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Abstract: It has been claimed that microRNA 503-5p (miR-503-5p) is the key to the future diagnosis and treat-
ment of cardiac hemangioma (CH), but the relationship between the two has not been fully validated. In this study, 
we analyzed the effect of miR-503-5p targeting type IA bone morphogenetic protein receptor (BMPR1A) on CH to 
inform future diagnosis and treatment of CH. First, miR-503-5p and BMPR1A abnormal expression sequences 
(vectors) were transfected into human hemangioma-derived endothelial cells (HemECs) and human umbilical vein 
endothelial cells (HUVECs) to observe alterations in cell biological behavior, adhesion, and epithelial mesenchymal 
transition (EMT). We found enhanced proliferative, invasive and migrating abilities of HemECs and HUVECs after si-
lencing miR-503-5p or increasing BMPR1A, accompanied by reduced apoptosis, elevated intercellular cell adhesion 
molecule-1 (ICAM-1) and vascular cell adhesion molecule 1 (VCAM-1), and accelerated EMT; after increasing miR-
503-5p or silencing BMPR1A, the cells exhibited reduced apoptosis, elevated ICAM-1 and VCAM-1, and accelerated 
EMT (P<0.05). Subsequently, a dual-luciferase reporter assay was performed to analyze the targeting relationship 
between miR-503-5p and BMPR1A. The results showed that miR-503-5p inhibited BMPR1A-wild type (WT) fluores-
cence activity (P<0.05). Through the rescue experiment, it was observed that the biological behavior of the cells with 
simultaneous elevation or simultaneous silencing of miR-503-5p and BMPR1A was not different from that of cells 
transfected with BMPR1A empty vector (P>0.05), indicating that the effect of BMPR1A on cells was reversed by miR-
503-5p. Finally, in the analysis of clinical records, we found that CH cases exhibited lower miR-503-5p and higher 
BMPR1A levels than healthy controls (P<0.05). The expression of the two genes was negatively correlated (P<0.05). 
These results suggest that miR-503-5p participates in CH growth by targeted sponging of BMPR1A.
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Introduction

Cardiac hemangioma (CH) is a rare benign 
tumor of the heart that can occur at any age or 
in any part of the heart [1]. Cardiac blood ves-
sels are the main blood vessels supplying blood 
to the heart - the body’s power system. Small-
volume CH may not cause obvious symptoms 
[2]. CH is basically asymptomatic, however, as 
the CH size increases, there may be blood cir-
culation disorders, resulting in insufficient 
blood supply to other tissues and organs of the 
body and causing danger [3]. In addition, too 
strong myocardial contractility may cause CH 
ruptures, leading to the rapid entry of blood 
into the chest or abdominal cavity, causing 

severe headaches, accelerated heartbeats, 
shock, and even cardiac arrest in serious cases 
[4]. Surgery is the main treatment for CH, but it 
is very difficult, leading to extremely high risk of 
death in patients with CH, so the diagnosis and 
treatment of CH remains a key clinical concern 
[5]. Because the pathogenesis of CH is still 
unclear, and the potential threat of CH is not yet 
fully grasped in the clinic, more research is 
urgently needed to help understand the devel-
opment of CH, and the search for new research 
directions from a molecular perspective is one 
of the hotspots [6].

With the increasing clinical attention given to 
the application of microRNAs in tumor diseases 
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in recent years, microRNAs are also considered 
a breakthrough in the future diagnosis and 
treatment of tumors [7]. For vascular neo-
plasms, including CH, the malignant prolifera-
tion of vascular endothelial cells is the basic 
pathological cause [8]. MicroRNA 503-5p (miR-
503-5p) has been shown to have the ability to 
target and regulate the cell cycle of human lung 
fibroblasts [9]. Another report showed that it 
regulates epithelial mesenchymal transition 
(EMT) in hepatocellular carcinoma cells directly 
through Wee1-like protein kinase (WEE1), thus 
affecting the malignant progression of hepato-
cellular carcinoma [10]. In a study on athero-
sclerosis, Liu et al. also found that miR-503-5p 
was critical in mediating the proliferation and 
migration of vascular smooth muscle cells [11]. 
Meanwhile, miR-503-5p was also mentioned 
as one of the keys to regulate myocardial isch-
emia-reperfusion injury [12]. It is well known 
that CH is precisely composed of reticular vas-
cular lumens formed by the proliferation of vas-
cular endothelial cells [13]. The regulatory 
effect of miR-503-5p on the biological behavior 
of vascular cells reveals the diagnostic poten-
tial of miR-503-5p in CH. Similarly, miR-503-5p 
was found to promote pulmonary fibrosis 
through targeted regulation of type IA bone 
morphogenetic protein receptor (BMPR1A) 
[14], which has been confirmed to not only reg-
ulate cardiopulmonary vascular remodeling but 
also affect the over-transformation of vascular 
endothelial cells [15, 16]. Recently, Guo et al. 
even found that miR-503-5p affected myocar-
dial ischemia-reperfusion injury by mediating 
mitochondrial apoptosis [12], further suggest-
ing the potential close link between miR-503-
5p and the development of cardiovascular dis-
eases. Meanwhile, the relationship between 
BMPR1A, a classical cellular differentiation 
protein in modern tumor disease research, and 
cardiac function has been well documented 
[15]. Unfortunately, the functional role and 
molecular mechanism of miR-503-5p in CH are 
currently unknown.

Based on these previous studies, we hypothe-
size that miR-503-5p may have an important 
influence on the biological behavior of vascular 
endothelial cells in CH, and the mechanism 
may be related to BMPR1A. Validation of this 
idea requires addressing two issues: (1) con-
firming the exact effect of miR-503-5p on CH; 
(2) confirmation of the clinical expression of 
miR-503-5p in CH. Therefore, this work con-
ducted experiments mainly from these two per-

spectives. Meanwhile, we further observed the 
effects of miR-503-5p on normal vascular 
endothelial cells. This study hopes to help fully 
understand the effect of miR-503-5p on CH, 
and lay a reliable foundation for finding new 
diagnostic and treatment options for CH in the 
future.

Materials and methods

Flow of research

This study is divided into a total of 2 parts: (1) 
cell assay, which aims to analyze the effects of 
miR-503-5p, BMPR1A on the biological behav-
ior of CH cells and normal endothelial cells; (2) 
clinical trials, which aims to confirm the expres-
sion of miR-503-5p and BMPR1A in CH. The 
flow of the study is shown in Figure 1.

Cell information

To determine the exact mechanism of action of 
miR-503-5p and BMPR1A in CH, we purchased 
human hemangioma-derived endothelial cells 
(HemECs) and human umbilical vein endotheli-
al cells (HUVECs) from the American Tissue 
Culture Collection (ATCC) (Manassas, VA, USA). 
Cells were cultured in a Roswell Park Memorial 
Institute (RPMI)-1640 medium containing 10% 
fetal bovine serum (FBS) and 1% streptomycin 
antibody in a 37°C and 5% CO2 incubator 
(Gibco, USA).

Cell transfection

HemECs and HUVECs were seeded in six-well 
plates at a density of 1-2 × 105 cells/well and 
cultured for 1-3 days until 70-80% confluent. 
Thereafter, the cells were subjected to trans-
fection with mimic, inhibitor, and negative  
control sequences of miR-503-5p as well as  
overexpression, silencing, and blank control  
vectors of BMPR1A following the Lipofectamine 
2000 transfection kit instructions (Invitrogen, 
NY, USA). The transfection efficiencies were 
validated by real-time quantitative polymerase 
chain reaction (qRT-PCR). After 48 h of trans-
fection, cells were collected for further ex- 
periments.

qRT-PCR

Total ribonucleic acid (RNA) was extracted from 
plasma or tissues using a FastPure Cell/Tissue 
Total RNA Isolation Mini Kit (Vazyme, Nanjing, 
China). RNA was reverse transcribed into cDNA 
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using a one-step reverse transcription HiScript 
II 1st Strand cDNA Synthesis Kit (Vazyme, 
China). qRT-PCR was carried out following the 
SYBR Premix Ex Taq kit instructions. The reac-
tion conditions (40 cycles) were 95°C/10 min 
(pre-denaturation), 95°C/15 s (denaturation), 
60°C/30 s (annealing), and 72°C/30 s (exten-
sion). GAPDH and U6 were used as the endog-
enous controls, and the relative miR-503-5p 
and BMPR1A levels were quantified using the 
2-ΔΔCt method. The primer sequences are given 
in Table 1.

Cell colony formation assay for measuring cell 
proliferation

Cells were inoculated into a 6-well culture  
plate (500 cells per well) for continuous  
culture, and the culture medium was changed 
once every 2 days. Forty-eight hours later,  

Totally 3 × 105 cells were inoculated in the 
upper chamber of a Transwell after cell resus-
pension in serum-free medium, and 20% FBS-
supplemented RPMI-1640 medium was placed 
in the lower chamber as a chemotactic agent. 
The upper chamber was removed following 24 
hours of incubation in the cell culture incubator. 
Cells that had invade into the lower chamber 
were fixed using 4% paraformaldehyde and 
subsequently stained with 0.1% crystal violet. A 
minimum of five visual fields were randomly 
chosen, and the number of invaded cells was 
microscopically observed (Olympus, Japan) and 
counted using ImageJ software.

Wound healing assay for measuring cell migra-
tion

Cells were seeded onto 24-well plates at 10 × 
105 cells/mL and cultured in 10% FBS-

Figure 1. Flowchart of this work. Note: miR-503-5p, microRNA 503-5p; BMPR1A, type IA bone morphogenetic pro-
tein receptor; CH, cardiac hemangioma; HemECs, human hemangioma-derived endothelial cells; HUVECs, human 
umbilical vein endothelial cells; EMT, epithelial mesenchymal transition.

Table 1. Primer sequences used in the study
F (5’-3’) R (5’-3’)

miR-503-5p GGTCCGCGTAAGTGCAGAAGA GAGGTTCCGCGCTAGATCCGTC
U6 ATGATAGTCGCTAGTCTGATC TTGACCGTAGCTGTATTTTGA
BMPR1A TCTCAAGCAGACGTCGTTAC CCGGACCATCTGAATCTGTT
GAPDH TGCACCACCAACTGCTTAGC GGCATGGACTGTGGTCATGAG
Note: miR-503-5p, microRNA 503-5p; BMPR1A, type IA bone morphogenetic 
protein receptor.

cells were fixed with 4% para-
formaldehyde for 30 min and 
stained with 1% crystal violet 
for 30 min. After drying, the 
cells were photographed, and 
the number of cell clones was 
counted.

Transwell assay for measuring 
cell invasion
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supplemented RPMI 1640 medium for 24 
hours. Then, the tip of a 10 μL pipette was used 
to make vertical scratches. Thereafter, the cells 
were incubated for additional 24 hours. After 
that, cells were washed with phosphate buff-
ered saline (PBS). After removing the culture 
solution, the cell mobility was calculated by 
observing and taking pictures with an inverted 
microscope. Cell migration rate = (initial scratch 
width - final scratch width)/initial scratch width 
× 100%.

Flow cytometry for measuring cell apoptosis

Cell apoptosis was measured using an Annexin 
V-Fluorescein Isothiocyanate (FITC)/propidium 
iodide (PI) Apoptosis Detection Kit (Beyotime, 
China). Briefly, transfected/naïve cells were col-
lected and washed with PBS, after which 1 × 
106 cells/mL were resuspended in 1× binding 
buffer solution. The cells were subsequently 
subjected to staining using Annexin V/FITC 
solution, consisting of 5 µL of FITC Annexin V, 
as well as 5 µL of PI. Following this, the cells 
were incubated at room temperature for a dura-
tion of 30 minutes, while being kept in a dark 
environment. Cells were then acquired using 
BD FACS sorter (BD Biosciences®, USA), and 
apoptosis rate was calculated using FlowJo 
software. Apoptosis rate = Q2 (early apoptosis 
rate) + Q4 (late apoptosis rate).

Western blot for protein expression

Total protein was isolated from cells using 
Radio-Immunoprecipitation Assay (RIPA) lysis 
buffer (Thermo Fisher), and its concentration 
was measured using Enhanced Bicinchoninic 
Acid (BCA) Protein Assay Kit (Beyotime). Then 
equal protein was loaded onto sodium dode- 
cyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), followed by transfer to polyvinyli-
dene fluoride (PVDF) membranes (Millipore). 
The membranes were then blocked for 1 hour 
at room temperature with 5% fat-free milk and 
then incubated overnight at 4°C with the pri-
mary antibodies (BMPR1A 1:1000, Intercellular 
cell adhesion molecule-1 (ICAM-1) 1:1000, 
Vascular cell adhesion molecule-1 (VCAM-1) 
1:1000, N-cadherin 1:1000, E-cadherin 1:1000, 
and vimentin 1:1000). The next morning, after 
washing the membrane with washing buffer 3 
times, the membranes were incubated with  
the secondary antibody (1:2000) for 1 hour at 
room temperature. Finally, the Electrochemi- 

luminescence chemiluminescent detection re- 
agent was applied to visualize the proteins, 
which were then quantified using ImageJ 
software.

Validation of the targeting relationship be-
tween miR-503-5p and BMPR1A

The downstream potential target genes of miR-
503-5p were predicted and analyzed by Target- 
scan (URL: https://www.targetscan.org/vert_ 
72/), miRWalk (URL: http://mirwalk.umm.uni-
heidelberg.de/), miRBD (URL: https://mirdb.
org/mirdb/index.html), and Starbase databas-
es (URL: https://starbase.sysu.edu.cn/), and a 
Wayne diagram was plotted to observe whether 
all the four databases contained BMPR1A in 
the analyzed results. The BMPR1A 3’UTR, syn-
thesized by Shanghai Generay Biotech, was 
inserted into the pGL3-promoter plasmid vec-
tor, named BMPR1A-wild type (WT). The BM- 
PR1A 3’UTR containing the miR-503-5p binding 
site was mutated by site-specific mutagenesis 
and then introduced into the pGL3-promoter 
plasmid vector, named BMPR1A-mutant (MUT). 
BMPR1A-WT and BMPR1A-MUT were cotrans-
fected with miR-mimics and miR-NC into 
HemECs. Luciferase activities were determined 
according to the operating instructions of a 
dual-luciferase reporter (DLR) assay kit.

Sample size calculation

CH patients from The People’s Hospital of 
Wuqia County from March 2022 to January 
2024 were used as potential study subjects. 
According to the random sampling formula N = 
Z2σ2/E2, we included a total of 28 CH patients 
as the study subjects in this study. Patient data 
showed that the gender distribution was rela-
tively uniform and that the age span was large, 
with the youngest patient being 18 and the old-
est patient being 71 years old. The right ventri-
cle was the most common site of tumor onset, 
although tumors were found elsewhere as well. 
Most of the lesions were single, and only 2 
patients developed multiple lesions. The tumor 
volume distribution also spanned a large area, 
ranging from 0.8 × 0.5 × 0.5 cm3 to 11.3 × 5.2 
× 1.5 cm3, with sponginess as the main patho-
morphological feature (Table 2). At the same 
time, we selected 34 healthy controls (HCs) in 
the same period according to a ratio of 1:1. The 
current study was approved by the Ethics 
Committee of the People’s Hospital of Wuqia 
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County (20220914-039y), and all subjects 
signed an informed consent form. In addition, 
this study was conducted in strict compliance 
with the Declaration of Helsinki.

Selection criteria for the enrolled individuals

CH patients were included if they were patho-
logically confirmed as having CH in our hospital, 
agreed to participate in this study, and had 
complete medical records. Those with other 
tumors, cardio-cerebrovascular diseases, im- 
munodeficiency, mental diseases, organ fail-
ure, an estimated survival time <3 months, or 
structural cardiac abnormalities were excluded. 
Healthy individuals were selected and enrolled 
in the study if they had complete medical 
records, no previous major medical history, and 
normal physical examination results.

Sample collection and testing

The peripheral blood samples from both groups 
were collected upon admission, and the plas-
ma and serum were separated through high-
speed centrifugation. The collected samples 
were refrigerated at -80°C for analysis. Sub- 
sequently, miR-503-5p and BMPR1A expres-
sion were measured by qRT-PCR as described 
above.

Statistical analyses

Data were analyzed using the SPSS 25.0 soft-
ware. The distribution of the continuous data 
was first tested for normality to confirm that it 
conformed to a normal distribution. Count data 
were expressed as (%), and continuous data 
were expressed as (

_
x±s). A Chi-square test was 

performed to identify differences between the 

Table 2. Clinicopathological characteristics of CH patients

Number Age Gender CH site Number 
of lesions Volume (cm3) Pathomorphological features

1 18 Female Right ventricle Single 6 × 4 × 2 Spongy
2 69 Female Right ventricle Single 5 × 4 × 2 Spongy
3 24 Female Left atrial surface Single 11.3 × 5.2 × 1.5 Spongy+Partial capillary type
4 67 Male Apical surface of the heart Single 4 × 3 × 2 Spongy
5 65 Male Left atrial surface Single 5.5 × 3.5 × 2 Spongy
6 34 Female Right ventricle Single 3 × 2 × 0.8 Spongy
7 70 Male Right ventricle Single 0.8 × 0.5 × 0.5 Spongy+Small amount of intravenous type
8 39 Male Right ventricle Single 6 × 6 × 8 Spongy+Partial capillary type
9 69 Male Left atrial surface Single 4.5 × 3 × 2 Spongy
10 74 Male Apical surface of the heart Single 3.5 × 2.2 × 2 Spongy
11 42 Female Right atrium Single 1 × 1 × 0.5 Spongy+Partial capillary type
12 45 Male Right ventricle Multiple 4.5 × 4 × 2 Spongy
13 65 Male Right atrium Single 3 × 2.4 × 0.8 Intravenous
14 71 Female Right atrium Single 5 × 4.5 × 3.6 Spongy
15 63 Male Right ventricle Single 9.5 × 5.5 × 2.4 Spongy+Small amount of intravenous type
16 67 Female Left ventricular surface Single 4.5 × 3 × 1 Spongy
17 67 Male Left ventricular surface Single 3.5 × 2.2 × 1.6 Spongy+Partial capillary type
18 61 Female Right ventricle Single 3.1 × 2.6 × 1.3 Spongy
19 59 Male Right ventricle Single 8.4 × 2.4 × 2 Spongy
20 46 Male Left atrial surface Single 3.5 × 2.3 × 2.8 Spongy+Partial capillary type
21 58 Male Right ventricle Single 6 × 4 × 1.4 Spongy
22 62 Male Apical surface of the heart Single 3.7 × 0.6 × 1.5 Intermuscular capillary type
23 71 Female Left atrial surface Single 4 × 1.2 × 2.6 Intravenous
24 67 Female Right atrium Multiple 2.4 × 6 × 1.5 Spongy+Small amount of intravenous type
25 64 Male Apical surface of the heart Single 4 × 6.2 × 1.5 Spongy+Partial capillary type
26 69 Female Right ventricle Single 0.7 × 0.7 × 2.2 Spongy
27 63 Male Right ventricle Single 2.8 × 3.1 × 0.7 Spongy
28 71 Male Left atrial surface Single 3.4 × 0.8 × 1.6 Spongy
Note: CH, cardiac hemangioma.
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groups. For inter-group comparisons, an inde-
pendent sample t test was performed, while 
one-way or two-way Analysis of Variance 
(ANOVA) followed by Bonferroni post hoc test 
was used for multi-group comparisons. Pearson 
correlation coefficient analysis was used for 
correlation analyses. Each biological sample 
was run in triplicate, and experiments were 
independently repeated three times (n = 3). 
P˂0.05 was considered statistically signifi- 
cant.

Results

Inhibition of miR-503-5p expression promotes 
HemEC and HUVEC growth, and EMT

To confirm the effect of miR-503-5p on the 
activity of CH cells, we constructed a miR-503-
5p aberrant expression vector and transfected 
it into HemECs. Biological tests on HemECs 
after transfection of abnormal miR-503-5p ex- 
pression sequences showed that the prolifera-
tion, invasion, and migration capacities of the 
miR-inhibition group were significantly enhan- 
ced (Figure 2A-C), while the apoptosis rate was 
reduced (P<0.05) (Figure 2D). However, the 
miR-mimic group had lower proliferating, invad-
ing, and migrating capacities and higher apop-
tosis than the miR-NC group (P<0.05). Thus, 
inhibiting miR-503-5p promoted CH cell growth, 
while increasing its expression inhibited CH cell 
growth (Figure 2A-D). Subsequently, to further 
observe the effect of miR-503-5p on HUVECs, 
the aberrant expression of miR-503-5p was 
transfected into HUVECs as above, and their 
biological behaviors were examined. The bio-
logical behavior test results of HUVECs were 
consistent with the above findings, namely, the 
miR-inhibition group showed the most potent 
proliferation (Figure 2E), invasion (Figure 2F), 
and migration (Figure 2G) abilities and the low-
est apoptosis (Figure 2H) among the three 
groups (P<0.05), while cell activity was lower 
and apoptosis was higher in the miR-mimic 
group than in the miR-NC group (P<0.05) 
(Figure 2E-H). Neovascularization and EMT are 
both important pathological processes in CH. 
To confirm the effects of miR-503-5p on angio-
genic capacity and EMT in HemECs and 
HUVECs, we examined the expression of  
ICAM-1, VCAM-1, and EMT-expressing proteins. 
Western blot results showed that in HemECs 
and HUVECs, ICAM-1, VCAM-1, N-cadherin, and 

vimentin protein levels were markedly elevated 
in the miR-inhibition group, while E-cadherin 
protein expression was reduced (P<0.05); the 
opposite was observed in the miR-mimic group, 
that is, ICAM-1, VCAM-1, N-cadherin, and vi- 
mentin decreased, while E-cadherin increased. 
Furthermore, the miR-inhibition group was 
found to have higher BMPR1A protein levels 
than the miR-mimic and miR-NC groups, while 
the miR-mimic group had lower BMPR1A levels 
than the miR-NC group (P<0.05) (Figure 2I, 2J).

Targeted regulatory relationship between miR-
503-5p and BMPR1A

In the above experiments, we have preliminarily 
demonstrated that miR-503-5p has an impor-
tant effect on CH and that the expression of 
BMPR1A is also affected by miR-503-5p. 
However, the relationship between miR-503-5p 
and BMPR1A still needs more experimental 
verification. Thus, we first needed to confirm 
whether there was a targeting relationship be- 
tween the two. All the databases (TargetScan, 
miRWalk, miRBD, and Starbase) identified BM- 
PR1A as one of the potential downstream tar-
get genes of miR-503-5p (Figure 3A). The bind-
ing complementary sites between them are 
shown in Figure 3B. As indicated by the DLR 
assay, BMPR1A-WT fluorescence activity was 
obviously inhibited after miR-mimic transfec-
tion, while BMPR1A-MUT fluorescence activity 
was enhanced by miR inhibition (P<0.05) 
(Figure 3C), indicating a targeted regulatory 
relationship between the two.

BMPR1A reverses the effect of miR-503-5p on 
HemECs and HUVECs

Although we confirmed a targeting relation- 
ship between miR-503-5p and BMPR1A, more 
experiments are needed to verify that miR-503-
5p influenced CH progression through BMPR1A. 
Thus, we observed the altered biological behav-
ior of HemECs by simultaneously regulating  
the expression of miR-503-5p and BMPR1A. 
BMPR1A-ov transfection led to obviously en- 
hanced proliferative, invasive, and migrating 
capacities of HemECs, as well as reduced apop-
tosis. Decreased HemEC activity and increased 
apoptosis were observed after BMPR1A-si 
transfection (P<0.05). However, after the si- 
multaneous transfection of BMPR1A-ov+miR-
mimic or BMPR1A-si+miR-inhibition, there were 
no significant differences in the biological 
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Figure 2. Influence of miR-503-5p on CH cell and HUVEC biological behavior. A: Effect of miR-503-5p on the clonogenic ability of HemECs. B: Effect of miR-503-5p 
on the invasion ability of HemECs (200×). C: Effect of miR-503-5p on the migration ability of HemECs (50×). D: Effect of miR-503-5p on the apoptosis of HemECs. E: 
Effect of miR-503-5p on the clonogenic ability of HUVECs. F: Effect of miR-503-5p on the invasion ability of HUVECs (200×). G: Effect of miR-503-5p on the migration 
ability of HUVECs (50×). H: Effect of miR-503-5p on the apoptosis of HUVECs. I: Effect of miR-503-5p on protein expression in HemECs. J: Effect of miR-503-5p on 
protein expression in HUVECs. Note: vs. miR-NC #P<0.05, vs. miR-mimic &P<0.05. CH, cardiac hemangioma; BMPR1A, type IA bone morphogenetic protein receptor; 
ICAM-1, intercellular cell adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1.
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behavior of HemECs compared to BMPR1A-NC-
transfected cells (P>0.05), which shows that 
the influence of BMPR1A on the biological 
behavior of HemECs was completely reversed 
by miR-503-5p (Figure 4A-D). Moreover, we fur-
ther observed the altered biological behavior  
of HUVECs by simultaneously regulating the 
expression of miR-503-5p and BMPR1A. In 
HUVECs, the cell proliferation, invasion and 
migration capacities of the BMPR1A-ov group 
were also significantly enhanced, and apopto-
sis was inhibited. In contrast, the BMPR1A-si 
group had decreased proliferation, invasion 
and migration, and increased apoptosis (P< 
0.05). Similarly, both BMPR1A-ov+miR-mimic 
and BMPR1A-si+miR-inhibition cotransfection 
contributed to various biological behaviors that 
were similar to those in the BMPR1A-NC group 
(P>0.05) (Figure 4E-H). For the angiogenic 
capacity and EMT of HemECs and HUVECs, 
experiments are likewise needed to validate 
the BMPR1A-targeted regulatory effect of miR-
503-5p. ICAM-1, VCAM-1, N-cadherin, and 
vimentin protein levels were found to be higher 
in the BMPR1A-ov group than in the BMPR1A-
NC group, while E-cadherin was lower. The 
BMPR1A-si group had lower ICAM-1, VCAM-1, 
N-cadherin, and vimentin protein levels and 
higher E-cadherin levels than the BMPR1A-NC 

group (P<0.05). However, the BMPR1A-ov+miR-
mimic group and BMPR1A-si+miR-inhibition 
group showed no differences in the protein 
expression of ICAM-1, VCAM-1, N-cadherin, 
E-cadherin, and vimentin compared with the 
BMPR1A-NC group (P>0.05) (Figure 4I, 4J).

Comparison of clinical data

The clinical parameters of the enrolled individu-
als are shown in Table 3. There was no signifi-
cant difference in the baseline data between 
the HC patients and the HCs (P>0.05). First, to 
confirm the expression of miR-503-5p and 
BMPR1A in CH, we examined their expression 
in peripheral blood of CH patients and HCs. The 
CH patients showed lower peripheral blood 
miR-503-5p expression (1.44±0.51) (Figure 
5A) and higher BMPR1A mRNA (2.28±0.43) 
(Figure 5B) than the HCs (P<0.05). Pearson 
correlation coefficients identified a negative 
connection between miR-503-5p and BMPR1A 
expression in peripheral blood in the CH 
patients (P<0.05, Figure 5C).

Discussion

As a rare benign cardiac tumor, CH has a much 
lower incidence rate than myxoma but is 

Figure 3. Validation of the targeting relationship between miR-503-5p and BMPR1A. A: Analysis of miR-503-5p 
target genes in the online database. B: Binding complementary sites of miR-503-5p and BMPR1A. C: Results of the 
DLR assay. Note: DLR, dual-luciferase reporter; BMPR1A, type IA bone morphogenetic protein receptor.
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Figure 4. Effect of miR-503-5p adsorption of BMPR1A by sponging on the biological behavior of CH cells and HUVECs. A: Results of the cell cloning assay. B: Results 
of the Transwell assay (200×). C: Results of the wound healing assay (50×). D: Results of flow cytometry assay. E: Results of the cell cloning assay. F: Results of 
the Transwell assay (200×). G: Results of the wound healing assay (50×). H: Results of flow cytometry assay. I: Protein expression in HemECs. J: Protein expression 
in HUVECs. Note: vs. BMPR1A-NC #P<0.05, vs. BMPR1A-ov &P<0.05, vs. BMPR1A-si ΔP<0.05, vs. BMPR1A-ov+miR-mimic &P<0.05, vs. BMPR1A-si+miR-inhibition 
ΔP<0.05. CH, cardiac hemangioma; BMPR1A, type IA bone morphogenetic protein receptor; HUVECs, human umbilical vein endothelial cells.
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extremely concealed. Once CH ruptures, there 
is a great risk of death, so the diagnosis and 

which suggests that low miR-503-5p expres-
sion in CH can accelerate CH development. 

Table 3. Baseline parameters of the enrolled subjects

Group n Age BMI (kg/m2) Male/Female Smoking
Yes/No

Family history of CH
Yes/No

HCs 34 60.88±8.29 22.09±5.56 22 (64.71)/12 (35.29) 15 (44.12)/19 (55.88) 0 (0.0)/34 (100.0)
CH patients 28 58.57±14.98 22.07±3.50 17 (60.71)/11 (39.29) 15 (53.57)/13 (46.43) 2 (7.14)/26 (92.86)
t (or χ2) 0.769 0.014 0.105 0.550 2.510
P 0.445 0.989 0.746 0.459 0.113
Note: HCs, health controls; CH, cardiac hemangioma; BMI, body mass index.

Figure 5. Clinical expression of miR-503-5p and BMPR1A. qRT-PCR was conducted to measure (A) miR-503-5p and 
(B) BMPR1A mRNA levels in the blood samples of HCs and CH patients. (C) Pearson correlation coefficients was 
performed to identify the correlation between miR-503-5p and BMPR1A mRNA in peripheral blood samples of CH 
patients. CH, cardiac hemangioma.

Figure 6. Principle of this work. miR-503-5p promotes proliferation, inva-
sion and EMT of HemECs and HUVECs by targeting BMPR1A. Note: BM-
PR1A, type IA bone morphogenetic protein receptor; HemECs, human 
hemangioma-derived endothelial cells; HUVECs, human umbilical vein 
endothelial cells.

treatment of CH are still worthy of 
clinical attention [17]. In this 
study, we found that miR-503-5p 
was significantly aberrantly ex- 
pressed in CH and had an impor-
tant impact on the biological 
behaviors of both CH cells and 
HUVECs, which Figure 6 helps us 
visualize the process more.

Reviewing previous research on 
miR-503-5p, we found that miR-
503-5p was involved in the devel-
opment of tumor diseases such 
as osteosarcoma and oral cancer 
[18, 19], but its action mecha-
nism in CH remains unclear. 
Therefore, it is necessary to con-
firm its mechanism in CH through 
in vitro experiments. By transfect-
ing abnormal miR-503-5p expres-
sion sequences into HemECs and 
detecting cell biological behavior 
changes, we found that silencing 
miR-503-5p promoted HemEC 
proliferation, invasion, and mig- 
ration and inhibited apoptosis, 
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Similarly, previous studies found that silencing 
miR-503-5p accelerated hepatocellular carci-
noma cell proliferation [20], which supports our 
experimental results and indicates that miR-
503-5p has similar biological effects in other 
neoplastic diseases. However, after increasing 
miR-503-5p, CH activity was obviously weak-
ened, and apoptosis was activated. This sug-
gests that immunotherapy by increasing miR-
503-5p may be a new treatment option for CH, 
which is of great significance for CH that is cur-
rently extremely difficult to treat surgically. As 
mentioned above, there is a close relationship 
between the development of CH and the forma-
tion of cardiac vascular endothelial cells or 
smooth muscle cells with excessive prolifera-
tion [13]. Therefore, we not only need to focus 
on the effect of miR-503-5p on CH cells, but 
also need to understand the regulatory effect 
of miR-503-5p on normal vascular cells in order 
to fully explain the mechanism of miR-503-5p’s 
action in CH. Therefore, we also observed the 
effect of miR-503-5p on HUVECs, and similar 
results as those on HemECs were obtained. 
That is, elevating the expression of miR-503-5p 
decreased the activity of HUVECs, whereas 
silencing the expression of miR-503-5p en- 
hanced the activity of HUVECs. Combined with 
the results of the above experiments, it can be 
seen that miR-503-5p not only plays a role in 
promoting tumor cell activity in CH, but also 
leads to abnormal proliferation of normal vas-
cular cells, thus contributing to the progression 
of CH. In addition, the silencing of miR-503-5p 
in HemECs and HUVECs resulted in significantly 
improved cell adhesion (increased ICAM-1 and 
VCAM-1 protein levels) and enhanced EMT 
(increased N-cadherin and vimentin, and de- 
creased E-cadherin). Currently, it has been clini-
cally proven that EMT is the key to enhance the 
malignant invasion and migration of tumor cells 
[21]. For normal vascular endothelial cells, EMT 
plays a role in promoting cell aggregation and 
formation of intravascular obstruction [22]. 
That is to say, miR-503-5p can affect the 
altered biological behavior of vascular endothe-
lial cells, whether they are in a pathological 
state or in a normal state. This demonstrates 
that the mechanism of miR-503-5p in CH is 
related to the promotion of neovascularization 
on the one hand and the stimulation of the 
accelerated growth of tumor cells on the other 
hand, which agrees with the views of previous 
studies [23].

MicroRNAs usually regulate biological behavior 
changes in cells through their downstream tar-
geting proteins [24]. Previous studies have con-
firmed that miR-503-5p affects the progres-
sion of colorectal cancer and hepatocellular 
carcinoma by targeting PDCD4 and WEE1 [10, 
25], but its pathway of action in CH remains 
unclear. We speculate that its mechanism may 
be related to BMPR1A. To verify this hypothe-
sis, we first predicted the potential downstream 
target genes of miR-503-5p, and found that 
BMPR1A was one of the genes predicted by all 
the databases used. In DLR, BMPR1A-WT activ-
ity was enhanced by miR-503-5p, while 
BMPR1A-MUT activity was inhibited, confirming 
the targeted regulatory relationship between 
them. After silencing miR-503-5p, the level of 
BMPR1A increased, while inhibiting miR-503-
5p led to the opposite results. These results 
were consistent with the above clinical trials, 
indicating that miR-503-5p negatively regu-
lates BMPR1A, that is, the higher the miR-503-
5p, the lower the BMPR1A. Previous evidence 
has preliminarily demonstrated the regulatory 
effect of BMPR1A on angiogenesis (BMPR1A 
provides an important function for bone mor-
phogenetic protein-induced retinal angiogene-
sis [26]), and Xiao et al.’s study even confirmed 
that blocking the expression of BMPR1A could 
disrupt angiogenesis in colon cancer cells [27]. 
However, its role in CH has yet to be confirmed. 
Therefore, we further used abnormal BMPR1A 
expression vectors to interfere with HemECs 
and HUVECs. The experimental results were 
completely opposite to those of miR-503-5p; 
that is, increasing BMPR1A promoted HemEC 
and HUVEC activities, EMT, and cell adhesion 
and inhibited apoptosis, while silencing BM- 
PR1A inhibited HemEC and HUVEC growth and 
promoted apoptosis. These results are also 
consistent with previous studies [28, 29], indi-
cating that high expression of BMPR1A plays a 
role as an oncogene in CH. Similarly, in a previ-
ous study, we found that BMPR1A played an 
important role in the growth and aging process 
of cardiomyocytes [30], and Wan et al. demon-
strated that BMPR1A was involved in azithro-
mycin-induced cardiotoxicity [31], which shows 
that this protein has an important impact on 
cardiovascular function. However, after simul-
taneously increasing or silencing miR-503-5p 
and BMPR1A, the biological behavior of 
HemECs and HUVECs was not different from 
that of BMPR1A-NC-transfected cells, indicat-
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ing that the influence of BMPR1A on cells can 
be completely reversed by miR-503-5p. Taken 
together, miR-503-5p regulates the biological 
behavior of CH cells through sponge adsorption 
of BMPR1A.

Of course, cellular and animal assays alone do 
not fully determine the clinical expression of 
miR-503-5p in CH. Therefore, in the final step 
of this study, we included CH clinical cases for 
analysis. Summarizing the clinical presenta-
tions of CH patients, it was found that patients 
often had pericardial effusion (most of these 
patients had clinical symptoms), most of which 
were clear and nonbloody fluids, with no clear 
correlation with intracavitary space-occupying 
lesions. The tumor can be small, found occa-
sionally, or it can show a large mass; in some 
cases, it can bleed, forming a large amount of 
pericardial effusion, causing cardiac tampon-
ade and even death [32]. All patients with ven-
tricular septal pace-occupying masses were 
found on physical examination with no clinical 
symptoms. All the patients with cardiac space-
occupying lesions found by physical examina-
tion had a single lesion, without pericardial 
effusion in 80% of them. Most of them had a 
single lesion, and few had multiple lesions. 
Sometimes, they may be combined with multi-
ple hemangiomas in other organs, such as the 
liver. Further relevant examination is needed to 
determine whether the cardiac occupying is a 
local manifestation of systemic diseases. The 
detection of peripheral blood miR-503-5p and 
BMPR1A expression in CH cases showed that 
miR-503-5p was underexpressed while BM- 
PR1A was overexpressed in CH, consistent with 
the results of previous studies. For example, 
miR-503-5p is also lowly expressed in myocar-
dial ischemia/reperfusion injury and ovarian 
cancer [16, 33], suggesting that they may be 
involved in the development and progression of 
CH. miR-503-5p and BMPR1A levels in cancer 
of CH patients also showed the same mecha-
nism as in peripheral blood, which can validate 
the accuracy of the above experimental results. 
Meanwhile, we identified through correlation 
analysis that the expression of the two was 
negatively correlated, which indicates that 
BMPR1A in CH may be negatively regulated by 
miR-503-5p. The abnormal expression of miR-
503-5p and BMPR1A in CH also indicates their 
potential as disease assessment indicators in 
the future. However, due to the low incidence of 
CH and the limited number of cases collected 

by us, their diagnostic and evaluation signifi-
cance was not analyzed, which will be investi-
gated in the future.

However, due to the limited experimental condi-
tions, this study still has some limitations that 
need to be addressed. For example, we need to 
include more clinical cases to further analyze 
the role of miR-503-5p and BMPR1A in evaluat-
ing the progression of CH. In addition, it is nec-
essary to analyze the pathway through which 
miR-503-5p influences CH cells to assist in the 
clinical understanding of the role of miR-503-
5p in CH. Moreover, we need to observe the 
changes in CH after interfering with the expres-
sion of miR-503-5p or BMPR1A in vivo to lay 
the foundation for future treatment of CH based 
on miR-503-5p and BMPR1A molecularly tar-
geted therapies.

Conclusion

miR-503-5p is poorly expressed and BMPR1A 
is highly expressed in CH. By targeting BMPR1A, 
miR-503-5p promotes CH cell growth, acceler-
ates cell adhesion and EMT, and inhibits apop-
tosis. In the future, molecularly targeted thera-
py through miR-503-5p or BMPR1A may be a 
new direction for CH treatment, but more 
experiments are still needed to further confirm 
the mechanism of action of both in CH.
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