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5-10% OAwWV TWV KAPKiVwV gival KANPOVOUOUUEVOI

15-20%
Familial

5-10%
Inherited

80%
Sporadic

Nagy, R., Sweet, K. & Eng, C. Highly penetrant hereditary cancer syndromes. Oncogene 23, 6445-6470 (2004)



OAa 1a veoTTAGopaTa €ival ATTOTEAECUA HETAAAACEWV
OAAG TTOAU Aiya aTro auTa €ival KANpovououuEva

- 21mopadIkou TuTTou: Tuxaia eugavion- O@eilovTal o€ CWHPATIKEG JETAANACEIG,
OEV UTTAPXEI OIKOYEVEIAKO I0TOPIKO KAl OEV KANPOVOUOUVTA.

- Oikoyevouc TutTou: Epgavion e augnuévn ouxvoTNTa O€ OPIOUEVEC
OIKOYEVEIEC. @EWPEITAI TTWG €ival CUVOUAONUOC TTEPIBAAAOVTIKWY TTAPAYOVTWYV
TTOU 00NYOUV 0€ CWHATIKEC METAAAALEIC KAl un TTPOO0OIOPICOMEVOU YEVETIKOU
uTTORaBpou. AucnuéEvog KivOuvog EU@PAVIONG VEOTTAAOUATOG OTOUG
QATTOYOVOUG.

- KAnpovopuouueva: OgeilovTtal o€ KANPOVOUOUUEVEC YEVETIKEC METAAAALEEIC.
XaPAKTNPIOTIKO OIKOYEVEIOKO IOTOPIKO ME EKONAWON TWV idIWV VEOTTAAOUATWYV
0€ OAEC TIC YeEVEEC KOl O€ PIKPEC NAIKIEC. D1aiTEpa aunuEVOC KivOuvog
EU@AVIONC VEOTTAAOUATOC OTOUC OTTOYOVOUC.




OIKOYEVEIAKO I0TOPIKO KAl TUTTOC KOPKIVOU
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Ta KAnpovopoupeva veoTTAGouaTa oPeiAovTtal oTnVv
TTAPOUCIA YEVETIKWV METAANACEWV

GERM-LINE MUTATIONS SOMATIC MUTATIONS
VA Nr= Parental .
Germ-line , J Gametes 7
mutation - 1 r
e Embryo a AA
Somatic
mutation

" — Patch of
i fe Organism affected
Entire ] g e
organism — A 8
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Half of gametes ; Gametes of YEEE None of gametes
carry mutation . Offspring carry mutation



Ol YEVETIKEC METAAAAEEIC KANPOVOUOUVTAI OTOUC
QTTOYOVOUC

Father

gene

9/ chance of each child
O inheriting the mutated gene




H TTapouacia YeVvETIKNG METAANOENC DEV QPKEI VIO TNV

EKONAWON VEOTTAAOUATOC.
Two- Hit Theory of Cancer Causation

Normal cells typically have two undamaged chromosomes; one inherited from our mother and the other from our father.
Each chromosome contains thousands of genes some of which are responsible for controlling cancer.

NON-HEREDITARY CANCER &y chance - Most Common

Healthy Parent Healthy Parent
One-Hit Cell Two-Hit Cell Cancer Cell

CANCER

FIRST MUTATION > SECOND I‘.‘!UTP.TEDN’

Healthy (non-mutated) gene
inherited from parent(s)

HEREDITARY CANCER passed Through Family - Rare

:
- CANCER
C )

Carrier Parent Healthy Parent »

CANCER

orn With FIRST MUTATION SECOND I‘.’lUTP.TiDN.

™ One-Hit Cell impactgenetics.com



KANPOVOUOUPEVOC YAOTPIKOC KOPKIVOC

Table 1.Hereditary Cancer Syndromes With Increased Risks of Gastric Cancer

Lifetime gastric
cancer risk

Other associated cancers

Nonmalignant phenotypic features

67%-70% (males),
56%-83% (females)

Lobular breast carcinoma

Cleft lip/palate in some families

Syndrome Associated gene(s)
HDGC CDH1T; possibly CTNNAT,
MAP3KE._and others
FAP APC
GAPPS APC (promoter 1B region)

Lynch syndrome
Li=Fraumeni
syndrome

Peutz-Jeghers
syndrome

Juvenile polyposis
syndrome

MLH1, MSH2, MSHES,
PMS2, EPCAM
TP53

STK11

BMPR1A, SMAD4

<1%7

Undefined, but likely
higher than FAP

<1% to 13%"

~5%"

~29%

~21%

Colorectal duodenal/ampullary,
thyroid, desmoid tumors,
hepatoblastoma, medulloblastoma

None known

Caolorectal, endometrial, ovarian,
urcthelial, pancreatic, small-bowel,
and hepatobiliary

Breast, sarcomas, lung, adrenocortical,
brain (choroid plexus), leukemias,
colorectal, many others

Breast, pancreatic, lung, colorectal,
small intestine, ovaries, testes

Colorectal and duodenal cancers

CHRPE, congenital hypertrophy of the retinal pigment epithelium; Gl, gastrointestinal.

9Risks may be higher in Asian patients.

Colorectal (and duodenal and gastric)
adenomas, gastric fundic gland polyps,
osteomas, CHRPE, supemumerary teeth

Fundic gland polyps of the proximal stomach

Cutaneous sebaceous adenomas and
keratoacanthomas

None

Hyperpigmentation of oral/genital mucosa,
lips, fingers; hamartomatous polyps of Gl
tract, especially small bowel

Juvenile polyps of the Gl tract

Boland, C.R., & Yurgelun, M.B. (2017). Historical Perspective on Familial Gastric Cancer. Cellular and molecular gastroenterology and hepatology.



KANPOVOUOUPEVOC YAOTPIKOC KAPKIVOC OIAXUTOU
Tuttou-Hereditary Diffuse Gastric Cancer (HDGC)
e KAwvika kpithpla:

AoBevr¢ pe diIdyvwon YOO TPIKOU KaPKivou dIGxuTou TUTTOU TTpIV TNV NAIKia Twv 40 n
OUO a0BeVEIC TNV OIKOYEVEIQ UE YAOTPIKO KAPKIiVO, 0 €vag dIAXUTOU TUTTOU

e |OTOAOYIKG eupnuara:
AidxuTou TUTTOU YOOTPIKO KAPKIVWHA 1 avTioToIXEC QUOTTAAOTIKEG AAAOIWOEIG

(in situ signet ring kapkivwua, TTaleTocidr g dlaoTropd signet ring KUTTApwWV)

e [eveTikr) METAAAAEN TOU Yyovidiou CDH1



Aaioia HDGC (1)

) NUaTa OTA T

& eup

|oTOAOYIK

E-cadherin

Spoto, C. P., Gullo, I., Carneiro, F., Montgomery, E. A., & Brosens, L. A. (2018, May). Hereditary gastrointestinal carcinomas and their precursors: An algorithm

for genetic testing. In Seminars in diagnostic pathology (Vol. 35, No. 3, pp. 170-183). WB Saunders.



loTOAOVIKQ aupnuaTa oTa mmAaiola HDGC (2)

‘Hmog
daivéTutrog

“Indolent” phenotype Abnormal Low proliferation,
(n=6) p53 “wild-type”
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P oy immunoreactivity p53 expression
(n=1) High proliferation,
“Aggressive” phenotype Abnormal p53 overexpression
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Gullo, Irene, et al. "Phenotypic heterogeneity of hereditary diffuse gastric cancer: report of a family with early-onset disease."

Gastrointestinal endoscopy 87.6 (2018): 1566-1575.




loToAoyIKG eupnjuata ota TTAaioia HDGC (3)

Pagetoid spread of sig
Ty - ¥

net ring cells

Intramucosal signet ring cell carcinoma

Figure 2: Macroscopic appearance of a prophylactic gastrectomy displaying lesions identified by histology

Oliveira, C., Pinheiro, H., Figueiredo, J., Seruca, R., & Carneiro, F. (2015). Familial gastric cancer: genetic susceptibility, pathology, and implications for
management. The Lancet. Oncology, 16 2, e60-70 .



KANPOVOUOUUEVOC KAPKIVOC TTOXEOG EVTEPOU

Colon Cancer Cases Arising in Various Family Risk Settings

Sporadic Cases

Cases with Familial
Risk
10% to 30%

Lynch Syndrome
(Hereditary
Nonpolyposis
Colorectal Cancer)
2% to 3%

Hamartomatous

Polyposis Syndromes
<0.1%

Familial Adenomatous
Polyposis
<1%

National Cancer Institute, NIH, USA



MnXxaviouoi KAPKIVOYEVECNC OTO TTAXU EVTEPO

A. Chromosomal Instability (CIN) Pathway

K-ras and other TP53
APC loss oncogenes > (8 inactivation
18q LOH - )
Normal Early Late
Epithelium Adenoma Adenoma

B. Microsatellite Instability (MSI) Pathway

TGFBRII, BAX and other
mutations

APC loss

Failure of MMR
genes

Normal Adenoma
Epithelium

TP53, p16
inactivation, LOH

C. Serrated Pathway
Methylation or mutation of

e e @ 0 BRAF mutation
DNA methylation
other genes

Normal Serrated Cancer
Epithelium Adenoma

Mundade, Rasika & Imperiale, Thomas & Prabhu, Lakshmi & Loehrer, Patrick & Lu, Tao. (2014). Genetic pathways, prevention, and treatment of sporadic
colorectal cancer. Oncoscience. 1. 400-6.



2. TTOPAOIKOI KOI KANPOVOUOUPEVOI KAPKIVOI £XOUV
KOIVOUG TTAO0YEVETIKOUG UNXAVIOUOUG

COLORECTAL CANCERS
/ Chromosomal Instabilty pathway Microsatellite Unstable \
(CIN) — No Microsatellite Instability pathway (MSI)
85% /\
MLH1 Germline Mutation in
HYPERMETHYLATION Mismatch repair genes
Familial
SPORADIC Adenomatous
Polyposis
<0.5% | |
\ 5 / Sporadic / CpG Island Lynch Syndrome
Methylator Phenot:
a 2%’)' i) (3-5%)

Frameshift mutations in
genes with coding
“microsatellite repeats” +

BRAF mutation

TUMORIGENESIS

Gupta, Ruby & Sinha, Surajit & Paul, Rabindra. (2018). The Impact of Microsatellite stability status in colorectal cancer. Current Problems in Cancer



OIkoyevng adevwpaTwong TToAutrodiaon
Familial Adenomatous Polyposis (FAP)
KAIVIKG KpITAPIA:

Mapouaoia >100 adevwpuatwdwy TTOAUTTIOdWYV OTO TTaXU EVTEPO N TTApOoUTia
EVOC a0EVWMATOC O€ VEAPOUC 00BOEVEIC UE OIKOYEVEIOKO I0TOPIKO

loTOAOVYIKN £IKOVA:
AdevwpuaTta TTaXE0G EVTEPOU ME XAuNAGBABUN 1 uwnASBadun emoOnAIaKn
duoTrAaacia

["eveTIKn neTGAANaCN Tou yovidiou APC
100% n mBavoTnTa avaTTugns adeVOKAPKIVWHATOS WG TNV NAIKIa Twyv 45
ETWV av Oev TTPONYNOEI TTPOPUAAKTIKF) KOAEKTOMN



[TapOPOIOC UNXAVIOUOC KAPKIVOYEVEONC O€

OTToPAdIKOU TUTTOU adEVOKapKIvwuaTta kal FAP

Normal epithelium

lAPC mutation

Early adenoma
(low-grade dysplasia)

lKRAS, BRAF mutation

Intermediate adenoma

Smad4, CDC4, DCC mutation
Loss of 18q

Late adenoma
(high-grade dysplasia)

lp53 mutation

Carcinoma

First hit: APC
somatic
nutation

:i Nl ¢ CRC)

x

Normal .Dysplastic Early htermadiata- Late
epitheliumi‘ ACF - adenoma adenoma | adenoma

i N | 1]

First hit:APC
germiline

mutation (FAP

K-ras Smad 4 p53

Adenocarcinoma

Severe
Adenomatous ( dysplasia
poiyps pfe-cancerﬁus 4

Large
Hyper-
proliferation Small

___a s &R
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=) Carcinoma W Metastasis|

1

Other
alterations

Cancer

Benign Malignant




loToAOYIKN €IkOva FAP

| Rivenbark, A. G., and W. B.

| Coleman. "An Introduction to

' | the Conspicuous and

ﬁ Distinguishing Characteristics
1 of Neoplasms." (2014): 349-

366.




KANPOVOUOUNEVOC KAPKIVOC TTAXEOC EVTEPOU ME
LMIKPOOOPUPOPIKN aoTaBelia- guvopopo Lynch

Pathways to mismatch repair deficiency in colorectal cancer

v v
Germline mutation Biallelic MLH1 methylation
(MLH1, MSH2, MSH6, PMS2) CIMP*
v v
Lynch syndrome (~3%) Sporadic (~12%)

[ |

!

Deficient MMR repair
Second hit
(mutation, LOH, ———»
methylation) v
Microsatellite instability (MSI)
Frameshift mutations in genes
with coding microsatellites BRAFV600E
l mutation
Other mutations o )
Sinicrope, Frank A., and Daniel J. Sargent.
Colorectal cancer "Molecular pathways: microsatellite instability in
, - colorectal cancer: prognostic, predictive, and
© 2012 American Association for Cancer Research .. . . " ..
therapeutic implications." Clinical cancer research
CCR Molecular Pathways AR

18.6 (2012): 1506-1512.



2.UvOpopo Lynch

H auyvoTtepn KAnpovopoupevn nopepn Kapkivou tou NEZ pe nAikia ep@aviong
Ta 41-54 £€1n

KAIVIKG kpitr)pla (Revised Bethesda):

- nAIKia didyvwaong <50

- Kapkivwpa ye 1otoloyia oupBari pye MSI-H o€ nAikia <60

- oUuyxpoVva N METAXPOVA KAPKIVWHATA AAAWYV opyavwy cuuBaTta ue
ouvdpopo Lynch

loTOAOYIKG KPITRAPIA:

2UXVOTEPN EVTOTTION OTO OECI0 KOAOV

BAevvwoec/HUEAOEIDEC ) XANNARG dIA@OPOTTOINONG KAPKIVWHA JE IKAVOU
BaBuou @Aeyuovwdn diINBnon

[eveTiKEC peTaAAGCelic oe MMR yovidia ) Tou yovidiou EPCAM



To ouvdpopo Lynch ogeileTal o€ YEVETIKEC METAAAACEIC
yovidiwv £1TiIdI0p0waon¢ Ttou DNA

Single-base mismatch Repeat mismatch
G , GTGT
! 5 GT GT
CACACA

5!
3"
Mismatch ! Mismatch
l DNA polymerase
+
Exonuclease DNA ligase
5 Carf ¥
3! l 5
5 3
g 5

Completion of mismatch repair

Masuda, K., & Banno, K. (2012). DNA Mismatch Repair ( MMR ) Genes and Endometrial Cancer.



H eAattwpatikn €mmdiopwaon Tou DNA TTpoKaAEi
HIKpodopuopikn acTaBeia (microsatellite instability-MSI)

ATGAAALAARATTC
TACTTTTTTTT ARG

DNA replication & DNA replication

normal defect L\
ATGAALARAAATTC ATGAAAATTC p 8
TACTTTTTTTTAAG TACTTTTAAG RS SR
ATGAAADDAMNTTC ATGALRAATTC
TACTTITTTTTTAAG TACTTTTAAG

1 i ﬁﬂ T (MSI)

- . - i ,_,,J“J*\\M,JM\_

MSS MSI

Van Lier, Margot GF, et al. "Underutilization of microsatellite instability analysis in colorectal cancer patients at high risk for Lynch syndrome." Scandinavian
journal of gastroenterology 44.5 (2009): 600-604.



O1 repicooTepol MSI kapkivol O oxeTiCovTal PE
ouvopouo Lynch

Lynch syndrome <germline=

DNA MMR model
DNA MMR gene CMMRD
MutLa MutLa Sporadic CRC

B o <somatic> BRAF
w MLHIENS2 : (VBOOE)
WP Lynch-like i‘é
DO @) oo uarc>— GEITE

MutSa nakagmes — MutSp (Mut) (Mut] | (+2nd hit ]

Ny N

Y

Microsatellite
instability

[ MSI Chromosomal

£, T =1 m instability
“T"  1ibaseloop  2-4 baseloop Nenantigen+

base-basa

mismatch [:nse-rtlnn * deletion mlspair]

CpG island
methylator
phenotype

KRAS mutation DA mathylation

CTNNBA mutation miRNA alterations
Other alterations

progression rogressior

Imai, Kohzoh & Yamamoto, Hiroyuki. (2008). Carcinogenesis and microsatellite instability: The interrelationship between genetics and epigenetics.
Carcinogenesis. 29. 673-80
Evrard, Camille, et al. "Microsatellite Instability: Diagnosis, Heterogeneity, Discordance, and Clinical Impact in Colorectal Cancer." Cancers 11.10 (2019): 1567.



loTOAOYIKG eupnpam oupBaTa ps 0uv6p0|.lo Lynch (1)

Gonzalez, R.S., Washington, K. & Shi, C. Current applications of molecular pathology in colorectal carcinoma. Appl Cancer Res 37, 13 (2017)



Shia, Jinru, et al. "Lynch syndrome-associated neoplasms: a discussion on histopathology and immunohistochemistry." Familial cancer 12.2 (2013): 241-260.



2.UvOpouo Lynch pe atmrwAsia ékppaong MSH2/MSHG6

Spoto, C. P., Gullo, ., Carneiro, F., Montgomery, E. A., & Brosens, L. A. (2018, May). Hereditary gastrointestinal carcinomas and their precursors: An algorithm
for genetic testing. In Seminars in diagnostic patholoagy (VVol. 35, No. 3. pp. 170-183). WB Saunders.



2.UvOpouo Lynch pe atmmrwAsia ékppaonc MLH1/PMS2

Lynch syndrome screening network



[10TE XpEIACETAI YEVETIKO TECQT YIA TN OlAyvVwWaOnN

ouvOpouou Lynch;

MSHZ/MSHE loss of staining
MEHE Isolated lozs of staining
PM52 isolated loss of staining

L
L

In favor of Lynch syndrome

Oncogeneticist advice
Genetic testing

dME tumor

MLH1 and PMS2 loss of staining

Colorectal cancer only

no o5

T

Sporadic tumor

¥

Courtesy of Janick Selves



2.UVOPOUA QUOPTWHATWOWY TTOAUTTOOWV

Genes Hallmark features Cancer by site Approx. mutation
detection rate (%)
Juvenile polyposis syndrome  SMAD4, BMPRIA - Multiple Gl-polyps, epistaxis® telangiectasia® Colon, rectum and stomach 60% [2]
PTEN-hamartoma syndrome;  PTEN Lhermitte-Duclos disease, trichilemmoma,  Breast, thyroid, uterus, colon Up to 80% [6]
Cowden Syndrome skin hamartoma, macrocephaly,
PTEN-hamartoma syndrome; PTEN Macrocephaly, lipomatosis, pigmented As above &0% [7]
Bannayan-Riley-Ruvalcaba macules of the glans penis
Peutz-Jeghers syndrome STKI (LKB1) Mucocutanous melanosis and polyposis Colon, stomach, breast, pancreas  80%-94% [8]
of the Gl-tract {cervix, ovarian)

Hereditary mixed polyposis  (BMPRIA, GREMI)  Atypical polyposis with juvenile polyps, Colon and rectum Unknown
syndrome adenomas, hyperplastic and inflammatory

*In SMADE mutation carriers.

Jelsig, Anne & Qvist, Niels & Brusgaard, Klaus & Nielsen, Claus & Hansen, Tine & Ousager, Lilian. (2014). Hamartomatous polyposis syndromes: A review.
Orphanet journal of rare diseases. 9. 101. 10.1186/1750-1172-9-101.



2.UvOpouo Peutz-Jeghers

KAIVIKG KPITAPIA:
- 3 TOUAGXIOTOV QUOPTWHATWOEIC TTOAUTTOOEC
- 1 apapTwPaTWoNS TTOAUTTOdAG PE BETIKO OIKOYEVEIOKO IOTOPIKO
- MeAayxpwpaTikéS BAaTidEC 0TO OEPHUA 1] OTOUG BAEVVOYOVOUGS

loTOAOYIK& EupruaTa:
- APOPTWHATWOEIC TTOAUTTOOEG HE AAXVWTH) dIAUOP@WAN KAl UTTEPTTAQCIA TWV
Agiwv pUIKwV IVwV o€ OAo TO TEX

[eVETIKOC EAEYXOC: ATTapaiTnTN YIa TN OIAyvVwaon N TTapOoUdia YEVETIKAG METAANACNS
oT1o yovidio LKB1/STK11

AugnuEVOC KivOuvog yia TNV EJPAVION KOPKIVOU OTOUAXOU, TTAXEOC EVTEPOU Kal
TTAYKPEATOG



KAIVIKN €IKkOva ouvdpouou Peutz- Jeghers

Kopacova M, Tacheci I, Rejchrt S, Bures J. Peutz-Jeghers syndrome: Diagnostic and therapeutic approach. World J Gastroenterol 2009;
15(43): 5397-5408



loTOAOVYIKN €IKOVa ocuvdpouou Peutz-Jeghers

[MoAuTrodag TTax£og eviEpou

MoAuTtrodag oTopayou

Spoto, C. P., Gullo, I., Carneiro, F., Montgomery, E. A., & Brosens, L. A. (2018, May). Hereditary gastrointestinal carcinomas and their precursors: An algorithm
for genetic testing. In Seminars in diagnostic pathology (Vol. 35, No. 3, pp. 170-183). WB Saunders.



2UUTTEPAC AT

H avayvwpion Twv KAnpovououuevwy veEOTTAaopAaTwy Tou NEX gival peiovog
onuaciag T600 YIa TOUC aoBEVEIC OO0 Kal YIA TIG OIKOYEVEIEC TOUC

O 1TaBoAoyoavatouog agloTrolEi TIC TTANPOPOPIES ATTO TO IOTOPIKO TOU
aoBevouc kal avayvwpilel Ta Tlava KAnpovopouueva cUuvOopoua

O 1TaBoAoyoavatopog gival uTTEUBUVOC yia Eva TTPWTO EAEYXO, TA
ATTOTEAECATA TOU OTTOIOU Ba KaBopioouv av XPeIAleTal TTEPAITEPW YEVETIKOG
EAEYXOC Kal Ba KaBodNyroouV TN YEVETIKI) CUMPBOUAEUTIKNA

H avTigeTwTmion acBevwv Ye KANPOVOPOUUEVA VEOTTAAOMATO OTTAITEI TNV
ayaoT ouvepyaaoia TTOANWVY €I0IKOTATWY OTA TTAQICIA £CEIDIKEUPEVWV
OYKOAOYIKWY OUUBOUAiwV
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