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Vymezeni pojmu MOLEKULARNI MEDICINA
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Molecular medicine

From Wikipedia, the free encyclopedia

Molecular medicine is a broad field, where physical, chemical, biological and medical techniques are used to describe molecular structures and
mechanisms, identify fundamental molecular and genetic errors of disease, and to develop molecular interventions to correct them. The molecular

The Free Encyclopedia
navigation medicine perspective emphasizes cellular and molecular phenomena and interventions rather than the previous conceptual and observational focus on
| . | patients and their organs."!
= Main page

[1] Massoud TF, Gambhir SS, Trends in Molecular Medicine, 2007

MOLECULAR MEDICINE is
a branch of medicine that develops ways to diagnose and treat disease by understanding the way genes, proteins,
and other cellular molecules work. Molecular medicine is based on research that shows how certain genes,

molecules, and cellular functions may become abnormal in diseases such as cancer.
according to National Cancer Institute (NCl)

Molekularni medicina je obor zaloZzeny na aplikaci poznatkli a metod molekularni biologie
do klinické mediciny vedouci k cilené prevenci a vysSimu stupni integrace diagnozy a terapie.

Molekuldrni medicina je SirSi pojem, nespravné synonymicky pouzivané pojmy:

~ Personalizovana medicina ~ individualizovand medicina ~ ,, adresnd” medicina
~ Translacni medicina (,,from bench to bedside®)

Zahrnuje obory jako farmakogenetika/genomika, nutrigenetika/genomika,
ale také mikrobiologickou DNA diagnostiku, prenatalni diagnostiku,...
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MOLEKULARNI MEDICINA
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Koncepce a hlavni naplii oboru MOLEKULARNI MEDICINA

1) ldentifikace individualnich genetickych dispozic ke konkrétnim chorobam
a formulace preventivnich opatreni (molekularni epidemiologie, napf. nutrigenomika)

2) Aplikace molekularné-biologickych metod do klinické diagnostiky (mikrobiologicka DNA
diagnostika, prenatalni diagnostika,...)

3) Zdokonaleni diagnostiky a presnéjsi formulace nozologickych jednotek zohlednujici
jejich molekularni patologii

4) Identifikace novych terapeutickych cilli (molekularnich struktur bunky) co nejvice
specifickych pro dané onemocnéni

5) Priprava léCiv nové generace (21st century therapeutics, cilena lécba, bunécéna terapie,
genova terapie,...)

6) Individualizace |é¢by na zakladé genetického pozadi jedince

7) Zdokonaleni a zrychleni transferu technologii z laboratofi k 1GZku pacienta (from bench
to bedside)

8) Bioetika a pravo

Cancer (all types) ]
Alzheimer's disease ]
e E—
Hepatitis C
Osteoporosis [T ]
Rheumatoid arthritis
Migraine (prophylaxis)
Migraine (acute)
Diabetes
e E—
schizoptrenia TR
Depression (SSRis) NNV |
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Zru$eni dogmatu JEDNA NEMOC=JEDNA LECBA

VIrve

Nosologicka jednotka je dnes definovana jako konkrétni pficina, ktera vede k rozvoji
typického souboru ptiznaku. Tato , konkrétni“ pri¢ina ovsem v naprosté vétsiné pripadu
neni definovana na molekularni Urovni.

Neexistuji dva naprosto stejné pripady téze nemoci

Jen velmi mala ¢ast lidskych nemoci ma jednoduchou, dokonce jedinou pficinu
(nékteré dédicné nemoci a zavazné infekce)

| zde - hemofilie, tuberkuldza a AIDS kolisaji individudlni priznaky tak znacné, Ze je nutné
hovorit pouze o celkovém klinickém obrazu Sorlie et al, PNAS, 2001

1. Genetické dispozice ovliviiuji prabéh témér vsech nemoci
2. Mohou existutovat rozdilné molekularni podtypy v ramci jedné diag

Existuje pét molekularnich podtypu E
karcinomu prsu Moy

nézy

il
=23

Priklad molekularni klasifikace karcinomu prsu
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Zru$eni dogmatu JEDNA NEMOC=JEDNA LECBA

Nejsou dvé lécby stejné = Ucinky jednoho Iéciva se |iSi v zavislosti na genetickém pozadi
jedince = farmakogenetika, farmakagenomika

Volba spravné terapie nikoliv pouze na zakladé diagndzy,
ale také vzhlededem ke schopnosti organismu nakladat s prislusnou latkou
(vliv genetiky, vliv prostredi — interakce slozek potravy)

Farmakokinetika — napr. metabolicka schopnost organismu (CYP2D6, DPD)
- toxicita, rezistence

Farmakodynamika — pritomnost molekularnich zmén

- rezistence

Predpoklad farmakogenetiky a farmakogenomiky:

Genetické zmény (prediktivni markery) spojené s fenotypy toxicity a rezistence
jsou predem identifikovatelné.
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INTEGRACE DIAGNOZY A TERAPIE!!!

Yes, we do prescribe individually targeted,
exclusively formulated medicines
- but not for indigestion

P
A\ 5
.
:

Copyright © 2005 Nasure Publishing Geoup
Nature Reviews | Drug Discovery
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Pro¢ je investovano tolik financi do vyzkumu a vyvoje v oblasti MOLEKULARNI MEDICINY?

»If it were not for the great variability among individuals,
Medicine might be a Science not an Art”

Sir William Osler, The Principles and Practice of Medicine, 1892

Strana 8 © Ondfej Slaby, 2009



Uvod do molekularni mediciny 1/12

Table 1.2 Molecular medicine and some Nobel Prize winners (1958-2004)°

Year Recipients Subject

1958 G W Beadle, E L Tatum and ] Lederberg Regulation and genes, and genetic recombination in bacteria
1959 S Ochoa, A Kornberg In vitro synthesis of nucleic acids

1962 ) D Watson, F Crick, M H F Wilkins Structure of DNA

1965 F Jacob, A L Woff, ] Monod Genetic control enzyme and virus synthesis

1968 R W Holley, H B Khorana, M W pf the genetic code

1975 D Baltimore, H Temin and R Dul riptase and oncogenic viruses

1978 W Arber, D Nathans, H D Smith Honucleases

1980° P Berg and W Gilbert, F Sanger it recombinant DNA molecule and DNA sequencing

1989 J M Bishop, H E Varmus
1989* S Altman, T R Cech
Smile Now
1993 R Roberts, P Sharp
1993 K Mullis and M Smith Polymerase chain reaction (PCR) and site directed mutagenesis
1995 E Lewis, C Niisslein-Volhard, E Wieschaus Genetic mechanisms in early embryonic development
2001 L H Hartwell, R T Hunt, P M Nurse Key regulators of the cell cycle
2002 S Brenner, ] E Sulston, H R Horvitz Genetic regulation of organ development and programmed cell death
2004 R Axel, L B Buck Sense of smell including the genes involved in the olfactory system

*Nobel Prize in Chemistry; all others Nobel Prize in Physiology or Medicine.
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| THE ORIGIN OF SPECIES |
i |

Historie molekularni mediciny — ,,pocatky”

1715 Giovanni Battista Morgagni, 1858 Rudolf Virchow
1859 Charles Darwin, 1865 Gregor Mendel,
1910 Thomas Hunt Morgan, 1944 Barbara McClintok

1949 — Linus Pauling — pojem Molekularni onem.
1953 — James D. Watson a Francis Crick
— sekundarni struktura DNA

Nobelova cena — 1962

1957 — Francis Crick a George Gamov
CENTRALNI DOGMA molekulérni biologie

Strana 9 © Ondfej Slaby, 2009
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1966 — Marshall Nirenberg, Heinrich Mathaei a Severo Ochoa rozlustili geneticky kod

DAMN
HACKERS!!! ‘
NOW, I HAVE

TO CHANGE THE
"\ PASSWORD

60D... THE
HUMAN GENOME
CODE'S BEEN
“\UNRAVELLEDp—

Marshall Nirenberg

Nobelova cena 1968

Paul Berg

1970 David Baltimore izoloval enzym reverzni transkriptazu z RNA retroviru

1972 Paul Berg vytvofil prvni rekombinantni molekulu DNA

1974 Paul Berg navrhuje v Science dobrovolné moratorium na techniky rekominantni DNA
1974 Frederick Sanger zavedl metodu sekvenace DNA

1976 Prvni biotechnologicka spolecnost zalozena v Kalifornii GENENTECH, Inc — prvni lék
pripraveny in vitro pomoci genového inzenyrstvi — lidsky inzulin uvedeny na trh 1982

Strana 10 © Ondfej Slaby, 2009
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1978 David Botstein zavedl metodu polymorfizmu délky restrikcnich
fragmentu (restriction fragment length polymorphisms-RFLP)
Zasadni metoda pro identifikaci jednonukleotidovych polymorfizmd{ (SNPs)

1983 Kary Mullis v Cetus Corporation zaved|
polymerazovou retézovou reakci (PCR)

EcoR1 — GAATTC N
Restrikéni endonukledzy i ;
~ T
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Multiplying a DNA template with PCR

lllllllllll HRAEL PRIZE 1N ERENIBINY,

KaRy mULLis Karry Mullis s hvézdou serialu CSI: Las Vegas

Marg Helgenberger
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The PCR Song

There was a time when to amplify DNA,
You had to grow tons and tons of tiny cells.
Then along came a guy named Dr. Kary Mullis,

Said you can amplify in vitro just as well.

Just mix your template with a buffer and some primers,
Nucleotides and polymerases, too.

Denaturing, annealing, and extending.

Well it’s amazing what heating and cooling and heating will do.
PCR, when you need to detect mutations.

PCR, when you need to recombine.

PCR, when you need to find out who the daddy is.

PCR, when you need to solve a crime.
(repeat chorus)

Strana 10 © Ondfej Slaby, 2009
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Historie molekularni mediciny — moderni éra 1980s-2000s
Geny a nadorova onemocnéni

1910 Peyton Rous popsal vyznam viru v etiologii sarkomu kurat
Rous Sarcoma Virus (RSV)

Pocatkem osmdesatych let, byl klonovan segment DNA
z nadorové linie mocového méchyre, ktery vykazoval schopnost
indukovat neoplastickou transformaci v jinych burkach

=ONKOGEN
Nobelova cenal, 1989 Nadorové supresory

2001- Nobelova cena
L Hartwell, R Hunt, P Nurse
reguldtory bunécného cyklu

Peyton Rous,
Nobelova cena 1966

2
,er Tl
Filter I?q. <y o
7. U e T
| ) (“:Tr
Cell-free => \Tr 2.
J. Michael Bishop Harold E. Varmus exteact 2 i \\§
Onkogeny jsou defektni formy proto-onkogen( (RSV) ST
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Historie molekularni mediciny — moderni éra 1980s-2000s

Mutacni analyza

Pocatkem devadesatych let se objevuji automatické sekvenatory (pfilis nakladné)
RFLP - polymorfizmus délky restrikénich fragment

SSCP — polymorfizmus konformace jednoretézcové DNA

DGGE - elektroforéza v gradientovém denaturacnim gelu

Na trhu se objevuji komercni DNA kity — diagnostika

Genova terapie

1987 — prvni rekombinantni DNA vakcina pro hepatitidé B, vytvorena inzerci segmentu
virové DNA do kvasinkového vektoru

1990 — prvni podani genové terapie (retrovirové vektory s funkénim enzymem)

u pacientky s ADA immunodeficienci

Klinicka studie se SCID X1 imunodeficienci u 14 déti (u 2 doslo k rozvoji ALL)

Vyvoj novych virovych i nevirovych vektort
S. Altman a T. Cech — objev Ribozymi

Strana 16 © Ondfej Slaby, 2009
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1997 — lan Wilmut — TVURCE DOLLY

Somaticka burika dospélé ovce byla sloucena s
neoplodnénym enukleovanym oocytem jiné ovce

Makak Neti a Ditto
Autor Don Wolf, 1997

Strana 17 © Ondfej Slaby, 2009
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Historie molekularni mediciny — moderni éra 1980s-2000s

Polymorfizmy DNA

Za geneticky polymorfni je povazovan znak s nejméné dvéma geneticky podminénymi
variantami v jedné populaci, které se nachazi v takovych frekvencich,

ze i zfidkava ma frekvenci alespon 1%.

Mezi lidmi je priblizné 99,9% shoda v sekvenci DNA

Zbyvajicich 0,1% nas Cini jedinecnymi (jak vypadame, nemoci, kterymi budeme trpét, ...)

Bodové (single-nucleotide polymorphism SNP, vyslovuj snip)
Frekvence pfriblizné jeden 1 SNP na 1kb DNA sekvence
Repetitivnich sekvenci (satelity, mikrosatelity — pocty repetic)

1985 — DNA fingerprinting — komplexnost polymorfizm | "
satelitd umozZnuje vytvofit unikatni DNA profil jedince ' .\
1987 — poprvé uznan DNA fingerprinting jako dikaz u soudu
pocatek forenzni molekularni biologie

Sir Alec Jeffreys

DNA polymorfizmy jsou genetickym pozadim souvisejicim mimo jiné také s dispozicemi
k civilizacnim chorobam a lécebnou odpovédi .

Strana 18 © Ondfej Slaby, 2009
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1998 - objev RNA INTERFERENCE Craig Mello a Andy Fire u C. Elegans
—~NOVY NASTROJ GENOVE TERAPIE

NUCLEUS Lkl

3 )

1 Drosha 1

Exportin Sinduced H

PrOCESSIE Nuclear Export [1

Transcription vernnsi TR il
i I. - ; .

QE
o RNA E* Dicer
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Translatonaly repressed mRNA 2 5
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Craig Mello na slavnostnim banketu po udileni Nobelovych cen za rok 2006.
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HUMAN GENOME PROJECT

1985-1990: diskuse o sekvenovani lidského genomu
— “nebezpecné” - “nesmysiné” - “nemozné”

1988-1990: Zalozen HUMAN GENOME PROJECT (HGP)
20 laboratofi z USA, Velké Britanie, Japonska, Francie, Némecka a Ciny
Asi 2800 lidi, vedouci: Francis Collins, NIH

Mezinarodni spoluprace: HUGO (Human Genome Organisation)

Cile:

— geneticka mapa lidského genomu

— fyzicka mapa: marker kazdych 100 kbp

— sekvenovani modelovych organismd (E. coli, S. cerevisiae, C. elegans,
Drosophila, mys)

— objevit vSechny lidské geny (predpokl. 60-80 tisic)

— sekvenovani celého lidského genomu (3000 Mbp) do r. 2005

s rozpocCtem 3 bil. USD

Strana 21 © Ondfej Slaby, 2009
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Kvéten 1998 ,Discovery can’t wait”

* Craig Venter zaklada soukromou biotechnologickou
spole¢nost CELERA GENOMICS, Inc. a vyhlasuje zameér
sekvenovat cely lidsky genom za 3 roky a 300 mil. USD
metodou whole-genome shotgun, nékolik desitek
zaméstnancu (sponzorovadano Applied Biosystems)

e V té dobé vysledek prace HGP: sekvenovano

cca 4 % lidského genomu.

Celera Genomics & akad. spolupracovnici publikuji draft genomu
Drosophila melanogaster (cca 2/3 z 180 Mbp)

e ... whole-genome shotgun Ize pouzit i pro velké genomy

e ... Lidsky genom: zavod mezi Human Genome Project a Celera Genomics

Unor 2001 - Remiza

HGP publikuje draft lidského genomu v ¢asopisu Nature 15.2.2001.
Celera Genomics publikuje svou sekvenci lidského genomu v Science 16.2.2001.

Strana 22 © Ondfej Slaby, 2009
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V

Srovnani pristupu verejného konsorcia a Celera Genomics

Clone-by-clone Whole-genome shotgun
@ Genetic _~ Chromosome —__
(linkage) [ || |
mapping
(distances in Genetic markers (about
centimorgans) 200 per chromosome) & ~
@ Physical 100.000 %
Known gene mapping ~bas’es % &
PN e L (distances in
ng oA ST [ 00 —— N\ — 6@
Probe 1 bases) - 1 |
Library I: 0] (S [
e Library 11: 2 I I
DNA of cloned fragments
(3 5 [3Probe 1 5 ~1,000 bases A .
:q ] | ] AN N
(4] [3-Probe 2 [ ] [ ] \\\\ \\\
CGCCATCRGT
(5 5,EI_+ 3 9 T i AGTCCGCTATACG E
| I
S-Probes sequencing | i
° o — : : i i
WEERETD
- Map ! |, (a) Hierarchical, three-stage approach used by the (b) Whole-genome shotgun approach
snown|sequences public consortium used by Celera Genomics

Pracovnici vefejného konsorcia byli zavazani tzv. Bahamskou deklaraci, ktera stanovila, ze se vysledky sekvenovani musi do 24 hod.
vystavit vefejné na internetu, aby vSechna pracovisté mohla vyuzit vysledkl ostatnich. Tato data ovsem vyuZzivali i pracovnici Celery,
ktefi ovSem nebyli Bahamskou deklaraci vazani a své vysledky nezverejnovali.
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Craig Venter

Zari 2007, 10 mil. USD

32 million DNA fragmenta, 20 billionu bazi
Total variants: 4.1 million

3.1 million SNPs

4000 genll mélo pozménéné proteinové produkty
Venter netrpi CF ani Huntigtonovou chorobou

OPEN (3 ACCESS Freely available onbine PIOS siowoay

The Diploid Genome Sequence
of an Individual Human

Samuel Levy'", Granger Sutton’, Pauline C. Ng', Lars Feuk?, Aaron L. Halpern', Brian P. Walenz', Nelson Axelrod’,
Jiagi Huang', Ewen F. Kirkness', Gennady Denisov’, Yuan Lin', Jeffrey R. MacDonald?, Andy Wing Chun Pang?,
Mary Shago?, Timothy B. Stockwel, Alexia Tsi i', Vineet Bafna®, Vikas Bansal’, Saul A. Kravitz', Dana A. Busam',

Karen Y. Beeson’, Tina C. Mcintosh', Karin A. Remington’, Josep F. Abril*, John Gill', Jon Borman', Yu-Hui Rogers',
Marvin E. Frazier', Stephen W. Scherer’, Robert L. Strausberg’, J. Craig Venter'
1 ). Gaig Venter insstute, Rockville, Marybind, United States of America 2 Progam in Genetics and Genomic Biology, The Hospital for Sick Children, and Malecular and

Medical Genetics, Univesity of Toronto, Toronto, Ontaria, Ganade, 3 Department of Computer Scence and Engineesng Uniemity of Calfomia San Diego, La Jalla,
Guifornia, United States of Amesca, 4 Genetics Department, Facuitat de Biologia, Univesitat de Baxcelome, Baxelona, Gatalonia, Spain

James D. Watson

Rijen 2007

Méné nez 1 mil. USD
Publikovan v GeneBank
Trvalo méné nez 2 mésice

Nasledovaly sekvenacni analyzy
dalSich jedincu z rliznych etnik,
které prinesly podstatné informace
o interpersonalnich rozdilech ve
strukture genomd.
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Nové technologie zalozené na principu masivniho paralelniho sekvenovani
next-generation DNA sequencing technology

Roche

454 Genome/
Sequencer
platfrom

Solexa
llumina

SOLiD
Applied
Biosystems

Srpen 2009

Nature Biotechnology
Published online: 10 August 2009 | doi:10.1038/nbt.1561

Single-molecule sequencing of an individual human

genome
Dmitry Pushkarevl'g, Norma F Neffl:Z & Stephen R Quakel

Recent advances in high-throughput DNA sequencing top #
technologies have enabled order-of-magnitude improvements in

both cost and throughput. Here we report the use of single-molecule
methods to sequence an individual human genome. We aligned billions
of 24- to 70-bp reads (32 bp average) to ~90% of the National Center
for Biotechnology Information (NCBI) reference genome, with 28x
average coverage. Our results were obtained on one sequencing
instrument by a single operator with four data collection runs. Single-
molecule sequencing enabled analysis of human genomic information
without the need for cloning, amplification or ligation. We determined ~
2.8 million single nucleotide polymorphisms (SNPs) with a false-
positive rate of less than 1% as validated by Sanger sequencing and
99.8% concordance with SNP genotyping arrays. We identified 752
regions of copy number variation by analyzing coverage depth alone
and validated 27 of these using digital PCR. This milestone should allow
widespread application of genome sequencing to many aspects of
genetics and human health, including personal genomics.

Délka projektu: 8 tydn(
48 000 USD (Venter 10 MUSD -> HUGO: 3 000 MUSD)

Paralelni sekvenovani miliénu sekvenci, celkem 100 — 3000 Mb/run, jednotlivé sekvence dlouhé 20 — 400 bp

Strana 25 © Ondfej Slaby, 2009
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Schéma programu

Biopsie LS a5 |
nadoru 5 aiite [T

Vycerpani
standarnich

Multidisciplinarni
nadorovy panel
(jednou mésicné) Individualizovana

lé¢ebnych lécba
moznosti 4

Informovany

Analyza dat

L Sekvenovani s Actionable mutace
souhlas Bukalni stér Cipové analyza Prlpravao Drug repurposing
Odbér krve protokolu Kombinovani lé¢ba
2-3 tyd ny Schvaleni terapeutického planu

—

3-4 tydny



Workflow WES a analyzy fuznich genti

Cil: nalezeni driverovych mutaci a fuzi s vyznamem pro terapeutické planovani

Izolace DNA — tumor, krev
Izolace RNA — tumor

Biopsie — tumor (FFPE, tkan)

Periferni krev

Vyhledavani
“driverovych” mutaci
— missense,
inzerci/deleci

MDAnderson —

Center
s COSMIC

Catalogue Of Somatic

HGMD

Cilena terapie

Kontrola mnozstvi a kvality
DNA/RNA
Reparace DNA z FFPE
OsSetreni RNA DNazou

! !

Pfiprava knihoven — WES
(germinalni, somaticky)
TruSeq Exome Kit

Sekvenace
NextSeq

Bioinformaticka
analyza

Pfiprava knihoven — fluze
TruSight RNA Pan-Cancer
Panel




Vysledky celoexomového sekvenovani: ukazka protokolu

£$CE

CEITEC - Stfedoevropsky te
Kamenice 753/5, 625 00 Brn{

SOMATIC EXOME ANALYSIS

Patient code: KD1055

1) ¢.1371C>A/p.N457K variant was found in the FGFR1 gene
i) Fibroblast growth factor receptor 1 is in humans coded by the FGFRI gene. It is a
tyrosine-protein kinase that acts as cell-surface receptor for fibroblast growth factors
and plays an essential role in the regulation of embryonic development, cell
proliferation, differentiation and migration. Required for normal mesoderm patterning

and correct axial organization during embryonic

1t, normal

and normal it of the in-rel

ing hormone (GnRH) neuronal
system. Phosphorylates PLCG1, FRS2, GAB1 and SHB. Ligand binding leads to the
activation of several signaling cascades. Activation of PLCG1 leads to the production of

the cellular signaling diacylglycerol and inositol 1,4,5-trisph

transform cell lines, implicating it is a driver mutation (Greulich et al, 2011; Yoon et al,

2004; Rand et al, 2005).

In the COSMIC database is variant described as “pathogenic” found in patients with

gliomas, and

iv) Fibroblast growth factor receptor 1 can be targeted directly by nintedanib, pazopanib,

ponatinib and regorafenib or indirectly by MAPK inhibitors/ PI3K, Akt, mTOR inhibitors.

2) ¢.205G>A/p.E69K variant was found in the PTPN11 gene

i) Tyrosine-protein phosphatase non-receptor type 11 (PTPN11, also known as PTP-

1D, SHP-2 or PTP-2C) is in humans coded by the PTPN11 gene. Acts downstream of

Diagnosis: Metastatic ependymoma of third vq
Material: DNA isolated from the FFPE sample|
Sample quality: 100% of cancer cells

Date of biopsy: 11.5.2017

Date of sequencing: 21.7.2017

Method: Whole exome sequencing
Library preparation: Truseq Exome kit (lllumina)

Sequencing device:  NextSeq (lllumina)*

CEITEC - Stfedoevropsky technologicky institut
Kamenice 753/5, 625 00 Brno

GERMINAL EXOME ANALYSIS

Patient code: KD1055
Diagnosis: Metastatic ependymoma of third ventricle
Results: Material: DNA isolated from the peripheral blood
Gene Variant (c.DNA/protein) AF (%) Thi Date of sequencing:  21.7.2017
FGFR1 €.1371C>A/p.N457K 42 Ni Method: Whole exome sequencing
M Library preparation: Truseq Exome kit (lllumina)
PTPN11 €.205G>A/p.E69K 47,4 v Sequencing device:  NextSeq (lllumina)*
FGF10 c.68_70delGCT/p.C23delC 58 Nil
Results:
M
Gene Variant (c.DNA/protein) MAF (%) Therapeutic plan
CHD2 ¢.4165dupA/p.M1388fs 6 -
EGFR ¢.1562G>A/p.R521K 27,6 (Cetuximab)
ATR €.2320delA/ p.1774fs*5 6,9 (SH
KDR ¢.1416A>T/p.Q472H 23,5 Axitinib, cabozantinib, nintedanib, pazopanib,
AF= allelic frequency
ponatinib, ramucirumab, regorafenib, sorafenib,
Results are divided into the following sections: sunitinib, vandetanib, lenvatinib, midostaurin/
R MAPK inhibitors
1) Variant found
PIK3CA  c.1173A>G/p.I391M 7,7 PI3K/AKT/mTOR-inhibitors
Protein function
BARD1 €.1518_1519delinsCA - PARP-inhibitors/Epigenetic treatment

Diseases (germinal exome)/cancers (somatic exome

ii.  Variant description (localization of mutation in pra TP53
according to available databases). Prediction algf
uncertain significance).

iv. Therapeutic possibilities

v. Additional comments (if relevant)

* Additional information (sequencing platform, information about
variant filtering system) are listed at the end of the protocol.

1) Variant found

c.98C>G/p.P33R

71,5 -

Variants in EGFR, PIK3CA and BARD1 are heterozygous. Variants in KDR and TP53 are homozygous.
MAF=minor allelic frequency - european

Results are divided into the following sections:

i. Protein function
fi. Diseases (germinal exome)/cancers (somatic exome) described in association with relevant gene
iii.  Variant description (localization of mutation in protein structure — if available, associated fenotypes
according to available databases). Prediction algorithms results (in novel variants or variants of
uncertain significance).
iv. Therapeutic possibilities
V. Additional comments (if relevant)

* Additional information (sequencing platform, information about the sequencing run, bioinformatic workflow and
variant filtering system) are listed at the end of the protocol.

various receptor and cytoplasmic protein tyrosine kinases to participate in the signal

bquencing platform:

hole exome sequencing (Truseq Exome kit, Illumina) was performed on the NextSeq (lllumina) device using
lextSeq 500/550 Mid Output Kit v2 (150 cycles) (lllumina) cartridge.

[formation about the sequencing run

e patient was sequenced on the 21% of July 2017 together with the following patients: OB0305 and
1059.

e overall number of reads was 163.608.416. 88,3% of the target region was covered at least 20 times. DNA
s obtained from the FFPE sample of metastatic ependymoma. DIN was 5,7.

oinformatic workflow:

ignment (GRCh37):  BWA. Samblaster, Samtools Sambamba
ality Control: PicardTools CollectHsMetrics, FastQC, (MultiQC)
riant Calling: Mutect, VarDict, Scalpel (Somatic)
VarDict + GATK HaplotypeCaller (Germline)
hnotation: Oncotator (CancerGeneCensus,Familial Cancer Database, Cosmic, Clinvar),

Annovar refGene,1000 genomes, esp6500, EXAC, dbSNP147+ Foundation One
and MD Anderson.

riant filtering system:
- Exonic (coding) and adjacent intronic (splicing) regions
- variants, i
splicing variants
- Variants according to COSMIC, MD Anderson, Cancer gene census (1500 genes) and ClinVar
databases

insertions and deletions, stopgain, stoploss and

- Manual validation — Alamut software

- Impact of variants according to prediction algorithms— PolyPhen-2, SIFT
- Potential significance for a therapeutic plan

Whole dataset (exome) evaluated: yes

pte on methodology:

t all the variants found are listed. Variants in the presented protocol were selected according to
fentioned filtering system by specialists.

variants found are listed in the protocol supplement (basic filter used — exonic and splicing variants only,
Inonymous variants excluded, European MAF up to 10%).

e technical parameters of the method do not guarantee 100% coverage of all sequenced genes. Mutations
other (i i covered, not evaluated, not analyzed)
tected at present levels of knowledge and technical possibilities cannot be excluded.

genes and changes that cannot be
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btocol created by Mgr. Hana Noskova, Ph.D.
ail: hana.noskova@ceitec.muni.cz
one: +420 728 840 567

Protocol revised by doc. RNDF. OndFej Slaby, Ph.D.




Kazuistika 1 — somaticka mutace

5-lety chlapec s difuznim pontinnim gliomem (DIPG), histologie AA-GBM, Ki67 — 60%
Sekvenacné nalezena aktivacni mutace E545K v genu PI3K vedouci

k hypereaktivité signalizace PI3K/AKT (miltefosine/impavido jediny schvaleni Akt inhibitor)

10/2015

miltefosine
1/2016
4mofg\\i/l\t£f\</)\s/‘|\n/
9/2016 8m ofg\,/furtherregression v .
+ FLT PET negativization! PO 17 mESICICh
Miltefosine Leishmaniasis trvajici stabilizace

negativizace na PETu

S DRUG

REPURPOSING!




Kazuistika 2 — zarodecna mutace

Chlapec s infantilni myofibromatézou s mnohocetnym visceralnim postizenim
Progrese po dvou liniich standardni chemoterapie (A)

Sekvenacné: germinalni (aktivacni) mutace 1681 C>A v genu PDGFRB v
heterozygotnim stavu, mutace byla popsana jako kauzalni u nékolika rodin s IM*

Sunitinib + metronomic VBL: Po 2 mésicich (B) po 6 mésicich (C) l1écby
Po jednom roce lécCby stale trvajici odpovéd...

* Cheung YH, Gayden T, Campeau PM, LeDuc CA, Russo D, Nguyen V-H, et al. A recurrent PDGFRB mutation causes familial
infantile myofibromatosis. Am J Hum Genet. 2013;92:996-1000.



Take home

1) Co je molekularni medicina?

2) Co znamena spojeni ,integrace diagndzy a terapie“?
3) Jaké jsou dtivody a ndsledky individualizace 1é¢by?
4) Jaké milniky v historii molekularni biologie umoznily
vznik oboru molekularni medicina a jaké nejnovéjsi
poznatky jeji rychly vyvoj v poslednich letech?

Napln pristi prednasky

Molekularni patologie nddorovych onemocnéni — bunécny cyklus, apoptoza, geneticka
nestabilita nadord, rizikové faktory, angiogeneze, tvorba metastaz, mikroRNA, nador
jako komplexni tkan, histopatologicka klasifikace nadort, mechanismus ucinku

vybranych léciv, invazivita/chemorezistence — pfiklady kolorektalniho karcinomu,
mamarniho karcinomu a glioblastomu
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