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This review article describes morphological aspects, 
gene abnormalities, and mucin expression profiles in 
precursor lesions such as pancreatic intraepithelial ne-
oplasia (PanIN), intraductal papillary mucinous neo-
plasm (IPMN), and mucinous cystic neoplasm (MCN) 
of the pancreas, as well as their relation to pancreatic 
ductal adenocarcinoma (PDAC). The gene abnormal-
ities in precursors of PDAC are summarized as fol-
lows: (1) KRAS mutation and p16/CDKN2A inacti-
vation are early events whose frequencies increase 
with the dysplasia grade in both PanIN and IPMN; (2) 
TP53 mutation and SMAD4/DPC4 inactivation are late 
events observed in PanIN3 or carcinomatous change 
of IPMN in both PanIN and IPMN, although the fre-
quency of the TP53 mutation is lower in IPMN than 
in PDAC; and (3) also in MCN, KRAS mutation is an 
early event whose frequency increases with the dys-
plasia grade, whereas TP53 mutation and SMAD4/ 
DPC4 inactivation are evident only in the carcinoma. 
The mucin expression profiles in precursors of PDAC 
are summarized as follows: (1) MUC1 expression in-
creases with the PanIN grade, and is high in PDAC; 
(2) the expression pattern of MUC2 differs markedly 
between the major subtypes of IPMN with different 
malignancy potentials (i.e., IPMN-intestinal type with 
MUC2+ expression and IPMN-gastric type with MUC2- 
expression); (3) MUC2 is not expressed in any grade 
of PanINs, which is useful for differentiating PanIN 
from intestinal-type IPMN; (4) de novo expression of 
MUC4, which appears to increase with the dysplasia 
grade; and (5) high de novo expression of MUC5AC 
in all grades of PanINs, all types of IPMN, MCN, and 
PDAC. (Gut and Liver 2008;2:137-154)
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INTRODUCTION

  Pancreatic ductal adenocarcinoma (PDAC) is the fourth 
leading cause of cancer death in USA and the fifth lead-
ing cause of cancer death in Japan.1 The incidence rate in 
Japan has been dose to the level with that in Europe or 
USA, when we compare the age-adjusted incidence rate. 
The patients with PDAC still shows a poor clinical out-
come, in spite of the improvement of the diagnosis and 
treatment methods. The overall five year survival rate for 
all patients with or without pancreatectomy after diag-
nosis is 9.7% in Japan. On the other hand, the patients 
with a successful resection of PDACs at the early stage 
(Stage Ia) have a 39.9% five year survival rate.1 Most of 
the patients with PDAC, however, are diagnosed in the 
advanced stages because of the anatomical location of the 
pancreas, lack of specific symptoms, infiltration to the 
surrounding organs, or distant metastasis even from a 
small primary tumor less than 2 cm in diameter.
  For the improvement of the survival of the patients 
with PDAC, investigation of the precursor lesions is 
mandatory. Recently, classification of the precursor le-
sions of pancreatic cancer is well organized, after the es-
tablishment of entities of pancreatic intraepithelial neo-
plasia (PanIN), intraductal papillary mucinous neoplasm 
(IPMN) and mucinous cystic neoplasm (MCN).
  This review article summarises the current status of 
melecular alterations and mucin expression in the pre-
cursor lesions such as PanIN, IPMN and MCN, as well as 
their relation with PDAC. Most of the data described in 
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Fig. 1. Summary of various gene mutations and mucin expression profiles in precursor lesions (PanIN, IPMN, and MCN) and 
PDAC. Gene mutations are from various sources as described in the text. Expression profiles of mucins are from our data 
(references 5, 7, 99 and 102) and also from references 69, 101, 103 and 119. Data of sialyl-Tn in PanIN are from reference 103.
Data of CD10 are from our data (reference 102). The rates of gene abnormalities in IPMN are described in categories of IPMN 
carcinoma and IPMN adenoma, respectively (a and b). The data of mucin expression in IPMN are described in categories of 
intestinal- and gastric-type IPMNs, and no data of carcinoma cases are included.

the present review are summarized in Fig. 1. 

MORPHOLOGICAL ASPECTS OF PRECURSOR 
LESIONS RELATED TO PNACREATIC DUCT 
ADENOCARCINOMA (PDAC)

  PanIN, IPMN and MCN are well known as precursor 
lesions related to PDAC.
  Adequate and common classification for precancerous 
lesions in pancreatic ducts is essential for the effective in-
ternational investigations for the pancreatic carcinoge-
nesis. It is believed that PDACs develop from PanIN, 
which were previously recognized as pancreatic ductal le-
sions such as hyperplasia, dysplasia and so on, but were 
classified into four groups of PanINs: PanIN-1A, 
PanIN-1B, PanIN-2, and PanIN-3 according to the histo-
logical atypia (Fig. 1) after pathology workshop.2 For the 
PanIN lesions, analyses of molecular aspects as well as 
mucin expression profiles have been performed as de-
scribe later.
  IPMN is characterized by papillary proliferation of duc-
tal epithelium and production of mucin and usually 
shows expansive growth, and a favorable prognosis com-

pared with PDAC.3-7 However, there are several cases 
showing development of carcinomas derived from IPMNs. 
In 1999, we classified IPMNs morphologically into three 
types: villous dark cel type, papillary clear cell type, and 
compact cell type, in combination of mucin expression 
profiles.8 Later, at an international consensus meeting in 
2004, IPMN was classified as four types, gastric type 
(=papillary clear cell type), intestinal type (=villous dark 
cel type), pancreatobiliary type, and oncocytic type 
(=compact cell type, =intraductal oncocytic papillary neo-
plasm (IOPN) by Adsay et al.9, by the morphological find-
ings as well as the specific mucin expression profiles, as 
described below.10 In both of gastric type and intestinal 
type, benign, borderline, and malignant lesions are recog-
nized, but development of carcinomas derived from IPMN 
is frequent in the intestinal type, whereas rare in the gas-
tric type.6,7 In contrast, the pancreatobiliary type and on-
cocytic type are usually malignant lesions.10,11

  MCNs are rare tumor, and are developed exclusively in 
women. The lesions are usually located in body to tail, 
and show no communication with the pancreatic ductal 
system. MCNs show multilocular to unilocular epithelial 
cysts lined by mucin producing cuboidal to columnar cells 
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surrounded by so-called ovarian-like stroma, and are clas-
sified as adenoma, borderline, and malignant lesions.3,4

GENE ABNORMALITIES IN PRECURSOR LE-
SIONS OF PANCREATIC DUCTAL ADENICAR-
CINOMA (PDAC)

1. Molecular aspects in PDAC and PanIN

1) Gene mutation in PDAC and PanIN

    a) KRAS mutation in PDAC and PanIN
      i) KRAS mutation in PDAC
  KRAS is located at chromosome 12p12.1. Since the re-
ports of KRAS at codon 12 mutation in pancreatic cancer 
by Almoguera et al.12 and Smit et al.,13 there are many re-
ports of KRAS mutation in human PDAC. KRAS mutation 
is observed exclusively in codon 12 and exceptionally in 
codons 13 and 61. The other HRAS and NRAS mutations 
were not reported in human PDAC. KRAS mutation is 
frequent in PDAC (75-100%),14 compared with in the car-
cinomas of the other organs such as thyroid (50-60%), 
colon (40-60%), lung (20-40%), esophagus (rare) and 
stomach (rare).15 On the other hand, KRAS mutation is 
rare in islet cell tumors or acinic cell carcinomas of the 
pancreas.16 In human PDAC, GGT (Gly) to GAT (Asp) is 
the main type of mutation in Japanese patients, whereas 
not only GGT (Gly) to GAT (Asp) but also GGT (Gly) to 
GTT (Val), CGT (Arg) or TGT (Cys) is reported in 
US-European patients.15

  KRAS mutation in PDAC showed no correlation with 
clinicopathologic factors such as tumor size, stage and 
outcome and so on, because of so high frequency of 
KRAS mutation in PDAC. In addition, KRAS mutation is 
seen also in IPMN and PanIN as described below.
      ii) KRAS mutation in PanIN
  Yanagisawa et al. demonstrated, in their early study of 
mucous cell hyperplasia of pancreas in patients with 
chronic panceratitis, KRAS mutation at codon 12 were de-
teced in 62.5% of the nonatypical mucous cell hyper-
plasia,17 which show the same histological findings as 
PanIN-1a, PanIN-1b and PanIN-2 noted in the article of 
PanIN classification,2 from the microscopic pictures and 
description of the histological findings in the article re-
ported by Yanagisawa et al.17 At that time, a concept of 
"mucous cell hyperplasia-adenoma-carcinoma sequence" 
was considered. When the frequencies of KRAS mutation 
in ductal hyperplasia lesions were adopted to PanIN sys-
tem, KRAS mutation is seen in about half of the early 
non-papillary lesion (PanIN-1A) and in more than 80% of 
the papillary lesions (PanIN-1B and the higher grades).18

    b) HER-2/neu in PDAC and PanIN
  HER-2/neu, one of epidermal growth factor receptor 
(EGFR) family, is located at chromosome 17q21.1, and is 
over expressed in PDAC.19 HER-2/neu is not expressed in 
the lining epithelium of normal pancreatic duct, but is 
highly expressed in PanIN (PanIN-1A: 82%, PanIN-1B: 
86%, PanIN-2 and the higher grades: 92%).19

    c) p16/CDKN2A mutation in PDAC and PanIN
  p16/CDKN2A is located at chromosome 9q21. PDAC 
shows high frequency (80-95%) of the abnormal loss of 
p16 gene product.20 Abnormal loss of p16/CDKN2A gene 
product is seen somewhat later than KRAS mutation and 
the frequencies are increased according to the progression 
of the grades of PanIN (PanIN-1A: 30%, PanIN-1B: 55%, 
PanIN-2 and the higher grades: 92%).21

    d) TP53 mutation in PDAC and PanIN
  TP53 is located at chromosome 17p13.1. In immuno-
hisochemistry (IHC), PDAC shows high frequency (50- 
75%) of TP53 product which means abnormality of 
TP53.14 In PanIN, TP53 product is not recognized in the 
lower grade of PanIN-1 up to PanIN-2, but is observed in 
12% of PanIN-3 (CIS).22

    e) SMAD4/DPC4 mutation in PDAC and PanIN
  SMAD4/DPC4, tumor suppressor gene (detected in pan-
creatic carcinoma, locus 4) was isolated at a locus 
18q21.1 of chromosome which was frequently lost in 
PDAC.23 In IHC, inactivation of SMAD4/DPC4 is seen in 
55% of PDAC.24 In PanIN, expression loss of SMAD4/ 
DPC4 product is not recognized in the lower grades of 
PanIN up tp PanIN-2, but is observed in about 30% of 
PanIN-3 (CIS).25 Expression findings of SMAD4/DPC4 in 
PanIN may predict the progression of PanIN to PDAC.26

    f) BRCA2 mutation in PDAC and PanIN
  BRCA2, which was isolated at a locus 13q of chromo-
some, is inactivated in 7 to 10% of PDAC. The allelic loss 
is seen in highly atypical lesion such as PanIN-3, but the 
normal allales are preserved in low dysplastic lesions.27 
Thus, the BRCA2 mutation is considered to be a rate 
event of the pancreatic carcinogenesis, like p53 and DPC4.

2) Loss of heterozygosity (LOH) in PDAC and 
PanIN

  According to the detailed study using microdissection by 
Yamano et al., frequencies of LOH in [normal epithelium, 
non-papillary hyperplasia like PanIN-1, papillay hyperplasia 
like PanIN-2, severe ductal hyperplasia like PanIN-3, and 
PDAC] were as follows; [0%, 11%, 17%, 90%, and 100% 
at 9p], [0%, 0%, 0%, 80%, and 80% at 17p] and [0%, 
0%, 0%, 88%, and 88% at 18q], [0%, 0%, 0%, 63%, and 
50% at 6q], respectively.28 Namely, PanIN-1 and PanIN-2 
showed LOH only at 9p, but not at 17p, 18q, nor at 13q. 
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Fig. 2. Mechanism of DNA 
methylation related to gene 
silencing.

Fig. 3. Mechanism of histone 
modification related to gene 
silencing.

In contrast, PanIN-3 and PDAC showed LOH at 9p, 17p, 
18q and 13q. These findings are well consistent with the 
above mentioned abnormal gene mutation, i.e., p16 muta-
tion occurred at chromosome 9p is seen at the early event 
of dysplastic change such as PanIN-1 and PanIN-2, where-
as TP53 mutation at 17p and SMAD4/DPC4 mutation at 
18q, and BRCA2 mutation at 13q are seen at the late 
event of dysplastic change such as PanIN-3.
  The other study for LOH demonstrated that important 
cancer suppressor genes are located at 1p, 6q, 9p, 12q, 
17p and 18q,29 which include 9p, 17p and 18q mentioned 
above.28 LOH at 12q, 17p and 18q is related with poor 
prognosis, whereas LOH at 9q is not related with poor 
prognosis.30 These findings are also consistent with that 
SMAD4/DPC4 mutation at 18q are seen in the late event 
such as PanIN-3 and PDAC, but p16/CDKN2A inactivation 
is seen in the early event such as PanIN-1.

3) Analysis by comparative genomic hybridization 
(CGH) or fluorescence in situ hybridization 
(FISH) in PDAC and PanIN

  CGH and FISH, which are different methods from LOH, 
can analyze changes of genomic copy number. CGH can 
analyze all the areas of genome, whereas FISH can ana-
lyze the details of genomic change in particular areas of 
gene. A CGH study disclosed loss of 3p, 6q, 9p, 18q and 
21q, and amplification of 7p, 7q, 8q, 11q, 20p and 20q in 
PDAC, by Fukushige et al.31 Also in this CGH method, 9p 
and 18q are included in genomic loss area. They also 
demonstrated by the analyses of CGH and LOH of cells 
in pancreatic juice that loss of chromosome 18q is an ear-
ly event of carcinogenesis of PDAC, but no genomic ab-
normality in the patients with chronic pancreatitis.32

4) Epigenetics in PDAC and PanIN

  Methylation of CpG islands at gene promotor area (Fig. 
2) seems to be one of the mechanisma of gene silencing 
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Fig. 4. Confirmation of epigene-
tic silencing of the MUC1 gene 
by a methylation inhibitor (5-aza-
2’-deoxycytidine) and a histone 
deacetylase inhibitor (trichosta-
tin A).

in PDACs.33 The gene silencing by methylation in PDACs 
show various rates from high (over 90%) such as UCHL1, 
NPTX2, SARP2, ppENK and CLDN5, to low (under 10%) 
such as E-CAD, THBS1, MLH1, CYCLLIN G and DAP 
kinase.33-36 Particularly, Fukushima et al. demonstrated 
that methylation of promoter CpG of ppENK is not ob-
served in normal pancreatic tissue, but its frequencies in-
crease along with PanIN grades, and shows very high rate 
(over 90%) in PDAC.37 As the methylation of ppENK is 
well preserved in pancreatic juice, it may be optimal for a 
diagnostic marker of PDAC.38 Sato et al. showed that, at 
least, one of the highly methylated genes such as NPTX2, 
SARP2, CLDN5 and so on described above is observed in 
100% of the primary lesions of PDACs, and is also found 
in 75% of the pancreatic juice from the patients with 
PDAC.34

  The methylation of the promoter region of the genes is 
related with gene silencing, whereas non- or hypo-methyl-
ation may lead to gene upregulation. Actually, our recent 
study, in relation with mucin expression in cancer cell 
lines including PDAC cells, disclosed for the first time 
that MUC1 gene expression, which is apparently related 
with poor prognosis of pancreatic tumors, is regulated by 
epigenetic mechanisms including DNA methylation (Fig. 
2) and histone modification (Fig. 3) at the promoter area, 
which was confirmed by the treatment using DNA meth-
ylation inhibitor (5-aza-2’-deoxycytidine) and histone de-
actylase inhibitor (trichostatin A) (Fig. 4).39 Before the 
demonstration of epigenetic regulation of MUC1 gene ex-
pression, we had also reported the details of epigenetic 
regulation mechanism of MUC2 gene expression.40,41

5) Clinical application of molecular profiling in 
PDACs

  Logsdon et al. performed screening of more than 6,800 
genes by molecular profiling in PDACs, chronic pan-
creatitis, normal pancreatic tissue and pancreatic cancer 
cell lines, and listed 158 genes specific to PDAC, and 

then successfully could choose 80 genes showing more 
than 3 times overexpression in PDACs compared with 
chronic pancreatitis. They also identified four proteins 
(14-3-3-σ, S100P, S100A6, β4 intergrin) coded by the 
genes specific to PDAC, and have a plan to apply them as 
a effective marker for PDAC.42

2. Molecular aspects in IPMN

1) Gene mutation in IPMN

  In DNA ploidy, most benign IPMNs are diploid, where-
as malignant IPMNs show a tendency of aneuploid.43 
Various genetic changes have been reported in IPMNs, 
but the frequencies are lower compared with invasive 
PDAC as follows.
    a) KRAS mutation in IPMN
  The frequencies of KRAS mutations in IPMNs show va-
rieties of the ranges from low rate (38.5%)44 to high rate 
(100%)45 even within the cases of IPMN-carcinoma in 
many literatures, most of which reported a lower fre-
quency compared with that reported in PDAC.14 The 
KRAS mutations are detected in IPMN from the benign to 
malignant conditions. Although the mutations were ob-
served even in IPMNs without dysplasia, the frequency 
increases along with the increasing grade of dysplasia.46,47

    b) p16/CDKN2A and TP53 mutations in IPMN
  The frequency of p16/CDKN2A mutation in IPMNs var-
ies in several reports; p16/CDKN2A gene inactivation is 
not detected in one report investigating IPMN adenoma 
(0%)48 but high in another report studying IPMN carcino-
ma (78%).49 There are two studies reporting that 
p16/CDKN2A inactivation increases along with dysplasia 
significancy.50,51

  The frequency of TP53 mutations in IPMNs reported in 
literatures show wide range from 0% in IPMN-hyperplasia 
or adenoma (whereas 38% in IPMN-carcinoma)52 to 
50%,53 although the latter report did not note the dyspla-
sia grading of IPMN. Since TP53 mutation is usually seen 
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in IPMNs with significant dysplasia, the mutation is con-
sidered to be a late event in IPMN lesions.
    c) SMAD4/DPC4 mutation in IPMN
  Inactivation of SMAD4/DPC4 is rare in IPMNs, i.e., 
most IPMNs-intestinal type express Dpc4 protein at 
non-invasive stage.48,50,51,54 It is noteworthy that invasive 
carcinomas (frequently mucinous carcinoma) derived from 
IPMNs-intestinal type loss of Dpc4 protein expression in 
about 10%,50,54 whereas the frequency of loss of Dpc4 
protein expression in PanIN3 is 30%, and it in PDAC 
without IPMN is 55%.23-25 Thus, loss of Dpc4 protein ex-
pression seems to be more specific in PDAC as well as in 
PanIN3 than in IPMN-intestinal type.
    d) SKT11/LKB1 and APC mutation as well as wnt- 

signaling pathway abnormality in IPMN
  Biallelic somatic mutation of SKT11/LKB1 (Peutz-Jeghers 
gene) has been reported in IPMN in patients with 
Peutz-Jeghers syndrome,55 and it is observed also in 1/4 
of sporadic IPMNs.56 Allelic loss of the wild type APC has 
been also reported in IPMN in patients with familial ad-
enomatous polyposis.57 The wnt-signaling pathway also 
showed abnormalities in sporadic IPMNs.58

2) Loss of heterozygosity (LOH) in IPMN

  LOH in IPMN is shown in chromosomes 9p, 6q, 17p, 
and 18q, which may be related with inactivation of the 
p16/CDKN2A gene on 9p, TP53 gene on 17p, and 
SMAD/DPC4 on 18q.49,59

3) Epigenetics in IPMN

  Aberrant hypermethylation is shown in most IPMNs in 
at least one gene, and is associated with loss of gene ex-
pression such as p16/CDKN2A and ppENK.60 Increase of 
the number of hypermethylated loci is related with in-
creasing grade of dysplasia in IPMN.60-62

4) Other gene abnormalities including mucin gene 
in IPMN

  IPMNs show overexpression of genes in gastric mucosa 
such as MUC5AC, pepsinogen C, claudin 18 and cathepsin 
E.63,64 Trefoil factor gene (TFF gene) is also upregulated in 
IPMN.64 In TFF genes, TFF1 and TFF2 are expressed in 
normal gastric epithelium, and TFF3 in intestinal 
epithelium. As noted later, there are tow major subtypes 
in IPMN, intestinal type and gastric type. Thus, it is an 
interesting area of future study to make clear whether 
those genes related with gastric mucosa or intestinal mu-
cosa are related exclusively with IPMN-gastric type or 
IPMN-intestinal type respectively.

3. Molecular aspects in MCN

1) Gene mutation in MCN

  Also in MCNs, molecular abnormalities are accumu-
lated in the progression of dysplasia.43,65 Most benign 
MCNs are diploid, whereas malignant MCNs sometimes 
show aneuploid.66 The clonality of the epithelium in 
MCNs is related with the inactivation of the X-linked 
phosphoglycerate kinase gene,46 which may be related 
with MCN development exclusively in women.
    a) KRAS, TP53, SMAD/DPC4 genes mutation in MCN
  KRAS mutation at codon 12 is observed as the early 
event and increase the frequency according to the degree 
of dysplasia, on the other hand, TP53 mutation is a rela-
tive late event in in situ or invasive mucinous cys-
tadenomacarcinomas.43,65,67-70 Inactivation of SMAD/DPC4 
gene is also a late event, and about half of invasive muci-
nous cystadenomacarcinomas show loss of Dpc4 ex-
pression, while benign MCNs show no loss of Dpc4 
expression.69,71 It is very interesting that the ovarian-type 
stromal cells show no loss of Dpc4 indicating non-neo-
plastic characteristics of the stromal cells.71

4. Conclusion of gene abnormalities in precursor 
lesions of PDAC

  In conclusion, the gene abnormalities in precursors of 
PDAC are summarized as follows, (1) KRAS mutation 
and p16/CDKN2A inactivation are early events in the pro-
gression of the precursors of PDAC and show increase of 
the frequencies along with dysplasia grade in both PanIN 
and IPMN; (2) TP53 mutation and SMAD4/DPC4 in-
activation are late events observed in PanIN3 or carci-
nomatous change of IPMN in both PanIN and IPMN, al-
though the frequency of TP53 mutation in IPMN is low 
compared with that in PDAC; (3) Also in MCN, KRAS 
mutation is an early event and increases the frequency 
along with dysplasia grade, whereas TP53 mutations is 
seen in carcinoma in situ and invasive carcinoma, and 
SMAD4/DPC4 inactivation is noted only in invasive 
carcinoma. 

MUCIN EXPRESSION IN PRECURSOR LESIONS 
OF PANCREATIC DUCTAL ADENICARCINOMA 
(PDAC)

1. Overview of mucin

  Mucins are high molecular weight glycoproteins with 
oligosaccharides attached to serine or threonine residues 
of the mucin core protein backbone by O-glycosidic link-
ages, which are produced by various epithelial cells. Core 
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Fig. 5. Basic structure of mucin, 
and categories of membrane- 
associated mucin and secreted 
mucin.

Fig. 6. Different glycoforms of MUC1 and specific antibodies. 
MUC1 glycoform (left) is recognized by various antibodies 
(right). *MUC1/DF3 basically react with core peptide, but 
sialic acid (SA) modification might enhance the affinity 
[Siddiqui J et al., Proc Natl Acad Sci USA 1988;85:2320-2323].

proteins for human mucins (MUC1-MUC9, MUC11-13, 
MUC15-20) have been identified during these two 
dicades.72-76 Mucins are categorized into: membrane- asso-
ciated mucins (MUC1, MUC3 MUC4, MUC12, MUC16 
and MUC17) and secreted mucins (MUC2, MUC5AC, 
MUC5B, MUC6 and MUC7) (Fig. 5).72,76

  Our series of IHC studies for mucin expression in vari-
ous human tumors, including pancreatic tumors, have 
demonstrated that the expression of MUC1 mucin 
(membrane mucin) is related to invasive proliferation of 
tumors and/or a poor outcome for patients.5-7,77-88 On the 
other hand, the expression of MUC2 mucin (intestinal 
type secretory mucin) is related to non-invasive pro-
liferation of tumors and/or a favorable outcome for 
patients.5-7,77,78,81-83,87-91

  In this review article, we demonstrate expression of 
several mucins, i.e., MUC1 (pan-epithelial membrane mu-
cin), MUC2 (intestinal type secretory mucin), MUC5AC 
(gastric surface mucous epithelial mucin), and MUC6 
(gastric pyloric glandular mucin) in normal tissue, tumors 
and the precursor lesions of pancreas. Distribution of mu-
cins in normal pancreatic tissue is demonstrated at first. 
It is followed by expression profile of mucins in PDACs 
and IPMNs. We describe our recent study of expression 
of MUC4 (respiratory epithelial mucin) expression in 
PDACs. Expression profiles of mucins in PanINs and 
MCNs are also reviewed.

2. Distribution of mucins in normal pancreatic tis-
sue

  In MUC1, various glycoforms of MUC1, from poor-
ly-glycosylated form to fully-glycosylated form, are known 

to exist (Fig. 6). These variations can be detected by IHC 
using epitope-specific monoclonal antibodies. For the sim-
ple representation, "MUC1/CORE, MUC1/DF3, MUC1/ 
MY.1E12, and MUC1/HMFG-1" were used for the MUC1 
mucin antigens detected by the monoclonal antibodies 
(MAbs). Expression of each MUC1 in the normal pancre-
atic tissue was summarized in Fig. 7. Generally, every 
MUC1 was expressed in the cell apices of the cen-
troacinar cells, intercalated ducts, intralobular ducts, and 
focally in the interlobular ducts, but not expressed in the 
main pancreatic ducts, acini nor islets.7 MUC2 and 
MUC5AC were never expressed in the normal pancreatic 
tissue.7 MUC6 was expressed in the acini in some cases 
but not in the other cases, although the reason of the 
discrepancy is unknown (unpublished data).
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Fig. 7. Scheme (upper side) and microscopic findings (lower side) of distribution of different glycoforms of MUC1 at acinar to 
intercalated duct area in normal pancreas. Poorly-glycosylated MUC1 (MUC1/CORE and MUC1/DF3) is expressed in intercalated 
duct and centroacinar cells (MUC1/CORE usually shows weak staining), whereas glycosylated MUC1 (MUC1/MY1E.12 and 
MUC1/HMFG-1) is expressed in the wider area including the luminal surface and zymogen granules of acinar cells (Original 
magnification of the microscopic images: ×70).

3. Internal positive control for mucin expression in 
pancreatic neoplastic lesions, and Interpretation 
of immunohistochmistry findings

  MUC1 expression in the centroacinar cells or small 
ductal system in the non-neoplastic tissue around pancre-
atic neoplastic lesions is useful for the internal positive 
control. MUC2 expression in the perinuclear region of the 
goblet cells of normal intestinal mucosa, MUC5AC ex-
pression in the surface mucous cells in the normal gastric 
mucosa, and MUC6 expression in the cytoplasm of the 
normal gastric pyloric glands serve as the positive control 
for their expression. MUC6 expression is observed in the 
periductal glands in the normal pancreatic tissue, and 
serve as the internal positive control.
  We usually interpretated the IHC stainings for mucins 
in the lesions as: "negative", under 5% of neoplastic cells 
are stained; "focally positive", more than 5% to under 
50% of neoplastic cells are stained; "apparently positive", 
more than 50% of neoplastic cells are stained.

4. Mucin expression in PDAC and PanIN

1) Mucin expression in PDAC

    a) Mucin type carbohydrate antigen
  Before the serial studies for the expression of mucin 
core proteins in PDACs, we performed several studies for 
expression of mucin type carbohydrates in PDACs and 
IPMNs. Our investigations for the terminal carbohydrate 
chains demonstrated several impressive results in the car-
cinomas of gastrointestinal tract and lung,92-94 but could 
not disclose any positive data in pancreatic neoplasms. 
On the other hand, we could show a high expression of 
sialyl-Tn (STn),5 which is an aberrant form of core region 
carbohydrate chain, in PDACs and IPMNs (Fig. 8) as well 
as in the other various adenocarcinomas, whereas STn is 
seldom seen in the normal tissues.95

    b) Mucin core protein
      i) Preface: distinct difference of MUC1 and MUC2 

between PDAC and IPMN
  In the early 90's, Yonezawa et al. in the laboratory of 
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Fig. 9. MUC1 and MUC2 expression differed markedly between PDAC with invasive growth and poor prognosis and IPMN with 
expansive growth and favorable prognosis. MUC1/DF3 is expressed in PDAC but not in IPMN, whereas MUC2 is expressed in 
IPMN but not in PDAC) (Original magnification of microscopy images: PDAC, ×80; IPMN, ×30).

Fig. 8. Expression of sialyl-Tn, an aberrant form of the 
core-region carbohydrate chain, in PDAC (A) and IPMN (B) 
(Original magnification of microscopy images: A, ×130; B, 
×30).

Dr. Young S. Kim demonstrated a very clear contrast of 
MUC1 and MUC2 expression in breast and pancreatic 
cancer cells lines vs. colon cancer cells lines.96 After that, 
we began to research expression of mucin core protines 
in pancreatic neoplasms, and could demonstrate for the 
first time a very clear contrast of MUC1 and MUC2 ex-
pression between PDAC with invasive growth and poor 

prognosis and IPMN with expansive growth and favorable 
prognosis (Fig. 9); MUC1 is expressed in almost all 
PDACs, but not in IPMNs, whereas MUC2 is not ex-
pressed in PDAC but positive in IPMNs (Fig. 9).5 We al-
so found that the IPMNs with MUC1 negative and MUC2 
positive expression is an "intestinal type (Yonezawa’s 
dark cell type8,11)", as described precisely later.
      ii) Expression of MUC1, including various glyco-

forms
  In our first report of the MUC1 expression in PDACs, 
we used only MAb FD3 to detect MUC1.5 After that, var-
ious glycoforms of MUC1 were shown. For glycosylation 
status of MUC1 mucins in carcinoma tissue, a previous 
study stressed that MUC1 expressed in breast carcinomas 
is poorly glycosylated in the MUC1 mucin, whereas nor-
mal breast tissue shows little or no expression of the 
MUC1 mucin core peptide.97 This phenomenon is ex-
plained in part by the finding that MUC1 core peptide 
epitopes are masked by carbohydrate side chains pro-
duced by normal breast epithelial cells, whereas the car-
bohydrate side chains of MUC1 produced by breast ad-
enocarcinomas are shorter or less densely distributed than 
those produced by normal cells. However, our recent 
study disclosed that sialylated or fully glycosylated MUC1 
mucins as well as poorly glycosylated MUC1 mucins were 



146   Gut and Liver, Vol. 2, No. 3, December 2008

Table 1. Expression Profiles of Mucins in PDAC and IPMN

　
PDAC 
(n=50)

IPMN-IN 
(n=27)

IPMN-GA 
(n=36)

MUC1/CORE ＋＋ − ＋/−
MUC1/DF3 ＋＋＋ − −/＋
MUC1/MY.1E12 ＋＋＋ − ＋

MUC1/HMFG-1 ＋＋ −/＋ ＋＋

MUC2 − ＋＋＋ −/＋
MUC5AC ＋＋＋ ＋＋＋ ＋＋＋

MUC6 ＋＋ ＋ ＋＋＋

PDAC, pancreatric ductal adenocarcinoma; IPMN-IN, IPMN- 
intestinal type; IPMN-GA, IPMN-gastric type; −, 0%; −/＋, 
0-5%; ＋/−, 5-10%; ＋, 10-50%; ＋＋, 50-90%; ＋＋＋, more 
than 90%.

Fig. 10. Expression of MUC1 in PDAC was frequently ob-
served at the lateral and/or basal membrane and in the 
cytoplasm as well as at the cell apices along the luminal side
of the tubular structures, particularly in poorly differentiated 
PDAC (Original magnification of microscopy image: ×250).

Fig. 11. MUC4 is expressed in PDAC (upper side) but not in
the nonneoplastic pancreas (lower side) (Original magnifi-
cation of microscopy images: ×55).

expressed in breast carcinomas.91 Expression of various 
glycoforms of MUC1 mucins was recognized also in the 
other human carcinomas of the stomach,78 intrahepatic 
bile duct,81 and extrahepatic bile duct.82 Nakamori et al. 
also reported that colorectal carcinomas show a high level 
expression of fully glycosylated MUC1 mucin in the ad-
vanced stages or in the metastatic lesions.98

  We examined details of expression of different glyco-
forms of MUC1 in 50 PDACs.7 PDACs showed high ex-
pression rates of every MUC1 (MUC1/CORE, 66%; 
MUC1/DF3, 96%; MUC1/MY.1E12, 98%; MUC1/HMFG-1, 
76%) (Table 1). The expression of MUC1 in PDACs was 
frequently observed at the lateral and/or basal membrane 
and in the cytoplasm as well as at the cell apices along 
the luminal side of the tubular structures, particularly in 
poorly differentiated PDACs (Fig. 10). It is quite different 
with the MUC1 expression in the normal pancreas, in 

which MUC1 is expressed only at the cell apices of the 
centroacinar cells and small-sized ducts, as described 
above (Fig. 7).7

    iii) Expression of MUC2, MUC4, MUC5AC and 
MUC6

  No expression of MUC2 in PDACs, that we for the first 
time reported in our previous report,5 was confirmed also 
in our later larger scale study (Table 1).7

  MUC4 was expressed in 43 (32%) of 135 PDACs in 
our another larger scale study (Fig. 11).99 In contrast, 
Swartz et al. and Park et al. reported that MUC4 was ex-
pressed in 89% or in 79% of IDCs, respectively.100,101 We 
and both research groups used the same antibody and 
staining method, but the cut off for the positive ex-
pression of MUC4 in our study was 5% of the neoplastic 
cells, whereas it in their studies was 1%. Nevertheless, 
there was a very big difference in the MUC4 expression 
between our data and their data.
  MUC5AC showed very high expression (92%) in 
PDACs in our study (Table 1),7 like in another report.69

  MUC6 was expressed in more than half cases (56%) 
(Table 1).7

2) Mucin expression in PanIN

  In our study for mucin expression in PanINs, surgically 
resected 18 lesions of pancreas (3 specimens with chronic 
pancreatitis, 10 specimens with intraductal papillary-muci-
nous adenoma, and 5 specimens with IDCs) were 
collected.102 We selected 9 normal ducts, 80 PanINs 
(PanIN-1A, 35; PanIN-1B, 20; PanIN-2, 18; PanIN-3, 7), 
and 8 IDCs, and examined expression profiles of mucins 
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Fig. 12. Malignant transformation of intestinal-type 
IPMN (A) and gastric-type IPMN (B). In 
intestinal-type IPMN (A), adenomatous lesion (left 
side) is changed to carcinoma (right side). In 
gastric-type IPMN (B), adenomatous lesion (left 
side) is changed to carcinoma (right side), which 
was diagnosed as “pancreatobiliary-type IPMN” by 
US and European experts in pancreas pathology 
(Original magnification of microscopy images: A 
and B, ×90). Reprinted from ref. 7 with permition.

in them using IHC. As shown in Fig. 1, expression pro-
files of mucins in all grades of PanINs and PDACs were 
summarized as follows: (1) Increase in the MUC1 ex-
pression correlated with the grades of PanINs. (2) No ex-
pression of MUC2 in any grades of PanINs. (3) De novo 
expression of MUC4 and MUC5AC.102

  Over expression of MUC1 and no or rare expression of 
MUC2 in PanINs seem to be a consensus phenomenon 
among the study groups.102,103

  Swartz et al. and Park et al. reported that MUC4 ex-
pression increases progressively in PanINs.100,101 In their 
studies, as described above, MUC4 expression rates in 
PDACs were very high. In our study, however, MUC4 ex-
pression rates in PDACs was one third of the cases 
examined.99 Thus, we could not detect the progressive in-
crease of MUC4 expression in PanINs. However, the phe-
nomenon of de novo expression of MUC4 in PanINs 
shows no discrepancy between our study and the studies 
by Swartz et al. or Park et al.100,101

  MUC5AC and MUC6 expression is an early event in 
PanINs in our study102 as well as in another study.103

  They also noted that an aberrant expression of STn is 
an important event in high grade PanINs.103

  In summary, the low grade PanINs show expression of 
MUC5AC and MUC6, and the high grade PanINs reveal 
overexpression of MUC1 and STn.

5. Mucin expression in IPMN

1) Classification of IPMN combined with MUC1 
and MUC2 expression

  In 1999, we classified IPMNs into three subtypes: 
IPMNs-villous dark cell type composed of dark columnar 
cells which form villous architecture morphologically sim-

ilar to colonic villous adenoma (Upper column of Fig. 1, 
Left side of Fig. 12A), IPMNs-papillary clear cell type 
composed of clear columnar cells which form papillary ar-
chitecture morphologically similar to gastric foveolar epi-
thelium (Upper column of Fig. 1, and Left side of Fig. 
12B), and IPMNs-compact cell type composed of piled-up 
cuboidal cells with eosinophilic cytoplasm, by the histo-
logical findings and mucin expression pattern.7,8 In 1999, 
we noted for the first time that the IPMNs-villous dark 
cell type showed MUC1-/MUC2+ pattern, whereas the 
IPMNs-papillary clear cell type showed MUC1-/MUC2- 
pattern.8 A similar morphological observation was also re-
ported by Fukushima et al., although they did not note 
mucin expression profiles.104 In 2002, we confirmed a dif-
ference of MUC2 expression between IPMNs-villous dark 
cell type and IPMNs-papillary clear cell type at the mRNA 
level by using in situ hybridization.6 In the same year, 
Adsay et al. reported two subtypes of IPMNs: intestinal 
type and pancreatobiliary type.105 They did not report mu-
cin expression profiles yet, but the morphological charac-
teristics of IPMNs-intestinal type are the same as 
IPMN-dark cell type in our classification. From the differ-
ent patterns of MUC2 expression as well as the sig-
nificant differences in the clinicopathological factors in-
cluding the location, incidence of carcinoma, frequency of 
invasive proliferation, survival and so on between 
IPMNs-intestinal type and IPMNs-gastric type, we had 
stressed that IPMN-intestinal type with MUC2+ ex-
pression and IPMN-gastric type with MUC2-expression 
belong to different lineage of neoplasm.6,7

  In the International Academy of Pathology held in 
Amsterdam in the autumn of 2002, the US and Europian 
pathologists commented that IPMNs-papillary clear cell 
type, which was described by Dr. Yonezawa's group, 
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Japan, could not be observed in US and Europe, and then 
they named our "IPMNs-papillary clear cell type" as "Null 
type". However, in 2004, Adsay et al. again reported an 
article for IPMN classification with mucin expression pro-
files of MUC1 and MUC2, and classified into IPMNs-in-
testinal type, pancreatobiliary type and null type.11 In the 
article, they clearly described that their IPMN-intestinal 
type is "Yonezawa's dark cell type", and also noted that 
their IPMN-null type is similar to gastric foveolar epi-
thelium or PanIN-1 epithelium and is the same type with 
our IPMN-clear cell type.11 In 2004, an international con-
sensus meeting for IPMN classification was held in 
Sendai, Japan. At that time, I expressed my opinion that 
it is the most important point that everybody recognize 
that there are two major subtypes in IPMNs, of which 
one is similar to intestinal villous adenoma with 
MUC1-/MUC2+ expression pattern, and another is sim-
ilar to gastric foveolar epithelium with MUC1-/MUC2- 
expression pattern, as we had already reported in our ar-
ticle in 1999,8 but I did not adhere my nomenclature of 
"IPMN-dark cell type and IPMN-clear cell type". As the re-
sult, we had a consensus to use of the names of IPMN- 
intestinal type for IPMN-dark cell type, and IPMN-gastric 
type for IPMN-clear cell type.10 We also wish to describe 
additional comments for nomenclature of IPMNs. We be-
lieve that the “classical IPMN” reported by Terris et al.106 
is the same as IPMN-intestinal type, and their “hyperplas-
tic type IPMN” may be the same as IPMN-gastric type.
  The concept of distinction of IPMNs-subtypes, gastric 
type and intestinal type, is very important from the view 
point of clinical aspects including imaging diagnosis such 
as US, CT and MRI and so on. As described in our pre-
vious study, the IPMN-intestinal type with MUC2+ ex-
pression is located mainly in the main pancreatic duct, 
and shows high frequencies of malignant transformation 
(Fig. 12A) and invasive carcinoma (usually mucinous 
(colloid) carcinoma).6,7 In contrast, IPMN-gastric type 
with MUC2- expression is located usulally in the pancre-
atic branch duct, and rarely shows malignant transfor-
mation.6,7 These findings are well consistent with the 
clinical description in "International guideline for manage-
ment of IPMN/MCN",107 in which IPMNs are classified 
into "IPMNs-main duct type" which are almost composed 
of IPMNs-intestinal type and "IPMNs-branch duct type" 
many of which are IPMNs-gastric type.
  At the international consensus meeting for IPMN clas-
sification in 2004 mentioned above, a pathological diag-
nosis of the right side area in Figure 12B by experts for 
pancreas pathology was "IPMN-pancreatobiliary type". 
Thus, a case shown in Figure 12B is a combined case of 
gastric type and pancreatobiliary type. From this finding, 

we suppose that the histological finding of severe atypia 
or carcinomatous change of IPMNs-gastric type may be 
the same as the pancreatobiliary type, which expressed 
glycosylated MUC1 (clone Ma695, Vector Laboratories, 
Burlingame, CA, USA).108

2) Various glycoforms of MUC1 in IPMN

  Concerning the expression of different glycoforms of 
MUC1, there were distinct differences between PDACs 
and IPMNs (Table 1).7 As shown in Table 1, IPMNs-in-
testinal type showed no or rare expression of every 
MUC1 (MUC1/CORE, 0%; MUC1/DF3, 0%; MUC1/ 
MY.1E12, 0%; MUC1/HMFG-1, 4%).7 IPMNs-gastric type 
showed rare expression of underglycosylated MUC1 
(MUC1/CORE, 6%; MUC1/DF3, 3%), but considerable 
high expression of sialylated or fully glycosylated MUC1 
(MUC1/MY.1E12, 41%; MUC1/HMFG-1, 69%).7 Although 
there were distinct differences in the expression of under-
glycosylated MUC1 between PDACs and both IPMNs, we 
found that IPMNs-intestinal type develop invasive carcino-
mas where MUC1 was expressed frequently,6,109 whereas 
IPMNs-gastric type rarely develop carcinomas.6,7 As the 
results, survival of the patients with IPMNs-intestinal 
type was worse than that with IPMNs-gastric type.6,7

  In addition, we demonstrated for the first time appa-
rent differences in the expression of glycosylated MUC1 
mucins (MUC1/MY.1E12 and MUC1/HMFG-1) between 
IPMNs-intestinal type and IPMNs-gastric type,7 as well as 
of MUC2 (Table 1).5,7 Rare expression of poorly glycosy-
lated MUC1 mucins (MUC1/CORE and MUC1/DF3) was 
common to the two types of IPMNs.7 In contrast, sialy-
lated MUC1 (MUC1/MY.1E12) and fully glycosylated 
MUC1 (MUC1/HMFG-1) were rarely expressed in 
IPMNs-intestinal type, whereas they were expressed in 
IPMNs-gastric type.7 We can not explain the reason of 
the exclusive expression of the glycosylated MUC1 mu-
cins only in IPMNs-gastric type yet. However, the sig-
nificantly different expression of the glycosylated MUC1 
mucins between IPMNs-intestinal type and IPMNs-gastric 
type may support the concept that IPMNs-intestinal type 
and IPMNs-gastric type belong to different lineage of 
neoplasm.
  Previous reports about in situ hybridization (ISH) for 
MUC1 gene expression reported that MUC1 transcript was 
expressed highly in PDACs but rarely in IPMNs,106,110 al-
though the subtyptes of IPMNs were not noted in the 
reports. We also confirmed that PDACs express MUC1 
transcript whereas IPMN-intestinal type did not.83 Those 
findings are consistent with high expression of all the gly-
coforms of MUC1 mucins in PDACs, and also with rare 
expression of them in IPMNs-intestinal type, reported in 
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our study.7 However, expression of the glycosylated 
MUC1 in IPMNs-gastric type shows a discrepancy with 
rare expression of MUC1 transcript in IPMNs. Comparat-
ive large scale ISH study for MUC1 would clarify whether 
or not IPMN-gastric type express MUC1 transcript, and 
also whether or not the low expression of underglyco-
sylated MUC1 (MUC1/ CORE and MUC1/ DF3) in 
IPMN-gastric type is owing to the masking of MUC1 core 
peptide by carbohydrate moieties detected by MAbs 
MY.1E12 and HMFG-1.

3) MUC5AC and MUC6 in IPMN

  Gastric type mucins, MUC5AC and MUC6, as well as 
intestinal type mucin, MUC2 are gel forming mucins and 
they form of long polymers by end-to-end disulfate bond-
ing, resulting in molecules with high viscosity in 
solution.111-113 MUC2, MUC5AC and MUC6 genes are lo-
cated on the chromosome 11p15.5 region as a cluster of 
mucin gene complex.114

  Since production of mucin is a peculiar characteristic of 
IPMN, we were interested in the expression profiles and 
disctribution patterns of MUC5AC and MUC6 as well as 
MUC2.
  In the gastric mucins, MUC5AC showed very frequent 
expression in IPMNs-intestinal type (92%) and IPMNs- 
gastric type (100%) (Table 1).7 On the other hand, 
MUC6, which is expressed in the gastric fundic or pyloric 
glands, showed variety of expression rates, i.e., relatively 
low in IPMNs-intestinal type (37%) but high in IPMNs- 
gastric type (92%).7 High expression of MUC5AC in 
IPMNs was also reported by Luttges et al.,69 although 
they did not comment about the subtypes of IPMNs.
  Particularly in the papillary lesions of IPMNs-gastric 
type, there is a distinct difference in the expression sites 
between MUC5AC and MUC6, namely, MUC5AC was ex-
pressed frequently in the projected areas, whereas MUC6 
was expressed mainly in the basal areas.7 In the normal 
gastric mucosa, MUC5AC is located mainly in the surface 
foveolar epithelium of the cardia, fundus and antrum of 
the stomach, whereas MUC6 is observed in the fundic 
and pyloric glands.115,116 The distribution patterns of 
MUC5AC and MUC6 in IPMNs-gastric type similar to 
those in the gastric mucosa may suggest a well differ-
entiated state of the papillary structures of IPMNs-gastric 
type.
  IPMNs-intestinal type imitate colorectal villous ad-
enoma not only in the morphological appearance but also 
in the MUC2+ and MUC5AC+ expression.117 MUC2 ex-
pression is limited to IPMNs-intestinal type, whereas 
MUC5AC expression is observed not only in IPMNs-in-
testinal type but also in IPMNs-gastric type, as well as in 

PDACs. These findings suggest different regulation mech-
anism between MUC2 gene and MUC5AC gene. Ho et al. 
reported a difference of methylation status between the 
promoter regions of MUC2 and MUC5AC.118 We also re-
ported that MUC2 expression is regulated by an epi-
genetic mechanism, i.e., combination of histone H3 mod-
ification and DNA methylation in the 5’ flanking region 
of the MUC2 promoter.41 MUC2 is expressed exculsively 
in IPMN-intestinal type, whereas MUC5AC is expressed 
in any pancreatic neoplastic lesions such as IPMN, PDAC 
and PanIN (even in the early grade such as PanIN-1).102 
Relationship between the epigenetic regulation of MUC2 
and MUC5AC genes in the two types of IPMNs and the 
expression pattern of MUC2 and MUC5AC mucins in 
them is an interesting future area of study.

4) Summary of mucin expression in IPMNs

  Because of the differences in mucin expression pattern 
and potential for malignancy between the two types, we 
believe that IPMNs-intestinal type and IPMNs-gastric type 
may be reasonable to be classified into different entities. 
The classification of IPMNs into IPMNs-intestinal type 
and IPMNs-gastric type may be useful for the selection of 
the treatment method, such as conservative follow-up or 
surgical removal of the tumor, and also useful for the se-
lection of the surgical methods, such as radical removal 
or partial resection of the tumor. We must watch the pa-
tients with IPMN-intestinal type more carefully. As we 
had reported in 2002, there are several combined cases of 
gastric type and intestinal type which show a clear border 
of between MUC2-area of gastric type and MUC2+ area 
of intestinal type.6 We are interested in whether or not 
there is a progression passway from gastric type to in-
testinal type or to pancreatobiliary type.

6. Mucin expression in MCN

  Because MCNs are rare, there are only few reports of 
mucin expression in MCN. Hence, a expression profile of 
mucins in MCNs is not established yet. Lüttges et al. re-
ported that expression of MUC1 is mostly absent in 
MCN, except for one MUC1 positive case which is sus-
pected to be invasion or undifferentiated carcinoma.69 In 
contrast, Terada et al. reported that MUC1/DF3 was ex-
pressed in 7 (87.5%) of 8 cases of mucinous cysta-
denomas.119 No MUC2 experssion in MCN except for the 
goblet cells was reported in both studies.69,119

  Zamboni et al. reported intestinal mucin markers 
CAR-5 (a marker of colorectal epithelium) and M3SI (a 
marker of small intestine goblet cells) were expressed 
more frequently in mucinous cystadenocarcinomas (38%) 
than in mucinous cystic adenomas (4%) or mucinous 
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cystic borderline tumors (18%).70 The higher malignancy 
potential of MCNs with intestinal type character seems to 
be similar to the higher malignancy potential of IPMN-in-
tetstinal type compared with IPMN-gastric type.
  MUC5AC expression rates in MCNs were different 
(37.5% vs. 100%) between two studies,69,119 Different an-
tibody for MUC5AC in both studies explain the 
discrepancy.
  In the study by Lüttges et al., MUC6 was expressed in 
only a few cells of about 30% cases of MCNs.69

  In conclusion, MCNs seem to show no specific ex-
pression profile of mucins.

7. Conclusion of mucin expression in PDACs and 
precursor lesions

  In conclusion, mucin expression profiles in PDACs and 
precursor lesions are as follows, (1) Increase in MUC1 
expression correlated with increasing grades of PanINs, 
and high expression of all glycoforms of MUC1 was ob-
served in PDACs; (2) Different expression pattern of 
MUC2 in major subtypes of IPMNs with different malig-
nancy potential was observed: IPMNs-intestinal type with 
high malignancy potential showed MUC2+ expression 
and IPMNs-gastric type with low malignancy potential 
showed MUC2-expression; (3) Non-expression of MUC2 
in any grades of PanINs was useful in differentiating 
PanIN from IPMN-intestinal type; (4) De novo expression 
of MUC4 appears to increase along with increasing dys-
plasia grade; (5) De novo high expression of MUC5AC oc-
curs in all grades of PanINs, all types of IPMNs, MCNs 
and PDACs. MUC5AC is useful in detecting most pancre-
atic neoplastic lesions from the early stage but is not ef-
fective in differentiating the different histological types 
nor in discliminating the malignant pancreratic lesions. 
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