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Abstract

AIM: To assess histochemical expression of KL-6 and its
clinicopathological significance in carcinoma of the ampulla
of Vater.

METHODS: Ampullary carcinoma tissues were collected
from 38 patients who underwent pancreatoduodenectomy
or local resection. Tissues were subjected to immunohi-
stochemical analysis using KL-6 antibody.

RESULTS: Positive staining of ampullary carcinoma cells
was observed in 26 (68.4%) cases. Staining was not found
in the surrounding non-cancer regions of the ampullary
tissues. Remarkable KL-6 expression was observed in
invasive carcinoma cells in pancreatic and duodenal tissues
and in metastatic carcinoma cells in lymph nodes. Positive
KL-6 expression was related to lymph node metastasis
(P = 0.020), pancreatic invasion (P = 0.016), duodenal
invasion (P = 0.034), and advanced stage of TNM clinical
classification (P = 0.010). Survival analysis showed that
positive expression of KL-6 was related to a poorer prognosis
(P=0.029).

CONCLUSION: The aberrant expression of KL-6 mucin is
significantly related to unfavorable behaviors of carcinoma
of the ampulla of Vater.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Carcinoma of the ampulla of Vater is a malignancy with a
low incidencel”. Although the prognosis for patients with
this cancer is higher than that for patients with cancer arising
within the pancreas or common bile duct, the 5-year survival
rate after tesection is less than 50%™. Therefore, the mechanism
for development of this cancer must be understood to
improve the patient’s prognosis.

Cell surface sialylation changes dramatically during
oncogenesis*?. In several tumors, histochemical studies with
sialic acid-binding lectins and antibodies against sialylated
carbohydrate antigens showed that aberrant expression of
sialylated glycoconjugates may play an important role in
tumot progression”'"l. However, the natutes of these
glycoconjugates and their clinical application are not yet
known.

KL-6 is a type of MUCT mucin, recognized by a murine
mAb, KL-6 antibody, as obtained by Kohno ¢# 4/, from a
hybridoma established from the splenocytes of a BALB/c
mouse immunized with a human pulmonary adenocarcinoma
cell line, VMRC-LCR!"". The epitope recognized by the
KL-6 antibody exists in sialylated carbohydrate moieties of
the mucin molecule, and this sialylation is essential to the
recognition by the KI.-6 antibody"?.

Histochemical expression of KI-6 has been observed
in malignant tissues in several organs!""'?. However, little is
known about the expression profile and clinical significance
of KL-6in carcinoma of the ampulla of Vater. With due
consideration to the importance of sialylation of glycoconjugates
in tumor behavior, and that the epitope of KL-6 antibody
is a sialylated carbohydrate, investigation of the expression
profile of KL-6 in carcinoma of the ampulla of Vater will
yield significant pointers in clarification of the mechanisms
involved in the development of this cancer. In this study,
we performed histochemical analysis of KI.-6 in ampullary
carcinoma tissues and examined the relationship between
KL-6 expression and clinicopathological parameters in
carcinoma of the ampulla of Vater.
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MATERIALS AND METHODS

Patients

Ampullary carcinoma tissues were collected from 38
patients (22 males and 16 females; median age of 68 years;
range of 54-85 years) surgically treated at the Hepato-Biliary-
Pancreatic Surgery Division, Department of Surgery, Graduate
School of Medicine, the University of Tokyo, between April
1976 and December 2002. All of the patients except one
underwent pancreatoduodenectomy, whereas one patient
underwent local resection. The size of the tumors varied
from 1.0 to 7.5 cm (2.4%1.3 cm, mean®SD). Histopathological
examination was performed according to the guidelines of
the Japanese Society of Biliary Surgery™. The TNM staging
system of the International Union Against Cancer was used
for TNM classification™,

Immunohistochemistry

Five-mircometer-thick sections were cut from archival formalin-
tixed paraffin-embedded tissue blocks, deparaffinized, and
dehydrated through a graded series of ethanol. Endogenous
peroxidase activity was quenched with 0.3% hydrogen
peroxide/methanol. The sections were incubated at 4 ‘C
overnight with KI.-6 antibody (Eisai, Tokyo, Japan) diluted
to 1:150. The sections were then incubated with biotinylated
anti-mouse antibody for 30 min at room temperature
followed by development with the biotin-streptavidin-
peroxidase complex method, using a commercial kit as per
the manufacturer’s instructions (Vectastain ABC Elite kit;
Vector, Burlingame, CA, USA). 3,3’-Diaminobenzidine was
used as the chromogen, and hematoxylin was used as a
counterstain. Fach tissue sample was microscopically analyzed
over its entire area to determine histopathological characteristics.
The percentage of cancer cells that were stained of the total
number of cancer cells was determined in 10 random
microscopic fields of each tissue sample, or using the entire
area, if the tissue sample comprised less than 10 fields
(magnification X200). Cases in which more than 10%
carcinoma cells were stained were defined as positive.

Statistical analysis

The % test was used to evaluate the relationship between
KL-6 expression and clinicopathological parameters. Survival
curves were calculated by the Kaplan-Meier method and
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compared with results of the log rank test. Differences of
P<0.05 were considered significant. Statview 5.0] (Abacus
Concepts, Berkeley, CA, USA) statistical software was used
for data analysis.

RESULTS

Immunohistochemistry

Figure 1 shows immunohistochemical analysis of ampullary
carcinoma tissues using KI.-6 antibody. Positive staining was
observed in 26 (68.4%) of 38 cases. The population of
KL-6-positive tumor cells in the cancer regions varied among
the samples (mean 49.2%, range 17.0-84.0%). The staining
was localized in the tumoz-cell cytoplasm and cell membrane
in cancer regions (Figure 1A), whereas staining was not
detected in the surrounding non-cancer regions of the
ampullary tissues. In some cases, the stained materials were
also detected along the inner surfaces of glands (Figure 1B).
On the other hand, in 12 of 38 cases (31.6%), stained cells
were scarce (Figure 1C).

Immunohistochemical analysis was focused on pancreatic
and duodenal tissues showing pathological invasion of the
ampullary carcinoma cells (Figure 2). Strongly stained
carcinoma cells were frequently observed in the invaded
areas of pancreatic tissues (Figure 2A), whereas only weak
staining was sporadically observed in the surrounding normal
pancreatic tissues (Figure 2B). Similarly, strongly stained
carcinoma cells were frequently observed in the invaded
areas of duodenal tissues (Figure 2C), whereas the surrounding
normal duodenal epithelium was scarcely stained by KI.-6
antibody (Figure 2D).

In all of the metastatic lymph node tissues tested, strong
staining was found in carcinoma cells, whereas staining was
not found in the surrounding normal tissues (Figure 3).
Staining was not found in metastatic negative lymph node
tissues (data not shown).

Clinicopathological and survival characteristics

The relationship between KIL-6 expression and clinicopa-
thological characteristics of tumors was examined. As shown
in Table 1, positive KI.-6 expression was significantly frequent
in cases of lymph node metastasis than those without it
(P = 0.020), in cases of pancreatic invasion than those
without it (P = 0.016), in cases of duodenal invasion than
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Figure 1 Immunohistochemical stain of the ampullary carcinoma tissues using KL-6 antibody. A: A typical example showing moderately positive staining; B: a
typical example showing the moderately positive staining of inner surface of glands; C: a typical example in which stained cells are scarcely observed. Original
magnification x200.
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Figure 2 Immunohistochemical stain of KL-6 in invasive area of tumor. A: Area of pancreatic tissue invaded by carcinoma; B: normal pancreatic tissue; C: area of
duodenal tissue invaded by carcinoma; D: normal duodenal tissue. Original magnification x200.

Table 1 Relationship between KL-6 expression and clinicopatho-
logical parameters in patients with carcinoma of the ampulla of Vater

Positive KL-6
Parameters n expression P
(n=26; %)

Age (yr)

=65 24 14 (58.3)

<65 14 12 (85.7) 0.080
Sex

Male 22 16 (72.7)

Female 16 10 (62.5) 0.503
Histological grade

Well differentiated 31 22 (71.0)

Moderately differentiated 3 (75.0)

Poorly differentiated 3 1(33.3) 0.390
Lymphatic vessel invasion

Present 23 18 (78.3)

Absent 15 8 (53.3) 0.106
Lymph node metastasis

Present 23 19 (82.6)

Absent 15 7 (46.7) 0.020
Venous invasion

Present 17 14 (82.4)

Absent 21 12 (57.1) 0.096
Pancreatic invasion

Present 26 21 (80.8)

Absent 12 5(41.7) 0.016
Duodenal invasion

Present 30 23 (76.7)

Absent 8 3 (37.5) 0.034
TNM clinical classification

MI+IV 18 16 (88.9)

I+11 20 10 (50.0) 0.010

Figure 3 A typical example showing moderately positive staining of KL-6 in
carcinoma cells in a metastatic lymph node tissue. Original magnification x100.

those without it (P = 0.034), and in cases classified into 111
or IV by TNM clinical classification than those classified
into I or IT (P = 0.010). On the other hand, KI.-6 expression
was not associated with age, sex, histological grade, lymphatic
vessel invasion, and venous invasion (Table 1).

The relationship between KI-6 expression and patient
survival was then analyzed. As shown in Figure 4, patients
showing positive KI.-6 expression (# = 26) displayed a
significantly poorer prognosis than those showing negative
KL-6 expression (7 = 12): 5-year survival rates were 30.8
and 75.0%, respectively, as determined by the Kaplan-Meier
method (P = 0.029 by the log rank test).

DISCUSSION

Mucins are large extracellular glycoproteins with high
carbohydrate content and marked diversity both in the
apoprotein and in the oligosacchatide moieties!. It has been
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Figure 4 Kaplan-Meier curves for overall survival rates of patients with
carcinoma of the ampulla of Vater. Patients with positive (solid line, n = 26) and
negative (dotted line, n = 12) KL-6 expression were followed-up for over 70 mo.

noted that ampullary carcinoma have a heterogeneous mucin
expression pattern'®' and that overexpression of MUCI
was associated with invasive and metastatic potency of
several adenocarcinoma’®?, However, the studies on
MUC1 expression were mostly done with different
antibodies, which recognize different carbohydrate epitopes
ot the core peptide. This study addresses clinicopathological
significance of histochemical expression of KL-6, MUC1
mucin-bearing sialylated carbohydrate epitope recognized
by KL-6 antibody, in carcinoma of the ampulla of Vater.
Sialylation of tumor cell surface glycoconjugate is thought
to contribute to tumor progression and metastasist’ %,
Furthermore, since sialylated oligosaccharide moieties are
exposed on the mucin molecules, KL-6 antibody could
effectively recognize the mucin without epitope masking as Cao
and Karsten indicated with several antibodies against peptide
epitopes of MUC1PU. Therefore, immunohistochemical
detection of KIL-6 mucin seems to be a reasonable strategy:.

The present data shows that aberrant expression of KI.-
6 mucin is related to unfavorable behaviors of the carcinoma,
such as lymph node metastasis, pancreatic invasion, duodenal
invasion, and the advanced stage of TNM clinical classification
(Table 1), and poorer prognosis (P = 0.029, Figure 4).
Furthermore, remarkable expression of KIL-6 was found in
invasive carcinoma cells in pancreatic and duodenal tissues
and in metastatic carcinoma cells in lymph nodes (Figures 2
and 3). These results suggest that KI.-6 mucin might play
an important role in unfavorable tumor behaviors, such as
invasions and metastasis of carcinoma of the ampulla of
Vater.

Several tumor-associated carbohydrate antigens have
been identified on mucins®?*). Aberrant forms of mucins
expressed in cancer cells have been considered to arise as a
consequence of the deregulation of expression of enzymes
that modify them!". The epitope recognized by KI.-6
antibody is sialylated carbohydrates included in MUC1
molecule!, although the detailed structure of the epitope
remains to be determined. Among the many types of
carbohydrates, sialic acid is vital for cancer growth, since
enhanced sialylation is thought to play a role in tumor
progression and metastasis®*!. Carbohydrate moieties of
glycoconjugates are constructed by complex interactions
involving a seties of glycosyltransferases®?%. In out previous
study, the aberrant sialylation of glycoconjugates in carcinoma

of the ampulla of Vater has been found in histochemical
analyses using sialic acid-binding lectins such as Maackia
amurensis leukoagglutinin and Sambucus nigra agglutinin®’,
Therefore, it is postulated that the aberrant expression of KL.-
6 stems from the aberrant expression of the glycosyltransferase
(s) such as sialyltransferase, which participates in the construction
of the epitope for KL-6 antibody. Relationship of KL-6
expression to invasions and metastasis has also been suggested
in colorectal carcinomal®*,

Surgery is still the only option that provides a cure for
patients with carcinoma of the ampulla of Vater. Patient
outcome after surgery for carcinoma of the ampulla of
Vater is better than that for pancreatic cancer or bile duct
cancer. However, patients with lymph node metastasis or
invasion of carcinoma to adjacent organs including the
pancteas or duodenum display a pootet prognosis™’*?. The
present study revealed that positive KIL.-6 expression was
significantly related to lymph node metastasis, pancreatic
invasion, and duodenal invasion of ampullary carcinoma.
These clinicopathological parameters are recognized as
prognostic factors of ampullaty carcinomal®!l. In particular,
the presence of lymph node metastasis, pancreatic invasion,
and duodenal invasion was found in 73% (19/26), 81%
(21/26), and 88% (23/26), respectively, of KL-6-positive
cases. Further, strong staining of KIL-6 was frequently found
in invasive carcinoma cells in pancreatic and neonatal tissues
and in metastatic carcinoma cells in lymph nodes. Therefore,
histochemical analyses of preoperatively biopsied tissues
using anti-KI1.-6 antibody might be helpful for the assessment
of the development of lymph node metastasis, pancreatic
invasion, and duodenal invasion, which would increase a
physician’s ability to determine operative procedures or
predict prognosis for individual patients. Examination with
a larger population and a biochemical approach is needed
to understand clinical significance of KL-6 expression and
biochemical role of carbohydrate moiety of KL-6 mucin
in carcinoma of ampulla of Vater.
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