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History of polyposis

 First description of colorectal polyposis:

— Menzel 1721, Berlin

first histologically verified case of adenomatous polyposis:
— Sklifasowski 1881, Russia

X. POLYADENOMA TRACTUS INTESTINALIS.

pod. H. B, Cmncﬁoconexaro.

Pasmiqune DATOXOTEYECKIE UPONECCH BH Miknell ua-
CTH KHICYHEKA COMPOBOEAAOTCA (YyHKLIOHANLHLINIL pPas3-
CTPOMCTEAME, BB YHETE KOTOPUXT COMMH HOCTOITILL—

1882 Cripps termed ‘‘disseminated polypus of the rectum’ —
inherited predisposition.




Lynch syndrome

“Cancer family syndrome" Lynch 1960.
— Lynch syndrome 1
— Lynch syndrome 2

Lynch named the condition ‘Hereditary Non-
Polyposis Colorectal Carcinoma’ (HNPCC), 1985.

Jass 2006 — terminology HNPCC should be phased

out.
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Hereditary CRC Syndromes

« Familial adenomatous polyposis — 1881
* Peutz—Jeghers syndrome — 1921
 Juvenile polyposis — 1939

* Gardner’s syndrome - 1951

* Turcot syndrome — 1959

 Cowden’s syndrome — 1963

* Lynch syndrome (HNPCC) -1966 (1985)
* Muir—Torre syndrome - 1967-8

* Hyperplastic polyposis -1980
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Hereditary CRC Syndromes

* Lynch syndrome

* Familial adenomatous polyposis
 MYH-associated polyposis
 NTHL1-associated polyposis

» Serrated polyposis

* Hereditary mixed polyposis

* Polymerase proof reading-associated polyposis
* Peutz-Jeghers syndrome

 Juvenile polyposis

« PTEN hamartoma syndromes (Cowden’s)
 Constitutional mismatch repair deficiency




Hereditary CRC Syndromes

* Lynch syndrome — Autosomal dominant

* Familial adenomatous polyposis - AD
 MYH-associated polyposis — Autosomal recessive
 NTHL1-associated polyposis - AR

» Serrated polyposis — No Mendelian inheritance

» Hereditary mixed polyposis - AD

* Polymerase proof reading-associated polyposis - AD
* Peutz-Jeghers syndrome - AD

 Juvenile polyposis - AD

 PTEN hamartoma syndromes (Cowden’s) - AD
 Constitutional mismatch repair deficiency - AR




Lynch syndrome

Most common form of familial CRC (=3% CRC).
Autosomal dominant inheritance.

Mutation in mismatch repair gene
- MLH1, MSH2, MSH6 + PMS2
— EPCAM

— Constitutional mosaic epimutation (MLH1)

Usually inherited, but may be new mutation (5%).




LYNCH SYNDROME MUTATIONS

EPCAM




Lynch syndrome

Clinical features:
* (Colorectal adenomas (typically <10).

e (Colorectal adenocarcinomas
— synchronous/metachronous tumours in 30%.

 Tumours at other sites:

— Endometrium, stomach, small bowel, urinary tract,
pancreatobiliary tract, brain (GBM), skin (seb).

— Breast and prostatic carcinomas.

» Early age of tumour development
— Typically in 40s and 50s.



Lynch syndrome: Typical colorectal adenocarcinoma morphology

Right-sided.

« Poorly differentiated.
 Mucinous differentiation.

e Prominent inflammatory
response.




A. Initiation

Mismatch repair complex

« MLHI
« PMS2
« MSH2
* MSH6




Loss of MLH1/PMS2 — MLHI1 mutation or
promoter hypermethylation
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Loss of MSH2/MSH6 — MSH?2 mutation



EPCAM and Lynch syndrome

EPCAM gene located immediately 5 of MSH2.

Germline deletion removing 3’ end of EPCAM results
in tissue specific hypermethylation and silencing of
MSH2.

MSI — H and loss MSH2 on immunostaining but no
MSH2 germline mutation.

High risk CRC but not extracolonic (e.g. endometrial).




Constitutional mosaic epimutation
(MLH1) and Lynch syndrome

« Constitutional mosaic epimutation:

— Alternate mechanism for inactivation of tumour suppressor
genes and thus predisposition to cancer.

— May show Mendelian or non-Mendelian patterns of
inheritance.

« Very rare but inheritable epimutation of MLH1 can be
a cause of Lynch syndrome.

Ward RL et al.  Identification of constitutional MLH1 epimutations and promoter

variants in colorectal cancer patients from the Colon Cancer Family Registry.
Genet Med. 2013 Jan;15(1):25-35.




Familial Colorectal Cancer Type X

 Families that fit the Amsterdam criteria but cannot
be shown to have a Lynch type germline mutation.

« Usefulness of this classification 1s questionable!

Lower Cancer Incidence in Amsterdam-I Criteria Families Without

Mismatch Repair Deficiency:
Familial Colorectal Cancer Type X

Lindor NM et al. JAMA. 2005 Apr 27;293(16):1979-85.



Familial adenomatous polyposis

Due to a germline mutation in the APC gene (5q22)

> 100 adenomatous polyps predominantly in large intestine
(typically 1000s).

Colorectal adenocarcinomas < 40 years old

(10-15 years after appearance of polyps).
Adenomas in small intestine and stomach.
Extra-intestinal manifestations.

Commonest cause death now duodenal
carcinoma and desmoids.




Extra-intestinal manifestations of FAP

 Gastric fundic gland polyps.
 CHRPE:.

» Sebaceous cysts.

* Osteomas (jaw).

* Desmoid tumours.

 Papillary carcinoma of thyroid
(Cribriform-morular variant).

* Hepatoblastoma.

* Brain tumours (Glioblastoma M).




Attenuated FAP

Typically less than 100 adenomas in colon.
Mean 25 adenomas (0 - 470).
Concentrated in proximal colon.

Some extra-colonic manifestations.

Colorectal carcinoma in 70% by 80 years of
age.




APC protein domains and FAP phenotype association
with (truncating) germline mutation position

Basic domain
(Microtubule binding, tubulin
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MUTYH-Associated Polyposis

MY H-Associated Polyposis

MAP



Discovery of MY H-associated polyposis

* Family with multiple adenomas and CRC

* No known pathogenic APC or MMR
germline mutation

e 3 affected sibs - 11 tumours

— 15/18 somatic APC mutations G:C>T:A

— Suggested mutations from
oxidative DNA damage.

Al-Tassan et al Nat Genet 30:227-232, 2002



Oxidative damage of DNA

Oxidative damage - 10* lesions/cell/day.

8-0x0-G most deleterious.

8-0x0-G mis-pairs with adenine residues
Normal G:C Damaged G°:A

G:C = T:A mutation

Role of MYH is to excise mispaired
adenines (Base excision repair BER).
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MY H-associated polyposis

Autosomal recessive inheritance.
Penetrance approaching 100%.

Clinically similar to attenuated FAP.
— Typically <100 polyps
(but may show classical FAP phenotype).
— Some extra colonic manifestations.
— May also have serrated polyps

Extracolonic tumours
— Duodenal, urinary tract, ovarian and ? breast carcinomas.
— Sebaceous skin tumours,
— Desmoid tumours (case report).




MY H-associated Polyposis

Due to biallelic mutations in MYH gene.

Thought that there 1s a gradual accumulation
oxidative damage causing tumorigenesis

— APC — classical adenomas
— KRAS — serrated polyps

Mean age cancer diagnosis 50 years old.

Up to 30% of European patients with > 15 - 100
adenomas carry biallelic MY H mutations.




NTHL1-associated polyposis

NTHL1 is a base excision repair gene (like MYH).

Broader spectrum of mutations than MAP but more C:G>T:A

(MAP C:G>A:T).
A

Autosomal recessive inheritance,
high penetrance.

Probably 1/5 as common
as MAP.

Spectrum of tumour types:
— Colorectal carcinoma

— endometrial carcinoma

— duodenal carcinoma

— Skin (BCC)

— Others!




Hereditary mixed polyposis syndrome

* Ashkenazi Jewish origin.

« Variety of colonic polyps — typically <15.
— Classical adenomas
— Atypical juvenile polyps
— Serrated adenomas
— Hyperplastic polyps

* Colorectal adenocarcinoma, mean age 47.

* Initially reported as ‘no extra colorectal
manifestations’.

« Recent paper describes a family with FAP +
extracolonic features and another fulfilling the
diagnostic criteria for Lynch syndrome!
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Hereditary mixed polyposis syndrome is caused by a 40-kb upstream duplication that leads to
increased and ectopic expression of the BMP antagonist GREM1. Jaeger E, Leedham S, Lewis A,
Segditsas S, Becker M, Cuadrado PR, Davis H, Kaur K, Heinimann K, Howarth K, East J, Taylor J,
Thomas H, Tomlinson I. Nat Genet. 2012 Jun; 44(6): 699-703.



Polymerase Proofreading-associated polyposis (PPAP)

CRC

CRC 41

CRC EC, 33 yo

33 yo CRC, 53 yo
+ + +

o O OO $——|:| ) —
10 adenomas (up to 4cm), EC, 52 yo EC, 45 yo
43-65 yo 28 adenomas an d 17 adenomas,
2 hyperpla 5385 yo
253y

CRC, 28 yo yl mas, 26 yo 6 adenomas and
28 adenomas 28-35 yo nomas and .’9 d -.r *multiple” hyperplastic polyps.
2h r‘_.:)e plastic polyps 29-39 yo
33- 5,:

e Germline POLE and POLDI1 mutations.

* Major catalytic and proofreading subunits of the
Pole and Polo enzyme complexes

e Mutations impair proofreading — hypermutation




Polymerase Proofreading-associated polyposis (PPAP)

Autosomal dominant with high penetrance.

Multiple colorectal adenomas (3 - 10s).

Early-onset CRC (mean age 36) - may be synchronous.
Endometrial adenocarcinomas (POLD1).

Conventional adenomas and adenocarcinomas
(often lymphocyte rich).

Tumours microsatellite stable but have multiple point
mutations.

POLE can also be mutated in sporadic CRC (<2%).

Briggs S, Tomlinson I. Germline and somatic polymerase € and & mutations define a new class of
hypermutated colorectal and endometrial cancers. J Pathol. 2013 Jun;230(2):148-53.




Serrated polyposis

Table 2. World Health Organization diagnostic criteria for the diagnosis of serrated polyposis syndrome (SPS)

Any one of the following

(1) At least five serrated polyps proximal to the sigmoid colon, two of which are =10 mm in diameter

(2)  Any number of serrated polyps proximal to the sigmoid colon in an individual who has a first-degree relative with SPS

(3)  Greater than 20 serrated polyps of any size distributed throughout the colon

« (Genetics, natural history and phenotype of this syndrome
remain poorly characterised.

« Family history CRC in 40-60%
« ?50% chance of developing colorectal carcinoma.

« 26% of carcinomas synchronous/metachronous.



Serrated polyposis

* Polyp spectrum
— Hyperplastic polyps.
— Sessile serrated lesions.
— Traditional serrated adenomas.

— Conventional adenomas.



RNF43 in Serrated polyposis

RNF43 is an E3 ubiquitin ligase that acts as a Wnt
inhibitor.

Evidence a subset of serrated polyposis
associated with germline RNF43 mutation:
— Autosomal dominant inheritance.

— 2" (somatic) hit in all serrated polyps/adenomas and
carcinomas.

Not reproduced in large multinational study —
suggests rare cause of Serrated polyposis
syndrome.




Constitutional mismatch repair deficiency

“Autosomal recessive” Lynch syndrome.

Biallelic mutations in PMS2, MSH6, MSH2 or MLH1
(typically homozygous).

Phenotype:

— Café-au-lait spots (NF1 type features) — 100%

— Colorectal cancers (and adenomas) — 32%

— Brain tumours (Gliomas, PNETs, meduloblastomas) — 48%

— Haematological malignancies (leukaemias and diffuse large
B cell ymphoma) — 15%

Accounts for some cases of “Turcot syndrome’.




Constitutional mismatch repair deficiency
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FIG. 89-2. Autosomal recessive inheritance. Horizontal pattern of trait expression. Parental consan-
guinity is often present in families with autosomal recessive disordarz.

 Autosomal recessive inheritance




Constitutional mismatch repair deficiency
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FIG. 88-2. Autosomal recessive inheritance. Horizontal pattern of trait expression. Parental consan-
guinity is often present in families with autosomal racessive disordars.

* Most commonly seen in Asian and Arabic populations
where consanguineous marriages are common




9 year old male
Café-au-lait spots.

Multiple colorectal
carcinomas/adenomas.

Glioblastoma multiforme



Rectal adenocarcinoma
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Constitutional mismatch repair deficiency

o e T TGS
Yof Sy B - Young children
— median age 7 years

— Range 1 -33.5

'« Combination of:
— Café-au-lait spots.
— Colorectal carcinoma

— Brain/haematological
malignancies.

1. Mismatch repair immunostaining
completely negative.

« Mutation screening —ve in 30%
cases!




Peutz-Jeghers
syndrome

* First described in case
report by Jan Peutz, 1921.




Autosomal dominant inheritance.

Due to dysregulation of TGF-J3
pathway (STKII/LKBI gene).

399% lifetime risk CRC.

Polyps anywhere 1n the GI tract
but small and large intestine
commonest site.

93% risk of developing
malignancy by age 65.
— Carcinomas of colorectum,
pancreas, stomach, small intestine,

oesophagus, breast, ovary,
endometrium and lung.

— Melanoma and sex cord tumours.

Peutz-Jeghers
syndrome




Juvenile Polyposis Syndrome (JPS)

Autosomal dominant.

Hamartomatous polyps of the GI tract.

Colorectal, gastric, duodenal and

pancreatic carcinomas.

Up to 70% lifetime risk CRC

Median age diagnosis CRC 42 years

Due to dysregulation of TGF-[3 pathway
(SMAD4 + BMPR1A)




PTEN hamartoma syndromes

Includes:

— Cowden syndrome

— Bannayan-Riley-Ruvalcaba syndrome
— Proteus-like syndrome

Autosomal dominant inheritance (but 30% de-
NOVO mutations).

Colorectal cancer 1n approx 14% patients, mean
age of diagnosis 47.

Carcinomas of breast, thyroid, endometrium and
kidney.




PTEN hamartoma syndromes

* Polyposis in 95% patients:

— Hyperplastic polyps

— Adenomatous polyps

— Hamartomatous polyps
— Ganglioneuromas

— Inflammatory polyps

» Polyposis typically involves the large
intestine, but small intestine and
stomach also involved.




LEARNING POINTS

* Lynch syndrome
— Expanded extra-intestinal tumour spectrum -
breast + prostatic carcinoma

— EPCAM and constitutional mosaic epimodulation.

 FAP
— Autosomal recessive inheritance variants —
MAP + NTHL1-associated polyposis.

 Serrated polyposis

— Serrated polyps and adenomas




Non-polyposis

MMR-deficient

MMR-proficient
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Recent Discoveries in the Genetics of Familial Colorectal

Cancer and

Laura Valle

Polyposis

Clinical Gastroenterology and Hepatology 2017;15:809-819



