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T 5 Computon b g
parameters in benign diseases (n =109 (n = 106)
and malignant diseases Age (mean =+ SD) 69.2 + 102 643 + 118 0.001

Serum albumin (g/dl) 3.6 £07 34+£07 0.002

AST (UM 276.9 + 270.5 182.9 + 199.5 0.004

ALT (IU/N) 2074 + 117.1 176.5 + 248.4 0.296

T. bilirubin (mg/dl) 3.9+ 37 57+ 63 0.011

PT-INR >1.5 (yes/no) 10/99 8/98 0.807

Platelet count <100000/pl (yes/no) 19/90 13/93 0.340
Table 6 Results of univariate analysis with regard to hypoalbuminemia

Serum albumin (g/dl) p value OR (95 % CI)
<2.8 (n = 40) >2.8 (n = 175)
Hypotension requiring dopamine >5 pl/kg per min 10/30 9/166 <0.001 6.148 (2.305-16.396)
or any dose of dobutamine (yes/no)
Disturbance of consciousness (yes/no) 11729 6/169 <0.001 10.684 (3.665-31.144)
Pa02/Fi02 ratio <300 (yes/no) 7/33 2/173 <0.001 18.348 (3.649-92.251)
Serum creatinine >2.0 mg/dl (yes/no) 2/38 2/173 0.158 4.553 (0.622-33.344)
PT-INR >1.5 (yes/no) 12/28 6/169 <0.001 12.071 (4.189-34.788)
Platelet count <100000/ul (yes/no) 16/24 16/159 <0.001 6.625 (2.932-14.969)
WBC count >12000 or <4000/ul (yes/no) 11/29 51/124 1.000 0.922 (0.428-1.985)
CRP >5 mg/dl (yes/no) 24/16 57/118 0.002 3.105 (1.531-6.298)
T-Bil >5 mg/dl (yes/no) 22/18 94/81 1.000 1.053 (0.528-2.100)
Body temperature >38 or <36 °C (yes/no) 21/19 69/106 0.156 1.698 (0.851-3.387)
Etiology (malignant/benign) 24/16 82/93 0.162 1.701 (0.846-3.422)
Age >75 years (yes/no) 10/30 47/128 1.000 0.908 (0.412-2.000)
Inpatient/Outpatient 25/15 79/96 0.055 2.025 (1.000-4.103)
Stent dysfunction (yes/no) 15/25 63/112 1.000 1.067 (0.524-2.171)
Death/alive 8/32 1/174 <0.001 43.500 (5.259-359.791)
Table 7 Results of univariate analysis with regard to mortality
Factor Death (n = 9) Alive (n = 206) p value OR (95 % CI)
Hypotension requiring dopamine >5 ul/kg per min 4/5 15/191 0.004 10.197 (2.474-41.972)
or any dose of dobutamine (yes/no)

Disturbance of consciousness (yes/no) 5/4 12/194 <0.001 20.208 (4.796-85.145)
Pa0,/FiO, ratio <300 (yes/no) 3/6 6/200 0.004 16.667 (3.344-83.072)
Serum creatinine >2.0 mg/dl (yes/no) 0/9 4/202 1.000 0.957 (0.930-0.985)
PT-INR >1.5 (yes/no) 712 11/195 <0.001 62.045 (11.509-334.498)
Platelet count <100000/ul (yes/no) 4/5 28/178 0.030 5.086 (1.287-20.091)
WBC count >12000 or <4000/ul (yes/no) 4/5 58/148 0.284 2.041 (0.530-7.870)
CRP >5 mg/d] (yes/no) 6/3 75/131 0.084 3.494 (0.849-14.375)
Serum albumin leve]l <2.8 g/dl (yes/no) 8/1 32/174 <0.001 43,500 (5.259-359.751)
T-Bil >5 mg/dl (yes/no) 6/3 93/113 0.307 0.412 (0.100-1.690)
Body temperature >38 °C or <36 °C (yes/no) 3/6 87/119 0.737 0.684 (0.166-2.810)
Etiology (malignant/benign) 4/5 105/101 0.746 1.300 (0.399-4.977)
Age >75 years (yes/no) 2/7 55/151 1.000 0.784 (0.158-3.891)
Inpatient/outpatient 5/4 99/107 0.742 1.351 (0.353-5.175)
Stent dysfunction (yes/no) 4/5 74/132 0.726 1.427 (0.372-5.497)
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mortality. Therefore, severe acute cholangitis, i.e., cho-
langitis accompanied by organ dysfunction, should be
treated immediately using EBD, as recommended by the
TGO07.

Before the TGO7 were published, Charcot’s triad (crite-
rion 1) was recognized as the definitive criterion for diag-
nosing acute cholangitis. The accuracy rate of Charcot’s
triad as a diagnostic criterion was reported to be up to 72 %
[5]. In the present study, the overall incidence of Charcot’s
triad was relatively low (33.4 %, 72/215). Moreover, the
incidence of Charcot’s triad increased according to disease
severity (mild, moderate, severe; 7.7 vs. 39.8 vs. 50 %,
respectively; p < 0.001). Therefore, the incidence of
Charcot’s triad may depend on the severity of acute cho-
langitis. Similarly, CRP value may be a useful factor in
severity assessment of cholangitis as shown in that of acute
pancreatitis [9], however, cut-off value (CRP >5.0 mg/dl)
based on the ROC analysis did not show ideal sensitivity or
specificity. Theoretically, mild cholangitis should account
for the largest proportion of cases; however, in this study,
more cases of moderate cholangitis were observed. In
some cases, mild cholangitis may have resolved on its own
before detection, leading to underdiagnosis. In addition,
information on physical findings, laboratory results, or

Table 8 Multivariate analysis with regard to mortality

Variables Odds ratio (95 % CI)  p value
Serum albumin level <2.8 g/dl 159 (1.7-1429) 0.017
PT-INR >1.5 227 (3.7-142.9) 0.001

imaging may have been lost or not examined when acute
cholangitis was not considered as part of the differential
diagnosis.

Assessments of disease severity according to the TG07
have an important limitation: the definition of moderate
cholangitis is vague. Moderate cholangitis is defined as
disease unresponsive to initial conservative medical treat-
ment, meaning that a conclusive severity assessment must
be deferred until conservative treatment fails. From the
clinical point of view, more reliable markers are required
for predicting the deterioration of cholangitis. The results
of this study showed that hypoalbuminemia (<2.8 g/dl)
and increased PT-INR (>1.5) were statistically significant
predictors of mortality. According to the TGO7, increased
PT-INR occurs because of organ dysfunction. In such
cases, urgent biliary drainage is recommended. However,
hypoalbuminemia is listed as only one of many prognostic
factors [3—5]. Hypoalbuminemia, which is a host-related
risk factor, has been shown to have an adverse effect on
outcome in patients with or without acute cholangitis
requiring emergency surgery for intra-abdominal infection
[10, 11]. In cases of acute cholangitis with hypoalbumi-
nemia but without organ dysfunction, early endoscopic
drainage should be performed without waiting for the
outcome of conservative medical treatment. In the current
study, host-related factors associated with hypoalbu-
minemia were not clarified. Future research should explore
this issue.

Previous reports that analyzed cases of severe acute
cholangitis documented various risk factors and advocated
their own scoring systems {12—15]. The most common

Table 9 Results of univariate analysis with regard to refractory cholangitis

Factor Refractory (n = 57) Not refractory (n = 158)  p value OR (95 % CI)
Hypotension requiring dopamine >5 pl/kg per min ~ 11/46 8/150 0.002  4.484 (1.702-11.813)
or any dose of dobutamine (yes/no)

Disturbance of consciousness (yes/no) 9/48 8/150 0.019 3.516 (1.285-9.617)
PaO,/FiO, ratio <300 (yes/no) 6/51 3/155 0.012  6.078 (1.467-25.186)
Serum creatinine >2.0 mg/dl (yes/no) 1/56 3/155 1.000  0.923 (0.094-9.054)
PT-INR >1.5 (yes/no) 10/47 8/150 0.009  3.989 (1.489-10.691)
Platelet count <100000/pl (yes/no) 12/45 207138 0.134 1.840 (0.834-4.058)
WBC count >12000 or <4000/pl (yes/no) 14/43 48/110 0.496  0.746 (0.374-1.490)
CRP >5 mg/d] (yes/no) 21/36 60/98 1.000  0.953 (0.509-1.783)
Serum albumin level <2.8 g/dl (yes/no) 20/37 20/138 0.001 3.730 (1.819-7.649)
T-Bil >5 mg/dl (yes/no) 38/19 78/80 0.030  2.051 (1.089-3.863)
Body temperature >38 or <36 °C (yes/no) 23/34 67/91 0.876  0.919 (0.496-1.701)
Etiology (malignant/benign) 44/13 62/96 <0.001 5.241 (2.612-10.514)
Age >75 years (yes/no) 14/43 43/115 0.730  0.871 (0.433-1.749)
Inpatient/outpatient 44/13 60/98 <0.001 5.528 (2.753-11.101)
Stent dysfunction (yes/no) 30/27 48/110 0.004 2546 (1.369-4.737)
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Table 10  Multivariate analysis with regard to refractory
cholangitis

Variables Odds ratio (95 % CI) p value

Serum albumin level 2.4 (1.02-5.56) 0.045
<2.8 g/di

PT-INR >1.5 4.8 (1.39-16.39) 0.013

Etiology (malignant) 43 (1.94-9.43) <0.001

Inpatient 43 (1.96-9.35) <0.001

etiology of severe acute cholangitis in those studies was
choledocholithiasis. In contrast, malignant disease was the

- most common etiology of moderate and severe cholangitis
in the present study (63.8 %, 104/163). In total, 67 % cases
(71/106) with malignant biliary strictures in the present
study had previously received in situ plastic or metal stent
implantation. Recent developments in chemotherapy for
advanced pancreatic or biliary cancer have improved sur-
vival with the help of endoscopic stent placement.
Although studies have compared the patencies of various
stents [16, 17], few make mention of the frequency of
stent-associated acute cholangitis and its management [18].
Patients with biliary stents placed in situ are at a higher risk
of septic acute cholangitis compared with those without
stents [19]. Our results showed that both stent dysfunction
and etiology (malignant) were not significant predictors of
mortality. In the present study, all cases with stent dys-
function were included under the category of moderate or
severe cholangitis following immediate biliary drainage.
Early EBD may prevent further deterioration of cholangi-
tis, even in such high-risk patients.

In this study, 48 cases required >28-day hospitalization
after having received EBD. Survival in these cases may be
attributed to immediate biliary drainage following inten-
sive conservative medical treatment. Multivariate analysis
in our study showed that increased PT-INR, hypoalbumi-
nemia, etiology (malignancy), and inpatient status were
significant risk factors for refractory cholangitis. All pre-
dictors except increased PT-INR were host-related factors.
Therefore, when acute cholangitis develops in a hospital

inpatient with hypoalbuminemia or malignancy, EBD
should be performed.

The limitations of this study were that it was retro-
spective and conducted on a small number of cases at a
single institution.

In conclusion, severe acute cholangitis, defined as cho-
langitis complicated with organ dysfunction, should be
treated immediately using EBD, as recommended by the
TGO7. For cases of acute cholangitis with hypoalbumine-
mia but without accompanying organ dysfunction, early
EBD should be performed without waiting for a response to
conservative medical treatment. A multicenter prospective
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study should be undertaken to confirm the usefulness of
hypoalbuminemia as a predictor of poor outcome.
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Intrahepatic Cholangiocarcinoma With Predominant
“Ductal Plate Malformation” Pattern

A New Subtype
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Abstract: Ten cases of intrahepatic cholangiocarcinoma showing a
highly differentiated adenocarcinoma mimicking ductal plate mal-
formation (DPM) are reported. The patients included 7 males and 3
females with an average age of 69.5 years. Six cases were associated
with chronic liver disease and the remaining 4 cases showed mild
fatty change in the parenchyma and/or minimal to mild portal
inflammation. Grossly, the tumor was a single nodule 1.5 to 6.6cm
in diameter, and was whitish and solid without a fibrous capsule.
Microscopically, the tumor was composed of many vague, small
nodular carcinomatous areas with desmoplastic reactions, and
neoplastic glands had an irregularly dilated lumen lined with a
single layer of cuboidal or low columnar carcinoma cells and ir-
regular protrusions and bulges, resembling DPM. At its border, the
carcinoma seemed to replace the non-neoplastic hepatic lobules or
regenerative nodules. The central parts of the tumor were variably
hypocellular and fibrotic. Although these carcinomas were negative
for mucin and HepParl, they were frequently positive for CK19,
epithelial cell adhesion molecule, and epithelial membrane antigen.
Neural cell adhesion molecule was also expressed variably. The
Ki-67 labeling index was < 10% and p53 was scarcely expressed. In
conclusion, a new subtype of intrahepatic cholangiocarcinoma with
predominant DPM pattern was identified.
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ntrahepatic cholangiocarcinomas (ICCs) are usually
well to moderately differentiated adenocarcinomas, and
show a tubular or micropapillary structure with a des-
moplastic stroma.!> They are usually positive for mucin.
The histogenesis of peripheral ICC remains controversial.>*
However, a subgroup of peripheral ICCs comprises a high-
ly differentiated adenocarcinoma composed of malignant
neoplastic glands having a lumen that is usually indistinct
and showing an infiltrating replacement growth pattern
against the surrounding liver. Their features resemble those
of reactive bile ductules.!*® They usually express neural
cell adhesion molecule (NCAM) and epithelial cell adhesion
molecule (EpCAM) at the basolateral surface and their
luminal surface is positive for epithelial membrane antigen
(EMA). “Bile ductular carcinoma” or cholangiolocellular
carcinoma has been proposed as a better term for this
subgroup,*’ and their histogenesis could be related to
hepatic progenitor cells or stem cells located at bile ductules
or canals of Hering in the liver.1°
‘We recently noticed that some peripheral ICCs exhibit
peculiar histologic features, resembling ductal plate malfor-
mation (DPM), an abnormal biliary and stromal malfor-
mation characteristically found in patients with Caroli
disease and congenital hepatic fibrosis (CHF) or in PCK
rats.511-14 This DPM is characterized by an irregularly
shaped and variably dilated glands covered by a low col-
umnar or cuboidal biliary epithelium, bulging or irregular
protrusions covered by biliary epithelium into the dilated
lumen, and bridge-like structures covered by biliary epi-
thelium in the dilated lumen (Fig. 1). Dilated and continuous
DPM occasionally surrounds part or all of the portal tract.
Herein, we describe in detail the pathologic features
of these 10 cases with the help of immunohistochemistry
and characterize ICC with predominant DPM pattern as
a new subtype.

MATERIALS AND METHODS

Case Selection

A total of 10 ICCs with predominant DPM pattern
were obtained in our Medical Centers, and the gross and
histologic changes of the tumor and non-neoplastic livers
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FIGURE 1. Ductal plate malformation in congenital hepatic
fibrosis. Duct structures in the periportal area are irregularly
dilated, with some showing bridging, and some part of portal
tract (*) is surrounded by dilated ducts (HE).

were examined in tumor specimens with surrounding non-
neoplastic liver. All were surgically resected specimens.
The staging of nonalcoholic steatohepatitis (NASH)
and chronic viral hepatitis were done according to the
NASH Clinical Research Network Scoring System!> and
METAVIR system.!6

In this study, the ICC cases showing DPM pattern
in more than half of the tumor area were included, and
this DPM pattern was similar to the benign DPM de-
scribed above and differed from the micropapillary
structures found in adenocarcinomas.

Histologic Observation and
Immunohistochemistry .
All of the liver specimens including the tumor were

fixed in 10% formalin and embedded in paraffin. In 4 -

cases, only hematoxylin and eosin sections were available,
and in the remaining 6 cases, more than 10 serial thin
sections, 4 um in thickness, were prepared. After depar-
affinization, thin sections were stained with hematoxylin
and eosin, Azan-Mallory, and periodic acid Schiff after
diastase digestion (di-PAS) for histologic observation. The
remaining sections were used for immunohistochemistry.

Immunohistochemistry

Immunohistochemistry was performed with an
EnVision+ system (Dako, Glostrup, Denmark) and pri-
mary antibodies such as HepParl as a marker of human
hepatocyte or hepatocellular carcinoma (HCC) (clone
OCHIES5, mouse monoclonal, optimal dilution 1:100;
Dako), CD56 as a marker of NCAM (clone QBENDI10,
mouse monoclonal, 1:200; Immunotech, Marseille,
France), EpCAM (clone HEA 125, mouse monoclonal
antibody, 1:5; Ab cam, Tokyo, Japan), EMA (clone
M613, mouse monoclonal, 1:200; Dako), cytokeratin
(CK) 19 (1:100; Dako), p53 (clone DO-7, mouse mono-
clonal, 1:100; Dako) and Ki67 (clone MIB1, mouse

1630 | www.ajsp.com

monoclonal, 1:200; Dako). After deparaffinization, anti-
gen retrieval was performed for CK19 and HepParl by
microwaving in 10mM citrate buffer, pH 6.0 for 20 mi-
nutes. CK19 was incubated in the 0.1% trypsin retrieval
solution at 37°C for 15 minutes. After the blocking of
endogenous peroxidase, deparaffinized sections were in-
cubated overnight at 4°C with the primary antibodies.
Then, the sections were incubated with secondary -
antibodies conjugated to a peroxidase-labeled polymer
(EnVision+ system; Dako). After a reaction with benzi-
dine, the sections were counterstained lightly with hem-
atoxylin. Negative controls were made by substituting
the primary antibody with nonimmunized mouse IgG.
In non-neoplastic liver, hepatocytes were - positive for
HepParl, nerve fibers for NCAM, bile ductules for EMA,
and interlobular bile ducts for CK19 and EpCAM, so
these tissue elements were used as internal positive con-
trols. As a positive control for p53 and Ki-67, 2 cases of
moderately differentiated adenocarcinoma of the colon
were used.

Labeling Index for Ki-67

Ki-67 expression was evaluated in more than 500
carcinoma cells in several areas of carcinoma with the
DPM pattern, and the percentage of positive cells was
expressed as the Ki-67 LI

RESULTS

Gross Features

A total of 10 patients were examined (7 males and 3
females) with an average age of 69.5 years (53 to 81y)
(Table 1). Six cases were associated with chronic liver
disease [1 case of NASH with stage 2 and NAS (non-
alcoholic fatty liver disease activity) score 4; 2 cases of
alcoholic steatohepatitis with severe hepatic fibrosis; 2
cases of chronic viral hepatitis B (F3/A1 and F4/Al,
respectively); and 1 case of chronic viral hepatitis C
(F4/A1)], whereas the background liver in the remaining 4
cases was almost normal except for mild fatty deposition
in the parenchyma and/or a few inflammatory cells in the
portal tracts. Tumors with predominant DPM pattern
were singular, and found in the left lobe in 3 cases and in -
the right lobe in 7 cases (Table 1). They ranged from 1.5
to 6.6cm in greatest diameter. These tumors were a
whitish or gray solid nodule with a relatively clear but

_slightly vague border, but had no capsule, and were round

or elliptical with or without several small bulges against
the surrounding liver (Fig. 2). They were elastic hard
and showed no grossly visible cystic changes within. The
tumors were homogenous, although the central parts
were rather hyalinous in 6 cases. After formalin fixation, a
few focal and small green tint or vague spots were found
at the periphery of the tumor in 2 cases.

Histologic Features

These tumor nodules had no capsule. Under lower
magnification, the carcinomas were composed of many
vague, small nodular areas, particularly in the peripheral

© 2012 Lippincott Williams & Wilkins
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Ductal Plate Malformation

TABLE 1. Major Findings of 10 Cases of ICC With Predominant DPM Pattern

Age/ Location of the Tumor Size of the Proportion of DPM  Ki-67 Other Neoplastic
Cases Sex Background Liver in Liver Tumor Pattern (%)* LI Lesions in Liver
Case 60s/M HBV-related chronic hepatitis Right lobe 1.7x1cm 70 ND -1ICC
1 (F3/A1)
Case 70s/F Mild fatty deposition Left lobe 3.6x3.4cm 70 ND None
2 .
Case 80s/M NASH stage 2 Right lobe 2.5x2.5cm 90 4.9% None
3
Case 60s/M Alcoholic steatohepatitis severe Right lobe 1.0x0.9¢cm 80 1.3% None
4 fibrosis
Case 70s/M HBV-related chronic hepatitis Left lobe 3.5%x3.5cm 60 2.4% None
5 (F4/A1) . ’
- Case 70s/F . Mild portal inflammation Right lobe 1.5x1.0cm 70 ND None
6 . .
Case 70s/M Alcoholic steatohepatitis severe Left lobe 1.7x1.3cm 60 9.6% HCC, bile duct adenoma
7 - fibrosis .
Case 50s/F Mild portal inflammation Right lobe 6.6 x6.6cm 80 2.7% HCC
8 «
Case 60s/M HCV-related chronic hepatitis Right lobe 1.5x1.5cm 70 6.0% None
9 : (F4/A1) .
Case 60s/M Mild steatosis and mild portal Right lobe 4.5%3.5¢cm 90 ND None
10 inflammation

*Part(s) of the tumor other than those showing a DPM pattern are compared with bile ductular carcinoma and occasional foci of ordinary ICC.
F indicates female; HBV, hepatitis B virus; HCV, hepatitis C virus; M, male; ND, not done.

parts (Fig. 3A). These nodular areas, which were sur-
rounded or divided by fibrous bands, were composed of
neoplastic glands with an irregularly dilated lumen with
desmoplastic reactions (Figs. 3B, C), whereas the central
areas were hypocellular and more fibrotic and even hya-

linous. At the borders, the carcinoma replaced the ad--

jacent hepatic parenchyma, and some hepatic lobules or
regenerative nodules were replaced by carcinoma cells
(Fig. 3D) and small remnants of hepatic parenchyma
were occasionally entrapped within nodular carcinoma-
tous areas. Interestingly, portal tracts and hepatic vein
tributaries were. distributed rather regularly, and portal
tracts with a patent vascular lumen were found within the
tumor (Figs. 34, E). The combination of multiple small
nodular growth patterns of carcinoma and rather regular
distribution of portal tracts and hepatic vein tributaries in
the tumor suggests that the preexisting framework of
hepatic lobules or regenerative nodules was replaced by
carcinoma cells (Figs. 3A, D, E), and the portal tracts and
hepatic vein tributaries might remain incorporated sec-
ondarily within the tumor.

More than half of these carcinomatous areas
were composed of carcinoma showing a DPM pattern
(Figs. 3B-F). This pattern was characterized by neo-
plastic glands of carcinoma showing an irregularly shaped
and dilated lumen, and some of these glands showed
microcystic dilatation (Fig. 3C). Neoplastic glands with
the DPM pattern were lined by a single layer of cuboidal
or low columnar carcinoma cells with clear and scanty
cytoplasm (Fig. 3F), and the nuclei were small and mildly
hyperchromatic. There was no anisonucleosis or aniso-
cytosis, and mitoses were rare or absent. Irregular pro-
trusions and bridging structures of carcinoma with
fibrous stroma. in the dilated lumen were also scattered as

© 2012 Lippincott Williams & Wilkins -

seen in benign DPM. Their features are different from the
micropapillary structures found in conventional ad-
enocarcinomas. Occasionally, condensed bile plugs were
found in the dilated lumen of neoplastic glands with the
DPM pattern adjacent to the adjoining or entrapped
hepatic parenchyma (Figs. 3D, G). These bile plugs were
considered entrapped bile. .

In addition, several bile ductular carcinomatous
areas resembling reactive bile ductules without a.distinct
lumen and with cuboidal or low columnar cells®>>7 were
admixed focally within these carcinomas with DPM pat-
tern in all cases (Fig. 3G). Small foci of ordinary ICC
were also found within these carcinomas in 3 cases (cases
5, 8, and 10 in Table 1; Figs. 3H, I). The proportion of
carcinoma with the DPM pattern within the tumor. nod-
ule is shown in Table 1; parts other than ‘this DPM

FIGURE 2. A whitish nodular tumor with an irregular and
slightly vague border is found in an apparently normal liver.
A green tint is evident at the peripheral parts of the tumor.
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FIGURE 3. A, The tumor is composed of many vague, smaller nodular areas (N) that are subdivided or surrounded by fibrous
tissue in the peripheral area, whereas the central parts are more hypocellular and more fibrotic (*) (Azan-Mallory stain).
B, The nodular areas of carcinoma are composed of neoplastic glands with an irregularly dilated lumen, resembling DPM (DPM
pattern), and are surrounded or divided by fibrous bands (Azan-Mallory stain). C, Some carcinomas with a DPM pattern have a
microcystic appearance (HE). D, In the peripheral part of carcinoma, carcinoma cells with DPM pattern replace hepatic paren-
chyma and small foci of hepatic parenchyma is entrapped within carcinoma (*). Bile is entrapped in the dilated lumen of the
adenocarcinoma composed by the malignant neoplastic glands (HE). E, Portal tracts (P) are identifiable regularly within carci-
noma (Gomori’s reticulin stain). F, Carcinoma with DPM pattern and desmoplastic reaction is recognizable and the malignant
neoplastic glands that compose the adenocarcinoma are lined by a single layer of cuboidal or low columnar epithelial cell (HE).
G, Some parts of carcinoma with DPM pattern (lower half) are in continuity with bile ductular carcinoma without a distinct lumen
(®. In the former, bile is in the dilated lumen of the adenocarcinoma composed by the malignant neoplastic glands with DPM
pattern (HE). H, Carcinoma with the DPM pattern is continuous with ordinary cholangiocarcinoma (*) (HE). I, Carcinoma with the
DPM pattern in continuous with ordinary cholanglocarcmoma (*) (HE).
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-1207-



Am | Surg Pathol = Volume 36, Number 11, November 2012

Ductal Plate Malformation

pattern were bile ductular carcinoma and/or ICC showing
well to moderately differentiated adenocarcinoma.

Background Liver

Cirrhosis or advanced liver disease was found in 6
of 10 cases examined, whereas the remaining 4 livers were
almost normal except for mild fatty deposition in the
parenchyma and/or minimal or mild portal inflammation
(Table 1). A solitary HCC nodule (1.6cm in diameter)
with moderate differentiation and bile duct adenoma
(0.6 cm) were found in other parts of the liver in case 7, a
solitary HCC nodule (3 cm) with moderate differentiation
in case 8, and a solitary ICC nodule of moderately dif-
ferentiated adenocarcinoma (2.8 cm) in case 1. These tu-
mors were not in continuity with ICC with the DPM
pattern in the liver.

Histochemistry and Immunochistochemistry .

In the carcinoma areas showing the DPM pattern,
the carcinomas were negative for di-PAS, however some
macrophages, which were located in the lumen in neo-

plastic glands, were positive (Fig. 4A). EMA was clearly

expressed on the luminal side of the neoplastic glands in
carcinomas with the DPM pattern. EpCAM was ex-
pressed on the basolateral surface of the neoplastic glands
in all cases of carcinomas with the DPM pattern. CK19
was also diffusely expressed in the cytoplasm in the neo-
plastic glands. NCAM was positive on the basolateral
surface of these neoplastic cells in all cases (Fig. 4B).
HepParl was absent in these carcinomatous areas, al-
though entrapped hepatocytes within the tumor were
clearly positive for HepParl. As for proliferative activ-
ities, Ki-67 LI ranged from 1.3% to 9.8% (4.5% + 2.8%)
(Table 1). p53 expression in nuclei was scarce in carci-
noma with the DPM pattern in all cases.

Some areas of ordinary ICCs were focally positive’

for di-PAS, whereas bile ductular carcinoma foci were
negative. As for the expression of EMA, EpCAM, CK19,
NCAM, and HepParl, bile ductular carcinoma foci
showed similar results as seen in ICC with the DPM
pattern.

The results can be summarized as follows: (i) 10 cases
of peripheral ICC showed solid growth and were com-
posed of many small, vague nodular areas mainly in the
peripheral regions, and these nodular carcinomatous areas
showed predominantly a DPM pattern with an irregularly
shaped and dilated lumen. Central areas were mainly hy-
pocellular and more fibrotic. (ii) These patients were all
adults and predominantly male, and 6 cases arose on a
‘background of chronic liver disease. (iii) Carcinomas with
the DPM pattern were diffusely positive for EMA, CK19,
and EpCAM, and variably positive for NCAM, but neg-
ative for di-PAS and HepParl. The Ki-67 labeling index
(LI) was low, and p53 was scarcely positive in nuclei.

DISCUSSION
The pathologic features of ICC are generally het-
erogenous, and this heterogeneity may reflect the histol-
ogy and phenotypes of the anatomic location of the

© 2012 Lippincott Williams & Wilkins

biliary tree from which the ICC might have devel-
oped.!3? Perihilar ICCs arising from the intrahepatic
large bile duct including peribiliary glands may secrete
mucin and show a large lumen or papillary patterns.!->17
Other ICCs arising from the bile ductules/canals of Her-
ing, where hepatic progenitor cells are located,>710
present as a mass-forming type and show features and
phenotypes of reactive bile ductules. Some of the latter
ICCs are composed of neoplastic glands having an in-
distinct lumen and abundant fibrous stroma and could
be called bile ductular carcinoma or cholangiolocellular .
carcinoma.’” Although the cases presented here may
belong to the latter ICC, a majority of the tumor
areas were uniquely composed of carcinoma with DPM
pattern. '

The ductal plate, a unique structure found in the fetal
liver, disappears with the remodeling of the intrahepatic
bile ducts and is not found in postnatal liver.'3 Desmet and
colleagues reported that some postnatal diseases present
with several features of this ductal plate.>1%20 They re-
ferred to such pathologic features as DPM (Fig. 1). DPM
is found in cases of CHF, Caroli disease, and other fi-
bropolycystic diseases.>1*?0 As for the genetic and mo-
lecular mechanisms of DPM occurring in patients with
Caroli disease and CHF, disordered cell kinetics of biliary
epithelial cells such as the activation of the MEK5-ERKS5
cascade were reportedly involved.!>?! In addition, basal
laminar components and stromal fibrogenesis may play
important roles. Biliary overéxpression of plasminogen
and tissue-type plasminogen activator leads to the gen-
eration of excessive amounts of plasmin, and subsequent
plasmin-dependent lysis of the extracellular matrix mole-
cules may contribute to the formation of DPM in CHF
and Caroli disease.?>?? In addition, several genetic changes
involving hepatocyte nuclear factor (HNF)-6, HNF1p, and
cystin were reported to be involved in the DPM process in
animal models.?*

More than half of the tumor area in our ICC cases
exhibited the DPM pattern. Interestingly, such a pattern
has bBeen also reported in sonmie hamartomatous or neo-
plastic diseases such as the Von Meyenburg complex and
mesenchymal hamartoma.!-%7 Although the mechanisms

for the development of the DPM pattern in ICC and

other neoplastic diseases remain speculative, the genetic
and molecular alterations reported in CHF and Caroli
diseases!321"24 may also operate in ICC with the DPM
pattern. Further study of the genetic alterations specu-
lated in benign DPM is warranted to clarify this unique
morphogenesis of ICC with the DPM pattern.
Interestingly, the ICCs with the DPM pattern in this
series expressed hepatic progenitor cell markers such as
EpCAM, EMA, NCAM, and CK19 that were also pres-
ent in the reactive bile ductules in non-neoplastic liver
diseases and also bile ductular carcinoma.511:13:19,20
However, they were negative for mucin staining or
HepParl. Furthermore, foci of bile ductular carcinomas
without a distinct lumen were also present in all ICC cases
with the DPM pattern. For the development of bile
ductular carcinoma, hepatic progenitor cells or neoplastic
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FIGURE 4. A, Carcinomas showing a DPM pattern are negative for di-PAS except for some positive macrophages that are located
in the lumen of the neoplastic glands. B, NCAM is expressed on the basolateral surface of carcinoma, with the DPM pattern.

Immunostaining for NCAM with hematoxylin counterstain.

cells with characteristics of hepatic progenitor cells are
presumed to be involved.>®” Taken together, the carci-
nomas with the DPM pattern presented here may retain
progenitor cell features.>%’ The ICC with predominant
DPM pattern described in this study has not been re-
ported so far, and in this context, this type with progenitor
cell phenotypes could be regarded as a subtype of ICC.

Clinical studies showed that bile ductular carcinoma
has a slightly better prognosis after surgical resection than
ordinary ICC.% Interestingly, in 3 of our 10 cases, small
foci of ordinary ICC were found within the tumor and
‘'were in continuity with carcinoma showing’ the DPM
pattern. The Ki-67 LI was 4.5% + 2.8% and p53 ex-
pression was scarce in ICC with the DPM pattern, and
these data were lower in comparison with ordinary ICC in
which the Ki-67 LI was >25% and p53 LI was >20%.26
The occurrence of ordinary ICC was also reported in bile
ductular carcinoma.®’ Therefore, it seems possible that
ordinary ICC may arise in ICC with the DPM pattern,
although such tumors may simply demonstrate multiple
morphologic patterns. More studies are needed to verify
this speculation.

1634 | www.ajsp.com

Finally, it is necessary to differentiate the DPM
pattern in ICC from benign DPM such as Von Meyen-
burg complex and CHF. At present, cellular and nuclear
features may help such differentiation in needle core
specimens. In our experience, the neoplastic cells lining
the DPM in the former are larger and monotonous in
comparison with the biliary cells lining the DPM in the
latter. Further immunohistochemical study may be nec-
essary to settle this issue.

In conclusion, peripheral ICCs showing predom-
inantly DPM pattern were reported. Such tumors have
not been reported previously, and may be a new subtype
of ICC. Some of the genetic factors involved in the for-
mation of benign DPM may be also responsible for the
formation of the DPM pattern in ICC. More clin-
icopathologic and genetic studies using more cases are
needed to characterize this peculiar subtype of ICC.
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'

Summary The recent World Health Organization classification for tumors of the digestive system
defined grossly and histologically hepatic mucinous cystic neoplasms and intraductal papillary
neoplasms of the bile duct separately. In this study, the immunohistochemical features of intraductal
papillary neoplasm of the bile duct (19 cases) and hepatic mucinous cystic neoplasm (5 cases) were
* characterized and compared with those of similar pancreatic lesions, intraductal papillary mucinous
neoplasm of the pancreas (12 cases), and pancreatic mucinous cystic neoplasm (6 cases) and with those
of other biliary cystic lesions, peribiliary cysts (10 cases). Intraductal papillary neoplasm of the bile duct
and intraductal papillary mucinous neoplasm of the pancreas frequently expressed cytokeratin 7; mucin
core proteins 1, 2, 5AC, and 6; trypsin; and amylase. Hepatic and pancreatic mucinous cystic neoplasms
frequently expressed cytokeratin 7, mucin core proteins 1 and 5AC, estrogen receptor, progesterone
receptor, trypsin, and amylase. Estrogen and progesterone receptors were expressed in the subepithelial
stromal cells. The groups with intraductal papillary neoplasm of the bile duct and intraductal papillary
mucinous neoplasm of the pancreas were different from the groups with hepatic and pancreatic
mucinous cystic neoplasm with respect to several phenotypes reflecting gastric and intestinal metaplasia
and also the lack of expression of estrogen and progesterone receptors. The Ki-67 and p53 labeling
indexes increased significantly with the malignant progression of intraductal papillary neoplasm of the
bile duct and intraductal papillary mucinous neoplasm of the pancreas. The pl6 labeling index
decreased and EZH?2 labeling index increased significantly with the malignant progression of intraductal
papillary neoplasm of the bile .duct and intraductal papillary mucinous neoplasm of the pancreas. In
conclusion, intraductal papillary neoplasm of the bile duct and hepatic mucinous cystic neoplasm might
be regarded as biliary counterparts of intraductal papillary mucinous neoplasm of the pancreas and
pancreatic mucinous cystic neoplasm, respectively, and the mucinous cystic neoplasm and intraductal
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E-mail address: pbepsc@kenroku.kanazawa-u.ac.jp (Y. Nakanuma).
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papillary. neoplasm groups differed from each other. Labeling indexes of Ki-67, p53, p16, and EZH2

process of the tumors.

were comparable in intraductal papillary neoplasm of the bile duct and intraductal papillary mucinous
neoplasm of the pancreas along with their malignant progression, suggesting a common carcinogenic

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

The recent World Health Organization classification defined
hepatic mucinous cystic neoplasms (MCN-Hs) as cyst-forming
epithelial neoplasms, usually showing no communication with
bile ducts, composed of cuboidal to columnar, mucin-producing
epithelium [1]. An association with an ovarian-type subepithe-
lial stroma characterizes MCN-H. A unique biliary tumor
" named intraductal papillary neoplasm of the bile duct (IPNB)
has been proposed as another biliary cystic neoplasm [2-6].
IPNB is considered a biliary counterpart of intraductal
papillary mucinous neoplasm of the pancreas (IPMN) on the
basis' of predominant papillary intraductal growth, ductal
dilatation, and not-infrequent overproduction of mucin, as
well as, frequently, communication with the neighboring bile
duct lumen [2-6). These 2 types of cystic neoplasm need to
be distinguished from other cystic liver lesions including
simple cysts and peribiliary cysts (PB cysts) [1,7].

Polycomb group proteins are epigenetic chromatin
modifiers involved in cancer development. Polycomb group
proteins exist in at least 2 separate complexes, polycomb
repressive complex (PRC)2 and PRCI1 [8-10]. Bmil and
EZH?2 are representative of PRC1 and PRC2, respectively.
Recent studies showed that EZH2 is a chromatin-modifying
enzyme and interacts with key elements that control cell
growth and proliferation such as the genes Rb and pl6~&+
[9,10]. pl6 and EZH2 are reportedly involved in the
progression from biliary intraepithelial neoplasia (BilIN), a
premalignant or early neoplastic biliary lesion, to invasive
cholangiocarcinoma [8]. Cell proliferative activity and the
aberrant expression of p53 are known to increase with the
progression of BilIN and also IPNB [9,10]. IPNB and
MCN-H are also known as preneoplastic and early neoplastic
lesions followed by invasive cholangiocarcinoma (tubular
adenocarcinoma and mucinous carcinoma) [1,2,11]. Howev-
er, the exact molecular and genetic mechanisms associated
with the malignant progression of IPNB and MCN-H with
respect to pancreatic counterparts remain unexplored.

Recent pathologic studies suggested that IPNB and
MCN-H correspond to IPMN and MCN of the pancreas
(MCN-P), respectively [5]. IPMN and MCN-P are known to
progress to invasive carcinoma of the pancreas. However, an
exact comparison of these pancreatic and biliary neoplasms
with respect to immunophenotypes and malignant progres-
sion has yet to be undertaken. '

In this study, the immunohistochemical characteristics of -
IPNB and MCN-H were compared with those of pancreatic
counterparts and PB cysts. The mechanisms behind the
progression of IPNB and MCN-H with respect to cell
kinetics, p53, EZH2, and p16 were also compared with those
for pancreatic counterparts, IPMN and MCN-P, by using
surgically resected specimens.

2. Materials and methods

2.1. Case selection

A total of 19 cases of IPNB, 5 cases of MCN-H, 10 cases
of PB cysts, 12 cases of IPMN, and 6 cases of MCN-P were
collected from the Department of Human Pathology,
Kanazawa University Graduate School of Medicine; the
Pathologic Diagnostic Service, Kanazawa University Hos-
-pital; and affiliated hospitals (1993-2011). All except 3
autopsy specimens of PB cysts were surgically resected. The

" pathologic diagnosis of these diseases and also the histologic

grading of IPNB, MCN-H, PB cysts, IPMN, and MCN-P
were performed according to the. recent World Health
Organization classification of tumors of the digestive system
[1,3]. In this study, the hilar bile ducts and intrahepatic large
bile ducts are collectively referred to as large bile ducts.
Clinical and pathologic features of the cases are listed in
Tables 1, 2, and 3. All patients examined were adults, and
all patients with MCN-H and MCN-P were female (Table
1). All MCN-Ps were located in the pancreatic tail, and all
MCN-Hs in the left medial segment (Table 2). IPNB

Lesions - No. of cases

Sex (male/female)

IBNB ot ndnin g G0 i i e T8

MCN-H s s ,
PBoeysts . 10 g e
PMN 12 o3
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Table 2 Pathologic features of the cystic neoplasms of the liver and pancreas
MCN-H (n = 5)

IPMN (n - 12) MCN-P (n = 6)

Pathologic features IPNB (n = 12)*
Size (mm), mean (range) 50.3 (15-110) 100 (35-140) 41.1 (20-90)y 61.2 (25-98).
Main location
Liver
Left lateral segment 4 (33%) 0(0%) -
Left medial segment 6 (50%) - .5 (100%)
Right robe 2 (17%) - 0(0%)
Pancreas . : : .
 Head - 207%) 0 (0%)
- Body 3 (25%) - 0(0%)-
Tail e 7 (58%). © 6(100%)
" Multiple lesions 0(0%) - 00%) 2(17%) - . 00%) -

* Among the 19 cases of IPNB examined, 12 cqrresporidéd‘ to cystic variant of [PNB, and the results of these 12 cases are shown. n, number of cases.

predominantly affected the left segments, and IPMN was in
the body and tail. The degree of atypia and incidence of
invasion of IPNB, MCN-H, IPMN, and MCN-P are shown
in Table 3. Most MCN-H and MCN-P cases involved low-
grade intraepithelial neoplasia/dysplasia, whereas half of
the IPNB cases involved high-grade intraepithelial neopla-
sia and were associated with an invasive carcinoma. About
half of the IPMN cases were also associated with an
invasive carcinoma. These results were compatible with
other reports on MCN-H and MCN-P and on IPNB and
IPMN [1,3,5].

2.2, Tissue preparation

Tissue specimens were fixed in 10% neutral-buffered
formalin and embedded in paraffin. More than 20
consecutive 4-um-thick sections were cut from each
paraffin block, and some of them were stained with
hematoxylin and eosin and Azan-Mallory stain for the
identification of the arterial architecture of the bile duct and
characterization of biliary epithelial lesions. The remaining
sections were used for immunohistochemistry.

2.3. 'Immunostaining

Immunostaining was performed using formalin-fixed,
paraffin-embedded tissue sections in all cases of hepatic and
pancreatic cystic disease. The antibodies and their sources,
optimal dilutions, and antigen retrieval are shown in Table
4. Briefly, after the blocking of endogenous peroxidase

activity, deparaffinized and hydrated sections were incu-

bated in a protein block solution (DakoCytomation,
Glostrup, Denmark). The sections were incubated overnight
at 4°C with primary antibodies against cytokeratin (CK)7,
CK20, mucin core protein (MUC)1, MUC2, MUCS5AC,
MUCS6, estrogen receptor (ER), progesterone receptor-
(PgR), p53, Ki-67, EZH2, and pl6. The sections were
then treated with secondary antibodies conjugated to a
peroxidase-labeled polymer, the EnVision system (Dako-
Cytomation). Color development was performed using 3,3’-
diaminobenzidine tetrahydrochloride (DAB) or Tyramide
Signal Amplification Plus Fluorescence (Tyramide Signal
Amplification PLUS Fluorescein/TMR Kits; PerkinElmer,
Waltham, MA), and the sections were counterstained with
hematoxylin or methyl green. Negative controls were
carried out by substitution of the primary antibodies with
nonimmunized serum. :

2.4. Semiquantitative evaluation

The results of the immunohistochemical staining of CK7,
CK20, MUC1, MUC2, MUCS5AC, and MUC6 were graded
into 4 categories based on the percentage of positive cells
among neoplastic or hyperplastic epithelial cells (CK7,

- CK20, MUC1, MUC2, MUCSAC, and MUC6) and of

positive nuclei in subepithelial stromal cells (ER and PgR) in
individual cases: little or no staining (—), weak (+), moderate
(++), and strong (+++). The proportion of cells positive for
these proteins was less than 5% in (—) in individual lesions,
ranged from 5% to 20% in (+) and from 20% to 50% in (++),
and was more than 51% in (+++).

Table 3  Histologic grade and phenotype of the cases examined ;
Grade S : IPNB

IPMN

MCN-H MCN-P
Low-grade intraepithelial neoplasia/dysplasia 1 (5%) 3 (60%) 0 (0%) 5 (83%)
Intermediate-grade intraepithelial neoplasia/dysplasia 7 (37%) 0 (0%) 5 (42%) 0 (0%)
High-grade intraepithelial neoplasia/dysplasia 6 (32%) 1 (20%) 2 (17%) 0 (0%)
Associated with invasive carcinoma 5 (26%) 1 (20%) 5 (42%) 1 (17%)
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2.5. Labeling index

The immunohistochemical expression of p53, Ki-67,
EZH2, and pl6 was evaluated in 5 to 10 randomly selected
higher-power fields of the section in each case, in which
more than 500 nuclei of the epithelial cells were included.
The percentage of the positively stained cells is expressed as
a labeling index (LI).

2.6. Statistical analysis

Numerical data are presented as mean + SD. Data from
different groups were compared using a 1-way analysis of
variance and examined with the Kruskal-Wallis test. The
results were considered. s:gmﬁcant if the P value was less
than .05.

3. Results
3.1. Immunophenotypes

Typical immunohistochemical expression patterns of
CKs, MUCs, ER, PgR, amylase, and trypsin are shown in
Fig. 1. CK7 (Fig. 1A) and CK20 (Fig. 1B) were expressed in
the cytoplasm of neoplastic epithelial cells in cases of IPNB.
MUCI1 (Fig. 1C), MUC2 (Fig. 1D), MUC5AC (Fig. 1E), and
MUCS6 (Fig. 1F) were expressed in the cytoplasm and also
on the luminal surface of neoplastic epithelial cells in cases
of IPNB. Amylase (Fig. 1G) and trypsin (Fig. 1H) were
expressed in the cytoplasm of neoplastic epithelial cells
of IPNB. ER (Fig. 1T) and PgR (Fig. 1J) were expressed in
the mesenchymal stromal cells beneath the epithelium in
cases of MCN-H.

The results of the semiquantitative evaluation of the
immunohistochemistry in cases of IPNB, MCN-H, PB cysts,
IPMN, and MCN-P are shown in Fig. 2.

3.1.1. Expression of CKs

CK7, a biliary CK, was frequently and extensnvely
expressed in-almost all cases examined irrespective of the
type of disease. CK20, an intestinal CK, was infrequently
expressed in IPNB, PB cysts, IPMN-P, and MCN-P, which
might reflect the intestinal metaplasia of neoplastic cells.

3.1.2. Expression of MUCs

MUC1 was expressed similarly in about 40% of IPNB and
MCN-H cases and also in about half of IPMN and MCN-P
cases, whereas MUC1 was not expressed in PB cysts. MUC2,
an intestinal mucin, was expressed in about half of IPNB and
IPMN, but not in MCN-H, MCN-P, and PB cysts. MUC5AC,
a gastric foveolar mucin, was frequently observed in IPNB
and IPMN groups; in MCN-H and MCN-P groups, the degree
and frequency of its expression were relatively low.
MUCS5AC was not expressed in PB cysts. MUCS, a gastric
pyloric gland mucin, was frequently expressed in IPNB and
IPMN. Iis expression was also higher in MCN-P and PB
cysts, but relatively low and focal in MCN-H.

3.1.3. Expression of ER and PgR

PgR was expressed in subepithelial stromal cells in all
cases of MNC-H and MCN-P, and ER was also expressed in
subepithelial stromal cells in all cases except for 1 hepatic
MNC-H case. Interestingly, PgR and ER were negative in
IPNB, IPMN, and PB cysts.

3.1.4, Expression of amylase and trypsin

Amylase was similarly expressed in 40% to 50% of the
cases of IPNB, IPMN, MCN-H, and MCN-P. Its expression
in PB cysts was less frequent (about 20%) and focal. Trypsin
was expressed in about 40% of IPNB and MCN-H and more
frequently in IPMN and MCN-P, whereas its expression in
PB cysts was relatively low and focal.

The characteristic features of the immunophenotypes of
IPNB, MCN-H, PB cysts, IPMN, and MCN-P are summa-
rized in Table 5. MCN-H and MCN-P shared many
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Fig. 1  Representative immuﬁaphenotypes of IPNB and MCN-H. Immunohistochemical expression of CK7 (A), CK20 (B), MUC1 (C), MUC2 (D), MUCS5AC (E), MUC5AC (F), amylase
(G), and trypsin (H) was observed in neoplastic epithelial cells of IPNB. ER (I) and PgR (J) were expressed in the mesenchymal stromal cells beneath the epithelium of MCN-H.
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Fig. 2 Semiquantitative analysis of the immunohistochemical results, The immunohistochemical expression of CK7, CK20, MUC1,
MUC2, MUC5AC, MUC6, amylase, trypsin, ER, and PgR was evaluated for the cases of IPNB, MCN-H, PB cysts, IPMN, and MCN-P. The
semiquantitative analysis was performed as described in the “Materials and Methods.”

immunophenotypes. IPNB and IPMN also showed similar
immunophenotypes. The IPN and MCN groups showed
different immunophenotypes such as the expression status of
MUC2, PgR, and ER. In contrast, PB cysts showed different
immunophenotypes from these 2 groups.

3.2. Labeling index

3.2.1. LI for Ki-67 and p53

The Ki-67 LI was significantly high in high-grade IPNB
(11.29+8.891in 17 foci) and in invasive IPNB (20.9 +4.01 in
3 foci) compared with that in low- to intermediate-grade
IPNB (3.02 £3.52 in 17 foci) (Fig. 3A). The p53 LI was

higher in high-grade IPNB (8.76 + 10.55) than in low- to
intermediate-grade IPNB (2.41 % 3.50), although the
difference was not significant (Fig. 3A). The p53 LI in
invasive IPNB was 2.09 + 4.01. The Ki-67 LI and p53 LI
were higher in high-grade MCN-H (12.5 %+ 0.42 in 2 focij and
8.1 + 6.08 in 2 foci, respectively) than in low- to
intermediate-grade MCN-H (3.16 & 4.57 in 5 foci and
0.34 £ 0.61 in 5 foci, respectively), although the differences
were not significant (Fig. 3A). Ki-67 and p53 were not
expressed in PB cysts.

. The Ki-67 LI was higher in high-grade IPMN (13.46 +
7.41 in 7 foci) and invasive IPMN (9.57 + 2.68 in 3 foci) than
in low- to intermediate-grade IPMN (3.19 + 3.05 in 11 foci)
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Fig. 3 LI ofKi-67, p53, p16, and EZH2 in IPNB and MCN-H. A, The Ki-67 LI was signif{icantly higher in high-grade IPNB and invasive

parts of IPNB than in low- to intermediate-grade IPNB. The p53 LI showed a similar tendency but the difference was not statistically
significant, The Ki-67 L1 and p53 LI were slightly higher in high-grade MCN-H than in low- to moderate-grade MCN-M. B, The EZH2 LI was
higher in high-grade IPNB and invasive parts of IPNB than in low- to intermediate-grade IPNB, and a significant difference was observed
between the groups of high-grade IPNB and low- to intermediate-grade IPNB. The p16 LI tended to be low in high-grade IPNB and invasive
IPNB. The p16 LI was relatively high in low-grade MCN-Hs, and the EZH2 LI was relatively high in high-grade MCN-Hs, although there was

no statistically significant difference. *P < .05.

(Fig. 4A). The difference in the former was statistically
significant, whereas that in the latter was not. The p53 LI was
higher in high-grade IPMN (28.37 + 35.22) than in low- to
Jintermediate-grade IPMN (1.29 + 2.39) (Fig. 4A). The p53
LIin invasive IPMN was 26.87 £40.93. The Ki-67 LI tended
to be high in high-grade MCN-P and invasive MCN-P (19.8
and 21.0, respectively) compared with that in low- to
moderate-grade MCN-P (2.12 +2.18) (Fig. 4A). The p53 LIs
in low- to intermediate-grade MCN-P, high-grade MCN-P,
and invasive MCN-P were 0.1 =+ 024, 1.2, and 1.3,
respectively (Fig. 4A).

3.2.2, LI for p16 and EZH2

The p16 LI tended to be low in high-grade IPNB (5.56 +
5.75 in 17 foci) compared with that in low- to intermediate-
grade IPNB (21.75 =+ 23.49 in 17 foci), although the

difference was not significant (Fig. 3B). The pl16 LI in
invasive IPNB was 1.7 £ 0.53 in 3 foci. The EZH2 LI was
significantly high in high-grade IPNB (13.05 + 8.26)
compared with that in Tow- to intermediate-grade IPNB
(1.69 £ 2.21) (Fig. 3B). The EZH2 LI in invasive IPNB was
12.93 + 17.08. The pl6 LI was similar in low- to
intermediate-grade MCN-H (17.76 £ 17.17 in 5 foci) and
in high-grade MCN-H (1.15 £ 1.63 in 2 foci) (Fig. 3B). The
EZH2 LI tended to be high in high-grade MCN-H (14.25 +
6.29) compared with that in low- to moderate-grade MCN-H
(1.78 £ 3.60) (Fig. 3B). P16 and EZH2 were not expressed
in PB cysts.

The pl6 LI was higher in low- to mtermedlate-grade
IPMN- (37.09 + 26.28 in 11 foci) than in high-grade
IPMN (4.69 + 3.45 in 7 foci), although the difference
was not significant (Fig. 4B). The pl6 LI in invasive
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Fig. 4 Ll ofKi-67, p53, pl6, and EZH2 in IPMN and MCN-P. A, The Ki-67 LI was higher in high-grade IPMN and invasive parts of IPMN
than in low- to moderate-grade IPMN. It was also relatively high in high-grade and invasive MCN-P, although the difference was not
significant. The p53 LI tended to be high in high-grade IPMN and invasive IPMN. p53 was not expressed in MCN-P irrespective of grade. B,
The EZH2 LI was significantly higher in high-grade IPMN and invasive parts of IPMN than in low- to intermediate-grade IPMN. The p16 LI
was relatively low in high-grade and invasive IPMN compared with that in low- to intermediate-grade IPMN. The p16 LI was relatively high'in
low- to intermediate-grade MCN-P in comparison w1th that in high-grade MCN-P and invasive MCN-P, although there was no statistically

significant difference (B). *P < .05.

IPMN was 3.13 + 3.00 in 3 foci. The EZH2 LI was
significantly higher in high-grade IPMN and invasive
IPMN (11.37 + 5.94 and 14.87 + 10.99, respectively)
than in low- to moderate-grade IPMN (1.22 + 1.33) (Fig.
4B). The p16 LI was higher in low- to intermediate-grade
MCN-P (29.71 + 18.48 in 6 foci) than in high-grade
MCN-P and in invasive MCN-P (0.4 and 0.0, respec-
tively, in a single focus), although the difference was not

significant (Fig. 4B). The EZH2 LI was low in each

group of low- to intermediate-grade, high-grade, and
invasive MCN-P (Fig. 4B).

4. Discussion

There have been several reports on radiologic and
histologic studies concerning similarities between IPNB
and IPMN and’ also between MCN-H and MCN-P

[2,6,7]. This study additionally revealed that there were
immunophenotypic similarities between IPNB and IPMN
and between MCN-H and MCN-P, and also some
differences between the MCN group (MCN-H and
MCN-P) and IPN group (IPNB and IPMN). The MCN
group differed from the IPN group with respect to the
expression of ER and PgR, owing to the presence of a
subepithelial ovarian-like stroma in the former. In
accordance with MUC2 expression, CK20 expression
was relatively frequent in the IPN group in comparison
with that in the MCN group. MUC2 and CK20
expressions are regarded as an intestinal phenotype.
Furthermore, MUC5AC and MUC6 were relatively

. more frequent in the IPN group than in the MCN

group. MUC5AC and MUC6 are gastric foveolar and
pyloric gland markers, respectively [12]. These results
suggest frequent intestinal and gastric metaplasia in the
IPN group in comparison with that in the MCN group
[4]. These findings also support the hypothesis that
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IPMN-P is a pancreatic counterpart of IPNB, and MCN-P
is that of MCN-H, and that the IPN and MCN groups
seem to undergo different processes of tumorigenesis.

It is generally thought that IPNB and also MCN-H
eventually develop into invasive cholangiocarcinomas
(ordinary tubular adenocarcinomas as well as mucinous’
carcinomas), although the exact molecular and genetic
mechanisms involved remain unexplored. It was found in
this study that the Ki-67 and p53 Lls increased significantly
with the progression from low- to intermediate-grade IPNB
to high-grade and invasive IPNB. A similar tendency was
also noted in MCN-Hs. The p16 LI decreased and EZH2 LI
increased significantly with the progression from low- to
intermediate-grade IPNB to high-grade and invasive IPNB.
In the progression of BilIN, another preneoplastic biliary
lesion followed by invasive cholangiocarcinoma, increased
Ki-67 LI and increased EZH2 LI with decreased pl6 LI
were pointed out [8]. Therefore, it seems conceivable that
IPNB and BilIN share malignant progression along the

- biliary tree, although why cystic and papillary changes and
mucus hypersecretion were predominant in the former
remains unclear.

Interestingly, the expression of Ki-67 and p53 and that
of pl6 and EZH2 found in IPNB were similarly found in
IPMN, suggesting that IPNB and IPMN have similar or the
same malignant progression. Recently, Nakahara et al [13]
also reported a role for the overexpression of EZH2 in the
progression of IPMN. These results support the suggestion
of similarities between IPNB and IPMN. MCN-H and
MCN-P also showed similar tendencies in terms of the
expression of Ki-67 and p53 and that of p16 and EZH2.
However, the number of MCN cases was too small to
speculate on the malignant progression in the MCN group.

There are other hepatic cystic lesions that are different
from MCN-H and IPNB: In particular, PB cysts, which are a
benign multicystic lesion derived from peribiliary glands
and usually found in the hepatic hilar and perihilar areas,
should be differentiated from MCH-H and IPNB [3,4,13].
To date, there have been no comparative immunohisto-
chemical studies of PB cysts and MCN-H and IPNB. It was
found in this study that expression patterns of MUCI,
MUC?2, and MUC5AC and, to a lesser degree, trypsin and
amylase were different between PB cysts and others (MCN-
H and IPNB), although some phenotypes such as CK7 were
found frequently in both. PgR and ER were absent in PB
cysts. Furthermore, PB cysts failed to show proliferative
activities such as an increased Ki-67 index and to express
p53, pl6, and EZH2, suggesting that they have no
neoplastic features and no tendency to undergo malignant
transformation. Taking these findings together, PB cysts are
different from MCN-H and IPNB with respect to immuno-
phenotypes and also biological activities in addition to
histologic features.

In conclusion, the findings of this study suggest that
IPNB and MCN-H are biliary counterparts of IPMN and
MCN-P, respectively, with respect to their immunophe-

notypes. The MCN group was shown to be different from
the IPN group with respect to several immunophenotypes,
reflecting frequent intestinal and gastric metaplasia in the
latter and the constant expression of PgR and ER in
subepithelial stromal cells in the former. IPNB and MCN-
H differed from PB cysts immunohistochemically. The
Ki-67 and p53 Lls increased significantly with the
progression of IPNB and IPMN. The pl6 LI decreased
and EZH2 LI increased significantly with the progression
of IPNB and IPMN, respectively, suggesting a common
carcinogenic process in-these preneoplastic/early neoplas-
tic lesions of the biliary tree and pancreas. ‘
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