Zaklady Hematologie/ZHEM

Fyziologie erytrocytu
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Zakladni charakteristiky
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Zakladni charakteristiky Il.

- Prumér Ery: 7,4 0,5 um

- Fyziologicka anizocytdza = , normalni“ vyskyt Erytrocytt rizného
prameéru - (mikrocyty, normocyty, makrocyty)
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- posun charakterizuje patologicky stav



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 plazmé)
(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

- yprouzek 3* (Band 3, kapnoforin) — kanal pro ionty (CI/HCO;") a kotveni
skeletu (ankyrin, spektrin)
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Membrana erytrocytu ll.

mmy

- znaéné deformabilni = Erytrocyty preziji - krevni proud, turbulentni vireni,
zmény pH, zmény osmolality

- poruseni membrany = rozpad krvinek = Hemol;’lza

(fyziologicky nenastava v krevnim recisti) l.. e e
| v

- imunologicka — pusobeni komplementu (inkompatibilni transfuze)

- osmoticka -hypo/hypertonické prostredi

- fyzikalni — tfepani, slehani, ultrazvuk, teploty
- chemicka - kyseliny, zasady, saponiny

- toxicka — bakterialni toxiny, hadi jedy



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

Krevni skupiny a transfuze |

Krevni transfuze — pienos krve z jednoho jedince do druhého

Antigeny krevnich skupin - dédéné sacharidy &i proteiny na povrchu
Erytrocytarni membrany

NejvyznamneéjsSi = ABO (1901, K.Landsteiner)
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GP Glycoprotein with oligosaccharide
‘ N-acetyl-D-glucosamine

© D-Galactose

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 drs-acd'larldes) types 2, 3 and 4 on cells)

o-2-L-fucosyltransferase
(encoded by H allele of FUTT gene)

w-3-N-acetyl D ri-3-D galactosyltransferase
galactosylaminyltransferase (encoded by B allele at
{encoded by the ABO 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 RN (rhesus monkey) krevnich skupin
— proteiny na povrchu = antigeny =» antigen-
positivni Erytrocyty imunizuji antigen-negativni jedince

Dédicnost - blizce pribuzné geny
- 1 gen koédujici D antigen (RhD)
- ostatni kodujici C/c nebo E/e antigeny (RhCE)

Erytrocyty z Rh+ jedincu = RhD a RhCE = D+

Rh- jedincu = pouze RhCE = D-
- Moznych 8 kombinaci antigenti — napf. DCE (R,, Rh,), Dce (R,, Rhy), ...

Imunogenni a nejdulezitéjSi je antigen D (wiener,1937 - injekce
lidskych Erytrocytid do Rhesus monkey produkuje protilatky, které srazi krev
u 85% bilych ,,New Yorkers*) & 85% Rh+



First Rh* child

Anti-Rh* antibody

First mismatched Rh' transfusion Subsequent mismatched Rh' transfusion



Glutathione reductase Methemaglobin Glutathione permxidase
[FAD] 1.6.4.2 rEdlEIEIE:g

[se] 1.17.1.912




Proximal
histidine

HemoglobinA (o, B,) M: 65 kDa



Hemoglobin (Hb) II.

-CO, + Hb = karbaminohemoglobin

-CO + Hb = karboxyhemoglobin (vyssi afinita nez 0,)
-Fe’* = Fes* v Hb = methemoglobin

-Hb + O, = oxyhemoglobin (R)

-Hb = deoxyhemoglobin (T)

-hlavni typy Hb:

-embryonalni/primitivni (a.,€,) ~10 tydna nitrodélozniho Zivota
-fetalni HbF(a.,y,) - vétsi afinita k O, nez HbA
-dospeélého cloveka HbA(a,f3,), HOA2 (a,6,)~2%



Hemoglobin (Hb) Il

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= chloridovy posun)

Karbonatdehydratasa (carbonic anhydrase) — akcelerace
rovhovahy mezi CO, a HCO;

CO, — vazba na koncové AK 4 podjednotek = karbamatoveé
vazby



Oxygen partial pressure (pO,. mmHg)
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Bisphosphoglycerate
ml.ﬁ:lse 43%

Bisphosphoghycerate
phgsphgmsgtj._'-r.ﬂ

10 20 30 40 50
0; partial pressure (mmHg)
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[T] carbonate dehydratase [Zn2®]4.2.1.1




1. Heme iron

Heme enzyme
-

globin

(6%)

Transport and
storage forms
(26%)

Iron—sulfur
clusters
< 1%)

Basclateral
membrans

)

_

o
Fe454-Cluster

2. Non-heme iron
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Trans-
ferrin

Concentration
of free ironin
the blood
<1010 mol - 1-1

Apoferritin (section) Slg)effgeeélssue

150-200mg

@ Freeiron

Transferrin

@ Ferritin
@ Hemosiderin

Erythro-
te
egra-
dation
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acid cycle
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Biliverdin

u¢u

Bilirubin

Binding
site for
bilirubin
and drugs

III Heme oxygenase
{deq,rclhzing} 1.14.94.3

Biliverdin reductase
1.3.1.24

EI Glucuronosyl
transferase 2.4.1.17
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Erythropoesa

Pluripotentni kmenova bunka

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

= nelze identifikovat mikroskopicky

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

Basofilni normoblast =

erythroblast - o ~50% mensi nez
ProErytroblast, paprskovité usporadany
chromatin, syteé fialové zbarveni,
tmavomodra barva plazmy




Erythropoesal ll.

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

Ortochromni hormoblast (2) =
erythroblast — do rizova zbarvenou cytoplasmu,
malé svrastélé jadro, nedéli se

Retikulocyt - bezjaderna burika,
mitochondrie, ribosomy; 0,5-1% v krvi

35,
o

Erythrocyt = normocyt @

‘:x 2




Kontrola erythropoesy

- Probiha v kostni dreni

- Rizeni — Hormonalni - EPO = erythropoietin
— bilkovina, vazba na EpoR (abundantni na Ery), tvoren prevazneé
ledvinami (90%), jatra (10%, Kupferovy bunky) - indukce a akcelerace
diferenciace a proliferace erythroidalnich bunék, narist exprese receptoru pro
transferin, exprese gent pro globin a syntezu hemu

Hypoxie = 1p02 > T tvorba EPO -)ferythropoesa

Bone marrow Jak-Stat pathway

CFU-E  Erythroblasts Reticulocytes Receptor O Ligand (Epo)

EpoR
Cell membrane \
------------------------------------------ m
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Lappin T. (2003) The Oncologist 8(1):15-18



Ontogeneze Erythropoesy/ Hematopoesy

Mezoblastoveé - zloutkovy vak — start krvetvorby - 2.-3. tyden embryonalniho
vyvoje, velké jaderné Ery s embryonalnimi Hb; tvofi se zaklad brzliku

Hepatolienalni - 6.tyden - piesun krvetvorby do jater a zanik tvorby ve
zloutkovém vaku;

- 12.tyden — slezina
- 8.tyden - tvorba lymfocyta v thymu
- 10.-32.tyden - Ery s HbF (90-95%)

Myeloické - 20.tyden — zapojeni kostni diené (medularni tvorba) a zanik v j
atrech a sleziné

- rozsev materskych bunék lymfocytl do lymfoidnich organu

- 32.tyden — start zamény HbF za HbA, konec asi 6-8 mésicll po narozeni
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