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บทคัดย่อ
หลักการและเหตุผล: Mismatch repair gene เป็นยีนที่มีหน้าที่ป้องกันความผิดพลาดระหว่างการสังเคราะห์
สาย deoxyribonucleic acid (DNA) หากยนีนีเ้กดิความผดิปกต ิจะเพิม่ความเสีย่งตอ่การเกดิมะเรง็หลายชนดิ
รวมถึงมะเร็งลำ�ไส้ใหญ่และลำ�ไส้ตรง ผลกระทบจากความผิดปกติของยีนนี้กับการพยากรณ์โรคของมะเร็ง
ลำ�ไส้ใหญ่และลำ�ไส้ตรงยังคงไม่มีความชัดเจน
วัตถุประสงค์: เพื่อหาความสัมพันธ์ระหว่างความผิดปกติของ mismatch repair gene กับการพยากรณ์โรค
ในผู้ป่วยมะเร็งลำ�ไส้ใหญ่และลำ�ไส้ตรงซึ่งได้รับยาเคมีบำ�บัดชนิด 5-fluorouracil
วัสดุและวิธีการ:	การศึกษานี้ทำ�ในผู้ป่วยมะเร็งลำ�ไส้ใหญ่และลำ�ไส้ตรงระยะที่ 2 ถึงระยะที่ 4 ของโรงพยาบาล
สงขลานครนิทร ์ระหวา่งป ีพ.ศ. 2537-2546 จำ�นวนผูป้ว่ยทัง้สิน้ 140 ราย ผูป้ว่ยทกุรายไดร้บัการผา่ตดั และไดร้บั

1ภาควชิาพยาธวิทิยา 2ภาควชิาศลัยศาสตร ์คณะแพทยศาสตร ์มหาวทิยาลยัสงขลานครนิทร ์อ.หาดใหญ ่จ.สงขลา 90110
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ยาเคมีบำ�บัดชนิด 5-fluorouracil จากนั้นทำ�การศึกษาโดยนำ�ชิ้นเนื้อของผู้ป่วยมาย้อม immunohistochemistry 
ตรวจการแสดงออกของโปรตนี mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli) (MLH1) และ 
mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli) (MSH2) ในเซลล์มะเร็ง หากไม่มีการ
แสดงออกของโปรตนีชนดิใดชนดิหนึ่ง แสดงว่าผู้ป่วยมีความผิดปกตขิอง mismatch repair genes จากนั้นนำ�ข้อมูล
ที่ได้มาคำ�นวณ Survival analysis โดย Kaplan-Meier method และ Cox Proportional Hazards regression
ผลการศกึษา: จากการศกึษาพบความผดิปกตขิอง Mismatch repair gene ในผูป้ว่ย 36 ราย (รอ้ยละ 25.7) แบง่เปน็
ความผิดปกติของ MLH1 เพียงอย่างเดียวจำ�นวน 15 ราย (ร้อยละ 10.7) ความผิดปกติของ MSH2 เพียงอย่าง
เดียวจำ�นวน 10 ราย (ร้อยละ 7.1) และความผิดปกติของ MLH1 ร่วมกับ MSH 2 จำ�นวน 11 ราย (ร้อยละ 7.8) 
การวิเคราะห์ survival analysis พบว่าความผิดปกติของ mismatch repair gene ไม่มีความสัมพันธ์ที่มีนัยสำ�คัญ
ทางสถิติกับการพยากรณ์โรคของผู้ป่วย (ช่วงความเชื่อมั่นที่ร้อยละ 95=0.35-0.67, p=0.54)
สรปุ: ความผดิปกตขิอง mismatch repair gene ไมส่ามารถบง่บอกถงึการพยากรณโ์รคในผูป้ว่ยมะเรง็ลำ�ไสใ้หญแ่ละ
ลำ�ไส้ตรงซึ่งได้รับยาเคมีบำ�บัดชนิด 5-fluorouracil 

คำ�สำ�คัญ: 5-fluorouracil, colorectal cancer, Mismatch repair gene, MLH1 and MSH2 

Abstract:
Background: Mismatch repair genes fix problems that arise during deoxyribonucleic acid (DNA) 
replication when bases are incorrectly paired, as well as preventing microsatellite instability. Mutations 
are associated with an increased malignancy risk, including colorectal carcinoma. There are conflicting 
reports concerning colorectal carcinoma with and without mismatch repair gene mutations in association 
with disease outcome. 
Objective: To correlate mismatch repair gene defects with the outcomes of colorectal carcinoma patients 
having undergone adjuvant chemotherapy containing 5-fluorouracil.
Materials and methods: The records of all stage II, III and IV colorectal carcinoma cases treated 
at Songklanagarind Hospital from 1994-2003 were examined for the study. There were 140 patients 
and all had received adjuvant 5-fluorouracil-based chemotherapy. The mismatch repair gene proteins 
mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli) (MLH1) and mutS homolog 2, colon 
cancer, nonpolyposis type 1 (E. coli) (MSH2) in tumor cells were evaluated by immunohistochemistry. 
Negative staining confirmed abnormalities in or complete loss of mismatch repair genes. Survival 
analysis was carried out using the Kaplan-Meier method and the Cox Proportional Hazards regression.
Results: Mismatch repair gene defects were detected in 36 cases (25.7%): only MLH1 defects in 15 
cases (10.7%), only MSH2 defects in 10 cases (7.1%), and both MLH1 and MSH2 defects in 11 cases 
(7.8%). Survival analysis showed no significant differences between mutated mismatch repair gene 
patients and normal mismatch repair gene patients (95% CI=0.35 to 0.67, p=0.54).
Conclusion: Mismatch repair gene defects do not predict the prognosis of colorectal cancer patients 
treated with 5-fluorouracil-based chemotherapy. 

Key words: 5-fluorouracil, colorectal cancer, Mismatch repair gene, MLH1 and MSH2 
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base pairs. If the mismatch repair gene mutates, 
however, the human genome will not have any 
tool to fix the microsatellite instability that leads 
to frame shift mutation in any microsatellite area. 
The mismatch repair gene has many locations 
such as MSH2, MLH1,  mutS homolog 6 (E. coli) 
(MSH6), postmeiotic segregation increased 1 
(S. cerevisiae) (PMS1) and postmeiotic segregation 
increased 2 (S. cerevisiae) (PMS2). Mutations of 
the MLH1 and MSH2 genes are found in 90% 
of all mismatch repair gene mutations.3,4 MLH1 
and MSH2 mutations are found in 15% of colo-
rectal carcinomas, and are also related to hereditary 
nonpolyposis colorectal cancer (HNPCC), endo-
metrial carcinoma, and urinary bladder carcinoma.5,6 

	 In recent years, immunohistochemistry 
staining and molecular biological technique have 
been the main tests used to detect mismatch repair 
gene mutations.7,8 The immunohistochemistry 
staining technique is convenient to perform in 
routine cases and has a low expense compared to 
the molecular technique. The immunohisto-
chemistry staining test has high sensitivity and 
specificity to detect abnormal expression of a 
mismatch repair protein.9 So the National Compre-
hensive Cancer Network (NCCN) Guideline of 
Colorectal Cancer Treatment 2010 recommends 
the immunohistochemistry staining method for 
detecting mismatch repair genes.10

	 The presence of mismatch repair genes 
mutation in colorectal carcinoma indicates a 
unique prognosis. Studies comparing mismatch 
repair gene mutations and tumor staging have 
shown a better prognosis in patients who have 
a mismatch repair gene mutation than patients 
who have normal mismatch repair genes.11-15

Introduction
	 The incidence of colorectal cancer has been 
increasing every year in Thailand, and currently is 
the 3rd and 5th most common cancer in both Thai 
males and females respectively, according to the 
Cancer Report of Thailand of 1998-2000.1 If this 
trend continues, it will soon become the major 
cause of death from cancer in Thailand. Colorectal 
carcinoma has high morbidity and mortality, 
so timely, effective diagnosis and treatment are 
necessary to improve the patient’s survival chances. 
	 Colorectal carcinoma is associated with 
two major genetic abnormalities: the adenomatous 
polyposis coli (APC)-β catenin gene mutation and 
microsatellite instability. The  APC gene controls 
b-catenin to prevent the abnormal growth of 
colonic epithelium. If the APC-β catenin function 
is defective, the colonic epithelium will experience 
uncontrolled division leading to cancer develop-
ment. The APC-β catenin gene mutation is found 
in 80% of sporadic colorectal carcinomas.2 
	 A microsatellite is a repeat of 1-6 nucleo-
tides on the deoxyribonucleic acid (DNA) sequence. 
The human genome has 50,000-100,000 micro-
satellites. If the mutation occurs in a sequence, 
which is called a microsatellite instability, it will 
lead to a DNA frame shift mutation. Such a frame 
shift mutation in the microsatellite area of the 
pro-apoptotic Bcl-2 associated X gene (BAX) or 
the transforming growth factor (TGF)-β gene 
causes colorectal cancer. Fortunately, the human 
genome has a prevention system to correct such 
microsatellite instabilities, the mismatch repair 
gene.3 
	 The mismatch repair gene synthesizes a 
mismatch repair protein to repair incorrect DNA 
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	 The treatment of colorectal cancer is 
composed of resection surgery with adjuvant 
chemotherapy. The major chemotherapeutic drug 
is a methylating drug such as 5-fluorouracil. The 
mismatch repair gene supports the effect of the 
methylating drug by separating the DNA base 
pair, then the methylating drug causes the double 
DNA strain to break, leading to apoptosis of the 
tumor cell.16 According to this relation, if the 
mismatch repair gene mutates, the methylating 
drug will not have the effect of killing the cancer 
cell, leading to unresponsiveness to chemo-
therapy in the colorectal cancer patient. However, 
studies examining the relation between mismatch 
repair gene mutations and the prognosis of 
colorectal cancer patients treated with adjuvant 
chemotherapy remain controversial.17-23 

	 The objective of this study was to determine 
the correlation between mismatch repair gene 
defects and the prognosis of colorectal cancer 
patients who were treated with adjuvant chemo-
therapy containing 5-fluorouracil. 

Materials and methods
	 Study population
	 This retrospective study collected clinical 
and treatment data from stage II, III and IV 
colorectal carcinoma patients attending Songkla-
nagarind Hospital during 1994-2003. Patients 
who had a follow up time less than 5 years and 
patients who did not receive a complete course 
of chemotherapy were excluded. From 185 
patients who were diagnosed with colorectal 
cancer during the study period, there were 140 
patients who met our criteria, and all of them had 
had adjuvant chemotherapy containing 5-fluo-

rouracil. All patients had paraffin blocks from 
their colorectal surgery. The clinical and treatment 
data of these patients were reviewed. 

	 Immunohistochemistry staining
	 MLH1 and MSH2 immunohistochemistry 
staining were performed on paraffin-embedded 
tissues from all cases. The staining procedure was 
done following a previously-described method.9 

The antibodies against MLH1 protein was mouse 
monoclonal antibodies (clone ES05 Leica Bio-
systems, Newcastle Ltd, England) and the anti-
bodies against MSH2 protein was mouse mono-
clonal antibodies (clone 25D12 Leica Biosystems, 
Newcastle Ltd, England). An Envision Kit was 
employed as a secondary detection system, and the 
peroxidase reaction was developed using diamino-
benzidine tetrachloride as a chromogen. 
	 All cases were scored as negative (defined 
as less than10% tumor cell staining) or positive 
(defined as equal or more than 10% of tumor 
cell staining).24 The example results of MLH1 
and MSH2 immunohistochemistry staining were 
showed in Figure1. 

	 Statistical methods 
	 The relationships between tumor mismatch 
repair genes and clinical and pathological factors 
were assessed using the chi-squared test. The 
Kaplan-Meier method was used for survival 
comparisons among mismatch repair genes status 
groups. The Cox proportional hazard regression 
was used to calculate the relative risk ratios. 
Significance for all statistics was recorded if 
p<0.05. All statistical analyses were performed 
using Stata program version 6.
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Figure 1	 A, Adenocarcinoma with positive staining of MLH1 protein. B, Adenocarcinoma with 
	 loss of expression of MLH1 protein. C, Adenocarcinoma with positive staining of MSH2 
	 rotein. D, Adenocarcinoma with loss of expression of MSH2 protein

	
  

Results
	 All slides from the 140 cases were stained 
with MLH1 and MSH2 proteins. Mismatch 
repair protein non-expression was detected in 36 
cases (25.7%): the only MLH1 non-expression in 
15 cases (10.7%), the only MSH2 non-expression 
in 10 cases (7.1%), and both MLH1 and MSH2 
non-expression 11 cases (7.8%). 
	 Tumors with mismatch repair gene protein 
defect (non-expression of MLH1 protein and/or 

MSH2 protein) were significantly more common 
in the cecum and colon than in the rectum (X2 

p=0.03). The median age of the patients was 59 
years old, but no significant relationship was 
found between age group and mismatch repair 
gene status (p=0.16 from Mann-Whitney test). 
19 female and 17 male patients were found with 
mismatch repair gene defect, indicating gender 
was not associated with mismatch repair gene 
status (X2 p=0.43). The mismatch repair gene 
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defect was found significantly more in well-differen-
tiated carcinomas than in moderately and poorly 
differentiated carcinomas (X2 p<0.01). 
 	 Of the mismatch repair gene defect 
patients, there were 18 cases of colorectal cancer 

stage II, 14 cases of colorectal cancer stage III, 
and 4 cases of colorectal cancer stage IV. 
The mismatch repair gene defect significantly 
decreased from colorectal cancer stage II through 
stage IV (X2 p<0.01) (Table 1).

Table 1 Characteristics of the patients 

   
Characteristic

	           All patients       Patients with mismatch   Patients with mismatch   
P-value                              (N=140)           repair gene normal	      repair gene defect

                                                       (N=104)                   (N=36)	

	                      NO.        %	         NO.       %	         NO.        %

Location								          0.03
	 Cecum or colon		 64	 45.7	 39	 37.5	 24	 66.7	
	 Rectum		  76	 54.3	 65	 62.5	 12	 33.3	
Age (years)								          0.33
	 Median		       59		       59		       59	
	 Range		     20-74		    30-76		    20-71	
Sex								          0.43
	 Male		  66	 47.1	 47	 45.2	 19	 52.8	
	 Female		  74	 52.9	 57	 57.8	 17	 47.2	
Tumor grading								         <0.01
	 Well differentiated	 85	 60.7	 70	 67.3	 15	 41.7	
	 Moderately differentiated	 42	 30.0	 30	 28.8	 12	 33.3	
	 Poorly differentiated	 13	  9.3	  4	  3.9	 9	 25.0	
Chemotherapy								          0.50
	 Only 5-fluoruracil	 69	 49.3	 53	 50.9	 16	 44.4	
	 5-FU and Leucovorin	 71	 50.7	 51	 49.1	 20	 55.6	
Radiation								          0.08
	 No radiation		  84	 60.0	 58	 55.7	 26	 72.3	
	 5-FU and radiation	 56	 40.0	 46	 44.3	 10	 27.7	
Tumor staging	 							         0.04
 	Stage II		  47	 33.6	 29	 27.9	 18	 50	
 	Stage III		  67	 47.9	 53	 50.9	 14	 38.9	
 	Stage IV		  26	 18.6	 22	 21.2	 4	 11.1	
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	 The Kaplan-Meier curve showed no sig-
nificant difference in overall survival between 
normal mismatch repair gene patients and 
defective mismatch repair gene patients (p=0.54, 
95% CI=0.35 to 0.67) (Figure 2). The median 
survival of the normal mismatch repair gene 
(MMR) patients was 62 months (95% CI=0.33 
to 0.65) and median survival of the MMR defect 
patients was 40 months (95% CI=0.40 to 0.59).
 	 Univariate Cox regression analysis showed 
no significant difference in 5-year survival 
between the mismatch repair gene normal group 
and the mismatch repair gene defective group 
(p=0.93) (Table 2). The only significant survival 

factor was tumor staging (p<0.01). Tumor stages 

II, III and IV had 57.5 %, 46.3% and 3.9% 5-year 

survival rates, respectively. The other observed 

factors, tumor location, sex, tumor grade, leuco-

vorin chemotherapy and radiation, had no 

significance impact on survival. 

	 Multivariate analysis showed no significant 

difference between mismatch repair gene status 

and hazard ratio of survival. Tumor staging 

revealed patients with colorectal cancer stages 

III and IV had 1.37 and 4.74-fold higher risk 

of death respectively than stage II patients 

(Table 3). 

Figure 2 Kaplan-Meier curve of survival times between normal and defective mismatch repair genes 
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Table 2 Parameters of 5 year survival (Univariate analysis)

       Characteristic	         Probability of 5-year survival (%)	          95% CI	           P-value

MMR status			   0.934
  MMR normal	 38.46	 29.16-47.67	
  MLH1 defect	 53.33	 26.32-74.38	
  MSH2 defect	 60.00	 25.27-82.72	
	 Both MLH1 and MSH2 defects	 45.45	 16.66-70.69	
Location			   0.443
  	Cecum or colon	 48.44	 32.80-59.96	
  	Rectum	 36.84	 26.16-47.54	
Sex			   0.823
  	Male	 42.42	 30.42-53.91	
  	Female	 41.89	 30.59-52.77	
Tumor grading			   0.424
  	Well differentiated	 42.35	 31.77-52.53	
  	Moderately differentiated	 45.24	 29.92-59.37	
  	Poorly differentiated	 30.77	  9.50-55.43	
Treatment	 		  0.180
  	Only 5-fluorouracil	 44.93	 32.99-56.14	
  	5-fluorouracil and leucovorin	 39.44	 28.13-50.53	
Radiation			   0.229
  	No radiation	 39.29	 28.89-49.51	
  	Radiation	 46.43	 33.05-58.76	
Tumor staging			   <0.01
  	Stage II	 57.45	 42.15-70.07	
  	Stage III	 46.27	 34.06-57.61	
  	Stage IV	  3.85	  0.28-16.43	

Table 3 Multivariate analysis according to microsatellite status and tumor staging 

      Characteristic	                       Hazard ratio	          95% CI	          P-value

Mismatch repair gene status		  	 0.935
  	Normal	 1 ref.	     -	
  	MLH1 defect	 1.07	 0.55-2.11	
  	MSH2 defect	 0.93	 0.40-2.57	
  	Both MLH1 and MSH2 defects	 1.29	 0.58-2.86	
Tumor staging			   <0.01
  	Stage II	 1 ref.		
  	Stage III	 1.37	 0.83-2.26	
  	Stage IV	 4.75	 2.62-8.57
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Discussion 
	 The relationship between a mismatch 
repair gene defect and colorectal cancer survival 
is controversial. Several studies have found a 
better prognosis in mismatch repair gene defect 
patients than mismatch repair gene normal 
patients,11-15 but other studies have found no 
difference in survival between these groups.25,26

	 The main treatment for stages II, III and 
IV colorectal cancer is surgery with adjuvant 
5-fluorouracil-based chemotherapy. Many studies 
have found a poor prognosis in mismatch repair 
gene defect patients who received adjuvant 
chemotherapy,17-20 but many studies have also 
reported the opposite.21-23 

	 Currently, the main hypothesis explaining 
the effect of a mismatch repair gene defect is 
reduction of apoptosis. Treatment of cells with 
methylating agents produces DNA O6-methyl-
guanine (O6-meG). Similarly, during growth in 
6-thioguanine (6-TG), the thiopurine is exten-
sively incorporated into the DNA and undergoes 
a rare non-enzymatic methylation to produce a 
small number of S6-thiomethylguanines (6-meTG). 
The methylated bases code ambiguously during 
replication to generate structures that resemble 
mismatches and that are processed by MMR. This 
processing is incomplete, however, and leads to 
the generation of DNA double-strand breaks that 
have a high probability of inducing apoptosis. 
Inactivation of MMR prevents damage process-
ing and reduces the connection between DNA 
damage and apoptosis induction. In the clinic, 
this would lead to treatment failure.16

	 The relationship between mismatch repair 
gene defect and characteristic of patient in this 

study showed no statistic significant except the 
location of tumor, differentiation of tumor and 
staging of tumor. The mismatch repair gene defect 
generally found in the proximal part of colon more 
than distal part of colon and found in early stage 
of cancer more than advance stage of cancer.  In 
this study, the mismatch repair gene defect was 
found in the well differentiated tumor more than 
poorly differentiated tumor that was difference 
from previously study.13 The mismatch repair 
gene defect probable to be found in the early 
development of tumor that usually has well 
differentiation and has early stage. 
	 This study showed no difference in 5-year 
survival between the mismatch repair gene 
normal group and the mismatch repair gene 
defect group. These results correlated with other 
previous studies which explained this pheno-
menon by the sequence of carcinogenesis. The 
mismatch repair gene mutation is the initial 
factor that increases the risk of other gene 
mutations such as with the p53 and K-ras 
genes.3,4 After the mismatch repair gene causes 
a frame shift mutation, it does not have any 
further role in the colorectal cancer carcino-
genesis. 
	 The only significant factor is tumor staging, 
which shows a decreased 5-year survival from 
stage II to stage IV. This indicates that colo-
rectal cancer progression depends on the colorectal 
cancer staging more than the mismatch repair 
gene. 
	 The study employed no molecular technique 
to confirm the mismatch repair gene mutations. 
However, in general the immunohistochemical 
study of expression of the mismatch repair proteins 
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we used has a greater ability than the molecular 
technique to detect the function of mismatch repair 
genes in cases of hypermethylation of mismatch 
repair genes that do not produce the mismatch 
repair protein in spite of no gene mutation.27,28 

Conclusion	
	 In conclusion, in this retrospective study 
of 140 colorectal cancer patients who received 
5-fluorouracil-based chemotherapy, we detected 
the non-expression of mismatch repair protein 
in 36 cases (25.7%), but the relation between 
overall survival and mismatch repair protein 
expression was not statistically significant.
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