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ABSTRACT
The aim of this study was to investigate the expression of miRNA regulated by c-myc and its mechanism 
in three negative breast cancer (TNBC). We constructed MDA-MB-231 cell line with low expression of 
c-myc by lentivirus short hairpin RNA (shRNA), analyzed the miRNA expression profile of MDA-MB-231 
cell line with different expression levels of c-myc by high-throughput sequencing technology, obtained 
differential miRNA by bioinformatics analysis and statistical analysis, and verified hsa-mir-4723-5p by 
Quantitative Real-time polymerase chain reaction(QRT-PCR). The target gene of hsa-mir-4723-5p was 
analyzed by miRDB and miRWalk database. The results showed that there were significant differences in 
126 miRNAs in c-myc knockdown cell lines compared with the control group, of which 84 were 
significantly up-regulated and 42 were significantly down regulated. According to the results of 
miRNA sequencing, the miRNA closely related to the expression of c-myc was hsa-mir-4723-5p. QRT 
PCR showed that the expression of hsa-mir-4723-5p was down regulated in TNBC cell line MDA-MB-231 
with low expression of c-myc, which was positively correlated with the expression. The target genes of 
hsa-mir-4723-5p were predicted according to mirdb and mirwalk database. A total of 112 target genes 
were obtained, and 107 target genes were related to hsa-mir-4723-5p. Through mirdb and mirwalk 
databases, it was found that the target gene TRAF4 of hsa-mir-4723-5p may be related to cancer pathway 
and affect tumor metastasis. In conclusion, the hsa-miR-4723-5p regulated by c-myc may be involved.
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Introduction

Breast cancer accounts for the highest incidence of 
malignant tumors in women [1]. Its morbidity 
and mortality rank first among all types of female 
malignant tumors, posing a serious threat to 
health [2]. As a subtype of breast cancer, triple- 
negative breast cancer (TNBC) has the character-
istics of high heterogeneity, poor histopathological 
grade, and strong tumor invasiveness, and it is 
prone to local recurrence and distant metastasis. 
Additionally, the distant metastasis of TNBC has 
an obvious organ tendency and is most commonly 
found in the lung, liver, and brain. Due to the lack 
of therapeutic targets, the prognosis of TNBC is 
extremely poor, and the recurrence rate can reach 
40%–50% after 3 years [3]. The deaths caused by 
TNBC account for about 25% of all breast cancer 
deaths [4]. At present, the treatment of TNBC still 
presents many challenges.

The c-myc gene is an important target of 
a variety of cell signaling pathways and has an 
important impact on the occurrence and develop-
ment of breast cancer [4]. Studies have shown that, 
compared with other types of breast cancer, TNBC 
exhibits an abnormally high expression of c-myc 
[5,6]. The abnormal expression of c-myc causes 
the activation of oncogenes and promotes the 
occurrence and development of tumors [7].

MicroRNAs (miRNAs) are endogenous 15–23- 
nt RNAs that can negatively regulate the expres-
sion of target genes [8]. Studies have shown that 
miRNAs play an important role in the occur-
rence and development of cancer by targeting 
a variety of oncogenes and tumor suppressor 
genes [9–12]. In addition, miRNAs may become 
biomarkers of various diseases, including cancer 
[13–17]. Importantly, several studies have shown 
[18–20] that c-myc can regulate the expression of 
miRNA through transcriptional activation or 
inhibition and further promote the occurrence 
and development of tumors through miRNA 
target genes.

We hypothesized that c-myc regulated hsa-mir 
-4723-5p may play an important role in the pro-
gression of TNBC. In this study, we measured the 
expression of hsa-mir-4723-5p in TNBC cell line 
MDA-MB-231. In addition, we also predicted the 
direct target gene TRAF4 of hsa-mir-4723-5p. 

Therefore, our results may provide new targets 
for the treatment of TNBC.

Methods

This study was approved by the Ethics Committee 
of the Affiliated Cancer Hospital of Xinjiang 
Medical University. (Approval number: HY- 
202191235)

Cells and cell culture
MDA-MB-231 cells were obtained from Procell 

Life Science & Technology Co., Ltd. (Cat.#CL- 
0290, Wuhan, China). They were kept in dulbec-
co’s modified eagle (DMEM) medium 
(C11965500BT, GIBCO) supplemented with 10% 
fetal bovine serum (FND500, Excell Bio) and 1% 
(10,000 U) penicillin–streptomycin (SC30010, 
GIBCO) at 37°C and 5% CO2.

Lentivirus transfection and construction of 
stable cell strain with low c-myc expression

MDA-MB-231 cells (5 × 104 cells/mL) were 
plated into 96-well plates. After 24 h, the cells 
were transfected with c-myc shRNA (5’- 
TGAGACAGATCAGCAACAA-3’) or shRNA 
negative control (5’- 
TTCTCCGAACGTGTCACGT-3’) lentiviral parti-
cles using polybrene. The shRNA lentiviral parti-
cles were obtained from Genechem Co., Ltd. 
(Shanghai, China). The optimal multiplicity of 
infection (MOI) was determined to be 10. After 
72 h of lentivirus infection, the cells were cultured 
in the presence of 2-μg/mL puromycin to select 
the cell strain with a stable low expression of 
c-myc. The c-myc expression was verified using 
real-time PCRs.

miRNA sequencing
RNAs were extracted from cells using TRIzol 

(ET111, Transgene). Using the extracted RNA as 
a template, first-strand cDNA was synthesized 
with random hexamers. Then, second-strand 
cDNA was synthesized with dNTPs, DNA poly-
merase I, and RNase H. The double-stranded 
cDNA was purified using AMPure XP beads 
(Beckman, A63880). After ligating the adapters, 
the purified double-stranded cDNA was amplified 
by PCR. The cDNA library was obtained after 
purifying the PCR products with AMPure XP 
beads. Qubit 2.0 (Thermo Scientific) was used for 
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the preliminary quantification of the cDNA 
library. The size of the insert in the library was 
detected with an Agilent 2100 Bioanalyzer 
(Thermo Scientific) system. Finally, the qualified 
cDNA library was sequenced on an Illumina high- 
throughput sequencing platform (Illumina, USA).

Screening of differential miRNAs
The study used Cutadapt software (National) 

[21] to remove the Illumina 5’ and 3’ sequencing 
adapters, and BLASTN software was used to 
remove rRNA, tRNA, miscRNA, snRNA, and 
snoRNA. The processed sequences were searched 
in the miRBase 21.0 database (http://mirbase.org/) 
[22–24] to identify new miRNAs. The miRNA 
expression levels were calculated using DEseq soft-
ware [25]. The screening criteria for differential 
miRNAs were P < 0.05 and fold change (FC) > 2.

miRNA target prediction and enrichment 
analysis

The miRDB (http://www.mirdb.org/), 
TargetScan (http://www.targetscan.org/) [26] and 
miRWalk (http://mirwalk.umm.uni-heidelberg.de/ 
) databases were used to predict the target genes of 
miRNAs. The Gene ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analyses of the target genes 
were performed using the Blast2GO 5.1 database 
(https://www.biobam.com/blast2go-previous-ver 
sions/) [27].

Real-time polymerase chain reaction
Total RNAs were extracted from cells using 

TRIzol as a reagent before being reverse transcribed 
into cDNA with PrimeScript™ RT Master Mix 
(Beyotime Biotechnology). The primer sequences 
were as follows: c-Myc forward primer 5’- 
GGCTCCTGGCAAAAGGTCA-3’ and reverse pri-
mer: 5’-CTGCGTAGTTGTGCTGATGT-3’; GAP 
DH forward primer 5’-CTGCGTAGTTGTGCTGA 
TGT-3’ and reverse primer: TTCAGATCCCAG 
CGGTGC; hsa-miR-4723-5p primer TGGGGGAG 
CCATGAGATAAG; and U6 primer AGCACATA 
TACTAAAATTGGAACGAT. GAPDH and U6 
were internal references. A real-time PCR was per-
formed on an ABI QuantStudioTM6 Flex (ABI, 
USA). The reaction program for c-Myc mRNA 
involved pre-denaturation at 95°C for 5 s followed 
by 40 cycles at 60°C for 30s and again at 72°C for 
2 min. The reaction procedure for hsa-miR-4723-5p 
included pre-denaturation at 95°C for 15 min, 45 

cycles of denaturation at 94°C for 20s, and annealing 
at 60°C for 34s. The relative mRNA/miRNA level was 
calculated using the 2−ΔΔCt method [28].

Statistical analysis
All data were expressed as mean ± standard 

deviation and analyzed with Statistical Product 
and Service Solutions(SPSS)19.0 software. If the 
data conformed to a normal distribution, the sin-
gle-factor analysis of variance was used for com-
parison; this was followed by the least significance 
difference (LSD) method (for data with homoge-
neity of variance) or the Tamhane method (for 
data with heterogeneity of variance). If the data 
did not conform to the normal distribution, it was 
converted to a logarithm to normalize the data 
before using the above-mentioned statistical meth-
ods for comparison. A value of P < 0.05 indicates 
a significant difference.

Results

We hypothesized that c-myc regulated hsa-mir 
-4723-5p may play an important role in the pro-
gression of TNBC. In this study, we measured the 
expression of hsa-mir-4723-5p in TNBC cell line 
MDA-MB-231. In addition, we also predicted the 
direct target gene TRAF4 of hsa-mir-4723-5p. 
Therefore, our results may provide new targets 
for the treatment of TNBC.

Establishment of MDA-MB-231 stable cell line 
with low c-myc expression

The establishment of an MDA-MB-231 stable 
cell line with low c-myc expression was verified 
using real-time PCR. As shown in Figure 1, com-
pared with the blank control group and the nega-
tive control group, the c-myc mRNA expression 
level of the c-myc shRNA lentiviral transfection 
group was significantly reduced (P < 0.01). This 
indicates the successful knockdown of c-myc.

Differential miRNA screening and functional 
analysis

DEseq software was used to screen differentially 
expressed miRNAs with P < 0.05 and FC > 2. 
A total of 126 differentially expressed miRNAs 
were identified. Of these, 84 miRNAs were upre-
gulated and 42 miRNAs were downregulated. The 
heat map of differentially expressed miRNAs is 
shown in Figure 2. The top 10 differentially down-
regulated miRNAs are listed in Table 1. Of note, 
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hsa-miR-4723-5p experienced the most substantial 
downregulation of the 42 downregulated miRNAs. 
Thus, hsa-miR-4723-5p was used for further 
analysis.Figure 1. The level of c-myc mRNA detected with real-time PCR 

after transfection of shRNA in MDA-MB-231 cells. **P < 0.01.

Table 1. The top 10 differentially up-regulated and down- 
regulated miRNAs.

miRNA log2FoldChange P Regulation

hsa-miR-4723-5p −2.90660322205891 0.020705437 down
hsa-miR-4742-5p −2.43620880088277 0.005744107 down
hsa-miR-3681-5p −2.37910283430097 8.36E-32 down
hsa-miR-505-5p −2.2418462837511 0.000370238 down
hsa-miR-935 −2.19336093592009 0.001517733 down
hsa-miR-4662a-5p −2.01907675440698 0.008739171 down
hsa-miR-196a-5p −2.0030557180194 4.15E-05 down
hsa-miR-1284 −1.96189932602249 0.01587404 down
hsa-miR-5010-5p −1.94732231485239 0.037681789 down
hsa-miR-4688 −1.89600708714419 0.045625698 down

Figure 2. Heat map of upregulated and downregulated differentially expressed miRNAs after knocking down c-myc. Each column 
represents a sample, and each row represents a differential miRNA. Red indicates high expression, and green indicates low expression.
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GO and KEGG pathway enrichment analyses of 
the differentially expressed miRNAs were per-
formed. As shown in (Figure 3), the GO enrich-
ment analysis indicated that the differentially 
expressed miRNAs were primarily involved in 
processes such as endoplasmic reticulum localiza-
tion and Ca2+ channel activity regulation. The 
KEGG pathway analysis showed the main enriched 

pathways include the cell adhesion signaling path-
way, tumor necrosis factor (TNF) signaling path-
way, transforming growth factor (TGF)-beta 
signaling pathway, and mitogen-activated protein 
kinase (MAPK) signaling pathway (Figure 4).

Target gene prediction for hsa-miR-4723-5p
For hsa-miR-4723-5p, 124 target genes were 

predicted using the miRDB database, and 16,792 

Figure 3. The top-10 enriched GO terms of target genes of differentially expressed miRNAs. The ordinate is the number of genes 
enriched by GO, and the abscissa is the name of the GO term.

Figure 4. KEGG pathway enrichment bubble chart of top-20 enriched pathways of target genes of differentially expressed miRNAs. 
Each dot corresponds to a pathway. The color gradient, from red to purple, corresponds to the P value. The lower the P value, the 
more the color tends toward red. The larger the dot, the more genes in the pathway.
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target genes were predicted using miWalk. In total, 
107 common target genes of hsa-miR-4723-5p 
were predicted. Five representative target genes of 
hsa-miR-4723-5p are shown in Table 2.

Function analysis of the target genes of hsa-miR 
-4723-5p

The target genes of hsa-miR-4723-5p were sig-
nificantly enriched in biological processes, such as 
the intra-S DNA damage checkpoint, positive reg-
ulation of Rho protein signal transduction, protein 
localization of the M band, migration guided by 
radial glial cells in the cerebral cortex, production 
of vascular endothelial growth factor, cytoskeleton 
anchoring on the nuclear membrane, actin fila-
ment movement, and mature behavior (P < 0.05); 
in cellular components, including the M band, 
Z disc, myofibril, glial cell restriction terminal 
foot, linker of nucleoskeleton and cytoskeleton 
complex (LINC) complex, type XI collagen trimer, 
chromosome, and histone deacetylase complex 
(P < 0.05); and in the molecular function of actin 
filament binding, ankyrin binding, actin binding, 
in the structural components of muscle, protein 
C-terminal binding, microfilament movement 
activity, calmodulin binding, and extracellular 
matrix binding (P < 0.05) (Table 3).

The target genes of hsa-miR-4723-5p were 
related to protein digestion and absorption, diur-
nal entrainment, extracellular matrix (ECM)- 
receptor interaction, lysine degradation, glutama-
tergic synapses, vitamin B6 metabolism, type-II 
diabetes, and tight junctions (P < 0.05) (Table 3).

The verification of hsa-miR-4723-5p
The expression of hsa-miR-4723-5p in the 

MDA-MB-231 cells was further verified by 
real-time PCR. The results indicated that the 
expression levels of has-miR-4723-5p was consis-
tent with the results of the miRNA sequencing and 

bioinformatics analysis, showing the downregu-
lated expression of hsa-miR-4723-5p (P < 0.05) 
(Figure 5).

Discussion

TNBC is distinct from other types of breast cancer 
due to its characteristic high recurrence rate, easy 

Table 2. Some representative target genes of hsa-miR-4723-5p.
Predicted target  
genes using 
miRDB  
database

Predicted 
target genes  
using miWalk 
database

Common target 
genes  
predicted by two 
databases

miR-4723-5p PDX1 PDX1 PDX1
PAX2 PAX2 PAX2
POLR2A POLR2A POLR2A
ATN1 ATN1 ATN1
FOXP4 FOXP4 FOXP4
MINK1 MINK1 MINK1

Table 3. The top 8 enriched GO terms and KEGG pathways of 
target genes of hsa-miR-4723-5p.

Category Term P Gene

Biological process
GO:0031573 intra-S DNA damage 

checkpoint
7.41E-66 78

GO:0035025 positive regulation of 
Rho protein signal 
transduction

4.82E-59 79

GO:0036309 protein localization to 
M-band

1.30E-56 59

GO:0021801 cerebral cortex radial glia 
guided migration

2.00E-54 59

GO:0010573 vascular endothelial 
growth factor 
production

2.00E-54 58

GO:0090286 cytoskeletal anchoring at 
nuclear membrane

2.15E-51 61

GO:0030048 actin filament-based 
movement

1.08E-49 67

GO:0030534 adult behavior 1.50E-49 93
Cellular component

GO:0031430 M band 7.51E-70 96
GO:0030018 Z disc 1.24E-61 185
GO:0030016 myofibril 1.10E-59 91
GO:0097451 glial limiting end-foot 2.07E-58 42
GO:0034993 LINC complex 7.30E-54 48
GO:0005592 collagen type XI trimer 3.46E-48 32
GO:0005694 chromosome 1.21E-43 128
GO:0000118 histone deacetylase 

complex
3.82E-41 84

Molecular function
GO:0051015 actin filament binding 8.96E-91 196
GO:0030506 ankyrin binding 1.26E-84 103
GO:0003779 actin binding 9.42E-74 299
GO:0008307 structural constituent of 

muscle
3.71E-70 117

GO:0008022 protein C-terminus 
binding

2.31E-46 176

GO:0000146 microfilament motor 
activity

7.74E-43 56

GO:0005516 calmodulin binding 7.28E-42 162
GO:0050840 extracellular matrix 

binding
7.10E-39 58

KEGG pathway
hsa04974 Protein digestion and 

absorption
1.44E-45 89

hsa04713 Circadian entrainment 2.19E-16 65
hsa04512 ECM-receptor interaction 7.19E-15 54
hsa00310 Lysine degradation 1.32E-13 42
hsa04724 Glutamatergic synapse 1.48E-10 52
hsa00750 Vitamin B6 metabolism 7.43E-10 9
hsa04930 Type II diabetes mellitus 1.19E-09 34
hsa04530 Tight junction 8.71E-09 56
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metastasis, short survival time, and poor prog-
nosis. Because it does not express estrogen recep-
tor (ER), progesterone receptor (PR), and human 
epidermal growth factor receptor 2 (HER2), it 
cannot benefit from endocrine therapy or HER2- 
targeted therapy. The lack of therapeutic targets 
makes the treatment of TNBC difficult.

Previous studies have shown that c-myc regu-
lates the expression of a variety of miRNAs, lead-
ing to extensive miRNA suppression [29,30]. 
Herein, we used miRNA sequencing to identify 
the expression profile of miRNAs related to 
c-myc in a TNBC cell line. Compared with the 
control, there were 126 differentially expressed 
miRNAs, including 84 upregulated miRNAs and 
42 downregulated miRNAs. Among these, hsa- 
miR-4723-5p was the most differentially downre-
gulated miRNA. Therefore, it was selected for 
further analysis, including target gene prediction. 
In total, 107 target genes were predicted for hsa- 
miR-4723-5p. The GO and KEGG analyses 
revealed that the target genes were related to pro-
teoglycan expression and pathways in cancer. The 
target genes were also involved in protein diges-
tion and absorption, diurnal entrainment, ECM- 
receptor interaction, lysine degradation, glutama-
tergic synapses, vitamin B6 metabolism, type-II 
diabetes, and tight junctions.

Through mirdb and mirwalk databases, it was 
found that the target gene TRAF4 of hsa-mir-4723- 
5p may be related to cancer pathway and affect 
tumor metastasis. It has been reported that lncrna 
hcg18 promotes the proliferation, migration and 
EMT of epithelial ovarian cancer by up regulating 
TRAF4/TRAF5 [31]. It is also reported that TRAF4 
may be associated with esophageal squamous cell 
carcinoma [32]. Other studies have shown that 
TRAF4 mediated ubiquitination of IRS-1 is physio-
logically related to IGF signal transduction and is 
very important [33]. Through site directed mutagen-
esis, TRAF4 was also found to promote the ubiqui-
tination of atypical k29 junction at the C-terminal of 
IRS-1 [34]. Yao w et al found that TRAF4 was highly 
expressed in osteosarcoma [35].

The expression of hsa-miR-4723-5p was veri-
fied by real-time PCR. The results showed that in 
the MDA-MB-231 cells with low c-myc expres-
sion, the expression of hsa-miR-4723-5p was sig-
nificantly decreased. It has been shown that hsa- 
miR-4723-5p is abnormally expressed in a variety 
of tumors, including those related to multiple 
myeloma [18] and prostate cancer [36]. 
However, the mechanism of c-myc/hsa-miR 
-4723-5p/TRAF4 regulation in TNBC is largely 
unknown and deserves further study.

Conclusions

In summary, we constructed an MDA-MB-231 cell 
strain with a low expression of c-myc and analyzed 
the miRNA expression profile using high- 
throughput sequencing. In vitro cell analysis showed 
that knocking down c-myc could significantly 
reduce the expression of hsa-miR-4723-5p. 
Therefore, we speculate that hsa-miR-4723-5p regu-
lated by c-myc may be involved in the occurrence 
and metastasis of TNBC. Our data may help to 
better elucidate the specific molecular mechanism 
of TNBC and to identify potential targets related to 
the diagnosis, treatment, and prognosis of TNBC.
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Figure 5. The expression levels of miR-4723-5p verified by real- 
time PCR. The expression level of miR-4723-5p. *P < 0.05, 
**P < 0.01.
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