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Abstract. Recently, microRNA (miR)-590-5p has been shown
to inhibit tumorigenesis in colorectal and breast cancer;
however, its function in osteosarcoma (OS) requires further
investigation. In the present study miR-590-5p expression was
poorly expressed in OS samples and cell lines when compared
with that observed in normal cells. In addition, overexpres-
sion of miR-590-5p significantly reduced the proliferation,
migration and invasion of SAOS2 and U20S cells in vitro, as
well as inhibiting tumor sizes in vivo. The results revealed that
miR-590-5p directly targeted Kruppel-like factor 5 (KLF5)
in SAOS2 and U20S cells. Their expression was inversely
correlated with OS tissues. Finally, it was demonstrated that
overexpression of KLF5 rescued the inhibitory effects of
miR-590-5p on cell proliferation, migration and invasion.
Overall, the results of the present study suggested that the
miR-590-5p/KLF5 axis may regulate OS progression and thus,
may be a novel therapeutic target for the treatment of patients
with OS.

Introduction

Osteosarcoma (OS) is a highly aggressive and common
primary bone tumor that often occurs among young indi-
viduals worldwide (1,2). Although considerable effort has
been made to develop effective methods for OS therapy,
the clinical outcome of patients with OS has not improved.
In particular, the 5-year survival rate of patients with
metastatic or advanced OS is lower than 30% (3,4). Every
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year, OS accounts for a large percentage of cancer-related
deaths worldwide (5). Thus, understanding the underlying
mechanism and identifying new therapeutic targets for OS
treatment are necessary.

MicroRNAs (miRNAs/miRs) are a class of short RNAs
that have a length of 21-25 nucleotides and no protein-coding
ability (6). A study on their mechanism demonstrated that
miRNAs can regulate target gene expression by associating
with the 3'-untranslated region of miRNAs and directing its
degradation (7). In recent decades, increasing evidence indi-
cated that miRNAs are generally involved in diverse biological
processes, such as cell proliferation, differentiation, and
death (8-10). Dysregulation of miRNAs is proven to be closely
related to human diseases, especially tumor development
and progression (11). For instance, miR-589-3p regulates cell
migration and invasion in glioblastoma (12), and miR-29¢c-3p
participates in the regulation of colorectal cancer (CC)
growth (13). In addition, miRNA-139 can inhibit the progres-
sion of papillary thyroid carcinoma (14). An increasing number
of reports have shown that miRNAs are good biomarkers for
cancer diagnosis, prognosis, and treatment (15,16). Therefore,
fully understanding the underlying molecular mechanism by
which miRNAs regulate tumorigenesis will benefit cancer
intervention.

miR-590-5p has been reported to inhibit tumor growth
in CC by targeting YAP1 (17). Another study showed that
miR-590-5p suppresses stemness and metastasis in breast
cancer by targeting SOX2 (18). However, the function and
mechanism of miR-590-5p on OS remain to be elucidated.

In our study, we showed that miR-590-5p was lowly
expressed in OS tissues and cell lines compared with that
in normal tissues or cells. In addition, overexpression of
miR-590-5p in SAOS2 and U20S cells inhibited cell prolifera-
tion, migration, and invasion. We found that miR-590-5p could
suppress OS cell entry into the cell cycle. Mechanistically,
we observed that miR-590-5p directly targeted KLF5, which
is a transcription factor belonging to the Kruppel-like factor
subfamily of zinc finger proteins, in SAOS2 and U20S cells.
Finally, restoration of KLF5 in miR-590-5p-overexpressing
SAOS2 and U20S cells rescued proliferation, migration, and
invasion. In summary, our finding indicated that miR-590-5p
suppressed OS progression by targeting KLF5.
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Materials and methods

Clinical specimens. For this study, we collected 51 OS samples
and 19 adjacent normal tissues from Huai'an First People's
Hospital, Nanjing Medical University (Huai'an, China). None
of the patients had received any adjuvant chemotherapy or
radiotherapy before surgery. Matched adjacent noncancerous
tissues were collected >5 cm away from the tumors and were
verified by two independent pathologists at the same time. We
obtained written informed consents that approved the usage of
these sample tissues in this study from all patients. All of the
experiments were approved by Huai'an First People's Hospital,
Nanjing Medical University. The study protocol was approved
by Huai'an First People's Hospital, Nanjing Medical University.

Cell culture and transfection. Human osteoblast cell line
(hFOBI1.19) and OS cell lines including U20S, MG63
and SAOS2 were purchased from American Type Culture
Collection. Cells were cultured in the DMEM medium
supplemented with 10% fetal bovine serum (HyClone; GE
Healthcare Life Sciences, Logan, UT, USA) and anti-biotics in
a humidified containing of 5% CO, incubator at 37°C.

miR-590-5p mimics, inhibitors and corresponding nega-
tive controls were purchased from Genecopoeia (Guangzhou,
China) and transduced into cells with Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) according to the manufactures' instruction. For KLF5
overexpression, the coding sequence of KLF5 was cloned into
pCDNA3-vector. And then pPCDNA3-KLF5 was transfected
into OS cells using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufactures' instruc-
tion.

Cellproliferation assay. 1x10* cells/well were seeded in 96-well
plates and cultured. Cell proliferation was measured by a CCKS8
cell proliferation assay every other day. 10 1 CCKS solution
was added and incubated for 2 h at 37°C. Then the absorbance
was analyzed at 450 nm using SUNRISE Microplate Reader
(Tecan Group, Ltd., Mannedorf, Switzerland).

Migration and invasion assay. 2x10° cells/well were seeded
into the upper chamber of 24-well chambers and cultured in
serum-free medium. The lower chamber was added medium
with 10% FBS. 48 h later, migrating cells were fixed and
stained with 0.5% crystal violet. Then three randomly fields
were counted with a microscope. For invasion assay, the
seeded cells were pre-coated with 500 ng/ml Matrigel (BD
Biosciences, Franklin Lakes, NJ, USA). Other steps were the
same as migration assay.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNAs were isolated using TRIzol reagent
from OS samples according to the manufacturer's protocol.
cDNA were synthesized and used for analysis of mRNA
transcripts using ABI 7300 qPCR system. RT-qPCR was
performed with the SYBR green Premix Ex Taq II (Takara
Bio, Inc., Otsu, Japan) on an Applied Biosystems Step One Plus
Real-Time PCR System (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The thermocycling conditions were as follows:
An initial denaturation step at 95°C for 5 min, followed by
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40 cycles of 95°C for 10 sec, 60°C for 20 sec and 72°C for
10 sec. Relative expressions were calculated and normalized to
endogenous ACTB. Relative gene expression level was calcu-
lated using the 2-44¢4 (19).

Colony formation assay. SAOS2 and U20S cells were tryp-
sinized into a single-cell suspension, and plated in each well
of the 6-well plate and cultured for 14 days. The colonies were
then washed twice with phosphate-buffered saline (PBS),
fixed with 4% paraformaldehyde, and stained with 0.1%
crystal violet. The number of colonies formed was imaged
and counted under a light microscope (Olympus Corporation,
Tokyo, Japan).

Cell cycle analysis. The cell cycle stage was determined
using the Cell Cycle Analysis kit (Beyotime Institute of
Biotechnology, Shanghai, China) following the manufacturer's
instructions. Transfected cells were seeded into 6-well plates
for 48 h. Cells were then harvested and washed three times
with cold PBS and fixed in 70% ethanol in PBS at -20°C for
2 h, followed by washing with PBS and staining the fixed cells
with 50 pg/ml propidium iodide for 30 min in the dark at 37°C.
Analyses were performed on a FACS Calibur flow cytometer
(BD Biosciences) using the ModFit software (BD Biosciences).

Western blotting. Protein from the tissues or cultured cells
was extracted on ice in radioimmunoprecipitation assay lysis
buffer containing protease inhibitor (Beyotime Institute of
Biotechnology) for 30 min. Equal amounts of protein were
separated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to nitrocellulose membranes
(GE Healthcare, Chicago, IL, USA). Following blocking
in 5% non-fat milk in TBS, the membranes were incubated
with the following antibodies: Anti-CYCLIN D1 (no. 2922;
Cell Signaling Technology, Inc., Danvers, MA, USA),
anti-CYCLIN-E1 (no. 20808; Cell Signaling Technology, Inc.),
anti-p21 (no. 2947; Cell Signaling Technology, Inc.), anti-KLF5
(no. 51586; Cell Signaling Technology, Inc.) and anti-GAPDH
(no. 5174; Cell Signaling Technology, Inc.) overnight at 4°C.
The membranes were then washed with TBST, and incubated
with a goat anti-mouse (or rabbit IgG) conjugated with horse-
radish peroxidase substrate (Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) for 1 h at room temperature. GAPDH was
used as an internal control. The protein bands were detected
with a chemiluminescent detection system (Beyotime Institute
of Biotechnology).

Tumor xenograft. Six-week old BALB/c nude mice were
obtained from HFK Biosciences. Each mouse was subcu-
taneously injected with 2x10° MG63 cells on the left flank
region. The tumor volumes were measured at indicative time
points. After 30 days, the weights of tumors were analyzed.
Animal experiments were performed in accordance with
relevant guidelines and regulations of the Institutional Animal
Care and Use Committees at Huai'an First People's Hospital,
Nanjing Medical University.

Luciferase reporter assay. Wild type (WT) or mutant
(MUT) 3'-UTR of KLF5 was amplified and cloned into a
pmiR-RB-REPORTTM Luciferase vector. Then, the WT or



Table I. Associations between clinicopathological features and
the expression of miR-590-5p in osteosarcoma tissues.

miR-590-5p miR-590-5p
Feature low expression (n) high expression (n) P-value
All cases 27 24
Age (years) 1.000
<20 17 16
>20 10 8
Tumor size 0.025
(cm)
<5 10 17
>5 17 7
Metastases 0.026
No 8 15
Yes 19 9
Clinical 0.041
stage
I/ 13 19
I 14 5

The median expression level was used as the cutoff. Results were
considered statistically significant at P<0.05. miR, microRNA.

MUT 3-UTR of KLF5 as well as miR-590-5p mimic or nega-
tive control was co-transfected into cells by Lipofectamine
2000 (Invitrogen). 48 h after co-transfection, reporter activity
was detected using a Dual-Luciferase® Reporter Assay kit
(Promega Corporation, Madison, WI, USA).

Statistical analysis. All statistical analyses were performed
using SPSS 20.0 (IBM Corp., Armonk, NY, USA) and
GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla,
CA, USA). Student's t-test and one-way analysis of variance
followed by Tukey's post hoc test were used to analyze 2 or
multiple groups, respectively, for statistical significance.
Pearson correlation coefficient analysis was used to determine
the correlations. P<0.05 was considered to indicated a statisti-
cally significant difference.

Results

miR-590-5p was downregulated in OS. To determine the
role of miR-590-5p in OS, we first checked its expres-
sion patterns in OS tissues. We performed RT-qPCR and
found that miR-590-5p was downregulated in OS tissues
(n=51) compared with that in adjacent normal tissues (n=19;
Fig. 1A and B). Moreover, miR-590-5p was expressed higher in
non-metastatic OS tissues than in metastatic tissues (Fig. 1C).
We then analyzed the clinicopathological characteristics of
the 51 OS samples. As shown in Table I, the expression of
miR-590-5p was inversely correlated with tumor size, metas-
tasis, and clinical stages. Finally, we checked the expression
of miR-590-5p in OS cell lines by RT-qPCR and found that
miR-590-5p was also downregulated in SAOS2, U20S, and
MGO63 cells compared with that in hFOB1.19 cells (Fig. 1D).
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Figure 1. miR-590-5p is downregulated in OS. (A) RT-qPCR was used
to determine the expression of miR-590-5p in OS tissues (n=51) and adja-
cent normal tissues (n=19). (B) Expression of miR-590-5p in 19 paired OS
tissues and normal tissues was examined by RT-qPCR. (C) Expression
of miR-590-5p was evaluated by RT-qPCR in OS tissues with and without
metastasis. (D) Expression of miR-590-5p determined by RT-qPCR in OS cell
lines. The results represent three independent experiments and are expressed
as mean =+ standard deviation. “P<0.01 and "“P<0.001, vs. hFOB1.19/as
indicated. OS, osteosarcoma; miR, microRNA; RT-qPCR, reverse transcrip-
tion-quantitative polymerase chain reaction; T, tumor; N, normal tissue.

miR-590-5p overexpression inhibited SAOS2 and U20S
cellular proliferation, migration, and invasion. To analyze the
role of miR-590-5p in OS cells, we overexpressed miR-590-5p
in SAOS2 and U20S cells by transducing miR-590-5p
mimics (Fig. 2A). We conducted CCK8 and colony formation
assays, and the results indicated that miR-590-5p overexpres-
sion significantly suppressed the proliferation of SAOS2
and U20S cells (Fig. 2B and C). Furthermore, transwell
assay revealed that miR-590-5p overexpression significantly
inhibited the abilities of migration and invasion in SAOS2
and U20S cells (Fig. 2D and E). To further verify the physi-
ological function of miR-590-5p, we performed xenograft
experiments. We found that miR-590-5p overexpression
markedly suppressed tumor growth in vivo (Fig. 2F). At the
end time point of the experiment, we measured the tumor
weights and found that miR-590-5p dramatically reduced
tumor sizes (Fig. 2G).

To further confirm the effect of miR-590-5p on OS cells,
we suppressed miR-590-5p in U20S and SAOS2 cells by
transfection with miR-590-5p inhibitors (Fig. 2H). Then we
performed CCKS8 and transwell assays. Consistently, inhibi-
tion of miR-590-5p significantly promoted the proliferation,
migration and invasion of SAOS2 and U20S cells (Fig. 2I-K).

miR-590-5p overexpression arrested OS cells in GO phase.
To determine the mechanism of miR-590-5p-mediated inhi-
bition of proliferation, we analyzed the effect of miR-590-5p
on the cell cycle. miR-590-5p overexpression significantly
arrested SAOS2 and U20S cells in GO phase (Fig. 3A and B).
Consistently, the protein levels of CYCLIN D1 and CYCLIN
El were downregulated after miR-590-5p overexpression
(Fig. 3C). However, the protein level of p21 was upregulated
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Figure 2. miR-590-5p overexpression inhibits SAOS2 and U20S cellular proliferation, migration and invasion. (A) Overexpression of miR-590-5p was achieved
by transducing miR-590-5p mimics in SAOS2 and U20S cells. (B) CCK8 and (C) colony formation assays indicated that miR-590-5p overexpression inhibited
the proliferation of SAOS2 and U20S cells. Overexpression of miR-590-5p inhibited cell (D) migration and (E) invasion as demonstrated by transwell
assay (magnification, x100). (F) Overexpression of miR-590-5p decreased tumor volumes. (G) miR-590-5p overexpression reduced tumor sizes. (H) Relative
expression of miR-590-5p in SAOS2 and U20S cells transfected with miR-590-5p inhibitor or control. (I) CCK8 assays were used to detect cell proliferation.
Transwell assays were utilized to measure cell (J) migration and (K) invasion. The results represent three independent experiments and are expressed as the
mean + standard deviation. "P<0.05, “P<0.01 and ““P<0.001, vs. NC. CCK8, Cell Counting Kit-8; NC, negative control; miR, microRNA.

by miR-590-5p overexpression (Fig. 3C). Overall, miR-590-5p
inhibited cell proliferation by reducing the cell cycle.

KLF5 was a target of miR-590-5p in OS. To explore the down-
stream target of miR-590-5p, we performed bioinformatics
analysis (http://www.targetscan.org/vert_71/). We found that
KLF5 was a potential target of miR-590-5p because of a
potential binding site of miR-590-5p in the 3'-UTR of KLF5
mRNA (Fig. 4A). To confirm this prediction, we performed
luciferase activity reporter assay. We observed that miR-590-5p
overexpression significantly suppressed luciferase intensity
in SAOS2 and U20S cells transduced with WT 3'-UTR of
KLF5 mRNA (Fig. 4B). When the binding site was mutated,

miR-590-5p overexpression had no effect on luciferase inten-
sity (Fig. 4B), thereby suggesting that KLF5 was a direct target
of miR-590-5p. Furthermore, overexpression of miR-590-5p
remarkably decreased the mRNA and protein levels of KLF5
in SAOS2 and U20S cells (Fig. 4C and D). Thus, the expres-
sion of KLF5 and miR-590-5p in OS tissues was inversely
correlated (Fig. 4E).

Restoration of KLF5 in miR-590-5p-overexpressing SAOS?2
and U20S cells rescued cell proliferation, migration, and
invasion. The role of KLF5 in OS has not been previously
investigated. To define the role of KLLF5 and determine whether
miR-590-5p regulates OS by targeting KLF5, we overexpressed
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Figure 3. miR-590-5p overexpression arrests OS cells in the G, phase. (A and B) Overexpression of miR-590-5p significantly increased the cells in the G,
phase, and reduced the cells in the S and G,/M phases. (C) Overexpression of miR-590-5p markedly inhibited the protein levels of Cyclin D1 and Cyclin E1,
and promoted the levels of p21. The results represent three independent experiments and are expressed as the mean + standard deviation. "P<0.05 and “"P<0.01
vs. NC mimic. NC, negative control; miR, microRNA; OS, osteosarcoma.
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KLF5 in miR-590-5p-overexpressing SAOS2 and U20S
cells to restore the level of KLF5 (Fig. 5A and B). We then
conducted CCKS8 and transwell assays. We found that restora-
tion of KLF5 expression reversed the miR-590-5p-mediated
inhibitory effect on cell proliferation, migration, and invasion
(Fig. 5C-E). Overall, our results indicated that miR-590-5p
inhibited OS cell proliferation, migration, and invasion by
targeting KLF5.

Discussion

OS is the most malignant bone cancer worldwide. The clinical
outcome of OS is extremely poor because of tumor metastasis
and recurrence (20). Therefore, research on the molecular
mechanism involved in OS development and progression, as
well as screening of novel biomarkers and therapeutic targets,
is necessary. Here, we found that miR-590-5p was downregu-
lated in OS tissues and cell lines. We also identified KLF5 as a
target gene of miR-590-5p in OS. miR-590-5p could suppress
OS cell proliferation, migration, and invasion by targeting
KLF5.

Numerous reports have indicated that dysregulation of
miRNAs is closely associated with human cancers by targeting
specific genes (21). miRNAs can regulate cell proliferation,
apoptosis, and metastasis in various cancers (22,23). For
example, we previously reported that miR-367 can enhance
the proliferation and metastasis of OS cells by targeting
DAB2IP (24). Cui and Shi (25) reported that miR-187
suppresses OS growth and metastasis. Zhang and colleagues
showed that miR-375 suppresses oral squamous cell carci-
noma growth by targeting IGF-1R (26). Previous reports
demonstrated that miR-590-5p can inhibit tumor growth in
CC and breast cancer (17,18). On the contrary, another study
indicated that miR-590-5p promotes CC progression (27).
Thus, the role of miR-590-5p in cancers must be illustrated
further. Here, we revealed that miR-590-5p was lowly expressed
in OS tissues and cell lines, suggesting that miR-590-5p may
have an inhibitory effect on OS cells. The results of CCKS8
and transwell assays proved that miR-590-5p overexpression
significantly inhibited cell proliferation, migration, and inva-
sion.

Kruppel-like factor 5 (KLF5) is a transcription factor that
belongs to the Kruppel-like factor subfamily of zinc finger
proteins. Previous research showed that KLFS5 is involved in
the regulation of cell proliferation and migration in various
cancers (28). For instance, knockdown of KLF5 suppresses
gastric cancer progression (29). Another study demonstrated
that KLF5 promotes the proliferation, migration, and inva-
sion of cervical cancer cells (28). KLF5 also promotes the
growth, migration, and invasion of triple-negative breast
cancer cells (30). Liu et al (31) revealed that KLLF5 increases
cell proliferation and invasion in human laryngeal squa-
mous cell carcinoma. However, the function of KLF5 in OS
remains largely unknown. Our study confirmed that KLF5
was a target gene of miR-590-5p in OS cells. Furthermore,
CCKS and transwell assays were conducted to reveal that
KLF5 could rescue the abilities of proliferation, migration,
and invasion in miR-590-5p-overexpressing SAOS2 and
U20S cells. The downstream signaling regulated by KLF5
remains unclear.
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Tumor metastasis to other sites, such as in the lungs,
is the main cause for OS-induced deaths (32). In our study,
miR-590-5p was lowly expressed in metastatic OS tissues
compared with that in metastatic tissues. Thus, miR-590-5p
might be an ideal biomarker for OS clinical outcomes and a
potential therapeutic target for OS treatment.

Collectively, our data demonstrated that miR-590-5p/KLF5
axis was a novel signal that regulated OS development and
progression.
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