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Anemie



Cervena krevni fada

: T . , @)
» erytroidni diferenciace v kostni o4
dreni trva 5-7 dni Y @)
e Zivotnost erytrocytu v krvi je 120 9 !
dni
« snizena u hemolytickych anemii é é
* moznost kompenzace zvysenou £ — l
produkci erytrocytli (8 — 10x) @ ; l @
« retikulocyty © ® % @@ -
e normalné v Krvi 1_1,5 ) é RBC Mewkirywe s . M
* béhem 1-2 dnu dozravani v erytrocyty %
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Slezina

Diagram of the Spleen

* obsahuje zhruba 5 % krve
« funkce

remodelace erytrocytarni membrany
vychytavani a destrukce starych a poSkozenych erytrocytu

* splenomegalie

zvétSeni sleziny v dusledku vystupriované destrukce
erytrocytl pfi nékterych patologickych stavech (napf.
sférocytdza)

« odstranéni sleziny (=splenektomie)
muze korigovat anemii a zmirnit
symptomy




Ledviny a erytropoéza

* hlavnim regulatorem erytropoézy
je erytropoetin (EPO)
« produkovan peritubularnimi bunkami
ledvin

« produkci erytropoetinu snizuji
« onemocnéni ledvin
« protilatky proti EPO

Kidney

- N e, @ <O

Hypo xia induced kadney Erythrocyte Reti cuiocyte

PO expression
\
Pencytes produce EPO 0 Orthochromatophilic
enythroblast
~EPOR
Lineage Erythroid ¥ A
deoso liry eage
@ 0»0»0»0»0
GATAY
Hematopoietic e Megakaryocytc Proerythroblast Basophilic Polychromatophdic
stem cell erythroid erythroblast enythroblast
progenitors l__

EPO dependent

Journal of the Formosan Medical Association, Volume 117, Issue 11, 2018
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Degradace erytrocytu

— hemolyza muze probihat

— extravaskularne
slezina, kostni dren, jatra
vystupnovana vede k ikteru
hemoglobin se reutilizuje

— Intravaskularné
haptoglobin v séru je snizeny
hemoglobin je filtrovan v ledvinach
objevuje se v modi

precipitace v tubulech — az akutni selhani ledvin

Aged, abnormal,

M;C;%?::r? © ~_______ ordamaged 120 days
or liver > erythrocytes ?\\
== \0 @ @ _ Erythrocytes
Hemoglobin
} g . .
E/ \ \sr\xihmponess
Heme " Giobin s o T 7
&l ’ acids ) K
Biliverdin ‘ N \:‘
ed bone ¥
\ marrow S
Bilirubin

Bilirubin excreted 1
into intestine as

part of bile
(urobilinogen)

Bilirubin converted
into pigments that
are part of feces
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Anemie

Kritéria

! mnozstvi hemoglobinu — zakladni kritérium
- na mnoZstvi hemoglobinu zavisi transportni kapacita krve pro kyslik !!!
! hematokrit

« cave megaloblastova anemie

! poéet erytrocytli v jednotkovém objemu krve
+ cave hypochromni anemie

parametry KO se liSi mezi pohlavimi

anemie
lehka (Hb 110 — 90 g/l)
stfedni (Hb 90 - 60 g/l)
tézka (Hb <60 g/l)

patogeneze anemie

regulace erytropoezy
[Hb])/O2 — pO2 v ledviné — erytropoetin — dfefiova erytropoeza
poloCas Ery v cirkulaci ~120 dni
denni obrat 0.8% (~2x1011, =20ml erymasy)
anemie je dusledkem poruchy rovnovahy mezi produkci/destrukci Ery
(1) snizena produkce
(2) zvySena destrukce
(3) kombinace obou mechanizm{




Anemicky syndrom

— Tkanova hypoxie
— Bledost, unava, slabost, dusnost

— Kompenzace a adaptace

— Zavisi na rychlosti rozvoje a kompenzacnich schopnostech organismu
— Hyperkineticka cirkulace, palpitace, tinitus, bolest hlavy

— Sekundarné

— Kardiovaskularni syndromy

— U hemolytickych anemii — symptomy ze zvysené destrukce Ery
Ikmterus, ZluCové kameny, renalni insuficience, hemoglobinurie, ...
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Symptoms and Signs

Symptoms

» Fatigue  Palpitations

e Dizziness » \ertigo

« | exercise tolerance  Pica (with iron deficiency)
 Shortness of breath * lrritability

* \Weakness

Signs

« Tachycardia
 Pale appearance

| mental acuity
Neurological symptoms (with vitamin B12
deficiency)
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Anemicky syndrom - kompenzacni mechanizmy

kompenzacni mechanizmy

T erytropoéza (+/-)

posun disociacni kfivky Hb doprava

zvys. srdeCniho vydeje

\ viskozity - hyperkineticka cirkulace
vzhledem k polo€asu a rychlosti obnovy leukocytu a

destiCek je projev posthemoragicke anemie dan
zejm. zmenami erytrocytarni rady

akutni ztrata 30% volumu (~1500 ml) — cirkulacni

kolaps, sok (> 50% — smrt)
neni “emergency” pool RBC, mozné jen uvolnéni retikulocytu
dfenova RBC produkce muze vzrust az 8-krat za
predpokladu, ze je dostateCny pfisun Fe

symptomatologie ale velmi zalezi na rychlosti s

jakou anemie vznikla!!!

Oxyhemoglobim (%Saturation)

« 2 2 8 3 8 8 3

N
o
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o

Left shift

Decreased temp

™ Decreased 2-3 DPG
Decreased [H+]
o

- G

—

Right shift
(reduced affinity)
Increased temp
Increased 2-3 DPG
Increased [H+]

g e B G @ SR B __§¢ 3
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Klasifikace anemii

morfologicka

velikost Ery

- normo-, mikro- a makrocytarni

abnormaini tvar Ery

- napf. sferocyty, eliptocyty, poikilocyty, ...

hemoglobinizace

- normo- a hypochromni

Tabulka 4. Fozdéleni anemie podle parametnd krevniho obrazu

Laboratorni nalez

Mejcastejsi mozne priciny

mikrocytarni iobvykle hypochromni) anemie
= ROW = 15,2 (anizocytoza)
m ROW < 15,2 (haomogenni erytracyty)

sideropenicka anemie
anermnie chronickych charab, talasemie

normocytarni jobvykle normochromni) anemie
s ROW = 15,2 [anizacytozal
m ROW < 15,2 (homogenni erytracyty)

poadinajici sideropenicka anemie

arermnie chronickych charab, hemoalyticke anamie,
miyelodysplasticky syndrom a aplasticka anemie
[podle typu), akutni posthemarhagicka anemie

miakrocytarni anemie
= ROW = 15,2 (anizocytoza)
s ROW < 15,2 (hamogenni erytracyty)

pernicidzni anamie, téhotenské megalablastove
anemie, autaimunitni hemoalyticka anemie, hy
patyredza
aplasticka anemie a myelodysplasticky syndrom
[podle typu)

E wowewvinterni medicina.cz
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A Iron-deficiency anemia

B Megaloblastic anemia

~

N

C Sickle cell anemia

D Normal



Klasifikace anemii 2

patogeneticka
rw V4 d k ® ry y y
Shizend prf?ypli)-/caeplastické Zvysene Ztraty_
nedostatek kofaktort » posthemorhagické (>500ml)

Fe (sideropenicka)

B,, a folaty (megaloblastové) » akutni a chronicka

dusledek karence * hemolyticke
atroficka gastritida » korpuskularni
__(perniciozni anemie) « poruchy membrany Ery
neefektivni erytropoeza : .
?edosgatek nebo rezistence k erytropoetinu * hemoglobinopatie
CHRI .
anémie chronickych chorob * enzymopatie
cytokiny indukovana » extrakorpuskularni
» toxickeé

 autoimunitni (protilatky) -AlIHA
* infek€ni (malarie)



Zvysene ztraty

Zvysena Ery

destrukce

Ztraty
krvacenim <

korpuskularni

extrakorpuskularni

akutm

chronické

* membranové poruchy
* hereditarni sférocytéza, eliptocytéza
* paroxyzmalni no¢ni hemoglobinurie
* Enzymové defekty
* glukéza-6-fosfat dehydrogenaza
* pyruvat kinaza
» poruchy hemoglobinizace a
hemoglobinopatie
* talasemie

* poskozeni neimunologickymi a
toxickymi vlivy
* mechanické
* bakterialni toxiny
» poruchy membrany pfi zménéném

metabolizmu lipidd

* |éCiva, paraziti

* poskozeni protilatkami
* Fetalni erytroblast6za
 Autoimunitni hemolytické anemie
* SLE
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Anemie zpusobené ztratami krve

akutni chronicka
«  ztrata intravaskularniho volumu * mensi aktivace erytropoezy nez u
zalezi na mnozstvi hemo|yt|cké anemie
ardiovaskulamtlolaps, Sok smrt - ztraty pfevysi regeneraéni kapacitu kostni
drené
. dop|nén|' volumu ° Vyéerpéni zasob zeleza

pfesun vody, snizeny hematokrit

« zvySena tvorba EPO
umeérna stupni anemie
proliferace CFU-E

dozravani 5 dni
retikulocyty v krvi

« ztraty zeleza

« retikulocytoza
10-15% po 7 dnech

* trombocytoza



Hemolytické anemie

* spolecné znaky
» predCasna destrukce Ery

« fyziologicky v mononuklearnich
fagocytech

 vétSinou extravaskularni
» hyperplazie fagocytl - splenomegalie
» zvySené hladiny EPO a stimulace
erytropoézy
» akumulace degradacnich produktu
hemoglobinu

* neni deficit zeleza

* klinickeé priznaky
« anemie, splenomegalie, ikterus

* intravaskularni hemolyza

« anemie, hemoglobinemie,
hemoglobinurie, hemosiderinurie,
ikterus, chybi splenomegalie

 haptoglobin
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Hereditarni sféerocytoza

« defekt v membrane erytrocytu Klinické priznaky
° =1 [aT= 1 1 senzitivni k osmotické lyze
autozomalné dominantni e

jeden defekt (75 %)
Severni Evropa (1:5000)

» insuficience strukturnich proteinu

ankyrin, spektrin
mutace
posun Cteciho ramce nebo predCasny stop Normal red blood cell Spherocyte
kodon " TBS

e zivotnost Ery 10 — 20 dni

mladé krvinky — normalni tvar
pfi starnuti se snizuje stabilita membrany
shizena deformabilita — zachyceni ve sleziné

« splenektomie

sférocyty zUstavaji, korekce anemie

anemie, splenomegalie, ikterus

* hemolyticka krize

1 destrukce Ery ve sleziné

\" © AboutKidsHealth.ca




Deficit glukoza-6-fosfat dehydrogenazy

Glucose-6-phosphate 6-Phosphogluconate

* recesivni X-vazana nemoc

G6PD

\
 stovky popsanych mutaci
. G6PD- el
* 10 % Cernochu v USA NADP NADPH
« G6PD Mediterranean \ o
« Stfedni vychod reductase
- protektivni efekt ,/ |
* malarie (Plasmodium falciparum)
- ,misfolding” protein \\ R
« zvySena degradace percrchse
H O/

* mnozstvi funkéniho enzymu nechrani
efektivne pred ox. stresem 2 e s cotm oo ot s, e

/\

/\

GSH GSSG

AN
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Deficit glukoza-6-fosfat dehydrogenazy

 epizodicka hemolyza
* pri zvySeném oxidacnim stresu
 infekce
 virova hepatitida, pneumonie
« léky
« antimalarika, sulfonamidy
* potraviny
* bob obecny
» denaturace globinovych fetézcu
 vazba sulfhydrylovych skupin A AT
* precipitaty vazané na membranu
* Heinzova téliska

* shizena deformabilita
 intravaskularni hemolyza

 akutni intravaskularni hemolyza
« 2 —3dny po expozici
« anemie, hemoglobinemie, hemoglobinurie
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Deficit pyruvatkinazy

e autozomalne recesivni
« pfemena PEP na pyruvat (ATP)

* snizena aktivita pyruvat kinazy
» energeticky deficit — snizena odolnost
membrany

» diagndza
e snizena aktivita enzymu

18

PEP

ADP

pyruvate kinase

ATP

N

v

pyruvate
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Hemoglobinopatie

nejCastejsi monogenni onemocnéni na svete
* mnozstvi genetickych zmén

vyskyt
* tropy (nerovnomérna distribuce)

2 nejrozsirenejSi onemocneni
» srpkovita anemie a thalasemie

patogenetickeé déeleni
« kvantitativni sniZzeni syntézy globinu
* nespravny pomeér podjednotek
* zmeéna struktury molekuly hemoglobinu
« zména aminokyselinového slozeni globinového fetézce

proC jsou v urCitych oblastech tak Caste?

» ochrana heterozygotU proti malarii
» 1 z nejCastéjSich pficin mortality (1 — 3 mil. dmrti ro¢né)

19

Thalassemia [:]

Sickle cell anemia D
we [l
Hb D
we 7
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Srpkovita anemie

* bézna dédicna hemoglobinopatie

 bodova mutace v kodonu 6
 valin misto glutamoveé kys.
e abnormalni HbS

» polymerizace a agregace deoxygenovaného
HbS

v cytoplazmé vznika gel a pozdeji viakna
* zmeéna tvaru Ery

* manifestace
 chronicka hemolyza
* mikrovaskularni okluze
» tkanové poskozeni

* heterozygoti
* 40 % HbS, 60 % HbA

* nepolymerizuje, pouze pfi hypoxii

» HbF také inhibuje polymerizaci

20

Deoxygenation

Irreversibly

sickled
cell 4 Ca? vy K*, H,0
Hemolysis € -« /
Extensive
membrane

damage

Oxygenation

Additional
' cycles of
Deoxygenation, deoxygenation

prolonged \d
Microvascular _ = transit imes |
occlusion o

Cell with dehydration

and membrane damage
Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Srpkovita anemie

« zména fyzikalnich vlastnosti Ery
* snizena deformovatelnost
« adhezivita k endotelu
« zpocatku reverzibilni, Casem se fixuje

* intracelularni pH

* pokles pH — snizeni afinity kysliku k
hemoglobinu, zvySeni frakce
deoxygenovaného HbS

 delka pobytu Ery v mikrocirkulaci
 delsSi ve sleziné a kostni dreni, pfi
zanetu
» Vyrazné zkracena zivotnost erytrocytu

* hemoglobin u homozygotu
« 50 — 110 g/l

* klinicke projevy
« variabilni, i Cetnost je ruzna
U déti splenomegalie

» v dospélosti slezina mala — dusledek
opakovanych infarktu

« ataky bolesti — klouby, kosti

e anemie

« normochromni, normocytarni
* |éCba

* hydroxyurea

 stimulace tvorby y fetézcu a HbF
« omezeni tvorby srpku

 transplantace krvetvornych bunek

= =
m e
O =



Thalasemie

* nerovnovaha v pomeru globinovych
retezcu

* mutace zpusobujici snizenou syntézu HbA
o vétsS. autozomalné recesivni dédicnost
 bodové mutace, delece, inzerce

heterogenni skupina
endemicky vyskyt
» Stredni Vychod, tropicka Afrika, Indie, Asie
* jedna z nejCastejsich dedicnych chorob
» heterozygotni formy — ochrana pfed malarii
a-talasemie
« deficit syntézy a rfetézce

B-talasemie
« deficit syntézy [3 retézce (chromozom 11)

22

Table 1. Features of the Thalassemias.*

Mean

Corpuscular Findings on
Type Volume  Hemoglobin Electrophoresis Other Features
f g/dl
B-Thalassemia
Major 50-75 <7 Increased hemoglobin A, Severe anemia
Intermedia 50-75 <9 Increased hemoglobin A,  Target cells on smear
Minor 65-75 9-10 Increased hemoglobin A,  Target cells on smear
a-Thalassemia
Trait 1 (@ afa-) 80-85 12-14 Normal
Trait 2 (a-/a-) or (a a/-) 65-75 12-13 Normal
Hemoglobin H disease (a-/-) 60-69 9-8 Hemoglobin H Hemaolysis,
splenomegaly
Hemoglobin Bart's (- -/-) Hemoglobin H, hemoglobin Hydrops fetalis
Bart's
Hemoglobin E disease
Heterozygous 80-85 12 Hemoglobin E present  Rare target cells on smear
Homozygous 70-79 11-12 Hemoglobin E predominant  Target cells on smear

* The normal range for mean corpuscular volume is 80 to 100 fl. The normal range for hemoglobin level is 13.5t0 17.5 g
per deciliter in men and 12 to 16 g per deciliter in women.
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B-thalasemie

« B0 mutace — chybi B-globin
* B+ mutace — snizena syntéza (-globinu

| zivotnost Ery a jejich prekurzort
* precipitace a-fetézcu — poskozeni
membrany
» neefektivni erytropoéza
 zanik Casti prekurzoru Ery v kostni dfeni
« zbylé Ery nachylné k extravaskularni

hemolyze
I
- O

3

« zavazna [-talasemie

 erytroidni hyperplazie, extramedularni
hemopoeza

» poSkozeni kosti
« zvySena absorpce Fe
» potlacena syntéza hepcidinu + Fe z
transfuzi
 Kklinicka klasifikace
* major
» 2 alely, transfuze
* minor (thalasemia trait)
* 1 alela, mirna forma
* intermedia

» geneticky heterogenni, stredné zavazna

sequence

Exon-1
Promoter \

l Exon-2 ‘

B*Thal B“Thal B“Thal B*Thal
Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Exon-3
= Transctiption defect

cing defect
- Translation defect

ANA s
- RANA s

anemie
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NORMAL B-THALASSEMIA

Reduced f-globin synthesis, N

with relative excess of «-globin — Insoluble «-globin aggregate

y

Normal erythroblast

«-globin
aggregate
Normal HbA

Normal red blood cells

Hypochromic red cell

Dietary iron

Erythropoietin

(secondary hemochromalosis)

Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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ao-thalasemie

 nejCastéji dusledek dlouhych
deleci
e snizena syntéza a-retezce
» pfebytek nesparovanych fetézcu
* méné zavazna nez B-talasemie
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Autoimunitni hemolyticka anemie (AIHA)

* tvorby autoprotilatek namirenych proti
nekteremu z membranovych antigenu

erytrocytu
« vede k intravaskularni hemolyze

« Aktivaci komplementu,

* k zaniku erytrocytu s navazanou protilatko
vV monocyto-makrofagovém systému slezin

*Infections

*Neoplasms

« Zakladni klasifikace
« primarni (idiopatickou) a sekundarni

» Podle charakteru pritomnych protilatek
« AIHA s tepelnymi protilatkami,
* AIHA s chladovymi protilatkami,
« AIHA se smisenym typem protilatek a
« paroxyzmalni chladovou hemoglobinurii.

Environmentalii.  ~°

(CLL, NHL, ovarian teratoma, thymoma,
*/ Castelman diseseae)

Genetic factors

(Parvovirus B19, Mycoplasma pn, « HLA-B8 and BW6
Mycobacterium tub, Brucella, Syphilis) EBV,
CMV, hepatotropic virus, HIV) «  IGHV4-34, IGHV3, and IGKV3-

20 genes

* CTLA-4 and LT-a gene
polymorphism

+ Congenital

-
" immunodeficiencies
igens / ‘Drugs 6' .’

(Kabuki syndrome)

breakdown of both central
and peripheral tolerance

\ hagocvtoss Y %
- - - i¥ /( )\Y

Macrophage | "

*Immune checkpoint inhibitors (anti-PD-1, PD-L1 and -CTLA-4)

*Solid organ and h topoietic stem cell transplant:

3. Clin. Med. 2020, 9(12), 3859; https://doi.org/10.3390/icmo15bse [)



Mechanizmus vzniku autoprotilatek u AIHA

« Abnormalni prezentace Ci zpracovani

antigenu vede k defektu apoptotickych / p"?EEEAE’;%L”}i
. rq o ] Zpracovdn

Slgnalu prO APC gntigenu
 autoreaktivni T-lymfocyty, které unikaji |

procesu autotolerance
* indukuji tvorbu protilatek B-lymfocyty,
* na procesu se podili zvysena aktivita Th17-  autoreaktivniT-ymfocyty unikajf autotoleranci
lymfocytu a snizena aktivita Treg-lymfocytu y ,J p g0z
1 Treg-lym-

-.{
AUTOIMMUNE HEMOLYTIC ANEMVA (AIHR) B-lymfocyty ‘—‘

T-lymfocyty

tTh17 —» IL171

VnitF Lék 2018; 64(5): 514-519 I\/l E D



Autoimmune hemolytic anemia (AIHA):

classification

Class

Warm AIHA (WAIHA) 18G (possible.
Complement fixation)

Cold Agglutinin Disease IgM (common
(CAD) complement fixation)

Mixed AIHA warm IgG and cold IgM

Paroxysmal Cold
Hemoglobinuria (PCH)

lgG (common
complement fixation)

Autoantibody Characteristics

Optimal T of Reaction
(Range)

37 °C (0-40)

4°C (4-34)

4°Cand 37 °C

Reacts at 4 °C and
hemolyzes at 37 °C

Specificity

Rh system

I/i system

//

P Antigen

DAT Positivity

IgG orlgG +C

IgG + high titer cold IgM

Positive Donath-
Landsteiner Test

MED

|



Destrukce Ery

* 1gG autoprotilatky jsou monomery — slabé

fIXUJI, SyS ém komplementu’ extravascular hemolysis

« zpusobuiji destrukci RBC prostrednictvim ATTHES igaatn Mamabiy by phagocytosis of IgG-
bunécné cytotoxicity zavislé na protilatkach <@ ’ﬁf P opsonized RBC in the
§ADCC),_-monocyt-m_akrofagovy systém, ktery }),.';, spontaneously spleen (WAIHA)
agocytuje RBC. (Aktivované lymfoc t?é které 0 POPR—
exprimuji receptory pro fvra(%(ment | capro . with anti-gG reagent
C3b, mohou také zprostfedkovat ADCC.) *& _— 047+ 55

* Hemolyza je extravaskularni a \B/sléytuje se
vétSinou veé sleziné v pfipadée ADC 1gM auto Abs

'%\ %%Séfgg Iif-(gg/t?gdékg] Vaakr:'g é b ayv jétreC h \Y p‘fl'pa d é ;5{;/; Q{;()Q,) :tgrg:::l:a::t:,:tceand extravascular hemolysis

. h , . , i . N (S C°’::':;:z:ts by phag'ocytosis ?f C3b-
- Slezina je také lymfaticky organ, a proto muize -] /,l@\' (o)  suatnaonc p' e libCn e
ok ¥ i—»

prispivat k tvorbe autoprotila i XY . Ny
i AUtO rOtllétk IgM JSOU pentamery S nyOkOU ’{/\\‘ intravascular hemolysis by
aviditou a schopnosti aktivovat kaskadu membrane attack complex
komplementu az do konecneho lytického Mo
komplexu (C5-C9).
« Lyza Cervenych krvinek pfimo vobéhu J. Clin. Med. 2020, 9(12), 3859;
(intravaskularni hemolyza) aktivaci ,perforinu” a https://doi.org/10.3390/jcm9123859 MUNI
dalSich cytotoxickych faktoru.
+ s naslednou v&tsi klinickou zavaznosti ME D



Extrakorpuskularni hemolyticke anemie

* mechanicke poskozovani
erytrocytu

» poskozeni toxiny nebo parazity

» poskozeni protilatkami a
komplementem

» poskozeni protilatkami proti
antigenum krevnich skupin

30

https://www.kardiochirurgie.cz/
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Porucha produkce

Porucha
proliferace

Porucha
vyzravani

Nedostatek zeleza

SniZena tvorba nebo
ucinky EPO

Selhani kostni drené

Porucha maturace
cytoplazmy

Porucha maturace jadra

* VVysSi naroky

¢ RUst, téhotenstvi

* Nedostatecny privod

e \legetarianstvi, stari

e ztraty

* Menorrhagie, GIT, ...

* poskozeni ledvin
e hypometabolismus

e Aplasticka anemie
e Infiltrativni choroby kostni drené
e Ozareni kostni dfené, toxiny

o Tézky deficit Zeleza
e Thalasémie
* Poruchy matabolismu porfirinQ

¢ Nedosatek vitaminu B12
* Nedosatek kyseliny listové
¢ Primarni defekt kostni dfené
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Megaloblastove anemie

* nedostatecna syntéza DNA
« abnormalné velké Ery a jejich
prekurzory

» deficit vitaminu B, nebo kyseliny
listové
« syntéza thymidinu
» defektni dozravani jadra

» zpozdéni nebo blokada déleni buriky

« morfologické rysy
* makro-ovalocyty

chybi centralni zesveétleni, ale MCHC
neni zvysena

anizocytoza, poikilocytoza, |
retikulocytu

neutrofily — vétsi a
hypersegmentované

hypercelularni kostni dfen

dozravani cytoplazmy a akumulace
hemoglobinu je normalni

1 rastoveé faktory
» apoptdza prekurzoru ve dfeni
hemolyza mirného stupné
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Metabolizmus vitaminu B,

* vitamin B, = kobalamin

* esencialni
« zivoCiSna potrava
o vstrebavani
* vazba na R nosic¢ ze slin

« vazba na vnitfni faktor (IF) v duodenu
 |F tvoren parietalnimi bunkami
 vstrebavani v ileu
« Vv enterocytech vazba na transkobalamin
 transport k bunkam

e zasoby v jatrech

e alternativni resorpce

* do 1 % z obsahu v potravée
i VyU2ItI' p‘ﬂ Iéébé VySO kyml déVkam| BlZ Kumar et al: Robbins & Cot;'ar;wi;;t:;ologsc Basis of D;sléaase 8trl; Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Funkce vitaminu B,

» 2 reakce zavislé na vitaminu B12

e tvorba methioninu
» akceptor metylove skupiny, vznik FH4
« tvorba sukcinyl CoA z metylmalonyl CoA

* 1 metylmalonylova kyselina v plazme a
moci

« abnormalni mastné kyseliny v
neuronalnich lipidech

* neurologické komplikace

 pricinou narusené syntéezy DNA u

deficitu B,, je snizena dostupnost FH,

34

dUMP

N 10_Methylene Fl»&# dTMP =——>| DNA

Thymidylate Synthetase

FHa4 1\ / Methyi-Cbl /Homcc-,'steme

Methionine Synthase

N>-Methyl Hu/\ Cbl/\bh'elhlomne

Kmae(an ns & Cotran Pathologic Basis of Disease, 8th Editi
Copyright 20090y$a nders, an imprint of Elsevier, Inc. All right e<erveo
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Deficit vitaminu B,, — perniciozni anemie

 diagnostika

« autoimunitni gastritida
» nedostatek vnitfniho faktoru

* vyskyt
. ?/é)echny rasy, u starSich lidi (median 60
et

* patogeneze

 autoimunitni podklad

» chronicka atroficka gastritida — ztrata
parietalnich bunék

 autoprotilatky — nejsou specifické pro
perniciozni anemii

 autoreaktivni T buriky
« achlorhydrie a snizena sekrece pepsinu
« gastrektomie
» dysfunkce exokrinniho pankreatu
* resekce ilea
« tasemnice
« zvysené pozadavky na B,, — relativni
deficit

megaloblastova anemie

leukopenie (hypersegmentované
granulocyty)

snizena hladina vitaminu B,

T homocystein a metylmalonylova
kyselina

gastritida
* riziko karcinomu zaludku

homocystein
» aterosklerdza
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Anemie z nedostatku kyseliny listove

« tetrahydrofolat (FH4)

» pfenos jednouhlikovych skupin — metylova, formylova
* na techto prenosech zavisi
« syntéza purinl, pfeména homocysteinu na methionin, syntéza deoxythymidylat monofosfatu

« etiologie deficitu kys. listove

* shizeny prijem
« esencialni, tepelna inaktivace, nevelké zasoby (tydny)
« alkoholici, malabsorpcCni syndrom, antikoncepce

» zvySene pozadavky
 tehotenstvi, détstvi, rakovina

« narusena utilizace
« methotrexat — antagonista kyseliny listové (dihydrofolat reduktaza)

 odliseni od perniciozni anemie
» snizené folaty v krvi
« zvySeny homocystein, ne methylmalonova kyselina
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Anemie z nedostatku zeleza = sideropenicka

* etiologie
* nedostatek v potrave
* rozvojove zeme
» kojenci
* snizena absorpce
» absorpci podporuji

* kyselina askorbova a citronova,
aminokyseliny, cukry

» absorpci tlumi
 oxalaty, fosfaty, taniny
* malabsorp¢ni syndrom, prajmy
» gastrektomie
« zvysSene pozadavky
» kojenci, déti, premenopauzalni zeny
* zvyseneé ztraty
» chronické — nejCastéjsi priCina deficitu
zeleza
» krvaceni do GIT

* hypochromni mikrocytarni anemie
* po vycCerpani zasob
« | sérove Fe, feritin a saturace Tf

* absence barvitelného Fe v
makrofazich z kostni drené

 diagnostika
| Hb a hematokrit, hepcidin
« | Fe, feritin a saturace Tf (< 15 %)

* suplementace Fe
1 retikulocytl po 5 — 7 dnech
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Sideroblasticka anemie

» nedostatecné vyuziti Fe
 hromadéni v mitochondriich
» defekt ALA-syntetazy

* mutace
« vazne tvorba protoporfyrinu

* hypochromni mikrocyty

SIDEROBLASTIC ANEMIA
| | !

Iron Immature | Healthy RBCs

H,C

IMMATURE &
DYSFUNCTIONAL

0 OH HO

https://www.osmosis.org/learn/Sideroblastic_anemia
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Diagnostics (Basel). 2023 Jan; 13(2): 304.

Causes of Iron Deficiency Anemia

1. Anemia due to martial deficiency

(a) insufficient reserves:

(b) insufficient food intake:

(c) deficient absorption:

prematurity, twinship, neonatal hemorrhages, maternal anemia

diet with excess flour, exclusive diet with goat’s milk, protein and vitamin deficiencies, vegetarian diet

presence of inhibitory factors (phytate, phosphates, carbonates), lack of reducing factors (vitamin C,
hydrochloric acid, bile acids), celiac disease, gastrectomy, Helicobacter Pylori infection, intestinal
resections, bacterial overgrowths

2. lron-loss anemia

(a) gastro-intestinal hemorrhages:

(b) hemorrhages of respiratory origin:

(c) genito-urinary hemorrhages:

(d) hemorrhagic diathesis:
(f) hypersplenism:
(g) genetic causes:

(h) mechanical fragmentation of RBCs:

(i) endocrine diseases:
() autoimmune diseases:
(K) drugs:

(I) CHF, CKD.

esophageal varices (liver cirrhosis), diaphragmatic hernia, esophagitis, gastro-duodenal ulcer, cancer
of the digestive tract (esophageal, gastric, colonic cancer), tumors of the small intestine, Vaterian
ampulloma, hemorrhoids, rectal polyps, intestinal parasites, celiac disease, Crohn’s disease,
ulcerative colitis, colonic angiodysplasia, bariatric surgery, NSAIDs consumption

epistaxis, pulmonary tuberculosis, lung cancer, bronchiectasis, pulmonary microinfarcts, alveolar
hemorrhage

prolonged menstrual cycle, metrorrhagia, renal tuberculosis, renovesical cancer, hemorrhagic
nephritis, hemodialysis

alteration of the capillary wall, alteration of platelets, combined alterations

iron-refractory iron deficiency anemia

prosthetic valves

hypothyroidism, pituitary insufficiency, autoimmune polyglandular syndromes

scleroderma, rheumatoid arthritis, lupus

anticoagulants, antiaggregants, NSAIDs

WIrcE U




Metabolismus Zeleza

Metabolismus Zeleza zahrnuje absorpci z enterocytl v
duodenu, vyuziti v erytroidnich prekurzorech a ukladani a
opétovné vyuziti v hepatocytech a tkanovych makrofazich

Hepcidin je kliCovy regulator homeostazy Zeleza, jeho
syntéza je inhibovana k usnadnéni vystupu zeleza do
obéhu béhem zvysSené erytropoézy

Hepcidin je produkovan v jatrech a degraduje transportni

kanal ferroportinu, ¢imz sniZuje schopnost makrofagu
recyklovat Zelezo a tim i dostupnost Zeleza

Exprese hepcidinu je vSak zvySena stresem a zanétem

CviCenim vyvolané zmény hepcidinu a IL-6 jsou podobné
v odporovém a vytrvalostnim tréninku

Shed through
loughing of

epithelial cells J |

Transferrin ",
receptor-2 ‘\
Hermj{vAelin v Matriptase-2',
\
i a

MACROPHAGE

Fez* Ferro-
'g portin

Ceruloplasmin

© Fe* Fet
o °qQ

Erythrocyte

mucosa
ferritin

Hephaestin 3+ Q@
Fe Apo- Holo- R?
transferrin transferrln
5:“’ ‘~ Erythrond @
’?‘. A .\! marrow

SR L) Erythrocyte

Life 2021, 11(9), 987; https://doi.org/10.3390/life11090987
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Metabolismus zeleza v bunce

OO @ Transfe.ﬁ( O
R ] E 9

— (1)- PFijem zeleza - zelezo vazané na transferrin (TF-Fe3*) a NTBI (ne- @/ L . @
transferrin vazané Zelezo) jsou pfijimany do bufiky pomoci ,importérd* o .~ = ® /D}\\"W = @
Zeleza DMT1 a ZIP14. STEAPS je ferri-reduktaza, ktera redukuje Fe3* na o \ k@/ iy
Fe?*, které pak mlze byt importovano. *® : @

— (2)-vyuziti - biologicky dostupny a rozpustnéj$i Fe 2* se vyuziva pro rtizné ﬁ\x e @6l T@ N 'O/
biologické procesy — replikace DNA, produkce ROS prostiednictvim L s % m
Fenton/Haber-Weiss reakce (F/H-W), mitochondrialni bioenergetika, -0 oo4
biosyntéza Fe-S a hemu, stejné jako nepfeberné mnozstvi proteind, které S (L,,,, ! O
vyuZivaji kov k pInéni svych funkci. ) M @

> Mitochondria ® Fe?
er

— (3)-skladovani - prebytek Zeleza Fe ?* je nebezpecény — je skladovan, ale
zaroven musi byt snadno dostupny pro pouziti: ,ferritin cage" uchovava Front. Mol. Biosci., 22 November 2019
inertnéjsi, nerozpustnou formu Zeleza Fe 3*

_ o . ] _ Zelezo je uloZeno v cytosolu ve ,feritinové nano-kleci®, coz je

— (4)-export - Pokud jsou hladiny intracelularniho zeleza nasycené. Toho je cytosolovy heteropolymer sloZeny z 24 podjednotek tézkého

dosazeno vyvozcem Zeleza ferroportinem (FPN). Jakmile je Zelezo Fe 2* (FTH1) a lehkych feritinovych fetézcli (FTL1). Odolava
mimo buriku, oxiduje se na Fe3+ vysokym teplotam a Sirokemu spektru pH a zabrani volnému

Fe2+ Zelezu, aby se zapojilo do nekontrolované produkce ROS.

— (5)- Fe3* zelezo je poté vazano na transferin (Tf-Fe 3*) a vstupuje do IVI U I\I I
obéhu, aby cyklus zacal znovu. |\/| E D



Metabolismus tkanovych makrofagu

.SLcms ©

Large peritoneal macrophages

Osteoclast adapting to

— A Makrofagy ervené dfené sleziny vychytavaji ~ =meememeersmt 9% |75 dper pone exposue
defektni erytrocyty za uéelem recyklace Zeleza. AR | B v
Yeast P E ; ] ci” A B
\ NA+DF'H 3 i :: Ay' Glycolysis t l‘A Gl@ ﬁxposme
, . . , v o . oy oo 3 i, P Giycolysis?
— B Velkeé peritonealni makrofagy pfizpusobuji ) oy ooee | WS T
svou bioenergetiku po detekci riznych faktoru . T Ty
mikroprostiedi, jako jsou kvasinky, oxLDL nebo ) "R E -
IL-4, aby usnadnily respiracni vzplanuti. § sl R \ i
S’ omos A a  Cln S,

TCA A
Gin yole, ,",—
J"

C Osteoklasty posouvaji svuj bunéény
metabolismus, kdyz jsou vystaveny kosti, Cimz
podporuji resorpcni aktivitu kosti.

— CI-lll, complex I-Il; FA, fatty acid; Gln, glutamine; IRP1, iron- Q_} ) T Faro-
responsive element-binding protein; PKC, protein kinase C; Q - ,_1& ,‘1
SO, superoxide; SZ, sealing zone. Solid lines: direct e cores ey o

relationships; dashed lines: indirect relationships. Purple
circles: cytokines; brown circles: bound holesterol/LDL/oxLDL,;
red and orange stars: ROS, SO and H,0O,

Cellular & Molecular Immunology volume 19, pages384—-408 (2022)

Hypoxia

resorplive

activity = Secrefory vesicle f

Uptake and effects of
intracellular hemefiron on
splenic red pulp macrophages



Zelezo a makrofag

_ Zelezo je rlistovym faktorem pro
mnoho mikrobu a jeho
dostupnost je rozhodujici pro
prubéh infekci

— Extracelularni vezikuly uvolnéné
makrofagy odebiraji zelezo z
krve, omezuji pristup k zelezu
pro bakterie a zlepsuji vysledky
napr. u sepse.

*e -~ Fer ,
Qo
H I “‘ﬁ{‘/
I Bacte /”Jﬁ\' N .
\ %, @ Haem/HB .
® — Transf
v N N\ XA \.
?’,"3 \ L3 ® <
S 4 8
/ \. J M »
F x “ ‘ / \ ‘
\ ‘ = ::t-:-u.
o ™ o8 m ) ¢
Lipecalin 2 \':NI‘E hjgp MF l
\ 3 3 — ’\\ o a
vﬁ, oo / :
i o & ./
- - %
. Fer

Nature Metabolism volume 5, pages10-12 (2023)
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Regulace - protieny

Process

Iron intestinal uptake

Release of dietary iron to
circulation
In the circulation

Cellular iron uptake

Intracellular iron
storage/release

Iron cellular export

Protein

DcytB
DMT1
Unidentified
HO1
HO2
PCBP2
FPN
Hephaestin
TF

NTBI
TFR1
Low pH
STEAP3
DMT1
ZIP14
DMT1
FTH1
FTLA
NCOA4
FPN

CP
HEPH
HEPHL1

Location

Gut lumen > enterocyte
Gut lumen > enterocyte

Gut lumen > enterocyte
inside enterocyte

Inside enterocyte
Enterocyte > circulation

In the blood
In the blood

Cell surface
Endosome
Endosome
Endosome > cytosol

Cell surface > cytosol
Cell surface > cytosol

Cytosol/mitochondria

Cytosol
Cytosol > circulation
Quter cell surface

Function

Ferrireductase (reduces Fe®* to Fe?t)
iron transporter of Fe?+

Heme-conjugated iron
Breaks down the heme to produce free Fe2+

Chaperones Fe?* to basolateral side of enterocyte

Fe?t exporter from enterocyte
Ferroxidase (oxidizes Fe?*+ to Fe®+)

TF binds and transports Fe3* (TF-Fe+ complex)
Non-transferrin bound iron

Binds and endocytoses TF-Fe®*

Release of Fe®t from TF-Fe®+ (TFR1 recycled to surface)
Ferrireductase (reduces Fe®* to Fe?*)

Iron transporter of Fe?+

Binds and uptakes NTBI into cell
Components of “ferritin cage”

Targets ferritin for autosomal degradation to release iron
Fe?* exporter from the cell
Ferroxidase (oxidizes Fe?* to Fe®*)

This table depicts the various stages of the iron cycle, the proteins involved at each stage as well as their function, and the location-of-action of these proteins.

44 Zapati prezentace

DMT1 (divalent metal
transporter 1, also called
NRAMP2 as well as
SLC11A2), DcytB (duodenal
membrane associated
cytochrome-b), PCBP2 (poly-
(rC)-binding protein 2),
ferroportin (FPN, also called
SLC40A1), hephaestin
(HEPH), transferrin (Tf), HO-1
and HO-2 (heme-oxygenase
1/2), high-affinity transferrin
receptor (TFR1, CD71),
STEAP3 (six-transmembrane
epithelial antigen of prostate 3),
ZIP- (ZRT/IRT-like protein)-14,
ceruloplasmin (CP), zyklopen
(HEPHL1), NCOA4 (nuclear
receptor coactivator 4)
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Hodnoceni

Iron stores

Séroveé zelezo

» MEéfi trojmocné Zelezo (Fe3+), denni variabilita Iron transport o B N & ;
» Celkova kapacita vazani zeleza N ...:. ...:. ....:. °
(TIBC) 000 %00 0® %90 °°
el . ] i i Normal Iron Iron Iron
« TIBC meri mnozstvi vazebnych mist pro depletion  deficiency  deficiency
zelezo dostupnych na sérovém transferinu. I0ZTLE
. Hemoglobin (g/dL) N N N
« Saturace transferinu (TSAT) omatonst (56 N N N i
» QObecné odrazi zelezo dostupné pro transport Mean corpuscular volume (MCV) (fL) N N N |
do kostni drené Vypocteno jako sérové Red cell distribution width (RDW) (%) N N N 0
zelezo/TIBC x 100 = TSAT Feritin (ng/dL) N ! by i
« Serovy feritin ST N N l |
« Feritin v jatrech odrazi ulozené Zelezo, ale Fransiem satution () N N | |
sérovy feritin nemusi byt tak odolny v odrazeni o e N N f f
ulozeného Zeleza SoLpl sl el (TR N N ! !

« Reaktant akutni faze a bude zvySen pfi
akutnim a chronickém zanétu

—
m &
—
—

-

Nutrients 2015, 7(4), 2324-2344
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A Anemia of f chronic disease B Normal C Hemochromatosis (iron overload)

Anéemie chronickych chorob 1
vs. anemie z nedostatku Q=
zeleza = -

oooooo
oooooo

. i)
Normal hepcidin Reduced hepcidin
expression expression

" - —

J Clin Invest. 2007;117(7):1755-1758. https://doi.org/10.1172/JCI32701.

_ Anémie chronickych chorob Anémie z nedostatku zeleza

Serum Iron Reduced Reduced
Transferrin Reduced to normal Increased
Transferrin Saturation Reduced Reduced
Ferritin Normal to increased Reduced
Soluble transferrin receptor Normal Increased
Cytokine level Increased Normal
Hepcidin Increased Reduced
Bone marrow iron stores Normal to increased Reduced

Erythrocytes Normal, microcytes Microcytes



Anemie u chronickych chorob

— Casta, | proliferace Ery prekurzoru, zhorSena utilizace Fe

— kategorie

— chronicka mikrobialni infekce
osteomyelitis, bakterialni endokarditida

— autoimunitni onemocnéni
revmatoidni artritida

— neoplazmata
karcinom plic, Hodgkinuv lymfom

— systemovy zanet

— stimulace tvorby hepcidinu (1 1I-6) — potlaceni uvolhovani Fe z makrofagu
nedostateéna suplementace Ery prekurzorU

— ochrana pred bakteriemi, které potrebuji Fe (H. influenza)
hepcidin je strukturné podobny defenziniim

— anemie

— mirna, normo-chromni a —cytarni nebo hypochromni a mikrocytarni
— 1 sérovy feritin, 1 Fe v makrofazich
— lécba

korekce pfiCiny, nékdy erytropoetin
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A Iron demands

Inflammation/infection
(N hepcidin)

Anemie u CKD

WV Erythropoietin (EPO)
production/ WDecreased
responsiveness to EPO

WV Gl absorption
of iron

Blood loss
(phlebotomy,
dialysis)

Poor nutrition WV Erythrocyte half-life

= =
m e
O =



Anemie se rozviji s poklesem eGFR

Vysledek nedostatecné syntézy erytropoetinu.

Rozviji se brzy a zhorsuje se s postupujicim chronickym onemocnénim ledvin.
Vyskytuji se drive u lidi s diabetem.

Zahrnuji nedostatecny prijem zeleza, zhorsené vstrebavani zeleza a chronicky

Zaneéet.

Hemoglobin
Women< 12 g/dL
Men < 13 g/dL

NHANES 2007-2010

53.4
50.3
50
40 -
30
20 - 17.4
10 - 6.3
o N
No CKD eGFR 30-59 eGFR 15-29 eGFR <15

Adapted from Stauffer PLoS ONE 2014

Normal Kidney CKD
; ECM deposition
Endgettlllehal | \
Lot @
ransition %

e e S e e e h s e e e s e A e e e AR e e e e S e e e e R e e e S

....................................................

.® Reduced HIF
e e e e IR ERRRYL e
B e
CHIFE) SASHRE D
r—> | EPO Transcription
OO IEHRER )OOV
‘188

by methylation
Journal of the Formosan Medical Association, Volume 117, Issue 11, 2018 I\/|




A 66 year old patient with an eGFR of 20 mL/min/1.73m?
presents with symptoms of anemia. The patient has been
taking ferrous sulfate orally and currently has a diabetic
foot infection being treated with antibiotics. Which of the
following 1s likely contributing to the patient’s anemia?

a) Decrease in EPO production

b) Decrease in iron absorption in Gl tract
c) Infection

d) All of the above
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A 66 year old patient with an eGFR of 20 mL/min/1.73m?
presents with symptoms of anemia. The patient has been
taking ferrous sulfate orally and currently has a diabetic
foot infection being treated with antibiotics. Which of the
following 1s likely contributing to the patient’s anemia?

a) Decrease in EPO production

b) Decrease in iron absorption in Gl tract
c) Infection

d) All of the above

Answer: D

Anemia in CKD is often multi-factorial.
The principal cause of anemia in CKD
Is decreased EPO production but, in
this patient decreased iron absorption
in Gl tract and current infection are
also contributors.
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Anemie a nedostatek zeleza pri srdecnim selhani

— Nedostatek zeleza je pritomen u pfiblizné 30 % pacientu se
srdecnim selhanim, obvykle klasifikovan jako chronicka
normocytarni anemie.

— negativni prognosticky faktor

73.0%

M Iron deficient anemia Chroni C
[l Anemia of chronic disease X ; .
B Hemodiktion Inflammation

[0 Drug induced

Figure 1. Distribution of various etiologies of anemia among 37 patients
with advanced congestive heart failure.

N1
MED

Nanas et al, J Am Coll Cardiol 2006



PriCiny a etiopatogenni mechanismy nedostatku
zeleza a anémie u chronického srdecniho selhani

Reduced iron intake

— nedostatek Zeleza,

» Intestinal dysfunction (e.g. edema, Inadequate nutritional ir t ke due to malnutrition
hypoperfusion and downregulation of |adequaledietary onte td e to low iron
HIF-2q) bioavailability (e. g gt n diet)
)4 4 . ° « Increased hepcidin levels (
— nadmeérna sekrece cytokinu
] s TMPRSS6 muta t ns)
* Hypocl hI hyd and increased pH (

e.g. PPIs a dtphgtt)
« Conc mn t ons mpt of

— hemodiluce - zadrzovanim sodiku, | ..&ses..
— srdecni kachexie,
— uzivani léku - inhibitord enzymu neressed on o=
konvertujicinho angiotenzin |l (ACEI)
— chronicka ledvinova nedostatecnos
spojena se snizenou hladinou EPO Life 2021, 11(9), 987; htpss//doi.org/10.3390/lfe11090987

+Gastrointestinal bleedi g( colon
cancer, gastric ulce p Iyp
hookworms, diverticulo sopha gtis

and use of medications uch a

anticoagulants and antiplate t I ts )

* Ble d gfom th locations (e.g.
ary bleedi g)




Patofyziologie syndromu kardio-renalni anémie
— kardio-renalni syndrom - o
selhani jednoho organu
(srdce nebo ledvin) urCuje

zmenu funkce druhého




Gl Causes of Iron Deficiency Anemia

Mass lesions Inflamatory
« Carcinoma * Reflux esophagitis + Duodenal ulcer * Meckel’s diverticulum
(any site) « Cameron lesions + SB or colon ulcer « Idiopathic ulcers
: :‘:3;‘::)'”8 « Erosive gastritis + Celiac sprue « Crohn’s disease
« Gastric ulcer * Whipple's disease + Ulcerative colitis

— Pacienti se srdecnim selhanim
maji zmenenou strevni
morfologii, permeabillitu a

absorpci

— venozni kongesce - snizena perfuze
stfeva a nasledné neokluzivni ischemie
stfev, zvySena propustnost sliznice, edém,
a zména GIT mikroflory

— malabsorpce, kachexie

* Vascular + Watermelon
) ectasia(s) stomach - Hemoptysis « Ascariasis - Long-distance
> Portal * Hemanglomas - Epistaxis « Tuberculous running
hypertensive . Blue rubber bieb enterocolitis - Factitious

nevus syndrome
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Terapie

pouzivané chronickeho

v s r s gastrointestinal
srdecniho selhani a | 1 AcSDKP e
vr . . inhibition of erythroid
prispévek k rozvoji anemie. precursors l
erythropoiesis e
— ARB, angiotensin receptor blockers. bton iron deficiency

ACE, angiotensin-converting

» Anemia <

enzyme. AcSDKP, N-Acetyl-Seryl-

Nature Reviews Cardiology volume 8, pages485—493 (2011)

Aspartyl-Lysyl-Proline.
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Mitochondrialni dysfunkce

In hematopoietic tissues, In nonhematopoietic tissues,

including erythrocytes, including myocardium,
immune cells, adipose tissue, liver,

and platelets kidneys, and brain
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Nature Reviews Cardiology volume 8, pages485—493 (2011)



Anemie u RA

— mostly immune-driven,
— typical features that

Include

— iron retention in the
reticuloendothelial system,
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— impaired erythropoiesis, | ) = o> %
— shortened erythrocyte half-life T Y 32
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and ' ° fomr1
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_ blunted erythropoietin activity ! L N
T;nsferrun -
Nature Reviews Rheumatology volume 9, pages205-215 (2013)



Aplasticka anemie

 chronicke selhani hematopoezy
* pancytopenie
 autoimunitni mechanizmy
* etiologie
* idiopaticka (65 %)
chemikalie
* benzen
« alkylacni Cinidla
« antimetabolity
* idiosynkratické
* virové infekce
 hepatitis, CMV, EBV
e ozareni
» dédiéné defekty
» Fanconiho anemie

» porucha reparace DNA
» defekty telomerazy
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Stem cell

Environmental insult
(viruses, drugs, etc.)

Genetically altered
stem cells

Express new antigens Reduced proliferative and

differentiative capacity
IFNYy
TNF

T-cell response

Marrow
aplasia

Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Aplasticka anemie

— patogeneze

— VNEjSi pricina
zména antigent kmenovych bunék (chemikalie, infekce)
aktivace TH1 — cytokiny — destrukce progenitoru
up-regulace genud uc€astnicich se apoptozy
ucinna imunosupresivni terapie

— vnitrni pricina
zmény karyotypu, abnormalné kratké telomery

— morfologie
— hypocelularni kostni dren
— Casté infekce, krvaceni
— priznaky
— pancytopenie
pfiznaky anemie, petechie, infekce, retikulocytopenie

—lecba
— transplantace kostni dfené
60
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Anemie u nadorovych onemocneni

— Anemie se objevuje u
vice nez 50 %
nemocnych s
nadorovym
onemocnenim

— Povazuje se za
,paraneoplasticky
priznak”

Tab. 1

typy anémie
anemie chronickych chorob
anemie z infitrace dren& nadorem (leukoerytroblastdza)
anémie hemolyticka
autoimunitni

neimunni
anemie sideropenicka (krvaceni)

anemie megaloblasticka (deficit folatd a vitaminu By
anemie z hypoplazie drené
fagocytdza erytrocyt(

Cista aplazie Cerveneé fady

vyskyt
vétsina solidnich nadort

karcinom prsu, plic, prostaty

karcinom ovaria, lymfoproliferace

mucin sekretujici adenokarcinomy, hemolyticky
ucinek mitomycinu

nadory GIT, nadory mo¢ového ustroji,
gynekologicke nadory

karcinom zaludku, chemoterapie
chemoterapie/radioterapie
histiocytarni malignity

thymom

KLENER P. - Anémie u nadorovych onemocnéni a jejich Iécba. Remedia 2011; 22. I\/| E D



Dekuji za pozornost

62 Zapati prezentace
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Iron metabolism in the CNS

The role of iron in Parkinson's disease.

— lron accumulation is found in the substantia nigra (SN).
With PD, divalent metal transporter 1 (DMT1) expression is
increased in the SN contributing to the increased iron
uptake into the cell.

— lIron also directly interacts with a-synuclein, which acts as a
ferrireductase converting Fe3* to Fe?*.

— Furthermore, excess iron has been shown to promote
aggregation of a-synuclein by promoting post-translational
modifications.

— Mitochondrial dysfunction is another key feature of PD
pathology. Iron overload promotes mitochondrial
fragmentation and disrupt mitochondrial fission.

a-Synuclein

 Mitochondrial Fragmentation | . Syniiiesls siitl Agsrenation
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64 Zapati prezentace

* Mitochondrial functions(e.g.TCA)
+ Synthesis of hemoproteins and
iron-sulfur clusters
» Oxygen storage
+ Scavenging ROS
+ Metabolism (e.g. beta oxidation)

Kidney

Mitochondria

Liver
Skeletal muscle

* Normal brain function
* Neurotransmitter

synthesis(e.g. serotonin) * Production of

+ Myelin formation thyroid hormones
*Synaptic development  Nervous system - Thyroid gland
e_0 @
.. Fo miRNA % - Immune system
Il w™  DNA % ¢ @
« Erythropoeiesis Recde:sm - M 1 ¢
4 ISOSNO RNA +* Immune cell proliferation
+ Immune effector
* DNA & RNA synthesis functions(e.g. cytokine
+ microRNA biogenesis production and inflammation)

« Cell cycle control and proliferation
+ Transcription factors(e.g. Bach1 and NPAS2)
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