European Review for Medical and Pharmacological Sciences 2018; 22: 7726-7734

Inhibition of microRNA-218 promotes oral
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GLUT1 to affect glucose metabolism
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Abstract. — OBJECTIVE: Glucose transport-
er 1 (GLUT1) is a key player in glucose metabo-
lism that has important roles in oral squamous
cell carcinoma (OSCC), while microRNA-218
can target GLUT1 to achieve its biological roles.
Therefore, we hypothesize that microRNA-218
may target GLUT1 to participate in OSCC.

PATIENTS AND METHODS: Tumor tissues
and adjacent healthy tissues were collected
from OSCC patients, and blood samples were
collected from both OSCC patients and healthy
controls. Expression of microRNA-218 and
GLUT1 in those tissues was detected by qRT-
PCR. All patients were followed up for 5 years.
Diagnostic and prognostic values of serum mi-
croRNA-218 for OSCC were investigated by
ROC curve analysis and survival curve analy-
sis, respectively. MicroRNA-218 knockdown
OSCC cell lines were established. The effects
on cell proliferation, glucose uptake as well as
GLUT1 expression were detected by CCK-8 as-
say, glucose uptake assay and Western blot.

RESULTS: MicroRNA-218 expression level was
decreased while GLUT1 expression level was in-
creased in tumor tissues compared with adja-
cent healthy tissues. Serum level of microR-
NA-218 was lower, while serum level of GLUT1
was higher in cancer patients than that in healthy
control. Serum microRNA-218 and GLUT1 can be
used to accurately predict OSCC and its progno-
sis. MicroRNA-218 knockdown promoted tumor
cell proliferation, increased glucose uptake and
promoted GLUT1 expression.

CONCLUSIONS: Inhibition of microRNA-218
can promote oral cancer cell growth by target-
ing GLUT1 to affect glucose metabolism.

Key Words:
Oral squamous cell carcinoma, Glucose transporter
1, microRNA-218.

7726

Introduction

About 16-40% of all malignancies are head
and neck cancers'. As a major type of malignancy
in head and neck, oral squamous cell carcinoma
(OSCC) represents about 95% of all forms of head
and neck cancers’. Smoking and excessive al-
cohol consumption have been proved to be major
risk factors for OSCC?. However, increased inci-
dence of this disease in developed world among a
younger population showed less association with
excessive alcohol or tobacco consumption?, indi-
cating the complex pathogenesis of the disease.
In spite of the improvements in radiotherapy, che-
motherapy and targeted therapy, surgery is still
the preferable treatment for patients with OSCC.
However, prognosis of this disease after proper
surgical operation is relatively limited due to lo-
cal invasion and metastasis, which is a leading
cause of postoperative recurrence'. Therefore, the
development of novel treatment approaches and
identification of novel targets for the treatment is
always needed. Glucose metabolism is important
for the growth of normal cells as well as tumor
cells, and inhibition of glucose metabolism has
been proved to inhibit the growth of certain types
of cancers’®. As a major player in glucose metabo-
lism, glucose transporter 1, or GLUT], also has an
important function in the development of various
types of malignant tumors including OSCC®. Mi-
croRNA-218 is a tumor-suppressive miRNA, and
its expression can inhibit the growth and metasta-
sis of certain types of malignancies’. It has been
reported® that microRNA-218 can target GLUT1
to achieve its biological functions. However, inte-
ractions between microRNA-218 and GLUTI in
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OSCQC still have not been well investigated. The-
refore, we aimed to investigate the interactions
between microRNA-218 and GLUT1 in OSCC.

Patients and Methods

Patients

From January 2010 to January 2012, a total of
68 patients with OSCC enrolled in the Third Af-
filiated Hospital of Sun Yat-sen University were
selected to serve as research subjects. All those
patients were confirmed with OSCC by patholo-
gical and imaging examinations. Those 68 patien-
ts included 28 males and 30 females, and the age
ranged from 24 to 72 years, with an average age
of 47+11.4 years. Staging of primary tumors was
performed according to the following standards:
T1, the greatest dimension < 2 c¢cm; T2, 2 cm <
greatest dimension <4 cm; T3, greatest dimension
>4 c¢m; T4, tumor invades through cortical bone,
inferior alveolar nerve, into deep/extrinsic mu-
scle of tongue, floor of mouth, masticator space,
pterygoid plates, skin, or skull base, or encases
internal carotid artery. There were 14 cases of T1,
14 cases of T2, 16 cases of T3 and 24 cases of T4.
All patients received surgical resection and tumor
tissues as well as adjacent healthy tissues were
collected during surgical operations. At the same
time, a total of 28 people with normal physical
conditions were enrolled as controls, and control
group included 16 males and 12 females. And age
ranged from 21 to 70 years, with an average age
of 45+12.9. The Ethics Committee of our hospital
approved this study, and all patients signed infor-
med consent.

Cell Lines and Cell Culture

Human OSCC cell line SCC09 cell, SCC15
and SCC25 and normal human oral cell line PCS-
200-014 were purchased from ATCC. All cell
lines were cultured according to the instructions
that provided by ATCC. Cells were harvested
during logarithmic growth phase for subsequent
experiments.

Construction of microRNA-218
Knockdown Cell Lines

MiR-218-specific antisense inhibitor
(5>~ ACAUGGUUAGAUCAAGCACAA-3’) and
negative control oligonucleotide (5’-CAGUA-
CUUUUGUGUAGUACAA-3’) were provided by
GenePharma (Shanghai, China). Cells were cul-
tured over night to reach 80-90% confluent, and

then Lipofectamine 2000 reagent (11668-019, In-
vitrogen, Carlsbad, CA, USA) was used to perfor-
med transfection.

Preparation of Serum Samples

Fasting blood (20 ml) was collected from each
participant in the morning of the admission day.
Blood samples were kept at room temperature
for 2 hours, followed by centrifugation at 2000
rpm for 15 min to separate serum. Serum samples
were stored at -80°C before RNA extraction.

Cell Proliferation Assay

Cell counting kit 8 (CCK-8, Sigma-Aldrich, St.
Louis, MO, USA) was used to detect cell prolifera-
tion. Briefly, 100 pl of cell suspension containing
4x10* cells were added to each well of a 96-well
plate. Cells were cultured and CCK-8 solution (10
ul) was added into each well 24, 48, 72 and 96
h later. Cells were cultured at 37°C for another 4
h, and OD values at 450 nm were measured with
Fisherbrand™ accuSkan™GO UV/Vis Microplate
Spectrophotometer (Fisher Scientific, Waltham,
MA, USA).

Glucose Uptake Assay

Cells were cultured in 6-well plates with about
5x10° cells in each well for 24 h. After that, cells
were washed twice with PBS, followed by incu-
bation in 2 ml of Krebs-Ringer-HEPES (KRH)
buffer (120 mM NaCl, 25 mM Hepes, pH 74,
1.2 mM MgSO,, 5 mM KCl, 1.3 mM CaCl, 1.3
mM KH_PO,) containing 1 uCi of [3H]-2-deoxy-
glucose (Perkin Elmer Life Sciences, Waltham,
MA, USA) at 37°C for 20 min to initiate the
experiments. Next, cells were washed twice with
ice-cold KRH buffer to halt uptake. Then cells
were lysed in 300 pl of lysis buffer (0.2% SDS,
10 mM Tris—HCI, pH 8.0). Liquid scintillation
spectrometry was used to measure radioactivity.
Intracellular level of [3H]-2-deoxyglucose was re-
presented by disintegrations per minute (DPM),
and each assay was performed for three times.

Real-Time Quantitative PCR

TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was used to extract total RNA from tumor
tissues, adjacent healthy tissues, in vitro cultu-
red cells and serum. All RNA samples were te-
sted using NanoDrop™ 2000 Spectrophotometers
(Thermo Fisher Scientific, Waltham, MA, USA),
and only the ones with an A260/A280 ratio betwe-
en 1.8 and 2.0 were used in reverse transcription
to synthesize cDNA. PCR reaction system was
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prepared using SYBR® Green Real-Time PCR
Master Mixes (Thermo Fisher Scientific, Wal-
tham, MA, USA). Following primers were used
in PCR reactions: 5°- TTGTGCTTGATCTAAC-
CATGT -3’ (forward) and Uni-miR qPCR Primer
(reverse, Sigma-Aldrich, St. Louis, MO, USA)
for microRNA-218; 5>~ AACTCTTCAGCCAGG-
GTCCAC-3’ (forward); reverse: 5’-CACAGTGA-
AGATGATGAAGAC-3’ (reverse) for GLUTI;
5-GACCTCTATGCCAACACAGT-3’ (forward)
and 5-AGTACTTGCGCTCAGGAGGA-3’ (re-
verse) for B-actin. PCR reaction conditions were:
95°C for 1 min, followed by 40 cycles of 95°C
for 10 s and 60°C for 40 s. Data were processed
using 24T method. Relative expression level of
each gene was normalized to endogenous control
B-actin.

Western-Blot

RIPA solution (Thermo Fisher Scientific, Wal-
tham, MA, USA) was used to extract total pro-
tein from in vitro cultured cells, and BCA method
was used to quantify protein samples. After that,
10% sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) was performed,
followed by transmembrane to polyvinylidene di-
fluoride (PVDF) membrane. After blocking with
5% skimmed milk for 2 h at room temperature,
membranes were washed and then incubated with
primary antibodies including rabbit anti-GLUT1
(1:2000, ab15309, Abcam, Cambridge, MA, USA)
and anti-GAPDH primary antibody (1:1000,
ab8245, Abcam, Cambridge, MA, USA) overni-
ght at 4°C. The next day, membranes were further
incubated with anti-rabbit IgG-HRP secondary
antibody (1:1000, MBS435036, MyBioSource) at
room temperature for 2 h, followed by addition
of ECL (Sigma-Aldrich, St. Louis, MO, USA) to
detect the signals. Signals were scanned using
MYECL™ Imager (Thermo Fisher Scientific,
Waltham, MA, USA), and Image J software was
used to normalize relative expression level of
TGF-B1 to endogenous control GAPDH.

Statistical Analysis

All data were processed using SPSS19.0 (IBM
Corp., IBM SPSS Statistics for Windows, Ar-
monk, NY, USA). Count data were expressed as
rate and processed by x? test. Measurement data
were expressed as (X=£s), and comparisons betwe-
en two groups were performed by #-test. Compa-
risons among multiple groups were performed by
analysis of variance and LSD test. p < 0.05 was
considered to be statistically significant.
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Results

Expression of microRNA-218 and GLUT1
in Tumor Tissues and Adjacent Healthy
Tissues of Patients With Oral Squamous
Cell Carcinoma

Expression of microRNA-218 and GLUT! in
tumor tissues and adjacent healthy tissues of 68
patients with OSCC was detected by qRT-PCR.
As shown in Figure la, expression of microR-
NA-218 was significantly downregulated in tu-
mor tissues compared with adjacent healthy
tissues in 64 out of 68 patients (p < 0.05). In
contrast, expression of GLUT-1 was significant-
ly upregulated in tumor tissues compared with
adjacent healthy tissues in 58 out of 68 patients
(p <0.05). Those data suggest that downregula-
tion of miRNA-218 and upregulation of GLUT1
are very likely to be involved in the pathogenesis
of OSCC.

Expression of microRNA-218 and GLUTT1
in Serum of Healthy Controls and
Patients with Different Stages of Oral
Squamous Cell Carcinoma

As shown in Figure 2a, expression level of
microRNA-218 in serum was significantly hi-
gher in serum of healthy controls than that
in patients with different stages of OSCC. In
addition, expression level of microRNA-218
was further decreased with the increased sta-
ge of primary tumor. In contrast, serum level
of GLUT-1 was significantly lower in healthy
controls than that in patients with different sta-
ges of OSCC. In addition, expression level of
GLUT-1 was increased with the increased stage
of primary tumor.

Diagnostic and Prognostic Value
of serum microRNA-218 and GLUTT for
Oral Squamous Cell Carcinoma

ROC curve analysis was performed to evaluate
the diagnostic values of serum microRNA-218 and
GLUT!1 for OSCC. The area under the curve (AUC)
of serum microRNA-218 in the diagnosis of OSCC
was 0.9498 with 95 interval of 0.9108 to 0.9889 (p
< 0.0001, Figure 3a). AUC of serum GLUT-1 in the
diagnosis of OSCC was 0.8876 with 95 interval of
0.8203 to 0.950 (p < 0.0001, Figure 3b). Those data
suggest that serum microRNA-218 and GLUT1 may
serve as potential biomarkers in the diagnosis of
OSCC. Patients were divided into high expression
and low expression groups according to the median
serum level of microRNA-218 and GLUT], respecti-
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Figure 1. Expression of microRNA-218 and GLUT]1 in tumor tissues and adjacent healthy tissues of patients with OSCC. a)
Expression of microRNA-218 in tumor tissues and adjacent healthy tissues of patients with OSCC; b) Expression of GLUT1
in tumor tissues and adjacent healthy tissues of patients with OSCC. Notes: *compared with adjacent healthy tissue, p<0.05.
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Figure 2. Expression of microRNA-218 and GLUT1 in serum of healthy controls and patients with different stages of OSCC.
a) Expression of microRNA-218 in serum of healthy controls and patients with different stages of OSCC; b) Expression of
GLUT! in serum of healthy controls and patients with different stages of OSCC. Notes: *, p<0.05

vely. Survival curves were plotted using Kaplan-
Meier method and compared by log-rank #-test. As
shown in Figure 3c, the overall survival of patients
with high expression level of microRNA-218 was

significantly higher than that of patients with low
expression level of microRNA-218. In contrast, ove-
rall survival of patients with high expression level of
GLUT! was significantly lower than that of patients

7729



X.J. Xu, J. Yuan, W.-J. Sun, Q.-Y. Chen, Y. Lin, L. Tang, L.-Z. Liang

100

100% sensitivity
3

0 T T
0 50 100
100% - Specificity%
c
—— High expression
100 .
—— Low expression
©
2
c
=
= 50
fu
S
o Log rank t test p=0.0013
0 T T 1
0 20 40 60

Months elapsed

b
100
2
>
:‘é
£ 50-
(/2]
X
o
o
- 0 L} L}
0 50 100
100% - Specificity%
d

—— Low expression
—— High expression

100 -
by ==

50 -

Overall survival

Log rank t test p=0.0018

0 T T I
0 20 40 60

Months elapsed

Figure 3. Diagnostic and prognostic value of serum microRNA-218 and GLUT1 for OSCC. a) Diagnostic values of serum
microRNA-218 analyzed by ROC curve analysis; b) Diagnostic values of serum GLUT1 analyzed by ROC curve analysis; ¢)
Comparison of survival curves of patients with high and low serum level of microRNA-218; d) Comparison of survival curves

of patients with high and low serum level of GLUT1.

with high expression level of GLUTI. Those data
suggest that serum microRNA-218 and GLUT1 are
two promising diagnostic and prognostic biomar-
kers for OSCC.

Inhibition of microRNA-218 Expression
Promoted the Proliferation of Oral
Squamous Cell Carcinoma Cells

As shown in Figure 4a, expression of microR-
NA-218 was significantly lower in three OSCC
cell lines than that in normal oral cell line PCS-
200-014. In contrast, significantly higher expres-
sion level GLUT-1 was found in OSCC cell lines
than in normal oral cell line. After transfection of
microRNA-218 inhibitor, expression level of mi-
croRNA-218 was significantly reduced compared
with control cells (untransfected cells) and cells
that transfected with negative control nucleotides
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(data not shown), which indicated the successfully
established microRNA-218 knockdown cell lines.
As shown in Figure 4b, compared with control
cells and negative control cells, cells with microR-
NA-218 expression inhibition showed significantly
reduced proliferation rate. Those data indicate that
microRNA-218 expression inhibition can promote
the proliferation of OSCC cells.

MicroRNA-218 Expression Inhibition
Promoted GLUT1 Expression
and Increased Glucose Uptake

GLUT!]I is a key player in glucose metabolism,
which plays important roles in OSCC. MicroR-
NA-218 can play its biological roles by targeting
GLUTI. In this study, MicroRNA-218 expression
inhibition significantly increased the expression
level of GLUT1 in all three OSCC cell lines at
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Figure 4. Inhibition of microRNA-218 expression promoted the proliferation of OSCC cells. a) Expression of microRNA-218
in OSCC cell lines and normal oral cell; b) proliferation of three OSCC cell lines with different treatment. Notes: *, p<0.05

protein level (p < 0.05, Figure 5a). In addition,
microRNA-218 expression inhibition also signifi-
cantly increased the glucose uptake of those three
OSCC cell lines (p < 0.05, Figure 5b). Those data
suggest that inhibition of microRNA-218 promo-
tes OSCC growth by upregulating GLUTI so as
to affect glucose metabolism.

Discussion

Altered metabolic programs are common in
cancer cells, and the characteristic changes may
include enhanced rates of glutaminolysis and
fatty acids synthesis as well as increased upta-
ke of glucose. The accelerated metabolic pro-
cesses can support the growth and survival of
tumor cells’. As an important glucose transpor-
ter, GLUTI also showed important roles in the
growth and survival of different types of cancer
cells'?, therefore the abnormal expression pattern
of GLUTI is usually observed in cancer cells
compared with normal healthy cells. In the stu-
dy of prostate cancer, Gonzalez-Menendez et al'!
found that GLUTI protein expression level was
increased in cancer patients compared with nor-
mal controls, and the expression level of GLUT-
1 was further increased with the progression of

cancer. GLUT1 expression level was also increa-
sed in lung cancer, and the increased expression
level of GLUT1 was proved to closely correlate
with malignant grades'?. MiRNA-218 is a tumor
suppressor miRNA that can play its biological
role by inhibiting the proliferation migration,
invasion and metastasis of certain types of can-
cers’!. Expression of miRNA-218 is usually
downregulated in the development of certain
types of malignancies, such as pancreatic ductal
adenocarcinoma®. In our study, the expression
of GLUT-1 was significantly upregulated, whi-
le miRNA-218 was significantly downregulated
in tumor tissues than in adjacent healthy tissues
for most patients with OSCC. In addition, serum
level of GLUT-1 was significantly lower in heal-
thy controls than in patients with different sta-
ges of OSCC, and expression level of GLUT-1
was further increased with the increased stage of
primary tumor. In contrast, miRNA-218 showed
an opposite expression pattern during the pro-
gression of OSCC. Those results suggest that
downregulation of miRNA-218 and upregulation
of GLUTI are very likely to be involved in the
development and progression of OSCC. Clinical
application of surgical operation, which is the
only radical treatment for OSCC, is very limited
due to the distant metastasis. In addition, survi-
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val of OSCC is challenged by the poor prognosis,
which is mainly caused by postoperative recur-
rence'. Therefore, the accurate early diagnosis
and reliable prediction of prognosis will defi-
nitely improve the overall survival of those pa-
tients. In this study, ROC curve analysis showed
that both serum miRNA-218 and GLUT1 could
be used to accurately predict OSCC. In addition,
comparisons of survival curves showed that high
expression level of miRNA-218 and low expres-
sion level of GLUT1 are conductive for the sur-

vival of those patients. Those data suggest that
serum miRNA-218 and GLUT1 may serve as ef-
fective and accurate biomarkers for the diagno-
sis and prognosis of OSCC patients. MiRNA-218
expression has been proved to inhibit the growth
of tumors by inhibiting the proliferation of tu-
mor cells in several types of malignancies such
as bladder cancer', pancreatic cancer'’, and he-
patocellular carcinoma'®. Reduced expression
of miRNA-218 promoted cancer cell prolifera-
tions". In this study, significantly reduced proli-
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feration rates were observed in three OSCC cell
lines after the transfection of miRNA-218, in-
dicating that miRNA-218 expression inhibition
can promote the growth of OSCC. It has been
reported that microRNA-218 can play its biolo-
gical roles by targeting GLUTI. In this study,
MicroRNA-218 expression inhibition signifi-
cantly increased the expression level of GLUT1
in all three OSCC cell lines at protein level. In
addition, microRNA-218 expression inhibition
also significantly increased the glucose uptake
of those three OSCC cell lines. Those data sug-
gest that Inhibition of microRNA-218 promoted
OSCC growth by upregulating GLUTI to affect
glucose metabolism.

Conclusions

We found that microRNA-218 expression level
was decreased while GLUTI expression level of
GLUT1 was more increased in tumor tissues than
in adjacent healthy tissues. In addition, serum
level of microRNA-218 was lower, while serum
level of GLUT1 was higher in cancer patients
than that in healthy controls. Both serum microR-
NA-218 and GLUT1 were proved to accurately
predict OSCC and its prognosis. MicroRNA-218
knockdown promoted tumor cell proliferation,
promoted GLUTI1 expression and increased glu-
cose uptake. Therefore, we conclude that inhibi-
tion of microRNA-218 can promote oral cancer
cell growth by targeting GLUT] to affect glucose
metabolism.
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