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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

fZinc Finger Nucleases \

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

Right ZFP
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Left ZFP

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)
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5'-ACGTAGCTGCATCGCCACTACCGTATGAT ICTGTGCAGTTGTGGTTTGTCTACCGTA
3 —TGCATCGACGT}\GCGGTGATGGCATACTA%ACACGTCMCACCAMCAGATGGCAT

Modularni kompletace dovoluje efektivni a
ekonomickou tvorbu TALENovych vektort

/ CRISPR/Cas9 system\

= Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR)

= CRISPR RNAs (crRNAs) vytvari komplex
s CRISPR-asociovanym proteinem (Cas)
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Mali et al., Science 2013
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A powerful gene-editing technology is the biggest
game changer to hit biology since PCR. But with its
huge potential come pressing concerns.
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Jak to (CRISPR) funguje?
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pouziti programovatelnych nukleaz

zakladni moZnosti

-

tvorba tzv. indel mutaci
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Excize/vytiznuti
Specifické DNA

Exon 1

Exon 2
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Pocet védeckych publikaci
zminujici technologii CRISPR e,
*obsahujici slovo CRISPR (PubMed)
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Vzestup technologie CRISPR
patenty Vs,

PATENTS

In 2014, worldwide patent applications that mention
CRISPR leapt and a patent battle intensified.

200

TOP 5 PATENT APPLICANTS:

Massachusetts Institute of Technology (MIT):
Broad Institute:

MIT bicengineer Feng Zhang:

Danisco:

Dow Agrosciences:
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Vzestup technologie CRISPR
b@;ye

FUNDING

A sharp jump in US National Institutes of Health funding for
projects involving CRISPR is a harbinger of future advances.

CRISPR funding in
2014 lagged behind
the nearly $160 million
for iPS-cell research.
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RNA-Guided Nucleases (RGN)
Nukleazy Fizené RNA

vyhody

Jednoduchy design a tvorba

® jednoduchad pravidla pro planovani (programovani) zacileni
targeting

e rychla procedura

e Podpora pfi planovani — nékolik softwarovych nastroj

Efektivni nastroje

e tvorba mutant( je rychla
e ckonomicka efektivnost (*)
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RNA-Guided Nucleases (RGN)
Nukleazy Fizené 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)

Programovatelné nukleazy: nejefektivnéjsi nastroje pro editaci genomu ve sluzbach biomediciny = .
=4 IMG ‘”’/ ‘@ BIOCEV



RNA-Guided Nucleases (RGN)
Nukleazy fizené RNA

limitace

o efektivita a specifita (?)

e off-targeting (?)
o 2vireci modely
o Bunky
o lidé

® Mozaicismus
® vice pozmeéeneénych alel

o rizné 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

INFOCUS IHEIE

E(nlmourt rules on CRISPR

US Patent and Trademark Office sides with Broad Institute in genome -editing fight.

BY HEIDI LEDFORD 23 FEBRUARY 2017 | VOL 542 | NATURE | 401

Broad Institute (USA) vyhrava bitvu o CRISPR-patent
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Moznosti
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Nové moznosti v lekarstvi

STEVE GSCHMEISSNER/ SPL

Gene editing could improve the ability of immune cells (spherical) to attack cancer.

CRISPR gene editing
tested in a person

Trial could spark biomedical duel between China and US.
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PD-1 lécba 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

KEYTRUDA

: Reaktivace T-bunék
PD-1 Receisus | pomoci protilatek

PD-L2 £
'

PD-1 Receptor

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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Genetické inZzenyrstvi
v zarodecnych bunkach u cloveka

‘e:ia Intellia Therapeutics
TR 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
CRISP

Emmanuelle Charpentier

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

editas Editas Medicine |
Feng Zhang 1

*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
*Google

source: http://www.nanalyze.com
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THE WALL STREET JOURNAL.

Home World U.S. Politics Economy Business Tech Markets Opinion Arts Life Real Estate

G ické
e n et ' c e 5:00 PM EST SEP 22, 2016 By Amy Dockser Marcus ors Joe Palazolo

Some of the companies that are racing to develop therapies using the Crispr-Cas9 ~ SHARE @ o o

gene-editing system, without waiting to see who wins a patent dispute.

i n ie nv rStv i | BAYER AND CRISPR THERAPEUTICS |
v mediciné $335 Million

Germany-based Bayer is investing $335 million in a joint venture with Crispr

Therapeutics. Together, they are pursuing treatments for blood disorders,

blindness and heart disease in infants.

REGENERON PHARMACEUTICALS AND INTELLIA THERAPEUTICS

2avody ve vyvoji novych $125 Million
terapii za pouiiti e e e
Crispr-Cas9 technologie

| VERTEX AND CRISPR THERAPEUTICS |

$105 Million

The $105 million deal included $75 million in cash and a $30 million equity

investment to develop treatments for cystic fibrosis and sickle cell disease.
Vertex has exclusive rights under the deal to license up to six new Crispr-Cas9
treatments from the collaboration.

FULCRUM THERAPEUTICS AND HORIZON DISCOVERY GROUP

$55 Million

Fulerum. which is developing theranies for Fragile X svndrome and g form of

for Phenogenomics



Eticke otazky
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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 onemocneéeni

 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

IMG " F/, BIOCEV



Etické otazky

Programovatelné nukleazy/CRISPR technologie

BIOTECHNOLOGY

By David Baltimore,® Paul Berg,®
Michael Botchan,®* Dana Carrolls

A prudent path forward for genomic T

Jacob E. Corn,* George Q. Daley,**

engineering and germline gene modification s e

G.Steven Martin® Edward Penhoet,®

A framework for open discourse on the use of CRISPR-Cas9 technology to manipulate the ~— Jennifer Puck” Samuel H. Sternbers™

human genome is urgently needed

SCIENCE sclencemag.org # APRIL 2015 » VOL 338 1SSUE 6230

IGI Forum on Bioethics, Napa, California

Jonathan S. Weissman,*17
Keith R. Yamamoto**

“.we...discourage... germline
genome modification
for clinical application

in humans, while...
implications of such activity
are discussed...”

..my ... nedoporucujeme...
modifikace zarode¢nych bunék
pro klinické aplikace u lidi ...
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Etické otazky

Programovatelné nukleazy/CRISPR technologie

%ﬁ U.5. Department of Health & Human Services

)\ U.S. FOOD & DRUG FDA Voice

ADMINISTRATION

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

“Prediction: my
grandchildren will be
embryo-screened,
germline-edited. Won’t
‘change what it means to
be human’. It’ll be like
vaccination.”

Dan MacArthur:

BIMG

Czech Centre
for Phenogenomics

BIOCEV



programovatelné nukleazy
a
geneticky mofifikované organismy




European Academies

cdpr:le

Science dvisory Council

Genome editing: scientific opportunities,
public interests and policy options in the
European Union
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Programovatelné nukleazy v CR
a
priklady




NV P
Czech Centre
for Phenogenomics

Czech Centre for Phenogenomics
IMPC: globalni projekt

http://www.mousephenotype.org/

|MG {?ﬂ» BIOCEV



N’ﬂn

Czech Centre
for Phenogenomics

Czech Centre for Phenogenomics
IMPC: global projekt

Group of Senior Officials on
Global Research Infrastructures
Progress Report 2015

Meeting of the G7 Science Ministers
8-9 October 2015

Annex Case Studies:

1. The International Mouse Phenotyping Consortium (IMPC) is com-
prised of 18 research institutions and 5 national funders, representing
12 countries from 4 continents and has been in operation since 2011.
The mission of IMPC is to build the first comprehensive functional
catalogue of a mammalian genome, which will give new insights

into gene function and human disease. This bold goal will require the

support, infrastructures and cooperation of multiple countries. The

G7 GERMANY 2015
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Modely lidskych nemoci

Nethertonuv syndrom

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

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

abnormality vlast 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
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Modely lidskych nemoci

Nethertonuv syndrom

Klk10

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 modeld (KIk5/KIk7 DBKO)

31kb
|

KLK4 > KLK5>

KLK6 >

KLK7

KLKS Klk locus

| B— mKik7 gene

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

ATG
o~ o+~
© ©
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Modely lidskych nemoci

Nethertonuv syndrom

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

x B B D
.

® O

&

@3

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

HOME

Our research is

Phenotyping

The genomes of humans, mice and other species
have been completely sequenced, yet the knowledge
of genome sequences as such does not shed light on
questions concerning the functions of these
sequences. In order to describe biological functions
of a gene. informative genetic modifications are
introduced into the genes...

Learn more +

Latest news

Show all news -+

Wi i
* TRANSGENICE?"
TECHNOLQGY MEETING

Margh 20-23.

Read more +

RESEARCH & PROJECTS

As part of 13th Transgens
Meeting (TT2016) we are arranging
3-day workshop designed to ...

PHENOTYPING MODEL GENERATION

CCP: model generation services

Genetically modified mouse models have become a
key tool in basic and biomedical research. The ability
to engineer the mouse genome has greatly
transformed biomedical research in the last decade.
Learn more «

L
" TRANSGENIC

| Prague. Crach Republic

Technology

Read more -+

TECHNOLQGY MEETING

*Margh 20-23, 2016 { Prague. Crach

of 13th Transgenic Technology
(TT2016) we are arranging
3-day course on mouse ...

Czech Centre for Phenogenomics

TOOLBOX EDUCATION PARTNERS

Research

The research program is focused onto functional
genomics using genetically engineered models and is
closely connected to the infrastructure of Czech
Centre for Phenogenomics that provides the project
indispensable core facilities

Learn more +

nost

We would like to drive your attention
to this seminar by Sasa Pospech from
Andor ...

Read more +

€

ec
for Phenogenor
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