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Abstract
AIM: To identify methylation profile and novel tumor 
marker of extrahepatic cholangiocarcinoma (CCA) with 
high throughout microarray.

METHODS: Differential methylation profile was com-
pared between normal bile duct epithelial cell lines 
and CCA cell lines by methyl-DNA immunoprecipitation 
(MeDIP) microarray. Bisulfite-polymerase chain reaction 
(BSP) was performed to identify the methylated allels 
of target genes. Expression of target genes was inves-
tigated before and after the treatment with DNA de-
methylating agent. Expression of candidate genes was 
also evaluated by immunofluorescence in 30 specimens 
of CCA tissues and 9 normal bile duct tissues. 

RESULTS: Methylation profile of CCA was identified 
with MeDIP microarray in the respects of different 
gene functions and signaling pathways. Interestingly, 
97 genes with hypermethylated CpG islands in the 
promoter region were homeobox genes. The top 5 
hypermethylated homeobox genes validated by BSP 
were HOXA2 (94.29%), HOXA5 (95.38%), HOXA11 
(91.67%), HOXB4 (90.56%) and HOXD13 (94.38%). 
Expression of these genes was reactivated with 5’-aza-
2’-deoxycytidine. Significant expression differences 
were found between normal bile duct and extrahepatic 
CCA tissues (66.67%-100% vs  3.33%-10%).

CONCLUSION: HOXA2, HOXA5, HOXA11, HOXB4 and 
HOXD13 may work as differential epigenetic biomarkers 
between malignant and benign biliary tissues.
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INTRODUCTION
Cholangiocarcinoma (CCA), including intra-hepatic 
cholangiocarcinoma (ICC) and extra-hepatic cholangio-
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carcinoma (ECC), is a cancer arising from the neoplastic 
transformation of  cholangiocytes. Several epidemiologi-
cal studies show that the incidence and mortality rates 
of  CCA have been increasing worldwide in the past 
decades. In Europe, approximately 50 000 new cases 
of  primary liver cancer are diagnosed each year. Data 
from the Cancer Incidence in Five Continents indicates 
that approximately 20% of  those cases are attributed to 
CCA[1]. Although surgical excision is considered as the 
most effective therapeutic approach, the 5-year survival 
rate is still lower than 5%. CCA is characterized by late 
diagnosis, poor prognosis and lack of  response to both 
chemotherapy and radiation therapy. In addition, the only 
effective surgical excision is not frequently applicable be-
cause of  delayed diagnosis[2]. For these reasons, specific 
and sensitive biomarkers for CCA will facilitate early de-
tection and surgical treatment of  CCA.

In recent years, much has been learned about epigen-
etic changes which were confirmed to be an important 
mechanism in multiple tumors. Epigenetic is defined as 
heritable modifications of  the genome that are not ac-
companied by changes in DNA sequence[3]. Aberrant 
promoter methylation is initiated at about 1% of  all CpG 
islands, and as much as 10% CpG islands become meth-
ylated CpG islands during multistep processes of  tumori-
genesis[4]. Methylation is restricted to CpG dinucleotides 
which are largely depleted from the genomes excepted at 
short genomic regions called CpG islands������������  , ���������� which com-
monly represent promoters[5]. Promoter CpG islands 
hypermethylation can result in gene silencing, which is 
an alternative mechanism of  gene inactivation and con-
tributes to tumor formation, including CCA. One of  the 
most promising molecular markers for CCA is aberrant 
DNA methylation marker[6].

For decades, scientists have been engaged in methyla-
tion profile of  CCA. Lots of  epigenetically silenced genes 
have already been identified in CCA, such as p14ARF, 
RASSFIA, TMS1/ASC, APC, E-cadherin, DAPK, and 
RUNX3. These silenced genes are involved in important 
molecular pathways, such as cell cycle regulation, apop-
tosis, DNA repair and cell adhesion[7-9]. Although the list 
of  epigenetically silenced genes is increasing, it is still the 
iceberg of  the whole methylation profile of  CCA, and 
only a few genes show promise as tumor biomarkers for 
early diagnosis and prognosis. One reason for this status 
is that most of  the studies focused on the limited tumor 
suppressor genes that have historically been shown to 
be inactivated by classical mutations/deletions[10]. Thus��, 
investigation of  aberrant DNA methylation of  CCA with 
a high throughput assay will contribute to present the 
whole and complete methylation pattern of  CCA. 

In this study, we compared the differential methyla-
tion pattern between normal epithelial cell line of  bile 
duct and ECC cell line by genome-wide CpG methyla-
tion profiling to discover candidate genes. We also inves-
tigated and evaluated the promising candidate genes as 
differential epigenetic biomarkers between malignant and 
benign biliary tissues.

MATERIALS AND METHODS
Cell lines and tissue samples
ECC cell line TFK-1 was purchased from the official cell 
bank (DSMZ, Germany). Normal bile duct epithelial cell 
line bile duct epithelial cells (BEC) was generously pro-
vided by Hiromi Ishibashi (Japan). 

TFK-1 cells were cultured in RPMI-1640 medium 
(GIBCO, USA) with the presence of  10% FBS (GIBCO, 
USA) at 37℃ in a humidified atmosphere containing 
5% CO2. According to the previous description[11], BEC 
cells were resuspended and cultured in BEC medium (1:1 
mixture of  Ham’s F12 and DMEM, supplemented with 
5% fetal calf  serum, epithelial growth factor 10 ng/mL, 
cholera toxin 10 ng/mL, hydrocortisone 0.4 μg/mL, tri-
iodo-thyronine 1.3 μg/L, transferring 5 μg/mL, insulin 
5 μg/mL, adenine 24.3 μg/mL, and hepatocyte growth 
factor 10 ng/mL) (all from GIBCO, USA).

Normal and neoplastic specimens were obtained 
from resected ECC samples at the Tongji Hospital. Nine 
normal extrahepatic bile duct samples were obtained 
from discarded tissues from non-invasive CCA patients 
who underwent bile duct resections. Thirty extrahepatic 
bile duct samples were obtained from ECC at different 
pathologic staging. Of  these patients, 3 patients were at 
stage Ⅰ/Ⅱ and 27 patients were at stage Ⅲ/Ⅳ. And 11 
were younger than 60 years and 28 were ≥ �������������  60 years old� 
(�������������������������������������������������������        range, 49-74 years, mean age at diagnosis, 63.7 years��)�.

DNA extraction and bisulfate treatment
DNA was isolated as described before. Briefly, total 
DNA was extracted and purified by DNeasy Blood and 
Tissue Kit (Qiagen, Germany) according to the manufac-
turer’s instructions. Concentration of  DNA was assessed 
by spectrophotometry, confirmed by gel electrophoresis 
and stored at -20℃. In order to convert all unmethylated 
cytosine to uracil, genomic DNA (2 μg) from cells was 
subjected to sodium bisulfate using the EpiTect Bisulfite 
Kit (Qiagen, Germany) according the manufacturer’s in-
structions. 

Methyl-DNA immunoprecipitation and microarray 
hybridization
Methyl-DNA immunoprecipitation (MeDIP) was per-
formed as described previously[12-14]. Genomic DNA 
was sonicated to produce random fragments in size of  
200-600 bp. Four micrograms of  fragmented DNA was 
used for a standard MeDIP assay as described. After 
denaturation at 95℃ for 10 min, immunoprecipitation 
was performed using 10 μg monoclonal antibody against 
5-methylcytidine in a final volume of  500 μL IP buffer  
(10 mmol/L sodium phosphate, pH 7.0), 140 mmol/L 
NaCl, 0.05% Triton X-100) at 4℃ for 2 h. Immunoprecip-
itated complexes were collected with Dynabeads Protein A 
and M-280 sheep anti-mouse IgG (Roche, Germany) at 4℃ 
for 12 h, washed with 1 × IP buffer for 4 times, treated 
with Proteinase K at 50℃ for 4 h, and purified by phenol-
chloroform extraction and isopropanol precipitation.
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Immunoprecipitated methylated DNA was labeled with 
Cy5 fluorophere and the input genomic DNA was labeled 
with Cy3 fluorophere. Labeled DNA from the enriched 
and the input pools was combined (1-2 μg) and hybridized 
to NimbleGen HG18CpG promoter (Roche, Germany), 
which contained 28 226 all known CpG islands annotated 
by UCSC (University of  California Santa Cruz) and all 
well-characterized RefSeq promoter regions [from -800 bp 
to +200 bp transcription start sites (TSSs)] totally covered 
by 385 000 probes. Arrays were then washed and scanned 
with NimbleScanTM2.2���������������������������������    (�������������������������������  NimbleGen����������������������  ) �������������������� microarray scanner. 
After normalization, raw data was input into SignalMap 
software����������������������������������������������       (��������������������������������������������     v1.9����������������������������������������     , ��������������������������������������    Roche-NimbleGen�����������������������    ) ���������������������   to observe and evalu-
ate the differential methylation peaks between cell lines.

A customized peak-finding algorithm provided by 
NimbleGen was applied to analyze methylation data from 
MeDIP-microarray (NimbleScan v2.5; Roche-Nimble-
Gen) as previously described. The algorithm was used to 
perform the modified Kolmogorov-Smirnov test on sev-
eral adjacent probes using sliding windows to predict en-
riched regions across the array. We filtered the differential 
methylation peaks according to the principles suggested 
by Pälmke et al[15] : (1) At least one coverage of  probes is 
located inside the peak; and (2) The mean log-ratio (> 2) 
across the peak has to be positive for at least one of  the 
two samples.

Bisulfite-polymerase chain reaction
The bisulfate modified DNA was amplified with forward 
and reverse primers for target genes. Table 1 shows the 
sequences of  primers and annealing temperature used in 
the polymerase chain reaction (PCR) reaction. One micro-

liter PCR products were cloned into pCR-TOPO using 
the TOPO TA cloning kit (Invitrogen, USA) according 
to the manufacturer’s instructions. One microliter reac-
tion products were transformed into One Shot TOP 10 
chemically competent cells and cultured for 1 h in 250 μL 
Super Optimal Broth with Catabolite Repression��������  �������medium 
at 225 r/min in the incubator shaker. After overnight 
growth on Luria-Bertani agar plates containing 50 μg/mL 
kanamycin, plasmid DNA of  10 positive clones of  each 
gene was extracted by EaZy nucleic acid������������   ����������� TM Plasmid 
Mini-Kit Ⅱ (OMEGA, USA) and sequenced using T7 or 
M13 forward and reverse primers. 

Treatment with 5-Aza-2’-deoxycytidine
1 × 105 TFK-1 cells were seeded into each well of  a 
6-well plate and cultured for 24 h. In the following 3 d, 
cells were treated continuously with 1 μmol/L (refreshed 
daily) 5-Aza-2’-deoxycytidine (Sigma����������������������   , ��������������������  USA). Cells without 
drug treatment were used as control.

RNA purification and reverse transcription-PCR
Total RNA from cells was extracted using the TRIZOL 
reagent (Invitrogen, USA). Reverse transcription reac-
tion was performed using MMLV-RT (TOYOBA, Japan). 
cDNA was amplified by PCR according to the manu-
facturer’s instructions. The primer sequences for target 
genes used in the reaction are shown in Table 1.

Immunofluorescence
Forty micrometers-thick sections of  tissue samples were 
cut and mounted on slides. The sections were subse-
quently rinsed with phosphate-buffered saline (PBS) for 
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Table 1  Primer sequences, fragments and annealing temperature used for bisulfite-polymerase chain reaction 
and reverse transcription-polymerase chain reaction

Genes Primer 5'→3' Annealing temperature (℃) Size (bp)

BSP
   HOXA2 L: TGTTTTAATAGAATTTATGTGGTTGG 56 190

R: ATAACTACCCTCTACCTCCCCC
   HOXA5 L: GTTTTGGAGAAATATTATATAAAAGTTATT 50 145

R: CAATTAAAAAAATAAATCCTACCC
   HOXA11 L: TGAGTATAAGTATGTTGTATGGGGG 60 148

R: TTATAACCACCTCAAAAAAAACAAC
   HOXB4 L: TAGAGGTGAGGTAGAATAGGAGGGT 60 204

R: ACCCAACACCAAAATTTACATAAAA
   HOXD13 L: GTGGGTTTAGTTAGGTTTGGGT 60 239

R: TCTAACCCTCTCTCCCTCTATAAAC
RT-PCR
   HOXA2 F: GTCACTCTTTGAGCAAGCCC 59 345

R: TAGGCCAGCTCCACAGTTCT
   HOXA5 F: ACTCCGGCAGGTACGGCTACG 62 259

R: -CCGCTGGAGTTGCTTAGGGAG
   HOXA11 F: TGCCAAGTTGTACTTACTACGTC 61 181

R: GTTGGAGGAGTAGGAGTATGTA
   HOXB4 F: GTGCAAAGAGCCCGTCGTCTA CC 65 161

R: CGTGTCAGGTAGCGGTTGTAGTG
   HOXD13 F: TGCTCCTCTTCTGCCGTTGT 55 467

R: CCTGTGGCTGGTCCTTGGT

BSP: Bisulfite-polymerase chain reaction; RT-PCR: Reverse transcription-polymerase chain reaction.

Shu Y et al . Methylation profile of cholangiocarcinoma



10 min, incubated with 0.5% Triton X-100 for 60 min, 
and with block solution (5% cattle serum + 0.5% Triton 
X-100) at room temperature for 1.5 h. After aspiration 
of  block solution, sections were incubated with diluted 
rabbit polyclonal antibody (Santa Cruz, USA) in block 
solution overnight at 4℃. The reaction was stopped by 
three washes with PBS. Then sections were incubated 
with diluted secondary antibodies (goat anti-rabbit 1:400) 
conjugated with CY3 NHS Ester for 2 h at 37℃. Slides 
were washed in PBS and counterstained with 1 μg/mL 
4’,6-diamidiono-2-phenylindole for 10 min. The slides 
were finally mounted with aqueous mounting medium 
containing anti-fade. Images were obtained by fluorescent 
microscopy (OLYMPUS IX70).

Statistical analysis
Values were presented as mean ± SD. The mean values 
of  the two subgroups were compared by Student’s t test. 
For each HOX gene, the median expression was noted 
as a percentage of  immunoreactive samples. Fisher exact 
test was performed to assess the differences in the me-
dian expression values between tissue specimens. All P 

values were two-sided and P < 0.05 was considered sta-
tistically significant. All experiments were performed at 
least 3 times independently. 

RESULTS
MeDIP
We identified 2013 differential hypermethylated CpG 
islands including 1672 known CpG islands and 531 un-
known CpG islands, and 1385 hypomethylated CpG 
islands including 858 known CpG islands and 527 un-
known CpG islands (Figure 1A). Although they spread 
on different chromosomes, the cluster tendency was 
obvious that hypermethylated regions preferred to cluster 
on specific chromosomes, including Chr2, Chr17 and 
Chr7. The result was different from the former reports 
that 3p21.3 was methylation hot spot of  ECC, but stood 
in line with other reports that Chr17 and Chr2 were 
methylation hot spots of  myeloid leukemia, bladder can-
cer and lung cancer[16-18]. Lots of  genes have been identi-
fied related to tumorigenesis of  CCA, such as BCL2, 
COX2, IGF2, NEUROG1, RAR DAPK1, CDH1[19]. 
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It is well known that aberrant promoter hypermeth-
ylation of  TSS is an alternative mechanism of  gene inac-
tivation and contributes to the carcinogenesis of  human 
neoplasmas, so we investigated the methylation pattern 
of  CpG islands in TSS. We further filtered the experi-
mental data by screening differential hypermethylation 
peaks overlapping the promoter region of  the relevant 
transcript (-800 to +200 bp). We identified 970 genes 
with hypermethylated CpG islands overlapping promoter 
region, which included 317 unknown genes and 653 
known genes. We then checked the function of  these 
genes annotated in UCSC and RefSeq gene database, and 
found that these genes were involved in different cellular 
process, such as cell-cell adhesion, cell migration, signal 
transduction and cell repair (Figure 1B). 

Interestingly�������������������������������������      , �����������������������������������     we also observed a phenomenon that 
97 of  970 genes with hypermethylated CpG islands in 
the promoter region belonged to homeobox gene clus-
ters. These homeobox genes were mainly distributed on 
HOX�����������������������������������������������       , ���������������������������������������������      ANTP, PRD, LIM and SINE subclasses. However, 
aberrant epigenetic changes of  HOX genes would disrupt 
the HOX gene expression and affect various pathways 
that promote tumorigenesis and metastasis in different 
cancers, such as breast cancer, lung cancer, ovarian cancer 
and prostate cancer[20-22], and research of  HOX genes was 
limited in choangiocarcinoma. To further evaluate the in-
fluence of  DNA methylation changes on the expression 
of  HOX genes, we picked 11 homeobox genes showing 
hypermethylated status for further analysis (Table 2).

Bisulfite-PCR
To further verify the hypermethylation of  HOX genes, 
we performed bisulfite-PCR (BSP) to validate the re-
sults of  MeDIP. We observed that HOXA2, HOXA5, 
HOXA11, HOAB4 and HOXD13 were the top 5 meth-
ylated genes in TFK-1 cells. As shown in Figure 2B, the 
frequency of  promoter hypermethylation was 94.29% for 
HOXA2, 95.38% for HOXA5, 91.67% for HOXA11, 
90.56% for HOXB4 and 94.38% for HOXD13 in 
TFK-1 cells. In contrast, promoter profiles of  HOXA2, 
HOXA5, HOXA11, HOXB4 and HOXD13 were un-
methylated in BEC. The graphical MeDIP-microarray 
data of  the top 5 HOX genes is presented in Figure 2A. 

Treatment with 5-Aza-2’-deoxycytidine
Methylation is a reversible process that DNA methyl-
transferase inhibitors can restore the original expression 
and function of  epigenetically silenced genes in vitro and 
in vivo. To determine if  the lack of  transcription of  these 
genes may be influenced by aberrant methylation, we 
treated the TFK-1 cells with demethylating agent 5-Aza-
2’-deoxycytidine. Reverse transcription-PCR (RT-PCR) 
was carried out on the top 5 candidate HOX genes. The 
results showed that the expression of  HOXA2, HOXA5, 
HOXA11, HOXB4 and HOXD13 was rare in TFK-1, 
whereas it was restored after the treatment with 5-Aza-2’-
deoxycytidine (Figure 3). 

Expression of candidate genes in fresh tumors
Genes can acquire extra DNA methylation changes in 
the cell culture process and methylation profile of  cell 
lines may not accurately reflect the methylation profile of  
tumors in vivo[23]. Besides��������������������������������       , ������������������������������      only one ECC cell line TFK -1 
was used in this research. To compensate for this limita-
tion, we assayed the expression of  target HOX genes in 
primary ECC and normal bile duct samples using immu-
nofluorescence. 

Representative immunofluorescemce photo images 
of  the top 5 HOX genes which have been validated 
by BSP are shown in Figure 4. Strong positive staining 
for HOX genes was found in normal bile duct samples 
while tumor samples showed negative staining for HOX 
gene expression. The frequency of  positive staining of  
HOXA2, HOXA5, HOXA11, HOXB4 and HOXD13 
was 77.78% (7/9), 100% (9/9), 100% (9/9), 66.67% (6/9) 
and 88.89% (8/9), respectively in normal bile duct sam-
ples, while it was only 10% (3/30), 3.33% (1/30), 3.33% 
(1/30), 6.67% (2/30) and 6.67% (2/30), respectively in 
ECC samples (Table 3). 

Aging is one of  the most important risk factors in 
the development of  neoplasia and methylation of  genes 
increases with age[24]. There was no significant difference 
between the lower age group and advanced age group (age 
> 60 years) in our research. However, there was a tenden-
cy that HOX genes mostly expressed in early pathological 
stages but not in advanced pathological stages, the differ-
ence being not statistically significant.
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Table 2  Methylated HOX genes identified by methyl-DNA immunoprecipitation microarray

No. Genes Description CpG location Strand Position of gene

1 HOXA2 HomeoboxA2 chr7:27109706-27110004 - Promoter
2 HOXA5 HomeoboxA5 chr7:27149138-27152087 - Promoter
3 HOXA11 HomeoboxA11 chr7:27191575-27192154 - Promoter
4 HOXB2 HomeoboxB2 chr17:43982786-43983443 - Promoter
5 HOXB4 HomeoboxB4 chr17:44010214-44010603 - Promoter
6 HOXB5 HomeoboxB5 chr17:44025521-44026457 - Promoter
7 HOXC10 HomeoboxC10 chr12:52664963-52666369 + Promoter
8 HOXD1 HomeoboxD1 chr2:176761203-176762596 + Promoter
9 HOXD9 HomeoboxD9 chr2:176694670-176696537 + Promoter
10 HOXD12 HomeoboxD12 chr2:176672308-176673755 + Promoter
11 HOXD13 HomeoboxD13 chr2:176665300-176666525 + Promoter

Shu Y et al . Methylation profile of cholangiocarcinoma
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HOXA5

BEC

-240          -220          -200          -180          -160          -140          -120          -100           -80            -60            -40            -20              0
                                                                                                 bp

HOXA5

TFK-1

-240          -220          -200          -180          -160          -140          -120          -100           -80            -60            -40            -20              0
                                                                                                 bp

HOXA2

TFK-1

-480       -460       -440       -420       -400       -380       -360       -340       -320       -300       -280       -260       -240       -220       -200
                                                                                             bp

HOXA2

BEC

-480       -460       -440       -420       -400       -380       -360       -340       -320       -300       -280       -260       -240       -220       -200
                                                                                             bp

HOXA11

TFK-1

-300       -280       -260       -240       -220       -200       -180       -160       -140       -120       -100        -80         -60         -40         -20          0
                                                                                                   bp

HOXA11

BEC

-300       -280       -260       -240       -220       -200       -180       -160       -140       -120       -100        -80         -60         -40         -20          0
                                                                                                   bp

B
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HOXB4

BEC

-280      -260      -240      -220      -200      -180      -160      -140      -120      -100       -80        -60        -40        -20         0
                                                                                         bp

HOXB4

TFK-1

-280      -260      -240      -220      -200      -180      -160      -140      -120      -100       -80        -60        -40        -20         0
                                                                                         bp

HOXD13

BEC

-340     -320     -300     -280     -260     -240     -220     -200     -180     -160     -140     -120     -100      -80      -60      -40      -20         0
                                                                                                 bp

HOXD13

TFK-1

-340     -320     -300     -280     -260     -240     -220     -200     -180     -160     -140     -120     -100      -80      -60      -40      -20         0
                                                                                                 bp

Figure 2  DNA methylation analyses of CpG islands of hypermethylated HOX genes. A: Graphical representation of Methylated DNA Immunoprecipitation microar-
ray (Signalmap software, NimbleGen). The panels show the DNA methylation profile at homeobox cluster genes in normal epithelial cell of bile duct cell line bile duct epi-
thelial cells (BEC) and cholangiocarcinoma cell line TFK-1. The methylated CpG islands are indicated by bar and arrow in TFK-1 (red) and BEC (green). Chromosomal 
location is indicated at the top of the diagram; B: Bisulfate-sequencing of HOXA2, HOXA5, HOXA11, HOXB4 and HOXD13. Each vertical line represents a single CpG 
site on the top. The regions were analyzed by bisulfate-sequencing. The transcription start site and location of exon 1 are shown by thick bars on the bottom. Each row 
represents an individual cloned allele. Circles represent CpG sites and their spacing accurately reflects the CpG density of the region. Black circles, methylated CpG site; 
white circles, unmethylated CpG site. Dense methylation at the promoters was found in TFK-1. In contrast, promoter hypomethylation found in BEC among all the genes.

DISCUSSION
The objective of  this study was to identify novel genes 
inactivated by promoter methylation in ECC. We used a 
microarray-based strategy as an initial screening approach 
to identify the differential methylation pattern of  ECC. 

We then validated methylation status of  candidate 
genes in cells and identified the expression of  candidate 
genes in ECC samples. Kim et al[7] reported that there was 
a statistically significant difference between gene methyla-
tion frequencies of  ECC and ICC. Yang et al[8] demon-
strated that ICC and ECC tissues exhibited overlapping 
but distinct methylation profiles. Some hypermethylated 
genes that have been confirmed in these literatures were 

also identified in our study, including RASSF1A, P15INK4b, 
P16INK4a, NEUROG1, CDH1, IGF2, GSTP1, APC and 
RUNX3. However, previous studies have explored meth-
ylation profile of  ECC, and only CpG islands that have 
been demonstrated to be hypermethylated in other hu-
man cancer tissue types were investigated in ECC later. 
Our present study applied microarray to investigate 28 
226 CpG islands and demonstrated abundant differential-
ly hypermethylated genes that were not previously known 
in ECC.

We found that 97 genes with hypermethylated pro-
moter CpG islands belonged to homeobox gene clusters. 
Hox genes are one of  the master regulators of  mor-
phogenesis and cell differentiation embryogenesis of  

Shu Y et al . Methylation profile of cholangiocarcinoma



animals[25]. Numerous examples of  aberrant Hox gene 
expression have been found in cancer. Abate-Shen[26] 
proposed three mechanisms, including temporospatial 
deregulation, gene dominance and epigenetic deregula-
tion, to classify aberrant changes of  Hox genes[26]. The 
third mechanism, epigenetic deregulation, can modify 
or silence the expression of  Hox genes in tumor tissues. 
However, lots of  hypermethylated Hox genes have been 
identified at different stages of  primary squamous cell 
carcinomas, such as lung carcinoma, ovarian carcinoma, 
breast carcinoma and cervical carcinoma[27,28], and little is 
known about methylation status of  Hox gene in CCA.

We picked 11 hypermethylated homeobox genes ac-
cording to the filter principles and mapped the biological 
relationship between the 11 HOX genes and their related 
genes to analyze in-depth their roles in tumorigenesis of  
ECC (Figure 5). EED-EZH2 and PRC2 complex had an 
intrinsic histone methyltransferase activity to H3K27 and 
silenced some HOX genes[29]. Besides, Hphf1 could asso-
ciate with the core components of  EED-EZH2 complex 
to modulate its enzymatic activity and HOX gene expres-
sion[30]. MeDIP microarray indicated that EZH2 was also 

methylated in TFK-1 cells and we therefore, speculated 
that the expression of  HOX gene was down-regulated by 
epigenetically silenced core components of  EED-EZH2 
complex. However, more studies remain to be conducted 
to find out their relationship. 

BSP confirmed that HOXA2, HOXA5, HOXA11, 
HOXB4 and HOXD13 methylated by MeDIP microar-
ray were densely hypermethylated in TFK-1 cells, but 
fully unmethylated in BEC cells. The 5-Aza-dC method 
is very useful for identifying the genes reactivated by 
treatment with DNA demethylating agent. One can also 
prioritize the reactivated genes by gene expression analy-
sis to identify the genes that are normally expressed but 
undergo silencing in cancers[31]. In our research, TFK-1 
cells showed loss of  expression of  HOXA2, HOXA5, 
HOXA11, HOXB4, and HOXD13. After the treatment 
with demethylating agent 5-aza-2-deoxycytidine, the ex-
pression was restored in TFK-1 cells. The association 
between DNA methylation and expression agreed with 
the theory that epigenetic deregulation would silence the 
expression of  Hox genes in tumor tissues proposed by 
Abate-Shen[26]. Drugs that modulate DNA methylation 
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Table 3  HOXA2, HOXA5, HOXA11, HOXB4, and HOXD13 methylation status of 30 cholangiocarcinoma patients and 9 normal 
controls  n  (%)

Genes        Age (n  = 39) Normal (n  = 9)      Patients (n  = 30) P  value1

< 60 yr 
(n  = 11)

> 60 yr 
(n  = 28)

P  value Tumor stageⅠ/Ⅱ 
(n  = 3)

Tumor stage Ⅲ/Ⅳ 
(n  = 27)

P  value

HOXA2 4 (7.69) 6 (15.39)     0.424    7 (77.78) 1 (33.33)      2 (7.41) 0.511 < 0.001
HOXA5 3 (7.69) 7 (17.95) 1.0 9 (100) 1 (33.33) 0 (0) 0.206 < 0.001
HOXA11 2 (5.13) 7 (17.95) 1.0 9 (100) 1 (33.33) 0 (0) 0.206 < 0.001
HOXB 4 3 (7.69) 5 (12.82)     0.663    6 (66.67) 2 (66.67) 0 (0) 0.007    0.001
HOXD13 4 (7.69) 6 (15.39)     0.424    8 (88.89) 1 (33.33)      1 (3.70) 0.193 < 0.001

Fisher exact test was performed to identify differences in median expression values within the tissue samples. 1Fisher test between normal controls and 
cholangiocarcinoma patients.

Figure 3  Reverse transcription-polymerase chain reaction analysis for expression profile of HOXA2, HOXA5, HOXA11, HOXB4 and HOXD13 in TFK-1 cells 
before and after the treatment with demethylating agent 5-aza-2-deoxycytidine (�����������5-aza-dC)��. Loss of expression of genes was observed before the treatment in 
TFK-1. Re-expression of genes was observed upon the treatment with 1 μmol/L demethylating agent 5-aza-2-deoxycytidine (�������������������������������    ���������� 5-aza-dC)����������������������    ���������� . TFK-1 cells were subjected to 
the 1 μmol/L ���������������������������������������������������������������������������������������������������������������             5-aza-dC�������������������������������������������������������������������������������������������������������              treatment for 3 d before RNA prepared for reverse transcription-polymerase chain reaction assessment. β-actin 700 bp.
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are in clinical trials and have been shown to affect gene 
expression in vivo. Although there is considerable litera-
ture on the possible antitumor mode of  action of  DNA 
methylation, such as 5-aza-2-deoxycytidine drugs, their 
exact mechanism in CCA remains unclear and needs fur-
ther investigations. 

We have shown that the CpG islands hypermethyl-
ation of  HOX genes is not a unique feature of  TFK-1 
cells, but common among ECC samples. However, the ex-
pression of  HOX genes was detected more frequently in 
low-stage ECCs than in high-stage ECCs, the difference 
being not statistically significant. Our results were in line 
with the research published by Kim et al[7] that no associa-
tion was found between CpG island hypermethylation 
and histologic classification in terms of  hypermethylation 
of  methylated CpG island locus or the total number of  
methylated CpG island loci. Jacinto et al[32] evaluated the 
aberrant hypermethylation changes in the benign colorec-
tal adenomas, a precursor to invasive colorectal tumors, 
and suggested that hypermethylation of  genes was an 

early event in the pathway to a full-blown tumor. To date, 
there have been few studies on the methylation patterns 
of  precancerous lesions of  CCA. We did not assess the 
association between DNA methylation changes and pre-
cancerous lesions of  CCA in the present study.

As important members of  the homeobox superfamily, 
HOX genes encode transcription factors and contribute 
to oncogenesis by allowing activation of  anti-apoptotic 
pathways. HOXA5 has been identified to directly regu-
late the expression of  p53 and hMLH1 genes as a tran-
scription factor in breast cancer cells, and contribute to 
safeguarding the cells against malignant transformation. 
Moreover, its expression can induce the apoptosis in 
breast cancer through p53-independent apoptotic path-
way mediated by caspases2 and 8[33]. Our results were 
in agreement with the results by others authors that the 
frequency of  hypermethylated HOXA5 was high in ECC. 
However, additional studies are still needed before exact 
mechanism can be concluded.

DNA methylation of  polycomb group target genes 

Figure 4  Expression of HOXA2, HOXA5, HOXA11, HOAB4, HOXD13 in extra-hepatic cholangiocarcinoma by immunofluorescence. Green channel is nuclear 
staining by 4’,6-diamidiono-2-phenylindole (DAPI) (A), blue channel is the target gene (B), and overlay of DAPI and target genes (C). Arrows indicate the positive tar-
get genes in specimens.
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is an early step in tumorigenesis and can potentially be 
assayed to predict cancer risk. Fiegl et al[34] pointed out 
that DNA methylation of  HOXA11 gene, a member 
of  PGGT genes, was frequently present in ovarian can-
cer and HOXA11 methylation status was a prognostic 
marker. In our research, expression of  HOXA11 was 
rare in TFK-1 cell lines and ECC. Silenced HOX genes 
in ECC, which might be induced by hypermethylation, 
might work as differential epigenetic biomarkers between 
malignant and benign biliary tissues.

HOXD13, binding origins primarily during G1 phase 
of  the cell cycle, promotes the assembly of  pre-replica-
tion complex proteins at replication origins and stimu-
lates DNA synthesis in vivo in a transient DNA replica-
tion assay[35,36]. According to the literature, the expression 
of  HOXD13 always increased in malignant tumors, such 
as brain, lung, and prostate carcinoma. However, our 
result that HOXD13 was methylated in TFK-1 cell lines 
with decreased expression, was opposite to the results 
from other studies. Besides, the expression frequency of  
HOXD13 was only 6.67% in ECC. Our results agreed 
with a recent work which demonstrated that HOXD13 
expression decreased in pancreas and stomach tumor 
subtypes[37].

HOXA2 is regulated by growth hormone and growth 
factors. Kazuhiko Maeda has demonstrated that the ex-
pression frequency of  HOXA2 in melanoma with distant 
metastasis was higher than that in melanoma without 
metastasis[38]. We gained an opposite result in ECC. The 
expression of  HOXA2 was only 10% in ECC.

We speculated that tissue and cancer specificity might 
be responsible for the differential expression of  HOXA2 
and HOXD13 in ECC compared with other cancers. Sev-
eral recent genome studies show that DNA methylation 
profiles in mammals are tissue specific[39,40]. Doi et al[41] 
demonstrated that differentially methylated regions in the 
reprogrammed cells completely distinguished brain from 
liver and spleen tissues and largely distinguished colon 
cancer from normal colon tissues. The studies also dem-
onstrated that methylation pattern of  HOX genes also 
differed greatly among various kinds of  cancers, such 
as hypermethylated HOXA5, HOXA10 and HOXB7 in 
breast, hypermethylated HOXB13 and HOXC8 in pros-
tate, and hypermethylated HOXD1, HOXD8, HOXC6 
and HOXC11 in neuroblastoma. However, our under-
standing of  tissue-specific DNA methylation of  HOX 
genes in cancer is still limited and many questions remain 
to be answered. 

HOXB4 is always considered as a catalyst for leuke-
mia development[42]. To our knowledge, this is the first 
study to identify hypermethylated HOXB4 in the solid 
tumor. The expression frequency of  HOXB4 was 6.67% 
in ECC samples. 

Although MeDIP assay demonstrated that HOXC1, 
HOXD9, HOXB2, HOXB5 and HOXD1 were methyl-
ated in TFK-1 cells, BSP assay suggested that the hyper-
methylation was not significant. The artificial methylation 
induced during the culture might be responsible for the 
positive results of  microarray. Besides, the discrepancy 
might be attributed to the different methods used in the 
methylation assay. BSP is a DNA sequencing approach, 
which has a higher sensitivity for detecting allelic hyper-
methylation in target sequences than the MeDIP.

In conclusion, we used the high throughput MeDIP 
microarray to investigate methylation profile of  ECC. 
We identified 2013 differentially hypermethylated CpG 
islands that were involved in various cellular processes, 
such as cell-cell adhesion, cell migration, signal transduc-
tion and cell repair. The results provided a foundation for 
further studies about the mechanism of  ECC. HOXA2, 
HOXA5, HOXA11, HOXB4 and HOXD13 showed a 
high frequency of  hypermethylation in ECC cells and 
loss of  expression in ECC samples, which raised the pos-
sibility that HOX genes might work as differential epi-
genetic biomarkers between malignant and benign biliary 
tissues.

COMMENTS
Background
Extrahepatic cholangiocarcinoma (ECC) is a malignant cancer with ineffective 
treatment and poor prognosis. It has been confirmed that aberrant epigenetic 
alterations contribute to cancer formation in multiple of cancers. DNA hyper-
methylation is the most common epigenetic abnormality in cancer.
Research frontiers
Aberrant promoter hypermethylation is an important mechanism of gene inacti-
vation and contributes to the carcinogenesis of ECC. However, many epigeneti-
cally silenced genes have already been identified in cholangiocarcinoma, meth-
ylation file of ECC is still unclear. In this study, the authors compared differential 
methylation profile between normal bile duct epithelial cell and ECC cell lines 

EP300

1 1

1

1 1

11

1
1

1
1

1

1

1 1

1

1

1

1
1

1

1

1

1 1

HOXC1C

HOXB2

HOXA2

HOXA5

HOXB4

HOXA11

HOXD12
HOXD9

PKNOX1

GMNN

HMGB1

MAFF

MAFG

PBX1

MEIS1

CREBBP

TWIST1

FOXA2

FOXO1 CDX4
EGFR

MNDA SOD1

CDC27

Figure 5  Network analysis of known biological relationships between 
HOX genes and their related genes. Network analysis was performed and 
produced by Molecule Annotation System. Yellow icons indicate methylated 
Hox genes and colorless icons indicate methylated non-HOX genes, which 
have been demonstrated to be related to Hox genes in other studies. Green 
lines indicate high correlation and red lines indicate low correlation. All present 
hypermethylated status in the microarray results. Number between icons indi-
cates the relationship mentioned in the reports.
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by genome-wide CpG methylation profiling to discover candidate methylated 
genes.
Innovations and breakthroughs
The advent of microarray technologies that enables the analysis of a large num-
ber of DNA/RNA fragments in a high throughput way has opened new opportu-
nities for epigenetic studies. This is the first study to utilize the high throughput 
Methylated DNA Immunoprecipitation (MeDIP) microarray to investigate 
methylation file of ECC. The authors identified 2013 differential hypermethyl-
ated CpG islands that were involved in various cellular processes. Furthermore, 
the authors validated that HOXA2, HOXA5, HOXA11, HOXB4 and HOXD13 
showed high frequency of hypermethylation and loss expression in ECC. 
Applications
By understanding the differential methylation profile of HOXA2, HOXA5, 
HOXA11, HOXB4 and HOXD13 in ECC, this study may raises the possibility 
that HOX genes may work as differential epigenetic biomarkers between malig-
nant and benign biliary tissues for diagnosis and treatment.
Terminology
In mammals, 39 human HOX genes are located in four clusters (A-D) on differ-
ent chromosomes at 7p15, 17q21.2, 12q13, and 2q31 respectively. HOX genes 
are evolutionarily high conserved. HOX proteins can function as monomers 
or homodimers to directly drive the transcription of downstream targets, and 
sequester other proteins to enhance or repress gene expression. HOX genes 
are integral to normal temporospatial limb and organ development along the 
anterior-posterior axis.
Peer review
The manuscript of Shu et al entitled “Identification of methylation profile and 
novel tumor marker of cholangiocarcinoma with MeDIP microarray” adds new 
evidence to the potential role of DNA methylation in ccholangiocarcinoma de-
velopment and progression.
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