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Objective: The objective of the present investigation was to explore the expression and 

significance of Gal-3 and MUC1 in colorectal cancer tissue and tissue adjacent to carcinoma.

Methods: In this study we collected colorectal cancer tissues and the tissues adjacent to carcinoma 

from 45 cases from the Colorectal Cancer Surgery Department of Zhengzhou People’s Hospital 

from December of 2009 to June of 2010. At the same time, this study also collected nontumor tissues 

adjacent to carcinoma from 20 cases as the control group. The expression of Gal-3 and MUC1 of 

these tissues was detected by using immunohistochemistry streptavidin-peroxidase method, and 

the correlation between colorectal cancer and expression of Gal-3 and MUC1 was analyzed.

Results: The positive expression rates of Gal-3 in the tissues adjacent to carcinoma and col-

orectal cancer were 15.0% and 73.3%, respectively. The positive expression rate of Gal-3 in 

colorectal cancer was significantly higher than that in the tissue adjacent to carcinoma. The 

positive expression rate of Gal-3 of the patients without lymph node metastasis was 61.5% 

(16/26). The positive expression rate of Gal-3 in the patients with lymph node metastasis was 

89.5% (17/19), and the difference was statistically significant (P=0.0363). The positive expres-

sion rates of MUC1 in the tissues adjacent to carcinoma and in colorectal cancer tissues were 

0.0% and 54.5%, respectively. The positive expression rate of MUC1 in colorectal cancer tis-

sues was significantly higher than that in the normal tissues adjacent to carcinoma (P,0.05); 

the positive expression rate of MUC1 in the patients without lymph node metastasis was 34.6% 

(9/26). The positive expression rate of MUC1 in the patients with lymph node metastasis was 

84.2% (16/19), and the expression difference was statistically significant (P=0.0009).

Conclusion: The expression of Gal-3 and MUC1 was significantly higher than that in the 

nontumor tissue adjacent to carcinoma. There was a correlation between Gal-3 and MUC1 

expression and lymphatic metastasis.
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Introduction
Colorectal cancer is one of the commonest malignant tumors, and its incidence has 

been rising in recent years.1–2 The research of occurrence and metastasis-related fac-

tors related to colorectal cancers contributes to the understanding of the pathogenesis 

of the disease, and it is important to explore the occurrence, development, prognosis, 

and diagnosis of colorectal cancer.3–4

Galectin-3 (Gal-3) is a kind of galactose lectin.5 Mucin-1 (MUC1) is a member of the 

sticky protein family.6 The experiments of in vitro cell culture indicated that MUC1 was 

one ligand of Gal-3, and the restructured Gal-3 could increase the adhesiveness of human 

breast cancer and colon cancer cells on human umbilical vein endothelial cells, indicating 

that Gal-3 may be associated with the adhesion of cancer cells.3,4 The human breast cancer 

and colon cancer cells express MUC1.7–8 At present, there is no research report on the joint 

detection of Gal-3 and MUC1 on colon cancer cells.9–10 Whether expression of Gal-3 and 

MUC1 is involved in colorectal cancer or colon cancer remains to be investigated.
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In the present study, the immunohistochemical streptavidin-

peroxidase (SP) method was applied to detect the expression of 

Gal-3 and MUC1 protein in colorectal cancer tissues, and its 

relationship with lymph node metastasis was analyzed. In addi-

tion, the regulatory mechanism of Gal-3 and MUC1 in colorectal 

cancer tissues and colon cancer tissues during the occurrence and 

development of cancers was also explored in order to provide 

possible information of Gal-3 and MUC1 in the diagnosis and 

prognosis judgement of colorectal cancer and colon cancer.

Materials and methods
case selection
In this study we collected colorectal cancer tissues and the tis-

sues adjacent to carcinoma from 45 cases from the Colorectal 

Cancer Surgery Department of Zhengzhou People’s Hospital 

from December of 2009 to June of 2010. Approved by the Ethics 

Committee of Zhengzhou People’s Hospital. There were 26 male 

cases and 19 female cases with ages of 39–49 years. In these 45 

cases, there were 21 cases of colorectal cancer and 24 cases of 

colon cancer, of which there were four cases of cecum cancer, 

eight cases of ascending colon cancer, three cases of transverse 

colon cancer, four cases of descending colon cancer, and five 

cases of sigmoid colon cancer. There were 19 cases of patients 

with lymph node metastasis and 26 cases of patients without 

lymph node metastasis. In addition, this study had collected 

the tissues adjacent to carcinoma in 20 patients, which served 

as the control group. None of the patients received radiotherapy 

or chemotherapy before surgery. The postoperative pathology 

confirmed the diagnosis of the patients with colon cancer or 

rectal cancer. The normal tissues adjacent to carcinoma were 

nontumor normal mucosa tissues 3 cm from the tumor edge.

Main reagents
Rat antihuman Gal-3 monoclonal antibody was purchased 

from Fuzhou MAXIM Biological Technology Development 

Co., Ltd., Fuzhou City, People’s Republic of China, (batch 

number: MAB-0572). Rat antihuman MUC1 monoclonal 

antibody was from Beijing Zhongshan Jinqiao Biological 

Technology Co., Ltd. (Beijing, People’s Republic of China; 

batch number: ZM-0391). UltraSensitiveTM S-P kits (A 

reagent was labeled with biotin sheep antimouse IgG; B 

reagent was streptavidin-peroxidase, from Fuzhou MAXIM 

Biological Technology Development Co., Ltd., batch num-

ber: KIT-9701) were used in this study.

Application of immunohistochemical 
sP method to detect the expression 
of Gal-3 and MUC1
All the tissue samples were fixed with 100 mL/L formal-

dehyde. After conventional paraffin was embedded, the 

samples were subjected to section and they were stained by 

immunohistochemical reagents according to the directions 

of the kits. To repair antigen, ethylenediaminetetraacetic 

acid heating antigen repair reagent was used. Ten milliliters 

ethylenediaminetetraacetic acid antigen repair fluid was 

diluted at a volume ratio of 1:50. Hydrogen peroxide was 

employed to block endogenous peroxidase, and goat serum 

was used for blocking. The MUC1 and Gal-3 ready-to-use 

antibodies were used as the primary antibodies. Then, 

UltraSensitiveTM S-P kit reagent of streptavidin peroxidase 

B reagent was added as well as DAB chromogenic, then 

hematoxylin dye, and neutral plastic sealing was conducted 

subsequently.

Gal-3 thyroid papillary adenoma tissue was used as the 

positive control group, and MUC1 breast cancer tissue served 

as a second positive control group. Phosphate-buffered saline-

treated tissue was used as the negative control group.

Positive result determination
Gal-3 was mainly expressed in the cytoplasm, and it was 

also expressed in the nucleus; MUC1 was mainly expressed 

in the cytoplasm, and it was also expressed in the cell mem-

brane with dye coloration of pale yellow, tan, and brown. In 

magnification of 400×, four observation fields were randomly 

chosen for each section. Then the cells were counted and the 

percentage of positive cells was calculated. This study took 

the cells with clear location and obvious staining as posi-

tive cells, and the cells with weak staining or non-staining 

as negative cells. The rate of positive cells, which were not 

more than 25% of all the cells, was designated as -, between 

26% and 50% was designated as +, between 51% and 75% 

was designated as ++, and more than 75% was designated 

as +++. This experiment designated the samples with - as 

negative samples, and the samples with +, ++, and +++ were 

designated as positive samples.

statistical methods
This study applied SPSS 13.0 statistical software for 

analysis. The data were analyzed by using χ2 inspection, 

the continuous correction χ2 inspection, and exact prob-

ability method. P,0.05 was considered as statistically 

significant.

Results
The expression of Gal-3 in each group
The positive expression rates of Gal-3 in the nontumor 

tissues adjacent to carcinoma and colorectal cancer were 

15.0% (3/20) and 73.3% (33/45), respectively. The positive 

expression rate of Gal-3 in colorectal cancer was significantly 
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higher than that in the nontumor tissue adjacent to carcinoma, 

and the expression difference was statistically significant 

(P,0.01), as shown in Figure 1 and Table 1.

The expression of MUC1 in each group
The positive expression rates of MUC1 in the nontumor tis-

sues adjacent to carcinoma and colorectal cancer were 0.0% 

(0/20) and 55.6% (25/45), respectively. The positive expres-

sion rate of MUC1 in the colorectal cancer was significantly 

higher than that in the nontumor tissue adjacent to carcinoma, 

and the expression difference was statistically significant 

(P,0.005), as shown in Figure 2 and Table 2.

The relationship between lymph node 
metastasis and Gal-3 and MUC1
The positive expression rate of Gal-3 in the patients without 

lymph node metastasis was 61.5% (16/26), and the positive 

expression rate of the patients with lymph node metastasis 

was 89.5% (17/19). The expression difference was statisti-

cally significant (P=0.0363). The positive expression rate 

of MUC1 in the group without lymph node metastasis was 

34.6% (9/26), the positive expression rate of the patients with 

lymph node metastasis was 84.2% (16/19), and the expres-

sion difference was statistically significant (P=0.0009), as 

shown in Table 3.

Discussion
Research has proved that Gal-3 is involved in many patho-

logical processes, such as cell progression, new blood vessel 

formation, immune escape, tumor and embolism formation, 

and so on.11–12 Gal-3 is expressed in thyroid cancer, bladder 

cancer, laryngeal squamous carcinoma, kidney tumor, and 

so on.12–16 The mechanisms of Gal-3 in the occurrence and 

development of cancer have been suggested as follows: the 

sugar affinity of Gal-3 promoted the mitosis of vascular 

endothelial cells and smooth muscle, and Gal-3 participated 

in vessel formation during the tumor angiogenesis.17 Gal-3 

was the decomposition substrate of MMP-2/-9. High expres-

sion of MMP-2/-9 was associated with tumor. Therefore, 

Gal-3 might play a role in tumor invasion and metastasis.18 

Gal-3 had similar antiapoptotic function with sequence 

structure to that of Bcl-2; namely, the carboxyl end con-

tained an NWGR quaternary structure, so the antiapoptotic 

mechanisms of Gal-3 may be related to the Bcl-2.19 Gal-3 

induced tumor cell cluster, which enabled tumor embolism 

for blocking capillaries, and benefited the coalescence of 

tumor cells and vascular endothelial cells, thus increasing 

the overflow of tumor cells and the potential metastasis of 

tumor cell.20

MUC1 regulated the interaction between cells, mediated 

cell signal transduction, and participated in immune regu-

lation and other functions. In recent years, the function of 

MUC1 in tumor progression and metastasis has attracted 

much attention. The present study found that the incomplete 

glycosylation of MUC1 in tumor cells could be used as 

hapten and induced antitumor CTL immune response; at the 

same time, it could also suppress the lethal effect of immune 

activity cells against tumor cells. The patients with high 

Figure 1 Expression of Gal-3 in nontumor tissue adjacent to carcinoma (A) and colorectal cancer (B).
Note: Magnification ×400.

Table 1 Expression comparison of Gal-3 in colorectal cancer and nontumor tissue adjacent to carcinoma

Group Gal-3 χ2 P

Positive (n) Negative (n) Positive expression rate (%)

colorectal cancer 33 12 73.3 19.07 ,0.01
Nontumor tissue adjacent to carcinoma 3 17 15.0
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expression of MUC1 had poor prognosis, indicating that 

MUC1 participated in the regulation of the body’s immune 

system.21 MUC1 had dual functions of adhesion and anti-

adhesion. It could decrease the expression of E-calcium 

mucins,22 while E-calcium mucins cell adhesion molecules 

required by calcium ion, mediated intercellular adhesion. 

Therefore, MUC1 may be involved in anti-adhesion effect. 

Research suggested that MUC1 formed a high density of 

filamentous molecules on the surface of cancer cellsas well 

as MUC1 sugar chain sialic acid, which enabled cells to 

obtain a negative charge and made cancer cells fall off from 

their original site, thus facilitating the metastasis of tumor 

cells.13,23 Other studies showed that MUC1 activated the 

expression of the antiapoptotic gene of TNF receptor-related 

factors, then inhibited cell apoptosis, and also induced the 

formation of vascular endothelial growth factor, in order to 

promote tumor metastasis and angiogenesis.14,24

The research from Ramasamy et al suggested that MUC1 

was the ligand of Gal-3, Gal-3 formed a bridge between 

MUC1 and epidermal growth factor receptor (EGFR), and 

Gal-3 was indispensable in the interaction between MUC1 

and EGFR, which was mediated by EGFR.25 The study also 

showed MUC1 C -Gal-3 was one part of control loop of 

MiR-322, and had its function, while EGFR had a signifi-

cant role in regulating tumor cell growth, repair, survival, 

angiogenesis, invasion, and metastasis. Therefore, Gal-3 and 

MUC1 worked in tumor progression.

At present, at home and abroad, there are no research 

reports on joint detection of Gal-3 and MUC1 in colorectal 

cancer. The present experiment applied the immunohis-

tochemical SP method to detect Gal-3 and MUC1 expression 

in 45 cases of colorectal cancer and colon cancer. The results 

showed that the expression of Gal-3 in the large intestine 

cancer was significantly higher than that in the nontumor 

tissues adjacent to carcinoma, and the difference was sta-

tistically significant. Gal-3-positive expression ratio in the 

patients with lymph node metastasis was significantly higher 

than without lymph node metastasis. MUC1 expressions in 

the nontumor tissues adjacent to carcinoma and colorectal 

cancer were 0.0% (0/20) and 55.6% (25/45), respectively, 

and the positive expression of MUC1 with lymph node 

metastasis was 84.2% (16/19), which was higher than that 

without lymph node metastasis, accounting for 34.6% (9/26). 

The differences were statistically significant. The research 

results showed that Gal-3 and MUC1 were important in the 

occurrence and metastasis of colorectal cancer.

The expression of Gal-3 and MUC1 should be analyzed 

by other methods in addition to the immunohistochemistry 

SP method, such as Western blot and reverse transcription 

polymerase chain reaction to further confirm the findings in 

the present investigation. However, because it is very hard 

to prepare the Western blot samples of cancer tissue without 

inference from of other tissues and cells (when collecting 

samples during operation), especially blood cells, we think 

that the Western blot method might not be a good method to 

explore expression of Gal-3 and MUC1. Furthermore, there 

were no significant changes in the messenger RNA level of 

Gal-3 and MUC1 in these tissues.

Table 2 Expression of MUC1 in colorectal cancer and nontumor tissue adjacent to carcinoma

Group MUC1 χ2 P

Positive (n) Negative (n) Positive expression rate (%)

colorectal cancer 25 20 55.6 18.06 ,0.01
Nontumor tissue adjacent to carcinoma 0 20 0.0

Figure 2 Expression of MUC1 in nontumor tissue adjacent to carci noma (A) and colorectal cancer (B).
Notes: (A) Magnification ×200. (B) Magnification ×400.
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Therefore, Gal-3 and MUC1 were closely related with the 

occurrence and metastasis of colorectal cancer. The detec-

tion of these two indexes could be applied in the diagnosis 

of colorectal cancer and as indicators of colorectal cancer 

prognosis. In addition, there was research on immune and 

gene therapy of Gal-3 and MUC1, which will provide a 

new idea to the gene and immune treatment of colorectal 

cancer.14

Conclusion
In conclusion, the expression of Gal-3 and MUC1 was sig-

nificantly higher than that in the nontumor tissue adjacent 

to carcinoma. There was a correlation between Gal-3 and 

MUC1 expression and lymphatic metastasis. The outcome 

and future prospects of the patients should be addressed in 

the future to further investigate the correlation between Gal-3 

and MUC1 expression and lymphatic metastasis.
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