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Modely....

A 7

... fentokrat bunécné modely chorob..

... Vladimir Rotrekl




K ¢emu slouzi bunécné modely chorob...?

poznani (molekularni podstaty chorob)

vyvoj novych léCiv




Pro¢ molekularni podstata a pro¢ nova léCiva?

Nové choroby
Nové pfi¢iny znamych chorob
Rezistence k existujicim léCiviim

Mutace a adaptace stavajicich kmenu

... a do toho vSeho nam dochazi tradicni inspirace...

Jako napf. vyvrazdéni ¢asti vojska Marka Antonia ve valce s Parthy

... aneb jak objevit atropin v ruliku zlomocném
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Odhad: cca 600 digndz starého Egypta

V roce 2007 WHO registrovalo 14199 ké6dU v
ICDI10
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Zname tisice chorob..!

...mame ale také k dispozici knihovny
stovek tisic chemickych latek

- Latky prirodniho puvodu

- Produkty kombinatorické chemie
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Knihovny malych molekul ...

+  Nature-Inspired Chemistry:

TimTec Matural Compound Library, BRPL
TimTec Matural Derivatives Libirary, MOL
Flavanaid Derivatives

Flant Extracts

+ ActiTarg Series - Targeted libraries:

ActiTarg-G (GPCR Ligands)

ActiTarg-K (Kinase Modulators)
ActiTarg-F (Protease Inhibitors)
ActiTarg-5 (Serpins Inhikitors)

ActiTarg-l (Fotassium Channel Modula

ActiTarg-rM (Huclear Receptor Ligands)

+ Template-Based - Groups with commaon heYerocyclic [attices:

a-mMembered Aromatic Heterocoycles
a-Membered Fused Aromatic Heterocycles
A-fembered Aromatic Heterooycles
A-fMembered Fused Aromatic Heterocoycles

+  Privileged Structures

dostupné jako kolekce tisicli latek na mikrotitraénich destickach
umoznuji rychly skrining tisict ldtek v redlném &ase
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Jak ale testovat Uc¢inky tak velkého mnozstvi latek?

smogu (1956)

Co

ink

[ @=
)¢

Testovani
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Jak ale testovat Uc¢inky tak velkého mnozstvi latek?
... kdyz jen jedna latka - atropin - stdla zivot nejen polovinu vojska Marka Antonia

... heZ jsme se ji naucili pouzivat

RULIKU,
TY DAREBAKU ZLOMOCNEJ,
TYS ME ZASE OTRAVIL!
_ <PRATELENE ROSTLINY »
_ NEPRATELSKE ROSTLINY 2
PRATELEN! ZIVOCICHOVE ¢
’ Nﬂ,,@,}méﬂ FIVOLICHOVE ?
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Potrebujeme model...

Bl =i
1 PR s
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Potrebujeme model...

Nevvhody zvirecich modelU:

- Mnohdy chybi relevance k lidskym chorobdm

- Neni mozné testovat rozsahlé knihovny sloucenin
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Potrebujeme model...
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... bunecne modely:

* Nedostate¢né mnozstvi z biopsii
 Omezené mnozstvi bunéénych typu Ize kultivovat in vitro

» Délka kultivace je omezena
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... bunécné modely:

e Rakovinné linie

e Kmenové bunky a odvozené bunécné typy..
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. bunécné modely: rakovinné linie

Vyhody:

Onemochnéni na bunééné urovni

Imortalizované linie

Nevvhody:

Velka diverzita v mechanizmu
onemochéni

Genomova nestabilita a s tim
spojend nestdlost modelu

Garnett et al. cell set
639 cell lines

Cancer Cell Line Encyclopedia
947 cell lines

24 agents tested 130 agents tested
/’ ™
f;'
L
.r‘:f'_\ II
.I@” \

e 'é[— )

Clinical tumour sets

(TCGA, ICGC) ' organ- spemflc panels
(breast, lung etc.)

2\

GSK cell set
311 cell lines

NCI-60 cell panel
59 cell lines
>100,000 agents tested l

Weinstein, Nature 2012
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... bunécné modely: rakovinné linie

TELOMERIC FMA FISH {haman) mualtiRANTY FISH

{h
| mpasz) SEEs CO-FISH —

Vyhody:

Onemocnéni na bunécéné uUrovni
Imortalizované linie

Nevvhody:

Velka diverzita v mechanizmu
onemochéni

Genomova nestabilita a s tim
spojend nestdlost modelu

Multiple suineidal aind sirie leral chimmanial feaitagemeats b @ peproseilating Mol Color Karvonype ol a
hiiia i s fr-sea i o ¢ el ok
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Projekt ,,Genomics of Drug Sensitivity in cancer”

Celkem vzork( doposud .... 1010 (z toho 1010 celych genomu)
Analyzovanych genu .... 23699

|dentifikovanych mutaci .... 1141626

Z toho jedinecnych variant .... 1021175

- C' [ www cancerrxgene.org

=2 Aplkace ’ ¢ *asopisu VETERAN |... ﬁ Crvajity vysoce svitivy ...

E‘_"E Tato strarka je v jazyce | angliting « | Chcete ji pFelofit? | Pelo?it | |E| | Jazyk anglictina rikdy neprekladat | i MoZnost «
i itivi i weellcome trust MASSACHUSETTS
Genomics of Drug Sensitivity in Cancer Hsanger M
ANCER (_ENTER
Home Compounds Genes About News Downloads Documentation nstitute C CH C TER
The Genomics of Drug Sensitivity in Cancer project is an academic research program to identify molecular features of cancers Search

that predict response to anti-cancer drugs. R
it | Search |

Browse our data e.g. Docetaxel, RP-56076, BRAF, COLO-829

ﬂ%‘ What's new!

""a% " Release 4 (March 2013)

This release features improvements increasing
the functionality of the GDSC website to

facilitate analysis and interpretation of results.
Compounds cancer Genes
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Projekt ,,Genomics of Drug Sensitivity in cancer”

Celkem vzork( doposud .... 1010 (z toho 1010 celych genomu)
Analyzovanych genU .... 23438

Identifikovanych mutaci . w
T —) 5

Z toho jedineCnych varian

Pokud zndme mutaci, mUzeme prifadit mechanizmus konkrétni U¢inné latce
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Projekt ,,Genomics of Drug Sensitivity in cancer*

ldentifikace novych cilovych molekul protinddorové terapie..

Nékolik set rakovinnych linii 130 I&tek v klinickém a preklinickém testovani

a b Ser/Thr kinase
Receptor Tyr kinase
Cytoskeleton
Cytoplastic Tyr kinase
Metabolism

Aero-digestive tract (45) Uterus (20)
Thyroid (10) \ Bladder (18)
Soft tissue (18)

\ Blood (103) Mitosis
Skin (42) ---._,_:__""" qy He;::iicatio_n
Pancreas (17) — Bone (29) Apoptosis

BRAF

Cell cycle (interphase) MEK1/2
Ovary (17) — :
on? { 1}9 =, Breast (40) DNA repair EGFR/ERBB2
er (19) Stress pathways PISK/mTOR
CNS (70) P y
Lung (112) Transcription BCR-ABL
Gl tract (58) Adhesion 0 2 4 6 8

_ Angiogenesis
Kidney (21) Chromatin

I I I I |
0 10 20 30 40 50
Number of drugs

Garnet a kol., Nature 2012
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Projekt ,,Genomics of Drug Sensitivity in cancer”

ldentifikace novych cilovych molekul protinddorové terapie..
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|dentifikovan biomarker typicky pro Ewinguv sarkom responzivni na inhibitory PARP

Garnet a kol., Nature 2012
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Modely chorob vyjma rakovin....

Indukované pluripotentni kmenové bunky

Embryondlni kmenoveé bunky
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Modely chorob vyjma rakovin....

Indukované pluripotentni kmenové bunky

- neustdleny standard kontrol
- mozny nezndmy polygenni a epigeneticky vliv

epigeneticky reset
Yamanakovym , koktejlem*
>

Oct4
Sox?2
KIf4

. - - C-Myc
diferencovand bunka Pluripotentni bunka
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Modely chorob vyjma rakovin...

Indukované pluripotentni kmenové bunky

kaontrol

- neustaleny standard
- mozny nezndmy poly

epigeneticky reset
Yamanakovym , koktejlem*
>

Oct4
Sox2
KIf4
C-Myc

diferencovanada bunka

Somatic State
Repression

Pluripotent State
Active

Histone Complex

Bhartiya D. (ed.) Pluripotent Stem Cells, 2013



P Department of Biology

Faculty of Medicine » Masaryk University

Modely chorob: Indukované pluripotentni kmenové bunky

| VA2 AT\
y ¢ | A =
y & Ny P

cardiomyocytes neurons

Diferenciace in vitro

epigeneticky reset
Yamanakovym , koktejlem*
>

diferencovand bunka Pluripotentni bunka



# Department of Biology

Faculty of Medicine » Masaryk University

Nature. 2011 May 12; 473(7346): 221-225. doi:10.1038/nature09915.

Modeling schizophrenia using hiPSC neurons

Kristen Brennand', Anthony Simone'"’, Jessica Jou'-", Chelsea Gelboin-Burkhart!’, Ngoc
Tran'’, Sarah Sangar’, Yan Li', Yangling Mu', Gong ChenZ, Diana Yu', Shane McCarthy?,

Jonathan Sebat*, and Fred H. Gage'

'Salk Institute for Biological Studies, Laboratory of Genetics, 10010 North Torrey Pines Road, La
Jolla CA 92037

[ hiPSCs [[ hiPSCNPCs || hiPSC Neurons |
[ NANOGTRA-1-60 ||  NESTIN SOX2 | [MAP2ABRIII-tubulin|

Control

neurony

SCZD
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| Control SCZD

LV-SYNP-HTG
Rabies-EnvAAG-RFP

Bll-tubulin
Brennand et al. Nature 2011

SCZD neurony replikuji chovani post mortem neuronu

Nové poznatky:
neurony SCID neurony maji snizenou konektivitu

Identifikovany nové drahy s rozdilnou expresi: NOTCH, SLIT/ROBO EFNA
atd..
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Srdecni bunky

Duchenova
muskularni dystrofie

- Postizené kosterni
svalstvo

- dilatovana kardiomyopatie

- Pfedpoklad:

- Chybi dystrofin

- Unik kalcia ze
sarkoplazmatického

retikula

- Pomohly by inhibitory
vapnikovych kanalu?

Chceme je testovat na
srdec¢nich bunkach!!!

Duchenne’s Muscular Dystrophy

Sex-linked Mother Only males affected,
recessive normal, Father but females may be
inheritance carrier normal carriers
sl <00 <«H 0O <¢H
2 yrs old, 5 yrs old, 8 yrs old, 10 yrs old, 15 yrs old,
affected normal affected normal; aftected
may or

may not
be carrier

8 years

2 years

Minimal or no symptoms
Weakness, especially of
: ; pelvic girdle muscles;
Progression with age markad lordasis;

enlarged calves \
e =

Severe crippling
deformities and contractures

pva

Calf muscles usually
but not always
enlarged

t  Lordosis disappears
i when child sits
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Duchenova

muskularni dystrofie Bjopsie buné
cpveho orgghu

neurony

Toto si nemuzeme dovolit
vzhledem ke stavu
pacienta a typu tkané
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Biopsie koznich bunék

|

Fluorescencni
mikroskopie

Indukované
pluripotentni

|zolované srdecni buriky
|ldentické s pacientem

Embryonalni téliska
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DMD: disease of stem cells

Extracellular
Healthy laminB oD laminB rmatrix

Cytoplasmic
membraneg

actin

Cytoplasm

Cardiac progenitor depletion due to excessive DNA damage...
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Katecholinergni
Polymorfni Komorova
Tachykardie (CPVT)

- zpusobuje nahlou srdec¢ni

smrt
- Pfedpoklad:
- nestabilni vazba RyR a B-adrenergic receptor
calstabinu CA*A ;
Ca?*

- Unik kalcia ze , ® ® ® l

sarkoplazmatickeho ® oo

retiku|a calstabin OO < COO

Srdecni bunky o RYR RyR
- Pomohly stabilizatory RyR?
Ca?*

Chceme je testovat na SR

srdec¢nich bunkach!!!
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MODEL: Syndrom ndhlé srdecni smrti

Ndhla srdecni zastava pri zatézi
Ryanodinovy receptor propousti Ca2+ i kdyZz zrovna nema

/\

Patient Control
biopsie

l

iPSC
(indukované pluripotentni buriky)

l

Diferenciace iPSC na kardiomyocity

l

Kardiomyocity na 360 jamkovych deskach
Screening knihovny ,ion channel blockers™ Acimovic et al. Biologicky dstav LF MU
Vitdlni barveni kalcia (napf FLOU-4)




Department of Biology

. Faculty of Medicine » Masaryk University

Frequency of big Ca®* events in 2-months-old CMs at OHz

0.4+

e
[#]
1

Vizualizace uvolhovani kalcia..

Events.s™
o
N

[=]
-
1

WT DMD

Frequency of medium Ca?* events in 2-months-old CMs at OHz

0.6

*

—

Events.s™
e
e

=
o

0.0-

WT DMD

Frequency of small Ca?* events in 2-months-old CMs at OHz
1.0+
0.8+

‘»
@ 0.6
3
= 0.4'
w

0.2+

0.0-

WT DMD
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MODEL: Syndrom ndhlé srdecni smrti

Ndhla srdecni zastava pri zatézi
Ryanodinovy receptor propousti Ca2+ i kdyZz zrovna nema

Pro hledani Gcinnych ldtek je krom modelu treba i robustni screeningovd metoda

v

Kardiomyocity na 360 jamkovych deskach
Screening knihovny ,ion channel blockers™ |,
Vitalni barveni kalcia (napr FLOU-4) . "

d

Normalized fl
(AFIFg)
=) » &

Acimovic et al. Biologicky ustav LF MU



Pouziti organoidtd k modelovani chorob

b MUGCSAC COH1 DAP

Home | News & Comment | Research | Careers & Jobs | Current Issue | | Audio & Video

P12 antrum
S T

ARTICLE PREVIEW

view full access options »

NATURE | LETTER < =
BFFERH

Modelling human development and disease in
pluripotent stem-cell-derived gastric organoids

Kyle W. McCracken, Emily M. Cata, Calyn M. Crawford, Katie L. Sinagoga, Michael
Schumacher, Briana E. Rockich, Yu-Hwai Tsai, Christopher N. Mayhew, Jason R. Spence,
Yana Zavros & James M. Wells

Helicobacter pylori

\

Asociace s C-MET receptorem

\

Epitelialni proliferace
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Modely chorob vyjma rakovin....

Indukované pluripotentni kmenové bunky

- neustdleny standard kontrol
- mozny nezndmy polygenni a epigeneticky vliv

Moznosti: porovnanani vice iPSC z pacientd nesoucich
stejnou mutaci se stejné Sirokou skupinou kontrolni
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Modely chorob vyjma rakovin....

Indukované pluripotentni kmenové bunky

- neustdleny standard kontrol
- mozny nezndmy polygenni a epigeneticky vliv

Cilena inverze mutace u iPSC z pacienta...
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Modely chorob vyjma rakovin....

NejCastéji vyuzivané

Programovatelné mistné
fizené nukleazy

- Zinc-Finger nukleazy)
- Taleny
- CRISPR/Cas

Custom-designed Nucleases

""" S
Doublesstrand break

Disruption Insertion
by NHEJ by HR

Donor construct

Gene
Knockout

Gene
Replacement/Tagging/CGorrection

http://www.ctm-basel.ch/

Cilena inverze mutace u iPSC z pacienta...
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Modely chorob vyjma rakovin....

N el éast él | VVvu 2 |Ivan é Normal Neuron Parkinson's Disease Neuron

a-Synuchein Mutation

'l
@ Reactive Nitrogon Species |

e SRR o -
MEF2 Tﬂ&nl Genga MEF2 Tai Gene
ties, (@8, PGCTe) ie.g., PGCia)
mRNA sy mANA e
e e
| |
Protein %t Target) Protein  Target)
Jorged|
| |
- C RI S PR / C as Mormal Neuranal Function Impaired Mitochondrial/
Meuronal Survival Neuronal Function
Meuronal Death

¥ Restore MEF2C Transcriptional Activity
" L-MAME, Non-Nitrosylatable MEFZC, Isoxazole

Ryan, SDY, CELL, 2013

Model Parkinsonovy choroby: technologii CRISPR/CAS opravena mutace
synnucleinu v neuronech derivovanych z iPSC
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ASIT N

Modely chorob vyjma rakovin....

N el éaSt él | Wu 2 |Ivan é Normal Neuron Parkinson’s Disease Neuron |

a-Synuclein Mutation

k'
(m) Reactive Nitrogon S

PQ 2.8.MMB 0.5:M

e . R >
MEF2 Tar&nl Gena MEF2 Tai Gen
m..“‘u.. {e.g., PGC1a) {e.q., PGCla) |
mRNA sy mANA e
ba."‘;aﬂ e
| |
Protein J#a%t Target Protein  Target)
Jorged)
| |
- C RI S PR / C as Mormal Neuranal Function Impaired Mitochondrial
MNeuranal Survival Neuronal Function

Meuronal Death

Restore MEF2C Transcriptional Activity
" L-MAME, Non-Nitrosylatable MEFZC, Isoxazole

Ryan, SDY, CELL, 20 §

Model Parkinovy choroby: technologii CRISPR/CAS opravena mutace
synnucleinu v neuronech derivovanych z iPSC



Hemofilie A — nej €astéjSi pfi€ina je inverze ¢asti genu koagula €niho faktoru 8

A _ 140kb
TALEN E = TALEN
L s
WT Telomere hé?ntﬁg,; 2 =] h;&“gﬂa 1> E2 | F8 gene>— Centromere
e <
2R 1R
E1 | | |— > | E2 | FSgene)—
e
| I 4
_ LN Ry
Patient — Junction2 | | 13 Junction 1> E2 | F8gene )—
'y A
TALEN SF TALEN SR

Park, CY, PNAS, 2014

Bonus: Stejnym parem TALENU |ze opravit mutaci v IPSC z pacienta — otevira
cestu genové/bunécne terapie
B WT iPSC Inversion clone 1 Reverted clone 1

FVIll vWF DAPI

Park, CY, PNAS, 2014
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Modely chorob vyjma rakovin....

Embryondlni kmenoveé bunky

- nutnost pouziti fizené manipulace genomu
- absence polygennich faktoru
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Shwachman-Bodian-Diamondudv syndrom

Wiki: ,The encoded protein may function in RNA
metabolism.[3] The precise function of the
SBDS protein is not known but it appears to
play an important role in ribosome function or
assembly.”

Charakteristika choroby:

Exokrinni pankreaticka dysfunkce
(vysledkem je podvyziva a zastaveni rustu)
Hematologické abnormality (asto vyusti do
myeloidni leukemie)
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gene SBDS The message

RNA Shwachman-Bodian-Diamondudv syndrom

Wiki: ,The encoded protein may function in RNA
metabolism.[3] The precise function of the

Zinc finger

gene silencing _@ SBDS protein is not known but it appears to
— play an important role in ribosome function or
pe silencing assembly.”
e y?
ﬁr:.-:ﬁj'-;.r'

Pk
._gﬂvj_.-

hESC with mutated SBDS protein Charakteristika choroby:

Exokrinni pankreaticka dysfunkce
(vysledkem je podvyziva a zastaveni rustu)
Hematologické abnormality (asto vyusti do

bu fiky krevni myeloidni leukemie)
pankreatu bunky
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U THCTE STTHECTI D MNIH Public Accass

Pluripotent stem cell models of Shwachman-Diamond
SBDS protein mutation syndrome reveal a common mechanism for pancreatic
l and hematopoietic dysfunction

Protease induction A

| ——
Increased cell death A5 B AR
in both L0

iPSC1+SBDS iPSC1-SBDS Patient (50X) Patient (100X)

Blood and Pancreas e —

Asmin Tulpule, James M. Kelley, [...], and George Q. Daley

*

z I
E E
C MO!‘!OD < D Edﬂ Ezu @ f
1 1 W
Tas | =1 & 95 ‘
230 { 2 14 5 90 ‘
521 5121 Z 85
£ £ s m
15 i >
%1: B8 creatic % 5] atopoietic E s ‘
Myeloid D, g2 270
Precursor « IPSC1 ® hESC ; 85
SBDS rescue:  + - + 5 o d
iPSC1
SBDS rescue: + -
Aprotinin: -
hESC+SBDS hESC-SBDS
3 iss g
8 ‘ 3
g1 5
E 0.75 ‘ 3
a ‘ g
E 05 - %
5 | &
2 025
& |
5 1

s Sa— T, i e SBDS rescue: +
iPSC1+SBDS iPSC1-SBDS iPSC1-SBDS SBDS rescue: + L Pl cocktail
+ Aprotinin Aprotinin - - +
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Dékuji za pozornost..

Vladimir Rotrekl
vrotrekl@med.muni.cz
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Modely chorob vyjma rakovin....

Indukované pluripotentni kmenové bunky

‘Stochastic’ phase ‘Hierarchical’ phase iPSC

Initiation Early Late

Stabilization of the core pluripotency circuitry

@>@>@— ()

COSKND ; MEF identity Proliferation, apoptosis OSKM unknown
S p Ectoplc DSk I— and EMT genes = and metabolism genes — target genes
N ) Endogenous OSN B E-rly pluripotency genes [ Late pluripotency genes

diferencovanada bunka Buganim, 2013  Nature Reviews | Genetics




