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Abstract. Accumulating evidence suggests that microRNAs 
(miRs) exert vital functions in the development and progres-
sion of multiple types of human cancer. However, the role 
of miR‑6852 in gastric cancer (GC) remains unclear. In the 
present study, miR‑6852 expression was significantly down-
regulated in GC tissues compared with adjacent normal tissues 
determined by reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR) analysis. Furthermore, miR‑6852 
expression levels in patients with GC were reversely corre-
lated with tumor metastasis and TNM stage. Through Cell 
Counting kit‑8 and Transwell assays, it was demonstrated that 
overexpression of miR‑6852 significantly inhibited the prolif-
eration, migration and invasion of GC cells. With regards to 
the mechanism involved, luciferase reporter assays suggested 
that miR‑6852 directly target forkhead box J1 (FOXJ1) in GC 
cells. Furthermore, overexpression of miR‑6852 markedly 
inhibited the mRNA and protein expression levels of FOXJ1 in 
GC cells determined by RT‑qPCR and western blot analysis. 
Additionally, FOXJ1 was overexpressed in GC tissues and 
cell lines, and its expression was negatively correlated with 
that of miR‑6852 in GC tissues. Rescue assays indicated that 
overexpression of FOXJ1 significantly reversed the effects of 
miR‑6852 transfection on GC cell proliferation, migration and 
invasion. Taken together, the present findings demonstrated 
that miR‑6852 exerted a tumor suppressive role through 
targeting FOXJ1 in GC. These results implied that miR‑6852 
may be a novel therapeutic target of GC treatment.

Introduction

Gastric cancer (GC) remains the second most common malig-
nant cancer and gives rise to a number of cancer‑associated 
fatalities worldwide every year (1). GC has become a major 
threat to human life. Notably, the majority of patients with GC 
are diagnosed at an advanced stage, which makes GC treat-
ment difficult due to extensive tumor invasion and lymphatic 
metastasis (2,3). The pathogenesis of GC is correlated with 
a complexity of factors, including oncogene activation and 
tumor‑suppressor inactivation  (4). Therefore, in order to 
provide improved intervention of GC, a greater understanding 
of GC pathogenesis and the identification of novel biomarkers 
and therapeutic targets is urgently required.

MicroRNAs (miRs) belong to a class of short non‑coding 
RNAs of ~22 nucleotides in length that have the ability to 
regulate gene expression by directing target mRNAs for 
degradation (5,6). In past decades, a large number of studies 
have indicated that miRs serve as key regulators in various 
physiological processes, including cell proliferation, metabo-
lism, apoptosis, invasion and migration  (5,7,8). Aberrant 
expression of miRs has been linked to the development and 
progression of various types of human cancer (9), including 
GC (10). Increasing evidence has demonstrated that miRs are 
effective biomarkers for the diagnosis and prognosis of human 
cancer (11). Also several reports imply miRs may be promising 
therapeutic targets for cancer treatment (12).

A recent study demonstrated that miR‑6852 overexpression 
induces necrosis in cervical cancer cells (13). However, the 
role of miR‑6852 in GC cells remains largely unknown. The 
aim of the present study was to assess the role of miR‑6852 
in GC cells in order to clarify if the miR may be a promising 
therapeutic target for treating GC.

Materials and methods

Patient samples. A total of 56 fresh GC tissue samples and 
adjacent normal tissues (male, 30; female, 26; median age, 
54±11  years) were collected at Huazhong University of 
Science and Technology (Wuhan, China) between June 2014 
and December 2016. Tissues were immediately snap frozen 
in liquid nitrogen and stored at ‑80˚C until total RNA was 
extracted. Patients were diagnosed with GC prior to this 
study. Patients who received radiation‑ or chemotherapy prior 
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to surgery were excluded. Written informed consent was 
obtained from each patient who participated in the present 
research. Furthermore, the present study was approved by the 
Ethics Committee of Huazhong University of Science and 
Technology.

Cell culture. Human GC cell lines (MGC‑803, MKN‑1, 
SGC‑7901, BGC‑823 and AGS) and the normal gastric epithe-
lium GES‑1 cell line were acquired from the Shanghai Institute 
of Biochemistry and Cell Biology (Shanghai, China). All cell 
lines were cultured in Dulbecco's modified Eagle's medium 
(DMEM, Invitrogen, Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) supplemented with 10% fetal bovine serum (FBS, 
Invitrogen, Thermo Fisher Scientific, Inc.), 100 U/ml of peni-
cillin and 100 mg/ml of streptomycin (Invitrogen, Thermo 
Fisher Scientific, Inc.) at 37˚C in an atmosphere containing 
5% CO2.

Reverse transcription‑polymerase chain reaction (RT‑qPCR). 
Total RNAs were extracted from GC tissues or cultured 
cell lines using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. Total 
RNA was reverse transcribed into cDNA using the PrimeScript 
RT reagent kit with gDNA Eraser (Takara Biotechnology Co., 
Ltd., Dalian, China), and 1 µg total RNA was reverse tran-
scribed for each sample. qPCR was performed with a Taqman 
MicroRNA Assay kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
Thermocycling conditions were as follows: Denaturation 
at 95˚C for 10 min, followed by 40 cycles of denaturation 
at 95˚C for 15 sec and elongation at 60˚C for 1 min. Results 
were normalized to U6 or GAPDH expression. Expression 
fold change was determined by the 2‑ΔΔCq method (14). Primer 
sequences were as follows: miR‑6852 forward, 5'‑AAC​GAG​
ACG​ACG​ACA​GAC‑3' and reverse, 5'‑CCC​TGG​GGT​TCT​
GAG​GAC​ATG‑3'; U6 forward, 5'‑AAC​GAG​ACG​ACG​ACA​
GAC‑3' and reverse, 5'‑GCA​AAT​TCG​TGA​AGC​GTT​CCA​
TA‑3'; forkhead box J1 (FOXJ1) forward, 5'‑CAG​AAT​CGC​
TGC​CTC​CTC​TC‑3' and reverse, 5'‑CAG​GGT​CCT​TTA​GCC​
GGT​TT‑3'; GAPDH forward, 5'‑ATG​TTG​CAA​CCG​GGA​
AGG​AA‑3' and reverse, 5'‑AGG​AAA​AGC​ATC​ACC​CGG​
AG‑3'.

Cell Counting Kit (CCK)‑8 proliferation assays. Transfected 
cells were collected at 24 h post‑transfection and seeded into 
96‑well plates at a density of 3x103 cells per well. Following 
incubation for 0, 24, 48 and 72 h at 37˚C, the CCK‑8 assay 
was performed according to the manufacturer's instruc-
tions. In brief, 10 µl of CCK‑8 reagent (Beyotime Institute 
of Biotechnology, Shanghai, China) was added to each well. 
The cells were incubated at 37˚C in an atmosphere containing 
5% CO2 for 2 h. Absorbance was determined at a wavelength 
of 450  nm using an ELx808 absorbance reader (BioTek 
Instruments, Inc., Winooski, VT, USA). Each assay was 
performed in triplicate and repeated three times.

Migration and invasion assays. Migration was measured 
using 6.5‑mm Transwell inserts with 8.0 µm pore polycar-
bonate membranes (Costar; Corning Incorporated, Corning, 
NY, USA). Cell invasion assays were performed with 6.5‑mm 

Transwell inserts with 8.0 µm pore polycarbonate membranes 
(pre‑coated with Matrigel for invasion; Costar; Corning 
Incorporated). Briefly, 2x105 transfected and non‑transfected 
cells were suspended and seeded into the upper chambers of 
the inserts in 200 µl serum‑free DMEM, while the 600 µl 
complete DMEM containing 10% FBS was added to the lower 
chambers. A total of 24 h following incubation at 37˚C, cells 
on the upper surface of the membrane were removed but cells 
in the lower membrane were fixed with 100% methanol at 
room temperature for 20 min and stained with 0.1% crystal 
violet at room temperature for 20 min. Cells were observed 
using an optical microscope (magnification, x100; Olympus 
Corporation, Tokyo, Japan) and counted in five random fields 
of view from each well. The mean number of migrated or 
invaded cells was calculated. 

Luciferase assay. The mutated FOXJ1 3'‑untranslated region 
(UTR) sequence (in which all predicted sites were mutated) 
was synthetized by Sangon Biotech Co., Ltd. (Shanghai, 
China). The wild‑type 3'‑UTR sequence of FOXJ1 or the 
mutated 3'‑UTR sequence of FOXJ1 was incorporated into 
the pGL3 control vector (Promega Corporation, Madison, 
WI, USA), to obtain the wild‑type FOXJ1‑3'UTR or mutant 
FOXJ1‑3'UTR, respectively. GC cells were seeded into 
24‑well plates the day prior to transfection and then cotrans-
fected with wild‑type or mutant 3'‑UTR FOXJ1, along with 
miR‑6852 mimics or controls using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. At 48 h after co‑transfection, the 
luciferase activity for the wild‑type or mutant FOXJ1 3'‑UTR 
was measured using a dual luciferase reporter assay (Promega 
Corporation). Luciferase activity was normalized to Renilla.

Statistical analysis. All statistical analyses were performed 
using SPSS 20.0 (IBM, SPSS, Inc., Chicago, IL, USA) and 
GraphPad Prism (version 6; GraphPad Software, Inc., La Jolla, 
CA, USA). The Student's t‑test and one‑way analysis of vari-
ance followed by Tukey's post hoc test were used to analyze 
two or multiple groups for statistical significance, respectively. 
Pearson correlation coefficient analysis was used to determine 
the correlations. The χ2 test was used to assess the association 
between miR‑6852 expression and clinicopathological features 
in patients with GC. P<0.05 was considered to indicate a statis-
tically significant difference.

Results

miR‑6852 is underexpressed in GC tissues. To explore the 
potential function of miR‑6852 in GC cells, the expression 
pattern of miR‑6852 was assessed by RT‑qPCR. Results 
indicated that miR‑6852 expression was significantly down-
regulated in GC tissues compared with adjacent normal tissues 
(Fig. 1A). Consistently, RT‑qPCR results also indicated that 
the expression of miR‑6852 was downregulated in GC tissues 
compared with the normal gastric epithelium GES‑1 cells 
(Fig. 1B). Furthermore, the correlation between miR‑6852 
expression and clinicopathological features in patients with 
GC was determined. Notably, lower expression of miR‑6852 in 
patients with GC was associated with increased tumor metas-
tasis, higher TNM stage and poorer tumor differentiation; 
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however, there was no correlation between miR‑6852 expres-
sion level and patient age (Table I). These results demonstrated 
that miR‑6852 was downregulated in GC tissues and implied 
that miR‑6852 may serve as a tumor suppressor in GC.

miR‑6852 overexpression suppresses GC cell proliferation, 
migration and invasion. To investigate the role of miR‑6852, 
miR‑6852 was overexpressed in GC cell lines MGC‑803 and 
MKN‑1. RT‑qPCR analysis indicated that miR‑6852 was 
effectively overexpressed in MGC‑803 and MKN‑1 cells 
following miR‑6852 transfection (Fig.  2A). Subsequently, 
CCK‑8 assays were performed to assess cellular proliferation. 
Notably, overexpression of miR‑6852 significantly inhibited 
the proliferation of MGC‑803 and MKN‑1 cells (Fig. 2B). 
Furthermore, the identified correlation between miR‑6852 
expression and tumor metastasis was validated using Transwell 
assays. Results indicated that overexpression of miR‑6852 
significantly decreased the numbers of migrated or invaded 
MGC‑803 and MKN‑1 cells (Fig. 2C and D). Taken together, 

these data demonstrated that miR‑6852 suppressed the prolif-
eration, migration and invasion of GC cells.

FOXJ1 is a target of miR‑6852. miRs have been demonstrated 
to regulate gene expression via targeting the 3'‑UTR region of 
mRNAs. To determine the molecular mechanism of miR‑6852 
function, the target genes of miR‑6852 in GC cells were inves-
tigated. Bioinformatics analysis determined that FOXJ1 was 
a potential target of miR‑6852. As indicated in Fig. 3A, there 
were four potential binding sites of miR‑6852 in the 3'‑UTR 
region of FOXJ1 mRNA. Subsequently, a luciferase reporter 
plasmid containing wild‑type or mutant 3'‑UTR binding site of 
FOXJ1 mRNA was constructed (Fig. 3A). Luciferase reporter 
assays indicated that overexpression of miR‑6852 significantly 
inhibited the luciferase activity in MGC‑803 and MKN‑1 
cells transfected with wild‑type FOXJ1 3'‑UTR but not with 
mutant FOXJ1 3'‑UTR (all four sites mutated; Fig. 3B). Notably, 
mutation of either predicted recognition site in FOXJ1 3'‑UTR 
could not affect the inhibitory effect of miR‑6852 on luciferase 

Figure 1. miR‑6852 was underexpressed in GC tissues. (A) Expression levels of miR‑6852 in 56 pairs of GC tissues and adjacent normal tissues were deter-
mined using reverse transcription‑quantitative polymerase chain reaction. (B) Relative expression of miR‑6852 in GC cell lines and normal cell line GES‑1 
was indicated. All data were presented as the mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. control group. 
GC, gastric cancer; miR‑6852, microRNA‑6852.

Table I. Correlation between microRNA‑6852 expression and clinicopathological features in patients with gastric cancer.

Feature	 n=56	 miR‑6852 low (n=31)	 miR‑6852 high (n=25)	 P‑value

Age (years)				    0.559
  <60	 17	   8	   9
  ≥60	 39	 23	 16
Differentiation				    0.418
  Well/moderate	 23	 11	 12
  Poor	 33	 20	 13
Metastasis				    0.007
  Absent	 26	   9	 17
  Present	 30	 22	   8
TNM stage
  I‑II	 32	 13	 19	 0.015
  III‑IV	 24	 18	   6
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activity (Fig. 3B), suggesting the four sites could be recognized 
by miR‑6852. Furthermore, overexpression of miR‑6852 
significantly inhibited the mRNA expression levels of FOXJ1 
in MGC‑803 and MKN‑1 cells (Fig. 3C). Similarly, the protein 
expression levels of FOXJ1 were also decreased in MGC‑803 
and MKN‑1 cells transfected with miR‑6852 mimics (Fig. 3D). 
The above findings demonstrated that FOXJ1 was a direct target 
of miR‑6852 in GC cells.

FOXJ1 expression is upregulated and reversely correlated with 
miR‑6852 expression levels in GC tissues. To further confirm 
the previous findings, the expression patterns of FOXJ1 in GC 

cells were determined. RT‑qPCR analysis revealed that FOXJ1 
was significantly upregulated in GC tissues compared with 
adjacent normal tissues (Fig. 4A). Consistently, the expres-
sion of FOXJ1 was significantly upregulated in GC cell lines 
compared with GES‑1 cells (Fig. 4B). Furthermore, a reverse 
correlation between the expression of miR‑6852 and FOXJ1 
expression levels was indicated in patients with GC (Fig. 4C). 
These data indicated that FOXJ1 was targeted by miR‑6852 
and may be involved in GC progression. 

Restoration of FOXJ1 expression reverses the effects of 
miR‑6852 transfection. To determine the role of FOXJ1 in 

Figure 3. FOXJ1 was a target of miR‑6852. (A) Predicted binding sites of miR‑6852 in the 3'‑UTR region of FOXJ1 mRNA were determined. (B) Luciferase 
reporter assays were used for analysis of the interaction between miR‑6852 and FOXJ1 3'‑UTR. (C) Reverse transcription‑quantitative polymerase chain reac-
tion analysis was used to determine FOXJ1 mRNA expression levels in MGC‑803 and MKN‑1 cells transduced with miR‑6852 mimics or control. (D) Protein 
expression levels of FOXJ1 in MGC‑803 and MKN‑1 cells transduced with miR‑6852 mimics or control were measured using western blot analysis. GAPDH 
was used as a loading control. All data were presented as the mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 
vs. control group. miR‑6852, microRNA‑6852; FOXJ1, forkhead box J1; UTR, untranslated region.

Figure 2. miR‑6852 overexpression suppresses gastric cancer cell proliferation, migration and invasion. (A) Reverse transcription‑quantitative polymerase 
chain reaction analysis of miR‑6852 expression in MGC‑803 and MKN‑1 cells. (B) Cell Counting Kit‑8 assays were used for analysis of cellular proliferation 
in MGC‑803 and MKN‑1 cells. (C and D) Transwell assays were used for detection of cell migration and invasion in MGC‑803 and MKN‑1 cells (magnifica-
tion, x100). All data were presented as the mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. control group. 
OD, optical density; miR‑6852, microRNA‑6852.
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miR‑6852‑regulated GC progression, FOXJ1 expression was 
restored in MGC‑803 and MKN‑1 cells transfected with 

miR‑6852 mimics. Western blot analysis indicated that FOXJ1 
was markedly upregulated in GC cells (Fig. 5A). CCK‑8 assay 

Figure 5. Restoration of FOXJ1 expression reversed the effects of miR‑6852 transfection. (A) Western blot analysis was used to determine FOXJ1 expression in 
MGC‑803 and MKN‑1 cells. (B) Cell Counting Kit‑8 assays were used for analysis of cell proliferation. (C and D) Transwell assays were utilized for detection 
of cell migration and invasion (magnification, x100). All data were presented as the mean ± standard deviation of three independent experiments. *P<0.05, 
**P<0.01 and ***P<0.001 vs. control group. FOXJ1, forkhead box J1; miR‑6852, microRNA‑6852.

Figure 4. FOXJ1 expression was upregulated and reversely correlated with miR‑6852 expression levels in GC tissues. (A) The expression of FOXJ1 in 
GC tissues and adjacent normal tissues was indicated. (B) RT‑qPCR analysis was used to determine the expression patterns of FOXJ1 in GC cell lines. 
(C) RT‑qPCR analysis indicated that there was an inverse correlation between miR‑6852 and FOXJ1 expression levels in GC tissues. All data were presented 
as the mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. control group. GC, gastric cancer; FOXJ1, forkhead 
box J1; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; miR‑6852, microRNA‑6852.
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analysis revealed that miR‑6852 significantly inhibited cellular 
proliferation, whereas overexpression of FOXJ1 abolished this 
effect in MGC‑803 and MKN‑1 cells (Fig. 5B). In addition, 
Transwell assay results also demonstrated that overexpression 
of FOXJ1 abrogated the suppressive effects of miR‑6852 on 
the migration and invasion of MGC‑803 and MKN‑1 cells 
(Fig. 5C and D). Taken together, these results demonstrated 
that miR‑6852 suppressed the proliferation, migration and 
invasion of GC cells by targeting FOXJ1.

Discussion

GC is the second leading cause of cancer‑associated mortality 
around the world  (15). Patients with GC typically have a 
very low 5‑year overall survival, which is primarily due to 
systemic tumor metastasis (16). Thus, it is crucial to deter-
mine the molecular mechanism underlying the development 
and progression of GC. In the present study, the function of 
miR‑6852 in GC was explored and the results revealed that 
miR‑6852 was significantly downregulated in GC tissues and 
cell lines. Furthermore, miR‑6852 expression was significantly 
correlated with tumor differentiation, metastasis and TNM 
stage, which suggested miR‑6852 may be involved in GC 
progression. Results from functional experiments indicated 
that miR‑6852 overexpression inhibited the proliferation, 
migration and invasion of GC cells. These data demonstrated 
that miR‑6852 serves as a tumor suppressor in GC and may be 
a promising therapeutic target for GC treatment.

miRs have been acknowledged as important players in 
tumorigenesis and can regulate tumor cell proliferation, 
survival and metastasis (17‑19). A large number of studies 
indicate that miRs serve as oncogenes or tumor suppressors in 
almost all types of human cancer, including breast cancer (20), 
non‑small cell lung cancer  (21), prostate cancer  (22), 
osteosarcoma (23), glioma (24) and GC (25). For example, 
Ding et al (26) reported that miR‑367 regulates cell prolifera-
tion and metastasis by targeting metastasis‑associated protein 
3 in clear‑cell renal cell carcinoma. He et al (27) indicated 
that miR‑186 regulates the invasion and metastasis of bladder 
cancer via vascular endothelial growth factor C. Notably, 
a recent study demonstrated that miR‑6852 overexpression 
induces necrosis in cervical cancer cells (13). However, the 
role of miR‑6852 in other tumors remains elusive. In the 
present study, miR‑6852 was downregulated in GC tissues and 
negatively correlated with GC severity. Furthermore, it was 
demonstrated that miR‑6852 suppressed GC cell proliferation, 
migration and invasion according to CCK‑8 and Transwell 
assay results.

FOXJ1 belongs to the forkhead box gene family, which is 
a large group of transcription factors, and widely participates 
in various biological processes, including development and 
tumorigenesis (28,29). Several reports have demonstrated that 
FOXJ1 regulates human cancer development and progres-
sion (30,31). For instance, Liu et al (32) reported that FOXJ1 
is upregulated and promotes colorectal cancer progression via 
activating b‑catenin signaling. Another study also indicated 
that FOXJ1 was downregulated in GC and serves as a prog-
nostic marker for patients with GC (33). Consistent with a 
previous report, the present study indicated that FOXJ1 was a 
target of miR‑6852 and its expression was upregulated in GC 

tissues. Furthermore, it was revealed that FOXJ1 expression 
was inversely correlated with that of miR‑6852 in GC tissues. 
Additionally, through a series of functional experiments, it 
was indicated that restoration of FOXJ1 reversed the effects 
of miR‑6852 transfection on GC cell proliferation, migration 
and invasion.

In conclusion, the present findings demonstrated that 
miR‑6852 expression was downregulated in GC tissues and 
correlated with tumor severity. Furthermore, the results 
suggested that miR‑6852 may be a tumor suppressor in GC 
through targeting FOXJ1. These findings indicate that miR‑6852 
may be a potential therapeutic target for GC treatment.
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