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Abstract  Background: Though the incidence of colorectal carcinoma (CRC) is relatively uncommon in Nigeria, 
compared to the developed countries, recent studies indicate an increasing trend. Our patients often present at an 
earlier age, which has important implications for the pathogenesis in Nigeria. MLH1, MSH2, MSH6, PMS2 are the 
commonly mutated MMR genes in descending order of frequency, with PMS1 and MLH3 mutations being very rare. 
This study attempts to determine the significance of microsatellite instability (MSI) in colorectal carcinogenesis 
using immunohistochemistry (IHC) for detection of defects of DNA mismatch repair gene (MMR) amongst cases 
diagnosed at University College Hospital (UCH) Ibadan, Nigeria. Methodology: Suitable consecutive CRC cases 
identified from UCH, Ibadan, Pathology Department, 2006 files were stained with MMR IHC antibody panel 
(MLH1, MSH2, MSH6, PMS2). Stained sections were reviewed for nuclear reactivity and graded according to 
staining intensity (weak +, moderate ++, strong +++, very strong ++++). Result: IHC was performed on 26 cases. 
The age range is 22-74 years with 9 cases <40 years. One case with no reactivity with any of the antibody was 
considered unsuitable. Two cases with only PMS2 nuclear reactivity but no reaction with other antibodies were 
considered equivocal. Five cases had no nuclear reactivity with single antibody: MLH1 (2); MSH2 (3); and one case 
had no nuclear reactivity with MLH1 & MSH2. These six cases included 3 cases aged 22, 27 and 32 years with 
tumors showing no nuclear reactivity for MSH2 and (MLH1 & MSH2) respectively. Conclusion: Though the 
number cases tested are small, the identification of the loss of MMR gene protein (MLH1 and MSH2) by IHC, 
indicating MSI, in a significant number of the 26 cases tested (23%), particularly young individuals, suggests that 
defects of DNA mismatch repair genes are important factors in colorectal carcinogenesis in Nigerians. 
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1. Introduction 
Colorectal carcinoma (CRC) is relatively uncommon in 

Nigeria, compared to the developed countries. In 2008, 
colorectal cancer was the third commonest cancer in males 
and the second in females worldwide. However almost 
60% of these cases occurred in developed countries and 
only 2% of new cases and 3% of deaths due to colorectal 
cancer occurred in Africa (Globocan 2008) [1]. Recent 
studies of CRC indicate an increasing trend, which has 
been attributed to the adoption of sedentary western 
lifestyle and diet, migration patterns and the improved 
availability of requisite specialized medical services 
[2,3,4,5]. 

Patients with CRC in Nigeria and other developing 
countries often present at an earlier age than in developed 

countries [2,3], which has important implications for the 
molecular pathogenesis of CRC in our patients. 

Hereditary non-polyposis colorectal cancer (HNPCC), 
the commonest cause of familial colorectal cancer occurs 
at an early age is associated with development of multiple 
colorectal or extra-colonic HNPCC-associated neoplasms 
as well as germ-line mutations of the mismatch repair 
(MMR) genes [6]. These MMR genes encode the proteins 
that correct random errors and mismatches that occur in 
the normal replication of DNA. MLH1 (chromosome 
3p21), MSH2 (chromosome 2p22), MSH6 (chromosome 
2p21), PMS2 (chromosome 7p22) are the commonly 
mutated MMR genes in descending order of frequency. 
Ninety per cent of mutations involve MSH2 and MLH1, 
while PMS1 and MLH3 mutations are very rare. The 
germ-line mutations in any MMR genes results in 
genomic instability involving most especially repetitive 
mono- or di-nucleotide microsatellite DNA sequences 
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resulting in microsatellite in stability (MSI). In addition to 
HNPCC, 10-15% of sporadic colorectal cancers exhibit 
MSI [7]. 

There is a dearth of literature regarding the molecular 
pathogenesis of colorectal carcinoma in indigenous black 
African patients. A previous case report on HNPCC in 
Nigeria suggests that MMR genes may play an important 
role in the etiology of CRC in Africa [6]. 

This study attempts to determine the significance of 
microsatellite instability (MSI) in colorectal 
carcinogenesis using immunohistochemistry (IHC) for 
detection of defects of DNA mismatch repair gene (MMR) 
amongst cases diagnosed at University College Hospital 
(UCH) Ibadan, Nigeria. 

2. Materials and Methods 
Consecutive cases of histologically confirmed 

colorectal carcinoma (CRC) seen during one year were 
identified from a clinicopathologic study performed at the 
Department of Pathology, University College Hospital 
(UCH), Ibadan [2]. Data regarding demographic status 
were retrieved from the request forms; and classification 
done using the WHO (2000) histological classification of 
tumour of colon and rectum. Tumour staging was done 
using the American Joint Classification on Cancer (AJCC) 
[8]. The archival paraffin embedded tissue blocks of the 
tumor samples of these patients were retrieved. Cases in 
which the paraffin blocks could not be retrieved were 
excluded. Fresh hematoxylin and eosin stained slides were 
prepared from the paraffin blocks and histologically 
examined. Cases of anorectal squamous cell carcinoma, 
metastatic tumors, and malakoplakia were excluded from 
further study. Of the 32 cases originally collected, 26 
cases of colorectal adenocarcinoma were identified and 
selected for immunohistochemical (IHC) study. 

From formalin-fixed paraffin embedded tissue, sections 
of 3 micrometer thickness were cut, deparaffinized, and 
rehydrated. These sections were stained with an MMR 
IHC antibody panel (MLH1, MSH2, MSH6, PMS2). 

Stained sections were reviewed for nuclear reactivity 
and graded according to staining intensity (weak +, 
moderate ++, strong +++). 

The data obtained was analyzed using SPSS 16 and 
EPI-Info. Continuous variables were compared using the 
Student t test, while discontinuous variables were 
compared using the χ2 test. The level of significance was 
set at p ≤ 0.05. 

3. Results 
The age range of the 26 cases studied with IHC is 22-74 

years with nine cases (34.6%) aged <40 years.  
One case with no reactivity with any of the antibodies 

was considered unsuitable. Two cases with only PMS2 
nuclear reactivity but no reactions with other antibodies 
were considered equivocal. Five cases had no nuclear 
reactivity with a single antibody; MLH1 in two cases and 
MSH2 in three cases. In one case there was no nuclear 
reactivity with both MLH1 and MSH2. Three of these six 
cases were aged 22, 27 and 32 years respectively. 

Figure 1 and Figure 2 show the IHC staining reactivity 
patterns with the different antibodies. 

 

Figure 1. Strong nuclear reaction with PMS2 in tumor cells (left) and 
normal colonic crypts (right) as internal control 

 

Figure 2. Moderate nuclear reactivity of tumor cells with MSH6 (A- 
upper left) weak nuclear staining with MSH2 (B- upper right) and no 
staining with MLH1 (C- lower left) 

Eight (30.8%) of the cases demonstrated loss of 
expression of MLH1. Seven (43.7%) of the 16 colonic 
tumors were negative for MLH1, compared to only one 
(10%) of the ten rectal tumors (p = 0.07). There was no 
correlation between loss of MLH1 expression and any of 
the other clinical or morphological parameters. 

Nine (34.6%) of the cases were negative for MSH2 
(Table 1). While nine (56.2%) of the colonic tumors were 
negative, none of the ten rectal tumors showed loss of 
MSH2 expression (p = 0.003). In addition, while both of 
the two signet ring carcinomas were negative, only seven 
(29.2%) of the 24 adenocarcinomas and mucinous 
carcinomas were negative (p = 0.04). Both of the two T4 
cases demonstrated lack of MSH2 expression, whereas 
seven (29.2%) of the 24 T2 or T3 were negative (p = 0.04). 
In addition, whereas only six (27.3%) of the 22 N0 cases 
were negative for MSH2, three (75%) of the four N1 or 
N2 cases were negative (p = 0.04). There were weak non-
significant positive correlations between loss of MSH2 
expression and both increasing grade and stage (p = 0.1 
each). Table 2 summarizes the significance of the different 
parameters tested for MSH2. 

Five (19.2%) of the cases showed lack of MSH6 
expression. Five (31.2%) of the colonic tumors were 
negative, while none of the rectal tumors were negative (p 
= 0.05). As shown in Table 2, there was no correlation 
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between MSH6 expression and any of the other clinical or 
morphological parameters. 

Table 1. Results of immunohistochemical staining for selected DNA 
mismatch gene products in the 26 cases 

Antibodies 
Positive 

Negative Weak Moderate Strong Very 
strong 

PMS2- C20 
clone 5 5 13 2 1 

PMS2- H300 
clone 12 7 0 0 7 

MLH1 11 5 2 0 8 
MSH2 10 5 2 0 9 
MSH6 11 3 7 0 5 

Table 2. Comparison of MSH2 and MSH6 expression with clinical 
and morphological parameters 

Clinical and morphological 
parameters MSH2 expression MSH6 

expression 
Age Not significant Not significant 
Sex Not significant Not significant 

Location (colonic vs. rectal) Significant (p = 
0.003) 

Significant (p = 
0.05) 

Histological type (signet ring 
vs. others) 

Significant (p = 
0.04) Not significant 

Tumor status (T2 and T3 vs. 
T4) 

Significant (p = 
0.04) Not significant 

Nodal status (N0 vs. N1 and 
N2) 

Significant (p = 
0.04) Not significant 

Stage Not significant Not significant 
Grade Not significant Not significant 

4. Discussion 
In the present study, a minority of the tumors 

demonstrated loss of expression of the five microsatellite 
instability (MSI) markers tested. This suggests that the 
MSI pathway is only involved in a small subset of 
colorectal carcinomas among the cohort of patients that 
were tested [9]. Geiersbach et al [9] opine that 15% of 
colorectal cancers are characterized by genomic 
microsatellite instability, and of these, about 1 in 5 (2%–
4% overall) are due to Lynch syndrome, a dominantly 
inherited condition predisposing the patient to cancers of 
multiple organ systems, including the gastrointestinal tract. 
Identification of individuals with Lynch syndrome allows 
for increased surveillance of the affected individual and of 
potentially affected family members. 

Over one-third of our cases demonstrated loss of MSH2 
expression. Jung et al 2012 in their study of 120 patients, 
only 15 of them show microsatellite instability [10]. These 
cases were associated with younger age (<50 years), 
family history of cancer, right sided colon cancer and 
mucinous variant [10]. Loss of MSH2 expression was 
more strongly associated with colonic than rectal tumors 
[10,11,12]. 

There was also a significant association between lack of 
MSH2 expression and signet ring carcinomas. Kaug et al 
in Malaysia studied 148 patients with CRC and found a 
significant association between abnormal MMR gene 
protein expression and proximal colon cancers, mucinous, 
signet ring and poorly differentiated morphology [12]. 

Advanced T and N status were found to be significantly 
associated with lack of MSH2 expression [12]. However, 
there was only weak non-significant positive correlation 
between loss of MSH2 expression and both increasing 
grade and stage. 

Only 19.2% of the cases demonstrated loss of MSH6 
expression. Loss of MSH expression was more strongly 
associated with colonic tumors than rectal tumors [12]. 

There was a weak non-significant association of colonic 
tumors with loss of MLH1 expression [13], similar to 
MSH2 and MSH6. Recent study by Martinez-Uruena et al. 
[14] showed that there is a relationship between the 
MLH1 -93 G>A polymorphism in the homozygous state 
and the risk of sporadic colorectal cancer and that this 
variant appears to be related with the cases with focal IHC 
activity more than with the complete absence of the 
MLH1 protein in the tumour tissue. The small number of 
cases in the present study might have contributed to this 
finding. 

Lack of PMS2 expression was also not associated with 
any of the clinical or morphological parameters studied. 

In summary the present study has demonstrated that 
loss of MSH2 and MSH6 plays a role in the molecular 
pathogenesis of a subset of colorectal carcinomas among 
indigenous Africans. 

5. Conclusion 
A significant number of our patient population with 

CRC at UCH, Ibadan, present at relatively younger age, 
compared to the developed countries, which has 
implication for the etiopathogenesis. The study also 
confirms the suitability of our paraffin tissue blocks for 
MSI analysis using 4-antibody IHC panel. Though the 
number cases tested are small, the identification of the loss 
of MMR gene protein (MLH1 and MSH2) by IHC, 
indicating MSI, in a significant number of the 26 cases 
tested (23%), particularly young individuals [15], suggests 
that defects of DNA mismatch repair genes are important 
factors in colorectal carcinogenesis in Nigerians. Detailed 
prospective study is needed for further elucidation. 
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