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Abstract Phospholipases A2 (PLA2) are a family
of key enzymes in the metabolism of membrane
phospholipids. Several studies reported on increased
blood and brain PLA2 activity in schizophrenia,
which suggest a disordered phospholipid metabolism
in the disease. In addition, a genetic variant of a
cytosolic PLA2 gene has been reported to be associ-
ated with schizophrenia. These data indicate that
variants of PLA2 encoding genes are plausible can-
didates for increasing the susceptibility for schizo-
phrenia. In this study, we investigated a possible
association between PLA2 activity in platelets and a
polymorphic site for Banl in the PLA2 (group 4A)
gene on chromosome 1q25. Seventy-five schizo-
phrenic patients (DSM-IV) and 68 healthy controls
were recruited and the PCR assays were performed. A
radioenzymatic assay for the cytosolic PLA, activity
in platelets was used. The allele A2 and the genotype
A2A2 were more frequent in schizophrenic patients
than in controls (p < 0.005 and p < 0.05 respectively).
When we assorted the subjects according to their
genotypes, we found that PLA2 activity was signifi-
cantly higher in patients with the A2A2 genotype
(29.6 £ 5.1 pMol/mg protein/min) than in those with
the A1A2 (20.8 + 3.6 pMol/mg protein/min, p <
0.001) or Al1Al genotype (15.9 + 5.1 pMol/mg pro-
tein/min, p < 0.001). Also in controls, carriers of the
A2 allele (A1A2 and A2A2) had higher PLA2 activity
than the A1A1 group (p = 0.004 for both). Our data
suggest an association between Banl genotype and
PLA2G4A activity in platelets and that the presence of
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the allele A2 may increase risk for schizophrenia
through an increment of PLA2 activity.
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Introduction

Increased phospholipase A2 (PLA2) activity has been
reported in the blood and in brain tissue from schizo-
phrenic patients [7-9, 10, 11, 13, 23, 25], suggesting an
accelerated breakdown of membrane phospholipids in
the disease. This acceleration has been mainly attrib-
uted to the increased activity of the cytosolic enzyme
activity (cPLA2), which selectively cleaves arachidonic
acid from natural membrane vesicles [4]. This is in line
with the findings that arachidonic acid (AA) and do-
cosahexaenoic acid are significantly depleted in mem-
brane phospholipids from patients with schizophrenia
[19] and with the clinical reports of significant reduc-
tions in positive symptoms in patients after essential
fatty acids supplementation [18].

Brain phospholipids are interesting sites for the
interaction between genes and environment because
the enzymes and other proteins that regulate phos-
pholipid metabolism are clearly genetically deter-
mined [11, 12]. Two polymorphisms of the cPLA2
gene (PLA2G4A) have been found in chromosome
1q25: the polyA polymorphism and the Banl poly-
morphism, which occur near the promoter region and
near the first intron, respectively [26]. In line with the
findings of altered cPLA2 activity in schizophrenia,
there are previous reports of an association between
polymorphisms of PLA2G4A and the disease [13, 17,
19, 22, 28, 29, 30]. However, results are still contra-
dictory and a number of studies reported a lack of
association between the cPLA2 gene and schizophre-
nia [3, 6, 21, 24, 31].



Table 1 Allele and genotype frequencies of the Banl dimorphic site in human
cPLA2 gene among schizophrenic patients (n = 75) and in healthy controls
(n = 68)

Group Allelic fragment? Genotype®

Al A2 A1A1 A1A2 A2A2

Schizophrenic 76 (50.7%) 74 (49.3%) 23 (30.7%) 30 (40.0%) 22 (29.3%)
patients

Controls 92 (67.6%) 44 (32.4%) 35 (51.5%) 22 (32.3%) 11 (16.2%)

2 Allele, x* = 7.800; df = 1; p = 0.005
b Genotype, X2 = 7.054; df = 2; p = 0.029

To clarify this issue further we investigated in the
present study simultaneously the cPLA2 activity and
the Banl polymorphism on intron 1 of PLA2G4A in
schizophrenic patients. We found that in schizo-
phrenic patients PLA2 activity was higher and that the
genotype A2A2 was more frequent than in controls. In
addition, individuals with A2A2 genotype showed the
highest PLA2 activities.

Subjects and methods

Subjects

A total of 75 caucasian inpatients who fulfilled DSM-IV [1] criteria
for schizophrenia were recruited at the Institute of Psychiatry,
Faculty of Medicine, University of Sdo Paulo. All patients were
drug-free for at least 2 weeks and had no comorbidity with organic
or neurological disease. The controls were 68 healthy individuals
recruited from the Blood Center from the same university hospital.
The controls were examined by a trained psychiatrist to exclude
past and family history of psychiatric disorder, as well as comor-
bidity with organic and neurological disorders. Thirty-two (43%)
patients were male, with a mean age of 33.5 £ 11.0 years and 32
controls (47%) were male, with a mean age of 35.0 + 9.3 years. Sex
and age distributions were not different between patients and
controls (p = 0.81 and p = 0.30, respectively).

All the subjects gave informed consent to participate in this
study, which was approved by the local ethics committee (protocol
number 442/01).

Genotyping

Genomic DNA was extracted from leucocytes using salting out
method [15]. The PLA2G4A gene is mapped to chromosome 1q25
and encodes a cytolosic form of PLA2, classified into group 4 alpha.
The genotyping of Banl polymorphism, located in the first intron of
PLA2G4A, was amplified by polymerase chain reaction (PCR)-
based methods using forward and reverse primers (forward, 5-TGT
GCA TTT GCT CAA AGG AG-3" and reverse, 5-GTT CGC TGT TTT
CGC TCA G-3’), with modified condition as described elsewhere
[19].

Platelet isolation

Venous blood (40 ml) was collected in sodium citrate-coated tubes
of 10 ml. Blood samples were homogenized in 1 ml of acid citrate
dextrose solution (glucose 123.8 mM, sodium citrate 83.9 mM, ci-
tric acid 41.3 mM) and centrifuged for 15 min at 515¢ and room
temperature. Supernatants (platelet-rich plasma fractions) were
removed and pH adjusted to 6.5 and centrifuged for 10 min at
1,159g¢ (room temperature). Pellets were re-suspended in 5 ml of
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wash-solution (trissodium citrate 30 mM pH 6.5, KCl 5 mM, MgCl,
1 mM, CaCl, 2 mM, 0.9% NaCl, glucose 5 mM, albumin 0.005%,
apyrase 20 units/ml) and centrifuged for 8 min at 1,159g (room
temperature). Platelet-rich pellets were then re-suspended in 500 pl
of tris-sucrose solution (tris 50 mM pH 7.4, sucrose 233 mM) and
stored at —70°C until determinations were performed. Prior to the
radioenzymatic assays, protein levels were determined for each
aliquot by a colorimetric assay (Bio-Rad DC protein assay).

PLA2 activity in platelets

The substrate used was l-alpha-1-palmitoyl-2-arachidonyl-phos-
phatidylcholine labeled with [I-'*C] in the arachidonyl tail at
position sn-2 (**C-PC) (48 mCi/mmol specific activity, New
England Nuclear, Boston MA), previously diluted 1:10 (v/v) in a
0.14 g/ml solution of the antioxidant BHT (buthylated hydroxy-
toluene) prepared in toluol-ethanol (1:1, v/v). Prior to enzymatic
reaction, "*C-PC solution was nitrogen evaporated in a glass vial
(total volume equivalent to 0.06 mCi per aliquot), re-suspended
in 5 mg/ml human albumin solution (150 pl per aliquot), and
homogenized by sonication. Platelet samples were diluted in
400 pul of Tris-sucrose solution to a concentration of 0.1 mg
protein/ml, and the final volumes of the various aliquots were
equalized to 1 ml by the addition of Tris buffer (50 mm, pH 8.5).
The aliquots for enzymatic reactions were prepared on ice with
200 pl of diluted platelet samples (or respective blanks), 100 pl
of calcium chloride (CaCl, 25 mm), 50 ul of Tris (1 m, pH 8.5)
and 150 pl of the re-suspended radioactive "“C-PC. Samples were
then immersed in a 37°C shaking water-bath for 30 min, after
which 700 pl of stop solution (hydrochloric acid-isopropanol 1:12
v/v) were added. Samples were allowed to rest for 10 min at
room temperature in order to halt the enzymatic reaction.
Radioactive arachidonic acid (**C-AA) released by the PLA2
cleavage of '“C-PC was then extracted by the n-heptane-silica
method with Dole’s reagent followed by adsorption of phos-
pholipids on silica. Samples were homogenized in 700 pl of n-
heptane, and after 5 min, centrifuged at 3,220¢ at room tem-
perature for 10 min. About 500 pl of the upper phase were
transferred to silica-coated tubes containing 300 pl of n-heptane.
A second spinning was then performed for 10 min, after which
500 pl of the upper phase was added to the scintillation solution.
Finally, the radioactivity of '*C-AA was measured in a liquid
scintillation counter (Packard Tri-Carb 2100 TR) and CPM
counts/min was transformed in a measurement of the PLA,
activity expressed in pMol/mg protein/min. All PLA2 activity
determinations were performed in triplicate.

Data analyses

All comparisons of genotype and allele frequencies in this study
were made using the y’-square test. Probability (p) values of <0.05
were considered statistically significant (two-tailed). Unpaired
Student’s t-tests were used for comparisons between groups.

Results

Hardy-Weinberg equilibrium for the distribution of
genotypes was estimated using HWE program [16]
and the results were within the expected equilibrium
(data not shown). The genotype and allele distribu-
tions in schizophrenia patients were significantly
different from those of the controls (Table 1). The
PCR products, digested by the restriction enzyme
Banl, showed two individual alleles, A1 (cut) and A2
(uncut). The distribution of those alleles were 51% for
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Table 2 PLA2G4A Banl genotypes and cPLA2 activity (in pMol/mg protein/
min) in platelets in schizophrenic patients (n = 75) and healthy controls
(n = 68)

Genotype PLA2 activity

Schizophrenic patients Controls

(n =175) (n = 68)
A1A1 159 £ 5.1 135 + 47
A1A2 208 + 3.6° 18.4 + 3.8°
A2A2 296 + 46° 185 + 4.4°

@ p < 0.001 compared to A1A1
b p < 0.001 compared to ATAT and p < 0.001 compared to ATA2
¢ p = 0.004 compared to ATA1

Al and 49% for A2 in patients and 68% for Al and
32% for A2 in healthy controls (p = 0.005). In addi-
tion, schizophrenic patients had a significant excess of
A2A2 homozygote genotype as compared to controls
(p = 0.03) (Table 1).

Platelet cPLA, activity was significantly increased
in schizophrenics (21.8 + 6.8 pMol/mg protein/min)
as compared to healthy controls (15.9 + 5.0 pMol/mg
protein/min, p = 0.02). When subjects were assorted
according to their genotypes, we found that subjects
with the A2A2 genotype had significantly higher
platelet cPLA2 activity (29.6 + 5.1 pMol/mg protein/
min) than those with the A1A2 (20.8 % 3.6 pMol/mg
protein/min, p < 0.001) or AlAl genotypes
(15.9 = 5.1 pMol/mg protein/min, p < 0.001). Also in
controls, the carriers of the A2 allele (A1A2 and
A2A2) had higher c¢PLA2 activity than the AIlAl
group (p = 0.004 for both) (Table 2).

Discussion

The present finding of increased platelet cPLA2
activity in schizophrenia is in line with our previous
results [8, 9, 25] and suggests an accelerated break-
down of membrane phospholipids in schizophrenia.
The genotype and allele distributions of Banl poly-
morphism of PLA2G4A were significantly different
between patients and controls, which is in line with
previous studies showing a positive association of A2
allele with schizophrenia [17, 19, 30]. Obviously the
present sample is too small to investigate any asso-
ciation between genotypes and the disease. This was
not, however, the aim of the present study, which was
designed to investigate the association between Banl
genotypes and cPLA2 activity in schizophrenia. Thus,
our finding of an association of A2 with schizophrenia
has, at best, a confirmatory character regarding data
from the literature.

Rybakowski et al. [22] reported an association
between the allele A2 and disturbances of eye move-
ment in schizophrenic patients, which are discussed
as possible susceptibility markers for schizophrenia
[27]. This association suggests that the allele A2 could

be transmitted as a specific endophenotype of
schizophrenia. Although the functional significance of
the PLA2G4A Banl polymorphism has not yet been
clarified, our data indicate an effect of the A2 allele on
regulatory factors of cPLA2 activity.

There is convincing evidence that phospholipid
metabolism is abnormal in schizophrenia and cPLA2
has been shown to be elevated in these patients (re-
view in [14]). In the present study, we investigated the
enzyme activity in platelets, which are considered
useful peripheral models for neurons, as both share
some membrane and receptor properties [2, 5]. Blood
cells have frequently been used to draw analogies to
brain tissue regarding membrane abnormalities in
neuropsychiatric disorders [20].

When we assorted the subjects according to their
PLA2G4A Banl genotypes, we found that cPLA2
activity in platelets was significantly higher in patients
with the A2A2 genotype (29.6 + 4.6 pMol/mg protein/
min) than in those with the A1A2 (20.8 + 3.6 pMol/
mg protein/min) or A1A1 (15.9 + 5.1 pMol/mg pro-
tein/min) (p < 0.05). The cPLA, enzyme has a number
of properties that are crucial for signal transduction,
such as migration to the membrane when activated by
a variety of signals (for instance changes in intracel-
lular calcium concentration), the production of pro-
staglandins and other lipid-based neuronal
messengers, as well as the regulation by dopamine and
glutamate receptors (review in [14]). Thus, increased
PLA2 activity could contribute to a disordered brain
function in schizophrenia. Taken together, our finding
of an association between the PLA2G4A Banl genotype
and PLA2 activity suggests that individuals with the
allele A2 may present a higher risk for schizophrenia
due to increased PLA2 activity.
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