al. T-helper type 2-driven
inflammation defines major subphenotypes of asthma. Am J Respir
Crit Care Med 2009; 180: 388-95.

34. Vazquez-Tello A, Halwani R, Hamid Q, Al-Muhsen S. Glucocor-
ticoid receptor-beta up-regulation and steroid resistance induction
by IL-17 and IL-23 cytokine stimulation in peripheral mononuclear
cells. J Clin Immunol 2013; 33: 466-78.

35. Zijlstra GJ, Ten Hacken NH, Hoffmann RF, van Oosterhout AJ,
Heijink IH. Interleukin-17A induces glucocorticoid insensitivity in
human bronchial epithelial cells. Eur Respir J 2012; 39: 439-45.

36. Chakir J, Shannon J, Molet S, et al. Airway remodeling-associated
mediators in moderate to severe asthma: effect of steroids on TGF-
beta, IL-11, IL-17, and type I and type III collagen expression. J
Allergy Clin Immunol 2003; 111: 1293-8.

37. Nanzer AM, Chambers ES, Ryanna K, et al. Enhanced production
of IL-17A in patients with severe asthma is inhibited by 1alpha,25-
dihydroxyvitamin D3 in a glucocorticoid-independent fashion. J
Allergy Clin Immunol 2013; 132: 297-304.

38. Al-Ramli W, Al Samri M, Hamid Q. Th-17 cell-related cytokines’
potential role in the pathogenesis of severe asthma. J Asthma

2008; 45: 41-4.

39. Kim HY, Lee HJ, Chang YJ, et al. Interleukin-17-producing innate
lymphoid cells and the NLRP3 inflammasome facilitate obesity-
associated airway hyperreactivity. Nat Med 2014; 20: 54-61.



Journal Identification = ECN Article Identification = 0390 Date: May 31, 2017 Time: 10:58 am

1
8

40. Irvin C, Zafar I, Good J, et al. Increased frequency of dual-positive
TH2/TH17 cells in bronchoalveolar lavage fluid characterizes a pop-
ulation of patients with severe asthma. J Allergy Clin Immunol
2014; 134: 1175-86.

41. Choy DF, Hart KM, Borthwick LA, et al. TH2 and TH17 inflamma-
tory pathways are reciprocally regulated in asthma. Sci Transl Med
2015; 7: 301ra129.

42. Cosmi L, Liotta F, Maggi E, Romagnani S, Annunziato F. Th17 cells:
new players in asthma pathogenesis. Allergy 2011; 66: 989-98.

43. Wang YH, Voo KS, Liu B, et al. A novel subset of CD4(+) T(H)2
memory/effector cells that produce inflammatory IL-17 cytokine and
promote the exacerbation of chronic allergic asthma. J Exp Med
2010; 207: 2479-91.

44. Peters MC, Mekonnen ZK, Yuan S, Bhakta NR, Woodruff PG, Fahy
JV. Measures of gene expression in sputum cells can identify TH2-
high and TH2-low subtypes of asthma. J Allergy Clin Immunol
2014; 133: 388-94.

45. Seys SF, Grabowski M, Adriaensen W, et al. Sputum cytokine map-
ping reveals an ‘IL-5, IL-17A, IL-25-high’ pattern associated with
poorly controlled asthma. Clin Exp Allergy 2013; 43: 1009-17.

46. Cheng D, Xue Z, Yi L, et al. Epithelial interleukin-25 is a key medi-
ator in Th2-high, corticosteroid-responsive asthma. Am J Respir Crit
Care Med 2014; 190: 639-48.

47. Zhao Y, Yang J, Gao YD, Guo W. Th17 immunity in patients with
allergic asthma. Int Arch Allergy Immunol 2010; 151: 297-307.

48. Kinyanjui MW, Shan J, Nakada EM, Qureshi ST, Fixman ED.
Dose-dependent effects of IL-17 on IL-13-induced airway inflam-
matory responses and airway hyperresponsiveness. J Immunol
2013; 190: 3859-68.

49. Barlow JL, Flynn RJ, Ballantyne SJ, McKenzie AN. Reciprocal

expression of IL-25 and IL-17A is important for allergic airways
hyperreactivity. Clin Exp Allergy 2011; 41: 1447-55.

50. Mizutani N, Nabe T, Yoshino S. IL-17A promotes the exacerba-
tion of IL-33-induced airway hyperresponsiveness by enhancing
T. Hasegawa, et al.

neutrophilic inflammation via CXCR2 signaling in mice. J Immunol
2014; 192: 1372-84.

51. Ji X, Li J, Xu L, et al. IL4 and IL-17A provide a Th2/Th17-polarized
inflammatory milieu in favor of TGF-beta1 to induce bronchial
epithelial-mesenchymal transition (EMT). Int J Clin Exp Pathol
2013; 6: 1481-92.

52. Shannon J, Ernst P, Yamauchi Y, et al. Differences in airway
cytokine profile in severe asthma compared to moderate asthma.
Chest 2008; 133: 420-6.

53. Liu L, Jarjour NN, Busse WW, Kelly EA. Enhanced generation of
helper T type 1 and 2 chemokines in allergen-induced asthma. Am J
Respir Crit Care Med 2004; 169: 1118-24.

54. Saraiva M, O’Garra A. The regulation of IL-10 production by
immune cells. Nat Rev Immunol 2010; 10: 170-81.

55. Koponen P, Nuolivirta K, Virta M, Helminen M, Hurme M, Korppi
M. Polymorphism of the rs1800896 IL10 promoter gene pro-
tects children from post-bronchiolitis asthma. Pediatr Pulmonol
2014; 49: 800-6.

56. Ghannam S, Pene J, Moquet-Torcy G, Jorgensen C, Yssel H. Mes-
enchymal stem cells inhibit human Th17 cell differentiation and
function and induce a T regulatory cell phenotype. J Immunol
2010; 185: 302-12.

57. Zhang YL, Luan B, Wang XF, et al. Peripheral blood MDSCs, IL-10
and IL-12 in children with asthma and their importance in asthma
development. PLoS One 2013; 8: e63775.

58. Raeiszadeh Jahromi S, Mahesh PA, Jayaraj BS, et al. Serum levels
of IL-10, IL-17F and IL-33 in patients with asthma: a case-control
study. J Asthma 2014; 51: 1004-13.

59. Anderson GP. Endotyping asthma: new insights into key
pathogenic mechanisms in a complex, heterogeneous disease. Lancet

2008; 372: 1107-19.

60. Haldar P, Brightling CE, Hargadon B, et al. Mepolizumab and
exacerbations of refractory eosinophilic asthma. N Engl J Med
2009; 360: 973-84.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


