
Evaluation of colorectal cancers for Lynch
syndrome: practical molecular diagnostics for
surgical pathologists
Wade S Samowitz

Department of Pathology, University Medical Center, University of Utah, Salt Lake City, UT, USA

Lynch syndrome is the most common inherited colorectal cancer syndrome, accounting for 2–4% of all

colorectal cancer cases. This review focuses on the tissue workup of Lynch syndrome, including methods to

determine whether or not a tumor is mismatch repair deficient, and whether a mismatch repair-deficient tumor is

sporadic or Lynch syndrome-associated. Strategies for determining which tumors to test and how best to

implement a Lynch syndrome screening program are also discussed, as well as potential developments in the

future.
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Lynch syndrome is a dominantly inherited cancer
predisposition syndrome characterized by an in-
creased risk of numerous cancers, including color-
ectal, endometrial, ovarian, renal pelvis, ureter,
small intestine, stomach, hepatobiliary tract, and
pancreas. The markedly increased risk of colorectal
cancer, usually proximally located, accounts for its
original name, hereditary non-polyposis colorectal
cancer, or HNPCC. The renaming of the syndrome to
Lynch is in part due to the recognition of the risk of
these extra-colonic cancers; indeed, among women
(and in certain affected families) the risk of
endometrial cancer may be greater than the risk of
colorectal cancer.1

Mismatch repair deficiency

Lynch syndrome-associated tumors are mismatch
repair deficient. Mistakes commonly occur on the
newly synthesized strand of DNA during DNA
replication. Complexes of mismatch repair proteins
recognize the resultant mismatches between the
newly synthesized strand and the original DNA
strand and correct them. In mismatch repair-
deficient tumors these mismatches are not
corrected, leading to the accumulation of mutations
and, ultimately, neoplasia. However, a minority of

sporadic tumors not associated with Lynch syn-
drome also exhibit mismatch repair deficiency,
including 10–15% of colorectal cancers. An impor-
tant part of the workup of Lynch syndrome involves
differentiating sporadic from Lynch syndrome-asso-
ciated mismatch repair-deficient tumors.

The two main clinical tests for the detection of
mismatch repair deficiency are microsatellite in-
stability by PCR and immunohistochemistry (IHC)
for mismatch repair proteins. Microsatellite repeats
are short-nucleotide repeats that are especially
prone to inaccurate DNA replication. In mismatch
repair-deficient tumors these replication mistakes
are not corrected, leading to expansion or contrac-
tion of these repeats, or microsatellite instability.
Most clinical tests of microsatellite instability use a
panel of mononucleotide repeats, as these are pro-
bably the most sensitive and specific markers for
mismatch repair deficiency.2–4 Most microsatellite
repeats are in noncoding regions of DNA, although
there are exceptions.

IHC for the mismatch repair proteins MLH1,
MSH2, MSH6, and PMS2 is also a fairly sensitive
and specific indicator of mismatch repair deficiency.
Mismatch repair-proficient tumors will show nucle-
ar staining for all four proteins. Mismatch repair-
deficient tumors will show loss (typically complete)
of nuclear staining for one or more of the proteins.
The IHC profile helps determine which gene may be
responsible for the mismatch repair deficiency. If
nuclear staining of MLH1 and PMS2 is lost, then
MLH1 is likely defective. This is because the
stability of PMS2 depends upon its ability to form
a complex with MLH1; loss of MLH1 therefore
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results in secondary loss of PMS2. Similarly, if
MSH2 and MSH6 are lost, then MSH2 is likely
defective, as MSH6 is unstable without MSH2. The
stability of MLH1 and MSH2 are not as dependent
on these complexes, and so isolated loss of MSH6 or
PMS2 usually indicates a defect in MSH6 or PMS2,
respectively.5,6 It should be noted that there are
exceptions to these IHC profile/gene associations.
For example, germline MLH1 mutations may be
associated with isolated loss of PMS2 by IHC.7

MSI vs IHC

Microsatellite instability by PCR and IHC for
mismatch repair proteins should be viewed as
complementary tests; while both are sensitive and
specific for mismatch repair deficiency, neither is
perfect, and both will miss some mismatch repair-
deficient tumors.2,5 One major advantage of IHC
over PCR is that IHC provides information regarding
the relevant gene(s); this is important in subsequent
tests in the workup of Lynch syndrome.

Like all IHC tests, there may be problems in
interpretation of IHC for mismatch repair proteins.
Staining variability within a tumor may be an issue,
with some areas of the tumor that stain and others
that do not. In mismatch repair-proficient tumors
this staining typically parallels the internal control
staining of non-neoplastic cells, indicating a fixation
or processing issue rather than an actual protein
loss. Our practice is to only score IHC loss in a
tumor in areas of the slide in which immunostaining
of internal control non-neoplastic nuclei is main-
tained. If tumor staining is lost, but there is no
internal control staining, we state that the IHC result
is uninterpretable.

Another IHC problem is decreased MSH6 staining
after chemoradiation, a particular problem with
rectal cancers.8 Staining of the pretreatment biopsy
may be helpful in such cases to determine whether
the MSH6 loss is real. ‘Clonal’ or focal MSH6 loss
may also occur (unrelated to chemoradiation), in
which some areas of the tumor show intact MSH6
staining and other areas show loss (with intact
internal control staining). This is due to the fact that
there is a coding mononucleotide repeat in MSH6
that may become unstable and inactivate MSH6 in a
mismatch repair-deficient tumor; those areas of the
tumor in which the MSH6 mononucleotide repeat is
unstable will lose immunostaining, while those
areas in which the mononucleotide repeat does not
become unstable will show intact staining.9 Impor-
tantly, this ‘clonal’ MSH6 loss typically occurs in
tumors that are mismatch repair deficient due to
causes unrelated to MSH6, including sporadic
mismatch repair-deficient tumors or tumors with
germline mutations of mismatch repair genes
besides MSH6.

Finally, there are occasional cases in which IHC
staining for one or more proteins is markedly

reduced (with maintained internal control staining),
but not completely lost. In such instances we
recommend reporting the markedly decreased stain-
ing, stating that this suggests the possibility of
mismatch repair deficiency, and recommend testing
the tumor for microsatellite instability by PCR.

Mismatch repair-deficient tumor: sporadic
or Lynch syndrome?

Once a tumor has been shown to be mismatch repair
deficient, either by IHC or by PCR, the next step is to
determine whether the tumor may be associated
with Lynch syndrome or is sporadic. The molecular
basis for sporadic mismatch repair-deficient tumors
is usually acquired methylation of the MLH1
promoter; this turns off the production of MLH1
mRNA and, therefore, the MLH1 protein.6 The IHC
profile associated with a sporadic mismatch repair-
deficient tumor is therefore usually the loss of
MLH1 and PMS2. However, a germline mutation of
MLH1 in Lynch syndrome will also be associated
with this IHC profile. The other IHC profiles,
combined MSH2/MSH6 loss or isolated loss of
MSH6 or PMS2, are more likely to be associated
with Lynch syndrome due to a germline mutation in
one of these genes, and germline mutational analysis
(usually of leukocyte DNA from blood) is indicated.
It should be noted that occasional cases of MSH2/
MSH6 loss are due to deletions of the 30 end of
EPCAM, a gene just upstream of MSH2.10 However,
this is well known to geneticists, and the germline
evaluation of MSH2 typically includes a test for
EPCAM deletions.

Sporadic mismatch repair-deficient tumors are
actually more common than Lynch syndrome-asso-
ciated mismatch repair-deficient tumors; the most
common IHC result in a mismatch repair-deficient
tumor is combined loss of MLH1 and PMS2. If
tumors associated with this immunohistochemical
profile can be shown to be sporadic, then costly
germline evaluation ofMLH1 can be avoided and the
patient and family members do not have to be
followed up for Lynch-associated tumors. Fortu-
nately, there are molecular/immunohistochemical
features of the tumor that can be used to suggest
whether an IHC profile of combined MLH1/PMS2
loss is associated with a sporadic mismatch repair-
deficient tumor or with Lynch syndrome. MLH1
methylation is the basis for most sporadic mismatch
repair-deficient tumors, and it is only rarely seen in
Lynch syndrome. The BRAF V600E mutation is seen
in B50% of sporadic mismatch repair-deficient
colorectal tumors; this mutation is almost never
seen in Lynch-associated tumors.6 Unfortunately,
mutations in BRAF are uncommon in extra-colonic
sporadic tumors,11 and therefore BRAF testing is not
useful in distinguishing sporadic mismatch repair-
deficient extra-colonic tumors from those associated
with Lynch syndrome. A reasonable approach to a
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colorectal tumor with an IHC profile of combined
MLH1/PMS2 loss is to test for the BRAF V600E
mutation; if this is present, then the tumor is likely
to be sporadic and germline testing of MLH1 can
usually be avoided. An antibody specific for the
BRAF V600E mutation has been developed, poten-
tially making the tissue evaluation of Lynch
syndrome for the most part an IHC process.12

However, we still consider molecular methods to
be the more objective and definitive evaluation for
the BRAF mutation, as these avoid the staining
variability and the somewhat subjective interpre-
tation inherent with most IHC stains. If the colorectal
cancer does not show the BRAF mutation, or the
tumor is extra-colonic, then MLH1 promoter
methylation may be evaluated. MLH1 promoter
methylation indicates that the tumor is likely to be
sporadic and that MLH1 germline testing can be
avoided. As mentioned above, there are rare Lynch
syndrome tumors with BRAF mutations or MLH1
promoter methylation, so the presence of either of
these alterations does not completely exclude the
possibility of Lynch syndrome. This algorithmic
approach to tissue testing for colorectal cancer is
shown in Figure 1.

Which tumors should be tested?

There are several approaches to determine which
tumors to test for mismatch repair deficiency. One is
the Revised Bethesda Guidelines, which takes into
account numerous factors, including the age of the
individual, the histology of the tumor, and a
personal and family history of Lynch syndrome-
associated tumors.13 It should be noted that much of
the information regarding family history is not

available to the pathologist, and it is therefore very
difficult to follow these guidelines without close
collaboration with a clinician, such as a genetic
counselor. It has also been estimated that even if
properly applied these guidelines will miss nearly
30% of Lynch-associated tumors.14

Another approach is universal screening, in
which every colorectal (and endometrial) cancer is
tested for mismatch repair deficiency, typically by
IHC. The rationale behind this approach is that
individuals may present with Lynch syndrome at
older ages,15 the family history of Lynch-associated
tumors is not always available, and that the
histological features of mismatch repair deficiency,
while fairly robust,16 are not perfect, and IHC is a
good and fairly cheap screening test. A third
approach is the Jerusalem criteria, in which all
colorectal cancers in individuals under the age of 70
are tested. This has been estimated to miss a little
over 10% of Lynch syndrome.17

Adenomatous polyps are the precursor for Lynch
syndrome-associated colorectal cancers, and mis-
match repair deficiency has been detected in
adenomas from individuals with Lynch syndrome.
However, not all Lynch syndrome-associated ade-
nomas will exhibit mismatch repair deficiency;
indeed, a recent study reported that half of these
adenomas are not mismatch repair deficient, and
that polyps larger than 8–10mm were much more
likely to exhibit mismatch repair deficiency.18

Another study found that 80% of Lynch-associated
adenomas were mismatch repair deficient by IHC.19

This study identified a relationship between mis-
match repair deficiency and a villous component or
high-grade dysplasia, but not with size. At this point
the available evidence suggests that mismatch repair
deficiency in an adenoma is useful in identifying
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Figure 1 Algorithmic approach to the tissue workup of Lynch syndrome starting with immunohistochemistry (IHC) for mismatch repair
(MMR) proteins. Note that the BRAF V600E mutation test is not applicable to extra-colonic cancers, such as endometrial tumors.
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potential Lynch syndrome mutation carriers, but
that the lack of mismatch repair deficiency in an
adenoma is not as strong a criterion to exclude
Lynch syndrome as the lack of mismatch repair
deficiency in a cancer.

Utilizing a team approach

A ‘team’ approach is very important in the clinical
workup of Lynch syndrome. The choice of a screen-
ing method to test tumors and the actual tissue
testing are important, but they will not be clinically
useful if these results are not adequately commu-
nicated to a clinician who understands and can act
upon the results. In our experience collaboration
with genetic counselors has been extremely useful,
and it has been shown that reporting results to
genetic counselors results in a higher likelihood of
appropriate follow-up and genetic testing.20 Also,
these clinicians can suggest additional testing
outside the usual algorithm if the index of sus-
picion for Lynch syndrome is high. This may
involve testing microsatellite instability by PCR
even if the IHC is normal, as we know that neither
IHC nor PCR detects all mismatch repair-deficient
tumors. It may also involve sequencing genes even if
BRAF is mutated or the MLH1 promoter is methy-
lated, since Lynch syndrome-associated tumors may
rarely exhibit these alterations.

The future

As the cost of next-generation sequencing (also
known as massively parallel sequencing) continues
to decrease, it is certainly possible that germline
sequencing of panels of cancer-related genes
(including all four mismatch repair genes) will be more
cost-effective than the tissue workup described in
this review. However, there may still be a role for
some of these tissue evaluations, especially IHC for
mismatch repair proteins. One reason for this is that
IHC alone is a very cheap test and will show most
colon cancers to be mismatch repair proficient,
effectively excluding these individuals from further
consideration for Lynch syndrome. Another reason
is the fact that sequencing of numerous genes
predictably leads to the detection of variants of
unknown significance, genetic changes (such as
amino-acid substitutions) in which it is difficult to
determine whether or not the alteration is actually
deleterious to the protein and may therefore be
associated with the disease. In such cases the IHC
profile may contribute to the evaluation of the
significance of the variant. For example, a variant
of unknown significance in MSH6 is probably not
pathogenic if the IHC profile is loss of MLH1 and
PMS2. This application, however, may become less
useful as pathogenicity prediction models improve

and databases of pathogenic and non-pathogenic
alterations continue to grow.
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