Gastric Cancer Incidence

* G.C. is still the second most common cause of cancer-related death in the world

* Incidence is decreasing in old patients and is stable in younqg patients and

cases with familial clustering

ltaly: moderate to high risk area




G.C. cases

Sporadic (90%) Familial (10%)

Intestinal-type prevailing: Diffuse-type prevailing:

old patients youngq patients

high risk areas homogeneous geographic
distribution

risk factors including
H. pylori, alcohol intake and

smoking

genetic factors
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Sporadic GC

1. GC is the end result of a multifactorial,
multigenetic and multistage process

2. various environmental exposures such as
Helicobacter pylori infection, high salt  dieft,
inadequate vitamin C uptake and  smoking,
have been identified as risk factors




Sporadic GC

1. Gastric cancer (GC) remains a leading cause
of cancer-related deaths worldwide, even
though a decrease in its incidence and
mortality rate has been observed in recent
decades

2. Although the incidence of intestinal GC has

declined gradually, the incidence of diffuse
gastric cancer (DGC) has remained stable.




95% of G.C. are adenocarcinomas which can be classified
into intestinal and diffuse types

Gastric adenocarcinoma, diffuse (infiltrative) type.

Tumor cells are discohesive and secrete mucus which is delivered in the interstitium

producing large pools of mucus/colloid (optically "empty" spaces) - mucinous

(colloid) adenocarcinoma, poorly differentiated (Lauren classification).

If the mucus remains inside the tumor cell, it pushes the nucleus against the cell

membrane - "signet-ring cell".

Gastric adenocarcinoma, intestinal type.

Tumor cells describe irregular tubular structures, with stratification, multiple lumens
surrounded by a reduced stroma ("back to back" aspect). The tumor invades the gastric
wall, infiltrating the muscularis mucosae, the submucosa and thence the muscularis
propria. Often it associates intestinal metaplasia in adjacent mucosa. Depending on
glandular architecture, cellular pleomorphism and mucosecretion, adenocarcinoma may
present 3 degrees of differentiation : well (photo), moderate and poorly differentiate.




Somatic genetic lesions partially
depend on the subtype

+ Intestinal - Diffuse
- Cells resemble * Poorly cohesive cells
intestinal columnar show wide and diffuse
epithelial cells infiltration into the

gastric wall




- Mutations in 50% of * Loss of the
cases expression of one

allele in 40% of cases
- Loss of the

expression of one
Both events only
in diffuse type

allele is also present
Becker and Hofler; J Natl Cancer Inst 1995

in 40% of intestinal
tumors




CDH1 gene




E-cadherin plays an essential role in
cell-cell adhesion
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plasma membrane

disintegration ruffles
of lateral walls lateral walls

stress fibres
polymerisation of actin

* src substrates



frizzled

GSK-34
inactive

p-catenin

E-cadherin

a-catenin

-” LEF/TCF

< catenins

< actin
(From: Graziano F, Humar B, Guilford P; Ann Oncol 2003) cytoskeloton




CDH1 loss of function and
E-cadherin expression

CDH1 is a t.s.g. and follows the “two hit” model
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Cancer tissue in both hereditary
and sporadic DGC and LBC cases




CDH1 +/-
epithelial cells

*diet, carcinogens
‘ulceration, gastritis

v

*Transcriptional downregulation
*0.g. promoter hypermethylation

widespread

CDH1 2nd _J
Multifocal
tumour
clusters

additional l altered

genetic events micro-environment
Malignant
disease with
stromal
interaction and
invasion

(From: Graziano F, Humar B, Guilford P.; Ann Oncol. 2003)



in famlllal gasTmc cancer
(Guilford et al. Nature 1998)

CDH1 mutations in 3 Maori kindred
with early-onset diffuse-type gastric cancer
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HDGC syndrome

Autosomal dominant cancer-
susceptibility syndrome

Gastric cancer of diffuse histotype (and

Lobular Breast Cancer)
Average age of onset: 38 years

Associated with inactivating mutation of
CDH1 gene

High penetrance (70%) (Guilford et al., 1998)
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GO
follows the “two hit" model

In hereditary diffuse gastric cancer one allele is
constitutively mutated

The inherited wild-type allele is inactivated in fumor
cells by a somatic event

Methylation of the CDH1 promoter is the second hit

(somatic mutations, and intragenic deletions also
found)

(6rady et al. Nat Genet 2000 ; Oliveira et al. Oncogene 2004)




..CDHT identified mutations

GENE SEQUENCING

* the great majority (about 80%): truncating mutations (frameshift,
honsense, splicing)

- about 20%: missense mutations
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..CDH1 identified mutations

DELETIONS

6.5%: recently identified by MLPA in
"mutation-negative” HDGC families

3.8%: overall freq. (only in countries with low
incidence of G.C. accounting for 9% of all CDH1
alterations in HDGC families)

(Oliveira et al. Hum Mol Genet 2009)



HDGC syndrome:

definition criteria

* The predictions were validated by enlarging the
number of families screened for CDH1 mutations:
30-40% of the HDGC families were found to harbor

pathogenic mutations

R CDH1 pathogenic mutations also found in about
40% families with: 2 or more G.C. cases in the same
family, with at least 1 diffuse 6.C. diagnosed before
the age of 50 (erooks-Wilson et al. T Med Genet 2004)



Additional or exclusive Lobular BC

Q Breast cancer
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Lobular breast cancer

Selection criteria:
women with documented invasive LBC or mixed ductal breast cancer and LBC at any age

no reported relatives with gastric tumours and

- either family history with >=2 cases of breast cancer in first or second degree relatives in
the maternal and paternal lineage, including third degree relatives in the paternal lineage:

- or LBC or mixed breast cancer diagnosed in the proband before 45 years of age
independent of family history

Results:
CDH1 germline mutations: 1 out 23 cases
Germline mutations can be associated with invasive LBC in the absence of diffuse G.C.

(Masciari et al. J Mol Med 2008)



cumulativerrisk

in CDHT mutation carriers

- estimated cumulative risk of gastric cancer by age 80
years: 67% for men and 83% for women

- for women:
-cumulative risk of breast cancer 39%

-combined risk of gastric cancer and breast cancer
90% by age 80 years

(Pharoah et al. Gastroenterology 2001)



Germline mutations

- CDH]1

Lobular breast carcinomas,

colorectal carcinomas, and ) ther‘ genes

prostatic carcinomas have - MMR genes (gastric cancer

been documented in mutant belongs to the tumor

gene carriers spectrum of HNPCC)
p53 (mutations have been
found in cancer families
with different tumor types
including gastric cancer)




Breast cancer
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genes Environment
J Modifier genes .

Breast cases are different in respect to colorectal cancers:

few hereditary syndromes and more involved penetrant alleles




Breast cancer risk is 1/12 women

Breast cancer

Hereditary cases are 5% of the total breast tumours

High penetrant genes:
(BRCA1, BRCA2

PTEN
Unknown
P53 Genes with
Variable

LKB1/STK11 Associated

Risk
CDH1 o | BRCA2

54/0 '."‘ 20%

0
[
)

BRCA1/2 genes account for only
a subset of the hereditary _l LCHEKZ
breast cancers TP53 5%
High, but variable penetrance s1%

Polygenic syndrome Low penetrant alleles: CHECK2



Breast cancer

BRCA1/BRCA2

-2-3% of all breast/ovarian cases

* both identified with linkage analysis
BRCA1l : 17q21, 100Kb, 22 exons

BRCAZ2 : 13q12, 70Kb, 27 exons
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BRACA?2 also in linkage with male breast cancer

BRCA1 : DNA repair, chromatic remodelling
and cell cycle check control

BRCA2 : DNA repair (DSB) during
homologous recombination

- cancer risk at 70 years

BRCAl1l :46% breast ; 39% ovarian

BRAC?2 : 43% breast : 27% ovarian

CARETAKERS

Genotype-phenotype : mutations in the

central domain are associated with a more
aggressive phenotype

Very frequent SNPs; in addition SNPs on other
genes may influence the phenotype




BRCA-1 protein and Double Strand Breaks (DSB)

By-products of the cell's own metabolism such as reactive oxygen species can damage DNA

bases and cause lesions that can block progression of replication.
The result is double-strand breaks (DSBs) in the chromosome. A DSB can also be caused by
environmental exposure to irradiation, other chemical agents, or ultraviolet light (UV)
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DSB and homologous recombination DNA repair pathway
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Breast cancer
BRCA1/BRCAZ2 : OROS R
- T e
a particular way fobea | |
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BRCA1/2 do not drive the sporadic breast tumourigenesis, which is
characterized by chromosomal rearrangements (CIN)

CGH and gene expression analyses show a clusterization of the
breast tumours with germline BRCA1 mutations (egs. TNBC)




Breast cancer

Low penetrant alleles

CHECK2 , ATM, TGFB1, CASP8

CHECK? : 22q12.1; it is a 62 checkpoint kinase,
fm activated by ultraviolet radiation through ATM
. phosphorylation
Variants that can modulate BRCA 1 mutated phenotype
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CHECK?2 and ATM are on the BRCA1 pathway




Melanoma

Familial
cases

eharomed

environment
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Modifier genes

A

Gene-environment interaction increases




Melanoma

Melanoma are hereditary in 10% of
cases: a) several melanomas in different
generations, b) multiple primary
melanomas in one subject, c)early onset
of the disease

Autosomic dominant condition in linkage
with loci on 1p36 and 9p21

Linkage analysis identified deleterious
CDKNZ2A mutations (9p21) in association
with hereditary melanoma in 1997
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CDK2NA is composed of 4 exons
and codes for 2 proteins :p16/
Ink4a and p14/Arf



| CDKN2A (chr9p21)
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p16 loss induces the 61/S transition
wmas | (by Rbl phosphorylation)

>100 mutations
Familial melanoma
+/-pancreatic cances

pl4 loss makes p53 unstable

| CDK4:
2 mutations.
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CDKN2A germline mutations are
frequently found in geographical
region with low incidence of
sporadic melanoma
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CDKN2A germline mutstions show a penetrance of 30% at 50 years

Penetrance
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and 67% at 80 years depending on the geographical region

CDKN2A Penetrance

Relevance of modifier factors (ex. UV exposition)

Familial
ascertainment

P
”

_—
/~  Population
- ascertainment

High pentrant alleles:

CDKNZ2A, ARF, CDK4

Low penetrant alleles:

MCIR , vitamin D receptor

Phenotype is correlated with pigmentation, skin type,
sun sensibility etc...



More than 120 genes are involved in pigmentation and skin colour...

MCIR codifies for a transmembrane protein which M Odds ratio”
. . ) MSH
activates the eumelanin production by adenylase cyclase  “ R142H ‘2-‘;:3
1
nggg 245
Agouti vanants [AQO_”“_] %'.%%g :33
Odds ratio D294H |} 1.77
A3818A>G - 1 gg
- These genetic variants are Mot I/

found in 80% of individuals with
red hair and clear skin, but in
only 20% of those with black
hair

* They are associated with a 3.9
higher risk of melanoma

......
......

MCIR plays a role as a
phenotype modifier in
association with CDKN2A

Pheomelanin Eumelanin

Tyr variants Tyrp-1 variants
Odds‘ratto rato

Allele C - 1.15

Somatic BRAF mutations (50% of cutanea
melanoma) are associated with MC1R variant

R4020H 1.21



High, medium and low penetrance genes and their chromosome band locations.
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Finally, a variant that affects risk of
many types of cancer!

e GWA study on basal cell carcinoma (BCC) identified
several regions that associate with increased risk of
skin cancer (Stacey et al 2008)

e One on chr5p near two known “cancer genes”

- CLPTMI1L (cisplatin resistance related protein) gene

- hTERT (human telomerase reverse transcriptase) gene
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rs401681 (C) associates with risk of cancer at 3 sites
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Defects in telomere- and telomerase-associated proteins lead
to progressive telomere shortening

Inflammation Infections Aneuploldy
Rreakage. Genomic
fusscn-tridge stablity
cycles

L X ){{ »

Cancer

Genetic Oxidative
Mmulasons stress

Telomeric

Telomeres Telomeres fusion

attrition

Defective cell Progenitor/Stem
proliferation cells depletion

Premature senescence  Stem cell pool
of mature cells exhaustion

Progressive Homeostatic
tissue loss coll disruption

Pathogenesis
of human
diseases

Telomere attrition coupled with deficiency
in telomerase activity culminates in

replicative senescence in adult stem cells,
leading to a depletion in the stem cell
reserve. Collectively, these eventually
manifest as hematological (i.e. aplastic
anemia, pancytopenia, bone marrow failure)
or nonhematological (i.e. skin abnormalities,
pulmonary diseases, liver diseases) clinical
features.

Moreover, short dysfunctional telomeres
inevitably result in telomeric fusions,
leading to genome instability, the

cornerstone for carcinogenesis.







Colorectal cancer
Melanoma

Breast cancer
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Cell-cycle Repair

checkpoint

activation ¢ Reversal of base damage
S ¢ Excision of base damage

t o Repair of stand breaks
- homologous recombination
DNA damage | === | _ ron-homologous enc-oining

N ll q

Transcriptional
activation
 Replication bypass
¢ Many genes with - - error free
diverse functions IOADOMOSSI = ITOr prone
wi’"‘”" wlm Nature Reviews | Cancer
/[ BRArepar | \ Mutational load at any given time in
& B both germ line and somatic cells is the
e outcome of a dynamic equilibrium
g 2/\ between the extent of DNA damage,
— the efficiency of DNA repair

Nature Reviews | Cancer



DNA alterations

Depurination : loss of adenine/quanine residues for spontaneous fission
of bonds between base and sugar; very common about 5000 purine
bases are lost each day form a cell
* Deamination : from cytosine to uracil; daily 100 bases per human cell
Reactive oxygen species (ROS) : ROS are caused by ionization rays,
secondary products of cell respiration
Replication errors/recombination: damaged sequence is excised and the
gap is filled
130 gene are involved in this process
(www.cqgal.icnet.uk/DNA_repair_Genes.htlm)

5 different evolutionary conserved systems
of repair are engaged



http://www.cgal.icnet.uk/DNA_repair_Genes.htlm

DNA repairs pathways and cancers

Proteins  PARPI BRCAl KU70/80 ERCC4 MSH2
XRCC1 BRCA2 DNA-PK ERCC1 MLH1
LIGASE 3 PALB2
ATM
CHEK1
CHEK2
RADS1
l Y L
Tumour types Breast, ovarian, pancreatic Xeroderma Colorectal
pigmentosa
Drugs PARP inhibitors, platinum salts Platinum salts Methotrexate

MGMT

Termozolormde
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DNA REPAIRS SYSTEMS

* The nucleotide excision repair or NER
pathways repairs bulky helix distorting

adducts such as thymine dimers induced by
uv

* Base excision repair or BER removes DNA
bases that are damaged by oxidation

- DNA double strand break (DSB) repair by
homologous recombination HR is active in late
S or G2 phases of the cell cycle

* Interstand crosslinks (ICL) repair is a
combination of different pathways, including NER,
HR and translation synthesis polymerases

* Non homologous end-joining (NHEJ) is active
throughout the cell-cycle and is the only DSB
pathway that is available in G1 phase when there
are no femplates for HR
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A lot of DNA repair proteins are common with
translational or recombination pathways




NER pathways

* NER detects and removes DNA lesions within the chromatin

To promote efficient repair, a lesion not only has to activate the NER pathway but also
a preliminary chromatin remodeling to access DNA

-Cooperating mechanisms enhance the et e e T
efficiency of NER by altering chromatin X aamn

structure. ) T] M o

*Many of the players involved in modifying i

chromatin at sites of DNA damage were

identified as regulators of transcription — BaEn -
(ATP-dependent chromatin remodelers, —

histone modifying enzymes and several J 3335

transcription factors) e (N i T i T




*The p53 and E2F1 transcription factors are well known for their abilities to
regulate gene expression in response to DNA damage by contributing to
modifying chromatin structure in response o DNA damage to promote global NER

‘After completion of the repair, the
chromatin must be returned to its previous
undamaged state (post-translational
modifications and insertion of histone
variants and displacement)

o sl

Humans with a hereditary defect in NER
suffer from xeroderma pigmentosum and have
a marked predisposition to skin cancer caused
by sunlight exposure.




Tumors with specific DNA repair defects can be Bouwman and Jankers, 2012
completely dependent on these DNA repair pathways.
This can be used for therapies

(eg. homologous recombination deficient fumors can be targeted 1" = s 4 o
by DNA double-strand-break-inducing agents) ST AT BT MR, A
NAVGUCTHNOV

This dependence can be exploited
therapeutically to induce synthetic
lethality in tumors

Tumors cells derived from patients carrying germline defects in key regulator
genes of DNA repair pathways could be a useful model to understand

responsiveness to synthetic lethality therapies
(eg. BRAC1/BRCA2 with PARP inhibitors)




PARP1 binds to DNA single-strand break and catalyzes poly(ADP)ribosylation of
itself and acceptor proteins, facilitating the recruitment of DNA repair proteins.

Diana Lim, and Joanne Ngeow Endocr Relat Cancer
2016;23:R267-R285 DNA damage

/ \

Double-strand ~  UNePaIed SSB ;e cirand

break break
DNA-PARP
Trapping

52



