red blood cells

PLASMA - 55% of Total Bloed Volurme:
91% Water
7% Blocd Protfeins (fibrinogen, alburrin, dobuliing
2% Nutients {anino adds, sugars, lipics)
Homnones (erythropdietin, insulin, etc.)
Electratytes (sodium potassium caldum efc.)

CELLULAR COMPONENTS - 45% of Total Blood Volurme 6%

-Buffy Coat \ N
White Blood Cells (7000-9000 per A3 of blood white blood cell
Ny

Platelets (250,000 per mr\3 of blood

Red Blood Cells (RBCs)
About 5,000,000 per A3 of blood plasma——

® 2006 Encyclopadia Britannica, Inc plat elets

Krevni bunky (formované elementy)

Red blood cells /RBC/ — erytrocyty - 4 — 6 miliond/ 1 pl
White blood cells /WBC/ — leukocyty - 5,000 — 9,000/ 1 pl
Platelets /PLT/ — trombocyty - 150,000 — 300,000/ 1 pl




ERYTROCYTY -
* 4 — 6 milionG/ul

 tvar: bikonkavni tercik

velikost: 7.4 um (normocyt)

struktura:
* plazmalema
 cytoplazma + hemoglobin 33 %
e chybi jadro a bunécné organely
zivotnost: 120 dni
funkce: transport O, a CO,




poikilocytdza a anisocytdza

ruzny tvar

rizna velikost




polyglobulie, polycytémie, erytrocytéza — zvySeny pocet ery
anemie — snizeny pocet ery

* osmoticka resistence a hemolyza (osmoticky tlak ma velky vliv na zivé bunky,
protoze jejich membrany jsou permeabilni)

* v hypertonickém roztoku — ery se smrstuji >echinocyty
* v hypotonickém roztoku — ery bobtnaji, plazmalema praska - hemolyza

Hypertonic Isotonic Hypotonic
H>O

f




retikulocyty

* nezralé ery, v periferni krvi-0.5-1.5%

 obsahuji zbytky organel /polyribosomy, mitochondrie — substantia
reticulofilamentosa/

* v ery dozravaji béhem 24 — 48 hod

e znazorneéni - brilantkresylova modr



LEUKOCYTY

*granulocyty eagranulocyty
- neutrofily - lymfocyty
- eosinofily - monocyty
- basofily

obecna charakteristika obecna charakteristika
polymorfonukleary mononukleary

cytoplazma cytoplazma

specificka + azurofilni jenom azurofilni granula
granula




Neutrofilni granulocyty

71 % z DBOK

*@10-12 um

* cytoplazma:

* specificka granula:

e jadro:

tycka (4 %) nebo segmenty
(67 %) - (2-5 segmentuii )

e Zivotnost: nékolik hodin nebo
dni

* funkce: mikrofag
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Eosinofilni granulocyty

* 1-4 % z DBOK

* 312 -14 pm

 cytoplazma:

* specificka granula:
eosinofilni

* jadro: 2 laloky propojené
tenkym chromatinovym

muUstkem, pripomina Cinku
nebo bryle

* funkce: fagocytdza
komplexU antigen-
protilatka

« T - eosinofilie — alergie,
parazitarni onemocnéni




Basofilni granulocyty

* do 1% z DBOK
* @ do 10 um - f
 cytoplazma: lehce basofilni
* specificka granula:

* basofilni - heparin,
histamin, ..

2

e jadro:
nepravidelné lalocnaté, tvar
,tlustého pismene S*

 funkce: hypersensitivita



Agranulocyty

obecna charakteristika:

mononukleary — jadro je sférické,
ovalné nebo ledvinovité

cytoplazma
chybi specificka granula

azurofilni granula s lysosomalnimi
enzymy

Blood Smear Leishman

lymfocy

large granular lymphocyte

monocyt



20 -25 % z DBOK

cytoplazma — modra s azurofilnimi
granuly, ¢etné ribosomy

jadro —kulaté, hyperchromatické
trideéni:
- T- a B-lymfocyty
- malé (J 8 um),
stfedni (& 10-12 um),
velké (J 16-18 um)




Monocyty

* 5%z DBOK
* velikost: & 15— 20 um

* cytoplazma — objemnad, Sedomodra,
nespecificka granula a ¢etné ribosomy

* jadro — ledvinovité az lalo¢naté, vétSinou
v excentrické pozici, chromatin je jemné
vlaknity

* funkce : makrofag
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Trombocyty

4

* nejsou bunky, ale fragmenty cytoplazmy
megakaryocyt(

* tvar: primarné vietenovity, po aktivaci -
pseudopodie

* velikost: 2 =4 um
* hyalomera svétle modra periferie

* granulomera Cervené zbarvena zrnicka v
centru desticky

e zivotnost: 10-12 dnu

» funkce : hemostaza /zastava krvaceni/

http://www.platelet-research.org/1/function morpho.htm#



http://www.platelet-research.org/1/function_morpho.htm

Trombocyty

a=granule
dense (4-) granule
lysosome

open canalicular system

GRANULE SECRETION

Aktivace

-zména tvaru, nové usporadani cytoskeletu
centralizace organel

-uvolnéni obsahu denznich granul (ADP,ATP,
serotonin)

-uvolnéni obsahu a granul (fibrinogen, fibronectin,
vWF)

-vystaveni receptorl pro fibrinogen a fibronectin na
povrchu desticky

-uvolnéni kyseliny arachidonové ->thromboxan A2
(mediator agregace desticek)




Jak pripravit krevni nater?




krevni natér fixovat (methylalkohol, 3-5 minut) a barvit (specialni
panoptické barveni dle Pappenheima)
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Neutrofily

 tyCky : segmenty - 4 % : 68 % -1 :17

e posun doleva
* posun doprava
* Hynkovo Cislo — 2.7

%

45
40
35
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25
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15
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B
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band

2 segm. 3 segm. 4 segm. 5 segm.

neutrophils (nuclei)




Anomalie DBOK

()

2

Neutrofily neutrofilni neutrofilni
granulocytoza granulocytopenie
Eosinofily eosinofilni eosinofilni
granulocytoza granulocytopenie
Basofily basofilni basofilni
granulocytoza granulocytopenie
Lymfocyty lymfocytoza lymfocytopenie
Monocyty monocytoza monocytopenie




Jak pocitat DBOK?

e krevni natér musite prohlizet systematicky — meandrovité




Tabulka

1 2
Neu tycky /
ceementy | TR (111
Eos /
Baso
- /l /1]
Mono / /

10 10

9 10 | vysledky | norma
// 4 %
uug Al 67 %o
/ // 3 %

/ 1 %
/ 1T 20 %
5> %

10 10 100 | 100 %




Diferencialni bily obraz krevni

e prumeérné hodnoty

Neutrofily - tyCky 4 %

- segmenty 67 %
Eosinofily 3 %
Basofily 1%
Lymfocyty 20 %
Monocyty 2 %

T =100 %
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HEMATOLOGIC

Bleeding time (template) 2-7 minutes 2-7 minutes
Erythrocyte count

Male 4359 million'mm’  4.3-39x 10121

Female 3.5-5.5 million/mm3  3.3-5.5x 10131
Erythrocyte sedimentation rate (Jestergren)

Male 0-15 mm'h 0-15 mm'h

Female 0-20 mm'h 0-20 mm/h
Hematocrit

Male 41-53% 0.41-0.53

Female 36-46% 0.36-0.46
Hemoglobin Aic <6% =0.06
Hemoglobin, blood

Male 13.5-17.5 g/dL. 2.09-2.71 pomol/L

Female 12.0-16.0 g/dL, 1.86-2.48 mmol/L
Hemoglobin, plasma 1-4 mg/dL, 0.16-0.62 mmol/L

Leukocyte count and differential

Leukocyte count

4,500-11,000/mm?

4.5-11.0 x 10%L

Segmented neutrophils 34-62% 0.54-0.62
Bands 3-3% 0.03-0.05
Eosinophils 1-3% 0.01-0.03
Basophils 0-0.75% 0-0.0073
Lymphocytes 25-33% 0.25-0.33
Monocytes 3-7% 0.03-0.07

Mean corpuscular hemoglobin

Mean corpuscular hemoglobin concentration

Mean corpuscular volume

25.4-34.6 pg/cell
31-36 % Hb/cell
80-100 pm3
25-40 seconds

0.39-0/54 fol/cell

4.81-5.58 mmol Hp'L

80-100 fI..
25-40 seconds

Partial thromboplastin time (activated)
Platelet count 150.000-400,000/mm? 150-400 x 105L
11-15 seconds 11-15 seconds
0.53-1.3% of red cells  0.005-0.015

<2 seconds deviation <2 seconds deviation from
from control control

Prothrombin time
Reticulocyte count

Thrombin time

Volume

Plasma: Male 25-43 mL/kg
28-45 mL/kg
20-36 mL/kg

19-31 mL/kg

0.025-0.043 Likg
0.028-0.045 Lkg
0.020-0.036 Lkg
0.019-0.031 Likg

Plasma: Female
Red cell: Male
Red cell: Female



Hemopoéza

denni obnova / kg
2.5 x 10° erytrocytl
1 x 10° granulocyt(
2.5 x 10° trombocytl

VSechny krvinky se vyvijeji ze stejné pluripotentni kmenové bunky
kostni drené /pluripotential PHSC/ - hemopoietické kmenové buriky

Kmenova bunka se brzy diferencuje ve dve bunécné linie — myeloidni
a lymfoidni /multipotential hemopoietic stem cells — CFU-S - colony-
forming unit-spleen a CFU-Ly - colony-forming unit-lymphocyte/.

Davaji vzniknout bunkam progenitornim, které se diferencuji v
prekursorove bunky — blasty, které jsou uz cytologicky heterogenni a
dobre rozpoznatelné histologicky.



The hematopoietic hierarchy

Monoblast ~ Promonocyte ~ Monocyte
— ©®-0-0— M

Myeloblast Promyelocyte Myelocyte ~ Metamyelocyte

B —— => . = ‘ Neutrophil
@ f:>© = @ '=4> Eosinophil

Myeloblast ~Promyelocyte Myelocyte Metamyelocyte

1

-"—1

Granulocyte-
macrophage

CFU @ ii

|
I
i
|
Pluripotent stem cell E

Myeloid
stem cell

Lymphoid
P stem cell

Basophil Mast cell

Myeloblast Promyelocyte Myelocyte Metamyelocyte

Megakaryoblast

Megakaryocyte

Primitive/mature

\‘ r
——
Red

Proervthroblast  Basophilic  Polychromatophilic Orthochromatic : blood
% erythroblast ~ erythroblast ~~ erythroblast " cell

Bone marrow



» Tvorba krevnich télisek probiha v hemopoetickych organech — kostni
dren, brzlik /T-lymfocyty/, tonsily, lymfatické uzliny, bila pulpa sleziny /B-
lymfocyty/.

 Hemopoéza je aktivovana a rizena hemopoetickymi rlstovymi faktory.
Nejznaméjsi jsou erytropoetin, interleukin-3, IL-7, CSF-G /granulocyte
colony-stimulating factor/, CSF-GM /granulocyte-macrophage CSF/, CSF-
M /macrophage CSF/.

CFU-E - erythrocytes

CFU-GM - granulocyte-monocyte
CFU-L — lymphocytes

CFU-Me — megakaryocytes




ERYTROPOEZA

Basophiic
erythroblast
Earty neutrophibic
myelocyle
( ell
NG ’//
Polychromatophilic
erythroblast
Late neutrophilic
myelocyte
Orthochromatophilic
enytheablast Neutrophilic
metamyelocyte

£3
Reticulocyte Band coll
) ‘:l

| | Frnthrocyte | | AMatiire nesitronhd Mat ire aasinonhil Mat ire ba<snnhul




Erytropoéza

* Proerytroblast - 15-20 um, velké svetlé jadro s jadérky,
cytoplazma basofilni /ribosomy/, patrné projasnéni
kolem jadra, cytoplazma vybiha v ,,ouska“

 Basofilni erytroblast — 15-16 um, jadro mensi, tmavsi,
bez jadérek, cytoplazma basofilni

* Polychromatofilni erytroblast — 12-13 um, zvysena
syntéza Hb /barvi se eosinem = dvojitd barevna reakce
cytoplazmy/

* Ortochromatofilni erytroblast — 9-10 um, dale se nedéli,
malé az pyknotické jadro, cytoplazma eosinofilni,
enukleace jadra

 Retikulocyt — zbytky polyribosoml a mitochondrii —
substantia retikulofilamentosa, tvori 1-2 % ery v periferni
krvi, do 48 hod dozravaji

* Erytrocyt



Proliferation and differentiation processes occurring within the erythroid niche

Young reticulocyte

Extruded nucleus

Enucleating
erythroblast

Early erythroblast
Macrophage
Nuclear phagocytosis

Late erythroblast

Chasis, J. A. et al. Blood 2008;112:470-478



natér kostni drené







Granulopoéza

Myeloblast Promyelocyte Myelocyte Metamyelocyte
Azurophilic Specific
granules granules
(blue) (pink)

No cytoplasmic (First azurophilic i Moderate number | Abundant speciﬁc‘
granules granules being of azurophilic granules and few
secreted in Golgi granules and azurophilic
zone initial secretion of ganules
Developed Golgi specific granules Atrophic Golgi
kcomplex in Golgi zone complex
g Developed Golgi 3 ’
\complex

Ovale WK, Nahirney PC : Netter’s Essential Histology, 2013, délka: 14 — 18 dni



Granulopoéza

myeloblast

prekursorova bunka — 15-20 um, jadro s m
jemné rozptylenym chromatinem, vice Lo S
jadérek, stredné basofilni cytoplazma . LD 5

promyelocyt p &%
\ -

25-30 um, ovalné jadro, jadérka,
azurofilni granula

nnnnn



Granulopoéza

myelocyt

15-20 um, jadro tvaru D, lezi excentricky, bez
jadérek, granula zrald — neutrofilni, eosinofilni,
basofilni

metamyelocyt

12-14 pum, jadro tvaru tyc¢ky nebo ledvinovité,
cytoplazma jako u zralych granulocytd, zrala
granula - neutrofilni, eosinofilni a basofilni
metamyelocyt




Late neutrophiic
myeolocyto

§°

Noutrophilic
metamyelocyto

G

Band cell

&

Mature neutrophd

Myeloblast

3
TN
Promyeiocyte

Late oosinophilic
myoiocyte

Mature eosinophil

Early basophilic
myelocyte

Lato basophibc
myelocylo

Mature basophil

Granulopoéza

* myeloblast

* promyelocyt

* myelocyt

* metamyelocyt
e granulocyt

myelos — micha,
dren (fec.)




Granulopoéza
natér kostni dfené




Granulopoéza

natér kostni drené




Kostni dren

* stroma

* retikularni vazivo -
retikularni bunky,
retikularni vlakna a
jemna amorfni matrix

* provazce hemopoetické
tkané

* sinusoidni kapilary

Ev’dothelium 7=

Arterial

Hematopoietic
capillary

Adipose cell Adventitial cell compartments

Endothelial cell""_’__{é
=77
% Vi

CENTRAL
LONGITUDINAL Adventitial
VEIN cell

Penetration of
Megakaryocytes  Erythroblastic =~ megakaryocyte
islet by white cell
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Trombopoéza

promegakaryocyt

* megakaryoblast
e 15-45 um, ovoidni jadro s
jadérky, basofilni cytoplazma

* promegakaryocyt

* megakaryocyt
* 80-150 um,
 polyploidni (16n-64n — 5
endgomitdza) a mnohondsobné
clenéné jadro

* cytoplazma basofilni,
* demarkacni membrany
* z jednoho az 8.000 trombocyt(




Vyvoj lymfocytu

lymfoblast
prolymfocyt
lymfocyt

Pluripotent
Stem Cell

Pro-B CeII

Pre-Pre-B Cell

Pre-B Cell

Early B Cell

IntermedmteBCell LGL/Null Cell/  Regulatory/Inducer Cytotoxic/Suppressor

NK Cell T Lymphocyte T Lymphocyte

ﬁ Lymphoid Stem Cell

- v

THYMUS
C Subcortical Thymocyte
bl
Cortical
| Thymocyte
Medull
|| oyt & M

. Medullary
Thymocyte

+

e 0 o

Mature B Cell

‘_’ Activated B Cell

Immunoblast

Helper/Inducer T Lymphocyte

® -
LYMPH NODE

Plasma Cell
- Lymphoplasmacytoid
Cell -»

aoonig

Vyvoj monocytU

monoblast
promonocyt
monocyt




Myeloidni : erythroidni je 3:1

Cellular constitution of the red bone marrow parenchymall

i Average = Reference
Group Cell type fraction range
Myeloblasts 0.9% 0.2-1.5
Promvelocytes 3.3% 2.1-4.1
Neutrophilic myelocytes 12.7% 8.2-1577
Eosinophilic myelocytes 0.8% 0.2-1.3
spos Neutrophilic metamyelocytes 15.9% 896-24.6
Myelopoietic ‘ —
clle Eosinophilic metamyelocytes 1.2% 0.4-2.2
Neutrophilic band cells 12.4% 95-153
Eosinophilic band cells 0.9% 0.2-24
Segmented neutrophils 7.4% 6.0-12.0
segmented eosinophils 0.5% 0.0-1.3
Segmented basophils and mast cells 0.1% 0.0-0.2
Pronormoblasts 0.6% 0.2-1.3
Erythropotetic  |Basophilic normoblasts 1.4% 0.5-2.4
cells Polychromatic normoblasts 21.6% 17.9-29.2
Orthochromatic normoblast 2.0% 0.4-4.6
Megak aryocytes <0.1% 0.0-04
0 2
oitesat Plas'ma cells 1.30Aa 0.4-3.9
types Reticular cells 0.3% 0.0-0.9
Lymphocvytes 16.2% 11:1-23:2
Monocytes 0.3% 0.0-0.8

source: http://en.wikipedia.org/wiki/Bone_marrow




