Korekce genetickych defekt u
v transgennich zvi ratech

e muze byt normalni funkce obnovena zavedenim normalniho genu
do buniky nesouci mutantni formu genu (aniz by doslo k zaclenéni
homologickou rekombinaci)?

* bude ke korekci dochazet v pfipadé, ze se produkt tvori v jinych
tkanich?

* bude mnozstvi funkéniho proteinu dostacujici?

e jaké budou vedlejsi efekty?



Korekce choroby ,shiverer” — o

eficience MBP

MBP = (myelin basic protein)
O+——

N\

MBP cDNA

cDNA pochazejici
z normalniho zvirete

X —

Normal
mice

Pseudopregnant
female

Gen MBP je zaclenén na
jiném misté genomu nez
endogen

l

Transgenic
mouse

shi/shi; —/-

+/+; MBP/-

CHJ/CH; transgen/transgen

[Normal]

[shiverer]

Jedna kopie transgenu

~

shifshi; =/

[shiverer]

shif+; MBP/—
[Normal]

8% MBP

. shifshi: MBP/-
[Partially corrected]

shi/shi; MBP/—
[Parfially corrected]

26% MBP

Dlkaz, Ze normalni funkce genu
muze byt obnovena zavedenim
normalniho genu do bunky
nesouci jeho mutantni formu

shi/shi; MBP/MBP
[Normal]




Korekce mutace v genu HPRT homologni
rekombinaci v ES bu nkach (HPRT-)

Wild-type (wi)
Promoter / ]

Mutant deletion (A)

P, E1, E2

Delece 6,7 kb

R = EcoRlI, X = Xhol

1. 50 9.3 Mutantni (deletovany) gen mysi,
z nichz byly pfipraveny ES bunky

VvV prvnim intronu

Corrected gene (CG) _‘55_::,5

Sonda = cDNA HPRT

WT A G

WVTW]

93— . —
5.0 — m— i E

Linearizace vektoru v misté X
zvyhodnujici homologni rekombinaci

/ rekombinace probéhla

Vektor se po zavedeni
do ES bunék zaclenil HR

Dlkaz, Ze homologni

Izolace klonu ES bunék

v

— 1.3

Southern blot

s korigovanym genem HPRT
a jejich zavedeni do blastocyst,
vznik mysi s CG




Korigovany gen pro HPRT (CG) se stabiln

Integruje do X-chromozomu

Corrected

Ma jediny funkéni gen = CG

Heterozygous

A/CG

mouse

I Isolate DNA

b

WT/WT A/A A/CG A/WT

63—

50—

Test with
HPRT probe

— 1.3

Homozygous
for deletion

é

Maji deleci v genu
HPRT na obou X
chromozomech

Korigovany gen se dédi

Transgene
— 10.4 kb

— 5.5

Zavedeny gen mél
malou expresi v jatrech
a vysokou v mozku,
coz je znak podobny
genu divokeho typu

u normalnich mysi.




Korekce defektu funkce CFTR In vitro

Control-positive

CFTR = transmembranovy regulator

Bunky z pacienta trpiciho CF

Select in G418

1 2345678910 plobeforCFIR

Bunky rezistentni k G418 — vektor se zaclenil

Isolate colonies

Prepare mRNA for
Northern blotfing

Hybridize with

RNA from
~ transgene

\ RNA from
endogenous
CFTR gene

Forskolin = stimulator adenylatcyklazy
5 Zvyseny tok iontia u
bunék s CFTR
X CFTR corrected
%

Test positive clone for 1 y CFTR™
cAMP-dependent stimulation ll:orskc;hn e R o S
o1 60 120 180

Time (seconds)



Correction of Human Inherited Disorders in Cells in Tissue Culture

Disorder

Human gene

Target cell

L.esch-Nyhan syndrome

Severe combined
immunodeficicncy

Severe combined
immunodeficiency

Gaucher disease

E~physema
Short stature

Familial hypercholesterolemia
(model)

Phenylketonuria
Citrullinemia

Thalassemia

Hemophilia (model)

Hypoxanthine
phosphoribosyl-transferase (HPRT)

Adenosine deaminase (ADA)

Purine nucleoside phosphorylase
(PNP)

Glucocerebrosidase (GC)

o,~Antitrypsin
Growth hormone

Low density lipoprotein receptor

Phenylalanine hydroxylase
Argininosuccinate synthetase
B-Globin

Factor IX

Human HPRT™ cells

Human ADA™ skin
fibroblasts; T cells; B cells

Human PNP™ skin
fibroblasts

Human GC~ skin fibroblasts;
bone marrow

Human liver cells
Human cpidermal cells

Hyperlipidemic rabbit
fibroblasts; hepatocytes

Mouse hepatoma cells
Mousec fibroblasts

Mouse fibroblasts; mouse
erythroleukemia cells

ddemophilic dog skin
fbroblasts



Bunky se zavedenym transgenem p fezivaji in vivo

Mutantni forma DHFR
Retroviral rezistentni k metotrexatu

vector

Infect

DHFR je esencialnim enzymem v syntéze dTMP,

ey o ktery je vyZadovan dicimi se buikami. Metotrexat
Remorebone J (Mtx) je silny kompetitivni inhibitor DHFR
Ko st

¢ i e, | Usmirceni viastnich
kmenovych bunék zafenim

A 4

Inject with
methotrexate

Primarni recipient

80% of mice
are resistant
and survive

marrow cells

Remove bone
8 weeks later

\ Inject bone marrow
) cells into irradiated

Challenge with
methotrexate

V kostni dfeni se exprimuje
DHFR, tj. buAky z primarniho

80% of second- . . s v .
round recipients reC|p|enta V ni preZ|VaJ|

survive




MoZné zp usoby lé ¢by genetickych onemocn éni

1. Uprava diety — karenc¢ni terapie (galaktosemie, fenylketonurie)
2. Substitucni terapie (hemofilie, diabetes, nanismus)

3. Genova terapie (kauzalni IéCba)
« vneseni funkéniho genu (funkéni alela navic)
« cilend oprava mutace homologni rekombinaci
« cilené usmrcovani geneticky pozmenénych bunek

e cilena inhibice exprese genu zodpovédnych za genetickou
poruchu



Strategies for treating genetic disorders

 Specially formulated diets
* Restrictive diet to lower the intracellular level of toxic molecule
« Supplemented diet to replace a metabolic deficiency

* Inhibition of enzyme reactions

* Enzyme inhibitor to prevent the accumulation of the toxic molecule by
blocking a step in a metabolic pathway that precedes the reaction with
a defective enzyme

 Removal of toxic molecules
* Dialysis
 Removal of excess cations (chelation)

* Facilitation of excretion by binding a toxic molecule to a low-
molecular-weight compound

 Replacement of defective or missing product
 Enzyme replacement therapy
* Protein replacement therapy
« Cofactor supplementation



Strategies for treating genetic disorders

« Alteration of defective protein by small molecules
* Restoration of partial protein function
« Directed proteolytic degradation of defective protein
e Transplantation
* Replacement of a nonfunctional organ (organ transplantation)

* Providing a required protein synthesized by blood cells (bone marrow
transplantation)

 Gene therapy
* Redctification of a genetic defect with a functional gene
* Nucleic acid therapy

« Blocking translation of mRNA from a mutant gene with an
oligonucleotide (antisense, ribozyme)

« Correction of gene mutation with an oligonucleotide




Metody opravy nebo inaktivace
patogennich gen u v bunkach a tkanich

Oprava mutantni alely homologni rekombinaci
Inhibice translace pomoci antisense oligonukleotid(

Selektivni destrukce nebo reparace mRNA pomoci ribozymu

o0 w >

Selektivni inhibice mutantni alely RNA interferenci



Genova terapie

LéCba genetickych chorob
 Dédi¢nych
e Nadorovych

Podle typu bunék, do nichz jsou geny vnaseny:
a) Genova terapie zarodecnych bunek
b) Genova terapie somatickych bunék

Podle zpusobu prenosu genu
a) Genova terapie in vitro (ex vivo)
b) Genova terapie in vivo



Priklady lidskych chorob podminénych monogenné a pfipadajicich v ivahu pro genovou

terapii v soucasnosti

Produkt defektniho

Nemoc Hlavni symptomy Cetnost
genu
Deficience adenozin- | Defektni T-lymfocyty, porucha v tvorbé adenozinde- 1/1068
deaminazy (ADA) protilatek, naruseni imunitniho systému. aminaza
Fenylketonurie Fyzicka a psychicka retardace. fenylalaninhy- 1/12 000
droxylaza
Hemofilie A + B Porucha v srazlivosti krve, krvacivost. faktor VIII, faktor IX | 1/108 muzu
Familiarni Pred¢asné arteriosklerotické zmény cév. LDL-receptor 1/500
hypercholesterolemie
Deficience na Plicni emfyzém, (rozedma plic). a,-antitrypsin 1/3 500
a,-antitrypsin
Cysticka fibréza, CF | Porucha v transportu Na-, zahlenéni transmembra-novy | 1/2 500
dychacich cest, embolie. regulator CF
Gaucherova choroba | Nadory sleziny, zvétSeni jater, Zluté zbarveni | glukocerebro- ?
(pigmentace) kuze. zidaza
Duchennova svalova | Svalova ochablost. dystrofin 1/3 000
dystrofie muZzu
Leschiv-Nyhan(v Usazovani kyseliny moc¢ové v kloubech a hypoxantingua- 1/106

syndrom

ledvinach, poruchy CNS.

ninfosforibozyl-
transferaza




Genova terapie in vitro ex Vivo

klonovini funkéniho genu
v retrovirovém vektoru

odebrani ¢asti poskozenych bunék
kostni difené z téla pacienta a jejich
kultivace in vitro

=== funkéni gen

ol Ho
'?‘-c P
I

retrovirovy vektor s

\'—'
o funkénim genem
{7

"'? ‘v
Mekce bunék rekombinantnim

ozareni pacienta, ————__ retrovirem
usmrceni / @

mreent ) ..p .\\
poskozenych bunék ®
kostni d¥ené :

pomnoZeni bunék s vnesenym
funk¢énim genem

vriaceni opravenych bunék
do téla pacienta




Prima injekce a bombardovani: aéinny pfenos do bunék riznych
tkani. UCinnost neni vysoka a injikovana DNA neni stabilné
integrovana. Ve svalech se muze DNA udrzet i nékolik mésicu.

Vyuziti: pfenos plazmidovych konstruktl pro do€asnou expresi
transgenu:
« likvidace infekCnich agens,

« DNA-vakcinace,
e destrukce nadorl



Prenos gen u endocytézou zprost redkovanou
receptory

Endocytoza: DNA je napojena na molekulu, ktera se mize vazat na
receptor bunky, indukovat endocytozu a prenést se tak DNA do buriky.
Ucéinnost metody muze byt vysoka, ale nedochazi k integraci DNA.

4 Kotransfer adenovirl nebo

7" Invagination adenovirovych protein(

Binding to receptor

<~ Plasma membrane

\ Vesicle disruption

-
e
R

LY
Endosome . .
P Migration
into nucleus
Nuclear /‘ ‘s ”
envelope N -”

*

!

=



Vyuziti lipozom u pro vnaseni gen u in vivo

Lipozomy: Synteticke vacky (fosfolipidy), které se tvori ve vodném prostredi —
struktury imitujici biologické membrany. Snadno se pfipravuji, neni omezena
velikost DNA. Ucinnost pifenosu nizka, DNA se neintregruje do chromozomu

a jeji exprese je do€asna.
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VnasSeni retrovirovych vektor u do téla pacienta
(genova terapie in Vvivo)

Catheter Double balloons

Femoral artery

lliac artery

Instillation port




Vlastnosti bun ek vhodnych jako vektory
pro zavad éni genu do organismu

Snadné ziskani bunék z téla
Snadna kultivace v kulturach in vitro
Odolnost k manipulacim spojenym se zavadénim genu

Schopnost navraceni bunék do organismu, kde se musi
pomnozovat a pretrvavat po dostate¢né dlouhou dobu

> w N

 Kmenové burky kostni dfené
o Kozni fibroblasty

e Hepatocyty

« Myelocyty



Strategie genoveé terapie

A) PFidani funkéniho genu
Gene X

Disease cells Normal phenotype
(increase in gene X product)

Zamena mutantni formy genu za normalni

B)
Gene X

Disease cells ; Normal phenotype
(mutant gene X) — (genetic mutation
H B Corrected corrected to restore

m gene functional gene)



Strategie genoveé terapie

Cilena inhibice genové exprese

C)
m
i [l
Antisense S : ﬁ-
oligonucleotide,
siRNA, ribozyme Disease cells / ~NrAAAA (T
etc. containing mutant  Inhibition — ﬁ-
or harmful Block expression
gene m N[ IC of pathogenic
(] gene
D) P¥imé usmrcovani patogennich bunék
Toxin gene
FaVal  FaWaV _ B
e
Disease cells Cells killed by expressed toxin
Prodrug gene
Faval  FaUaH

- ~ -

Disease cells

Drug drug

O . 2N

S

Cells killed by



Strategie genoveé terapie

C)
Usmrcovani chorobnych bunék
e bufikami imunitniho systému
oreign
antigen gene
At "avan

Cytokine
gene

LY F \ I % v
s e o w

Killing of disease
cells because of

Nondisease
cells, especially enhanced immune

immune system cells response



Schéema postupu p Fi genoveé terapii deficience
na adenozindeaminazu

T-lymfocyty Infekce T-lymfocytu
odebrané z pacienta. retrovirovym vektorem.

V éasti kultury T-lymfocytu
probéhne integrace refrovirového
vektoru do jejich chromozomu.

Vytvorii se buriky ADA*.
CTR bmd \»): Yot TR

PomnoZeni
T-lymfocytu.

chromozom
T-lymfocytu

retrovirovy —

vektor
lidsky (nepo$kozeny) LTR LTR
en =
Em / rekombinan!:'?i retrovirovy
vektor

- w +
_ Nedostatek aktivniho genu ADA "35 f;’é?;’ ,ftg ”{,%?,ksﬁg}q
Jje v pacientu kompenzovan expresi

aktivniho genu v ADA*- burikach.

A




Ted Thai/Time Magazine.

Normal T-cell function requires the enzyme adenosine deaminase (ADA). These two girls
suffer from severe combined immunodeficiency disease (SCID) resulting from a mutant
form of ADA. They were among the first persons to receive gene therapy. Doctors
removed some of the white blood cells from each girl, cultured them, added genetically
engineered viruses containing working copies of the ADA gene, and then treated each girl
with her own engineered cells. Years after the initial therapy, each girl still has a functional
subset of T cells that produces ADA.



Schéma genove terapie melanomu

nador Chirurgicka excize Pomnozeni
souboru TIL-bunék TIL-bunék

Z pacienta. . . Vkultufe.b %

o

B IL-2 Integrace
TIL-bunky rekombinantniho

Infekce vektoru za vzniku
" TIL-bunék. bunék TIL*.

- i

ok ey, G NF—-(I
guepmmnays -~ rekombinantni L regrese - v\
vektor ' . -
reéritlrfvy - hadoru chromozom
SHREo TILY -bunék
Selekce |
bunék TIL*.
Transfuze do pacienta.
Infiltrace bunék TIL*

do nadoru.

Alternativa: Pfenos genu pro TNF pfimo do nadoroveé bunky




Vlastnosti bun ek vhodnych jako vektory
pro zavad éni genu do organismu

Snadné ziskani bunék z téla
Snadna kultivace v kulturach in vitro
Odolnost k manipulacim spojenym se zavadénim genu

Schopnost navraceni bunék do organismu, kde se musi
pomnozovat a pretrvavat po dostate¢né dlouhou dobu

> w N

 Kmenové burky kostni dfené
o Kozni fibroblasty

e Hepatocyty

« Myelocyty



Viry jako vektory

nejpouzivanéjSi v GT, velmi dobre infikuji lidské bunky. Asi 70% pokusu s GT

e Onkoretroviry: transgen zaclenuji do chromozomu do délicich se bunék -
vyhoda pfi IéEbé nadord (napf. nadory mozku). Riziko inzeréni inaktivace
endogenu

e Adenoviry: infikuji nedélici se bunky, DNA zUstava jako epizom v jadfe. Jsou
bezpecéné, ale exprese je kratkodoba. Problém je imunogenicita. Uplatnéni
tam, kde je nutna vysoka exprese béhem kratké doby, napr pfi [é€bé rakoviny
pro zabiti bunék.

e Adenoasociovane viry AAVs: Nepatogenni, schopné infekce jen s vyuzitim
adenovirll jako pomocnych vir(l k replikaci. Integruji DNA do chromozomu na
specifické misto, umoznujici dlouhodobou expresi bez rizika inzeréni
mutageneze.

e Lentiviry: HIV (retrovirus) — infikuji nedélici se bunky. Do chromozomu se
integruji ndhodné — douhodoba exprese. Nutnost odstranéni virovych genu a
zachovani schopnosti infikovat nedélici se bunky.

o Herpes simplex viry: Maji tropii pro CNS, v latentni infekci jsou epizomalni, tj.
dlouhodobé exprimuji transgen a Sifi jej do okolni synapticke sité. Hlavni
tloha: prenos genll do neuronu pro IéEbu nervovych chorob (Parkinsonova
ch.) a tumory CNS.



Principal viral vectors of potential application for human gene therapy

Parent virus

Potential target cells

Advantages

Disadvantages

Retrovizrus

Adenovirus

Adeno-associated virus

HSV

Fibroblasts, endothelial cells, myo-
blasts, smooth muscle cells,
hepatocytes, hematopoietic cells and
stem cells

Hepatocytes, airway epithelial cells,
lymphoid, hematopoietic and my-
eloid cells

Hematopoietic cells, fibroblasts, epi-
thelial cells

Non-dividing cells such as differen-
tiated ncurons and hepatocytes

Nonpathogenic

Integration into host cell genome
Relatively simple design

Biology well understood

Nonpathogenic replication-defective
mutants are available

Humans are natural hosts

High virus titers

High efficiency of in vivo infections
Infects cell types that are largely re-
fractory to retrovirus infection
Biology well understood

Capacity of 7.5 kb foreign DNA or
more

Nonpathogenic and noncytotoxic
Humans are natural hosts

Preferred site-specific integration at
human chromosome 19

Ability to establish a latent state
Relatively simple design

Replication-defective mutants and
packagable plasmid are available
High virus titers

Broad host-cell range

High efficiency of inlection

Infects cells refractory to retrovirus
infection

Biology well understood
Capacity of 30 kb foreign DNA

Relatively low virus titers
Limited capacity for foreign
DNA (<10 kb)

Incfficient in vivo inlection

Do not infect non-dividing cells
Transgene expression may not
be prolonged

Virus does not integrate into
host cell genome

Vector design more complicated
than for retroviruses

May recombine with naturally
occurring adenoviruses

Relatively low virus titers
Limited capacity for foreign
DNA (4 kb)

Infection efficiency low, de-
pending on cell type

Requires adenovirus as helper
Many aspects of biology not
well understood

Plasmids are packaged with low
cfficiency

Plasmids recombine with helper
virus

Replication-defective viruses
are still cytoloxic

Viral gecnome is more difTicult to
manipulate

Gene regulation is complex



Konstrukce retrovirovych vektor U a vytva reni
iInfek €nich virovych castic

(A) Retroviral genome 5’

y gag pof env

(B) Vector genome

W Therapeutic gene

(C) Packaging cell

Viral vector construct

Gag/Pol Env
construct construct

Retrovirové vektory
schopné infikovat
cilové burky




puvodni gen poly(A)-

Genova terapie prost Ffednictvim promotor Ronal

,2antisense“ — oligonukleotid

Poznamka: Minigen je
umeéle pripravena
rekombinantni DNA,

V Niz je prislusna
kodujici sekvence genu
spojena s regula¢nimi
oblastmi vektoru, které
umoznuji expresi této
kodujici sekvence.

R g ABC g DEF g G H | gu@auk ¥

pozitivni Fetézec

negativni fetézec
s—{  HYE- I m—O—s'

A i’o cDNA.

Transkripce

a posttranskripcni ekvence vektoru
apravy.
‘Asnovany' mini&.

e g A B CDEF G H h@aias

e - A'B'C.D‘E.F'G'H'I . epp——

inverze

klonovany protismysiny minigen

[—— - llHlGrﬁlEIDUCUBIA . e
negativni fetdzec
pozitivni Fetézec

Transkripce
pozitivniho
retézce.

v !

mRNA protismysina RNA
(pozitivni) (negativni)

hybrid mRNA s protismysinou RNA
(pozitivni RNA s negativni)

5'ABICDEIEGHI|AAAAAS

LT i

3'AAAAA[ABCIDEEGHI]S




Zabrana exprese gen u navozena
protismyslovou RNA

Strong promoter
ap \\ o Gene X cloned in oppoasite Antisense vector

=\, -~ orientation to cellular gene X

Gene X cloned in

Transfect opposite orientation

cells

Anlisense
vector

' A ) Cellular
Gene X coding region DNA

" — ]

[ prometer

Natural promater

Strong

tk gene
{for selection)

Gene exprassion - ‘
* Antisense
NA

Cells lock
protein X

RNA Double--

m — PR NI ded

i e ARRAEOy. | S TONCE .
Antisense RNA RNA hybrid

Translation of
mRNA is
blocked

RNA is degraded

Protein X is not
synthesized



Pouziti ribozymu typu ,hammerhead”

ke Stepeni mutantni mMRNA

llllllllllll

ribozym

Mutantni
MRNA

[ Catalytic

Useky ribozymu komplementarni
k sekvenci mRNA cilového genu

component




Mechanismus RNA interference - IRNA

Dvojfetézcovd RNA vnesena do bunky
nebo vytvafena z transgenu Endogen v cilové bunce |

Komplex RNazy l
Emssewn e mRNA

% Degradace RNA

Amplifikace degradované RNA polymerazou . i .
C y Prirozena funkce IRNA:
Y obrana proti transpozonim
Vytvoreni kratkych 22 nt fragmentd a RNA viridm
dsRNA tzv. siRNA !
)
[
e uTen RN s
'
MRNA je Stépena
v
e = § A
}

MRNA je degradovana, endogen neni exprimovan




Prehled schvalenych protokol u genové terapie

(A) Protocols by disease (B) Protocols by vector

B Cancer (n=403) 63.4%

| Monogenic diseases (n=78) 12.3%
_ Infectious diseases (n=41) 6.4%

[ ] Vascular diseases (n=51) 8.0%
B Other diseases (n=12) 1.9%

[ ] Gene marking (n=49) 7.7%

=] Healthy volunteers (n=2) 0.3%

Retrovirus (n=217) 34.1%
Adenovirus (n=171) 26.9%
Lipofection (n=77) 12.1%
Naked/plasmid DNA (n=70) 11.0%
Pox virus (n=39) 6.1%
Adeno-associated virus (n=15) 2.4%
RNA transfer (n=6) 0.9%

Herpes simplex virus (n=5) 0.8%
Others (n=11) 1.7%

N/C (n=25) 3.9%




Dosud jediny p riklad usp ésné Ié €by chorob
genovou terapii

X-SCID - tézkad kombinovana imunodeficience vazana na X chromozom:
mutace genu kodujiciho y c-fetézec receptoru pro interleukin 2, ktera
zabranuje normalnimu vyvoji T-lymfocytl a ,killer* bufkam
(nachylnost k infekcim, bez transplantace kostni dfené smrt do 1 roku
Zivota)

N P Kultivace bunék in vitro, infekce
Odber kostni drene |[=»| retrovirovym vektorem s genem g c,
pomnozeni bunék

v

Vraceni bunék do téla pacienta

e v

10 pacientu vyléceno 2 pacienti onemocnéli leukémii
v dusledku aktivace onkogenu
retrovirem




Genova terapie nador u

dodani genu: obnova funkce nadorovych supresorovych genu
inaktivace genu: zabrana exprese aktivovaneho onkogenu
geneticka manipulace: vyvolani apoptozy nadorovych bunék
modifikace nadoroveé bunky tak, aby byla vice antigenni a byla
zni¢ena imunitnim systémem

modifikace dendritickych bunék ke zvySeni nadorové-specifické
imunitni odpovédi

6. pouziti geneticky upravenych onkolytickych viru selektivné
usmrcujicich nadorové bunky

7. geneticka modifikace nadorovych bunék zajistujici konverzi
netoxického prekurzoru na toxicky produkt

W

o1



Priklady Ié¢by nadorl pomoci genové terapie

Typ nadoru | Zménéné bunky | Pouzita strategie genové terapie

Vajeénik Nadorové buriky | Intraperitonealni injekce retrovirli nebo adenovird
s genem p53 nebo BRCAL — obnova kontroly
bunécného cyklu.

Vajeénik Nadorové bunky | Injekce adenoviru s scFv protilatkou proti onkoproteinu
ErbB2. Snaha o inaktivaci ristového signalu.

Maligni Tumor-infiltrujici | Extrakce TILs z tumoru a jejich pomnozeni. Infekce

melanom lymfocyty (TILS) | TILs retrovirem s genem pro nekroticky faktor, ktery
pak pusobi na okolni burky v nadoru.

RUzné Nadorové bunky | Transfekce nadorovych bunék retrovirem exprimujicim

nadory povrchovy antigen (HLA-B7) nebo cytokin (IL-12), coz
by mélo zvySit imunogenicitu tumoru, takze jej imunitni
systém snaze znici.

Prostata Dendritické Na autologni dendritické buriky se plsobi tumorovym

buriky antigenem nebo cDNA exprimujici antigen aby zahdjily

imunitni odpovéd vici tumoru.

Maligni Nadorové bunky | Injekce retroviru s TK do tumoru. Jsou infikovany jen

gliom rostouci bunky. Je pfidan gancyklovir, ktery

(mozek) TK-pozitivni buriky (tj. tumoroveé) méni na toxin a jsou

tak samy selektivné usmrcovany




Inject brain tumour with
engineered retrovirus

containing TK gene

Treat with
ganciclovir

A few cells
are modified

Modified cells and
.bystanders* killed. Healthy
cells away from the tumour

are not affected

Gene therapy for brain tumours. The tumour is directly injected with a retrovirus
containing the mouse thymidine kinase (TK) gene and a few cells take up the
vector, shown in blue. These cells convert the prodrug ganciclovir into an active
form and are killed (grey cells). Because of the bystander effect surrounding

cells are also killed.



Genova terapie in vivo

Do nadoru jsou injikovany buriky, do nichz
byl in vitro vnesen retrovirovy vektor, ktery
obsahuje gen pro tymidinkinazu (TK).
Vektor se uvolfiuje a infikuje okolni
nadorové bunky, v nichz se pak vytvari TK
(retrovirus je schopen infikovat jen délici se
bunky!). Do téla pacienta je intravendzné
podana netoxicka latka gancyklovir (gcv),
ktera je TK konvertovana na toxicky gcv-
trifosfat usmrcujici bunky.

MRI-guided stereotactic implantation
of vector producer cells (VPC) into
CNS tumors in situ

(B)

<

Retroviruses infect tumor cells
but not normal cells

(D)

Gancyclovir kills the infected cells



