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GLIPRI1 inhibits the proliferation and induces the differentiation
of cancer-initiating cells by regulating miR-16 in osteosarcoma
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Abstract. Osteosarcoma is a common, highly malignant and
metastatic bone cancer. Elucidation of the molecular mecha-
nisms of osteosarcoma may further help us to understand the
pathogenesis of the disease, and offer novel targets for effec-
tive therapies. Human glioma pathogenesis-related protein 1
(GLIPRI1) has been found to be downregulated in human
cancers. However, its roles have not been reported in osteo-
sarcoma. In the present study, we demonstrated that GLIPR1
protein was downregulated in osteosarcoma. Its overexpres-
sion inhibited the proliferation, migration and invasion and
induced the differentiation of cancer-initiating cells (CICs) in
osteosarcoma. Moreover, GLIPR1 overexpression upregulated
miR-16 in osteosarcoma cells. The upregulation suppressed
proliferation, migration and invasion as well as induced differ-
entiation of CICs in osteosarcoma. Thus, we conclude that
GLIPRI1 inhibited the proliferation, migration and invasion
and induced the differentiation of CICs by regulating miR-16
in osteosarcoma. The present study provides direct evidence
that GLIPR1 is a bona fide tumor suppressor and identified
GLIPR1 and miR-16 as key components for regulating the
proliferation, migration, invasion and CICs in osteosarcoma.

Introduction

Osteosarcoma is a malignant neoplasm of the bone that is
prevalent in teenagers and young adults. Although it has been
reported that numerous factors are associated with the increased
risk of osteosarcoma including age, genetic inheritance, chronic
inflammation, viral infection and radiation exposure, the cause
of osteosarcoma remains undetermined (1). Most osteosarcoma
patients are treated with chemotherapy or radiation therapy.
Yet, some patients remain at high risk of relapse or metastasis,
thus necessitating a successful treatment strategy (2). Since
osteosarcoma has highly invasive and metastatic potential,
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determining the factors promoting survival, migration and
invasion of osteosarcoma cells is imperative (3,4). Elucidation
of the molecular mechanisms involved in the promotion of
proliferation, migration and invasion in osteosarcoma may
further aid in the understanding of the pathogenesis of the
disease, but also may offer novel targets for effective therapies.

Human glioma pathogenesis-related protein 1 (GLIPRI),
also known as CRISP7, is a p53 target gene which is down-
regulated in cancer and one of the reasons for its deregulation
is due to methylation of its promoter (5-8). Lack of GLIPR1
was found to be associated with reduced tumor-free survival
in an animal model, and the orthotopic injection of adenoviral
vectors overexpressing GLIPRI in a mouse model of meta-
static prostate cancer led to decreased microvessel density,
implying that GLIPR1 has anti-angiogenic ability and can
increase infiltration of cancer-associated macrophages and
cytotoxic T cells (9-13). These studies indicated that GLIPR1
is a tumor-suppressor. However, an understanding of the regu-
latory mechanisms of GLIPR1 remain incomplete.

MicroRNAs (miRNAs/miRs) are regulatory, non-coding
RNAs ~18-25 nucleotides in length and are expressed at
specific stages of tissue development or cell differentiation.
They have large-scale effects on the expression of a variety of
genes at the post-transcriptional level (14-19). The discovery
of miRNAs has broadened our scope and understanding of
the mechanisms that can regulate gene expression (14-19).
miRNAs induce mRNA degradation or translational suppres-
sion through base-pairing with its targeted mRNAs (14-19).
The aberrant expression of miRNAs has been linked to various
human types of cancer and has been proposed to have an onco-
genic or a tumor-suppressor role and they have been shown to
play key roles in cell survival, proliferation, apoptosis, migra-
tion, invasion, angiogenesis and various other characteristic
features which are altered in cancers (20,21).

Recently, it has been reported that miR-16 is downregulated
in osteosarcoma cell lines and tissues (22). Overexpression of
miR-16 was found to suppress proliferation and tumor growth
in an animal model of osteosarcoma (22). Furthermore, IGF1R,
as a tumor-suppressive gene, is a direct target of miR-16 and
its expression is inversely correlated with miR-16 levels in
osteosarcoma (22). Mechanistic investigation further revealed
that miR-16 overexpression inhibited the RafI/MEK1/2/ERK
pathway. Yet, the identification of novel target genes of miR-16
may help us to further understand its role in osteosarcoma.
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In the present study, we showed that GLIPR1 protein
was downregulated in osteosarcoma. Its overexpression
inhibited proliferation, migration and invasion and induced
differentiation of cancer-initiating cells (CICs) in osteo-
sarcoma. Moreover, GLIPR1 overexpression upregulated
miR-16 expression in osteosarcoma cells. The upregulation
suppressed the proliferation, migration and invasion as well
as induced differentiation of CICs in osteosarcoma. Thus, we
conclude that GLIPR1 inhibited the proliferation, migration
and invasion and induced the differentiation of CICs by regu-
lating miR-16 in osteosarcoma. The present study provides
direct evidence that GLIPR1 is a bona fide tumor suppressor
and identifies GLIPR1 and miR-16 as key components for
regulating the proliferation, migration, invasion and CICs in
osteosarcoma.

Materials and methods

Osteosarcoma tissues. Osteosarcoma and adjacent normal
tissues were obtained from the Department of Orthopedics,
Linyi People's Hospital Affiliated to Shandong University,
Linyi, Shandong. All tissues were histologically examined,
and pathologists confirmed the diagnosis. The Huabei Medical
Ethics Committee of Linyi People's Hospital approved the
experiments undertaken. The use of the human tissue samples
followed internationally recognized guidelines as well as local
and national regulations. Informed consent was obtained from
each individual.

Cell culture. Osteosarcoma cell line MG63 was obtained from
the American Type Culture Collection (ATCC; Vanassas,
MA, USA). Briefly, the cells were maintained in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS)
(Gibco, Grand Island, NY, USA) and penicillin/streptomycin
at 37°C in a humidified atmosphere with 5% CO,.

Cell transfection. All expression plasmids were purchased from
Tiangen (Tianjin, China). miR-16/miR controls were purchased
from Ambion, Inc. (Ambion, Austin, TX, USA). Cells were
seeded into 6-well plates 24 h before transfection. When the
cells reached 80% confluency, the expression plasmids were
transfected into the MGG63 cells using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's instructions.

Western blot analysis. Western blot analysis was performed
as previously described (22), mainly after incubation with the
primary antibodies anti-GLIPR1 (1:250); anti-CD133 (1:250);
anti-Nestin (1:250) and anti-B-actin (1:500) (all from Abcam,
Cambridge, MA, USA) overnight at 4°C. IRDye™ 800-conju-
gated anti-rabbit secondary antibody (LI-COR, Biosciences,
Lincoln, NE, USA) was used for 30 min at room temperature.
The specific proteins were visualized by Odyssey™ Infrared
Imaging System (Gene Company, Lincoln, NE, USA).

Cell proliferation. The effect on the cell proliferation was
assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT; Sigma, St. Louis, MO, USA) assay
and it was performed as previously described (23). Absorbance
was directly proportional to the number of surviving cells.
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Flow cytometric analysis. CD133 and Nestin expression anal-
yses were performed by flow cytometric analysis according
to the instructions. Briefly, the cells were dissociated into
single-cell populations and labeled with a phycoerythrin-
conjugated CD133 or Nestin antibody (Abcam). The expression
level was calculated using the EPICS XL flow cytometer with
EXPO32 ADC software (Becton-Dickinson, San Jose, CA,
USA).

BrdU incorporation assay. The BrdU incorporation assay
was performed as previously described (22). Cells grown on
coverslips (Fisher, Pittsburgh, PA, USA) were incubated with
bromodeoxyuridine (BrdU) for 1 h and stained with the anti-
BrdU antibody (Upstate, Temecula, CA, USA) according to
the manufacturer's instructions. Images were captured under
a laser scanning microscope (Axioskop 2 plus; Carl Zeiss Co.,
Ltd., Jena, Germany).

Colony formation assay. Colony formation assay was
performed as previously described (22). For the colony
formation assay, cells were transfected as indicated, and then
seeded into a 6-well plate. FBS was added (0.3 ml/well) on
day 5. After 9 days of incubation, the plates were washed
with phosphate-buffered saline (PBS) and stained with 0.1%
crystal violet. Colonies with over 50 cells were manually
counted.

Real-time PCR for miRNAs. Total RNA from the cultured
cells, with efficient recovery of small RNAs, was isolated
using the mirVana miRNA isolation kit (cat no. AM?2654;
Ambion, Inc.). Detection of the mature form of miRNAs was
performed using the mirVana gqRT-PCR miRNA Detection kit
(cat. no. AM7659; Ambion, Inc.), according to the manufac-
turer's instructions. The U6 small nuclear RNA was used as
an internal control.

Sphere growth. Osteosarcoma cells (1x10*/ml) in serum-free
RPMI-1640/1 mM Na pyruvate were seeded on 0.5% agar
precoated 6-well plates. After 7 days, one third of the medium
was exchanged every second day. Single spheres were chosen
and counted.

Invasion and wound healing assays, and miRNA detection.
Invasion and wound healing assays, and miRNA detection
were performed as previously described (24).

Statistical analysis. Data are presented as the mean + SEM.
Student's t-test (two-tailed) was used to compare two groups
(P<0.05 was considered to indicate a statistically significant
result).

Results

GLIPRI protein is downregulated in osteosarcoma. In an
attempt to identify GLIPR1 expression between osteosarcoma
and adjacent normal tissues, we performed western blotting in
osteosarcoma tissues vs. normal tissues. Protein was isolated
from 6 pairs of osteosarcoma and normal tissues (patients
no. 1-6). We found that GLIPR1 protein was significantly
decreased in the sarcoma tissues, compared with that noted in
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Figure 1. GLIPR1 is downregulated in osteosarcoma. Western blotting of
GLIPRI protein in osteosarcoma (O) and adjacent normal tissues (N) from 6
patients (p). p-actin was used as a loading control. n=6.

the adjacent normal tissues (Fig. 1). This implies that GLIPR1
could be a tumor-suppressor gene in osteosarcoma.

GLIPR1 inhibits proliferation, migration and invasion in
osteosarcoma. To investigate whether GLIPR1 can affect the
proliferation of osteosarcoma cells, firstly using western blot-
ting, we tested whether GLIPR1-expressing plasmids could
stably express GLIPR1 protein in MG63 cells. The results
showed that GLIPR1 protein was significantly increased by the
GLIPR1-expressing plasmids in the cells (Fig. 2A). In addition,
we performed MTT assay to detect proliferation of the MG63
cells following transfection with the GLIPR1-expressing
plasmids. The results showed that GLIPRI1 inhibited the prolif-
eration of the MGG63 cells after 48 h of transfection (Fig. 2B).
To further study the effects of GLIPRI on proliferation, we
performed BrdU incorporation assay to detect DNA synthesis
in the cells. The results confirmed that GLIPRI significantly
inhibited DNA synthesis in the cells (Fig. 2C). In order to iden-
tify the effect of GLIPR1 on colony formation, we performed
a colony formation assay. The results showed that overexpres-
sion of GLIPR1 significantly suppressed the colony formation
rate of the MG63 cells following transfection (Fig. 2D).

In an attempt to identify the role of GLIPRI in regulating
invasion and migration of MG63 cells, we performed inva-
sion and would healing assays to detect the invasion and
migration of the MG63 cells following transfection with the
GLIPR1-expressing plasmids and empty vectors. Ectopic
GLIPRI1 did inhibit the invasion and motility by ~2-fold in the
cells (Fig. 2E and F).

GLIPRI induces differentiation of CICs in osteosarcoma.
Malignant tumors tend to relapse after surgical resection, and
this behavior is believed to be largely attributable to the stem
cell-like properties of a fraction of cells (25). Since GLIPRI is
expressed at very low levels in osteosarcoma, but at high levels
in differentiated normal tissues, we aimed to determine the
potential role of GLIPRI in the development and maintenance
of the stem-like property of osteosarcoma cells. A sphere
forming assay showed (Fig. 3A) that GLIPRI-overexpressing
cells formed much smaller spheres after 7 days of culture
when compared with the control cells (~2-fold smaller in
diameter), indicating markedly decreased self-renewal ability
by GLIPRI.
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Figure 2. GLIPR1 inhibits proliferation, motility and invasion in osteosar-
coma. (A) Western blotting of GLIPRI in MG63 cells. MG63 cells were
transfected with GLIPR1-expressing plasmids or empty vectors (mock).
B-actin was used as a loading control; n=3. (B) MTT assay of MG63 cells.
MG63 cells were transfected with GLIPR1-expressing plasmids or empty
vectors; n=3. (C) BrdU incorporation assay of MG63 cells. Cells were trans-
fected with GLIPR1-expressing plasmids or empty vectors (mock). Left panel
shows microscopic images of fluorescence staining of one representative
experiment (magnification, x100). Right panel shows graphic presentation
of mean fluorescence intensities; n=3. (D) Colony formation assay of MG63
cells transfected with GLIPR1-expressing plasmids or empty vectors (mock).
Colonies with over 50 cells were counted. Representative micrographs (left)
and quantification of colonies (right) after transfection with GLIPR1 expres-
sing plasmids or empty vectors (mock); n=3. (E) Invasion assays of MG63
cells transfected with GLIPR1 and empty vectors (mock). (F) Wound-healing
assays of MG63 cells transfected with GLIPR1 and empty vectors (mock).
The cell layer was photographed; n=3.
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Figure 3. GLIPR1 induces the differentiation of cancer-initiating cells in
osteosarcoma. (A) Sphere growth of MGG63 cells transfected as indicated.
Upper panel, representative images of spheres formed by the indicated
cells after 7 days of culture. Lower panel, statistical analysis of the average
diameter of the spheres. (B) FACS for CD133 in sphere-derived cells 48 h
after transfection. (C) FACS for Nestin in sphere-derived cells 48 h after
transfection. (D) Western blotting for CD133 and Nestin in the MG63 cells
transfected with GLIPR1-expressing plasmids or empty vectors (mock).
B-actin was used as a loading control; n=3.

Consistent with these results, CD133- and Nestin-positive
cell proportions were significantly lower in the GLIPRI-
transfected cells than those in the control cells (Fig. 3B and C).
In further experiments, we performed western blotting to
detect CD133 and Nestin protein in the MG63 cells following
transfection with the GLIPRI1-expressing plasmids and
empty vectors. We observed a significantly faster decrease
in CD133 and Nestin protein in the MG63 cells transfected
with GLIPR1 (Fig. 3D). Taken together, these data showed that
reintroduction of GLIPRI in osteosarcoma cells reduced the
stem cell-like population and greatly attenuated the ability of
stem cell-like osteosarcoma cells to retain stemness.

DONG et al: GLIPR1 AND miR-16 IN OSTEOSARCOMA

GLIPRI upregulates miR-16 expression and miR-16
suppresses the proliferation, migration and invasion in
osteosarcoma. Tumor-suppressor genes can exert their func-
tions by regulating miRNA expression in cancer (26) and
in regards to the miRNA involvement in lung cancer patho-
genesis, some of them function as tumor-suppressor genes or
oncogenes (27,28). Thus, we reasoned that GLIPR1 functions
as a tumor-suppressor gene by regulating relevant miRNAs.
miRNA microarray was performed. RNAs isolated from the
MGH63 cells transfected with GLIPR1 or empty vectors were
hybridized to a custom miRNA microarray platform. After
three times of hybridization, quantification and normalization,
200 miRNAs were upregulated >5-fold in the cells. We were
interested in miR-16 (Fig. 4A), since it is downregulated in
osteosarcoma indicating that it may be a tumor-suppressor
gene.

To further identify whether GLIPR1 upregulates the
miR-16 level in MG63 cells, northern blotting was performed.
Our results demonstrated that miR-16 was upregulated by
GLIPR1 in the MG63 cells (Fig. 4B).

To investigate whether miR-16 can affect the proliferation
of osteosarcoma cells, firstly using real-time PCR, we tested
whether pre-miR-16 stably expressed miR-16 in the MG63
cells. The results showed that miR-16 was significantly
increased by pre-miR-16 in the cells (Fig. 4C). In addition,
we performed MTT assay to detect the proliferation of MG63
cells following transfection with pre-miR-16. The results
showed that miR-16 inhibited the proliferation in MG63 cells
after 48 h of transfection (Fig. 4D). To further show the effects
of miR-16 on proliferation, we performed BrdU incorpora-
tion assay to detect DNA synthesis in the cells. The results
confirmed that miR-16 significantly inhibited DNA synthesis
in the cells (Fig. 4E). In an attempt to identify the role of
miR-16 in regulating migration and invasion of MG63 cells,
we performed wound healing and invasion assays to detect the
migration and invasion of MG63 cells following transfection
with pre-miR-16 and control miR. Ectopic miR-16 inhibited the
motility and invasion by ~2-fold in the cells (Fig. 2F and G).

miR-16 induces the differentiation of CICs in osteosarcoma.
Since GLIPRI induces the differentiation of CICs and it
upregulates miR-16 expression, we aimed to determine the
potential role of miR-16 in the development and maintenance of
the stem-like properties of osteosarcoma cells. Sphere-forming
assay showed (Fig. 5A) that miR-16-overexpressing cells formed
much smaller spheres after 7 days of culture as compared with
the control cells (~2-fold smaller in diameter), indicating the
markedly decreased self-renewal ability by miR-16.

Consistent with these results, CD133- and Nestin-positive
proportions were significantly lower in the miR-16-expressing
cells than levels in the control cells (Fig. 5B and C). In further
experiments, we performed western blotting to detect CD133
and Nestin protein in the MG63 cells following transfec-
tion with pre-miR-16 and miR control. We also observed a
significantly faster decrease in CD133 and Nestin protein in
the MGG63 cells transfected with pre-miR-16 (Fig. 5D). Taken
together, these data showed that reintroduction of miR-16 in
the osteosarcoma cells reduced the stem cell-like population
and greatly attenuated the ability of stem cell-like osteosar-
coma cells to retain stemness.
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Figure 4. GLIPR1 upregulates miR-16 expression and miR-16 inhibits proliferation, motility and invasion in osteosarcoma. (A) miRNA microarray analysis
of MG63 cells transfected with GLIPR1-expressing plasmids or empty vectors (mock); n=3. (B) Northern blotting for miR-16 in MG63 cells transfected with
GLIPR1-expressing plasmids or empty vectors (mock).U6 was used as a loading control; n=3. (C) Real-time RT-PCR for miR-16 in MG63 cells transfected
with pre-miR-16 or control miR (mock). U6 was used as a loading control; n=3. (D) MTT assay of MG63 cells. MG63 cells were transfected with pre-miR-16
or control miR (mock); n=3. (E) BrdU incorporation assay of MG63 cells. Cells were transfected with pre-miR-16 or control miR (mock). Left panel shows
microscopic images of fluorescence staining of one representative experiment (magnification, x100). Right panel shows graphic presentation of mean fluores-
cence intensities; n=3. (F) Wound-healing assays of MG63 cells transfected with pre-miR-16 and control miR (mock). The cell layer was photographed; n=3.
(G) Invasion assays of MG63 cells transfected with pre-miR-16 and control miR (mock).

Discussion

Recent studies have indicated that solid tumors, including
osteosarcoma, are driven by a population of tumor stem cells
(TSCs) or tumor-initiating cells (TICs) (29,30). It is believed
that TSCs can fuel tumor growth and seed metastasis.
Although conventional chemotherapy can target proliferating
tumor cells and it is common to find tumor regression, some
osteosarcoma patients develop tumor relapse or metastasis
after chemotherapy and surgery. This clinical clue allows us
to presume that current approaches are not efficient to target
TSCs, according to the concept of TSCs (31,32).

Thus, finding novel targets for eliminating TSCs is vital. The
present study showed that GLIPR1 protein is downregulated in
osteosarcoma and GLIPR1 inhibits proliferation, migration and
invasion in osteosarcoma, meanwhile inducing differentiation
of cancer-initiating cells (CICs) in osteosarcoma (Fig. 6).

CSCs have been shown to be more resistant to standard
chemotherapeutic agents and radiotherapy. Traditional
treatment may lead to tumor shrinkage, however most
tumors can recur after treatment, likely since CSCs survive
and regenerate tumor growth (33,34). Treatment strategies to
restore GLIPR1 protein has the potential to be an effective
therapy for osteosarcoma.

A large body of evidence indicates that miRNAs are
frequently deregulated in a variety of human malignan-
cies (35). Studies have shown a direct link between miRNA
function and oncogenesis which is supported by examining
the expression of miRNAs in clinical samples (36,37). The
profiling of miRNA expression showed that most of them are
downregulated in tumors compared to normal tissues (38),
such as let-7 in lung cancers (39) and miR-127 in human
bladder cancers (40). However, there are other miRNAs
which are upregulated in tumors, such as miR-150 in gastric
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Figure 5. (A) miR-16 induces differentiation of cancer-initiating cells in
osteosarcoma cells. Sphere growth of MG63 cells transfected as indicated.
Upper panel, representative images of spheres after 7 days of culture. Lower
panel, statistical analysis of the average diameter of spheres. (B) FACS for
CD133 in sphere-derived cells 48 h after transfection. (C) FACS for Nestin
in sphere-derived cells 48 h after transfection. (D) Western blotting for
CD133 and Nestin in MG63 cells transfected with pre-miR-16 or control miR
(mock). B-actin was used as a loading control; n=3.

cancer (41), miR-21 in prostate cancer (42) and the miR-17-92
cluster in renal cell carcinoma (43). We focused on miR-16
since previous studies demonstrated that the expression of
miR-16 was significantly decreased in primary osteosarcoma
samples as compared with adjacent normal tissues (22). We
showed that miR-16 inhibited the proliferation, motility and
invasion in osteosarcoma, meanwhile inducing differentiation
of CICs in osteosarcoma cells (Fig. 6).

In addition, we demonstrated that GLIPR1 can upregulate
miR-16 expression in ostesosarcoma cells (Fig. 6). In the future,
we may continue to analyze whether the GLIPR1 protein level
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Figure 6. Diagram showing that GLIPR1 inhibits the proliferation, motility,
invasion and induces differentiation of cancer-initiating cells by regulating
miR-16 in osteosarcoma.

is positively associated with miR-16 expression in osteosar-
coma tissues and to detect whether GLIPR1 upregulates the
miR-16 level by activating its promoter.

In the present study, GLIPR1-mediated miR-16 regulation
in osteosarcoma has potential basic and clinical implica-
tions (Fig. 6). On the one hand, GLIPRI could be a powerful
tumor-suppressor gene by promoting proliferation, motility
and invasion as well as regulating osteosarcoma stem cells
and pharmacological inhibition of GLIPR1 may represent a
promising therapeutic strategy. On the other hand, miR-16 is
a tumor-suppressor gene and its expression is promoted by
GLIPRI1 in osteosarcoma. Yet, the role of GLIPR1-mediated
miR-16 regulation in osteosarcoma warrants further investiga-
tion. We will continue to identify downstream target genes of
miR-16 in osteosarcoma.
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