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Klinické hodnoceni novych léciv

I. faze klinického hodnoceni

* Prvni podani lidskym subjektt

* Prioritou je hodnoceni bezpecnosti

* Hlavnim cilem je stanoveni tzv. MAXIMALNI TOLEROVATELNE DAVKY (MTD)
* Stanovuji se optimalni davkovaci rezimy pro dalsi faze klinického zkouseni
* Dal$im cilem je popis tzv. BEZPECNOSTNIHO PROFILU PRIPRAVKU

* Farmakokinetické analyzy

* Charakteristické je zafazovani zdravych dobrovolniku

(v pripadé vysoce toxickych Iatek=cytostatika pacienti)

* Pocet zarazenych subjekt( 10-20

* Pro design je typické navysovani davky obvykle ve skupinach 3 pacientt
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Klinické hodnoceni novych léciv

Il. faze klinického hodnoceni

. Prioritou je hodnoceni ucinnosti lécby

. Hlavnim cilem této faze je tedy neukonc it je v pripadé slibné ucinnosti a
naopak ukoncit je v pripadé prukazu Gcinnosti nedostatecné

. Hodnoceni bezpecnosti a tolerance

. Vysledky této faze jsou rozhodovacim bodem zadatele o registraci léCivého
pripravku pro jeho testovani v dalSich fazich

. Experimenty jednoramenné a dvojramenné

. Zarazovani jsou pacienti spliujici vstupni kriteria (diagndza, pokrocilost onem.)
Pocet subjektli 20-200

. Lécivo je podano soubrou a vyhodnocen podil respondérti, pokud
neodpovida predpokladu je studie ukoncena, v opacném pripadé zarazeni dalsi
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Klinické hodnoceni novych léciv

lll. faze klinického hodnoceni

e Zpredchozich fazi mame informace o bezpecnosti, davkovani a ucinnosti

. Cilem této faze je prostrednictvym fizeného experimentu primé

srovnani bezpecnosti a u¢innosti hodnoceného pripravku s kontrolou, kterou muze
byt placebo nebo aktualné pouzivana nejlepsi lécba.

. Hlavnim cilem je pfinést data prokazujici, ze uc€innosti a bezpecnost lécivého
pripravku jsou stejné nebo lepsi nez u dosud pouzivanych pfipravki

e  Zarazovani jsou pacienti splnujici vstupni kriteria (diagndza, pokrocilost onem.)
Pocet subjekta 100-1000

. Randomizace, paralelni, cross-over usporadani

IV. faze klinického hodnoceni

. Hodnoceni provadéna az po registraci daného pripravku a zahajeni
jeho pouzivani v bézné lécebné praxi

. Hlavni cil ovérit vlastnosti Iécivého pripravku v redalném prostredi
v redlnych populacich pacientl
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Klinické hodnoceni novych léciv

Randomizace je proces ndhodného rozdélovani subjekt
do srovnavacich ramen klinického hodnoceni (kompletni, blokova, stratifikovana).

Control Group aﬁii

Randomization

Invesng ational
I‘I]'UD

it

Investigational
Group
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Klinické hodnoceni novych léciv

INTERIM ANALYZA -

planované jednorazové nebo opakované statistické zpracovani dat klinického
hodnoceni s predem jasné definovanymi kritérii pro pripadné ukonceni nebo
pokracovani experimentu v zavislosti na vlastnich vysledcich interim analyzy.
ETICKE A EKONOMICKE DUVODY

ZASLEPENI -

single blinding — zaslepena je pouze jedna strana subjekt hodnoceni
nebo investigator

double blinding — zaslepeni jsou subjekty hodnoceni i investigator
triple blinding — zaslepen je i personal spravujici data experimentu
Zaslepeni je prvek designu vyznamneé zvysujici jeho objektivitu.

METANALYZA —
je metodika sofistikovaného zobecnéni vysledkul dvou a vice nezavisle
Provedenych experimentu.
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Monoklonalni protilatky
* Emil von Behring — objev protilatek, terapeuticky vyznam coby
,magickych strel ¢i otrdvenych Sipu“
e Paul Ehrlich zavedl pojem imunoterapie
e 1975 C.Milstein a G.F.Kohler popsali technologii tvorby MP
V jedné hybridni linii spojili biologické vlastnosti B-lymfocytu tvoriciho
protilatky a ndadorové buriky myelomové rady (tzv. hybridomova
technologie)
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(HGI-'RT g™, fimmortal ™)

Unfused rrr}rt:h.lma cell

(omly B-cellymyeloma hybridoma grows)

Hybridoma (containing genes for
HGPRTH, lgt, immortal growth)

Priprava monoklonalnich
protilatek

Nemodifikované mysi mAb —
pro lidsky organismus jsou
cizorodé a vyvolavaji
imunitni odpoved’

tj. tvorbu antimysich
protilatek (tzv. HAMA),

které vedou az k anafylaxi

Ci sérové nemoci

Humanizované mAb (chimerické humanni/mysi) —
pripravuji se spojenim hybridomové a DNA
rekombinantni technologie
Variabilni usek MP kédujici antigenni specifitu

je mysi
Konstantni Usek MP je z lidského imunoglobulinu
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Practical steps in monoclonal antibody production:

1) Immunize animal

2) Isolate spleen cells (containing antibody-producing B cells)

3) Fuse spleen cells with myeloma cells (e.g. using PEG - polyethylene glycol)

4) Allow unfused B cells to die

5) Add aminopterin to culture to kill unfused myeloma cells

6) Clone remaining cells (place 1 cell/well and allow each cell to grow into a clone of cells)
7) Screen supernatant of each clone for presence of the desired antibody.

8) Grow the chosen clone of cells in tissue culture indefinitely.

9) Harvest antibody from the culture supernatant.

10) (If you’re a biotech company) charge about $1,000-$2,000 per mg.
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Struktura imunoglobulinu

V = variabilni
doména (antigenni
Fabl Variabilita)

F(ab),

C = konstantni
doména (vazba
komplementu, vazba
VL na Fc receptor
imunokompetentnich

Y  bunék ..
EINIEEEEER CL ‘ )
1-3 - hyper-
N variabilni oddil
I\ ) - (antigenni specifita)
Pepsin Papain Vi-Vy = Fv (vazba
antigenu)

u, 8, o, v, € = izotypy
¥ t&Zkych fetézcl (IgM,
IgD, IgA, IgG, IgE)
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Typy monoklonalnich protilatek

N 7 ®‘| r@ @‘I r& $1 r0

Mysi MAb Chimerické MAb  Humanizované Humanni MAb

100% mysi 34% mysi MAD 5-10% mysi 100% lidské
*Hypersensitivita * Hypersensitivita * Hypersensitivita * Hypersensitivita
» Vysoke hladiny * Nizké hladiny * Nizké hladiny  Nizké hladiny
neutralizujicich neutralizujicich neutralizujicich neutralizujicich
" protilatek rotilatek 1E
protilatek . P protilatek
oo (rituximab) (trastuzumab)
(nepouzivaji se) (panitumumab)
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Typy monoklonalnich protilatek
Protilatky nekonjugované (klasické / bispecifické — trifunkcni)

Protilatky konjugované
Konjugované s imunotoxiny
Konjugované s radionuklidem
Konjugované s cytokiny
Konjugované s cytostatiky

protildtks konjugovansa
ibtitumomak Eista protilatka s radionuklidemn

\\ 7 o Ny

*“* radlonuklid

Obr 34 Zndzornéni déinkn provldiky konjugovand s radionuklidem
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klasicka protilatika protilatkove fragmenty

VH VH WL VH VL WH
) I |:| H_[I
Fab Fab Fv VL
scFv
Fab
Fe

bispecificka trifunkéni protilitka

bivalentni  bispecificka
diabody diaboady
VHA VLA VHA VLA
Fab! Fab2
VL1 VHI VHZ VL2
Fe

Obr. 36 Porovednd KMasicke (bivalenmf monospecificke) pretildiky, bispecifickéQrifunkdnd prosildaky a protildi-
kenvich fragmenti
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7 Je

Biologické ucinky navozené mAb

Primy ucinek (indukce apoptdzy, interference s receptorem a ligandem,
ovlivnéni ucinnosti klasickych cytostatik, dle charakteru antigenu)
Ucinek zprostfedkovany cytotoxickymi burikami (ADCC)

Ucinek zprostiedkovany komplementem

nadorod nadaorc T-lymiocyn
bufks bBufika 4

rnakrafag

Obr. 35 Rozdily mezi (A) monospecifickow a (B) bispecifickowtrifunkéni monoklondlni protildtkou
(1) Mechanismus ADCC. (2] Atrakce T-lymfocytu. {3) Indukce kostimulaénich melekul. (4) Specificka protinad orova imunita.
[5) Mespecifickd protinddarovd imunita.
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Prehled mAb pouzivanych v terapii nadorovych onemocnéni

genericky nazev obchodni pripravek cilova struktura pouziti
trastuzumab Herceptin HER-2-neu Ca prsu
cetuximab Erbitux EGFr NSCLC. ORL
bevacizumab Avastin VEGF ruzné nadory
rituximab Mabthera CD-20 NHL, B-CLL
ibritumomab Zevalin (°°Y't) CD-20 NHL
tositumomab Bexxar (1*1I) (1*11) CD-20 NHL
epratuzumab CD-22 human. NHL
apolizumab HLA-DR NHL
alemtuzumab MabCampath CD-52 B-CLL
gemtuzumab Mylotarg CD-33 AML
oregovomab Ovarex CA-125 Ca ovaria
edrecolomab Panorex CO-17-1A Ca kolorekta
panimnmmab‘ EGFr Ca ledvin (RCC)
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Strategie cilené léchy

Ligand-toxin konjugaty
antagonisté mAb TK inhibitory H
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Cilena lécba: terapie cilena na nadorové burnky — inhibice proliferace

Inhibice receptorovych tyrozinkinaz (RTK)

RTK predstavuji klicové receptorové struktury extracelularnich
mitogennich signald
(rdstovych faktorti)

bunééna
rmembrana

Monoklonalni protilatky jsou zacilené // \' -

na extracelularni receptorovou 'l'

¢ast RTK. ne G PIZK L

Nizkomolekularni tyrozinkinazové l l l l

Inhibitory (TKI) blokuji

. Vé Vé . . ’ mc FAK m m

intracelularni tyrozinkinazovou

doménu RTK. l l
mTOR ERK

Obr. 38 Signdlnd drafiy akitivované receptorovimi tyrocinkingzami (RTK)
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Cilena lécba: terapie cilena na nadorové bunky — inhibice proliferace

EGF, TGFa, HB-EGF
o AR, Epi, VGF <
extracelularni doména

(ECD) ) —>

Over-expression

Transaktivace
(ErbB2, ErbB3, erbB4)

<

Receptor, ktery vaze vazba
odpovidajici ligand ligandu

—a

e

transmembranovy Aktivace

helix - pfenasi signal
pfes b. membranu

@ Fosforylace

Fosforylace

intracelularni domeéna (ICD)
Je slozena ze 3 komponent
sjuxtamembranové domeény
*katalytické domény
*karboxy konce

AR

Fosforylace

DNA
synteza

nuklearni
nembrana
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Cilena lécba: terapie cilena na nadorové bunky — inhibice proliferace

Tab. T Prehled vebranich receptorovich tvrozinkindgz

RTK ligand malignity s prokazanou
deregulaci RTK
(overexpress, mutace)

EGFRY epidermal growth factor receptor EGF epidermal growth factor | karcinom tlustéhao stfeva, plic

ERBE1S favian erythroblastic leukemia

HER1 viral ancogene hamaloghuman

epidermal growth factor receplor

ERBB2/ | mewroblostomasglioblastoma nayaje vytvdfl heterodimery karcinom prsu, ovaria

HERZ/ derived oncogene homolog ligand s EGFR/ERBBI/HERT

NEU

MET hepatacyte growth factor receptor | HGF hepatocyte growth factor | karcinom Zaludku, ledvin

IGF1R insulin-fike growth faclor receplor KaF nsuline-iike growth factor | karcinom prostaty, plic,
ledvin, mnohodetny myelom

PDGFR platelet-derived growth factor PDGR platelet-derived growth AML, karcinom prsu, sarkomy

recepror factor

FGFR fitrobilfast growrh factor receptor FGF fibrablast growth factor karcinom plic, prau, ovaria,
endometria, Zaludku,
prostaty, modového méchyie

FLT3 FMS-Tike tyrosine kinase FLT3 AML

ligand

KIT/SCFR | stern cell factor receplor SCR/RITLS | stewn celfl facror/mast cell | AML, mastocytaza, GIST

cDi? MGF growth factor

FLT1/ FAMS-like tyrosine kinase/vascular VEGF vascular endothelial nadorove cévy

VEGFR1 | endothelial growth factor receptar growth faclor

KDRS kinase insert domain receptorferal | VEGF vascenlar endotheliol nadorove céyy

VEGFR2S | liver kinase growth factor

FLK1

CSFIRS | colony stimulating factor 1 receptor | CSF1 S colony stimuilaning foctor 1/ | karcinom prsu, ovaria,

c-FM5 feline MeDenaugh sarcoma vira! M-C5F macrophoge-colany endometria, plic, prostaly,

CD115 (v-FM3) oncogene homaolog stimutating factor pankreaty, ladvin
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Receptorova rodina ErbB a nadorova onemocnéni

ErbB jsou receptory typu 1 tyrozinkinazové rodiny, predstavuji 4
transmembranové glykoproteiny ErbB1 -ErbB4 (HER1 -HER4)

« Mutace proteinu (napr. EGFRvIII—
konstitutivné aktivni delece mutce nema
vétsinu z extracelularni domény — ECD) Aktivace transdukce

signalu

« Genetické zmeény jejichz vysledkem je
overexprese bud” normalnich nebo
konstitutivné aktivnich receptoru

* Produkce EGF nebo TGF-a nadorovou
bunkou: vznik autokrinni smycky
vedouci ke konstitutivni aktivaci ErbB-1

|
g

ErbB1-1 ErbB2-2 ErbB2-3 ErbB1-2 ErbB2-4

Autokrinni smycka
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Cross-talk s dalsimi onkogennimi signalnimi drahami

Growth Factor
Estrogens Receptors

__ Cytokine
1 Receptor

dod -
®
l Gene

mRNA Transcription
Growth Survival Division Maotility
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Receptorova rodina ErbB a nadorova onemocnéni

Tumor ErbB1 % ErbB2 %
Moc. méchyr 31-438 [ — 36
Ca prsu 14 — 91 10 — 37
Kolorektalni Ca 20—1T77 7
Jicen 71 13-73
Gliom 45 - 50 -
NSCLC 40 - 80 3 — 56
Ovarium 35-70 20— 32
Pankreas 30— 50 —
Ledviny 50 -90 24 — 40
Zaludek — 5-55
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Cilena lécba: terapie cilena na nadorové bunky — inhibice proliferace

mADb se vazi na

< extracelularni
epitopy nemusi Proteolytické stepeni

rozeznat mutanty A
Mutace ,

. Malé molekuly pusobi i na mutanty nebot maji jiné vazebné misto

trana
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Trastuzumab

EGF recepto
erb B

erb B,

Nadorova bunka
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Cilena lécba: terapie cilena na nadorové bunky — inhibice proliferace

inhibitory s pfevainym ufinkem na EGFR/ERBEB/HER

gefitinib Iressa EGFR/EREE1/HER1

erlotinib Tarceva EGFR/ERBB1/HER1

lapatinib Tyverbh EGFR/ERBE1/HER1, ERBB2/HER2/MEW, ERK1, ERK2, AKT
BIBW-2992 Tovok EGFR/ERBE1/HER1, EREB2/HER2/MNEU

canerfinib - pan-ERBR

neratinib - ERBB2/HERZ/NEL

vandetanib Zactima EGFR/EREE1/HERT, VEGFR

Inhibitory s pfevainym ucinkem na VEGFR jsou uvedeny v kapitole 11.1.2.

multikinadzové inhibitory

imatinib Glivec BCR-ABL, KIT

dasatinib Sprycel BCR-ABL, KIT, PDGFR

nilotinib Tasigna BCR-ABL, KIT, PDGFR

bosutinib = BCR-ABL, SRC

sunitinib Sutent VEGFR1=3, FDGFAASE, KIT, RET, CSFI1R

soralenib Mexavar VEGFR1-3, PDGFRB, RAF (CRAF, BRAF, vielne
mutcvanych BRAF), KIT, RET, FLT3

lestaurtinib - FLTZ, JAEZ, NTRE1/TREA, NTRE3/TREC

tandutinib - FLT3, PDGFR, KIT
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Cilena lécba: terapie cilena na nadorové bunky — inhibice angiogeneze

ol nak WVEGE bervacizurnaby ASHELITAD

-
2T
5

oL E T errod
| vy

VEGFA

inhibitar

praliferace matastazoydni ponacha imunity

Klener, 2010
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Sorafenib — dualni inhibitor RAF kinazy a VEGFR’

RAF kinase '
W ,
3 +—BAY 43.9006
W

BAY 43-9006 inhibuje proliferaci nadorovych
bunék pusobenim na RAF/MEK/ERK signalni
cestu na urovni RAF kinazy.

e Y
RAF kinase > > MEK >> ERK >>  Nucleus
Q O

t

BAY 43-9006

BAY 43-9006 prokazal antiangiogenni efekt
pusobenim na tyrozin kindzovy receptor
VEGFR-2 a PDGFR a jejich signalni kaskadu.
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Cilena lécba: antiresorpcni lécba kostnich metastaz

nédorewd burnka

ILE
IRF]
T a).

A
€.© ) Sl

& : : “ :i stramadlni
bunka
osteoprotegerin

apoptoza
’ ITI RANK ™ ors
RAMKL * denosumakb

mAB proti RANKL

%

stromalni
bsfikea

resorpdni produkty

Obr. 53 Osieoklastogeneze a jeif inhibice (BIELE komemdF v texin)
A - prekurzor osteoklastu, B1 - osteoklast aktivavany RANKLem, B2 - inhibovany osteoklast, € - zraly osteoklast
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Cilena lécba: prediktivni onkologie: individualizace Iécby
Test for drug response*

86% benefit from therapy

'nl w w . Q00000
60% benefit from | ** | =
therapy

Low response to therapy

* Specific blood, tissue or imaging marker that can be used to prospectively identify
patients for efficacy, safety and/or dose
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Cilena lécba: prediktivni onkologie: individualizace Iécby
Results: K-Ras Mutation and OVERALL RESPONSE RATE

== Nonmutated

1.00
~ Mutated

0.75 4

0.50

0.25

K-Ras Wildtype

Estimated Probability of Survival

P=.0001 K-Ras Mutant
0 20 40 60 80 100
Time (weeks)

CETUXIMAB
PANITUMUMAB
mADb proti EGFR

O ORR=No
B ORR=Yes @ ORR=No

B ORR=Yes
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"Here's 1
sequence
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Moderni transportni systémy lécCiv: lipozomy a nanocastice

Idealni nano- transportni systém zajisti, ze konjugat |éCiva a transportniho systému
doruci IéCivo do specifického mista ucinku.

Lipozomy a nanocastice jsou ucinné technologie pro racionalni transport cytostatik

v terapii nadorovych onemocnéni.

Jejich uziti zlepsuje farmakokinetické vlastnosti, kontrolované a prodlouzené
Uvolnovani l1éCiva a predevsim nizsi systémovou toxicitu.

Do praxe zaveden lipozomalni Doxil (doxorubicine), nanocasticovy na albumin vazany
Paclitaxel — nab Abraxane

Lipozomy jsou to Castice tvorené fosfolipidy Hydrofin Gt
o velikosti 0,62 pm s tloustkou membrany 5 nm. iz
Jadro i povrch lipozomu je hydrofilni, vnitrek mﬂf;ﬂéﬁ]
membrany tvofi lipofilni zbytky mastnych
. . .o s v . v s P Lipofini zbytky | -

kyselin fosfolipidu. LéCivo je mozné umistit masinych kyseiin |
podle jeho povahy do jadra nebo e

4 H membrana
do membrany lipozomu ot e}

Strana 34 © Ondfej Slaby, 2009



Uvod do molekuldrni mediciny 8/12

Moderni transportni systémy lécCiv: lipozomy a nanocastice

<« Targetting

H hili
yempnilG: —s ligand

head

Lipid-soluble Drug

drug

Hydrophaobic A

tail
Protective
layer (PEG)

THENDS in Pharmacological Sciences

Upravou povrchu lipozom(, napt. polyethylenglykolem (PEG), se prodlouZila jejich cirkulace v krevni
plazmé a ¢astecné se vyresil problém s jejich vychytavanim jako cizorodych ¢astic
retikuloendoteliarnim systémem. V praxi se pouzivaji léky s obsahem daunorubicinu a doxorubicinu
jako parenteralia ve farmakoterapii Kaposiho sarkomu, s amfotericinem B pfi |[é¢bé invazivnich
plisnovych infekci, s obsahem virionl inaktivované hepatitidy A jako oc¢kovaci

latka proti hepatitidé A, pfi terapii syndromu dechové nedostatecnosti u predcasné narozenych déti s
obsahem lyofilizatu z hovézich plic, s ekonazolem pfi lokalnim osetreni plisnovych koznich chorob.
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Lipozomy: aktivni a pasivni transport

Target call

—  |nflamed
7 endothedium

Liposome with
igane amm‘@ @ ‘.

targeting
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Nanocastice

V soucasnosti je nejvétsi pozornost vénovana nanocasticim. Svou velikosti 60-300 nm
lezi nanocastice na subcelularni drovni a mohou se proto jako Iékové mininosice cilené
usmeérnit do organu, tkani, bunék a nemocnych casti téla, které zUstavaji jinym lékovym
formam nedostupné. Jsou urceny pro cilené uvolnovani a plsobeni |éCiva pfi
peroralnim, parenteralnim i lokalnim podani, pro aplikaci do oka i nosu. Volbou metody
pripravy a aktivizaci povrchu nanocastic je mozné je nasmérovat na rlizné cile. Ocekava
se od nich vyuziti pri cileném transportu cytostatik, specifickém doruceni antibiotik a
antiparazitik, v peroralnich |ékovych transportnich systémech pro inzulin, proteiny,
geny, pro vakciny i pri topické aplikaci.

NANOTOBOLKY Solid lipids nanocastice

Polymerové nanocastice
PLA - polyactid
PLGA - poly(D,L-lactide—co-glycolide)

5 |8 &ivem naadsorbovanym na povrchu

PEG - polyethylenglykol
NANOSFERY
Zlaté nanocastice
Albuminové nanocastice
= @& m rozptilemym v astici 5 ladivem naadsorbovanym na porrchu &astice
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Nanocastice

Cell Survival (%)
g

3 |
“::}EE‘J:*")

Wi/ WA
%7 - ‘H“‘s"a e is s
20- - Doxorubicin-loaded SLN wavey, 8T *;___ HS-—® = s 2 Bhis t‘:;:‘ w-w‘l{]
] o R S (S S
' —B—LllrllnadefIBLN fﬁ‘\ 1 ‘gx ii N

Step 1 Step 2

0 25 50 75 100 125 150 175
Concentration (nM)
TAENDS in Pharmacological Sciences

Syntéza zlaté nanocastice

Fgure 3. Benefits of SLMNs in doxorubicin delivery. The cytotoxicity of
free doxorubicin, doxorubicin-loaded SLMNs and unloaded SLMs at different
concentrations towards HT-23 colorectal cancer cells after 72-h exposure is
shown. Doxorubicin-loaded SLNs showed the highest toxicity, offering more
potent treatment than conwventional free doxorubicine Unloaded SLNs did
not induce any significant toxicity, which confirms that they are a safe carrier
in vitro [19].

Table 2. Representative examples of studies using drug-carrying nanoparticles®

MNP polymer Drug Study findings
PLGA [55] Doxorubicin A single intravenous injection of doxorubicin conjugated to PLGA NP exhibited tumour
suppression comparable to that by daily injection of free doxorubicin over 12 days; thus,
the NP formulation was much more potent and longer-lasting than conventional free
doxorubicin
PLGA [51] Dexamethasone A single administration produced at least 14 days of sustained drug release; clinical
application in suppressing glial cell proliferation on implanted electrodes for
neurcphysiclogical investigations into neural activity
PLA [56] Thyrotropin- Intranasal delivery through olfactory neurons to reach the brain; tested for an anticonvulsant
releasing in an animal seizure model; clinical application of peptide delivery to the brain without
hormone crossing the blood-brain barrier
PLA-TPGS/MMT NP [57] Docetaxel Much greater cytotoxic potency to cancer cells than Taxotere™ (current clinical form of docetaxel)

NP, nanoparticle: PLA-TPGS/MMT NP, poly(lactide)-D-a-tocopheryl polylethylene gheol) 1000 succinate copolymer incorporated in montmorillonite medical lay.
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Nanocastice

Box 2. Potential therapeutic opportunities for nanoscale drug delivery in diseases other than cancer

MNanocarrier Drug Disease Advantages
SLMs [60] Insulin Diabetes mellitus Pulmonary administration possible; an inhaler
or nebulizer replaces a daily regimen of subcutaneous
injections, increasing patient satisfaction and compliance
Liposomes [61] Vasoactive Hypertension Potential new treatment for hypertension using VIP, which
intestinal is limited by rapid degradation in blood by first-pass hepatic
peptide (VIP) circulation
Liposomes Amphotericin B Fungal infections Reduced renal toxicity and greater efficacy in treating

(Ambisome™) [62]

Gold nanoparticles [63]

PLGA nanoparticles [64]

PLGA nanoparticles [65]

SLNs [66]

Ciprofloxcain

Rifampicin

Benzocaine

Clozapine

Bacterial infections
such as urinary tract
infections, cystitis,
sinusitis and respiratory
tract infections
Tuberculosis

Fain relief

Schizophrenia

fungal infections; also used to treat other parasitic

infections

Sustained release over a number of hours and greater local
concentrations of the free drug at sites of pathology because
of the permeation and retention effect

Sustained release over a period of days, increasing patient
compliance because medication can be taken weekly instead
of daily over a period of 6 months

Parental administration possible; only a single dose is required
for a prolonged effect

Higher clozapine concentrations across the blood-brain

barrier compared to clozapine solution

Malam et al., Trends in Pharmacological Sciences, 2009
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Albuminové nanocastice

Fig. 1. Albummn receptor-mediated uptake of miravascular constituents and transcytosis across the vascular endothellum. A) Albumin receptor { gp60) binds albumin
which in tum results n binding the mduction of caveoln-1; B) caveolin-1 induces membrane budding and mternalization, trapping free and protein-bound plasma
constituents; C) formation of caveolae, leading to ranscytosis and extravascular deposiion of the caveolae contents.

1.00 e

R ____ nabPaclitaxel (n = 229)
\\ —---— CrEL-Paciitaxel (n = 224)

. P=0.006

Proportion not Progressed
[=]
g
L

;

0 8 16 24 32 40 48 56 64 72 80 8B 96 104 112 120
Week

Fig. 5. Time to disease progression in a phase III tnal of nab-paclitaxel versus CrEL-paclitaxel.

Strana 40

Abraxane je prvni |éCivo zaloZzené na
nanocasticovém transportu vazbou na
albumin (nab). nab Paklitaxel ma proti
volnému paklitaxelu delsSi polocas a

proti rozpozstédlu Cremophor EL, ve kterém
je paklitaxel podavan nezplsobuje
hypersenzitivitu.
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Genova terapie

» veétsSina chorob clovéka je zpusobena genetickou predispozici spojenou s
environmentalnimi vlivy. (nature and nurture)

* terapie zpravidla pouze modifikuje symptomy nemoci, Ci dava télu moznost se uzdravit
samo

* genova terapie: efektivni a kauzalni léCba by zménila samotnou genetickou podstatu
nemoci, nikoli jenom symptomy

* Pokud by se zdarila excize ,Spatné” alely a jeji nahrazeni ,,spravnou”, otevrely by se
dvere pro ,genetickou chirurgii

* Obavy z ,genetického dopingu“ jizi na OH v Turiné

e Otdzky , plastické genetiky”

Phases of Gene Therapy Clinical Trials ':;\i/j"

Somatic-cell gene therapy

(= zména genetické informace
pouze u somatickych bunék)
Germ-line gene therapy

Phase | 43% (n=643)
Phase I/l 21% (n=209)
Phase Il 13% (n=139)
Phase I/l 1.1% (n=11)
Phase lll 1.7% [n=18)

The Journal of Gena Medicine, @ 2005 John Wiley and Sons Lid www wiley_co.uk,/genmed/clinical
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In vivo a ex vivo genova terapie

Cloned gene

X
JaVal  ToUaN
. Gene
< transfer
\ Select X* cells;

amplify

Patient cells Some cells
X now X*

X* cells

Return genetically modified
cells to patient

Figure 21.6: In vivo and ex vivo gene therapy.

Where possible, cells are removed from the patient, modified in the laboratory and returned to the patient (ex vivo gene therapy; green
arrows). This allows just the appropriate cells to be treated, and the cells can be checked before they are replaced to make sure that the
desired change has been achieved. For many tissues this is not possible and the cells must be modified within the patient’s body (in vive
gene therapy; blue arrow).
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5. Genetically modified
cells replicate and
function normally,
countering negative
effects of patient’s
dysfunctional cells.

i

Ex vivo genova terapie

1. Remove cells i
from patient. |

2. Introduce vector

containing gene or
DNA sequence
needed to modify
dysfunctional
DNA.

3. Patient’s cells undergo
genetic alteration.

L

4. Altered cells are
reintroduced

into the patient. FIGURE 14.4 Basic steps in gene therapy

used to correct genetic dysfunction.
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Ex vivo genova terapie

Cloned gene

(normal

allele, M

“ahsmaut “1‘ ;’ @) Insert RNA version of normal allele
cells)

Viral RNA

"@ Let retrovirus infect bone marrow cells
Retrovirus | ;  that have been removed from the
capsid h ! patient and cultured.

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

Bone
marrow
cell from
patient
!
© Inject engineered Bone
cells into patient. ma
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Zivotni cyklus retroviru

DNA INTEGRATION OF DNA COPY

=————=  INTD HOST CHROMOSOME intagratod DNA
DNA
REVERSE TRANSCRIPTASE I -
MAKES DNA/RNA AND g C
THEN DNA/DNA DNA
DOUBLE HELIX | TRANSCRIPTION
FNA ——— -, L
RNA ¥ coples ———— @
envelope | reverse TRANSLATION | — i%
capsid MY pLESs capsid protein 1! —— ASSEMBLY OF MANY
) + . mﬂmnus:lﬂé:ua
—_— @ nm-nlup-u:mtuln }};:hf__ %Eé%mﬁ

ENTRY INTO reverse transcriptase :..:. A

CELL AND LOSS

OF ENVELOPE
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metody doruceni genu do tkané

vektor kapa- | snadnost | integrace | trvani transdukce existujici | bezpecnost preno
cita produkce | do exprese | nedélicich imunita s do
genomu se bunék potom
stva
neviralni bez +++ zfidka docCasna ++ ne +++ ne
limitu
onko- 8 kb ++ ano stabilni - ne insercni muze
retroviry mutagenese
aktivace
onkogenu
lentiviry 8 kb + ano stabilni ++ ne insercni muze
mutagenese
aktivace
onkogenu
adenoviry | 30 kb + ne docCasna +++ ano hyperimunitni ne
odpovéd
adeno 4.6 kb + mozna dlouho- ++ slaba +++ muze
asociated trvajici
virus AAV
Herpes 150 kb | + ne doCasna ++ ano hyperimunitni ne

viry

odpovéd




Genova terapie

Prvni Gspésna genova terapie byla provedena 24. zari 1990 v NIH v Marylandu

NH, OH
NH;
R R
(deoxy-R) {deoxy—R]
dATP
AMPDA 1«
AMP ——e |MP dAMP
AK K, 1 #M]L ADA l Ko 400 M N ADA
A —— Cefact dA ——w ]
K. 25 uM # Kon 7 um
Liric acid

oCtyrleté dévcéatko trpélo nemoci zvanou ADA (adenozin deaminazova deficience)
,bublinové déti“

e pfi |éCbé do ni byly vlozeny jeji vlastni buriky imunitniho systému (zejména T-
lymfocyty), které byly upraveny tak, ze do nich byla ex vivo vlozena normalni
kopie ADA genu

enékolik tydn( po té, co genova terapie zacala, doslo k zlepseni prace imunitniho
systému a po nékolika mésicich zacala pacientka Zit ,relativné normalni zZivot”


http://www.pbs.org/saf/1202/images02/genetherapy7.jpg

Prvni evidentni uspéchy genové terapie: X-SCID

=pripad z roku 1990 ziskal mnoho publicity

"pozdéji bylo opakovano s dalSimi pacienty (na jednoho pacienta 10 — 12 treatments)
ou nékterych z nich doslo k dramatickému zlepseni
oySichni pacienti ale byli zaroven |éCeni enzymovymi preparaty, takze neni jisté, co
stoji za timto Uspéchem

=prvni jednoznacny a jasny Uspéch genové terapie se projevil na pribuzné nemoci, na

X-linked SCID

=opét Slo o |éCbu ex vivo

=byl uzit retrovirus ve kterém byl obsazen gen IL2R, ktery koduje yc cytokinovy

receptor

=kmenové buriky kostni dfené, exprimujici CD34 (=coz délaji pouze hematopoietické

bunky kostni drené) byly inkubovany 3 dny v pritomnosti retrovirového vektoru
obéhem tohoto ¢asu se bunky rozdélily 5-8x

=tyto bunky byly pozdéji vraceny do pacient(

"u 9z 11 pacientt doslo k pronikavému zlepseni a tito pacienti mohli vést normalni

zZivot



U dvou z téchto vylééenych chlapcl doslo
pozdéji k vzniku leukémie, skoro jisté diky
aktivaci LMO2 onkogenu ST diarsesilsarids Retroviral vector carrying
tento onkogen se aktivoval tim, by g 138 ansory ISR
ze do jeho blizkosti

se inzertoval retrovirus

diky tomuto faktu byly

pokusy s retroviralni M
transdukei lymfocytd \)
pozastaveny

30-150 ml of bone Infuse 14-38 million Transduce cells in plastic bag
marrow aspirated under cells per kg body for 3 days; cells multiply
general anesthetic weight 5-8-fold

Flgure 21 11 Gene therapy oi X- Imked severe combined immunodeficiency disease (X SCID)

This is the first clear success of gene therapy. Of 11 boys aged 1-11 months treated at the Necker-Enfants Malades Hosputal Paris, nine
were cured. See Hacein-Bey-Abini et al. (2002). Two of the nine unfortunately later developed a form of leukemia, almost certainly as a
result of activation of the LM0OZ2 oncogene by nearby insertion of the retroviral vector.



Jesse Gelsinger

narozen 18/06 1981
prvni priznaky nemoci 2 roky a osm mésicu

o eratické chovani, po dieté bohaté na proteiny, nasleduje prudké
zhorseni stavu, upada do komatu

diagnostikovan OTC (ornithine transcarbamylase deficiency
syndrome), vzacna metabolicka choroba — 50 % déti s touto
chorobou umira do 1 meésice po porodu

o JG ma nemoc ovsem pouze v mirné formé, |éCitelné medikamenty
a dietou

o pokud je potrava bohatsi na proteiny,
o v krvi se objevuje mnozstvi amoniaku
v roce 1990 bere JG padesat

pilulek denné

HCO, NH}

HD

arginine

arginase

aminino- fumarate
succinake
hyase

argininosuccinate

argininosuccinate

synthetase APl

citrulline

ATP
aspartate copyright 1998 MW KIng


http://www.charpa.co.th/images/human_2.jpg

Jesse Gelsinger

=Ceka na den svych 18. narozenin, aby mohl poskytnout informovany souhlas s
|écbou
=13. zari 1999 dostava genovou terapii, vecer je mu Spatné, dalsi den
odpoledne upada do kdmatu
m17. zafi 1999 umira
=smrt nastava evidentné a jasné nasledkem terapie
=pripad vyvolal zdéseni mezi védeckou komunitou a zaplnil pfedni stranky novin
mcela kauza rozvifila fadu otazek ohledné kvality informovaného souhlasu
ofada dullezitych informaci totiz podléhala riznym obchodnim tajemstvim.
Paul Gelsinger (otec) nyni obvinuje nemocnici ze zamléeni dllezitych

informaci a z umyslného riskovani zivota jeho syna

in memory of

Jesse Gelsinger

e legacy of a hero

jesse gelsinger was a hero
he didn't know he was, but when all the gold was counted

there was nothing in the world that was more preciou=
than this one kids contribution to the way that
medical research is conducted



A)

B)

Strategie genové terapie

Gene augmentation therapy
Gene X

Y Y SEE

Disease cells Normal phenotype
(increase in gene X product)

Targeted gene mutation correction

iJ

Gene X

“sod " eee

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




C)

Strategie genové terapie

Targeted inhibition of gene expression

Antisense

oligonucleotide, .
siRNA, ribozyme Disease cells /Ao AAAA
etc. containing mutant  Inhibition —— 4+
or harmful Block expression
gene m N[ IC of pathogenic
[ gene
: Direct killing of disease cells
Toxin gene
Disease cells Cells killed by expressed toxin
Prodrug gene
FaVal  VaWak B B B
glale O
Disease cells Cells killed by
drug

Drug




principy genové terapie rakoviny

vyuziti onkoretroviralnich vektoru v s ceval s s ,
Y doruceni konstruktu zajistujici zastaveni

doruceni nemutovaného supresorového exprese onkogenu (antisense konstrukt)
genu p53

a Normal call: no affect Growih arrest

@ g{‘\f\.a b Normal cel: no effect Arrest
ector / ;
@ Turrluur call
e / One

@ ‘\ Turnour cell \
.'L

%33 A f,f Mhs.emanr
o ammlng gene

. o )
\"\W_/‘5 On * & . /
) fic o= /
Th - S -
r.n'rbmponun VEGF ! . )

No bystander effect Apoptosis

Nature Reviews | Cancer




principy genové terapie nadoru

doruceni sebevrazedného genu premeénujici pro-drug na toxin

Tum-:iur cell @) Prodrug

“Wiral EF} -
h e Toxin spreads C}D
@_" () oo, Soleit O
B o oxs
_ ' e
encading gene — &5 ¢ - i 2‘&',@'.9 O_

Mature Reviews | Cancer



principy genové terapie nadoru

MAl-guided stereotactic
o implantstion of vector
1 producer cells (VPC) into
. . I CNS tumors in gifu

the tumaor

Gancyclovir kills the Infected cells

but not narmal calls

Fijpera 21-12  Hurman Molecelsr Garabca. 3. B8 Garland Scance 2004

transdukce virovym vektorem obsahujicim gen pro thymidinkinazu viru herpes simplex lze
dosahnout zvyseni senzitivity ndadorovych bunék napf. ke gancykloviru)



principy genové terapie nadoru

a Momrmal cell:
abortive replication

@ ONKOLYTICKE VIRY
- - {s GI °

W :l 'u’mslqusl-_nmr “r‘w‘: O o =5

10 ne-ghbcu-'s
B —
o

o
Oncolytic

VIS

Tumour oell

Nature Reviews | Cancer

e nadorové bunky jsou cilené niceny lytickymi viry

e 1956 bylo pozorovano ze nador ustupuje po virové infekci

e prvni klinicky testovany virus byl defektni herpesvirus G207, ktery meél defektni vlastni
ribonukleotid reduktazu a mohl se tudiz replikovat pouze v délicich se bunkach, mél
deleci vgenu zpUsobuijici virulenci ICP35.4 a tim byl oslaben a proto bezpecny

e probéhla | a Il faze klinického testovani



Preimplantacni geneticka diagnostika

Pri riziku genetické vady je mozno se pokusit o zjiSténi, zda zarodek

vznikly technikou asistované reprodukce (ART ma Zadouci — nerizikovou- kombinaci gent
jeste pred prenosem do délohy.

| kdyZz PGD nemzZe zcela nahradit genetické vysSetreni plodu v pozdéjsich stadiich téhotenstvi,
vyznamne snizi riziko genetického postizeni plodu.

UmozZnuje genetickym vySetfenim 1 - 2 bunék (blastomer) odebranych z
vyvijejiciho se embrya odhalit specifické genetické abnormality budouciho
plodu.

The Microsort® Cender-Selection Program at GIVF

Do You Want To
Choose the Gender
Of Your Next Bahy?
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Take home Napln pfristi prednasky
VANOCE!!!!!!!
Féze klinického hodnocenti é&iv HEZKE SVATKY!!

Randomizace, zaslepeni, interim analyza, metanalyzy
Monoklonalni protilatky - typy

Pfiprava monoklonalnich protilatek

Biologické ucinky monoklonalnich protilatek

Cilena |écba protinadorovych onemocnéni: obecna strategie

Cilena |écba protinadorovych onemocnéni: inhibice RTK

Cilena |écba protinadorovych onemocnéni: inhibice angiogenze
Cilena |écba protinadorovych onemocnéni: lécba kostnich metastaz
Individualizace lécby: priklad anti-EGFR terapie

Moderni transportni systémy

Moderni transportni systémy-lipozomy

Moderni transportni systémy-nanocastice

Genova terapie — definice, obecné strategie

Ex vivo a in vivo genova terapie

Metody doruceni genu do tka né

Priklady genova terapie u monogennich dédi¢nych chorod ADA, X-SCID
Principy genové terapie nadorovych onemocnéni

Preimplantacni geneticka diagnostika
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