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Altered cAMP-Dependent Protein Kinase A in Platelets
of Patients With Obsessive-Compulsive Disorder

Jorge Perez, M.D., Ph.D., Daniela Tardito, Ph.D., Luigi Ravizza, M.D., 
Giorgio Racagni, Ph.D., Silvia Mori, Ph.D., and Giuseppe Maina, M.D.

Objective: The purpose of this study was to assess cAMP-dependent protein kinase A
in patients with obsessive-compulsive disorder (OCD). Method: The levels and the activity
of protein kinase A were evaluated in whole platelets obtained from 12 unmedicated pa-
tients with OCD and 15 healthy comparison subjects. Results: The immunolabeling of pro-
tein kinase A regulatory subunits type I and II were significantly greater but that of the cat-
alytic subunit significantly lower in patients with OCD than in healthy subjects. The cAMP-
stimulated activity in patients with OCD was significantly lower than that in healthy subjects.
Conclusions: These data suggest a possible role of protein kinase A in the pathophysiol-
ogy of OCD. 

(Am J Psychiatry 2000; 157:284–286)

There is evidence for the involvement of cAMP sig-
naling in both the mechanism of action of antidepres-
sant medications and the pathophysiology of affective
disorders (1, 2).

Protein phosphorylation has a key role in cAMP sig-
naling because most of the intracellular events medi-
ated by cAMP occur through the activation of protein
kinase A, a serine-threonine kinase, which in turn
phosphorylates specific substrate proteins (3). Animal
studies have shown that protein kinase A itself and
some of its substrates are altered following administra-
tion of antidepressants, including selective serotonin
reuptake inhibitors (SSRIs) (4–6). Moreover, alter-
ations in the cAMP-dependent phosphorylation system
have been reported in patients with affective disorders
(7–10). However, it remains to be elucidated whether
these abnormalities are specifically related to affective
disorders or may also be present in other psychiatric
disorders. To address this question, in this study we

examined the protein kinase A in platelets from un-
medicated patients with obsessive-compulsive disorder
(OCD) and healthy comparison subjects.

METHOD

The study group included 12 male patients at the Department of
Neuroscience, University of Turin. All patients met DSM-III-R crite-
ria for OCD and had been assessed with the Yale-Brown Obsessive
Compulsive Scale (their mean total score was 22.1, SD=3.0). They
had no current comorbid axis I or axis III illnesses and had never re-
ceived fluoxetine or other SSRIs. The comparison group included 15
physically healthy men who had no history of any mental or medical
disorders. All subjects had been free of any drug treatment for at
least 1 month before the study.

The two groups did not significantly differ in age (mean age of
the patients with OCD was 30.67 years, SD=4.8; mean age of the
healthy subjects was 31.07 years, SD=6.6). After a complete de-
scription of the study to the subjects, written informed consent was
obtained.

A morning blood sample (50 ml) was obtained from each subject.
Platelets were isolated and processed as described previously (7, 10).
Platelet proteins were subjected in duplicate to SDS-PAGE and trans-
ferred to nitrocellulose membranes. Patients’ samples were always
run on the same gel with healthy subjects. Immunoblotting experi-
ments were performed as described elsewhere (10). Briefly, mem-
branes were incubated in TBST buffer pH 7.6 containing 1% of BSA
in the presence of monoclonal antibodies against the regulatory sub-
units type I and type II and the catalytic subunit of protein kinase A
(dilution: 1/500) and actin (dilution: 1/3,500).

Protein kinase A activity was measured as described elsewhere (8).
Assay was carried out at 30°C in a final volume of 50 µl incubation
mixture containing 100 mM Pipes pH 6.9, 10 mM MgCl2, 1 mM
EGTA, 1 mM DTT, 20 µl/ml aprotinin, 20 µl/ml leupeptin, 0.5 mM
PMS-F, 0.25 mg/ml BSA, 75 µM Kemptide, 10 µg platelet proteins,
1 mM IBMX, 1 µM cAMP, and 10 µM PKI as appropriate. Follow-
ing a 1-minute preincubation period, the reaction was initiated by
addition of 100 µM γ-32P[ATP] (100 cpm/pmol) and terminated af-
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ter 1 minute by addition of 10% TCA. The mixture (20 µl) was spot-
ted onto P81 phosphocellulose paper. The filters were washed sev-
eral times with 75 mM of phosphoric acid. Incorporated
radioactivity was measured by liquid scintillation.

Comparisons between groups were performed by using two-tailed
Student’s t tests followed by Bonferroni correction when appropri-
ate. Data are expressed as means and standard deviations.

RESULTS

Figure 1 shows representative immunoblots of pro-
tein kinase A subunits and actin in whole platelet ho-
mogenates from two patients with OCD and two
healthy subjects. The immunolabeling of regulatory
subunits type I and II was significantly higher in the
patients with OCD than in the healthy subjects. The
immunolabeling of the catalytic subunit was signifi-
cantly lower in patients with OCD than in the healthy
subjects. Immunostaining for actin showed no differ-
ence in the levels of this cytoskeletal protein between
the two groups (table 1).

To investigate whether the altered levels of protein
kinase A could reflect functional changes, the activity
of protein kinase A was measured in the whole plate-
lets of both groups. Although the basal activity of the
enzyme did not significantly differ between groups (t=
1.19, df=22, p=0.25), the cAMP-stimulated activity
was significantly diminished in patients with OCD
compared with healthy subjects (table 1).

DISCUSSION

Our data show that patients with OCD have signifi-
cantly higher levels of platelet regulatory subunits type
I and II and lower levels of the catalytic subunit than
healthy subjects. Moreover, cAMP-stimulated activity
was significantly diminished in patients with OCD
with respect to healthy subjects. It has been reported
(3) that altered protein kinase A levels are generally ac-
companied by modifications in its activity. Given that
all of our assays were carried out in the same patients,
the abnormal protein kinase A activity seems to be
caused by the altered levels of this enzyme. These find-
ings suggest that protein kinase A is affected in patients

with OCD. To our knowledge, this is the first time that
such a connection has been demonstrated between
OCD and proteins involved in cAMP signaling.

We ruled out the possibility that the observed alter-
ations could be the consequence of pharmacological
treatments because all of the patients and healthy sub-
jects had been medication free for at least 1 month.
However, given early data reporting that protein ki-
nase A is altered by SSRIs (4–6) and the well-docu-
mented efficacy of these medications in the treatment
of OCD (11), prospective studies in this area will be of
interest in testing whether SSRIs could elicit normal-
ization of protein kinase A in these patients. Such an
investigation might suggest a possible explanation for
the observation that the duration, dose, and response
rate of SSRIs differ when used to treat patients with
OCD and those with depression (11).

The mechanism(s) of our results and whether they
reflect a primary condition or a secondary response to
neurohormonal perturbations remain unclear. It is un-
likely, however, that the altered protein kinase A levels
are caused simply by unspecific variables or effects on
platelet proteins because the levels of actin, a cytoskel-
etal protein used as an internal control, did not differ
between groups.

TABLE 1. Protein Kinase A and Actin Levels and Protein Kinase A Activity in Platelets From 12 Patients With OCD and 15 Healthy
Comparison Subjects

Measure

Level or Activity

AnalysisaPatients With OCD
Healthy Comparison

Subjects

Mean SD Mean SD t df p

Protein kinase A subunit levels
Regulatory type I 108.62 11.04 96.74 7.33 3.35 25 0.0005
Regulatory type II 165.46 52.93 100.31 15.39 4.55 25 0.00002
Catalytic 67.98 10.72 99.63 11.36 7.37 25 0.00001

Actin (standardized densitometry units) 97.52 9.92 100.19 11.71 0.63 25 0.54
cAMP-stimulated protein kinase A activity (pmol/minute per mg protein)b 843.88 275.64 1454.48 465.85 3.91 22 0.0002
a Student’s t tests followed by Bonferroni correction.
b Only 12 comparison subjects were included in this analysis because a satisfactory amount of platelet proteins was not obtained for each

subject.

FIGURE 1. Representative Immunoblots of Protein Kinase A
Subunits and Actin From Two Patients With OCD and Two
Healthy Comparison Subjects
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Although the involvement of protein kinase A in
the pathophysiology of OCD seems potentially clear,
we are aware that considerable caution is necessary
when extrapolating from data obtained in peripheral
cells to the brain. The main limitation of peripheral
models is that blood cells are exposed to a different
environment, including circulating catecholamines
and hormones. Taking this limitation into account,
we think that our findings are in line with those of
previous studies showing abnormalities of cAMP sig-
naling in patients with affective disorders. Neverthe-
less, it should be emphasized that the components of
such systems seem to be altered in different ways in
patients with bipolar disorder (10), major depression
(8), or OCD.

In conclusion, these findings suggest that protein ki-
nase A is altered in patients with OCD. Further repli-
cation in a larger group of subjects will help to clarify
the relevance of these preliminary data in the patho-
physiology of OCD.
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