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Proc programovatelné nukleazy ?

RNA-Guided Nucleases
Nukleazy rizené RNA

* vyjimecné vykonné nastroje vyuzitelné k poznani
jak pracuje genom

* Schopnost zacilit a upravovat specifické DNA
sequence v celé siri

* Moznost vyuziti v Iékarstvi

 avdalsich oborech ...
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programovatelné nukleazy

/Zinc Finger Nucleases \

= (Cys2-His2 zinc-finger doména
= Umeélé sefazeni 3-6 Zinc-fingers
(9-18 bp)
= C-terminalni fuze s endonukleazou
Fokl

o /

Transcription Activator-Like
Effectors nucleases (TALENS)

Central Repeat Domain (CRD) odpovédna za

vazbu na DNA

CRD obsahuje moduly s vysoce homologni

repeticemi o 34 aminokyselin

Specificita vazby na DNA je determinovana

aminokyselinami 12 and 13 v kazdé repetici
— repeat variable diresidues (RVDs)

Modularni kompletace dovoluje efektivni a
ekonomickou tvorbu TALENovych vektoru

/ CRISPR/Cas9 system\

= Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR)

= CRISPR RNAs (crRNAs) vytvari komplex
s CRISPR-asociovanym proteinem (Cas)

\ Mali et al., Science 2013 /
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Jak to funguje?

DNA
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pouziti programovatelnych nukleaz

zakladni moZnosti
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Pocet vedeckych publikaci
zminujici technologii CRISPR Ve
*obsahuijici slovo CRISPR (PubMed)
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Vzestup technologie CRISPR

patenty l'e“o,
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Vzestup technologie CRISPR
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RNA-Guided Nucleases (RGN)
Nukleazy rizené RNA

vyhody

Jednoduchy design a tvorba

® jednoduchad pravidla pro planovani (programovani) zacileni
targeting

e rychla procedura

e Podpora pfi planovani — nékolik softwarovych nastroji

Efektivni nastroje

e tvorba mutant( je rychla
e eckonomicka efektivnost (*)
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RNA-Guided Nucleases (RGN)
Nukleazy rizené RNA

vyhody

Dostupnost
® komponenty jsou komercné dostupné nebo mohou byt
vytvoreny v laboratofri

Technologie se dale vyviji a zlepsuji
® RGNs se nepouzivaji jen pro ,niceni”
® nabizi vynikajici moznosti pro systémoveé pristupy
e modifikované RGN mohou byt zapnuty a vypnuty
(on/off)
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RNA-Guided Nucleases (RGN)
Nukleazy rizené RNA

limitace

o efektivita a specifita (?)

e off-targeting (?)
O Zvireci modely
O Bunky
o lidé

® Mmozaicismus

® vice pozmeneénych alel
O ruzné mutace
O potreba klonovani a sekvenovani
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Globalni vyvoj:

moznosti a limitace




CRISPR & pravni otazky:

Patentova valka

O Dr. Jennifer Doudna, University of California, Berkeley,
patentova aplikace na CRISPR-technologii — kvéten 2012,
zaroven s Dr. Emmanuelle Charpentier.

 Dr. Feng Zhang, Broad Institute of Harvard and MIT

patentova aplikace na CRISPR-technologiiv 2013
,fast-track” proces a obdrzel oficialni patent v dubnu 2014.

[ Rada dalsich patentovych pfihlasek
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CRISPR & pravni otazky:

Patentova valka

23 FEERUARY 2017 | VOL 542 | NATURE | 401

Broad Institute (USA) vyhrava bitvu o CRISPR-patent
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Moznosti




Nové moznosti v lékarstvi




PD-1 léecba nadorového onemocneni

Keytruda(Pembrolizumab)

* humanizovana terapeuticka protilatka pouzivana k |éCbé nadorového
onemocneéni

* Mechanismus ucinku: vaze se a blokuje PD1 receptor

(programmed cell death)

« PD1 zamezeje, aby imunitni systém napadal tkané vlastniho téla

« Rakovinové bunky suprimuji aktivitu T-bunék diky interakci s PD1
receptorem

Reaktivace T-bunék
pomoci protilatek

Deaktivace T-bunék aktivovana tumorem
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Lécba pomoci PD-1 protilatek
ma
mnozstvi negativnich ucinku
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PD-1 lécba nadorového onemocneéeni

CRISPR-Cas9 mediated efficient PD-1 T
disruption on human primary T cells from REPLIRTS
cancer patients

Shu Su, Bian Hu, Jie Shao, Bin Shen, Juan Du, Yinan Du, Jiankui Zhou, Lixia Yu, Lianru Zhang,

Fangjun Chen, Huizi Sha, Lei Cheng, Fanyan Meng, Zhengyun Zou, Xingxu Huang& Baorui Liu

sbér CD4 T-bunék => in vitro CRISPR/Cas9 PD-1 genova editace
— Upravené bunky jsou pak in vitro pomnozeny

=> Upravené pomnozené bunky jsou vpraveny zpét do pacienta
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Genetickeé inzenyrstvi
v zarodecnych bunkach u ¢loveka

Intellia Therapeutics
Jennifer Doudna

*Novartis: New CRISPR/Cas9-based therapies using chimeric antigen receptor T cells (“CAR
T cells”)

*Regeneron Pharmaceuticals: CRISPR/Cas-based therapeutic products primarily focused on
gene editing in the liver

CRISPR Therapeutics

Emmanuelle Charpentier

*Bayer HealthCare: Ceate a joint venture, Casebia Therapeutics LLP (50% ownership)
*Vertex: Strategic research collaboration agreement
*GlaxoSmithKline

Editas Medicine
Feng Zhang

*Juno Therapeutics: Engineered T cells that have been genetically modified to recognize and kill other cells.
*Adverum Biotechnologies: Explore the delivery of genome editing medicines to treat up to five inherited
retinal diseases

Cystic Fibrosis Foundation Therapeutics: Modification of the cystic fibrosis transmembrane conductance
regulator gene

°Goog|e source: http://www.nanalyze.com
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Geneticke
inzenyrstvi
v mediciné

Zavody ve vyvoji novych
terapii za pouziti
Crispr-Cas9 technologie
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Etické otazky




Etické otazky

Programovatelné nukleazy/CRISPR technologie

Junjiu Huang , Sun Yat-sen Univerzita, Guangzhou, China

* Popsal pouziti CRISPR-Cas9 technologie editovat genom lidskych
embryi

* Pouziti nezivych embryo

>>> debata o etickych otazkych editovani genomu u lidskych zarodecnych
bunék
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Etické otazky

Programovatelné nukleazy/CRISPR technologie

First trial of CRISPR in people

Chinese team approved to test gene-edited cells in people with lung cancer.

476 | NATURE | VOL 535 | 28 JULY 2016

PD-1 lécba nadorového onemocneéni

 Pacienti s metastatickou rakovinou plic, u nichZ selhala
chemoterapie i radioterapie

 Targeting PD-1 v T-bunikach k zesileni imunitni odpovédi proti
tumorim

O faze 1 (trial) - bezpecnost pouziti
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Etické otazky

Programovatelné nukleazy/CRISPR technologie

IGI Forum on Bioethics, Napa, California

..my ... nedoporucujeme...
modifikace zarodeénych bunék
pro klinické aplikace u lidi ...
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Etické otazky

Programovatelné nukleazy/CRISPR technologie

January 18, 2017

Proposals for NIH-funded human gene therapy clinical trials are discussed
and reviewed for scientific, clinical, and ethical issues by the NIH’s

Recombinant DNA Advisory Committee (RAC).

The RAC recently discussed (and did not find any objections to) the first
clinical protocol to use CRISPR/Cas9-mediated gene editing.

RAC diskutoval (a nema Zadnych namitek) k prvnim klinickému
protokolu pro pouiiti CRISPR/Cas9-zprostiedkované genové

editace.
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Etické otazky

Programovatelné nukleazy/CRISPR technologie

Socialni konsekvence Nerovny pristup

Dan MacArthur:
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programovatelné nukleazy
a
geneticky mofifikované organismy
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Programovatelné nukleazy v CR
a
priklady




Czech Centre for Phenogenomics
IMPC: globalni projekt

http://www.mousephenotype.org/
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Czech Centre for Phenogenomics
IMPC: global projekt
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Modely lidskych nemoci

Nethertonuv syndrom

autozomalné-recesivné dédicna kozni porucha, ktera postihuje kuzi,
vlasy, imunitni systém (1:200 000)

Chronicky zanét epidermis, abnormalni deskvamace, nefunkcni
epidermalni bariera, casté alergické reakce

abnormality vlasl a ochlupeni

bodova mutace v genu Spink 5
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Modely lidskych nemoci

Nethertonuv syndrom
Tvorba transgenniho modelu

ATG STOP
S SO 3 B
Spink5 gen
) (LEKTI)
sSODN  e=— . . —
5" homologie . I 3" homologie
STOP Xbal
Spink5 PCR

- Xbal

Kasparek P, et al., PLoS Genet. 2017 Jan 17;13(1

|MG BIOCEV



Modely lidskych nemoci

Nethertonuv syndrom

K1k 10
Genové/proteolytické KIk8
interakce: Klk13
Ela2
Klk14
’[ KIk6
A Inhibitor

_ " KT ) Klk11

Proteolyticky enzym _7

Kasparek P, et al., PLoS Genet. 2017 Jan 17;13(1
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Modely lidskych nemoci

Nethertonuv syndrom

tvorba transgennich modelu (KIk5/Klk7 DBKO)

Klk locus

mKlk7 gene

Kasparek P, et al., PLoS Genet. 2017 Jan 17;13(1
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Modely lidskych nemoci

Nethertonuv syndrom

Spink5 /- KIk5 /- KIk7 /- KIk5/7 /-

i

Spink5 /- Spink5 /- Spink5 /-
KIKS /- KIk7 -/- KIKS /-
Kasparek P, et al., PLoS Genet. 2017 Jan 17;13(1 Kik7 /-
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Dekuji za pozornost
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