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Abstract. The present study focused on exploring the inhibitory 
mechanism of microRNA (miR)‑23a in endometrial cancer. 
Reverse transcription quantitative polymerase chain reaction 
(RT‑qPCR) was used to investigate miR‑23a expression in 
endometrial tissues and endometrial cancer cells. A colony 
formation assay using crystal violet staining was performed to 
compare cell proliferation, while wound‑healing and Transwell 
assays were performed to compare cell migration and inva-
sion. Subsequently, bioinformatics and a luciferase reporter 
gene assay were used to investigate the effect of miR‑23a on 
sine oculis homeobox homolog 1 (SIX1) expression, and the 
biological function of SIX1 was analyzed. Additionally, a 
nude mouse tumorigenicity assay was performed to test the 
inhibitory effect of miR‑23a and Taxol® therapy in endome-
trial cancer. Finally, immunohistochemistry and RT‑qPCR 
were used to explore the association between miR‑23a and 
SIX1 expression in endometrial cancer tissues. miR‑23a was 
underexpressed in endometrial cancer tissues compared with 
in para‑carcinoma tissues, and the overexpression of miR‑23a 
inhibited proliferation and invasion of endometrial cancer 
cells. Furthermore, SIX1 was demonstrated to be a downstream 
target of miR‑23a, and miR‑23a reduced SIX1 expression. 
Additionally, SIX1 inversely promoted cell proliferation, 
migration and invasion. In addition, the effects of reduced cell 
proliferation and increased cell invasion following miR‑23a 
overexpression could be reversed by adding SIX1 to in vitro 
culture. Furthermore, the inhibitory effect of miR‑23a and 
Taxol therapy, which reduced SIX1 expression in endometrial 
cancer, was demonstrated in vivo. Finally, a negative associa-
tion between miR‑23a and SIX1 expression was demonstrated 
in endometrial cancer tissues. The results of the present study 

revealed that miR‑23a may inhibit endometrial cancer devel-
opment by targeting SIX1.

Introduction

Endometrial cancer has the highest mortality rate of malignant 
tumors in women in the USA, and the incidence rate is rising; 
61,380 American women were diagnosed with endometrial 
cancer in 2017, and 10,920 were projected to succumb to the 
disease (1). Of all patients, ~80% are diagnosed at an early 
stage with an overall favorable prognosis; however, ~20% of 
patients will eventually succumb to the disease (1,2). Despite 
progress in the fields of integrated diagnosis and treatment, 
there are still some limitations, including disease biology, 
morbidity and mortality; in particular, the prognosis of 
endometrial carcinoma has not markedly improved (3‑5). At 
present, the predominant treatment strategy for endometrial 
cancer is surgery combined with adjuvant chemotherapy. 
Taxol® is widely used as the most promising antitumor agent 
for women with endometrial cancer; however, some patients 
exhibit Taxol resistance, which results in cancer recurrence or 
metastasis (6).

MicroRNAs (miRNAs/miRs) are an abundant group of 
small endogenous non‑coding RNA molecules (~22 nucleo-
tides), which are single‑stranded and bind to target mRNAs 
mainly at their 3'untranslated region (3'UTR) (7‑9). Previous 
studies have revealed that miRNAs are involved in numerous 
types of cellular processes in various types of human cancer, 
including endometrial cancer (7‑10). A study reported that the 
downregulation of miR‑106b is associated with chemoresis-
tance in endometrial cancer (11). Another study revealed that 
miR‑218 is significantly downregulated in Taxol‑resistant 
endometrial cancer cells compared with in non‑drug‑resistant 
cell lines, and that miR‑218 may directly bind to the 3'UTR of 
the high mobility group box 1 (HMGB1) gene, which mediates 
autophagy and contributes to chemotherapy resistance in endo-
metrial carcinoma in vitro (12). The results of this previous 
study revealed the effect of miR‑218 on HMGB1‑mediated 
cell autophagy during chemotherapy resistance in endometrial 
carcinoma cells (12). Additionally, it has been suggested that 
miR‑194 could inhibit the epithelial‑mesenchymal transi-
tion (EMT) of endometrial cancer cells by targeting oncogene 
BMI1 proto‑oncogene polycomb ring finger, which regulates 
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the expression levels of chemoresistance markers (SOX‑2, 
Krüppel like factor 4 and mobility related protein‑1) (13). Prior 
to the present study, our group used microarray analysis to 
identify that miR‑23a expression was decreased and associated 
with chemoresistance in endometrial cancer (data not shown). 
These results were similar to the results of another study, 
which demonstrated that miR‑23a expression is downregulated 
in endometrial cancer and miR‑23a could directly downregu-
late human SMAD3 protein levels (14). Furthermore, it has 
been demonstrated that the overexpression of miR‑23a could 
inhibit EMT by targeting SMAD3 in endometrial cancer (14). 
However, another study identified that overexpression of 
miR‑23a could enhance the chemoresistance of colorectal 
cancer cells by targeting ATP binding cassette subfamily F 
member 1, and that miR‑23a may promote cisplatin chemo-
resistance and protect against cisplatin‑induced apoptosis 
through Twist in tongue squamous cell carcinoma cells (15). 
Thus far, there is only one study on the role of miR‑23a in 
cancer (14), and the mechanism of miR‑23a‑inhibition in endo-
metrial cancer remains unclear.

In the present study, the role of miR‑23a in the develop-
ment of endometrial cancer was examined. The results 
demonstrated that sine oculis homeobox homolog 1 (SIX1), 
a biomarker for carcinogenesis in human endometrial cancer, 
was a direct target of miR‑23a. In the present study, miR‑23a 
expression in endometrial cancer tissues was detected and 
the function of miR‑23a was investigated in vitro, including 
a systematic analysis of miR‑23a and its role in endometrial 
cancer development.

Materials and methods

Cell culture and reagents. Following approval by the Ethics 
Committee of The Secondary Hospital of Tianjin Medical 
University (Tianjin, China), 16 paired tissue sections were 
obtained from 16 female patients (age range, 35‑50 years, mean 
age 38.7 years old) undergoing surgical resection at Tianjin 
Medical University General Hospital between July 2010 and 
May 2012. The patients or their families provided written 
informed consent for the use of these tissues. Human endo-
metrial cancer cell lines, Ishikawa and HEC1B, were obtained 
from the American Type Culture Collection (Manassas, VA, 
USA). All cells were maintained in RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
supplemented with 10%  fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc.), and 1%  penicillin and 
1% streptomycin at 37˚C with 5% CO2.

RNA analysis. TRIzol® (Invitrogen; Thermo Fisher Scientific, 
Inc.) was used to extract total RNA from the cells, according 
to the manufacturer's protocol. A First Strand cDNA Synthesis 
kit (Takara Biotechnology Co., Ltd., Dalian, China) was used 
to synthesize cDNA. The following temperature protocol was 
used: 30˚C for 10 min, 42˚C for 60 min and 95˚C for 5 min. 
Mean values were used for calculations and β‑actin was used 
as a loading control. The comparative detailed ΔCq method 
was utilized to analyze the results. SYBR Green PCR Master 
mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) was 
used to perform reverse transcription‑quantitative (RT‑q) PCR 
analysis (16): Pre‑denature was performed at 94˚C for 5 min; 

followed by 33 cycles of pre‑denaturing at 94˚C for 30 sec, 64˚C 
for 30 sec, 72˚C for 45 sec and 72˚C for 10 min. The obtained 
PCR products were routinely subjected to agarose gel electro-
phoresis and scanned using an imaging system. The gray‑scale 
ratio of target genes and internal parameters was used to 
represent the relative mRNA expression levels of each target 
gene. The levels of miR‑23a was normalized to the U6 snRNA. 
Primer sequences used for RT‑qPCR analysis were as follows: 
SIX1 forward, 5'AAGGAGAAGTCGAGGGGTGT‑3' and 
reverse 5'‑TGC​TTG​TTG​GAG​GAG​GAG​TT‑3'; miR‑23a 
forward, 5'‑CCT​ACT​GTC​GTC​CCA​AGA​CCT‑3' and reverse, 
5'‑GGG​GCT​CGT​GCA​GAA​GAAT‑3'; and β‑actin forward, 
5'‑CTC​CAT​CAT​GAA​GTG​TGA​CGTT‑3' and reverse, 5'‑ATC​
TCC​TTC​TGC​ATC​CTG​TCA​G‑3'. The experiment was 
repeated three times, independently.

Reagents for the transient transfection assays. miR‑23a 
mimics (5'‑AUC​ACA​UUG​CCA​GGG​AUU​UCC‑3'), miR‑23a 
mimic NC (5'‑UU​CUC​CGA​ACG​UGU​CAC​GUTT‑3'), 
miR‑23a antisense oligonucleotide (ASO; 5'‑GUG​GUA​AUC​
CCU​GGC​AAU​GUG​AU‑3' and ASO‑NC (5'‑CAG​UAC​UUU​
UGU​GUA​GUA​CAA‑3') were obtained from Sangon Biotech 
Co., Ltd. (Shanghai, China) SIX1 small interfering (si)RNA 
and a pcDNA3.1 SIX1 overexpression plasmid were obtained 
from Guangzhou Ribobio Co., Ltd. (Guangzhou, China) (17,18). 
miR‑23a mimics were transfected into Ishikawa cells, miR‑23a 
ASO into HEC1B cells, and SIX1 siRNA and plasmid into 
Ishikawa and HEC1B cells. Lipofectamine® 2000 (Thermo 
Fisher Scientific, Inc.) was used for transfection, according to 
the manufacturer's protocol. The final concentration of ASO 
control  (con) and miR‑23a ASO used was 100  nM. SIX1 
plasmids were obtained from OriGene Technologies, Inc. 
(Rockville, MD, USA).

The sequences were as follows: SIX1 siRNA forward 
5'‑GGA​GCU​CAC​AAG​GCA​AUA​U‑3', and reverse 3'‑CCU​
CGA​GUG​UUC​CGU​UAU​A‑5'; and SIX1 control siRNA 
forward 5'‑GGA​GUU​CUC​AAG​GGA​GUAU‑3', and reverse 
3'‑CCU​CAA​GAG​UUC​CCU​CAUA‑5'). Subsequent experi-
mentation was performed at 48 h after transfection.

Colony formation assay. Cells (~400 cells/well) were seeded 
into 60‑mm dishes and cultured for 10 days at 37˚C with 
5% CO2. Following fixation in methanol for 15 min at room 
temperature, the cells were stained with Giemsa for 10‑30 min 
at room temperature. The number of colonies were counted 
under a light microscope. The experiment was performed in 
triplicate.

Western blotting. Whole cell extracts were prepared using 
cell lysis reagent (cat.  no.  C2978; Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany). Total proteins were quanti-
fied using a bicinchoninic acid assay (Pierce; Thermo Fisher 
Scientific, Inc.). A total of 50  µg protein was separated 
by 10% SDS‑PAGE and then transferred to nitrocellulose 
membranes. The membranes were blocked with 10% goat 
serum (dilution, 1:1,000; cat.  no.  ZLI‑9022; OriGene 
Technologies, Inc.) at room temperature for 60 min and incu-
bated with primary antibodies overnight at 4˚C. The primary 
antibodies used included a rabbit polyclonal SIX1 antibody 
(1:500 dilution; cat. no. ab211359; Abcam, Cambridge, UK) 
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and a mouse monoclonal β‑actin antibody (1:2,500 dilution; 
cat. no. sc‑8432; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA). This was followed by incubation with a horseradish 
peroxidas‑conjugated secondary antibody (cat. no. RI2341; 
polyclonal goat anti‑rabbit/mouse; 1:5,000 dilution; Rockland 
Immunochemicals Inc., Limerick, PA, USA) at 37˚C for 1 h. 
The visualization reagent used was Coomassie brilliant blue 
G‑250 (cat. no. C8420; Beijing Solarbio Science & Technology 
Co., Ltd., Beijing, China). The gray values were analyzed using 
Odyssey v3.0 software (Thermo Fisher Scientific, Inc.).

Scratch assay. A total of 1x105  cells/well were seeded in 
6‑well plates overnight. Subsequently, a sterile pipette tip was 
used to introduce a scratch in the middle of the well when the 
confluency had reached 100%. The migration of cells towards 
the center of the scratch was measured at the indicated time 
point (48 h). A light microscope was used to observe the cells 
and the migration was measured using a caliper by testing the 
scratch distance.

Transwell assay. Invasion assays were performed with an 
8.0‑µm pore inserts in a 24‑well Transwell chamber plate 
(Costar; Corning Inc., Corning, NY, USA). For this assay, 
2x105 cells were isolated and added to the upper chamber 
in serum‑free RPMI‑1640 medium, which was coated with 
Matrigel (BD Biosciences, San Jose, CA, USA). RPMI‑1640 
(500 µl) with 10% FBS was added to the lower chamber, 
followed by incubation for 24 h. Cells that had migrated to 
the bottom of the filter were stained fixed in 4% paraformal-
dehyde and stained with 0.1% crystal violet for 5 min at room 
temperature. The cells left on the lower side of each membrane 
were counted under a light microscope for five fields of view.

Bioinformatics analysis of miR‑23a target genes. Putative 
miR‑23a targets were predicted using several algo-
rithms, including microRNA.org (http://www.microrna.
org/microrna/getGeneForm.do), TargetScan (http://www.
targetscan.org/) and miRanda (http://microrna.sanger.ac.uk/).

Dual‑luciferase reporter assay. A Dual‑Glo Luciferase Assay 
System (Promega Corporation, Madison, WI, USA) was 
used to detect luciferase activity, according to the manufac-
turer's protocol and as previously described (19). A total of 
4x104 cells/well in 12‑well plates were cultured without anti-
biotics for 12 h. Lipofectamine®  2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used to transfect cloned SIX1 
wild‑type 3'UTR and mutant 3'UTR target sequence. Renilla 
luciferase plasmids (pRL‑SV40; Promega Corporation) were 
used as a control. After 48 h, a Dual Luciferase assay kit 
(Promega Corporation) was used to detect luciferase intensity. 
All data were normalized to Renilla luciferase expression. The 
wild‑type miR‑23a target site in SIX1 3'UTR was AAGUGUA 
of the SIX1 3'UTR region. The mutant miR‑23a target site 
was AACUCUU. The two were designed and purchased from 
Shanghai GeneChem Co., Ltd. (Shanghai, China).

Xenograft assays in vivo. The animal study protocols were 
approved by the Animal Experimentation Ethics Committee 
of The Secondary Hospital of Tianjin Medical University. All 
efforts were made to minimize suffering and relieve pain. 

The nude mice (n=20; age, 5‑6 weeks; female; mean weight, 
25 g) were obtained from Beijing Vital River Laboratory 
Animal Technology Co., Ltd. (Beijing,  China). The mice 
were housed in a pathogen‑free animal facility at 25˚C with a 
12‑h light/dark cycle, and randomly assigned to the control or 
experimental group (four mice per group) (20). HEC1B cells 
(8x106) were suspended in 0.1 ml DMEM, which was injected 
subcutaneously into the right flank of each mouse (20). The 
mice were divided into five groups and injected with control 
(transfected with vector), Taxol, miR‑23a con, miR‑23a or 
miR‑23a+Taxol once every 3 or 4 days from day 14 (17). The 
final concentration of control, miR‑23a con and miR‑23a for 
each intradermal injection of HEC1B cells (0.01 mol) was 
100 nM. The tumor volume was measured using Vernier cali-
pers every 3 or 4 days. The maximum tumor size measured 
was 14 mm, and the maximum number of tumors observed 
in a single mouse was 20. The following formula was used 
for calculation of tumor volume: Tumor volume (mm3)=tumor 
length  (mm) x  tumor width  (mm2/2). Only stable miR‑23a 
mimics, not miR‑23a ASO, and cell lines were used for the 
in vivo experiments.

Immunohistochemistry (IHC). Following ethics committee 
approval, tumor samples were obtained from 16  patients 
(aged 31‑49 years) undergoing surgical resection at Tianjin 
Medical University General Hospital between July  2010 
and May  2012, and IHC diagnosis was performed in the 
hospital at the Department of Gynecology and Obstetrics. 
The specimens were fixed with 10% formaldehyde at room 
temperature for 24 h. Specimens were embedded in paraffin, 
sectioned (5‑µm thick) and deparaffinized via the addition of 
alcohol at decreasing concentrations (100, 95, 85 and 75%) for 
5 min per step. For antigen retrieval, a 96˚C water‑bath was 
used for antigen retrieval in 0.01 mol/l sodium citrate buffer 
(10 mM, pH 6.0) for 20 min. Subsequently, the sections were 
treated with 5 mM citrate buffer and 3% H2O2 for 15 min, 
5% goat serum (cat. no. ZLI‑9022; OriGene Technologies, 
Inc.) was used to block sections at 37˚C for 30 min, which 
were then incubated with a SIX1 antibody (1:200 dilution; 
cat. no.  ab211359; Abcam) for 12 h at 4˚C. Subsequently, 
the sections were incubated at  37˚C for 30  min with a 
secondary antibody (goat anti‑rabbit immunoglobulin  G; 
cat. no. ZB‑2301; ZSGB‑BIO; OriGene Technologies, Inc.). 
All sections were counterstained with hematoxylin at room 
temperature for 30 sec. The sections were observed under a 
light microscope (Olympus Corporation, Tokyo, Japan). The 
frequencies of positive cells were scored in degrees: 1 (low), 
<33; 2 (medium) 34‑67%; and 3 (high) >67%. The cases were 
further classified into positive groups (2‑5, low; >5, high) by 
the intensity and proportion of the cancer cells immunos-
tained for SIX1 (21,22). PBS instead of the primary antibody 
was used for creating the negative control for IHC staining 
(data not shown).

Statistical analysis. All experiments were repeated at least 
three times, independently. Analyses were performed using 
SPSS v.22.0 software (IBM Corp, Armonk, NY, USA). A 
Student's t‑test was used to compare between two groups. A 
two‑way ANOVA followed by a post hoc Tukey's test was 
used to compare between three or more groups. All data are 
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expressed as the means ±  standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑23a expression is decreased in endometrial cancer 
tissues compared with in para‑carcinoma tissues, and the 
overexpression of miR‑23a may inhibit cell proliferation and 
invasion in Ishikawa and HEC1B cells. First, expression levels 
of miR‑23a were measured in 16 pairs of human tissues. As 
shown in Fig. 1A, miR‑23a expression levels were reduced by 
42% on average in endometrial cancer tissues compared with 
in paired para‑carcinoma tissues. To test the effect of miR‑23a 
in endometrial cancer cells, miR‑23a mimics were transfected 
into the Ishikawa and HEC1B cells to increase miR‑23a expres-
sion (Fig. 1B and C). The results of cell function experiments 
revealed that increased miR‑23a expression could inhibit 
proliferation and invasion in vitro (P<0.05; Fig. 2). The results 
of the colony formation assay revealed that proliferation was 
significantly decreased in miR‑23a mimic‑transfected cells 
compared with control cells (P<0.05; Fig. 2A). The results of 
the wound healing assay demonstrated significantly less wound 
healing in miR‑23a mimic‑transfected cells compared with 
the control cells (P<0.05; Fig. 2B). Additionally, the results 
of the Transwell assay revealed significantly lower numbers 
of invasive cells in the miR‑23a mimic‑transfected group 
compared with the control group (P<0.05; Fig. 2C). Overall, 
these results indicated that miR‑23a expression was decreased 
in endometrial cancer tissues, and overexpression of miR‑23 
inhibited cell proliferation and invasion in endometrial cancer 
cells.

SIX1 is a direct target of miR‑23a, and miR‑23a downregu‑
lates SIX1 expression in endometrial cancer cells. SIX1 was 
on the list of miR‑23a targets suggested by microrna software. 
To test the possibility of a direct link between miR‑23a and 
SIX1, the SIX1 3'UTR with either a wild‑type or a mutant 
miR‑23a target sequence downstream of the firefly lucif-
erase gene was inserted (Fig. 3A). The pGL3‑SIX1 3'UTR 
wild‑type, pGL3‑SIX1 3'UTR Mut and pGL3 constructs were 
individually transfected into HEC1B cells. The results indi-
cated that miR‑23a may directly bind to SIX1 3'UTR (P<0.05; 
Fig. 3B). In conclusion, the SIX1 gene may be a downstream 
post‑transcriptional target of miR‑23a.

To further investigate the mechanism of miR‑23a in 
the chemoresistance of endometrial cancer via its ability 
to repress its downstream gene SIX1, SIX1 protein expres-
sion following different miR‑23a treatment in two types of 
endometrial cancer cells was detected by western blotting. 
According to a previous study, SIX1 protein expression levels 
are high in Ishikawa cells and low in HEC1B cells  (22). 
Consistent with the previous study, through the different 
miR‑23a treatment in the two types of endometrial cancer 
cells, the results of the present study demonstrated that SIX1 
protein expression was increased in HEC1B cells treated 
with miR‑23a ASO compared with cells treated with ASO 
control (P<0.05; Fig.  3C). In addition, the present study 
revealed that the SIX1 protein expression level was lower 
in Ishikawa cells treated with miR‑23a mimics than in cells 
treated with miRNA con (P<0.05; Fig. 3D). Overall, miR‑23a 

may downregulate SIX1 expression in endometrial cancer 
cells.

SIX1 may inhibit cell proliferation, migration and invasion 
in endometrial cancer cells. To investigate the influence of 
SIX1 on the biological behavior of endometrial cancer cells, 
SIX1 plasmid and siRNA were used to increase or decrease 
the expression levels of SIX1 in HEC1B or Ishikawa cells. 
Due to the differing levels of SIX1 expression in the two cell 
lines, the knockdown and overexpression experiments were 
performed in two different cell lines. As shown in Fig. 4A, 
the expression levels of SIX1 in HEC1B or Ishikawa cells 
were significantly increased or decreased, when treated with 
plasmid and siRNA, respectively (P<0.05). The results of the 
colony formation assay revealed that capacity for prolifera-
tion caused by the increased or reduced expression levels of 
SIX1 were significantly enhanced or weakened compared 
with the control in HEC1B or Ishikawa cells, respectively 
(P<0.05; Fig. 4B). The results of the wound healing assay 
indicated the significantly smaller or bigger width caused by 
the raised or reduced SIX1 than that in the control of HEC1B 
or Ishikawa cells, respectively (P<0.05; Fig. 4C). The results 
of the Transwell assay demonstrated significantly higher or 
lower numbers of invasive cells in association with increased 
or decreased expression levels of SIX1 compared with 
the control in HEC1B or Ishikawa cells (P<0.05; Fig. 4D). 
Overall, the results indicated that increased or decreased 

Figure 1. Expression levels of miR‑23a in 16 paired human endometrial 
cancer and para‑carcinoma tissues. (A) miR‑23a expression was reduced 
by 42% on average in endometrial cancer tissues compared with in paired 
para‑carcinoma tissues. (B) miR‑23a expression in the miR‑23a mimics 
transfection and control groups for Ishikawa cells. (C) miR‑23a expression in 
the miR‑23a ASO transfection and control group in the HEC1B cells. *P<0.05. 
ASO, antisense oligonucleotide; con, control; miR‑23a, microRNA‑23a; 
miRNA, microRNA.
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Figure 2. Effect of miR‑23a on the proliferation, migration and invasion of endometrial cancer cells in vitro. (A) Colony formation assay. Cells were cultured in 
6‑well plates and analyzed using a colony formation assay. After 10 days, cells were stained, images captured (left) and counted (right). The results of the colony 
formation assay revealed that proliferation was significantly decreased in miR‑23a mimic‑transfected cells compared with in the control cells in the two types 
of endometrial cancer cells. (B) Migration detected by wound healing assays. A significantly bigger wound width was observed in the treated group compared 
with in the control group in vitro. Magnification, x200. (C) Invasion detected by Transwell assays. Significantly fewer invasive cells were observed in the treated 
groups compared with in the control groups in vitro. Magnification, x200. *P<0.05 vs. con. con, control; miR‑23a, microRNA‑23a; miRNA, microRNA.

Figure 3. miR‑23a downregulates SIX1 expression in vitro. (A) Bioinformatics results. The 3'UTR of SIX1 contains a potential miRNA‑binding site for miR‑23a. 
SIX1 UTR with either a wt or mut miR‑23a target sequence downstream of the firefly luciferase gene was inserted into the pGL3‑control vector to create the 
pGL3‑SIX1 UTR wt or the pGL3‑SIX1 UTR mut construct, respectively. (B) Luciferase reporter assay results. pGL3‑SIX1 UTR WT, pGL3‑SIX1 UTR Mut and 
pGL3 constructs were individually transfected into HEC1B cells. miR‑23a significantly decreased the relative luciferase activity of the wild‑type SIX1 3'UTR 
compared with the control, but miR‑23a could not decrease the relative luciferase activity of the mutant SIX1 3'UTR. (C) SIX1 protein expression following 
different miR‑23a treatments in endometrial cancer HEC1B cells, semi‑quantified by western blotting. The SIX1 protein expression level was higher in the group 
treated with miR‑23a ASO than that in the group treated with ASO con. (D) SIX1 protein expression following different miR‑23a treatments in endometrial cancer 
Ishikawa cells, semi‑quantified by western blotting. The SIX1 protein expression level was lower in the group treated with miR‑23a mimics than that in the group 
treated with mimics con in the Ishikawa cells. *P<0.05, compared with wt miRNA con group in (B). 3'UTR, 3'untranslated region; ASO, antisense oligonucleotide; 
con, control; hsa, homo sapiens; miR‑23a, microRNA‑23a; miRNA, microRNA; mut, mutant; SIX1, sine oculis homeobox homolog 1; wt, wild‑type.
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SIX1 expression promoted or inhibited cell proliferation, 
migration and invasion in vitro.

miR‑23a inhibits the development of endometrial cancer 
by targeting SIX1. The aforementioned results revealed the 
possibility that miR‑23a inhibited endometrial cancer cell 
proliferation, migration and invasion by downregulating 
SIX1. To further demonstrate this, cell proliferation, migra-
tion and invasion abilities were reversed by adding SIX1 
siRNA or plasmid at the same time as performing knock-
down or overexpression of miR‑23a (Fig. 5). As shown in 
Fig. 5A, miR‑23a expression was reduced in the miR‑23a 
ASO group in HEC1B cells (P<0.05), while no significant 
difference in miR‑23a expression was identified between the 
SIX1 siRNA + miR‑23a ASO group and the miR‑23a ASO 
group (P>0.05). Similarly, miR‑23a expression was increased 
in Ishikawa cells treated with miR‑23a mimics (P<0.05; 
Fig.  5A), while no significant difference was observed 
in the increase in miR‑23a expression between the SIX1 
plasmid + miR‑23a mimics group and the miR‑23a mimics 
group (P>0.05; Fig. 5A). The results demonstrated that the 
knockdown or overexpression of miR‑23a was not altered by 
adding SIX1 siRNA or plasmid. Additionally, SIX1 expres-
sion was increased or decreased following the knockdown or 
overexpression of miR‑23a in the miR‑23a ASO or mimics 

group (P<0.05, respectively; Fig. 5B), and SIX1 expression 
levels were reduced or increased by adding SIX1 siRNA or 
plasmid in HEC1B or Ishikawa cells (P<0.05, respectively; 
Fig. 5B). The results demonstrated that miR‑23a directly 
targeted SIX1 in endometrial cancer cells. Besides, the results 
of clone formation, wound healing and Transwell assays 
revealed that proliferation, migration and invasion abilities 
were strengthened or weakened, following the knockdown 
or overexpression of miR‑23a in the miR‑23a ASO or 
miR‑23a mimics group in HEC1B or Ishikawa cells (P<0.05; 
Fig. 5C‑E), but the altered proliferation, migration and inva-
sion abilities following the knockdown or overexpression of 
miR‑23a could be reversed by the downregulation or upregu-
lation of SIX1 in HEC1B and Ishikawa cells (P<0.05; 5C‑E). 
Overall, the aforementioned results indicated that miR‑23a 
may promote the development of endometrial cancer by 
targeting SIX1.

Inhibitory effect of miR‑23a mimics and/or Taxol by reducing 
SIX1 expression in endometrial cancer in vivo. To verify 
the inhibitory effect of miR‑23a mimics and/or Taxol and to 
determine whether miR‑23a regulates SIX1 expression in vivo, 
Ishikawa cells were injected subcutaneously into the right 
flank of nude mice. The results revealed that the mean tumor 
volume in the Taxol group was significantly lower compared 

Figure 4. Influence of SIX1 on the biological behavior of endometrial cancer cell lines. (A) SIX1 plasmid or siRNA were used to increase or reduce the protein 
expression levels of SIX1 in HEC1B or Ishikawa cells. Differences were detected using western blotting. Protein expression levels of SIX1 in HEC1B or 
Ishikawa cells were increased or reduced in the SIX1 plasmid or siRNA group compared with the control group, respectively. (B) Colony formation assay. The 
results of colony formation assay demonstrated that proliferation was significantly enhanced or weakened compared with the control in HEC1B or Ishikawa 
cells, respectively. Magnification, x200. (C) Migration detected by wound healing assays. The results revealed significantly smaller or bigger width in the 
treated group compared with the control group in HEC1B or Ishikawa cells, respectively. (D) Invasion detected by Transwell assays. Significantly more or 
fewer invasive cells were observed in the treated group compared with in the control group in HEC1B or Ishikawa cells, respectively. Magnification, x200. 
*P<0.05 vs. con. Con, control; siRNA, small interfering RNA; SIX1, sine oculis homeobox homolog 1; SIX1 treated, overexpression in the HEC1B cell line or 
knockdown in the Ishikawa cell line.
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Figure 5. Alterations in proliferation, migration and invasion following miR‑23a knockdown or overexpression are reversed by SIX1 downregulation or 
upregulation. (A) miR‑23a expression was assessed using reverse transcription‑quantitative polymerase chain reaction in HEC1B and Ishikawa cells for the 
differently treated groups. miR‑23a expression was decreased or increased in the miR‑23a ASO or mimic groups following the knockdown or the overexpres-
sion of miR‑23a, compared with in the associated control groups. However, the decreased or increased miR‑23a expression was not statistically different 
between the SIX1 siRNA + miR‑23a ASO or SIX1 plasmid + miR‑23a mimics groups compared with the miR‑23a ASO or miR‑23a mimics groups following 
the knockdown or overexpression of miR‑23a in HEC1B or Ishikawa cells. (B) SIX1 protein expression was detected by western blotting in HEC1B or 
Ishikawa cells in the differently treated groups. SIX1 expression was increased or decreased in the miR‑23a ASO or mimics following the knockdown or the 
overexpression of miR‑23a compared with in the associated control groups. Additionally, SIX1 expression was significantly decreased or increased in the SIX1 
siRNA + miR‑23a ASO or SIX1 plasmid + miR‑23a mimics groups compared with the miR‑23a ASO or miR‑23a mimics groups following the knockdown 
or overexpression of miR‑23a in HEC1B or Ishikawa cells. (C) Results of the colony formation assays in HEC1B and Ishikawa cells. The number of colonies 
was increased or decreased in the miR‑23a ASO or mimics group following the knockdown or the overexpression of miR‑23a compared with the associated 
control group. Additionally, the number of colonies was significantly decreased or increased between the SIX1 siRNA + miR‑23a ASO group or SIX1 
plasmid + miR‑23a mimics group compared with the miR‑23a ASO group or miR‑23a mimics group, following the knockdown or overexpression of miR‑23a 
in HEC1B or Ishikawa cells, respectively. (D and E) Results of wound healing and Transwell assays for the different groups in HEC1B and Ishikawa cells. The 
results revealed that the migration and invasion abilities were altered in the miR‑23a ASO and mimics groups following the knockdown or overexpression of 
miR‑23a compared with in the associated control group. Additionally, migration and invasion were significantly altered in the SIX1 siRNA + miR‑23a ASO 
group or SIX1 plasmid + miR‑23a mimics group compared with in the miR‑23a ASO group or miR‑23a mimics group following the knockdown or overexpres-
sion of miR‑23a in HEC1B and Ishikawa cells. *P<0.05, compared with the associated control group. ASO, antisense oligonucleotide; con, control; miR‑23a, 
microRNA‑23a; siRNA, small interfering RNA; SIX1, sine oculis homeobox homolog 1.
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with in the control group (P<0.05; Fig. 6A and B). The mean 
tumor volume was significantly lower for the miR‑23a mimics 
and miR‑23a mimics + Taxol group compared with the mimics 
control group (P<0.05; Fig. 6A and B). Besides, the mean tumor 
volume was significantly lower in the miR‑23a + Taxol group 
compared with in the Taxol group (P<0.05; Fig. 6A and B). 
In addition, SIX1 expression was assessed in mice tumors by 
western blotting. This revealed that the expression of SIX1 was 
decreased in the miR‑23a mimics and/or Taxol groups (P<0.05; 
Fig. 6C). Additionally, compared with in the Taxol group, the 
expression levels of SIX1 in the miR‑23a mimics + Taxol 
group were significantly decreased (P<0.05; Fig. 6C). There 

was no significant difference identified in the body weight 
of mice treated with miR‑23a mimics and/or Taxol, none of 
the mice tested exhibited signs of other adverse effects, and 
no toxic effects were observed through blood counts or the 
observation of liver and renal function (data not shown). 
These results demonstrated the antitumor effects and safety 
of miR‑23a mimics and/or Taxol. Overall, the aforementioned 
results indicated that miR‑23a could inhibit chemoresistance 
of endometrial cancer in vivo by targeting SIX1.

Association between miR‑23a and SIX1 expression in endo‑
metrial cancer tissues. Finally, to explore the association 

Figure 6. Inhibitory effect of miR‑23a and Taxol by reducing SIX1 in vivo. (A and B) Mice tumor volumes in different groups. The average tumor volume 
in the miR‑23a and miR‑23a + Taxol groups was decreased significantly. Additionally, compared with the Taxol group, the average tumor volume in the 
miR‑23a + Taxol group was decreased significantly. (C) Western blotting results indicating SIX1 expression in different groups. SIX1 expression was lower 
in the miR‑23a and/or Taxol treated group than in the miR‑23a con treated group. *P<0.05 vs. Mock. con, control; miR‑23a, microRNA‑23a; SIX1, sine oculis 
homeobox homolog 1.

Figure 7. Association between miR‑23a and SIX1 expression in endometrial cancer tissues. (A) Immunohistochemistry results investigating SIX1 expression 
in 30 cases. Magnification, x100 or x400, as indicated. (B) Expression levels of miR‑23a in endometrial cancer tissues according to RT‑qPCR. A total of 
30 endometrium samples (SIX1 low and high groups; n=15 for each group) were collected for RT‑qPCR detection. The relative amount of miR‑23a was 
normalized to the U6 small nuclear RNA. *P<0.05. miR‑23a, microRNA‑23a; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; SIX1, 
sine oculis homeobox homolog 1.
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between miR‑23a and SIX1 in endometrial cancer tissues, 
their expression levels in 30 endometrial cancer cases were 
assessed. SIX1 expression was assessed by IHC, the 30 cases 
were divided into two groups: SIX1 low and high groups (n=15 
for each group; Fig. 7A). Additionally, miR‑23a expression 
was tested by RT‑qPCR in the two groups, and a significant 
difference between the SIX1 low and high tissue samples was 
identified (P<0.05). Therefore, the results suggested a negative 
association between miR‑23a and SIX1 expression in endome-
trial cancer tissues.

Discussion

miRNAs serve different roles (promote or suppress cancer 
development) in cancer cellular processes, including in 
endometrial cancer (2,5‑13). Previously, miR‑23a has been 
linked to chemoresistance in cancer  (10,12,15‑17,19), and 
there have been three studies investigating the association 
between overexpression of miR‑23a in cancer and chemoresis-
tance (15,16,19). However, thus far, only one study investigated 
the association between miR‑23a and endometrial cancer, and 
indicated that miR‑23a is downregulated in cancer tissue and 
that miR‑23a may inhibit EMT in endometrial endometrioid 
adenocarcinoma by targeting SMAD3 (14). In the present 
study, to investigate the function and mechanism of miR‑23a, 
miR‑23a was first demonstrated to be decreased in endome-
trial cancer tissues compared with in para‑carcinoma tissues, 
and overexpression of miR‑23a inhibited cell proliferation 
or invasion in Ishikawa cells and HEC1B cells. In addition, 
in the present study, overexpression of miR‑23a inhibited 
proliferation, migration and invasion, which was different 
from the results reported in previous studies (15,16,19), and 
a possible explanation for this phenomenon was that this 
was due to the different types of cancer being investigated. 
Subsequently, it was identified that SIX1 was a target gene of 
miR‑23a by different types of software, including TargetScan. 
Additionally, it was demonstrated that SIX1 was a functional 
target of miR‑23a in endometrial cancer cells.

SIX1, a transcription factor, belongs to the SIX family of 
hemoproteins, and it has been reported to be less expressed in 
human normal tissue but expressed in mouse dental follicle, 
human periodontal ligament‑derived, mouse skeletal muscle 
and cephalic neural crest cells; particularly, SIX1 overex-
pression has been reported to occur in several human types 
of cancer, including breast cancer, cervical cancer, ovarian 
cancer, oral squamous cell carcinoma, gastric cancer, hepa-
tocellular carcinoma and pancreatic cancer, which leads to 
cancer cell proliferation, invasion and metastasis  (21‑38). 
Consistent with these results, the present study demonstrated 
that SIX1 promoted cell proliferation, migration and invasion 
in endometrial cancer. In addition, it has been reported that 
SIX1 upregulation induces cancer cell EMT (39‑41). SIX1 
upregulation leads to EMT via the activation of zinc‑finger 
E‑box binding homeobox1 (41). miR‑23a could inhibit EMT in 
endometrial adenocarcinoma by targeting SMAD3 (14). This 
may provide clues for the association between miR‑23a and 
SIX1. Additionally, SIX1 may mediate resistance to paclitaxel 
in breast cancer cells (27), which indicates that a similar mech-
anism may exist in endometrial cancer. Previous studies have 
identified an association between overexpression of miR‑23a 

in cancer and chemoresistance (15,16,19). Particularly, a recent 
study demonstrated that SIX1 is overexpressed in endometrial 
carcinoma and promotes the malignant behavior of cancer cells 
via ERK and AKT signaling, the expression levels of SIX1 
were high or low in Ishikawa or HEC1B cell lines (22), which 
is consistent with the results of the present study. Overall, the 
aforementioned studies and results revealed indirect evidence 
for the hypothesis that miR‑23a may promote endometrial 
cancer development by targeting SIX1. In addition, the direct 
targeting association was further supported by the results 
of the luciferase reporter assay. Additionally, expression 
levels of miR‑23a and SIX1 were assessed in 30 endometrial 
cancer cases, and this revealed a negative association between 
miR‑23a and SIX1 expression in endometrial cancer tissues.

The present study demonstrated that miR‑23a may be a 
suppressor gene in endometrial cancer cells, and alterations 
in the miR‑23a‑SIX1 interaction may be associated with the 
development of endometrial cancer. Furthermore, in contrast 
to the results of other studies, possibly due to different types 
of cancer and different perspectives, the results of the present 
study indicated that SIX1 was targeted by miR‑23a, similar 
methods could be used to further explore the mechanism (24): 
For example, miR‑188 is downregulated in oral squamous cell 
carcinoma and inhibits proliferation and invasion by targeting 
SIX1. The bioinformatics analysis, dual‑luciferase reporter 
assay and the regulation results, with the same tendency of 
the associations between the upstream and downstream genes, 
indicated that SIX1 was a downstream target gene of miR‑23a 
in vitro, and upregulation or downregulation of cell prolif-
eration, migration and invasion, following the knockdown or 
overexpression of miR‑23a, were reversed by adding SIX1 
siRNA or plasmid in vitro.

As demonstrated in the present study, the inhibitory effect 
of miR‑23a mimics, which reduces SIX1 expression in endo-
metrial cancer, may be observed in vitro and in vivo. However, 
future studies should determine the aforementioned mecha-
nism in various types of endometrial cancer cells in vitro and 
in vivo. Perhaps the association between genes known to be 
associated with endometrial cancer and the miR‑23a‑SIX1 
interaction should be explored. A recent study indicated 
that it may be useful to investigate the association between 
miR‑23a and SIX1 in the EMT and resistance mechanism (14). 
In conclusion, the results of the present study suggested that 
miR‑23a may inhibit endometrial cancer cell development by 
targeting SIX1, and that miR‑23a may serve as a therapeutic 
target for endometrial cancer.
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