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miR-206 inhibits liver cancer stem cell expansion by regulating EGFR expression
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ABSTRACT
Liver cancer stem cells (CSCs) are involved in tumorigenesis, progression, drug resistance and
recurrence of hepatocellular carcinoma (HCC). However, the underlying mechanism for the propaga-
tion of liver cancer stem cells was unclear. Herein, we observed miR-206 expression was reduced in
both chemoresistant HCCs and recurrent HCCs from patients. A dramatically decrease of miR-206 was
detected in cluster of differentiation 133 (CD133) or epithelial cell adhesion molecule (EpCAM)–
positive liver CSCs and in CSC-enriched hepatoma spheres. Functional studies revealed that
a forced expression of miR-206 inhibited liver CSCs expansion by suppressing the dedifferentiation
of hepatoma cells and attenuating the self-renewal of liver CSCs. Mechanistically, bioinformatic and
luciferase reporter analysis identified epidermal growth factor receptor (EGFR) as a direct target of
miR-206. Moreover, miR-206 downregulated the expression of EGFR in liver CSCs. There was
a significant inverse correlation between miR-206 and EGFR mRNA expression in HCC samples.
Special EGFR inhibitor Gefitinib abolished the discrepancy in liver CSC proportion and the self-
renewal capacity between miR-206 overexpression hepatoma cells and control cells, which further
confirmed that EGFR was required in miR-206-inhibited liver CSCs expansion. Conclusion: miR-206
could suppress HCC cell dedifferentiation and liver CSCs expansion by targeting EGFR signaling.

ARTICLE HISTORY
Received 7 July 2019
Revised 23 December 2019
Accepted 29 December 2019

KEYWORDS
Hepatocellular carcinoma;
liver cancer stem cell; miR-
206; drug resistance; EGFR

Introduction

Hepatocellular carcinoma (HCC) is the most com-
mon lethal malignancies in liver cancer [1,2]. It is the
sixth most common death tumor and the second
highest cause of cancer-related death in the world
[3]. There have about 850000 new cases of liver
cancer recorded in the world a year and China
accounts for about half of the new cases [4]. The
incidence of liver cancer is roughly equal with its
mortality. It means most of the liver cancer patients
died of liver cancer [5]. Most HCC patients were
diagnosed at late stages and lost the best operation
time [6]. In the past decade, 5-year survival of HCC
patients remained at 15% to 40% and about 62%-82%
patients will recurrence within two years [7]. Liver
cancer patients are not sensitive to conventional
radiation and chemotherapy [8]. Sorafenib was the
most commonly used targeted drug in patients with
liver cancer [9]. While lots of HCC patients are also
not benefited from sorafenib treatment. So, it is
urgent to explore the underling mechanism of initia-
tion and development of liver cancer, then find the

new treatment strategies to prolong the survival time
for HCC patients.

Several studies have demonstrated a distinct sub-
population of cells called cancer stem cells (CSCs) or
tumor initiating cells (T-ICs) that exhibited extended
self-renewal potential, tumor initiating ability and
resistance to chemotherapy [10]. The substantial het-
erogeneity and hierarchical organization in liver can-
cer support the theory of liver cancer stem cells
(LCSCs) [11]. Numerous studies reported that liver
cancer stem cells could be identified by CD24, CD90,
EpCAM and other biomarkers [12,13]. CD24 can
drive self-renewal and tumor initiation of liver CSCs
through STAT3-mediated Nanog regulation [12]. It
was accepted that chemo-resistance and recurrence of
HCC was closely associated with the existence of liver
CSCs [14]. However, how liver CSCs generation and
expansion remains unclear.

microRNAs (miRNAs) are small evolutionarily
conserved, 20 to 22 nt,, non-coding RNA mole-
cules that inhibit translation or induce mRNA
degradation in general by binding to the 3ʹUTR
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of target mRNAs [15]. miRNAs play an important
regulatory role in various biological processes [16].
They worked as tumor suppressor gene or onco-
gene and regulated the initiation and progression
of tumors [17,18]. For example, miR-429 promotes
liver tumor-initiating cell properties by targeting
retinoblastoma protein (Rb) binding protein 4
[19]. It was also reported that miR-206 suppresses
the proliferation and invasion of lung cancer cells
and gastric cancer cells [20,21], suggesting that this
miRNA was involved in tumor progression.
However, whether miR-206 was involved in liver
CSCs regulation remains unclear.

In the present study, we found that the expression
of miR-206 was dramatically downregulated in
CD133 or EpCAM–positive liver CSCs and in CSC-
enriched hepatoma spheres. Next, by gain-of-
function analyzes in liver CSCs, we demonstrated
that miR-206 inhibited liver CSCs expansion.
Furthermore, EGFR was a direct target of miR-206
in liver CSCs. EGFR inhibitor Gefitinib abolished
the discrepancy in liver CSC proportion and the
self-renewal capacity between miR-206 overexpres-
sion HCC cells and control cells. We also found that
miR-206 could affect the drug resistance of HCC
cells to sorafenib and cisplatin. Taken together, our
study showed that miR-206 was a novel cancer stem
cell marker that plays a key role in liver CSCs
expansion and drug resistance of HCC.

Materials and methods

Patients and samples

HCCpatients’ tissue samples were collected from the
Eastern Hepatobiliary Surgery Hospital (Shanghai,
China). Patient informed consent was also obtained
and the procedure of human sample collection was
approved by the Ethics Committee of Eastern
Hepatobiliary Surgery Hospital.

Cell lines and cell culture

Normal hepatocyte cell line HL7702 (L02), and liver
cancer cell lines Huh7, HepG2, Hep3B, CSQT-2,
PLC and HCCLM3 were purchased form Chinese
Academy of Sciences, Shanghai, China. The HCC
cells were cultured with Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10%

fetal bovine serum (FBS) and 2 mM L-glutamine,
and 25 µg/ml of gentamicin and maintained at 37°C
in 5% CO2 incubator. The culture cells were digested
with 0.5% trypsin and moved to a new six-well plate
twice a week.

The lenti–vector overexpressing miR-206 and
its control virus were produced as described pre-
viously [22]. Huh7 and HCCLM3 cells were
infected with miR-206 or its control virus and
the stable infectants were screened by puromycin.

Spheroid formation assay

Huh7 or HCCLM3 miR-206 and their control cells
were cultured in a 6-well or 96-well Ultra-Low
Attachment Microplates (Corning, USA) in serum-
free DMEM/F12 (Invitrogen, USA), supplemented
with B27 (1:50, Invitrogen), 20 ng/ml EGF
(Peprotech), 10 ng/ml bFGF (Invitrogen), and 4 μg/
ml insulin (Sigma). Spheres were photographed and
counted 7 days after seeding (primary spheres).

Limiting dilution assay

Various numbers of Huh7 or HCCLM3miR-206 and
their control cells (64, 32, 26, 8, 4, 2) were seeded into
96-well ultra-low attachment culture plates for one
week. CSC proportions were analyzed using Poisson
distribution statistics and the L-Calc Version 1.1 soft-
ware program (Stem Cell Technologies, Inc.,
Vancouver, Canada) as described [23].

Real-time PCR

For detection of mature miR-206, total RNA was
subjected to reverse transcription using a TaqMan
MicroRNA Reverse Transcription Kit (Applied
Biosystems). qRT-PCR analysis of miR-206 expres-
sion was carried out using TaqManMicroRNA assay
kits (Applied Biosystems). Results were normalized
to U6 snRNA using the comparative threshold cycle
(Ct) method.

The total cells RNA was extracted by using Trizol
reagent (Invitrogen, 15,596–018). Total cDNAs were
synthesized by ThermoScript TM RT-PCR system
(Invitrogen, 11,146–057). The total mRNA amount
presented in the cells was measured by RT-PCR
using the ABI PRISM 7300 sequence detector
(Applied Biosystems). The EGFR primer sequences
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were forward: 5ʹCCCTCCTGAGCTCTCTGAGT 3ʹ,
reverse: 5ʹ TTCCAGACAAGCCACTCACC 3ʹ.

Western blotting assay

The HCC cells were lysed with cell lysis buffer
(Beyotime) followed by supersonic splitting. The
total protein was quantified using the BCA Protein
Quantification kit. A total of 20 μg of protein were
subjected to sodium dodecyl sulfate polyacrylamide
gel electrophoresis and then transferred onto nitrocel-
lulosemembranes. Themembraneswere blockedwith
10% nonfat milk and incubated with the primary
antibodies (EGFR, PARP and GAPDH) overnight.
The protein band, specifically bound to the primary
antibody, was detected using an IRDye 800CW-
conjugated secondary antibody and LI-COR imaging
system (LI-COR Biosciences, Lincoln, NE, USA). The
EGFR, PARP andGAPDHantibodies were purchased
from Abcam Company in USA.

Flow-cytometric analysis

Hepatoma cells were incubated with the primary
anti–CD133 or anti-EpCAM for 30 min at room
temperature. Flow-cytometric analysis was per-
formed using a MoFlo XDP from Beckman Coulter
according to the manufacturer’s instructions.

Huh7 or HCCLM3 miR-206 and their control
cells were incubated with the primary anti-CD133
or anti- EpCAM for 30 min at room temperature.
Flow cytometric analysis was performed using
a MoFlo XDP cell sorter from Beckman Coulter
according to the manufacturer’s instructions.

Apoptosis analysis

Huh7 or HCCLM3 miR-206 and their control cells
were cisplatin (4 μg/ml) or sorafenib (10 μM) for
24 hours. Then the cells were measured by flow
cytometry using a FITC Annexin V Apoptosis
Detection Kit (BD Biosciences 51-66211E).
Briefly, 1 × 106 cells were harvested and washed
twice with cold cell staining buffer, resuspended in
100 μl Annexin V binding buffer, then incubated
with 5 μl of FITC Annexin V and 5 μl of PI
viability staining solution for 15 minutes at room
temperature in the dark. The cell suspension was

then incubated with 200 μl of Annexin V binding
buffer followed by flow cytometry analysis.

Luciferase reporter assay

HCC cells were transfected with EGFR WT or EGFR
mutant 3ʹUTR plasmids. Luciferase activity was mea-
sured using a Synergy 2 Multidetection Microplate
Reader (BioTek Instruments, Inc.). Datawere normal-
ized for transfection efficiency by dividing firefly luci-
ferase activity by Renillaluciferase activity.

Statistical analysis

GraphPad Prism (GraphPad Software, Inc. La Jolla,
USA) was used for all statistical analyses. Statistical
analysis was carried out using t test or Bonferroni
Multiple Comparisons Test: *p < 0.05. A p value of
less than 0.05 was considered significant.

Results

miR-206 expression was downregulated in liver
CSCs

It was reported that miR-206 is involved in inhibit-
ing proliferation and invasion in different cancer
cell types [24–26]. So, we doubted whether miR-206
was also participated in the regulation of cancer
stem cells. As self-renewal and chemo-resistance
were distinct characteristics of CSCs, we investi-
gated the expression of miR-206 in liver CSCs. As
expected, miR-206 expression was downregulated
in the self-renewing spheroids compared with the
attached cells (Figure 1(a)). Consistently, in serial
passages of HCCLM3 or Huh7 spheroids, miR-206
expression was gradually decreased (Figure 1(b)).
Intriguingly, miR-206 levels could be partially
restored during reattachment in parallel with the
differentiation (Figure 1(c)). Cluster of differentia-
tion 133 (CD133) and epithelial cell adhesion mole-
cule–positive (EpCAM) are well-accepted liver
CSCs marker [13,27]. As expected, CD133+ and
EpCAM+ liver CSCs sorted from trypsinized
spheres of hepatoma cells displayed lower miR-
206 level (Figure 1(d,e)). Considering the close
association of liver CSCs with HCC recurrence
and chemoresistance, cisplatin-resistant HCC xeno-
grafts were established as described. In comparison
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Figure 1. miR-206 expression was downregulated in liver CSCs.
(a). Real-time PCR was performed to examine the expression of miR-206 in hepatoma spheroids. (n = 3). (b). miR-206 expression in
serial passages of Huh7 and HCCLM3 spheroids was analyzed by real-time PCR. (n = 3). (c). HCCLM3 and Huh7 cell–derived spheroids
were trypsinized and cultured in attachment conditions. miR-206 expression in spheroids versus reattached cells was compared by
real-time PCR. (n = 3). (d). Expression of miR-206 in CD133+ or EpCAM+ subpopulation of Huh7 cells was examined by real-time PCR.
(n = 3). (e). Expression of miR-206 in CD133+ or EpCAM+ subpopulation of HCCLM3 cells was examined by real-time PCR. (n = 3). (f).
Real-time PCR was performed to check the expression of miR-206 in cisplatin-resistant HCC xenograft. (n = 3). (g). Expression of miR-
206 in non-recurrence and recurrence HCC patients was examined by real-time PCR. (n = 3)(Data are represented as mean±s.d.;
*P < 0.05; two-tailed Student’s t-test.)
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with control tumors, miR-206 expression was
markedly decreased in the cisplatin-resistant, indi-
cating that miR-206 expression was associated with
chemoresistance (Figure 1(f)). More importantly,
miR-206 expression was dramatically decreased in
recurrent HCC compared with the primary lesion
(Figure 1(g)), which further suggested that miR-206
expression was decreasing in liver CSCs.

miR-206 suppressed liver CSCs expansion

To explore the role of miR-206 in liver CSCs regula-
tion, miR-206 expression was checked in series of
HCC cell lines and miR-206 stable overexpressing
infectants of HCC cells were used (Figure 2(a,b)).
Flow-cytometric analysis revealed a decreased pro-
portion of liver CSCs in miR-206 stably transfected
HCC cells (Figure 2(c,d)). Consistently, HCC cells
overexpressing miR-206 formed much fewer spher-
oids than control cells (Figure 2(e)). An in vitro and
in vivo limiting dilution assay illustrated that miR-
206 overexpression dramatically decreased the CSC
population and tumorigenicity capacity in HCC cells
(Figure 2(f,g)). Moreover, miR-206 overexpression
downregulated the expression of stemness-
associated genes and liver CSC markers in HCC
cells (Figure 3), which further supported that miR-
206 could inhibit liver CSCs expansion.

miR-206 affected the drug resistance of HCC cells
to sorafenib and cisplatin

We next explored the role of miR-206 in chemore-
sistance of HCC to sorafenib and cisplatin. As
expected, we found that miR-206 expression was
markedly reduced in cisplatin-resistant or sorafenib-
resistant hepatoma cells (Figure 4(a,b)); suggesting
miR-206 was involved in drug resistance.
Furthermore, miR-206 overexpression dramatically
increased the sensitivity of hepatoma cells to the
same dosages of sorafenib or cisplatin (Figure 4(c,
d)). In addition, the population of apoptotic cells was
also significantly increased in HCC cells with miR-
206 overexpression when exposed to sorafenib or
cisplatin (Figure 4(e)). poly ADP-ribose polymerase
(PARP) is a DNA repair enzyme. PARP is the clea-
vage substrate of caspase and plays an important role
in DNA damage repair and apoptosis. Cleaved-
PARP is an important indicator of apoptosis and is

also generally considered to be an indicator of
Caspase 3 activation [28]. Moreover, western blot
analyses showed that protein expression of cleaved-
PARP in HCC cells with miR-206 overexpression
was significantly increased when exposed to sorafe-
nib or cisplatin at different dosages when compared
with normal HCC cells (Figure 4(f)). Collectively,
these results showed that drug sensitivity of HCC to
sorafenib and cisplatin was significantly increased
when miR-206 was overexpressing, suggesting
a possible role of miR-206 in the treatment of HCC
drug resistance.

EGFR was a direct target of miR-206 in HCC cells

Next, we attempted to identify the target genes of
miR-206 that may be involved in liver CSCs expan-
sion. It was reported that miR-206 regulated EGFR
in other tumors [29]. So, we checked whether EGFR
was also involved in miR-206 regulation in liver
CSCs. As expected, EGFR protein level was down-
regulated in miR-206 overexpression liver CSCs
(Figure 5(a)). Consistently, EGFRmRNA expression
was also downregulated in miR-206 overexpression
liver CSCs (Figure 5(b)). Bioinformatics analysis
suggested that EGFR mRNA harbored a putative
miR-206 binding site in its 3ʹ-UTR. To further
explore whether miR-206 directly regulates EGFR
expression via interaction with its mRNA 3ʹ-UTR,
we transfected wild-type or mutant EGFR 3ʹ-UTR
reporter in miR-206 overexpression hepatoma cells.
The luciferase activity of wild-type reporter was sig-
nificantly inhibited in the presence of miR-206
(Figure 5(c)). However, miR-206-mediated repres-
sion of the reporter expression was compromised by
mutation of the miR-206 binding site in the EGFR
3ʹ-UTR. (Figure 5(d)), which further suggesting
EGFR was a direct target of miR-206.

To investigate the role of EGFR in miR-206-
mediated expansion of liver CSCs, the special EGFR
inhibitor Gefitinib was used [30]. As expected,
Gefitinib abolished the difference in liver CSC pro-
portion between miR-206 overexpression hepatoma
cells and control cells (Figure 5(e)). Consistently,
Gefitinib entirely depleted the discrepancy of self-
renewal capacity between miR-206 overexpression
hepatoma cells and control cells (figure 5(f)).
Moreover, the correlation between miR-206 expres-
sion and the levels of EGFR was observed in human
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Figure 2. miR-206 was required for the expansion of liver CSCs.
(a). miR-206 overexpression in series of HCC cell lines was checked by real-time PCR. (n = 3). (b). HCCLM3 and Huh7 cells were
infected with miR-206 overexpression virus and the sable infectants were checked by real-time PCR. (n = 3)(c). Flow cytometric
analysis of the proportion of CD133+ cells in Huh7 miR-206 overexpression and control HCC cells. (n = 3). (d). Flow cytometric
analysis of the proportion of EpCAM+ cells in HCCLM3 miR-206 overexpression and control HCC cells. (n = 3). (e). Spheres formation
assay of miR-206 overexpression and control HCC cells. (n = 4). (f). The frequency of liver CSCs in Huh7 miR-206 or HCCLM3 miR-206
and their control cells was compared by in vitro limiting dilution assay. (n = 6). (g). The tumorigenicity capacity of Huh7 miR-206 and
its control cells was compared by in vivo limiting dilution assay. (n = 8). (Data are represented as mean±s.d.; *P < 0.05; two-tailed
Student’s t-test.)
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HCC tissues (Figure 5(g)). Taken together, these data
suggest distinct regulation of EGFR by miR-206 in
liver CSCs.

Discussion

Hepatocellular carcinoma (HCC) is one of most com-
mon and deadly malignant tumors in the world [31].
Approximatively 70% HCC patients were diagnosed
at late stage or had distant metastasis, their prognosis
remains poor [32]. The rate of recurrence after surgi-
cal was very high and only few HCC patients are
benefited the treatment of TACE or sorafenib [9].
The presence of CSCs in solid tumors has been con-
firmed, and these cells have the ability of self-renewal
and differentiation, a high tumorigenic potential, and
resistance to chemotherapeutics [33]. The existence of
liver CSCs is also considered as the origin of the
chemoresistance and recurrence of patients with
HCC. It is therefore important to explore the

molecular mechanism underlying liver CSC regula-
tion to develop novel therapeutic strategies targeting
CSCs. In this study, our results showed that miR-206
plays a pivotal role in liver CSC expansion and may
serve as a therapeutic target in personalized treatment
of HCC.

miRNAs have important roles in the initiation
and progression of numerous human cancers [34],
and might be proved to be a novel marker for the
diagnosis and treatment of cancers. It was also
reported that miRNAs were involved in CSCs reg-
ulation [19]. Previous studies indicated that miR-206
worked as a tumor suppressor gene in numerous
cancers [35]. However, the potential role of miR-
206 in liver CSCs has not been reported. In this
study, we for first demonstrated that miR-206 was
downregulated in a subpopulation of HCC cells with
stem-like characteristics and was essential for main-
taining self-renewal and oncogenic potential of this
type of cancer cell.

Figure 3. miR-206 downregulated stemness–like genes.
(a&b). The expression of stemness-associated transcription factors was examined in Huh7 miR-206 or HCCLM3 miR-206 and their
control cells by real-time PCR. (n = 3). (c&d). The expression of liver CSCs surface marker was checked in overexpression and control
HCC cells. (n = 3)
(Data are represented as mean±s.d.; *P < 0.05; two-tailed Student’s t-test.)
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Numerous studies have confirmed the presence
of CSCs in solid tumors, and these cells are
involved in self-renewal and differentiation, high
tumorigenicity, and resistance to chemo

treatments. The existence of liver CSCs is also
considered to be the origin of chemoresistance
and HCC recurrence [25,36]. In the current
study, liver CSCs were enriched by establishing

Figure 4. The effect of miR-206 on drug resistance of HCC to sorafenib and cisplatin.
(a). The expression of miR-206 in sorafenib resistant and control HCC cells. (n = 3). (b). The expression of miR-206 in cisplatin resistant and
control HCC cells. (n = 3). (c). Huh7 miR-206 or HCCLM3 miR-206 and their control cells cultured in 96-well plates were treated with 2 μM
sorafenib, and cell viability was measured at the indicated time points using Cell Counting Kit-8. (n = 6). (d). Cell proliferation of HCC cell lines
with overexpressingmiR-206 comparedwith control cells when exposed to the same dosages of cisplatin (1 μg/ml). (n = 6). (e). Huh7miR-206
or HCCLM3miR-206 and their control cells were treated with cisplatin or sorafenib as indicated for 24 hours. Percentage of apoptotic cells was
determined by fluorescence-activated cell sorting. (n = 3). (f). Huh7 miR-206 or HCCLM3 miR-206 and their control cells were treated with
sorafenib as indicated for 24 hours. The protein of cleaved-PARP was determined by western blot. GAPDH acted as a loading control.
(Data are represented as mean±s.d.; *P < 0.05; two-tailed Student’s t-test.)
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Figure 5. EGFR was a direct target of miR-206 in liver CSCs.
(a). The protein expression of EGFR was checked in Huh7 miR-206 or HCCLM3 miR-206 and their control cells by western blot.
GAPDH acted as a loading control. (b). The mRNA expression of EGFR was checked in Huh7 miR-206 or HCCLM3 miR-206 and their
control cells by RT-PCR. (n = 3). (c). Luciferase reporter assays performed in Huh7 miR-206 or HCCLM3 miR-206 and their control cells
transfected with EGFR 3ʹ-UTR constructs. (n = 3). (d). Luciferase reporter assays performed in Huh7 miR-206 or HCCLM3 miR-206 and
their control cells transfected with wild-type or mutant EGFR 3ʹ-UTR constructs. (n = 3). (e). Huh7 miR-206 and its control cells were
treated with Gefitinib (10 μM) or not and then checked by flow-cytometric assay. (n = 3). (f). Huh7 miR-206 or HCCLM3 miR-206 and
their control cells were treated with Gefitinib (10 μM) or not and then subjected spheres formation assay. (n = 4). (g). Spearman
correlation analysis of the relationship between EGFR protein and miR-206 expression in 40 HCC tissues.
(Data are represented as mean±s.d.; *P < 0.05; two-tailed Student’s t-test.)
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chemoresistant HCC xenograft tumors, and
expression of miR-206 in these chemoresistant
xenografts was dramatically down-regulated.
More intriguingly, reduced miR-206 expression
was found in recurrent HCC patients than non-
recurrence HCC patients. Considering the impor-
tance of CSCs in tumor recurrence and chemore-
sistance, we investigated the influence of miR-206
on liver CSCs. Spheroid culture of cancer cells is
a routine approach to enrich CSCs. We noted that
miR-206 expression was barely expressed in hepa-
toma spheroids. To date, CD133 and EpCAM have
been accepted as the predominant biomarkers of
liver CSCs, which also include CD24, CD90,
CD44, CD13, aldehyde dehydrogenase and OV6
[37]. Our data showed that miR-206 levels
decreased in CD133+ or EpCAM+ liver CSCs.
Moreover, miR-206 overexpression in hepatoma
cells suppressed the self-renewal capacity of liver
CSCs, and downregulated stemness-associated
genes and liver CSC markers. We also observed
that miR-206 overexpression HCC cells are more
sensitivity to sorafenib and cisplatin treatment. It
means that miR-206-high expression HCC
patients may benefit from sorafenib treatment.

Numerous studies showed that EGFR had
important functions in most solid cancers,
including ovarian cancer, NSCLC, breast cancer,
colon cancer, lung and liver cancer [38,39]. Over-
expression of EGFR was always found in aggres-
sive and invasive cancers. Several EGFR-targeting
strategies to interfere with EGFR-mediated malig-
nant behaviors have shown prospective clinical
benefits for several solid tumors [40]. Treatment
with gefitinib could down-regulate EGFR-TK
activity, suppress tumor cell growth, promote
apoptosis and cell cycle arrest, and reduce HCC-
related angiogenesis both in vivo and in vitro
[41]. It was reported that miR-206 directly tar-
geted EGFR in ovarian carcinoma. However,
whether EGFR was also regulated by miR-206 in
liver CSCs was unknown. In the present study, we
found that EGFR was a direct target of miR-206.
Overexpressing miR-206 in hepatoma cells down-
regulated EGFR expression through binding to its
3ʹUTR. In additional, special EGFR inhibitor gefi-
tinib could abolish the discrepancy of the self-
renewal ability between miR-206 overexpression
HCC cells and their control cells, which further

confirm EGFR was the downstream of miR-206
in regulating liver CSCs expansion. The combina-
tion of miR-206 overexpression virus and gefiti-
nib showed better inhibitory effect on liver CSCs.
Numerous studies showed that MUC1; MAP4K3;
VEGF and Cyclin D1 was also directly targeted by
miR-206 in other tumors. So, these above mole-
cular might also be affected by miR-206 in liver
CSCs. We will research these problems in future.

Here, we showed that miR-206 was downregu-
lated in liver CSCs, which in turn suppressed the
expansion of liver CSCs via directly regulating
EGFR. miR-206 overexpression dramatically
decreased the CSCs population and tumorigeni-
city capacity in HCC cells. It means miR-206
overexpression virus might be used to treat
HCC patients by killing CSCs. The findings of
the present study not only shed a new light on
the mechanism of liver CSCs but suggest a novel
prognostic marker and a potential therapeutic
target against HCC.
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