Co nového v genetice.
,Revoluce" v genetice
- snadna zmeéna DNA.

Doc. MUDr. Marie Cerna, CSc.
Ustav obecné biologie a genetiky
3. lekarska fakulta
Univerzity Karlovy v Praze



CRISPR

Clustered Regularly-Interspaced
Short Palindromic Repeats

Soustredena, Pravidelne Oddelena
Kratka Palindromicka Opakovani



Historie

1987 — popsana soustredena opakovani u Escherichia coli
2000 — podobna opakovani identifikovana i u jinych prokaryot
2002 — poprve pouzit nazev CRISPR
2005 — navrzena funkce v ziskané imunité u bakterii
(publikovano po triletém zasilani do mnoha casopisu)
— useky ,,spacer” pochazeji z viru, které infikovali bunku




CRISPR

Segmenty prokaryotické — bakterialni DNA

obsahujici kratké repetice sekvenci bazi.

Kazda repetice je nasledovana kratkymi segmenty ,,spacer DNA"
pochazejici z predchazejicich expozici bakterialnimi viry Ci plasmidy.

Useky ,,spacer” rozpozndvaji a §tépi tyto exogenni genetické elementy
zpusobem analognim k RNA interferenci u eukaryotickych organizmu.

CRISPR se nachazi u 40% genomu bakterii a u 90% genomu Archaea.



Cas

s CRISPR-asociované geny
koduji enzymy: nukleazy a helikazy
Helikazy — rozpoznavaji a rozvolnuji DNA
Nukleazy — stepi DNA dvakrat
(na kazdem viakné jednou)




Jednoduché schéma lokusu CRISPR

cas genes

l l l l l LeaderD D D I]

Repeat-spacer
array

délka jednoho opakovani 24 — 48 bp (paru bazi, nukleotidu)



CRISPR / Cas systém

Prokaryoticky — bakterialni imunitni systém,
ktery dava vznik rezistenci na cizi genetické elementy,
jako jsou plasmidy a fagy (bakterialni viry),

a zajisStuje tak urcitou formu ziskané imunity.



Schéma antivirového obranného mechanizmu CRISPR u bakterii

Cell membrane

Double stranded viral DNA

/
s“‘
/ ‘.s,o‘ Creation of a novel spacer
. . Inactivation of viral DNA
7 ;“f:/’i""/ff////
“‘H CRISPR Array

—iECEE R R =R EORCE>ECEOCEED—

Transcription
Targeting of viral DNA

N g N 7g 1N S og IS¢ S1ng IS S g

; ;
@ Dﬂdg PR

D o N

>
CAS crRNA l>[!<]b g \/
complex QQ Processed crRNAs




crRNA
processing

Acquisition

Interference

Faze odpovedi CRISPR u tri typu adaptivni imunity
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. Rozpoznani a vystépeni (Casl a Cas2)

sekvence ,,protospacer”

. Ligace ,protospacer” do vedouci sekvence
. Jednoretézcova extencni oprava

Vznik primarniho transkriptu CRISPR
Vznik crRNA (po Stépeni Cas)

Sestfih crRNA (u Il. a lll. typu imunity)
Asociace crRNA s proteiny Cas
Degradace vniklé DNA



Biotechnologie vyuzivajici CRISPR/Cas systém

* OdliSeni kmenu bakterii pomoci segmentu ,,spacer DNA”

* Imunizace prumyslové dulezitych bakterii - v potravinach a pri fermentaci
 Studium nizSich biologickych systému (plisné)

* Produkce biopaliv kvasinkami
* Produkce geneticky modifikovanych organizmu (GMO), plodin

* Genova manipulace (komari)

rezistence vuci parazitim malarie, neplodnost u samic
* Funkcni inaktivace genu ,,in vitro“ a ,,in vivo”
e Oprava genovych mutaci ,,in vitro“ a ,,in vivo“,

u zvirecich modelu a lidského materialu



Duvody poziti biotechnologie CRISPR/Cas9

*Presnost
presne vystepuje a vklada sekvenci
na specifickém mistée

*Jednoduchost
pouziva 1 enzym a 1 RNA



Genomic DNA

PAM = Protospacer adjacent motif
- rozpoznavan proteinem Cas
(3 nukleotidy, napf. 5'-NGG-3’)
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Cas9 PAM
das % /

CrRNA

crRNA = CRISPR RNA
(20 nukleotidu)
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tracrRNA

tracrRNA = trans-activating crRNA
komplex crRNA/tracrRNA aktivuje protein Cas



CRISPR Cas-9 and Genome Editing

5. CRISPR target sequence PAM

crRNA (with target sequence)

|

5 — 62 crRNA na jednom cipu (array)

crRNA crRNA crlnNNA tracrRNA
D e

multiple crRNA's can be incorporated into a crRNA array
and joined with tracrRNA to form sgRNA

sSgRMNA CasS
—

=
sgRNA and Cas9 can be combined in a plasmid to be used for transfecting cells




1: Transfection

Transfect

-

Plasmid

Target Cell

2: Expression of Plasmid

:Splasmid

Expression
; S | l
Cas9 tracrRINA crRINA

3: Activation of Cas9
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4: Binding to Genome Target Sequence

S genomic DNA
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5: Cleaving Genomic DNA
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6: DNA is now ready for repair
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genomic DNA can now be
repaired by NHEJ or HDR
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Stépeni genomické DNA

* Dvouvlaknoveé zlomy — double strand break
vedou k nehomolognimu koncovému spojeni
- non-homologous end joining (NHEJ),

* Jednovlaknoveé zlomy - single strand break
vedou k homologni prfimé oprave
- homology directed repair (HDR),
—> méneé inkorporovanych chyb
nutna pritomnost opravného templatu DNA
— presahuje zlom o 40-90 nukleotidl na kazdé strané



DalSi aplikace — CRISPR interference
u nestépicich ,,dead” verzi Cas

* Inhibice transkripce pomoci RNA interference

- komplementarni vazba CRISPR na DNA

s naslednou epigenetickou modifikaci (DNA metylace)
 Aktivace genl pomoci transkripcnich faktoru

- syntetické transkripcni faktory navazané na Cas

a vazajici se do ruznych mist promotoru genu



SCIENCE VOL 337 17 AUGUST 2012 Cas programmed by crRNAracrANA duplex

proinspacer

A Programmable Dual-BNA-Guided ™

DNA Endonuclease in Adaptive &w >
Bacterial Immunity )

Martin Jinek,?* Krzysztof Chylinski,?“* Ines Fonfara,® Michael Hauer,*t 3 T A
Jennifer A. Doudna,*?°°t Emmanuelle Charpentier*t

Clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas) systems
provide bacteria and archaea with adaptive immunity against viruses and plasmids by using
CRISPR RNAs (crRNAs) to guide the silencing of invading nucleic acids. We show here that in a
subset of these systems, the mature crRNA that is base-paired to trans-activating crRNA (tracrRNA)
forms a two-RNA structure that directs the CRISPR-associated protein Cas9 to introduce

double-stranded (ds) breaks in target DNA. At sites complementary to the crRNA-guide sequence, | TR "‘“\I

the Cas9 HNH nuclease domain cleaves the complementary strand, whereas the Cas9 RuvC-like 'l'\f'__T — ket loop
domain cleaves the noncomplementary strand. The dual-tracrRNA:crRNA, when engineered as a —

single RNA chimera, also directs sequence-specific Cas9 dsDNA cleavage. Our study reveals a ';A<

family of endonucleases that use dual-RNAs for site-specific DNA cleavage and highlights the

potential to exploit the system for RNA-programmable genome editing. FTNAS G TENA shimacs
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RNA-Guided Human Genome
Engineering via Cas9

Prashant Mali,™* Luhan Yang,*”* Kevin M. Esvelt,” John Aach,” Marc Guell, James E. DiCarlo,*
Julie E. Norville,” George M. Church™*t

Methods Enzymol. 2014 : 546: 215-250. do1:10.1016/B978-0-12-801185-0.00011-8.

The ICRISPR platform for rapid genome editing in human
Pluripotent Stem Cells

Zengrong Zhu'-2, Federico Gonzalez'-?, and Danwei Huangfu'

Danwei Huangfu: huangfud@mskcc.org

'Developmental Biology Program, Sloan-Kettering Institute, 1275 York Avenue, New York, New
York 10065, USA
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Isogenic human pluripotent stem cell pairs reveal
the role of a KCNH2 mutation in long-QT
syndrome
Milena Bellin'*, Simona Casini’”’, A oo 47 B
Richard P Davis'?*’, Cristina D'Aniello’’, — , HERG protein
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Modelling kidney disease with CRISPR-mutant
kidney organoids derived from human pluripotent
epiblast spheroids

Benjamin S. Freedman'%3%7 Craig R. Brooks!, Albert Q. Lam'~, Hongxia Fu®, Ryuji Morizane’,

Vishesh Agrawal™®, Abdelaziz F. Saad’, Michelle K. Li'®, Michael R. Hughes'®, Ryan Vander Werff'°,

Derek T. Peters?1, Junjie Lu™8, Anna Baccei™8, Andrew B. Siedlecki!, M. Todd Valerius', Kiran Musunuoru®-1,
Kelly B, McNagny!®, Theodore . Steinman’ 12, Jing Zhouw'=, Paul H. Lerou=-"8 & Joseph V. Bonwventre 1=

Human-pluripotent-stem-cell-derwved kidney cells (hPSC-KCs) have important potential for
disease modelling and regeneration. Whether the hPSC-KCs can reconstitute tissue-specific
phenatypes is cumently unknown, Here we show that hPSC-ECs self-omanize into kidney
organcids that functionally recapitulate tissue-specific epithelial physiclogy, including disease
phenotypes after genome editing. In three-dimensional cultures, epiblast-stage hPFSCs
form sphermids surrounding hollow, amniocticdike cavities. GSK3R inhibition differentiates
spheroids into sesmented nephron-like kidney organoids containing cell populations weith
characteristics of proximal tubules, podocytes and endothelivm Tubules accumulate dextran
and methotrexate transport cargoes, and express kidney injury molecule-1 after nephrotoxic
chemical injury. CRISPES CasS knockout of podocalyxin causes junctional organization defects
in podocyte-like cells. Knockout of the polycystic kidney disease genes PEDT or PEDZ induces
cyst formation from kidney tubules. All of these functional phenotypes are distinct from
effects in epiblast spheroids, indicating that they are tissue specific. Our findings establish a
reproducible, versatile three-dimensional fmmework for human epithelial disease modelling

and rezenerative medicine applications.
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One-Step Generation of Mice Carrving

Mutations in Multiple Genes by
CRISPR/Cas-Mediated Genome Engineering

Haoyi Wang,1® Hui Yang,1® Chikdu S. Shivalila, A Mutiple Gene targeting in ES cells

and Rudolf Jaenisch3*

TWhitehead Institute for Biomedical Research, Camibrid —_— Tet2
Department of Biology s

2 omputational and Systems Biology Program By Uty

AMocGowvern Institute for Brain Research., Department of Cas9 sy ¥° /, @

Massachusetts Institute of Technology, Cambridge, MA S
\ Genotyping

SBroad Institute of MIT and Harvard, ¥ Cambridge Cent
5T hese authors contributed equally to this work Transfection @ Quintuple
Colony Faihg Targeted Clones

*Correspondence: jasnisch@wi.mit.edu ESCs
http: /d=_ doi.org/10.1016/j.cell.2013.04.025

B
One Step Generation of Mice With Mutiple Mutations

Targeted Mutations (Deletion / Insertion)
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Generation of Gene-Modified Cynomolgus
Monkey via Cas9/RNA-Mediated
Gene Targeting in One-Cell Embryos

Y¥uyu Niu,'-57 Bin Shen,27 Yigiang Cui,>” Yongchang Chen,'-57 Jianying \
Wei Si,'-5 Wei Li,* Andy Peng Xiang,® Jiankui Zhou,? Xuejiang Guo,® Ye E S
Hong Wang,'-® Zuomin Zhou,® Tianging Li,"® Tao Tan,'-° Xiugiong Pu,'°

Xingxu Huang,?* Weizhi Ji,"5* and Jiahao Sha®" S S~
unnan Key Laboratory of Primate Biomedical Research, Kunming 650500, China / /
ZMOE Key Laboratory of Model Animal for Disease Study, Model Animal Research Cei

Mutant Mice, Nanjing 210061, China
2State Key Laboratory of Reproductive Medicine, Department of Histology and Emb

Culture

. ~9 hr
China —
4State Key Laboratory of Reproductive Biology, Institute of Zoology, Chinese Acade
SKunming Biomed Intemational and National Engineering Research Center of Biome
&Center for Stem Cell Biology and Tissue Engineering, Key Laboratory for Stem Celle
Guangzhou 510080, China
Sperm injection Cas9 mRNA/sgRNAs injection
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Genome editing with Cas9 in adult mice corrects a disease
mutation and phenotype

Hao Yin'-2, Wen Xue'-?, Sidi Chen’, Roman L Bogorad', Eric Benedetti¢, Markus Grompe=2,
Victor Koteliansky?, Phillip A Sharp'4, Tyler Jacks1-4.5 and Daniel G Anderson'.6.7.8

TDavid H. Koch Institute for Integrative Cancer Research, Massachusetts Institute of Technology,
Cambridge, Massachusetts, USA

Hydrodynamic injection
(Cas9 + sgRNA + ssDNA)
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Functional Repair of CFTR by CRISPR/Cas9
in Intestinal Stem Cell Organoids
of Cystic Fibrosis Patients

Gerald Schwank,'%7 Bon-Kyoung Koo, %78 Valentina Sasselli,'+? Johanna F. Dekkers,** Inha Heo,'+2 Turan Demircan,’
Nobuo Sasaki,’? Sander Boymans,' Edwin Cuppen,’-® Cornelis K. van der Ent,® Edward E.S. Nieuwenhuis,®

Jeffrey M. Beekman,*® and Hans Clevers'2"

THubrecht Institute/KNAW

“University Medical Center Utrecht

Uppsalalaan 8, Utrecht 3584 CT, The Netherlands

2Department of Pediatric Pulmonology

ADepartment of Immunology

SDepartment of Pediatric Gastroenterology
Wilhelmina Children's Hospital, University Medical Center, Lundlaan 6, Utrecht 3584 EA, The Netherlands

EDepartment of Medical Genetics, UMC Utrecht, Universiteitsweg 100, Utrecht 3584 GG, The Netherlands

"These authors contributed equally to this work
®Present address: Wellcome Trust: Medical Research Council Stem Cell Institute, University of Cambridge, Cambridge CB2 1QR, UK

*Correspondence: h.clevers@hubrecht.eu
http://dx.doi.org/10.1016/].stem.2013.11.002




CFTR Inactivation by Lentiviral Vector-mediated RNA Interference and
CRISPR-Cas9 Genome Editing in Human Airway Epithelial Cells

Author(s): Jessica Bellec, Marc Bacchetta. Davide Losa, Ignacio Anggon, Marc Chanson and
Tuan Huy Nguyen

Affiliation: Laboratory of Clinical Investigation Ill, Department of Pagdiairics and Department of
Cell Physiology & Metabolism, 1 rue Michel-Servet, 1211 Geneva, Switzerland.

Current Gene Therapy, 2015; 15 (5): 447-459.
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Functional Gene Correction for Cystic Fibrosis in Lung Epithelial
Cells Generated From Patient iPSCs

Amy L Firtha.1, Tushar Menon?'!, Gregory S Parker?, Susan J Qualls2, Benjamin M Lewis?,
Eugene Ke?, Carl T Dargitz3, Rebecca Wright2, Ajai Khanna®, Fred H Gage?, and Inder M
Verma?:2

4The Salk Institute of Biological Studies, Laboratory of Genetics, 10010 North Torrey Pines Road,
La Jolla, CA 92037, USA

bCenter for Gut Rehabilitation and Transplantation, Digestive Disease Institute and Lerner
College of Medicine, Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195



Biomedicina vyuzivajici CRISPR/Cas systém

* Inhibice genu kdédujicich rezistenci na antibiotika
* Inhibice genu kédujicich rezistenci na nadorovou terapii (u melanomu)

* Nové moznosti pro transplantace

— u Xxenotransplantace eliminace retrovirovych DNA z genomu prasete
— u alotransplantace vytvoreni lidskych cév bez exprese HLA Il. tridy,
ktera byva pricinou rejekce transplantatu
Vedecky vyzkum

Systematickd studie funkce genu lidského genomu - jejich postupna inaktivace
1/10 (2 000 gent) ze vSech 20 000 gend je esencialni
- P aktivace, ' mutace, = pritomnost v jinych druzich
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CRISPR genome-editing technology shows its power
By Jolhmm Travis




2015 Svetoveé moratorium aplikace CRISPR
na lidskych zarodecnych bunkach
oro klinické pouziti

Veédci se musi vyhnout, i pokuseni pri laxni jurisdikci, tomu, aby
provadeli pokusy s modifikaci genomu lidskych zarodecnych bunék za
ucelem klinické aplikace do té doby, nez vSechny mozné dusledky
budou prodiskutovany mezi védeckymi a vladnimi organizacemi.

Technologie CRISPR neni dostatecné dobre vyvinuta pro jakékoli
klinické pouziti k provadéeni dédicnych zmeén u lidi!
Existuji vyznamné limity nasich védomosti o lidské genetice,

interakcich genu s prostredim a vzajemném ovlivnéni chorob ¢i stavu
u jednoho pacienta.




In vitro fertilizace

* | DNA metylace v placent€

* 7 DNA metylace v pupecnikovée krvi
* | genomovy imprinting —

T Beckwith-Wiedemann syndrom
7 Angelman syndrom

T nadory



Protein Cell 2015, 6(5):363—372 @ - _
DOI 10.1007/s13238-015-0153-5 Protein & Cell

nezivotaschopna embrya

RES EARCH ARTICLE

CRISPR/Cas9-mediated gene editing in human
tripronuclear zygotes

Reparace beta-talasemie — genu beta globin
Puping Liang, Yanwen Xu, Xiya Zhang, Chenhui Ding, Rui Huang, Zhen Zhang, Jie Lv, Xiaowei Xie,
Yuxi Chen, Yujing Li, Ying Sun, Yaofu Bai, Zhou Songyang, Wenbin Ma, Canquan Zhou™, Junjiu Huang™

Guangdong Province Key Laboratory of Reproductive Medicine, the First Affiliated Hospital, and Key Laboratory of Gene
Engineering of the Ministry of Education, School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China
[~ Correspondence: hjunjiu@mail .sysu.edu.cn (J. Huang), zhoucanquani@hotmail.com (C. Zhou)

Received March 30, 2015 Accepted April 1, 2015

Cinsti védci pro ¢asopis Nature:
velice nizka Gcinnost, ovlivnéni jinych genli — zastaveni vyzkumu



Prosinec 2015, Washington D.C.
Mezinarodni summit o editaci lidskych genu

Predseda David Baltimore
Clenové ndrodnich akademii véd Ameriky, Britdnie a Ciny
* Souhlas pro zakladni a klinicky vyzkum

* Specifické rozliseni mezi uzitim: somatickych bunék, kde ucinky oprav jsou
omezeny na jedince, versus zarodecnych bunék, kde zmeény genomu budou
zdédény budoucimi generacemi.

* Alterace lidskych gametocytu a embryi s cilem zavedeni dédicnych zmén u
lidi mGZe mit nechténé a dalekosahlé dusledky pro lidskou evoluci,
geneticky (interakce genu s prostredim) a kulturné (socialni Darwinismus).
Takové pocinani je nezodpovédné!
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GENE EDITING

In vivo genome editing improves
muscle function in a mouse model of
Duchenne muscular dystrophy

Christopher E. Nelson,"” Chady I. Hakim,* David G. Ousteront,'”

Pratiksha I. Thakore,"” Eirik A. Moreb,"* Ruth M. Castellanos Rivera,®

Sarina Madhavan,"* Xiufang Pan,” F. Ann Ran,*® Winston X. Yan,*>™®

Aravind Asokan,* Feng Zhang, "™ Dongsheng Duan,®'™ Charles A. Gershach™™'#*

Duchenne musculardystrophy (DMD) is a devastating disease affecting about 1 out of 5000 male
births and caused by mutations in the dystrophin gene. Genome editing has the potertial to
restore expression of a modified dystrophin gene from the native locus to modulate disease
progression. |n this study, adeno-associated virus was used to deliver the clustered regulary
irmte rspaced short palindromic repeats (CRISPR)-Cas9 system to the mdx mouse model of DMD
to remove the mutated exon 23 from the dystrophin gene. This indudes local and systemic
delivery to adult mice and systemic delivery to neonatal mice. Exon 23 deletion by CRISPR-Cas9
resulted in expression of the modified dystrophin gene, partial recovery of functional dystrophin
protein in skeketal myofibers and cardiac muscle, improvement of muscle biochemistry, and
significant enhancement of muscle force. This work establishes CRISPR-Cas9-based genome
editing as a potential therapy to treat DMD.

Ao

PAM1
ACTCATCAA'ATATGCGTGTTAGTGTA ...

PAM2
.. CATTGCATCCATGTCTG'ACTCTGAAT ...
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TECHNOLOGICAL INNOVATIONS
nezivotaschopna embrya

Introducing precise genetic modifications into human 3PN
embryos by CRISPR/Cas-mediated genome editing

Rezistence na HIV — mutace genu CCR5

Xiangjin Kang' - Wenyin He' - Yuling Huang' - Qian Yu' + Yaovong Chen' -
Xingcheng Gao' - Xiaofang Sun' - Yong Fan'

Recaved: 7 January 2016 /Accepted: 28 March 2016
(C) Springer Sciencet+Business Media New York 2016
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velice nizka ucinnost 3PN Zygote Injection 8-16 Cell Stage
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Velkd Britanie schva

ila Upravu lidskych embryi

Tym vedeny Kathy Niakanovou z Ustavu Francise Cricka v Londyné

Cil:

Vypinanim genu zjistit, které geny jsou pro vyvoj embrya dulezité a kdy, a
tak odpovedéet na otazku, jak a proc se vyvoj vajicka nedari

Omezeni:

Pokus na embryu muze trvat maximalné 14 dnuli a pak musi byt ukoncéen
Nepripustné:

Vkladat upravena embrya do délohy, a nechat dale vyvijet v téle matky




Zdravotnicka legislativa Ceské republiky
Umluva o lidskych pravech a biomedicinée

Prijata sdélenim M2V €. 96/2001 Sb.m.s.

Vyhlasena mezinarodni smlouva ratifikovana parlamentem

- museji s ni byt v souladu vsechny dalsi pravni predpisy,
a to na zakladé ¢lanku 10 Ustavy Ceské republiky.

Clanek 12: Prediktivni geneticka vySetfeni Ize provést pouze pro
zdravotni ucely nebo pro vedecky vyzkum spojeny se zdravotnimi ucely
a v navaznosti na odpovidajici genetické poradenstvi.

Clanek 13: Zasahy do lidského genomu Ize provadét pouze pro
preventivni, diagnostické nebo |écebné ucely, a to pouze tehdy, pokud
neni jeho cilem jakakoliv zména genomu nékterého z potomkad.




Zdravotnicka legislativa Ceské republiky
Zakon ¢€. 372/2011 Sb. o zdravotnich sluzbach
Zakon ¢. 373/2011 Sb. o specifickych zdravotnich sluzbach

§ 30 - Genova terapie

odst. 1 Zasah smérujici ke zmeéneé lidského zarodecného genomu lze provadeéet u
pacientl pouze pro preventivni nebo |écebné ucely u zavaznych geneticky
podminénych nemoci za podminky zachovani jeho prirozené biologické integrity
v zarodecnych bunkach. Tyto zasahy se nesmeéji provadéet, pokud by mohly vést
ke zmeénam v genetické vybave zarodecnych bunék.

odst. 2 Vyslovné zakazuje klonovani, kdyz stanovi, ze kazdy postup, jehoz ucelem
je vytvorit lidskou bytost, ktera ma shodny lidsky genom s jinou lidskou bytosti, a
to zivou nebo mrtvou, je zakazan.

Zakazano je také prenaset cely lidsky genom do bunék jiného zivociSného druhu
a naopak a lidské embryo do pohlavnich organu jiného zivocisSného druhu.




Zdravotnicka legislativa Ceské republiky
Zakon €. 296/2008 Sb. o lidskych tkanich a bunkach

pri jejich darovani, opatrovani, vysetrovani, zpracovani, skladovani a distribuci

Poskytovatelé zdravotnich sluzeb

- jsou povinni zajistit sledovani zavaznych nezadoucich udalosti,
zavaznych nezadoucich reakci nebo podezreni na ne.

- jsou odpovédni za vedeni a uchovani zaznamu o tkanich a burikach a
zachazeni s nimi, v€etné vedeni a uchovani zaznamu, které umoznuiji
sledovatelnost pri jimi zajiStovanych ¢innostech, a to zplsobem,
kterym neni porusena ochrana udaju. Sledovatelnost je nutno zajistit
po dobu nejméneé 30 let od pouziti bunék.

- jsou povinni neprodlené oznamit zjisténi rizika prenosu nemoci
tkanémi a bunkami nebo pochybnosti o tom, zda nékteré laboratorni
vysetreni bylo radné provedeno.




Zdravotnicka legislativa Ceské republiky
Zdkon €. 227/2006 Sb. o vyzkumu
na lidskych embryonalnich kmenovych bunkach

e Sprava vyzkumu — MSMT: vyddva povoleni, provadi kontrolu, vede registr linii

* Lze provadéet pouze na liniich a) dovezenych nebo b) ziskanych z
nadbytecnych lidskych embryi v centrech asistované reprodukce

* Povoleni vyzkumu na lidskych embryonalnich kmenovych bunkach se vydava
na dobu 6 let, a to pouze na konkrétni a v zadosti podrobné popsanou
vyzkumnou c¢innost. Povoleni lze prodlouzit nejvyse jednou, a to o 4 roky.

* Lze pouzit jen takova nadbytecna lidska embrya, ktera nejsou starsSi nez 7 dnu

* Pisemny souhlas zeny a muze, od nichz bylo nadbytecné embryo ziskano, a
darce zarodecnych bunéek




Deékuji za pozornost




