Srdecni selhani je spojeno se snizenym obsahem zeleza v
myokardu a s mitochondrialni dysfunkci:

vysledky primé tkanové analyzy

Melenovsky V.1, Petrak 1.2, Mracek T.3, Benes 1.1, Nuskova H.4, Pluhdcek T.4, Spaténka J.5, Kautzner 1.1,
Pirk J.1, Housték 1.3

1Kardiocentrum IKEM, Praha,
2(Jstav Patologické Fyziologie, 1. LF UK, Praha a BIOCEV,
30dd. bioenergetiky, Fyziologicky Ustav AV CR, Praha,
4 Prirodovédecka fakulta, Katedra analytické chemie, Univerzita Palackého, Olomouc,
5> Transplantacéni centrum, FN Motol, Praha

IK_E INSTITUTE OF PHYSIOLOGY ASCR @
16.5. Morava 15:40-15:50 M BIOCEV


http://www.google.cz/url?sa=i&rct=j&q=&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwj774SJ3dvMAhUHvBQKHeMQD-cQjRwIBw&url=http://plus.google.com/u/0/117112238833482303474&psig=AFQjCNHlLzy7sVtQZMDmxJDqcQ9obx7rig&ust=1463389561027760

Uvod

~ 30-50 % pacientii s ChSS ma systémovou sideropénii
ferritin < 100 ng/ml nebo ferritin < 300 ng/ml a saturace transferrinu< 20%

priciny: malabsorbce, anorexie, okultni krvaceni , 1 hepcidin — snizena mobilizace z depot

systémova sideropénie pri ChSS je spojena s vice symptomu a s vyssi mortalitou

European Heart Journal (2010) 31, 1872-1880
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cile prace:
- jak éasto maji pacienti s CHSS deficit zeleza v myokardu ?

- ma deficit zeleza vliv na bioenergetické funkce mitochondrii?



Metody

Metodiky: Analyzovali jsme vzorky explantované myokardialni tkané leve
komory u 91 konsekutivnich pacientu s pokro€ilym ChSS podstupujici Tx
srdce a u 38 organovych darcu bez ChSS.

Celkove zelezo bylo mereno v lyofylizovanych vzorcich pomoci IC-
hmotnostni spektrometrie.

Funkce mitochondrii byly kvantifikovany pomoci respirometrie (Oroboros
Oxygraph), stanoveni aktivit (spektrofotometrie) a kvantity (Western blot)
enzymu citratového cyklu a respiracniho fetézce (komplex I-V) a
antikoxida¢nich enzymu.



Pacienti s ChSS maji deficit zeleza v myokardu
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Klinické charakteristiky spojené myokardialnim deficitem zeleza

Table 1. Baseline characteristics

Controls HF P HF no MID HF with MID 1]
n=38 n=91 n=>61 n=30
Age. years 42+£15 53x11 = 0.001 52x11 53510 02
Male gender 50 % 83 % = 0.001 89 % T3% 0.07
Body mass index. kg.m™ 24+57 26+4.7 0.1 26+5 27+4 03
Ischemic etiology of HF - 46 % - 40 % 55 % 0.2
Coronary disease seventy (0-3) - 13201 - 1.3+£13 19+14 0.04
HF duration, years - T4L£7.14 - GEEGI] 91=93 0.2
History of coronary artery bypass grafting, % - 14% - 10 % 24 % 0.08
Previous Left ventricular assist device, % - 9% - 10 % T % 0.6
NYHA grade_(1-4) - 33006 - 33=x056 33x006 0.8
B’N’P,Hg.ff - 1411 1277 - 1385 £ 1181 1562+ 1411 0.6
Anemia, %o 14 % 51 % 0.003 45 % 63 % 0.09
Dhabetes Mellitus, %o - 24 % - 25 % 30 % 0.6
Furosemide dose. mg per day - 121 £98 - 117+ 78 128+ 129 0.7
Betablockers dose, (0-3)7 - 1.0£07 - 1.1+08 0706 0.005
ACEYVARB dose (0-3)7 - 0707 - 0707 0506 0.04
Hemoglobmn, g.[*¢ 139 + 11 128 + 23 0.002 132+ 21 119 23 0.01
Mean red cell volume_ /7 - AE5.6 - 917 906 0.3
Leukocytes, 10° [ - 80x27 - 80+24 80+32 09
C-reactive protein, mg. [ - 15=31 - 11+18 25+ 50 0.2
eGFR. milmin™ 1.73m~ 94 + 39 TOx 28 = 0.001 71+ 29 64 £ 23 0.3
Hemoglobin A1C % - 47038 - 4707 4709 09
Table 2 Cardiac function — echocardiography and right heart catheterization
Controls HF P HF no MID HF with MID P
n=33 n=921 n=61 n=30
LV ejection fraction. % 57+8 23 =8 < 0.001 22+8 23=7 0.8
LV end-diastolic dimension. mm 46+ 5 69+ 11 = 0.001 Fo+11 69=9 07
LV mass/BSA, gm™ 90 + 27 138 = 36 = 0.001 142 + 38 129 + 29 0.09
Systolic blood pressure, mmHg 118+23 106 = 14 0.003 106 £13 109 =17 0.4
Dhastolic blood pressure, mmHg TO+ 14 80+13 0.3 73+9 74+10 0.8
Heart rate. min™ 91 =24 B0+ 13 0.01 BO+13 79+ 11 0.7
Cardiac index. [ min i 20£05 - 20+05 20x06 0.9
Mean PA pressure, mamfds 3zx 11 - 3Ilx11 3511 0.1
PA wedge pressure, mmHg 23=9 - 22+9 259 0.1
- 0.3

Right atrial pressure, mmHg

9=+5

95

10 =6




120+

Aktivity enzymu Krebsova cyklu

Aconitase

*

Citrate synthase

1000-
*k%k
'c
£ 8001 .
3
2 600 a
=
400
o & o
SO
N O B
Y A
IS

Citric acid cycle enzymatic activities

1000 -

nn'nol.mg"I .min”!

400

Citrate synthase

Controls
p=0.6

Heart failure
p=0.004

100 200 300
myocardial Fe
ng.g'd.w.

pacienti s ChSS méli vyznamnou poruchu enzymatickych aktivit citratového cyklu
ktera byla jesté prohlouena deficitem Zeleza

akonitaza obsahuje Fe-S cluster a je zelezem regulovana



Aktivity enzymu mitochondrialniho dychaciho retézce

Respiratory chain enzymatic activities
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vyznamne snizené aktivity respiracniho cyklu, ale neovlivnéné deficitem Fe



Exprese proteinu komplexu I-V dychaciho retézce

Respiratory chain protein expression
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U ChSS snizena exprese komplexu 1 respiracniho cyklu, bez efektu Fe deficitu



Exprese antioxidaénich enzymu

ROS-protection enzymes protein expression
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Defitit Zeleza je spojen se snizenou expresi antioxidacnich enzym{ superoxid-dismutazy 2,
katalazy, glutathion peroxidazy



Slozeni tkané nevysveétli rozdily ve funkci mitochondrii

Table 3. Tissue composition and mitochondrial content

Controls HF HF no MID HF with MID
n=38 n=91 P n=61 n=30
Cellular content
pan-actin, a.u. 1.01+037 1.02+0.29 09 1.04+030 097030 04
Cardiomyocyte content
o-actin Sarcomeric, a.i. 1.13+=0.33 0.94=020 0.006 096021 0.86=0.14 0.05
calsequestrin, a.u. 1.11+035 0.95+0.26 0.03 0.98+027 0.86 £0.25 0.1
Mitochendrial content
porin, a.u. 1.04+021 099 =025 03 100024 095027 0.3
mtDNA (165). 4a 8316+ 2817 7760 = 2896 03 8218+ 3140 G843 + 2086 0.01
mitDNA (D-loop). rdc 46811723 4197 = 1520 0.1 4385 £ 1667 38201101 0.06




Zavery

Obsah Zeleza v myokardu je u ChSS systematicky snizen a je spojen
s mitochondrialni dysfunkci.

Faktory spojené s myokardialnim deficitem Zeleza se liSi od faktort vedouci
k anémii, coz poukazuje na vyznam lokalni myokardialni regulace obsahu
zeleza.

Dusledkem myokardialniho deficitu zeleza miaze byt sniZzena substratova
flexibilita (pokles utilizace FFA), snizena produkce energie a snizena odolnost
vUuci ROS poskozeni.



Cth1/2p

ATP synthase
o ADP H+ ATP
Korekce myokardialni sideropenie muze
zlepsit utilizaci FFA a Acetyl-CoA (e e aod

Succinyl-CoA

Succinate

a znormalizovat snizenou utilizaci tuku 6(,

v selhavajicim myokardu

Krebsav cyklus

Korekce sideropenie mUze
zlepsit bionergetiku myokardu

zelezo
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