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Let-7¢ Inhibits the Proliferation, Invasion, and Migration
of Glioma Cells via Targeting E2F5

Mengyi Huang and Xin Gong

Department of Neurosurgery, Hunan Provincial People’s Hospital,
The First Affiliated Hospital of Hunan Normal University, Changsha City, P.R. China

As a member of the miRNA family, let-7c has been identified as a tumor suppressor in many cancers. However,
the molecular biological function of let-7¢ in glioma has not been elucidated. The aim of this study was to
explore let-7c expression levels and evaluate its function in glioma cells. We first measured the expression
of let-7c in four glioma cell lines and a normal cell line by quantitative real-time reverse transcription poly-
merase chain reaction (QRT-PCR), and the results showed that let-7c was downregulated in glioma cells. By
applying gain-of-function and loss-of-function assays, the experiments suggested that dysregulation of let-7c
could obviously affect cell proliferation, metastasis, and invasion. Based on online bioinformatics analysis
and Dual-Luciferase Reporter assays, we found that E2F5 was a target gene of let-7c and contributed to the
function of let-7¢ in glioma cells. Our investigations indicated that loss of let-7¢ contributed to the progres-

sion of glioma cells.
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INTRODUCTION

Glioma is one of the most common and the most
aggressive malignant tumors in the central nervous system
(CNS), posing a large threat to human health'. Malignant
glioma is characterized with unique features such as
rapid growth and high migration. Because of the rapid
growth, angiogenesis, and metastasis of glioma cells, it
is extremely difficult to cure this disease’. Surgeries
combined with radiotherapy, chemotherapy, and targeted
therapy are currently the standard treatments’. However,
surgical treatment to remove all malignant glioma cells
is not possible. Therefore, there is an urgent need to
develop new therapies for treating glioma.

MicroRNAs (miRNAs) are a class of small noncoding
RNAs that bind to the 3’-untranslated regions (3’-UTRs)
of target mRNAs to induce transcript degradation and/
or inhibit translation’. miRNAs play important roles in
various pathophysiological processes™. let-7c was con-
sidered to be a tumor suppressor by regulating oncogenic
mRNAs and was most frequently associated with clinical
outcomes in patients with cancer. Previous research on
let-7c has primarily focused on its functions and roles in
cancer. let-7c has been shown to inhibit cancer cell sur-
vival by regulating cell proliferation”®. Recent studies sug-
gest that let-7c is an important regulator of macrophage

polarization. let-7c was observed to be downregulated in
most cancers, and it played crucial roles in carcinogen-
esis and cancer metastasis’''. Ma et al. identified let-7c
as being able to inhibit influenza virus replication'’.
However, its roles in glioma and the regulation pathways
have not been previously investigated.

E2F transcription factor 5 (E2F5) is a key oncogenic
protein and has been reported to be functional in various
cancers'®. For example, miR-34a enhances the sensitiv-
ity of gastric cancer cells to treatment with paclitaxel
by targeting E2F5". miR-154 inhibits growth and inva-
sion of breast cancer cells through targeting E2F5'*. The
transcription factor forkhead box N3 (FOXN3) inhibits
cell proliferation by downregulating E2F5 expression
in hepatocellular carcinoma cells”. Here we investi-
gated the function of E2F5 in glioma and found that
E2F5 could enhance proliferation and neoplastic trans-
formation, and its silencing resulted in inhibition of
growth, migration, and invasion of glioma cells. E2F5
was revealed to be a potential target of let-7c. In this
study, we determined that let-7c inhibited the prolifera-
tion, invasion, and migration of glioma cells via tar-
geting E2F5. All in all, the let-7c/E2F5 axis seems to
be a potential therapeutic target for better treatment of
malignant glioma.
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MATERIALS AND METHODS
Cell Lines

Four human glioma cell lines (U87, U251, SHG44,
and A172) were used in this study. Human normal astro-
cytes were used as the negative control (NC). Cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco, Carlsbad, CA, USA) supplemented with
10% bovine calf serum (Gibco). Cells were maintained at
37°C in an atmosphere of humidified air with 5% CO.,.

Bioinformatics Analysis

The 3’-UTR sequences for E2F5 that are complemen-
tary to let-7c were determined using TargetScan (http://
www.targetscan.org) and miRDB (http://mirdb.org) to
confirm that they are potential binding partners.

Quantitative Real-Time Reverse Transcription
Polymerase Chain Reaction (qRT-PCR)

Total RNA from tissues and cells was isolated with
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions. Reverse transcrip-
tion was performed with PrimeScript RT Reagent Kit
(Takara, Dalian, P.R. China) according to the manufac-
turer’s protocol. qRT-PCR was performed with SYBR
Prime Script RT-PCR Kits (Takara) based on the man-
ufacturer’s instructions. The expression levels of let-7¢
and E2F5 were calculated with the 27**Ct method, which
were normalized to U6 and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) mRNA, respectively. All assays
were performed in triplicate. The expression levels were
relative to the fold change of the corresponding controls,
which were defined as 1.0.

Cell Viability

Cell viability was assessed via 3-(4,5-dimethylthiazol-
2-y1)-2, 5-diphenyl-tetrazolium bromide (MTT; Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) assay.
Cells (5x 10%/well) were seeded in a 96-well flat-bottomed
plate for 24 h and then transfected with corresponding
short hairpin RNA (sh-RNA) or pc-DNA3.1 and cultured
in normal medium. At 0, 24, 48, 72, and 96 h after trans-
fection, the MTT solution (5 mg/ml, 20 ul) was added to
each well. Following incubation for 4 h, the medium was
removed, and 100 pl of dimethyl sulfoxide (DMSO) was
added to each well. The relative number of surviving cells
was assessed by measuring the optical density (OD) of cell
lysates at 560 nm. All assays were performed in triplicate.

Colony Formation Assay

Cells (500 cells/well) were plated in six-well plates and
incubated in DMEM with 10% bovine calf serum at 37°C.
Two weeks later, the cells were fixed and stained with
0.1% crystal violet (Sigma-Aldrich, St. Louis, MO, USA).
The number of visible colonies was counted manually.
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Cell Migration and Invasion Assays

The cell invasive and migratory abilities were evalu-
ated using Transwell assays. For the migration assay,
200 ul of treated U87 and SHG44 cells (5x10°) with
serum-free medium was seeded in the top 24-well Trans-
well chamber (8-um pore; Corning, Painted Post, NY,
USA) of the inserts, and 600 ul of complete medium was
added to the lower chamber. After 24 h of incubation, the
migratory cells were fixed, stained in 0.1% crystal vio-
let solution, and counted under a confocal microscope.
For the invasion assay, the invasive cells were detec-
ted by Transwell Matrigel (BD Biosciences, San Diego,
CA, USA) invasion assay. Matrigel (BD Biosciences)
was precoated onto the upper chambers. Other experi-
mental procedures were similar to the migration assay.
Three independent experiments were carried out.

Wound Healing Assay

Cells were seeded in 24-well plates and cultured.
A germ-free plastic scriber was used to create 1.0-mm
wounds. The cells were washed and incubated in
serum-free medium for 48 h. The wound healing pro-
cess was observed under a microscope (Leica, Wetzlar,
Germany).

Cell Attachment and Detachment Assays

For the attachment assay, cells were seeded in 24-
well plates at 5x10* cells/well. Unattached cells were
removed after 1 h of incubation, and the attached cells
were counted after trypsinization. The data are presented
as a percentage of the attached cells compared to total
cells. For the cell detachment assay, after 24 h of incu-
bation, the cells were incubated with 0.05% trypsin
for 3 min to detach the cells. The culture medium was
added to inactivate the trypsin, and the detached cells
were collected. The remaining cells were incubated with
0.25% trypsin to detach them, and the cells were then
counted. The data are presented as a percentage of the
detached cells to total cells.

Cell Cycle Assay

For the cell cycle assay, the treated U87 and SHG44
cells were obtained, washed with PBS three times, fixed
with 80% ethanol, subsequently incubated with RNase
A (0.25 mg/ml, Sigma-Aldrich) for 30 min at 37°C, and
then incubated with 20 pg/ml propidium iodide (KeyGen,
Nanjing, P.R. China) for 20 min at room temperature.
The cell cycle was analyzed by flow cytometry using
a FACSCalibur flow cytometer (BD Biosciences). The
experiments were performed in triplicate.

Western Blot Analysis

Total proteins in cells were obtained using RIPA
buffer containing phenylmethylsulfonyl fluoride (PMSF;
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Beyotime Biotechnology, Beijing, P.R. China) on ice.
Equal amounts of protein (50 ug of protein per lane) were
separated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) on a 10% denaturing gel
and transferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). The immuno-
blots were blocked with 5% skim milk in Tris-buffered
saline (TBS)-Tween 20 (0.05%, v/v) for 1 h at room tem-
perature. TBST was used to wash these membranes. Then
the membranes were probed with primary antibodies at
4°C overnight. Subsequently, the membranes were incu-
bated with respective secondary antibody for 1 h at room
temperature. The immunoblots were then exposed and
detected using an enhanced chemiluminescence Western
blotting detection system (Bio-Rad, Hercules, CA, USA).

Cell Transfection

Transfections with pcDNA3.1/E2F5, si-E2F5, let-7¢
mimic (10 nM), let-7c inhibitor, and appropriate NCs
(all obtained from GenePharma, Shanghai, P.R. China)
were performed using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s protocol.

Dual-Luciferase Reporter Assay

pmirGLO Dual-Luciferase Vector (Promega, Madison,
WI, USA) was used for cloning. pmirGLO-E2F5-wt
or pmirGLO-E2F5-mut was cotransfected with let-7c
mimics or miR-NC into HEK293 cells by Lipofectamine-
mediated gene transfer. The relative luciferase activity
was normalized to Renilla luciferase activity 48 h after
transfection. The data are relative to the fold change of
the corresponding control groups defined as 1.0.

Statistical Analysis

Data are shown as the meanzstandard error of at
least three independent experiments. SPSS 17.0 software
(SPSS Inc., Chicago, IL, USA) was used for statistical
analysis. Two group comparisons were performed with
a Student’s #-test. Multiple group comparisons were ana-
lyzed with one-way ANOVA. All tests performed were
two sided. A value of p <0.05 was considered statistically
significant.

RESULTS

let-7c Is Downregulated in Glioma Cells and
Associated With Tumor Proliferation

To explore the function of let-7¢ in glioma cells, we
examined the let-7c level in four glioma cell lines (U87,
U251, SHG44, A172) and one normal astrocyte cell line.
Compared with the normal cell line, the levels of let-7c
in the four glioma cell lines were significantly decreased
(Fig. 1A). These results indicated that let-7c might play
an important role in glioma. To further investigate the

1105

biological functions of let-7c in glioma, glioma cells
were transfected with let-7c mimic or let-7c¢ inhibitor
using miR-NC or anti-miR-NC as NCs (Fig. 1B). MTT
assay and colony formation assay showed decreased pro-
liferation ability of glioma cells transfected with let-7c
mimic compared with that in the NC-transfected cells,
whereas deletion of let-7c obviously promoted cell pro-
liferation ability (p<0.01) (Fig. 1C and D). These data
together revealed that let-7c was associated with glioma
cell proliferation.

Downregulation of let-7c Enhances the Migration
and Invasion Abilities of Glioma Cells

Metastasis is one of the most important characteris-
tics of malignant tumors. Therefore, we examined the
effect of let-7c on the migratory and invasive capabilities
of glioma cells. The wound healing assay and invasion
assay were utilized to detect the migratory capability of
glioma cells. The results of the wound healing and migra-
tion assays revealed that overexpression of let-7c could
inhibit the migratory capability of glioma cells (Fig. 2A
and B). Transwell invasion assay revealed that the over-
expression of let-7c impaired cell invasion, while down-
regulation of let-7c increased cell invasion (Fig. 2B).
Additionally, consistent with the results of the migration
and wound healing assays, attachment/detachment assays
revealed that upregulated let-7c suppressed glioma cell
attachment/detachment (Fig. 2C), which was contrary to
that in the cells with deletion of let-7c. These results dem-
onstrated that let-7c could effectively inhibit the migra-
tion and invasion of glioma cells.

Downregulation of let-7c Induces the Cell Cycle
Arrest of Glioma Cells

As shown in Figure 2D, cell numbers in the G,/G,
phase were greater than those in the S and G,/M phase
in cells transfected with let-7¢ mimic, in contrast to cells
transfected with let-7c inhibitor. The results revealed that
knockdown of let-7c induced cell cycle arrest of glioma
cells.

E2F5 Is Identified as a Target of let-7¢

Overexpression of E2F5 had been found to be asso-
ciated with tumor aggressiveness, metastasis, and poor
prognosis in multiple cancers. To research whether E2F5
was involved in the function of let-7c, we first detected
the level of E2F5 in four glioma cell lines and a normal
cell line, and the trend of the E2F5 level was opposite
to the level of let-7c (Fig. 3A). Then we utilized two
bioinformatic analysis websites (http://www.targetscan.
org/cgi-bin/targetscan/vert_71/view_gene.cgi?rs=ENST
00000418930.2&taxid=9606&members=let-7-5p/98-5p
&showcenc=0&shownc=0&subset=1 and http://mirdb.org/
cgi-bin/target_detail.cgi?targetID=2060091) to forecast the
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Figure 1. let-7c is downregulated in glioma cells and associated with tumor proliferation. (A) let-7c expression levels between glioma
cells (U87, U251, SHG44, and A172) and the normal astrocyte cell line were measured by quantitative real-time reverse transcription
polymerase chain reaction (QRT-PCR). (B) let-7c mimic and inhibitor were separately transfected into U87 and SHG44 cells. (C) MTT
and (D) colony formation assays were performed to measure the proliferation of glioma cells transfected with let-7c mimic and inhibi-
tor. Error bars represented the mean®SD of at least three independent experiments. *p<0.05, **p<0.01 versus control group.

binding sites between let-7c and E2F5 (Fig. 3B). Therefore,
we supposed that the functions of let-7c in glioma cells
might be mediated by E2F5. To further explore the regula-
tory relationship between let-7c and E2F5, we performed
luciferase reporter assays. The let-7c mimic reduced the
luciferase activity of wild-type (WT) E2F5 reporter vec-
tor (Fig. 3C). Additionally, we examined the expression
of E2F5 in response to the high level of let-7c¢ and found
that overexpression of let-7c could inhibit the expression
of E2F5 (Fig. 3D). These data suggested that E2F5 was a
target of let-7c.

The Function of E2F5 on the Proliferation Ability
and Migration as Well as Invasion Capacities
of Glioma Cells

To determine the biological functions of E2F5 in
glioma, glioma cells were stably transfected with short
interfering RNA for E2F5 (si-E2F5) and E2F5 expression
vector using siRNA and empty vector as NCs, respec-
tively. Satisfactory transfection efficiency was acquired

at 48 h posttransfection (Fig. 4A). Moreover, Western
blot assay suggested that knockdown of E2F5 decreased
the protein level of E2F5, whereas the ectopic overex-
pression of E2F5 increased its protein level (Fig. 4A).
MTT assays revealed the weakened proliferation ability
of glioma cells transfected with si-E2F5 compared with
that in siRNA-transfected cells, whereas cells transfec-
ted with pcDNA-E2F5 increased proliferation (p<0.01)
(Fig. 4B). Additionally, colony formation assays revealed
low proliferation of glioma cells transfected with si-
E2F5 compared with that in siRNA-transfected cells,
and an opposite result was obtained in cells transfected
with pcDNA-E2F5 (p<0.01) (Fig. 4C).

Metastasis and wound healing assays were then
utilized to detect the function of E2F5 on the migratory
capability of glioma cells. The results of the wound heal-
ing and migration assays indicated that si-E2F5 could
inhibit the migratory ability of glioma cell (Fig. 5A and B).
In addition, attachment/detachment assays revealed that
si-E2F5 suppressed glioma cell attachment/detachment,
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Figure 2. Downregulation of let-7c enhances the migration ability of glioma cells. (A) Wound healing, (B) metastasis (migration and
invasion), and (C) attachment/detachment assays were utilized to detect the migratory capability of glioma cells. (D) Flow cytometry
was used to check the effect of let-7c on the cell cycle. Error bars represented the mean=SD of at least three independent experiments.

*p<0.05, ¥*¥p<0.01 versus control (NC) group.

and, on the contrary, cells transfected with pcDNA-E2F5
presented an increased metastasis capacity (Fig. 5C).
The invasion assay showed that the invasive ability in
cells transfected with si-E2F5 was obviously decreased,
and invasion in cells transfected with pcDNA-E2F5 was
enhanced (Fig. 5B). These data indicated that downregu-
lated E2F5 could inhibit the glioma cell migration and
invasion abilities.

The Effect of let-7c on Glioma Cells Is in an
E2F5-Dependent Manner

We performed rescue experiments to determine the
influence of let-7c on glioma cell proliferation and
migration by targeting E2F5. let-7c or NC was transfected
into glioma cells cotransfected with E2F5. The weak-
ened proliferation ability caused by let-7c in glioma cells
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Figure 5. The function of dysregulated E2F5 on the migration and invasion of glioma cells. Glioma cells were transfected with
si-E2F5, pcDNA-E2FS, or appropriate controls (si-RNA or NC). (A) Wound healing, (B) metastasis (migration and invasion), and
(C) attachment/detachment assays were utilized to detect the migratory capability of glioma cells. Error bars represented the mean+SD
of at least three independent experiments. **p<0.01 versus control group (si-RNA or NC).

was partially abolished by cotransfected E2F5 (p<0.01)
(Fig. 6A). The decreased colony formation capacity
induced by let-7c in glioma cells was abrogated by the
introduction of E2F5 (p<0.01) (Fig. 6B). The anti-
metastasis and anti-invasion effects of let-7c in glioma
could be partly abolished by cotransfected E2F5 (p<
0.01) (Fig. 6C-F). These results showed that let-7c
could influence cell proliferation, metastasis, and inva-
sion in glioma cells in vitro, at least partially in an
E2F5-dependent manner.

DISCUSSION

An accumulating number of studies has shown that
miRNAs are a type of small, highly conservative mol-
ecules that play a crucial role in regulating multiple
cellular activities including cell proliferation, differen-
tiation, and apoptosis'®'®. let-7c has been reported in
many cancers and functions as a tumor suppressor'” >,
For instance, upregulation of miRNA let-7c by quercetin

inhibits pancreatic cancer progression by activation of
Numbl®; and detection of let-7c and miR-152 in plasma
can serve as a noninvasive biomarker for non-small cell
lung cancer™. In line with the above studies, the pres-
ent study revealed important findings that let-7c could
suppress the proliferation ability and metastasis capac-
ity in glioma cells, which suggested a potential role of
let-7c in the treatment of glioma. Even though let-7c was
previously observed to be altered in many different can-
cer cells”", the underlying mechanisms have not been
completely elucidated. To investigate the mechanistic
function of let-7c in glioma, we measured the level of
let-7¢ in glioma cells. Results from the qRT-PCR dem-
onstrated that let-7c was significantly downregulated
in glioma cells. We transfected glioma cell lines with a
let-7c mimic or inhibitor and found that ectopic over-
expression of let-7c could inhibit glioma cell prolifera-
tion and metastasis. Deletion of let-7¢ could significantly
promote the proliferation ability and metastatic potential
of glioma cells. Additionally, we found that the 3’-UTR
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tion ability of cotransfected glioma cells. (C) Wound healing and (D) metastasis assays were utilized to detect the migratory capa-
bility of cotransfected glioma cells. (E) Transwell assay was employed to detect the invasive ability of cotransfected glioma cells
(F) Attachment/detachment assay was used to detect the migratory capability of cotransfected glioma cells. Error bars represented the
mean*SD of at least three independent experiments. *p <0.05, **p<0.01 versus control group (NC).

of the E2F5 gene contained binding sites for let-7c by
utilizing the bioinformatics TargetScan and miRDB. In
glioma cells, let-7c interacted with the 3’-UTR of the
oncogene E2F5, and the increased level of let-7c¢ resulted
in a low expression level of E2F5, which could inhibit
the progression of glioma cells.

In summary, our study investigated the role of let-7c/
E2FS5 in glioma cells. Our results showed that let-7c was
downregulated in glioma cells, which might provide a
strong rationale for its potential use as a therapeutic target
for treating glioma.
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