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Abstract 

Background:  Extracellular matrix proteins tenascin-C (TNC) and periostin, which were identified as T-helper cell 
type 2 cytokine-induced genes in human bronchial epithelial cells, accumulate in the airway basement membrane 
of asthmatic patients. Although serum periostin has been accepted as a type 2 biomarker, serum TNC has not been 
evaluated as a systemic biomarker in asthma. Therefore, the objective of this study was to evaluate whether serum 
TNC can serve as a novel biomarker for asthma.

Methods:  We evaluated 126 adult patients with mild to severe asthma. Serum TNC, periostin, and total IgE 
concentrations were quantified using enzyme-linked immunosorbent assays.

Results:  Serum TNC levels were significantly higher in patients with severe asthma and high serum total IgE levels. 
Patients with both high serum TNC (> 37.16 ng/mL) and high serum periostin (> 95 ng/mL) levels (n = 20) or patients 
with both high serum TNC and high serum total IgE (> 100 IU/mL) levels (n = 36) presented higher disease severity 
and more severe airflow limitation than patients in other subpopulations.

Conclusions:  To our knowledge, this is the first study to show that serum TNC levels in asthmatic patients 
are associated with clinical features of asthma and that the combination of serum TNC and periostin levels or 
combination of serum TNC and total IgE levels were more useful for asthma than each single marker, suggesting that 
serum TNC can serve as a novel biomarker for asthma.
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Background
Although the mechanisms of heterogeneous chronic 
inflammatory disorders of the airway, including bronchial 
asthma, are not fully clarified, airway inflammation 
and remodeling typically occur in these pathologies 
[1–3]. Asthma is characterized by inflammation of the 

airways associated with excessive deposition of the 
extracellular matrix, including basement membrane 
thickening, mucous cell metaplasia, epithelial shedding, 
angiogenesis, inflammatory cell infiltration, and smooth 
muscle cell and lung fibroblast proliferation [4]. An 
increase in the number of lung fibroblasts characterized 
by collagen synthesis and in both tenascin and periostin 
deposition within the basement membrane matrix may 
occur in response to allergen challenge in asthmatic 
patients [5, 6].

Although a variety of cell types are involved in 
allergic airway inflammation, antigen-specific CD4+ 
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T-helper cell type 2 (Th2) and type 2 innate lymphoid 
cells, which secrete Th2 cytokines such as interleukin 
(IL)-4 and IL-13, are believed to drive asthma 
pathobiology [7, 8]. Previous microarray analyses 
identified tenascin-C (TNC) and periostin as IL-4- or 
IL-13-induced genes in human bronchial epithelial 
cells [9–13]. Both TNC and periostin are glycoproteins 
that are secreted into the extracellular matrix. 
Previous studies suggested that periostin may promote 
eosinophil infiltration into the asthmatic airway during 
inflammation and serum periostin may be a systemic 
biomarker for eosinophilic airway inflammation and 
disease severity in asthmatic patients [6, 14–18]. It 
has also been reported that serum periostin has the 
potential as a prognostic biomarker to predict the risk 
of a decline in forced expiratory volume in 1 s (FEV1) 
in late-onset and eosinophil-dominant asthmatic 
patients [19–21].

TNC is prototypic of the TN family and supports 
the migration of inflammatory cells from the 
interstitium to the airspace. TNC is highly expressed 
in human lung during embryonic development, and 
its expression is especially strong in the extracellular 
matrix underlying the airway epithelium during the 
gestational stages [22, 23]. Although TNC expression 
is less abundant and more restricted in normal adult 
tissues, TNC expression in the airway subepithelial 
reticular basement membrane in asthmatic patients 
is prominently increased after allergen challenge and 
is a histopathological subepithelial marker to detect 
disease activity in asthma [24–26]. The thickness 
of TNC deposition was correlated with the number 
of eosinophils, T-lymphocytes, and IL-4-positive 
cells in bronchial mucosa of atopic asthmatics [27]. 
Previous studies using TNC-deficient mice suggested 
that TNC provides protection against ovalbumin-
induced Th2-driven airway inflammation [28]. 
Moreover, treating asthmatics with mepolizumab, 
an anti-IL-5 monoclonal antibody for severe asthma, 
significantly decreased airway eosinophil numbers 
and significantly reduced TNC deposition in the 
airway subepithelial reticular basement membrane 
when compared with placebo [25]. Furthermore, one 
report has been demonstrated that serum TNC levels 
were significantly higher in patients with refractory 
asthma than in non-refractory asthma and normal 
volunteers [29]. Although these reports indicated 
that TNC in asthmatic patients may play a key role in 
Th2/type 2 airway inflammation, serum TNC has not 
been evaluated as a potential biomarker of Th2/type 
2 airway inflammation and asthma. Therefore, in the 
present study, we evaluate whether serum TNC levels 
can serve as a novel biomarker for asthma.

Methods
Patients
Consecutive patients with mild to severe asthma, who 
were aged 20 years or older, were recruited with informed 
consent from our outpatient clinic at Juntendo University 
Hospital (Tokyo, Japan). Asthma was diagnosed by 
a clinical history of episodic symptoms with airflow 
limitation and by either variation in pulmonary function 
monitored by forced expiratory volume in 1 s (FEV1) or 
peak expiratory flow (PEF) in accordance with the Global 
Initiative for Asthma (GINA) guidelines [30]. The disease 
severity was also assessed in accordance with the GINA 
guidelines [30]. The present study was reviewed and 
approved by the Juntendo University Research Ethics 
Committee (Tokyo, Japan). Written informed consent 
was obtained from each patient before their participation 
in the study. This study was registered in the UMIN 
Clinical Trial Registry (UMIN000009968) on February 
5, 2013 (http://www.umin.ac.jp/). Patients having any 
of the following criteria were excluded: a diagnosis of 
chronic obstructive pulmonary disease defined by the 
Global Initiative for Chronic Obstructive Lung Disease 
guidelines [31] and any current respiratory disorder other 
than asthma.

The asthma control test (ACT) score, pulmonary 
function parameters, and fractional exhaled nitric 
oxide (FeNO) levels were measured. FeNO levels were 
measured in accordance with the American Thoracic 
Society recommendations at a constant flow of 0.05 L/s 
against an expiratory resistance of 20  cm water with 
a chemiluminescence analyzer (NOA 280i; Sievers, 
Boulder, CO, USA). On the same day these clinical 
examination and venous blood sampling were performed.

Quantification of serum periostin and TNC levels
The sera of patients were collected after density-gradient 
centrifugation of blood samples and frozen at − 80  °C. 
Periostin levels were measured with an enzyme-linked 
immunosorbent assay (ELISA) (Shino test, Sagamihara, 
Japan), as described previously [32]. TNC was 
simultaneously quantified in thawed serum using the 
human TNC ELISA kit (IBL Co. Ltd, Gunma, Japan) [33, 
34].

Statistical analysis
Sample normality was examined using the D’Agostino–
Pearson test. Differences in parameters between 
populations were analyzed for significance using 
Student’s t test, the Mann–Whitney U test, the Chi 
square test, and Fisher’s exact test as appropriate. For 
correlation between variables, the Pearson’s correlation 
coefficient and Spearman’s rank correlation coefficient, 
which is denoted as rs for a sample statistic, were 

http://www.umin.ac.jp/
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used where appropriate. One-way ANOVA followed 
by the Tukey test and Kruskal–Wallis test followed 
by the Dunn test were used for multigroup analysis. 
Differences were statistically significant when P values 
were 0.05 or less. Statistical analyses were performed 
using Graph Pad Prism version 6 software (GraphPad 
Software, Inc., La Jolla, CA, USA). A Th2-high subgroup 
was defined as both a serum total immunoglobulin 

E (IgE) level of > 100  IU/mL and a peripheral blood 
eosinophil count of ≥ 0.14 × 109 cells/L [13, 35, 36].

Results
Baseline characteristics
We first determined the baseline characteristics of 
asthmatic patients (Table  1). This study enrolled 126 
patients with mild to severe asthma, including 13 (10.3%) 
in GINA treatment steps 1 and 2, 32 (25.4%) in step 3, 57 

Table 1  Baseline characteristics of the study population

Data are presented as the mean ± standard deviation unless otherwise indicated

Comparisons performed by Student’s t test, the Mann–Whitney U test, the Chi square test, and Fisher’s exact test as appropriate

ACT​ asthma control test, AERD aspirin-exacerbated respiratory disease, BMI body mass index, FeNO fractional exhaled nitric oxide, FEV1 forced expiratory volume in 1 s, 
FP fluticasone propionate, FVC forced vital capacity, GINA Global Initiative for Asthma, ICS inhaled corticosteroid, IgE immunoglobulin E, MMF mid-maximal flow rate, 
OCS oral corticosteroids, PEF peak expiratory flow, PSL prednisolone, Th2 T-helper cell type 2, TNC tenascin-C

*P < 0.05, GINA treatment steps 1–3 group versus GINA treatment steps 4 + 5
†  Th2-high: total IgE level of more than 100 IU/mL and a peripheral blood eosinophil count of 0.14 × 109 cells/L or more

Total GINA step 1–3 GINA step 4 + 5 P value
n = 126 n = 45 n = 81

Sex (M/F), n (%) 43 (34.1)/83 (65.9) 21 (46.7)/24 (53.3) 22 (27.2)/59 (72.8) 0.032*

Age (years) 53.91 ± 15.86 55.47 ± 15.66 53.05 ± 16.01 0.415

Age at asthma onset (years) 35.08 ± 22.05 36.87 ± 22.46 34.09 ± 21.90 0.437

Duration of asthma (years) 18.83 ± 15.95 18.60 ± 17.20 18.96 ± 15.32 0.613

BMI (kg/m2) 24.00 ± 4.88 23.30 ± 4.08 24.38 ± 5.26 0.317

Smoking history (never/ex/current), n (%) 79 (62.7)/42 (33.3)/5 (4.0) 20 (44.4)/23 (51.1)/2 (4.4) 59 (72.8)/19 (23.4)/3 (3.7) 0.006*

Pack year smoking history (pack year) 5.63 ± 10.79 9.00 ± 13.74 3.75 ± 8.25 0.003*

Atopic predisposition, n (%) 99 (78.6) 33 (73.3) 66 (81.5) 0.365

AERD, n (%) 12 (9.5) 1 (2.2) 11 (13.6) 0.055

Atopic dermatitis, n (%) 27 (21.4) 10 (22.2) 17 (21.0) 1.000

Allergic rhinitis, n (%) 66 (52.4) 24 (53.3) 42 (51.9) 1.000

Chronic sinusitis, n (%) 38 (30.2) 13 (28.9) 25 (30.9) 0.843

Daily dose of ICS (FP equivalent dose, µg) 584.13 ± 383.49 177.78 ± 92.05 809.88 ± 283.99 < 0.001*

Daily dose of OCS (PSL equivalent dose, mg) 0.35 ± 1.41 0.00 ± 0.00 0.55 ± 1.73 0.014*

ACT score, n = 125 23.20 ± 2.82 24.29 ± 1.47 22.59 ± 3.20 < 0.001*

FeNO (ppb) 55.04 ± 43.69 65.31 ± 53.19 49.34 ± 36.53 0.037*

Peripheral neutrophils (cells/μL) 4022.36 ± 1492.54 3696.30 ± 1115.92 4203.51 ± 1644.02 0.113

Peripheral eosinophils (cells/μL) 263.54 ± 236.05 231.11 ± 180.79 281.55 ± 261.08 0.775

Serum IgE (IU/mL) 616.37 ± 1686.39 467.19 ± 718.39 699.24 ± 2034.77 0.731

Th2-high†, n (%) 53 (42.1) 21 (46.7) 32 (39.5) 0.457

Serum periostin (ng/mL) 87.65 ± 34.49 94.62 ± 30.83 83.78 ± 35.96 0.012*

Serum TNC (ng/mL) 39.49 ± 25.18 30.95 ± 16.69 44.23 ± 27.82 0.002*

FVC (L) 3.22 ± 0.95 3.51 ± 0.87 3.06 ± 0.96 0.004*

%FVC (predicted, %) 103.06 ± 16.22 107.16 ± 14.69 100.80 ± 16.59 0.013*

FEV1 (L) 2.38 ± 0.79 2.55 ± 0.70 2.29 ± 0.82 0.079

%FEV1 (predicted, %) 90.98 ± 18.37 93.80 ± 15.93 89.41 ± 19.51 0.201

FEV1/FVC ratio (%) 73.46 ± 10.30 72.56 ± 8.29 73.97 ± 11.28 0.189

PEF (L/s) 7.23 ± 2.06 7.74 ± 1.94 6.95 ± 2.08 0.037*

%PEF (predicted, %) 103.28 ± 21.12 105.46 ± 19.00 102.07 ± 22.23 0.389

MMF (L) 1.95 ± 1.07 1.93 ± 0.95 1.95 ± 1.13 0.951

%MMF (predicted, %) 58.93 ± 27.49 57.98 ± 22.69 59.46 ± 29.95 0.773
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(45.2%) in step 4, and 24 (19.0%) in step 5. The male to 
female ratio was 43:83, and the median age was 53 years 
(range 20–86  years). The mean (± standard deviation) 
duration of asthma was 18.83 ± 15.95 years, and the mean 
FEV1/forced vital capacity (FVC) ratio was 73.46 ± 10.3% 
(Table  1). We also compared the characteristics of 45 
patients (35.7%) included in GINA treatment steps 1–3 
(GINA step 1–3 group) and 81 patients (64.3%) included 
in GINA treatment steps 4 and 5 (GINA step 4 + 5 group) 
(Table  1). In the GINA step 4 + 5 group, the male to 
female ratio (P = 0.032), smoking history (in pack-years) 
(P = 0.003), ACT score (P < 0.001), FVC (P = 0.004), 
percent predicted FVC (%FVC) (P = 0.013), PEF 
(P = 0.037), FeNO levels (P = 0.037), and serum periostin 
concentrations (P = 0.012) were significantly lower 
than those in the GINA step 1–3 group. Conversely, the 
never-smoker/current and ex-smoker ratio which was 
performed by Fisher’s exact test (P = 0.002, data not 
shown), daily dose of inhaled and oral corticosteroids 
(P < 0.001 and P = 0.014, respectively), and serum TNC 
concentrations (P = 0.002) were significantly higher in 
the GINA step 4 + 5 group compared with the GINA step 
1–3 group (Table 1).

Association of serum periostin and TNC levels with subject 
characteristics in asthmatic patients
We next examined whether serum periostin and TNC 
levels in asthmatic patients were associated with 
subject characteristics. Serum periostin levels were 
positively correlated with age (rs = 0.261, P = 0.003), 
age at asthma onset (rs = 0.283, P = 0.001), ACT 
score (rs = 0.24, P = 0.007), FeNO levels (rs = 0.319, 
P < 0.001), peripheral blood eosinophil counts (rs = 0.36, 
P < 0.001), and the Th2-high to Th2-low ratio (rs = 0.195, 
P = 0.029) (Table  2). Although serum periostin levels 
were negatively correlated with the daily dose of 
inhaled corticosteroids (ICS) (rs = − 0.194, P = 0.029) 
and the percentages of GINA treatment steps 4 + 5 
(rs = − 0.224, P = 0.012), periostin levels were also 
negatively correlated with airflow limitation, including 
FEV1 (rs = − 0.203, P = 0.023), the mid-maximal flow rate 
(MMF) (rs = − 0.25, P = 0.005), and percent predicted 
MMF (%MMF) (rs = − 0.195, P = 0.028). Moreover, in 
the GINA step 4 + 5 group, serum periostin levels were 
positively correlated with age (rs = 0.29, P = 0.009), age 
at asthma onset (rs = 0.316, P = 0.004), FeNO levels 
(rs = 0.226, P = 0.016), peripheral blood eosinophil counts 
(rs = 0.398, P < 0.001), and the Th2-high to Th2-low ratio 
(rs = 0.241, P = 0.03), but were negatively correlated 
with FVC (rs = − 0.29, P = 0.009), FEV1 (rs = − 0.295, 
P = 0.008) and MMF (rs = − 0.286, P = 0.01) (Additional 
file  1: Table  S1). Serum TNC levels were positively 
correlated with the percentages of GINA treatment steps 

4 + 5 (rs = 0.274, P = 0.002), daily dose of ICS (rs = 0.206, 
P = 0.02), peripheral blood neutrophil counts (rs = 0.189, 
P = 0.034), and serum total IgE levels (rs = 0.259, 
P = 0.003) (Table  2). These results suggest that serum 
periostin and TNC levels were associated with distinct 
subject characteristics.

Comparison of serum periostin and TNC levels 
between two subgroups according to asthma severity 
and Th2‑related variables
We then divided the 126 patients into two subgroups by 
five different ways: according to asthma severity (mild to 
moderate asthma and severe asthma), the Th2-high and 
Th2-low subgroups based on both serum IgE levels and a 
peripheral blood eosinophil counts, the high and low IgE 
subgroups based on serum IgE levels, the high and low 
eosinophil subgroups based on peripheral blood eosinophil 
counts, and the high and low FeNO subgroups based on 
FeNO levels (Fig. 1 and Additional file 2: Table S2). Serum 
periostin levels were significantly higher in patients with mild 
to moderate asthma (P = 0.01), Th2-high (P = 0.029), high 
peripheral blood eosinophil counts (≥ 0.14 × 109  cells/L) 
(P = 0.01), and high FeNO levels (≥ 50  ppb) (P < 0.001) 
[Fig. 1a and Additional file 2: Table S2]. Serum TNC levels 
were significantly higher in patients with severe asthma 
(P = 0.012) and high serum total IgE levels (≥ 100  IU/mL) 
(P = 0.026) (Fig.  1b and Additional file  2: Table  S2). These 
results suggest that serum periostin and TNC levels were 
associated with different characteristics of asthma disease 
severity and Th2-related variables. Moreover, not only serum 
periostin but also serum TNC might have potential use as 
novel biomarkers for asthma.

Characteristics of patients with both high serum TNC levels 
and high serum periostin or IgE levels
We evaluated whether the combination of serum 
periostin and TNC levels were more reliable than a single 
biomarker approach. Receiver operating characteristic 
curve analysis was used to determine the optimal cut-off 
value of serum TNC level to discriminate the GINA step 
4 + 5 group from the GINA step 1–3 group, with the area 
under the curve of 0.665 (95% CI 0.57–0.76) (Fig.  2a). 
A serum TNC level of 37.16 ng/mL was the best cut-off 
value for the optimal potential effectiveness of serum 
TNC using Youden’s index [37]. There were no correlation 
between serum periostin and TNC levels (rs = 0.111, 
P = 0.216) (Fig. 2b). We then divided the 126 patients into 
four subgroups according to the cut-off values for serum 
TNC (37.16  ng/mL) and serum periostin (95  ng/mL) 
(Fig. 2b, Table 3 and Additional file 3: Table S3) [19]. In 
patients with high serum TNC and periostin levels, the 
percentages of GINA treatment steps 4 + 5 (P = 0.042), 
percentages of patients with aspirin-exacerbated 
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respiratory disease (AERD) (P = 0.004), daily dose of ICS 
(P = 0.045), and peripheral blood eosinophil (P = 0.005) 
and neutrophil counts (P = 0.032) were significantly 
higher, whereas FVC (P = 0.01), %FVC (P = 0.019), 
FEV1 (P = 0.014), PEF (P = 0.045), MMF (P = 0.045), and 
%MMF (P = 0.042) were significantly lower as compared 
with patients in the other subpopulations (Table 3). These 
data suggest that the combination of serum periostin and 
TNC had the ability to reflect asthma severity and airflow 
limitation in asthmatic patients.

We next evaluated whether the combination of serum 
TNC and total IgE levels were more reliable than a 
single biomarker approach, as described above for 
periostin. We also divided the 126 patients into four 

subgroups according to the cut-off values for serum 
TNC (37.16 ng/mL) and serum total IgE levels (100 IU/
mL) (Table  4 and Additional file  4: Table  S4). The 
percentages of GINA treatment steps 4 + 5 (P = 0.023), 
percentages of patients with Th2-high (P = 0.003), and 
peripheral blood neutrophil counts (P = 0.002) were 
significantly higher, whereas %FVC (P = 0.005), %FEV1 
(P < 0.001), percent predicted PEF (P = 0.033), and 
%MMF (P = 0.01) were significantly lower in patients 
with high serum TNC and total IgE levels as compared 
with patients in the other subpopulations (Table  4). 
These data suggest that the combination of serum TNC 
and IgE also had the ability to reflect asthma severity 
and airflow limitation in asthmatic patients.

Table 2  Correlation coefficients for  the  association of  serum periostin and  TNC levels with  subject characteristics 
in asthmatic patients

ACT​ asthma control test, AERD aspirin-exacerbated respiratory disease, BMI body mass index, FeNO fractional exhaled nitric oxide, FEV1 forced expiratory volume in 1 s, 
FP fluticasone propionate, FVC forced vital capacity, GINA Global Initiative for Asthma, ICS inhaled corticosteroid, IgE immunoglobulin E, MMF mid-maximal flow rate, 
OCS oral corticosteroids, PEF peak expiratory flow, PSL prednisolone, Th2 T-helper cell type 2, TNC tenascin-C

*P < 0.05

Periostin TNC

rs P value rs P value

Sex (male) − 0.033 0.711 − 0.025 0.780

Age (years) 0.261 0.003* − 0.074 0.410

Age at asthma onset (years) 0.283 0.001* − 0.019 0.831

Duration of asthma (years) − 0.165 0.066 0.019 0.833

BMI (kg/m2) − 0.071 0.428 0.029 0.749

Pack-year smoking history (pack year) 0.014 0.878 − 0.032 0.722

GINA step 4 + 5 − 0.224 0.012* 0.274 0.002*

AERD 0.119 0.186 0.132 0.142

Atopic dermatitis − 0.016 0.857 0.003 0.969

Allergic rhinitis − 0.041 0.651 − 0.027 0.763

Chronic sinusitis 0.088 0.329 0.026 0.771

Daily dose of ICS (FP equivalent dose, µg) − 0.194 0.029* 0.206 0.020*

Daily dose of OCS (PSL equivalent dose, mg) − 0.068 0.446 0.096 0.286

ACT score, n = 125 0.240 0.007* − 0.108 0.232

FeNO (ppb) 0.319 < 0.001* 0.057 0.529

Peripheral neutrophils (cells/μL) − 0.124 0.168 0.189 0.034*

Peripheral eosinophils (cells/μL) 0.360 < 0.001* 0.063 0.486

Serum IgE (IU/mL) 0.110 0.221 0.259 0.003*

Th2-high 0.195 0.029* 0.046 0.609

FVC (L) − 0.167 0.061 − 0.056 0.536

%FVC (predicted, %) − 0.047 0.604 − 0.104 0.246

FEV1 (L) − 0.167 0.061 − 0.099 0.271

%FEV1 (predicted, %) − 0.203 0.023* − 0.042 0.642

FEV1/FVC ratio (%) − 0.084 0.349 − 0.149 0.096

PEF (L/s) − 0.146 0.103 − 0.057 0.524

%PEF (predicted, %) − 0.024 0.786 − 0.103 0.252

MMF (L) − 0.250 0.005* − 0.058 0.522

%MMF (predicted, %) − 0.195 0.028* − 0.140 0.118
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Serum TNC levels and the therapeutic effect 
of omalizumab for patients with severe asthma
Twenty-one (16.7%) asthmatic patients had been 
treated with omalizumab, a recombinant humanized 

anti-IgE monoclonal antibody for severe asthma, prior to 
enrolling in this study. Serum TNC levels in omalizumab-
treated patients were significantly higher than those in 
patients not treated with omalizumab (52.72 ± 31.71 ng/
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mL versus 36.84 ± 22.94  ng/mL; P = 0.014), which 
corresponded to previously shown results that serum 
TNC levels were correlated with asthma severity and 
the daily dose of ICS. The mean duration of omalizumab 
treatment and median age were 26.89 ± 17.15  months 
(range 0.93–66.23  months) and 53  years (range 
20–86 years), respectively.

Finally, we investigated whether serum TNC levels were 
associated with the effect of omalizumab treatment. The 
21 patients were divided into two subgroups according to 
change in FEV1 of more or less than 12% of baseline, i.e., 
the ratio of FEV1 at enrollment after treatment to baseline 
FEV1 before treatment. Only serum TNC levels showed 
a significant difference between the two subgroups 
among evaluated subject characteristics (Additional 
file  5: Table  S5). Serum TNC levels were significantly 
higher in the subgroup with an improvement in FEV1 
of ≥ 12% than that in the subgroup with improvement 

in FEV1 of < 12% (Fig.  3). Moreover, all of the patients 
with an improvement in FEV1 of ≥ 12% were included in 
the subgroup with high serum TNC levels (> 37.16  ng/
mL) and serum periostin was not associated with the 
omalizumab-related improvement subgroup (Additional 
file 6: Table S6 and data not shown).

Discussion
The results of the present study confirm previous reports 
by showing that serum TNC concentrations in patients 
with asthma were associated with disease severity [29]. 
Furthermore, to our knowledge, this is the first study 
to show that serum TNC levels in asthmatic patients 
are associated with clinical features of asthma and 
that using both the combination of serum TNC and 
periostin levels and the combination of serum TNC and 
total IgE levels in a multiple-marker approach might 
be a more useful biomarker for asthma. The present 

Table 3  Characteristics that  are statistically different between  patients with  high serum TNC and  high serum periostin 
levels and others

Data are presented as the mean ± standard deviation unless otherwise indicated

ACT​ asthma control test, AERD aspirin-exacerbated respiratory disease, BMI body mass index, FeNO fractional exhaled nitric oxide, FEV1 forced expiratory volume in 1 s, 
FP fluticasone propionate, FVC forced vital capacity, GINA Global Initiative for Asthma, ICS inhaled corticosteroid, IgE immunoglobulin E, MMF mid-maximal flow rate, 
OCS oral corticosteroids, PEF peak expiratory flow, PSL prednisolone, Th2 T-helper cell type 2, TNC tenascin-C, NS not significant

*P < 0.05
†  Multigroup analysis performed by Chi square test, One-way ANOVA and Kruskal–Wallis test as appropriate
‡  Comparisons performed by Student’s t test, the Mann–Whitney U test, and Fisher’s exact test as appropriate

High TNC > 37.16 Low TNC < 37.16 High TNC > 37.16 Low TNC < 37.16 P value 
for multigroup 
analysis†

Groups B, C and D P value 
between groups 
A and E‡High periostin > 95 High periostin > 95 Low periostin < 95 Low periostin < 95

A (n = 20) B (n = 21) C (n = 32) D (n = 53) E (n = 106)

GINA step 4 + 5, 
n (%)

17 (85.0) 7 (33.3) 25 (78.1) 32 (60.4) 0.001* 64 (60.4) 0.042*

AERD, n (%) 6 (30.0) 0 (0.0) 1 (3.1) 5 (9.4) 0.004* 6 (5.7) 0.004*

Daily dose 
of ICS (FP 
equivalent 
dose, µg)

735.00 ± 346.83 392.86 ± 346.51 629.69 ± 349.39 575.47 ± 407.10 0.021* 555.66 ± 384.91 0.045*

FeNO (ppb) 65.30 ± 46.36 65.87 ± 34.04 54.51 ± 52.86 47.21 ± 39.25 0.033* 53.11 ± 43.12 0.208

Peripheral 
neutrophils 
(cells/μL)

4588.06 ± 1452.31 3496.31 ± 1052.69 4216.49 ± 1600.66 3900.12 ± 1535.39 0.037* 3915.63 ± 1482.52 0.032*

Peripheral 
eosinophils 
(cells/μL)

423.03 ± 315.58 354.16 ± 243.56 223.62 ± 224.07 191.55 ± 159.50 0.001* 233.44 ± 206.28 0.005*

Serum periostin 
(ng/mL)

138.65 ± 37.94 114.33 ± 17.18 67.81 ± 15.66 69.81 ± 14.82 < 0.001* 78.03 ± 23.81 < 0.001*

Serum TNC (ng/
mL)

57.93 ± 18.62 25.42 ± 8.56 62.44 ± 29.95 24.25 ± 7.94 < 0.001* 36.01 ± 24.80 < 0.001*

FVC (L) 2.72 ± 0.93 3.17 ± 0.86 3.38 ± 0.89 3.34 ± 0.98 0.063 3.32 ± 0.93 0.010*

%FVC 
(predicted, %)

96.10 ± 9.38 103.77 ± 16.30 102.95 ± 16.61 105.47 ± 17.57 0.118 104.37 ± 16.92 0.019*

FEV1 (L) 1.99 ± 0.80 2.28 ± 0.59 2.47 ± 0.83 2.52 ± 0.80 0.062 2.46 ± 0.77 0.014*

PEF (L/s) 6.39 ± 2.00 6.92 ± 1.42 7.46 ± 2.35 7.54 ± 2.05 0.142 7.39 ± 2.04 0.045*

MMF (L) 1.51 ± 1.01 1.64 ± 0.69 1.99 ± 1.07 2.21 ± 1.14 NS 2.03 ± 1.06 0.045*

%MMF 
(predicted, %)

48.14 ± 24.36 54.37 ± 20.36 56.33 ± 26.21 66.39 ± 30.28 NS 60.97 ± 27.67 0.042*
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study demonstrated that peripheral blood eosinophil 
counts and total serum IgE levels were associated with 
serum periostin and TNC levels, respectively. Moreover, 
disease severity, percentages of patients with AERD, 
and airflow limitation were associated with patients 
with high serum TNC and periostin levels as compared 
with patients in the other subpopulations, suggesting 
that both periostin and TNC might serve as biomarkers 
of asthma. It was reported that the gene expression 
of periostin and TNC in bronchial epithelial cells is 
upregulated by Th2 cytokines, including IL-4 and IL-13, 
and that the secretion of periostin and TNC in lung 
fibroblasts is also induced by both IL-4 and IL-13 [6, 10, 
11]. Both periostin and TNC bind to each other and also 
co-localize in subepithelial fibrosis in asthmatic patients 
[6]. Although the production of both extracellular matrix 
proteins is induced by IL-4 and IL-13, it is interesting 
to note that different features were observed between 
serum periostin and TNC levels in asthmatic patients 
in the present study. IgE synthesis is also regulated by 
IL-4 and IL-13 [38, 39]. Previous report demonstrates 
that IgE in the bronchoalveolar lavage fluid are 

significantly decreased in ovalbumin-induced asthma 
mice model using TNC-deficient mice and that addition 
of exogenous TNC to mouse spleen lymphocytes 
stimulates IgE secretion [28]. These data suggests that 
TNC has a potential of IgE synthesis. On the other 
hand, there are two reports using different periostin-
deficient mice. One report shows that allergen-induced 
increases in serum IgE and airways hyperresponsiveness 
are exaggerated in periostin-deficient mice challenged 
with inhaled Aspergillus fumigatus antigen [40]. Another 
report using periostin-deficient mice and anti-periostin 
neutralizing antibody shows that periostin is required for 
IgE synthesis and airways hyperresponsiveness in mice 
challenged with inhaled aeroallergen, house dust mite 
[41]. These results suggest that periostin and TNC may 
have different function for IgE synthesis and may reflect 
their different features. Because both serum periostin 
and TNC levels were not correlation and had different 
features, the combination of serum TNC and periostin 
levels in a multiple-marker approach might be more 
useful biomarkers reflecting asthma severity including 
airflow limitation than a single biomarker approach.

Table 4  Characteristics that are statistically different between patients with high serum TNC and high serum IgE levels 
and others

Data are presented as the mean ± standard deviation unless otherwise indicated

ACT​ asthma control test, AERD aspirin-exacerbated respiratory disease, BMI body mass index, FeNO fractional exhaled nitric oxide, FEV1 forced expiratory volume in 1 s, 
FP fluticasone propionate, FVC forced vital capacity, GINA Global Initiative for Asthma, ICS inhaled corticosteroid, IgE immunoglobulin E, MMF mid-maximal flow rate, 
OCS oral corticosteroids, PEF peak expiratory flow, PSL prednisolone, Th2 T-helper cell type 2, TNC tenascin-C, NS not significant

*P < 0.05

†Multigroup analysis performed by Chi square test, One-way ANOVA and Kruskal–Wallis test as appropriate

‡Comparisons performed by Student’s t test, the Mann–Whitney U test, and Fisher’s exact test as appropriate

High TNC > 37.16 Low TNC < 37.16 High TNC > 37.16 Low TNC < 37.16 P value 
for multigroup 
analysis†

Groups B, C and D P value 
between groups 
A and E‡High IgE > 100 High IgE > 100 Low IgE < 100 Low IgE < 100

A (n = 36) B (n = 42) C (n = 16) D (n = 32) E (n = 90)

GINA step 4 + 5, 
n (%)

29 (80.6) 18 (42.9) 13 (81.3) 21 (65.6) 0.002* 52 (57.8) 0.023*

Peripheral 
neutrophils 
(cells/μL)

4593.71 ± 1656.42 3823.77 ± 1249.02 3832.20 ± 1117.89 3735.33 ± 1637.25 0.018* 3793.82 ± 1365.61 0.002*

Peripheral 
eosinophils 
(cells/μL)

338.37 ± 302.52 287.01 ± 206.42 214.70 ± 194.18 172.96 ± 172.63 0.027* 233.60 ± 197.73 0.170

Serum IgE (IU/
mL)

1120.92 ± 2424.39 831.76 ± 1733.44 46.26 ± 28.61 51.09 ± 25.59 < 0.001* 414.55 ± 1240.42 < 0.001*

Th2-high, n (%) 23 (63.9) 30 (71.4) 0 (0.0) 0 (0.0) < 0.001* 30 (33.3) 0.003*

Serum TNC (ng/
mL)

63.77 ± 29.77 26.04 ± 8.42 53.79 ± 12.95 22.65 ± 7.29 < 0.001* 29.77 ± 14.42 < 0.001*

%FVC 
(predicted, %)

97.08 ± 12.80 105.44 ± 16.51 107.59 ± 16.01 104.40 ± 18.16 NS 105.45 ± 16.88 0.005*

%FEV1 
(predicted, %)

82.77 ± 15.57 94.92 ± 16.70 95.69 ± 19.99 92.69 ± 20.27 0.005* 94.26 ± 18.45 < 0.001*

%PEF 
(predicted, %)

96.95 ± 19.02 103.93 ± 19.00 107.31 ± 24.44 107.53 ± 23.42 0.124 105.81 ± 21.48 0.033*

%MMF 
(predicted, %)

48.56 ± 20.87 63.05 ± 24.47 63.56 ± 32.29 62.88 ± 32.92 0.083 63.08 ± 28.79 0.010*
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TNC is a matricellular protein that is highly expressed 
during wound healing and tissue remodeling processes 
in chronic inflammation, including asthma [24, 42–44]. 
The results of the present study demonstrated that serum 
TNC levels were not correlated with airflow limitation 
despite a correlation with asthma severity and high serum 
IgE levels, even when the asthma was severe. However, 
this study suggested that serum TNC levels may reflect 
disease severity in asthma and may be an indicator of 
airflow limitation in asthmatic patients with high serum 
periostin levels or high serum total IgE levels. Moreover, 
serum TNC levels were associated with peripheral 
blood neutrophil counts in the especially periostin-
high subgroup or IgE-high subgroup, suggesting that 
serum TNC levels may reflect not only type 2 airway 
inflammation but also neutrophilic airway inflammation.

High serum TNC levels have already some application 
as biomarker. Increased levels of serum TNC might 
be useful in liver fibrosis [45], inflammatory bowel 
diseases [46, 47], cardiovascular diseases [48–51], and 
refractory asthma [29]. Serum TNC levels in patients 
with inflammatory bowel disease correlate with 
disease severity [46], and infliximab therapy response 
in patients with ulcerative colitis is associated with 
decreased levels of serum TNC [47]. In patients with 
dilated cardiomyopathy, high serum TNC levels might 
indicate the severity of heart failure, left ventricular 
(LV) dysfunction and remodeling [48–50]. Moreover, 

previous report on acute myocardial infarction (AMI) 
shows that serum TNC levels in patients with AMI is 
significantly elevated, peaks at day 5, and then gradually 
decreases, and suggests that serum TNC levels might 
be useful in predicting LV remodeling and prognosis 
after AMI [51]. These applications and the results of 
present study suggests that serum TNC might be a novel 
marker reflecting active structural remodeling in fibrosis, 
inflammatory bowel diseases, cardiovascular diseases, 
and asthma.

In previous studies, the serum periostin level had 
potential as a single biomarker to predict eosinophilic 
airway inflammation and risk of a decline in FEV1 in 
asthmatic patients and was associated with late onset, 
high eosinophil counts, AERD, and chronic sinusitis [15–
17, 19–21, 52]. Our results confirmed that high serum 
periostin levels were correlated with late onset and high 
peripheral blood eosinophil counts, but demonstrated 
that high serum periostin levels were not correlated with 
AERD and chronic sinusitis. However, the percentages 
of patients with AERD among patients with high serum 
TNC and periostin levels were higher than those in other 
subgroups, and serum periostin levels were correlated 
with AERD in the high serum TNC subgroup (data not 
shown). Furthermore, previous reports suggested that 
high serum periostin is associated with asthma severity 
[17, 18]. The present study showed that serum periostin 
levels were correlated with airflow limitation and showed 
a better correlation with airflow limitation in patients 
with severe asthma and high serum TNC levels. However, 
the present study also showed an inverse correlation 
between serum periostin and asthma disease severity, 
i.e., patients with mild to moderate asthma had high 
serum periostin levels. The reason for the discrepancy 
between serum periostin levels and asthma severity was 
not clear in the current study. This discrepancy may be 
related to dominant low FeNO levels in patients with 
severe asthma. Nevertheless, the findings of this unique 
subpopulation may lead to discrepant results between 
previous studies and the current study.

Omalizumab, a recombinant humanized monoclonal 
antibody against human IgE, has important benefits as an 
add-on therapy for patients with inadequately controlled 
severe persistent asthma who have a significant 
unmet need [53–56]. However, not all patients with 
inadequately controlled asthma respond to omalizumab 
and predictors of response to this biological therapy are 
limited [57]. It has been reported that serum IgE levels 
and antigen-specific IgE could not predict the response 
to omalizumab [58–60]. The EXTRA omalizumab study 
suggested the potential of three biomarkers of Th2-
driven inflammation, including FeNO levels, peripheral 
blood eosinophil counts, and serum periostin levels, as 

 12% 12%
0

50

100

150

200
Se

ru
m

 T
N

C
 (n

g/
m

L)
*

Fig. 3  Serum TNC levels and the therapeutic effect of omalizumab 
for patients with severe asthma. Serum TNC levels were significantly 
higher in the subgroup with an improvement in forced expiratory 
volume in 1 s (FEV1) of ≥ 12% than that in the subgroup with 
improvement in FEV1 of < 12%. *P < 0.05
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predictors of the response to omalizumab to reduce the 
incidence of severe exacerbation [57]. In the present 
study, we demonstrated that the omalizumab-related 
improvement in FEV1 of at least 12% was associated with 
high serum TNC levels, indicating that patients with high 
serum TNC levels may achieve a greater benefit from 
omalizumab therapy.

There were several important limitations to this study. 
First, the lack of data of healthy subjects is a limitation. 
Second, for data on omalizumab treatment (Additional 
file  5: Table  S5), serum TNC levels were evaluated 
after approximately 2  years from starting omalizumab 
treatment, blood samples were collected at different time 
points after starting treatment, and the sample size was 
small. Therefore, the data for omalizumab treatment 
should be considered preliminary. Further studies are 
needed to investigate whether serum TNC levels and/or 
the combination of serum TNC and periostin levels can 
serve as more useful biomarkers in asthmatic patients 
and whether it has the potential as a biomarker to 
predict the therapeutic efficacy of omalizumab for severe 
asthmatic patients.

Conclusions
We have provided the first report that serum TNC levels 
in asthmatic patients were associated with clinical features 
of asthma and that the combination of serum TNC and 
periostin levels or the combination of serum TNC and 
total IgE levels were more useful for asthma than a single 
biomarker approach, suggesting that serum TNC can 
serve as a novel biomarker for asthma. Additional studies 
are needed to investigate whether serum TNC levels 
and/or combination with other markers are more useful 
biomarkers in asthmatic patients.

Additional files

Additional file 1: Table S1. Correlation coefficients for the association of 
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Th2-related variables.
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groups according to serum TNC and periostin levels.

Additional file 4: Table S4. Characteristics of patients divided into four 
groups according to serum TNC and IgE levels.

Additional file 5: Table S5. Characteristics of omalizumab-treated 
patients.
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Abbreviations
ACT​: asthma control test; AERD: aspirin-exacerbated respiratory disease; 
BMI: body mass index; ELISA: enzyme-linked immunosorbent assay; FeNO: 
fractional exhaled nitric oxide; FEV1: forced expiratory volume in 1 s; FP: 
fluticasone propionate; FVC: forced vital capacity; GINA: Global Initiative for 
Asthma; ICS: inhaled corticosteroid; IgE: immunoglobulin E; IL: interleukin; 
MMF: mid-maximal flow rate; OCS: oral corticosteroids; PEF: peak expiratory 
flow; PSL: prednisolone; Th2: T-helper cell type 2; TNC: tenascin-C.

Authors’ contributions
YA, NH, RA, and KT participated in the design of the study and drafted the 
manuscript. YA, NH, SH, AI, YK, YI, KM, FM, JI, JO, KT, HA, RA and KI contributed 
to data collection. YA, NH, and SH performed the statistical analysis and 
interpretation of the results. All authors read and approved the final 
manuscript.

Author details
1 Department of Respiratory Medicine, Juntendo University Faculty 
of Medicine and Graduate School of Medicine, 3‑1‑3 Hongo, Bunkyo‑ku, 
Tokyo 113‑8431, Japan. 2 Department of Respiratory Medicine, Iizuka Hospital, 
Fukuoka, Japan. 3 Research Institute for Diseases of Old Ages, Juntendo 
University Faculty of Medicine and Graduate School of Medicine, Tokyo, Japan. 
4 Atopy (Allergy) Research Center, Juntendo University Faculty of Medicine 
and Graduate School of Medicine, Tokyo, Japan. 5 Shino-Test Corporation, 
Sagamihara, Japan. 6 Department of Immunology, Juntendo University 
Faculty of Medicine and Graduate School of Medicine, Tokyo, Japan. 7 Division 
of Medical Biochemistry, Department of Biomolecular Sciences, Saga Medical 
School, Saga, Japan. 

Acknowledgements
Not applicable.

Competing interests
KI reports grants from Shino-test Co. Ltd. during the conduct of the study; 
grants from AstraZeneca, outside the submitted work. In addition, KI has a 
patent effective only in Japan licensed. JO is an employee of Shino-Test Co. 
Ltd. The rest of the authors declare that they have no competing interests.

Availability of data and materials
Not applicable.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The present study was reviewed and approved by the Juntendo University 
Research Ethics Committee (Tokyo, Japan). Written informed consent was 
obtained from each patient before their participation in the study. This 
study was registered in the UMIN Clinical Trial Registry (UMIN000009968) on 
February 5, 2013 (http://www.umin.ac.jp/).

Funding
This work was supported in part by JSPS KAKENHI Grant Number 25461167.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Received: 14 February 2018   Accepted: 11 September 2018

References
	1.	 Bai TR, Knight DA. Structural changes in the airways in asthma: 

observations and consequences. Clin Sci (Lond). 2005;108(6):463–77.
	2.	 Nakano Y, Muller NL, King GG, Niimi A, Kalloger SE, Mishima M, et al. 

Quantitative assessment of airway remodeling using high-resolution 
CT. Chest. 2002;122(6 Suppl):271S–5S.

https://doi.org/10.1186/s13223-018-0300-7
https://doi.org/10.1186/s13223-018-0300-7
https://doi.org/10.1186/s13223-018-0300-7
https://doi.org/10.1186/s13223-018-0300-7
https://doi.org/10.1186/s13223-018-0300-7
https://doi.org/10.1186/s13223-018-0300-7
http://www.umin.ac.jp/


Page 11 of 12Yasuda et al. Allergy Asthma Clin Immunol  (2018) 14:72 

	3.	 Lotvall J, Akdis CA, Bacharier LB, Bjermer L, Casale TB, Custovic A, 
et al. Asthma endotypes: a new approach to classification of disease 
entities within the asthma syndrome. J Allergy Clin Immunol. 
2011;127(2):355–60.

	4.	 Vignola AM, Kips J, Bousquet J. Tissue remodeling as a feature of 
persistent asthma. J Allergy Clin Immunol. 2000;105(6 Pt 1):1041–53.

	5.	 Phipps S, Benyahia F, Ou TT, Barkans J, Robinson DS, Kay AB. Acute 
allergen-induced airway remodeling in atopic asthma. Am J Respir Cell 
Mol Biol. 2004;31(6):626–32.

	6.	 Takayama G, Arima K, Kanaji T, Toda S, Tanaka H, Shoji S, et al. 
Periostin: a novel component of subepithelial fibrosis of bronchial 
asthma downstream of IL-4 and IL-13 signals. J Allergy Clin Immunol. 
2006;118(1):98–104.

	7.	 Wenzel SE. Asthma phenotypes: the evolution from clinical to 
molecular approaches. Nat Med. 2012;18(5):716–25.

	8.	 Lambrecht BN, Hammad H. The immunology of asthma. Nat Immunol. 
2015;16(1):45–56.

	9.	 Lee JH, Kaminski N, Dolganov G, Grunig G, Koth L, Solomon C, 
et al. Interleukin-13 induces dramatically different transcriptional 
programs in three human airway cell types. Am J Respir Cell Mol Biol. 
2001;25(4):474–85.

	10.	 Yuyama N, Davies DE, Akaiwa M, Matsui K, Hamasaki Y, Suminami Y, 
et al. Analysis of novel disease-related genes in bronchial asthma. 
Cytokine. 2002;19(6):287–96.

	11.	 Matsuda A, Hirota T, Akahoshi M, Shimizu M, Tamari M, Miyatake A, 
et al. Coding SNP in tenascin-C Fn-III-D domain associates with adult 
asthma. Hum Mol Genet. 2005;14(19):2779–86.

	12.	 Woodruff PG, Boushey HA, Dolganov GM, Barker CS, Yang YH, 
Donnelly S, et al. Genome-wide profiling identifies epithelial cell 
genes associated with asthma and with treatment response to 
corticosteroids. Proc Natl Acad Sci USA. 2007;104(40):15858–63.

	13.	 Woodruff PG, Modrek B, Choy DF, Jia G, Abbas AR, Ellwanger A, et al. 
T-helper type 2-driven inflammation defines major subphenotypes of 
asthma. Am J Respir Crit Care Med. 2009;180(5):388–95.

	14.	 Blanchard C, Mingler MK, McBride M, Putnam PE, Collins MH, Chang G, 
et al. Periostin facilitates eosinophil tissue infiltration in allergic lung 
and esophageal responses. Mucosal Immunol. 2008;1(4):289–96.

	15.	 Jia G, Erickson RW, Choy DF, Mosesova S, Wu LC, Solberg OD, et al. 
Periostin is a systemic biomarker of eosinophilic airway inflammation 
in asthmatic patients. J Allergy Clin Immunol. 2012;130(3):647–654.e10.

	16.	 Wagener AH, de Nijs SB, Lutter R, Sousa AR, Weersink EJ, Bel EH, 
et al. External validation of blood eosinophils, FE(NO) and serum 
periostin as surrogates for sputum eosinophils in asthma. Thorax. 
2015;70(2):115–20.

	17.	 Kim MA, Izuhara K, Ohta S, Ono J, Yoon MK, Ban GY, et al. Association of 
serum periostin with aspirin-exacerbated respiratory disease. Ann Allergy 
Asthma Immunol. 2014;113(3):314–20.

	18.	 Nagasaki T, Matsumoto H, Kanemitsu Y, Izuhara K, Tohda Y, Horiguchi 
T, et al. Using exhaled nitric oxide and serum periostin as a composite 
marker to identify severe/steroid-insensitive asthma. Am J Respir Crit Care 
Med. 2014;190(12):1449–52.

	19.	 Kanemitsu Y, Matsumoto H, Izuhara K, Tohda Y, Kita H, Horiguchi T, 
et al. Increased periostin associates with greater airflow limitation in 
patients receiving inhaled corticosteroids. J Allergy Clin Immunol. 
2013;132(2):305–312.e3.

	20.	 Kanemitsu Y, Ito I, Niimi A, Izuhara K, Ohta S, Ono J, et al. Osteopontin and 
periostin are associated with a 20-year decline of pulmonary function in 
patients with asthma. Am J Respir Crit Care Med. 2014;190(4):472–4.

	21.	 Nagasaki T, Matsumoto H, Kanemitsu Y, Izuhara K, Tohda Y, Kita H, 
et al. Integrating longitudinal information on pulmonary function 
and inflammation using asthma phenotypes. J Allergy Clin Immunol. 
2014;133(5):1474–7, 1477.e1-2.

	22.	 Jones FS, Jones PL. The tenascin family of ECM glycoproteins: structure, 
function, and regulation during embryonic development and tissue 
remodeling. Dev Dyn. 2000;218(2):235–59.

	23.	 Kaarteenaho-Wiik R, Kinnula V, Herva R, Paakko P, Pollanen R, Soini Y. 
Distribution and mRNA expression of tenascin-C in developing human 
lung. Am J Respir Cell Mol Biol. 2001;25(3):341–6.

	24.	 Laitinen A, Altraja A, Kampe M, Linden M, Virtanen I, Laitinen LA. Tenascin 
is increased in airway basement membrane of asthmatics and decreased 
by an inhaled steroid. Am J Respir Crit Care Med. 1997;156(3 Pt 1):951–8.

	25.	 Flood-Page P, Menzies-Gow A, Phipps S, Ying S, Wangoo A, Ludwig MS, 
et al. Anti-IL-5 treatment reduces deposition of ECM proteins in the 
bronchial subepithelial basement membrane of mild atopic asthmatics. J 
Clin Invest. 2003;112(7):1029–36.

	26.	 Torrego A, Hew M, Oates T, Sukkar M, Fan Chung K. Expression and 
activation of TGF-beta isoforms in acute allergen-induced remodelling in 
asthma. Thorax. 2007;62(4):307–13.

	27.	 Karjalainen EM, Lindqvist A, Laitinen LA, Kava T, Altraja A, Halme 
M, et al. Airway inflammation and basement membrane tenascin 
in newly diagnosed atopic and nonatopic asthma. Respir Med. 
2003;97(9):1045–51.

	28.	 Nakahara H, Gabazza EC, Fujimoto H, Nishii Y, D’Alessandro-Gabazza CN, 
Bruno NE, et al. Deficiency of tenascin C attenuates allergen-induced 
bronchial asthma in the mouse. Eur J Immunol. 2006;36(12):3334–45.

	29.	 Alam R, Good J, Rollins D, Verma M, Chu H, Pham TH, et al. Airway and 
serum biochemical correlates of refractory neutrophilic asthma. J Allergy 
Clin Immunol. 2017;140(4):1004–1014.e13.

	30.	 Global Initiative for Asthma (GINA). Global strategy for asthma 
management and prevention. 2016. http://www.ginas​thma.org/. 
Accessed 15 Nov 2012.

	31.	 Global Initiative for Chronic Obstructive Lung Disease (GOLD). Global 
strategy for diagnosis,management, and prevention of COPD. 2016. 
http://www.goldc​opd.org/. Accessed 15 Nov 2012.

	32.	 Okamoto M, Hoshino T, Kitasato Y, Sakazaki Y, Kawayama T, Fujimoto 
K, et al. Periostin, a matrix protein, is a novel biomarker for idiopathic 
interstitial pneumonias. Eur Respir J. 2011;37(5):1119–27.

	33.	 Page TH, Charles PJ, Piccinini AM, Nicolaidou V, Taylor PC, Midwood KS. 
Raised circulating tenascin-C in rheumatoid arthritis. Arthritis Res Ther. 
2012;14(6):R260.

	34.	 Vicens-Zygmunt V, Estany S, Colom A, Montes-Worboys A, Machahua 
C, Sanabria AJ, et al. Fibroblast viability and phenotypic changes within 
glycated stiffened three-dimensional collagen matrices. Respir Res. 
2015;16:82.

	35.	 Corren J, Lemanske RF, Hanania NA, Korenblat PE, Parsey MV, Arron 
JR, et al. Lebrikizumab treatment in adults with asthma. N Engl J Med. 
2011;365(12):1088–98.

	36.	 Thomson NC, Chaudhuri R, Spears M, Haughney J, McSharry C. Serum 
periostin in smokers and never smokers with asthma. Respir Med. 
2015;109(6):708–15.

	37.	 Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3(1):32–5.
	38.	 Gour N, Wills-Karp M. IL-4 and IL-13 signaling in allergic airway disease. 

Cytokine. 2015;75(1):68–78.
	39.	 Ingram JL, Kraft M. IL-13 in asthma and allergic disease: asthma 

phenotypes and targeted therapies. J Allergy Clin Immunol. 
2012;130(4):829–42 (quiz 43–44).

	40.	 Gordon ED, Sidhu SS, Wang ZE, Woodruff PG, Yuan S, Solon MC, et al. A 
protective role for periostin and TGF-beta in IgE-mediated allergy and 
airway hyperresponsiveness. Clin Exp Allergy. 2012;42(1):144–55.

	41.	 Bentley JK, Chen Q, Hong JY, Popova AP, Lei J, Moore BB, et al. Periostin is 
required for maximal airways inflammation and hyperresponsiveness in 
mice. J Allergy Clin Immunol. 2014;134(6):1433–42.

	42.	 Orend G, Chiquet-Ehrismann R. Tenascin-C induced signaling in cancer. 
Cancer Lett. 2006;244(2):143–63.

	43.	 Midwood KS, Orend G. The role of tenascin-C in tissue injury and 
tumorigenesis. J Cell Commun Signal. 2009;3(3–4):287–310.

	44.	 Katoh D, Nagaharu K, Shimojo N, Hanamura N, Yamashita M, Kozuka Y, 
et al. Binding of alphavbeta1 and alphavbeta6 integrins to tenascin-C 
induces epithelial-mesenchymal transition-like change of breast cancer 
cells. Oncogenesis. 2013;2:e65.

	45.	 Lieber CS, Weiss DG, Paronetto F, Veterans Affairs Cooperative Study 
G. Value of fibrosis markers for staging liver fibrosis in patients 
with precirrhotic alcoholic liver disease. Alcohol Clin Exp Res. 
2008;32(6):1031–9.

	46.	 Riedl S, Tandara A, Reinshagen M, Hinz U, Faissner A, Bodenmuller H, et al. 
Serum tenascin-C is an indicator of inflammatory bowel disease activity. 
Int J Colorectal Dis. 2001;16(5):285–91.

	47.	 Magnusson MK, Strid H, Isaksson S, Bajor A, Lasson A, Ung KA, et al. 
Response to infliximab therapy in ulcerative colitis is associated 
with decreased monocyte activation, reduced CCL2 expression and 
downregulation of Tenascin C. J Crohns Colitis. 2015;9(1):56–65.

http://www.ginasthma.org/
http://www.goldcopd.org/


Page 12 of 12Yasuda et al. Allergy Asthma Clin Immunol  (2018) 14:72 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	48.	 Imanaka-Yoshida K. Tenascin-C in cardiovascular tissue remodeling: from 
development to inflammation and repair. Circ J. 2012;76(11):2513–20.

	49.	 Terasaki F, Okamoto H, Onishi K, Sato A, Shimomura H, Tsukada B, et al. 
Higher serum tenascin-C levels reflect the severity of heart failure, 
left ventricular dysfunction and remodeling in patients with dilated 
cardiomyopathy. Circ J. 2007;71(3):327–30.

	50.	 Tsukada B, Terasaki F, Shimomura H, Otsuka K, Otsuka K, Katashima T, 
et al. High prevalence of chronic myocarditis in dilated cardiomyopathy 
referred for left ventriculoplasty: expression of tenascin C as a possible 
marker for inflammation. Hum Pathol. 2009;40(7):1015–22.

	51.	 Sato A, Aonuma K, Imanaka-Yoshida K, Yoshida T, Isobe M, Kawase D, 
et al. Serum tenascin-C might be a novel predictor of left ventricular 
remodeling and prognosis after acute myocardial infarction. J Am Coll 
Cardiol. 2006;47(11):2319–25.

	52.	 Matsusaka M, Kabata H, Fukunaga K, Suzuki Y, Masaki K, Mochimaru 
T, et al. Phenotype of asthma related with high serum periostin levels. 
Allergol Int. 2015;64(2):175–80.

	53.	 Corren J, Casale TB, Lanier B, Buhl R, Holgate S, Jimenez P. Safety and 
tolerability of omalizumab. Clin Exp Allergy. 2009;39(6):788–97.

	54.	 Bousquet J, Cabrera P, Berkman N, Buhl R, Holgate S, Wenzel S, et al. The 
effect of treatment with omalizumab, an anti-IgE antibody, on asthma 
exacerbations and emergency medical visits in patients with severe 
persistent asthma. Allergy. 2005;60(3):302–8.

	55.	 Bousquet J, Siergiejko Z, Swiebocka E, Humbert M, Rabe KF, Smith N, et al. 
Persistency of response to omalizumab therapy in severe allergic (IgE-
mediated) asthma. Allergy. 2011;66(5):671–8.

	56.	 Hanania NA, Alpan O, Hamilos DL, Condemi JJ, Reyes-Rivera I, 
Zhu J, et al. Omalizumab in severe allergic asthma inadequately 
controlled with standard therapy: a randomized trial. Ann Intern Med. 
2011;154(9):573–82.

	57.	 Hanania NA, Wenzel S, Rosen K, Hsieh HJ, Mosesova S, Choy DF, 
et al. Exploring the effects of omalizumab in allergic asthma: an 
analysis of biomarkers in the EXTRA study. Am J Respir Crit Care Med. 
2013;187(8):804–11.

	58.	 Bousquet J, Wenzel S, Holgate S, Lumry W, Freeman P, Fox H. Predicting 
response to omalizumab, an anti-IgE antibody, in patients with allergic 
asthma. Chest. 2004;125(4):1378–86.

	59.	 Bousquet J, Rabe K, Humbert M, Chung KF, Berger W, Fox H, et al. 
Predicting and evaluating response to omalizumab in patients with 
severe allergic asthma. Respir Med. 2007;101(7):1483–92.

	60.	 Wahn U, Martin C, Freeman P, Blogg M, Jimenez P. Relationship between 
pretreatment specific IgE and the response to omalizumab therapy. 
Allergy. 2009;64(12):1780–7.


	Characterization of tenascin-C as a novel biomarker for asthma: utility of tenascin-C in combination with periostin or immunoglobulin E
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients
	Quantification of serum periostin and TNC levels
	Statistical analysis

	Results
	Baseline characteristics
	Association of serum periostin and TNC levels with subject characteristics in asthmatic patients
	Comparison of serum periostin and TNC levels between two subgroups according to asthma severity and Th2-related variables
	Characteristics of patients with both high serum TNC levels and high serum periostin or IgE levels
	Serum TNC levels and the therapeutic effect of omalizumab for patients with severe asthma

	Discussion
	Conclusions
	Authors’ contributions
	References




