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Abstract: Endometrial carcinoma (EC) is one of the most common malignancies of female reproductive tract in de-
veloped countries. MicroRNA is frequently dysregulated in human cancers and acts a key regulator role in tumor cell 
growth and metastasis. The aims of this study were to investigate the roles of microRNA-184 (miR-184) in EC cells 
and to identify its potential molecular mechanism. Here, the data revealed that miR-184 was significantly down-
regulated in human EC tissue compared with normal endometrial tissue, and the level of miR-184 expression was 
associated with lymph node metastasis and prognosis in patients with EC. In vitro assays, overexpression of miR-
184 could suppress the proliferation and invasion of HEC-1B and RL95-2 cells. Moreover, bioinformatics analysis 
showed that cell division cycle 25A (CDC25A) was a putative target gene of miR-184. Dual luciferase reporter assay 
confirmed that miR-184 significantly downregulated CDC25A expression via directly interaction with the putative 
binding site in the 3’-untranslated region (3’-UTR) of CDC25A mRNA. Interestingly, knockdown of CDC25A resulted 
in inhibition of HEC-1B and RL95-2 cells growth and invasion. Mechanistic investigation revealed that downregula-
tion of the Notch receptors (NOTCH1, NOTCH2, NOTCH3 and NOTCH4) and target gene HES1 by miR-184 could be 
reversed by CDC25A overexpression. In summary, our data demonstrate that CDC25A is a target gene of miR-184 
in EC cells, and decreased expression of miR-184 suppresses the growth and invasion of EC cells via CDC25A-
dependent Notch signaling pathway, suggesting that miR-184 may be a promising target for a new therapeutic 
strategy against EC.

Keywords: Endometrial carcinoma, microRNA-184, CDC25A, target, Notch signaling

Introduction

Endometrial carcinoma (EC) is one of the most 
common types of gynecologic cancer in devel-
oped countries [1, 2]. The development of EC is 
a multistep process with the accumulation of 
genetic and epigenetic alterations [3]. Approxi- 
mately 30% patients with EC are diagnosed at 
a late stage, which is associated with high lev-
els of morbidity and mortality [4]. Despite being 
a common malignancy, the molecular mecha-
nism underlying the initiation and progression 
of EC remains poorly understood [5, 6]. There is 
an urgently need to elucidate the molecular 
mechanisms that occur during EC and to iden-
tify new targets for the development of novel 
therapeutic strategies against EC.

MicroRNAs (miRNAs) are a class of small non-
coding RNAs containing ~18-24 nucleotides 

that silence their target genes by either degrad-
ing mRNAs or inhibiting their translation [7, 8]. 
Numerous studies have demonstrated that 
miRNAs are involved in the regulation of a vari-
ety of cellular processes, including prolifera-
tion, differentiation, metabolism, and metasta-
sis [9, 10]. Emerging evidence suggests that 
dysregulation of miRNAs is associated with the 
initiation and progression of many human can-
cers and that miRNAs function as either onco-
gene or tumor suppressors [11, 12]. For exam-
ple, Du et al. showed that miR-137 plays a tu- 
mor suppressor role in gastric cancer cells by 
targeting KLF12 and MYO1C [13]. Li et al. re- 
ported that miR-20b-5p functions as a tumor 
suppressor in renal cell carcinoma by regulating 
cellular proliferation, migration, and apoptosis 
[14]. Zhang et al. found that miR-19a functions 
as an oncogene by regulating the PTEN/AKT/
pAKT pathway in myeloma [15].
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MiR-184 has been identified as a tumor sup-
pressor in renal cell carcinoma [16]. Studies 
have also indicated that miR-184 overexpres-
sion inhibits cell proliferation and metastasis  
in small cell lung cancer and glioma [17, 18]. 
Another study recently provided evidence that 
miR-184 is upregulated in patients with osteo-
sarcoma who are treated with doxorubicin and 
leads to poor response to drug therapy by tar-
geting BCL2L1 [19]. However, little is known 
about the biological role and molecular me- 
chanism of miR-184 in EC. Notch signaling is a 
highly conserved pathway in tumor biology, and 
shows important regulation on cell prolifera-
tion, metastasis and differentiation that asso- 
ciated with tumorigenesis [20]. Recent reports 
have demonstrated the mechanism of EC pro-
gression under the Notch signaling regulation 
[21]. However, the interaction between miR-
184 and Notch signaling in EC remains unclear.

In this present study, we explored the expres-
sion of miR-184 in 44 EC tissues and normal 
endometrial tissue through the use of quan- 
titative reverse transcription (qRT)-polymerase 
chain reaction (PCR) analysis. Subsequently, 
we completed a series of cellular functional 
experiments to investigate the roles of miR-184 
in HEC-1B and RL95-2 cells. To further identify 
the mechanism involved in miR-184-mediated 
biological behavior in EC, miR-184 putative tar-
gets were sought and confirmed through the 
use of bioinformatics analysis and dual lucifer-
ase reporter assay. Finally, the effects of target 
gene on the growth and invasion of EC cells 
were examined. To better understand its regu-
latory mechanism, we also evaluated the effe- 
cts of miR-184 and its target gene on the ex- 
pression levels of the Notch receptors (NOT- 
CH1, NOTCH2, NOTCH3 and NOTCH4) and tar-
get gene HES1 that are documented to be 
involved in Notch signaling pathway. This find-
ing may provide a clue to the development of 
novel effective therapies for EC in the future.

Material and methods

Tissue samples

A total of 44 fresh EC tissue specimens and 
matched normal endometrial tissue specimens 
(5 cm from the tumor margin) were obtained 
from patients with EC (aged 27-74 years, with a 
mean age of 47.51 ± 7.29 years) who under-
went abdominal hysterectomy in the Depart- 
ment of General Gynaecology, Tianjin Central 

Hospital of Gynecology and Obstetrics, between 
March 2007 and October 2013. The patients 
EC did not receive any therapy before recruit-
ment into this study. The tissue specimens 
were further carefully confirmed by two pathol-
ogists in our hospital. Specimens were frozen  
in liquid nitrogen and subsequently stored at 
-80°C for further RNA extraction. Tumor staging 
and pathology were based on the FIGO criteria 
[22]. The ethics committee of Tianjin Central 
Hospital of Gynecology and Obstetrics approved 
this research project, and informed consent 
was obtained from all patients. 

Cell culture 

Human EC cell lines (HEC-1B and RL95-2) were 
obtained from the Cell Bank of Shanghai Insti- 
tute for Biological Sciences, Chinese Academy 
of Science (Shanghai, China) and cultured in 
Dulbecco modified Eagle medium (DMEM; Th- 
ermo Fisher Scientific; Rockford, IL, USA) con-
taining 10% fetal bovine serum (FBS; Thermo 
Fisher Scientific) and 1% penicillin/1% strepto-
mycin at 37°C in a humidified atmosphere con-
taining 5% CO2.

MiRNA, siRNA and plasmid transfection 

The sequence of miR-184 mimics (mimics)  
was: 5’-UGGACGGAGAACUGAUAAGGGU-3’, and 
the sequence for mimic-negative control (mim-
ics NC) was: 5’-UUACUCGACACGUGUCAAGUTT- 
3’. The CDC25A-specific small interfering RNA 
(CDC25A siRNA) sequence was synthesized as 
follows: 5’-CGGUAUGUGAGAGAGAGAG-3’; the 
following sequence was used as an siRNA-neg-
ative control (siRNA NC): 5’-UGCUACGAGCAUG- 
AGUCGUU-3’. All the RNA oligonucleotides were 
purchased from Cyagen Biosciences (Suzhou, 
China). The plasmid pCMV/Neo-CDC25A con-
taining transfection-ready CDC25A cDNA (NCBI 
Reference Sequence: NM_001789.2) and a 
pure pCMV//Neo were obtained from Gene- 
Chem (Shanghai, China). For cell transfection, 
HEC-1B and RL95-2 cells were seeded at 37°C 
overnight. After reaching 50-70% confluence, 
the cells were transfected with either 50 
nmol/L mimics or mimics NC and 100 nmol/L 
CDC25A siRNA or siRNA NC or 2 µg pCMV/ 
Neo-CDC25A and pCMV/Neo with the use of 
Lipofectamine 2000 reagent (Thermo Fisher 
Scientific), following the manufacturer’s proto-
cols. The transfection efficiency of RNA oligo-
nucleotides or plasmids in HEC-1B and RL95-2 
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cells was observed with the use of a Leica  
TCS-SP confocal scanning laser microscope 
(Leica Laser-technik GmbH, Heidelberg, Ger- 
many) and confirmed by quantitative reverse 
transcription (qRT)-polymerase chain reaction 
(PCR) analysis.

3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromide assay

HEC-1B and RL95-2 cells were seeded onto 
96-well plates at a density of ~5000 cells/well 

DMSO (Sigma, St. Louis, MO, USA) was added 
to each well and incubated at 37°C for 30  
min. The absorbance at 450 nm with 650 nm 
as the reference was measured by using an 
ELISA microplate reader (VersaMax; Molecular 
Devices, Sunnyvale, CA, USA).

Transwell invasion assay

Cells transfected with mimics and mimics NC or 
CDC25A siRNA and siRNA NC were collected 
and resuspended in serum-free DMEM. Then, 
~60,000 cells were seeded into the upper 
chamber of Transwell inserts that had been 
precoated with Matrigel (BD Bioscience, CA, 
USA). DMEM (500 µl) containing 10% FBS 
medium was placed into the lower chamber. 
Cells were allowed to invade for 24 h at 37°C in 
a humidified chamber with 5% CO2. Finally, the 
membranes were fixed with 75% methanol and 
stained with 0.1% crystal violet (Sigma). Cell 
invasion was measured by counting the num-
ber of cells attached to the lower side of the 
membrane in 10 high-power (200×) fields 
under a light microscope (Olympus Optical, 
Tokyo, Japan).

RNA extraction and real-time qPCR assay

Total RNA from EC tissues and cultured EC cells 
was isolated by using TRIzol solution (Thermo 
Fisher Scientific; Rockford, IL, USA), following 
the manufacturer’s protocols. The RNA with 
260:280 ratios at 1.8-2.1 was selected for RT. 
One μg of RNA was reverse transcribed to cDNA 
by using an miRNA First-Strand cDNA Synthesis 
kit (Thermo Fisher Scientific) or by M-MLV 
reverse transcriptase with Oligo (dT18) RT prim-
ers. The real-time qPCR assay was conducted 
by using an SYBR Green Realtime PCR Master 
Mix (Toyobo, Tokyo, Japan) according to the 
manufacturer’s instructions. The qPCR primers 
were shown in Table 1. The condition of qPCR 

Table 1. The primer sequences for qPCR amplification
Gene Forward (5’-3’) Reverse (5’-3’)
miR-184 TGGACGGAGAACTGAUAAGGGT GTGCAGGGTCCGAGGT
U6 CTCGCTTCGGCAGCACATATACT ACGCTTCACGAATTTGCGTGTC
NOTCH1 CGAACCCGTGCCAGAA CAGATGCCCAGTGAAGC
NOTCH2 TGACAGCCTGTATGTGC CAGTTGTAAGTGTTGACC
NOTCH3 CTGCAAGGACCGAGTCAA AGCGTGCCCTCAAAGC
NOTCH4 CCCGATGTGAGGAGGA TGTTTGACAGCGTGGC
HES1 TAAGGTGTTTGGAGGCT CGCTGTTGCTGGTGTA
GAPDH CCACTCCTCCACCTTTG ACCACCCTGTTGCTGT

and transfected as described 
here earlier. At 0-, 24-, 48-, 
and 72-h time-points after 
transfection, cell proliferation 
ability was analyzed by using 
a 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazoliumbro-
mide (MTT) assay. Briefly, 10 
µl of MTT solution (5 mg/ml) 
was added to each well and 
incubated at 37°C in a humid-
ified chamber with 5% CO2 for 
4 h. Subsequently, 150 µl of 

Figure 1. Expression levels of miR-184 in EC speci-
mens. A. The expression levels of miR-184 was nor-
malized relative to the U6 endogenous control in 44 
pairs of N and T by real-time qPCR assay, and the 
data are shown in log2 (N/T). 36 cases of specimens 
exhibited decreased miR-184 expression. B. Statisti-
cal analysis showed that miR-184 was significantly 
downregulated in T compared with N. EC: endome-
trial carcinoma; T: EC tissues; N: match normal endo-
metrial tissues. **P<0.01.
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was as follows: incubation at 94°C for 10 min, 
94°C for 10 s, 55°C for 30 s, and 72°C for 30 s 
followed by 40 cycles. Cycle threshold (Ct) val-
ues for all samples were determined. To nor-
malize the data for qPCR, U6 and GAPDH was 
selected as the housekeeping gene. The rela-
tive expression of each gene was calculated 
using the delta-delta Ct method.

Approximately 106 cultured EC cells were lysed 
in ice-cold RIPA lysis buffer (Thermo Fisher 
Scientific), and then the concentration of each 
sample was measured by using a BCA assay kit 
(Pierce, Rockford, IL, USA). Approximately 40 
μg of protein sample was separated by using 
10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) gel and trans-
ferred onto PVDF membrane (Millipore, Bed- 
ford, MA, USA). After blocking with 5% fat-free 
milk for 2 h at 37°C, the membrane was incu-
bated with primary antibodies against CDC25A 
(1:1000 dilution; Proteintech, USA) and GAPDH 
(1:2000 dilution) overnight in 4°C. Next, the 
membrane was incubated with anti-mouse or 
anti-rabbit IgG secondary antibody (1:2000; 
Proteintech) for 1 h at 37°C. Finally, the bands 
were developed by enhanced chemilumines-
cence (Pierce) and autoradiography. 

Statistical analysis

Statistical analysis of all data was conducted 
using SPSS statistical software, version 18.0 
(SPSS, Chicago, IL, USA). Data are presented 
as mean ± SD at least three independent ex- 
periments. The paired two-tailed Student t-test 

Table 2. Correlation of miR-184 expression with different clinico-
pathological features of endometrial carcinoma (EC)

Clinicopathological features No. of 
cases

Median expression 
of miR-184 p value

Age (years)
    <55 15 0.59 ± 0.14 0.58
    ≥55 29 0.64 ± 0.17
Pathology
    Endometrioid adenocarcinoma 37 0.60 ± 0.20 0.63
    Other pathology types 7 0.63 ± 0.21
FIGO stage
    I-II 33 0.58 ± 0.16 0.52
    III-IV 11 0.66 ± 0.09
Pathology classification
    Well + moderate 30 0.54 ± 0.11 0.09
    Poor 14 0.69 ± 0.13
Myometrial invasion
    <1/2 26 0.66 ± 0.14 0.15
    ≥1/2 18 0.55 ± 0.10
Grade
    G1 + G2 35 0.52 ± 0.07 0.07
    G3 9 0.68 ± 0.11
Lymph node metastasis
    Negative 32 0.71 ± 0.25 0.01
    Positive 12 0.43 ± 0.06

Figure 2. Downregulated expression of miR-184 indi-
cated a poor prognosis in patients with EC. Kaplan-
Meier survival curves for 44 EC cases, low expres-
sion of miR-184 was defined as short survival and 
high expression of miR-184 was defined as long 
survival. Patients with low miR-184 expression had 
poor survival time than patients with high miR-184 
expression. 

Dual luciferase reporter as-
say

Dual luciferase reporter assay 
was conducted out to confirm 
the interaction between miR-
184 and the 3’-untranslated 
region (UTR) of CDC25A. Ap- 
proximately 60,000 cells/well 
were seeded onto 24-well pla- 
te and cotransfected with 50 
nmol/L mimics or mimics NC 
and 2 µg of dual luciferase 
vector expressing the wild-
type (WT) or mutant (MUT) 
3’-UTR sequence of CDC25A. 
After 24 h, luciferase activi-
ties were measured with a 
Dual-Luciferase Reporter As- 
say System (Promega, WI, 
USA) according to the manu-
facturer’s protocols. The ratio 
of renilla to firefly luciferase 
signal was used to norma- 
lize renilla activity for intraex-
perimental transfection effi- 
ciency.

Western blot analysis
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was used to compare the two groups. Three or 
more groups were analyzed with the use of one-
way ANOVA. A value of P<0.05 was considered 
statistically significant.

Results

Levels of miR-184 were markedly reduced in 
EC tissues compared with matched normal 
endometrial tissues

In an attempt to explore the expression and  
significance of miR-184 in EC progression, we 
detected the expression of miR-184 in 44  

in patients with EC. As shown in Figure 2, pati- 
ents with low expression of miR-184 had worse 
survival times than those patients with high 
expression of miR-184 (P<0.01).

MiR-184 directly targeted CDC25A and down-
regulated CDC25A expression in EC cells

We then analyzed the mRNA sequence of CD- 
C25A with use of an miRNA target-detecting 
software and identified a complementary bind-
ing site for miR-184 in the 3’-UTR of CDC25A 
(Figure 3A). Sequence alignment showed that 
the binding site was located in conserved re- 

Figure 3. Cell division cycle 25A (CDC25A) is a directly target of miR-184 in 
EC cells. A. Schematic representation of CDC25A mRNA 3’-UTR showing the 
putative miR-184 targeting site. The seed-targeting site is framed. B. The 
targeting site in CDC25A mRNA 3’-UTR was highly conserved among several 
vertebrate species. C. The luciferase reporter constructs that contained the 
WT or MUT 3’-UTR of CDC25A, together with mimics or mimics NC, were 
transfected into HEC-1B and RL95-2 cells. At 48 h after transfection, lucif-
erase activity was detected. Normalized data were calculated as the quo-
tient of renilla/firefly luciferase activity. D. Western blot analysis of CDC25A 
levels in HEC-1B and RL95-2 cells after transfected with mimics or mimics 
NC. Forced expression of miR-184 significantly reduced the protein levels of 
CDC25A in HEC-1B and RL95-2 cells. mimics: miR-184 mimics; mimics NC: 
mimic negative control. **P<0.01.

pairs of EC tissue and 
matched normal endometrial 
tissue by using qPCR assay. 
As shown in Figure 1A, among 
these EC tissue specimens, 
36 specimens exhibited de- 
creased miR-184 expression 
compared with matched nor-
mal endometrial tissue spe- 
cimens (81.8%, 36/44). Fur- 
ther, statistical analysis dem-
onstrated that the express- 
ion of miR-184 was signifi-
cantly downregulated in EC 
tissue specimens compared 
with matched normal endo-
metrial specimens (Figure 1B, 
P<0.01). We further studied 
miR-184 expression levels 
and their association with 
clinicopathologic parameters 
in EC. The results revealed 
that miR-184 expression was 
associated with lymph node 
metastasis in patients with 
EC (Table 2, P = 0.01).

Downregulated miR-184 was 
associated with unfavorable 
prognosis in patients with EC

To further validate the prog-
nostic significance of miR-
184 expression in EC, Kaplan-
Meier survival analysis and 
log-rank test were perform- 
ed to assess disease-specific 
survival in patients with EC. 
The results revealed that do- 
wnregulation of miR-184 was 
significantly correlated with 
poor disease-specific survival 
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gions of the CDC25A 3’-UTR among several ver-
tebrate species (Figure 3B). A dual luciferase 
reporter assay indicated that miR-184 could 
directly bind to the 3’-UTR of CDC25A mRNA in 
HEC-1B and RL95-2 cells (Figure 3C, P<0.01). 
Furthermore, Western blot analysis confirmed 
that forced expression of miR-184 significantly 
reduced the protein levels of CDC25A in HEC-
1B and RL95-2 cells (Figure 3D, P<0.01). All 
these results suggest that CDC25A is a direct 
target of miR-184.

Overexpression of miR-184 suppressed cell 
growth through inhibition of CDC25A

To determine the roles of miR-184 in the pro-
gression of EC, we sought to determine wheth-
er miR-184 may affect the proliferation of EC 
cells. The mimics were used to overexpress 
miR-184 in HEC-1B and RL95-2 cells. As shown 
in Figure 4A, the relative expression levels of 
miR-184 were significantly upregulated at 48 
hours posttransfection of mimics in HEC-1B 

184 overexpression, CDC25A knockdown inhi- 
bited the growth of HEC-1B and RL95-2 cells 
(Figure 5B, P<0.01).

Forced expression of miR-184 repressed cell 
invasion by targeting CDC25A

To further explore the roles of miR-184 in the 
progression of EC, we considered whether miR-
184 might possess a crucial role in EC cell in- 
vasion. Transwell invasion assay demonstrated 
that increased expression of miR-184 signifi-
cantly reduced the invasion capacity of both 
HEC-1B and RL95-2 cells compared with the 
mimics NC group (Figure 6A, P<0.01). Moreover, 
the cell invasion assay revealed that CDC25A 
silencing could inhibit cell invasion in both  
HEC-1B and RL95-2 cells (Figure 6B, P<0.01), 
which was similar to the effects of miR-184 
overexpression. These results strongly indicate 
that miR-184 suppresses cell proliferation and 
invasion in EC via the negative regulation of 
CDC25A.

Figure 4. Overexpression of miR-184 inhibited the growth of EC cells. A. Vali-
dation of miR-184 expression change after transfection with mimics or mim-
ics NC in HEC-1B and RL95-2 cells. The expression levels of miR-184 were 
significantly upregulated at 48 hours posttransfection of mimics in HEC-1B 
and RL95-2 cells. B. Cell growth was measured by MTT assay at different 
time intervals in both HEC-1B and RL95-2 cells. The growth curve of HEC-1B 
and RL95-2 cells after mimics transfection compared to mimics NC. MTT: 
3-(4,5-dimethylthiazole-2-yl)-2,5-biphenyl tetrazolium bromide. **P<0.01.

(17.92-fold over the mimics 
NC group, P<0.01) and RL95-
2 cells (14.54-fold over the 
mimics NC group, P<0.01). 
MTT assay revealed that the 
proliferation rates of HEC-1B 
and RL95-2 cells with forced 
expression of miR-184 were 
notably decreased compared 
with cells transfected with  
mimics NC (Figure 4B, P< 
0.01).

Based on these observat- 
ions, we hypothesized that 
miR-184 might exert its sup-
pression function by downreg-
ulating CDC25A expression. 
To explore this further, we  
performed RNA interference 
directed against the CDC25A 
gene in HEC-1B and RL95-2 
cells and analyzed the effect 
on cell proliferation. Western 
blot analysis showed that the 
protein levels of CDC25A in 
HEC-1B and RL95-2 cells 
were substantially restrained 
after transfection with CDC- 
25A siRNA (Figure 5A, P< 
0.01). Interestingly, consis-
tent with the effect of miR-
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Figure 5. Targeting CDC25A suppressed cell growth in EC. A. Western blot 
analysis of CDC25A in HEC-1B and RL95-2 cells after transfection of CD-
C25A siRNA or siRNA NC. The protein levels of CDC25A in HEC-1B and RL95-
2 cells were substantially restrained after transfection with CDC25A siRNA. 
B. The cell proliferative potential was determined in HEC-1B and RL95-2 cells 
transfected with CDC25A siRNA or siRNA NC. CDC25A knockdown inhibited 
the growth of HEC-1B and RL95-2 cells. CDC25A siRNA: CDC25A specific 
siRNA; siRNA NC: siRNA negative control. **P<0.01.

CDC25A was required for 
miR-184-mediated Notch sig-
naling inactivation of EC cells

Notch signaling pathway acti-
vation appears to affect tu- 
morigenesis in many cancers 
including EC [20]. Thus, we 
speculated that the interac-
tion between miR-184 and 
CDC25A might be related with 
the Notch pathway. Then, we 
used real-time qPCR assay to 
detect the mRNA levels of 
Notch receptors (NOTCH1, 
NOTCH2, NOTCH3 and NOT- 
CH4) and the Notch path- 
way target protein, HES1, in 
HEC-1B cells after mimics or 
mimics NC transfection. The 
results showed that the ex- 
pression of Notch receptors 
and HES1 was significantly 
reduced by miR-184 over-
expression (Figure 7A, P< 
0.01). Furthermore, cotrans-
fection with pCMV/Neo-CD- 
C25A and mimics reversed 
the decreased expression of 
Notch receptors and HES1 
caused by miR-184 in HEC- 
1B cells (Figure 7B, P<0.01). 
These results suggest a me- 
chanism that AR might be a 
medium in miR-184-induced 
Notch pathway inactivation of 
EC cells. 

Discussion

Increasing evidence has sh- 
own that miRNAs regulate 
>30-60% of the protein-cod-
ing genes in the human ge- 
nome [23]. Recently, study 
results have suggested that 
aberrantly expressed miRNAs 
plays a crucial role in the tu- 
morigenic process of cancer 
[24]. Therefore, the identifica-
tion of key miRNAs and the 
networks regulated by these 
miRNAs will provide new in- 
sights into the potential mo- 

Figure 6. Forced expression of miR-184 repressed cell invasion by targeting 
CDC25A. A. Cell invasion of HEC-1B and RL95-2 cells was measured by Tran-
swell invasion assay. Increased expression of miR-184 significantly impaired 
the invasion of EC cells compared with the mimics NC treated cells. B. Cell 
invasion changes caused by transfection of CDC25A siRNA or siRNA NC in 
both HEC-1B and RL95-2 cells. CDC25A silencing could inhibit cell invasion 
in both HEC-1B and RL95-2 cells, which was similar to the effects of miR-184 
overexpression. Scar bar = 100 µm. **P<0.01.
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lecular mechanisms of EC progression. It has 
been reported that miR-184 is widely aber- 
rantly expressed in many human cancers, in- 
cluding tongue squamous cell carcinoma [25], 
nasopharyngeal carcinoma [26], neuroblasto-
ma [27], and hepatocellular carcinoma [28], 
indicating that miR-184 may play a significant 
role in tumorigenesis. However, to our knowl-
edge, the functions and potential molecular 
mechanism of miR-184 are not well understood 
in EC. 

In this study, we provide important evidence  
in support of miR-184 functioning as a tumor 
suppressor in EC. We showed the decreased 
expression of miR-184 in EC tissue relative to 
adjacent normal tissue. MiR-184 expression 
was associated with lymph node metastasis 
and prognosis in patients with EC. Our findings 

are consistent with studies on miR-184 expres-
sion in other types of malignancy [16-18]. The 
downregulation of miR-184 in EC tissue made 
us speculate as to its tumor suppressive role in 
EC. Then, we performed in vitro functional as- 
says to analyze the effects of miR-184 on the 
biological behaviors of both HEC-1B and RL95-
2 cells. Interestingly, we found that overexpres-
sion of miR-184 dramatically suppressed cell 
growth and invasion in HEC-1B and RL95-2 
cells. The results provide new insight into the 
suppressive roles of miR-184 in the progres-
sion of EC.

The molecular mechanism underlying the miR-
184-mediated inhibition of EC growth and inva-
sion remains inconclusive. Several molecules 
appear to be the key targets of miR-184, inclu- 
ding Bcl-2-like protein 1 (BCL2L1) [19], tumor 
necrosis factor α-induced protein 2 (TNFAIP2) 
[18], and MYC proto-oncogene (c-Myc) [29]. Our 
results demonstrated that CDC25A was a tar-
get of miR-184 in EC cells. CDC25A is thought 
to be oncogenic, and its expression is upregu-
lated in various types of tumor tissue [30]. 
CDC25A plays an important role in cancer cell 
cycle progression, overexpression of CDC25A 
leads to accelerate entry of cells into mitosis 
[31]. In addition, the expression of CDC25A is 
regulated at transcriptional [32], translational 
[33], and posttranslational levels [34]. Here,  
we found miR-184 inhibited cancer growth and 
invasion by blocking the expression of CDC- 
25A. The loss of miR-184 leads to the upre- 
gulation of CDC25A, consequently resulting in 
malignant transformation.

The Notch signaling pathway is implicated in 
the carcinogenesis of various cancers, and 
blockade of Notch pathway appears to affect 
cell proliferation in multiple types of cancers 
[35]. For example, Zang et al. reported Notch 
pathway inhibition in breast cancer cells induc-
es cell cycle arrest and apoptosis [36]. Cheng 
et al. found that downregulation of Notch1 con-
tributes to cell growth inhibition in pancreatic 
cancer [37]. Similarly, Wei et al. showed that 
abnormal activation of the Notch pathway  
promotes proliferation in endometrial cancer 
[38]. In addition, Guo et al. demonstrated that 
lncRNA-MEG3 inhibits cell proliferation of endo-
metrial carcinoma by repressing Notch signal-
ing [39]. In general, Notch signaling pathway 
initiates through ligand-receptor interactions, 
while the intramembranous proteolytic cleav-

Figure 7. Downregulation of the Notch receptors and 
target gene HES1 by miR-184 could be reversed 
by CDC25A overexpression. A. The mRNA levels of 
NOTCH1, NOTCH2, NOTCH3, NOTCH4 and HES1 in 
HEC-1B cells after mimics or mimics NC transfection. 
The expression of Notch receptors and HES1 was 
significantly reduced by miR-184 over-expression. 
B. Cotransfection mimics with pCMV/Neo-CDC25A 
could reverse the decreased expression of Notch 
receptors and HES1 caused by miR-184 in HEC-1B 
cells. **P<0.01.
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age of Notch receptors contributes to the rele- 
ase of Notch intracellular domain (NICD) in an 
active form. NICD acts as a transcriptional acti-
vator after translocating to the nucleus, show-
ing positive regulation on target genes, includ-
ing hes family bHLH transcription factor 1 
(HES1). HES1 is one HES family members that 
can function as a transcriptional repressor by 
negatively regulating genes required for cell 
proliferation. Based on these observations, we 
hypothesized that the interaction between miR-
184 and CDC25A might be related with the 
Notch pathway. Our results suggested that 
downregulation of the Notch receptors (NOT- 
CH1, NOTCH2, NOTCH3 and NOTCH4) and tar-
get gene HES1 by miR-184 could be reversed 
by CDC25A overexpression. These findings indi-
cate that AR might be a medium in miR-184-in-
duced Notch pathway inactivation of EC cells.

In conclusion, our results demonstrate that 
decreased expression of miR-184 restrains  
the growth and invasion of EC cells through 
CDC25A-dependent Notch signaling pathway. 
This finding not only helps us to understand the 
molecular mechanism of EC progression but 
also provides a strong rationale to use miR-184 
as a new potential biomarker and therapeutic 
target for EC in the future.
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