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● Context.—CpG island hypermethylation is attracting attention because of its importance as a tumor marker and
its potential mechanism for the development of human
cancers. Extrahepatic cholangiocarcinoma has been poorly
investigated with respect to CpG island hypermethylation,
and the number of genes known to be methylated in extrahepatic cholangiocarcinomas is fewer than 20.
Objective.—To generate methylation profiles of 24 CpG
island loci in extrahepatic cholangiocarcinomas, to correlate methylation findings with clinicopathologic findings,
and to compare these findings with those of intrahepatic
cholangiocarcinomas.
Design.—Sixty-three extrahepatic cholangiocarcinomas
and 48 intrahepatic cholangiocarcinomas were investigated for hypermethylation in 24 CpG island loci by using
methylation-specific polymerase chain reaction.
Results.—A total of 61 (96.8%) of 63 extrahepatic cholangiocarcinomas showed hypermethylation in at least one
of the examined loci, and a high methylation frequency

was seen in HOXA1 (95.2%), HPP1 (69.8%), and NEUROG1 (61.9%). The number of methylated CpG island loci
was greater in extrahepatic cholangiocarcinomas with nodal metastasis than in those without nodal metastasis (P ⴝ
.047), and hypermethylation of TIG1 was closely associated with nodal metastasis of extrahepatic cholangiocarcinomas (P ⴝ .007). CDH1 and NEUROG1 were more frequently methylated in extrahepatic cholangiocarcinoma
than in intrahepatic cholangiocarcinoma, whereas CHFR,
GSTP1, IGF2, MGMT, MINT31, p14, and RBP1 were more
frequently methylated in intrahepatic cholangiocarcinoma:
the differences was statistically significant (P ⬍ .05).
Conclusions.—A close relationship exists between CpG
island hypermethylation and nodal metastasis of extrahepatic cholangiocarcinomas. Methylation profiles of extrahepatic cholangiocarcinomas are somewhat similar to but
distinct from those of intrahepatic cholangiocarcinomas.
(Arch Pathol Lab Med. 2007;131:923–930)

A

Promoter CpG island hypermethylation is closely associated with gene inactivation and is a common finding in
human cancers, regardless of tissue type. However, tissue
type variations of CpG island hypermethylation are
known to occur with regard to the methylated gene type,
the methylation frequencies of specific genes, and the
overall methylation extent.8,9 Moreover, it is believed that
different human cancer types have unique profiles of CpG
island hypermethylation, and that although some gene
changes are shared, others are specific to the type of cancer. Even different histologic subtypes of cancers within a
given organ appear to have different methylation profiles.10 Recent studies have documented CpG island hypermethylation in some genes in ECC, but to date fewer
than 20 genes have been reported to be hypermethylated
in ECC.11–18 Because about 40% of human genes have CpG
islands on their promoter sequences, it is believed that
many unknown genes are methylated in ECC.
In addition to its potential role in gene inactivation,
CpG island hypermethylation is now gaining attention as
a molecular marker for tumor detection and for the prediction of cancer development or progression.19,20 Extrahepatic cholangiocarcinoma is difficult to visualize on ultrasonography or on a standard computed tomographic
scan; hilar cholangiocarcinoma is a diagnostic challenge
and is difficult to differentiate from sclerosing cholangitis.

denocarcinoma of the extrahepatic bile duct (extrahepatic cholangiocarcinoma [ECC]) is relatively rare
and contributes less than 0.2% to the incidence of invasive
cancers in the United States.1 The condition causes obstruction of the extrahepatic bile duct, which results in
jaundice, cola-colored urine, and pruritus and spreads by
early direct extension to adjacent tissues and organs.2 Distant metastases have been reported in 30% to 70% of cases,
and patients with ECC have a poor prognosis (2-year survival rate, 23%).3 Little is known about the causes of ECC
other than its frequent association with ulcerative colitis,
primary sclerosing cholangitis, and choledochal cysts. So
far, the molecular events of ECC carcinogenesis are not
well understood. Known genetic changes in ECC include
mutations of p53, p16, and KRAS; amplifications of cERB2,
EGFR, and cMET; and loss of DPC4.4–7
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Table 1. Clinicopathologic Characteristics of
Extrahepatic Cholangiocarcinomas*
Characteristic

Data

Cases, No.
Men/women, No.
Age, mean (median, range), y

63
43/20
62.9 (64, 29–81)

Location, No. (%)
Proximal
Distal

33 (52.4)
30 (47.6)

Gross type, No. (%)*
Papillary
Nodular
Scirrhous
Diffuse

12
24
12
15

(19)
(38.1)
(19)
(23.8)

Differentiation, No. (%)
Papillary
Tubular, well
Tubular, moderate
Tubular, poor

12
2
39
10

(19)
(3.2)
(61.9)
(15.9)

Tumor, node, metastasis stage, No. (%)
Pathologic
IA
IB
IIA
IIB
III
IV

5
20
17
14
6
1

(7.9)
(31.7)
(26.9)
(22.2)
(9.5)
(1.5)

Clinical
IA
19 (30.1)
IB
27 (42.8)
IIA
14 (22.2)
IIB
12 (19.0)
III
1 (1.5)
IV
0
* Classified according to World Health Organization Classification
of Tumours.25

distinguish ECC from noncancerous biliary epithelia
would be of great value for the detection of malignancy
when a limited volume of tissue or limited cell numbers
are available. Therefore, DNA methylation markers may
provide a powerful means of detecting ECC based on genetic material obtained from tumors directly or from bile
juice or serum.
The purpose of this study was to investigate the prevalence of hypermethylation in 63 cases of ECC by using a
panel of 24 CpG island loci, which have been previously
demonstrated to be hypermethylated in other human cancer tissue types. We sought to identify new methylation
markers for ECC detection. In addition, we compared the
methylation profiles of ECCs with those of intrahepatic
cholangiocarcinomas (ICCs).
MATERIALS AND METHODS
Formalin-fixed, paraffin-embedded tissue samples were obtained from 63 patients who had undergone curative surgical
resection for ECC at Seoul National University Hospital between
January 2001 and December 2003. Pathologic stages were determined by using the current tumor, node, metastasis classification,24 and tumor grades were determined by using the World
Health Organization classification system for ECC.25 Extrahepatic
cholangiocarcinomas were subclassified into proximal ECCs if
they arose from the suprapancreatic portion of the bile duct and
as distal ECCS if they arose from the intrapancreatic or retroduodenal bile duct regions. Table 1 summarizes the clinicopathologic characteristics of the 63 ECC cases. In addition, 48 previously studied ICC tumor samples26 were also reexamined during
this study. A total of 38 cases of benign biliary epithelia were
included as controls. These normal bile duct epithelia were obtained from the patients with nonneoplastic liver or biliary diseases, including hepatolithiasis (n ⫽ 24), Caroli disease (n ⫽ 6),
and liver cirrhosis (n ⫽ 8). Through microscopic examination, we
confirmed that the selected archival tissue blocks of the control
group did not have dysplastic foci in the biliary epithelia.
This study was approved by the institutional review board.

DNA Extraction
Moreover, tissue-based diagnoses are difficult, except in
advanced cases,21 and cytologic examinations have low sensitivity for the detection of ECC22,23; this low sensitivity
might lead to delays in the administration of proper treatment. Thus, DNA methylation markers that specifically
Table 2.
Gene

Tumor portions showing a ratio of tumor cells to nontumor
cells greater than 30:70 were selected after examination of histologic slides under a microscope. Areas of interest were delineated on paraffin-tissue blocks by using a marker pen and were
dissected from tissue blocks by using a scalpel into microtubes.

Primer Sequences and Polymerase Chain Reaction Conditions for Methylation-Specific Polymerase Chain
Reaction Analysis*
Forward Sequence

BCL2

m: GGGTTACGAGTGGGATGCG
u: AGGGGTTATGAGTGGGATGT
CACNA1G
m: GGAGTCGGTCGGTTGGTTC
u: TTGGAGTTTGGGTGTGAAGTGA
CHFR
m: GGTTTTTAATTCGGAAGTTTTTCG
u: TTGGTTAGGATTAAAGATGGTTGAGTG
HOXA1
m: TTGCGGCGATTGTAAAGGTC
u: TGTTTTGTGTGTGTTTGATTTTG
HPP1/TMEFF2
m: GATGTTGTTGAAATTTTCGAGATTATGC
u: TTTTGAGATTATGTGTGGGTTTGG
IGF2
m: AGCGGTTTCGGTGTCGTTATC
u: GGATTGTGGGTGTTTAGTTTGGTT
NEUROG1
m: AATTTATGTTCGCGGGAGGTC
u: TTGTTGGTTAATTGGTGGTGTTGT
RBP1
m: GATTTTTTCGTAGGTTTTGTGCG
u: TGGAGGGTGTTTATTTTTGGGTT
TIG1/RARRES1
m: AGGAAAGTTGGTTCGGTATTCG
u: TTGGTGGGGTTGTATGGATGTA
* m indicates methylated; u, unmethylated.
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Reverse Sequence

m:
u:
m:
u:
m:
u:
m:
u:
m:
u:
m:
u:
m:
u:
m:
u:
m:
u:

ACGACTAAATAAAACGTATACCCGAAC
CAAAATACAACTAAATAAAACATATACCCA
AAAACATACTACCCGCGAAACG
CACAAATCCCACTTCCCCTACA
CTTTAATCCTAACCAAACGACTTCG
CCTCTACACCCCACAATTAACTAACAA
AAACCTAACGAAACGAACAACGAA
ACCAATTCATCTTTCATTAAACAATA
ACGAACTACTAAACATCCCGCGA
ACAAACTACTAAACATCCCACAAACAA
CGAACGCCCAACTCGATT
CCTTTCCACACTACATCCCAAAA
ACCAACTTAACCCGAACCGA
CATACCTCAACCACTAATCACCCA
ACCGATACTACGCGAATAATAAACG
AATAACTAAAACCAATTAACCACAAACAA
CGAACTCGCTACAAACCTTCG
CCACCACAACCTTATTTCCACA
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The scraped tissues were dewaxed with xylene and alcohol and
lysed in lysis buffer solution containing proteinase K.

Bisulfite Modification and Methylation-Specific
Polymerase Chain Reaction

cyte DNA treated with Sss1 methyl transferase as a positive control and distilled water without template DNA as a negative control.

Sequencing Analysis

Sodium bisulfite conversion of genomic DNA was performed
as follows. Briefly, 18 L of genomic DNA (5 g) was denatured
at 100⬚C for 10 minutes and then incubated in 0.3M NaOH at
42⬚C for 20 minutes. Bisulfite conversion was performed by using
2.5M sodium metabisulfite solution at 50⬚C for 16 hours in the
dark. DNA was purified from bisulfite solutions by using
QIAamp Viral RNA Mini Kits (Qiagen, Valencia, Calif) according
to the manufacturer’s recommendations, except that each sample
was loaded twice onto each spin column. After loading the entire
samples, spin columns were washed, and samples were eluted
twice by using 40 L of elution buffer. Eluted samples were then
desulfonated by incubating them in 0.077M NaOH solution at
room temperature for 15 minutes. After neutralization with 1M
HCl, DNA was purified a second time by using QIAamp Viral
RNA Mini Kits (Qiagen). The eluted DNA samples so obtained
were used for methylation-specific polymerase chain reaction
(MSP).
Methylation-specific PCR was used to examine the methylation
statuses of 24 CpG island loci (APC, BCL2, CACNA1G, CDH1,
CHFR, COX2, GSTP1, HOXA1, HPP1, IGF2, MGMT, MINT1,
MINT2, MINT31, NEUROG1, p14, p16, RARB2, RASSF1A, RBP1,
RUNX3, THBS1, TIG1, and TIMP3). We designed oligonucleotide
primers for 9 CpG island loci (BCL2, CACNA1G, CHFR, HOXA1,
HPP1, IGF2, NEUROG1, RBP1, and TIG1); the primer sequences
of each CpG island are provided in Table 2. The primer sequences
of the other CpG island loci have been reported elsewhere.26–28
Methylation-specific PCR was performed in 30-L reaction volumes containing 1⫻ PCR buffer (16.6mM (NH4)2SO4; 67mM Tris,
pH 8.8; 6.7mM MgCl2; 10mM ␤-mercaptoethanol), deoxyribonucleotide phosphate (each at 1mM), primers (10 pmol each), and
bisulfite-modified DNA (30–50 ng). Reactions were hot-started at
97⬚C for 5 minutes before addition of 1 U of Taq polymerase
(Takara Shuzo, Kyoto, Japan). Amplifications were carried out in
a Thermal cycler (Perkin-Elmer, Foster City, Calif) for 35 cycles,
followed by a final 10-minute extension. The annealing temperatures of the different primers are given in Table 2. The PCR
products obtained were electrophoresed in 2.5% agarose gels and
visualized under ultraviolet illumination after staining with ethidium bromide. Samples showing signals of more than that
shown by 3.5 ng of 100–base pair size marker were scored as
methylated. Results were scored by 2 independent observers, and
samples showing weak or faint signals were subjected to repeated MSP assays. For each MSP reaction, we used normal lympho-

Table 2.

The PCR products were purified by using the JETSORB gel
extraction kit (Genomed, Bad Oeynhausen, Germany) and cloned
into the pGEM-T easy vector (Promega, Madison, Wis). Five colonies were selected from each sample and expanded in liquid
culture. Plasmid DNA was purified from individual clones by
using AccuPrep plasmid extraction kit (Bioneer, Seoul, South Korea). The inserted PCR fragments were sequenced with both
M13R3 primer using an Applied Biosystems automated sequencer.

Statistical Analysis
The Fisher exact test was used to compare the hypermethylation frequencies of CpG island loci in ECC and ICC or normal
bile duct tissues. To compare means between groups, analysis of
variance test or a Student t test was used. Actuarial survival rates
were evaluated by using the Kaplan-Meier method, and differences were tested by using the log-rank test. SPSS software was
used for all analyses (SPSS for Windows Release, version 11.0,
SPSS, Chicago, Ill). P values less than .05 indicated statistical significance.

RESULTS
Methylation Frequencies of CpG Island Loci in ECC
Versus Those in ICC or Normal Bile Duct Tissues
Sixty-three cases of ECC and 48 cases of ICC were examined for the methylation status of 24 CpG island loci.
To rule out false amplification of 9 CpG island loci that
we designed oligonucleotide primers for, we sequenced
the representative MSP products of each CpG island locus
and confirmed that MSP reactions amplified the targeted
genomic fragments and CpG sites located inside the amplified genomic fragments showed extensive methylation.
Figure 1 shows a representative example of MSP analysis,
and Figure 2 shows the detailed results of the methylation
statuses of 24 CpG island loci in ECC, ICC, and normal
bile duct tissues. Methylation frequencies at each CpG island locus varied from 0% to 95.2% in ECC and from 0%
to 83.3% in ICC (Table 2). A total of 61 (96.8%) of the 63
ECCs and a total of 47 (97.9%) of the 48 ICCs showed
methylation in at least 1 of 24 CpG island loci (Table 3).
Extended*

Annealing Temperature, ⬚C

Nucleotide Position

Accession No.

59
55
59
59
55
59
59
55
61
59
59
59
59
59
59
59
59
59

32340-32236
32342–32230
27821–27924
27777–27876
61962–62070
62055–62176
78608–78706
78664–78778
181–296
195–296
108634–108727
108613–108733
75366–75483
75427–75545
488–610
555–663
66316–66438
66295–66394

AC009267
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AC004590
AC127070
AC004079
AF264150
AF132217
AC005738
X07437
AC080013
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Figure 1. Representative samples of methylation-specific polymerase chain reaction analysis for the methylated (M) and unmethylated (U) forms
of 5 most commonly methylated CpG island loci (HOXA1, HPP1, NEUROG1, RUNX3, RASSF1A, and TIG1) in extrahepatic cholangiocarcinomas
(ECC), intrahepatic cholangiocarcinomas (ICC), and normal bile duct tissue (NBD). The positive control was a normal lymphocyte DNA treated
with Sss1 methylase before bisulfite modification, and the negative control was distilled water without template DNA. M1 and M2 indicate 100–
base pair DNA ladder of 14 ng and 3.5 ng, respectively; P, positive control; N, negative control.

In ECC, a high frequency of methylation (⬎30%) was detected in HOXA1 (95.2%), HPP1 (69.8%), NEUROG1
(61.9%), CDH1 (39.7%), MINT1 (36.5%), and RUNX3
(30.2%), whereas in ICC, HOXA1 (83.3%), HPP1 (77.1%),
NEUROG1 (41.7%), MINT1 (39.6%), RUNX3 (37.5%), and
RASSF1A (31.3%) displayed high frequencies of methylation. The remaining loci showed methylation frequencies
of greater than 30% in ECC and ICC. The number of loci
methylated varied from 0 to 14 in ECC and from 0 to 15
in ICC, with means of 4.9 and 6.0, respectively (P ⫽ .19).
A comparison of gene methylation frequencies of ECC and
ICC showed a statistically significant difference for CDH1,
CHFR, GSTP1, IGF2, MGMT, NEUROG1, MINT31, p14 ,
and RBP1. CDH1 and NEUROG1 were more frequently
methylated in ECC, whereas CHFR, GSTP1, IGF2, MGMT,
MINT31, p14, and RBP1 were more frequently methylated
in ICC.
Of 21 CpG island loci methylated in ECC, the loci showing methylation in normal bile ducts included NEUROG1,
IGF2, HPP1, CDH1, HOXA1, TIG1, and BCL2 (in decreasing order of hypermethylation frequency). Of these loci,
926 Arch Pathol Lab Med—Vol 131, June 2007

IGF2 did not show a methylation frequency difference between ECC and normal bile duct, but the remaining 6 loci
displayed significantly higher hypermethylation frequencies in ECC than in normal bile duct tissues. Concurrent
hypermethylation of 3 and 4 CpG island loci was noted
in 2 and 1 normal bile duct tissue, respectively. Seven normal bile duct specimens displayed hypermethylation of 1
CpG island locus. The remainder did not show hypermethylation at the CpG island loci examined. Microscopic
examination of these normal control samples confirmed
that these biliary epithelia did not have any dysplastic focus. Those 3 normal bile duct samples with concurrent
hypermethylation of 3 or 4 CpG island loci were obtained
from hepatolithiasis specimens, but the degree of inflammatory cell infiltration in bile ducts did not differ between
the hepatolithiasis cases with and without concurrent hypermethylation.
CpG Island Methylation and Clinicopathologic
Findings of ECC
Of the tested 24 CpG island loci, we excluded 12 because they were not methylated in ECC or normal bile
Methylation Profiles of Bile Duct Adenocarcinoma—Kim et al

Figure 2. Methylation profile of 24 CpG island loci in extrahepatic cholangiocarcinomas, intrahepatic cholangiocarcinoma, and normal bile duct
tissues. A filled box indicates the presence of methylation, and an open box indicates the absence of methylation.

ducts or did not show a statistically significant difference
in the methylation frequencies between ECC and normal
bile ducts. When the number of methylated CpG island
loci was determined for each gross type, the papillary type
showed the highest number of methylated CpG island loci
(5.6/12 CpG island loci) and diffuse type the lowest (3.5
CpG island loci) with scirrhous type (4.9 loci) and nodular
type (4.3 loci) intermediate between these two (P ⫽ .13,
analysis of variance test). To determine whether there was
Arch Pathol Lab Med—Vol 131, June 2007

any difference in methylation tendency between proximal
and distal ECCs, we compared the methylation frequencies of CpG island loci between proximal and distal ECCs.
APC and RASSF1A were more frequently methylated in
distal ECC (36.7% vs 12.1%, P ⫽ .04; 40% vs 12.1%, P ⫽
.02, respectively). Distal ECC showed a higher number of
methylated CpG island loci than did proximal ECC, but
this difference was not significant (4.8 vs 4.2, P ⫽ .27,
Student t test). When ECCs were divided into low-stage
Methylation Profiles of Bile Duct Adenocarcinoma—Kim et al
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Table 3. Methylation Frequencies of 24 CpG Island
Loci in Extrahepatic Cholangiocarcinoma (ECC),
Intrahepatic Cholangiocarcinoma (ICC), and Normal
Bile Ducts (NBD)

Loci

HOXA1
HPP1
NEUROG1
CDH1
MINT1
RUNX3
RASSF1A
APC
TIG1
BCL2
RARB2
p16
IGF2
MINT31
MINT2
RBP1
p14
TIMP3
THBS1
COX2
CACNA1G
MGMT
CHFR
GSTP1

ECC
(n ⫽ 63),
No. (%)

ICC
(n ⫽ 48),
No. (%)

NBD
(n ⫽ 38),
No. (%)

P Value
ECC vs
ICC

P Value
ECC vs
NBD

60
44
39
25
23
19
16
15
14
12
8
7
7
5
5
4
3
1
1
1
1
0
0
0

40
37
20
8
19
18
15
14
10
13
7
8
19
12
3
11
9
0
1
3
3
4
5
7

2
3
4
2
0
0
0
0
1
1
0
0
4
0
0
0
0
0
0
0
0
0
0
0

.05
.52
.04
.01
.84
.43
.53
.66
⬎.99
.36
.79
.42
.001
.02
⬎.99
.02
.03
⬎.99
⬎.99
.31
.31
.03
.01
.002

⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
.001
.008
.03
.02
.04
⬎.99
.15
.15
.29
.29
⬎.99
⬎.99
⬎.99
⬎.99

(95.2)
(69.8)
(61.9)
(39.7)
(36.5)
(30.2)
(25.4)
(23.8)
(22.2)
(19)
(12.7)
(11.1)
(11.1)
(7.9)
(7.9)
(6.3)
(4.8)
(1.6)
(1.6)
(1.6)
(1.6)

(83.3)
(77.1)
(41.7)
(16.7)
(39.6)
(37.5)
(31.3)
(29.2)
(20.8)
(27.1)
(14.6)
(16.7)
(39.6)
(25.0)
(6.3)
(22.9)
(18.8)
(2.1)
(6.3)
(6.3)
(8.3)
(10.4)
(14.6)

(5.2)
(7.9)
(10.5)
(5.2)

(2.6)
(2.6)
(10.5)

(IA, IB, or IIA) and high-stage (IIB, III, or IV) tumors,
high-stage ECCs (n ⫽ 21) exhibited a higher number of
methylated CpG island loci than did low-stage ECCs (n
⫽ 42); the difference was statistically insignificant (4.9 vs
4.3, P ⫽ .33, Student t test). BCL2, IGF2, and RUNX3 were
more frequently methylated in high-stage ECCs than in
low-stage ECCs (P ⬍ .05, Fisher exact test). Extrahepatic
cholangiocarcinomas with nodal metastasis showed a
higher number of methylated loci than did ECCs without
nodal metastasis (5.5 vs 4.1, P ⫽ .047, Student t test), and
hypermethylation of TIG1 was closely associated with
nodal metastasis (P ⫽ .007, Fisher exact test). However, no
association was found between CpG island hypermethylation and histologic classification or the depth of invasion
in terms of hypermethylation of individual CpG island
locus or the total number of methylated CpG island loci.
Hypermethylation at any CpG island locus examined did
not affect the clinical outcome of patients with ECC.
COMMENT
CpG islands are segments of DNA sequences of 0.5 to
2.5 kb in size that contain clusters of cytosine-guanine dinucleotides and are often located in promoter regions or
in the upstream exonal sequences of genes. CpG islands
are usually unmethylated in normal cells, with the exception of those associated with imprinted genes and genes
on inactive X chromosomes. However, CpG island hypermethylation occurs in relation to cancer development, and
almost all tissue types of human cancers display CpG island hypermethylation. Extrahepatic cholangiocarcinoma
has been poorly investigated with respect to CpG island
hypermethylation, and fewer than 20 genes have been reported to be hypermethylated. In the present study, a panel of 24 CpG island loci was examined with respect to
hypermethylation frequency in 63 cases of ECC. Twenty928 Arch Pathol Lab Med—Vol 131, June 2007

one of these 24 CpG island loci, except MGMT, CHFR, and
GSTP1, exhibited hypermethylation frequencies ranging
from 95.2% to 1.6%, and 96.8% of 63 ECC cases harbored
hypermethylation of at least 1 CpG island locus. Methylation frequencies greater than 10% were observed in 13
CpG island loci, including HOXA1, HPP1, NEUROG1,
CDH1, MINT1, RUNX3, RASSF1A, APC, TIG1, BCL2,
RARB2, p16, and IGF2 (in decreasing order of methylation
frequency). Twelve CpG island loci, except for IGF2,
showed significantly higher methylation frequencies in
ECC than in normal bile duct tissues, indicative of a cancer-related change. These findings demonstrate that CpG
island hypermethylation is a frequent finding in ECC, although methylation frequency varied depending on CpG
island locus type.
Although we did not perform a functional study to investigate the inverse relationship between CpG island hypermethylation and gene expression, the present study
represents, to our knowledge, the first report of hypermethylation of HOXA1, HPP1, NEUROG1, MINT1, TIG1,
BCL2, IGF2, and CACNA1G in ECC. These methylation
markers, except for CACNA1G, showed methylation frequencies greater than 10% in ECC, and of these, 3 CpG
island loci (HOXA1, HPP1, and NEUROG1) showed methylation frequencies of 95.2%, 69.8%, and 61.9%, respectively. HOXA1 is one of the A cluster of homeobox genes
located on chromosome 7; it encodes a sequence-specific
transcription factor that is a component of a developmental regulatory system that provides cells with specific positional identities on the anterior-posterior axis.29 Moreover, HOX genes are essential for the regional specification
of hollow viscus, such as in the gastrointestinal tract.30
HOXA1 has been demonstrated to be expressed in embryonic gastrointestinal tissue and in adult gastrointestinal
tissue.31,32 However, the methylation status of HOXA1 in
various tissue types of human cancers has been unknown,
except in lung adenocarcinoma. In a study by Shiraishi et
al,33 HOXA1 methylation was detected in 62.5% (5/8) of
lung adenocarcinomas. When we examined HOXA1 methylation in other tissue types of human cancers, its methylation frequencies were found to be 51.4% (18/35), 11.8%
(17/144), and 0 (0/179) in gastric cancer, colorectal cancer,
and prostate cancer, respectively (data not shown). HPP1
encodes a transmembrane protein with epithelial growth
factor–like and 2 follistatin-like domains 2, and may function as both a growth factor and a receptor.34,35 HPP1 was
initially identified because it is frequently hypermethylated in hyperplastic polyps of the colon.36 It has been demonstrated to be hypermethylated in colorectal cancer, gastric cancer,37 esophageal adenocarcinoma,38 lung cancer,39
gallbladder cancer,40 and prostate cancer.41 On the other
hand, NEUROG1 encodes a basic helix-loop-helix family
transcription factor, which induces neurogenesis and inhibits the differentiation of neural stem cells into astrocytes.42,43 Little is known about the prevalence of NEUROG1 hypermethylation except in colorectal cancer.44
The poor prognosis of ECC is largely attributable to an
advanced disease stage at presentation. Early detection
and resection would undoubtedly improve patient survival. However, because endobiliary brushing cytology and
tissue biopsy allow cancer detection in less than half of
ECC cases,45 molecular biology techniques have been applied to improve detection sensitivity. KRAS mutation is
one of the genetic alterations commonly studied with respect to its sensitivity and specificity for the detection of
Methylation Profiles of Bile Duct Adenocarcinoma—Kim et al

tumor cells in bile juice. However, the frequency of KRAS
mutation is not high; reported mutation rates vary from
8.3% to 75%.46,47 In the present study, HOXA1 displayed a
methylation frequency of 95.2% in ECC and provided positive and negative prediction values of 97% and 92%, respectively. These findings indicate that HOXA1 methylation is a sensitive and specific marker for ECC. Thus,
HOXA1 methylation has a promising potential value as a
molecular marker for detecting ECC cells in bile juice. A
large-scale case-control study is required to assess the
merits of HOXA1 methylation as a biomarker for the differentiation of benign and malignant strictures in extrahepatic bile ducts.
Previously, Yang et al18 investigated the methylation profiles of 12 CpG island loci in 36 ECC cases and 36 ICC
cases and found that they had overlapping but distinct
methylation profiles, which is consistent with our findings. When the CpG island locus methylation frequencies
in ECC in the study by Yang et al and in the present study
were compared, the methylation frequencies did not differ
for CDH1, GSTP1, and RARB2 but greatly differed for
RASSF1A, p16, APC, p14, and MGMT. The latter 4 CpG
island loci showed methylation frequencies of 40% or
more in the study by Yang et al but of less than 30% in
the present study. This discrepancy might be attributed to
differences in the methylation assay methods used. Yang
et al adopted a nested 2-step MSP approach, which gave
them a higher sensitivity for detecting allelic hypermethylation in targeted sequences than that offered by the traditional single-step MSP. Other factors include differences
in the CpG sites examined and ethnic differences between
the study populations.
Forty-eight cases of ICC, in which the methylation statuses had been studied before,26 were included again in
this study. However, our previous study and the present
study significantly differed in terms of the frequency of
methylation for MINT31: methylation frequency for
MINT31 was 1.3% previously and 25% in the present
study. The inconsistent data were attributable to the fact
that oligonucleotide primer sets for MINT2 and MINT31 28
in the present study were different from those26 in a previous study. Because we analyzed DNA samples obtained
from formalin-fixed, paraffin-embedded tissue, amplicon
size was important and should be kept as short as possible. We chose the new sets of primers because the new sets
amplify shorter genomic fragments; we confirmed that in
a preliminary study, the new sets gave more frequent and
stronger signals in comparison with the old sets.
In conclusion, in the present study, we examined 24
CpG island loci in 63 ECCs and 48 ICCs for methylation
status by MSP, and we found that CpG island hypermethylation is a frequent finding in ECC and ICC. Moreover,
ICC and ECC tissues exhibited overlapping but distinct
methylation profiles. In ECC, a close relationship existed
between CpG island hypermethylation and nodal metastasis. In addition, HOXA1 was frequently methylated in
ECC, which raises the possibility that HOXA1 methylation
might be used as a molecular marker for the differentiation of malignant and benign biliary strictures.
This study was supported by the Cancer Research Institute,
Seoul National University College of Medicine (No. CRI-05-02),
and by the second stage Brain Korea 21 project.
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