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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. Inmunostaining of y-H2AX, a marker of DNA double
strand break, showed that its expression was significantly increased in foci of BilIN, 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 BilIN 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.
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Introduction 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

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 biliary 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-

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 1. Distribution of GST T1-1 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-
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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 CYP2E1 in hepato-
biliary tract. To date, however, detailed data on
the distribution of the enzymes, especially GST
T1-1, are lacking.

This study examined the immunohistochemical
expression of GST T1-1 and CYP2E1 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.

Int J Clin Exp Pathol 2014;7(8):4745-4754
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Figure 2. Distribution of CYP2EZ1 in normal hepatobiliary tract. Immunohistochemical expression of CYP2E1 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
CYP2EL1 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.

Table 1. Immunohistochemical expression of GST T1-1 and CYP2E1 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
GSTT11 Mouse + -~+ + + ++
Rat +~t+ +~t+ ++ ++
Human + +~tt+ +~t+ +~t+ +~++
CYP2E1 Mouse + - - - -
Rat + - - R
Human + - - -~+ -~+

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

Materials and methods

Tissue preparation

The experiments were performed in accor-
dance with the guidelines for the care and use
of laboratory animals of Kanazawa University
andthe 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 normal liver were from
8-week-old F344 rats (n = 10). Human liver
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samples (n = 30; mean age, 72 years) were
obtained from the hilar region of the liver from
autopsy files of our department. Histological
examination confirmed that the human liver
samples were almost normal. Human gallblad-
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 CYP2EL1 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
CYP2E1 (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 BilIN (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 polyclonal;
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
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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

Int J Clin Exp Pathol 2014;7(8):4745-4754
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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 described 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 BilIN (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 BilIN, IPNB and invasive ing kit and ABI 310 sequencer (Applied Bio-
carcinoma were observed in fields at x200 systems, Forster City, CA).

magnification, and the area of the highest o

labeling of y-H2AX nuclear expression was Statistics

selected for each focus in the section. The pro-
portion of stained cells was evaluated as fol-
lows: O, negative; 1+, 1-5% positive; 2+, 6-20%
positive; and 3+, more than 20% positive.

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.
KRAS and GNAS mutations Results
Mutations of KRAS and GNAS were analyzed as Distribution of GST T1-1 and CYP2E1 in normal
previously described [10]. Briefly, foci of inter- hepatobiliary tract
ests were scraped off from paraffin-embedded
tissue sections. DNA was isolated using the Immunohistochemical expression of GST T1-1
QIAMP DNA kit (QIAGEN, Tokyo, Japan), and iso- was observed in hepatocytes and biliary epi-
lated DNA was subjected to PCR amplification thelial cells of normal mouse, rat and human
of the region of the KRAS gene containing (Figure 1). The positive signals of GST T1-1 were
codons 12 and 13, and the GNAS gene coding located in the cytoplasm and nuclei of the cells.
codon 201. The PCR products were purified In hepatocytes of mouse and rat, they were
using the QIAGEN PCR purification kit (QIAGEN), located mainly in zone 3-2 of the hepatic lobule
and sequenced by the Big Dye cyclic sequenc- (Figure 1A and 1E). The expression of GST T1-1

4749 Int J Clin Exp Pathol 2014;7(8):4745-4754
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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 magpnifications: (A, B), x200; (C, F), x1000; (D, E), x400.

in hepatocytes of human tended to be observed
diffusely in the hepatic lobule, and several
cases showed the expression of GST Ti1-1
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, 1F, 1G and 1I-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 CYP2E1 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 CYP2E1 (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 CYP2E1 in
peribiliary 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 CYP2EL1 in cholan-
giocarcinoma and its precursor lesions

In all cases of cholangiocarcinoma of the print-
ing company, the immunohistochemical expres-
sion of GST T1-1 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

Int J Clin Exp Pathol 2014;7(8):4745-4754
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lacked the expression of CYP2EL1 in all cases of
the printing company (Figure 3F-H).

The positive immunohistochemical expression
of GST T1-1 and the lack of CYP2E1 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 BilIN, 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 BilIN. 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, BilIN, 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 41 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 signal 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 BilIN, 4 foci of IPNB and 3
foci of invasive carcinoma were selected and
analyzed. Among them, KRAS mutation was
detected in one focus of BilIN, showing muta-
tion of GGC to GGT at codon 13. GNAS muta-
tion was detected in one focus of BilIN, 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 BilIN, 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

Int J Clin Exp Pathol 2014;7(8):4745-4754
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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 [16].
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
T1-1 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, 5]. 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
CYP2E1 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 p53 was observed in
neither non-neoplastic biliary epithelial cells of
the large bile duct nor BilIN-1 in hepatolithiatic
livers [24, 25]. In addition, GNAS mutation was
not observed in any grade of BilIN 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,

Int J Clin Exp Pathol 2014;7(8):4745-4754
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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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