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Genova terapie

® Zahrnuje jakoukoliv proceduru, urcenou
k leceni nemoci genetickou modifikaci
bunék pacienta.

@ Do buneék se transferuji: geny nebo jejich
casti nebo oligonukleotidy.

® Genova terapie in vivo: transfer primo do
bunék pacienta

@ In vitro: genové modifikace probihaji
mimo organismus

@ Genova terapie ex vivo: modifikovaneé
bunky se vraceji do organismu




Genova terapie

B Klasicka geneticka terapie

@Je potreba dopravit geny do
vhodnych cilovych bunek, aby bylo
dosazeno optimalni exprese
vhesenych genu s cilem:

®1. zajistit produkci latky, ktera
chybi

@ 2. aktivovat bunky imunitniho
systému ve snaze pomoci odstranit
nemocné bunky




Genova terapie

@ Neklasicka genova terapie
® inhibice exprese genu
asociovanych s patogenezou

B Korekce genetickeho defektu a
obnoveni normalni genoveé exprese

B Soucasna genova terapie se omezuje na terapii somatickych
mutaci.
@ Eticke problemy s potencialni terapii zarodecnych mutaci.




Genova terapie: typy
nemoci

#Infekéni nemoci
@ Nadorova onemocneéni

B Nemoci imunitniho systému,
zejména enzymoveé deficience

@ Metabolicka onemocnéni
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Genova terapie a jiné terapeutické

molekularné geneticke pristupy '
\9),

@ Rekombinantni proteiny a ,genetically engineered" )
vakciny )
@ Expresni klonovani - produkty normalniho genu '

(klonované geny) jsou exprimovany v mikroorganismech
nebo u transgennich zvirat, které slouzi k tvorbé velkych
mnozstvi medicinsky cennych produktu

@ Geneticky vytvarené ,engineered” protilatky-
(geny pro protilatky jsou manipulovany k tvorbé novych
castecné nebo plné humanizovanych protilatek) pro
terapeutické pouziti

@ Geneticky vytvarené vakciny -piedevdim proti
tumorum a infekénim agens.




VSeobecné strategie genove
terapie
22,1 Principles of molecular genetic-hased therapies and freatment
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Gene augmentation therapy
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VSeobecné strategie genove
terapie

- Direct killing of disease cells

Toxin gene
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VSeobecné strategie genove
terapie

Targeted inhibition of gene expression
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VSeobecné strategie genove
terapie
Targeted gene mutation correction
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,Genetically engineered” protilatky
a vakciny

@ Uméle produkovane terapeutické protilatky jsou

.
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navrzeny jako monospecifické (poznaji jen
jeden typ antigenniho mista) a poznaji
specifické antigeny asociované s nemoci, coz
vede k zabiti nemocnych bunék

Typy nhemoci:

Lymfomy, leukémie, infekEni nemoci,
autoimunitni nemoci.

Hybridomy = heterogenni smeés hybridnich bunek

(vzniklych fazi), které jsou schopny produkovat
specifické protilatky (B lymfocyty imunizovaného zvirete)
a pritom se v kulture neomezené délit (nesmrtelny mysi
B-lymfocytarni tumor).
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Chimerické a humanizovanée

protilatky

® Rekombinantni protilatky humanni-
hlodavci

® Humanizace hlodavéich mAb umoznuje
ziskat velké mnozstvi protilatek a
zaroven zabranit imunitni odpovedi
lidského prijemce:

@ chimeérickeé V/C protilatky

@ CDR (complementarity determining
regions) graft protilatky

® Infekcni patogeny a antigeny
nadorovych buneék




Humanized antibody Fully human antibody

Genetically engineered antibodies.




Table 22.2: Examples of the clinical potential of
humanized antibodies

Target Clinical potential

CDw52 Lymphomas, systemic vasculitis,
rheumatoid arthritis

CD3 Organ transplantation

CD4 Organ transplants, rheumatoid arthritis,

IL-2 receptor

TNF-o
HIV
RSV
HSV

Lewis-Y
p1 85HER2
PLAP
CEA

Crohn’s disease

Leukemias and lymphomas, organ
transplants, graft-versus-host disease

Septic shock

AIDS

Respiratory syncytial virus infection

Neonatal, ocular and genital herpes
infection

Cancer

Cancer

Cancer

Cancer




PIn& lidské protilatky

@ Technologie fagového displaye:
protilatky jsou tvoreny in Vvitro
napodobovanim selekéni strategie
imunitniho systému

@ Transgenni mysi: Transfer
kvasinkovych umélych chromozomu
s velkymi segmenty lidskych
tézkych a lehkych Ig retézcu do
mysich embryonalnich bunek.
Narozené mysi obsahuji velmi
pozoruhodnou porci lidskych V
genetickych segmentu a jsou
schopny tvorit lidské protilatky




Geneticky ,engineered” vakciny | §

# Pomoci rekombinantni technologie:
R

@ bakterialni plasmidy s geny pro

7
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@ ,,gene gun“ - zlaté perly, do nichz byla
g g perily y
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Vakciny nukleovych kyselin:

patogeny nebo tumorové antigeny,
podavané im. v solném roztoku.

Obsahuiji silny virovy promotor.

precipitovana DNA




Geneticky ,engineered” vakciny |

@ Geneticka modifikace antigenu — napfr.
fuze cytokinu s antigenem ke zvyseni
antigenicity

® Geneticka modifikace viru- virové vektory

B Genetické modifikace mikroorganismu,
které zpusobi:

® odstranéni genu nutnych pro patogenezu ‘

@l expresi _exogenniho genu v bakteriich
nebo parazitech po jeho inzerci do techto
organismu




Technologie klasické genetické
terapie

@ Jedna se o zacileni bunek
nemocné tkane

# Geny mohou inzertovany do
bunék pacienta primo a
neprimo

® Inzertované geny se mohou
integrovat

infrachromozomalné

extrachromozomalnée




Technologie klasické genetické

terapie '
@ Metody k zacileni nepostizenych |
buneék:

B Bunécéné  zabijeni, zpusobené
imunithnim  systéemem- jde o

podporu imunitni odpovedi
namirené proti nadorovym bunkam s
nebo infekénim agens y

@ Uvolnéni genetickych produktu z
bunek na vzdaleném  miste
(myoblasty sekretuji do krve)




Geneticky transfer

@ In vivo

@ Transfer se deje primo do tkane
pacienta. Pomoci liposomu nebo
virovych vektoru.

® Ex vivo

® Transfer klonovanych genu do bunék 4
v kultufe (transplantace autolognich | ‘) '
geneticky modifikovanych bunék) |




Cloned gene
X
Pa¥al  VaCeuly
Gene
transfer

Select X" cells;

Cells

X now X"

Return genetically modified
cells to patient

Fiqure 22.3: Invivo and ex vivo gene therapy. 23 b g iy TR e




Principy genetickeho transferu v

@ cDNA s kompletni DNA kodujici sekvenci je
modifikovana Kk zajisténi vysoké hladiny
exprese, nhapf. pomoci silného virového
vektoru. Nasledna inzerce genu se déje

@ A) do chromozomu
# gen se bude rozsirovat do dalsich bunék

_e,

@ zajistena vysoka uroven exprese (kmenove
bunky)

® ndhodna inzerce-ruzna Ilokalizace -ruzna
uroven exprese-smrt jednotlivé bunky-rakovina ‘
(aaktivace onkogenu, deaktivace
supresoroveho nebo apoptotickéeho genu-
vyhoda transferu ex vivo.

8@ B) extrachromozomalné — nevyhoda nejistého
dlouhodobého ucinku




Cloned gene

Porous nuclear
envelope

Integrated Episomal
gene gene

CELL DIVISION

Exogenous genes that integrate into chromosomes can be stably transmitted to all daughter cells, u;_;




Virové vektory

® Onkoretrovirové - viry s reverzne
transkriptazovou funkci, schopneé
syntetizovat cDNA.

@ Adenovirové - maji prirozeny
tropismus k respiracnimu epitelu

® Adeno-asociovane-neobsahuiji
virové geny-bezpecneé

B Herpes simplex - tropické pro CNS

@ Lentivirové - komplexni retroviry
(HIV), které napadaji makrofagy a

lymfocyty. Schopné transdukce do
nedeélicich se bunéek
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Lipozomy |

@l Sferické meéchyrky slozené ze synteticke
lipidové dvojvrstvy, ktera se podoba
biologickym membranam.

@ DNA je zabalena, preziva a muze byt
endocytozou dopravena do bunek.

@l Kationtové lipozomy - pozitivhi naboj na
lipozomech stabilizuje vazbu negativne
nabité DNA na povrchy lipozomu

@ Aniontove lipozomy internalizuji DNA

@ Neni omezena velikost transferované DNA
@ Nizka ucinnost transferu
@ Extrachromozomalni inzerce
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Prima injekce/ bombardovani :
casticemi (,gene gun®)

8 Prima injekce do tkane (sval-DMD).

B Gene gun: DNA je navazana na
povrch kovove castice a
,hastrelena“

® Mala ucinnost transferu do bunky
® Nizka hladina stabilni integrace




Endocytoza rizena receptorem

@ DNA se vaze na cilovou molekulu,
ktera se vaze na specificky bunecny
receptor, coz muze indukovat
endocytozu a transfer DNA do
bunky.

@ Vazba DNA (s negativhim nabojem)
se uskutecnuje pres polylysin (s
pozitivhim nabojem) kovalentne
vazany ha receptor (napr.
asialoglykoproteinovy receptor na
jaternich bunkach).
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Figure 22.7: Gene transfer via the receptor-mediated
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Principy a aplikace terapie zalozene
na inhibici genové exprese a

mutacni korekce in vivo
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Podstata terapie spocCiva ve vyrazeni exprese
specifickych genu, ktera umoznuje bujeni
nemocnych buneéek (inhibice onkogenu)
Alelicky specificka inhibice genoveé exprese
Mistné specificka mutageneze in vivo

Blokada mozna na urovni:

DNA (blokada transkripce)

RNA (blokada post transkripcniho processing,
transportu mRNA nebo ucasti mMRNA na funkci
ribosomu)

Proteinu (blokada posttranslacnich uprav,
exportu proteinu nebo dalsSich kroku k funkci
proteinu)
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Mutated gene

@ Add antisense
oligodeoxynucleotide or
an antisense gene which
is transcribed to give a
specific antisense RNA or
a ribozyme

Bt

@ Target genetically
engineered intracellular
antibody (‘intrabody’)

or specific oligonucleotide
(aptamer)

@ Mutate by gene

targeting iLL‘

53,

Template

(antisense) strand !

@ Add TFO

o

GENE

Sense DNA
strand

Polypeptide

H,N 000000000000 COOH

lo

H,N CO0000000000 COOH

Protein

Figure 22.8: Targeted inhibition of gene expression in vivo.

.......

(a)
(b)(i) If a ribozyme, direct cleavage
of mRNA )
(b)(ii) If an oligodeoxynucleotide
the mRNA of the RNA-DNA
is cleaved by RNase H =

Inhibition of translation




Antisense oligodeoxynukleotidy v

@ Transferovany do cytoplasmy
pomoci lipozomu, potom mohou
migrovat do jadra bunek pasivnim

transportem pres jadernou
membranu.
B Vazou se specificky jen ha 4 s

jednovlaknovou NK (=antisense) —
MRNA a inhibuji tak expresi

prislusného genu




Peptidoveé nukleovée kyseliny
(PNAS)

® Jsou umele konstruovane- baze NK jsou

prichyceny na pseudopeptidovou kostru.
Normalni  fosfodiesterova  kostra |je
nahrazena polyamidovou (peptidovou)
slozenou z 2-aminoetyl glycinovych
jednotek.

@ PNAs jsou ve srovnani s DNA nebo RNA
flexibilnejsi, coz umoznuje stabilngjsi
hybridizaci na DNA nebo RNA (pomoci
vodikovych mustku). Jsou resistentni vuci
endonukleazam.




Ribozymy ¥
@ Nékteré molekuly RNA jsou | =
schopny shnizovat aktivacni energii
specifickych biochemickych reakci

a funguji tedy jako enzymy
(ribozymy)

@ Dve komponenty:

® Cilove rozpoznavaci sekvence
B Katalyticka komponenta

® Ribonukleaza P




Latky navrzené k inhibici funkce
specifickych polypeptidu '

@ Intracelularni protilatky:

® Oligonukleotidové aptamery -
oligonukleotidy schopné vazat
se hna specifické misto na
proteinu

8 Mutantni proteiny

Pro lecbu mutaci typu “gain of
function®.
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Figure 22.9: Genetically engineered hammerhead ribozymes.
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Gene A m—— Ribozyme with wild-type sequence
from 3" portion of gene A

RNA transcript = =
from A | |

i

Ribozyme-catalyzed
./ Cleavage and ligation

| E—
Corrected transcript

22.10: Some ribozymes also have the potential of repairing mutations in mRNA.




Table 22.5: Examples of gene therapy tials for nnerted dsorcers

Disorcer (el altreg (Gene therapy sraeqy
ADA defciency T el and hemopoletcstem cells  Ex ivo GAT using recombinant refovises cont,aining;
ADA gere §
Oyt fhross Resprory el o GA g et oo
fodeliverthe CFTR gene |
Famiial byperchalesteroemia - Liver cells EX vivo GAT using retovius to gelver the
LOL receptor gene (LOLR)
Gcher' cisease Hemopoifc stem cels EX ik GAT using retoviuses to elvr e
Qlicooereorosioase gene (GBA

AT, gene augmentation therapy.




Integration to Chromosomal
give some DNA
ADA cells

Expansion in

culture

Collected T KA
lymphocytes from Selection of
ADA™ patient T ADA" cells
ADA Infection
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Expression of deficient
introduced ADA patient
genes can overcome
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A

1: Ex vivo gene augmentation therapy for adenosine deaminase (ADA) deficlency.




Table 22.7: Examples of cancer gene therapy trials

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

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 MDRT gene
Liposomes to deliver genes encoding HLA-BY7 and f,-micro

Retroviruses to deliver IL2 or TNF gene
Retroviruses to deliver IL2 or IL4 genes
Liposomes to deliver genes encoding HLA-B7 and [3,-micro
Retroviruses to deliver IL2 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 MDRT gene

Retroviruses to deliver IL2 or TNF genes

Retroviruses to deliver /L4 gene

DNA transfection to deliver IL2 gene

Liposomes to deliver genes encoding HLA-B7 and Bz—microgld !




Table 22.6: Potential applications of gene therapy for the treatment of cancer

General approaches
Artificial killing of cancer cells
Insert a gene encoding a toxin (e.g. diphtheria A chain) or a gene conferring sensitivity to a drug (e.g. herpes simplex thymidine
kinase) into tumor cells

Stimulate natural killing of cancer cells
Enhance the immunogenicity of the tumor by, for example, inserting genes encoding foreign antigens or cytokines
Increase antitumor activity of immune system cells by, for example, inserting genes that encode cytokines
Induce normal tissues to produce antitumor substances (e.g. interleukin-2, interferon)
Production of recombinant vaccines for the prevention and treatment of malignancy (e.g. BCG-expressing tumor antigens)

Protect surrounding normal tissues from effects of chemotherapy/radiotherapy
Protect tissues from the systemic toxicities of chemotherapy (e.g. multiple drug resistance type 1 gene)

Tumors resulting from oncogene activation
Selectively inhibit the expression of the oncogene
Deliver gene-specific antisense oligonucleotide or ribozyme to bind/cleave oncogene mRNA
Inhibit transcription by triple helix formation following delivery of a gene-specific oligonucleotide
Use of intracellular antibodies or oligonucleotide aptamers to specifically bind to and inactivate the oncoprotein

Tumors arising from inactivation of tumor suppressor
Gene augmentation therapy
Insert wild-type tumor suppressor gene




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

Intravenous
administration
of gancyclovir

(gev)

Tumor regression

Figure 22.1 3: Invivo gene therapy for brain tumors.
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Herpes simplex
thymidine kinase gene

AR Recombinant tk
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