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Abstract. Previous studies have demonstrated that various 
microRNAs (miRNAs or miRs) are abnormally expressed in 
osteosarcoma (OS) and serve roles in its malignant development. 
An in‑depth understanding of the specific roles of dysregulated 
miRNAs in OS may be important for cancer research and 
the identification of novel therapeutic targets. In the current 
study, reverse transcription‑quantitative PCR was performed 
to determine miR‑652 expression in OS tissues and cell lines. 
Cell Counting Kit‑8 and Transwell invasion assays were used 
for assessing the effect of miR‑652 on the proliferation and 
invasion of OS cells. Herein, miR‑652 expression was assessed 
in OS and the effects and molecular mechanisms of miR‑652 
in OS cells were examined. The results revealed that miR‑652 
expression was significantly upregulated in OS tissues and 
cell lines compared with adjacent normal tissues and a normal 
human osteoblast cell line. Furthermore, miR‑652 down-
regulation inhibited the proliferation and invasion of OS cells. 
miR‑652 was also demonstrated to directly interact with the 
3'‑untranslated region of kruppel‑like factor 9 (KLF9) and 
miR‑652 negatively regulated KLF9 expression in OS cells. 
miR‑652 and KLF9 mRNA levels were also revealed to be 
inversely correlated in OS tissues. Treatment with KLF9 small 
interfering RNA abolished the suppression of OS proliferation 
and invasion induced by miR‑652 downregulation. miR‑652 
may serve an oncogenic role in OS cells by targeting KLF9 
directly. The results also indicated that miR‑652 may be an 
effective novel therapeutic target for the treatment of patients 
with OS.

Introduction

Osteosarcoma (OS) is derived from primitive bone mesen-
chymal cells and is the most common malignant bone 
tumor (1). OS primarily occurs in children and young adults 
between 10‑20  years of age and is characterized by lung 
metastasis and a poor prognosis, posing a serious threat to 
health (2). Multiple factors, including epigenetic alterations, 
environmental ionizing radiation and lesions, have been 
demonstrated to be associated with OS formation and 
progression (3). However, the complex molecular mechanisms 
associated with OS development remain unclear. Currently, 
surgical resection in combination with preoperative and post-
operative chemotherapy is a standard treatment for patients 
with OS (4). Despite years of development in OS diagnosis 
and treatment, therapeutic outcomes have not improved (5). 
Therefore, an understanding of OS pathogenesis is required 
so that more specific therapeutic targets can be identified for 
patients with this fatal malignant tumor.

Recent studies have demonstrated that microRNAs 
(miRNAs or miRs) serve crucial roles in different types of 
human cancer (6‑8). miRNAs are a series of non‑coding, short 
RNA molecules that negatively regulate gene expression via 
sequence‑specific interactions with the 3'‑untranslated regions 
(UTR) of their target gene (9). These interactions suppress 
translation and/or induce the degradation of mRNAs (10). The 
dysregulation of miRNAs has been demonstrated in nearly 
all types of human malignancy, including bladder cancer (11), 
colorectal cancer  (12), lung cancer  (13) and cervical 
cancer (14). A variety of miRNAs are differentially expressed 
in OS and their deregulation is involved in OS genesis and 
development  (15,16). miRNAs serve oncogenic or tumor 
suppressive roles, and participate in the regulation of a variety 
of pathological processes, including cell proliferation, the 
cell cycle, apoptosis, metastasis and epithelial‑mesenchymal 
transition  (17‑19). Identifying the roles of dysregulated 
miRNAs in OS may contribute to the development of tech-
niques for improved diagnosis, therapy and prognosis.

miR‑652 is an miRNA that has been studied in pancreatic 
cancer (20) and non‑small cell lung cancer (21). However, the 
specific role and underlying mechanism of miR‑652 in OS has 
not yet been elucidated. In the current study, the expression 
of miR‑652 was examined in OS tissues and cell lines. The 
effects of miR‑652 on the biological role of OS cells were 
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examined, and the molecular mechanisms underlying the 
activity of miR‑652 in OS cells were also assessed.

Materials and methods

Tumor specimen collection. A total of 29 pairs of OS and 
adjacent normal tissues (2 cm away from tumor tissues) were 
obtained from 29 patients (age range, 12‑27 years; 17 males, 
12 females) between May 2015 and March 2017 from The First 
Affiliated Hospital of Henan University (Kaifeng, China). No 
patients were subjected to chemotherapy, radiotherapy or other 
treatments prior to surgical resection and none were suffering 
from any other disease. All tissues were snap‑frozen in liquid 
nitrogen and stored at ‑80˚C. The current study was approved 
by the Ethics Committee of Henan University. Written 
informed consent was provided by all participants or their 
legal guardians prior to enrollment in the current study.

Cell lines. A total of three human OS cell lines (U2OS, MG‑63 
and HOS) and a normal human osteoblast (hFOB1.19) were 
purchased from the Type Culture Collection of the Chinese 
Academy of Sciences. All cell lines were cultured in DMEM 
supplemented with 10% FBS and 1% penicillin/streptomycin 
mixture (all, Gibco; Thermo Fisher Scientific, Inc.), and grown 
at 37˚C in a humidified incubator supplied with 5% CO2.

Oligonucleotides, small interfering RNA (siRNA) and cell 
transfection. miR‑652 mimics, miRNA mimic negative 
controls (miR‑NC), miR‑652 inhibitors, negative control 
(NC) inhibitors, siRNA against the expression of kruppel‑like 
factor  9 (KLF9) and NC siRNA were all produced by Shanghai 
GenePharma Co., Ltd. U2OS and HOS cells were plated into 
six‑well plates at a density of 6x105 cells/well 1 day prior to trans-
fection at 37˚C. The following sequences were used: miR‑652 
mimics, 5'AAU​GGC​GCC​ACU​AGG​GUU​GUG3'; miR‑NC, 
5'UUC​UCC​GAA​CGU​GUC​ACG​UTT3'; miR‑652 inhibitor, 
5'UUA​CCG​CGG​UGA​UCC​CAA​CAC3'; NC inhibitor, 5'CAG​
UAC​UUU​UGU​GUA​GUA​CAA3'; KLF9 siRNA, 5'CAG​UUC​
CGC​UGU​CCG​CUG​U3' and NC siRNA, 5'UUC​UCC​GAA​
CGU​GUC​ACG​UTT3'. Cells were subsequently transfected 
transiently with 100 pmol miR‑652 mimic, 100 pmol miR‑NC, 
100 pmol miR‑652 inhibitor, 100 pmol NC inhibitor, 100 pmol 
KLF9 siRNA or 100 pmol NC siRNA using Lipofectamine 
2000 (cat. no. 11668019; Invitrogen; Thermo Fisher Scientific, 
Inc.), according to manufacturer's protocol. FBS‑free DMEM 
was used during transfection. At 6 h after transfection, culture 
medium was replaced with DMEM containing 10% FBS. 
Reverse transcription‑quantitative (RT‑q)PCR and a transwell 
invasion assay were performed at 48 h post‑transfection. A 
Cell Counting Kit‑8 (CCK‑8) assay and western blotting were 
performed at 24 and 72 h after transfection.

Reverse transcription‑quantitative PCR (RT‑qPCR). RT‑qPCR 
analysis was performed to detect miR‑652 and KLF9 mRNA 
expression form OS tissues, adjacent normal tissues, OS cell 
lines (U2OS, MG‑63 and HOS) and a normal human osteoblast 
(hFOB1.19). The TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to isolate total RNA from tissue 
specimens or cells following the manufacturer's protocol. 
To measure mRNA expression, total RNA was converted to 

cDNA using a TaqMan miRNA Reverse Transcription kit and 
subjected to qPCR which was performed using a TaqMan 
miRNA PCR kit (all, Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The temperature protocol for RT was as 
follows: 16˚C for 30 min, 42˚C for 30 min and 85˚C for 5 min. 
The thermocycling conditions for PCR were: 50˚C for 2 min; 
95˚C for 10 min; 40 cycles of denaturation at 95˚C for 15 sec 
and annealing/extension at 60˚C for 60 sec. To quantify KLF9 
mRNA expression, cDNA was prepared from total RNA using 
a PrimeScript RT Reagent kit (Takara Bio, Inc.). qPCR was 
subsequently performed using a SYBR Premix Ex Taq™ II 
kit (Takara Bio, Inc.). The temperature protocol for RT was: 
37˚C for 15 min and 85˚C for 5 sec. qPCR was then performed 
with the following thermocycling conditions: 5 min at 95˚C; 
40 cycles of 95˚C for 30 sec and 65˚C for 45 sec. miR‑652 
expression was normalized to that of U6 small nuclear RNA 
and KLF9 mRNA was normalized to that of GAPDH. Relative 
gene expression was quantified using the 2‑ΔΔCq method (22). 
The primer sequences were as follows: miR‑652 forward, 
5'‑ACA​CTC​CAG​CTG​GGC​AAC​CCT​AGG​AGA​GGG​TGC‑3' 
and reverse, 5'‑GTG​TCG​TGG​AGT​CGG​CAA​TTC‑3'; U6 
forward, 5'‑GCT​TCG​GCA​GCA​CAT​ATA​CTA​AAA​T‑3' and 
reverse, 5'‑CGC​TTC​ACG​AAT​TTG​CGT​GTC​AT‑3'; KLF9 
forward, 5'‑ACA​GTG​GCT​GTG​GGA​AAG​TC‑3' and reverse, 
5'‑TCA​CAA​AGC​GTT​GGC​CAG​CG‑3'; GAPDH forward 
5'‑TGG​TAT​CGT​GGA​AGG​ACT​C‑3' and reverse, 5'‑AGT​AGA​
GGC​AGG​GAT​GAT​G‑3'.

CCK‑8 assay. Following transfection, U2OS and HOS cells were 
incubated for 24 h at 37˚C in a humidified incubator containing 
5% CO2. Cells were collected and subsequently seeded into 
96‑well plates with an initial density of 2x103 cells/well. After 
incubations at 37˚C for 0, 24, 48 and 72 h, a CCK‑8 assay (Dojindo 
Molecular Technologies, Inc.) was performed to determine cell 
proliferation according to the manufacturer's protocol. A total of 
10 µl CCK‑8 solution was added into each well prior to incuba-
tion at 37˚C for an additional 2 h. Absorbance was detected at a 
wavelength of 450 nm using an Enzyme Immunoassay Analyzer 
(Bio‑Rad Laboratories, Inc.).

Transwell invasion assay. Transfected U2OS and HOS cells 
were incubated at 37˚C with 5% CO2 for 48 h, harvested and 
resuspended in FBS‑free DMEM. In total, 5x104 transfected 
cells suspended in FBS‑free DMEM medium were plated into 
the upper compartments of a transwell chamber that were 
precoated with Matrigel (all, BD Biosciences). The precoating 
was conducted in a 37˚C incubator for 4‑5  h. The lower 
compartments were coated with 500 µl DMEM containing 
20% FBS. After 24 h of incubation at 37˚C, cells that had 
invaded through the membrane were fixed with 4% parafor-
maldehyde at 37˚C for 20 min and stained with 0.05% crystal 
violet at 37˚C for 30 min. Non‑invading cells were scraped off 
using a cotton swab. The number of invading cells was counted 
with a CKX41 inverted light microscope (magnification x200; 
Olympus Corporation).

Bioinformatics analysis. The putative targets of miR‑652 
were predicted using TargetScan Human 7.1 (http://www.
targetscan.org/vert_71/) and microRNA.org (http://www.
microrna.org/microrna/).
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Luciferase reporter assay. The 3'‑UTR regions of the human 
KLF9 gene containing the putative wild‑type or mutant 
miR‑652 binding sequences were amplified by Shanghai 
GenePharma Co., Ltd., cloned into a pGL3 luciferase 
vector (Promega Corporation) and respectively named 
pGL3‑KLF9‑3'‑UTR wild‑type and pGL3‑KLF9‑3'‑UTR 
mutant. U2OS and HOS cells were inoculated into 24‑well 
plates at a density of 1.5x105 cells/well and after 24 h incuba-
tion at 37˚C, the recombined luciferase reporter plasmids and 
miR‑652 inhibitor or NC inhibitor were transfected into cells 
using Lipofectamine 2000®. At 48 h after transfection, lucif-
erase activity was determined using a dual‑luciferase Reporter 
Assay system (Promega Corporation). Firefly luciferase 
activities were normalized to that of Renilla luciferase activity.

Western blot analysis. After washing twice with cold PBS, 
total protein was extracted from transfected U2OS and HOS 
cells using RIPA lysis buffer (Upstate Biotechnology, Inc.). 
Total protein was subsequently detected using a BCA assay 
kit (Beyotime Institute of Biotechnology). Equal quantities of 
protein (30 µg/lane) were loaded for SDS‑PAGE on 10% poly-
acrylamide gels and transferred to PVDF membranes (EMD 
Millipore). After blocking with 5% fat‑free milk at room 
temperature for 2 h, the membranes were washed three times 
with Tris‑buffered saline containing 0.1% Tween‑20 and incu-
bated overnight at 4˚C with the following primary antibodies: 
Rabbit anti‑human KLF9 (1:1,000; cat. no. ab227920; Abcam) 
and rabbit anti‑human GAPDH (1:1,000; cat. no. ab128915; 
Abcam). GAPDH was used as an internal reference to confirm 
equal protein loading. Membranes were then further probed 
with horseradish peroxidase‑conjugated goat anti‑rabbit IgG 
secondary antibodies (1:5,000; cat. no. ab6721; Abcam) at room 
temperature for 2 h. Signals were visualized using an enhanced 
chemiluminescence detection system (Pierce; Thermo Fisher 
Scientific, Inc.), and were analyzed with Quantity One 
software version 4.62 (BioRad Laboratories, Inc.).

Statistical analysis. All data were presented as the 
mean ± standard deviation. SPSS software version 17.0 (SPSS 
Inc.) was used to perform statistical analysis. A paired Student's 
t‑test (for parametric data) or a Wilcoxon signed‑rank test (for 
non‑parametric data) was used to analyze data between two 
groups, while a one‑way ANOVA followed by a Tukey's post 
hoc test was used to compare the differences between three 
or more groups. The association between miR‑652 and KLF9 
mRNA levels in OS tissue was assessed using Spearman's 
correlation analysis. P<0.05 was considered to indicate a 
statistically significant result.

Results

miR‑652 is highly expressed in human OS tissues and cell 
lines. To reveal the expression pattern of miR‑652 in OS, 
RT‑qPCR analysis was performed using 29 pairs of OS tissue 
and adjacent normal tissue. The results revealed that miR‑652 
expression was significantly higher in OS tissues compared 
with adjacent normal tissues (Fig. 1A; P<0.05). The expression 
of miR‑652 in three human OS cell lines (U2OS, MG‑63 and 
HOS) and a normal human osteoblast cell line (hFOB1.19) 
was also assessed. The results demonstrated that miR‑652 

expression was significantly higher in all three OS cell lines 
compared with hFOB1.19 cells (Fig. 1B; P<0.05). The results 
indicated that the upregulation of miR‑652 may serve an 
important role in the pathogenesis of OS.

miR‑652 inhibition impairs OS cell proliferation and invasion. 
To determine the functional roles of miR‑652 in OS, U2OS 
and HOS cells were transfected with a miR‑652 inhibitor or 
NC inhibitor. These cell lines were selected as they exhibited 
a relatively higher miR‑652 expression than the other cell lines 
assessed. RT‑qPCR analysis revealed that miR‑652 expression 
was significantly downregulated in U2OS and HOS cells after 
transfection with the miR‑652 inhibitor (Fig. 2A; P<0.05). 
The regulatory effect of miR‑652 on OS cell proliferation 
was assessed via a CCK‑8 assay. The inhibition of miR‑652 
expression in U2OS and HOS cells resulted in the suppres-
sion of cell proliferation at 48 and 72 h (Fig. 2B; P<0.05). In 
addition, a transwell invasion assay was performed to assess 
the effect of miR‑652 in OS cell invasion. The invasive ability 
of U2OS and HOS cells was significantly inhibited following 
treatment with the miR‑652 inhibitor (Fig. 2C; P<0.05). The 
results demonstrated that miR‑652 functions as an oncogene 
in OS by regulating cell proliferation and invasion.

KLF9 is a direct target of miR‑652 in OS cells. The oncogenic 
role of miR‑652 in OS cells was assessed using bioinformatics 
analysis to determine potential miR‑652 targets. A combina-
tion of target sequences were located between the 3'‑UTR 
of KLF9 and miR‑652 (Fig. 3A). Subsequently, KLF9 was 
selected for further experimental identification due to its asso-
ciation with OS formation and progression (23). Luciferase 
reporter plasmids were constructed and co‑transfected with a 
miR‑652 inhibitor or NC inhibitor into U2OS and HOS cells. 
At 48 h after transfection, luciferase activity was determined. 
The results revealed that the downregulation of miR‑652 
significantly increased the luciferase activity of the plasmid 
carrying the wild‑type 3'‑UTR of KLF9 (Fig. 3B; P<0.05). 
However, the luciferase activity of the plasmid carrying the 
mutant 3'‑UTR was not significantly altered, indicating that 
miR‑652 directly binds to the 3'‑UTR of KLF9 (Fig. 3B). In 
subsequent RT‑qPCR and western blot analysis, the expres-
sion of KLF9 mRNA (Fig. 3C; P<0.05) and protein (Fig. 3D; 
P<0.05) were significantly upregulated in U2OS and HOS 
cells transfected with the miR‑652 inhibitor. To determine 
whether miR‑652 was able to regulate KLF9 expression in 
hFOB1.19, cells were transfected with miR‑652 mimics or an 
miR‑NC. RT‑qPCR analysis demonstrated that miR‑652 was 
upregulated in hFOB1.19 cells after transfection with miR‑652 
mimics (Fig.  3E; P<0.05). KLF9 protein levels were also 
downregulated in miR‑652 mimic‑transfected hFOB1.19 cells 
compared with miR‑NC transfected cells (Fig. 3F; P<0.05). 
The results demonstrated that KLF9 is a direct target gene of 
miR‑652 in OS and normal osteoblast cells.

KLF9 expression is downregulated in OS tissue samples and 
is inversely correlated with the expression of miR‑652. To 
evaluate the association between miR‑652 and KLF9 in OS, 
KLF9 expression was assessed in 29 pairs of OS and adjacent 
normal tissue. RT‑qPCR analysis revealed that KLF9 mRNA 
expression was significantly lower in OS tissues compared 
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with adjacent normal tissues (Fig. 4A; P<0.05). Furthermore, 
Spearman's correlation analysis identified an inverse corre-
lation between miR‑652 and KLF9 mRNA in OS tissues 
(Fig. 4B; r=‑0.5510; P=0.0019). The results indicated that 
the downregulation of KLF9 in OS tissue is at least, in part, 
induced by the overexpression of miR‑652.

KLF9 knockdown counteracts the miR‑652 inhibitor‑induced 
suppression of OS cell proliferation and invasion. As afore-
mentioned, miR‑652 was implicated in the regulation of 
OS cell proliferation and invasion and KLF9 was validated 
as a direct target of miR‑652. Therefore, whether KLF9 
mediated the effects of miR‑652 was subsequently assessed. 

siRNA‑mediated knockdown was confirmed in U2OS and Hos 
cells (Fig. 5A) The siRNA‑mediated knockdown of KLF9 was 
performed in miR‑652 inhibitor‑transfected U2OS and HOS 
cells. Western blot analysis demonstrated that the upregulation 
of KLF9 protein expression in U2OS and HOS cells induced 
by the miR‑652 inhibitor was recovered by co‑transfection 
with KLF9 siRNA (Fig. 5B; P<0.05). CCK‑8 and transwell 
invasion assays indicated that recovered KLF9 expression 
counteracted the impaired proliferation of U2OS and HOS 
cells (Fig. 5C; P<0.05) and invasion (Fig. 5D; P<0.05) induced 
by the miR‑652 inhibitor at 48 and 72 h. The results indicated 
that KLF9 mediated the functional roles of miR‑652 in OS cell 
proliferation and invasion.

Figure 1. miR‑652 upregulation in OS tissues and cell lines. (A) miR‑652 expression was detected in 29 pairs of OS and adjacent normal tissues using reverse 
transcription‑quantitative PCR. *P<0.05 vs. adjacent normal tissues. (B) miR‑652 expression was determined in three human OS cell lines (U2OS, MG‑63 and 
HOS) and a normal human osteoblast cell line (hFOB1.19). *P<0.05 vs. hFOB1.19. miR, microRNA; OS, osteosarcoma.

Figure 2. miR‑652 inhibition inhibits the proliferation and invasion of U2OS and HOS cells. (A) miR‑652 expression analysis in U2OS and HOS cells 
transfected with an miR‑652 inhibitor or an NC inhibitor. *P<0.05 vs. NC inhibitor. (B) Cell counting kit‑8 assay analysis of miR‑652 inhibitor or NC 
inhibitor‑transfected U2OS and HOS cell proliferation. *P<0.05 vs. NC inhibitor. (C) Transwell invasion assay analysis of the invasive ability of U2OS and 
HOS cells following treatment with a miR‑652 inhibitor or an NC inhibitor (magnification x200). *P<0.05 vs. the NC inhibitor. miR, microRNA; NC, negative 
control.
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Discussion

Previous studies have determined that a variety of miRNAs 
are abnormally expressed in OS and that their abnormal 

expression serves a key role in malignant develop-
ment (15,16,24). Understanding the mechanism responsible 
for OS carcinogenesis and progression is therefore critical 
for the development of effective therapeutic strategies for this 

Figure 3. KLF9 is a direct target of miR‑652 in osteosarcoma cells. (A) Wild‑type and mutant miR‑652 binding sequences in the 3'‑UTR of KLF9. (B) Luciferase 
reporter assay analysis of U2OS and HOS cells transfected with the pGL3‑KLF9‑3'‑UTR wild‑type or pGL3‑KLF9‑3'‑UTR mutant and miR‑652 inhibitor 
or NC inhibitor. *P<0.05 vs. NC inhibitor. RT‑qPCR and western blot analysis of KLF9 (C) mRNA and (D) protein levels in U2OS and HOS cells following 
treatment with miR‑652 inhibitor or NC inhibitor. *P<0.05 vs. NC inhibitor. (E) RT‑qPCR analysis of miR‑652 expression in hFOB1.19 cells after transfection 
with miR‑652 mimics. *P<0.05 vs. miR‑NC. (F) Western blot analysis of KLF9 protein expression in miR‑652 mimics or miR‑NC‑transfected hFOB1.19 cells. 
*P<0.05 vs. miR‑NC. KLF9, kruppel‑like factor 9; miR, microRNA; UTR, untranslated region; NC, negative control; RT‑q, reverse transcription‑quantitative.

Figure 4. miR‑652 and KLF9 expression in OS tissues. (A) Reverse transcription‑quantitative PCR analysis of KLF9 mRNA expression in OS and adjacent 
normal tissues. *P<0.05 vs. adjacent normal tissues. (B) Spearman's correlation analysis of the association between miR‑652 and KLF9 mRNA expression in 
OS tissues (r=‑0.5510; P=0.0019). miR, microRNA; KLF9, kruppel‑like factor 9; OS, osteosarcoma.
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disease (25). An in‑depth understanding of the functional roles 
and underlying mechanisms of dysregulated miRNAs in OS 
may be significant for cancer research and important for the 
identification of novel therapeutic targets. To the best of our 
knowledge, the current study assessed the expression status of 
miR‑652 in OS and determined the detailed roles of miR‑652 
in OS progression for the first time. The molecular mechanisms 
of miR‑652 activity in OS cells were also assessed.

miR‑652 has been revealed to be downregulated in 
pancreatic cancer tissues and cell lines. A decreased 
expression of miR‑652 was significantly correlated with 
tumor stage, lymphatic invasion and metastasis in patients 
with pancreatic cancer (20). In contrast, miR‑652 is highly 
expressed in non‑small cell lung cancer tissue and cell lines. 
The upregulation of miR‑652 was associated with lymph 
node metastasis, TNM stage and prognosis in patients with 
non‑small cell lung cancer (21). These inconsistent results 
indicate that the expression of miR‑652 exhibits tissue 
specificity in human malignancies. However, the expression 
status of miR‑652 in OS remains unclear. In the current 
study, RT‑qPCR was performed to detect miR‑652 and 
the results revealed that it was significantly upregulated 
in OS tissues and cell lines. The results also demonstrated 
that miR‑652 may be used as a potential biomarker in the 
diagnosis of OS.

The dysregulation of miR‑652 contributes to the malignant 
phenotype of human cancer. miR‑652 has been identified as 
a tumor suppressor in pancreatic cancer (20). The upregula-
tion of miR‑652 expression abolishes the acidity‑induced 
epithelial‑mesenchymal transition of pancreatic cancer cells 
via the negative regulation of zinc finger E‑Box binding 
homeobox 1 (20). miR‑652 also serves oncogenic roles in the 
progression of non‑small cell lung cancer and directly targets 
lethal giant larvae 1 to affect cell proliferation, apoptosis, 
migration and invasion (21). However, the roles of miR‑652 
in OS progression are unknown. In the current study, CCK‑8 
and transwell invasion assays demonstrated that miR‑652 
inhibition resulted in a significant suppression of OS cell 
proliferation and invasion. The results indicated that miR‑652 
may be a promising therapeutic target for anticancer therapy.

The identification of the direct target genes of miR‑652 
is important for understanding its role in carcinogenesis and 
progression (26). The results of the present study demonstrated 
that KLF9 was a direct target gene of miR‑652 in OS cells. 
Bioinformatic predictions indicated KLF9 as a putative 
target of miR‑652. Subsequently, a luciferase reporter assay, 
RT‑qPCR and western blot analysis revealed that miR‑652 
regulated the expression of KLF9 by binding to its 3'‑UTR 
in OS cells. KLF9 was also downregulated in OS tissues and 
this downregulation was inversely correlated with miR‑652 

Figure 5. Role of KLF9 upregulation in miR‑652 inhibitor‑induced suppression of U2OS and HOS cell proliferation and invasion. (A) Western blot analysis 
of KLF9 expression in U2OS and HOS cells transfected with KLF9 siRNA or NC siRNA. *P<0.05 vs. NC siRNA. (B) Western blot analysis of KLF9 protein 
expression in U2OS and HOS cells transfected with miR‑652 inhibitor, followed by co‑transfection with KLF9 siRNA or NC siRNA.*P<0.05 vs. NC inhibitor; 
#P<0.05 vs. miR‑652 inhibitor + NC siRNA. (C) Cell counting kit‑8 assay analysis of the proliferative ability of the aforementioned cells. *P<0.05 vs. NC 
inhibitor; #P<0.05 vs. miR‑652 inhibitor + NC siRNA. (D) Transwell invasion assays analysis of the effects of U2OS and HOS treated cells on cell invasion 
(magnification x200). *P<0.05 vs. NC inhibitor; #P<0.05 vs. miR‑652 inhibitor + NC siRNA. miR, microRNA; KLF9, kruppel‑like factor 9; siRNA, small 
interfering RNA; NC, negative control.
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expression. Furthermore, the downregulation of KLF9 
decreased the miR‑652 inhibitor‑induced suppression of OS 
cell proliferation and invasion. These results may provide 
sufficient evidence to support the hypothesis that KLF9 is a 
direct target gene of miR‑652 in OS cells.

KLF9 is a member of the KLF family (27) and has been 
previously reported to be downregulated in various types 
of human malignancy, including pancreatic ductal adeno-
carcinoma  (28), hepatocellular carcinoma  (29), colorectal 
cancer (30) and prostate cancer (31). KLF9 serves as a tumour 
suppressor at tumour onset and development, affecting cell 
proliferation, apoptosis, metastasis and tumorigenicity (32‑34). 
Small quantities of KLF9 are expressed in OS and this low 
expression level may modulate OS aggression (23). The present 
study is, to the best of our knowledge, the first to demonstrate 
that miR‑652 regulated KLF9 expression and may therefore 
inhibit the progression of OS. The results of the current study 
revealed that miR‑652 inhibition or KLF9 restoration may be 
an effective therapeutic technique to treat patients with OS in 
the future.

In the current study, the correlation between miR‑652 
expression and clinicopathological factors in patients with OS 
was not determined. Therefore, in following investigations, 
the collection of more tissues and the determination of clinical 
significance should be assessed. The influence of miR‑652 
overexpression in the malignant development of OS cells was 
also not clarified. miR‑652 mimics should be utilized in future 
studies to increase endogenous miR‑652 expression. In addi-
tion, a series of functional experiments should be performed 
to evaluate the effects of miR‑652 overexpression in OS cells. 
The regulatory effects of miR‑652 in the apoptosis and migra-
tion of OS cells was not assessed in the present study, and as 
such, flow cytometry analysis and transwell migration assay 
should be applied in future studies to determine this.

In conclusion, miR‑652 was upregulated in OS tissues 
and cell lines. The downregulation of miR‑652 also inhib-
ited the proliferation and invasion of OS cells by targeting 
KLF9 directly. All the results obtained in the current study 
may provide a basis for the identification of novel therapeutic 
targets for the prevention of OS and for OS therapy.
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