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Introduction
 

There are likely to be important clinical indications for 
determining the molecular subtypes of colorectal cancer. 
One parameter by which colorectal cancers can be classified 
involves the expression patterns of Mismatch repair 
(MMR) proteins. MMR proteins are nuclear enzymes, 
which participate in repair of base-base mismatch that 
occur during DNA replication in proliferating cells. The 
proteins form complexes (heterodimers) that bind to areas 
of abnormal DNA and initiates its removal. Loss of MMR 
proteins leads to an accumulation of DNA replication 
errors, particularly in areas of the genome with short 
repetitive nucleotide sequences, a phenomenon known as 
microsatellite instability (MSI) (1-3). MSI can be identified 

in more than 90% of colorectal cancers that arise in patients 
with Lynch syndrome, while in sporadic colorectal cancer it 
occurs in 15% of cases (4). 

Mechanisms for MSI

Alterations in at least six of the genes that encode proteins 
involved in the MMR system have been identified in either 
hereditary nonpolyposis colorectal cancer (HNPCC) 
or sporadic colon cancer. These genes include MSH2, 
MSH3, MSH6, MLH1, PMS1, and PMS2. Study of the 
biochemistry of the MMR proteins has revealed that 
recognition of the base-base mismatches and insertion/
deletion loops is performed by a heterodimer of either 
MSH2 and MSH6 or MSH2 and MSH3. Of interest, 
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the MSH2-MSH3 heterodimer preferentially recognizes 
insertion/ deletion loops and thus cannot compensate for 
loss of MSH6. Consequently, cancers arising with a loss 
of MSH6 function display microsatellite instability only 
in mononucleotide repeats (5). The MLH1, PMS2, and 
PMS1 proteins appear to operate primarily in performing 
the repair of the base-base mismatches and insertion/
deletion loops. A heterodimer of MLH1-PMS2 operates 
as a molecular matchmaker and is involved in executing 
the repair of the mismatches in conjunction with other 
molecules (5,6).

HNPCC related colon cancers account for 3-6% of 
all colon cancers, and germline mutations in MSH2 and 
MLH1 have been found in 45-70% of families that meet the 
Amsterdam criteria for HNPCC (7,8). Since inactivation 
of both alleles of MSH2 or MLH1 is required to generate 
MSI, the cancers that arise in HNPCC kindred frequently 
show loss of heterozygosity at the loci of these genes, or 
alternatively show somatic mutation of the sole wild-type 
MMR allele. The germline mutations that occur in MSH2 
and MLH1 are widely distributed throughout either gene 
and are missense, deletion, or insertion mutations. These 
mutations result in frame shifts (60% of hMSH2 mutations 
and 40% of MLH1 mutations), premature truncations (23% 
of MSH2 mutations), or missense mutations (31% of MLH1 
mutations) (9). The lack of a mutation hotspot has hampered 
the development of an inexpensive clinical assay to detect 
germline mutations in the genes known to cause HNPCC. 
Furthermore, because one wild-type allele is sufficient 
to maintain MMR activity, functional assays to detect 
MMR gene mutation carriers have not been developed for 
clinical use to date. However, proof-of-principle studies 
have demonstrated that it may be possible to develop 
such an assay by forcing a cell to a haploid state in which 
case a mutant MMR allele could be detected (10,11).  
Studies of the 15% of sporadic colon cancers that display 
MSI demonstrated these arose due to somatic inactivation of 
MMR genes and not due to germline MMR gene mutations 
with low penetrance. While occasional somatic mutations 
of MSH2 and MLH1 were detected , the predominant 
mechanism for inactivating MMR unexpectedly proved to 
be the epigenetic silencing of the MLH1 promoter due to 
aberrant promoter methylation (12,13). 

Clinical implications of MSI

The CRC microsatellite profile provides useful prognostic 
information (14,15), showing the patients with microsatellite 
unstable neoplasms have a better overall survival rate and a 
modified response to conventional chemotherapy (16-21). 
MSI also helps in predicting the treatment response of CRC 

(18,19,22), and could modify the chemotherapy protocols 
offered to the patients in the future (19), but these results 
should be applied with caution before this predictive tool is 
verified.

Molecular markers as predictive factors in treatment 
decisions have been developed in the last few years. The 
initial studies in sporadic CRC showed that the retention 
of heterozygosity at one or more 17p or 18q alleles in 
microsatellite-stable CRCs and mutation of the gene for the 
type II receptor for TGF-β1 in CRCs with high levels of 
microsatellite instability correlated with a favorable outcome 
after adjuvant chemotherapy with fluorouracil based 
regimens, especially for stage III CRC (18,22). However, 
most recent studies have revealed that fluorouracil-based 
adjuvant chemotherapy benefited patients with stage II or 
stage III CRC with MSS tumors or tumors exhibiting low 
frequency MSI but not those with CRCs exhibiting high 
frequency MSI (19). The reasons for these responses must 
be related to the distinctive cell kinetics associated with 
MMR down-regulation (significantly increased apoptosis 
and decreased proliferation), which can certainly contribute 
to tumor cell resistance to conventional chemotherapy. 

Testing for MSI and MMR defects

Clinical criteria
The recognition that certain types of cancers cluster in 
families with HNPCC and that cancer develops at relatively 
early ages compared with the general population provided 
the rationale for development of criteria that could be used 
to aid in the diagnosis. Two sets of criteria (the Amsterdam 
criteria and Bethesda guidelines) developed by a consensus 
of experts, have been most widely accepted and best studied.

The Amsterdam criteria (Table 1) were designed to 
establish the diagnosis of HNPCC based upon familial 
clustering of HNPCC-related tumors. On the other hand, 
Bethesda guidelines (Table 2) were designed to help predict 
which patients with colorectal cancer are likely to have 
a mismatch-repair mutation and should thus undergo 
further testing. However, both the Amsterdam criteria 
and Bethesda guidelines have been studied for predicting 
the presence of mismatch repair mutations. Although the 
Bethesda guidelines and Amsterdam criteria continue to 
be used widely, several studies evaluating them (both the 
original and revised) have underscored the limitations 
of their accuracy in predicting the presence of mismatch 
repair mutations (25-28), and review of the literature 
reported that the sensitivity of the original Amsterdam 
criteria ranged from 54% to 91% (29). Such a wide range 
of estimates leaves substantial uncertainty as to the role of 
the Amsterdam criteria as a screening test for mismatch 



399Journal of Gastrointestinal Oncology, Vol 4, No 4 December 2013

© Pioneer Bioscience Publishing Company. All rights reserved. J Gastrointest Oncol 2013;4(4):397-408www.thejgo.org

repair mutations. In addition to the limitations regarding 
their predictive accuracy, there are practical problems 
with policies based on the implementation of these clinical 
criteria. Patients’ report of the family history may not be 
accurate, particularly for cancers other than colorectal that 
are potentially related to HNPCC (30). Issues of uncertain 
paternity may also be relevant in some families while some 
families may be too small or have insufficient contact among 
family members to obtain a clinically meaningful family 
history.

Clinical testing for MSI and MMR
Because of the limitations of relying on clinical criteria to 
guide testing, some authorities have proposed that tumors 
from patients with colorectal cancer be evaluated for 
markers of HNPCC regardless of the family history (23,24). 
One of the largest studies evaluating this approach included 
1066 patients with colorectal cancer whose tumors were 
tested for MSI (23). Patients with suggestive MSI results 
were tested for germ-line mutations in the mismatch repair 
genes (MSH2, MLH1, MSH6, and PMS2) by IHC, genomic 
sequencing, and deletion studies. A mutation causing 
HNPCC was detected in 23 patients (2.2 percent) of whom 

ten were older than 50 and five did not meet the Amsterdam 
criteria or Bethesda guidelines. These data suggest that the 
Amsterdam or Bethesda criteria alone may miss as many 
as 22 percent of patients with HNPCC. However, only  
five additional individuals from the cohort of 1,066 subjects 
(0.5%) would have been identified by routine molecular 
analysis of all colon cancers fulfilling the Bethesda criteria, 
making such an approach impractically expensive for 
routine clinical use. Therefore; most expert guidelines on 
HNPCC suggest a combination of sequential laboratory 
testing in patients who fulfill the Amsterdam criteria or 
Bethesda guidelines to minimize costs and maximize test 
accuracy (31,32). Approaches based on such a strategy have 
been considered to be cost-effective (33). However, the 
exact methods and order of testing are unsettled. Proposed 
strategies include initial testing of tumors for MSI with 
or without IHC for loss or expression of mismatch repair 
proteins, with germline gene sequencing reserved for 
patients with suggestive results.

Microsatellite instability (MSI) testing
MSI testing involves amplification of a standardized 
panel of DNA markers; five markers were agreed upon 

Table 1 Amsterdam criteria 

Original (Amsterdam I) (23) Revised (Amsterdam II) (24) 

-At least 3 relatives with colorectal cancer, one of whom must 

be a first degree relative of the other two 

-Involvement of 2 or more generations 

-At least 1 case diagnosed before age 50 

-Familial adenomatous polyposis has been excluded 

-At least 3 relatives with HNPCC-associated cancer 

-One should be 1st degree relative of other two 

-At least 2 successive generations affected 

-At least 1 diagnosed before age 50 

-Familial adenomatous polyposis excluded 

-Tumors should be verified by pathologic examination 

Table 2 Bethesda guidelines (23) 

Original Revised 

-Individuals with cancer in families that meet the Amsterdam 

criteria 

-Patients with two HNPCC-related cancers, including  

synchronous and metachronous colorectal cancer or associated 

extracolonic cancers 

-Patients with colorectal cancer and a first-degree relative with 

colorectal cancer and/or HNPCC-related extracolonic cancer and/

or a colorectal adenoma with one of the cancers diagnosed before 

age 45 years, and the adenoma diagnosed before age 40 years

-Patients with right-sided colorectal cancer having an undifferenti-

ated pattern on histopathologic diagnosis before age 45 years

-Patients with signet-ring cell type colorectal cancer diagnosed 

before age 45

-Patients with adenomas diagnosed before age 40

-Colorectal cancer (CRC) diagnosed in a patient <50 

-Presence of synchronous, metachronous colorectal or other 

HNPCC-associated tumors regardless of age 

-CRC with the MSI-H-like histology diagnosed in a patient less 

than 60 

-CRC diagnosed in a patient with one or more 1st degree  

relatives with an HNPCC related tumor, with one of the cancers 

being diagnosed under age 50 

-CRC in a patient with two or more 1st or 2nd degree relatives 

with HNPCC-related tumors, regardless of age
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by a consensus panel convened by the National Institutes 
of Health in 1997 (15). The reference panel included 
two mononucleotide markers (BAT25 and BAT26) and 
three dinucleotide microsatellites (D5S346, D2S123 and 
D17S250), previously tested by Fishel (34), plus a list of 
several alternative loci. Three categories of MSI have been 
recognized based upon these panels: MSI-high (instability 
of two or more markers), MSI-low (instability of one 
marker), and MS-stable (no instability). More recently, 
some laboratories have begun using ten or more markers. 
In such cases MSI is defined as stable when fewer than 10% 
of markers are unstable, low when 10 to 30% of markers are 
unstable and high when greater than 30-40% of markers 
are unstable. There are several pitfalls of MSI testing. First, 
it is labor intensive, relatively costly, and requires expert 
pathologic services. In addition, tissue to be amplified 
should ideally be microdissected to avoid amplifying DNA 
from normal colonic mucosa.

Immunohistochemistry (IHC) testing
Pathogenic mutations in MMR proteins usually lead to the 
absence of a detectable gene product providing the rational 
for immunohistochemistry testing to determine loss of 
expression. Tumours from patients suspected to have MSI 
can be stained for MMR proteins and the surrounding 
normal tissues can be used as a positive control. IHC has an 
advantage over MSI analysis as it is much easier to perform 
and less expensive. Moreover, it provides gene specific 
information to direct further genetic analysis. However; the 
technique is vulnerable to the quality of tissue preparation, 
staining and interpretation. 

The understanding of how the MMR proteins interact 
during DNA repair can help in the interpretation of the results 
of such testing. MSH2 forms a heterodimer with MSH6, 
while MLH1 binds to PMS2 and complexes MSH2/MSH6 
heterodimer. Therefore, when MSH6 is not detected in a 
tumour MSH6 may also not detected. The situation is more 
complex with lack of MLH1 expression. Hypermethylation of 
hMLH1 gene, which is common in sporadic colorectal cancer, 
may lead to loss of protein expression.

IHC has a role in detecting MMR defects, with data 
suggesting that the effectiveness of IHC screening of 
the MMR proteins would be similar to that of the more 
complex strategy of microsatellite genotyping (23,25) . This 
technique can guide which gene to sequence and can help 
differentiating sporadic from hereditary mutations: MSH2 
loss is likely to be HNPCC, whereas MLH1 loss could be 
HNPCC or sporadic CRC (MLH1 promoter methylation). 
MMR proteins heterodimerize to function; the MSH2 loss 
almost always accompanies MSH6 loss and when MLH1 
is lost, generally so is hPMS2 (35,36). In addition, IHC 
can miss functional loss; i.e. presence of the protein with 
antigen positivity in the absence of function. 

MMR IHC studies are based on a complete absence of 
at least one MMR protein (37-41). But these studies do not 
consider the immunostaining topographic heterogeneity. 
Since the MMR proteins function as heterodimers, it could 
be advocated to validate the IHC results of MSH2/MSH6 
and MLH1/PMS2. More studies are required to clarify the 
influence of this predictable tumor heterogeneity to select 
the appropriate sample for immunohistochemical and/or 
MSI analyses

Genetic testing
Multiple methods have been used for genetic testing in 
HNPCC. The methods used should ideally be able to detect 
the many potential genotypes associated with HNPCC like 
nonsense, missense, and frame shift mutations, genomic 
deletions, duplications, and rearrangements. The commonly 
used tests includes: high output screening techniques, DNA 
sequencing, conversion analysis and methods to detect 
large structural DNA abnormalities like Southern blot and 
Multiplex ligation-dependent probe amplification.

 

Aims

Information about MMR protein status in colorectal 
cancer is important because it will identify those most 
likely to have Lynch syndrome and those most likely to 
have microsatellite instability in their tumours which has 
been proven to have better prognosis and may affect their 
treatment regimens in the future. We undertook this study 
to develop and optimise a protocol for MMR protein 
immunohistochemistry testing in colorectal cancer. We also 
aimed to analyse the proportion of patients with colorectal 
cancer with loss of immunostaining for MMR proteins 
(hMLH1, hMPS2, hMSH2 and hMSH6) in order to 
determine the feasibility of molecular screening for the loss 
of MMR proteins through the study of unselected patients 
with colorectal cancer.

Materials and methods

Study group

A group of 33 patients with colorectal cancer was randomly 
selected from the department of surgery bio-bank to 
determine the expression of MMR proteins in their FFPE 
tumour tissues using immunohistochemistry techniques. 
The age of the patients at diagnosis of their cancers and their 
family history were collected by reviewing the medical charts.

FFPE tissues

Tumour tissues collected at time of surgery were collected 
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and placed in 10% formalin (Lennox) for fixation at room 
temperature until embedding for a minimum of 24 hours. 
Tissue was then removed from the formalin and placed 
on an open cassette. The cassette was closed and placed in  
250 mL of Industrial Methylated Spirit (VWR) to wash the 
formalin from the tissue. Then, the cassette was removed 
and placed in JFC solution (Milestone) filed JFC beaker and 
placed in the histoprocessor (MicroMED) for 60 minutes 
(70 °C). Thereafter, the cassette was transferred to the 
paraffin wax (VWR) filled wax beaker and placed in the 
histoprocessor (MicroMED) for 30 minutes. The cassette 
was removed from the wax beaker and tissue was blocked 
out carefully. The blocks were left at 4 °C until hard and 
then stored at fridge or room temperature until sectioning. 
Sectioning of formalin-fixed paraffin-embedded tissues was 
carried out using Slee microtome (LIS Ltd). With section 
thickness set to 30µM the block was pared down until 
even sections were being cut and the outer layer of wax 
was removed. Then the section thickness was adjusted to 
5 µM. The sections were then placed in a floating out bath 
to stretch it out, before being placed onto a Superfrost plus 
(positive charged) slides (VWR). The slides were allowed 
to air-dry overnight at room temperature and then stored 
at 4 °C until further use. Before enrolment in any further 
experiments each slide is stained in H & E and reviewed by 
a pathologist to determine the quality of the block and the 
percentage of tumour tissues in the section (should be >50%)

Immunohistochemistry

Immunostaining was carried out on 5 µm thick paraffin 
sections of tumour tissue from each patient, using mouse 
monoclonal antibodies specific for each of the four human 
MMR proteins and employing automated DABMap system 
(Ventana) for hMSH6 detection and UltraMap system 
(Ventana) to detect hMLH1, hMSH2, and hPMS2 proteins. 

DABMap protocol
It was consist of deparaffinization and cell conditioning, 
followed by addition of primary antibody and incubation at 
room temperature for I hour. Then the secondary antibody 
was added before counterstaining with haematoxylin and 
slides dehydration.

UltraMap protocol
The standard UltraMap was used to detect hMSH2. It was 
again consist of deparrafinization and cell conditioning 
followed by primary antibody titration. The tissue section 
was incubated with primary antibody for 12 hours at 37 °C. 
No secondary antibody was added. This was followed by 
counterstaining and dehydration in serial ethanol alcohol 

dilution and Xylene (Sigma).
The extended UltraMap protocol was used to determine 

the expression of hMLH1 and hPMS2. It was different 
from the standard one in that the cell conditioning was 
extended to three cycles of medium cell conditioner and 
cell conditioner compared to two cycles in case standard 
protocol.

IHC analysis
Changes in protein expression following transfection of 
colorectal tissues were observed in stained cells using 
Olympus BX60 microscope and image analySIS software. 
Adjacent normal tissue served as an internal control for 
positive staining and a negative control staining was carried 
out without the primary antibody. MMR protein staining 
was considered negative when all of the tumour cell nuclei 
failed to react with the antibody.

Results 

Optimization of MMR protein staining protocol

Tissue processing has the greatest single impact on the 
end result of IHC and different tissue types often require 
slightly different pre-treatments for optimum results. To 
optimized staining protocols we employed the Closed Loop 
Assay Development (CLAD) for IHC (Figure 1). 

Optimal staining was achieved for hMSH6 using 
DABMap system, however; acceptable stating for hMLH1, 
hMSH2 and hMPS2 was only achievable using UltarMap 
system.

MMR protein expression

IHC staining was performed on 33 colorectal cancer tissue 
specimens. Loss of MMR protein is defined as complete 
absence of nuclear staining within the tumour. While MMR 
proteins expression is defined as the presence of nuclear 
staining within the tumour regardless its intensity or the 
number of positive nuclei (Figures 2-5)

Of  the  t i s sue  spec imens  in  wh ich  acceptab le 
immunostaining was achieved, three samples showed 
loss of one or more of the MMR proteins (Table 3). Both 
hMLH1 and hPMS2 proteins were not expressed in a 
36 years old woman (case 3) with cancer of the caecum 
(Proximal to the splenic flexure). She had history of breast 
cancer on her mother and colorectal cancer on one of 
her grandfathers (undocumented weather on paternal or 
maternal side) (Figure 6). The expression of hMSH6 protein 
was undetermined in tumour tissues retrieved from a  
61 years old man (case 13) with cancer of the proximal colon 
(proximal to the splenic flexure). He had no documented 
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family history of cancer. The third case was a 77 years old 
man (case 27), again with no documented family history of 
cancer, who had carcinoma of the rectum. He showed loss 
of hMLH1 expression in the tumour tissues.

Discussion

The identification of HNPCC can be lifesaving as it 
can lead to early detection of cancer. Jarvinen et al. in a 
controlled clinical trial extending over 15 year period 
concluded that screening for colorectal cancer in HNPCC 
families more than halves the risk of colorectal cancer, 
prevents deaths from colorectal cancer and decreases the 
overall mortality rate by about 65% (42). Furthermore; the 
cost-effectiveness of screening was quantified by Ramsey 
et al. as $7,556 per year of life gained (33).When clinical 
and pedigree criteria such as Amsterdam criteria are used 
to determine what proportion of all colorectal cancers are 
due to HNPCC, estimate range from 1-6% (43). However; 
molecular screening has suggested that more 3% of all 
such patients have HNPCC. Moreover, the mean age 
at presentation with HNPCC diagnosed by molecular 
screening was 54 years old in a study included several 
patients over 60 years of age (44,45). 

In addition, experiments have recently shown the 

Figure 1 Closed loop assay development (CLAD)

Figure 2 hMLH1 expression. Immunohistochemical staining 
of tumours expression hMLH1 (A) or lacking the expression 
of hMLH1 (B). The nuclei stained brown in hMLH1 positive 
tumours, while taking the blue colour of haematoxylin in 
hMLH1negative tumours

A B
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time
- Use more aggressive pre-
treatment if morphology was 
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- Incubate at room temperature

Run 2nd pass protocol 
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signals
- Decrease primary Ab 
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- Decrease primary Ab incubation 
time
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acceptable with week signals
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Select new primary 
AB and/or 
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Success
document 
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1- To Amplify signals
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3- Signal to noise ratio

* Adopted from www.ventana.com/.../OmniMap%20HRP_package%20insert.pdf*
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Figure 3 hMSH6 expression. Immunohistochemical staining of tumours expression hMSH6 [(A) ×20 and (B) ×40] or lacking the expression 
of hMSH6 (C). The nuclei stained brown in hMSH6 positive tumours, while taking the blue colour of haematoxylin in hMSH6 negative 
tumours

Figure 4 hMSH2 expression.Immunohistochemical staining of 
tumours expression hMSH2. The nuclei stained brown in hMSH2 
positive tumours, while taking the blue colour of haematoxylin in 
hMSH2 negative tumours

Figure 5 hPMS2 expression. Immunohistochemical staining 
of tumours expression hPMS2 (A) or lacking the expression of 
hPMS2 (B). The nuclei stained brown in hPMS2 positive tumours, 
while taking the blue colour of haematoxylin in hPMS2 negative 
tumours

A

B CA

B

differences in the response of MSI-H tumours to 
chemotherapeutic agents. DNA mismatched repair-
deficient cells are resistant to the alkylating agents (e.g., 
melphalan and busulphan), methylating agents (e.g., 
temozolomide), the platinum-containing agents (e.g., 
cisplatin and carboplatin), antimetabolites (e.g. fluorouracil 
and thioguanine) and topoisomerase inhibitors (e.g., 
doxorubicin) (46,47). The clinical significance of these 
observations remained unclear till recently. A meta-analysis 
of 32 studies with 7,642 cases found the hazard ratio (HR) 
for overall survival in patients whose tumours have high 
microsatellite instability (MSI-H) is 0.65 (95% CI: 0.59-
0.71). Two studies, in this review, have assessed the benefit 
of 5-fluorouracil (5-FU) in stage II and III colorectal cancer 
patients by MSI status. The analysed data indicates that 
patients without MSI benefited significantly from 5-FU 
(HR=0.72, 95% CI: 0.61-0.84), while patients with MSI did 
not benefit from 5-FU (HR=1.24, 95% CI: 0.72-2.14) (48). 

Because of the limitations of relying on clinical criteria 
to guide testing for Lynch syndrome and the prognostic 
information that could be provided by MSI status, 

molecular screening of all patients with colorectal cancer for 
MMR protein expression is now both feasible and desirable. 
In most Lynch syndrome colorectal tumours, MSI has 
been shown to result from defects in DNA mismatch repair 
mechanism (49). Mutations in hMLH1 or hMSH2 genes 
are the most common defects in these families making up 
to 94% of the germ line mutations detected. In addition, 
a few families have been found to have hMSH6 or hPMS2 
mutations (9,50). On the other hand, about 10-15% of 
sporadic colorectal cancer also exhibit MSI, and loss of 
one or more of the MMR proteins has been found in these 
tumours (14,51). Lack of expression of hMLH1 as the result 
of promoter methylation occurs in most of sporadic MSI-
positive tumours (52). Loss of the other MMR proteins 
is rare in sporadic tumours and in one study loss of either 
hMSH2 or hPMS2 was found in only 2% of tumours (53). 

The major laboratory tests used in the evaluation of 
patients suspected to have Lynch syndrome include testing 
of tumour tissues using immunohistochemistry (IHC), MSI 
testing or germ line testing for mismatch defects. IHC 
has the advantage over the other methods, as the primary 
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screening method, since it is less demanding to perform and 
is available as part of routine services in general pathology 
laboratories. In addition, IHC will determine which 
protein is affected and provides gene specific information; 
thereby direct the genetic analysis rather than performing 
exhausting, time and material consuming unnecessary tests. 
Nevertheless, while most of mutations will results in total 
loss of the protein expression , in some cases mutations only 
result in loss of function rather than the expression of the 
protein which will still be detectable by IHC.

Many studies have provided information about the 
sensitivity and specificity of IHC for predicting MMR 
mutations (25,35,54-60). A recent meta-analysis determined 
the sensitivity to range from 27%-100% and specificity 
from 43-100%, however, analysis of good quality studies 
only had a summary sensitivity of 74% (95% CI: 54-87) 
and specificity of 77% (95% CI: 61-88) (61). In one study 
of unselected 131 colorectal cancer patients diagnosed 
younger than 45 years of age the sensitivity of IHC testing 
for the main 4 MMR proteins was reported as 100% and its 

Table 3 Characteristics and MMR protein status of the study cohort

No Specime n No Age Tumour location Family history of CRC Extra-colonic tumour Lost protein 

1 T08-1102 60 D colon No

2 T07-2256 82 P colon Brother

3 T07-2240 36 P colon Grandfather Breast, mother & cousin hMLH1& hPMS2 

4 T07-2244 76 D colon No

5 T08-0655 82 D colon No

6 T08-0907 70 D colon No Lung, brother 

7 T08-1055 90 P colon No

8 T08-1167 71 D colon Unknown 

9 T08-0505 48 P colon No

10 T08-0143 60 D colon Brother

11 T08-0418 79 P colon No

12 T08-0096 75 P colon Cousin

13 T08-0727 61 P colon No hMSH6

14 T08-0713 78 D colon No

15 T08-0534 81 P colon No 

16 T08-0144 63 D colon No

17 T08-0594 77 D colon 5 siblings 

18 T08-700 77 D colon No 

19 T08-1095 76 D colon No

20 T08-1056 90 P colon No 

21 T08-0413 46 D colon No

22 T08-0732 86 Rectal No Lung, patient & brother 

23 T08-0615 77 Rectal No

24 T09-0060 73 Rectal No

25 T07-2238 50 Rectal No

26 T08-0605 88 Rectal No

27 T08-0285 77 Rectal No hMLH1 

28 T08-0146 74 Rectal Father & brother 

29 T08-0138 68 Rectal No

30 T08-0142 78 Rectal No Prostate, patient 

31 T08-0273 78 Rectal Mother

32 T08-0279 81 Rectal No

33 T08-0299 94 Rectal No

P colon, Proximal to splenic flexure; D colon, Distal to splenic flexure
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specificity was 69% (60). Lindoe et al. have assessed 1,144 
patients with colorectal cancer for MMR deficiency by MSI 
testing and IHC detection for hMLH1 and hMSH2. They 
determined 92% specificity and 100% specificity of IHC 
for screening for MMR defects (62).

In evaluating the expression of MMR proteins using IHC, 
any tumour cell nuclear expression is considered positive 
due to the heterogeneity of expression and difficulties in 
test standardisation (63). The intensity of staining in normal 
mucosa decreased towards the surface. Moreover, the 
normal enterocytes can serve as positive internal controls 
and should always be observed to determine the quality of 
staining (64). In sporadic tumours due to hypermethylation 
of the promoter of hMLH1 there is consistent loss of the 
protein expression (65). Therefore, this feature alone can not 
differentiate sporadic MSI-H tumours from Lynch syndrome 
due to germLine mutation in hMLH1 (approximately half of 
the cases) and methylation analysis would more help in the 
determination of the nature of mutation.

In this study, we looked the MMR protein expression 
without considering the family history or the result of 
previous tumour testing for microsatellite status in a 
prospective of newly diagnosed colorectal cancer patients. 
We identified three patients with loss of one or more MMR 
protein. The first patient (case 3) was less than 40 years old 
when diagnosed with caecal cancer. Although her family 
history was not fully documented (Figure 6), she showed 
history of colorectal and breast cancer in some members of 
her family. Her tumour loss the expression of hMLH1 and 
hPMS2, making her more likely to have Lynch syndrome. 

The other two cases were more than 60 years of age when 
diagnosed with colorectal cancer which is not a typical age 
for tumour onset in Lynch syndrome patients. However; 
case 13 who loss the expression of hMSH6 in his proximal 
colon tumour can still have Lynch syndrome. Case 27 was 
77 years old when developed a rectal cancer. The loss of 
hMLH1 expression in his tumour in addition to the lack 
of family history of cancer makes him more likely to have 
microsatellite instable sporadic cancer. Our results are in 
keeping with previous report by Hamplel et al. (23). They 
examined 1,066 patients with newly diagnosed colorectal 
adenocarcinoma for MSI. Among patients whose screening 
results were positive for MSI, they looked for germLine 
mutations in the 4 main MMR genes using IHC, genomic 
sequencing and deletion studies. MSI was detected in 
19.5% of their study population and 2.2% were confirmed 
to have Lynch syndrome. Of the patients who were found 
to have Lynch syndrome 10 were more than 50 years and 5 
did not meet the clinical criteria for diagnosis of HNPCC. 
Their data suggested the similar efficiency of IHC and the 
more complex genetic analysis for MSI testing. 

Our findings and the previous reports pointed out 
the importance of molecular screening of patients with 
colorectal cancer for MSI using immunohistochemistry. 
This strategy managed to identify mutations in patients 
otherwise would not have been detected. Therefore, we 
recommend it as a policy for all newly diagnosed colorectal 
cancer patients due to its important prognostic implications.
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