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TED- Umfrage

) Basic Principles:
-Molecular Diagnostics
-Molecular Pathology
-Human Genetics
-Overview: Workflow in Routine Diagnostics
-Tissue Sources
-Chromosomes, Genes and Proteins
-Overview: Technical Aspects
I) Chromosomal Variations
-Chromosome Analysis
-FISH
-Array
-Karyotypes (female / male)
-Syndromes
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lIl) Inheritance Patterns
- Pedigree
I\VV) Cancer
-Molecular Pathology meets Human Genetics
- Lung Cancer
- Bowel Cancer
- BRCA1/2
-Classification System
- Reporting (Molecular Pathology/ Human Genetics
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Prenatal Diagnostics

Trisomy 21
\ Turner syndrame
Trisomles 13and 18 /
Structural changes XX S XX
Birth ~_ \ / ) e

Pregnancy loss

Autosomal
trisomy

Triploidy

Autosomal monesomy
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Chromosome Failure: Non-Disjunction

Failure of chromosomes (chr.) to separate:

 Failure of homologues chr. to separate (resulting In
four affected daughter cells)

 Fallure of sister chromatids to separate (resulting in
only two daughter cells being affected)

Conditions that arise from non-disjunction events include :
» Patau’s Syndrome (trisomy 13)

» Edwards Syndrome (trisomy 18)

* Down Syndrome (trisomy 21)

« Klinefelter Syndrome (XXY)

* Turner’'s Syndrome (monosomy X)
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Chromosome Failure: Down Syndrome

Down syndrome

Epidemiology
Incidence: ~ 1:700 live births

Etiology

Three complete copies of chromo-
some 21; due to meiotic nondis-
junction in 95% of cases

Karyotype
Q147 XX +21
& 47 XY, +21

Complications

Due to organ malformations and
immunodeficiency.

Increased risk of AML/ALL.
Early onset Alzheimer's disease

Important
Risk increases with maternal age

Life expectancy

~50 years

{4

+21
https://ndss.org/about

Short stature

Hearing loss, recurrent ——— & () V
otitis media \ = |

Hypothyroidism

Cardiac malformations
(e.g., ASD, VSD)

Gastrointestinal malformations
(e.g., duodenal atresia/stenosis,
annular pancreas)

Urogenital malformations
(e.g., hypogonadism,
low fertility in men)

/,
4

® Deutsches Down-Syndrom Info Center e V.
(Garman Down Synarome Informiation Cantra)

) ( |

— } \ \
/ \(/

CLEA NP

Boy (18 months) with
Down syndrome (47 XY,+21)
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Intellectual disability

Brushfield spots

Single transverse
palmar crease (1),
clinodactyly (Il),
brachydactyly (1ll),

camptodactyly (IV)

Umbilical and inguinal hernias

Delayed motor development,
hypotonia

© M. Winter



Nondisjunction in maternal meiosis

Mother Father
O O
“ m " 1/1,000 births

21 ."( '\I 21 o

i I Meiosis i i

21

I l Gametes i

21
30 years

- = Child with Down syndrome

= iiI
B
|, 21
J
Child with
trisomy 21

3/1,000 births
03%

35years
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Chromosome Failure: Down Syndrome

¥ genetikum
10/1,000 births 32/1,000 births
1% 32%
40 years 45 years
7/



Prenatal Diagnostics

11-14th week of pregnancy
Healthy children

Children with
congenital disorders

N

Cause unknown ——
(30 %)

yd

Exogenous causes,

g, 0. infections, maternal

illnesses, medication, alcchol \

{approx. 10 %) Multifactorial
(15-20%)
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Chromosomal abnormalities

(20-25%) . _
I.e. trisomy 21

Menogenic disorders
(15-25%)

I.e. mucoviscidosis
(CFTR-Gen)*

* CFTR-Gen = protein cystic fibrosis transmembrane conductance

regulator
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8

© M. Winter



Prenatal Diagnostics

¥ genetikum

Universitatsmedizin Frankfurt/ 31.10.2024/ Dr. Melanie Winter (- Demes)©

UNIVERSITATS @

MEDIZIN FRANKFURT

GOETHE-UNIVERSITAT

Chorionic villus
sampling (CVS) =
removal of a sample of
tissue from the placenta

From the 11th week of pregnancy

Risk of miscarriage: 0.2-0.3 %

Results of chromosome analysis
Short-term culture: 1-2 days
Long-term culture: 10-14 days
DMA diagnosis possible

O Ultrasound

@ Charienic villus tissue

@ Uterus
@ Placenta
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Prenatal Diagnostics

Amniocentesis
(AC, “amnio”) =
@ . amniotic fluid test

_ _\..-:f.. From the 15th/16th week
‘ S 2 of pregnancy

Risk of miscarriage: 0.1 %

Result of chromosome analysis
B-14 days
Rapid test available

. .‘ .; @ @ DNA diagnosis possible
: .'-. . o Q Ultrasound

Amniotic fluid
containing foetal cells

@ Uterus
@ Placenta

¥ genetikum
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Prenatal Diagnostics
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Noninvasive prenatal
testing (NIPT) =

detection of foetal
chromosome anomalies
from the maternal blood

Maternal blocdstream
(containing materna
and foetal DNA)

11
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) Male

© Female

<> Sex undesignated

[l:]] Adopted

@ Pregnancy

A Deceased

B @ Affected with trait

1 K¢ ] * Carrier for trait

® Carrier for X-linked trait
O Mating

=0 Consanguineous Mating

(ﬁ] Siblings
ﬁ] Number of children

N0 Divorced or Separated
<> Miscarriage, SAB
db dD Dyzigotic Twins (Fraternal Twins)
(ﬁ) Monozigotic Twins (Identical Twins)
DIO Q |;| No offspring
0.0 Patient init?ating genetic work-up
b . | (Proband, index case consultant)

[[F#O—{] Two mating
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Pedigree Chart

....shows the members of the family who are
affected by a genetic trait.

®
®© Q0.9
®
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Inheritance Patterns

= Autosomal dominant inheritance
= Autosomal recessive inheritance
= X-linked inheritance

= Mitochondrial inheritance

= Germline mocaicism
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Autosomal dominant inheritance Father. Mother:

affected parent healthy

o8 80 &)
Do0  moeUe

O |:| Mot affected Gametes

. . Affected

Characteristics: Fertilisation
« Affected individuals occur

in successive generations,
« Women and men are equally affected.

* The inheritance risk for each child
of an affected parent is 50 %.

H geneti kum Affected children; Healthy children:
50% 50 %
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Autosomal Recessive

Autosomal recessive inheritance Father: Mother:

healthy carrier healthy carrier

00680 80 : ﬁ

- ~

.

O D Not affected Gametes

OD Carrier
(] e

mOom 0d

&
I

i
- \

Fertilisation
Characteristics:

* Both parents are carriers:
25% risk of an affected child.

» Girls and bays are equally affected.

« Affected individuals commonly occur
in one generation only.

[ JO
]

« There is an increased risk of affected Affected children: Carriers; Man-carriers:
offspring In consanguineous marriages. e o o
- Healthy children:
¥ genetikum 75%
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7Z X-linked Inheritance

X-linked inheritance Mather: Father:

healthy carrier healthy >< genetiku m
[ HO

O 0 O 670
06 m0d 6

OD Mot affected
Gametes
O Carrier
. Affected
Characteristics: Fertilisation

* The condition almost only
affects boys/men.

« All daughters of affected
rnen are carriers.

* The condition is not passed
on from fathers to sons.

P

X X QKK va .J{'r’

*50% ofldaughters, T'Nhose motners Healthy girl: Healthy carrier girl: Healthy boy: Affected boy:
are carriers, are carriers themselves. 259 25% 25% 25%
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Mitochondrial Linked Inheritance "

Mitochondrial inheritance

O D Mot affected
O D Affected

=] e o Narmal mitochondria

® g @ Mitochondria with mutation
b

¥ genetikum

=z (=)=

= G2

=)<) ==
CA2) == =) Qe e e
=) ZX=) GGG == =ZX=]
(2]=] o6 =] =) = N
S e e g S e
==] (<] =] ==
e © 68 =]

Characteristics:
= Mitochondria are inherited from the mother only: all offspring may be affected.

» Mitochondrial disease becomes apparent when the number of mutated
mitochondria in the cell exceeds a threshold level,

+ Sons/men cannot transmit the predisposition/disorder.
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Mosaicism

Mather Father
without germline mosaicism with germline mosaicism
Somatic cells
(e.g. blood cellg)
without mutation t
Egg cells: all without mutation Sperm cells: several with a mutation, many without
. S e Se el e e il T | I
- i . . T =T 1 |
n S T -l e i.-"”-u._,__ \ [
\\ - e =T . [ 1
e T - \ |
b e T e r-h..,_ ., \ I
\-. ,*_P -”-"—-_,_ -y __:—.;_L_L __"‘-=q___ ] ] |
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Parents have an Low probability High probability
affected child with of having the disorder of being healthy

a ‘new mutation"

¥ genetikum
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Reproduction

One in six pregnancies ¥ genetikum

ends in miscarriage

Causes of miscarriage

Maternal disorders:

+ Clotting disorder
+ Thyroid disorder

+ Autoimmune disease
+ Diabetes mellitus
+ Uterine malformation

Chromosome abnormalities: Usually until

New and random: — the 14th week Other causes:

+ Trisomies of pregnanc + Drugs

« Monosomy X preg ¥ + Radiation

+ Triploidy * Infections

+ Other

Ma risk of recurrence Inherited in some cases:
Childhood disorders:
+ Malformations
+ Syndromes

Inherited:
Unbalanced translocations

Investigation: analysis of parental chromosomes
Increased risk of recurrence

600 pregnancies
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Sporadic cancer

Somatic cells Somatic cells n Socmatic cells
[ =
e g =
e
A -~ c
T i w
=
sk
=
Twe successive random Germ cells Germ cells Germ cells Gamete formation
mutations in both alleles of First mutation Second mutation
a tuMmour SUDPressor gene
ina somatic cell
Inherited cancer n Somatic cells n Somatic cells
.- -

i Y -\""--.__ c
=]
=

e ~ o
S e =
sk}
=
{ukl]
=
Germiine mutation in Germ cells Germ cells Gamete formation
a tumour suppressor gene First mutation Second mutation
and a second random . congenitally present in all in a somatic cell
mutation in the other allele H genetl kum somatic and germ calls
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N~ Sporadic and Inherited Cancer

Sporadic cancer
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¥ genetikum
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Classification System: Pathogenecity

5-tier classification system for sequence variants identified by
genetic testing

Probability of being

Class Description pathogenic

5 Definitely pathogenic >0.99

4 Likely pathogenic 0.95-0.99

3 Uncertain 0.05-0.949

2 Likely not pathogenic or of little 0.001-0.049
clinical significance

1 Not pathogenic or of no clinical <0.001
significance

Plon et al., Hum Mutation 2008

ClinVar https://www.ncbi.nlm.nih.gov/clinvar/

BRCA

https://brcaexchange.org/
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Personalized Medicine:
Example Lung Cancer

Dabrafenib NTRK1 RET
AR Larotrectinib* .
A : s Pralsetinib
trectini
bzl Selpercatinib®

Repotrectinib®

ERBB2
Gefitinib* Afatinib*
Erlotinib* Dacomitinib*
Afatinib* Trastuzumab”
Osimertinib*
Dacomitinib*

*zugelassen

ALK, anaplastic ymphoma kinase: BRAF, prolo-oncogens B-Raf. EGFR, spidermal growth factor recepior; HER2. human epidermal growth factor recaptor 2; KRAS, Kirston rat sarcomay, 'nmlusehsseﬂ
MEK 1, mtogen-actvated prolein kinase 1; MET, mesanchymatio-epthelal ransiion; NSCLC, non-small call lung cancer; NTRK1, neurotrophic tyrosine receptor kinasa 1;
PIKICA, phosphoinosiide 3-knase, catalyic, alpha polypeptde; RET, rearanged dunng transfection; ROS1, cos oncogens

Prirvalonzen der sinzeinen Biomarker: Blemacka A. Tsongalls PD. Peterson JO, ot al. Cancer Geret 2016: 2065 166-198. Pakkala S et ol. JCl insight 2018:3:01 20858 Scheffler M. e MA. Hewn R, of al. J Thorac Oncol, 2015, 14(4) 606-616
2k der inen Th n dor EU: hitlga Swew onkopedia devork dinss om-edcht-Mensalg-nack/ ! U e,

>

m.m-mmmw oma_web_categonesS253Aname | Wm_m typenloma mcdimdkld _ema_rmed _stsusiasBorsed 367search _api_views uBoxt=NSCLC Abgenden am Jum 2029
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Cancer Development: Bowel Cancer

Cascade of different gene mutations

18q DCC gene Mutations in ?
APC gene KRAS gene deletion p53 gene other genes .
hormal Increased Invasive growth
intestinal call Growth Adenoma | Adenoma || Carcinoma ST Metastasis
mucosa cell Bt

s ® QQ,

___L_.__J.__._L____L_.._L___L_

Normal Polyp bud Polyp Polyp with Cancer Metastatic Blood
intestinal cell change (carcinoma) carcinoma vessel
mucosa (dysplasia)

¥ genetikum
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About 50 out of 1,000 people
develop bowel cancer
(1 out of 20, or 5 %)

Genes unknown or
multifactorial (72.5 %)

1,000 people

¥ genetikum

Bowel Cancer
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Familial bowel cancer

HNPCC* (20%)
/ Genes:
« MLH1
s MSH2
« MSHB

+ PMS2

10-20%

FAP** (5%)
Gene: APC

N

Other inherited forms
(2.5%)

*HNPCC = hereditary nonpolyposis colorectal cancer
**FAP = familial adenomatous polyposis

Universitadtsmedizin Frankfurt/ 31.10.2024/ Dr. Melanie Winter (- Demes)© 25
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Bethesda and Amsterdam Il Criteria

HNPCC = hereditary nonpolyposis colorectal cancer

Revised Bethesda Criteria
At least one criterion must apply:

+ Colorectal cancer diagnosed before age 50

+ Synchronous/metachronous colorectal cancer or HMPCC-
related cancers (endometrium, renal pelvis/ureter, small intestine,
stornach, pancreas, bile duct, ovary, hepatobiliary system and
brain = usually glioblastorma, sebacecus adenoma and kerato-
acanthoma) regardless of age

+ Colorectal cancer with the MSI-H (microsatellite instability-
high) histology diagnosed before the age of 60

+ Patient with colorectal cancer and at least one first-degree relative
diagnosed with an HNPCC-related cancer before the age of 50

» Patient with colorectal cancer and at least two first- or second-
degree relatives with HNPCC-related cancers (see above),
regardless of age

¥ genetikum

Amsterdam Il Criteria
All criteria must apply:

» Three or more family members with HNPCC-related cancer
(colorectal, endometrial, small bowel, renal pelvis/ureter)

» One affected person is a first-degree relative of the other
two affected individuals

* Disease in two or more successive generations

+ At least one affected individual was diagnosed with cancer
before the age of 50

+ Familial adenomatous polyposis (FAP) has been excluded

VVIIILCI

1vI.

7%
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Bethesda Criteria
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Cancer Spectrum and Lifetime Risk

Statistics for all HNPCC genes (German HNPCC Consortium data)

e T S

Colorectal cancer 30-60 % (women), 35-75 % (men)
Endometrial cancer 40-50 % (women)

QOvarian cancer 7-8 % (women)

Stomach cancer 1-6%

Cancer of the renal pelvis / ureter 2-8%

Bile duct cancer 1-4%

Small bowel cancer 1-4%

CNS cancers 2%

Pancreatic cancer 4%

Sebaceous gland tumours (Muir-Torre syndrome) Depending on the affected gene

¥ genetikum
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Breast Cancer Biomarkers

HNF1A KRAS
ERBB2 SLX4
4%

RADS0
MSH2
PTEN

P53

4 CDKN2A
PIK3CA Elpd B NOTCH1
STK11
NOTCH2
'BRCA2

ARID1A

NOTCH3 Mosele et al., Annals Oncol 2020

ESR1 MTOR

29
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Breast Cancer Biomarkers

o =

1 T 1 _ Immunhistochemistry
sk (] L
Eﬁo'_g:;ﬁ— En‘riu:zm ER&* mulg;n, m,::;“’ Subtypes
KET, KisTT KigT /1 _

Dduiltierss e s onat eat A
e —

Human Genefics

&

Mandatory biomarkers

References

1. Interdisziplindre 33-Leitlinie fir die Frilherkennung,
Diagnostik, Therapie und Nachsorge des
Mammakarzinoms Langversion 4.3 Februar
2020 AWMF-Registernummer: 032-0450L.

2. bitpsJiwww ago-online.deffileadmin'ago-
021PDF_DE2021D%2005 Prognostische®s 20un
d% 20praediktivets 20F aktoren . pdf.

3. Comprehensive molecuar portraits of human
breast tumours. The Cancer Genome Atlas
Network. Mature volume 490, pagesB1-70{2012).

4. Goldhirsch etal, Annals of Oncology 24: 2206
2273, 2013 doi:10.1083¢/annonc/m dt303 (St Gallen
Empfehlung).

Opticnal biomarkers

B immunahistochem. [l FISH I Gen Expression

30
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Genomic Analysis of Mandatory Biomarkers in mBC

gBRCA1/2 Mutation NGS/Blut fir PARP-Inhibitoren Zulassung von Olaparib und Talazoparib
Keimbahntestung (Olaparib, Talazoparib) jeweils als Monotherapie beim HER2-
negativen metastasierten Mammakarzinom
(MCa) mit gBRCA1/2-Mutation

PIK3CA Mutation NGS/Primartumor, PIK3a-Inhibitor (Alpelisib) Zulassung von Alpelisib in Kombination mit
Metastasen, Plasma Fulvestrant beim HR-positiven, HER2-
negativen lokal fortgeschrittenen oder
metastasierten MCa mit PIK3CA-Mutation

NTRK Gen-Fusion, NGS an mRNA/ TRK-Inhibitoren Pantumorzulassung von Larotrectinib und
Splei3-Varianten Tumorgewebe (Larotrectinib, Entrectinib ) Entrectinib als Monotherapie zur Behandlung
von erwachsenen und padiatrischen
Patienten mit soliden Tumoren mit einer
NTRK-Genfusion (beim MCa selten, meist
beim sekretorischen MCa)

PD-L1 Genexpression IHC/Primartumor, Checkpoint-Inhibitoren (Atezolizumab, Zulassung von Atezolizumab in Kombination
Metastasen Pembrolizumab in Studie) mit nab-Paclitaxel zur Behandlung des nicht
resizierbaren lokal fortgeschrittenen oder
metastasierten TNBC mit PD-L1-Expression
21 %

1. Arbeitsgemeinschaft Gynakologische Onkologie e. V. (AGO), Kommission Mamma. Empfehlungen gynakologische Onkologie. Diagnostik und Therapie friher und fortgeschrittener Mammakarzinome, Version 202011D,
2. Fachinformation Lynparza® Filmtabletten, Stand: November 2020 3. Fachinformation Talzenna®, Stand: September 2020 4. Fachinformation Pigray®, Stand: Juli 2020

5. Fachinformation Rozlytrek®, Stand: Oktober 2020 6. Turner NC et al., Lancet Oncol 2020, 21:1296— 1308 7. Fachinformation Vitrakvi® 25 mg/100 mg Hartkapseln, Stand August 2020

9. Fachinformation Vitrakvi® 20 mg/ml Lésung zum Einnehmen, Stand August 2020 10. Fachinformation Tecentrig® 1200 mg, Stand Oktober 2020

|
ESR1T Liquid Biopsy before ORSERDU® (Elacestrant) therapy Neu!
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BRCA1/2 Testing

(BRCA1/2)-Keimbahnmutationen
Geerbte Mutationen, in allen Kdrperzellen

Somatische (BRCA1/2)-Mutationen
Erworbene Mutationen, nur in Tumorzellen

1. National Cancer Institute. Erhaltlich unter: hitp://www.cancer.gov/dictionary?cdrid=46384. Letzter Zugriff: Januar 2018. 2. National Cancer Institute. Erhaltlich unter: http://fwww.cancer.gov/dictionary?CdriD=46586. Letzter

Zugriff: Januar 2018. 3. Vergote | et al. Euro ] Cancer 2016; 69: 127-131.
In Anlehnung an Slidekit AstraZeneca LYN DIA Slidekit Mai 2021 DE-34210
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BRCA1/2 - Localization and Exons

BReast CAncer 1/2

Tumor suppressor gene

BRCAL -> chromosome 17 (exon 1- 24)
BRCAZ2 -> chromosome 13 (exon 1- 27)

Total coverage of BRCA1 and BRCA2 genes differs depending
on the distinct sequencing panel used

Exons

1

1

BRCA 1 |

]
il 11 17 4N,
i "-.“
:Emr's S
H -~
1

BRCA 2

Perner et al. ESUP-ESP Working Group Uropathology
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High-Risk Gene Diagnostics: BRCA1/2

High-risk gene diagnostics advised Risk in
when at least one of the following Cancer spectrum BRCA1 BRCA2 general
criteria applies: population
* Three women of any age with breast cancer
Breast cancer 60-90 % 50-80% 10%

* Two women with breast cancer, one of whom " .

was diagnosed before the age of 51 V24 Ovarian cancer 20-40 % 10-30 % 1.5%
* One woman with breast cancer diagnosed e Breast cancer (man) 1-2% 5-10% 0.1%

before the age of 36
* One woman with cancer in both breasts, Other t i

the first diagnosed before the age of 51 L
* One woman with breast and ovarian cancer ° Pancreatic cancer 1-3% 2=7% 0.5%
* Two women with ovarian cancer o Frostate 20-30% 20-40% 15%
* One man with breast cancer and one woman o Malignant melanoma 1=2% 1=2% 1%

with breast or ovarian cancer
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Breast Cancer

100 out of 1,000 women
get breast cancer

Familial breast cancer

(I Z LA RN R RS XY N

Genes unknown or
multifactorial (50 %)

\

Unknown variants
(20 %)

1,000 women

¥ genetikum
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High-risk genes (20 %):
BRCAT and BRCAZ

Moderate-risk
genes (10 %)
« RADSIC

« RADSTD

s CHEKZ

« ATM

« NEN
*PALBZ

= TP53

« CDH1

+« PTEN

« STK11
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Pedigree Chart

Breast cancer
|D: 55 years

-

Breast cancer

|D: 40 years 1D: 40 years

Breast cancer Mutation carrier
ID: 30 years with no disease
‘ Breast cancer

Ovarian cancer

1D: 45 years
O [ Healthy. no mutation Indications of familial cancer:
[ Mutation carrier with no disease + Cancers belonging to the same cancer spectrum in relatives (several generations)
. Affected « Initial diagnosis at an early age

ID Initial dlagnosls * Second cancer in the same person (e.9. cancer in both breasts)

¥ genetikum
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Prevalence of BRCA1/2 Variants
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mBRCA (%) mBRCA1 (%) BRCAZ2 (%)

Cancer 2017;123:1912-1924. © 2017 American Cancer Society
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ZZ Characteristics of BRCA1/2

Variants in the CIMBA database

Designation Definition
Mutation Type  Large Deletion (DL) Genomic DNA deletion (encompassing at
least 1 exon)
Large Duplication (DF)  Genomic DNA duplication (encompassing at
least 1 exon)
Frameshift (F5) Deletion or insertion resulting in a

disruption of the open reading frame

In-Frame Deletion (IFD) ~ Small deletions, splice site mutations or
|large genomic rearrangements that result
ina change in the mRNA but do not
change the open reading frame

Missense (MS) Resultsin an altered amino acid
Nonsense (NS) Point mutation resulting in a stop codon
Splice (SP) Results in aberrant RNA splicing
Multiple Types

(including those listed

ahove)

Rebbeck et al., Hum Mutation 2018

BRCA1

N

130

7

948

46

313
166
20

(N=1,650)
%
7.9

L6

57.5

<0.1

28

19.0
101

11

BRCA2
N

34

1

1,141

13

380
131
19
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(N=1,731)
%
19

0.6
65.9

0.1

0.8

220
1.6

11

* Somatic and germline mutations can be

detected
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PARPI Therapy (BRCA/ BRCAness/ HRD)

Types of
Damage
Homologous Non-homologous Nucleotide
Repair excsion | | recombination | end-joining repair excision M
pat! ?'?l) repair (NHE)) repair repale 'em“‘
l (HRR) l (NER) (MMR)
Proteins  PARP1 { BRCAl | KU70/80 ERCCA MSH2 MGMT
xfecl \_BRCA2 | DNA-PK ERCC1 MLH1
LIGASE3 | PALB2 |
e ' '
! Relevant , AM
L. Yo | CHEKI !
| CHEK2 |
| RADS51 |
Relevant l Y

Tumour types [ Ovarian, Breast, Pancreas, Prostate |

Tumor agnostic
PARP inhibitors, platinum salts Platinum salts /” Checkpoint Temozolomide

inhibitors
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Molecular Pathology: Reporting of BRCA Results

Prof. Dr. Peter J. Wild
Senckenbergisches Institut fir Pathologie

Johann Wolfgang Goethe-Universitat Frankfurt a M
Theodor-Stern-Kai 7, D-60596 Frankfurt aM
Tel.: 069/6301 5112 Fax 069/6301 5241 Befundabfrage: 069/6301 5046

Content —
» Patient ID (here L
blinded)
e Clinical information T
. DFruhere Befunde- @
® Materlal Name Eingang 27.12.19  WILD/DEME
Vorname Ausgang 03.02.20
e Tumor cell content Geboren i
* Pre- analytical/ ot

histological findings
Molekularpathologischer NGS Befund (Panel: Oncomine Comprehensive Assay v3)

Klinische Angaben & Fragestellung: Kastrationsresistentes Prostatakarzinom, Gleason 4+4
(mCRPC), ED 09/2018. Pradiktive molekularpathologische Testung.

Materialangaben: Prostatastanzbiopsie. Basal rechts.

Proben ID: H22314-18, FFPE Block IV

Tumorzellgehalt: 50 %

Histologische Diagnostik: Prostatastanzbiopsie mit ausgedehnter Infiltration durch ein teils Klein
ballenformige und strangformig wachsendes Prostatakarzinom (Gleason-Score 8: 4+4, WHO
Gruppe 4) Herbs
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Content
* |mmunhistochemical
findings

* Molecular findings:
* HGVS Annotation
* Allel frequency
e Classification

Immunhistochemie:

SIP (H9188-20):
CK-PAN (Clone MNF116, Dako-Agilent): positiv

B. Molekularpathologische Diagnostik:

Next-Generation Sequencing (Oncomine Comprehensive Assay v3):

-» Nachweis einer pathogenen Mutation im Gen_BRCAZ2, c.3545_3546delTT, p.Phe1182Ter,
Locus: chr13:32912035, Allelfrequenz 66,22%, Coverage 900 x (Soll 2500 x). ClinVar ID:
37846 (pathogenic). gnomAD (globale Allelfrequenz): gAF 1,99e-5

-> Nachweis einer pathogenen Mutation im Gen BRAF, c.1801A>G, p.Lys601Glu, Locus:
chr7:140453134, Allelfrequenz 24,36 %, Coverage 1995 x (Soll 2500 x). ClinVar ID: 13966
(pathogenic). Cosmic ID: COSM478 (pathogenic). gnomAD (globale Allelfrequenz): gAF
3,98e-6

> Nachweis einer Variante unklarer Signifikanz (VUS) im Gen FANCI,
¢.582604delGGTGGAAAAAGCATTGAGCATGT, p-Val195LeufsTer40, Locus:
chr15:89807166, Allelfrequenz 10,02 %, Coverage 1967 x (Soll 2500 x). Keine Annotation
dieser oder einer ahnlichen Variante.

2. Amplifikation:
-> Kein Nachweis einer pathogenen Amplifikation.

3. Fusion/Translokation:
-» Kein Nachweis einer Fusion.
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Molecular Pathology: Reporting of BRCA Results

C. Biologische Bewertung:

-> BRAF ist ein Protoonkogen und kodiert das Protein B-RAF, eine Serin/Threonin-spezifische
Kinase, die eine bedeutende Rolle in der Regulation der Zellproliferation und -teilung Gber den
MAPK/ERK-Signalweg spielt. Die Mutation im Gen BRAF finden sich in ca. 1,5% der Patienten mit
Adenokarzinom der Prostata (cBioPortal, Prostate Adenocarcinoma).

Content

* Biological
interpretation

-> BRCA2 kodiert das Tumorsuppressorprotein BRCAZ2, das fur die Reparatur von
Doppelstrangbriichen in der DNA und dem Erhalt der genomischen Stabilitat mitverantwortlich ist
(Farmer H et al. Nature 2005). Deletionen, LOH, und loss-of-function mutations kénnen zu einer

Inaktivierung von BRCAZ2 fihren (Walsh T et al. JAMA 2006, Wooster R et al. Nature 1995). Eine
Mutation in dem Gen BRCAZ2 ist in ca. 3,.3% der Adenokarzinome der Prostala zu detektieren
(cBioPortal, Prostate Adenocarcinoma). Mutationen in den Genen BRCA1/2 sind beim
Prostatakarzinom mit aggressiverem Tumorwachstum und einer hoheren Rate an
Lymphknotenbefall und Fermmetastasierung des Tumors assoziiert (Disch Arztebl 2013; 110(27-
28): A-1374/B-1203 / C-1187).

-> FANCI ist mittels homologer an der DNA-Reparatur (Doppelstrangbriiche) beteiligt. Mutationen
in dem Gen FANCI finden sich in ca. 2,11% der Prostatakarzinome (MyCancerGenome).
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D. Spezialuntersuchung:

Fathologizche Begufachiung, mmw Tumorgewebes, RNADMNA-Extraktion mittelz MaxiVell (Fromegal,

wammm == ThermmoFisher 55 Workflow: Mutationsanalyse mitels Paralielsequenzierung (Next Generabion Sequencing) des
zive Azzay w3 mwwmmmmwksmmﬁ erfolgt die Library-Erstellung mittels

genomizchen
Mutation wurden foigende Datenbanken verwendel: dbSNP, COSMIC, gnomdD, ClinVar, CncolB, CIVIC in den jeweds akiuelen
Versionen.

Ez wurden folgende Zielregionen unfersuchi:

. . HMmMiM!MMMKMNWWEKCﬁLmemﬁmc&’1ﬂm1
° Technlcal detalls DDR2 EGFR, ERBEZ ERBE3 EREB4, ESR1, EZH2, ERCC2 FGFRI1, FGFR2, FGFR3 FGFR4, FLT3, FOXL2 GATAZ GNATT,
GMNAGQ, GNAS, HNF1A, HRAS, HIF3A, HIST1H3B, IDH1, IDH2, JAKT, JAKZ JAKS, KDFR, KIT, KNSTRN, KRAS, MAGOM, MAFZKY,
MAPZKZ, MAP2KH, MAPKY, MAKLEJTEMIEFMY’G,WM’OR.MYDSB NTEKT NTHQHFEZ‘L2 NRAS, PDGFRA,
Y Used da’tabases FDGFRE, w?%mffﬂ, FTPNT{, RACY, RAF, RET, RHEE, ROS1, RHOA, SF3EB1, SMO, SFPOP SRC, STATE
Fl.ll-leng‘lh genes: ATM ARIDIA ATR, ATRX BAP1, BRCAT, BRCA2 CDOHN2A, CDK12 CDKN1B CDKN2B, CHEK1, CREBEF,
FEXWT, FANCA, FMNCOZ FANCI, MSH2, MLH1, MRET1A, MSHE, NEN, NDTW NOTCHZ, NF1, NF2, NOTCHY, PIK2R1, PTCHI,
PTEN, PALEZ2, PMS2, POLE, RB1, SMARCE1, STK11, SETD2, SLX4, SMARCA4 TP53, TSC1, TSCZ2, RADS0, RADS!, RADSIE,
RADS1C, RADS1D, RNF43
Copy number genes: AKT1, AR AKT2 AKT3, ALK AXL, BRAF, CCND1, CCND2 CCND3, CCONE1, COR2, CDK4, CDKE, CDKN24,
CDKINZE, ESR1, EGFR. EREEZ, FGFR1, FGF18, FGF3, FGFR2, FGFR3 FGFR4, FLT3, IGFIR, KIT, KRAS, MDMZ, MDD, MET,
mmmmrnmm FRA,FDGFR&P#C?G&,PHQGEPPARGR!GTOR_TERTTSO!TM
Gene fusions (RNA basierend): ALK AXL AKTZ, AR BRAF, BRCAY, BRCAZ CDHNZA, ERBB4, ESR1, EGFR, ERBEZ. ERG,
ETVi, ETV4, ETVE FGR FLT3Z FGFRI, FGFR2 FGFR3, JAK2 KRAS, MOM4, MET, MYE, MYBELT, NF1, NOTCHI, NOTCH4, NRG1,
M'.F\!ﬁ' NTRKZ, NTRK3, NUTMT, FDGFR#, FDGFRE, PIK3CA, PREKACA, PRKACB, FTEN, PPARG, RAF‘.I RET, ROS51, RAD&'I_
RE1, RELA RSFOZ RSPO3. TERT

-= Die DNA-Sequenzierung (x200) des Oncomine Comprehensive Assay v3 zeigl eine ausreichende Cushitst % amplicons =
threshold: 83,38, % BED region > threshold: 84.87.

-» De DMA-Sequentierung (x500) des Oncomine Comprehensive Assay v3 zeigt ene eingeschrankte Cualitdt % amplicons =
threshold: 27,04, % BED region > threshold: 29.23.

AKH Am AR AR[DIA ATM .ATR ATRX. B.&P'I BRAF, BRC.M BRCAZ, CCND1, CCND2, CCND3, CCNE1, COK1Z, CDENIB,
COKN2A, COKNZB, CHEK1, CHEKZ, CREEBP, EGFR, ERBB4, ESR1, FANCA, FANCD2, FANCI, FEXW7?, FGF19, FGF3, FGFR1,
FGFR3, FLT3, IGF1R, KDR. KIT, MAP2KZ, MDM2, MDM4. MLH1, MRE11, MEH2, MSHE, MYC, MYCN, NBM. NF1, NF2, NOTCH1,
NOTCHZ, NOTCH3, PALEZ, PIK3CA, FIK3CE. PIK3R1. PMS2, POLE, PPARG, FTCH1, FTEN, RADS), RADS1, RADS1E, RADSIC,
RMNF43, ROS1, SETDZ, SL¥4, SMADS, SMARCA4, SMARCE1, STK11, TERT, TEC1, TSCZ, XPO1

> Die RNA-Sequenzierung des Oncomine Comprehensive Assay v3 zeigt eine ausreichende Qualtiét RMNA- Number of mapped
reads: 5.480.072 (Soll 2500.000).
Himweis: Insbesondere wird darauf hingewiesen, dass bei der Sequenziernung technisch bedingt einzelne Varianten durch eine geringe

Abdeckung der Region oder sbschnittsweise geringere Sequenzierqualitst maskiert sein kinnen. Eine Verwendung der Ergebnisse fur
therapeutische Entscheidungen liegt in der slleinigen Versntworiung des behandeinden Arzies.
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usammentf. n fundener Alterationen:
-> BRCAZ2 (NGS): positiv (p.Phe1182Ter, pathogen)
-> BRAF (NGS): positiv (p.Lys601Glu, pathogen)
> FANCI (NGS): positiv (p.Val195LeufsTer40, VUS)

F. AbschlieRende Beurteilung:|

Content
* Final assessment

den Genen BRAF
e. Beziiglich einer
entsprechender

K Ef' e e % q: 3 2 = [0 =
Fragestellung verweisen wir auf die Humangenetik.

L)

Zusiétzlich konnte eine Variante unklarer Signifikanz im Gen FANCI detektiert werde.
Kein Nachweis einer Fusion.

Es werden nur pathogene Alterationen mit erfullten Qualitatskriterien benichtet. Polymorphismen werden nicht benchiet
Der molekularpathologische Befund muss im Kontext mit den klinischen Daten diskutiert werden, gegebenenfalls besteht
die Moglichkeit einer Vorstellung im molekularen Tumorboard.

Dies ist ein abschliefender Befund; es folgen keine weiteren molekularpathologischen Analysen.

1 x Makrodissektion, 1 x DNA NGS (grole Mutationssuche), 1 x RNA NGS (Machweis von Fusionen), ICD-10: CB1.

Prof. P.J. Wild Dr.rer.physiol. M.Demes
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Dr. Senckenbergisches Institut fur Humangenetik

Theodor-Stern-Kai 7 1 Haus 11A 1 60590 Frankfurt

Universitatsklinikum Frankfurt
FBREK-Zentrum
Dr. med. Gudrun Schmidt

UNIVERSITATSMEDIZIN
FRANKFURT

Dr. Senkenbergisches Institut

fiir Humangenetik

Institutsleitung: Prof. Dr. Dr. med. Birgit Zirn
Laborleitung: Dr. rer. physiol. Melanie Winter
Theodor-Stern-Kai 7, Haus 11A

D-60590 Frankfurt am Main

T +49 (0) 69 6301 85929

F +49 (0) 69 6301 81866

humangenetik@unimedizin-fim.de

""" w.unimedizin-ffm.de

Theodor-Stern-Kai 7, Haus 1A~
D-60590 Frankfurt am Main

Frankfurt, 28. Oktober 2024

Content Molekulargenetischer Bericht (Abkldrung im Rahmen des FBREK-Zentrums)
* Patient ID (here Name: Fall-Nr. P24-0001
blinded) Vorname: Probenentnahmedatum: 01.10.2024
N Geburtsdatum: 07.09.1990 Materialart: EDTA Blut

* Indication

Indikation: Mutter an MammacCa verstorben. Nachweis heterozygoter BRCA2-Variante bei
Mutter, Schwester und Tante mtls.

Anforderung: Pradiktive Abklarung der familiaren BRCA2-Variante
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Ergebnis: Auffilliger Befund

Gen Variante Zygotie Erbgang MAF (%) | Bewertung Klasse
c.7558C>T

BRCA2 p.Arg2520Ter het. AD - pathogen 5

* Molecular findings:

HGVS Annotation
Allel frequency
Classification
Interpretation
Assessment

Klassifizierung der Varianten entsprechend ACMG als 1=benigne, 2= wahrscheinlich benigne, 3=unklare Signifikanz,
4=wahrscheinlich pathogen, S=pathogen. Die Beschreibung der Varianten erfolgt gemalf HGWVS3-Momenklatur (hitps:/hgvs-
nomenklature.org/stable).

Erlauterung:

Nachweis der familidren heterozygoten pathogenen BRCA2-Variante, c.7558C>T, p.Arg2520Ter,
chr13:32930687, Exon 15, NM_000059 4. Der Austausch eines Cytosins (C) zu einem Thymin (T) an
Nukleotidposition 7558 bedingt eine Sequenzverdnderung im BRCA2-Gen, die zu einer vorzeitigen
Terminierung der Proteinbiosynthese an Aminosdureposition 2520 flhrt. Dies bedingt einen
Funktionsverlust des Genprodukts bzw. Proteins und qilt als pathogen. Diese Variante ist in der
internationalen Datenbank fur Brustkrebs (https://fresearch.nhgri.nih.gov/bic/) beschrieben und ist nach
heutigem Kenntnisstand urséchlich fir eine erhthte Wahrscheinlichkeit, an Brust- und Eierstockkrebs
bei Frauen, und an Brustkrebs, Pankreas oder Prostatakrebs bei Mannern, zu erkranken.

Humangentische Beurteilung:

Die Disposition fur familidren Brust- und Eierstockkrebs wird autosomal dominant vererbt und haufig
durch Varianten im BRCA1-Gen oder im BRCA2-Gen verursacht, in seltenen Féllen aber auch durch
Varianten in Genen mit einer moderaten Risikoerhthung, wie z.B. ATM, CHEK2 oder PALB2. Dies
bedeutet, dass erstgradig Verwandte (Eltern, Geschwister, Kinder) unabhangig vom Geschlecht mit
einer Wahrscheinlichkeit von 50% ebenfalls Anlagetréger sind.

Da eine krankheitsverursachende Variante bei der Mutter und der Schwester des Patienten bekannt
ist, kénnen sich weitere Familienangehérige ebenfalls molekulargenetisch abkléren lassen. Eine
pradiktive molekulargenetische Testung ist nach genetischer Beratung maglich.
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Hinweis:

Das Expertengremium des Deutschen Konsortiums (FBREK) filhrt regelméRig eine Uberprifung der
Bewertung von Sequenzvarianten anhand der aktuellen wissenschaftlichen Datenlage durch und
informiert bei relevanten Verénderungen (Recall). Nach §10 GenDG soll das Ergebnis im Rahmen
eines Befundgesprachs persdnlich mitgeteilt werden.

Methoden:

gDONA-Extraktion (Maxwel® RSC Whole Blood DNA Kit, Promega) und Qualitdtskontrolle. lllumina Workflow: Mutationsanalyse
mittels FParallelsequenzierung (Mext Generation Sequencin?] des TruRisk®™2 Custom Genpanels. Mit ginem DMA=Input von 5=
1000 ng {Eemaen millselnaubii} erfolgt die Library-Erstellung laut Protokoll. Die Sequenzierung wird auf dem MiSeq oder
MextSeq 500 durchgefuhrt. Die Sekund&ranalyse der Daten wurden mit BaseSpace (lllumina) und die Tertidranalyse mit

® TeChnlcaI detaI|S Molecular Health BRCA analysiert und Keimbahnvaranten identifiziert (Referenzgenom hg18). Mach Herausfitern von
Artefakten werden alle relevanten Keimbahnvarianten mit Allelfrequenzen von 2 5 berichiet. Mutationen mit niedrigerer
o Used databases Allelfrequenz werden nach Ermessen berichtet. Fir die Klassifikation und Interpretation der Keimbahnvarianten werden unter

Umstdnden folgende Datenbanken verwendet: dbSNP, COSMIC, gnomaAD, ClinVar, OncokKB, CIVIC, ckKB, OncokB, TP53
Database in den jeweils akiuellen Versionen.
Klinisch relevante Verdnderungen mit unzureichender Abdeckung werden mit einer zweiten unabhangigen Methode Uberprift.

Zielregionen des TruRisk@v4 Custom Genpanels:

ATM (NM_000051.4), BARD 1 (NM_000465.4). BRCAT (NM_007294.4), BRCAZ (NM_000058.4). BRIPT (NM_032043.3), COH1
(NM_004360.5), CHEKZ2 JNM 007194.4), MLHT (NM_000249.4), MSHZ2 (NM_0D0251.3), MSHE [NM_000179.3), PALB2
(NM_024675.4), PMS2 (NM_0D0535.7), PTEN (NM_000314.8), RAD5S1C (NM_058216.3), RADS1D (NA_002878.4), STK11
(NM_000455.5) und TP53 (NM_000546.6). Abdeckung =>x50

Die Bewertung der Varianten erfolgt anhand der Kriterien der VUS-Task-Force des Deutschen Konsortiums basierend auf den
EMIGMA-Kriterien und den ACMG-Guidelines (hitps:fenigmaconsortium.org/; Richards, S. et al., 2015, Genet Med: Hauke et
al., 2021, Senologie).

Hinweis:
1x DNA Sequenzierung (FEREK)

Bei Riickfragen stehen wir lhnen geme zur Verflgung.

Mit freundlichen Grlien

Dr. rer. physiol. Melanie Winter Prof. Dr. Dr. med. Birgit Zirn
Laborleitung Institutsleitung
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= Fragen?

T +49 69 6301 - 5422
M +49 176 83180368
Melanie.Winter@unimedizin-ffm.de

AG Winter (Translationale experimentelle Molekulare Diagnostik)

Homepage
https://www.unimedizin-ffm.de/einrichtungen/institute/sph
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