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Abstract The carotid body is a sensory organ that detects
acute changes in arterial blood oxygen (O2) levels and reflexly
mediates systemic cardiac, vascular, and respiratory responses
to hypoxia. This article provides a brief update of the roles of
gas messengers as well as redox homeostasis by hypoxia-
inducible factors (HIFs) in hypoxic sensing by the carotid
body. Carbon monoxide (CO) and nitric oxide (NO), generat-
ed by heme oxygenase-2 (HO-2) and neuronal nitric oxide
synthase (nNOS), respectively, inhibit carotid body activity.
Molecular O2 is a required substrate for the enzymatic activ-
ities of HO-2 and nNOS. Stimulation of carotid body activity
by hypoxia may reflect reduced formation of CO and NO.
Glomus cells, the site of O2 sensing in the carotid body,
express cystathionine γ-lyase (CSE), an H2S generating en-
zyme. Cth−/− mice, which lack CSE, exhibit severely im-
paired hypoxia-induced H2S generation, sensory excitation,
and stimulation of breathing in response to low O2. Hypoxia-
evoked H2S generation in the carotid body requires the inter-
action of CSE with HO-2, which generates CO. Carotid
bodies from Hif1a+/− mice with partial HIF-1α deficiency
do not respond to hypoxia, whereas carotid bodies from mice
with partial HIF-2α deficiency are hyper-responsive to hyp-
oxia. The opposing roles of HIF-1α and HIF-2α in the carotid
body have provided novel insight into molecular mechanisms

of redox homeostasis and its role in hypoxia sensing. Height-
ened carotid body activity has been implicated in the patho-
genesis of autonomic morbidities associated with sleep-
disordered breathing, congestive heart failure, and essential
hypertension. The enzymes that generate gas messengers and
redox regulation by HIFs represent potential therapeutic tar-
gets for normalizing carotid body function and downstream
autonomic output in these disease states.
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Introduction

Oxygen (O2) is essential for survival of mammalian cells and
hypoxia (reduced O2 availability) profoundly impacts cells,
organs, and physiological systems. The carotid bodies are
bilateral sensory organs located at the bifurcation of the com-
mon carotid artery that monitor arterial blood O2 concentra-
tions and relay sensory information to brainstem neurons,
which regulate vital functions including breathing, heart rate,
and blood pressure [1, 2]. The following features distinguish
O2 sensing by the carotid body from other tissues. First,
carotid bodies are exquisitely sensitive to hypoxia and re-
spond to even modest decreases in arterial PO2 (e.g., from
∼100 to 80 mmHg). Second, the sensory response to low PO2

is fast and occurs within seconds after the onset of hypoxia.
The remarkable sensitivity and the speed with which they
respond to hypoxia makes the carotid body O2 sensing unique
compared to other tissues [3]. Reflexes arising from carotid
bodies are of critical importance in conferring physiological
adaptations to high altitude and play central roles in evoking
autonomic morbidities under sleep-disordered breathing and
congestive heart failure [1].
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Since their discovery as sensory organs, much attention
has been focused on understanding how carotid bodies
sense and respond to hypoxia [1, 2, 4]. Based on similarities
between the stimulus–response of the carotid body and the
binding characteristics of O2 to hemoglobin, it was proposed
that oxy→deoxy conformational transition of heme pros-
thetic group(s) is important for hypoxic sensing by the
carotid body [1, 2]. Like O2, nitric oxide (NO) and carbon
monoxide (CO) are gases that bind to heme [5, 6]and
mediate biological effects through the activation of heme-
containing proteins (e.g., soluble guanylate cyclase) [7].
Hydrogen sulfide (H2S) is emerging as another physiologi-
cally important gas messenger. Chemically, H2S is a reduc-
ing agent and, like hypoxia, generates a reduced cellular
milieu. The discovery of the transcriptional activator
hypoxia-inducible factor 1 (HIF-1), and subsequent identi-
fication of additional HIF family members, has led to im-
portant insights into the molecular underpinnings of O2 and
redox homeostasis [8]. Recent studies have revealed that
HIFs regulate carotid body responses to hypoxia by deter-
mining the levels of reactive oxygen species (ROS), which
are metabolites of O2. This article reviews the effects of NO,
CO, H2S, and ROS on hypoxic sensing by the carotid body.

Gas messengers and carotid body O2 sensing

Nitric oxide (NO)

Nitric oxide synthase (NOS) catalyzes the conversion of argi-
nine+O2 to citrulline+NO [4]. Neuronal (nNOS/ NOS1),
endothelial (eNOS/NOS3), and inducible (iNOS/NOS2) iso-
forms of NOS have been identified. Neuronal and endothelial
NOS are constitutively expressed and require Ca2+ for their
activity, whereas iNOS expression is induced in response to a
variety of stimuli, including hypoxia, and does not
require Ca2+ for its activity. NOS isoforms contain a heme
prosthetic group that binds to O2. nNOS has a high Km for O2

relative to the other NOS isoforms, suggesting that even
modest reductions in O2 concentration lead to significant loss
of enzyme activity [9]. Indeed, there is a linear relationship
between O2 concentration and nNOS activity over the entire
physiological range [10].

The effect of hypoxia on NOS activity in the carotid body
was determined by measuring conversion of 3H-arginine to
3H-citrulline [11]. Substantial NOS activity was observed
under normoxic conditions (PO2 ∼140 mmHg) and chela-
tion of extracellular Ca2+ abolished the enzymatic activity,
suggesting that it arises from constitutively expressed NOS
isoforms [11]. NOS inhibitors (L-NNA or L-NAME) stim-
ulate, and NO donors inhibit, carotid body activity [11–14].
These findings suggest that O2-dependent generation of NO
exerts an inhibitory influence on the carotid body activity.

Glomus cells are the primary site of O2 sensing in the
carotid body and they are innervated by sensory fibers origi-
nating from the petrosal ganglion [2]. Glomus cells do not
express nNOS, which is instead produced by nerve fibers as
well as neurons of the petrosal ganglion. Besides its sensory
innervation, the carotid body receives an efferent nerve supply
from the autonomic nervous system. Electrical stimulation of
the cut end of the carotid sinus nerve causes depression of
carotid body sensory nerve activity [15–17]. This finding
implied that the carotid body response to hypoxia is regulated
by an efferent inhibitory pathway. Indeed, the carotid body
response to hypoxia is augmented in the absence of “efferent
inhibition” [18]. Until recently, mechanisms mediating the
“efferent inhibition” remained uncertain. The finding that
NOS activity increases in response to electrical stimulation of
the carotid sinus nerve (as evidenced by elevated 3H-citrulline
production) and that carotid sinus nerve fibers express nNOS
led to the suggestion that NO mediates efferent inhibition [14].
Studies by Campanucci and Nurse provided evidence that NO
is an important mediator of efferent inhibition of the carotid
body [19]. These investigators found that nNOS-expressing
nerve fibers originate from neurons located in paraganglia
along the glossopharyngeal and carotid sinus nerves (glosso-
pharyngeal neurons or GPNs). It was proposed that NO re-
leased from efferent nerves regulates the excitability of glomus
cells, resulting in decreased afferent nerve activity [19]. Glo-
mus cells express a variety of K+ channels and hypoxia inhibits
some of these K+ channels [4, 20]. Ca2+ influx via voltage
gated Ca2+ channels is an obligatory step in producing sensory
excitation by hypoxia [1]. NO donors enhanceK+ conductance
[21] and inhibit L-type voltage-activated Ca2+ channel activity
in glomus cells [22] suggesting that NO depresses the glomus
cell excitability. Kline et al. [23] reported that nNOS deficient
(Nos1−/−) mice exhibit an enhanced ventilatory response to
hypoxia (Table 1), which is a hallmark reflex initiated by the
carotid body, and irregular breathing during hypoxia, an effect
that was attributed to enhanced carotid body sensitivity to low
O2. These findings suggest an absence of efferent inhibition of
the carotid body in nNOS deficient mice. Figure 1 illustrates
the role of nNOS-derived NO in efferent inhibition of carotid
body activity.

Table 1 Carotid body phenotype of mouse mutants

Genotype Biochemical/molecular defect Response to hypoxia

Nos1−/− Complete nNOS deficiency Enhanced

Nos3−/− Complete eNOS deficiency Blunted

Hmox2−/− Complete HO-2 deficiency Not determined

Cth−/− Complete CSE deficiency Impaired

Hif1a+/− Partial HIF-1α deficiency Absent

Epas1+/− Partial HIF-2α deficiency Enhanced
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Endothelial NOS (eNOS) is expressed in the blood ves-
sels that perfuse the carotid body [24]. eNOS knockout mice
exhibit attenuated peripheral chemoreceptor sensitivity, re-
duced hypoxic ventilatory response, and hypertension [25].
The decreased sensitivity to hypoxia was associated with
absence of eNOS expression in carotid body blood vessels.
How might NO from eNOS affect the carotid body activity?
Carotid body is a highly vascular organ and receives highest
blood flow per gram of tissue [1]. NO derived from eNOS is
a potent vasodilator and regulate the blood flow to the
carotid body. The attenuated hypoxic sensitivity in eNOS
knockout mice was attributed to persistent vasoconstriction
resulting in reduced blood flow and the ensuing chronic
tissue hypoxia of the carotid body. Consistent with this
possibility, carotid bodies from eNOS knockout mice dis-
played hyperplasia of glomus cells [25], similar to that seen
with chronic hypoxia [1].

The biological actions of NO are mediated by multiple
pathways, which include activation of heme-containing gua-
nylate cyclase and subsequent elevation of cyclic guanosine
monophosphate (cGMP) levels [7]. NOS inhibitors reduce,
and NO donors increase, cGMP levels in the carotid body
[14]. Besides the cGMP pathway, effects of NO also involve
the formation of S-nitrosothiols, whose actions depend on the
redox environment of the cell [26, 27]. Summers et al. [22]

reported that NO-induced inhibition of L-type Ca2+ currents in
rabbit glomus cells is prevented by N-ethylmalemide, which
blocks nitrosylation of proteins by NO, implicating S-nitro-
sothiol signaling. These studies, albeit limited, indicate that
both cGMP-dependent and cGMP-independent signaling
pathways mediate the effects of NO in glomus cells.

Carbon monoxide (CO)

CO was thought to be a physiologically inert gas like N2 and
H2. Over the decades, respiratory physiologists employed CO
as a tool to understand the mechanisms of O2 transport and the
control of breathing by hypoxia. For instance, at the beginning
of this century, Haldane and Krogh used CO to test whether O2

passively diffuses or is actively secreted from the lungs [28]. In
the late 1960s, Lloyd, Cunningham, and co-workers [29]
reported that brief inhalation of CO gas for several breaths
eliminated hypoxia-evoked hyperventilation in human sub-
jects. Because of the high affinity of CO for hemoglobin, they
proposed that the deoxy conformation of a heme prosthetic
group triggered hypoxic signaling by the carotid body [29].

Sjostrand [30] was one of the first to suggest that CO is
formed during the breakdown of heme. It is now well
established that CO is generated in mammalian cells during
heme degradation by the enzyme heme oxygenase (HO),
with NADPH and cytochrome P-450 reductase as co-factors
[31]. Enzymatic generation of CO requires molecular oxy-
gen. The affinity of the heme–HO complex for O2 is 30–90-
fold greater than myoglobin [6]. Substrates for HO include
the α and β chains of hemoglobin, denatured myoglobin,
met-hemoglobin, and proteolytic products of cytochrome c;
in contrast, oxy-hemoglobin and intact myoglobin or cyto-
chrome b are not substrates for HO [32].

Inducible (HO-1) and constitutively expressed (HO-2)
isoforms of HO have been identified [31], and the latter
isoform is predominantly expressed in neuronal cells [33].
Carotid body glomus (type I) cells express HO-2 and its
expression is not evident in either nerve fibers or type II
supporting cells [34]. The Km of HO-1 and HO-2 for O2 are
in the range of 30–80 μM [6].

Zinc-protoporphyrin-9 (ZnPP9), a potent HO inhibitor,
stimulated carotid body activity in a dose-dependent manner,
whereas CuPP9, which has negligible effects on HO activity,
had no effect on carotid body activity [34]. Exogenous ad-
ministration of CO reversed ZnPP9-induced sensory excita-
tion of the carotid body. Furthermore, administration of an HO
inhibitor augmented the hypoxic ventilatory response, and
bilateral sectioning of carotid sinus nerves or exogenous CO
abolished this effect [33]. These observations provided
evidence that CO generated by HO-2 is an important gas
messenger contributing to O2 sensing by the carotid body.

Once generated, CO might act back on the same glomus
cell (autocrine action) and/or nearby glomus cells (paracrine

Fig. 1 NO-mediated efferent inhibitory pathway in the carotid body.
During normoxia, O2-dependent NO generation by neuronal nitric
oxide synthase (nNOS) in glossopharyngeal neurons (GPN) mediates
efferent inhibition by activating K+ channels and inhibiting L-type
Ca2+ channels in glomus cells, which results in decreased sensory activity.
Under hypoxic conditions, NO production is reduced, which contributes
to sensory excitation
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action) and/or afferent nerve endings. Since elevation of
cytosolic Ca2+ in glomus cells is an obligatory step in
evoking sensory excitation in response to hypoxia [2], the
effects of HO inhibitors on Ca2+ responses of glomus cells
were tested. ZnPP9 elevated [Ca2+]i in glomus cells and this
response was eliminated by exogenous administration of
CO [35]. ZnPP9-evoked elevation of [Ca2+]i was absent
after removing extracellular Ca2+, suggesting that this re-
sponse requires activation of Ca2+ channels. Indeed, ZnPP9
augmented Ca2+ currents [35].

A recent study reported that hypoxia-evoked glomus cell
secretion of catecholamines was not altered in Hmox2−/−

mice, which lack HO-2 expression [36]. Previous studies
reported that glomus cell secretory response often does not
coincide with sensory excitation of the carotid body by hyp-
oxia [37]. Therefore, further studies are needed to determine
whether the carotid body sensory response to hypoxia is
altered in Hmox2−/− mice. Not withstanding this limitation,
pharmacological studies in intact rats suggest that endoge-
nously generated CO inhibits carotid body sensory activity.
Because HO-2 requires O2 for its activity, stimulation of
carotid body activity by hypoxia may reflect, in part, reduced
formation of CO [38]. Recent studies have provided interesting
insights into the mechanism(s) by which CO exerts its
inhibitory influence on carotid body activity (see below).

Hydrogen sulfide (H2S)

Cystathionine γ-lyase (CSE) and cystathionine β-synthase
(CBS) are two major enzymes that catalyze the formation of
H2S. While CBS is more abundant in the central nervous
system, CSE is the predominant enzyme in peripheral tis-
sues [39]. CSE immunoreactivity was seen in glomus cells
of rat and mouse carotid bodies as demonstrated by co-
localization with tyrosine hydroxylase, an established marker
of glomus cells [40]. CBS expression was also reported in
murine and cat carotid bodies [41, 42].

Peng et al. [40] examined the contribution of CSE to the
carotid body response to hypoxia using genetic and pharmaco-
logical approaches. InCth−/−mice, which lack CSE, basal H2S
levels in the carotid bodies were reduced by one half compared
to wild-type mice. The residual H2S must arise from sources
other than CSE, presumably CBS. Cth−/− mice exhibited a
severely impaired hypoxic sensory response (Table 1). A sim-
ilar absence of the hypoxic sensory response was also seen in
rats treated with DL-propargylglycine (PAG), an inhibitor of
CSE [43, 44]. In contrast, the carotid body response to CO2was
unaffected in Cth−/− mice and was even augmented in rats
treated with PAG, suggesting that impaired CSE function se-
lectively affects the hypoxic sensory response. The ventilatory
response to hypoxia was also severely impaired in Cth−/−mice
and in PAG-treated rats. These findings demonstrate that CSE
contributes to hypoxic sensing by catalyzing H2S formation.

Li et al. [41] reported that amino oxyacetic acid (AOAA)
and hydroxylamine, which are inhibitors of CBS, impaired
the mouse carotid body response to hypoxia and ventilatory
stimulation by hypoxia. These results suggest that CBS-
catalyzed H2S production may also play a role in sensory
excitation by hypoxia.

Exogenous application of the H2S donor NaHS stimu-
lates carotid body sensory activity in mice and rats in a
concentration-dependent manner [40, 41]. NaHS-evoked
sensory excitation, like hypoxia, was rapid in onset, oc-
curred within seconds after its application, and returned to
baseline after termination of the stimulus [40, 41]. NaHS
also stimulated carotid body sensory activity in Cth−/− mice,
suggesting that H2S is a downstream signaling molecule. It
has been proposed that H2S also mediates O2 sensing by
trout gill chemoreceptors, indicating that it is a conserved
system across vertebrate phyla [45].

KATP channels are the major targets of H2S in blood vessels
[46]. KATP channels are expressed in glomus cells [47]. How-
ever, glibenclamide, a potent inhibitor of KATP channels, was
ineffective in preventing carotid body stimulation by NaHS or
hypoxia [40]. The excitatory effects of H2S on carotid body
activity seem to require Ca2+ [40, 41] and may involve en-
hanced excitability of glomus cells resulting from inhibition of
Ca2+-activated K+ currents [41, 48].

Acetylcholine (ACh) and adenosine triphosphate (ATP) are
putative excitatory transmitters implicated in the sensory
transmission of the hypoxic stimulus at the carotid body
[49]. Li et al. [41] reported that pyridoxal phosphate-6-
azophenyl-2′,4′-disulfonic acid, which is an inhibitor of puri-
nergic receptors, and hexamethonium, a blocker of nicotinic
cholinergic receptors, prevented NaHS-evoked sensory exci-
tation of the mouse carotid body. Based on these observations,
Li et al. [41] suggested that H2S-induced sensory excitation is
coupled to the release of ATP/ACh from glomus cells. How-
ever, Fitzgerald et al. [42] reported that Na2S, which is another
H2S donor, inhibited ACh release and had variable effects on
ATP release from cat carotid bodies. Pinacidil, an opener of
KATP channels, mimicked the effects of Na2S on ACh and
ATP release [42]. These findings are intriguing because H2S
donors stimulate carotid body sensory activity, yet they seem
to inhibit the release of ACh and ATP, two neurotransmitters
that are implicated in sensory excitation by hypoxia.

Hypoxia increases H2S generation: evidence for interaction
of CSE with HO-2

Hypoxia increased H2S levels in both mouse and rat carotid
bodies in a stimulus-dependent manner and this response was
absent in Cth−/−mice as well as in rats treated with PAG [40].
These findings suggest that CSE is a major source of H2S
generation in response to hypoxia. How might hypoxia in-
crease H2S generation? HO-2 catalyzes the formation of CO,
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which inhibits carotid body activity [34]. Since HO-2 gener-
ation of CO is O2 dependent, it is likely that the low levels of
H2S under normoxia are due to the inhibitory influence of CO
on CSE. This hypothesis is supported by the finding that an
HO-2 inhibitor markedly elevated basal H2S levels in the
carotid body under normoxia and increased baseline sensory
activity in wild-type mice. Remarkably, these effects were
absent inCth−/−mice [40]. Furthermore, a CO donor inhibited
hypoxia-evoked H2S generation in the carotid body [40].
These findings suggest that CO physiologically inhibits the
CSE-dependent generation of H2S and that hypoxia reduces
HO-2 activity to reverse the inhibition and augment H2S
formation. It was proposed that interacting proteins working
in concert as a “chemosome” mediate hypoxic sensing by the
carotid body [3]. It is likely that interactions between HO-2
and CSE constitute an important component of the “chemo-
some”. The potential interaction between HO-2/CO and CSE/
H2S and their contribution to the carotid body response to
hypoxia are illustrated in Fig. 2. A recent study by Morikawa
et al [50] reported that interaction between HO2/CO and CBS/
H2S is critical for hypoxia evoked cerebral vasodilatation.
However, unlike CBS, CSE is not a heme containing enzyme.
Therefore, further studies are needed to delineate the precise
molecular mechanisms by which CO inhibits H2S generation
from CSE in the carotid body.

Role of hypoxia-inducible factors in O2 sensing
by the carotid body

Hypoxia-inducible factors (HIFs) play essential roles as
master regulators of O2 and redox homeostasis [8]. HIF-1

and HIF-2 are heterodimeric proteins, which consist of a
constitutively expressed HIF-1β subunit and an O2-regulat-
ed HIF-1α or HIF-2α subunit, respectively. Hif1a−/− mice,
which have a complete deficiency of HIF-1α, die at midg-
estation with defects in the heart, blood vessels, and red
blood cell production, indicating that all three components
of the circulatory system are dependent upon HIF-1 for their
normal development [51–53]. Hif1a+/− mice, which have a
partial deficiency of HIF-1α, develop normally but have
impaired responses to hypoxia and ischemia [54–63].

Glomus cells express low levels of HIF-1α and relatively
high levels of HIF-2α [1]. Carotid bodies from Hif1a+/−

mice appear histologically normal but do not respond to
hypoxia [59] (Table 1). In contrast to Hif1a+/− mice, carotid
bodies from Epas1+/− mice, which have a partial deficiency
of HIF-2α, show augmented responses to hypoxia (Table 1)
and Epas1+/− mice manifest hypertension and respiratory
instability, two hallmarks of carotid body hyperactivity [64].
HIF-2α is required for the production of anti-oxidant
enzymes [60] and the expression of SOD2 mRNA, which
encodes manganese superoxide dismutase, is significantly
reduced in the carotid bodies of Epas1+/− mice [64]. Daily
treatment of Epas1+/− mice for 2 weeks with manganese
(III) tetrakis (1-methyl-4-pyridyl) porphyrin pentachloride, a
potent membrane permeable anti-oxidant, corrected the hy-
peractive carotid body response to hypoxia, hypertension,
and respiratory instability [64]. In contrast, Hif1a+/− mice
have impaired carotid body expression of NOX2 mRNA,
which encodes NADPH oxidase, a pro-oxidant enzyme that
generates superoxide [65]. Taken together, these data

Fig. 2 Potential interaction between heme oxygenase-2 (HO-2) and
cystathionine γ-lyase (CSE) in glomus cells of the carotid body. O2-
dependent CO generation from HO-2 inhibits CSE activity resulting in
low levels of H2S and sensory activity. During hypoxia CO generation
from HO-2 is reduced, resulting in removal of CO inhibition on CSE,
leading to elevated H2S levels, which contribute to sensory excitation

Fig. 3 Pathogenesis of hypertension in patients with obstructive sleep
apnea. Airway obstruction results in hypoxemia, awakening, airway
clearing, and reoxygenation. This cycle of intermittent hypoxia is
repeated dozens of times per night. In the carotid body, chronic inter-
mittent hypoxia results in increased ROS levels, which induce in-
creased synthesis and decreased degradation of HIF-1α as well as
increased degradation of HIF-2α. Increased HIF-1α-dependent
NOX2 expression and decreased HIF-2α-dependent SOD2 expression
result in further increases in ROS levels, which trigger glomus cell
depolarization, leading to sympathetic activation and systemic
hypertension
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suggest that a balance between HIF-1α and HIF-2α is
required for redox homeostasis in the carotid body, which
in turn is required for the maintenance of respiratory and
cardiovascular homeostasis.

Perspective, physiological and clinical implications

Reflexes from the carotid bodies are important for physio-
logical adaptations to chronic hypoxia. For instance, venti-
latory acclimatization to hypoxia (VAH), a hallmark
adaptation to high altitude, is manifested by progressive
increase in ventilation. VAH is absent in carotid body de-
nervated animals and in mice deficient in HIF-1α [1].
Chronic hypoxia lasting several days to months lead to
desensitization of the carotid body response to hypoxia
and blunted hypoxic ventilatory response, which was attrib-
uted to upregulation of iNOS expression and the resulting
increase in NO [1]. The roles of gaseous messengers other
than NO in the chemoreflex function during chronic hypoxia
have not been investigated.

Carotid body reflexes are implicated in the pathogenesis of
a variety of cardiovascular diseases associated with autonomic
dysfunction [66]. For instance, a heightened carotid body
reflex may underlie the increased sympathetic nervous system
activity seen in patients with sleep-disordered breathing due to
obstructive sleep apnea, congestive heart failure (CHF), and
neurogenic hypertension. It is likely that altered levels of gas
messengers as well as alterations in redox homeostasis by
HIFs contribute to heightened carotid body reflexes under
these conditions. Recent studies involving an experimental
model of CHF lend partial support to this hypothesis. Rabbits
with CHF exhibit enhanced carotid body sensitivity to hyp-
oxia and augmented sympathetic activity, and these effects
were associated with reduced nNOS expression in the carotid
body [21]. Overexpression of nNOS in the carotid body using
adenoviral vectors partially normalized the carotid body re-
sponse to hypoxia and sympathetic nerve activity in rabbits
with CHF [21]. In a mouse model of obstructive sleep apnea,
increased expression of HIF-1α and decreased expression of
HIF-2α leading to increased ROS levels (Fig. 3) has been
shown to play a critical role in the dysregulation of autonomic
control of blood pressure and breathing [61, 67]. These find-
ings suggest that enzymes generating gas messengers and
redox regulation by HIFs represent potential therapeutic tar-
gets in CHF, sleep-disordered breathing, and neurogenic
hypertension.

Besides carotid bodies, aortic bodies located at the aortic
arch represent another O2-sensing chemo-sensory organs [1,
2]. However, compared to carotid body, the role of O2

sensing by the aortic body in health and disease is less well
established. Also, little is known on the cellular mechanisms
and the role of gaseous messengers in O2 sensing by the
aortic bodies.
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