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Summary Immunoglobulin G4-related sclerosing cholangitis is histologically characterized by the
infiltration of immunoglobulin G4—positive plasma cells and sclerosing change. Moreover, several cases
of carcinoma accompanied by immunoglobulin G4—positive cells in tissue and increased serum
immunoglobulin G4 levels have been reported, but the association between cancer-associated immunity
and an immunoglobulin G4 reaction is still unclear. In this study, we examined the infiltration of
immunoglobulin G4—positive cells in extrahepatic cholangiocarcinoma and the pathologic significance of
the immunoglobulin G4 reaction found in cancer tissues in terms of the evasion of immune surveillance by
regulatory T cells. Immunohistochemistry for immunoglobulin G4, forkhead box P3, CD4, and CD8 was
performed using 68 surgical specimens from patients with extrahepatic cholangiocarcinoma, and positive
cells were investigated, particularly within and around cancerous tissues. Consequently, although
immunoglobulin G4+ cells were few (average, <10 cells/high-power field) in most cases, 10 or more and
50 or more cells were found in 37% and 6% of cases, respectively. Immunoglobulin G4+ cells were
predominantly’ found in the invasive front of carcinoma tissue. In the cases with 10 or more
immunoglobulin G4+ cells, forkhead box P3+ regulatory T-cells were also distinguishable, and a positive
correlation was found between the forkhead box P3+/CD4+ ratio and immunoglobulin G4+ cell count, but
few CD8+ cells invaded cancer cells (<10 cells). In conclusion, extrahepatic cholangiocarcinomas are
often accompanied by the significant infiltration of immunoglobulin G4+ cells, and the immunoglobulin
G4 reaction showed a positive and negative correlation with forkhead box P)3+ and CD8+ cells,
respectively, suggesting the evasion of immune surveillance associated with CD&+ cytotoxic T cells via
the regulatory function of forkhead box P3+ regulatory T cells.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction " circulating in adults [1] but important for the formation of
‘ IgG4-related diseases that feature elevated serum IgG4 levels
Immunoglobulin G4 (IgG4) is a minor immunoglobulin and abundant infiltration with IgG4-positive plasma cells in

subtype composing 3% to 6% of all the immunoglobulin G affected organs [1-3]. IgG4-related diseases incorporate

various IgG4-associated inflammatory disorders including

: autoimmune pancreatitis (AIP), sclerosing cholangitis,
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disease entity, and clinicopathologic characteristics for a
differential diagnosis have been clarified. However, the
pathologic significance of increased serum IgG4 levels and
marked infiltration of IgG4-positive plasma cells in target
organs is still unknown.

IgG4-related diseases have varied clinical symptoms that
may include features similar to malignant tumors. Because
most IgG4-related diseases involving AIP are resolved by
corticosteroid treatment, the diagnosis, particularly differen-
tiation from malignant tumors, is very important [12-14].
Although using an upper normal limit for serum IgG4 of 135
mg/dL, Hamano et al [1] reported a diagnostic 95%
sensitivity and 97% specificity (versus pancreatic cancer)
for AIP; pathologic examination is necessary to differentiate
IgG4-related diseases from tumors in any organs. Moreover,
several investigators have recently reported on patients with
pancreatic cancer accompanying elevated serum IgG4 levels,
and some cases are speculated to arise from AIP [15-17].
Raina et al [18] reported that as many as 7% of patients with
pancreatic cancer have serum IgG4 levels greater than 135

mg/dL and concluded that in patients with pancreatic mass

lesions and suspicion of cancer, an IgG4 level measuring
between 135 and 200 mg/dL should be interpreted cautiously
and not accepted as diagnostic of AIP without further
evaluation. Some kind of association between tumor
immunity and IgG4 reactions has been assumed, but detailed
information is not available.

The participation of CD4+CD25+ forkhead box P3
(Foxp3)+ regulatory T cells (Treg) and T helper 2—type
helper T cells in the pathogenesis of the IgG4 reaction in
IgG4-related diseases has been proposed [19]. Treg cells play
a role in the progression of various malignant tumors,
particularly in controlling the immune response against
pancreatic ductal carcinoma from the premalignant stage to
established cancer [20]. A high prevalence of Treg cells,
moreover, seems to indicate a poor prognosis {20].

In this study, we retrospectively evaluated IgG4-positive
plasma cells in extrahepatic cholangiocarcinomas including
common bile duct cancers, gallbladder cancers, and cancers
of the papilla of Vater and investigated the significance of the
IgG4 reaction in cholangiocarcinoma from the point of view
of tumor immune escape mediated by Treg cells.

2. Materials and methods
2.1. Patients and tissue preparations

Formalin-fixed and paraffin-embedded sections of 68
. surgically resected specimens from 39 patients with
gallbladder cancer, 21 patients with common bile duct
cancer, and 8 patients with cancer of the papilla of Vater
(average age, 74 years; male/female, 38/30) treated from

1998 to 2009 were obtained from the registry of liver .

diseases in the Department of Pathology, Kanazawa
University School of Medicine. In 30 cases, follow-up

data were also obtained in the present study. Each
cholangiocarcinoma was classified histologically as well-
(including papillary), moderately, or poorly differentiated,
based on the predominant histologic grade. Special
histologic types such as adenosquamous carcinoma and
mucinous carcinoma were not included in the present study.
Four-micrometer-thick serial sections were prepared from
each formalin-fixed, paraffin-embedded block. One was
stained with hematoxylin and eosin (H&E), and the others
were used for immunohistochemistry.

2.2. Immunohistochemistry

The deparaffinized and rehydrated sections were micro-
waved in EDTA buffer for I[gG4 and Foxp3, in buffer at pH 9
for CD4, and in citrate buffer for CD8 and vimentin for 20
minutes in a microwave oven. After the blocking of
endogenous peroxidase, these sections were incubated at
4°C overnight with antibodies against IgG4 (mouse
monoclonal, diluted 1:200; Southermn Biotech, Birmingham,
AL), Foxp3 (mouse monoclonal; 10 ug/mL; Abcam,
Cambridge, United Kingdom), CD4 (mouse monoclonal,
undiluted; Nichirei, Tokyo, Japan), CD8 (mouse monoclo-

- nal, diluted 1:20; Dako, Tokyo, Japan), neutrophil elastase
_ (mouse monoclonal, diluted 1:100; Dako), vimentin (mouse

monoclonal, diluted 1:600; Dako), and CD34 (mouse
monoclonal, diluted 1:200; Beckman Coulter, Tokyo,
Japan) and then at room temperature for 1 hour with
antimouse immunoglobulins conjugated to a peroxidase-
labeled dextran polymer (Simple Staining Kit; Nichirei).
After a benzidine reaction, sections were counterstained
lightly with hematoxylin. No positive staining was obtained
when the primary monoclonal antibody was replaced with an
isotype-matched, nonimmunized immunoglobulin as a
negative control of the staining procedures.

2.3, Histologic examination

In addition to histologic observation by H&E staining,
the distribution of the immunopositive cells was examined.
In a primary survey, we examined all tumorous area in
each specimen and, for counting IgG4+, Foxp3+, CD4+,
or CD8+ mononuclear cells, selected 3 representative areas
containing IgG4+ plasma cells and expressed results as the
mean number of each immunopositive cell in high-power
fields (HPFs). For semiquantitative evaluation of the IgG4
staining, the cases with 10 or more and less 10 IgG4+
cells per HPF on average were evaluated as 1gG4-positive
and IgG4-negative cases, respectively. The ratio of Foxp3+
to CD4+ cells was calculated for the 3 selected areas in
each case, and the average ratio (Foxp3/CD4) was
compared between IgG4-rich and IgG4-poor cases because
the absolute number of Foxp3+ cells was prominently
affected by the number of infiltrating mononuclear cells.
Moreover, the average number of CD8+ cytotoxic T cells
(CTLs) within carcinoma cells was evaluated to estimate
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the extent of the host immune response to the cancer.
Finally, to confirm whether the IgG4 reaction is due to
cancer-associated immunity, the area with IgG4-positive
cells was evaluated in terms of neutrophilic infiltration,
fibrosis, and granulation. For neutrophilic infiltration,
neutrophil elastase—positive cells were counted in the
same area as IgG4-positive cells. For fibrosis and
granulation, the immunoreactivity of vimentin and CD34,

respectively, was used, and the degree of change was

semiquantitatively graded as follows: 0, absent; 1+, mild;
2+, intermediate; '3+, severe.

2.4, Statistical analysis

Data were analyzed using the Spearmann correlation
coefficient test. Survival curves to evaluate the association
between prognosis and IgG4 reactions were calculated by
the Kaplan-Meier method, and analyses were conducted
with the log-rank test. P < .05 was considered to be
statistically ‘significant.

3. Results

3.1. Detection and distribution of IgG4+ cells in
extrahepatic cholangiocarcinoma

Immunohistochemistry revealed IgG4-+ plasma cells to be

scattered within and around cancerous nests in most cases
(Fig. 1): Particularly around nests and in the invasive area
facing a noncancerous biliary wall and surrounding fibro-
adipose tissue, these positive cells were prominent with some
" mtermingling of other inflammatory cells (Fig. 2). Moreover,
1 characteristic of IgG4-related diseases, the perineural

infiltration of IgG4+ cells, was commonly seen in exirahe-
patic cholangiocarcinomas. In contrast, desmoplastic change
and vascular invasion by cancer cells are usually seen in
extrahepatic cholangiocarcinomas, but other features of
IgG4-related diseases, obliterative phlebitis caused by
IgG4+ cells and storiform-type fibrosis, are rare.

A quantitative evaluation of IgG4+ cells revealed that 25
(37%), 19 (28%), and 4 (6%) of 68 cholangiocarcinoma
patients had 10 or more, 20 or more, and 50 or more IgG4+
cells per HPF, respectively. There was no correlation
between the density of IgG4+ cells and any clinicopatho-
logic factor including age, sex, anatomical location (com-
mon bile ducts, gallbladder, and the papilla of Vater), or the
histologic differentiation (well, moderate, and poor) of
extrahepatic cholangiocarcinoras.

3.2. Association between IgG4 reactions and
Foxp3+ Treg.cells

The association between IgG4+ and Foxp3+ cells was
evaluated in each case. Foxp3+ Treg cells were scaitered in
most cases with a marked IgG4 reaction (Fig. 3). The relation
between the IgG4 reaction and Foxp3+ Treg cells is shown in
Fig. 4. In IgG4-rich cases (=10 IgG4+ cells/HPF), the ratio
of Foxp3-+/CD4+ cells correlated closely with the IgG4+ cell
count, although in IgG4-poor cases (<10 IgG4+ cells/HPF),
the correlation varied.

3.3, Association between IgG4 reactions and
D8+ CTLs

CD8+ CTLs were scattered to various degree in each case
irrespective of whether they were within or around cancer
nests. As a marker of immune activity against cancers, CTLs

Fig. 1 Common bile duct cancer. A, Papillary adenocarcinoma. Inflammatory cells are prominent (I{&E staining, original magnification,
x20). B, Immunohistochemistry for IgG4. Numerous IgG4+ cells are present in the inflamed stroma (original magnification, x100). -
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Fig. 2  Common bile duct cancer. A, A marginal zone (arrows) of poorly differentiated adenocarcinoma (Ca). Many inflammatory cells are
present (H&E staining, original magnification x100). B, Higher magnitfication of the marginal zone. Inflammatory cells are mostly composed
of plasma cells (H&E staining, original magnification x400). C, Immunohistochemistry for IgG4. Many positive cells are scattered in the

marginal zone (original magnification *100).

invaded cancerous nests resembling intraepithelial lympho-
cytes, which are found in nonneoplastic biliary epithelial
layers of biliary diseases such as primary biliary cirrhosis
(Fig. 5) [21]. Consequently, patients with many CD8+ CTLs
showed scant IgG4 reactions (IgG4-poor cases), and
all IgG4-rich cases had few CD8+ CTLs (<10 cells/HPF)
(Fig. 6).

3.4. Histologic conditions for IgG4 reactions

As shown in Fig. 7, there was no correlation between the
numbers of neutrophil elastase—positive neutrophils and
IgG4-posiitve cells. Moreover, the degree of fibrosis and
granulation did not correlate with the IgG4-positive cell
count either.

3.5. Association between IgG4 reactions and
patients' survival

After the surgical resection of extrahepatic cholangiocar-
cinomas, of the 30 patients with available outcome data, 21
died of recurrence of the cancer. The overall survival curve

for the 30 patients, obtained using the Kaplan-Meier
estimator, is shown in Fig. 7. The patients with 20 or more
1gG4+ cells per HPF had a better prognosis than those with
20 or more cells (P < .05) (Fig. 8).

4. Discussion

Elevated serum IgG4 levels and the infiltration of organs
by numerous IgG4+ plasma cells are’ clinicopathologic
hallmarks of IgG4-related diseases. Moreover, obliterative
phlebitis, storiform-type sclerosing fibrosis, and sometimes
mass forming—type sclerosing fibrosis are also characteristic
of this disease category. It is clinically and pathologically
important to distinguish IgG4-related diseases from tumors
of affected organs. In particular, because desmoplastic
change is a common feature of biliary and pancreatic
cancers, IgG4-related diseases and cancers in these organs
show similar radiologic behaviors. Moreover, patients with
pancreatic adenocarcinoma accompanying an IgG4 reaction
and/or elevated serum IgG4 levels [16,18,22,23] and with
pancreatic and biliary cancers arising from IgG4-related
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Fig. 3  Gallbladder cancer. A, Aninvasive area of poorly differentiated adenocarcinoma (Ca). Numerous inflammatory cells are found (H&E
staining, original magnification x100). B, Higher magnification of the invasive area. Many plasma cells are evident (H&E staining, original
magnification x400). C, Immunohistochemistry for IgG4. Several IgG4-positive cells have accumulated (original magnification x400). D,
Immunohistochemistry for Foxp3. Positive cells are scattered and slightly accumulated here and there (original magnification x400).

disease [16,24,25] have been reported, although a éause-‘and—
effect relationship between the IgG4 reaction and cancers has
not been demonstrated. Therefore, the presence of IgG4+

Foxp3+/CD4+ cells (%)

1 L8 2 1 3

20 40 o0 80 100
1G4+ cell counts/HPF

Fig. 4 Relationship between IgG4+ cells and Treg cells in
extrahepatic cholangiocarcinoma. In cases with 10 or more per HPF
1gG4+ cells (IgG4-rich cases), there is a good correlation between
IgG4+ and the ratio of Foxp3+/CD4+ cells (R = 0.400).

cells is not a histologic hallmark of IgG4-related diseases,
and the IgG4 reaction is speculated to occur nonspecifically
in carcinoma tissues [26]. In this study, we retrospectively
examined IgG4 reactions in cases of extrahepatic cholangio-
carcinoma including common bile duct cancers, gallbladder
cancer, and cancers of the papilla of Vater. Consequently, 10
or more IgG4+ cells per HPF were observed in 37% of cases,
and the cases with marked infiltration (=50 IgG4-positive
cells/HPF) and resembling IgG4-related diseases made up
6% of the total. As the pathologic diagnostic criteria of IgG4-
related disease, the essential number of IgG4+ cells varied
from 5 to 50 per HPF depending on the affected organs, but
in IgG4-related sclerosing cholangitis, 10 or more IgG4+
cells per HPF are proposed according to the HISORt criteria
published for AIP [27,28]. In our cases, therefore, several
cancers accompanying remarkable infiltration of IgG4-
positive cells (=50 cells/HPF) were speculated to originate
from the preceding IgG4-related disease, but follow-up data
before discovery of the cancers are needed to demonstrate -
this. Because cases of pancreatic and biliary cancers arising
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Fig. 5 Comparison of CD8+ cytotoxic T cells in IgG4-rich (A and B) and IgG4-poor (C and D) cases of extrahepatic cholangiocarcinoma.

. Immunohistochemistry for IgG4 (A and C) and CD8 (B and D). In IgG4-rich cases, CD8+ as well as IgG4+ cells are found around
adenocarcinoma tissue, but no CD8+ cells are present in cancer cells lining the adenocarcinoma. In' contrast, many CD8+ cells invade cancer
cells lining the adenocarcinoma in IgG4-poor cases (original hlagniﬁcati(m x200).

from IgG4-related disease were reported [16,24,25],
IgG4-related sclerosing cholangitis is thought to be an
important preceding disease in the carcinogenesis of
cholangiocarcinoma. Iirespective of whether the patients have
CD8+ cell counts’HPF

40
30

20

10

0 10 20 40 0 80 100
1gG4+ cell counts/HPF

Fig. 6 Relationship between IgG4+ and CD8+ cytotoxic T cells
in extrahepatic cholangiocarcinoma. In all cases with 10 or more per
HPF IgG4+ cells (IgG4-rich cases), the number of CD8+ cells is
less than 10.

Degree of fibrosis

REX JEYERY +
Neutrophil counts/HPF Drbaeer & e
120 . 1440 oo
100 Op*» ¢
80 0 20 40 60 80 100
- IgG4+ cdl counts/HPF
604 +* M ’
+ Degree of vasculature
40 + 3+4 =
20 , * 2+preos » +
+ 1+pesise o .
0 20 40 60 80 100 Ohe o '

IgG4+ cell counts/ HPF 0 20 40 60 80 100

IgG4+ cell connts/HPF

Fig. 7 Correlation of IgG4 reactions with neutrophil infiltration,
fibrosis, and granulation in cholangiocarcinoma. The degree of
neutrophil infiltration was evaluated from the neutrophil elastase—
positive cell counts. The degree of fibrosis and granulation was
semiquantitatively graded as follows: 0, absent; 1+, mild; 2+,
intermediate; 3+, severe, based on the vimentin-positive area and
CD34-positive neovasculature, respectively. Consequently, no
correlation was found between the degree of neutrophil infiltration,

fibrosis, or granulation and IgG4-positive cells.
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Survival rate (%) 1gG 4+ cell
e < 20 cells/HPF

wsers 220 cells/HPF

P<.05
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Fig. 8 Survival curve of patients with extrahepatic cholangio-
carcinoma. Kaplan-Meier plots of the postoperative survival period
were made for 2 groups of patients, those with less than 20 and 20 or
more IgG4+-positive cells per HPF. Log-rank analysis of the
postoperative survival periods indicated that the patients with less
than 20 IgG4+ cells per HPF had a better prognosis (P < .05).

cholangiocarcinoma and a marked IgG4 reaction or cancers
arising from IgG4-related sclerosing cholangitis, the presence
of adenocarcinoma should be taken into account in the
pathologic diagnosis of IgG4-related cholangitis, particularly
using small specimens such as biopsy materials. -

The present study demonstrated that an IgG4 reaction is
often found to some degree in extrahepatic cholangiocarci-
noma as well as IgG4-related diseases. Moreover, the
perineural infiltration of IgG4+ cells, which is a feature of
IgG4-related cholangitis and AIP, was prominent in IgG4-
rich cholangiocarcinoma cases. In contrast, patients with
IgG4-related cholangitis are generally older men (85%) [27],
but this male domination was not found in the IgG4 reaction
of cholangiocarcinoma. Obliterative phlebitis and storiform
fibrosis are also characteristics of IgG4-related diseases but
rare in cholangiocarcinoma. These histologic features.of
IgG4-related diseases differing from cholangiocarcinoma are
not located at the superficial biliary mucosa, unfortunately
suggesting that these characteristic findings are not useful for
a differential diagnosis using biopsy specimens. The IgG4
reaction is not a specific immune reaction of IgG4-related
diseases, but the immunopathogenesis of IgG4 reactions
should be different in IgG4-related diseases and cancers. As
shown in Fig. 7, no correlation between the number of IgG4-
positive cells and degree of neutrophilic infiltration, fibrosis,
or granulation was found, suggesting that the IgG4 reaction
in cholangiocarcinoma is due to cancer-associated immunity
via the different mechanisms of IgG4-related diseases
characterized by fibrosis as well as IgG4 reactions. Further
study is necessary to clarify the histogenesis of IgG4
reactions in cholangiocarcinoma.

IgG4 does not have the ability to activate complement,
and its physiologic and pathologic significance are still
unknown in healthy and IgG4-related diseased patients. In
the pathogenesis of the IgG4 reaction in IgG4-related
sclerosing cholangitis and pancreatitis, the participation of
the T helper 2-type cytokine milieu and interlevkin 10

produced by Treg cells ‘is assumed to involve IgG4 class
switching and/or the progressive proliferation/differentiation
of IgG4+ plasma cells [10,19,29-31]. In the carcinogenesis

of pancreatic cancer, the prevalence of Treg cells increases

and that of cytotoxic CD8+ cells conversely diminishes in
cancer tissues [20]. Moreover, the prevalence of Treg cells is
negatively correlated with the prognosis of patients with
pancreatic cancers [20]. These findings suggest that Treg
cells play a role in controlling the immune response against
pancreatic cancer, especially the evasion of tumor-associated
immune surveillance. The present study using extrahepatic
cholangiocarcinomas also demonstrated that in the IgG4-rich
cases (=10 IgG4+ cells/HPF), the number of IgG4+ cells in
cancer tissue positively correlated with that of Foxp3+ Treg
cells, and conversely, the number of cytotoxic CD8+ CTLs
was constantly small. Therefore, extrahepatic cholangiocar-
cinomas as well as pancreatic cancers could cause the
evasion of immune surveillance via the regulatory function
of Treg cells, involving the concomitant IgG4 reaction.
However, high Foxp3+/CD4+ cells ratio were also seen in
many IgG4-poor cases, suggesting that the presence of
Foxp3+ cells is not sufficient for the induction of IgG4
reaction. A functional analysis of infiltrating Foxp3+ Treg
cells and possible other mechanisms of IgG4 reactions in
cholangiocarcinoma also should be considered.

Finally, we examined the prognosis. Clinical follow-up
data were available for only 30 of the 68 patients because of
the retirement or transfer of primary physicians, a cessation
of digestive surgery at the affiliated hospitals, and other
reasons. Moreover, as more than 10 years had passed since
the operation in several cases, sometimes the clinical records
themselves had been destroyed. In addition to the analysis
using cytotoxic CD8+ CTLs as mentioned above, survival -
curves obtained using the follow-up data for the 30 patients
also indicated the patients with less than 20 IgG4-positive
cells per HPF to have a better prognosis than those with 20 or
more cells. Although the role of IgG4+ plasma cells in cancer
tissue is unclear, the degree of IgG4+ cell infiltration might
be a pathologic marker of extrahepatic cholangiocarcinoma.

In conclusion, this study revealed that extrahepatic
cholangiocarcinoma often accompanies significant infiltra-
tion by IgG4+ cells, indicating a need to distinguish it from
IgG4-related diseases, especially when using small speci-
mens such as biopsy materials. Moreover, the IgG4 reaction
in cholangiocarcinoma might be associated with the evasion
of immune surveillance by CD8+ CTLs and tumor
progression through Treg cells.
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Bile duct expression of pancreatic and duodenal homeobox 1 in perihilar

cholangiocarcinogenesis

Aims: Pancreatic and duodenal homeobox 1 (Pdx1) is
a transcription factor that is crucial in embryogenic
development and differentiation of pancreas, and its
overexpression is reportedly involved in the progression
of many malignancies, including pancreatic carci-
noma. In this study, the role of Pdx1 was examined
in cholangiocarcinogenesis.

Methods and results: Forty-three cases of human
cholangiocarcinoma (CC) and 66 cases of hepatolith-
iasis or primary sclerosing cholangitis (PSC) with
biliary intraepithelial neoplasia (BilIN) lesions and also
eight fetal and 20 adult normal livers were examined
immunohistochemically. Pdx1 was constantly ex-
pressed in the nuclei of fetal bile ducts, but was

'

virtually absent in the large bile ducts of adults. By
contrast, Hairy and enhancer of split 1 (Hes1), which
represses pancreatic exocrine and endocrine differenti-
ation, was expressed frequently in the adult bile ducts.
Pdx1 was expressed in 67% of invasive CCs. In large

. bile ducts, expression of Pdx1 increased while that of

Hes1 decreased during the progression of BilIN lesions
to CC. Expression of Pdx1 correlated with proliferative
activities in CCs. In an in vitro study, all three CC cell
lines expressed Pdx1 mRNA and protein.

Conclusion: Up-regulation of Pdx1l is a feature of
cholangiocarcinogenesis associated with chronic cho-
langitis. Furthermore, expression of Pdx1l in CC is
related to increased proliferative activity in CCs.

Keywords: bile ducts, biliary mtraeplthehal neoplasia, cholangiocarcinoma, pancreatic cancer, pancreatic and

duodenal homeobox 1

Abbreviations: BilIN, biliary intraepithelial neoplasia; CC, cholangiocarcinoma; Hes1, hairy and enhancer of split 1;
Neurog3, neurogenin 3; Pdx1, pancreatic and duodenal homeobox 1; PSC, primary sclerosing cholangitis

Introduction

During development, the biliary system and ventral
pancreas arise from a contiguous region of the endo-
derm, and transcription factors such as pancreatic and
duodenal homeobox 1 (Pdx1) and hairy and enhancer
of split 1 (Hesl) are involved in the differentiation of
both the pancreas and biliary system.'™ Pdx1 is a
transcription factor of the homeobox gene family,
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exocrine and endocrine differentiation.®

which is important in differentiation and development
of the pancreas,” while Hes1 encodes the basic helix—
loop-helix protein, which represses expression of
neurogenin 3 (Neurog3), a promoter of pancreatic
Recently, a
new approach to elucidate carcinogenesis has been
reported finding possible derangement of embryonic
morphogenesis with the re-activation of stem cell-
related genes such as Sonic Hedgehog, Notch and
pancreatic and Pdx1 durmg the development of
tumours in of several organs.*® In this context, Pdx1
may thus be involved in the malignant transformation
of pancreaticobiliary system.
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Although several studies have shown overexpression
of Pdx1 in a variety of malignant tumours,”” including
pancreatic ductal adenocarcinomas,”** and also their
precursor, pancreatic intraepithelial neoplasia (Pa-
nIN),'" there have been no reports of Pdx1 expression
in cholangiocarcinoma (CC) and its precursor, biliary
intraepithelial neoplasia (BilIN).**~**

We hypothesize that the same factors operating in
the development of the biliary system, and which may
be involved in the development of PanIN and pancre-
atic carcinomas, are also involved in the development
and progression of CC. In this study, we first surveyed
the expression of Pdx1 and Hesl in normal fetal and
adult bile ducts, CCs and their precursors in the
presence or absence of. chronic cholangitis. We also
examined the functional role of Pdx1 in cholangiocar-
cinogenesis using cultured CC cell lines.

Materials and methods

- HUMAN TISSUE STUDIES

In this study, the hilar bile ducts and intrahepatic large
bile ducts are collectively called the large bile ducts.

Case selection

Tissue specimens of the bile ducts and pancreas were
obtained from our departinent and affilinted hospitals
(Table 1). Normal adult (20 cases) and fetal (eight
cases) hepatobiliary specimens were selected. CCs with
hepatolithiasis (27 cases) or primary sclerosing
cholangitis (PSC) (one case) or CCs unassociated with

the aforementioned diseases (15 cases) were classified
into well-differentiated, moderately differentiated and
poorly differentiated adenocarcinoma, and rare vari-
ants (Table 1). Hepatolithiasis cases were divided into
those with and without invasive CC. All CC cases in this
study were of perihilar CC, including hilar CC.** Using
the criteria of the WHO Classification of Tumors of the
Digestive System (2010),**** BilIN was classified into
three grades based on the degrees of cellular and
structural atypia. So-called ‘carcinoma in-situ’ was
included in BilIN3. In this study, BilIN lesions com-
posed of at least 150 epithelial cells were graded as
above in each case. Consequently, a total of 104 BilIN
lesions were examined consisting of BillN1 (number of
foci, 36), BilIN2 (n = 36) and BilIN3 (n = 28) from 63
cases of hepatolithiasis, and BilIN1, 2 and 3 (n= 2, 1
and 1, respectively) from three PSC cases.

As a control, 39 cases of pancreatic invasive ductal
adenocarcinoma, all surgical cases, were used. In these
cases, six foci of pancreatic intraepithelial neoplasm
(PanIN-1b) and 12 foci of PanIN-2/3 were found in
non-carcinomatous areas. Pan-IN-1, 2 and 3 were
classified according to Takaori et al.**

Informed consent for research was obtained from all
patients and the study was approved by the Kanazawa
University Ethics committee (approval number 64).

Tissue preparation

All tissue specimens were fixed in 10% neutral bultered
formalin and embedded in parafting 4-pm-thick sections
were cut {rom each paraffin block, and stained with
haematoxylin and eosin (H&E).

Table 1. Main clinical features of materials examined in this study

No. of Years Histological grades

Case cases (mean) Male:female (well/mod/ poor/v)
Hepatolithiasis 63 45-81 (63) 1:1.7
Primary.-sclerosing cholangitis 3 35-65 (45) 1:2
Cholangiocarcinoma :

With HL or PSC 28 34-83 (62) 1:2 13/10/1/4

Without HL or PSC 15 51-79 (65) 1.5:1 8/4/3/0
Normal adult liver 20 70-90 (76) 1:1.4
Normal fetus liver* 8 8-41 weeks -
Pancreatic ductal adenocarcinoma 39 51-88 (69) 1.2:1 12/16/7/4

Well, Well-differentiated type; mod, moderately differentiated type; poor poorly differentiated type; v, variant type;

HL, hepatohthtasus PSC, primary sclerosing cholangitis.
*Fetus liver containing bile ducts.

€ 2012 Blackwell Publishing Ltd, Histopathology, 61, 266-276.
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IMMUNOHISTOCHEMISTRY

Immunostaining was performed using paraformalde-
hyde (PFA) and formalin-fixed paraffin-embedded
(FFPE) tissue sections of surgically resected liver
specimens of hepatolithiasis, PSC and CC. The antibod-
ies and their sources, optimal dilution and antigen
retrieval are shown in Table 2. After blocking the
endogenous peroxidase and incubation in protein block
solution (DakoCytomation, Tokyo, Japan), the sections
were incubated overnight at 4°C with primary anti-
bodies against Pdx1, Hesl or Ki-67. The sections were
then treated with secondary antibodies conjugated to
peroxidase-labelled polymer, EnVision system (Dako-
Cytomation). Colour development was performed using
3,3’-diaminobenzidine (DAB) and the sections were
counterstained with haematoxylin. Negative controls
were also included.

Semiquantitative analysis of immunostaining

Expression of Pdx1, Hesl and Ki-67 in the nuclei
was regarded as positive. For Pdx1 and Hesl, their
immunoreactivity was graded semiquantitatively in
each lesion, as follows: 0, no positive cells; 1+, only
weakly expressed in almost all positive cells; 3+,
expressed strongly in almost all positive cells; and
2+, between +1 and +3. For Ki-67, more than 300
nuclei were evaluated in each case or lesion and the
Ki-67 labelling index (LI) was shown as a percentage
of positive nuclei; the LI was calculated in all 43
cases of CC.

Double immunostaining for Pdx1 and Hes1 or Ki-67

This was performed using TSA Plus fluorescence
{tyramide signal amplification (ITSA) Plus Huores-
cein/TMR kits; PerkinElmer®, Yokohama, Japan).
First, immunostaining for Pdx1 was performed as
above using TSA Plus tetramethylrhodamine for the
colour development. After blocking endogenous perox-

Table 2. Antibodies used in this study: source and dilution

idase, sections were then incubated overnight at 4°C
with Hes1 or Ki-67 and treated with anti-rabbit or anti-
mouse immunoglobulins conjugated to peroxidase-
labelled polymer using the EnVision system (DakoCy-
tomation). Colour development was performed using
TSA Plus fluorescein. In three CC cases in which Pdx1-
positive and negative were evaluable separately, Ki-67
LI was compared in both lesions in each case.

MICRODISSECTION AND RNA EXTRACTION

Frozen, PFA and FFPE tissues were cut into 10-pm
sections on membrane slides, and normal to reactive
lesions and BilIN2 /3 lesions were microdissected using
a laser microdissection system (Leica, Tokyo, Japan).

RNA extraction from frozen tissues

Using the RNeasy Plus® micro kit (Qiagen, Tokyo,
Japan), total RNA was extracted from whole frozen
sections of CC tissue (three cases) and one focus of
microdissected normal biliary epithelial cells (BEC).
Total RNA (1 pg) was used to synthesize single-strand
complementary DNA with reverse transcriptase (Rever-
Tra Ace; Toyobo, Osaka, Japan).

RNA extraction from PFA FFPE tissues

Two foci of reactive lesions and two foci of BilIN2/3
lesions were microdissected from PFA or FFPE sections.
For these microdissected samples, the RNeasy® FFPE kit
(cat. no 74404) was used for RNA extraction.

RNA amplification and ¢DNA purification

Total RNA extracted from microdissected samples was
amplified using Ribo-SPIA technology with the WT-
Ovation™ FFPE RNA amplification system V2 (cat. no.
3400-12; NuGEN Technologies, San Carlos, CA, USA).
For purification of SPIA ¢DNA, RNeasy MinEhute Spin
column (Qiagen, Tokyo, Japan) was used.

Primary Clone Optional Antigen retrieval  Positive
antibody against  (product code) Company dilution method control
Pdx1 Goat poly (sc-14664)  Santa Cruz 1:100  Citrate buffer AC Islet cells in
(Santa Cruz, CA, USA) human pancreas (N)
Hes1 Rabbit poly (H2034-35) US Biological 1:500  Citrate buffer MW Human fibroblast (N)
(Swampscott, MA, USA)
Ki-67 Mouse mono (M 7240) Dako (Tokyo, Japan) 1:200  Citrate buffer MW Human colon cancer (N)

Poly, Polyclonal; mono, monoclonal; AC, autoclave; MW, microwave; N, nuclear; Pdx1, pancreatic and duodenal homeobox 1;
Hes1, hairy and enhancer of split 1.

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 266—-276.
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Reverse transcription-polymerase chain reaction
(RT-PCR) and quantitative real-time PCR

The sequences of the primers for PDX1 used were as
follows: 5-TTCACGAGCCAGTATGACCTTCAC-3" (for-
ward), 3-GAAGACAGACCTGGGATGCACA-5’ (reverse).
The PCR products were subjected to 1.5% agarose
gel electrophoresis and stained with ethidium bromide.
Quantitative real-time PCR was performed according
to a standard protocol using the SYBR Green PCR
Master Mix (Toyobo, Osaka, Japan) and Mx 3005P™
(Stratagene, Japan, Tokyo, Japan). Cycling conditions
were incubation starting at 95°C for 10 min, 40 cycles
of 95°C for 30 s, 62°C for 1 min and 72°C for 1 min,
followed by one cycle of 95°C for 1 min, 62°C for 30 s
and 95°C for 30 s. mRNA levels were evaluated by
taking the ratio with glyceraldehyde-3 —phosphatc
dehydrogenase by qRT-PCR.

Pdx1

Fetus

: - --
) - - -

269

CELL CULTURE AND RNA EXTRACTION 7

All the following in-vitro experiments were performed
at least in triplicate. Human cholangiocarcinoma cell
lines (HuCCT1 and TFK1) were provided by the
Health Science Research Resources Bank (Osaka,
Japan), and human pancreatic cancer cell lines
(PANC-1, MIA Paca2, KP4-1, PK-59) were provided
by Riken BRC (Saitama, Japan). A human cholan-
giocarcinoma cell line (CCKS-1) was established in
our laboratory. To maintain the cell lines, RPMI-
1640 (Roswell Park Memorial Institute 1640; Life
Technologies, Inc., Rockville, MD, USA) was used for
HuCCT1, PANC-1 and PK59. Dulbecco's modified
Eagle’s medium (DMEM; Life Technologies, Inc.) was
used for MIA Paca2 and DMEM/F-12 (DMEM and
nutrient mixture F-12, 1:1; Life Technologies, Inc.)

Hes1 Pdx1, Hes1

Red;Pdx1, green; Hes1

Figure 1. Expression of pancreatic and duodenal homeobox 1 (Pdx1) and hairy and enhancer of split 1 (Hes1) in normal bile ducts of fetus
and adult: double staining of Pdx1 (red) and Hes1 (green). Pdx1 was strongly positive in the nuclei of lining epithelia of the fetal bile duct,
while Hes1 showed a variable expression pattern; Hesl was negative in A and variably positive in B. In the merged figure, some nuclei
expressing both Pdx1 and Hes1 were yellow in B. In adult bile ducts, Pdx1 expression was less frequent than in fetus cases, while Hesl was
expressed strongly; Pdx1-negative and Hes1-positive cases (C). No yellow colour in the nuclei in C.

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 266-276.
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was used for CCKS1 and KP4-1. Each medium was
supplemented with 10% fetal bovine serum (FBS) and
1% antibiotic-antimycotic (all from Invitrogen, Carls-
bad, CA, USA). All cultures were incubated in 7.5%
CO, at 37°C. Total RNA from cultured cells was
extracted using an RNA extraction kit (RNeasy mini;
Qiagen) and was used to synthesize cDNA with
reverse transcriptase (ReverTra Ace).

WESTERN BLOT ANALYSIS

Total proteins were extracted from the cells using T-
PER protein extraction reagent (Pierce Chemical,
Rockford, IL, USA). The protein was subjected to 10%
sodium dodecyl ‘sulphide-polyacrylamide gel electro-
phoresis, and then transferred electrophoretically onto
a nitrocellulose membrane. The membrane was incu-
bated with primary antibodies against- PDX1 (diluted

1:100, the samie antibody used for the immunohisto- -

chemistry) and actin (1:2000, AC-15, mouse
monoclonal; Abcam, Cambridge, MA, USA). Protein
expression was detected using an EnVision system
(DakoCytomation), and DAB was used. as the chromo-
gen. Semiquantitative analysis of the results was
performed using NIH J image software (National
Institutes of Health, Bethesda, MD, USA). The fold

Pdx1’

A

Hes1

difference compared with actin expression was calcu-
lated.

KNOCKDOWN OF PDX1 IN CULTURED CELLS

Transfection of small interfering RNA

Knockdown of PDX1 was performed using Accell small
interfering RNA (siRNA), purchased from Thermo
Scientific Dharmacon (Yokohama, Japan). The Hu-
CCT1 cell line was plated 24 h ahead using standard
medium. For the transfection, medium was exchanged
with Accell delivery mix, containing human PDX1
Accell siRNA (1 pm) and Accell siRNA delivery media
(Thermo Scientific Dharmacon). After 72 h, kunock-
down was confirmed using RT-PCR and Western blot,
after which a proliferation assay was performed.

WST1 cell proliferation assay

The effects of knockdown of Pdx1 on cell proliferative
activity were assessed using a WST1 assay (Roche
Diagnostics KK, Indianapolis, IN, USA). The cells were
seeded on 96-well dishes, and were incubated with
standard medium for 24 h. After pre-incubation,
siRNA was transfected. The WST1 reagent was then
added after 72 h, and the cell proliferative activity was
determined spectrometrically.

‘Pdx1, Hes1

Red;Pdx1, green; Hes1

Figure 2. Expression of pancreatic and duodenal homeobox 1 (Pdx1) and hairy and enhancer of split 1 (Hesl) in cholangiocarcinoma:
double staining of Pdx1 (red) and Hes1 (green). Representative cases of Pdx1* /Hesl™ (A) and Pdx1™/Hesl™ (B) are shown in this figure.

The merged ligure showed no yellow colour.

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 266-276.
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STATISTICAL ANALYSIS

Data from different groups were compared using one-
way analysis of variance and examined with the
Mann-Whitney U-test or Welch'’s t-test. Differences in
‘the proportions of categorical data were tested using
the chi-square test. The correlation coefficient of two
factors was evaluated using Spearman’s rank correla-
tion test. The results were considered significant if the
P-value was <0.05.

Results
HUMAN TISSUE STUDIES

Normal bile ducts

Pdx1 was expressed consistently in the nuclei of
epithelia lining the bile ducts in all fetal material
(Figure 1A.B). Conversely, all the 20 adult cases

showed no expression (14 cases) in bile ducts or only
+1 expression (six cases). No cases showed 2+/3+
expression of Pdx1 (Figure 1C). In contrast, five of eight
fetal cases showed 2+/3+ Hesl expression in the
nuclei of lining epithelia, while 11 of 20 adult cases
showed 2+/3+ Hesl expression.

Cholangiocarcinoma

Nineteen cases (68%) of CC with hepatolithiasis or PSC
and 10 cases (67%) of CC alone showed 2+/3+ Pdx1
expression in nuclei of the tumour cells {total, 29 cases
(67%) in 43 CC cases] (Figure 2A) (Table 3A). In
contrast, eight cases (29%) of CC with hepatolithiasis or
PSC and seven cases (47%) of CC alone showed 2+/3+
Hes1 expression [total, 15 cases (35%) in 43 CC cases]
(Figure 2B). There was no  statistically significant
correlation with histological grade (Table 3C,D), but
there was a trend towards 2+/3+ expression of Pdx1

Table 3. Expression of pancreatic and duodenal homeobox 1 (Pdx1) (A) and hairy and enhancer of split 1 (Hes1) (B) in
cholangiocarcinoma (CC) with/without hepatolithiasis or primary. sclerosing cholangitis (PSC) and correlation between

histology (C,D) -

CC with HL or PSC CC without HL or PSC -Total Case
(A) Pdx1 .
0 : 4 0 4
1+ 5 5 10
2+ 13 8 21
3+ 6 2 8
Total 2+/3+ %) 28 (68) 15 (67) 43 (67)
(B) Hes1
0 10 6 16
1+ : 10 2 12
2+ 6 5 11
3+ 2 2 4
Total (2+/3+ %) 28 (29) 15 (47) 43 (35)
Histological différentiation
Well Mod-poor Variants Total Case
(C) Pdx1
0/ 1+ 9 4 1 14
2+/3+ 12 14 3 ‘ 29
(D) Hes1
0/1+ 14 11 3 28
7 1 15

2+/3+ 7

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 266-276.
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being more frequent in moderately to poorly differen-
‘tiated adenocarcinoma (14 cases, 78%) in comparison
with that in well-differentiated adenocarcinoma (12
cases, 57%). Such difference was not found for Hesl
expression.

Proliferative activities of CC with respect to Pdx1
expression

The Ki-67 LI was higher in Pdx1-positive CC cases [29
cases, 12.6 + 7.1%, mean + standard deviation (SD)]
than in Pdx1-negative CC cases (14 cases, 5.2 £ 3.3%)
(P < 0.01). In three representative cases in which
Pdx1-positive and -negative lesions were evaluable
separately (three foci in each), the Ki67 LI was
21.6 + 4.9% in Pdx1-positive lesions and 2.7 + 5.8%
in negative lesions in case 1 (P <0.01), 11.3 %
2.1% and 2.1 £1.8% in case 2 (P < 0.01) and
14.0 £ 4.3% and 10.6 £ 6.8% in case 3, respectively
(Figure 3A,B). The LI was higher in Pdx1-positive CC
lesions (15.6 £ 5.0%, mean * SD of three cases) than
in Pdx1-negative CC lesions (5.0 + 2.5%) (P < 0.05).

Pdx1

B Ki67 labelling index
30%

20%

10%

0%

Total

Case2 Case3

Caset

Kig7 ' Pdx1, Ki67

B Pdx1 + #Pdx1—

BillNs in PSC and hepatolithiasis without CC

Expression of Pdx1 at a level of 2+/3+ was found in
18 BilIN1 foci (47%), 25 BilIN2 foci (68%) and 22
BilIN3 foci (76%) (Figure 4A,B, Table 4A). The incidence
of 2+/3+ expression increased with the progression of
BilIN lesions (P < 0.05) (Figure 4B). In contrast, 2+/3+
expression of Hesl decreased with progression: 26
BilIN1 foci (68%), 20 BilIN2 foci (54%) and seven BHlIN3
foci (24%) (P < 0.05) (Figure 4B, Table 4B). The degree
of Pdx1 expression was higher in the Hesl (0/1+)
group than in the Hesl (2+/3+) group (P < 0.01)
(Figure 4C). Double immunostaining revealed that
some foci of BillNs showed simultaneous expression of
Pdx1 and Hes1 in their nuclei (Figure 4D), while other
BilINs showed the expression to be mutually exclusive
(Figure 4A,E).

Expression of Pdx1 in invasive ductal adenocarcinoma of
pancreas and its precursors ‘

In 18 cases (47.4%) of invasive ductal adenocarcinoma
of pancreas, 2+/3+ Pdx1 expression was found while

Red;de1,Green; Ki67

™ P<0.01,"P<0.05

Figure 3. Ki-67 labelling index in pancreatic and duodenal homeobox 1 (Pdx1)-positive cholangiocarcinoma (CC) and Pdx1-negative CC. A,
Double immunostaining of Pdx1 (red) and Ki67 (green) in a Pdx1-positive CC case. A majority of CC cells were strongly positive for Pdx1 (ved),
and about one-third of these CC cells were simultaneously positive for Ki67. The merged figure showed yellow-coloured nuclei. suggesting
positivity for Pdx1 and Ki67. B, Ki-67 labelling index (LI) was higher in Pdx1-positive CC lesions than in negative CC lesions in cases 1, 2 and 3,
respectively, and the average of Ki-67 LI in three cases was higher in Pdx1-positive CC lesions than in negative CC lesions (P' < 0.05).

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 266-276.
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Pdx1 Hes1

B
Pdx1, Hes1
100% * x
50%
0%
Pdx1 Hes1
«BilINT =BIilIN2 wBillN3 * P<0.05
¢ 3+ T
2+
Pdx1
1+
£ 0 et *
Red;Pdx1, Green; Hes1 ’
o/1+ 2+/3+
Hest
P <0.01

Figure 4. Expression of pancreatic and duodenal homeobox 1 (Pdx1) and hairy and enhancer of split 1 (Hesl) in biliary intraepithelial
neoplasia’(BilIN) lesions: double staining of Pdx1 (red) and Hes1 (green). Representative cases of Pdx1”*/Hes1™ (A), Pdx1*/Hes1™ (D) and
Pdx1~/ Hesl™ (E) are shown. Percentages of moderate to strong (2+/3+) expression of Pdx1 and Hesl in BilIN1, 2, 3 are shown in B.

The expression of Pdx1 increased with a higher grade of BillN (P < 0.05), while expression of Hes1 decreased (P < 0.05). Expression of Pdx1
and Hes] in BIlIN lesion appears to be reciprocal (C). In each case, the expression of Pdx1 was divided into two groups, Hes1 0/1+ and Hes1
2+/ 3+ groups. Signilicant difference was seen between these two groups (P < 0.01).

this level of immunoreactivity was seen in five of six
EanIN-l lesions and in all 12 PanIN-2/3 lesions. Islet
cells were constantly positive for del.

Detection of Pdx1 mRNA by RT-PCR and quantitative
gRT-PCR

Pdxl mRNA was detectable in one normal BEC
sample, two reactive biliary epithelia, two BilIN2/3
foci (microdissected) and three CCs (whole tissue) using
RT-PCR (Figure 5). qRT-PCR revealed that the levels of
Pdx1 mRNA were increased significantly in BilIN2/3
foci and CCs in comparison with those in normal BECs
and reactive foci (Figure 5).

CULTURE STUDIES

Pdx1 expression

mRNA level. Pdx1 mRNA was detectable variably in
cultured CC cells (HuCCT, TFK1 and CCKS1), pancre-
atic carcinoma cells (KP4-1, PK59, MIA Paca2 and
PANC1) and four cultured non-neoplastic BECs (BEC1—
4). qRT-PCR revealed that the levels of Pdx1 mRNA
were significantly higher in cultured CCs and pancre-
atic carcinoma cells than in non-neoplastic cultured
BECs (Figure 6A).

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 266-276.

Protein. Protein extracted from cultured CC cells
and pancreatic carcinoma cells and non-neoplastic
BECs was examined by Western blot. Semiquantitative
analysis performed using NIH ] image in comparison
with actin expression showed that there was a
tendency towards higher expression levels of Pdx1 in
carcinoma cells than in non-neoplastic BEC lines
(Figure 6B).

" Knockdown of Pdx1 in cultured HuCCT1 cells

Proliferative activities of cultured HuCCT1 cells in-
creased in controls after 72 h culture, although after
knocking down the expression of Pdx1 with siRNA, the
proliferative activities were decreased significantly
(Figure 6C). This suggests that proliferative activities
of the latter were inhibited.

Discussion

The findings obtained in this study can be summarized
as follows: (i) nuclear expression of Pdx1 is extensive
and consistent in the lining epithelia of fetal bile ducts,
but is almost absent in adult large bile ducts. In
contrast, Hes1 expression is frequent in adult bile ducts.
(ii) Pdx1 is detectable in about two-thirds of invasive
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CCs. Cultured CC cell lines also express Pdx1 mRNA

and protein. Expression of Pdx1 is related to prolifer-
ative activity in CCs, and this was supported by
knocking down Pdxl mRNA in cultured CC. -(iii)
Pdx1 is frequently ‘re-expressed’ in BilIN lesions and
this expression increases with the progression of BilIN,
while expression of Hes1 decreases with such progres-

Table 4. Expression of pancreatic and duodenal homeobox 1
(Pdx1) (A) and hairy and enhancer of split 1 (Hes1) (B) in
biliary intraepithelial neoplasia (BiliN) lesions

BilIN1 BillN2 BilIN3*

(A) Pdx1

0 _ 10 6 5

1+ 10 6 2

2+ 14 17 12

3+ 4 ‘ 8 10

Total 2+/3+ %) 38 (47) 37 (68) - 29 (76)
(B) Hes1

0 7 12 10

1+ 5 5 2

2+ 17 ‘13 3

3+ 9 7 4

Total (2+/3+ %) 38 (68) 37 (54) 29 (24)

*Significant difference was seen in BillN3 comparéd with
BiliN1 (P < 0.05).

NL Reactive Reactive

sion. (iv) Increased expression of Pdx1, along with
decreased expression of Hes1 in the large bile ducts in
hepatolithiasis and PSC, may play a role in cholangio-
carcinogenesis.

The extrahepatic biliary system has a close develop-
mental relationship with the pancreas. Experimental
studies also suggest that the biliary tract shows some
potential for pancreatic differentiation in mice lacking
the transcription factor Hes1.? In this study, Pdx1 was
expressed consistently and extensively and Hesl was
also expressed variably in the nuclei of lining of the
fetal bile ducts, suggesting that the Pdxl-expressing
fetal bile duct may have the potential for pancreatic
differentiation, but achieves normal biliary organogen-
esis. In the adult, we found extensive expression of
Hes1 and almost no expression of Pdx1 in the lining
epithelia of large bile ducts, suggesting that such
combined expression of Hesl and Pdx1 may reflect an
inhibition of the pancreatic differentiation program
inherent in the large bile duct.

There have been several studies on Pdx1 expression
in malignant tumours.>®”!* Koizume et al.¥ reported
that 43% of pancreatic cancers express Pdx1, while
Pdx1 was expressed only in islet cells in the non-
neoplastic adult pancreas. Patients that had tumours
that were positive for Pdx1 had «a signilicantly poorer
prognosis than those negative for Pdx1.* Furthermore,
Liu et al.” reported that Pdx1 overexpression is related
to increased cell proliferation and invasion of carci-

. noma cells, thus constituting an aggressive marker of

pancreatic cancer. This study showed that Pdx1 was
expressed extensively in 47% of invasive ductal ade-
nocarcinoma of the pancreas, and that four cultured

BilN2-3 BilN23 CC CC  CC

O T —

NL Reactive Reactive BillN2-3 BilN2-3 ~  CC CC CC

Figure 5. The levels of pancreatic and duodenal homeobox 1 (Pdx1) mRNA were significantly higher in bilicay intraepithelial neoplasia
(BilIN)2 /3 foci and cholangiocarcinomas (CCs). mRNA expressions of Pdx1 in human normal bile duct, reactive [oci, BillN foci and CC tissue
were detected by reverse transcription-polymerase chain reaction (RT-PCR). Quantitative analysis was carried out by real-time PCR using
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the internal control for this assay. The data are shown as the mean of three sets.

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 266-276.

-1237-



Cholangiocarcinogenesis and pancreatic stem cell markers 275

BEC HuCCT1TKK1 CCKS1

A BEC BEC BEC

MIA

KP4-1 PK59 Paca2 PANC1

3
2 .
1
0 Eed il mBer s i
BEC- BEC BEC BEC HuGCCT1 TKK1 CCKS1 KP4-1 PK59 MIA PANC1
Paca2
B MIA c
BEC HuCCT1 CCKS1 KP4-1 PK59 Paca2 PANCH ) *
B-actin ..
PDX{ 100%
2

| : B e
BEC HUCCT1 CCKS1

KP4-1 PKE9 MiA PANCH
Paca2

Day 0
# si BANA+ 228 RNA-
*P<0.05

Figure 6. The levels of pancreatic and duodenal homeobox 1 (Pdx1) mRNA (A) and protein (B) in cultured cholangiocarcinoma (CC) cells were
higher than in biliary epithelial cells (BEC) cells. A, mRNA expressions of Pdx1 in human BEC cells (1-4), human CC cells (HuCCT1, TFK1,
CCKS1) and human pancreatic cancer cells (KP4-1, PK59, MIA Paca2, PANCI) as a reference were detected by reverse transcription-polymerase

chain reaction (RT-PCR). Quantitative analysis was carried out using RT-PCR. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used
as the internal control for this assay. B, Protein levels of Pdx1 in human BEC cells, CC cells (HuCCT1, CCKS1) and pancreatic cancer cells (KP4-1,
PK59, MIA Paca2, PANC1) as a reference were analysed semi-quantitatively using NIH J image software. Beta actin was used as the internal
control for this assay. C, Knockdown of Pdx1 leads to decrease of the cell 1)1*£»1i(bmﬁvc activity of HuCCT1. Significant difference was seen

on day 3 (P < 0.05). The data are shown as the mean of three sets (A) and two sets (B,C).

pancreatic carcinoma cell lines expressed increased
levels of Pdx]l mRNA and protein.*® Furthermore, it
has been suggested that pancreatic carcinoma cells
expressing Pdxl may represent tumour stem cells;
re-expression of Pdx1 may thus represent an “alterna-
tive surface marker of pancreatic cancer stem cells.” In
contrast, Ma et al. reported that Pdx1 was expressed in
only 10 of 39 cases of human gastric cancer, and a
negative correlation between Pdx1 and Ki-67 expres-
sionn was found in gastric cancer tissues and one gastric
cancer cell line. They suggested that Pdx1 functions as
a putative tumour suppressor in gastric cancer.'’

To date, there have been no studies of the expression
and the role of Pdx1 in the development of human CCs.
In our study, the significance of Pdx1 expression in CCs
seems to be similar to that of pancreatic cancer, as
described above.'>#?

It was found in this study that Pdx1 was frequently
‘re-expressed’ in about two-thirds of CCs, and that this

% 2012 Blackwell Publishing Ltd, Histopathology, 61, 266~276.

expression was associated with poorer differentiation
and higher proliferative activities in the tumour cells.
In addition, Pdx1 was expressed frequently in BilIN
lesions and this expression increased along with the
progression of BilIN; in parallelthe Pdxl mRNA level
was also increased considerably in microdissected
BilIN2/3 tissue. This suggests that the expression of
Pdx1 may be responsible for the development of
BilIN.*° However, it remains unclear why Pdx1, a
stem cell-like marker of pancreas, is re-expressed in
BilIN lesions and CC during multistep cholangiocarci-
nogenesis. PanlN, a flat precursor lesion of pancreatic
duct adenocarcinoma, resembles BilIN of the large bile
duct.*13 In the adult pancreatic duct, re-expression
of Pdx1 is known to be induced by its inflammation or
regeneration and is also observed in early carcinoge-
netic stages of pancreatic carcinoma.*®*” Recently,
Park et al.'® showed that Pdx1 re-expression occurred
in PanIN in addition to pancreatic duct adenocarcino-
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maus, and this was confirmed in this study. Recently,
Pdx1-positive cells have been shown to be a possible
origin of pancreatic carcinoma.'® Thus, Pdxl is
required not only for pancreatogenesis and mainte-
nance of pancreatic homeostasis, but also plays a key
role in mediation of carcinogenesis.**®

In our study, the expression patterns of Pdx1 and
Hesl were reciprocal and related closely to. the
progression of BilINs, suggesting that BilIN lesions of
the large bile ducts with Pdx1l re-expression and
decreased Hesl expression may develop pancreatic
neoplastic characteristics. The biliary tract and pan-
creas have several pathological in common processes,
in addition to the embryonic development and differ-
entiation.! In this context, the reactivation or re-
expression of embryonic transcription factors such as
Pdx1 could be involved in cholangiocarcinogenesis of
the biliary tract, in a similar manner to that in the
pancreas.

CC is one of the most intractable malignant
" tumours, and there have been very limited reports
on effective chemotherapy using gemcitabine and
cisplatin. While a few approaches to molecular-
targeted therapies in CC have been reported, at
present complete surgical resection of CC at its early
stage is the only established curative approach.'®"
This study focused on Pdx1l and Hesl, and these
provide promising data for a novel therapeutic
approach to CC. In particular, aberrantly expression
of Pdx1 in CC and its precursor lesions suggest that
this molecule could be a possible target. Further
studies on the mechanisms of re-expression of Pdx1 in
CC and the correlation between Pdx1l and other
cancer-related genes involved in cholangiocarcingen-
esis are indicated to evaluate this possibility.

In conclusion, Pdx1 was re-expressed frequently in
CCs, and its expression increased stepwise with the
progression of BilIN lesions, suggesting that Pdx1 may
play a role in cholangiocarcinogenesis. In addition,
expression of Pdx1 in CCs was associated with poor
differentiation and increased proliferative activity of CC
cells. In vitro studies supported these human studies.
Further studies on the roles of Pdxl in CC are
warranted to evaluate whether Pdx1 is indeed a
candidate for molecular-targeted therapy of CC.
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