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- Loss of Mismatch Repair (MMR) function 

and leads to microsatellite instability (MSI)
- IHC versus PCR for loss of MMR function
- An algorithm for Lynch Syndrome screening
- Clinical implications of dMMR

Overview



Enough of the doom-mongering!



Ras testing



Ras testing: the role of the 
pathologist

• Assess tumour burden in tissue sections
• (Evaluate the data)
• (Evaluate the results)
• Make intelligent comment on the results at 

the MDT



EGFR IHC



KRAS mutation in CRC

Patients whose tumours harbour a KRAS mutation will not 
respond to Cetuximab. Testing for KRAS mutation therefore 
stratifies patients into “treatment” and “non-treatment” groups



EGFR signals through RAS/BRAF pathway



Ras testing
• Treatment with anti-EGFR biologics can 

improve survival in patients with CRC
• EGFR signals through the Ras/Raf

signaling pathway
• Activation of this pathway through KRAS or 

BRAF mutation will negate the effect of the 
anti-EGFR treatment 

• Ras testing is mandatory before 
administering anti-EGFR treatment



Ras testing: tumour burden



Ras testing: intelligent comments
• There was sufficient tumour present 
• The limit of detection is 20% for Sanger 

Sequencing, 5% pyrosequencing and NGS
• There are co-incident KRAS and BRAF 

mutations – this is probably an artefact
• There is a discrepancy between tumour

load and mutant allele frequency
• Although there is KRAS mutation, the site 

may mean it is still responsive
• Although it is wild-type, the profile suggests 

it will not respond



Testing for Lynch Syndrome



Lynch Syndrome
• Also called Hereditary Non-Polyposis 

Colorectal Cancer (HNPCC)
• Rapid development of polyps into cancer 

rather than increased polyp numbers
• Penetrance variable
• Due to mutation of any one of several 

mismatch repair genes: MSH2, MLH1, 
PMS2, MSH6, (EpCAM)
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Base pair mismatch
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DNA mismatches
activate the repair
complex

MSH2/MSH6 dimers
and MLH1/PMS2 
dimers function to
excise mismatched
bases
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proteins results in 
failure of the complex
to repair the mismatch
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MMR function testing
• Loss of MMR proteins can result in loss of 

MMR function
• Loss of MMR function results in an 

increased mutation rate
• Microsatellites are highly prone to mutation
• Loss of MMR function can be tested either:
- by IHC for loss of protein expression
- by PCR for microsatellite instability



Immunostaining for MMR
• Antibodies can be fixation sensitive (thus 

biopsies are better than whole WTS)
• Stromal cells act as internal positive 

controls 
• Score only nuclear staining
• Specific patterns are seen: don’t forget the 

dimers!
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Immunostaining for MMR
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MMR proficient (pMMR)
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MMR deficient (dMMR): MLH1/PMS2
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Microsatellite instability
Very good correlation with IHC



NICE guidance for CRC
• NICE guidance is that all CRC should be 

tested for Lynch Syndrome
• Health economics modelling shows there 

will be benefit to society
• However, 10-15% of sporadic CRCs will 

also have loss of MMR or MSI
• These need to be discriminated from Lynch 

Syndrome



Separating syndromic and 
sporadic

• There are some molecular differences 
between Lynch Syndrome tumours and 
sporadic tumours with MSI:

- MSH2 / PMS2 / MSH6 are rarely mutated 
in sporadic tumours

- BRAF mutations are rare in LS but occur in 
40 – 70% of sporadic CRCs 

- MLH1 promoter methylation almost never 
occurs in Lynch Syndrome



Separating syndromic and 
sporadic

• There are some molecular differences 
between Lynch Syndrome tumours and 
sporadic tumours with MSI:

- CTNNB1 mutation only occurs in LS
- RNF43 and ZNRF3 mutations occur more 

frequently in sporadics (and possibly form 
part of the serrated pathway)



Screening for Lynch Syndrome
Screen for dMMR Screen MSI

Loss of 
PMS2 
MSH2 
MSH6

Loss of MLH1 MSI

BRAF testing

MLH1 promoter testing

Germline testing for LS

mutant

methylated



Clinical implications of dMMR

• Risk of Lynch Syndrome 
• Good prognosis if there is no metastatic 

spread
• Poor prognosis if there is metastatic spread
• Resistance to 5FU and sensitivity to 

Irinotecan
• Sensitivity to Immunotherapy



Immunotherapy
Immunotherapy
Immunotherapy



The rationale for immunotherapy
• Immunology is very complicated and 

nobody really understands it
• Immune response can be inhibited at 

several checkpoints to prevent auto-
immunity

• There are two main targetable checkpoints:
- Activation of T-cells by antigen presenting 

cells
- T-cell mediated cytotoxicity





The rationale for immunotherapy
• T-cell activation and T-cell mediated 

cytotoxicity both require presentation of 
tumour antigens

• CD80/CTLA-4 interaction causes T-cell 
anergy

• PD-L1/PD1 interaction inhibits tumour cell 
killing 

• The greater the antigenic diversity, the 
greater the likelihood of an immune 
response





The rationale for immunotherapy
• Immunotherapy enhances the endogenous 

immune response
• Checkpoint inhibitors allow T-cell activation 

and T-cell mediated cytotoxicity
• The greater the number of antigens, the 

more likely there is to be an immune 
response

• A higher mutation rate will result in a greater 
number of neo-antigens



The rationale for immunotherapy
• Immunostaining for the checkpoint 

molecules is not easy (either in application 
or interpretation)

• An alternative method it to look at Tumour
Mutation Burden

• This requires extensive sequencing to look 
for random mutations

• These are a reflection of the mutation rate 
and hence the antigenicity in a tumour
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The rationale for immunotherapy
• Tumours with MSI have a high TMB and 

enhanced IR to CIs
• Tumours with microsatellite instability have 

a high tumour mutation burden and 
enhanced immune response to checkpoint 
inhibitors

• Tumours which are not MSI may still 
respond if there is high TMB

• This will be tested using NGS panels



• Ras testing
• Testing for Lynch Syndrome
- Loss of Mismatch Repair (MMR) function 

and leads to microsatellite instability (MSI)
- IHC versus PCR for loss of MMR function
- An algorithm for Lynch Syndrome screening
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