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Abstract
Background Fibro-inflammatory processes in the extracellular matrix are closely associated with progressive structural remod-
eling in atrial fibrillation (AF). Serum concentrations of tenascin-C (TNC), an extracellular matrix glycoprotein, and of high-
sensitivity C-reactive protein (CRP) might serve as a marker of remodeling and progressive inflammation of the aorta and in
myocardial diseases. This study aimed to clarify relationships between TNC and CRP in patients with AF.
Methods This study included 38 patients with AF and five controls without left ventricular dysfunction who underwent catheter
ablation. Blood was collected immediately before ablation from the left atrium (LA), right atrium (RA), and femoral artery (FA),
and left and right atrial pressure was measured. Levels of TNC in the LA (TNC-LA), RA (TNC-RA), and FA (TNC-FA) and
high-sensitivity C-reactive protein (CRP) were measured. Atrial size was also determined by echocardiography.
Results Levels of TNC corrected by atrial size were maximal in the LA, followed by the RA (3.69 ± 0.32 and 2.87 ± 0.38 ng/mL/
cm, respectively). Mean transverse diameter corrected by body surface area was larger and mean atrial pressure was greater in the
LA than the RA. A relationship was found between CRP from the femoral vein and TNC-LA and TNC-RA, but not TNC-FA.
None of TNC-LA, TNC-RA, or TNC-FA correlated with ANP or BNP in the femoral vein.
Conclusions Intracardiac (atrial) TNC expression plays an important role in the development of remodeling processes in the
atrium with AF. Tenascin-C from the LA and RA (but not TNC, ANP, and BNP from FA) might serve as novel markers of these
processes.
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1 Introduction

Atrial fibrillation (AF) is a prevalent type of cardiac arrhyth-
mia that can become complicated with thromboembolic
events such as stroke and systemic embolism that result in
s igni f ican t morbid i ty and mor ta l i ty. Therefore ,
anticoagulation is an integral part of therapy for all patients
with AF [1]. Structural remodeling of the left atrium is a
mechanism for thrombus formation, similar to the activation
of inflammatory states such as increased circulating concen-
trations of interleukin-6 or C-reactive protein [2].

Tenascin-C (TNC) is an extracellular matrix glycoprotein
that is overexpressed during tissue remodeling, and its con-
centrations in peripheral veins might serve as markers for
cardiac and vascular tissue remodeling in patients with acute
myocardial infarction, arterial aneurysms, and dilated cardio-
myopathy [3–6]. However, relationships between TNC and
atrial remodeling and inflammation in AF remain obscure.
The present study aimed to clarify these relationships and
determine the role of TNC as a biomarker of these processes.

2 Methods

2.1 Patients and study design

We enrolled 38 patients with AF who underwent catheter ab-
lation at the University of Fukui Hospital, Department of
Cardiovascular Medicine between April 2014 and
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March 2015.We also included five patients with tachyarrhyth-
mia diseasewho had no tachycardial symptoms for > 3months
(mean age, 61 years; atrioventricular reentrant tachycardia,
n = 3; atrial tachycardia, n = 2) for comparison. The exclusion
criteria comprised coronary artery disease, chronic heart fail-
ure, severe renal or hepatic diseases, autoimmune and neo-
plastic diseases, pregnant or lactating women, perioperative
status, and individuals judged unable to participate by their
physicians in charge. The purpose and methods of this study
were explained to the patients, who provided written informed
consent to participate. Serum biomarker levels were measured
immediately before ablation. The Ethics Committee at the
University of Fukui Hospital approved this study, which
proceeded according to the Declaration of Helsinki (2013).
A series of patients who underwent various diagnostic proce-
dures served as controls, and follow-up results were registered
in the Universal Hospital Medical Information Network
Clinical Trials Registry (UMIN000023845).

2.2 Measurements of biomarkers

Blood was collected from the left atrium (LA), right atrium
(RA), femoral artery (FA), and femoral vein (FV) immediately
before ablation to define TNC levels, and pressure was mea-
sured in the left and right atria. Levels of TNC in the LA
(TNC-LA), RA (TNC-RA), and FA (TNC-FA) were mea-
sured, and high-sensitivity C-reactive protein (CRP), atrial
(ANP)- and brain (BNP)-natriuretic peptides were measured
in serum separated from blood sampled from femoral veins.
All blood samples were placed immediately on ice, separated
by centrifugation within 30 min, then stored at − 80 °C.
Circulating levels of TNC and CRP were determined using
enzyme-linked immunosorbent assays (ELISA), and ANP as
well as BNP were also assessed.

2.3 Echocardiography

Transthoracic echocardiograms were acquired from patients in
the left lateral decubitus position within 24 h before catheter
ablation using a Vivid 7 echocardiograph (GE Vingmed
Ultrasound AS, Horten, Norway) with an M3S transducer or
a Sonos 7500 (Philips Technology, Andover, MA, USA) with
an S3 transducer. Echocardiographic parameters were mea-
sured according to the recommendations of the American
Society of Echocardiography. Images were acquired in
parasternal long-axis and apical four-chamber views. Left ven-
tricular end-diastolic and end-systolic dimensions and left ven-
tricular septal and posterior wall thickness were measured
using M-mode echocardiography in the parasternal view. The
LA diameter wasmeasured during systole along the parasternal
long-axis view. Transverse and longitudinal diameters of the
LA and RAwere acquired in the four-chamber view in the end-
systolic frame preceding opening of the mitral valve.

2.4 Statistical analysis

Numeric and categorical variables are expressed as means ±
SD and numbers (n, %), respectively. The groups were com-
pared using one-way analyses of variance followed by Scheffé
adjustment. Categorical variables were using chi-squared or
Fisher exact tests. Correlations between variables were ana-
lyzed using Pearson correlation coefficients. The statistical
significance of values was defined at p < 0.05. All data were
statistically analyzed using SPSS version 20 (SPSS Inc.,
Chicago, IL, USA).

3 Results

3.1 Patients’ characteristics

Table 1 shows the characteristics of the 38 enrolled patients.
All patients underwent catheter ablation. One patient each had
transient right phrenic nerve injury and gastric hypomotility,
and the remaining 36 patients had no complications. Blood
was collected and echocardiological examinations proceeded
before ablation procedures. Median values were as follows:
age, 64 years; male, n = 26 (68%); paroxysmal AF for
52 months, n = 25 (66%); CHA2DS2VASc score, 2.2; the left
atrium size, 38.3 mm; left ventricular ejection fraction, 64%.

3.2 Tenascin-C and atrial size

The mean transverse diameters of the LA and RA and mean
pressure in the LA and RA significantly differed (38.5 vs.
32.7 mm; p < 0.001 and 14.4 vs. 8.2 mmHg; p = 0.003, re-
spectively). We standardized atrial size by calculating an
indexed-atrial size determined by dividing the diameter of
the right (RADi) and left (LADi) atria by the body surface
area (BSA). We compared TNC concentrations adjusted

Table 1 Patients’ characteristics

Age (years) 64 ± 12

Male, n (%) 26 (68)

Body mass index 23.8 ± 3.9

Paroxysmal AF, n (%) 25 (66)

AF duration (months) 52 ± 44

CHA2DS2-VASc score 2.2 ± 1.2

Left atrial diameter (mm) 38.3 ± 6.7

Left ventricular ejection fraction (%) 64 ± 9

Left ventricular diameter (mm) 47.9 ± 4.5

Plasma BNP (pg/mL) 79.0 ± 51.2

Serum creatinine (mg/dL) 0.89 ± 0.20

Values are shown as means ± SD or as numbers (%). AF atrial fibrillation,
BNP brain natriuretic peptide
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(TNC-index) by the atrial diameter corrected using BSA in
each atrial cavity to clarify whether or not TNC concentrations
increase depend on the size of the atrium. The TNC-index was
higher for the LA than the RA in all 38 patients. The LA and
the RATNC-indices were also higher in all 38 patients than in
the control group (Fig. 1). The TNC-index was greater in the
order of the LA, RA, and FA (Fig. 1). Figure 2A shows the
atrial size indices. The LADi in both the transverse and longi-
tudinal diameters, and the RADi in the longitudinal diameter
were higher in the patients with AF than in the controls.
Patients with persistent AF had a significantly larger LADi
in the transverse and parasternal views than those with parox-
ysmal AF. The mean pressures of the LA and RA significantly
differed between the patients and the controls (Fig. 2B) and
between patients with persistent and paroxysmal AF (Fig. 3).

3.3 Correlations between tenascin-C and other
variables

Levels of hs-CRP were significantly higher in all patients with
AF than in controls (2.21 ± 0.39 vs. 0.44 ± 0.09 mg/L,
p < 0.01). Furthermore, hs-CRP levels were significantly
higher in patients with persistent AF, compared with paroxys-
mal AF (3.28 ± 0.81 vs. 1.65 ± 0.31mg/L, p < 0.05). Levels of
hs-CRP from the femoral vein correlated significantly and
positively with TNC-index-LA (r = 0.56, p < 0.001) and
TNC-index-RA (r = 0.62, p < 0.001) but not with TNC-FA
(r = 0.054, p = 0.74). The LADi and RADi in longitudinal
diameter correlated significantly and positively with TNC-
index-LA and TNC-index-RA (r = 0.52, p < 0.001 and, r =
0.69, p < 0.001, respectively). However, TNC-index-LA,
TNC-index-RA, and TNC-FA did not correlate with ANP or
BNP in femoral venous blood (Table 2).

4 Discussion

The main findings of the present study were that serum levels
of TNC in patients with AF (including paroxysmal AF) were
greater in the order of the LA, RA, and FA, and the TNC-
index-LAwas higher than that in the RA or FA.We also found
that the TNC-index in the LA and RA significantly correlated
with the transverse diameter of the LA and RA respectively,
and with levels of plasma hs-CRP in blood from the femoral
vein.

4.1 Serum TNC levels in patients with atrial fibrillation

Serum TNC levels increase after acute myocardial infarction
or dilated cardiomyopathy [3–7]. Under these pathological
conditions, elevated TNC levels correlated with left ventricu-
lar dilation, indicating that they could serve as a surrogate
marker of myocardial remodeling. The present study identi-
fied elevated serum TNC in patients with AF, and with normal
left ventricular function and dimensions. Serum TNC concen-
trations in the atria were higher among patients with persistent,
than paroxysmal AF and correlated with the atrial dimension.
Thus, serum TNC levels in the atria might serve as a novel
marker of atrial remodeling. Left atrial TNC values did not
correlate with LA pressure, serum ANP, or BNP. Thus, serum
TNC levels in the atria were not associated with pressure
overload in the LA. The finding of elevated TNC in the LA
and RA, but not in the FA, indicated an atrial source of TNC.
Intestinal fibroblasts, and endothelial and smooth muscle cells
produce TNC upon induction in vitro by inflammatory cyto-
kines [8–10], whereas myocytes do not. We speculated that
the source of TNC is either atrial myofibroblasts or endothe-
lium. Levels of TNC were also a useful marker of atrial
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Fig. 1 Serum tenascin-C concen-
tration index. Tenascin-C indices
were higher in order of LA, RA
and FA. Data are expressed as
means ± standard deviation. p-
values were derived using one-
way analysis of variance. AF,
atrial fibrillation; Cont, controls;
FA, femoral artery; LA, left atri-
um; RA, right atrium; TNC,
tenascin-C
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damage. These results indicate that measuring serum TNC in
the LA could predict the outcomes of ablation therapy and the
likelihood of AF recurrence. From this viewpoint, further pro-
spective studies with larger samples, longer follow-up, serial
measurements of TNC from the peripheral vein and more
clinical parameters over a longer period are needed to clarify
whether TNC can predict the outcomes of ablation therapy
and likelihood of AF recurrence.

4.2 Serum TNC levels and inflammation

The present study significantly correlated TNC levels with
serum hs-CRP. Thus, we considered that inflammation in-
duces TNC elevation. Although triggered activity can cause
AF, even if such a trigger is located in the normal myocardi-
um, the duration of AF would be very short [11].
Inflammation has been associated with AF persistence in

Fig. 3 Tenascin-C in persistent
and paroxysmal atrial fibrillation.
Serum tenascin-C levels in the
RA and the LA significantly dif-
fered between patients with par-
oxysmal and persistent fibrilla-
tion. Data are expressed as means
± standard deviation. p values
were derived using unpaired t
tests. Cont, controls; FA, femoral
artery; LA, left atrium; PAF, par-
oxysmal atrial fibrillation; RA,
right atrium

a

b

Fig. 2 Atrial Size and Pressure.
Bar graphs show left and right
atrial size (A), and left and right
pressure (B) in patients with per-
sistent, paroxysmal AF and con-
trols. Data are expressed as means
± standard deviation. p values
were derived using the paired t
tests. Cont, controls; LA, left
atrium; PAF, paroxysmal AF; RA,
right atrium
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addition to triggered activity [12]. Concentrations of TNC
were higher among our patients with sustained AF, and the
values closely correlated with those of hs-CRP. Thus, we in-
ferred that TNC is also involved in AF prolongation. If pa-
tients with paroxysmal AF and high TNC levels could be
prospectively followed, those who are more likely to progress
towards persistent AF could be identified and ablated early.

4.3 Clinical implications

Values of TNC-LA and TNC-RA might become novel
markers of atrial inflammation and remodeling. If atrial re-
modeling could be prevented by controlling TNC, then AF
might be suppressed occurrence, and the incidence of recur-
rent AF after ablation might be reduced.

4.4 Study limitations

Our patient cohort was small, and we could not examine re-
currence rates after ablation. The possibility of tissue damage
caused by catheterization cannot be ruled out, because the LA
was sampled after the Brockenbrough technique, which might
have caused damage compared with the RA. Since the TNC
concentration was higher in the RA than the FA and correlated
with hs-CRP values, we judged that the influence of direct
tissue damage was slight.

5 Conclusions

Intracardiac (atrial) TNC expression plays an important role in
the development of remodeling processes in the atrium with
AF. Both TNC-LA and TNC-RA might serve as novel
markers of these processes, whereas TNC-FA, ANP, and
BNP cannot.
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