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No influence of FAT polymorphisms in response
to aripiprazole

Chi-Un Pae1,2, Alberto Chiesa3, Laura Mandelli3, Diana De Ronchi3 and Alessandro Serretti3

The aim of this study was to investigate possible influences of a set of markers in the FAT gene (rs2306987, rs2306990,

rs2637777 and rs2304865) on efficacy and tolerability of aripiprazole in the treatment of schizophrenic patients. Efficacy

was assessed at baseline and weeks 1, 2, 4, 6, 8 and 12 using the Clinical Global Impression Severity and Improvement scale

(CGI-S; CGI-I), the Brief Psychiatric Rating Scale and the Schedule for the Assessment of Negative Symptoms scale. Side

effects were evaluated by means of the Simpson–Angus Scale for Extrapyramidal Symptoms, the Barnes Akathisia Scale and

the Abnormal Involuntary Movement Scale. Multivariate analyses were employed to test possible influences of single nucleotide

polymorphisms on clinical and safety variables. Analysis of haplotypes was also performed. No relevant association between

FAT variants and clinical or safety scores was observed. Haplotype analysis did not reveal any significant association with

clinical and safety scores at any time as well. Our data suggest no association between investigated alleles and genotypes in

FAT and response to aripiprazole. However, because several limitations characterize the present study, further investigations

on larger studies are required.
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INTRODUCTION

The cadherins constitute a superfamily of cell-surface glycoproteins,
many of which participate in cell–cell adhesion and recognition.1 The
founding members of the superfamily, commonly described as classi-
cal (or type 1) cadherins, occur in most solid tissues of the body.2

Furthermore they guide neuronal migration and positioning during
development, processes that are believed to participate to the devel-
opment of schizophrenia and bipolar disorder.3,4

Growing attention has recently been given to a gene that is closely
related to the classical cadherin genes family. This gene encodes a
transmembrane protein containing 34 cadherin repeats in association
with a number of other motifs (tumor suppressor 1 precursor or
FAT).5 The FAT gene is located in chromosome 4q35.2 and it spans
about 136 kb. The atypical cadherin FAT exerts its effect as a receptor
for a signaling pathway that regulates growth, gene expression and
planar cell polarity. Although current studies mainly focused on the
role of classical cadherins and FAT in cancer,5,6 there is consistent
evidence suggesting a possible role of FAT in the development of
psychiatric disorders.7–11

Blair et al.8 recently reported FAT as a susceptibility gene for bipolar
disorder. They found that a haplotype block at the 3¢ end of the
cadherin gene FAT (rs2306987, rs1298865, rs2306990, rs2637777 and
rs2304865) associated to bipolar disorder in an Australian patient–
control sample of 137 families. More recently, Abou Jamra et al.7

replicated and extended previous findings observing that some single
nucleotide polymorphisms (SNPs) in FAT (rs4862718, rs7683023,
rs2306987, rs1298865, rs2306990, rs10009030, rs2637777, rs2304865
and rs328437) were significantly associated with bipolar disorder in an
independent sample of German subjects. However, negative results
have been also reported.8

Increasing evidence suggests that bipolar disorder and schizophre-
nia could share many risk genes,12–14 although evidence for cadherins
is still limited.4 Note, however, that the role of FAT in neuronal
migration and positioning during development makes it a good
candidate gene for schizophrenia. To date, however, no study has
yet focused on a possible role of FAT on the response to psychotropic
treatments. In a first attempt to extend findings observed in bipolar
patients to schizophrenia patients, we preliminarily investigated the
influence of a set of SNPs in FAT gene, chosen on the basis of previous
findings (rs2306987, rs2306990, rs2637777 and rs2304865), on clinical
and safety outcomes in a sample of Korean patients suffering from
schizophrenia and treated with aripiprazole.

MATERIALS AND METHODS

Sample description
Detailed sample description has been reported in a previous paper.15 Briefly,

out of 177 screened schizophrenia inpatients or outpatients according to

Diagnostic and Statistical Manual of Mental Disorders, fourth edition criteria,
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87 were included into the intent-to-treat sample. Patients were eligible for

inclusion if their symptoms were not optimally controlled and/or if they did

not tolerate current antipsychotic medications well. Patients had been ran-

domly assigned to three different switching conditions to aripiprazole (10 mg)

by (1) simultaneous discontinuation of current antipsychotic, (2) gradual

tapering off current antipsychotic over a period of 4 weeks with half dose after

the first 2 weeks or (3) gradual tapering off current antipsychotic over 4 weeks

after maintenance of current dose for 2 weeks. Patients were then followed for

12 weeks with the original aim to assess efficacy and tolerability of different

switching strategies. Rescue benzodiazepines (less than 4 mg per day of

diazepam or equivalent) and antiparkinsonian medication were allowed in

case of acute extrapyramidal symptoms, but not for prophylactic use. No signi-

ficant difference in the number of benzodiazepines’ users and dosage adminis-

tered was found among the three groups.15 The study protocol, including

genetic analysis, was approved by the institutional review board of Kangnam St

Mary’s Hospital.

Efficacy and safety evaluations
Efficacy was assessed using the Clinical Global Impression Severity and

Improvement Scale (CGI-S; CGI-I).16 Other measures of outcome employed

were the Brief Psychiatric Rating Scale (BPRS)17 and the Schedule for the

Assessment of Negative Symptoms (SANS).18 Side effects were evaluated by the

Simpson–Angus Scale for Extrapyramidal Symptoms (SAS),19 the Barnes

Akathisia Scale (BAS)20 and the Abnormal Involuntary Movement Scale

(AIMS).21 All evaluators were blind to the group allocation of patients. There

was good reliability among evaluators (k40.8).

DNA analysis
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 SNPs (rs2306987, rs2306990,

rs2637777 and rs2304865) within the FAT gene. PCR primers (Bioneer, Daejeon,

Korea) and sequencing primers (Bioneer) used for the pyrosequencing assay

were designed by using the Pyrosequencing Assay Design Software version 1

(Biotage AB) and one primer of each primer set was biotinylated. A map of the

positions of the four SNPs under investigation in FAT gene is shown in Figure 1.

Statistical analysis
Statistical analyses were performed using the Statistica package (StatSoft Italia

srl, Vigonza (PD), Italy).22 Multivariate analysis of covariance (MANCOVA)

was used to test the influence of SNPs on efficacy and safety indexes. To reduce

possible sources of bias, we included sex and age as covariates in the

MANCOVA model. Haploview 3.2 (Daly Lab, Broad Institute, Cambridge,

MA, USA) was used to generate a linkage disequilibrium (LD) map and to test

for Hardy–Weinberg equilibrium (HWE).23 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 safety scores

at each evaluation’s point among haplotypes. Sex, age and switching strategy

were added as covariates. Permutations (n¼10 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, and, in accordance with Bonferroni correction

for multiple testing (seven tests), statistical significance was conservatively set at

the 0.007 to reduce the likelihood of false-positive results. With these param-

eters, we had a sufficient power (0.80) to detect a large effect size of 0.78,

allowing to detect, for example, a difference of 0.87 points on the difference of

week 1 CGI-S between men and women and corresponding to a variance

explained of 13.7%.24

RESULTS

Socio-demographic features of the sample
Demographic and baseline clinical features are reported in Table 1.
There were some significant associations between genotypes and
clinical–demographic and safety scores at baseline. In the following
analysis, we thus systematically controlled for them to reduce possible
sources of variance. As previously observed,15 severity scores signifi-
cantly improved during the study whereas no significant difference
was observed for side effects.

Hardy–Weinberg equilibrium and linkage disequilibrium for
DTNBP1
All markers were in HWE: rs2306987(A/T), P¼0.625; rs2306990(T/C),
P¼1.0; rs2637777(G/T), P¼0.64; rs2304865(G/C), P¼0.81. Strong LD
was observed in the whole block (0.88 between rs2306987 and
rs2637777; 0.93 between rs2306990 and rs2637777; 0.89 between
rs2637777 and rs2304865; and 1 among the remaining SNPs).
Genotypes and alleles prevalence were consistent with frequencies
observed in Asian populations according to international databases
(http://snpper.chip.org/).

Allele, genotype and haplotype analysis
No significant association was found between rs2306987, rs2306990,
rs2637777 and rs2304865 alleles or genotypes and clinical or safety
assessments at any time of observation or over time as measured by
repeated-measures ANCOVA (all P-values 40.007). Haplotype ana-
lysis did not reveal any significant association with clinical and safety
scores as well (all P-values 40.007).

DISCUSSION

In this study, we preliminarily investigated the potential influence
of a set of markers in the FAT gene on clinical outcome and risk
for side effects associated to aripiprazole treatment in a sample of

rs2304865

rs2637777

rs2306990

rs2306987

Figure 1 FAT gene and polymorphisms under investigation.
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Table 1 FAT SNPs considered in this study and baseline characteristics

Measures Genotype 1 (row %) Genotype 2 (row %) Genotype 3 (row %) w2/F a P-value

rs2306987

Absolute positionb 187 753 649

Relative positionb 114 326

Location Intron 26

Genotypes A/A 27 (31%) A/T 46 (53%) T/T 14 (16%)

Gender (females) 14 (28%) 29 (58%) 7 (14%) 1.25 0.53

Group (abrupt discontinuation) 12 (39%) 15 (48%) 4 (13%) 1.40 0.49

Previous medication Risperidone, 15 (40%) Risperidone, 18 (49%) Risperidone, 4 (11%) 3.54 0.47

Olanzapine, 10 (27%) Olanzapine, 21 (52%) Olanzapine, 8 (21%)

Other, 2 (18%) Other, 7 (64%) Other, 2 (18%)

Age 40.33±10.65 36.26±12.12 34.42±12.46 1.49 0.22

CGI-S 3.48±1.28 3.45±1.16 3.28±1.26 0.08 0.91

BPRS 21.14±13.66 23.54±15.67 20.92±13.94 0.27 0.75

SANS 20.66±16.71 24.22±21.51 13.85±14.84 1.57 0.21

SAS 10.74±2.73 10.30±1.77 10.07±0.26 0.86 0.42

BAS 0.74±2.24 0.23±0.94 0.23±0.83 1.27 0.28

AIMS 1.88±4.29 0.86±3.52 0.00±0.00 1.31 0.27

rs2306990

Absolute position 187 755 970

Relative position 112 005

Location Intron 23 (boundary)

Genotypes T/T 34 (39%) T/C 41 (47%) C/C 12 (14%)

Gender (females) 20 (40%) 25 (50%) 5 (10%) 1.45 0.48

Group (abrupt discontinuation) 12 (39%) 16 (51%) 3 (10%) 0.79 0.67

Previous medication Risperidone, 11 (30%) Risperidone, 17 (46%) Risperidone, 9 (24%) 6.75 0.15

Olanzapine, 18 (46%) Olanzapine, 19 (49%) Olanzapine, 2 (5%)

Other, 5 (45%) Other, 5 (45%) Other, 1 (45%)

Age 33.73±9.05 38.29±12.94 43.50±12.26 3.54 0.03

CGI-S 3.50±1.30 3.36±1.21 3.50±0.90 0.23 0.79

BPRS 25.17±15.78 20.02±13.07 22.50±16.55 1.40 0.25

SANS 21.15±17.76 20.12±20.21 26.58±20.95 0.57 0.56

SAS 10.05±0.23 10.39±1.89 11.41±4.05 2.89 0.06

BAS 0.18±0.72 0.26±1.00 1.41±3.20 4.33 0.01

AIMS 0.94±4.05 0.52±1.53 3.16±5.81 2.62 0.09

rs2637777

Absolute position 187 762 014

Relative position 105 961

Location Coding exon 19 (amino-acid change 3554 S/A)

Genotypes G/G 42 (48%) G/T 35 (40%) T/T 10 (12%)

Gender (females) 25 (50%) 29 (40%) 7 (10%) 0.30 0.85

Group (abrupt discontinuation) 16 (52%) 13 (42%) 2 (6%) 1.21 0.54

Previous medication Risperidone, 13 (35%) Risperidone, 17 (46%) Risperidone, 7 (20%) 6.80 0.14

Olanzapine, 24 (62%) Olanzapine, 13 (33%) Olanzapine, 2 (5%)

Other, 5 (45%) Other, 5 (45%) Other, 1 (10%)

Age 34.57±8.82 39.45±14.55 40.60±10.65 2.14 0.12

CGI-S 3.57±1.27 3.25±1.19 3.50±0.97 0.74 0.47

BPRS 25.88±15.07 18.68±13.90 20.60±13.52 2.84 0.06

SANS 22.24±19.04 19.82±20.14 23.60±18.82 0.20 0.81

SAS 10.04±0.21 10.54±2.09 11.40±4.42 2.53 0.08

BAS 0.36±1.00 0.17±0.70 1.7±3.46 5.11 0.008

AIMS 0.76±3.36 0.77±1.88 3.2±6.26 2.02 0.13

rs2304865

Absolute position 187 762 357

Relative position 105 618

Location Intron 17

Genotypes G/G 45 (52%) G/C 27 (31%) C/C 15 (17%)

Gender (females) 14 (28%) 29 (58%) 7 (14%) 1.96 0.37
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schizophrenia patients who were partial responders to a previous
antipsychotic treatment. No significant association between alleles,
genotypes or haplotypes under investigation and clinical or safety
scores at any time or over time was observed, hence suggesting that
FAT gene does not have a role in the response to aripiprazole in
schizophrenia patients.

Note, however, that our findings should be considered with
caution. Previous works observed a possible link between FAT gene
and bipolar disorder7,8 and some have suggested an involvement
of FAT in schizophrenia,3,4. However, no work has yet confirmed
neither an association between FAT gene and response to mood-
stabilizing agents nor an association between FAT and schizophrenia.
As a consequence, further studies are needed to investigate
such possible associations. For this reason, our work should
be considered as preliminary in that its significance could be
better estimated if associations mentioned above were already
confirmed.

In addition, because of several methodological limitations,
our results cannot be generalized and deserve further investiga-
tions. First, given that we investigated only the switch to aripipra-
zole, it cannot be ruled out that the SNPs under investigation could
influence the response to other antipsychotic agents, as well as to
other psychotropic treatments. A further limitation of this
study is represented by the small size of our sample, which could
have limited the possibility to detect smaller effects of genetic
variations on outcome scores. Indeed, we had no sufficient
power to identify small effects, as these are usually exerted by
single genes.

Ethnicity should be also considered, because susceptible and pro-
tective haplotypes could vary according to ethnic differences.25,26

Thus, we cannot rule out a possible association between FAT gene
and response to aripiprazole in non-Korean samples. Further, we did
not investigate a number of factors potentially influencing the course
of symptoms over time independently from treatment, such as
psychosocial status or environmental stressors. Also, the choice of
SNPs was based on previous research7,8 and focused only on the 3¢ of
FAT gene; for this reason, further research is needed to provide a more
complete coverage of FAT gene and to investigate further variants that
could have a role on the expression of the gene and/or functionality of
the protein.

Taking into account such restrictions, there is a preliminary
indication of no influence of FAT gene on response to aripiprazole
treatment over the short term. However, further research is required to
confirm our finding in larger samples in order to better establish the
role of FAT on the efficacy and tolerability of aripiprazole and other
antipsychotic treatments in other populations of patients.
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