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Background: The serum levels of sclerostin (SOST) are significant elevated in patients with pathological 
cardiac remodeling after myocardial infarction (MI). However, the mechanisms of SOST in cardiac 
remodeling remain largely uncharacterized. 
Methods: Collecting patients with MI who presented with or without left ventricular (LV) remodeling, we 
investigated differences in SOST expression. The influence of overexpression and silenced of SOST on the 
angiogenesis of cardiac microvascular endothelial cells (CMECs) was explored through in vitro experiments, 
and the impact of SOST on Wnt signaling marker proteins was examined by quantitative reverse 
transcription-polymerase chain reaction (qRT-PCR) and Western blot. Finally, we observed the effects of 
SOST on cardiac function and morphology in mice MI model, and verified the role of the Wnt signaling 
marker proteins in vivo.
Results: Serum SOST was significantly increased in patients with cardiac remodeling. Increased SOST 
expression was also observed in the infarcted hearts of C57BL/6 mice that underwent ligation of the left 
anterior descending branch of the coronary artery to induce MI. Furthermore, loss and gain of function 
experiments were conducted to investigate the role of SOST in post-infarct cardiac remodeling in vivo and 
in vitro. Overexpression of SOST promoted the proliferation and migration of cardiac fibroblasts (CFs), and 
inhibited angiogenesis of CMECs. In addition, overexpressing SOST in mice significantly deteriorated the 
post-infarct cardiac remodeling, as shown by the increased LV end systolic and end diastolic dimensions, 
decreased ejection fraction, and increased myocyte cross-section area and myocardial fibrosis. However, 
suppressing SOST expression showed the opposite results. The expression of Wnt signaling marker proteins 
was inhibited after overexpression of SOST, and enhanced after suppression of SOST in vivo and in vitro, 
suggesting involvement of the Wnt signaling pathway. 
Conclusions: The present study demonstrated that SOST aggravates post-infarct pathological myocardial 
remodeling by inhibiting angiogenesis of CMECs while promoting the proliferation of CFs, and this may 
be mediated by the Wnt signaling pathway. These results suggested that SOST might act as a biomarker 
to predict detrimental postinfarct cardiac remodeling, and may be a potential therapeutic target for the 
treatment of MI.
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Introduction

Myocardial infarction (MI) is the ischemia-hypoxic necrosis 
of the myocardium which is caused by the drastic reduction 
or interruption of the blood flow in the coronary artery (1). 
It is one of the leading causes of death and disability from 
cardiovascular disease. Severe pathophysiological changes 
occur in cardiac tissues after MI, including inflammation, 
apoptosis, myocardial hypertrophy, and fibrosis, leading to 
cardiac remodeling, heart failure, and eventually, cardiac 
death (2). In recent years, with the widespread development 
of thrombolysis, interventional heart surgery, drug therapy, 
and lifestyle changes, the mortality rate of MI has decreased 
dramatically, and the prognosis has improved significantly. 
Although some patients recover after successful reperfusion, 
many will experience cardiac remodeling which eventually 
leads to heart failure (3). 

Cardiac remodeling is characterized by progressive 
left ventricular (LV) dilation and depressed LV function, 
induced by multiple regulatory mechanisms of the 
heart and the whole body after MI. This progressive 
pathological process includes inflammatory cell infiltration, 
morphological structural changes in the cardiomyocytes, 
and release of intercellular substances caused by cytokine 
secretion. The molecular mechanisms of cardiac remodeling 
after MI is complex and involves multiple factors and 
molecules, such as cytokines, genes, transcription factors, 
noncoding RNAs, and epigenetic regulation (4). With 
advancement in technology, there is now growing evidence 
that the expression of these factors and their function are 
involved in maladaptive cardiac remodeling. For example, 
ablation of the interleukin 33 (IL-33) gene exacerbates 
myocardial remodeling in mice with heart failure induced 
by mechanical stress (5).Transfer and upregulation of 
microRNA-543 promotes cardiac microvascular endothelial 
cells (CMECs) angiogenesis after MI, and this process 
can reduce scarring and adverse LV remodeling (6). A 
recent report showed that DNA methylation reprogramed 
cardiac metabolic gene expression in end-stage human 
heart failure (7). Moreover, several factors have been shown 
to be potential molecular markers of cardiac remodeling. 
However, the mechanisms of action of these factors in 
cardiac remodeling after MI remain unclear. Therefore, it 
is crucial to identify and understand the novel mechanisms 

involved in cardiac remodeling after MI, so as to develop 
innovative therapies.

Sclerostin (SOST) is produced by osteocytes, which 
regulate bone formation (8). An increasing number of 
studies have shown that SOST may participate in various 
diseases, such as ankylosis spondylitis, type 2 diabetes, and 
atherosclerotic plaques (9-11). Furthermore, circulating 
levels of SOST are considered to be associated with 
cardiovascular mortality (12-15). A recent meta-analysis 
of clinical trials and human genetics demonstrated that 
SOST genetic variants were associated with a lower risk of 
fractures and osteoporosis, and a higher risk of MI and/or 
coronary revascularization and major adverse cardiovascular 
events (16). Indeed, our previous proteomics study revealed 
that the expression of SOST was significantly increased in 
MI patients who developed malignant cardiac remodeling 
compared to MI patients without cardiac remodeling and 
healthy participants (17). SOST is a natural inhibitor of 
the Wnt pathway, and studies have shown that inhibition 
of the Wnt/β-catenin pathway promotes apoptosis, impairs 
ability of regeneration, and leads to cardiac dysfunction 
(18,19). However, the precise role of SOST in the failing 
heart remains to be fully elucidated. Therefore, this present 
study was designed to investigate the biological effects and 
mechanisms of SOST in the pathophysiological process 
of cardiac remodeling. Using in vivo and in vitro models, 
this study demonstrated that SOST deteriorated post-MI 
cardiac remodeling, decreased angiogenesis of CMECs 
and capillary density, increased the proliferation of cardiac 
fibroblasts (CFs) and LV fibrosis, and inhibited Wnt/
β-catenin signaling. We present the following article in 
accordance with the ARRIVE reporting checklist (available 
at https://jtd.amegroups.com/article/view/10.21037/jtd-22-
473/rc).

Methods

Clinical sample and ethical statement

Patients with MI who presented with or without LV 
remodeling diagnosed in Guangdong Provincial Hospital 
of Chinese Medicine from October 2020 to October 2021 
were enrolled in this study. Healthy participants were 
recruited as the control group. All participants signed the 
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project informed consent forms. The Ethics Committee 
of Guangdong Provincial Hospital of Chinese Medicine 
approved this project (Z2017-080-01). The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The serum samples were separated 
and stored by Biological Resource Center of Guangdong 
Provincial Hospital of Chinese Medicine. The person 
collecting the experimental measurements or conducting 
the analyses was blinded to the treatments for each 
sample. A protocol was prepared before the study without 
registration.

Cell culture and transfection

Human cardiac microvascular endothelial cells (CMECs) 
and human CFs were purchased from the American Type 
Culture Collection (ATCC, Bethesda, MD, USA). CMECs 
and CFs were cultured at 37 ℃ in a 5% CO2-contained 
incubator under 95% saturation humidity. When cells 
reached 60–80% confluency, transfection was performed 
using a lentivirus harboring the SOST sequence or the 
short hairpin (sh)-SOST sequence. Quantitative reverse 
transcription-polymerase chain reaction (qRT-PCR) and 
Western blot analyses were used to detect the efficiency of 
SOST overexpression or suppression. Stable cell lines were 
used for further analyses. 

qRT-PCR

Total RNA was extracted from cells using TRIzol reagent 
(15596026, Invitrogen, Car, USA). The cDNA was 
synthesized with 2 mg RNA using the HiScript III RT 
SuperMix for qPCR (+gDNA wiper) (R323-01, Vazyme, 
Nanjing, China) according to the manufacturer’s instructions. 
qRT-PCR was performed using the ABI 7500 instrument 
(ABI7500, ABI, USA) with SYBR Green Mix (4913914001, 
Roche) in a 20 μL volume reaction system containing 9 μL 
SYBR Mix, 0.5 μL of each primer (10 μM), 2 μL cDNA 
template, and 8 μL RNase free H2O. The relative expression 
levels of the target genes were normalized to glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) and calculated 
using the 2−∆∆Ct method. Primerswere synthesized by the 
GENERAL BIOL company (GENERAL BIOL Co., Ltd, 
Anhui, China). The primer sequences were shown in Table 1.

Western blot analysis

Total protein was extracted from the serum or heart tissues 
using RIPA lysis buffer (P0013, Beyotime, Shanghai, 
China) according to the manufacturer’s instructions. The 
protein concentration was determined using the BCA 
Protein Assay Kit (70-PQ0012, MultiSciences, China) and 
20 mg protein for each sample was boiled at 100 ℃ for 5 
minutes. Proteins were separated using 10–12% sodium 
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto polyvinylidene fluoride 
(PVDF) membranes. The membranes were then blocked 
with 5% lipid-free milk/Tris-buffered saline Tween (TBST) 
buffer for 2 hours at room temperature, followed by 
incubation with the following primary rabbit antibodies at 
37 ℃ for 2 hours: anti-SOST (ab264040, 1:1,000, Abcam, 
Cambridge, UK), anti-Wnt1 (ab15251, 1:500, Abcam, 
Cambridge, UK), anti-β-catenin (ab32572, 1:1,000, Abcam, 
Cambridge, UK), anti-APC (ab40778, 1:1,000, Abcam, 
Cambridge, UK), and anti-GSK3β (ab32391, 1:1,000, 
Abcam, Cambridge, UK). Membranes were then incubated 
with a secondary anti-mouse IgG antibody (ab205719, 
1:20,000, Abcam, Cambridge, UK) for 1–2 hours, washed 
with TBST and then detected immuno-complexes with 
ECL. Protein bands were analyzed using the Image-Pro 
Plus 6.0 software. 

Cell proliferation and cell cycle assays

The cell proliferation ability of CFs was assessed using 

Table 1 Primer sequences of genes

Name Primer

Wnt1 F: 5'-CGATGGTGGGGTATTGTGAAC-3'

R: 5'-CCGGATTTTGGCGTATCAGAC-3'

APC F: 5'-AAAATGTCCCTCCGTTCTTATGG-3'

R: 5'-CTGAAGTTGAGCGTAATACCAGT-3'

GSK3β F: 5'-GGCAGCATGAAAGTTAGCAGA-3'

R: 5'-GGCGACCAGTTCTCCTGAATC-3'

β-catenin F: 5'-AAAGCGGCTGTTAGTCACTGG-3'

R: 5'-CGAGTCATTGCATACTGTCCAT-3'

GAPDH F: 5'-ACAACTTTGGTATCGTGGAAGG-3'

R: 5'-GCCATCACGCCACAGTTTC-3'

SOST shRNA 5'-GTGGCAGGCGTTCAAGAATGA-3'

R, reverse; F, forward; SOST, sclerostin; APC, adenomatous 
polyposis coli; GSK3β, glycogen synthase kinase 3β; GAPDH, 
glyceraldehyde 3-phosphate dehydrogenase; sh, short hairpin.
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the cell counting kit 8 (CCK-8; KGA317, KeyGEN 
Biotech, Nanjing, China), according to the manufacturer’s 
instructions. Briefly, CFs from different groups after 
transfection for 48 hours were digested and seeded in 96-
well plates. Cells were incubated with a culture medium 
containing 10 μL CCK-8 solution for 2 hours at 37 ℃. 
The absorbance was detected at 450 nm using a microplate 
reader. Cell cycles were assessed using flow cytometry (20). 
Briefly, CFs were harvested and fixed with 70% ethanol at 
4 ℃ overnight. After staining with propidium iodide (PI, 
KeyGEN Biotech, Nanjing, China) for 30 minutes, flow 
cytometry (FACSCalibur, Becton) was performed at 488 nm.  
Flow cytometry results were analyzed by ModFit LT 
software. 

Transwell invasion assays 

CFs were cultured for 16 hours in serum-free medium and 
then resuspended. The transwell chamber was pre-coated 
with Matrigel (BD Biosciences) for 30 minutes at 37 ℃. 
Cell suspensions were transferred to the lower chambers 
of the transwell plates. The cells that did not invade the 
surface of the Matrigel membrane after incubation for  
24 hours at 37 ℃ were fixed with 100% methanol and 
stained with 1% toluidine blue. The invasive stained cells 
were observed and counted using Zeiss710 light microscope 
(Germany).

Tube formation assay
 

The growth factor reduced Matrigel (BD Biosciences) was 
thawed in an ice bath and then rapidly added to precooled 
24-well plates. After polymerization at 37 ℃ for 30 min, 
CMECs were suspended in 0.2% endothelial growth basal 
medium (EBM) and placed on the Matrigel-coated at a 
density of 5×104 cells per well. To assess the role of SOST 
in CMECs, conditioned medium from CMECs with 
suppressed or enhanced SOST expression was incubated 
with the CMECs for 12 h at 37 ℃ before the initiation of 
tube formation. CMECs were identified by morphological 
characteristics, and uniform "cobblestone" shape could 
be observed. Tube formation was defined as a structure 
exhibiting a length four times its width (21). Images of 
each group were obtained by Zeiss710 light microscope 
(Germany), and tube lengths were quantified using image J 
software (National Institutes of Health).

The myocardial infarct model 

Wild-type male C57BL/6J mice, aged 8 weeks and weighing 
approximately 30 g, were purchased from Experimental 
Animal Center of Guangdong Province (Guangzhou, 
China). Mice were raised in a specific pathogen-free (SPF) 
environment under a 12-hour light/dark cycle, at 21±2 ℃ 
and 50–80% humidity. Animal were given free access to 
food and water. 

Mice were randomly divided into 3 groups with 6 mice  
in each group. The MI model was constructed by permanent 
ligation of the left anterior descending coronary artery. 
Mice were randomly included in the study after successful 
modeling (22). Mice in the control group were not 
subjected to ligation. Histopathological changes were 
assessed to determine the extent of cardiac remodeling at 
28 days after MI. Lentivirus harboring the SOST sequence 
or the sh-SOST sequence was injected into the tail vein 
of mice at 24 hours after MI. qRT-PCR and Western blot 
analyses were used to confirm SOST overexpression or 
suppression. Animal experiments were performed under 
a project license (ZF2019-405-01) granted by the Ethics 
Committee of Guangdong Provincial Hospital of Chinese 
Medicine, in compliance with the NIH Guide for the Care 
and Use of Laboratory Animals, 8th edition. 

Echocardiographic measurement

Prior to sacrificing the animals, the echocardiographic 
LV function of the mice was assessed using a Vevo 770 
echocardiography system (Visual Sonics, Toronto, Canada) 
equipped with a 15L8 linear array transducer. Mice were 
anesthetized with 1.5% isoflurane mixed with oxygen 
and placed in the supine position on a heating pad. After 
removal of hair, pre-warmed ultrasound transmission gel 
(Aquasonic, Parker Laboratory, Fairfield, NJ, USA) was 
applied to the precordial region. 

Short axis measurements were used to capture M-mode 
tracing at the level of the papillary muscles with 25 mm signal 
depth. Values were averaged over three to six consecutive 
cardiac cycles. 

Enzyme linked immunosorbent assay (ELISA)

Human and mice serum levels of SOST were detected by 
human SOST ELISA kit (Abcam, ab155440) and mouse 
SOST ELISA kit (Abcam, ab213889), respectively. Assays 
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were performed following the manufacturer’s instructions.

Histopathological changes analysis

Hematoxylin and eosin (H&E), Masson staining, and 
Sirius red staining (KeyGEN Biotech, Nanjing, China) 
were used to stain mice myocardial tissues. Heart tissues 
were sliced into 8 µm-thick sections and fixed with 4% 
paraformaldehyde at room temperature. After staining, the 
sections were dehydrated, sealed with neutral gum, then 
subsequently rinsed with running water and visualized 
under an Olympus light microscope (Japan).

Immunohistochemical staining

Immunohistochemistry was used to detect the expression of 
proteins involved in the Wnt signaling pathway, including 
Wnt1, β-catenin, adenomatous polyposis coli (APC), and 
glycogen synthase kinase (GSK) 3β. Briefly, samples were 
fixed in 10% formaldehyde and embedded in paraffin. 
Serial slides (4 μm thick) were generated and placed in 
3% catalase for 15 minutes, followed by blocking with 
50 μL goat serum for 20 minutes at room temperature. 
Subsequently, sections were incubated with the following 
primary rabbit antibodies: anti-SOST (ab264040, 1:1,000, 
Abcam, Cambridge, UK), anti-Wnt1 (ab15251, 1:500, 
Abcam, Cambridge, UK), anti-β-catenin (ab32572, 1:1,000, 
Abcam, Cambridge, UK), anti-APC (ab40778, 1:1,000, 
Abcam, Cambridge, UK), or anti-GSK3β (ab32391, 1:1,000, 
Abcam, Cambridge, UK) at 37 ℃ for 2 hours. The sections 
were then washed 3 times with phosphate buffered saline 
(PBS) and incubated with a FITC-conjugated goat anti-
rabbit IgG (ab6785, Abcam, Cambridge, UK, 1:1,000) at 
37 ℃ for 1 hour after. A DAPI dye solution (50–100 mL) 
was added to each section and placed in the dark at room 
temperature for 5 minutes. Sections were then sealed with 
an anti-extractant sealant and visualized with the XSP-36 
microscope (Boshida Optical Co., Ltd, Shenzhen, China). 

Statistical analysis

Data are presented as mean ± standard deviation (SD) from 
at least 3 independent experiments performed in triplicate. 
Unpaired t tests and one-way analysis of variance (ANOVA) 
were used to perform statistical comparisons between 
two groups and more than two groups, respectively. All 
statistical analyses were completed with the SPSS 22.0 
software (IBM, Armonk, NY, USA) and a P value <0.05 was 

considered statistically significant.

Results

SOST was significantly elevated in patients with cardiac 
remodeling after MI 

According to the inclusion and exclusion criteria, a total of 
54 patients with MI were enrolled, including 29 patients with 
LV remodeling and 25 patients without remodeling. A total 
of 12 healthy subjects were included in the control group. 
Consistent with our previous results (17), the expression of 
SOST was significantly increased in patients with post-MI 
cardiac remodeling compared to patients without cardiac 
remodeling (Figure 1A). This was confirmed by Western 
blot analysis at the protein level (Figure 1B). ELISA assays 
further verified that the levels of SOST were significantly 
elevated in the cardiac remodeling group (Figure 1C). These 
results demonstrated that serum SOST was significantly 
elevated in patients with cardiac remodeling after MI, 
suggesting that SOST might play a crucial role in the 
process of cardiac remodeling.

SOST inhibited angiogenesis of CMECs and increased the 
proliferation and migration of CFs

A study has shown that the angiogenesis of CMECs and 
the proliferation of CFs participate in the development of 
cardiac remodeling (23). To investigate the effects of SOST 
in angiogenesis, CMECs were transfected with lentivirus to 
generate CMECs that overexpressed SOST and CMECs in 
which SOST expression was suppressed. The transfection 
efficiency was confirmed by qRT-PCR and Western blot 
analyses (Figure 2A,2B). As shown in Figure 2C, the number 
of capillary-like structures was significantly decreased in 
cells overexpressing SOST, and significantly increased in 
cells transfected with sh-SOST compared with negative 
control cells. Further analysis showed that the tube length 
of CMECs overexpressing SOST was shorter than that 
in the control group, while CMECs transfected with sh-
SOST had longer tube length compared to the control 
group (Figure 2C). These results indicated that SOST could 
reduce the angiogenesis of CMECs. 

In addition, CCK-8 assays demonstrated that CFs 
overexpressing SOST showed dramatically increased 
the cell viability, while suppressing SOST significantly 
decreased cell viability in CFs compared with control cells 
at 48 and 72 hours (Figure 2D). Cell cycle analysis showed 
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Figure 1 SOST was significantly elevated in patients with cardiac remodeling after MI. (A) The mRNA expression of SOST in the serum 
of patients with post-MI cardiac remodeling was detected by qRT-PCR. (B) Western blot analysis was performed to assess the protein 
expression of SOST, with GAPDH as an internal control. (C) ELISA was conducted to detect the expression of SOST. The data are 
presented as mean ± SD. **P<0.01, NCRMI group vs. control group; ##P<0.01, CRMI group vs. NCRMI group. MI, myocardial infarction; 
SOST, sclerostin; CRMI, cardiac remodeling after MI; NCRMI, no cardiac remodeling after MI; GAPDH, glyceraldehyde 3-phosphate 
dehydrogenase; qRT-PCR, quantitative real-time polymerase chain reaction; ELISA, enzyme-linked immunosorbent assay; SD, standard 
deviation.

that the proportion of CFs staged in the G1 period was 
increased in cells overexpressing SOST, while the proportion 
of cells in the S and G2 cycles was significantly decreased 
compared with the control group. However, the converse 
was observed in cells transfected with sh-SOST compared 
with control cells (Figure 2E). In addition, the migration 
ability of CFs was dramatically elevated in the SOST-
overexpression group, and significantly reduced in the 
SOST-silenced group compared with control cells (Figure 
2F). These findings suggested that SOST could promote 
the proliferation and migration of CFs.

The expression of Wnt signaling marker proteins was 
affected by SOST 

SOST can participate in various pathophysiological 
processes associated with the Wnt signaling pathway (8,24). 
To evaluate whether the increased proliferation of CFs 
induced by SOST is related to the Wnt signaling pathway, 
the protein markers including Wnt1, β-catenin, APC, 

and GSK3β were assessed by qRT-PCR and Western blot 
analysis. As shown in Figure 3A, the mRNA expression of 
Wnt1 and β-catenin were significantly downregulated in the 
SOST-overexpression group, and upregulated in the SOST-
silenced group, compared with the control group. However, 
the expression of APC and GSK3β showed the opposite 
results. These data were confirmed by Western blot analysis 
(Figure 3B). Moreover, similar trends were observed with 
CMECs (data not shown). These results indicated that 
SOST inhibited the angiogenesis of CMECs and promoted 
the cell development of CFs via Wnt signaling pathway.

SOST was significantly elevated in mice with post-
infarction cardiac remodeling 

To further investigate the function of SOST in post-
infarction cardiac remodeling, a mouse model with MI 
was established. Echocardiographic measurements showed 
that the left ventricular end diastolic dimension (LVEDD) 
and the left ventricular end systolic dimension (LVESD) 
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were dramatically increased in the model group (Figure 4A, 
Table S1). H&E, Masson, and Sirius Red staining revealed 
increased myocardial inflammatory infiltration, increased 
myocyte cross-sectional area, and fibrotic areas in mice 
with cardiac remodeling compared with the sham group 

(Figure 4A), indicating that the model was successfully 
established. Further analysis showed that expression of 
SOST was significantly increased in the cardiac remodeling 
group compared to the sham group both at the mRNA and 
protein level (Figure 4B,4C). ELISA analysis also showed 
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Figure 2 SOST inhibited angiogenesis of CMECs and promoted the proliferation and migration of CFs. (A) The mRNA expression 
of SOST in cells transfected with the SOST overexpression vector and cells transfected with the sh-SOST vector was detected using 
qRT-PCR. GAPDH was used as the normalization control. (B) The protein expression of SOST in cells transfected with the SOST 
overexpression vector and cells transfected with the sh-SOST vector was detected with Western blot. GAPDH was used as the normalization 
control. (C) The tube formation and number of capillary-like structures in cells overexpressing SOST and cells transfected with the sh-
SOST vector. (D) CCK-8 assay to detect the cell viability of CFs when overexpressing or suppressing SOST at 24, 48 and 72 h, respectively. 
(E) The cell cycle of CFs was detected by flow cytometry in cells overexpressing SOST and cells with suppressed SOST expression. (F) CFs 
were stained with propidium iodide. The migration ability of CFs was detected using the Transwell assay. The data are presented as mean 
± SD. **P<0.01, SOST-overexpression group vs. control group; ##P<0.01, sh-SOST group vs. control group. SOST, sclerostin; sh, short 
hairpin; CMEC, cardiac microvascular endothelial cell; CF, cardiac fibroblast; qRT-PCR, quantitative real-time polymerase chain reaction; 
GAPDH, glyceraldehyde 3-phosphate dehydrogenase; CCK-8, cell counting kit 8; SD, standard deviation.

https://cdn.amegroups.cn/static/public/JTD-22-473-Supplementary.pdf
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that the content of SOST in the cardiac remodeling group 
was dramatically elevated compared to the model group and 
the sham group (Figure 4D). 

SOST exacerbated postinfarct pathological myocardial 
remodeling in vivo

To further confirm the function of SOST in cardiac 
remodeling after MI, loss and gain of function for SOST 
was performed. qRT-PCR and Western blot analysis 
showed that the expression of SOST was significantly 
overexpressed or suppressed in the SOST-overexpression 
group and the sh-SOST group, respectively (Figure 
5A,5B). Echocardiographic measurements showed that 
overexpression of SOST increased LVEDD and LVESD, 
and suppression of SOST decreased LVEDD and LVESD 
compared to the model group (Figure 5C, Table S1). 
The significant increase in LV chamber diameter was 
accompanied by a decline in LV function with decreases in 
both ejection fraction (EF) and fractional shortening (FS) 
(Figure 5C, Table S1).

H&E, Masson, and Sirius Red staining revealed that 

overexpression of SOST greatly aggravated inflammatory 
infiltration, myocyte cross-sectional area, and fibrosis of 
the heart, while inflammatory infiltration and fibrosis were 
dramatically reduced when SOST was suppressed (Figure 
5D). Moreover, overexpressing SOST resulted in reduced 
capillary density compared to the control group (Figure 5D). 
Capillary density was increased in the SOST-suppressed 
group compared with vehicle-treated mice (Figure 5D). The 
LV dilation and dysfunction in the infarcted hearts of the 
SOST-overexpression group indicate the occurrence and 
progression of heart failure, demonstrating that SOST plays 
a key role in post-MI cardiac remodeling.

Wnt signaling marker proteins were affected by SOST  
in vivo

To confirm whether SOST could affect the Wnt signaling 
pathway, qRT-PCR and Western blot were used to detect 
the Wnt signaling-related protein markers. The results 
showed that the expression of APC and GSK3β were 
significantly elevated in the SOST-overexpression group, 
and markedly decreased in the sh-SOST group, compared 
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with the control group both at the mRNA and protein levels 
(Figure 6A,6B). Immunofluorescence analysis showed that 
the fluorescence signal of APC and GSK3β was significantly 
enhanced in the SOST-overexpression group and markedly 
decreased in the sh-SOST group compared with the 
control group (Figure 6C). Conversely, the expression of 
Wnt 1 and B-catenin were markedly reduced in the SOST-
overexpression group, but enhanced in the sh-SOST group 
compared to the control group. These results suggested 
that SOST exacerbated post-infarction cardiac remodeling, 
and this was associated with the Wnt signaling pathway.

Discussion

MI is characterized by the rapid death of large numbers 
of cardiomyocytes, triggering a series of molecular and 
cellular remodeling, including inflammatory response, 
microcirculatory dysfunction, cardiomyocyte hypertrophy, 
fibrosis, and collagen scar formation. Cardiac remodeling 
is the primary mechanism of heart failure and sudden 
death. In the early stage, reconstruction can maintain 
the integrity and function of the heart, but continuous 
reconstruction eventually leads to LV dilation and 
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cardiac insufficiency, followed by progression to heart 
failure (25). Therefore, delaying or even improving the 
pathophysiological remodeling process after MI may be 
an important therapeutic intervention after cardiac injury. 
The present study demonstrated that SOST deteriorated 
cardiac dysfunction and dilatation, decreased angiogenesis 
of CMECs and capillary density, increased the proliferation 
of CFs and LV fibrosis, and attenuated Wnt/β-catenin 
signaling. These data indicated that inhibiting the function 
of SOST may have therapeutic potential in the myocardial 
remodeling response to infarction.

A variety of pathophysiological factors affect the process 
of myocardial remodeling after infarction. However, 
the infarct size and the degree of repair after infarction 
are the decisive factors that determine this process and 
the occurrence of heart failure (25). Increasing evidence 
has shown that inflammation plays an important role in 
myocardial remodeling after MI, and this is characterized 
by significant infiltration of inflammatory cells, cytokines, 
and chemokines to the infarct area (26,27). In a previous 
study, several novel biomarkers of cardiac remodeling 
were identified using cytokine antibody arrays, including 
SOST, growth differentiation factor-15, urokinase-type 
plasminogen activator, midkine, and monocyte chemotactic 
protein-3. Out of these biomarkers, SOST showed the most 
significant elevation following myocardial remodeling (17).  
Consistent with previous studies, the present data confirmed 
that SOST was significantly increased during cardiac 
remodeling, both in vivo and in vitro, suggesting that 
SOST plays an essential role in cardiac remodeling. In 
fact, SOST has been demonstrated to participate in various 
cardiovascular diseases, and circulating levels of SOST are 
considered to be associated with cardiovascular mortality 
(12-14). Recently, it was shown that SOST genetic variants 
were associated with a higher risk of MI. However, the 
detailed mechanisms of SOST in cardiac remodeling remain 
to be fully elucidated. 

The pathophysiological mechanisms responsible for 
cardiac remodeling include cardiomyocyte hypertrophy, 
microvascular rarefaction, and extracellular matrix 
remodeling (28). Cardiomyocyte hypertrophy and 
apoptosis, as well as excessive increases in the number of 
CFs contribute to the long-term oxidation response during 
cardiac remodeling (29). Fibroblasts are enmeshed within 
the interstitial and perivascular extracellular matrix (30). It 
has been demonstrated that cardiac myofibroblasts not only 
respond to proinflammatory cytokines, but also promote the 

secretion of various bioactive molecules including cytokines, 
vasoactive peptides, and growth factors under mechanical 
stretch and changes in oxygen availability in cardiac 
remodeling (28,31). Furthermore, the targeted ablation of 
periostin-expressing activated fibroblasts prevents adverse 
cardiac remodeling in mice (32). In addition, non-oxidizable 
high mobility group box protein 1 (HMGB1)-induced 
CF migration occurs via C-X-C chemokine receptor 
type 4 (CXCR4) in a C-X-C motif chemokine ligand 12 
(CXCL12)-independent manner and is exacerbated during 
tissue remodeling after MI (33). Consistent with these 
findings, we found that overexpression of SOST promote 
the proliferation of CFs, whereas downregulation of 
SOST inhibited the process. These results demonstrated 
that SOST-mediated cardiac remodeling is related to the 
enhanced proliferation of CFs.

CMECs are the major cell type in the heart, and the 
vascular microenvironment is crucial in maintaining normal 
cardiac function and pathological remodeling. Dysregulated 
response of the CMECs in atherosclerotic plaques may 
promote plaque rupture, leading to MI (34). Brahma-
related gene1/Brahma-associated factor 60a (BAF60a) 
deficiency in CMECs prevented abdominal aortic aneurysm 
by reducing inflammation and extracellular matrix 
degradation, suggesting that CMECs might participate in 
MI by regulating inflammation (35). SOST is considered 
to be a regulatory molecule in vascular media calcification 
and in the bone-vascular axis, and thus, may play a critical 
role in CMECs (36). Indeed, it has been demonstrated 
that SOST is expressed in CMECs of atherosclerotic 
plaques, suggesting a potential role for this protein in the 
development of atherosclerosis, which may lead to MI (11). 
The present investigation showed that overexpression of 
SOST inhibited the angiogenesis of CMECs and capillary 
density in mice heart after MI, while suppression of SOST 
promoted the angiogenesis of CMECs and capillary density 
in the myocardium. These results demonstrated that SOST-
induced angiogenesis inhibition may aggravate adverse 
cardiac remodeling.

SOST is a well-known inhibitor of bone formation 
that acts on the Wnt/β-catenin signaling pathway. SOST 
has been shown to participate in different processes with 
pleiotropic cellular function, including cell development 
of retinoblastoma cells and CFs, cell growth, energy 
metabolism and extracellular matrix remodeling (37,38). 
Increasingly, studies have demonstrated that Wnt signaling 
plays a crucial role in cardiovascular diseases related to 
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vascular calcification, by inducing different physiological 
and pathological effects on cardiovascular functions (39,40). 
Angiogenesis is a key process in the restoration of blood 
supply to the infarct area after MI. Wnt1, a ligand of Wnt/
β-catenin signaling, promotes pro-angiogenesis and reduces 
the infarct size (41). In vitro studies have implicated the 
Wnt1/β-catenin pathway as a promoter of endothelial cell 
proliferation (42,43). In vivo, increased HO-1 expression 
and Wnt1/β-catenin signaling pathway can reduce infarct 
size and attenuate cardiac remodeling in MI mice (44). In 
addition, GSK-3β inhibitors increased the expression of 
β-catenin in endothelial cells, limiting cardiac remodeling 
and promoting angiogenesis (45). These data suggest that 
Wnt/β-catenin overexpression is able to reduce infarct size 
and to improve cardiac function by decreasing apoptosis 
and increasing angiogenesis. There are also many studies 
that Wnt signaling pathway significantly participates in 
cardiac fibrosis pathogenesis (46,47). Recently, it was 
demonstrated that the SOST/receptor-related protein 4 
and ginkgo biloba extract alleviated β-glycerophosphate-
induced vascular smooth muscle cell calcification by 
inhibiting the Wnt/β-catenin pathway (48). These results 
suggested that CMEC development may be regulated by 
the Wnt/β-catenin pathway. However, to date, there have 
been no reports examining the mechanisms of SOST, 
mediated by the Wnt signaling pathway, in CMECs during 
cardiac remodeling. The present study demonstrated that 
overexpression of SOST blocked the activation of the Wnt 
signaling pathway both in vivo and in vitro, demonstrating 
that SOST affected CMECs by regulating Wnt signaling 
pathway during cardiac remodeling. 

Conclusions

In summary,  this  s tudy presented novel  f indings 
demonstrating that SOST aggravates cardiac remodeling 
and dysfunction after MI, and this is associated with the 
Wnt signaling pathway. Indeed, SOST may be a novel 
biomarker and potential therapeutic target for detrimental 
cardiac remodeling.
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