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Summary 

The ATP-sensitive potassium (KATP) channel is an ion channel selective for potassium, 

which is activated when the ATP concentration inside the cell is decreased. This channel 

is found in many different tissue types, including the pancreatic beta-cells, vascular 

smooth muscle cells and neuronal tissue, where they play a role in the regulation of 

insulin release, vascular tone and neurotransmitter release, respectively. In cardiac 

myocytes, the KATP channel is activated when myocardial blood flow is compromised, 

i.e. during myocardial ischemia. KATP channel activation postpones the onset of 

irreversible tissue damage during ischemia and decreases infarct size, thus constituting an 

endogenous cardioprotective mechanism. Therefore, KATP channel activation may be of 

therapeutical importance in patients with ischemic heart disease. However, the exact 

mechanism of the cardioprotective effects of KATP channel opening has not yet been 

fully clarified. Moreover, the issue of whether or not KATP channel opening may increase 

the incidence of ventricular arrhythmias, has not been settled. In addition, the recent 

discoven,- of the presence of a KATP channel within the mitochondrial membrane has 

provided a potential new site of action. For future optimisation of pharmacological 

treatment strategies, a detailed knowledge of the structure and function of the KATP 

channel is required. In particular, the integration of results obtained from molecular 

research with those from in vivo experiments will prove increasingly important. 

Therefore, in this thesis both the functional and molecular aspects of the cardiac KATP 

channel were studied. The results provide new insights into the mechanism of ischemic 

cardioprotection as well as the molecular structure and (electro) physiological features of 

the KATP channel complex, as summarised below. 

Chap te r 1 gives an introduction to the KATP channel and discusses its role in various 

tissues, including heart, pancreas and vascular smooth muscle. Functional characteristics, 

regulator}' aspects and pharmacology of the cardiac KATP channel are reviewed. The 

effects of KATP channel activation during myocardial ischemia and preconditioning are 

discussed, including the possible role of mitochondrial KATP channels. An overview of 

the molecular structure and functional properties of potassium channels, including 

inward rectifier channels and the KATP channel, is presented. Intracellular trafficking and 

regional distribution within the heart of the KATP channel subunits Kiró.1 and Kir6.2 is 

discussed. Finally, the hypotheses and aims regarding the experiments described in this 

thesis are presented. 

Chap te r 2 describes the various experimental set-ups and techniques used in this thesis, 

including the Langendorff perfused rabbit heart and isolated ventricular myocytes. A 

detailed description of the rabbit heart cDNA library synthesis and isolation of the rabbit 

heart Kir6.1 and Kir6.2 clones from this library is provided. The cloning steps involved 
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in the generation of fluorescent fusion proteins for rabbit heart Kiró.1 and Kir6.2 are 

described and the confocal and electrophysiological analysis techniques used are 

presented. Finally, a new quantitative two-step reverse-transcriptase polymerase chain 

reaction (RT-PCR) for mRNA expression level measurement is introduced. 

In Chapter 3, the background and rationale is provided for a possible role for the KATP 

channel in the regulation of noradrenaline release within the myocardium during 

ischemia. Originally, the cardioprotective potential of KATP channel opening was 

attributed to the action potential shortening it caused, resulting in decreased calcium 

influx into the myocyte and a more favourable metabolic state, but more recently it was 

shown that action potential shortening is not a prerequisite for cardioprotection to 

occur. Therefore, other mechanisms underlying the effects of KATP channel activation 

must be considered. In brain tissue, KATP channel openers have been shown to reduce 

the release of various neurotransmitters during ischemic conditions. During myocardial 

ischemia, noradrenaline is progressively released from adrenergic nerve-endings in the 

heart and has deleterious effects on the ischemic myocardium. Any intervention capable 

of reducing or postponing this noradrenaline release is potentially favourable. Therefore, 

we hypothesise that KATP channel opening reduces the ischemia-induced noradrenaline 

within the heart, which may (in part) explain its cardioprotective effects. 

Chapter 4 addresses the issue of KATP channel opening and arrhythmogenesis. 

Theoretically, the action potential shortening caused by KATP channel opening may 

increase the occurrence of re-entrant ventricular arrhythmias. This possible side-effect is 

considered one of the major potential drawbacks of treatment with KATP channel 

openers in patients. However, in a number of experimental models, both pro- and anti

arrhythmic effects of KATP channel openers have been reported. This apparent 

discrepancy may be explained by the fact that during ischemia, ventricular arrhythmias 

occur in two distinct phases. The first (phase la) is thought to be caused be re-entry and 

may be accelerated by action potential shortening through KATP channel opening. The 

second l b phase may be related to the onset of irreversible damage in the ischemic 

myocardium and can therefore potentially be postponed by KATP channel opening. 

Different experimental models will exhibit variable incidences of either phase of 

arrhythmias and therefore may respond differently to KATP channel openers. We propose 

that the pro-arrhythmic potential of KATP channel openers is actually overestimated and 

mostly observed when unnecessary high doses are used. Furthermore, the few available 

clinical studies with KATP channel openers have not shown any pro-arrhythmic effects. 
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In Chapte r 5, the effects of the KATP channel opener cromakalim on myocardial 

noradrenaline release and ventricular arrhythmias were studied in the globally ischemic 

rabbit heart. Results from these experiments show that cromakalim protects the ischemic 

myocardium, since it postponed the onset of the second rise of extracellular potassium, 

which is considered the time of onset of irreversible damage. Furthermore, cromakalim 

did not increase the incidence of ventricular arrhythmias, although it did significantly 

accelerate the time of onset of arrhythmias, in accordance with a relative increase of 

phase la arrhythmias. On the other hand, late-onset arrhythmias were clearly diminished 

in cromakalim treated hearts concomitant with postponement of irreversible damage, 

suggesting a decrease in phase l b arrhythmias. More importantly, cromakalim was found 

to decrease noradrenaline release within the ischemic myocardium, as proposed in 

Chapter 3. This mechanism contributes to the cardioprotective potential of KATP channel 

openers during myocardial ischemia. 

In Chapter 6, we evaluated the effects of sarcolemmal and mitochondrial 

(pharmacological) KATP channel activation in isolated ventricular myocytes during 

metabolic inhibition (anoxia). Results from recent studies have suggested a prominent 

role for mitochondrial KATP channels in the cardioprotective effects of KATP channel 

openers. However, most of these studies were conducted in whole-heart preparations, 

leaving the possibility of an aselective effect. In our experiments, we found that the 

sarcolemmal KATP channel opener cromakalim postponed the onset of rigor (irreversible 

damage) in anoxic myocytes, whereas the mitochondrial KATP channel opener diazoxide 

did not. Furthermore, cromakalim postponed the onset of rigor only at concentrations 

that shortened the action potential. In addition, the effects of cromakalim were not 

reversed by the mitochondrial KATP channel blocker 5-HD. These results suggest that 

opening of the sarcolemmal KATP channels, and not the mitochondrial KATP channels, 

protects myocytes during metabolic inhibition. Another possibility is that diazoxide is 

not a mitochondrial KATP channel opener or that diazoxide loses its efficacy during 

metabolic inhibition. The results underline the complexity of the issue and show that a 

clear definition of pharmacological KATP channel selectivity is needed. 

To ultimately integrate the functional in vivo data with molecular, structural and 

electrophysiological aspects, we investigated the molecular structure of the KATP channel 

complex. The KATP channel complex consists of two different subunits, an inwardly 

rectifying potassium channel (Kir6.x) and a sulfonylurea receptor (SUR). Two Kiró.x 

isoforms, Kiró.1 (UKATP-1) and Kir6.2 (BIR) and three major SUR isoforms (SUR1, 

SUR2A and SUR2B) have been isolated so far. Each KATP channel is assembled from 4 

Kiró.x subunits and 4 SUR's (tetramers, [SUR/Kir6.x]4) and the subunit composition 
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determines the KATP channel subtype and its properties. For instance, Kir6.2 together 

with SUR2A forms the cardiac sarcolemmal KATP channel, whereas the pancreatic KATP 

channel is formed by Kir6.2 and SUR1. Kiró.1 and Kir6.2 are generally considered not 

to be functional in the absence of SUR. In Chapter 7, we compared the structural and 

functional characteristics of the KATP channel subunits Kiró.1 and Kir6.2, which were 

isolated from a cDNA library made from rabbit heart tissue. Both subunits share many 

structural and funcdonal characteristics, but there are also many differences. In 

particular, Kiró.1 has structural features that are unusual and require further 

investigation. In contrast to common believe, we found that Kir6.2, but not Kiró.1, can 

form functional KATP channels in the absence of SUR. Thus, Kir6.2 must possess an 

intrinsic ATP-sensor, whereas it was common belief that this property- was conferred by 

SUR. Co-expression with SUR1 increases the amount of channels expressed and also 

alters the kinetic properties of Kir.6.2. 

In Chapter 8, we studied intracellular trafficking of fluorescent fusion proteins of Kiró.1 

and Kir6.2. This approach allows us to study the localisation inside the cell of the 

subunits using microscopy. Since Kiró.1 has recently been suggested to form part of the 

mitochondrial KATP channel complex, we aimed to investigate its intracellular 

distribution using confocal imaging. We observed that Kir6.2 could traffick to the 

plasma membrane in the absence of SUR, and electrophysiological analysis also showed 

functional KATP channel formation by Kir6.2 alone. In contrast, Kiró.1 in the absence of 

SUR did not form functional channels and showed an intracellular distribution and a 

high degree of co-localisation with a mitochondrial dye. These results indicate that the 

KATP channel subunits Kiró.1 and Kir6.2 behave differently with regards to subcellular 

trafficking and membrane targeting, and are in accordance with the possibility that 

Kiró.1 forms part of the mitochondrial KATP channel complex. 

In Chapter 9 wc present some preliminary results from mRNA expression 

measurements of Kiró.1 and Kif6.2 using a new quantitative Real-Time Polymerase 

Chain Reaction technique. Our results show that in ventricular tissue, Kiró.1 is expressed 

at a higher level than Kiró.2, whereas in atrial tissue, both Kiró.1 and Kir6.2 are 

expressed in equal amounts. This underlines the importance of determining the 

functional relevance of Kiró.1 in future studies, since its role in the heart remains 

uncertain. Furthermore, the highly sensitive and specific method of mRNA expression 

measurement described in this chapter can be used to study mRNA expression of the 

KATP channel during various (patho)physiological conditions, including myocardial 

ischemia, heart failure and cardiac development. This will provide more insight into the 

physiological relevance of the KATP channel during these conditions. 
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