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miR-17 enhances proliferation and migration and inhibits
apoptosis in glioma cells by regulating SASH1 expression

Liu Yang', Haitao Zhang', Qi Yao', Yaohua Yan', Jianguo Chen', Ronghua Wu’, Mei Liu’

'Department of Neurosurgery, Affiliated Hospital of Nantong University, Nantong 226001, China; *Key Laboratory of Neuroregeneration, Nantong
University, Nantong 226001, China

Contributions: (I) Conception and design: L Yang, M Liu; (IT) Administrative support: H Zhang; (IIT) Provision of study materials or patients: Q Yao;
(IV) Collection and assembly of data: Y Yan; (V) Data analysis and interpretation: J] Chen, R Wu; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

Correspondence to: Lin Yang, MD, PhD. Department of Neurosurgery, Affiliated Hospital of Nantong University, No. 20, Xisi Rd, Nantong 226001,
China. Email: ylnt@sina.com; Mei Liu, PhD. Jiangsu Key Laboratory of Neuroregeneration, Nantong University, No. 19, Qixiu Rd, Nantong
226001, China. Email: liumei@ntu.edu.cn.

Background: To investigate the mechanisms underlying the regulation of human glioma cell growth,
proliferation, and apoptosis by microRNA-17 (miR-17) to provide targets for novel human glioma therapies.
Methods: The expression of miR-17 in human glioma tissues and cell lines was detected using real-time
quantitative PCR (qQRT-PCR). A miR-17 inhibitor was transfected into the U251 human glioma cell line
using liposomes, and changes in miR-17 expression were detected using qRT-PCR. The effects of miR-17 on
numerous biological characteristics of U251 cells, including viability, proliferation, apoptosis, and migration,
were analyzed using MT'T, flow cytometry, and Transwell migration chamber assays. A luciferase reporter
gene system was used to validate SAM- and SH3-domain containing 1 (SASHI) as a true target of miR-17.
The effects of miR-17 on SASHI protein expression were determined using western blotting.

Results: qRT-PCR results showed that compared with adjacent tissues, miR-17 expression was significantly
increased in human glioma tissues and cells lines (P<0.001). Compared with the control group, miR-17
expression in the miR-17 inhibitor transfection group was significantly decreased (P<0.01). The results
of the MTT, flow cytometry, and Transwell migration chamber assays showed that cell viability (P<0.05),
G2M+S phase fraction (P<0.05), and migration ability (P<0.05) in the miR-17 inhibitor transfection group
was significantly decreased compared with the normal control and inhibitor control groups. Flow cytometry
showed that apoptosis in the miR-17 inhibitor transfection group was increased compared with the normal
control and inhibitor control groups (P<0.05). Relative luciferase activity in the miR-17 mimic group was
significantly decreased compared with the control group (P<0.05). Western blotting revealed that SASH1
protein expression in the miR-17 inhibitor transfection group was significantly increased compared with the
normal control and inhibitor control groups (P<0.05).

Conclusions: miR-17 promotes viability, proliferation, and migration and inhibits apoptosis in U251

glioma cells, and these mechanisms could be mediated by the regulation of SASHI gene expression.
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Introduction

Glioma is the most common intracranial malignant tumor,
accounting for approximately 35-61% of intracranial tumors
(1,2). Gliomas also display extremely high invasiveness and
infiltration rates and are one of the most difficult types
of tumors to cure (3). Improvements in neuroimaging
techniques and microsurgical procedures have improved the
surgical treatment of glioma, and recent molecular biology
studies are pointing the way towards potential gene therapy
tools; however, to date, there have been no significant
breakthroughs in the treatment of this disease (4,5). The
most comprehensive current treatment regimen for glioma
consists of surgical treatment, radiotherapy, and medication
(6-8). Therefore, a pressing problem in the field of glioma
neurosurgery is how to optimize existing measures and
create new methods to enhance treatment efficacy, extend
patient survival time, and increase quality of life (9,10).

The discovery of microRNAs (miRNAs) has opened up
new paths for studying the molecular mechanisms underlying
the occurrence and development of gliomas as well as for
offering new possibilities for therapeutic tools (11,12).
miRNAs are a group of small non-coding RNA molecules
18-25 nucleotides in length, and they play important roles
in many evolutionarily conserved processes (13,14). miRNAs
primarily function at the post-transcription level as negative
regulators of gene expression. However, their precise
mode of action depends on the degree of complementarity
between the miRNA and its target mRNA. In particular,
full complementarity with a sequence in the 3’-untranslated
region (3’-UTR) of its target gene can lead to mRNA
degradation or cutting, similar to the mechanism of small
interfering RNA (siRNA) silencing (15,16). Furthermore,
individual miRNAs can regulate the mRNAs of many
different target genes, and individual target mRNAs can be
regulated by multiple miRNAs (17,18).

miRNAs exert their effects primarily through the
inhibition or promotion of target gene expression (19,20).
miRNAs control the temporal and spatial expression
of many genes in a variety of developmental contexts
in animals, including histogenesis, organogenesis (e.g.,
nerve, muscle, and blood development), cell physiology
(e.g., apoptosis and metabolism), and signaling pathways
(14,20). In addition, the association between miRNNAs and
tumors has become an important part of cancer research
(21,22). Many studies have demonstrated that miRNAs
are closely linked with the occurrence, development, and
therapeutic reactions of tumors, and they are expected to
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serve as ideal molecular markers and targets for tumor
diagnosis, prognosis and treatment (23,24). Indeed, in the
emerging field of “oncomirs” and other tumor-related
miRNAs, studies describing associations between single
miRNAs or miRNA gene clusters and tumor occurrence are
continuously published. One of the most intensively studied
miRNA gene clusters is the human microRNA-17-92 (miR-
17-92) cluster. This cluster is composed of 6 miRNAs
(miR-17-5p, miR-18a, miR-19a, miR-20, miR-19b-1,
and miR-92-1) and is located on chromosome 13q31.3
in the CI307/25 open reading frame (25,26). This locus
shows abnormal expression in many malignant tumors,
including diffuse B-cell lymphoma, lung cancer, and
Burkitt’s lymphoma (27,28). To date, increased expression
of members of this gene cluster has been reported in a
variety of solid tumors, including colon cancer, prostate
cancer, thyroid cancer, lung cancer, and malignant blood
tumors. Functional studies have shown that miR-17-92 can
participate in tumor development by promoting cell cycle
progression, cell proliferation, and angiogenesis as well as
by inhibiting apoptosis (29-31). However, reports on the
effects of miR-17 in glioma cells are relatively rare.

SAM- and SH3-domain containing 1 (SASHI) is a newly
discovered tumor suppressor gene (32). The SASHI gene is
located on 6q24.3 and contains 22 exons and 21 introns. Zeller
et al. first reported that SASH1 acts as a tumor suppressor in
breast cancer (32), and in 2006, Rimkus e 4/. reported that
SASHLI also acts as a tumor suppressor in colon cancer (33).
Previous studies by our group revealed that SASHI gene
expression can regulate the inhibition of growth, proliferation,
and invasion in U251 cells as well as the promotion of
apoptosis in this cell type (34). In addition, using on-line
TargetScan software analysis, we showed that SASHI may be
a target of miR-17. Therefore, we hypothesized that miR-17
functions as a tumor-promoting miRNA through inhibition of
the SASH1 tumor suppressor gene in glioma cells.

In the present study, we analyzed the expression of
miR-17 in human glioma tissues and cells and determined
its effects on various cell biological characteristics in
glioma cells. We demonstrate that miR-17 can inhibit the
expression of SASHI, suggesting new strategies for the
treatment of human gliomas.

Methods
Specimens

A total of 20 cases of fresh specimens resected from glioma
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patients treated in our hospital and 6 cases of normal adjacent
tissues were collected and stored immediately in liquid
nitrogen. None of the patients had a history of preoperative
treatment, including chemotherapy and radiotherapy. None
of the patients had other inflammatory diseases.

Major reagents

HEK293 cells, U251 and SHG-44 human glioma cell lines,
and the C6 rat glioma cell line were purchased from ATCC
(USA). Fetal bovine serum (FBS), DMEM, RPMI 1640,
L-glutamine, HEPES, and LipofectamineTM 2000 were
purchased from Invitrogen (San Diego, CA, USA). Cell
culture plates, dishes, and Transwell migration chambers
were purchased from Corning (Corning, NY, USA). Matrigel
was purchased from BD Bioscience (San Jose, CA, USA).

The TagMan miRNA Isolation Kit, TagMan microRINA
Assay kit, TagMan microRNA Assay and TagMan Universal
PCR Master Mix were purchased from Applied Biosystems
(USA).

MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-
tetrazolium bromide] was purchased from Sigma Aldrich
(USA). The propidium iodide (PI) FITC-Annexin V
apoptosis detection kit was purchased from BD (USA). The
pGL3-Luciferase plasmid and luciferase detection kit were
purchased from Promega (USA). The miR-17 inhibitor,
inhibitor control, miR-17 mimic and mimic control were
synthesized by GenePharma (Shanghai, China).

Hoechst33342, RIPA lysis buffer, and TBST (10 mM
Tris-HCI, pH 7.5, 150 mM NaCl, and 0.1% Tween-20)
were purchased from Beyotime Biotech (Shanghai, China).
The Bradford protein concentration determination kit and
the QuantityOne software program were purchased from
Bio-Rad (Richmond, CA, USA). PVDF membrane was
purchased from Millipore (Bedford, MA, USA). The ECL
chemiluminescent reagent kit was purchased from Pierce
(Rockford, Illinois, USA).

The rabbit anti-human SASH1 polyclonal antibody
and horseradish peroxidase (HRP)-conjugated goat anti-
rabbit IgG polyclonal antibody were purchased from Novus
Biologicals (Littleton, CO, USA). The rabbit anti p-actin
polyclonal antibody was purchased from Abbiotec Corp.
(San Diego, CA, USA).

Cell treatment

The Human U251 glioma cell line, rat C6 glioma cell line,
and HEK293 cells were cultured in DMEM containing
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10% FBS. The SHG-44 human glioma cell line was
cultured in RPMI 1640 containing 10% FBS. Culturing
was performed at 37 °C under 5% CO, and saturated
humidity conditions. The growth status of the cells was
observed using an inverted microscope (Leica DM IL LED,
German). When the cells reached 70-80% confluence,
cells were passaged by dissociation with 0.25% trypsin.
The culture medium was changed for every other day, and
passaging was conducted for every 3—4 days. Cells in the
logarithmic phase were collected for experiments.

Normally cultured U251 cells were evenly inoculated
onto 96- or 6-well plates at 3x10” cells/mL with 100 or
1,000 pL in each well, respectively. Transfection of the miR-
17 inhibitor and the negative control (inhibitor control) was
performed according to the Lipofectamine 2000 transfection
manual; a normal control group was also set up. The miR-17
inhibitor and the inhibitor control were diluted in serum-free
MEM medium. Lipofectamine 2000 liposomes were diluted
in MEM medium, mixed gently, and incubated at room
temperature for 5 min. The diluted Lipofectamine 2000 and
the diluted miR-17 inhibitor or inhibitor control were mixed
gently and incubated at room temperature for 20 min to form
complexes. The complexes were added to the culture plates
containing U251 cells and cultured in an incubator at 37 °C
under 5% CO,. After 5 h, the culture medium was replaced
with MEM culture medium containing 10% FBS and the
cells were cultured for another 48 h.

Detection of miR-17 expression in buman glioma tissues
and cell lines using real-time quantitative PCR (qRT-PCR)

miR-17 expression in human glioma tissues, adjacent
normal tissues, and different glioma cell lines (U251, SHG-
44, and C6) was detected using qRT-PCR. Different in vitro
cultured glioma cells and glioma tissues were collected, and
RNA was extracted using the TagMan miRNA separation
kit. The expression of mature miR-17 was detected using
the TagMan microRNA Assay and TaqgMan Universal
PCR Master Mix; U6 was used as the internal control. All
reactions were performed in three replicate wells. The
cycle threshold (Ct) value of each reaction was recorded.
Experimental results were analyzed using the relative
quantitative method for qRT-PCR.

Quantifying the effects of miR-17 inbibitor transfection on
miR-17 expression in U251 cells using gRT-PCR

The effects of miR-17 inhibitor transfection on miR-17
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expression in U251 cells were detected using qRT-PCR.
Transfection of the miR-17 inhibitor and the inhibitor
control was conducted according to the Lipofectamine 2000
transfection manual; a normal control group was also set up.
Transfections were conducted for 48 h. RNA was extracted
using the TagMan miRNA separation kit. The expression
of miR-17 in each group was determined using the TagMan
microRNA Assay and TagMan Universal PCR Master Mix.

Quantifying the effects of miR-17 on cell viability using
the MTT assay

After U251 cells were transfected with the miR-17
inhibitor or the inhibitor control for 48 h, each well was
treated with 100 pL of MTT (0.5 mg/mL) solution and
incubated in a 37 °C under 5% CO, incubator for 4 h. Each
well was then treated with 20% SDS (co-solvent: 50%
dimethylformamide) at 37 °C for 24 h; a normal control
group was set up at the same time. The optical density (OD)
value was measured at 570 nm using a microplate reader
(Bio-Tek, USA). Each experimental group had 10 replicate

wells, and the experiment was repeated 3 times.

Quantifying the effects of miR-17 on cell proliferation
using flow cytometry

Normally cultured U251 cells were evenly inoculated
into 6-well plates at 3x10° cells/mL in 1,000 pL per well.
Transfection of the miR-17 inhibitor and the inhibitor
control was performed according to the Lipofectamine
2000 transfection manual; a normal control group was also
set up. After transfection for 48 h, the cells were washed
1-2 times with PBS and then dissociated with trypsin. After
washing twice with PBS, the cells were then centrifuged and
collected. PI staining solution was added for labeling at 4 °C
for 30 min. After filtering through a screen mesh, cells were
analyzed using a flow cytometer (BD). Cells were counted
using the FCM CellQuest software program, and data were
analyzed using the Macquit software program.

Quantifying the effects of miR-17 on cell apoptosis using
flow cytometry

U251 cells were transfected with the miR-17 inhibitor or
the inhibitor control; a normal control group was also set
up. After transfection for 48 h, cells were washed 1-2 times
with PBS, and Annexin V-FITC and PI staining solution
were added for labeling in the dark for 15 min. After
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filtering through a screen mesh, cells were analyzed using
a flow cytometer (BD). Cells were counted using the FCM
CellQuest software program, and data were analyzed using
the Mac quit software program.

Quantifying the effects of miR-17 on cell migration using
the Transwell migration assay

Normally cultured U251 cells were evenly inoculated
into 6-well plates at 3x10’ cells/mL in 1,000 pL per well.
Transfection of the miR-17 inhibitor and the inhibitor
control was performed according to the Lipofectamine 2000
transfection manual; a normal control group was also set
up. After 24 h of transfection, U251 cells were inoculated
into a Transwell migration chamber and cultured for
24 h under normal conditions. Cells were washed 1-2 times
with PBS, fixed in 4% paraformaldehyde, and stained with
Hoechst33342. The unmigrated cells were removed with
cotton swabs. The number of cells that passed through
the polycarbonate membrane of the Transwell chamber
was counted using a Leica microscope. Cells that passed
through the Transwell polycarbonate membrane were
classified as “invading” cells. A total of 8 randomly selected
fields were quantified per sample.

Identification of SASH1 as a miR-17 target gene using a
luciferase reporter gene system

"To construct the luciferase plasmid, we chemically synthesized
a fragment containing the SASHI 3’UTR sequence that is
complementary to miR-17 as well as a mutant version of the
SASHI 3’UTR. The SASH1 3’UTR fragment containing
the predicted miR-17 binding site and the mutant SASH1
3’UTR fragment were cloned into the Xbal site of the PGL3-
Luciferase vector.

Normally cultured HEK293 cells were evenly inoculated
into 6-well plates at 3x10° cells/mL in 1,000 pL per well.
We then cotransfected the SASHI 3’UTR luciferase plasmid
and either the miR17 mimic or the mimic control; a normal
control group was also set up. After transfection for 48 h, the
cells were collected and tested using a luciferase reagent kit,
and the results were analyzed using a microplate reader.

Quantifying the effects of miR-17 inbibitor transfection on
SASH]1 expression in U251 cells

Using the same transfection method described above, cellular
protein was collected from each group after transfection
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Figure 1 The expression of miR-17 in human glioma tissues and cell lines by qRT-PCR. (A) Expression of miR-17 in glioma tissues and

normal adjacent tissues; (B) expression of miR-17 in normal adjacent tissues and glioma cell lines (U251, SHG-44, and C6). ***, P<0.001 vs.

adjacent tissue.

for 48 h. Cellular SASH1 protein expression was detected
using Western blots. In 6-well culture plates, each well was
treated with 1 mL of RIPA lysis buffer [150 mM NaCl,
1% NP40, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM
Tris (pH 7.9), 10 mM NaF, 10 mM PMSF and 1x protease
inhibitors (Complete Cocktail Tablets, Roche)]. The cell
lysis solution was transferred into a 1.5-mL centrifuge tube
and centrifuged at 16,000 g for 30 min. The supernatant was
collected, and protein concentration was determined using
the BCA method. A 5% stacking gel and a 10% resolving
gel were prepared, and each well was loaded with 50 pg of
total protein. The proteins were separated by electrophoresis
and then wet transferred onto a PVDF membrane (Bio-
Rad, USA). The membrane was blocked in TBST (10 mM
Tris-HCI, pH 7.5, 150 mM NaCl, and 0.1% Tween-20)
containing 5% non-fat milk at room temperature for 1 h.
The membrane was then incubated with rabbit anti-human
SASHI1 polyclonal antibodies (1:500 dilution) and rabbit
anti-human B-actin polyclonal antibodies (1:1,000 dilution)
at 4 °C overnight. After washing three times for 5 minutes
with TBST, the membrane was incubated with HRP-labeled
goat anti-rabbit IgG secondary antibodies at 37 °C for 1 h.
After washing three times for five minutes with TBST, the
membranes were developed with the ECL chemiluminescent
reagent. The relative levels of SASH1 expression was
determined using the gray density ratio of SASHI1:B-
actin. Relative expression changes were analyzed using the
PDQuest software program (Bio-Rad, Richmond, CA, USA).

This study was approved by the Ethics Committee of
the Affiliated Hospital of Nantong University, and it was

© Translational Cancer Research. All rights reserved.

conformed to the provisions of the Declaration of Helsinki
(as revised in Edinburgh 2000).

Statistical analysis

Statistical analyses were performed using the SPSS17.0
statistical software package. Comparisons between two
groups were conducted using #-tests, and comparisons
of data for more than two groups were conducted using
analysis of variance. All experiments were repeated 3 times.
P<0.05 indicates a statistically significant difference.

Results

Detection of miR-17 expression in buman glioma tissues
and cell lines using qRT-PCR

qRT-PCR results revealed that miR-17 expression in
glioma tissues was significantly higher than that in normal
adjacent tissues (P<0.001) (Figure 1A). In addition, miR-17
expression in glioma cell lines (U251, SHG-44, and C6) was
significantly higher than in normal adjacent tissues (P<0.001)
(Figure 1B).

The effects of miR-17 inhibitor transfection on miR-17
expression in U251 cells

To inhibit miR-17 expression, the miR-17 inhibitor was
transfected into U251 cells. The qRT-PCR results showed
that miR-17 expression in the miR-17 inhibitor transfection
group was significantly lower than in the normal control
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group (P<0.01) and in the inhibitor control group (P<0.01)
(Figure 2).

The effects of miR-17 on cell viability using the MTT assay

The MTT assay results showed that cell viability in the
miR-17 inhibitor transfection group was significantly lower
than in the normal control and inhibitor control groups
(P<0.05) (Figure 3). These results indicate that inhibition of
miR-17 expression reduces cell viability.

The effects of miR-17 on cell proliferation

After U251 cells were transfected with the miR-17
inhibitor or the inhibitor control for 48 h, changes in cell
proliferation in each group were analyzed by flow cytometry.
The fraction of cells in the G2M+S phase was set as equal
to (G2M+S)/(G0OG1+S+G2M). The results from the flow
cytometry analysis indicated that the fraction of cells in
the G2M+S phase in the miR-17 inhibitor transfection
group was significantly lower than in the normal control
group (P<0.05) and in the inhibitor control group (P<0.05)
(Figure 4). These results indicate that inhibition of miR-17
expression can inhibit U251 cell proliferation.

The effects of miR-17 on cell apoptosis

The flow cytometry results indicated that the percentage of
apoptotic cells in the miR-17 inhibitor transfection group was
significantly higher than in the normal control group (P<0.05)
and in the inhibitor control group (P<0.05) (Figure 5).

The effects of miR-17 on cell migration

After U251 cells were transfected with the miR-17 inhibitor
or the inhibitor control for 48 h, Transwell migration
chamber assays were performed to detect changes in the
migratory ability of cells in each group. The results showed
that after miR-17 inhibitor transfection, the number of
cells that passed through the Transwell membrane was
significantly decreased (P<0.05). These results indicate that
transfection with the miR-17 inhibitor inhibits migration in
U251 cells (Figure 6).

SASH] is a miR-17 target gene

To validate that the predicted miR-17 target sequence
in the SASH1 3’-UTR is functional, luciferase plasmids
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containing either the SASHI 3’UTR or a mutant version
of the SASHI 3’UTR were constructed and co-transfected
into HEK293 cells with either a miR-17 mimic or a mimic
control. The results showed that luciferase activity in the
miR-17 inhibitor transfection group was significantly
decreased compared with the inhibitor control (P<0.05)
(Figure 7). These results suggest that miR-17 directly binds
to the predicted target site in the SASHI 3’-UTR.

The effect of miR-17 inbibitor transfection on SASH1
expression in U251 cells

The western blot results showed that SASH1 protein
expression in the miR-17 inhibitor transfection group was
significantly higher than in the normal control and inhibitor
control groups (P<0.05) (Figure 8). These results indicate
that inhibition of miR-17 expression can promote SASHI
protein expression.

Discussion

Gliomas are tumors derived from neural epithelia, and they
are characterized by high incidence, high recurrence, high
mortality, and low cure rates (35-37). Malignant glioma
refractory is mediated to a large extent by its strong invasive
features. Currently, there are no highly effective radical
treatment methods for this type of tumor, and the results of
conventional treatment methods, such as surgical resection,
chemotherapy, and radiotherapy, are far from ideal (38,39).
Therefore, increasing glioma treatment efficacy is crucially
important in the field of neurosurgery.

The miR-17-92 cluster is a typical polycistronic miRINA
gene that is highly conserved in many species (40). The
abnormally high expression of members of this gene cluster
has been reported in a variety of solid tumors, including
colon cancer, prostate cancer, thyroid cancer, lung cancer,
and malignant blood tumors. Functional studies showed
that miR-17-92 can participate in tumor development by
promoting cell cycle progression, cell proliferation, and
angiogenesis as well as by inhibiting apoptosis (29-31).
The transfection of endothelial cells with the miR-17-92
cluster at the time of VEGF stimulation can partially
inhibit the cell proliferation and morphogenetic changes
initiated by the loss of Dicer. In addition, it has also been
reported that miR-17-92 family members are associated
with the proliferation and differentiation of lung progenitor
cells (41). In this study, we used M'TT, flow cytometry,
and Transwell migration chamber experiments to validate
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Figure 4 The effects of miR-17 on cell proliferation as determined by flow cytometry. (A) Normal control group; (B) inhibitor control
group; (C) miR-17 inhibitor group; (D) statistical analysis of flow cytometry results. *, P<0.05 vs. normal control or inhibitor control.
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the effects of miR-17 on the U251 glioma cell line. Our
results revealed that cell viability, proliferation index, and
invasiveness were all decreased in the miR-17 inhibitor
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transfection group, whereas apoptosis was significantly
increased. These results indicate that miR-17 promotes
viability, proliferation, and invasiveness and inhibits
apoptosis in these tumors.

The SASHI gene encodes a protein with both SH3
and SAM domains, both of which can mediate protein-
protein interactions. The functions of the SAM domain are
relatively complex, and the SAM domain can mediate both
homologous and heterologous oligomerization through
SAM domains in other proteins. Furthermore, SAM domains
can also mediate interactions between the Smaug protein
and mRNAs to mediate transcriptional regulation (42).
Therefore, the fact that SASH1 contains these two structural
domains suggests that this protein plays an important role
in intracellular signal transduction (43-47). Indeed, existing
studies on the SASHI gene suggested that it can act as a
tumor suppressor. However, studies on the mechanisms
of SASH1 function are scarce. Lin et al. reported that the
tumor suppressive activity of SASH1 is mediated by G2/M
arrest in melanoma A-375 cells, which could be due to the
phosphorylation of Cdc2 or the disruption of cyclin B-Cdc2
binding (48). In addition, Sheyu ez /. reported increased
DNA methylation levels in the promoter region of SASHI,
particularly at the CpG_26.27 and CpG_54.55 sites, which
could lead to the repression of SASH1 expression in breast
cancer (49). Therefore, we speculated that in addition to
the regulation of SASH1 by methylation, the inhibition of
SASHI in U251 glioma cells might also be regulated by
miR-17.

Many miR-17 target genes have already been discovered,
most of which have functions in cell proliferation,
differentiation, apoptosis, and migration. The present study
used a luciferase reporter gene system to show that SASH1
is a bona fide target gene of miR-17. Compared with the
inhibitor control group, luciferase activity in the miR-17
inhibitor transfection group was significantly increased
(P<0.05), demonstrating that miR-17 directly acts on the
predicted target site in the SASHI 3’-UTR. The regulation
of SASH1 protein expressed by miR-17 was also analyzed
by Western blotting, further confirming that SASHI is a
functional target of this miRNA.

A study by Zhou ez al. reported that SASHI mutations
induced the loss of E-Cadherin in human A375 cells,
suggesting that SASH1 acts as a scaffolding protein to
regulate IQGAP1-E-Cadherin signaling, and they also
demonstrated novel cross talk between GPCR signaling and
calmodulin signaling during the modulation of melanocyte
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invasion (50). Indeed, E-cadherin is closely associated with
the migration of glioma cells (51). In addition, Carraro ez 4.
reported that miR-17 can inhibit E-cadherin expression (52),
and Li et al. reported that the inhibition of miR-17 can
inhibit MMP-9 activity (53). In this study, we found that
miR-17 promoted U251 cell invasion, and previous results
from our group suggested that SASHI can inhibit MMP-9
expression and inhibit U251 cell migration. Therefore, we
speculate that miR-17 regulates the function of SASHI in
U251 to alter cell proliferation and migration by regulating
MMP-9 and E-cadherin expression.

Sheyu et al. reported that SASHI1 is regulated by
methylation in breast cancer cells (49), and Dakhlallah ez 4i.
reported that the miR-17-92 miRNA cluster is critical
for lung development and lung epithelial cell homeostasis
by targeting the expression of fibrotic genes and DNA
methyltransferase (DNMT)-1 (54). Therefore, whether
miR-17 affects the methylation of the SASHI promoter
by regulating DNMT-1 expression requires further
investigation.

In conclusion, miR-17 is up-regulated in human glioma
tissues and cells lines. miR-17 negatively regulates SASH1
protein expression, promotes proliferation and invasiveness,
and inhibits apoptosis in U251 glioma cells. Therapeutic
strategies based on inhibiting miR-17 expression could
benefit glioma patients.
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