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Mammalian-enabled (MENA) protein is an actin-regulatory protein that
influences cell motility and adhesion. It is known to play a role in tumori-
genicity of hepatocellular carcinoma (HCC) but the underlying molecular
mechanism remains unknown. This study aimed to investigate the onco-
genic potential of MENA and its capacity to regulate cancer stem cell
(CSCO)-like phenotypes in HCC cells. Real-time-PCR and western blot were
used to assess mMRNA and protein levels of target genes in human HCC tis-
sue specimens and HCC cell lines, respectively. Stable MENA-overexpres-
sing HCC cells were generated from HCC cell lines. Transwell cell
migration and colony formation assays were employed to evaluate tumori-
genicity. Ectopic expression of MENA significantly enhanced cell migration
and colony-forming ability in HCC cells. Overexpression of MENA upreg-
ulated several hepatic progenitor/stem cell markers in HCC cells. A high
MENA protein level was associated with high mRNA levels of MENA,
CD133, cytokeratin 19 (CKI19), and epithelial cell adhesion molecule
(EpCAM) in human HCC tissues. Overexpression of MENA enhanced
epithelial-to-mesenchymal transition (EMT) markers, extracellular signal-
regulated kinases (ERK) phosphorylation, and the level of B-catenin in
HCC cells. This study demonstrated that overexpression of MENA in
HCC cells promoted stem cell markers, EMT markers, and tumorigenicity.
These effects may involve, at least partially, the ERK and B-catenin signal-
ing pathways.

Liver cancer is one of the most common malignant
tumors, with a worldwide incidence ranked No. 5 and
a mortality rate ranked No. 3 in all malignant tumors
[1]. In 2012, there are an estimated of 782 500 new
cases and 745 500 deaths related to liver cancer world-
wide [2]. In particular, China has a high incidence of
liver cancer, accounting for about 50% of the global

Abbreviations

cases [2]. Hepatocellular carcinoma (HCC) is the most
common subtype of liver cancer, accounting for about
85-90% of all primary liver cancers [3], with a poor
prognosis due to the high rates of recurrence and
metastasis [4].

Growing evidence suggests that cancer stem cells
(CSCs) play an important role in the tumorigenicity of

ChIP, chromatin immunoprecipitation; CK19, cytokeratin-19; CSCs, cancer stem cells; DFS, disease-free survival; EMT, epithelial-to-
mesenchymal transition; EpCAM, epithelial cell adhesion molecule; HCC, hepatocellular carcinoma; HPC, hepatic progenitor cell; LCSCs,
liver CSCs; MENA, mammalian-enabled; SEM, standard error of the mean.
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a tumor [5]. According to the CSCs theory, CSCs are
defined as a rare subset of cancerous cells within a
tumor which are capable of self-renewal and regulating
formation and development of tumor [6]. CSCs have
been isolated in a variety of cancers, including HCC
[7], breast cancer [8], pancreatic cancer [9], colon can-
cer [10], and melanoma [11]. Liver CSCs (LCSCs) have
been shown to possess significant capacities of migra-
tion and invasion and resistant to radiation and
chemotherapy, thus contributing to the tumor recur-
rence and metastasis [12]. Therefore, studying the
molecular mechanisms underlying the role of LCSCs
in recurrence and metastasis may be helpful to find
new treatment strategies for liver cancer. Currently,
several LCSC-related genes and biomarkers have been
identified. It has been shown that human HCC cells
with CDI133 surface marker have the self-renewal
capacity, and marked proliferation and colony forma-
tion potentials in vitro, as well as a remarkable tumori-
genicity in vivo [13]. Cytokeratin-19 (CK19) is a
LCSCs marker significantly associated with tumor size,
reduced tumor differentiation, invasion, and metastasis
[14,15]. In addition, the epithelial-to-mesenchymal
transition (EMT)-related proteins were upregulated in
CK19" HCC cells [16]. Epithelial cell adhesion mole-
cule (EpCAM) is a tumor-associated cell adhesion
molecule with oncogenic potential in many endothe-
lium-derived cancers [17]. Terris ef al. [18] have
demonstrated that EpCAM™* HCC cells have the char-
acteristics of hepatic stem/progenitor cells and are able
to form a highly invasive tumor in immunodeficient
mice. Kimura et al. [19] showed that EpCAM ™ HCC
cells have a greater ability for colony formation
in vitro and tumor formation in vivo as compared with
EpCAM™ HCC cells. Studies have shown that HCC
cells with surface markers CDI133, CD90, CD44,
CK19, and EpCAM possess LCSC-like characteristics
[20-22]. All these findings suggest that HCC cells
expressing CSC biomarkers exhibit the characteristic
of LCSCs and have a stronger tumorigenicity. How-
ever, the molecular mechanism about the regulation of
expression of LCSC-related biomarkers remains not
fully understood. Mammalian-enabled (MENA) is an
actin-regulatory protein with a molecular weight of
80 kD and has the functions such as cell motility and
adhesion [23]. MENA is undetectable in many normal
tissues, but is highly expressed in gastric cancer, breast
cancer, cervical cancer, colorectal cancer, pancreatic
cancer, salivary gland cancer, and other adenocarcino-
mas; thus, it could be used as a tumor marker for
these cancers [23]. In addition, researches on breast
cancer have shown that expression of MENA is associ-
ated with tumor invasion and metastasis [24]. In the
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studies on hepatocellular carcinoma [25], MENA may
be involved in the development and progression of
tumors. Our previous study on 81 patients with HCC
found that MENA is overexpressed in 40.74% paraf-
fin-embedded HCC specimens. Compared to MENA-
negative  control, poor cellular differentiation,
advanced tumor stage, and worse disease-free survival
(DFS) have been found in MENA-positive group. Fur-
thermore, multivariate Cox regression analysis shows
that MENA overexpression is a risk factor for DFS
(HR: 2.309, 95% CI: 1.104-4.828; P = 0.026) [26].
Recently, Lin et al. [25] demonstrated that knockdown
of MENA reduced HCC cell migration and invasion
in vitro, as well as their metastasis capacity in vivo.
These results suggest an oncogenic potential for MENA.
Even though the oncogenic potential of MENA in
HCC cells has been revealed, however, the underlying
molecular mechanism remains to be investigated.
MENA is an EMT-dependent alternatively spliced
gene. The splice isoform of MENA with the exon 1la
is a characteristic for epithelial cells and is not found
in mesenchymal cells [27]. Meanwhile, the splice iso-
form of MENA has also been found to be expressed
in primary tumor cells, but not in invasive tumor cells
[28]. Although the detailed mechanism is still
unknown, these findings suggest that MENA gene may
play a role in the regulation of EMT. Multiple signal-
ing pathways have been shown to be involved in the
regulation of EMT and CSC transition [29,30], and
there are many common regulation mechanisms
between EMT and CSC. For instance, extracellular
signal-regulated kinase (ERK) signaling has been
shown to be involved in the regulation of both stem-
ness [31] and EMT [32] in several cancers. Wnt/B-cate-
nin pathway can promote the expression of surface
markers of liver cancer and the promotion of liver
CSC activation [33] and is involved in EMT of HCC
[34]. Based on these observations, we hypothesized
that MENA may play a role in the regulations of CSC
and EMT in HCC cells. The purpose of this study was
to investigate the oncogenic potential of MENA and
its capacity to regulate CSC and EMT phenotypes in
HCC cells. By using HCC tumor tissue samples and
cancer cell lines, the above issues were investigated.

Materials and methods

HCC samples

A total of 81 tissue specimens of HCC were collected from
primary HCC patients undergoing curative surgery in our
center between March 2010 and July 2012 as previously
described [26]. The median age of the patients was 49 years
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(range: 13-80 years); the median tumor size was 4.3 cm
(range: 1.5-10 cm). All the patients were diagnosed with pri-
mary HCC; 69 (85%) patients were diagnosed with chronic
viral hepatitis (HBV: 66 patients and HCV: three patients).
This study was approved by the Institutional Review Board
of the Third Affiliated Hospital of Sun Yat-sen University.
Written informed consent was obtained from all the patients.

Cell culture

Hepatocarcinoma cell (HCC) lines QGY-7703 and PLC-8024
were obtained from the Institute of Virology, Chinese Acad-
emy of Medical Sciences (Beijing, China), while SMMC-
7721, BEL-7402, HUH-7, MHCC-97L, and MHCC-97H
were obtained from Liver Cancer Institute of Fudan Univer-
sity (Shanghai, China). All the hepatocarcinoma cell (HCC)
lines were cultured by continuous passage in Dulbecco’s
modified Eagle medium (Gibco, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum (Gibco) and 1% peni-
cillin/streptomycin (Gibco). Cells were maintained in a
humidified incubator at 37 °C in 5% CO,. RNA and protein
were extracted from exponentially growing cells.

Generating stable MENA-overexpressing HCC cell
lines

For stable overexpression of MENA, SMMC-7721 and
QGY-7703 cells were infected with pLVX-IRES-Puro-
MENA viral particles (Clontech; Mountain View, CA, USA)
and selected by puromycin according to the manufacturer’s
protocol. The established stable cell lines were designated as
SMMC-7721-MENA and QGY-7703-MENA, respectively.

Western blot

Total proteins were extracted with RIPA lysis buffer and
separated by SDS/PAGE and then transferred to the poly
(vinylidene difluoride) membranes. The membranes were
blocked with 5% skimmed milk and incubated with the
appropriate antibody. The antigen—antibody complex on
the membrane was detected with enhanced chemilumines-
cence regents (Thermo Scientific, Rockford, IL, USA). The
antibodies including ERK (Cat.#9926, Cell Signaling, Dan-
vers, MA, USA) and p-ERK (Thr202/Tyr204, Cat.#9910,
Cell signaling), E-cadherin (Cat.#sc-7870, Santa Cruz,
Santa Cruz, CA, USA), vimentin (Cat.#sc-6260, Santa
Cruz), P-catenin (Cat.# 9562, Cell signaling), MENA
(Cat.# 2075, Cell signaling), and a-tubulin (Cat.#ab15246,
Abcam, Cambridge, MA, USA) were all used in this study.

In vitro cell migration assay

In vitro cell migration assays were performed in Transwell
chambers (8 um pore size; Costar). The Transwells were
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put into the 24-well plates. A total of 2 x 10* cells were
placed into the top chamber of each insert (BD Biosciences,
Eugene, OR, USA) and incubated at 37 °C for 48 h. The
migrated cells were fixed with 4% paraformaldehyde for
5 min, stained with 1% crystal violet for 30 s, and then
quantified by counting cells at 20x magnification (five fields
per chamber).

Colony formation assay and soft agar colony
formation assay

For colony formation assay, QGY-7703-MENA and QGY-
7703-Vector cells (200 cells/well) were trypsinized, plated
on six-well plates, and then cultured in medium containing
10% FBS for 2 weeks. The colonies were fixed with 4%
paraformaldehyde for 5 min and stained with 1% crystal
violet for 30 s. To evaluate anchorage-independent cell
growth, an assay of colony formation in soft agar was per-
formed. A bottom layer was formed with 0.6% agar and
Dulbecco’s modified Eagle’s medium (DMEM) plus 10%
FBS in six-well plates. After the bottom layer solidified,
5000 cells per plate, 0.4% agar, and DMEM plus 10%
FBS were added to the top layer. After 2 weeks of incuba-
tion, colonies were fixed with 4% paraformaldehyde for
5 min, stained with 1% crystal violet for 30 s, and counted
for each plate.

RT-PCR

Total RNA was extracted from human HCC tissues and
HCC cell line using Trizol reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instructions.
Total RNA extracts of CD133" and CD133 hepatoma cell
lines (Huh7 and PLC-8024) were kindly provided by Guan
XY (Sun Yat-sen University Cancer Center, China) [35].
First-strand cDNA was synthesized with 2 pg of total RNA
using a First-Strand Synthesis System (Invitrogen) accord-
ing to the manufacturer’s instructions. Real-time (RT) PCR
was performed using a CFX96 Real-Time System (Bio-Rad,
Hercules, CA, USA). 2 9 SYBR Green Master mixture
(Invitrogen) was used in a total volume of 10 pL. The PCR
primer sequences were as follows: MENA: sense 5-G
TGCCATTCCTAAAGGGTTGA-3/, antisense 5-GCT GC
CAAAGTTGAGACCATAC-3; CK19: sense 5-GTGC C
ATTCCTAAAGGGTTGA-3, antisense 5-GCTGCCAA A
GTTGAGACCATAC-3’; CDI133: sense 5-TGGATGCAG
AACTTGACAACGT-3, antisense 5-ATACCTGCTACGA
CAGTCGTGGT-3; EpCAM: sense 5-ATGTTTGG TGA
TGAAGGCAGAA-3, antisense 5-ATCGCAGTCAG GAT
CATAAAGC-3'; ABCG2: sense 5-TCATCAGCCTCGATA
TTCCATCT-3, antisense 5-R GGCCCGTGGAACATAA
GTCTT-3; Oct4: sense 5-CGCAAGCCCTCAT TTCAC-3,
antisense 5-CATCACCTCCACCACCTG-3"; Sox2 F: TAC
AGCATGTCCTACTCGCAG-3, R: GAGGAAGAGGTA
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ACCACAGGG-3'; B-catenin: sense 5-ACAACTGTTTTGA
AAATCCA-3, antisense 5-CGAG TCATTGCATACTGTC
C-3’; GAPDH: sense 5-TGTTGC CATCAATGACCCC-3
and antisense 5-CTCCACGACGTACTCAGC-3, which
was used as an internal control. All reactions were run in
triplicate in three independent experiments.

Chromatin immunoprecipitation (ChIP)

Stable MENA-overexpressing HCC cells (QGY-7703-
MENA) were trypsinized and treated with 1% formalde-
hyde for crosslinking, followed by sonication to lyse the
cells and break down chromatin. The mixture of DNA and
protein was immunoprecipitated with anti-fB-catenin anti-
body. After extensive washing, elution, and de-crosslinking
processes, the chromatin immunoprecipitation (ChIP)-
DNA fragments were finally obtained. ChIP-DNA frag-
ments were used as a template for PCR with specific primer
pair for the promoter region of MENA gene (sense 5'-TA
TATGCCCCTCCTCAAC-3, antisense 5-GTTCCTC GCC
CGTGGTTG-3).

Statistical analysis

Statistical analyses were performed using spss 17.0 for Win-
dows (SPSS, IBM Corp., Armonk, NY, USA) and GRAPH-
pAD Prism6 (GraphPad Software, La Jolla, CA, USA).
Data were expressed as the mean + standard error of the
mean (SEM) from at least three independent experiments.
Quantitative data between groups were compared using the
Student’s z-test. A two-tailed P value of < 0.05 was consid-
ered as statistical significance.

Results

Generating MENA-overexpressing HCC cell lines

Our previous work showed that overexpression of
MENA is associated with poor cellular differentiation,
advanced tumor stage, and worse DFS in HCC. To
further investigate the oncogenic potential of MENA
in vitro, we attempted to generate stable MENA-over-
expressing HCC cell lines. MENA protein levels were
screened in six HCC cell lines. As shown in Fig. 1A,
Huh-7, PLC-8024, MHCC-97L, and MHCC-97H cells
were positive for MENA protein, whereas SMMC-
7721 and QGY-7703 cells were nearly negative for
MENA. Therefore, two low MENA-expressing cell
lines, SMMC-7721 and QGY-7703, were chosen to
establish the stable MENA-overexpressing HCC cells
(SMMC-7721 MENA and QGY-7703 MENA). The
overexpression of MENA protein levels was confirmed
by western blot in SMMC-7721-MENA (Fig. 1B) and
QGY-7703-MENA (Fig. 1C).
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Fig. 1. Generating MENA-overexpressing HCC cell lines. (A) MENA
protein levels of six HCC cell lines were determined by western
blot. SMMC-7721 (B) and QGY-7703 (C) were used to generate the
stable MENA-overexpressing HCC cells. The overexpression of
MENA proteins was confirmed by western blot.

Overexpression of MENA enhanced
tumorigenicity of HCC cells

The proliferative and metastatic capacities of MENA-
overexpressing HCC cells were determined to evaluate
the oncogenic potential of MENA. As shown in
Fig. 2, both colony formation (Fig. 2A, P < 0.001)
and soft agar colony formation assay (Fig. 2B,
P <0.01) showed that QGY-7703-MENA cells can
form significantly more colonies than the control cells.
In addition, transwell cell migration assay showed that
QGY-7703-MENA cells had a significantly higher
migration ability as compared with the vector control
cells (Fig. 2C, P <0.01). These data suggested that
overexpression of MENA enhanced tumorigenicity in
HCC cell lines.

Overexpression of MENA upregulated hepatic
progenitor/stem cell markers and Wnt/p-catenin
signaling markers in HCC cells

As enhanced tumorigenicity is a characteristic of
CSCs, next we investigated whether overexpression of
MENA impacted on CSC-like characteristics of HCC
cells. As shown in Fig. 3, overexpression of MENA
dramatically upregulated the mRNA levels of hepatic
progenitor cell (HPC) markers CK19 and EpCAM,
stem cell markers Oct4 and Sox2, and Wnt signaling
marker B-catenin in both stable MENA HCC cell lines
as compared with their vector control counterparts
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Fig. 2. Overexpression of MENA enhanced tumorigenicity in HCC cells. Colony formation assay (A), soft agar colony formation assay (B),
and transwell cell migration assay (C) were employed to determine the tumorigenicity. The results were quantified and compared between

QGY-7703-MENA and vector control cells. **P < 0.01; ***P < 0.001.

(Fig. 3A,B). However, the levels of CSC marker
CD133 and stem cell marker ABCG2 did not change
after overexpression of MENA.

Real-time-PCR analysis found that MENA expres-
sion was only detected in total RNA extract of
CD133" Huh7 and PLC-8024 cells, but not in their
CD133" counterparts (Fig. 3C), indicating that only
LCSCs express MENA. Taken together, these data
suggested that MENA may play a role in CSC regula-
tion of HCC cells.

High MENA protein was associated with high
mRNA levels of MENA, CD133, CK19, and EpCAM
in human HCC tissues

To further confirm whether MENA plays a role in
CSC regulation of HCC cells, 81 human HCC tissues
were divided into MENA-Low (n = 48) and MENA-
High groups (n = 33) according to their expression
level of MENA protein as previously described [26].
The mRNA Ilevels of MENA, CSC marker CD133,
HPC markers CK19 and EpCAM were compared

between two groups. As expected, MENA mRNA
level was significantly higher in MENA-High group
than in MENA-Low group (Fig. 4A). In addition,
MENA-High group had significantly higher mRNA
levels of CDI133 (Fig. 4B), CKI19 (Fig. 4C), and
EpCAM (Fig. 4D) as compared with MENA-Low
group. These data indicated that high expression of
MENA was associated with elevated CSC markers in
HCC cells.

Overexpression of MENA promoted EMT, ERK
phosphorylation, and p-catenin protein level

Finally, we attempted to investigate the molecular
mechanism underlying MENA-mediated tumorigenic-
ity enhancement in HCC cells. We examined the pro-
tein levels of two EMT biomarkers, E-cadherin and
vimentin. As shown in Fig. 5A, overexpression of
MENA simultaneously downregulated E-cadherin and
upregulated vimentin in QGY-7703-MENA cells, sug-
gesting that MENA promoted EMT. The data also
showed that overexpression of MENA elevated protein
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Fig. 3. Overexpression of MENA upregulated hepatic progenitor/
stem cell markers and Wnt/B-catenin signaling markers in HCC
cells. The mRNA levels of HPC markers CK19 and EpCAM, stem
cell markers Oct4 and Sox2, and Wnt signaling marker B-catenin in
SMMC-7721-MENA (A) and QGY-7703-MENA (B) cells were
compared with their vector control counterparts, respectively. (C)
MENA expression levels were determined by RT-PCR using RNA
extract from CD133%/CD133"Huh7 and PLC-8024 cells,
respectively.

level of p-ERK (Fig. SA), suggesting that overexpres-
sion of MENA activates ERK signaling pathway.
Previous study has demonstrated that MENA is a
transcriptional target of Wnt/B-catenin pathway [36].
To address whether B-catenin pathway is associated
with MENA in HCC cells, we determined B-catenin
protein level in QGY-7703-MENA cells. The data
showed that MENA-overexpressing cells had a mark-
edly increased protein level of B-catenin as compared
with vector control cells (Fig. 5A). The result of ChIP
also confirmed that B-catenin directly bound with the
promoter region of MENA gene (Fig. 5B), demon-
strating that MENA is a transcriptional target of -
catenin in HCC cells. These data implied that EMT,
ERK, and p-catenin signaling pathways may be

MENA enhances CSC-like phenotype in HCCs

involved in the mechanism underlying MENA-
mediated tumorigenicity enhancement in HCC cells.

Discussion

In this study, we investigated the oncogenic potential
of MENA and its underlying mechanism in HCC cells.
The data showed that overexpression of MENA signif-
icantly enhanced colony-forming and migration abili-
ties in HCC cells. Overexpression of MENA in HCC
cell lines also upregulated the HPC markers (CK19,
EpCAM) and the stem cell markers (Oct4, Sox2). In
addition, high MENA protein level was associated
with elevated mRNA levels of the hepatic progenitor/
stem cell markers CDI133, CK19, and EpCAM in
human HCC tissue samples. Furthermore, overexpres-
sion of MENA promoted EMT and ERK phosphory-
lation and level of B-catenin in HCC cells. These data
suggested that MENA has the ability to enhance
tumorigenicity and the expressions of CSC and EMT
markers in HCC cells, which may be involved, at least
partially, in the ERK and Wnt/B-catenin signaling
pathways.

Our previous work showed that high expression of
MENA in human HCC tissues is associated with poor
cellular differentiation [26], implying that MENA may
play a role in the dedifferentiation of HCC. The cur-
rent study further demonstrated that HCC samples
with elevated MENA protein displayed high levels of
LCSC markers CD133, CK19, and EpCAM. In addi-
tion, MENA-overexpressing HCC cells showed
enhanced hepatic progenitor/stem cell markers. CD133
is an important CSC surface marker in various tissues
including HCC. Previous study reported that CD133™
cells accounted for 65% of Huh7 cells [37]. CD133*
cells had a greater colony-forming efficiency, higher
proliferative capacity, and greater tumorigenicity [38].
In addition, CD133" HCC cells have been shown to
be more resistant to chemotherapy and radiotherapy
through activation of the Akt/PKB and Bcl-2 survival
pathways [37,39-41]. Chen er al. [42] showed that
CDI133"EpCAM " Huh7 cells possessed elevated
capacities for colony formation, differentiation,
chemoresistance, and tumorigenicity in mice. Our data
showed that MENA expression was detected only in
CD133" HCC cell lines Huh7 and PLC-8024 cells, but
not in their CD133- counterparts. These results sug-
gested that there is an association between CD133 and
MENA. The phenomenon that overexpression of
MENA in HCC cell lines resulted in unchanged level
of CSC marker CD133 may indicate that MENA may
be a downstream protein of CD133 so that overexpres-
sion of MENA had no effect on CD133 level. Further

FEBS Open Bio 7 (2017) 1144-1153 © 2017 The Authors. Published by FEBS Press and John Wiley & Sons Ltd. 1149
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and compared between two groups (Student’s t-test).
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Fig. 5. Overexpression of MENA promoted EMT, ERK
phosphorylation and B-catenin protein level. (A) The protein levels
of E-cadherin and vimentin, ERK, p-ERK, and B-catenin were
determined by western blot and compared between QGY-7703-
MENA and vector control cells. (B) ChIP was performed to analyze
the B-catenin protein binding to the promoter region of MENA
gene in HCC cells. Mouse IgG was used as a control
immunoprecipitate antibody, while DNA sample that has not been
immunoprecipitated was used as an input control. Panel a and
panel b were two replicates of the experiment. The results
showed that B-catenin directly bound with the promoter region of
MENA gene.

study is required to elucidate the relationship between
CD133 and MENA in CSCs. These results also indi-
cated that MENA may play a role in the regulation of

1150

CSC in HCC cells. It is worth to further investigate
whether MENA regulates CD133" LCSCs by estab-
lishing a MENA-overexpressing CD133" HCC cell
model.

In the current study, MENA-overexpressing HCC
cells presented reduced E-cadherin and elevated vimen-
tin proteins, indicating that the cells underwent EMT
transformation. The EMT transition plays a crucial
role in cancer invasion, metastasis, as well as for thera-
peutic resistance. CSCs have the capacity of self-
renewal, migration, and invasion and are resistant to
radiation and chemotherapy. Therefore, metastatic
cancer cells may simultaneously possess the character-
istics of both EMT and CSCs [43]. Accumulating evi-
dences have identified the correlations between EMT
and the CSC transformation in cancer cells [44,45].
Mani et al. [45] reported that immortalized human
mammary epithelial cells undergoing EMT induce the
expression of stem cell markers and form mammo-
spheres, soft agar colonies, and tumors. In addition,
several studies have suggested that HCC cells can
acquire CSC-like characteristics through the EMT
transition, exhibiting metastasis and therapeutic resis-
tance [46—48]. Thus, both CSC and EMT are impor-
tant for the invasion and metastasis of HCC. Our
previous finding demonstrated that high expression of
MENA in human HCC tissues is associated with
advanced tumor stage [26]. In this study, MENA-
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overexpressing HCC cells have elevated expression
levels of both CSC and EMT markers and enhanced
capacities of migration and colony formation, suggest-
ing an oncogenic potential of MENA in HCC. In
addition, our observations further supported the corre-
lations between EMT and the CSC in HCC. To our
best knowledge, our data report the effects of MENA
on expressions of CSC and EMT markers in HCC
cells for the first time, which also have not been
described in any other cancers.

Both the molecular mechanisms of EMT and CSC
are complicated, and there are many common regula-
tion mechanisms between these two procedures. ERK
and Wnt/B-catenin signaling pathways have been
shown to be involved in the regulation of both stem-
ness phenotypes [31,33] and EMT [32,34] in HCC. Our
data showed that both the protein levels of p-ERK
and B-catenin elevated in MENA-overexpressing HCC
cells. In addition, the ChIP data showed that MENA
is a transcriptional target of B-catenin in HCC cells.
These findings suggested that MENA may regulate
CSC features and EMT in HCC through Wnt/B-cate-
nin and ERK pathways. Further study is needed to
verify the detailed mechanism.

Several limitations should be mentioned in the cur-
rent study. First, although our results found that over-
expression of MENA elevated the levels of several
LCSC biomarkers in HCC cells, we did not examine
the effect of stable knockdown of MENA on the levels
of LCSC biomarkers in high MENA-expressing cells.
We also did not evaluate the effects of MENA overex-
pression on the other key features of CSC, such as
capacity of self-renewal, drug resistance (i.e., sorafenib),
and sphere formation to further confirm the CSC regu-
lation function of MENA. In addition, we did not
simultaneously implement the results for another
MENA-overexpressing cell (SMMC-7721-MENA cell)
in this study, and the immunofluorescence data of colo-
calization of MENA and stem cell markers (CK19 and
CD133) in human HCC tissues are important to vali-
date MENA as a stemness marker. Furthermore, in the
following study, it is necessary to isolate MENA™
LCSCs from fresh HCC surgical samples. These cells
should be characterized for stemness features and pro-
liferation ability using both in vitro and in vivo models.
All these limitations should be addressed in the follow-
ing study.

In summary, this study demonstrated that overex-
pression of MENA enhanced expression of CSC
markers and EMT markers, as well as the tumori-
genicity in HCC cells, which provide partial mecha-
nisms for the oncogenic role of MENA in the
metastasis and recurrence of HCC. Our findings may

MENA enhances CSC-like phenotype in HCCs

be helpful for the development of new therapeutic
strategies for HCC.
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