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Endothelial-to-mesenchymal transition in human
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Abstract. Dilated cardiomyopathy (DCM) is characterized
by left ventricular dilation and cardiac fibrosis. Emerging
evidence indicated that endothelial-to-mesenchymal transition
(Endo-MT) is a crucial event during organ fibrosis. This study
was performed to clarify whether Endo-MT contributed to the
progression of cardiac fibrosis in DCM. Cardiac samples from
patients with DCM and control were obtained. The presence
of endothelial markers, cluster of differentiation (CD)31
and vascular endothelial (VE)-cadherin, and mesenchymal
markers, a smooth muscle actin (SMA) and fibroblast-specific
protein 1 (FSP1) was performed using immunohistochemistry.
Co-localization of endothelial markers and mesenchymal
markers were identified using confocal immunofluorescence
staining. Serum procollagen type I carboxy-terminal
propeptide (PICP) and procollagen type III amino-terminal
propeptide (PIIINP) were measured by ELISA. Protein
levels of Wnt, B-catenin and Snail were determined
using western blot analysis. Immunohistochemistry and
double-immunofluorescence staining demonstrated that the
expression of CD31 and VE-cadherin were significantly
decreased in DCM samples, whereas the FSP-1, and aSMA
were significantly increased. CD31 and VE-cadherin labeling
indexes were respectively negatively correlated with left
ventricular end-diastolic diameter (LVEDD) (CD31 r=-0.82,
P<0.01; VE-cadherin r=-0.73, P<0.01), while FSP-1 and aSMA
were positively associated with LVEDD (aSMA r=0.65,P<0.01,
FSP1 r=0.53, P<0.01) and left ventricular ejection fraction
(aSMA r=-0.18, P<0.05; FSP1 r=-0.21, P<0.05). Furthermore,
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PICP and PIIINP levels were positively associated with the
co-expression labeling indexes (CD31/SMA co-labeling index
and PICP r=0.727, P<0.01; CD31/SMA co-labeling index and
PIIINP r=0.741, P<0.01; VE-Cadherin/FSP-1 co-labeling
index and PICP r=0.716, P<0.01; VE-cadherin/FSP-1
co-labeling index and PIIINP r=0.648, P<0.05). Western blot
analysis indicated that proteins levels of Wnt signaling and
snail were significantly increased in DCM samples. These
results suggested that Endo-MT is potentially implicated in
the pathogenesis of myocardial fibrosis and remodeling during
the development of DCM, indicating a potential therapeutic
target for DCM treatment.

Introduction

Dilated cardiomyopathy (DCM) is the third most common
cause of heart failure, which is characterized by ventricular
chamber enlargement and systolic dysfunction (1). Myocardial
fibrosis is a pathological entity of extracellular matrix remod-
eling, often leading to increased myocardial stiffness, which
may promote cardiac dysfunction (2). Both reactive (interstitial
and perivascular) fibrosis and reparative (replacement) fibrosis
are found in DCM, indicating that inflammation and microvas-
cular injuries were involved in the disease process (3). Cardiac
fibrosis is associated with an adverse prognosis and impaired
response to therapeutic interventions in selected groups of
patients with DCM (4), indicating that anti-fibrotic therapies
might be useful in improving cardiac function of the diseased
heart. However, it was limited by an indistinct understanding
of the origin of fibroblasts in the heart.

Fibroblasts are regarded as a predominant cellular medi-
ator of fibrosis in the heart, which play an important role in
regulating normal cardiac function and adverse myocardial
remodeling (5). A subset of cardiac fibroblasts is of endothelial
origin via a cellular transition which is referred to as endo-
thelial-to-mesenchymal transition (Endo-MT) (6). Endo-MT
is a process by which endothelial cells disaggregate, change
shapes and migrate into the surrounding tissue, accompanied
by loss of endothelial cell markers like CD31 and vascular
endothelial cadherin (VE-cadherin), and up-regulation of
mesenchymal markers like smooth muscle actin (aSMA) and
fibroblast specific protein-1 (FSP1). It was first described in
embryonic heart development, where endocardium cells loss
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its expression and become the mesenchymal cells that form the
matrix of atrioventricular cushion and give rise to cardiac valve
and septa (7). A plethora of evidence indicated that Endo-MT
mediated the development of fibrosis in multiple diseases,
including cardiac infarction (8), hyperglycemia (9-10), chronic
pulmonary hypertension (11), tumor progression (12-13) and
kidney injury (14). Compelling evidence reveal that endothelial
cells, as a subset origin of cardiac fibroblasts, were involved in
the progression of cardiac fibrosis via Endo-MT (6).

Given that endothelial cells were reported to contribute
to pool of organ myofibroblasts, Endo-MT was investigated
to explore its potential role in the progression of DCM in the
present study.

Materials and methods

Patient population. Forty consecutive patients with
idiopathic dilated cardiomyopathy with heart failure (mean
age 50.3+11.6 years, 30 M/10F) were recruited for the study.
Patients with abnormal renal and hepatic functions were
excluded, as endothelial functions were affected by renal and
liver diseases. Patients with ischemic cardiomyopathy were not
included in the study to eliminate other possible concomitant
factors in the endothelial dysfunction of cardiac tissue. Left
ventricular samples were obtained from these DCM patients
for heart transplantation. Control heart samples were collected
at forensic autopsy of road traffic accident fatality from ten
persons of corresponding to age and sex (7 males and 3 females,
mean age 42.7+20.5y), excluding cardiovascular, liver and
kidney diseases. The present study conformed to the principles
outlined in the Declaration of Helsinki and procurement of
tissue for research. The study protocol was approved by the
Ethic Committee of Zhongshan Hospital affiliated to Fudan
University.

Histopathological analysis. The excised heart specimens were
fixed with 10% phosphate buffered solution (PBS) formalin and
embedded in paraffin. Sections (4-um-thick) were stained with
hematoxylin-eosin (HE) for the measurement of the myofibrils
distribution. Deposition of collagen was analyzed by Sirius
Red staining (SR). Each sample slice was photographed (HE
x200 magnification; SR x40 magnification) under the micro-
scope (Olympus BX51; Olympus, Tokyo, Japan). All photos
were analyzed with image-Pro Plus 6.0 analyzing software
(Media Cybernetics, Bethesda, MD, USA) by computer.

Detection of serum procollagen type I carboxy-terminal
propeptide (PICP) and procollagen type Il amino-terminal
propeptide (PIIINP). PICP and PIIINP were measured from
blood samples collected from DCM patients before surgery
and healthy subjects. All samples were centrifuged immedi-
ately at 2,000 rpm for 10 min and store at -70°C until assay.
PICP and PIIINP were measured by enzymelinked immu-
nosorbent assay (ELISA) (E90570Hu and E90963Hu; USCN
Life Sciences Inc., China).

Immunohistochemistry. Cardiac specimens were fixed with
10% PBS formalin, and 4-um-thick paraffin-embedded tissue
sections were prepared. Immunostaining was performed using
primary antibodies against FSP-1 (ab27957, rabbit polyclonal,
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Abcam, Cambridge, UK), aSMA (ab5694, rabbit polyclonal;
Abcam), CD31 (ab24950, mouse polyclonal; Abcam),
VE-cadherin (ab7047, mouse polyclonal; Abcam) according to
standard protocols. To block the activity of endogenous peroxi-
dase, sections were immersed in 0.3% hydrogen peroxidase in
methanol for 20 min at room temperature. After pretreatment
with blocking goat serum, sections were incubated overnight
at 4°C with individual primary antibodies as FSP (1:100),
aSMA (1:100) CD31 (1:1,000) and VE-cadherin (1:50). Then
sections were incubated with secondary antibodies conjugated
to peroxidase-labeled polymer, and then were washed and
developed using diaminobenzidine (DAB) as the chromogen.
Brown yellow staining of cytoplasmic membrane was consid-
ered positive binding. Semi-quantitative assessment of overall
positive area was performed on randomly chosen high-power
fields (HPF) in each section with a Leica-Qwin multipurpose
color image processor (Leica, Germany).

Double immunofluorescence staining. The co-expression of
endothelial markers and mesenchymal markers were detected
using confocal fluorescence microscopy. Frozen cardiac
sections were cut into 5 ym thick sections, fixed in phos-
phate-buffered paraformaldehyde (PFA) at room temperature
for 30 min, and then permeabilised with 1% Triton X-100
in PBS for 5 min. After treated with 5% BSA for 1 h, the
tissues were then incubated with two primary antibodies at
4°C overnight. The primary antibodys were aSMA (ab5694,
rabbit polyclonal; Abcam) and CD31 antibody (ab24950,
mouse polyclonal; Abcam), as well as FSP-1 (ab27957, rabbit
polyclonal; Abcam) and VE-cadherin antibody (ab7047,
mouse polyclonal; Abcam). Tissues were incubated with a
mixture of two secondary antibodies that had been raised in
different species and conjugated to different fluochromes (i.e.,
rhod red-conjugated goat-anti-rabbit and FITC-conjugated
goat-anti-mouse; Jackson ImmunoResearch Labs, West Grove,
PA, USA), in 1% BSA for 1 h at room temperature in the dark,
normal rabbit IgG was used for control. After the nuclei were
stained with DAPI, slides were mounted with mounted with
Mowiol antifade reagent (Sigma-Aldrich, St. Louis, MO,
USA). Confocal images were captured using Leica TCS-SP5
laser-scanning confocal microscope. Digital images were
analyzed with LAS AF software.

Western blot analysis. Western blot analysis was performed
as previously described. Briefly, tissues were homogenized
in RIPA lysis buffer supplemented with a protease and phos-
phatase inhibitor cocktail (1:100; Thermo Fisher Scientific,
Waltham, MA, USA). Protein samples were separated by
10~12% SDS-PAGE and transferred to polyvinylidense
difluoride membrane (0.22 yM, Immobilin-P, Millipore,
Billerica, MA, USA). Membranes were incubated with primary
antibodies specific for Wnt (BS1777, Rabbit polyclonal,
1:500; Bioworld Technology, Inc., St. Louis Park, MN, USA),
[B-catenin (BS3730, Rabbit polyclonal, 1:500; Bioworld), and
snail (BS1853, Rabbit polyclonal, 1:500; Bioworld), followed by
incubation with horseradish peroxidase-conjugated secondary
antibodies. Proteins were visualized using the Supersignal West
Pico Chemiluminescence detection system (Pierce Chemical
Co., Rockford, IL, USA). The arbitrary units were normalized
to GAPDH and expressed as fold induction over control values.
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Statistical analysis. Data were expressed as the mean + SEM.
Statistical significance was determined using the Student t test
and the Pearson correlation test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Clinical characteristics of the study subjects. Clinical
and echocardiographic features of patient population were
summarized in Table I. Cardiac enlargement and impaired
cardiac dysfunction were observed in DCM patients (mean
LA chamber: 44+9 mm; LVEDD 65.8+9.7 mm; LVEF
28.5+8.3%; BNP 780.4+308.9 pg/ml). Most patients had
premature ventricular contractions, among which five
patients were implanted with pacemaker (ICD, implantable
cardioverter-defibrillator) and two patients had both atrial
fibrillation and premature ventricular beat. Over 80% patients
were treated with f-blockers, whereas only 32.5% patients
with ACE inhibitors and 47.5% patients with ARB.

Histopathological features and serum PICP and PIIINP
levels. HE staining revealed moderate-to-severe myofibrils
disarrangement, myocytes degeneration, interstitial vacuoliza-
tion and replacement of fibrosis with or without inflammatory
infiltrates in myocardial tissue samples of DCM patients. It was
observed that interstitial fibrosis was markedly increased in
pathologic cardiac samples after Sirius red staining (Fig. 1A).

PIIINP is an extension peptide of procollagen type
II1, which is cleaved off during conversion from type III
procollagen to type III collagen. Elevated serum PIIINP
is believed to reflect enhanced collagen turnover. In the
present study, serum concentration of PICP was higher in
DCM patients than in the healthy persons (mean value:
37.66 pg/ml vs. 32.03 pg/ml, P<0.05). Moreover, the PIIINP
level was significantly increased compared to healthy group
(mean value: 85.95 pg/ml vs. 60.06 pg/ml, P<0.01) (Fig. 1B).
The concentrations of serum PICP and PIIINP represent the
synthesis of type I and III myocardial collagen respectively.
The higher serum PICP and PIIINP levels of DCM group
indicated increasing collagen production, which was consistent
with the pathologic results.

Endo-MT in DCM. Sections of 40 patients and 10 donors were
stained respectively with endothelial markers and mesenchymal
markers. In agreement with previous studies (6,9,10), CD31
and VE-cadherin were used as markers of endothelial cells,
and FSP-1 and aSMA were used as markers of myofibroblasts
cells in this study. Immunohistochemistry staining depicted
that the expression of CD31 and VE-cadherin was significantly
decreased in the DCM samples, compared with control
(Fig. 2A). It was also found that no FSP-1-positive staining
cells were detected in cardiac microvascular endothelial cells
of normal healthy samples, whereas increased FSP-1-positive
cells were found in the cardiac micrangium wall of DCM
(Fig. 2A, P<0.01). Similar results were observed using aSMA
staining (Fig. 2A, P<0.01). Moreover, immunohistochemistry
was performed for CD31, VE-cadherin, FSP-1 and aSMA.
Compared with control, semiquantitative analysis indicated
that the CD31 and VE-cadherin labeling indexes were
significantly decreased in DCM samples (CD31, P<0.01;
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VE-cadherin, P<0.01), whereas the FSP-1 and aSMA labeling
indexes were significantly increased (Fig. 2B, P<0.01).

To further delineate Endo-MT, co-localization of endo-
thelial markers and mesenchymal markers was analyzed
using double immunofluorescence staining. An analysis of
aSMA/CD31 and FSP-1/VE-cadherin demonstrated that some
cells acquired both endothelial and mesenchymal markers,
which occurred exclusively in cardiac sections of DCM
patients, whereas no such cells was detected in normal cardiac
samples (Fig. 3).

Correlation between Endo-MT and cardiac function indexes.
As depicted in Fig. 4, CD31 and VE-cadherin immunestaining
labeling indexes were respectively negatively correlated
with left ventricular end-diastolic diameter (Fig. 4A, CD31
r=-0.82, P<0.01; VE-cadherin r=-0.73, P<0.01), while FSP-1
and aSMA immunestaining labeling indexes were posi-
tively associated with left ventricular chamber enlargement
(Fig. 4B, aSMA r=0.65, P<0.01, FSP1 r=0.53, P<0.01) and
left ventricular ejection fraction (Fig. 4D, aSMA r=-0.18,
P<0.05; FSP1 r=-0.21, P<0.05). However, neither CD31 nor
VE-cadherin had statistically significant correlation with
left ventricular ejection fraction (Fig. 4C). Moreover, neither
left ventricular posterior wall (LVPW) nor intervetricular
septum (IS) had statistically significant correlation with the
CD31 or VE-cadherin indexes.

In addition, similar semiquantitative analysis was also
performed forco-localization of endothelial markers and mesen-
chymal markers; and the CD31/SMA and VE-cadherin/FSP-1
co-labeling indexes were indentified. The fibroblasts coex-
pressed both the VE-cadherin and the FSP1 varied from 16 to
39%, while the CD31/SMA co-localization index was 20-46%.
As depicted in Fig. 5, both circulating PICP and PITIINP levels
were positively related with the co-expression labeling indexes
(Fig. 5A: CD31/SMA co-labeling index and PICP r=0.727,
P<0.01; Fig. 5B: CD31/SMA co-labeling index and PIIINP
r=0.741, P<0.01; Fig. 5C: CD31/SMA co-labeling index and
PICP r=0.727, P<0.01; VE-Cadherin/FSP-1 co-labeling index
and PICP r=0.716, P<0.01; Fig. 5D: VE-cadherin/FSP-1
co-labeling index and PIIINP r=0.648, P<0.05). These
results indicated that Endo-MT was probably associated with
myocardial fibrosis and remodeling in the development of
DCM.

Elevation of canonical Wnt signaling family members.
Canonical Wnt/B-catenin signaling pathway is an important
regulatory mechanism in embryonic cardiac progress (15,16).
To identify signaling pathway and transcription factors that
interact with the Endo-MT in human samples, we evaluated
the Wnt signaling pathway and transcription factor snail. In
this study, western blot analysis depicted that protein levels
of Wnt and B-catenin were hardly detected in normal heart
controls. However, these proteins were significantly increased
in DCM samples compared with control (Fig. 6), suggesting
that canonical Wnt/B-catenin pathway was activated in DCM
samples. Snail is well known for its capability to trigger
Endo-MT. Our results demonstrated that snail was significantly
elevated in DCM samples compared with control, suggesting
that snail probably participated in the regulation of Endo-MT
for mesenchymal markers induction.
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Table I. Characteristic of patient population (DCM, n=40).

Age (years) 50.3+11.6 Sex (M/F) 30/10
NYHA class (%) Atrial fibrillation, n (%) 8 (25)
I 0(0) Premature ventricular contractions, n (%) 36 (90)
11 0(0) Atrioventricular block, n (%) 3(7.5)
11T 26 (65) Pacemaker implantation, n (%) 5(12.5)
v 14 (35) Drug, n (%)
Echo results [-blockers 32 (80)
left atrium (mm) 4449 ACE inhibitors 13 (32.5)
LV end-diastolic diameter (mm) 65.849.7 ARBs 19 (47.5)
LV end-systolic diameter (mm) 49+10.2 CCBs 14 (35)
LV ejection fraction (%) 28.5+8.3 Digoxin 23 (57.5)
LV posterior wall (mm) 8.52+0.76 Diuretics 30 (75)
Intervetricular septum (mm) 8.75+0.94 BNP (pg/ml) 780.4+308.9
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Figure 1. Cardiac fibrosis and remodeling in recruit patients: (A) Pathological
features of enrolled sample: Increased amount of interstitial fibrosis was
observed in DCM samples comparing control as indicated by HE and Sirius
Red staining. (B) Serum PICP and (C) PIIIINP levels were significantly
increased in DCM patient comparing control (P<0.05).

Discussion

The salient findings of this study indicated that Endo-MT
might contribute to myofibroblasts recruitment in human
DCM, characterized by decreased endothelial markers and

increased mesenchymal markers. These markers also were
correlated with cardiac function indexes and circulating levels
of collagen I and IIT peptides. Moreover, our data revealed that
canonical Wnt signaling pathway was involved in Endo-MT
during the development of DCM.

Endo-MT was characterized by loss of endothelial cell
markers and up-regulation of mesenchymal markers. It is
now clear that the Endo-MT can also postnatally occur in
various pathological settings, including cardiac fibrosis.
Cardiac fibrosis and myocardial remodeling was the impor-
tant pathologic features of DCM. However, the mechanism
of cardiac remodeling has not been previously addressed. In
this study, our results revealed co-expression of endothelial
markers and mesenchymal markers in DCM cardiac samples,
indicating that the accumulation of myofibroblasts originated
from endothelial cells was probably implicated in myocardial
fibrosis in DCM. Intriguingly, we found that both endothelial
and mesenchymal markers were strongly correlated with left
ventricular chamber diameter, whereas only mesenchymal
markers indexes had their low correlation with LVEF.

The rate of extracellular synthesis of collagen type
I can be assessed by measuring the serum concentra-
tion of PICP, which was formed during the extracellular
processing of procollagen type I before collagen molecules
form fibers. Moreover, PIIINP was formed during the
extracellular conversion of procollagen type III into mature
fibril-forming collagen type III. The predominance of the
synthesis of collagen types I and III over their degradation
results in the accumulation within the myocardium of an
excess of collagen type I and type III fibers that characterizes
fibrosis (17). As a marker of collagen type I synthesis, serum
PICP was regarded as a marker of myocardial fibrosis in
hypertensive heart disease (18). In this study, our result indi-
cated that serum PICP and PIIINP was significantly elevated
in DCM patients. Moreover, co-expression labeling indexes
were respectively closely associated with PCIP and PIITINP,
which respectively presented collagen I and III synthesis
and indicated increasing collagen production. These results
indicated that increased serum PICP and PIIINP was prob-
ably associated with Endo-MT induced cardiac fibrosis in
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Figure 2. (A) Representative image and (B) immunostaining of endothelial and mesenchymal markers in both normal and pathologic cardiac sections:
Compared with control, the expression of aSMA and FSP1 was increased in DCM specimen, whereas expression of CD31 and VE-cadherin was reduced
(P<0.05).

DCM

VE-cadherin

VE-cadherin

Normal

Figure 3. Co-localization of endothelial and mesenchumal markers in human cardiac samples: Double inmmunofluorescence staining of CD31 and aSMA, and
VE-cadherin and FSP1 was performed for normal heart and DCM cardiac samples. The expression of CD31 and VE-cadherin were colored with green, and
the expression of aSMA and FSP1 were colored with red. Nuclei were stained with 4'6-diamidino-2-phenylindole (DAPI). Coexpression of CD31 and aSMA
was observed in cardiac endothelial cells of DCM, as well as VE-cadherin and FSP1.

DCM. Together, our results suggested that Endo-MT was  the previous animal data that Endo-MT contributed to the
associated with myocardial fibrosis, remodeling and cardiac ~ progression of cardiac fibrosis in pressure overload-induced
dysfunction in pathogenesis of DCM, which was similar with  and diabetic-induced mice models (6,8,19,20). The excessive
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labeling indexes were respectively negatively correlated with left ventricular end-diastolic diameter (A) CD31 r=-0.82, P<0.01; VE-cadherin r=-0.73, P<0.01,
while FSP-1 and aSMA immunestaining labeling indexes were positively associated with left ventricular chamber enlargement (B) aSMA r=0.65, P<0.01,
FSP1 r=0.53, P<0.01 and left ventricular ejection fraction (D) aSMA r=-0.18, P<0.05; FSP1 r=-0.21, P<0.05. However, neither CD31 nor VE-cadherin has
statistically significant correlation with left ventricular ejection fraction (C) CD31 r=0.16, VE-cadherin r=0.24, P>0.05.
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P<0.01; (D) VE-cadherin/FSP-1 co-labeling index and PIIINP r=0.648, P<0.05).
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formation of fibrotic tissue in the heart in turn reduces cardiac
muscle tissue, thereby decreasing cardiac function (21).

Endo-MT has been extensively studied in generation of
cardiac valve and endocardial cushion during embryonic
heart development (7,22), which provide a useful frame-
work for guiding research on the Endo-MT in the postnatal
pathologic diseases. Wnt family is highly conserved during
embryogenesis (23) and required for adult tissue mainte-
nance (24). Accumulating evidence indicated that Wnt signaling
is required for different aspects of cardiac development during
embryonic period, including myocardial specification, cardiac
morphogenesis, and cardiac valve formation (15-16,25).
In normal adult condition, Wnt protein keeps low level and
B-catenin is degraded by the proteosome (26), whereas Wnt
signaling pathway could be activated in pathogenesis status
in order to maintain homeostasis (24,27). Data in this study
indicated that Endo-MT might participate in the pathogenesis
of DCM. Furthermore, we found that Wnt/B-catenin pathway
was significantly activated in the DCM samples. However, it is
difficult to deliberate the increase of Wnt signal coming from
Endo-MT-derived myofibroblasts cell in the heart sample of
DCM patients. Consistent with our results, Aisagbonhi and
co-workers demonstrated that the activation of canonical Wnt
signaling is a potentially important regulatory mechanism
of Endo-MT-derived myofibroblasts cells, which take part in
cardiac tissue repair and myocardial fibrosis after myocardial
infarction (8). Collectively, it is plausible to speculate that
Wnt/B-catenin is probably involved in the process of Endo-MT
during the development of DCM.

Inaddition, transcriptional networks mediating Endo-MT in
DCM still remain unclear. Compelling evidence demonstrated
that snail might be a crucial factor controlling epithelial-mesen-
chymal transitions by repressing E-cadherin expression (28).
Moreover, previous studies indicated that snail mediated the
action of TGF-f2 induced Endo-MT (29,30). Endothelial cells
that ectopically express snail gene would adopt a fibroblastoid
phenotype and acquire invasive properties (31). Our results
demonstrated that the protein level of snail was significantly
increased in the DCM samples compared with control.
Combined with previous studies, our data suggested that snail
may play a critical role in Endo-MT during the development
of DCM.

During embryogenesis, upregulation of several molecular
such as BMP-7 and HGF appeared critical for the reverse of
Endo-MT through increasing cadherin expression (32,33).
Emerging evidence demonstrated that exogenous recombinant
human BMP-7 (th-BMP) contributed to the regression of
Endo-MT in fibrotic tissue (6). Intriguingly, angiotensin II
receptor blocker was found to relieve fibrotic progress through
blunting Endo-MT in murine models (9,34). Simvastatin
treatment decreases TGF-B1-induced Endo-MT in vitro (35).
These data open up new avenues for the design of specific
anti-fibrosis drug via Endo-MT.

In conclusion, our results provide a novel insight that
Endo-MT was probably implicated in the pathogenesis of
cardiac fibrosis and myocardial remodeling in DCM. Endo-MT
might be a potential therapeutic target against cardiac fibrosis
and remodeling for DCM treatment.
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