
67

Original Article
http://dx.doi.org/10.9758/cpn.2013.11.2.67 pISSN 1738-1088 / eISSN 2093-4327
Clinical Psychopharmacology and Neuroscience 2013;11(2):67-71 Copyrightⓒ 2013, Korean College of Neuropsychopharmacology

 This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

                      
Received: October 9, 2012 /Revised: November 27, 2012
Accepted: March 15, 2013
Address for correspondence: Tae-Youn Jun, MD, PhD
Department of Psychiatry, Yeouido St. Mary's Hospital, The Catholic 
University College of Medicine, 62 Yeouido-dong, Youngdeungpo-gu,
Seoul 150-713, Korea
Tel: +82-2-3779-1250, Fax: +82-2-780-6577
E-mail: tyjun@catholic.ac.kr

Association between FAT Gene and Schizophrenia in the Korean Population
Young-Eun Jung1,2, Tae-Youn Jun1

1Department of Psychiatry, College of Medicine, The Catholic University of Korea, Seoul, 2Department of Psychiatry, College of Medicine, 
Chonbuk National University, Jeonju, Korea

Objective: The aim of this study was to investigate the genetic association of the FAT gene with schizophrenia in the Korean 
population, as well as analyzing the association of FAT gene with clinical variables.
Methods: Four variants within the FAT gene were investigated in 189 patients with schizophrenia and 119 healthy controls 
(rs2306987 A/C, rs2306990 T/C, rs2637777 G/T, and rs2304865 G/C). 
Results: Significant association at the rs273777 with schizophrenia was observed; however, rs2306987, rs2306990, and 
rs2304865 were not associated with schizophrenia. Haplotype analyses revealed that the haplotype A/T/T/G was associated 
with a significantly protective effect. Sliding window analysis (rs2637777 G/T and rs2304865 G/C) revealed the more common 
T/G haplotype, included in the A/T/T/G protective combination, showed a small protective effect, in particular the effect was 
due to the rs273777 T variant (minor allele).
Conclusion: The present finding suggests that FAT polymorphism may play a putative role in the susceptibility to schizophrenia 
in the Korean population. Further studies using a larger number of subjects should be performed to determine whether the 
FAT gene polymorphism may be truly involved in the development of schizophrenia.
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INTRODUCTION

　Despite continuing efforts aimed at identifying the eti-
ologies of schizophrenia, little is known about the definite 
causes of the disorder. Disturbance of prenatal brain de-
velopment and/or postnatal brain maturation in the con-
text of the pathology of schizophrenia is increasingly rec-
ognized as one potential cause of schizophrenia.1,2) In this 
context, cadherin, which is a cell adhesion molecule, is of 
critical importance to morphogenesis in the central nerv-
ous system during embryonic development. They also 
play a role in neuronal differentiation and synaptogenesis, 
processes that are believed to underlie the development of 
schizophrenia.3-5)

The cadherin family consists of nearly 100 different 
genes scattered throughout the genome either as separate 
entities or as members of tandem clusters that arose 

through gene duplication. Recently a gene that is closely 
related to the classical cadherin genes family has gained 
the growing attention. There is the coherent evidence sug-
gesting a possible role of classical cadherin in the develop-
ment of psychiatric disorders.6)

 A cadherin gene, FAT (the homolog of the Drosophila 
tumor suppressor gene fat) on 4q35.2, has been implicated 
in the development of bipolar disorder.7-10) Increasing evi-
dence suggests that bipolar disorder and schizophrenia 
have some etiological overlap, which is at least partially 
due to genetic factors.11-13) Also notable is the fact that the 
role of FAT in neuronal migration and positioning during 
development makes it a good candidate gene for schi-
zophrenia. However, no work has yet examined the asso-
ciation between FAT gene and schizophrenia. In this 
study, we examined FAT gene in the Korean population to 
determine the association of the FAT gene and schizo-
phrenia in conjunction with clinical variables.

METHODS

The patient group consisted of 189 inpatients with 
schizophrenia. Ninety were male and 99 were female and 
the mean age of the participants was 36.4±8.8 years. The 
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Fig. 1. Gene map and location 
of single nucleotide polymorphi-
sms (SNPs) in FAT gene.

diagnosis was done by the consensus of two board-certi-
fied psychiatrists (T.Y.J.; Y.E.J) using a Structured Clini-
cal Interview for the 4th edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV) Axis I 
disorders-Clinical Version.14) Subjects who had neuro-
logical illness, endocrine disorders, autoimmune disease, 
or other DSM-IV Axis I diseases were excluded from this 
study. Clinical variables such as age, age of onset, dura-
tion of illness, and history of suicide attempts were 
collected. Symptom severity was assessed using the 
Clinical Global Impression Severity Scale (CGI-S)15) and 
Positive And Negative Syndrome Scale (PANSS).16)

One hundred and nineteen voluntary controls were re-
cruited from the personnel and medical students of the 
Yeouido St. Mary’s Hospital (male 51, female 68; mean age 
36.3±9.8 years). Before blood sample collection, a semi-struc-
tured interview was performed to determine whether the con-
trol subjects had current psychiatric problems, or had history 
of psychiatric or neurological illness. There was no difference 
in the distribution of gender (p=0.41) and age (p=0.90) be-
tween patients and controls.

All subjects were biologically unrelated and were na-
tive Koreans residing in the Republic of Korea. The ob-
jectives and procedures of the study were explained to all 
subjects and written informed consent was obtained. The 
Ethics Committee of the Yeouido St. Mary’s Hospital, The 
Catholic University of Korea, approved this study. 

Genomic DNA was extracted from blood by standard 
methods and quantified. The high-throughput genotyping 
method using pyrosequencer (Biotage AB, Uppsala, 
Sweden) was used for genotyping four single nucleotide 
polymorphisms (SNPs) (rs2306987, rs2306990, rs2637777 
and rs2304865) within the FAT gene, which were selected 
based on public database (National Center for Biotechnol-
ogy Information, dbSNP, http://www.ncbi.nlm.nih.gov/ 
SNP/) and data from previous studies.7,8) Polymerase 
chain reactions (PCR) primers (Bioneer, Daejeon, Korea) 
and sequencing primers (Bioneer) used for the py-
rosequencing assay were designed using the Pyrosequen-
cing Assay Design Software (ver 1.0; Biotage AB, 
Upssala, Sweden) and one primer of each primer set was 

biotinylated. A map of the positions of the four SNPs in 
FAT gene is shown in Fig. 1.

Haploview 4.2 (Daly Lab, Broad Institute, Cambridge, 
MA, USA) was used to generate a linkage disequilibrium 
(LD) map and to test for Hardy-Weinberg equilibrium 
(HWE). Association for single markers and clinical varia-
bles were performed using the chi-square, t-test and the 
analysis of variance. Tests for associations using multi-
marker haplotypes were performed using the statistics soft-
ware ‘‘R’’ (http://www.R-project.org), package ‘haplo.stat’. 
Permutations (n=1,000) were performed to estimate the 
global significance of the results for all haplotype analyses 
and to validate the expectation maximization values. Rare 
haplotypes (＜1%) were excluded from the analysis. All 
p-values were two-tailed, and in accordance with Bonfer-
roni correction for multiple testing (four tests), statistical 
significance was conservatively set at 0.0125 to reduce the 
likelihood of false-positive results.

RESULTS

Genotypes of all markers were in HWE in both patients 
with schizophrenia and the controls. All markers were in 
HWE: rs2306987(A/T), p=0.9040; rs2306990(T/C), 
p=0.6254; rs2637777(G/T), p=0.0705; rs2304865(G/C), 
p=0.2780. All investigated loci were in strong LD in the 
controls and in patients as well as in whole subjects (Fig. 2).

Single marker analyses are presented in Table 1. 
Schizophrenia was not associated with rs2306987, 
rs2306990, and rs2304865. A significant difference in 
genotypic distributions was observed between schizo-
phrenia and controls in rs2637777, where the rs2737777 
G/T genotype was more represented in the control than in 
patients with schizophrenia (p=0.006). Haplotype analy-
ses revealed that the haplotype A/T/T/G was associated 
with a significant protective effect (see Table 2 for each 
haplotype’s details). Sliding window analysis of two 
SNPs (rs2637777 G/T, rs2304865 G/C) revealed the more 
common T/G haplotype, included in the A/T/T/G pro-
tective combination, showed a small protective effect, in 
particular the effect was due to the rs273777 T variant 
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Table 1. Genotype and alleles distribution in 4 FAT SNPs in patients (n=189) and the controls (n=119)

Schizophrenia, n (%) p value Control, n (%)

rs2306987

  A/A 71 (37.6) A/T 88 (46.6) T/T 30 (15.8) 0.834 A/A 47 (39.5) A/T 56 (47.1) T/T 16 (13.4)

  A 230 (61.0) T 148 (39.0) 0.588  A 150 (63.0) T 88 (37.0)

rs2306990

  T/T 77 (40.8) T/C 87 (46.0) C/C 25 (13.2) 0.566 T/T 42 (35.3) T/C 62 (52.1) C/C 15 (12.6)

  T 241 (64.0) C 137 (36.0) 0.546 T 146 (61.0) C 92 (39.0)

rs2637777

  G/G 92 (48.7) G/T 79 (41.8) T/T 18 (9.5) 0.006 G/G 39 (32.8)  G/T 72 (60.5) T/T 8 (6.7)

  G 263 (70.0) T 115 (30.0) 0.092 G 150 (63.0) T 88 (37.0)  

rs2304865

  G/G 72 (38.1) G/C 87 (46.0) C/C 30 (15.9) 0.075 G/G 41 (34.5) G/C 68 (57.1) C/C 10 (8.4)

  G 231 (61.0) C 147 (39.0) 0.634 G 150 (63.0) C 88 (37.0)

SNP, single nucleotide polymorphisms.
Bold number indicates statistically significant.

Table 2. Haplotype analysis in patients and the controls 

Haplo

types

Control

frequency

Schizophrenia 

frequency
OR Stat. p value

Simulated 

p value*

A-T-T-G 0.030 0.004 0.14 -2.349 0.019 0.010

A-T-G-C 0.025 0.008 0.34 -1.595 0.111 0.137

A-C-T-G 0.325 0.290 0.77 -0.980 0.327 0.338

T-T-G-G 0.013 0.011 0.73 -0.271 0.787 0.768

A-C-G-G 0.061 0.070 1.01 0.488 0.626 0.681

T-T-G-C 0.344 0.370 1.00 0.846 0.397 0.425

A-T-G-G 0.188 0.237 1.15 1.227 0.220 0.223

Haplotypes comprised of rs2306987, rs2306990, rs2637777 and 
rs2304865. Haplotypes whose frequencies were estimated ＞1% 
were described. Bold number indicates significant association.
*1,000 simultations.
OR, odds ratio.

Fig. 2. Linkage disequilibrium (LD) 

mapping in FAT gene. All investi-

gated loci were in strong LD in 

the control (left) and in the pa-

tients (middle) as well as in whole 

samples (right).

Table 3. Results of 2 haplotypes analysis with rs2637777 and 
rs2304865

Haplo

types

Control

frequency

Schizophrenia

frequency
OR Stat. p value

Simulated

p value*

T-G 0.370 0.293 0.77 -1.96 0.0502 0.0430

G-C 0.370 0.378 1.00 0.34 0.7353 0.7320

G-G 0.261 0.318 1.23 1.46 0.1438 0.1620

Haplotypes whose frequencies were estimated >1% were 
described. 
*1,000 simultations.
OR, odds ratio.

(minor allele) (Table 3). 
No association was observed with the other clinical varia-

bles, such as age of onset, history of suicide attempts, diag-
nostic subtype (paranoid subtype vs. non-paranoid subtype), 
duration of illness, and symptom severity score (Table 4).  

DISCUSSION

This study was the first attempt to investigate the asso-
ciation of FAT gene polymorphism with schizophrenia. In 
the present study, we found significant association at the 
rs273777, and the rs273777 T variant (minor allele) was 
found to be protective against schizophrenia. On the other 
hand, rs2306987, rs2306990, and rs2304865 were not 
found to be associated with schizophrenia in the Korean 
population sample examined in this study.
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Table 4. FAT SNPs stratified for demographic and clinical data in patients with schizophrenia (n=189)

Measure Genotype 1 Genotype 2 Genotype 3 p value

rs2306987 A/A A/T T/T

 Gender (female) 38 (38.4) 46 (46.5) 15 (15.2) 0.949

 Suicide attempt (yes) 7 (41.2) 9 (52.9) 1 (5.9) 0.496

 Paranoid subtype 48 (42.9) 47 (42.0) 17 (15.2) 0.185

rs2306990 T/T T/C C/C

 Gender (female) 43 (43.4) 40 (40.4) 16 (16.2) 0.207

 Suicide attempt (yes) 6 (35.3) 10 (58.8) 1 (5.9) 0.458

 Paranoid subtype 49 (43.8) 46 (41.1) 17 (15.2) 0.238

rs2637777 G/G G/T T/T

 Gender (female) 53 (53.5) 35 (35.4) 11 (11.1) 0.163

 Suicide attempt (yes) 9 (52.9) 7 (41.2) 1 (5.9) 0.847

 Paranoid subtype 55 (49.1) 45 (40.2) 12 (10.7) 0.744

rs2304865 G/G G/C C/C

 Gender (female) 36 (36.4) 48 (48.5) 15 (15.2) 0.918

 Suicide attempt (yes) 7 (41.2) 8 (47.1)  2 (11.8) 0.895

 Paranoid subtype 48 (42.9) 48 (42.9) 16 (14.3) 0.193

rs2306987 A/A A/T T/T

 Age, year 36.0±8.7 37.6±8.6 34.2±8.9 0.172

 Age at onset, year 28.0±5.8 28.6±7.0 28.6±7.5 0.838

 Duration of illness, year 8.0±5.6 9.0±6.3 5.6±4.3 0.024

 PANSS (at admission) 108.0±8.0 108.9±7.4 107.4±7.6 0.614

 CGI-S (at admission) 5.5±0.5 5.4±0.5 5.5±0.5 0.770

rs2306990 T/T T/C C/C

 Age, year 36.0±9.2 36.6±8.1 37.5±9.8 0.728

 Age at onset, year 28.3±7.2 28.3±6.3 28.7±6.2 0.961

 Duration of illness, year 7.7±5.8 8.2±6.0 8.8±5.8 0.675

 PANSS (at admission) 108.8±7.5 108.7±8.1 105.2±5.6 0.095

 CGI-S (at admission) 5.4±0.5 5.5±0.5 5.4±0.6 0.242

rs2637777 G/G G/T T/T

 Age, year 35.5±8.8 36.8±8.4 39.6±9.8 0.177

 Age at onset, year 28.1±7.0 28.4±6.4 29.5±6.1 0.716

 Duration of illness, year 7.4±5.9 8.4±5.7 10.1±6.2 0.174

 PANSS (at admission) 108.7±7.3 108.2±8.3 106.6±6.5 0.559

 CGI-S (at admission) 5.4±0.5 5.5±0.6 5.6±0.6 0.669

rs2304865 G/G G/C C/C

 Age 35.6±8.8 37.8±8.7 34.1±8.4 0.085

 Age at onset, year 27.9±5.7 28.8±7.2 28.0±7.1 0.635

 Duration of illness, year 7.8±5.6 9.0±6.2 6.1±5.0 0.059

 PANSS (at admission) 108.3±8.3 108.6±7.2 107.3±7.6 0.720

 CGI-S (at admission) 5.5±0.6 5.5±0.5 5.4±0.5 0.770

Values are presented as number (%) or mean±standard deviation.
SNP, single nucleotide polymorphisms; PANSS, Positive And Negative Syndrome Scale; CGI-S, Clinical Global Impression Severity. 

We tested the four markers (rs2306987, rs2306990, 
rs2637777 and rs2304865) that showed the strongest as-
sociation in previous studies. Blair et al.8) performed sys-
tematic LD studies in the candidate region and produced 
the evidence that the susceptibility to bipolar disorder was 
conferred by a haplotype block at the 3' end of the cadherin 
gene FAT (rs2306987, rs1298865, rs2306990, rs2637777 
and rs2304865). Abou Jamra et al.7) recently reported that 
bipolar disorder had significantly relevance to nine SNPs 
in FAT (rs4862718, rs7683023, rs2306987, rs1298865, 
rs2306990, rs10009030, rs2637777, rs2304865 and rs32843. 
However, between the studies, the tendencies of risk allele 
frequencies, genetic distribution, or haplotypes were di-

fferent. More recently, Pae et al.17) reported that, in schizo-
phrenia patients, the FAT gene did not play a role in the re-
sponse to aripiprazole. The most common haplotype of this 
study consisted of the common alleles of each SNP 
(T/T/G/C), which was similar pattern of allele and genotype 
frequencies with Pae et al.’s data. They suggested that their 
work should be considered preliminary, because no work 
has yet confirmed either an association between the FAT 
gene and response to mood stabilizing agents or an associa-
tion between FAT and schizophrenia.

Our results raise the possibility that FAT gene variants 
might be involved in the development of schizophrenia. 
However, several issues should be noted in the present 



FAT Polymorphisms and Schizophrenia 71

study. The major limitations of the present study were the 
relatively small sample size and the lack of genomic con-
trol, which is liable to result in a stratification bias. 
Further, the significant haplotype (A/T/T/G) is one of rare 
haplotype (3.0% in controls, 0.4% in patients), therefore 
the variance explained by the present association is very 
low. Positive associations sometimes could be due to ge-
netic heterogeneity, and protective haplotypes could vary 
according to ethnic differences. Thus, further studies us-
ing a larger number of subjects in different ethnic groups 
should be performed to determine whether the FAT gene 
polymorphism may be truly involved in the development 
of schizophrenia. Also, the choice of SNPs was based on 
previous research and focused only on the 3' of the FAT 
gene. Accordingly it is necessary that further research pro-
vide more complete coverage of the FAT gene and inves-
tigate other variants that may have an effect on the ex-
pression of the gene.

This study was supported by a grant of the Korean 
Healthcare technology  R & D Project, Ministry of Health 
and Welfare, Republic of Korea (A102065). 
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