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Abstract

Background and Aims: Intrahepatic cholangiocarcinomas (ICCs) are usually
adenocarcinomas with fibrotic and hypovascular stroma. Intrahepatic cho-
langiocarcinomas in cirrhosis and precirrhotic liver (ICC-cirrhosis) are
increasingly being diagnosed, and can display hypervascluar enhancement
resembling a hepatocellular carcinoma on dynamic imaging. Methods: In
this study using ICC-cirrhosis (71 cases), ICC with non-specific reactive
changes (ICC-reactive) (72 cases) and the cholangiocarcinoma component of
combined hepatocellular cholangiocarcinoma (HCC-ICC) (30 cases), we
tried to compare the tumour vasculature. Results: It was found that ICC-cir-
rhosis and the cholangiocarcinoma component of HCC—ICC showed a higher
density of arterxes and ‘microvessels (1.59 £ 0.58/mm” (mean * SD) and
140 & 43/mm? in ICC-cirrhosis and 1.74 + 0.67/mm? and 131 % 46/mm? in
the cho]anglocarcmoma component of HCC- ICC) than in ICC-reactive
(1.26 + 0.61/mm” and 103 + 45/mm2) Dynamic computed tomography
(CT) and magnetic resonance imaging (MRI) showed that a majority of
ICC-cirrhosis displayed strong hypervascular enhancement, whereas one-
third of ICC-reactive each showed strong, weak and no or minimal enhance-
ment respectively. The increased vascular density was positively correlated
with enhanced arterial phase of dynamic CT and MRI. Conclusion: The den-
sity of arteries and microvessels of ICC-cirrhosis was higher than that in
1CC-reactive and comparable to that in the cholangiocarcinoma component
of HCC-ICC, and the higher density of arteries and microvessels in ICC may
be responsible for the hypervascular enhancement of ICC-cirrhosis.

have described the clinicopathological features of ICC in

Intrahepatic cholangiocarcinoma (ICC), a primary liver
malignancy secondary to hepatocellular carcinoma
(HCC), arises from the intrahepatic bile ducts and
affects adults of both gender (1,2). Although the major-
ity of ICCs develop in apparently normal livers, several
risk factors have been suggested (1,3). The best known
of these are chronic biliary diseases, such as primary
sclerosing cholangitis (PSC) and hepatolithiasis (1,4).
Lately, cirrhosis, mainly caused by chronic infection
with hepatitis C virus (HCV), has been recognized as an
important risk factor for ICC and this association has
been speculated as the cause of the increasing incidence
of ICC in recent years (5-7). However, very few studies
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cases of cirrhosis (8-11).

ICC is usually a well to moderately-differentiated
adenocarcinoma with fibrotic and hypovacular stroma
(1,2,12,13). Angiographically, ICC typically displays a
hypovascular mass with or without peripheral
enhancement and these features are mainly obtained
from ICC cases arising in non-cirrhotic livers (14,15).
However, the vasculature of ICCs is not always uni-
form pathologically and angiographically. For example,
some cases show an enhancement in the arterial phase
identical to that in HCC (16). Recent findings, using
contrast-enhanced ultrasonography (CEUS), indicated
that ICC in cirrhosis shared a similar pattern of
enhancement with HCC, which makes the diagnosis of
ICC more complex (8,17). So far, the characteristic
pathological features including the tumour vasculature
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in ICC, in patients with cirrhosis have yet to be clari-
fied with respect to such angiographical characteris-
tics.

Herein, we tried to characterize the vasculature in
ICC with respect to background lesions, by comparing
numbers (density) of arteries and microvessels in cases
of ICC in non-biliary cirrhosis and precirrhotic liver
(ICC-cirrhosis), with those in cases of ICC in livers
showing a normal histology or non-specific reactive
changes (ICC-reactive) and also with those in cholan-
giocarcinoma (CC) components of combined hepato-
cellular and cholangiocarcinoma (HCC-ICC). In
addition, in selected cases of ICC in which dynamic
computed tomography (CT) and magnetic resonance
imaging (MRI) were done, we evaluated the arterial
(early) phases of ICC-cirrhosis and ICC-reactive, and
tried to correlate the vascular patterns with the number
(density) of vasculatures.

Materials and methods
Case selection and tissue preparation

A total of 173 liver tissue specimens (143 cases of
ICC and 30 cases of HCC-ICC) were collected from
the surgical and autopsy files of the Department of
Human Pathology, Kanazawa University Graduate
School of Medicine and affiliated hospitals (137 cases)
(1990-2010) and the surgical files of the Department
of Pathology, University of Ulsan College of Medi-
cine, Asan Medical center, Korea (36 cases) (1996—
2009). They were composed of 32 autopsied speci-
mens, 140 surgical specimens and one wedge biopsy
specimen. Autopsy cases (32 cases) were consecutively
obtained from the autopsy file done in the Depart-
ment of Human Pathology, Kanazawa University
Graduate School of Medicine and 105 surgical cases
of ICC including one wedge biopsy and 36 surgical
cases were also consecutively collected from Kanazawa
University and Asan Medical Center respectively.
Among 143 ICC cases, the surrounding liver of 72
cases of ICC showed nonspecific reactive change
(ICC-reactive) [men and women; 45; 27, age distribu-
tion 35-93 (mean 65)] and that of 71 cases of ICC
showed ICC-cirrhosis {men and women; 50; 21, age
distribution 37-85 (mean 60)] [25 cases owing to
hepatitis B viral infection, 14 cases to hepatitis C viral
infection, 1 case caused by a double infection, 2 cases
associated with alcoholic steatohepatitis, 17 cases with
non-alcoholic steatohepatitis (NASH) and 12 cases of
unknown aetiology]. All cases of Asan Medical Center
(36 cases) were ICC-cirrhosis consecutively chosen
from the surgical file (1996-2009). The remaining
137 cases of ICC and 30 cases of HCC-CCC of
Kanazawa University were consecutively obtained
from autopsy and surgical files (1990-2010). Among
30 cases of HCC-ICC, 27 cases were associated with
cirrthosis or precirrhotic liver and three cases with
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NSR; each tended to show a similar gender and age
distribution to ICC-cirrhosis and ICC-reactive respec-
tively. ICCs are largely classifiable into peripheral
and perihilar types (2,13). Peripheral ICCs presum-
ably develop from the intrahepatic small bile duct
and bile ductules, and usually show a mass-forming
growth (1). Perihilar ICCs involve the intrahepatic
large bile duct and hilar ducts and are usually of the
periductal spreading type. Sixty-nine and two cases
were of the peripheral type and the perihilar type,
respectively, in 71 ICC-cirrhosis. Sixty-five and seven
cases were the peripheral type and the perihilar type,
respectively, in 72 ICC-reactive. Sixty-three cases were
macroscopically mass-forming type and the remaining
eight were periductal infiltrating type in 71 ICC-cir-
rhosis. Fifty-five, eight and eleven cases were mass-

~ forming type, mass-forming + periductal infiltrating

type, and periductal infiltrating type, respectively, in
ICC-reactive.

Histologically, ICC-reactive or ICC-cirrhosis and CC
components of HCC-ICC were adenocarcinomas show-
ing tubular, acinar, papillary, solid or cord-like patterns
in combination with various fibrous and inflammatory
stroma. In this study, we did not examine anaplastic or
sarcomatous elements and squamous cell carcinomas,
even if present. Sixty and 11 cases were well to moder-
ately differentiated and poorly differentiated adenocar-
cinoma, respectively, in 71 ICC-cirrhosis. Sixty-four and
eight cases were well to moderately differentiated and
poorly differentiated adenocarcinoma, respectively, in
72 ICC-reactive.

All of these tissue samples were fixed in 10% neu-
tral buffered formalin and embedded in paraffin. Two
or three blocks showing a representative histology of
carcinoma and background liver were selected in each
case for further examination. More than 20 consecu-
tive 4-um-thick sections were cut from each paraffin
block and stained with haematoxylin and eosin
(H&E) and Elastica van Gieson (EVG) stain for iden-
tification of the arterial architecture with the elastic
lamina.

Immunohistochemistry

Immunostaining of CD34 was used for the identifica-
tion of vascular endothelial cells (18). In brief, after the
blocking of endogenous peroxidase and incubation in
normal goat serum (1:10; Vector Laboratories, Burlin-
game, CA, USA) for 20 min, the deparaffinized sections
were incubated overnight at 4°C with a primary mouse
monoclonal antibody against CD34 (clone QBEnd10;
1:200; Beckman Coulter, Brea, CA, USA). The sections
were then incubated at room temperature for 1 h with
goat anti-mouse immunoglobulins conjugated to a per-
oxidase labelled-dextran polymer (EnVisionC; Dako Cy-
tomation, Carpinteria, CA, USA). The reaction
products were developed by immersing the sections in a
3, 3'-diaminobenzidine tetrahydrochloride (DAB) solu-
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tion containing 0.03% hydrogen peroxide. Nuclei were
lightly counterstained with haematoxylin.

Semiquantitative evaluation of the vasculature within
stroma of ICC

The density of arteries and microvessels within the
stroma of ICC were semiquantitatively evaluated in 72
cases of ICC-reactive, 71 cases of ICC-cirrhosis and 30
cases of HCC-ICC described elsewhere, as follows,

Densities of arteries

In three low power fields (at x100; each area was
2.5434 mm®) selected at random from different parts in
the central area of the tumour’s stroma, the number of
arteries with elastic lamina (Fig. 1A) was counted. The
average numbers in three fields was regarded as the arte-
rial density.

Density of microvessels

In five high power fields (at x400; each area was
0.1589 mm®) selected at random from different parts in
the central area of the stroma, the number of CD34-
positive microvessels (Fig. 1B) without an elastic lam-

ICC-cirthosis; ++

Xu et al.

ina, including capillaries, was counted. The average
number in these five fields was regarded as the micro-
vessel density.

Imaging studies

To evaluate the vasculature of ICCs radiologically,
among the 72 cases of ICC-reactive and 71 cases of
ICC-cirrhosis in which the histopathological semi-
quantitative analyses were performed, the cases in
which dynamic CT and dynamic MRI were done at
Kanazawa University Hospital, were chosen retrospec-
tively and consecutively. Then, the arterial dominant
phase images were evaluated in the chosen cases
blindly by three radiologists (K. Kozaka, N.Yoneda
and S.Igarashi).

CT Imaging

Eleven cases of ICC-cirrhosis and 23 cases of ICC-
reactive which were included in the pathological
evaluation had undergone dynamic contrast-enhanced
CT at Kanazawa University Hospital. CT imaging was
performed using 4-, 16- and 64-detector row CT
scanners (LightSpeed Plus, Ultra 16 and VCT; GE
Medical Systems, Milwaukee, W1, USA). The parameters

LR

ICC-reactive; —

Fig. 1. (A) Arteries with elastic lamina in the tumour tissue of ICC are found in the stroma of intrahepatic cholangiocarcinoma. Elastica van
Gieson (EVG) stain. x100. Left, a representative case of intrahepatic cholangiocarcinoma (ICC) arising in.non-biliary, cirrhosis of precirrhotic
liver (CC-cirrhosis) in which the enhancement during the early phase was classified as strong (++) in dynamic CT and MRI. Right, ICC with
non-specific reactive change {ICC-reactive) in which the enhancement during the early phase was classified as negative () in dynamic CT
and MRI. (B) Microvessels positive for CD34 in the stroma of intrahepatic cholangiocarcinoma are identified by CD34 immunostaining.
Immunostaining of CD34 and haematoxylin, x400. Left, a representative case of intrahepatic cholangiocarcinoma (ICC) arising in non-bili-
ary, cirrhosis of precirrhotic liver (ICC-cirrhosis) in which the enhancement during the early phase was dlassified as strong (++) in dynamic CT
and MRI. Right, ICC with non-specific reactive change (ICC-reactive) in which the enhancement during the early phase was classified as

negative (=) in dynamic CT and MRI.
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were section thickness; 2.5 mm, tube voltage; 120 kV
and tube current; auto mA at VCT, 250-300 mA at
Light Speed Plus and Ultra 16. After precontrast CR
scans were obtained, triple phasic in 4 patients, qua-
druple phasic in 28 patients and octuplet phasic
dynamic study in 2 patients were done. In this study,
we adapted and evaluated early and delayed phase
among these images. Early phase was defined as fol-
lows: hepatic arteries and portal veins were well
enhanced, but the enhancement was stronger in hepa-
tic arteries than portal veins. Delayed phase was
defined as follows: hepatic arteries, portal veins and
hepatic veins showed the same degree of contrast
enhancement.

Enhancement in the arterial dominant phase was
evaluated within the slice containing the largest cross-
section of the tumour. If the tumour showed ring-like
enhancement, the necrotic areas where there were no
enhancement in the delayed phase were excluded. Com-
paring to the non-cancerous areas, enhancement pat-
terns were classified as showing high-density relative to
surrounding areas (++, strong), iso-density (+, weak)
and low-density (-, negative).

MR Imaging

For 12 cases of ICC-cirrhosis and 17 cases of ICC-
reactive, MRI was performed using a 1.5T (n = 15)
or 3.0T (n = 16) unit (Signa Horizon, EXCITE HDxt;
GE Medical Systems, Milwaukee, WI, USA) and T1-
weighted imaging was obtained with the 2D-Fast
SPGR at a slice-thickness of 5 mm or LAVA-XV
sequence at a slice-thickness of 4.2 mm and a gap of
21 mm. The matrix size was 256 x 128 or
256 x 256. For T1-weighted dynamic imaging, gado-
pentetate dimeglumine (Magnevist; Schering, Berlin,
Germany) was injected as a rapid bolus with a power
injector at a dose of 0.1 mmol/kg, immediately fol-
lowed by a 10-20 ml saline flush, and additional
images were obtained at 30-35 s (arterial dominant
phase), 65-70 s (portal phase) and 3 min (equilib-
rium phase). In our analysis, the arterial dominant
phase was used and enhancement was evaluated in
the same way as for the CT imaging; hyperintensity
relative to surrounding areas (++, strong), iso-inten-
sity (+, weak) and hypo-intensity (-, negative).

Statistical analysis

Numerical data were presented as the mean =+ standard
deviation (SD). Data from different groups were com-
pared using a one-way analysis of variance and exam-
ined using the Kruskal-Wallis test followed by Dunn’s
post test. Differences in the proportions of categorical
data were tested using the Chi-square test. The correla-
tion coefficient of two factors was evaluated using
Spearman’s rank correlation test. The results were con-
sidered significant if the P value was < 0.05.

Liver International (2012)
© 2012 John Wiley & Sons A/S

Vasculature of cholangiocarcinoma

Results

Semiquantitative evaluation of the vasculature within
tumours

Arterial density

As shown in Fig. 2A, the arterial density within tumours
was higher in the 72 ICC-cirrhosis (mean + SD:
1.59 + 0.58/mm* and range: 0.63-3.15/mm?) and 30
cases of the CC component of HCC-ICC (1.74 + 0.67/
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Fig. 2. (A) Comparison of arterial density (AD) among intrahepatic
cholangiocarcinoma (ICC) arising in non-biliary, cirrhosis and
precirrhotic liver (ICC-cirrhosis) (n = 71), the CC component of
hepatocellular cholangiocarcinoma (HCC-CCC) (n = 30) and ICC
with non-specific reactive change (ICC-reactive) (n = 72); Data are
displayed in scatter plots of AD. The AD is higher in ICC-cirrhosis
and the CC component of HC-CC than in ICC-reactive. The bar
shows mean + SD; P < 0.01. (B) Comparison of microvessel density
(MVD) among intrahepatic cholangiocarcinoma (ICC) arising in
cirrhosis and precirrhotic liver ({CC-cirrhosis) (n = 72), the CC
component of hepatocellular cholangiocarcinoma (HCC-CCC)

(n = 30) and ICC with non-specific reactive change (ICC-reactive)
(n = 7). Data are displayed in scatter plots of AD. Data are
displayed in scatter plots of MVD; the bar shows the mean = SD.
The MVD is higher in ICC-cirrhosis and in the CC component of
HCC-CCC than in ICC-reactive; P < 0.05; P < 0.001.
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mm® and 0.55-3.54/mm?) than in ICC:-reactive
(1.26 + 0.61/mm* and 0.24-3.07/mm® respectively)
(P < 0.01 and P < 0.01 respectively). The arterial density
was not different between ICC-cirrhosis and the cholan-
giocarcinoma component of HCC-ICC (P > 0.05). The
mean arterial density was not different between well to
moderately differentiated and poorly differentiated ade-
nocarcinoma (P > 0.05)(data not shown).

Microvessel density

As shown in Fig. 2B, the microvessel density within
tumours was higher in ICC-cirrhosis (mean * SD:
140 + 43/mm’ and range: 42-256/mm?) and in the cho-
langlocarcmoma com })onent of HCC-ICC (131 + 46/
mm? and 31-227/mm°) than in ICC-reactive (103 * 45/
mm’ and 29-214/mm?) (P <0.001 and P <0.05
respectively). The mean microvessel density was not dif-
ferent between well to moderately differentiated and
poorly differentiated adenocarcinoma (P > 0.05)(data
not shown).

Imaging studies -

The distribution of the arterial dominant phase images
of dynamic CT and MRI are shown in Table 1. The rep-
resentative images of dynamic CT and MRI in ICC-cir-
rhosis and ICC-reactive are shown in Fig. 3.

Dynamic CT

Enhancement during the early phase in 11 cases of ICC-
cirrhosis was classified as follows:++, nine cases;+, two
cases; and -, zero case. That in eight cases of ICC-reac-
tive was classified as++, eight cases;+, nine cases; and -,
six cases. Almost all cases of ICC-cirrhosis showed
strong enhancement in the early phase, whereas about
one-third of ICC-reactive cases showed strong enhance-
ment, one-third showed mild enhancement and the
remaining third showed no or minimum enhancement
(P < 0.01).

Dynamic MRI

The early phase in 12 cases of ICC-cirrhosis was clas-
sified as follows: ++, ten cases; +, one case; and —,
one case. Seventeen cases of ICC-reactive were classi-

Xuet al.

fied as ++, six cases; +, six cases; and —, five cases.
Almost all cases of ICC-cirthosis showed strong
enhancement in the early phase, whereas about one-
third of ICC-reactive cases showed strong enhance-
ment, one-third showed mild enhancement and the
remaining third showed no or minimum enhance-
ment (P < 0.01).

Correlation between the imaging and semiquantitative
pathological evaluation

Dynamic CT and semiquantitative evaluation

As shown in Fig. 4A, the arterial density in nine cases of

ICC with strong enhancement (++) was 1.51 + 0.47/

mm? (mean + SD) with a range 0.94-2, 4/mm?>, that in

14 cases of ICC with weak enhancement was
1.25 % 0.57/mm” (mean + SD) with a range 0.53-2.20/

mm? and that in four cases of ICC with no or minimum

enhancement was 0.88 + 0.25/mm* (mean + SD) with

a range 0.57-1.13/mm” ICC cases with stronger

enhancement showed higher arterial density (P < 0.01,

r = 0.437).

As shown in Fig. 4B, the microvascular density in
nine cases of ICC with strong enhancement (++) was
134.4 + 27.1/mm? (mean + SD) with a range of 91.2—
187.5/mm?, that in 14 cases of ICC with weak enhance-
ment was 117.4 + 48.8/mm? (mean + SD) with a range
of 37.8-239.1/mm? and that in four cases of ICC with
no or minimum enhancement was 97.4 + 44, O/mm
(mean + SD) with a range of 44.1-151.0/mm” ICC
cases with stronger enhancement showed higher micro-
vessel density (P < 0.01, r = 0.444).

Dynamic MRI and semiquantitative evaluation

" As shown in Fig. 5A, the arterial density in 16 cases of

ICC with strong enhancement (++) was 1.56 + 0.52/
mm? (mean + SD) with a range of 0.79-2. 40/mm?, that
in seven cases of ICC with weak enhancement was
1.13 + 0.46/mm?* (mean + SD) with a range of 0.53—
2.01/mm? and that in six cases of ICC with no or mini-
mum enhancement was 1.01 £ 0.44/mm?* with a range
of 0.53-1.65/mm?*. Intrahepatic cholangiocarcinomas
cases with stronger enhancement showed higher arterial
density (P < 0.01, r = 0.509).

Table 1. The distribution of the arterial (early) phase images of dynamic computed tomography (CT) and magnetic resonance imaging
(MRY) in intrahepatic cholangiocarcinoma (ICC) arising in non-biliary cirrhosis and precirrhotic liver (ICC-cirrhosis) and ICC with non-specific

reactive change (ICC-reactive)

T MRI
ICC-cirrhosis (n = 11) ICC-reactive (n = 23) ICC-cirrhosis (n = 12) ICC-reactive (n = 17) P
Early phase <0.01 <0.05
++ 9 8 10 6
+ 2 9 1 6
- 0 6 1 5
Liver International (2012)
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Fig. 3. Dynamic computed tomography of intrahepatic cholangiocarcinoma arising in a liver with non-specific reactive change. No or mini-
mum enhancement is found in the early (arterial) phase of the tumour (arrow). (B) Dynamic magnetic resonance imaging of intrahepatic
cholangiocarcinoma arising in a liver with non-specific reactive change. No or minimum enhancement is found in the early (arterial) phase of
the tumour (arrow). Fig. 3A and 3B are from the same case atthe same point in time of examination. (C) Dynamic computed tomography
of intrahepatic cholangiocarcinoma arising in a liver with cirrhosis related to hepatitis C viral infection. Strong enhancement is found in the
early (arterial) phase of the tumour (arrow). (D) Dynamic magnetic resonance imaging of intrahepatic cholangiocarcinoma arising in a liver
with cirrhosis related to hepatitis C viral infection. Strong enhancement is found in the early (arterial) phase of the tumour (arrow). Fig. 3C
and 3D are from the same case at the same point in time of examination.

As shown in Fig. 5B, the microvessel density in 16
cases of ICC with strong enhancement (++) was
142.5 * 40.0/mm” (mean + SD) with a range 91.3-239/
mm?, that in seven cases of ICC with weak enhancement
was 107.3-36.8/mm? (mean + SD) with a range 37.7—
154.0/mm?” and that in six cases of ICC with no or
minimum enhancement was 109.7 + 26.2/mm? with a
range 86.2-156.1/mm?. Intrahepatic cholangiocarcino-
mas cases with stronger enhancement showed higher
microvessel density (P < 0.01, r = 0.488).

Discussion

The findings of this study can be summarized as follows:
(i) the number (density) of arteries and microvessels
within the tumour stroma-are similar in ICC-cirrhosis
and cholangiocarcinoma components of HCC-ICC and
both of them are higher than that in ICC-reactive;
(ii) dynamic CT and MRI showed that a majority of
ICC-cirrhosis were hypervascular, whereas ICC-reactive
were variable; (iii) the density of arteries and microves-
sels correlated with the degree of increased enhancement
in ICCs shown by the arterial phase of dynamic CT and
MRL
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Angiographically, ICCs tend to display a hypovascular
mass, and CT and MRI often show hypovascular
enhancement (4,19-22). However, these pathological
and angiographical features are mainly based on ICCs
arising in normal livers. In fact, Nanashima et al, using
CT, showed that ICCs arising in cases of chronic viral
hepatitis frequently showed a hyperenhanced rather than
hypoenhanced pattern (16). Recently, Vilana et al., using
CEUS and MR], revealed that all the tumour nodules in
ICCs in patients with cirrhosis showed contrast enhance-
ment at the arterial phase, followed by contrast washout
in venous phases, thus being totally indistinguishable
from HCC (8,17). The characteristics of the tumour vas-
culature in ICC-cirrhosis have yet to be clarified.

In recent years, ICC has been found increasingly in
patients with cirrhosis and distinguishing it from HCC
is a major clinical issue because the prognosis and treat-
ment options differ significantly between the two
(8,14,17). Upon the detection of a suspicious nodule, a
strategy based on dynamic imaging should be initiated,
although detailed information is needed to characterize
and diagnose ICC in cases of cirrhosis by dynamic CT
and MRI and pathological and radiological correlations
are limited at present.
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Fig. 4. (A) The correlation between the arterial phase enhancement
of intrahepatic cholangiocarcinoma (ICC) in computed tomography
(CT) and arterial density (AD) in ICC with cirrhosis and precirrhotic
liver (ICC-cirrhosis) (4) and with non-specific reactive change (ICC-
reactive) (O). The enhancement of the arterial phase of ICC is corre-
lated with AD (P < 0.01, r = 0.437). -, no or minimum enhance-
ment; +, mild enhancement; and ++, strong enhancement. (B) The
correlation between the arterial phase enhancement of intrahepatic
cholangiocarcinoma (ICC) in magnetic resonance imaging (MRI) and
microvessel density (MVD) in intrahepatic cholangiocarcinoma with
cirrhosis and precirrhotic liver (ICC-cirrhosis) (A) and with non-spe-
cific reactive change (ICC-reactive) {®). The enhancement in the
arterial phase and the ICC tumour is correlated with MVD

(P < 0.01, r = 0.444). —, no or minimum enhancement; -+, mild
enhancement; and ++, strong enhancement.

It was found in this study that using dynamic CT,
almost all cases of ICC-cirrhosis showed strong contrast
enhancement in the early phase, whereas about one-
third of ICC-reactive showed strong enhancement,
one-third showed mild enhancement and the remaining
third showed no or minimum enhancement. Similarly
in dynamic MRI, almost all cases of ICC-cirrhosis
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Fig. 5. (A) The correlation between the arterial phase enhance-
ment of intrahepatic cholangiocarcinoma (ICC) in computed
tomography (CT) and arterial density (AD) in intrahepatic cholan-
giocarcinoma with cirrhosis and precirrhotic liver (ICC-cirrhosis) (A)
and with non-specific reactive change (ICC-reactive) (O). The
enhancement in the arterial phase of ICC is correlated with AD

(P < 0.01, r = 0.509). -, no or minimum enhancement; +, mild
enhancement; and ++, strong enhancement. (B) The correlation
between the arterial phase enhancement of intrahepatic cholangio-
carcinoma (ICC) in magnetic resonance imaging (MRI) and
microvessel density (MVD) in ICC with cirrhosis and precirrhotic liver

. (ICC-cirrhosis) (&) and with non-specific reactive change (ICC-reactive)

(O). The enhancement in the arterial phase of ICC is correlated with
MVD (P < 0.01, r = 0.488). —, no or minimum enhancement; +,
mild enhancement; and ++, strong enhancement. ’

showed strong enhancement in the early phase, whereas
about one-third of ICC-reactive showed strong
enhancement, one-third showed mild enhancement and
the remaining third showed no or minimum enhance-
ment. These findings support the reports (3,8,16) that
ICC in patients with chronic viral hepatitis or cirrhosis -
showed a hyperenhanced vascular pattern and also
intense arterial uptake revealed by dynamic imaging,
similar to HCC.
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It was found that the arterial density in ICC-cirrhosis

cases was higher than that in ICC-reactive cases and’

comparable to that in the CC component of HCC-ICC.
The arterial density did not differ between ICC-cirrhosis
and the cholangiocarcinoma component of HCC-ICC.
Similarly, the microvessel density within tumours in
" ICC-cirrhosis cases was higher than that in ICC-reactive
cases and comparable to that in CC component of
HCC-ICC. The mean microvessel density in the cholan-

giocarcinoma components of HCC-ICC ended to be -

lower than that in ICC-cirrhosis. It is possible that the
background lesion of ICC may be responsible at least
partly for the dense arteries and microvessels in ICC-cir-
rhosis and cholangiocarcinoma components of HCC-
ICC. In cirrhosis and precirrhotic liver, arterial branches
are known to increase and small vasculatures including
the peribiliary vascular plexus are also increased
(9,23,24). It therefore seems plausible that ICC arising
in cirrhosis and precirrhotic liver may maintain or
retain such vasculatues characteristic of cirrhosis and
precirrhotic liver after the malignant transformation of
cholangiocytes. ~Alternatively, our previous study
showed that phenotypes of ICC-cirrhosis were similar
to those of cholangiocarcinoma components of HCC-
ICC and different from ICC-reactive (9). Therefore, it is
also possible that the tumour stroma of ICC-cirrhosis
and the cholangiocarcinoma component of HCC-1ICC
share characteristics, such as increased density of arteries
and microvessels, and such features are milder in ICC-
reactive than in ICC-cirrhosis or the cholangiocarcino-
ma component of HCC-ICC. Further study of the dif-
ference in tumour siroma between ICC-cirrhosis and
ICC-reactive is needed.

Arterial blood supply, venous drainage and other
vascular characteristics play a crucial role in the
diagnosis of liver tumours (25). Although the predom-
inant radiological characteristic of ICC is hypovas-
culature, some cases show a contrast enhancement in
the arterial phase identical to that in HCC, particu-
larly for ICC in chronic viral hepatitis or cirrhosis
(8,9,14,16,17). It was found in this study that in
dynamic CT imaging, ICC cases with stronger
enhancement showed higher arterial density and
microvessel density, which were evaluated semiquanti-
tatively. Dynamic MRI also showed a similar positive
correlation between arterial density and microvessel
density and early enhancement in ICCs. These results
strongly support that hyperenhancement of ICC, espe-
cially in cirrhosis (8,16,17), may be because of
increased densities of arteries and microvessels in the
tumour. Such features were milder in ICC-reactive
cases. The vasculature evaluated semiquantitatively
may give a pathological basis for making a diagnosis
of ICC or HCC in cirrhosis and precirrhotic liver, and
studies on the mechanism of increased arterial density
and microvessels are warranted. In addition, further
study on the stroma of ICC including vasculature is
mandatory to increase the differential diagnostic abil-
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Vasculature of cholangiocarcinoma

. ity in imaging and also to evaluate the cholangiocarci-

nogenesis in cirrhosis and precirrhotic liver.

To assess the arterial density and microvessel density,
we selected areas at random in the centre of the tumour.
It may be possible to assess the invasive border of each
tumour or the areas with the highest number of blood
vessels (‘hot spot’ areas). In fact, the hot spot areas were
evaluated in some studies, especially studies regarding
angiogenetic factors, such as vascular endothelial growth
factor (VEGF) and hypoxia-inducible factor-la (HIE-
la) protein, whereas the random areas were evaluated
in other studies. In the present study, we evaluated the
areas selected at random in the centre of the tumour,
because we would like to select the areas corresponding
to the representative area in CT and MRIL.

In conclusion, the vasculature in tumour stroma of
ICC and the cholangiocarcinoma component of HCC-
ICC increased in comparison with that of ICC-reactive.
This may be the reason why ICC-cirrhosis showed
enhanced contrast in the arterial phase during dynamic
CT and MRL
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Significance of Immunogiobulin G4 (IgG4)-Positive
Cells in Extrahepatic Cholangiocarcinoma: Molecular
Mechanism of IgG4 Reaction in Cancer Tissue

Kemch1 Harada," Shinji Shimoda,” Yasushi Kimura,' Yasunori Sato,' Hiroko Ikeda,® Saya Igarashi,"
Xiang-Shan Ren,' Hu'olnde Sato," and Yasuni Nakanuma' "

IgG4 reactions consisting of marked infiltration by immunoglobulin G4 (IgG4)-positive
plasma cells in affected organs is found in cancer patients as well as patients with IgG4-
related diseases. Notably, extrahepatic cholangiocarcinomas accompanying marked IgG4
reactions clinicopathologically mimic IgG4-related sclerosing cholangitis. The regulatory
cytokine interleukin (IL)-10 is thought to induce the differentiation of IgG4-positive cells.
In this study, to clarify the mechanism of the IgG4 reaction in extrahepatic cholangiocarci-
noma, we investigated nonprofessional antigen-presenting cells (APCs) generating IL-10—
producing regulatory T cells (anergy T cells) and Foxp3-positive regulatory cells producing
IL-10. Immunolustochemlstry targeting IgG4, HLA-DR, CD80, CD86, and Foxp3 was per-
formed using 54 cholangiocarcinoma specimens from 24 patients with gallbladder cancer,
22 patients with common bile duct cancer, and eight patients with cancer of the Papilla of
Vater. Moreover, a molecular analysis of Foxp3 and IL-10 was performed using a cultured
human cholangiocarcinoma cell line. Consequently, 43% of the cholangiocarcinomas were
found to be abundant in IgG4. Those expressing HLA-DR but lacking costimulatory mole-
cules (CD80 and CD86) and those expressing Foxp3 detected by an antibody recognizing
the N terminus accounted for 54% and 39% of cases, respectively. Moreover, the number of
IgG4-positive cells was larger in these cases than in other groups. In cultured cells, the pres-
ence of a splicing variant of Foxp3 messenger RNA and the expression of IL-10 were demon-
strated. Conclusion: Extrahepatic cholangiocarcinoma is often accompanied by significant
infiltration of IgG4-positive cells. Cholangiocarcinoma cells could play the role of nonpro-
fessional APCs and Foxp3-positive regulatory cells, inducing IgG4 reactions via the produc-
tion of IL-10 indirectly and directly, respectively. (HepatoLoGY 2012;556:157-164)

iliary tract cancers can be anatomically divided
into intrahepatic and extrahepatic cholangiocarci-

 Abbreviations: APC, antigen-presenting cell; DC, dendritic cell; ELISA,
enzyme-linked  immunosorbent  assay; HPE  high-power field: IgG4,
immunoglobulin G4; IL, interleuking MHC-I, major  histocompatibility
complex class II; mRNA, messenger RNA; PCR, polymerase chain reaction; RT-
PCR, reverse-transcription polymerase chain reaction; Treg, regulatory T cell.
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nomas, the latter including hepatic hilar cancer,
common bile duct cancer, gallbladder cancer, and cancer
of the Papilla of Vater. The biological behavior and carci-
nogenesis of each cancer differ, but the histology of most
biliary tract cancers is the same as that of ordinary adeno-
carcinomas. In addition to neoplastic lesions, several types
of cholangitis causing biliary stenosis are important in the
differential diagnosis' of biliary diseases. Particularly, pri-
mary sclerosing cholangits and a complication of immu-
noglobulin G4 (IgG4)-related systemic diseases, IgG4-
related sclerosing cholangitis, dlinicopathologically mimic
extrahepatic cholangiocarcinomas.

IgG4 is a minor immunoglobulin subtype compos-
ing 3%-6% of all the IgG circulating in adults,” but is
important for a systemic disorder, IgG4-related disease,
that features elevated serum IgG4 levels and abundant
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infiltration with IgG4-positive plasma cells in affected
organs." Moreover, IgG4-related cholangitis and pancre-
atitis (autoimmune pancreatitis, type 1) are characterized
by sclerosing lesions (storiform fibrosis) and cholangio-
carcinomas and pancreatic cancer usually accompany
some degree of desmoplastic change and also, in some
cases of pancreatic cancer, IgG4 reactions.” Therefore,
a pathological examination is necessary to differenti-
ate IgG4-related diseases from tumors in pancreatico-
biliary lesions. We have already observed that extra-
hepatic cholangiocarcinomas also accompany various
degrees of IgG4 reactions assumed to be associated
with the evasion of immunosurveillance (Kimura
et al., unpublished dara). However, the mechanisms
inducing IgG4 reactions in cholangiocarcinoma tissue
- are still unknown.

Interleukin (IL)-10, a regulatory cytokine mainly
produced by Foxp3+ regulatory T cells (Treg cells), T
helper 2 cells, and IL-10-producing Treg cells, is
thought to induce the differentiation of IgG4-positive
plasma cells or favor B cell switching to IgG4 in the
presence of IL-4.”° The expression of Foxp3 and IL-
10 has been demonstrated in several carcinoma tissues
and cultured cancer cell lines, suggesting that cancer
cells themselves induce the Treg cell-like immunoregu-
latory milieu to evade immunosurveillance.”".

Major histocompatibility complex class II (MHC-
II)—positive cells lacking the costimulatory molecules
CD80 (B7-1) and CD86 (B7-2) induce anergy to
native T cells. Among T cell subsets, Treg type 1 cells
characterized by the production of IL-10 are induced
by immature dendritic cells (DCs).!' Moreover, costi-
mulation-dependent T cell clones stimulated without
provision of the costimulatory signal were demonstrated
not to be proliferative, but to differentiate into IL-10~
producing anergic T cells in primary biliary cirrhosis.'?
In addition to immunocompetent cells such as DCs,
nonimmunocompetent- cells, including carcinoma and
normal epithelial cells, have been demonstrated to
express MHC-T], indicating an “ability for antigen pre-
sentation, but these MHC-II-positive epithelial cells are
usually called nonprofessional antigen-presenting cells
(APCs), differing from professional APCs such as DCs.
Several studies have suggested that antigen presentation
by MHC-II—positive epithelial cells that lack costimula-
ton signals, such as keratinocytes and pancreatic islet
cells, would favor the generation of anergic T cells."*"’

It is clinicopathologically important, but practically
difficult, to differentiate between IgG4-related scleros-
ing cholangitis and extrahepatic cholangiocarcinoma.
In this study, we retrospectively evaluated IgG4-posi-
tive plasma cells in extrahepatic cholangiocarcinomas

HEPATOLOGY, July 2012°

and mechanisms in terms of cholangiocarcinoma cells
as nonprofessional APCs and regulatory cells. This
study should help to clarify the pathological signifi-
cance of IgG4 reactions in cholangiocarcinomas and

also IgG4-related diseases.

Patients and Methods

Patients and Tissue Preparations. Formalin-fixed
and paraffin-embedded sections of 54 surgically
resected specimens from 24 gallbladder cancers, 22
common bile duct cancers, and eight cancers of the
Papilla of Vater (29 men, 25 women; average age, 74
years) were obtained from the registry of liver diseases
in the Department of Pathology, Kanazawa University
School of Medicine. Each cholangiocarcinoma was
classified histologically as a well-differentiated (includ-
ing papillary), moderately differentiated, or poorly dif-
ferentiated adenocarcinoma based on the predominant
histological grade. Special histological types such as ad-
enosquamous carcinoma and mucinous carcinoma
were not included in the present study. Serial sections
(4 pm) were prepared from each formalin-fixed, paraf-
fin-embedded block. -

Immunobistochemistry. The deparaffinized and
rehydrated sections were microwaved in citrate buffer
(pH 6.0) for CD80 and CD86 or ethylene diamine
tetraacetic acid buffer (pH 9.0) for Foxp3 for 20
minutes in a microwave oven. Following the blocking
of endogenous peroxidase activity, these sections were
incubated at 4°C overnight with antibodies against
IgG4 (mouse monoclonal; diluted 1:200; Southern
Biotech, Birmingham, AL), Foxp3 that reacts with the
C terminus (mouse monoclonal; 5 pg/ml; Abcam,
Tokyo, Japan), Foxp3 that reacts with the N terminus
(rat monoclonal, 2.5 pg/ml, eBioscience, San Diego,
CA), HLA-DR (mouse monoclonal, 0.5 ug/mlL, Dako
Japan, Tokyo), CD80 (rabbit monoclonal, 1:200, Epit-
omics, Burlingame, CA), and CD86 (rabbit monoclo-
nal, 1:250, Abcam, Tokyo, Japan) and then at room
temperature for 1 hour with anti-mouse, and-rabbit,
or anti-goat immunoglobulin conjugated to a peroxi-
dase-labeled dextran polymer (Simple Staining Kit;
Nichirei, Tokyo, Japan). After a benzidine reaction,
sections were counterstained lightly with hematoxylin.
No positive staining was obtained when the primary
antibodies were replaced with an isotype-matched,
nonimmunized immunoglobulin as a negative control
of the staining procedures.

Histological Examination. In addition to the histo-
logical observations by hematoxylin and eosin staining,
the distribution of the immunopositive cells was
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examined. In a primary survey, we examined all
tumorous areas in each specimen and, for counting
IgG4-positive mononuclear cells, selected three represen-
tative areas containing IgG4-positive plasma cells, and
expressed the results as the mean number of immuno-
positive cells in high-power fields (HPFs). Because
>10 IgG4-positive cells/HPF is proposed according
to HISORe (Histology, Imaging, Serology, Other organ
involvement, Response to therapy) criteria published for
autoimmune pancreatitis,'®” the cases with >10 and
<10 IgG4-positive cells/HPF on average were evaluated
as IgG4-rich and IgG4-poor cases, respectively. For the
expression of Foxp3, HLA-DR, CD80, and CD86, pos-
itive carcinoma cells were evaluated as positve (distinct
expression) or negative (no or faint expression) accord-
ing to the staining intensity.

Cultured Cells. Two commercially available cell lines,
HuCCTl and MCF7 (positive control of IL-10),'" were
obtained from Health Science Research Resources Bank
(Osaka, Japan). The cell lines were derived from cholan-
giocarcinoma and breast cancer cells, respectively.

Reverse-Transcription Polymerase Chain

Reaction. The cell lines were cultured in flasks with a
standard medium for 48 hours. Cultured cells were
collected from the flasks or plates with a cell scraper
for determination of the baseline messenger RNA
(mRNA) expression of Foxp3 and IL-10 by via reverse-
transcription  polymerase chain reaction (RT-PCR).
Lymph node tissue was also used as a positive control
for Foxp3 mRNA. Briefly, total RNA was isolated from
each sample with the RNeasy Total RNA System (QIA-
GEN, Hilden, Germany) and treated with RNase-Free
DNasel. For RT-PCR, 1 pg of total RNA, M-MLV
RTase (ReverTra Ace, Toyobo, Tokyo, Japan) and oligo-
dT primers were used. Polymerase chain reaction
(PCR) amplification was performed using DNA poly-
merase (Takara EX Taq, Takara, Tokyo, Japan) and spe-
cific primers for human mRNA sequences (Table 1).
The glyceraldehyde 3-phosphate dehydrogenase mRNA
was used as a housekeeping gene. Following After PCR,
an annealing of primers for 1 minute, and an extension
at 72°C for 2 minutes (the annealing temperature and
cycle number are shown in Table 1), PCR products
were subjected to agarose gel electrophoresis.

Enzyme—Lmked Immunosorbent As.my Approxi-
mately 1 x 10 HuCCT1 cells per well in 96-well
plates were cultured for 24 hours. Supernatants were
then tested for human 11-10 via enzyme-linked immu-
nosorbent assay (ELISA) (R&D Systems).

Statistical Analysis. Data were analyzed using
the Welch ¢ test; P < 0.05 was considered statistically
significant.
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Table 1. Primers Used for RT-PCR

Transcript Primers Product Size
Foxp3
Exon 1 Forward: 5'-ACCGTACAGCGTGGTITITC-3/ 111 bp
: Reverse: 5'-AGGCTTGGTGAAGTGGACTG-3’
Exon 3 Forward: 5'-TGCCTCCTCTTCTICCTTGA-3' 125 bp
Reverse: 5/-GGAGGAGTGCCTGTAAGTGG-3/
Exons 10-12  Forward: 5’- CACAACATGCGACCCCCITTCACC -3/ 167 bp
Reverse: 5'- AGGTTGTGGCGGATGGCGTTCTIC-3'
Exon 12 Forward: 5'- CAGCTGCTCGCACAGATTAC -3/ 91 bp
Reverse: 5'- TIGGGGTTTGTGTTGAGTGA-3/
L-10 Forward: 5'- TGCAAAACCAAACCACAAGA -3/ 325 bp
Reverse: 5'- GCATCACCTCCTCCAGGTAA-3/
GAPDH Forward: 5'-GCACCGTCAAGGCTGAGAAC-3’ 142 bp

Reverse: 5'-ATGGTGGTGAAGACGCCAGT-3/

Abbreviations: bp, base pairs; GAPDH, glyceraldehyde 3-phosphate dehydro-
genase; IL-10, interleukin 10; RT-PCR, reverse-transcription polymerase chain
reaction.

Resuits

Infiltration of IgG4-Positive Cells in Extrahepatic
Cholangiocarcinoma. Immunohistochemistry revealed
that IgG4-positive plasma cells were scattered within
and around cancerous nests to various degrees in most
cases (Fig. 1). In the cases with marked infileration,
the TgG4-positive cells were prominent with intermin-
gling of other inflammatory cells. Figure 1C shows the
number of IgG4-positive cells/HPF in extrahepatic
cholangiocarcinomas from common bile ducts, gall-
bladder, and the Papilla of Vater,. but there was no sig-
nificant difference in IgG4-positive cell counts among
anatomical locations of extrahepatic cholangiocarcino-
mas. Therefore, they were integrated as shown in
Fig. 1D. Consequently, the combined quantitative
evaluation revealed that 23 (43%) of 54 cholangiocar-

~cinoma patients had >10 IgG4-positive cells/HPE

There was no correlation between the density of IgG4-
positive cells and any clinicopathological factor includ-
ing age, sex, anatomical location (common bile ducts,
gallbladder, and the Papilla of Vater), or the histologi-
cal differentiation (well, moderate, and poor) of extra-
hepatic cholangiocarcinoma.

Cholangiocarcinoma Cells as Nonprofessional APCs
and Their Association with IgG4 Reactions. Repre-
sentative images of immunostaining are shown in
Fig. 2. Expression of HLA-DR was found in some
infiltrating immunocompetent cells. Moreover, HLA-
DR-~positive cholangiocarcinoma cells were also found
in 33 of 54 cases. HLA-DR expression in tumor cells
showed uniformity and metastatic foci in lymph nodes
as well as main tumors expressing HLA-DR. In con-
trast, the expression of costimulatory molecules (CD80
and CD86) was mostly faint or absent. Only four cases
were clearly positive for CD86 in cholangiocarcinoma
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cells, and all of them were positive for HLA-DR. No
cases evidently expressed CD80. Cholangiocarcinoma
cells expressing HLA-DR but lacking costimulatory
molecules (CD80 and CD86) were found in 29 of 54
cases (54%) and suggested to act as nonprofessional
APCs inducing IL-10-producing anergy T cells. The
relation between IgG4 reactions and HLA-DR and cos-
timulatory molecules in cancer cells is shown in Fig. 3.
In cases of positivity for. HLA-DR and negativity for
costimulatory molecules, the number of IgG4-positive
cells was significantly higher than in cases of negativity
for HLA-DR and of positivity for both HLA-DR and
costimulatory molecules.

Cholangiocarcinoma Cells as Regulatory Cells. Im-
munohistochemistry using the antibody reacting with
the C terminus of Foxp3 detected only mononuclear
cells (Treg cells), but the antibody reacting with the N
terminus highlighted cholangiocarcinoma cells as well
as Treg cells (Fig. 4A). The cytoplasm as well as
nucleus of tumor cells was positive in several cases.
However, because Foxp3 is a transcription factor, the
nuclear pattern was evaluated as functional expression.

HEPATOLOGY, July 2012

Fig. 1. 1gG4-positive cells in extrahepatic
cholangiocarcinomas. (A) Gallbladder cancer.
A papillary adenocarcinoma with prominent
inflammatory cells was found (original magnifi-
cation: x40). (B) Immunohistochemistry for
1gG4. Numerous 1gG4-posituve cells are pres-
ent in the inflamed stroma (original magnifica-
tion: x40). The inset shows a higher
magnification (original magnification: x<400).
9%, (C) Number of IgG4-positive cells/HPF in com-
s mon bile duct cancer, gallbladder cancer, and
cancer of the Papilla of Vater. There was no
significant difference in 1gG4-positive cell
counts among anatomical locations of extrahe-
patic cholangiocarcinoma. (D) Number of
lgG4-positive cells in cholangiocarcinoma. A
guantitative evaluation revealed that 23
(43%), 16 (30%), and five (9%) of 54 cholan-
giocarcinoma patients had >10, >20, and
>50 1gG4+cells/HPF, respectively.

L 30%
(azn? L 43%
i o

Consequently, 21 of 54 (39%) cholangiocarcinomas
tested positive for Foxp3 by the antibody reacting with
the N terminus. The relation between the IgG4 reac-
tion and Foxp3 expression in cholangiocarcinoma cells
is shown in Fig. 5. In cases of positivity for Fopx3, the
number of IgG4-positive cells was significantly higher
than in cases of negativity for Foxp3.

RT-PCR analysis demonstrated that a cholangiocar-
cinoma cell line, HuCCT1, expressed the mRNA of
Foxp3, but close examination using four sets of pri-
mers corresponding to exons 1, 3, 10-12, and 12
revealed a lack of exon 3 (Fig. 6), suggesting the pres-
ence of a splicing variant of Foxp3 in cholangiocarci-
noma cells. Moreover, RT-PCR and ELISA revealed
that HuCCT1 cells expressed IL-10 mRNA (Fig. 6)
and protein in the culture medium at 7.8-15.6 pg/mL.

Discussion
IgG4 is important to the pathogenesis of IgG4-

related diseases. However, patients with pancreatic
adenocarcinomas accompanying IgG4 reactions and/or
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Fig. 2. Immunohistochemistry  for  gG4
(A,D), HLA-DR (B,E), CD80 (C), and CD86 (F).
(A-C) 1gG4-rich case of gallbladder cancer.
Numerous 1gG4-positive cells were found within
cancer tissue (A). In addition to infiltrating
mononuclear cells, carcinoma cells also tested
positive for HLA-DR (B, arrows). No tumor cells
were positive for CD80 (C). (D-F) igG4-poor
case of common bile duct cancer. No IgG4-
positive cells. were found (D), but obvious
expression of HLA-DR and CD86 in carcinoma
cells was found (E,F). Original magnification:
x200.

elevated serum IgG4 levels®'*2° and with pancreatic

and biliary cancers arising from IgGé4-related dis-
cases”’™ have been reported, though a cause-and-
effect relationship between IgG4 reactions and cancers
has yet to be demonstrated. Moreover, in IgG4-nonre-
lated diseases, including primary sclerosing cholangitis,
IgG4 reactions were found to various degrees.”***
Therefore, the presence of IgG4-positive cells is not a
histological hallmark of IgG4-related diseases, and
IgG4 reactions are speculated to be nonspecific in sev-
eral pathological conditions, including cholangiocarci-
nomas. The present study also demonstrated the pres-
ence of extrahepatic cholangiocarcinoma cases with
abundant IgG4 reaction, though there was no signifi-
cant difference in IgG4-positive cell counts among
anatomical locations of extrahepatic cholangiocarcino-
mas (common bile ducts, gallbladder, and the Papilla
of Vater). The significance and mechanisms of IgG4
reactions in cancers as well as IgG4-related diseases are
still unknown, but we speculated that cancer cells
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directly participate in the histogenesis of IgG4 reac-
tions. Because the regulatory cytokine IL-10 is known
to induce the differentiation of IgG4-positive plasma
cells or favor B cell switching to IgG4 in the presence of
IL-4,>® we noted the IL-10-related regulatory cytokine
network around cholangiocarcinoma tissue in this study.
Immunohistochemistry for MHC-II (HLA-DR) and
costimulatory molecules (CD80 and CD86) revealed
that cholangiocarcinoma cells as well as professional
APCs such as B cells and DCs expressed HLA-DR
and CD86. The expression of CD80 was limited in
some APCs and not found in cholangiocarcinoma
cells. Consequently, cholangiocarcinoma cells express-
ing HLA-DR, but lacking costimulatory molecules
(CD80 and CD86) were found in 54% of cases. These
cancer cells could act as nonprofessional APCs, possi-
bly generating IL-10—producing Treg cells (anergy T
cells), and then an IL-10-predominant cytokine milieu
could cause the induction of IgG4-positive cells.”® In
these phenotypic cases, the number of IgG4-positive
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Fig. 3. Correlation between I1gG4-positive cell counts and antigen-
presenting-related molecules in cholangiocarcinoma.. The number of
IgG4-positive cells in the cholangiocarcinoma cases expressing HLA-
DR but lacking costimulatory molecules (CD80 and CD86) is signifi-
cantly higher than those of negativity for HLA-DR and costimulatory
molecules and of positivity for both HLA-DR and costimulatory mole-
cules. Bars indicate the mean = SEM. *P < 0.05.

cells infiltrating carcinoma tissue was higher than in
HLA-DR-negative cases and both HLA-DR- and
CD86-positive cases, confirming this speculation. Cells
positive for both HLA-DR and CD86 are suggested to
play the role of professional APCs, as it was reported
that MHC-II-positive thyroid epithelial cells could
present antigens to T cells and activate autoreactive T
cells.??® Although further study is needed to clarify
the functional mechanism of these cholangiocarcinoma

cells as APCs, this study demonstrated that HLA-DR-—

HEPATOLOGY, July 2012

and CD86-positive cancer cells were not associated
with IgG4 reactions in cholangiocarcinoma tissue.

As to pathogenesis of IgG4 reactions in IgG4-related
diseases, the participation of CD4"CD25*Foxp3™ Treg
cells, which are capable of producing IL-10, has been
speculated.”” Foxp3 is thought to be the master tran-
scription factor of Tieg cells and, until recently, Foxp3
expression was thought to be restricted to the T cell line-
age. However, immunohistochemistry and flow cytomet-
ric analysis demonstrated that some carcinoma tissues
and cultured cancer cell lines expressed Foxp3.”*
Immunohistochemistry using the antibody recogniz-
ing the N terminus, but not the C terminus, of
Foxp3-highlighted cholangiocarcinoma tissue in 39%
of cases as well as Treg cell morphology, suggesting the
presence of the splicing variant of Foxp3 in cholangio-
carcinoma cells. Molecular analysis using a cholangio-
carcinoma cell line demonstrated that the cells
expressed mRNA of Foxp3, but lack Exon 3. This
type of splicing variant has already been reported in a
melanoma cell line and created a novel amino acid
caused by a frame shift at the C terminus.” This is
why the antibody recognizing the C terminus of
Foxp3 could not detect the variant of Foxp3 found in
cholangiocarcinoma tissue. Although a functional anal-
ysis of this variant as a transcription factor is necessary,
it has already been reported that Foxp3 expression is
closely correlated with the expression of IL-10 in all
Foxp3-positive cell lines.'” The present study, using a
cholangiocarcinoma cell line, also demonstrated that
cells express mRNA of IL-10 as well as Foxp3.

Fig. 4. Foxp3 expression in cholangiocarci-
noma. Immunohistochemistry using the anti-
body recognizing the C terminus (A) and N
terminus (B,C) of Foxp3. The antibody reacting
with the C terminus detects only mononuclear
cells (Treg cells) in the nuclear pattern (A). In
contrast, the antibody reacting with the N ter-
minus highlights the nucleus-and cytoplasm of
cholangiocarcinoma cells as well as Treg cells
(B, arrows), but the localized expression in the
nucleus is also found in cholangiocarcinoma
cells (C). Original magnification for panels A
and B is x100; magnification for panel C is
x40.
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Fig. 5. Correlation between 1gG4-positive cell counts and Foxp3
expression in cholangiocarcinoma. Nuclear expression of Foxp3 is
found in 21 cases of cholangiocarcinoma and in these cases, the
number of IgG4-positive cells was significantly higher than those of
negativity for Foxp3. Bars indicate the mean * S.EM. *P < 0.05.

Moreover, the IL-10 protein was detected in the cul-
ture medium by ELISA at a concentration of 7.8-15.6
pg/mL, suggesting that the production of IL-10 was
preserved with this splicing variant. This finding sug-
gests that cholangiocarcinoma cells themselves function
in immunosuppression similar to Treg cells via IL-10
production. This was supported by the present data
that in Foxp3-positive cases, the number of IgG4-posi-
tive cells infiltrating cholangiocarcinoma tissues was

Foxp3 mRNA.
’ HuC LN
Exon 1 - Exon 3
Exons 10-12 _ Exon 12
IL-10 mRNA

__HuC MCF7

LN NC

Fig. 6. Detection of Foxp3 and IL-10 mRNAs in the cultured chol-

angiocarcinoma cell line HuCCT1 (HuC). RT-PCR analysis using four -

sets of primers corresponding to exons 1, 3, 10-12, and 12 demon-
strated that HuC expressed the mRNA of Foxp3, but lacked exon 3.
Moreover, HuC expressed IL-10 mRNA. Each RT-PCR product yielded
bands of the appropriate molecular weight. MCF7 (breast cancer cell
line) and lymph node (LN) were used as positive controls, and nega-
tive control (NC) was obtained by omitting reverse transcriptase for
reverse transcription of HuC.
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Fig. 7. Correlation between IgG4-positive cell counts and IL-10-
predominant milieu. All cases were divided into two categories. The non-
IL-10-inducing group includes MHC-ll (HLA-DR)-negative and Foxp3-nega-
tive cases and MHC-ll-positive, costimulatory molecule (CD86)-positive,
and Foxp3-negative cases. The IL-10-inducing group includes MHC-lI-pos-
itive and costimulatory molecule-negative cases and Foxp3-positive cases.
All but two cases in the non-IL-10-inducing group were <10 IgG4-
cells/HPF, and the number of |gG4-positive cells in the IL-10-inducing
group was significantly higher than that of the non-IL-10-inducing group.
Bars indicate the mean = SEM. *P < 0.05.

higher than that in Foxp3-negative cases, though sev-
eral negative cases still accompanied a significant IgG4
reaction (>10 IgG4+ cells/HPE).

In this study, we demonstrated two different types
of IgG4 reactions in cholangiocarcinoma tissues.
Although statistical significance could be obtained in
terms of cholangiocarcinoma as both nonprofessional
APCs and IL-10-producing regulatory cells, some
cases deviated from each mechanism. Therefore, as
shown in Fig. 7, we divided all cases into a non-IL-
10-inducing group and an IL-10-inducing group and
re-evaluated the present results accordingly. The former
(n = 24) consisted of MHC-II-negative and Foxp3-
negative cases and MHC-Il-positive, costimulatory
molecule (CD86)-positive, and Foxp3-negative cases;
the latter (n = 30) included MHC-II-positive, costi-
mulatory molecule—negative, and Foxp3-positive cases.
This combined analysis demonstrated that all but two
cases in the non-IL-10-inducing group were poor in
IgG4 (<10 IgG4+ cells/HPF) and that the difference
in IgG4 reactions between the IL-10-inducing group
and the non-IL-10-inducing group was significant
compared with that of the individual analysis in terms
of nonprofessional APCs and IL-10—producing
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regulatory cells. This finding indicates that cholangio-
carcinoma cells directly participate in the inducton of
IgG4 reactions via an IL-10-predominent cytokine
milieu as nonprofessional APCs and/or regulatory cells.
However, the presence of IgG4-rich cases belonging to
the non-IL-10~inducing group suggests another possi-
ble mechanism inducing IgGG4 reactions in cholangio-
carcinomas. Further studies are needed to clarify the
mechanism of IgG4 reactions.

In conclusion, the marked infiltration of IgG-positive
cells is found in several cases of cholangiocarcinoma,
indicating that we should consider the differentiation of
IgG4-related diseases and cholangiocarcinoma. The
IgG4 reactions in cholangiocarcinomas, moreover, are
closely associated with the IL-10-predominant regula-
tory cytokine milieu caused by cancer cells themselves
directly and indirectly. Because IL-10 plays a primary
role in suppressing immune responses, IgG4 reactions
in cholangiocarcinoma might reflect evasion from
immunosurveillance.
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