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miR-188 suppresses tumor progression by
targeting SOX4 in pediatric osteosarcoma
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Abstract. microRNA-188 (miR-188) acts as a tumor suppressor
in various types of human cancer, including glioma, oral
squamous cell carcinoma and hepatocellular carcinoma.
However, the function and mechanism of miR-188 in pediatric
osteosarcoma (OS) have yet to be investigated. In the present
study reverse transcription-quantitative polymerase chain
reaction revealed that miR-188 expression was significantly
downregulated in pediatric OS tissues and cell lines. miR-188
overexpression markedly suppressed OS cell proliferation,
migration and invasion, and induced cellular apoptosis. An
in vivo assay demonstrated that miR-188 overexpression
inhibited tumor growth. miR-188 targeted SOX4 to regulate its
expression. miR-188 expression was inversely correlated with
SOX4 in pediatric OS tissues. SOX4 restoration abrogated the
inhibitory effects of miR-188 on OS cells. The results of the
present study indicated that miR-188 suppressed pediatric OS
progression by targeting SOX4.

Introduction

Osteosarcoma (OS) is the most aggressive and widespread bone
tumor that typically occurs in children and adolescents (1).
OS causes numerous cancer-related deaths in adolescents and
children every year because of rapid progression, high metas-
tasis ability, and poor clinical outcomes (2,3). At present, OS is
mainly treated with surgical resection combined with standard
chemotherapy and radiation (4). Although considerable efforts
have been devoted to developing novel effective methods for
OS treatment, minor advances have been achieved, and the
5-year overall survival rate of patients with OS remains low (5).
Therefore, the pathogenesis of OS must be determined.

Correspondence to: Professor Lu Pan, Department of Pediatric
Surgery, People's Hospital of Rizhao, 126 Tai'an Road, Xinshi,
Rizhao, Shandong 276800, P.R. China

E-mail: panlu2018@163.com

Key words:
osteosarcoma

microRNA-188, SOX4, progression, pediatric

MicroRNAs (miRNAs) are a class of noncoding RNAs
that measure a length of 18-25 nucleotides and reportedly
participate in nearly all kinds of biological processes (6-9).
miRNAs play essential roles in human cancers, such as head
and neck carcinomas (10), hepatocellular carcinoma (11),
colon cancer (12), lung cancer (13), and OS (14), by regulating
cellular proliferation, migration, invasion, and apoptosis.
miRNAs can target the 3'-UTR of specific mRNAs and
regulate gene expression. The dysregulation of miRNA
expression results in the development or progression of
cancers (15). For example, miRNA-140 suppresses OS tumor
growth by enhancing the anti-tumor immune response (16).
miRNA-665 suppresses the invasion and metastasis of
OS by directly inhibiting RAB23 (17). miR-188 is impli-
cated in the regulation of tumor occurrence. For instance,
Zhang et al (18) reported that miR-188-5p inhibits tumor
growth and metastasis in prostate cancer by repressing
LAPTMA4B expression. However, the role of miR-188 in OS
remains largely unknown.

In the present study, we demonstrated that miR-188 was
downregulated in OS tissues compared with that in adjacent
normal tissues. miR-188 overexpression inhibited the prolif-
eration, migration, and invasion of OS cells by directly
targeting SOX4. Our findings indicated that miR-188 acted
as a tumor suppressor and might be a promising target for
OS treatment.

Materials and methods

Clinical specimens and cell lines. Seventy-four pediatric
patients with OS (age range: 5-21 years) were recruited from
the People's Hospital of Rizhao, and adjacent normal tissues
were obtained from the same specimens. Tumor biopsies were
collected prior to neoadjuvant therapy, immediately frozen,
stored at -80°C, and histologically characterized by a patholo-
gist. This study was approved by the Ethics Committee of
the People's Hospital of Rizhao and all patients gave written
informed consent for the usage of their tissues within the
present study.

The OS cell lines U20S, SAOS2, and MG63 and the fetal
osteoblastic cell line hFOBI1.19 were purchased from the
American Type Culture Collection (Manassas, VA, USA) and
cultured in DMEM at 37°C in a humidified incubator with
5% CO,.
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Oligonucleotide and transfection. miR-188 mimics and
miR-control were chemically synthesized by GenePharma
(Shanghai, China). The cells were transfected with miR-188
mimics or miR control by using Lipofectamine reagent
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). The cells were harvested for further experiments 24 h
after transfection.

Cell proliferation assay. Cell viability was monitored by Cell
Counting Kit (CCK)-8 (Dojindo Molecular Technologies, Inc.,
Kumamoto, Japan). 5x10° OS cells were seeded onto 96-well
plates and incubated for 1, 2 and 3 days. Subsequently, 10 ul
of CCK8 reagents were added to the 96-well plates, after 2 h
incubation at 37°C, the absorbance at 450 nm was measured to
evaluate the number of viable cells by SUNRISE microplate
reader (Tecan Group, Ltd., Mannedorf, Switzerland).

In vitro migration and invasion assays. The transwell assay
was conducted in 24-well BD Matrigel invasion chambers
(BD Biosciences, Franklin Lakes, NJ, USA) according to
the manufacturer's instructions. Briefly, 5x10* OS cells were
seeded in the upper well of the migration chamber in DMEM
without serum, and 500 yl DMEM supplemented with 10%
FBS were added to the lower chamber well. After 24 h incu-
bation, the cells on the top of the well were removed with a
cotton swab, and the bottom cells were fixed with 4% para-
formaldehyde, subsequently stained with 0.1% crystal violet
for 30 min. Images were captured in 5 independent fields. For
invasion assay, the membranes were coated with Matrigel (BD
Biosciences).

Reverse transcription-quantitative polymerase chain reaction.
Total RNA was extracted from cultured cells using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol and cDNA was synthesized
from total RNA by a PrimerScript RT Reagent kit (Takara Bio,
Inc., Otsu, Japan). MiRNA from total RNA was reverse tran-
scribed using the Prime-Script miRNA cDNA Synthesis kit
(Takara Bio, Inc.). Real-time PCR (RT-PCR) was performed
with the SYBR-Green Premix Ex Taq II (Takara Bio, Inc.) on
Applied Biosystems Step One Plus Real-Time PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.). GAPDH
was used as the endogenous control for detection of mRNA
expression level, while U6 was used as endogenous control for
miRNA expression analysis. Relative gene expression level
was calculated by 2724°T method (19).

Tumor xenograft model. Eight female BALB/c nude mice aged
4-6 weeks were used for the tumor growth assay. U20S cells
(3x10%) transfected with miR-188 or control were subcutane-
ously injected into the dorsal flank of the nude mice. Tumor
volume was measured at indicated time points. The mice were
sacrificed on the 4th week to evaluate the tumor growth. All
animal experiments were performed with the approval of the
People's Hospital of Rizhao.

RNA immunoprecipitation (RIP). The RIP experiment was
performed using the Magna RIP™ RNA-Binding protein
immunoprecipitation kit (EMD Millipore, Billerica, MA,USA)
following manufacturer's protocol. U20S and SAOS2 cells
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were lysed using complete RIP lysis bufferand 100 ul of the
whole cell extract was incubated with RIPA buffer containing
magnetic beads conjugated with human anti-Argonaute2
(Ago2) antibody (EMD Millipore) for 6-8 h at 4°C. Normal
mouse IgG (EMD Millipore) was used as a negative control.
Samples were washed with washing buffer and incubated with
proteinase K at 55°C for 30 min to isolate the RNA-protein
complexes from beads. Then immunoprecipitated RNA was
extracted and subjected to qRT-PCR analysis.

Luciferase reporter assay. MiR-188 mimic, pRL-CMV
Renilla luciferase reporter was co-transfected into the cells
using Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.). After 48 h, luciferase data was measured by
using a luciferase assay kit (Promega Corporation, Madison,
WI, USA). Firefly luciferase activity was normalized against
Renilla luciferase activity.

Statistical analysis. All statistical analyses were performed
using SPSS v20.0 (IBM Corp., Armonk, NY, USA) and
GraphPad Prism. Student's t-test and one-way ANOVA
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 indicate a statisti-
cally significant difference.

Results

miR-188 was overexpressed in OS tissues and cell lines.
To investigate the role of miR-188 in the regulation of OS
progression, we initially analyzed the expression of miR-188
in 74 pairs of OS tissues and adjacent normal tissues through
real-time quantitative polymerase chain reaction (RT-qPCR).
The results indicated that the miR-188 expression was down-
regulated in tumor tissues compared with that in normal tissues
(Fig. 1A). We then determined the expression patterns of
miR-188 in OS cell lines by RT-qPCR. We found that miR-188
was underexpressed in OS cell lines, including U20S, MG63,
and SAOS2 cells (Fig. 1B). We also analyzed the correlation
of miR-188 expression with the clinical characteristics of OS
tissues and found that the miR-188 expression level was nega-
tively correlated with the tumor size, metastasis, and TNM
stage of OS (Table I).

Upregulation of miR-188 inhibited OS cell proliferation but
induced apoptosis. To investigate the function of miR-188 in
OS cells, we overexpressed miR-188 in U20S and SAOS2 cells
by transfecting them with miR-188 mimics. RT-qPCR revealed
that the miR-188 expression was significantly upregulated in
U20S and SAOS2 cells (Fig. 2A). We then performed CCK8
assays to assess the effects of miR-188 on OS cell prolifera-
tion. The miR-188 overexpression significantly inhibited the
proliferation of U20S and SAOS?2 cells (Fig. 2B and C). We
analyzed the cell cycle by FACS and observed that miR-188
overexpression markedly inhibited the cells in the S phase
(Fig. 2D), indicating that miR-188 inhibited cell cycle progres-
sion. Moreover, AnnexinV/PI staining showed that miR-188
overexpression significantly increased the apoptotic U20S
and SAOS2 cells (Fig. 2E). To further evaluate the effects of
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Table I. Correlation between clinicopathological features and
the expression of miR-188 in pediatric OS tissues.

miR-188
Feature Low High P-value
All cases 40 34
Tumor size (cm) 0.035
<5 14 21
>5 26 13
Metastases 0.034
No 13 20
Yes 27 14
Clinical stage 0.012
I/ 15 23
11 25 11

The median expression level was used as the cutoff.
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Figure 1. miR-188 overexpression in OS tissues and cell lines. (A) The fold
change of miR-188 expression in human OS tissues and adjacent normal
tissues was measured by reverse transcription-quantitative polymerase chain
reaction. (B) The relative expression level of miR-188 in human OS cell lines
(U208, SAOS2, and MG 63) and fetal osteoblastic cell line (hFOB). Data
are representative of three independent experiments and expressed as the
mean + standard deviation. "P<0.05 and “P<0.01. OS, osteosarcoma; miR,
microRNA.

miR-188 on tumor growth, we conducted a xenograft experi-
ment and measured the tumor volumes at the indicated time
points. We found that miR-188 overexpression significantly
delayed the tumor growth in vivo (Fig. 2F). We evaluated the
tumor weights at the end of the experiment and demonstrated
that miR-188 overexpression significantly reduced the tumor
size (Fig. 2G). Overall, miR-188 overexpression prevented OS
cell proliferation but induced apoptosis.

MiR-188 overexpression inhibited OS cell migration and
invasion. Tumor metastasis substantially contributed to the
poor outcomes of patients with OS. To assess the influence
of miR-188 on tumor metastasis, we conducted Transwell
assays. miR-188 overexpression significantly inhibited the
migration and invasion of U20S and SAOS2 cells in vitro
(Fig. 3A and B).

SOX4 is a direct target of miR-188 in OS cells. miRNAs
regulate the expression of target genes. In our study, we
investigated the miR-188-mediated molecular mechanism of
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OS. We predicted the target gene of miR-188 by using the
TargetScan and PicTar algorithm software and found that
SOX4 is a potential target of miR-188. SOX4 is a key onco-
gene in OS development (20,21). Therefore, we chose SOX4
for further investigation. As shown in Fig. 4A, an associating
site of miR-188 possibly existed in the 3'-UTR of the mRNA
of SOX4. It is well documented that miRNAs are presented
in the cytoplasm in the form of miRNA ribonucleoprotein
complexes (miRNPs) containing Ago2, a key component
of RNA-induced silencing complex (RISC). Therefore, RIP
assay was conducted in U20S and SAOS2 cells using anti-
body Ago2 to verify whether SOX4 and miR-188 were in the
same RISC complex. The RIP assay results demonstrated
that SOX4 and miR-188 were both significantly enriched
in Ago2-containing miRNPs relative to control group
(Fig. 4B), suggesting that SOX4 and miR-188 were in the
same RISC complex. To further explore whether SOX4 could
directly interact with miR-188, luciferase reporter plasmids
containing the wild-type or mutated miR-188 binding sites
in SOX4 3'-UTR were constructed, as presented in Fig. 4A,
and cotransfected with miR-control or miR-188 into U20S
and SAOS?2 cells. Luciferase reporter assay showed that
ectopic expression of miR-188 significantly reduced the
luciferase activity of SOX4 3'-UTR-WT but not that of SOX4
3'-UTR-Mut (Fig. 4C). Taken together, these data indicated
that SOX4 directly interacted with miR-188. Furthermore, we
found that miR-188 overexpression significantly inhibited the
mRNA and protein levels of SOX4 in U20S and SAOS2 cells
(Fig. 4D and E). Finally, the expression of SOX4 was inversely
correlated with that of miR-188 in OS tissues (Fig. 4F).
Overall, our findings demonstrated that SOX4 is a target of
miR-188 in OS cells.

Ectopic SOX4 expression alleviated the miR-188-mediated
inhibition of the proliferation, migration, and invasion of OS
cells. We analyzed the expression patterns of SOX4 in OS cells
through RT-qPCR. SOX4 expression was upregulated in OS
cell lines compared with that in hFOB cells (Fig. 4A). The
SOX4 expression was upregulated in OS tissues compared with
that in normal tissues (Fig. 5B). To determine whether SOX4 is
responsible for the inhibitory function of miR-188 in OS cells,
we restored the SOX4 expression in miR-188-overexpressed
U20S and SAOS2 cells (Fig. 5C). Subsequent functional
analyses demonstrated that the restoration of SOX4 rescued
the miR-188-mediated reduction of the proliferation, migra-
tion, and invasion of U20S and SAOS?2 cells but inhibited
their apoptosis (Fig. SD-G). Therefore, miR-188 prevented OS
progression by inhibiting SOX4.

Discussion

In the present study, we investigated the role of miR-188 in OS
cells. miR-188 expression was downregulated in OS tissues
compared with that in adjacent normal tissues. The ectopic
miR-188 expression suppressed the proliferation, migra-
tion, and invasion of OS cells but promoted the apoptosis of
these cells. We also identified SOX4 as a direct target gene
of miR-188 in OS cells. miR-188 and SOX4 expression were
negatively correlated in OS tissues. The restoration of SOX4
could also reverse the miR-188-mediated effect on OS cells.
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Figure 2. miR-188 upregulation inhibits OS cell proliferation and induces apoptosis. (A) miR-188 overexpression significantly increased the relative miR-188
expression level in U20S and SAOS2 cells. A Cell counting Kit-8 assay indicated that miR-188 overexpression reduced the proliferation of (B) U20S and
(C) SAOS2 cells. (D) A fluorescence activated cell sorter assay revealed that miR-188 overexpression inhibited cell entry into the S phase. (E) miR-188
overexpression increased the ratio of apoptotic cells. Cells were stained with AnnexinV/propidium iodide. (F) Tumor volume was determined at the indicated
time points. (G) Tumor weight was measured at the end of the experiment. Data are representative of three independent experiments and expressed as
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Figure 3. miR-188 overexpression inhibits OS cell migration and invasion.
miR-188 overexpression suppressed OS cell (A) migration and (B) invasion.
Magnification, x20. Data are representative of three independent experiments
and expressed as mean + standard deviation. “P<0.01. OS, osteosarcoma;
miR, microRNA.

Therefore, miR-188 served as a tumor suppressor in the devel-
opment and progression of OS.

miRNAs are a class of noncoding RNAs that have a
length of 18-25 nucleotides and modulate gene expression via
posttranscriptional regulation (22-24). miRNAs are impor-
tant regulators for OS development and progression. For
instance, Tian et al (25) reported that the miR-635 expression
is significantly decreased in OS specimens, and miR-635
overexpression inhibits OS development by enhancing cell
apoptosis. Jia er al (26) showed that miR-300 decreases
the cell viability, inhibits the migration, and promotes the
apoptosis of OS cells by downregulating Twistl. In addi-
tion, miR-302a suppresses the proliferation, migration, and

P<0.001. OD, optical density; OS, osteosarcoma; miR, microRNA.

invasion of OS cells by targeting ADAMY9 (27). Previous
studies reported that miR-188 acts as a tumor suppressor in
certain cancers. For example, Wang et al (28) reported that
miRNA-188 is downregulated in oral squamous cell carci-
noma, and it inhibits proliferation and invasion by targeting
SIX1. However, the functions of miR-188 in OS have yet to be
defined. In our study, we confirmed that miR-188 overexpres-
sion significantly inhibited OS growth in vitro and in vivo.
By contrast, the ectopic miR-188 expression significantly
enhanced cellular apoptosis. The miR-188 expression in OS
tissues was positively correlated with tumor size, metastasis,
and TNM stage. Therefore, we demonstrated the tumor
suppressive role of miR-188 in OS.

SOX4 is a member of the Sry-related high-mobility group
box (Sox) family of transcription factors and closely related to
the development and progression of various cancers (29). An
abnormal SOX4 overexpression is often linked to tumorige-
nicity and cancer stemness (30). SOX4 is upregulated in various
cancers, such as ovarian cancer (29), renal cell carcinoma (31),
lung adenocarcinoma (32), gastric carcinoma (33), and OS (34).
Previous studies showed that SOX4 is regulated by miRNAs
in OS and involved in the promotion of OS progression. For
example, Liu ef al (35) reported that miRNA-132 inhibits cell
growth and metastasis in OS cell lines possibly by targeting
SOX4. In line with previous findings, our results revealed that
SOX4 was upregulated in OS tissues and cell lines, and SOX4
served as a direct target gene of miR-188. miR-188 expression
was inversely correlated with SOX4 expression in OS tissues.
Furthermore, the restoration of SOX4 reversed the effect of
miR-188 on OS cells. Therefore, our findings demonstrated
that miR-188 suppressed OS cell proliferation and invasion by
targeting SOX4.

In conclusion, we revealed that miR-188 acted as a tumor
suppressor by targeting SOX4 in OS. Our study provided
novel insights into the design of therapeutic targets for OS
intervention.
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