MOLECULAR MEDICINE REPORTS 16: 8944-8952, 2017

8944

miR‑342‑5p promotes Zmpste24‑deficient mouse embryonic
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Abstract. Cellular senescence is an irreversible growth arrest
of cells that maintain their metabolic activities. Premature
senescence can be induced by different stress factors and
occurs in mouse embryonic fibroblasts (MEFs) derived
from Zmpste24 metalloproteinase‑deficient mice, a progeria
mouse model of Hutchinson‑Gilford Progeria Syndrome.
Previous studies have shown that miR‑342‑5p, an intronic
microRNA (miRNA/miR) reportedly involved in ageing
associated diseases, is downregulated in Zmpste24 ‑/‑ MEFs.
However, whether miR‑342‑5p is associated with the premature senescence phenotype of Zmpste24 ‑/‑ MEFs remains
unclear. Thus, the present study investigated the effects of
miR‑342‑5p on cellular senescence and cell proliferation
in Zmpste24 ‑/‑ MEFs. The results showed that miR‑342‑5p
overexpression ameliorated the cellular senescence phenotype
to a certain extent, promoted cell proliferation and increased
the G2+M cell cycle phase in Zmpste24‑/‑ MEFs. Nonetheless,
it was difficult to observe the opposite cell phenotypes in
wild‑type (WT) MEFs transfected with the miR‑342‑5p
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inhibitor. Growth‑arrest‑specific 2 (GAS2) was identified as a
target gene of miR‑342‑5p in Zmpste24 ‑/‑ MEFs. In addition,
miR‑342‑5p was identified to be downregulated in WT MEFs
during replicative senescence, while Gas2 was upregulated.
Taken together, these findings suggest that downregulated
miR‑342‑5p is involved in regulating cell proliferation and cell
cycles in Zmpste24‑/‑ MEFs by suppressing GAS2 in vitro.
Introduction
Cellular senescence is a state of stable proliferation arrest
in cells and has been linked to ageing and ageing‑related
diseases (1). Premature senescence can be induced by many
stimuli, including ionizing radiation, telomere dysfunction
and reactive oxygen species (ROS) (2). Evidence indicates that
premature senescence occurs in mouse embryonic fibroblasts
(MEFs) derived from Zmpste24 metalloproteinase‑deficient
mice, a progeria mouse model of Hutchinson‑Gilford Progeria
Syndrome (HGPS), which is mainly caused by the accumulation of abnormal prelamin A (also known as progerin) (3‑5).
There are similar defects in the cellular phenotypes between
progeroid cells and physiological ageing cells, such as
decreased cell proliferation, increased cell senescence, altered
DNA damage responses, increased genome instability, and
dysregulated gene expression (6,7). It is interesting that progerin
is also expressed at low levels in physiological ageing cells and
is induced by telomere damage during replicative senescence
in normal human fibroblasts (8‑10), which implies a common
mechanism between premature ageing and physiological
ageing. However, the link between prelamin A accumulation
and the premature senescence phenotype in Zmpste24‑/‑ MEFs
is still poorly understood.
MicroRNAs (miRNAs/miRs) are small non‑coding
RNAs of approximately 18~25 nucleotides that function as a
negative regulator of gene expression post‑transcriptionally.
Recently, miRNA expression profiles and functional analyses
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have revealed that miRNAs impact the premature senescence
phenotype of progeroid cells (11). For instance, brain‑specific
miR‑9 negatively controls lamin A and progerin expression in
neural cells and plays a neuroprotective role in the brain (12,13).
In the Zmpste24 ‑/‑ progeria mouse model, the miR‑29 family
is involved in the DNA damage response in a p53‑dependent
manner (14). Our previous studies revealed that miR‑365 and
miR‑342‑5p are downregulated in Zmpste24 ‑/‑ mouse embryonic fibroblasts (MEFs), in which miR‑365 serves as a negative
regulator of cell proliferation (15). Nevertheless, the specific
roles of miRNAs in the premature senescence phenotype of
progeroid cells are still largely unknown and remain to be
further studied.
miR‑342‑5p is an intronic miRNA hosted in the
E na / Va so d i lat or‑ St i mu lat e d Pho sphop r ot ei n‑L i ke
(Ena/VASP‑like, EVL) gene, which belongs to the Ena/VASP
family, is involved in actin cytoskeleton remodelling and reportedly potentiates ERK‑sustained cell proliferation (16,17).
miR‑342‑5p is involved in ageing‑associated diseases,
including Alzheimer's disease (AD) and atherosclerosis
mouse models. In AD mouse models, miR‑342‑5p is upregulated and contributes to AD axonopathy by downregulating
AnkG (18). In an Apoe −/− atherosclerosis mouse model,
macrophage‑derived miR‑342‑5p is upregulated and promotes
atherosclerosis by suppressing the Akt1‑mediated inhibition of
miR‑155 expression (19). As a downstream effector of Notch
signalling, miR‑342‑5p regulates neural stem cell proliferation and differentiation in mice (20). These findings suggest
that miR‑342‑5p plays different roles in different cell types.
However, the role of miR‑342‑5p in the premature senescence
phenotype of Zmpste24 ‑/‑ MEFs is unclear. Here, we further
investigated the function of miR‑342‑5p and demonstrated
that miR‑342‑5p modulates cell proliferation and cell cycle
by suppressing growth‑arrest‑specific 2 (GAS2) in Zmpste24 ‑/‑
MEFs in vitro.
Materials and methods
Cell culture. Primary MEFs were prepared from embryonic
day (E) 13.5 embryos of Zmpste24‑/‑ and wild‑type (WT) mice.
All animal experiments were approved by the Committee on
the Use of Live Animals in Teaching and Research (CULATR)
at the University of Hong Kong and performed according to
the regulation of the CULATR at the University of Hong Kong.
MEFs and the mouse myoblast cell line C2C12 (obtained from
Li KaShing Faculty of Medicine of the University of Hong
Kong) were grown in Dulbecco's modified Eagle's medium
(DMEM) (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% foetal bovine serum
(FBS) (Gibco; Thermo Fisher Scientific, Inc.). The cells were
passaged as they reached approximately 80~90% confluency.
For the replicative senescence analysis, early‑passage WT
MEFs (p2~p4) underwent serial passages until they reached
late passage (p7~p8).
miRNA transfection. Zmpste24 ‑/‑ and WT MEFs were plated
in cell culture plates at a density of approximately 60~70%
confluency and were incubated at 37˚C. After a 24 h incubation, the Zmpste24 ‑/‑ MEFs were transiently transfected with
mmu‑miR‑342‑5p Mimics (342M) or Mimics Negative Control
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(NC) (50 nmol/l final), while WT MEFs were transiently
transfected with 342M, NC, mmu‑miR‑342‑5p Inhibitor (342I)
or Inhibitor Negative Control (INC) (100 nmol/l final). The
Mimics, NC, Inhibitor and INC were obtained from Ribobio
Co., Ltd. (Guangzhou, China). Transfection was performed
using the Lipofectamine® RNAiMAX Transfection Reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol.
Senescence‑associated β‑galactosidase (SA‑β‑Gal) staining.
Zmpste24 ‑/‑ and WT MEFs (p4~p5) were plated in 6‑well
culture plates at a density of 1.4x105 cells per well and were
transfected with 342M or 342I. Serial passaging was performed
until the cells reached replicative senescence (p7~p8), and
the transfection was reinforced at every passage. SA‑β ‑Gal
activity was detected according to the manufacturer's protocol
(Beyotime Institute of Biotechnology, Shanghai, China).
MTT assay for monitoring cell growth. Zmpste24 ‑/‑ and WT
MEFs (p2~p4) were plated in 48‑well culture plates at a
density of 9x104 cells per well and were transfected with 342M
or 342I, and the second round of transfection was reinforced
on day 3 after the first. The cells were incubated with 20 µl
of MTT (5 mg/ml) (Beyotime Institute of Biotechnology) for
4 h at 37˚C on days 1, 2, 4 and 6 after the first round of transfection. The formazan crystals in the cells were solubilized
with Dimethyl Sulphoxide (200 µl/well). The absorbance was
measured at 490 nm using a Synergy 2 microplate reader
(BioTek; Winooski, VT, USA).
EdU incorporation assay. Zmpste24‑/‑ and WT MEFs (p2~p4)
were cultured in 24‑well plates and were transfected with
342M or 342I. The cell proliferation of Zmpste24 ‑/‑ and WT
MEFs (p2~p4) was evaluated by EdU incorporation assay 48 h
after the transfection using the Cell‑Light™ EdU Apollo®567
In Vitro Imaging kit (Ribobio, Guangzhou, China) following
the manufacturer's protocol. The EdU positive cells were
counted from at least 3 fields in every independent experiment
using ImageJ2x software.
Cell cycle analysis. Zmpste24 ‑/‑ and WT MEFs (p2~p4) were
plated in 6‑well culture plates at a density of 1.3x105 cells
per well. For synchronization in the G1 stage, the cells were
grown in serum‑free DMEM for 24 h before transfection.
The cell cycle was analysed 72 h after the transfection using
a FACSCanto II flow cytometer (BD Biosciences, San Jose,
CA, USA). The cell cycle condition was determined using
propidium iodide staining.
Protein extraction and Western blotting. Total protein was
extracted 72 h after the transfection using RIPA Lysis Buffer
(Beyotime Institute of Biotechnology,). The proteins were separated by SDS‑polyacrylamide gel (12%) and were transferred to
polyvinylidenedifluoride membranes (0.2 µm pore size) (EMD
Millipore, Bellerica, MA, USA) and were then detected with a
rabbit anti‑p21 polyclonal antibody (sc‑471, 1:600; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA), a rabbit anti‑Cdk1
monoclonal antibody (ab32384, 1:1,000; Abcam, Cambridge,
MA, USA) (used to detect dephospho‑Cdk1 (Tyr15) which
refers to active Cdk1 signalling pathways) (21,22), a mouse
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anti‑Gas2 monoclonal antibody (M01, 1:1,000; Abnova, Taipei,
Taiwan) and a mouse anti‑ α‑tubulin monoclonal antibody
(T5168, 1:5,000; Sigma‑Aldrich; Merck KGaA, Darmstadt,
Germany). The horseradish peroxidase‑conjugated secondary
antibodies (goat anti‑rabbit IgG or anti‑mouse IgG; Beyotime
Institute of Biotechnology,) were diluted 3,000‑fold, and the
signals were detected by an enhanced chemiluminescence
reagent (Pierce; Thermo Fisher Scientific, Inc.).
Construction of the luciferase reporter vector. The WT
3'‑Untranslated Regions (3'‑UTR) fragments (at least 500 bp)
of mouse ABCC1, FBXW11, GAS2 and NNT, containing
the putative miR‑342‑5p binding sites, were amplified by
polymerase chain reaction (PCR) and were cloned into
the pGL3m vector, which was kindly gifted from Prof.
Shi‑mei Zhuang (23). The miR‑342‑5p predicted binding
seed regions in the WT 3'‑UTR of FBXW11 and GAS2
were mutated (GCACCCCA→GCTTTCCA for FBXW11,
GCACCCCA→GCATTTCA for GAS2) by PCR and termed
as mutant 3'‑UTR. All the constructs were confirmed by DNA
sequencing.
Dual luciferase assay. C2C12 cells were cotransfected with
40 ng of luciferase reporter vector, 20 ng of Renilla luciferase
pRL‑TK vector (Promega Corporation, Madison, WI, USA),
and 342M or NC (20 nmol/l final) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). The Firefly and
Renilla luciferase activities were measured 48 h after the
transfection with the Dual‑Luciferase Reporter Assay System
(Promega) using an FB12 Luminometer (Titertek‑Berthold,
Pforzheim, Germany). The Firefly luciferase activity was
normalised to the Renilla luciferase activity.
RNA extraction and quantitative PCR (qPCR). Total RNA
from p3 and p7 WT MEFs or the tissues from 2‑month‑old
and 20‑month‑old mice or from Zmpste24‑/‑ and WT mice was
extracted using the Trizol Reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
The RNA quality was assessed on an agarose gel (1%), and
the RNA concentration was measured by a NanoDrop1000
spectrophotometer (NanoDrop Technologies; Thermo Fisher
Scientific, Inc., Wilmington, DE, USA). For miRNA detection,
the total RNA was reverse‑transcribed using the All‑in‑One™
miRNA First‑Strand cDNA Synthesis kit (GeneCopoeia, Inc.,
Rockville, MD, USA). qPCR was performed with All‑in‑One™
miRNA qPCR kit (GeneCopoeia) using a LightCycler ® 96
System (Roche, Mannheim, Germany). U6 RNA was used
as the internal control. For mRNA detection, total RNA
was reverse‑transcribed using the PrimeScript II 1st Strand
cDNA Synthesis kit (Takara Bio, Inc., Otsu, Japan). qPCR
was performed using the SYBR‑Green Master Mix (Takara
Bio, Inc.) and the following gene‑specific primers: mGAS2‑PF
5'‑GCCTGCCAAGACCCTACCAC‑3', mGAS2‑PR 5'‑GCA
GAACCAGGCCTTCAGAT‑3'; mEVL‑PF 5'‑AGCCACGAT
GAGT GAACAGAG‑3', mEVL‑PR 5'‑TGGCAGT GTT GT
GGTAGATG‑3'; and mHPRT‑PF 5'‑AGGGATTTGAATCAC
GTTT G‑3', mHPRT‑PR 5'‑TTAC TGG CAACAT CAACA
GG‑3'. HPRT was used as a housekeeping gene for normalization. Relative expression levels were analysed using the 2‑ΔΔCq
method as described (24).

Statistical analysis. All the values were shown as the
mean ± standard deviation from at least three independent
experiments unless otherwise indicated. The non‑parametric
Mann‑Whitney test was used to compare the percentage of
SA‑β‑Gal positive cells between two groups. In other cases,
statistical significance was determined using a two‑tailed
Student's t‑test (α=0.05).
Results
miR‑342‑5p overexpression ameliorated the cellular senes‑
cence phenotype to some extent in Zmpste24 ‑/‑ MEFs. Since
miR‑342‑5p was significantly downregulated in premature
senescent Zmpste24 ‑/‑ MEFs (15), we further investigated the
expression of miR‑342‑5p in WT MEFs during replicative
senescence and in tissues from physiological ageing mice and
Zmpste24‑/‑ progeroid mice. Our data showed that miR‑342‑5p
was downregulated in MEFs during replicative senescence as
well (at least 5-folds, P<0.01) (Fig. 1A). However, no significant
differences were observed in the expression of miR‑342‑5p in
several tissues from physiological ageing mice (Fig. 1B) or from
Zmpste24‑/‑ progeroid mice (Fig. 1C). The mRNA expression of
the EVL host gene was also not consistent with the expression of
miR‑342‑5p in several tissues from Zmpste24‑/‑ mice compared
with WT mice (Fig. 1D). Next, we further sought to explore
whether miR‑342‑5p overexpression rescued the cellular senescence phenotype in Zmpste24 ‑/‑ MEFs. As shown in Fig. 1E
and F, miR‑342‑5p overexpression decreased the percentage of
SA‑β‑Gal staining positive cells (one characteristic of cellular
senescence) in Zmpste24‑/‑ MEFs. Moreover, the large flattened
cell morphology, another characteristic of cellular senescence,
was also improved to some degree in Zmpste24 ‑/‑ MEFs
transfected with 342M (Fig. 1E). In addition, we performed
parallel experiments in WT MEFs transfected with 342I
(single‑stranded antisense RNA). Nonetheless, the cellular
senescence phenotype was hardly affected in WT MEFs when
miR‑342‑5p was suppressed (data not shown). Meanwhile, we
detected the expression level of miR‑342‑5p and found that the
miR‑342‑5p expression level in 342M transfected group was at
least 1x104‑fold higher than that in NC transfected group, while
the miR‑342‑5p expression level in 342I transfected group was
hardly affected compared with that in INC transfected group
(data not shown). Here, the 342I could inhibit miR‑342‑5p
without inducing the degradation of miR‑342‑5p. Therefore,
these results were in line with expectations and conformed that
the transfection of 342I or 342M worked fine.
miR‑342‑5p overexpression promoted cell proliferation
in Zmpste24 ‑/‑ and WT MEFs. To investigate the effect of
miR‑342‑5p on cell proliferation in Zmpste24‑/‑ MEFs, we first
evaluated cell viability by an MTT Assay. As shown in Fig. 2A,
the overexpression of miR‑342‑5p increased cell viability in
Zmpste24‑/‑ MEFs. However, cell viability was not affected in
WT MEFs transfected with 342I (Fig. 2B). Next, we evaluated
cell proliferation in Zmpste24 ‑/‑ and WT MEFs by the EdU
incorporation assay. Consistent with the results of the MTT
Assay, the overexpression of miR‑342‑5p increased the EdU
positive cells in Zmpste24 ‑/‑ and WT MEFs (increased by
~50%, P<0.05), while the suppression of miR‑342‑5p minimally
affected cell proliferation in WT MEFs (Fig. 2C‑F). Collectively,
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Figure 1. Overexpression of miR‑342‑5p decreased SA‑β‑Gal staining in Zmpste24 ‑/‑ mouse embryonic fibroblasts (MEFs). (A) qPCR was used to detect the
expression of mmu‑miR‑342‑5p in WT MEFs during replicative senescence. n=3 independent experiments, **P<0.01 (paired Student's t‑test). (B) The relative
expression of mmu‑miR‑342‑5p in the kidney, brain, heart, liver and lung from 2‑month‑old mice (n=3) and 20‑month‑old mice (n=3). (C) The relative expression of mmu‑miR‑342‑5p in the brain, kidney and liver from WT mice (n=3) and Zmpste24 ‑/‑ mice (n=3) (extreme outliers were eliminated for high Cquantification
cycle (Cq) values in the qPCR). (D) EVL mRNA level in the brain, kidney and liver from WT mice (n=4) and Zmpste24 ‑/‑ mice (n=4) (extreme outliers were
eliminated for high Cq values in the qPCR). (E) Representative images of the SA‑β‑Gal staining in Zmpste24 ‑/‑ MEFs. Original magnification, x100. (F) The
percentage of SA‑β‑Gal positive cells is shown in the histogram, which corresponds to the means ± standard error of the mean (SEM) (bars) of at least 1,800
cells or 33 random fields pooled from independent experiments, ***P<0.001 (Mann‑Whitney tests).

these results suggest that miR‑342‑5p overexpression promotes
Zmpste24‑/‑ and WT MEFs proliferation.
miR‑342‑5p overexpression increased the G2+M cell cycle
phase in Zmpste24 ‑/‑ and WT MEFs. Since miR‑342‑5p overexpression promotes cell proliferation in Zmpste24 ‑/‑ and WT
MEFs, we further investigated the effects of miR‑342‑5p on
cell cycle in Zmpste24 ‑/‑ and WT MEFs. Our data showed
that the overexpression of miR‑342‑5p increased the G2+M
cell cycle phase and decreased the S phase in Zmpste24 ‑/‑
and WT MEFs (Fig. 3A‑D). However, the cell cycle was not
affected in WT MEFs transfected with 342I compared with
INC (Fig. 3C‑D). Since p21CIP1/WAF1 and Cdk1 (cdc2) are key
regulators in the progression of the G2/M phase (22,25,26),
we further investigated the protein levels of p21CIP1/WAF1 and
Cdk1 in Zmpste24‑/‑ and WT MEFs. The Western blot results
indicated that the overexpression of miR‑342‑5p increased
the protein level of Cdk1 in Zmpste24 ‑/‑ MEFs (Fig. 3E).
Collectively, these results suggested that miR‑342‑5p overexpression increased the G2/M phase, likely via upregulating
Cdk1 in Zmpste24‑/‑ MEFs.

GAS2 is a target gene of miR‑342‑5p. To identify the direct
target genes of miR‑342‑5p in Zmpste24‑/‑ MEFs, we selected
several potential target genes via 4 target prediction algorithms
in silico (Table I). Then, we carried out the Dual luciferase
assay to assess whether miR‑342‑5p binds to the 3'UTR of
these potential target genes in vitro. Since it was difficult to
perform the transfection with the luciferase vectors due to
the low transfection efficiency in the MEFs, we performed
the Dual luciferase assay in C2C12 cells, which is a mouse
myoblast cell line with high efficiency for gene transfection.
As shown in Fig. 4A, miR‑342‑5p significantly inhibited the
firefly luciferase activity of the WT 3'UTR of FBXW11 and
GAS2. Next, we mutated the seed binding site in the WT
3'UTR of FBXW11 (GCACCCCA→GCTTTCCA) and GAS2
(GCACCCCA→GCATTTCA) (Fig. 4B). Our data showed
that the GAS2 mutant 3'UTR restored the luciferase activity
(Fig. 4C). We further checked the Gas2 protein level in WT
and Zmpste24‑/‑ MEFs (p2~p4) transfected with 342I or 342M.
As shown in Fig. 4D, the overexpression of miR‑342‑5p downregulated Gas2 in Zmpste24 ‑/‑ MEFs, while the inhibition of
miR‑342‑5p upregulated Gas2 in WT MEFs. Taken together,
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Figure 2. Overexpression of miR‑342‑5p promoted Zmpste24 ‑/‑ and wild‑type (WT) mouse embryonic fibroblasts (MEFs) proliferation. (A and B) Cell viability
in Zmpste24 ‑/‑ and WT MEFs. Representative results of one independent experiment are presented. The values are shown as the means ± SD (bars) (n=4
biological replicates from separate wells), and at least three independent experiments were performed. (C) Representative images of the EdU positive cells
in Zmpste24 ‑/‑ MEFs. Original magnification, x100. (D) The results of the EdU positive cells in Zmpste24 ‑/‑ MEFs are presented as a histogram. The values
are shown as the means ± SD (bars) (n=3 independent experiments), *P<0.05 (paired Student's t‑test). (E) Representative images of the EdU positive cells in
WT MEFs. Original magnification, x100. (F) The results of the EdU positive cells in WT MEFs are presented as a histogram. The values are shown as the
means ± SD (bars) (n=3 independent experiments), *P<0.05 (paired Student's t‑test).

these results demonstrated that miR‑342‑5p downregulated
GAS2 by directly binding to the 3'UTR of GAS2 mRNA in
Zmpste24 ‑/‑ MEFs. We further investigated whether GAS2 is
dysregulated in WT MEFs during replicative senescence or
in tissues from physiological ageing mice or from Zmpste24‑/‑
progeroid mice. As shown in Fig. 4E, the Gas2 protein level
was upregulated in WT MEFs during replicative senescence.
Moreover, the GAS2 mRNA level was upregulated in the
kidney of ageing mice as well (Fig. 4F).
Discussion
Increasing evidence shows that miRNAs play important roles
in the premature cell senescence phenotypes of progeroid

cells; however, the functions of most miRNAs are still unclear.
Previous studies show that miR‑342‑5p is downregulated
in Zmpste24 ‑/‑ progeroid MEFs (15). We herein revealed
that miR‑342‑5p overexpression was sufficient to promote
Zmpste24 ‑/‑ MEFs proliferation and ameliorated the senescence phenotype to some extent, which provides novel insights
into the role of miR‑342‑5p in the premature senescence
phenotypes of Zmpste24‑/‑ MEFs.
miR‑342‑5p, an intronic miRNA hosted in the EVL gene, is
reportedly dysregulated in ageing‑associated diseases, such as
Alzheimer's disease and atherosclerosis mouse models (18,19).
In this research, we found that miR‑342‑5p was downregulated
in WT MEFs during replicative senescence (Fig. 1A), which is
consistent with the downregulation in premature senescence
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Figure 3. Overexpression of miR‑342‑5p increased the G2+M cell cycle phase in Zmpste24 ‑/‑ and wild‑type (WT) mouse embryonic fibroblasts (MEFs).
(A and B) Cell cycle analysis of Zmpste24 ‑/‑ MEFs. Top panel: unsynchronized Zmpste24 ‑/‑ MEFs; bottom panel: synchronized Zmpste24 ‑/‑ MEFs. The histogram shows the percentage of cell cycle distribution. The values are shown as the means ± SD (bars) (n=3 independent experiments), *P<0.05, **P<0.01
(unpaired Student's t‑test). (C and D) Cell cycle analysis of WT MEFs (synchronized). Representative results of one independent experiment are presented.
The values are shown as the means ± SD (bars) (n=3 biological replicates from separate wells), and at least three independent experiments were performed.
(E) Western blotting was used to detect the expression of p21 and Cdk1 in Zmpste24 ‑/‑ and WT MEFs.

of Zmpste24 ‑/‑ MEFs (15). However, we did not observe a
significant dysregulation of miR‑342‑5p in several tissues from
physiological ageing mice or from Zmpste24‑/‑ progeroid mice
(Fig. 1B‑C), which may be due to the small number of investigated specimens or due to different cell backgrounds: the tissue
cells are terminally differentiated cells which is different from
the MEFs, thus the gene expression pattern of senescent MEFs
(replicative senescence) is not always consistent with that of
(premature) ageing tissues. In human colorectal cancer and
inflammatory breast cancer, a downregulation of miR‑342‑5p
is an epigenetic silencing mechanism due to the CpG island
methylation upstream of EVL (27,28). However, the expression
of miR‑342‑5p was not consistent with that of EVL mRNA in
several tissues from Zmpste24‑/‑ mice (Fig. 1C‑D). Indeed, the
small sample number is a limitation of the present study, and it
is necessary to repeat these tests with more samples in future
studies.
For the cell phenotype analyses, we first tested the effects of
miR‑342‑5p on cellular senescence and found that miR‑342‑5p

overexpression ameliorated the senescence phenotype in
Zmpste24 ‑/‑ MEFs to some extent (Fig. 1E‑F). Hence, we
speculated that miR‑342‑5p might be involved in regulating
cell proliferation or cell cycle in Zmpste24 ‑/‑ MEFs. Indeed,
miR‑342‑5p overexpression was sufficient to promoted cell
proliferation in Zmpste24‑/‑ and WT MEFs (Fig. 2). However,
our results are not in agreement with a recent report that
miR‑342‑5p overexpression inhibits endothelial cell proliferation (29). At first glance, such results may seem contradictory,
but it is worth noting that miRNAs can have different effects
in different cell types (30,31).
Next, we investigated the effects of miR‑342‑5p on the cell
cycle and found that miR‑342‑5p overexpression increased the
G2+M cell cycle phase in both Zmpste24 ‑/‑ and WT MEFs.
In addition, miR‑342‑5p overexpression upregulated Cdk1 in
Zmpste24‑/‑ MEFs (Fig. 3). In the cell cycle, Cdk1 is required
for the entry of all eukaryotic cells into mitosis (22,32) and
is sufficient to drive the mammalian cell cycle (33). Hence,
miR‑342‑5p overexpression promotes cell proliferation

MOLECULAR MEDICINE REPORTS 16: 8944-8952, 2017

8950

Table I. Potential target genes of mmu‑miR‑342‑5p predicted by target prediction algorithms.
TargetScan
ABCC1
FBXW11
GAS2
NNT

miRanda

√
√
√
√

MicroCosm

√
√
√
√
√		
√		

miRDB
√
√
√

TargetScan (http://www.targetscan.org/); miRanda (http://www.microrna.org/); MicroCosm (http://www.ebi.ac.uk/enright‑srv/microcosm/
htdocs/targets/v5/); miRDB (http://www.mirdb.org/).

Figure 4. GAS2 was a target of miR‑342‑5p. (A) The results of the Dual luciferase assay of the wild‑type (WT) 3'UTR of the potential target genes. The values
are shown as the means ± SD (bars) (n=3 independent experiments), *P<0.05 (paired Student's t‑test). (B) FBXW11/GAS2 WT and mutant 3'UTR seed binding
site of mmu‑miR‑342‑5p. (C) The results of the Dual luciferase assay of the FBXW11/GAS2 WT and mutant 3'UTR. The values are shown as the means ± SD
(bars) (n=3 independent experiments), *P<0.05, **P<0.01 (unpaired Student's t‑test). (D) Western blotting was used to detect Gas2 expression in Zmpste24 ‑/‑ and
WT mouse embryonic fibroblasts (MEFs). (E) Western blotting was used to detect Gas2 expression in WT MEFs during replicative senescence. (F) qPCR
was used to quantify the GAS2 mRNA level in the kidney and liver from 2‑month‑old mice (n=3) and 20‑month‑old mice (n=3). The values are shown as the
means ± SD (bars), *P<0.05 (unpaired Student's t‑test). (G) The GAS2 mRNA level in the brain, kidney and liver from WT mice (n=4) and Zmpste24 ‑/‑ mice
(n=4) (extreme outliers were eliminated for high Cq values in the qPCR).

probably by upregulating Cdk1 in Zmpste24 ‑/‑ MEFs. Since
p21CIP1/WAF1 serves as a negative regulator in the G2/M transition (25,26) and plays a critical role in cellular senescence, we
speculated that miR‑342‑5p might upregulate Cdk1 through the
inhibition of p21CIP1/WAF1. However, it was difficult to observe
a consistent suppression of p21CIP1/WAF1 when overexpressing
miR‑342‑5p in Zmpste24‑/‑ MEFs.
Of note, as we carried out a loss‑of‑function analysis by
transfection with the miR‑342‑5p Inhibitor (single‑stranded
antisense siRNA) in WT MEFs, and it was difficult to
observe the opposite cell phenotypes, such as cellular

senescence, cell proliferation, and cell cycle when compared
with miR‑342‑5p overexpression. One possible reason may be
due to the extremely low basal expression of miR‑342‑5p in
WT MEFs. Another possible reason may be that there is not
only one miRNA that regulates cell phenotypes, and thus, if
we suppressed all the related miRNAs at the same time, it is
possible that the significant phenotypes of the loss‑of‑function
could be easily observed.
Additionally, we further identified GAS2 as a target gene
of miR‑342‑5p in Zmpste24 ‑/‑ MEFs (Fig. 4A‑D). Gas2 was
originally identified in growth arrested mouse fibroblasts (34)
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and inhibits cell division in Xenopus embryos (35). As a
p53‑stabilizing protein, Gas2 is implicated in p53‑induced
growth inhibition (36). In 4E‑BP1‑/‑ 4E‑BP2 ‑/‑ double
knockout MEFs, the suppression of Gas2 by shRNA reduces
the SA‑ β ‑Gal activity and increases proliferation, demonstrating that Gas2 expression is a prerequisite for cellular
senescence (37). In this research, we found that Gas2 was
upregulated in WT MEFs during replicative senescence
(Fig. 4E), and GAS2 mRNA was upregulated in kidney of
ageing mice (Fig. 4F). Taken together, these results indicate
that miR‑342‑5p promotes Zmpste24 ‑/‑ MEFs proliferation by
suppressing GAS2.
Generally, the present study mainly focused at the cell level,
thus it can not confirm that the miR‑342‑5p has an effect on the
cellular senescence in Zmpste24‑/‑ MEFs in vivo. The validation
test in vivo from animals remains to be further investigated. In
conclusion, our data suggest that downregulated miR‑342‑5p is
involved in regulating cell proliferation and the cell cycle via
suppressing GAS2 in Zmpste24 ‑/‑ MEFs in vitro, which may
have implications for the underlying mechanisms of premature
senescence in progeroid cells.
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