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Association Between the Protein Expressions of MutS Homologs and Villin and the Clinicopathological
Characteristics in 310 Colon Cancer Patients CHANG Fangfang', HU Xiaoshu®, WEN Yiyang’, LI Ping', HUANGFU
Yun', ZHANG Fengjuan', TAN Jing', CAO Xuexia'. 1. Department of Internal Medicine, Henan Medical College,
Zhengzhou 451191, China; 2. Department of Pathology, People's Hospital of Zhengzhou, Zhengzhou 450003, China;
3. Center of Oncology, Henan Provincial People’s Hospital, Zhengzhou 450003, China

[ Abstract] Objective To examine the relationship between the expressions of mismatch repair proteins, MutS
homolog 2 (MSH2) and MutS homolog 6 (MSH6), and villin and the pathological features in patients with colon cancer.
Methods A total of 310 cases of colon cancer patients who were treated at our hospital between January 2017 and
September 2021 were selected. The diagnosis of colon cancer of all patients was verified by pathological evaluation.
Immunohistochemistry was used to determine the protein expressions of MSH2, MSHS6, and villin. The correlation
between the expressions of MSH2, MSH6, and villin and the clinicopathological parameters in patients with colon cancer
was analyzed accordingly. Multivariate logistic regression was used to analyze the correlation between the expressions of
MSH2, MSHS6, and villin and the clinicopathological parameters of colon cancer. Kaplan-Meier survival curve was used to
compare the 2-year survival rates of colon cancer patients with different expression levels of the proteins.
Results Among the 310 patients with colon cancer, the negative expression rates of MSH2, MSHS6, and villin proteins in
cancer tissues were 8.71% (27/310), 9.35% (29/310), and 46.13% (143/310), respectively. The negative expression rates of
the three proteins in tissues adjacent to cancer were 3.23% (10/310), 4.19% (13/310), and 9.68% (30/310), respectively.
The negative expression rates of the three proteins in cancer tissues were all higher than those in adjacent tissues (P<0.05).
Regression analysis showed that the expression of MSH2 and MSHS6 in cancer tissues was correlated with the age, the
location of tumor lesions, tumor differentiation degree, and lymph node metastasis in colon cancer patients (P<0.05). The
expression of villin in the cancer tissue is correlated with the depth of tumor infiltration, lymph node metastasis, distant
metastasis, and clinical staging status in colon cancer patients (P<0.05). The 2-year survival rates of patients with negative
expressions of MSH2 and MSH6 were 51.85% and 44.83%, respectively, which were lower than those of patients with
positive expression of MSH2 and MSHS6 (79.51% and 80.43%, P<0.05). Thirteen patients (4.1%) had negative expression
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of MSH2, MSHS6, and villin (referred to as "triple negative expressions") in the cancer tissues, and their 2-year survival rate

was 30.77%, which was lower than that of colon cancer patients who did not meet the criteria for triple negative
expressions (79.12% [235/297], P<0.05). Conclusion The expressions of MSH2, MSH6, and villin are closely correlated

with the pathological features of colon cancer patients. Evaluating the expression of the three proteins may assist in the

clinical diagnosis, treatment, and prognosis evaluation of colon cancer.
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Fig 1 Staining results for MSH2 (A and B), MSH6 (C and D), and villin

(E and F) protein expression in the tissues adjacent to a tumor (A,

C, and E) and the cancerous tissues (B, D, and F) of colon cancer

patients (original magnification x400)
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Table 1 Relationship between the negative expression of MSH2, MSH6, and villin proteins and clinical pathological parameters of colon cancer
Clinical pathological parameter n  MSH2/case (%) )(2 p MSHé6/case (%) )(2 P Villin/case (%) )(2 P
Age 5.009 0.025 4.578 0.032 2.155  0.142
<60 yr. 166 20 (12.05) 21 (12.65) 83 (50.00)
>60 yr. 144 7 (4.86) 8 (5.56) 60 (41.67)
Pathological type 0.229 0.632 0.366 0.545 2.153  0.142
Ulceration 208 17 (8.17) 18 (8.65) 102 (49.04)
Protuberance 102 10 (9.80) 11 (10.78) 41 (40.20)
Histological type 0.233  0.629 0.857 0.355 0.461 0.497
Mucinous adenocarcinoma 273 23 (8.42) 24 (8.79) 124 (45.42)
Non-mucinous adenocarcinoma 37 4(10.81) 5(13.51) 19 (51.35)
Diameter of the lesion 0.816 0.366 0.335 0.563 0.548  0.459
<5cm 197 15 (7.61) 17 (8.63) 94 (47.72)
>5cm 113 12 (10.62) 12 (10.62) 49 (43.36)
Focal site 5.629 0.018 5.059 0.024 0.270  0.603
Left hemicolon 136 6(4.41) 7 (5.15) 65 (47.79)
Right hemicolon 174 21 (12.07) 22 (12.64) 78 (44.83)
Degree of differentiation 5.514 0.019 6.288 0.012 0.977 0.323
Well-differentiated 82 2 (2.44) 2(2.44) 34 (41.46)
Medium and low levels of differentiation 228 25 (10.96) 27 (11.84) 109 (47.81)
Infiltration depth 0.268 0.605 0.031 0.861 16.300 <0.001
T1-T2 79 8(10.13) 7 (8.86) 21 (26.58)
T3-T4 231 19 (8.23) 22 (9.52) 122 (52.81)
Lymphatic metastasis 5.025 0.025 4970 0.026 7.786  0.005
No 178 10 (5.62) 11 (6.18) 70 (39.33)
Yes 132 17 (12.88) 18 (13.64) 73 (55.30)
Distant metastasis 0.379 0.528 0.155 0.694 4421 0.035
No 244 20 (8.20) 22 (9.02) 105 (43.03)
Yes 66 7 (10.61) 7 (10.61) 38 (57.58)
Pathological stage 3.321 0.190 3.310 0.191 18.551 <0.001
I 36 3(8.33) 3(8.33) 5(13.89)
151 9 (5.96) 10 (6.62) 71 (47.02)
m 123 15 (12.20) 16 (13.01) 67 (54.47)
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Table 2 Multivariate logistic regression analysis of the correlation between MSH2, MSH6, and villin expression and clinical pathological parameters of

colon cancer

Variable B SE Wald y* OR 95% CI P
Negative expression of MSH2
Age<60yr. 1.020 0.487 4.387 2.773 1.068-7.203 0.037
Tumor lesion located in the right colon 1.043 0.416 6.286 2.838 1.256-6.413 0.013
Moderate to low differentiation 1.486 0.518 8.230 4.419 1.601-12.198 0.004
Lymph node metastasis 0.893 0.341 6.858 2.442 1.252-4.765 0.009
Negative expression of MSH6
Age<60 yr. 0.935 0.406 5.304 2.547 1.149-5.645 0.022
Tumor lesion located in the right colon 0.933 0.379 6.060 2.542 1.209-5.343 0.014
Moderate to low differentiation 1.563 0.475 10.828 4.773 1.881-12.110 0.001
Lymph node metastasis 0.542 0.246 4.854 1.719 1.062-2.785 0.028
Negative expression of villin
Infiltration depth is between T3-T4 0.667 0.285 5.477 1.948 1.114-3.406 0.019
Lymph node metastasis 0.641 0.234 7.504 1.898 1.200-3.003 0.006
Transfer appears in the distance 0.415 0.168 6.102 1.514 1.090-2.105 0.014
Clinical stages I -1l 1.739 0.543 10.257 5.692 1.963-16.499 0.001
B: partial regression coefficient; SE: standard error; OR: odds ratio; CI: confidence interval.
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Fig 2 Different expressions of MSH2, MSH6, and villin proteins in cancer tissues affect Kaplan-Meier curve of overall survival of patients with colon

A: MSH2 expression; B: MSH6 expression; C: villin expression; D: combination of three factors (MSH2, MSHS6, and villin).
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