Eur Respir J 2008; 32: 1-2
DOI: 10.1183/09031936.00056308
Copyright©ERS Journals Ltd 2008

EDITORIAL

b4

b4
. et
*4 499 :‘z *94
» .t.
*4 444 44 *
*4 * * &
44 *
49444 99944
*444e *

*:
4

*

Sleep apnoea: time to consider clock genes

S. Andreas* and G. Eichele”

ost, and perhaps all, cells harbour a circadian clock.
M These clocks regulate hundreds of physiological

processes, ranging from body temperature and
sleep—wake cycle to serum cortisol and melatonin concentra-
tion. All clocks operate using a very similar molecular
mechanism; they communicate with each other through a com-
plex and still poorly understood neuroendocrine network [1].
In the mammalian brain, for example, a key clock gene known
as Bmal is turned on and off in a 24-h rhythm, not only in the
suprachiasmatic nucleus of the hypothalamus (the seat of the
master clock) but also in the hippocampus and neocortex [1]. It
is therefore expected that many processes occurring in the
neocortex are subject to clock control. The question, then, is
how such control is achieved and which neuoendocrine
regulators play a role. The study by BURIOKA et al. [2] presented
in the current issue of the European Respiratory Journal (ER])
contributes significantly towards addressing this question.

The circadian rhythm of vigilance, blood pressure, sympathetic
activity, corticoid biogenesis and metabolism is severely altered
in patients with obstructive sleep apnoea (OSA). Given the
previously sketched importance of clock genes in the genesis of
circadian rhythm, investigation of circadian gene activation in
OSA patients seems to hold promise. BURIOKA ef al. [2] have
quantified the expression of the clock gene Perl mRNA in
peripheral blood cells using real-time PCR analysis at different
points over 24 h. In contrast to the matched healthy controls, the
eight OSA patients showed no daily variation of Per] mRNA
expression. Continuous positive airway pressure (CPAP) treat-
ment for 3 months improved diurnal variation of Perl mRNA
expression and reduced interleukin (IL)-6, high-sensitivity C-
reactive protein and plasma noradrenaline in OSA patients.
That these clear-cut results were found by investigating the
rather small number of subjects (eight patients and eight
controls) could be explained by the fact that patients with
severe OSA (apnoea/hypopnoea index 54-h™") were carefully
selected. Furthermore, the average percentage of CPAP use was
fair (75%) and details such as abstention from caffeine contain-
ing beverages were considered.

To unravel the underlying mechanism of clock gene dysfunc-
tion in OSA, BURIOKA et al. [2] performed further experiments
in mice. The circadian clock in mice is regulated in a similar
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manner to humans [1]. The continuous administration of
noradrenaline by an osmotic mini pump for 6 days in three
mice induced Per] mRNA expression in the cerebral cortex and
other tissues during the daytime when the mice were asleep [2].
Furthermore, in vitro experiments showed that mediators of
inflammation such as IL-6 did not impact on Perl mRNA
expression [2]. In a previously published study, BURIOKA et al. [3]
found that a B,-adrenoceptor agonist strongly induced human
Perl mRNA expression both in vitro and in vivo, thereby
supporting the data presented in the current issue of the ERJ.

Ear2/Nr2f6 mutant mouse lack a sizable fraction of the locus
coeruleus [4]. As this nucleus is the chief source of noradrena-
lin in the mammalian brain, the three-fold reduction in the
concentration of noradrenalin in the brain of mutant mice
comes as no surprise. An unexpected observation was that the
circadian expression profile of Perl typically seen in the
neocortex of wild-type mice is abolished in the Ear2/Nr2f6
mutant animals [4]. No effect was seen on Perl expression in
the suprachiasmatic nucleus, suggesting that the master clock
is fully operational. Behavioural studies showed that in Ear2/
Nr2f6 mutant mice, food anticipation was abnormal. It is
thought that this particular behaviour is regulated by a
circadian clock residing in the neocortex. The lesson to be
learned from these studies with Ear2/Nr2f6 mutant mice is
that noradrenalin is a regulator of circadian clocks residing in
the cortex [4]. The previously mentioned experiments in mice
performed by BuriOkA and co-workers [2, 3] further sub-
stantiate this idea.

With the advance of microneurography it became clear that the
sympathoexitation that is present during sleep and wakefulness
is striking and central to the pathogenesis of OSA [5-7]. While
it is well established that the chronic sympathetic activation
present in OSA negatively impacts on skeletal muscle function,
arteriosclerosis, systemic inflammation and glucose metabo-
lism, the underlying mechanism is less apparent [7-9].

The activation of the sympathetic nervous system on the
morning following nocturnal restitution is a powerful zeitge-
ber (timekeeper) in humans [10]. Heart rate and blood pressure
exhibit diurnal variations reflected by strong effects of the
molecular circadian clock in myocardial and endothelial cells.
For instance, the pyruvate dehydrogenase kinase 4 is four
times more active during the day than it is at night [10]. In
concert with the regulation of other enzymes, this favours
carbohydrate oxidation during the daytime and fatty acid
oxidation during the night-time. Thus, the circadian clock
within the heart allows anticipation of diurnal variations in
workload and substrate availability. Impairment of this
molecular mechanism contributes to contractile dysfunction
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associated with dyslipidaemia [10]. Circadian clocks are
altered in animal models of arterial hypertension and diabetes
mellitus [10, 11], and the clock null mouse is predisposed to
obesity and metabolic syndrome [12]. The study by BURIOKA et
al. [2] helps us understand how clock gene dysfunction due to
sympathoexitation contributes to the association of OSA with
cardiovascular disease. Additional studies will be necessary to
better understand the effect of OSA on other clock genes, such
as Per2, Cry and Bmal. The effects of OSA on diurnal variations
in endothelial, myocardial, liver, inflammatory and fat cell
function also need to be characterised.

Depression, impaired vigilance and impaired cognitive func-
tion are common in OSA patients and can be improved
through CPAP treatment [13, 14]. Depression, particularly
unipolar depression, is strongly linked to 24-h rhythm abnor-
malities, such as disruption of the sleep-wake cycle [14].
Both circadian rhythm of the central nervous system and the
sleep—wake cycle are under the control of clock genes [15]. The
molecular circadian clock is present in most cells of the central
nervous system and regulates the timing of expression of
>10% of the transcripts [14]. Interestingly, sleep disorders
such as familial advanced sleep phase syndrome or delayed
sleep phase syndrome show mutations in clock genes [15].
Therefore, clock gene dysfunction might help us to better
understand how OSA is related to depression [13].

Analogous to OSA, patients with restrictive lung disease as
well as chronic obstructive pulmonary disease (COPD) exhibit
marked neurohumoral activation [16, 17]. It therefore seems
worth considering clock gene dysfunction as a cause of
systemic sequelae in COPD, such as skeletal muscle dysfunc-
tion, inflammation, cachexia and cardiovascular disease.
COPD and asthma bronchiale are commonly treated with
inhaled or even systemic P,-agonists and glucocorticoids.
Interestingly, both treatments strongly impact on clock gene
expression [2].

In summary, there is ample evidence to suggest that circadian
rhythm and clock genes play an essential role in cardiovas-
cular, metabolic and pulmonary disease. Most importantly,
obstructive sleep apnoea, a disease characterised by a treatable
circadian rhythm disorder, might well be regarded as para-
digmatic in providing new insights into human clock gene
function.
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