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Background: Recent research has uncovered tumor-suppressive and oncogenic potential of miRNAs.
Results: miR-873 suppresses the proliferation, migration, and invasiveness of GBM cells by targeting IGF2BP1.
Conclusion: Down-regulation of miR-873 results in overexpressed IGF2BP1, contributing to tumorigenesis of GBM cells.
Significance: The identification of tumor suppressor miR-873 and its oncogenic target IGF2BP1 in GBM cells is potentially
valuable for cancer diagnosis and therapy.

Glioblastoma multiforme (GBM) is known as a highly malig-
nant brain tumor with a poor prognosis, despite intensive
research and clinical efforts. In this study, we observed that
microRNA-873 (miR-873) was expressed at low levels in GBM
and that the overexpression of miR-873 dramatically reduced
the cell proliferation, migration, and invasion of GBM cells. Our
further investigations of the inhibition mechanism indicated
that miR-873 negatively affected the carcinogenesis and metas-
tasis of GBM by down-regulating the expression of IGF2BP1,
which stabilizes the mRNA transcripts of its target genes. These
results demonstrate that miR-873 may constitute a potential
target for GBM therapy.

Gliomas are typed into four grades (I, II, III, IV) based on the
different histological features of tumors (1). Glioblastoma mul-
tiforme (GBM)3 tumors, known as Grade IV gliomas, are the
most aggressive and malignant primary tumors (2). GBM is
characterized by aggressive vascular proliferation, invasiveness,
inherent resistance to standard therapies, stem cell-like behav-
ior, and normal brain necrosis (3, 4). The median life expec-
tancy of newly diagnosed patients is less than 1 year, and the
5-year survival rate is less than 3% (5). Although increasing
evidence has revealed different aspects of the molecular mech-
anism of GBM, the detailed molecular signaling pathways in
GBM remain to be explored.

MicroRNAs (miRNAs) are a class of non-coding RNA mole-
cules consisting of 20 –22 nucleotides that regulate the expres-
sion of special genes in a posttranscriptional manner (6, 7).

Various microRNAs have been found to participate in the pro-
gression of gliomas (8, 9). For instance, miR-21 acts as an anti-
apoptotic factor in GBM by targeting the p53 network (8 –10);
miR-10b is involved in the cell cycle and programmed cell death
via regulating the expression of Bim, TFAP2C, p16, and p21
(11); miR-218 inhibits cell migration, invasion, proliferation,
and stem-like qualities by targeting Bmi1 (12); miR-195 nega-
tively regulates the proliferation of glioma cells by down-regu-
lating the expression of cyclin D1 and cyclin E1 (13); miR-137
inhibits the growth of glioma cells by directly targeting Rac1
(14); and miR-16 functions as a tumor suppressor gene in gli-
oma growth and invasiveness via the inhibition of BCL2 and the
NF-KB1/MMP-9 signaling pathway (15). All of these miRNAs
play important roles in the development of the malignant GBM
phenotype. However, few studies have examined miR-873, a
novel miRNA, in GBM development. In this study, we discov-
ered that the low level of miR-873 in GBM was associated with
the carcinogenesis and metastasis of GBM via the promotion of
IGF2BP1 protein expression.

EXPERIMENTAL PROCEDURES

Glioma Tissues and Cell Lines—Human GBM and their adja-
cent normal tissues were obtained from six patients. The tissues
used for RNA extraction were flash-frozen in liquid nitrogen
and stored at �80 °C. Written informed consent was acquired
from each patient, and this research was approved by the
Pingjin Hospital Medical Ethics and Human Clinical Trial
Committee. Glioma cell lines (A172, T98G, U87, U373, U251,
and U138) were purchased from the American Type Culture
Collection and grown in DMEM medium supplemented with
10% FBS. The cells were maintained in a humidified atmo-
sphere at 37 °C with 5% CO2.

3-(4, 5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium Bromide
(MTT) Assays—MTT assays were carried out to assess cell via-
bility. Briefly, U87 and U373 cells were seeded at a concentra-
tion of 104 cells/well in a 96-well plate. miRNA mimic, negative
control RNA, or eukaryotic expression plasmids were trans-
fected into the cells using Lipofectamine 2000 the following day
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according to the manufacturer’s protocol. The cells were cul-
tured at 37 °C in transfection medium for 6 h. The medium was
then replaced with complete medium containing MTT (final
concentration, 250 �g/ml) for the subsequent assays. The
plates were incubated for an additional 12, 24, or 48. The
trapped MTT crystals in the cells were solubilized in 200 �l of
dimethyl sulfoxide (DMSO) at 37 °C for 15 min. The absor-
bance was determined in a microtiter plate reader (Molecular
Devices, Menlo Park, CA) at 570 nm, with 650 nm as the refer-
ence wavelength. All experiments were performed in triplicate.

Wound-healing and Invasion Assays—The wound-healing
assays were performed as follows. The cells were seeded in six-
well plates and cultured to 100% confluence. A wound was then
produced in the cell monolayer using a plastic pipette tip. The
cells were then washed in PBS buffer and cultured for another
48 h. The wound closure rate was then observed and described
using a percentage. Cells suspended in serum-free medium
(105) were placed into the upper chamber of an insert precoated
with Matrigel (BD Biosciences), and DMEM supplemented
with 10% fetal bovine serum was added to the lower chamber.
The cells were allowed to invade for 48 h. The cells remaining
on the upper surface of the membrane were removed, whereas
the cells that had invaded through the membrane were stained
with 20% methanol and 0.2% crystal violet, imaged, and
counted under a microscope (Olympus, Tokyo, Japan).

Colony Formation Assays—For the colony formation assays,
the cells were harvested and seeded at a density of 200 cells/well
in 12-well plates and incubated at 37 °C and 5% CO2 in a humid-
ified incubator for 2 weeks. During colony growth, the culture
medium was replaced every 3 days. The colony number in each
well was counted and calculated.

Flow Cytometry Analysis—Glioma cells were harvested using
trypsinization, washed in ice-cold PBS, and then fixed in 80%
ice-cold ethanol in PBS. Before staining, the cells were pelleted
in a chilled centrifuge and resuspended in cold PBS to a con-
centration of 1 � 104 cells. Bovine pancreatic RNase (Sigma-
Aldrich) was added to a final concentration of 2 mg/ml, and the
cells were incubated at 37 °C for 30 min. To detect the cell cycle
distribution, the cells were stained with 20 mg/ml propidium
iodide (Sigma-Aldrich) for 20 min at room temperature. For
the cell apoptosis assays, the cells were labeled using the
annexin V-FITC apoptosis detection kit (Invitrogen) as
described by the manufacturer. The cell cycle profiles and
the cell apoptosis rates were quantified using a flow cytom-
eter (Beckman-Coulter).

Transwell Assays—For the Transwell migration assays, 105

cells were suspended in medium without serum and placed on
the top side of a polycarbonate Transwell filter without Matri-
gel in the upper chamber of a QCMTM 24-well cell invasion
assay plate (Cell Biolabs, Inc.); medium without serum was used
in the lower chamber. For the invasion assays, the experimental
procedures were similar to that for the migration assays, except
that the filters were coated with Matrigel. The cells were incu-
bated at 37 °C for 8 h for the migration assays or 48 h for the
invasion assays. The cells in the top chambers were removed
with cotton swabs. The migrated and invaded cells on the lower
membrane surface were washed twice with PBS buffer and fixed
in in 4% paraformaldehyde for 30 min. The well was stained

with 0.1% crystal violet for 20 min after another wash using PBS
buffer. Following at least three washes in double-distilled H2O,
the membrane was dried and observed under a light micro-
scope. The assays were performed in triplicate, and the data are
presented as the means � S.E.

Xenografted Tumor Model—Five pairs of the BALB/c nude
mice were used. In general, 3 � 106 U87 cells (without trans-
fection miRNA mimics or control mimics) were suspended in
150 �l of serum-free DMEM for each mouse. The right dorsal
flank of each nude mouse was then subcutaneously injected
with 3 � 106 U87 cells to establish a xenograft. The tumors
formed 1 week later. Ten tumor-bearing nude mice were ran-
domly divided into two groups (miR-873 and control). The
tumor was then injected with a mixture of miR-873 mimics and
Lipo-2000 (transfection reagent) or a mixture of control mim-
ics and Lipo-2000. We repeated this injection every 4 days. The
animals were sacrificed after 28 days. The nude mice were han-
dled and cared for according to the National Institutes of
Health Animal Care and the Use Committee guidelines of the
Experiment Animal Center of Pingjin Hospital, Tianjin, China).

Bioinformatics Methods—The miRNA targets predicted by
computer-aided algorithms were obtained from miRanda –
mirSVR, miRDB, miRWalk, and targetscan. The minimum free
energy (mfe) structures of the RNA duplexes formed by miR-
873, and its putative binding sequences were obtained using
RNAhybrid.

Western Blot—The total protein was extracted from cells
using radioimmunoprecipitation assay lysis buffer supple-
mented with protease inhibitor cocktail (Roche Applied Sci-
ence) and PMSF (Roche Applied Science). The protein concen-
tration was measured using a BCA protein assay (Pierce) and a
NanoDrop 2000c spectrophotometer (Thermo Scientific). The
total protein extracts were separated via 12% SDS-PAGE and
then transferred to nitrocellulose membranes. The IGF2BP1
protein was probed with specific antibodies obtained from Pro-
teintech Co. Ltd. after the blot was blocked with 5% nonfat milk.
The gray intensities of the protein bands were quantified using
the ImageJ software. GAPDH antibody was purchased from
Sigma.

Immunohistochemistry Assays—The sections of GBM cancer
tissues and matched normal controls were mechanically depar-
affinized and incubated in target retrieval solution (Dako, Car-
pentaria, CA) at 95 °C for 40 min. After the endogenous perox-
idase activity was blocked with methanol containing 3%
hydrogen peroxide (Dako) for 30 min, the tissue sections were
incubated with primary antibody to IGF2BP1 at 4 °C overnight.
The sections were then incubated in secondary antibody at
37 °C for 60 min. Subsequently, the sections were counter-
stained with hematoxylin for 1 min.

Statistical Analysis—The data are presented as the mean �
S.D. A Student’s t test was used to evaluate significant differ-
ences, and p � 0.05 was considered statistically significant.

RESULTS

The Expression of miR-873 Was Down-regulated in GBM—A
previous study revealed via high-throughput sequencing that
miR-873 was down-regulated in GBM (16). To further assess
the miR-873 expression in GBM and normal adjacent tissue, we

miR-873 Targets IGF2BP1

APRIL 3, 2015 • VOLUME 290 • NUMBER 14 JOURNAL OF BIOLOGICAL CHEMISTRY 8939



measured its expression levels in six GBM tumor tissues and
their adjacent counterparts in pairs using real-time RT-PCR
and primer extension assay. As shown in Fig. 1A, the miR-873
expression in malignant tumor tissue was markedly lower than
that in non-cancerous tissue. Specifically, the average expres-
sion level of miR-873 in GBM was only 0.25-fold that of the
adjacent normal tissues. To further confirm this result, we
detected the expression level of miR-873 in four normal brain
tissues and six GBM cell lines, A172, T98G, U87, U373, U251,
and U138, using real-time RT-PCR and primer extension assay
and observed that normal brain tissues expressed significantly
more miR-873 than GBM cell lines (Fig. 1B). These data indi-
cated that miR-873 was down-regulated in GBM and may act as
a tumor suppressor.

Up-regulation of miR-873 Inhibits GBM Cell Proliferation
but Induces Apoptosis—To confirm that miR-873 plays a tumor
suppressor role in GBM, two GBM cell lines, U373 and U87,
were transfected with miR-873 mimics that shared sequences
with mature miR-873. The levels of miR-873 can be signifi-
cantly elevated in the U373 and U87 cells after transfection (Fig.
2A). The effect of the increased level of miR-873 on U373 and
U87 cell proliferation was determined using MTT and colony
formation assays. The results of the MTT assay demonstrated
that miR-873 could inhibit the viability of GBM cells, whereas
the results of the colony formation assays suggested that miR-
873 overexpression could also reduce anchorage-independent
growth in GBM cells (Fig. 2, B–E). The analysis of the cell cycle
kinetics using flow cytometry indicated that miR-873 signifi-
cantly induced cell cycle arrests in both U87 and U373 cells.

The G0/G1 phase fractions of U87 cells and U373 cells trans-
fected with miR-873 increased by 25 and 17%, respectively,
when compared with the phase fractions of corresponding cells
transfected with miR-control mimics. Moreover, the decrease
in S phase populations of both cell lines transfected with miR-
873 mimics exceeded 50% when compared with the control
group (Fig. 2, F and G). The marked G0/G1 arrest and decrease
in the S phase fraction suggested that miR-873 may act as an
inhibitor by inducing cell apoptosis. To further confirm this
assumption, we measured and compared the apoptosis ratios of
U87 and U373 cells transfected with miR-873 mimics with the
ratios of the corresponding cells with miR-control mimics
using flow cytometry. We discovered that the number of apo-
ptotic cells labeled with annexin V or 7-aminoactinomycin D
increased by 1- and 0.53-fold in U87 and U373 cells, respec-
tively, after miR-873 mimic treatment (Fig. 2H). To investigate
the function of miR-873 in glioma carcinogenesis, we further
assessed the influence of the elevated level of miR-873 in cells
on the tumor-forming potential in vivo. Three million U87 cells
transfected with either miR-873 or miR-control mimics were
implanted into the right flanks of nude mice by subcutaneous
injection. The mean volumes of xenograft tumors were mea-
sured every week. Four weeks after the injection, the xenograft
tumors were excised and measured in vitro. We found that cells
transfected with miR-873 generated smaller tumors than cells
transfected with miR-control mimics (n � 5 animals/group,
p � 0.05) (Fig. 2, I and J). Thus, we suggest that the transfection
of miR-873 into GBM cells inhibits tumor cell proliferation in
vitro and in vivo.

FIGURE 1. Analysis of miR-873 in GBM tissues and adjacent normal tissues. A, the relative expression level of mature miR-873 in six pairs of tumor issues and
adjacent normal counterparts using real-time RT-PCR. The lines represent the means of independent experiments in each group. * indicates p � 0.005. B, the
relative levels of miR-873 were measured in four normal human astrocytes and six GBM cell lines, A172, T98G, U87, U373, U251, and U138. Error bars represent
S.E. * indicates p � 0.05 versus normal. C and D, miR-873 expression detected by primer extension. T98G, A172, U373, and U87 are glioblastoma cell lines. 5 mg
of total RNA were used for each reaction. Free probe is shown as a negative control. Primer extension reactions were resolved on 15% Tris-borate-EDTA-urea
polyacrylamide gels and exposed to film for 50 min.
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FIGURE 2. The increased level of miR-873 inhibits the proliferation but induces the apoptosis of glioma cells in vitro. A, the relative levels of miR-873 in
two GBM cell lines, U87 and U373, were determined after the cells were transfected with miR-873 mimics or miR-control mimics using real-time RT-PCR and
primer extension assay. B, the relative cell viability in U87 cells was measured after the cells were transfected with miR-873 mimics or miR-control mimics using
MTT assays. C, the relative cell viability of U373 cells was detected using MTT assays after the cells were transfected with miR-873 mimics or miR-control mimics.
D, the colony formation of miR-873-U87 cells and miR-873-U373 cells was quantified and compared with that of the GBM cells transfected with miR-control
mimics in their respective groups. E, the representative micrographs of the colony formation assays are shown. F, the cell cycle distributions of the U87 cells
transfected with miR-873 mimics or miR-control mimics were detected and compared. G, the cell cycle distributions of the U373 cells transfected with miR-873
mimics or miR-control mimics were detected and compared with each other. H, the apoptosis rate of the two GBM cell lines transfected with miR-873 mimics
were measured and compared with that of the cells transfected with miR-control mimics. Each bar or point represents the mean of three independent
experiments. I, the U87 GBM tumor growth in vivo was determined based on the tumor volume, which was calculated based on weekly measurements after
injection. J, a representative image of in vivo tumor growth is shown. In this panel, the weights of the tumors generated from the GBM cells transfected with
miR-873 mimic in three nude mice were measured and compared with the control groups. Error bars represent S.E. * means p � 0.05.
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Up-regulation of miR-873 Inhibits GBM Cell Migration and
Invasion—Transwell migration assays were utilized to examine
the effect of miR-873 on cell migration and invasion. The
migration level of the U87 and U373 cells transfected with miR-
873 mimics only reached �35% of the level of the cells trans-
fected with miR-control mimics (Fig. 3, A and B). Similarly, the
invasive potential of the U87 and U373 cells decreased by 0.8-
fold after transfection with miR-873 mimics when compared
with the potential after transfection with miR-control mimics
(Fig. 3, C and D). Furthermore, the quantification of wound
closure showed that U87 cells transfected with miR-873 mimics
closed 10.1% of the wound after 24 h and 39.1% of the wound
after 48 h. However, U87 cells transfected with miR-control
mimics closed 59.7% of the wound after 24 h and 99.2% of the
wound after 48 h (Fig. 3E). In the other group, U373 cells trans-
fected with miR-373 mimics closed 25.6% of the wound after
24 h and 61.1% of the wound after 48 h. Moreover, U373 cells
transfected with control mimics closed 51.1% of the wound
after 24 h and 99.4% of the wound after 48 h (Fig. 3F). These
data suggest that the increased levels of miR-873 in GBM cells
significantly inhibited both cell migration and invasion.

IGF2BP1 Is Characterized as a Target of miR-873—Micro-
RNAs inhibit gene expression by binding to the mRNA tran-
script of the target gene to induce its degradation. To identify
novel miR-873 target genes, four cited algorithms, miRanda –
mirSVR, miRDB, miRWalk, and Targetscan, were used to pre-
dict the potential targets of miR-873. As a result, a potential list
of targets including 21 genes was identified. Among these
genes, IGF2BP1 is up-regulated in a large number of malignan-
cies, which led us to believe that IGF2BP1 may be a direct target
of miR-873 in GBM (Fig. 4A). Three putative binding sites of
the microRNA in the 3�-UTR of IGF2BP1 (IGF2BP1-3�-UTR
WT) are described in Fig. 4B, and the complementary seed
sequences were mutated as described in the figure legend to
generate the 3�-UTR mutant (IGF2BP1-3�-UTR mut), which
should not bind miR-873. Moreover, we obtained three mfe
structures of the RNA duplexes formed by miR-873 and its
putative binding sequences using RNAhybrid and found that
the miR-873 and the first putative binding site duplex featured
a lower mfe than the two other duplexes (Fig. 4A). The lower
mfe suggested that miR-873 might bind to the 3�-UTR of
IGF2BP1 at the first putative binding site. We conducted lucif-
erase reporter assays to confirm this hypothesis. As shown in
Fig. 4C, the luciferase activity generated by the reporter vector
with IGF2BP1-3�-UTR WT decreased by 52.4% after co-trans-
fection with miR-873 when compared with the control group.
However, the activity generated by the reporter vector with
IGF2BP1-3�-UTR mut-1 was slightly higher than that of the
control group after the co-transfection with miR-873. Further-
more, the mutation of the second and third binding sites in the
3�-UTR of IGF2BP1 did not affect the activity generated by the
reporter vectors when compared with the control groups (Fig.
4C). These results indicated that miR-873 might suppress the
expression of IGF2BP-1 by strongly and directly binding to the
first putative site in its 3�-UTR. The following Western blot
assays showed that the relative protein level of IGF2BP1 in U87
and U373 decreased by 81.3 and 73.4%, respectively, after trans-
fection with miR-873; GAPDH was used as an internal control

(Fig. 4D). However, the addition of an miR-873 antagonist
increased the IGF2BP1 expression level (Fig. 4D). Similarly, the
mRNA level of IGF2BP1 determined using real-time PCR in
U87 and U373 decreased by 51.3 and 49.7%, respectively, after
miR-873 transfection (Fig. 4E).

Up-regulation of IGF2BP1 Reverses the Suppressive Effect of
miR-873 on the Advance of GBM Cells—To overexpress
IGF2BP1 in GBM cells, we transfected the cells with pcMV6/
IGF2BP1 vectors. The protein level of IGF2BP1 increased 4.51-
fold in U87 cells co-transfected with miR-873 mimics and
pcMV6/IGF2BP1 when compared with the protein level in the
cells co-transfected with miR-873 and the control vector,
pcMV6. Similarly, the overexpression of IGF2BP1 increased
the protein level in U373 transfected with miR-873 mimics and
pcMV6/IGF2BP1 by 6.67-fold when compared with the level in
cells transfected with miR-873 mimics and pcMV6 (Fig. 5, A
and B). These results suggested that overexpressing IGF2BP1
using the pcMV6/IGF2BP1 vector in GBM cells could partially
rescue the down-regulation of IGF2BP1 expression caused by
the increased cellular level of miR-873. The viability of GBM
cells transfected with miR-873 mimics and pcMV6/IGF2BP1
was determined with an MTT assay. The absorbance increased
0.19-fold in U87 and 0.23-fold in U373 cells when IGF2BP1
expression was up-regulated when compared with the viability
of the cells transfected with miR-873 and pcMV6, respectively
(Fig. 5C). Moreover, the number of colonies formed by U87 and
by U373 cells overexpressing the IGF2BP1 protein increased by
1.85- and 1.84-fold when compared with the number of colo-
nies formed by the corresponding cells transfected with miR-
873 mimics and pcMV6, respectively (Fig. 5, D and E). IGF2BP1
overexpression decreased the apoptosis rate of U87 cells
expressing miR-873 by 0.27-fold and decreased the rate of U373
cells by 0.07-fold (Fig. 5F). The Transwell migration system
showed that the percentage of migrated U87 cells co-trans-
fected with miR-873 mimics and pcMV6/IGF2BP1 increased
1.17-fold and that of migrated U373 cells increased 0.98-fold
when compared with their counterparts co-transfected with
miR-873 and pcMV6 (Fig. 5G). In line with the previous data,
the up-regulation of IGF2BP1 expression increased the inva-
siveness of U87 cells and U373 cells transfected with miR-873
mimics by 1.3- and 2.12-fold, respectively (Fig. 5H).

High Level of miR-873 Decreased the mRNA Level of MKI67,
c-MYC, PTEN, and CD44 —IGF2BP1 helps to stabilize the
mRNA transcript. As described previously, the binding of
IGF2BP1 to c-MYC and MKI67 mRNA prevented mRNA deg-
radation and increased mRNA expression (17–19); the stabili-
zation of CD44 mRNA was attributed to the 3�-UTR of the
transcript, which was bound by IGF2BP1 protein (20); PTEN
mRNA was identified as a novel target transcript of IGF2BP1
and decayed faster in cells upon IGF2BP1 knockdown (21). To
verify that the down-regulation of IGF2BP1 expression due to
the up-regulation of miR-873 in GBM cells could destabilize
c-MYC, MKI67, CD44, and PTEN mRNA, we measured the
mRNA levels of these potential target transcripts of IGF2BP1.
The real-time RT-PCR assays showed that the cellular level of
MKI67 mRNA and c-MYC mRNA decreased by 0.61- and 0.53-
fold in U87 cells, respectively, when compared with the level in
the control group, in which the tumor cells were transfected
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FIGURE 3. The transfection of GBM cells with miR-544 inhibits the migration and invasion of the cells in vitro. A, the migration abilities of miR-873-U87
cells and miR-873-U373 cells were quantified and compared with that of the cells transfected with miR-control mimics in their respective groups. B, the
representative micrographs of the migration of miR-873-U87 cells and miR-873-U373 cells are shown. C, the invasiveness of miR-873-U87 cells and miR-873-
U373 cells was quantified and compared with that of cells transfected with miR-control mimics in their respective groups. D, the representative micrographs
of the invasion of miR-873-U87 and miR-873-U373 cells are shown. E, the wound-healing assay showed that the migration of miR-873-U87 cells differed from
that of cells transfected with miR-control mimics at different time points. F, the wound-healing assay showed that the migration of miR-873-U373 cells differed
from that of cells transfected with miR-control mimics at different time points. The motility is expressed as the percentage of migration at the zero time point.
Each bar represents the mean of three independent experiments. Error bars represent S.E. * indicates p � 0.05.
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with miR-control mimics rather than miR-873 mimics (Fig.
6A). Moreover, the amount of PTEN mRNA and CD44 mRNA
decreased by 0.78- and 0.81-fold in U87 cells (Fig. 6B). Further-
more, transfecting U373 cell with miR-873 mimics decreased
the target transcripts when compared with the level in the con-
trol group (Fig. 6, C and D). These results suggested that miR-
873 might decrease the level of c-MYC, MKI67, CD44, and
PTEN mRNA by down-regulating the expression of the
IGF2BP1 gene in GBM cells. Furthermore, the following West-
ern blotting assays showed that the low level of target tran-
scripts corresponded to a low level of protein expression in
GBM cells (Fig. 6, E and F).

The Down-regulation of miR-873 Expression Induced
IGF2BP1-mediated Carcinogenesis and Metastasis—Because
IGF2BP1 overexpression partially mitigated the negative im-
pact of miR-873 mimics on the progression of GBM, the molec-
ular mechanism of the inhibition of miR-873 during the
carcinogenesis and metastasis of GBM may involve the dys-
regulation of IGF2BP1 expression. To prove this hypothesis, we
determined the expression level of IGF2BP1 mRNA and pro-

tein in GBM. The IGF2BP1 expression levels were significantly
higher in tumor tissues than in corresponding normal adjacent
tissues (Fig. 7A). Furthermore, the expression of IGF2BP1
mRNA was also increased in GBM cell lines, including A172,
T98G, U87, U373, U251, and U138, when compared with the
expression in normal brain tissue (Fig. 7B). Moreover, we
observed a significant negative correlation between the
IGF2BP1 mRNA levels and miR-873 levels (r � �0.9480, p �
0.05) in GBM tissues (Fig. 7C). The inverse relationship indi-
cated that when IGF2BP1 turnover is decreased (more
IGF2BP1 mRNA), miR-873 levels are decreased. The immuno-
histochemistry staining of tissue sections showed that the
IGF2BP1 level was markedly higher in GBM tissues than in
normal tissue (Fig. 7D). These data support that the down-reg-
ulation of miR-873 expression in GBM induced carcinogenesis
and metastasis by promoting the expression of IGF2BP1, which
stabilizes the mRNA transcripts of c-MYC, MKI67, PTEN, and
CD44. Furthermore, the stabilization of the target mRNAs of
IGF2BP1 ultimately promoted the expression of the corre-
sponding genes (Fig. 7E).

FIGURE 4. miR-873 directly targeted the IGF2BP1 gene. A, the potential targeted genes are listed based on the predictions by the four algorithms. The gene
to be further analyzed, IGF2BP1, was within the shaded area. The structures of the RNA duplexes formed by miR-873 and its putative binding sequences with
the predicted mfe were located on the right. B, the 3�-UTR fragments of IGF2BP1 gene and its mutant are indicated in boxes. The putative base pair region is
labeled with vertical lines between the words representing the bases. C, the relative firefly activities generated by the luciferase reporter plasmids containing
wild-type or mutant IGF2BP1 3�-UTR in GBM cells with miR-873 or control mimics were determined using the Dual-Luciferase assays. D, Western blot analyses
of the IGF2BP1 protein level were performed following treatment of U87 cells and U373 cells with miR-873, anti-miR-873, or controls. E, quantitative RT-PCR
analyses of the IGF2BP1 mRNA level were performed following the treatment of U87 cells and U373 cells with miR-873 or control mimics. GAPDH was used as
a control. Error bars indicate S.D. *, p � 0.05.
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DISCUSSION

Malignant gliomas are the most aggressive and fatal tumors
arising in the central nervous system, and GBM is the most
cytologically malignant and active primary brain tumor (22,
23). The low survival rates of malignant gliomas are related to
treatment difficulties, the lack of clinical, radiologic, and mor-
phologic forewarning, and their infiltrating natures (24 –27).
miRNAs can either positively or negatively affect the develop-
ment of GBM depending on their specific downstream target
genes. Although miR-21, miR-221, and miR-10b have been
identified as up-regulated and reported to function as onco-
genic miRNAs in GBM tumors (28 –30), several miRNAs,
including miR-34a, miR-218, and miR-128, are down-regulated
and act as tumor suppressors in GBM (12, 31, 32). The down-
regulation of miR-873 in GBM has been demonstrated using
cluster analysis (16). Accordingly, we used real-time RT-PCR

assays to demonstrate that the expression of miR-873 was sig-
nificantly down-regulated in GBM tumor tissues and cell lines
(Fig. 1). The transfection of U87 and U373 cells with miR-873
mimics inhibited GBM cell proliferation but also increased
their apoptosis rates (Fig. 2). Furthermore, the high cellular
level of miR-873 negatively affected GBM cell migration and
invasion (Fig. 3). Using bioinformatic tools, IGF2BP1 was iden-
tified as a potential target gene of miR-873 (Fig. 4). The
decreased luciferase reporter signal in cells expressing the 3�-
UTR of IGF2BP1 showed that miR-873 could suppress the tar-
get gene expression by directly binding to its 3�-UTR (Fig. 4C).
The suppressive role of miR-873 in the expression of IGF2BP1
was supported by the down-regulation of IGF2BP1 expression
caused by the transfection of GBM cells with miR-873 mimics
(Fig. 4, D and E). Three potential binding sites flank the 3�-UTR
of the IGF2BP mRNA transcript. Putative site 1 was predicted

FIGURE 5. The inhibition of cell growth and invasion caused by miR-873 was reversed by the overexpression of IGF2BP1 in GBM cells. A, the relative
expression levels of IGF2BP1 were detected in the GBM cells transfected with miR-873 or control mimics and in cells co-transfected with miR-873 and
pcMV6.0/IGF2BP1 using quantitative RT-PCR. B, the relative protein levels of IGF2BP1 were determined using Western blot in the GBM cells transfected with
miR-873 or control mimics and in cells co-transfected with miR-873 and pcMV6/IGF2BP1. C and D, the ability of GBM cell transfected with miR-873 or control
mimics and co-transfected with miR-873 and pcMV6/IGF2BP1, measured by MTT or colony formation assays. E, the representative colony images were shown.
F, Apoptosis assay was performed in each group of transfected GBM cells. G and H, the migration and invasion abilities of the GBM cells transfected with
miR-873 or control mimics and cells co-transfected with miR-873 and pcMV6/IGF2BP1 are presented using Transwell assays. The experiments were performed
in triplicate. Error bars indicate S.D. *, p � 0.05.
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to be a major binding site of microRNA according to the mfe
structure of the RNA duplex formed by miR-873 and its puta-
tive binding sequence using RNAhybrid. This binding was ver-
ified using Dual-Luciferase reporter assays. Fig. 4C shows that
the mutation of putative site 1 resulted in the most obvious
increase in the luciferase activity of the reporter vector contain-
ing the 3�-UTR mutant (IGF2BP1-3�-UTR mut) when com-
pared with the activity of the vector containing the native

3�-UTR (IGF2BP1-3�-UTR WT) in GBM cells transfected with
miR-873 mimics. Moreover, we discovered that the overex-
pression of IGF2BP1 partially mitigated the protective effects of
miR-873 overexpression on the tumorigenic properties of gli-
oma cell lines (Fig. 5, A–H). These results suggest that the reg-
ulation of IGF2BP1 levels by miR-873 is partly responsible for
GBM progression in GBM tumors with reduced levels of
miR-873.

FIGURE 6. The up-regulation of miR-873 suppresses the expression of MKI67, C-MYC, PTEN, and CD44 in GBM cells. A, the levels of MKI67 and c-MYC
mRNA in U87 cells after transfection with miR-873 mimics or control mimics were analyzed by real-time RT-PCR. B, the levels of PTEN and CD44 mRNA in U87
cells transfected with miR-873 mimics or control mimics were analyzed by real-time RT-PCR. C, the levels of MKI67 and c-MYC mRNA in U373 cells transfected
with miR-873 mimics or control mimics were analyzed by real-time RT-PCR. D, the levels of PTEN and CD44 mRNA in U373 cells transfected with miR-873 mimics
or control mimics were analyzed by real-time RT-PCR. E, the protein levels of MKI67 and c-MYC in U87 and U373 cells transfected with miR-873 mimics were
determined relative to the corresponding cells transfected with control mimics by Western blotting. F, the protein levels of PTEN and CD44 in U87 and U373
cells transfected with miR-873 mimics were determined relative to the corresponding cells transfected with control mimics by Western blotting. GAPDH mRNA
served as the control to determine the mRNA abundance relative to the controls, and GAPDH protein served as the control to determine the protein
abundance. The statistical significance was determined with Student’s t test: *, p � 0.005. Error bars indicate the S.D. of at least three independent analyses.
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IGF2BP1 is expressed during embryogenesis, but this protein
is also synthesized in a broad variety of malignancies (33). The
expression of IGF2BP1 was associated with an overall poor
prognosis in a wide range of cancers, suggesting that the protein
may act as a potent oncogenic factor (34, 35). Accordingly, we
observed that IGF2BP1 expression was up-regulated in tumor
tissue (Fig. 7, A, B, and D). IGF2BP1 stabilized mRNA by bind-
ing to the target sequence in the mRNA transcript. IGF2BP1
prevented c-MYC mRNA degradation by binding to the coding
region determinant located at the open reading frame and pro-
longed the half-life of CD44 mRNA by associating with the
3�-untranslated region of the transcript (20). Two novel target
transcripts of IGF2BP1 protein, PTEN and MARK4, were dis-
covered using a comparative microarray and verified using
quantitative RT-PCR (17). Recently, researchers reported that
IGF2BP1 stabilized c-MYC and MKI67 mRNAs and enhanced
the expression of c-MYC and Ki-67 protein, which are both
potent regulators of cell proliferation and apoptosis (17). In our
study, the expression of IGF2BP1 target transcripts, including
MKI67, c-MYC, PTEN, and CD44 mRNA, was down-regulated
after the transfection of GBM cells with miR-873 mimics (Fig. 6,
A–F). Therefore, the inhibition of IGF2BP1 expression by miR-
873 in GBM cells down-regulated the expression of the down-
stream target transcripts of IGF2BP1. The overexpression of
c-MYC, a proto-oncogene, has been reported in human GBM
(36). IGF2BP1 has been suggested as a potent oncogenic factor
that is involved in tumor cell proliferation by stabilizing c-MYC
mRNA in carcinoma cells (21). IGF2BP1 promoted invadopo-
dia formation by preventing CD44 mRNA degradation (20).

The deletion of PTEN in early neural precursors resulted in
marked neuronal migration defects (37, 38). IGF2BP1 en-
hanced the directionality of cell migration in a functional
PTEN-dependent manner. These findings supported the
hypothesis that the decreased level of miR-873 promoted the
carcinogenesis and metastasis of GBM by up-regulating
the expression of IGF2BP1 protein and its target RNA tran-
scripts, including IGF2BP1, MKI67, c-MYC, PTEN, and CD44
mRNA (Fig. 7E).

In conclusion, the major findings of this study can be sum-
marized as follows. (a) miR-873 was down-regulated in GBM
tissues and cell lines. (b) We have shown for the first time that
miR-873 directly targets IGF2BP1 and down-regulates the
expression of IGF2BP1 in GBM cells via the first binding site in
its 3�-UTR. (c) The ectopic expression of miR-873 markedly
inhibited the proliferation and invasion of GBM cell lines, and
this phenotype was mediated by the miR-873/IGF2BP1 signal-
ing pathway. (d) The ectopic expression of miR-873 could reg-
ulate MKI67, c-MYC, PTEN, and CD44 mRNA via IGF2BP1.
These results provide strong evidence that miR-873 acts as a
tumor suppressor in GBM development by regulating IGF2BP1
and may implicate miR-873 as a potential target for GBM
therapy.
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