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miR-660 promotes liver cancer cell
proliferation by targeting PPP2R2A
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Abstract. Liver cancer (LC) is the leading cause for
tumor-related death worldwide, and microRNAs (miRs) have
been demonstrated to regulate the progression of LC. In the
current study, the function of miR-660 in LC cells was inves-
tigated, and the results indicated that miR-660 was highly
expressed in LC tissues and cells. This increased expression
promoted LC cell proliferation and increased the percentage
of S phase cells, while miR-660 knockdown inhibited cell
proliferation and increased the percentage of G,/G, phase
cells. A Ser/Thr phosphatase protein phosphatase 2 regulatory
subunit fo. (PPP2R2A) was indicated as the target of miR-660,
and miR-660 could inhibit PPP2R2A levels. The luciferase
reporter assay suggested that miR-660 directly bound to
the 3'-untranslated region of PPP2R2A. Additionally, it was
revealed that miR-660 inhibited p21 expression and promoted
cyclin DI expression, confirming that miR-660 regulated LC
cell proliferation by regulating cell cycle progression. The
double knockdown of miR-660 and PPP2R2A promoted LC
cell proliferation, suggesting that miR-660 promoted LC
proliferation by targeting PPP2R2A.

Introduction

MicroRNAs (miRNAs or miRs) are small non-coding RNAs
that regulate gene expression at the post-transcriptional level
and can degrade mRNA or/and inhibit mRNA translation by
binding to the 3'-untranslated region (UTR) of target mRNAs.
For example, miR-1891b directly binds to the 3'-UTR of cbl
proto-oncogene B (Cbl-b) and degrades Cbl-b mRNA (1).
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Additionally, miRNAs increase mRNA translation or stability
by binding to the 5'-UTR of target mRNAs. For example,
miR-10a interacts with the 5'-UTR of ribosomal protein
mRNAS to increase their translation (2). miR-483-5p directly
binds to the 5'-UTR of insulin like growth factor 2 (IGF2)
and increases IGF2 expression (3). miRNAs have also been
demonstrated to regulate tumor progression in various types
of cancer (4). Liver cancer (LC) is a malignant tumor with a
poor prognosis (5). The molecular mechanism of LC progres-
sion requires further assessment; however, a number of studies
have revealed that miRNAs regulate LC progression. miR-7
has been revealed to inhibit LC growth and metastasis by
targeting phosphatidylinositol-4 5-bisphosphate 3-kinase cata-
lytic subunit A, mTOR and ribosomal protein S6 kinase [3-1,
and regulate the PI3K/Akt pathway (6). miR-124-1 inhibits LC
growth by targeting CASC3 exon junction complex subunit to
inactivate the p38/MAPK, JNK and ERK pathways (5).
Protein phosphatase 2 regulatory subunit fo. (PPP2R2A)
is a regulatory subunit of tumor suppressor protein phos-
phatase 2 (PP2A). PP2A can inhibit PI3K/AKT/mTOR,
Wnt/B-catenin and MAPK signaling to suppress tumor
initiation, growth, invasion and metastasis and induce apop-
tosis (7,8). PPP2R2A inhibits the progression of a variety
of tumors including pancreatic (9), bladder and breast (10)
cancer. miR-660 has been demonstrated to be associated
with the development of various diseases including graves'
disease (11), facioscapulohumeral dystrophy (12) and
Alzheimer's disease (13). miR-660 has also been revealed to
regulate tumor progression. miR-660 has been demonstrated
to be downregulated in lung cancer tissues and patients with
low miR-660 exhibited poor outcomes including increased
mortality (14). The overexpression of miR-660 has been
indicated to inhibit lung cancer cell proliferation, migra-
tion and invasion and induce apoptosis. Analysis of the
mechanisms associated with miR-660 has revealed that the
p53 regulator mouse double minute 2 homolog (MDM?2)
is a miR-660 target (14). miR-660 suppresses lung cancer
progression by inhibiting MDM?2 and stabilizing p53 (14).
The role of miR-660 in LC progression has not, to the best
of our knowledge, been previously assessed. In the present
study, the role of miR-660, also known as miR-660-5p, in
LC cell proliferation was assessed. miR-660 expression was
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measured in LC cells and tissues, and the effect of miR-660
overexpression and knockdown on LC cell proliferation was
assessed. Finally, the regulatory mechanism of miR-660 was
investigated.

Materials and methods

Cell culture. A total of six human LC cell lines (MHCC97H,
HCCC-9810, MHCC97L, HepG2, Huh7 and Hep3B) and
normal liver cell line THLE-3 (ATCC® CRL-11233™)
were purchased from American Type Culture Collection
and cultured according to manufacturer's protocol, briefly,
DMEM/high glucose (Hyclone; GE Healthcare Life Sciences)
supplemented with 10% FBS (Hyclone; GE Healthcare Life
Sciences) at 37°C with 5% CO,.

Clinical specimens. LC tissues and adjacent normal liver
tissues were obtained from The Second Affiliated Hospital of
Soochow University (Suzhou, China) between July 2015 and
September 2018 according to Edmondson criteria (5). Adjacent
normal tissues distanced from tumor tissue above 5 cm. The
current study was approved by the Ethics Committee of The
Second Affiliated Hospital of Soochow University. Prior
patient consent was obtained for the obtainment of specimens
(Table S1).

Transfection. The sequence of pre-miR-660 was cloned into a
pMSCV-puro vector (Clontech Laboratories, Inc.). An empty
and miR-660 overexpressing vector (10 ug) were co-trans-
fected with packaging plasmid pIK (10 ug) into 293T cells
(American Type Culture Collection) using a standard calcium
phosphate transfection method, as previously described (15).
The virus supernatants were collected using 0.45 ym filter
(EMD Millipore) 36 h following co-transfection. HepG2 and
HepB3 cells were incubated with virus supernatants overnight
at 37°C with multiplicity of infection (MOI)=20. Supernatants
were subsequently removed and cells were cultured using
DMEM/high glucose (Hyclone; GE Healthcare Life Sciences)
with 10% FBS (Hyclone; GE Healthcare Life Sciences) and
2 ug/ml puromycin (Sigma-Aldrich; Merck) for 1 week
to construct the stably miR-660 overexpressing cells. The
miR-660 mimic (indicated as miR-660), miR-660 inhibitor
(indicated as miR-660-in; cat. no. miR20003338-1-5),
miR-660 mimic with seed site mutation (miR-660-mut)
and their negative control were synthesized by Guangzhou
RiboBio Co., Ltd. and transfected into HepG2 and Hep3B
cells using Lipofectamine® 2000 to perform luciferase assay
(Thermo Fisher Scientific, Inc.) according to manufacturers'
protocol. 12 h after transfection, functional experiments
could be performed. The small interfering RNA (siRNA)
of PPP2R2A (siPPP2R2A; Guangzhou RiboBio Co., Ltd.)
sequences were as follows: PPP2R2AsiRNA#1, 5'-GAUCCC
AGUAACAGGUCAUUU-3' and PPP2R2AsiRNA#2, 5'-GCA
AGUGGCAAGCGAAAGAAA-3'" A total of 10 nM siRNAs
were transfected into cells using Lipofectamine 2000.

Reverse transcription-quantitative (RT-q) PCR. Total RNA
was isolated using RNAiso Plus (Takara Bio, Inc) in LC cells.
For miRNA analysis, cDNA was synthesized using Hiscript
Reverse Transcriptase (Vazyme) and a specific stem-loop

primer, the sequence of the primer was: 5-GTCGTATCCAGT
GCAGGGTCCGAGGTATTCGCACTGGATACGACCAAC
TC-3". gPCR was subsequently performed using AceQ qPCR
SYBR Green Master Mix (Vazyme) and a CFX96 Touch™
Real-time PCR detection system (Bio-Rad Laboratories,
Inc.). miR-660 primer sequences were as follows: Forward,
5'-GCCCGCTACCCATTGCATATCG-3' and reverse, 5-GTG
CAGGGTCCGAGGT-3". For mRNA analysis, cDNA was
synthesized using Hiscript High Fidelity One Step RT-PCR
kit (Vazyme) and qPCR was performed using AceQ qPCR
SYBR Green Master Mix (Vazyme) and a CFX96 Touch™
Real-time PCR detection system (Bio-Rad Laboratories, Inc.)
by incubation at 95°C for 5 min followed by 40 amplification
cycles (10 sec for denaturation at 95°C and 30 sec of hybridiza-
tion and elongation at 60°C). The specific primer sequences for
GAPDH, p21 and cyclin D1 (CCNDI1) are as follows: GAPDH
forward, 5'-GGTGGTCTCCTCTGACTTC-3' and reverse,
5-CTCTTCCTCTTGTGCTCTTG-3"; p21 forward, 5-TGT
CCGTCAGAACCCATGC-3' and reverse, 5"AAAGTCGAA
GTTCCATCGCTC-3"; CCNDI forward, 5-GCTGCGAAG
TGGAAACCATC-3' and reverse, 5'-CCTCCTTCTGCACAC
ATTTGAA-3'". U6 was used as an endogenous control for
microRNA data normalization, and GAPDH was used as an
endogenous control for gene normalization.

Western blot analysis. Total protein of HepG2 was isolated
using RIPA buffer [S0 mM Tris (pH 7.4); 150 mM NacCl;
1% NP-40; 0.5% sodium deoxycholate] supplemented with
protease inhibitor cocktail (Roche Applied Science), BCA
Protein Assay kit (Thermo Fisher Scientific, Inc.) was used
to determine protein concentration, 20 ug proteins were
separated using 12% SDS-PAGE, transferred onto PVDF
membranes, membranes were blocked using 5% non-fat milk
at room temperature for 2 h, and immunoblotted with the
following primary antibodies for overnight at 4°C: Anti-p21
(1:1,000; cat. no. ab109520) and anti-CCND1 (1;1,000; cat.
no. ab137875) antibodies were used (all, Abcam). a-Tubulin
(1:1,000; cat. no. ab7291; Abcam) was used as the loading
control. The secondary antibody (HRP-Goat Anti-Mouse
IgG H&L (1:5,000; cat. no. ab205719; Abcam) and HRP-Goat
Anti-Rabbit IgG H&L (1:5,000; cat. no. ab214880; Abcam)
for 1 h at room temperature. Bands were detected using ECL
Western Blotting Detection kit (GE Healthcare).

MTT assay. A total of 3x10° HepG2 cells with miR-660
overexpression were seeded in 96-well plates and stained with
0.05 mg MTT (Sigma-Aldrich; Merck KGaA) at day 0-4 and 5
for 4 h at 37°C. DMEM medium supplemented with 10% FBS
was removed and DMSO was added (Sigma-Aldrich; Merck
KGaA). Absorbance was measured at a wavelength of 570 nm.

Anchorage-independent growth assay and bromodeoxyuridine
(BrdU) incorporation assay. An anchorage-independent
growth assay and a BrdU incorporation assay were performed
according to a previous method (16).

Cell cycle assay. Cells were trypsined and washed with cold
PBS buffer three times and fixed with 70% cold ethanol at
-20°C for 4 h. Cells were spun down and resuspended using
PBS, and 2 pg/ml RNAase (Takara Bio, Inc) was added for
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Figure 1. Upregulation of miR-660 in LC tissues. (A) miR-660 expression in LC tissues and normal liver tissues, analyzed using The Cancer Genome
Atlas data. (B) miR-660 expression in a normal liver cell line THLE-3 and liver cancer cell lines MHCC97H, HCCC-9810, MHCC97L, HepG2, Huh7 and
Hep3B. (C) miR-660 expression in T and ANT. Error bars indicate SEM. "P<0.05. miR, microRNA; LC, liver cancer; T, LC tissues; N, normal liver tissues;

ANT, adjacent normal liver tissues.
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Figure 2. HepG2 proliferation following miR-660 overexpression. (A) Reverse transcription-quantitative PCR analysis of miR-660 expression following
transfection using a miR-660 overexpression vector. (B) MTT assay of HepG2 cell proliferation following miR-660 overexpression. (C) Soft agar growth
assay of the anchorage-independent growth of HepG2 cells overexpressing miR-660. (D) BrdU incorporation assay of cell proliferation of HepG2 cells
overexpressing miR-660. (E) Cell cycle assay of cell cycle distribution in HepG2 cells overexpressing miR-660. Scale bar, 50 ym. Error bars indicate SEM.

“P<0.05. miR, microRNA; BrdU, bromodeoxyuridine.



A Il HepG2-NC
[ HepG2-miR-660-in

1.00
0.75
0.50

0.25

Relative
miR-660 expression

PAN et al: miR-660 PROMOTES LIVER CANCER PROLIFERATION

—@— HepG2-NC
=t HepG2-miR-660-in

N W A~ OO

-

Relative MTT absorbance @

c D
B NC [ miR-660-in
— [ENC [ miR-660-in —_
£ X 80r
g 40 <
[$) - <2> =
= 2, 30 | g 60 |
o >
Q 50um =
.g .g 20 (T) 40
b k= o
5 : S 2 20
1 1 5 L
& g 1 8 2 =
€ o 14 o ;f:
© £ HepG2
E
M G2/M
5007 G1/G0=69.04% 900 G1/G0=77.80% S  P<0.01
4001 $=23.39% 400 - $=12.06% E G1/Go
- G2IM=12.37% & G2/M=11.94% © 100+
[ Ko —_—
2 300- £ 300 - o
£ 5 S gof
£ 200; = 200 5 ool
9 3 %
© 100+ 100 - £ a0}
Q
0— 0 ¥\ g 20f
2N 4N 2N 4N & o0
NC miR-660-in NC miR-660-in
HepG2 HepG2

Figure 3. HepG2 proliferation following miR-660 knockdown. (A) Reverse transcription-quantitative PCR analysis of miR-660 expression following transfec-
tion using miR-660 overexpression vector. (B) MTT assay of the HepG2 cell proliferation following miR-660 knockdown. (C) Soft agar growth assay of the
anchorage-independent growth of HepG2 cells with knocked down miR-660. (D) BrdU incorporation assay of cell proliferation of HepG2 with knocked down
miR-660. (E) Cell cycle assay of cell cycle distribution in HepG2 cells with knocked down miR-660. Scale bar, 50 y for 3C and 3D, Error bars indicate SEM.
"P<0.05. miR, microRNA; NC, negative control; in, inhibitor; BrdU, bromodeoxyuridine.

30 min at 37°C, followed by incubation in 20 pug/ml prop-
idium iodide (Sigma-Aldrich; Merck KGaA) at 37°C for
30 min. Finally, cells were analyzed using a flow cytometer
(FACSCalibur; BD Biosciences).

Luciferase reporter assay. The sequence of 3'-UTR of
PPP2R2A containing the binding sites of miR-660 was cloned
into a psiCHECK-2 vector (Promega Corporation). Cells were
seeded in 24-well plates and co-transfected with psiCHECK-
2-PPP2R2A-3'-UTR and miR-660 mimic, miR-660 inhibitor
or mutational miR-660 mimic (miR-660-mut) into HepG2
using Lipofectamine 2000. Luciferase reporter assay was

performed using a Dual-Luciferase Reporter assay kit
(Promega Corporation) at 48 h following co-transfection,
according to the manufacturer's protocol. Renilla luciferase
was used to normal data.

Statistical analysis. Data analysis was performed using SPSS
20.0 (IBM Corp.), the results are presented as the mean += SEM.
Comparisons between two groups were performed using an
ANOVA. TCGA data was downloaded from www. portal.gdc.
cancer.gov. TargetScan 7.2 was used to predict the targets of
miR-660. P<0.05 was considered to indicate a statistically
significant difference.
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Figure 4. PPP2R2A is the target of miR-660. (A) PPP2R2A binding sites with miR-660. Green indicated mutant base, while red indicated wild base. (B) Western
blot analysis of PPP2R2A expression in HepG2 cells transfected with miR-660 and miR-660-in. a-Tubulin was used as the loading control. (C) Luciferase
reporter assay of luciferase activity in HepG2 co-transfected with psiCHECK-2-PPP2R2A-3'-UTR and miR-660 mimic, miR-660-in or miR-660-mut.
(D) Reverse transcription-quantitative PCR analysis of p21 and CCNDI expression in HepG2 cells with miR-660 overexpression or knockdown. (E) Western
blot analysis of p21 and CCNDI expression in HepG2 with miR-660 overexpression or knockdown. a-Tubulin was used as the loading control. (F) Luciferase
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oligonucleotides. (G) Western blot analysis of the expression of AKT and p-AKT in HepG2 transfected with miR-660 or miR-660 plus PPP2R2A siRNA. Error
bars indicate SEM. "P<0.05. PPP2R2A, phosphatase protein phosphatase 2 regulatory subunit fo;; miR, microRNA; in, inhibitor; UTR, untranslated region;

CCNDI, cyclin DI; mut, mutant; si, small interfering.

Results

miR-660 is upregulated in LC tissues and cells. The miRNA
expression profile of LC tissues (n=372) and normal liver
tissues (n=50) was obtained from The Cancer Genome Atlas
dataset and used to analyze miR-660 expression. miR-660 was
demonstrated to be significantly upregulated in LC tissues (T)
compared with normal liver samples (N) (Fig. 1A). miR-660
expression was also examined in all LC cell lines and a normal
liver cell line, and the results revealed that miR-660 was
significantly upregulated in LC cells compared with normal
liver cells (Fig. 1B). miR-660 expression was further exam-
ined in LC tissues and paired adjacent normal liver tissues
and the results indicated that miR-660 was upregulated in LC

tissues (Fig. 1C), suggesting that miR-660 may promote LC
progression.

miR-660 promotes LC cell proliferation. To determine
the role of miR-660 in LC cell proliferation, miR-660 was
overexpressed in LC cell HepG2 (Fig. 2A). The MTT assay
demonstrated that miR-660 overexpression promoted LC
cell proliferation (Fig. 2B). Anchorage-independent growth
assay revealed that miR-660 overexpression significantly
promoted anchorage-independent growth (Fig. 2C). The BrdU
incorporation assay indicated that miR-660 overexpression
significantly increased the number of BrdU-positive cells,
suggesting that miR-660 promoted LC cell proliferation
(Fig. 2D). A cell cycle assay was used to confirm the results
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observed. miR-660 overexpression increased the percentage of
S phase cells from 26.35 to 58.16% and reduced the percentage
of G,/G, phase cells from 63.72 to 38.04% (Fig. 2E). These
results suggested that miR-660 increased LC cell proliferation
through accelerating cell cycle progression.

To confirm these results, miR-660 was knocked down
in HepG2 cells (Fig. 3A) The MTT assay demonstrated that
miR-660 knockdown inhibited LC cell proliferation (Fig. 3B).
A anchorage-independent growth assay indicated that miR-660
knockdown significantly inhibited cell anchorage-independent
growth (Fig. 3C). The BrdU incorporation assay demonstrated
that miR-660 knockdown significantly reduced the number of
BrdU-positive cells (Fig. 3D). The cell cycle assay revealed
that miR-660 knockdown increased the percentage of G,/G,
phase cells from 69.04 to 77.80% and reduced the percentage
of S phase cell from 23.39 to 12.06% (Fig. 3E). These findings
suggested that miR-660 promoted LC cell proliferation.

PPP2R2A is the target of miR-660. miRNAs regulate a variety
of biological functions through targeting mRNA. TargetScan 7.2
predicted that PPP2R2A was the target of miR-660 (Fig. 4A).
PPP2R2A is a regulatory subunit of the PP2A which is a major
Ser/Thr phosphatase (17). Western blot analysis revealed that
miR-660 inhibited PPP2R2A expression (Fig. 4B). The results
of the luciferase reporter assay indicated that miR-660 overex-
pression significantly reduced luciferase activity compared with
the vector control, miR-660 knockdown significantly increased
luciferase activity compared with the negative control, while
mutational miR-660 overexpression luciferase activity did
not change (Fig. 4C). These results suggested that miR-660

directly bound to the 3'-UTR of PPP2R2A and PPP2R2A
was the target of miR-660. p21 and CCNDI are important
cell cycle regulators and have been revealed to regulate cell
proliferation (18,19). The results of the current study indicated
that miR-660 overexpression significantly increased CCNDI1
expression and decreased p21 mRNA and protein expression.
miR-660 knockdown markedly inhibited CCNDI expression
and increased p21 expression (Fig. 4D and E). These findings
further confirmed that miR-660 promoted HepG2 proliferation
by targeting PPP2R2A.

miR-660 promotes LC cell proliferation through inhibiting
PPP2R2A. To confirm whether miR-660 promoted LC cell
proliferation by targeting PPP2R2A, miR-660 and PPP2R2A
were knocked down in HepG2 cells and the results of western
blot analysis indicated that PPP2R2A siRNAs inhibited
PPP2R2A expression (Fig. 5A). The colony formation
assay suggested that miR-660 and PPP2R2A knockdown
significantly promoted HepG2 proliferation compared with
miR-660 knockdown alone (Fig. 5B). The BrdU incorporation
assay demonstrated that miR-660 and PPP2R2A knockdown
increased the number of BrdU positive cells compared with
miR-660 knockdown alone (Fig. 5C). These findings suggested
that miR-660 promoted LC cell proliferation through the
inhibition of PPP2R2A.

Discussion

The role of miRNAs in liver cancer progression has been
extensively studied. For example, miRNA-503 has been
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indicated to inhibit the proliferation of liver cancer by targeting
cyclin D3 and E2F transcription factor 1 (20). miR-122 has
also been revealed to inhibit liver cancer growth by targeting
MDM2 (21). Numerous miRNAs have been indicated to serve
arole in the progression of liver cancer by targeting a variety of
the same or different genes. In the present study, miR-660 was
revealed to be upregulated in LC cells and tissues, and cellular
function analysis revealed that miR-660 promoted HepG2
proliferation. miR-660 has been previously revealed to be
downregulated in lung cancer cells and tissues, and to inhibit
lung tumorigenesis, while it promotes liver cancer progres-
sion. This may be due to the fact miR-660 targets oncogenes
in lung cancer. MDM?2 is a target of miR-660 in lung cancer
cells and inhibits p53 activity (14,22). In the current study,
PPP2R2A was revealed to be the target of miR-660 in liver
cancer. Mechanism analysis suggested that PPP2R2A was its
target, and the double knockdown of miR-660 and PPP2R2A
promoted HepG2 proliferation, confirming that miR-660
promoted HepG2 proliferation by targeting PPP2R2A.

A number of miRNAs have been demonstrated to regulate
PPP2R2A expression, including miR-556-5p (23), miR-136,
miR-31 (24), miR-892a (25) and miR-222 (26). These miRNAs
promote tumor progression by inhibiting PPP2R2A, further
confirming PPP2R2A as a tumor suppressor (26). miR-222
is overexpressed in LC, and promotes LC cell motility by
targeting PPP2R2A (27). In the current study, miR-660
promoted LC cell proliferation by targeting PPP2R2A,
suggesting that miR-660 may also promote LC metastasis.
These results indicate that miR-660 may be a novel target
for LC therapy. However, studies using animal models are
required to support these findings.

p21 inhibits cell cycle progression and CCNDI promotes
cell cycle progression (18,19). In the current study, it was
demonstrated that miR-660 inhibited p21 expression and
upregulated CCNDI expression, which was consistent with
results of the cell cycle assay which indicated that miR-660
promoted cell cycle progression. These results revealed
that miR-660 promoted HepG2 proliferation by inhibiting
PPP2R2A. In conclusion, miR-660 was upregulated in LC
cells and tissues and contributed to LC cell proliferation by
inhibiting PPP2R2A.
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