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Co je to genova terapie?

LéCebny postup nebo postup zmirnujici
projevy genetické poruchy pomoci
geneticky modifikovanych bunék
pacienta s terapeutickym prinosem
pro pacienta
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Genova terapie x symptomaticka lééba *

Symptomaticka I|écba geneticky podminénych
chorob nelé€i podstatu, ackoli je znama pricina
onemochneni

Genova terapie lé€i pricinu onemocneni
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Symptomaticka lecba
» Dodani chybeéjiciho enzymu u enzymopatii

» Dodani jinych chybéjicich latek (substratu, proteinu...)

» Vyvarovani se substratu, ktery nelze spravne
metabolizovat (specialni diety)

» Chirurgické zakroky

» Farmakologické ovlivhéni narusenych fyziologickych
procesu

» Farmakologické zlepseni kvality zivota

> Jiné ovlivnéni fyziologickych procesu nebo kvality
zivota (pristroje, pomucky)

» Transplantace chorobou poskozeného organu



N\ Er W ER L .
Genova terapie

» Zahrnuje jakoukoliv proceduru, urcenou
K lé€eni nemoci genetickou modifikaci bunek
pacienta

» Do bunék se transferuji: geny, jejich casti
nebo oligonukleotidy
Ciral (I:fV) vector

Gene editing
complex

Lentiviral vector

https://www.science.org/doi/10.1126/science.aan4672
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rPoéétky genove terapie

Sahaji do roku 1990 - provedeny prvni klinické studie pfi IéCbé deficience adenosin-deaminazy (adenosine
deaminase deficiency, ADA). V této studii byly transformovany lymfocyty periferni krve ADA deficientnich pacientu
retrovirovym vektorem, ktery exprimoval funkéni adenosin-deaminazu.

Jesté 10 let po tomto zasahu lymfocyty jednoho pacienta exprimovaly funkéni enzym, coz znamena, ze genova
terapie muze mit dlouhodoby ucinek.

U jiného pacienta se vyvinula imunitni reakce k transportnimu systemu, a proto se u n¢j terapeuticky gen
neexprimoval, coz uz tehdy poukazalo na problemy, které jsou s genovou terapii spojeny.

Age of
Editing
Clinical studies No Efficacy Efficacy Efficacy and
but Genotoxicity Safety
Autologous HSC Ex Vivo Gene Therapy for Primary Immune Deficiencies
Metabolic/Storage CNS Disorders
First Allogeneic HSCT CD34 Reduced Intensity
(SCID) Selection Conditioning Hemoglobin Disorders
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1960 1970 1980 1990 2000 2010 2020
Definition of HSC by Cloning of Viruses and Engineering of Engineering of Editing Via Site-Specific Endonucleases
Transplantation in Mice Human Genes y-Retroviral Vectors Lentiviral Vectors (ZFN, TALEN, CRISPR/Cas)
Gene Transfer to Improved Transfer to
Murine HSC Human and NHP HSC
Hematopoietic Growth Factors and
Extracellular Matrix
Scientific advances Improved Transduction of HSCs
Fig. 1. Historical overview of HSC gene therapy. HSCT: hematopoietic nuclease; TALEN: transcription activator-like effector nuclease; CRISPR/
stem cell transplantation; HSC: Hematopoietic stem cell; SCID: severe Cas9: clustered regularly interspaced short palindromic repeat (CRISPR)-

N Eng| J Med 2019:;381:455-64. combined immunodeficiency; NHP: nonhuman primate; ZFN: zinc finger CRISPR-associated 9 (Cas9) nucleases.




Techniky genova terapie

» Genova terapie in vitro (ex
vivo): odbér bunék, provedeni
genové modifikace mimo Retroviral vectog

Ex Vivo Gene Therapy

,  Therapeutic
" P - ene
organismus, navrat bunek :
' m : b/\\
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> Genova terapie in vivo: Hematopoietic "
stem and

Transduction

intravenoézni transformace  progenitor cells of cells
prfimo genovym konstruktem

» Genova terapie in situ: 7 o s
(modifikace in vivo) genovy e
konstrukt je injikovan do
postizené tkané nebo jeji
blizkosti

In Vivo Gene Therapy

Transgene

[Fern]

&
AAV vector

containing
transgene

\\
\ Postmitotic cells

Direct

injection of P -
vector \—> 3

N Engl J Med 2019;381:455-64.
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Co |ze IeC|t genovou terapii?

» Vrozeneé poruchy (geneticka deficience
genového produktu, neprimérena exprese genu)

» Nadorova onemocnéni (poruchy biologické
funkce protoonkogent, nadorovych
supresorovych, apoptotickych a reparaénich genu)

» Nemoci imunitniho systému (alergie, zanéty a
autoimunni choroby)

> Infek€éni nemoci (virovy nebo bakterialni
patogen)
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Kdy Ize pouzit genovou terapii?

» Musime znat presnou pri¢inu genetické choroby
— tzn. gen, jeho umisténi, povahu produktu a
hlavné mechanizmus patolo-gického ucinku

» Spravneé vytvorenou strategii genove terapie

» Soucasti strategie je | volba vhodného vektoru a
vytipovani cilovych bunék genové terapie

» S ohledem na jistou kontroverznost této terapie
je treba provadet genovou terapii pouze pokud
je uspésne otestovana a schvalena k pouziti



DaIS| otazky pro pouz iti GT-1

» Je cilem genové terapie opravit dedicnou genetickou poruchu
nebo vnést do recipientnich bunék novou funkci? Pokud pujde
napf. o lécbu cystické fibrézy, pak se jedna o0 napravu
defektniho stavu. Naopak v pripadé lé€by AIDS se muzeme
pokusit o transformaci buneék genem s novou funkci; napfr.
genem, jehoz produkt bude interferovat s replikaci viru HIV.

» Ma byt terapeuticky gen fungovat po dlouhou nebo kratkou
dobu? VétSinou pujde o pozadavek, aby gen fungoval dlouhou
dobu, ale v pripadée léecby nadorovéeho bujeni nebo pozadavku
vheseni DNA vakciny muze jit i o u€inek relativné kratkodoby.



DaIS| otazky pro pouz iti GT-2

» U vetsiny aplikaci je zapotrebi kontinualni
exprese terapeutického genu. V nékterych
pripadech je zapotrebi expresi regulovat,
napriklad pri lécbé diabetes mellitus.




DaIS| otazky pro pouziti GT - 3

» Vyber cilovych bunek

Podle charakteru postizeni; napriklad v pripadé familiarni
hypercholesterolémie je zapotrebi vnést do hepatocytu

gen kodujici receptor pro LDL (low density lipoprotein).

Pri saturaci nizkych hladin srazecich faktoru (vede
k hemofilii), je treba zacilit specifickou populaci bunék;

zde je treba vnést gen produkujici uvedené srazeci

faktory do takovych bunéek, které je budou schopny
privést do mista uc€inku, tedy do krevniho freciste.
V pripadé faktoru IX se povedla transformace myoblastu,
které tento srazeci faktor secernovaly v Kkrvi.

Vybér cilovych bunék je také zavisly na dostupnych
technikach manipulace s konkrétnimi bunkami.
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Provedeni genove terapie zahrnuje

Vytvoreni genetické informace (metodami
rekombinantni DNA), ktera je urcena pro transport
do bunék

Vytipovani bunék, do kterych bude upravena
geneticka informace vnesena

Vybeér vhodného vektoru

Po provedeni genové terapie je treba pacientuv
stav peclivée monitorovat a vsSimat si jak
zlepsovani zdravotniho stavu, tak i nastupu
pripadnych komplikaci
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Zakladni strategie

» Reparace genu in situ - terapie genu

» Ektopicka reparace — terapie geny
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Strategie genove terapie

KLASICKA NEKLASICKA
» Optimalni exprese > Inhibice exprese
vlozeného genu patogenniho genu
» Tvorba chybeéjiciho » Restaurace normalni
produktu exprese
» Prima likvidace nemocnych » SIRNA

bunéek

» Aktivace imunitniho
systému
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Genova terapie , klasicka“

Jejim cilem je dopravit geny do vhodnych
cilovych bunek tak, aby bylo dosazeno optimalini
exprese vnesenych genu a

» Zajistit produkci latky, ktera chybi

» Aktivovat bunky imunitniho systému ve snaze
pomoci odstranit nemocné bunky
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Genova terapie ,,neklasicka*

» Inhibice exprese genu asociovanych
S patogenezou

» Korekce genetického defektu a obnoveni
normalni genoveé exprese
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Genova terapie podle typu bunek

Zarodecneé bunky

Somaticke bunky

» Do oplodnéeneho vajicka se doda
kopie spravné verze pfrislusného
genu a vajicko se implantuje zpet
do tela matky

» Gen je zpravidla pfitomny ve vSech
bunkach nového jedince

» Provadi se mikroinjekci DNA do
vajicka

» Teoreticky pouzitelna k léceni

jakékoli dedicné choroby

» Manipulace s bunkami, ktere lze z
téla odebrat, transfekovat a vratit
zpet do tela

» Nadejna pro |écbu dedicnych
onemocneni krevnich bunek

» VVnaseji se geny do kmenovych
bunek kostni drené

» Jako vektory slouzi viry — retroviry,
adenoviry

» Problém s dominantnimi znaky
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transfekce iImplantace
kmenova
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diferenciace
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Vsechny zralé bunky obsahuji novy gen
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Somaticke nebo zarodecné bunky?

» Soucasnha genova terapie se omezuje na
terapii somatickych mutaci

> Etické probhe
zarodecnych

potencialni terapii
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Prilis predcasny hazard

O Cinsky védec Che Tien-kchue;
odsouzen za , nelegalni a neetickeé
medicinskeé praktiky”.

O Cilem jeho vyzkumu bylo zbavit déti
HIV pozitivnich rodicu potencionalni
infekci virem HIV.

O Pomoci metody CRISPR upravil genom
embryi dvojcat. Proved| mutaci
receptoru CCR5, ktery je vyuzivan
virem HIV pro infiltraci lidskych bunek

O Svétova zdravotnicka organizace
(WHO) pripravuje globalni registry pro
sledovani vyzkumu Upravy lidského

s ;}r .
OCENAVAN® [N genomu




Provedeni genove terapie zahrnuje

» Vytvoreni genetické informace (metodami
rekombinantni DNA), ktera e urCena pro
transport do bunék

» Vytipovani bunek, do kterych bude upravena
geneticka informace vnesena (in vivo, in Vvitro)

» Vybéer vhodného vektoru

> Po provedeni genové terapie je tfeba pacientuv
stav peclive monitorovat a vsimat si jak
zlepsovani zdravotniho stavu, tak | nastupu
pripadnych komplikaci
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Geneticky transfer
EX vivo (In vitro)

» Transfer klonovanych genu do bunék v
kulture (transplantace autolognich geneticky
modifikovanych bunek)

In vivo (in vivo, in situ)

» Transfer se deje primo do tkané pacienta
pomoci liposomu nebo virovych vektor



Principy genetickeho transferu

cDNA s kompletni DNA kodujici sekvenci je
modifikovana k zajisteni vysoké hladiny exprese,
napr. pomoci silného virového vektoru

Nasledna inzerce genu se deje
» do chromozému

> extrachromozomalneée
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Inzerce do chromozomu

» gen se bude rozsirovat do dalsich bunek
» vysoka uroven exprese (kmenové bunky)

» nahodna inzerce - ruzna lokalizace
» ruzna uroven exprese
» smrt jednotlivé bunky

» nadoroveé zvrhnuti (aktivace onkogenu, deaktivace
supresorového nebo apoptotickeho genu)

(vyvhoda transferu ex vivo)
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Inzerce extrachromozomalne

» Nejisty dlouhodoby ucinek

» Gen je exprimovan po dobu zivota bunky
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y Dusledky genové terapie

1) Zvyseni genové exprese — efekt genové
davky

2) Usmrceni ,nemocnych* bunek

3) Usmrceni bunék za asistence imunitniho
systému

4) Cilena inhibice genové exprese

5) Cilena oprava mutace
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Princip ex vivo genove terapie

ADA-Deficient Severe Combined Immunodeficiency

Adenosine deaminase (ADA)—deficient severe combined e Modified HSPCs
immunodeficiency (SCID) is a rare, autosomal recessive, and fatal y are reinfused
disease of early childhood. ADA deficiency leads to toxic levels of '
adenosine and adenine deoxyribonucleotides. Affected children fail to

thrive, have impaired immune responses, and have recurrent infections. >

Patient
There are three approaches to treating ADA-deficient SCID: with SCID

CD34+ HSPCs
are transduced

Nonmyeloablative
conditioning is
performed

» Exvivo gene therapy
» Allogeneic hematopoietic stem-cell transplantation
+ Enzyme-replacement therapy

Treatment of ADA-SCID — Ex Vivo Gene Therapy

Ex vivo gene therapy has proved successful in treating this disease.
First, autologous bone marrow is harvested from the patient. CD34+
hematopoietic stem and progenitor cells (HSPCs) are isolated and

a CD34+ HSPCs

transduced with the retroviral vector carrying the gene ADA. HSPCs are are isolated and Retroviral vectors
harvested expanded containing corrected
copy of the gene ADA

are produced

N Engl J Med 2019;381:455-64.
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Figure 2. In Vivo Delivery of Gene Therapy.

An example of in vivo gene therapy is the treatment of vision loss caused by loss-of-function variants in RPE65, which encodes an en-
zyme that converts all-trans-retinyl ester to 11-cis-retinol, part of the visual cycle that takes place in the retinal pigment epithelium. The
gene is delivered within an adeno-associated viral (AAV) vector by injection beneath the neural retina, through vitrectomy followed by
direct injection in an operative procedure. A false space (“bleb") under the retina is created by injecting vector suspended in fluid,
whereupon the vector transduces retinal pigment epithelial (RPE) cells. The transgene remains episomal; it does not integrate into the
DNA of the cell.

N Engl J Med 2019;381:455-64.
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riklad I. — vheseni funkcniho genu

Expansion in
culture

Collected T
lymphocytes from
ADA™ patient

ADA

— ADA

RO /AN —
A AR PN o

Recombinant

Retrovirus
vector

Integration to Chromosomal
give some DNA
ADAT* cells

Selection of
ADA™ cells

Infection

SO00000,
it
8868868608
Expression of deficient
introduced ADA < patient

genes can overcome

ADA deficiency

1: Ex vivo aene augmentation therapy for adenosine deaminase (ADA) deficiency.
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Priklad Il. — cilene zabiti bunek

—Igen T pro toxin I—
Bunky zabité exprimovanym
/ \ \ toxinem

e e
@ =) .
bunky s deficienci

L1\ )

_|gen P pro prodrug|_ Buriky zabité Iééivem
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Priklad Il.

5 Direct killing of disease cells
Toxin gene

Disease cells Cells Killed by expressed toxin
Prodrug gene

7 N 7 ~ 7 ~
( ;U el )
\\_’/ \\_’/ \\_’/
Disease cells Cells Kkilled by
drug

Drug




¥ Priklad Ill. - Usmrceni bunék za uéasti
imunitniho systému

—Igen pro antigenl— vystaveni antigenu

l - produkce cytoklnu
bunky imunitniho systému

N ?1?

_I gen pro Cytokm likvidace bunéek
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. Assisted killing of disease cells by immune system cells
Foreign
antigen gene
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Killing of disease
Nondisease cells because of
cells, especially enhanced immune
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Priklad IV. - Cilena inhibice genoveé exprese
_I antimediatorovy gen I—

/ \ \ Inhibice genové exprese

Coge - ®Teo

bunky s deficienci 1

Zablokovani produkce
»patologického* proteinu
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Priklad IV.
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Targeted inhibition of gene expression
Antisense gene

/’. X

- é: “ : -:-_:_:_
Disease cells / ~AAAA = O O O
containing mutant Inhibition —— —

Antisense or harmful \ @‘

ODN, T O,

‘ Block expression
gene b
e [ ]

SN e of pathogenic
gene
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Priklad V. - Cilena oprava mutace

T e

Genova konverze

-
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bunky s deficienci

X Normalni fenotyp
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Targeted gene mutation correction
%J
JRVAN - RSN

e

Normal phenotype

Disease cells
(mutant gene X) —{ (genetic mutation
= . Corrected corrected to restore
m gene functional gene)




Virovy transfer
replikujici se

c — O — 80

nereplikujici se virus

0 — o — @
retrovirus
0o — 60—

Lyze bunék
Syntéza virionu

Syntéza virovych a
rekombinantnich proteinu,
nekompletni viriony

Integrace do genomu bunky
syntéza rekombinantnich
protein(



T SE—

B o\ 4B | | LV T
Savci virove vektory

Retroviroveé vektory

Lentivirove vektory

Vektory adeno-asociovaného viru

Adenoviroveé vektory

YV VYV VY VY V

Vektory viru herpes simplex
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4 Retrovirus

Signal Replikace/integrace

obalovani

Obalové proteiny

Proteiny core

Signal Exprese genu
obalovani

Opravny gen

Identifikace/separace
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Postup pri genove terapii retrovirem

* Integrace do genomu

packaging cell line

eer [

provided in trans

att ph aun
[

[ transfection >

H-=

human PBMC

env

retroviral
particles

o,
1@,
B | F— @ s

activation

o

OKT3/CD28

/
@ CAR-T cells

DOI: 10.3390/biomedicines4020009

e

Cloned gene

{(normal

allele, _

?r';srﬁm Il'll Jf @ Insert RNA version of normal allele
patient's |\ I into retrovirus.

cells)

Viral RNA

/@ Let retrovirus infect bone marrow cells
that have been removed from the

Retrovirus \ .
patient and cultured.

capsid b !

€) Viral DNA carrying the normal
allele inserts into chromosome.

Bone

marrow

cell from <ﬁ~
patient A A

) Inject engineered
cells into patient.

Copyright ' Pearson Education, Ing., publishing as Banjamin Cummings.
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Genova terapie s adenovirovym vektorem

<

* Neintegruje se do genomu = episomalni DNA

* Infikuje ruzné druhy délicich se i nedélicich se bunék

« Silné imunogenni — vyuziji pri vyrobé vakcin a protinadorovych |éCiv
« Replikacné defektni viry — genoveé terapie a vakciny

« Replikujici se (onkolytické) viry — protinadorova l€Civa
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Genova terapie s adeno-asociovanym virem |

* Neintegruje se do genomu = episomalni DNA

* Vyuziti v Iin vivo genove terapii

 Rekombinantni AAV je vytvoren z nepatogenniho
neobaleného parvoviru

 Efektivita sbaleni viru se vyrazne snizuje, pokud je
transgenni sekvence delsi nez 5 kbp

 Na mysim neonatalnim modelu byl prokazan vznik
hepatocelularniho karcinomu pfri vyuziti vysoke davky
AAV, u clovéka nebyl pozorovan




Spinal Muscular Atrophy Type 1

Spinal muscular atrophy type 1, or SMALI, is a progressive, monogenic
motor neuron disease characterized by the degeneration and loss of
lower motor neurons, leading to muscle atrophy. Affected infants fail to
reach motor milestones and, if they survive, receive mechanical
ventilation by 2 years of age.

The disease is caused by mutations in SMN1, which encodes the
survival motor neuron protein. SMA1 is the most severe form of SMA
and is the most common genetic cause of death in infants.

There are two approaches to treating SMAI:

+ In vivo gene therapy
» Antisense oligonucleotide therapy

Treatment of SMA1 — In Vivo Gene Therapy

The treatment begins with a functional copy of the gene SMNT, which is
inserted into an AAV9 vector that is administered by intravenous
injection. It does not integrate into the genome of the spinal motor
neuron; rather, it is maintained episomally. Transcription of the
therapeutic SMNT results in the expression of SMN protein, slowing
disease progression.
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@ D SMN1 ﬂ

4
e AAV9-SMN1
-

Infusion of
AAV9-SMN1

Spinal motor
neurons

X TRANSCRIPTION
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. SMNImRNA
(11 J2a25[3]4]5

TRANSLATIONl

Cytoplasm

e “‘:G SMN protein

N Engl J Med 2019;381:455-64.
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Schvaleneé
genove
terapie

N Engl J Med 2019;381:455-64.

Table 2. Regulatory Milestones in Gene Therapy.*

Year and Milestone

2003: approval of recombinant human p53 adeno-
virus for injection {Gendicine, Sibiono
GeneTech)

2012: approval of alipogene tiparvovec (Glybera,
uniQure)

2015: approval of talimogene laherparepvec (Imlygic,
Amgen)

2016: approval of autelogous CD34+ cells encoding
adenosine deaminase cDNA sequence
(Strimvelis, Orchard Therapeutics)

2017

Approval of tisagenlecleucel (Kymriah, Novartis)

Approval of axicabtagene ciloleucel [Yescarta,
Kite Pharma)

Approval of voretigene neparvovec-rzyl
(Luxturna, Spark Therapeutics)

2018

Approval of tisagenlecleucel (Kymriah)
Approval of axicabtagene ciloleucel (Yescarta)

Review of gene-therapy IND applications in
United States streamlined to single reviewing
agency, the FDA

Approval of voretigene neparvovec (Luxturna)
2019

Conditional approval of autologous CD34+ cells
encoding B’B"TS?Q—globin gene (Zynteglo,
Bluebird Bio)

Approval of onasemnogene abeparvovec-ioi
[Zolgensma, AveXis)

Regulatory
Authority

NMPA

EMAF
EMA and FDA

EMA

FDA
FDA

FDA

EMA
EMA

FDA and NIH

EMA

EMA

FDA

Indication
Head and neck squamous-cell carcinoma
Lipoprotein lipase deficiency
Melanoma

Adenosine deaminase—deficient SCID

Patients younger than 25 yr of age with
relapsed or refractory ALL

Certain types of non-Hodgkin's lymphoma

Biallelic RPE65-associated retinal dystrophy

Patients younger than 25 yr of age with
relapsed or refractory ALL

Certain types of non-Hodgkin's lymphoma

Biallelic RPEG5-associated retinal dystrophy

Patients older than 12 yr of age with trans-
Fu&ion—de&)endent B-thalassemia with-

out 8%/ 8Y genotype

Patients younger than 2 yr of age with spi-
nal muscular atrophy

Vectory
Ad-p53

AAVI-LPL
HSV-GM-CSF

RV-ADA

Lv—-CD19
RV-CD19

AAV2Z-RPEGS

Lv-CD19

RV-CD19

AAVZ2-RPEGS

LV—B-globin

AAVI-SMN1

Route of Administration
Intratumoral injection; intracavity or intra-
vascular injection

Intramuscular injection

Intratumoral injection

Transplantation of autclogous gene-modi
fied CD34+ cells

Intravenous infusion of autologous gene-
medified T cells

Intravenous infusion of autologous gene-
modified T cells

Subretinal injection

Intravenous infusion of autologous gene-
modified T cells

Intravenous infusion of autologous gene-
modified T cells

Subretinal injection

Transplantation of autologous gene-modi-
fied CD34+ cells

Intravenous infusion

NIH Mational Institutes of Health, and NMPA National Medicine Products Administration (China).
T Vector designations indicate the type of vector (adeno-associated viral [AAV], adenoviral (Ad), herpes simplex viral [HSV], lentiviral [LV], or retroviral [RV]) and the gene transduced.
i Regulatory approval was allowed to lapse by the spensor in 2017.

* ALL denotes acute lymphoblastic leukemia, cDNA complementary DNA, EMA European Medicines Agency, FDA U.5. Food and Drug Administration, IND investigational new drug,
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Co kdybych chtél zaéit pouzivat genovou terapii v CR?

Dle Vyhlasky 84/2008 Sb. (Vyhlaska o spravné lékarenské praxi, blizsich
podminkach zachazeni s léCivy v lékarnach, zdravotnickych zarizenich a
u dalSich provozovatelll a zafrizeni vydavajicich lé€ivé pripravky) je mozné
pripravovat pripravky genoveé terapie v lékarne (§3(8d)), v podtlakovych
bezpecnostnich boxech s vertikalnim laminarnim proudénim tridy Cistoty
vzduchu A a s odtahem mimo prostor, které jsou umistéeny v prostoru
tridy Cistoty vzduchu B a jsou vyhrazeny pro tento ucel (§5(f)).
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Transfer genu do bunék nevirovy

» Endocytoza navozena receptory
» Transfer prostrednictvim lipozémii
» Primy prenos DNA

> Bombardovani casticemi
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Treatment of SMAT — Antisense Oligonucleotide

Nusinersen, an antisense oligonucleotide, is administered by intrathecal
injection into the cerebrospinal fluid, which bathes the spinal motor
neurons. The oligonucleotide, once inside the nucleus of the neuron,
binds to the pre-messenger RNA (pre-mRNA) of SMN2, a gene that is
almost identical to SMN1. This binding alters the splicing pattern, which
yields a more stable form of SMN2 mRNA and therefore enhanced
levels of SMN protein, thereby slowing disease progression.

Genova terapie SMA
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Nusinersen
Antisense oligonucleotide

Intrathecal
*(injections directly
intothe CNS

e Nusinersen enters

the spinal motor neuron

\

N Engl J Med 2019;381:455-64.
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CAR-T terapie

T-buniky nesouci chimericky antigenni receptor (CAR) (stabilni transfekce)
CAR — antigen vazajici doména za Ig nebo TCR + intracelularni doména pro

aktivaci T-bunék
Hlavné cilena lécba nadoru

Vyrazna systémova toxicita a nevyjasnény ..tumor-off“ efekt.

CAR T-cell Therapy

Pkostimulaéni doména
(CD28)

kostimulaéni doména
{CD28 nebo 4-188)

TCR aktivadni doména

kostimuladni doména
TCR aktivani doména
s (4-188)

TCR aktivaéni doména

1. generace CAR 2.generace CAR 3. generace CAR

Struktura chimérického antigenniho receptoru 1., 2. a 3. generace.

KliZovou extraceluldrni Edsti je ScFv (single chain variable fragment) monokliondini protilitky 2ajdtujicl specificitu (v plipadé axicabtagene ciloleucelu
anti-CD19). Intracelularné gsou umistény jedna nebo vice kostimuladnich domén (CD28 u axicabtagene cloleucelu, 4-18B u tisagenlecieucely; oboji
2. generace) a TCR (T bunéény receptor) aktivadni doména (CD3e)

CAR - chiméricky antigenni receptor, chimeric antigen receptor

Remove blood from
patient to get T cells

CAR T cells bind to cancer
cells and kill them
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s Cancer cell

CAR T cell
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Infuse CAR T cells
into patient

|Make CAR T cells in the lab

Insert gene for CAR
Vg

N

T cell
7 (News 7
gt chimeric antigen
receptor (CAR)
¥
CAR T cell > .

-

Grow millions of
CART cells

https://www.cancer.gov/about-

cancer/treatment/types/immunotherapy/t-cell-transfer-

therapy




e R EE— T JER—

FP klady GT dedlcnych onemochneni

Table 22.5: Examples of gene therapy trials for inherited disorders

Disordler Cells altered Gene therapy strategy

ADA deficiency T cells and hemopoietic stem cells  Ex vivo GAT using recombinant retroviruses containing an
ADA gene

Cystic fibrosis Respiratory epithelium In vivo GAT using recombinant adenoviruses or liposomes
to deliver the CFTR gene

Familial hypercholesterolemia  Liver cells Ex vivo GAT using retrovirus to deliver the
LDL receptor gene (LDLR)

Gaucher’s disease Hemopoietic stem cells Ex vivo GAT using retroviruses to deliver the

glucocerebrosidase gene (GBA)

GAT, gene augmentation therapy.
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Priklady GT nadoru

Disorder

Cells altered

Gene therapy strategy

Brain tumors

Breast cancer

Colorectal cancer

Malignant melanoma

Myelogenous leukemia
Neuroblastoma

Non-small cell lung
cancer

Ovarian cancer

Renal cell carcinoma

Small cell lung cancer

Solid tumors

Tumor cells in vivo

Tumor cells ex vivo

Hematopoietic stem
cells ex vivo

Fibroblasts ex vivo
Hematopoietic stem
cells ex vivo

Tumor cells in vivo
Tumor cells ex vivo

Fibroblasts ex vivo
Tumor cells in vivo
Tumor cells ex vivo
Fibroblasts ex vivo

T cells/tumor cells ex vivo
Tumor cells

Tumor cells
Tumor cells in vivo

Tumor cells in vivo
Tumor cells ex vivo

Hematopoietic stem
cells ex vivo
Tumor cells ex vivo

Fibroblasts ex vivo

Tumor cells ex vivo
Tumor cells in vivo

Implanting of murine fibroblasts containing recombinant retroviruses
to infect brain cells and ultimately deliver HSV-tk gene
DNA transfection to deliver antisense IGF1

Retroviruses to deliver MDR1 gene
Retroviruses to deliver IL4 gene

Retroviruses to deliver MDR1 gene
Liposomes to deliver genes encoding HLA-B7 and B,-microglobulin

Retroviruses to deliver IL2 or TNF gene

Retroviruses to deliver /L2 or IL4 genes

Liposomes to deliver genes encoding HLA-B7 and B,-microglobulin
Retroviruses to deliver I[L2 gene

Retroviruses to deliver /L4 gene
Retroviruses to deliver TNFA gene

Retroviruses to deliver HSV-tk gene
Retroviruses to deliver antisense KRAS

Retroviruses to deliver wild-type TP53 gene
Retroviruses to deliver HSV-tk gene

Retroviruses to deliver MDR1 gene

Retroviruses to deliver IL2 or TNF genes
Retroviruses to deliver /L4 gene

DNA transfection to deliver /L2 gene
Liposomes to deliver genes encoding HLA-B7 and B,-microglobulin
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Eticke aspekty genovych terapii

YV VYV YV Y VY

Bezpecnost manipulaci

Oveéreni na savcich modelech
Hierarchickeé schvalovani protokolu
Nebezpeci vedlejSich uéinku

GT zarodecnych bunek
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Nevyhody genove terapie

» Velmi vysoka financni narocnost
» Technicka a technologicka narocnost

> Nizka uspésnost terapie, pokud jsou problémy
s "uchycenim" vnasené genetické informace

» Nahodnost viozeni genetické informace = naruseni
protoonkogenu, tumor-supresoroveho genu =
maligni transformace bunky

» Genovaterapie je eticky problematicka



Q— -— _— - ry ' . -
I!

" Rizika genové terapie

* InzerCni mutageneze — integrace vektoru do genomu muze narusit
funkci puvodni DNA

* Pfi in vivo pristupu muze vzniknout imunitni reakce na pouzity virovy

vektor

Table 1. Potential and Observed Complications of Gene Therapy.*

Complication
Gene silencing

Genotoxicity: integration events and
insertional mutagenesis

Phenotoxicity: overexpression or ectopic or
dysregulated expression of the transgene

Immunotoxicity

Horizontal transmission

Vertical transmission

Clinical Presentation

Gradual loss of gene expression without evidence
of immune response

Development of leukemia or solid tumors

Dependent on transgene, tissue in which transgene
is expressed, or both

Dependent on tissue transduced — for example,
elevated aminotransferase levels when liver is
transduced or elevated creatine kinase levels
when muscle is transduced

Household contacts seropositive

Offspring positive for vector transgene

Vector

Retroviral

More likely with AAV
(in vivo delivery)

AAV

More likely with AAV
(in vivo delivery)

Evidence
Theoretical; not reliably described clinically
Documented in studies of gene therapy for X-linked

SCID,"? Wiskott—Aldrich syndrome,* and chronic
granulomatous disease’

Theoretical

Documented in experiments involving muscle® and trials

of treatment for hemophilia,®” spinal muscular atro-

phy,® Leber's hereditary optic neuropathy,” and reti-
nal dystrophy caused by mutations in RPE65™

Not documented; vector not infectious after 72 hrll

No documented cases: vector has been detected in
semen transiently’1%1?

* AAV denotes adeno-associated virus, and SCID severe combined immunodeficiency.

N Engl J Med 2019;381:455-64.
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Budoucnost genové terapie 4

Zachrana zivota pacientu s tézkymi genetickymi chorobami ¢i rakovinou
Zprijemnéni zivota mnoha dalsim lidem, jejichz choroba sice neni natolik zavazna,
ale stejné jsou odkazani na podpurnou terapii

Nutné vymezeni hranice mezi tim, na co je jesté etické genovou terapii pouzit a na
CO uz ne.

Budou v budoucnosti "déti na objednavku"? Budeme si moc urcit barvu o¢i, viast
Ci vysku nasich deti?

DoCkame se éry superlidi?

Stane se z genoveé terapie takovy obchod, jakym je dnes treba plasticka chirurgie?

Editace genomu (napr. CRISPR/Cas9 technika) — genovy knock-in,
knock-out, cilena mutageneze
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CRISPR/Cas9 technika

 CRISPR = Clustered
Regularly-Interspaced Short
Palindromic Repeats

e Cas9 = endonukleaza

* Prokaryoticky imunitni
system, ktery zajistuje
rezistenci vuci cizim
genetickym elementum,
jako |jsou plastidy nebo
fagy, a predstavuje tedy
formu ziskané imunity.

Prokaryotic cell
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Cas9 is a dual-RNA-guided dsDNA endonuclease
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Jinek et al. Science 337, 816 (2012) tracrRNA
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Figure 1. Overview of CRISPR gene editing of human iPSCs. Gene editing of human iPSCs using CRISPR/CAS9 allows for the ey S— E
generation of isogenic disease controls for stem cell research applications. —
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https://www.sigmaaldrich.com/CZ/en/technical-documents/technical-
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L i - Non-homologous
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