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Background. Suppressor of tumorigenicity 2 (ST2) is a key biomarker in inflammation and cardiovascular diseases, but limited data
is available on its role in allergic rhinitis (AR). Objective. The aim of this study is to explore the role of serum soluble ST2 (sST2) in
evaluating disease severity and predicting the efficacy of sublingual immunotherapy (SLIT) in house dust mite- (HDM-) induced
AR patients. Methods. Eighty healthy controls (HC group) and 160 HDM-induced AR patients, including 40 mild patients (MAR
group) and 120moderate-severe patients (MSAR group), were recruited in this study. Serumwas collected from all participants and
levels of sST2 were determined by ELISA and the relationship between sST2 levels and disease severity was assessed. In the MSAR
group, 109 patients received 3 years of SLIT, and the relationship between serum levels of sST2 and efficacy of SLIT was exampled.
Results. Serum sST2 levels were increased in HDM-induced AR patients compared to the HC group (P < 0:001), and the
concentrations were higher in the MSAR group than in the MAR group and HC group (all P < 0:05). Moreover, sST2 levels
positively correlated with the total nasal symptom score (TNSS), visual analogue scale (VAS), and specific IgE levels (P < 0:05).
Seventy-eight MSAR patients accomplished SLIT, and they were divided into an effective group (n = 40) and an ineffective
group (n = 38). The serum sST2 levels in the effective group were lower than those in the ineffective group (P < 0:001). In
addition, patients in the effective group levels exhibited significantly lower sST2 levels post-SLIT than pre-SLIT (P < 0:001), but
no statistic difference was observed in the ineffective group (P > 0:05). Receiver operating characteristic (ROC) curve showed
promising accuracy for predicting clinical efficacy of SLIT in AR patients (area under the curve = 0:839, P < 0:001). Conclusion.
Serum sST2 is a potential biomarker for assessing disease severity and may serve as a sensitive biomarker for predicting the
therapeutic response of SLIT in HDM-induced AR patients.

1. Introduction

Allergic rhinitis (AR) is an IgE-mediated type 1 hypersensi-
tivity disease triggered by a spectrum of environmental aller-
gens such as pollen, dust mites, cockroaches, and animal hair
[1]. AR is one of the most common chronic illnesses with
high prevalence all over the world, and house dust mites
(HDMs) are the most prevalent allergen which induce peren-
nial AR [2]. AR is a heterogeneous clinical disease with a
wide degree of severity; many clinical variables, including
total nasal symptom score (TNSS) and visual analogue scale

(VAS), are utilized to evaluate its disease severity, but there
is a lack of sensitive and specific variables or biological
markers to reflect its disease activity [3, 4]. Therefore, explor-
ing promising biomarkers to assess disease severity is
extremely important to improve patient management and
facilitate clinical research in AR. Currently, available thera-
peutic options for AR include patient education, allergen
avoidance, pharmacotherapy, and allergen-specific immuno-
therapy (ASIT), and ASIT is the only etiological treatment
for AR. Conventional AIT for AR comprises subcutaneous
immunotherapy (SCIT) and sublingual immunotherapy
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(SLIT), and SLIT is more popular because of its convenience
and good tolerability [5, 6]. Although SLIT is a safe and effec-
tive therapy, many AR patients still do not obtain a satisfac-
tory therapeutic effect, and the rate of recovery fluctuates
with a large range [7–9]. Treating patients who respond
poorly to SLIT is futile and will lead to a waste of medical
resources. Therefore, it is desirable to identify and exclude
nonresponder patients before administrating SLIT. Although
previous publications have found several potential indicators
to objectively reflect the disease severity and predict the clin-
ical response of SLIT, including serum-specific IgE, serum
metabolites, and leukotriene A4 hydrolase [10–12], these
biomarkers were not clinically available because of poor
sensitivity and specificity. Thus, exploring biomarkers with
high accuracy and reliability for monitoring disease severity
and predicting the clinical efficacy of SLIT is extremely
important.

Suppressor of tumorigenicity 2 (ST2) is a type 1 trans-
membrane protein encoded by the IL-1RL1 gene, and the
released soluble form of ST2 (sST2) functions as an IL-33
receptor [13]. Previous studies have shown that sST2 played
a crucial role in the regulation of immune and inflammatory
response and was involved in several diseases [14, 15]. Magro
and colleagues found that the serum sST2 levels were ele-
vated in ulcerative colitis, and the levels positively correlated
with the severity of colonic mucosal disease and inflamma-
tory cytokines and might predict the therapeutic response
of golimumab treatment [16]. Similarly, Chorin et al. 17

reported that sST2 levels were higher in the serum of sys-
temic lupus erythematous (SLE) patients in comparison with
healthy controls and the levels served a sensitive biomarker
for evaluating disease severity and detecting subclinical dia-
stolic dysfunction. Recent publications demonstrated that
the increased serum sST2 levels could initiate and amplify
Th2 inflammatory response and aggravate disease activity
in asthma and food allergy [17–20]. Although sST2 presented
important involvement in immune response in several dis-
eases, its value as a serum biomarker has not yet been evalu-
ated in HDM-induced AR patients. In this study, we sought
to evaluate serum levels of sST2 as potential biomarkers for
objectively assessing disease severity and predicting the effi-
cacy of SLIT in HDM-induced AR patients.

2. Methods

2.1. Study Design and Participants. This was a single-center,
prospective cohort study conducted to explore the role of
serum soluble ST2 (sST2) in evaluating disease severity and
predicting the efficacy of SLIT in patients with AR. The study
followed the Declaration of Helsinki, and the study protocol
was approved by the Human Ethical Committee of the
Second Affiliated Hospital of Xi’an Jiaotong University. All
recruited participants in this study provided written
informed consent.

We consecutively recruited 160 adult patients with
HDM-induced AR who visited our department during the
period of January 2017 to June 2017. Eighty age- and sex-
matched healthy volunteers without any allergic diseases
were also enrolled as the healthy control (HC) group. All

patients fulfilled the following inclusion criteria: meeting
the diagnostic criteria provided by the allergic rhinitis and
its impact on asthma (ARIA) guidelines [21]; medical history
and allergic symptoms, such as sneezing, rhinorrhea, and
nasal congestion, for at least three years; and a positive skin
test to Dermatophagoides farinae and/or Dermatophagoides
pteronyssinus (at least ++) and/or specific IgE (>0.35 IU/ml).
Patients were excluded due to the following: other immuno-
logic or inflammatory diseases; severe renal, liver, or heart
dysfunction; age < 18 years; pregnancy or potential preg-
nancy; and systemic steroid or antiallergic treatment during
the 4 weeks before enrollment. Clinical examination was per-
formed, and demographic and clinical data were collected for
all participants including age, sex, disease duration, body
mass index (BMI), serum total and specific IgE, blood eosin-
ophil, TNSS, and VAS.

2.2. Serum Sample Collection and sST2 Level Measurement.
Participants scored their symptoms by utilizing the widely
accepted TNSS which was a validated and easy-to-use
patient-reported measure to subjectively delineate the clinical
severity of AR [21, 22]. Accordingly, TNSS is the sum of 4
individual symptom scores for rhinorrhea, nasal congestion,
nasal itching, and sneezing, each parameter ranged from 0 to
4. Based on TNSS, 160 HDM-induced AR patients were fur-
ther categorized into mild (MAR) group (TNSS ≤ 4, n = 40)
and moderate-severe (MSAR) groups (TNSS > 4, n = 120)
referring to the ARIA criteria [21]. Moreover, we also evalu-
ated the clinical activity of AR by a VAS, which was a 10-
point scale from 0 to 10 (0 is not troubled and 10 is extremely
troubled).

2.3. Immunotherapy. In the MSAR group, 109 patients were
assigned to receive 3 years of standard SLIT. SLIT was con-
ducted as previous studies described [10, 23]. Patients were
administrated with standardized Dermatophagoides farina
allergen drops purchased from Wolwo Pharma Biotechnol-
ogy Company (Zhejiang, China) with the drops labeled from
No.1 to No.5 containing proteins of 1, 10, 100, 333, and
1000μg/ml, respectively. The drug was self-administered by
patients at the same time every day, kept under the tongue
for 1-3 minutes, and then swallowed. The entire treatment
included a dose escalation phase and a dose maintaining
phase, and a 3-year maintenance was recommended to
obtain long-term efficacy as previous studies recommended
[24, 25]. Information regarding administration schedule
was described in Table S1. During the SLIT, patient
education and follow-up education were conducted to track
and improve patient compliance.

2.4. Serum Sample Collection and sST2 Measurement. Blood
samples were collected from each participant by 5ml vacuum
blood collection tubes without anticoagulation or coagulant.
For the patients who were treated with SLIT, blood samples
were collected pre-SLIT and 3 years post-SLIT. Blood sam-
ples were allowed to clot at room temperature for 60 minutes
to separate out the red blood cells, then the tubes were centri-
fuged 4°C at 3500 rpm for 20 minutes, and the serum was col-
lected and stored at -80°C for subsequent detection. Serum
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sST2 measurement was performed by an Enzyme-Linked
Immunosorbent Assay- (ELISA-) utilizing human sST2
ELISA kit (Proteintech, Rosemont, USA) referring to the
manufacturer’s instructions. All serum samples were diluted
at 1 : 40.

2.5. Data Collection and Outcome Assessment. During the
treatment, all participants were followed up for at least 3
years and required to record their symptom and medication
use. As SLIT cannot completely control allergic symptoms
during the treatment especially when the primary symptoms
are severe or the allergen load is heavy, adjunctive medication
is prescribed including oral H1 antihistamine, intranasal cor-
ticosteroid, and intranasal antihistamine. The medication
scores (MS) were evaluated as the sum of medication con-
sumption for controlling AR symptoms over the previous
week and recorded referring to the World Allergy Organiza-
tion recommendations (1: oral or intranasal antihistamines,
2: nasal glucocorticoids, and 3: oral glucocorticoids) [26].
The symptom and medication score (SMS) was defined as
the sum of TNSS and MS/7 as previously described [10,
27]. We followed the methods of Xie et al. [24] to evaluate
the efficacy of SLIT on the basis of clinical symptom remis-
sion and the reduction in the consumption of combined
pharmacologic therapy: “effective” was regarded as obtaining
at least 30% reduction of SMS from the baseline level; other-
wise, the SLIT was defined as ineffective.

2.6. Statistical Analysis. Statistical analysis was conducted
with SPSS statistics software version 22.0 (IBM, Chicago,
IL, USA), and figures were plotted with GraphPad Prism
7.0 (Software Inc., La Jolla, CA, USA). Continuous and
categorical variables were displayed as mean ± standard
deviation (SD) and number (%), respectively. Continuous
variables were compared with one-way analysis of variance
(ANOVA) or Kruskal–Wallis H test among three groups,
and Student’s t test or Mann–Whitney U was utilized
between two groups. Chi-square test was performed in
categorical variables. Spearman’s correlation analysis was
conducted to evaluate the correlation between TNSS, VAS,
total and specific IgE levels, and sST2 levels. Receiver operat-
ing characteristic (ROC) curve was performed, and area
under the curve (AUC), sensitivity, specificity, and cutoff
were estimated. A P < 0:05 was accepted as statistical
significance.

3. Results

3.1. Baseline Characteristics of Study Participants. The main
demographic and clinical characteristics among three groups
are shown in Table 1. There is no statistical difference in age,
sex, and BMI among three groups, and disease duration
between the MSAR group and the MAR group (P > 0:05).
In the MSAR group, the total IgE, HDM-specific IgE, blood
eosinophil, TNSS, and VAS were higher than those in the
MAR and HC groups (all P < 0:001).

3.2. sST2 Levels Elevated in AR Patients and Correlated with
Clinical Variables. Figure 1(a) exhibited the comparison of
sST2 levels between the AR group and the HC group. Serum

sST2 levels were 19:8 ± 7:5 ng/ml in HDM-induced AR
patients, which were higher than healthy controls
(14:3 ± 6:9 ng/ml, P < 0:001). Moreover, the sST2 levels were
significantly elevated in the MSAR group (21:3 ± 7:1 ng/ml)
and the MAR group (18:8 ± 5:1 ng/ml) in comparison with
the HC group (14:3 ± 6:9 ng/ml, P < 0:05) (Figure 1(b)).
According to Spearman’s correlation analysis results, the
elevated sST2 concentrations positively correlated with TNSS
(r = 0:523, P < 0:001), VAS (r = 0:431, P < 0:001), and
HDM-specific IgE (r = 0:620, P < 0:001) (Figure 2).

3.3. sST2 Levels Acted as a Potential Biomarker for Predicting
Efficacy of SLIT. In this study, 78 MSAR patients finally fin-
ished the 3-year SLIT and provided complete follow-up data.
Among these patients, 40 patients were grouped into the
effective group and the other 38 cases were grouped into
the ineffective group; the overall effective rate was 51.3%.
During the follow-up, 6 patients reported adverse reactions,
including pruritus and swelling of the mouth and tongue in
4 patients and aggravating rhinitis in 2 patients; no severe
systemic adverse reaction was reported. Table 2 showed that
no statistical difference was observed in age, sex, BMI, disease
duration, total IgE, blood eosinophil, TNSS, and VAS
between two groups (P > 0:05), but HDM-specific IgE levels
were lower in the effective group than in the ineffective
group (P = 0:003). The serum levels of sST2 were signifi-
cantly lower in the effective group than in the ineffective
group (16:8 ± 3:4 ng/ml vs. 23:7 ± 7:2 ng/ml, P < 0:001)
(Figure 3(a)). In addition, Figures 3(b) and 3(c) showed
that patients in the effective group exhibited significantly
lower sST2 levels post-SLIT than pre-SLIT (P < 0:001),
but no statistical difference was observed in the ineffective
group (P > 0:05). In the effective group, the change of
sST2 levels was 6:0 ± 4:1 ng/ml, which were higher than
1:9 ± 3:4 ng/ml in the ineffective group (P < 0:001)
(Figure 3(d)). The ROC curve exhibited promising accuracy
for predicting clinical efficacy of SLIT in AR patients
(area under the curve = 0:839, P < 0:001), and the cutoff
value with optical sensitivity and specificity was 20.4 ng/ml
(sensitivity = 0:950, specificity = 0:634) (Figure 4).

4. Discussion

In the present study, we showed that serum sST2 levels were
increased in HDM-induced AR patients especially in MSAR
patients in comparison with healthy controls, and the ele-
vated sST2 levels positively correlated with TNSS, VAS, and
HDM-specific IgE. Moreover, in the subgroup of MSAR
patients who received SLIT, the concentrations of sST2 were
significantly lower in the effective group than in the ineffec-
tive group, and the levels were decreased in the samples col-
lected post-SLIT than pre-SLIT, but no statistic difference
was observed in the ineffective group. ROC results demon-
strated promising reliability and accuracy in predicting the
therapeutic efficacy of SLIT. Taken together, our observa-
tions indicated that serum sST2 might serve as a potential
biomarker for objectively reflecting the disease severity and
predicting the clinical efficacy of SLIT in HDM-induced AR
patients.
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ST2 functioning as a decoy receptor for IL-33 has been
observed in several cells, such as mast cells, macrophages,
dendritic cells, eosinophils, and group 2 innate lymphoid
cells, and was pivotal in the immune response and inflamma-
tory cytokine production [28–30]. Previous publications
have demonstrated that the IL-33/ST2 signaling axis was
involved in the occurrence and development of inflammatory
and allergic diseases including rheumatoid arthritis, inflam-
matory bowel disease, SLE, food allergy, and asthma [20,
31–33]. Zheng et al. 32 observed that elevated ST2 activated
the myeloid dendritic cells and promoted CD4+ T cells
toward Th2 differentiation inducing the secretion of Th2-
type cytokines (IL-5 and IL-13) and eosinophilic inflamma-
tion in nasal polyps. A recent study found that the serum
levels of sST2 were increased in the patients with active
SLE, and the elevated sST2 might induce the Th1 to Th2 shift
of the immune reactions and aggravated the disease activity
and tissue and organ damage [17, 34]. However, in another
study, the authors showed that the levels of sST2 negatively
correlated with fractional exhaled nitric oxide, and they spec-
ulated that sST2 might exhibit a potential protective effect on

the development of eosinophilic airway inflammation in
asthmatic children [20]. Although growing evidence has
shown that sST2 is upregulated in allergic disorders, the role
of sST2 in AR was unclear.

In this study, we demonstrated that serum sST2 concen-
trations were increased in AR patients especially in cases with
MSAR and the elevated sST2 associated with the clinical
severity recorded by symptom score scales. Our observations
were in line with previous results in other allergic diseases
such as food allergy, asthma, and atopic dermatitis [20, 30,
35]. ST2 was a key mediator regulating the functions of
immune cells and was involved in the antigen-presenting
process and promoting the immune response [15, 32]. When
patients were exposed to an allergic environment, the aller-
gens will stimulate the endothelial cells and epithelial cells
and predominantly promote the secretion of IL-33, the
increased levels of IL-33 will upregulate the expression of
ST2 especially in the dendritic cells, the activated dendritic
cells will enhance CD4+ T differentiation to Th2 cells and
induce the production of Th2-type cytokines (IL-4, IL-5,
and IL-13), and the high concentrations of these cytokines
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Figure 1: Serum sST2 concentrations were increased in AR patients than in healthy controls. (a) sST2 levels were elevated in the AR group in
comparison with the HC group; (b) the serum sST2 levels were higher in the MSAR group than in the MAR and the HC group. sST2: soluble
suppressor of tumorigenicity 2; AR: allergic rhinitis; HC: healthy control; MAR: mild allergic rhinitis; MSAR: moderate-severe allergic
rhinitis.

Table 1: The demographic and clinical characteristics of participants.

Variables HC (n = 80) MAR (n = 40) MSAR (n = 120) P value

Age (year) 28:6 ± 7:3 28:4 ± 9:1 30:6 ± 10:4 0.157

Sex, male (%) 39 (48.8) 23 (57.5) 63 (52.5) 0.659

Disease duration (year) NA 4:1 ± 2:0 4:5 ± 1:8 0.249

BMI (kg/m2) 22:6 ± 1:7 22:6 ± 1:9 22:3 ± 1:6 0.813

Total IgE (IU/ml) 49:3 ± 16:9 166:1 ± 69:8 360:1 ± 156:4 <0.001
HDM specific IgE (kU/l) 0:2 ± 0:1 15:8 ± 4:1 22:3 ± 7:9 <0.001
Blood eosinophil (n/μl) 138:6 ± 49:7 294:5 ± 124:6 370:8 ± 164:7 <0.001
TNSS 1:4 ± 0:5 4:2 ± 1:0 10:0 ± 2:3 <0.001
VAS 1:0 ± 0:4 3:0 ± 0:6 7:9 ± 1:9 <0.001
HC: healthy control; MAR: mild allergic rhinitis; MSAR: moderate-severe allergic rhinitis; BMI: body mass index; HDM: house dust mite; TNSS: total nasal
symptom score; VAS: visual analogue scale; NA: not applicable.
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will cause the activation of B cells and secretion of IgE and
enhance the mast cell degranulation and histamine release,
resulting in exacerbation of allergic symptoms in AR patients
[36–38]. Therefore, we have reasons to believe that sST2 is
involved in the occurrence and development of AR, but the

underlying mechanism needs to be discovered in further
experimental studies.

SLIT has been proven to be effective and safe in AR
patients for many years [5, 7]. Although previous studies
demonstrated that SLIT significantly improved the allergic
symptoms and decreased the consumption of rescue medica-
tion in AR patients, it still did not improve the disease status
in a certain proportion of patients after a long duration of
treatment [8, 27]. How to predict the treatment response
before the onset of SLIT is a thorny problem that all patients
and allergy specialists have to confront. Currently, there is no
established modality to predict clinical efficacy of SLIT that
can guide the clinical practice. In the current study, we firstly
found that the serum sST2 levels in the effective group were
decreased compared to those in the ineffective group;
patients who obtained effective treatment exhibited signifi-
cantly lower sST2 levels in comparison with baseline levels.
In addition, ROC results showed that serum sST2 was a reli-
able and accurate biomarker to predict the efficacy of SLIT.
Further evidence has indicated that ST2 was a pivotal mole-
cule in regulating functional dendritic cell subsets in the anti-
gen presentation process to affect Th2 inflammatory
response, activation of B cells, and secretion and mast cell
degranulation [15, 30, 39]. As SLIT was a treatment that
induced immune tolerance, repetitive stimulation of a spe-
cific antigen might affect the function of dendritic cells and
interdict the antigen presentation process and initiation of
immune response [26]. Combined with our findings, we

0
0 10 20

Serum soluble ST2 level (ng/ml)
30 40 50

r=0.523, P<0.001

5

TN
SS

10

15

(a)

0
0 10 20

Serum soluble ST2 level (ng/ml)
30 40 50

r=0.431, P<0.001

5

VA
S

10

15

(b)

0
0 20 40

Serum soluble ST2 level (ng/ml)
60 80

r=0.620, P<0.001

10

H
D

M
-s

pe
ci

fic
 lg

E 
(k

U
/l)

20

30

40

(c)

0
0 20 40

Serum soluble ST2 level (ng/ml)
60 80

r=0.126, P=0.098

200To
ta

l l
gE

 (I
U

/m
l)

400

600

800

(d)

Figure 2: Correlation between serum sST2 levels and TNSS (a), VAS (b), HDM-specific IgE (c), and total IgE (d). sST2: soluble suppressor of
tumorigenicity 2; HDM: house dust mite; TNSS: total nasal symptom score; VAS: visual analogue scale.

Table 2: The demographic and clinical variables between two
groups.

Variables
Effective group

(n = 40)
Ineffective group

(n = 38)
P

value

Age (year) 30:6 ± 9:1 31:6 ± 9:1 0.610

Sex, male (%) 22 (55.0) 18 (47.4) 0.651

Disease duration
(year)

4:8 ± 1:8 4:4 ± 1:6 0.268

BMI (kg/m2) 22:4 ± 1:7 22:0 ± 1:2 0.247

Total IgE (IU/ml) 296:1 ± 158:9 343:4 ± 172:5 0.211

HDM specific IgE
(kU/l)

18:9 ± 6:7 23:8 ± 8:2 0.003

Blood eosinophil
(n/μl)

314:5 ± 124:6 370:8 ± 164:7 0.092

TNSS 9:1 ± 3:2 9:7 ± 2:9 0.389

VAS 7:1 ± 2:2 7:8 ± 2:5 0.193

BMI: body mass index; HDM: house dust mite; TNSS: total nasal symptom
score; VAS: visual analogue scale.
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can speculate that sST2 might act as a crucial biomarker in
the underlying mechanism of SLIT in HDM-induced AR
patients, and sST2 could be clinically meaningful as an objec-
tive biomarker to predict the clinical efficacy of SLIT.

Several limitations exist in the current study. First, the
numbers of recruited participants are relatively small, and a
validation cohort study is required to strengthen the conclu-
sions. Second, all the recruited participants are from a single
center with the same ethnicity and region, which might
increase the risk of selection bias. Third, we did not evaluate
the change of serum ST2 levels at 1-year follow-up when
some patients responded to SLIT. Last, there is a lack of uni-
fied criteria in assessing the efficacy of SLIT, and this may
limit the applicability of obtained results in a clinical way.

5. Conclusion

This prospective study demonstrated that the sST2 levels in
the serum of HDM-induced AR patients were elevated and
associated with a clinical symptom score, suggesting serum
sST2 may serve as an objective indication to evaluate the dis-
ease severity of AR. We also found that serum sST2 may be a
surrogate biomarker in predicting the therapeutic response
of SLIT in HDM-induced AR patients. These results may
provide novel insights into pathophysiological mechanisms
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Figure 3: The serum levels sST2 in the effective group and ineffective group. (a) The sST2 levels were lower in the effective group than in the
ineffective group; (b) patients in the effective group exhibited significantly lower sST2 levels post-SLIT than pre-SLIT; (c) no statistical
difference was observed in the ineffective group between post-SLIT and pre-SLIT. (d) the change of sST2 levels was higher in the effective
group than in the ineffective group. sST2: soluble suppressor of tumorigenicity 2; SLIT: sublingual immunotherapy.

0.0
0.0 0.2 0.4 0.6 0.8 1.0

0.2

0.4

0.6

0.8

1.0
ROC curve

1 − specificity

Se
ns

iti
vi

ty

Figure 4: ROC curve analysis of serum sST2 in predicting the
efficacy of SLIT. ROC: receiver operating characteristic; sST2:
soluble suppressor of tumorigenicity 2; SLIT: sublingual
immunotherapy.

6 Mediators of Inflammation



of HDM-induced AR and contribute to discover the underly-
ing mechanisms of SLIT.
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