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Abstract

AIM: To evaluate the utility of measuring epigenetic al-
terations in pancreatic and biliary fluids in determining
molecular markers for pancreatobiliary cancers.

METHODS: DNA was extracted from undiluted pan-
creatic and biliary fluids. As a surrogate for a genome-
wide hypomethylation assay, levels of long interspersed
nuclear element-1 (LINE-1) methylation were analyzed
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using bisulfite pyrosequencing. CpG island hypermeth-
ylation of 10 tumor-associated genes, aryl-hydrocarbon
receptor repressor, adenomatous polyposis coli, cal-
cium channel, voltage dependent, T type o1G subunit,
insulin-like growth factor 2, O-6-methyl-guanine-DNA
methyltransferase, neurogenin 1, CDKN2A, runt-related
transcription factor 3 (RUNX3), secreted frizzled-related
protein 1, and ubiquitin carboxyl-terminal esterase L1
(UCHL1), was analyzed using MethyLight. To examine
the role of CpG methylation and histone deacetylation
in the silencing of UCHL1, human gallbladder carci-
noma cell lines and pancreatic carcinoma cell lines
were treated with 2 or 5 umol/L 5-AZA-dC for 72 h or
100 nmol/L Trichostatin A for 24 h. After the treatment,
UCHL1 expression was analyzed by real-time reverse
transcription-polymerase chain reaction.

RESULTS: Pancreatobiliary cancers exhibited signifi-
cantly lower LINE-1 methylation levels in pancreatic
and biliary fluids than did noncancerous pancreatobili-
ary disease (58.7% £ 4.3% vs 61.7% %= 2.2%, P =
0.027; 53.8% + 6.6% vs 57.5% + 1.7%, P = 0.007);
however, LINE-1 hypomethylation was more evident
in pancreatic cancer tissues than in pancreatic fluids
(45.4% + 5.5% vs 58.7% + 4.3%, P < 0.001). CpG
island hypermethylation of tumor-associated genes was
detected at various frequencies, but it was not corre-
lated with LINE-1 hypomethylation. Hypermethylation
of the UCHL1 gene was cancer-specific and most fre-
quently detected in pancreatic (67%) or biliary (70%)
fluids from patients with pancreatobiliary cancer. As a
single marker, hypermethylation of the UCHL1 gene
in pancreatic and biliary fluids was most useful for the
detection of pancreatic and pancreatobiliary cancers,
respectively (100% specificity). Hypermethylation of
the UCHLI and RUNX3 genes in pancreatic and bili-
ary fluids was the most useful combined marker for
pancreatic (87% sensitivity and 100% specificity) and
pancreatobiliary (97% sensitivity and 100% specificity)
cancers. Treatment with a demethylating agent, 5-AZA-
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2'-deoxycytidine, restored UCHL1 expression in pan-
creatobiliary cancer cell lines.

CONCLUSION: Our results suggest that hypermeth-
ylation of UCHL1 and RUNX3 in pancreatobiliary fluid
might be useful for the diagnosis of pancreatobiliary
cancers.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Despite recent advances in diagnosis and treatment, the
prognosis of patients with pancreatobiliary cancer is still
poor. Surgical resection is possible in only a small pro-
portion of patients“’zl. Consequently, elucidation of the
biological characteristics of pancreatobiliary carcinomas
is necessary to improve the prognosis of patients and to
devise better treatment strategies. Various genetic and epi-
genetic alterations play a role in pancreatobiliary cancer” .

Two contradicting epigenetic alterations often coexist
in cancer: global or genome-wide hypomethylation, which
is mainly observed in repetitive sequences within the ge-
nome, and regional hypermethylation, which is frequently
associated with CpG islands within gene promotersm.
Hypermethylation of CpG islands is a common feature
of cancer that is associated with gene silencing™”. A
number of genes are aberrantly methylated and silenced
in pancreatobiliary cancer that are rarely methylated in
non-neoplastic counterparts” ", and this methylation
is detectable in pancreatic and/or biliary fluids”"?. The
detection and/or quantification of these alterations in
pancreatic and/or biliary fluids has promise for facilitat-
ing the differentiation of benign and malignant pancreatic
and/or biliary strictures.

In contrast to CpG islands, repetitive DNA elements
are normally heavily methylated in somatic tissues. Ap-
proximately 45% of the human genome is composed of
repetitive sequences, including long interspersed nuclear
elements (LINEs) and short interspersed nuclear ele-
ments"”. Liquid chromatography-mass spectrometry
analysis has shown that levels of LINE-1 methylation
strongly correlate with methyl cytosine content. This
strong correlation enables LINE-1 methylation to be
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used as a proxy for genome-wide methylation!. More-
over, LINE-1 hypomethylation is known to occur dur-
ing the development and progression of various human
malignancies'™'”. Additionally, we recently reported that
LINE-1 hypomethylation correlates significantly with the
aggressiveness of gastrointestinal stromal tumors and
that LINE-1 methylation could be a useful marker for
risk assessment . Array comparative genomic hybridiza-
tion analysis revealed a significant correlation between
LINE-1 hypomethylation and chromosomal aberra-
tions' . Chromosomal gains and losses are also common
in pancreatic and biliary cancers'™"”; their detection by
fluorescence 7 sitn hybridization modestly improves the
prediction of cancer using biliary brushings™". Gene
hypomethylation has been reported to be a frequent
epigenetic event in pancreatic cancer and is commonly
associated with the overexpression of affected genes™.
A previous study showed that hypomethylation is more
common in carcinoid tumors than in pancreatic endo-
crine tumors and is associated with clinicopathologic fea-
tures, including lymph node metastasis, as well as genetic
and epigenetic alterations in these tumors'™

To date, however, only a few groups have reported
the methylation of LINE-1 and/or othet repetitive se-
quences in pancreatobiliary cancer™" and there are
no published studies analyzing LINE-1 methylation in
pancreatic and/or biliary fluids. We found cortelations
between the level of LINE-1 methylation and the meth-
ylation of other repetitive sequences' . In this study, we
analyzed LINE-1 methylation and its relationship with
hypermethylation of CpG islands in pancreatic and bili-
ary fluids, and we investigated whether the detection
and/or quantification of these epigenetic alterations can
be used as markers for pancreatobiliary cancer.

MATERIALS AND METHODS

Clinical samples and cell lines

Pancreatic and biliary fluids were obtained at the time of
endoscopic tetrograde cholangiopancreatography (ERCP)
and ERCP/percutaneous transhepatic cholangiography
and drainage, respectively” . Pancreatic and biliary fluids
were collected from 30 and 48 patients, respectively. In-
formed consent was obtained from each subject. Tumors

were classified according to the tumor-node-metastasis
classification system of the International Union Against
Cancer. The absence of cancer was based on clinical
evaluation and follow-up of one or more years. Human
gallbladder carcinoma cell lines TGBC1TKB and TG-
BC2TKB and pancreatic catcinoma cell lines PANC-1,
PK-1, PK-45P and PK59 were purchased from Riken
Cell Bank (Tsukuba, Japan). Cells were cultured in
RPMI1640 or DMEM supplemented with 10% fetal bo-
vine serum.

Extraction and bisulfite treatment of DNA
DNA was extracted from undiluted pancreatic and bili-
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ary fluids using a DNeasy Tissue Kit. Extracted DNA
was quantified, and 500 ng of DNA was modified with
sodium bisulfite using a MethylarnpTM DNA modification
kit.

Bisulfite-pyrosequencing

Bisulfite-pyrosequencing analysis was performed as
described previouslym‘241. Briefly, polymerase chain reac-
tion (PCR) was run in a 25 pl. volume containing 50 ng
bisulfite-treated DNA, 1X MSP buffer, 1.25 mmol/L
dNTP, 0.4 umol/L of each primer and 0.5 U of Jump-
Start REDTaq DNA Polymerase. The PCR protocol for
bisulfite sequencing entailed 5 min at 95 ‘C; 40 cycles of
1 min at 95 °C, 1 min at 60 'C and 1 min at 72 'C; and
a 7 min final extension at 72 C. The biotinylated PCR
product was purified, made single-stranded and used as
a template in a pyrosequencing reaction run according
to the manufacturer’s instructions. The PCR products
were bound to Streptavidin Sepharose beads HP; then,
the beads containing the immobilized PCR product
were purified, washed and denatured using a 0.2 mol/L
NaOH solution. After adding 0.3 pmol/L sequencing
primer to the purified PCR product, pyrosequencing was
performed using a PSQ96MA system and Pyro Q-CpG
software. Primer sequences for LINE-1 methylation were
as previously described™.

MethyLight assay

The MethyLight assay was performed as previously de-
scribed®?”. Based on previous studies and our prelimi-
nary results, we analyzed 10 promoter CpG island loci:
aryl-hydrocarbon receptor repressor, adenomatous pol-
yposis coli, calcium channel, voltage dependent, T type
a1G subunit, insulin-like growth factor 2, O-6-meth-
ylguanine-DNA methyltransferase, neurogenin 1, CD-
KN2A, runt-related transcription factor 3 (RUNX3), se-
creted frizzled-related protein 1, and ubiquitin carboxyl-
terminal esterase L1 (UCHLI1). B-actin was used as the
internal reference gene to quantify modified DNA levels
in the samples™. Primers, probes and the percentage of
methylated reference (PMR, Ze., the degree of methyla-
tion) were as previously described” . We used a PMR
cutoff of 4 to distinguish methylation-positive (PMR > 4)
from methylation-negative (PMR <t 4) samples based on
previously validated data®,

5-AZA-2’-deoxycytidine and/or Trichostatin A treatment
To examine the role of CpG methylation and histone
deacetylation in the silencing of UCHLI1, cancer cells
were treated with 2 or 5 mol/L 5-AZA-2’-deoxycytidine
(5-AZA-dC) (Sigma) for 72 h or 100 nmol/L Ttricho-
statin A (TSA) for 24 h. The cells were also treated with
2 pmol/L 5-AZA-dC for 72 h, followed by 100 nmol/L
TSA for an additional 24 h. The timing and sequencing
of 5-AZA-dC and/or TSA were based on similar pre-
liminary studies, as well as published studies™. After the
treatment, UCHL1 expression was analyzed by real-time
RT-PCR.
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Real-time quantitative PCR

Total RNA from cell lines was extracted using an extrac-
tion kit. cDNA was synthesized from 1 pg of total RNA
using SuperScript III reverse transcriptase with random
hexamers. qRT-PCR was performed using the TagMan
real-time PCR system as previously described™. A com-
parative threshold cycle (Cr) was used to determine the
gene expression relative to the control (calibrator). Con-
trol reactions were performed without reverse transcrip-
tase.

Statistical analysis

Mean methylation levels of LINE-1 were compared us-
ing ¢ tests, the Welch test, or one-way ANOVA with a
post hoc Games-Howell test. LINE-1 methylation levels
and hypermethylation of tumor-associated genes were
assessed for associations with clinicopathological param-
eters using £ tests, the Welch test, the ZZ two-tailed test,
Fisher’s exact test, the Mann-Whitney test, or one-way
ANOVA. A P value < 0.05 was considered statistically
significant. A P value between 0.05 and 0.10 was consid-
ered to indicate a trend towatrd an association.

RESULTS

Hypomethylation of LINE-1 in pancreatic and biliary
fluids from patients with pancreatobiliary cancers

We performed bisulfite pyrosequencing to quantitatively
analyze LINE-1 promoter methylation as a surrogate for
genome-wide methylation (Figure 1). The mean level of
LINE-1 methylation in pancreatic fluids was slightly but
significantly lower in patients with pancreatic cancer than
in those with noncancerous pancreatic disease (Figure 2).
The mean level of LINE-1 methylation in biliary fluids
was significantly lower in patients with pancreatobiliary
cancer than in those with noncancerous pancreatobiliary
disease. There was no correlation between LINE-1 meth-
ylation levels and clinicopathological characteristics in
patients with pancreatic or pancreatobiliary cancers. The
mean level of LINE-1 methylation in pancreatic cancer
tissues was significantly lower than that in pancreatic flu-
ids from the corresponding patients.

Analysis of CpG island hypermethylation of tumor-
related genes

We next assessed the methylation levels of CpG islands
of well-characterized tumor-suppressor and tumor-as-
sociated genes. Using MethyLight assays, we analyzed 10
genes. CpG island hypermethylation of tumor-associated
genes was detected at various frequencies. The results
are summarized on the basis of each individual marker
(Tables 1 and 2). Methylation of several genes, such as
UCHL1 and RUNX3, was cancer-specific (Figure 3).
Some cancer samples showed methylation in many genes,
suggesting that these cancers have a CpG island hyper-
methylator phenotype. We failed to find any significant
correlation between the methylation of these genes and
clinicopathological features or between CpG island meth-
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Figure 1 Representative long interspersed nuclear element-1 methylation analysis by pyrosequencing. Long interspersed nuclear element-1 methylation
analysis in biliary fluids from patients with noncancerous pancreatic disease (chronic pancreatitis, upper panel) and pancreatic cancer (lower panel) is shown.
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Figure 2 Analysis of long interspersed nuclear element-1 methylation levels using pancreatobiliary fluids. A: Comparison of the long interspersed nuclear
element-1 (LINE-1) methylation levels in pancreatic fluids between pancreatic cancer and noncancerous pancreatic disease; B: Comparison of the LINE-1 methylation
levels in biliary fluids between pancreatobiliary cancer and noncancerous pancreatobiliary disease; C: Comparison of the LINE-1 methylation levels in pancreatic can-

cer between pancreatic fluids and tissues.

ylation and LINE-1 methylation levels.

Among the cancer-specific hypermethylated genes in
pancreatic fluids, the UCHLT7 gene was most frequently
(67%) detected in pancreatic cancer and served as the
most useful single marker for the detection of pancreatic
cancer (Figure 3A). Hypermethylation of the UCHLT
and RUNX3 genes in pancreatic fluids was the most use-
ful combined marker for the detection of pancreatic can-
cet.
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Among the cancer-specific hypermethylated genes in
biliary fluids, the UCHL7 gene was most frequently (70%)
detected in pancreatobiliary cancer and served as the
most useful single marker for the detection of pancrea-
tobiliary cancer (Figure 3C). Hypermethylation of the
UCHL7 and RUNX3 genes in biliary fluids was the most
useful combined marker for detection of pancreatobiliary
cancet.

The pancreatic and biliary fluids obtained from pan-
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Table 1 CpG islands hypermethylation of tumor-associated genes in pancreatic fluids

Age (yr) Sex Stage UCHL1 RUNX3 CDKN2A [IGF2 CACNAIG AHRR SFRP1 MGMT APC NEUROGT

NC1 68 M MN MN MN MN MN MN MP MP MN MN
NC2 65 M MN MN MN MN MP MN MN MN MN MN
NC3 59 M MN MN MP MN MN MN MN MN MN MP
NC4 70 I MN MN MN MP MN MN MN MN MN MN
NG5 43 H MN MN MN MN MN MN MN MP MN MN
NCé 55 M MN MN MN MN MP MN MN MN MN MN
NC7 49 M MN MN MN MN MN MP MN MN MP MN

MN MN MN MN MN MN MN MN MN MN
IP1 71 E MN MN MmpP MN MN MN MN MN MN MN
P2 79 F MN MN MN MN MN MN MN MN MN MmP
1P3 76 M MN MmP MN MN MN MN MN MP MN MN
P4 75 F MN MN MN MP MN MP MP MN MP MN
IP5 84 F MN MN MN MN MN MN MP MN MN MN
IP6 52 M MN MN MmP MN MN MN MP MP MN MN
IP7 62 M MN MN MN MP MN MN MN MP MP MN
IP8 63 M MN MN MmpP MN MN MN MN MP MN MN

MN MN MN MN MN MN MN MN MN MN
PC1 66 E TA MP MN MN MN MN MN MN MP MN MN
PC2 54 E I MN MP MN MN MN MN MN MN MN MN
PC3 66 M B MP MP MN MN MN MN MP MN MP MP
PC4 67 M B MP MN MN MN MP MN MN MN MP MN
PC5 71 M B MN MP MP MN MN MN MN MN MN MN
PCo6 49 B TA MP MP MN MN MN MN MP MN MP MP
PC7 73 B B MP MN MN MN MN MP MP MN MN MN
PC8 75 M i} MP MP MN MN MN MN MN MN MP MN
PC9 59 M B MN MN MN MN MP MN MP MP MP MP
PC10 78 I oA MP MP MP MN MN MN MP MP MN MP
PC11 75 I B MN MN MN MP MN MN MP MN MN MN
PC12 66 M \Y MP MP MP MN MN MN MP MN MP MP
PC13 70 F \Y MP MN MN MN MN MP MP MP MP MP
PC14 68 M 1B MN MP MN MN MN MN MN MP MN MN
PC15 62 M B MP MN MP MN MN MN MN MN MN MN

NC: Non-cancer; IP: Intraductal papillary and mucinous pancreatic tumour; pancreatic cancer (PC) 1, PC5, PC7, PC8 and PC13 are identical in Tables 1 and 2.
MP: Methylation-positive; MN: Methylation-negative.

creatic cancer patients were compared with regard to the
methylation patterns of 10 tumor-associated genes (7 = 5).
The methylation patterns were similar in both the pan-
creatic and biliary fluids from the same patients (Tables
1 and 2). The methylation patterns of the UCHL7 and
RUNX3 genes were identical in the pancreatic and biliary
fluids from the same patients.

Reactivation of UCHL1 expression by 5-AZA-dC/
Trichostatin A treatment in pancreatobiliary cancer cell
lines

To further examine the role of CpG methylation and
histone deacetylation in silencing UCHLI1, cancer cells
were treated with 5-AZA-dC and/or TSA. 5-AZA-dC re-
stored UCHL1 expression, and combined treatment with
5-AZA-dC and TSA restored UCHLI1 expression syn-
ergistically at the mRNA level in pancreatobiliary cancer
cell lines (Figure 4 and data not shown). TSA alone did
not restore UCHL1 expression in cell lines.

DISCUSSION

In the present study, we found that the levels of methyla-
tion of LINE-1 were reduced in pancreatobiliary cancers
compared to those in noncancerous pancreatobiliary
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disease. Genome-wide hypomethylation is known to be
a common feature of human cancer, and genome-wide
hypomethylation has recently been studied in various
human malignancies using LINE-1 and other repetitive
sequences as surrogates. Our results suggest that pan-
creatobiliary cancers exhibit a pattern of genome-wide
hypomethylation that can be detected using pancreatic
and biliary fluids.

Genome-wide hypomethylation is thought to be as-
sociated with tumor malignancy through a variety of
mechanisms. For example, global hypomethylation is as-
sociated with genomic instability”™, which may confer a
poor prognosis. Hypomethylation can also lead to the ac-
tivation of proto-oncogenes, endogenous retroviruses or
transposable elements; such transcriptional dysregulation
could affect tumor aggressiveness. Although we found
correlations between the level of LINE-1 methylation
and the methylation of other repetitive sequencesm, it is
possible that there are functional and/or biological dif-
ferences in the regulation of repetitive DNA sequences.
Further analysis is necessary to clarify the role of ge-
nome-wide hypomethylation in pancreatobiliary cancers.

The LINE-1 hypomethylation in pancreatic cancers
determined using pancreatic fluids was less significant
than that determined using tissue samples, although the
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Table 2 CpG islands hypermethylation of tumor-associated genes in biliary fluids

Age (yr) Sex Stage UCHLT1 RUNX3 CDKNZA IGF2 CACNAIG AHRR SFRP1 MGMT  APC NEUROGT

NC8 77 M MN MN MN MN MN MN MN MP MN MN
NC9 69 I MN MN MN MN MN MN MP MN MN MN
NC10 76 M MN MN MN MN MN MN MN MP MN MN
NC11 58 M MN MN MN MN MN MN MN MN MN MN
NC12 41 M MN MN MN MN MN MP MN MP MN MN
NC13 66 M MN MN MN MN MN MP MP MP MP MP
NC14 69 F MN MN MN MN MN MP MmP MP MN MP
NC15 71 F MN MN MN MN MN MN MN MP MP MN
NC16 59 M MN MN MN MN MN MP MmpP MN MN MN
NC17 54 F MN MN MN MN MN MN MN MN MP MP
NC18 67 M MN MN MN MN MN MP MmP MN MN MN
NC19 85 M MN MN MN MN MN MN MN MN MN MN
NC20 73 F MN MN MN MN MN MN MmP MN MN MN
NC21 80 F MN MN MN MN MN MN MN MP MN MN
NC22 74 E MN MN MN MN MN MN MN MP MN MN
NC23 52 M MN MN MN MN MN MN MN MN MN MN
NC24 64 M MN MN MN MN MN MN MP MP MP MN
NC25 64 E MN MN MN MN MN MP MP MN MN MN

MN MN MN MN MN MN MN MN MN MN
GB1 75 B mB MP MP MP MP MP MP MN MN MN MN
GB2 76 B mB MN MP MP MP MP MP MN MN MP MN
GB3 62 M mA MP MP MP MP MN MN MP MP MN MN
GB4 67 M VA MN MP MN MN MN MN MN MN MN MN
GB5 59 B mB MP MN MP MN MN MP MP MN MP MP
GB6 63 F il MP MN MP MN MN MP MP MN MP MP
GB7 77 M I MN MP MP MN MN MN MP MP MN MN
GB8 78 M mA MP MN MP MN MN MN MP MP MN MN
BC1 73 M I MN MP MN MP MN MP MP MN MN MN
BC2 80 Il TA MP MP MN MN MN MP MP MP MN MN
BC3 71 M B MP MN MN MN MP MP MP MN MN MN
BC4 75 M i MP MN MN MN MN MN MP MP MN MN
BC5 77 M B MN MP MN MN MN MN MN MP MN MN
BC6 65 M oA MP MN MP MN MN MN MN MN MN MN
BC7 72 M oA MP MN MN MN MN MN MP MN MN MN
BC8 73 F \Y MP MP MN MN MN MP MN MN MN MN
BC9 76 F oA MP MP MN MP MP MP MP MN MN MN
BC10 74 M B MP MN MN MN MN MP MN MP MN MP
BC11 66 M i MP MN MN MN MN MN MN MN MP MN
BC12 58 F B MN MP MN MN MN MN MN MN MN MN
PC1 66 F oA MP MN MN MN MN MN MP MP MN MN
PC5 71 M B MN MP MP MN MN MN MN MP MN MN
PC7 73 I B MP MN MN MN MN MP MN MN MN MN
PC8 75 M i MP MP MN MN MN MN MN MP MN MN
PC13 70 F \Y MP MN MN MN MN MP MP MP MP MN
PC16 59 M TA MP MP MN MN MP MN MN MN MN MN
PC17 80 I B MP MP MP MP MN MP MP MN MN MN
PC18 67 M 1B MN MP MN MN MN MP MN MP MN MN
PC19 63 M oA MP MN MN MN MN MN MN MP MP MN
PC20 78 F oB MN MN MP MN MN MP MN MN MN MN

NC: Non-cancer; GB: Gallbladder cancer; BC: Biliary cancer; pancreatic cancer

Methylation-positive; MN: Methylation-negative.

number of samples analyzed was limited. It is possible
that some of the pancreatic fluid samples did not contain
sufficient concentrations of cancer DNA"Y. Given the
relatively poor diagnostic yield of cytology in this set-
ting, a problem that is likely to be related to the highly
scirthous nature of pancreatic ductal adenocarcinomas,
sample adequacy is likely to be one of the limiting fac-
tors in the molecular analysis of these samples'”. Serum
LINE-1 hypomethylation has been reported to be a po-
tential prognostic marker for hepatocellular carcinoma"”

It would be interesting to analyze serum LINE-1 meth-
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(PC) 1, PC5, PC7 and PC8 and PC13 are identical in Tables 1 and 2. MP:

ylation levels in patients with pancreatobiliary cancers.
CpG island hypermethylation of tumor-associated
genes was detected at various frequencies in pancreato-
biliary cancers using pancreatobiliary fluids. Although
genome-wide hypomethylation and regional hypermeth-
ylation of 5 CpG islands are common features of neo-
plasias, the link between the two remains controversial'”,
In the current study, we did not find a significant correla-
tion between 5 CpG island hypermethylation of tumoz-
associated genes and global hypomethylation.
Hypermethylation of the UCHLT gene was cancer-
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Figure 3 Analysis of methylation levels of ubiquitin carboxyl-terminal esterase L1 and runt-related transcription factor 3 using pancreatobiliary fluids.
Comparison of the ubiquitin carboxyl-terminal esterase L1 (UCHL1) (A) and runt-related transcription factor 3 (RUNX3) (B) methylation levels in pancreatic fluids
between pancreatic cancer and noncancerous pancreatic disease; Comparison of the UCHL1 (C) and RUNX3 (D) methylation levels in biliary fluids between pancrea-
tobiliary cancer and noncancerous pancreatobiliary disease. PMR: Percentage of methylated reference.
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Figure 4 Reactivation of ubiquitin carboxyl-terminal esterase L1 by 5-AZA-2’-deoxycytidine and/or Trichostatin A treatment in pancreatic and biliary can-
cer cell lines. A: PK-1 cells; B: PK45P cells; C: TGBC1TKB cells. To examine the roles of CpG methylation and histone deacetylation in the silencing of ubiquitin
carboxyl-terminal esterase L1, cancer cells were treated with 2 or 5 umol/L 5-AZA-2-deoxycytidine (5-AZA-dC) for 72 h or 100 nmol/L Trichostatin A (TSA) for 24 h.
The cells were also treated with 2 pmol/L 5-AZA-dC for 72 h, followed by 100 nmol/L TSA for an additional 24 h.

specific and most frequently detected in pancreatobiliary
cancers. Hypermethylation of the UCHLT gene in pan-
creatic and biliary fluids was the most useful single mark-
er of pancreatic and pancreatobiliary cancers, respectively.
Hypermethylation of the UCHL7 and RUNX3 genes in
pancreatic and biliary fluids was the most useful com-
bined marker for pancreatic and pancreatobiliary cancets,
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respectively. Epigenetic inactivation of UCHL1 has been
reported in a variety of human cancers”™. Epigenetic in-
activation of RUNX3 is known to play an important role
in the pathogenesis of pancreatobiliary cancer™*".
LINE-1 and SAT2 methylation levels have been re-
ported to be significantly lower in extrahepatic cholangio-

carcinoma than in normal duct and biliary intraepithelial
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neoplasias (BilINs). BillNs showed a decrease of SAT2
methylation levels, but no decrease of LINE-1 methyla-
tion levels was found compared to those in normal sam-
plesm}. Most of the cancer-specific CpG island hyper-
methylation is thought to occur in the BilIN stage, before
LINE-1 hypomethylation. Our results also suggest that
CpG island hypermethylation analyzed in pancreatobili-
ary fluids is more useful than LINE-1 methylation for the
detection of pancreatobiliary cancer.

Importantly, the methylation patterns of 10 tumor-
associated genes were similar in both the pancreatic and
biliary fluids from the same patients with pancreatic can-
cer. Moreover, the methylation patterns of the UCHLT
and RUNX3 genes were identical in both the pancreatic
and biliary fluids from the same patients. These results
further support the notion that hypermethylation of
UCHL1 and RUNX3 in pancreatobiliary fluids is a useful
marker for the detection of pancreatobiliary cancer.

To confirm the role of epigenetic alterations in tran-
scriptional repression of the UCHLT gene, we treated
pancreatobiliary cancer cell lines, in which UCHL1 was
methylated, with 5-AZA-dC alone or in combination with
TSA. Treatment with 5-AZA-dC restored the UCHL1
expression in cancer cell lines. Moreover, combined treat-
ment with 5-AZA-dC and TSA restored UCHL1 expres-
sion synergistically, indicating that CpG methylation and
histone deacetylation play important roles in silencing the
UCHLYT gene.

Not only the clinical utility but also the pathobiologi-
cal effects of nucleic acids in circulation (nucleosomes,
DNA, RNA, microRNA ez.) are receiving increasing atten-
tion”™™. Further analysis is necessary to clarify the possible
detrimental effects of nucleic acids in the tumor microen-
vironment, including the contribution of methylated DNA
in pancreatobiliary fluids to disease progression.

In conclusion, our results suggest that hypermethyl-
ation of the UCHLYT gene plays a key role in the patho-
genesis of pancreatobiliary cancers and that detection of
hypermethylation of UCHL1 and RUNX3 in pancrea-
tobiliary fluids is useful for the diagnosis of these malig-
nancies. Our MethyLight panel (UCHL1 and RUNX3) is
simple and accurate for differentiating between neoplastic
and non-neoplastic samples and compares favorably with
other quantitative MSP panels and with the identification
of mutant KRAS or telomerase, which have been used
previously to differentiate between malighant and benign
pancreatic samples”™*. Moreover, newer assays that can
detect low concentrations of mutations in pancreatic
juicem, as well as novel assays and technologies, are likely
to improve the detection of low concentrations of mu-
tant DNA for cancer diagnosis in the future. Although
we focused on epigenetic alterations in the current study,
a combination of highly specific epigenetic and genetic
markers might provide the best diagnostic utility.

COMMENTS

Background

Despite recent advances in diagnosis and treatment, the prognosis of patients
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with pancreatobiliary cancer is still poor. Elucidation of the biological character-
istics of these carcinomas has become necessary to improve the prognosis of
patients and to devise better treatment strategies.

Research frontiers

Roles of epigenetic alterations in pancreatobiliary cancer are receiving increas-
ing attention. Two contradicting epigenetic alterations often coexist in cancer:
global or genome-wide hypomethylation, which is mainly observed in repetitive
sequences within the genome, and regional hypermethylation, which is fre-
quently associated with CpG islands within gene promoters. Long interspersed
nuclear element-1 (LINE-1) methylation status and its relationship with the
hypermethylation of CpG islands in pancreatic and biliary fluids taken from pa-
tients with pancreatobiliary cancer is not known.

Innovations and breakthroughs

This is the first study to report that pancreatobiliary cancers exhibit a pattern of
genome-wide hypomethylation that can be detected using pancreatic and biliary
fluids. CpG island hypermethylation of tumor-associated genes was detected at
various frequencies. Hypermethylation of the ubiquitin carboxyl-terminal ester-
ase L1 (UCHL1) gene may play a key role in the pathogenesis of pancreatobili-
ary cancers.

Applications

Hypermethylation of UCHL1 and runt-related transcription factor 3 in pancrea-
tobiliary fluids might be useful for the diagnosis of pancreatobiliary cancers. A
combination of highly specific epigenetic and genetic markers might provide the
best diagnostic utility.

Terminology

LINEs are 6-8 kb long, GC-poor sequences encoding an RNA-binding protein
and a reverse transcriptase/endonuclease; these sequences constitute approxi-
mately 20% of the human genome. LINE-1 elements are most abundant, and
over half a million copies of these elements are present in the human genome;
UCHL1, which is also known as PARK5/PGP9.5, is a member of the ubiquitin
carboxy terminal hydrolase family targeting the ubiquitin-dependent protein
degradation pathway. With both ubiquitin hydrolase and dimerization-dependent
ubiquitin ligase activities, UCHL1 plays important roles in multiple cellular
processes. UCHL1 is a tumor-suppressor gene that is inactivated by promoter
methylation or gene deletion in several types of human cancers.

Peer review

The presence of such high amounts of methylated DNA in pancreatobiliary fluid
is intriguing. The study has translational significance.
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