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Purpose: Hepatocellular carcinoma (HCC) is one of the most aggressive malignancies world-
wide. Our aim is to explore the expression and biological function of miR-517a in HCC.
Materials and methods: We performed qRT-PCR to detect the expression of miR-517a in
clinical samples and cell lines. CKK-8 assay and colony formation assay were employed to detect
the miR-517a regulated cell proliferation. Glucose uptake and lactate production were exam-
ined to determine the Warburg effect. We also performed ECAR assay using Seahorse system.
Luciferase acitivy assay was used to examine the binding of FBP1 3’UTR by miR-517a.
Results: miR-517a was upregulated in HCC samples in both genomic and mRNA levels. More-
over, overexpression of miR-517a promoted cell proliferation and Warburg effect. Mechanically,
miR-517a could directly target the 3’-UTR of FBPI. In addition, restoring the expression of
FBP1 inhibited cell growth.

Conclusion: We demonstrated that miR-517a acts as an oncogene to promote Warburg effect in
HCC, favoring tumor growth, and miR-517a/FBP1 could be a novel target for HCC treatment.
Keywords: miR-517a, HCC, FBP1, Warburg effect

Introduction
Hepatocellular carcinoma (HCC) is the fifth most frequently occurring cancer and the third
leading cause of cancer-related death.!> Most patients are found in the advanced stage, and
the prognosis of HCC is extremely poor due to the frequent metastasis, relapse, and chemo-
therapy resistance.’>” Therefore, understanding the molecular mechanisms underlying the
initiation and development of HCC may lead to the improvement of clinical treatment.
Tumor cells have a rapid proliferation rate, requiring the unique metabolism pattern,
which is well recognized as “aerobic glycolysis” or “Warburg effect”.” It is characterized
by cells metabolizing glucose to lactate irrespective of oxygen availability and producing
intermediary metabolites to support the cell dividing. The Warburg effect is observed in
various types of cancers, such as HCC, colorectal carcinoma, breast cancer, and ovar-
ian cancer.®*!! Numerous evidence demonstrates that Warburg effect is critical for the
growth of tumor cells and metastasis.'? Fructose-1,6-bisphosphatase (FBP1), a limiting
enzyme of gluconeogenesis, is well established to be involved in metabolic regulation.'®
In basal-like breast cancer (BCLC), FBP1 could be epigenetically silenced by Snail and
therefore promotes tumor growth and metastasis of BLBC cells."* FBP1 has also been
shown to be functionally lost in lung cancer and renal clear cell carcinoma.'>'* However,
whether FBP1 contributes to the Warburg effect in HCC has not been explored yet.
microRNAs (miRNAs) can modulate various cellular functions by posttranscription-
ally regulating target genes. Recent studies have reported that several miRNAs have
potential roles in aerobic glycolysis. For instance, miR-199a-5p targets hexokinase 2
and regulates glycolysis in HCC.'” miR-34a targets lactate dehydrogenase A in cervical
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cancer.'® miR-122 regulates PKM2 and is involved in breast
cancer metastasis.!? In the present study, our aim was to inves-
tigate the new relationship between miRNA and key enzyme
of Warburg effect in HCC. We demonstrated for the first time
that miR-517a was dominantly overexpressed in HCC tissues
and FBP1 directly targeted miR-517a. Inhibition of miR-517a
or restoring the expression of FBP1 suppressed HCC cell
proliferation. These results provided a new insight into the
role of miR-517a in deregulated cellular metabolism of HCC
and implied a strategy for inhibiting HCC development.

Materials and methods

Ethics statements and patient samples

The study was approved by the ethics committee of Guizhou
People’s Hospital. In all, 167 cases of HCC tissue samples
and matched adjacent normal samples were collected from
the Department of Hepatobiliary Surgery, Guizhou People’s
Hospital, between June 2014 and August 2016. All patients
provided written consent forms. The clinicopathological
features of 167 cases of HCC patients are given in Table 1.

Cell lines and reagents

The cell lines HEK293T and LO, and HCC cell lines Huh7,
SK-hepl, SMMC7721, and PLC/PRF/5 were from the Cell

Table | Clinicopathological features of 167 HCC patients

No of cases

Age, years

=50 44

>50 123
Gender

Male 126

Female 41
Tumor diameter, cm

=2 13

>2 154
Hepatitis B virus infection

Yes 129

No 38
AJCC stage

| I

I 89

+v 67
Lymph node invasion

Absent 145

Present 22
AFP

- 24

+ 143
Histological grade

Well 19

Moderate 99

Poor 49

Abbreviations: HCC, hepatocellular carcinoma; AFP, alpha fetoprotein; AJCC,
American Joint Committee on Cancer.

Bank of Type Culture Collection of Chinese Academy of
Sciences (Shanghai, China). Cells were cultured in DMEM
(Thermo Fisher Scientific, Waltham, MA, USA) supple-
mented with 10% FBS (Thermo Fisher Scientific) and anti-
biotics (penicillin, streptomycin). Cells were maintained
under 5% CO, atmosphere and 37°C.

The miR-517a mimic, inhibitor, and controls were pur-
chased from RiboBio (Guangzhou, China). The sequences of
miR-517a mimic and inhibitor were as follows: AUCGUGC
AUCCCUUUAGAGUGU and ACACUCUAAAGGGAUGC
ACGAU. FBP1 siRNAs were purchased from GenePharma
(Shanghai, China). Expression plasmid with FBP1 ORF was
purchased from GeneCopoeia (Guangzhou, China).

Cell transfection

Transfection of miR-517a mimics, inhibitors, and vectors
was performed using Lipofectamine 2000 (Thermo Fisher
Scientific) according to the manufacturer’s protocol as
described previously.?’ Cells were tested in 48 hours after
transfection.

Western blot

Cells were lysed in RIPA buffer (Pierce, USA, Rockford,
IL, USA) with protease inhibitor and phosphorylase inhibi-
tor (Hoffman-La Roche Ltd., Indianapolis, IN, USA). Total
protein concentration was measured by bicinchoninic acid
(BCA) method (Boster, Wuhan, China) according to the pro-
tocol. In all, 60 g protein was loaded and separated by 10%
SDS-PAGE and then transferred onto polyvinylidenefluoride
(PVDF) membrane. The membrane was incubated with
primary antibody at 4°C overnight and (HRP)-conjugated
secondary antibody for 1 hour. The band was visualized
by sensitive electrochemiluminescence (ECL) method. The
primary antibodies anti-f-tubulin (#ab6046), anti-PCNA
(#ab29), and anti-FBP1 (#ab109020) were from Abcam
(USA, Cambridge, MA, USA).

Quantitative real-time PCR

Total RNA isolation, reverse transcription, and miRNAs’
real-time PCR were performed as described previously.?!
Real-time PCR for mRNA detections was performed
by SYBR Green methods (Takara, Dalian, China). The
samples were analyzed by ABI-7300 System (Thermo
Fisher Scientific). The relative expressions of miRNA and
mRNA were measured by the comparative 274 method
as described previously.?? The primers used were as fol-
lows: FBP1, 5-CGCGCACCTCTATGGCATT-3" and
5’-TTCTTCTGACACGAGAACACAC-3" and B-tubulin,
5’-TGGACTCTGTTCGCTCAGGT-3’ and 5’-TGCCTCC
TTCCGTACCACAT-3".

submit your manuscript

8026

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

miR-517a promotes Warburg effect in HCC by directly targeting FBPI

Cell proliferation and colony formation

assays
The cell proliferation assay was performed by the CCK-8
method (Boster). Cells were seeded in the 96-well plates and
measured by adding 10 uL CCK-8 per well following the
protocol. For colony formation assay, indicated cells were
plated in the six-well plates and cultured for other 2 weeks.
Cells were stained with 0.1% crystal violet and calculated
using the microscope.

Luciferase reporter assay

Cells were plated in 48-well plates and co-transfected with
miR-517a mimics, firefly luciferase reporter containing
wild-type or mutant 3" UTR of FBP1, and Renilla reporter.
Cells were harvested after 48 hours and measured by
Dual-Luciferase® Reporter Assay (Promega Corporation,
Fitchburg, WI, USA) according to the protocol.

Glucose uptake and lactate production

assay
Cells were calculated and seeded in six-well plates. The
medium was replaced with fresh complete medium and
incubated for additional 48 hours. The medium was collected
for glucose uptake and lactate production assay by measuring
the concentration of glucose and lactate. Glucose levels were
measured using Glucose Assay Kit (#510A; Sigma-Aldrich,
St Louis, MO, USA). Lactate levels were measured by Lactate
Assay Kit (#ab65331; Abcam) according to the protocol. The
data were normalized to the sum of total cellular protein as

P<0.001

Extracellular acidification rate (ECAR)

assay
The ECAR was measured by the Seahorse XF24 Flux
Analyzer (Seahorse Bioscience, North Billerica, MA, USA)
according to the manufacturer’s instruction. Briefly, indicated
cells were seeded in the plate and measured for the glycolytic
rate by adding glucose, oligomycin, and 2-deoxyglucose
subsequently. The data were normalized to cell number.

Statistical analyses

All statistical analyses were performed using SPSS 21.0
and visualized with GraphPad Prism 6.0. The Mann—
Whitney U test was performed to measure the difference in
miR-517a and FBP1 expressions between normal and HCC
tissues. Pearson’s correlation analysis was used to measure
the association between miR-517a and FBP1 expressions.
Unpaired Student’s #-test (two tailed) was used to measure
the difference between each group in the cells’ experiments.
One-way ANOVA analysis was used to measure the dif-
ference between more than two groups. Data are shown as
meantstandard error of measurement (SEM). A P-value less
than 0.05 was considered as statistically significant.

Results

miR-517a is upregulated in HCC tissues
and cell lines

To assess the potential functions of miR-517a in HCC,
we initially explored the expression of miR-517a in HCC
tissues both from public databases and our study samples.

As shown in Figure 1A, gene miR-517a was amplified in
HCC samples both in The Cancer Genome Atlas (TCGA)
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Figure | miR-517a is upregulated in HCC tissues and cell lines.
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Notes: (A) miR-517a genomic expression according to cBioPortal databasein two datasets: TCGA and AMC. (B) The expression levels of miR-517a in HCC tissues and
adjacent normal tissues (n=167). The data are shown as box-and-whisker plots. Boxes represent the upper and lower quartiles and median, and whiskers represent the
5-95 percentiles. (C) The expression levels of miR-517a in LO, cells and four HCC cell lines (Huh7, SK-Hep|, SMMC7721, and PLC/PRF/5).

Abbreviations: HCC, hepatocellular carcinoma; TCGA, The Cancer Genome Atlas; AMC, Asan Medical Center.
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dataset and Asan Medical Center (AMC) dataset (cBioPortal,
http://www.cbioportal.org). Then, in 167 cases, we found that

miR-571a expression was significantly higher in HCC tissues
compared to matched adjacent normal tissues (Figure 1B)
by real-time PCR (RT-PCR) analysis. Moreover, miR-517a
expression was also higher in four HCC cell lines com-
pared to the immortal liver cell line LO, (Figure 1C). Taken
together, these data suggested that miR-517a might play as
an oncogene in HCC.

miR-517a promotes cell proliferation

To further assess the functional role of miR-517a in HCC, we
performed gain and loss function assays. We used Huh7 cell
with lower miR-517a to perform miR-517a overexpression
and PLC/PRF/5 cell line with a higher miR-517a expres-
sion to perform knocking down. We noticed that the expres-
sion of PCNA, a marker for cell proliferation, was elevated
after miR-517a overexpression but decreased after miR-517a
inhibition (Figure 2A, upper panel). The efficacy of miR-517a
overexpression and inhibition was also confirmed (Figure 2A,
lower panel). We found that overexpression of miR-517a
induced a significantly rapid cell growth rate, measured by
CCK-8 assay and colony formation assay (Figure 2B and D).
Similarly, using miR-517a inhibitor showed converse results

(Figure 2C and E). These data suggested that miR-517a
promoted proliferation of HCC cells.

miR-517a enhances Warburg effect in
HCC cells

Recent studies indicated that Warburg effect could lead to
cell proliferation in a number of solid tumors. We sought to
determine whether miR-517a affected Warburg effect. Com-
pared with the control group, overexpression of miR-517a
resulted in an increased glucose uptake and lactate production,
while knocking down of miR-517a decreased these effects
(Figure 3A and B). These results indicated that miR-517a
could significantly enhance cell aerobic glycolysis. More
importantly, we tested the cell ECAR, which is a key indica-
tor of aerobic glycolysis. We found that miR-517a promoted
the rate of extracellular acidification (Figure 3C), while
inhibition of miR-517a decreased the ECAR (Figure 3D).
These data suggested that miR-517a might be a key regulator
of aerobic glycolysis in HCC cells.

FBPI is a direct target of miR-517a

Given the observation earlier, we investigated the molecular
mechanisms underlying the function of miR-517a. We
explored the potential target of miR-517a by TargetsScan
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Figure 2 miR-517a promotes proliferation of HCC cells.

Notes: (A) Western blot showed the PCNA expression with miR-517a overexpression or knockdown (upper panel); the expression of miR-517a was examined by RT-PCR
(lower panel). CCK-8 assay of Huh7 transfected with miR-517a or vector controls (B) and PLC/PRF/5 transfected with anti-miR-517a or negative controls (C). (D and E)

Colony formation assay of abovementioned cells. *P<<0.05 and **P<<0.01.

Abbreviations: HCC, hepatocellular carcinoma; RT-PCR, reverse transcription PCR.

submit your manuscript

8028

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.cbioportal.org

Dove

miR-517a promotes Warburg effect in HCC by directly targeting FBPI

A Huh7 PLC/PRF/5

® 15 - # w10

[ [
g Lo ]
©c © ©
-— O -— O
2o 101 28 4
=] 8 =S 8
8 8 g = 2 sk
O O
O o 51 o o
-3 392 |
(Clro) (Gl

E o E o

S -

Il Vector Il Anti-NC
B miR-517a I Anti-miR-517a
C Huh?
90
80 = v
Vector *c‘}‘\ l
- miR-517a | &

ECAR (mpH/min
per 40,000 cells)
5
1

0 20 40 60 80 100
Time (minutes)

Figure 3 miR-517a promotes the Warburg effect in HCC cells.

B Huh? PLC/PRF/5
c @ 30+ c ® 151
38 = 88
0o 0 ©

o o
3 S 201 3 101
es s
o™ Q™ *
Q QD =
- ¢ 104 - @ 51
g2 52
5% 8%

3 0- 3 0-

N N

Il Vector Hl Anti-NC
B miR-517a I Anti-miR-517a
D PLC/PRF/5
80 = Anti-NC g
-~ —=— Ant-miR-517a | v
N
£ = 60 Ry l
I © &
o S &
E S 40+ N l
14 (=)
<7 ("
O o 20 -
we
0 L) L] T L] L] 1
0 20 40 60 80 100

Time (minutes)

Notes: Huh7 transfected with miR-517a or vector controls and PLC/PRF/5 transfected with anti-miR-517a or negative controls were used to measure the glucose uptake
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Abbreviations: HCC, hepatocellular carcinoma; ECAR, extracellular acidification rate; 2-DG, 2-Deoxy-D-glucose.

(www.targetscan.org). In addition, the target might better
be involved in the Warburg effect. We found that FBP1 was
a potential target of miR-517a (Figure 4A, upper panel).

To verify this finding, a dual-luciferase reporter assay was
first performed. Co-transfection of miR-517a significantly
suppressed the luciferase activity with only wild-type 3' UTR
of FBP1 but not that of the mutant type, both in 293 T cells
and HCC cells, indicating that miR-517a could directly
bind to the 3" UTR of FBP1 (Figure 4A, lower panel). Fur-
thermore, overexpression of miR-517a showed a decreased
mRNA and protein expression of FBP1 (Figure 4B), and
knockdown of miR-517a increased the FBP1 expression
(Figure 4C). To further verify the FBP1 expression in clinical
samples, we used RT-PCR to test the mRNA level of FBP1
in HCC tissues and matched normal tissues. We found that
FBP1 expression was significantly higher in normal tissues
compared to that in HCC tissues (Figure 4D). More impor-
tantly, we noticed the inverse correlation between miR-517a
and FBP1 expression levels, suggesting that FBP1 was more
likely decreased in patients with a higher expression of
miR-517a (Figure 4E). Taken together, these data suggested
that FBP1 was a direct target of miR-517a in HCC.

FBPI is involved in miR-517a-induced

cell proliferation

To further verify whether miR-517a regulates the Warburg
effect through FBP1, we subsequently explored the FBP1
ectopic expression and miR-517a overexpression. The FBP1
expression was examined by Western blot. FBP1 expression
was decreased after miR-517a overexpression, and restored
after ectopic FBP1 expression (Figure SA upper panel).
Notably, overexpression of FBP1 attenuated miR-517a-
induced cell proliferation (Figure 5A, lower panel). Knocking
down of FBP1 reversed the inhibition of cell proliferation
caused by miR-517a inhibition (Figure 5B). Collectively,
these data suggested that miR-571a regulated the Warburg
effect and cell proliferation by targeting FBP1.

Discussion

miR-517a was first identified as placental-specific miRNA
in maternal circulation to diagnose pregnancy.’*?’ However,
its biological role in cancer needs to be further addressed.
miR-517a is reported to accelerate lung cancer cell invasion
by inhibiting FOXJ3 expression.?® Recently, Toffanin et al*
reported that miR-517a from chromosome 19q13.42 was

OncoTargets and Therapy 2018:1 |
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Figure 4 FBP| is a direct target of miR-517a.

Notes: (A) A schematic diagram of 3" UTR of FBP| as a putative binding site of miR-517a (upper panel). Relative luciferase activity in HEK293T cells and Huh7 cells co-
transfected with luciferase reporter containing FBP| wild-type or mutant-type 3" UTR and miR-57a (lower panel). FBP| mRNA and protein levels were examined in Huh7
transfected with miR-517a or vector controls (B) and PLC/PRF/5 transfected with anti-miR-517a or negative controls (C). (D) The expression of FBP| in HCC tissues and
matched normal tissues was examined by RT-PCR. (E) The inverse correlation of FBP| and miR-517a expressions is shown. *P<0.0] and ***P<<0.001.

Abbreviations: HCC, hepatocellular carcinoma; RT-PCR, reverse transcription PCR.
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Figure 5 miR-517a promotes cell growth by inhibiting FBP1.
Notes: (A) Colony formation assay of Huh7 cells overexpressed FBPI| while transfecting with miR-517a or controls. (B) Colony formation assay of PLC/PRF/5 cells
transfected with only anti-NC, or anti-miR517a, or co-transfected with anti-miR517a, si-FBP1. *P<<0.05, **P<<0.01, and ***P<<0.001.
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overexpressed and HCC tissues and miR-517a promoted
tumorigenesis and metastatic dissemination in vivo. How-
ever, the precise mechanisms remained largely unknown.
In the present study, we focused on the potential role of
miR-517a in regulating Warburg effect and contributing to
the metabolic reprogramming.

According to the public database, our data demonstrated
that miR-517a was gnomically amplified in HCC tissues.
Although the amplification rate was less than 1%, it could
partially explain the overexpression of miR-517a. Moreover,
the DNA methylation of miR-517a promoter regions requires
further investigation by us, which might also contribute to the
upregulation of miR-517a. We further found that miR-517a
promoted cell proliferation by the gain and loss function
analysis, which was consistent with a previous report.”’ We
noticed that miR-517a enhanced the Warburg effect, and
induced the acidic tumor microenvironment.

FBP1 is a direct target of miR-517a, which has not been
mentioned previously. Dai et al’® demonstrated that FBP1
also was a target of miR-21, and they observed negative
correlation between miR-21 and FBP1 in non-small-cell
lung cancer samples. As miRNAs could exert their functions
through multiple target genes, a gene could be regulated by
multiple miRNAs as well. Furthermore, we examined the
FBP1 expression in HCC tissues and normal tissues and
found the inverse expression relationship between FBP1
and miR-517a in HCC tissues (=—0.21, P=0.0064). These
results could verify the regulation pattern of miR-517a and
FBP1 in clinical samples. Subsequently, we observed that
enhancement of the aerobic glycolysis and cell prolifera-
tion by miR-517a were dependent on FBP1, as restoration
of FBP1 expression abrogated the effect of overexpres-
sion of miR-517a. FBPI is a key regulator of glycolysis
and gluconeogenesis. It was found to be downregulated or
functionally lost in many types of tumors, such as pancreatic
cancer and lung cancer.'>3! This might explain the enhanced
Warburg effect in tumor cells. In addition, the methylation
levels of FPB1 promoter could be an independent prognostic
factor of gastric cancer.’? Here, our study suggested that
FBP1 could be posttranscriptionally regulated by miRNAs
as well.

Conclusion

By exploring the clinical tissue samples and cell lines, we
have identified a regulatory mechanism of Warburg effect
and a novel role of miR-517a. These results suggested that
targeting miR-517a or restoring FBP1 could be a poten-
tial strategy to reverse the Warburg effect and aggressive
phenotype in HCC.
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