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MicroRNA-1908 is upregulated in human osteosarcoma
and regulates cell proliferation and migration
by repressing PTEN expression
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Abstract. Osteosarcoma is a high-grade malignant bone
neoplasm. Although the introduction of chemotherapy has
reduced its mortality, >50% of patients develop chemoresis-
tance and have an extremely poor prognosis due to pulmonary
metastasis. Several molecular pathways contributing to osteo-
sarcoma development and progression have recently been
identified. Various studies have addressed the genes involved
in the metastasis of osteosarcoma. However, the highly
complex molecular mechanisms of metastasis remain to be
elucidated. Recent studies have emphasized causative links
between aberrant microRNA expression patterns and osteo-
sarcoma progression. miR-1908 is dysregulated in certain
human types of cancer. The expression pattern, clinical
significance and biological role of miR-1908 in osteosarcoma,
however, remain largely undefined. In the present study, we
showed that miR-1908 was markedly upregulated in osteo-
sarcoma cells and tissues compared with normal bone tissues
using RT-qPCR. miR-1908 upregulation in osteosarcoma
tissues was significantly associated with cell proliferation,
invasion, advanced TNM stage and tumor growth. Both gain-
and loss-of-function studies showed that miR-1908 markedly
increased the ability of osteosarcoma cells to proliferate and
to invade through Matrigel in vitro. Analyses using mouse
xenograft model revealed that xenografts of miR-1908 stable-
expressing osteosarcoma cells exhibited a significant increase
in tumor volume and weight, compared with the control
group. Subsequent investigations revealed that miR-1908
directly inhibited the expression of phosphatase and tensin
homolog deleted on chromosome ten (PTEN). Using a lucif-
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erase reporter carrying the 3'-untranslated region (3'-UTR) of
PTEN, we identified PTEN as a direct target of miR-1908.
Collectively, the results showed that, miR-1908 promotes
proliferation and invasion of osteosarcoma cells by repressing
PTEN expression.

Introduction

Osteosarcoma is the most frequent primary malignant bone
tumor in children and young adults (1). Although combined
neoadjuvant chemotherapy has prolonged the survival rate
greatly, the outcome of osteosarcoma patients with a poor
response to chemotherapy is not encouraging. New strategies
for treating recurrent and metastatic osteosarcoma remains a
critical aim in clinical demands.

The focus of previous studies has been on the impact of
microRNAs (miRNA, miR) on tumorigenesis and cancer
progression (2-6). miRs are a class of small non-coding,
single-stranded endogenous RNA fragments of 19-25 nucleo-
tides (nt) in length that repress translation and cleaves mRNA
by base-pairing to the untranslated region of the target gene.
In various types of cancer, miRNA expression is significantly
altered and this has potential to be a prominent diagnostic and
prognostic tool (7). Elucidating the function of miRNAs in
tumor pathogenesis and progression is important as they may
play critical roles in the regulation of genes involved in control-
ling the development, proliferation/differentiation, apoptosis
and drug resistance of tumor cells. Several studies (2,8.,9)
have found that miR-1908 is dysregulated in certain types of
human cancer. The expression pattern, clinical significance
and biological role of miR-1908 in osteosarcoma, however,
remains largely undefined.

In the present study, we showed that miR-1908 was mark-
edly upregulated in osteosarcoma cells and tissues compared
with normal bone tissues using RT-qPCR. miR-1908 upregula-
tion in osteosarcoma tissues was significantly associated with
cell proliferation, invasion, advanced TNM stage and tumor
growth. Both gain- and loss-of-function studies showed that
miR-1908 markedly increased the ability of osteosarcoma cells
to proliferate and to invade through Matrigel in vitro. miR-1908
significantly increased the tumor volume and weight in vivo.
Subsequent investigations revealed that miR-1908 directly
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inhibited the expression of phosphatase and tensin homolog
deleted on chromosome ten (PTEN). Collectively, miR-1908
promotes the proliferation and invasion of osteosarcoma cells
by repressing PTEN expression.

Materials and methods

Clinical specimens and cell culture. A total of 46 paraffin-
embedded osteosarcoma specimens and 9 normal muscle
samples were obtained from the Fourth Affiliated Hospital of
China Medical University and were used in accordance with
the policies of the institutional review board of the hospital.
All the diagnoses were confirmed by light microscopy and
immunohistochemistry. No patient had received any anti-
tumor treatments before biopsy. The human osteosarcoma
cell lines (143B, U-2 OS, MG-63 and Saos-2) and hFOB 1.19
cell line were cultured in RPMI-1640 medium (Invitrogen
Life Technologies, Carlsbad, CA, USA) supplemented with
10% FBS (Gibco Life Technologies, Carlsbad, CA, USA)
and 1% streptomycin/penicillin at 37°C with 5% CO,.

RNA extraction, RT-PCR and RT-qPCR. Total RNA was
extracted from paraffin-embedded samples using acid
phenol-chloroform method and from freshly-frozen samples
or cells with TRIzol reagent (Invitrogen Life Technologies).
Total RNA was reverse-transcribed using a First Strand
cDNA Synthesis kit (Invitrogen Life Technologies). gPCR
reactions were conducted using Platinum SYBR-Green qPCR
SuperMix-UDG reagents (Invitrogen Life Technologies)
on the Prism 7900HT system (Applied Biosystems, Foster
City, CA, USA). Reactions were performed in triplicate and
reactions without reverse transcriptase were used as negative
controls. The U6 or GAPDH were used as the endogenous
controls and the 2"24°T equation was used to calculate the rela-
tive expression levels.

Oligonucleotide transfection and generation of stably
transfected cell lines. Cells were seeded in 6-well plates,
transfected with miR-1908 mimics or miR controls (50 nM;
GenePharma, Shanghai, China) using Lipofactamine™
RNAiMAX (Invitrogen Life Technologies). The cells
were transfected with siMIF (100 nM; Invitrogen Life
Technologies) or siRNA controls using Lipofactamine 2000
reagent (Invitrogen Life Technologies) and then harvested
for assays 48 h later. The lentiviral plasmid pEZX-
MRO3 (GeneCopoeia, Rockville, MD, USA) expressing
1908 (Cat, HmiR0274-MRO03) or scrambled miRNA
(Cat, CmiR0001-MRO03) and Lenti-Pac HIV Expression
Packaging mix (GeneCopoeia) were co-transfected into
glioma cells using the EndoFectin Lenti transfection reagent
(GeneCopoeia, Rockville, MD, USA). After transfection for
48 h, lentiviral particles were harvested and then transduced
into the glioma cells and the stably transfected cells were
selected using puromycin and validated by RT-qPCR and
western blot analysis.

MTT and colony formation assays. Osteosarcoma cells were
seeded at a density of 3x10° cells/well in 96-well plates after
transfection. An MTT assay was performed to test cell viability
at 1, 2, 3 and 4 days, and the absorbance was measured at
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490 nm with a spectrophotometric plate reader. For colony
formation assay, the cells were plated at 500 cells/well in
6-well plates after transfection and cultured for 14 days.
Colonies were fixed with methanol, stained with 0.5% crystal
violet and counted under the inverted microscope.

Western blot analysis. Equal amounts of protein were
separated using SDS polyacrylamide gels and were then
electrotransferred to polyvinylidene fluoride membranes
(Millipore, Bedford, MA, USA). The membranes were immu-
noblotted overnight at 4°C with primary antibodies, followed
by their respective secondary antibodies. [3-actin was used as
the loading control.

Cell migration and invasion assays. The effects of miR-1908
expression on cell migration and invasion were assessed
using the wound-healing and Transwell assays as previously
described (?).

In vivo tumor growth model. Male BALB/c athymic nude
mice, aged 4-6 weeks, were purchased from the Hunan Slac
Jingda Laboratory Animal Co., Ltd. (Changsha, China).
For the tumor growth assay, cells stably overexpressing
miR-1908 or scrambled miRNA were resuspended in PBS
and 1x10° cells (200 ul) were subcutaneously injected in the
dorsal flank of nude mice. Tumor size was measured every
3 days and tumor volumes were calculated using the formula:
volume = (LxW?)/2, in which L meant the longest diameter and
W meant the shortest diameter. After 22 days, the mice were
sacrificed and tumors were dissected and weighted. Animal
handling and research protocols were approved by the Animal
Care and Use Ethics Committee.

Immunohistochemical analysis. After 22 days, the mice were
anesthetized and sacrificed, and tumors were removed, photo-
graphed, weighed and sectioned (5 mm in thickness), followed
by immunostaining. Following deparaffinization, the sections
were immunohistochemically analyzed using different anti-
bodies, respectively, and subsequently were pathologically
confirmed for the tumor phenotype and specific immuno-
staining. The positive cells were counted and analyzed.

Luciferase reporter assay. The 3'-UTR (untranslated region)
sequence of PTEN was predicted to interact with miR-1908
or a mutated sequence within the predicted target sites was
produced and inserted into the Xbal and Fsel sites of the pGL3
control luciferase reporter vector (Promega, Madison, W1,
USA). The luciferase reporter assay was performed as previ-
ously described (?).

Statistical analysis. Experimental data are shown as
mean =+ standard deviation (SD). The results from different
treatment groups were compared using a two-tailed Student's
t-test. The Kaplan-Meier method was used to estimate the
probability of the patient survival rate. A correlation analysis
was performed to determine the association between miR-1908
and the patients survival rate. Differences were considered to
be statistically significant at P<0.05. Statistical analysis was
performed with SPSS/Win11.0 software (SPSS, Inc., Chicago,
Illinois, USA).
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Figure 1. Aberrant expression of miR-1908 in human osteosarcoma cells and tumors. (A) Quantification of miR-1908 in osteosarcoma cells lines shows a
higher level than that in normal osteoblast cell line. (B) Average expression level of miR-1908 in osteosarcoma cells lines. (C) Quantification of miR-1908 in
tumor specimens and normal muscle tissues. (D) Quantification of miR-1908 in normal muscle tissues, osteosarcoma of stages I-1I and I1I-IV. (E) Correlation
analysis of miR-1908 and overall patient survival rate shows that miR-1908 level is a risk indicator for survival. “P<0.01 and */P<0.01.

Results

Aberrant expression of miR-1908 in human osteosarcoma cells
and tumors. In order to confirm whether miR-1908 is associ-
ated with osteosarcoma, miR-1908 levels were measured in
osteosarcoma cell lines (143B, U-2 OS, MG-63 and Saos-2) and
a normal osteoblast cell line (hFOB 1.19), as well as in human
tumor specimens (n=46) and normal muscle tissues (n=9). The
results showed that, miR-1908 was significantly higher in osteo-
sarcoma cells (Fig. 1A and B) than in the normal osteoblast cell
line and significantly higher in osteosarcoma tumors than in
the normal muscle tissue (Fig. 1C). miR-1908 was highest in
stage ITI-IV tumors and higher in stage I-1I tumors as compared
to normal muscle tissue (Fig. 1D). miR-1908 was also associ-
ated with the overall patient survival rate. Furthermore, more
patients with lower miR-1908 survived following treatment than
those with higher miR-1908 (Fig. 1E). Collectively, these data
demonstrated that miR-1908 is upregulated in osteosarcoma
and that higher miR-1908 expression predicts a poor overall
patient survival rate.

Overexpressed miR-1908 promotes osteosarcoma cell
proliferation, invasion and sphere formation. MTT and colony
formation assays were carried out to assess the functional role
of miR-1908 in osteosarcoma cells by determining the effects
of miR-1908 overexpression in MG-63 and U-2 OS cell lines.
Overexpression of miR-1908 in MG-63 and U-2 OS resulted in
a higher growth rate as compared with the controls (Fig. 2A).
In addition, the colony formation assay revealed that
miR-1908 promoted the viability of osteosarcoma cells as
compared with the controls (Fig. 2B). Collectively, these
results suggested that miR-1908 is an important regulator of
proliferation in osteosarcoma cells. The effect of miR-1908
on cell migration was first assessed by the wound-healing
assay. MG-63-miR-1908 and U-2 OS-miR-1908 cells had a
significantly faster closure of the wound area compared to their
control cells (Fig. 2C). This result was confirmed by Boyden's
chamber assay (Fig. 2D). Moreover, MG-63-miR-1908 and
U-2 OS-miR-1908 cells showed a greater degree of invasion
through Matrigel (Fig. 2D). We then analyzed the effects
of miR-1908 on osteosarcoma self-renewal using a sphere
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Figure 2. Overexpressed miR-1908 promotes osteosarcoma cell proliferation and invasion. (A) MTT assay shows higher cell proliferation rates in MG-63 and
U-2 OS of miR-1908 overexpression. (B) Colonies were stained with crystal violet in the colony formation assay for 14 days. (C) Wound-healing assay results
show that MG-63-miR-1908 and U-2 OS-miR-1908 cells had significantly faster closure of the wound area. (D) Boyden's chamber assay results show a greater
degree of invasion through Matrigel in MG-63-miR-1908 and U-2 OS-miR-1908 cells. ““P<0.01.
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Figure 3. Overexpressed miR-1908 promotes osteosarcoma cell sphere formation. (A) Sphere formation after one week results in increased sphere size and
number in MG-63-miR-1908 and U-2 OS-miR-1908 cells. (B) Analysis of vector groups and miR-1908 overexpression groups (“P<0.01).
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Figure 4. Silencing of miR-1908 inhibits osteosarcoma cell proliferation and invasions. (A) MTT assay shows lower cell proliferation rates in the
143B-Anti-miR-1908 and Saos-2-Anti-miR-1908 groups. (B) Colonies were stained with crystal violet in the colony formation assay for 14 days.
(C) Wound-healing assay results show that 143B-Anti-miR-1908 and Saos-2-Anti-miR-1908 cells had a significantly slower closure of the wound area.
(D) Boyden's chamber assay results show a lower degree of invasion through Matrigel in 143B-Anti-miR-1908 and Saos-2-Anti-miR-1908 cells. “P<0.01.

formation assay. miR-1908 was transfected into osteosarcoma
cells and sphere formation was assessed for one week.
miR-1908 overexpression increased the sphere size and
number (Fig. 3A and B). These data suggested that miR-1908
promotes the self-renewal ability of osteosarcoma cells.

Silencing of miR-1908 inhibits osteosarcoma cell prolif-
eration, invasion and sphere formation. We determined
whether the silencing of miR-1908 inhibits the malignant
phenotype of osteosarcoma cells. Silencing of miR-1908
in 143B and Saos-2 cells significantly reduced cell prolif-
eration (Fig. 4A) and clonogenicity (Fig. 4B). The effect of
silencing of miR-1908 on cell migration was first assessed by
a wound-healing assay.

The 143B-Anti-miR-1908 and Saos-2-Anti-miR-1908 cells
reduced the migratory capacity compared to their control
cells (Fig. 4C). This result was confirmed by the Boyden's
chamber assay (Fig. 4D). In addition, 143B-Anti-miR-1908
and Saos-2-Anti-miR-1908 cells showed a lower degree of
invasion through Matrigel (Fig. 4D). The sphere formation

assay showed that silencing of miR-1908 decreased sphere
size and number (Fig. 5A and B). This result indicated that
miR-1908 promotes the self-renewal ability of osteosarcoma
cells. Collectively, the results suggested that miR-1908 is an
important regulator of proliferation in osteosarcoma cells.

Silencing of miR-1908 inhibits osteosarcoma tumor formation
in vivo. To confirm whether the biologic effect of miR-1908
observed in cultured cells is relevant to osteosarcoma growth
in vivo, 143B-Anti-miR-1908 and control, respectively, were
subcutaneously inoculated into BALB/C athymic nude mice.
As shown in Fig. 6A, tumors formed by miR-1908-silencing
cells grew more slowly than those by the vector control cells
following inoculation and the difference in average tumor
volume between experimental and control animals continued
to increase 2 -fold at the experimental endpoint (22 days)
(Fig. 6A and B). Concurrently, increases in sizes and weights
of tumors excised from animals of the miR-1908 overexpres-
sion group were also observed as compared with those of
the control group (Fig. 6B and C). Consistent with the above
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Figure 5. Silencing of miR-1908 inhibits osteosarcoma cell sphere formation. (A) Sphere formation after one week results in reduced sphere size and number
in 143B-Anti-miR-1908 and Saos-2-Anti-miR-1908 cells. (B) Analysis of control and miR-1908 knockdown groups (“'P<0.01).
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Figure 6. Silencing of miR-1908 inhibits osteosarcoma tumor formation in vivo. (A) Tumor formed are evident. Tumors in the miR-1908 knockdown group are
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staining of Ki67. (E) Analysis of Ki67-positive cells in the control and miR-1908 knockdown groups. “P<0.01.

observations, as shown in Fig. 6D and E, the proportion of  miR-1908 directly targets PTEN and PTEN levels are inversely
Ki67-positive cells increased in the control tumors compared  correlated with miR-1908 levels in osteosarcoma tissues. To
to that in miR-1908-silenced tumors. reveal mRNA targets of miR-1908 in osteosarcoma, we used
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bioinformatics databases (TargetScan, Pictar, RNAhybrid)
to identify potential tumor-suppressor targets. The PTEN
(NM_000314) gene contained the predicted binding site for
miR-1908 (Fig. 7A). To experimentally verify this potential
target, the cells were transfected with miR-1908 and the
protein and mRNA target levels were assessed by western
blot analysis. miR-1908 overexpression reduced and miR-1908
knockdown increased the expression of PTEN in osteosarcoma
cells (Fig. 7B). To determine whether PTEN 3'-UTR is a direct
target of miR-1908, PTEN 3'-UTR reporter constructs or
3'-UTR mutant controls were transfected into osteosarcoma
cells before transfection with miR-1908 and luciferase
activity was measured (Fig. 7C). As shown in Fig. 7D and E,
the luciferase activity was significantly decreased in
osteosarcoma cells overexpressing miR-1908 co-transfected
with 3'-UTR-PTEN-wt vector and miR-1908 mimic compared
with those co-transfected with 3'-UTR-PTEN-mut vector and

miR-1908 mimic. By contrast, increased activity was observed
in osteosarcoma cells silencing miR-1908, suggesting that the
fragment at the 3'-UTR of the PTEN was the complementary
site for the miR-1908 seed region, and thus, that PTEN was
a direct target of miR-1908. In addition, PTEN expression
was inversely proportional to miR-1908 expression (Fig. 7F).
Collectively, miR-1908 directly affected PTEN expression.

Discussion

Osteosarcoma is one of the most common malignancies and
one of the leading causes of cancer-related mortality world-
wide (10,11). Despite recent advances in disease management
and treatment, osteosarcoma patients have a poor long-term
prognosis. The main challenges in the treatment of osteo-
sarcoma involve recurrence and metastasis, leading to the
prediction poor outcome for osteosarcoma patients.
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The identification of critical molecules that suppress these
processes may lead to novel therapeutic targets for improving
the prognosis of these patients. Various studies have identified
some key signaling transduction cascades that are involved
in the progression, invasion and metastasis of osteosarcoma,
such as p53 (12,13), the Ras/MAPK pathways (14,15) and the
PTEN pathway (16-18). However, the underlying molecular
mechanisms of osteosarcoma metastasis remain to be deter-
mined.

PTEN is located at 10g23.3 and encodes a dual-specificity
phosphatase with lipid and protein phosphatase activities.
PTEN suppressed the migration and genetic deletion of the
PTEN tumor suppressor gene, promoting cell motility and
overexpression or reconstitution of PTEN and inhibiting cell
motility in a variety of cell types (19-21). Mechanistically,
PTEN repressed cell motility through a variety of pathways
and PI3K/AKT is an important target of PTEN. miRNAs
have been shown to play an important role in the main-
tenance of normal cell function and the dysregulation of
miRNA expression may result in cancer initiation and tumor
progression. Hundreds of genes were found to be the target of
miRNA, which harbors the target sequence in their 3'-UTR
complementary to the seed region of the miRNA. Previous
studies have reported that certain miRNAs can directly target
PTEN (22-24).

miR-1908 is a new member of the microRNA family.
Although results of a previous study indicate that miR-1908
promoted invasion and angiogenesis in melanoma (25),
angiogenesis has not been investigated in this study. In this
study, the expression, function, and mechanisms of action of
miR-1908 in osteosarcoma were investigated. We found that
miR-1908 was a risk factor in osteosarcoma where it acts as
an oncogene by regulating PTEN expression. In the present
study, it was demonstrated that miRNA-1908 targets PTEN,
resulting in the reduced expression of PTEN and an increase
in migration and proliferation of osteosarcoma cells in vitro.
In osteosarcoma cells, miR-1908 overexpression is associ-
ated with higher cell proliferation and invasion in vitro.
By contrast, silencing endogenous miR-1908 markedly
abrogated the proliferation and invasion of osteosarcoma
cells. miR-1908 overexpression and knockdown cell lines
were established separately. miR-1908 overexpression is
associated with higher cell proliferation and migration,
while silencing of miR-1908 is associated with lower cell
proliferation and migration. Of note, the close correlation
between a high miR-1908 expression and low expression of
PTEN, as well as with the malignant properties of osteo-
sarcoma, was also observed in athymic nude mice and in
clinical osteosarcoma samples, suggesting a possible role of
miR-1908 in the development and progression of osteosar-
coma. miR-1908 directly targeted PTEN and PTEN levels
are inversely correlated with miR-1908 levels in osteosar-
coma tissues.

In summary, results of the present study have demonstrated
that miR-1908 is overexpressed in osteosarcoma cells in vitro.
Concurrently, miR-1908 overexpression is associated with
poor patient survival. The present study presents evidence
that indicates that miR-1908 has oncogenic, proliferation,
migration and invasion regulatory effects that are mediated
by PTEN in osteosarcoma cells. The present study therefore

2713

provides, to the best of our knowledge, a first characterization
of miR-1908 as an oncogene and a potential therapeutic target
in osteosarcoma.
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