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Fig. 5 Sclerotic bile duct lesion
of intrahepatic bile duct with
BIilIN2/3 lesions

(a) Bile duct prominent ductal
sclerosis with stenotic lnmen.
Patient 8, H-E staining, 150 X
magnification. (b) Higher mag-
nification of (a) Stenotic lumen
covered by BilIN2/3 lesions.
Beneath the epithelial lesion,
mesenchymal reaction with
inflammatory cells is seen. H-E
staining, 150 x magnification.
staining, 300 x magnification; H

administered to eight patients after surgical treatment. In
two of these eight patients, radiation was administered to the
bile duct stumps. In the remaining 5 of the 17 patients,
chemotherapy or conservative treatment (stenting alone in
one patient) was administered because of the advanced stage
of the disease, as indicated by metastases to the lymph nodes
around the aorta and/or intraperitoneal dissemination.

Among the 12 patients who underwent surgical treatment,
intrahepatic recurrence or recurrence at the bile duct stump
occurred in five patients (no. 1-3, 5, and 8), and lymph node
metastasis occurred in one patient (no. 1). In one (no. 8) of the
five patients, solitary intrahepatic recurrent tumor detected at
11 months after the first operation was treated with
radiofrequency ablation therapy. Another four (no. 1-3, and
5) patients with recurrence died of carcinoma. Another
patient (no. 11) died of hepatic failure. Furthermore, four of
the five patients who underwent chemotherapy or conserva-
tive treatment died of advanced carcinoma. The median
survival time from the diagnosis of cholangiocarcinoma to
the death or the end of this study was 578 days.

Discussion

In this study, cholangiocarcinomas were diagnosed in rela-
tively young workers (2545 years old; mean, 36 years old)
in the offset color proof-printing department of a printing
company at an extremely high incidence (17 of 111
workers). This type of cholangiocarcinoma is newly classi-
fied as an occupational disease by the Ministry of Health,
Labour and Welfare, Japan at 1 October 2013.

The peak incidence of choloangiocarcinoma occurred in
patients in their sixth or seventh decade and cholang-

iocarcinoma is rare in relatively young patients [1-6]. Based
on the data from the Osaka Cancer Registry (1975-2007),
the mean age at diagnosis for intrahepatic cholang-
iocarcinoma in male patients (n=1797) was 66.5 £ 0.21
years old and for extrahapatic cholangiocarcinoma in male
patients (n =3638) was 68.9 = 0.19 years old, and the pro-
portions of relatively young patients (25-45 years old) with
cancer in intrahepatic and extrahepatic bile duct were 4.1%
and 2.6%, respectively [20]. Of 228 patients who were
treated for cholangiocarcinoma in the Department of
Hepato-Biliary-Pancreatic Surgery in Osaka City University
between December 1996 and December 2012 (cholang-
iocarcinoma in this study was diagnosed during this period),
the mean age at diagnosis was 66.2 * 10.3 years old and the
proportion of patients whose age was less than 50 years old
was 5.4% (15 patients). Of the 15 patients, five patients were
the current or former workers in the printing company. Thus,
the mean age of the patients in this study (36 years old) are
quite younger, compared to that of typically observed
patients with cholangiocarcinoma. Most workers who were
exposed to high concentration of chlorinated organic solvent
were relatively young, which was related to the age of the
patients with cholangiocarcinoma.

Known etiologic factors for cholangiocarcinoma include
hepatolithiasis, PSC, pancreaticobiliary maljunction, liver
flukes, and exposure to chemical carcinogens, such as
nitrosamines [1-4, 7, 8, 16—-19], although the causes of most
cholangiocarcinoma remain unclear. Other conditions, such
as hepatitis B and C viral infections, cirrhosis, alcohol
intake, and smoking, are possibly associated with cho-
langiocarcinoma [8, 21, 22]. Exposure to printing processes,
carbon black, and some nitrogenous compounds have been
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classified as group 2B (possibly carcinogenic to humans)
according to reports by the International Agency for
Research on Cancer (IARC) [23]. However, to date, no
studies have elucidated the development of cholang-
iocarcinoma triggered by exposure to printing processes or
associated agents. The 17 patients in this study did not
exhibit known risk factors for cholangiocarcinoma,
although 13 patients were smokers, three were habitual
alcohol consumers, and one had a previous history of hepa-
titis B viral infection. Large amounts of chemicals, includ-
ing organic solvents, were used in this printing department.
Of the 17 patients, all were exposed to 1,2-dichloropropane,
11 were exposed to dichloromethane, and eight were
exposed to 1,1,1-trichloroethane. An experiment using
reproduction of the working environment by the Japanese
National Institute of Occupational Safety and Health sug-
gested that the workers in this department were exposed
to high concentration of chlorinated organic solvents
[24]. 1,1,1-Trichloroethane, dichloromethane, and 1,2-
dichloropropane are classified as category 2 (suspected
human carcinogens) according to the Globally Harmonized
System of Classification and Labelling of Chemicals [25]
and dichloromethane is classified as group 2B according to
the TARC [23]. Conversely, other chemicals used in this
department were ruled out as possible causative agents
because of their lower consumption and/or shorter period of
exposure [26]. In addition, other chemicals have been used
in various types of industries without inducing cancer. Thus,
such chlorinated organic solvents play an important role in
the development of cholangiocarcinoma [26]. However, it
is impossible to identify all components of the chemicals
used previously in the department because the chlorinated
organic solvents, such as 1,1,1~tri¢hloroethane, dichlo-~
romethane, and 1,2-dichloropropane, have been retired until
October 2006, and the organic solvents included impurities.
Therefore, other unidentified chemicals might affect the
development of the cholangiocarcinoma.

Some cholangiocarcinoma are associated with prior
biliary or hepatic disease such as hepatolithiasis, PSC, and
liver flukes [2—4, 7, 16~19]. In patients with hepatolithiasis,
both BilIN lesions and IPNB are sometimes encountered in
the large bile ducts containing stones and in the adjacent bile
ducts [10]. PSC is likely an immune mediated, progressive
disorder that eventually developed into cirrhosis, and some
patients with PSC exhibit only BilIN lesions and not IPNB
[18]. In patients with liver fluke infection, bile duct prolif-
eration associated with periportal fibrosis is observed,
resulting in cirrhosis [19]. These pathological findings in
patients with hepatolithiasis, PSC, or liver flukes indicate
neoplastic transformation through dysplastic changes, from
bile duct hyperplasia to cholangiocarcinoma (multistep
carcinogenesis) [1, 10-12, 18, 19]. In this study, chronic bile
duct damage, including duct sclerosis, biliary epithelial

injuries/proliferation, and focal bile duct losses, were
observed in various lesions within the resected specimens in
all patients for whom operative specimens were available.
Furthermore, BilIN-2/3 lesions and IPNB, which are recog-
nized as the premalignant or pre-invasive stages of
cholangiocarcinoma, were also observed at various sites of
the bile duct and peribiliary glands in all of the patients. The
main and most invasive cholangiocarcinoma lesions were
located in the large bile duct. These findings indicate that the
cholangiocarcinoma detected among the printing company
workers might have developed from chronic bile duct inju-
ries into precancerous or early cancerous lesions at various
sites of the bile ducts, especially large bile ducts, and even-
tually developed into invasive cholangiocarcinoma, similar
to cholangiocarcinoma in patients with hepatolithiasis, PSC,
or liver flukes. In addition, the widespread occurrence of the
pathological changes without cirrhosis is an important char-
acteristic of the patients in this study.

Surgery is the only curative treatment for cholang-
iocarcinoma. In this study, five patients could not be treated
surgically because of advanced disease. Thus, to improve
patients’ long-term outcomes, regular health examinations,
including measurements of serum y-GTP activity and serum
CA19-9 and CEA concentrations, are important because the
early detection of cholangiocarcinoma is essential. With
regard to imaging analyses, both mass lesions with or
without dilatation of the peripheral bile duct as well as the
dilatation and/or stenosis of the bile ducts are important
findings for the detection of cholangiocarcinoma. It is also
important to distinguish cholangiocarcinoma from PSC
because imaging findings of cholangiography in some
patients in this study were similar to those of PSC [14]. It is
necessary to monitor the workers for a long time because
cholanciocarcinoma was diagnosed at 9 years, 7 months
after the stopping of the exposure to the chemicals including
chlorinated organic solvent.

In this study, the determination of appropriate treatments
was difficult because malignant and premalignant lesions
were often observed at various sites in the large bile ducts.
In fact, curative resection could not be performed in 5 of the
12 patients who underwent surgery. Adjuvant chemotherapy
might be necessary in such patients. Liver transplantation is
another treatment option for patients without lymph node
involvement or distant metastases.
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Fig. S1 Time course of the patients showing the duration of
employment, the time of diagnosis of cholangiocarcinoma,
and prognosisSolid line, the duration of employment with
exposure to chlorinated organic solvent; dotted line, the
duration of employment without exposure to chlorinated
organic solvent; open arrow, diagnosis of cholangio-
carcinoma; closed arrow, death.

Table S1 Chemicals used in the offset proof-printing
department.
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Table S1 Chemicals used in the offset proof-printing department

1,1,1-Trichloroethane
1,2-Dichloropropane
Dichloromethane
Diclorofluoroethane
2- Buthanol
2-Methylpentane
3-Methylpentane
N-Hexane
Cyclohexan
Isopropyl alcohol
Ethanol

Diethylene glycol monobutyl ether
Propyleneglycol monomethyl ether
2-Methyl-2.4pentadiol
3-Methyl-3-methoxybutanol
Solvent naphtha (coal)

Xylene

Kerosene

Mineral oil

Hydrocarbons

Aromatic hydrocarbons

Inks
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Abstract: Recently, cholangiocarcinoma has epidemically developed among young adult workers of a printing com-
pany in Japan. Exposure to organic solvents including 1,2-dichloropropane and/or dichloromethane is supposed
to be associated with the carcinoma development. The metabolism of dichloromethane proceeds through a Theta-
class glutathione S-transferase (GST) T1-1-catalyzed pathway, where its reactive intermediates have been impli-
cated in genotoxicity and carcinogenicity. This study examined features of the carcinogenic process of the cholan-
giocarcinoma developed in the printing company. Surgically resected specimens of the cholangiocarcinoma cases
were analyzed, where all cases were associated with precursor lesions such as biliary intraepithelial neoplasia
(BilIN) and/or intraductal papillary neoplasm of the bile duct (IPNB). Immunohistochemical analysis confirmed con-
stitutional expression of GST T1-1 in normal hepatobiliary tract. Immunostaining of y-H2AX, a marker of DNA double
strand break, showed that its expression was significantly increased in foci of BillN, IPNB and invasive carcinoma
as well as in non-neoplastic biliary epithelial cells of the printing company cases when compared to that of control
groups. In the printing company cases, immunohistochemical expression of p53 was observed in non-neoplastic
biliary epithelial cells and BilIN-1. Mutations of KRAS and GNAS were detected in foci of BillN in one out of 3 cases of
the printing company. These results revealed different carcinogenic process of the printing company cases, suggest-
ing that the exposed organic solvents might act as a carcinogen for biliary epithelial cells by causing DNA damage,
thereby contributing to the carcinoma development.

Keywords: Occupational cholangiocarcinoma, carcinogenesis, organic solvent, glutathione S-transferase, DNA
damage

Introduction

Chronic biliary inflammation as occurs in pri-
mary sclerosing cholangitis and hepatolithiasis
is a risk factor for the development of cholan-
giocarcinoma [1]. Biliary epithelial damage due
to chronic inflammation can lead to the devel-
opment of precursor lesions of cholangiocarci-
noma such as hiliary intraepithelial neoplasia
(BilIN) and intraductal papillary neoplasm of
the bile duct (IPNB), and cholangiocarcinoma
under the condition of chronic biliary inflamma-
tion often represents a multistep carcinogene-

sis process [2]. The patient age over 65 years is
also a risk factor of cholangiocarcinoma, and it
is rarely diagnosed before 40 years of age
except in patients with predisposal factors such
as primary sclerosing cholangitis [1, 3].

Recently, epidemical development of cholangio-
carcinoma among young adult men has been
reported in Japan, in which all patients were
workers of a printing company [4, 5]. At least 17
men suffered from cholangiocarcinoma arising
from the large bile ducts, and their mean age
was 36 years (range, 25 to 45 years) [5]. In the
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Figure 4. Distribution of GST T4-1 in normal hepatobiliary tract. Immunohistochemical expression of GST T1-1 was
observed in hepatocytes and biliary epithelial cells of normal mouse, rat and human. Arrows and arrowheads indi-
cate small bile ducts and peribiliary glands, respectively. Insets (J and K) were images taken from another part of
the same case of each figure, showing heterogeneous expression of GST T1-1 in a single case. CV, central vein; PT,
portal tract. Original magnifications: (A, E, H); x200: (B-D, F, G), (J) (inset), (K) {inset); x1000; (I-K); x400.

printing company, they engaged in offset color
proof-printing using several organic solvents
including 1,2-dichloropropane (1,2-DCP) and
dichloromethane (DCM), where 1,2-DCP and
DCM are classified as group 1 (carcinogenic to
humans) and group 2A (probably carcinogenic
to humans), respectively, according to the lat-
est classification by the International Agency
for Research on Cancer [6, 7]. In this series,
DNA damage of biliary epithelial cells due to
exposure to organic solvents including 1,2-DCP
and/or DCM is supposed to be associated with
the carcinogenic process, although the exact
mechanism of the outbreak of cholangiocarci-
noma remains to be determined.

In mammalian species, the metabolism of DCM
proceeds through two pathways; a cytochrome
P450 (CYP) 2E1 dependent oxidative pathway
producing carbon monoxide, and a Theta-class
glutathione S-transferase (GST) T1-1-catalyzed
pathway resulting in the production of two high-
ly reactive intermediates, formaldehyde and
S-(chloromethyl) glutathione, and carbon diox-
ide [8]. The proportion of DCM metabolized via
the GST pathway increases at higher expo-

4746

sures. Although CYP and GST are considered
detoxification pathways for many chemicals, in
the case of DCM it is the GST pathway that has
been most strongly implicated in genotoxicity
and carcinogenicity [9], while the involvement
of the GST pathway in the metabolism of 1,2-
DCP has not been fully clarified. To understand
the mechanism of cholangiocarcinoma devel-
opment in relation to the exposure to organic
solvents, it is necessary to know the normal
distribution of GST T1-1 and CYP2EL1 in hepato-
biliary tract. To date, however, detailed data on
the distribution of the enzymes, especially GST
T4-1, are lacking.

This study examined the immunohistochemical
expression of GST T1-1 and CYP2EL in normal
hepatobiliary tract of mouse, rat and human.
The DNA damage of biliary epithelial cells in the
cholangiocarcinoma cases of the printing com-
pany was evaluated using immunohistochemis-
try by detecting the expression of y-H2AX as a
marker of DNA double strand break. Mutation
analysis of KRAS and GNAS was also performed
for the cases.

IntJ Clin Exp Pathol 2014,;7(8):4745-4754
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Figure 2. Distribution of CYP2E1 in normal hepatobiliary tract. Immunohistochemical expression of CYP2EL was
observed in zone 3-2 hepatocytes of normal liver of mouse, rat and human. Biliary epithelial cells typically lacked
the expression of CYP2E1, but several human cases showed focal and weak immunohistochemical expression of
CYP2E1L in the epithelium of peribiliary glands and gallbladder (J and K, insets). Arrows and arrowheads indicate
small bile ducts and peribiliary glands, respectively. CV, central vein; PT, portal tract. Original magnifications: (A, E,
H); x200: (B-D, F, G), (J) (inset), (K) (inset); x1000; (I-K); x400.

N

Table 1. Immunohistochemical expression of GST T1-1 and CYP2EL1 in epithelial cells of normal hepa-
tobiliary tract of mouse, rat and human

Enzyme Species Hepatocyte  Small bile duct  Large bile duct Peribiliary gland  Gallbladder
GSTT4-1 Mouse + ot + + ++
Rat et ot ++ ++
Human + e ot +rbt Frtt
CYP2E1 Mouse + - - - -
Rat + - - _
Human + - - —~t e

CYP, cytochrome P450; GST, glutathione S-transferase. -, negative; +, positive (weak to moderate); ++, positive (marked).

Materials and methods samples (n = 30; mean age, 72 years) were

obtained from the hilar region of the liver from

Tissue preparation

The experiments were performed in accor-
dance with the guidelines for the care and use
of laboratory animals of Kanazawa University
and the World Medical Association’s Declaration
of Helsinki. Samples of normal liver and gall-
bladder were taken from 8-week-old ICR mice
(n = 10), and samples of hormal liver were from
8-week-old F344 rats (n = 10). Human liver

4747

autopsy files of our department. Histological
examination confirmed that the human liver
samples were almost normal. Human galiblad-
der samples (n = 15; mean age, 66 years) were
obtained at the time of gastrectomy and chole-
cystectomy due to cholecystolithiasis, and the
extent of inflammation in the gallbladder was
histologically mild or minimal for all cases. The
samples were formalin-fixed, and paraffin-
embedded.

int J Clin Exp Pathol 2014,7(8):4745-4754
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Figure 3. Expression of GST T1-1 and CYP2EL in cholangiocarcinoma cases of the printing company. In the cases
of the printing company, immunohistochemical expression of GST T1-1 was observed in biliary epithelial cells of the
large bile duct with cholangitis (A), biliary intraepithelial neoplasia (BilIN) (B), intraductal papillary neoplasm of the
bile duct (IPNB) (C) and cholangiocarcinoma (D). These epithelial cells lacked immunohistochemical expression of
CYP2EL (E-H). Original magnifications; (A, B, D, E, F, H); x400: (C, G); x200.

Specimens of 8 cases of cholangiocarcinoma
(mean age, 36 years) that had occurred among
workers of the printing company were used in
this study [5]. All specimens were surgically
resected, and unstained formalin-fixed, paraf-
fin-embedded sections were provided by the
associated hospitals. In all patients, cholangio-
carcinoma arose from the large bile ducts, and
was associated with BillN and chronic bile duct
injury. The coexistence of IPNB was recorded in
7 cases, and unstained sections including the
foci of IPNB were available from 4 cases. For
comparison, formalin-fixed, paraffin-embedded
sections of surgically resected specimens of
cholangiocarcinoma associated hepatolithiasis
and BillN (n = 16; mean age, 65 years) and con-
ventional IPNB (n = 19; mean age 65 years)
were used.

Immunohistochemistry

Immunostaining was performed using primary
antibodies against GSTT1 (rabbit polycional;
Proteintech Group, Inc., Chicago, IL.) for mouse
and rat, GSTT1 (rabbit monoclonal; Epitomics,
Burlingame, CA) for human, CYP2E1 (rabbit
polyclonal; Enzo Life Science, Inc., Farmingdale,
NY) for mouse and rat, CYP2E1 (rabbit poly-
clonal; Atlas Antibodies, Stockholm, Sweden)
for human, y-H2AX (rabbit monoclonal; Novus
Biologicals, Littleton, CO), and p53 (mouse
monoclonal; DakoCytomation, Glostrup, Den-
mark). After deparaffinization, antigen retrieval
was performed by microwaving the sections in

4748

Tris-ethylenediaminetetraacetic acid buffer (pH
9.0) for immunostaining of GSTT1 of mouse
and rat, in 10 mmol/L citrate buffer (pH 6.0) for
immunostaining of CYP2E1 of mouse and rat,
y-H2AX and p53, and in Target Retrieval So-
lution (DakoCytomation) for immunostaining of
GSTT1 and CYP2E1 of human. The sections
were then immersed in 0.3% hydrogen peroxi-
dase in methanol for 20 minutes at room tem-
perature to block endogenous peroxidase activ-
ity. After pretreatment with blocking serum
(DakoCytomation), the sections were incubated
overnight at 4°C with each primary antibody
(diluted 1:100). Then, the sections were incu-
bated with a secondary antibody conjugated to
peroxidase-labeled polymer using the HISTO-
FINE system (Nichirei, Tokyo, Japan). Color
development was performed using 3,3'-diami-
nobenzidine tetrahydrochloride, and the sec-
tions were lightly counterstained with hema-
toxylin. Negative controls were produced by
substituting the primary antibody for non-
immunized serum, which resulted in no signal
detection.

As for the immunohistochemical analysis of the
cholangiocarcinoma cases of the printing com-
pany, the expression of y-H2AX was examined
in 8 cases, whereas that of GSTT1, CYP2E1 and
p53 was examined in 5, 5 and 3 cases, respec-
tively, because of the limitation of the number
of unstained sections available.

Semiquantitative analysis of the immunos-
tained sections of y-H2AX was performed. Foci
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Figure 4. DNA damage in cholangiocarcinoma cases of the printing company. DNA damage was evaluated by the
use of immunohistochemical staining of y-H2AX as a marker of DNA double strand break. In cholangiocarcinoma
cases of the printing company, positive expression of y-H2AX was detected in non-neoplastic biliary epithelial cells of
the large bile duct and peribiliary glands (A) as well as foci of biliary intraepithelial neoplasia (BilIN) (B) and invasive
carcinoma (C). Foci of intraductal papillary neoplasm of the bile duct (IPNB) were also positive (D). In control cases
of cholangiocarcinoma associated with hepatolithiasis and BillN, several cases showed y-H2AX expression in the
invasive foci (G), while non-neoplastic biliary epithelial cells (E) and BilIN (F) were typically negative. In conventional
IPNB, diffuse and intense staining was rare (H). Semiquantitative analysis of the immunostaining was performed
as describéd in the Materials and methods. The analysis showed that the expression of y-H2AX of each focus of the
printing company cases was significantly increased when compared. with that of control groups of cholangiocarci-
noma associated with hepatolithiasis and BillN (1), and conventional IPNB (J). *, P < 0.01; **, P < 0.05 vs. control

groups. Original magnifications: (A), x200; (B, C, E-G), x400; (D, H); x40 (insets, x400).

of interests such as BillN, IPNB and invasive
carcinoma were observed in fields at x200
maghnification, and the area of the highest
labeling of y-H2AX nuclear expression was
selected for each focus in the section. The pro-
portion of stained cells was evaluated as fol-
lows: 0, negative; 1+, 1-5% positive; 2+, 6-20%
positive; and 3+, more than 20% positive.

KRAS and GNAS mutations

Mutations of KRAS and GNAS were analyzed as
previously described [10]. Briefly, foci of inter-
ests were scraped off from paraffin-embedded
tissue sections. DNA was isolated using the
QIAMP DNA kit (QIAGEN, Tokyo, Japan), and iso-
lated DNA was subjected to PCR amplification
of the region of the KRAS gene containing
codons 12 and 13, and the GNAS gene coding
codon 201. The PCR products were purified
using the QIAGEN PCR purification kit (QIAGEN),
and sequenced by the Big Dye cyclic sequenc-
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ing kit and ABI 310 sequencer (Applied Bio-
systems, Forster City, CA).

Statistics

Statistical significance was determined using
the Mann-Whitney U-test. A P value less than
0.05 was accepted as the level of statistical
significance.

Results

Distribution of GST T1-1 and CYP2E1 in normal
hepatobiliary tract

Immunohistochemical expression of GST T1-1
was observed in hepatocytes and biliary epi-
thelial cells of normal mouse, rat and human
(Figure 1). The positive signals of GST T1-1 were
located in the cytoplasm and nuclei of the cells.
In hepatocytes of mouse and rat, they were
located mainly in zone 3-2 of the hepatic lobule
(Figure 1A and 41E). The expression of GST T1-1
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Figure 5. Expression of p53 in the printing company cases. The immunohistochemical expression of p53 was ob-
served in non-neoplastic epithelial cells of the large bile duct associated with chronic cholangitis and bile duct
damage (A-C) and the foci of biliary intraepithelial neoplasia-1 (BilIN-1) (D-F). (A, D); hematoxylin and eosin staining.
Original magnifications: (A, B), x200; (G, F), x1000; (D, E), x400.

in hepatocytes of human tended 1o be observed
diffusely in the hepatic lobule, and several
cases showed the expression of GST T1-1
accentuated in zone 1 rather than zone 3-2
hepatocytes (Figure 1H).

The epithelium of large bile ducts and peribili-
ary glands of mouse, rat and human showed
positive immunohistochemical signals of GST
T1-1, and the gallbladder epithelium of mouse
and human also expressed GST T1-1 (Figure
1B-D, 4F, 1G and 11-K). Although the extent of
GST T1-1 expression in biliary epithelial cells
was almost equal among individuals of mouse
and rat, that in human biliary epithelial cells dif-
fered among individuals to some extent. In
addition, there were several human cases
where the expression of GST T1-1 in biliary epi-
thelial cells was heterogeneous in a single case
(Figure 1J and 1K, insets).

The expression of CYP2E1l was observed in
zone 3-2 hepatocytes of normal liver of mouse,
rat and human, in which the positive immuno-
histochemical signals of CYP2E1 were located
in the cytoplasm (Figure 2A, 2E and 2H).

Biliary epithelial cells of small bile ducts, large
bile ducts and peribiliary glands of mouse, rat
and human, and gallbladder epithelium of
mouse and human typically lacked the immu-
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nohistochemical expression of CYP2EL (Figure
2B-D, 2F, 2G, and 2I-K). However, there were
several human cases that showed focal and
weak immunohistochemical expression of
CYP2E1 in the epithelium of peribiliary glands
and gallbladder (Figures 2J and 2K, insets). In
human subjects, the expression of CYP2EL in
petribiliary glands and gallbladder was observed
in 4 of 30 cases, and 5 of 15 cases, respec-
tively. The results of immunostaining of GST
T1-1 and CYP2E1 are summarized in Table 1.

Expression of GST T1-1 and CYP2E1 in cholan-
giocarcinoma and its precursor lesions

In all cases of cholangiocarcinoma of the print-
ing company, the immunohistochemical expres-
sion of GST T4-1 was observed in foci of BillN,
IPNB and cholangiocarcinoma as well as in
non-neoplastic biliary epithelial cells of the
large bile duct with cholangitis and bile duct
injury (Figure 3A-D). The expression of GST T1-1
in the background hepatobiliary tract was
almost identical to that of normal human
livers.

Similar to the results of normal human livers,
positive immunohistochemical signals of
CYP2E1 were not observed in biliary epithelial
cells of the large bile duct (Figure 3E). The foci
of BIlIN, IPNB and cholangiocarcinoma also
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lacked the expression of CYP2E41 in all cases of
the printing company (Figure 3F-H).

The positive immunohistochemical expression
of GST T1-1 and the lack of CYP2EL expression
in cholangiocarcinoma and its precursor
lesions were not specific findings for the cases
of the printing company, because similar results
were observed in control groups of cholangio-
carcinoma associated with hepatolithiasis and
BilIN, and conventional IPNB (data not shown).

DNA damage in cholangiocarcinoma and its
precursor lesions

Immunohistochemical expression of y-H2AX, a
marker of DNA double strand break, was
detected in foci of invasive carcinoma in 7 of 8
cholangiocarcinoma cases of the printing com-
pany, and 6 cases further showed occasional
expression of y-H2AX in non-neoplastic biliary
epithelial cells of the large bile duct and peribili-
ary glands as well as BillN and IPNB (Figure
4A-D). The expression of y-H2AX in small bile
ducts and hepatocytes of the background liver
was mostly negative.

In the control cases of cholangiocarcinoma
associated with hepatolithiasis and BillN, 7 of
16 cases showed the expression of y-H2AX in
the invasive foci (Figure 4G). By contrast, non-
neoplastic biliary epithelial cells of the large
bile duct and peribiliary glands were totally neg-
ative (Figure 4E). Foci of BillN in hepatolithiasis
were typically lacked y-H2AX expression (Figure
4F), but 3 of 16 cases showed focal positive
expression of y-H2AX in BillN. In cases of con-
ventional IPNB, 6 of 19 cases showed positive
immunohistochemical expression of y-H2AX,
but intense and diffuse staining was rare
(Figure 4H).

Semiquantitative analysis showed that the
expression of y-H2AX was significantly increa-
sed in non-neoplastic biliary epithelial cells of
the large bile duct, BillN, IPNB and invasive car-
cinoma of the printing company cases when
compared with that of control groups of cholan-
giocarcinoma with hepatolithiasis and BIlIN,
and conventional IPNB (Figure 4! and 4J).

Expression of p53 in cholangiocarcinoma
cases of the printing company

Immunohistochemical expression of p53 was
examined in 3 cases of cholangiocarcinoma of
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the printing company. Invasive foci of all cases
showed positive immunohistochemical expres-
sion of p53, and in one of 3 cases, positive
immunohistochemical sighal was observed in
foci of IPNB (data not shown). It was of note
that non-neoplastic epithelial cells of the large
bile duct associated with chronic cholangitis
and bile duct damage showed positive immu-
nohistochemical expression of p53 (Figure 5A-
C). In addition, immunohistochemical expres-
sion of p53 was observed in foci of BilIN-1 in
one case (Figure 5D-F).

KRAS and GNAS mutations

KRAS and GNAS mutations were analyzed for 3
cases of cholangiocarcinoma of the printing
company. From the cases, one focus of non-
neoplastic biliary epithelial cells of the large
bile duct, 3 foci of BIilIN, 4 foci of IPNB and 3
foci of invasive carcinoma were selected and
analyzed. Among them, KRAS mutation was
detected in one focus of BillN, showing muta-
tion of GGC to GGT at codon 13. GNAS muta-
tion was detected in one focus of BillN, which
was from the same case that had KRAS muta-
tion but from the different focus, showing muta-
tion of CGT to CGA at codon 201. The other foci
examined here were wild type for both KRAS
and GNAS.

Discussion

This study showed that GST T1-1 was constitu-
tively expressed in normal biliary tract as well
as hepatocytes, and it was also observed in
cholangiocarcinoma cases of the printing com-
pany. By contrast, the immunohistochemical

~ expression of CYP2E1 was observed in normal

hepatocytes, while it was not detected in nor-
mal biliary epithelial cells as well as cholangio-
carcinoma cases, with the exception of occa-
sional expression of CYP2E1l in the non-
neoplastic epithelium of peribiliary glands and
gallbladder in human. In addition, DNA damage
in non-neoplastic biliary epithelial cells as well
as in foci of BillN, IPNB and invasive carcinoma
was found to be increased in cholangiocarci-
noma cases of the printing company, which
was accompanied by abnormal expression of
p53 and occasional mutations of KRAS and
GNAS.

There are several reports that examined the
normal distribution of GST T1-1 in the liver of
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mouse, rat and human [11-13]. In these stud-
ies, the expression of GST T1-1 was detected in
the cytoplasm and nuclei of hepatocytes and
biliary epithelial cells, although the distribution
of the enzyme in relation to the different ana-
tomical levels of the biliary tract such as small
bile ducts, large bile ducts and peribiliary
glands was not described in detail. Hepatocyte
expression of CYP2E1 is well documented, and
it is known that its expression shows individual
variations in normal subjects [14].

DCM is a potent hepatic and pulmonary carcin-
ogen in mouse [15]. By contrast, DCM exposure
showed no increase in the incidence of hepatic
or pulmonary tumors in rat, which might be par-
tially due to the lower catalytic activity of rat
GST T1-1 toward DCM than that of mouse [186].
The risk posed to human health by DCM is
uncertain because no long-term adverse
effects have been seen following occupational
exposure. A number of cohort studies have not
provided any epidemiological evidence to link
DCM exposure with a higher incidence of
human cancer [17-19].

It has been suggested that, compared to the
catalytic activity of GST T1-1 toward DCM in the
mouse, humans do not have a sufficiently high
capacity to activate DCM for this compound to
be considered to represent a carcinogenic risk
[11]. However, the outbreak of cholangiocarci-
noma among workers of the printing company
suggested the causal relation between the
development of cholangiocarcinoma and expo-
sure to organic solvents of 1,2-DCP and/or
DCM [4, 5].

As shown in this study, biliary epithelial cells of
the normal human biliary tract expressed GST
T4-1 and they lacked the expression of CYP2E1.
The biliary epithelium of the hepatobiliary tract
is supplied by arterial vessels originating from
hepatic arterial branches [20]. In these circum-
stances, 1,2-DCP and/or DCM inhaled in the
lung may directly affect the biliary epithelial
cells via arterial blood, where GST T1-1-
catalyzed pathway may result in the production
of highly reactive intermediates related to the
carcinogenesis in the absence of CYP2E1,
thereby causing BilIN, IPNB and cholangiocarci-
noma. In fact, DNA damage was significantly
increased in non-neoplastic biliary epithelial
cells of the large bile duct and peribiliary glands
of the printing company cases.
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Although small bile ducts expressed GST T1-1
in this study, cholangiocarcinoma developing in
the peripheral portion of the liver has not been
recorded in the series of the printing company
cases {4, 5]. Because cholangiocytes in the
large and small intrahepatic bile ducts have dif-
ferent functions and responses to injuries [21],
the heterogeneity of cholangiocytes in the liver
may explain for the reason, but the exact mech-
anism remains unclear.

It seems to be interesting that gallbladder can-
cer never occurred in the workers of the print-
ing company who developed cholangiocarcino-
ma [4, B]. In this study, the expression of
CYP2E1 was observed in human gallbladder
epithelial cells in several cases. A previous
study also demonstrated the expression of
CYP2EL in the gallbladder epithelial cells of
human [22]. These observations suggest that
CYP2E1-dependent oxidative pathway may
have a function of detoxification of 1,2-DCP
and/or DCM in the gallbladder in some patients.
In addition, lung cancer has not occurred in the
cases of epidemic cholangiocarcinoma pa-
tients, although DCM is pulmonary carcinogen
in mouse [15]. Since GST T1-1 was found in only
low levels in human lung, it is suggested that in
man the lung has little capacity to activate DCM
in human [23].

According to our previous study, immunohisto-
chemical expression of pb3 was observed in
neither non-neoplastic biliary epithelial celis of
the large bile duct nor BilIN-1 in hepatolithiatic
livers [24, 25]. In addition, GNAS mutation was
not observed in any grade of BIilIN as well as
intrahepatic cholangiocarcinoma [25]. Although
the number of the cases examined in this study
was small, the results showed that the expres-
sion of p53 in non-neoplastic biliary epithelial
cells and BilIN-1, and the occurrence of GNAS
mutation in BilIN in the cases of the printing
company. These results indicate the different
and characteristic carcinogenic process of the
printing company cases.

In summary, this study suggests that the
exposed organic solvents reaching to the biliary
epithelial cells via arterial blood may act as a
carcinogen for the cells through the GST T1-1-
catalyzed pathway. The resultant DNA damage
may lead to the development of cholangiocarci-
noma. Although detailed mechanism of the car-
cinogenesis requires to be further addressed,
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this study provides evidence that may support
the causal relation between organic solvent
exposure and cholangiocarcinoma develop-
ment in the patients.
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Abstract

Background Cholangiocarcinoma has been reported in
workers exposed to chlorinated organic solvents and has
consequently been classified as an occupational disease
(occupational cholangiocarcinoma) by the Japanese Minis-
try of Health, Labour and Welfare. This study aimed to
identify the characteristics of nine workers newly diagnosed
with occupational cholangiocarcinoma.

Methods This study was a retrospective study conducted in
13 hospitals and three universities. Clinicopathological find-
ings of nine occupational cholangiocarcinoma patients from
seven printing companies in Japan were investigated and
compared with 17 cholangiocarcinoma patients clustered in
a single printing company in Osaka.

Results Patient age at diagnosis was 3157 years. Patients
were exposed to 1,2-dichloropropane and/or dichloro-
methane. Serum y-glutamyl transpeptidase activity was
elevated in all patients. Regional dilatation of the
intrahepatic bile ducts without tumor-induced obstruction
was observed in two patients. Four patients developed
intrahepatic cholangiocarcinoma and five developed hilar
cholangiocarcinoma. Biliary intraepithelial neoplasia and/or
intraductal papillary neoplasm of the bile duct was observed
in four patients with available operative or autopsy
specimens.

Conclusions Most of these patients with occupational
cholangiocarcinoma exhibited typical findings, including
high serum y-glutamyl transpeptidase activity, regional dila-
tation of the bile ducts, and precancerous lesions, similar to
findings previously reported in 17 occupational
cholangiocarcinoma patients in Osaka.

Keywords y-glutamyl transpeptidase - Biliary
intraepithelial neoplasia - Intraductal papillary neoplasm
of the bile duct - Occupational cholangiocarcinoma -
Organic solvent

Introduction

Recently, an outbreak of cholangiocarcinoma was reported
among workers in an offset color proof-printing department
at a printing company in Osaka, Japan [1, 2]. These 17
patients with cholangiocarcinoma had been exposed to
chemicals, including 1,2-dichloropropane (DCP) and/or
dichloromethane (DCM), at the company. This type of
cholangiocarcinoma was recently recognized as an occupa-
tional disease by the Japanese Ministry of Health, Labour
and Welfare, on 1 October 2013 [3]. Until the end of 2013,
the Ministry confirmed “occupational cholangiocarcinoma”
in the 17 former or current workers of the company [2],
along with nine workers of seven other printing companies.
We have previously reported the clinicopathological find-

ings of the first 17 workers [2]. The aim of this study was to
investigate the clinical and pathological findings of the nine
patients employed at the other printing companies who were
also diagnosed with occupational cholangiocarcinoma.

Subjects and methods

The subjects of this study were nine patients with occupa-
tional cholangiocarcinoma, which was newly recognized as
an occupational disease by the Japanese Ministry of Health,
Labour and Welfare until the end of 2013. Patients with
cholangiocarcinoma diagnosed between March 1988 and
November 2011 were enrolled in this study. The nine
patients were former or current workers at seven printing
companies in Hokkaido, Aomori, Miyagi, Saitama, Aichi,
Osaka, and Fukuoka. All nine had been exposed to chemi-
cals, including a high concentration of chlorinated organic
solvents, such as 1,1,1-trichloroethane (TCE), DCM, and/or
DCP, over a long period of time. These organic solvents are
used to remove ink residues. We investigated the clinical
findings, laboratory test results, diagnostic imaging results,
pathologic findings, treatments, and prognoses of the nine
patients. The clinicopathological findings of nine occupa-
tional cholangiocarcinoma patients from seven printing
companies were compared with those in our previous study,
which examined 17 cholangiocarcinoma patients clustered
in a single printing company in Osaka.

Patient data, including history of alcohol intake and
smoking, and clinical findings were obtained from the
medical records from each hospital and/or interviews with
the patients or their family members. The results of labora-
tory tests and diagnostic imaging were obtained from the
medical records and/or films from each hospital. For all nine
patients, the diagnosis of cholangiocarcinoma was con-
firmed at the individual hospitals by pathologists who ana-
lyzed surgically resected specimens in four patients and
biopsy specimens in five patients.

The pathological findings were recorded and described
according to the World Health Organization classification of
intrahepatic and extrahepatic cholangiocarcinoma [4].
Intrahepatic cholangiocarcinoma was grossly classified as a
mass-forming, periductal infiltrating, or intraductal growth.
Extrahepatic cholangiocarcinoma was grossly classified as a
papillary, nodular, scitrhous constricting, or diffusely infil-
trating tumor. Preneoplastic or early preinvasive neoplastic
lesions of the biliary tree were classified as flat dysplastic
epithelial tumors (biliary intraepithelial neoplasia [BilIN])
or grossly visible papillary tumors (intraductal papillary
neoplasm of the bile duct [IPNB]) [4-7]. BilIN lesions were
histologically classified according to their cellular and struc-
tural features as BilIN-1 (mild atypia), BilIN-2 (moderate
atypia), or BilIN-3 (severe atypia corresponding to in sifu
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Table 1 Clinical findings in patients with cholangiocarcinoma

Patient no. Clinical findings Exposure to chlorinated organic solvents
Age Symptom(s) or health examination Organic solvents and periods of exposure?

1 37 Liver dysfunction DCP (16 years), TCE, DCM®

2 42 Jaundice DCP (16 years), TCE, DCM"

3 49 Liver dysfunction DCM (12 years), TCE

4 57 Jaundice DCP (11 years), DCM (11 years)

5 31 Abdominal pain DCP (3 years 10 months), DCM (3 years 10 months)

6 47 Abdominal pain, back pain DCP (12 years), DCM (12 years)

7 47 Nausea DCP (16 years), DCM (6 years)

8 46 Epigastralgia, nausea DCP (13 years), DCM (19 years)

9 41 Jaundice, abdominal pain DCM (11 years), TCE

DCM dichloromethane, DCP 1.2-dichloropropane, TCE 1,1,1-trichloroethane
* The period of exposure to TCE was not evaluated because TCE is not considered to be a main causative agent
® The period of exposure to DCM was not evaluated because the amount of DCM used was small

carcinoma). BilIN-1 lesions presented with mild atypical
cellular and nuclear features, such as nuclear membrane
irregularities or nuclear enlargements with only minimal
disturbances to cellular polarity. BilIN-2 lesions had evident
aberrant cellular and nuclear features not sufficient to
suggest overt carcinoma; these lesions also had focal distur-
bances in cellular polarity. BilIN-3 lesions presented with
diffuse disturbances in cellular polarity with or without dis-
tinct atypical cellular and nuclear features that corresponded
to carcinoma in sifu. In this study, primarily BilIN-2 and
BilIN-3 lesions were examined because it is controversial
whether BilIN-1 lesions contain any reactive hyperplastic
changes. Other pathological terms used in this study were
characterized or defined as follows [2]. “Chronic bile duct
injury” was used as a collective term to describe duct inju-
ries such as epithelial damage, fibrosis of the duct wall and
periductal tissue, and chronic inflammatory cell infiltration,
in various combinations. “Proliferative changes of bile
ducts” was used to describe bile ducts with non-neoplastic
biliary epithelial proliferation. “Bile duct sclerosis” was
used to describe fibrous thickening of the duct wall with or
without additional periductal fibrosis.

This stady was approved by the ethics committee of
Osaka City University, and all subjects or their legally
authorized representatives (for deceased patients) provided
written informed consent. This multicenter occupational
cholangiocarcinoma study group consisted of investigators
at 13 hospitals (including five university hospitals) and three
universities.

Statistical analysis
Student’s t-test or the Mann—Whitney U-test were used to

determine significant difference in age and results of labo-
ratory tests. The y? test or Fisher’s exact tests was used

to evaluate significant differences in the categorical data
between groups. Differences with P < 0.05 were consid-
ered to be statistically significant. Statistical analysis
was performed with JMP 9.0 (SAS Institute, Cary, NC,
USA).

Results
Clinical findings

The age of the patients at diagnosis was between 31 and 57
years (mean, 44 years), and all patients were men (Table 1).
Of the nine patients, five (patients 4—8) had been exposed to
DCP and DCM,; two (patients 1, 2) had been exposed to
DCP, DCM, and TCE; and two patients (patients 3, 9) had
been exposed to DCM and TCE. The period of exposure to
chlorinated organic solvents ranged from 3 years and 10
months to 19 years. No patient was a habitual alcohol user
(280 g of ethanol consumed daily), and six patients (patients
1, 5-9) were smokers. Seven patients experienced abdomi-
nal pain, back pain, nausea, and/or jaundice. Abnormal liver
function was noted in two patients (patients 1, 3) during
regular health examinations.

Laboratory test results

At the time of cholangiocarcinoma diagnosis, the serum
concentrations of total bilirubin were elevated in six patients
(Table 2). Serum aspartate aminotransferase (AST) activity
was elevated in seven patients, and alanine aminotransferase
(ALT) activity was elevated in eight patients. Serum
Y-glutamyl transpeptidase (y-GTP) activity was elevated in
all nine patients. In two (patients 1, 3) of the three patients
for whom laboratory test results from regular health
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Table 2 Results of laboratory test and diagnostic imaging

Diagnostic imaging

Laboratory tests at diagnosis

T-Bil

Patient

Dilated bile ducts without
tumor-induced obstruction

Dilated bile ducts due to
tumor-induced obstruction

Bile duct stenosis
or obstruction

Space-occupying
Jesion or mass lesion

CEA CA19-9
(ng/mg) (U/ml)

+GTP
(UML)

AIT
(TU/L)

AST
(IU/L)

(mg/dL)

2418 (h)

Yes

Yes

Yes

Yes

212¢h) 526 (h) 2.5

114 (h)

188 (h)
84 (h)

34

1.0

No

Yes

Yes

Yes

23253 (h)

1404 (b
2034 (h)

105 (b

321 (h)

10.0 (h)

1.2
22.8 (h)
52 (h)

0.6

2

No
No

Yes
Yes

Yes
Yes

Yes
Yes

1283 ()
2392 (h)

565.3 (h)
3.3

0.7
1.4

137 (h)
27

3
4
5

Yes

Yes

No

Yes

49.2 (h)

145 (h) 270 (h)

36 (h)

96 (h)
26

No

No

Yes

Yes

11.2 (h)

15
1.4
1.6

346 (h)

No

Yes

Yes

1.8 () 167 (h) 391 (h) 1109 (h) 16 No
301 (h) 8.6

1.8 (h)
9.2 (h)

7
8
9

No

Yes

Yes

Yes

1120 (h)
437 (h)

261 (h)
55 (h)

No

Yes

Yes

Yes

144.6 (h)

133 (h)

¥-GTP v-glutamy! transpeptidase, ALT alanine aminotrasferase, AST aspartate aminotrasferase, CA19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, k higher than the reference

range, T-Bil total bilirubin
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Fig. 1 Changes in laboratory test results before cholangiocarcinoma
diagnosis (patient no. 1)

examinations for several years prior to the diagnosis of
cholangiocarcinoma were available, the serum y-GTP activ-
ity was observed to have increased gradually (Fig. 1). The
serum concentration of carcinoembryonic antigen was
elevated in two patients, and the serum concentration of
carbohydrate antigen 19-9 (CA19-9) was elevated in six
patients. The serum concentration of Dupan-2 was elevated
in three of four patients examined, and the serum concen-
tration of Span-1 was elevated in all three patients exam-
ined. All nine patients were negative for serum hepatitis B
surface antigen and hepatitis C virus antibodies.

Diagnostic imaging results

Space-occupying lesions were observed in eight patients on
computed tomography, magnetic resonance imaging, and/or
ultrasonography (Table 2 and Fig. 2a). Stenosis or obstruc-
tion of the bile duct was observed in eight patients (Fig. 2b)
on magnetic resonance cholangiopancreatography and/or
direct cholangiography. Dilatation of peripheral bile ducts
due to tumor-induced bile duct obstruction was observed in
eight patients on ultrasonography, computed tomography,
and/or magnetic resonance imaging (Fig. 2b). Regional
dilatation of intrahepatic bile ducts without tumor-induced
obstruction, a characteristic finding in the previous study
[2], was observed in two patients (patients 1, 5) through
magnetic resonance cholangiopancreatography (Fig. 2c).

Diagnosis and pathological findings of
cholangiocarcinoma

Considering the radiological and pathological findings, four
patients (patients 1, 4-6) were diagnosed with intrahepatic
cholangiocarcinoma, and the remaining five patients
(patients 2, 3, 7-9) were diagnosed with extrahepatic
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Fig. 2 Diagnostic imaging results of patients with cholangiocarcinoma. (a) Intrahepatic cholangiocarcinoma of the mass-forming type (arrow) in
patient 5. (b) Extrahepatic (hilar) cholangiocarcinoma in patient 7; stenosis of the bile ducts in the hepatic hilum is observed (arrow). (¢) Dilated
intrahepatic bile ducts without tumor-induced obstruction (arrow) in patient 5

Table 3 Pathological findings of cholangiocarcinoma

Patient no. Location

Type

Pathological examination

Specimens

Histology of tumor and BilIN
or IPNB in non-cancerous
tissue

Stage by TNM
classification

1 Intrahepatic

2 Extrahepatic (hilar)
3 Extrahepatic (hilar)

4 Intrahepatic

5 Intrahepatic
6 Intrahepatic

7 Extrahepatic (hilar)

8 Extrahepatic (hilar)

9 Extrahepatic (hilar)

Mass-forming

Scirrhous constricting
Unknown

Mass-forming

Mass-forming
Mass-forming

Unknown

Dittusely infiltrating

Nodular

Biopsy during ERCP; autopsy

Surgically resected
Biopsy during ERCP

Surgically resected

Needle liver biopsy
Surgically resected (2 nodules)

Biopsy during ERCP

Surgically resected

Biopsy during ERCP

Adenocarcinoma with
papillary component;
adenocarcinoma, BilIN and
IPNB

Tubular adenocarcinoma and
BilIN

Papillary adenocarcinoma with
compact pattern

Well to moderately
differentiated
adenocarcinoma and BilIN

Adenocarcinoma

Well to moderately
differentiated
adenocarcinoma with tubular
or papillary component,
poorly differentiated
adenocarcinoma and BilIN

Well differentiated
adenocarcinoma with
papillary component

Moderately differentiated
tubular adenocarcinoma

Adenocarcinoma

IVB

1118

IvB

IVA
IVA

II

A

I

BilIN biliary intraepithelial neoplasia, ERCP endoscopic retrograde cholangiopancreatograpy, JPNB intraductal papillary neoplasm of the bile duct

cholangiocarcinoma (hilar cholangiocarcinoma, Table 3).
The four cases of intrahepatic cholangiocarcinoma were
classified as the mass-forming type. Comprehensive
imaging studies and gross analyses demonstrated that the
primary and most invasive cholangiocarcinoma lesions were
located in the common hepatic duct, the left or right hepatic
duct, or the first to third branches of the intrahepatic bile
duct (also known as the large bile duct) [8]. Lymph node

metastsis in three patients (patients 1, 5, 6) was observed on
diagnostic imaging scans at the time of cholangiocarcinoma
diagnosis.

In four (patients 1, 3, 7, 9) of the nine patients, adeno-
carcinoma was identified in biopsy specimens obtained
during endoscopic retrograde cholangiopancreatography.
Three (patients 1, 3, 7) of these specimens exhibited papil-
lary proliferation (Fig.3a). In one patient (patient 5),
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