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Abstract The aim of this study is to investigate possible

associations between a set of single-nucleotide polymor-

phisms (SNPs) within 10 genes with Schizophrenia (SCZ)

and response to antipsychotics in Korean in-patients treated

with antipsychotics. Two hundred and twenty-one SCZ

in-patients and 170 psychiatrically healthy controls were

genotyped for 42 SNPs within ABCB1, ABCB4, TAP2,

CLOCK, CPLX1, CPLX2, SYN2, NRG1, 5HTR1A and

GPRIN2. Baseline and final clinical measures, including

the Positive and Negative Symptoms Scale (PANSS), were

recorded. Rs10042486 within 5HTR1A was associated with

both SCZ and clinical improvement on PANSS total scores

as well as on PANSS positive and PANSS negative scores.

The haplotype analyses focusing on the four, three and two

blocks’ haplotypes within 5HTR1A confirmed such find-

ings as well. We did not observe any significant association

between the remaining genetic variants under investigation

in this study and clinical outcomes. Our preliminary find-

ings suggest that rs10042486 within 5HTR1A promoter

region could be associated with SCZ and with clinical

improvement on PANSS total, positive and negative scores

in Korean patients with SCZ. However, taking into account

the several limitations of our study, further research is

needed to draw more definitive conclusions.
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Introduction

Schizophrenia (SCZ) is a neurodevelopmental psychiatric

disorder that affects about 1% of the population and ranks

among the top 10 causes of disability worldwide [1, 2].

Although environmental factors can play a significant role

into the development of SCZ [3], both formal and molec-

ular genetics’ studies converge on suggesting that such

disorder has a strong genetic etiology [4, 5]. However, it is

unlikely that a single molecule, being it a neurotransmitter,

receptor or enzyme, ‘‘causes’’ SCZ [6]. Rather, different

systems seem to interact with one another in a complex

web to produce specific symptoms and phenomena [7].

In the last decade, several association studies, frequently

employing a case–control design, have been performed that
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evaluated the genetic variations in specific candidate genes

which could be related to the etiopathology of SCZ [8]. The

selection of candidate genes was initially based only on the

assumption that increased dopamine transmission in the

meso-limbic system is closely linked to the positive symp-

toms of schizophrenia, whereas a decreased dopamine

transmission in the meso-cortical system might be linked to

negative and cognitive symptoms [7]. More recently, how-

ever, the importance of further neurotransmitter systems has

been increasingly recognized. As an example, the seroto-

nergic system has been found to play an important role into

the etiology of several dysfunctions frequently observed in

SCZ [9]. Other studies have shown that an abnormality in the

glutamate pathways may be causally related to the dopamine

dysfunction observed in SCZ patients [10, 11]. In addition,

further molecules, such as neuropeptides, could probably

play smaller but no less important roles as well [12].

In spite of the increasing knowledge about these

mechanisms, however, any attempt to unequivocally

uncover the etiological substrates of SCZ remains incon-

clusive so far, pointing to the need for further advance-

ments in molecular genetics’ studies that might allow for a

better understanding of the etiopathogenesis of SCZ and

open the gateway for the development of newer drugs [7].

For this reason, in this paper, we focused on the study of 42

single-nucleotide polymorphisms (SNPs) within 10 genes

that could be potentially involved into the etiology of SCZ

(see supplementary material for specific gene rationale).

They include ABCB1 (ATP-binding cassette, sub-family B

(MDR/TAP), member 1), ABCB4 (ATP-binding cassette,

sub-family B (MDR/TAP), member 4), TAP2 (transporter

2, ATP-binding cassette, sub-family B (MDR/TAP)),

CLOCK (circadian locomoter output cycles kaput protein),

CPLX1 (complexin1), CPLX2 (complexin2), SYN2 (syn-

apsin II), NRG1 (neuregulin 1), 5HTR1A (5-hydroxytryp-

tamine (serotonin) receptor 1A) and GPRIN2 (G protein

regulated inducer of neurite outgrowth 2).

Taking into account the dearth of studies focusing on the

role of such genes and SNPs into the development and

response to treatment of SCZ, the aim of this study is to

investigate the existence of possible associations between a

set of ABCB1, ABCB4, TAP2, CLOCK, CPLX1, CPLX2,

SYN2, NRG1, 5HTR1A and GPRIN2 SNPs and SCZ or

clinical improvement in a sample of SCZ in-patients trea-

ted with antipsychotics.

Methods

Sample

The sample under investigation in the present study

included 221 SCZ in-patients who were consecutively

recruited at the Department of Psychiatry of the Catholic

University of Korea College of Medicine, Seoul, Korea.

Patients were eligible for inclusion if they had a docu-

mented clinical diagnosis of SCZ according to the DSM-IV

criteria, as assessed by the Mini-International Neuropsy-

chiatric Interview (M.I.N.I.) [13]. The sample has been

previously investigated by our group with regard to other

gene variants (e.g. [14, 15]).

There was not any particular restriction with regard to

treatments, duration of illness and first versus following

episodes of disease. However, patients were excluded if

they had current severe or unstable medical and neuro-

logical conditions, current treatment with a long-acting

antipsychotic, concomitant alcohol and substance abuse

disorders and if they were not of Korean ethnicity. The

choice of using not excessively tight inclusion and exclu-

sion criteria was motivated by the decision to include a

sample of subjects that could be representative of usual

psychiatric in-patients in Korea. A further sample of 170

Korean psychiatrically healthy subjects, who underwent

the same assessment of psychiatric patients to exclude

possible psychiatric disorders, deriving from the same

location of the psychiatric patients included in the present

study, was also included to compare genotype and allelic

frequencies between SCZ patients and psychiatrically

healthy controls.

All patients admitted to the hospital were assessed for the

severity of illness at baseline and at discharge by means of

the Positive and Negative Symptoms Scale (PANSS) [16].

Scorers were trained with the specific instruments with

good inter-rater reliability (k [ 0.8). Additionally, the fol-

lowing clinical and demographic variables were recorded:

gender, age, age at onset, familiar history of psychiatric

disorders (based on subjects’ reports after direct questioning

by clinicians), lifetime suicide attempts, duration of

admission, drugs at discharge and concomitant anxiolytics.

The study protocol was approved by the institutional review

board (approval number HC10TISI0031). All patients

(18–65 years old) provided written informed consent before

participating into the study.

Outcome measures

The main outcome measures of the present study were the

following: (1) differences between genotypic and allelic

frequencies in patients with SCZ when compared with

healthy control subjects and (2) possible influences of the

42 SNPs within the 10 genes under investigation on clinical

improvement as measured with the PANSS total in SCZ

patients. Further outcomes of interests included improve-

ments on PANSS subscales, on response rates and on

further clinical and socio-demographical variables. Both

continuous and categorical analyses were performed.
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In accordance with previous studies, response was a priori

defined as a C50% symptoms’ reduction from baseline to

discharge [17].

DNA analysis

Genomic DNA was extracted from blood by standard

methods and quantified. The genotyping method using py-

rosequencer (Biotage AB, Sweden) was used for genotyping

42 SNPs within 10 genes under investigation (Table A—

Supplementary material). PCR primers (Bioneer, Daejeon,

Korea) and sequencing primers (Bioneer, Daejeon, Korea)

used for the pyrosequencing assay were designed by using

the Pyrosequencing Assay Design Software v1 (Biotage

AB, Sweden), and one primer of each primer set was

biotinylated.

Statistical analysis

Statistical analyses were performed using ‘Statistica’

package [18]. Differences in the allelic and genetic fre-

quencies between healthy subjects and patients with SCZ

as well as effects of such variants on response rates and

further categorical outcomes were calculated using the v2

statistics. The influence of the SNPs under investigation

and continuous outcomes were calculated using the

ANOVA. Clinical improvement on PANSS total scores

was calculated according to the following formula:

PANSSfinal� PANSSbaselineð Þ=PANSSbaselineð Þ
� 100:

In the case of positive findings, clinical variables

correlated with the outcome measures under investigation

were added as covariates. Haploview 3.2 was used to

generate a linkage disequilibrium (LD) map and to test for

Hardy–Weinberg equilibrium (HWE) [19]. Tests for

associations using multi-marker haplotypes were performed

using the statistics environment ‘‘R’’ (http://www.R-project.

org), package ‘‘haplo.score’’, to compare clinical and socio-

demographic outcomes among different haplotypes. Permu-

tations (n = 10.000) were performed to estimate the global

significance of the results for all haplotypes analyses and to

validate the expectation–maximization values.

All P values were two-tailed. Statistical significance was

calculated by means of the false discovery rate (FDR),

which allows for a correction of multiple testing but is not

as conservative as the Bonferroni correction [20]. The first

time in which the inequality was reversed was at a P-level

of 0.002. With these parameters, we had a sufficient power

(0.80) to detect a small–medium effect size (x = 0.22)

that, as an example, corresponded to an odds ratio of 2.4

between schizophrenia patients and psychiatrically healthy

controls and to detect a medium (d = 0.27) effect size for

patients with SCZ carrying the CC genotype of rs2243404

when compared with those carrying the CT genotype [21].

Such effects sizes were corresponded to the possibility of

detecting differences on PANSS total improvement scores

of 7 points.

Results

Socio-demographic features of SCZ patients

and controls

Socio-demographic features such as gender, age and fur-

ther clinical and socio-demographical variables are repor-

ted in Table 1. For control subjects, only data about gender

and age were collected. The groups did not differ with

respect to such variables (gender: v2 = 1.72, P = 0.18;

age: F = 0.79, P = 0.37). There were no associations

between any of the SNPs under investigation and baseline

clinical variables (all P values [ 0.002).

Hardy–Weinberg equilibrium (HWE) and linkage

disequilibrium for ABCB1, ABCB4, CLOCK, CPLX1,

CPLX2, GPRIN2, 5HTR1A, NRG1, SYN2 and TAP2

SNPs

One out of 42 SNPs under investigation was not poly-

morphic in the present sample (rs2229107 within ABCB1)

and was therefore excluded from the study. In addition,

rs307614 within SYN2 was not in Hardy–Weinberg equi-

librium and was excluded as well. The remaining SNPs

were all in HWE in the whole sample (Table A—Supple-

mentary material). Strong LD was observable between

several SNPs; figure A—Supplementary material). Patients

and healthy volunteers separately analyzed yielded similar

results (data not shown).

Differences between genotype and allelic frequencies

in SCZ patients and in healthy controls

We observed a trend toward significance with regard to

rs10042486 within 5HTR1A both in the genotype and in

the allelic analyses (Table B—Supplementary material;

v2 = 11.32, P = 0.003 and v2 = 7.87, P = 0.005, res-

pectively). More in detail, a significantly lower proportion

of subjects suffering from SCZ carried the TC genotype

and the C allele when compared with healthy control

subjects. Furthermore, the rs10042486-rs6295-rs878567-

rs1423691 c–c–c–c haplotype was significantly more likely

to be observed in healthy subjects, whereas the t–c–c–c

haplotype was significantly more likely to be observed in

subjects with SCZ. Similar findings were observed into the
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three and two blocks’ haplotypes analyses as well (data not

shown, available on request). Adding variables signifi-

cantly associated with the outcome under investigation as

covariates did not significantly alter the results. No further

significant difference was observed between the two

groups of subjects on the remaining genotype and allelic

frequencies.

Influence of ABCB1, ABCB4, CLOCK, CPLX1,

CPLX2, GPRIN2, 5HTR1A, NRG1, SYN2 and TAP2

SNPs on clinical improvement as measured

with PANSS total scores

A significant association was observed between

rs10042486 SNP within 5HTR1A and clinical improvement

on PANSS total scores, such that subjects carrying the TT

genotype were significantly more likely to improve when

compared with those carrying the CC and the TC genotype

(F = 178.77, P = 0.002, Table 2; Fig. 1). Of note, such

results were confirmed in the allelic and the haplotype

analyses as well. Adding variables significantly associated

with PANSS total scores as covariates did not significantly

alter the results. No further genotype, allele and haplotype

under investigation were significantly associated with

improvement on PANSS total scores.

Influence of ABCB1, ABCB4, CLOCK, CPLX1,

CPLX2, GPRIN2, 5HTR1A, NRG1, SYN2 and TAP2

SNPs on PANSS positive, negative and general scores’

improvement, response rates and on further clinical

and socio-demographical variables in patients with SCZ

Rs10042486 SNP within 5HTR1a was significantly asso-

ciated with improvement on PANSS positive and PANSS

negative scores. In particular, subjects carrying the TT

genotype as well as the T allele were significantly more

likely to improve on PANSS positive scores (Table 2

and Fig. 1; F = 460.55, P = 0.000001 and F = 504.16,

P = 0.0004, respectively) as well as on PANSS nega-

tive scores (F = 537.03, P = 0.00009 and F = 561.22,

P = 0.0001, respectively). Furthermore, the haplotype

analyses focusing on the four, three and two blocks’ hap-

lotypes confirmed such findings by showing that an asso-

ciation in the same direction was maintained depending on

whether subjects carried the T or the C allele (data not

shown, available on request). Adding variables signifi-

cantly associated with such outcomes as covariates did not

significantly alter the results. No further significant asso-

ciation was observed.

Discussion

The present paper was aimed at exploring whether 42 SNPs

within ABCB1, ABCB4, TAP2, CLOCK, CPLX1, CPLX2,

SYN2, NRG1, 5HTR1A and GPRIN2 could be associated

with SCZ and whether the same variants could predict

clinical outcomes in such groups of patients treated with

antipsychotics.

First of all, we have observed a trend toward signifi-

cance with regard to the association between 5HTR1A

Table 1 Clinical and socio-demographical variables assessed in the

present study

Clinical and demographic

characteristics

Schizophrenia

(n = 221)

Healthy controls

(n = 170)

Gender

Males 126 (57%) 105 (62%)

Females 95 (43%) 65 (38%)

Age 38.01 ± 12.67 38.83 ± 12.80

PANSS total

Baseline 94.05 ± 13.75

Disharge 76.63 ± 9.01

PANSS positive

Baseline 24.84 ± 4.77

Disharge 19.86 ± 4.12

PANSS negative

Baseline 21.58 ± 5.09

Disharge 20.30 ± 4.18

PANSS general

Baseline 47.62 ± 8.03

Discharge 36.46 ± 6.28

Age at onset 28.46 ± 10.98

Fam. hist. of psychiatric disorders

Yes 38 (17%)

No 183 (83%)

Missing values 0 (0%)

Suicide attempts

Yes 43 (19%)

No 178 (81%)

Missing value 0 (0%)

Duration of admission (days) 37.64 ± 16.75

Drug

Risperidone 78 (34%)

Olanzapine 54 (24%)

Quetiapine 13 (6%)

Amisulpiride 32 (15%)

Other 6 (4%)

Missing value 38 (17%)

Concomitant anxiolytics

Alprazolam 22 (10%)

Lorazepam 198 (90%)
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variants and a diagnosis of schizophrenia both in the

genotype and in the allelic analyses. 5HTR1A is an

important subtype of 5HT receptors, widely distributed in

the brain, especially in the cortico-limbic regions receiving

serotonergic input from the raphe nuclei [22]. These

receptors also serve as somato-dendritic autoreceptors

controlling the firing rate of the 5HT neuron [23]. Alter-

ation of these receptors has been reported in patients with

SCZ, mostly (even though not always) in the direction of a

decrease in either binding levels of 5HTR1a in the cortex

or in 5HTR1A mRNA levels [24, 25].

In addition, pharmacogenetic studies reported that

rs6295 within 5HTR1A could be associated with treatment

response in SCZ [26, 27]. In contrast with these studies, our

results showed no association between rs6295 and devel-

opment of SCZ as well as not with clinical improvement.

On the other hand, we found an association between

another polymorphism within the 5HTR1A promoter region

and both SCZ and clinical improvement. More in detail, we

found that rs10042486 TC genotype and C allele were

significantly less likely to be observed in patients with SCZ

than in healthy control subjects. In line with this finding,

we showed that rs10042486-rs6295-rs878567-rs1423691

(c–c–c–c) haplotype was significantly more likely to be

observed in healthy subjects, whereas the t–c–c–c haplo-

type was significantly more likely to be observed in SCZ’s

patients.

Moreover, a significant association was observed

between rs10042486 and clinical improvement on PANSS

total scores as well as on PANSS positive and PANSS

negative scores. In particular, we found that subjects car-

rying the TT genotype, as well as the T allele, were

Table 2 Main significant

clinical variables included in the

present study stratified

according to genotypes and

alleles

PANSS positive and negative

symptoms scale, SD standard

deviation

SNP Mean ± SD F P value

Main outcome measures

Improvement on PANSS total scores

Genotype analysis

rs10042486 178.77 0.002

CC 14.98 ± 18.60

CT 15.52 ± 12.68

TT 22.32 ± 7.08

Allele analysis

rs10042486 183.03 0.002

C 15.23 ± 16.02

T 19.22 ± 10.55

Secondary outcome measures

Improvement on PANSS positive scores

Genotype analysis

rs10042486 460.55 0.000001

CC 15.98 ± 22.51

CT 10.97 ± 24.44

TT 29.78 ± 13.64

Allele analysis

rs10042486 504.16 0.0004

C 13.64 ± 23.46

T 21.21 ± 21.42

Improvement on PANSS negative scores

Genotype analysis

rs10042486 537.03 0.00009

CC -1.69 ± 26.73

CT -1.15 ± 26.55

TT 14.10 ± 9.21

Allele analysis

rs10042486 561.22 0.0001

C -1.44 ± 26.53

T 7.10 ± 20.55
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significantly more likely to improve on PANSS total,

positive and negative scores than those carrying the CC and

the TC genotype. Of note, the haplotype analyses focusing

on the four, three and two blocks’ haplotypes confirmed

such findings by showing that an association in the same

direction was maintained depending on whether subjects

carried the T or the C allele. To the best of our knowledge,

this is the first study in which rs10042486 is studied in

association with SCZ. On the other hand, other studies

showed a significant association between better response to

antidepressant and the rs10042486 CC genotype [28].

Contrary to the findings mentioned above, we did not

observe any significant association between the remaining

genetic variants under investigation in this study and

clinical outcomes. Unlike our results, several studies

showed an association between variants within these genes

and SCZ or pharmacological treatment response. In par-

ticular, Fellerhoff et al. [29] suggested that TAP2 poly-

morphisms were associated with susceptibility to SCZ.

Moreover, several studies showed genetic associations

between several CLOCK polymorphisms and SCZ, even

though there is not complete consensus as to the specific

variants involved [30–33]. Similarly, several studies

showed an association between susceptibility to SCZ and

SYN2 [34–36] or NRG1 variants [37, 38]. However,

because of the paucity of studies focusing on these genes

and in particular on the specific polymorphisms under

investigation in the present study, further research is nee-

ded to better explore the existence and the direction of such

associations.

There are several reasons that could explain the dis-

crepancy observed between the results of other studies and

those of the present one. On the one hand, candidate

genetic studies as the present one are frequently associated

with a high likelihood of false-positive findings [39]; on the

other hand, the limited sample size of our study could raise

concerns as to whether negative findings observed in this

study could simply reflect the lack of power to detect small

differences such as those that are likely to be associated

with single SNPs. The use of different antipsychotics with

different mechanisms of action further limits the interpre-

tation of our results. However, our decision to include

patients treated with different drugs could have the

advantage of being closer to ‘‘real world’’ clinical practice.

Also, the duration of hospitalization in the present study

could be considered as insufficient to ascertain a lack of

response and remission, though this time frame is consis-

tent with common clinical practice [40]. A further possible

limitation of the present study could be imputed to the

incomplete coverage of genes under investigation, due to

the tagging approach. Also, we did not control for popu-

lation heterogeneity, though all subjects belonged to Kor-

ean ethnicity, which is considered to be genetically

homogenous [41].

In conclusion, our findings preliminary suggest that

rs10042486 within 5HTR1A promoter region could be

associated with SCZ and with clinical improvement on

PANSS total, positive and negative scores in Korean in-

patients with SCZ. However, taking into account the lim-

itations of the present study, further research is needed to

confirm our findings in larger samples, in out-patients and

in-patients treated with specific drugs or classes of drugs.
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