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Figure 1.3: Age-standardised incidence rates by sex, colorectal cancer, 

region of England, UK and Ireland, 1991-1999
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Figure 1.2: Numbers of new cases and age-specific incidence rates,
by sex,  bowel cancer, UK 2006
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Figure 1.2: Numbers of new cases and age-specific incidence rates,
by sex,  bowel cancer, UK 2006
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Genetics of CRC

ÅSingle gene 5 - 10%

ÅComplex genetic 30%

ÅñSporadicò60%

óHereditaryôcolorectal cancers / per annum

­ UK:  2000 ï4000 



Colon cancer pathways



A genetic model for colorectal 

tumorigenesis.  Fearon ER, Vogelstein B. 

Cell. 1990Jun 1;61(5):759-67.



Serrated polyps and colorectal cancer: new pathway to 

malignancy.  Noffsinger AE. 

Annu Rev Pathol. 2009;4:343-64.



The chromosomal instability pathway in colon cancer.  Pino MS, Chung DC. 

Gastroenterology. 2010 Jun;138(6):2059-72.



Serrated polyps and colorectal 

cancer: new pathway to malignancy. 

Noffsinger AE. 

Annu Rev Pathol. 2009;4:343-64.



Main epidermal growth factor receptor signaling pathways: PI3K/pAKT pathway (blue); 
RAS/RAF/mitogen-activated protein kinase pathway (red).

Loupakis F et al. JCO 2009;27:2622-2629

©2009 by American Society of Clinical Oncology



ÅMany mutations make protein constitutively active

­Proteins turned on all the time

­Blocking EGFR becomes ineffective.

Mutant KRAS



Pathways in sporadic CRC

ÅChromosomal instability å 70%.

ÅCIMP (CpG island methylator) å 30%.



Pathways in sporadic CRC

ÅChromosomal instability å 70%.

ÅCIMP (CpG island methylator) å 30%.

Åå 25% of MSI cancers can exhibit 

chromosomal abnormalities.

Åå 33% of CIMP+ve tumours exhibit 

chromosomal abnormalities.

Åå 12% CIN cancers exhibit high levels of MSI.



Biology of colorectal cancer.  Saif MW, Chu E.

Cancer J. 2010 May-Jun;16(3):196-201. 
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tumorigenesis

ÅWnt/b-catenin

ÅTGF-b/SMAD

ÅEGFR-

ïRAS/RAF/MAPK cascade

ïPI3K/Akt pathway

ÅNotch

ÅHedgehog



Pathways implicated in colorectal 

tumorigenesis

ÅWnt/b-catenin

ÅTGF-b/SMAD

ÅEGFR-

ïRAS/RAF/MAPK cascade

ïPI3K/Akt pathway

ÅNotch

ÅHedgehog

ÅCell proliferation

ÅApoptosis

ÅDifferentiation

ÅCell migration



Colorectal carcinogenesis

ÅMultiple pathways for colorectal carcinogenesis 

and they are not mutually exclusive.

ÅIndividual pathways can be targeted at different 

points e.g KRAS/BRAF.

ÅNot just accumulation of mutations, but order of 

mutation acquisition may be important.



Colorectal Cancer Syndromes

ÅLynch Syndrome (HNPCC)

ÅFamilial Adenomatous Polyposis

ÅMYH-associated polyposis

ÅHyperplastic polyposis

ÅMixed Polyposis

ÅPolymerase Proof reading-associated polyposis 

(PPAP)

ÅPeutz Jeghers

ÅJuvenile polyposis

ÅChildhood cancer syndrome



Mendelian 

inheritance
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Autosomal Dominant Inheritance



X

25%              50%              25%

Mendelian Autosomal Recessive Inheritance

Heterozygote AffectedNormal



Autosomal Recessive Inheritance
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Colorectal Cancer Syndromes

ÅLynch Syndrome (HNPCC)  Dominant

ÅFamilial Adenomatous Polyposis  Dominant

ÅMYH-associated polyposis Recessive

ÅHyperplastic polyposis Unknown

ÅMixed Polyposis  Dominant

ÅPolymerase Proof reading-associated polyposis 

(PPAP) Dominant

ÅPeutz Jeghers  Dominant

ÅJuvenile polyposis  Dominant

ÅChildhood cancer syndrome Recessive



Lynch syndrome (HNPCC)

ÅMost common form of familial CRC (?3% CRC).

ÅAutosomal dominant inheritance.

ÅMutation in mismatch repair gene (MMR)

- Family of DNA repair genes.

- MLH1, MSH2, MSH6 + PMS2.

ÅUsually inherited, but may be new mutation.



Clinical features:

ÅColorectal adenocarcinomas

ïsynchronous/metachronous  tumours in 30%. 

ÅTumours at other sites:

ïEndometrium, stomach, small bowel, urinary 
tract, pancreatobiliary tract, brain, skin.

ÅEarly age of tumour development 

ïTypically in 40s and 50s.

Lynch syndrome



Features of typical HNPCC colorectal adenocarcinomas

ÅRight-sided.

ÅPoorly differentiated.

ÅMucinous differentiation.

ÅProminent inflammatory 

response.



Criteria used by clinical geneticists



Van Lier et al. J Cell Mol Med 2010;14 (1-2): 181-197.



Is it case of Lynch syndrome?

ÅAge of patient

ÅSite of tumour

ÅTumour multiplicity

ÅHistological features of tumour

ÅFamily history



Is it case of Lynch syndrome?

ÅAge of patient

ÅSite of tumour

ÅTumour multiplicity

ÅHistological features of tumour

ÅFamily history

Low index of suspicion

- Immunostaining for 4 mismatch repair genes.

- Consider referral to a clinical geneticist.



Mismatch repair immunostaining



ÅMLH1

ÅPMS2

ÅMSH2

ÅMSH6


