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Abstract 

The neurotransmitter disturbances responsible for cognitive dysfunction in 

schizophrenia are hypothesized to originate with alterations in postsynaptic scaffold 

proteins. We have recently reported that protein levels of FRMPD4, a multi-

scaffolding protein that modulates both Homer1 and post-synaptic density protein 95 

(PSD95) activity, is altered in the schizophrenia postmortem brain, in regions 

involved in cognition. Here, we set out to investigate whether genetic variation in 

FRMPD4 is associated with cognitive function in people with schizophrenia. 

We selected and examined a novel single nucleotide polymorphism (SNP), rs5979717 

(positioned in the non-coding 3’ untranslated region of FRMPD4 and potentially 

influencing protein expression) for its association with schizophrenia and nine 

measures of cognitive function, using age- and sex-matched samples from 268 

schizophrenia cases and 268 healthy controls. Brain samples from 20 schizophrenia 

and 20 healthy control subjects were additionally genotyped, to study the influence of 

this variant on protein expression of FRMPD4. Allelic distribution of rs5979717 was 

associated with schizophrenia in female cases (χ2=4.52, p=0.030). No effects of 

rs5979717 were observed on cognitive performance, or an influence of rs5979717 

genotypes on the expression of FRMPD4 proteins in postmortem brain samples. 

These data provide initial support for a sex-specific role for common variation in 

rs5979717 in schizophrenia, which now warrants further investigation. 

 

Keywords: FRMPD4; Preso1; case-control association study; genetics; cognition; 

schizophrenia.  
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1. Introduction 

 

Schizophrenia is a severe psychiatric disorder characterized by disturbances of 

cognition, emotion and behavior [1]. Behavioral animal and postmortem human 

studies indicate that psychiatric-like behaviors are reflective of alterations in the 

balance of excitatory and inhibitory neurotransmission [2]. As excitatory/inhibitory 

signaling is modulated by synaptic molecules (such as scaffold proteins), it is possible 

that alterations do not originate with one neurotransmitter system, but rather key 

synaptic molecules that cause extensive changes to the synaptic environment, e.g. 

calcium availability, leading to excitatory/inhibitory signaling imbalances [see 3; 4]. 

 

Scaffold proteins form a dense matrix in the post-synaptic density (PSD). These 

proteins contain binding motifs for a wide range of molecules in the PSD, and thus 

interact and dynamically control the assembly of functionally related molecular 

complexes including many membrane-bound receptors and their effectors [5–10]. 

Alterations in the levels of several synaptic proteins and their expression, such as 

Homer1 and post-synaptic density protein 95 (PSD95) have been reported in 

schizophrenia, and hypothesized to be a key component that contributes to synaptic 

plasticity, and thus the underlying cognitive pathology [11–14]. Accordingly, a 

number of candidate genes encoding for these postsynaptic proteins have been 

previously associated with schizophrenia, including various markers within the 

HOMER1, DLGAP1 (disks large-associated protein 1; encoding GKAP), SHANK and 

DLG4 (disks large homolog 4; encoding PSD95) genes [15–19].  
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The novel multi-domain scaffold protein, FRMPD4 (also known as FERM and PDZ 

domain containing protein 4, or Preso1) has been recently shown to modulate the 

activity of Homer1 [20] and PSD95 [21] (Fig 1). Homer1 and PSD95 are key 

postsynaptic scaffold proteins involved in synapse formation, maturation and 

maintenance, as well as synaptic plasticity, the molecular mechanism underlying 

learning and memory processes. FRMPD4 is therefore a critical modulator of these 

cell processes. FRMPD4 has further been shown to modulate dendritic spine density, 

morphogenesis and growth [21; 22]. Our recent results show that FRMPD4 protein 

expression is markedly reduced in the dorsolateral prefrontal cortex (DLPFC) and 

increased in the hippocampus (cornu amonis 1 or CA1), both regions highly involved 

in cognitive function, in a large postmortem schizophrenia cohort [23; 24]. Despite 

FRMPD4 being located on chromosomal region 22p.2, proximal to 22p.3, which is a 

region of interest in schizophrenia [25], and evidence suggesting its role in cognition 

via modulation of synaptic plasticity, it is not known whether genetic variation in 

FRMPD4 is associated with schizophrenia or cognition in humans. 

 

Based on the recent evidence suggesting brain FRMPD4 protein levels are 

significantly altered in schizophrenia, and evidence of a modulatory role of FRMPD4 

on synaptic plasticity, we hypothesized that common genetic variation on FRMPD4 

(in particular the G/T allele(s) on rs5979717) would be significantly associated with 

schizophrenia, protein levels of FRMPD4, and cognitive features of illness, assessed 

on multiple domains of intelligence, working memory, executive functioning, delayed 

memory, attention, immediate memory, construction and language. The capacity to 

predict the severity of cognitive impairment (i.e., membership within a severely 



Matosin et al.   	  

 5 

impaired cognitive subtype of schizophrenia) on the basis of variation in rs5979717 

was further examined.  

 

2. Materials and Methods 

 

This study was approved and conducted according to the guidelines of the University 

of Wollongong Human Research Ethics Committee (HE10/161) and the University of 

New South Wales Human Ethics Committee (HC12658). 

 

2.1. Subjects and Samples 

 

DNA samples of 268 schizophrenia subjects (186 males, 82 females; average age: 

36.63±11.01 years) and 268 healthy controls (169 males, 99 females; average age: 

38.56±12.57 years) were obtained from the Australian Schizophrenia Research Bank 

(ASRB), a bank containing patient DNA samples and associated demographic and 

clinical data [26]. In the present study, subjects were selected based on their diagnosis 

according to the Diagnostic and Statistical Manual of Mental Disorders IV and 

Caucasian ethnicity, and were matched with healthy control subjects according to 

gender and age. Additional information regarding clinical and demographic 

characterization and consent procedures have been previously described [26]. 

Neuropsychological measures (Wechsler Tests for Adult Reading [WTAR; 27]; 

Wechsler Abbreviated Scale of Intelligence [WASI; 28]; Controlled Oral Word 

Association Test [COWAT; 29]; the Letter Number Sequencing Test [LNS; 28]; the 

Repeatable Battery for the Assessment of Neuropsychological Status [RBANS] 
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delayed memory, immediate memory, construction, language and attention [30]) were 

also acquired as previously described [26; 31].  

 

A secondary smaller group of individuals with schizophrenia (247 cases) were 

classified as either cognitively spared (CS) or displaying a generalized cognitive 

deficit (CD) on the basis of previous grade of membership (GoM) analyses of the 

ASRB sample described elsewhere [31]. The aim of this subtyping is to group 

schizophrenia cases according to each patient’s cognitive ability across the range of 

tests when considered together. The sample of schizophrenia cases subjected to the 

GoM analyses consisted of 108 CS cases (81 males and 27 females; average age, 

38.00±10.17 years) and 139 CD cases (91 males and 48 females; average age 

39.64±11.50 years).  

 

2.2. Postmortem brain samples 

Postmortem brain samples were acquired from the New South Wales Brain Bank 

Network (Sydney, Australia). Samples were from the CA1 region of 20 schizophrenia 

and 20 control subjects matched for age, sex, postmortem interval and RNA integrity 

as previously described [32]. Postmortem FRMPD4 protein levels measured by 

quantitative immunoblots were drawn from our previous study [23]. Genomic DNA 

was extracted from postmortem tissues using the QIAamp DNA Mini Kit (Qiagen, 

Germany). This work was approved by the Human Research Ethics Committees at the 

University of Wollongong (HE99/222) and the University of New South 132 Wales 

(HREC 07261). 

 

2.3. SNP genotyping 
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Single Nucleotide Polymorphisms (SNPs) within FRMPD4 (rs5979717 and 

rs3827468) and HOMER (rs2290638) were chosen based on their reported 

interactions at the protein level [20] and previous associations with schizophrenia 

and/or other disorders, or based on their minor allele frequencies (MAF) reported in 

Caucasian populations (MAF>15%; HapMap data: http://hapmap/ncbi.nlm.nih.gov). 

High-throughput SNP genotyping was performed using MassARRAY® genotyping 

assay (Sequenom Inc., San Diego CA, USA) and matrix-assisted laser 

desorption/ionization time-of-flight mass spectrometry. MassARRAY® Designer 

Software (Sequenom Inc.) was used to a perform polymerase chain reaction (PCR) 

and extension primer design, selection and multiplexing. 

 

2.4. Statistical analysis 

 

Power calculations indicated that a sample size of 204 cases (408 alleles) with a MAF 

of 0.2 has >90% a priori power to detect a significant allelic association conferring an 

odds ratio of 1.5 or greater. FRMPD4 SNP rs3827468 and HOMER SNP rs2290638 

deviated significantly from Hardy Weinberg equilibrium (p>0.05) and were thus 

excluded from further analysis. Only one SNP (rs5979717, FRMPD4) remained to be 

tested for its association with schizophrenia. To analyze significant associations with 

schizophrenia, χ2 analyses were performed to detect significant differences in allele 

and genotype frequencies between the case and control groups. As only one SNP was 

assessed, no corrections for multiple testing were required. As sex-specific effects are 

well-reported in schizophrenia [33], all analyses were performed in all subjects 
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combined, followed by males and females separately. Data are expressed as specific 

counts for alleles and genotypes. The significance was set to p<0.05. 

 

For each cognitive performance measure, the main effect of rs5979717 genotype, 

clinical group, and the ‘genotype by group’ interaction was examined by multiple 

analyses of variance (MANOVA), using two levels of within-subjects factors (minor 

allele carrier vs. non-minor allele carrier) as well as two levels of between subject 

factors (schizophrenia case vs. control). Analyses of variance (ANOVA) and Tukey’s 

post hoc testing were then used to analyze any significant interactions. In addition, the 

main effect of genotype, group (schizophrenia:control), and the interaction of SNP 

genotype and group status (schizophrenia/control) was examined for each cognitive 

performance measure using multiple analyses of variance (MANOVA). Subsequently, 

the capacity of risk-allele carriers to predict membership to the cognitive subtypes 

(CD/CS) was explored using multinominal logistic regressions relative to either the 

healthy control participants or CS schizophrenia subjects (i.e., used separately as the 

reference category).  

 

Lastly, two-way ANOVAs were implemented to test the interaction of group and 

rs5979717 on FRMPD4 protein levels, using diagnosis and genotype as independent 

factors and assessing between- and within-group differences using LSD post-hoc 

tests. 
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3. Results 

 

3.1. Case-control analyses 

Following exclusion of FRMPD4 rs3827468 and HOMER1 rs2290638, the remaining 

FRMPD4 SNP, rs5979717, was analyzed for case-control association with 

schizophrenia. There were no significant associations between the allelic or genotypic 

frequency of each SNP and schizophrenia (p>0.05; Table 1). However, when analysis 

was performed by sex, a significant allelic association was observed between 

rs5979717 in female schizophrenia cases, with significantly less carriers of the minor 

T allele amongst females with schizophrenia compared to female controls (χ2=4.52, 

p=0.03).  

 

3.2. Genotype effects on cognitive function and prediction of cognitive function 

 

Cases were grouped into minor allele carriers (GT/TT) and compared to major 

homozygote genotype (GG) to account for the low frequency of minor homozygote 

genotypes in the cohort. MANOVA results for the effects of group status (i.e. 

schizophrenia vs. control) and genotype interactions are presented in Supplementary 

Table 1. In every cognitive performance test, individuals with schizophrenia 

performed significantly poorer than controls (p<0.001). Notably, rs5979717 was 

significantly associated with immediate memory scores irrespective of diagnosis 

(p=0.03), with major G allele homozygotes having poorer immediate memory 

compared to minor allele carriers; this association was not observed in the 

schizophrenia group compared to the control group. Rs5979717 was not associated 

with any other cognitive performance measure (p>0.05). The ability for rs5979717 to 
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predict cognitive performance (by membership to either CD or CS groups) was 

subsequently analyzed and presented in Supplementary Table 2. However, this SNP 

was unable to predict membership to the CD group either relative to healthy controls, 

or relative to the CS group.  

 

3.3. Genotype effects on FRMPD4 protein levels 

Two-way ANOVA was performed to determine the main effects of rs5979717, 

diagnosis, and their interactive effects, on FRMPD4 protein levels. No effects of 

genotype on protein levels was observed (F35=0.333, p=0.567) or genotype x group 

interactions (F35=1.236, p=0.274). 
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4. Discussion 

 

We have analyzed a novel variant within the FRMPD4 gene, encoding the FRMPD4 

(Preso1) scaffold protein, for its association with schizophrenia, FRMPD4 protein 

levels and cognitive function in a case-control schizophrenia population. Our results 

show that rs5979717 is not significantly associated with schizophrenia in all subjects, 

but we detected for the first time a significant difference in allelic frequency in 

women with schizophrenia compared to their controls. However, rs5979717 was not 

significantly associated with any of nine cognitive performance indices in all subjects, 

dependent or independent of diagnosis and sex, and rs5979717 was not associated 

with protein levels of FRMPD4 in postmortem human brain tissues derived from the 

CA1 region of subjects with schizophrenia and matched controls. These results 

suggest that while this variant in FRMPD4 is not linked to cognitive performance or a 

functional role in modulation of protein expression, FRMPD4 is associated with 

schizophrenia in females. 

 

The synaptic hypothesis and role of synaptic proteins in the pathophysiology and 

etiology of schizophrenia has been well established, with many scaffold proteins such 

as Homer1 and PSD95 being highly implicated in the disorder [19; 34–38]. Homer1 

and PSD95 (encoded by HOMER1 and DLG4 respectively), are best known for their 

role in the organization of the postsynaptic density, modulation of glutamate 

receptors, modulation of calcium signaling and neuronal excitability [34; 38]. Homer1 

and PSD95 are also closely linked with learning, attention, motivation, stress and 

memory [39], and are thus highly implicated in many severe neuropsychiatric 

disorders where these processes are affected, including schizophrenia. Recent 
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evidence indicates that Homer1 and PSD95 are critically modulated by the multi-

scaffolding protein FRMPD4, indicating a potential importance of this protein in 

schizophrenia pathology [Figure 1; 20; 21]. We consequently demonstrated that 

protein levels of FRMPD4 are significantly reduced in the dorsolateral prefrontal 

cortex (29%), and markedly increased in the CA1 hippocampal region (83%), of the 

postmortem schizophrenia brain [23; 24]. However the role of FRMPD4/FRMPD4 

has not been evaluated in any schizophrenia-relevant animal model, so it is as yet 

unknown whether FRMPD4 might moderate schizophrenia-like behaviors.  

 

Converging evidence thus supports a role for FRMPD4 in schizophrenia, and our 

results suggest that this might sex-specifically involve the variant rs5979717. This 

SNP was weakly associated with schizophrenia in females only, with minor allele 

carriers being significantly underrepresented among schizophrenia women compared 

to control women. The weak association might be expected for a polygenic disorder, 

with other weak associations previously reported [40; 41]. Sex-specific genetic 

differences among schizophrenia patients are also well established, with a 

significantly higher proportion of individuals with schizophrenia are men, and that 

men and women with schizophrenia typically present with a slightly different 

symptom profiles [33]. In addition, with increased genetic risk for the illness 

conferred in males, it is important to explore sex-specific genetic risk for 

schizophrenia. However, it is also possible that the sex-specific associations in the 

present study might reflect the higher proportion of males compared to females in this 

cohort; replication in a larger cohort with power to detect robust sex-specific changes 

is required. 
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It is also notable that rs5979717 was not associated with cognitive performance across 

nine test domains, nor was it able to predict the level of cognitive functioning in 

individuals with schizophrenia. This suggests that the variant rs5979717 is not linked 

to cognitive performance in individuals with schizophrenia, although this does not 

exclude that other variants in FRMPD4 do play a role in cognitive function. 

Alternatively, the recent evidence from our group’s postmortem studies shows an 

opposing profile of FRMPD4 protein expression in the DLPFC (decreased) and CA1 

(increased) regions in the postmortem schizophrenia brain [23], which are two 

structures both highly involved in cognitive function. This might produce a 

counterbalancing effect, masking an association of this variant with cognitive deficits 

in schizophrenia. However, we found this variant was not associated with FRMPD4 

protein levels at least in hippocampal tissues, suggesting that this variant is not 

functional, and thus a masked effect is unlikely. 

 

5. Conclusion 

In conclusion, these studies support that the variant rs5979717 in FRMPD4 may play 

a role in schizophrenia etiology in women, and it is possible that this involvement 

could be via its links with HOMER1 and PSD95, scaffold proteins that are already 

associated with schizophrenia. However as minimal information is available 

regarding how FRMPD4 contributes to the schizophrenia phenotype at the cellular, 

molecular and behavioral level, it is difficult to draw any strong conclusions. 

Nonetheless, this work provides impetus for future studies to determine to which 

extent FRMPD4 is involved in schizophrenia by analysis of other variants, and 

confirmation of a sex-specific role for rs5979717 in schizophrenia.  
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Figure captions 

 

Fig 1. Schematic of the direct and indirect interactions of FRMPD4 protein with 

PSD95, Homer1 and their effectors. Abbreviations: AMPA, α-Amino-3-hydroxy-5-

methyl-4-isoxazolepropionic acid receptor; FRMPD4, FERM and PDZ domain 

containing 4 protein (also known as Preso1); IP3, inositol triphosphate receptor; 

mGluR1, metabotropic glutamate receptor subtype 1; mGluR5, metabotropic 

glutamate receptor subtype 5; NMDAR, N-methyl-D-aspartate receptor; PSD95, 

postsynaptic density protein 95; GKAP, guanylate kinase- associated protein; 

SHANK, SH3 and ankyrin repeat–containing protein; SPAR, Spine-associated Rap-

specific GTPase-activating protein; TRPC, transient receptor potential cation 

channels. 
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Table 1. Allelic and genotypic distributions for FRMPD4 SNP rs5979717 in schizophrenia subjects 

compared to controls. 

 

 

Significant values (p<0.05) are highlighted in bold. 

 

FRMPD4  

 

N  Alleles 

  

Genotypes 

   rs5979717 

 

(Alleles) 

 

G T 

 

GG GT TT 

                    

Schizophrenia all 504   450 (89.3%) 54 (10.7%)   198 (78.6%) 54 (21.4%) 0 (0.0%) 

 

male 350 

 

308 (88.0%) 42 (12.0%) 

 

133 (76.0%) 42 (24.0%) 0 (0.0%) 

 

female 154 

 

142 (92.2%) 12 (7.8%) 

 

65 (84.4%) 12 (15.6%) 0 (0.0%) 

Control all  486   415 (85.4%) 71 (14.6%)   172 (70.8%) 71 (29.2%) 0 (0.0.%) 

 

male 296 

 

254 (85.8%) 42 (14.2%) 

 

106 (71.6%) 42 (28.4%) 0 (0.0%) 

 

female 190 

 

161 (84.7%) 29 (15.3%) 

 

66 (69.5%) 29 (30.5%) 0 (0.0%) 

          

Cases vs. 

controls ( χ2) 

  

all     χ2=0.34 p=0.065     χ2=3.98 p=0.137 

male 

  

χ2=0.68 p=0.41 

  

χ2=0.80 p=0.671 

female     χ2=4.52 p=0.030     χ2=5.23 p=0.073 


