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Abstract

Mood disorders represent a major medical need requiring chronic treatment. About one million people die by suicide worldwide each year,
both as a consequence of major depression or not. Multiple deficits, including cell atrophy and loss, were described in the brains of mood
disorders affected patients and in experimental animal models. Numerous changes in gene expression and activity were described in limbic
and cortical brain regions. Available therapies probably regulate many of these changes. Different signal transduction pathways play a
role in the pathogenesis of schizoaffective disorders, namely the cyclic-AMP, phosphoinositides (Pl), mitogen-activated protein kinase, and
glycogen synthase kinase cascades. Neurobiology studies focused upon abnormalities of signaling mechanisms with special regard to the
serotonin system and related Pl signaling system. Involvement of Pl-specific Phospholipase C (PLC) enzymes was also described. In suicide
brains the overall PLC expression was altered due to a complex reorganization of the isoforms, and PLC 1 isoform was suggested to be
involved in schizophrenia and bipolar disorder. The knowledge of the complex network of neurobiological molecules and interconnected
signal transduction pathways in the brain might help to understand the natural history and the pathogenesis of mood disorders, as well as
of the suicidal behavior. Moreover, it might widen the panel of available therapeutic tools, also gaining prognostic suggestions in order to
prevent suicide.
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of patient’s life. The National Health Interview Survey in 2019
came to the conclusion that 18.5% of the general population
experienced more or less severe symptoms of MDDs [2,3].

The Role of Phosphoinositide-Specific Phospholi-
pases C in Psychiatric Diseases and Suicide

Mood disorders or affective disorders are emotional
disturbances manifesting as pervasive feelings of depression,
episodes of mania, or both. Mood disorders are categorized
into depressive disorders (DDs) and bipolar disorders (BPDs).
DDs include major depressive disorder (MDDs), persistent DD,
disruptive mood dysregulation disorder, and premenstrual

MDDs are diagnosed when patients bear a combination of
symptoms such as depressed mood, anhedonia, irritability,
emptiness, neuro-vegetative symptoms, including abnormal
appetite and sleep, reduced energy and interest, and difficulty
in concentration [4]. All those features significantly impair

dysphoric disorder [1]. patients’lives. Some features are not specificand can mask the
presentation, sothatpatientsare notcorrectlyandimmediately
BPDs include bipolar | disorder, bipolar Il disorder, referred to psychiatric care [2-4]. BPDs are characterized

cyclothymia, and substance-induced bipolar disorder [1].

DDs are the largely prevalent mood disorders in the general
population. The onset of the disease can impair the quality

by biphasic alternating episodes of depression and mania/
hypomania or single episode of mania [5], with estimated
prevalence of 2.8%. In the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5) BPDs and related
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disorders were separated from DDs. Despite the availability of
psychotropic medications for mood disorders, morbidity and
mortality are progressively increasing, especially from suicide
[6].

Mood disorders represent a major medical need requiring
chronic treatment. Strictly related to mood disorders, one
million people die by suicide worldwide each year, both as a
consequence of MDDs or not. Taken together, these illnesses
produce a disproportionately large economic burden due to
expenditures for hospitalization, treatment, rehabilitation,
and lost productivity [6]. A great interest was addressed to
identify the risk factors and therapeutic strategies in order to
reduce that burden.

Evidences supported by a number of studies suggested
that psychiatric disorders may be associated with specific
neurobiologicalabnormalities,and changesin gene expression
and activity were described in limbic and cortical brain regions.
Probably, the therapeutic molecules actually available act
by regulating some of these changes. The knowledge of the
complex network of molecules and interconnected signal
transduction pathways in the central nervous system might
help to understand the natural history and the pathogenesis
of nervous disorders, with special regard to psychiatric
ilinesses, as well as provide insights into the suicidal behavior.
Moreover, it might widen the panel of available therapeutic
tools, and provide prognostic parameters in order to prevent
suicide.

Neurobiology studies in post-mortem brains of patients
affected with mood disorders demonstrated abnormalities in
the serotonergic pathway and related receptor subtypes [7].
Abnormalitiesin signaling mechanisms were recently analyzed
in the post-mortem brains of suicide-dead individuals,
exciting great interest into the 5-hydroxytryptamine,, (HT2A)
receptor-linked phosphoinositide (PI) signaling system. The
involvement of Pl-specific Phospholipase C (PLC) enzymes,
belonging to the Pl system, was suggested in a number of
brain disorders, including epilepsy, Huntington's disease
and Alzheimer's disease [8-10], schizophrenia [11,12], BPD
[13], MDD [14], and suicide [15]. Selected PLC isoforms were
suggested to be involved in schizophrenia and BPD [11-13].In
suicide brains the overall PLC expression was altered due to a
complex reorganization of the PLC system [15].

Pl Signal Transduction Pathway

The signal transduction pathway of Pl was ultimately
demonstrated to be involved in the pathogenesis of selected
psychiatric disorders. The metabolism of Pl molecules
contributes an important intracellular signaling system
involved in a variety of cell functions such as ion-channel
activity, membrane trafficking, cytoskeleton regulation, cell
growth, cell-cycle control and apoptosis, neurotransmitter
signal transduction, and hormone secretion [16]. Evidences

also indicated Pl involvement in cell and tissue polarity
[16,17]. A combination of compartmentalized and temporal
changes in the expression of Pl-related signaling molecules
elicits different cellular responses, including gene expression
modulation/regulation, DNA replication, and chromatin
degradation. The PI signal transduction pathway is involved
in the calcium signaling cascade, also playing a pivotal role
during neuronal development, as well as in the maintenance
of neural plasticity and in synapse formation.

In the PI pathway cascade, the regulation of phosphatidyl
inositol 4,5-bisphosphate (PIP2), a highly versatile signaling
molecule [16] acts crucially. PIP2, mainly located in the inner
half membrane, is hydrolyzed by the enzymes belonging to
the PLC family in response to a wide panel of stimuli, including
growth factors (GFs), hormones, and neurotransmitters, that
act on specific receptors localized at the plasma membrane
[16]. Thus, PLC plays a central role by regulating the spatial-
temporal balance of Pl metabolism by acting upon PIP2. PLC
enzymes are also involved in cell proliferation, differentiation
and apoptosis [16-21].

The PI Specific PLC Family of Enzymes

Once activated, PLC cleaves the membrane PIP2 into inositol
trisphosphate (IP3) and diacylglycerol (DAG) (Figure 1).IP3, a
small hydrophilic molecule, rapidly diffuses to the cytoplasm.
IP3 induces calcium release from the endoplasmic reticulum
by binding to IP3-gated calcium-release channels. The initial
calcium increase induced by IP3 propagates as a wave through
the cytoplasm [16-20]. DAG can be further cleaved to release
arachidonic acid (AA), which either acts as a messenger or can
be used in the synthesis of eicosanoids.

Thirteen mammalian PLC isoforms were identified, divided
into six sub-families: B(1-4), y(1,2), 6(1,3,4), €(1), {(1), and
n(1,2) [16], and classified on the basis of amino acid sequence,
domain structure and mechanism of recruitment [16,21,22].
Isoforms within the sub-families share sequence similarity,
common domain organization, and regulatory mechanism.
PLC isozymes contain catalytic X and Y domains, as well as
various regulatory domains, including the protein kinase C
conserved region 2 (C2) domain, EF-hand motif, and pleckstrin
homology (PH) domain. The PH domain is 110 amino acids
long and binds PI. The X and Y domains fold to form the
catalytic site. The X domain (65 aminoacids) binds calcium.
The Y domain (115 aminoacids) binds primarily the substrate
[16].

PLC enzymes are strictly tissue specific and different
expression of some isoforms was described in pathological
conditions with respect to normal tissues [23-30].

Evidences demonstrated that not all PLC enzymes are
contemporarily present within the cell, and that each tissue
owns a precise and specific panel of expression. Moreover,
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Figure 1: Signaling of the PLC family of enzymes and related pathways. Disruption of PIP2, located within the cell membrane, by PLC in to
DAG and IP3. Reciprocal interconnection of PLC signaling, GPCR signaling and RTK signaling.

the panel of expression of PLC enzymes, analyzed by
studying both the mRNA’s transcripts and the corresponding
codified protein, varies under different conditions, such as
inflammation or tumor enhancement and progression [11-
13,29,31-35].

PLC signaling was suggested to be involved in inflammation
[35-37]. Moreover, DAG further acts by activating the serine/
threonine calcium dependent protein kinase (PKC) family of
enzymes [38]. The increase of calcium induced by IP3 moves
PKCtotranslocatefromthecytoplasmtothe plasmamembrane
in order to activate the enzyme. PKC phosphorylates specific
serine orthreonine residues onanumber of target proteinsand
is actually considered a crucial element in signal transduction
by itself. Recently, the mounting evidence that elevated PKC
signal transduction pathway may be a pathophysiological
feature of BPD and MDD was suggested [39-43].

PLC enzymes act during different events, influencing the
activity of several molecules, at several hierarchy of control
levels, and act crucially also in the nervous system. PLC
enzymes are also involved in the inflammatory activation of
the glia [34], as well as in the pathogenesis of rat astrocytoma
[44] and in human neuroblastoma [32]. The PLC family of
enzymes contributes to the neural development through a
complex interaction network in a time-dependent manner.
The functional interconnection between the Pl signal
transduction system and the network of signaling pathways
that regulate the neural development recently deserved great

attention.

PLC isoforms play specific roles, based on their tissue-specific
expression and involvement in diseases affecting the nervous
system.

The PLC (3 sub-family is regulated by the Gq family of GTP-
binding proteins [45,46]. With special regard to brain tissue, a
modulation of PLC {3 subfamily enzymes was observed during
the cortical development [47].

PLC B1 mediates activity-dependent cortical development
and synaptic plasticity [48,49]. PLC 1 is a rate limiting
enzyme involved in postnatal cortical development as well
as in neuronal plasticity [50,51] and regulates key G protein-
coupled signaling pathways in the human cortex [52]. From
postnatal stages onwards, PLC (31 is abundant in selected
areas of the brain such as cerebral cortex, hippocampus,
amygdala, lateral septum and olfactory bulb [19,54]. PLC B1,
highly expressed in the cerebral cortex and hippocampus
[48,49], is activated by G-protein-coupled receptors that signal
through Gg/11. In adult mouse brain, PLC 31 was detected in
various grey matter regions, such as layers 2-6 of the cortex,
pyramidal and granular layers of the hippocampus, mitral
and granule layers of the olfactory bulb, amygdale, caudate,
putamen, and lateral septal nucleus [54]. The PLC 31 up-
regulation during critical periods of development marked by
increased cortical plasticity suggests that it might play a role
in eliciting structural and functional adaptation [50,51].
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Loss of function of PLC 31, following homozygous deletion
of the codifying gene [namely PLCB1, OMIM *607120], led
to epileptic encephalopathy [55-57]. PLC B2 isoform was
suggested to be involved in mental retardation [58,59]. In
adult male mice subjected to the forced swim test (FST),
an animal model which emulates the behavioral despair
paradigm of depression, administration of the PLC inhibitors
neomycin and U73122, as well as of the PKC inhibitors
calphostin C and chelerytrine, dose-dependently reduced the
immobility time in the FST, thus producing an antidepressant-
like behavior. Selective knockdown of the PLC 3 [60] and PKCy
isoforms also induced an antidepressant phenotype. Selective
blockade of the PLC 31-PKC y signaling pathway produced an
antidepressant-like phenotype in mice [61-63].

PLC 31 was reported to act in human diseases affecting the
nervous system, and it is actually considered the molecular
convergence point of several neurotransmitter pathways
implicated in schizophrenia [64,65]. The loss-of-function
mutation in the PLCBT gene was associated to homozygous
epileptic encephalopathy [55-571.

Plcb1 knockout (KO) mice develop epilepsy, minor
hippocampal abnormalities [48], and specific behavioral
deficits in location recognition, probably due to the excessive
neurogenesis and aberrant migration of adult-born neurons
[63]. PLC 31 is also required for activity-dependent regulation
of synapse and dendritic spine morphology in the developing
barrel cortex [63].

Beside in schizophrenia [11,12,66,67], a role for PLC 31 was
also suggested but in BPD [13], and rearrangement of the
expression of PLC genes was described in suicide [15]. PLCB1 is
constituted from 36 small exons and introns, and was located
on the short arm of human chromosome 20 (20p12, nearby
markers D20S917 and D205177) [68,69], a region occasionally
rearranged in mental ilinesses [70,71]. The activity of pathways
involving PLC 31 is modulated by the regulator of G-protein
signaling 4 [codified by the RG54 gene, OMIM *602516], which
is considered a candidate gene for schizophrenia [72-78].
RGS4 negatively regulates G protein signaling by acting at
Gq11 subunits of the G protein in vitro [74-77]. RGS4, strongly
expressed in the brain, directly interacts with PLC 31 [40,76-
80].

PLC € is strictly associated with neuronal lineage
differentiation [81]. Its expression persists in terminally
differentiated neurons, with no regional specificity. In
cultured neural stem cells (NSCs), the expression of PLC €
coincides with the loss of nestin expression, the induction
of microtubule-associated protein 2 (MAP2) expression, and
the appearance of neuronal morphology. The activity of PLC
g, regulated by association with Ras and Rap, might also play
a role in intracellular signaling from receptors for fibroblast
growth factor (FGF), and various neurotrophic factors involved
in neural development [81,82].

Although significant progresses have been achieved in
studying the Pl system and its alterations in the human brain,
many issues remain to be addressed with special regard to
the relationship with selected diseases. In fact, further studies
are required both to refine the analysis of the gene PLCBIT, as
well as of the PLC 31 protein and to extend the examination
to other, more recently discovered molecules involved in the
Pl signaling.

Although considerable research efforts aimed to delineate
the metabolic pathways acting in the nervous system, with
special regard to the dysfunctions occurring in mood disorders,
further studies are required to fully elucidate the complex
interplay among signaling molecules. Besides increasing the
knowledge of the events regulating the neural development
and the nervous system activities, understanding the role
and the timing of action of the signaling pathways acting in
the nervous system might allow highlight the pathogenesis
and the clinical history of several nervous diseases. That will
probably help in formulating diagnoses and prognoses, which
are often respectively difficult to characterize and determine,
also opening the way to novel molecular therapeutic
strategies.

The Lithium Treatment and the Pl Pathway

One important clue of the Pl involvement in psychiatric
disorders is represented by the relationship with lithium
metabolism. Lithium salts are actually considered as first-
line mood stabilizing agents for their acute antimanic/
antidepressant properties and proven efficacy in the long
term relapses prevention. The effects of lithium, more or less
successfully used since 1940s in the therapy of schizoaffective
disorders, were described along the years, and a number
of hypotheses were suggested about its activity. Although
the mechanisms whereby lithium exerts its action are not
highlighted, evidences support the hypothesis that lithium-
induced enhancement of serotonergic neurotransmission,
enhancementorstabilization of cholinergicneurotransmission,
and inhibition of the Pl pathway might play a relevant role [40].

Previous studies demonstrated that the activity of PLC
enzymes was reduced in platelets belonging to euthymic
manic-depressive patients on therapeutic lithium doses
compared to age/sex matched control group [42]. The
activities of prostaglandin E1 (PGE1)-, aluminum/NaF-, and
forskolin-stimulated platelet adenylate cyclase activity were
also measured in lithium-treated and control subjects [41]. A
marked reduction in both post-receptor (aluminum/NaF and
forskolin) and receptor-stimulated PGE1 platelet adenylate
cyclase activity was observed in the lithium-treated group
[42]. Further studies confirmed that the therapeutic efficacy
of lithium might follow the inhibitory effect on either Pl and/
or cyclic nucleotide metabolism [42]. In PC12 cells lithium,
at therapeutic doses, enhanced the Pl-mediated FOS (OMIM
*164810) expression induced by activating a muscarinic
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cholinergic pathway. By contrast, it had no effect at tenfold the
therapeutic dose on FOS expression induced by receptor or
post-receptor activators of cyclic adenosine monophosphate
(cAMP) [42], also described in phorbol esters-treated cells,
which directly activate PKC. That allowed suggest that lithium
interacts with the Pl pathway at the post-receptor level [42].

Several predictor features of lithium treatment efficacy were
reported by different authors, such as psychopathological,
environmental, biological, neurophysiologic and genetic
predictors [43]. Elements belonging to the Pl pathway were
also suggested as possible predictors of lithium efficacy.
Interesting findings were described with respect to the gene
which encodes for PLC 31, namely PLCGT (OMIM *172420) [43].
In fact, a higher frequency of PLCG1-5 repeat allele genes was
associated to good lithium response [43].

PLC Signaling in Mood Disorders

Mood disorders comprise of a group of diseases
characterized in the Diagnostic and Statistical Manual of
Mental Disorders classification system featured by disturbance
of the mood as the main underlying feature [83]. Mood
disorders comprise of both mania/hypomania, depressed
mood, including MDD (also called clinical depression,
unipolar depression, or major depression), and moods
which cycle between mania and depression, BPD (also called
manic depression). There are several sub-types of depressive
disorders or psychiatric syndromes featuring less severe
symptoms such as dysthymic disorder (similar to but milder
than MDD) and cyclothymic disorder (similar to but milder
than BPD).

Overall mood disorders represent an economic and social
cost, as a burden of functional impairment, disability or lost
work productivity, and increased use of health services [84].
Different signaling pathways play a role in the pathogenesis
of mood disorders, including the cyclic-cAMP, PI, MAPK, and
glycogen synthase kinase cascades, and changes in selected
signaling pathways were described [85]. Therapies actually
available seem to reciprocally regulate many of these changes
[85].

MDD has a lifetime prevalence of 16.2%, and is one of the
most frequent causes of loss of productivity, and suicide than
any other affective disorder, significantly contributing to
decreased quality and expectancy of life [86,87]. As for other
mood disorders, the signal transduction pathway of Pls was
also suggested to be involved in the pathophysiology of MDD
[88]. Brain regionally selective deficits in G-protein function
associated with Pl signaling were reported in subjects
presenting with MDD [89]. Abnormalities in nerve cell myo-
inositol levels and/or Pl-cycle regulation seem to be involved
in the pathogenesis of many psychiatric disorders, also
including MDD. Interestingly, the metabolism of myo-inositol
is strictly related to the Pl-cycle [89]. Some inconclusive reports

suggested a role for PLC 1 in mood disorders [11-15].

BPD presents with extreme unprovoked mood changes,
shifts in energy and activity levels, and impaired ability to
carry out day-to-day tasks. BPD usually presents with severe
symptoms which may limit the quality of life, and can result
in damaged interpersonal relationships, poor job or school
performance, rarely leading to suicidal behavior. BPD affected
patients more likely present to clinicians in the depressive
phase [90,91]. The lifetime prevalence of BPD spectrum is 4.5%
[92,93]. The diagnosis of BPD is often difficult, especially in early
presentations, and may require a long term observation of the
patient. The clinical presentation of a patient with BPD in the
depressive phase may not differ from that of a MDD affected
patient, so that, without appropriate screening, BPD patients
may be misdiagnosed [94-96]. Therefore, the identification
of molecular indicators for BPD diagnosis might be of great
interest in order to refine and/or anticipate the diagnosis.

Mood stabilizer molecules used in the treatment of BPD
act upon cellular receptors, including G-protein-coupled
receptors, glutamate receptors, and tyrosine receptor kinase.
The efficacy of mood stabilizers on transcription factors
probably allow the regulation of gene expression, strictly
related to neuroplasticity and cellular resilience.

Intracellular alterations were described in BPD to second
messenger systems, such as cAMP, protein kinase A, Pl signal
transduction pathways, glycogen synthase kinase-3, protein
kinase B, Wnt, and AA [97], which might result in the alteration
of different numerous neurotransmitter systems, probably
explaining the varied clinical symptoms in BPD.

Previous studies identified deletion of PLCBT gene in the
orbito-frontal cortex biopsy of one patient affected with BPD
using molecular cytogenetics analyses [13].

PLC Signaling in Suicide

About one million people die by suicide worldwide each year,
making suicide a major public health burden [98]. Evidences
supported by a number of studies suggested that suicide may
be associated with specific neurobiological abnormalities and
scientists focused upon abnormalities of the serotonergic
pathway and related receptor subtypes in post-mortem brain
of suicide victims [7].

Abnormalities of signaling mechanisms were recently
analyzedin the post-mortem brains of suicide dead individuals,
and great interest rose around the 5-hydroxytryptamine,,
(HT2A) receptor-linked Pl signaling system [7]. Recent
evidences indicated that PLC enzymes are involved in the
complex processes of neurite outgrowth and neurons
positioning [8]. Moreover, PLC isoforms were demonstrated to
participate in neuron functions mediated by neurotrophins,
and to be involved in brain development and synaptic
transmission [8].
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Activation of Gqg-coupled 5-HT2A receptors results in the
PLC catalyzed hydrolysis of membrane PIP2, generating IP3
and DAG. Therefore, abnormalities of 5-HT2A receptors have
the potential to alter a diverse set of cellular processes acting
via the PI system [99,100]. The most important gene in this
aspect is the brain-derived neurotrophic factor (BPDNF),
which has been studied in suicide, as well as in schizophrenia.
Interestingly, BPDNF and its receptor TrkB induce glutamate
release through activation of a pathway involving PLC isoforms
in developing cultured cortical neurons [101].

Previous data suggested the involvement of PLC enzymes
in suicide, with special regard to the PLC (31 enzyme
[102,103]. Recently, the rearrangement of the PLC enzymes
was described in post-mortem brains of individuals died by
suicide [15]. In the normal control brains casuistry, the panel of
expression of the PLC genes, comprising six isoforms (PLCBT,
PLCB3, PLCB4, PLCG1, PLCD3 and PLCHT) was different from
the panel of expression in the brains of suicide victims. PLCB1
was not expressed in 36%, suicide brains, PLCGT in 21%, PLCB3
and PLCB4 in less than 50% suicide brains, PLCD3 in 69% and
PLCHT in 79%. By contrast, two isoforms belonging to the
PLCD family, unexpressed in normal controls brains, resulted
expressed in suicide brains, namely PLCDT (11%) and PLCD4
(36%). [15]. The authors suggested a relationship between
rearrangements and the outcome of patients. Surprisingly,
the brain samples lacking PLCB1 expression belonged to the
youngest individuals in the analyzed casuistry. Moreover, the
youngest patients also lacked the expression of high number
of further isoforms. The detection of PLCD1 and PLCD4 in
9 out 19 individuals not expressing PLCD3 might be read as
the attempt to discharge the PLC 63 function. That might
indicate that the cooperation and organization of the isoforms
belonging to the PLCD family is complex, as suggested by
previous literature reports [23].

PLC Signaling in Schizophrenia

Schizophrenia (OMIM #181500) is a long-term mental
psychiatric disorder causing a range of different psychological
symptoms which affect cognitive functions such as attention,
motivation, execution, and emotion. The heterogeneous
clinical expression reflects different etiological factors, such
as altered expression of one or more genes, complications
at birth, biochemical alterations including neurotransmitters
imbalance, environmental factors, and immunological
abnormalities [104-106]. A large number of studies
demonstrated that schizophrenia heritability is 0.70-0.85
and that risk in siblings of affected individuals is 10-fold
increased [107]. Evidences suggest that schizophrenia arises
from a genetic predisposition affecting neurodevelopmental
processes, combined with exposure to environmental risk
factors [108]. This is not surprising, as the activity of the
cerebral cortex, functionally altered in subjects affected with
schizophrenia, requires a strictly regulated genetic program

for appropriate development [104-109]. The identification
of candidate genes might open the way to improve the
diagnosis, to evaluate and, in perspective, to limit the impact
of environmental factors. It also might help to provide
prognostic tools allowing to identify patients with different
clinical outcome, and to arrange personalized therapy
approaches.

The genetic predisposition of schizophrenia was supported
by a number of notable evidences [105]. An approximately 50%
concordance rate in monozygotic twins and 1% prevalence in
the general population was reported for schizophrenia [105].
Many susceptibility loci for schizophrenia were identified.
Significance levels for linkage to schizophrenia were obtained
for chromosome regions 6p24-p22 [110], 1921-q22 [79],
13932-q34 [111], 10p14 [112], 10925.3-026.3 [113], 8p22-p21
[111,114], 6921-g25 [115,116], 22q11-q12 [117,118], and
5q21-933[119,120].Afurthersusceptibility locus wasidentified
on the short arm of chromosome 20 (20p) [121]. In particular,
a smaller region was identified spanning 20p13-p12.2 [70,71].
PLCBT is constituted from 36 small exons and introns, and is
located on the short arm of human chromosome 20 (20p12,
nearby markers D205S917 and D20S177) [69].

The complexity of the mechanisms underlying schizophrenia
is witnessed by the involvement of a multitude of molecular
pathways, including dopaminergic [122,123], serotoninergic
[123,124], muscarinic [125-128], and glutamatergic signaling
[129-131]. The phosphoinositide (PI) signaling is thought
to represent the point of convergence among the above
pathways [132,133]. Previous studies performed to assess the
activity of the PI signal transduction system revealed that it
is selectively impaired in specific brain regions of subjects
with neurological and psychiatric disorders [134]. Further
studies suggested that subtle alterations of the activity of
the PI signal transduction system influence cognition, mood,
and behavior associated with mental disorders, including
schizophrenia [135]. Evidences indicated the presence of
mono-allelic deletion of the PLCBT gene in a low percentage
of post-mortem brains of schizophrenia affected patients
by molecular cytogenetic analyses [11,12]. Independently,
another study had demonstrated the reduction of PLCBT
transcript in the post-mortem brains of schizophrenic patients
by molecular biology analyses. A possible genetic association
of PLCBT and schizophrenia was reported in linkage studies
[121], and abnormal expression patterns in the brains of
schizophrenic patients were reported [75,136].

The evidences of the involvement of PLC 31 in schizophrenia
might be related to its activity. PLC 31 transduces intracellular
signals from specific muscarinic, glutamate and serotonin
receptors, all implicated in the pathogenesis of schizophrenia,
therefore representing a point of convergence of their
activities [21,136].
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Corroborating observations were obtained studying
experimental animal models. Plc 31 knockout (KO) mice
showed abnormal cortical development, synaptogenesis,
and dendritic spine maturation [74-76]. In adulthood, PLC 31
KO mice exhibit behavioral abnormalities, such as impaired
prepulse inhibition of acoustic startle and hyperactivity in
response to a novel environment, phenotypes currently
considered representative of schizophrenia features [77,78].

As already cited, the activity of pathways involving PLC 31 is
modulated by the regulator of G protein signaling 4 (RGS4).
The gene which codifies for RGS4 (RGS4, OMIM *602516)
is actually considered a candidate gene for schizophrenia
[39,48,79,80,104]. RGS4 negatively regulates the G protein
signaling by acting at Gq11 alpha subunits of the G protein in
vitro [137-139].

The outcome of disrupted PLC 1 signaling was studied in

PLC 31 KO mice [75] which have abnormal cortical maturation
including aberrant barrel formation in the somatosensory
cortex3, abnormal synapse formation and dendritic spine
dysmorphism [76]. Spatial memory deficits [140,141], and
behavioral abnormalities were also described [72], as well
as deficit in working memory, altered fear conditioning,
and motor/sensorimotor gating deficiencies, which all are
considered features of relevance to schizophrenia [77].
Furthermore, during development, a specific expression
pattern for RGS4 was demonstrated, the results of which
dramatically altered in the PLC 1 KO mice [72,140,141].

In normal human brain controls, the authors did not identify
PLCB1 deletions or subsequent mRNA transcript reduction.
The deletion of PLCB1, as well as the subsequent transcription
decrease was identified in a limited number of schizophrenia
affected patients, suggesting that the deletion of PLCBT might
be specifically associated to schizophrenia.

Further studies are required to verify whether PLCBT deletions
are causally involved in the etiology and/or pathogenesis of
schizophrenia. Although significant progresses were achieved
in studying the Pl system and its alterations in human brain,
many issues remain to be addressed with special regard to its
relationship with schizophrenia. In particular, further studies
are required both to refine the analysis of PLCBT gene, the role
of the PLC 31 enzyme and to extend the examination to other
molecules involved in Pl signaling.

Conclusion

Considerable research efforts have been made to delineate
the metabolic pathways acting in the nervous system, with
special regard to the morphology changes occurring in
the cortex and to the dysfunctions in the wide number of
molecules involved in signal transduction activities. However,
we are still far to highlight the complex organization and
networks that regulate the activity of the nervous system and

the dysfunctions occurring in mental affections.

Further studies are required to fully elucidate the complex
interplay among different signal transduction pathways or
among selected signaling molecules. Besides increasing the
knowledge of the events regulating the neural development
and the nervous tissue activity, understanding the role and
the timing of action of the signaling pathways acting in the
nervous system will contribute to highlight the etiology and
the pathogenesis and the clinical history of several nervous
diseases, with special regard to mood and schizoaffective
disorders.

The promising results of recent reports indicating that the
Pl system is involved in a number of psychiatric diseases
open the way to novel perspectives. That will probably be
helpful in diagnosis and prognosis, which often are difficult to
characterize, opening the way to novel molecular therapeutic
strategies.
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