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Abstract
AIM
To determine tissue expression (mRNA, protein) of two 
types of mucins [mucin 1 (MUC1) and mucin 2 (MUC2)] in 
patients with colorectal cancer (CRC).

METHODS
Expression of membrane-bound mucin (MUC1) and sec-
retory mucin (MUC2) in CRC (mRNA, protein) were ana-
lyzed in tissue material including fragments of tumors 
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obtained from CRC patients (n  = 34), and fragments of 
normal colorectal tissue from the same patients (control). 
The analysis was conducted using real-time quantitative 
polymerase chain reaction (RT-qPCR) (transcripts), im-
munohistochemistry (IHC) (apomucins), and the modern 
approach for morphometric analysis of IHC reaction (HSV 
filter software). Results on tissue expression of both mu-
cins (mRNA, protein) were compared to histological alte-
rations in colorectal cancer samples and correlated with se-
lected clinical data in the patients. The statistical analysis 
was conducted using Statistica PL v. 12.0 software.

RESULTS
Significantly higher expression of the MUC1 mRNA in the 
CRC, compared with the control and the borderline cor-
relation of mRNA expression with MUC1 protein levels 
in colorectal samples was observed. The expression of 
apomucins concerned cell membranes (MUC1) and cyto-
plasm (MUC2) and occurred both in control tissues and 
in most cancerous samples. There were no significant 
relationships between MUC1 (mRNA, protein) and the clini-
copathological data of patients. MUC2 protein expression 
was significantly lower as compared to the control, while 
MUC2 mRNA expression was comparable in both groups. 
The MUC1/MUC2 ratio was significantly higher in CRC 
tissues than in the control. The higher expression of 
MUC2 was a feature of mucinous CRC subtypes, and cha-
racterized higher histological stage of tumors. Negative 
correlations have been obtained between MUC2 and the 
Ki-67 antigen, as well as between MUC2 and p53 protein 
expressions in CRC.

CONCLUSION
A combination of tissue overexpression of MUC1, re-
duced MUC2 expression, and high ratio of MUC1/MUC2 
is a factor of poor prognosis in CRC patients. MUC2 
tissue expression allows to differentiate mucinous and 
nonmucinous CRC subtypes.

Key words: Mucins; Real-time quantitative polymerase 
chain reaction; Colorectal cancer; Immunohistochemistry; 
HSV filter program

© The Author(s) 2018. Published by Baishideng Publishing 
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Core tip: Colorectal cancers (CRC) represent the second 
most widely manifested malignant tumor worldwide in 
women and third in men. The evident expression of two 
mucins [mucin 1 (MUC1) and mucin 2 (MUC2)] occurs 
in a normal and cancerous large intestine. Using RT-
qPCR analysis and immunohistochemistry we confirmed 
higher expression of the MUC1 mRNA, lower MUC2 
protein, and higher MUC1/MUC2 expression ratio in CRC 
samples as compared to the control. MUC2 protein ex-
pression correlates with increased cellular proliferation. A 
combination of tissue overexpression of MUC1, reduced 
MUC2 expression, and high ratio of MUC1/MUC2 may be 
a useful factor of poor prognosis in CRC patients. 

Kasprzak A, Siodła E, Andrzejewska M, Szmeja J, Seraszek-
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INTRODUCTION
Colorectal cancer (CRC) is diagnosed in more than 1.3 
million people worldwide, annually, with the number 
steadily increasing. Currently globally, this cancer is 
the third most common cancer in men and second 
most common in women[1]. In Poland CRC is the se
cond most common cancer in men and woman, with 
the third leading causes of cancer deaths in Greater 
Poland Region[2]. While genetic factors play a major 
role in etiopathogenesis of CRC, the basis of most the 
cases of that cancer is unclear. Considering mutation 
source, CRC is classified as sporadic (70%), hereditary 
(25%) and congenital (3%-5%)[1,3]. Among the main 
pathologic alterations in CRC are quantitative and 
qualitative changes in glycoproteins called mucins[46]. 
Qualitative alterations of mucins include carbohydrate 
groups, as well as apomucin molecules[4,7-9]. The ma
jority of CRC are nonmucinous adenocarcinomas (ap
proximately 80%). A mucinous adenocarcinoma is a 
histological subtype of CRC with poorer prognosis than 
aforementioned. Quantitative changes identified in non-
mucinous adenocarcinomas concern a reduction in total 
mucus output. In contrast, mucinous carcinomas are 
hypersecretory for mucus[4].

According to modern proteomics, the secreted 
mucin, mucin 2 (MUC2) is the main constituent of in
testinal mucus, produced mainly by the goblet cells 
of the small and large intestine and playing a critical 
protective role[4,10-12]. Membraneassociated mucin 1 
(MUC1) (episialin), in contrast, is widely expressed by 
normal glandular epithelial cells, with its high expression 
in malignant cells[4,6]. Structural changes of the MUC1, 
observed in the course of carcinogenesis, lead to the 
activation of signaling pathways such as: MAPK, PI3K/
Akt, and Wnt[6,13]. In the blood serum of cancer patients, 
the MUC1-N subunits, CA 15.3 and CA 19.9 antigens can 
be detected, while the MUC1 itself was second among 
the top 75 Tumor-Associated antigens[6]. 

In the carcinogenesis initiation and CRC progression, 
overexpression of MUC1 and the decline in MUC2 
expression is most commonly described[14-20]. These 
observations are also confirmed by metaanalysis[2123]. 
However, knowledge of the role of tissue mucins ex
pression, at various stages of the colon carcinogenesis is 
incomplete. Poorly known is the prognostic role of mucins 
in the mucinous subtypes of CRC, which generally have 
a worse clinical course and a worse response to chemo
therapy[24,25]. Sporadic mucinous CRC had a worse 
survival rate than its nonmucinous counterpart[26], and 
mucinous differentiation results in a 2%-8% increased 
hazard of death, which persists after correction for 

4165 September 28, 2018|Volume 24|Issue 36|WJG|www.wjgnet.com

Kasprzak A et al . MUC1 and MUC2 in CRC



stage[27]. Unlike the nonmucinous CRC, the mucinous 
subtype is correlated with higher MUC2 and lower MUC1 
expression[4,21,24,28]. Research into the role of mucins 
in pathogenesis and CRC clinical studies (especially 
in mucinous subtypes) are also current topics from a 
methodological point of view. The lack of standardized 
methods of quantitative evaluation of mucins expression 
(especially at tissue level) and/or frequent lack of 
control groups, are a great difficulty in comparative ana-
lysis[15,29,30].

The goal of the present work was the verification 
of the hypothesis, that the examination of the tissue 
expression of selected mucins (mRNA, protein), using 
modern methods of quantitative assessment [realtime 
quantitative polymerase chain reaction (RTqPCR), HSV 
filter software], could improve the diagnostic/prognostic 
usefulness of these markers of CRC. The specific aim 
of the study was to evaluate tissue expression (mRNA, 
protein) of two mucins (MUC1 and MUC2) in patients 
with colorectal carcinoma, and to assess the relationship 
between tissue expression of mucins and selected 
clinicopathological data. 

MATERIALS AND METHODS
Patients and tissue samples 
The examined CRC group included 34 patients (27 men, 
7 women) from Greater Poland Region, 32 to 89 years of 
age from the Chair and Department of General Surgery, 
Endocrinological and Gastroenterological Oncology, 
Poznan University of Medical Sciences, who were diag
nosed and subjected to surgery between 2010-2015. 
We arbitrarily selected patients with CRC only from the 
Greater Poland Region, not treated before (radio or 
chemotherapy), without significant additional systemic 
diseases, from whom consent was obtained, the peri
operative tissue material met the requirements for 
scientific research and with available clinicopathological 
data. 

Patients affected by diabetes, active chronic organ 
diseases (heart, kidney, liver), including autoimmune 
diseases and other cancers, have been excluded from 
the study. In three patients, hyperglycemia was observed 
in fasting, four patients were in hypertension treatment. 
There have been mild premalignant lesions (mainly ade
nomatous colon), that have been surgically removed as 
a preventive measure in the past, in 14/34 (41%) of pa-
tients. 

The available clinical data for the study group, than 
was taken into account, included: descriptive histo
pathological diagnosis, histologic grade and stage on 
Dukes, Astler and Coller’s modified Dukes’ scales, and 
TNM system classification[31,32], age, patient sex and 
basic laboratory studies (complete blood count, number 
of leukocytes and platelets, as well as glucose levels). 
Seven patients (21%) of the entire study group died 
during the analysis period. Duration of patient’s survival 
reflected the time between the date of operation for 

colorectal cancer and the establishing diagnosis (October 
1, 2010), and October 1, 2015.

Locations of the colorectal tumors were divided into 
proximal (right) colon (caecum, ascending, transverse 
colon) and distal (left) colon (descending, sigmoid 
colon and rectum). Macroscopic types were divided into 
protruded type (height of tumor ≥ 3 mm) and flat type 
(height of tumor < 3 mm). 

Thirtyfour paired specimens of colorectal tumor 
and nontumor tissues were obtained during surgical 
treatment. For the CRC, colon mucosa and, depending 
on the depth of tumor invasion, submucosal layers appro
ximately 15 cm from the tumor site, served as control 
tissues. In no case was tissue additional to that which 
would be removed normally during a particular surgical 
procedure. 

The tissue samples were stored in RNA Stabilization 
Solution (RNAlater®, Applied Biosystems) at -80 ℃ until 
use. Additionally, formalinfixed paraffinembedded 
tumor specimens of 34 colorectal carcinomas and frag
ments of the confirmed control specimens were obtained 
from patients. 

Informed consent was obtained from every subject, 
and the institutional review committee approved this 
study (No. 924/14). 

RT-qPCR
CRC tumoral fragments and control tissues from 23 
patients were qualified for the experiments that used the 
RTqPCR technique as previously described[33].

One microliter of given cDNA or DNA was added to 
the reaction mixture, composed of 12.5 μL 2 × Maxima® 
SYBR Green/ROX qPCR Master Mix (Fermentas), 1 μL 
specific primer pair (f.c. 0.3 μmol/L) and 10.5 μL H2O. 
Primers for studies on expression of MUC1 and MUC2 
mRNA expression are indicated in Table 1. β-actin, 
glycerylaldehyde3phosphate dehydrogenase (GADPH), 
and hypoxanthineguanine phosphoribosyltransferase 1 
(HPRT1) served as the housekeeping genes (geometric 
mean) for the gene expression analysis. All the primers 
were purchased from the Laboratory of DNA Sequencing 
and Oligonucleotide Synthesis, Institute of Biochemistry 
and Biophysics, Polish Academy of Sciences, Warsaw 
(Table 1). 

The reactions were driven in twin.tec realtime PCR 
plates with PCR Film (Eppendorf) using Mastercycler ep
realplex2 (Eppendorf). The PCR program was as followed: 
(1) Initial denaturation, 95 ℃, 10 min; (2) Denaturation, 
95 ℃, 15 s; (3) Annealing, 60 ℃, 30 s; (4) Extension, 
72 ℃, 30 s. The number of cycles was 40-50. Melting 
curves were made and 2% agarose gel electrophoresis 
was used to verify the amplification product specificity 
and size, respectively. All samples were amplified in 
duplicate or triplicate, and in case when results varied by 
more than 15%, the reactions were repeated. 

Absolute quantitation method was used to quantify 
mRNA copy numbers of MUC1 and MUC2. Absolute 
quantification determines the exact copy concentration 
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least 10 fields in every microscope slide with an IHC posi-
tive reaction), with the use of LUCIA Image 5.0 computer 
software. 

Semiquantitative evaluation of Ki-67 antigen and p53 
expression 
Expression of Ki-67 antigen and p53 (only clearly labelled 
cell nuclei were considered), was calculated, taking mean 
proportion of immunopositive cells in 10 light microscope 
fields into account. Expression was evaluated using the 
modified semi-quantitative scale[35], in which the score of 
1 corresponded to up to 10% positive cells; the scores of 
2, 3 and 4 corresponded to 11%-25%, 26%-50% and ≥ 
51% positive cells, respectively.

Morphometric evaluation of MUC1 and MUC2 tissue 
expression
The images with positive IHC reaction, 2560 × 1920 
pixels in size, recorded in the LUCIA Image 5.0 software, 
were subjected to morphometric analysis, using the 
quantitative morphometric HSV Filter software, originally 
developed in the Department of Bioinformatics and Com
putational Biology, Poznan University of Medical Sciences, 
according to the following formula: (area of positive IHC 
reaction/area studied) × 100%. 

In the Results section, values of average IHC expres
sion of both mucins were presented, expressed in 
percentages, manifested by the IHC reactions per field of 
colorectal cancer/control sample area. 

Statistical analysis 
At the first stage of statistical analysis, consistency of 
all of the results with normal distribution of Gauss was 
verified using the ShapiroWilk test. Parameters of 
descriptive statistics (mean value, median value, SD, and 
minimum and maximum value) were calculated.

Data related to quantitative mucin expression (mRNA, 
protein), in CRC group, were compared with the data 
obtained for the control samples of the same patients 
(linked variables) with the Wilcoxon test. In cases of 
unlinked variables in two groups, the nonparametric 
MannWhitney’s test was applied. The tStudent test was 
applied in case of consistency of the results with normal 
Gaussian distribution. 

of a target gene by relating the Ct value to a standard 
curve. Prior to absolute quantification, the Ct values were 
normalized by comparison to the average of Ct’s obtained 
for three housekeeping genes (β-actin, GAPDH, and 
HPRT1). 

Evaluation of alterations in expression of MUC1 and 
MUC2 mRNA, involved a comparison of mRNA copy 
numbers for those mucins per microgram of RNA, be
tween the tumor and control samples from the same 
patient. 

Immunocytochemistry
Tissue sections, 5 μm thick, were deposited onto 
SuperFrost/Plus microscope slides. In order to qualify the 
material for the study, routine staining of the sections 
with hematoxylin and eosin (HE) was performed. Anti
human mouse monoclonal antibodies (mAbs) specific 
for human Ki-67 antigen (clone MIB-1) (Dako Denmark 
A/S, Glostrup, Denmark, ready to use), antip53 (clone 
DO-7) (Dako), as well as the anti-MUC1 (clone Ma552) 
and antiMUC2 (clone Ccp58) (both from NovocastraTM, 
both in 1:100 dilution) antibodies were used. The 
sections were incubated with these primary mAbs th
rough the night, at 4 ℃, and afterwards with dextran 
backbone, to which horseradish peroxidase (HRP) was 
attached, and with secondary biotinylated link antirabbit 
and antimouse IgG (Dako REAL™ EnVision™ Detection 
System peroxidase/DAB+, Rabbit/Mouse, Dako), with 
microwaveoven pretreatment for antigen retrieval. 
Positive reaction manifested, in at least three sequential 
sections, as a dark brown or black precipitate in the cell 
nucleus (Ki-67, p53) and cell membrane/cytoplasm 
(MUC1 and MUC2). The preparations were counterstained 
using hematoxylin. Every test was accompanied by a 
negative control, in which specific antibodies were supple-
mented by a normal serum of a respective species in 0.05 
mol/L Tris-HCl, pH approximately 7.6, supplemented 
with 0.1% bovine serum albumin (BSA) and 15 mmol/L 
sodium azide (internal negative control). All the steps of 
immunocytochemistry (IHC) technique were previously 
described[34]. Histological slides with IHC expression were 
examined under the optical Olympus BH2 microscope, 
coupled to a digital camera. Color microscope images 
were recorded and archived using a 40 × objective (at 

Transcript Sequence (5’-3’ direction) ENST number 
http://www.ensembl.org

Product size

MUC1 TCCAATATTAAGTTCAGGCCAGGA 00000185499.16 768 bp
CACATCACTCACGCTGACGT

MUC2 TGAAGACCTGCGGCTGTGT 00000198788.8 3108 bp
CAGTCGAACTCGAAGTGCTCC

β-actin TCTGGCACCACACCTTCTAC 00000298556 169 bp
GATAGCACAGCCTGGATAGC

GADPH GAAGGTGAAGGTCGGAGTCA 00000229239 199 bp
GACAAGCTTCCCGTTCTCAG

HRPT1 CTGAGGATTTGGAAAGGGTG 00000298556 156 bp
AATCCAGCAGGTCAGCAAAC

Table 1  Primer sequences used for real-time quantitative polymerase chain reaction analysis

Kasprzak A et al . MUC1 and MUC2 in CRC
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The percentage shares of IHC positivity of both mu
cins were evaluated, using the difference test between 
two proportions. 

Correlations between data rows were determined 
employing Spearman’s rank correlation index. The 
KaplanMeier survival curves and Logrank test were 
used to compare overall survival rates. The results were 
accepted to be significant at the level of P value less 
than 0.05. The statistical analysis was conducted using 
Statistica PL v. 12.0 software (StatSoft Inc., Tulsa, OK, 
United States). The statistical analysis of the study was 
performed by biomedical statistician (ASJ). The statistical 
method of the study was reviewed by a statistician 
(Kaczmarek E) from the Department of Bioinformatics 
and Computational Biology, Chair of Pathology, Poznan 
University of Medical Science.

RESULTS
Clinicopathological data in CRC patients
Patients over 50 years of age were predominant in the 
Study Group (94%). The cancer was primarily located 
in the distal part of the colon (left colon) (62%). In 3 
patients, the tumor was localized in the rectum. In 21 
patients (62%), protruded type of tumor was observed, 
while the flat type was seen in 13 patients (38%). 

The majority of patients were diagnosed with tubular 
adenocarcinoma located in the colon or rectum, and 
nonmucinous subtype of CRC (71%) prevailed. Among 
these patients one had a mixedtype tumor with the 
neuroendocrine component, the other was diagnosed as 
adenocarcinoma in situ. Mucinous subtype of CRC was 

diagnosed in 10/34 patients.
The histopathological study showed a majority of 

moderately differentiated adenocarcinoma of the colon 
or rectum [grade 2 (G2)] (68%) compared to other 
grades. On a Dukes scale and in its modified form (Astler 
and Coller scale), most tumors were assessed at Stage 
C/C1C3. In five patients from the whole Study Group 
(15%), there were distant metastases present (all to the 
liver). The vast majority of patients (85%) was classified 
stage Ⅲ and Ⅳ on the TNM classification system.  

The clinicopathological characteristics of CRC patients 
were collected in Table 2.

MUC1 and MUC2 expression analysis at mRNA level
The expression of the MUC1 and MUC2 transcripts was 
present in all control and cancerous tissue samples. Our 
study showed that the expression of the MUC1 mRNA 
in the CRC tissues (75095 ± 72149 copies/μg RNA) was 
significantly higher when compared with the control 
tissue (32413 ± 44486 copies/μg RNA) (P = 0.004), and 
the expression of MUC2 mRNA was comparable in the 
study and control group (350227 ± 529270 vs 219744 ± 
324252 copies/μg RNA) (P = 0.274). 

The MUC1/MUC2 transcripts ratio in the test group, 
although higher (1.56 ± 4.50), did not differ significantly 
from the one obtained in the control tissue (0.28 ± 0.40) 
(P = 0.128) (Table 3).

MUC1 and MUC2 mRNA expression and pathological 
data
No significant differences could be disclosed in the 
amount of MUC1 and MUC2 transcripts on one hand and 

Variable CRC (n  = 34)

Age (yr) < 50 2 (6)
≥ 50 32 (94)

Sex male 27 (79)
female   7 (21)

Tumor location Right colon 10 (29)
Left colon 21 (62)

Rectum 3 (9)
Mucin content Nonmucinous 24 (71)

Mucinous 10 (29)
Histologic grade (G) Carcinoma in situ 1 (3)

Well differentiated (G1) 1 (3)
Moderately differentiated (G2) 23 (68)

Poorly differentiated (G3)   9 (26)
Gross morphology Protruded 21 (62)

Flat 13 (38)
Dukes/Astler and Coller stage Carcinoma in situ 1 (3)

A/B1   4 (12)
B/B2, B3 10 (29)

C/C1, C2, C3 14 (41)
D   5 (15)

TNM classification system Carcinoma in situ 1 (3)
Ⅰ and Ⅱ   4 (12)
Ⅲ and Ⅳ 29 (85)

Status Survival 27 (79)
Death   7 (21)

Table 2  Clinicopathologic features of colorectal carcinoma patients n  (%)

CRC: Colorectal carcinoma.

Kasprzak A et al . MUC1 and MUC2 in CRC
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CRC subtype (mucinous vs nonmucinous), colon tumor 
size, anatomical location of the CRC (proximal vs distal 
section of the colon), histologic grade or stage in the 
Dukes, or Astler and Coller scale, on the other (data not 
shown). 

The comparison of the mRNA expression of both 
mucins, depending on the parameters in the TNM classifi-
cation system was possible only for patients with N0 and 
N1, with no significant differences observed in this case 
as well (data not shown).

MUC1 and MUC2 expression at protein level
Using immunohistochemistry, a positive MUC1 immuno
expression was detected in all CRC samples (100%) 
and in 29/32 control colorectal samples (91%), thus the 
detectability of the positive expression of both mucins 
was similar. The immunoexpression of MUC2 was present 
in all CRC samples and in all samples of the colorectal 
control.

Tissue localization of MUC1 and MUC2 
immunoexpression
MUC1 tissue expression in CRC was pronounced and 
related mostly to cell membranes on the apical surface 
of the neoplastic cells lining the glandular structures and 
in the lumen of altered intestinal crypts (extracellular 
mucins fields) (Figure 1A and B). In the control tissue 
of large intestine, membranous expression of MUC1 
prevailed and was observed mainly on the surface of 
normal intestinal crypts (Figure 1C). 

In contrast, MUC2 expression was mainly related 
to the cytoplasm of neoplastic cells with differentiated 
expression of this mucin, from single immunopositive 
cells (Figure 1D) to intense reaction in the cytoplasm of 
numerous cancer cells and/or localized extracellularly 
(Figure 1E). In the normal intestinal mucosa (control), 
cytoplasmic expression of MUC2 prevailed and was 
observed in normal intestinal crypts (Figure 1F). 

No preferred detection sites were observed for both 
mucins (MUC1 and MUC2) within the evaluated area of 

the colorectal tumor (center, periphery).

Quantitative analysis of MUC1 and MUC2 
immunoexpression
The mean expression of MUC1 in colorectal tumors 
(2.57% ± 2.24 % of IHC reaction) and in the normal 
large intestine (2.16% ± 1.64%) was comparable (P 
= 0.627). In the case of MUC2, significantly lower ex-
pression of this glycoprotein in CRC (4.94% ± 7.24%) 
than in the control (7.40% ± 6.77%) has been shown (P 
= 0.035) (Table 3).

The MUC1/MUC2 expression ratio was significantly 
higher in the CRC tissues (1.84 ± 2.54), than in the 
control (0.52 ± 0.51) (P = 0.003) (Table 3).

MUC1 and MUC2 immunoexpression and pathological 
data 
A significantly higher expression of MUC2 in mucinous 
CRC (10.97% ± 11.17% of IHC reaction), compared to 
the rest of the CRC (2.40% ± 2.00%), was shown (P = 
0.018). No such differences were observed with MUC1 
expression (Figure 2). No significant differences could 
be disclosed in the expression of both mucins from one 
hand and tumor size, the anatomical location of the CRC, 
histologic grade (G2 vs G3) and in patients with N0 and 
N1 in the TNM classification system (data not shown). 

In the case of MUC2 expression, significantly higher 
expression of this mucins in colorectal tumors in Stage C 
was shown (5.54% ± 7.57%), compared with Stage B 
(2.12% ± 2.64%) (P = 0.044) (Figure 3). The analysis 
of mucins expression in tumors of Stage B2 and C2 on 
Astler and Coller scale, confirmed these results, although 
only a borderline statistical significance (P = 0.066) was 
obtained for MUC2 expression (data not shown).

MUC1 and MUC2 transcript vs protein expression
High positive Spearman’s correlation was observed in 
patients affected by CRC, between mutual expression of 
both analyzed mucin transcripts (r = 0.602; P < 0.05), 
but not between protein expression itself (r = 0.046) 

Group Number Mean Median Min Max SD aP  value

MUC1 mRNA CRC 23 75095 49309 5648 267473 72149 0.004
Control 23 32413 20075 2 199681 44486

Protein CRC 34 2.57 1.64 0.33 9.80 2.24 0.627
Control 32 2.16 1.72 0.00 6.54 1.64

MUC2 mRNA CRC 23 350227 191457 2806 2399156 529270 0.274
Control 23 219744 130691 1 1509936 324252

Protein CRC 34 4.94 2.15 0.20 32.30 7.24 0.035
Control 32 7.40 5.15 0.73 31.60 6.77

MUC1/MUC2
ratio

mRNA CRC 23 1.56 0.25 0.06 21.30 4.50 0.128
Control 23 0.28 0.18 0.04 2.00 0.40

Protein CRC 34 1.84 0.80 0.04 10.35 2.54 0.003
Control 32 0.52 0.37 0.00 1.95 0.51

Table 3  Tissue expression of mRNA and proteins of both mucins, mucin 1/mucin 2 ratio in colorectal carcinoma and in unaltered 
colorectal tissue 

Control: Unaltered colorectal tissue; aP: Comparing colorectal carcinoma and control. MUC1: Mucin 1; MUC2: Mucin 2; SD: Standard deviation; CRC: 
Colorectal carcinoma.
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(Table 4). Additionally, in CRC tumor tissues, borderline 
positive Spearman’s correlation, between mRNA and pro
tein expression of MUC1 (r = 0.405; P = 0.055). MUC2 
didn’t show a statistically significant correlation between 
mRNA and protein expression (Table 4).

MUC1 and MUC2 expression (mRNA and proteins) and 
clinical data
Negative correlation between MUC1 mRNA expression 
and the age of patients was observed (r = -0.481; P 
< 0.05). Furthermore, positive correlations considered 
the expression of both mucins (MUC1 and MUC2) and 
the blood leukocyte count (r = 0.465 and r = 0.474 
respectively; P < 0.05 in both cases). Additionally, the 
expression of MUC1 protein was positively correlated 

with thrombocyte numbers in patients affected by CRC (r 
= 0.474; P < 0.05) (Table 5). 

Mean survival time of patients affected by CRC was 
52 ± 3 mo. The KaplanMeier analysis shows that neither 
MUC1, nor MUC2 apomucins expression were signifi
cantly associated with survival probability in patients with 
CRC (Figure 4A and B). Survival curves of 34 patients 
with CRC showed that also expression of mRNA for both 
mucins in tissue samples was not associated with the 
prognosis of CRC (data not shown). 

Ki-67 proliferating antigen and p53 immunoexpression 
The positive expression of Ki-67 proliferating antigen 
was detected in 28/34 (82%) of CRC tissue samples. 
Additionally, a significantly higher expression of Ki-67 in 

A B

C D

E F

Figure 1  Immunohistochemical illustrations of colorectal carcinoma and control colon with mucin 1 and mucin 2 positive expression. A: Representative 
IHC expression of MUC1 in luminal surface epithelium (arrow) of tumor-changed colon crypt; B: Membranous and extracellular pattern (arrow) of MUC1 expression in 
neoplastic cells lining the glandular structures of CRC; C: Representative image of MUC1 membranous localization in normal colon crypts; D: Cytoplasmic expression 
of MUC2 in scattered epithelial cells of the tumor-changed colon crypt (arrow); E: IHC intense reaction of MUC2 expression in the cytoplasm of numerous cancer 
cells and/or localized in the lumen of the colon crypts (arrow); F: Cytoplasmic expression of MUC2 in majority of goblet cells in normal colon epithelium. Sections were 
counterstained with hematoxylin. Objective × 40. MUC1: Mucin 1; MUC2: Mucin 2; IHC: Immunohistochemical; CRC: Colorectal cancer.
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CRC as compared with control was demonstrated (P < 
0.001) (data not shown). 

Only the nuclear location of Ki-67 within different 
percentages of immunopositive tumor cells was observed 
(Figure 5A and B). The Ki-67 antigen expression in the 
control samples was evident mainly in the individual 
basally located nuclei of the goblet cells lining the un
altered intestinal crypts (Figure 5C). 

Positive expression of p53 was demonstrated in 
19/34 (56%) patients. Similar to Ki-67 antigen, only 
the nuclear location was observed and, as a rule, a very 

intense IHC reaction concerning the majority of poly
morphic cell nuclei in the evaluated samples (Figure 5D). 
44% of CRC patients did not show the presence of the 
protein in tumor samples (Figure 5E). In the healthy 
colorectal samples (control), p53 expression was not de
tected in any specimen (Figure 5F). 

MUC1 and MUC2 expression (mRNA and proteins) vs 
Ki-67 and p53 expression
A significant, relatively high, negative Spearman’s cor
relation, between the expression of MUC2 apomucin and 
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Figure 2  Comparative immunoexpression of mucin 1 and mucin 2 in nonmucinous and mucinous subtypes of colorectal carcinoma. Mean ± SD. aP (level 
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MUC1 MUC2 mRNA MUC1 mRNA MUC2 Ki-67 p53

MUC1 - 0.046     0.405a  0.199  0.015 -0.106
MUC2  0.046 -  0.457  0.126  -0.4281  -0.3891

mRNA MUC1    0.405a 0.457 -   0.6021 -0.121 -0.215
mRNA MUC2  0.199 0.126   0.6021 -  0.033 -0.145
Ki-67  0.015 -0.4281 -0.121  0.033 -    0.6021

p53 -0.106 -0.3891 -0.215 -0.145   0.6021 -

1Indicate values of r coefficient for which P < 0.05; aP = 0.055. MUC1: Mucin 1; MUC2: Mucin 2.

Table 4  Values of Spearman’s coefficient for correlation between both mucins (mRNA, protein) and Ki-67 and/or p53 protein 
expressions in colorectal carcinoma samples
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Ki-67 (r = -0.428; P < 0.05) was observed (Figure 6). In 
contrast, relatively weak, negative correlation between 
MUC2 protein and p53 expression (r = -0.389; P < 0.05), 
was shown in CRC tissues (data not shown). Additionally, 
a high positive correlation was observed for Ki-67 antigen 
and p53 expression in study group (r = 0.603; P < 0.05) 
(data not shown).

DISCUSSION
Some discrepancies are present between the results 
of MUC1 expression detection, in healthy colon and 
rectum, with the use of immunohistochemistry. Some 
scientific publications, notably the recent ones, document 
lack of MUC1 expression in control large intestine in 
adults[18-20], or emphasize low detectability (10%) of this 
apomucin[36]. 

In this study, positive MUC1 expression (mRNA, 
protein) was observed in almost all of the control samples 
of large intestinal tissue. These results are coherent with 
the findings of other authors, conducted with the use 
of light and electron microscopy[37,38]. Descriptions of 
clear, membranous expression of MUC1, on the luminal 
surface of glandular cells of normal colon epithelium, 
are available also in interactive databases[39]. Therefore, 
our own research using IHC technique confirms both, 
detectability and evident membranous expression of this 
mucin, in tissues of healthy large intestine.

In neoplastic CRC tissues collected in this study, 

detectability of MUC1 expression via IHC was 
100%, being much higher than those achieved by 
other authors, which note it from below 20%[40], th
rough 32%-40%[14,18,41], approximately 55%[20], to 
70%-80%[29]. According to some publications, MUC1 ex
pression was more commonly detected in CRC patients 
with lymph node metastases discovered during surgical 
procedures, than those without such metastases (84.2% 
vs 34.6%)[20], which is not confirmed by the current 
study. However, our results are similar to those obtained 
in CRC tissue microarrays, in which the authors also 
did not observe correlation between MUC1 expression 
and histologic grade, stage, vascular invasion, or cancer 
type[14,30]. The results of research by Matsuda et al[41], 
concerning more common expression of MUC1 in CRC 
of more severe histologic stages, were not confirmed 
in our studies. However, similarly to the authors[41], we 
have also not found any correlation between MUC1 and 
p53 expression. As in our studies, Kesari et al[19] did not 
observe differences in MUC1 expression depending on the 
histologic stage, but a higher incidence of expression of 
this mucin was described in G2, than in G1 of this cancer 
(55% vs 11%)[19]. The positive relationship between 
MUC1 expression and histologic grade and stage can also 
be found in other publications, with the appreciation of 
this expression as a high risk factor of death in Caucasian 
population (HR: 2.03; P = 0.038)[29,37]. The coexpression 
of MUC1 and p53 was a bad prognostic factor for the 
overall survival (OS) of these patients[29]. Our own 

Age (yr) Hemoglobin (g/dL) WBC (× 109/L) Thrombocytes (g/L) Glucose (mg/dL)

MUC1 -0.322 -0.175  0.067   0.4741 -0.277
MUC2  0.053 -0.123 -0.097 -0.085 -0.346
mRNA MUC1  -0.4811  0.189    0.4651  0.203 -0.325
mRNA MUC2 -0.412 -0.098    0.4741 -0.145 -0.306

Table 5  Values of Spearman’s coefficient for correlation between mucins expression (mRNA/protein) in colorectal carcinoma and 
selected clinical data

1Indicate values of r coefficient for which P < 0.05. WBC: White blood cell; MUC1: Mucin 1; MUC2: Mucin 2.
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research cannot confirm the above observations, as well 
as the results of other authors, where MUC1 expression 
was shown to be an independent marker of prognosis 
(HR: 1.339, 95%CI: 1.002-1.790; P = 0.048)[14]. The 
lack of dependence between MUC1 expression and 
histologic grade or stage, in the current study probably 
results from the very homogenous group of patients with 
CRC in the range of histologically assessed parameters 
[68% with grade 2; 56% with stage C (C1-C3)/D in 
Dukes/Astler and Coller scale; 85% with stage Ⅲ and 
IV in TNM classification system]. Furthermore, it should 
be stressed, that the results of multiple authors are 
mainly based on the analysis of the detection (incidence) 
of MUC1 expression, rather than a reliable quantitative 
assessment[19,29]. In several works, MUC1 expression 
was admittedly evaluated, using semiquantitative me

thods[20,30,36], but some of them did not have control 
groups[14,19,30]. There are publications that intensify the 
IHC reaction, and introduce the division into the socalled 
high, low and negative MUC1 expression, occurring in 
a different percentage of patients (12%, 52%, 36%, 
respectively)[30]. Hence, the overexpression of the MUC1 
protein was observed in varying percentages in different 
patients, from 12%[30] to approximately 40%[19]. 

Most of the cited researchers, in their studies, used 
monoclonal, primary Ma695 antibody (Novocastra), in 
1:100 dilution[18,19,30,40]. In the current study, antibodies 
from the same company have been used, also in 1:100 di-
lution. However, we have chosen another clone (Ma552). 
Furthermore, the use of a reliable, repeatable method 
of quantitative evaluation of IHC expression (HSV filter 
program), may explain the discrepancies obtained in the 

Figure 5  Immunohistochemical illustrations of colorectal carcinoma and control colon with Ki-67 antigen and p53 expression. A: Representative IHC 
expression of Ki-67 proliferating antigen in the majority of tumor cell nuclei; B: An intense nuclear pattern of Ki-67 expression in focally located tumor cells; C: 
Representative image of Ki-67 proliferating antigen immunoexpression in the individual basally located nuclei of the goblet cells lining the unaltered intestinal crypts; 
D: A pronounced p53 nuclear pattern of IHC reaction in glandular structures of CRC; E: Negative IHC reaction for p53 in tumor of other CRC patient; F: Negative IHC 
reaction for p53 in normal colon. Sections were counterstained with hematoxylin. Objective × 40. IHC: Immunohistochemical; CRC: Colorectal cancer.
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study results, at least partially, including the increased 
MUC1 expression in both control, and cancerous large 
intestine, presented in our study.

Current studies, employing the RTqPCR method, 
have been shown a significantly higher mean expression 
of MUC1 mRNA in CRC, compared to the healthy tissue. 
This expression showed borderline correlation (P = 0.055) 
with MUC1 protein expression. It is difficult to relate this 
result to the literature data. 

The results of correlation analysis, between the MUC1 
expression (mRNA, protein) and the available patient 
clinical data, are not as spectacular as those obtained 
by other authors. In the case of MUC1, a negative cor
relation is shown between the mRNA (but not the pro
tein itself) expression and the age of the CRC affected 
patients. The data on that specific relation was not found 
in literature. In addition, we have observed positive 
correlations between the MUC1 mRNA and the number of 
leukocytes, while the expression of the MUC1 apomucin 
itself, correlated with the number of platelets in the 
CRC. There are also no exact references to these results 
in literature. However, in mouse model, it was shown 
that carcinoma mucins (fragments from human colonic 
adenocarcinoma LS180 cells) initiate thrombosis through 
adhesiondependent, reciprocal activation of neutrophils 
and platelets. These studies provide insights into mucin
dependent, thrombinindependent thrombosis in patients 
with Trousseau syndrome[42]. 

Similar to MUC1 expression, the detectability of 
MUC2 (mRNA, protein), obtained in the current, study 
was higher, than that presented in the literature data, 
which cite approximately 30%[14], approximately 
50%-64%[20,30,43] and 92% of positive CRC cases[44]. 
Some sources document a higher incidence of MUC2 
expression detection (72%-100%), only in the case of 
mucinous CRC subtypes[29,40]. The production of MUC2 
mRNA in the healthy colorectal tissues is documented 
by numerous researchers[18,45,46], although some of the 
authors describe it in just 20% of the control tissues[44].

The cytoplasmic pattern of MUC2 expression, de

monstrated in the present work, confirms previous 
observations in the healthy and canceraltered large 
intestine[39,46,47]. We have described similar amounts of 
MUC2 mRNA in CRC and control, but a lower expression 
of the MUC2 protein in patients with CRC, compared 
to control. Confronting this with literature, the results 
of the IHC study are consistent with those obtained 
by many researchers[14-20,29,41,43,48], while in the case of 
MUC2 transcripts detection, few works record reduced 
expression of MUC2 mRNA in the CRC, compared 
to the normal tissue[45]. In the current work, higher 
expression of MUC2 in the mucinous CRC, as compared 
with nonmucinous subtypes of cancer, has been shown, 
which also confirms the results of other authors’ re
search[24,47,49]. 

In CRC patients gathered in this work, a higher 
expression of MUC2 was also observed in the more 
advanced histologic stages of the tumor. In addition, 
there have been significant negative correlations be
tween MUC2 with Ki-67 and p53 expressions. This could 
indicate a significant relation between the decrease 
in the expression of this glycoprotein in the course of 
colon carcinogenesis, and the proproliferative activity 
(Ki-67), or deregulation of the tumor suppressive P53 
signaling. This result is confirmed by the research of 
other authors[50,51]. However, similarly to MUC1, there 
was no significant correlation between MUC2 expression 
and histologic grade, size, or location of the tumor, which 
is also consistent with the literature data[43,52].

In the current study, it was also not possible to find 
statistically significant relationships between mucin 
expression (mRNA, protein) and survival of patients 
with CRC. In the 5year period evaluated, seven people 
died of cancer (21%), the average survival was 52 mo 
from the time of surgery. The small number of patients 
analyzed, including the deceased, did not allow to draw 
binding conclusions on the predictive role of MUC1 and 
MUC2 tissue expression, in the CRC patients of the 
Greater Poland Region.

Research by other authors points to a link between 
MUC1 overexpression and poorer survival, especially 
in mucinous tumors. These authors prove, that higher 
frequency of MUC1 immunoreactivity in the mucinous 
subtype of CRC was independently related to greater rate 
of cancer death in colorectal patients[26]. In the case of 
MUC2, however, other studies have also shown important 
correlations between MUC2 expression reduction/loss, 
shorter survival time (OS), shorter progressionfree/
diseasefree (PFS) in patients with stage Ⅱ and Ⅲ colo
rectal carcinomas[30,53] and longer diseasefree (DFS) and 
disease-specific survival (DSS) in patients with positive 
MUC2 expression. The loss of expression of this mucin 
was correlated with the recurrence of cancer[52]. In some 
studies, the relationship between MUC2 expression and 
survival was not spectacular, but only borderline, and 
more often concerned welltomoderately differentiated 
adenocarcinomas [P = 0.064 for recurrence/metastasis-
free survival (RFS) and P = 0.172 for OS] but not for 
poorly differentiated adenocarcinomas[43]. 
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Although the current study is based on a relatively 
small group of patients (n = 34), with the predominance 
of nonmucinous subtype of CRC, it can be assumed, that 
the expression of both mucins (MUC1 and MUC2), at 
the level of mRNA and protein, occurs in a normal and 
tumoraltered colon. Lower tissue expression of MUC2 in 
CRC, as compared with control, correlates with increased 
cellular proliferation and could become a marker of 
cancer progression. The intensity of MUC2 expression 
allows to differentiate mucinous and nonmucinous CRC 
subtypes. 

The clinical limitations of the current study can be 
summarized as follows: (1) Most likely due to the homo
geneous study group in the range of histologically as
sessed parameters (68% patients with G2 and 85% with 
stage Ⅲ and Ⅳ in TNM classification), not all differences 
in MUC1 and MUC2 expression or correlations with clini–
cal data have reached statistical significance. And (2) 
The small number of deceased patients (n = 7) analyzed 
in the current study, did not allow to draw binding con
clusions on the predictive role of MUC1 and MUC2 tissue 
expression for the survival time of patients with CRC of 
the Greater Poland Region. 

Future study is required and a larger number of 
patients should be evaluated to confirm our findings. 
Better characterization of the role of mucins in molecular 
mechanisms in colorectal carcinogenesis requires further 
testing, also on an in vitro model.

In conclusion, a combination of tissue overexpression 
of MUC1, reduced MUC2 expression, and high ratio 
of MUC1/MUC2 is a factor of poor prognosis in CRC 
patients. MUC2 tissue expression allows to differentiate 
mucinous and nonmucinous CRC subtypes.

ARTICLE HIGHLIGHTS
Research background  
In Poland, colorectal carcinoma (CRC) is the second most common cancer 
in men and woman, with the third leading causes of cancer deaths in Greater 
Poland Region. Altered mucin expression is correlated with the prognosis of this 
cancer. In vivo as well as in vitro studies on the expression of mucins may have 
also therapeutic implications.

Research motivation
The role of mucin expression at various stages of the colon carcinogenesis is 
incomplete. The prognostic role of mucins in the mucinous subtypes of CRC 
is poorly known. Research into the role of mucins in pathogenesis and CRC 
clinical studies (especially in mucinous subtypes) are also current topics from a 
methodological point of view. The lack of standardized methods of quantitative 
evaluation of mucins expression (especially at tissue level) and/or frequent lack 
of control groups, are a great difficulty in comparative analysis.

Research objectives
Current research determines tissue expression (mRNA, protein) of membrane-
bound mucin [mucin 1 (MUC1)] and secretory mucin [mucin 2 (MUC2)] in 
healthy and colorectal cancer tissue samples and evaluates the relationship 
between tissue expression of both mucins and selected clinicopathological data 
of the patients with CRC. 

Research methods
The research on tissue expression of two types of mucins (MUC1 and MUC2) 

in cancerous and normal colorectal tissue samples was performed using real-
time quantitative polymerase chain reaction (RT-qPCR) to evaluate expression 
of transcripts, immunohistochemistry (IHC) for demonstrating apomucins 
localization, and the morphometric analysis of intensity of IHC reaction using 
modern HSV filter software. 

Research results 
Significantly higher expression of the MUC1 mRNA in the CRC, while MUC2 
transcript expression was comparable with the control colorectal samples. 
Using immunohistochemistry, we observed lower MUC2 protein as compared 
to control tissue. MUC2 protein expression correlated negatively with cellular 
proliferation (Ki-67 antigen expression) and expression of mutated form of p53. 
In neoplastic tissue of CRC it was observed also higher MUC1/MUC2 ratio as 
compared with healthy colorectal tissue. Higher expression of MUC2 was a 
feature of mucinous CRC subtypes, and characterized higher histological stage 
of tumors. Future study is required to explain molecular mechanisms of CRC 
carcinogenesis including mucins and TP53 pathway.

Research conclusions
Our study confirmed that the colorectal carcinogenesis is closely related to 
overexpression of MUC1 and the decline in MUC2 expression. The use of 
increasingly repetitive and reliable method for the quantitative evaluation of 
mucins expression may prove useful to evaluate different patterns of IHC 
reaction (membranous, cytoplasmic, etc.) and can be useful in various subtype 
of colorectal cancer, as our research shows (mucinous vs nonmucinous CRC). 
Both the microscopic demonstration of evident MUC1 expression, especially 
in healthy colorectal tissue (control), and morphometric quantitative evaluation 
(Filter HSV program) of membranous (MUC1) and secreted (MUC2) expression 
is the novelty of the present work. The quantitative method used in the current 
study, can be used for further comparative research and to evaluate tissue 
expression of other types of mucins in CRC. The use of quantitative methods in 
immunocytochemistry can improve the detection of tissue markers in CRC and 
assess their true value in daily medical practice.

Research perspectives
This study proposed, that the examination of the tissue expression of MUC1 
and MUC2 (mRNA, protein), should use modern methods of quantitative 
assessment of transcripts (e.g. RT-qPCR), and more reliable morphometric 
methods (e.g. HSV filter software). Only these methods could improve the 
diagnostic/prognostic usefulness of mucins as tissue biomarkers in CRC 
patients. A better explanation of molecular mechanisms in the colorectal 
carcinogenesis with mucin involvement requires further testing, also on an in 
vitro model. These results could be the basis for further studies to understand 
the carcinogenesis of colorectal cancer.
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