Molekularni biotechnologie C.15

VyuZiti poznatkt molekularni biotechnologie. Genova
terapie



Genova terapie - vymezeni

» Cilem genove terapie u Cloveka:

* oprava poruch geneticke informace,

 které jsou pricinou geneticky podminenych
(t]. dedicnych nebo nadorovych) chorob.



V zavislosti na charakteru onemocnéni

se genova terapie provadi:
vhasenim normalnich (funkénich) genu do
chorobou postizenych somatickych bunek nebo

vhasenim genovych konstruktu,
jejichz exprese vede v postizenych bunkach k
potlaCeni projevu poruchy genetickeé informace.

U Clovéka se z etickych duvodu provadi vnaseni
genu jen do somatickych bunék

nedochazi ke genetickému prenosu vnesenych
genu na potomstvo.



Genova terapie ex vivo

Vnaseni genu do cilovych bunek se
provadi mimo telo pacienta.

Cilove bunky se vyjmou z tela pacienta,
Upravi se in vitro a ve funkcni forme
se opet prenesou do tela.



Ex vivo genova terapie
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Figure 17.1 Schematic representation of ex vivo gene therapy. The steps in the
procedure include (1) isolating cells with the gene defect from a patient;

(2) growing the isolated cells in culture; (3) transfecting the isolated cells with a
remedial gene construct; (4) selecting, growing, and testing the transfected cells;
(5) either transplanting or transfusing the transfected cells back into the patient.



Genova terapie in vitro

RozliSuji se 2 moznosti:

1. Normalni gen se integruje do libovolného mista
genomu hostitelské bunky jako doplnék defektniho genu.
Normalni gen kdduje funkcni produkt, ktery nahradi
produkt defektniho genu.

2. Funkcni geny Ize do genomu hostitelskych bunek
vnest tak, ze se zameéni za geny posSkozené mutaci.

Tento zpusob provedeni genové terapie dovoluje
nejenom fyziologickou regulaci vnesenych genu, ale také
opravu dominantnich defektnich genu.



Genova terapie in vivo

Jako cilové bunky pro vneseni genu slouzi pfimo buriky
v tele pacienta.

Tento zpusob vyzaduje pouziti vektorového systému
prisné specifického pro cilovy organ,
aby se zcela vyloucil zasah do zarodecnych buneék.



In vivo genova terapie

—
i N
Patient I| ! Expressible
'\\ P

| L
/’f /lllTEE-HLJ{:‘X B
f?{ : / Ilrll l \\ T
Lfé{;{x'f | I| \\3‘..\\-
.
| |
|I II| 1 Illl
.
| /o ‘
| [ \ |
[ I'
| I| I|
[\ |
f Vol

ne therapy. A cloned,
a patient with a
medial gene (Gene

ge

Figure 17.6 Schematic representation of in vivo
expressible remedial gene is delivered to cells of a tissue of

genetic disease. The promoter (p) is tissue specific, and the r
X) encodes a protein that corrects the genetic defect of the patient.




Vyhodou pri genove terapii je skutecnost

. Ze se pfenos genu uskuteériuje do vlastnich bunék
pacienta
« a imunologickych komplikaci se neni tfeba obavat.



Substitucni terapie

Je charakteristicka tim, ze se bud’

genovy produkt (napf. peptidovy hormon) zavede do
organismu zvnejSka nebo se

bunky, které tento produkt syntetizuji, prenesou do
pacienta z vhodného darce (transplantace kostni drfene).
Podava-li se genovy produkt zvnéjSka, musi byt podavan
opakovane po cely zivot pacienta.

V pripade transplantace tkané hrozi prijemci komplikace

v mozneé imunologické nesnasenlivosti s darcovskou
tkani.



Genetické choroby lecCitelné transplantaci

kostni drené

ADA-deficient severe combined
immunodeficiency

Adrenoleukodystrophy

Chédiak-Higachi syndrome

Chronic granulomatous disease

Fanconi anemia

Gaucher disease

gpl-115 deficiency

Granulocyte actin deficiency

Hunter disease

Hurler syndrome

Infantile agranulocytosis

Maroteaux-Lamy syndrome

Figure 17.5 Genetic diseases that can be trea
transplantation.

Metachromatic leukodystrophy

Non-ADA-deficient severe
combined immunodeficiency

Osteopetrosis

Purine nucleotide phosphorylase
deticiency

Reticular dysgenesis

Sanfilippo syndrome

Sickle-cell disease

Thalassemia

Wiskott-Aldrich syndrome

X-linked agammaglobulinemia

ted byv bone marrow



Zakladnim predpokladem pro uspesnou
leCbu jakekoliv genetické choroby

» Je znalost jeji molekularni a biologicke
podstaty,

» ktera umoznuje objasnit souvislosti mezi

poskozenim urciteho genu a fenotypovym
projevem choroby.

* Gen musi byt identifikovan a jeho funkce
podrobné charakterizovana.



Dale musi byt prokazano

Ze po zavedeni funkcni formy genu do
poskozenych bunek:

povede k odstraneni nebo
zmirnéni projevu choroby a

nebude mit negativni dopad na zivotne
dulezité funkce organismu.



Genova terapie je proveditelna

* pouze u nemoci, které jsou zalozeny na
defektech v 1 genu (monogenni defekty).

* Vetsina genetickych poruch ma komplexni
charakter a jejich biochemicky zaklad neni
zatim podrobnée znam.



Nékteré nemoci zalozené na monogennich defektech

Nemoc Symptomy Produkt defektniho Cetnost
genu
Deficience Defektni T-lymfocyty, porucha v adenosindeaminaza | 1/10 000 000
adenosindeaminazy tvorbé protilatek, definitivni selhani
(ADA), SCID (tézka imunitniho systému
imunodeficience
Fenylketonurie Fyzicka a psychicka retardace fenylalaninhydrogena | 1/12 000
za
Hemofilie A+ B Porucha v srazlivosti krve, Faktor VIII, faktor IX 1/1 000 000
krvacivost muzU
Familialni PredCasné arterioskleroticke LDL-receptor 1/500
hypercholesterolemie Zzmeény cev
Deficience na alfa1- Plicni emfyzém (rozedma plic) Alfa1-antitrypsin 1/3 500
antitrypsin
Cysticka fibréza, CF Porucha v transportu Na, transmembranovy 1/2 500
zahlenéni dychacich cest, embolie | regulator CF
Gauscherova choroba Nadory sleziny, zvétSeni jater, glukocerebrozidaza
pigmentace kuze
Duchennova svalova Svalova ochablost dystrofin 1/3 000
dystrofie muzu
Leschav-Nyhanuv Usazovani kys. moCové v hypoxantinguaninfosf | 1/1 000 000

1 evndrom

kloiibech 2 ladvin3ach noriichvy CNS

nrihoevitrancfara-a




Gene product

Adenosine deaminase

LDL receptor

Glucocerebrosidase

Blood clotting factor
VIII

Phenylalanine
hydroxylase

a)-Anttrypsin

defekty

Table 17.1 Current therapies for 10 single-gene human disorders.

Disease/Symptoms

Severe combined
immunodeficiency
Loss of T and B cells

Familial hypercholes-

cholesterol, coro-
nary artery disease

Gaucher disease
Accumulation of
glucocerebroside in
macrophages caus-
liver, spleen,
and bone damage

Hemophilia A
Al

tered plasma

ytein that causes
defective blood
clotting, chronic in-
ternal bleeding into
joints, excessive
bleeding after
wounding

Phenylketonuria
xcess phenylalanine
in the bloodstream
of newborns causes
mental retardation

iency of serum
protein protease in-
hibitor, damage to
the lungs, cirrhosis
of the liver

Frequency Current therapy

1:1,000,000 Bone marrow trans-

plant; adenosine

deaminase repl
ment

1:500
(Heterozygotes)

1:2,500 (Jewish pop-
ulations); rare in

: removal ol

non-Jewish popu- spleen, antibiotics,
lations repairing bone
damage, bone mar-

row transplant, en-
zyme r(.’pld\.\'f'!'ll\"[":l

1:10,000 (Males) oncentrates of factor

VIII by transfusion

1:10,000 Restriction of dietary
phenylalanine
1:3,500 Replacement therapy,

]ll\\«L’\ 11
mental r

‘nviron-

Cetnost vyskytu chorob s monogennimi

Prognosis

Without therapy: fatal
by 2 years

1 therapy: clinical

1provement

Some clinical
1prc IVEIMENL

Some clinical
mprovement

Extended life expec-
tancy, requires con-
ti treatment
risk of vira! infec-
tion from tr
sions

sfu

Good in many cases
if treatment is
started eariy and
maintained

Progression of the
ease is slowe
not stopped




Cetnost vyskytu chorob s monogennimi

Table 17.1

Gene product

Cystc fibrosis

lransmembrane

regulator

nitnme

Dystrophin

Globin

(continued)

nscarbamylase

defekty

Disease/Symptoms

Mt

pancrea

osis
tisystem disease
¢ insuffi-
me
nal

blocked

aency 1n so

cases, 1mie

blocka

alrways ol the lungs

Hyperamn 1ia
e A
Urea cycle del

monia accur

eversible

mage

vomiting,

ay

Progressive muscle

Sickle-cell disease
Chronic anemia,
isystem dis-

lamage 10

, kid-

spleen, he
ney, liver, and

brain; heterozy-

gotes have a mild
form of

the disease

Frequency Current therapy

"

1:2,500 (Caucasians) Antibiotics, phvsical

drugs, liver trans-

plant

1:7,500 (Males)

portive treat-
good nutri-
, aid In respira-
ton

finement 10 a
wheel chair

500 (Heterozygotes
in populations of
Black African ori-
gin; less frequent in plant
other populations)

Blood transtusions,

algesics

trans-

Prognosis

Fatal by late 20s

y (seve
symptoms dimin-

ished

Fatal by early 20s

Symptoms dimin
ished; treatments
optimal




Onemocneéni dnes lécCitelné genovou terap

somatickych bunek

Acute myeloid leukemia
AIDS

Atherosclerosis

Breast cancer
Cardiovascular disease
Colon cancer

Cystic fibrosis
Emphysema

Figure 17.8

Fabry disease
Gaucher disease
Hemophilia A
Hemophilia B
Hypercholesterolemia
Leukemia

Liver cancer

Lung cancer

Macular degeneration
Malignant melanoma
Neuroblastoma
Osteoporosis
Parkinson disease
Renal cell carcinoma
SCID

Sickle-cell anemia

Diseases that are currently being considered for treatment with
somatic cell gene therapies.
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Genova terapie nadoru

Je zamérena na nadorovy nekroticky faktor alfa (TNF-
alfa) (protein cytokin pfirozené produkovany T-lymfocyty)
(intravendzni aplikace u mysi vede k ubytku nadoru).

Gen kddujici TNF-alfa byl pfenesen do populace T-
lymfocytu infiltrujicich do nadoru (TIL).

Jako vektor byl pouzit retrovirus, TIL byly izolovany z
chirurgicky vynatého nadoru.

Slaba regrese nadoru byla detekovana.



Cilené primé a neprime usmrceni
nadorovych bunek

Pouziva se k Ié€eni nadorl
Geny jsou zavedeny do cilovych bunék tak, aby jejich
exprese vedla k usmrceni bunky

Pfimé pusobeni: Transgen koduje letalni toxin nebo
produkt, ktery je citlivy na nasledné podany lek, coz vede
K smrticimu ucinku.

Nepfimé pusobeni: Do cilovych bunék se zavedou
Imunostimulacni geny, které stimuluji imunitni odpoved
proti cilovym burikam.



Cilena inhibice genové exprese in vivo - nizné zpusoby
zastaveni exprese genu na urovni DNA, RNA nebo
proteinu:

1. Mutace cilena na inaktivaci genu do nefunkéni formy

2. Zastaveni replikace genu vazbou specifického oligonukleotidu TFO
tvpﬁ)ciho s dsDNA triplex (problémy jsou s vytvorenim stabilniho triplexu in
Vivo

3. Zastaveni exprese genu na urovni translace vazbou protismysiného
oligonukleotidu nebo specifické protismysiné RNA na mRNA cilového genu.
ProtismysIné oligonukleotidy se pripravuji chemicky. Protismysina RNA se
pripravuje transkripci positivniho retezce klonovaneho protismysiného
minigenu, ktery je obracenou formou genu ziskaného jako cDNA puvodniho
genu.

4. Zastaveni exprese genu na urovni translace ribozymem, ktery Stepi
MRNA cilového genu. Ribozym se pfipravi transkripci pozitivniho retézce
vhodného minigenu, takze pusobi jako protismysina RNA a navozuje
katalyticky stépeni mMRNA, na kterou se v burice navazal.

5. Pouziti intracelularnich protilatek a oligonukleotidovych aptameru.
Intracelularni protilatky jsou cileny na vazbu specifickych proteina v bunce.
Aptamery jsou oligonukleotidy vyznacujici se sekvenci, ktera umoznuje
jejich vazbu ke specifickym proteinum a tim zablokovani jejich funkce.



Dve strategie antisens terapie
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Figure 17.7 Two strategies using antisense therapy for inhibition of specific
mRNAs. The right-angled, rightward pointing arrows show the direction of
transcription from the lower DNA strand of the DNA duplexes of a chromosome
A. Antisense oligonucleotide strat An oligonucleotide that has an antisense
sequence to a region of a target mRi A is introduced into a cell; by base pairing I«
the target mRNA, it prevents the translation of this mRNA. B. Antisense gene
strategy: An expressible gene that is cloned in its reverse orientation is introduced
into a cell. The RNA that is transcribed from this construct is the antisense
sequence of the normal mRNA. When the antisense RNA base pairs with the
mRNA, translation of the mRNA is prevented. The antisense RNA does not
contain signals for the initiation of translation.
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Perspektivy genove terapie

Z 2/3 zaméreny na léCbu rakoviny
Zbyvajici na monogenné podminené déedicné choroby
nebo prevence infekénich chorob (AIDS).

Genova terapie vychazi z teoreticky oduvodnénych a
experimentalné ovérenych predpokladu

Ukoly: Vybér daldich vhodnych cilovych molekul,
zlepSeni zpusobu dopravovani terapeutickych molekul
do cilovych mist a optimalizace jejich efektorovych
funkci.



