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Abstract: Objective: Hepatocellular carcinoma (HCC) represents the third leading cause of cancer-related death
worldwide. Increasing evidence suggests that microRNAs, a novel class of non-coding RNAs that function as endog-
enous suppressors of gene expression, are deregulated in HCC. Although microRNA-222 (miR-222) overexpression
has been described in HCC, the role of miR-222 and its target genes in the proliferation of hepatocellular carci-
noma cells remain poorly elucidated. Methods: HepG2 cells were transfected with miR-222 mimic, inhibitor or their
negative controls. Cell proliferation was assessed by Cell Counting Kit-8 (CCK-8) and EdU incorporation assay. Flow
cytometry was performed to assess the effects of miR-222 on HepG2 cell cycle progression. MiR-222 and putative
targets genes (p27 and p57) expression levels were determined using qRT-PCR and/or Western blot. Results: MiR-
222 overexpression induced an enhancement of HepG2 cell proliferation in vitro, paralleling with an altered cell
cycle progression via increased cell population in S phase. P27 expression, other than p57, was negatively regulated
by miR-222 overexpression at post-transcriptional level in HepG2 cells. Transfection of either small interfering RNA
(siRNA) for p27 or miR-222 mimic increased HepG2 cell proliferation rate, whereas co-transfection of p27 siRNA
and miR-222 mimic did not further enhance HepG2 cell proliferation in comparison with the cells transfected with
p27 siRNA or miR-222 mimic alone, validating that p27 is a target gene of miR-222 during HepG2 cell proliferation.
Conclusion: This study suggests that miR-222 overexpression promotes HepG2 cell proliferation by downregulating
p27.
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Introduction MicroRNAs (miRNAs, miRs), a class of non-cod-
ing RNAs of ~22 nucleotides in length, function
as endogenous suppressors of gene expres-
sion, mainly by binding to 3’-untranslated region
(3-UTR) of target messenger RNA (MRNA) that
induces mRNA degradation and/or translation-
al repression [9, 10]. To date, more than 1000
miRNAs have been identified in human and
each miRNA can control hundreds of genes

Hepatocellular carcinoma (HCC) that accounts
for a major form of primary liver cancer in adults
is the third leading cause of cancer-related
death worldwide [1, 2]. Therapeutic strategy for
HCC must take into account the tumor stage
and the clinical status of patients [3, 4]. The
presence of chronic liver diseases, and notably

cirrhosis, makes treatment even more chal-
lenging [5, 6]. Although liver transplantation is
one of best ideal treatments for early stage of
HCC, it is unfortunately limited to the lack of
donors [7, 8]. Thus, the identification of new
therapeutic target for HCC is an urgent
requirement.

[11]. Since miRNAs play important roles in a
wide range of cell functions like cell division, dif-
ferentiation, proliferation and apoptosis [12,
13], deregulated miRNAs are involved in the
pathogenesis of many human diseases, includ-
ing cancers [14-16]. Although increasing evi-
dence reveals miRNAs involvement in HCC, the
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biological and molecular functions affected by
miRNAs in HCC are far from exploited [17-19].

Deregulated cell cycle and aberrant prolifera-
tion of hepatocytes are critically implicated in
the initiation and development of HCC, via the
deregulation of multiple signaling pathways
that is associated with the abnormal activation
of growth factors and the aberrantly expressed
oncogenes and tumor suppressor genes [20-
23]. Recent advances demonstrate that vari-
ous miRNAs deregulation have been identified
in HCC, including down-regulation of miR-1 [24],
-125a [25, 26], -125b [27, 28], -195 [29] and
-214 [30], and up-regulation of miR-21 [31],
-221 [32, 33] and -224 [34], which can lead
hepatocytes to proliferate and disrupt the
homeostasis between cell growth and apopto-
sis. MiR-221 and miR-222, encoded in tandem
on the X chromosome in human, share a high
degree of homology [35]. Among the deregu-
lated miRNAs in HCC, the up-regulation of miR-
221/222 was also reported in other types of
cancers, comprising breast [36], pancreatic
[37], kidney [38], prostate [39] and thyroid can-
cer [40]. Moreover, overexpression of miR-221
was shown to enhance cancer cell proliferation,
via altering the expression of cyclin-dependent
kinase inhibitor (CDKI) CDKN1B/p27 and
CDKN1C/p57 [32]. However, the role of miR-
222 and its target genes in the proliferation of
hepatocellular carcinoma cells remain poorly
elucidated.

Materials and methods
Cell culture

The human hepatocellular carcinoma HepG2
cells were purchased from the Cell Bank of
Chinese Academy of Sciences (Shanghai,
China). The cells were cultured in high glucose-
Dulbecco’s Modified Eagle Medium (Hyclone,
USA) supplemented with 10% fetal calf serum
(Hyclone, USA) and 1% penicillin/ streptomycin
in a humidified atmosphere of 5% CO, at 37°C.

Cell transfection

The miR-222 mimic, inhibitor and their negative
controls (NC) were purchased from RiboBio
(China). HepG2 cells were transfected with miR-
222 mimic (50 nM), inhibitor (100 nM) or their
negative controls for 48 h using Lipofectamine
2000 (Invitrogen, USA) according to the manu-
facturer’s instructions.
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Cell proliferation assay

HepG2 cells seeded at a density of 3x10* per
well into 96-well plates were transfected with
miR-222 mimic (50 nM), inhibitor (100 nM) or
their negative controls. Forty-eight hours after
transfection, a cell proliferation assay was per-
formed using Cell Counting Kit-8 (CCK-8)
(Dojindo, Japan) according to the manufactur-
er’s instructions. The absorbance was read at
450 nm with a microplate reader (Bio-Rad).

Cell cycle analysis

HepG2 cells seeded at a density of 6x10° per
well into 6-well plates were transfected with
mMiR-222 mimic (50 nM), miR-222 inhibitor (100
nM) or their negative controls. Forty-eight hours
after transfection, cells were detached using
0.025% trypsin, washed once with PBS, and
fixed in 70% ethanol at 4°C overnight. Cellular
DNA content was stained using propidium
iodide (Pl) (Sigma, USA) and analyzed using
MoFlo XDP Cell Sorter (Beckman Coulter). Cell
number in each phase of the cell cycle was
determined using FlowJo software (Treestar
Inc., USA).

EdU incorporation assay

HepG2 cells were seeded at 1.5x10° cells/well
in 24-well plates. After transfecting HepG2
cells with miR-222 mimic (50 nM), miR-222
inhibitor (100 nM) or their negative controls for
48 h, the incorporation of 5-ethynyl-2’-deoxy-
uridine (EdU) into actively proliferating HepG2
cells was evaluated using a Cell-Light™ EdU
Cell Proliferation Detection kit (RiboBio, China)
following the manufacturer’s instructions.
Cellular immunostaining was observed with an
epifluorescence microscope (Leica, Germany).
Digital images were acquired and analyzed with
Image J software.

RNA extraction and quantitative reverse tran-
scription-polymerase chain reaction (QRT-PCR)

Total RNA was isolated using miRNeasy Mini Kit
(Qiagen, Germany). For mRNA analysis, cDNA
was synthesized using Bio-Rad iScripTM cDNA
Synthesis Kit (Bio-Rad). A template equivalent
of 400 ng of total RNA was subjected to 40
cycles of quantitative PCR with Takara SYBR
Premix Ex Tagq™ (Tli RNaseH Plus, Japan) in
CFX96™ Real-Time PCR Detection System (Bio-
Rad). Glyceraldehyde-3-phosphate dehydroge-

Int J Clin Exp Med 2014;7(4):893-902



MiR-222 promotes HepG2 proliferation by targeting p27

6000 ~

5000 4

4000

3000 o

Relative level of miRNA-222 *

NC-mimic 222-3p-mimic

0.9 J

Relative OD450

0.6 4

0.0

nase (GAPDH) was used as an internal control.
Primers sequences (forward and reverse) were
designed as follows: p27, CAGGTCTCCAAGA-
CGACATAGA and CGCCTTTTCGATTCATGTACTGC;
p57, AGGTAGCGAGGTGGATCTGTC and GGC-
CTCTGATTCCCGAGGA. For miRNA analysis, the
Bulge-Loop™ miRNA gPCR Primer Set (RiboBio,
China) was used to detect miR-222 expression
by gRT-PCR with Takara SYBR Premix Ex Tag™
in CFX96™ Real-Time PCR Detection System.
5S ribosomal RNA (5S rRNA) was used to nor-
malize target miRNA expression. Relative
expression levels for each mRNA and miRNA
were determined using the 22%*method.

Western blot analysis

Cells were lysed using RIPA lysis buffer
(Beyotime Institute of Biotechnology, China)
containing 1% phenylmethanesulfonyl fluoride
(PMSF). Equal amounts of 20 to 40 pg of total
protein were subjected to electrophoreses on
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Figure 1. MiR-222 overexpression promotes
HepG2 cell proliferation. A: The expression
level of miR-222 was significantly increased
by miR-222 mimic, while decreased by miR-
222 inhibitor in HepG2 cells (n = 4). B: MiR-
222 mimic increased HepG2 cell prolifera-
tion, while miR-222 inhibitor decreased their
proliferation (n = 6). **P < 0.01.

10% SDS-Page gels, transferred to PVDF mem-
branes and incubated with the appropriate pri-
mary antibodies as follows: anti-p27 (Bioworld,
1:1000 dilution), anti-p57 (Bioworld, 1:1000
dilution), and GAPDH (Bioworld, 1:5000 dilu-
tion). After incubated with the corresponding
HRP-conjugated secondary antibodies, protein
bands were visualized using enhanced chemi-
luminescence (ECL) system (Pierce Biote-
chnology Inc., Rockford, IL, USA) with the
ChemiDoc XRS Plus luminescent image analyz-
er (Bio-Rad). Densitometric analysis of protein
bands was performed using Image Lab soft-
ware (Bio-Rad). Loading volume of each sample
was normalized by GAPDH protein band
density.

Target gene validation

P27 and p57, two cell cycle-related genes which
function to negatively control cell cycle progres-
sion, were chosen as candidate target genes of
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Figure 2. Quantitative analysis of EdU-positive cells confirms that miR-222 overexpression promotes HepG2 cell
proliferation. A: MiR-222 overexpressing cells were 39% EdU-positive compared with 26% in negative control cells
(n =4). B: MiR-222 inhibiting cells were 16% EdU-positive compared with 27% in negative control cells (n = 4). **P

< 0.01.

miR-222 in HepG2 cells. The small interfering
RNA (siRNA) for p27 and the negative control
siRNA were obtained from RiboBio (China).
First, miR-222 mimic (50 nM), miR-222 inhibi-
tor (100 nM) or their negative controls were
transfected to HepG2 cells. Forty-eight hours
after transfection, gRT-PCR and Western blot
were performed to evaluate mRNA and protein
expression levels of p27 and p57. Second, as
p27 was found endogenously regulated by miR-
222 in HepG2 cells, co-transfection of p27
SiRNA (75 nM) and miR-222 mimic (50 nM) was
performed to determine if miR-222 takes
effects through p27 in HepG2 cells.

Statistical analysis

All analyses in the study were evaluated using
SPSS software (version 19.0). Data are
expressed as mean * SEM. An independent-
samples t-test or one-way ANOVA was conduct-
ed to evaluate the one-way layout data. If a sig-
nificant difference was observed, Bonferroni’s
post-hoc test was conducted to identify groups
with significant differences. P-value less than
0.05 was considered statistically significant.
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Results

MiR-222 overexpression enhances HepG2 cell
proliferation

To determine the potential cellular effects of
miR-222 on HepG2 cells, HepG2 cells were
transfected with miR-222 mimic, inhibitor and
their negative controls for 48 h. Using qRT-PCR,
we confirmed that miR-222 expression level
was significantly increased by miR-222 mimic,
while decreased by miR-222 inhibitor, confirm-
ing that miR-222 mimic and inhibitor success-
fully regulated miR-222 expression level in
HepG2 cells (Figure 1A).

As determined by CCK-8 cell proliferation assay,
miR-222 mimic significantly increased HepG2
cell proliferation, while miR-222 inhibitor
decreased their proliferation (Figure 1B). A
quantitative analysis of EdU-positive cells fur-
ther showed that miR-222 overexpressing cells
were 39% EdU-positive compared with 26% in
negative control cells (Figure 2A), while miR-
222 inhibiting cells were 16% EdU-positive
compared with 27% in negative control cells
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Figure 3. MiR-222 regulates HepG2 cell cycle progression. A: MiR-222 mimic increased the percentage of HepG2
cells in S phase and decreased that in G2 phase (n = 3). B: MiR-222 inhibitor decreased the percentage of HepG2
cells in S phase and increased that in G2 phase (n = 3). **P < 0.01.

(Figure 2B). These results further confirmed
that overexpression of miR-222 promoted
HepG2 cell proliferation while inhibition of miR-
222 suppressed HepG2 cell proliferation.

MiR-222 regulates HepG2 cell cycle progres-
sion

As enhanced cell proliferation is associated
with altered cell cycle, flow cytometry was per-
formed to assess the effects of miR-222 on
progression of HepG2 cell cycle. The percent-
age of HepG2 cells in S phase was higher but
that in G2 phase was lower by miR-222 mimic
(Figure 3A), which paralleled with a decreased
percentage of cells in S phase and an increased
percentage of cells in G2 phase by miR-222
inhibitor (Figure 3B). These results suggested
that miR-222 can regulate HepG2 cell cycle
progression via an increase in the population of
HepG2 cells in S phase.

P27 is a target gene of miR-222 in HepG2
cells

P27 and p57, two well-known targets of miR-
222 in multiple types of cells, are members of
the Cip/Kip family of cyclin-dependent kinase
inhibitors and function to negatively control cell
cycle progression. Consequently, we assessed
the effect of miR-222 on endogenous expres-
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sions of p27 and p57 in HepG2 cells by qRT-
PCR and Western blot. P27 expression was
endogenously regulated by miR-222 mimic or
inhibitor at protein level (Figure 4B) but not at
mRNA level (Figure 4A). However, miR-222
mimic or inhibitor exerted no effects on p57
expression neither at mRNA level nor at protein
level (Figure 4A and 4B). These data indicated
that p27 expression was post-transcriptionally
regulated by miR-222 in HepG2 cells.

The p27 siRNAs, p27 si-01 and p27 si-02, were
then tested in HepG2 cells. As expected, the
transfection of either p27 si-01 or p27 si-02 led
to efficient knockdown of p27 as detected by
gRT-PCR (Figure 4C). To further determine the
potential role of p27 in HepG2 cell proliferation
induced by miR-222, we used co-transfection
of p27 siRNA (75 nM) and miR-222 mimic (50
nM) to HepG2 cells for 48 h, and assessed cell
proliferation by CCK-8 assay. The cells trans-
fected with either p27 siRNA (p27 si-O1 or p27
si-02) or miR-222 mimic had higher prolifera-
tion rate than negative control cells, while co-
transfection of p27 siRNA and miR-222 mimic
did not further enhance cell proliferation com-
pared with the cells transfected with p27 siRNA
or miR-222 mimic alone (Figure 4D), indicating
that miR-222 promoted HepG2 cell prolifera-
tion, at least in part, via p27 targeting.

Int J Clin Exp Med 2014;7(4):893-902
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Figure 4. P27 is a target gene of miR-222 in HepG2 cells. A: MiR-222 mimic or inhibitor did not regulate p27 or p57
expression at mRNA level (n = 4). B: P27 protein expression, other than p57, was negatively regulated by miR-222
in HepG2 cells (n = 4). C: Transfection of p27 siRNA led to efficient knockdown of p27 in HepG2 cells (n = 4). D: The
cells transfected with either p27 siRNA or miR-222 mimic had higher proliferation rate than negative control cells,
while co-transfection of p27 siRNA and miR-222 mimic did not further enhance cell proliferation compared with the
cells transfected with p27 siRNA or miR-222 mimic alone (n = 6). **P < 0.01.

Discussion

MiR-221 and miR-222, two highly homologous
microRNAs, have been described in various
types of human cancers [35], whose overex-
pression is responsible for tumor initiation and
progression via regulating cancer cell differen-
tiation, proliferation, survival and metastasis
[37-41]. Moreover, increasing evidence indi-
cates that miR-221 overexpression contributes
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to liver tumorigenesis [32, 33, 42]. However,
the possible roles of miR-222 and its associat-
ed target genes in HCC are largely unexplored.
The present study shows that miR-222 overex-
pression promotes HepG2 cell proliferation, at
least in part, by downregulating its target gene,
p27.

MiR-222 has been previously described to
enhance cellular invasiveness and motility of

IntJ Clin Exp Med 2014,7(4):893-902
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hepatocellular carcinoma cells [43]. Meanwhile,
increased expression of miR-222 correlates
with advanced stage of HCC tumors and short-
er disease-free survival of patients [43].
Consistently, miR-222 overexpression is asso-
ciated with enhanced degree of tumor differen-
tiation [44]. In addition, miR-222 has been
shown to promote the proliferation of many
somatic cells, such as endothelial cells [45],
smooth muscle cells [46], Schwann cells [47],
glioma cells [48], and cancer cells [49]. These
data imply the importance of miR-222 on cell
motility, migration, metastasis and prolifera-
tion, which prompted us to further investigate
its potential roles in liver tumorigenesis by
focusing on hepatocellular carcinoma cell pro-
liferation. Our present study shows that miR-
222 overexpression induced an enhancement
of HepG2 cell proliferation in vitro, paralleling
with an altered cell cycle progression, in which
the cells in S phase were increased while in G2
phase were decreased. Abnormal cell cycle pro-
gression appears to be an essential early event
in HCC initiation and accounts for a critical step
in HCC development [50]. However, the mecha-
nisms underlying the roles of miR-222 in con-
trolling HepG2 cell proliferation and cell cycle
progression remain to be further investigated.

P27 and p57, two key cyclin-dependent kinase
inhibitors that can be negatively regulated by
miR-221/222 in cancers [32, 39, 49, 51-54],
have been chosen as putative target genes of
miR-222 in hepatocellular carcinoma cells.
Down-regulation of p27 and p57 is associated
with advanced tumor stage, lower survival and
high proliferation activity in HCC [55-57]. Our
present study shows that p27 protein expres-
sion, other than its mRNA level, was negatively
regulated by miR-222 overexpression in HepG2
cells. However, p57 expression was not modi-
fied by miR-222 mimic or inhibitor transfection.
These data indicate that p27 expression can
be suppressed by miR-222 overexpression in
HepG2 cells at post-transcriptional level. We
then further investigated the functional role of
p27 knockdown on HepG2 cell proliferation by
using co-transfection of p27 siRNA and miR-
222 mimic to HepG2 cells. The results showed
that transfection of either p27 siRNA or miR-
222 mimic increased HepG2 cell proliferation
rate, whereas co-transfection of p27 siRNA and
miR-222 mimic did not further enhance cell
proliferation in comparison with the cells trans-
fected with p27 siRNA or miR-222 mimic alone,
indicating that the p27 knockdown is, at least

899

in part, involved in the effect of miR-222 over-
expression on HepG2 cell proliferation. Taken
together, the present results suggest that p27
is a target gene of miR-222 during HepG2 cell
proliferation. Further study will be required to
identify other putative target genes of miR-222
as well as associated molecular pathways
altered in HepG2 cell proliferation.

In conclusion, the present study shows that
miR-222 overexpression promotes HepG2 cell
proliferation by targeting p27. Out work may
provide new evidence for understanding the
potential roles of miR-222 in the pathogenesis
of HCC and developing novel therapeutic strat-
egy for HCC.
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