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Objective: During the last decade, much attention has been given to the
role of signal transduction pathways in affective disorders. This review
describes the possible role of the cAMP signaling in such disorders.

Methods: Among the components of cAMP signaling, this review fo-
cuses on the cAMP-dependent phosphorylation system. We analyzed
the basic components of the cAMP-dependent phosphorylation system
and the preclinical evidence supporting their involvement in the bio-
chemical action of antidepressants and mood stabilizers. The clinical
data available until now, concerning the possible link between the
cAMP-dependent phosphorylation system and the pathophysiology of
affective disorders, are also reviewed.

Results: The studies herein presented demonstrated that the levels and
the activity of cAMP-dependent protein kinase are altered by antide-
pressants and mood stabilizers. Furthermore, these medications are
able to modify the phosphorylation state, as well as the levels of some
of the cAMP-dependent protein kinase substrates. More recently, clini-
cal studies have reported abnormalities in the cAMP-dependent phos-
phorylation system in both peripheral cells and the postmortem brain
of patients with affective disorders.

Conclusions: Overall, these studies support an involvement of cAMP
signaling in affective disorders. The precise knowledge of the findings
has the potential to improve the understanding of pharmacotherapy
and to provide directions for the development of novel biochemical and
genetic research strategies on the pathogenesis of affective disorders.
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Much work in the field of neurobiology has been
focused on the molecular mechanisms by which
chemical stimuli produce a biological response
within cells. According to these studies, it has been
established that some chemical signals, such as
neurotransmitter molecules, do not enter the cell,
but instead bind receptors at the cell surface and
initiate a flow of information that moves to the cell
interior (1, 2). Stimulation of most of these recep-
tors activates a group of coupling proteins, namely
guanine nucleotide-binding proteins (G proteins),
which in turn regulate a variety of enzymes and ion
channels. Both these structures can be considered

effectors, because changes in their activity cause
substantial modifications in ionic composition or
second-messenger levels. In most cases, this intra-
cellular cascade triggers the activation of protein
phosphorylation—dephosphorylation reactions,
thereby regulating several biological responses, in-
cluding gene expression (1, 2).

Broadly speaking, each of the mentioned molec-
ular mechanisms may represent ‘the words of the
cellular language’. The precise knowledge of this
language offers a good chance to understand how,
beyond neurotransmitters and their receptors, in-
nate or acquired dysfunctions in the signal trans-
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ducing components could contribute to abnormal
cell function and perhaps to the pathophysiology
of diseases where aberrant neurotransmission has
been postulated.

It is in this context of an emerging and more
sophisticated view of cellular language that during
the last decade, the psychiatric research endeavor
has focused its attention on the signal transduction
pathways, allowing a more realistic, albeit compli-
cated, picture. As a result, several preclinical inves-
tigations have reported that signal transduction
systems are markedly affected by most, if not all,
psychotropic medications (3—10). On these
grounds, recent studies have begun to investigate
the possible link between signal transduction path-
ways and the pathophysiology of psychiatric disor-
ders (11-28). Although there are many potential
intracellular pathways that could be involved in
psychiatric disorders, in this review we will high-
light the role of the cAMP signaling. More specifi-
cally, we will discuss the data supporting the role
of the cAMP-dependent phosphorylation system in

Neurotransmitters

the pharmacotherapy and pathophysiology of af-
fective disorders.

Brief review of cCAMP signaling

The cAMP signaling pathway is a signal transduc-
tion system comprising a sequence of molecules
whose function is to govern the generation, degra-
dation, and the biological response of cCAMP inside
the cell (Fig. 1). To accomplish that, cells have a
biochemical machinery composed of several
proteins (Fig. 1), such as G proteins, adenylate
cyclase (AC), cyclic nucleotide phosphodiesterases
(PDEs), cAMP-dependent protein kinase (PKA),
and protein phosphatases (PPs) (1, 29). The com-
ponents of cAMP signaling have been extensively
investigated through biochemical and gene cloning
approaches. Emerging from these studies is the
existence of several forms of G proteins, AC, PDE,
and PKA, of their regulation by diverse cellular
factors, and compartmentalization into distinct in-
tracellular locations (1, 29, 30). Although here we

Biological responses

Fig. 1. Schematic representation of the upstream and downstream components of the cAMP signaling pathway. The binding of
certain neurotransmitters to specific membrane receptors (Re), coupled to G proteins (Gs or Gi), leads to the modulation of

DP-proteins

- cytoskeleton organization
- receptor desensitization

- ion channels activity

- synthesis and release of
neurotransmitters

- gene expression

adenylate cyclase (AC) activity. Once activated by the Gas protein, AC catalyzes the production of cAMP, which binds the
regulatory subunits (R) of PKA. cAMP is degraded by cyclic nucleotide phosphodiesterases (PDEs). As described more in detail in

the text, the cAMP binding to the R subunits causes a conformational modification of the enzyme that leads to the dissociation of

the two catalytic (C) subunits from the R dimer. Once released from the holoenzyme, C moieties are able to phosphorylate many
substrate proteins, thereby regulating their functional properties. Protein phosphatases (PPs) convert the phosphoproteins back to
the dephospho form, thus participating in the regulation of cellular function.
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will essentially describe the PKA, it is understood
that the knowledge of the components involved in
cAMP generation and degradation is also essential
to have a precise picture about the cAMP signal
cascade.

The PKA is a serine-threonine kinase, which
catalyzes the phosphorylation of several substrate
proteins (1, 31-33). Once phosphorylated, the sub-
strate protein undergoes a conformational modifi-
cation that leads to changes in its functional
properties. In some cases, these phosphoproteins
seem to be the immediate effectors of the biological
response; in other cases, they may be intermediate
steps of the biochemical machinery. PPs convert
the phosphoprotein back to the dephospho form
(Fig. 1) and, also, the dephosphorylation reaction
plays a key role in cell signaling (1, 34).

Protein phosphorylation—dephosphorylation is
one of the most diffused intracellular regulatory
mechanisms by which a great variety of cellular
processes are controlled. A noteworthy feature of
cAMP signal routing is that, unlike other second
messengers, almost all of the cellular effects of
cAMP are mediated by phosphorylation reactions,
thus explaining the reason why PKA has a pivotal
role in this pathway.

Early studies have shown two types of PKA,
type I and type II, that contain a common catalytic
(C) subunit, but different regulatory subunits (RI
and RII, respectively). More recently, far greater
heterogeneity has been revealed in PKA subunits
through biochemical investigations and gene
cloning (31-33). At present, there are multiple
forms of R and C subunits (distinguished as prod-
ucts of separate genes), which have different prop-
erties and tissue distribution. At the molecular
level, the inactive PKA is a tetramer, consisting of
two C subunits and one R subunit dimer (Fig. 1).
Activation proceeds through a reaction where
cAMP binds R subunits, and the enzymatic com-
plex subsequently dissociates into a R dimer and
two free C subunits. Once released from the
holoenzyme state, C moieties are able to phospho-
rylate many substrate proteins, such as receptors,
ion channels, cytoskeleton proteins, phosphatase
inhibitors, transcription factors, etc. (31-33).

Much effort has been directed to determine the
factors involved in the regulation of PKA. An
overall assessment of such investigations reveals
that almost all intracellular pathways can regulate
or be regulated by PKA (31-33). Yet, another way
to accomplish PKA modulation is by localizing the
enzyme to specific cellular compartments (31, 35,
36). Indeed, compartmentalization of the PKA
seems to represent a regulatory mechanism that
may increase the selectivity and intensity of cAMP-

cAMP signaling in affective disorders

mediated biological responses. In this regard, it has
been reported that up to 75% of the type-11 PKA is
associated through an interaction between the RII
subunit, with anchoring proteins to a wide array of
subcellular structures, including centrosomes, en-
doplasmic reticulum, Golgi complex, microtubules,
mitochondria, nuclear matrix, and secretory gran-
ules, thereby regulating phosphorylation processes
in specific cell compartments (31, 35, 36).

Although the functional role of the molecular
machinery involved in the cAMP signaling has yet
to be resolved in detail, with an eye toward the
available literature, we can say that the cAMP
signaling may represent a cellular mechanism for
integrating and/or modulating responses coming
from a variety of distinct signaling systems.

The cAMP-dependent phosphorylation system in
the action of antidepressants and mood stabilizers

Effects on PKA

A great number of studies have generated and
continue to generate evidence supporting the role
of the cAMP-dependent phosphorylation system in
the regulation of the intracellular events mediated
by monoaminergic neurotransmitter (1, 6, 9). On
these grounds, several years ago, it was postulated
that this system might be implicated in the neuro-
chemical action of medications capable of affecting
monoaminergic neurotransmission, a hypothesis
currently supported by several preclinical investi-
gations. With respect to PKA, it has been reported
that chronic administration of different reuptake
blockers with antidepressant activity affects the
binding of cAMP to the R subunit of PKA type II,
but not type I, in rat cerebral cortex (37-39).
Another important finding emerging from these
investigations is that the alteration in the binding
activity is observed in the microtubule fraction, a
component of neuronal cytoskeleton, supporting
the idea that the adaptive changes induced by
antidepressants on cAMP signaling are closely re-
lated with specific cell compartments, rather than
being a general effect (37-39). However, with se-
lective serotonin reuptake blockers, it has been
found that in prolonging the treatment from 2 to 3
weeks, the PKA may undergo translocation from
microtubules to the cytosol, thus suggesting that
the time course of drug-induced adaptive changes
may influence different cell compartments, thereby
regulating different functions (39). When a re-
versible MAO A inhibitor was tested in the same
experimental paradigm, we found an increase in
the binding activity of PKA again, but surprisingly
this effect was observed only in the soluble fraction
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of rat cerebral cortex (40). Bearing these findings in
mind, we realized that although compounds with
antidepressant activity may influence the binding
of cAMP to the R subunit of PKA type 11, the way
in which they do so could be distinctive. In line
with these observations, it has been reported (41—
43) that also the activity of PKA is influenced by
antidepressant drugs and electroconvulsive therapy
(ECT). For instance, Nestler et al. (42) found a
decrease of PKA activity in the cytosol and an
increase in the nuclear fraction of rat frontal cortex
after long-term administration of antidepressant
therapy. Interestingly, similar to what was ob-
served for the cAMP binding (37-39), the authors
suggested that a translocation of PKA activity
from the cytosol to the nucleus could contribute to
the long-term adaptive changes elicited by
antidepressants.

The effect of antidepressant drugs on PKA ac-
tivity appears to be specific, because chronic treat-
ment with haloperidol, morphine, or diazepam
failed to alter either soluble or particulate PKA
activity in rat frontal cortex (42).

It is fascinating to note, albeit not surprising,
that PKA seems to also be involved in the bio-
chemical action of mood stabilizers. Using a
purified system, Mori et al. (44) have demonstrated
that the phosphotransferase activity of PKA can
be directly inhibited by therapeutic concentrations
of lithium salts. In this study, the authors sug-
gested that the ability of lithium to inhibit PKA
activity may be explained through a competition
between lithium and magnesium at the level of the
C subunit of PKA. These data are in line with the
results obtained by Jensen and Merk (45), who
reported a decrease in the PKA activity in rat
cerebral cortex following chronic lithium and car-
bamazepine treatments. More awareness about the
potential role of PKA in the action of lithium has
been gained in a recent study by Mori et al. (46),
who demonstrated that lithium administered for 5
weeks resulted in a significant increase in cAMP
binding, as well as in the levels of the PKA sub-
units in the soluble, but not in the particulate
fractions of different brain areas. Interestingly,
short-term lithium treatment induced an increase
in the PKA C subunits in the soluble fraction of
hippocampus and frontal cortex, whereas the regu-
latory subunits were unchanged.

Effects on the phosphorylation state or on the levels of
PKA substrates

An important clue of the involvement of the
cAMP-dependent phosphorylation system in the
action of antidepressants and mood stabilizers
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comes from the studies showing alterations in the
phosphorylation state or in the levels of PKA
substrates, which can be either the immediate ef-
fectors of the biological response or an intermedi-
ate step in cAMP signaling. In this context, in
1987, the first report demonstrating an alteration
in the endogenous phosphorylation of a PKA sub-
strate, identified as the microtubule-associated
protein 2 (MAP2) after chronic, but not acute,
administration of desipramine in rat cerebral cor-
tex was published (47). This finding was subse-
quently replicated (37), and more recently,
Miyamoto et al. (48) clearly demonstrated that in
rat cerebral cortex, chronic desipramine treatment
increased the degree of phosphorylation of serine
residues of MAP2, without changes in the levels of
the protein. However, the phosphorylation of
MAP2 is not affected in the same way by all
antidepressants. For example, 5 days of treatment
with a selective serotonin reuptake blocker en-
hanced the endogenous phosphorylation of MAP2,
but this effect disappeared, prolonging the treat-
ment (49). Conversely, short- and long-term treat-
ments with a reversible monoamino oxidase
inhibitor were unable to affect MAP2 phosphory-
lation (40).

Abnormalities in the phosphorylation state and
the levels of other phosphoproteins, including cy-
toskeletal proteins, have been reported after
lithium treatment, even if their relationship with
the cCAMP signal cascade was not always demon-
strated (50-54).

The levels and the phosphorylation state of ty-
rosine hydroxylase, the rate-limiting enzyme in the
synthesis of catecholamines, were also altered by
antidepressant treatment. It has been reported that
chronic administration of several antidepressants
reduced the levels and the mRNA of tyrosine hy-
droxylase in noradrenergic regions of rat brain (55,
56). The activity and the phosphorylation state,
but not the levels of tyrosine hydroxylase, were
also found altered by prolonged antidepressant
treatment in dopaminergic regions of rat brain
(57). On the other hand, chronic lithium treatment
resulted in significant increases of tyrosine hydrox-
ylase levels in different brain areas (58).

It has been reported that in rat frontal cortex,
the levels of the 32-kDa dopamine- and cAMP-reg-
ulated phosphoprotein (DARPP-32) can be regu-
lated by chronic administration of antidepressants
and lithium, but not by other psychotropic drugs
(59).

The potential link between antidepressant ther-
apy and cAMP signaling-regulated gene expression
comes from the studies showing how antidepres-
sants and ECT, but not haloperidol, morphine, or
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cocaine, chronically administered, modulated the
expression and function of the transcription factor
cAMP response element-binding protein (CREB) in
rat hippocampus (9, 60). This framework is further
supported by results demonstrating that the levels
of brain-derived neurotrophic factor (BDNF) and
tyrosine kinase receptor for neurotrophin B (trkB),
two potential targets of CREB, are also modulated
by antidepressant therapy (9, 60, 61). In vitro and in
vivo studies have shown that the levels and the
phosphorylation degree of CREB, as well as of
other transcription factors such as AP-1, are altered
by mood-stabilizing agents (8, 10, 62, 63).

The data herein presented outline one of the
molecular mechanisms involved in the neurochemi-
cal action of antidepressants, mood stabilizers, and
ECT. It is noteworthy, in fact, that components of
other signal transduction pathways, including those
involved in protein phosphorylation, could be af-
fected by these agents (7, 8, 64—73). Overall, keep-
ing these findings in mind, one can assume that
several intracellular mechanisms may act in concert
to give a determined cellular response to these
agents. Although these data have opened new hori-
zons in our understanding about the pharmacother-
apy of affective disorders, we are aware that much
effort is still necessary to have a detailed picture of
how these therapeutic approaches work, and, more
importantly, to give an explanation of what is the
link between intracellular mechanisms and the clin-
ical response. In this context, it is worth mentioning
the preclinical data showing the involvement of
PDE in the action of antidepressants (9, 60, 74),
together with the case report by Malison et al. (75)
who reported the efficacy of papaverine (a nonselec-
tive PDE inhibitor) addition for treatment-refrac-
tory major depression.

The cAMP-dependent phosphorylation system and
affective disorders

Nowadays, the dominant idea emerging from the
studies on affective disorders is that abnormalities
in various signal transduction pathways could be
involved in the pathophysiology of these disorders
(14, 15, 18-21, 26, 27). Among these pathways, the
upstream components of cAMP signaling have been
extensively investigated. In particular, a large num-
ber of studies has demonstrated alterations in the
levels and function of Gas and Gad, as well as in the
activity of AC in peripheral cells and the post-
mortem brain of patients with affective disorders
(12, 14, 16, 2225, 28). However, it is interesting to
note the report of Ram et al. (76), who demon-
strated no structural or regulatory mutations in the
gene encoding for Gas in bipolar patients.

cAMP signaling in affective disorders

In the context of cAMP-signaling, we have ad-
dressed the question of whether cAMP-dependent
phosphorylation may be affected in affective disor-
ders. To answer this question, we have designed a
preliminary investigation in which cAMP-depen-
dent phosphorylation was assessed in platelets
from ten untreated euthymic bipolar patients and
ten healthy subjects (13). The main finding of this
study was that the cAMP-stimulated endogenous
phosphorylation of a protein band, with an appar-
ent molecular weight of 22 kDa, significantly in-
creased in bipolar patients compared with healthy
subjects, whereas we did not observe any signifi-
cant difference in the basal phosphorylation be-
tween groups (see Table 1). At that time, according
to the electrophoretic mobility and the cAMP-de-
pendent phosphorylation, we hypothesized that the
above-mentioned protein might be Rapl, a small
guanosine triphosphate (GTP)-binding protein be-
longing to the ras family. To the best of our
knowledge, this was the first report showing a
connection between downstream components of
cAMP signaling and affective disorders. The next
step in this work was to replicate our previous data
and to identify the platelet phosphoprotein. To
accomplish that, the cAMP-dependent phophory-
lation was investigated in a larger number of un-
treated euthymic bipolar patients and control
subjects (77). Once again, the cAMP-stimulated
phosphorylation into the 22-kDa protein band,
recognized as Rapl, was higher in bipolar patients
with respect to controls (see Table 1). The picture
was found to be somewhat different when the
cAMP-dependent phosphorylation was evaluated
in platelets from bipolar patients treated for 15
days with lithium (77). More specifically, we re-
ported that lithium treatment enhanced both the
basal and the cAMP-stimulated phosphorylation
into Rapl, as well as into a 38-kDa phospho-
protein in platelets of euthymic bipolar patients. In
the same paper, we showed that in platelets of
healthy subjects, 15 days of lithium treatment
failed to induce any modification in the cAMP-de-
pendent phosphorylation, also considering that the
serum lithium levels did not differ significantly
between the bipolar and the control group (77).
One interesting question arising from the above-
mentioned results is why lithium affects the cAMP-
dependent phosphorylation in bipolar patients, but
not in control subjects. This difference may be
explained by the fact that the cAMP-dependent
phosphorylation is already altered in untreated
bipolar patients when compared to controls. In
line with this concept, it is interesting to note that
similar specificity of lithium’s effect was also re-
ported by Spleiss et al. (78), who demonstrated
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Table 1. Abnormalities in the cAMP-dependent phosphorylation system in
patients with affective disorders

Postmortem brain

Components Abnormalities References
cAMP binding | in BP (80)
cAMP binding  Unaltered in MD suicides; (83)
| in MD suicides by antide-
pressants
CREB levels 1 in MD by antidepressants; (84)

| in untreated MD; no
changes in BP

Peripheral cells

Components Abnormalities References

Rap1 phospho- 1 in E BP (18, 77)
rylation

PKA catalytic 1in D and M BP (79)
subunit levels

Rap1 levels 1in E, D, and M BP (79)

PKA activity | in MD (81, 82)

MD, major depressed patients; BP, bipolar patients; E, euthymic
bipolar patients; D, depressed bipolar patients; M, manic bipolar
patients.

that G,;,,-mRNA in neutrophils was upregulated by
chronic lithium treatment in bipolar, but not in
unipolar, patients.

In a broader sense, overall these findings suggest
that components of the cAMP-dependent phospho-
rylation system may be a core pathway in the
pharmacotherapy and pathophysiology of bipolar
disorders. However, it is beyond any doubt that
many questions still remained open. For instance: I)
Are the abnormalities observed mirrored by changes
in the levels of PKA subunits or Rapl? II) Could
these abnormalities be present in bipolar patients
with different mood states? Within the last years the
efforts of our group have been centered on giving an
answer to these questions. As a result, we have very
recently shown alterations in downstream compo-
nents of cCAMP signaling in platelets obtained from a
large cohort of untreated bipolar patients (79). More
specifically, the levels of Rapl were significantly
higher in euthymic, depressed, and manic patients
with bipolar disorder than in healthy subjects (see
Table 1). Furthermore, the levels of the C subunit of
PKA in depressed and manic patients were signifi-
cantly higher than in euthymic patients and con-
trols, whereas no significant differences were found
in the levels of the regulatory subunits (type I and
type II) of PKA among groups (see Table 1). Based
on these results, we suggested that altered levels of
Rapl could be considered a state-independent bio-
chemical abnormality, whereas those of PKA, a
state-dependent biochemical abnormality (79).

32

The possible role of PKA in bipolar disorder was
also supported by Rahman et al. (80), who reported
significantly reduced cAMP binding in the cytosolic,
but not membrane, fractions from postmortem
brain of bipolar patients compared with age and
postmortem delay-matched control subjects (see
Table 1).

Disturbances of certain components of the
cAMP-dependent phosphorylation system were
demonstrated in patients with major depression. In
this regard, basal, cAMP-stimulated, and J-
adrenoreceptor-stimulated PKA activity have been
reported to be lower in cultured skin fibroblasts
from depressed patients compared to controls (see
Table 1) (81, 82). Lowther et al. (83) have investi-
gated the cAMP binding to PKA in the soluble
fraction of brain samples obtained at postmortem
from suicides with a firm retrospective diagnosis of
depression and individually matched controls. In
antidepressant-free suicides, the authors found no
significant differences in the number or affinity of
cAMP-binding sites with respect to controls. Con-
versely, abnormalities were found comparing an-
tidepressant-treated suicides and controls (see Table
1). Based on these data, they concluded that the R
subunit of PKA is unaltered in depression, but
influenced by antidepressant medications.

Another interesting finding is that reported by
Dowlatshabhi et al. (84) regarding the concentration
of the transcription factor CREB in postmortem
brain tissue from patients with affective disorders.
They found higher levels of CREB in major de-
pressed patients treated with antidepressants at the
time of death than in untreated patients. The latter
group displayed lower levels of CREB with respect
to controls (see Table 1). There were no differences
in CREB concentrations between patients with
bipolar disorder (treated and untreated) and control
subjects (see Table 1).

While the functional role of PKA and CREB in
cAMP signaling has been yet established and their
involvement in affective disorders seems to be poten-
tially clear, less is known about Rapl. Rapl is a
small GTP-binding protein present in different tis-
sues, including the brain (85). Although the role of
this protein remains to be elucidated in detail, there
is evidence of its involvement in cellular events, such
as calcium mobilization, cytoskeleton organization,
and phosphoinositides metabolism (86—89), most of
which have been found to be also altered in patients
with affective disorders (14, 15, 18—-21). More re-
cently, it has been reported that Rapl is implicated
in the regulation of signal cascades coupled to
neurotrophic factors (90, 91). This is an intriguing
finding, considering recent studies suggesting an
involvement of neurotrophic factors in affective
disorders (9, 60, 92, 93).
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We are aware that the findings obtained in pe-
ripheral cells cannot be directly extrapolated to
the central nervous system. Some of the data
herein presented should thus be taken with con-
siderable caution because they come from periph-
eral cells, which are exposed to a different
enviroment, including circulating catecholamines
and hormones, than that of brain tissue.

Looked at from another perspective, it is worth
mentioning that studies on peripheral cells may
narrow the gap existing between affective disor-
ders and other medical conditions. For instance,
we wonder whether it is time to assume that ab-
normalities in platelets might explain the relation-
ship of affective disorders to cardiovascular
disease (94-97).

In a larger sense, it is becoming increasingly
clear that certain components of the cAMP-de-
pendent phosphorylation system may contribute
to the pathophysiology of affective disorders.
Nevertheless, it should be emphasized that the
way the components of such a system are altered
in patients with bipolar disorder or major depres-
sion seems to be different (see Table 1). Although
we still have much to learn about the link be-
tween cAMP signaling and affective disorders, if
the above-mentioned results are confirmed, they
will provide a powerful clue in delineating a more
precise research strategy to understand the molec-
ular bases involved in affective disorders.

Concluding remarks

Great excitement surrounds the rapid progress
that is being made in the understanding of the
intracellular machinery involved in the cellular re-
sponse to neurotransmitters. According to re-
search in this field, it is now clear that the
cAMP-dependent phosphorylation system has a
pivotal role in regulating many biological re-
sponses, including gene expression. However, it
should be mentioned that only the precise knowl-
edge of each of the components involved in the
cell signaling systems and their potential crosstalk
will answer many of the questions we now have,
as well as reveal new and perhaps unexpected
aspects of how cAMP signaling takes part in the
regulation of cellular function.

In this review, we have highlighted how and
why in the last 10 years the research endeavors in
the psychiatric field have broadened their scope
to examine the role of downstream components
of cAMP signaling in affective disorders. Interest-
ingly, the results herein presented support the
view that the cAMP-dependent phosphorylation
system could be involved in affective disorders.

cAMP signaling in affective disorders

Although many questions still remain unan-
swered, a new window has been opened on the
mechanism(s) of action of antidepressants and
mood stabilizers, a window that may be helpful
as a guide for a more rational treatment of affec-
tive disorders and for designing compounds with
a novel mechanism of action. Finally, we believe
that continued studies combining biochemical and
genetic approaches on downstream components
of cell signaling might provide great hope about
the understanding of the molecular bases of af-
fective disorders.
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