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a b s t r a c t

Background: Whether current proposed biomarkers of myocardial fibrosis (BMFs) actually reflect the
changes in fibrous characteristics of myocardial tissue remains unclear. The relation between peripheral
BMFs and histological myocardial fibrosis in patients with hypertrophic cardiomyopathy (HCM) has been
unknown.
Methods and results: We studied 52 HCM patients who underwent a transaortic extended septal
myectomy. Complete medical history was collected, and related examinations were performed. Echo-
cardiography and cardiovascular magnetic resonance were employed to characterize cardiac morphology
and function. Procollagen type I carboxy-terminal propeptide (PICP), C-terminal telopeptide of type I
collagen (CITP), matrix metalloproteinases (total MMP-2 and total MMP-9), and tissue inhibitor of
metalloproteinase 1 (TIMP-1) levels in both plasma and myocardial tissues were determined and
compared. Myocardial fibrosis was detected with Masson's trichrome staining, and collagen volume
fraction (CVF) was calculated. There was a significant correlation between plasma PICP levels and
myocardial PICP contents (r¼0.382, P¼.007). Besides, plasma PICP (r¼0.332, P¼.020) levels correlated
positively with CVF. In addition, plasma TIMP-1 levels were significantly correlated with myocardial
TIMP-1 contents (r¼0.282, P¼.043). Plasma MMP-2 levels correlated positively with CVF (r¼0.379,
P¼.006). Patients who took calcium channel blockers (CCBs; diltiazem or verapamil) had significantly
lower plasma PICP levels, myocardial PICP content, and CVF in comparison with those who did not take
CCBs.
Conclusions: In patients with HCM, plasma PICP and MMP-2 levels quantitatively reflect myocardial
fibrosis, suggesting that PICP and MMP-2 may be used as reliable BMFs. CCBs may attenuate cardiac
fibrosis in patients with HCM.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Hypertrophic cardiomyopathy (HCM), with a prevalence of
about 1/500 in the general population, is characterized by asym-
metrical left ventricular (LV) hypertrophy, myocyte disarray, and
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fibrosis [1]. In the past years, it has been demonstrated that
myocardial fibrosis contributes to heart failure, ventricular ar-
rhythmias, and cardiac death in HCM [2e4]. Therefore, many
studies have been performed to detect myocardial fibrosis and
improve risk stratification in HCM [5].

Recent literature has suggested that focal myocardial fibrosis in
HCM can be identified using cardiac magnetic resonance imaging
(CMRI) with late gadolinium enhancement (LGE) [6,7]. However,
LGE is unable to visualize diffuse fibrosis due to its limitation of
tissue resolution [8]. Besides, CMRI is very expensive, time
consuming, and not often accessible [9].
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Fig. 1. Working model of myocardial tissue sampling following extended septal
myectomy (Morrow operation). As indicated with blue rings, about 25 mg of tissue was
obtained from each of four sides (proximal, distal, anterior, and posterior) and center of
the excised septal tissue for ELISA assays. Besides, myocardial tissue with size of about
1 cm�1 cm�0.5 cm was taken from proximal, central, and distal part of the excised
tissue (green blocks) for histological analysis.
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Circulating biomarkers are molecules that are objectively and
easily measured by laboratory department in hospital. Therefore,
the search for circulating biomarkers of myocardial fibrosis (BMFs)
has attracted intense interest. To date, a large number of studies
have investigated BMFs that reflect collagen synthesis, such as
procollagen type I carboxy-terminal propeptide (PICP); and
collagen degradation, including C-terminal telopeptide of type I
collagen (CITP) [10,11]. In addition, matrix metalloproteinases
(MMPs) play an important role in collagen degradation [10,12].
MMPs are inhibited by endogenous tissue inhibitors of metal-
loproteinases (TIMPs) [10,13]. Thus, MMPs and TIMPs are also
proposed as potential BMFs. However, findings concerning the role
of these BMFs are conflicting among previous studies. A study
performed by Lombardi et al. showed that serum CITP levels were
elevated in patients with HCM, whereas PICP levels were not
different from those of controls [14]. In contrast, Carolyn Y. Ho et al.
found higher serum PICP levels in HCM patients, while CITP levels
were not elevated [15]. However, few studies have investigated
BMFs content of myocardial tissue [11]. Consequently, there are
scanty data regarding the relationship between BMFs content in
peripheral blood and those in myocardial tissue. Therefore, the
basic question remains as to whether current proposed BMFs
actually reflect the changes in fibrous characteristics of myocardial
tissue [11,16].

In the present study, we aimed to explore peripheral BMFs that
can reflect the BMFs content in myocardial tissue in HCM patients
who underwent extended Morrow procedures. The levels of PICP,
CITP, total MMP-2, total MMP-9, and TIMP-1 in both plasma and
myocardial tissue were determined. The relation between BMFs in
plasma and myocardial tissue was analyzed. These five molecules
were investigated because they might be promising as BMFs ac-
cording to previous studies [10,17]. Furthermore, given that there
are no reports of relation between peripheral BMFs and histological
myocardial collagen volume fraction (CVF) in patients with HCM,
the extent of myocardial fibrosis was also assessed with Masson's
trichrome staining.

2. Methods

2.1. Study population

The protocol of this study was approved by Fuwai Hospital
(Beijing, China) ethics committee and complied with the Declara-
tion of Helsinki. Informed consents were obtained from all
participants.

We studied patients with HCM who underwent a transaortic
extended septal myectomy (Morrow operation) in Fuwai Hospital
from November 2015 to August 2016. The diagnosis of HCM was
based on a maximum LV wall thickness �15 mm (or �13 mmwith
an unequivocal family history of HCM), as measured by echocar-
diography or CMR), in the absence of other cardiac or systemic
diseases capable of producing comparable magnitude of hyper-
trophy [18]. Evaluation of patients included complete medical
history, physical examination, 12-lead electrocardiography, 24-h
ambulatory electrocardiographic monitoring, transthoracic echo-
cardiography, blood examination, CMRI, and coronary angiography.

Patients with coronary artery disease, valvular heart disease,
documented bone or joint disease, connective tissue diseases, in-
flammatory states, post-surgery or trauma (<4 weeks), or perma-
nent mechanical device implantationwere excluded. Finally, a total
of 52 patients with HCM were recruited in the present study.

2.2. Plasma and myocardial tissue sampling

It has been suggested that some BMFs might be released by
platelets or leukocytes after activation [19,20]. Thus, we used
plasma samples instead of serum to measure BMFs in this study.
Venous blood samples of HCM patients were collected 1 h before
surgery in tubes containing EDTA. Samples were subsequently
centrifuged for 15 min at 3000g, and plasma was stored at �80�C
until assay.

Following septal myectomy [21], excised myocardial tissue was
flushed with cold normal saline to remove blood. Then, about
25 mg tissue was obtained from each of four sides (proximal, distal,
anterior, and posterior) and the center of the excised septal tissue
(Fig. 1). The five specimens were mixed together, frozen in liquid
nitrogen, and stored at �80�C for later enzyme-linked immuno-
sorbent assay (ELISA) analysis. Besides, myocardial tissue with a
size of about 1 cm�1 cm�0.5 cmwas taken from proximal, central,
and distal parts of the excised myocardial tissue (Fig. 1) and fixed in
10% buffered formalin. Twenty-four hours later, the three speci-
mens were dehydrated with graded ethanol and embedded in
paraffin. In all tissue samples, endocardium was excluded.

2.3. Determination of biomarkers in plasma and myocardial tissue

All biomarkers were assayed by ELISA. The following assays
were obtained from R&D Systems (Minneapolis, MN, USA): total
MMP-2 (catalog no. MMP200), human MMP-9 (catalog no.
DMP900), and human TIMP-1 (catalog no. DTL100). PICP and CITP
levels weremeasured with assays from Elabscience (Wuhan, China;
catalog no. E-EL-H0196c) and CUSABIO (Wuhan, China; catalog no.
CSB-E10363h), respectively. Biomarkers in plasma were measured
according to the manufacturers' recommendations. For biomarkers
in myocardial tissue, each sample was transferred to a tube, ho-
mogenized in 1-ml lysis buffer, and then centrifuged at 12,000 rpm
for 15 min at 4�C temperature, after which the upper layer was
collected for further analysis. The protein concentration was
determined by BCA protein assay kit (Pierce, Rockford, IL, USA). The
supernatant can be determined directly for MMP-2, MMP-9, TIMP-
1, and ICTP, while a 1:20 dilution was used for PICP assay. The
content of BMF in myocardial tissue was calculated as the ratio of
BMF concentration to protein concentration in the supernatant. In
addition, preliminary experiments showed that lysis buffer used in
the study did not affect ELISA assays.

2.4. Quantitative histological analysis

Myocardial samples in paraffin were sectioned in 5-mm thick-
ness. Then, the sections were stained with Masson's trichrome for
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detection of collagen. Photographs of myocardial sections were
obtained under �40 magnification (Leica Microsystems Imaging
Solutions Ltd., Cambridge, UK). All images were analyzed using a
color image analysis system (Image Pro Plus 6.0; Media Cybernetics
Inc., Silver Spring, MD, USA). Myocardial CVF was calculated as the
ratio of the stained fibrotic area to total myocardial area. A CVF
higher than mean value was defined as severe myocardial fibrosis,
and a CVF not higher than mean value was defined as mild
myocardial fibrosis.

2.5. Echocardiography

Standard transthoracic M-mode, two-dimensional, and pulse-
wave and continuous-wave Doppler images were obtained with an
iE33 Color Doppler Ultrasound System (Philips Healthcare, And-
over, MA, USA). All measurements were analyzed following the
guidelines of the American Society of Echocardiography [22]. The
peak velocity across the left ventricular outflow tract (LVOT) was
measured, and the peak pressure gradient was estimated using the
simplified Bernouilli equation. The presence of LVOT obstruction
was defined as an instantaneous peak Doppler LVOT gradient
�30 mmHg at rest or during physiological provocation, such as
Valsalva maneuver, standing, and exercise.

2.6. Statistical analysis

Continuous variables are expressed as mean±S.D. or median
(interquartile range) according to their normality. Categorical var-
iables are shown as frequencies (percentages). Comparisons of
continuous variables between two groups were assessed using
independent Student's t test or ManneWhitney U test depending
on the distribution of variables. Pearson's correlation test or
Spearman's correlation test was used to examine correlations be-
tween two continuous variables (as appropriate). A two-tailed
Table 1
Baseline characteristics of patients with HCM

Variable HCM patients
(n¼52)

Age, y 45.5±15.0
Male, n (%) 36 (69.2%)
Body mass index, kg/m2 25.2±3.8
Systolic blood pressure, mmHg 117.1±12.6
Diastolic blood pressure, mmHg 71.2±9.0
Heart rate, beats/min 73.0±9.5
Dyspnea, n (%) 48 (92.3%)
Angina, n (%) 17 (32.7%)
Syncope, n (%) 10 (19.2%)
Atrial fibrillation, n (%) 6 (11.5%)
Hypertension, n (%) 8 (15.4%)
Diabetes mellitus, n (%) 3 (5.8%)
Medications, n (%)
b-Blockers 36 (69.2%)

CCBs 23 (44.2%)
ACEI/ARB 2 (3.8%)
Amiodarone 0 (0%)
Statins 4 (7.7%)
Diuretics 4 (7.7%)
Echocardiography data
Septal wall thickness (mm) 23.3±5.4
LV end-diastolic diameter (mm) 42.1±5.6
Left atrium diameter (mm) 41.5±7.9
Pulmonary artery diameter (mm) 23.5±3.3
LV ejection fraction (%) 69.3±5.3
LVOT obstruction 52 (100%)
Systolic anterior motion 50 (96.2%)
LVOT gradient at rest (mmHg) 87.1±37.8

Mitral regurgitation 50 (96.2%)

Data are expressed as mean±S.D. or number (percentage). ACEI, angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker.
P value <.05 was considered as statistically significant. Statistical
analysis was performed with SPSS version 19.0 software (SPSS Inc.,
Chicago, IL, USA).
3. Results

3.1. Baseline characteristics

Demographic and clinical baseline characteristics of the study
population are presented in Table 1. There were 52 HCM patients,
and 36 (69.2%) of them were male. The mean age of the patients
was 45.5±15.0 years (range 8e68). Most of patients (92.3%) had
dyspnea. Angina was present in 17 (32.7%) patients, and 10 (19.2%)
of them experienced syncope. Eight (15.4%) patients with HCM had
systemic hypertension. However, the hypertension could not
explain their magnitude of hypertrophy. b-Blockers were taken in
36 (69.2%) patients and calcium channel blockers (CCBs) in 23
(44.2%).

Echocardiography data showed that the septal wall thickness of
HCM patients was 23.3±5.4 mm and the left atrium diameter was
41.5±7.9. All HCM patients had LVOTobstruction, and LVOTgradient
at rest was 87.1±37.8 mmHg. Fifty (96.2%) of patients had mitral
regurgitation. These data indicate that HCM patients in our study
suffered from severe LV hypertrophy and LVOT obstruction.
3.2. Relation between concentration of plasma BMFs and content of
myocardial BMFs

Concentration of plasma BMFs and content of myocardial BMFs
of patients with HCM are summarized in Table 2. There was a sig-
nificant correlation between plasma PICP levels and myocardial
PICP content (r¼0.382, P¼.007; Fig. 2A). Plasma TIMP-1 levels were
also correlated with myocardial TIMP-1 content (r¼0.282, P¼.043).
However, the levels of plasma CITP, MMP-2, and MMP-9 were not
significantly correlated with those of myocardial tissues.

It has been reported that peripheral BMF levels might correlated
with each other [14]. Therefore, correlations between plasma BMF
levels in patients with HCM were studied. Plasma MMP-9 levels
were found to be significantly related to TIMP-1levels (r¼0.381,
P¼.006; Table 1 in the Supplemental Data).
3.3. Correlation between plasma BMF levels and CVF

Histological analysis of CVF was detected with Masson's tri-
chrome staining to study relation between plasma BMF levels and
myocardial fibrosis (Table 3). Several studies have revealed that
interstitial fibrosis is the main type of myocardial fibrosis in HCM.
And interstitial fibrosis was also predominant in the hematoxylin
and eosin images in the present study (Fig. 3). Plasma PICP
(r¼0.332, P¼.020; Fig. 2 B) and MMP-2 (r¼0.379, P¼.006) levels
Table 2
Correlations between concentration of plasma BMFs and content of myocardial
BMFs

Variable Concentration of
BMF in plasma

Content of BMF in
myocardial tissue

r P

PICP 525.3±138.7 ng/ml 12.5±4.7 ng/mg tissue 0.382 .007
CITP 1035.5 (611.7

e1773.7) ng/ml
90.1 (60.0e117.5) ng/mg
tissue

0.170 .228

MMP-2 214.5±63.4 pg/ml 74.8±20.7 pg/mg tissue �0.086 .550
MMP-9 88.9 (53.2e129.4)

ng/ml
1414.0 (1071.5e2234.0)
pg/mg tissue

0.181 .199

TIMP-1 60.6±15.9 ng/ml 487.8±273.6 pg/mg tissue 0.282 .043

Data are expressed as mean±S.D. or median (interquartile range).



Fig. 2. Correlation between plasma PICP levels and myocardial PICP contents (A) and CVF (B) in HCM patients.
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correlated positively with CVF, whereas plasma CITP, MMP-9, and
TIMP-1 were nonsignificantly correlated with CVF.

Receiver operating characteristic (ROC) curve analysis was per-
formed to evaluate plasma PICP levels for predicting severe
myocardial fibrosis (Fig. 4). Based on ROC curve analysis, the
optimal cutoff value of plasma to predict severe myocardial fibrosis
was 529.5 ng/ml, with a sensitivity of 72% and specificity of 65%
(area under curve¼0.71, 95% confidence interval: 0.56e0.85,
P¼.012). Then, we analyzed the clinical characteristics between
patients with severe fibrosis and patients with mild fibrosis. We
found that there were no significant differences of clinical charac-
teristics between the two groups, such as age, body mass index
(BMI), systolic blood pressure, diastolic blood pressure, septal wall
thickness, LV ejection fraction, left ventricular end-diastolic diam-
eter, LVOT gradient at rest, the presence of male patients, dyspnea,
angina, using b-blockers, and using CCBs. Of note, patients with
mild fibrosis had a tendency of taking CCBs more frequently (54.8%
vs. 28.6%, P¼.089), which is in line with the latter finding that pa-
tients who took CCBs had significantly lower myocardial CVF.

3.4. Relation between plasma BMFs levels and LGE

Several studies have shown that LGE on CMRI in patients with
HCM is associatedwithmyocardial fibrosis [6]. Forty-eight of the 52
patients in the present study received CMRI assessment, and 41
(85.4%) of themhad LGE. Themass ofmyocardiumwith LGE (LGEm)
was measured, and the LGE fraction (LGEf) was calculated. We
found that LGEm (r¼0.512, P¼.001) and LGEf (r¼0.525, P<.001)
were positively correlated with CVF. In addition, plasma levels of
MMP-2 correlated positively with LGEm (r¼0.463, P¼.003) and
LGEf (r¼0.413, P¼.008).

3.5. Relation between plasma BMF levels and clinical characteristics

Previous studies have indicated that some peripheral BMF levels
are related to clinical characteristics [23]. Thus, we analyzed the
Table 3
Correlations between plasma BMF levels and histopathological CVF of
myocardial tissue from patients with HCM

Variable r P

PICP 0.332 .020
CITP 0.025 .860
MMP-2 0.379 .006
MMP-9 0.178 .208
TIMP-1 0.008 .958
relation between plasma BMF levels and clinical characteristics,
including CMRI parameters. As shown in Table 4, plasma MMP-9
levels correlated inversely with age (r¼�0.332, P¼.017), and CITP
correlated positively with BMI (r¼0.409, P¼.004). Interestingly, we
observed that patients who took CCBs (diltiazem or verapamil) had
significantly lower plasma PICP levels (476.9±145.9 vs,
564.8±121.3, P¼.026), myocardial PICP content (11.1±4.7 vs.
13.8±4.4, P¼.043), and CVF (5.7%±3.8% vs. 9.9%±7.6%, P¼.022) in
comparison with those who did not take CCBs (Fig. 5), indicating
that CCBs may relieve cardiac fibrosis in patients with HCM. In
contrast, b-blockers did not have significant effect on BMFs of the
studied population.

4. Discussion

To the best of our knowledge, this is the first study to compare
peripheral BMF levels with myocardial BMF content and also the
first study to compare peripheral BMF levels with CVF in patients
with HCM. We found that plasma PICP levels were significantly
correlated with myocardial PICP content and histological CVF.
PlasmaMMP-2was positively correlated with CVF, LGEm, and LGEr.
CCBs may relieve cardiac fibrosis in patients with HCM.

It is well established that myocardial fibrosis is one of main
pathological features of HCM [24]. Previous studies based on CMRI
have revealed that more than 60% of HCM patients had LGE, which
indicates overt focal fibrosis [2,6,25]. Considering that diffuse
myocardial fibrosis is not well detected by LGE [26], there are
actually more HCM patients who had myocardial fibrosis. Previous
literature has demonstrated that myocardial fibrosis is an impor-
tant predictor of adverse cardiovascular events, including ventric-
ular tachycardia or ventricular fibrillation, sudden cardiac death,
and heart failure [27]. As such, it is pivotal to assess myocardial
fibrosis for risk stratification in HCM patients. Although CMRI is
being developed to detect myocardial fibrosis, it is obvious that
biomarkers in peripheral blood are far easier to be quantitatively
measured.

Most of studied BMFs are molecules involved in collagen syn-
thesis and degradation [13]. As direct products of collagen meta-
bolism, PICP and CITP have attracted lots of attention. PICP and CITP
are cleavages during type I collagen synthesis and degradation,
respectively [10]. Thus, it seems likely that PICP levels would be
increased and CITP levels might be decreased in HCM patients.
Carolyn Y. Ho et al. reported that serum PICP levels were signifi-
cantly higher in HCM patients and their “healthy” relatives with
positive mutation in comparison with control subjects [15]. How-
ever, there was a drawback that the control population was much



Fig. 3. Representative micrographs of Masson's trichrome-stained sections of myocardial tissues from two HCM patients with nonsevere myocardial fibrosis (A) and severe
myocardial fibrosis (B). Blue parts represent collagen.
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younger than the HCM patients in their study. And they found no
differences in serum CITP levels between the HCM patients and the
control subjects. In contrast, Lombardi et al. reported that serum
PICP levels in HCM patients were not significantly different from
those in control subjects [14]. Besides, they found that CITP levels
were elevated in HCM patients. Therefore, the role of PICP and CITP
in cardiac fibrosis of HCM is far from being defined. Furthermore,
little is known about the correlation between peripheral BMF levels
and myocardial CVF in patients with HCM. In a study of patients
with systematic hypertension, authors observed that serum PICP
levels correlated significantly withmyocardial CVF [28]. In contrast,
Rubis et al. studied 70 patients with dilated cardiomyopathy and
found no single serum BMF correlated with CVF [29]. Here, we
found that plasma PICP levels were significantly correlated with
myocardial CVF in HCM patients. Ram�on Querejeta et al. reported
that the heart is the main source of circulating PICP in patents with
hypertensive heart disease [30]. Consistently, we observed that
plasma PICP levels correlated significantly with PICP contents of
myocardial tissue. Taken together with previous studies, our data
Fig. 4. ROC curves of plasma PICP levels for predicting severe myocardial fibrosis. AUC
indicates area under ROC curve.
suggest that peripheral PICP could be used as a reliable marker for
myocardial fibrosis in patients with HCM.

MMPs are zinc-dependent endopeptidases that play an impor-
tant role in degrading various collagens [10,11]. MMP activity can be
inhibited by a family of molecules known as endogenous TIMPs
[10,31]. Several studies have exploredMMPs and TIMPs as potential
BMFs. The study by Lombardi et al. showed that serum activeMMP-
2, MMP-9, and TIMP-1 levels were significantly higher in HCM
patients [14]. However, Carolyn Y. Ho et al. found no difference in
serum TIMP-1 levels between HCM patients and control subjects
[15]. In a study of hypertensive patients, authors found that pa-
tients with diastolic heart failure had elevated active MMP-2 and
MMP-9, whereas TIMP-1 was not significantly different between
groups [32]. Collectively, peripheral MMP-2 and MMP-9 levels
seemed higher in HCM patients but not consistent in other car-
diovascular diseases. The role of TIMP-1 levels has not been well
defined in detecting myocardial fibrosis. Besides, data concerning
association of these potential BMF with their content in myocardial
tissue and CVF are lacking [17]. In this study, we observed that
plasma MMP-9 levels were not correlated with myocardial MMP-9
content or CVF, suggesting that peripheral levels of MMP-9 might
not reflect myocardial MMP-9 content or cardiac fibrosis. In fact,
this finding may be reinforced by a study by Kaye et al., who
revealed that arterial MMP-9 and TIMP-1 levels were both not
significantly different between patients with advanced heart failure
and controls [33]. Furthermore, the present study revealed that
Table 4
Correlations of plasma BMF with clinical and cardiac morphological characteristics
in HCM patients

PICP CITP MMP-2 MMP-9 TIMP-1

Age 0.115 �0.002 �0.115 �0.332* 0.063
BMI 0.053 0.409** 0.035 �0.009 �0.239
Maximum wall thickness 0.057 �0.061 0.121 0.332* �0.186
LV mass index 0.046 �0.181 0.187 0.219 �0.108
Left atrium diameter 0.198 �0.089 �0.188 0.089 �0.023
LV ejection fraction 0.013 �0.086 0.138 �0.147 �0.116
Cardiac index 0.198 0.063 0.040 �0.103 �0.216

* P<.05.
** P<.01.



Fig. 5. HCM patients who took CCBs (diltiazem or verapamil) had significantly lower plasma PICP levels (A), myocardial PICP content (B), and CVF (C) in comparison with those who
did not take CCBs (non-CCB).
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plasma TIMP-1 levels correlated significantly with myocardial
TIMP-1content but not with CVF. These findings indicate that pe-
ripheral TIMP-1 levels may reflect TIMP-1 content in myocardial
tissue, but they are not suitable as a BMF.

In the present investigation, although plasma MMP-2 levels in
HCM patients were not significantly correlated with myocardial
MMP-2 content, they did correlate significantly with myocardial
CVF. In addition, plasma MMP-2 levels correlated positively with
LGEm and LGEf, whichmay reflect focal fibrosis in the myocardium.
Currently, scant information is available in the literature about the
direct relationship between peripheral MMP-2 and myocardial CVF
[10]. Our study raises the possibility that MMP-2 may be a potential
biomarker of focal fibrous in the heart of patients with HCM.

Several studies have explored the effect of CCBs on prevention
and treatment of HCM. The study by Christopher Semsarian
demonstrated that early use of diltiazem could prevent cardiac
fibrosis in a mouse model of HCM [34]. Another investigation in
mice model of HCM showed that pretreatment with diltiazem
could prevent diastolic heart failure [35]. Besides, a pilot random-
ized trial found that preclinical administration of diltiazem may
improve diastolic function of LV in HCM [36]. It is well known that
cardiac fibrosis is one of the physiopathological mechanisms that
lead to diastolic heart failure [32]. In line with previous study, our
data suggest that CCBs may attenuate cardiac fibrosis in patients
with HCM. Therefore, the efficacy of CCBs treatment in attenuating
cardiac fibrosis of HCM merits further exploration in larger trials.

It has been reported that LGE on CMR could detect focal fibrosis
in the myocardium [6]. The current study also observed that LGEm
and LGEf correlated positively with CVF. Furthermore, their corre-
lation coefficients were greater than that of PICP with CVF. These
results are not surprising given that all the studied myocardial
tissues were taken from the left septum, where LGE is usually
observed in HCM. In contrast, plasma PICP may reflect global car-
diac fibrosis better.

5. Limitations

This study has some limitations that warrant discussion. First, all
the myocardial tissues analyzed were taken from the left septum.
Thus, myocardial BMF content and CVF of the free wall were not
included. Second, our measurements of MMP levels, as performed
in the majority of studies, reflect the total MMP content rather than
activity; that is, it is possible that our data did not reveal myocardial
MMP activity. Third, the BMFs were determined only at one time
point. It will be intriguing to investigate BMFs at different time
points to elucidate dynamic process of myocardial fibrosis in
experimental studies. Finally, some other potential BMFs, particu-
larly procollagen type I amino-terminal propeptide (PINP) and
procollagen type III amino-terminal propeptide (PIIINP), were not
investigated in this study. However, previous studies have sug-
gested that peripheral PINP and PIIINP levels might give an unre-
liable value as they are not always cleaved during collagen
synthesis [10,37].

6. Conclusions

In patients with HCM, plasma PICP quantitatively reflects
myocardial PICP content and fibrosis, suggesting that PICP could be
used as a BMF. Correlating positively with CVF and the mass of LGE
and LGE fraction, plasma MMP-2 may also be a potential BMF in
patients with HCM. CCBs may attenuate cardiac fibrosis in patients
with HCM.

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.carpath.2019.107150.

� Plasma MMP-2 may be a potential biomarker of focal fibrosis in
the heart of patients with HCM.

� Calcium channel blockers may attenuate cardiac fibrosis in pa-
tients with HCM.
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