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Background: Metal regulatory transcription factor 2 (MTF2) has been previously reported
as a protein binding to the metal response element of the mouse metallothionein promoter,
which is involved in chromosome inactivation and pluripotency. However, the function of
MTF2 in tumor formation and progression has not yet been completely elucidated.
Methods: The expression of MTF2 and clinicopathological characteristics were evaluated
by hepatocellular carcinoma (HCC) tissue microarray of 240 specimens. The role of MTF2
on HCC progression was determined using MTT, crystal violet, and transwell assays.
Tumor growth was monitored in a xenograft model, and intrahepatic metastasis models
were established.

Results: The expression of MTF2 was increased in HCC and strongly associated with the
clinical characteristics and prognosis. Forced expression of MTF2 in HCC cells significantly
promoted cell growth, migration, and invasion in vitro. In contrast, downregulation of MTF2
inhibited cell growth, migration, and invasion in vitro. Moreover, knock down of MTF2
suppressed tumorigenesis and intrahepatic metastasis of HCC cells in vivo. Mechanistically,
MTEF2 overexpression may promote growth and epithelial-mesenchymal transition processes
of HCC cells by facilitating Snail transcription.

Conclusion: MTF2 promotes the proliferation, migration, and invasion of HCC cells by
regulating Snail transcription, providing a potential therapeutic candidate for patients with
HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors,
ranked the fifth most common cancer, and is the second largest cause of cancer-
related death worldwide.' China has a higher incidence and mortality of HCC than
other countries, and the frequent intrahepatic and extrahepatic metastases of HCC
are responsible for poor prognosis of patients with HCC.>*

Recently, emerging evidences revealed that multi-gene mutation is involved in the
progression of HCC.>® Epithelial-mesenchymal transition (EMT) confers metastatic
properties upon cancer cells by enhancing mobility, invasion, and resistance.”® EMT
is orchestrated by a restricted number of transcription factors including Snail, Twist,
and the Zeb family.”'® Therefore, it is important to understand the mechanism
underlying HCC progression and metastasis, which may provide new therapeutic
targets for the treatment of patients with HCC.
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Metal regulatory transcription factor 2 (MTF2), also
named polycomb-like 2 (Pcl2), is a member of the Pcl
family of proteins.'' MTF2 has been previously reported
as a protein binding to the metal response element of the
mouse metallothionein promoter.'*'> MTF2 has been
subsequently demonstrated to regulate the PRC2 activity
at specific developmental genes, resulting in chromosome
inactivation and pluripotency.'*'> In embryonic stem
cells, MTF2 knockdown gives rise to reduced
H3K27me3 levels at the MTF2 target loci without affect-
ing global H3K27me3 levels.''"'® MTF2 plays its role as
a PRC2 accessory protein in embryonic stem cells.
However, previous studies have not explored the poten-
tial role of MTF2 in the progression of common cancers
such as HCC, despite MTF2 being distinctively related to
the prognosis and tumor stages of patients with HCC
according to The Cancer Genome Atlas (TCGA)
database.

In this study, we found that MTF2 expression was
upregulated in human HCC tissues and was significantly
related to prognosis and clinicopathologic parameters. We
further demonstrated that MTF2 promoted proliferation,
migration, and invasion abilities of HCC cells both
in vitro and in vivo. In addition, we determined that
MTEF2 could accelerate the EMT of HCC cells by promot-
ing Snail transcription. Finally, this study elucidated the
function and mechanism of MTF2 in HCC growth and
metastasis, providing a prognostic marker and a potential
therapeutic candidate for patients with HCC.

Materials and Methods
HCC Tissue Samples and Tissue

Microarray Analysis

After obtaining written informed consent, HCC tissues
were obtained from the Peking University International
Hospital, Beijing, China. Forty-three pairs of HCC tissues
and the corresponding adjacent normal tissues were sub-
jected to RNA extraction for quantitative real-time PCR
(qPCR) analysis and protein extraction for western-blot
detection was applied to 8 pairs of tissues. To evaluate
the expression of MTF2, we examined the tissues array
(TMA) which was constructed from 240 paraffin-
embedded primary HCC tissues and paired non-tumor
liver tissues and analyzed the correlation between MTF2
and clinical features. The protocol for tissue collection was
approved by the Ethics Committee of the Peking
University International Hospital, Beijing, China. The

study was performed in accordance with the Declaration
of Helsinki and the guidelines of the committee.

Immunohistochemistry (IHC)
Paraffin-embedded tissue sections were deparaffinized,
rehydrated, subjected to antigen retrieval, and the endo-
genous peroxidases were blocked. After washing the sec-
tion thrice with 0.01 mol/L PBS (8 mmol/L Na,HPO,, 2
mmol/L. NaH,PO,, and 150 mmol/L NaCl), the sections
were blocked in 0.01 mol/L PBS containing 0.3% Triton
X-100 and 5% BSA. Next, sections were incubated with
anti-MTF2 (1:200) antibody (Abcam) at 4 °C overnight.
The sections were washed thrice with 0.01 M PBS and
incubated with secondary antibody (1:500) for 2 h. After
washing with 0.01 mol/L PBS and 0.05 M Tris-HCI (pH
7.6) solution twice, sections were visualized with 0.03%
3,3'-diaminobenzidine in 0.05 M Tris-HCI (pH 7.6). The
extent and staining intensity of protein were scored auto-
matically using the Vectra 2 system (Perkin-Elmer, USA).
The outcome of staining was determined using the
H-score, defined by the equation: H-score = 100ZPi x
i. The staining intensity (i) of the decorated tumor cells
was graded from “0 to 37, and Pi is the percentage of the
stained cells at various intensities.

RNA Preparation and qPCR

The total RNA of 43 pairs of tumor tissues and adjacent
noncancerous tissues and HCC cells was extracted using
TRIzol reagent (Invitrogen). Total RNA (2 pg) was reverse
transcribed to cDNA using the PrimeScript RT reagent Kit
(Takara) according to the manufacturer’s instructions.
SYBR Premix Ex Taq (Takara) was used for performing
gPCR. The MTF2-specific primers were 5'-GTCCACCT
GGCCCATATACAA-3' (forward) and 5'-CCGTGAAAT
CCACATCTGAGG-3' (reverse), the Snail-specific primers
were 5'-CGCCTGACTGAGCAACTGG-3' (forward) and
5'-GGAAGCTGGCGGTACTTGT-3" (reverse), and the
GAPDH primers were 5'-ATGACCCCTTCATTGACCTC
A-3' (forward) and 5'-GAGATGATCACCCTT TTGGCT-3'
(reverse). GAPDH was used as the internal control.

Cell Culture

HCC cell lines YY-8103, HepG2, Hep3B, MHCC97-H,
Huh7, and LM3 were purchased from the Cell Bank of
Type Culture Collection of the Chinese Academy of
Sciences. All cell lines were maintained at 37 °C in
a humidified atmosphere containing 5% CO,. All these
cell lines were grown in DMEM medium (Gibco)
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supplemented with 10% fetal bovine serum (FBS;
Invitrogen), and 1% penicillin/streptomycin (Sangong

Biotech).

Plasmids and Cell Transfection

The coding sequence for the full length of MTF2 was
cloned into the p23-ZsGreen plasmid (Invitrogen) to gen-
erate the MTF2 expression vector. Lentiviral short hairpin
RNA (shRNA) targeting MTF2 and Snail were designed
using software provided by Qiagen (Valencia, CA, USA).
HepG2 and YY-8103 cells were infected with p23-
ZsGreen-BUBI lentiviral and Huh7 and LM3 cells were
infected with pLKO.1-shRNA. Overexpressed
silenced cells were sorted using flow cytometry or selected

and

using puromycin (4 ug/mL) for 4 days, respectively.

The sequences of shMTF2 were as follows: shl 5'-
CCGGCCACCAAATGTGGCTTTCAAACTCGAGTTTG-
AAAGCCACATTTGGTGGTTTTTG-3' (forward) and 5'-
AATTCAAAAACCACCAAATGTGGCTTTCAAACTCG-
AGTTTGAAAGCCACATTTGGTGG —3' (reverse); sh2 5'-
CCGGGCACTTAAGAAAGGACCAAATCTCGAGATTT-
GGTCCTTTCTTAAGTGCTTTTTG-3' (forward) and 5'-
AATTCAAAAAGCACTTAAGAAAGGACCAAATCTC-
GAGATTTGGTCCTTTCTTAAGTGC-3' (reverse). The se
quence of shSnail was: 5-TATAGGTACCTGGGCTGGA
CAACAGTTCTTTAC-3' (forward) and 5'-ATATAAGCTT
TCGCTGTAGTTAGGCTTCC-3' (reverse).

Western Blot Analysis

Cells and HCC samples were extracted using RIPA Lysis
Buffer and PMSF (Thermo Scientific) according to the man-
ufacturer’s instructions. The lysates were centrifuged at
12,000 rpm for 15 min at 4 °C, and the supernatant was
extracted for further study. Before incubation with antibo-
dies, proteins were separated using SDS-PAGE and trans-
ferred onto PVDF membranes. Antibodies against MTF2
(1:1000), Snail (1:1000), and Flag (1:4000) were purchased
from Abcam; antibodies against Twist (1:1000) and ZEB1
(1:1000) were purchased from ProteinTech; antibodies
against E-cadherin (1:1000), N-cadherin (1:1000), Vimentin
(1:1000), and GAPDH (1:1000) were purchased from Cell
Signaling Technology. Horseradish peroxidase-conjugated
secondary antibodies (1:2000) were purchased from Sigma.

MTT Assay

The cell growth in vitro was measured using MTT assay.
In the MTT assay, 1000 cells per well were seeded into 96-
well plates. Twenty microliters of a 5 mg/mL MTT

solution was added into the medium, and the plate was
cultured at 37 °C for 4 h. Thereafter, the medium was
removed and 200 pL DMSO was added to dissolve the
formazan. The absorbance value was measured at
a wavelength of 540 nm (OD 540) using an automatic
microplate reader. The experimental process was per-
formed every 24 h for 7 days to generate a cell growth

curve.

Crystal Violet Assay

The cell growth in vitro was also measured by crystal
violet assay. One thousand cells per well were seeded
into 6-well plates, and the cells were cultured in
a medium with 10% FBS. The medium was changed
every 3 days, and cells were stained with 1 mL 0.5%
crystal violet solution in 20% methanol after 2 weeks.
Next, the fixed cells were washed with PBS and photo-
graphed. Glacial acetic acid (1 mL) was added to dissolve
the cells, and the absorbance value was detected at 570 nm
(OD 570) using an automatic microplate reader.

Transwell Assay

Migration and invasion of HCC cells was examined using
the transwell assay with polyethylene terephthalate mem-
branes (24-well inserts, 8.0 um, Corning). For the migra-
tion assay, 150 pL cell suspension containing 2 x 10° cells
was loaded into the upper well coated without Matrigel
(BD Biosciences). For the invasion assay, the Matrigel
(BD Biosciences) was added. Next, 500 uL. DMEM med-
ium with 10% FBS was placed into the bottom of the well.
Seventy-two hours later, invasive cells were stained with
0.1% crystal violet. Four fields were randomly selected
and the cells counted. The experiments were repeated
thrice and the data are presented as the mean + SD.

Tumorigenesis in vivo

Male nude mice were raised under standard conditions. Cell
suspensions (1 x 10%) of Huh7/iCon or Huh7/shl cells in
a total volume of 100 puL were injected into the 5-week-old
male nude mice (4 mice per group). Each nude mouse was
injected subcutaneously in their flanks at two sites. Tumor
volume (mm®) was measured each week. At the end of the
experiment, the tumors were harvested, photographed, and
weighed. All animal experiments were performed under the
approval of the Animal Ethical and Welfare Committee of
the Peking University International Hospital, Beijing,
China. The study was performed in accordance with
NC3Rs ARRIVE guidelines.'”’
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In vivo Metastasis Assay

Huh7/iCon or Huh7/sh1 cells labelled with luciferase (2 x 10°
cells in 50 uL Matrigel) were injected into the left livers of the
nude mice (7 mice per group). Before the mice were anaes-
thetized with isoflurane, an aqueous solution of luciferin
(150 mg/kg intraperitoneally) was injected 10 min before
imaging. The metastatic lesions were monitored weekly by
luciferase expression, which was determined by an in vivo
Living Image System (Xenogen). Metastases in the injection
lobe and non-injection lobes were counted. All experiments
were approved by the ethics commitment of the Peking
University International Hospital, Beijing, China.

Luciferase Reporter Assay

Cells were placed in a 24-well plate and 100 ng MTF2
expression vector or empty vector, 50 ng Snail reporter
plasmid, and 20 ng Renilla luciferase were co-transfected
into the cells for 48 h. The cells were then lysed 8 h after
treatment and reporter activities were investigated using
a dual-luciferase reporter assay system (Promega).

Statistical Analysis

All the results are shown as mean + standard errors of the
Statistical were performed with
GraphPad Prism (version 5). The Student’s #-test and chi-
square test were used for comparing measurable variants

mean. evaluations

of the two groups. Survival curves were calculated using
the Kaplan—Meier method, and differences were assessed
using a log rank test. Statistical significance was set at
a p-value of < 0.05 and marked with an asterisk.

Results
Clinical Significance of MTF2 Expression

in HCC
First, we quantified the mRNA level of MTF2 in 43 pairs
of HCC tissues and their matched normal counterparts
using qPCR, and we found that upregulation of MTF2
was observed in 35 pairs, accounting for 81% of the total
specimens examined (Figure 1A). Consistent with the
mRNA expression, we selected 8 pairs of HCC tissues
and their matched normal tissues to measure the protein
expression of MTF2 using Western blotting, and we
observed elevated protein expression level of MTF2 in
7 of the 8 paired samples (Figure 1B). Next, to further
explore the clinical significance of MTF2 in patients
with HCC, we examined MTF2 expression in an HCC
tissue microarray

containing 240 specimens by

immunohistochemical staining and staining intensity
described
Higher protein expression of MTF2 in

was scored in a standard manner as
previously.'®
HCC tissues than in normal tissues was further con-
firmed by immunohistochemical staining and the MTF2
H-score (Figure 1C and D). Based on the intensity score,
the patients with HCC were divided into the following
two groups: MTF2 low (score < 102, 120 patients) and
MTEF2 high (score > 102, 120 patients). In addition, we
found that patients with HCC with higher MTF2 expres-
sion levels manifested a shorter overall survival and
disease-free survival (Figure 1E and F; P = 0.002 and
0.003, respectively). Collectively, these results revealed
that the expression of MTF2 was increased in HCC cells.

Furthermore, we explored the relationship between MTF2
expression and clinicopathologic parameters in 240 patients
with HCC. As shown in Table 1, high MTF2 expression was
associated with a higher level of alpha-fetoprotein (AFP)
(P = 0.001), larger tumor diameter (P < 0.001), satellite
nodules (P = 0.006), and the histological presence of micro-
vascular invasion (P = 0.016). Cox’s multivariate proportional
hazards model demonstrated some risk factors for overall
survival (Table 2): AFP > 20 ng/mL (hazard ratio (HR):
1.113, 95% confidence interval (CI): 0.865-1.436,
P = 0.013); tumor diameter > 5 cm (HR: 1.866, 95% CI:
1.677-1.956, P = 0.022); presence of microvascular invasion
(HR: 1675,95% CI: 1.543-1.768, P=0.006); and MTF2 > 102
(HR: 1645, 95% CI: 0.098-1.965, P =0.011). The risk factors
for disease-free survival were as follows (Table 3): HBsAg
positive (HR: 1.321, 95% CI: 0.991-1.987, P =0.043); AFP >
20 ng/mL (HR: 1.211, 95% CI: 0.793-1.532, P = 0.001);
Tumor diameter > 5 cm (HR: 1.732, 95% CI: 1.611-1.987,
P = 0.038); presence of microvascular invasion (HR: 1.533,
95% CI: 1.345-1.699, P = 0.012); and MTF2 > 102 (HR:
1.523, 95% CI: 0.087-1.822, P = 0.009).

MTF2 Overexpression Promoted the
Growth, Migration, and Invasion of HCC

Cells in vitro

The above clinical observations encouraged us to investigate
the function of MTF2 in HCC growth and metastasis in vitro.
We constructed MTF2-overexpressing cells using lentiviruses
in HepG2 and YY-8103 cells that have relatively low expres-
sion of MTF2 (Figure 2A). MTF2 expression was further
confirmed by Western blot analysis (Figure 2B). Next, the
effects of MTF2 on proliferation of HCC cells were assessed
by crystal violet and MTT assays. We found that MTF2
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Figure | MTF2 expression was increased in HCC tissues and correlated with clinical prognosis. (A) The mRNA level of MTF2 in 43 pairs of HCC tumor samples (T) and
matched normal liver tissues (N) was determined by quantitative real-time PCR. The expression of MTF2 was normalized to GAPDH. (B) Protein level of MTF2 in eight
randomly chosen HCC samples and matched normal tissues; GAPDH was used as the loading control. (C) Immunohistochemistry staining of MTF2 in paired N and T tissues
from two patients. (D) H-scores of the MTF2 staining intensity in N (n = 240) and T (n = 240) tissues, ***, P < 0.001. The overall survival (E) and disease-free survival (F) of
patients with low and high expression of MTF2 (MTF2 high, n = 120; MTF2 low, n = 120).

overexpression markedly promoted the growth and colony
formation of HepG2 and YY-8103 cells according to MTT
(Figure 2B) and crystal violet assays (Figure 2C). In addition,
the effects of MTF2 on migration and invasion of HCC cells

were assessed by transwell assays, which showed that over-
expression of MTF2 notably promoted the migration and
invasion of HepG2 and YY-8103 cells (Figure 2D and E).
Therefore, these results showed that the overexpression of
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Table 1 Correlation Between the MTF2 Expression and the
Clinicopathologic Features of HCC

Variables Total MTF2, n (%) P-value
(n=240) .
Low High
Expression Expression
(n=120) (n=120)
Age, year 0.352

<50 149 71 (59.2) 78 (65.0)

250 91 49 (40.8) 42 (35.0)

Sex 0.583

Male 205 101 (84.2) 104 (86.7)

Female 35 19 (15.8) 16 (13.3)

HBsAg 0.678

Negative 26 12 (10.0) 14 (11.7)

Positive 214 108 (90.0) 106 (88.3)

AFP, ng/mL 0.001

<20 86 55 (45.8) 31 (25.8)

220 154 65 (54.2) 89 (74.2)

No. of tumor 0.470

Single 204 104 (86.7) 100 (83.3)

Multiple 36 16 (13.3) 20 (16.7)

Tumor <0.001
diameter, cm

<5 83 59 (49.2) 24 (20.0)

25 157 61 (50.8) 96 (80.0)

Satellite 0.006
nodules

Negative 160 90 (75.0) 70 (58.3)

Positive 80 30 (25.0) 50 (41.7)

Tumor 0.333
encapsulation

No/ 163 85 (70.8) 78 (65.0)

Incomplete

Complete 77 35 (29.2) 42 (35.0)

Lymph node 0.285
invasion

No 211 109 (90.8) 102 (86.4)

Yes 27 11(9.2) 16 (13.6)

Ascites 0.325

No 194 94 (78.3) 100 (83.3)

Yes 46 26 (21.7) 20 (16.7)
Microvascular 0.016
invasion

Negative 150 84 (70.0) 66 (55.0)

Positive 90 36 (30.0) 54 (45.0)

Notes: Data in bold represent differentially difference of the parameter.
Abbreviations: HBsAg, Hepatitis B surface antigen; AFP, a -fetoprotein.

MTEF2 can promote the growth, migration, and invasion of
HCC cells in vitro.

Knockdown of MTF2 Inhibited the
Growth, Migration, and Invasion of HCC

Cells in vitro

To further evaluate the function of MTF2 in HCC cells, we
knocked down the expression of MTF2 in Huh7 and LM3
HCC cells which have relatively high expression of MTF2
(Figure 3A). In contrast to the results of the overexpres-
sion experiments, we found that knock down of MTF2
notably suppressed the growth and colony formation of
Huh7 and LM3 cells according to MTT (Figure 3B) and
crystal violet assays (Figure 3C). In addition, the transwell
assay indicated that MTF2 downregulation can inhibit the
migration and invasion of Huh7 and LM3 cells (Figure 3D
and E). In conclusion, these results demonstrated that the
knock down of MTF2 might play a protective role in HCC
by decreasing the growth, migration, and invasion of HCC
cells in vitro.

Knockdown of MTF2 Suppressed

Tumorigenesis and Intrahepatic
Metastasis of HCC Cells in vivo

Based on the results of in vitro experiments, control and
MTF2 knockdown Huh7 cells were injected subcuta-
neously into the flanks of nude mice, and the tumors
were harvested and photographed. Consistent with the
in vitro study, knock down of MTF2 in Huh7 cells mark-
edly suppressed tumor growth compared with that in the
control cells in xenograft mouse model (Figure 4A). The
tumors were lighter and grew slower in the MTF2 down-
regulation group than those generated by the control cells
(n = 4, P < 0.001) (Figure 4B and C). These results
indicated that MTF2 may act as an oncogene that pro-
motes tumorigenesis of HCC cells in vivo.

Based on the preliminary migration and invasion
results, we speculated that MTF2 might promote the
metastasis of HCC cells in vivo. The intrahepatic metas-
tasis mouse model was applied to verify the function of
MTF2 in HCC metastasis. Luciferase-labelled Huh7 con
or Huh7 knockdown cells were injected into the left lobes
of the nude mice. As shown in Figure 4D, luciferase
signals from the livers of the MTF2 knockdown group
were significantly lower than those from the control
group at 5 weeks after injection (n = 7, P < 0.001). In
addition, less foci were detected on injected and non-
injected lobes in the MTF2 knockdown group, compared
with that in the control group (Figure 4E and F; P < 0.001
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Table 2 Univariate and Multivariate Analysis Associated with Overall Survival

Variables Univariate Univariate

HR (95% CI) P-value HR (95% CI) P-value

Age250, year 0.981(0.544—1.665) 0.994

Sex, Male 1.038(0.718-1.501) 0.843

HBsAg, yes 1.561(1.106-2.201) 0.011 -

AFP, 220 ng/mL 1.238(0.979-1.566) <0.001 1.113(0.865—1.436) 0.013

No. of tumor, multiple 1.483(0.829-2.654) 0.184

Tumor diameter, 5 cm 2.030(1.990-2.063) 0.001 1.866(1.677—1.956) 0.022

Satellite nodules, positive 1.005(0.965—1.036) 1.000

Tumor encapsulation, Complete 0.999(0.997-1.000) 0.274

Lymph node invasion, yes 1.018(0.948-1.093) 0.613

Ascites, yes 1.045(0.996-1.212) 0.082

Microvascular invasion, positive 1.995(1.970-2.014) <0.001 1.675(1.543—1.768) 0.006

MTF2 expression, high 1.719(1.010-2.679) <0.001 1.645(0.098-1.965) 0.011
Table 3 Univariate and Multivariate Analysis Associated with Disease-Free Survival

Variables Univariate Univariate

HR (95% CI) P-value HR (95% CI) P-value

Age250, year 1.002(0.654—1.766) 0.876

Sex, Male 1.001(0.699—1.455) 0.765

HBsAg, yes 1.455(1.004-2.135) 0.009 1.321(0.991-1.987) 0.043

AFP, 220 ng/mL 1.343(0.897-1.645) <0.001 1.211(0.793-1.532) 0.001

No. of tumor;, multiple 1.582(0.921-1.998) 0.101

Tumor diameter, 25 cm 1.991(1.882-2.122) 0.002 1.732(1.611-1.987) 0.038

Satellite nodules, positive 1.101(0.867—1.245) 0.078

Tumor encapsulation, Complete 0.866(0.799—1.000) 0.332

Lymph node invasion, yes 1.118(0.858-1.252) 0.786

Ascites, yes 1.323(0.996-1.633) 0.062

Microvascular invasion, positive 2.002(1.870-2.023) <0.001 1.533(1.345-1.699) 0.012

MTF2 expression, high 1.654(1.001-2.432) <0.001 1.523(0.087-1.822) 0.009

and P < 0.05, respectively). Therefore, these results
revealed that knock down of MTF2 suppressed intrahepa-
tic metastasis of HCC cells in vivo.

MTF2 Promoted EMT and Snail
Transcription in HCC Cells

It has been reported that constitutive EMT activation was
common in the development and progression of HCC. We
hypothesized that MTF2 might promote growth and metas-
tasis of HCC cells by activating the EMT, and Western blot
analysis was performed to investigate the expression levels
of EMT related genes E-cadherin, N-cadherin, and Vimentin
in MTF2 overexpression and knockdown cell lines. We
found that MTF2 overexpression in HepG2 and YY-8103
cells increased the expression of the mesenchymal markers,
N-cadherin and Vimentin, and repressed the expression of

the epithelial marker, E-cadherin (Figure 5A). In contrast,
downregulation of MTF2 in Huh7 and LM3 cells reduced the
expression of N-cadherin and Vimentin, while the expression
of E-cadherin was increased in HCC cells (Figure 5B).
Molecular reprogramming occurring during EMT is trig-
gered and orchestrated by EMT-activating transcriptional fac-
tors, including the Snail family, Twist family, and ZEB
proteins. Among them, we found that only the expression of
Snail was associated with MTF2 according to the Western blot
analysis (Figure SA and B). To further confirm their relation-
ship, qPCR was conducted to examine the expression of Snail
in MTF2 overexpression and knockdown cell lines, which
revealed that MTF2 overexpression increased the mRNA
expression of Snail, while MTF2 knockdown decreased the
mRNA expression of Snail (Figure 5C and D). In addition,

luciferase reporter assay revealed that the activity of the Snail
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**P < 0.001.

promoter was promoted by MTF2 overexpression and inhib-
ited in MTF2 knockdown HCC cells (Figure 5E and F). Taken
together, these results showed that MTF2 promoted EMT and
Snail transcription by facilitating its promoter activity in
HCC cells.

Next, we examined whether the effects of MTF2 on
the progression of HCC were Snail-dependent. We
knocked down the expression of Snail in HepG2 and
YY-8103 cell lines after MTF2 overexpression (Figure
6A). As shown in Figure 6B and E, the MTF2-induced
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promoting effects on cell growth, migration, and inva-
sion were rescued by knockdown of Snail. These
observations indicated that the promoting effects of
MTF2 were Snail-dependent.

Discussion

As a member of the Pcl family of proteins, it is reported that
MTF?2 is actively involved in chromosome inactivation and
pluripotency. Perino et al demonstrated that MTF2 directly
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binds to DNA and is a methylation-sensitive PRC2 recruiter
Rothberg et al revealed that
MTF2 is an important epigenetic regulator of the Wnt signal-

. . 14
in mouse embryonic stem cells.

ing pathway during erythropoiesis and recast the role of
polycomb accessory proteins in a tissue-specific context.'®

However, the potential function of MTF2 in the progression
of common cancers like hepatocellular carcinoma has not
been elucidated to date.

Based on the clinical sample results, this study

revealed MTF2 was significantly upregulated in HCC
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Figure 5 MTF2 promoted EMT and Snail transcription in HCC cells. (A) The effects of MTF2 overexpression on the expression of EMT-associated proteins in HepG2 and
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tissues compared with that in their paired normal counter-
parts. Patients with HCC with high MTF2 expression had
worse overall survival and higher recurrence rates than
those with low MTF2 expression. In addition, the expres-
sion levels of MTF2 correlated with the clinical

characteristics of the patients, such as AFP, tumor dia-

meter, satellite nodules, and microvascular invasion.
Moreover, MTF2 overexpression, as well as high level of
AFP, large tumor diameter, and presence of microvascular

invasion was an independent risk factor for overall
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survival and disease-free survival, suggesting that it might = These clinical results indicated that MTF2 might play an
play a suppressive role during the progression of HCC. incentive role during the progression of HCC.
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The functional analysis for MTF2 in the progression of
HCC cells revealed that overexpression of MTF2 could
promote HCC cell proliferation, migration, and invasion
in vitro. In contrast, knockdown of MTF2 could suppress
proliferation, migration, and invasion of HCC cells.
Furthermore, MTF2 knockdown also inhibited tumorigen-
esis and intrahepatic metastasis of HCC cells in nude mice.

During the EMT process, epithelial tumor cells lose
their polarity and transform into motile mesenchymal
cells, and this process plays a predominant role in the
dissemination of malignant hepatocytes during HCC
progression.'”*® EMT is characterized by the loss of
epithelial cell junction markers, such as E-cadherin, and
the gain of mesenchymal proteins, such as N-cadherin and
Vimentin.?'? In this study, we found that cells with over-
expression of MTF2 expressed high levels of N-cadherin
and Vimentin, and low levels of E-cadherin, suggesting
that MTF2 may be a potent inducer of EMT, which may
lead to more invasive and metastatic HCC cells. In addi-
tion, EMT is orchestrated by a restricted number of tran-
and Zeb
families.”'® Our study showed that only the expression

scription factors including Snail, Twist,

of Snail was significantly associated with MTF2.
Furthermore, MTF2 regulated Snail expression by directly
binding to its promoter. The rescue experiment also indi-
cated that the promoting effects of MTF2 were Snail-
dependent. Therefore, we conclude that MTF2 overexpres-
sion may promote EMT processes of HCC cells through
Snail-mediated E-cadherin expression. To the best of our
knowledge, this is the first study to reveal how MTF2 is
involved in the progression of HCC.

In summary, our current study demonstrated a novel role
for MTF2 in the growth and EMT of HCC cells through
transcriptional activation of Snail. Overexpression of MTF2
in HCC is a strong indicator of aggressive malignant beha-
vior and poor clinical outcome. These results provide a better
understanding of the mechanisms underlying the role of
MTF2 in tumor development, which might provide
a potential therapeutic target for HCC.
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