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“The red circles are your red blood cells.
The white circles are your white blood cells.
The brown circles are donuts. We need to talk.”

Neni donut jako donut.....



Zakladni charakteristiky

Erytrocyt - burika
- tvar: disk == flexibilni pro priichod
kapi larami Top View shows RBC
- funkce: dychacich plynt to be circular
(hemoglobin)

- povrch 130-140 um?, objem 85 % 10um? (fL) Rk S

- pocet: muzi 4,3-5,3.10%?/L, zeny 3,8-4,8.1012/L sy ,»35 Side view shows RBC
A to be a biconcaved dise

muzi nez zen
y
- pomér objemu Erytrocytt a celé krve =

muzi 0,44 + 0,05
zeny 0,39 + 0,04

- délka zivota:
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Plasma (55%)

White blood cells
and platelets (<1%)

Red blood cells (45%) —




Microcyte

/40,5 um o o o

<7um

RDW-CV = 10-15%

Normal RBCs

anizocytoza

Anisocytosis

RDW-CV = (SD of RBC volume / MCV) x 100
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Membrana erytrocytu

- 50% bilkoviny, 40% lipidy, 10% sacharidy

- vyména latek mezi IC a EC - Na*-K*, Ca?* pumpy
(Na*~ 7.5-13 mM v Erytrocytech, 130-144 mM v plazme)
(K* ~105-140 mM v Erytrocytech, 3.8-5.4 mM v plazme)

- strukturni podpora zajistovana vlaknitym spektrinem a, p (band 1 a 2 - 25%
membr. bilkovin- tvar, deformabilita, obnoveni

- u “ (Band 3, kapnoforin, CD233) — (CI-/HCOy) a
kotveni skeletu (ankyrin, spektrin)

\/ ™ Protein 4.2
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Membrana erytrocytu Il.

mmy

- zna€éné deformabilni = Erytrocyty preziji - krevni proud, turbulentni vireni,
zmény pH, zmény osmolality

- poruseni membrany = rozpad krvinek =
(fyziologicky nenastava v krevnim recisti)
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- osmoticka - hypo/hypertonické prostredi

: ‘

- fyzikalni - trepani, Slehani, ultrazvuk, teploty

- chemicka - kyseliny, zasady, saponiny

- toxicka - bakterialni toxiny, hadi jedy

- imunologicka - pusobeni komplementu (inkompatibilni transfuze)


http://en.wikipedia.org/wiki/File:Hemolysis.jpg
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krevni transfuze

ABO

Nepfitomny pfi Antibody in serum
in
narozeni 11! 0 A B AB

Enm patible

Incnmpatlhle
~ (agglutination)
A Anti-A
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galaktosy!

GP Glycoprotein with oligosaccharide
‘ N-acetyl-D-glucosamine

O D-calactose

O D-Fucose

<> N-acetyl-D-galactosamine

|I| Fucosyltransferase 2.4.1.69/152

N-acetyl-galactosaminyl
transferase 2.4.1.40

[3] Galactosyltransferase 2.4.1.37

A antigen



. . (type 1 mainly in plasma,
( Type 1-4 disaccharides types 2, 3 and 4 on cells)

-2 -fucosyltransferase
{encoded by H allele of FUTT gene)

w-3-N-acetyl D n-3-0 galactosyltransferase
galactosylaminyltransferase {(encoded by B allele at
{encoded by the ABOQ locus)

Al allele* at the

ABO locus)

Transferase

m-2-L-fucosyltransferase

nil

oi-3-M-acetyl-D-
galactosaminyltransferase

o-3-D
galactosyltransferase

nil




Krevni skupiny a transfuze IV.

Systém (rhesus monkey) krevnich skupin = transmembranovy
protein RHD = antigen-positivni Erytrocyty imunizuji antigen-

ivni iedi RHD

negativni jedince SR— > i
Dédicnost - blizce pribuzné geny s
- ’ y ar Rh negative X Daleted X Q "

- ostatni kédujici C/c nebo E/e - !

antigeny (RhCE)
> . S

~ AXA P

Rh + Rh = RhD ! ; ‘ ‘U
)~ T VYY)

ledinci = a RhCE =
Rh- jedinci = pouze RhCE =D- =

D ANTIGEN

- Moznych vice kombinaci antigent — napf. DCE (R, Rh,),
Dce (Ry, Rhy), ...

(Wiener,1937 - injekce lidskych Erytrocyti do Rhesus
monkey produkuje protilatky, které srazi krev u 85% bilych ,,New Yorkers®) & 85% Rh+



Prijem Rh+ krve
jedinci s Rh-

hemolyza

First Rh* child

Anti-Rh* antbot_ly

prvni téhotenstvi

First mismatched Rh'* transfusion Subsequent mismatched Rh’ transfusion

IgG

Rh-positive man Mother will produce In the next Rh-positive
anti-Rh antibodies pregnancy, mother’s anti-Rh
antibodies will attack
fetal red blood cells




Krevni skupiny a transfuze V.
If Your Blood Type Is...

The Rarest and Most Common

You Can Glive Blood To | You Can Recelve From Blood Types Around The World
g+ 28*.8 AB g+ ?)- O+ O- Blood type distribution in selected countries (in %)’
+ A+ B+ AB+ + O-
PEASS 6+ 8- 0+0- O NA HWB ©AB
:B+A AB+ AB ivegone 0% 20% 40% 60% 80% 100%
+ A- AB+ AB- 5 o A
Everyone 0- Indﬁa < B
B+ B- AB+ AB- B- O- Russia wp |[EB
AB+ AB- AB- A- B- O- France () 2
Vietnam @ 2
Populacni rozdily (v priiméru) United States < |
P - United Kingdom &
- nejcetnejsi 0+ e gs = ::
H 991 pain &
- nejnizsi frekvence AB- brazil @ LB

Morocco @ B

New Zealand & X

éR: China @ B
A 42% Saudi Arabiaﬁ 52
Mexico @) B3
0 39% -
. Congo (DR) % &
B 15% Peru ) K
AB 4900 0% 20%  40%  60%  80%  100%
* latest available data. Rounded figures.
Source: rhesusnegative.net
Rh+ 85%

statista %a



Zaverem....

..neni donut jako donut




anaerobni ATP 2,3-BPG

pentosafosfatovy NADPH

Glutathione reductase Methemaoglobin i:s!'IEJﬁﬂ"II'{H"E permidase

[FAD] 1.6.4.2 reductase 912




prenos O,, CO,, pufrovaci systém

- 1Hb =4 hemy =4x O,

Proximal
histidine

HemoglobinA (o, B;)M: 65kDa



Hemoqglobin (Hb) II.

-CO + Hb = karboxyhemoglobin (vyssi afinita nez 0,)

-Fe?* @ Fe3tv Hb =
-Hb + O, = oxyhemoglobin (R)
-Hb = deoxyhemoglobin (T)

Hlavni typy Hb:

~10 tydnu nitrodélozniho zivota
— vetsi afinita k O, nez HbA
~ 96-98%
HbA, (a,0,) ~1.5-3.5%
HbF ~ 0.5-0.8%



Hemoglobin (Hb) Ill.

Reakce transportu O,:
plice: HbH* (T) + O, = HbO, (R) + H*
H* + HCO; = H,CO; =H,0 + CO,

(HCO; z plasmy, kompenzace presunem Cl- z Erytrocytu= )

(carbonic anhydrase) — akcelerace
rovhnovahy mezi CO, a HCOy

CO, — vazba na koncové AK 4 podjednotek = karbamatoveé

vazby (hemoglobinovy pufraéni systém)



Sigmoidni tvar

snazsi uvolnéni O, v
tkanich s malym pO,

26.8 40 80 120
Oxygen partial pressure (pO,, mmHg)

viiv teploty

teplota



heterotropni allostericky efekt

-Alkaldza

-Acidoza

pH=>» afinitak O, = vyssi uvoliovani O,



Bisphosphoghycerate
ml.ﬁzlse %45%

Bisphosphoghycerate
phgsphgmsgr_.I._'-LH

10 20 30 40 50
0; partial pressure (mmHg)




e T b B [Hzm‘a]"j

~m HCOS HCDP + HEHb Hb -0, + [HyC05]
e L

L

HCO HCoP + HPub Q—L Hb-05 + [H,C0;]

(——P‘Eﬂz + HyO —{1}—[H,C04] —)

€0z

T Tissue

co,

[T] carbonate dehydratase [Zn2®]4.2..1




Absorbce ve formeé Fe?*

Vyluéovano v nepatrné mire

redukce Fe3*
transport

- Regulace Hepcidin

Heme enzyme

Myo- Transport and )
globin storage forms
(6%) (26%)

]
Iron—sulfur
clusters Fe454-Cluster
(= 1%)

1. Heme iron 2. Non-heme iron




hepcidin

duodenal

Fe/Tf

~,
!microbes

jatra

hepcidin = -Indukce zanétem

Inhibice
hypoxii




transferin

Concentration
of freeironin
the blood
<10-10mol - -1

Apoferritin (section)

120- 150mg

Trans-
ferrin

150-200mg

Storage tissue
Iiver, etc.

emosiderin

@ Freeiron
Transferrin

@ Ferritin

@ Hemosiderin

Erythro-
te
egra-
dation

Lactofemn
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_Cleavage by III

" CH3

Makrofagy v jatrech a ve slezinée
coo® coo®
Biliverdin
CH; Booc— cnz Hzc— coo® CHa

il ]
CHy; CH CH; cnz cuz CH; CH; CH

Extrahepatalné u HERY T_ MJ\TJ\

vychytavany jatry a slezinou alrubin
U GTlAl Bilirubin

g > Bilinbin ——{3 dighulmnh:le
2 Glcla  2uDP

Gallbladder

Bilirubin konjugovany

nekonjugovany b I
J ’ g y % circulation
celkovy A

P Intestine
~ ndin
zloutenka ﬁerﬁ'
irubin
Bacterial
and drugs Emﬁnn& metabolism

2Glca d'li
Heme oxygenase Stercobilinogen

[1] (decyclizing) 1.14.99.3 Billirubin — 7 obiinogen

%,
Biliverdin reductase \\, \
1.3.1.24 -

o Stercobilin
EI Glucuronosyl Urobilin

transferase 2.4.1.17 .




Ervthropoesa

Pluripotentni kmenova bunka

— BFU-E (burst forming unit erythroid) — schopna
migrace, nejranéjSi predchudce erytrocytu, tvorba malych klastra —
diferenciace do CFU-E (colony forming unit erythroid) — tvorba mensich
kolonii, nartist hustoty erythropoetinovych receptoril (EpoR)

=normoblast
— prvni morfologicky poznatelna burika
v erythroidni radé, 12-19 um v prameéru,
modrofialova barva cytoplazmy,
basofilni chromatin

= erythroblast -
0 ~50% mensi nez ProErytroblast, paprskoviteé
usporadany chromatin, syte fialové zbarveni,
‘ tmavomodra barva plazmy




Erythropoesa ll.

normoblast (1) - syté
zbarvené jadro, tvar kulovity, Sedé zbarveni
cytoplasmy v dusledku Hb, schopné se délit, 8-
12pum

normoblast (2) =

erythroblast — do rizova zbarvenou cytoplasmu,
malé svrastélé jadro, nedéli se, 8-10um

— bezjaderna bunka, ;&
mitochondrie, ribosomy; 0,5-1% v krvi, 8-10um _—

= normocyvt @




Kontrola erythropoesy

- Probiha v kostni dreni

- Rizeni — Hormonalni - EPO =
— bilkovina, vazba na EpoR (abundantni na Ery prekursorech),
(90%), jatra (10%, Kupferovy bunky) - indukce a
akcelerace diferenciace a proliferace erythroidalnich bunék, narust exprese
receptort pro transferin, exprese genu pro globin a syntézu hemu

= 3po2> T tvorbaEPO DT

Bone marrow Jak-Stat pathway
Stem cells CFU-E Erythroblasts Reticulocytes Receptor O Ligand (Epo)
EpoR

Cell membrane \
----------------------------------------- m
Red cell mass * SARALRARNRARANAS
Ooo | Al
O IAK | ] \ "’Pk n
\ EPO U \i/pl’ Pp
producing P /
cells = = <l y
* Oxygen . ‘
delivery 4 v
Oxygen Cytosol Nel) Nel
sensor 2 L! | N — \l ']
7 Nucleus 9 - UPL

Lappin T. (2003) The Oncologist 8(1):15-18



Mezoblastové :zloutkovy vak

Hepatolienalni Yolk sac Liver Splcen Bone marrow
jater

Myeloické

kostni drené
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vSechny kosti jsou hematopoetické

zebra, obratle, hrudni kost

kosti rukou a nohou
, lebka, bederni kosti

obratle

sternum
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Slovo zaverem.....

stop being so
heqative
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