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ABSTRACT 
__________________________________________________________________________________________ 

 

Purpose: To evaluate chosen mucins (mucin 1, 4, 

5AC) expression in pancreatic intraepithelial 

neoplasia, which is a precursor lesion of pancreatic 

ductal adenocarcinoma.  

Materials and methods: The study group included 

70 patients operated on due to inflammation, cysts 

and pancreatic ductal adenocarcinoma with 

pancreatic intraepithelial neoplasia revealed  

additionally. Mucin 1, 4 and 5AC expression was 

assessed by immunohistochemical method using 

polyclonal antibodies.  

Results: Statistical analysis proved a positive 

correlation between the expression of mucin 1, 4  

and 5AC proteins and the presence and staging of 

pancreatic intraepithelial neoplasia (p<0.001). 

Statistically significant correlations were 

determined between mucin 1, 4 and 5AC and the 

location of PanIN lesion in the pancreas. Positive 

correlations were found between mucin 5AC 

expression and the type of a basic disease 

(p=0.014). Differences in the expression of MUC 1, 

4 and 5AC proteins between healthy pancreatic 

ducts and various stages of pancreatic 

intraepithelial neoplasia were statistically 

significant (p<0.001).  

Conclusions: Overexpression of  mucin 1, 4 and  

5AC is related to the presence of pancreatic 

intraepithelial neoplasia. This suggests that 

overproduction of mucus is a phenomenon 

occurring early in the process of carcinogenesis in 

the pancreas and has its beginning in precancerous 

lesions of an early stage.  
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INTRODUCTION 

 
Despite significant progress in diagnostics 

and treatment of pancreatic cancer, it still remains  

the most deadly cancer  with the worst prognosis. 

According to the data published by  Rahiba et al. 

[1], this cancer takes up the third rank with regard 

to mortality among all neoplasms in  the United 

States, but in accordance with the latest prognosis 

up to 2030 year it will be classified as the second 

one. It has been estimated that in 2017 year in the 

USA the number of new cases of pancreatic cancer 

will total 53,670 and deaths approximately 43,090 

[2]. 

Based on the numerous studies into the 

biology of pancreatic ductal adenocarcinoma, it has 

been proved that it  develops due to cancerous 

transformation of epithelial cells in pancreatic 

ducts. In this process, numerous mutations of 

suppressive genes and oncogenes transform the 

normal non-mucinous, cuboidal epithelium lining 

up the pancreatic ducts into noninvasive, cancerous 

cylindrical epithelial cells possessing the ability to 

produce mucus [3]. Mucins – high-molecular-

weight glycoproteins are one of the components of 

the mucus secreted by epithelial cells in pancreatic 

intraepithelial neoplasia. They are built up of a 

protein core (apomucin) combined with numerous 

sugar chains by means of O-glycosidic bonds 

formed between threonine and serine radicals of the 

polypeptide chain and N-acetylgalactosamine 

radicals of the sugar chain. Based on the structure 

and function of a molecule, mucin is subdivided 

into 3 categories: membrane-bound mucins 

(MUC1, MUC3 MUC4, MUC12, MUC16, 

MUC17), gel-forming (secreted) mucins (MUC2, 

MUC5AC, MUC5B, MUC6, MUC19), and soluble 

mucin (MUC7). Since membrane-bound mucins 

can function as ligands for adhesive cells from the 

selectin family, they are believed to play an 

important role in intracellular reactions. Gel-

forming mucins contribute to mucus production via 

formation of 3-D network by means of 

oligomerization domains, thus protecting the 

epithelium from various damages, that is, injuries, 

inflammation, bacteria, viruses, pH changes, etc. [4, 

5].  

Changes in both the protein and sugar 

structure accompany inseparably cancer cells and 

cause an increase or decrease in the expression of a 

given apomucin or/and changes in the type of 

mucins produced. Based on the examinations 

assessing MUC1 expression, a significant increase 

in the expression of this glycoprotein was found as 

well as a relation was proved with invasiveness of 

cancerous cells, among others, in breast cancer, 

invasive pancreatic ductal adenocarcinoma, 

invasive cholangiocarcinoma, intraductal papillary 

mucinous neoplasm (IPMN) of the pancreas and 

adenocarcinoma of the bile ducts [6]. An increase in 

mucin 4 expression was observed in ductal 

adenocarcinoma, though no positive expression of 

this protein was established in chronic pancreatitis, 

which suggests that this protein may be used as a 

marker differentiating both diseases.  

Overexpression of 5AC mucin was found 

not only in pancreatic neoplasia but also in 

precursor lesions: in intraductal papillary mucinous 

neoplasms (IPMN) and pancreatic mucinous cystic 

neoplasms (MCN). Additionally, it was observed 

that the patients with pancreatic cancer with a 

positive expression of mRNA MUC5AC had better 

survival rates than the patients without any mRNA 

MUC5AC expression [7].  

Therefore, the aim of this study was to 

assess and compare the expression of mucin 1, 4 

and 5AC between the various degree of pancreatic 

intraepithelial neoplasia constituting the precursor 

lesions of pancreatic cancer and the normal 

pancreatic ducts.  

 

MATERIALS AND METHODS 
 

Patients 

The study group consisted of 70 patients 

with different pancreatic diseases (pancreatic ductal 

adenocarcinoma, cysts, pancreatitis) operated on in 

the 2nd Clinical Department of General and 

Gastroenterological Surgery at the University 

Hospital in Bialystok, in the years 2006-2014. The 

characteristics of the study group are shown in 

Table 1. The study was performed in conformity 

with the Declaration of Helsinki for Human 

Experimentation and received approval by the 

Local Bioethics Committee of the Medical 

University of Bialystok (Nr R-I-002/142/2016). 

 

Histopathological examination and identification of 

ductal lesions 

The postoperative material was fixed in 

buffered and paraffin-embedded formalin. From 

paraffin blocks, 5-μm sections were cut off and 

stained with hematoxylin-eosin (H+E). 

Histopathological analysis included diagnosis of a 

primary disease, but also the presence and stage of 

pancreatic intraepithelial neoplasia. All slides were 

reviewed by two independent pathologists. PanIN 

lesions were classified according to the guidelines 

established by the international group of 

pathologists on Pancreas Cancer Think Tank 

meeting sponsored by the National Cancer Institute 

and held in Park City, Utah in September 16-19, 

1999 [8]. Briefly, PanIN 1A is an epithelial flat 

lesion whereas PanIN 1B is a papillary or 

micropapillary lesion composed of tall columnar 

cells with basally located nuclei and abundant 

supranuclear mucin without cytologic atypia. PanIN 

2 is a mucinous, epithelial flat or papillary lesion 

with some nuclear abnormalities including             

loss of polarity, crowding, enlargement, nuclear 
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stratification and hyperchromatism. PanIN 3 

usually is a papillary or micropapillary architecture 

with abnormal cribriforming, budding and luminal 

necrosis with cytological abnormalities, such as 

loss of nuclear polarity, dystrophic goblet cells, 

atypical mitotic figures and macronucleoli. The 

presence of PanINs was evaluated on the slides of 

the normal pancreatic tissue at least 5 mm away 

from the carcinoma, while, in the non-neoplastic 

lesions, PanINs were evaluated in the site of an 

ongoing disease process. In the group of 70 

patients, the following lesions were found: normal 

pancreatic ducts were observed in 35 patients, 

PanIN 1A in 65 patients, PanIN 1B in 67 patients, 

PanIN 2 in 51 patients and only 21 patients had 

PanIN 3 (Table 2). 

 

 

Table 1. Characteristics of the study group 

Clinicopathological features  Frequency n (%)  

Sex 

Male 35 (50%) 

Female 35 (50%) 

Age  

<60 years 33 (47.2%) 

≥60 years 37 (52.8%) 

Diagnosis 

pancreatitis 23 (32.9%) 

pancreatic ductal adenocarcinoma 38 (54.3%) 

pancreatic cysts 9 (12.8%) 

Location 

head 33 (47.1%) 

body 5 (7.1%) 

tail 20 (28.6%) 

body and tail 12 (17.2%) 

 
 
Table 2. Number of lesions assessed in the group of 70 patients 

Normal   pancreatic ducts 
(%) 

PanIN 1a 
(%) 

PanIN 1b 
(%) 

PanIN 1 

(1A + 1B) 

(%) 
PanIN 2 

(%) 
PanIN 3 

(%) 
Total 
(%) 

14 
(18.2%) 

21 
(27.3%) 

21 
(27.3%) 

42 
(54.6%) 

16 
(20.8%) 

5 
(6.4%) 

77 

14 
(10.8%) 

35 
(26.9%) 

37 
(28.5%) 

72 
(55.4%) 

29 
(22.3%) 

15 
(11.5%) 

130 

7 
(21.9%) 

9 
(28.1%) 

9 
(28.1%) 

18 
(56.2%) 

6 
(18.8%) 

1 
(3.1%) 

32 

35 
(14.7%) 

65 
(27.2%) 

67 
(28.0%) 

132 (55.2%) 51 
(21.3%) 

21 
(8.8%) 

239 

 

 

Immunohistochemistry 

Tissue blocks were cut using a microtome 

into 5-μm-thick sections on silanized glasses. The 

sections were deparaffinized in xylenes and 

hydrated in alcohols. In order to exhibit an antigen, 

the tissue sections were heated in a water bath at 

99°C for 20 min and next cooled for 20 min in 

room temperature in citrate buffer (pH=6.0). Then, 
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they were incubated with 0.5 % hydrogen peroxide 

in methanol to block endogenous peroxidase and, 

next, with protein block (Novocastra) for 5 min. 

Incubation with mouse anti human monoclonal 

CD227 antibody (mucin 1) (clone VU-3C6, 

AbDSerotec, 1:200 dilution), mouse anti human 

monoclonal mucin 4 antibody (clone 5B12, 

AbDSerotec; 1:1000 dilution) and mouse anti 

human monoclonal mucin 5AC antibody (clone 1-

13M1, AbDSerotec, 1:200 dilution) for properly 30, 

10 and 30 minutes in room temperature. Following 

streptavidin-biotin reaction (biotinylated secondary 

antibody, streptavidin-HRP; Novocastra), the 

antigen antibody complex was visualized by 

application of chromogen 3,3′-diaminobenzidine 

(DAB, Novocastra).  

 

Analysis of immunohistochemical data 

Immunohistochemical staining of mucins 

1, 4, and 5AC in each tissue was independently 

assessed by two senior pathologists who have been 

blinded to the clinicopathological data. In case of 

disagreement, the scoring was discussed by the 

pathologists until they agreed on a final result. 

Expression of mucin 1, 4 and 5AC was found in 

cytoplasm of pancreatic ductal epithelial cells. The 

results of the staining were semiquantitatively 

assessed for the percentage and intensity of the 

positively stained cells according to the method 

proposed by Kim et al. [7].  

Expression of  mucin 1, 4 and 5AC was 

evaluated based on 4-point scale:  

 0- lack of expression 

 1 (weak) - positive reaction present in 

<25% of pancreatic ductal epithelial cells 

 2 (moderate) - positive reaction present in 

25-50% of pancreatic ductal epithelial 

cells 

  3 (strong) - positive reaction present in 

>50% of pancreatic ductal epithelial cells.  

 

Statistical analysis 

STATISTICA 10.0 (Statsoft, Cracow, 

Poland) was used for statistical analysis. The data 

were analyzed using Spearman's rank correlation 

test.  

Correlations between proteins expression 

depending on PanIN stage were examined with the 

use of Mann-Whitney’s test. A p-value of <0.05 

was considered statistically significant. Missing 

data were removed in pairs. 

 

 

RESULTS 
 

Mucin 1, 4 and 5AC expressions in correlation with 

clinicopathological parameters in pancreatic 

intraepithelial neoplasia 

The positive immunohistochemical 

reaction of the mucins 1, 4 and 5AC was evaluated 

in the cytoplasm of pancreatic ductal epithelial cells 

(Figure 1a-3d).  

Statistical analysis revealed correlations of 

the mucins 1, 4 and 5AC expressions with the 

presence and degree of pancreatic intraepithelial 

neoplasia (p<0.001). Expressions of these proteins 

increased with a degree of advancement of PanIN. 

The higher expression of mucin 1 (p=0.001), mucin 

4 (p=0.007) and mucin 5AC (p=0.027) was shown 

to be associated with the location of pancreatic 

intraepithelial neoplasia in the pancreas (Table 3). 

The highest expression of mucin 1 was found in the 

corpus (2.18±1.08), mucin 4 in the head 

(1.18±1.06) and mucin 5AC in the corpus and tail 

of the pancreas (1.82±1.14). Expression of mucin 

5AC was significantly higher (p=0.014) in 

pancreatic intraepithelial neoplasia accompanied by 

pancreatic ductal adenocarcinoma (1.53±1.26) than 

in case of pancreatitis (1.52±1.18) and pancreatic 

cysts (1.21±1.11) (Table 3). 

 

Comparison of the mucins 1, 4 and 5AC expression 

between normal pancreatic ducts and different 

degrees of pancreatic intraepithelial neoplasia 

 

Normal vs PanIN 1, PanIN 2 and PanIN 3 

Pancreatic intraepithelial neoplasia 

expressed mucins 1, 4 and 5AC significantly more 

frequently in comparison with normal pancreatic 

ducts. The expressions of mucins 1, 4 and 5AC 

were significantly higher in pancreatic 

intraepithelial neoplasia compared to the normal 

tissue (p<0.001). The mean mucin 1 expression was 

significantly higher in PanIN 1 (0.69±0.74), PanIN 

2 (1.85±1.11) and PanIN 3 (2.79±0.80) in 

comparison with normal pancreatic ducts 

(0.04±0.19) (p<0.001). Similarly, the mean 

expression of mucin 4 was significantly higher in 

PanIN 1 (0.70±0.74), PanIN 2 (1.77±0.94) and 

PanIN 3 (2.17±1.03) compared to normal 

pancreatic ducts (0.04±0.18). Mucin 5AC also had 

a higher expression in PanIN 1 (1.28±0.82), PanIN 

2 (2.50±1.06) and PanIN 3 (2.63±1.06) in 

comparison with normal pancreatic ducts 

(0.00±0.00) (Figure 4, 5, 6).  

 

PanIN 1 vs PanIN 2 and PanIN 3 

The mean expression of mucins 1, 4 and 

5AC was significantly higher in PanIN 2 

(1.85±1.11, 1.77±0.94, 2.50±1.06 respectively) and 

PanIN 3 (2.79±0.80, 2.17±1.03, 2.63±1.06 

respectively) in comparison with PanIN 1 

(0.69±0.74, 0.70±0.74, 1.28±0.82 respectively) 

(Figure 4, 5, 6). 
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Figure 1. Cytoplasmic immunoreactivity of mucin 1 in PanIN 1A (1a), in PanIN 1B (1b), in PanIN 2 (1c), in 

PanIN 3 (1d). Typical examples are shown 

 

 

Table 3. Correlations of mucins 1, 4 and 5AC expressions with chosen clinicopathological parameters 

Protein           

expression 

Variables 

Mean value of 

mucin 1 

expression 

 + SD 

p-value Mean value 

of mucin 4 

expression  

+ SD 

p-value Mean value of  

mucin 5AC 

expression 

 + SD 

p-value 

AGE 

≤60  

>60  

0.84±1.04  

1.17±1.14  

p=0.392  0.72±0.84  

1.05±1.08  

p=0.515  1.32±1.17  

1.66±1.16  

p=0.984  

GENDER 

male  

female  

1.12±1.17  

0.91±1.04  

p=0.336  0.81±0.88  

0.95±1.04  

p=0.338  1.53±1.21  

1.31±1.12  

p=0.746  

LOCATION 

head  

corpus  

tail  

corpus and tail  

0.93±1.03  

2.18±1.08  

0.74±1.07  

1.25±1.11  

p=0.001  1.18±1.06  

0.44±0.73  

0.62±0.84  

0.87±0.97  

p=0.007  1.62±1.14  

0.23±0.37  

1.19±1.15  

1.82±1.14  

p=0.027  

DIAGNOSIS 

pancreatitis  

pancreatic ductal 

adenocarcinoma  

pancreatic cysts  

0.91±1.02  

1.17±1.14  

 

0.75±1.11  

p=0.167  0.89±0.93  

1.01±1.08  

 

0.67±0.87  

p=0.415  1.52±1.18  

1.53±1.26  

 

1.21±1.11  

p=0.014  

PanIN 

Normal pancreatic ducts  

1A  

1B  

2  

3  

0.04±0.20  

0.41±0.61  

0.96±0.77  

1.85±1.11  

2.79±0.80  

p<0.001  0.04±0.21  

0.36±0.57  

1.07±0.74  

1.77±0.94  

2.17±1.03  

p<0.001  0.00±0.00  

0.93±0.60  

1.62±0.86  

2.50±1.06  

2.63±1.06  

p<0.001  
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Figure 2. Cytoplasmic immunoreactivity of mucin 4 in PanIN 1A (2a), in PanIN 1B (2b), in PanIN 2 (2c), in 

PanIN 3 (2d). Typical examples are shown 

 

 

 
 

Figure 3. Cytoplasmic immunoreactivity of mucin 5AC in PanIN 1A (3a), in PanIN 1B (3b), in PanIN 2 (3c), in 

PanIN 3 (3d). Typical examples are shown 
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Pan IN 2 vs PanIN 3 

The mean mucin 1 expression was 

significantly higher in PanIN 3 (2.79±0.80) 

compared to PanIN 2 lesions (1.85±1.11). (Figure 

4). 
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Figure 4. Comparison of the mean expression of mucin 1 between various degrees of PanIN 
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Figure 5. Comparison of the mean expression of mucin 4 between various degrees of PanIN 
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Figure 6. Comparison of the mean expression of mucin 5AC between various degrees of PanIN 

 

 

Correlation between MUC 1, MUC 4 and MUC 

5AC expression 

Statistical analysis of the expressions of 

MUC 1, MUC 4 and MUC 5AC showed positive 

correlations between these proteins (p<0.001). This  

 

 

relationship was directly proportional, which means 

that if the patient had an increased positive 

expression of e.g. mucin 1 protein he would also 

have an increased expression of mucin 4 and mucin 

5AC (Table 4) 

 

 

Table 4. Correlations between MUC1, MUC4 and MUC5AC proteins 

Protein MUC1 MUC4 MUC5AC 

MUC1 _____ R= 0.4702 

p<0.0001 

R= 0.4849 

p<0.0001 

MUC4 R= 0.4702 

p<0.0001 

_____ R=0.8369 

p<0.001 

MUC5AC R= 0.4849 

p<0.0001 

R=0.8369 

p<0.001 

_____ 

 

 

DISCUSSION 

 
An extremely aggressive course as well as 

high mortality of pancreatic ductal adenocarcinoma 

induce still ongoing intensive research into biology 

of this neoplasm. Based on these studies, it has 

been proved that pancreatic ductal adenocarcinoma 

develops from precursor lesions similarly to colon 

cancer developing from polyps or adenocarcinomas 

as well as cervix cancer developed due to 

transformation of epithelium into intraepithelial 

neoplasia and then into invasive cancer. 

Intraepithelial neoplasia defined as micropapillary 

or flat noninvasive lesions of epithelium with the 

diameter not exceeding 5 mm developed in the 

pancreatic ducts belong to the most frequent 

precancerous lesions. They are built up of  

cylindrical cells with the changing quantity of 

mucus, which facilitates its distinction from the 
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normal epithelium lining up the pancreatic ducts 

and consisting of cubical cells without the mucus in 

the cytoplasm [6]. Mucins – high-molecular-weight 

glycoproteins are the main component of the 

mucus. They are secreted by specialized epithelial 

cells and engaged in the renewal and differentiation 

of epithelium, modulation of cellular adhesion as 

well as signalization. These molecules are divided 

into 3 groups: the membrane bound, secreted and 

soluble mucin with regard to their structure and the 

function they have [4]. Mucin 1 belongs to the 

membrane bound mucin and takes part in cellular 

signalization as well as epithelial differentiation and 

proliferation [9]. Its biological features, changed 

expression and post-translational modifications 

contribute significantly to progression of a tumor 

and metastases [10]. In our study, mucin1 

expression was assessed in pancreatic intraepithelial 

neoplasia – the most frequent precursor lesion of 

pancreatic ductal adenocarcinoma. Statistically 

significant correlations were proved between the 

mucin 1 expression and the grade of pancreatic 

intraepithelial neoplasia (p<0.001). Expression of 

this protein increased with PanIN staging: normal 

pancreatic ducts, PanIN 1A, 1B, 2 and 3, reaching 

the following values: 0.04±0.20, 0.41±0.61, 

0.96±0.77, 1.85±1.11, 2.79±0.80, respectively. 

Gold [11] described a positive reaction of MUC1 in 

87% of pancreatic ductal adenocarcinoma cases, 

though, similarly to our study, he observed no 

positive expression of this protein in normal 

pancreatic ducts. In the lesions of  PanIN 1A and 

1B type, the author revealed a strong, spilt reaction 

of which intensity and tissue distribution decrease 

in  PanIN 2 and 3. According to Gold [11], this 

decrease can be caused by markedly fewer lesions 

of  PanIN 2 and 3 compared to other stages of 

PanIN, in which the reaction was assessed. 

Similarly, in his study, Nagata [12] reported a 

significant increase in mucin 1 expression 

accompanying the higher staging of PanIN. 

Matsuyama [13] also assessed MUC1 expression in 

pancreatic intraepithelial neoplasia and proved 

statistically significant correlations between an 

increase in mucin 1 and PanIN staging. 

Additionally, he compared mucin 1 expression in 

pancreatic intraepithelial neoplasia of various 

staging in the samples of pancreas without lesions 

(material obtained from autopsies) with PanIN 

lesions accompanying pancreatic ductal 

adenocarcinoma and observed a higher expression 

of this protein in the lesions accompanying 

pancreatic cancers. Although PanIN present in 

patients with pancreatic cancers is characterized by 

the same spectrum of morphological lesions as in 

PanIN found in the unchanged pathologically 

pancreas, these lesions have other features referring 

to mucin expression. Matsuyama [13] suggested 

that PanIN lesions present in normal pancreas and 

accompanying pancreatic ductal adenocarcinoma 

might present various stadia of neoplasia. Lo [14] 

showed other MUC1 expression in his study. He 

observed no positive expression of mucin 1 in 

PanIN 1 and PanIN 2, whereas this protein was 

determined in PanIN 3 and early stages of 

pancreatic ductal adenocarcinoma. Mucin 1 was 

proved to be expressed more intensively in 

neoplasia of a low stage and decreased with its 

progression. According to this author, a decrease in 

MUC1 expression was associated with the loss of 

the ductal tissue architecture and low differentiation 

of carcinoma. Thus MUC1 expression in the early 

stages of neoplasia may be considered as a potential 

biomarker of this cancer.  

Mucin 4 likewise mucin 1 belongs to the 

group of membrane-bound mucins and is 

responsible for inhibition of intercellular adhesion 

as well as adhesion between cells and the stroma, 

which enhances mobility of the cells and aids the 

process of cancer metastasizing and infiltrating 

[15]. Numerous studies conducted in vivo and in 

vitro have confirmed the role of  MUC4 in cellular 

adhesion and epithelial – mesenchymal transition 

(EMT) and proved that inhibition of this protein 

expression resulted in limitation of growth and 

mobility of cancer cells [16]. In our study, 

expression of this protein was assessed in precursor 

lesions of pancreatic ductal adenocarcinoma and an 

increase in MUC4 expression following a higher 

grade of pancreatic intraepithelial neoplasia was 

determined (p<0.001). A mean expression of this 

protein in normal pancreatic ducts PanIN 1A, 1B, 2 

and 3 was as follows: 0.04±0.21, 0.36±0.57, 

1.07±0.74, 1.77±0.94, 2.17±1.03. In the study, 

Swartz et al [17] presented similar results, showing 

a positive, focal reaction of MUC4 in 17% of  

PanIN 1, 36% of PanIN 2, 85% of  PanIN 3 and 

89% of  pancreatic ductal adenocarcinoma cases. 

However, he observed no positive expression of 

this protein in normal pancreatic ducts. Park [18] 

proved a positive expression of this protein only in 

pancreatic intraepithelial neoplasia Type 3 and in 

ductal adenocarcinoma. The results of our study are 

in concordance with Swartz’s et al. results [17] 

stating that an increasing expression of mucin 4 in 

pancreatic intraepithelial neoplasia supports the 

model of pancreatic cancer progression. 

Additionally, according to this author, 

immunohistochemical method is the best method to 

determine mucin 4 in various lesions in the 

pancreas. Mucin 5AC belongs to the group of 

secreted mucins, which forms long polymers with 

the disulphide bond end-to-end, which gives 

molecules of high adhesiveness in a solution. This 

mucin is often defined as gastric surface mucous 

epithelial mucin present on the surface of the 

cardiac orifice, fundus and pylorus of the stomach 

[7]. In our study, mucin 5AC expression was found 

in pancreatic intraepithelial neoplasia and increased 

together with the higher grade of PanIN. The mean 
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expression of this protein in specific grades of 

PanIN was the following: 0.93±0.60 in PanIN 1A, 

1.62±0.86 in PanIN 1B, 2.50±1.06 in PanIN 2 and 

2.63±1.06 in PanIN 3. No expression of this protein 

was established in normal pancreatic ducts. Kim et 

al. [7] showed similar results in their study. In case 

of normal pancreatic ducts, mucin 5AC expression 

was determined in 4%, 71% in PanIN 1A, 89% in 

PanIN 1B , 88% - PanIN 2, and 90% - PanIN 3. In 

ductal adenocarcinoma, a mean expression equaled 

85%. Additionally, they assessed the expression of 

MUC5AC gene using fluorescent hybridization 

technique in situ and revealed positive correlations 

between hybridization in situ and the results of 

immunohistochemical method, proving that 

activation of transcription starts as early as in 

pancreatic intraepithelial neoplasia. Additionally, in 

ductal adenocarcinoma, the percentage of results 

with a positive transcription of MUC5AC was 

lower than in case of positive results with a positive 

expression of protein MUC5AC, which confirms 

that changed glycosylation of MUC5AC occurs in 

neoplasia. These authors have concluded that a 

positive expression of mucin 5AC is a phenomenon 

found early in pancreatic intraepithelial neoplasia 

[7].  

Matsuyama et al. [13] examined mucin 

5AC expression in pancreatic intraepithelial 

neoplasia in the pancreases without lesions obtained 

from autopsies as well as in pancreases with lesions 

PanIN accompanying pancreatic cancers. They 

proved statistically significant higher expression of 

MUC5AC in the lesions of PanIN 1A and PanIN 2 

type occurring in patients with pancreatic ductal 

adenocarcinoma. Thus, it has been found that the 

advanced stage of cancer has an effect on the 

expression of this mucin in intraepithelial neoplasia 

coexisting with pancreatic ductal adenocarcinoma. 

Moreover, in the studies of Matsuyama et al. [13], 

samples of a tumor were obtained from big 

cancerous masses, which suggests that the 

pancreatic parenchyma with cancerous lesions 

affects the entire environment of the pancreas 

inducing differences in mucin expression. 

Additionally, glycosylation of mucins is changed 

via proinflammatory signalization in pancreatic 

cancerous cells and released cytokines may change 

mucin expression [19]. 

 

CONCLUSIONS 
 

Summing up, mucin 1, 4 and 5AC 

expression increased together with the increased 

staging of pancreatic intraepithelial neoplasia and 

was not found in normal pancreatic ducts.  

This suggests that it is a phenomenon 

occurring early in the process of carcinogenesis in 

the pancreas and develops as early as precursor 

lesions of a low staging – starting from pancreatic 

intraepithelial neoplasia of type 1A and ending at 

the advanced lesions of PanIN 3. 

 

Acknowledgments 
Not applicable 

 

Conflicts of interest 
The authors declare that they have no conflicts of 

interest. 

 

Financial disclosure/funding 
This work was supported by Medical University of 

Bialystok under grant N/ST/ZB/15/006/3314 (153-

14932P). 

 

REFERENCES 

 
1. Rahib L, Smith BD, Aizenberg R, Rosenzweig 

AB, Fleshman JM, Matrisian LM. Projecting 

cancer incidence and deaths to 2030: the 

unexpected burden of thyroid, liver, and 

pancreas cancers in the United States. Cancer 

Res 2014 Jun;74(11):2913-21.  

2. Siegel RL, Miller KD, Jemal A. Cancer 

Statistics, 2017. CA Cancer J Clin 2017 Jan;67 

(1):7-30.  

3. Gharibi A, Adamian Y, Kelber JA. Cellular and 

molecular aspects of pancreatic cancer. Acta 

Histochem 2016 Apr;118(3):305-16.  

4. Jonckheere N, Skrypek N, Van Seuningen I. 

Mucins and pancreatic cancer. Cancers (Basel) 

2010 Oct;2(4):1794-812.  

5. Hruban RH, Adsay NV, Albores-Saavedra J, 

Compton C, Garrett ES, Goodman SN, Kern 

SE, Klimstra DS, Klöppel G, Longnecker DS, 

Lüttges J, Offerhaus GJ. Pancreatic 

intraepithelial neoplasia: a new nomenclature 

and classification system for pancreatic duct 

lesions. Am J Surg Pathol 2001 May;25(5): 

579-86. 

6. Ringel J, Löhr M. The MUC gene family: their 

role in diagnosis and early detection of 

pancreatic cancer. Mol Cancer 2003 Jan;2:9. 

7. Kim GE, Bae HI, Park HU, Kuan SF, Crawley 

SC, Ho JJ, Kim YS. Aberrant expression of 

MUC5AC and MUC6 gastric mucins and sialyl 

Tn antigen in intraepithelial neoplasms of the 

pancreas. Gastroenterology 2002 Oct;123(4): 

1052-60. 

8. Kern S, Hruban R, Hollingsworth MA, Brand R, 

Adrian TE, Jaffee E, Tempero MA. A white 

paper: the product of a pancreas cancer think 

tank. Cancer Res 2001 Jun;61(12):4923-32. 

9. Meerzaman D, Shapiro PS, Kim KC. 

Involvement of the MAP kinase ERK2 in 

MUC1 mucin signaling. Am J Physiol Lung 

Cell Mol Physiol 2001 Jul;281(1):86-91. 

10. Schroeder JA, Adriance MC, Thompson MC, 

Camenisch TD, Gendler SJ. MUC1 alters beta-



Prog Health Sci 2018, Vol 8, No 1  Mucin expression in pancreatic intraepithelial neoplasia (PanIN)   

  

73 

 

catenin-dependent tumor formation and 

promotes cellular invasion. Oncogene 2003 

Mar;22(9):1324-32. 

11. Gold DV, Karanjawala Z, Modrak DE, 

Goldenberg DM, Hruban RH. PAM4-reactive 

MUC1 is a biomarker for early pancreatic 

adenocarcinoma. Clin Cancer Res 2007 Dec; 

13(24):7380-7. 

12. Nagata K, Horinouchi M, Saitou M, Higashi M, 

Nomoto M, Goto M, Yonezawa S. Mucin 

expression profile in pancreatic cancer and the 

precursor lesions. J Hepatobiliary Pancreat Surg 

2007 May;14(3):243-54. 

13. Matsuyama M, Kondo F, Ishihara T, 

Yamaguchi T, Ito R, Tsuyuguchi T, Tawada K, 

Yokosuka O. Evaluation of pancreatic 

intraepithelial neoplasia and mucin expression 

in normal pancreata. J Hepatobiliary Pancreat 

Sci 2012 May;19(3):242-8.  

14. Lo ST, Pantazopouos P, Medarova Z, Moore A. 

Presentation of underglycosylated mucin 1 in 

pancreatic adenocarcinoma (PDAC) at early 

stages. Am J Cancer Res 2016 Sep;6(9):1986-

95.  

15. Komatsu M, Tatum L, Altman NH, Carothers 

Carraway CA, Carraway KL. Potentiation of 

metastasis by cell surface sialomucincomplex 

(rat MUC4), a multifunctional anti-adhesive 

glycoprotein. Int J Cancer 2000 Aug;87:480-6.  

16. Moschovis D, Bamias G, Delladetsima I. 

Mucins in neoplasms of pancreas, ampulla of 

Vater and biliary system. World J Gastrointest 

Oncol 2016 Oct;8(10):725-34. 

17. Swartz MJ, Batra SK, Varshney GC, 

Hollingsworth MA, Yeo CJ, Cameron JL, 

Wilentz RE, Hruban RH, Argani P. MUC4 

expression increases progressively in pancreatic 

intraepithelial neoplasia. Am J Clin Pathol 2002 

May;117(5):791-6. 

18. Park HU, Kim JW, Kim GE, Bae HI, Crawley 

SC, Yang SC, Gum JR Jr, Batra SK, Rousseau 

K, Swallow DM, Sleisenger MH, Kim YS. 

Aberrant expression of MUC3 and MUC4 

membrane-associated mucins and sialyl Le(x) 

antigen in pancreatic intraepithelial neoplasia. 

Pancreas 2003 Apr;26(3):e48-54. 

19. Wu YM, Nowack DD, Omenn GS, Haab BB. 

Mucin glycosylationis altered by pro-

inflammatory signaling in pancreatic cancer 

cells. J Proteome Res 2009 Apr;8:1876–86. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 


