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Endometrial cancer is a common gynecological malig-
nancy, and the incidence of this disease has increased in 
recent years. Recently, some studies suggested that the 
expression of miR-379-5p suppressed the metastasis of 
breast cancer cells. However, whether the expression of 
miR-379-5p could affect the proliferation, migration and 
invasion of endometrial cancer is unclear. In this study, 
we established miR-379-5p overexpression and miR-379-
5p inhibition in endometrial cancer cells. Next, EdU and 
colony formation assays were performed to measure 
proliferation of endometrial cancer cells. Wound heal-
ing and transwell assays were carried out to examine the 
migration and invasion of these cells. Then, luciferase re-
porter assay was performed to test the relationship be-
tween miR-379-5p and ROR1. Finally, we overexpressed 
ROR1 in miR-379-5p overexpressing endometrial cancer 
cells. Colony formation, wound healing and transwell as-
says were used to measure proliferation, migration and 
invasion of these cells. The results showed that overex-
pression of miR-379-5p repressed proliferation, migra-
tion and invasion of endometrial cancer cells. Higher 
levels of miR-379-5p repressed expression of N-cadherin, 
Vimentin and ZEB1. Overexpression of miR-379-5p also 
promoted expression of E-cadherin and ZO-1. In addi-
tion, miR-379-5p targeted and suppressed expression of 
ROR1. Overexpression of ROR1 abolished the inhibitory 
effect of miR-379-5p on proliferation, migration, invasion 
and EMT of endometrial cancer cells. All of these results 
indicated that miR-379-5p suppressed proliferation, mi-
gration and invasion of endometrial cancer cells by in-
hibiting the expression of ROR1 and the EMT process.
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INTRODUCTION

Endometrial cancer is one of the most common ma-
lignant tumors of females (Szarszewska et al., 2019). It 
is a malignant tumor that occurs in the epithelial tissues 
of postmenopausal women (Smith et al., 2017). Recent-
ly, incidence of endometrial cancer has been increasing 
around the world. The prognosis for patients with meta-
static and recurrent endometrial cancer is often poor 
(Morice et al., 2016). Therefore, we need to further ex-
plore the molecular mechanism of endometrial cancer 
and develop corresponding targeted drugs to inhibit the 
occurrence and development of endometrial cancer.

MicroRNAs are small non-coding RNA molecules 
with 12-25 nucleotides and act as post-transcriptional 
regulators of target genes through complementary pair-
ing with the sequence of the target genes (Macfarlane & 
Murphy, 2010; Liolios et al., 2019). Several studies have 
suggested that expression of miRNAs was associated 
with physiological processes including differentiation, 
apoptosis, senescence and inflammation in the cells (Tu-
tar, 2014; Vishnoi & Rani, 2017). Furthermore, miRNAs 
are also associated with the development of multiple 
types of cancer (Zhang et al., 2014; Chen et al., 2018). 
MiR-379-5p is one of the miRNAs which could affect 
the proliferation and metastasis of cancer cells (Cao et 
al., 2018). Higher levels of miR-379-5p could repress 
the proliferation and invasion of cervical cancer cells by 
regulating the levels of targeted proteins (Shi et al., 2018). 
The expression of miR-379-5p was decreased during the 
development of breast cancer (Khan et al., 2013). How-
ever, the role of miR-379-5p in the development of en-
dometrial cancer is unclear.

The RTK-like orphan receptor 1 (ROR1) is a mem-
ber of the ROR receptor family. These proteins were 
associated with the normal development of embryos 
(Karvonen et al., 2017). ROR1 is the receptor of the 
non-canonical Wnt/planar cell polarity (PCP) pathway 
(Janovska et al., 2016). Therefore, expression of ROR1 
could also modulate the proliferation, migration and 
differentiation of cells by regulating the Wnt pathway 
(Niehrs, 2012). Inhibition of ROR1 restricts the epithe-
lialmesenchymal transition (EMT) and metastasis of tri-
plenegative breast cancer cells (Wang et al., 2018). We 
found that miR-379-5p has a potential to target ROR1. 
However, whether the expression of miR-379-5p could 
regulate the development of endometrial cancer by mod-
ulating the expression of ROR1 is unclear. Thus, in this 
study we aimed to determine the relationship between 
miR-379-5p and ROR1, and their role in the develop-
ment of endometrial cancer cells.

MATERIALS AND METHODS

Cell culture and treatment

Endometrial cancer cell lines (HEC1B, AN3CA, 
Ishikawa and RL952) were purchased from ATCC 
(Manassas, VA, USA). All of these cells were incu-
bated with the 1640 medium (Hyclone, USA). The 
medium was supplemented with fetal bovine serum 
(Gibco, USA). Cells were cultured in humidified at-
mosphere with 5% CO2. In addition, ROR1 over-
expression lentivirus was obtained from Genechem 
(Shanghai, China). Polybrene (Genechem, Shanghai, 
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China) was used to increase transfection efficacy. The 
mimic and inhibitor of miR-379-5p were designed by 
Genechem (Shanghai, China).

Cell viability assay (CCK-8)

Before the experiments, cells were cultured in the 96 
well plates (2×103 cells per well). Stocks of CCK-8 were 
diluted with the culture medium (1:10) and added to the 
plates after cell adhesion . Then, cells were incubated at 
37°C for 1 hour. Next, the absorbance of these cells was 
determined with a spectrophotometer (Thermo Fisher 
Scientific, USA).

EdU assays

EdU commercial kit (Beyotime, China) was used for 
measuring proliferation of endometrial cancer cells, fol-
lowing manufacturer’s protocol. The images were pho-
tographed with a confocal laser scanning microscope 
(Olympus, Japan).

Clone formation assays

HEC1B and AN3CA cells were first resuspended. 
Then, HEC1B (150 cells per dish) and AN3CA (300 
cells per dish) cells were plated in the 60 mm culture 
dish. Next, these cells were incubated in an incubator 
(Thermo Fisher Scientific, USA) for two weeks. Then, 
the cells were fixed with 70% ethanol and stained with 
crystal violet (Thermo Fisher Scientific, USA). Finally, 
the number of clones was counted under the microscope 
(Olympus, Japan).

Wound healing assays

HEC1B and AN3CA cells were resuspended and 
cultured in 35 mm culture dishes. After adhesion to 
the bottom, the cells were cultured with in a serum-
free medium for 12 hours. After that, a scratch was 
created with pipette tips. Next, the scratch was photo-
graphed under a microscope (Olympus, Japan). After 
24 hours, another photo was taken. At last, width of 
the scratch was measured under the microscope.

Transwell assays

Cells in different groups were incubated with a 
serum-free medium for 12 hours before experiments. 
Meanwhile, matrix gel (BD, USA) was added into the 
upper chamber (Corning, USA). The complete me-
dium was added into the lower chamber. Cells on 
the reverse side of the membrane were observed and 
stained by crystal violet. Finally, the number of cells 
was calculated with the imageJ software (National In-
stitutes of Health, USA) after staining.

Luciferase reporter assays

HEC1B and AN3CA cells were plated into 24 well 
plates. ROR1 wild type sequence and ROR1 mutant 
sequence (mutant of 3’-untranslated region) were es-
tablished with Genechem according to the instruc-
tions. Next, the ROR1 wild type and ROR1 mutant 
sequences were cloned into plasmids. Then, HEC1B 
and AN3CA cells were co-transfected with the miR-
379-5p mimic or inhibitor and wild type or mutant 
plasmids. At last, commercial luciferase detection kits 
(Promega, USA) were used for the detection of fluo-
rescence.

Reverse Transcription-Polymerase Chain Reaction (RT-
PCR)

Total RNA was collected with the RIPA buffer (Ther-
mo Fisher Scientific, USA). Next, reverse transcription 
was performed to prepare cDNA. The ABI7500 sys-
tem (Thermo Fisher Scientific, USA) was used for the 
amplification of cDNA. The results were analyzed with 
the 2-∆∆Ct method. The primers used in this study 
were miR-379-5p forward primer 5’-GGGGGGTG-
GTAGACTATGGAA-3’ and reverse primer 5’-GT-
GCGTGTCGTGGAGTCG-3’; U6 forward primer 
5’-GCTTCGGCAGCACATATACTAAAAT-3’ and 
reverse primer 5’-CGCTTCACGAATTTGCGTGT-
CAT-3’; ERA forward primer 5’-CCTTCAAGATAAC-
CACCGAA-3’ and reverse primer 5’-GGTCAG-
GAGTTCGAGACAAG-3’; GAPDH forward primer 5’- 
GAGTCAACGGATTTGGTCGT-3’ and reverse primer 
5’-GACAAGCTTCCCGTTCTCAG-3’.

Western blot

RIPA buffer (Beyotime, China) was used to extract 
total proteins. The BCA method was used to meas-
ure the concentration of the samples. Next, 10% SDS 
PAGE (Beyotime, China) was used for separation of the 
proteins. After that, the proteins were transferred onto 
PVDF membranes (Millipore, USA). Primary antibodies 
were then incubated with the membrane (1:1000). The 
primary antibodies used in this study were ROR1 (Ab-
cam, ab91187), ZO-1 (Abcam, ab190085), E-cadherin 
(Abcam, ab238099), N-cadherin (Abcam, ab76011), Vi-
mentin (Abcam, ab92547), ZEB1 (Abcam, ab203829) 
and β-actin (Abcam, ab8226). Next, secondary antibodies 
(Abcam, ab205718 and ab190475) were incubated with 
these membranes. Finally, the bands were developed 
with enhanced chemiluminescence reagents (Thermo 
Fisher Scientific, USA).

Statistical analysis

All of the experiments in this study were repeated 
three times. The data in this study is displayed as the 
mean ± S.D. The data was analyzed with the student’s 
t test and made into figures with the Graphpad Prism 
Software (GraphPad Software Inc., USA). p<0.05 was 
considered as statistically significant.

RESULTS

MiR-379-5p inhibited proliferation of the endometrial 
cancer cells

The expression level of miR-379-5p was determined 
in endometrial cancer cells (HEC1B, AN3CA, Ishikawa 
and RL952). The results (Fig. 1A) showed that the levels 
of miR-379-5p were the lowest in the HEC1B cells and 
the highest in the AN3CA cells. Therefore, we selected 
the HEC1B cells to establish miR-379-5p overexpression 
model and chose the AN3CA cells to establish miR-379-
5p inhibition model. Higher levels of estrogen receptor 
(ER) could promote the metastasis of endometrial cancer 
cells (Hua et al., 2018). The expression of ERA in AN-
3CA cells was higher than in the HEC1B cells (Fig. 1B). 
Next, CCK-8 assays were performed to test the viability 
of these cells. Cells in the control groups did not receive 
any treatment. Results (Fig. 1C) showed that the viabil-
ity of HEC1B cells was decreased after overexpression 
of miR-379-5p. On the other hand, viability of AN3CA 
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cells was enhanced after inhibition of miR-379-5p. Simi-
larly, results of the EdU assays (Fig. 1D) also revealed 
that the fluorescence intensity was decreased in the 
HEC1B cells after overexpression of miR-379-5p and 
increased in the AN3CA cells after inhibition of miR-
379-5p. After overexpression of miR-379-5p, the num-
ber of colonies (HEC1B) was decreased. At the same 
time, colony formation was increased after suppression 
of miR-379-5p in the AN3CA cells (Fig. 1E). These re-
sults suggested that miR-379-5p suppressed proliferation 
of the endometrial cancer cells.

MiR-379-5p suppressed migration and invasion of the 
endometrial cancer cells

In this part, we investigated the effect of miR-379-
5p on migration and invasion of the endometrial cancer 
cells. Results of wound healing (Fig. 2A) showed that the 
ability of scratch healing was decreased in the HEC1B 
cells after overexpression of miR-379-5p. On the con-
trary, migration of the AN3CA cells was enhanced after 
miR-379-5p inhibition. In addition, invasiveness of these 
cells was determined with transwell assays. According 
to the results (Fig. 2B), we found that the invasion of 

Figure 1. Overexpression of miR-379-5p suppressed proliferation of the endometrial cancer cells. 
(A) The expression of miR-379-5p in endometrial cancer cells was measured with RT-PCR. (B) Cell viability of endometrial cancer cells was 
measured with the CCK-8 assays. (C) Proliferation of endometrial cancer cells was determined with the EdU assays. (D) Proliferation of 
endometrial cancer cells was measured with colony formation assays. *p<0.05, **p<0.01, ***p<0.001.

Figure 2. Overexpression of miR-379-5p restricted migration and invasion of the endometrial cancer cells. 
(A) The migration of endometrial cancer cells was determined with the wound healing assays. (B) Invasion of endometrial cancer cells 
was measured with the transwell assays. *p<0.05, **p<0.01, ***p< .001.
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HEC1B cells was inhibited after overexpression of miR-
379-5p. Furthermore, inhibition of miR-379-5p promot-
ed invasion of the AN3CA cells. These results revealed 
that miR-379-5p suppressed migration and invasion of 
the endometrial cancer cells.

MiR-379-5p restricted development of the Epithelial-
Mesenchymal Transition (EMT) process of the 
endometrial cancer cells

Proliferation, migration and invasion of multiple types 
of cancer cells is related to the EMT process. Develop-
ment of the EMT process could promote metastasis and 
proliferation of multiple types of cancer cells (Goos-
sens et al., 2017; Suarez-Carmona et al., 2017). Therefore, 
we explored expression of the EMT related proteins in 
these cells. As shown in Fig. 3, expression of E-cadherin 
and ZO-1 was promoted. while the levels of N-cadherin, 
ZEB1 and Vimentin were decreased in the miR-379-5p 
overexpressing HEC1B cells. On the other hand, deple-
tion of miR-379-5p in the AN3CA cells had opposite 
effects. These results implied that miR-379-5p restricted 
the EMT process in the endometrial cancer cells by sup-
pressing expression of N-cadherin, ZEB1, Vimentin and 
by promoting expression of E-cadherin and ZO-1.

MiR-379-5p targeted and suppressed expression of 
ROR1

Results obtained from the tagertscan database (http://
www.targetscan.org) showed that miR-379-5p has a po-
tential to bind to ROR1 (Fig. 4A). Hence, a luciferase 
reporter assay was performed to confirm the relation-
ship between miR-379-5p and ROR1. Results (Fig. 4B) 
revealed that the fluorescence intensity was decreased 
in the ROR1 wild type and miR-379-5p overexpress-
ing system. Meanwhile, the fluorescence intensity was 
enhanced in the ROR1 wild type and miR-379-5p in-
hibition system both, in the HEC1B and AN3CA cells. 
Next, we determined the levels of ROR1 in the HEC1B 
and AN3CA cells after overexpression or inhibition of 

miR-379-5p. As shown in Fig. 4C, the levels of ROR1 
were restricted after overexpression of miR-379-5p in 
the HEC1B and AN3CA cells. Moreover, expression of 
ROR1 was promoted after inhibition of miR-379-5p in 
these cells. Results in this part suggested that miR-379-
5p directly targeted and inhibited expression of ROR1.

Overexpression of ROR1 abolished the inhibitory effect 
of miR-379-5p on proliferation, migration and invasion 
of the endometrial cancer cells

Finally, we overexpressed ROR1 in the miR-379-5p 
overexpressing HEC1B cells. Results of the CCK-8 as-
says (Fig. 5A) showed that overexpression of ROR1 res-
cued viability of the HEC1B cells. Results of the EdU 
and colony formation assays (Fig. 5B and Fig. 5C) also 
revealed that overexpression of miR-379-5p suppressed 
proliferation of the HEC1B cells. However, the fluo-
rescence intensity and the number of colonies were de-
creased after overexpression of ROR1 in the HEC1B 
cells. Furthermore, according to the results of the wound 
healing and transwell assays (Fig. 5D and Fig. 5E), mi-
gration and invasion of the HEC1B cells were also res-
cued after overexpression of ROR1. At last, the expres-
sion of EMT related proteins was determined by western 
blot. The results (Fig. 5F) showed that the expression of 
E-cadherin and ZO-1 was inhibited in the ROR1 over-
expression group. The levels of N-cadherin, ZEB1 and 
Vimentin were promoted in the HEC1B cells after over-
expression of ROR1. All of these results indicated that 
miR-379-5p inhibited proliferation, migration and inva-
sion of the endometrial cancer cells by inhibiting expres-
sion of ROR1.

DISCUSSION

Endometrial cancer is a crucial cause of death in fe-
male cancer patients. In addition, the incidence and mor-
tality of endometrial cancer have been increasing in re-
cent years (Siegel et al., 2018). The endometrial cancer 

Figure 3. Overexpression of miR-379-5p suppressed the EMT process of the endometrial cancer cells. 
The expression of EMT related proteins in endometrial cancer cells was determined by western blot. *p<0.05, **p<0.01, ***p<0.001.

http://www.targetscan.org
http://www.targetscan.org
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Figure 4. MiR-379-5p targeted and suppressed expression of ROR1 in the endometrial cancer cells. 
(A) Potential binding sites between miR-379-5p and ROR1. (B) Fluorescence intensity of these cells was measured with commercial kits. 
(C) Protein levels of ROR1 in endometrial cancer cells were measured by western blot. *p<0.05, **p<0.01, ***p<0.001.

Figure 5. Overexpression of ROR1 suppressed the inhibitory effect of miR-379-5p on proliferation, migration and invasion of the en-
dometrial cancer cells. 
(A) CCK-8 was performed to measure the viability of endometrial cancer cells. (B) Proliferation of endometrial cancer cells was meas-
ured with the EdU assays. (C) Proliferation of endometrial cancer cells was determined with colony formation assays. (D) Migration of 
endometrial cancer cells was measured with the wound healing assays. (E) Invasion of endometrial cancer cells was determined with the 
transwell assays. (F) The expression of EMT related proteins in endometrial cancer cells was measured by western blot. *p<0.05, **p<0.01, 
***p<0.001.
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cells have shown strong resistance to chemotherapy and 
radiotherapy. In addition, tumors formed by metasta-
sis of the endometrial cancer cells are more resistant to 
chemotherapy (Remmerie & Janssens, 2018). Therefore, 
it is urgent to explore the mechanism of the occurrence 
and development of endometrial cancer. In this study, 
our results revealed the effect of miR-379-5p and ROR1 
on proliferation, migration and invasion of the endome-
trial cancer cells. The conclusion also provided potential 
strategies for the treatment of the endometrial cancer pa-
tients.

MiR-379-5p is a non-coding RNA and plays a cru-
cial role during the development of multiple types of 
cancer (Nayak et al., 2018; Wei et al., 2019). Some stud-
ies also suggested that higher levels of miR-379-5p re-
pressed proliferation and invasion of the cervical cancer 
cells (Shi et al., 2018), gastric cancer cells (Xu et al., 2017) 
and oral cancer cells (Shiah et al., 2020) by targeting and 
regulating expression of the target genes. Moreover, dur-
ing the development of breast cancer (gynecology ma-
lignant tumor), levels of miR-379-5p were decreased in 
these cells (Khan et al., 2013). In this study, prolifera-
tion, migration and invasion of the endometrial cancer 
cells were enhanced after the inhibition of miR-379-5p. 
However, proliferation, migration and invasion of these 
cells were restricted after overexpression of miR-379-5p. 
These results also implied that the expression of miR-
379-5p repressed proliferation, migration and invasion of 
the endometrial cancer cells.

In addition, miRNAs could affect a physiological 
process by modulating target gene expression (Wei et 
al., 2017). Results from a database showed that ROR1 
is a potential target gene for miR-379-5p. ROR1 is an 
evolutionarily conserved receptor protein (Hasan et al., 
2019). Higher levels of ROR1 were associated with ap-
optosis of pancreatic cells (Daneshmanesh et al., 2018), 
and expression of ROR1 also affected the development 
of many types of cancer (Balakrishnan et al., 2017). For 
example, proliferation and invasion of the ovarian cancer 
cells were inhibited after silencing of ROR1 (Henry et al., 
2017). During proliferation and invasion of the endome-
trial cancer cells, higher levels of ROR1 induced a worse 
prognosis for patients (Henry et al., 2018). In this study, 
we revealed that miR-379-5p targeted and repressed ex-
pression of ROR1, and the effects of miR-379-5p over-
expression on proliferation, migration and invasion of 
the endometrial cancer cells were suppressed after over-
expression of ROR1. These results suggested that miR-
379-5p repressed proliferation, migration and invasion of 
the endometrial cancer cells by suppressing ROR1.

EMT is a physiological process that allows epithelial 
cells to acquire characteristics of the mesenchymal cells. 
This process enables many cells, including tumor cells, 
to acquire strong metastasis and proliferation ability (Ye 
et al., 2019). In breast cancer cells, the EMT process was 
restricted after inhibition of ROR1 (Cui et al., 2013). 
Furthermore, expression of ROR1 also enhanced metas-
tasis of the hepatoma carcinoma cells by promoting the 
EMT process (Cetin et al., 2019). The ROR1 expression 
enhanced expression of Vimentin and N-cadherin, and 
suppressed expression of E-cadherin (Tan et al., 2016). 
In this study, the results also indicated that the levels of 
epithelial cell proteins (E-cadherin and ZO-1) were in-
creased after overexpression of miR-379-5p in the endo-
metrial cancer cells. However, the levels of mesenchymal 
cell proteins (N-cadherin, ZEB1 and Vimentin) were 
suppressed after overexpression of miR-379-5p in these 
cells. All of these results indicated that miR-379-5p sup-

pressed the endometrial cancer by suppressing expres-
sion of ROR1 and development of the EMT process.

CONCLUSION

Taken together, results of this study revealed that 
miR-379-5p suppresses proliferation and invasion of the 
endometrial cancer cells by regulating the expression of 
ROR1 and the EMT process. However, more research 
is still needed to carry out animal experiments to further 
verify this mechanism, and the results of animal experi-
ments will also provide new basis for the development 
of corresponding targeted drugs.
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