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Abnormalities in the cAMP-dependent protein kinase
(PKA), a central component of cAMP signaling, have been
reported in several psychiatric disorders. Previous studies
showed cAMP signaling alterations in schizophrenic
patients but less is known about the involvement of PKA in
such disorder. Therefore, we investigated the PKA subunits
by Western blot analysis in platelets from 12 patients with
schizophrenia and 13 controls. The results showed that the
immunolabeling of the PKA requlatory subunits type I (RI)
and type II (RI1) was significantly reduced in patients

compared with controls whereas no differences were
observed in the catalytic (C) subunit of the enzyme. These
preliminary data suggest that schizoprenic patients have
altered PKA levels, thus supporting that dysfunctions in
the components of cAMP signaling may contribute to the
pathophysiology of schizophrenia.
[Neuropsychopharmacology 23:216-219, 2000]
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Schizophrenia is a severe and common disorder that
typically strikes young people. Although several neu-
rotransmitters seems to be involved in schizophrenia
(Kapur and Remington 1996; Tamminga 1998), the mo-
lecular mechanisms underlying its pathophysiology are
essentially unknown.
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The cAMP signal cascade is implicated in the intracel-
lular events mediated by various neurotransmitters and
previous studies have shown abnormalities in compo-
nents of cAMP signaling in schizophrenia. It has been
reported lower levels of Gia (Okada et al. 1991; Nishino
et al. 1993; Yang et al. 1998) whereas the cAMP response
to forskolin as well as the binding of forskolin to adeny-
lyl cyclase were found significantly elevated in schizo-
phrenic patients (Kerwin and Beats 1990; Natsukari et
al. 1997). These alterations may have associated effects
on PKA, a crucial component of cAMP signaling which
mediates most of the actions of cAMP, including the reg-
ulation of gene expression (Spaulding 1993). In this re-
gard, an increase in the cAMP binding to PKA was re-
ported in schizophrenic patients (Nishino et al. 1993).

It has been established that changes in the levels of R
subunits, which represent the cAMP receptors, and of C
subunits of PKA are one of the mechanisms by which
the enzyme accomplishes its regulation (Spaulding
1993). Within the context of psychiatric disorders we
have recently reported abnormal levels of PKA sub-
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units in platelets from patients with bipolar disorder
(BD) or obsessive compulsive disorder (OCD) (Perez et
al. 1999; Perez et al. 2000). However, no evidence is
available about the levels of PKA in schizophrenia.
Therefore, we designed this study in which the levels of
PKA subunits were assessed in platelets from schizo-
phrenic patients.

METHODS

This study was performed in accordance with the ethi-
cal standards laid down in the Declaration of Helsinki.

The patients’ group included 12 subjects (4 male/8 fe-
male; age, 41.6 = 7.5 years) recruited at the Psychiatric
Rehabilitation Center, Fatebenefratelli, Brescia, Italy. All
patients met the DSM-IV criteria for schizophrenia and
were assessed by means of the BPRS. The age at onset
and the duration of illness were 23.5 *+ 3.5 and 18.1 = 8.0
years, respectively. All patients received typical anti-
psychotics as maintenance therapy and underwent a
washout period of at least two weeks before entering
into the study.

Patients with other axis I diagnosis, organic illnesses,
history of alcohol or drug abuse were excluded. The
comparison group included 13 volunteers (6 male/7 fe-
male; age, 39.1 = 8.3 years) physically healthy without
any history of mental or medical disorders and free of
drug treatments for at least two weeks.
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Before enrollment in the study each subject or his/
her legal caregiver signed an informed consent, after
the aims of the study had been explained.

A morning blood sample was obtained from all sub-
jects. Platelets were isolated and processed by person-
nel blinded to diagnosis as described elsewhere (Perez
et al. 1999).

Aliquots of platelet proteins (5 wg) were subjected in
duplicate to SDS-PAGE and then transferred to PVDF
membranes. Patients” samples were always run on the
same gel with those of control subjects. Immunoblot-
ting experiments were performed as previously de-
scribed (Perez et al. 1999). Briefly, the membranes were
incubated in TBST buffer pH 7.6 containing 1% of BSA
in the presence of monoclonal antibodies against the RI,
RII and C subunits of PKA (dilution: 1/500) and actin
(dilution: 1/3500). Quantification of the immunoblots
and normalization of the data were performed as previ-
ously described (Perez et al. 1999).

Comparisons between groups were performed using
two-tailed Student’s t tests. Data are expressed as
means * SD.

RESULTS

The levels of PKA subunits and actin, a cytoskeletal
protein used as internal control, were assessed in plate-
lets from schizophrenic patients and controls. As

Patients Controls | MW Patients Controls
(n=12) (n=13)
Rl 90.15+8.53 97.67+5.29 | 49 kDa -t i o®
t=2.67, df=23, p=0.014
Rl 90.07+14.24 102.67+4.97 | 52 kDa il - w
t=3.00, df=23, p=0.006
C 92.33+20.77 101.06+14.03 | 40 kDa i | o
t=1.24, df=23, p=0.227
Actin | 102.94+12.87 102.69+13.96 | 42 kDa - . -
t=0.05, df=23, p=0.963

Figure 1. PKA subunits and actin immunoreactivity in platelets from schizophrenic patients and control subjects. Left
panel: Data are expressed as standardized densitometry units (mean * SD). Right panel: representative immunoblots of
PKA subunits and actin from patients with schizophrenia and control subjects.
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shown (Figure 1), the immunolabeling of both RI and
RII was significantly lower in patients than in compari-
son subjects (p = .014 and p = .006 respectively)
whereas no differences were observed in the immuno-
labeling of the C subunit and actin between patients
and controls.

DISCUSSION

Our study demonstrates that schizophrenic patients
have significantly lower levels of platelet PKA R sub-
units than controls without changes in the immunola-
beling of the C subunit. Interestingly, unlike in schizo-
phrenia the R subunits were found significantly
increased in OCD and unchanged in BD while lower
and higher levels of C subunits were observed in OCD
and BD, respectively (Perez et al. 1999; Perez et al.
2000). Indeed, the way in which the enzyme is altered
in schizophrenia seems to be specific.

Great care is necessary in interpreting data coming
from peripheral cells which are exposed to a different
neurohormonal environment than that of brain tissue.
Given the reported involvement of PKA in the action of
antipsychotics (Adams et al. 1997), the possible role of
pharmacological treatments in producing the observed
alterations cannot be fully excluded even though pa-
tients were drug free for at least two weeks. The reduced
levels of R subunits are unlikely to be the result of a gen-
eral alteration of platelet proteins because the immuno-
labeling of actin showed no change between groups.

Whether the observed alterations are a primary con-
dition or the consequence of adaptive response to other
cell dysfunctions is still unclear. It has been established
that exposure to cAMP could modulate PKA levels ei-
ther through altered stability of its subunits or by
changes in transcriptional or posttranscriptional pro-
cesses (Spaulding 1993). Viewed in this light, the de-
creased R subunits may be attributed to the reduction
of the Gia and the increased cAMP formation reported
in schizophrenic patients (Kerwin and Beats 1990; Nish-
ino et al. 1993; Natsukari et al. 1997; Yang et al. 1998).
Considering the crosstalk among signaling pathways,
the reduced R subunits may be related to the increased
activity of the phosphoinositide transduction system
(Natsukari et al 1997; Jope et al. 1998; Yang et al. 1998).

We are aware that more studies are needed to delin-
eate the relevance of our findings. However, the reduc-
tion in the R subunits, albeit relatively modest, may ex-
plain alone or in combination with other dysfunctions,
certain clinical and pharmacological features of schizo-
phrenia. This hypothesis is supported by studies show-
ing that PKA could play a key role in the regulation of
motor and emotive behavior, memory, stress and also
in the action of psychotropic medications (Abel et al.
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1997; Duman et al. 1997; Adams et al. 1997; Brandon et
al. 1998).

Although further replication in a larger group of
subjects is needed, these preliminary data suggest an
involvement of PKA in schizophrenia. Accordingly,
this study adds to the growing evidence suggesting that
PKA might contribute, albeit in a somewhat different
way, to the pathophysiology of psychiatric disorders,
thus delineating an emerging biochemical explanation
to the possible relationship among affective disorders,
OCD and schizophrenia.
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