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Abstract 
Microsatellite instability (MSI) is a molecular change resulting from inactiva-
tion of DNA mismatch repair systems, occurring with a reported incidence 
between 15% - 20% of all sporadic colorectal cancers. Our aim was to deter-
mine whether a change in the incidence of MSI in colorectal cancer had oc-
curred at our institution over time. We assayed 106 cases from the mid-1990s 
and 69 cases from 15 or more years later for MSI. Those tumors with MSI 
were assayed for BRAF mutation and methylation. MSI was detected in 15 
(14.2%) of the early cases and 11 (15.9%) of the later cases. For the two groups 
with MSI, a similar percentage was methylated and had a BRAF mutation. 
One tumor in each group was MSI, unmethylated, and BRAF wild type. Our 
data indicate consistency in the frequency of microsatellite unstable colorectal 
cancer across a time span of 15 or more years. 
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1. Introduction 

Microsatellite instability (MSI) is a mutational change resulting from inactiva-
tion of DNA mismatch repair systems, first reported in colorectal cancers in the 
early 1990s [1]. When DNA repair is defective, microsatellites, which are repeti-
tive nucleotide sequences, may become either shorter or longer in length, as 
compared with normal tissue DNA from the same individual. Mismatch repair 
may be defective because of a germ line mutation in one of several genes respon-
sible for the repair system. These germ line mutations account for approximately 
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2% of all colorectal cancers [2] and for approximately 12% of all colorectal can-
cers that are MSI [3]. However, the majority of colorectal cancers demonstrating 
MSI are the result of an acquired loss of DNA repair function, usually resulting 
from methylation of the promoter region of a repair gene, frequently the gene 
MLHI [4]. 

Most reports have indicated an incidence of MSI between 15% - 20% of spo-
radic colon cancers [5]. However, a reported incidence may partly reflect demo-
graphics, such as age of the studied population. Furthermore, exogenous factors 
may influence the incidence of MSI. For example, cigarette smoking has been 
associated with microsatellite instability in sporadic colon cancer [6]. Addition-
ally, over the past several decades, investigators have used different microsatellite 
markers, which may result in discrepant findings. We were interested in deter-
mining whether a change in the incidence of MSI in colorectal cancer had oc-
curred at our institution over time. To address this question, we assayed cases 
from the mid-1990s and from 15 or more years later—during the late-2000s— 
for microsatellite instability, using the same microsatellites and the same labora-
tory procedure. In addition, we assayed those tumors with MSI for BRAF muta-
tion and for methylation. 

2. Materials and Methods 

We previously retrospectively identified all 122 patients with Dukes’ Stage B co-
lorectal cancer treated at our hospital with primary surgery between 1993-1996. 
These cases had been collected in 2000 for an independent study by the pathol-
ogy department, and the results were reported in 2004. No clinical information 
was available regarding these patients [7]. From 2006 to 2011, we prospectively 
enrolled 69 patients of three cooperating colorectal surgeons specifically for a 
study to evaluate their colorectal cancers for MSI. All patients who were at home 
one month after surgery were offered participation. Written consents were ob-
tained from all patients in this group. The studies were approved by the hospital 
Institutional Review Board, with a waiver to study the early pathological materi-
al. Clinical material primarily reflected a stable suburban community of middle 
economic level. The majority of patients were Caucasians. One clinical patholo-
gist reviewed all histological slides to indicate the areas for study.  

2.1. DNA Extraction and Purification 

All tissue specimens were formalin-fixed and paraffin-embedded. DNA was iso-
lated and purified using the QIAamp DNA Mini Kit (Qiagen Inc., Valencia, 
CA). 

Microsatellite analysis for MSI was performed using the Bethesda panel of 
markers that includes two mononucleotide markers BAT25 and BAT26, and 
three dinucleotide markers D2S123, D5S346, and D17S250. Microsatellite pri-
mer sets were ordered through the Life Technologies Custom Oligo Synthesis 
Service (genomicorders@lifetech.com). Reactions were run on an ABI 9700 ther- 
mal cycler (Applied Biosystems, Foster City, CA) as previously described [8]. A 
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tumor was defined as MSI-high if two or more of the five markers had a changed 
allele pattern. The codon 600 region in exon 15 of the BRAF gene was amplified 
using the primer set 5’CATAATGCTTGCTCTGATAGGAAA-3’ sense and 
5’-GATCCAGACAACTGTTCAAACTG-3’. The methylation status of the mis-
match repair (MMR) system was ascertained using the SALSA® MS-MLPA® 
Methylation-specific DNA detection Kit #ME011-B1 (MRC-Holland, Amster-
dam, Netherlands) [9]. 

2.2. Statistical Methods 

The t-test was used to assess for difference in age at diagnosis for the two groups. 
The Mantel-Haenszel chi-square test was used to compare the percentage with 
mutation between the two groups with control for age at diagnosis of less than 
70 and 70 or older and to assess whether there was heterogeneity in the differ-
ence by age group. 

3. Results 

The early cases were all from 1993-1996. Additional analyses were performed on 
106 of the original 122 samples, as paraffin blocks were not available, or did not 
yield adequate DNA, for 16 patients. Between 2006 and 2011 our Pathology De-
partment processed 217 cases of colorectal cancer under the care of participating 
surgeons, who contacted the patients regarding interest in the study. Although 
123 (56.7%) patients expressed willingness to participate, only 69 (31.8%) re-
turned the consent form and participated in a telephone interview.  

The early and late time period groups contained a similar percentage of males 
and females. The mean age of diagnosis for the early group is greater than the 
mean age for the later group (Table 1). The age range for the early time period is 
from 48 to 95 years, and for the later time period it is from 42 to 91 years. The 
distribution between right and left sided location of the cancers was similar for 
both groups. The majority of the cancers during the later time period were Stage 
2 and 3 (Table 1). 

3.1. Early Cases 

Among the 106 early cases, 15 (14.2%) demonstrated MSI. Of these fifteen, 14 
demonstrated MLH1 methylation, 9 with a BRAF mutation at codon 600, and 5 
demonstrated wild-type BRAF (Table 2). Among the five tumors with methyla-
tion but BRAF wild, two showed limited methylation of MLH1, but demonstrated 
strong methylation for MGMT. One of the 15 MSI cancers was unmethylated and 
BRAF wild-type. This patient was 58 years old at the time of his cancer surgery. 

3.2. Later Cases 

Among the 69 later cases, 11 (15.9%) demonstrated MSI, of which 10 were me-
thylated (Table 2). Six of these 10 tumors all demonstrated MLH1 methylation 
and BRAF mutation. Four of these 10 tumors demonstrated wild type BRAF; 
two demonstrated limited, and one demonstrated absent methylation of MLH1,  



P. Zauber et al. 
 

48 

Table 1. Clinical characteristics of patients and their cancers from two time periods. 

 
Early Cases Late Cases 

p-value 
No. (%) No. (%) 

Total 106 69  

Female 62 (58.5) 43 (62.3) 0.61 

Male 44 (41.5) 26 (37.7)  

Age +/− S.E. 70.4 (1.29) 64.2 (1.51) <0.01 

Left side 51 (48.1) 34 (49.3) 0.73 

Right side 55 (51.9) 35 (50.7)  

Stage    

0 0 1 (1.5)  

1 0 21 (30.4)  

2 0 24 (34.8)  

3 106 (100) 16 (23.2)  

4 0 7 (10.1)  

 
Table 2. Molecular changes in colorectal cancers from two time periods. 

Group Early cases Late cases p-value 

Time period: 1993-1996 2006-2011  

# Cancers 106 69  

MSS 91 (85.8) 58 (84.1)  

MSI-high 15 (14.2) 11 (15.9) 0.40 

Methylated 14 (93.3%) 10 (90.9%)  

Methylated and BRAF* mutated 9 (64.3%) 6 (60%)  

Methylated and BRAF wild 5 (35.7%) 4 (40%)  

Unmethylated and BRAF wild 1 (6.7%) 1 (9.1%)  

*Gene for serine/threonine-protein kinase B-Raf (Rapidly Accelerated Fibrosarcoma). 

 
but all three showed strong MGMT methylation. One of the 11 cancers with MSI 
was unmethylated and BRAF wild. This patient was 60 years old at the time of 
his surgery (Table 2).  

Family history was available for 68 of the 69 patients in this later group. We 
have analyzed their histories with consideration for those tumors found in 
Lynch syndrome: colon, uterus, ovary, stomach, small bowel, pancreas, bladder, 
kidney, and bile ducts. Seventeen patients reported no cancers in any of their 
first-degree relatives. Twenty-two patients reported non-Lynch associated can-
cers in first-degree relatives; 16 had only one relative with a non-Lynch asso-
ciated cancer, 4 had two relatives, and 2 had three such first-degree relatives.  
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Twenty-nine patients reported Lynch-associated cancers in one or more first- 
degree relatives. Sixteen patients had just one first-degree relative, 8 had two 
first-degree relatives, 3 had three first-degree relatives, and 2 had four-first degree 
relatives with a Lynch-associated cancer. Limiting the analysis to first-degree rela-
tives with a Lynch-associated cancer diagnosed before the age of 50 years, howev-
er, reveals five patients with one first-degree relative with a Lynch-associated can-
cer, one patient with two first-degree relatives with a Lynch-associated cancer, and 
just one patient with three first-degree relatives with Lynch-associated cancers. 
This patient’s tumor was MSI, but lacked methylation and was BRAF-wild. 

4. Discussion 

Within both of our groups, there were more females than males. The female to 
male ratio was similar for those patients who were contacted but did not partic-
ipate and for the patients with missing blocks from the early group (data not 
shown). This is not the usual reported gender ratio; however, competing sources 
of care in our geographic area could be part of the explanation, with more men 
than women seeking surgery elsewhere, once a diagnosis was established. The 
mean age of diagnosis for the early group is older than the mean age for the later 
group, perhaps reflecting more pervasive colorectal screening during the later 
time period, resulting in the detection of cancers at an earlier age. 

Several limitations should be noted. Prospective accrual for the later cases was 
poor, reflecting the general difficulty of patient accrual to clinical studies. The 
early group patients were all Stage 3, while the later group represented all stages, 
but primarily Stages 1 - 3. Previous studies have shown a similar incidence of 
MSI in these stages [10] [11]. One strength of our study is the use of the same 
microsatellite markers and techniques in studying cases from both time periods. 
Both groups contained only one individual with molecular findings suggesting a 
germ line cause for their tumors’ microsatellite instability. Despite more public 
awareness of familial colorectal cancer, we have not observed any increase in 
frequency of this subgroup.  

Cigarette use in our area has decreased from approximately 21% of the adult 
population during our initial time interval, to approximately 16% in the later 
time period. This trend reflects overall U.S. rates [12]. The stability in the inci-
dence of microsatellite unstable colorectal cancer despite the fall in smoking 
suggests possibly a longer lag-time for the molecular genetics effects of smoking.  

5. Conclusion 

In conclusion, our data indicate consistency in the frequency of microsatellite 
unstable colorectal cancer across a time span of 15 or more years, despite an av-
erage age of diagnosis that is younger in the more recent group, and despite a 
falling prevalence of cigarette use within the general community.  
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