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miR-125a is upregulated in cancer stem-like
cells derived from TWO01 and is responsible for
maintaining stemness by inhibiting p33
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Abstract. microRNA (miR)-125a and miR-125b were demon-
strated to translationally and transcriptionally inhibit the
mRNA level of p53 following the induction of chemo-reagents
in our previous report. As a small subpopulation of naso-
pharyngeal carcinoma (NPC), cancer stem-like cells (CSCs)
function critically in multi-malignant behaviors, including
tumorigenesis and metastasis; however, the expression pattern
and regulatory role of miR-125a, miR-125b and p53 in CSCs
derived from NPC remain unclear. In order to investigate the
potential regulatory role of miR-125 on p53, firstly CSCs was
isolated from TWO1 by culturing in serum-free medium. The
stemness of isolated CSCs was examined via self-renewal
capacity and side population assays. Following this, the
miR-125a, miR-125b and p53 mRNA levels were evaluated
via reverse-transcription quantitative polymerase chain reac-
tion. Following the transfections of wild-type p53 or p53
without DNA binding activity (p53-mutR***?) into TWOI or
CSCs, Chromatin Immunoprecipitation (ChIP), and cell cycle
analyses using flow cytometry or Cell Counting Kit-8 assays
were performed. Notably, it was determined that miR-125a
was significantly upregulated in CSCs derived from TWOI,
but not miR-125b, and the mRNA and protein levels of p53
were downregulated. The transfection of p53 significantly
decreased the cell viability and stopped cell cycle at the G,/G,
phases in TWO1 and CSCs. The ChIP assay confirmed that
the ectopic expression of wild-type p53 transcriptionally
regulates its downstream gene, p21, but not B-cell lymphoma
2 nor Sco2. Taken together, the results of the present study
indicated that p53 regulates CSCs via its DNA binding activity
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and potentially, in CSCs, miR-125a regulates the expression of
P53, maintaining stemness.

Introduction

Nasopharyngeal carcinoma (NPC) is a distinct type of head
and neck cancer arising from the nasopharynx, which presents
epithelial malignancy (1). In southern China and Taiwan, this
cancer type has a notably high prevalence, with an annual inci-
dence rate of >20/100,000 (2). The World Health Organization
(WHO) histologically classified NPC into three types: Type I,
squamous cell carcinoma (SCC); type II, non-keratinizing
SCC; and type III, non-keratinizing undifferentiated carci-
noma (3). Unlike other head and neck cancer locations, surgery
has notable disadvantages as a treatment of NPC, due to the
high propensity for cervical and lateral retropharyngeal lymph
nodes; thus, radiotherapy and chemotherapy have important
roles in the treatment of NPC (4). Although numerous random-
ized trials have confirmed the benefit of chemotherapy and
radiotherapy (5-7), the majority of patients develop radioresis-
tance and chemoresistance, despite progress in the research
regarding the molecular mechanisms (8.,9). In our previous
study, it was demonstrated that cisplatin treatment significantly
upregulates microRNA-125a and -125b (miR-125a and -125b),
and targeted p53 mRNA, downregulating its protein level (10).

Accumulating evidence supports the hypothesis that
tumors contain a sub-population of cells that exhibit stemness
properties, termed cancer stem-like cells (CSCs) (11,12). They
are considered to be the sub-population that causes relapse and
metastasis of cancer due to their self-renewal and differentia-
tion properties (13). CSCs are refractory to therapy via their
quiescent characteristics and expressing ATP-binding cassette
(ABC) transporters (14); thereby, the discovery of potential
mechanisms underlying chemoresistance in CSCs may solve
the clinical curative difficulties, including chemoresistance,
recurrence and metastasis (15-18).

The tumor suppressor protein p53 is known for its essen-
tial roles in multiple signaling pathways, including cell cycle
arrest, apoptosis, senescence, DNA repair and metabolism (19).
Previous research also demonstrated its regulatory function
in the maintenance of stemness (20). In hematopoietic stem
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cells (HSCs), p53 may downregulate Wnt signaling via the
miR-34-mediated inhibition of (3-catenin, resulting in the
suppression of self-renewal abilities (20). It has also been
demonstrated that p53 suppresses the self-renewal and osteo-
genic differentiation properties, which may be rescued via p53
RNA interference (21). In CSCs, p53 was also determined to
regulate the maintenance of stemness (22). Hegde er al (23)
determined that, in leukemia stem cells (LSC), overexpression
of wild-type p53, but not mutant p53 lacking DNA binding
activity, resulted in LSCs gaining properties, such as prolif-
erating and invasive capacities, and losing their self-renewal
capacity. This raised the question of whether p53 regulates
the maintenance of the self-renewal capacity in CSCs, and
whether the induction of chemoresistance is relevant to p53.

In the present study, CSCs were isolated and incubated by
culturing TWO1 cells in serum-free medium (SFM) and the
relative expression of miR-215a, miR-125b, p53 and its several
target genes, including B-cell lymphoma 2 (Bcl2), Sco2 and
P21, were measured. It was demonstrated that there is a differ-
ential expression pattern of miR-125a and miR-125b between
TWOI and CSCs. Furthermore, the key regulatory role of p53
in maintaining stemness of CSCs was determined to be depen-
dent on the DNA binding activity of p53.

Materials and methods

Cell culture and CSCs. NPC WHO type I, keratinizing SCC
cells (TWO1; American Type Culture Collection, Manassas,
VA, USA) were previously frozen in liquid nitrogen and
cultured in 10-cm? dishes using Dulbecco's modified Eagle's
medium (DMEM; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), supplemented with 10% fetal bovine serum (FBS;
Thermo Fisher Scientific, Inc.), 1% sodium pyruvate and
1% penicillin and streptomycin (Biological Industries Israel
Beit-Haemek, Beit-Haemek, Israel). For culturing, dishes were
kept in a humidified atmosphere containing 5% CO, at 37°C.
To isolate the CSCs from the TWO1 cells, 5x10° TWO01
cells were suspended and seeded in a 6-well plate in a
SFM-containing DMEM/F12 supplemented with 2% B27
(Thermo Fisher Scientific, Inc.), 20 ng/ml basic fibroblast
growth factor (bFGF) and 20 ng/ml epidermal growth factor
(EGF) (both from Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany). After 15 days, the spheres were collected via filtra-
tion through a 70-xm mesh (BD Biosciences, Franklin Lakes,
NJ, USA), and used in subsequent experiments or passaged.

Side population (SP) assay. The cell concentration was
adjusted to 1x10° cells/ml with SFM supplemented with 1%
FBS. Hoechst 33342 (Cat. no. B2261; Sigma-Aldrich; Merck
KGaA) was employed as fluorescent probe and added to
produce a final concentration of 5 uM at room temperature
for 5 min in the dark. The solution was then incubated in a
37°C incubator for 2 h. Following washing with ice-cold PBS
for three times, propidium iodide (PI; Sigma-Aldrich; Merck
KGaA) was added to remove dead cells at final concentration
of 2 ug/ml, incubated for 10 min at room temperature in dark-
ness. Then stained cells were analyzed by 2 laser Navios flow
cytometers (Beckman Coulter, Inc., Brea, CA, USA) and data
was analyzed using FlowJo software 10.5.0. (FlowJo LLC,
Ashland, OR, USA). The control experiments with the ABC

transporter inhibitor were incubated with fumitremorgin C
(Sigma-Aldrich; Merck KGaA) at a final concentration of
10 M for 30 min at 37°C.

Western blot analysis. Total protein was extracted using radio-
immunoprecipitation assay (25 mM Tris-HCI (pH 7.6), 150 mM
NaCl, 1% NP-40, 1% sodium deoxycholate and 0.1% SDS) at
4°C for 10 min. Subsequently, the cell lysate was centrifugated
at 12,000 x g for 10 min at 4°C, and then the supernatant was
collected. Total protein of cellular lysate was qualified using
BCA protein assay kit (Beyotime Institute of Biotechnology,
Beijing, China). Total protein (20 pg) was separated by elec-
trophoresis in 4-12% SDS-PAGE gels and then transferred to
polyvinylidene fluoride membrane (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) and blocked in 5% bovine serum albumin
(Sigma-Aldrich; Merck KGaA) at room temperature for 30 min.
The primary antibodies against p53 (cat. no. ab1101; dilu-
tion, 1:2,000), p21 (cat. no. ab109520; dilution, 1:1,000), Sco2
(cat. no. ab115877; dilution, 1:2,000), Bcl2 (cat. no. ab32124;
dilution, 1:1,000) or B-actin (cat. no. ab8226; dilution, 1:5,000)
were incubated for 1 h at room temperature. Following three
washes, membranes were incubated with Horse radish peroxi-
dase (HRP) conjugated goat anti-rabbit IgG secondary antibody
(cat. no. ab7090; dilution, 1:5,000) or goat anti-mouse IgG
secondary antibody (cat. no. ab97040; dilution, 1:5,000) for
1 h at room temperature. All antibodies were purchased from
Abcam (Cambridge, UK). Following three washes, signals
were visualized by chemiluminescence using the ECL Dura
Extended Duration Substrate (Pierce; Thermo Fisher Scientific,
Inc.). The membrane was imaged by Quantity One software
(Version: 4.6.9; Bio-Rad Laboratories, Inc.).

Transfections of miRNA mimics and antago-miR. miR-125a
mimics (cat.no. AM12378; UCCCUGAGACCCUUUAACCUG
UGA), control mimics (scrambled mimics; cat. no. AM17010;
UGACAACCUGGUAGAAAGAGACUUC), antago-miR-125a
(cat. no. MH10389; UCCCUGAGACCCUUAACCUGUQG)
and control antago-miR (antago-scrambled; cat. no. 4464076;
UCGGCCUUUUGCUCACAGACCA) were purchased from
Thermo Fisher Scientific, Inc. For each oligonucleotide, 50 nM
were transfected using Lipofectamine® 2000 (Thermo Fisher
Scientific, Inc.) separately for 15 min at room temperature and
then added to target cell cultures in 12-well plates for 4 h at
37°C; following this, the medium was replaced. After 48-72 h
at 37°C, cells were harvested, washed with PBS and used for
subsequent assays.

Cell Counting Kit-8 (CCK-8) assay. For the CCK-8 assay,
cells were seeded in 96-well plates (4x10° cells/well), and
incubated for 24 h for attach. Cells were then transfected
with p53-mut?**¥Q p53 or empty vector, or antago-miR-125a
or antago-scrambled as aforementioned. All plasmids were
produced and supplied by Guangzhou RiboBio Co., Ltd.
(Guangzhou, China). At day 1, 2, 3,4 and 5 after transfection,
cell proliferation was measured using a CCK-8 kit (Beyotime
Institute of Biotechnology).

Chromatin immunoprecipitation (ChIP). ChIP assay
was performed by employing EpiQuik Chromatin
Immunoprecipitation (ChIP)kit (AmylJet Scientific, Wuhan,
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Figure 1. Identification of isolated CSCs from TWO1 and detection of the changes in miR-125a and p53 mRNA levels. (A) CSCs isolated from TWOI imaged
at days 4, 8 and 15 (x40). (B) Side population analysis of isolated CSCs, compared with parental TWO1 cells. (C) Expression level of miR-125a in CSCs,
compared with parental TWO1 cells by reverse transcription-quantitative polymerase chain reaction relative to U6 snRNA. "P<0.05, vs. TWOI group. (D) The
mRNA and protein levels of p53 in CSCs and TWOI using western blot analysis relative to -actin. “P<0.05, vs. TWO1 group. (E) Regulation of the p53 3-UTR
by miR-125a. "P<0.05, vs. p53 3'UTR+empty vector group. (F) The mRNA (left panel) and protein (right panel) levels were detected following transfection of
scrambled mimics or miR-125a mimics. (G) The mRNA (left panel) and protein (right panel) levels were detected following transfection of antago-scrambled

or antago-miR-125a.

China) according to the manufacturer's protocol. Briefly, cells
were cross-linked using 0.25% glutaraldehyde at room tempera-
ture for 10 min, and then sonicated for 5 min. Fractionated
chromatin was immunoprecipitated using anti-FLAG antibody
(cat. no. 18230; dilution, 1:200; Abcam). Precipitated DNA was
used for quantitative PCR using p21 promoter primers: Forward
primer, 5" TCTAGGTGCTCCAGGTGCTT-3' and reverse
primer, 5“TCTGGCAGGCAAGGATTTAC-3" 5' untranslated
region (UTR) of dihydrofolate reductase (DHFR) was consid-
ered as negative control fragments. The primers for 5S'UTR of
DHEFR are as follows: Forward primer, 5-CTGATGTCCAGG
AGGAGAAAGG-3' and reverse primer, 5-~AGCCCGACAATG
TCAAGGACTG-3" This was conducted as per the procedure
described in the subsequent paragraph.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) assay. Total RNA was extracted using TRIzol®
(Thermo Fisher Scientific, Inc.). For RT, the miRNA specific RT
primers were as follows: miR-125a, 5'-CTCAACTGGTGTCGT
GGAGTCGGCAATTCAGTTGAGTGGACACT-3"; miR-125b,
5'-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTT
GAGTGAACACT-3'; and let-7, 5'-CTCAACTGGTGTCGT

GGAGTCGGCAATTCAGTTGAGCACACCAA-3". The RT
was performed using a Bulge-Loop™ miRNA qRT-PCR kit
(Guangzhou RiboBio Co., Ltd.), following the manufacturer's
protocols. For qPCR, the reverse primer was universal, 5-CTC
AACTGGTGTCGTGGAGTCG-3', and the forward primers
were: miR-125a, 5"TCCCTGAGACCCTTTA-3"; miR-125b,
5“TCCCTGAGACCCTA-3" let-7, 5'-ACACTCCAGCTGGGT
GAGGTAGTAGGTTG-3'; and U6 snRNA, 5"TGCGGGTGC
TCGCTTCGGCAGC-3.. For each reaction, 0.5 ¢l cDNA was
added to a 20 ul PCR mixture for 40 cycles. Following initiation
at 95°C for 3 min, each cycle consisted of 95°C for 30 sec and
60°C for 30 sec, and then a final extension at 60°C for 5 min. The
amplification signal was detected using SYBR Green I
(Guangzhou RiboBio Co., Ltd., Guangzhou, China) was
collected. All genes are normalized to U6 snoRNA. Analysis of
relative gene expression data using real-time quantitative PCR
and the 2-44¢4 method (24).

Dual-luciferase reporter assays. Luciferase reporter assays
were performed using the psiCHECK?2 dual-luciferase reporter
system (Promega Corporation, Madison, WI, USA). Transfection
is performed using Lipofectamine 2000, following the
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Figure 2. p53's DNA binding activity is necessary for its cell cycle regulation in TWO01 and CSCs. (A) Confirmation of transfection in TWO01 and CSCs. (B) Cell
Counting Kit-8 assay to detect the proliferation in TWO1 and CSCs. (C) The cell cycle analyses in TWOI and CSCs transfected. “P<0.05 vs. p53 group; CSCs,

cancer stem-like cells.

manufacturer's protocols. PsiCHECK?2 and miR-125A expression
vector or empty vector were co-transfected into 293 cells (50 nm;
American Type Culture Collection, Manassas, VA, USA). At48 h
following transfection, Firefly (FF) and Renilla (RE) luciferase
activities were quantified using the Dual-Luciferase Reporter
assay system (Promega Corporation), and RE luciferase activity
was normalized to FF luciferase activity.

Serial replating assay. CSCs cells were harvested and
plated in DMEM/F12 containing B27, EGF and bFGF. The
colony-forming units/1x10° plated cells were quantified after
7-10 days of culture and expressed as the mean and standard
error of mean of at least triplicate experiments. For each
passage, the standard procedure was repeated.

Statistical analysis. Data are presented as the mean + standard
error of the mean. Differences between groups were analyzed
using one-way analysis of variance or Kruskal-Wallis test, with
Dunn's multiple group comparison test. P<0.05 was considered
to indicate a statistically significant difference. Analyses were
performed using Prism 5.0 software (GraphPad Software, Inc.,
La Jolla, CA, USA).

Results

CSCs derived from the self-renewing NPC cell line TWOI,
downregulates p53 mRNA and protein levels by upregulating

miR-125a, but not miR-125b. For characterizing specificity of
CSCs, cells derived from TWOI1, via incubation in SFM for
3 weeks, were used in self-renewal capacity (serial replating)
and SP assays, in order to identify stemness characteristics.
Following tumor sphere selection for 15 days, notable spheres
were detected (Fig. 1A). Subsequently, spheres derived from
TWOI were stained for SP analysis. The percentage of SP was
notably higher in tumor sphere cells compared with parental
TWO1 cells (Fig. 1B). These two results identified the stem-
ness of CSCs isolated with SFM culturing. According to our
previous data, miR-125a and miR-125b are associated with
the malignancy of NPC (10); therefore, the expression level of
miR-125a, miR-125b and a non-relative control let-7 was exam-
ined via RT-qPCR. Notably, miR-125a, but miR-125b and let-7,
was significantly upregulated in CSCs when compared with
TWOLI cells (Fig. 1C). By considering the post-transcriptional
regulatory role of miR-125a on p53, RT-qPCR and western
blot analysis were conducted, and as expected, the mRNA
and protein levels of p53 in CSCs were significantly decreased
compared with TWOI cells (Fig. 1D). To determine if miR-125a
binds directly to the 3'UTR of p53, the miR-125a expression
vector and luciferase vectors inserted with a 1,1850-nt long
3'UTR of p53, were co-transfected into 293 cells. As depicted
in Fig. 1E, co-transfection led to the 42+5.62% reduction in
normalized luciferase values compared with the control.
miR-125a mimics, scrambled mimics, antago-miR-125a or
antago-scrambled were transfected into TWOI, or CSCs.
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Figure 3. p53 transcriptionally upregulates p21, but not Sco2 or Bcl2, in CSCs. (A) Chromatin Immunoprecipitation using anti-Flag antibodies demonstrated
the binding activity of Flag-p53 or Flag-p53-mut®** to the p21 promoter. ‘P<0.05 vs. vector group. The detection of (B) mRNA and (C) protein levels of p21,
Sco2 and BCL2 in transfected CSCs. "P<0.05 vs. vector group. Bcl2, B-cell lymphoma-2; CSCs, cancer stem-like cells; UTR, untranslated region; DHFR,

dihydrofolate reductase.

RT-qPCR and western blot analysis were then performed to
detect the mRNA and protein levels of p53. As depicted in
Fig. IF, transfection of miR-125a mimics or scrambled mimics
did not significantly affect p53 mRNA levels, but transfection
of miR-125a downregulated p53 protein level markedly in
CSCs compared with the scrambled control. In CSCs, trans-
fection of antago-miR-125a markedly increased p53 protein
levels compared with the scrambled control, without affecting
the p53 mRNA level (Fig. 1G). Taken together, miR-125a was
demonstrated to be downregulated in CSCs, leading to subse-
quent p53 translational downregulation.

P33 regulates proliferation and induces cell cycle arrest via
its DNA binding activity. p53 functions as an antitumor factor
primarily through its transcriptional regulatory activity, in
which DNA binding activity is necessary. In order to deter-
mine how p53 regulates CSCs, two expressing vectors were
constructed: Flag-tagged p53, expressing wild-type p53 fused
with Flag peptide; and Flag-tagged p53-mut?**?, expressing
mutated R to Q amino acids that cause the complete loss of
p53 DNA binding activity. Successful transfections were
confirmed by western blot analysis 48 h after transfections
(Fig. 2A). Following this, cells were stained with PI and
analyzed by flow cytometry. The results demonstrated that
overexpressed Flag-p53 arrested the cell cycle at the G,/G,
phase; however, Flag-p53-mutR?#*Q revealed no notable effects

on the percentage of cells in the G,/G, phase in TWO01 and
CSCs (Fig. 2B). To further confirm the effect of overexpressed
p53 in TWOI and CSC, a Cell Counting Kit-8 (CCK-8) assay
was used to detect the proliferation changes in the transfected
cells. Consistently, cell cycle arrest, due to the overexpression
of wild type p53, significantly inhibited the proliferation in
TWOI1 and CSCs compared with the corresponding vector
controls (Fig. 2C).

pS53 transcriptionally induces the expression of P21 in
CSCs. The regulatory effects of p53 on the cell cycle
primarily occur through the upregulation of its target gene,
p21, indicating the potential regulatory mechanism of p53
on CSCs. The Chromatin Immunoprecipitation (ChIP)
assay demonstrated that ectopic expression of Flag-p53, but
not Flag-p53-mut??*%Q_ significantly increased the binding
activity to the p21 promoter compared with the vector
(Fig. 3A). It is understood that p53 is multi-functional, as a
result of it transcriptionally regulating various target genes;
therefore, the expression of the respiration-associated gene
Sco2 and mitochondrial apoptotic-associated gene Bcl2
were measured, which are regulated by p53. Notably, the
mRNA and protein levels of p21 were increased by p53,
but no significant differences in Sco2 or Bcl2 expression
levels were noted compared with the vector control group
(Fig. 3B and C).
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Figure 4. miR-125a regulates the proliferation and self-renewal capacity in CSCs.

(A) western blot analysis was conducted to detect the expression levels of p53

and p21 following antago-miR-125a transfection. (B) Cell-Counting Kit-8 assay analysis of proliferation for antago-miR-125a and antago-scrambled. "P<0.05
vs. antago-scrambled group. (C) Serial replating assay analysis of the self-renewal capacity of CSCs following transfection of antago-miR-125a, compared with
antago-scrambled. "P<0.05 vs. antago-miR-125a group. miR, microRNA; OD, optical density; CSCs, cancer stem-like cells; miR, miRNA.

miR-125a post-transcriptionally regulates p53 and thus
promotes cell proliferation and the self-renewal capacity of
CSCs. In order to investigate the regulatory roles of miR-125a
on the proliferation and stemness of CSCs, antago-miR-125a or
antago-scrambled were transfected into CSCs, and CCK-8 and
serial replating assays were performed. Following transfection
of antago-miR-125a, a marked increase in p53 and p21 protein
levels were confirmed by western blot analysis (Fig. 4A).
Consistently, proliferation was significantly decreased
compared with the scrambled control (Fig. 4B). As depicted
in Fig. 4C, the self-renewal capacity was also significantly
inhibited by the downregulation of miR-125a. Above all, the
expression of miR-125a is important for the proliferation and
maintenance of stemness in CSCs.

Discussion

According to a previous hypothesis, CSCs are responsible
for tumor initiation, cell survival following chemotherapy or
radiotherapy, metastatic spread and tumor recurrence (18).
As a small sub-population of tumor cells, CSCs are resistant
to numerous current cancer treatments, particularly chemo-
therapy and radiotherapy (25,26), which means instead of
eliminating CSCs, therapies only kill the bulk of tumor. A
number of studies have focused on the effects of therapies on
tumor cells and attempted to reveal the mechanisms of resis-
tance (5-9); however, further focus should be on revealing the

mechanism of chemoresistance in CSCs. In our previous study,
chemotherapy using cisplatin notably upregulated the expres-
sion level of miR-125a and miR-125b, and thus decreased p53,
resulting in resistance (10); therefore, the regulatory role of
miR-125a, miR-125b and p53 in CSCs was investigated.

The present study demonstrated that CSCs derived from
TWOLI cells present self-renewal capacity and an increased
rate of SP. The expression levels of miR-125a and miR-125b,
which were previously reported to be upregulated in cispl-
atin-treated TWOI cells, resulting in chemoresistance, were
detected (10). Notably, only the expression level of miR-125a
was upregulated, but not miR-125b in the CSCs in the present
study. Consistently, the upregulation of miR-125a decreased
the mRNA and protein levels of p53 by targeting p53 mRNA.
These results indicated that the change in miR-125a expression
levels may be responsible for the maintenance of stemness of
CSCs, via modifying p53. In order to confirm this, wild-type
P53 or mutant p53, which lacks DNA binding activity in CSCs,
was ectopically introduced. The introduction of wild-type p53
into CSCs significantly decreased the self-renewal capacity
and proliferation of cells, but proliferation was not decreased
as a result of mutant p53 due to p21 being inactivated,, and
caused cell cycle arrest. Taken together, miR-125a is respon-
sible for maintaining stemness of CSCs by transcriptionally
downregulating p53.

The miR-125 family is composed of three homologs,
miR-125a, miR-125b-1 and miR-125-2, which target different
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mRNAs (10). Accumulating evidence indicates that the
expression level of miR-125a, which is located at 19q13, is
frequently downregulated or even deleted in human malig-
nances, including breast cancer, ovarian cancer, lung cancer,
medulloblastoma and gastric cancer (27-31). Human miRNA
microarrays have indicated that miR-125a is downregulated
in hepatocellular carcinoma tissues (32). miR-125a has the
ability to post-transcriptionally inhibit the mRNA level of p53
in tumors (33). By targeting p53 mRNA directly, miR-125a
promotes proliferation, migration and invasion in cancer
cells (34). Consistently, inhibition of miR-125a in multiple
myeloma cells presents contrary effects on proliferation,
migration and invasion (35); however, these studies rarely
focused on the expression profile of miR-125a in the CSC
subpopulation.

Previous studies demonstrated the association between p53
and stem cell biology, and indicated the important effects of
the p53 signaling pathway in CSCs (36,37). Ectopic expres-
sion of p53 was demonstrated to decrease the efficiency of
reprogramming somatic cells to induced pluripotent stem cells
(iPSCs) (38,39). The deletion of p53 allows the suboptimal cells
to become iPSCs and simultaneously accelerates nuclear repro-
gramming via loss of control of the cell cycle arrest, by p53 (39).
Multiple p53 pathways are reported to regulate CSCs, including
ADRP ribosylation factor/p53 (40), miR34/p53 (41), translation-
ally controlled tumor protein/p53 (42) and p21/p53 (43). All of
these data indicated the regulation of p53 on CSCs.

In conclusion, the present study revealed the association
between upregulated miR-125a, p53 and stemness of CSCs;
however, the regulation of p53 within stemness and the
molecular mechanism underlying upregulation of miR-125a
should be further investigated for developing novel therapeutic
targets for future anticancer therapies in patients.
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