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Abstract

Few brain imaging studies of schizophrenia involve samples with enhanced genetic homogeneity. 

We compared MRI volumetric data between individuals with 1q21–q23 linked familial 

schizophrenia associated with NOS1AP and their first and second degree unaffected relatives. We 

found significant gray matter reductions in the anterior cingulate gyrus in both affected individuals 

and their unaffected first degree relatives when compared with their unaffected second degree 

relatives. These results suggest that the changes are primarily due to genetic risk and not illness 

effects, and may represent an intermediate phenotype.
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1. Introduction

Structural magnetic resonance imaging (MRI) studies have repeatedly identified regions of 

gray matter (GM) deficits in schizophrenia compared with unaffected volunteers (Honea et 

al., 2005). Unaffected relatives of individuals with schizophrenia also have differences in 

brain structure when compared with unrelated healthy controls, suggesting that some of the 
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volumetric differences seen in schizophrenia may be related to the familial genetic risk of 

developing the disease (Goghari et al., 2007). However, individuals in the samples studied to 

date are likely to have various genetic risk factors for schizophrenia, and this etiologic 

heterogeneity may limit the ability to attribute specific MRI findings to genetic liability. We 

studied a relatively homogeneous subtype of familial schizophrenia, highly significantly 

linked to 1q21–q23 (Brzustowicz et al., 2000), comparing affected individuals to their 

unaffected relatives at two different degrees of relatedness. This allowed us to comment on 

whether changes may be due to genetic risk as opposed to the illness or its treatment.

2. Methods

2.1. Study sample

We studied 35 subjects (12 males; 23 females) from seven Canadian families of European 

descent: 11 meeting DSM-IV criteria for narrowly defined schizophrenia (SZ; mean age at 

onset=23.0 y, SD=5.9 y), and their unaffected first degree (UA1; n=17) and second degree 

(UA2; n=7) relatives (none of whom met criteria for any schizophrenia spectrum disorder 

(Wratten et al., 2009)). No participants had a history of serious brain injury or mental 

retardation. Informed consent was obtained and the study was approved by local Research 

Ethics Boards. Details of the original study design and recruitment are described elsewhere 

(Bassett et al., 1993). There were no significant inter-group differences with respect to sex, 

handedness, or total intracranial volume (TIV). There was a trend towards greater mean full 

scale IQ with more distant relatedness from an affected individual (SZ: mean=96.0, 

SD=15.7; UA1: mean=107.2, SD=10.7; UA2: mean=119.3, SD=8.3), with the SZ-UA2 

pairwise difference reaching significance (p =0.002) (Husted et al., 2009). The UA2 group 

was significantly younger (mean=30.6 y, SD=16.0 y) than the well-matched SZ (mean=54.0 

y, SD=8.2 y; p<0.001) and UA1 (mean=48.6 y, SD=8.8 y; p=0.002) groups.

2.2. Image acquisition and analysis

A GE Signa 1.5 T MR scanner and coronal three-dimensional inversion prepped RF-spoiled 

fast gradient recalled echo sequence were used to obtain all images for quantification of 

cerebrospinal fluid, GM, and white matter (WM) volumes. The 6 min 20 s sequence 

(TI=300 ms, TR=12 ms, TE=5 ms; flip angle=20°; field of view=20 cm, matrix=256×256) 

yielded 124 contiguous 1.5 mm-thick sections in the coronal plane. As described elsewhere 

(Voormolen et al., 2010), we used voxel-based morphometry (VBM) running on Statistical 

Parametric Mapping 5 (SPM5) with unified segmentation, and VBM5 Toolbox with 

associated Gaussian Hidden Markov Random Field model, to achieve optimal modulated 

normalized images for analysis. An overall false discovery rate correction of p<0.05 was 

used to account for multiple comparisons. Significant voxels and corresponding Talairach 

coordinates were mapped onto the T1-weighted Montreal Neurological Institute n=305 

template, with voxel clusters that survived mapwise correction considered to be significant. 

We also extracted GM volumes from the modulated VBM images using MARINA to 

generate anterior cingulate (AC) gyrus masks for region-of-interest (ROI) analyses 

(Voormolen et al., 2010). Group comparisons for GM measurements derived from VBM and 

ROI were tested using an analysis of covariance model and IQ, sex, age, and TIV as 
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covariates. Other details of the statistical analyses are as specified elsewhere (Voormolen et 

al., 2010).

3. Results and discussion

The VBM finding of largest cluster size and greatest significance was located in the right AC 

gyrus (Talairach coordinates {10, 18, 21}; 9714 voxels; p=0.026). Pairwise comparisons 

demonstrated significantly lower GM volume in the right AC gyrus in the schizophrenia 

group compared with their unaffected second degree relatives (Talairach coordinates {10, 

17, 20}; 39,548 voxels; p=0.001; Fig. 1(a)). There were similar right AC gyrus differences 

between the groups of unaffected relatives with a smaller cluster size (Talairach coordinates 

{10, 21, 20}; 6894 voxels; p=0.004; Fig. 1(b)). Significant GM signals of more limited 

cluster size were also observed in the right superior temporal gyrus and right posterior 

cerebellum (Fig. 1). There were no significant GM differences between the SZ and UA1 

groups, nor any significant WM differences between the three groups. Interestingly, we 

found no significant effect of the functional risk allele rs12742393 in the candidate gene 

NOS1AP on brain structure in the individuals studied, despite the fact the families show 

significant linkage disequilibrium with this variant to schizophrenia (Wratten et al., 2009). 

This suggests other variants may be more relevant to the expression of this phenotype.

ROI analyses confirmed the VBM volumetric results and showed GM AC volume deficits 

bilaterally (Table 1). There were non-significantly lower bilateral GM AC volumes in the SZ 

group compared with the UA1 group. Notably, replication of these ROI cingulate findings 

using a Siemens 1.5 T MR scanner, similar scan sequence, and identical ROI methods in 

seven other 1q21–q23 linked families (SZ: n=15; UA1: n=16; UA2: n=5) provided further 

support (data not shown).

Small sample size limited the scope of detectable results. However, the main finding was 

highly significant, attesting to the large effect size of the GM deficits in the AC observed in 

this sample with enhanced genetic homogeneity. The results were robust to a sensitivity 

analysis, sequentially removing one subject at a time. The use of unaffected second degree 

relatives was a novel means of controlling for other familial factors that may have decreased 

noise and increased the observable signal from the main schizophrenia disease-related 

genetic factors. The resulting trade-off with respect to the significantly younger age of this 

group is a methodological concern and prevents us from drawing wide-ranging conclusions 

on the basis of this initial investigation. Aging, however, may not significantly affect GM 

volumes in the AC cortex (Jernigan et al., 1991), the site of our main finding.

The significant differences between UA1 and UA2 groups using both VBM and ROI 

methods enables attribution of this finding to genetic liability and suggests that GM AC 

deficits may represent an intermediate phenotype in this form of familial schizophrenia. 

Many studies indicate dysfunction of the AC cortex in schizophrenia, including mild 

expression under the diagnostic threshold (Filbey et al., 2008; Fornito et al., 2009). Our 

results support the hypothesis that the cingulate gyrus is one of the cortical regions most 

affected by unexpressed genetic liability to schizophrenia (Goghari et al., 2007).
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Fig. 1. 
VBM group differences in regional GM in1q21–q23 linked familial schizophrenia. Separate 

T contrasts were used to test for differences. Group data are plotted on sections of a 

normalized template brain scan. (a) SZ and UA2 groups show significant GM differences of 

smaller cluster size in the right AC gyrus (see text), right superior temporal gyrus (Talairach 

coordinates {44, −27, 5}; p=0.006), and right posterior cerebellum (Talairach coordinates 

{56, −55, −22}; p=0.018). (b) UA1 and UA2 groups show comparable significant GM 

differences of smaller cluster size in the right AC gyrus (see text), right superior temporal 

gyrus (Talairach coordinates {41, −29, 5}; p=0.031), and right posterior cerebellum 

(Talairach coordinates {55, −73, −29}; p=0.022).
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