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therapy can subdue the inflammation in KD and reduce the 
occurrence of CAL.2–4 However, approximately 20% of KD 
patients show resistance to a single course of IVIG therapy.5 
Many studies have shown that these IVIG-resistant patients 
have a greater risk of CAL.6–8 Currently, several scoring sys-
tems that combine multiple clinical parameters are used to 

awasaki disease (KD) is an acute febrile illness of 
childhood characterized by systemic vasculitis of 
unknown origin.1 Coronary artery lesions (CAL) 

constitute the most critical complication of KD and can lead 
to myocardial infarction (MI) and death or chronic distress in 
adulthood. High-dose intravenous immunoglobulin (IVIG) 
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Background: Tenascin-C (TN-C) is an extracellular matrix glycoprotein that is heavily upregulated at sites of inflam-
mation. We conducted a retrospective study to assess the utility of TN-C as a novel biomarker to predict the risk of 
developing coronary artery lesions (CAL) and resistance to intravenous immunoglobulin (IVIG) in patients with 
Kawasaki disease (KD).

Methods and Results: We collected blood samples of 111 KD patients (IVIG-responder: 89, IVIG-resistant: 22; 
CAL: 8) and 23 healthy controls, and measured the serum levels of TN-C. TN-C levels on admission were signifi-
cantly higher in patients than in healthy controls and in patients during convalescence after IVIG administration (69.6 
vs. 20.4 vs. 39.7 ng/ml, respectively; P<0.001), and correlated positively with C-reactive protein (P<0.001), neutrophil 
(percentage; P=0.005), and ALT (P<0.001), and negatively with platelet count (P=0.023) and sodium level (P=0.025). 
On admission, TN-C levels in patients who later developed CAL were significantly higher than in those without CAL 
(P=0.010), and significantly higher in IVIG-resistant subjects than in IVIG-responders (P=0.003). The accuracy of 
TN-C testing for the prediction of IVIG resistance was comparable to that of the Kobayashi score.

Conclusions: Serum TN-C could be a biomarker for predicting the risk of developing CAL and IVIG resistance 
during the acute phase of KD.  (Circ J 2016; 80: 2376 – 2381)
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eter ≥3 mm in children less than 5 years old and ≥4 mm in 
children 5 years or older; if the internal diameter of a given 
segment was at least 1.5-fold larger than that of an adjacent 
segment; or if the lumen appeared irregular. IVIG resistance 
was defined in cases of patients needing second-line therapy.

This study was approved by the Research Ethics Committee 
at each collaborative institution. Informed consent for the use 
of samples was given by participants or their parents/guard-
ians.

Measurement of Serum TN-C Levels
Blood samples were obtained from 111 KD patients on admis-
sion and from 68 of them while convalescing (after 25 days of 
illness and C-reactive protein (CRP) normalization; day 1 was 
defined as the first day of fever). The age- and sex-matched 23 
healthy controls served the purpose of comparison. Blood sam-
ples were sent to the National Center for Global Health and 

predict IVIG resistance that could lead to the development of 
CAL.9–13 Because the accuracy of these systems has not been 
high in other countries,14 and they are cumbersome, a novel 
simple biomarker to predict the risk of CAL is required.

Tenascin-C (TN-C) is an extracellular matrix glycoprotein 
that is sparse in normal tissue, but upregulated at sites of tissue 
injury and inflammation.15–17 It has diverse functions in the 
regulation of cell behavior and tissue remodeling in many 
developmental and pathological processes.18–20 A growing 
number of studies have reported that serum TN-C is elevated 
in various cardiovascular diseases and can be used as a biomarker 
for the diagnosis of disease activity, as well as a predictor of 
outcome in patients with aortic aneurysm/dissection,21,22 MI,23 
and dilated cardiomyopathy.15,16,24,25 The aim of this study was 
to determine whether serum TN-C could be used as a bio-
marker to predict the development of CAL and IVIG resis-
tance in patients with acute KD.

Methods
Subjects
We conducted a multicenter retrospective study and enrolled 
111 KD patients and 23 age- and sex-matched healthy con-
trols. Frozen serum samples from KD patients were collected 
from the following participating institutions: National Center 
for Global Health and Medicine, Toyama University, Mie 
University, and Kurume University. Frozen serum samples 
from healthy controls were collected from Nippon Medical 
School Musashikosugi Hospital. All KD patients fulfilled the 
criteria for the Diagnostic Guidelines for Kawasaki Disease.26 
Each patient received 2 g/kg of IVIG over 24 h and 30–50 mg/
kg/day of aspirin within 7 days of onset. The aspirin dosage 
was decreased to 5 mg/kg/day after patients became afebrile. 
We assessed the coronary arteries by 2D echocardiography 
before treatment and at least twice weekly thereafter. CAL were 
diagnosed if an examination showed an internal lumen diam-

Figure 1.  Serial changes in tenascin-
C (TN-C) levels in Kawasaki disease 
(KD) patients (n=68) and healthy con-
trols (n=23). Serum levels were high on 
admission, but significantly decreased 
during the convalescent stage after 
intravenous immunoglobulin therapy in 
the KD patients.

Table 1. Correlation Between Serum TN-C Level and Other 
Laboratory Data

n Correlation  
coefficient P value

CRP 104　　   0.369 <0.001　
WBC 62 – 0.761

% Neutrophils 92   0.287 0.005

Platelets 98 −0.229 0.023

Albumin 58 – 0.165

T-bilirubin 56 – 0.078

AST 96 – 0.119

ALT 68   0.451 <0.001　
Sodium 93 −0.232 0.025

ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
CRP, C-reactive protein; TN-C, tenascin-C; WBC, white blood cells.
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were determined by Spearman’s correlation coefficients. To 
compare the power of predicting IVIG resistance based on 
serum TN-C and Kobayashi score, receiver-operating charac-
teristic curves were plotted and the areas under the curves 
(AUC) were calculated. We compared the predictive accuracy 
of the 2 models by DeLong test. All P values were 2-tailed; 
P<0.05 was considered statistically significant.

Results
Serum TN-C Levels in the Acute Phase of KD
The change in TN-C levels between admission and convales-
cence was evaluated for 68 of 111 patients (Figure 1). Their 
TN-C levels on admission were significantly higher than those 
of the healthy controls (P<0.001) and significantly decreased 
during convalescence after IVIG administration (P<0.001). 
TN-C levels correlated positively with both CRP (P<0.001) 
and the percentage of neutrophils (P=0.005), and negatively 

Medicine where serum TN-C was measured by enzyme-linked 
immunosorbent assay using the Human TN-C Large (FN lll-
C) Assay Kit (Immuno-Biological Laboratories Co, Gunma, 
Japan). Medical, demographic, and laboratory data on admis-
sion were collected in all cases.

Statistical Analysis
All analyses were performed with SPSS software version 20 
(SPSS Japan, Tokyo, Japan) and R ver. 3.1.0. Data are pre-
sented as median with the range for continuous variables, or 
as a percentage of the patients in a given categorical variable. 
A series of group comparisons were conducted using the t-test 
for numerical data of normal distribution, the Mann-Whitney 
U test for data that did not have normal distribution, and the 
Fisher exact and chi-square tests for categorical data. Com-
parisons of TN-C levels between admission and convales-
cence were performed with the Wilcoxon’s signed rank test. 
Correlations between TN-C levels and other laboratory data 

Table 2. Characteristics and Data Comparison of IVIG-Responder and IVIG-Resistant Groups of Patients 
With Kawasaki Disease

IVIG-responder group IVIG-resistant group P value

n 89 22

Age, months 24 [2–84] 21 [4–72] 0.742

Male, n (%) 48 (53.9) 10 (45.5) 0.476

Laboratory data before IVIG

  TN-C, ng/ml   69.6 [28.8–266.0] (n=89) 114.0 [35.3–653.4] (n=22) 0.003

  WBC, ×103/μl 13.7 [6.9–28.0] (n=52)　　 11.6 [6.1–16.9] (n=10)　　 0.053

  Neutrophils, % 70 [25–93] (n=77)　　　 78 [38–87] (n=15)　　　 0.269

  Platelets, ×104/ml 33.0 [18.9–83.1] (n=83) 26.9 [20.7–57.6] (n=15) 0.051

  CRP, mg/dl 8.6 [1.1–30.7] (n=86) 10.5 [3.0–18.7] (n=18)　　 0.036

  Albumin, g/dl 3.6 [2.3–4.9] (n=49)　　 3.8 [3.1–4.1] (n=9)　　　　 0.846

  T-bilirubin, mg/dl 0.5 [0.3–2.4] (n=47)　　 0.7 [0.5–4.5] (n=9)　　　　 0.034

  AST, IU/L 36 [16–801] (n=81)　   62 [28–1,441] (n=15) 0.023

  ALT, IU/L 35 [6–272] (n=52)　　　 80 [7–764] (n=10)　　　 0.206

  Sodium, mEq/L 135 [125–141] (n=79)　 134 [130–139] (n=14)　 0.332

Data are shown as median [range]. IVIG, intravenous immunoglobulin. Other abbreviations as in Table 1.

Table 3. Characteristics and Data Comparison of CAL(−) and CAL(+) Groups of Patients With Kawasaki 
Disease

CAL(−) group CAL(+) group P value

n 103 8

Age, months 24 [2–84] 20 [4–55] 0.315

Male, n (%) 54 (52.4) 4 (50.0) 0.590

IVIG resistance, n (%) 17 (16.5) 5 (62.5) 0.007

Laboratory data before IVIG

  TN-C, ng/ml     70.3 [28.8–266.0] (n=103) 139.3 [55.5–653.4] (n=8) 0.010

  WBC, ×103/μl 12.7 [6.1–28.0] (n=58)　　 9.8 [6.9–16.7] (n=4) 0.295

  Neutrophils, % 70 [25–93] (n=87)　　　 78 [46–91] (n=5)　　　 0.297

  Platelets, ×104/ml 33.0 [18.9–83.1] (n=92) 26.8 [20.7–35.0] (n=6) 0.032

  CRP, mg/dl 8.7 [1.1–30.7] (n=97) 10.7 [8.3–17.5] (n=7)　　 0.064

  Albumin, g/dl 3.7 [2.3–4.9] (n=54)　　 3.4 [3.2–3.8] (n=4)　　 0.322

  T-bilirubin, mg/dl 0.6 [0.3–4.5] (n=53)　　 1.6 [0.6–2.0] (n=3)　　 0.114

  AST, IU/L 38 [16–801] (n=90)　   44 [29–1,441] (n=6) 0.586

  ALT, IU/L 34 [6–535] (n=58)　　　 249 [56–764] (n=4)　　　 0.008

  Sodium, mEq/L 135 [125–141] (n=88)　 134 [129–136] (n=5)　 0.189

Data are shown as median [range]. CAL, coronary artery lesions. Other abbreviations as in Tables 1,2.
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advances in therapeutic strategies have provided additional 
treatment options, such as IVIG plus prednisolone,12 for patients 
at high risk of CAL; therefore, risk stratification of KD patients 
is a critical step. Several parameters, including the duration of 
fever,27–29 and the levels of vascular endothelial growth fac-
tor,30,31 B-type natriuretic peptide,32 serum albumin,33 serum 
sodium,34 CRP,35 platelet-neutrophil aggregates,36 and inflam-
matory cytokines, including tumor necrosis factor-α and inter-
leukin-6,35,37 are reported to predict the development of CAL. 
To improve the diagnostic accuracy for predicting IVIG resis-
tance and CAL formation in KD patients, several clinical risk 
scoring systems have been developed using a combination of 
multiple patient profiles and laboratory parameters.10,11,13 The 
Kobayashi score11 in particular is often used in Japan to pre-
dict IVIG resistance. A recent study reported that the addition 
of prednisolone to initial IVIG treatment reduces the incidence 
of CAL in high-risk KD patients according to the Kobayashi 
score.12 However, a recent North American cohort generated 
controversy regarding the use of risk scores.14 Therefore, a 
novel and simple biomarker for risk stratification is necessary. 
In the present study, we have shown that the accuracy of pre-
dicting IVIG resistance via serum TN-C levels was compara-
ble to that of the Kobayashi score, suggesting that serum 
TN-C alone could be a biomarker to identify high-risk patients.

TN-C could be a marker of inflammatory activity in KD, 
because it is generally upregulated in inflammatory lesions and 
regulates inflammatory cell responses.17,38,39 Recently, elevated 
serum levels of TN-C were reported to reflect local expression 
and are used as biomarkers for disease activity in pediatric 
patients with various inflammatory diseases,40–42 as well as in 
adults.15,16 In this study, we found that the serum TN-C levels 
of KD patients were elevated in the acute stage and the levels 
correlated with known inflammatory markers, such as percent-
age of neutrophils and CRP level, although the correlation 
coefficients were not high. In a mouse KD model, vascular 

with platelet count (P=0.023); however, the correlation coef-
ficients were not high (Table 1). We also compared TN-C 
levels with other laboratory parameters involved in risk scor-
ing for KD.10,11,13 TN-C levels correlated positively with ala-
nine aminotransferase (ALT; P<0.001) and negatively with 
sodium (P=0.025) levels. There was no correlation with white 
blood cell count, or total bilirubin, albumin, and aspartate 
aminotransferase (AST) levels.

Serum TN-C Levels in IVIG-Responder and IVIG-Resistant 
Patients
We compared the TN-C levels on admission of IVIG-respond-
ers (n=89) with those of IVIG-resistant patients (n=22). Serum 
TN-C levels were significantly higher in the IVIG-resistant 
patients than in the IVIG-responders (P=0.003; Table 2). Sig-
nificant differences in CRP (P=0.036), total bilirubin (P=0.034), 
and AST (P=0.023) were also found between the 2 groups.

Comparison of Predicting IVIG Resistance by TN-C and 
Kobayashi Score
IVIG resistance were predicted by receiver-operating charac-
teristics curve analysis of TN-C levels in 83 cases comparing 
with the Kobayashi score.11 For predicting IVIG resistance, a 
TN-C cut-off value of 95.2 ng/ml yielded a sensitivity of 58%, 
specificity of 78%, a positive predictive value of 30%, and a 
negative predictive value of 92%. We also compared these 2 
models and the percentage of IVIG-resistant cases in the high-
risk group (Kobayashi score >5 points, n=18) were signifi-
cantly higher than that of the low risk group (Kobayashi score 
<5 points, n=65) (9.1% vs. 33.3%, respectively, P=0.019). The 
AUC of TN-C was comparable to that of the Kobayashi score 
(AUC 0.607 vs. 0.667, respectively; P=0.607).

Serum TN-C Levels in Patients With and Without CAL
We compared the laboratory data of patients with CAL 
[CAL(+) group, n=8] and without [CAL(–) group, n=103]. 
TN-C levels in the CAL(+) group were significantly higher 
than in the CAL(–) group (P=0.01; Table 3). Significant dif-
ferences between the CAL(+) and CAL (–) groups were also 
seen in platelet counts (P=0.032) and ALT levels (P=0.008). 
Moreover, the rate of IVIG resistance was significantly higher 
in the CAL(+) group than in the CAL(–) group (P=0.007). No 
significant differences in CRP, total bilirubin and AST levels 
were found between the 2 groups. For predicting CAL forma-
tion by TN-C level on admission, a TN-C cut-off value of 
113.3 ng/ml yielded a sensitivity of 63%, specificity of 84%, a 
positive predictive value of 23%, and a negative predictive 
value of 97% with an AUC of 0.77 (95% confidence interval 
0.59–0.96, P=0.01). Coronary angiography of a representative 
patient with high serum TN-C on admission and who eventu-
ally developed giant coronary aneurysm is shown in Figure 2.

Discussion
The results of this study indicated that the serum TN-C level 
might be a useful biomarker to predict the risk of developing 
CAL and IVIG resistance in the acute phase of KD. The accu-
racy of the prediction of IVIG resistance was comparable to 
that of the Kobayashi score,11 which is the most common risk 
scoring technique currently used. TN-C levels on admission 
were significantly higher in patients who later developed CAL 
than in patients who did not, and were significantly higher in 
IVIG-resistant patients than in IVIG-responders. Furthermore, 
serum TN-C levels on admission predicted the development 
of CAL and IVIG resistance with high accuracy. Recent 

Figure 2.  Coronary angiogram from a representative case, a 
4-month-old boy, with a coronary artery lesion. Laboratory 
data showed increased serum levels of tenascin-C (371 ng/ml) 
and C-reactive protein (17.5 mg/dl). The patient was resistant 
to the initial course of intravenous immunoglobulin infusion 
and was febrile for 19 days.
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lesions expressed TN-C, and expression correlated with the 
severity of inflammation.43 Therefore, serum TN-C levels in 
KD patients could reflect inflammatory activity in CAL.

TN-C could be involved in the process of CAL formation 
and/or vascular remodeling in KD. Analyses of several disease 
models have shown that the major sources of TN-C in vascular 
disease are medial smooth muscle cells and fibroblasts, espe-
cially myofibroblasts.15,16 Various proinflammatory cytokines 
and growth factors, in addition to mechanical stress, upregu-
late TN-C expression. Transforming growth factor-β, one of 
the key modulators of KD arteritis,44 is also known to induce 
TN-C expression. TN-C acts as an autocrine/paracrine factor 
on smooth muscle cells, fibroblasts, and macrophages.16,38,45 
For example, in a mouse model of aortic aneurysm/dissection, 
TN-C is produced by vascular smooth muscle cells under strong 
humoral and mechanical stress, and protects the vascular wall 
by modulating inflammatory and fibrotic responses during 
pathological tissue remodeling.46 Although the exact roles of 
TN-C in the cascade leading to CAL formation have yet to be 
elucidated, TN-C could be a novel marker of not only inflam-
mation but also pathological tissue remodeling.

Study Limitations
First, the sample size might not be large enough to determine 
CAL and IVIG-resistance predictors. However, the frequency 
of IVIG resistance (20/111, 19.8%) was comparable to data 
from the National Registry,5 and reflected the general features 
of patients with KD. Second, the retrospective nature of this 
study prevented us from collecting complete data sets and 
precluded the use of multivariate logistic regression analysis 
to identify laboratory data predictive of IVIG resistance and 
increased risk of CAL. The frequency of CAL (8/111, 7.2%) 
was somewhat higher than in the National Registry data,5 
perhaps because our samples were obtained from severe KD 
cases admitted to collaborative tertiary care institutions. A 
larger scale prospective study is therefore needed.

In conclusion, the serum level of TN-C may be a promising 
new biomarker for predicting the risk of CAL and IVIG resis-
tance in patients during the acute phase of KD. Early identifi-
cation of IVIG resistance could help to prevent CAL through 
the addition of other antiinflammatory medicines to initial 
IVIG therapy.
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