“The era of human gene editing isn’t coming. It’s here.”
David Liu
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Qviedo 1997:
Umluva o lidskych pravech a biomediciné
CONVENTION ON HUMAN RIGHTS AND BIOMEDICINE

* Clének 13 - Zasahy do lidského genomu

e Zasah, smérujici ke zméne lidského genomu, lze provadét pouze pro
preventivni, diagnostické nebo |écebné ucely, a to pouze tehdy, pokud
neni jeho cilem jakakoliv zména genomu nékterého z potomkd.
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Genove terapie



Jesse Gelsinger

= narozen 18. ¢ervna 1981

= prvni priznaky nemoci 2 roky a osm mésicu

o eratické chovani, po diete bohaté na proteiny, nasleduje
prudké zhorseni stavu, upada do komatu

» diagnostikovan OTCD (ornithine transcarbamylase
deficiency syndrome), vzacna metabolicka choroba —
50 % déti s touto chorobou umira do 1 meésice po
porodu

o JG ma nemoc ovsem pouze v mirne forme, lécitelne
medikamenty a dietou

o pokud je potrava bohatsi na proteiny, v krvi se objevuje
mnozstvi amoniaku

" v roce 1990 bere JG padesat pilulek denné
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Jesse Gelsinger’s death from a gene therapy
clinical trial in 1999 raised many questions

concerning the safety of experimental gene
therapy treatments.




Jesse Gelsinger

= ceka na den svych 18. narozenin, aby mohl poskytnout informovany
souhlas s |écbou

I &4

= 13. zari 1999 dostava genovou terapii, vecer je mu spatne, dalsi den
odpoledne upada do kdmatu

m 17.zari 1999 umira

o behem hodiny, kdy byla Gelsingerovi aplikovana virova terapie s verzi zdravého genu
do jater, Jesse dostava vysoké horecky, imunitni systém zacina nekontrolovatelné
proliferovat bilé krvinky, krev se zaCina srazet, dusik v krvi stoupa, jatra krvaceji a
proud bilych krvinek znemoznuje praci plic. Smrt nastava evidentné a jasné
nasledkem terapie

" pripad vyvolal zdéseni mezi vedeckou komunitou a zaplnil predni stranky
novin



Jesse Gelsinger

* jednalo se ovsem jen o Fazi |., tedy o zkousku toho, jak dostat do jater

upravené adenoviry nesouci zdravy gen tak, aby nenastaly nezadouci
reakce.

* pro tuto fazi bylo vybrano 18 dospelych bud's OCTD, nebo se jednalo
0 prenasece.

 V puvodnim planu byli v protokolu i déti, z etickych duvodu vsak byly

vylouceny — byla totiz moznost, ze zoufali rodice by podepsali Informovany
souhlas, ktery by nebyl zcela dobrovolny

* navic ve fazi | se nejedna o dosazeni terapeutického benefitu, , nybrz je o
zhodnoceni pripadnych nezadoucich vedlejsich efektl



Jesse Gelsinger

 Jesse mél opravdu ocekavané priznaky podobné chripce. Horecka ale
pak prudce vzrostla.

* Nasledné byl dan na dialyzu, pripojen na ventilator
* O ctyri dny pozdéji byl natolik opuchly, ze jej otec sotva poznal

e Paty den bylo zrejmé, ze doslo k zavaznym nevratnym poskozeni
mozku a ze organy prestavaji pracovat.

* Byl zavolan nemocnicni kaplan, Jesse byl odpojen a zemrel.

* Pitva nezjistila problém, ktery vedl ke smrti. Pricina smrti dodnes neni
Zznama



Jesse Gelsinger

" cela kauza rozvirila fadu otazek ohledné kvality informovaného
souhlasu
o fada dulezitych informaci totiz podléhala riznym obchodnim tajemstvim.

Paul Gelsinger (otec) nyni obvinuje nemocnici ze zamlCeni dulezitych
informaci a z umyslného riskovani zivota jeho syna

Paul Gelsinger



Prvni jednoznacny uspech: |écba X-SCID (X-linked severe combined
immunodeficiency) Pariz, 2000

* tri z nich ovsem nasledné onemocneély leukémii; teméer jiste se jednalo
o nasledek aktivace vlozeného LMO2 onkogenu.

* jedno z déti zemrelo
e vSechny nasledné terapie, zalozené na retroviralni transdukci

lymfocytu byly nasledné celosvétové pozastaveny, dokud presné
neporozumime, co bylo dusledkem téchto tragickych udalosti.
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Actualité biologique

Thérapie génique du déficit immunitaire combiné
sévere li¢ a I'X (DICS-X1)

S. Hacein-Bey '>*, F. Gross ', P. Nusbaum ', E. Yvon?, A. Fischer ',
M. Cavazzana-Calvo !+

LINSERM 11429, Hopital Necker-Enfants- Malades, 149 rue de Sivres, 75015 Paris, France ; 2 ETS, Hépital
Necker-Enfants-Malades, 149 rue de Sévres, 75015 Paris, France

Résumeé

Le Déficit Immunitaure Combing sévare lié a I'X (DICS-X1) se caraclénse par un arrél précoce du developpement
des lymphocyles T el Nalural Killer (NK). Il résulte de mutabons du géne codant pour la chaine y commune
(yc) aux récepteurs a l'imterleukine (IL)-2, IL-4, IL-7. IL-9 el IL-15. Ce DI asl |élhal en l'absence de grelle de
moelle osseuse allogénigque, qui oulre les nsques eleves, ast imitée par les diflicultés pour trouver un donneur
compalible, ce qui justihe la décision de mellre au poinl une thérapie allernalive par transler! de géne. Nous
avons damontré que |e translert du géne yc a laide d'un vacteur rétroviral délectil dans des lignées B-EBV de
patients permel la reconstilubon d'un récepleur a I'lL-2 fonctionnel capable dinternaliser son bgand el d'indure
les premiéras elapes de la signalisabon comme la phesphorylation de la proléme kinase JAK-3. Les pracurseurs
hémaltopoiéliques des palienls yc () représenlent la cible réelle du translerl de géne avec comme objectl
la restauration de la différenciation des deux hgnées lymphoides Tel NK absenles chez les palients yc ().
Aprés avoir mas au point deux systémes de différenciation in vilro, I'un pour les cellules NK en milieu liquide en
présence de cylokines yc-dépendantes el l'autre en cullure organotypsque sur lobes thymiques foelaux murins
(FTOC), nous avons moniré que les progéniteurs médullaires CD34 | yc () élaient capables aprés lranslerl
du gene yc, de se différencier dune part en cellules NK fonctionnelles CD56+ et/ou CD16+ et d'autre part
en lymphocytes T présentant un profil de réarrangement DJf | polyclonal. Ainsi, 'ensemble de ces résultats a
permis la mise au point d'un essai clinique pour le traitement des enfants atteints de DICS-X1. © 2001 Editions
scientifiques et medicales Elsevier SAS

cellules souches hematopoietiques / chaine y commune (yc) / Deficit Immunitaire Combiné sévere liea I'X (DICS-X1)/
rétrovirus / thérapie génique



* Editovani genomu nové generace musi mit tri vlastnosti:
* musi umet rozpoznat specifickou, cilenou sekvenci DNA
* musi byt schopen na daném misté sekvenci rozstfihnout

* musi byt jednoduse reprogramovatelny k zacileni a stfizeni rtznych cilovych
DNA sekvenci.



Srpkovita anémie



Srpkovita anémie

Normal Missense Mutation

Partial DNhSequEn:eCCT GAG GAG (I:(I:-II- (I::'TGI Glf':"q
of Beta Globin Gene: GGA CTC  CTC GGA CAC CTC

Partial RNA Sequence:CCU GAG GAG CCU GUG GAG
Sequence for Beta Globin:
" nemoc je ZpClSObena Hemoglobin Molecule: ” u““

pozménénou molekulou . (
. v ’ d Blood Cell:
hemoglobinu: v $esté red Blood ce

pozici B-globinového
retézce je misto kyseliny
glutamové zarazen valin



Jennelle Stephenson

prvni Uspeésna genova terapie srpkovité anémie




Jennelle Stephenson

prvni Uspésna genova terapie srpkovité anémie

* Provedena 25. prosince 2017 27mi leté Jennelle Stephenson
* v NIH, Washington. Jennelle zije na Floridé

* Obdrzela infusi 500 miliont geneticky modifikovanych vlastnich
kmenovych bunek

* k prenosu byl vyuzit virus HIV.
* ukazuje se, ze HIV je obzvlasté vhodny k transferu DNA do bunky.

 kmenové bunky pacientky jsou odebrany z téla a v laboratofi jsou

infikovany geneticky upravenym HIV, ktery nese spravnou variantu
genu.



Jennelle Stephenson

prvni Uspésna genova terapie srpkovité anémie

e pacientka musi dostat silnou chemoterapii, aby jeji télo nezareagovalo
proti pozmenénym kmenovym bunkam.

* Nékolik dni po chemoterapii dostava Jennelle infusi geneticky
modifikovanych kmenovych bunék.



Jennelle Stephenson

prvni Uspeésna genova terapie srpkovité anémie

"l believe that this looks like a cure. | gotta be careful. But
from every angle that | know how to size this up, this looks
like a cure.,, Dr. Francis Collins
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Dalsi metody

e ZFNs - Zinc fingers
* TALENS

e ..drahé, ¢asové narocné, byt funkéni



Genome is as... ,malleable as a piece of literary prose at the
mercy of the editors red pen.”

Jennifer Doudna.

CRISPR/Cas9



Bakteriofagy (zelené) utoci na baktérii E. coli (modre), vSe na agarovém substratu (hnéde).
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Po virovém napadeni maji baktérie radové minuty na to, aby néjak znicily virovou DNA.
Spacery maji stejnou sekvenci jako virova DNA.
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NEWS | 31 May 2018 | Update 31 May 2018 | Update 04 June 2018

Million-dollar Kavli prize recognizes
scientist scooped on CRISPR

Award goes to biochemists Virginijus Siksnys, whose lab independently developed the
gene-editing tool, Emmanuelle Charpentier and Jennifer Doudna.

Profesor Virginijus Sikénys, PhD. na Institutu
Biotechnologie, vedouci Ustavu pro interakce
proteint a DNA (Department of Protein—DNA
Interactions) na univerzité ve Vilniusu byl
jednim z prvnich, kdo prokazal programované
Stépeni DNA pomoci proteinu Cas9.

Virginius Sik&nys

https://www.nature.com/articles/d41586-018-05308-5



Virginius Siksnys

v unoru 2012 napsal clanek, spolu s Barrangouem a Horvathem jako
sekundarnimi autory, ve kterém popisoval, jak v CRISPR systéemu je enzym Cas9
navigovan pomoci crRNA k napadajicimu viru.

* Text poslal do casopisu Cell, ktery jej odmitl.
 ve skutecnosti redaktori Cell ani necitili potfebu ¢lanek poslat na peer-review

* ,Co me frustrovalo jeste vic byl fakt, ze jsme text posIaI| do Cell Report, coz je druh
sesterského Casopisu Cellu. Tam ho odmitli také.”

e 21. kvétna 2012 se Barrangou rozhodl poslat abstrakt ¢lanku Jennifer Doudna.
* Doudna poslala zadost o patent 25. kvétna 2012
* Doudna submitovala svUj ¢lanek do Science 8. ¢ervna 2012.

* Tento Doudna-Charpentier clanek byl prijat v Science a byl publikovan online 28. Cervna
2012, zatimco SiksSnsuv az 4. zari 2012.

Isaacson, W., (2021) The Code Breaker. Jennifer Doudna, Gene Editing and the Future of the Human Race. Simon & Schuster. New York. p.143



The German daily “Der Tagesspiegel” also questions the justice
of the science community and highlights that, unfortunately, it
is sometimes easier and quicker to recognize remarkable
scientific discoveries if they are made in the laboratories of

world’s renowned universities.

Virginijus Sikénys

© DELFI / Karolina Pansevic

Némecky denik ,,Der Tagesspiegel” rovnéz zpochybnuje
spravedlnost védecké komunity a vyzdvihuje fakt, ze,
nanestésti, se zda jednodussi a snazsi rozeznat
vyznamné védecké objevy, pokud jsou tyto udélany na
vyznamnych svétovych univerzitach Ci laboratofich.

https://www.delfi.lt/en/culture/forbes-prof-siksnys-deserves-to-share-the-glory-of-this-years-nobel-prize-in-

chemistry.d?id=85521889
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RESEARCH ARTICLE f ¥ in &% ™
A Programmable Dual-RNA-Guided DNA Endonuclease
in Adaptive Bacterial lmmunity Jinek, M., ChyllnSkI, K., Fonfara, ., Hauer, M.,
Doudna, J.,A,, Charpentier, E., (2012) A
MARTIN JINEK, KRZYSZTOF CHYLINSK!, INES FONFARA, MICHAEL HAUER, JENNIFER A. DOUDNA , AND . EMMANUELLE CHARPENTIER  Authors Info & Affiliations Programmable Dual-RNA-Guided DNA
SCIENCE - 28.un 2012 + Vol 337.Issve 6096 - pp. 816821 + DOL 10.126/science 1225629 Endonuclease in Adaptive Bacterial Immunity.

A O ,,0 Science. 2012;337(6096):816-821.
doi:10.1126/science.1225829

& 72983 99 526

Ditching Invading DNA
Jennifer Doudna: “I suppose if

through an RNA-mediated adaptive immune system called CRISPR (clustered reg- | were writing the Paper tOday’
ularly interspaced short palindromic repeats)/CRISPR-associated (Cas). Jinek et al. | would have chosen a

(p- 816, published online 28 June; see the Perspective by Brouns) found that for L0 different title.”

the type II CRISPR/Cas system, the CRISPR RNA (crRNA) as well as the trans-acti-
vating crRNA—which is known to be involved in the pre-crRNA processing—were

Bacteria and archaea protect themselves from invasive foreign nucleic acids o

both required to direct the Cas9 endonuclease to cleave the invading target DNA.

https://web.s.ebscohost.com/ehost/pdfviewer
/pdfviewer?vid=2&sid=7aaf31c7-2b19-4aaa-
< 8f10-15e8e844627a%40redis

Furthermore, engineered RNA molecules were able to program the Cas9 endonu-
clease to cleave specific DNA sequences to generate double-stranded DNA breaks.
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Jennifer Doudna

e ,Ackoli jsem tu myslenku chtéla vypudit z hlavy, byla nahle jasné, ze
moje a Emmanuellina prace, ktera zacala s naprosto odlisnym
zamerem, vedla primo k Huangoveé.”

« Doudna, J.A., Sternberg, S.H., (2018) A Crack in Creation. Gene Editing and the Unthinkable Power to Control Evolution. Mariner Books. Boston. str.
216
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ABSTRACT

Genome editing tools such as the clustered regularly
interspaced short palindromic repeat (CRISPR)-associ-
ated system (Cas) have been widely used to modify
genes in model systems including animal zygotes and
human cells, and hold tremendous promise for both
basic research and clinical applications. To date, a se-
rious knowledge gap remains in our understanding of
DNA repair mechanisms in human early embryos, and in
the efficiency and potential off-target effects of using
technologies such as CRISPR/Cas9 in human pre-im-
plantation embryos. In this report, we used tripronuclear
(3PN) zygotes to further investigate CRISPR/Cas9-me-
diated gene editing in human cells. We found that
CRISPR/Cas9 could effectively cleave the endogenous
B-globin gene (HBB). However, the efficiency of ho-
mologous recombination directed repair (HDR) of HBB
was low and the edited embryos were mosaic. Off-target
cleavage was also apparent in these 3PN zygotes as
revealed by the T7E1 assay and whole-exome se-
quencing. Furthermore, the endogenous delta-globin
gene (HBD), which is homologous to HBB, competed
with exogenous donor oligos to act as the repair tem-
plate, leading to untoward mutations. Our data also
indicated that repair of the HBB locus in these embryos
occurred preferentially through the non-crossover HDR
pathway. Taken together, our work highlights the

Puping Liang, Yanwen Xu, Xiya Zhang and Chenhui Ding have
contributed equally to this work.

Electronic supplementary material The online version of this
article (doi:10.1007/513238-015-0153-5) contains supplementary
material, which is available to authorized users.

pressing need to further improve the fidelity and speci-
ficity of the CRISPR/Cas9 platform, a prerequisite for
any clinical applications of CRSIPR/Cas9-mediated
editing.

KEYWORDS CRISPR/Cas9, B-thalassemia, human
tripronuclear zygotes, gene editing, homologous
recombination, whole-exome sequencing

INTRODUCTION

The CRISPR/Cas9 RNA-endonuclease complex, consisting
of the Cas9 protein and the guide RNA (gRNA) (~99 nt), is
based on the adaptive immune system of streptococcus
pyogenes SF370. It targets genomic sequences containing
the fri-nucleotide protospacer adjacent motif (PAM) and
complementary to the gRNA, and can be programmed to
recognize virtually any genes through the manipulation of
gRNA sequences (Cho et al., 2013; Cong et al., 2013; Jinek
et al.,, 2012; Jinek et al., 2013; Mali et al., 2013c). Following
Cas9 binding and subsequence target site cleavage, the
double strand breaks (DSBs) generated are repaired by ei-
ther non-homologous end joining (NHEJ) or homologous
recombination directed repair (HDR), resulting in indels or
precise repair respectively (Jinek et al., 2012; Moynahan and
Jasin, 2010). The ease, expedience, and efficiency of the
CRISPR/Cas9 system have lent itself to a variety of appli-
cations, including genome editing, gene function investiga-
tion, and gene therapy in animals and human cells (Chang
et al., 2013; Cho et al., 2013; Cong et al., 2013; Friedland
etal, 2013; Hsu et al., 2014; Hwang et al., 2013; lkmi et al.,
2014; Irion et al., 2014; Jinek et al., 2013; Li et al., 2013a; Li
et al., 2013b; Long et al., 2014; Ma et al., 2014; Mali et al.,
2013c; Niu et al., 2014; Smith et al., 2014a; Wu et al., 2013;
Wu et al., 2014b; Yang et al., 2013).

© The Author(s) 2015. This article is published with open access at Springerlink.com and journal.hep.com.cn

Protein & Cell

1. dubna 2015
https://link.springer.com/content/pdf/10.1007%2Fs13238-015-0153-5.pdf

Liang, P., Xu, Y., Zhang, X., et al. (2015) CRISPR/Cas9-mediated gene editing in human
tripronuclear zygotes. Protein Cell 2015, 6(5):363-372



* Clanek byl publikovan v on-line ¢asopisu Protein & Cell. Huang
konstatoval, ze clanek byl odmitnut jak v Science, tak i v Nature, a
castecné i kvuli etickym namitkam; ani jeden z obou ¢asopisu ale
nechtél kauzu dale komentovat.

* Cyranoski, D., Reardon, S., (2015) Chinese scientists genetically modify human embryos. Rumours of germline modification prove true — and look set to reignite an
ethical debate. 22 April 2015. Nature doi:10.1038/nature.2015.17378

* https://www.nature.com/news/chinese-scientists-genetically-modify-human-embryos-1.17378
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/brane hromadného niceni

* V pravidelné ro¢ni zpravé Americké zpravodajské sluzby v odhadu nejvétsich svétovych
hrozeb pro USA za rok 2015 vydané v unoru 2016 v kapitole ,,Zbrané hromadného niceni”
je identifikovdno Sest okruht, které mohou znamenat bezpecnostni hrozby pro USA:
jaderny program Severni Koreje, jaderny program Iranu, jaderny program Ciny, program
rizenych strel v Rusku, chemické zbrané v Syrii a Iraku a editovani genomu (Clapper 2016)
odlvodnéné nasledovné:

* ,Vyzkum v editovdni genomu provadeny v zemich s odlisnymi requlatornimi ¢i etickymi
standardy nez maji zapadni zemé pravdépodobné zvysuje riziko vytvoreni potencialné
skodlivych biologickych agens nebo produktd. Vzhledem k velkému rozsireni, nizké cené a
zrychlenému tempu vyvoje techto technologii vyuzitelnych v civilnim i vojenskem sektoru,
jejich zamérné nebo nevedomé zneuziti muze vést k dalekosahlym ekonomickym a
narodné-bezpecnostnim problémam. Pokroky v editovdni genomu v roce 2015 podnitily
skupiny spickovych americkych a evropskych biologt k tomu, ab;)/ zpochybnily praxi
doposud neregulované technologie editace lidskych zarodecnych linii (bunék, které se
tykaji reprodukce), ktera mize zptsobit dédicné genetické zmény“ (Clapper 2016, str. 9).



[ BIOTECHNOLOGY |
Embryo editing
gets green light

UK decision sets precedent
for research on editing
genomes of human embryos.

BY EWEN CALLAWAY

team of scientists in London is
Apreparir:g to edit the genomes of

human embryos for research. The UK
Human Fertilisation and Embryology Author-
ity (HFEA) approved the work on 1 February
in the world’s first such endorsement. “Its an
important first,” says George Daley, a stem-
cell biologist at Boston Children’s Hospital in
Massachusetts. “This establishes a strong prec-
edent for allowing this type of research”

The successful applicant is developmental
biologist Kathy Niakan, at the Francis Crick
Institute in London. Her team plans to use the
CRISPR-Cas9 technique in healthy human
embryos to alter genes that are active just after
fertilization. The researchers will stop the exper-
iments after seven days, when the embryos will
be destroyed.

The genetic modifications could lead to treat-
ments for infertility, but will not themselves
form the basis of a therapy.

Robin Lovell-Badge, a developmental biolo-
gist at the Crick institute, says that the HFEAS
decision will embolden other researchers.
He has heard from other UK scientists who
are interested in pursuing embryo-editing
research, he says, and expects more applications
to follow. Researchers also expect the decision

1. Unora 2016

nature International weekly journal of science
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UK scientists gain licence to edit genes in human
embryos

Team at Francis Crick Institute permitted to use CRISPR-Cas9 technology in embryos for
early-development research.

Ewen Callaway

01 February 2016 | Updated: 01 February 2016

https://www.nature.com/news/uk-scientists-gain-licence-to-edit-genes-in-human-
embryos-1.19270

The successful applicant is developmental
biclogist Kathy Niakan, at the Francis Crick
Institute in London. Her team plans to use the
CRISPR-Cas9 technique in healthy human
embryos to alter genes that are active just after
fertilization. The researchers will stop the exper-
iments after seven days, when the embaryos will
be destroyed.

The genetic modifications could lead to treat-
ments for infertility, but will not themselves
form the basis of a therapy.

Robin Lovell-Badge, a developmental biolo-
gist at the Crick institute, says that the HFEA%
decision will embolden other researchers.
He has heard from other UK scientists who
are interested in pursuing embryo-editing
research, he says, and expects more applications
to follow. Researchers also expect the decision
to teverberate beyond the United Kingdom.
“I think this will be a good example to countries
who are considering their approach to regu-
lating this technology,” says bioethicist Sarah
Chan at the University of Edinburgh, UK. “We
can have a well-regulated system that is able to
make that distinction between research and
reproduction”

It remains illegal to alter the genomes of
embryos used to conceive a child in the United
Kingdom. But Tetsuya Ishii, a bioethicist at
Hokkaido University in Sapporo, Japan, says
that the HFEA decision could also stimulate
debate over deploying embryo gene editing in
clinical settings.

At a press briefing last month, Niakan said
that her team could begin work within “months™
of the HFEA approving the application. First,

however, a local research

DHATURE.COM ethics board (similar
Foralongerversion  to an US institutional
of this stary, see: review board) must

go.nature.com/Isluwy  approve the work. =
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Mitalipov

Ma, H. et al. (2017) Correction of a pathogenic gene mutation in human embryos. Nature 548,
413-419 (24 August 2017) doi:10.1038/nature23305
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Hypertroficka kardiomyopatie (HCM)

e autosomalne dominantni dédicnost

e Staci jedina mutantni kopie tohoto genu, a mutace se projevi v
podobé hypertrofické kardiomyopatie.
* situace postihuje 1:500 lidi
* jsme schopni |éCit symptomy, ale nikoli chorobu jako takovou
* jedna se o chorobu s pozdnim nastupem
* vindické populaci je mutace pfitomna mezi 2%-8%

+ Dhandapany, P. S. et al. A common MYBPC3 (cardiac myosin binding protein C) variant associated with cardiomyopathies in South Asia. Nat. Genet. 41, 187—
191 (2009)



Hypertroficka kardiomyopatie

* HCM je nemoci myokardu, charakterizovana hypertrofii levé komory

malé srdecni komory se zesilenou sténou a vydatnymi stahy
leva komora dvojnasob silna (20 mm) nez normalné (7-11 mm)
dezorganizace svalovych bunék (myofibrillar disarray)

Svalovina srdecnich stén obsahuje i nadmérné mnozstvi vaziva, tedy funkcné
bezcenné hmoty nachazejici se mezi jednotlivymi svalovymi strukturami.

mitralni chlopen (oddélujici levou komoru a levou sin) se zvétSuje a prodluzuje
HCM je nejCastéjsi pri¢ina nahlé smrti u jinak zdravych mladych atletu.

mutace v genu MYBPC3 odpovida za priblizné 40% vSech genetickych defektu
zpusobujicich HCM.



Vlozeni CRISPR/Cas9 do zygoty

* 7 54 pouzitych embryi
jich bylo

V této vétvi experimentu byl genovy editor vlozen do zygoty
den po oplozeni. Z 54 embryi bylo 13 mozaikovitych, tzn.
obsahovaly jak opravené, tak i neopravené bunky.
* 36 bez mutaci — coz je
vyznamneé zlepseni,
nebot za prirozenych l R
podminek by 50% embryi LM\ ol e 15§
melo nést mutaci.
* dalsSich 13 bylo

mozaikovitych

NOVE
RVIALY/ 2N AR

...byly uzity spermie muze trpiciho hypertrofickou kardiomyopatii a oocyty
ziskané od 12 zdravych zen



Vlozeni CRISPR/Cas9 do oocytu soucasne se

spermii
e celkem vytvoreno 58 lidskych
embryi

e 42 z nich (72%) zcela zdravych v
kazdé bunce

* nenalezeny zadné dalsi nechténé
mutace

 po trech dnech byla embrya znicena

e zbylych 16 embryi vykazovalo
nechténé inserce nebo delece DNA.



,Germ-line Editing”

* Mutaci se zdarilo opravit u 72% testovanych embryi.

* VVyzkum na burikach klze, preprogramovanych tak, aby napodobovaly
embrya, byl uspésné zvladnut u méné nez tretiny bunék.

* Pokud byt i jen jedinad bunka u embrya zlstane needitovand, zhati to
cely proces (that's going to screw up the whole process)

* V USA plati zakaz jakéhokoli vyzkumu, ktery by vlozil do lidského embrya
dédicné zmeény.

* Tzv. ,germline editing” je kontroverzni z divodu obav pred tzv.

designer babies.
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...in the years B.C. (before CRISPR)
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BIOETHICS Exploring ethical issues in biology and medicine

*» Home » News » 17 July 2018

Heritable genome editing: action needed to secure responsible way forward
PRESS RELEASE

Back An independent inquiry by the Nuffield Council on Bioethics has concluded that
editing the DNA of a human embryo, sperm, or eqgqg to influence the characteristics Sign up for alerts
of a future person (‘heritable genome editing’) could be morally permissible. If that
Is to happen, a number of measures would need to be put in place first to ensure
that genome editing proceeds in ways that are ethically acceptable.

Enter your email address and
choose your alerts

The technique of genome editing — the deliberate alteration of a targeted DNA, —mal
sequence in a living cell — could theoretically be used in assisted reproduction to

alter the DNA of a human embryo, before it is transferred to the womb. This is not

currently lawful in the UK, but could, in time, become available as an option for

parents who wish to influence the genetic characteristics of their future child (for

example, to exclude a heritable disease or a predisposition to cancer in later life).

The Council says that the possibilities raised by this radical new approach to

reproductive choices could have significant implications for individuals and for all of

society, and there must be action now to support public debate and to put in place

Cerven 2018

appropriate governance. http://nuffieldbioethics.org/news/2018/herita
The new report, Genome editing and human reproduction: social and ethical issues, ble-genome-editing-action-needed-secure-
sets out the range of ethical issues that arise in relation to the prospect of genome responsi ble

editing becoming available as a reproductive option for prospective parents.






Geneticist He Jiankui apologises after claims of editing twin
babies' genes with CRISPR are leaked

Updated 28 Nov 2018
28. listopadu 2018

Ehe New Pork Times Evropsky pristup: pozadej o povoleni a pak to udéle;j.
Cinsky pfistup: udélej to a pak se omluv.

Chinese Scientist Who Says He Edited
Babies’ Genes Defends His Work

SECOND INTERNATIONAL SUMMIT ON

HUMAN GENOME EDITING

T2 Nowsber 2008

SECOND INTERNATIONAL SUMMIT ON

HUMAN GENOME EDITING




N
~¥
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Dr. He vysvétluje svlij experiment na konferenci o editovani lidského genomu v Hong Kongu 28. listopadu 2018. Dr. Quake jej
zada, aby ,,prosim odstranil moje jméno” z diapozitivu dékujicim lidem, kteri mu pomohli s vyzkumem



Na summitu pred vystoupenim Dr. He zptisobuji novinari takovy hluk, hrozi, Zze vSechny novinar
vykaze, pokud se neuklidni. /
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nature

COMMENT - 13 MARCH 2019
Adopt a moratorium on heritable genome editing

Eric Lander, Francoise Baylis, Feng Zhang, Emmanuelle Charpentier, Paul Berg and specialists

from seven countries call for an international governance framework.

EricS. Lander B8, FrancgoiseBaylisB8, Feng ZhangB¥, Emmanuelle CharpentierBd, PaulBergB2, Catherine BourgainBd, BarbelFriedrich B8, J. Keith JoungB&, JinsongLiBd, David LiuBS,

Luigi NaldiniB8, Jing-Bao NieB# Renzong QiuB8, Bettina Schoene-SeifertBl, FengShaoBd, Sharon Terry BH, Wensheng WeiB8 & Ernst-LudwigWinnacker B

https://www.nature.com/articles/d41586-019-00726-5



16. brezna 2019
George Church

“Nemyslim, Ze modré oci a 15
bodu IQ navic je hrozba pro
verejné zdravi. Nemyslim, Ze je to
ohrozeni nasi moralky.”

o
!

“Chvili to vypadalo jako kdyz zacalo IVF a kazdy volal ,déti ze zkumavky!“ to musi byt néco hrozného. Pak se narodila v

roce 1978 Louise Brown, a najednou to bylo ok.”

https://www.telegraph.co.uk/news/2019/03/16/should-not-fear-editing-embryos-enhance-human-intelligence-says/



€he New ork Eimes

30. prosince 2019

Chinese Scientist Who Genetically
Edited Babies Gets 3 Years in Prison

He Jiankui’s work was also carried out on a third infant,
according to Chinas state media, in a new disclosure that is

]ike]'\“ to add to the gl()l)a] uproar over such experiments.

Odsouzen za “illegal medical practices.”
Krom vézeni odsouzen k pokuté $430,000

Dalsi dva badatelé odsouzeni
Zhang Renli na dva roky
Qin Jinzhou podminecné na rok a pl

Cinska statni média oznamila, ze se narodilo tieti dité.

SECOND INTERNATIONAL SUMMIT ON

https://www.nytimes.com/2019/12/30/business/china- HUMAN GENOME EDITING .
SClent|St'genet|C'ba by_prlson * html The scientist He Jiankui at a medical conference in Hong Kong last year, when he announced he had

created the worid’s first genetically edited babies. Kin Cheung/Assoclated Press
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Breaking News

https://www.nobelprize.org/prizes/chemistry/2020/press-release/

e 7 October 2020
* “for the development of a method for genome editing”

Jennifer Doudna mluvi na tiskové konference v UC Berkeley
Emmanuelle Charpentier dopoledne 7. fijna 2020.
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CONSENSUS STUDY REPORT

;% GENOME
+ 2, Editing




PREPUBLICATION COPY

Heritable Human Genome Editing 2020

Heritable Human Genome Editing

https://www.nap.edu/download/25665#

* National Academy of Sciences 2020. Heritable

International Commission on the

Human Genome Editing. Washington, DC: The (Clnteal s of Human Gemine Genome Eiting
Nati0na| Academies Press. A Consensus Study Report of the
https://doi.org/10.17226/25665. NATIONAL ACADEMY OF MEDICINE Anp

NATIONAL ACADEMY OF SCIENCES
* HHGE = Heritable Human Genome Editing

and
* =terminem se mini jakakoli editace linii THE
7 v 7 v 7 . 7 v . . 7 ROYAL
zarodecnych bunék, ktera je provadéna v klinickém SOCIETY

kontextu, s Umyslem transferovat vysledné embryo
do délohy zeny pro navozeni téhotenstuvi.

THE MATIOMNAL ACADEMIES PRESS
Wishington, DC

www.nap.edu

This prepublication version of Heritable Human Genome Editing has been provided to the public to facilitate timely
access to the report. Although the substance of the report is final, editorial changes may be made throughout the text
and citations will be checked prior to publication.



https://www.nap.edu/download/25665
https://doi.org/10.17226/25665

eritable Human Genome Editing 2020

National Academy of Sciences 2020. Heritable Human Genome Editing. Washington, DC: The National Academies Press. https://doi.org/10.17226/25665.

* je dulezité si uvedomit, Ze samotna idea provadéni umyslnych modifikaci bunék
zarodecnych linii evokuje u nékterych lidi eugenické hnuti 19. a prvni poloviny 20.
stoleti, které podporovalo nyni zdiskreditované teorie vedouci k persekuci celych
skupin lidi, zalozenych na jejich prislusnosti rasove, nabozenské, tridni a na jejich
mentalnich schopnostech.

. Zédgylstét na svete se doposud nerozhodl, ze je vhodne pristoupit ke klinickemu
vyuziti HHGE, a klinické vyuziti danych technologii je v soucasne dobe v mnoha
zemich explicite zakazano nebo neni nijak regulovano.

* Tento report necini zadné prohlaseni ohledné toho, zda jakékoli klinické vyuziti
bezpecné a efektivni metodologie HHGE, pokud by tak prokazal preklinicky
vyzkum, by melo byt povoleno.

* Tento reﬁort se na misto toho snazi stanovit, zda bezpecnost a ucinnost metodologii
tykajicich se editace lidského genomu spojené s technologiemi asistované reprodukce jsou
\Iflyl_\llénEuty nebo by mohly byt vyvinuty natolik dostatecne, aby umoznily odpovedné uziti



eritable

uman Genome Editing 2020

National Academy of Sciences 2020. Heritable Human Genome Editing. Washington, DC: The National Academies Press. https://doi.org/10.17226/25665.

e Stavajici znalosti |ékarské genetiky naznacuiji, ze moznost uziti HHGE
pro to, aby se budoucim rodi¢im zajistila moznost mit geneticky
pribuzné deéti, které nebudou mit monogenni chorobu, je realisticka.

* Vedeckeé poznatky nejsou ve stadiu, ve kterém by HHGE mohla byt
pouzita efektivhé a bezpecné pro polygenni choroby.



WHO

e 2. prosince 2018, WHO Director-General Tedros Adhanom
Ghebreyesus:

 editovani genomu nemuze byt provadéno bez jasné stanovenych
pravidel

 WHO organizuje panel expertu k diskusi a stanoveni pravidel
tykajicich se ,,problému etiky a socialni bezpecnosti“.

* "We have a big part of our population who say, 'Don't touch."
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WHO 2021

WHO Expert Advisory Committee on Developing Global Standards for Governance and Oversight of Human
Genome
Editing. Human Genome Editing: recommendations. Geneva: World Health Organization; 2021.

* komise zalozena v prosince 2018
* 18 ¢lend

WHO Expert Advisory Committee on
Developing Global Standards for Governance
and Oversight of Human Genome Editing

RECOMMENDATIONS

{@\V World Health
¥V Organization




WHO

2021: Human Genome Editing: Recommendations

* Doporuceni
* Vedouci pozice WHO a jeho generalniho reditele
* Mezinarodni spoluprace pro ucinné vedeni a dohled

Registry editaci lidského genomu

* dohled, aby kazda klinicka zkouska editace DNA somatickych bunék byla dozorovana mistni
Etickou komisi a zapsana do registru

Mezinarodni vyzkum a |ékarské cesty (medical travel)
 zaruky, aby kazdy vyzkum byl jurisdikci daného statu
llegalni, neregistrovany, neeticky nebo ne-bezpecny vyzkum a dalsi aktivity
Intelektualni vlastnictvi
* patentovani
Vzdélavani, povinnosti, zavazky
Etické hodnoty a principy



TREATMENTS

First sickle cell patient treated with

CRISPR :g{e_ne-editing still thriving V| CtO r| a G ray

Meet Victoria Gray, The Thriving Sickle Cell Patient
Who Was The First To Be Treated With CRISPR Gene
Editing

https://www.npr.org/sections/health-shots/2021/12/31/1067400512/first-sickle-cell-patient-treated-with-crispr- Q Shanique Yates. 4

gene-editing-still-thriving



Victoria Gray

* je prvni pacientkou v USA, |é¢enou pomoci technologie CRISPR.
* Victoria Gray trpi srpkovitou anémii.

* Cilem terapie je obnovit produkci fetdlniho y-globinu, coz mize zlepsit patologii jak srpkovité anémie, tak B-
thalassaemie.

» fetalni hemoglobin mize nahradit jak nefunkéni hemoglobin (srpkovitd anémie) tak nedostatek funkéniho hemoglobinu (-
thalassaemie%.

* Lécba zapocala 2. Cervence 2019 (pacientce bylo 34 let), kmenové buriky, izolované z periferni krve byly ex
vivo editovany. V roce 2021 neciti zadné obtize, kfeCe a bolesti spojené se srpkovitou anémii.

* 2021: 46% hemoglobinu v jejim systému je fetalni hemoglobin. Fetalni hemoglobin se nachazi v 99,7% jejich
erytrocytd.

* 81% kmenovych bunék obsahuje zamyslenou genetickou zménu pro produkce fetalniho hemoglobinu.
* jeji terapie stala dva miliony dolar

https://www.thelancet.com/journals/lanhae/article/P11S2352-3026(19)30169-3/fulltext

The Lancet Haematology, CRISPR-Cas9 gene editing for patients with haemoglobinopathies, The Lancet Haematology, Volume 6, Issue 9, 2019, Page e438,ISSN 2352-3026,
https://doi.org/10.1016/52352-3026(19)30169-3.

https://www.npr.org/sections/health-shots/2019/12/25/784395525/a-young-mississippi-womans-journey-through-a-pioneering-gene-editing-experiment


https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(19)30169-3/fulltext
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(19)30169-3/fulltext
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(19)30169-3/fulltext
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(19)30169-3/fulltext
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(19)30169-3/fulltext

Jennifer Doudna, Gene Editing,

ano the Future of the Human Race

#1
New York Times
Bestseller

Isaacson, W., (2021) The Code Breaker. Jennifer Doudna, Gene
Editing and the Future of the Human Race. Simon & Schuster.
New York.
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BIOTECHNOLOGY

o o The creator of the CRISPR babies has been
Lidé, ktefri jej znaji, ho popisuiji - -
jako ,idealistického, naivniho a released from a Chlnese prison

ambiciézniho.” He Jiankui created the first gene-edited children. The price was his career. And
his freedom.

Veril, ze nalezl novou cestu jak

,kontrolovat epidemii HIV za By Antonio Regalado April4,2022
kterou by zaslouzil Nobelovu

cenu.

Prace dr. He (Lulu, Nana) nebyla
dodnes otisténa v zadném
veédeckém casopise.

Regalado, A., (2022) The creator of the CRISPR
babies has been released from a Chinese prison.
MIT Technology Review. April 4, 2022

https://www.technologyreview.com/2022/04/
jiankui-prison-free-crispr-babies/




David Bennett (57)

* Prvni pacient, ktery prezil s
transplantovanym, geneticky
upravenym srdcem z prasete

* Zil po transplantaci dva meésice, od
7. ledna do 8. brezna 2022
 editace genu v prasecich burkach

z téchto bunék se vytvori praseci
embryo

 prase vyrusta ve specialnim prostredi
jeho srdce se poutzije k transplantaci

pacient musi brat immunosupresiva Chirurg Bartley P Griffith na obrazku s David
Bennett v breznu 2022




David Bennett (57)

* Jednalo se o genovou editaci na celkem deseti mistech genomu srdecnich
bunek, konkretné

* 0 knock-out tfi prasecich gent schopnych vyvolat imunitni odpovéd' ¢lovéka

 pridani Sesti lidskych genu, pomahajicich lidskému télu pfijmout organ

e a3 zabranéni srdci odpovédét na rlstovy hormon s cilem, aby srdce odpovidalo svou
velikosti télu prijemce

 Etické otazky

* (1) zda, pokud je dosud i transplantace srdce z ¢lovéka na ¢lovéka riskantni, je riziko
xenotransplantace z prasete na Cloveka prijatelné

* (2) zda je vyloucen mozny prenos patogenu z praseciho srdce do ¢lovéka

* (3) byly zaznamenany protesty aktivistu za prava zvirat a

* (4) muze nastat konflikt pro jednotlive prislusniky téch nabozenstvi, které zapovidaji
konzumaci veproveho; byt napr. zastupci zidovského nabozenstvi se vyjadrili k této
xenotransplantaci kladnée
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Third international summit 500 expertl z celého svéta plus 1 600 dalSich pFipojenych online.

on human genome editing

6 — 8 March 2023

CRISPR and human genome editing: progress and opportunities | Jennifer Doudna

Third International Summit on Human Genome Editing

CRISPR and Human Genome Edltmg
Progress & Opportunities

Jennifer Doudna
Professor UC Berkeley, Gladstone
HHMI Investigator
Founder and Chair, Innovative Genomics Institute

Il » © 006/2328

https://royalsociety.org/science-events-and-
L m| lectures/2023/03/2023-human-genome-editing-summit/

The Academy of NATIONAL ACADEMY OF MEDICINE ane
SOCIETY Medical Sciences NATIONAL ACADEMY OF SCIENCES




2023: Treti mezinarodni summit Editovani lidskeho genomu
The Third International Summit on Human Genome Editing

* Editovani lidského zarodecného genomu pro vyzkum (nikoli pro reprodukci)
* Zakladni vyzkum pro editovani bunék lidskych embryi pokracuje, cilem je porozumeéni aspektim
raného vyvoje embrya a porozumeni tomu, jake metody by bylo mozné vyuzit pro korigovani
enetickych variant vedoucim nemocim. Bylo rovnez dosazeno vyznamneho pokroku v derivovani
unkcnich gamet z linii kmenovych bunék. Zakladni vyzkum na tomto poli by mél pokracovat.

* Dédicné editovani lidského genomu (HHGE)

* Doposud nebyly ustanoveno preklinické zajisteni bezpecnosti a ucinnosti HHGE, ani nebyla
uzavrena spolecenska a politicka debata na tato témata. (V nekterych pripadech je alternativou
preimplantacni diagnostika). HHGE by nemélo byt provadéno, pokud pfinejmensim,

* nebudou stanoveny primérené standardy zajistujici bezpecnost a U¢innost metody,
* nebude legalné sankcionovano a
* bude vyvijeno a uzito pod rigoréznim dohledem, které podléha odpovédnému vedeni.

* Tyto podminky v soucasnosti nejsou naplnény.

https://royalsociety.org/news/2023/03/statement-third-international-summit-human-genome-editing/



2023: Treti mezinarodni summit Editovani lidskeho genomu
The Third International Summit on Human Genome Editing

 Kritici zduraznuiji fakt, ze pouze jeden den ze tri byla debatovana editace
spermii, oocytu a ranych embryi, presto, ze se jednalo o prvni konferenci po
roce 2018, na které bylo ohlaseno narozeni editovanych déti.

* AvSak zda vlibec nebo nikoli budou dédi¢né modifikace povoleny zalezi na
rozhodnuti spolecnosti a nikoli na rozhodnuti védcd.

* Dr. He se summitu v Londyné nezucastnil, zalozil novou laborator v Pekingu,
ve které vyviji nové genové terapie pro nemoci jako je svalova dystrofie,
dava prednasky a snazi se ziskat penize.

e David Liu: technologie nové generace umozni lidem aby mohli ovlivnit
sekvence svych genu a nebyli jiz tolik zavisli na preklepech ve své DNA.



2023: Treti mezinarodni summit Editovani lidskeho genomu
The Third International Summit on Human Genome Editing

treti summit byl méné skandalni nez druhy a vic zameéreny na vedu

soustredéni se na ,somaticky genom*
* snizeni ceny
» ekvita, dostupnost pro pacienty vSech zemi
pro editaci zarodecnych linii je jeste prilis brzy
* je zde stale ,a big if”
spermie vyrobeny z linii kmenovych bunék
Cina po aféFe roku 2018 ma nové zakony a regulace, stale viak nikoli dostateéné
podpora dalsiho vyzkumu

dalsi velkou vyzvou je editace DNA lidského mikrobiomu
* mikrobiom je stale vice spojovan s mnoha nemocemi, od infekci, astma po neurodegenerace
* vzemeédeélstvi kravy, které nebudou produkovat tolik metanu
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'Third international summit |
on human genome editing

Na Tretim mezinarodnim Summitu Editovani lidského genomu promluvila i Victoria Gray, 37mi leta matka Ctyr
déti, ktera byla vylécena ze srpkovité anémie pomoci technologie editace genomu.

Experimentalni [é¢ba zapocala v roce 2019.

Nyni pracuje na plny Uvazek a vénuje se rodiné.

Gray meéla po své reci potlesk ve stoje.



CASGEVY

Vertex Pharmaceuticals, Boston and CRISPR Therapeutics in Zug, Switzerland.

* Britsky The Medicines and Healthcare products Regulatory Agency
(MHRA) schvalila terapii, ktera vyuziva CRISPR-Cas9.

e Casgevy se uzije na lécbu srpkovité anémie a (3-talasemie.

Ve studii srpkovité anémie bylo sledovano 29 ze 45 ucastniku. Po aplikaci 28
pacientl vice netrpélo oslabujicimi epizodami bolesti po dobu nejméné
jednoho roku po lécbeé.

* Ve studii s B-talasemii dostavalo Casgevy 42 osob, 39 z nich nepotrebovalo
transfuzi Cervenych krvinek po dobu nejméné jednoho roku. U zbyvajicich tri
se potreba krevnich transfuzi snizila o vice nez 70 %.

*  Wong, C., (2023) UK first to approve CRISPR treatment for diseases: what you need to know. Nature 623, 676-677 (2023) doi: https://doi.org/10.1038/d41586-023-03590-6
https://www.nature.com/articles/d41586-023-03590-6
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(Vrozené) srdecni vady a CRISPRy



CHD a CRISPRs

* CHD je obecné spojena s genomickymi poruchami kombinovanymi s
vlivy prostredi, které ¢asto usti v onemocnéni nejasné etiologie.
Prestoze genetické faktory hraji u CHD dulezitou roli, detailni
informace vetsinou nejsou znamy.

* |dentifikace genu a mutaci zpusobujicich CHD se urychlila s nedavnym
rozvojem technologii ,,next-generaion” sekvenovani



CHD a CRISPRs
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Na oznacené misto v pristroji s portem USB se umisti kapka
krve a v notebooku se béhem hodiny objevi kompletni
sekvence DNA. V 2021 se stalo realitou.

Jednoduchost systému CRISPR-Cas9 umoznila rychlé
modelovani mutaci u mysi a lidskych indukovanych
pluripotentnich kmenovych bunék (iPSC).



Mooruv zakon
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Mooruv zakon = pocitacCe se stavaji zhruba dvakrat vykonnéjSi béhem dvou let. BEhem
dekady se tedy 30x zvysSi jejich vykon s odpovidajici redukci ceny.
Zakon je pojmenovan podle spoluzakladatele Intelu Gordon E. Moore, ktery tento trend pfedpovédél v roce 1965.



Modelovani kardiovaskularnich onemocnéni pomoci editace genomu CRISPR-Cas9 u mysi.

Mouse Cas9
§9sgRNA  Reimplantation . N
—— Template > Germline editing
KO or Ki
Zygote
AAV9-sgRNA
v d > v Somatic editing
Myh6-Cas9 KO or KD
AAV9-sgRNA-cTnT-Cre R
v > v Somatic editing
CASAAV KO or KD

...zde ovsem bez vétsich etickych otazek

Liu, N., Olson, E.N., (2022) CRISPR Modeling and Correction of Cardiovascular Disease. Circulation Research. 2022;130:1827-1850
https://doi.org/10.1161/CIRCRESAHA.122.320496

Pri editaci zarodecnych linii se
KO (knock-out) nebo Kl (knock-
in) mysi vytvareji vpravenim
CRISPR-Cas9 s templatem DNA
nebo bez néj do mysich zygot.

Somaticka editace pro KO nebo
KD (knock-down) v srdci
zahrnuje dodani vir(h AAV-
sgRNA nebo AAV-sgRNA-cTnT-
Cre mysim Myh6-Cas9,
respektive CASAAV.

CASAAV = recombinant adeno-
associated virus (AAV)
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CRISPR-Cas9 Ize pouzit k inzerci mutaci zpusobujicich onemocnéni do iPSC WT (divokého typu), k opravé genovych mutaci
v iPSC odvozenych od pacientl a ke screeningu variant nejistého vyznamu (VUS). Ve vsech pripadech se provadi srovnani
fenotypu kardiomyocytl diferencovanych z iPSC mezi kardiomyocyty WT, specifickymi kardiomyocyty z pacienta,

korigovanymi kariomyocyty a kardiomyocyty s VUS.

Liu, N., Olson, E.N., (2022) CRISPR Modeling and Correction of Cardiovascular Disease. Circulation Research. 2022;130:1827-1850

https://doi.org/10.1161/CIRCRESAHA.122.320496



CRISPRs a Microbiom



IGI’s ‘Audacious’ New Frontier for
CRISPR: Editing Microbiomes for
Climate and Health ‘We are bringing together these two breakthrough

technologies — metagenomics and Crispr — to create a brand

April 17,2023 new field of science called precision microbiome editing,’

Andy Murdock, UC Berkeley

https://www.universityofcalifornia.edu/news/igis-audacious-new-
frontier-crispr-editing-microbiomes-climate-and-health




2019: Allergy, Asthma Risk Are Increased by
Microbial Compound in Infant Gut

Objeven specificky bakteridlni lipid v GIT novorozencul ktery ovlivihuje imunitni
dysfunkci spojenou s alergickym astmatem

. te(;\to lipid mazZe byt pouzit k posouzeni, u kterych déti hrozi riziko vzniku tohoto onemocnéni
v détstvi

* Jednomesicni kojenci s nezdravym mikrobialnim ekosystemem v GIT maji zvysene

riziko rozvoje astmatu v pozdéjsim détstvi.

specificky lipid 12,13-diHOME, ktery se ve vysokych koncentracich nachazi ve
stolici téchto kojencu, snizuje pocet a aktivitu klicové skupiny imunitnich bunék
zvanych regulacni T-bunky HTregs), které za normalnich okolnosti potlacCuji
alergicky zanet.

Pocet kopii tri bakterialnich ﬁem‘] pro 12,13 DIHOME nebo koncentrace )
samotného lipidu ve vzorcich stolice deti je ukazatelem , u kterych deti se ve veku
2 let vyvine alergie nebo ve véku 4 let astma.

*  https://www.ucsf.edu/news/2019/07/414991/allergy-asthma-risk-are-increased-microbial-compound-infant-gut



Three separate E. coli strains that express
green, red, and both (yellow).

https://www.ucsf.edu/news/2023/04/425141/crispring-microbiome-prevent-childhood-asthma

Here, CRISPR gene editing machinery was
delivered to the mouse’s gut using a virus,
editing out the gene responsible for the green
color.



The role of CRISPR in microbiome engineering

* CRISPR jsou vyuzivany ke zmirnéni poruch mikrobiomu.

* CRISPR-Cas9, strihaji specifické sekvence bakterialni DNA a eliminuji tak patogenni
bakterie.

* SNIPR Biome pouziva CRISPR k eliminaci patogennich bakterii E.coli
e systém umi zabit E. coli

 standardné dnes pouzivam antibiotika. Dnes vSak zvySena rezistence vUci
antibiotikiim, ¢imzZ se antibiotika stavaji ned¢innymi.
* V\'wvhodou CRISPRU:

* nerozliSuje mezi bakteriemi citlivymi na antibiotika a bakteriemi rezistentnimi na
antibiotika

 mUze cilené zasdhnout patogenni bakterie a usSetrit ty prospésné, které jsou nedilnou
soucasti zdravého stfevniho mikrobiomu



Krave produkujici méneé metanu

Jlow-methane cow”

* Priblizne 980 milionu krav na celém svete se podili na cca 27 % vsech
emisich metanu spojenych s lidskou civilizaci.

* krmeni skotu urcCitym druhem Cervenych morskych fas snizuje expresi genu
produkujicich metan u nékterych mikrobu ve strevech zvirat.

* Zajistit dostatek morskych ras pro denni spotrebu celosvetové populace
krav je vsak narocny ukol a pravdepodobne by se to nepodarilo u volne se
pasouciho dobytka, ktery tvori vetsinu hospodarskych zvirat na svéete.

* VCasny zasah pomoci CRISPR by vsak mohl vést k ,,low-methane cow” a poskytnout
|éCbu dostupnou témer kazdému teleti.

* prospiva nejen zivotnimu prostredi, ale i zemedelcum, protoze snizena
produkce metanu znamena efektivnéjsi premeénu krmiva na potraviny.

* Snahou je dosahnout stavu, kdyby latka v potrave podavana mladému
teleti mu mohla zajistit celozivotni nizké emise.



Asthma

e urcité slozeni mikrobiomu v GIT deéti zvysuje riziko vzniku astmatu.
Vyzkum jiz identifikoval specifickou zanétlivou slouceninu
produkovanou strevnimi bakteriemi u déti, u nichz se rozviji astma, a
také bylo zjisténo, které bakterie produkuji nejvétsi koncentraci této
slouceniny, coz by mohly byt slibné cile pro intervenci.

e dysfunkcni mikrobiom u clovéeka je asociovan se zdravotnimi problémy
jako je astma, alergie a obezita.

* https://www.chemistryworld.com/news/the-launch-of-a-new-field-precision-microbiome-editing/4017260.article



Mene obvyklé vyuziti



Gene Drive



Gene Drive

Malarie

e 2019: kazdé dvé minuty nékde na svéte zemre dité na malarii
* Kazdym rokem je hlaseno 200 miliédnu novych pripadu malarie.
* VVroce 2018 zemrelo 405 000 lidi na malarii.

* Vroce 2017 zemrelo na malarii odhadem 416 000 lidi, a v roce 2010
celkem 585 000.

* https://www.who.int/publications-detail/world-malaria-report-2019

* na svéte je celkem 3 500 druhu komaru.

* Plasmodium ale prenasi jen tri, Anopheles gambiae, Anopheles
coluzzii a Anopheles arabiensis
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Golden toad (Incilius periglenes)

The golden toad has not been seen since
1989, and is believed to be extinct



Anti-CRISPR

* je objeveno kolem padesati anti-CRISPRovych proteinu, kazdy se svym
specifickym zpusobem blokace cut-and-paste systému CRISPRU.
Vyuziti:

* jemnéjsi kontrola aktivity CRISPRU pri editovani gent v ramci biotechnologii a
mediciny.
 testovani, zdali by tyto proteiny nebo jiné CRISPR-zastavujici molekuly mohly

slouzit v ramci biobezpecnosti posledni instance, schopné zastavit biozbrané
na bazi editovani genomu nebo gene drive, ktery se vymkl kontrole.

* Jennifer: vi nékdo, jak je pouzit, abychom mohli provadet
smysluplnou kontrolu? Tak daleko jesté nejsme.



nature
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NEWS FEATURE | 15 January 2020 | Correction 04 February 2020

The kill-switch for CRISPR that
could make gene-editing safer

How anti-CRISPR proteins and other molecules could bolster biosecurity and improve
medical treatments.

Elie Dolgin
Yy f =

https://www.nature.com/articles/d41586-020-00053-0

CRISPR CORRECTIVES

There are two particularly well-studied types of CRISPR DNA editing. Type | uses
a Cascade complex and guide RNA to bind a DNA target, which is then cut with
the Cas3 enzyme. Type Il uses a single enzyme, such as Cas9, to bind and cut the
target sequence. Researchers have discovered more than 50 anti-CRISPR (Acr)
proteins that turn off DNA-editing activity in a variety of ways. Here are two
commonly observed mechanisms.

DNA-binding inhibition

Some Acr proteins prevent CRISPR
complexes from binding target DNA.

Guide Cas9

Cascade

Cas3 | : 0/’
@9
AcrlF1

OISR
\

DNA-cleavage inhibition

Some Acr proteins specifically
block the cutting action.




Edvard Munch

1863-1944

* v jeho péti letech matka umira na tuberkulozu

* vjeho trinacti letech umira jeho tehdy patnactileta
sestra na tuberkulozu

» cely Zivot se boji, ze onemocni téz
 dalSi sestra opakované hospitalizovana se schizofrenii
* nejvice cenéné obrazy pred rokem 1920

. ieden z mala umélcd, ktery byl schopen zachytit
idskou zkusenost a transformovat ji do vizualne
vyjadritelné podoby.

* povazuje za nezbytne pouzit privatni subjektivni
zkusenost pro vytvoreni ,univerzalni® vypovedi a
zobrazeni

https://www.munchmuseet.no/en/edvard-munch/edvard-munchs-sensitive-lungs/

https://www.edvardmunch.org/biography.jsp

Uzkost 1894
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Smrt otce 1889

 ,MUj otec byl povahové nervézni a obsesivné
religidozni — az na hranici psychoneuroézy. Od néj
jsem zdéedil semena Silenstvi. Andélé strachu,
smutku a smrti mi stali po boku ode dne, kdy
jsem se zrodil.”

* Munch byl diagnostikovan s depresi, uzkosti a
bipolarni poruchou, mezi jinymi nemocemi.

*  https://www.cambridge.org/core/journals/bjpsych-advances/article/art-of-edvard-munch-a-window-onto-a-
mind/747AD9F91000C9CF26957BESESSC4ESD

Edvard Munch 1930



VykFik 1893

e 1908 hluboka osobni krize
zhrouceni, alkoholismus, |[é¢ba osm
meésicu v Kodani na psychiatrii

* po navratu zména umeleckého stylu

* klidnéjsi, lyricky, ale jiz ne tak
ocenovany




Vincent van Gogh
PSeni¢né pole s vranami. 1890.
Obecné je povazovano za posledni obraz, ktery van Gogh vytvoftil pfed svou smrti.




Colossal



De-extinkce ,mamutu”

* cilem je vytvorit novy typ zvirete podobného jiz vyhynulému
mamutovi cestou geneticky modifikovaného slona indického tak, aby
zvladl arktické teploty a byl zaroven odolny herpes viru. .

* cilem je vytvoreni stad téchto zvirat, které by se zvladly mezi sebou
uspesné rozmnozovat a znovu osidlit Arktidu. Nasledné pak pouzit
tyto technologie k promyslené , disruptivni konzervaci.

* Colossal chce spolupracovat s ruskymi kolegy za ucelem vytvoreni
Pleistocenniho parku na rece Kolymeé v severovychodni oblasti Sibire.

* https://www.cnbc.com/2021/09/13/geneticist-george-church-gets-funding-for-lab-grown-woolly-mammoths.html
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NEWS EXPLAINER | 10 February 2023

What it would take to bring back the Dronte mauricijsky vymfel kolem roku 1662

dodo

An audacious plan to ‘de-extinct’ dodos depends on huge leaps in biotechnology and DNA Y4 muzejnllho exemplé‘fe Starého 500 |et

resurrecting a lost habitat. Vv Da’nsku

v f Vychozim druhem by byl holub nikobarsky
(Caloenas nicobarica)

The flightless dodo went extinct in the seventeenth century. Biotech company Colossal Biosciences plans

to resurrect it. Credit: Hart, F/Bridgeman Images

Nevznikl by dronte — ale vlastné novy druh
https://www.nature.com/articles/d41586-023-00379-5 Na MaurlClu Je Véak dneS mnoho krys a
dalSich neplvodnich predatoru

https://colossal.com/dodo/ Odhad Colossalu je rok 2029
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1662 and 1690

Prvnim krokem bylo sekvenovat cely genom

dronteho.
Vzorek tkané byl ziskan z exemplare z muzea v

Dansku.




possessed a lean and athletic appearance with sandy yellowish-brown
to gray fur and 15-20 distinct dark stripes across the back from
shoulders to tail. Its canid-like skull and large jaws held 46 sharp teeth.

The marsupial thylacine also had an abdominal
pouch and is one of only two known marsupials
to have pouches in both sexes. For males the
pouch served as a protectvive sheath for
reproductive organs, while for females, the pouch
served as a carrying vessel for its young, as seen
in modern day kangaroos. The average litter size
was up to four and the young were dependent on the mother until they

are at least half-grown.

The thylacine was mostly nocturnal or
semi-nocturnal, eating at night and
sleeping in caves or hidden within thick
tree clusters during the day. Thylacines

were exclusively carnivores whose diet
consisted of other marsupials, small
rodents, lizards and birds. They were reported to have preyed on sheep
and poultry after European colonization, although the extent of this was
almost certainly exaggerated.

Exaggerated or not, this pest reputation clashed with farmers of the
region, ultimately leading to their overhunting and eventual extinction in
1936.

Flocids Is Mad About Maastees 12 - The Wid Mea of Ferope ”Mhm)m m
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the closest living relatives of the Thylacine. They are 70 rrﬂiiib y
evolutionarily divergent from the Tasmanian Tiger. &

Thylacindae
>  Myrmecobiidae
> Dasyuridae

All living dasyuromorphs
have an equal phylogenetic

distance to the thylacine

Dasyurids are easily distinguished from other Australian marsupials
because they possess three pairs of incisors in the lower jaw, front feet
with five toes, and hind feet with never less than four toes.
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CRISPR/Cas9

Cas9

Guide RNA

d
PAM
sequence

Oprava prestrizené DNA muze probéhnout dvéma zplsoby non-ho nlng (NHE)), kdy
se jedna o nahodné vlozeni nebo deleci DNA, nebo tzv. hong rected repm‘%de se homolognl kus DNA
vyuzije jako templat. Tato druhd moznost dovoluje precizni genovou e i kus DNA s pozadovanou
sekvenci muze byt dodan do bunky spolu se sgRNA a Cas9 nukledzou, c eoretlcky umoznilo precizni opravu DNA s
presnosti na jednu bazi.



