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Original Article

Aims: Coronary artery disease (CAD) is the leading cause of mortality and morbidity worldwide and one of the 
greatest threats to public health. Tenascin C (TNC) is an extracellular matrix glycoprotein that is found in low 
concentrations in normal tissues and is enhanced by a range of cardiovascular pathologies. This study aimed to 
evaluate the value of TNC in assessing the severity of atherosclerosis measured by the Gensini score.

Methods: A total of 157 patients with chest pains who underwent selective coronary angiography for suspected 
coronary atherosclerosis were enrolled. The patients were divided into the CAD group and non-CAD group 
according to symptoms and angiography. Demographic data and laboratory analyses were collected.

Results: The mean TNC level was significantly higher in the CAD group than in the non-CAD group (p＜
0.001). A significant positive correlation between TNC levels and Gensini score (p＜0.01, r=0.672) was found. 
ROC curve analysis demonstrated that the cutoff value for TNC at 89.48 ng/mL was well differentiated in the 
CAD and non-CAD groups. Furthermore, TNC was also a good predictor for a higher Gensini score (the third 
tertile) in the ROC curve analysis. When the cutoff was accepted as 100.91 ng/mL, the sensitivity and specificity 
were 82.7% and 79%, respectively.

Conclusion: A significant relationship was found between the Gensini score and serum TNC level. TNC levels 
can be considered in risk assessments for CAD before angiography.

ing the severity of CAD, but it depends on coronary 
angiography, thus limiting its applications for the rapid 
screening of high-risk patients.

Tenascin C (TNC) is a type of extracellular ma-
trix (ECM) glycoprotein that is transiently expressed 
during embryo genesis. Only low levels of TNC are 
found in developed organs. Pathological conditions such 
as inflammation, infection, tumorigenesis, remodeling, 
injury, and neoplasia could upregulate the expression 
of TNC 3). TNC is strongly expressed in atheroscle-
rotic plaques and is preferentially enriched around the 
lipid core, shoulder regions, and rupture areas4). Sev-
eral studies using animal models have shown the cor-

Introduction

Coronary artery disease (CAD) is the most com-
mon cardiovascular disease and the leading cause of 
mortality and morbidity worldwide1). According to the 
official report on cardiovascular diseases in China, more 
than 3.7 million people in China died from CAD in 
20142). Although biomarkers such as creatine kinase-
MB and troponin have improved the diagnosis of acute 
heart attack and survival rate, few markers are avail-
able in the risk stratification of angina patients before 
the onset of acute coronary heart disease. The Gensini 
score is a well-recognized scoring system for determin-
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Laboratory Measurements
Peripheral venous blood samples were collected 

from the patients at baseline upon admission. Serum 
samples reserved for TNC analysis were stored at －80℃, 
and the TNC levels were measured using the enzyme-
linked immunosorbent assay kit for Human Tenascin 
from IBL (Immuno-Biological Laboratories, #27751). 
TNC levels were measured by the large subunit con-
taining the C dominant of FN Ⅲ repeats by using 
double antibody sandwich enzyme immunoassay kits 
with detection wavelengths between 450 and 630 nm. 
The typical calibration curves are shown in the Sup-
plementary Appendix.

Lipid profile, HbA1C, hs-CRP, and creatinine level 
were measured by standard hematological and bio-
chemical tests. The estimated glomerular filtration rate 
(eGFR) was calculated according to the Chronic Kid-
ney Disease Epidemiology Collaboration equation12).

Severity of Coronary Atherosclerosis
The Gensini score was calculated according to the 

degree of luminal narrowing and the geographic impor-
tance of its location13). The lumen diameter was reduced 
by 25%, 50%, 75%, 90%, and 99%, and complete 
occlusion were evaluated as 1, 2, 4, 8, 16, and 32. A 
multiplier factor such as ×1, ×2.5, and so no was 
assigned to each segment on the basis of the func-
tional significance of the myocardial area supplied by 
that segment.

Statistical Analysis
Values were expressed as mean±SEM or median 

for the continuous variables and percentage of cate-
gorical variables. The fit normal distribution of con-
tinuous variables was analyzed by Student’s t -tests. Cat-
egorical variables were analyzed by the chi-squared sta-
tistic test. The paired group comparisons of indepen-
dent numerical variables were performed by Student’s 
t -tests or the Mann –Whitney U test. The correlation 
between numerical variables was assessed by Pearson’s 
correlation analysis or Spearman’s rho test.

The area under the receiver operating character-
istic (ROC) curve was used to calculate the discrimi-
native ability of TNC to determine the Gensini score). 
On the basis of the tertiles of the Gensini score, the 
enrolled patients were classified into three groups (low 
group 0 –5 points, n=53; intermediate group, 5 –24 
points, n=52; high group ＞24 point, n=52). The 
predictive ability of TNC for high Gensini score (over 
than 24 point) and CAD was calculated according to 
the ROC curves for TNC assessed by sensitivity and 
specificity. A p-value ＜0.05 was considered statistically 
significant.

relation of TNC and atherosclerosis5, 6). TNC level was 
also found to be significantly correlated with coronary 
artery calcium score7). Therefore, this marker may be 
applied to reflect the severity of CAD in clinical set-
tings. This study aimed to evaluate the value of TNC 
in assessing the severity of atherosclerosis measured by 
the Gensini score.

Methods

Study Population
This cross-sectional study complied with the Dec-

laration of Helsinki and was approved by the ethics 
committee. Informed consent was obtained from all 
patients enrolled in this study. From August 2016 to 
February 2017, 157 patients aged between 18 and 85 
years old with chest pain who underwent selective cor-
onary angiography for suspected coronary atheroscle-
rosis were enrolled in the Department of Cardiology 
of Huashan Hospital. Patients with acute coronary syn-
drome or who have histories of coronary revasculariza-
tion, myocardial infarction, all forms of cardiomyopa-
thy, valvular disease, inflammatory and connective tis-
sue diseases, malignancy, serum creatinine ＞1.2 mg/
dL (106 µmol/L), recent trauma, or surgical interven-
tion (within the last three months) were excluded.

The patients were asked for their detailed medi-
cal histories and underwent physical examination, 12-
lead electrocardiography, echocardiography, and bio-
chemical analysis including hemoglobin A1C (HbA1C), 
lipid profile, renal function, neutrophil percentage 
(NEU), high-sensitivity C-reactive protein (hs-CRP), 
and serum TNC level. The other risk factors for CAD 
including smoking, hypertension, diabetes, hyperlipe-
mia, medical history, and family history were also eval-
uated.

Patients with CAD had exertional chest pressure 
due to ≥50% narrowing in the left main coronary artery 
or ≥70% in at least one of the major coronary arter-
ies8). Patients whose coronary angiogram did not achieve 
the diagnostic criteria of CAD or showed no evidence 
of CAD or CAD equivalents with respect to their 
symptoms were considered eligible for the non-CAD 
group. The diagnosis of diabetes was made according 
to the Standards of Medical Care in Diabetes enacted 
by the American Diabetes Association9). A diagnosis of 
hypertension was made according to the JNC8 guide-
lines for hypertension10). A diagnosis of metabolic syn-
drome was made by considering the presence of three 
or more of the following criteria11): triglycerides ≥150 
mg/dL or HDL cholesterol ≤40 mg/dL, fasting glucose 
≥110 mg/dL or diagnosed diabetes, systolic/diastolic 
blood pressure ≥140/90 mmHg or diagnosed hyper-
tension, and overweight or BMI ≥25 for age and sex.
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ysis showed a significant positive correlation between 
TNC level and Gensini score in CAD patients (p＜
0.01, r=0.557, Fig.1C) and non-CAD patients (p＜
0.01, r=0.515, Fig.1D). Furthermore, TNC levels had 
a positive correlation with NT-pro BNP (p＜0.01, r=  
0.211), hs-CRP (p＜0.01, r=0.252), and HbA1C (p＜
0.05, r=0.163). We did not find correlations between 
TNC and age, triglycerides, total cholesterol, LDL 
cholesterol, and hypertension.

To further explore the relationship of Gensini 
score and TNC levels, as well as other major cardio-
vascular risk factors in this study population, a multi-
variable linear regression analysis using stepwise selec-
tion process was performed. The variables included in 
the model are age, sex, NT-pro BNP, eGFR, hyperten-
sion, HbA1C, smoking, HDL and LDL cholesterol, 
triglycerides, total cholesterol, NEU, and TNC level. 
The results demonstrated an association between the 
Gensini score and TNC that was modified by HDL 
and eGFR (Table 2).

Clinical Predictors of CAD and High Gensini Score
ROC curve analysis was used to evaluate the abil-

ity of TNC to predict CAD and the high Gensini 
score. As shown by Fig.1E, the sensitivity and speci-

Results

Baseline Characteristics
The baseline characteristics of the study patients 

are shown in Table 1. Patients were divided into two 
groups, namely, the CAD group (n=81) and the non-
CAD group (n=76), on the basis of the criterion of the 
methods. There were no significant differences between 
the two groups in terms of age, hypertension, creati-
nine level, NT-pro BNP level, NEU, and lipid profile 
except for the HDL cholesterol. The CAD group had 
a higher proportion of male patients, diabetic and met-
abolic syndrome patients, smokers, patients with low 
HDL cholesterol levels, and patients with high TNC. 
The CAD group had higher use of statin and antidia-
betic drugs. The mean TNC level was significantly 
higher in the CAD group than in the non-CAD group 
(p＜0.001, Fig.1A).

Correlation between TNC Levels and Gensini Score
The correlation between TNC levels and other 

variables were assessed by Pearson’s correlation analy-
sis. The results showed a significant positive correla-
tion between TNC levels and Gensini score in all 
enrolled patients (p＜0.01, r=0.672, Fig.1B). Subanal-

Table 1. Clinical characteristics of the study groups

non-CAD (n=76) CAD (n=81) P

Age, year
Male gender, n (%)
Hypertension, n (%)
Diebetes mellitus, n (%)
Metabolic syndrome, n (%)
HbA1C (%)
Smoking
Creatinine, µmol/L
eGFR (mL/min/1.73 m2)
TC, mmol/L
TG, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
NT-pro BNP, pg/mL
TNC
NEU (%)
ACEI or ARB, n (%)
CCB, n (%)
Statin or other lipid-lowering drugs, n (%)
β-blocker, n (%)
Antidiabetic drug, n (%)

68.22±1.27
38 (50.00)
50 (65.79)

8 (10.52)
13 (17.11)
5.95±0.11
20 (26.32)

75.59±1.79
80.84±1.82

4.03±0.12
1.61±0.10
1.13±0.03
2.29±0.10

322.60±56.23
67.87±5.14
60.52±1.00

45 (59.21)
26 (34.21)
70 (92.11)
47 (61.84)

8 (10.53)

64.95±1.09
62 (76.54)
53 (65.43)
33 (40.74)
25 (30.86)
6.70±0.17
34 (41.98)

73.60±1.99
88.29±1.58

3.96±0.11
1.68±0.11
0.99±0.03
2.39±0.09

441.70±59.73
117.40±9.32

62.79±1.00
50 (61.73)
19 (23.46)
80 (98.76)
60 (74.07)
25 (30.86)

0.051
0.001
0.962

＜0.001
0.044

＜0.001
0.039
0.460
0.002
0.667
0.653

＜0.001
0.471
0.150

＜0.001
0.109
0.747
0.136
0.043
0.100
0.002

CAD: coronary artery disease; HbA1C: hemoglobin A1C; eGFR: estimate glomerular filtration rate; TC: total cholesterol; TG: triglyc-
erides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TNC: tenascin-C; NEU: neutrophil 
percentage; ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin receptor blocker; CCB: calcium channel blocker.
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Fig.1. TNC expression levels had a positive correlation with 
Gensini score. (A) The mean TNC level was significantly 
higher in the CAD group than in the non-CAD group 
(121.51 (70.00, 419.84) and 72.29 (26.79, 180.60), respec-
tively; p＜0.001 by Mann–Whitney U Test). (B) A pos-
itive correlation was found between TNC levels and Gen-
sini score in all enrolled patients (r=0.672, p＜0.01). (C, 
D) Subanalysis of the correlation between TNC levels 
and Gensini score in CAD patients (C (r=0.557, p＜
0.01)) and non-CAD patients (D (r=0.515, p＜0.01)). 
(E) ROC curve analysis of TNC values in the CAD group. 
The optimum diagnostic cutoff point of TNC was 89.48 
ng/mL, the area under the ROC curve was 0.884 (95% 
CI: 0.831–0.938), the sensitivity was 86.4%, and the spec-
ificity was 77.6%.
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significant positive correlation between TNC levels 
and hs-CRP (p＜0.01, r=0.252), which is consistent 
with a previous report19) and demonstrates the role of 
inflammation in the expression of TNC. The mecha-
nisms of TNC in CAD progression can be listed as 
follows: (1) TNC expression drives smooth muscle cell 
changes from a nonproliferative phenotype to a migra-
tory, synthetic state, thus resulting in plaque develop-
ment20); (2) TNC can form a positive feedforward loop 
with matrix metalloproteinases and drive plaque pro-
gression, destabilization, and plaque rupture21); (3) TNC 
provides adhesions for glycoprotein receptors on plate-
let to promote thrombus formation during late ath-
erosclerosis22). These are all important factors in the 
progress of CAD, but more laboratory experiments are 
needed to determine whether the high TNC is the 
cause or consequence of atherosclerosis. Moreover, cir-
culating TNC levels have also been shown to be corre-
lated with poor prognosis and mortality in myocardial 
infarction23).

Multivariable linear regression analysis demon-
strated that the association between Gensini score and 
TNC was modified by HDL and eGFR (Table 2). 
TNC has emerged as one of the most significant ECM 
components in the kidney. It was reported to play 
important roles not only in nephrogenesis but also in 
pathological processes in the glomerulus and renal 
interstitium24, 25). Therefore, it is understandable that 
TNC level was affected by eGFR. It was reported that 
TNC binds to glycosphingolipids26, 27). Many receptor 
proteins for TNC have properties that are common in 
lipid raft-associated molecules, and these receptor pro-
teins seem to form a competition between the two 
cargos. Given that HDL was a protective factor of ath-
erosclerosis, the relationship of TNC and HDL deserve 
further investigation.

In this study, ROC curve analysis was performed 
to evaluate the ability of TNC in the prediction of 
CAD and high Gensini score. The cutoff value was 
89.48 ng/mL for CAD diagnosis and 100.91 ng/mL 
for the high Gensini score subgroup in the present 

ficity of TNC in predicting CAD were 86.4% and 
77.6%, respectively; when the cutoff value of TNC 
was settled at 89.48 ng/mL, the area under the curve 
was 0.884. After adjusting for the risk factors associ-
ated with the Gensini score analyzed in this study, 
including gender, eGFR, HbA1C, NT-pro BNP, smok-
ing, and NEU, TNC remained significantly associated 
with the increased risk of high Gensini score (OR=  
1.076, 95% CI, 1.049 –1.105, p＜0.001)

The patients were then classified into three groups 
on the basis of the tertiles of Gensini score, as described 
in the method. As shown by Fig.2A, the mean TNC 
level was significantly higher in the high Gensini score 
group (68.00 (26.79–124.64)) than in both the low 
(94.74 (56.30–180.60)) and middle groups (127.82 
(76.48–419.84)) (p＜0.001). ROC curve analysis showed 
that the cutoff point of TNC at 100.91 ng/mL also 
predicted a high Gensini score with a sensitivity of 
82.7% and a specificity of 79% (the area under the 
curve was 0.870, Fig.2B).

Discussion

CAD is a sequence of increasing disease progres-
sion including endothelial injury and dysfunction, lipid 
deposition, and atherosclerotic plaque formation. TNC, 
as an extraordinarily pleiotropic molecule, is involved 
in the entire process of CAD14). The persistent expres-
sion of TNC is associated with arterial pathology, and 
atherosclerosis is the best studied example. Immuno-
histochemical staining studies has demonstrated a cor-
relation between TNC and ruptured plaques15, 16), TNC 
level was significantly higher in the ruptured acute 
coronary syndrome group than in the nonruptured 
group17). However, the relation between the expression 
of TNC in serum and the severity of CAD has not 
been investigated.

In this study, we found that TNC level is a useful 
tool for assessing the severity of atherosclerosis. The 
TNC level in serum was significantly higher in the 
CAD group than in the non-CAD group (p＜0.001). 
Given that the Gensini score is calculated according to 
the degree of luminal narrowing, as well as the dis-
eased vessel number and the geographic importance of 
the vessel location, it could reflect the ischemic extent 
of the heart and correlates with the outcomes closely. 
TNC levels were significantly positively correlated with 
the Gensini score in the patients enrolled in this study 
(r=0.672, p＜0.01). Several factors have been shown 
to induce TNC expression, including inflammatory 
cytokines, oxidative stress, and mechanical stress18), 
which are also mediators of CAD progress. Hs-CRP 
was an important marker of inflammation and a pre-
dictor of cardiovascular events. The results showed a 

Table 2. Multivariable linear regression analysis of Gensini score.

Variables β 95%CI p Value

HDL
eGFR
TNC

－0.121
0.136
0.643

[－27.601, －0.436]
[0.035, 0.466]
[0.285, 0.411]

0.043
0.023

＜0.001

Multivariable linear regression analysis using stepwise selection process 
was performed. Variables included in the model are age, sex, NT-pro 
BNP, eGFR, hypertension, HbA1C, smoking, HDL- and LDL-choles-
terol, triglycerides, total-cholesterol, neutrophil percentage and TNC 
level. eGFR: estimate glomerular filtration rate; TNC: tenascin-C.



Gao et al.

36

Natural Science Foundation of China (No. 81270278; 
No. 81770348) and the Shanghai Science and Tech-
nology Fund (No. 16411965600).

Conflict of Interest

The authors report no relationships that could be 
construed as a conflict of interest.

References
1) Wilson PW, D'Agostino RB, Levy D, Belanger AM, Sil-

bershatz H, Kannel WB: Prediction of coronary heart dis-
ease using risk factor categories. Circulation 1998, 97: 1837-
1847

2) Hui Sui WC, Wen Wang: Interpretation of Report on Car-
diovascular Diseases in China (2015). Chin J Cardiovasc 
Med 2016, 21: 259-261

3) Golledge J, Clancy P, Maguire J, Lincz L, Koblar S: The 
role of tenascin C in cardiovascular disease. Cardiovasc Res 
2011, 92: 19-28

4) Wallner K, Li C, Shah PK, Fishbein MC, Forrester JS, Kaul 
S, Sharifi BG: Tenascin-C is expressed in macrophage-rich 
human coronary atherosclerotic plaque. Circulation 1999, 
99: 1284-1289

5) von Lukowicz T, Silacci M, Wyss MT, Trachsel E, Lohm-
ann C, Buck A, Luscher TF, Neri D, Matter CM: Human 
antibody against C domain of tenascin-C visualizes murine 
atherosclerotic plaques ex vivo. J Nucl Med 2007, 48: 582-
587

study. Logistic analysis showed that TNC was an inde-
pendent predictor for CAD diagnosis after adjusting 
for the risk factors correlated with the Gensini score. 
These results demonstrated that TNC is a valid marker 
to prejudge the severity of atherosclerosis before coro-
nary angiography. However, given that TNC was also 
related to NT-pro BNP and other biochemistry 
indexes such as HbA1C and renal function, synthetic 
judgment involving the history, symptoms, risk fac-
tors, and examinations should be made cautiously.

Several limitations in this study should be acknowl-
edged. First, this study is a cross-sectional study, thus 
limiting our ability to infer a causal relationship 
between TNC and cardiovascular events. Second, the 
number of patients enrolled was small, thus limiting 
the statistical power of the study. A prospective study 
with a larger sample size is needed to better evaluate 
the value of TNC in CAD.

In conclusion, TNC had a significant association 
with the severity of atherosclerosis; the TNC level sig-
nificantly increased as the risk of CAD increased (OR=  
1.076, 95% CI, 1.049 –1.105, p＜0.001). TNC levels 
can be considered in the risk assessment for CAD 
before angiography.

Acknowledgments

This work was partially supported by the National 

Fig.2. ROC curve analysis of TNC values in the high Gensini score group. A. The patients were classified into three groups on the 
basis of the tertiles of the Gensini score. TNC expression levels between the different Gensini score groups. The mean TNC 
level was significantly higher in the high Gensini score group (68.00 (26.79 –124.64)) than in both the low (94.74 (56.30–
180.60)) and middle groups (127.82 (76.48–419.84) (p＜0.001 by Mann–Whitney U Test). B. The optimum diagnostic 
cutoff point of TNC was 100.91 ng/mL, the area under the ROC curve was 0.870 (95% CI: 0.814–0.926), the sensitivity 
was 82.7%, and the specificity was 79%.

TN
C

, n
g/

m
L

A B

0

100

200

300

400

500

Low (0-5) Middle (5-24) High (>24)

p < 0.001

p < 0.001

p < 0.001

AUC:0.870 
(95% CI:0.814-0.926)
Cut-off value: 100.91 ng/mL

Gensini score



TNC Upregulation in Atherosclerosis

37

phenotypes of atherosclerosis. Arteriosclerosis, thrombo-
sis, and vascular biology 2004, 24: 1922-1927

16) Kenji K, Hironori U, Hideya Y, Michinori I, Yasuhiko H, 
Nobuoki K: Tenascin-C is associated with coronary plaque 
instability in patients with acute coronary syndromes. Circ 
J 2004, 68: 198-203

17) Sakamoto N, Hoshino Y, Misaka T, Mizukami H, Suzuki 
S, Sugimoto K, Yamaki T, Kunii H, Nakazato K, Suzuki 
H, Saitoh S, Takeishi Y: Serum tenascin-C level is associ-
ated with coronary plaque rupture in patients with acute 
coronary syndrome. Heart Vessels 2014, 29: 165-170

18) Tucker RP, Chiquet-Ehrismann R: The regulation of tenas-
cin expression by tissue microenvironments. Biochim Bio-
phys Acta 2009, 1793: 888-892

19) Okuma Y, Suda K, Nakaoka H, Katsube Y, Mitani Y, Yoshi-
kane Y, Ichida F, Matsushita T, Shichino H, Shiraishi I, 
Abe J, Hiroe M, Yoshida T, Imanaka-Yoshida K: Serum 
Tenascin-C as a Novel Predictor for Risk of Coronary Artery 
Lesion and Resistance to Intravenous Immunoglobulin in 
Kawasaki Disease- A Multicenter Retrospective Study. Circ 
J 2016, 80: 2376-2381

20) Ishigaki T, Imanaka-Yoshida K, Shimojo N, Matsushima 
S, Taki W, Yoshida T: Tenascin-C enhances crosstalk sig-
naling of integrin alphavbeta3/PDGFR-beta complex by 
SRC recruitment promoting PDGF-induced proliferation 
and migration in smooth muscle cells. J Cell Physiol 2011, 
226: 2617-2624

21) Brellier F, Hostettler K, Hotz HR, Ozcakir C, Cologlu SA, 
Togbe D, Ryffel B, Roth M, Chiquet-Ehrismann R: Tenas-
cin-C triggers fibrin accumulation by downregulation of 
tissue plasminogen activator. FEBS Lett 2011, 585: 913-920

22) Schaff M, Receveur N, Bourdon C, Wurtz V, Denis CV, 
Orend G, Gachet C, Lanza F, Mangin PH: Novel func-
tion of tenascin-C, a matrix protein relevant to atheroscle-
rosis, in platelet recruitment and activation under flow. Arte-
riosclerosis, thrombosis, and vascular biology 2011, 31: 117-
124

23) Sato A, Aonuma K, Imanaka-Yoshida K, Yoshida T, Isobe 
M, Kawase D, Kinoshita N, Yazaki Y, Hiroe M: Serum 
tenascin-C might be a novel predictor of left ventricular 
remodeling and prognosis after acute myocardial infarc-
tion. J Am Coll Cardiol 2006, 47: 2319-2325

24) Kasprzycka M, Hammarstrom C, Haraldsen G: Tenascins 
in fibrotic disorders-from bench to bedside. Cell Adh Migr 
2015, 9: 83-89

25) Horstrup JH, Gehrmann M, Schneider B, Ploger A, Fro-
ese P, Schirop T, Kampf D, Frei U, Neumann R, Eckardt 
KU: Elevation of serum and urine levels of TIMP-1 and 
tenascin in patients with renal disease. Nephrology, dialy-
sis, transplantation: official publication of the European 
Dialysis and Transplant Association - European Renal Asso-
ciation 2002, 17: 1005-1013

26) Probstmeier R, Pesheva P: Tenascin-C inhibits beta1 integ-
rin-dependent cell adhesion and neurite outgrowth on fibro-
nectin by a disialoganglioside-mediated signaling mecha-
nism. Glycobiology 1999, 9: 101-114

27) Kappler J, Baader SL, Franken S, Pesheva P, Schilling K, 
Rauch U, Gieselmann V: Tenascins are associated with lipid 
rafts isolated from mouse brain. Biochem Biophys Res Com-
mun 2002, 294: 742-747

6) Jin L, Hastings NE, Blackman BR, Somlyo AV: Mechani-
cal properties of the extracellular matrix alter expression 
of smooth muscle protein LPP and its partner palladin; 
relationship to early atherosclerosis and vascular injury. J 
Muscle Res Cell Motil 2009, 30: 41-55

7) Ozmen Yildiz P, Yildiz I, Ozmen C, Karabacak M, Doven 
O: Relation between coronary artery calcium score and 
serum tenascin-C level in patients without known coro-
nary artery disease. Acta Cardiol 2015, 70: 633-639

8) Task Force M, Montalescot G, Sechtem U, Achenbach S, 
Andreotti F, Arden C, Budaj A, Bugiardini R, Crea F, Cui-
sset T, Di Mario C, Ferreira JR, Gersh BJ, Gitt AK, Hulot 
JS, Marx N, Opie LH, Pfisterer M, Prescott E, Ruschitzka 
F, Sabate M, Senior R, Taggart DP, van der Wall EE, Vrints 
CJ, Guidelines ESCCfP, Zamorano JL, Achenbach S, 
Baumgartner H, Bax JJ, Bueno H, Dean V, Deaton C, Erol 
C, Fagard R, Ferrari R, Hasdai D, Hoes AW, Kirchhof P, 
Knuuti J, Kolh P, Lancellotti P, Linhart A, Nihoyannopou-
los P, Piepoli MF, Ponikowski P, Sirnes PA, Tamargo JL, 
Tendera M, Torbicki A, Wijns W, Windecker S, Document 
R, Knuuti J, Valgimigli M, Bueno H, Claeys MJ, Donner-
Banzhoff N, Erol C, Frank H, Funck-Brentano C, Gaem-
perli O, Gonzalez-Juanatey JR, Hamilos M, Hasdai D, 
Husted S, James SK, Kervinen K, Kolh P, Kristensen SD, 
Lancellotti P, Maggioni AP, Piepoli MF, Pries AR, Romeo 
F, Ryden L, Simoons ML, Sirnes PA, Steg PG, Timmis A, 
Wijns W, Windecker S, Yildirir A, Zamorano JL: 2013 ESC 
guidelines on the management of stable coronary artery 
disease: the Task Force on the management of stable coro-
nary artery disease of the European Society of Cardiology. 
Eur Heart J 2013, 34: 2949-3003

9) Association. AD: Erratum. Classification and diagnosis of 
diabetes. Sec. 2. In Standards of Medical Care in Diabe-
tes-2016. Diabetes Care 2016; 39(Suppl. 1): S13-S22

10) James PA, Oparil S, Carter BL, Cushman WC, Dennison-
Himmelfarb C, Handler J, Lackland DT, LeFevre ML, 
MacKenzie TD, Ogedegbe O, Smith SC, Jr., Svetkey LP, 
Taler SJ, Townsend RR, Wright JT, Jr., Narva AS, Ortiz E: 
2014 evidence-based guideline for the management of 
high blood pressure in adults: report from the panel mem-
bers appointed to the Eighth Joint National Committee 
(JNC 8). JAMA 2014, 311: 507-520

11) Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH: 
Prevalence of a metabolic syndrome phenotype in adoles-
cents: findings from the third National Health and Nutri-
tion Examination Survey, 1988-1994. Arch Pediatr Ado-
lesc Med 2003, 157: 821-827

12) Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro 
AF, 3rd, Feldman HI, Kusek JW, Eggers P, Van Lente F, 
Greene T, Coresh J, Ckd EPI: A new equation to estimate 
glomerular filtration rate. Ann Intern Med 2009, 150: 604-
612

13) Gensini GG: A more meaningful scoring system for deter-
mining the severity of coronary heart disease. Am J Car-
diol 1983, 51: 606

14) Midwood KS, Hussenet T, Langlois B, Orend G: Advances 
in tenascin-C biology. Cell Mol Life Sci 2011, 68: 3175-3199

15) Seo D, Wang T, Dressman H, Herderick EE, Iversen ES, 
Dong C, Vata K, Milano CA, Rigat F, Pittman J, Nevins 
JR, West M, Goldschmidt-Clermont PJ: Gene expression 



Gao et al.

38

Supplementary Appendix

TNC was measured using the ELISA kit for Human Tenascin from IBL (Immuno-Biological Laboratories, 
#27751). The calibration curve for these kits using representative samples are listed as follows.

The calibration curve was traced according to the actual OD and the concentration of TNC.

Sample 1 Sample 2

The quartic curve-fitting equation is y= (A－D)/
[1＋(x/C)^B]＋D

A=10.82507, B=－1.00548, C=81.21054, D=  
0.01036, r^2=0.99939.

The sum of squared residuals is 0.00314.

The quartic curve-fitting equation is y= (A－D)/
[1＋(x/C)^B]＋D

A=6.43011, B=－1.09728, C=37.47286, D=  
0.00785, r^2=0.99933.

The sum of squared residuals is 0.00352.

TNC,
ng/mL

Measured OD
Actual OD

(background subtraction)

24
12
6
3
1.5
0.75
0.38
0

2.667
1.618
0.907
0.617
0.42
0.311
0.269
0.206

2.461
1.412
0.701
0.411
0.214
0.105
0.063
0

TNC,
ng/mL

Measured OD
Actual OD

(background subtraction)

24
12
6
3
1.5
0.75
0.38
0

2.701
1.718
0.977
0.667
0.46
0.351
0.301
0.256

2.445
1.462
0.721
0.411
0.204
0.095
0.045
0
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