
Abstract. Aberrant expression of miRNAs is associated with
particular cancers showing tissue- and clinical-feature-
specificity patterns. Some miRNA genes harboring or being
embedded in CpG islands undergo methylation mediated
silencing. MBP, methyl CpG binding protein, suppresses tran-
scription through binding to methylated CpG dinucleotides.
Expression of miR-373 has been reported to be suppressed
in malignant bile duct cell lines. Bioinformatic prediction
reveals that the transcription start site (TSS) of miR-373
is implanted in a 402 bp canonical CpG island containing
26 CpG dinucleotides. In this study, we aim to determine the
epigenetic regulation of miR-373 gene in hilar cholangio-
carcinoma. TaqMan microRNA assay shows that down-
regulation of miR-373 is closely associated with poor cell
differentiation, advanced clinical stage and shorter overall
and disease-free survival in hilar cholangiocarcinomas.
Methylation analysis shows that the promoter-associated
CpG island is hypermethylated which is consistent with
the inhibition of miR-373. Chromatin immunoprecipitation
(ChIP) assay indicates that down-regulation of miR-373
resultes from the selective recruitment of MBD2 to methy-
lated CpG islands. In contrast, MBD2 knock-down by use
of a specific siRNA promoted the expression of miR-373.
Reactivation of miR-373 by pharmacologic induction of 5-
aza-CdR and trichostatin A (TSA) led to decreased enrichment
of MBD2 at CpG island regions. Enhanced expression of
exogenous MBD2 in stable QBC939 cells which stably express
pGL4-m373-prom induces strengthened recruitment of MBD2.
Our findings suggest that miR-373 is a methylation-
mediated gene and the implication of MBD2 in methylation-
mediated suppression of miR-373 plays an important role

in tumourigenesis and development in hilar cholangio-
carcinoma.

Introduction

Hilar cholangiocarcinoma, known as Klatskin tumor (1),
is an uncommon cancer with an incidence of 0.01-0.2%
per year (2). Although it is relatively rare, hilar cholangio-
carcinoma displays highly aggressive malignancy and is
considered to be an incurable and rapidly lethal disease
despite recent progresses in diagnostic and therapeutic
techniques. Five-year overall survival after curative resection
ranges from 20 to 40% and 10-year survival is almost zero
(3,4). Furthermore, patients with inoperable, recurrent, or
metastatic disease can only be treated with palliative therapy,
such as endoscopic, percutaneous biliary drainage (5) com-
bination with radiotherapy and chemotherapy. However,
hilar cholangiocarcinoma is not sensitive to chemotherapy
and radiotherapy (6,7), the median survival rate of those
cases is around 9-12 months only (8).

Aberrant DNA methylation has been validated as
an essential mechanism in regulation of gene expression
in human cancer (9). Once a given sequence becomes
methylated, it either can repress transcription directly by
impeding recognition of transcriptional activators to DNA
sequences (10); or by binding methyl-CpG binding domain
proteins (MBPs) to modify chromatin compaction and
control gene silencing (11). For the reason that not all tran-
scription factor recognition sequences contain CpG dinu-
cleotides, the second model is considered as primary path-
way in methylation-mediated silencing (12).

Biochemical and genetic analysis of MBPs have
established direct link between DNA methylation and
repressive chromatin architecture (13). The involvement of
MBPs in gene imprinting (14), X inactivation (15), and tran-
scriptional silencing of genes possessing hypermethylated
CpG islands in cancer cells (16) is now well documented.
MBPs includes 5 isoforms of Mecp2, MBD1, MBD2, MBD3,
and MBD4. With the exception of MBD4, which is primarily
a thymine glycosylase involved in DNA repair (17), all MBPs
are implicated in the transcriptional repression mediated
by DNA methylation. Several lines of evidence have demon-
strated that Mecp2, MBD1 and MBD2 are involved in
methylation-based gene repression and also affect chromatin
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structure (18-20). MBD3 lacks functional methylation binding
domain (MBD) but is an integral subunit of Mi2-NuRD
complex which is recruited through MBD2 (21).

microRNAs (miRNAs) have recently been suggested
to play important roles in cancers as >50% of miRNA
genes reside in cancer-associated genomic regions and their
expressions have been found to be dysregulated in various
cancers (22). Increasing evidence has shown profound
impact of miRNAs on many processes that are frequently
disrupted during cell proliferation, apoptosis, and differen-
tiation (23). Depending on the target tumor-relative genes,
miRNAs behave as tumor suppressor genes or oncogenes
(24,25). Importantly, with the expression pattern of strict
specificity of tissue and clinical feature, differential express
of miRNAs could be used as diagnostic and⁄or prognostic
markers for particular cancer.

Mature miRNAs are transcribed from miRNA gene by
RNA pol II (26), so it is believed that the transcription of
miRNA genes share the same genetic and epigenetic regulation
with functional gene including promoter methylation (27).
Although only subsets of miRNA genes harbor CpG island
in promoter region or are embeded in CpG island, evidence
on DNA methylation-mediated regulation of miRNAs by
proximal CpG islands have been mounted in number of
groups.

In this study, we demonstrate miR-373, a reported specific
microRNA to malignant bile duct cell lines, is inhibited by
selective recruitment of MBD2 at the hypermethylated
promoter-associated CpG island in hilar cholangiocarcinoma.

Materials and methods

Patients and cell lines. In total 48 patients (Table I) with both
tumor and normal bile duct tissues obtained from operation
successfully were included into this study at Tongji Hospital,
Tongji Medical College, Huazhong University of Science
and Technology (China) from January 2005 to December
2008. Written informed consent was obtained from patients
before sample collection. The study was approved by the
Review Board of Tongji Medical College and Hospital.

Cell lines and epigenetic treatment. QBC939 cell line originated
from human common bile duct adenocarcinoma was kindly
provided by Dr W. Shuguang from Southwest Hospital of
the Third Military Medical University (China) (28). HEK293
cell were purchased from Cell bank of Chinese Academy
of Sciences. For epigenetic study, QBC939 cells were treated
with 5.0 μM 5-aza-CdR for 5 days and 200 nM of trichostatin
A (TSA; Sigma-Aldrich) was added at day 5 (29).

TaqMan microRNA assay. RNAs were extracted using
mirVana™ miRNA Isolation Kit (Applied Biosystems).
cDNA synthesis and expression of miR-373 were performed
with TaqMan MicroRNA Assay (ABi). U6 (RUN6B) was
assessed as endogenous control. Expression of miR-373
was normalized to U6 and fold change was calculated based
on the 2-ΔΔCt method (30).

Genome DNA bisulfate modification. Genome DNA was
isolated from tissues and cells using the DNeasy® Blood &

Tissue Kit (Qiagen). For DNA methylation detection, 1.5 μg
of genomic DNA was modified with sodium bisulfite using
the EpiTect Bisulfate Kit (Qiagen). CG Genome Universal
Unmethylated DNA (uDNA) and CG Genome Universal
Methylated DNA (mDNA) (Millipore) were also modified
for positive and negative controls (100% values).

DNA methylation analysis. Methylation specific PCR (MSP)
and MethySYBR (31,32) qMSP were performed with
primers specific for fully methylated and fully unmethylated
CpG island sequences (MmiR-373, UmiR-373). Primers
for converted (ActB) and unconverted (ActG) ß-actin special
sequence containing no CpG sites were used as control to
correct CT values and efficiency of bisulfite conversion,
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Table I. Relationship between miR-373 expression and
clinicopathological features.
–––––––––––––––––––––––––––––––––––––––––––––––––
Clinicopathological No. of ΔCt value 
features patienta of miR-373 P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)
<60 19 27.69±3.76 0.059
≥60 29 25.65±4.35

Gender
Male 33 24.43±2.43 0.877
Female 15 29.01±3.76

Tumor size (cm)
<2 29 25.92±3.64 0.606
≥2 31 25.49±2.59

Pathological type
Adenocarcinoma 44 26.71±3.18 0.39
Mucocellulare carcinoma 2 24.63±3.57
Adenosquamous carcinoma 1 23.94
Squamous carcinoma 0
Undifferentiated carcinoma 1 27.91

Cell differentiation
Well 14 19.09±3.46 0.031a

Moderately 23 21.97±1.74
Poorly 11 28.43±4.09

Bismuth classification
I 6 24.66±3.31 0.082
II 13 27.65±2.71
III 17 26.99±4.02
IV 12 26.22±3.96

Lymphatic node metastasis
Absent 19 28.59±2.53 0.224
Present 29 25.01±2.64

Clinical stages
I + II 13 18.35±2.62 0.017a

III + IV 35 27.95±3.12
–––––––––––––––––––––––––––––––––––––––––––––––––
Data are presented as the means ± SEM and were analyzed using the
Student's t-test or one-way ANOVA depending on data characteristics.
aP<0.05.
–––––––––––––––––––––––––––––––––––––––––––––––––
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respectively. CT values of sample MmiR-373, UmiR-373, and
ActB were calculated using corresponding standard curves
and then corrected to DNA amounts with ActB values.
The sum of percentage of fully methylated (PMR) and
unmethylated (PUR) DNA sample amounts (MmiR-
373+UmiR-373 = 100%) was calculated.

The primers used were: miR-373: M, 5'-ATTTTGG
TTAATACGGTGAAATTTC-3', 5'-CTATCGCCCAAAC
TAAAATACGAT-3'; U, 5'-TTTGGTTAATATGGTGAA
ATTTTGT-3', 5'-CTCTATCACCCAAACTAAAATAC
AAT-3'. ActB, 5'-TGGTGATGGAGGAGGTTTAGTA
AGT-3', 5'-AACCAATAAAACCTACTCCTCCCTTAA-3'.
ActG, 5'-TGGTGATGGAGGAGGCTCAGCAAGT-3',
5'-AGCCAATGGGACCTGCTCCTCCCTTGA-3'.

Chromatin immunoprecipitation (ChIP). ChIP was performed
using ChIP-IT™ Express kit (Active Motif) using 2 μg ChIP-
validated antibodies (Mecp2, MBD2 and mouse IgG, Active
Motif; MBD1, Invitrogen). The presence was determined
with primers to product a 201 bp size (5'-AGATCGAGAC
CATCCTGGCTAACA-3'; 5'-TGAGAATGAGTCTTGCT
CTGTCGC-3'), the enrichment of RNA pol II at the GAPDH
gene (116 bp size) was quantified as endogenous control.
ChIP-qPCR reactions were performed using SYBR®-
GreenER™ Assay (Invitrogen) in a genomic DNA model.
The protein enrichment was expressed as the ratio of
immunoprecipitated DNA (IP-DNA) to the total amount of
DNA in the chromatin sample (input). Fold change was
calculated as the ratio of IP-DNA/input (target) to IP-
DNA/input (RNA PoI II) and then normalized to control.

Vectors. Full-length ORF-cDNA clone of human MBD2
designed as pDONR_MBD2 (Accession: NM_003927.2)
was purchased from GeneCopoeia (USA). Small interfering
RNA against MBD2 (MBD-siRNA, Accession: NM_003927)
was purchased from Applied Biosystems (USA). Promoter
luciferase reporter plasmid harboring the CpG island was
constructed and was designated as pGL4-373-Prom following
a previously described approach (33). In brief, miR-373 gene
locus was screened in database (http://genome.ucsc.edu/),
a 5-kb fragment upstream by pre-miR-373 sequence was
analyzed (http://www.fruitfly.org/seq_tools/promoter) to
figure out putative promoter and transcriptional start site
(TSS), and then CpG island was predicted with Methprimer
software (http://www.urogene.org/methprimer/). As result, a
402 bases putative CpG island spanning from -251 to +150 bp
containing 26 CpG dinucleotides was found present in the
5'-flank region of human miR-373 gene (predicted TSS is
recognized as +1).

A 726 bp fragment of miR-373 gene (GenBank accession
no. NR_029866) were amplified from QBC939 cell genomic
DNA by PCR using specific primers: 5'-CGATGGTACCTG
GAAAGTGCTGCGACATTT-3' (sense), which contains an
artificial KpnI site, and 5-TCATGCTAGCAGAGGTTGG
CCTCCAATCAT-3' (antisense), which contains an artificial
NheI site and four protective bases. The PCR-amplified
fragments were digested with KpnI/HneI and then inserted
into pGL4.22-basic plasmid (Promega) to generate miR-373
gene promoter luciferase reporter plasmid designated as
pGL4-373-Prom.

Establishment of stable cell line. pGL4-m373-prom or pGL4-
u373-prom was transfected into HEK293 cells within 35-mm
dishes using Lipofectamine™ LTX and Plus Reagent
(Invitrogen). At 24 h post-transfection, the cells were then
divided into 100-mm dishes at various cell densities and
incubated in RPMI containing 2.0 μg/ml of puromycin for
7 days followed by maintained with dosage of 1.0 μg/ml.
The stable cell line established was designated as HEK-
m373-prom and HEK-u373-prom.

In vitro DNA methylation. pGL4-373-prom were methylated
in vitro using M.SssI (4 U/μg DNA) (New England) in the
presence of 160 μM S-adenosylmethionine (SAM) for 16 h.
The methylated DNA redesigned as pGL4-m373-prom was
digested with restriction enzyme either SalI which is blocked
by M.SssI or BamI which is not blocked by M.SssI. Sensitivity
to SalI and resistance to BamI indicates that the DNA was
efficiently methylated.

Promoter luciferase reporter gene assay. Transfection was
performed with Lipofectamine LTX (Invitrogen) in 24-well
plate. Each transfection contains 500 ng/well pGL4-m373-
prom, pGL4-u373-prom or pGL4-Control vector and 100 ng/
well of pRL-TK. Cells were harvested at 72 h after trans-
fection and lysates were analyzed for luciferase activity using
the Dual Luciferase Reporter Assay (Promega).

siRNA knock-down study. Silencer® Select siRNAs against
MBD2 and scrambled control siRNA (Applied Biosystems)
was transfected using Silencer siRNA Transfection II Kit
(Applied Biosystems). Each transfection contained 12.5 μl
of 1 μM siRNA in a total 2500 μl transfection mixture.
Seventy-two hours post-transfection, the nearly confluent
cells were used for RT-PCR and ChIP assay.

Western blotting. Proteins (50 μg) were analyzed by Western
blotting with primary antibody against Mecp2 (1:500, Sigma-
Aldrich), MBD1 (1:1000, Millipore) and MBD2 (1:1000,
Millipore), which produce a signal of ~75, ~61 and ~50 kDa,
respectively. GAPDH antibody (1:5000, abcam) was used as
a loading control.

Statistical analysis. Student's t-test, one-way ANOVA and
Pearson was used depending to data characteristic. Data are
presented as mean ± SEM. *p<0.05; **p<0.01; p-values of
<0.05 were considered to be significant. Survival duration
was calculated via the Kaplan-Meier method. The log-rank
test was employed for comparison of cumulative survival
rate and disease-free survival in the patient group.

Results

Down-regulation of miR-373 is associated with poor cell
differentiation, advanced clinical stage and shorter survival
in patients with hilar cholangiocarcinoma. In patients with
hilar cholangiocarcinoma, significant down-regulation of
miR-373 was observed in QBC939 cells and 35 (72.92%)
tumors including 7 undetectable samples (p<0.01) (Fig. 1A).
Fold-change analysis showed a 2.94-fold decrease in tumor
group compared to control (p<0.01, Fig. 1B).
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In identification of correlation between miR-373
expression and clinicopathological factors, miR-373 showed
low expression in specimens with poor cell differentiation
(p=0.031) and advanced clinical stages (stages III, IV vs. I,
II) (p=0.017) (Table I) while no association was observed
with age, gender, tumor size, different pathological type,
Bismuth classification or lymphatic metastasis (p>0.05).
Further study was conducted to evaluate the miR-373
expression and survival. Kaplan-Meier analysis showed
that down-regulation of miR-373 was relevant to decreased
overall survival (Fig. 1C) and disease-free survival (Fig. 1D,
p<0.05, log-rank test).

Promoter-associated CpG island of miR-373 is hyper-
methylated in QBC939  cells and hilar cholangiocarcinoma.
According to definition of CpG island which is depicted as a
region with at least 200 bp and with a GC percentage that is
greater than 50% and with an observed/expected CpG ratio
that is greater than 60%. A 402 base canonical CpG island
encompassing a predicted transcription start site (TSS) was
screened to present at the 5'-flank region of miR-373 gene
(Fig. 2A). As seen in Fig. 3A, promoter luciferase reporter
assay showed 73.2-fold relative luciferase activity of pGL4-
373-prom compared to pGL4-control vector which suggests
that the predicted fragment behaves as a promoter to drive
miR-373 gene expression.

Methylation status of promoter-associated CpG island
was investigated with standard MSP and MethylSYBR
techniques. In standard MSP, methylation presented in 38
(38/48, 79.17%) tumors including 26 homozygous methylation
and 12 heterozygous methylation indicated by methylated
band only, or both methylated and unmethylated bands,
respectively. Heterozygous methylation was also observed in
5 control tissues (p<0.01, Fig. 2B). This result was validated
by following qMSP with fluorescent signal was detected in
38 cancer, 5 non-cancer samples. The value of PMR was
87.4 and 14.7% in tumor and control group, respectively
(Fig. 2C, p<0.01).

To investigate the correlation between promoter methy-
lation and miR-373 expression, we devided methylation into
4 groups according to the PMR values: suppermethylation
(PMR above 90.00%), hypermethylation (PMR ranges from
42.00 to 89.99%), standard methylation (PMR ranges from
20.00 to 41.99%), and hypomethylation (PMR belows
20.00%). Comparing with counterparts, miR-373 expression
decreased distinctly in 88.5% (23/26) supermethylated samples
(p<0.01), comparative reduction in 7 hypermethylated samples
(p<0.05) and dramatic increase was seen in 10 hypomethylated
tumors and 43 control tissues (p<0.01), no difference was
detected in 5 standard methylated samples (p>0.05).
Interestingly, 3 suppermethylated tumors were characterized
by a relatively high miR-373 expression (samples 14, 18 and
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Figure 1. Expression of miR-373 and association with clinicopathological factors in patients with hilar cholangiocarcinoma. (A) Representative expression
of miR-373 in tissues and QBC939 cells detected by RT-PCR (top panel), relative optical density normalized to U6 showed in bottom bar chart in tumor and
in QBC939. M, T and C donate DNA marker, tumor and control, repectively. (B) TaqMan microRNA assay of miR-373, data are depicted as mean ± SEM
from three independent experiments in triplicate for each sample. (C) Relationship between miR-373 expression and overall survival in the patients with
hilar cholangiocarcinoma. The median overall survival time was 16.3 months and 29.7 months in low- and high-miR-373 group, respectively. (D) Kaplan-
Meier disease-free survival, the median disease-free survival time were 11.2 months, 23.4 months in low- and high-miR-373 group, respectively.
*p<0.05 and **p<0.01 when compared to control.
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44). Despite these 3 extra tumors, promoter methylation
demonstrated a contrary relationship with expression of
miR-373 in hilar cholangiocarcinoma (Fig. 2D).

The promoter-associated CpG island regulates miR-373
expression through the methylation pathway. To explore the
contribution of CpG island methylation to the expression

of miR-373, pGL4-373-prom was methylated in vitro. As
shown in Fig. 3A, the relative luciferase activity dramatically
decreased in pGL4-m373-prom (p<0.01). On the contrary, in
demethylation treated QBC939 cells, in which miR-373 gene
was inhibited by heterozygous promoter methylation, a
3.1-fold and 3.4-fold increase of miR-373 in cells treated
with 5-aza-CdR alone or combination with TSA were

ONCOLOGY REPORTS  25:  443-451,  2011 447

Figure 2. Methylation of miR-373 promoter-associated CpG island in hilar cholangiocarcinoma. (A) Top panel, schematic drawing of the putative CpG island.
Bottom panel, sequence information of miR-373 gene including partial 5'-flank region. TSS in bold uppercase indicated by an arrow, CpG island is underlined
and CpG dinucleotides are capitalized and italic, pre-miR-373 sequences are capitalized. (B) DNA methylation detected by MSP. Five representative cases
show homozygous methylation (cases 1 and 3), heterozygous methylation (cases 4 and 5) and unmethylated (case 2), respectively. Lanes labeled M and U
denote products amplified by primers recognizing methylated and unmethylated sequences. (C) PMR of miR-373 promoter-associated CpG island calculated
from MethySYBR qMSP, data are depicted as mean ± SEM from three independent experiments in triplicate for each sample, **p<0.01 when compared
to control. (D) Relationship between CpG island methylation and miR-373 expression in hilar cholangiocarcinoma. PMR values were plotted at the left-
hand scale. ΔCT values relative to U6 were plotted at the right-hand scale for miR-373 expression (high ΔCT value indicated low expression).
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detected (Fig. 3B). These results demonstrate that promoter-
associated CpG island regulates miR-373 transcription
through methylation pathway in hilar cholangiocarcinomas.

MBD2 is recruited to the methylated CpG island in hilar
cholangiocarcinoma. Expression of Mecp2, MBD1 and
MBD2 were explored at the level of protein with Western
blotting. Compared to control, 2.9-fold increase of MBD2
was found in tumors while no difference of MBD1 and
Mecp2 were detected (Fig. 4A).

Presence of Mecp2, MBD1 or MBD2 at CpG island
region was assessed by ChIP. In QBC939 cells and hilar
cholangiocarcinoma, the CpG island fragment was markedly
immunoprecipitated by MBD2. Fold enrichment analysis
showed a 4.4-fold increase compared with control (p<0.01,
Fig. 4B, bottom panel). In contrast, anti-Mecp2 and MBD1
antibodies failed to precipitate of the DNA segment.

Fold enrichment of MBD2 in different methylation group
was further analyzed. No significant difference was detected
between supermethylation and hypermethylation or between
standard and hypomethylation group (p>0.05), whereas
remarkable difference was observed when comparing super-/
or hyper-methylation with standard-/or hypo-methylation
group (p<0.01, Fig. 4C). These findings suggest that MBD2
is selectively and specifically bound to the region of CpG
island.

Promoter-associated CpG island recruits MBD2 in pGL4-
m373-prom stable cell line. To unravel whether MBD2 is
specifically recruited by methylated CpG island of miR-373
gene, exogenous MBD2 expression vector of pDONR™_
MBD2 was transfected into stable cell line of HEK-u373-
prom or HEK-m373-prom. ChIP assay showed a 6.2-fold
increase in pGL4-m373-prom compared to control, while

no change was found in pGL4-u373-prom group (Fig. 5A,
p<0.01).

MBD2 knock-down up-regulates miR-373 in QBC939. In
QBC939 cells with MBD2 knock-down by siRNA, a stimulation
4.3-fold increase of miR-373 expression is observed when
compared with wild-type QBC939 cells (Fig. 5C). We then
analyzed the specific binding of MBD2 to the region of CpG
island. ChIP assay revealed that knock-down of MBD2
resulted in failure of recruitment of MBD2 on the miR-373
promoter-associated CpG island (Fig. 5B). Furthermore,
the knock-down of MBD2 is not compensated by the binding
of MBD1 or Mecp2. In addition, in MBD2 knock-down
QBC939 cells, 5-aza-CdR and TSA treatments had an innocent
effect on MBD2 binding (Fig. 5D).

Discussion

In released studies, miR-373 displays controversial
characteristics in different cancers. In testicular germ cell
tumor (34), esophageal (35) and breast cancer (36), miR-373
behaves as an oncogene. Whereas in prostate cancer (37)
and malignant cholangiocytes (38), miR-373 shows
characteristics of a tumor suppressor. Regardless of the
divergence, miR-373 is well established to participate in
tumorigenesis, invasion and metastasis by mediating gene
expression. In this study, we present that miR-373 is
dramatically down-regulated in hilar cholangiocarcinoma and
correlated closely with poor cell differentiation, advanced
clinical stage, and shorter survival. Our findings are in
agreement with other reports (37,38). How to explain these
opposite results remains unclear, the expression patterns for
individual miRNA with strict tissue- and clinical-feature-
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Figure 3. Methylation of CpG island regulates the expression of miR-373. (A) Promoter luciferase reporter gene assay for native and prior methylated
miR-373 promoter. (B) miR-373 expression detected by TaqMan microRNA assay in QBC939 cells and treated by 5-aza-CdR alone or combination with
TSA. Data are depicted as mean ± SEM from three independent experiments in triplicate for each sample.**p<0.01 when compared to control.
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specificity, and different target gene involved in unique
regulative network in various cancers could lead discrepant
conclusions.

Methylation of promoter-associated CpG island is a
frequent event in human cancer (39). Great effort has been
devoted to understand the relevance of aberrant CpG-
methylation patterns and their roles in gene transcription
(40,41). The inverse correlation of miR-373 expression with
progression in hilar cholangiocarcinoma prompted us to
explore the molecular mechanism underlying miR-373
suppression. In the present study, miR-373 promoter-
associated CpG island is found to be hypermethylated in
tumor tissues and QBC939 cells. Reciprocal assay is performed
with demethylation of the CpG island by treatment of QBC939

using 5-aza-CdR or combination with TSA, which contributes
reactivation of miR-373. In addition, pre-methylation of
pGL4-373-prom in vitro restrained the luciferase activity. To
sum up, results presented here provide evidence that promoter-
associated CpG island methylation is a major cause of miR-
373 gene suppression in hilar cholangiocarcinoma.

Methylation study requires precise identification of gene
promoter region and CpG island. The complete sequence and
function of miR-373 transcript has previously been validated
(34). We predicted the promoter region of miR-373 and
a 402 bp CpG island was found. The promoter activity is
authenticated by luciferase reporter gene assay which demon-
strates that this predicted fragment is capable of driving the
expression of the reporter gene. Hence, this theoretical
region can be considered a canonical promoter.

Promoter-associated CpG-methylation, along with MBPs
and HDACs, has been identified as a major epigenetic event
in loss of gene expression during tumor progression (42,43).
In this study, we further investigated the involved MBPs in
methylation-mediated suppression of miR-373 in hilar cholan-
giocarcinoma. ChIP assay displays that MBD2 selectively
binds to methylated CpG sequences. Moreover, silencing
conferred by DNA methylation and MBD2 enrichment in
QBC939 cells is relieved by treatment with 5-aza-CdR and
TSA. These findings indicate that MBD2 plays an important
role in recruiting transcription-repressive machinery to the
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Figure 4. MBP expression and enrichment at promoter-associated CpG island of miR-373 in hilar cholangiocarcinoma. (A) Expression of Mecp2, MBD1
and MBD2 protein in hilar cholangiocarcinoma (top panel), relative optical density normalized to GAPDH of MBD2 showed in bottom bar chart. (B)
ChIP analysis for enrichment of Mecp2, MBD1 and MBD2 at promoter-associated CpG island of miR-373. (C) Correlation between MBD2 enrichment
and different frequency of CpG island methylation. Fold change is calculated as the ratio of IP-DNA/input (target) to IP-DNA/input (RNA poI II) and then
normalized to control. Data obtained from three independent experiments in triplicate for each sample are depicted as mean ± SEM, **p<0.01 when
compared to control.
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methylated promoter, thereby suppressing the transcriptional
activation of miR-373. Confirming these findings, siRNA-
directed knock-down of MBD2 triggers a certain amount of
stimulation of miR-373 in QBC939 cells. Taken together,
these several lines of evidence suggest that MBD2 is an
important factor which donates methylation-mediated
inhibition of miR-373.

In this study, there are several interesting observations.
First, heterozygous methylation of miR-373 indicated by
both methylated and unmethylated bands in MSP is detected
in 12 cancers and 5 normal bile duct tissues. It is contrary to
‘all-or-none’ manner of DNA methylation in regulating gene
expression. Regarding mechanism is unclear, following
reasons should be meaningful: i) miR-373 gene exhibits

allele-specific DNA methylation (ASM) which means only
one allele is methylated and the other one is unmethylated.
ASM has been documented in numbers of cancer cases
except for the imprinted regions and X chromosomes (44);
ii) samples contain normal and malignant cells although
multiple efforts have been adapted to obtain purified tissues;
iii) miR-373 displays discrepant methylation in various
differentiated cells. Secondly, in primary samples, three
suppermethylated tumors were characterized to a relatively
high miR-373 expression. The relevant mechanism under-
lying transcription that escapes from methylation-mediated
suppression is unknown, but whether MBPs bind effectively
to the methylated CpG dinucleotides may determine the
expression level.
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Figure 5. Enrichment of MBD2 at CpG island. (A) Enrichment of MBD2 in CpG island in HEK-m373-prom stable cells. (B) MBD2 enrichment in
MBD2-siRNA QBC939 cells. (C) Knock-down of MBD2 induced an increase of miR-373 expression in QBC939 cells detected by TaqMan microRNA
assay. (D) Epigenetic treatment of QBC939 cell with 5-aza-CdR or combination with TSA eliminated the recruitment MBD2 at CpG island. Fold change is
calculated as the ratio of IP-DNA/input (target) to IP-DNA/input (RNA poI II) and then normalized to control. Data obtained from three independent
experiments in triplicate for each sample are depicted as mean ± SEM, *p<0.05 and **p<0.01 when compared to control.
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