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Objective  The autism susceptibility candidate 2 (AUTS2) gene has been implicated in multiple neurological disorders. Several recent
studies have revealed that the polymorphism rs6943555 in the AUTS2 gene is broadly associated with human mental function and be-
havior. Therefore, in the present study we investigated whether the polymorphism rs6943555 is associated with human personality traits
in Japanese university students. In addition, our previous study reported that the AUTS2 rs6943555-1s9886351 haplotype is associated
with alcohol dependence. As a preliminary analysis, we also examined whether the AUTS2 haplotypes are related to personality traits.

Methods  After written informed consent had been obtained from the participants, two AUTS2 polymorphisms were analyzed, and
personality was assessed using the Temperament and Character Inventory (TCI) in 190 university students. In addition, in order to exclude
the influence of the results for students with mental health problems, we gave the Patient Health Questionnaire-9 (PHQ-9) to all subjects.

Results In all the subjects, there was a main effect of the polymorphism rs6943555 genotype on reward dependence (p=0.038) and co-
operativeness (p=0.031), although the significance was lost on Bonferroni correction. Similarly, on analysis that excluded the subjects with
PHQ-9 scores>10, no significant association with any TCI dimension score among the rs6943555 genotypes was seen. There was no effect
of the rs6943555-1s9886351 haplotypes on the TCI dimension scores.

Conclusion This study suggests that the polymorphism AUTS2 rs6943555 is not associated with personality traits. Further large-scale
studies with more subjects using other self-report questionnaires are needed. Psychiatry Investig 2017;14(5):681-686

Key Words  Autism susceptibility candidate 2, Gene polymorphism, Personality traits, Temperament and Character Inventory,
Patient Health Questionnaire-9.

INTRODUCTION

Twin studies on heritability of personality traits demonstrat-
ed that personality traits measured by means of self-report
questionnaires show moderate heritability.! Genetic factors
as well as environmental ones also contribute to the determi-
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nation of human personality traits.” According to Bouchard’s
report, approximately two-thirds of personality traits are es-
timated to be due to genetic influence.’ Some genes related to
the characterization of personality traits are known to affect
a wide range of human behavior including abnormal types, and
polymorphisms of these same genes are associated with some
disorders such as attention deficit hyperactivity disorder, al-
cohol and heroin dependence, autism, and schizophrenia.'
Therefore, these genes are thought to regulate aspects of im-
pulsiveness and attention-process that are common to a normal
personality as well as disturbances reflected in such diverse
disorders.!

The autism susceptibility candidate 2 (AUTS2) gene has been
implicated in multiple neurological disorders including au-
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tism,** and others such as attention deficit hyperactivity dis-
order,’ schizophrenia,” bipolar disorder.® A very recent study
revealed that AUTS2 is present not only in nuclei but also in
the cytoplasm and neurites, especially at the growth cones, and
that it is involved in the regulation of cortical neuronal mi-
gration and neuritogenesis in the developing brain.” There-
fore, these functional abnormalities caused by AUTS2 gene
mutations in the brain development process, as a common base,
might induce the pathogeneses of a variety of psychiatric dis-
orders.’” Interestingly, several recent studies have shown that
the polymorphism rs6943555 in the AUTS2 gene is associated

1112 guicide under

with schizophrenia,'® heroin dependence,
the influenceof ethanol,” and alcohol consumption.” These
findings suggest that AUTS2, especially the polymorphism
rs6943555, might be involved in human mental function and
behavior, and it is predicted to be one of the important factors
affecting human personality traits.

The AUTS2 gene is located on chromosome 7q11.22 and
consists of 19 exons, the first 6 exons being separated by very
large introns and the last 13 exons being close.'> One of these
common single nucleotide polymorphisms (SNPs) in the
AUTS2 gene is rs6943555, which comprises a single nucleotide
change of T to A in intron 4." Schumann et al."* reported that
the A allele of rs6943555 significantly increases AUTS2 gene
expression in the prefrontal cortex of the human brain com-
pared with the T allele. Meanwhile, Chen et al."! found that
subjects with the rs6943555 A/A genotype exhibit a significant-
ly lower AUTS2 mRNA level in a lymphoblastoid cell lines
(LCL) compared to subjects with the T/T and T/A genotypes."
Although the expression of the AUTS2 gene might not be equal
between brain tissue and LCL, the cause of this inconsistency
is needed for further research.'’ However, in any event, these
studies suggest that the rs6943555 variants may influence tran-
scriptional activity and expression of the AUTS2 gene.

Cloninger proposed that the three heritable dimensions of
personality comprise novelty seeking, harm avoidance, and
reward dependence.” In subsequent research, the Tempera-
ment and Character Inventory (TCI), which is one of the self-
report questionnaires, and has four temperament dimensions
(novelty seeking, harm avoidance, reward dependence, and
persistence) and three character dimensions (self-directedness,
cooperativeness, and self-transcendence), was developed to
assess the personality traits of individual.'® These dimensions
are assumed to be as follows: the temperament traits are mod-
erately heritable and stable throughout life, and the character
traits are weakly heritable and moderately influenced by so-
cial learning.'®

To our knowledge, a study on the relationship between AUTS2
gene polymorphisms and personality traits has not yet been
reported. In the present study, we investigated whether the
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polymorphism rs6943555 in the AUTS2 gene is associated with
human personality traits, as assessed by the TCI in Japanese
university students. In addition, our recent study reported that
the AUTS2 haplotype consisting of the polymorphisms rs6943555
and rs9886351 might affect the pathogenesis of alcohol depen-
dence.”” Therefore, as a preliminary analysis, we also examined
whether the AUTS2 haplotypes are related to personality traits.

METHODS

Subjects

The participants comprised 190 volunteers (male: 51; female:
139). In order to rule out confounding factors such as age and
general intelligence level differences, all candidates for this re-
search consisted of students in Azabu University, Japan. The
mean age was 20.4611.15 (mean®SD) years (male: 20.75+1.45
years; female: 20.3621.00 years). The study was approved by
the ethics committee of Azabu University; Japan (0648). After
obtaining written informed consent, blood samples were ob-
tained from all the subjects. In addition, we performed the Japa-
nese versions of the TCI and Patient Health Questionnaire-9
(PHQ-9, 2013 NCNP version) for all subjects. The shortened
version of the TCI is used to assess personality traits by means
of a questionnaire comprising 125 items with four possible an-
swers.'® The 4-point answer scale for each item comprises 1
(strongly disagree) to 4 (strongly agree). In addition, although
the subjects in our study were ostensibly healthy students, it
has been reported that depressive symptoms are accounted for
the high frequency among the mental disorders found in uni-
versity students.” Therefore, in order to exclude the influence
on the results of students with mental health problems, the
PHQ-9 was also performed. The PHQ-9 is a self-report ques-
tionnaire based on the diagnosis of Diagnostic and Statistical
Manual of Mental Disorders-IV (DSM-1V) depressive disor-
ders, and consists of nine questions related to the depression
module of the Patient Health Questionnaire (PHQ) that is used
assess eight diagnoses (major depressive disorder, panic disor-
der, other anxiety disorder, bulimia nervosa, other depressive
disorder, probable alcohol abuse/dependence, probable so-
matoform disorder, binge eating disorder).”**' Each of the nine
questions of the PHQ-9 is scored from 0 (not at all) to 3 (nearly
every day), therefore the PHQ-9 total score ranges from 0 to
27.2 The validity and reliability of the Japanese version of the
TCI and PHQ-9 has already been confirmed in the Japanese
population.'®*

DNA analysis

We performed extraction and purification of genomic DNA
by the phenol/chloroform method. The polymorphisms AUTS2
rs6943555 and rs9886351 were genotyped by means of poly-



merase chain reaction-restriction fragment length polymor-
phism (PCR-RFLP) according to the method of Zhang et al."’
In regard to the polymorphism rs9886351, the 188 subjects of
genotyping has been completed. Genomic DNA was amplified
with the following primers: rs6943555 (forward: 5-TGG GTG
TTG GAA GAG TTT TGA-3] reverse: 5-ATA CAG TAT ACA
TAA ACA TTG GAA AAG AGG GAA-3’) and rs9886351 (for-
ward: 5-GGT GGA AAA TAA GCC AGT ATG C-3; reverse:
5-TAG GAA AAT GGA TTA AAC GTA GGA G-3’). The PCR
product (196 bp for rs6943555 and 221 bp for rs9886351) was
digested with a restrictive enzyme, Hinf I (New England Bio-
labs, Tokyo, Japan), and the digested products were subjected
to electrophoresis on 5% polyacrylamide gels and visualized
using the ethidium bromide staining method. Genotypes were
determined according to fragment sizes: T/T=196 bp, T/A=196
bp+165 bp+34 bp, A/A=165 bp+34 bp, and rs9886351: A/A=
221 bp, A/G=221 bp+198 bp+26 bp, G/G= 198 bp+26 bp.

Statistical analyses

The Hardy-Weinberg disequilibrium was assessed using a
chi-square test. First, in all the subjects, we compared the TCI
dimension scores among the rs6943555 genotypes by perform-
ing statistical analysis using two-way analysis of variance with
genotypes and gender as independent variable, and with the
TCI dimension scores as dependent variable. Second, because
a PHQ-9 score of 10 or higher is the threshold for major de-
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pression,”***

we excluded the subjects with this criterion
from the analysis. Furthermore, as a preliminary analysis, we
analyzedthe effect of the haplotypes consisting of the polymor-
phisms rs6943555 and rs9886351 on the TCI dimension scores
in the subjects with PHQ-9 scores <10. Statistical analyses were
performed using SPSS 12.0] for Windows. In addition, linkage
disequilibrium (LD) coefficients (D’ and 7*) and haplotype
effects were calculated with gPLINK 2.050 (http://zzz.bwh.
harvard.edu/plink/index.shtml) and Haploview 4.2 (http://
www.broad.mit.edu/mpg/haploview/index.php).*”” In order
to consider multiple issues, p-values were adjusted by means
of Bonferroni correction. Statistical significance was defined
as p<0.05.

RESULTS

The genotype frequencies of the polymorphisms AUTS2
186943555 and rs9886351 were as follows: rs6943555 (T/T type:
80, T/A type: 88, A/A type: 22) and 159886351 (A/A type: 57,
A/G type: 95, G/G type: 36). The rs6943555 and rs9886351
genotypes distribution was in Hardy-Weinberg equilibrium
(rs6943555: x* (1)=0.0879, p=0.767; rs9886351: x* (1)=0.103,
p=0.748).

The TCI scores in all the subjects as to the rs6943555 geno-
type are shown in Table 1.

There was no main effect of the polymorphism rs6943555

Table 1. TCI dimension scores in all the subjects grouped as to the AUTS2 rs6943555 genotype

Genotype N NS HA RD P SD C ST

All subjects 190
T/T 80 51.08+7.07 56.8719.20 41.18%6.02 12.6612.37 59.13+10.53 70.81+11.07 31.2247.28
T/A 88 49.49%7.55 58.67+8.84 42.99%5.77 13.12%2.66 58.63+10.05  74.42%10.21 30.50%+8.10
A/A 22 48.8616.45 58.82+9.52 43.36£3.82 13.18%2.44 57.45+8.50 74.7717.62 31.821+6.56
F 1.986 1.919 3.321 0.241 0.309 3.538 0.570
p 0.140 0.150 0.038* 0.786 0.734 0.031* 0.566

TCI dimension scores are showed as mean®SD. *p<0.05, this significance was lost on Bonferroni correction (p>0.05). TCI: Temperament
and Character Inventory, AUTS2: autism susceptibility candidate 2, NS: novelty seeking, HA: harm avoidance, RD: reward dependence, P:
persistence, SD: self-directedness, C: cooperativeness, ST: self-transcendence

Table 2. TCI dimension scores in the subjects with PHQ-9 scores <10 grouped as to the AUTS2 rs6943555 genotype

Genotype N NS HA RD P SD C ST
PHQ-9 scores <10 156
T/T 67  50.81%+6.79 55.7919.05 41.75%£5.87 12.7842.44  60.28+10.56  71.91+£10.73  31.57%7.68
T/A 72 49.6117.67 56.74+8.07 43.29+5.85 13.11£2.50  60.37£9.01 74.31+9.87 30.791+8.37
A/A 17 48.6516.10 57.6519.83 42.7114.04 12.5912.21  58.18%8.38 73.1247.35 31.00+6.13
F 1.103 1.066 1.577 0.177 0.367 1.898 0.218
P 0.335 0.347 0.210 0.838 0.693 0.153 0.805

TCI dimension scores are showed as mean+SD. TCI: Temperament and Character Inventory, PHQ-9: Patient Health Questionnaire-9,
AUTS2: autism susceptibility candidate 2, NS: novelty seeking, HA: harm avoidance, RD: reward dependence, P: persistence, SD: self-direct-
edness, C: cooperativeness, ST: self-transcendence
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genotype on the novelty seeking (NS), harm avoidance (HA),
persistence (P), self-directedness (SD), and self-transcendence
(ST) scores. On the other hand, there were significant associ-
ation with reward dependence (RD) and cooperativeness (C)
among the rs6943555 genotypes, although the significance was
lost on Bonferroni correction (p>0.05). Interaction between the
156943555 genotype and gender was not found for any TCI di-
mension score (NS: F=0.785, p=0.457; HA: F=1.495, p=0.227;
RD: F=0.774, p=0.463; P: F=0.758, p=0.470; SD: F=0.159,
p=0.853; C: F=1.001, p=0.369; ST: F=0.316, p=0.729).

The TCI scores in the subjects with PHQ-9 scores <10 as to

Table 3. The effect of the AUTS2 haplotypes on the TCI dimension
scores in the subjects with PHQ-9 scores <10

) ) Haplotype
TCI dimension Beta p
rs6943555 19886351
NS A G -0.2217 0.838
T G -0.2681 0.788
A A -1.873 0.149
T A 1.214 0.168
HA A G 0.2546 0.849
T G -0.1212 0.921
A A 1.92 0.231
T A -0.9528 0.380
RD A G 1.267 0.140
T G -0.8522 0.282
A A 0.02181  0.983
T A -0.183 0.794
P A G 0.1254 0.735
T G -0.3463 0.309
A A -0.1841 0.679
T A 0.2716 0.367
SD A G -1.879 0.197
T G -0.08072  0.952
A A 0.6402 0.715
T A 1.012 0.393
C A G 0.8489 0.576
T G -0.6491 0.643
A A 1.228 0.501
T A -0.617 0.618
ST A G 0.7267 0.547
T G -0.1704 0.878
A A -2.105 0.146
T A 0.6165 0.530

AUTS2: autism susceptibility candidate 2, TCI: Temperament and
Character Inventory, PHQ-9: Patient Health Questionnaire-9, NS:
novelty seeking, HA: harm avoidance, RD: reward dependence, P:
persistence, SD: self-directedness, C: cooperativeness, ST: self-tran-
scendence, Beta: regression coefficient

684 Psychiatry Investig 2017;14(5):681-686

the rs6943555 genotype are shown in Table 2.

In an analysis that excluded the subjects with PHQ-9 scores
210, no main effect of the polymorphism rs6943555 genotype
on any TCI dimension score was seen. Similarly, interaction
between the rs6943555 genotype and gender also was not found
for any TCI dimension score (NS: F=0.369, p=0.692; HA: F=
1.627, p=0.200; RD: F=0.532, p=0.588; P: F=1.006, p=0.368;
SD: F=0.001, p=0.999; C: F=1.457, p=0.236; ST: F=1.173,
p=0.312).

The effect of the AUTS2 haplotypes on the TCI scores in the
subjects with PHQ-9 scores <10 are shown in Table 3.

There was no effect of the haplotypes consisting of the poly-
morphisms rs6943555 and rs9886351 on the TCI dimension
scores.

In addition, the pairwise D’ and r* values for the polymor-
phisms AUTS2 rs6943555 and rs9886351 in our subjects were
0.250 and 0.042, respectively.

DISCUSSION

In this study, we investigated the association of the polymor-
phism rs6943555 in the AUTS2 gene and personality traits, as
assessed by the TCI in Japanese university students.

Our results showed that there was no significant association
between the polymorphism rs6943555 in the AUTS2 gene
and personality traits measured by the TCI in all the subjects.
Furthermore, even when subjects with more or less mental
health problems (PHQ-9 scores >10) were excluded, no sig-
nificant association was seen between them including the
1s6943555-rs9886351 haplotypes. Incidentally, there was also no
significant association between the polymorphism rs9886351
and personality traits (data not shown).

The AUTS2 gene has been implicated in multiple neurolog-
ical disorders.” Several recent studies have shown that the poly-
morphism rs6943555 in the AUTS2 gene is broadly associated
with schizophrenia,' heroin dependence,'""
the influence of ethanol,” and alcohol consumption." There-
fore, we expected that the single nucleotide exchange of T —
A affect the individual differences of human personality traits,
although no association was found between them in our study.

suicide under

Regarding other polymorphisms in the AUTS2 gene, a very
recent genome-wide association study revealed that the in-
tronic polymorphisms rs7785360 and rs12698828 are signifi-
cantly associated with antidepressant responses to selective
serotonin reuptake inhibitors (SSRIs) and mirtazapine (NaS-
SA: noradrenergic and specific serotonergic antidepressant).”
This finding indicates the possibility that the AUTS2 gene might
be closely related to the activity of serotonergic and noradren-
ergic systems. Originally, Cloninger proposed that the three
heritable dimensions of personality, i.e., novelty seeking, harm



avoidance, and reward dependence, are linked to dopaminer-
gic, serotonergic and noradrenergic neurons, respectively.'>*
Therefore, the polymorphisms rs7785360 and rs12698828
might be more likely associated with personality traits, while
it is not clear whether these polymorphisms affect AUTS2 gene
expression. However, a previous study has suggested that im-
portant elements for regulation of gene expressionis contained
within introns.” In fact, since the polymorphism rs6943555

L4 such intronic

has been reported to affect gene expression,
polymorphisms in the AUTS2 gene might be important to elu-
cidate the relationship with human personality traits. As fur-
ther evidence of this, a recent study revealed that the intronic
haplotypes in the AUTS2 gene including rs6943555 are relat-
ed to heroin dependence.” In addition, our previous study also
reported that the haplotype consisting of the intronic polymor-
phisms rs6943555 and rs9886351 might affect the pathogen-
esis of alcohol dependence.” Thus, although an effect of the
1s6943555-rs9886351 haplotypes on the development of per-
sonality traits was not observed in this study, it would be inter-
esting for further analysis to be focused on AUTS2 haplotypes
in future research.

The genotype and allele frequencies of the polymorphism
AUTS2 rs6943555 might differ among races.""”” Genotype and
allele frequencies of this polymorphism in this study were not
significantly different compared to that of our previous study
(male: 23, female: 52, mean age: 35.3619.06) (genotype: X
(2)=0.271, p=0.873; allele: x* (1)=0.557, p=0.455)."”” In addition,
the A/A genotype (11.6%) and A allele frequencies (34.7%) in
our subjects showed very little difference from those in Han
Chinese subjects [Zhang et al.: male: 192, female: 243, mean
age: 37.6210.8; Chen et al.: male: 390 (genotyping in 373 males),
mean age: 42.8+14.4; Dang et al.: male: 355, female: 61, mean
age: 37.131£5.23] (A/A genotype: 8.31-13.0%; A allele: 29.3-
35.8%).""* On the other hand, in Polish Caucasian subjects
(male: 1819, female: 2042, mean age: 45.72114.91) the A/A gen-
otype accounts for only 4.7% and the A allele 21%." The gen-
otype and allele frequencies of the polymorphism AUTS2
rs6943555 in Polish Caucasian subjects show significant dif-
ferences from those in the Japanese population examined in
this study [genotype: X* (2)=39.4, p<0.01; allele: x* (1)=40.1,
p<0.01]."* However, because the number of subjects in this
study was far fewer than that in Chojnicka’s study of Polish
Caucasians,” such a difference in methodology will should
be considered. Likewise, the age ranges of the subjects in Cho-
jnicka’s” and our studies (20.4611.15) were also greatly differ-
ent, although a significant difference in genotype [x* (2)=48.4,
p<0.01] and allele [x* (1)=46.9, p<0.01] frequencies of the
polymorphism rs6943555 between Chojnicka’s and Chen’s"
studies that have roughly the same age range was also observed.
Therefore, if the different results to our study are confirmed
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in further studies, such differences in genotype and allele fre-
quencies among races might be one of the reasons.

It must be considered that there are several limitations in
this study. First, the sample size of all the subjects (n=190) in
our study was small and consequently the statistical power
was low. We have calculated whether the number of samples
is appropriate in this study by using the G*Power version
3.1.9.2 (http://www.gpower.hhu.de/). The effect size in the
two-way analysis of variance [3 (genotype)x2 (gender)] was
set to 0.25 (medium effect),” and statistical power was 0.8.%
Consequently, when analyzing the main effect of the genotype
on TCI dimension (a=0.05), the required number of samples
was calculated to be 158 subjects (approximately 27 subjects
per group). However, the required number of samples per group
could not be obtained (e.g., the number of males with the A/
A genotype of the polymorphism rs6943555 was 10 subjects).
Second, to study the relationship between the AUTS2 gene
polymorphisms and personality traits, we used only the short-
ened version of TCI as a self-report questionnaire. In addition,
to clarify the effects of these polymorphisms on personality
traits, it is necessary to use various self-report personality ques-
tionnaires with different characteristics.”> However, the high
validity and reliability of the Japanese version of the TCI-125
items with a 4-point answer scale has been confirmed in Japa-
nese university students (mean age: 20.37)."* Third, in order to
exclude the influence of the results for students with mental
health problems, we performed the PHQ-9. Because the PHQ-
9 is a self-report questionnaire that evaluates only depressive
disorders,* there is a possibility that it could not exclude sub-
jects with other mental health problems such as anxiety disor-
ders. Meanwhile, it has been reported that the PHQ-9 exhib-
its higher sensitivity and specificity in comparison with other
self-report questionnaires for depression screening.” There-
fore, by excluding subjects with depressive symptoms that are
observed at high frequency in university students," the possi-
bility that more reliable results can be obtained is suggested.

In conclusion, our study suggests that the polymorphism
AUTS2 156943555 is not associated with personality traits, as
assessed by the TCI, in Japanese university students. Addi-
tionally, there was no significant association between the
1s6943555-rs9886351 haplotypes and personality traits. Fur-
ther large-scale studies with more subjects using not only the
TCI but also other self-report questionnaires are needed, and
it would be valuable also to clarify the relationship between the
other important AUTS2 polymorphisms (including haplo-
types) and human personality traits.
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