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Kazdy den vytvorime 10,000,000,000

novych bilych krvinek

Parametr
Cervené krvinky (Ery)

Hodnota — dospéli lidé
3.8-5.8 x 10" na litr

Bilé krvinky (Leukocyty)

4-10 x 10° na litr

- _neutrofilni granulocyty 2-7 x 10° na litr (40-75%)

- _bazofilni granulocyty 0-0.2 x 10° na litr (0-1%)

- _eozinofilni granulocyvty 0-0.5 x 10° na litr (0-3%)

- lvmfocyty 0.8-4 x 10° na litr (20-45%)

- _monocyty 0,08-1,2 x 10° na litr (2-12%)
Krevni desticky (Trombocyty) 150-400 x 10° na litr
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Leukocyty v akci




Hematopoeticky systém

multipotentni hematopoetickd kmenova buika (hemocyltobiast)

myeloidni linie ’ lymfoidni linie
myeloidni kmenova buika tymioidni km'onova burika
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Incidence nadort v CR (roéné)

Podet nové diagnostikovanych novotvar( roéné
0 5000 10000 15000 20000 25000

f 21512

jiny kozni nador (C44)
tlusté strevo a koneénik (C18-C21) [ 18195
predstojna zlaza - prostata (C61) 6812
prs - Zeny (C50) [ 6704
prudusnice, prudusky a plice (C33,C34) I 6 527 B muzi
ledvina (C64) [ 2 999 seny
mocovy méchyr (C67) | 2 198
melanom kuize (C43) I 2 151
slinivka brisni (C25) ] 2081
déloha (C54,C55) | ]1943
Zaludek (C16) ] 1 580
dutina ustni a hitan (C00-C14) ] 1476
non-Hodgkinlv lymfom (C82-C85,C96) I 1 439
leukémie (C91-C95) Il | 1314
vajecnik (C56) | ] 1084
stitna zlaza (C73) ] 1023

hrdlo délozni - cervicis uteri (C53) [ 974 Nédory krvetvorby:
jatra a intrahepatalni zlucové cesty (C22) Jll] s9s C elk em a Si 1 50 Yo VéeCh

Zluénik a zlucové cesty (C23,C24) 7] 893
mozek a micha (C70-C72) | 85 nadort dospélych
jicen (C15) [ 609
hrtan (C32) [l 536
mnohocetny myelom (C90) [] 527 -
varle (C62) ] 473
pojivové a mekké tkané (C47,C49) | 301
Hodgkinv lymfom (C81) [l2c0 <

ostatni zhoubné nadory |3 066
nadory in situ (D00-D09) [ 6 306
novotvary nezhoubné a neznamého chovani (D10- [ 2 201

D36, D37-D48)
Source: National Cancer Registry, UZIS CR
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1000 pripadu leukémie ve FN Brno

29% CLL

12% CML
ALL 11%

44% AML

HLAVNI typy:

CML, chronicka myeloidni leukémie
AML, akutni myeloidni leukémie

ALL, akutni lymphoblasticka leukémie
CLL, chronicka lymfaticka leukémie

Racil et al, Am J Hematol, 2011



4 nejcastejsi leukemie

muitipotentni hematopoetickad kmenova buika (

AML  myeloidni linie ’ lymfoldnr linie ALL
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Leukémie dle veku

Narozeni az 14 let
40-60 let
Nad 60 let

kaema
acute

ALL
AML ci CML
CLL

Akutni leukémie .....>20 % blastu




o Acute Leukemias - 2 V Chronic Leukemias
| (immature cells) s 1 ‘
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CML



Druha svetova valka prinesla i prvni
chemoterapil

Q Yperit (nitrogen mustard) pouzit
jako bojovy plyn v 1. valce

Q Pri nehodé v Bari béhem 2. valky si
vSimli Iékari vlivu na hematopoézu

d Goodman and Gilman proved|i
testovani u lymfomua (1943)

 V roce 1947-50 demonstroval Dr.
Dameshek a Albert Ucinnost u
Hodgkinova lymfomu




1973: objev translokace

Rowley JD: Anew consistent chromosomal
abnormality in chronic myelogenous leukémie identified
by quinacrine fluorescence and Giemsa staining.
Nature, 1973

Marmal Translocation
chromosame 9 19;22)

MNarrmal Philadelphia
chromosome 22 chromosome

Popis translokace mezi 9 i l:f
(BCR)

a 22 chromozomem

“og34.1
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PRVNI MALA MOLEKULA V ONKOLOGII A ZCELA SPECIFICKA LECBA (od R. 2001)
PLNA KONTROLA CHOROBY

~ Tyrosine

Phosphate . 1
Tyrosine

Chronic myelogenou
A leukemia



Struktura a vznik rezistence

Number of mutations reported
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Hehlmann, 2016



AML

Ruzna porucha maturace myeloidnich bunék
Obrovska geneticka ruznost...komplikuje cilenou lIé¢bu

Snaha o prognostickou stratifikaci

Atlas of Hematological Cytology. Masaryk University, Faculty of Medicine / University Hospital Bmo. Available from: http://www.leukemia-cell.org/atlas




AML je velmi heterogenni ve srovnani s CML

O ELN favorable risk ] ELN intermediate-Il risk [ ELN risk not available
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AML je vetsinou velmi agresivni ve srovnani s CML

A4 V7

Proporce prezivajicich
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Papaemmanuil E et al. N Engl J Med 2016



Klonalni hematopoéza jako dusledek ,starnuti“ imunitniho
systemu
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Transplantace kostni drene jako lecCba

Pocet transplantaci

60 4
Neuspéechy
adke pomérné dlouho
40 +
30 4
20 + 1
10 4
o Bl L
19571958 1960 1962 1964 1966 1968 1972

rok

1975-77 konecné
uspésné
transplantace

Dr. D. Thomas
definoval zaklady
uspésné
transplantace

Nyni cca 60tis rocné



4 nejcastejsi leukemie

muitipotentni hematopoetickad kmenova buika (

AML  myeloidni linie ’ lymfoldnr linie ALL
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CLL

- Mnoho pacientu nepotrebuje |éCbu, pomérné Casto
nahodny nalez; jini maji velmi agresivni chorobu

- Velice zvlastni zavislost na normalnich imunitnich
bunkach a mikroprostredi

- Stale nelécitelné (kromé transplantace)

~ g ‘

Lymfatické uzliny

P
§ - -
ot o

— -

CLL proliferace

BcL2




2/ BCR aktivace

- - V 4 - V 4 - V 4 - V 4
Antigen-indukovany signal Tonicky signal
(B)
M-CLL U-CLL
High affinity and specificty Low affinity and specificty
p-(1,6)glucan Myosin
Rheumatoid factors ¥ vimentin
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pAKT

Burger a Chiorazzi, 2013



Existuje pre-klinické stadium: MBL - monoklonalni B lymfocyt6za
B lymfo < 5x109/L,
+ 5% populace nad 40-50 let

Stimulace antigenem??

Antigen-experienced MBL M-CLL
memory B cells

L o o A
o

Zisk Dalsi mutace a

T cell

‘ : mutaci epigenetické zmeny
Hafk Germinal center B cells [ e o
B cell mikroprostredi

Predispozice k
expanzi B
lymfocytli??

Gaidano et al, 2012



Podobneé jako u CML je CLL nyni Iépe kontrolovatelna
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Hledani gend regulujicich migraci/tonickou aktivaci
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GAB1 reguluje tonickou AKT aktivitu

MEC1
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Seda et al, Blood, in press



Implikace pro pouziti BCR inhibitort a vznik rezistence




Ibrutinib vede k rozsahlym zménam exprese gent

P=0.032
RNA o Q)@Lf’ n=11 P=0.037
exprese ¥ o & & 'P=0.031
- P & L F s o .
S, PRE IBRUTINIB POST IBRUTINIB tGAB1 I._.- pre——— -I C>) ° o
SO — c ~
— 1S O} [ p— %
= GAB1 pAKT == - o =
= TAKT T . - — o .
> 2
-85 - - — = S,
= - — = i/
B-actin e s _— 0 8 LLERS
Y c Q & \{(0
(€] - -
) p —
& ibrutinib
(~ 1 mésic)

e fELEEELEEL T E

\_ a preziti /
h ‘\/

Seda et al, Blood, in press



GAB1 inhibitor blokuje migraci a tonickou AKT aktivitu

Tonicka AKT aktivace

pGAB 1 ve27
tGAB1

Apoptéza
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Seaqa et al, Blood, in press



3/ T bunéc“:né nterakce

o Deregulace apoptozy: BCL2 a p53
o BCR aktivace
o T bunécné interakce
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BCR signalizace koordinuje CD40 signalizaci (blokace
Ibrutinibem)
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Sharma et al,
Blood, 2021
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Rituximab: prvni monoklonalni protilatka v
onkologii ...pouzivana jiz 20 let

rituximab

A4 a4

Proporce prezivajicich

—— Chemoimmunotherapy
—— Chemotherapy

1]

6 12 18 24 30 36 42 48 54 60 66
mesice
Hallek et al., Lancet, 2004



Jaka je funkce CD207?
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Pavilasova et al....Mraz, Blood, 2016

Pavlasova et al...Mraz, Leukemia, 2018



700+
Lymphocytosis

f0 Lymph node size

ibrutinib 400+

rituximab

300+

T T T T T T T T T T T T 17T
01234567 89101112131415161718
months 'vrdetal, NEJM, 2013

modified

Safety and activil@utinib plus rituxima@tie nts
with high-risk chronic lymphocyticleukaemia: a single-arm,

phase 2 study

Jan ABurger, Michael ) Keating, William G Wierda, Elena Hartmann, Julia Hoellenriegel, Nathalie Y Rosin, Iris de Weerdt, Ghayathri Jeyakumar,
Alessandra Ferrajoli, Marylou Cardenas-Turanzas, Susan Lerner, Jeffrey L Jorgensen, Graciela M Nogueras-Gonzdlez, Gracy Zacharian,
Xuelin Huang, Hagop Kantarjian, Naveen Garg, Andreas Rosenwald, Susan O’Brien
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IL4 draha ridi CD20 hladiny (blokace Idelalisibem)
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o Acute Leukemias Chronic Leukemias '

(mature/maturing cells)
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ALL: Typicky v detském veku

Subtypy

Frekvence (%)
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CAR-T lymfocyty: zivé proti zivemu

CAR T cells bind to cancer
cells and kill them

Remove blood from | _f_\.' T cell
patienttogetTcells| = =
S

3 o & \,'-’? CARTcell | -
: » Y & N ‘ )’ i
{ ) 1
ok s Infuse CAR T cells
L Cancer cell - into patient

[

Make CAR T cells in the lab

Insert gene for CAR
rﬂMﬂWﬂ Tl

T cell

W Chimeric antigen
st

receptor (CAR)

CAR T cell -* 3
r%:;

W

Grow millions of
CART cells




CAR-T lymfocyty v akcl

https://www.youtube.com/watch?v=8D6_xWYILy4



Zaver .... Dekuji za pozornost

VZNIK A BIOLOGIE

- Leukémie jsou velice variabilni, nebot vznikaji z rGznych imunitnich bunék a
rdznymi mechanismy

« Zakladni: CML, AML, CLL, ALL

- Sdileni nékterych mechanism0 vzniku (translokace, mutace — kinazy,
transkrip¢ni faktory a epigenetické regulatory)

« Unikatni dependence na mikroprostredi u CLL

TERAPIE:

- Chemoterapie ... latky poskozujici napr. DNA Ci déleni

- Transplantace kostni drené

- Imunoterapie pomoci protilatek (napf. anti-CD20)

- Cilena |écba inhibitory (imatinib = bcr-abl; ibrutinib - BCR)
 Lécba pomoci bunék (CAR T-lymfocyty)

podékovani: Prof. Jifi Mayer, ktery poskytl nékteré slidy a Iékariim Fakultni nemocnice Brno

ceitec.cz/mrazlab



