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Krev — slozeni a funkce

» Suspenze bunek v roztoku obsahujicim proteiny a
elektrolyty (krevni plazma)

» Slouzi pro transport plynu, vyzivnych a odpadnich
latek, hormonu a dalSich regulatoru

» Mnozstvi krve u dospélého Clovéka je ~ 4,5 - 5 litru

(6 -8% celkové hmotnosti) /\5”%\&

~ 40% objemu krve jsou buriky f520 ; :

» Erytrocyty — transport plynu \\\‘q ‘

» Trombocyty — srazeni krve P Setd

» Leukocyty (granulocyty, monocyty, Iymfocyty) obranna
funkce

» Omezené zivotnost krevnich elementu (3-120 dni)

» Krvetvorba zajistuje jejich obnovu, hlavni krvetvorny
organ (s vyjimkou lymfocytu) je kostni dren



Rychlost obnovy bunék

cell type turnover time BNID
small intestine epithelium 2-4 days 107812, 109231
stomach 2-9 days 101940
101940
gastrointestinal colon crypt cells 3-4 days 107812
cervix 6 days 110321
lungs alveoli 8 days 101940
tongue taste buds (rat) 10 days 111427
bone osteoclasts 2 weeks 109906
intestine Paneth cells 20 days 107812
skin epidermis cells 10-30 days 109214, 109215
ancreas beta cells (rat) 20-50 days 109228
107910
trachea 1-2 months 101940
I (023
sperm (male gametes) 2 months 110319, 110320
bone osteoblasts 3 months 109907
liver hepatocyte cells 0.5-1 year 109233
fat cells 8 years 103455
cardiomyocytes 0.5-10% per year 107076, 107077, 107078
central nervous system life time 101940
skeleton 10% per year 109908
lens cells life time 109840
oocytes (female gametes) life time 111451

http://book.bionumbers.org/



Jaky podil naseho téla tvori krevni bunky?

number of cells in the human body

V = 1000 10,000 pm?3
M =~ 100kg @
m--"IO"'z 107" kg
100k
N =~ % — 9 — 10‘13_1014

10-12_10-11 kg

http://book.bionumbers.org/



Jaky podil naseho tela tvori krevni bunky?

bone marrow cells 2.5% hepatocytes 0.8%

adipocytes 0.2%
lymphocytes 1.6%

— platelets 4.9%

erythrocytes, 84%
25x10'2 of 30x10'2

total human cell count bronchial

endothelial
cells 0.5%

vascular

epidermal — endothelial
cells 0.5% cells 2.1%
dermal muscle cells other respiratory
fibroblasts 0.1% 0.001% 2.2% interstitial cells 0.5%

http://book.bionumbers.org/



Jaky podil naseho tela tvori krevni bunky?

Typ bunky Pocet/pl krve* Fyziologické rozmezi**
erythrocyty 5 miliont (muzi) 4,3-5,3.10'%/|

4,5 miliont (zeny) (0,5-2 % retikulocyt)
leukocyty 5 tisic 4-9.10%I
thrombocyty 250 tisic 150-300 - 10%/1

Rozdéleni leukocytii v %

Fyziologické rozmezi v %**

neutrofilni granulocyty

60 (z toho 5 % tycek) 55-70
eosinofilni granulocyty 3 2-5
bazofilni granulocyty 1 0-1
monocyty 6 3-8
lymfocyty 30 18-40

« hemoglobin 120-160 g/l krve

« bilirubin <25 mmol/l plasmy

« celkova bilkovina 60-80 g/l plasmy (z toho 65 % albuminu)

pramérna hodnota (ul = mm?)
*%

doplnéno podle hodnot uvadénych v CR




Hematopoéza

> proces tvorby krevnich bunék proliferaci a
diferenciaci jejich prekurzoru

» Produkce dostatecného mnozstvi krevnich
bunék vyzaduje
* proliferaci bunék mitotickym délenim
e diferenciaci bunék behem jejich specializace

» PIné diferencované bunky jiz vétsinou
nemohou proliferovat.



Hematopoetické organy
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Lymphoidni:
produkce T lymfocytl
produkce B lymfocytu

Myeloidni:
erytropoéza
monocytopoéza
granulopoéza
(eosinopoéza, basopoéza)
trombocytopoéza

Vétve hematopoézy
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Bunécna plasticita

1957, Conrad Waddington

a Normal development b Pluripotent reprogramming ¢ Direct conversion

Mature Reviews | Molecular Cell Biology




Bunécna plasticita

Normal development Cancer cellular plasticity

Transdifferentiation Transdifferentiation
L
. Pluripotent cell . Cancer stem cell / induced pluripotent cancer cell
o Dedifferentiated cell ° Dedifferentiated cell

... Differentiated cells o o o Differentiated cancer cells




Charakterizace hematopoetickych kmenovych a
progenitorovych bunék - Colony Forming Cell (CFC) Assay

Colony Types

CFU-E (Colony forming unit- CFU-G (Colony forming unit- CFU-GM (Colony forming unit-
1 el erythroid): Clonogenic progenitors granulocyte): Clonogenic granulocyte, macrophage):
cell mixture that produce only one or two clusters progenitors of granulocytes that Progenitors that give rise to colonies
L with each cluster containing from & to give rise to a homogeneous containing a heterogeneous
approximately 100 hemoglobinized population of eosinophils, population of macrophages and
3 mL syringe fitted with a 3-4 ml sterile H,0 erythroblasts. It represents the more basophils or neutrophils. granulocytes. The morphology is
16 gaugeneedie mature erythroid progenitors that have similar to the CFU-M and CFU-G
/‘“’ ll. less proliferative capacity. descriptions
35 mm culture dish | \ 100 mm culture dish
INCUBATE 8-12 DAYS :
@nncls% o, l ‘
BFU-E (Burst forming unit- CFU-M (Colony forming unit- CFU-GEMM (Colony forming unit-
erythroid): The size of the colony can macrophage): Clonogenic granulocyte, erythrocyte,
be described as small (3 to 8 clusters),  progenitors of macrophages that macrophage, megakaryocyte):
intermediate (9 to 16 clusters), or large  give rise to a homogenous Multi-lineage progenitors that give
(more than 16 clusters) according to population of macrophages. rise to erythroid, granulocyte,
the number of clusters present. These macrophage and megakaryocyte
are primitive erythroid progenitors that lineages, as the name indicates.

have high proliferative capacity.



Charakterizace hematopoetickych kmenovych a progenitorovych
bunék — competitive repopulation assay, CRU

limiting doses of
. CD45.1 “test” cells plus
@ 1 . 105cDss2 “helper” cells

O

intravenously inject cells collect peripheral blood,

into groups of lethally irradiated analyze_ for donor-derived
CD45.2 recipients cells using FACS

calculate CRU
frequency
1003 .
&
L 47 -
E -
W
2 S
© o
o -3
[<F]
c
®
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Number of test cells per well Ly 6G/CD11b or

CD45R or CD5
confirm presence of one or more
CRU in injected cell dose by donor
CDA45.1 cells of T, B, and
myeloid lineages




Immunodetekce

Direct Immunofluorescence Indirect Immunofluorescence
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Antibodypedia scores antibodies to guide researchers to choose an appropriate
antibody for a particular application. The resource contains information about more
than four million publicly available research antibodies towards over 19,000 human
protein targets from more than 85 providers.

90 kDa__
Use "Search for" to find validated antibodies against your target protein for a 59 kDa__
particular application! The antibodies are scored using the validation principles
outlined by the International Working Group for Antibody Validation and we 38 kDa__
encourage feedback from researcher by submitting validation data for a particular 28 kDa
antibody. =
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4480670 reviewed antibodies from 95 providers, have nof been tested.

covering gene-products encoded by 19109 genes More info

(approximately 95% of all human genes).
Primary data available for 2181179 experiments.



https://www.antibodypedia.com/
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A single cell type map of human
tissues

Thu, 22 Jul 2021
Movie of the month: The Fatty Liver
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Movie of the month: The Spleen
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Imunofenotypizace

stanoveni zastoupeni jednotlivych subpopulaci krevnich elementt
(primdrné leukocytll) na zakladé exprese vybranych povrchovych
antigen, pripadné v kombinaci s intracelularni produkci cytokin( a
expresi intracelularnich antigend.

CD (,,Cluster of Differentiation”)

>

systém oznaceni povrchovych molekul leukocyti. Soubor povrchovych
molekul (znakd, antigent) bunék majici stejny epitop, ktery lze
identifikovat stejnou protilatkou.

Poji se s urCitymi funkcemi a vlastnostmi bunky. VétSina CD ma proto
alternativni nazvy vztahujici se k jejich funkci nebo strukture.

Vyuzivaji se pro rozpoznavani bunéénych populaci pri
imunofenotypizaci.
Dodnes definovany CD1 az CD350. Néktera CD jsou

skupinami pribuznych molekul — jednotlivé molekuly
se pak oznacuji pismeny (napr. CD62L, CD62P, CD62E)
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https://www.biolegend.com/cell_markers

The hematopoietic hierarchy — novel approaches
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CD Maps—Dynamic Profiling of
CD1-CD100 Surface Expression on
Human Leukocyte and Lymphocyte
Subsets
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FIGURE 2 | Expression map of CD1-CD100 on all 42 non-overlapping cell
subsets. CD markers are numerically ordered vertically with the FMO on the
bottom row. The cell subsets are groupad (innate cells; thymaocytes; T-cells; B
cells) and sorted within lineage on their maturity. The median expression level is
visualized by color, and the median percentage of positive cells is visualized by
the size of the dot. For cell type abbreviations, see Supplementary Table 3.



Kostni dren

» Kostni dfen poskytuje strukturdlni podporu a udrzuje odpovidajici prostfedi pro pribéh
hematopoézy.

» Stroma kostni dfené je porovita fibrézni tkan tvorena fibroblasty, retikuldrnimi burikami a
kostnimi bunkami, na kterou adheruji vyvijejici se bunky, makrofagy a adipocity.

»  Stromalni bunky, makrofagy a endotelidlni bunky spolu s hematopoetickymi burikami
produkuji rGstové faktory regulujici proliferaci a diferenciaci bunék.

»  Strukturni molekuly vdZou tyto ristové faktory, a tak udrzuji jejich vysokou koncentraci v
kostni dfeni.
» RozliSujeme:
* Cervenou kostni dfen — vlastni hematopoéza
* bilou kostni dfen — tukova tkan

. adventitial cell
sinusoid

hemopoietic

endothelium compartments

penetration of
megakaryocyte
by white cell

sinusoid

erthyroblastic islet



Kostni dren a vek

»  Prevaiujici aktivita:
* mladi — ploché a dlouhé kosti
* stafi — ploché kosti a konce dlouhych kosti
» Mladi jedinci: kostni dien celd ¢ervend, hematopoéza probiha ve vsech ¢astech
» Dospéli jedinci: stfredova Cast kosti se postupné zapliuje tukem a vytlacuje hematopoetické
bunky; hematopoéza v téchto ¢astech probiha pouze v pripadé zvySené potreby krevnich bunék

FETUS i ADULT
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Hematopoeticka kmenova bunka (HSC)

» Ma nejen schopnost sebeobnovy, ale dava vznik vSem

krevnim specializovanym bunkam
» Dlouhodobé (LT-HSC): velké mnozstvi telomeraz
» Kratkodobé (ST-HSC): nizsi hladina telomeraz => Zivotnost 2

tydny

Hematopoeticka
kmenova bunka

sebeobnova - proliferace = diferenciace

zvysujici se

snizujici se diferenciace
proliferace




Vyvojova stadia bunék v kostni dreni

Hematopoeticka kmenova bunka

je zakladni sebeobnovuijici se burikou se schopnosti diferencovat
do raznych typQ krevnich bunék (multipotentni).

|

Progenitorova bunka
je jiz ¢astecné diferencovana a mize davat vznik
jen dané bunécné linii (CFU).

|

Témeér a zcela zralé krevni bunky.




Hematopoeticka kmenova bunka (HSC)

Stem cell niche in adult
Osteoblasticka nika i bone marrow
Vaskularni nika ' OSTEOBLAST NICHE
CXCL12 (stromal cell- _asRgast

Fibroblast

derived factor 1, SDF1)
reguluje migraci HSCs

Stromalni bunky
podporuji hematopoézu
— napf. produkci c-Kit
ligandu

DalSi cytokiny —
interleukiny (IL),
trombopoetin (Tpo),
erytropoetin (Epo)
ovliviuji funkci
progenitoru

Cell 2008 132, 631-644DOI: (10.1016/j.cell.2008.01.025)




Hematopoeticka kmenova bunka (HSC)

Figure 3: HSC niches in the bone marrow
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(d): dormant HSCs, (a): activated HSCs; MSC: mesenchymal stem cells; CAR: CXCL12-expressing reticular
cells; Mc: monocytes/macrophages



Hematopoeticka kmenova bunka (HSC)

Figure 4: Regulatory mechanisms in HSC niches in the bone marrow

Extrinsic mechanisms Sinusoid Intrinsic mechanisms

e cytokines endothelial cells (SEC) ¢ signalling molecules

e chemokines - cytoplasmic

¢ negative regulators VEGFR - VEGF - nuclear, including

(osteopontin) transcription factors
* adhesion molecules * epigenetic mechanisms
* proteases ) - DNA/histone modif.
(MMP-9, cathepsin K) HSC - microRNAs

e hormones (PTH, PGE2) T

e sympathetic nerves /ﬁene expression

e oxygen status @% e %>

¢ calcium concentration @ PAY " 4

e circadian rhythm e

quiescence cell-cell
self-renewal adhesion
expansion . migration
Ang-1 - tie2 Cadherins
SCF - c-kit VCAM - VLA
FLt3-L - flt3 Osteoblasts X ICAM - LFA
TPO - mpl nerves CXCL12 - CXCR4
Wnt - frizzled T HA - CD44
jagged/Delta - Notch PTH, PGE2




| Cytokine®

Cytokiny v hematopoéze

Symbol Source Target
Granulocyte-macrophage GM-CSF T cells, endothelial cells, CMP, ErP, GMP, EoP., BaP, MKPF,
colony-stimulating factor fibroblasts all granulocytes, erythrocytes
Granulocyte colony- G-CSF Endothelial cells, monocytes ErP, GMP, EcP, BaP, MKP
stimulating factor
Monocyte colony- M-CSF Monocytes, macrophages, GMPB, MoP, monocytes,
stimulating factor endothelial and adventitial cells macrophages, osteoclasts
Erythropoietin EPO Kidney, liver CMP, MER, ErP
Thrombopoietin TPO Bone marrow MKP, megakaryocytes
Interferon-y IFN-y CD4* T cells, NK cells B cells, T cells, NK cells,
neutrophils, monocytes
Interleukin 1 IL-1 MNeutrophils, monocytes, CDA™ T cells, B cells
macrophages, endothelial cells
Interleukin 2 IL-2 CD4* T cells T cells, B cells, NK cells
Interleukin 3 IL-3 CD4" T cells CMP, ErP, GMP, EoP, BaP, MKP,
all granulocytes, erythroid cells
Interleukin 4 IL-4 CD4* T cells, mast cells B cells, T cells, mast cells
Interleukin 5 IL-5 CD4at T cells EoP, eosinophils, B cells
Interleukin & IL-6 Endothelial cells, neutrophils, CMP, ErP, GMP, B cells, T cells,
macrophages, T cells macrophages, hepatocytes
Interleukin 7 IL-7 Adventitial cells of bone marrow Early pre-B, pre-T cells
Interleukin 8 IL-8 Macrophages, endothelial cells T cells, neutrophils
Interleukin @ IL-9 CD4* T cells CD4™ T cells, CMP, ErP
Interleukin 10 IL-10 Macrophages, T cells T cells, B cells, NK cells
Interleukin 11 IL-11 Macrophages CMP, ErP, GMP, T cells, B cells,

macrophages, megakaryocytes

*emapoietic cyinknes include colony-stimulating factors {C.5Fs), interleuking, 2nd nhibitory facbes They are aimost 8 glycoproteins with a basic polypentide chain of Zbout 20 kilodafons. Neariy 4l of them act on
mmoenttor stem cals, Ineane-restncied pmgentor cells, commitied cells, and maturing and matue cels. Therefore, fie targets listed above are taret bnes rather than indwsdual tamget cells




Cytokiny

Nizka MW (< 80 kDa), Casto byvaji glykosylovany
(glykoproteiny)

ucastni se imunity a zanetu, kde reguluji intenzitu a délku
trvani odpovedi

jsou produkovany - lokalne, po prechodnou dobu

pusobi zejména autokrinné a parakrinné

jsou vysoce ucinne (pM)

interaguji vysoce specificky s povrchovymi receptory

po vazbé na receptory indukuji prenost signalu vedouci k
transkripci cilovych genu, vysledny efekt je zavisly na
konkrétnim kontextu

pusobi v siti, kde

» svoje efekty vzajemné ovliviuji (zejm. svoji produkci)

» indukuji transmodulaci povrchovych receptoru

» mohou pusobit na bunééné funkce aditivné, synergicky anebo
antagonisticky



Cytokiny jsou multifunkc¢ni

(a) (b) (c)
G-CSF G-CSF G-CSF
multi-CSF l GM-CSF l \l/
N2 e O
4 -----
SCF....._>® @ ¢
T, GM
GM “ .
progenitor IL-6 progenitor
cell cell
++ +
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mature

mature granulocytes
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granulocyte

myeloblast

(d)
G-CSF

|

mature
granulocyte

&

phagocytosis

superoxide

(d) stimulation

of functional activity

(c) initiation of maturation

(a) cell production is dependent on regulator stimulation

(b) induction of commitment to form cells in a restricted lineage




Uloha IL — 1 v hematopoéze

1. monocyte production and activation 1. neutrophil activation
2. proliferation of committed 2. neutrophil production

progenitor cells (BFU-E, CFU-GM) 3. stem cell activation

7
N e
p

<>

%

T-cells
endothelial cells
fibroblasts
epithelial cells

N
Ce-s 3 |
=

clonal ‘1,

expansion of adhesion of
differentiated 1. T - cell growth leukocytes to
B - cells other cells

2. Ig secretion




Uloha TGF-B v hematopoéze

Self-renewal Symmetric

— ST-HSC . . .

Asymmetric

. MPP TGFB —J

Self-renewal

MEP' GMP' 'CLP
=N F N 0

2 . O

Erythrocyte Granulocyte Dendritic cell  NK cell T lymphocyte
Platelets Monocyte B lymphocyte

Differentiation: Lineage specification

¥
TV O

TGF- signaling in the control of hematopoietic stem cells ‘.. bl
Ulrika Blank and Stefan Karlsson "":dw.:q OO

Division of Molecular Medicine and Gene Therapy, Lund Stem Cell Center, Lund University Hospital, Lund, Sweden



Cytokiny pusobi v siti vzajemnych interakci

IL4

—> Antibody

IFN - y

GM - CSF\

- macrophage] €—— LPS

TNF G -CSF
C/‘l' (-)TNF)

Bone marrow




Critical transcription factors for blood development

Runx-1
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Cell 2008 132, 631-644DOI: (10.1016/j.cell.2008.01.025) LT-HSC, long-term hematopoietic stem cell; ST-HSC, short-term

hematopoietic stem cell; CMP, common myeloid progenitor; CLP,
common lymphoid progenitor; MEP, megakaryocyte/erythroid progenitor;
GMP, granulocyte/macrophage progenitor; RBCs, red blood cells.



Antagonismus transkrip¢énich faktoru v liniové determinaci

Common myeloid progenitor (CMP)
Megakaryocyte-erythroid progenitor (MEP)
Granulocyte-macrophage progenitor (GMP)

QMP PU.1
; Tl
GAT -1
EKLF) Jub i Sl [ Gfi-1
— I-
Tl 400 GATA-1 @ T1
Fli | \J \&)Pm

EKLF Fli Gfi-1 (@5
GATA-1 ‘ GATA-1 m PU1 \['. PU.1 ‘

RBC Megakaryote Granulocyte th%?gg ;%/e

Cell 2008 132, 631-644DOI: (10.1016/j.cell.2008.01.025)




Hierarchické pusobeni transkripcnich faktoru

IRF8 1
PUIT
Monoplast Monocyte
RUNKXI Q — o —» —_— @
SCL
o Promonocyte Macrophage
HSC CMP
[Mesodern | — @ —~©—( @ o
Self—renewal C JEBP
— o Promyelocyte Metamyelocyte
GFIl
e e —®—C—&—iF
Myeloblast Myelocyte Neutrophil

GFIT!
C/EBPe




Table 1 | Phenotypes of mice deficient in lineage-specific transcription factors involved in the myeloid system

Transcription
factor

RUNX1

SCL

PU.1

C/EBPa

IRF8

GFl1

C/EBPe

Site of expression

Haematopoietic cells, nervous tissue, skeletal
muscle, reproductive tissue

Haematopoietic cells (‘haemangioblasts’,

HSCs, multipotential progenitors, erythrocytes,
megakaryocytes and mast cells), endothelial cells,
brain tissue

Haematopoietic cells (HSCs, CMPs, CLPs, GMPs,
monocytes, granulocytes and B cells)

Haematopoietic cells (HSCs, CMPs, GMPs and

granulocytes), liver, adipose tissue

Haematopoietic cells (B cells, macrophages,
dendritic cells and stimulated T cells)

Sensory epithelial cells in the inner ear,
neuroendocrine cells of the lungs, neutrophils,

BandT cells, HSCs

Preferentially in myeloid and lymphoid cells

Haematopoietic phenotype in knockout mice and
conditional knockout mice

Knockout: lack of all definitive haematopoiesis
Conditional knockout: impaired megakaryocytic maturation,
defective B-cell and T-cell development, myeloid proliferation

Knockout: complete absence of yolk sac haematopoiesis, lack
of angiogenesis

Conditional knockout: decreased erythrocytes and
megakaryocytes, impaired ST-HSCs, normal LT-HSCs

Knockout: lack of mature myeloid cells and B cells
Conditional knockout: block prior to CMP and CLP stages,
increased granulopoiesis, defective HSCs

Knockout: lack of GMPs and granulocytes, impaired
monocytes, increased immature myeloid cells

Conditional knockout: same as knockout mice, plus increased
HSC self-renewal

Knockout: increased susceptibility to viral infections, increased
granulocytic cells, CML-like disease

Knockout: reduction in earliest lymphoid progenitors,
complete block in late neutrophil maturation, defective HSCs

Knockout: abnormal late neutrophil maturation, block in
eosinophil development, defective macrophage function

References

31,37,38

39,133-135

23,24,40,41

26,54

30

29,70-72

28,136

C/EBP, CCAAT/enhancer binding protein; CLP common lymphoid progenitor; CML, chronic myeloid leukaemia; CMP, common myeloid progenitor; GFI1, growth-
factor independent 1; GMP, granulocyte/monocyte progenitor; IRF8, interferon-regulatory factor 8; LT-HSC, long-term haematopoietic stem cell; PU.1,
transcription factor encoded by SPI1; RUNX1, runt-related transcription factor 1; SCL, stem-cell leukaemia factor; ST-HSC, short-term haematopoietic stem cell.

doi:10.1038/nri2024



PML-RAR (t(15;17))

GATA1

PU.1

RUNX1

Transcription factor
RUNX1-ETO (t(8;21))

CBFB-MYH11 (inv16)

MLL fusions (t11923)

C/EBPa

Mutations and effects
RUNX1 DNA-binding domain fused to the

transcriptional corepressor ETO; downregulates
expression or activity of PU.1, C/EBPo.and RUNX1

Inversion of breaks in chromosome 16; joins
CBFp with the myosin gene MYH11

PML gene fused to RARA; blocks myeloid
transcription factors (such as C/EBPo and PU.1)

MLL gene fused with one of 30 distinct genes
encoding partner proteins; believed to

dysregulate HOX genes

Amino-terminal dominant negative; carboxy-
terminal loss of DNA binding

Amino-terminal dominant negative

Mutations decrease heterodimer formation and
DNA binding*; PU.1 activity downregulated by
RUNX1-ETO, PML-RARa and FLT3-ITD

Missense, nonsense or frameshift mutations
(often biallelic); clustered within the runt domain

Table 2 | Examples of transcription factor mutations in patients with AML

Frequency in AML
12-15%

8-10%
6-7%

4-7%

7-9%

Nearly 100% in AMKL associated

with Down’s syndrome

<7%

9%

FAB system subtype
M2

M4

Eo

M3

Diverse pattern of
myeloid and lymphoid
leukaemias

M1, M2 (most), M4
(rare)

M7 with Down’s
syndrome

MO0, M4, M5, M6

MO (most)

References
137

137

138

139

56,140,141

96,97

108

*Japanese cohort only. AML, acute myeloid leukaemia; AMKL, acute megakaryoblastic leukaemia; CBFB, core-binding factor-B; C/EBPor, CCAAT/enhancer binding
protein-oi; FAB, French-American—British; FLT3, FMS-related tyrosine kinase 3; GATA 1, GATA-binding protein 1; HOX, homeobox; ITD, internal tandem duplication;
MLL, mixed lineage leukaemia; MYH11, myosin heavy chain 11; PML, promyelocytic leukaemia; PU.1, transcription factor encoded by SPI1; RARa, retinoic acid
receptor-o; RUNXZ, runt-related transcription factor 1.

doi:10.1038/nri2024




Starnuti hematopoetickych kmenovych bunek

Aged |

Young Aged

10 12 14 16 18 20
months
Young HSCs Molecular reversibility high Aged HSCs
mTOR activation
ROS production
Low mitochondrial function Myeloid skeweing

Balanced lineage output i e
Impaired autophagy Lymphoid deficiency

High regenerative potential .
Epigenetic reprogramming Low regenerative potential

Low frequency

High frequency

High self-renewal =
Polarity Hematopoietic pathology

Low pathology i s
Senescence QOligoclonal hematopoiesis

Polyclonal hematopoiesis .
Telomere extension Atherosclerosis

Blood (2018) 131 (5): 479487



Erytrocyty

» Bunky (bikonkavni disky, 7,5 um) bez jadra a dalSich
organel (u savcu), malé kondenzované jadro a
organely u ptaku plazu, obojzivelniku a ryb

» Vnikaji z jadernych prekurzorovych bunek

» Obsahuji hemoglobin, 95% vSech proteinu erytrocytu

» Vyvoj v kostni dreni cca 8 dni

» Doba zivota cca 120 dni

» Stareé erytrocyty likvidovany makrofagy v kostni dreni,

v jatrech a slezineé
Myelobla Basophilic
(CFU-E) (pro [) erythroblast

<D@@@OQO

Polychromatiophilic tsficu] EiE
erythroblast Orthochromophilic Reticulocyte rocyte

erythroblast




Membranova organizace erytrocytu

» Plocha sit filament spektrinu propojena kratkymi

filamenty aktinu je ukotvena pomoci adaptorovych
protein k membrané

» Jsou pasivné tvarovatelné, dulezité pro prostupnost
kapilarami, starnouci bunky ztraci flexibilitu

> protein 4.9
protein 4.1



Vyvojova stadia erytrocytu

kmenova
bunka

proerytroblast polychromatofil
(pronormoblast) basofilni erytroblast ni erytroblast

Q L 4

ortochromatofilni

erytroblast ortochromatofilni reticulocyt
(normoblast, erytroblast (polychromatofilni
metaerytroblast) extrudujici jadro erytrocyt)  zraly erytrocyt

A

http://www.mcl.tulane.edu/



Regulace erytropoézy
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4 » Obecné faktory

f » hypoxie —> erythropoietin (embryogeneze - jatra, po
narozeni v peritubularnich burikach kortexu ledvin)

» rustové faktory, hormony (testosteron vs. estrogeny)
» vitaminy

Maturacni faktory

» Vitamin B 12

» Folic acid

Faktory nezbytné pro produkci hemoglobinu

» Vitamin C — napomaha absorbci zeleza (Fe+++ - Fe++)
» Proteiny — aminokyseliny pro syntézu globinu

» Zelezo a mé&d pro syntézu hemu

» Vapnik, kobalt, nikl




Regulace erytropoézy

GATA1 Riok3
Transcription factors, HiF 1o ?glé”a” miR-223 M1 /\miR_191
small RNAs, and miR-150 - GC - 1Gens
-bindi . Myb YO Smad5 ; Myb
DNA-binding factors PE.1 GATA2 e Ldb1 m:gjg:« HDKcz
GATA2 l \
e
e
Erythrocytes
Stem Cells CFU-GEMM r BFU-Es f CFU-Es r Erythroblasts
Extruded nuclei
. IL3, SCF, IL3, SCF, Epo
Growth Factors: GM-CSF GM-CSF.,
BMP4
+/-Epo

Colonies:

Shilpa M. Hattangadi et al.

Blood 2011;118:6258-6268

3 days, 3-5 cell divisions

7-9 days, 9-16 cell divisions

TV O
<5 %

ARICAS,

i



Erytropoéza a EpoR
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TYDEN.cz

HLAVNI STRANA | DOMACI | ZAHRANICI ¥ | SPORT ¥ | BYZNYS | ZDRAVi | KULTURA ¥ | LIDE

FOTBAL | HOKEJ | TENIS | MOTORISMUS | ZIMNi SPORTY | OSTATNI SPORTY |

Hlavni strana = Sport > Ostatni sporty
Cyklisticka legenda

Vinen! Armstrong prisel o tituly z Tour, do
smrti nesmi zavodit

2210.2012 13:20 Aktualizovano 09.10. 19:32

Mezinarodni cyklisticka unie potvrdila, Ze Ameri¢an Lance Armstrong prisel
kvuli dopingu o sedm titultl z Tour de France a ma dozivotni zakaz startu. Jeji
zastupci v pondéli na tiskové konferenci oznamili, Ze souhlasi se sankcemi,
ktere byvalému zavodnikovi udélila Americka antidopingova agentura.



B riders penalised for doping | Clean riders

Position 1996 1997 1998 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 @ 2011
Bjama Jan Man::u Lanca Lance Lance Floyd  Aberto Aberta  Mberto  Cadel  Bradley

Ris Uliich  Pantani Armsh'mg Armstrong Armstrmg Armstrong Amsh'mg Armstrong Armsh'mg Landis  Contador Sawe Contador Contador  Evans  Wiggins

-.

Jan Richard Jan Alex dan Jan Joseba Jan Andreas  hvan Oscar Cadel Cadel Andy Andy #indy  Christopher
Ullnch  Virenque  Ulirich Ziille Ulirich Ulirich Beloki Uliich ~ Klgden  Bassc  Perero  Evans  Ewvans  Schleck Schleck Schleck  Froome

EESA=@3 18

Richard  Marco  Bobby Femando Joseba  Joseba Raimondas Alexandre  Ivan Jan Levi  Bemhard Lance Denis Frank  Vincenzo
Mirenque  Pantani  Julich  Escarin  Beloki Beloki  Rumsas ‘Vinokourov Basse  Uliich Klodan Leipheimer  Kohl  Armstrong Menchov  Schleck  Nibali




Fle Datashest Help

Athlete's Biological Passport ABP

Datashest
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Percentage of samples with extreme ret %

Introduction of Biological passport
Urine-EPO Test

introduced
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Athlete ID——
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Regulace erytropoézy

Fas-L
x{, Differentiation
Survival
Fas-L Epo  No differentiation
. Survival
Epo Apoptosis
Fas-L

Apoptosis

BFU-E BFU-E  CFU-E Proebl Baso Poly Acido RC
early mature

@@ @ 9 0o oo~
@ Apoptosis
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Hypoxie koordinuje syntézu EPO s metabolismem zeleza

L Hypoxia
[\

. HIF-1
HIF-2 ... 3%

¥ Hepcidin «————

/ @
DcytB

Fe3t —» Fe2t—» DMT1+Fe2 >FPN

—

Enterocyte

Erythropoiesis

=

Volker H. Haase Am J Physiol Renal Physiol 2010;299:F1-F13

AMERICAN JOURNAL OF PHYSIOLOGY

Renal Physiology



Trombocyty

Krevni desticky, 250 tis./ul

KliCova role pfi srazeni krve

Bejzaderné fragmenty megakaryocytl

postupné zvétSovani bunky jako vysledek tzv. endomitéz (replikace chromosomu bez rozdéleni
jadra)

vznik obrovské polyploidni bunky (az 64 sad chromosom) — megakaryocytu (az 150 pm)
vznik cytoplazmatickych granul

odstépovani fragmentu (trombocytl) z periferie (az 8 000 z jedné buriky)

stadia: megakaryoblast, promegakaryocyt, megakaryocyt

v @ 9 @

v ¥ @ @

» V cirkulaci cca 10 dni, likvidace makrofafy sleziny

» Tvar bikonvexniho disku, 2,5um
» Tvar udrzovan mikrotubuly

» Na membrané receptory pro
adhezi

» Obnazeny kolagen pfi poranéni
cévy vyvola adhezi - > aktivace,
vytvoreni pseudopodii a uvolnéni
granul

e receptor
" | pro von Willebranddv
faktor

b fibri-

%) |
/ L \, nogen

receptor
pro fibrinogen

a nezapadajici
b dobfe zapadajici

volné plovouci thrombocyt adhese, aktivace — agregace



Trombocyty

Platelets Leukocyte

Megakaryocyte Erythrocyte



Aktivace a adheze trombocytu

-
VWF [II Gplb-V-IX ?Integrins * Fibrinogen map\n Il aPcr O Ps

O D

Resting Shape Integrin Secretion Procoagulant activity
change activation

Henri H. Versteeg et al. Physiol Rev 2013;93:327-358

©2013 by American Physiological Society Phy5i0|og|ca| Reviews




Trombolyza

»

»

»

léCebny proces, ktery ma za cil rozpusténi krevni srazeniny vzniklé v
nékteré cévé (trombus), nebo zanesené do mista uzavéru krevnim tokem
Z jiného mista (embolus)

Aplikace latek ktera rozpousti krevni srazeniny, napf. rekombinantnich
aktivatord plazminogenu

pouziva v akutnich stavech, kdy je nutné srazeninu rozpustit rychle a
ucinné - ischemicka mozkova mrtvice, tepenny uzavér na dolni koncetiné
a klinicky se projevujici masivni plicni embolie

Integrin activation/
platelet adhesion

f e

1een e Fibrinogen
7

i E’ A @% l [

Platelet aggregation/
Integrin inhibitors: Jehnson & Johnson and partner Eli Lilly thrombosis

and Co.'s mAb ReoPro abciximab, which targets Integrin a.p,

(CD4%9e/CD61) and integrin i, is marketed to treat

angioplasty and to accompany percutaneous coranary

interventions and is in Phase || to treat stroke. Merck & Co.

EXE

}——— motif-based
inhibitor

Inc. markets Integrilin eptifibatide, a cyclic heptapeptide
derived from a snake venom protein, and the nonpeptide
antagonist Aggrastat tirofiban to treat coronary arterial
indications and as a companion therapeutic for percutaneous
coronary intervention. Both drugs target integrin a, f3..




Leukocyty

» Slouzi k obrané organismu v intersticiu, 5 tis./ul krve

% Granulocyty, monocyty, lymfocyty

» Cirkulaci opoustéji po kratké dobé (kromé lymfocytl) a zUstavaji v
extravasalnim prostoru

m===> proud krve rolovani adhese endothel:
>~ S, A P-selektin exponovany

exocytosou

A nové syntetizovany
E-selektin

B adhesni molekuly
produkované
aktivovanym
endothelem

? tI /‘/ /I/’ / didpadess leukocyt:
A\ ligand (glykoprotein)

pro selektin

- produkty bakterif i
- fragmenty odumfelych g / () integrin Spatné
bunék zapadajici

- cytokiny (TNF, IL-1 F—— . _ )
z aktivovanych 4—@ Ty I ;r;tsagégéobre
’ o P U

makrofagd)




Granulopoéza

oznaceni pro vyvoj v§ech granulocytd (neutrofilnich, eosinofilnich a
basofilnich) nebo nékdy jen vyvoj neutrofilnich granulocytt.

» Pocatec€ni prekurzory neutrofilnich granulocytu jsou spoleéné s monocyty.
Na urovni progenitort GM-CFU se linie rozdélu;ji.

» Granulocyty po dokonceni diferenciace zraji v kostni dfeni a potom jsou
uvolhovany do krevniho fecisté. V pfipadé zvySené potfeby neutrofill se
uvoliuji do krevniho fecisté nezralé neutrofily — tyCky.

» Z krve migruji do raznych tkani na zakladé stimulace chemotaktickymi
faktory.

‘ ‘ ‘ My, | My, : H

CFU-G —» MyBI T» PMy TnezralyT’ zraly —» MMy —» tycka —— Segm
procesy proliferace (cca 4 mitosy) : : y | inter-
vyvoje + diferenciace | diferenciace krev: ' ticium
trvani cca5d ' cca3d 21d E 2-3d

MMy tycka Segm

My, nezraly




Monocytopoeéeza

» obtizna identifikace stadii v bézném krevnim natéru

» monoblast, promonocyt, monocyt (vyvoj trva priblizne
55 hod.)

» zmena tvaru jadra
» vyvoj azurofilnich granul (GER, GA)

» zralé vstupuji do krve, cirkuluji 8 - 16 hod., pak
vstupuji do tkani a dozravaji v ruzné typy makrofagu,
které maji obvykle Zivotnost nékolik mésicu

kmenova myeloblast promonocyt monocyt

it



Lymfocytopoeéeza

» progenitory vSech lymfocytl vznikaji v kostni dreni

» nékteré migruji do thymu, kde se diferencuji v T-lymfocyty

» ty, které zustavaji v kostni dfeni, se diferencuji v B-
lymfocyty a migruji do perifernich lymfatickych organu, kde
se dale mohou mnozit (lymfatické uzliny, slezina)

» stadia: lymfoblast — 2-3 déleni — prolymfocyt (nema jesté
povrchové antigeny) — déleni — lymfocyt

I
kostni dien : periferie
1

'l imunas

_|lymfo-| _ | B-pro- 5 — 1| kompetentni
blast [ |lymfocyt g B-lymfocyt

C | nadivol)

lymfatické
progenitoroveé — : imuno-
buriky £ = . | kompetentni
|_> CD4*/CD8” —» | cD4* T-lymfocyt
' (naivni)

dvojité pozitivni
| CD4t/CD8*
T-lymfocyt i imuno-

- . | kompetentni
|—> CD4°/CD8* > | CD8* T-lymfocyt

(naivni)

lymfo-
blast

T-pro-
lymfocyt

kostnidien* == kira brzliku m dien brzliku s periferie



Lymfatické organy

jugular nodes

> Primarni =

o~ tonsils

) Lo Iymp:tigl]i:c(; I. T horacic
» Kostni dren V&
, thyrmus
» Thymus (brzlik) . o
nodes mediastina
nodes

GALT

» Sekundarni
» Mizni uzliny s N R | s
» Slezina L e
» Slizniéni lymfaticka tkan (MALT)

lumbar
\  nodes

S

gl

» Tonsily (mandle) .
» Peyerovy platy o e
o o s

vessels




Lymfatické uzliny

Retézec filtragnich jednotek v systému lymfatickych cév
» vkleslina = hilus, vstup artérii, nerva, vystup vén, lymfatickych cév
®» na povrchu — pouzdro = capsula — husté kolagenni vazivo — trabekuly
» podkladem - retikularni vazivo (retikularni buriky, retikularni viakna, zakladni amorfni hmota)
» Kdra, cortex, B-zona
» Parakortikalni oblast, T-zéna
Dfen, medulla
Kapilarni prostory, lymfaticky sinus, vystlany endotelialnimi bufikami
» V pripadé aktivace zustavaji lymfocyty v uzling, proliferuji a diferencuji do efektorovych bunék
»  Neaktivované cirkuluji, 5 mil. bunék/min vstupuje z krve do sekundarnich lymfoidnich organa
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Slezina

» FiltraCni a imunitni organ v krevnim obéhu

» Funkce

» Odstranéni zestarlych a poSkozenych erytrocytl
» Cervena pulpa (vazivové retikulum protkané venéznimi sinusy)
» Makrofagy pohlcuji fagocytované erytrocyty — recyklace
» Hemové Zelezo navazano na ferritin, transport pomoci transferinu do erytropoetickych bunék

» Z hemu vznikd bilirubin, v komplexu s albuminem transportovan do jater, v konjugaci s kys.
glukuronovou vyloucen z jater ve ZIudi

» Sekundarni lymfoidni organ
»  Bila pulpa, systém lymfatickych folikult (B- lymfocyty, folikularni dendritické buriky)

capsuie

Capsule

Trabecula X '
5 9 0 10) g
Vascular 1, © 2 % Primary J
sinusoid \ ol R follicle
i Marginal . i
zone White

Periarteriolar | PUlP
lymphoid
sheath (PALS)

Red pulp Germinal center

Artery
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» Patrova mandle
» Povrch tvoren nerohovejicim epitelem, rozbrazden do cca 20ti
Krypt
» Krypty obsahuji epitelialni bunky, leukocyty, mikroorganismy
» Pod kryptami — sekundarni lymfatické folikuly — B-dependentni
oblast
» Interfolikularni zona — T-dependenntni oblast




Sliznicni lymfaticka tkan

4 » Lymfaticka tkan stfevni sliznice (MALT, Mucosa-associated lymphoid tissue)

» Shlukovanim lymfatickych folikul( v nékterych ¢astech travici trubice vznikaji
Peyerovy platy

» B dependentni oblast — folikul, T-dependentni zéna vypliuje interfolikularni oblasti

» Povrh epitelu nad folikulem (FAE) neobsahuje mucindzni vrstvu (nebo jen tenkou),
chybi klky a poharkové buriky

» M-bunky bez mikroklk(, dochazi na nich k endocytdze antigenu

» Enterocyty transportuji protilatky transcytézou
»  Protilatky IgA jsou tvofeny subepitelovymi plasmatickymi burikami

» IgA spolu se sekretem exokrinnich zZlaz vazou antigeny a mikroorganizmy — shlukovani a
opsonizace

» IgAiv matefském mléce — pasivni imunizace traviciho a dychaciho traktu kojence

ll!l!!l[%

04 ¢

l c plasmocyty




Thymus, brzlik

» Umistén v mezihrudi, za sternem pred perikardiem
» Maxima rozvoje dosahuje v détstvi (cca 20-30g)

» S koncem puberty rychla involuce, zustavuji jen rezidua v
tukovém vazivu

% Primarni lymfaticky organ systému T-bunék, tvoren retikularnim
epitelem (rozvétvené, navzajem spojené bunky, mezi kterymi je
tkanovy mok)

» V Casném fetalnim obdobi je osidlen prekursory T-lymfocytarni
linie — thymocyty

» Vyzravani imunokompetentnich T-lymfocytt pod vlivem
diferenciacnich faktort a kontaktu s retikularnim epitelu thymu,
autotolerance




Thymus, brzlik

» Retikularni epitelové bunky —
obsahuji CK vlakna, jsou 7
spojeny desmosomy, “
» Vrstva u kortexu — obaluje
thymocyty — ,peCovatelské’
bunky

% vytvafri trojrozmeérnou sit’
osidlenou thymocyty

» Podili se na pozitivni a
negativni selekci T-bunék

» Hassalova téliska — podoba
eosinofilnich agregatu (jejich h
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Hemothymova bariéra

v Krvi

»

HTB je vyvinuta v kufe,
chybi ve dreni

% ochranuje T lymfocyty el

pred antigeny cirkulujicimi perivascular | fhymus

blood—

connective tissue barrier

capillary

souvisla endotelova
vystelka kapilar

BL endotelu (perikapilarni
prostor) - vazivo +
perivaskularni makrofagy
fagocytuji mala mnozstvi
materialu, ktery pronikne
cévni sténou)

BL retikularniho epitelu
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Involuce thymu
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Shrnuti

» Krev predstavuje tkan s vysokou mirou sebeobnovy,
» krvetvorba je hierarchicky organizovana,

» Je precizne fizena prostrednictvim mezibunecnych
iInterakci a signalizaci prostrednictvim solubilnich
faktort — cytokinu,

» vSechny zralé krevni bunky vznikaji z hematopoetické
kmenové bunky jejiz funkce ovliviiuje prostredi v nice
kmenoveé bunky v kostni dreni.
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