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Purpose: In a recent study, Kang et al reported a novel miRNA named miR-522-3p with
critical roles in phagocytosis, in which GLUT]1 played a critical role, indicating the possible
interactions between them. This study aimed to investigate the role of miR-522-3p in
osteosarcoma (OS).

Methods: Gene expression was analyzed by qPCR and Western blot. Overexpression
experiments were performed to analyze gene interactions. Glucose uptake assay was per-
formed to analyze the effects of glucose uptake in cells. CCK-8 assay was used to analyze
cell proliferation.

Results: We found that miR-522-3p and GLUT1 were both upregulated in OS and positively
correlated. Follow-up showed that high levels of miR-522-3p expression predicted poor
survival. In OS cells, miR-522-3p overexpression led to upregulated GLUT1 expression
and increase glucose uptake. Analysis of cell proliferation assay showed that overexpression
of miR-522-3p and GLUT]1 led to increased cell proliferate rates. In addition, GLUT1 siRNA
silencing resulted in reduced effects of miR-522-3p overexpression.

Conclusion: MiR-522-3p promotes OS cell growth through reprogramming glucose
metabolism.
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Introduction
Osteosarcoma (OS) is one of the 3 most common types of bone cancers, and the other
two are Ewing tumors and chondrosarcoma.! OS mainly affects teenagers and young
adults.! The annual incidence rate of OS is about 1.67 per million, and the incidence rate
is much higher in males than in females.? Although OS is a rare type of cancer, incidence
of this disease has been increased by 0.3% every year during the past decade.® With the
development of modern cancer therapies, the overall survival of OS patients has been
significantly improved during the past decade.*” At present, more than 50% of OS
patients can live longer than 5 years after diagnosis, while effective treatments for
metastatic OS remain lacking.®

Glucose metabolism plays pivotal roles in both normal and cancer cells.” In
cancer cells, accelerated glucose consumption provides energies for all cancer cell
behaviors.® Therefore, inhibition of glucose uptake is considered as a potential
target for the treatment of cancers.”® Glucose transporter 1, or GLUTI, is a key

player in the transportation of glucose into mammalian cells.” It is known that
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GLUT!1 may interact with certain miRNAs to participate
in cancer biology.'"®'? In a recent study, Kang et al
reported a novel miRNA named miR-522-3p with critical
roles in phagocytosis,'® in which GLUT1 played a critical
role,'* indicating the possible interactions between them.
This study aimed to analyze the interaction between miR-
522-3p and GLUT1 in OS.

Materials And Methods

Research Subjects

Research subjects of the present study were 62 OS patients (25
males and 27 females; age range: 19 to 38 years; mean age:
27.3 £ 5.6 years), who were selected from the 113 OS patients
admitted to Fuzhou Second Hospital Affiliated to Xiamen
University between March 2011 and April 2014. This study
passed the review board of Fuzhou Second Hospital Affiliated
to Xiamen University Ethics Committee before the admission
of patients. Inclusion criteria: 1) no therapies were initiated
and 2) newly diagnosed OS cases. Exclusion criteria: 1) OS
patients complicated with other clinical disorders; 2) recurrent
OS; and 3) patients who received treatments within 3 months
before this study. All the 62 patients were staged according to
AJCC staging system, and there were 12, 19, 18 and 13 cases
at stage I-IV, respectively. All the 62 OS patients signed
informed consent before this study.

OS Tissues, Treatment And Follow-Up
Before the initiation of therapies, all patients were subjected
to MRI-guided fine needle biopsy. During biopsy, OS and
adjacent non-tumor tissues were collected. All tissue sam-
ples were confirmed by histopathological examinations.
All patients were treated with surgical resections and/or
chemotherapy or radiation therapies according to their con-
ditions. From the day of admission, all patients were fol-
lowed up for 5 years to monitor their survival conditions. The
patients died of other causes and the patients who were lost
during follow-up were excluded from the survival analysis.

Cell Culture And Transfection

Two human OS cell lines U20S and MG-63 (ATCC, USA)
were used in this study. Cells were cultivated in the mixture of
90% Eagle’s minimum essential medium and 10% FBS. Cell
culture conditions were 37°C, 95% humidity and 5% CO..
U20S and MG-63 cell were harvested at confluence of
70-80% to perform cell transfections. Negative control (NC)
miRNA and miR-522-3p, NC siRNA and GLUT1 siRNA, as
well as GLUT1-expression pcDNA3.1 vector and empty

pcDNA3.1 vector were all from Sangon (Shanghai, China).
Transient transfections were mediated by lipofectamine 2000
reagent (Sangon) to transfect 40 nM miRNA (NC miRNA as
NC group), 40 nM siRNA (NC siRNA as NC group), or 10
nM vector (empty vector as NC group) into 10° cells.
Subsequent experiments were performed using cells harvested
at 24 hrs post-transfection. Control (C) cells for all transfec-
tions were untransfected cells.

Total RNAs And qPCR

Total RNAs in tissue samples and 10° cells were extracted
using Trizol reagent (Invitrogen, USA). RNA precipitation
and washing were performed using 85% ethanol to harvest
miRNAs. All RNA samples were digested with DNase I
for 2hrs at 37°C. To detect the expression of GLUTI1
mRNA, RevertAid RT Reverse
(Thermo Fisher Scientific) was used to perform reverse
transcriptions and DyNAmo Flash SYBR Green qPCR Kit
(Thermo Fisher Scientific) was used to prepare qPCR

Transcription  Kit

reaction mixtures with GAPDH as endogenous control.
To measure the expression levels of miR-522-3p, All-in-
One™ miRNA qRT-PCR Reagent Kit (Genecopoeia) was
used to complete all step according to manufacturer’s

2*AACT

instructions. method was used to process data

and three replicates were included in each experiment.

Glucose Uptake Analysis

U20S and MG-63 cells were harvested at 24hrs post-
transfection. Cells (10°) were first cultivated in glucose-
free Eagle’s minimum essential medium under condition
of 37°C, 95% humidity and 5% CO, for 16 hrs, followed
by cell culture in high-glucose Eagle’s minimum essential
medium for additional 24 hrs under the same conditions.
After that,
(BioVision) was used to measure the levels of intracellular

a fluorescence-based glucose assay kit
glucose.

Cell Proliferation Analysis

U20S and MG-63 cells were harvested at 24hrs post-
transfection. Cells were counted and 5 x10* cells were
mixed with 1 mL Eagle’s minimum essential medium to
prepare single cell suspensions. A 96-well plate was used
to cultivate the cells under the conditions mentioned above
(0.1mL per well). Each well was added with CCK-8 solu-
tion (10 pL, Sigma-Aldrich) at 4 hrs before the end of cell
culture to monitor cell proliferation. After cell culture was
terminated, each well was added with 10 ul DMSO and
OD values at 450 nm were measured.
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Western-Blot

U20S and MG-63 cells were harvested at 24 hrs post-transfec-
tion and total proteins in 10° cells were extracted using RIPA
solution (Sangon). Electrophoresis was performed using a
SDS-PAGE (10%) gel to separate proteins after protein samples
were boiled in water for 5 mins. Proteins were then transferred
to PVDF membranes and blocking was performed in 5% non-
fact milk for 2 hrs at room temperature. Following that, first
blotting was performed using rabbit anti-GLUT-1 (1:1200,
ab15309, Abcam) and anti-GAPDH antibody (1:1200,
ab9485, Abcam) primary antibodies for 18hrs at 4°C, and the
second blotting was performed using goat anti-rabbit [gG-HRP
secondary antibody (1:1500, MBS435036, MyBioSource) for
2hrs at room temperature. ECL™ Blocking Agent GE
Healthcare (Sigma-Aldrich) was used to incubate with mem-
branes for 10 mins to develop signals and data were processed
using Image J V1.34 software.

Statistical Analysis

All data presented in this study were mean values of 3 biolo-
gical replicates. Correlations were analyzed by linear regres-
sion. Explorations of differences between two types of tissues
(OS vs non-tumor) were performed using paired ¢ test.
Explorations of differences among multiple cell groups were
analyzed by one-way ANOVA and Tukey’s test. The 62
patients were grouped into high and low two miR-522-3p
level groups according to its median expression level in OS.
K-M plotter and log-rank test were used to plot and compare
survival curves. p < 0.05 was statistically significant.

Results
miR-522-3p And GLUTI mRNA Were

Positively Correlated In OS Tissues

gPCR was performed to measure the expression levels of
miR-522-3p and GLUT1 mRNA in both OS and non-
tumor tissues. Expression levels of miR-522-3p and
GLUTI1 were compared between two types of tissues by
performed paired #-test. Comparing to non-tumor tissues,
expression levels of miR-522-3p (Figure 1A) and GLUT1
(Figure 1B) were significantly higher in OS tissues
(p<0.05). Correlations between miR-522-3p and GLUT1
mRNA were analyzed by linear regression. It can be
observed that expression level of miR-522-3p was signifi-
cantly and positively correlated with that of GLUTI
mRNA in OS tissues (Figure 1C). However, the correla-
tion between miR-522-3p and GLUTI mRNA in non-
tumor tissues was not significant (Figure 1D).

High Level Of miR-522-3p In OS Tissues

Predicted Poor Survival

Using the survival data of the 5-year follow-up, survival
curves of two (high and low) miR-522-3p level groups were
plotted and compared through the methods aforementioned.
Comparing to patients in low miR-522-3p level group, the
overall survival rate of patients in high miR-522-3p level
group was significantly lower (Figure 2).

miR-522-3p Promoted GLUTI
Expression And Increase Glucose Uptake
In OS Cells

To investigate the interactions between miR-522-3p and
GLUT1, U20S and MG-63 cells were transfected with miR-
522-3p mimic and GLUT1 expression vector. Expression
levels of miR-522-3p and GLUT1 were measured at 24hrs
post-transfections. Comparing to NC (NC miRNA or empty
pcDNA3.1 vector-transfected cells) and C (untransfected cells)
two controls, expression levels of miR-522-3p and GLUT1
3A, p<0.05).
Comparing to two controls, miR-522-3p overexpression led

were significantly upregulated (Figure
to upregulated GLUT1 expression (Figure 3B, p<0.05) and
increase glucose uptake (Figure 3C, p<0.05). However,
GLUT1 overexpression failed to significantly affect the
expression of miR-522-3p (Figure 3D, p>0.05).

miR-522-3p Promoted OS Cell

Proliferation Through GLUT

The roles of miR-522-3p and GLUT in regulating the prolif-
eration of U20S and MG-63 cells were explored by perform-
ing cell proliferation assay. Comparing to NC (NC siRNA, NC
miRNA or empty pcDNA3.1 vector-transfected cells) and C
(untransfected cells) groups, overexpression of miR-522-3p
and GLUT1 led to increase cell-proliferated rates. In addition,
GLUT]1 siRNA silencing resulted in reduced effects of miR-
522-3p overexpression (Figure 4, p<0.05).

Discussion
In this study, we mainly investigated the roles of miR-522-3p
in OS. We found that miR-522-3p was overexpressed in OS
and was closely correlated with the survival of OS patients.
In addition, miR-522-3p may upregulate the expression of
GLUT! to promote the proliferation of OS cells.

The functions of miR-522-3p have only been investi-
gated in phagocytosis.'® In phagocytosis, miR522-3p can
directly target prostaglandin reductase 1 to regulate
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Figure | miR-522-3p and GLUT| mRNA were positively correlated in OS tissues. qPCR was performed to measure the expression levels of miR-522-3p and GLUTI
mRNA in both OS and non-tumor tissues. Expression levels of miR-522-3p (A) and GLUT| (B) were compared between two types of tissues by performed paired t-test.
Correlations between miR-522-3p and GLUT| mRNA in both OS (C) and non-tumor (D) tissues were analyzed by linear regression. Mean values were presented, *p<0.05.
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Figure 2 High level of miR-522-3p in OS tissues predicted poor survival. The 62
patients were group into high and low two miR-522-3p level groups according to its
median expression level in OS. K-M plotter and log-rank test were used to plot and
compare survival curves.

inflammation.'® Based on our knowledge, the involvement
of miR522-3p in human diseases is unclear. This study is
the first to report the overexpression of miR522-3p in OS.
In addition, we observed increased proliferation rate of OS
cells after miR522-3p overexpression. Therefore, miR522-
3p is an oncogenic miRNA in OS.

Accurate prognostic assignment may help the determi-
nation of therapeutic strategies and the development of
postoperative care system.'®'> In this study, we found
that the high expression levels of miR522-3p were signifi-
cantly correlated with the poor survival of OS patients.
Therefore, measurement of the expression of miR522-3p
may help the prognostic assignment of OS cells.
Comparing to gene expression in tumor tissues, plasma
biomarkers are preferred in cancer prediction owing to the
non-invasive nature.'® It is worth noting that our study
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Figure 3 miR-522-3p promoted GLUT | expression and increase glucose uptake in OS cells. To investigate the interactions between miR-522-3p and GLUT I, U20S and MG-63 cells were
transfected with miR-522-3p mimic and GLUT | -expression vector. Overexpression of miR-522-3p and GLUT | was confirmed by qPCR at 24 hrs post-transfection (A). The effects on miR-
522-3p overexpression on GLUT | expression (B) and glucose uptake (C) were analyzed by Western blot, qPCR and glucose uptake assay. The effects of GLUT | overexpression on miR-
522-3p were analyzed by qPCR (D). Mean values of 3 biological replicates were presented. NC, NC miRNA or empty pcDNA3.| vector-transfected cells; C, untransfected cells; *p<0.05.
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Figure 4 miR-522-3p promoted OS cell proliferation through GLUTI. The roles of miR-522-3p and GLUT in regulation the proliferation of U20S (A) and MG-63 (B) cells
were explored by performed cell proliferation assay. Mean values of 3 biological replicates were presented. NC, NC siRNA, NC miRNA or empty pcDNA3.| vector-
transfected cells; C, untransfected cells; *p<0.05.

failed to detect miR522-3p in blood of OS patients.

However, most OS patients are diagnosed by biopsy.

Therefore, measurement of the expression level of

miR522-3p in OS tissues may be applicable in most cases.

It is known that the expression of GLUT1 in cancer

biology can be downregulated by certain miRNAs, such as

miR-218, miR-10a and miR-132.'°"'2 However, in this

study, we observed that miR522-3p can upregulate
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GLUT! and promote glucose uptake in OS cells. The
mechanism is unclear. We observed that miR522-3p and
GLUT1 mRNA were only significantly correlated in OS
tissues, but not in non-tumor tissues. Therefore, the inter-
action between miR522-3p and is likely mediated by cer-
tain cancer-related factors. Our future studies will explore
the pathological mediators.

Conclusion

In conclusion, miR522-3p was upregulated in OS and may
promote OS cell proliferation by upregulating GLUT1 and
promoting glucose uptake.
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