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Abstract
The synapsin III gene, SYN3, which belongs to the family of synaptic vesicle-associated proteins,
has been implicated in the modulation of neurotransmitter release and in synaptogenesis, suggesting
a potential role in several neuropsychiatric diseases. The human SYN3 gene is located on chromosome
22q12–13, a candidate region implicated in previous linkage studies of schizophrenia. However,
association studies of SYN3 and schizophrenia have produced inconsistent results. In this study, four
SYN3 SNPs (rs133945(−631c>g), rs133946(−196g>a), rs9862 and rs1056484) were tested in three
sets of totally 3759 samples that comprise 655 affected subjects and 626 controls in the Irish Case-
Control Study of Schizophrenia (ICCSS), 1350 samples incorporating 273 pedigrees in the Irish
Study of High Density Schizophrenia Families (ISHDSF), and 564 unrelated schizophrenia patients
and 564 healthy individuals in a Chinese case-control sample. The expression levels of SYN3 in
schizophrenic patients and unaffected controls were compared using postmortem brain cDNAs
provided by the Stanley Medical Research Institute (SMRI). There was no significant association in
either the Irish or Chinese case-control samples, nor in the combined samples. Consistent with this
finding, we did not find any significant difference in allele or haplotype frequencies when we used
the pedigree disequilibrium test to analyze the Irish family sample. In the expression studies, no
significant difference (p=0.507) was observed between patients and controls. Both the association
studies and expression studies didn’t support a major role for SYN3 in the susceptibility of
schizophrenia in Irish and Chinese populations.
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2 INTRODUCTION
Schizophrenia is a complex neuropsychiatric disorder, and both genetics and
neurodevelopmental abnormalities are considered to contribute to its etiology [7;14]. The
synapsin III (SYN3) gene, which belongs to the family of synaptic vesicle-associated proteins,
has been implicated in the modulation of neurotransmitter release and in synaptogenesis, thus
suggesting a potential role in several neuropsychiatric diseases [4;10;10]. Recently, Kao and
colleagues reported that SYN3 plays a role in early neural progenitor cell development, which
implies the regulation of adult neurogenesis, with possible relevance to neuropsychiatric
disease[9]. The human SYN3 gene is located on chromosome 22q12–13, a candidate region
implicated in linkage studies of schizophrenia[6;23]. Based on function and location, SYN3
seems to be a candidate gene to schizophrenia.

There are several association studies of SYN3 and schizophrenia in different populations,
including those of Asian, European and African ancestry, but most of the results are negative,
and positive findings are not consistent across studies [8;12;13;17–20;22]. For example, Porton
and colleagues found that a rare, missense polymorphism, S470N, appeared more frequently
in European individuals with schizophrenia (5%) than in controls (0.9%) (p=0.0048)[19].
Lachman and colleagues[13] on the other hand, found that none of their control subjects of
European descent had the S470N polymorphism and that only two out of 131 subjects in their
European-American schizophrenia sample had one copy of the allele; the numbers were too
small for them to do a valid statistical analysis. However, they did report an increase in the
frequency of the SNP 469G/A AA genotype in African-American patients compared to controls
(p=0.04), while the frequency of the A allele is extremely low in schizophrenic and healthy
Europeans. The small sample sizes of these studies and the very low frequencies of S470N and
496G/A (minor allele frequency, MAF<0.005) make type I error more likely.

Vawter and colleagues reported that, compared to controls, there were reductions in synapsin
IIa and IIIa proteins in the hippocampus of schizophrenia patients (p=0.034) [24]. Furthermore,
Porton and colleagues found that synapsin III protein levels were reduced in patients in the
prefrontal cortex, an area believed to be the major locus of dysfunction in schizophrenia[20;
24].

In this study, we tested for an association between four SYN3 SNPs and schizophrenia in more
than 3750 samples, including three Irish sets of 655 cases and 626 controls, an Irish family
sample of 273 pedigrees totally about 1350 subjects, and 564 Chinese unrelated patients with
schizophrenia and 564 Chinese controls. We also measured the mRNA levels in postmortem
brain from schizophrenia patients and unaffected controls to further assess the relationship
between SYN3 and schizophrenia.

3 MATERIALS AND METHODS
3.1 The ICCSS sample

The Irish Case-Control Study of Schizophrenia (ICCSS) sample was collected in Northern
Ireland, the United Kingdom and the Republic of Ireland. The affected subjects were selected
from in-patient and out-patient psychiatric facilities. Subjects were eligible for inclusion if they
had a diagnosis of schizophrenia or schizoaffective disorder by DSM-III-R criteria. Controls,
selected from several sources, including blood donation centers, were included if they denied
a lifetime history of schizophrenia. Both cases and controls were included only if they reported
all four grandparents as being born in Ireland or the United Kingdom. In this study, we used
655 (436 males and 219 females) affected subjects and 626 (354 males, 269 females) controls.
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3.2 The ISHDSF sample
The Irish Study of High Density Schizophrenia Families (ISHDSF) sample was collected in
the same geographic regions as the ICCSS sample. The sample contained 273 pedigrees and
about 1350 subjects had DNA sample for genotyping. Historically, the ISHDSF sample had
multiple disease definitions reflecting the probable genetic relationship of the syndromes to
classic schizophrenia. In this study, we used the narrow definition, which includes
schizophrenia, poor-outcome schizoaffective disorder and simple schizophrenia according to
DSM-III criteria[11], so we could compare the results with that of the ICCSS sample directly.
Using this definition, 522 subjects were classified as affected.

3.3 The Chinese sample
We tested 564 (male 339, female 225) unrelated patients with schizophrenia and 564 (male
291, female 273) control individuals. All subjects were of Han Chinese origin. A clinical
interview was administered by two independent senior psychiatrists to all subjects including
cases and controls according to the criteria of the DSM-IV. All patients were recruited from
in-patient and out-patient of the Shanghai Mental Health Center, East China. The healthy
controls were drawn from the general population of East China. None had a history of psychotic
disorders. Participants were fully informed of, and gave written consent for, the genetic
analysis, which was reviewed and approved by the Shanghai Ethics Committee of Human
Genetic Resources.

3.4 Marker selection and genotyping
A total of four SNPs were tested in this study. Following previous studies, we chose rs133946
(−636 C/G) and rs133945 (−196 G/A), whose frequencies are higher than 10% in populations
of European ancestry. They are located in the 5’ promoter region of SYN3. SNP rs9862 is
located in intron 5 of SYN3. A synonymous polymorphism is located in exon 2 of the TIMP3
gene. TIMP3 is in the SYN3 gene region but it is in the reverse orientation. TIMP3 gene (Tissue
Inhibitor of Metalloproteinase 3) belongs to the TIMP gene family, which encodes the proteins
that are inhibitors of the matrix metalloproteinases, a group of peptidases involved in
degradation of the extracellular matrix (ECM). Mutations in this gene have been associated
with the autosomal dominant disorder Sorsby's fundus dystrophy. SNP rs1056484 is located
in the 3’ untranslated region of SYN3. The distribution of the SNPs in the gene is shown in
Figure 1. All genotyping was conducted with the TaqMan method[15]. The genotyping assays
were developed by Applied BioSystems Corporation (Foster City, CA). Genotypes were scored
using an Excel template developed in our lab. All typed SNPs were checked for Mendelian
consistency and Hardy-Weinberg Equilibrium (HWE)[25].

3.5 Expression studies
The expression studies were carried out with postmortem brain cDNAs from the Stanley
Medical Research Institute (SMRI) (http://www.stanleyresearch.org/). The mRNA isolation
and reverse transcription to cDNA were carried out by SMRI researchers. The SMRI panel
consisted of 104 subjects: thirty-five individuals diagnosed with schizophrenia (26 males and
9 females; mean ±SD age, 42.6 ±8.5 years; postmortem interval (PMI), 31.4± 15.5 h; brain
pH, 6.5±0.2), thirty-four individuals with bipolar disorder (16 males and 18 females; mean±SD
age, 45.4±10.6 years; PMI, 37.9±18.6 h; brain pH, 6.4 0.3), and thirty-five unaffected controls
(26 males and 9 females; mean±SD age, 44.2±7.6 years; PMI, 29.4±12.9 h; brain pH, 6.6±0.3).
Diagnoses were made according to DSM-IV criteria. There were no significant demographic
differences between the schizophrenia, bipolar disorder and control subjects. All schizophrenic
patients were medicated with antipsychotics.
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Quantitative PCRs were conducted with a TaqMan expression probe (Hs01022312_m1) for
the SYN3 gene, and human TATA box binding protein (TBP) gene was used as internal
reference. Each sample was amplified in triplicate, and for each reaction, 0.25 ng of cDNA
were used in a 15 µL PCR reaction also containing the FAM-labeled SYN3 probe and VIC-
labeled TBP probe. PCR was conducted with the Roche Lightcycler 480(Switzerland). PCR
cycling parameters were 95°C for 2 minutes, followed by 55 cycles of 92°C for 15 seconds
and 60°C for 1 minute. The expression level of each reaction was determined by the CT value
(calculated by the iCycler software, version 3.1). The results from three repeat assays were
averaged to produce a single mean CT value for each individual. The relative expression level
between the SYN3 and TBP for each individual was calculated by the 2−ΔC T method, where
ΔCT = CT SYN3 - CT TBP[16].

3.6 Statistical analyses
For the case-control samples, the COCAPHASE module of the UNPHASED program (version
2.4)[3] was used to analyze both single marker and multi-marker haplotype associations. The
PDTPHASE module was used to analyze the ISHDSF sample. In this analysis, both vertical
and horizontal transmissions were included. We used the HAPLOVIEW program [1] to
estimate pairwise LD and to illustrate haplotype blocks. The p-values reported were based on
weighting all families equally (the ave option in the program). For both the case-control and
family samples, haplotypes with frequencies less than 1% were aggregated.

For the SMRI samples, potentially confounding variables were tested for association with
SYN3 expression in all individuals using bivariate correlation analysis with the SPSS software
(version 10 for Windows). For the schizophrenia and healthy control samples, we found that
only brain pH was marginally correlated with SYN3 expression level (R=0.238, p=0.052),
therefore brain pH was used as a covariate in subsequent analyses. ANCOVAs were used to
compare the expression levels between controls and schizophrenia patients. A power
calculation was performed with a web-based statistical program, Genetic Power Calculator
[21]. Power was estimated under multiplicative model of inheritance, assuming the disease
prevalence to be 1% and the population susceptibility allele frequencies to be the values
observed in control samples.

4 RESULTS
4.1 Association analyses of the ICCSS sample

Marker information and allele frequencies are presented in Table 1. For all markers typed, no
deviations from HWE were observed. There is no allele and genotype frequency difference for
any of the four markers between cases and controls (Table 1). For rs133945( −196 g/a), the A
allele is the minor allele in schizophrenia, with a frequency of 0.477, while in controls the A
allele is the more common allele with a frequency of 0.506. However, the difference in
genotype and allele distribution did not reach statistic significance (p=0.285, 0.197
respectively). We examined the LD and haplotype structure with the HAPLOVIEW program,
found the D’ of rs133495 and rs133496 to be 0.99, so we did a haplotype analysis with rs133945
and rs133946. Only the global p-value indicated marginal positive significance (p=0.0234)
(data not shown).

4.2 Association analyses of the ISHDSF sample
The genotype frequencies of all four markers studied were in HWE. Using the pedigree
disequilibrium test (PDT) to examine the associations, we found none of the markers reached
5% nominal significance. Similar to our case-control sample, only rs133945 and rs133946
were grouped in a single LD block. We conducted haplotype analyses; however, no significant
associations were observed. (Data not shown).
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4.3 Association analyses of the Chinese case-control sample
The genotype frequencies of all four markers were in the same direction as ICCSS, with
nodeviation from HWE. No marker reached 5% nominal significance. The LD group was the
same as in the Irish samples. No significant association of haplotypes was found (Data not
shown).

4.4 Expression studies of the SYN3 gene in the brain
We used quantitative PCR to determine the expression levels of SYN3. First, variables
potentially affecting postmortem mRNA levels were evaluated separately from the expression
of the SYN3 gene by bivariate correlation analysis. SYN3 was not significantly correlated with
PMI, freezer storage time, age, percent of protein extracted or gender (data not shown). Brain
pH had marginal effect on the expression of the SYN3 gene (R=0.238, p=0.052). Based on this
finding, we used brain pH as a covariate in subsequent analyses. No significance difference
(p=0.507) in SYN3 expression levels was observed between patients(mean ± standard error:
11.002 ± 1.65, n=34) and controls (10.660 ± 1.289,n=31).

5 DISCUSSION
Functional studies and its location imply that SYN3 may play a role in schizophrenia
neurodevelopmental etiology. In this study, we were unable to confirm an association between
SYN3 and schizophrenia in the Irish and Chinese populations. We tested four SNPs in 3759
individuals from three sets of samples that comprise the Irish Case-Control Study of
Schizophrenia (ICCSS), the Irish Study of High-Density Schizophrenia Families (ISHDSF),
and a Chinese case-control sample.

In our Irish sample, we found the A allele of rs133945 to be the minor allele among
schizophrenia patients, with a frequency of 0.477, which is very similar to what Lachman and
colleagues reported for their European sample (minor allele frequency of 0.48) Among controls
in our study, the A allele was the more common allele with a frequency of 0.506. However,
the difference in genotype and allele distribution did not reach statistical significance (p=0.285,
0.197 respectively). The frequencies reported in the Lachman's study were different from the
studies of Asian populations which contain a frequency A allele of rs133945 of 0.31 in a
Chinese schizophrenic population[22] and of 0.28 in a Japanese one [17]. However, neither
did these two Asian studies show any positive association. We also tested the 1128 Chinese
case control samples. The frequency (31.9%) is close to Tsai and colleague's result[22]. Our
Chinese samples' results indicated that no association of these four markers with schizophrenia
exists.

We combined the Irish and Chinese case-control samples for a total of 2409 individuals, and
still found no significant association SYN3 SNPs and schizophrenia (Table 4). The result from
our Irish family samples also showed no association between any of these four markers and
schizophrenia. The haplotype analysis of the Irish case-control sample indicated a positive
result (p=0.023) only before correction for multiple testing. The haplotype analyses of the
Chinese case-control and the Irish family samples both produced negative results. Power
analyses showed that the power was more than 80% when genotype relative risk (GRR) was
set at 1.3–1.5 under a multiplicative model of inheritance.

We compared the expression level of SYN3 between the postmortem brain cDNAs from
schizophrenic patients and unaffected controls provided by the SMRI using quantitative real-
time PCR. Vawter[24] and Porton [20]used western immunoblotting method and found that
protein SYN3 levels were significantly decreased in the hippocampus or dorsolateral prefrontal
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cortex (DLPFC) of individuals with schizophrenia compared to controls. However, we did not
find a significant mRNA expression difference between cases and controls.

In summary, data from our family and case-control association studies and expression study
suggest that SYN3 might not play a major role in schizophrenia.
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Figure 1.
Genomic structure and location of genotyped SNPs in SYN3. SYN3 spans over 49.4 kb and
includes 12 exons (green bars). Four markers were genotyped in this study. TIMP3 locates in
SYN3.
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