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Hematopoéza - uvod

* Monofyleticka teorie — leukocyty, erytrocyty a trombocyty pochazeji z HSC

* Dalsi uroven diferenciace jsou 2 spolecné progenitory — lymfoidni CLP a
myeloidni CMP

* Z progenitoru vznikaji prekursorové bunky urcitého konkrétniho typu

* Nasleduje néekolik stadii postupné ziskavajicich znaky prislusnych
diferencovanych bunék



Via ¥ | Placenta Umbilical

allantois ? .~ vein

Primitive oy
Streak

N ~a | AGM

Vitelline “~_ Vitelline

artery Y vein

* | Yolk sac
A B
Aorta
Aorta
% A&\fi Umbilical AGM
Vitelling . arlense = aorta-gonad-mesonephros
Vitelline Umbilical artery Umbilical Vitelline —_—

arterial plexus arteries arteries artery



%) Bone marrow
3 ,
)
, S . Ploché kosti, osovy
VyVOJ 3 2‘:'{; skelet (sternum,
5 costae, pelvis,
krvetvo rby 8 vertebrae, cranium)
?
=
©
Cc
g | Chorion |/t
o o )
Q .f..;»-“"ﬁ / (
20-30 let ;
100"‘ o Chaln P A —— R ) S R f— S
@ o Fetal hemoglobin
8 gp— Y chain Adult
S hemoglobin
c .
§ " B chain
. = 060
f S
Vyvoj typu ¢
()
. E 40 —
hemoglobinus ™ Embryonic
= hemoglobin
= 20 ¢ chain
% g d chain
Q 0 | | .l | |
Months 3 6 Birth 3 6

Prenatal Postnatal



SUCCINYL-CoA
+

GLYCINE

ALA SYNTHASE l

0-AMINOLEVULINIC ACID (ALA)

ALA-DEHYDRATASE | - SUCCINYLACETONE HEME
SYNTHESIS

PORPHOBILINOGEN

&

PROTOPORPHYRIN 9

'

HEME » HEMOPROTEIN

FEEDBACK
INHIBITION
(HEPATOCYTE)

HEME OXYGENASE
+ ZINC PROTOPORPHYRIN 9

CYTOCHROME P450 REDUCTASE

N

IRON "y ™ CARBON MONOXIDE HEME
DEGRADATION

BILIVERDIN

BILIVERDIN REDUCTASE 1

BILIRUBIN

Yellowing
—of eyes

Yellowing
of skin

Excess bilirubin
in blood

Bilirubin moves
from bloodstream
into brain tissue




~

Embryonalni krvinky = <"
e

. ?f-':w

Fetalni jatra



Kostni dren

basal lamina

megakaryocyte

adipose
cells

sinusoid

endothelium
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erythroblastic islet
Pawlina W.: Histology, a

a Text and Atlas, Wolters
Kluwer 2016
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Kostni dren

» Cervena kostni dfeft je mistem
krvetvorby (hlavné osovy skelet), Zluta
kostni dren je tukoveé premeénéena

 Zakladem je retikularni vazivo, které je
kolonizovano HSC a z ni odvozenymi
typy bunék

* Obsahuje sinusoidy (kapilary s velkym
prusvitem)

Macrophage W Arterial Capillary
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Neutrophil [ Sinu
Myeloid Area - Adventitial Cell
Endothelial Cells
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Erytropoéza







Vyvoj cervenych krvinek,
erytropoéza

velikost buriky 1

velikost jadra 1

kondenzace jadra T

basofilie (ribosomy) 1

eosinofilie (hemoglobin) T

Proerythroblast

asophilic
erythroblast

Polychromatophilic

m |téza erythroblast

R

Orthochromatophilic
erythroblast

Reticulocyte

Erythrocyte

12 - 20 um
24 h

10— 17 um
24 h

10 — 15 um
30 h

8—12 um
48 h

Cca 8 um
2-3dny

7,8 um
120 dni



Apotransferrin
Ferrotransferrin dissociates from
receptor at
neutral pH

Transferrin
receptor

Exterior
(pH 7.0)

Ao

receptorové vazana endocytoza
transferinu

Apotransferrin is
recycled to
cell surface

pH in vesicle is
decreased by

H* ATPase //

/ PH~5.0 T Apotransferrin
Fe** Fe* Fed* Fe3* CURL
Fe** Fe* Fe** Fet J
To cytosol e Low pH causes release of Fe 3+

from ligand; ligand remains
bound to receptor




Ferritin
J 12 nm




Hemoglobin a hospodareni s zelezem

* Hemoglobin vznika z proteinu globinu (syntéza na
polyribosomech) a z hemu, ktery obsahuje
porfyrinové jadro s centralné ,,zabudovanym®
atomem zeleza

* Po zaniku erytrocytu je globin metabolizovan
proteazami, hem se rozpada na barviva (biliverdin,

bilirubin) a atomy zeleza, které jsou nasledné ulozeny )

ve feritinu

 Ktransportu zeleza obéhem slouzi transferin, ktery je
zachycovan receptory na erytroblastech

 Ke zobrazeni zeleza v histologii muzeme pouzit
Perlsovu reakci (Fe modre)

Hemoglobin p2
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Golgi complex

basofilni erytroblast
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B = bazofilni erytroblast 10 —
17 ym

Proerythroblast

Basophilic
erythroblast

Polychromatophilic
erythroblast

Oe = ¢asné ortochromatofilni
erytroblasty 8 — 12 ym
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Pe = polychromatofilni erytroblast
LPe = pozdni polychromatofilni
erytroblast

Oe = pozdni ortochromatofilni
erytroblast
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Glycophorin
Plasma and band 3
membrane

Intracellular
membranes

Proerythroblast

Basophilic

erythroblast

Polychromatophilic
erythroblast

Ankyrin-spectrin
cytoskeleton Glycoproteins
that are lost

with nucleus

Erythrocyte



Retikulocyty
0,5-2,5% v periferni krvi NP L % |
Substantia reticulofilamentosa : Sl

Zbytky RNA
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Proerythroblast
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Basophilic
erythroblast

Polychromatophilic
erythroblast

Orthochromatophilic
erythroblast

(supravitalni barveni, brilant kresylova modr) '
https://upload.wikimedia.org/wikipedia/commons/9/99/Reti
culocytes_ Human_Blood_Supravital_Stain.jpg

Erythrocyte




Fragmenty jadra:
Howell - Jolly
bodies

Proerythroblast

Basophilic
erythroblast
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Thrombopoiesis

Promegakaryocytes

Thrombopoietin

Promegakaryocyte

Thrombopoietin
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Platelets
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Basofilni cytoplasma s granuly >
jesSté nedochazi k oddélovani desticek




Thrombopoiesis

CFU-Meg

MEGAKARYOCYTE - size:50-100um Lalo¢naté, tmavé jadro

Eosinofilie cytoplasmy
Granula, invaginace membrany
OdSkrcujici se trombocyty

Megakaryoblast

Thrombopoietin

Promegakaryocyte

Azurofilni granula

Demarkacni linie

Thrombopoietin

Platelets
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Photomicrographs: Collection of UHIEM
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Megakaryocyty

fragmentace trombocyti
(2000 - 4000)






Megakaryocyty - plice



Trombopoéza

* Prekurzor je spolecny s ¢ervenou radou (MEP)

* Megakaryoblast podstupuje endomitozy a meni se v promegakaryocyt a dale
v megakaryocyt

* Megakaryocyt je polyploidni obrovska bunka s eosinofilni cytoplasmou,
postupne odskrcuje jednotlivé desticky

e Lze pozorovat granula a demarkacni linie

* 7 jednoho megakaryocytu se do krevnich sinusoid uvolnuiji tisice desticek



Leukopoéza




. Vyvoj granulocytu,
. granulopoéza, myelopoéza Myelobiast

velikost bunky

Promyelocyte

Early basophilic
myelocyte

Early neutrophilic

velikost jadra e

mitoza

kondenzace a segmentace jadra || e

Late basophilic

: myelocyte myelocyte
Neutrophilic 2
metamyelocyte -
azurofilni granula ' _l
Lo L

Eosinophilic

Band cell metamyelocyte

specificka granula

Mature neutrophil Mature eosinophil Mature basophil



Granulopoiesis

Myeloblast
10-20 um

Myeloblast

Velké sferické jadro s jadérky
Basofilni cytoplasma |

Promyelocyte

Early néutrophilic
myelocyte

Early eosinophilic
myelocyte

Late neutrophilic
myelocyte

myelocyte
Neutrophilic
< metamyelocyte
Promyelocyt
15 - 24 pm -l
Azurofilni granula Band cell xatatiry oyts

Mature neutrophil Mature eosinophil

Early basophilic
myelocyte

Late basophilic
myelocyte

Mature basophil
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Postupna kondenzace a zmeéna tvaru jadra
Tvofi se specificka granula
Jesté se déli




Ledvinovite az
podkovovité jadro
Se segmentaci jadra
vyzraje v granulocyt

neutrofilni
metamyelocyty

neutrofilni
metamyelocyty



= neutrofilni myelocyt
neutrofilni metamyelocyt
= neutrofilni tyC

= neutrofilni granulocyte
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Myelopoéza

* Myeloblast s basofilni cytoplasmou je spolecnym prekursorem pro vsechny
granulocyty

* Nejvetsi bunkou rady je promyelocyt, pouze v tomto stadiu se tvori azurofilni
granula, pri naslednych délenich jejich hustota klesa

* Myelocyt je poslednim délicim se stadiem, tvori se v ném specificka granula (lze
rozliSit druhy granulocytu)

e Jadro se méenidotvaruD

* Metamyelocyt ma cytoplasmu odpovidajici zralému granulocytu, ale podkovovité
jadro stale neni segmentovano

* Mlady granulocyt s nesegmentovanym jadrem se nazyva tyc



Vyvoj monocytu,
monopoéza

e Monoblast je prakticky nerozliSitelny od
myeloblastu

e Promonocyty jsou vetsi s vpacenym
jadrem

M-CSF

Monoblast

4

M-CSF

Promonocyte

Monocyte







promonoc
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Morfologicky jsou
jednotliva stadia
znacné podobna,

VWO] Iymfocytﬁ y odli$uji se pomoci
, v € < povrchovych
lymfopoéza
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e velikost bunky 1

e velikost jadra 1

e kondenzace jadra T

prolymphocytes

lymphocytes
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Lymphoblast
(in bone marrow)

Places of maturation
(immunocompetency
acquirement)

Types
of lymphocytes

~ lymphoid

organs
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.

Ir

e
b

Immune complex

and antigen
inactivation

Regulatory T
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Phagocytosis

ral killer T
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Cytotoxic T
lymphocyte

——————

Natural killer
cell

______

Lysis of Lysis of
infected cell infected cell
Adaptive Innate
immune immune
system system

SURFACE
ANTIGENS

all B- lymphocytes
CD20,23,(19) BCR
MHC Il

all T-lymphocytes

CD3 TCR
T, L CD4
T.L CD8

T..L CD4 or CD8

reg

CD25 and FOXP3

NKTL and other
unconventional TL (MAIT)

CD1d CD16

NK-cells
CD56

CD16



Normal Blood Leukemia

Erythrocytes Neutrophil Lymphocyte Monocyte Platelets



- AY o
Acute Myelogenous Leukemia (AML) Acute Lymphocytic Leukemia (ALL) ‘

-’

W
@
@

L R, . MA _

Chronic Myelogenous Leukemia (CML) Chronic Lymphocytic Leukenmia (CI.L)
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