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Editorial on the Research Topic
Advances in cAMP signaling research: basic and translational aspects

Even though 3′–5′-cyclic adenosine monophosphate (cAMP) was discovered over half a
century ago, it continues to be an object of scientific interest. This is not surprising, since
cAMP signaling plays an important role in a wide variety of physiological processes, such as
transcription regulation, metabolism, mitochondrial homeostasis, as well as cell growth and
cell death. The importance of cAMP signaling is further highlighted by its evolutionary
conservation, spanning from microorganisms to mammals (Gancedo, 2013).

Over the last decade, research on cAMP signaling has unveiled a highly organized
compartmentalization of cAMP within the cell, contributing to the specificity and selectivity
to its signaling (Zaccolo et al., 2021). This compartmentalization occurs at multiple levels
(Aslam and Ladilov, 2022): Firstly, the distinct spatial distribution of adenylyl cyclases (ACs)
plays a role. The membrane-localized AC (tmAC) predominately generates cAMP in close
proximity to the plasma membrane (Halls and Cooper, 2017), while soluble AC (sAC),
localizes within various cellular organelles forming cAMP pools in various cellular
compartments, such as cytosol, mitochondria, and nucleus (Zippin et al., 2003;
Appukuttan et al., 2012; Watson et al., 2015). Secondly, cAMP hydrolyzing
phosphodiesterases (PDEs) contribute to the compartmentalization of cAMP signaling
by being localized near sites of cAMP generation, limiting its diffusion to other
compartments (Mika et al., 2012; Zhang et al., 2019). Lastly, scaffolding proteins such as
A-kinase anchoring proteins (AKAPs) play a role in connecting cAMP synthesis to
functional effectors like protein kinase A (PKA) and exchange protein directly activated
by cAMP (Epac). AKAPs exhibit the ability to bind not only PKA but also other kinases,
cyclases, PDEs, G-protein-coupled receptors, and phosphatases (Zaccolo et al., 2021).
Consequently, AKAPs, localized at specific subcellular sites, play a crucial role in
maintaining the subcellular compartmentalization of cAMP signaling.

In this context, a study by Cattani-Cavalieri et al. published in this Research Topic
focuses on understanding the signaling networks in Human Airway Smooth Muscle
(HASM) cells, particularly those related to cAMP signaling pools coming from two
distinct AC isoforms, i.e., AC2 and AC6. The cAMP signaling in HASM has
enormous translational significance, as it involves in bronchodilation by stimulation of
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β2-adrenoreceptors, e.g., in patients with bronchial asthma and
chronic obstructive pulmonary disease. Although G-protein
coupled receptors (GPCR) expressed in HASM cells utilize cAMP
signaling, activation of different receptors leads to responses that are
distinct from those elicited by β2-adrenoreceptors. This
phenomenon may be due to the compartmentalization of cAMP
signaling within the cell. To investigate this issue, the authors
applied Stable Isotope Labeling of Amino acids in Cell culture
(SILAC) technique to quantify phosphorylated proteins in
HASM. Stimulating the AC activity, the authors found that
14 differentially phosphorylated proteins (DPPs) resulted from
AC2 activity and 34 differentially phosphorylated proteins
resulted from AC6 activity. They also revealed that
AC2 signaling is associated with modifications in RNA/DNA
binding proteins and microtubule/spindle body proteins, whereas
AC6 signaling is associated with proteins regulating autophagy,
calcium-calmodulin signaling, Rho GTPases, and cytoskeletal
regulation. Noteworthy, the phosphorylation of OFD1 exhibited
contrasting regulation, showing increased phosphorylation at
Ser899 in response to AC6 activation, while AC2 activation
resulted in decreased phosphorylation of the same site. The study
thus provides new insight into the compartmentalization of cAMP
signaling within the cell.

In another study, Paolocci and Zaccolo delve into the Research
Topic of compartmentalized cAMP signaling within the primary
cilium and explore the utilization of optogenetic tools to gain
insights into the mechanisms underlying ciliopathy in context of
autosomal dominant polycystic kidney disease (PKD). The cilium
serves as a hub for cell signaling, housing various pathways,
including cAMP signaling. Any disruption of cAMP signaling
within the cilium can lead to perturbed cytogenesis, potentially
resulting in pathological conditions like PKD. Notably, several
GPCRs, such as Gpr161 and Gpr175, act as AKAPs facilitating
the compartmentalization of cAMP signaling at the primary cilium.
Paolocci and Zaccolo discuss various methodologies developed and
employed to investigate compartmentalized cAMP signaling in the
primary cilium. Among these tools, two FRET-based reporters have
been considered: the Epac-based reporter, which measures cAMP
production (Klarenbeek et al., 2015) and the AKAP-based reporter,
which measures localized PKA activity (Depry and Zhang, 2011).
Additionally, to achieve spatiotemporal activation of cAMP
signaling in specific experiments, researchers employed site-
specific ectopic expression of photoactivatable ACs (Stierl et al.,
2011).

Various components of the cAMP signaling are important
targets for translational approach. Particularly, the inhibition of
sAC may be a promising approach in several therapeutic
applications (Ladilov and Appukuttan, 2014; Aslam and Ladilov,
2020). Furthermore, the significance of the sAC inhibitors as on-
demand, non-hormonal male contraceptives has also been recently
considered (Ferreira et al., 2022). To develop the sAC-specific
inhibitor a reliable assay is required. In the Research Topic,
Rossetti et al. described sAC-focused in vitro assays to identify
and characterize sAC inhibitors for therapeutic use. The assays
include tests for various parameters, like potency, binding kinetics,
and residence times of the inhibitors, as well as a cellular potency
assay to test the functional effects of the inhibitors in a cellular
model. Thus, the authors described the workflow designed to

identify sAC inhibitors with improved therapeutic properties,
such as high potency and long residence times, and thereby
develop drugs for the therapeutic application of sAC inhibition.

Lastly, Zhang et al. provide a comprehensive overview about the
role and mechanisms of perturbed cAMP signaling in
neurodegenerative disorders such as Parkinson’s disease (PD)
and Alzheimer’s disease (AD). In neurodegenerative disorders,
excessive production of reactive oxygen species (ROS) is regarded
as one of the major mechanisms leading to neuronal cell death
(Quan et al., 2020). The authors discuss and elaborate on the role of
ROS in various forms of regulated cell death (RCD) such as
parathanatos, NETosis, ferroptosis and lysosome-dependent cell
death. Cellular cAMP signaling exerts differential effects on
various forms of RCD e.g., cAMP/PKA signaling inhibits
NETosis and cell senescence while cAMP/PKA and Epac
promote parthanatos and induce lysosomal cell death. In AD and
PD, cAMP signaling is perturbed resulting in the facilitation of one
or more of these ROS-mediated RCD processes. Understanding the
distinct roles of cAMP signaling and its effectors in different cellular
compartments will be crucial for developing effective therapies for
neurodegenerative diseases like AD and PD. The study provides
detailed and up-to-date knowledge about the role of cAMP signaling
in RCD and discusses potential therapeutic targets.

In summary, this Research Topic highlights some actual trends
in both basic and translational research concerning cAMP signaling.
This holds particular significance in the context of diseases such as
bronchial asthma, chronic obstructive pulmonary disease and PKD,
where the compartmentalization of cAMP signaling plays a crucial
role. Moreover, the Research Topic highlights the impact of
impaired cAMP signaling in various forms of cell death,
ultimately contributing to the development of neurodegenerative
diseases. Lastly, the Research Topic presents several methodological
approaches, including the utilization of FRET-based reporters to
study cAMP compartmentalization, and the identification and
characterization of sAC inhibitors for potential therapeutic
applications through in vitro assays.
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