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Background: MicroRNA-140-5p plays pivotal role in different types of human malignan-
cies, while its involvement in osteosarcoma is unknown.

Objective: Our study aimed to investigate the functionality of microRNA-140-5p in
osteosarcoma.

Methods: Plasma levels of microRNA-140-5p and glucose transporter 1 (GLUT-1) in both
osteosarcoma and healthy controls were measured by qRT-PCR and ELISA, respectively.
Correlation between plasma levels of microRNA-140-5p and GLUT-1 was analyzed by
Pearson correlation coefficient. Correlation between plasma levels of microRNA-140-5p
and clinical data of patients with osteosarcoma was analyzed by Chi-square test.
MicroRNA-140-5p mimic and GLUT-1 expression vector were transfected into cells of
human osteosarcoma cell lines, and the effects on microRNA-140-5p expression, GLUT-1
expression and cell proliferation were analyzed by qRT-PCR, Western-blot and CCK-8 assay,
respectively.

Results: Plasma levels of microRNA-140-5p were significantly lower and plasma levels of
GLUT-1 were significantly higher in osteosarcoma patients than that in healthy controls.
Levels of plasma microRNA-140-5p and GLUT-1 were reversely correlated in osteosarcoma
patients. Plasma levels of microRNA-140-5p were correlated with tumor size but not with
other clinical data of patients. MicroRNA-140-5p mimic significantly inhibited cancer cell
proliferation, while GLUT-1 overexpression significantly promoted cancer cell proliferation.
MicroRNA-140-5p mimic significantly downregulated GLUT-1 expression.

Conclusion: GLUT-1 overexpression showed no significant effect on microRNA-140-5p
expression but attenuated the inhibitory effects of microRNA-140-5p mimic on cell prolif-
eration. We therefore conclude that microRNA-140-5p is downregulated in osteosarcoma and
overexpression of microRNA-140-5p may inhibit cancer cell proliferation by downregulating
GLUT-1.
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Introduction

As a type of malignant tumor that develops from bone, osteosarcoma mainly affects
children and adolescents.! About 75% of the patients are 15-25 years old, and most
are male. The prognosis of osteosarcoma patients is very poor, although many novel
anti-cancer drugs or molecular targeted therapies have been developed over last few
decades, the S-year survival rate of patients with osteosarcoma is still around
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60%.%* In spite of the efforts been made on the treatment
of osteosarcoma, outcomes are still unsatisfactory,* ® lead-
ing to poor survival among those patients. Tumor growth
provides the basis of almost all aspects of tumor biology
and inhibition of tumor growth is considered to be promis-
ing target for the treatment of osteosarcoma.’

Compared with normal cells, cancer cells show abnor-
mally accelerated energy metabolism.® How to inhibit
energy metabolism in cancer cells is a major task in the
treatment of cancers.” Glucose transporter 1, or GLUT-1, is
a uniporter protein that mediates the transport of glucose
across mammalian cell plasma membrane.'® With this abil-
ity, GLUT-1 plays a central role in glucose metabolism."" It
has been reported that expression of GLUT-1 is mediated
by certain microRNAs,'? which also plays critical roles in
cancer biology."> MicroRNA-140-5p is reported to play an

1415 Wwhile

oncogenic role in several types of malignancies,
its expression pattern and functionality in osteosarcoma is
unknown. In the present study we found that microRNA-
140-5p is downregulated in osteosarcoma and overexpres-
sion of microRNA-140-5p may inhibit cancer cell prolifera-

tion by downregulating GLUT-1.

Patients and Methods

Patients and Plasma

Our study enrolled 42 patients with osteosarcoma from
January 2016 to January 2018 in the Hospital. Inclusion
criteria are: 1) osteosarcoma patients diagnosed by patholo-
gical examinations; 2) patients willing to participate and
fully understood the experimental protocol. Exclusion cri-
teria: 1) patients complicated by other severe diseases; 2)
patients with chronic diseases; 3) patients received treatment
within 3 months before admission. There were 25 males and
17 females, with an age range of 19 to 48 years and a mean
age of 33.2 + 5.4 years. At the same time, our study also
included 38 healthy volunteers to serve as control group.
Control group included 23 males and 15 females, with an
age range of 18 to 45 years and a mean age of 32.1 + 4.9
years. Blood was extracted from each participant before
breakfast one day after the admission. Plasma was prepared
using the conventional method. Tumor tissues and adjacent
tissues within 2 cm around tumors were collected from 18
patients with primary osteosarcoma who underwent surgery.
Tissues were confirmed by pathological examinations.
Tissues were snap frozen in liquid nitrogen and stored at
—80°C, and used for subsequent RNA extraction. Our study
was approved by the ethics committee of Dalian Municipal

Central Hospital Affiliated of Dalian Medical University,
and was conducted in accordance with the Declaration of
Helsinki. All participants fully understood the whole experi-
mental protocol and signed informed consent. Following
neoadjuvant chemotherapy, the patients underwent wide
resection of tumors. Response to chemotherapy was classi-
fied as “poor” (<90% tumor necrosis) and “good” (>90%
tumor necrosis) through histologic analysis of tumor speci-
mens after surgery. The characteristics of these patients are
shown in Table 1. Frequent smoking was defined as >10
cigarettes per day, >4 days per week. Rare smoking was
defined as <10 cigarettes per day and/or <4 days per week.
Frequent drinking was defined as >3 times per week. Rare
smoking was defined <3 times per week. p<0.05 indicated
a statistically significant difference.

RNA Insolation and Quantitative

Real-Time Polymerase Chain Reaction
(qRT-PCR)

Following total RNA extraction using TRIzol reagent
(Thermo Fisher Scientific), miRNA was extracted using
TagMan miRNA Isolation kit (Applied Biosystems, Foster
City, CA, USA). After reverse transcription, qRT-PCR was
performed to measure the expression level of microRNA-
140-5p and GLUT-1 with U6 small nuclear RNA (snRNA)
and B-actin as the endogenous controls, respectively. All
PCR reactions were performed on StepOnePlus real-time
PCR system (Applied Biosystems, Foster City, CA, USA).
Thermal reaction conditions of PCR reactions were: 1 min
at 95°C, followed by 40 cycles of 10 s at 95°C and 25 s at
59.5°C. This experiment was performed in triplicate man-
ner and 274" method was used for data normalization.

Enzyme-Linked Immunosorbent Assay

(ELISA)

Plasma levels of GLUT-1 were measured by ELISA using
human glucose transporter 1 ELISA kit (MyBioSource).
All operations were performed in strict accordance with
instructions of the kit. Plasma levels of GLUT-1 were
normalized to ng/mL.

Cell Culture and Transfection

MG-63 and U20S human osteosarcoma cell lines were pur-
chased from ATCC (USA). Eagle’s Minimum Essential
Medium (Cat No. 30-2003, ATCC, USA) supplemented
with 10% heat-inactivated fetal bovine serum was used to
culture cells at 37°C in a 5% CO, incubator. MISSION®
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Table | Correlation Between Plasma Levels of MicroRNA-140-5p and Clinical Data of Patients with Osteosarcoma

Variables Groups Cases High-Expression Low-Expression X? p value

Gender Male 25 I 14 0.89 0.35
Female 17 10 7

Age >30(years) 24 I 13 0.38 0.53
<30(years) 18 10 8

BMI >23.9 12 7 5 0.62 0.73
18.4-23.9 21 I
<184 9 5 4

Tumor size >5cm 14 3 I 839 0.02
2-5 cm 18 10 8
<2cm 10 8 2

Tumor grade Low 20 12 10 2.04 0.15
High 8 6 2

Response to pre-operative chemotherapy
Good 14 9 0.04 0.83
Poor 14 8

Survival (months)
040 | 0 |
40-80 5 3 2 0.0l 0.92
>80 12 7

Distant metastasis Yes 20 8 12 1.53 0.22
No 22 13 9

Smoking Frequent 18 8 10 1.29 0.52
Rare 9 3
No 15 7 8

Drinking Frequent 22 12 10 0.58 0.75
Rare 10 5
No 10

microRNA Mimic hsa-miR-140-5p and MISSION® miRNA
Negative Control 1 were bought from Sigma-Aldrich. Vectors
express GLUT-1 and the empty vectors were provided by
GeneCopoeia (Guangzhou, China). Lipofectamine® 2000
Reagent (Thermo Fisher Scientific) was used to transfect 20
nM siRNA or 10 nM vectors into 5x10° cells. Cells treated
with Lipofectamine®™ 2000 Reagent only were used as control
cells. Overexpression rates of microRNA-140-5p and GLUT-
1 (generally 200% and 260%) were confirmed by qRT-PCR
before subsequent experiments.

Cell Proliferation Assay
After transfection, cells were harvested and cell suspen-
sions with a cell density of 4x10* cells per well were

prepared. 100 pL cell suspension was added into each
well of a 96-well plate. Cells were cultured at 37°C in
a 5% CO, incubator, followed by adding 10 pL of CCK-8
solution 24, 48, 72 and 96 h later. After that, cells were
cultured for additional 4 h and OD at 450 nm was mea-
sured. This experiment was performed in triplicate

manner.

Western-Blot

Following total protein extraction using RIPA solutions
(Thermo Fisher Scientific, USA), protein concentration was
determined by BCA assay. Protein samples were denatured
and subjected to 12% SDS-PAGE gel electrophoresis. After
gel transfer to PVDF membranes, membranes were blocked in
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5% skimmed milk for 1 h at room temperature. Rabbit anti-
human primary antibodies including GLUT-1 (1:1200,
ab15309, Abcam) and GAPDH (1:1300, ab8245, Abcam)
were then used to culture membranes overnight at 4°C. The
next day, membranes were further incubated with goat anti-
rabbit [gG-HRP (sc-2004, Santa Cruz Biotechnology). Signal
were developed using ECL (Sigma-Aldrich, USA).
MYECL™ Imager (Thermo Fisher Scientific, USA) was
used to detect signals and signals were normalized using
Image J software. This experiment was performed in triplicate
manner.

Statistical Analysis

All statistical analyses were performed using SPSS19.0 soft-
ware (SPSS Inc., USA). All data were expressed as mean +
standard. Comparisons between two groups were performed
by Student’s ¢-test. Comparisons among 3 groups were car-
ried out one way analysis of variance, followed by Tukey’s
test. Correlation between plasma levels of microRNA-140-
Sp and GLUT-1 was analyzed by Pearson correlation coeffi-
cient. Correlation between plasma levels of microRNA-140-
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5p and clinical data of patients with osteosarcoma was
analyzed by Chi-square test.

Results

Plasma Levels of MicroRNA-140-5p Were
Significantly Lower, While Plasma Levels
of GLUT-1 Were Significantly Higher in
Osteosarcoma Patients Than in Healthy

Controls

We first measured plasma levels of microRNA-140-5p and
GLUT-1 in both osteosarcoma and healthy controls by qRT-
PCR and ELISA, respectively. As shown in Figure 1, com-
pared with healthy controls, significantly downregulated
microRNA-140-5p (Figure 1A) and significantly upregulated
GLUT-1 (Figure 1B) were found in patients with osteosar-
coma. In addition, levels of microRNA-140-5p were signifi-
cantly lower (Figure 1C) and levels of GLUT-1 mRNA
(Figure 1D) were significantly higher in tumor tissues than
in adjacent healthy tissues of osteosarcoma patients (p<0.05).
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Figure | Plasma levels of microRNA-140-5p were significantly lower (A), while plasma levels of GLUT-1 were significantly higher (B) in osteosarcoma patients than in
healthy controls. In addition, levels of microRNA-140-5p were significantly lower (C) and levels of GLUT-I1 mRNA (D) were significantly higher in tumor tissues than in

adjacent healthy tissues of osteosarcoma patients (*p<0.05).
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Plasma Levels of MicroRNA-140-5p and
GLUT-1 Were Reversely Correlated in
Osteosarcoma Patients but Not in
Healthy Controls

Correlation between plasma levels of microRNA-140-5p
and GLUT-1 was analyzed by Pearson correlation coeffi-
cient. The results showed a significant reverse correlation
between plasma levels of microRNA-140-5p and GLUT-1
in osteosarcoma patients (Figure 2A) but not in healthy
controls (Figure 2B).

Plasma Levels of MicroRNA-140-5p Were

Correlated with Tumor Size

Correlation between plasma levels of microRNA-140-5p
and clinical data of patients with osteosarcoma was analyzed
by Chi-square test. As shown in Table 1, plasma levels of
microRNA-140-5p showed no significant correlation with
patients’ age, gender, BMI, smoking and drinking habits. In
contrast, a significant correlation between plasma levels of
microRNA-140-5p and tumor size was observed.

MicroRNA-140-5p Overexpression Led
to Significantly Downregulated GLUT-1

The negative correlation between microRNA-140-5p and
GLUT-1 in osteosarcoma indicated the possible interaction
between microRNA-140-5p and GLUT-1. To further explore
the interactions between microRNA-140-5p and GLUT-1,
microRNA-140-5p mimic and GLUT-1 expression vectors
were transfected into cells of human osteosarcoma cell lines,
following by detecting the expression of microRNA-140-5p
mimic and GLUT-1. As shown in Figure 3A, compared with
control (C) and negative control (NC), microRNA-140-5p
mimic transfection led to significantly downregulated
expression of GLUT-1 in cells of both MG-63 and U20S
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cell lines (Figure 3A, p<0.05). In contrast, GLUT-1 expres-
sion vector transfection did not significantly affect
microRNA-140-5p expression (Figure 3B, p<0.05).

MicroRNA-140-5p Overexpression
Inhibited Osteosarcoma Cell Proliferation
by Downregulating GLUT-1

The significant correlation between plasma levels of
microRNA-140-5p and tumor size revealed the possible invol-
vement of microRNA-140-5p in tumor growth. To further
verify 1it, cell proliferation rate after microRNA-140-5p
mimic transfection was measured by CCK-8 assay. As
shown in Figure 4, microRNA-140-5p mimic transfection,
significantly reduced, while GLUT-1 vector transfection sig-
nificantly promoted proliferation of cells of MG-63 and U20S
cell lines (p<0.05). In addition, GLUT-1 vector transfection
significantly attenuated the inhibitory effects of microRNA-
140-5p mimic transfection on cell proliferation (p<0.05).

Discussion

MicroRNA-140-5p is a characterized tumor suppression
miRNA in several types of malignancies. The key finding
of our study is that microRNA-140-5p may participate in the
regulation of the growth of osteosarcoma through the inter-
actions with GLUT-1. Our findings are based on the experi-
mental data of human materials, which suggest the potential
application value of microRNA-140-5p in clinical treatment
of osteosarcoma.

The pathogenesis and progression of osteosarcoma is
closely correlated to the altered expression of a large set
of miRNAs.'® It has been reported that microRNA-199a-3p
is downregulation in osteosarcoma, and the downregulation
of microRNA-199a-3p causes promoted migration and
invasion of cancer cells.'” In contrast, upregulation of
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Figure 2 Plasma levels of microRNA-140-5p and GLUT-1 were reversely correlated in osteosarcoma patients (A) but not in healthy controls (B).
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Figure 3 MicroRNA-140-5p overexpression led to significantly upregulated GLUT-1. MicroRNA-140-5p overexpression resulted in significantly down-regulated GLUT-1 in
cells of MG-63 and U20S cell lines (A) (*p<0.05), while GLUT-1 overexpression showed no significant effect on microRNA-140-5p expression in cells of MG-63 and U20S

cell lines (B).

microRNA-214 is observed in osteosarcoma patients com-
paring with healthy controls, which promotes tumor pro-
gression and leads to adverse prognosis.'® MicroRNA-140-
Sp is a tumor suppression microRNA and is down-regulated
in different types of cancers such as hepatocellular
carcinoma'® and colorectal cancer.'> In our study, we
observed significantly lower plasma levels of microRNA-
140-5p in patients with osteosarcoma than those in healthy

controls, indicating the potential role of microRNA-140-5p
as a tumor suppression microRNA in osteosarcoma.
GLUT-1 is a central player in cancer biology that is

usually upregulated during cancer development.”'*!

Consistent with previous studies,”'® '

our study also
observed significantly upregulated plasma levels of
GLUT-1 in osteosarcoma patients comparing with healthy

controls. Inhibition of GLUT-1 leads to the inhibited
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Figure 4 MicroRNA-140-5p overexpression inhibited osteosarcoma cell proliferation by downregulating GLUT-1 (*p<0.05).

growth of different types of cancers including osteosar-
coma. In our study, we found microRNA-140-5p is likely
to be an upstream activator of GLUT-1 in the growth of
osteosarcoma due to the facts that: 1) microRNA-140-
Spwas reversely correlated with GLUT-1 in osteosarcoma
patients; 2) microRNA-140-5p overexpression led to sig-
nificantly upregulated GLUT-1 expression, while GLUT-1
overexpression; on microRNA-140-5p expression; and 3)
GLUT-1 overexpression significantly attenuated the inhi-
bitory effects of microRNA-140-5p overexpression on
osteosarcoma cell proliferation. Plasma levels of
microRNA-140-5p showed no significant correlations
with tumor metastasis. However, a significant correlation
between plasma levels of microRNA-140-5p and tumor
size was observed, indicating the specific involvement of
microRNA-140-5p in tumor growth of osteosarcoma.
Therefore, overexpression of microRNA-140-5p may
serve as a potential therapeutic target for the treatment of
osteosarcoma by inhibiting tumor growth through the
downregulation of GLUT-1.

Interestingly, no significant correlation between plasma
levels of microRNA-140-5pand GLUT-1 was observed in
healthy controls. Therefore, the interaction between
microRNA-140-5p and GLUT-1 is likely to be indirect or
osteosarcoma-specific. However, the disease-related fac-
tors link microRNA-140-5p to GLUT-1 remains to be
identified. This hypothesis is also supported by the obser-
vation that GLUT-1 overexpression only partially attenu-
ated but not fully reversed the inhibitory effects of
microRNA-140-5p overexpression on cancer cell prolif-
eration. MicroRNA-140-5p may also interact with other
pathways to participate the regulation of tumor growth in
osteosarcoma.

In conclusion, microRNA-140-5p was significantly
downregulated, while GLUT-1 was significantly upregulated
in osteosarcoma patients comparing with healthy controls.
MicroRNA-140-5p may inhibit the growth of osteosarcoma
by downregulating the expression of GLUT-1. Proliferation
and apoptosis of osteosarcoma are intricate biological pro-
cesses which may involve in an army of molecules and
factors. The present study just explored the function of
MicroRNA-140-5p did on osteosarcoma proliferation/apop-
tosis of how it working. Our present research proposed
a new targeted axial in treating of osteosarcoma.
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