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Abstract

Objective—STriatal-Enriched protein tyrosine Phosphatase (STEP) is a brain-specific member
of the PTP family that has been implicated in learning and memory. In this study, we examined
the association of the PTPN5 (protein-tyrosine-phosphatase non-receptor 5) gene, which encodes
for STEP, with both schizophrenia and cognitive functioning in the Israeli Jewish population.

Methods—A 868 subjects schizophrenia (SZ) case-control study was performed (286 cases and
582 controls). Eleven STEP tagging SNPs were selected, and single markers and haplotypes
association analyses were performed. A cognitive variability study included 437 healthy females
who completed a computerized cognitive battery. We performed univariate associations between
the SNPs and cognitive performance. The possible functional role of these variants was examined
by studying their association with gene expression levels in the brain.

Results—In the SZ study, we found nominal association in the whole sample between rs4075664
and SZ. SZ males showed a more significant association for 3 SNPs (rs4075664, rs2278732,
rs4757710). Haplotypes of the studied SNPs were associated with SZ both in the overall sample
and within the male sub-sample. Expression analysis provided some support for the effects of the
associated SNPs on PTPN5 expression level. The cognitive variability study showed positive
associations between PTPN5 SNPs and different cognitive subtests. Principal component analysis
demonstrated an “Attention Index” neurocognitive component that was associated with two SNP
pairs (rs10832983*rs10766504 and rs7932938*rs4757718).

Conclusion—The results imply a model in which PTPN5 may play a role in normal cognitive
functioning and contributes to aspects of the neuropathology of schizophrenia.
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1. Introduction

STriatal-Enriched protein tyrosine Phosphatase (STEP) is implicated in the regulation of
synaptic plasticity. This occurs through the regulation of NMDAR (N-methyl-D-aspartate
receptor) trafficking by STEP (Snyder et al., 2005; Xu et al., 2009; Zhang et al., 2010).
Dephosphorylation of a regulatory tyrosine (Y1472) leads to the internalization of NR1/
NR2B receptor complexes. In addition, STEP dephosphorylation of the GIuR2 subunit of
the a-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid receptor (AMPAR) leads to
internalization of GIUR1/GIuR2 receptors (Zhang et al., 2008; Zhang et al., in press). STEP
also dephosphorylates several kinases that include the mitogen-activated protein kinases
(MAPKSs) family members extracellular signal regulated kinase (ERK1/2) and p38 (Paul et
al., 2003; Paul et al., 2000; Pulido et al., 1998; Valjent et al., 2005), and the tyrosine kinase
Fyn (Nguyen et al., 2002). As these kinases and receptors are implicated in the consolidation
of memories, a model has emerged that suggests that STEP normally opposes the
development of synaptic strengthening (Braithwaite et al., 2006a). Based on these studies,
we tested the association of STEP with neurocognitive function and its possible contribution
to schizophrenia (Sz).

SZ is a serious mental disorder that affects up to 1% of the population worldwide. This
multifactorial disorder has been the subject of numerous family, twin and adoption studies.
These studies indicate that the risk of illness is increased among the relatives of affected
individuals mostly due to genetic factors (Owen, 2005a; Owen et al., 2005b; Riley and
Kendler, 2006). Genetic epidemiology studies indicate that the transmission of SZ is
complex and compatible with a multi-locus model (Owen, 2005a). Supported by rapidly
developing technology, genetic research in schizophrenia has focused recently on genome-
wide association studies (GWASSs), which can capture the majority of common variation in
the human genome and putatively identify susceptibility genes with effect sizes expected for
the disorder. Up to now, fourteen case-control and two family-based GWASs for
schizophrenia and two meta-analyses have been published (Athanasiu et al., 2010; Chen et
al., 2010; Curtis et al., 2010; Huang et al., 2010; Ikeda et al., 2010; Kirov et al., 2009b;
Lencz et al., 2007; Ma et al., 2011; Mah et al., 2006; O'Donovan et al., 2008; Potkin et al.,
2009; Purcell et al., 2009; Shi et al., 2009; Shifman et al., 2008; Stefansson et al., 2009;
Sullivan et al., 2008; Wang et al., 2010; Yamada et al., 2011). Our group recently published
the results of two GWASs in SZ in the Arab (Alkelai et al., 2011a) and Jewish (Alkelai et
al., 2011b) populations from Israel.

Although these studies identified candidate genes with small effect sizes such as PLXNAZ
(Mah et al., 2006), CSFZRA and /IL3RA (Lencz et al., 2007), CCDC60and RBPI(Kirov et
al., 2009b), RELN (Shifman et al., 2008), ZNVF804A (O'Donovan et al., 2008; Purcell et al.,
2009), MYO18B (Purcell et al., 2009), MHC region (Purcell et al., 2009; Stefansson et al.,
2009), NRGNand TCF4 (Stefansson et al., 2009), some of the findings did not achieve
genome-wide significance and there was no overlap between significant results. In addition,
none of these GWASs demonstrated significant replication of leading, biologically
plausible, schizophrenia candidate genes (Duan et al., 2010). Moreover, while some of the
genes found have potential pathophysiological relevance to schizophrenia, unambiguous
pathogenic variants have not been identified in the implicated genes (Owen et al., 2009).
Recently published studies also provided support for an involvement of Copy Number
Variations (CNVSs) in schizophrenia (Ingason et al., 2011; International Schizophrenia

Psychiatr Genet. Author manuscript; available in PMC 2013 September 03.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Pelov et al.

Page 3

Consortium, 2008; Kirov et al., 2009a; McCarthy et al., 2009; Mulle et al., 2010; Stefansson
et al., 2008; Walsh et al., 2008; Xu et al., 2008), but their relevance to the genetics of SZ in
general is not clear yet (Bassett et al., 2010). Thus, despite developments in the genetic
research of SZ, it is well accepted that few of the disease loci have been unequivocally
identified by now (Gejman et al., 2010; Nothen et al., 2010) and many are yet to be
discovered.

SZ also has a strong neurocognitive component. Deficits in SZ exist in relation to most
neurocognitive tasks; e.g. global and selective verbal memory, nonverbal memory, bilateral
and unilateral motor performance, visual and auditory attention, general intelligence, spatial
ability, executive function, language, and interhemispheric tactile-transfer test performance
(Heinrichs and Zakzanis, 1998; Rajji et al., 2009; Wong and Van Tol, 2003). Working
memory deficits are present in schizophrenia independent of the specific modality of the
task (Lee and Park, 2005). Impairments are broadly present by the first-episode of the illness
and are greatest for the domain of immediate verbal memory (Mesholam-Gately et al.,
2009). There is considerable evidence suggesting the involvement of ionotrophic glutamate
receptors in SZ (Coyle, 2006; Javitt, 2007). Specifically, disruption of NMDAR trafficking
has been found (Stephan et al., 2009) and is consistent with the glutamate hypothesis of SZ
(Marek et al., 2010).

Part of the genetic etiology of schizophrenia is probably related to inherited neurocognitive
deficits. We therefore tested the hypothesis that variants in P7PN5, the STEP encoding gene
involved in glutamate receptor trafficking, is associated with both the diagnosis of SZ and
with neurocognitive function in general. To the best of our knowledge no association study
between PTPN5 (or any PTP family genes) with SZ or neurocognitive functioning has been
performed until now.

2. Methods

2.1. Sample recruitment

2.1.1. Schizophrenia case-control study—Our study sample included 868 Israeli
Jewish participants, of whom 286 were patients with SZ and 582 were healthy controls. SZ
patients were included with information regarding ethnicity (Ashkenazi vs. non-Ashkenazi
origin). The diagnosis of SZ was established according to DSM-IV criteria by clinical
interview and review of patient files by two board-certified psychiatrists. At recruitment, all
patients were hospitalized in one of five Israeli psychiatric in-patient services: Beer-Yaacov,
Hadassah Ein-Kerem, Herzog, Shaar-Menashe, Lev-Hasharon. As controls, we used 582
Jewish individuals who had available information regarding ethnicity (self reported), gender
and age. All women in the control group were included in the “Why Do Young Women
Smoke Project” (Greenbaum et al., 2006; Rigbi et al., 2008). This is a previous project on
genetic and environmental factors in smoking and neurocognitive functioning in young
women (see more details below). These women were screened for a history of psychiatric
treatment. Approximately half of the control women were active or past smokers. Men were
recruited after filling a screening form for mental illness in the immediate family. Written
informed consent was obtained from all participants. The study was approved by the
Helsinki Committee (Internal Review Board) of Hadassah-Hebrew University Medical
Center, Jerusalem, Israel. As shown in Table 1, schizophrenia patients were older than
controls (p<0.001). In addition, there was an over-representation of women in the control
group. This stems from sampling bias and does not represent a gender ratio of the disease.
There were no significant differences between the groups in terms of ethnic ancestry
(Ashkenazi/Non-Ashkenazi).
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2.1.2. Cognitive variability study—The analysis included 437 healthy female
participants who were recruited in the framework of the “Why Do Young Women Smoke’
Project, and also served as part of the control group described above. The participants in the
current study performed the CogScan battery (V4.0), a computerized cognitive test battery
provided by AnimaScan Ltd, Ashdod, Israel, which includes 17 tests (16 computerized and
one manually administrated) evaluating a wide range of cognitive domains including
attention, memory, motor performance and planning. A brief description of the 17 tests
encompassed in the battery is given in Supplementary Methods (Supplemental Digital
Content 1). Detailed description of the tests and their psychometric properties can be found
in the CogScan user manual (Kertzman and Sirota, 2003).

Cogpnitive testing took place in a room with maximal privacy and minimal distractions.
Participants received a general explanation of the tests and help with any technical problems
throughout the test period. During most of the tests, there was no research team member in
the room to minimize distraction. The test session lasted ~70 minutes. Instructions were
provided before each test on the computer screen. After completing the computerized tests,
subjects continued to the manually administered digit span test.

2.1.3. Post-mortem brain sample for expression study—Microarray Expression
levels of PTPN5in human post-mortem brain tissue were obtained from the publicly
available database of the Stanley Medical Research Institute (SMRI)
(www.stanleygenomics.org). Briefly, DNA production and purification was carried out at
SMRI. The panel consisted of 104 subjects (69 males), 35 of whom were diagnosed with
schizophrenia, 34 with bipolar disorder, and 35 were unaffected controls (27, 16 and 26 of
each group were males). Diagnoses were made according to DSM-IV criteria. Four different
microarray expression datasets were available for analysis. These datasets include
expression levels in the frontal area BA46 as measured by different array platforms
(hgu133p and codelink) and different probes. Further information about this expression data
source is available (Higgs et al., 2006) and at the website. Genotyping STEP SNPs in these
samples was performed in our lab as described below. The goal of the expression analysis
was to provide initial mechanistic insight into the possible biological effect of associated
SNP by studying their correlation with the STEP gene (P7TPN5) expression. Therefore, and
also in order to reduce the burden of multiple testing, only 3 SNPs that were found to be
associated with SZ (see below) were genotyped in this sample.

2.2. SNPs selection and genotyping

We used the statistical program Haploview (version 4.1) (Barrett et al., 2005) to define
Linkage Disequilibrium blocks on the full DNA sequence of PTPN5 (11p15.1, 63.5
kilobases long) and additional regulatory sequences that were 3kb upstream and 10kb
downstream of the gene. We used the international HapMap project (www.hapmap.org)
database to select tagging SNPs and matched to every LD block its suitable tagging SNP
(Table 2). SNP genotyping was performed using the TagMan Assay-On-Demand purchased
from Applied Biosystems (Foster City, CA, USA) as previously described (Greenbaum et
al., 2009). The Haploview program was used for linkage disequilibrium (LD) determination
between markers, Hardy-Weinberg equilibrium calculations and haplotypes block
definitions (see Table 2).

2.3. Data analysis

2.3.1. Schizophrenia case-control study—Single markers and haplotypes association
analyses were performed with the program Plink (version 1.06) (Purcell et al., 2007). In
these analyses, we used a logistic regression model in order to correct for gender, age and
ethnicity (Ashkenazi vs. Non-Ashkenazi ancestry). Even though there was no statistically
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significant difference between cases and controls, we did correct for ethnicity as mixed
ancestries in samples can lead to false positive results in case-control association studies,
due to population stratification. Since the studied tagging SNPs are partially correlated with
each other and the study of PTPN5as a candidate gene for schizophrenia is based on
plausible neurobiological hypothesis, we decided that a Bonferroni correction for multiple
testing was too conservative and used the less stringent False Discovery Rate (FDR)
method. Following van den Oord and Sullivan recommendations for candidate genes
studies, we used p=0.01 (two-sided) as a pragmatic level of significance accounting for
multiple testing (van den Oord and Sullivan, 2003). This significance level controls the FDR
at 10% (only 10% of results are false positive). FDR of 0.1 renders good balance between
controlling false positives results and finding true effects, with a minimum cost of
phenotyping and genotyping (van den Oord and Sullivan, 2003).

2.3.2. Expression analysis—We studied the possible association of the level of STEP
expression with three PTPN5 SNPs (rs4075664, rs2278732 and rs4757710) that we found
were associated with SZ (see below). This was tested in a model of allele of interest
carriership versus non-carriership by a series of t-tests or Mann-Whitney non-parametric
test, as required. Normality was assessed by Kolmogorov-Smirnov test, while
homoscedacity was assessed by Leven's test for equality of variance. These statistical
calculations were done using SPSS software (version 15.0).

2.3.3. Cognitive variability study—Statistical analyses were performed using SPSS 15
(SPSS Inc., Chicago IL, 1989-2003). Univariate associations between the SNPs and
cognitive performance measures were computed using ANOVA or non-parametric Kruskal-
Wallis test depending on the distribution of the dependent cognitive measure. Normality of
the measures distribution was assessed by Kolmogorov-Smirnov test. For the purpose of
data reduction, all test measures that had a nominal significant association (p<0.05) with a
certain genetic variant were submitted to principal component analysis (PCA) using an
oblique rotation method (direct oblimin). Factor loading was determined by absolute factor
loadings of 0.40 and above (Kline, 1993). Factor scores were determined using regression
factor scoring method and a Cronbach a coefficient was used for reliability estimation.
Associations between the components and their relevant genetic variants were computed
using univariate general linear model (GLM).

3.1. Single SNPs and haplotypes analysis

Three of the eleven genotyped P7PN5 SNPs (rs4237729, rs873670, rs6483524) were
excluded from further analysis as they showed deviation from Hardy-Weinberg Equilibrium.
The remaining 8 SNPs (rs2278732, rs4757710, rs10832983, rs4075664, rs4073915,
rs10766504, rs4757718, rs7932938) had minor allele frequencies (MAF) greater than 0.05
(Table 2).

We used logistic regression (additive model) to study association of the 8 tagging SNPs with
Sz, controlling for age, gender and ethnic origin (Ashkenazi/non-Ashkenazi). The
rs4075664 SNP was nominally associated with SZ (p=0.01) (Table 2). Two additional
SNPs, rs2278732 and rs4757710, showed a trend for association with disease (p=0.07).

To study a possible gender specific effect of the P7TPN5 gene on SZ, we analyzed the
association of the 8 SNPs in males and females separately. The three SNPs that were found
to be associated with SZ in the general sample (at nominal or trend level) were more
significantly associated with disease in the male subsample: rs2278732 (p=0.0086,
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withstanding our FDR based criteria for significance), rs4757710 (p=0.05) and rs4075664
(p=0.045). In contrast, no significant association was found within the female subsample.

We next investigated the association of haplotypes in consecutive windows of 2-3 SNPs and
of haplotypes composed of the SNPs that were found to be associated with the disease in the
male subsample. We did not include haplotype analysis of all 8 SNPs due to the low
frequencies of these haplotypes, ranging around 0.01-0.03, and the lack of more significant
results than for 2-3 SNPs per consecutive haplotypes (data not shown). There were no
statistically significant associations of haplotypes in consecutive windows, but we did find
significant associations between disease and haplotypes of SNPs that were found to be
associated with the disease in the male subsample. Using the Gabriel method (Gabriel et al.,
2002), two linkage disequilibrium blocks were detected: the first LD block includes
rs2278732 and rs4757710 (D’=0.97), and the second LD block is composed of rs4075664
and rs4073915 (D'=0.96) (see Table 2 and Figure 1, Supplemental Digital Content 3 and 4).
We implemented haplotype-based analysis methods to study association with SZ of two-
SNPs haplotype composed of one SNP from each of the two identified LD blocks. Using
logistic regression model, controlling for age, gender and ethnicity, we found significant
association of the “CT” haplotype, composed of rs4757710-C allele and rs4075664-T allele,
with SZ in the whole sample (p=0.002) and in the male subsample (p=0.0015), both
withstanding our FDR based criteria for significance (Table 3). An additional significant
association was found for the “GC” haplotype, composed of rs2278732-G allele and
rs4075664-C allele, with SZ (p=0.006) in the whole-sample and in the male subsample
(p=0.001) (Table 3), again withstanding our FDR based criteria for significance.

3.2. SNP Association with PTPN5 expression

When studying the association of the expression level of P7PN5 in the whole SMRI sample
with the three SZ associated SNPs (rs4075664, rs2278732, rs4757710), no association was
demonstrable. However, since the association of these SNPs with schizophrenia was most
prominent in male gender, we also performed the analysis in males only. Among the male
unaffected controls (no diagnosis of schizophrenia or bipolar disorder, and no life-time
exposure to antipsychotics), the rs4075664 SNP was nominally associated with P7TPN5 level
of expression: carriers of the “C” allele (CC+CT genotypes, n=14) had higher levels of
expression than non-carriers of this allele (GG homozygous, n=6) (p=0.027).

3.3. SNP association with cognitive performance

Test measures that had a nominally significant association with the studied SNPs (p<0.05)
are presented in Table 4. In order to explain the variety of the single test measures results
and to try and identify groups of theory-based inter-related variables (and thus also to reduce
chance finding due to multiple testing), an exploratory PCA of all measures associated with
SNPs produced six components (see Table 1, Supplemental Digital Content 2); however,
only the first component could be explained by an adequate theoretical basis. This
component was mostly loaded by the three Continuous Performance Test (CPT) measures:
Reaction time-Boring phase, Reaction time-Loading phase and Standard deviation of
reaction time (SD of RT)-Boring phase with factor loadings of 0.92, 0.86 and 0.75,
respectively. Together with Digit running-Reaction time-Grand mean test measure, this
component accounted for 18.30% of the variance. Cronbach a reliability coefficient of the
four simple measures was 0.77. The Digit running-Reaction time measure was also loaded
on another component (Component 5); however, its factor loading was smaller (0.32)
compared to its loading on Component 1 (0.53), suggesting a weaker link to Component 5
compared to Component 1. Thus, the first component was termed “Attention Index” (Al)
and the composite score of this index was computed by regression scoring method. The Al
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variable distributed normally (K-S: z=1.34, p=0.053) ranging between -1.95 to 3.00 (the
lower the score, the better the performance).

In order to explore the association between the Al score and its relevant SNPs, a 4-way
ANOVA was performed. The SNPs that were found in the univariate analysis to be
associated with the single CPT test measures (rs10832983, rs4757718, rs7932938,
rs10766504) served as independent variables and the Al served as the dependent variable.
The analysis showed that although no SNP was associated individually with Al, two
interactions were nominally significant: rs10832983 x rs10766504 (F=3.29; df=(3,197);
p=0.02) and rs7932938 x rs4757718 (F=2.94; df=(3,197); p=0.03). Importantly, the SNPs
included in each interaction pair are not in LD and are poorly correlated with each other
(rs10832983, rs10766504, D'=0.12, r2=0; rs7932938, rs4757718, D’=0.64, r>=0.18) (see
Table 2, Supplemental Digital Content 3).

These interactions are presented in Figure 1a and 1b. Figure 1a shows that the difference in
the Al score among the genotype groups of rs10832983 depends on the number of the T
alleles in rs10766504 genotypes. Carrying no T alleles of rs10766504 is not associated with
a difference in Al score among the different genotypes on rs10832983. Carrying one T allele
of rs10766504 is associated with a greater difference in Al score mainly between
homozygous (AA, GG) genotypes of rs10832983. Within the rs10766504 TT carriers, there
is a large difference between the rs10832983 heterozygous group (GA) and the rs10832983
AA groups. Carrying two T alleles in rs10766504 and two G alleles in rs10832983 is not
shown in Figure 1a since there is only one participant with such a combination. Figure 1b
shows that the difference in the Al score among the genotype groups of rs7932938 depends
on the genotype difference in rs4757718 genotypes. Within the AA carriers in rs4757718,
those who are also TT carriers in rs7932938 show lower (better) Al score. Within the AG
carriers in rs4757718, those who are also TG carriers in rs7932938 show lower (better) Al
score. Within the GG carriers in rs4757718 there are hardly any differences in Al score
between the different rs7932938 genotype groups.

4. Discussion

Previous data regarding neurocognitive impairments in SZ motivated us to study the
association of the PTPN5 gene with both SZ and cognitive functioning. STEP, encoded by
this gene, is involved in learning and memory processes through the regulation of
ionotrophic glutamate receptor trafficking, rendering P7PN5 a biological relevant candidate
gene for SZ.

We performed a case-control association study of 8 tagging SNPs within this gene and the
5" and 3’ regions and showed nominal association of the intronic SNP, rs4075664, with SZ
in an Israeli Jewish sample. We found a gender effect in which 2 SNPs (rs4075664,
rs4757710) were nominally and one significantly (rs2278732, at the level of p=0.01)
associated with the phenotype among males. Haplotypes made up of SNPs located in the
gene were significantly associated (at the level of p=0.01) with schizophrenia both in the
overall sample and within the male sub-sample. Expression level analysis provided some
support for association of rs4757710 with differences in P7TPN5 expression among
unaffected males. The effect is most probably caused by a functional SNP (exonic or in a
regulatory region) that is in LD with rs4075664.

We further studied the influence of these SNPs on neurocognitive functioning. We observed
many positive, nominally significant associations between P7PN5 SNPs and different
cognitive sub-tests. In order to reduce the data, we performed a PCA and found interactions
between two SNP pairs (rs10832983 x rs10766504 and rs7932938 x rs4757718) that were
associated with the “Attention Index” neurocognitive components.
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This is the first study to examine the association of PTPN5with SZ or cognition in humans.
The case-control study supports previous findings that suggest that glutamate receptor
internalization contributes to the pathogenesis of SZ (Gaspar et al., 2009). We propose that a
mechanism to explain this process may be through STEP. The association between PTPN5
expression and cognitive functioning has been suggested by previous studies. STEP protein
levels are elevated in human Alzheimer's prefrontal cortex and in the cortex of several
mouse models of Alzheimer's disease (Kurup et al., 2010a). The elevated levels of STEP
were found to be due to a decrease in its normal degradation by a beta amyloid-inhibition of
the proteasome (Kurup et al., 2010b). Genetic lowering of STEP levels by crossing an
Alzheimer mouse model with STEP KO mice led to a significant attenuation of cognitive
deficits (Zhang et al., 2008). These findings suggest that disruption of STEP expression
contributes to the pathophysiology of Alzheimer's disease and led to the present study
investigating its possible role in another disorder with impaired cognition, such as
schizophrenia. However, the molecular involvement of STEP in specific attention processes
(as shown in our association analysis) was not studied to date, and it may be interesting to
test in animal models. In SZ, however, several meta-analyses reported deficits in different
aspects of attention among patients compared to controls (Heinrichs and Zakzanis, 1998;
Rajji et al., 2009).

Numerous sex differences have been described in SZ and can be related to our findings of
association with SNPs mainly in men. Compared to females, an earlier onset of SZ, poorer
medication response and premorbid functioning were found in men. Men have more
negative symptoms and cognitive deficits, and greater structural brain and
neurophysiological abnormalities than females (Aleman et al., 2003; Leung and Chue, 2000;
Salem and Kring, 1998). While the sex differences are well known, there is little information
on the molecular basis that might explain these differences. For example, Shifman et. al.
(2008) performed a genome-wide association study (GWAS) among Ashkenazi Jews, and
found gender specific (females) association of the ree/in gene with schizophrenia. A genetic
variant in the COMT gene was also reported to increase risk of schizophrenia only in
women (Shifman et al., 2002). Thomson et al. showed that variation in D/SC/ may affect
normal cognitive aging in women (Thomson et al., 2005). Thus, differences in genetic
etiology of SZ between men and women may explain some of its clinical sexual
dimorphism.

There are several limitations to the present study. Important among these are the possibility
of spurious results as a consequence of multiple testing and the lack of a replication sample.
It is important to note that the studied SNPs and different cognitive tests that associate with
them are possibly co-dependent and as such, a Bonferroni correction might be too
conservative. However, it is encouraging that the association of rs2278732 with
schizophrenia among males withstands accepted FDR based criteria for significance in such
studies. In addition, the FDR withstanding diplotypes (rs4757710-C and rs4075664-T;
rs2278732-G and rs4075664-C) were associated with SZ more significantly than the single
markers composing them. Haplotype based analysis tends to be more powerful than single
SNP analysis when there are real effects (van den Oord and Sullivan, 2003). Therefore, the
consistency of the findings and improvement of significance level by haplotype analysis
may be interpreted as a confirmation that the single SNP significant associations are not
false positive.

Another limitation is the gender difference between the two groups in the case-control study,
but this limitation was taken into account and a correction through regression analysis was
performed. Also it should be noted that the P7PN5 gene is located on an autosomal
chromosome (chromosome 11) and not on chromosomes X or Y, reducing the potential bias.
In addition, the most significant associations in our study were demonstrated among the
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male sub-sample. In this subsample, the absolute number of cases (n=184) is similar to that
of controls (n=145), and the nominal association is prominent, suggesting that this
association is real. An additional limitation is the lack of neurocognitive data on SZ patients
and correlation of their cognitive functioning with P7PN5 SNPs. In spite of these potential
limitations, the results suggest that like other genes involving mental diseases, PTPN5 gene
may play a role in normal cognitive functioning and in SZ.

To conclude, we provide here for the first time preliminary evidences for the possible
genetic contribution of PTPN5to schizophrenia, particularly among males, and to attention
index of cognitive features. The findings are mostly at the nominal level, and further
replication trials in other populations are warranted.
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Refer to Web version on PubMed Central for supplementary material.
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SNP-SNP interaction with cognitive performance.

Figure 1A: Interaction effect between rs10832983 and rs10766504 on Attention Index
(Al) score. Scores and number of individuals are given per cell.

rs10766504-CC  rs10766504-CT  rs10766504-TT

rs10832983-GG 0.2, (40) 0.16, (38) )
rs10832983-GA  -0.13, (70) -0.09, (43) -0.37, (10)
rs10832983-AA 0.05, (25) -0.16, (13) 0.47, (8)

Al SCORE-= the lower the score, the better the performance
Figure 1B: Interaction effect between rs7932938 and rs4757718 on Attention Index
(Al) score. Scores and number of individuals are given per cell.

rs4757718-AA  rs4757718-AG  rs4757718-GG

1s7932938-TT  -0.26, (18) 0.02, (44) 0.23, (36)
1s7932938-TG  0.19, (41) -0.35, (61) 0.15, (12)
1s7932938-GG 0.2, (31) 0.03, (8) 0.17, (39)

Al SCORE-= the lower the score, the better the performance
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Table 1
Demographic features of participants in the case-control association study
Variable Overall Schizophrenia Control P value
Number 868 286 582
Age (MeantSD) 35.39+11.73 40.85+13.37 32.86+9.92 p<0.001
Males 329 (37.9%) 184 (64.3%) 145 (24.9%) p<0.001

Ashkenazi origin 444 (51.2%) 138 (48.3%)

306 (52.6%) NS

Abbreviations: SD-Standard Deviation.
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