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Abstract

AIM: To investigate the clinicopathological features of
intraductal neoplasm of the intrahepatic bile duct (INihB).

METHODS: Clinicopathological features of 24 cases of
INihB, which were previously diagnosed as biliary papil-
lomatosis or intraductal growth of intrahepatic biliary
neoplasm, were reviewed. Mucin immunohistochemis-
try was performed for mucin (MUC)1, MUC2, MUC5AC
and MUC6. Ki-67, P53 and B-catenin immunoreactivity
were also examined. We categorized each tumor as
adenoma (low grade), borderline (intermediate grade),
and malignant (carcinoma /n situ, high grade including
tumors with microinvasion).

RESULTS: Among 24 cases of INihB, we identified 24
tumors. Twenty of 24 tumors (83%) were composed
of a papillary structure; the same feature observed in
intraductal papillary neoplasm of the bile duct (IPNB).
In contrast, the remaining four tumors (17%) showed
both tubular and papillary structures. In three of the
four tumors (75%), macroscopic mucin secretion was
limited but microscopic intracellular mucin was evident.
Histologically, 16 tumors (67%) were malignant, three
(12%) were borderline, and five (21%) were adenoma.
Microinvasion was found in four cases (17%). Immu-
nohistochemical analysis revealed that MUC1 was not
expressed in the borderline/adenoma group but was
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expressed only in malignant lesions (P = 0.0095). Ki-67
labeling index (LI) was significantly higher in the malig-
nant group than in the borderline/adenoma group (22.2
+ 1555 7.5 £ 6.3, P < 0.01). In the 16 malignant
cases, expression of MUC5AC showed borderline signifi-
cant association with high Ki-67 LI (P = 0.0622). Nu-
clear expression of B-catenin was observed in two (8%)
of the 24 tumors, and these two tumors also showed
MUC1 expression. P53 was negative in all tumors.

CONCLUSION: Some cases of INihB have a tubular
structure, and are subcategorized as IPNB with tubular
structure. MUC1 expression in INihB correlates posi-
tively with degree of malignancy.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Mucin-producing tumors arising from the bile duct have
been reported previouslyll’ij, but as a disease category, con-
sensus has not yet been reached. Recently, Shibahara ez a/”
and Zen et al” have contributed to the development of
the concept of papillary tumors in the bile duct that re-
semble intraductal papillary mucinous neoplasm of the
pancreas (IPMN-P) and pancreatic intraepithelial neopla-
sia. These bile duct tumors show papillary proliferation in
the bile duct with mucin secretion, and are considered as
intraductal papillary neoplasm of the bile duct (IPN-B),
that is, the biliary counterpart of IPMN-P*, Recent
studies have indicated that IPN-B could be subcatego-
rized according to the results of mucin immunohisto-
chemistry'®”, and the similarity of TPNB and IPMN-P
has also been described.

In our current study, we conducted histological and
immunohistochemical re-examination of 24 cases of in-
traductal neoplasm of the intrahepatic bile duct (INihB),
which were previously reported as biliary papillomatosis or

intraductal growth type of intrahepatic biliary neoplas 101

(49

_gu;ﬁfm,@ WJG | www.wjgnet.com

MATERIALS AND METHODS

Definition of INihB

We defined INihB as a tumor that (1) was localized in the
liver; (2) arose within the intrahepatic bile duct; (3) had a
major lesion that was noninfiltrative and showed an intra-
ductal proliferation pattern; and (4) clinicopathologically
communicated with the surrounding bile duct.

Tissue samples

We identified 24 cases of INihB from the medical record
at Kurume University Hospital and affiliated institutions.
These cases were previously diagnosed as intraductal
intrahepatic biliary neoplasm or biliary papillomatosis"”
Tissue sections of 4 um thickness were prepared from
paraffin-embedded tissue samples, and stained with
hematoxylin and eosin (HE) in the usual manner. The
slides were reviewed by the three pathologists (YN, HK
and ON).

Degree of malignancy of intrahepatic bile duct
HE-stained sections were reviewed and each tumor was
categorized into three groups according to the degree of
malignancy by using the criteria in IPMN-P*: adenoma
(low grade), borderline (intermediate grade), and malig-
nant (carcinoma 7 situ and high grade). Tumors with mi-
croinvasion were categorized as malignant.

Immunohistochemistry

Paraffin-embedded, 4-um-thick sections on a coated
glass slides were stained by using the BenchMark XT
(Ventata Automated Systems, Inc., Tucson, AZ, United
States) with the following antibodies: mucin (MUC)1
(mouse monoclonal, Ma695, dilution 1:100; Novocastra,
Newecastle, United Kingdom); MUC2 (mouse monoclo-
nal, Ccp58, dilution 1:100; Novocastra); MUC5AC (mouse
monoclonal, CLH2, dilution 1:100; Novocastra); MUCG6
(mouse monoclonal, CLH5, dilution 1:50; Novocastra);
p53 (mouse monoclonal, DO-7, dilution 1:200; Novocas-
tra); B-catenin (mouse monoclonal, B-catenin-1, dilution
1:200; Dako, Glostrup, Denmark); and Ki-67 (mouse
monoclonal, MIB-1, dilution 1:100; Dako). This automat-
ed system uses the streptavidin-biotin complex method
with DAB as a chromogen (Ventana iVIEW DAB Detec-
tion Kit).

Regarding the MUC profile, we evaluated cytoplasmic
and luminal surface staining by referring to the method
of Shibahara e# a/”, and the cells were considered positive
when either one or both of the two components were
stained. The percentage of positively stained neoplastic
cells was also calculated and graded as follows: -, < 5%
of the neoplastic cells were stained; +, = 5% and < 20%
were stained; 2+, = 20% and < 50% were stained, and
3+, = 50% were stained. These evaluations were con-
ducted by three pathologists (YN, HK and ON). Positiv-
ity of p53 and [B-catenin were defined by distinct and
diffuse nuclear staining among the neoplastic cells. Ki-67
staining was counted on a minimum of 1000 tumor cells
and Ki-67 labeling index (LI) was calculated as the per-
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Figure 1 Gross findings. A: Duct-ectatic type. Tumor filled the dilated intrahepatic bile duct. Surrounding bile duct was also dilated; B: Cystic type. Cystic dilatation
of intrahepatic bile duct. Papillary tumor was found in the dilated intrahepatic bile duct. Significant retention of mucin was observed.

Figure 2 Histopathology of intraductal neoplasm of the intrahepatic bile
duct. Tumor shows papillary proliferation within the dilated bile duct (hematoxylin
and eosin stain, x 20).

centage of positively stained cells to total cells.

Statistical analysis

Associations of Ki-67 LI and expression of MUC fam-
ily (0, 1+ or 2+, 3+) with the degree of malignancy
(adenoma, borderline or malignant), and association be-
tween Ki-67 LI and MUC profile were examined using
the Kruskal-Wallis test and Fisher’s exact test. To apply
Fisher’s exact test, we classified MUC profile into two
categories of 0 or 1+ and 2+ or 3+. Association was
considered significant when P < 0.05. All the statistical
analyses were conducted by SAS version 9.12 (SAS Insti-
tute Inc., Cary, NC, United States) and R version 2.9.0.

RESULTS

Patients with INihB

We identified 24 tumors in 24 patients. Clinical findings
are summarized in Table 1. Median age at the initial di-
agnosis was 64 years (mean: 63.0 £ 8.1), and the male:
female ratio was 1:1. Sixteen tumors (67%) wete located
in the left lobe. Nineteen tumors (79%) were cystic type
associated with mucin hypersecretion, and five tumors
(21%) were duct-ectatic type without mucin hypersecre-
tion (Figure 1). Twenty tumors (83%) had papillary struc-

(49
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Figure 3 Microinvasion of tumor. Tumor cells infiltrating into the bile duct wall
(hematoxylin and eosin stain, x 40).

tures in the bile duct as IPNB (Figure 2). The remaining
four tumors (17%) presented the following features: the
tumor was localized and proliferated in the bile duct, and
the tumor showed both tubular and papillary structures.
In three of the four tumors (75%), macroscopic mucin
secretion was limited but microscopic intracellular mucin
was evident. Histologically, 16 tumors (67%) were malig-
nant, three (12%) were borderline, and five (21%) were
adenoma. Microinvasion was found in four tumors (21%o)
(Figure 3), and these were categorized as malignant.
There was no ovarian-like stroma in any cases.

Four tumors (17%) were composed of both papillary
and tubular structures (Table 2). Histological findings of
four patients were similar to those of intraductal tubulo-
papillary neoplasm ('TPN-P)" or intraductal tubular neo-
plasm of the pancreas (ITN-P)""”. One of these four cases
was previously reported as a biliary papillomatosis by Ta-
guchi ¢ /', and the tumor spread from the intrahepatic
to extrahepatic bile duct. Another two cases also showed
extension of tumor with bile duct dilation. However, the
remaining tumor was cystic type and macroscopic mucin
hypersecretion was evident. Among tubular structures,
a pyloric gland-like structure (Figure 4) was prominent.
Three cases were not malignant, but one tumor showed
cytological atypia, such as enlarged nuclei with pleomor-
phism, and was considered as malignant (Figure 5). Atypi-
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Table 1 Clinicopathological features of 24 patients with Table 2 Clinicopathological findings of intraductal neoplasm

intraductal neoplasm of the intrahepatic bile duct of the intrahepatic bile duct with papillary and tubular

structure in four patients

Age (yr), median (mean # SD) 64.0 (63.0 £8.1)

Gender, 1 (%) Case 1 Case 2 Case3' Case 4
Male 12 (50) Age (yr) 77 49 63 52
Female 12 (30) Gender Male Female Male Male

Location, 1 (%) Location Left lobe
Left lobe 16 (67) Tumor size (cm) 10 2 6 26
Right lobe 8(33) Mucin produced Absent Present

Tumor size (cm), median (mean * SD) 30 (42.2 +£26.6) macroscopically

Macroscopic findings of bile duct, (%) Macroscopic findings Duct-ectatic type Cystic
Duct-ectatic 51 Histopathological Malignant  Borderline Adenoma Adenoma
Cystic 19 (79) s

Macroscopic mucin hypersecretion, 1 (%) Nierinvason Absent
Present 19 (79) Mucin immunohistochemistry
Absent 5(21) MUC1 3+ _ _ 1+

Histological structure pattern, n (%) MUC2 _ _ - -
Paplllary 20 (83) MUC5AC - 1+ = =
Tubular and papillary 4 (17) MUC6 3+ 3+ + 3+

Histological grade, 1 (%)

;ﬁiﬁiﬁ; 1; Eig "Has been reported as biliary papillomatosis.
Adenoma 5 (21)

Microinvasion, 7 (%)

Present 4(17) Table 3 Immunohistochemical features of 24 cases of
Absent 20 (83) intraductal neoplasm of the intrahepatic bile duct

Malignant Borderline n (3.12%)/
n (16.67%) adenoma 7 (5.21%)

muct'
3+ (38%) 9 (56) 0
2+ (0%) 0 0
1+/- (62%) 7 (44) 8 (100)
MuUC2
3+ (13%) 1(6) 2 (25)
2+ (4%) 1 (6) 0
1+/- (83%) 14 (88) 6 (75)
MUC5AC
3+ (46%) 7 (44) 4 (50)
2+ (12%) 2(12) 1 (13)
1+/- (42%) 7 (44) 3(37)
MUCé6
3+ (46%) 4(25) 5 (63)
2+ (12%) 4(25) 1(22)
Figure 4 Tubular structure within intraductal neoplasm of the intrahepatic 1+/- (44%) 8 (50) 2 (25)
bile duct. Cells with intracellular mucin and mild atypia forming a pyloric gland- Proliferation
like structure (hematoxylin and eosin stain, x 200). Ki-67 (LI, %, mean £ SD)* 222155 75%63
Genetic status
TP53 overexpression 0 0
cal cells lining the tubular structure were cuboidal or co- B-catenin nuclear 2(13) 0
lumnar with little or no cytoplasmic mucin. None of these expression (17%)’

four cases were associated with tumor invasion.

"MUC1 expression was exhibited only in the malignant group (P = 0.0095);
y gnant g
Immunohistochemical analysis of INihB *Ki-67 was significantly higher in malignant cases than in borderline/
. . . . d tients (P < 0.01); *B-cateni i b: d only i
Immunohistochemical findings are shown in Table 3. adenoma patients ( )‘ prca G CXpTEssIon was obseived omy I
K X the cases with MUC1 expression. LI: Labeling index.

MUC!1 was not expressed in the borderline/adenoma

group but was expressed in malignant lesions (P = 0.0095).

No specific pattern of expression was obsetved for other for MUCT. P53 was negative in all 24 tumors.

MUC family members. The Ki-67 LI was significantly

higher in the malignant group than in the borderline/ad-

enoma group (22.2 £ 15.5 »s 7.5 £ 6.3, P < 0.01, Figure DISCUSSION

6A). In the 16 malignant tumors, there was an association Many studies have been conducted on IPMN-P, and
of borderline significance between expression of MU- histomorphological criteria for diagnosis have been de-
C5AC and higher Ki-67 LI (P = 0.0622, Figure 6B). Ex-  termined". Regarding similar lesions in the bile duct,
pression of B-catenin was found in two of the 24 tumors the definition of TPNB and mucin-producing bile duct
(8%, Figure 7), and these two tumors were also positive tumors'” is proposed as a new conceptual framework

(49
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Figure 5 Histology of intraductal neoplasm of the intrahepatic bile duct with papillary and tubular structure (case 1). A: Histological structure was mainly tu-
bular, but papillary structure was also present [hematoxylin and eosin (HE) stain, x 40]; B: Tubular structure (HE stain, x 200); C: Papillary structure (HE stain, x 200); D:
Tumor cells were positive for mucin (MUC)1 immunohistochemistry (MUC1 stain, x 200).
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Figure 6 Box plot for Ki-67 labeling index by histological degree of malignancy and MUC5AC expression. A: The Ki-67 labeling index (LI) was significantly
higher in the malignant group than in the benign/borderline group; B: There was an association with borderline significance between MUC5AC expression and Ki-67 LI (P

=0.0622). MUC: Mucin.

of biliary intraductal neoplasms. These biliary lesions
present the same histological features of IPMN-P, and
Zen et al'™'" divided them into four categories, namely,
pancreaticobiliary type, intestinal type, gastric type, and
oncocytic type. In contrast, Shibahara e a/” subclassified
the lesions into two distinct categories, namely, columnar
type and cuboidal type. Columnar type resembles intesti-
nal type, and cuboidal type resembles pancreaticobiliary
type or intraductal oncocytic papillary neoplasm, and they
hypothesized that these two categories could be the bili-
ary counterparts of IPMN-P.

(49
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Among our 24 cases of INihB, 19 cases (79%) were
the cystic type that was proposed by Shibahara ¢ o/, and
this type is known as a biliary cystic tumor. Devaney e# a/"”
reported that ovarian-like stroma was observed in 85%
of the adenoma and 28% of the adenocarcinoma tumors.
However, none of our cases had ovarian-like stroma.
The presence or absence of ovarian-like stroma is an
important factor for the classification of IPNB. Recently,
Zen et al'” proposed that biliary cystic tumor could be
a cystic variant of IPNB, having bile duct communica-
tion and absence of ovarian-like stroma. Based on our

July 28,2012 | Volume 18 | Issue 28 |
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4100 um

N

Figure 7 Nuclear expression of -catenin in pancreaticobiliary type. A:
Hematoxylin and eosin stain, x 200; B: 3-catenin stain, x 200.

findings, the cystic type reported by Shibahara ez 2/ and
biliary cystic variant of IPNB reported by Zen ef al'” are
the most common type among INihB, and they can be
recognized by their characteristic macroscopic findings,
that is, a cystic change with mucin hypersecretion, even
though the tumors have ovarian-like stroma.

In our current study, 20 of 24 INihB tumors (83%)
showed purely papillary proliferation that is a morpho-
logical feature of IPMN-P, and we diagnosed them as
IPNB. In contrast, both papillary and tubulatr structures
were present in the remaining four tumors (17%), and
three of these four tumors were duct-ectatic type with-
out macroscopic mucin secretion. These features are
common findings in ITN-P or ITPN-P, which are rare
diseases"™"”*Y, These tubulopapillary tumors can be
distinctly subcategorized in INihB based on their charac-
teristic macroscopic and histological findings. Intraductal
neoplasms with a tubular structure have been reported
in the pancreatic area. Albores-Saavedra ¢ @/ reported
that tumors with a tubular structure included: (1) glands
resembling pyloric glands; (2) glands lined by cells with
no cytoplasmic mucin and with mild nuclear atypia;
and (3) glands lined by pink oncocytic cells. Recently,
Yamaguchi ¢ al'* proposed the concept of TTPN-P and
defined nine diagnostic criteria. Similarly, some authors
have described intraductal lesions in which IPNB with
formation of the tubular structure is regarded as intra-
ductal tubular neoplasm of the bile duct (ITNB)**’, In
our four cases, we observed morphological similatity with
ITN-P or ITPN-P. In particular, Case 1 consisted mainly

(4 9
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of a tubular structure and some papillary patterns, and
the neoplastic cells were markedly atypical. In addition,
immunohistochemical results were MUC1(+) and MU-
C5AC(-), which were different from ITN-P. Our case 1
was considered as an ITPN-B subcategory. As discussed
above, IPNB contained IPNB with a tubular structure,
although small in number, and there might be cases with
similar characteristics to ITN-P or ITPN-P.

We also examined Ki-67 and p53 immunoreactivity
in the 24 cases of INihB. Ki-67 expression differed sig-
nificantly between malignant and borderline/adenoma
(222 £ 155 2 7.5 £ 6.3, P < 0.01), but P53 was nega-
tive in all cases. Based on these data, Ki-67 LI correlates
with the degree of malignancy in INihB. Shibahara ef a/"
reported significantly high Ki-67 expression and poorer
prognosis in the columnar type than in the cuboidal type.
In this study, we also investigated the relationship be-
tween MUC1/MUCS5AC immunostaining and malignant
potential. Some studies have reported that the pancrea-
tobiliary type IPMN-P, which is positive for MUCI, is
highly malignant. Other studies have suggested that
MUCT1 contributes significantly to tumor growth and
metastasis, and that downregulation of MUCI protein
expression decreases the metastatic potential of pancre-
atic adenocarcinoma®. The association between MUCI
and malignant potential has also been suggested in chol-
angiocarcinoma”, Although we did not find a significant
association between MUC5AC expression and the degree
of malignancy or cell proliferation potential, there was
a borderline association between the higher expression
of MUC5AC and the higher Ki-67 LI in the malignant
group. Some authors also have reported that MUC5AC is
more strongly expressed in advanced tumors' . Thus,
we suggest that expression of MUC1 and MUC5AC is
related, MUC1 more strongly so than MUC5AC, to the
degree of malignancy in INihB.

Nuclear expression of 3-catenin was found in 8% of
INihB (2/24), and MUC1 was also positive in these cases.
[B-catenin is a mediator in the canonical Wnt signal trans-
duction pathwaylzg] and activation of the Wnt pathway is
associated with high proliferation and dedifferentiation
in human biliary tumors”™. Nuclear accumulation of
[B-catenin was reported in 15% of intrahepatic cholangio-
carcinomas (Sugimachi ez a/™"); 25% of IPN-B, 20% of
IPN-B associated with intrahepatic cholangiocarcinoma,
and 0% of biliary intraepithelial neoplasms (Ttatsu ef a/™);
and 25% of IPN-B (Abraham ef a/*). The Wnt signaling
pathway is frequently activated in biliary neoplasms®,
We believe when dealing with INihB one should consider
performing immunohistochemical staining for MUC1
and [-catenin, in addition to histomorphological exami-
nation, to evaluate malignant potential of the tumor.

In conclusion, we propose the concept of INihB that
includes IPNB and IPNB with tubular structure sub-
categories, that is, ITNB and intraductal tubulopapillary
neoplasm of the bile duct. IPNB with tubular structure is
rare, and (1) is mostly duct-ectatic without macroscopic
mucin hypersecretion; and (2) histologically, has both
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papillary and tubular structures. In INihB, MUC1 expres-
sion correlates positively with the degree of malignancy
and cell proliferation potential. MUC5AC expression also
correlates with the degree of malignancy, although the
relationship is less robust. Further pathological and mo-

lecular studies are necessary to clarify the characteristics
of INihB.

COMMENTS

Background

The clinicopathological characteristics of intraductal neoplasm of the intrahe-
patic bile duct (INihB) remains unclear. In this article, the authors present the
clinicopathological features of 24 cases of INihB.

Research frontiers

Some studies have reported that the pancreatobiliary-type intraductal papillary
mucinous neoplasm (IPMN-P), which is positive for mucin (MUC)1 expression,
is highly malignant, and other studies have suggested that MUC1 contributes
significantly to tumor growth and metastasis, and that downregulation of MUC1
protein expression decreases the metastatic potential of pancreatic adenocar-
cinoma. The association between MUC1 and malignant potential has also been
suggested in cholangiocarcinoma. Some authors have reported that MUC5AC
is more strongly expressed by advanced tumors. In this study, the authors dem-
onstrated that MUC1 and MUC5AC expression may be related to the malignant
potential of INihB.

Innovations and breakthroughs

Recent reports have highlighted the relationship between MUC profile and
malignancy potential. In particular, the authors investigated the relationship be-
tween MUC1/MUC5AC immunohistochemical staining and Ki-67 labeling index.

Applications
This study offers a better understanding of clinicopathological characteristics of
INihB and a potential strategy to predict tumor behavior for better patient care.

Terminology

MUC1/MUCS5AC are mucin proteins in the pancreatobiliary/gastric epithelium,
respectively. It has been suggested that these proteins play an important role in
tumor growth and metastasis in pancreatobiliary disease.

Peer review

Immunohistochemical analysis revealed that Ki-67 expression in the 24 INihBs
was significantly high in the malignant group. MUC staining showed that MUC1
was not expressed in the borderline/adenoma group but was expressed only
in malignant lesions, and the Ki-67 labeling index was significantly higher in
the malignant group than in the borderline/adenoma group. These results may
represent a mechanism of MUC protein in tumor growth, that is, malignant po-
tential of the tumor.
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