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Abstract As a potential chemo-therapeutic agent, all-trans retinoic acid (ATRA) can signif-
icantly reverse epithelial-mesenchymal transition (EMT) of hepal-6 hepatocarcinoma cell
line in vitro, but the mechanism is unclear. The expression profile of microRNA-200 (miR-
200) families is different in hepatocellular carcinoma. In this study, we found that ATRA
treatment could up-regulate the expression of miR-200a-3p, 200c-3p, and 141-3p, which
were involved in ATRA regulated proliferation and apoptosis of hepal-6 cell, but not colony
formation. Meanwhile, miR-200a-3p, 200c-3p, and 141-3p could recovery ATRA inhibited
migration and invasion abilities of hepal-6 cells at various levels. miR-200a-3p and 200c-3p
prevented ATRA from inducing the differentiation and hepatic functions of hepal-6 cells. An-
tagomir specific for miR-200a-3p and 200c-3p down-regulated the expression of CK18, but
only miR-200a-3p antagomir played prominent role in regulating the expression of these
mesenchymal markers, N-Cadherin, Snail and Twist. The transcriptional activities of 8 tran-
scription factors were up-regulated and 35 transcription factors were down-regulated by
ATRA. Compared with ATRA group, inhibition of miR-200a-3p, 200c-3p, and 141-3p
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significantly strengthened the expression of Fra1/Jun (AP1), Ets1/PEA3, Brn3, and Zeb1/
AREB6 at varying degrees. Therefore, this result suggested that ATRA may suppress EMT
through down-regulating miR-200a-3p, 200c-3p and 141-3p related transcription factors.
miR-200 and their downstream genes might be the potentially specific targets for the treat-
ment of hepatocarcinoma.
Copyright ª 2020, Chongqing Medical University. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction

All-trans retinoic acid (ATRA), an active form of vitamins A,
has shown important physiological functions in embryonic
development, morphogenesis, cell growth and differ-
entiation.1e3 As a prospective anti-tumor drug, ATRA has
anti-tumor effects on malignant hematological diseases and
many other malignant solid tumors.4e6 Different researches
have revealed the anti-liver cancer effect of ATRA, ATRA
can inhibit the proliferation of liver cancer cells, restore
the function of normal tissues, and reduce the recurrence
rate of liver cancer patients after chemotherapy.7,8 Our
previous studies have also shown that ATRA reverses
epithelial-mesenchymal transition (EMT) of mouse hepal-6
hepatocarcinoma cell line by inhibiting proliferation,
migration, invasion and inducing differentiation and he-
patic function.9 However, the mechanisms of how ATRA
affects the benign fate of hepatocellular carcinoma cells
are not entirely clear.

MicroRNA is an endogenous non-coding small RNA
molecule, play important roles in the regulation of cell
development, differentiation and tumorgenesis.10 A large
number of studies have shown that the retinoic acid signal
mediated by ATRA is involved in the regulation of miRNA in
glioma cells, breast cancer cells, acute leukemia cells, liver
cancer cells and other tumor cells.11e13 We previously
found that ATRA could induce mature differentiation of
hepatic progenitor cells (HPCs),14 and widely regulated
regulates the miRNA expression profile of HPCs, especially
miR-200 family members. Compared with control group,
the expression of miR-200a-3p, 200c-3p and 141-3p in ATRA
treated HPCs increased 52.53, 46.95 and 196.76 times,
respectively. Disruptive differentiation theory holds a point
of view that the abnormal differentiation of hepatic stem/
progenitor cells might be the reason of hepatocellular
carcinoma (HCC) occurrence.15,16 Therefore, we try to
investigate whether ATRA can upregulate the expression of
miR-200 family to affect the biological character of hepal-
6 cells and reverse EMT process?

Herein, we demonstrated that ATRA could inhibit the
growth, migration, and invasion of hepal-6 cells, even
promote its apoptosis and induce differentiation. ATRA may
reverse EMT by regulating miR-200a-3p, miR-200c-3p, and
miR-141-3p and some downstream transcriptional factors.
Our finding may help to reveal the possible mechanism of
the biological effect of ATRA on hepatocarcinoma, and
provide a new thinking for the research on its clinical
application for liver disease.

Materials and methods

Grouping and treatment of cells

The mouse hepatocarcinoma cell line hepal-6 was pur-
chased from the American Type Culture Collection (Mana-
ssas, VA, USA). The miRNA antagomirs were used to
specifically suppress the biological effect of miR-200
members. miRNA antagomir (miR03101, miR30000519,
miR30000617, miR312418142000) were all purchased from
RiboBio (Guangzhou, China).

The hepal-6 cells were divided into the following groups:
control group, ATRA group, negative control antagomir (NC)
þ ATRA group, miR-200a-3p antagomir þ ATRA group, miR-
200c-3p antagomir þ ATRA group, and miR-141-3p antago-
mir þ ATRA group. The complete DMEM medium containing
miRNA antagomir (100 nmol/L) were used to incubate cells
for 24 h, and then changed into DMEM medium containing
10.0 mmol/L of ATRA.

miRNA quantitative real-time PCR (qRT-PCR)
analysis

miRNAs were extracted and reverse transcribed using All-
in-One miRNA qRT-PCR Detection Kit (GeneCopoeia,
Guangzhou, China). The reaction mixture was incubated at
37 �C for 60 mins, then at 85 �C for 5 mins to inactivate the
enzyme. Then qPCR was performed using the All-in-One
miRNA qRT-PCR Primer and SYBR Green I with standard 3-
step method. Relative expressions were determined by the
2eDDCt method. The expression levels of miRNAs were
normalized against the corresponding expression levels of
RNU6. The primers were obtained from GeneCopoeia and
shown in Table 1.

MTT assay

Hepal-6 cells (1 � 104 cells/well) were seeded onto 96-well
plates and treated as above. At day 1 and day 3 of ATRA
treatment, 50 mL of 1 � MTT was added to each well. After
4 h incubation, the supernatant was aspirated and 150 mL of
DMSO was added to each well. At last, the absorbance was
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Table 1 miRNA Primers for qRT-PCR.

Catalog# Mature ID

MmiRQP0298 mmu-miR-200a-3p
MmiRQP0297 mmu-miR-200a-5p
MmiRQP0300 mmu-miR-200b-3p
MmiRQP0299 mmu-miR-200b-5p
MmiRQP0302 mmu-miR-200c-3p
MmiRQP0301 mmu-miR-200c-5p
MmiRQP0184 mmu-miR-141-3p
MmiRQP0885 mmu-miR-141-5p
MmiRQP0999 mmu-miR-429-3p
MmiRQP3192 mmu-miR-429-5p
MmiRQP9002 RNU6
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measured at wavelengths of 570 nm by a microplate reader
(BioTek, VT, USA).

Annexin V-FITC/PI staining assay

Hepal-6 cells were seeded in 6-well plates with cell density
starting at 15% confluence. After 3 days of ATRA treatment,
cells were trypsin-released, washed with cold PBS, re-
suspended in binding buffer (100 mL) containing Annexin
V-FITC (5 mL) and PI (5 mL), and incubated for 15 mins. The
samples were analyzed using a fluorescence-activated cell
sorting flow cytometer (BD Bioscience, CA, USA). Data
analysis was performed using the FlowJo Software Program.

Colony formation assay

Briefly, hepal-6 cells (200 cells/well) were planted in 12-
well plates. After treatment for 21 days, cells were fixed
with 4% paraformaldehyde and then stained with 0.1%
crystal violet. Cell colonies containing more than 50 cells
were counted and the plate clone-forming efficiency was
calculated as follows: (number of colonies/number of cells
seeded) � 100%.9

Wound healing assay

Hepal-6 cells were plated in 6-well plates reached to 90%
confluent cell monolayer. A consistent gap in the surface of
confluent cells was created by a pipette tip across the cell
layer. Cells were incubated with different treatment.
Bright-field images of the same wound field were captured
at 1, 2, and 3 days to assess cell migration across the gap.
Each assay was done in triplicate.9

Transwell assay for cell migration and invasion
(Matrigel coating)

At 3 days after different treatments, cells were harvested
and re-suspended in DMEM without FBS. Cell suspension
(1 � 105 cells in 200 ml per well) was seeded in the upper
Transwell chamber (8.0 mm, Polycarbonate, Corning, NY,
USA). Complete DMEM medium containing 10% FBS was
added to the lower chamber. Following 48 h of incubation,
the invaded cells on the lower membrane were fixed with
4% paraformaldehyde for 20 mins and stained with 0.1%
crystal violet (Beyotime, Shanghai, China) for 15 mins. The
number of invasive cells in at least five random fields of
view was counted. The stain was dissolved by 33% acetic
acid and absorbance of each well was measured at 570 nm
with a micro plate reader (Thermo Scientific, MA, USA). In
invasion assay, matrigel was coated in upper chamber in
advance. The procedure was repeated independently for
three times with triplicate in each group.

Indocyanine green (ICG) uptake and release

Hepal-6 cells were seeded in 24-well plates and differently
treated for 12 days. As previously described,17,18 cells were
washed and incubated in complete DMEM medium con-
taining 1 mg/ml freshly prepared ICG reagent (Sigma) at
37 �C for 1 h. At least 10 non-overlapping vision fields were
captured under the microscope and cells with green stained
nucleus were calculated as positive. After that, ICG-free
complete medium was changed to incubate cells at 37 �C
for more than 6 h to detect the ICG release function.

Periodic acid-schiff (PAS) staining

Hepal-6 cells were seeded in 24-well plates. After differ-
ently treated for 12 days, cells were fixed with 4% para-
formaldehyde for 10 mins and stained with 0.5% periodic
acid solution for 5 mins. Then cells were stained with
Schiff’s reagent (Sigma) for 15 mins, followed by counter-
staining with hematoxylin solution for 2 mins. All steps
were carried out at room temperature, and tap water
rinsed cells after each step. More than 10 non-overlapping
vision fields in each group were recorded using a micro-
scope and cells with purple-red stained cytoplasm were
calculated as positive.18,19

qRT-PCR analysis

Total RNA extraction and qRT-PCR analysis of hepatic
markers were performed as previously described.17 The
total RNA of different treated hepal-6 cells were extracted
by Trizol. 10 mg of total RNA were reversely transcripted by
using Superscript II reverse transcriptase (Invitrogen,
Carlsbad, CA, USA) to generate cDNA templates. PCR
primers were designed by using the Primer3 program to
amplify the gene of interest (Table 2). All samples were
normalized by endogenous levels of GAPDH.

Western blot

At different time points, cells were lysed to extract total
proteins. Approximately 20 mg of total protein per lane
were separated on a 10% SDS-PAGE (Beyotime) and elec-
trophoretically transferred to polyvinylidene fluoride
(PVDF) membrane (Milipore, Billerica, MA, USA). After
blocking, the membrane were incubated at 4 �C overnight
with primary antibodies against CK18 (Santa Cruz, Dallas,
TX, USA), E-cadherin (Wanleibio, Shenyang, China), N-



Table 2 qRT-PCR Primers.

Gene Forward (50-30) Reverse (50-30)

CK18 CTGGGCTCTGTGCGAACT ACAGAGCCACCCCAGACA
E-cadherin CAAGGACAGCCTTCTTTTCG TGGACTTCAGCGTCACTTTG
N-cadherin CTGGGACGTATGTGATGACG TGATGATGTCCCCAGTCTCA
Vimentin CAGATGCGTGAGATGGAAGA TCCAGCAGCTTCCTGTAGGT
Snail AAACCCACTCGGATGTGAAG GAAGGAGTCCTGGCAGTGAG
twist CAGCGGGTCATGGCTAACG CTTGTCCGAGGGCAGCGT
Jun GCGCATGAGGAACCGCATT TGAGCATGTTGGCCGTGGA
Fra-1 CTCCAGGACCCGTACTTGAACC TGCTGCTACTCTTTCGGTGAGC
Zeb1 GTGCCAACCCCATAAACA AGGGCTCACAGTAGCTGAAT
Etv4 GCTGCGATACTATTATGAGAAAGG AGCTGGACGTTGATTATCTGG
Pou4f1 CTCGCTCAGCCAGAGCACCAT GGAAGTCCGCTTGCGCTTCTT
Klf12 ACTATTGTTGTACCGCTCCTG GTTTCATTAACGCTATCTAAGGTC
GAPDH GGCTGCCCAGAACATCAT CGGACACATTGGGGGTAG
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Cadherin (Wanleibio), Fra1/Jun (BosterBio, Wuhan, China),
Ets1/PEA3 (BosterBio), Brn3 (BosterBio), Zeb-1/AREB6
(BosterBio), Klf12 (Proteintech Inc, IL, USA), and b-actin
(Santa Cruz), After washing by TBST, the membranes were
probed with the appropriate second antibody at room
temperature for 1 h. The presence of the proteins were
visualized by using enhanced Chemiluminescent Substrate
(Kaiji, Nanjing, China) and exposed under the Syngene
GBOX Imaging System (Cambridge, UK).
TransSignal Protein/DNA array

Approximately 1 � 107 cells were seeded in 100-mm dishes
and treated with ATRA for 3 days. Nuclear proteins (25 mg)
were extracted by using NE-PER Nuclear Protein Extraction
Kit (Pierce, Rockford, IL, USA), and followed by incubation
with biotin-labeled DNA binding probes for 30 mins at 15 �C.
The eluted bound probes were hybridized to the Trans-
Signal array membrane containing 345 of transcription
factor consensus binding sites (Catalog no. MA1215, Pano-
mics, Freemont, CA, USA) for 24 h at 42 �C. After washed by
blocking buffer, the membrane was incubated with HRP-
conjugated streptavidin solution for 5 mins and visualized
by using HRP Substrate Working Solution (Millipore,
Figure 1 The mRNA expression of miR-200s. hepal-6 cells were tr
miRNA was extracted and transcripted by using All-in-One� miRN
members was measured by real-time PCR analysis. The results w
ments, and representative results were shown.
Billerica, MA, USA). The images of the chemiluminescent
signal were captured and quantitated with ScanAlyze
software.

Prediction of target transcription factors

Compared with control group, transcription factor in ATRA
group with more than 2-fold changes of up or down-
regulation of transcriptional activity was considered to be
different. The mirbase, miranda and targetscan bioinfor-
matics software’s were used to predict the possible genes
that might be targeted by 10 miR-200 members via binding
to their 30-UTR sequences. The genes in the overlapping of
the three databases were listed.

Statistical analysis

The data are presented as mean SD and analyzed using
the SPSS 19.0 software. The two-tailed student’s t test
was used to evaluate the difference between two groups,
while One-Way ANOVA and a post hoc SNK’s test were
used to evaluate significant differences among more than
three groups. P < 0.05 was considered to be statistically
significant.
eated with 10.0 mmol/L ATRA for 3 days (*P < 0.05 vs. control).
A qRT-PCR detection kit. The miRNA expression of 10 miR-200
ere confirmed in at least 3 batches of independent experi-



Figure 2 miR-200a-3p, 200c-3p, 141-3p could affect ATRA regulated cell proliferation and cell apoptosis but not colony for-
mation. (A) Cell proliferation was measured by MTT assay (*, P < 0.05 vs. control; #, P < 0.05 vs. NC þ ATRA; &, P < 0.05 vs. miR-
200a/200c antagomir þ ATRA groups). (B) Colony formation assay. Three independent experiments were performed in duplicate,
and representative results are shown. (C) Hepal-6 cells were treated with 10.0 mmol/L ATRA and different miRNA antagomirs for 3
days. Cells stained with Annexin V-FITC/PI were evaluated by flow cytometry (*, P < 0.05 vs. control group; #, P < 0.05 vs. NC þ
ATRA group).
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Results

ATRA up-regulated miR-200s expression of hepal-
6 cells

Compared with control, the expression of miR-200a-3p,
miR-200c-3p and miR-141-3p significantly increased by
more than 16-fold, 9-fold and 28-fold after 3 days of ATRA
treatment, while the expression of other seven miR-200
subtypes showed no statistical difference between ATRA
and control groups (Fig. 1).

miR-200s inhibited the effects of ATRA on
proliferation and apoptosis of hepal-6 cells

Consistent with previous results,9 with ATAR treatment, the
proliferation and colony formation abilities of hepal-6 cells
were significantly inhibited, whereas the apoptosis rate of
hepal-6 cells increased (Fig. 2, P< 0.05). miR-200a-3p, 200c-
3p, 141-3p antagomirs could specifically suppress the ATRA
increased expression of miR-200a-3p, 200c-3p, 141-3p
(Fig. S1). The proliferation capability of hepal-6 cells was
remarkably recovery and the apoptosis rate decreased in all
these three groups compared with antagomir negative con-
trolþ ATRA (NCþ ATRA) group (Fig. 2A and C, P< 0.05). The
cell proliferation of miR-141-3p antagomir þ ATRA group
showed statistically less than that of miR-200a-3p/200c-3p
antagomir (Fig. 2A, P < 0.05). However, the colony forma-
tion of hepal-6 cells in the three antagomir þ ATRA treated
groups appeared no significant difference compared with NC
þ ATRA group (Fig. 2B). The results suggested that miR-200a-
3p, miR-200c-3p, miR-141-3p may be involved in the regu-
latory effects of ATRA on proliferation and apoptosis of
hepal-6 cell, but not the colony formation.
miR-200s weakened the suppression effect of ATRA
on migration and invasion of hepal-6 cells

The migration and invasion abilities of hepal-6 cells were
all significantly inhibited by ATRA treatment (Fig. 3,



Figure 3 miR-200a-3p, 200c-3p, 141-3p could reverse ATRA inhibited cell horizontal migration ability. Hepal-6 cells were treated
with 10.0 mmol/L ATRA and different miRNA antagomirs. The migration of hepal-6 cells were determined by wound-healing assay(*,
P < 0.05 vs. control; #, P < 0.05 vs. NC þ ATRA, &, P < 0.05 vs. miR-200a/200c antagomir þ ATRA groups).
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P < 0.05). The healing rates of hepal-6 cells in miR-200a-
3p, 200c-3p, 141-3p antagomir þ ATRA groups were all
higher than that in NC þ ATRA group (P < 0.05). Mean-
while, the cell scratches in miR-200a-3p/200c-3p anta-
gomir þ ATRA groups healed faster than that in miR-141-
3p antagomir þ ATRA group (P < 0.05). The results indi-
cated that miR-200a-3p, miR-200c-3p and miR-141-3p
could weaken the suppression effect of ATRA on horizon-
tal migration ability of hepal-6 cells, whereas the cell
proliferation of hepal-6 cells in miR-141-3p antagomir þ
ATRA group was slower than that in the other two groups,
which may affect the result of wound healing assay. In
transwell migration assay, the number of vertical
migrated cells in miR-200a-3p/200c-3p antagomir þ ATRA
group was significantly higher than that in NC þ ATRA
group (Fig. 4A, P < 0.05), while there was no difference
between miR-141-3p antagomir þ ATRA and NC þ ATRA
groups (p > 0.05). Nevertheless, similarly to the hori-
zontal migration, the numbers of invaded cells in miR-
200a/200c/141-3p antagomir þ ATRA groups were all
increased compared with NC þ ATRA group, especially
miR-200c-3p antagomir þ ATRA group (Fig. 4B, P < 0.05).
These above results suggested that miR-200a-3p, 200c-3p
and 141-3p could resume ATRA inhibited migration and
invasion abilities of hepal-6 cells at various levels.
MiR-200a-3p and miR-200c-3p prevented ATRA
from inducing the differentiation and maturation of
hepal-6 cells

ALB and CK18 are two of the representative markers of
mature hepatocytes. ICG uptake and PAS staining are
commonly used to estimate the differentiation and func-
tion of hepatocytes. As shown in Fig. 5, ATRA treatment
significantly increased the mRNA expression of ALB and
CK18, as well as the number of ICG uptake and PAS stain
positive cells (P < 0.05). After treated with the corre-
sponding miRNA200 antagomirs, the expression of ALB and
CK18 of hepal-6 cells in miR-200a/200c-3p antagomir þ
ATRA group was remarkably attenuated compared with in
NC þ ATRA group (P < 0.05), yet the expression of ALB and
CK18 of hepal-6 cells had no statistical significance be-
tween miR-141-3p antagomir þ ATRA and NC þ ATRA groups



Figure 4 miR-200a-3p, 200c-3p, 141-3p could reverse ATRA inhibited cell vertical migration and invasion abilities in various
degrees. Hepal-6 cells planted in non-marigel-coated transwells. (A) or marigel-coated transwells. (B) were treated with
10.0 mmol/L ATRA and different miRNA antagomirs for 48 h. Cell were fixed and stained with crystal violet (*, P < 0.05 vs. control; #,
P < 0.05 vs. NC þ ATRA, &, P < 0.05 vs. miR-200a/200c antagomir þ ATRA groups).
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(P > 0.05). The same tendency was found in the ICG uptake
and PAS staining assay. All these results suggested that miR-
200a-3p and miR-200c-3p may prevent ATRA from inducing
differentiation and mature of hepal-6 cells.
MiR-200s regulated ATRA related EMT markers

It has been demonstrated that the regulation effect of
ATRA on hepal-6 cells was associated with EMT. Next, we
investigated whether miR-200s were associated in regu-
lating EMT markers. CK18 is an epithelial marker of hepa-
tocyte, E-cadherin plays an important role in maintaining
epithelial cellecell adhesion and polarity. Compared with
control group, the expression of CK18 and E-cadherin of
hepal-6 cells exhibited a remarkable increase after ATRA
treatment. Then ATRA improved CK18 expression was
significantly inhibited by miR-200a-3p and 200c-3p anta-
gomir, but not miR-141-3p antagomir. However, no statis-
tical significance was found among three antagomir þ
ATRA groups. The expression of mesenchymal markers N-
Cadherin, vimentin, Snail and Twist was significantly
repressed by ATRA treatment. Compared with NC þ ATRA
group, miR-200a-3p antagomir increased the expression of
N-Cadherin, Snail and Twist, miR-200c-3p antagomir only
increased the expression of N-Cadherin, while miR-141-3p
antagomir increased the expression of N-Cadherin and
Twist. There was no difference in Vimentin expression
among three antagomir þ ATRA groups (Fig. 6A). The
protein expression of CK18, E-cadherin, and N-Cadherin
exhibited the similar tendency (Fig. 6B). Therefore, these
results indicated that miR-200a-3p, miR-200c-3p, and 141-
3p might be associated with ATRA regulated EMT in
hepatocarcinoma.
The genes of transcription factors regulated by
ATRA are associated with miRNA200s

As TransSignal Protein/DNA array result showed (Fig. 7), the
activity of 8 transcription factors were upregulated and 35
were down-regulated after ATRA induction. Bioinformatics
analyses were performed to analyze the relationships be-
tween genes related to these 43 discrepant transcription
factors and ten miR-200 family members by using miranda,
mirbase and Targetscan databases. Jun, Etv4, Pouf1, Zeb1
and klf12 genes, which corresponded to transcription fac-
tors Fra1/Jun (AP1), Ets1/PEA3, Brn-3, AREB6, and AP2,
might be regulated by miR-200a-3p, miR-200c-3p, and miR-
141-3p. CP1B and HLF were eliminated because of their
extremely low transcriptional activity. While other miR-200
subtypes appeared no correlation with these discrepant
transcription factors. More interestingly, this analysis result
was consistent with the real-time PCR result that ATRA only



Figure 5 miR-200a-3p and miR-200c-3p prevented ATRA from inducing the hepal-6 cells differentiation and mature. Hepal-6 cells
were treated with 10.0 mmol/L ATRA and different miRNA antagomirs for 7 days. (A) Real-time PCR was used to detect mRNA
expression of the mature hepatocyte markers ALB and CK18. (B) Indocyanine green (ICG) uptake assay: cells with a green-stained
nucleus are the positive-stained cells. (C) Periodic acid-Schiff (PAS) staining, purple color in cell plasma indicates glycogen
accumulation (*, P < 0.05 vs. control; #, P < 0.05 vs. NC þ ATRA).
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increased the expression of miR-200a-3p, miR-200c-3p, and
miR-141-3p among 10 miR-200 subtypes (Fig. 1).

ATRA and miR-200a-3p/200c-3p/141-3p were
involved in regulating the mRNA and protein
expression of discrepant transcription factors and
corresponding target genes

The mRNA expression of Fra1/Jun, Etv4, Pouf1 and Zeb1
was down-regulated and Klf12 was up-regulated with ATRA
treatment (Fig. 8A, P < 0.05). In addition, at 3 days of
biological inhibition of miR-200a-3p/200c-3p/141-3p by
specifically corresponding antagomirs, the protein expres-
sion of Fra1/Jun (AP1), Ets1/PEA3, Brn3, and Zeb1/AREB6
of hepal-6 cells was significantly strengthened at varying
degrees compared with NC þ ATRA control group, while no
statistic significance of Klf12 expression was observed
among different treated groups (Fig. 8B). Therefore, we
considered that ATRA treatment down-regulated these
related transcription factors by upregulating miR-200a-3p,
200c-3p and 141-3p, then stimulating suppression of EMT
in hepatocarcinoma.

Discussion

Hepatocarcinoma is one of the most common malignant
tumors in clinic. Hepatocellular carcinoma cells can easily
invade the surrounding capsule and blood vessels, and then
can lead to the local diffusion and distant metastasis of
tumor cells.20 At present, clinical therapy of HCC mainly



Figure 6 miR-200s regulated ATRA related EMT markers.
Hepal-6 cells were treated with 10.0 mmol/L ATRA and
different miRNA antagomirs for 3 days. (A) The mRNA expres-
sion of EMT markers including CK18, E-cadherin, N-Cadherin,
vimentin, Snail and Twist were measured by real-time PCR
analysis. The results were confirmed in at least 3 batches of
independent experiments, and representative results were
shown. (B) The protein expression of CK18, E-cadherin, and N-
Cadherin exhibited the similar tendency.
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focuses on early surgery, supplemented with radiotherapy
and chemotherapy, but the overall effect is not ideal. The
rapid development, high recurrence and metastasis of
hepatocarcinoma are the key factors to affect the curative
effect and long-term survival of patients.21,22

EMT refers to the transdifferentiation of epithelial cells
to mesenchymal cells in specific cases. Decreased cell
adhesion and enhanced cell motility are the basis of tumor
invasion and metastasis. This EMT phenomenon frequently
occurs in the invasion and metastasis of primary hep-
atocarcinoma.23,24 In our previous studies, ATRA has been
demonstrated to reverse EMT of mouse hepal-6 hep-
atocarcinoma cell lines by inhibiting its proliferation,
migration, invasion, and inducing differentiation.9 Never-
theless, a clear understanding of the molecular mecha-
nisms is necessary for the development of ATRA on the
potential treatment for HCC.

MicroRNA is a class of endogenous non-coding RNA found
in eukaryotes, which are about 19e25 nucleotides long in
size. The expression and function of miRNAs are affected by
promoter transcription, epigenetics, post transcriptional
splicing, and RNA editing.25 A large number of studies have
shown that ATRA mediated retinoic acid signaling is
involved in the regulation of miRNA. Retinoic acid signaling
can affect the expression levels of multiple miRNA in acute
leukemia HL-60 cells, in which, miR-663 is closely related to
ATRA induced differentiation.26 Some miRNA promoter re-
gions contain predicted sites of retinoic acid receptor
RARa, and heterodimer of RARa and RXRa can directly bind
to miR-210, 23a, and 24e2 promoters to participate in
transcriptional regulation.27 We previously found that ATRA
could widely alter the miRNA expression profile of HPCs.
The analysis results showed that the miRNA200 family
raised significantly, miR-200a-3p, 200b-3p, 200c-3p, 141-3p
were increased by 52.53, 6.28, 46.95, 196.76 times
respectively after ATRA treatment.

According to the nucleotide sequence of seed region,
the miRNA-200s are divided into two different genomic
clusters. MiR-200a, 200b and 429 are located on chromo-
some 1 of human chromosome 1p36.33, miR-200c and 141
are located on chromosome 12 of human chromosome
12p13.31. These two regions often appear chromosome
point mutation, deletion or translocation in tumor.28 MiR-
200 family is well known as key factors to inhibit the
epithelialemesenchymal transition, but few studies are
reported in hepatocellular carcinoma.29,30 Down-regulation
of miR-200a can enhance the proliferation and migration of
hepatoma cells, probably through TGF-b regulation and
histone acetylation.31 MiR-200b also plays a role of tumor
suppressor to affect tumor cell migration, invasion by
upregulating E-cadherin.32 Based on the similar effect of
ATRA on hepatic progenitor cells and hepatocellular carci-
noma cells,9,14 we assume whether miR-200 family is
related to ATRA induced reversal of EMT in hepatocellular
carcinoma cells. We firstly detected 10 miR-200 isoforms in
hepal-6 cells and found that the expression of miR-200a-3p,
200c-3p and 141-3p was significantly up-regulated.

EMT is the process by which tumor cells lose their
epithelial characteristics and obtain mesenchymal pheno-
types.33,34 Next, we confirmed that miR-200a-3p, 200c-3p
and 141-3p were involved in cell proliferation, migration
and invasion inhibited by ATRA, at the same time, miR-
200a-3p and 200c-3p might be involved in the longitudinal
migration inhibited by ATRA as well as maturation and
differentiation induced by ATRA. CK18 is a hepatocyte-
specific marker and represent epithelial phenotype. The
expression of CK18 decreased with down-regulation of miR-
200a-3p and 200c-3p. As a key protein in cell polarity and
epithelial organization, the expression of E-cadherin had no
statistic changes with 3 days of ATRA and miRNA antagomir
treatment, which might be due to time-dependent regula-
tion of ATRA on E-cadherin. Mesenchymal markers N-Cad-
herin, vimentin, Snail, and Twist are closely linked to
metastasis and invasion in a variety of human malig-
nancies.35e37 ATRA treatment significantly suppressed the
expression of N-Cadherin, vimentin, Snail and Twist in
hepal-6 cells. However, only miR-200a-3p antagomir played
prominent role in regulating the expression of these
mesenchymal markers. The biological function of different
miR-200 members is diverse; the same subgroup members
have similar target genes and biological effects.38,39 In the
present study, the subpopulation of miR-200a and miR-141
is relatively weaker in inhibition of invasion of HCC cells
by ATRA. MiR-200a-3p and 200c-3p have stronger regulation
effect on proliferation and parallel migration than miR-141-
3p, while miR-200a-3p and 200c-3p were also related to



Figure 7 Functional analysis of transcription factors by Protein/DNAarray. Hepal-6 cells were treated with 10.0 mmol/L ATRA for
3 days. Nuclear proteins were extracted and mixed with biotin-labeled DNA binding probes. The eluted bound probes were hy-
bridized to a membrane which contained an array of 345 transcription factor consensus binding sequences. Bioinformatics analysis
reveals a possible regulatory circuitry between the 10 miR-200 family members and the ATRA induced transcriptional factors.
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longitudinal migration and maturation differentiation of
HCC cells.

A large number of computer analysis results suggest that
most transcription factors are potential target genes regu-
lated by miRNA.40e42 The transcription factor chip results
showed that ATRA regulates transcriptional activity of 43
transcriptional factors. Bioinformatics was used to analyze
the relationship between 30-UTR of candidate transcription
factors and 10 miR-200 members. MiR-200a-3p, 200c-3p,
141-3p were considered to be related to Klf12, Zeb1,
Pou4f1, Ets1, Jun genes, which correspond to AP2, AREB1,
Brn3, Ets1/PEA3 and Fra1/Jun transcription factor respec-
tively. Other 7 miR-200 isoforms are not associated to ATRA
regulated transcriptional. This result was consistent with
that only miR-200a-3p, 200c-3p and 141-3p were upregu-
lated after ATRA induction. Fra-1/Jun, Etv4, Pou4f1, and
ZEB1 have great importance to proliferation, apoptosis,
migration, invasion and differentiation of various tumor
cells, which are involved in the maintenance of tumor stem
cell characteristics and the formation of EMT.43,44

miR-200a-3p, 200c-3p and 141-3p were associated with
Zeb1 gene, and our experiments found that the three miR-
200s were involved in the effect of ATRA on cell prolifera-
tion, parallel migration, invasion and apoptosis. With
treatment of specific miRNA antagomir for miR-200a-3p,
200c-3p, 141-3p, the protein expression of ZEB1 signifi-
cantly increased, and the expression of Pou4f1, Ets1, Jun
increased at different degree despite they are related to



Figure 8 The mRNA and protein expression of selected
transcription factors. Hepal-6 cells were treated with
10.0 mmol/L ATRA and different miRNA antagomirs for 3 days.
(A) The mRNA expression of Jun, Etv4, Pou4f1, Zeb1, Klf12 was
measured by real-time PCR analysis and analyzed with GAPDH
normalization. Real-time PCR results were confirmed in at
least three batches of independent experiments and repre-
sentative results were shown (*, P < 0.05 vs. control). (B) Cell
lysates of each group were subjected to SDS-PAGE and western
blotting by using Fra1/Jun, Ets1/PEA3, Brn3, Zeb1/AREB6,
Klf12 antibodies with b-actin normalization.
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only one miR-200 member. AP2a is an important regulator
of gene expression during carcinogenesis.45 Klf12 is a
member of the Kruppel-like zinc finger protein family and
can bind to a specific site in AP2a gene promoter to repress
its expression.46 However, the protein expression of Klf12
has no obvious change after antagomir treatment. ATRA
plays a regulatory role on the transcription activity of these
transcription factors, might be attributable to other signals
besides miRNA200.

In summary, we explored the biological effects and
particular molecular mechanisms of ATRA in the prognosis
of hepatocarcinoma from the perspectives of miRNA. ATRA
may play the reversal effect of epithelial mesenchymal
transition in hepatocellular carcinoma cells by upregulating
miR-200a-3p, 200c-3p and 141-3p. All of the three miR-200s
are involved in the inhibition of cell proliferation, parallel
migration and invasion, and the promotion of cell apoptosis
regulated by ATRA. Moreover, miR-200a-3p and miR-200c-
3p are involved in the inhibition of vertical migration and
induction of cell differentiation regulated by ATRA. Target
genes Jun, Pou4f1, Eva4, and Zeb1 have been suggested to
be related to ATRA regulated EMT of hepatocarcinoma. MiR-
200 and their downstream genes might be the potentially
specific targets for the treatment of hepatocarcinoma. Our
study provides an important experimental basis and theo-
retical basis for the combination of ATRA and other anti-
cancer drugs in clinical treatment of hepatocarcinoma.
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