
 -  - 3 

Abstract  

Background: Schizophrenia is a complex disorder with involvement of 

multiple genes.  

Methods:  In this study, genome-wide screening for DNA copy-number 

variations (CNVs) was conducted for ten pairs, a total of 20 cases, of affected 

siblings using oligonucleotide array-based CGH.  

Results:  We found negative symptoms were significantly more severe (p < 

0.05) in the subgroup that harbored more genetic imbalance (n �•  13, n = 

number of CNV-disrupted genes) as compared with the subgroup with fewer 

CNVs (n �€  6), indicating that the degree of genetic imbalance may influence 

the severity of the negative symptoms of schizophrenia. Four central nervous 

system (CNS) related genes including CCAAT/enhancer binding protein, delta 

(CEBPD, 8q11.21), retinoid X receptor, alpha (RXRA, 9q34.2), LIM homeobox 

protein 5 (LHX5, 12q24.13) and serine/threonine kinase 11 (STK11, 19p13.3) 

are recurrently (incidence �• 16.7%) disrupted by CNVs. Two genes, PVR 

(poliovirus receptor) and BU678720, are concordantly deleted in one and two, 

respectively, pairs of co-affected siblings. However, we did not find a 

significant association of this BU678720 deletion and schizophrenia in a large 

case-control sample.  

Conclusions:  We conclude that the high genetic loading of CNVs may be the 

underlying cause of negative symptoms of schizophrenia, and the CNS-

related genes revealed by this study warrant further investigation.  
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Methods 
 

Recruitment of healthy controls 

 Healthy controls were recruited from the employees of the National 

Taiwan University Hospital. After signing informed consent, the individuals 

underwent a screening interview followed by blood withdrawal. Exclusion 

criteria for the healthy controls were: under age 30; diagnosed with psychiatric 

disorder, especially schizophrenia; having a history of diabetes mellitus (DM), 

major systemic disorder, or neurological disorder (e.g., epilepsy); mental 

retardation; facial dysmorphism; and clinical evidence of brain, trunk or limb 

anomalies. 

 

Establishment of control genomic DNA pool 

The control DNA pools were constructed by pooling equal amounts of 

DNA extracted from ten healthy men and ten healthy women. These normal 

genomic DNA pools were used as reference samples for array CGH analysis 

and real-time quantitative PCR.  

 

Recruitment of schizophrenics  

Patients for array CGH analysis were enrolled from the outpatient clinics of 

the Department of Psychiatry, National Taiwan University Hospital. The 

inclusion criteria were: a diagnosis of schizophrenia according to the 

Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) [25] 

and confirmed by the Diagnostic Interview for Genetic Study (DIGS) and at 

least two siblings affected by schizophrenia in a given family. Patients 

affected with mental retardation, facial dysmorphysm, or clinical evidence of 
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LabChip kit (Agilent Technologies). Homozygous deletion of BU678720 was 

readily distinguishable by the presence of the 85 bp amplified fragment.  

 

Data analysis methods 

For array CGH analysis, the hybridized arrays were scanned and 

analyzed as previously described [30, 31]. Briefly, after washing, the 

hybridized arrays were immediately scanned at a resolution of 5 �  using an 

Agilent G2565BA DNA microarray scanner. The microarray images were 

analyzed using Agilent Feature Extraction software, version 8.1.1. Another 

custom analytical software package, Agilent CGH Analytics, version 3.4, was 

used for the subsequent data analysis. The locations of the copy number 

aberrations were calculated using the Aberration Detection Method 2 (ADM2) 

statistical algorithm. The ADM2 threshold was set at 9.0 to make an 

amplification or deletion determination. According to these settings, the 

aberration score was generated automatically for each altered locus.  

The comparison of the negative symptoms between subgroups was 

calculated by using the Mann-Whitney U test. The comparison of the 

incidence of BU678720 homozygous deletion between multiplex and simplex 

families was analyzed by using the Genmod procedure with software SAS 9.1. 
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also been reported previously [18]. The chromosomal distances between the 

array probes and primers for qPCR may account for the discrepancies 

between the results of array CGH and qPCR. This may also be due to the 

complexity of genome sequences that influence the specificity of primers of 

qPCR. Thus, we still can not exclude these four CNS-related genes found in 

this array CGH study as schizophrenia vulnerability genes.   

 

Conclusions  
 

In summary, our work further demonstrated that oligonucleotide array 

CGH is a useful platform for investigating the genomic aberrations of 

psychiatric disorders. We found the sum of altered gene dosage is coincident 

with severity of the negative symptoms of schizophrenia. Additionally, the 

CNS-related genes including CEBPD, RXRA, LHX5, and STK11 revealed by 

this pilot study may also provide entry points for further investigation. 
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