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Abstract

An association between the cytosolic phospholipase A2 locus (cPLA2Z) and schizophrenia has been
reported using two polymorphic DNA markers. In an attempt to replicate these results, two
independent family-based samples were ascertained from the United States and India (86 and 159
families, respectively). No significant associations were detected in either sample.
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INTRODUCTION

Several lines of evidence indicate that schizophrenia may be associated with abnormal
metabolism of membrane phospholipids, including reduced levels of arachidonic acid and
docosahexaenoic acid (Horrobin et al., 1995; Reddy and Yao, 1999). Increased activity of
cytosolic phospholipase A2 (cPLA2) is thought to account for these findings. cPLAZ2 is
widely distributed in human tissues, with elevated levels in the lung and hippocampus.
cPLA2 preferentially hydrolyzes arachidonic acid from the sn-2 position of membrane
phospholipids in a dose-dependent fashion (Clark ef a/., 1991). The released arachidonic
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acid and its eicosanoid metabolites play an important role as regulators of frans-synaptic
neuronal activity through modulatory effects on specific neuronal receptors, ion channels
and on neurotransmitter release (Hudson et a/., 1993). A reduction of arachidonic acid has
been found in erythrocyte membranes from patients with schizophrenia (Glen et al., 1994;
Peet et al., 1994), particularly in those with persistent chronic negative symptoms (Glen et
al., 1994). Elevated cPLA2 activity in the serum has been reported among patients with
schizophrenia, compared either with healthy control subjects or with psychiatric patients
without schizophrenia (Gattaz et al., 1987, 1990, 1995; Ross et al., 1997). Magnetic
resonance spectroscopy studies have also indirectly implicated cPLA2. Patients with
schizophrenia had significantly reduced levels of phosphomonoesters (PMEs) and
significantly increased levels of phosphodiesters (PDES) in the dorsal prefrontal cortex,
compared with healthy control subjects (Keshavan et al., 1991; Pettegrew et al., 1991).
While PMEs are cleaved from their respective phospholipids in the presence of
phospholipase C, the degradation of membrane phospholipids to PDEs is mediated by
phospholipase Al and A2.

The gene coding for cPLA2 has been localized on chromosome 1925 (Tay et al., 1995). Two
cPLAZ polymorphisms have been used for association studies of schizophrenia. A
significant association was first reported using a bi-allelic Barl restriction fragment length
polymorphism in the first intron of the cPLAZ2gene. A significant excess of individuals
homozygous for the A2 allele (Banl site present) were noted among 36 unrelated Indian
patients compared with 27 unrelated ethnically matched control subjects (odds ratio = 2.11,
P<0.03) (Lee et al., 1998). The association could not be detected among 193 unrelated
Caucasians and 101 unrelated healthy control subjects. In contrast, haplotype risk (HRR)
analysis among 50 Caucasian patients and their parents suggested excess transmission of A2
alleles to the patients (Wei et al., 1998).

A polyA polymorphism in the promoter region of cPLAZis located 1 kB upstream of the
first exon (Tay et al., 1995). Among 65 cases and matched unrelated control subjects,
Hudson et al. (1996a) detected a significant association using this polymorphism. The results
were later confirmed following HRR analysis of 44 case — parent triads (Hudson et al.,
1996b). However, an association could not be detected in a smaller sample of 58 cases and
56 control subjects (Price et al., 1997).

These results are suggestive, but the lack of consistency precludes definitive conclusions
about the putative genetic association. Some of the discordant results could be due to
inclusion of cases and unrelated control subjects. Such studies are prone to artifacts resulting
from the population substructure. Family-based association studies, such as those based on
the Transmission Disequilibrium Test (TDT), circumvent this potential problem by
investigating preferential transmission of alleles to probands from heterozygous parents
(Spielman et al., 1994). To investigate the proposed association more thoroughly, we
conducted our analyses using independent family-based US and Indian samples. Both the
Banl and the poly(A) polymorphisms were analyzed. In addition to the TDT, we also used
the Likelihood Ratio Test (LRT) (Weinberg, 1999). Like the TDT, the LRT is insensitive to
associations resulting from genetic admixture. Unlike the TDT, the LRT can usefully extract
information about transmission from single parent families. In addition, the LRT can also
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detect and discriminate between the effects of an inherited genotype versus a maternal
genotype. Since only heterozygous transmissions are used for TDT analysis, substantial
numbers of cases and parents may be discarded. Therefore, we also examined the
association using the US cases and ethnically matched, unrelated control subjects.

METHODS

Clinical

US sample cases and parents—The family-based sample was ascertained from
psychiatric treatment facilities within a 500 mile radius of Pittsburgh, PA. It consisted of
cases and available parents. The patients were recruited from outpatient and inpatient
treatment facilities in this region. Clinical information about the patients included the
Diagnostic Interview for Genetic Studies (DIGS) (Nurnberger et al., 1994), available
hospital records and relevant interviews with relatives. This information was synthesized and
a consensus diagnosis obtained (DSM-1V criteria, American Psychiatric Association, 1994).
The parents of the cases provided blood samples, but psychiatric assessments were not
conducted. There were 86 cases and 130 parents drawn from 86 families (44 patients with
both parents and 42 patients with one parent). Only one case was selected from each family.
There were 69 families of Caucasian and 17 families of African-American ethnicity. Among
the cases, 47 fulfilled DSM-IV criteria for schizophrenia and the remainder were diagnosed
with schizoaffective disorder. The sample included 52 men and 34 women, with a mean age
of 36 years [range, 21-62, standard deviation (SD) = 8.6].

Three additional African-American cases and five Caucasian cases did not have a parent
available but were included in the analyses involving unrelated control subjects. Thus, a total
of 94 cases were available for these analyses. All participants provided written informed
consent as required by the University of Pittsburgh Institutional Review Board (IRB).

Unrelated US controls—Cord blood samples were obtained from 94 live births at
Magee-Women’s Hospital, Pittsburgh, PA and served as unscreened, population-based
controls. No information apart from ethnicity and gender was available for these samples.
Therefore, informed consent was not required by the University of Pittsburgh IRB.

Indian sample—The sampling design and interview procedures were identical to those of
the US studies. We used the Hindi version of the DIGS (Deshpande et a/., 1998). Patients
were ascertained from psychiatric treatment facilities in the metropolitan New Delhi area.
There were 159 cases and 283 parents drawn from 159 families (124 patients with both
parents and 35 patients with one parent). Only one case was selected from each family. All
but two of the cases were diagnosed with schizophrenia (DSM-IV criteria). The cases
included 95 men and 64 women, with a mean age of 33.3 years (range, 16-59; SD 9.2). All
participants provided written informed consent as required by the University of Pittsburgh
IRB, the Office for Protection of Research Risks (National Institutes of Health), the ethical
committees based at the University of Delhi, and Dr Ram Manohar Lohia Hospital, New
Delhi.
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Laboratory

Samples from the US participants were analyzed at the University of Pittsburgh (V.L.N.)and
those from India at University of Delhi, South Campus (B.K.T.). Genomic DNA was
extracted from whole blood by using the phenol-chloroform method.

Banl polymorphism

The sequence containing the polymorpbhic site for Banl in the first intron of the cPLAZ gene
was amplified using the polymerase chain reaction (PCR). The primers used were
CATGCCCGTAATACCAGCAC (forward) and GCAAACAAGATGAATGGGAAC
(reverse)(Wei et al., 1998). PCR conditions included initial denaturation at 94°C for 5 min,
35 cycles of 96°C for 20 s, 60°C for 30 s, 72°C for 30 s, and a final extension at 72°C for 5
min using a Perkin-Elmer 9600 thermocycler. The PCR reactions (12 included 80 ng
genomic DNA, 100 uM each dNTP, 2.1 mM MgCl;, 3 pmol each primer, 0.25 U 7ag
polymerase, 0.125 ul formamide and 1 x PCR buffer. The amplified 546 base-pairs PCR
product was digested with Banl for 2 h and electrophoresced on a 2% agarose gel. The
digestion yielded a dimorphic site with two alleles: Al (restriction site absent) and A2
(restriction site present).

Poly(A) polymorphism
The primers used were CCTCCTTTCTAGAAATTCAG (forward) and
CAGAGCTTCAGTGAGCCA (reverse) (Price et al., 1997). The forward primer was labeled
with y-32P-ATP by T4 polynucleotide kinase. The PCR reactions (10 pl)included 60 ng
genomic DNA, 250 uM dATP, dGTP and dTTP, 100 uM dCTP, 1.5 mM MgCl,, 6 pmol each
primer, 0.5 U Taq polymerase, 1 x Taq buffer and 0.025 pl a.-32P-dCTP (3000 Ci/mmol
specific activity). PCR conditions included initial denaturation at 97°C for 7 min, 25 cycles
of 95°C for 90s, 57°C for 40 s, 72°C for 40 s, and a final extension at 72°C for 5 min using a
Perkin-Elmer 9600 thermal cycler. The PCR samples were run on 6% polyacrylamide gel
electrophoresis at 1500 V/2 h. The M13 DNA sequencing ladder and a CEPH sample were
used as internal controls.

Statistical analysis

The chi-square test was used for comparisons between cases and unrelated controls. We
conducted TDT analysis using the Monte Carlo Extended TDT (MCETDT) (Zhao et al.,
1999). The ETDT calculates three likelihood ratio TDT statistics: an allele-wise statistic that
assumes an allele-specific effect on transmission distortion, a genotype-wise statistic that
allows for an independent effect for each parental genotype, and a goodness-of-fit statistic
that assesses the adequacy of the allele-wise model compared with the genotype-wise model.
The MCETDT software excludes families where parental genotypes are missing or if it is
not possible to deduce transmitted alleles (Sham and Curtis, 1995). We utilized
GENEHUNTER software for TDT analysis involving haplotypes (Kruglyak et a/., 1996).
Since our US sample included a substantial number of families in which a parent was
unavailable, we also used the LRT (Weinberg, 1999). Linkage disequilibrium was estimated
using published software applied to the parents of the US cases (Zhao et a/., 2000).

Psychiatr Genet. Author manuscript; available in PMC 2017 June 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chowdari et al. Page 5

RESULTS

Banl polymorphism

Of the 86 US and 159 Indian families, only 42 and 116 heterozygous transmissions,
respectively, could be analyzed using MCETDT. No significant transmission distortions
were detected in either sample. Among the informative transmissions, 22 Al and 20 A2
alleles were transmitted in the US sample. In the Indian sample, 59 A1 alleles were
transmitted compared with 47 A2 alleles. The LRT did not yield significant evidence for an
association in the US sample [inherited genotype effect, Xz =2.12, 2 degrees of freedom
(df); maternal genotype effect, y2 = 0.24, 2 df; interaction effect, x2 = 2.52, 2 df]. A
significant association was also not detected in the Indian sample (inherited genotype effect,
x? = 0.99, 2 df; maternal genotype effect, x2 = 2.56, 2 df; interaction effect, x = 0.54, 2

df).

In view of the published reports involving unrelated controls, we also compared a subset of
our US cases with ethnically matched neonatal controls. No significant differences in
genotype distribution or allele frequencies were noted among 74 Caucasian and 20 African-
American cases compared with the unrelated controls (Table 1).

Poly(A) polymorphism
Since an association was detected in the promoter region among Caucasians, we also
conducted TDT analysis using this marker in our US sample. We identified 26 different
alleles and numbered them according to the number of ‘A’ repeats; thus A17 represents the
allele with 17 repeats. The following alleles were detected: A17, A18, A19, A24, A27, A29,
A31, A32, A33, A34, A35, A37, A38, A39, A40, Adl, Ad2, A43, Ad4, A45, A46, A47,
A48, A49, A51, A52. The distribution of the alleles is in the same range as those reported by
Price et al. (1997), but differs from another report in which 10 alleles were detected (Hudson
et al., 1996b). TDT analysis did not reveal significant excess transmission of any allele
(distribution of transmitted alleles using the aforementioned nomenclature: 0, 3, 2, 2, 0, 1, 2,
2,1,0,2,6,10,4,6,5,4,3,8,4,1,3,2,2,0, 2; untransmitted alleles: 1, 1,0,0, 2, 1, 3,0, 1,
2,3,5,10,5,11,8,4,2,4,6,2,1,1,1,1,0). The LRT was not employed for the
poly(A)polymorphism because currently available software can be used only for bi-allelic
markers. Although the LRT could have been used if individual alleles were analyzed, we
wished to avoid multiple comparisons.

Haplotype-based analyses—We analyzed the parental transmission of haplotypes using
the TDT. Thirty-three different haplotypes were transmitted in the US family-based sample.
No significant evidence for transmission distortion was noted.

Linkage disequilibirum—Since genotypes for the poly(A)polymorphism were not
available among the population-based neonatal controls or for the Indian sample, we
estimated linkage disequilibrium (LD)between this polymorphism and the Banl
polymorphism among the US parents only. Significant levels of LD were present among 86
Caucasian parents for whom genotypes were available (number of inferred haplotyopes, 38;
D’ +SD =0.567 +0.07, X2 =72.4, 25 df, P=0.00001). Significant LD was also observed
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in the smaller sample of 18 African-American parents (19 haplotypes inferred; O’ + SD=
0.885+ 0.07, ¢ 2= 25.8, 14 df, P=0.028) (Lewontin, 1988; Zhao et al., 2000).

Power analysis

The published association for the Banl polymorphism suggests a recessive mode of
inheritance and a frequency of 0.54 for the associated A2 allele among Indian controls (odds
ratio = 2.11; Lee et al.,, 1998). Power estimates for family-based samples designed to test
genome-wide associations have been published (Knapp, 1999). The significance level (a)
was set at 1077 in these analyses. A less stringent value (a = 0.05) is permissible in
replicative studies. A crude approximation suggests a reduction in the required sample size
by a factor of 1/6 (M. Knapp, 1999 personal communication). Using these estimates, the
Indian sample would have approximately 80% power to detect the putative association (two-
tailed). The published association for the poly(A) polymorphism suggests an increased
frequency of the A9 allele among cases (frequency among controls, 0.03, odds ratio = 5.0;
Hudson et al.,, 1996a). The available US sample would be unlikely to have adequate power,
as only two informative transmissions for the A9 allele were detected in our sample.

DISCUSSION

Evidence is mounting for abnormal membrane phospholipid metabolism in schizophrenia
(Horrobin et al., 1994; Ross et al.,, 1999). The fact that certain polyunsaturated fatty acids,
particularly arachidonic acid and docosahexaneoic acid, are significantly depleted in
membrane phospholipids from patients with schizophrenia, and the recent reports of
significant reductions in positive symptoms in patients after essential fatty acids
supplementation (Peet, 1999), makes cPLAZ gene an interesting candidate gene in
schizophrenia genetics. To date, two polymorphisms at the ¢cPLAZlocus have been reported
to be associated with schizophrenia (Wei et a/., 1998; Peet et al., 1998).

Our analyses do not support either of the published associations. We did not detect
significant distortion of parental transmission for Baril alleles in either of our family-based
samples. This is unlikely to be due to exclusion of single-parent families from TDT analysis,
since LRT analysis did not support the association. Comparison of our US cases with
unrelated control subjects also did not suggest an association. We also analyzed a highly
polymorphic (A), marker that is localized to the promoter region and could plausibly have
functional relevance. A significant association was not detected in our US sample. Although
our sample lacks adequate power to investigate this highly polymorphic marker, it is
noteworthy that it is in significant LD with the Banl locus.

A number of other factors could also explain the failure to detect associations. These include
variations in the sample characteristics, such as differing levels of population admixture
between our samples and those published, or differences in the exposure to environmental
etiological factors that may interact with variations in ¢cPLAZ. In addition, allelic
heterogeneity cannot be excluded. Since only two polymorphisms were examined, it is
possible that other unknown polymorphisms in the cPLAZ2 gene confer risk in our samples.
Therefore, further studies are required before cPLAZ can be excluded as a susceptibility
gene for schizophrenia.
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