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Methyl-CpG-binding domain 3 inhibits
epithelial-mesenchymal transition in
pancreatic cancer cells via TGF-$/Smad
signalling
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Background: Methyl-CpG-binding domain 3 (MBD3) is an aberrant expression in human malignancies. However, the role of
MBD3 in pancreatic cancer progression remains to be clarified. In this study, we investigated the effects of MBD3 on the
epithelial-mesenchymal transition (EMT), and the underlying mechanism in pancreatic cancer cells.

Methods: The abilities of migration and invasion were examined by transwell and BD Matrigel invasion assays. EMT and TGF-f/
Smad signalling were evaluated.

Results: First, we find that MBD3 expression is lower in pancreatic cancer tissues than that in non-tumour tissues, and patients with
lower MBD3 levels survive significantly less than those with higher levels. Subsequently, we find that MBD3 knockdown promotes
the abilities of migration and invasion, while MBD3 overexpression inhibits the above abilities. Also, MBD3 knockdown remarkably
increases mesenchymal markers expression of Vimentin, a-SMA, Snail, N-cadherin, f-catenin, and downregulates epithelial
markers expression of E-cadherin. On the contrary, MBD3 overexpression results in the opposite effects. Further evidence reveals
that MBD3 knockdown up-regulates expression of TGF-f, and then activates p-Smad2 and p-Smad3, while MBD3 overexpression
results in downregulation of TGF-f, p-Smad2, and p-Smad3.

Conclusions: MBD3 inhibits EMT in pancreatic cancer cells probably via TGF-f/Smad signalling, and may be a new candidate
target for diagnostics and prognosis of pancreatic cancer.

Pancreatic cancer is the fourth leading cause of cancer death in
both men and women in the United States, with a 5-year survival
rate limited to ~5% (Klein, 2012). Traditional remedies such as
surgery, chemotherapy, and/or radiation result in a poor clinical
outcome in the past decades (Amundadottir, 2016). Lack of early
diagnoses and effective interventions lead to the poor prognosis of
patients (Del Chiaro et al, 2014). Therefore, it is necessary for us to
look for the specific indicator and diagnosis of pancreatic cancer in
the early stage.

Pancreatic cancer is characterised by early invasion and
metastasis (Thota et al, 2014). It is reported that EMT has a
critical role in cancer progression and metastasis (Cai et al, 2016),
including pancreatic cancer (Wang et al, 2013). EMT results in
losing cell adhesion and gaining migration capacity via epigenetic
modifications and altered stromal interactions (Gunasinghe et al,
2012; Tam and Weinberg, 2013). Previous studies have proven that
epigenetic modifications, especially DNA methylation, play an
important role in pancreatic cancer (Yokoyama et al, 2016;
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Zagorac et al, 2016). DNA methylation controls gene expression by
recruiting proteins involved in transcriptional repression (Wood
and Zhou, 2016). The methyl-CpG-binding domain proteins
(MBDs) read and bind methylated DNA, recruiting additional
chromatin remodelling proteins that can modify histones to form
compact silent chromatin (Choi et al, 2013). MBD3 is an
important member of MBDs, which are important constituents

of the DNA methylation machinery (Menafra and Stunnenberg,
2014). MBD3 is an essential subunit of the nucleosome remodel-
ling and deacetylase (NuRD) complex, involved in chromatin
remodelling (Zhang et al, 2016). Also, removing MBD3 allows
deterministic iPSC generation (Brumbaugh and Hochedlinger,
2013). Moreover, several studies have demonstrated that MBD3 is
downregulated in gastric carcinogenesis (Pontes et al, 2014), colon,
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Figure 1. MBD3 is downregulated in pancreatic cancer and associated with patients’ overall survival. (A) MBD3 protein expression in pancreatic
cancer tissues and normal pancreatic tissues was analysed through the human protein atlas (www.proteinatlas.org). Magnification, x 4; bars,
500 um. Magnification, x 40; bars, 100 um. (B) Analysis of MBD3 mRNA levels in 78 pairs of pancreatic cancer and non-tumour tissues in Badea
pancreas database. N=239 for non-tumour group, and N= 39 for tumour group. ***P<0.001. (C) Analysis of the TCGA database indicates that
MBD3 expression is correlated with patient’ overall survival. N=49 for MBD3-low group, and N =32 for MBD3-high group. P=0.034 was
determined by Log-Rank test. (D) Analysis of the TCGA database indicates MBD3 correlates with clinicopathological features. The results are
presented by heat map (left panel) and boxplot (right panel). N=139 for pancreas adenocarcinoma ductal type group, N= 23 for pancreas
adenocarcinoma other subtype group, and N=4 for pancreas colloid (mucinous non-cystic) carcinoma group. ***P<0.001. (E) Analysis of the
TCGA database indicates MBD3 is associated with stage in pancreatic cancer. The results are presented by heat map (left panel) and boxplot (right
panel). N=20 for stage | group, N= 140 for stage Il group, and N=4 for stage Il group, and N=3 for stage IV group. *P<0.05.
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and lung cancer (Zhu et al, 2004). However, the role of MBD3 in
pancreatic cancer cells remains to be clarified.

In this study, we found that MBD3 expression had meaningful
difference in pancreatic cancer tissues, and was critical for the
ability of migration and invasion in pancreatic cancer cells in vitro.
Furthermore, it was found that MBD3 inhibited EMT in pancreatic
cancer cells probably via TGF-f/Smad signalling. All these findings
for the first time prove that MBD3 may be a suppressor in
pancreatic cancer progression.

MATERIALS AND METHODS

Analysis of MBD3 mRNA and protein expression in human
pancreatic cancer. Correlations between pancreatic cancer
histology, stage, patient survival, and MBD3 gene expression were
determined through analysis of Badea and TCGA databases, which
are available through Oncomine (Compendia Biosciences,
www.oncomine.org) and UCSC (https://genome-cancer.ucsc.edu).
High and low groups were defined as above and below the mean
respectively. MBD3 protein expression in pancreatic cancer tissues
and normal tissues was determined from the human protein atlas
(www.proteinatlas.org).

Cell lines and cell culture. Pancreatic cancer cell lines SW1990,
PaTu8988 and PANCI were kindly provided by Second Military
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Medical University in Shanghai. Meanwhile, the human embryonic
kidney cell line (293T) was acquired from the American Type
Culture Collection. All cell lines were cultured in DMEM (Hyclone,
Beijing, China) supplemented with 10% fetal bovine serum (Gibco,
Carlsbad, CA, USA), 100 mgl ! penicillin at 37 °C in a humidified
incubator with 5% CO, supply.

Real-time PCR. Total RNA was extracted using RNAiso Plus
(Takara, Shiga, Japan). Reverse transcription was performed using
RevertAid First Strand cDNA Synthesis Kit (Thermo, Waltham,
MA, USA) according to the manufacturer’s specification. Real-time
PCR was performed in triplicate in 20 ul reactions with iQ SYBR
Premix Ex Taq Perfect Real Time (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA), 50ng first strand ¢cDNA and 0.2pug
each primer. The primer pair used for the amplification of
the human MBD3 gene was as follows: forward primer,
5'-CGGCCACAGGGATGTCTTTT-3/, and reverse primer, 5'-TGC
TGGGGTGGTTGGTAATC-3'. MMP2 primer: Forward, 5-CAC
AGGAGG AGAAGGCTGTG-3' and reverse, 5'-GAGCTTGGGA
AAGCCAGGAT-3'; MMPY primer: Forward, 5-TTCAGGGAG
ACGCCCATTTC-3' and reverse, 5-TGTAGAGTCTCTCGCTG
GGG-3'; and GAPDH primer: Forward, 5-GGTGAAGGTCGGTG
TGAACG-3' and reverse, 5-CTCGCTCCTGGAAGATGGTG-3'.
Samples were cycled once at 95 °C for 2 min, and then subjected to
35 cycles of 95°C, 56 °C, and 72°C for 30s each. The relative
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Figure 2. MBD3 expression is profiled in pancreatic cancer cells. (A) Relative expression levels of MBD3 protein and mRNA were assessed in
SW1990, PaTu8988, and PANC1 cells. *P<0.05. (B) MBD3 protein and mRNA levels were reduced in sh-MBD3- PANC1 and PaTu8988 cells.
**P<0.01. (C) MBD3 protein and mRNA levels were increased in PaTu8988 and SW1990 cells transfected with Flag-MBD3. ***P<0.001.
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mRNA content was calculated using the method with

GAPDH as an endogenous control.

Western blotting. The cultured cells were rinsed with cold PBS
before treated with RIPA lysis buffer at 4 °C for 10 min. Then the
mixture was heated at 100 °C for 10 min and centrifuged under 4 °C
at 14000 gmin ~ ' for 10 min. The supernatant was removed, and the
protein concentration was measured with the BCA method. About
20 ug of protein was loaded in each lane, separated by 10% SDS-
PAGE and transferred to the PVDF membrane. The membrane was
blocked with 5% non-fat milk powder for 1h at room temperature
before overnight incubation with primary antibodies 4 °C, followed
by the secondary antibody. The antibodies were mouse anti-
f-tubulin (Cell Signaling, Danvers, MA, USA; CAT 6181), rabbit
anti-MBD?3 (Cell Signaling, CAT 3896), mouse anti-Flag (Sigma, San
Francisco, CA, USA; CAT F1804), rabbit anti-MMP2 (Immuno-
Way, Plano, TX, USA; CAT YT2798), rabbit anti-MMP9 (Immuno-
Way CAT YT1892), rabbit anti-Vimentin (Cell Signaling, CAT
5741), rabbit anti-N-cadherin (Cell Signaling, CAT 13116), rabbit
anti-E-cadherin (Cell Signaling, CAT 3195), rabbit anti-f-catenin
(Cell Signaling, CAT 8480), rabbit anti-Snail (Cell Signaling, CAT
3879), rabbit anti-a-SMA (Cell Signaling, CAT 14968), rabbit anti-
Smad2/3 (Cell Signaling, CAT 8685), rabbit anti-P-Smad2 (Cell
Signaling, CAT 3108), rabbit anti-P-Smad3 (Cell Signaling, CAT
9520), rabbit anti-TGF-f (Cell Signaling, CAT 3709).

Plasmid construction. The complete MBD3 sequence was
amplified by RT-PCR using primers MBD3-all-F (5-CGGA

sh-MBD3

PANC1

PaTu8988

ATTCCGATGGAGCGGAAGAGCCCGAGCG-3') and MBD3-
all-R  (5-GGGGTACCCCCTAGACGTGCTCCATCTCCGGGT-3')
from a cDNA library of PANCI cells, then inserted into the
expression Vector p3XFLAG-Myc-CMV-24 (Sigma). The MBD3 and
EGFP shRNA oligos (MBD3-shRNA-F 5'-CCGGCGGCCTGAAC
GCCTTCGACATCTCGAGATGT CGAAGGCGTTCAGGCCGT
TTTTG-3', MBD3-shRNA-R 5-AATTCAAAAACGGCCTGAAC
GCCTTCGACAT CTCGAGATGTCGAAGGCGTTCAGGCCG-3/,
EGFP-shRNA-F 5-CCGGTACAACAGCCACAACGTCTATCTC
GAGATAGACGTTGTGGCTGTTGTATTTTTG-3', EGFP-shRNA-R
5'-AATTCAAAAATACAACAGCCACAACGTCTATCTCGAGAT
AGACGTTGTGGCTGTTGTA-3') were first annealed into double
strands and then cloned into pLKO.1-puro (Sigma).

Transfection and infection. Vector, Flag-MBD3, sh-EGFP, and
sh-MBD3 were transfected into pancreatic cancer cells using
Lipofectamine 2000 (Invitrogen) according to the manufacturer’s
instructions. The methods of generating retroviruses encoding
reprogramming factors and further infection of NPCs were
referenced by previous papers (Pontes et al, 2014).

Transwell migration and invasion assay. Transwell assays was
carried out using transwell inserts (Corning, Corning, NY, USA)
containing 8-m permeable pores according to the manufacturer’s
protocol. Transfected PANCI1, PaTu8988, and SW1990 cells were
collected, resuspended in serum-free medium and transferred to
8-m permeable pores (~ 100000 cells per well). The chambers were
then incubated for 24h in culture medium with 10% FBS in the
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Figure 3. MBD3 inhibits the migration ability of pancreatic cancer cells. (A) The ability of migration was examined using transwell assay in PANC1
and PaTu8988 cells transfected with sh-MBD3 or sh-EGFP plasmids. Representative images of migrated cells were shown. Magnification, x 20;
bars, 50 um. (B) The graph indicated the average number of migrated cells per field. **P<0.001. (C) The ability of migration was examined using
transwell assay in SW1990 and PaTu8988 cells transfected with Flag-MBD3 or Vector plasmids. Representative images of migrated cells were
shown. Magnification, x 20; bars, 50 um. (D) Migrated cells were counted and analysed. *P<0.05, **P<0.01.
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bottom chambers before examination. The cells on the upper
surface were scraped and washed away, whereas the migrated cells
on the lower surface were fixed and stained with 0.05% crystal
violet for 30 min. Finally, five independent fields were counted for
each transwell and the average number of cells per field was
represented in the graphs. For assessing cell invasion, 100 000 cells
in serum-free medium were seeded in the matrigel-coated
transwell inserts (BD Bioscience, Corning, NY, USA). The cells
were then processed similar to that of cell migration assay.

Statistical analyses. All data are presented as mean + s.d. from at
least three independent experiments. Comparisons between groups
were analysed using the Student’s t-test (two groups) or an one-
way ANOVA (multiple groups). Kaplan-Meier survival was
analysed using log-rank analysis. P<0.05 was considered statisti-
cally significant.

RESULTS

MBD3 is downregulated in pancreatic cancer and associated
with patients’ overall survival. To confirm the clinical relevance
of MBD3 expression, we first analysed the MBD3 protein
expression in clinical specimens from the human protein atlas
(www.proteinatlas.org). We found that MBD3 had the negative
weak expression in pancreatic cancer, and positive strong
expression in normal pancreas (Figure 1A). Consistently, MBD3
mRNA level was lower in pancreatic cancer tissues than that in
normal pancreatic tissues (1.354+0.0277 vs 1.687 +0.04863,
P<0.001, n=78) in Badea pancreas database (Badea et al, 2008;
Figure 1B). Due to the limitations of the Badea pancreas database
information, we investigated more information in TCGA database
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(https://genome-cancer. ucsc.edu), and evaluated the correlation of
MBD3 expression with patients’ outcome, clinicopathological
features and tumour stage. Subsequently, Patients with high
expression of MBD3 had a median survival of 15 months as
compared with 10 months for the patients with low expression of
MBD3 (HR =1.659, P<0.05; Figure 1C). Also, MBD3 expression
in pancreas adenocarcinoma ductal was lower than that in
pancreas adenocarcinoma other subtype and pancreas colloid
(mucinous non-cystic) carcinoma (Figure 1D). Moreover, further
analysis showed that MBD3 expression decreased successively in
stage I, stage II, stage III, and stage IV groups, and the stage I group
presented the highest and stage IV the lowest MBD3 expression
levels (Figure 1E). All these data suggest that MBD3 is down-
regulated in pancreatic cancer and associated with the poor
outcome of patients.

MBD3 expression is profiled in pancreatic cancer cells. To
further investigate the roles of MBD3 in pancreatic cancer, we first
examined the expression level of MBD3 in SW1990, PaTu8988 and
PANCI cells using real-time PCR and western blot. We noticed
that MBD3 expression, at both mRNA and protein levels, was
higher in PANCI cells than that in SW1990 and PaTu8988 cells
(Figure 2A). Previous studies identify that SW1990 and PaTu8988
cells are derived from metastatic site: spleen (Kyriazis et al, 1983)
and liver (Elsasser et al, 1992), while PANCI cells are derived from
primary site (Lieber et al, 1975), implying that MBD3 down-
regulation might be involved in metastasis of pancreatic cancer
cells. As MBD3 expression is relatively lower in SW1990 cells, it
was used to normalise the other two cell lines as a reference.
Subsequently, we constructed sh-MBD3 and Flag-MBD3 plasmids
to investigate the roles of MBD3 in pancreatic cancer, sh-EGFP or
Vector as a control, respectively. After transfection, the mRNA and
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Figure 4. MBD3 enhances the invasion ability of pancreatic cancer cells. (A) The invasion ability was examined using BD Matrigel invasion assay in
PaTu8988 and PANC1 cells transfected with sh-EGFP or sh-MBD3 plasmids. Magnification, x 20; bars, 50 um. (B) Invasive cells were counted and
analysed. **P<0.01. MMP2 and MMP9 were identified using western blotting (C) and real-time PCR (D) in above cells. *P<0.05, **P<0.01.
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protein levels of MBD3 significantly reduced in sh-MBD3 group
compared with sh-EGFP group (Figure 2B). Vector or Flag-MBD3
was transferred into PaTu8988 and SW1990 cells, and then MBD3
overexpression was confirmed at mRNA and protein levels by real-
time PCR and western blot (Figure 2C).

MBD3 inhibits the migration ability of pancreatic cancer
cells. Next, we examined the ability of migration by transwell
assays in pancreatic cancer cells. We found that the numbers of
migrated cells were 108+ 7 and 297+ 11 in sh-EGFP and sh-
MBD3 PANCI cells, and 77 = 8 and 236 + 10 in sh-EGFP and sh-
MBD3 PaTu8988 cells, respectively (Figure 3A and B), indicating
that MBD3 knockdown improved the ability of migration in
PANCI1 and PaTu8988 cells. To confirm the above results, we
assessed the ability of migration in PaTu8988 cells or SW1990 cells
transfected with Vector or Flag-MBD3 plasmids. The numbers of
migrated cells were 107 £ 9 and 36 £ 5 in Vector and Flag-MBD3
PaTu8988 cells, and 184 + 12 and 74 = 8 in Vector and Flag-MBD3
SW1990 cells, respectively (Figure 3C and D), indicating that
MBD3 overexpression inhibited the ability of migration in
pancreatic cancer cells. All these data suggest that MBD3 inhibits
the ability of migration in pancreatic cancer cells.

MBD3 suppresses the invasion ability of pancreatic cancer
cells. Subsequently, we examined the ability of invasion by BD
Matrigel invasion assays. PANC1 and PaTu8988 cells were
transfected with sh-EGFP or sh-MBD3 plasmids, and PaTu8988
and SW1990 cells with Vector or Flag-MBD3 for 72h. The
numbers of invasive cells were 92 £ 7 and 180 + 11 in sh-EGFP and
sh-MBD3 PANCI cells, and 30 + 6 and 80 + 8 in sh-EGFP and sh-
MBD3 PaTu8988 cells, respectively (Figure 4A and B), indicating
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that knockdown of MBD3 obviously enhanced the invasion ability
of PANCI and PaTu8988 cells. Meanwhile, the numbers of
invasive cells were 70+9 and 26£5 in Vector and Flag-MBD3
PaTu8988 cells, and 157 + 11 and 63 * 8 in Vector and Flag-MBD3
SW1990 cells, respectively. It is suggested that upregulation of
MBD3 significantly inhibited the invasion ability of PaTu8988 and
SW1990 cells (Figure 5A and B). Also, MBD3 knockdown led to
upregulation of MMP2 and MMP9 at both mRNA and protein
levels in PANCI1 and PaTu8988 cells (Figure 4C and D), while
MBD3 overexpression downregulated the expression of MMP2 and
MMP9 in SW1990 and PaTu8988 cells (Figure 5C and D). Above
all, data suggest that MBD3 suppresses the invasion ability of
pancreatic cancer cells.

MBD3 inhibits EMT through suppressing TGF-f/Smad signal-
ling in pancreatic cancer cells. The EMT is deemed to be
associated with the ability of migration and invasion in cancer cells
(Karaczyn et al, 2016). Therefore, we detected the EMT markers at
protein levels using western blotting. Our data suggested that
MBD3 knockdown resulted in upregulation of Vimentin, «-SMA,
Snail, N-cadherin, f-catenin, and downregulation of E-cadherin in
PANCI1 and PaTu8988 cells (Figure 6A). In contrast, MBD3
overexpression led to downregulation of Vimentin, «-SMA, Snail,
N-cadherin, f-catenin, and upregulation of E-cadherin in
PaTu8988 and SW1990 cells (Figure 6B). It is confirmed that
MBD3 inhibits EMT in pancreatic cancer cells. As TGF-f/Smad
signalling is closely related to EMT in cancer (Yoshida et al, 2016),
we investigated the effects of MBD3 on the classic TGF-f/Smad
signalling. We found that MBD3 knockdown upregulated TGEF-p,
p-Smad2/3 in PANCI1 and PaTu8988 cells (Figure 6C), while
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Figure 5. Up-regulating MBD3 inhibits the ability of invasion in pancreatic cancer cells. (A) The invasion ability was examined using BD Matrigel
invasion assay in PaTu8988 and SW1990 cells transfected with Vector or Flag-MBD3 plasmids. Magnification, x 20; bars, 50 um. (B) Invasive cells
were counted and analysed. **P<0.01, ***P<0.001. MMP2 and MMP9 were determined using western blotting (C) and real-time PCR (D) in above

cells. *P<0.05, **P<0.01.
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Figure 6. MBD3 inhibits EMT through suppressing TGF-f/Smad signalling in pancreatic cancer cells. (A) MBD3 knockdown in PANC1 and
PaTu8988 cells induced EMT, as detected by a decrease in E-cadherin and increases in Vimentin, a-SMA, Snail, N-cadherin and f-catenin.

(B) Treatment of PaTu8988 and SW1990 cells with Flag-MBD3 reversed EMT, as defined by an increase in E-cadherin and decreases in Vimentin,
@-SMA, Snail, N-cadherin and f-catenin. (C) Immunoblotting of Smad2/3, p-Smad2/3, TGF-f in PANC1 and PaTu8988 cells treated with sh-MBD3
or sh-EGFP. f-Tubulin was used as a loading control. (D) Immunoblotting of Smad2/3, p-Smad2/3, TGF-f in SW1990, and PaTu8988 cells
transfected with Flag-MBD3 or Vector. f-tubulin was used as a loading control.

MBD3 overexpression resulted in down-regulation of TGF-f,
p-Smad2/3 (Figure 6D). Knocking-down or overexpressing MBD3
had no influence on total smad2/3 protein. These data suggest that
MBD3 inhibits EMT in pancreatic cancer cells probably via TGF-
f/Smad signalling.

DISCUSSION

In this study, we find that MBD3 may function as an anti-
oncogene in pancreatic cancer. We for the first time find that
MBD3 suppresses EMT in pancreatic cancer cells probably via
TGF-f/Smad signalling. Importantly, we confirm that MBD3 is
downregulated in human pancreatic cancer at both mRNA and
protein levels, and acts as an independent prognostic factor for
patient outcome. All these findings suggest that MBD3 may be a
candidate for diagnosis and prognosis of pancreatic cancer.

Our previous study focused on examining the activity of MBD3
binding to hypermethylated CpG islands of LIN28A promoter in
pancreatic cancer cells (Xu et al, 2016). In this study, we
concentrated on the clinical relevance of MBD3 expression and
its roles in the growth and EMT of pancreatic cancer cells. MBD3
expression is described for the first time in pancreatic cancer
tissues in different clinicopathological features, at different tumour
stages, and is associated with the outcome of patients. Previous

studies have determined that MBD3 expression is downregulated
in gastric carcinogenesis (Pontes et al, 2014), colon, and lung
cancer (Zhu et al, 2004), indicating that reduced MBD3 expression
is a potential marker of the carcinogenesis process. In this study,
MBD3 expression is lowest in pancreas adenocarcinoma ductal,
and reduces progressively with the increase of clinical stage in
pancreatic cancer. It is indicated that the reduced MBD3
expression may have an important role in the development of
pancreatic cancer and may be a biomarker for the detection of
cancer development and progression, and directly associated with
clinicopathological features. In addition, patients with lower MBD3
levels survive significantly less than those with higher levels,
suggesting that downregulation of MBD3 expression is associated
with the poor outcome of patients. It is implied that MBD3 may be
a suppressor in pancreatic cancer progression.

It is well-known that EMT has an important role in pancreatic
cancer progression (Wang et al, 2013). In this study, we identify that
MBD3 knockdown upregulates mesenchymal markers and down-
regulates the epithelial marker expression of E-cadherin. Our
findings confirm that MBD3 has a significant role in inhibiting
EMT in pancreatic cancer cells. In addition, during the EMT
process, cancer cells not only gain enhanced the ability of migration
and invasion but also acquire cancer stem cell traits (Scheel and
Weinberg, 2012; Du et al, 2016). Previous reports have shown that
MBD3 knockout results in increasing the stemness of cells (Rais

www.bjcancer.com | DOI:10.1038/bjc.2016.397

97


http://www.bjcancer.com

BRITISH JOURNAL OF CANCER

MBD3 inhibits EMT in pancreatic cancer cells

et al, 2013). Therefore, we speculate that inhibition of MBD3 on
EMT might be partially via regulating stemness of cancer cells.

Previous study has demonstrated that TGF-f/Smad signalling is
operational in pancreatic cancer (Togashi et al, 2014). When TGF-
p is activated, Smad2 is phosphorylated and undergoes dimerisa-
tion with Smad3, thus allowing its translocation into nucleus in
cancer cells, promoting the EMT progress (Liu et al, 2012; Liu et al,
2015). In this study, we find that MBD3 knockdown induces
upregulating the TGF-f;, p-Smad2/3; MBD3 overexpression results
in downregulating the TGF-f, p-Smad2/3 in pancreatic cancer
cells. Previously, MBD3 is a component of the Mi-2 autoantigen
(Mi-2)/nucleosome remodelling and histone deacetylase (NuRD)-
HDAC complex (Mi-2/nuclesome remodelling and deacetylase;
Crook et al, 2006). MBD3 acts as a transcriptional repressor by
recruiting HDAGs, and is not only released from cancer-selective
promoter of the histone deacetylase inhibitors (HDI) upregulated
p21"WAFVCPT gene but also recruited to that of the HDI-down-
regulated ErbB2 gene, resulting in inhibiting the growth and
survival of cancer cells (Noh et al, 2005). In addition, Snail is an
important effector for the ability of invasion, forming Snail/
HDACI1/HDAC?2 repressor complex, and acting through transcrip-
tional repression of E-cadherin during the EMT progress (von
Burstin et al, 2009). Thus, it is reasonable to believe that Snail/
HDACI1/HDAC2 repressor complex might be involved in inhibi-
tion of MBD3 on EMT. Furthermore, it is reported that HDACI is
required for TGF-f-induced EMT (Lei et al, 2010), which might
establish a link between MBD3 and TGF-f signalling. It is implied
that MBD3 as a HDACI inhibiter suppress EMT probably via
TGF-f//Smad signalling. Although, whether that the above two
pathways are separated or associated remains unidentified, it is
confirmed that MBD3 impair TGF-fi/Smad signalling, and
suppress EMT in pancreatic cancer cells. Importantly, HDI have
been reported to be used in clinic, silencing of MBD3 abrogates the
HDI-induced gene regulation and growth inhibition in cancer cells
but not in normal cells (Noh et al, 2005). It is suggested that MBD3
has an important role in treating cancer and may be a potential
therapeutic target candidate to pancreatic cancer.

In summary, our study provides proof that MBD3 inhibits EMT
in pancreatic cancer cells probably through downregulating TGF-
p/Smad signalling. All these findings suggest that MBD3 is a
potential biomarker for diagnostics and prognosis of pancreas
colloid type carcinoma and pancreatic cancer at stage 3 and stage 4.
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