
Genetics and Lynch syndrome

Dr Rachel Susman

Clinical Geneticist

Genetic Health Queensland

Queensland Familial Cancer Registry

Living with Lynch syndrome

12th September 2015



What is Lynch syndrome?

ÅCancer predisposition condition:
ïColorectal (CRC)

ïEndometrial

ïOvarian

ïUrothelial

ï Gastric

ï Small bowel

ï Hepatobiliary tract

ï Pancreas

ï Brain 

ï Multiple sebaceous adenomas, sebaceous carcinomas, and 
keratoacanthomas

ÅMost common hereditary CRC predisposition syndrome



Historical aspects

Å1895 Dr Aldred Warthin 

(pathologist University of 

Michigan) noted his seamstress 

appeared depressed

ÅñIôm healthy now, but I fully 

expect to die an early deathò 



1925 Journal of Cancer Research1913 Archives of Internal Medicine





Historical aspects

Å1962 Dr Henry Lynch looked after an 
alcoholic patient who drank because he 
knew he would die of colorectal cancer since 
everyone in the family died of colorectal 
cancer

ÅLynch investigated further: colon cancer in 
absence of polyps, endometrial and ovarian 
cancers Family N (Nebraska)

Å1964 Dr Marjorie Shaw (geneticist) Family M 
(Michigan)

ÅReview of Family G: ñCancer Family 
Syndromeò

ÅRecognition of hereditary cancers and hope 
of improved detection and treatment



1966 Archives of Internal Medicine

Family M

Family N



Naming of a syndrome

Å1913: Cancerous fraternities

Å1971: Cancer family syndrome

Å1984: Lynch syndrome I and II

Å1985: Hereditary Non Polyposis Colorectal 

Cancer (HNPCC)

ÅLynch syndrome



Cancer

ÅCancer is a common condition with approximately 
1 in 3 people developing some form of cancer 
within their lifetime

ÅCancer is caused by uncontrolled cell division and 
growth

normal, controlled 

cell division

tumour



Genes



Cancer

ÅMost cancers develop due to random 

faults (mutations) in growth control (cancer 

protection) genes in cells of the body 

ÅThese mutations are acquired during oneôs 

life (somatic mutations)

ÅMutations can occur when cells are going 

through cell division or in response to 

environmental insults  



Cancer

Two functioning genes

One functioning gene

No functioning genes

Age

Smoking

Hormones

Alcohol

Diet

UV



Cancer

ÅThese somatic mutations are not passed 

to offspring

ÅHereditary cancer results from a germline

mutation (it is present in all cells from 

birth), and can be passed on from one 

generation to the next



Cancer

Two functioning genes

One functioning gene

No functioning genes

ñHead startò

Cancer



What causes Lynch syndrome?

ÅMutation in a mismatch repair (MMR) gene:

ïMSH2 (1993)

ïMLH1 (1994)

ïPMS2 (1994)

ïMSH6 (1997)

ïEPCAM (2009)



MMR genes

ÅMMR gene instructs 
body to make MMR 
protein

MLH1 MSH2

PMS2 MSH6

ÅMMR proteins function 
in pairs that recognise 
and repair mistakes in 
the DNA (genes)



MMR genes

ÅLynch syndrome: 

born with a mutation 

in 1 of a personôs 2 

copies of MMR gene

ÅIn a tissue, 2nd copy 

develops a mistake, 

meaning cell is unable 

to make MMR protein



MMR genes

ÅCell develops genetic destabilisation with 

an increased rate of mutations in many 

genes, often in regions called 

microsatellites

ÅHence Lynch syndrome associated 

cancers are often found to have 

ñmicrosatellite instabilityò (MSI)

ÅLeads to uncontrolled cell growth: cancer



MMR genes

PMS2 MSH6

MSH2

Å For example with an MLH1
mutation:

MLH1

Immunohistochemistry (IHC) test shows loss of MLH1 

and PMS2 proteins



MMR genes

MSH6

MSH2

Å For example with a PMS2
mutation:

MLH1

PMS2

Immunohistochemistry (IHC) test shows loss of PMS2 

protein only



IHC patterns

Gene mutation IHC

MLH1 MLH1 + PMS2 loss

MSH2 MSH2 + MSH6 loss

MSH6 MSH6 loss

PMS2 PMS2 loss



Lynch 

syndrome

Normal 

IHC

MMR immunohistochemistry (IHC)

MLH1 PMS2MSH6MSH2



Diagnosis of Lynch syndrome

ÅPersonal and family history

ïTypes of cancer

ïAges of diagnosis

ÅTesting of tumour

ïMSI testing

ïMMR immunohistochemistry (IHC)

ÅGenetic testing



Parent

Son or daughter

Autosomal Dominant inheritance

Mismatch repair 

gene mutation

1 in 2 chance



Genetic Testing

ÅDiagnostic (person has had cancer)

ïTrying to find the gene mutation

ÅPredictive (person has not had cancer)

ïSomeone in family has mutation, know what 

mutation to look for

ïYes/No answer

ÅPreimplantation diagnosis



Features of Lynch CRC

ÅAccelerated carcinogenesis

ÅSmall adenomas       carcinomas more 
quickly

ïYounger average age of onset

ÅPredilection for right sided CRC (but left 
sided colon cancers do occur)

ÅPathology 

ÅIncreased risk of a second primary CRC 
(25-30%)



Cancer risks



Gene specific effects

ÅMLH1 and MSH2 higher incidence of and earlier 

onset of colorectal cancer

ÅTherefore evidence supports later starting age 

for colonoscopy in MSH6 and PMS2 mutation 

carriers

ÅMSH2 higher incidence of extracolonic cancer

ÅMSH2 and MSH6 higher incidence of 

endometrial cancer



Evidence based risk management of 

Lynch syndrome

ÅCRC:

ïColonoscopy: annual (remove polyps before 

cancer develops)

ÅEndometrial and ovarian:

ïSurgery (after childbearing)

ÅGastric:

ïGastroscopy in families with gastric cancer or 

high ethnic risk

Åwww.eviQ.org.au

ÅFamilial Cancer Registry (in all states)



MMR gene mutation frequency in 

general population

ÅInSiGHT meeting São Paolo June 2015

ïnew data on estimates of the MMR mutation 

frequency in general population:

Å1:1900 MLH1

Å1:2800 MSH2

Å1:760 MSH6

Å1:710 PMS2

Å1:280 has an MMR gene mutation



Awareness

Å~3% of all CRC and endometrial cancer 

due to Lynch syndrome

Å~17050 CRC and 2050 endometrial 

cancers will be diagnosed in Australia in 

2015

Å~574 Lynch syndrome cases per year



Summary

ÅDiagnostic methods have changed and 

improved

ÅCancer risks have changed over time as 

more research undertaken

ÅScreening works and saves lives

ÅEducation of health professionals is vital

ÅResearch continueséé



Thank you

ÅQueensland Familial Cancer Registry
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The QFCR is a register of people who have 
been diagnosed with an inherited cancer 
predisposition syndrome (and live in QLD).

The Queensland Familial Cancer Registry (QFCR)


