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A Strong Candidate for the
Breast and Ovarian Cancer
Susceptibility Gene BRCA1
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A strong candidate for the 17g-linked BRCA1 gene, which influences susceptibility to
breast and ovarian cancer, has been identified by positional cloning methods. Probable
predisposing mutations have been detected in five of eight kindreds presumed to seg-
regate BRCAT1 susceptibility alleles. The mutations include an 11-base pair deletion, a
1-base pair insertion, a stop codon, a missense substitution, and an inferred regulatory
mutation. The BRCAT1 gene is expressed in numerous tissues, including breast and ovary,
and encodes a predicted protein of 1863 amino acids. This protein contains a zinc finger
domain in its amino-terminal region, but is otherwise unrelated to previously described
proteins. Identification of BRCA1 should facilitate early diagnosis of breast and ovarian
cancer susceptibility in some individuals as well as a better understanding of breast
cancer biology.

cer is often familial in origin, although the
risks in relatives are not as high as those for
early-onset breast cancer (10, 11). The per-
centage of such cases that are due to genetic
susceptibility is unknown.

Like many other genes involved in fa-
milial cancer, BRCAI appears to encode a
tumor suppressor, a protein that acts as a
negative regulator of tumor growth. Can-
cer-predisposing alleles typically carry mu-
tations that cause loss or reduction of gene
function. Predisposition to cancer is inher-
ited as a dominant genetic trait, whereas
the predisposing allele generally behaves as
a recessive allele in somatic cells. Thus, a
single inherited copy of the mutant allele
causes predisposition, and loss or inactiva-
tion of the wild-type allele completes one of
the steps in progression toward malignancy.
When chromosome loss is observed in
breast and ovarian tumors from patients i
who carry BRCAI predisposing alleles, the §
wild-type copy of BRCA! is invariably lost =
while the presumptive mutant allele is re- &Y
tained (12-14). This finding supports the'§
hypothesis that BRCAI is a tumor suppres- 8
sor gene and suggests that the functional =
BRCA1 protein is present in normal breast &
and ovarian epithelium tissue and is altered, 2
reduced, or absent in some breast and ovar- =
ian tumors.

Genetic analysis of recombinant chromo-
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LETTERS TO NATURE

(GSK3-u). was the site of phosphorylation in each phospho-
Peplide. both in vitro (Fig. 4b) and in vive (not shown). The
’P-labelling of other (more acidic) tryptic phosphopeptides was
not increased by insulin (Fig. 4d). These peptides have been
noted previously in GSK3 from A431 cells and shown to contain
phosphoserine and phosphotyrosine''.

PKC-8. € and { are reported to be activated by mitogens. and
PKC- activity is stimulated in vitre by several inositol phospho-
lipids, including PI(3,4.5)P;, the product of the PI 3-kinase
reaction’. However, purified PKC-¢”", PKC-3 and PKC-{ (data
not shown) all failed to inhibit GSK3-a or GSK3-f
in virro. Moreover, although PKC-a, Bl and y inhibit GSK3-p
in virro” | GSK3-u is unaffected, while their downregulation in
L6 myotubes by prolonged incubation with phorbol esters abol-
ishes the activation of MAPK AP kinase-1 in response to subse-
quent challenge with phorbol esters, but has no effect on the
inhibition of GSK3 by insulin (not shown).

Taken together, our results identify GSK3 as the first physio-
logically relevant substrate for PKB. The stimulation of glycogen
synthesis by insulin in skeletal muscle involves the dephosphory-
lation of Ser residues in glycogen synthase that are phosphoryla-
ted by GSK3 in vitro®. Hence the 40-50% inhibition of GSK3 by
insulin, coupled with a similar activation of the relevant glycogen
synthase phosphatase™, can account for the stimulation of gly-
cogen synthase by insulin in skeletal muscle’ or L6 myotubes™.
The activation of glycogen synthase and the resulting stimulation
of glycogen synthesis by insulin in L6 myotubes is blocked by
wortmannin, but not by PD 98059 (ref. 29), just like the activa-
tion of PKB and inhibition of GSK3. However, GSK3 is unlikely
to be the only substrate of PKB in vivo, and identifying other
physiologically relevant substrates will be important because
PKB-p is amplified and overexpressed in many ovarian
neoplasms™.
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Ailesel Meme-Over Kanseri
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Strand invasion

BRCA1-2

Roy R et al., Nat Rev Cancer, 2012




Function

BRCA1

Recruitment to
DNA damage sites

DNA end

resection

G2/M checkpoint

S-phase
checkpoint

Repair during
DNA replication

HR

BRCA2
HR

BRCA1-2

Domain

BRCT
BRCTand RING?

BRCT
BRCT

SCD (51423 and S1524
phosphorylation)

SCD (51387 phosphorylation)
BRCT
BRCT

Coiled-coil and 5988
phosphorylation

BRC
DBD
N terminus

C terminus

Direct
binding

Abraxas
CtIP

Abraxas
CtlP
ATM

ATM
BRIP1
BRIP1

PALB2

RAD51
DSS1
PALB2
RAD51

Indirect
binding

RAP80
MRN complex

RAP80

MRN complex
MRN complex

MRN complex
TOPBP1
TOPBP1

BRCA2

BRCA1
CDK2

Roy R et al., Nat Rev Cancer, 2012




BRCA1-2 Klinik

BRCAl BRCA2
T 95%CI ¥ 95%CI
n (%)* n(%)* OR 2 OR =

Morphelogy
Invasive Ductal 2387 (80) 1,515 (83) 1.00 - - -
Invasive Lobular 67 (2.2) 153(8.4) 33 (2444

Medullary ¢ 28194 4022 025 (0.18-035) - -
Other 258 (8.6) 116 (6 4) 0281 (0.63-1.02) - -
ER,PR,HER2, TN
ER-positive 625 (22) 1LAT5(TT) 114 08-132 100 82-121
[PR-Pnsitive 539 (21) 1,084 (64) ] 6.8 58-19 55 45-66
HER2-positive 138 (10) 121 (13) 15 11-21 13 09-19
Non-TN (vs. TN) 411 (31) 700 (84) 110 88-138 90 68-118
Grade
Grade 1 64 (3) 100 (7) 10 - 10 -
Grade 2 481 (20) 603 (43) 101 072-144 11 067-18
Grade 3 1.822(77) 711 (50) 032 023-045 071 044-117

Mavaddat N et al. Cancer Epidemiol Biomarkers, 2012




Ailesel Meme-Over Kanseri (HBOC)

Kadin Meme 50-80 40-70
Over <40 <20
Prostat <30 <39
Pankreas 1.3-3.2 2.3-7

Shannon MK et al.Breast Cancer Screening and Diagnosis, 2015




BRCA1 Tasiyicisi | BRCAZ Tasiyicisi

25 0 0 0 0

30 2 1 1 0
35 7 2 4 0
40 16 4 7 0
45 30 8 14 0
50 41 15 20 1
55 50 20 26 3
60 55 27 31 5
65 59 33 36 7
70 64 38 49 9
75 69 43 60 11
80 74 48 69 12

Firth HV et al. ODR, Clinical Genetics, 2008




BRCA1-2

 Reziduel risk:

— BRCA1 mutasyonu tasiyan 50 yasindaki hasta
olmayan kadin, geriye kalan hayatindaki meme
kanseri riskini 6grenmek istiyor:

100-80 yasina kadar hastalik gelistirme riski

100-X yasina kadar hastalik gelistirme riski

1- (100-74)/(100-41)=1-26/59=0,56 %56



BRCA1-2

e Kontrolateral Meme Ca gelistirme riski

BRCA1 Tasiyicisi BRCA2 Tasiyicisi

Yas
40
50
60
70
80

33
50
60
65
70

18
37
48
52
57

Firth HV et al. ODR, Clinical Genetics, 2008




Erkek Meme Kanseri

Meme Ca ve erkek
kanserlerin %1’i

— Israil: 1,08/100bin/yil
— Tayland 0,14/100bin/yil

Postmenapozal kadin
meme kanserine benzer

En onemli risk faktoru aile

oykusu

— 1. derece akraba 2-5 kat
risk artisi

%10 herediter

Population
frequency

Cancer risk
(odds ratio)

2435, 6q25.1
(ESRI), 10921.2,
11q133,
12p11.22, 14q24
(RADS5ILI) and
16q12.1 (TOX3)

<0.1% MAF 1% MAF >10%

>10.0 >2.0 0.76-1.57

Rizzoli P et al. Annals of Oncology, 2013




ACMG

Breast cancer, female e Breast cancer dx at age <50

e Triple-negative breast cancer dx at age <60
e >2 primary breast cancers in the same person
e Ashkenazi Jewish ancestry and breast cancer at any age

e >3 cases of breast, ovarian, pancreatic, and/or aggressive prostate cancer in close
relatives, including the patient

e Breast cancer and one additional LFS tumor (Table 5) in the same person or in two
relatives, one dx at age <45

e Breast cancer and =1 PJ polyp in the same person

e Lobular breast cancer and diffuse gastric cancer in the same person

e Lobular breast cancer in one relative and diffuse gastric cancer in another, one dx at
age <50

e Breast cancer and two additional Cowden syndrome criteria (Table 4) in the same
person

Breast cancer, male e Single case present

-

Ovarian/Fallopian tube/ I- Single case present in the patientor a FDR
primary peritoneal cancer

Hampel H et al. Genetics in Medicine, 2014




Box 1.1 NCCN Criterla for Referral to Genetlcs Provider: Heredltary Breast and/or Ovarlan Cancer Syndrome Testing
Criterla *®< (V4.2013)

Individual from a family with a known deleterious BRCAT/BRCA2 mutation

r* + one or more of the following:
* Diagnosed at age <435 years
. o0 breast primaries® when first breast cancer diagnosis occurred < age 50 years
* Diagnosed at age <50 years with >1 close blood relative with breast cancer at any age or with a limited family history
+ Diagnosed at age <60 years with a triple-negative breast cancer
» Diagnosed at any age with >1 close blood relative’ with breast cancer diagnosed <50 years
» Diagnosed at any age with >2 close blood relatives’ with breast cancer at any age
* Diagnosed at any age with > 1 close blood relative with epithelial ovarian cancer
= Diagnosed at any age with =2 close blood relatives® with pancreatic cancer or aggressive prostate cancer (Gleason score =7) at any age
* Close male blood relative® with breast cancer

+ For an individual of ethnicity associated with higher mutation frequency (e.g., Ashkenazi Jewish), no additional family history may
be required.®

Personal history of epithelial ovarian® cancer

Personal history of male breast cancer

Personal history of pancreatic cancer or aggressive prostate cancer (Gleason score >7) at any age with >2 close blood relatives'
with breast and/or ovarian® and/or pancreatic or aggressive prostate cancer (Gleason score >7) at any age

Family history only (significant limitations of interpreting test results for an unaffected individual should be discussed):

* First- or second-degree blood relative meeting any of the above criteria

* Third-degree blood relative with breast cancerd and/or ovarian® cancer with >2 close blood relatives’ with breast cancer (as least one
with breast cancer <50 years) and/or ovarian® cancer

* (linical judgment should be used to determine if the patient has reasonable likelihood of a mutation, considering the unaffected
patient’s current age and the age of the female unaffected relatives who link the patient with the affected relatives

= Testing of unaffected individuals should only be considered when an appropriate affected family member is unavailable for testing




BRCA1-BRCAZ2

737 olgu

— 90 bagimsiz olguda mutasyon
e Dinyada ilk defa tanimlanan 12 mutasyon

— %12,2

BRCA1l
— 44 olguda

e 37 farkh mutasyon

e 5over kanseri

e 1 ailede over kanseri
e Ortalama taniyasi:46

BRCA2
— 46 olguda

39 farkh mutasyon

3 over kanseri

1 ailede over kanseri
Ortalama taniyasi:51,5




PARP Inhibitérleri

e poly-(ADP-ribose)
polymerase (PARP)
— DNA kirik tamiri

Single-strand break

|

PARP inhibitors l

* PARP+BRCA1/BRCA2 PSSO

Double-strand breaks
|

- i !
— Sentetik letal p i)

Normal cell

Repair by No homologous
homologous recombination
recombination No repair

DNA repaired
* ATM RN RO -
Cell survival Cell death DNA epalred '
* PTEN

Sonneblick A et al. Nature Reviews Clinical Oncology, 2015




Ailesel Meme-Over Kanseri

Sendromlari

BRCA iliskili HBOC

Li-Fraumeni
— TP53
— Hayat boyu kanser riski %100
— Meme CA riski 60 yasina kadar %50

Peutz Jeghers

— STK11
— Mukokutanoz lezyonlar (%95)

— Meme Ca
* %55

— Over Ca
* %21

Soft-tissue sarcoma
Osteosarcoma

Brain tumor

Breast cancer (often early onset)
Adrenocortical tumor

Leukemia

Bronchoalveolar cancer
Colorectal cancer




Ailesel Meme-Over Kanseri

Sendromlari

e PTEN Hamartom Tiimér Sendromu
— PTEN

— Hayat boyu Meme Ca riski
* %85

— Endometriyal kanser

* Kalitsal Difftiz Gastrik Kanser Sendromu
— CDH1
— Invaziv Lobuler Meme Ca
© %60
e Lynch Sendromu
— HNPCC (MSH2, MLH1, MSH6, PMS2, EPCAM)
— Kolon, EM, Over ve mide Ca

— Meme Ca iliskisi tartismali

* Ortaya ¢ikma yasi 44-65

— Multigen paneller sayesinde
* 112/21 olguda HBOC kriterleri



Ailesel Meme-Over Kanseri

200 ! TP53 !
' BRCA1 1
1 STK11 1
i PALB2 1
' PTEN 1
00— BRCAZ
" CDH1 "
— ! 1
o 1 ||
O 50— i
1] 1 |
= I [
E » R
- 20— NBN ATM
= RADSQ
i ol
BLM  chez
15— TOX3
CCDN1
CDKN2A MDM4 TERT
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Minor Allele Frequency (%)

Bogdanova et al. Herediatry Cancer in Clinical Practice, 2013




MiSeq TruSight Cancer

AIP CEBPA FANCA KIT PRF1 SLx4

ALK CEP57 FANCB MAX PRKAR1A | SMAD4
APC CHEK2 FANCC MEN1 PTCH1 SMARCB1
ATM CYLD FANCD2 MET PTEN STK11
BAP1 DDB2 FANCE MLH1 RAD51C SUFU
BLM DICER1 FANCF MSH2 RAD51D TMEM127
BMPR1A DIS3L2 FANCG MSH6 RB1 TP53
BRCA1 EGFR FANCI MUTYH RECQL4 TSC1
BRCA2 EPCAM FANCL NBN RET TSC2
BRIP1 ERCC2 FANCM NF1 RHBDF2 VHL
BUB1B ERCC3 FH NF2 RUNX1 WRN
CDC73 ERCC4 FLCN NSD1 SBDS WT1
CDH1 ERCC5 GATA2 PALB2 SDHAF2 XPA
CDK4 EXT1 GPC3 PHOX2B SDHB XPC
CDKN1C EXT2 HNF1A PMS1 SDHC

CDKN2A EZH2 HRAS PMS2 SDHD

Cumulative target region size
Number of target genes
Number of target exons

Probe size

Number of probes
Recommended mean coverage
Target minimum coverage

Percent exons covered based on coverage metrics

255 Kb
94

> 1,700

80-mer

~4,000
100x
20x

= 95%




Meme Over Kanser Paneli

e BRCA1 BRCA2 (-)
* Aile oykusu (+)
— 36 olgunun 12’sinde

 PALB2 geninde 1’i daha dnceden tanimli 1’i yeni
* CHEK2 geninde 1’i daha onceden tanimli 1’i yeni
 ATM geninde tanimli 2
« RAD51 geninde 1 yeni
 FANCI geninde 1 tanimli
e SLX4 geninde 1 tanimli
 TP53 geninde 1 tanimli

 CDH1 geninde 1 tanimli
* BRIP1 geninde 1 yeni



Jinekolojik Kanser

e Kadinlarda
— Tum kanserlerin

* %16,3
— Kanserden olumlerin — .
Annual incidence and mortality
b % 13 ,9 rates of female cancers worldwide

Cancer Incidence vs Cancer Mortality

Serviks>Uterus>Qver . . . .

° U te r u S Ca Uterus Breast Cer\nx Ovary
?3 854 458 503 275 DOB 140 163
— %5 S
* Over Ca

— %20

Constantinouet P et al., Best Practice & Research Clinical Obstetrics and Gynaecology, 2017




Over Kanseri

e Kadinlarin en sik 7. kanseri
— Yasam boyu risk
¢ %2
— %90 EOC

* %30-70 seroz adenokarsinom

* Aile oykisu en 6nemli risk faktori

— 1. derece akraba
e 1 tane 3 kat
e 2 tane 6 kat

Constantinouet P et al., Best Practice & Research Clinical Obstetrics and Gynaecology, 2017




Over Kanseri

e Kalitsal over kanseri

— Daha erken baslangicli
— Aile oykusu daha fazla pozitif

— Eslik eden kanserler mevcut
* HBOC
— Meme

* Lynch Sendromu
— Kolon
— Endometrium

Constantinouet P et al., Best Practice & Research Clinical Obstetrics and Gynaecology, 2017




Over Kanseri

 BRCA1-2 pozitif olgularda

— %60-100 seroz adenokarsinom

— High Grade ser6z EOC

— Prekirsor lezyon
* Fallopian tlpler

Constantinouet P et al., Best Practice & Research Clinical Obstetrics and Gynaecology, 2017




Over Kanseri-Lynch Sendromu

* Hayat boyu over ca riski
— %10

* Tum kalitsal over kanseri olgularinin
— %10-15i

|

CTAGGTTA ==
GATCCGAT

* Mutasyon
— MLH1 ve MSH2

* Baslangic yasi
— Hem sporadik hem de HBOC’den erken

 Dusuk grade

* Histopatolojik tip karisik

e  BSO+histerektomi

Constantinouet P et al., Best Practice & Research Clinical Obstetrics and Gynaecology, 2017




Over Kanseri

* Profilaktik BSO

— Qver CA riskini
* %80-96 azaltir

— Mortaliteyi
* %60-70
— Klcuk bir oranda primer peritoneal Ca riski kalir
— Onerilen yas
* BRCA1
— 35-40
* BRCA2
— 40-45

Constantinouet P et al., Best Practice & Research Clinical Obstetrics and Gynaecology, 2017




Endometriyal Kanser

* Yasam boyu risk %2,4

— 65-70 yas grubunda %6

e Uterus kanserlerinin

— %95 endometriyal kanser
* %85 endometrioid

e Riskler
— Obezite

— Tamoxifen

— HRT

Constantinouet P et al., Best Practice & Research Clinical Obstetrics and Gynaecology, 2017




Endometriyal Kanser

e Aile 6ykusu

Autosomal dominant

— %5 Mge L @ vt
— 20-54 yaslari arasinda risk fazla !
|

r T
| |
et
|
| .rl '- |
| :" i
' [ %
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* Lynch Sendromu
— Kolorektal+endometriyal kanser
— %2
— OD kalitim

B Unaffected
| | Affected

Constantinouet P et al., Best Practice & Research Clinical Obstetrics and Gynaecology, 2017




Endometriyal Kanser

e 70 vyasina kadar EK riski

— %39
Lifetime Risk of Cancer

— M e d i a n ya § 47 5 o General Population vs Lynch syndrome
) 70.00

60.00 —j

— MSHG6 en yuksek risk o

Polpulation

° ® Risk of Cancer in Lynch syndrome
5 4000 — (%)

90.00

* %26-71 )
— PMS2 en dusuk risk
* %15

* 40 yasindan sonra
— Histerektomi +BSO

Constantinouet P et al., Best Practice & Research Clinical Obstetrics and Gynaecology, 2017




Herediter Servikal Kanser

* Peutz Jeghers S.
— STK11
— OD
— GIS hamartomatoz polipozis
— Kansere yatkinlik

 Adenoma malignum
— Yasam boyu risk %10

* Overyan seks kord tumor
* Meme
* Ince bagirsak

— Profilaktik histerektomi dusinulebilir

Constantinouet P et al., Best Practice & Research Clinical Obstetrics and Gynaecology, 2017
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Vulva Kanseri

Fankoni Anemisi

— OR

— Klinik bulgular

Boy kisaligi

Radial ray anomalileri
Mikrosefali

KI disfonksiyonu

Vulva kanseri
— 2411 kat risk artisi

Alter BP et al., Br J Haematol, 2010




Kolorektal Kanser

* Gorulme sikhginda
— 3. (1 milyon yeni tani/yil)

e Kanserden oliimlerde
— 4. (600.000 ex/vyil)

* %30-35 genetik faktorler (ailesel)
— %5’ i iyi tanimlanmis Mendeliyan kalitim

Patel SG et al. Curr Gastroenterol Rep. 2012

Esteban Jurado C et al. World J Gastroenterology, 2014




Kolorektal Kanser

N
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Kolorektal Kanser

Non polipozis ile giden kolon kanserleri
Lynch Sendromu (LS) MMR

Polipozisile giden kolon kanserleri

Adenomatoz polipozis
Familyal adenomatoz polipozis (FAP) APC
Attenuated familyal adenomat6z polipozis (AFAP) APC
MUTYHile iligkili polipozis (MAP) MUTYH

Hamartomatéz polipozis

Peutz-Jeghers sendromu (PJS) STK11(LKB1)

Juvenile polipozis sendromu (JPS) SMAD4, BMPR1A T

Cowden sendromu (CS) PTEN e
‘:1:&0

Lynch Sendromu
(HNPCC)
%2-3

Hamartomatde Adesel Adenoenatae
Polipozis Sendroenlan Polipozis

<01% <1%




1/8324 canli dogum

APC geni

Kolon ve rektum da 100-1000 polip

Cerrahi yapilmazsa 40-50 yasinda
— %100 kolorektal kanser

Olgularin %30 unda mutasyon saptanamaz

Lee GH et al. World J Gastroenterology, 2014




FAP- Ekstrakolonik

* Malign
— Duedonal kanser en sik 2. kanser
* %4-12 yasam boyu risk

— Pankreatik, tioid, hepatoblastom ve medullablastom kiimulatif
riski %1-2 arasinda

* Benign
— CHRPE
— Osteom
— Epidsermoid kist
— Fibrom

— Desmoid timorler
* APC geni 1444. kodon sonrasi mutasyonlar



Attenuated Familyal Adenomatoz

Polipozis (AFAP)

* FAP’ In daha hafif formu
— 100 altinda polip
— Gec¢ baslangic
— FAP’ In %8’ |
— CRC gelisme riski %70

e APCyada MUTYH geninde
— %72

* APC genindeki mutasyonlar
— Kodon 157’ den 6nce
— Kodon 1595’ ten sonra
— Ekzon 9 alternatif splicing” e ugrayan fragmaninda



* APC geni
—50921-922
— 16 ekzon,2843 aa
— 1683 mutasyon

—
D 4
@
@‘ Ubiquitin-
£6-) @ oo 050
(]
20/ %
TCF Targels| |
Y/ AN/ A\V/A\V/ A\V/
\\N“ﬁ"is,/ A

* Non sense ve frameshift mutasyonlar

— %15-20 de novo

Mutation cluster region

Oligomerization  15aa repeats (x3) SAMP repeats (x3) EB1 binding
domain (B-catenin binding) {Axin binding) domain

7 TSI LTS

NH2 —

LA TITTTTTS

FLLT IS

Armadillo 20aa repeats (x7) Basic domain DLG
repeats (x7) (p-catenin binding) (Microtubule binding)  binding
domain

Genetics of Colorectal Cancer, Springer, 2009




APC Genotip Fenotip Korelasyonu

Groups Genotype Gene and codons

Unclassified mutation 0 —

Mild FAP (5" mutations) 1 APC 0-178, alteratively spliced region of
exon 9 (312-412)

Mild FAP (3" mutations) 2 APC =1550

Classical FAP 3 APC 179-1249 (excluding 312-412 of
exon 9)
Severe FAP 4 APC 1250-1549
MAP 5 Chromosome 1 position 34.3-32.1
Genotype 1: APC Genotype 3: APC
Genotype O: 0-178, alternatively 179-1249 Genotype 4:
unknown spliced region of Genotype 2: (excluding APC
mutation exon 9 (312-412) APC >1550 312-412 of exon 9)  1250-1549
Total number of 19 (10.9%) 26 (14.9%) 26 (14.9%) 73 (41.71%) 31 (17.7%)

samples (h = 175)

Median age of onset of 20.3(12.4-28.2) 35.6(34.6-36.6) 32.2(19.0-45.4) 15.9 (13.8-18.0) 14.8 (11.11-18.6)
polyps (years)

Mean age of onset of 19.6 (16.3-22.8)  37.4 (31.6-43.2) 29.1 (23.6-34.6) 21.5(18.6-24.5) 19.40 (16.2-22.6)
polyps (years)

Newton KF et al. Clin Genet, 2012




APC Genotip Fenotip Korelasyonu

Genotype 1: APC

Genotype 3: APC

Genotype 0: 0-178, alternatively 179-1249 Genotype 4: Genotype 5:
unknown spliced region of Genotype 2: (excluding APC MutyH
mutations exon 9 (312-412) APC =1550 312-412 of exon 9) 1250-1549 (chromosome 1)
Total number of samples (%), 80 (18.7) 49 (11.5) 52 (12.2) 175 (40.9) 60 (14.0) 12 (2.8)
n=428
Number of dead patients (%) 31 (38.8) 12 (24.5) 21 (40.4) 54 (30.9) 22 (36.7) 4(33.3)
Censored data (%) 49 (61.3) 37 (75.5) 31 (59.6) 121 (69.1) 38 (45.0) 8 (66.7)
Cause of death CRC (%) 20 (B64.5) 6 (60.0) 9(42.9) 34 (63.0) 12 (54.5) 3(75.0)
Cause of death, other 2(6.5) 3(25.0) 5(23.8) 5(9.23) 5(22.7) 1(25)
FAP-related tumour (%) 1 duodenal cancer 2 duodenal canc 1 hepatoblastom 1 duodenal cancer 1 duodenal cancer 1 gastric cancer
1 pancreatic 1 thyroid cancer 4 desmoids (19.0p) 1 oesophageal 1 pancreatic

Cause of death, unrelated (%)

Cause of death unknown (%)
Median survival (years) and
95% Cl

cancer

3(9.7)
5(16.1)
56.6 (44.3—

3 (25.0) 5 (23.8)
0 2(9.5)
74.9 (59.0-90.8) 61.0 (50.0-72.0)

cancer
1 gastric cancer

cancer
1 bony turmour

2 desmoids 1 desmoid
1 hepatoblastom
9(186.7) 3(13.7)
6(11.1) 21(9.1)
63.0 (56.3-69.8) 48.1 (40.6-55.6)

0
0
69.7 (no Cl as high
proportion
censored data)

Newton KF et al. Clin Genet, 2012




MUTYH ile lliskili Polipozis (MAP)

KRK—>%0.3-1
10-100 adenom

Ortalama tani yasi 45

Klinik olarak AFAP’a benzer

— FAP/AFAP’ta goriilen ekstrakolonik ve
ekstraintestinal bulgular + ama daha nadir

KRK gelisme riski %35-63

APC (-) polipozisli olgularin %20-30’unda
MUTYH +



« MUTYH geni

B TLI T e

CGAGTAGG

— Otozomal resesif kalitim U _Jl

GLYCOSYLASE

— Base excision repair i o

CGAGTAGG

— APC, KRAS geninde . ‘1 —

PHOSPHODIESTERASE
REMOVE SUGAR PHOSPHATE

* G:C-T:A transversiyonu

DNA helix
with single
nucleotide gap
CGAGTAGG

DNA POLYMERASE ADDS NEW
NUCLEOTIDES, DNA LIGASE
SEALS NICK

GCTCATCC

CGAGTAGG

oxidative damage 0GG1

{ r}oe
:g: ‘ _OCG— @ OAG [reptication _1—

A

MUTYH
impaired MUTYH ~~ G:C - T:A transversions in APC, KRAS, etc.

Yamaguchi S et al. Surg Today, 2014




Diger Kolonik Polipozis Sendromlari

Syndrome

Hyperplaplastic

polyposis
MAP

Peutz—Jeghers

Juvenile
polyposis

Cowden's

Phenotype
Multiple hyperplastic polyps

10-100 adenomatous
polyps
Hamartomatous polyposis

and mucocutaneous
pigmentation

Multiple gastrointestinal
hamartomas

Hamartomatous polyposis
and benign cutaneous
tumours

Genetics
Unknown

MYH gene

Autosomal recessive
LKB1/STK11
Autosomal dominant

SMAD4

BMPR1A

PTEN

Autosomal dominant

PTEN

Autosomal dominant

Cancer risk

Colorectal 7-70%

Colorectal 80%

Colorectal 39%
Stomach 29%
Breast b4%
Ovarian 21%
Colorectal 68%

Gastric 15-21%

Breast 30-50%
Thyroid 10%

Screening
Colonoscopy 2-yearly

Colonoscopy 2-yearly
Gastroscopy 2-yearly

Colonoscopy 2-yearly
Gastroscopy 2-yearly
Small bowel

Breast and ovarian
Colonoscopy 2-yearly

Gastroscopy 2-yearly
Small bowel

Breast

Thyroid

Baseline endoscopy

Omundsen M et al. ANZ J Surg, 2012




PHTS

PTEN Hamartom Timor
Sendromu

— Cowden Hastalig

— Bannayan-Riley-Ruvalcaba S.
— Lermitte-Duclos Hastaligi

— Makrosefali-OSB
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DNA damage response



Cowden Hastaligi

OD
1/200 bin

Olgularin %35-60" inda polip

Melanoma, meme, tiroid, EM, kolorektal ve bobrek
kanserlerine yatkinlik

Number of cancers

Cancer Observed Expected SIR
Breast® 67 2.64 25.4
Thyroid 48 0.94 51.1
Endometrium? 24 0.56 42.9
Colorectal 12 117 10.3
Kidney 15 0.49 30.6
Melanoma 9 1.06 8.5
“Female subjects only.

Tan MH et al. Clin Cancer Res, 2012




Cowden Hastaligi

* PTEN mutasyonu
— Penetrans %80

— %80 olguda mutasyon saptanir

— Genotip fenotip korelasyonu yok

Tan MH et al. Clin Cancer Res, 2012




Herediter Nonpolipozis Kolorektal Kanser

(Lynch Sendromu)

Mutant olan gene bagl

o KRK; o Endometriyum kanseri;
® MLH1 - %80 ® MLH1 - %54
m MSH2 - %77 m MSH2 - %21
m MSH6 - %50 m MSH6 - %16
m EPCAM = %75 m EPCAM = %12

m PMS2 - %15-20 m PMS2 - %15




Herediter Nonpolipozis Kolorektal Kanser

(Lynch Sendromu)

Kanser Lynch Sendrom (%) Genel Populasyon
KRK - erkek 24-74 .

KRK - kadin 30-52

Endometriyum 2B-60 2
Owver 6-7 1
Mide 6-9 <1
ince barsak 3-4 <1
Pankreas < 1-4 1
Hepatobiliertrakt 1 Nadir
Uriner trakt 3-8 Nadir
Beyin 2-3 <1
Sebasoz deri 1-9 nadir
tumérid/keratoakantom




Herediter Nonpolipozis Kolorektal Kanser

(Lynch Sendromu)

* Mikrosatellit sekanslarinin uzunluklarindaki degisiklikler—
mikrosatellit instabilte (MSI)

— MSI, malign hilicrelerde bozulmus DNA tamirinin bir gostergesi
— MMR eksikliginin molektler belirteci

* 5 tane mikrosatellit belirtec;
— 2- yeni allel MSI-High (MSI-H)
— 1 yeni allel MSI-Low (MSI-L)
— Degisiklik @ mikrosatellit stable (MSS)

 MSI-H olan timorlere-> MMR germline analizi +



Herediter Nonpolipozis Kolorektal Kanser

(Lynch Sendromu)

e 1991 yilinda Amsterdam Kriterleri
* 1999 yilinda Amsterdam 2 kriterleri

Amsterdam Il Kriterleri

En az 3 akrabada Lynchile iliskili kanser clmali

2 ya da daha fazla jenerasyon etkilenmeli

50 yasindan 6nce 1 ya da daha fazla akrabada tari almali
Olgulardan biri diger ikisinin birinci derece akrabasi olmali
FAP diglanmali

Tumér dokusu patolojik degerlendirmeden gecmeli




Herediter Nonpolipozis Kolorektal Kanser

(Lynch Sendromu)

1997 vyilinda Bethesda kriterleri
e 2004 yilinda Revize Bethesda kriterleri

— %90 sensitivite ve %80 spesifite
— Germline mutasyon tastyicilarin %70- 80’ini +

Revize Bethesda Kilavuzu
50 yas veya dncesi kolorektal kanser tanisi almis olmak

Yastan bagimsiz olarak senkronyada metokron kolorektal kanser veya Lynchile iligkli
diger timaorlerin bulunmas

60 yas altinda kolorektal kanserli olguda Lynch benzeri histoloji olmas

Bir veya daha fazla birinci derece akrabasinda KRK veya HNPCC iliskili timar bulunan
olgular, olgularin birinde kanser 50 yastan dnce saptanmig olmali

KRK'li bir olguda, yasa bakilmaksizin 1 veya 2. derecede akrabalarinda iki veya daha
fazla HNPCCiligkili tiimor bulunanlar




Kolorektal Kanser-Trusight Cancer

AlP CEBPA FANCA KIT PRF1 SLX4

ALK CEP57 FANCB MAX PRKAR1A | SMAD4
APC CHEK2 FANCC MEN1 PTCH1 SMARCB1
ATM CYLD FANCD2 MET PTEN STK11
BAP1 DDB2 FANCE MLH1 RAD51C SUFU
BLM DICER1 FANCF MSH2 RAD51D TMEM127
BMPR1A DIS3L2 FANCG MSH6 RB1 TP53
BRCA1 EGFR FANCI MUTYH RECQL4 TSC1
BRCA2 EPCAM FANCL NBN RET TSC2
BRIP1 ERCC2 FANCM NF1 RHBDF2 VHL
BUB1B ERCC3 FH NF2 RUNX1 WRN
CDC73 ERCC4 FLCN NSD1 SBDS WT1
CDH1 ERCC5 GATA2 PALB2 SDHAF2 XPA
CDK4 EXT1 GPC3 PHOX2B SDHB XPC
CDKN1C EXT2 HNF1A PMS1 SDHC

CDKN2A EZH2 HRAS PMS2 SDHD

Trusight Cancer

Cumulative target region size
Number of target genes
Number of target exons

Probe size

Number of probes
Recommended mean coverage
Target minimum coverage

Percent exons covered based on coverage metrics

255 Kb
94

> 1,700

80-mer

~4,000
100x
20x

> 95%




Kolorektal Kanser-Trusight Cancer

Heterozigot p.R805X (c.2413C>T) Zuzana D 1996
Heterozigot p.Q1447X (c.4339C>T) Ensembl ve COSMIC
Heterozigot p.l11307K (3920T>A) Laken SJ 1996
Heterozigot p.N1122KfsX3 (c.3364 3367delAATC) Wallis YL 1999
Heterozigot p.Q1328X (c.3982C>T) Paul P 1993
Heterozigot p.Y1262X (c.3786T>G) Calismamizda
Heterozigot Yasuo M 1992
p.E1309DfsX4(c.3927_3931delAAAGA)

MUTYH Homozigot p.P295L (c.884C>T) Sophie L 2006
Heterozigot p.D450GfsX29 (c.1343 1344insG) Calismamizda
Heterozigot p.C39W (c.117T>G) Calismamizda
Heterozigot p.S595WfsX14 (c.1783_1784delAG) Juul W 1996
Heterozigot p.G67R (c.199G>A) Pia T 1995
Heterozigot p.S595WfsX14 (c.1783_1784delAG) Juul W 1996

Heterozigot p.F1103V (c.3307T>G) Calismamizda




Mide Kanseri

* Gastrik kanser
— %10 aile oykusiu+
— %1-3 bilinen kansere yatkinlik sendromu+

e |lgili kansere yatkinlik sendromlari
— Herediter diffliz gastrik kanser (CDH1)
— HNPCC (Lynch)
— Li-Fraumeni




Herediter Difftiz Gastrik Kanser

* Herediter diffliz gastrik kanser
— CDH1 geni ;

e E-cadherin

— Kriterler

* En az biri 50 yas alti, 2 ya da daha fazla gastrik kanser tanili
1./2. derece akraba

* Yastan bagimsiz 3 ya da daha fazla gastrik kanser tanili 1./2.
derece akraba

* Ailede 40 yas alti diffliz gastrik kanser tanisi
* Biri 50 yas alti, gastrik kanser ve lobuler meme kanseri tanisi

van der Post RS, et al. ] Med Genet 2015




Tiroid Kanseri

e Meduller tiroid Ca

— Noral krestten kodken alan C tiroid hicreleri
— Tiroid kanserlerinin %5’i

— Oliimlerin %15’

— ~%25 herediter

e Non-medlller tiroid Ca
— %5-15 herediter




RET

 Meduller tiroid kanseri
— FTMC |
— MENZ2A - RET
— MEN2B _

Subtype Medullary Thyroid Carcinoma Pheochromocytoma Parathyroid Disease

MEN 2A 95% 50% 20%-30%
FMTC 100% 0% 0%
MEN 2B 100% 50% Uncommon

Germline
mutation of
RET

proto-
oncogene®t

Codon
Mutation Phenotype

532 FHrc
=3 FITC

e FMTGIMEN 22
11 FMTCIMEN 28
B13 FMTCIMEN 2a
EX FMTCIMEN 28

FNTC
FMTCIMEN 28

sles|lsl[zzd — [28

FIWTC ]
FMTCYNEN 28
FIMTG
FMTCINEN 24

NEM 20
T

HEM 2B

MEN 2B

(codon 918, 883, or
compound heterozygous
[V804M + E805K, Y806C,
or $904C] RET mutations)"

MEN 2A/Familial medullary
thyroid carcinoma

(codon 609, 611, 618, 620,
630, 634, 768, 790, 791, 804,
or 891 RET mutations)P



Tiroid Kanseri

Structure of RET

Cadherin — like domains

Condon Phenotype
C609 | MENZ2A, FMTC

Cé11 MEN2A, FMTC

Cystein-rich region
\ C618 | MEN2A, FMTC
Transmembrane domain

ce20 | Men2a,FvTc | RET mutation codons Prophylactic
thyroidectomy

C630 | MEN2A, FMTC

C634 | MEN2A, FMTC

838, 918 <1 year; within first
LELCEEEEEEEEEEEEEEET 6 months
609, 611, 618, 620, 630, 634, 912 Before 5 years of age

533, 649, 666, 768, 790, 791, 804, 891 Before 5-10 years of age

E768 MENZ2A, FMTC
Tyrosine kinase domain

N

C-terminal tail V804 | MEN2A, FMTC

L790 MEN2A, FMTC

Y791 MEN2A, FMTC

5891 MEN2A, FMTC
o1

Nose V. Modern Path, 2011




Tiroid Kanseri

MEN/FMTC index case®

DNA extraction from blood

&

Forward and reverse PCR
for exons 10, 11, 16, 14, 15, 13, 8 and 5B

'

Sequencing analysis®

Germline RET mutation

—

YesD Nol
\ }
First relatives Analysis of the
screening for other 13 exons
the same mutation should be performed

Elisei R, et al. Eur Thyroid J 2012




Tiroid Kanseri

Incidence of thyroid

Syndrome Inheritance Gene mutation Location | cancer Type of thyroid cancer
Familial adenomatous Autosomal APC tumer suppressor | Sg21 2-120 PTC cribriferm-morular variant or
polyposis dominant gene classical variant
Cowden's syndrome Autosomal PTEN-tumaor 10g23.2 | =10% Follicular and cccasional PTC

dominant SUPPressor gene
Camey's complex Autosomal PREARL-x 2ple 4 and 60% Follicular and PTC

dominant 17q22-

24

Werner's syndrome Autosomal WEN gene gpli- 18% Follicular anaplastic PTC

recessive pl2

Hampel H, et al. Genetics in Medicin, 2015




