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ABSTRACT: The serotonin receptor 2A gene polymorphism is associated with attentional processes in
schizophrenia. However, the specificity of the underlying cognitive constructs affected within this domain
requires further elucidation. We carried out the first investigation of whether the TC/CC genotype of the
5-HT2A T102C polymorphism confers impairments in early-onset schizophrenia (EOS; onset of psychotic
symptoms before age 18) but not in healthy siblings, the putative mechanism being that serotonergic
inhibitory modulation of prefrontal dopamine is impaired in the presence of the C allele which in turnis a
genetic risk marker for schizophrenia. Fifty-three EOS outpatients and 46 of their non-psychotic siblings
(no current Axis | diagnoses) were genotyped for 5-HT2A T102C polymorphism. The Positive and
Negative Syndrome Scale (PANSS) was used to assess symptomatology severity. Diagnostic classification
was based on the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Structured
Clinical Interview. The Degraded-Stimulus Continuous Performance Test (DS-CPT) was used to measure
sustained focused attention. As predicted, EOS probands produced fewer correct responses (hit rate) and
demonstrated poorer perceptual sensitivity compared with the healthy siblings. The C allele at codon 102
was associated with fewer correct responses compared with the TT genotype. There was no significant
relationship between the polymorphism and clinical parameters, as measured using the PANSS. Our
findings suggest that the C allele may be related to sustained attentional impairments in EOS.
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A role for serotonin receptors in schizophrenia has long
been suggested by the fact that some antipsychotic
medications act upon serotonin receptors, and some
serotonin-like  molecules (e.g. D-lysergic acid
diethylamide (LSD)) have prominent psychotogenetic

effects [1-3]. One polymorphism that has been intensely
studied is a single nucleotide polymorphism (SNP) at
codon 102 (rs6313; either thymine (T) or cytosine (C))
on the serotonin receptor type 2A (HTR2A) gene located
at 13q14-g21 [4].The gene encoding HTR2A contains a
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polymorphism that alters HTR2A functioning and may
therefore be a functional candidate gene. There is some
evidence linking this variant to psychiatric diagnoses,
outcomes, and related personality phenotypes [5, 6]. A
meta-analysis implicated an association between the C
allele of the T102C polymorphism and schizophrenia
[7]. Because serotonin modulates dopaminergic neurons
[8], it is plausible that the polymorphism of the serotonin
receptor gene may be associated with clinical features
and specific cognitive functions in individuals with
schizophrenia. This is also evident from animal studies
which suggest that dopamine and 5-HT play an
important role in frontal lobe cortical processing,
particularly in speed of processing, attention, and
working memory [9]. Golimbet and colleagues [10]
showed an association of heterozygotes A1/A2 (T102C)
with personality traits (measured using the multiphasic
personality assessments and Eysenck Personality
Inventory) in healthy individuals. The C allele at codon
102 has been associated with poor prognosis [11], and
earlier contact with schizophrenia services [10].
However, one study has reported an association of the T
allele with higher frequency of hospitalization [12]. In
contrast, two studies reported no association of 5-HT2A
with general psychopathology (as measured using the
Positive and Negative Syndrome Scale; PANSS) [13] or
suicidality [14].

Studies have investigated the impact of HTR2A
polymorphisms specifically on executive function,
memory, and attention function in schizophrenia. Ugok
and colleagues [15] reported that the TC genotype was
associated with poorer performance on sustained
attention (continuous performance test) and abstraction
(Wisconsin card sorting test; WCST) compared with
both homozygous groups, TT and CC, in 82 outpatients
with schizophrenia. Similarly, Lane and co-workers [16]
found that TC individuals produced 25% more
perseverative errors than the TT genotype. A recent
study comparing short-term verbal memory in
schizophrenia spectrum disorder and controls reported an
association of the CC genotype with worse performance
in overall productivity and immediate reproduction of 10
unconnected nouns, in comparison with the superior-
performing heterozygous group [17]. The T102C CC
genotype is reported at higher frequency in
schizophrenia, and is therefore the subject of intense
interest [18, 19]. However, the specific role of HTR2A
on measures relating to attentional processes is not
clearly defined and requires further elucidation.

Two suggested strategies for improving the ability to
link risk genes to psychosis have been to study early-
onset groups and to consider cognitive endophenotypes
rather than the clinical diagnosis. Investigating selective

deficits in  cognitive function in early-onset
schizophrenia (EOS; onset of psychotic symptoms
before the age of 18 years) is particularly informative, as
the early stages of schizophrenia run alongside a critical
period of continued brain maturation [20] associated
with increased cognitive abilities in abstract reasoning,
attention, working memory, and executive function [21].
EOS is also associated with higher genetic loading,
neurodevelopmental  deviance, severe  general
psychopathology, and poor psychosocial outcome [22-
24]. Further, EOS provides a unique opportunity to study
disease correlates with less risk of secondary influences
from disease-associated alterations of environment [24,
25]. EOS is associated with generalized cognitive
impairments across a broad array of ability domains [26,
27]. In particular, the continuous performance test (CPT)
may index genetic risk for schizophrenia [28-30]. The
CPT is a measure of sustained focused attention and
impulsivity, and is considered a neurocognitive
endophenotype  for  genetic  susceptibility  to
schizophrenia [31-33]. Cognitive deficits in sustained
attention using ungraded or degraded CPT have also
been identified in clinically unaffected relatives of
schizophrenia probands, suggesting a heritable risk of
the illness [34-42].

Since genetic variation in 5-HT2A functioning has
the capacity to impact CPT, to test if any associations
observed in probands reflect risk for schizophrenia or are
a function of active disease, we also examined gene-
cognition relationships in non-psychotic siblings of EOS
patients. Our central question was whether the TC/CC
genotype of the 5-HT2A T102C polymorphism confers
impairments in EOS but not in healthy siblings, the
putative mechanism being that serotonergic modulation
of prefrontal dopamine is impaired in the presence of the
C allele which in turn is a genetic risk marker for
schizophrenia. Thus we hypothesized that performance
on the degraded stimulus continuous performance test
(DS-CPT), which relies on ‘bottom up’ processing and
reduces working memory demands, would be impaired
in EOS and, to a lesser degree, in their healthy first-
degree relatives. The association of sustained visual
attention with genetic risk is more etiologically complex;
we predicted that sustained attention deficits would be
associated with genetic risk alleles for schizophrenia.
Although the CC genotype has shown to be associated
with clinical features of the syndrome, poor cognitive
performance in schizophrenia has been identified in
individuals with the TC and CC genotype. Therefore, we
predicted that individuals with the C allele will perform
worse than those with the TT genotype. We also
explored the association of 5-HT2A genotype on clinical
parameters in this enriched population.
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MATERIALS & METHODS
Participants

Fifty-three patients (29 boys, 24 girls) with early onset
schizophrenia (psychosis first presenting before age 18),
and diagnosed using the Structured Clinical Interview for
DSM-IV Axis I Disorders [43] were recruited through
clinicians’ referrals in adolescent services in South
London (39% Caucasian, 43% Black/African Caribbean;
14% Asian, 4% mixed; mean (+ standard deviation) age
17.25€1.31 years; age range 14.1-21.2 years; mean
illness duration 23.5+£18.5 months; average number of
hospitalizations (1.2+0.96). Forty-six (n=46) non-
psychotic siblings of EOS probands (mean age
19.443.37 years) also participated in the Vulnerability
Indicators in Psychosis Study (VIPS). This study
examines clinical, cognitive and brain structural and
functional characteristics of genetic liability and disease
expression in EOS using a family-based design. The
study protocol was approved by the Joint South London
and Maudsley and the Institute of Psychiatry NHS
Research Ethics Committee. Written informed consent or
assent was obtained from all participants in the study in
accordance with the Declaration of Helsinki
(http://www.wma.net). The exclusion criteria for EOS
patients and biological relatives included: (a) a history of
neurological disorders or head injury resulting in a loss
of consciousness for more than 1 hour; (b) family history
of hereditary neurological disorders; (c) full-scale IQ less
than 70, and (d) DSM-IV criteria for psychoactive
substance abuse in the preceding 6 months or the
presence of co-morbid Axis I disorders.

Clinical Evaluation

A trained child and adolescent psychiatrist administered
the structured clinical interview for Diagnostic and
Statistical Manual of Mental Disorders (Fourth Edition)
DSM-IV [43] to verify schizophrenia diagnosis and to
screen for inclusion criteria. At the time of assessment,
fifty EOS probands were on atypical medication, one
proband was on a typical medication and two were
unmedicated. Forty-six healthy siblings (no current Axis
I diagnosis), assessed by personal interview using the
Structured Clinical Interview for DSM-IV Axis 1
Disorders (non-patient research version) [44], were
included in this study. The healthy siblings were not
taking any psychotrophic medications at the time of
entry to the study. Information about age of onset,
number and type of previous episodes, number of
hospital admissions and current medication were
collected from medical notes. The current antipsychotic

dose was calculated according to the Comparable Daily
Dose [45]. Clinical symptoms were assessed using the
PANSS [46], comprising of positive, negative and
general psychopathology subscales, and were relatively
stable in all patients for a minimum period of 6 months.
All participants were assessed using the Global
Assessment of Functioning (GAF) [47]. The GAF score
(meantSD) for EOS patients and siblings was
56.13+£13.39 and 82.65t6.21, respectively. Table 1
shows the demographic characteristics of the sample
according to genotype.

Neuropsychological Measures

All participants underwent cognitive assessment by the
same qualified psychologist. Prior to neurocognitive
assessment, patients with a diagnosis of schizophrenia
were evaluated weekly over a period of one month to
ensure that they were in partial remission of the illness
and that there had been no change to their medication
type and dose where applicable.

General intellectual ability was measured using age-
appropriate forms of the Wechsler Intelligence Scales to
derive full-scale 1Q [48, 49]. Visual sustained attention
was assessed using the Degraded-Stimulus version of the
Continuous Performance Test [50-52]. In the DS-CPT,
subjects were shown a series of single numerical digits
with degraded resolution. The stimuli were presented for
40 ms each at a rate of 1 per second on a computer
screen situated 1 meter away from the seated
participants. The participant was instructed to respond as
quickly as possible by pressing a button when a
designated target numeral “0” appeared. The target
numeral occurred in a quasi-random fashion in 25% of
the 480 trials. To allow the participant to become
familiar with the general set-up of the task, all
participants underwent two practice trials followed by
four test trials. The analysis was conducted on average
number of correct responses (“hit rate”) across four
trials, perceptual sensitivity (d-prime) (referring to an
individual’s ability to discriminate target stimuli from
non-targets stimuli) and response criterion (or response
threshold reflecting overall tendency to respond and the
amount of perceptual evidence a person requires to
decide that a stimulus is a target). The DS-CPT is
considered a sensitive assessment of subtle deficits in
sustained visual attention with minimal short-term
memory and working memory demands [50, 51].

Genotyping

DNA was extracted from cheek swabs from 99
participants using standard methods [52]. Genotypying
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of the single nucleotide polymorphism for rs6313 was
performed by a TagMan SNP genotyping assay (assay
ID: C-3042197-1) (Applied Biosystems, 850 Lincoln
Centre Drive, Foster City, California 94404, USA). 10
ng DNA was used in a 10-ul reaction, according to the
manufacturer's instructions. End-point analysis was
performed on an ABI 7900 HT PCR system and a
probability >95% was attained for the sequence
detection system package. Genotype frequencies for
rs6313 were 0.21 (TT), and 0.79 (TC/CC). The genotype
frequencies were comparable with Hap-Map population
genome build 132 dbSNP
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp_r
ef.cgi?rs=6313). The genotype distribution of rs3613
SNP in 5-HT2A was in Hardy-Weinberger equilibrium
(P = 0.70). Genotype frequencies were comparable to
those reported in other studies [15].

Statistical Analyses

Statistical analyses were conducted using Statistical
Packages for Social Sciences version 18 (SPSS, Chicago,

IL, USA). To study the effect of genotype and type of
diagnosis on our outcome measures we used a
generalized estimating equation model with an
exchangeable within-subject working correlation matrix
and robust standard errors [53,54] to account for
familial inter-correlation between the EOS probands and
their siblings. The Hubert White sandwich estimator was
used which provides standard errors that are robust to
possible misspecification of the correlation matrix.
Unlike repeated measurement ANOVA, a generalized
estimating equation allows for several observations per
case and uses a full case analysis [54]. We used a
factorial design to study group (EOS vs. healthy siblings)
by genotype (TT, TC/CC) interaction on DS-CPT
measures. On the basis of significant main effects or
interactions, Bonferroni post-hoc comparisons were
performed (P-values were multiplied by the number of
pairwise comparisons). The magnitude of pairwise
differences between EOS and siblings was assessed
using measures of effect size based on Cohen’s d [55].

Table 1. Demographic and cognitive characteristics by genotype for EOS and healthy siblings.

Gender (M/F) 3/7 24/19 8/2 20/16 0.07
Age (years) 17.26+1.23 17.24+1.39 20.77+3.43 18.18+3.32 0.09
Education (years) 10.241.1 10.5¢1.0 10.2+1.13 10.56+1.04 0.35
M 91+17.12 99.07/+24.29 92+19.39 93.02+16.85 0.324
*General
22.6+4.55 24.92+45.18 — - 0.643
psychopathology
Proportion of atypical
.po . b 6 23 - - 0.43
antipsychotics
CPT- hit rate 20.410.72 17.87+3.52 19.5+0.84 19.4+0.86 0.024
CPT —Sensitivity 2.05+1.86 2.49+2.1 3.28+2.48 3.85+1.48 0.349
CPT-Response criterion 0.97+0.07 0.97+0.09 0.99+0.01 0.97+0.09 0.761

*PANSS, Positive and Negative Syndrome Scale; NA, not applicable.
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RESULTS
Sample characteristics

Table 1 shows the clinical and demographic
characteristics by genotype for the sample. There was no
significant difference between EOS probands and
siblings with age (P=0.389, education (P=0.35), IQ
(P=0.32). There were no differences in allelic
distribution between patients and siblings (P=0.59).

6.00-

4.00

2.00

CPT perceptual sensitivity (d')

-2.00

-4.00

Genotype did not vary with sex (Wald X;=.81, df=1,
P=0.36), socio-economic status (Wald y=.12, df=l1,
P=0.73), ethnicity (Wald x2=3.71, df=1, P=0.07), or full-
scale 1Q (Wald x*=0.71, df=1, P=0.39). There was no
association of HTR2A with PANSS positive score,
negative score, or general psychopathology score (all
P>0.05). There was no significant association between
medication and performance on the DS-CPT (Pearson’s
=0.21, P=0.43).

I
Healthy sibings

EOS

Figure 1. DS-CPT Perceptual Sensitivity (d') Performance in Patients with EOS and their

Healthy Siblings.

Sustained attention

EOS probands scored significantly worse on the DS-CPT
compared with the sibling group (Wald y*=5.84, df=1,
P=0.016; Cohen’s d=0.51). There was a main effect of
group on perceptual sensitivity (Wald x*=5.71, df=1,
P=0.01, Cohen’s d=0.69), but not response criterion
(Wald ¢*=0.21, df=1, P=0.64), where healthy siblings
were able to detect targets and reject distracters more
efficiently compared to EOS probands (Figure 1). There
was no significant main effect for CPT sensitivity (Wald
v'=0.87, df=1, P=0.34) or response criterion (Wald
%*=0.09, df=1, P=0.76).

There was a main effect of 5-HT2A genotype on DS-
CPT (Wald =5.12, df=1, P=0.024), with individuals
with TT produced a greater number of correct “hits” than
TC (TT vs. TC; Cohen’s d=0.28) and CC (TT vs. CC;
Cohen’s d=0.48) genotype. Analysis of DS-CPT hit rate
showed a significant interaction between genotype and
group (Wald y°=4.91, df=1, P=0.027). Post-hoc analysis
showed that healthy siblings with TT genotype
outperformed EOS probands with TC/CC genotype
(P=0.05; Cohen’s d=0.63). Healthy siblings with TC/CC
genotype outperformed EOS in the same genotype
(P=0.039; Cohen’s d=0.65). Figure 2 shows genotype by
group interaction on DS-CPT hit rate.
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Figure 2. DS-CPT Hit Rate and HTR2A Gene Polymorphism in EOS and Healthy Siblings.

DISCUSSION

This study aimed to assess whether the TC/CC genotype
of the 5-HT2A serotonin receptor gene confers
impairments in EOS but not in healthy siblings. Our
study was unique since we investigated the association
of the T102C polymorphism of the 5-HT2A receptor
gene on visual sustained in patients with early onset
schizophrenia and their non-psychotic siblings. We
reported on several findings. First, we found an
association of the C allele of the 5-HT2A polymorphism
with poor performance on CPT hit rate in EOS probands.
Second, we found that EOS with TC/CC genotype
produced fewer correct responses and were less efficient
in detecting targets and rejecting distracters than healthy
siblings with the same genotype.

Consistent with the findings by Ucok and colleagues
[15], we found a relationship between the C allele and
visual sustained attention. In previous studies, the C
allele has shown to be related with the clinical
expression of schizophrenia [10, 11]. Our study suggests
that the same allele may also be associated with worse
performance on sustained focused attention. An earlier
study reported poor performance in CC homozygotes in
a short-term memory productivity in schizophrenia and
healthy controls [17]. The allocation of attentional
resources is required when undergoing any
neurocognitive task. Indeed, animal model of disease,

point out that serotonin receptor 2A receptors plays an
important role in the modulation of attentional processes
[56].

In line with previous findings [15], we did not detect
any association between genotype distribution and
clinical features, as measured using the PANSS scores.
The findings may reflect the antipsychotic treatment
rather than genotype differences.

We utilized a cognitive neuroendophenotype which
measures sustained focused attention [32,33]. Our study
reported a graded differential role of HTR2A on
sustained attention, whereby individuals with TT
genotype showed superior performance on the number of
correct hits compared to individuals with the TC/CC
genotype. Ugok and colleagues [15] reported that
individuals with TT and TC genotype showed a lower hit
rate on the successive discrimination vigilance task
(CPT-ZA) compared with CC genotype in schizophrenia
patients. They also reported that the TC genotype
showed more commission errors compared with TT and
CC genotype [15]. However, earlier clinical and
cognitive studies have reported that the TC and CC
genotype is associated with poor performance compared
with their counterparts [10, 11, 17, 57]. A possible
explanation for discrepancies in findings may be owing
to the multivariate nature and task requirements of the
CPT, some of which are more sensitive to attention
disturbances, while others constitute several cognitive
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constructs. Notably, although the CPT-ZA is considered
a measure of sustained attention, it involves components
of short-term memory and working memory, which may
place greater information processing loading on subjects.
Indeed, the different versions of the CPT test evaluate
different components of sustained attention, where the
inclusion of a working memory component in the case of
CPT-AX [37,51, 58] or CPT-IP version [59], result in
performance remaining stable between psychotic states
and periods of remission. The DS-CPT used in our study
relies on ‘bottom up’ processing and places minimal
working memory demands [60-62]. Therefore, the CPT-
ZA task may provide meaningful insights into executive
functional processes, which involve memory, but may
not be a pure measure of sustained attention. Our finding
provides support for an association of HTR2A with
sustained focused attention. This may suggest a specific
influence of HTR2A in discriminating predesigned
targets (DS-CPT).

There are a number of study limitations that merit
comment. First, our sample size was relatively small for
a genetic study. Of note, we studied a rare, severe and
chronic form of schizophrenia which occurs in only 5%
of all schizophrenia cases [63-66]. Yet, there is a need to
replicate this study with a larger sample. We recruited
subjects by carefully reviewing clinical documentation
prior to conducting neuropsychological assessment on
EOS and unaffected siblings to account for confounding
factors and removed the effect of ascertainment bias.
Second, our EOS patients were taking antipsychotic
medication which may have influenced the results.
However, we failed to detect an association of the
HTR2A gene polymorphism on PANSS scores in EOS.
Third, there were very few individuals in either group
with the TT genotype, indicating that there was limited
statistical power in detecting differences between TT and
TC/CC genotype; therefore there is a pressing need to
conduct larger prospective studies to validate our
findings. In spite of these limitations, this study suggests

that the HTR2A is associated with visual
sustained/focused  attention  in  patients  with
schizophrenia.

In conclusion, our study suggests that there is an
association of the C allele with poor performance of
individuals on visual sustained attention. There was no
influence of medication or psychopathology scores on
cognitive performance. A larger study with additional
measures of visual sustained attention with a larger
sample is needed to confirm and further validate our
findings. Future studies should continue to pursue more
genes involved in the modulation of attentional measures
that may confer a greater risk in schizophrenia.
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