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Abstract

The impact of the serotonin2a (5-HT2A) receptor gene on the pathophysiology of schizophrenia is inconclusive given accumulating evidence supporting the involvement of the 5-HT2A receptor function. To simplify the complexity of genetic analysis, an endophenotype approach was adopted and the relationship between the Continuous Performance Test (CPT) performance and 5-HT2A receptor gene variance were examined. Both patients with schizophrenia (N=225) and healthy volunteers (N=380) were recruited. All were genotyped for the –1438 A/G polymorphism and assessed with CPT. The Positive and Negative Syndrome Scale (PANSS) and Scale for the Assessment of Negative Symptoms (SANS) were used to assess clinical symptoms of patients. The distribution of the 5-HT2A genotypes was similar between the two samples. Impulse control, assessed with the false alarm rate of the CPT, in schizophrenic patients differed significantly between those with different 5-HT2A genotypes. The role of 5-HT2A receptor gene as a modifier gene of schizophrenia is suggested and further studies are warranted.
Introduction
Increasing evidence suggests the involvement of the serotonin2a (5-HT2A) receptor function in the pathophysiology of schizophrenia (Rasmussen, Erritzoe et al. 2010). The 5-HT2A receptor gene, located at chromosome 13q14-q21 (Hsieh et al. 1990), has been shown in some studies to be associated with schizophrenia 
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(Golimbet, Lavrushina et al. 2007; Penas-Lledo, Dorado et al. 2007; Saiz, Garcia-Portilla et al. 2007)
. However, some other studies reported null association 
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(Dominguez, Loza et al. 2007; Sanders, Duan et al. 2008; Tsunoka, Kishi et al. 2010)
. Since schizophrenia has been well known for its heterogeneity 
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(Tsuang, Lyons et al. 1990; Andreasen 2000)
, the endophenotype approach which focuses on neurocognitive traits with a simpler genetic architecture than the complex disorder has been adopted with the hope that less number of genes would be involved and resulting in the decreased complexity of genetic analysis (Gottesman and Shields 1982; Gottesman and Gould 2003).

Performance on the Continuous Performance Test (CPT) (Rosvold, Mirsky et al. 1956) has been proposed as an endophenotype of schizophrenia (Cornblatt and Keilp 1994; Chen and Faraone 2000). The deficits on the degraded version of the CPT are not amenable to antipsychotic treatment (Finkelstein, Cannon et al. 1997; Liu, Chen et al. 2000) and are more impaired in the siblings of schizophrenic patients with high familial loading (Tsuang, Lin et al. 2006). In addition to hit rate and false alarm rate, the signal-detection indexes such as sensitivity (d´) and response criterion (ln β) can also be derived (Swets 1973; Nuechterlein 1991). A recent genome-wide scan of neurocognitive performances in families with schizophrenia suggested that varied indices from the same test may be associated with different biological mechanisms underlying the genetic liability of schizophrenia (Lien, Liu et al. 2010). False alarm rate has been construed as a measure of impulse control (Raggio, Rhodes et al. 1999), whereas sensitivity as a measure of sustained attention (Chen and Faraone 2000).

The -1438 A/G polymorphism, a functional polymorphism located in the promoter regions of the 5-HT2A receptor gene, has been shown to have the potential to modulate the promoter activity of the 5-HT2A receptor (Parsons, D'Souza et al. 2004). Two studies have investigated the association between CPT indices and the T102C polymorphism, which has been shown to be in complete linkage disequilibrium with the -1438 A/G polymorphism 
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(Penas-Lledo, Dorado et al. 2007; Saiz, Garcia-Portilla et al. 2007; Quednow, Kuhn et al. 2008)
. One recruited a small community sample (33 adults) and found that the 102C/102C genotype was jointly associated with a higher rate of false alarm (commission errors) compared to the 102T/102C and 102C/102C genotypes (Bjork, Moeller et al. 2002). However, the other study examined 82 schizophrenic patients found that the heterogeneous genotype (TC) had more commission errors than those who were of homogeneous type (CC or TT) (Ucok, Alpsan et al. 2007).

The current study aimed to examine following hypotheses: (1) if the variance of the 5-HT2A receptor gene associated with schizophrenia; (2) if the 5-HT2A receptor gene associated with CPT performance in patients with schizophrenia and healthy controls.
Methods
Participants

Two samples of Han Chinese living in Taiwan were recruited: (a) 255 unrelated patients with schizophrenia, and (b) 380 unrelated healthy volunteers. The sample of schizophrenic patients was recruited from the inpatient unit and the day-care unit of China Medical University Hospital, a major medical center in Taiwan. Inclusion criteria included (1) having the capacity and willingness to provide written informed consent; (2) being interviewed by experienced research psychiatrists with the Structured Clinical Interview for DSM-IV (Association 1994) to confirm the diagnosis of schizophrenia and exclude other psychiatric disorders, including personality disorders and mental retardation.; (3) being between 20-60 years of age; (4) being within normal limits of all laboratory parameters determined by complete physical examinations, laboratory tests, and EKGs; and (5) having stable antipsychotic doses for at least two months before enrollment. We excluded patients having concurrent medical or neurological illnesses. 
The inclusion criteria for the sample of healthy volunteers were (1) free of any axis I or II psychiatric disorders, as determined by a research psychiatrist using the Structured Clinical Interview for DSM-IV (Association 1994); and (2) in good physical health, as determined by physical examinations, electrocardiogram, and laboratory tests including liver, renal and thyroid function tests and urinalysis. All subjects provided written informed consent after receiving a complete description of the study. The study was approved by the institutional review board of China Medical University Hospital and carried out in accordance with the Declaration of Helsinki.
Clinical assessments

The Positive and Negative Syndrome Scale (PANSS; (Kay, Fiszbein et al. 1987)) and Scale for the Assessment of Negative Symptoms (SANS; (Andreasen 1983)) were used to assess positive and negative symptoms. Clinical ratings were performed by the research psychiatrists who were trained and experienced in the rating scales. Inter-rater reliability was analyzed using the ANOVA test. Only raters with the intraclass correlation coefficients of 0.90 or higher during pre-study training were allowed to rate the study patients. In order to maintain high inter-rater reliability and to prevent rater drift, raters met at least once a month for training and reliability re-testing.

Measurements of neurocognitive function

A CPT machine from Sunrise Systems, v. 2.20 (Pembroke, MA, USA), was used to assess sustained attention and impaired impulse control with numbers from 0 to 9 randomly presented for 50 msec each, at a rate of one per second for two sessions. Each participant undertook two CPT sessions: during the first session (undegraded), subjects responded to the target stimulus (the number 9 preceded by the number 1) by pressing a button; whereas a pattern of snow was used to toggle background and foreground so that the image was visually distorted during the second session (25% degraded). A total of 341 trials, 31 (10%) of which were target stimuli, were presented over 5 minutes for each session. The signal-detection indexes of performance on the test, sensitivity (d´) and response criterion (ln β), were derived from the hit rate and false-alarm rate (Nuechterlein 1991) (Swets 1973). Sensitivity measures an individual’s ability to discriminate target stimuli from nontarget stimuli, whereas response criterion measures the amount of perceptual evidence an individual requires prior to making a decision to respond to a stimulus as a signal. Variables extraneous to the intended comparison of sensitivity, such as differences in motivation, would yield differences in ln β but not in d´(Swets 1973). 
Genotyping
To detect the –1438 A/G polymorphism (rs6311), genomic DNA was extracted from venous blood. Fragments containing these SNPs were amplified by polymerase chain reaction (PCR) using primer sequences described previously (Arranz et al., 1998), –1438 A/G –F (5-AAGCTGCAAGGTAGCAACAGC) and –1438 A/G –R (5-AACCAACTTATTTCCTACCAC). PCR conditions were 4 min of initial denaturation at 95ºC; 30 cycles at 95ºC for 60 s, 60s at 64ºC and 60 s at 72ºC, followed by 7 min at 72ºC for final extension. The 468-bp product was digested with MspI, separated by electrophoresis on 3 % agarose gel, stained with ethidium bromide, and then visualized by UV transillumination. A/G allele gives rise bands of 468, 244 and 224 bp, A/A allele 468 bp, G/G allele 244 and 224 bp. 
Statistical analyses

For the comparison of continuous variables, general linear model was used and chi-square tests were adopted for categorical variables. The demographics and CPT scores of the two study subjects were compared by ANOVA and. The CPT scores were further standardized with adjustments for sex, age, and education. The predictive score of a subject was calculated by using the regression coefficients obtained from the regression of the scores on the covariates among a community sample consisted of 345 subjects (Chen, Liu et al. 1998). The difference between the raw score and the predictive score was then standardized by the root mean error of the regression and was defined as the adjusted z score of the subject. 

To control for potential confounding effect of clinical characteristics and drug used on the relationship observed between 5-HT2A genotypes and CPT performance, illness duration, scores of clinical assessments, and drug type were further controlled together and also individually with multiple linear regression under the general linear model. All statistical analyses were conducted by the software package SAS version 8.2 for Windows (SAS Institute, Cary, NC, USA).
Results


The patients with schizophrenia were younger and had less years of education than the healthy volunteers. All CPT indices, including raw scores and their adjusted z-scores, significantly differed between patients with schizophrenia and healthy controls. Whereas the distribution of the 5-HT2A genotypes was similar between the two groups (Table 1), the frequency of the 5-HT2A –1438 A allele was also similar between patients and controls (0.63 and 0.60, respectively; p = 0.25).

The comparisons of the adjusted z-scores of CPT indices between subjects with different 5-HT2A genotypes are shown in Table 2. Only the false alarm rate in schizophrenic patients differed significantly between those with different 5-HT2A genotypes. After controlling for illness duration, drug types (typical vs. atypical antipsychotics), PANSS total scores, and SANS total scores together and individually, the difference remained significant (p-values 0.0076, 0.01, 0.01, 0.0045, and 0.0074, respectively).
Discussion

After controlling for the effect of clinical characteristics, illness duration, drug types, gender, age, and years of education, we observed that impulse control assessed by false alarm rate of CPT was associated with 5-HT2A receptor gene variations in patients with schizophrenia. However, the association between false-alarm rate of CPT and 5-HT2A receptor gene variance in the healthy group was insignificant. Taken together, it seemed that the effect of 5-HT2A receptor gene on impulsivity, assessed with the false-alarm rate of the CPT, was specific to patients with schizophrenia.

The association between the T102C polymorphism, which has been shown to be in complete linkage disequilibrium with the -1438 A/G polymorphism 
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(Penas-Lledo, Dorado et al. 2007; Saiz, Garcia-Portilla et al. 2007; Quednow, Kuhn et al. 2008)
, and CPT performance has been investigated in two studies 
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(Bjork, Moeller et al. 2002; Ucok, Alpsan et al. 2007)
. One of them was limited in its sample size (Bjork, Moeller et al. 2002). The other study using a Turkey sample consisted with 82 schizophrenic patients found that those who had the heterogeneous genotype (TC) had highest false alarm rate (Ucok, Alpsan et al. 2007) whereas we observed highest rate in patients with G/G, instead of A/G, genotype. Our study design was different from the previous one in terms of different ethnicities, larger sample size and taking into account of medication used. Further investigation is warranted.

The distribution of genetic variance of the 5-HT2A receptor seemed to be similar between schizophrenic patients and healthy controls in our study. The results of studies examining the relationship between the 5-HT2A receptor gene and schizophrenia have been inconsistent. Several genetic studies reported significant association 
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(Arranz, Munro et al. 1998; Abdolmaleky, Faraone et al. 2004; Parsons, D'Souza et al. 2004; Golimbet, Lavrushina et al. 2007; Penas-Lledo, Dorado et al. 2007; Saiz, Garcia-Portilla et al. 2007)
, whereas null association was also reported in many recent studies 
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(Dominguez, Loza et al. 2007; Sanders, Duan et al. 2008; Tsunoka, Kishi et al. 2010)
. Furthermore, several genome-wide association studies indicated that 5-HT2A receptor gene was not associated with schizophrenia 
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(Holmans, Riley et al. 2009; Purcell, Wray et al. 2009; Stefansson, Ophoff et al. 2009)
. More research is needed to clarify the role of 5-HT2A receptor gene as a susceptibility gene of schizophrenia.

Modifier genes are genes that affect clinical features without altering susceptibility (Fanous and Kendler 2005). In the current study, the variance of the 5-HT2A receptor gene distributed similarly in schizophrenic patients and in controls. Of note, the 5-HT2A receptor gene was associated with impulse control in schizophrenic patients. We thus proposed that 5-HT2A receptor gene is a potential modifier gene of schizophrenia. The heterogeneity of schizophrenia has complicated its identification of genetic risk (Harrison and Weinberger 2005). The existence of modifier genes (Fanous and Kendler 2005) might partially explain why the searching for susceptibility genes has been inconclusive. Other potential modifier genes include harboring reelin (RELN) on chromosome 7q21-q32 
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(Wedenoja, Tuulio-Henriksson et al. 2010)
, catechol-O-methyltransferase (COMT) gene on chromosome 22q11 
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(Zinkstok, van Nimwegen et al. 2008; Wirgenes, Djurovic et al. 2010)
, and Megalencephalic Leukoencephalopathy with Subcortical Cystson (MLC1) on chromosome 22q13.33 (Selch, Strobel et al. 2007). RELN has been shown to be associated with working memory 
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(Wedenoja, Loukola et al. 2008; Wedenoja, Tuulio-Henriksson et al. 2010)
. COMT gene was found to be associated with working memory 
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(Wirgenes, Djurovic et al. 2010)
 and obsessive-compulsive symptoms 
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(Zinkstok, van Nimwegen et al. 2008)
. The MLC1 variation was associated with periodic catatonia (Selch, Strobel et al. 2007). Our study identified the relationship between 5-HT2A receptor gene and impulsivity in patients with schizophrenia. Future studies with larger sample size are warranted.
Our study was consistent with a previous one investigating the association of four single nucleotide polymorphisms (SNPs) in the 5-HT2A receptor gene with anger-, aggression- and suicide-related behavior in a Germany population which found rs6311: C associated with increased risk for impulsive suicidal behavior (Giegling, Hartmann et al. 2006). Whereas an excess of the -1438A allele was observed in nonimpulsive suicide attempts as compared with impulsive suicide attempts and the control group in Spain (Saiz, Garcia-Portilla et al. 2008).
In accordance with previous studies (Cornblatt and Keilp 1994; Chen and Faraone 2000), CPT performance differed significantly between patients with schizophrenia and healthy controls in the current study, which further supported the role of CPT performance as an endophenotype of schizophrenia. Besides, one linkage peak (12q24.32) attaining genome-wide significance was found for undegraded CPT hit rate in patients with schizophrenia (Lien, Liu et al. 2010). Our study further identified the 5-HT2A receptor gene located at chromosome 13q14-q21 (Hsieh et al. 1990) to be related to the false alarm rate of the degraded CPT. Therefore, varied indices from CPT might be associated with different genetic pathway of schizophrenia.
Although our study recruited larger number of sample than previous relating studies 
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(Bjork, Moeller et al. 2002; Ucok, Alpsan et al. 2007)
, we still considered ours limited in sample size because the small effect of each gene on schizophrenia (Harrison and Weinberger 2005). Whether the null association between the 5-HT2A receptor gene and schizophrenia was due to insufficient statistical power or the genetic heterogeneity between populations was undetermined.
Impulse control was associated with the 5-HT2A receptor gene variance in the current study conducted with a homogeneous Han Chinese population in Taiwan. The role of the 5-HT2A receptor gene as a modifier gene of schizophrenia was proposed. Future studies with larger sample size are warranted in clarifying the role of the 5-HT2A receptor gene in the pathophysiology of schizophrenia.
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Table 1. Demographics, 5-HT2A genotypes, CPT performance, and clinical characteristics of subjects
	
	Schizophrenic

patients
	
	Healthy
volunteers
	p-value

	Gender (male/female)
	145/103
	
	151/225
	<0.0001

	Age, y
	37.9 (9.1)
	
	41.1 (12.8)
	<0.001

	Education duration, y
	10.8 (2.5)
	
	12.8 (3.7)
	<0.001

	5-HT2A genotypes
	
	
	
	

	A/A
	98 (38.4%)
	
	139 (36.6%)
	0.28

	G/G
	30 (11.8%)
	
	62 (16.3%)
	

	A/G
	127 (49.8%)
	
	179 (47.1%)
	

	CPT, degraded
	
	
	
	

	  Hit rate
	0.47 (0.34)
	
	0.79 (0.22)
	<0.0001

	  False alarm rate
	0.07 (0.11)
	
	0.02 (0.04)
	<0.0001

	  d´, sensitivity
	1.61 (1.60)
	
	3.39 (1.07)
	<0.0001

	  ln β
	1.03 (1.51)
	
	2.12 (1.00)
	<0.0001

	Illness duration, month
	170.7 (100.4)
	
	
	

	PANSSa
	83.9 (12.8)
	
	
	

	PANSS_positiveb
	19.4 (4.4)
	
	
	

	PANSS_negativec
	24.1 (6.1)
	
	
	

	SANSd
	63.0 (19.3)
	
	
	

	Drug types

	  Typical/ Atypicale
	71/183
	
	
	


a Positive and negative syndrome scale (PANSS) total scores
b PANSS-positive subscale scores
c PANSS-negative subscale scores
d Scale for the assessment of negative symptoms total scores
e One subject with missing value
Table 2. Adjusted z-scores of CPT of subjects with different 5-HT2A genotypes
	
	Schizophrenic patients
	
	
	Healthy volunteers
	

	
	A/A
	G/G
	A/G
	p-valuea
	
	A/A
	G/G
	A/G
	p-valuea

	CPT, degraded (adjusted)b
	n=90
	n=29
	n=112
	
	
	n=130
	n=59
	n=172
	

	  Hit rate
	-2.04 (1.67)
	-2.02 (1.95)
	-2.03 (1.78)
	0.99
	
	-0.22 (1.04)
	-0.34 (1.24)
	-0.31 (1.12)
	0.69

	  False alarm rate
	2.41 (4.25)
	4.19 (6.12)
	1.69 (3.82)
	0.02
	
	0.33 (1.79)
	0.16 (1.08)
	0.21 (1.37)
	0.71

	  d´, sensitivity
	-2.20 (1.63)
	-2.48 (2.00)
	-2.12 (1.70)
	0.59
	
	-0.19 (1.02)
	-0.16 (1.13)
	-0.23 (1.12)
	0.88

	  ln β
	-1.28 (1.65)
	-1.71 (1.69)
	-1.11 (1.70)
	0.23
	
	-0.08 (1.12)
	-0.15 (1.09)
	-0.07 (1.10)
	0.89


a examining the difference between the three groups using general linear model
b adjusted for sex, age, and educational level
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