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Cilené a biologicke terapie
Klasicka cytostatika — nizka ucinnost a negativni vedlejsi efekty, riziko sekundarnich malignit

Specificnost
Cilenost ? Na rychle proliferujici (nddorovou) bunku?
Na konkrétni molekulu?
Na konkrétni molekulu kvalitativné nebo kvantitativné zménénou?

Interkalujici

latky Antimitotika tamoxifen Protilatky

Alkylanty a Pt antimetabolity bortezomib ATRA  TKis....




Cilené (vice Ci méné) terapie

Latky zasahuji do epigenetické informace
Latky ovliviujici syntézu a degradaci bilkovin
Diferenciacni terapie

Fotodynamicka terapie

Inhibitory tyrozinkinaz

Inhibitory Ser/Thr kinaz a dalSich proteint
Terapeutické protilatky

CAR-T bunky



Cilené a biologicke terapie

Je snazsi néco rozbit, nez opravit

Terapeutické cile nadorovych bunék — (nejen) anti-onkogeny nebo onkogeny.

Gatekeepers and caretakers? (anti-onkogeny jako p53, DNA repair...)
Zpravidla utlumeny nebo inaktivovany/mutovany v nadorovych burikach
X je komplikované obnovit jejich aktivitu

Inaktivace pro-prolifera¢nich protein( over-exprimovanych, mutovanych
nebo jinak aktivovanych



Cilené a biologicke terapie

Je snazsi néco rozbit, nez opravit

Inaktivace pro-proliferacnich protein( (onkogen() over-exprimovanych,
mutovanych nebo jinak aktivovanych

Druggable targets

Inaktivovat |ze proteiny s definovanou (enzymatickou) funkci, které maji jasné
strukturovany povrch, vhodnym cilem je napt. , kapsa“ pro vazbu substratu
nebo misto interakce s jinym proteinem nebo molekulou.

(strukturni pozadavek neplati pro terapeutické protilatky)

? Prispiva protein svou (nadmérnou/zménéenou) funkci k onemocnéni?
? Je tento protein druggable?

? Znamé detailné jeho molekularni strukturu?

? Kde vsude je exprimovan? Jaka je jeho role v ostatnich tkanich?



Cilena terapie - malé molekuly

Jasna aktivita a struktura, snazsi je inhibovat, nez zvySovat aktivitu

Inhibice enzymatické aktivity

Pres 500 kinaz, cca 90 tyrozinkinaz. Vysoka homologie

ATP-vazebné misto (dutina, zafez) receptorovych i nereceptorovych kinaz
Moznost zasahu na vice stupnich (downstream signalizace)

P-P interakce
(snaha o interferenci s komplexy p53/Mdm2 a Bcl2/BH3 only proapoptotickymi proteiny
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Cilené a biologicke terapie

 Inhibitory tyrozinkinaz

* Inhibitory ser/thr kinaz

* Inhibitory dalsich bilkovin

» Terapeuticke protilatky

* Imunoterapie a CAR-T bunky



Inhibitory kinaz a dalSich bilkovin
Inhibitory tyrozinkinaz

BCR-ABL
HER1, HER2
BTK

PI3K 0, a
BRAF

Inhibitory mTOR (Ser/Thr kinaza)
mMTOR
CDK4/6

Inhibitory dalSich proteinl
PARP

BCL2

EZH2

Exportin






Vysoka strukturni podobnost Ser/Thr kinaz a tyrozinkinaz
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Figure 16.12 The Biology of Cancer {© Garland Science 2014)

Minimalni rozdily ve strukture IRK a IGF-1R



Gleevec (imatinib mesylate)



Chronicka myeloidni leukémie (CML)

95% pacientd s CML ma translokaci t(9;22)

Vznika tak filadelfsky (Ph) chromozém "

Vznika néktera z variant fuzniho
proteinu BCR-ABL
(konstitutivné aktivni
cytoslicka tyrozinkinaza)

Aktivace
Ras, PI3K-Akt/PKB, JAK-STAT,
Aktivace TF: Myc, Jun, NFkB

Vyskyt rliznych variant
i v jinych typech leukemie (ALL, AML)

Philadelphia (Ph)
chromosome

reciprocal
translocation
—_—
1 qu

22
9
gqﬁ
BCR-ZZ\H ABL-9q34
ig/
(8) 8CR
-_— -
' ; : PXXP
e : N’ _ C'
pies [l 0l ﬁﬁ}]:]l:- ALL
- p2oll [ L
4 SH3SH2 SH1 NES
p230 [l i ] | WICIT T 0T 0 BT
DD P-SIT Dbi-like PH CalB Gapg,. ! T < NLS NLS NLS DNA actin

(SH2-binding) TK domain binding binding

Figure 16.22 The Biology of Cancer |© Garland Science 2014)



Gleevec (imatinib mesylate)

Testy v 1996-2000

Schvalen 2001 pro terapii CML

Vysoce specificky pro

ATP—vazebny zarez BCR-ABL
(Jen 4 TK jsou inaktivovany)

Nebrani vazbé ATP, ale stabilizuje
BCR-ABL v inaktivni podobé.

Navozuje dlouhodobou

remisi u vétsiny pacientl s CML.

(A) CH,

Gleevec®

(g

Figure 16,10 The Biology of Cancer (© Garland Sclence 2014)

(8)

N-terminal
lobe

catalytic
cleft

Gleevec

activation
loop

C-terminal
lobe

'b
Iie360



Gleevec (imatinib mesylate)

Gleevec

e —_— s O

ﬂ Thr31s K lle315 {
wild-type T315I mutant (modeled)

Figure 16.24b The Biology of Cancer {© Garfand Science 2014)

Cast pacientl s CML ziska rezistenci na imatinib, ¢asto mutaci vazebného mista
- Vyvinuta fada inhibitord novych — nilotinib, dasatinib, ponatinib



Off-target aktivita imatinibu

Gleevec (imatinib mesylate)
Jen 4 z 90 TK jsou inaktivovany (BCR-ABL, v-ABL, PDGFR, Kit)
Jednou z nich Kit receptor aktivovany/mutovany u vzacnych a tézko lécitelnych gastro-

intestinalnich stromalnich tumort (GIST)

before Gleevec 1 month later

normal

massive
bladder

pelvic
GIST

Figure 16,272 The Bivdoqy of Gancer | © Garland Science 2014)



Inhibitory receptorové tyrozinkinazy EGFR-1/HER1
(epidermal growth factor recepor 1)
EGFR je aktivovan/overexprimovan u 1/3 karcinomu
Muaze vytvaret heterodimery s HER2
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Figuare 16.30b The Biodogy of Cancer (© Garland Science 2014)



Tarceva (erlotinib) a Iressa (gefitinb)

Blokace ATP vazebného mista, terapie ca. plic

(erlotinib)Tar(eva L |

anilinoquinazoline
skeleton

Figure 16.29 The Biology of Cancer (© Garland Scence 2014)



Tarceva (erlotinib)
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Figure 16,13 The Biokogy of Cancer {© Garland Science 2014)



Tarceva (erlotinib) a Iressa (gefitinb)

2004-2005 Schvaleny pro terapii nemalobunécného karcinomu plic

Figure 16.30a The Biology of Cancer (© Garland Science 2014)

Ustup nemalobunééného karcinomu plic po 6 tydnech terapie gefitinibem (Irresa)



Inhibitory HER2 (EGFR2) (efekt rovnéz na HER1/HER2 a dalSi dimery)
Lapatinib a dalsSi — terapie HER2+ metastatické ca prsu (2007)
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Inhibitory BTK (Bruton’s tyrosine kinase)

BTK se podili na B-bunécéné signalizaci (maturace a proliferace B-bunék)

Schvalen 2013 k terapii nékterych B-bunécnych lymfomu a CLL

B-Cell Receptor\ ,

cell membrang

be

Bruton's ibrutinib
tyrosine -

kinase (Btk) acalabrutinib

zanubrutinib



B-bunécna signalizace

FOS B cell development
and function



Inhibitory fosfoinositid 3-kinazy delta (PI3K ) — idelalisib, copanlisib

P13K je hetrodimer, katalyticka varianta delta se podili na B-bunécéné signalizaci

(preziti, maturace aproliferace B-bunék)
~n leukémie a lymfomy
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Inhibitor mutované BRAF kinazy — vemurafenib, dabrafenib

Vemurafenib (2011) schvalen pro 1é¢bu metastazujiciho melanomu s V60OE mutaci BRAF

Growth Melanocytes Melanoma cancer cells

.,,\

Vemurafenib
Dabrafenib

S H
""""""" Gene transcription
Cell survival Cell survival

Cell proliferation Cell proliferation



Multikinazové inhibitory

Sunitinib (EGFRA, EGFRB, KIT, RET, FLT3, VEGFR1-3...)
Ponitinib (BCR-ABL, SRC, VEGFR1-3...)
Sorafenib (PDGFRB, VEGFR, KIT, FLT...)

JiZz vice nez 60 schvalenych TKI!



Cilené a biologicke terapie

* Inhibitory tyrozinkinaz
 Inhibitory ser/thr kinaz

* Inhibitory dalsich bilkovin

» Terapeuticke protilatky

* Imunoterapie a CAR-T bunky



Inhibitory mTOR

MTOR — (mammalian) mechanistic target of rapamycin

Ser/Thr kinaza
Bunécny rust, proliferace, maotilita, proteosyntéza, angiogeneze
Integruje signaly z mnoha drah —
tlak kysliku, dostupnost nutrientt, hladiny ATP, mitogenni signaly...

Rapamycin — antibiotikum ze Streptomycety z velikono¢nich ostrovu (1960s)
Pozdéji demonstrovany imunosupresivni ucinky a identifikovan cilovy protein

MTOR (mammalian (mechanistici) target of rapamycin)
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deep burial of rapamycin
methyl group in mTOR

FRB domain
of mTOR

deep burial of rapamycin
pipecolinyl group in FKBP12

Temsirolimus, Everolimus
« vaze se na FKBP12 a tento komplex inhibituje mTOR



MTOR funguje ve dvou komplexech MTORC1 a MTORC2
(s proteiny Raptor a Rictor) s odliSnou funkci

Temsirolimus, Everolimus

Inhibice MTORC1

deep burial of rapamycin
methyl group in mTOR

FRB domain
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deep burial of rapamycin
pipecolinyl group in FKBP12
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Inhibitory CDK4/6 (ser/thr kinazy,komplex s cyklinem D)

Palbociclib (2017)
Ribociclib (2017) O

v kombinaci s anti-estrogenovou terapii schvaleny pro terpaii o Sj
Bréskgirych pokrocilych nebo metastazujicich karcinomu F“ﬂ"JL; T I

(efekt: inhibice G1-S prechodu, G1 arrest)

Endocrine therapy
1

E strogen
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Cilené a biologicke terapie

* Inhibitory tyrozinkinaz

* Inhibitory ser/thr kinaz
 Inhibitory dalsich bilkovin

» Terapeuticke protilatky

* Imunoterapie a CAR-T bunky



Inhibitory poly [ADP-ribézo] polymerazy 1 (PARP)
(enzym kliCovy pro base-excision repair)
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Inhibitor anti-apoptotického proteinu Bcl-2

Abt199/VENETOCLAX
(schvalen 2016 pro nékteré typy leukemii)

Blokuje efekt anti-apoptického proteinu Bcl-2.
Inhibovany Bcl-2 nem(iZe vazat pro-apoptotické Bim a Bax )
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Schvaleno 2020-2021

Inhibitor exportinu 1

Selinexor (XPOVIO) je inhibitor nuklearniho exportu
(mnohocCetny myelom)
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Inhibitor telomerazy Imetelstat (Rytelo) (2024)

kompetitivni inhibitor telomerazy, vaze se na jeji RNA templatovou slozku

imetelstat * Proprietary: 13-mer thio-phosphoramidate (NPS)
oligonucleotide complementary to hTR, with

\/\__ NPS oligonucieotide covalently-bound lipid tail to increase cell
permeability/tissue distribution
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Increased telomerase
activity in MDS and
Imetelstat inhibits
telomerase

malignant stem
and progenitor cells Human

Oligonucleotide
human telomerase inhibitor

TAGGGTTAGACAA

LIPID

EXTENSION
%, IMETELSTAT
Nonclinical studies N
showed imetelstat’ :
treatment &
led to: 3
2 ‘!" Reduction of
L & telomere length
it
Kl
& 7
i
- . Induction
{ . of apoptotic
cell death
-

hn& — R | g SOSSS



(0]
NH
0,0 ﬂ
OH ~ O o N~ 0
© NH;
Na® N S
HN._ O v N
PZ J
a'.;’ O O N N
- 0
Na
Q’ \O N N/
3 0
Na® N
2 S
Na®
HN. 20
:_jl O
K:]
Na®

Thiofoforamidatovy oligonukleotid

NH.
N XN
¢ )
o NN
O
N
HN. O % NH
o N~ “NH,
2 © NH
O Na® N \
N
HN._-O 4
| /)N\H <o N IN/) NH;
N"SNH, o 0 2
Na0 S
</N | NH HN. -0 lN o
N N)\NHW “e 0 o} NH
NH HN. 20 (’N B
~pZ
FN<p20 | A ) N /)
< 0 N” 0 >
B o) 0 Na®
Na® NH /,O «f\
FN~pz0 LK P /
< 0 o N0
;9 K j Nae
Na NH,
HN_ O
P/
< o



Cilené a biologicke terapie

Inhibitory tyrozinkinaz

Inhibitory ser/thr kinaz

Inhibitory dalsich bilkovin

Terapeutickeé protilatky a jejich konjugaty

Imunoterapie a CAR-T bunky



Terapeuticke protilatky a protilatkové konjugaty

antigen-binding domains

2y .

variable (V)

Fab fragment

domains light V. light
(L) chain (L) chain
hinge : y
constant d:)rgain G2 disulfide

bonds

(C) domains

Cy3

Fc fragment

heavy (H) chains

Figare 15.1b The Biology of Cancer (© Garland Science 2014)



Monoklonalni protilatky a hybridomy

Mouse challenged with antigen

Spleen Cells Myeloma Cells
29002000000

{/% Fusion -& __\

06060606CREERE v

Hybridomas:) _,Y )\

zVIy(IeIomﬁm chyk))i HGPRT Culture in HAT Medium Harvest monoclonal
salvage purinu) a pokud " ; i
aminoptedn Select for positive cells antibodies

v HAT médiu narusi i de novo
syntézu - preziji jen filzované
lymfocyty s myelomy.
Samotné lymfocyty maji
omezenou zivotnost.

Vyredéni a selekce kloni



Jak se ale vyhnout lidské imunitni odpovédi na mysi
protilatky pri dlouhodobém/opakovaném podani ?

Monoklonalni protilatky - nomenklatura

Chiméricka protilatka

-omab -Ximab (napf.rituximab)

zumab (napf.trastuzumab) -umab (napr.ofatumumab)

Humanizovana protilatka Lidska protilatka



Terapeuticke protilatky — mechanismus ucinku

Fab fragmenty — vazou se na nadorovy antigen (nejCastéji
povrchovy receptor nebo jeho solubilni ligand)

Fc fragmenty - pfitahuji imunitni bunky a aktivuji komplement

* Protilatky narusuji signalizaci od receptoru dovnitr bunky (prima toxicita)

« Fc fragmenty aktivuji komplement — lyza bunék a atrakce imunitnich
bunék (complement dependent cytotoxicity)

* Fc fragmenty pritahuji imunitni buniky, hlavné cytotoxické T-lymfocyty, NK
bunky a makrofagy — indukce fagocytézy nebo apoptézy cytotox. latkami
(antibody dependent cell-mediated cytotoxicity)



anti CD20
(Rituximab)
lymfomy a nékteré leukemie (1998)

anti EGFR-1/ HER1 - epidermal growth factor receptor
(Cetuximab, necitumumab, panitumumab)
kolorektalni karcinom (2004), nékteré karcinomy plic

anti EGFR-2/HER2
(Herceptin alias trastuzumab, pertuzumab)
karcinom prsu (2000)

Anti PDGFR (platelet-derived growth factor receptor)
(Olaratumab, sarkomy (2016)

anti VEGF (ligand receptoru VEGFR, vascular endothelial growth factor)
(Bevacizumab )

Inhibitor angiogeneze, Siréi spektrum solidnich nadord (2005)



anti CD20
(Rituximab)
lymfomy a nékteré leukemie (1998)

CD 20
exprimovan na povrchu B-lymfocyt( dalezity pro
jejich maturaci a proliferaci

Kaskada: A
MAPK %b Lipid rafts
NFkB \
PI3K/Akt [
P38 MAPK e ' '
s FoxB AP-1
\/\ & ) Bad }” Bal,,
. _/\ (/"\
'! Bcl,, Bel,, Mal-1 l

» Chemosensitization




A Rituximab
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Membrane attack

complex
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anti HER1/EGFR-1/ERBB o °©

(Cetuximab, necitumumab, panitumumab) o

L]
]
kolorektalni karcinom a nadory hlavy a krku o EGF, F-alpoha, etc
-

O
EGFR-1/ HER1/

(human epidermal growth factor receptor 1)
mutace a overexprese u rtiznych nadort

4
phosphorylation

7 4‘@5’
Kaskada:
RAS
STAT
PI3K/Akt




Anti HER2 (Herceptin alias trastuzumab, pertuzumab)
(2000 schvalen pro terapii HER+ karcinomu prsu)

HER2/EGFR2/neu
Receptorova tyrozinkinaza

(human epidermal growth factor receptor 2)

Kaskada:
PI3K/Akt
RAS
PKC

Amplifikovan nebo overexprimovan
u 15-30 procent nadroli prsu

Her2/Erb-B2
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Anti PDGFR (platelet-derived growth factor receptor)
(Olaratumab, sarkomy (2016)

Olaratumab-Mechanism of Action

Olaratumab s <

Cell Membrane

PDGFR alpha




anti VEGF-A (Avastin alias Bevacizumab )
Schvalen jako inhibitor angiogeneze
SirSi spektrum solidnich nadort

VEGEF-A (vascular endothelial growth factor)

je ligand receptoru VEGFR-1 a VEGFR-2

SIGNALIZACE ZODPOVEDNA ZA ANGIOGENEZI
(migrace endotelovych bunék, jejich déleni, aktivita MMP)

) Bevacizumab

O VEGF-A

Blood VEGFR-1 VEGFR-2

I | B b D

HEW;JN&W}UIW EPPRRERYERY WWWWW
cell

Downstream pathways

4" » 4 TSeay
Proliferation Survival  Vasodiation Migration



Schvaleno 2020-2021

Danyelza (Naxitamab)
monoklonalni protilatka proti glykolipidu GD2 na povrchu bunék
nékterych neuroblastomu

GD2 — na povrchu nadort neuroektodermalnich bunék




Terapeuticke protilatky — mechanismus ucinku

Fab fragmenty — vazou se na nadorovy antigen (nejCastéji
povrchovy receptor nebo jeho solubilni ligand)

Fc fragmenty - pfitahuji imunitni bunky a aktivuji komplement

» Protilatky narusuji signalizaci od receptoru dovnitr buriky (pfima toxicita)

« Fc fragmenty aktivuji komplement — lyza bunék a atrakce imunitnich bunék
(complement dependent cytotoxicity)

« Fc fragmenty pritahuji imunitni buriky, hlavne cytotoxické T-lymfocyty, NK
bunky a makrofagy — indukce fagocytézy nebo apoptdzy cytotox. latkami
(antibody dependent cell-mediated cytotoxicity)

Konjugované protilatky mohou nést k burice nebo do ni cytotoxicke latky-
Cytostatika nebo radiokativni zariCe



Konjugovanée terapeuticke protilatky

» s cytostatikem

* s radioaktivnim izotopem



Konjugovanée protilatky s cytostatikem

Anti HER2 (trastuzumab)+inhibitor polymerace MT(maytansin)

F)Kadcyla

* ¥ trastuzumab emtansine

Pouziti:

Karcinomy prsu

HER2+

adenokarcinom

zaludku a jicnu © 2011 American Association for Cancer Research
CCR Focus




Konjugované protilatky s cytostatikem

. . . Antibod
Brentuximab vedotin (Adcetris) e anttod brentoximab,
specific for CD30'
Anti CD30 protilatka konjugovana s
. . e 2 op s Cytotoxic agent
m0n0m9thylaurl$tatmem (lnh'b'tor The synthetic microtubule-disrupting
agent, monomethyl auristatin E (MMAE],
pOIymerace MT) that induces target cell death’

Pro terapii nékterych lymfom

A synthetic protease-cleavable linker
that covalently attaches MMAE to the
CD30-directed antibody and releases
the agent within the target cell'

Internalizace a uvolnéni cytostatika katepsinem/ny

cathepsin-cleavable

attachment group linker spacer MMAE
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cathepsin-cleavable
attachment group linker spacer

val cit
MAB —s o ,
N\/\/\)LN N\)j\kN o A oo

Diffusible MMAE responsible
for bystander cell killing

Cytoplasmic membrane

.....

-
-
-4

MMAE is cleaved
from SGN35

MMAE potently disrupts
microtubule polymerization
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Konjugované protilatky s cytostatikem

Mylotarg (anti CD33 + bakterialni antibiotikum kalicheamycin)
Besponsa (anti CD22 + bakterialni antibiotikum kalicheamycin

Leukemie a lymfomy
Po internalizaci a okyseleni dojde k uvolnéni kalicheamycinu. Vazba na DNA a
vytvaren ds zlomu.




Konjugované protilatky s radioaktivnim zariCem

Bexxar (anti CD20 + i6d 131)
Zevalin (anti CD20 + indium 120 nebo yttrium 90)

Chelator
(tiuxetan)

Par

Y-90

radioisotope/ \

Anti-CD20 mAb
., (ibritumomab)
Pouziti:
Néktere lymfomy a
CLL




Jiné biomolekuly s konjugovanym radioaktivnim zaricem



lobenguane — analog noradrenalinu rozeznavany receptorem jako noradrenalin
konjugovany s 13|
(neuroendokrinni nadory nadledvin)
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X
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Lutathera — peptid s konjugovanym izotopem 77 Lu,
rozeznavan somatostatinovym receptorem 2 (neuroendokrinni nadory)
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Terapie i diagnostika v jednom — ,theranostics”

Diagnostic phase Therapeutic phase Follow-up

773 .
vou S A, I ouoﬁgﬁ I NCH
T Y/HEJ\(/V OCTREOTIDE peptid s konjugovanym izotopem 77 Lu
OCTREOTIDE peptid s konjugovanym izotopem 9 Ga



PSMA — prostate specific membrane antigen na povrchu CA prostaty

COOH
@ Radioactive Isotopwio3
ligand rozeznavajici PSMA pSMA i = o
transmembrane ligands =% a.
glycoprotein (%O: —~ C@O
» 18F nebo %8Ga pro imaging T ey
+ B- emitters
g 177Lu .
o 177 i (D o
Lu pro terap" 000000000000004 00000000000000000 “.OQ ) \’ \ (% .
? /’ ..............‘ 0000000000000006000
(iauu NH;
G PSMA PET/CT -
2 imaging -
M) , B+ emitters . K
! } \ @ ('°F, ©*Ga) - /,7:,17}4

\ Internalization
PSMA
¥ radioligand
M]N Y Wq therapy

DNA break /
premiters  SONOTONR P
(1 77Lu)

.



Cilené a biologicke terapie

* Inhibitory tyrozinkinaz

* Inhibitory ser/thr kinaz

* Inhibitory dalsich bilkovin

» Terapeutickeé protilatky a jejich konjugaty

* Imunoterapie a CAR-T bunky



Inhibice imunitniho checkpointu (immune checkpoint inhibitors)

cil: odstranéna suprese cytotoxické odpovedi T-bunék

Nadory a APC exprimuji na povrchu bunék
PD-L1 (programmed cell death 1 ligand 1).
APC exprimuji CD80/CD86/B7

PD-L1 a B7 interaguji se svymi protéjsky: PDA
PD1 receptorem a

CTLA-4 na povrchu T-bunék. \ I
Tyto interakce oslabuji imunitni dopovéd, =

predstavuji ,BRZDU“ (brani aktivaci a 7
proliferaci T- bunék) POL1 g

Uvolnéni ,brzdy® kompetici s protilatkou
proti PD1 nebo PD-L1 nebo CTLA-4 vede
ke spusténi imunitni odpovédi pres CTL.

57/CD80/CD86



Ipilimumab, tremelimumab - anti-CTLA-4 (2011)
Pembrolizumab - anti-PD-1 (2014)

Atezolizumab - anti-PD-L1 (2016)

PD-1 inhibitors
-Nivolumab
-Pembrolizumab

CTLA-4 inhibitors
-Ipilimumab
-Tremelimumab

PD-L1 inhibitors
-Atezolizumab
-Durvalumab

Cil: aktivace CTL naruSenim negativni signalizace mezi nadorem a T-buiikami a
dendritickymi bunkami a T-bunkami



BiTEs (bispecific T-cell Engagers)

Blinatumomab (BLINCYTOQO)

— chiméra s dvéma vazebnymi misty: anti CD19 (na malignich a normalnich B-
bunkach) a anti CD3 (na T-bunkach, ¢ast TCR)

Cil: ,Spoj nador s T-bunkami a aktivuj je*

Schvaleno pro nékteré B-bunécné leukemie

m) prolifearace
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CAR-T bunky

T-lymfocyty exprimujici Chimericky transgenni Antigenni Receptor



Uprava T-bunék tak, aby rozeznavaly konkrétni povrchovy marker nadorovych bunék

CAR T-cell Therapy

Remove blood from | "":":,' ,T et Make CAR T cells in the lab

patienttogetTcells| - = =
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Kymriah (anti CD19 CAR)
Yescarta (anti CD19 CAR)

Izolace a modifikace T-bunék
pacienta tak aby rozeznavaly
protein over-exprimovany na
povrchu nadorové burky a
spustily cytotoxickou odpoved

CHIMERIC ANTIGEN RECEPTOR (CAR)

Cancer cell

Target
antigen

Target-binding
domain

Costimulatory =~ "~ ™\ Cytolytic activity

domain Cytokine release
\ Proliferation
Essential
activation | | '
\ )
\

domain/ =

!
|

|
CAR-engineered |
T cell /




Extracellular

scFv

Anti-CD19

Transmembrane domain

recognition
domains
A fragment which recognizes
CD19 is fused to intracellular
signaling domains critical for
initiating T-cell activation
and anti-tumor activity and Intracellular
. signaling
expansion omnires

Co-stimulation
signaling
domain:

from CD 137 (kymriah) or CD28 (Yescarta)

CD3Tsignaling
domain



Kymriah and Yescarta
(anti CD19 CAR)

Viral transduction (lentivirus,
retrovirus) with a transgene encoding
a chimeric antigen receptor (CAR) to
identify and eliminate CD19-
expressing malignant (and non-
malignant cells.
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Upon binding to CD19-expressing cells, the CAR transmits a signal to promote T-cell
expansion, activation, target cell elimination, and persistence of Kymriah. The
transduced T cells expand in vivo to engage and eliminate CD19-expressing cells.



Terapeutické a preventivni vakciny



Terapeuticka vakcina

Sipuleucel T (2010, k terapii karcinomu prostaty)
,2wakcina“ musi byt vyrobena pacientovi na miru jedna se o jeho vlastni stimulované
APC

 pacientovi se odeberou leukocyty (predevsim APC/dendritické buriky)

* inkubuji se s fuznim proteinem PAP-GMCSF
(prostatic acid phosphatase (antigen ca prostaty) a rustovy faktor
granulocyte-macrophage stimulating factor stimuluje APC k maturaci)

* takto aktivované se vrati pacientovi a aktivuji imunitni odpoved’ proti PAP na

nadoru.

Terapiie se zpravidla 3x opakuje (100000 USD), schvalen 2010



Preventivni protinadorové vakciny

(HPVs) Human papilloma virus - 150 pfibuznych virt
HPV 6, 11, 16,18 — vysoce rizikové - délozniho ¢€ipku, pochvy, delohy,
penisu, rekta, ust a hrtanu...

Cervarix — HPV 16, HPV 18
Gardasil - HPV 6, HPV 11, HPV 16, HPV 18

Gardasil 9 - HPV 6, 11, 16, 18, 31, 33, 45, 52, 58
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