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ABSTRACT

Long-chain fatty acids (LCFA) are the primary energy source in the
myocardium and an imbalance in the LCFA and glucose utilization could
cause cardiovascular diseases. More than 50% of LCFA uptake by the heart
is mediated by the fatty acid translocase CD36 and disruption of its function
has been shown to impair cardiovascular functions. The spontaneously
hypertensive rat (SHR) harbors a deletion variant of the Cd36 gene that
results in reduced LCFA transport into myocytes. Therefore, the main aim
of this thesis was to investigate the importance of a functional CD36 to
sustain normal physiological functions of the heart. We used SHR and two
genetic modified SHR strains, the congenic SHR-4 and the transgenic
SHR-Cd36, with fully functional CD36. They differ in the CD36 expression
and in the manner how they were derived from the SHR.

CD36 has been proven to play a role in the pathogenesis of insulin
resistance. Therefore we analyzed the effect of a functional CD36 on insulin
resistance and protein kinase C (PKC) expression, which is known to be
involved in the mechanism of insulin resistance, in the heart of SHR-4 and
SHR. We showed that the SHR-4 had lower serum free fatty acids (FFA)
and triacylglycerols (TAG) concentrations, indicating improved insulin
sensitivity. Furthermore, SHR-4 had increased PKC & expression when
compared to the SHR. High sucrose diet (HSD), applied for 14 days, caused
the accumulation of heart TAG in the SHR, while increased PKC & and
decreased PKC & expression was found in the SHR-4. These findings
suggest that CD36 in the SHR-4 is associated with reduced insulin
resistance, in which PKC 6 and € may play a role.

Fatty acids (FA) are known to be arrhythmogenic. Using the
SHR-Cd36, with a wild-type Cd36, we proved that the insertion of Cd36
onto the SHR genome increases the severity and duration of arrhythmias but
lowers the myocardial infarct size after coronary occlusion. In addition, we
also showed that the higher arrythmogenesis in the SHR-Cd36 is
independent of FA uptake but it is rather caused by to increased sensitivity
of the B-adrenoceptors (B-AR) signaling pathway documented by higher
B-AR density, increased expression of adenylyl cyclase and protein kinase
A. Taken together, we proved that the wild-type Cd36 affects the
ischemia/reperfusion tolerance in the SHR in B-AR signaling pathway
dependent manner.

It can be concluded that the CD36 function plays an important role in
various pathophysiological conditions of the heart, including insulin
resistance and arrhythmias, which are dependent on PKC isoforms and the
B-AR signaling pathway, respectively.



ABSTRAKT

Mastné kyseliny s dlouhym fetézcem (LCFA) jsou primarnim zdrojem
energie v myokardu. Spatné vyuziti LCFA a glukézy mize zptsobit
kardiovaskularni onemocnéni. Vice nez 50% transportu LCFA do srdce je
zprostfedkovano translokazou mastnych kyselin CD36 a porucha CD36
zhorsuje kardiovaskulérni funkce. Spontanné hypertenzni potkan (SHR) méa
dele¢ni variantu genu pro Cd36, kterd vede k omezeni transportu LCFA do
myocytt. Hlavnim cilem této prace bylo objasnit vyznam funkéniho CD36
ve fyziologické funkci srdce. Pouzili jsme dva geneticky modifikované
kmeny SHR, kongenni SHR-4 a transgenni SHR-Cd36 s funkénim CD36.
Tyto kmeny se lisi v expresi CD36 a zpusobu, kterym byly odvozeny z
kmene SHR.

Bylo prokazano, Ze CD36 hraje roli v patogenezi inzulinové rezistence.
Z tohoto divodu jsme v srdcich SHR-4 a SHR analyzovali vliv funkéniho
CD36 na inzulinovou rezistenci a expresi proteinkinasy C (PKC), ktera se v
mechanismu inzulinové rezistence také uplatiiuje. Ukazali jsme, Ze kmen
SHR-4 mél niz8i koncentraci volnych mastnych kyselin (FFA) a
triacylglyceroltt (TAG) v séru, coz naznaCuje na zlepSeni citlivosti k
inzulinu. Dale m¢&l SHR-4 zvysenou expresi PKC ¢ ve srovnani s SHR.
Vysokosachar6zova dieta (HSD), podavana 14 dnd, zpisobila akumulaci
TAG v srdcich SHR, zatimco vedla ke zvySeni exprese PKC & a snizeni
exprese PKC & u SHR-4 potkant. Tyto vysledky naznaduji, ze piitomnost
CD36 u kmene SHR-4 je spojena se snizenou inzulinovou rezistenci, ve
které muze hrat roli PKC & a PKC «.

Je znamo, Ze mastné kyseliny (FA) jsou arytmogenni. Pouzitim

SHR-Cd36 s wild-type CD36 jsme dokéazali, Ze vlozeni Cd36 na genetické
pozadi SHR zvySuje zavaznost a vyskyt arytmii ale snizuje velikost infarktu
myokardu po koronarni okluzi. Dale jsme zjistili, Ze zvySena arytmogeneze
v SHR-CD36 je nezavisla na transportu FA do srdce, ale je dana spise vetsi
citlivosti signalni drahy B-adrenergnich receptord (B-AR), coz bylo
dokumentovano vyssi hustotou B-AR a zvysenou expresi adenylylcyklasy a
proteinkinasy A. Prokézali jsme tak, ze wild-type Cd36 ovliviluje
ischemicko/reperfuzni toleranci SHR v zavislost na B-AR signalni dréaze.
Je mozné konstatovat, ze funkce CD36 hraje dileZitou roli v raznych
patofyziologickych podminkach v srdci, véetné inzulinové rezistence a
vzniku arytmii, které jsou zavislé na jednotlivych isoformach PKC,
respektive na B-AR signalni draze.



1 INTRODUCTION

Fatty acid translocase CD36, a transmembrane glycoprotein, is
expressed on a wide range of cells and tissues, including cardiac and skeletal
muscle, monocytes and macrophages. CD36 mediates a broad list of
functions including transport of long chain fatty acids (LCFA) into the cells,
cardiovascular function and diabetes (Febbraio & Silverstein, 2007). CD36
deficiency has shown to be involved in insulin resistance (Pravenec et al.,
1999), and although the exact mechanism is unclear, it has been shown that
the protein kinase C (PKC) isoforms may play a role in the mechanism of
this disorder and that it can inhibit several steps of the insulin signaling
cascade, including contraction induced recruitment of CD36 from
intracellular stores to the sarcolemma of cardiac myocytes (Coort et al.,
2007). Furthermore, heart hypertrophy (Hajri et al.,, 2001) as well as
impaired tolerance to myocardial ischemia/reperfusion (I/R) injury (lIrie et
al., 2003) has been connected to CD36 deficiency and impaired LCFA
uptake.

The B-adrenoceptor (B-AR) signaling pathway is known to play a
fundamental role in modulating cardiomyocyte contractility (Lissandron &
Zaccolo, 2006) and increased B-AR stimulation has been shown to
contribute to fatal arrhythmias (Bassiakou et al., 2009), as well as cardiac
hypertrophy (Engelhardt et al., 1999; Liggett et al., 2000). B-AR are coupled
to trimeric G proteins, which regulate the enzymatic activity of adenylyl
cyclase (AC). AC catalyzes the conversion of cellular ATP into cAMP, a
key second messenger molecule, which activates protein kinase A (PKA)
(Xiao et al., 2006). Activated PKA then enhance the cardiac contraction
through phosphorylation of various proteins involved in excitation-
contraction coupling (Xiang & Kobilka, 2003).



The spontaneously hypertensive rat (SHR) is the most studied animal
model of human hypertension and under appropriate dietary conditions it
exhibits multiple metabolic disorders e.g. insulin resistance and
hyperinsulinemia, similar to the human metabolic syndrome (Aitman et al.,
1997; Pravenec et al., 1999; Pravenec et al., 2001). Furthermore, when
compared to control strains, the SHR exhibits differences in a number of
cardiac phenotypes, including increased cardiac mass (Hajri et al., 2001),
impaired cardiac ischemic tolerance, and susceptibility to arrhythmias
(Ravingerova et al., 2011). Previous studies showed that the SHR harbors a
deletion in the Cd36 gene (Aitman et al., 1999) that results in reduced
transport of LCFA into cardiomyocytes (Hajri et al., 2001).

Genetic studies have come to be a useful tool in the clarification of
molecular mechanisms in different pathophysiological conditions and during
the last decade different genetic modified strains have been derived from the
SHR. The SHR-4 congenic strain was derived by transferring a segment of
chromosome 4 from the inbred normotensive Brown Norway (BN) strain
onto the genetic background of the SHR strain (Pravenec et al., 1999). And
the SHR-Cd36 transgenic strain was prepared by microinjecting SHR
zygotes with wild-type Cd36 cDNA isolated from fat tissue of the Wistar-
Kyoto rat (Pravenec et al., 2001). While the congenic SHR-4 strain is 99%
genetically identical, the SHR-Cd36 is, except the wild-type Cd36 gene,
100% identical to the SHR progenitor strain. These genetically modified
SHR strains have been used to investigate the role of CD36 in insulin

resistance as well as in I/R tolerance.



2 AIMS

Aim |

This study was based on the knowledge that the SHR is insulin-
resistant and that protein kinase C (PKC) isoforms are known to play a role
in the insulin signaling cascade as well as in the mechanisms of numerous
cardiovascular diseases e.g. heart hypertrophy and heart failure. Thus, the
first aim was to study the relationship between CD36-mediated fatty acid
transport, activation of two PKC isoforms, 6 and ¢, and insulin resistance in
the heart of the SHR and the congenic strain SHR-4 with an introduced
segment of chromosome 4, containing the Cd36 gene, from the insulin

sensitive Brown-Norway rats.

Specific aims:

o  To compare the concentrations of heart triacylglycerol (TAG) as well
as serum glucose, insulin, free FA (FFA), and TAG concentrations in
the SHR and SHR-4. Furthermore, to study the effects of a 14-day
high-sucrose diet (HSD) feeding on these lipid and glucose
metabolites.

o  To compare the novel PKC isoforms, & and &, expression of the two
strains, as well as to analyze the effect of a 14 day HSD feeding on the
PKC § and & expression and distribution between the cytosol and

particulate fraction in the left ventricular of the two strains.

AIM I

A deletion of CD36 has been shown to affect heart I/R injury tolerance
(Irie et al, 2003). The second aim was therefore to analyze the effect of the
nonfunctional CD36 on susceptibility to ischemic ventricular arrhythmias

and myocardial infarction in the SHR-4 congenic and SHR-Cd36 transgenic



strains and to compare it with the SHR progenitor strain, and to search for

potential underlying mechanisms of altered ischemic tolerance.

Specific aims:

o To analyze the incidence and severity of ischemic and reperfusion
ventricular arrhythmias and myocardial infarct size (IS) induced by
coronary artery occlusion in an open-chest model and in isolated
perfused hearts.

o  To study the effect of catecholamine depletion on the incidence and
severity of ischemic and reperfusion ventricular arrhythmias and
myocardial 1S induced by coronary artery occlusion in isolated
perfused hearts.

o To compare the serum free FA and TAG, heart TAG and the FA
composition in serum and heart phospholipids of the two strains.

o  To analyze the heart performance after B;-adrenoceptor stimulation
using dobutamine echocardiography stress test in the SHR and
SHR-Cd36.

o To assess the expression and/or functional properties of the major
components of the adenylyl cyclase signaling, including
B-adrenoceptor, G proteins, adenylyl cyclase and protein kinase A in
the left ventricular of both SHR and SHR-Cd36 rats.

3 METHODS

Dietary intervention
SHR and SHR-4 rats were fed a HSD containing, in caloric %: 60 %
sucrose, 20 % proteins and 20 % fats, for 14 days before sacrifice. Control

rats were fed a standard laboratory chow.



The experiments consisted of the following steps and methodical
approaches:
IS determination and analysis of ventricle arrhythmias
Echocardiographic measurements
Tissue fractionation and Western blot analysis
Enzymatic analysis of TAG, insulin, glucose and FFA concentrations
Analysis of FA profile of serum and myocardial membrane
phospholipids
Binding of B-AR
EIA analysis of AC activity

Reserpine treatment

SHR and transgenic SHR-Cd36 rats was pretreated with reserpine
(alkaloid that depletes catecholamines; 0.15 mg/kg dissolved in a mixture of
glacial acetic acid and saline 1:50 v/v) administered i.p. 24 h before

ischemia. Control rats received the same volume of the vehicle.

4 RESULTS AND DISCUSSION
Aim |
Within this aim, we studied the relationship between CD36 mediated

FA transport, activation of two PKC isoforms and insulin resistance in the
heart of the SHR and its congenic strain SHR-4.

Hypertrophy, lipid and glucose metabolites and the effect of the

HSD

We demonstrate in this study that the congenic strain SHR-4 with a
functional CD36 was less insulin resistant, which is in line with previous

findings (Pravenec et al., 1999). Furthermore, we observed that heart

10



hypertrophy, a characteristic feature of the SHR progenitor strain, was
attenuated in the SHR-4 congenic strain. The functional CD36 contributed
as well to lower serum insulin and FFA in the SHR-4 fed a standard chow
and helped to prevent hyperglycemia and hyperinsulinemia after the HSD.
Under control condition, we found a tendency to higher heart TAG
concentration in the SHR-4 which is in line with findings showing an
increased FA uptake in the SHR-4 in comparison with SHR (Hajri et al.,
2001). While the HSD caused heart TAG accumulation in the SHR, no
changes were found in the SHR-4. Previous findings showed that CD36 is
located on the mitochondrial membrane and plays a role in FA oxidation
(Smith et al., 2011), indicating that the FA taken up by the SHR-4 heart are
transported into the mitochondrial compartment by the functional CD36
where they are oxidized thus the heart TAG concentration in SHR-4 stayed
unchanged after the HSD. Taken together, our results indicate that the
functional CD36 improved the FA metabolism in the SHR-4, which could
contribute to the improved hypertrophy as a disruption in the balance of

energy utilization cause hypertrophy (Glatz et al., 2006).

PKC 06 and ¢ heart expression and the effect of HSD

We observed higher PKC ¢ expression in the SHR-4 (Fig 1) as well as
increased membrane localization, indicating its activation. Papers published
so far have contradictorily shown that PKC & activation plays a role in the
development of insulin resistance in skeletal muscles (Laybutt et al., 1999;
Dey et al., 2007; Dasgupta et al., 2011). On the other hand, when activated
in the heart, PKC ¢ inhibits the hyperglycemia apoptosis signal, attenuates
hyperglycemia induced oxidative stress and thereby prevents diabetic
cardiomyopathy (Malhotra et al., 2005). In relation to our results, we
presume that the activated PKC ¢ in SHR-4 is connected with the inserted
CD36 and the improved LCFA transport to the heart (Hajri et al., 2001), as

11



it is known that LCFA can activate PKC ¢ (Huang et al., 1997; Ragheb et
al., 2009).

HSD stimulation had different effects on the two novel PKC isoforms
in the two strains (Fig 1). The PKC & was upregulated and PKC ¢
downregulated in the heart of SHR-4 after the HSD together with increased
insulin serum concentration while no effect was observed in the SHR. Both
PKC 6 and PKC ¢ are known to be modulators of insulin signaling in
skeletal muscle (Laybutt et al., 1999; Waraich et al., 2008; Jacob et al.,
2010). It seems, however, that the reactions of both PKC & and PKC ¢ on

insulin and glucose infusion in the heart differ from those in skeletal muscle.

50- J control EE HSD
PKCs . PKC ¢
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Fig 1: PKC ¢ and ¢ expression in the cytosol (cyto) and particulate fraction
(part) in left ventricle of SHR and SHR-4 rats fed either a control or high
sucrose diet (HSD). Values are mean * SEM; *P<0.05 SHR-4 vs.
corresponding SHR; # P<0.05 HSD vs. corresponding control

Luiken et al. (2009) did not observe any change in PKC & and/or PKC ¢
expression or translocation after acute insulin administration in isolated
cardiac myocytes from Lewis rats. Moreover, D'Alessandro et al. (2008)
showed increased expression of PKC ¢ in the particulate fraction in the heart

of HSD-induced insulin resistant rats. The aforementioned findings lead us
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to the assumption that the PKC isoforms in our study could as well be
regulated by other factors than the elevated insulin concentration. As has
been documented, HSD feeding represents a metabolic stress and is
accompanied by enhanced production of reactive oxygen species
(Busserolles et al., 2002) which are known to regulate PKCs (Duquesnes et
al., 2011). We suppose that our results present a possible link between the
function of CD36 and PKC § activation in reaction to the HSD feeding

induced stress in the genetically manipulated SHR-4.

Aim 1l

After studying PKC and insulin resistance in the SHR-4 congenic
strain and the SHR we decided to examine the tolerance to I/R injury in
these strains. We found a tendency to a smaller IS as well as higher amount
of PVCs in the SHR-4 when compared to the SHR. Since the differences
between the strains were not significant, we choose to compare another
CD36 genetic modified model, SHR-Cd36, which is 100% genetically
identical to the SHR progenitor strain, except the wild-type Cd36. The
higher CD36 expression in the transgenic SHR-CD36 strain (Pravenec et al.,
2008a) could explain the discrepancies in the tolerance to I/R injury between
the SHR-4 and SHR-Cd36.

Effect of CD36 on I/R injury

In the current study, we found the functional CD36 in the transgenic
SHR-Cd36 strain was associated with markedly increased incidence of
ischemic ventricular arrhythmias (Fig 2). It has been suggested that
increased FA uptake by the heart after Ml might cause fatal arrhythmias
during acute myocardial ischemia (Oliver, 2001). Accordingly, it is possible
that SHR-Cd36 with wild-type Cd36 is predisposed to arrhythmias due to
increased FA uptake. However, we found that isolated hearts of SHR-Cd36

13



perfused with a crystalloid solution devoid of FA were also more susceptible
to I/R arrhythmias as compared to the SHR.

40001

*
3000+ T Fig 2: Total number of premature
2000 ventricular complexes (PVCs) during

ischemia. Values are mean * SEM;

1000+ i *P<0.05 vs. SHR
0_

SHR SHR-Cd36

Total number of PVCs

This finding suggests that the proarrhythmic effect is an intrinsic
myocardial property independent of FA uptake during acute ischemic insult.
Moreover, the abolishment of chatecholamines by reserpine completely
eliminated the increased arrhythmogenesis in the SHR-Cd36 heart,
indicating an important role of adrenoceptor in triggering the ischemia
induced arrhythmias in this strain. Indeed, previous finding showed an
impaired response to both a-AR as well as B-ARs in the SHR (Labarthe et
al., 2005). In addition, Cd36 was originally identified as a quantitative trait
gene regulating B-AR stimulation induced lipolysis in isolated adipocytes
when the SHR mutant allele was associated with reduced sensitivity to
catecholamines (Aitman et al., 1997). In contrast to the proarrhythmic
affect, the 1S in both open chest as well as perfused hearts were significantly
smaller in the SHR-Cd36 when compared to the SHR (Fig 3).

804

604

Fig 3: Myocardial infarct size expressed
as percent of the area at risk. Values are
20 mean + SEM; *P< 0.05 vs. SHR

40

Infarct size
(% of area at risk)

SHR SHR-Cd36
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Opposite changes of the two endpoints of ischemia can be explained
by different factors that are involved in the pathogenic mechanisms. In line
with our results Irie et al. (2003) found that Cd36-null mice were
energetically deficient and more sensitive to acute ischemic insult, similarly
to the SHR. However, inhibition of CD36 exerted reduced IS after I/R injury
(Bessi et al., 2012). Whereas CD36 inhibition prevented the loss of cardiac
function in a model of lipid induced cardiac insulin resistance (Angin et al.,
2012), on the other hand the cardiac performance in Cd36 knockout mice
were depressed (Pietka et al., 2012). In view of the limited data available, it
is currently impossible to explain these discrepancies. Taken together, the
description up to date of the CD36 role on cardiac function as well as
tolerance to I/R injury have been contradictory,

Membrane fluidity changes due to altered FA composition of
membrane phospholipids have been proven to play a role in the protection
against I/R injury (Hlavackova et al., 2007; Zeghichi-Hamri et al., 2010).
Furthermore, the FA composition of myocardial membrane phospholipid is
sensitive to the type of FA consumed in the diet (Hlavackova et al., 2007;
Balkova et al., 2009; Slee et al., 2010). Therefore, one would expect an
increased incorporation of LCFA into the myocardial membrane
phospholipids in the SHR-Cd36, however no differences were observed.
Accordingly, we can presume that the increased amount of FA taken up by

the SHR-Cd36 myocardium is used for energy production.

B-AR signaling pathway in the proarrhythmogenic effect of CD36

While investigating the involvement of the B-AR signaling pathway in
the increased arrhythmogenesis in the SHR-Cd36, we found increased
myocardial B-AR density (Fig 4) and responsiveness to the B;-AR agonist
dobutamine stimulation in SHR-Cd36 when compared to SHR. These

results are in consistence with finding showing that increased B-AR

15



stimulation contributes to fatal arrhythmias (Bassiakou et al., 2009).
Moreover, myocardial 1S and arrhythmias induced by coronary artery
ligation can be reduced by blockade of B-ARs, which results in a diminution
of intracellular cAMP levels and PKA activation (Lu et al., 2009; Zhang et
al., 2010).

Fig 4: Saturation binding

D

é 30- R curves showing specific
S | & SHrcas * binding of [*H]CGP-
S 2 50 12177 to crude
= myocardial membranes of
SF SHR (closed symbols) and
I SHR-Cd36 (open
E = symbols). Values are mean
g ot T : : + SEM; *P<0.05 vs. SHR

[3H]CGP-12177 (nM)

Trimeric G proteins functions as key regulatory elements in signal
transduction from activated B-ARs and they can be altered under different
pathophysiological conditions, such as cardiac hypertrophy, arrhythmia and
heart failure (Zolk et al., 2000; Slotkin et al., 2003). Although there were no
appreciable changes in the stimulatory G (Gs) and inhibitory (G;) protein
expression, differently regulated AC activity was higher in myocardial
membranes from SHR-Cd36 than SHR (Fig 5). A significantly increased
AC activity was determined after direct stimulation of the enzyme by Mn?*
ions or after stimulation of both the enzyme and G, protein by forskolin, as
well as after stimulation of G protein by GTPyS or after stimulation of
B-ARs by isoproterenol. The enhanced sensitivity of the enzyme to
stimulation may be explained by higher protein expression of AC5/6 in
myocardial preparations from SHR-CD36. Both AC5 and AC6 have been
shown to play an important role in the contractile response of heart muscle.

Reduced contractility response upon B-AR stimulation have been observed

16



both in AC5 knockout mice (Okumura et al., 2007) as well as after AC6
deletion (Tang et al., 2008). On the other hand, mice overexpressing AC6
displayed an increased contractile response to dobutamine (Takahashi et al.,
2006).

*

3507 mm sHR
300] Z2 SHR-Cd36 7

250+ i
200-

100+ *
80 *

604 *

401
204
0 /s
basal GTPyS 1SO MnCl, FSK

AC activity
(pmol cAMP/mg protein/min)

Fig 5: Adenylyl cyclase activity measured under basal conditions and after
stimulation by GTPyS, isoproterenol (ISO), manganese (MnCl,) or forskolin
(FSK) (B). Results are the mean £ SEM; *P<0.05 vs. SHR

PKA phosphorylates and activates a number of key excitation-
contraction coupling proteins, such as phospholamban (PLB), L-type Ca*"
channel, ryanodine receptor 2 and troponin | (Tnl) (Xiang & Kobilka,
2003). It has previously been shown that B-AR stimulation leads to
PKA-mediated phosphorylation of PLB and Tnl (Di Benedetto et al., 2008)
and PKA overexpression results in dilated cardiomyopathy and arrhythmias
(Antos et al., 2001).

2001 mm SHR
V2 SHR-Cd36  *

Fig 6: Expression of protein kinase A
catalytic ~ subunits and  their
phosphorylated forms (Thr-198) in
SHR and SHR-Cd36. Values are
mean + SEM; *P<0.05 vs. SHR
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Our present results are in agreement with these observations. SHR-Cd36
with increased arrhythmias and contractility response had increased
myocardial expression of the PKA catalytic (C) subunits, phosphorylated
PKA C subunits Thr-198 (Fig 6) as well as the p-PKA/PKA ratio, which

indicates increased PKA activity.

5 SUMMARY

The main aim of this work was to investigate the effect of wild-type
Cd36 on cardiac function and on different signaling pathways in the SHR
and the genetically modified strains, SHR-4 and SHR-Cd36.

AIM |

o  We demonstrated that insertion of a segment of chromosome 4, which
contains the Cd36 gene, from the BN strain into SHR genome lowered
the serum FFA, insulin and glucose concentrations, indicating

improved insulin sensitivity in the SHR-4 congenic strain.

o  The SHR-4 exhibited higher PKC ¢ expression and its increased
translocation to membrane fraction, suggesting elevated PKC ¢
activation. This is supporting the proposal that the SHR-4 strain have
improved LCFA uptake in comparison with the SHR, which can

activate this PKC isoform.

o  We found different response of the two strains to the HSD feeding.
Whereas the HSD impaired the lipid and glucose metabolic traits in the
SHR, the SHR-4 tolerated the sucrose overload and did not exhibit any
signs of insulin resistance. Furthermore, the PKC & and PKC 3§

isoforms were affected by the HSD feeding only in the SHR-4. These
18



results show that the Cd36 gene affects the ability to respond to a

sucrose overload by regulating the PKC & and PKC ¢ expression.

AIM I

Using the transgenic SHR-Cd36 strain, with a wild-type Cd36, we
showed that the insertion of the Cd36 gene affects ischemic tolerance.
We found that SHR-Cd36 had increased incidence and severity of
ischemic ventricular arrhythmias and smaller myocardial IS induced by

coronary artery occlusion.

We did not observe any significant difference in the FA composition of
heart and serum phospholipids between the strains, indicating that the
increased arrythmogenesis in the SHR-Cd36 is not due to altered FA
composition of heart phospholipids, which are known to be involved in

the tolerance against I/R injury.

Reserpine abrogated the increased incidence and severity of ischemic
ventricular arrhythmias in the SHR-Cd36, suggesting the involvement
of catecholamines. The dobutamine stress test intensified this
hypothesis, as we observed an increased heart response to B-AR

stimulation in the transgenic strain.

We demonstrated that the presence of wild-type Cd36 upregulated
some components of the B-AR signaling pathway. We observed
increased B-AR density, AC responsiveness and higher protein
expression of AC and PKA. These findings indicate a connection
between the Cd36 gene, B-AR signaling pathway and susceptibility to
I/R arrhythmias in the SHR.
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It can be concluded that the CD36 function plays an important role in
the heart energy metabolism through the regulation of the PKC 6 and PKC ¢
isoforms. Furthermore, CD36 also modulates the tolerance to I/R injury in a
B-AR signaling pathway-dependent manner. Taken together, the function of
CD36 affects various pathophysiological mechanisms and signaling
pathways in the heart and is an important component in maintaining normal
physiological cardiovascular functions.
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6 UVOD

Translokaza mastnych kyselin  CD36 je transmembranovy
glykoprotein, ktery je exprimovan fadou bunék a tkani, v¢etné srde¢niho a
kosterniho svalu, monocyti a makrofagl. CD36 méa spoustu dalezitych
funkci, uplatiiuje se v transportu mastnych kyselin s dlouhym fetézcem
(LCFA) do buniky, ma ulohu v kardiovaskularnim systému a v diabetu
(Febbraio & Silverstein, 2007). Ukéazalo se, ze deficit CD36 se uplatiiuje v
inzulinové rezistenci (Pravenec et al., 1999). Piestoze piesny mechanismus
je dosud nejasny, bylo prokézano, ze v mechanismu tohoto onemocnéni
mohou hréat roli nékteré isoformy proteinkinasy C (PKC), které mohou
inhibovat n&kolik krokd kaskady inzulinové signalizace, v¢etng translokace
CD36 z nitrobunéénych zasob na sarkolemu kardiomyocyti vyvolanou
kontrakci myokardu (Coort et al., 2007). Kromé toho bylo zji§téno, Ze
deficit CD36 a porucha transportu LCFA do srde¢ni bunék je spojena se
srdeéni hypertrofii (Hajri et al., 2001) a také se snizenou toleranci myokardu
k ischemicko/reperfuznimu (I/R) poskozeni (Irie et al., 2003).

Je zndmo, ze signalni draha B-adrenergnich receptora (B-AR) hraje
zasadni roli pii regulaci kontraktility kardiomyocyta (Lissandron & Zaccolo,
2006). Déle bylo prokazano, ze zvySena B-AR stimulace pfispiva k vzniku
fatalnich arytmii (Bassiakou et al., 2009) a srde¢ni hypertrofii (Engelhardt et
al., 1999; Liggett et al., 2000). B-AR jsou spojeny s trimernimi G proteiny,
které reguluji enzymatickou aktivitu adenylylcyklasy (AC). AC katalyzuje
pfeménu bun&ného ATP na kli¢ovy druhy posel cAMP, ktery aktivuje
proteinkinasu A (PKA) (Xiao et al., 2006). Aktivovana PKA pak zvysuje
srde¢ni kontrakce pies fosforylaci riznych proteini zapojenych
v mechanismu excitace-kontrakce (Xiang & Kobilka, 2003).

Spontanné hypertenzni potkan (SHR) je nejvice studovany zviteci

model lidské hypertenze a za vhodnych dietnich podminek vykazuje nékolik
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metabolickych poruch napi. inzulinovou resistenci a hyperinzulinemii,
podobnou lidskému metabolickému syndromu (Aitman et al.,, 1997
Pravenec et al., 1999; Pravenec et al., 2001). Kromé& toho vykazuje SHR v
porovnani s kontrolnimi kmeny rozdily v fadé srde¢nich fenotypt, vcetné
zvySené srde¢ni hmoty (Hajri et al., 2001), zhorSené srde¢ni ischemické
tolerance a vys$§i nachylnosti k arytmiim (Ravingerova et al., 2011).
Piedchozi studie ukéazaly, ze SHR ma deficit v genu pro Cd36 (Aitman et
al., 1999), zptisobujici nefunkéni protein, a tak snizeny transport LCFA do
kardiomyocytu (Hajri et al., 2001).

Genetické studie se staly uziteénym nastrojem v objasnovani
molekulérnich mechanismt raznych patofyziologickych stavii a bé&hem
posledniho desetileti byly od SHR odvozeny rizné geneticky modifikované
kmeny. Kongenni kmen SHR-4 byl ziskan vloZenim segmentu chromozému
4 z normotenzniho kmene Brown Norway (BN) na genetické pozadi kmene
SHR (Pravenec et al., 1999). Transgenni kmen SHR-Cd36 byl pfipraven
mikroinjekci zygot SHR konstruktem cDNA wild-type Cd36 izolovanym z
tukové tkané potkant Wistar-Kyoto (Pravenec et al., 2001). Zatimco
kongenni kmen SHR-4 je z 99% geneticky identicky s kmenem SHR,
SHR-Cd36 je kromé wild-type genu Cd36 100% identicky s kmenem SHR.
Tyto geneticky modifikované kmeny SHR byly pouzity ke zkoumani role

CD36 v inzulinové rezistenci a toleranci vadi I/R.

7 CILEPRACE

Cil 1

Tato studie byla zalozena na poznani, Ze kmen SHR je méné citlivy na
inzulin ve srovnani s pavodnim kmenem a Ze isoformy PKC hraji roli v
inzulinové signalizaéni kaskadé, podobn& jako v mechanismu mnoha

kardiovaskularnich chorob, jako je napt. hypertrofie a srde¢niho selhéni.
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Prvni cilem této prace bylo studovat vztah mezi CD36 transportujicim FA,
expresi a aktivaci PKC 8 a g, a inzulinovou rezistenci v srdcich kmene SHR
a kongenniho kmene SHR-4, ktery ma segment chromozomu 4 obsahujici

gen CD36 z BN, kterd je citliva na inzulin.

Specifické cile:

o Porovnat koncentraci glukézy, inzulinu, volnych FA (FFA) a
triacylglyceroltt (TAG) v sérovych a srde¢nich TAG u SHR a SHR-4.
Dale, studovat ucinek vysokosacharézové diety (HSD) podavané po
dobu 14 dnt na koncentraci glukézy a metaboliti lipidi.

o  Porovnat expresi srde¢ni PKC & a PKC ¢ u obou kmentl, analyzovat
ucinek 14-ti denni HSD na expresi a distribuci PKC 6 a & mezi

cytosolickou a membréanovou frakci v levé komoie (LV).

Cil 11

Bylo dokazano, ze deficit funkéniho CD36 ma vliv na toleranci k
srde¢nimu I/R poskozeni (Irie et al, 2003). Druhym cilem bylo tedy
analyzovat vliv funkéniho CD36 na citlivost viici ischemickym komorovym
arytmiim a rozsah infarktu myokardu (MI) u kolenniho kmene SHR-4 a
transgennich kmenech SHR-Cd36 a porovnat s kontrolnim kmenem SHR, a

hledat potencialni mechanismy.

Specifické cile:

o Analyzovat vyskyt a zavaznost ischemickych a reperfuznich
komorovych arytmii a velikost infarktu vyvolaného okluzi koronarni
arterie na modelu otevieného hrudniku a na modelu izolovanych
perfundovanych srdci.

o  Zkoumat vliv deplece Kkatecholamini na vyskyt a zavaznost

ischemickych a reperfiznich komorovych arytmii a velikost MI
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vyvolaného okluzi koronarni arterie v izolovanych perfundovanych
srdcich.

o  Srovnat koncentraci FFA a TAG v séru, TAG v srdci a sloZzeni FA
v sérovych a srdeénich fosfolipidech u SHR a SHR-Cd36.

o Analyzovat vykon srdce zatéZovymi testy po B;-AR dobutaminové
stimulaci pomoci echokardiografie v obou kmenech.

o  Stanovit expresi a funkéni vlastnosti hlavnich komponentd AC
signalizace, v¢etn¢ B-ARs, G proteini, AC a PKA v LV myokardu u
potkani SHR a SHR-Cd36.

8 METODY

Vysokosachar6zova dieta
Potkani SHR a SHR-4 byly po dobu 14 dnti krmeny HSD obsahujici v
% kalorii: 60 % sachar6zy, 20 % proteint a 20 % tukd. Kontrolni potkani

dostavali standardni krmeni.

Experimenty se skladaly z nasledujicich krokii a metodickych piistupti:
Stanoveni velikosti infarktu a komorovych arytmii
Echokardiografické méieni
Piiprava homogenitu, cytosolické a membranové frakce ze srdecni
tkéné, elektroforéza a Western blot
Stanoveni koncentrace TAG, inzulinu, glukézy a FFA pomoci
enzymatické analyzy
Analyza profilu FA v sérovych a srde¢nich fosfolipidech
Vazebné studie B-AR
EIA analyza aktivity AC
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Podani reserpinu

SHR a transgennim SHR-Cd36 potkantim byl podan reserpin (alkaloid,
ktery snizuje mnozstvi katecholamin®; 0,15 mg/kg rozpusténo ve smési
bezvodé kyseliny octové a fysiologickyho roztoku 1:50 v/v) i.p. 24 h pred
ischemii. Kontrolni skupina potkanti dostala stejny objem smési bez

reserpinu.

9 VYSLEDKY A DISKUZE
Cil 1
V ramci tohoto cile jsme studovali vztah mezi CD36, aktivaci isoforem

PKC & a ¢ a projevy inzulinové rezistence v srdcich kmene SHR a

kongenniho kmene SHR-4.

Hypertrofie, metabolity lipidi a glukozy a vliv podani HSD

V této studii jsme prokazali, ze kongenni kmen SHR-4 s funk¢nim
CD36 byl méné inzulin-rezistentni, coz je v souladu s pfedchozimi poznatky
(Pravenec et al., 1999). Dale jsme pozorovali, ze srde¢ni hypertrofie,
charakteristicky rys progenitorového kmene SHR, byla u kongenniho kmene
SHR-4 potlacena. Piitomnost funkéniho CD36 pfispéla také k sniZeni
hladiny sérového inzulinu a FFA u SHR-4 krmeného standardni laboratorni
dietou a pomohla tak zabranit hyperglykémii a hyperinzulinémii po podani
HSD. U SHR-4 zvifat krmenych standardni laboratorni dietou jsme
pozorovali tendenci k vy$si koncentraci srde¢nich TAG, coz podporuje
zjisténi, Ze transport FA do srdce je vyssi u SHR-4 ve srovnani s SHR (Hajri
et al., 2001). Zatimco HSD zpusobila akumulaci TAG v srdcich SHR, u
SHR-4 k zadnému navyseni nedoslo. Pfedchozi nalezy ukazaly, ze CD36 se
také nachazi na mitochondrialni membrané a hraje roli v oxidaci FA (Smith

et al., 2011), coz naznaCuje, Ze piijat¢é FA jsou v srdcich SHR-4
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transportovany do mitochondrii pomoci funkéniho CD36 a dochazi zde
k jejich oxidaci. To by mohlo vysvétlit, pro¢ po podani HSD nedochazi u
SHR-4 ke zmé&nam v koncentraci TAG v srdci. Nase vysledky naznacuji, ze
funkéni CD36 zlepsuje metabolismus FA v SHR-4, coz by mohlo ptispét ke
snizeni hypertrofie. Bylo publikovano, Ze porucha energetické rovnovahy
miiZze vést k hypertrofii (Glatz et al., 2006).

Exprese PKC 6 a ¢ v srdci a vliv HSD

U SHR-4 jsme pozorovali vyssi expresi PKC ¢ nez u SHR (Obr. 1) a
zvySenou lokalizaci na membrénovou, ktera znamena aktivaci enzymu.
Dosavadni studie nicméné ukazaly, ze zvySena aktivace PKC ¢ hraje roli pii
vyvoji inzulinové rezistence v kosternim svalu (Laybutt et al., 1999; Dey et
al., 2007; Dasgupta et al., 2011).

501 [ kontrolal® HSD
PKC & PKC ¢

.
40 «

Arbitrarni jednotky (%)

SRR T T

Cyto Part Cyto Part Cyto Part Cyto Part
SHR SHR-4 SHR SHR-4

Obr. 1: Exprese PKC 6 a ¢ v cytosolu (cyto) a membranové frakci (part)
levé komore potkani SHR a SHR-4 krmenych kontrolni nebo
vysokosacharozovou dietou (HSD). Hodnoty jsou vyjadieny jako
priméry £ SEM; *P<0.05 SHR-4 vs. odpovidajici SHR; #P< 0.05 HSD vs.
odpovidajici kontroly
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Nase vysledky podporuje skutecnost, ze aktivace PKC & v srdci inhibuje
apoptézu vyvolanou hyperglykémii a také snizuje hyperglykemii
zplsobenou oxida¢nim stresem, a tak zabrafiuje diabetické kardiomyopatii
(Malhotra et al., 2005). V kontextu s nasimi vysledky piedpokladame, Ze
aktivovand PKC ¢ vsrdci SHR-4 je spojena se zlepSenym transportem
LCFA do srdce po vlozenim CD36 (Hajri et al., 2001). Nase piedstava
koreluje se zjisténim ze LCFA mohou PKC ¢ aktivovat (Huang et al., 1997;
Ragheb et al., 2009).

Stimulace HSD méla odlisné u¢inky na isoformy PKC & a € u obou
kment (Obr. 1). Po podani HSD byla PKC & zvy$ena a PKC & snizena v
srdcich SHR-4 spole¢né se zvysenou koncentraci inzulinu v séru, zatimco u
SHR nebyl pozorovan zadny efekt. Luiken et al. (2009) nepozorovali
zadnou zménu Vv expresi PKC 8 a PKC g, nebo jeji translokaci po akutnim
podani inzulinu v izolovanych srde¢nich myocytech potkant (Lewis rat). Je
znamo, ze PKC & i PKC & jsou moduldtory inzulinové signalizace v
kosternim svalu (Laybutt et al., 1999; Waraich et al., 2008; Jacob et al.,
2010). Zda se vsak, Zze se v srdci reakce PKC 8 a PKC ¢ na zvySenou
koncentraci inzulinu a glukézy od kosterniho svalu 1isi. Navic D'Alessandro
et al. (2008) nasli zvysenou expresi PKC & v membranové frakci ze srdci
inzulin rezistentnich potkani po podavani HSD. Vzhledem k témto
kontroverznim vysledkiim se domnivame, ze isoformy PKC by v nasi studii
mohly byt regulovany jesté dalsimi faktory vedle zvy$ené koncentrace
inzulinu. Bylo dokumentovéano, Ze chronické podavani HSD predstavuje
metabolicky stres, ktery je provazen zvysenou produkci reaktivnich forem
kysliku (Busserolles et al., 2002), které mohou regulovat PKC (Duquesnes
et al., 2011). Domnivame se proto, ze naSe vysledky ptedstavuji moznou
souvislost mezi funkénim CD36 a aktivaci PKC & v reakci na stres vyvolany

po podavani HSD u geneticky manipulované SHR-4.
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Cil 1l

Po studiu PKC a inzulinové rezistence v kongennim kmenu SHR-4 a
SHR jsme se rozhodli zkoumat toleranci k | / R po$kozeni v téchto kmeni.
Zjistili jsme tendence k mensiho IS, stejné jako tendence k vétsimu
mnozstvi PVC v SHR-4 ve srovnani s SHR. Vzhledem k tomu, Ze rozdily
mezi kmeny nebyly statisticky vyznamné, jsme se rozhodli porovnat dalsi
CD36 genetické upraveny model, SHR-Cd36, ktery je kromé& wild-typ genu
Cd36 100% geneticky identické s kmenem SHR. Vys$si exprese Cd36 u
transgenniho kmenu SHR-Cd36 (Pravenec et al., 2008a) muze vysvétlit
rozdily v toleranci k | / R zranéni mezi SHR-4 a SHR-Cd36.

Vliv CD36 na I/R poSkozeni

V této studii jsme zjistili, Ze pritomnost funkéniho CD36 u
transgenniho kmene SHR-Cd36 byla spojena se zvySenym vyskytem
ischemickych komorovych arytmii (Obr. 2). Bylo navrzeno, Ze fatélni
arytmie pii akutni ischemii myokardu by mohl zpusobit zvySeny transport
FA do srdce béhem MI (Oliver, 2001). Bylo by tedy mozné, ze SHR-Cd36 s
wild-type Cd36 je nachylny k arytmiim vzhledem k zvySenému transportu
FA. Tento piedpoklad vyvratil experimenty, kdy jsme izolované srdce
SHR-Cd36 perfundoval Krebsovym-Henseleitovym roztokem, ktery

neobsahoval FA a piesto zvyS$ena nachylnost k arytmiim pfetrvala.

40001
o *
R 30004
< il Obr. 2: Celkovy pocet predcasnych
é 20004 komorovych  stahii  (PVCs)  béhem
'%‘ ischemie. Hodnoty jsou vyjddieny jako
§ 1000'i priméry £ SEM; P *<0.05 vs. SHR

SHR SHR-Cd36
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Toto zjisténi naznacuje, ze proarytmicky ucinek je vysledkem vnitiniho
faktoru nezévislého na zvyseném piijmu FA srde¢nimi bufikami pti akutnim
ischemickém poskozeni. Dalsi experimenty proto vychazely z piedpokladu,
ze roli mize hrat vyssi citlivost ke stimulaci katecholaminy u SHR-Cd36.
Deplece katecholaminti reserpinem totiz zcela eliminovala zvySenou
arytmogenezi v srdcich SHR-Cd36, coz naznacuje vyznamnou roli
adrenergnich receptorit pii vzniku arytmii béhem ischemii u SHR-Cd36.
Predchozi studie skute¢né ukazaly na zhorSenou odezvu po stimulaci o-AR,
stejné jako B-AR u SHR (Labarthe et al., 2005). Kromé toho byl Cd36
pavodné identifikovan jako gen regulujici lipolyzu vyvolanou stimulaci
B-AR v izolovanych tukovych butikich a zmutovand alela u SHR byla
spojena se snizenou citlivosti na katecholaminy (Aitman et al., 1997).

Na rozdil od proarytmického efektu, byla velikost infarktu na modelu
otevieného hrudniku (Obr. 3) stejné jako v perfundovaném srdci vyznamné
mens$i u SHR-Cd36, nez u SHR.

% o0,
52 * Obr. 3: Velikost infarktu myokardu
22 60 e s . .y
5% - vyjadiena jako procento ischemické
=2 40 oblasti. Hodnoty jsou vyjadieny jako
v 9
gz priméry + SEM; P *<0.05 vs. SHR
gé 20

£ 7 SHR SHR-Cd36

Opacné zmény dvou koncovych bodt ischemie lze vysvétlit rliznymi
faktory, které se podileji na patogennich mechanismech. Irie et al. (2003)
pozorovali vyssi citlivost k akutni ischemii kvili energetickému deficitu u
Cd36-null mysi, coz je v souladu s nasimi vysledky. Nicméné v jiné studii,
inhibice CD36 zpusobila mensi IS po I/R poskozeni (Bessi et al., 2012).

Déle bylo zjisténo, ze inhibice CD36 brani ztraté srde¢ni funkce na modelu
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inzulinové rezistence vyvolané lipidy v srdci (Angin et al., 2012), na druhou
stranu u Cd36 knock-out mysi se snizil srde¢ni vykon (Pietka et al., 2012).
Role CD36 v mechanismu srde¢ni funkci a toleranci k I/R poskozeni je
zatim rozporuplna a informace jsou velmi omezené, proto nedovedeme tyto
kontraverzni vysledky vysvétlit.

Bylo prokazano, 7e fluidita membrany zAvisla na sloZzeni FA v
membranovych fosfolipidech, hraje roli v protekci pred I/R poskozenim
(Hlavackova et al., 2007; Zeghichi-Hamri et al., 2010). Zaroven je slozeni
FA v membranach fosfolipidd myokardu citlivé na druh FA piijimanych ve
stravé (Hlavackova et al., 2007; Balkova et al., 2009; Slee et al., 2010).
Proto by se dalo oéekavat zvysené zabudovani LCFA do membranovych
fosfolipidi myokardu u SHR-Cd36. Piekvapivé vSak nebyly pozorovany
mezi obéma kmeny zadné rozdily Vv zastoupeni FA srde¢nich fosfolipidi.
Ptredpokladame proto, Ze zvySené mnozstvi FA transportované do myokardu

SHR-CD36 slouzi ptedevsim jako zdroj energie.

B-AR signalni draha v proarytmogennim efektu CD36

Pfi analyze zapojeni B-AR signalni drdhy ve zvysené arytmogenezi u
SHR-Cd36 jsme u tohoto kmene nasli zvysenou hustotu B-AR (Obr. 4) a
zvysenou reakci na stimulaci agonistou B1-AR, dobutaminem, ve srovnani s
SHR. Tyto vysledky jsou v souladu se studii, kde zvysend stimulace B-AR
ptispiva k fatlnim arytmiim (Bassiakou et al., 2009). Déle blokaci B-AR lze
snizit ischemicky MI a arytmie vyvolané podvazem, coZ mé za nasledek
sniZeni koncentrace intracelularniho cAMP a aktivaci PKA (Lu et al., 2009;
Zhang et al., 2010).
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Obr. 4: Saturacni kiivky

~
<§ 307 zobrazujici  specifickou
! -~ SHR

5= 5 SHR-CA36 * vazbu [3H]CGP-12177 v
%% 204 bunécnych membranach
2.5 myokardu SHR (uzaviené
g8 symboly) a SHR-Cd36
E E 7 (oteviené symboly).
.év Hodnoty jsou vyjadieny
'S0 . . . ; oS 4 .
;J-)_ 0 1 > 3 jako priimery SEM,

[BHICGP-12177 (nM) *P<0.05 vs. SHR

Trimerni G proteiny funguji jako kli¢ové regulaéni komponenty Vv
signalizaci aktivované B-AR a mohou byt ovlivnéné riznymi
patofyziologickymi podminkami, jako je srde¢ni hypertrofie, arytmie a
srde¢ni selhani (Zolk et al., 2000; Slotkin et al., 2003). Pfestoze nebyly
nalezené zadné vyrazné zmény v expresi stimulaénich G (G;) a inhibiénich
G proteint (G;), aktivita AC po rtzné stimulaci byla vyssi v membrané
myokardu SHR-Cd36 nez u SHR (Obr. 5).

*

3501 mm SHR
3004 SHR-Cd36

2501 i
200+

1001
804 *

604 *
404
204
o 7
kont GTPys ISO MnCl, FSK

Aktivita AC
(pmol cAMP/mg protein/min)

Obr. 5: Aktivita adenylylcyklasy mérena pri normalnich podminkach a po
stimulaci GTPyS, isoproterenolem (ISO), chloridem manganatym (MnCl,)
nebo forskolinem (FSK). Hodnoty jsou vyjadreny jako priméry + SEM;
*P<0.05 vs. SHR
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Zvysena aktivita AC byla pozorovana po pfimé stimulaci enzymu Mn**
ionty nebo po stimulaci enzymu a G proteinu forskolinem a také po
stimulaci G proteinu GTPyS. Stimulace B-AR isoproterenolem zaroven
zvysila aktivitu AC. Zvysena citlivost enzymu AC k stimulaci lze vysvétlit
vyssi proteinovou expresi AC5/6 v myokardu SHR-Cd36. Bylo prokazano,
ze AC5 i AC6 hraji dalezitou roli v kontraktilni odpovédi srde¢niho svalu.
Snizena kontraktilita po stimulaci B-AR byla pozorovéna jak v AC5 knock-
out mysich (Okumura et al., 2007), tak po odstranéni AC6 (Tang et al.,
2008). Mysi s nadmérnou expresi AC6 zaroveil projevily zvySenou
kontraktilni odpovéd’ na dobutamin (Takahashi et al., 2006).

PKA fosforyluje a aktivuje fadu kli¢ovych proteinii spojovanych
s mechanismem excitace-kontrakce, jako je fosfolamban (PLB), L-typ Ca®'
kanalu, ryanodinovy receptor 2 a troponin | (Tnl) (Xiang & Kobilka, 2003).
Jiz diive bylo prokdzéno, ze stimulace B-AR vedla k fosforylaci PKA, PLB
a Tnl (Di Benedetto et al., 2008) a zvysena exprese PKA vedla k dilata¢ni
kardiomyopatii a arytmiim (Antos et al., 2001). Nase soucasné vysledky
jsou v souladu s t¢mito poznatky. SHR-Cd36 se zvySenymi arytmiemi a
kontrakéni odezvou mél vyssi expresi katalytickych (C) podjednotek PKA,
fosforylované C podjednotky PKA (Obr. 6), ale i zvySeny pomér p-
PKA/PKA, naznacujici zvysenou aktivitu PKA.

2007 mm sHR
72 SHR-Cd36 .
“ * Obr. 6: Exprese katalytické

podjednotky proteinkinasy A a jeji
100 fosforylované formy (Thr-198) v
SHR a SHR-Cd36. Hodnoty jsou
vyjadreny jako primeéry + SEM;
od *P<0.05 vs. SHR

PKA  p-PKA
(Thr-198)

1504
*

50

Arbitrarni jednotky (%)
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10 ZAVER

Hlavnim cilem této prace bylo studovat Glohu CD36 v signalnich
drahach spojenych sinzulinovou rezistenci a toleranci k I/R poskozeni
v myokardu, proto jsme srovnadvali SHR snefunkénim CD36 s jeho
geneticky modifikovanymi kmeny, SHR-4 a SHR-Cd36.

Cil I

o  Prokazali jsme, Ze vloZzeni Useku chromozomu 4 obsahujiciho gen pro
Cd36 z kmene BN na genom SHR, snizilo koncentraci FFA, inzulinu a
glukézy v séru, coz naznaCuje zlepSeni citlivosti k inzulinu u

kongenniho kmene SHR-4.

o SHR-4 vykdzal vy$si expresi PKC ¢ a zvySenou translokaci na
membrany, coz naznauje zvySenou aktivitu PKC &. Tyto ndlezy
podporuji piedstavu, Ze kmen SHR-4 ma ve srovnani s SHR zlepSeny
transport LCFA do myokardu, ktery muze byt aktivovan touto

isoformou PKC.

o  Pozorovali jsme rozdilnou reakci obou kmenti na HSD. Zatimco HSD
zhorsila metabolické traits lipidd a glukézy u SHR, SHR-4 pfi
pfetiZzeni sachardzou nevykazoval zadné znamky inzulinové rezistence.
HSD ovlivnila PKC ¢ a PKC 6 pouze u SHR-4. Tyto vysledky ukazuji,
7ze gen pro Cd36 ovliviiuje schopnost reagovat na sachar6zové

pretizeni tim, Ze reguluje expresi PKC 6 a PKC e.
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Cil 1l

o Pomoci transgenniho kmene SHR-Cd36 s wild-type Cd36 jsme
ukézali, ze vlozeni genu pro Cd36 ovlivni ischemickou toleranci.
Zjistili jsme, ze u SHR-Cd36 byl zvySeny vyskyt a zavaznost
ischemickych komorovych arytmii a mensi velikost infarktu

vyvolaného okluzi koronarni arterie.

o  Nepozorovali jsme Zadné vyznamné rozdily v slozeni FA srde¢nich
fosfolipidi mezi kmeny, coz naznaCuje, ze zvySend arytmogeneze v
SHR-Cd36 neni disledkem zmén ve slozeni FA membrénovych

fosfolipidi, které mohou hrat roli v toleranci vici I/R poskozeni.

o Reserpin potlagil zvySeny vyskyt a zavaznost ischemickych
komorovych arytmii v SHR-Cd36, coz naznaCuje na zapojeni
katecholaminii. Dobutaminovy stresovy test zesilil tento ptedpoklad,
kde jsme u transgennich kmenti zaznamenali zvySenou odpovéd na
stimulaci B-AR.

o  Uk&zali jsme, ze piitomnost wild-typu Cd36 regulovala nékteré slozky
B-AR signdlni drahy. Pozorovali jsme zvySenou hustotu B-AR,
zvySenou Citlivost AC a vy$8i expresi proteini AC a PKA. Tato
zjisténi ukazuji na spojeni mezi genem CD36, B-AR signélni drahou a

zvySenou citlivosti na I/R arytmie u SHR.

Miuizeme konstatovat, ze CD36 hraje dilezitou roli regulaci
energetického metabolismu v srde¢niho svalu prostiednictvim PKC & a PKC
€. CD36 rovnéz ovlivituje toleranci srdci k I/R poSkozeni v zavislosti na

B-AR signalni draze. ZnaSich vysledkid vyplyva, ze CD36 je nejen
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dilezitym faktorem pro udrzeni fyziologické funkce srdce, ale také hraje
dilezitou roli v signalnich drdhach, které se uplatiuji za rdznych

patologickych stavii.
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