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Tumor58 yo male with ascending colon mass
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MLH1 PMS2

MSH2 MSH6

Isolated loss of MSH6
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Which of the following is true of the MMR IHC results?
A. This pattern is diagnostic of Lynch Syndrome
B. This pattern is diagnostic of sporadic MMRD carcinoma
C. Defects in MSH6 can be either somatic or germline
D. This tumor likely arose from a sessile serrated polyp

Question 1: 
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Reporting the result

RESULTS

- IHC: Isolated loss of MSH6, preserved expression of MSH2, MLH1 and PMS2

METHOD

Immunohistochemical staining (IHC) is used to determine the presence or absence of protein expression for MLH1, MSH2, MSH6, 
and PMS2. Lymphocytes and normal epithelium exhibit strong nuclear staining and serve as positive internal controls for staining
of these proteins.

INTERPRETATION

These results indicate loss of normal Deoxyribonucleic Acid (DNA) mismatch repair function within the tumor. Isolated loss of
MSH6 expression is frequently associated with the presence of a germline (heritable) mutation in MSH6. Thus, this individual,
and other family members, are at increased risk for having an inherited colon cancer syndrome due to defective DNA mismatch 
repair (Lynch syndrome).

It is important to note that these results do not distinguish between somatic and germline mutations. Germline testing of MSH6 
on an additional blood sample may help distinguish between these two possibilities and provide the opportunity for predictive
testing for at risk family members.

Additional information regarding this testing may be obtained by ordering a consultation through the inherited cancer clinic.
(480-342-6263)

CAUTIONS

Test results should be interpreted in context of clinical findings, family history, and other laboratory data. If results obtained do 
not match other clinical or laboratory findings, please contact the laboratory for possible interpretation. Misinterpretation of
results may occur if the information provided is inaccurate or incomplete.
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Germline testing for MSH6 was negative
What does this mean?
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•Pathways to colon cancer
•Definition of Lynch Syndrome and goals of 
screening

•Principles of MMR IHC as a screening tool
• Issues with MMR IHC interpretation
• “Lynch-like” syndrome

Outline: 
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Nature 2012

Nat Med 2013

Nat Med 2013

Nature 2014

Subtypes of colorectal carcinoma 
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TCGA Molecular 
Subtypes (2012)

Subtypes based on 
Cell Type (2013) 

• These classification schemes are not very practical

• The Jass classification scheme is more useful to pathologists

Subtypes of colorectal carcinoma 



Pathologists’ view of Colon Cancer:  
Modified Jass classification
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Why does molecular classification matter?

•Prognostic implications

•Predictive of response to certain treatments

•Provides a framework for screening for 
Lynch syndrome
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Figure 1. Kaplan-Meier 
survival curves for 
disease-specific survival.

Phipps AI, Gastroenterology 2015;148:77-87.

BRAF mut / MSS / CIMP + (Type 2)

KRAS mut / MSS (Type 3) 

KRAS WT / BRAF WT / MSS (Type 4)

Lynch Syndrome (Type 5)
Sporadic MMR deficient (Type 1)



Mucinous

Medullary growth/TILs

Poor differentiation

Crohn’s-like reaction
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• Identify MSI-H tumors
• Separate out sporadic MSI-H tumors 
• Identify those patients that need germline testing
• Identify deleterious mutations in MMR genes
• Identify affected family members
• Enroll affected individuals in lifelong screening 

program 

Lynch Syndrome Screening: Goals
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Lynch Syndrome Definition

• Germline mutations in DNA mismatch repair (MMR) genes:

• MLH1 (50%)

• MSH2 (40%)

• MSH6 (7%-10%)

• PMS2 (<5%)

• Deletions in EPCAM/TACSTD1 (1-3%)

• Result epigenetic silencing of the MSH2 gene by 
hypermethylation
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Cancer Type General Population 
Risk

Lynch Syndrome

Risk Mean Age of Onset

Colon 4.8% 52%-82% 44-61 years

Endometrium 2.7% 25%-60% 48-62 years

Stomach <1% 6%-13% 56 years

Ovary 1.4% 4%-12% 42.5 years

Hepatobiliary tract <1% 1.4%-4% Not reported

Urinary tract <1% 1%-4% ~55 years

Small bowel <1% 3%-6% 49 years

Brain/central 
nervous system <1% 1%-3% ~50 years

Sebaceous 
neoplasms <1% 1%-9% Not reported

Lynch Syndrome:  Cancer Risk
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Who to screen for Lynch Syndrome

• Universal screening of all patients with CRC

– Endorsed by the following organizations:
• National Comprehensive Cancer Network (NCCN), EGAPP (working group 

sponsored by the  CDC), American Society of Medical Oncology (ASCO), US Multi-
Society Task Force on Colorectal Cancer, American College of Gastroenterology 
(AGA)

• Selective Screening of all patients <70 years of age & in patients 
>70 years fulfilling revised Bethesda guidelines (misses up to 5% of patients 

with Lynch syndrome)

– Endorsed as an option by the following organizations:
• National Comprehensive Cancer Network (NCCN) and the American Society of 

Medical Oncology (ASCO)

20
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Arch Pathol Lab Med. 2017 141(5):625

• Mismatch repair status testing in patients with 
colorectal cancers should be performed for the 
identification of patients at high-risk for Lynch 
syndrome and/or prognostic stratification.

• Testing can be performed by immunohistochemistry or 
by MSI DNA-based testing.

Recommendation
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Flip the paradigm: Tumor sequencing

• 275 gene panel (training set of 243 CRC)
• 298 gene panel (validation set of 436 tumors)
• 13 indels per Mbp in MMRD vs. 0.45 indels/Mbp per tumor MMRP

• Training set:  ≥ 3 indels/Mbp identified 22 of 23 MMRD and 218 of 
218 MMRP tumors (96% sensitivity and 100% specificity)

• Validation set: ≥ 3 indels/Mbp identified 44 of 46 MMRD and 388 of 
290 MMRP tumors (96% sensitivity and 99% specificity)
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• Who to screen has been answered:  Universal Screening is 
the best (for both CRC and Endometrial carcinoma)

• Many issues remain
• Correct interpretation of MMR IHC

• Unusual MMR IHC staining patterns
• Pitfalls in interpretation 

• How do you set up a successful program?
• Should we screen other GI tract carcinomas? Polyps?
• MMR IHC and other tests suggest LS but germline testing is negative, 

now what?  Does pathology play any role in this scenario?

Screening for Lynch Syndrome
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MMR Immunohistochemistry

• Defective MMR genes results in loss of 
immunohistochemical expression

• All 4 antibody testing (MLH1, PMS2, MSH2 and MSH6)
• If >10% of tumor nuclei demonstrate expression, then 

protein expression is preserved.
• If <10% of tumor nuclei demonstrate expression, then 

protein expression is equivocal.  Repeat stain, or reflex 
to MSI PCR.

• Must see complete lack of staining to call loss of 
expression.

24



Preserved Loss

Preserved Equivocal

25
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MLH1 PMS2

• Dimers of obligate and secondary partner.

• Loss of obligate partner results in proteolytic degradation of the respective 
secondary partner.

• Loss of secondary partner still results in intact expression of obligate 
partner as it can bind to other partner proteins preventing degradation.

Obligate Secondary

MSH2 MSH6

Obligate Secondary

MMR Proteins:  Basic Biology
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MSH2 MSH6

MSH6MSH2
mutant

Loss of MSH2 and 
MSH6 IHC expression

MSH2 mutation

MSH6 mutation
MSH2 MSH6

mutant Intact MSH2 
with loss of 

MSH6

MSH3

Obligate Secondary

MMR Proteins:  Basic Biology
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MMR IHC as a screening tool

28

IHC result Most likely defective 
gene

Loss of MLH1 and 
PMS2

MLH1

Loss of MSH2 and
MSH6

MSH2 or EPCAM

Isolated loss of MSH6 MSH6

Isolated loss of PMS2 PMS2 or MLH1 (~25%)

Concerning 
for Lynch 
syndrome 
but not 

diagnostic

Seen in sporadic 
MSI-H and Lynch 

syndrome
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MLH1 PMS2

MSH2 MSH6

Need additional testing
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Sessile 
serrated polyp Adenoma

Deficient DNA Mismatch Repair 
(MSI-H/MMRD)

Lynch syndrome

Sporadic MSI-H Lynch Syndrome

BRAF V600E
CpG island methylation 

(MLH1 promoter)

Pathways to MMR Deficiency
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Patient 
with 

Colorectal 
Carcinoma

MMR IHC

Loss of MSH2/MSH6, 
Isolated loss of MSH6, or 

Isolated loss of PMS2

Referral to Genetic 
Counseling 

Preserved 
Expression of 

all 4 MMR 
proteins

No further 
testing required

Loss of 
MLH1/PMS2 
expression

BRAF
Mutation 

Testing

BRAF V600E 
Mutation 
Positive

Germline 
MMR Gene and/or 
EPCAM Mutation 

Testing

Wild-type 
BRAF

MLH1 Promoter 
Hypermethylation 
Analysis of Tumor

Negative for MLH1
Promoter 

Hypermethylation in Tumor

Positive for MLH1
Promoter 

Hypermethylation in Tumor

Referral to Genetic 
Counseling 

Pai RK and Pai RK. Am J Surg Pathol 2016;40:e17-34.
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IHC result Most likely defective 
gene

Loss of MLH1 and 
PMS2

MLH1

Loss of MSH2 and
MSH6

MSH2 or EPCAM

Isolated loss of MSH6 MSH6

Isolated loss of PMS2 PMS2 or MLH1

Rarely, other patterns can be seen

MMR IHC as a screening tool
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Unusual MMR IHC Patterns

MLH1

Don’t interpret as isolated loss of PMS2

Loughrey, M., et al. Histopathology. 2018. epub ahead of print

• Punctate/speckled nuclear MLH1
• Typically seen with concurrent PMS2 loss and BRAF V600E 

mutation/MLH1 promoter hypermethylation. 
• Likely a technical issue with staining protocol. 

PMS2
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• Nucleolar MSH6 or Membranous MLH1

– Should not be taken as evidence of intact expression. 
MSI PCR should be performed. 

– Likely a technical issue with staining protocol. 

Nucleolar MSH6 Membranous MLH1

Unusual MMR IHC Patterns
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Clonal/Subclonal Loss of MLH1 and PMS2

– Large areas of tumor show abrupt loss of expression

Unusual MMR IHC Patterns
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• Clonal/Subclonal Loss 
of MLH1 and PMS2
– Large areas of tumor 

show abrupt loss of 
expression

– Result of differential 
MLH1 hypermethylation 
within these different 
areas

Pai, RK et al.  Am J Surg Path. 2015. 39(7):993-999  

Unusual MMR IHC Patterns
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• Decreased MMR expression after neoadjuvant therapy

Decreased MSH6 in 
20% of treated 
tumors

Decreased 
expression 
correlated with 
proliferation

Decreased 
expression of all 
MMR proteins after 
treatment

Unusual MMR IHC Patterns
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MSH6 MSH6

Same tumor, different areas

Unusual MMR IHC Patterns
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• Concurrent Loss of MLH1, PMS2, and decreased MSH6
• Decreased MSH6 (<5% expression) is most often due to secondary somatic mutation of a coding 

microsatellite within the MSH6 gene. 

Shia, J, et al.  Mod Pathol. 2013 
Jan;26(1):131-8.

Unusual MMR IHC Patterns
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Unusual MMR IHC Patterns

• “Isolated loss of MSH2” with patchy but convincing staining for MSH6

Most patients will have MSH2 mutations similar to those with complete loss of 
MSH2 and MSH6

Pearlman R, et al. Modern Pathology (2018) 31:1891–1900 
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IHC result Most likely defective 
gene

Loss of MLH1 and 
PMS2

MLH1

Loss of MSH2 and
MSH6

MSH2 or EPCAM

Isolated loss of MSH6 MSH6

Isolated loss of PMS2 PMS2 or MLH1

MMR IHC as a screening tool

Most common patterns

• Punctate MLH1, PMS2 loss
• Nucleolar MSH6
• Membranous MLH1
• Clonal loss of MLH1/PMS2
• Punctate MLH1, PMS2 loss
• Reduced MSH6
• Concurrent loss of MLH1, 

PMS2 and focal MSH6
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40 yo with ascending colon tumor:  MMR IHC

MLH1 MSH2

PMS2 MSH6
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PMS2

What are your next steps?

• Repeated PMS2 x3:  
• Same result

• Performed MSI testing by 
PCR

• Only 3 of 5 loci were 
evaluable

• 2 of 3 were unstable 
(MSI-H)

40 yo with ascending colon tumor:  MMR IHC
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• LS-associated cancers

• Polyposis

• Café-au-lait macules

• Loss of affected MMR protein expression in tumor
and normal

• PMS2 and MSH6 are the most affected

40 yo with ascending colon tumor:  MMR IHC
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Screening for Lynch Syndrome: Goals
• Identify MSI-H tumors
• Separate out sporadic MSI-H tumors 
• Identify those patients that need germline testing
• Identify deleterious mutations in MMR genes
• Identify affected family members
• Enroll affected individuals in lifelong screening 

program 
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• Approach 1:  Provide results to the surgeon who 
would decide who to refer to genetic counseling.

• Approach 2:  Provide results to surgeon and GC.  
GC would contact surgeon and not patient.

• Approach 3:  Provide results to surgeon and GC.  
GC would contact patient directly 

Setting up a screening program

J. Clin Oncol. 2013 31(10):1336-40
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Approach 3 is superior

Setting up a screening program
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• Who to screen has been answered:  Universal 
Screening is the best (for both CRC and 
Endometrial carcinoma)

• Many issues remain
• Correct interpretation of MMR IHC

• Unusual MMR IHC staining patterns
• Pitfalls in interpretation 

• How do you set up a successful program?
• Should we screen other GI tract carcinomas? 

Polyps? 
• MMR IHC and other tests suggest LS but germline 

testing is negative, now what?

Screening for Lynch syndrome
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Screening which of the following has the highest yield for 
detection of Lynch Syndrome?
A. Gastric adenocarcinoma
B. Cholangiocarcinoma
C. Colonic adenomas in patients < 40 yrs
D. Small bowel adenocarcinoma

Question 2: 
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Small bowel adenocarcinomas

J Natl Cancer Inst. 2012 Sep 19;104(18):1363–72 
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• MMRD only in duodenum and 
jejunum

• 9/14 MMRD were associated 
with Lynch syndrome (14% of 
all SB adenoCA in this series)

Small bowel adenocarcinomas

Br J Cancer. 2013 Dec 10;109(12):3057–66 
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Colonic polyps in Lynch Syndrome

• dMMR by IHC in 79% of 
LS-adenomas

• dMMR by IHC in 79% of LS-
adenomas

• 27/29 (93%) with villous 
component

• 47/65 (73%) w/o villous 
component

• 12/12 (100%) with HGD
• No diff between <10mm and 

>10 mm

• 18/36 (50%) of adenomas, 
0/21 HP, 0/2 SSPs

• >8mm were more likely to 
demonstrate dMMR



Loss of MSH2

SSL

TA

LS patient with MSH2 mut
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Should we screen adenomas?

• Identified 76 patients with adenomas < 45 y
• 64 patients had tissue available and only 1/64 probable LS patient 

was identified



©2017 MFMER  |  slide-56

• Who to screen has been answered:  Universal 
Screening is the best (for both CRC and Endometrial 
carcinoma)

• Many issues remain
• Correct interpretation of MMR IHC

• Unusual MMR IHC staining patterns
• Pitfalls in interpretation 

• How do you set up a successful program?
• Should we screen other GI tract carcinomas? Polyps? 
• MMR IHC and other tests suggest LS but germline testing is 

negative, now what?

Screening for Lynch syndrome



Germline testing for MSH6 was negative
What does this mean?
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“Lynch-Like” Syndrome

• Deficient DNA mismatch repair protein expression with no deleterious 
germline mutation in mismatch repair genes or EPCAM and, if MLH1-
deficient, no evidence of BRAF mutation or MLH1 promoter 
hypermethylation.

• Also called “Suspected Lynch Syndrome” by Win and colleagues (Gut
2015;64:101-10)

• Accounts for between 2.5% and 3.9% of patients with colorectal 
carcinoma.

• ~30% of patients with abnormal MMR protein expression within their 
tumor concerning for Lynch syndrome will have negative germline 
mutation studies.
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Issues with “Lynch-Like Syndrome” 

1. Anxiety for patients as they are uncertain if they have a 
genetic disease with ramifications for their health and the 
health of their family.

2. Intensive lifelong screening protocols for patients with 
Lynch syndrome.

a) Should it be applied to patients with “Lynch-like 
syndrome”?

b) Most patients with “Lynch-like syndrome” have opt to 
follow a screening protocol as if they have confirmed 
Lynch syndrome.



Somatic MMR Gene Mutation

Fam Cancer 2013;12:27-
33.
(Sanger sequencing)

Gastroenterology 2014;146:643-
646
(Next-generation sequencing)

J Pathol 2014;234:548-559
(Next-generation sequencing)

Gastroenterology 

2014;147:1308-1316.
(Next-generation sequencing)
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Somatic 
Alteration #1

Somatic 
Alteration #2

Loss of MLH1 & 
PMS2 
(N=45)

Loss of MSH2 & 
MSH6   
(N=22)

MMR gene 
deletion/frameshift/ 

insertion/duplication

MMR gene 
deletion/frameshift/ 

insertion/duplication

13% 41%

MMR gene 
deletion/frameshift/ 

insertion/duplication

MMR gene loss of 
heterozygosity (LOH)

58% 27%

% of “Lynch-like” carcinomas with
biallelic somatic mutations explaining 

the abnormal MMR IHC results 
71% 68%

Somatic MMR Gene Mutation in Colorectal Carcinoma in 
Patients with “Lynch-like Syndrome” 
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Solving Lynch-Like cases:  Current state

Ambry Genetics: J Clin Oncol. 2019 Mar 10;37(8):647-657.
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“Lynch-Like 
Syndrome”

Incorrect 
MMR IHC 

Results

Germline 
mutation 

present but 
not detected 
with current 

methods

Biallelic 
somatic 

MMR gene 
alterations

Other 
Possibilities:

Somatic 
mosaicism 
MUTYH 1

Castillejo A, et al. Prevalence of MUTYH mutations among Lynch-like patients. Eur

J Cancer 2014;50:2241.

Solving cases of “Lynch-like Syndrome” 
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• First reported by the same research group in Heidelberg, Germany 
(Kloor et al. and Staffa et al.)

• Between 25% to 32% of patients with Lynch syndrome had MMR-deficient 
normal appearing crypts.  Correlated with length of mucosa

• Can the identification of MMR deficient crypts help identify patients with 
Lynch syndrome?

PLoS One. 2015 10(3):e0121980

MMR Deficient Colonic Crypts: A Novel Indicator of Lynch 
Syndrome
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• Analyzed the following:
• Normal mucosa from 52 patients with Lynch syndrome (LS) with known 

germline pathogenic variants and colorectal carcinoma
• Normal mucosa from 30 MSS cancers and 30 sporadic MLH1 deficient 

colorectal cancers

• LS:  IHC for known affected MMR gene
• MSS:  IHC for all 4 MMR proteins
• Sporadic MLH1 deficiency:  IHC for MLH1

Pai RK et al. Mod Pathol 2018;31:1608-1618.



©2017 MFMER  |  slide-66

Solitary MSH6 deficient crypt in 
patient with germline pathogenic 

MSH6 variant

Group of MSH6 deficient crypts in 
patient with germline pathogenic 

MSH6 variant
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MSH2 deficient crypts in patient with germline MSH2 

pathogenic variant
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MMR Deficient Colonic Crypts in normal mucosa
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• How to increase sensitivity?
• Estimated frequency of MMR deficient crypts:

• Based on our initial data: 1 MMR-deficient crypt per ~1000 colonic crypts
• Evaluation of 3250 crypts would yield a 95% probability of detecting at least one MMR 

protein-deficient crypt.  
S

en
si

tiv
ity

 (%
)

Length (cm, 1cm = 125 crypts)

Based on Bernoulli trial 
using expected frequency 

of crypts with loss
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MMR Deficient Colonic Crypts in normal mucosa
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1 MMR-deficient crypt per 
~1000 colonic crypts

MMR Deficient Colonic Crypts in normal mucosa
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1 MMR-deficient crypt per 
~1000 colonic crypts

Hypotheses:  
1. MMR deficient non-neoplastic crypts 

can be detected from biopsies of 
normal colorectal mucosa obtained 
during colonoscopy. 

2. Detection of MMR deficient crypts 
can help identify  patients with 
Lynch syndrome.

MMR Deficient Colonic Crypts in normal mucosa
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• 50 patients undergoing screening colonoscopy
• 33 patients with Lynch syndrome:  22 with a cancer history, 11 with no 

cancer history
• 13 patients without Lynch syndrome (10 MSS CRC, 2 with biallelic 

MLH1 somatic mutations, and 1 with MLH1 hypermethylation).
• 4 patients with germline variants of uncertain significance (2 MSH2

and 2 MSH6)

• 8 jumbo forcep biopsies procured from each patient
• 4 biopsies from right colon and 4 biopsies from left colon
• The biopsies were sectioned at 100 µm intervals to include 8 total 

sections per biopsy in order to evaluate >3250 crypts.

MMR Deficient Colonic Crypts in normal mucosa
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Clinicopathologic Features Lynch Syndrome with 
MMR Deficient Crypts

Lynch Syndrome without 
MMR Deficient Crypts p-value

No. of Cases 23 10 NA

Median Age in years (IQR) 56 (19) 46 (29) 0.07

Gender, Male/Female (%) 3 (13) / 20 (87) 4 (40) / 6 (60) 0.08

Lynch syndrome Type (%)
Affected
Unaffected

15 (71)
8 (67)

6 (29)
4 (33)

0.8

Germline Mutation Analysis (%)
MLH1 pathogenic variant present
MSH2 pathogenic variant present
MSH6 pathogenic variant present
PMS2 pathogenic variant present
EPCAM pathogenic variant present

5 (71)
10 (63)
4 (80)
3 (75)

1 (100)

2 (29)
6 (38)
1 (20)
1 (25)

0

0.9

MMR Deficient Colonic Crypts in normal mucosa

MMDd crypts were not seen in non-LS patients



©2017 MFMER  |  slide-74

58 F with germline PMS2 c.943C>T 
pathogenic variant   

Multiple PMS2 deficient non-neoplastic colonic crypts in both 
the right and left colon
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56 F with germline MLH1 splice site 
c.208-3C>G likely pathogenic variant

Solitary MLH1 deficient non-neoplastic colonic crypt in the right colon
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41 M with germline MSH6 c.3226 C>T 
pathogenic variant

Solitary MSH6 deficient non-neoplastic colonic crypt in the right colon
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• More than 700 VUS have been reported in the InSIGHT database

• More VUS will be identified as LS screening

Variants of uncertain significance (VUS)

If MMR-deficient 
normal crypts = 
Lynch syndrome, 
then this simple 
test can help 
classify VUS
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Case Cancer History Germline MMR Gene Variant of 
Uncertain Significance (VUS)

Age/ 
Sex

Number of 
MMR 

Deficient 
Crypts

Location of MMR 
Deficient Crypts

29 Uterine MSH6  c.3385T>C 63/F 0 NA

30 Colon MSH6 c.3227G>A 67/F 1 R colon

31 Colon MSH2 c.166G>A 59/F 0 NA

32 Colon MSH2 c.1865C>A 59/M 1 L colon

MSH2 
c.1865C>A

VUS

Variants of uncertain significance (VUS)
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No history of CRC History of CRC
Gastroenterology, 2018 Nov;155(5):1400-1409

• Different colonoscopy intervals between 1 and 3 years.  No difference in 
CRC detection

• Suggests screening does not improve CRC detection?
• Precursor lesions are not endoscopically visible?
• MMR-deficient crypts may contribute to CRC in Lynch without progressing 

through a visible adenoma?  Flat adenoma or directly to CRC?



Lynch Syndrome Carcinogenesis

MMRd Crypt MMRd Adenoma

MMRd Carcinoma

Eradication by normal cell turnover or possibly an 
immune mechanism

Neoantigens produced by MMRd crypts may induce an 
inflammatory response and subsequent crypt elimination.

Bypass the visible adenoma to 
develop carcinoma?
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•Pathways to colon cancer
•Definition of Lynch Syndrome and goals of 
screening

•Principles of MMR IHC as a screening tool
• Issues with MMR IHC interpretation
• “Lynch-like” syndrome

Outline: 


