
ONCOLOGY LETTERS  16:  4235-4242,  2018

Abstract. The profile of differentially expressed microRNAs 
(miRNAs) in the serum of patients with cardiac myxoma 
(CM) (n=30) and healthy people (n=30) was studied using 
miRNA microarray analysis. The expression of the candidate 
miRNAs was validated by reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) in the serum of 30 CM 
patients and 30 healthy control individuals. TargetScan, 
PicTar and miRanda were used to predict the possible target 
gene of miR‑320a. The Gene Ontology database and Kyoto 
Encyclopedia of Genes and Genomes database were used to 
enrich the functions and signaling pathways of the target genes, 
respectively. The results showed that 4 differentially expressed 
miRNAs were identified, the expression levels of miR‑320a 
and miR‑1249‑5p were upregulated, and those of miR‑634 and 
miR‑6870‑3p were downregulated in CM patients (P<0.05). 
The expression levels of miR‑320a and miR‑634 selected for 
verification by RT‑qPCR were in high concordance with the 
results of microarray analysis. Through bioinformatics, we 
identified 487 target genes predicted from miR‑320a, that were 
mostly enriched in the bone morphogenetic protein signaling 
pathway, nicotinamide adenine dinucleotide pathway and 
de novo ceramide biosynthetic pathway. In our study, we 
reported for the first time the circulating miRNA profile of 
CM patients and suggested that miR‑320a may participate in 
CM development through the ceramide signaling pathway.

Introduction

Cardiac myxoma (CM) is the most clinically common primary 
cardiac benign tumor, its incidence accounts for more than 
50% of cardiac tumors (1). CM frequently occurs in the middle 
age and is more common in females than in males but rarely 
seen in children, in whom it accounts for 15% of cardiac 

tumors (2,3). CM occurs anywhere in the heart, but arises 
most commonly in the left atrium (4,5) with occasionally on 
the right atrium, right ventricle and the left ventricle (5,6). It 
can cause mild constitutional symptoms, such as fever, weight 
loss, myalgia, skin flushing or arthralgia, to serious hemody-
namic derangement, depending on its location and size, which 
can lead to disastrous embolic symptoms. Therefore, early 
diagnosis and treatment are necessary, and once the diagnosis 
is established, surgery should be performed without delay. 
However, recurrence after surgical excision occurs in 2% of 
the cases (7). CM can be easily misdiagnosed and treatment 
can be delayed due to its complicated clinical manifestations 
with no specific clinical performance. Echocardiography is the 
most commonly used method for the detection of CM. The 
diagnosis rate has been improved obviously since it was widely 
used in the clinic. However, echocardiography has limitations 
due to low sensitivity and specificity, lengthy diagnostic time, 
and technical complexity. Therefore, diagnostically sensitive 
and specific markers for early uncomplicated CM detection 
are urgently needed.

A microRNA (miRNA/miR) is an endogenous small 
single‑stranded non‑coding RNA molecule with a length of 
~22 nucleotides. It can pair with the 3'UTR of a target gene's 
mRNA, and inhibit the translation of the target genes or 
induce the degradation of mRNA (8). miRNAs are involved 
in numerous cancer‑relevant processes, such as migration, 
proliferation and apoptosis (9,10). Aberrant expression of 
miRNA has been reported in various malignancies such as 
gastric cancer (11) and breast cancer (12), and thus, their altera-
tion can cause malignant transformation. Recent evidence 
demonstrated that circulating miRNAs can be regarded as 
reliable biomarkers for the detection of various cancers and 
other diseases due to their stability and ease of detection (13). 
However, miRNA in the serum of patients with CM remains 
unexplored, and the pathogenesis of CM is not very clear. 
Therefore, in the present study, we aimed to identify differ-
entially expressed miRNAs in the serum of patients with CM 
and analyzed their potential role in CM development.

Materials and methods

Patients. Thirty patients with CM who were hospitalized in 
Fujian Medical University Union Hospital (Fuzhou, China) 
from October 2015 to May 2016 were recruited. Thirty healthy 
cases were also recruited. Of the 30 patients with CM, 10 were 
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male and 20 were female, and their age ranged from 17 to 88, 
with average age of 58.5. In the control group, 10 were male 
and 20 were female, and their age ranged from 18 to 74 with 
an average age of 55.6. No significant difference was found 
(P>0.05) in the general characteristics, such as gender and age, 
between the CM and healthy groups. This study was approved 
by the Ethics Committee of Fujian Medical University Union 
Hospital (Fuzhou, China) and informed consent was provided 
by each patient.

Serum preparation and total RNA isolation. Blood was collected 
from each subject into tubes without anticoagulant and placed at 
4˚C for 2 h. The samples were then centrifugated at 4,000 x g for 
15 min, and the serum that was separated was stored at ‑80˚C 
until use. The 30 patients with CM were randomly assigned into 
three equal groups of 10 subjects each, then 100 µl of the serum 
form each group were pooled to generate a serum pool (14) 
labeled as samples A, B and E. Similarly, the samples from the 
healthy group were also grouped, and the serum pools were 
labeled as samples a, b and e. We named the groups randomly, 
these names have no meaning.

Total RNA from the serum was extracted and purified using 
the miRNeasy Mini kit (Qiagen, Inc., Valencia, CA, USA). 
The concentration and quality of the RNA were measured 
using a NanoDrop 1,000 Spectrophotometer (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). RNA samples were 
subjected to electrophoresis with 1.4% agarose‑formaldehyde 
gels stained with ethidium bromide to verify their integrity. 
The quality control criteria of RNA were 28S/18S >1.5 and 
A260/A280 >1.8.

MiRNA expression profiling. The RNA with high purity 
(A260/A280 >1.8) and high quality (28S/18S >1.5) was used 
for the microarray experiments. The miRCURY Hy3/Hy5 
Power Labeling kit (Exiqon, Vedbaek, Denmark) was used 
according to the manufacturer's guideline for miRNA label-
ling. One microgram of each sample was 3‑end‑labeled 
with Hy3TM fluorescent label by using T4 RNA ligase. The 
mixture was incubated for 30 min at 37˚C, and the reaction 
was terminated by incubation for 5 min at 95˚C. Then, 3.0 µl 
of labeling buffer, 1.5 µl of fluorescent label (Hy3TM), 2.0 µl 
of DMSO, and 2.0 µl of labeling enzyme were added into the 
mixture. The labeling mixture was incubated for 1 h at 16˚C, 
and the reaction was terminated by incubation for 15 min at 
65˚C. After stopping the labeling procedure, the Hy3‑labeled 
samples were hybridized to the Agilent miRNA microarray 
chip. Following the hybridization, the slides were achieved, 
washed several times by using a Wash Buffer kit (Exiqon), 
and finally dried by centrifugation for 5 min at 400 x g. Then 
the microarray was scanned using the GenePix 4000B micro-
array scanner (Axon Instruments, Foster City, CA, USA). 
Data were extracted using the Agilent Feature Extraction 
Software and analyzed using the GeneSprint 13.0 software 
(Agilent Technologies, Inc., Santa Clara, CA, USA). All raw 
data in control and CM group was processed with ‘percentile’ 
method for data normalization, and FC (fold‑change) was 
calculated using these normalized datas. The miRNAs with 
FC ≥2.0 and P<0.05 were considered significant, the choice 
of cut‑off was based on previous studies (15-18). This section 
was accomplished by Beijing CapitalBio Corporation (Beijing, 

China). The data in healthy group was used as control for the 
comparisons.

Validation of the differentially expressed miRNAs by quanti-
tative reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR). Two selected candidate miRNAs identi-
fied from the serum samples of the 30 patients with CM and 
30 healthy controls were validated by RT‑qPCR. 1 µl of purified 
total RNA was reverse transcribed using a miscript II RT kit 
(Qiagen, Courtaboeuf, France) according to the manufac-
turer's instructions. The qPCR assay was performed using 
reagents from the SYBR Green Real‑Time PCR kit (Takara 
Biotechnology Co., Ltd., Dalian, China), and the reaction mix 
was composed of 10 µl SYBR Premix Ex Taq II, 0.8 µl PCR 
forward primer (Table I), 0.8 µl UnimiR qPCR primer, 2 µl 
cDNA, 0.4 µl ROX reference dye, and 6 µl deionized H2O. The 
reactions were incubated in a 48‑well optical plate at 95˚C for 
30 sec, followed by 40 cycles of 95˚C for 5 sec, and 60˚C for 
34 sec. The Cquantification cycle (Cq) was determined by using 
the default threshold settings. All experiments were performed 
in triplicate and repeated three times. RT‑qPCR was performed 
in Mx3000P (Stratagene, La Jolla, CA, USA). U6 small‑nuclear 
RNA (U6 snRNA) was used as a reference gene to normalize 
the expression of the miRNA. The mature sequences for all 
miRNAs were acquired from miRBase (http://www.mirbase.
org/). The primer sequences used for the miRNA analysis 
are designed based on these mature sequences and shown in 
Table I. Relative expression was analyzed using the method of 
2-ΔΔCq (19).

Bioinformatics analysis. The target genes of miR‑320a 
were predicted using three miRNA databases including 
miRanda (http://mirdb.org/miRDB/), TargetScan (http://www.
targetscan.org/) and PicTar (http://pictar.mdc‑berlin.de). 
The target genes that were uniformly predicted by the three 
databases were selected. The Gene Ontology (GO) database 
(http://www.geneontology.org/) was employed to enrich the 
functions of miR‑320a target genes. Fisher's exact test was 
then employed to calculate the P‑value for each function. A 
function with P‑value <0.05 was considered as significant. The 
Kyoto Encyclopedia of Genes and Genomes (KEGG) data-
base (http://www.kegg.jp/) was used to explore the relevant 
signaling pathways of the target genes of miR‑320a. Fisher's 
exact test was then employed to calculate the P‑value for each 
pathway. A pathway with P‑value <0.05 was considered as 
significant.

Statistical analysis. All data were shown as mean ± standard 
deviation, and analyzed using the SPSS 20.0 software (SPSS, 
Inc., Chicago, IL, USA). The differential expression levels 
between two groups was analyzed using t‑test for validation. 
P<0.05 was considered to indicate a statistically significant 
difference. P‑values were corrected for multiple testing by 
false discovery rate (FDR). Clustering analysis of miRNA 
based on KK‑means algorithm.

Results

Differentially expressed miRNAs in the serum by miRNA 
microarray analysis. We performed a microarray analysis to 
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identify the miRNA expression patterns of the patients with 
CM. We made a heat map to visualize the results of the two‑way 
hierarchical clustering of the miRNA (Fig. 1). The color scale 
shown at the top illustrated the relative expression level of 
a miRNA: Red represented a high relative expression level, 
whereas green represented a low relative expression level (20).

Of the 207 miRNAs analyzed by miRNA microarray, only 
four were identified as being differentially expressed by more 
than two‑fold. Of those, 2 (miR‑320a and miR‑1249‑5p) were 
obviously up‑regulated and 2 (miR‑634 and miR‑6870‑3p) 
were down‑regulated in the patients with CM in comparison 
with the healthy controls (P<0.05; Table II).

Validation of the differentially expressed miRNAs by 
RT-qPCR. To validate the microarray results, miR‑320a and 
miR‑634 were selected for further validation in the serum of 
the 30 CM patients and 30 healthy controls by using RT‑qPCR 
due to no target genes of miR‑1249‑5p and miR‑6870‑3p were 
predicted. Results showed that the expression of miR‑320a 
increased and the expression of miR‑634 decreased in the 
patients with CM in comparison with the normal controls 
(P<0.05). These results were consistent with the results of the 
microarray (Fig. 2).

Prediction of miR-320a target genes. The miRNA target genes 
were predicted using three databases including miRanda, 
TargetScan and PicTar. We identified 487 target genes from 
these three databases and only genes rank in the top 21 that 
were predicted for miR‑320a are shown in Table III, and the 
remaining 466 genes are not shown in the table. However, 
following GO enrichment analysis and pathway enrichment 
analysis are conducted on the basis of these 487 genes.

GO enrichment analysis for the target genes of miR-320a. 
As shown in Fig. 3, the GO functional enrichment results 
revealed that the miR‑320a target genes were enriched in 
numerous bioprocesses such as cell adhesion, cellular process, 
multicellular organismal development, and cellular compo-
nent organization or biogenesis. The target genes were also 
involved in the synthesis of many cellular components, such as 
cell junction and extracellular matrix component. Moreover, 
the target genes was closely related to many molecular func-
tions, such as necleic acid binding transcription factor activity.

Pathway enrichment analysis of the miR-320a target genes. On 
the basis of the classification of the GO annotation, the KEGG 
database was used to analyze the signaling pathways modu-
lated by the target genes. As shown in the Fig. 4, the miR‑320a 
target genes were mainly enriched in the bone morphogenetic 
protein (MBP) signaling pathway, nicotinamide adenine 
dinucleotide (NAD) pathway, de novo ceramide biosynthetic 
pathway and 3‑phosphoinositide biosynthesis pathway (Fig. 4).

Discussion

miRNAs are a series of short (typically 18‑25 nucleotides), 
single‑stranded and highly conserved non‑coding RNA 
molecules. They negatively regulate gene expression either 
through inhibition of mRNA translation or by promoting 
mRNA degradation. Emerging evidence suggests that miRNAs 
can be emerge as important intervention targets and predictive 
tools for various human cancers because of their stability 
and convenience of miRNA detection (21,22). In particular, 
serum miRNAs may be used as biomarkers in diagnosis (6). 
Zhang et al (23) found that the expression of miR‑217 is 
downregulated in tissues of CM patients, and overexpression of 
miR‑217 inhibits the proliferation and promotes the apoptosis 
of the primary CM cells. Cao et al (24) reported that downreg-
ulation of miR‑218 promotes the proliferation of cells derived 
from patients with CM. These findings suggested that miR‑217 
and miR‑218 are potential targets for CM prevention and 
therapy due to their tumor suppression properties. However, the 
study on miRNA expression in the serum of patients with CM 
has not yet been reported. The present study reported for the 
first time the differential expression profiles of miRNA in the 
serum of patients with CM. We confirmed four differentially 
expressed miRNAs. Of these four miRNAs, the expression 
levels of miR‑320a and miR‑1249‑5p increased and those of 
miR‑634 and miR‑6870‑3p decreased in patients with CM in 
comparison with the healthy controls. Only four differentially 
expressed miRNAs were identified was due to large disper-
sion caused by the small sample size of our study. In a study 
conducted by Liu et al (25), sixteen patients were selected and 
their serum miRNA profiles were determined using a micro-
array, and the results showed that only four serum miRNAs 
were found to be differentially altered, it is consistent with our 
experimental results. Due to no target genes of miR‑1249‑5p 
and miR‑6870‑3p were predicted, only miR‑320a and miR‑634 
were selected for further verification using RT‑qPCR, and the 
results were consistent with the microarray results, such finding 
indicated the high reliability of the chip technology.

A newly found tumor suppressor, miR‑634 plays an impor-
tant role in inducing the apoptosis of tumor cells. miR‑634 
inhibits the cell proliferation and induces apoptosis in cervical 
cancer cells (26) and nasopharyngeal carcinoma cells (27). 
Moreover, Fujiwara et al (28) found that miR‑634 enhanced 
chemotherapy‑induced cytotoxicity in a model of esophageal 
squamous cell carcinoma. In the present study, the expression 
of miR‑634 was lower in the serum of CM patients, suggesting 
that it may also be an important tumor suppressor in CM. This 
finding provided the basis for the further study of the role of 
miR‑634 in CM.

In recent years, the differential expression of miR‑320a 
between tumor tissue and healthy tissue was identified using 

Table I. miRNA‑specific Primers Used in the RT‑qPCR.

miRNA Primer sequences (5'‑3')

miR‑320a Forward: 5'‑GCGAAAAGCTGGGTTGAGA‑3' 
 Reverse: 5'‑AGTGCAGGGTCCGAGGTATT‑3'
miR‑634 Forward: 5'‑CGAACCAGCACCCCAACT‑3'
 Reverse: 5'‑AGTGCAGGGTCCGAGGTATT‑3'
U6 Forward: 5'‑AGAGAAGATTAGCATGGCCC
 CTG‑3'
 Reverse: 5'‑AGTGCAGGGTCCGAGGTATT‑3'

miRNA/miR, microRNA; RT‑qPCR, reverse transcription‑quantita-
tive polymerase chain reaction.



YAN et al:  miRNAs EXPRESSION IN CARDIAC MYXOMA PATIENTS4238

qPCR, gene chips and Western blot. Previous studies have 
revealed that miR‑320a exhibits abnormal expression levels in 
multiple malignancies and is involved in the formation, progres-
sion and metastasis of cancer. miR‑320a is down‑regulated in 
various cancers such as breast cancer (29), bladder cancer (30), 
gastric cancer (31), colorectal cancer (32), and nasopharyngeal 
cancer (33). The overexpression of miR‑320a suppresses 
the capability of cell migration and invasion and induces 
G0/G1 growth arrest (32). However, miR‑320a does not exert 
an inhibition effect on all cancers. Yao et al (34) found that 

the overexpression of miR‑320a promoted the migration and 
invasion of the hepatocellular carcinoma (HCC) cell line 
SMMC‑7721, but decreased the expression of the endogenous 
miR‑320a/c/d with specific inhibitors significantly inhibiting 
the migration and invasion of SK‑Hep‑1 cells. Wen et al (35) 
reported that miR‑320a is markedly overexpressed in the 
HCC patients and could be serve as preclinical biomarkers. 
Xu et al (36) reported that miR‑320a is upregulated in pros-
tate cancer cells, and may exhibit an oncogenic function in 
prostate cancer. Recently, Xu et al (37) found that miR‑320a 

Figure 1. Heat map of microarray expression data from serum samples of patients with CM and normal controls. Upregulated miRNAs were indicated by red 
while downregulated miRNAs were indicated by green. A, B and E, CM patient serum samples; a, b and e, healthy control patient serum samples. CM, cardiac 
myxoma.
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is a potentially valuable biomarker for diagnosing older 
females with gastric cancer. The difference expression levels 
in different cancers are associated with tumor types, tumor 
size, clinical stage and lymphatic metastasis (38).

Several studies on miR‑320a in various cancers have been 
conducted. However, no studies have investigated the clini-
copathological value of miR‑320a expression in CM. In the 
present study, the expression of miR‑320a in CM patients was 
higher than that in the healthy controls. This finding indicated 
that miR‑320a may be an oncogene in CM.

miR‑320a is impor tant in a number of cancer 
types (39-41), and miR‑320a was upregulated in this study, 
hence, we predicted its target genes, and identified 487 target 
genes using miRanda, TargetScan and PicTar. Of these target 
genes, myocyte enchancer factor 2D (MEF2D) is invovled in 
regulating tumor biology of CM, it related to proliferation, 
invasion and tumor size of myxoma (42). VEGFA, which 
possesses a highly conserved binding site to miR‑320a (43), 
probably induces angiogenesis for tumor growth in 
CMs (44,45). Therefore, we assume that miR‑320a is prob-
ably involved in tumor growth in CM by targeting VEGFA 
and MEF2D. Future research are needed to investigate this 
possibility. Moreover, the GO functional enrichment results 
showed that the major functional terms of the 487 target 
genes included cell adhesion, cellular process, multicellular 
organismal development, cellular component organization or 
biogenesis (biological process category), cell junction, extra-
cellular matrix component (cellular component category) and 
nucleic acid binding transcription factor activity (molecular 
function category), This result indicated that some target 
genes regulated CM development in a joint manner.

The results of the pathway enrichment analysis showed that 
the target genes of miR‑320a are mainly involved in the MBP 
signaling pathway, nicotinamide adenine dinucleotide (NAD) 
pathway, de novo ceramide biosynthetic pathway and 3‑phos-
phoinositide biosynthesis pathway. Among these, de novo 
ceramide biosynthetic pathway is one of the most extensively 
studied pathways in cancer. As a powerful tumor suppressor, 
ceramide is a kind of sphingomyelin molecule that produced 
from sphingolipid metabolism or de novo synthesis when cells 
encounter extracellular signals and receptors such as TNF‑α, 
radiation and anticancer agents (46-51). It can act as the second 
messenger of various signal transduction pathways involved 
in the regulation of cell proliferation, differentiation and 
apoptosis through the activation of c‑Jun nh2‑terminal kinase 
(JNK), mitogen‑activated protein kinase (MAPK), kinase 
suppressors of Ras (KSR) and other signaling pathways, and 
also can through effector molecules such as protein kinases, 
protein phosphatase 1 and protein phosphatase 2A (51-54). 
However, deficiencies in the ceramide production in cancer 
cells lead to the survival of tumour cells and resistance 
to chemotherapy (55). The apoptotic signaling pathways 
mediated by ceramide have been considered as targets for anti-
cancer therapies (51). Therefore, miR‑320a may be involved in 
CM development by through the ceramide signaling pathway. 
More of the differentially expressed miRNAs we identified 
participated in the ceramide pathway. Further studies are 
needed to elucidate the key pathways for the development and 
maintenance of CM.

We should note that there are some limitations in this 
study. First, this study has a relatively small sample size and 
future studies with larger cohorts should be conducted in 
the future. Second, due to limited funding for experiment, 
serum pools were produced for microarray analysis. This 
method will be unable to detect variations between indi-
viduals due to miRNA expression varies greatly between 
individuals. Moreover, it is impossible to perform a corre-
lation analysis between the qPCR and microarray results 
because of pooling the samples. Third, only miR‑320a 
and miR‑634 were validated due to no target genes of 

Figure 2. Validation of the expression of miR‑320a and miR‑634 in serum 
of CM patients (n=30) and healthy controls (n=30) detected by RT‑qPCR. 
Data are presented as mean ± standard deviation. **P<0.01. Control, healthy 
controls; CM, CM patients; RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction.

Table III. Some of genes that were predicted for miR‑320a.

miRNA Target genes

miR‑320a CDH2, CPD, IGF1R, MAT2A, PBX3, TAF5, 
 NRP1, IGF2BP3, USP25, ZFP91, TMEM47, 
 MTDH, DNER, HECTD2, MIER3, ARF1, EREG, 
 ESRRG, HOXA5, MAP1B, MN1 

miRNA/miR, microRNA.

Table II. Differentially expressed miRNA in the serum of 
cardia myxoma patients.

Systematic name P (Corr)  P‑value FC (abs) Regulation

hsa‑miR‑320a 0.96 0.032 2.05 Up
hsa‑miR‑1249‑5p 0.96 0.028 11.08 Up
hsa‑miR‑634 0.96 0.047 5.47 Down
hsa‑miR‑6870‑3p 0.96 0.049 5.97 Down

FC (abs) is the absolute value of the expression difference between 
the two groups. P‑values were calculated through the unpaired t‑test 
method. P (Corr) is the correcting P‑value that calculated through 
false discovery rate method. miR, microRNA.
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miR‑1249‑5p and miR‑6870‑3p were predicted. Target genes 
of miRNA prediction relys on bioinfomatic algorithms. We 
used 11 softwares (miRWalk, Microt4, miRanda, mirbridge, 
miRDB, Pictar, PITA, miRMap, RNA22, RNAhybrid, 
Targetscan) to predict the targer genes of miR‑1249‑5p and 
miR‑6870‑3p, and found less than 4 softwares success-
fully predicted the targer genes of them. In our study, we 
chose the three most commonly used predicting softwares 

(miRanda, TargetScan and PicTar) to study the target genes 
of differently expressed miRNA, but no targer genes of 
miR‑1249‑5p and miR‑6870‑3p were predicted by these 
three softwares, this will not have impacts on the reliability 
of our results. Fourth, there are few references on miRNA 
in tissue of CM patients (23), and our study reported for 
the first time the differential expression profiles of miRNA 
in the serum of patients with CM, so it's not easy to write 

Figure 3. Major GO terms of miR‑320a target genes in three GO categories (biological process, cellular component, and molecular function). The ordinate 
represents the ratio of ‘the number of some genes involved in a GO term’ to ‘the total number of genes involved in all terms of one GO category (removal 
redundancy)’ for every major GO term in the three GO categories. Data from the Gene Ontology (GO) database (http://www.geneontology.org/).

Figure 4. KEGG enrichment result of miR‑320a predicted target genes. Data from the KEGG database (http://www.kegg.jp/).
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incisive disccusion, unless the research goes further, and it 
is also not enough to affirm the validity of the two differ-
ently expressed miRNA detected in our study as markers for 
CM pathology, the association only remain proved. Fifth, 
we did not found that CM pathology associated to other 
miRNA serum markers related to miRNA we have found. 
The meaning of our study is to provide an experimental 
basis for the further exploration of exploring the specific 
miRNA for the diagnosis and treatment of CM. Finally, 
Common practice is to find differently expressed miRNAs 
and then verified them between patients and healthy people. 
The miRNA differential expression profile in CM patients 
remains unexplored, so we only study differently expressed 
miRNAs between CM patients and healthy people in our 
study. As the research moves along, we will tempted a 
selective analysis between man and women.

In conclusion, we reported for the first time the circulating 
miRNA profile of patients with CM and found that the expres-
sion levels miR‑320a and miR‑1249‑5p were up‑regulated 
and the expression levels of miR‑634 and miR‑6870‑3p were 
down‑regulated in CM patients. miR‑320a is mainly involved 
in the cellular physiological reaction and possibly participates 
in CM development through the ceramide signaling pathway. 
The results in this study provided an experimental basis for the 
further exploration of exploring the specific miRNA for the 
diagnosis and treatment of CM.
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