HEMATOPOEZA - HEMATOPOETICKE KMENOVE BUNKY
- HSC (hematopoietic stem cells)

- Hematopoéza je v soucasné dobé zrejmé nejlépe prostudovana diferenciacni drdha
s nejdokonalejsSim fenotypovym rozliSenim jednotlivych bunéénych stadii bunek
zalozeno na tzv. CD (cluster determinants) antigeny.

- Jednotlivé diferenciacni drahy jsou casto majoritné zdvislé na jediném cytokinu
(kolonie stimulujicim faktoru - CSF; napr. G-CSF, faktor stimulujici tvorbu zejména
granulocyt)

- V pribéhu ontogeneze je hematopoéza realizovdna jedineénym zplisobem
(Casové a prostorové, viz. nize), coz dobre umoZiuje i studium rozdili mezi embryondlnimi
a adultnimi somatickymi kmenovymi bufikami. KaZdopddné jiz v pribéhu embryondlniho
vyvoje vznikaji jisté typy populaci ve smyslu ,fakultativnich kmenovych bunék"
(nékteré tkariové makrofdgy, mikroglie, rizné typy lymfocyta).

- HSC vzniklé ve Zloutkovém vacku také migruji do oblasti AGM a do jater, kde davaji
vznik adultnim HSC (Samokhvalov, 2007)



| Hematopoetické kmenové bunky — HSCs (hematopoietic stem cells) |
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Rozlisujeme: LT-HSC (long-term HSC) - schopné opakované kompletni obnovy

hematopoézy (vyZaduji osteoblasty - osteogenni niche), Kostni dref -
<0.01% bunék
~ 98 % v G, fazi bunécného cyklu

ST-HSC (short-term HSC) - schopné jen krdtkodobé obnovy

hematopoézy (vyZaduji endotelie - vaskularni niche)~ 1- 3%

proliferujicich

(aktudini X potenciondlni (proliferujici) kmenova burika)

Harrison et al. (1979): transplantoval mysim opakované identicky stép HSC déle jak 8 let
- > vyrazné prekroceni délky Zivota mysi!ll

- > OPRAVDOVE ADULTNI/SOMATICKE KMENOVE BUNKY!



I Déleni hematopoietickych bunék

Feedback signal regulates self-renewal
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Hematopoietic Stem Cell Differentiation

Hematopoietic stem cell

Self-renawal

Myealold stem cell Lymphold stem cell

Self-renewal

Differentiation
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Cytokines

F F L

Flatelgts T cell B cell
% Q
o
IL=imterlawkin Epo=arythropoietin
GM-CSF=granulecyte’macrophage colomy-stimulating factor  SCF=stem cell factor
G-CSF=granulocyte colony-stimulating factor Tpo=sthrombopoistin

M-CGSF=monocyte colomy-atimulating factor
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Hematopoiesis

Pluripotent stem cell

CFU-GEMM
BFUE  crumea CEL-Eo THYMUS
GM-CSF pr
o L GM-CSF | gm.csF
o GMCSE GFU-GM L3
. IL-3
IL-3 -2
GM-CSF GM-CER
Epo
= Mega- IL-3 IL3
karyoeyte | S ook | Gucse
M-CSF YG-osF
Red blood Monocyte © Granulotcytes  Beell T cel
Flatelet

EM-CSF

Macrophage




¢ w 0

= = »
g g % s £ z
SEEEE
- & = = ] 8
(&, s [ | | B
IR R
G J.l.-_.,.. i ...L .

(megakaryocyte)

Stem Cell
G

Mature

Precursor

Progenitor

Stem

cell

cells

cells

cells




Priklad kolonii hematopoézy v /n vitro experimentu
Palis 1999

MAC CFU-E

®
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Ep - primitivni erytropoéza, MAC - primitivni makrofdgy,
BFU-E - (Burst-forming unit erytroidni) z fetdlnich jater,

6GM - granulocatdrni-makrofdgova kolonie




I Fenotyp HSC (mouse) I

antigen

HSC

Myeloid SC

Lymphoid SC

CDI10 (CALLA)

+

CD33 (Sialoadhesin)

CD34 (L-selectinR)

CD38 (ecto-ADP-ribosyl cyclase)

CD90 (Thy1)

CD110 (Trombopoietin receptor)

CD111 (Nectin1)

CD112 (Nectin2)

CD117 (c-Kit, SCFR)

CDI123 (o fetézec IL-3R)

CD124 (IL-4R/IL-13R)

CDI127 (o fetézec IL-7R)

CDw131 (B fetézec IL-3R/IL-5/GM-CSF)

CD133 (Ac133)

+

CD135 (Fit3/FIk2)

CD173 (krevni skupina H typ 2)

CD174 (Lewis Y)

CD176 (Thomson-Friedrenreich antigen)

CD227 (MUC-1)

CD228 (Melanotrensferrin)

+l+ ]+ [+ ]+

CD243 (MDR-1)




Schema hematopoézy a fenotyp
aktudlnich a potencionalnich HSC - mouse
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Hematopoietic Hierarchy
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Extrinsic a intrinsic faktory regulujici sebeobnovu adultnich HSC (Akala & Clarke 2006)
vyznamnou Ulohu hraje hypoxie a HIF! HSC maji vysokou hladinu HIF nezavisle na hypoxiil

- uloha cytokind SCF, IL-x?

Bmil - polycomb group protein
PTEN - inhibitor PI3k/Akt
STATD - signalizace cytokinl

p18, p21 - inhibitory cdk

HoxB4 - transkripéni faktor specifikujici linii hematopoézy

Self-renewal
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Ukadzka heterogenity ve fenotypu jednotlivych bunék na zdkladé exprese klic¢ovych

transkripcnich faktorl zapojenych v regulaci hematopoézy jako jsou Flil, PU.1 a Myb.

A Runx1+23GFP transgenic embryos  CD41 - integrin alpha 2b
E10.5 AGM/VUA region CDA45 - tyrosin fosfataza leukocyti/leukocytarni antigen

(vSechny jaderné bunky krvetvorby)
Endothelium Fit [N
VEcad* Runx1+23GFP- py.1
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Committing HSPC Fit
VEcad* Runx1+23GFP+ PU.1
Ter119- CD41+ CD45- Myb

Gene expression (ACt)
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VEcad* Runx1+23GFP+ PU.1 _,H g
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Flil - F/i-1 Proto-Oncogene, ETS Transcription Factor / Friend leukemia virus integration 1
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The stromal cell-derived factor 1 (SDF1), also known as C-X-C motif chemokine 12 (CXCL12),

is a chemokine protein that in humans is encoded by the CXCL12 gene
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Model vyznamu angiopoetinu v regulaci sebeobnovy HSC
Ang - angiopoetin
Tie2 - receptor angiopoetinu

Angl/Tie2 Maintains the "Stemness™ (Muodel)

SELF-RENEWAL (Ardi F, 2004)
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Mobilizace HSC (prechod HSC do periferni krve) = pﬁsobenim 6-CSF, SCF, IL-3, TPO

G-CSF - granulocyte colony-stimulating factor, SCF - stem/steel cell factor, IL-3 - interleukin 3,
TPO - trombopoetin

Yin & Li 2006



Reaktivni kyslikové metabolity (ROS - reactive oxygen species) reguluji aktivitu HSC

- zvyseni produkce ROS vede k indukci proliferace a opusténi niche
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Pivod HSC

Podil jednotlivych tkani na celkovém objemu
hematopoézy mezi 11 - 13 dpc u mysi

B s Misto vzniku krevnich ostrivki (blood
island) v pribéhu embryogeneze u mysi
0 Acm
: . PR
B Circulation EPC Qe %\Trophoblast
1 cavity C/ EPC | giant cells
l Liver E&\‘ Chorionic
ectoderm
Embryo Age (days) 11 12 13 P a—
Total HSC 40 600 2675

Visceral endoderm

Definitive endoderm

Pozn. Slezina je osidlena HSCs
a hematopoetickymi progenitory
pravdépodobné z jater, protoze
v dobé objeveni se hematopoézy
ve sleziné, v zloutkovém vaku a
v aorté uz hematopoéza neprobihd
a kostni dren dosud neni vyvinuta.




Schema vyvoje AGM (aorta-gonads-mesonephros)
- zaCatek fetdlni hematopoézy
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MOUSE

| Lokalizace, zména ,niche" u hematopoézy v pribéhu ontogeneze |

Vznik krevnich ostrivki ve vznikajicim
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THYMUS

pT, pB - lymfocytarni progenitory
CFU-GM - myeloidni progenitory
BFU-E, CFU-E - erythroidni progenitory



Embryondlni hematopoéza (mouse)
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Dzierzak 2008



Embryonalni hematopoéza (mouse)

p horlar Placenta
Allantois
ijksac
} blood islands : UV
¥ { Piacenta
U ¥
Yolk v |
hEI|N: §
Allaniois
AGM |
<:%wy
J
pBp
=
Yolk sac
Hemangioblast Hemogenic endothelium
Primitive Pro-definitive Meso-definitive Meta-definitive

i

Adult-definitve

CFU-S
Meonatal HSCs

Myeloid Lymphoid-myeloid

HSCs

Dzierzak 2008



Embryondini x adultni HSC (mouse)
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CFC - colony-forming cell (progenitor), CFU - colony-forming unit
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Rozdily mezi embryondlnimi a adultnimi HSC

Intenzivné proliferyjici HSC pomalu proliferujici / quiescentni HSC
A PRENATAL POSTNATAL
Primitive streak Yolk sac, AGM Fetal liver Bone marrow

] |
T
E10.5 E12.5

4 weeks B weeks

| ? | Sox17 ——
[ Runx1 - |
| Gfi-1 ]
| ? | Tel/Etv |
i Bmi-1 |

Obnova embryonalni Obnova adultni hematopoézy

hematopoézy

Jang & Sharkis 2007



Transkripéni faktor RUNX1 a vyvoj HSC

Mousea

Placenta

Human

BM
Fetal liver

AGMW
Placenta

Yolk sac

Emergen ce Maturation Expansion

Quiescence

postradaji hematopoézu ve fetdlnich jatrech.

- RUNX1 dulezity pro vznik HSC z hematogenniho endotelia

Knockout pro RUNX1 u my$i zplisobuje embryondlni letalitu E12,5. Embrya




Chronologie hematopoézy u clovéka a mysi

hematopoéza/lymfopoéza Clovek mys
(dny)

embryondlni vyvoj (dny) ~270 ~21

Zloutkovy vak 18 7.5

dorsalni aorta 27 9.5

thymus 40 11

jétra 42 11

slezina 48 13

kostni dren 77 15

cirkulace krevnich bunék 24 8.5




Casovdni cest lidskych HSC
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Intenzita hematopoésy v pribéhu embryogeneze u ¢lovéka
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Source: Cancer Control @ 2004 H. Laa Moffitt Cancer Ceantar and Rasaarch Instituta, Inc.



