Aplikace genového inzenyrstvi — p  Fiprava farma-
kologicky nebo pr umyslov é vyznamnych latek

 Hormony,

« Rustové faktory

« Vakciny,

* DNA-vakciny

* Protilatky,

 Abzymy,

* Imunotoxiny

« DalSi biologicky aktivni latky (interferon, krevni srazeci faktory aj)
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Priprava lidskeho inzulinu v bakterialnich
bunkach
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Priprava lidského r ustového hormonu (hGH)

v bakteriich

{a)  Signal sequence [mammalian)
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Priprava tka noveho aktivatoru plazminogenu (tPA)
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Priprava podjednotkové vakciny viru HBV
v kvasinkach

|zolace sekvence
kédujici HBsAg
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Priklady rekombinantnich vakcin

Product

Recombinant vaccines

Hepatitis B

Ambirix (combination vaccine, containing r HBsAg produced
in $. cerevisiae as one component)

Pediarix (combination vaccine containing rHBsAg produced in
S. cerevisiae as one component)

HBVAXPRO (r HBsAg produced in 5. cerevisiae)

Twinrix (adult & pediatric forms in EU. Combination vaccine
containing rHBsAg produced in §. cerevisiae as one
component)

Infanrix-Hexa (combination vaccine, containing r
HBsAg produced in §. cerevisiae as one component)

Infanrix - Penta (combination vaccine, containing
rHBsAg produced in S. cerevisiae as one component)

Hepacare (r S, pre-S & pre-52 HBsAgs produced in a
mammalian {(murine) cell line)

Hexavac (combination vaccine, containing rHBsAG produced
in S. cerevisiae as one component)

Procomvax (combination vaccine, containing r HBsAg as one
component)

Primavax (combination vaccine, containing r HBsAg produced
in 5. cerevisiae as one component)

Infanrix Hep B (combination vaccine containing rHBsAg
produced in S. cerevisiae as one component)

Twinrix (adult and pediatric forms; combination (pediatric)
vaccine containing r HBsAg produced in S. cerevisiae as one
component)

Comvax (combination vaccine, containing HbsAg produced in
§. cerevisiae, as one component)

Company

GlaxoSmithKline

SmithKline Beecham

Aventis Pharma

SmithKline Beecham
(EU); GlaxoSmithKline
(Us)

SmithKline Beecham

SmithKline Beecham

Medeva Pharma

Aventis Pasteur

Aventis Pasteur
Aventis Pasteur

SmithKline Beecham

SmithKline Beecham

Merck

Therapeutic indication

Immunization against hepatitis
Aand B

Immunization of children against
various conditions inducing
hepatitis B

Immunization of children &
adolescents against hepatitis B

Immunization against hepatitis
AandB

Immunization against diphtheria,
tetanus, pertussis,

Haemophilus influenzae type b,
hepatitis B and polio
Immunization against
diphtheria, tetanus, pertussis,
polio and hepatitis B

Immunization against hepatitis B

Immunization against diphtheria,
tetanus, pertussis, hepatitis B,
polio and H. influenzae type B

Immunization against H.
influenzae type B and hepatitis B
Immunization against diphtheria,
tetanus, and hepatitis B
Immunization against diphtheria,
tetanus, pertussis and hepatitis B

Immunization against hepatitis
AandB

Vaccination of infants against H.
influenzae type B and hepatitis B

Date approved

2002 (EV)

2002 (US)

2001 (EU)

1996 (EU) (adult),
1997 (EU) (pediatric),
2001 (US)

2000 (EU)

2000 (EU)

2000 (EU)

2000 (EV)

1999 (EU)
1998 (EU)
1997 (EU)

1996 (EU) (adult),
1997 (EU)

1996 (US)



Strategie pro vytvo fFeni delece €asti peptidu Al choleratoxinu —
pFiprava kandidatniho vakcina €niho kmene

Clal

Xbal

Clal
Xbal

__——Plasmid

| DNA sequence

Ay peptide

VysStépeni ¢asti sekvence kodujici peptid Al (klonované
v plazmidovém vektoru) — vystépi se ~ 90% aminokyselin)

Cirkularizace vektoru (pfipojeni
Xbal-linkeru, Stépeni Xbal-ligace)

Chromosomal DNA
of V. cholerae

V. cholerae

T4 DNA ligase

lxbal linker

Deleted A; peptide
DNA sequence

Struktura choleratoxinu

B subunit A2 peptide A1 peptide

vlastni toxin

Vazba na receptory
mukozy

o &;
—
Recombination

Chromosomal
DNA

Tetracycline resistance
gene insert

Prenos vektoru do kmene, v némz
je uvniti genu pro Al zaclenén gen
pro tetracyklin (Al je inaktivovan,
bunky jsou TetR) — potencialni
reverze Al vyclenénim tetR

Vektor se po nékolika

Chromosomal

v

generacich spontanné vyredi

DNA

Deleted A; peptide
DNA sequence

Selekce bunék TetS, obsahujicich
deletovanou formu Al — tyto buriky tvofi
slozku A2 a B, a jsou proto imunogenni

— reverze neni mozna




Priprava podjednotkové vakciny proti HSV
v bu nkach CHO (chinese hamster ovary)

Cloned viral gD gene Transfected CHO cell

Secreted gD protein

Transfect I I J II
Y — g hi i
ip 0y
Purify and

concentrate

Glykoprotein D (gD)
imunogenni slozka HSV

Infect

Infect

Not protected Protected



Uprava genu pro plas tovy glykoprotein
(gD) HSV pro ziskani rozpustné formy gD

NH,

/HSV glycoprotein D

Exterior

~ Membrane

Interior

COOH

Transmembrane
domain

Kompletni gen pro gD obsahujici
C-terminalni Usek kodujici
transmembranovou doménu — tato
forma gD je obtizné purifikovatelna

Modified HSV
glycoprotein D

COOH

Exterior

Membrane

Interior

V genu pro gD byla oblast kddujici
transmembranovou doménu
deletovana, vysledny produkt je
rozpustny a lze jej snaze purifikovat




Vyuziti patogenniho druhu
k prenosu DNA pro genetickou imunizaci do sav

Del&ini

Shigella flexneri jako zivého vektoru

¢ich epitelialnich bun ék
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_vneseni Buriky invaduji do
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DNA nemnozi se — vhodny
vektor pro prenos DNA

Epithelial
cells

v

Bacterium is not
pathogenic and delivers
plasmid DNA

!

Exprese klonovaného genu
v cytoplazmé, tvorba produktu




Struktura protilatky

Fab (antigen binding fragment)

papain

Fc

COOH  COOH




orotilatek

Lymfocyty
ziskané

Z imunizované
mysi
(pfeskupené
geny)

—

Soubor
degenerovanych
5 -primer(

Stejny primer
pro vSechny

v

Soubor cDNA pro tézké

retézce

Rearranged heavy chain gene
LY

N
Intron

Heavy chain mRNA

Cul

H G2  G3

Synthesize cDNA with reverse
transcriptase

S AAAAA]

[ TTTTT]

Anneal degenerate PCR
primers fo cDNA

[ ] 11T 1 1]

PCR

Klonovani cDNA pro p Fipravu rekombinantnich

Kombinace miliont
klonl pro tézké a pro
lehké retézce

A

klonovana cDNA pro tézky
fetézec, stejnym zplsobem se
klonuje cDNA pro lehky fetézec




Priprava specifické protilatky

® ® ® ymphooytes from
® ® immunized mouse

|

mRNA

I Reverse tronscriptase

eDiA
PER// PCF
':‘“d'ﬁé'i.n =] — if‘";.f"[:‘.'
e Y — == ki
cDMAs [r— cDiAs

Ligate H and L chain cDNAs
into A expression vector

Infect E. coli
H and L chains are
produced in infected cells

Priprava miliond cDNA nesoucich
informaci pro L a H fetézce

Klonovani L a H fetézecl pomoci PCR

Kazdy fag obsahuje nahodnou kombinaci L a H

Soubor fagll predstavuijici
kombinatorickou fagovou knihovnu

H and L chains associate
@ — o fom Fob molecules

X Miliony
- Heowy i ~,monoklonalnich”
./nghh:holrl o
" Fob binds to flter pI’OtI |atek

Fob binds
i'/ anligen

H and L chain-encoding cDMNAs

from reactive antibody are cloned

Preklonovani do expresniho savciho nebo bakterialniho vektoru




Priprava kombinatorickeé knihovny V

.- a V- oblasti

protilatek v E. coli ve vektoru lambda

Extract mRNA from
isolated lymphocytes

:

Convert mRNA to cDNA

.

Amplify H and
L chains by PCR

'

Cut with specific set of
restriction endonucleases

s X

Clone H chain sequences Clone L chain sequences
into "H chain” into "L chain"
bacteriophage vector bacteriophage vector

N ¥

Combine H and
L chains into one
bacteriophage vector

:

Screen plaques
for antigen binding

;

Excise H and
L chains as
part of a plasmid

Transform E. coli with
plasmid-H-L
chain DNA construct

'

Harvest antigen-binding
Fv fragment from E. coli

Lidské B-lymfocyty

PCR

cDNA H a L fetézcu maji odliSna mista pro rizné
RE, coZ umoZzhiuje jejich oddélené klonovani

Mnoho riznych kombinaci — kazdy
,kombinatoricky vektor* obsahuje jednu
kombinaci.

selekce

Preklonovani vybranych kombinaci do
plazmidu (fag buriky lyzuje a neni mozné
ziskat vétSi mnozstvi produktu)

N

Vyuziti v diagnostice/terapii




Konstrukce kombinatorické knihovny Fv
ve vektoru bakteriofaga lambda

EcoRI Notl

Leader .
P[ac RBS peptide L chain fragment
7] G -

cDNA fetézcu L a H separatné

B 7
Notl | uder FeoR1 > klonované ve vektoru
H chain fragment | (knihovny L-fetézcu a H-fetézcu)
_
C
FcoRI

Ligace jednotlivych L a H
fetézcu a jejich klonovani
v lambda vektoru

Leader
H chain fragment RBS peptide




Duvod pro p Fipravu humanizovanych protilatek:

obtizna priprava lidskych monoklonalnich protilatek konvencéni
hybridomovou technologii

e Lidské chromozomy v hybridomech vytvorfenych po fuzi lidskych
lymfocytd s mySimi myelomovymi bufikami jsou nestabilni, takze
se takové hybridomy produkujici monoklonalni protilatky vytvareji
jen vzacne

* Nejsou k dispozici linie lidskych myelomovych bunék, které by
mohly nahradit mySi myelomové buriky pfi tvorbé hybridomu

* | kdyby bylo mozné vytvaret lidské hybridomove bunécné linie,
bylo by to proti I€karskym etickym zasadam (injikovani
specifickych antigenu do ¢lovék za uéelem jinym nez
terapeutickym, a odbér ¢asti sleziny pro ziskani lymfocytl)

Transgenni mysi s geny pro lidské imunoglobuliny v YAC (jejich vlastni
geny pro Ig knokautovany, pak imunizace, napf. tetanotoxinem — tvori
lidské protilatky)




Priprava humanizovanych protilatek

MysSi protilatka Chimericka protilatka Humanizovana protilatka

CDRs -complementarity
determining regions

Variabilni, Konstantni oblast je Hypervariabilni
konstantni a z lidske protilatky, oblasti jsou
hypervariabilni variabilni a z mysich protilatek,
oblasti jsou hypervariabilni oblasti ostatni jsou lidské
z protilatek mysi jsou z mysi




Protilatka s dvoji specifitou

Protilatka vazajici se na
antigeny na povrchu
tumorovych bunék

manipulace
na urovni cDNA

I rekombinace

\p

Tumorova bunka

T bunka usmrcuje
tumorovou bunku

<

rotilatka s dvoji
specifitou /

Protilatka vazajici se
na antigen na povrchu
T bunék

T bunka




scFv - single chain antibody variable
region fragments

(glycin,serin),

Linker je nutny
pro vytvoreni
konformace

schopné vazat
I antigen

Disulfidické mustky

scFv — terapeutické agents — noveé vazebné schopnosti, nizsi
imunogenicita v disledku chybéni Fc domény, snadnéjSi penetrace
do cilového mista (pevné nadory atp).



Some therapeutic monoclonal antibodies that have been approved for human
use in either the United States or European Union

Date of
approval

1986
1994
1997
1997
1998
1998
1998
1998
1998
2000
2001

Type of
antibody

Mouse
Chimeric
Chimeric
Humanized
Chimeric
Chimeric
Humanized
Humanized
Chimeric
Humanized
Humanized

2001 pending Humanized

Company

Ortho Biotech

Centocor

Genentech, Idec Pharmaceuticals
Protein Design Labs, Hoffmann-La Roche
Centocor, Schering-Plough

Novartis

Genentech

Medimmune

Hoffmann-La Roche

American Home Products, Celltech
Millennium Pharmaceuticals, Schering
Genentech, Novartis, Tanox

Therapeutic use

Prevention of acute kidney transplant rejection
Prevention of blood clots

Non-Hodgkin lymphoma

Prevention of acute kidney transplant rejection
Crohn disease and rheumatoid arthritis
Prevention of acute kidney transplant rejection
HER2-positive breast cancers

Respiratory syncytial virus infection in children
Non-Hodgkin lymphoma

Relapsed acute myeloid leukemia

Chronic lymphocytic leukemia
Asthma

In addition to the antibodies listed here, 11 have been approved for diagnostic purposes,

Imunotoxin = MAB s navazanym toxinem (ricin, diftericky toxin aj)




Terapeutické protilatky

Aktivace plazminogenu na
plazmin, degradace fibrinu

Plasminogen
Plasmlnogen > Plasmin Plasminogen _—W"Lr_twator Plasmin

Antifibrin

antibody \
Blood clot /

Fibrinogen ———— Fibrin

g Degradation Degradation

products products

Figure 10.16 Structure of an immunotherapeutic thrombolytic agent. Antifibrin
antibody, a monoclonal antibody that is specific for the fibrin found in blood clots, is
coupled to plasminogen activator (PA). After the complex binds to the fibrin of a
blood clot, the plasminogen activator causes plasmin to accumulate in the vicinity
of the clot. The plasmin then degrades the clot.



Vytvo reni kombinatorické knihovny Fv
protilatek ve vektoru faga M13

Heavy chain cDNA Light chain cDNA
&PCR ¢PCR
Vi DNA

V| DNA

iLigate

Linker Vi DNA

Klonovanim do genu 3 vznika fuzni protein,

of bacteriophage

llnm S i ktery je lokalizovan na povrchu faga
M13

Vy; DNA Linker V. DNA

M13 DNA into

M13 phage / Spojovaci peptid

lPackage modified

Selekce (ELISA-like)




Schematické znazorn

Fv imunotoxin U

Linker peptide

exotoxin A Pseudomonas
diftericky toxin
ricin

\ 4

ni struktury ,single-chain®

\

Zameéna peptidového linkeru za disulfidicky
mustek nékolikanasobné zvysSuje stabilitu
scFv a tim zlepSuje jeho terapeutické vyuziti

Protinadorové pusobeni (vazba
na receptory a povrchové proteiny
nadorovych bunék)

Napr. fuzni protein
HERZ2-1g + exotoxin Pseudomonas

\4

Pbs21 (plasmodium) + Shiva-1




An abzyme (from antibody and enzyme), also called catmab (from
catalytic monoclonal antibody), is a monoclonal antibody with
catalytic activity. Molecules which are modified to gain new
catalytic activity are called synzymes. Abzymes are usually
artificial constructs, but are also found in normal humans (anti-
vasoactive intestinal peptide autoantibodies) and in patients with
the autoimmune disease systemic lupus erythematosus, where
they can bind and hydrolyze DNA. Abzymes are potential tools in
biotechnology, e.g., to perform specific actions on DNA.

Enzymes function by lowering the activation energy of the
transition state, thereby catalyzing the formation of an otherwise-
less-favorable molecular intermediate between reactants and
products. If an antibody is developed to a stable molecule that's
similar to an unstable intermediate of another (potentially
unrelated) reaction, the developed antibody will enzymatically bind
to and stabilize the intermediate state, thus catalyzing the reaction.



Abzym (Ab-enzym)
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Priprava protilatky s enzymovou aktivitou

(abzymu)
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Geneticka imunizace - DNA vakciny

Gen kodujici antigen je vnesen do bunék zvifete, v nichz je pak tento antigen
produkovan a zvire vytvari protilatky.

Prenos DNA:

* biolistickd metoda: rekombinantni plazmid (E. coli) nesouci gen pro antigen
pod kontrolou virového promotoru je vhesen napf. do boltce mysSi

« injekce velkych mnozstvi DNA (100 mg rek. plazmidu) pfimo do svall zvifat —
ucinnost prenosu az 70%
o elektroporace

Vyhody:

e antigen je spravné posttranslaéné upraven a neni tfeba jej purifikovat

¢ najednom plazmidu mohou byt v jednom kroku pfeneseny geny pro vice antigent
Nevyhoda:

* neznalost osudu prenesené DNA v bunkach, za¢lenéni do genomu hostitele a
preruSeni genu — proto je vyhodnéjSi transientni exprese (extrachromozomalni stav)

Priklady virovych antigenu: chripka, HIV, bovinni HV, vzteklina, HBV, rotavirus,
slintavka a kulhavka, aj.

Bakterialni antigeny: Clostridium tetani, Mycobacterium tuberculosis,



Proteinové inzenyrstvi

Navrhovani, vyvijeni a pfiprava proteind s vylepSenymi charakteristikami (pozménéné
nebo zcela nové proteiny)

A. Vyuziti mutageneze in vitro pro zameénu klicovych aminokyselin

(bodové mutace)
e zvySeni termostability proteind (lysozym aj)
e rezistence proteinl k oxidativnimu stresu
e zvySeni bioaktivity protein(

druha generace farmak s vylepSenou farmakokinetikou, strukturou, stabilitou
a biologickou dostupnosti

(inzulin — zvySeni schopnosti absorpce, tkanovy plazminogenovy aktivatoru — zvyseni
poloCasu obéhu)

Priklad: Subtilizin — hydrolyza proteinu, napf. v detergentech

prakticky kazda vlastnost této serinové proteazy byla zaménéna:

« rychlost katalyzy,

e substratova specifita,

e tolerance k pH,

« tolerance k oxidacnim latkam,

« termostabilita.

« zvySena stabilita v org. rozpoustédlech (zména konformace proteinu)



B. Makromodifikace proteinu

Cést genu se eliminuje vysté&penim restrikéniho fragmentu nebo nahradi
chemickou syntézou €asti genu.

Klenow(lv fragment DNA polymerazy, ktery postrada 3°-5" exonukleazovou aktivitu.
Pridani aminokyselin = stabilizace cizich proteint v E. coli.

Zvyseni afinity proteinu k iontm kovl vlozenim sekvence His-X3-His
do alfa-helixu — zvySeni rezistence k denaturaci.

Jeden gen je fuzovan s druhym za vzniku kompletné nového proteinu. Varianty
protilatek — jednoretézcové protilatky (SCA — single chain antibodies) jsou umélé
protilatky sloZzené z vazebnych oblasti téZkého a lehkého fetézce, které jsou spojeny
chemicky a vytvareny v mikroorganismech pomoci expresnich vektor(.

Priprava purifikovanych imunogennich slozek v prokaryotickych nebo
eukaryotickych systémech (vakcina proti hepatitidé B ve kvasinkach, vakcina proti
Salmonella typhimurium — oslabeni kmene vhesenim mutace do genomu)

Nepatogenni mikroorganismy pouzité jako vektory pro expresi cizich genu
zodpovédnych za imunogenicitu (rekombinantni vakciny, které stabilné exprimuji
cizi geny: u Vibrio cholerae byl pfipraven kmen s deleci v genu pro cholerovy toxin —
mutace byla vnesena rekombinaci do standardniho kmene. Vysledny kmen
produkoval imunogenni, avSak netoxicky ,toxin“ (netoxickou B podjednotku toxinu).

viry jako vektory pro expresi imunologicky aktivnich proteinu (virus vakcinie —
rekombinantni vakciny proti vztekling)



Genetickou Upravou lze pripravit bakterii, ktera by produkovala
modré barvivo pouzivané na dzinovinu. Vyroba barviva by byla
rocné produkuje asi

16 000 tun tohoto barviva.

Podle evropske legislativy budou muset byt takove dziny na
viditeIném misté oznacCeny napisem: "Vyrobeno z geneticky
modifikovanych organismu".



