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1. Introduction

A dramatic change in sialoglycoconjugate expression 
on the surface of cancer cells is considered to play an 
important role in tumor progression (1,2). In particular, 
overexpression of MUC1 mucin, a transmembrane 
mucin glycoprotein with sialo-oligosaccharides in its 
extracellular tandem repeat domain (3), was frequently 
detected in various gastrointestinal cancers and suggested 
an association with the invasive and metastatic capacity 
of those adenocarcinomas (4-7). MUC1 mucin is also 
frequently detected in pancreatic ductal adenocarcinoma 
(PDAC) and may be related to its aggressive behavior 
and poor outcomes (8,9). However, MUC1 comes in 
many forms because of the variation of its carbohydrate 

components, and each form may have a different effect 
on cancer progression (9).
 Aberrant expression or localization of KL-6 mucin, 
a MUC1 detected by KL-6 monoclonal antibody 
(mAb), was observed in various cancers of the 
digestive organs (10-12). Clinicopathological analyses 
suggested that subcellular localization of KL-6 mucin 
in the circumferential membrane and/or cytoplasm of 
cancer cells was signifi cantly related to the malignant 
behavior of cancer, such as the presence of cancer cell 
invasion and metastasis. In pancreatic cancer tissue, 
positive KL-6 staining was detected in the cytoplasm 
and luminal surface of cancer cells in all tested cases 
(13). In addition, that study also noted positive KL-6 
staining in 1 of 5 intraductal papillary mucinous 
neoplasms (IPMNs). However, IPMNs have several 
stages of malignancy based on the morphology and 
invasive characteristics of tumor cells, and subcellular 
localization of KL-6 mucin in IPMNs and its relation to 
tumor malignancy are still unclear because of the small 
number of patient in the previous study. In the present 
study, the subcellular localization of KL-6 mucin was 
evaluated in several histological types of IPMNs and 
PDACs. 

Summary This study aimed to clarify the expression profile of KL-6 mucin in intraductal papillary 
mucinous neoplasm (IPMN) and its relation to tumor malignancy. Expression of KL-6 
mucin in 38 IPMNs (intraductal papillary mucinous adenoma (IPMA), 24 cases; minimally 
invasive intraductal papillary mucinous carcinoma (MI-IPMC), 8 cases; invasive carcinoma 
originating from IPMC (IC-IPMC), 6 cases) and 66 pancreatic ductal adenocarcinomas 
(PDACs) was evaluated immunohistochemically. IC-IPMCs and MI-IPMCs had positive 
staining of KL-6 mucin whereas 58% of IPMAs tested negative. Subcellular localization of 
KL-6 mucin varied among IPMNs whereas all of the PDAC had positive expression in the 
circumferential membrane and cytoplasm of cancer cells. IC-IPMCs and MI-IPMCs had a 
higher frequency of circumferential membrane and cytoplasmic localization of KL-6 mucin 
than did IPMAs. These results suggest that localization of KL-6 mucin could be used to 
predict the malignancy of IPMN.
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2. Patients and Methods

2.1. Patients

Tissue samples of IPMNs and PDACs were respectively 
collected from 38 and 66 patients who underwent 
pancreatoduodenectomy or distal pancreatectomy 
from 1994 to 2007 at the Department of Surgery of 
the University of Tokyo Hospital (Table 1). Patients 
consisted of 24 men and 14 women ages 42 to 77 years 
(mean ± SD, 65.9 ± 7.8). Pathological diagnosis of 
IPMN was classifi ed as intraductal papillary mucinous 
adenoma (IPMA, n = 24), minimally invasive intraductal 
papillary mucinous carcinoma (MI-IPMC, n = 8), or 
invasive carcinoma originating from IPMC (IC-IPMC, 
n = 6). Pathological characteristics were evaluated 
according to the Japanese classification of pancreatic 
cancer from the Japan Pancreatic Society (14).

2.2. Immunohistochemistry

Sections (5 μm thick) were cut from archival formalin-
fixed paraffin-embedded tissue blocks, deparaffinized, 
and rehydrated through a graded series of ethanol. 
Endogenous peroxidase activity was quenched with 
0.3% hydrogen peroxidase/methanol. After incubation 
with 5% normal goat serum for 30 min at room 
temperature, the sections were then incubated with 
KL-6 mAb (1:200 dilution; Eisai, Tokyo, Japan) 
for 60 min at room temperature. After the sections 
were incubated with biotin-conjugated secondary 
antibody, the biotin-streptavidin-peroxidase complex 
method was performed using a commercial kit per 
the manufacturer's instructions (Nichirei Corp., 
Tokyo, Japan). 3,3'-Di aminobenzidine was used 
as the chromogen and haematoxylin was used as a 
counterstain. Negative control sections were treated 
without the primary antibody. Staining of KL-6 mucin 
in 10 random microscopic fields (or in the whole 
section if the slide contained < 10 fi elds) was observed, 
and tumor tissues in which > 10% of the cells displayed 

brown granules in subcellular structures were defined 
as positive. Subcellular staining patterns of KL-6 mucin 
were evaluated using the apical membrane, surrounding 
membrane, and cytoplasm, as described elsewhere 
(12,15).

2.3. Statistical analysis

A χ2 test was used to evaluate the relationship between 
the expression of KL-6 mucin and clinicopathological 
parameters. Differences of P < 0.05 were considered 
signifi cant. StatView 5.0J (Abacus Concepts, Berkeley, 
CA) statistical software was used for data analyses.

3. Results

3.1. Subcellular localization of KL-6 mucin in pancreatic 
tumor tissue

Positive staining with KL-6 mAb was observed in 24 
IPMNs (63%) and 66 PDACs (100%) (Figure 1). As 
previously noted, the expression of KL-6 mucin was 
categorized on the basis of subcellular localization. 
This varied subcellular localization of KL-6 mucin was 
observed in IPMNs (Figure 2). Twenty two IPMNs 
(58%) had positive staining in the apical surface 
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Figure 1. Typical examples of the expression profi le of KL-6 
mucin in PDACs (A) and non-malignant pancreatic tissue (B). 
Circumferential membrane and cytoplasmic localization of KL-6 
mucin was frequently detected in cancer cells but not in normal 
pancreatic tissue. Original magnifi cation: ×100.

Table 1. Characteristics of patients with IPMNs

Characteristics

Age
    ≥ 65
    < 65
Gender
    Male
    Female
Location of IPMN
    Pancreatic head
    Pancreatic body/tail
Pathological diagnosis of IPMN
    Adenoma (IPMA)
    Minimally invasive carcinoma (MI-IPMC)
    Invasive carcinoma (IC-IPMC)

n (%)

22 (58)
16 (42)

24 (63)
14 (37)

22 (58)
16 (42)

24 (63)
  8 (21)
  6 (16)
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apical surface of tumor cells. Six IPMAs (40%) had 
positive staining in the apical surface of tumor cells. Five 

of membrane, 9 (24%) had positive staining in the 
circumferential membrane, and 13 (34%) had positive 
staining in the cytoplasm of tumor cells. All PDACs 
had positive staining in the circumferential membrane 
and cytoplasm of cancer cells (Figure 1). 

3.2. Pathological signifi cance of subcellular localization 
of KL-6 mucin in IPMNs

The relationship between subcellular localization of 
KL-6 mucin and pathological diagnosis of IPMN is 
summarized in Table 2. All IC-IPMCs and MI-IPMCs 
had positive staining of KL-6 mucin. All 6 IC-IPMCs 
and 7 MI-IPMCs (88%) had positive staining in the 

Figure 2. Typical examples of the expression profi le of  mucin in non-invasive and invasive types of IPMN. IPMAs 
tested negative for subcellular localization of  mucin (A), the apical surface of the membrane tested positive (B), and the 
apical membrane and cytoplasm tested positive (C). In IPMNs in the form of carcinoma, the apical surface of the membrane, 
circumferential membrane and/or cytoplasm in cancer cells tested positive (D, E) but the extent varied among tissue. Original 
magnifi cation: ×100.

Table 2. Subcellular localization of KL-6 mucin in IPMNs

Subcellular localization
of KL-6 mucin

Negative
Apical surface
Circumferential membrane
Cytoplasm

IPMA
(n = 24)

14 (58%)
  9 (38%)
  1 (4%)
  2 (8%)

MI-IPMC
(n = 8)

  0 (0%)
  7 (88%)
  3 (38%)
  5 (63%)

IC-IPMC
(n = 6)

  0 (0%)
  6 (100%)
  5 (83%)
  6 (100%)

IC-IPMC, invasive carcinoma originating from intraductal papillary 
mucinous carcinoma; IPMA, intraductal papillary mucinous 
adenoma; MI-IPMC, minimally invasive intraductal papillary 
mucinous carcinoma.
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IC-IPMCs (83%) and 3 MI-IPMCs (38%) had positive 
staining in the circumferential membrane of tumor cells 
but only 1 I  PMA (4%) tested positive. All 6 IC-IPMCs 
and 5 MI-IPMCs (63%) had positive staining in the 
cytoplasm of tumor cells but only 2 IPMAs (8%) tested 
positive. The rate of positive KL-6 mucin localization 
in the circumferential membrane or cytoplasm of tumor 
cells gradually increased in accordance with the invasive 
malignancy of the IPMN, and the rate of positive KL-6 
mucin localization was signifi cantly higher in IC-IPMC 
and MI-IPMC compared to IPMA (Table 2, p < 0.0001). 
In addition, 2 IC-IPMCs were positive for lymph node 
metastasis. Staining of KL-6 mucin in the circumferential 
membrane and cytoplasm of tumor cells was particularly 
intense. Age, gender, and location of IPMN were not 
significantly related to the subcellular localization of 
KL-6 mucin.

4. Discussion

This study focused on the subcellular localization of 
KL-6 mucin in IPMNs and PDACs and it found that MI-
IPMC and IC-IPMC frequently had positive KL-6 mucin 
expression in the circumferential membrane or cytoplasm 
of tumor cells. In addition, all PDACs tested positive for 
KL-6 mucin expression in the circumferential membrane 
and/or cytoplasm of cancer cells. These results suggested 
that aberrant expression of KL-6 mucin is associated 
with the malignancy of IPMN.
 KL-6 mAb was originally established from BALB/c 
mouse splenocytes immunized with a human pulmonary 
adenocarcinoma cell line, and the overexpression of 
KL-6 mucin has frequently been detected in this type 
of cancer tissue (16). Recent studies have also noted 
the aberrant expression of KL-6 mucin in various 
gastrointestinal cancer tissues and demonstrated 
its usefulness in clinicopathological diagnosis 
(12). Subcellular localization of KL-6 mucin in the 
circumferential membrane and/or cytoplasm of cancer 
cells is significantly associated with deeper invasion, 
lymphatic invasion, venous invasion, and lymph node 
metastasis (11,17). Therefore, KL-6 mucin may serve 
as a predictable marker of worse tumor behavior. 
Furthermore, overexpression of KL-6 mucin in the 
circumferential membrane and/or cytoplasm of cancer 
cells at the invasive front of gastric cancer tissue is 
signifi cantly related to a higher incidence of metastasis 
and worse survival for patients (18). These studies 
suggested that aberrant localization of KL-6 mucin in the 
circumferential membrane and/or cytoplasm of cancer 
cells plays a significant role in cancer cell invasion. In 
the present study, localization of KL-6 mucin in the 
circumferential membrane and cytoplasm of tumor cells 
was frequently detected in MI-IPMCs or IC-IPMCs but 
not in IPMAs (Table 2). In addition, all PDACs that had 
highly invasive and metastatic characteristics had this 
localization of KL-6 mucin. These results suggest that 

localization of KL-6 mucin in tumor cells is associated 
with progression of IPMN. 
 The relationship between the expression of MUC1 
and pancreatic tumor behavior has been investigated. 
Expression of MUC1 was clarified to depict different 
profiles based on the pathology of pancreatic tumors 
and the glycoform of MUC1 (9). Although PDACs 
had frequent expression of various forms of MUC1, 
hyperglycosylated or sialylated MUC1 was detected 
in the tissue of IPMNs but hypoglycosylated MUC1 
was not (19). Furthermore, MUC1 expression was 
detected in invasive areas of IPMNs but not in non-
invasive areas (20). Expression of specific types of 
MUC1 may be related to the invasive characteristics of 
IPMN. Therefore, the detection of MUC1 is considered 
to be an effective way to diagnose the behavior of 
IPMN, but there is little evidence on IPMNs based 
on invasive properties and KL-6 mucin. The present 
study is the first to show that the rate of detection of 
malignant KL-6 mucin localization increased gradually 
in accordance with the invasive characteristics of tumor 
cells in IPMNs. IC-IPMCs with lymph node metastasis 
had particularly strong recognition by KL-6 mAb. 
These results suggest a relationship between the invasive 
properties of pancreatic tumor cells and expression of 
MUC1 detected by KL-6 mAb. Cell lines derived from 
Muc1-null tumors had diminished invasion in vitro (21), 
but the role for glycoforms of MUC1 in cancer cell 
behavior is still unclear. Further studies should clarify 
the molecular biological importance of KL-6 mucin 
expression in IPMN cells.
 In conclusion, all MI-IPMCs and IC-IPMCs had 
malignant localization of KL-6 mucin while 58% of 
IPMAs tested negative. The frequency of positive 
localization of KL-6 mucin gradually increased in 
accordance with the invasiveness of IPMNs. The 
surgical outcomes for IPMNs reportedly depend on 
their invasive characteristics (22,23). Precise evaluation 
of the invasive malignancy of IPMN is therefore crucial 
to a better prognosis for patients and determination 
of surgical strategy. Although further studies should 
include a larger number of patient, KL-6 mucin could 
help to distinguish an invasive type of IPMN from a 
noninvasive or minimally invasive type of IPMN.
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