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Krev je télni tekutina
* 7-10% télesné hmotnosti (4,5-6 I)
 transportni médium (O,, CO,, metabolity, hormony, ziviny...)
» homeostaza vnitfniho prostfedi téla (termoregulace, acidobazicka rovnovaha,
onkoticky tlak)
 integrita kardiovaskularniho systému (srazeci kaskada)
* imunitni odpovéd

« troficka pojivova tkan plazma
* jonty, proteiny, nizkomolekularni
) &2, C— organicke latky
X + tekuta ECM

v -
u
@ Withdraw blood

and place in tube

@ Centrifuge

formované krevni elementy — krvinky
* erytrocyty

* leukocyty

« trombocyty




plazma

- 2,835

« pH7.4(+0.05

* ~92% voda

+ ~1%ionty (Na*, K*, Ca*, Mg*, CI, HCOy"), nizkomolekularni organické latky
(glukdza, aminokyseliny, cholesterol, lipidy, odpadni produkty), dychaci plyny

« ~ 7% proteiny (alouminy, globuliny, fiorinogen)

Interstitial

Active
e fluid

transport

Capillary

Intracellular
fluid
Blood
Tissue Rl
el N
Blood

cells

intersticialni tekutina (tkariovy mok)
 ultrafiltrat plazmy pfes kapilarni sténu
minimalni obsah proteinu




+ ~ 1% ionty (Na, K*, Ca*, Mg*, Cl, HCOy"), nizkomolekularni organické latky (glukoza,
aminokyseliny, cholesterol, lipidy, odpadni produkty), dychaci plyny

Kationty

Anionty

Sodik

Draslik
Vapnik
Horcik

Zelezo &
Zelezo @

Méd

Chloridy

Hydrogenuhlicitany [HCO,]

Jod

136-148 mmol/I
3,7-5,0 mmol/I
2,15-2,61 mmol/I

0,66—0,94 mmol/I

12—27 umol/I
10-24 umol/I

12-22 pumol/I

95-110 mmol/I

22—-26 mmol/I

0,6—-1,4 mmol/I
276—630 pmol/I

Osmoticky tlak, objem, pH

Membranovy potencidl bunék (nervové, svalové)

Permeabilita membran, srazeni krve, nervosvalovy prenos
Kofaktor enzym(, nervové prenosy

Kofaktor enzym, souc¢dst hemu v hemoglobinu

Kofaktor enzymu

Osmoticky tlak, objem, pH

Transport CO,, pufr - pH

Pufr - pH

Hormony stitné zlazy

Tuto tabulku se pro nas kurz ucit nemusite



+ ~ 1% ionty (Na, K*, Ca*, Mg*, Cl, HCOy"), nizkomolekularni organické latky (glukoza,
aminokyseliny, cholesterol, lipidy, odpadni produkty), dychaci plyny

Glukoza 3,3-6,1 mmol/I
Aminokyseliny 2,3-3,9 mmol/I
Mocovina 3,0-7,6 mmol/I
Lipidy 4-9 g/
Triacylglyceroly 0,5-1,8 mmol/I
Fosfolipidy 1,8-2,5 g/l
Kreatinin 55-110 umol/I
Cholesterol (celkovy) 3,5-5,2 mmol/I
Bilirubin 3,3—-18,0 umol/I
Laktat 0,55-2,22 mmol/I
A ani tuto ne. Ale pamatujte si, Ze:

~_>—

SLOZENI KREVNIi PLAZMY JE VELMI STALE

- je regulované v uzkém rozmezi — zasadni pro klinickou medicinu




Plazmatické proteiny maji rizné funkce

« osmoticky tlak krve
« transport

* koagulace Major Plasma Proteins
e imunitni OdeVéd’ 99% of Plasma Protein Mass

* regulacni proteiny

ibri C9 Complement
F|br|nc;\g::nT i Prealbumin —I I_ B
Transferrin g lota C1q Complement
—| Alpha 2-Macroglobulin Complement Factor B
’7 IgM Total C4 Complement
Alpha I-Antitrypsin i y
|—|— Ceruloplasmm‘ €8 Complement
19G Total -

C3 Complement
r|— Haptoglobin Factor H

Lipoprotein (a)

10% ‘
Alpha-1-Acid
Glycoprotein

Apolipoprotein B J I— Apolipoprotein A-1

Albumin

O -90% 90-99%

https://pharmaceuticalintelligence.files.wordpress.com/2014/06/major_plasma_proteins2.jpg



. prealbumin K ¢emu je to dobré? Klikni.

- transport @
« albumin

- 68kDa

- transport Prealbumin

- osmoticky tlak
* al oblast
- ol lipoprotein (HDL)
- al kysely glykoprotein
- ol antitrypsin
- (a1 fetoprotein) High
* a2 oblast | B 210 B - Voltage
- a2 makroglobulin (et | Power
- haptoglobin Erytrocyes
. Bl Ob|a3t “»(45/0 of total blood)
- transferrin

SR -4 ¢y
IgA

Albumin

“l

Plasma
(55% of total blood)

(P

"/

Whole blood

B
- hemopexin

- B lipoprotein (LDL)
- C4 (komplement)
* B2 oblast

- CRP

- fibrinogen

- B2 mikroglobulin

- C3 (komplement)

* yoblast e

- 1gA, 19G, IgM = proto se protilatkam fika (historicky) ,,gamaglobuliny”

Origin
Ly
pu

| g‘q
IgM Y

CATHODE



https://www.youtube.com/watch?v=vn0_kcShB1E

BIOCHEMICKE SLOZENI KRVE

Testosterone (i

Reference ranges for blood tests |
sorted by mass (upper) and Parathyroid hormone A g P

molarity (|Ower diagram) Estradiol (male) Aldosterone ! j
\ | ] [ { Estradiol (post-menopausal female) Progesterone (female, follicular pha

. - Sources differ in the faded interval Brain natriuretic peptide (optimally)

; S - Limitis 0 or not available | T yueponin ("%ma"y) i
| NT-proBNP ( > 75 yrs - optimall

NT‘-proBNP (< 75 yrs - optimally) ’
Free thyroxine (pfegnant) Estradiol (female; follicular phas+) Dihydro
Free thyroxine (normal adult) ' Hrotons (H") ‘ ] e Es&adbl-(feﬂ{ale. pre:

Eree (not protein bound) estradtol (adult female) Free thyroxine (child/adglescent) Estradiol (female, day of ovulétion) l
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Free tmodothyronme (chuldren) Adrenooorticotropic hormone | Vitamin 812 (Cobalamin)

34005&%/(:'08 01 02 p_4 0.506 .7 .891 s 20255 3/d|_ 5 6 7 8 910 15 20 25 30/dL
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| | : Vitamin B12 (Cobalamin)
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Adrenocorticotropic hormone ‘[Femﬁn kma;e) ‘ T | T T VT
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https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests



Growth hormone (fasting)

Testosterone (male, <50 yearJ)

female)
Testosterone (male, >50 years)
ertal) Androstenedione (post-menop#usal)
Androstenedione (adult)
|
se) |

Total triiodothyronlne
Progesterone (female, day of ovulatlorl)
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I !

y) ? ? .
‘ Thyroglobulin

testosterone (adult mal Creatine kinase MB
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Prolactin (female) ‘
Prolactin (male)

Prog

Vitamin B9 / Folic acid in serum (opti
Vitamin B9 / Folic acid in serum (usually)

Growth hormone (arginine stlmulatlon)

Myoglobin (female)
Myoglobin (male)

-
4
|
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; Cortisol (midnight) l
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Folic acid (in erythra

Creatine kinase (male) l
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25- hydroxycholecalcnferol (optnmally) [ i_ ;
Testosterone (female) ' Testosterone (male, >50 years) Prolons (HY Clreactlve protein

| ' Total triiodothyronine
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https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests



ne (male)
ne (female in follicular phase)
HDL
imer Zinc (Zn)
. l . .
nA Homocysteine (>60 years) Vitamin C (usually)
Homocysteine (12-19 years) C-reactive protein Vitamin C (optimally) A RS
ysteine (optimally) ‘ ‘ | S |
Direct bilirubin Thyroxine-binding globulin feiiE eneon)
, t 2 |
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Folic acid in RBCs during pregnancy (optimally)
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Homocysteine (>60 years)
Homocysteine (12-19 years)

Homocysteine (optimally)

| Total serum iron (child) 4

Toltal serum iron (female)

‘ Total serum iron (male)

Vitamin C (usually)
‘ ‘ Vitamin C (optimally)

Total serum iron (newborn)
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https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests



Glucose(‘ sﬁqg) Substances with a molar mass around 1000g/mol (e.g. triglycerides) are almost vertically
HDL cholesterol (optlmally) aligned in the mass and molar images. Substances with a molar mass larger than 1000

g/mol (e.g. proteins) are found more to the right in the mass scale than in the molar one.
In contrast, substances with molar mass below 1000 g/mol (e.g. electrolytes and
metabolites) are found more to the left in the mass scale.

10L cholesterol (male) Total cholesterol (gptimally)
HDL cholesterol (femal%) Total cholesterol (usually)
Alpha-1 antitrypsin

Immunoglobulin M
' Immunoglobuli‘nA
Ethanol for drunk dnvmg Ej Lethal level of ethanol
LDL cholesterol (usually) Standard bicarbonate (SBC
LDL cholesterol (optimally){ Bicarbonate (HCO3) (L
| Triglycerides (>60 years ‘S°d'u | (Na) R EEALN
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/d4|_0 50 60 70 8090100 150 200 2504%0/480 500 700 900(1 1.5 202503 /dL 5 6 7 8 910 15 290/d{5 30
D 39%/@0 700 900|1 1.5 2 2.592’}L 4 5 6 7 8 910 15 20 25 ggL 40 50 60 708090100 150 2%)/&50 300
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Triglycerides (40 - 59 years) LDLchoIestérol (usually)
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Triglycerides (optimally) Urea
\ Lactate (venous). ' Total cholesterol (optimally)
Lactate (arterial) Hemoglebin (female)  Total cholesterol (usually)
HDL cholesterol (optimallyy™ | ifigifiogibin (male) Carbon dioxide (CO,) Qsmolarilf]
! HOL G, ‘ Ethanol for drunk driving Lethal level of ethanol
Albumin HDL cholesterol (female) ! - _ |
Inorganic phosphorus Glucose (fasting) Standard bicarbonate (SBGe) Chloride (C1)
id ‘ Magnesium | [onized calcium | [Total calciim  [Potassium (K) Bicarbonate HCO:;) Sodium|(Na
400 500 700 900 (1 1.5 2 25 3 4 DY 6 7890 15 ZIO 25 30 40 50 60 70 8090100 150 200 300
L mmol/L mmol/L mmol/L

https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests



sérum ¥ plazma

Serum Plasma

Buffy coat

Cells
(clot)

Cells

_ Fibrinogen

L

No anticoagulant Anticoagulant

Fig. 6 Serum vs plasma. Electrophoresis performed using Sebia Hydrasys 5-band gels.
Arrow indicates fibrinogen. 10.1016/bs.acc.2018.12.001



559, Leukocyty
4,5-11 x 103/l
Plazma neutrofily 71%
eosinofily 3%
bazofily 1%
1% monocyty 5%
Buffy coat lymfocyty 20%
Trombocyty
- 150-450 x103/pl

Erytrocyty

Erytrocyty
4,2-6,2 x 106/ul



Erytrocyty

Podil objemu erytrocytli a objemu pIné krve

HEMATOKRIT
3 0

4,2-6,2 x 108/pl

Norma Erytropenie  Polycytémie

Plazma

Buffy coat

Erytrocyty




ERYTROCYTY

Velikost ery je zavisla na osmotickém tlaku prostredi

7,5um

0,75 um

Hypertonic Isotonic Hypotonic

-9 B

D5




ERYTROCY
Odchylky od bézné velikosti

* anisocytéza
- makrocyty (>9 um)
- mikrocyty (<6 pm)




ERYTROCYTY

Tvar erytrocytu umoznuje znacnou flexibiltu
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MUSCLE TISSUE



ERYTROCYTY

Tvar erytrocyttli urcuji strukturalni proteiny

Unbound Ankyrin Actin junctional
band 3 complex complex

integralni proteiny
band 3, glykoprotein A (iontové transportéry)

* spektrin 5 U6

° an kyrln ) "- ° ‘ ] gﬁﬂﬂﬂ Stomatin
Bipds WL B8 RN |

- aktin a s aktinem asociované proteiny " B Brc D—

- tropomodulin, tropomyosin Iy od
Prx2 * ’ X -

« hemoglobin a-specti Poreeth . @

F-actin
Tropomyosin
Tropomodulin

Erythrocyte
Plasma
Membrane

Glyeaphorin



Odchylky od bézného bikonkavniho tvaru

* poikilocytéza
priklady:

- akantocyty (nepravidelné trnovité vybézky membrany)

- kodocyty (,pneumatika®)

- echinocyty (trnovité vybézky na celém povrchu)

- eliptocyty (elipticky tvar)

- sferocyty (kulovity tvar)

- stomatocyty (chybégjici ¢asti membrany nebo jiné nepravideli
- drepanocyty (srpkovity tvar)

- dakrocyty (kapkovity tvar)

Normal cell Spherocyte Micro-spherocyte Irregularly
contracted cell

© 00

Elliptocyte Ovalocyte Dacrocyte (tear-drop Target cell
poikilocyte)
”~ ’ n_'
g A - ¢ A
é 1
@« ]
2 g e
> < g
Stomatocyte Keratocyte Schistocyte Echinocyte
(fragment) (crenated cell)

Y N ©

Acanthocyte Sickle cell Boat-shaped S-C poikilocyte

rall

¥




Odchylky od bézného bikonkavniho tvaru

Normalni Kodocyt Sferocyt
&

i" tﬁb ‘

I %P

Echinocyt



Hereditarni eliptocytéza




Hereditarni eliptocytéza
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ERYTROCYTY

Srpkovita anemie

« Abnormalni hemoglobin (hemoglobin S)

@) Normal red bload cells

Oxyhemoglobin A Deoxyhemoglobin A

Deoxyhemoglobin S polymerizes into filaments

RBCs flow lteely
within bloed vessel

Oxyhemoglobin S Deoxyhemoglobin S

Abnormal, sickled, red blood colls
(sickle cells)

Sticky sicklo colls

Sickle cell

Normal red
blood cell




ERYTROCYTY

Srpkovita anemie (drepanocytoza)
« Patologicky genotyp (heterozygot HbS/HbA) mlZze byt i prospésny: malarie

Life Cycle of the Malaria Parasite

2%

1. Transmission to human &
(injects sporozoites via bite)

2. Sporozoites enter liver and
infect hepatocytes

9. Sporozoites develop G

mitotic replication

&.

4. Intraerythrocytic cycle 3. Liver cells rupture and
(asexual/symptomatic cycle) merozoites released

O\

7. Gametocytes mate,
undergo meiosis

6. Transmission to mosquito 5. Sexual cycle
(ingests gametocytes via bite) / ‘\‘\ ( ites produce g

S Klein EY. Antimalarial drug resistance: a review of the bioclogy and strategies

to delay emergence and sp.rﬁad.Alnt. J Antimicrob Agents (2013), C DD E P B;;;;::?);yor:amics,
http://dx.doi.org/10.1016/j.ijantimicag.2012.12.007 Economics & Policy

WASHINGTON DC « NEW DELHI

schizont

8. Migrates through
midgut wall,

Pt 4 trophozoite




ERYTROCYTY

Ultrastruktura erytrocytu

HaC

« Erytrocyty neobsahuji jadro ani organely
» Anaerobni glykolyza

B chain 1 B chain 2

* Hemoglobin

* hem (porfyrin)

* 4 globularni podjednotky
« Zelezo: Fe?* nebo Fe3*

« oxyhemoglobin, deoxyhemoglobin “=*"" Loon doon
* methemoglobin @ o)

HaC

Fe2+
Heme

« chain 2

Heme Hemoglobin Erythrocyte



« Dychaci plyny prechazeji volnou difuzi

Detached from hemoglobin

Fused basement membranes

Blood plasma

CO, (dissolved in plasma)

O, (dissolved in plasma)

Converted from bicarbonate



ERYTROCYTY

« Zivotnost 120 dni

(@)
Gastric surface
Renal surface

\ = Hilum
Splenic artery

Splenic vein —

(b)
Capsule__
‘Trabecula Primary
Vascular T follicle
sinusoid Marginal .
z0ne » White pulp
—___ Periarterial
lymphatic ~
sheath (PALS)
Red pulp” U (IR ™ Germinal center
Artery
o)
|
y |
= /
>
w °)
Stress ﬁbre'/ /
(@) //
— )
— (@) 4

Copyright © 2005 Nature Publishing Group
Nature Reviews | Immunology

Trpi konstantnim poskozovanim; opravy nejsou mozné
Odstranéni starych a poskozenych erytrocytu v kostni dfeni a sleziné

Fenestraticn

Lumen of sinus

1 1

Inclusion Sinus
bedy macrophage
. |
Od TAS,
T o WL 4 I
I/ (&

|

1 | I

Sinus

Lumen of sinus

i 1

Sinus
____macrophage

—

\ Lumen of sinus

\‘l | L 1 1




e imunitni odpovéd
« morfologicka klasifikace — (ne)pFitomnost cytoplazmatickych granul
(neodpovida schématu hematopoeze)

Granulocyty Agranulocyty

Neutrofily Eosinofily Basofily Monocyty Lymfocyty

Multipotential hematopoietic
stem cell

(Hemutl:ytoblaﬂ)
|
v ¥
Common myeloid progenitor Common lymphoid progenitor

l I o :

I 1
- 00 © ) @ [
. Erythrocyte  Mast cell Natural killer cell Small lymphocyte
Myeloblast (Large granular lymphocyte) / \
| ® @
B lymphocyte
A ! | T lymphocyte [ 1h

! !
Megakaryocyt:a . ‘) Q w @
leutrol

Basophil . i i
l Neutrophil  EOSINOPhIl ) e

AL l Plasma cell
Thrombocytes

Macrophage



* Lyzosomy (primarni, azurofilni, nespecificka granula)
» Specificka (sekundarni) granula
* Polymorfni jadro

« Terminalné diferencované

« Kratka zivotnost

* Redukované ER, GAi poCet mitochondrii (anaerobni glykolyza)
» Apoptdza

The Gran Team

, Eosinophil
Basophil Neutrophil

histamine

CellCartoons.net




* Neutrofily

- 50-70% cirkulujicich leukocytu
- ©@>12 um
- Segmentované jadro
- Barrovo télisko u zen
- Azurofilni (primarni) granula
- myeloperoxidaza, lysozym, proteazy, defensiny
- Neutrofilni (sekundarni) granula
- kolagenaza, baktericidni enzymy .
- Chemotaxe dalSich leukocytl
- Mikrofagy

* Neutrofilni ty€ka
* Neutrofilni segment




NEUTROFILNI GRANULOCYTY

Mikrofagy

Neutrophil

Oh nooo
Hes got Joe!
Hurry guys!




NEUTROFILNI GRANULOCYTY

Lovci

NETs (neutrophil extracellular traps)

G

Zvlastni forma bunécné smrti (neutrofilu) — ,netosis”




GRANULOCYTY

Extravazace (diapedeza)

Leukocyte
~ Extravasation

Endothelial

JUST FOLLOW -
THE CHEMOKINES
O

6 Y0 O O




« Eozinofily

- 1-4% cirkulujicich leukocytu
- &12-15 um
- Nepravidelné, typicky dvousegmentové jadro
- Azurofilni (primarni) granula
- myeloperoxidaza, lysozym, proteazy, defensiny
- Eozinofilni (sekundarni) granula
- jasné Cervena (eosinofilni)
- hlavni bazicky protein
- peroxidaza
- cytokiny, chemokiny

- Chemotaxe dalSich leukocytl
- Fagocytéza komplexu antigen-protilatka
- Parazitarni infekce, alergické reakce




BAZOFILNIi GRANUL

« Bazofily

- <1% cirkulujicich leukocytu
- 12 um
- Nepravidelné, dvousegmentové jadro, maskované granuly

- Azurofilni (primarni) granula

- myeloperoxidaza, lysozym, proteazy, defensiny
- Bazofilni (sekundarni) granula

- 0.5um

- velka tmava (basofilni)

- heparin, histamin - vazodilatace

- fosfolipaza A
- Analoga zirnych bunék
- Receptory pro IgE
- Alergie, anafylaxe, zanét




* Pouze lyzosomy (azurofilni, nespecificka granula)
« Specificka granula chybi
* Nesegmentované jadro

Lymfocyty Monocyty

@\,

Lymphoblast

B Iymphocyt@g ¥ \
Q@

/4

Natural
! § Iymphocyte killer cell

Plasma cell



cvrocyty

gRI

Lymphocytes
Requlatory

CDS8T Cell B CeII T Cell CDAT Cell

CellCartoons.net

- ——




* Plazmatické bunky

Take that



MONOCYTY

« Z12-15um

» Cirkulujici prekurzory makrofagu,
osteoklastl, mikroglii, Kupferovych bunék a
dendritickych bunék

* Mononuklearni fagocytarni systém

» Velké ovalné (fazolovité) jadro s méné
kondenzovanym chromatinem a 2-3 jadérky

« Bazofilni cytoplazma

* Azurofilni granula

DENNIS KUNKEL MICROSCOPY / SCIENCE PHOTO LIBRARY SECCHI-LECAQUE / ROUSSEL-UCLAF / CNRI / SCIENCE PHOTO LIBRARY



MAKROFAGY

 Jkolem 21 um

« proménliva morfologie

* migrace

« fagocytdza

» prezentace antigenu (T-lymfocytlim)

» zanétliva odpovéd

* regenerace tkani a hojeni

napf. histiocyty, Kupfferovy bunky, mikroglie




https://www.youtube.com/watch?v=R279Cs1_ltg



DENDRITICKE BUNKY

,profesionalni“ prezentace antigenu bunfikam IS (MHC II)
» aktivace nebo inhibice zejména lymfocytu
* imunitni odpovéd nebo imunotolerance

no LPS

ACTIVATION

Activated
Cytotoxic

' T cell

Eur. J. Immunol. 2004. 34: 156-164

24 h LPS

Memory
T cell

P. Verdijk et al.
Kensaku Mizunc', Henk K. Koerten?, Frits Koning®, Cornelis P. Tensen' and A. Mieke

Mommaas®

* Department of Biomolecular Sciences, Graduate School of Life Sciences, Tohoku University,

“ Department of Immunchaematology and Bloodtransfusion, LUMG, Leiden, The Netherlands
Aoba Sendai, Japan

maturation correlate with cofilin activation and
Pauline Verdijk', Peter A. van Veelen®, Arnoud H. de Ru?, Paul J. Hensbergen',

Morphological changes during dendritic cell
translocation to the cell membrane

1 Department of Dermatology, LUMC, Leiden, The Netherlands
2 Center for Electron Microscopy, LUMC, Leiden, The Netherlands
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Fig. 1. Immature versus mature DC. Scanning electron
micrograph of immature and mature DC. Monocyte-derived
DC were cultured without (a) or with LPS for 24 h (b) or 48 h
(c). Cells were fixed and allowed to adhere to poly-L-lysine-
coated coverslips before preparation for scanning electron
MICroscopy.




TROMBOCYTY

» Bezjaderné bunééné fragmenty

& 2-3 um, tvar disku

* hyalomera, granulomera

« 150-400 x 103/l

« srazeni krve, oprava poskozeni cévni stény

336%;?;(‘)“::“ fibrinogen, PDGF
d-granula sir:?::;;g's ?;[IH

250-300 nm ADP, ATP
A-granula

175.200 nm lyzosomalni enzymy




1. Primarni agregace desti¢ek
- naruSeni endotelu, obnazeni kolagennich vilaken
- destiCkova zatka

2. Sekundarni agregace desticek

- srazeci faktory, ADP z agregovanych trombocytl — dal$i trombocyty — bily trombus
3. Koagulace — srazeni krve

- tvorba fibrinové sité zachycuijici erytrocyty — éerveny trombus

4. Retrakce trombu
- kontrakce srazeniny (destiCkovy aktin a myosin)

5. Trombolyza
- rozpusténi srazeniny (plazmin) a hojeni tkané




Contact activation Tissue factor
{intrinsic) pathway {extrinsic) pathway
Damaged surface
l Trauma
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Srazeci kaskadu se pro nas kurz ucit nemusite, nechejme si ji pro biochemii



TENTO SLIDE JE OPRAVDU DULEZITY

Neutrofily  tyéky 4 %
segmenty 67 %
Norma
1:17
posun doleva posun doprava
zvySeny pocet tyCek zvySeny pocet segmentu
Eozinofily 3 %
Bazofily 1%
Lymfocyty 20 %
Monocyty 5%

T =100 %



TENTO SLIDE JE OPRAVDU DULEZITY

Odchylky od normy

‘) 2
Neutrofily granuiocytoza aranuiocytoperie
Eozinof y S:')az:\r:ﬁgiclzr;;téza S(r)e:;rlz(l);icl:r;/itopenie
Bazofi Iy g?azr? l]:illgci:ytéza g?z:ﬁ ljillcr;cl;ytopenie
Lymfocyty lymfocytdza lymfocytopenie
Monocyty monocyt6za monocytopenie




Priklad populacni variability

Neutrofily  tyéky 0-5%
segmenty 35-85 %
Eozinofily 0-4 %
Bazofily 0-1 %
Lymfocyty 20-50 %
Monocyty 2-6 %

Podle Haferlach et al. Kapesni atlas hematologie. Grada 2014
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White biood cells asophil granulocytes (newborn)
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Zavislost na véku

Leukocytes Neutrophils Lymphocytes Monocytes Eosinophils
Age (x 10°) (%) (%) (%) (%)
Birth 18 61 31 6 2
1 week 12.2 45 41 9 4
1 mo 10.8 35 56 7 3
6 mo 11.9 32 5 3
1yr 11.4 31 5 3
4yr 9.1 42 50 5 3
10 yr 8.1 54 38 4 2
16 yr 7.8 57 35 4 3
WBC, White blood cell. M
aaaaaa i s N
https://obgynkey.com/elevated-or-depressed-white-blood-cell-count/ ;"”'?f (2:\_;)




Leukocyt Jadro Granula % | Zivotnost Funkce

Granulocyty

o -
Neutrofily 3-5 segment( azuvrofllnolv nfautrofllm 71 | 1-4 dny mikrofag (bakterie)
(svétle rGizova)

" 2 segmenty azurofilni + eozinofilni , parazitické infekce (helminti),
Eozinofily vy , 3 | 1-2tydny s Y
(laloky) (jasné Cervena) modulace lokalni imunitni reakce
. 2 segmenty nebo azurofilni + bazofilni . modulace lokalni imunitni reakce,
Bazofily ) . , 1 meésice “ o .
tvar ,,S (modrofialova) uvolnéni histaminu
Agranulocyty
Lymfocyty kulaté nejsou 20 | hodiny —roky | adaptivni imunita, mnoho funkci

hodiny — roky | prekurzory bunék monocyto-

Monocyt ledvinovité jen azurofilni 5 , , ,
vty J makrofagového systému

TENTO SLIDE JE OPRAVDU DULEZITY




Multipotential hematopoietic
stem cell
(Hemocytoblast)
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Common myeloid progenitor Common lymphoid progenitor
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« 2 x 10 novych erytrocyti denné
 CFU-GEMM az CFU-E morfologicky nerozliSitelné

CFU-GEMM
1. p,roeryt.robla%t (-14-19 um) @) S Brue-oay 3
- prvni morfologicky rozliSitelné stadium e BFUE-late L3
- mitoticky aktivni \_ o
- dominantni, kulaté jadro s 1-2 jadérky

- mirné bazofilni cytoplazma .P:;mum

Bone marrow

2. bazofilni erytroblast (~13-16 um et =
P
- mitoticky aktivni ..‘;’.’:JL’.:’.’.".?“ Q9
- heterochromni jadro s nezietelnymi jadérky @
- bazofilni cytoplazma arobteet
3. polychromatofilni erytroblast (~13-16 um) é S
- mitoticky aktivni Q
- produkce hemoglobinu e S i [ . S—— N
- Sedomodra cytoplazma — bazofilni (polyribosomy a acidofilni asp«¥ —— ‘%
(hemoglobln) “ Erythrocyte Reticulocyte  Blood vesse
heterochromni jadro (Sachovnice) ‘ ‘ e
4 ortochromatofilni erytroblast (-s-1o0um)y == — - - -

- mitoticky neaktivni
- malé, kompaktni, excentrické, pyknotické jadro — extruze
- mirné acidofilni cytoplazma s bazofilnimi reziduy

5. reticulocyt (polychromatofiini erytrocyt, ~ 7-8 pmy)

- nema jadro, stale sféricka bunka

- acidofilni cytoplazma

- substantia reticulofilamentosa — specialni barveni (brilliant cresyl blue)

6. erytrocyt (~7-8 um)
- bezjaderny, bikonkavni disk
- acidofilni cytoplazma



bazofilni erytrobl:

Lrocyty

Ve

polychroma ‘w
erytroblast |




1. myeloblast (~15 um)

- mitoticky aktivni

- kulaté nebo ovalné jadro, bohaty euchromatin
- 2-6 jadérek

- slabé bazofilni cytoplazma bez granul

2. promyelocyt (~15-24 ym)

- mitoticky aktivni

- kulaté nebo ovalné jadro, ¢aste¢né kondenzovany chromatin
- slabé bazofilni cytoplazma s azurofilnimi granuly

3. neutrofilni, eozinofilni a bazofilni myelocyt (~10-16 um)
- mitoticky aktivni

- kulaté nebo ovalné jadro, ¢aste€né kondenzovany chromatin

- zvySujici se pocet specifickych granul v cytoplazmé

4. neutrofilni, eozinofilni a bazofilni metamyelocyt (~10-12 ym)

- mitoticky neaktivni
- podkovovité jadro s kondenzovanym chromatinem

metamyelocyt
granulocyt - tycka
granulocyt - segment

)
>
O

o
)
>
S

5. neutrofilni, eozinofilni a bazofilni granulocyt (~10-12 ym)

- segmentace jadra
- azurofilni i specificka granula




myelobl?_ 4

promyelocyt metamyelocyt
| myeloblast myelocyt
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VYVOJ KREVNIC

TROMBOPOEZE

1. megakaryoblast (az 30 um)
- velké, ovalné jadro s napadnymi jadérky
- bazofilni cytoplazma

- série endomitéz

2. promegakaryocyt (az 100 ym)
- velka burika s polyploidnim jadrem (8n-64n)

3. megakaryocyt (80-150 um)
- polyploidni jadro s laloky (8n-64n)
- azurofilni a destickova granula
- viceCetné centrioly, vyvinuté ER a Golgiho aparat
- Cetné membranové invaginace — demarkacni kanaly (linie)



vivou ooy

MONOCYTOPOEZE (zjednodusengé)

1. monoblast (~16 um)

- mitoticky aktivni

- kulaté nebo ledvinovité jadro s jadérky

- mirné bazofilni cytoplazma

2. promonocyt (~16-20 ym)

- mitoticky aktivni (1-2)

- velké jadro se zafezem, nepatrna jadérka
- bazofilni cytoplazma

- azurofilni granula

3. monocyt

- kratce v cirkulaci, poté opousti krevni obéh a diferenc

tkanové makrofagy

Multipotential hematopoietic
stem cell
(Hemocytoblast)

v

Common myeloid progenitor

|
l .
- 00 © @)
, Erythrocyte  Mast cell
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o
. ! ! ] }
Megakaryocyt:a . ‘3 0 @ @
Basophil Neutrophil Eosinophil Monocyte
\:; ”
Thrombocytes

Macrophage



LYMFOPOEZE (zjednodusené)

1. lymfoblast (~18-20 ym)
- kulaté-ovalné jadro s jadérky
- mirné bazofilni cytoplazma bez azurofilnich granul Vi Dy Ji Constant region

DOI: 10.1155/2011/502751

2 . p rO Iy m fO Cyt (~12'15 ”m) v T Constant region

- maturace do lymfocytl 5 st Light chain
3. lymfocyt (a)

- dalSi maturace a diferenciace mimo kostni dfef ; Pre-BCR
Multipotential hematopoietic b @ é ‘ 6
stem cell —> —_
(Hemocytoblast)
l_ Early proB : Large preB Small preB l
or pre-proB or preB I
‘ + : : VD)

IgH  Germlin V-=D=| VD) ! VD) VD) !
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Natural killer cell
(Large granular lymphocyte)

Small lymphocyte

T lymphocyte B lymphocyte

Plasma cell



PREHLED ADULTN
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Hematopeticka kmenova bunka

- Klidova, pomaly bunécny cyklus

- Transmembranovy fosfoglykoprotein CD34* - adheze v niche

- Neexprimuje povrchové markery determinovanych linii (je Lin-)
- Dalsi faktory kmenovych bunék (c-Kit a dalsi)

- Autologni transplantace

- Mobilizace

Kit - Kit -

oXONOR

Kit +
* Burst Forming Unit (BFU) — Colony Forming Unit (CFU) @/ Pkl el
- Progenitory jednotlivych linii — unipotentni kmenové bunky cLp C:It)_,@q@w
- Tvofi kolonie in vitro b .
Kit * Kit + Kit -
Self-renewal S —»@—» — () Enthrocye
C@ BFU-E CFU-E
HSG Kit Kit * Kit +/
—p — Megakaryocyte
BFU-MK CFU-MK
Kit * Kit * Kit Kit -
—> —_— — Neutrophil
CMP CFU-GM CFU-G
Kit * Kit +
> — Monocyte
CFU-M
Kit * Kit
—b@—b@ Dendritic cell
CFU-DC
Kit * Kit +
Mast cell

(FU-GEMM

@

CFU-BASO



« extraembryonalni mezoblasticka perioda (16-20. den - 8. tyden)
Zloutkovy vacCek

klasicky model — hemangioblasty (bipotentni buriky)
velké jaderné erytroidni buriky

intravaskularni hematopeze

trofoblast

» aorta-gonad-mesonephros (28. den — 4. tyden)
para-aortické clustery v mezodermu splanchnopleury

zdroj embryonalnich krvetvornych kmenovych bunék

» hepatolienalni perioda (1. mésic - kratce po porodu)
kolonizace fetalnich jater a sleziny

 medularni perioda (4-6. mésic — cely zivot)

kostni dren
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Aorta-gonad-mesonephros (AGM, 28. den - 4. tyden)
para-aortické clustery v mezodermu splanchnopleury
zdroj embryonalnich krvetvornych kmenovych bunék

CD34+

Marshall CJ et al.
dynamics (1999)

Developmental

https://doi.org/10.1002/(SICI)1097-0177(199906)215:2<139::AID-DVDY6>3.0.CO;2-%23



https://doi.org/10.1002/(SICI)1097-0177(199906)215:2%3C139::AID-DVDY6%3E3.0.CO;2-%23

INTRAEMBRYON

F'Iacenta

Definitive
progenitors Fetal liver

Yolk sac

42|n|twe RBC

Primitive RBC

AGM ) )

HSC HSC Bone
marrow

Fetal liver



* Hepatolienalni a medularni krvetvorba
 Erytroblastické ostravky

Young reticulocyte \_ﬁ

Extruded nucleus \C) ﬁ

oty QRO °‘§

Early erythroblast i k < %
e

Macrophage w

Nuclear phagocytosis

Late erythroblast

@ Pro-erythroblast
‘@ Basophilic erythroblast

® Polychromatic erythroblast
# Orthochromatic erythroblast
& Erythrocyte
*_Pyknotic nucleus
® Central macrophage




Embryonalni . ; ;
- Zloutkovy vadek pred narozenim PO narozeni
_AGM '.' T T’I rﬁﬁ-ﬁj‘r T T T T
- jétraas|ezina Zloutkovy kostni :
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123456789 10 20 30 40 50 60 70
porod
, mesice stari v letech
Adu“m, . nitrodélozniho vyvoje
- kostni dren

Cervena/zluta
extramedularni hematopoéza vyjimecéné (patologicky)

http://dev.biologists.org/content/133/19/3733



DEKUJI ZA POZORNOST

pvanhara@med.muni.cz

www.histology.med.muni.cz

THE BRAM SToKER
BLOOD COLLECTION SYSTEM
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