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TABLE HI< 41 BAC CLONES WHICH COULD: DISCRIMINATE HCCS: IN POOR-OUTCOME GROUP (P} FROM THOSE

ARAI ET AL,

IN. FAVORABLE-OUTCOME GROUP: (F)

BACcclone ID Location Cutoff DNA methylation Sensitivity Specificity
value status’ (%) (%)
RPI1-89K16 1p35 1.50 F<P 83.3 100.0
RPI1-201014 1p34.3-1p36:13 1.22 F>P 100.0 100.0
RPI1:156K6 1p31.1-1p31.3 1.15 F>P 100.0 80.0
RP11-553K8 1931.2-1q31.3 1.16 F>P 100.0 100.0
RP11-89E10 1q31.3 0.91 F<P 100.0 100.0
RPI1-180L21 2pl6-2p21 1.29 F>P 100.0 80.0
RP11-90B13 2pl4-2p1s5 1.13 F>P 83.3 100.0
RP11-449B19 2q11.2 0.75 F<P 100.0 80.0
RP11-30M1 2q32.3 1.10 F<P 100.0 100.0
RP[1-89B13 2q32.3-2q33.1 111 F>P 83.3 80.0
RP11-255019 3p24.3-3p25 1.08 F>P 100.0 100.0
RPI11-421F9 3p24.2a 0.97 F>P 83.3 100.0
RP11-122D19 3p21.2 0.99 F<P 100.0 80.0
RP11-36K8 4q22 0.91 F>P 833 100.0
RP11-101N17 4q26 0.85 F<P 100.0 100.0
RP11-177L7 4q32 0.94 F>P 100.0 100.0
RP11-13014 4q34-4435 0.88 F<P 83.3 100.0
RP11-88H16 5pl4 0.85 F<P 100.0 100.0
RPI1-91G9 5q22-5q23 1.45 F<P 83.3 100.0
RPI1-79K22 6q16 0.98 F<P 83.3 100.0
RP11-126B8 79213 1.06 F>P 100.0 100.0
RP11-89P11 7935 0.83 EF>P 83.3 100.0
RP11-88N8 8q2L.11d 1.02 E>P 100.0 100.0
RPI1-85C21 9q33.3-9q34.2 0.95 E<P 83.3 100.0
RP11-714M16 10q926.11-10q26.3 1.00 < F<P 100.0 100.0
RP11-48A2 10926.2 0.69 F<P 100.0° 80.0
RP11-20611 11pll2 1.20 F<P 100.0 100.0
RP11-35F11 11q12 1.30 F<P 100.0 80.0
RP11:15819 11g23 1.04 E>P 83.3 100.0
RP11-7418 1213 1.13 F<P 100.0 100.0
RP11-167B4 16p13.3 0.97 E>P 83.3 100.0
RP11-368N21 16pll.2-16pl12 1.10 E>P 83.3 100.0
RP11-303G21 16q12.1b 0.80 F>P 83.3 100.0
RPI11-151M19 16922 1.05 E>P 100.0 100.0
RP11-135NS 17p13.2 1.00 F>P 100.0 100.0
RP11-398A1 17qtt.2d 1.00 E>P 100.0 100.0
RPII-15A1 19913 1.08 E>P 83.3 100.0
RP11-697B10 19q13.3 0.90 E>P 83.3 100.0
RP11-79A3 199133 1.05 F<P 100.0 100.0
RPI1-29H19 20q12 1.00 E>P 100.0 100.0
RP11-36NS 22q11.2 1.15 E>P 83.3 100.0

'ESP; when the signal ratio was lower than the cutoff value, the tissue sample was considered to have
been obtained from a patient with poor prognosis; F<P, when the signal ratio was higher than the cutoff
value, the tissue sample was considered to have been obtained from a patient with poor prognosis.

identifying - reproducible  indicators = for - carcinogenetic  risk
estimation and prognostication. .In fact, we have successfully
obtained optimal indicators for carcmogenetxc risk estimation and
prognostication of renal cell carcinomas®® and urothelial carcino-
mas (data will be published elsewhere) by BAMCA using the
same array as that used in this study,

Our. previous  studies: indicated . that alterations of DNA
methylation are one of the earliest events of multistage hepato-
carcm05g7ene313 and participate in malignant progression of
HCCs. > 14272 However, since in previous studies we examined
DNA methylation status ononly: a restricted number. of CpG
islands or chromosomal loci; it has not yet been clarified whether
DNA methylation status. on only restricted  regions 'issimply
altered at the precancerous stage; or whether genome-wide altera-
tions of DNA ‘methylation status have certain clinicopathological
significance. As shown in Panel'N of Figure 1b, genome-wide
DNA methylation alterations (both hypo- and hypermethylation)
were confirmed. even in. noncancerous  liver tissue: samples
obtained from patients: with - HCCs. The number of BAC clones
showing DNA methylation: alterations and the degree of DNA
methylation alterations were found to increase stepwise from the
precancerous stage to the HCC stage (Fig. 15 and Table I). This
study - revealed - that alterations ~of | DNA. methylation = during

multistage hepatocarcinogenesis occur in a genome-wide manner.
Genome-wide DNA methylation alterations may  participate in
multistage hepatocarcinogenesis potentially through the induction
of chromosomal instability and silencing of tumor-suppressor
genes. DNA methylation alterations in noncancerous liver tissue
were correlated with the future development of HCCs; suggesting
that DNA methylation alterations at the precancerous stage may
not occur. randomly. but are prone to further accumulation: of
genetic and epigenetic alterations.

Although mass vaccination against HBV has been initiated; this
will'not have a major impact for many years, as the age at presen-
tation of HBYV is older than 50 years mamly in Asia‘and Africa.*°
The spread of HCV in Japan that occurred in the 1950s and 1960s
has resulted in a rapid increase in the incidence of HCC since
1980. In other countries including the United States, where HCV
infection spread more recently, an increase in the incidence: of
HCC is imminent.®" Although there were no significant differen-
ces in the number of BAC clones showing DNA hypo- or hyper-
methylation . between . HBV- and HCV-positive - patients = with
HCCs, Wilcoxon test identified BAC clones in which DNA meth-
ylation status differed significantly between HBV- and HCV-posi-
tive patients with HCCs in both noncancerous liver tissue and can-
cerous:tissue, ‘suggesting that' the HBV-related carcinogenetic
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TABLE IV - MULTIVARIATE ANALYSIS OF CLINICOPATHOLOGICAL
PARAMETERS AND DNA METHYLATION PROFILES ASSOCIATED: WITH
OVERALL-OUTCOME IN' PATIENTS WITH HCCS

3

Parameters Hazard ratio (95% Cl) P ]
Histological
differentiation
Well differentiated 1 (Reference) 0.031+ 0.8594
Moderately or poorly - 0.817 (0.088-7.616)
differentiated
Portal vein tumor
thrombi
Negative 1 (Reference) 2.095 0.1478
Positive 4.474 (0.588-34.033)
Intrahepatic metastasis’
Negative 1 (Reference) 0.090: 0.7647
Positive 1.248 (0.292-5.336) :
Multicentricity!
Negative 1 (Reference) 1.499 0.2209
Positive 0.328 (0.055-1.955)
The criteria of Table 3
Satisfying for less than I (Reference) 4,997 0.0254
32 BAC clones
Satisfying for 32 or 4.466 (1.202-16.585)

more BAC clones

CI, confidence interval:

'In patients with multiple lesions, whether the lesions other than the
main tumor. from which tissue samples were obtained for this: study
were' intrahepatic meétastases of the main tumor or second primary
lesions was judged by microscopic observation of hepatectomy speci-
mens based on the previously described criteria.

pathway may result in distinct DNA methylation profiles. These
findings are in accordance with a previous: report showing: that
HBV-related proteins can induce DNA methylation alterations.

The effectiveness of ‘surgical’ resection for HCC is limited,
unléss the disease is diagnosed early. at the asymptomatic’ stage.
Therefore, surveillance at: the precancerous stage will become a
priority. To reveal the baseline liver histology, microscopic exam-
ination - of liver biopsy specimens is performed in patients with
HBV or HCV infection prior to interferon therapy.”‘ 4 Therefore,
carcinogenetic risk estimation using such liver biopsy specimens
will be advantageous for close follow-up of patients who are at
high risk of HCC development. Because even subtle alterations of
DNA methylation profiles at the precancerous stage are stably pre-
served - on DNA double strands by covalent bonds, they may be
better - indicators - for risk estimation than mRNA and protein
expression profiles that can be easily affected by the microenvir-
onment of precursor cells.

The present genome-wide. analysis revealed DNA methylation
profiles that were able to discriminate noncancerous liver tissue
obtained from patients with HCCs from normal liver tissue and
diagnose it at high risk of HCC development in the learning set.
The sensitivity and specificity in the validation set were 95.8 and
96.2%, respectively, and the criteria listed in Table II were
validated. For carcinogenetic risk estimation using liver biopsy
specimens obtained prior to interferon therapy, DNA methylation
profiles actually ‘associated with carcinogenesis should be discri-
minated from those associated with inflammation and/or fibrosis.
Therefore, we first omitted: potentially insignificant BAC clones
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associated only with inflammation and/or fibrosis and focused on
BAC clones for which DNA methylation status was inherited by
HCCs from the precancerous stage (Groups I, II, Il 'and IV). In
fact, it was confirmed that there were no significant differences in
the number of BAC clones satisfying the criteria in Table II
between noncancerous liver tissue samples showing chronic hepa-
titis and noncancerous liver tissue samples showing cirrhosis, not
only in the learning set'(p = 0.542) but also in the validation set
(» = 0.128), indicating that our criteria were not associated with
the degree of inflammation or fibrosis. In addition, the average
numbers of BAC clones satisfying the criteria in Table II were sig-
nificantly fower in liver tissue of patients without HCCs (V1 to
V7) than in noncancerous liver tissue of patients with- HCCs (N1
to N39), even though the patients: from:whom V1 to V7 were
obtained were infected with HBV or HCV. Therefore, our criteria
not only discriminate noncancerous: liver tissue obtained from
patients with HCCs from normal liver tissue but may also be ap-
plicable for classifying liver tissue obtained from patients who are
followed up because of HBV or HCV infection; chronic hepatitis
or cirrhosis into that which may generate HCCs and that which
will not. Our criteria are applicable to both patients with' chronic
hepatitis and liver cirrhosis; although liver cirrhosis is known to
show a' more pronounced tendency. to lead to HCC development
than chronic. hepatitis.”™ We intend to validate the reliability of
such risk estimation prospectively using liver biopsy specimens
obtained prior to interferon therapy from a large cohort of patients.
On the basis of the present data,»we now. consider it justifiable to
propose that clinicians can apply a portion of biopsy cores for this
type of prospective study.

Because. a sufficient quantity of good-quality DNA can be
obtained from liver biopsy specimens, PCR-based analyses focus-
ing on individual CpG sites are not always required. Although cut-
off values should be modified for widely available: standardized
reference . DNA, array-based analysis that overviews aberrant
DNA methylation' in each BAC region is immediately applicable
to. routine laboratory. examinations. Moreover, because DNA
methylation status of CpG sites is often regulated in a coordinated
manner in each individual large region on chromosomes, =~ an
overview of the DNA methylation tendency (hypo- or hypermeth-
ylation) in' the whole BAC region can be a:more reproducible
diagnostic indicator than one focusing on individual CpG sites.

The present genome-wide analysis revealed DNA methylation
profiles that were able to discriminate a poor-outcome group from
a favorable-outcome group. Correlation between the DNA: methyl-
ation profiles  and both cancer-free and. overall survival rates of
patients with HCCs. (Fig: 3d) validated the criteria in Table IIL
Prognostication based on our criteria may be promising for sup-
portive use during follow-up after surgical resection, because mul-
tivariate analysis revealed that otrr criteria can predict overall
patient outcome indépendently of parameters observed in hepatec-
tomy specimens: that are already: known to have prognostic
impact:?® Such prognostication using  liver biopsy specimens
obtained before transarterial embolization, transarterial chemoem-
bolization and radiofrequency ablation may be advantageous even
to patients who undergo such therapies. The reliability of such
prognostication needs to be validated again prospectively in surgi-
cally resected specimens or biopsy specimens.
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Abstract Mucosal melanomas: have - genetic. alterations
distinct from those in cutaneous melanomas. For example,
NRAS- and: BRAF-activating mutations occur: frequently. in
cutaneous melanomas,; but not in-mucosal melanomas. We
examined 16 esophageal melanomas for genetic alterations
in. NRAS, BRAF, and KIT to determine whether they exhibit
genetic features -common to melanomas arising from- other
mucosal  sites. ‘A sequencing analysis  identified NRAS
mutations- in six cases; notably, four of these mutations
were ‘located: in exoir T, an uncommon mutation site in
cutancous and other mucosal melanomas.' BRAF and KIT
mutations were found in one case each. Immunohistochem-
istry. showed KIT expression. in. four cases; including the
tumor with. a KIT mutation and two other intramucosal
tumors. -The low fiequency of ‘BRAF mutations: and: the
presence of a KIT mutation-positive  case ‘are findings
similar to those of nmcosal melanomas: of other sites, but
the: prevalence of NRAS mutations: was. even higher than
that of cutaneous melanomas: The present: study implies
that esophageal melanomas have genetic alterations: unique
from: those observed in other mucosal melanomas:

Keywords NRAS - BRAF- KIT- Esophageal melanoma

Introduction

Melanomas: show: distinct' patterns of genetic alterations
depending on' their sites of origin. The anatomical site-
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specific patterns of genetic alterations have been: discussed
in'relation to the extent of ultraviolet exposure. NRAS and
BRAF are  the: most frequently mutated oncogenes ' in
melanomas. Both. mutant ‘N-Ras  and  B-Raf promote
tumorigenesis through the constitutive activation of the
MAP kinase pathway. Earlier studies suggested that NRAS
mutations: were frequent among melanomas-arising from
sun-exposed: skin: [1;:2]. Subsequently, BRAF-activating
mutations were also identified in a significant proportion of
melanomas [3]. Curtin et al. analyzed' NRAS and BRAF
mutations as well as DNA- copy number changes in a large
cohort of melanomas. [4]. . They  utilized the presence: of
solar: elastosis as a histological hallmark of chronic sun
exposure and indicated that the majority ‘of melanomas
occurring on skin without chronic sun-induced damage had
either | NRAS. or BRAF: ‘mutations whereas  melanomas
arising. on_skin with_ chronic: sun-induced  damage, -acral
sites, and mucosal membranes had mostly wild-type NRAS
and BRAF. At the same time; they demonstrated that each
group - of melanomas: exhibited :distinct: patterns of DNA
copy number changes:

In addition to NRAS and BRAF mutations, a subset of
melanomas contains K/T mutations [5~7]. Remarkably, the
prevalence of KIT mutations also varies depending on the
site of tumor origin, with the highest prevalence observed
in. mucosal. melanomas: [5]. ‘Thus, genetic alterations  in
melanomas: show: site/organ-specific patterns: and mucosal
melanomas: have - distinct: genetic features. from  those of
cutaneous melanomas.

Esophageal melanomas are exceedingly rare, but highly
aggressive neoplasms  [8=10]. Previous. studies have
reported that melanomas. constitute. only 0.1-0.3% of all
esophageal tumors [11;12]. The rarity -of this tumor is
reasonable; considering the fact that the esophagus usually
lacks melanocytes [13]. In addition, the esophagus is not
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exposed o ultraviolet radiation, a major risk factor for
melanomas. Because of the rarity of this lesion, data on
genetic alterations in esophageal melanomas is scarce.
However, the characterization of their genetic features,
including how. they differ from cutaneous melanomas: and
melanomas of other mucosal sites would contribute to the
understanding of site/organ-specific genetic: alterations in
melanomas. Furthermore, considering the development of
specific kinase inhibitors, such information could be critical
for choosing an appropriate treatment. In this paper, we
preseiit the results of a mutational analysis of NRAS, BRAF,
and KIT in 16 cases of esophageal melanomas.

Materials and methods

Sixteen surgically resected esophageal melanomas were
examined in the present study (Table 1). The samples were
routinely fixed ' with: 10% formalin -and: embedded in
paraffin.. Fivesmicrometer-thick sections of each: specinien
were stained briefly with hematoxylin. and cosin and used
for DNA extraction. The tumor: and nontunmor areas were
separately: dissected: using: sterilized  toothpicks under: a
microscope: Tissues obtained from: the proper muscle layer
distant from:the tumors ‘were used ‘as nontumor samples.
The dissected samples were ‘incubated: in 100 pL-of DNA
extraction buffer (50 mmoVl/L Tris=HCI, pH 8.0, T mmol/L.

Table 1. Results of mutational analysis and immunohistochemistry

cthylenediaminetetraacetic ‘acid, 0.5%  (v/v) Tween 20,
200 pg/mL proteinase K) at-37°C overnight. Proteinase K
was inactivated by heating at 100°C for 10 min. The DNA
samples were subjected to polymerase chain reaction (PCR)
directly or:after purification. . When: required,: the . saniples
were purified using- a. QIAquick. PCR  Purification Kit
(Qiagen. ‘Hilden, ‘Germany).  PCR was  performed: for
3 min at 95°C for initial denaturing, followed by 35 or 40
cycles at 94°C for 15 s, 58°C for.20 s, and 72°C for 60 s
and a final extension at 72°C for-5 min; The primers that
were used are listed in Table 2. The PCR products were
clectrophoresed in'a 2% (w/v) agarose gel, visualized under
UV light with ethidium bromide staining, and recovered
using a QlAquick Gel Extraction Kit (Qiagen). Isolated
PCR products: were scquenced bidirectionally. on. an
Applied  Biosystems 3130. Genetic 'Analyzer (Applied
Biosystems, Foster,; CA,; USAY using the same primers
used for amplification. Each experiment, including DNA
extraction, was done at least twice:

Immunohistochemical staining: was performed- using the
avidin=biotin: complex ‘method:- The primary antibody used
was: polyclonal: anti-KIT: (A4502; 1:100 . dilution; 'Dako,
Denmark): ' 3-3'-Diaminobenzidine  tetrahydrochloride: was
used as'a chromogen. The sections were counterstained with
hematoxylin. Mast cells in the sections were used aspositive
controls, For negative controls, the tissue was processed in the
same way:but the primary antibody was omitted: The staining

Case no, . Agefsex - Depth of invasion BRAF.

NRAS KIT KIT 1HC

Nucleotide: - Amino

Nucleotide' - “Amino- . Nucleotide - -Amino

acid acid acid

1 62/M Mucosa = = = 4+ (membranous)
2 67/M Mucosa = = = +4HE (membranous)
3 48/M Submucosa = = = =

4 51/F Submucosa = A183T QG6IH = =

5 64/M Submucosa = = = -

6 67/M Submucosa = = ~ =

7 M Submucosa - G35C GI2A = -

8 73M Submucosa = = - -

9 48/M Muscularis propria’ = - C1727T L576P . +++ (eytoplasmic)
10 68/M Muscularis propria  T1799A VO600E . - - =
It 69/M Muscularis propria. " = G34C GI2R = : =
12 70/M Muscularis propria’ = G38C GI3A = -
I3 63/M Adventitia - AIB3T Q61H
14 64/M Adventitia = = , =~
s -~ 6]/M Adventitia = G37C GI3R = =
16 TIM Adventitia - - = ++ (membranous)

THC immunohistochemistry
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Table 2 Primers used in the present study

Forward. primer

Reverse primer

BRAF exonl5 TGTTTGCTCTGATAGGAAAATG

NRAS exon | CAGGTTCTTGCTGGTGTGAAATGACTGAG
NRAS exon 2 AACAAGTGGTTATAGATGGTGA

KiT exon 11 TITCCCTTTCTCCCCACAG

KIT exon' 13 TGCTAAAATGCATGTITCCAAT

KIT exon 17 TTITCTTTTCTCCTCCAACCTAA

CTGATGGGACCCACTCCAT
CTACCACTGGGCCTCACCTCTATGG
CGTTAGAGGTTAATATCCGCA
AAAGCCCCTGTTTCATACTGAC
CAGCTTGGACACGGCTTTAC
TGTCAAGCAGAGAATGGGTACT

results were evaluated based on the ‘aniount of ‘immuno-
positive tumor cells as follows: = [<5%],+ [5-25%], ++ [25—
75%]), +++ [>75%]. . When. KIT is: expressed; the staining
intensity and the subcellular localization were also evaluated.

Results

The results of the mutational analysis are summarized in
Table 1.'A BRAF mutation was found in one case; while
NRAS mutations were observed in ‘six cases (Fig: 1). Four
of six. NRAS mutations were located in ¢xon 1, and all these
mutations were G to C transversions. All BRAF and NRAS
mutations were missense nutations. that had been previ-
ously identified as being oncogenic. A missense: KIT
mutation was observed in one case. The mutation: affected
the juxtamembrane domain of KIT. The wild-type sequence
signal was very low for this mutation; suggesting that it was
a homozygous mutation. All samples from nontumor areas
showed wild-type sequences; indicating the somatic nature
of the mutations. All the mutations that were observed were
mutually exclusive.

Immunohistochemistry showed no or only focal and
equivocal KIT expression in 12 cases (Fig. 2a). The case
with the KIT mutation showed strong cytoplasimic expression
(Fig. 2b), and another case showed heterogencous staining
with approximately 70% of the area exhibiting moderate
membranous expression (Fig. 2¢). Based on the heteroge-
neous KIT expression, we performed an additional muta-
tional analysis. The KlIT-positive and KIT-negative arcas
were separately subjected to sequencing analysis, but no KIT
mutations were observed in either sample. Two carly-stage
melanomas limited to the mucosal layer exhibited strong and
diffuse membranous KIT expression (Fig. 2d).

Discussion

NRAS and BRAF mutations are the most common genetic
alterations in melanomas. An extensive literature review by
Hocker and Tsao reported overall mutation rates of 26% for
NRAS and 42% for BRAF in cutaneous melanomas {14]. In

contrast, several studies concurred that these mutations are
significantly less. prevalent in mucosal melanomas with
reported frequencies of 5-14% for NRAS and 0-10% for
BRAF [2:4,15-17].

Our results showed that BRAF mutations are uncommon
among esophageal melanomas as in mucosal melanomas. of
other organs. Unexpectedly, however, six of the: 16 melano-
mas were found to harbor NRAS-activating mutations: While
our series: may not be sufficiently large to. determine the
mutational frequency conclusively; the prevalence of NRAS
mutation-positive cases in the present series was even higher
than that observed in cutancous melanomas: Notably, four of
the six mutations: were located in exon I of NRAS and all
these mutations were G to C transversions. This finding is
intriguing as NRAS mutations in melanomas predominantly
affect codon 61 within exon 2 and G to C transversion is:a
rare type of mutations: for these sites [14].

Furthermore, previous studies showed that a few
recurrent mutations arc responsible for the vast majority
of NRAS mutations in melanomas. The literature review by
Hocker 'and Tsao: showed - that three  mutations, G35A,
C181A. and A182G;, accounted for 82% of NRAS mutations
of the 255 substitutions at the NRAS locus [14]. However,
surprisingly; none:of the six mutations identified in: this
study were identical to these most common NRAS muta-
tions. These observations suggest that ¢sophageal melano-
mas have a high frequency of NRAS mutations with a
unique mutation spectrum.

Our literature review identified only one study analyzing
NRAS and BRAF mutations in esophageal melanomas. Wong
et al. examined three cases of esophageal melanomas, two of
which had NRAS-activating: mutations affecting codons 12

- and 61, respectively [17]. On the other hand, only two BRAI"

and three NR4S mutations were identified in-33 mucosal
melanoinas arising outside of the esophagus; in their series.
While the number of subjects in their study was small, their
result is consistent with our finding  that esophageal
melanomas have a high prevalence of NRAS mutations.

A KIT mutation was identified in" one case, indicating
that a subset of esophageal melanomas harbor K/T-
activating mutations’ as in other mucosal melanomas: "An
identical ‘mutation has been reported  in. gastrointestinal

@ Springer
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Fig. 1 Representative mutations BRAF NRAS KIT

of BRAF. NRAS, and KIT in Case 10: VBOOE Case 12: G13R Case 9: P576L
esophageal melanomas. TR . A IACAAC cCT T
Heterozygous BRAF V600E and 55’ gae % s 2g Ll G;; 2 ] "ﬁ[o'I— :;

NRAS G13R mutations and
homo‘zygous PS576L KIT Tu .
mutation are shown [ 1A

Wild-type

stromal tumors and anal melanomas [7, 18], and this
mutation has been shown to be associated with a sensitivity
to dasatinib and imatinib, inhibitors of SRC/ABL and KIT
[7]. While the frequency of this mutation was not high in
the present series, the identification of a K/7 mutation is
important, since it provides an immediate therapeutic
application. Indeed, the successful treatments of melanomas
with K/T mutations by imatinib have been recently reported
[19, 20].

Of note, the case with the KI/7 mutation also exhibited
the strong expression of KIT protein, whereas the majority
of the mutation-negative melanomas did not express KIT,
as determined using immunohistochemistry. This finding
agrees with the results of previous studies on mucosal
melanomas of other sites and suggests that immunohisto-
chemistry is useful for excluding K/7 mutation-negative

Fig. 2 KIT expression in esoph-
ageal melanomas. a This case
lacks KIT expression. Few mast
cells show positive staining
(arrowheads: case 13). b Tumor
cells show diffuse cytoplasmic
staining (case 9). ¢ An area of the
tumor cells shows membranous
expression (case 16). d Tumor
cells proliferating within the
epithelial layer show
membranous expression (case 2)

@ Springer
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cases prior to genetic testing [6, 7]. We also found KIT
expression in two carly-stage tumors. The expression of
KIT in early-stage cutaneous melanomas has also been
previously reported [21, 22]. Since non-neoplastic melano-
cytes express KIT, the expression of KIT in early-stage
melanomas might be regarded as the retention of physio-
logical expression in melanocytes [21]. Overall, our
observations suggest that immunohistochemistry for KIT
may be useful for prescreening K/T mutation-positive cases
among advanced esophageal melanomas.

The present study indicates that esophageal melanomas
have a high frequency of NRAS mutations unlike mucosal
melanomas of other sites. Furthermore, the mutational
spectrum of NRAS is distinct from those commonly
observed in melanomas. Even among mucosal melanomas,
the patterns of genetic alterations are likely distinct between
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differing sites of origin. Our observations also suggest that
not only the degree of ultraviolet exposure, but also organ-
specific factors may significantly influence the mutational
spectrum in melanomas.
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Abstract

A number of genes and their protein products are expressed within the liver lobules in
a region-specific manner and confer heterogeneous metabolic properties to hepatocytes;

. this. phenomenon is known: as ‘metabolic zonation’. To elucidate the roles of Dicer, an

endoribonuclease III type enzyme required for microRNA biogenesis, in the establishment of
liver zonation, we examined the distribution of proteins exhibiting pericentral or periportal
localization in hepatocyte-specific Dicerl knockout mouse livers. Immunohistochemistry
showed ‘that the localization of pericentral proteins was mostly. preserved in Dicerl-
deficient livers. However, glutamine synthetase, whose expression is normally confined
to a few layers of hepatocytes surrounding the central veins, was expressed in broader
pericentral areas. Even more striking was the observation that all the periportal proteins
that: were examined; including phosphoenolpyruvate carboxykinase, E-cadherin; arginase
1, and carbamoyl phosphate synthetase-I, lost their localized expression patterns and were
diffusely expressed throughout the entire lobule. Thus, with regard to periportal protein
expression, the consequences of Dicer loss were similar to those caused by the disruption of
B-catenin. An analysis of livers deficient in S-catenin did not identify the down-regulation
of Dicerl or any microRNAs; indicating that they are not directly activated by S-catenin.
Thus, the present study illustrates that Dicer plays a pivotal role in the establishment of liver
zonation. Dicer is essential for the suppression of periportal proteins by Wnt/g-catenin/TCF
signalling, albeit it likely acts in an indirect manner.,

Received: 21 June 2009 Cprright © 2009 Pathological Society of Great Britain and Ireland. Published by John
Revised: 17 july 2009 Wiley & Sons, Ltd.
Accepted: 17 July 2009 Keywords: = Dicer; S-catenin; liver; zonation

Introduction

Although hepatocytes are uniform at a histological
level, they differ in a number of metabolic func-
tions. [1,2]. For example, pericentral hepatocytes are
active in glutamine and bile acid synthesis and the
metabolism of xenobiotics, whereas periportal hepato-
cytes are more active in cholesterol, urea, and glucose
synthesis [1,2]. The metabolic heterogeneity of hepa-
tocytes enables multiple and occasionally antagonistic
metabolic functions to be performed: efficiently in the
liver. A number of genes and their protein products
involved in these metabolic processes are expressed in
a region-specific. manner along the porto-central axis
within the liver lobule and their respective functions
confer the heterogeneous metabolic properties of hep-
atocytes [1-3].

Recent studies have revealed that the Wnt signalling
pathway plays a key role in the establishment of liver
zonation [4,5]). The Wnt signalling: pathway is- acti-
vated by the binding of secreted Wnt ligands to Frz
and Lrp receptors on cell membranes. This leads to
the  stabilization of - B-catenin through the inhibition

of proteosomal degradation, and the translocation of
the protein to the nucleus, where it activates TCF-
dependent transcription [6]. f-Catenin/TCF-dependent
transcription is normally active in the pericentral hep-
atocytes, where it induces pericentral gene expression
while suppressing periportal gene expression’ [4,7].
The hepatocyte-specific ablation of Apc, leading to
the constitutive activation of 8-catenin/TCF-dependent
transcription, resulted in the diffuse expression of peri-
central genes and the down-regulation of periportal
genes: throughout the entire liver lobule [4,8]. Con-
versely, the suppression of Wnt signalling by the
overexpression of Dkk1 or the conditional ablation of
B-catenin caused a. loss of pericentral gene expres-
sion and' the diffuse expression of periportal genes
[4,9]). Braeuning ef al further showed that activation
of the Ras/MAPK pathway by the oncogenic form
of H-ras or serum components suppressed pericen-
tral genes and induced periportal genes through the
inhibition - of - B-catenin/TCF-dependent  transcription
[10,11]. Thus, the expression of pericentral and peri-
portal genes is coordinately and inversely regulated by
Wnt/B-catenin/TCF signalling.

Copyright © 2009 Pathological Society of Great Britain and Ireland. Published by john Wiley & Sons; Ltd.
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Dicer is an essential component of microRNA
biogenesis that cleaves pre-microRNAs into mature
microRNAs. Since Dicer is encoded by a single
locus in the mouse genome, the disruption of the
single Dicerl gene results in.the loss of virtually all
microRNAs [12—14]. Here, we demonstrate that Dicer
plays an essential role in the establishment of proper
liver zonation. Remarkably, the loss of Dicer impairs
the localization of periportal proteins, leaving the
expression of pericentral proteins mostly intact. Thus,
our results reveal the novel finding that microRNAs
appear to be specifically required for the suppression
of periportal protein expression.

Materials and methods

Mice

Alb-Cre [15,16], Dicerlfox/fox [12], Ctnnblfoxifiox
[17], Alb-Cre;Ctnbl#o*/fx [70], and Alb-Cre;
Dicer/*/fex 118] mice have been previously described.
The mice used in the present study were maintained
in barrier facilities and all studies were conducted in
compliance with the University of California IACUC
(Institutional Animal Care and Use Committee) guide-
lines and according to protocols approved by the Com-
mittee for Ethics in Animal Experimentation at the
National Cancer Center, Japan.

Immunohistochemistry .

Liver tissue samples: were fixed with 10% buffered
formalin, embedded in paraffin, and cut into. 5-
um-thick  sections.  Immunohistochemistry was: per-
formed by -an -indirect - immunoperoxidase method
using peroxidise-labelled anti-mouse, -rabbit or. -goat
polymers  (Histofine: Simple Stain, Nichirei, Tokyo,
Japan). 3,3/-Diaminobenzidine tetrahydrochloride was
used as a chromogen. The primary antibodies that were
used are listed in Table 1. For double immunofluores-
cence staining, anti-mouse IgG antibody conjugated
with Alexa Fluor 488 and anti-rabbit IgG antibody
conjugated with Alexa Fluor 594 were used as sec-
ondary antibodies. The sections were analysed using
a confocal microscope (LSMS Pascal; Carl Zeiss Jena
GmbH, Jena, Germany) equipped with a 15 mW Kr/Ar
laser.

Table 1. Antibodies used for immunohistochemistry

S Sekine et al

Quantitative PCR

RNA extraction and the reverse-transcription reaction
were performed using standard protocols. Quantitative
PCR reactions were. performed using SYBR Green
PCR master mix (Applied Biosystems, CA, USA). The
expression of Dicerl was compared with the expres-
sion:level of Gusb, as previously described [9]:: The
primer: sequences: were as follows: Dicerl : GAAC-
GAAATGCAAGGAATGGA and GGGACTTCGATA
TCCTCTTCTTTCTC; Gush: ACGGGATTGTGGT-
CATCGA and TCGTTGCCAAAACTCTGAGGTA.

Microarray analysis

RNA samples were prepared from liver tissues of
6-week-old  female = Alb-Cre;Ctnnb1fo*/fox  and
Cmnb179¥/fo* mice, The samples were labelled with a
miRNA Labeling Reagent & Hybridization Kit (Agi-
lent Technologies, CA, USA) based on the manufac-
turer's instructions. The labelled RNA samples were
hybridized: with a mouse miRNA microarray (Agilent
Technologies) containing 566 mouse miRNA probes
based on Sanger miRBase: v10.0. MicroRNAs that
showed more than two-fold changes with p < 0.05
(Welch t-test) were considered significant.

Results

Localization of pericentral proteins is only
marginally affected in Dicer mutant mice

To elucidate the roles of Dicer in liver zonation, liver
samples from Alb-Cre;Dicer**/fx 'mice and their
control littermates (Dicer*/f0%) were immunohisto-
chemically examined. As previously reported, the effi-
cient deletion of Dicerl in hepatocytes was achieved
in 3-week-old Alb-Cre;Dicer*/fox mice: however,
Dicerl-deficient hepatocytes were prone to apoptosis
and the complete disruption of Dicerl was followed
by repopulation with Dicerl-expressing hepatocytes
that had escaped Cre-mediated recombination [18].
We therefore examined the livers from 3-week-old
Alb-Cre;:Dicer™*/fox and Dicer/ox/fox mice (hereafter
referred to as Dicer-deficient and control livers).
Immunohistochemistry showed that the localiza-
tion of pericentral proteins was mostly maintained

Antigen Clone Dilution Source

Glutamine: synthetase 6 11000 Becton Dickinson, Franklin Lakes, USA

GLT-1 Polyclonal 1:500 Dr Masahiko Watanabe [24]

OAT Polyclonal 1:500 Santa Cruz Biotechnologies, Santa Cruz, USA
CYP2E| Polyclonal 11500 Dr Magnus Ingelman-Sundberg [25]
E-cadherin 36 11250 Becton Diclinson, Franklin Lakes, USA
PEPCK Polyclonal 1:200 Santa Cruz Biotechnologies, Santa Cruz, USA
CPS| Polyclonal 1:500 Santa Cruz Biotechnologies; Santa Cruz, USA
Avrginase. | . 19 1:2500 Becton Dickinson, Franklin Lakes, USA

OAT = ornithine aminotransferase; PEPCK = phosphoenolpyruvate carboxykinase; CPS1-= carbamoyl phosphate synthetase-l.

] Pathol 2009; 219: 365-372 DOL: 10.1002/path
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in the absence of Dicer. The distributions of GLT-1,
ornithine aminotransferase (OAT), and CYP2E1 were
unaltered in Dicer-deficient livers. GLT-1 and OAT
were expressed in a few layers of hepatocytes sur-
rounding the central veins (Figures 1A, 1B, 1D, and
1E). CYP2E1 was expressed in broader pericen-
tral areas (Figures 1J and 1K). Expression of glu-
tamine synthetase (GS) was observed in the pericentral
areas of both mice; however, the GS-positive areas
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were significantly broader in the Dicer-deficient livers
(Figures 1G and 1H).

The altered localization of GS was confirmed
by double immunofluorescence staining for GS and
CYP2EL. In control mouse livers, distinct distribu-
tions of these proteins were evident: GS expres-
sion was restricted to a few layers of hepato-
cytes surrounding the central veins, whereas CYP2E1
expression was extended to the distal pericentral

Ctnnb1 knockout
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Figure I. Expression of pericentral proteins in Dicer-deficient liver. Pericentral protein expression was examined using
immunohistochemistry. The distributions of GLT-1, OAT, and CYP2E| were unaltered in Dicer-deficient liver (B, E, K)
compared with those in control mouse liver (Dicer™/*) (A, D, ]). Glutamine synthetase maintained its pericentral localization
in Dicer-deficient liver (H), but its expression extended beyond its normal boundary and encompassed a broader area than that
observed in control mouse liver (G). Pericentral protein expression was completely lost in B-catenin-deficient livers (C, F, I, L). C

= pericentral vein; P = portal tract

J Pathol 2009; 219: 365-372 DOI: 10.1002/path
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Figure 2. Altered localization of glutamine synthetase (GS) in Dicer-deficient liver. The expression of GS and CYP2EI in control
(A-C) and Dicer-deficient liver (D—F) was examined using double immunofluorescence staining. In the control mouse liver, the
expression of GS was confined to a few layers of hepatocytes surrounding the central veins (A). However, GS was expressed in
broader pericentral areas in Dicer-deficient livers (D). The distributions of GS and CYP2E| were clearly distinct in control mouse

liver (C) but were almost identical in Dicer-deficient liver (F)

areas (Figures 2A-2C). However, the distribution
of GS-positive hepatocytes was almost identical to
that of CYP2El-positive cells in Dicerl-deficient
livers (Figures 2D—2F). The liver tissues from Alb-
Cre;Ctnnbl1/ox/flx  mice (hereafter referred to as
B-catenin-deficient livers) were also examined for
comparison (Figures 1C, 1F, 1H, and 1K). g-Catenin-
deficient livers lost the expression of all the pericentral
proteins that were examined as previously reported [9].

Periportal proteins are diffusely expressed
throughout the entire lobule in the absence
of Dicer

We then examined the expression of periportal pro-
teins. Phosphoenolpyruvate carboxykinase (PEPCK)
was expressed in a gradient pattern, with the high-
est levels in the proximal periportal areas in con-
trol mouse livers (Figure 3A). E-cadherin was also
expressed in the proximal periportal regions but exhib-
ited a more pronounced sharp demarcation between
positive and negative cells (Figure 3D). Arginase 1
was expressed in periportal to distal pericentral areas
(Figure 3G). Finally, carbamoyl phosphate synthetase-
I (CPS1) expression was found throughout the liver
lobules, with the exception of a few layers of perive-
nous hepatocytes; this distribution was complementary
to that of GS (Figure 3J). Remarkably, all of these
periportal proteins lost their localized expression pat-
terns and appeared in a diffuse pattern throughout the

J Pathol 2009; 219: 365-372 DOI: 10.1002/path

entire lobule in Dicer-deficient livers (Figures 3B, 3E,
3H, and 3K). E-cadherin, arginase 1, and CPS1 were
all homogeneously expressed in all hepatocytes. Some
heterogeneity was noted in the staining for PEPCK,
but the predominant expression in the periportal areas
was lost in Dicer-deficient livers.

Interestingly, similar results were obtained in an
analysis of periportal protein expression in B-catenin-
deficient livers. All the periportal proteins that were
examined lost their restricted expression patterns and
were diffusely expressed (Figures 3C, 3F, 31, and 3L).
Similar to the Dicer-deficient livers, the expression
of PEPCK exhibited minor heterogeneity. Thus, with
regard to periportal protein expression, the loss of
B-catenin and Dicer resulted in virtually identical
phenotypes, suggesting that both B-catenin and Dicer
are required for the localized expression of periportal
proteins.

Neither Dicer| nor any individual microRNAs
are directly activated by B-catenin/TCF

Previous studies and the present observations on S-
catenin-deficient livers showed that the expression of
pericentral proteins is dependent on active Wnt/B-
catenin signalling [4,9]. The conserved pericentral pro-
tein expression therefore indicates that Wnt signalling
is still active in the pericentral hepatocytes of Dicer-
deficient livers. On the other hand, periportal proteins
are diffusely expressed throughout the liver lobules in

Copyright © 2009 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.



Dicer in liver zonation

control Dicer1 knockout

A s.B

Arginase1 E-cadherin PEPCK

CPS1

369

Ctnnb1 knockout
C: ; "‘. ;I' 8

Figure 3. Expression of periportal proteins in Dicer-deficient liver. Periportal protein expression was examined using
immunohistochemistry. The characteristic distributions of the periportal proteins in the control mouse liver (A, D, G, ))
were completely lost in the Dicer-deficient (B, E, H, K) and B-catenin-deficient livers (C, F, |, L). High-magnification views of the
pericentral areas are presented as insets for CPS| (J—L). C = pericentral vein; P = portal tract

Dicer-deficient livers. This finding suggests that Dicer
is essential for the repression of periportal proteins
achieved by active Wnt signalling and that Dicer may
act downstream of S-catenin/TCF. However, Dicerl
expression was not affected in S-catenin-deficient liv-
ers, indicating that Dicer! itself is not involved imme-
diately downstream of Wnt signalling (Figure 4A).
Furthermore, we performed a microarray analysis to
test whether individual microRNAs are regulated by -
catenin. Similarly, a comparison of B-catenin-deficient

and control livers identified no microRNAs whose
expression levels were down-regulated in B-catenin-
deficient livers. Thus, we did not find any microRNAs
that were directly activated by B-catenin/TCF sig-
nalling (Figure 4B and Supporting information, Sup-
plementary Table 1). On the other hand, the analysis
identified four microRNAs that were up-regulated in
B-catenin-deficient livers: miR-31 (2.84-fold), miR-
34a (2.77-fold), miR-31* (2.91-fold), and miR-193b
(2.21-fold). However, considering the modest increase

J Pathol 2009; 219: 365—-372 DOI: 10.1002/path
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Figure 4. Expression of Dicerl and microRNAs in B-catenin-deficient liver. (A) Expression of Dicerl as determined using
quantitative PCR (n = 6 per group). (B) Microarray analysis of microRNA expression (n = 3 per group). The four microRNAs

with significantly altered expressions are indicated by the arrows

of these microRNAs, these changes are unlikely to
explain the dramatically altered expression of peripor-
tal proteins.

In summary, our data demonstrate that neither the
expression of Dicer] nor that of individual microR-
NAs is dependent on B-catenin/TCF signalling. Thus,

while Dicer and B-catenin elimination results in simi-
lar defects with regard to the inappropriate expression
of periportal proteins, our results indicate that Dicer
and microRNA expression is not directly controlled
by Wnt signalling.

Discussion

Recent studies have suggested that the Wnt/f-catenin/
TCE signalling pathway plays a key role in the estab-
lishment of liver zonation [4,5]. As observations of
B-catenin-deficient liver have indicated, B-catenin-
mediated signalling is essential for both the expression
of pericentral proteins and the repression of peripor-
tal proteins in pericentral hepatocytes. Even though
MAPK signalling has been reported to affect zonation
through the modulation of B-catenin/TCF-dependent
transcription {11], the mechanisms underlying the
establishment of zonation remain largely undefined.
The present study identified Dicer as a novel and
essential component in the establishment of one aspect
of liver zonation, the repression of periportal proteins
in pericentral areas.

The hepatocyte-specific loss of Dicer resulted in
the diffuse expression of proteins that are normally
localized to the periportal areas. On the other hand,
the localization of pericentral proteins was left mostly

] Pathol 2009;219:365-372 DOV:: 10.1002/path

unaltered. Since pericentral protein expression requires
active Wnt signalling [4,8,9], the conservation of
pericentral protein expression in Dicer-deficient liv-
ers indicates that the loss of Dicer does not affect
Whnt activity in pericentral hepatocytes. In contrast;
our findings in Dicer-deficient livers suggest that the
repression of periportal proteins by active Wnt sig-
nalling requires Dicer. While the induction of pericen-
tral proteins and the repression of periportal proteins
are coordinated by Wnt signalling, these processes are
regulated independently of each other, and Dicer is
selectively required for the repression of periportal
proteins.

To explore how Dicer is involved in the repres-
sion of periportal proteins, we first tested whether
the expression of Dicer itself was regulated by
B-catenin/TCF; however, the expression of Dicerl
was not altered in B-catenin-deficient livers. The
primary physiological role of Dicer is microRNA
processing [12,19]. While Dicer has microRNA-
independent functions, such as endogenous siRNA
processing in at least some organs [20,21], Dicer’s
functions are generally thought to be largely medi-
ated by microRNAs. Since microRNA precursors
are mostly transcribed by RNA polymerase 1I [22],
some - microRNAs might be transactivated by B-
catenin/TCF, resulting in suppression of peripor-
tal genes. Nevertheless, we could not identify any
microRNAs that were down-regulated in B-catenin-
deficient livers. Collectively, these observations imply
that Dicer plays an essential role in the repression of
periportal proteins at some point downstream of B-
catenin/TCF signalling, albeit this effect likely occurs
through an indirect mechanism.

Copyright © 2009 Pathological Society of Great Britain'and Ireland. Published by John Wiley & Sons, Ltd.
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Figure 5. Model of the regulation of zonal gene expression.
B-Catenin/TCF transactivates pericentral - genes as well ‘as
represses periportal genes. Dicer and microRNAs are essential
for the repression of periportal genes, but are not directly
regulated by B-catenin

The disruption of Dicer did not have a major effect
on the localization' of pericentral proteins, but it did
result in the expression of GS in a broader area. This
finding indicates that a suppressive signal mediated
by Dicer is:required for the repression. of GS in
distal pericentral areas. A previous study reported that
loss. of Hnf4a' also caused - aberrant GS ‘expression
[23]. However, the loss: of Hnfda resulted in weak
expression of GS in the entire lobule; unlike in Dicer-
deficient livers, and the expression of Hnf4a was not
altered in Dicer-deficient livers [18]. While the loss of
Dicer and Hnf4a both affected the localization of GS,
these two molecules seem to regulate GS expression
through independent mechanisms.

In summary, the present study shows that Dicer is
required for the establishment of proper liver zonation.
Dicer is essential for the suppression of periportal pro-
teins by Wnt/B-catenin/TCF signalling; albeit neither
Dicer itself nor any individual microRNAs are directly
activated by B-catenin/TCF. Our results suggest that
Dicer regulates factor(s) that suppress periportal genes
at some point downstream of B-catenin (Figure 5).
However; the individual microRNAs respons1ble for
the repression of periportal proteins remain elusive
at present. Further studies of individual microRNAs
should: help: to elucidate the precise mechanisms by
which: these factors regulate zonal gene expression in
the liver.
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| atients (21.0%)
with an R1 resection margin had a poorer prognosis than 148 patients
(69.2%) with a negative resection margin, whereas 21 patients
(9.8%) with an R1 (is) resection margin did not. In patients with an
R1 resection margin, the risk of an otic recurrence was higher,
and the period until anastomotic recurrence was shorter, than in
patients with an R1 (is) resection margin. Surgeons should not be
persistent in trying to achieve a negative surgical margin when
the intraoperative frozen section diagnosis is R1 (is), and can choose
a safe surgical procedure to avoid postoperative complications.

{Cancer Sci 2009; 100: 62-70)

B iliary fract carcinoma still has a poor prognosis, and most
cases are at an advanced stage when patients present with
symptoms. Previous studies of extrahepatic bile duct carcinoma
and hilar cholangiocarcinoma have indicated that surgical
resection is the only curative tréatment for affected patients. {19

Biliary tract carcinoma is remarkable because of its tendency

for superficial extension by wide intraductal carcinoma{!!-19
However, it is difficult to accurately estimate the extent of the
intraductal carcinoma component in the biliary tract on the basis
of preoperative imaging studies.!*!5® It js feasible that
intraoperative histological diagnosis using frozen sections may
detect tumor involvement at the bile duct resection margin.

Surgeons are required to make an immediate decision about the

resection area based on intraoperative frozen section diagnosis.
However, to our knowledge, no previous study has examined the

clinicopathological significance and prognostic impact of an

intraductal catcinoma component with reference to bile duct
resection margin status in patients with biliary tract carcinoma.

In this retrospective study, the presence or absence of an
intraductal carcinoma component and bile duct resection margin

status were evaluated by histological observations of all sur-

gically resected materials from 214 patients with biliary tract
carcinoma who underwent radical surgery with curative intent.
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resecti

. The in

T to provide a yardstick for surgeons who depend on the
frozen section diagnosis during surgery, we examined
ation between an intraductal carcinoma component

ct resection margin status on the one hand, and clin-
ogical parameters on the other, and also the prognostic

impact of an intraductal carcinoma component and bile duct

margin status,

ind Methods

nd specimens. The study included 214 patients with
carcinoma who underwent radical surgery with

it at the National Cancer Center Hospital, Tokyo,

n May 1965 and December 2003. Patients who

vital or within 100 days after surgery, and patients

ent biopsy or palliative surgery, were not included.

ded patients comprised 150 men and 64 women,

ranging in age from 33 to 83 (mean 63.4) years.

The main tumor nodule was located in the lower, middle and
upper thirds of the extrahepatic bile duct, the entire extrahepatic
bile duct, the hilar bile duct, and intrahepatic bile duct adjacent
to the hilar area in 27, 38, 14, 5, 77, and 53 patients, respec-
tively. Patients with carcinoma of the peripheral intrahepatic bile
duct were excluded. Pancreatoduodectomy (PD), extrahepatic
bile duct resection (EHBD), hepatic resection with extrahepatic
bile duct resection (HR+EHBD), hepatic resection (HR) and
combined hepatectomy and pancreatoduodectomy (HPD) were
performed in 47, 19, 124, 16 and 8 patients, respectively. The
formalin-fixed surgically resected specimens were cut into slices
at intervals of 0.5-0.7 cm, and all the sections were embedded
in paraffin and routinely processed for microscopical exami-
nation. All tumors were classified according to the pathological
tumor-node-metastasis (TNM) classification.”? Intrahepatic
bile duct carcinomas adjacent to the hilar area, for which TNM
criteria have never been established, were classified according to
the TNM classification for extrahepatic bile duct carcinoma.
This study was approved by the Ethical Committee of the
National Cancer Center, Tokyo.

Evaluation of an intraductal carcinoma component and bile duct
resection margin status. The intraductal carcinoma component
was define carcinoma within the bile duct and its small-
branch outside the main tumor nodule consisting of a
subepithelial invasive component (Fig. 1). For cases in which
intraoperative frozen section diagnosis of the ductal stamp had
been performed, the proximal (hepatic) side bile duct resection
margin status was histologically assessed by review of the
frozen section and its re-fixed permanent section with reference

5To.whom correspondence should be addressed. E-mail: ykanai@ncc.go.jp
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Fig. 1. Definition of an intraductal carcinoma
component (I). (A) | is defined as intraductal
carcinoma in the bile duct and its small branch
outside the main tumor nodule (M) consisting of
a submucosal invasive component. (B and C)
Microscopic view of an example of | in the bile duct
and its small branch (arrow). Hematoxylin and
eosin (H&E) stain, original magnification x40 (B)
and x400 (C). (D and E) Microscopic view of an
example of M. Carcinoma in situ inside M (arrow
heads) is not considered as | in this study. H&E
stain, original magnification x40 (D) and x200 (E).

to the extent of the tumor in formalin-fixed surgically resected
specimens. For cases in which intraoperative frozen section
diagnosis of the ductal stump had not been performed, proximal
side bile ductal resection margin status was histologically
assessed by review of the formalin-fixed surgically resected
specimens.

Follow-up and assessment of anastomotic recurrence at the bile
duct resection margin. All 214 patients were followed for more
than 100 days, and the mean duration of follow-up was 1215
days. Follow-up examination was performed using computed
tomography, abdominal ultrasonography, and measurement of
the serum carcinoembryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA19-9) levels every 3-6 months by surgeons.
Anastomotic recurrence at the proximal side of the bile duct
resection margin was diagnosed only in patients with a positive
resection margin. In such patients, when a mass lesion was
detected after dilatation of the bile duct in the residual liver
because of obstruction of the anastomosis site, using radiological
evaluation including computed tomography and ultrasonography,
surgeons considered that the patient had anastomotic recurrence
(not local recurrence in which perineural invasion around the
hepatic artery and/or involved regional nodes first formed a mass
lesion). Causes of death were determined from the medical records.

Statistical analyses. Correlations between presence or absence
of an intraductal carcinoma component and bile duct resection
margin status on the one hand and clinicopathological parameters
on the other were analyzed using chi-squared test.

Person-days of follow-up were calculated from the date of
surgical resection until date of death or end of the study period
(March 8, 2005), whichever occurred first. The crude rate of
all-cause deaths was calculated by dividing the number of
deaths by the number of person-days. Similarly, person-days
of follow-up were calculated from the date of surgical resection
until date of death, date of diagnosis of anastomotic recurrence,

Ojima et al.

or end of the study period (March 8, 2005), whichever occurred
first. The crude rate of recurrence at the proximal side bile duct
resection margin was calculated by dividing the number of cases
with recurrence by the number of person-days. Survival curves
were constructed using the Kaplan—Meier method, and dif-
ferences in survival were evaluated using the log-rank test. The
Cox proportional hazards model was used to estimate hazard
ratio (HR) and 95% confidence interval (CI) of death or anas-
tomotic recurrence by clinicopathologic factors using the SAS
program (PROC PHREG) (SAS Institute Inc., Cary NC, US).
All tests were two-sided and differences at P < 0.05 were
considered statistically significant.

Results

Univariate analysis of correlation between an intraductal carcinoma
component and clinicopathological parameters. An intraductal
carcinoma component was positive in 79 (36.9%) of the 214
examined patients. Correlations between an intraductal carcinoma
component and clinicopathological parameters were examined
using univariate analysis (Table 1). Location of the main
tumor nodule (P = 0.007), and histologic type (P < 0.0001) were
significantly correlated with an intraductal carcinoma component
(Table 1). Tumor size (P = 0.01), depth of invasion (P < 0.0001),
venous involvement (P <0.0001), lymphatic involvement
(P =0.0006), perineural involvement (P < 0.0001), the pathological
assessment of the primary tumor (pT) (P < 0.0001), and pathological
TNM stage (P <0.0001) were each inversely correlated with
presence of an intraductal carcinoma component: patients with
an intraductal carcinoma component infrequently developed
large tumors, infrequently showed deep invasion into the bile
duct wall and venous, lymphatic and perineural involvement
in the main tumor nodule, and were infrequently at an advanced
stage when diagnosed (Table 1).

Cancer Sci | January2009 | vol.100 | no.1 | 63
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Table 1." Correlation between an intraductal carcinoma component and clinicopathological parameters in patients with biliary tract carcinoma

No. of cases

Intraductal carcinoma component .
P P for difference*

Negative Positive
(n=135) (n=79)

Age (years) 0.01
<65 73 29
265 62 50

Sex 0.85
Male 94 56
Female 41 23

Location of the main tumor nodule 0.007
Lower third of extrahepatic bile duct 15 12
Middle third of extrahepatic bile duct 17 21
Upper third of extrahepatic bile duct 6 8
Entire extrahepatic bile duct™ 2 3
Hilar bile duct 54 23
Intrahepatic bile duct 41 12

Histologic type <0.0001
Adenocarcinoma 129 55
Papillary adenocarcinoma 1 21
Others 5 3

Tumor size {cm) 0.13
<3 54 40
>3 81 39 7

Differentiation of adenocarcinoma 0.50
Well 34 18
Moderate 80 29
Poor 15 8

Depth of invasion <0.0001
Carcinoma in situ or invasion to fibromuscular layer 1 16
Invasion into subserosa or beyond bile duct wall 134 63

Venous involvement : <0.0001
Absent 6 19
Present 129 60

Lymphatic involvement 0.0006
Absent 9 18
Present 126 61

Perineural involvement . <0.0001
Absent 10 24
Present 125 55

pT classification <0.0001
pT1-2 11 40
pT3-4 124 39

pN classification 0.06
pNO 64 48
pN1 71 31

TNM stage <0.0001
0, 1A, 1B 8 32
A 53 . 14
s} 62 28
lil} 12 5

*Chi-squared test.

Univariate _analysis of correlation between an intraductal
carcinoma component or: clinicopathological parameters on the
one hand and prognosis of patients on the other. Overall survival
rates after resection were 33.2% at 5 years and 22.9% at 10
years. Hazard ratio (HR) and 95% confidence interval :(CI) of
all-cause deaths by an intraductal carcinoma component and
other clinicopathological parameters were examined using
univariate analysis (Table 2). Patients with an intraductal
carcinoma component showed a significantly more favorable
prognosis than patients without such a component (Table 2).

64

Multivariate: analysis of prognostic impact of an intraductal
carcinoma component. When all 214 patients were examined by
multivariate analysis adjusted for age, operation day, type of
surgical resection, tumor size; histologic type and ‘tumor
differentiation, depth of invasion, venous involvement, lymphatic
involvement, perineural involvement and TNM stage, patients
with an intraductal carcinoma component showed a significantly
more favorable prognosis than patients without such a component
(Table 3). When only the 117 patients who underwent complete
resection (proximal side bile ‘duct resection” margin for all

doi: 10.1111/1.1349-7006.2008.01009.x
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Table 2... Crude hazard ratio (HR) and 95% confidence interval (Cl) of all-cause deaths by an intraductal carcinoma component and clinicopathological

parameters
No. of deaths. Person-days  Crude death rate’ - Crude HR 95% Cl P for trend

Intraductal carcinoma component

Negative 96 136 804 70.2 1.00

Positive 35 123 209 28.4 0.39 0.27, 0.58
Age (years)

<65 58 137 562 42.2 1.00

265 73 122 451 59.6 1.33 0.94, 1.87
Sex

Male 94 179745 52.3 1.00

Female 37 80 268 46.1 0.84 0.57, 1.23
‘Location of the main tumor nodule

Lower third of extrahepatic bile duct 17 43 899 38.7 1.00

Middle third of extrahepatic bile duct 23 43 696 52.6 1.04 0.56,.1.96

Upper third of extrahepatic bile duct 10 18 228 54.9 117 0.54,.2.56

Entire of extrahepatic bile duct 3 4837 62.0 1.07 0.31,.3.67

Hilar bile duct 46 87 502 52.6 1.09 0.63, 1.91

Intrahepatic bile duct 32 61 851 51.7 1.14 0.63, 2.06
Histologic type

Adenocarcinoma 123 211330 58.2 1.00

Papillary adenocarcinoma 5 37000 13.5 0.25 0.10; 0.62

Others 3 11683 25.7 0.51 0.16, 1.61
Tumor size (cm)

<3 46 134392 34.2 1.00

23 85 125621 67.7 + 1.82 1.27, 2.61
Differentiation of adenocarcinoma

Well 36 70278 51.2 1.00

Moderately . 67 126 210 53.1 1.13 0.75, 1.69

Poorly 20 14 842 134.8 2,56 1.47, 4.44
Depth of.invasion

Carcinoma in situ or invasion to fibromuscular layer 3 37435 8.0 1.00

Invasion into subserosa or beyond bile duct wall 128 222578 575 6.44 2.04,20.3
Venous involvement

Absent 6 63305 9.5 1.00

Present . 125 196 708 63.5 5.80 2.54, 13.3
Lymphatic.involvement

Absent 9 76 294 11.8 1.00

Present 122 183719 66.4 4.67 2.25, 9.67
Perineural involvement

Absent " 72 565 15.2 1.00

Present 120 187 448 64.0 3.67 1.95, 6.89
pT classification

pT1-2 23 89 367 25.7 1.00

pT73-4 108 170646 63.3 2.32 1.47, 3.66
pN classification

pNO 57 176 738 323 1.00

pN1 74 83275 88.9 2.56 1.80, 3.65
TNM stage

0,1AIB : 15 77:359 19.4 1.00 <0.01

fIA 39 91428 42.7 2.26 1.24, 4.12

8 : 65 75858 85.7 4.21 2.37; 7.46

I} 12 15368 78.1 3.80 1.77, 8.15

*per 100 000 person-days.

patients; distal [duodenal] side bile duct resection margin for
patients who underwent HR + EHBR, resected margin of the
pancreas for patients who underwent PD were all negative) were
examined in order to eliminate the effect of surgical curability,
an intraductal carcinoma component: was still a favorable
prognostic factor (Table 3).

Correlation between an intraductal carcinoma component and bile
duct resection margin status. Although an intraductal carcinoma
component has been proven to be a favorable prognostic factor,

Ojimaet al:

it is feasible that patients with such components frequently have
tumor involvement at the bile duct resection margin. Therefore,

- the correlation between an intraductal -carcinoma component

and proximal side bile duct resection margin status (negative or
positive) was examined statistically (Table 4).. An intraductal
carcinoma component was found to be correlated with bile duct
resection margin status; patients with an intraductal carcinoma
component more frequently had a positive resection margin than
patients: without such a component (P =0.0192, Table4). In
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