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Abstract
Background: Carcinoma of the colon and rectum is one of the commonest causes of cancer-related deaths globally. In 

India, the incidence of carcinoma of the colon and rectum is high due to genetic factors, lifestyle, and environmental 

factors. Over 50% of cases are diagnosed in the late stage, which leads to limitations in treatment and worsens 

prognosis. Biomarkers such as Carcinoembryonic Antigen and Mucin-1 (MUC1) play a crucial role as prognostic 

markers in Colorectal Carcinoma (CRC). Aim and Objectives: To evaluate and correlate MUC1 expression with the 

grading and staging of CRC. Material and Methods: A hospital-based cross-sectional study was done on 40 

specimens received in the histopathology section of the department of pathology. Tumor tissue blocks on which 

diagnosis of CRC was made were evaluated for MUC1 expression and were correlated with grading and staging of 

CRC. Results: MUC1 expression showed score 3+ positivity in 70% cases of moderately differentiated 

adenocarcinoma, 50% cases of well-differentiated adenocarcinoma and in all cases of poorly differentiated 

adenocarcinoma. In 78.57% of T3 cases and 75% of T4 cases, score 3 MUC1 expression was observed. Score 3+ 

MUC1 expression was noted in 60% of N0, 82% of N1 and 100% of N2. The maximum number of cases showing the 

depth of invasion in the subserosa showed the highest score, that is, score 3, amounting to 85.71%. Conclusion: 

Overexpression of MUC1 is associated with the aggressiveness and progression of the tumor, and it can aid 

clinicians in intensifying chemotherapy in cases of CRC with high MUC1 expression.
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potentially attributable to variations in genetic, 

lifestyle, and environmental variables. Notably, 

over 50% of colorectal carcinoma cases present at 

an advanced stage, which severely reduces the 

range of available treatments and deteriorates 

prognosis, ultimately resulting in high death rates 

[3]. Early detection and correct staging are 

important for improving patient outcomes. Present 

diagnostic modalities frequently fail to provide 

reliable prognostic insights [4]. Various biomarkers 

in CRC detection include Carcinoembryonic 

Antigen (CEA), CD133 and epithelial membrane 

antigen Mucin1 (MUC1). The glycoprotein CEA 

Introduction

Around two million new cases of Colorectal Cancer 

(CRC), with approximately one million deaths, have 

been reported [1]. The National Cancer Registry data 

from 1982 to 2010 revealed a steady rise in the 

annual percentage change, ranging from 0.9% to 

5.8% for carcinoma colon and 2.7% to 9.8% for 

carcinoma rectum. The latest report, based on 27 

population-based cancer registries, indicated an 

annual incidence rate of 5.36 per one lakh population 

for carcinoma of the colon and 5.17 per one lakh for 

carcinoma of the rectum in men and in women [2].

The northeastern and southern regions of India have 

a much higher prevalence of colorectal cancer, 
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has been widely recognized as a biomarker for 

colorectal cancer [5].

Among the potential biomarkers mentioned in the 

recent studies of CRC was MUC1. MUC1 is a 

transmembrane glycoprotein. It has been recog-

nized for its significant aberrant expression in CRC. 

Also, it is associated with aggressive tumor beha-

vior [6,7]. MUC1 expression studies have also been 

conducted on various malignant tumours, including 

ovarian, bladder, and thyroid tumours, by several 

authors [8,9,10]. A study on MUC1 expression in 

malignant ovarian tumors indicated that MUC1 is 

implicated in cancer progression and is also related 

to poor prognosis [8]. 

A study on bladder cancer indicated that MUC1 is 

crucial in preserving the mucosal integrity of the 

urothelium, and its abnormal expression contributes 

to the growth and spread of malignant bladder 

tumors [9]. In a study done on MUC1 expression in 

colorectal carcinoma, it was mentioned that MUC1 

is indicative of poor prognosis. It also plays a role in 

epithelial-mesenchymal transition [11]. In some 

studies, a positive correlation between MUC1 and 

tumor grading was observed [12, 13]. The identi-

fication and evaluation of biomarkers such as MUC1 

can help to plan treatment for CRC.

Material and Methods

Source of data

This hospital-based cross-sectional study was con-

ducted on resected specimens of colorectal carci-

noma received in the histopathology section of the 

Department of Pathology from 2019 to 2024. The 

study was approved by the Institutional Ethics 

Committee (BLDE (DU)/IEC/932/2023-24 dated 

10.04.2023). All resected colorectal specimens 

diagnosed as carcinoma on histopathological 

examination were included in the study. Cases of 

colorectal carcinoma in which the tissue was 

inadequate for further immunohistochemical 

processing were excluded.

Methods of collection of data

Resected colorectal specimens, which were diag-

nosed as carcinoma on histopathology, were 

evaluated for grading and staging. Clinical details 

were collected from the patient's records. Evalu-

ation of study cases was done under the headings of 

age, sex of the patient, tumor location, histological 

grading and staging of the tumor, depth of invasion, 

lymphovascular invasion and lymph node meta-

stasis. Tumor tissue blocks on which diagnosis of 

carcinoma was done were evaluated for MUC1 

expression. Then correlation of MUC1 expression 

was done with the grading and staging of CRC. For 

the immunohistochemistry study of MUC1, tissue 

sections 3 μm thick were placed on charged slides 

and incubated at 70°C for 20 minutes. Deparaffini-

zation of the sections was done by two changes of 

xylene for 10 minutes each. Hydration of the 

sections was done by passing through absolute 

alcohol in 100%, 70%, 50% for 3 minutes each. 

Then, in distilled water for 3 minutes each. Sections 

were stored in Tris EDTA (pH 8.5 to 9.0) for antigen 

retrieval. Then, washed in distilled water for 3 

minutes. After that slide was kept in 3% hydrogen 

peroxide for 10 minutes. Then, the sections were 

washed using a 0.05 mM Tris-buffered saline 

solution. Diluted mouse monoclonal antibodies 

targeting MUC1 were used as primary antibodies. 

Primary antibodies were applied to these sections 

and incubated for 45 minutes in a moist chamber. 

Tris-buffered saline solution (0.05mM) was used 

for washing. Then the target binder was added and 

incubated for 10 minutes. Then again, washed in 

Tris-buffered saline for 2 minutes. The sections 

were incubated with Polyexcel HRP for 10 minutes. 

Sections were treated with 0.5mg/ml 3, 3'-
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diaminobenzidine solution. Hematoxylin was used 

for counterstaining. Slide mounting was completed 

after sections were cleaned in xylene and dried in 

ethanol. MUC1 Immunohistochemical (IHC) 

expression was evaluated and scored as follows: a 

score of 0 was assigned when no tumor cells 

exhibited MUC1 positivity. A score of 1+ was given 

when fewer than 10% of tumor cells showed 

positive staining. Cases in which 10–50% of tumor 

cells demonstrated MUC1 positivity were assigned 

a score of 2+, while a score of 3+ was recorded 

when more than 50% of tumor cells showed 

positive staining for MUC1 [14].

Sample size

The sample size was calculated using the formula 

described in the study by Kasprzak et al. (2018) 

[15]. Based on an anticipated correlation of 0.602 

between the MUC1 expression levels of the two 

analyzed mucin transcripts, with a 95% confidence 

level and 98% power, the required sample size for 

the study was determined to be 40. Statistical 

analysis was performed using the Statistical 

Package for the Social Sciences (Version 20). 

Results were presented in a Microsoft Excel sheet. 

Categorical variables were compared using the Chi-

square test. A p-value less than 0.05 was considered 

statistically significant.

Results

A total of 40 cases were evaluated for MUC1 

expression in CRC. The age of the youngest patient 

was 28, and the oldest patient was 80 years old. The 

mean age of the study participants was 58 ± 13. The 

highest number of study participants was between 

41 and 50 years, accounting for 27.5%, followed by 

those between 61 and 70 years and 71-80 years, 

which accounted for 22.5% of cases each. Gender 

wise distribution of CRC cases showed a mild 

female preponderance amounting to 57.5%.

The commonest clinical manifestation was of a 

detectable mass in the abdomen, summing up to 55%, 

followed by per rectal bleeding (20%), obstructive 

symptoms (15%) and abdominal pain (10%). The 

resected specimens of the study participants showed 

the most common gross presentation, with ulcero-

proliferative growth accounting for 65%, followed by 

circumferential growth at 20%, exophytic growth at 

10%, and polypoidal growth at 5%. The most 

common site involved was the rectum, accounting for 

42.5%, followed by the colon at 35%, and the caecum 

at 22.5%. Adenocarcinoma was the predominant 

histological subtype, with 92.5%, followed by 5% of 

mucinous adenocarcinoma and 2.5% of signet ring 

cell carcinoma.

The grading of CRC showed that 82.5% of cases 

were moderately differentiated carcinomas, follo-

wed by 10% of cases that were well differentiated, 

and 7.5% of cases that were poorly differentiated. In 

poorly differentiated CRC, 2 cases were mucinous 

adenocarcinomas, and 1 case was a signet ring cell 

carcinoma. The maximum number of CRC cases 

were of T2 staging, amounting to 52.5%, followed 

by T3 (35%), T4 (10%) and T1 (2.5%). Out of 40 

cases of CRC, 27.5% of cases showed metastasis in 

lymph nodes with N1 status, which is defined as one 

to three regional lymph node involvements. In 10% 

of cases, N2 status was noted, indicating involve-

ment of more than four lymph nodes. When the 

association of grading was examined in conjunction 

with tumour staging, T3 staging was noted in all 

cases of poorly differentiated CRC. In contrast, the 

association between grading and staging was 25% 

and 30.30%, respectively, for well-differentiated 

and moderately differentiated CRC. When the 

correlation between the grading of the tumor and 

metastasis of lymph node was done, the highest 

percentage of metastasis in the N2 category was 
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noted in poorly differentiated CRC as compared to 

moderate and well-differentiated CRC, and the 

difference was statistically significant with a p-

value of 0.007 (Table 1).

When the association of grading was done with 

depth of invasion, it was observed that in poorly 

differentiated CRC, the highest percentage of cases 

showed extension up to serosa and beyond serosa 

as compared to well differentiated CRC and 

moderately differentiated CRC, but the difference 

was statistically not significant (Table 2).

When the correlation of lymphovascular invasion 

was done with grading, it was observed that, as 

compared to well-differentiated and moderately 

differentiated CRC, the maximum number of cases 

showed lymphovascular invasion in poorly diffe-

rentiated CRC. However, the difference was statis-

tically not significant. When the correlation bet-

ween metastasis in the lymph node and staging of 

CRC was done, stage 3 and stage 4 showed the 

highest percentage of metastasis compared to stage 

1 and stage 2. However, the difference was not 

statistically significant. (Table 1).

When the correlation between staging and depth of 

invasion was studied, in stage T3 and T4, the 

highest number of cases showed the depth of 

invasion into serosa and subserosa compared to 

stage T1 and T2, and the difference was statistically 

significant (Table 2).

The correlation between staging and lymphovascular 

invasion showed that a larger number of cases in the 

T4 stage exhibited lymphovascular invasion 

compared to stages T1 to T3; however, the difference 

was statistically not significant (Table 2).

Overall, the evaluation of MUC1 expression in 

CRC cases showed a score of 1 in 3 cases (7.5%), a 

score of 2 in 9 cases, followed by a score of 3 in 28 

cases (70%). In all cases of poorly differentiated 

CRC, score 3 MUC1 expression was noted. Score 3 

MUC 1 expression was noted in a higher number of 

cases of moderately differentiated CRC as com-

pared to well differentiated CRC, but the difference 

was statistically not significant. (Table 3, Figure 1-4 

A &B)

Correlation of tumor staging with MUC1 expression 

showed a maximum number of cases showing score 3 

expression in stage T3 and T4 amounting to 78.57 % 

and 75% respectively. All cases of stage T1 showed 

score 1 MUC1 expression and the difference between 

various tumor staging with MUC1 expression score 

was statistically significant (Table 3).

The score 3 MUC1 expression was highest in CRC 

cases with N2 category lymph node metastasis, 

amounting to 100%, and lowest in the N0 category, 

amounting to 60%. However, the difference was 

statistically not significant (Table 3).

When the association of depth of invasion and 

MUC1 expression was done, a maximum number 

of cases showing the depth of invasion in subserosa 

showed the highest score that is score 3, amounting 

to 85.71%. Score 3 MUC1 expression was not 

observed in cases of CRC limited to submucosa and 

difference between depth of invasion and MUC1 

expression score was statistically significant. 

(Table 3)

When the association between lymphovascular 

invasion and MUC1 expression was done, score 3 

MUC1 expression was higher in cases showing 

lymphovascular invasion as compared to CRC cases 

without lymphovascular invasion, but the difference 

was not statistically significant. (Table 3)

When the association between the site of CRC and 

MUC1 expression was studied, score 3 expression 

of MUC1 was noted in 88.8% of CRC cases of the 

caecum, followed by 71.4% of colon and 58.8% of 

rectum. However, the difference was not significant 
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statistically. The association of gross morphology in 

CRC and MUC1 expression showed, score 3 

expression of MUC1 in 100% of CRC cases 

presented with polypoidal growth followed by 

73.07% ulceroproliferative growth and 62.5% 

circumferential growth, but the difference was 

statistically not significant.

Discussion

A distinguishing feature of CRC is its capacity to 

secrete mucin. Usually, the mucin protects epi-

thelial surfaces by lubricating the surface of the 

epithelium [12]. MUC1 is crucial in preserving the 

mucosal integrity, and its abnormal expression can 

contribute to the progression and spread of 

malignant tumors [9]. MUC1 expression studies 

done on various malignant tumors mentioned that 

MUC1 is implicated in cancer progression [8-10]. 

The maximum number of study participants was 

within the age group of 41 to 50 years. These 

findings in the present study are in concordance 

with the results of Kesari et al. (2015) [12]. The 

incidence of CRC was slightly higher in males as 

compared to females. It was mentioned that sex 

steroid hormones and microbiota of the gastro-

intestinal tract may be the cause of it [12]. However, 

in the present study, a mild female preponderance 

was noted, amounting to 42.5% males and 57.5% 

females.

The clinical symptoms of CRC vary across different 

anatomical regions in the colon and rectum, due to 

their distinct anatomical and physiological func-

tions. Typically, abdominal pain and systemic 

symptoms are prevalent in right colon cancer, while 

hematochezia and obstruction are more frequent in 

left colon cancer, and alterations in defecation 

habits are more characteristic of rectal cancer [16]. 

Kesari et al. (2015) [12] noted blood in stool in 

66%, pain in the abdomen and a mass in the 

abdomen in 48% of cases, and changed bowel 

habits in 43% of cases of CRC. It was also 

mentioned that ulceroproliferative growth was 

found in 48% of cases of CRC. 

The most common site involved in our study was 

the rectum, accounting for 42.5%, followed by the 

colon (35%) and the caecum (22.5%). In the same 

way, Kesari et al. (2015) [12] found that CRC most 
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Table 1: Association of grading and staging of CRC with lymph node metastasis

Grading N0 N1 N2 Chi-square p

WD CRC (n=4) 4 (100%) 0 (0.0%) 0 (0.0%) 14.206 *0.007

MD CRC (n=33) 20(60.61%) 11(33.33%) 2 (6.06%)

PD CRC (n=3) 1 (33.33%) 0 (0.0%) 2(66.67%)

Staging

T1 (n=01) 1 (100%) 0 (0.0%) 0 (0.0%) 3.5 0.73

T2 (n=21) 16(76.19%) 4 (19.04%) 1 (4.76%)

T3 (n= 14) 7 (50%) 5 (35.71%) 2(14.28%)

T4 (n= 4) 1 (25%) 2 (50%) 1 (25%)
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Grading Depth of invasion Chi- 
square

p

Subserosa 
(n=7)

Serosa 
(n=12)

Muscularis 
propria 
(n=20)

Submucosa 
(n=1)

 WD CRC (n=4) 0 (0.0%) 2 (50%) 2 (50%) 0 (0.0%) 5.229 0.51

 MD CRC(n=33) 6 (18.19%) 8 (24.24%) 18 (54.54%) 1 (3.03%)

 PD CRC(n=3) 1 (33.33%) 2 (66.67%) 0 (0.0%) 0 (0.0%)

Staging Depth of invasion

T1(n=1) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (100%) 20.85 *0.013

T2(n=21) 2 (9.52%) 3 (14.29%) 16 (76.19%) 0 (0.0%)

T3(n=14) 5 (35.71%) 6 (42.86%) 3 (21.43%) 0 (0.0%)

T4 (n= 4) 0 (0.0%) 3 (75%) 1 (25%) 0 (0.0%)

Staging Lymphovascular Invasion

Yes (n=14) No (n=26)

T1(n=1) 0(0.0%) 1 (100%) 1.63 0.65

T2(n=21) 6(28.57%) 15(71.43%)

T3(n=14) 5(35.71%) 9(64.29%)

T4 (n= 4) 3(75%) 1(25%)

Table 2: Association of grading of CRC with depth of invasion & association of 
staging of CRC with depth of invasion and lymphovascular invasion

Grading Score 1 Score 2 Score 3 Chi- square p

WD CRC (n=4) 1(25%) 1(25%) 2(50%) 3.29 0.51

MD CRC (n=33) 2(6.06%) 8(24.24%) 23(69.70%)

PD CRC (n=3) 0(0.0%) 0(0.0%) 3(100%)

Table 3: Association of grading, staging, lymph node metastasis, depth of invasion & 
lymphovascular invasion of CRC with MUC1 expression

Continued...
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Tumor Staging

T1 (n=1) 1(100%) 0(0.0%) 0(0.0%) 13.81 *0.032

T2(n=21) 1(4.76%) 6(28.57%) 14(66.67%)

T3 (n=14) 1(7.14%) 2(14.29%) 11(78.57%)

T4 (n=4) 0(0.0%) 1(25%) 3(75%)

Lymph Node Metastasis

N0 (n=25) 3(12%) 7(28%) 15(60%) 4.218 0.377

N1 (n=11) 0(0.0%) 2(18.18%) 9(81.82%)

N2 (n=4) 0(0.0%) 0(0.0%) 4(100%)

Depth of invasion

Subserosa (n=7) 0(0.0%) 1(14.29%) 6(85.71%) 13.601 *0.034

Serosa (n=12) 1(8.33%) 3(25%) 8(66.67%)

Muscularis propria (n=20) 1(5%) 5(25%) 14(70%)

Submucosa (n=1) 1(100%) 0(0.0%) 0(0.0%)

Lymphovascular invasion

Yes (n=14) 1(7.14%) 2(14.29%) 11(78.57%) 0.876 0.645

No (n=26) 2(7.70%) 7(26.92%) 17(65.38%)

Figure 1: Photomicrograph showing well differentiated adenocarcinoma of MUC1 expression, 

score 1 (AH & E, B- IHC, 100×)
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Figure 2: Photomicrograph showing moderately differentiated adenocarcinoma of 

MUC1 expression, score 2 (A – H & E, B- IHC, 100×)

Figure 3: Photomicrograph showing moderately differentiated adenocarcinoma of 

MUC1 expression score 3 (A – H & E, B - IHC, 100×)

Figure 4: Photomicrograph showing poorly differentiated Signet ring cell carcinoma of 

MUC1 expression score 3 (A – H & E, B - IHC, 100×)
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often occurred in the rectum and ascending colon, 

accounting for 30% each. This was followed by the 

sigmoid colon in 26%, the descending colon in 8%, 

and the transverse colon in 6% of cases. In the 

present study, adenocarcinoma was the pre-

dominant histological subtype, accounting for 

92.5%, followed by 5% of mucinous adeno-

carcinoma and 2.5% of signet ring cell carcinoma. 

Similar observations were noted in a study by 

Debbarma et al. (2023) [17] and Duncan et al. 

(2007) [18], and Ekta et al. (2007) [19] which 

showed that adenocarcinoma was the predominant 

histological subtype. The majority of the cases in 

the present study were moderately differentiated, 

followed by well-differentiated and poorly 

differentiated CRC. Similarly, Debbarma et al. 

(2023) [17] also noted that the majority of the 

tumours were moderately differentiated, followed 

by poorly differentiated.

The maximum number of cases were of pT stage 

T2, amounting to 52.5% followed by T3 (35%), T4 

(10%) and T1 (2.5%). Similarly, in a study by 

Kesari et al. (2015) [12], 46% of cases were in stage 

pT2, followed by the pT3 stage in 44 % of cases, pT 

stage 1 in 6 % of cases, and stage 4 in 4 % of cases of 

CRC. These findings are similar to the findings of 

the present study, with the maximum number of 

cases in the pT2 stage. In the indexed study, out of 

the 40 cases studied, 62.5% did not show any lymph 

node involvement, followed by N1 cases, amoun-

ting to 27.5%, followed by N2 cases (10%). On the 

contrary, Díaz et al. (2018) [13] noted that lymph 

node metastases occurred in 39.6% of the cases 

with N1 status, in 22.1% of % N1 cases and N2 

status in 14.8% of % N2 cases.

Four patients in our study with well-differentiated 

CRC showed N0 lymph node involvement. Out of 

33 patients with moderately differentiated CRC, 20 

(60.6%) showed N0 lymph node involvement, 11 

(33.3%) showed N1 lymph node involvement and 

two patients (6.06%) showed N2 involvement. Out 

of 3 patients with poorly differentiated CRC, 1 

(33.3%) showed N0 lymph node involvement, and 

two patients (66.6%) showed N2 involvement (p = 

0.007). In a study done by Derwinger et al. (2010) 

[20] on 1239 patients who underwent surgical 

resection for colorectal cancer, a substantial 

correlation was demonstrated between tumor 

grading and T-stage, as well as the risk of lymph 

node metastasis (p < 0.001). The higher grade 

correlated with an increased positive lymph node 

count in stage III illness (p < 0.001).

Depth of submucosal invasion is considered as an 

important predictive factor for lymph node meta-

stasis. One patient in present study with T1 stage 

had submucosal involvement. Out of 21 patients 

with stage T2, subserosal involvement was seen in 

two patients (9.52%), three patients (14.28%) 

showed involvement of serosa, and 16 patients 

(76.19%) showed muscularis propria involvement. 

Out of 14 patients with stage T3, subserosal 

involvement was seen in five patients (35.71%), six 

patients (42.85%) showed serosa involvement, and 

three patients (21.42%) showed muscularis propria 

involvement. Out of 4 patients with T4 stage CRC, 3 

patients (75%) showed serosa involvement, and 

one patient (100%) showed muscularis propria 

involvement. The association of staging with depth 

of invasion was statistically significant (p = 0.013). 

Foersch et al. (2022) [21] observed that tumors with 

pT3b, which have an infiltration depth of more than 

3 mm, showed a worse prognosis compared to pT3a 

tumors in which invasion of tumor tissue into the 

adipose tissue was 3 mm or less. The association of 

tumor staging of CRC and MUC1 expression in the 

present study showed score 3 MUC1 expression in 
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more cases of CRC with T3 and T4 stages, as 

compared to T1 and T2 stages, with a statistically 

significant difference (p = 0.03). Similar obser-

vations were noted in a study done by Yu et al. 

(2007) [22]. In the present study, association of 

grading with MUC1 expression showed score 3 

MUC1 expression in all cases of poorly differen-

tiated adenocarcinoma, but the difference was 

statistically insignificant. These observations were 

similar to Khemeri et al. (2019) [23] study, which 

showed that on comparing low grade (G1) with 

high grade G2/G3 tumors, the high grade-tumors 

showed significantly stronger MUC1 expression. 

In the present study, when the association between 

lymph node metastasis and MUC1 expression was 

done, the highest number of CRC cases, with N2 

and N1, showed a higher percentage of CRC with a 

score of 3 for MUC1 expression. However, the 

difference was statistically not significant. A study 

by Aisawa et al. (2024) [24] revealed that 38.8% of 

MUC1-positive colorectal tumors demonstrated 

lymph node metastasis in contrast to MUC1-

negative tumors. Increased frequency of lymph 

node metastases in MUC1-positive cases suggests 

that MUC1-mediated pathways may promote the 

migration of carcinoma cells to lymph nodes 

through stromal lymphatic channels [24]. There 

was a positive association between depth of 

invasion and MUC1 expression, with a statistically 

significant difference, (p = 0.03). Similarly, in the 

study done by Aisawa et al. (2024) [23], 26 cases 

showed positive MUC1 expression, among which 

highest number of cases showed depth of invasion 

beyond serosa and the difference was statistically 

significant. In a study by Betge et al. (2016) [25], 

13% of cases with high MUC1 expression showed 

lymphovascular invasion, while 56% of cases with 

low MUC1 expression exhibited lymphovascular 

invasion. The association between lymphovascular 

invasion and MUC1 expression was not significant 

in our study.

Conclusion

MUC1 expression was high in cases of CRC with 

advanced stages and in cases with a depth of 

invasion extending beyond the serosa and 

subserosa. Also, score 3 MUC1 expression was 

more in cases of CRC showing poorly differentiated 

carcinoma and in CRC cases with lymph node 

metastasis and lymphovascular invasion. These 

findings suggest that a high MUC1 score leads to 

the interruption of cell adhesion, which in turn 

facilitates metastasis and invasion. Based on this, 

we conclude that MUC1 expression may be 

upregulated in CRC. This effect of MUC1 may 

cause the progression of tumor and the aggre-

ssiveness of CRC, and it can help in guiding 

clinicians to intensify chemotherapy in cases of 

CRC with high MUC1 expression. In cases of 

metastatic or unresectable CRC, MUC1-based 

immunotherapy can also be developed to overcome 

the limited treatment options. It also opens avenue 

for MUC1-specific CAR-T cell therapy and 

specific anti MUC1 antibody probes for targeted 

therapy. However, further multicenter studies are 

needed with a larger sample size to validate the 

study's observations.
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