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X chromosome aneuploidies and schizophrenia: association
analysis and phenotypic characterization
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Aim: The aims of the present study were: (i) to examine
the association between schizophrenia (SCZ) and 47, XXY
or 47, XXX in a large case—control sample; and (ii) to char-
acterize the clinical features of patients with SCZ with
these X chromosome aneuploidies.

Methods: To identify 47, XXY and 47, XXX, array compara-
tive genomic hybridization (aCGH) was performed in 3188
patients with SCZ and 3586 controls. We examined the asso-
ciation between 47, XXY and 47, XXX and SCZ in males and
females separately using exact conditional tests to control for
platform effects. Clinical data were retrospectively examined
for patients with SCZ with X chromosome aneuploidies.

Results: Of the analyzed samples, 3117 patients (97.8%)
and 3519 controls (98.1%) passed our quality control. X
chromosome aneuploidies were exclusively identified in
patients: 47, XXY in seven patients (0.56%), 47, XXX in six
patients (0.42%). Statistical analysis revealed a significant
association between SCZ and 47, XXY (P = 0.028) and

Klinefelter syndrome (47, XXY) and triple X syndrome (47, XXX)
are characterized by the presence of an additional X chromosome in
males and females, respectively, and are among the most common
genetic disorders, occurring in one of 600 male and in one of 1000
female live births, respectively.'

Clinical characteristics of Klinefelter syndrome are heteroge-
neous, but they typically include tall stature, small testes, azoosper-
mia, and symptoms related to hypogonadism. On the other hand,
clinical characteristics of triple X syndrome are relatively scarce,
other than tall stature. General intellectual ability for individuals with
these X chromosome aneuploidies is mildly affected.'” It has been
suggested that individuals with Klinefelter and triple X syndrome
may be at increased risk for psychiatric disorders.’* Patients with
Klinefelter syndrome have been reported to have almost a four times
higher risk of schizophrenia (SCZ),” and patients with triple X
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47, XXX (P = 0.011). Phenotypic data were available from
12 patients. Treatment-resistance to antipsychotics and
manic symptoms were observed in six patients each (four
with 47, XXY and two with 47, XXX for both), respectively.
Statistical analysis revealed that treatment-resistance to
antipsychotics, mood stabilizer use, and manic symptoms
were significantly more common in patients with 47, XXY
than in male patients without pathogenic copy number
variations.

Conclusion: These findings indicate that both 47, XXY and
47, XXX are significantly associated with risk for SCZ.
Patients with SCZ with 47, XXY may be characterized by
treatment-resistance and manic symptoms.
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syndrome have shown a higher prevalence of psychotic disorders.®
Chromosome karyotype analysis performed before the era of microar-
ray analysis showed that the rate of 47, XXY and 47, XXX was
increased in patients with SCZ (0.54% and 0.63%, respectively).’
Despite these findings, 47, XXY and 47, XXX are not currently
recognized as a major genetic risk factor for SCZ.5™'* There are sev-
eral reasons for this. First, although clinical studies of patients with
Klinefelter or triple X syndrome have provided support for an associ-
ation between SCZ and 47, XXY or 47, XXX,>*'*'* evidence from
case—control studies of SCZ remains limited. These studies were
either small'® or used an inaccurate sex chromatin screening method
(buccal smear).” Although large-scale case—control studies of SCZ
have been recently published, further evidence for an association
between SCZ and 47, XXY or 47, XXX has not been reported.”’]9
Second, evidence for an association has come mainly from studies in
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Europid populations. Replication in other populations is needed to
increase the confidence in the generalization of the findings. Third,
the clinical features of patients with SCZ with X chromosome aneu-
ploidies remain unclear. Such information would also be useful for
optimal treatment selection and accurate prognosis prediction.

We previously performed array comparative genomic hybridiza-
tion (aCGH) analysis (n = 4553) and found that the rate of X chro-
mosome aneuploidies (47, XXY and 47, XXX combined) was
increased (0.41%) in patients with SCZ.?° In the present study, we
expanded the sample size (n = 6636) to investigate whether both
47, XXY and 47, XXX are significantly associated with risk for SCZ.
We also aimed to determine the clinical features of these patients.

Methods

Participants

We studied 3188 patients with SCZ (1710 males and 1478 females)
and 3586 psychiatrically normal controls (1654 males and 1932
females). Patients were diagnosed according to the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5),
criteria for SCZ. Controls were selected from the general population
and had no history of mental disorders based on responses to ques-
tionnaires or self-reporting.

The study protocol was approved by the ethics committee of
Nagoya University, Fujita Health University, Tokyo Metropolitan
Institute of Medical Science, National Center of Neurology and Psy-
chiatry, Tokushima University, and Tohoku University, and it is con-
formed to the provisions of the Declaration of Helsinki. Written
informed consent was obtained from all participants.

aCGH

Genomic DNA was extracted from blood or saliva samples of study
participants. To identify X chromosome aneuploidies, we performed
aCGH using two platforms: NimbleGen 720k Whole-Genome Tiling
array (Roche NimbleGen, Madison, WI) and Agilent SurePrint G3
human CGH 400k (Agilent, Santa Clara, CA). From the aCGH data,
we generated copy number variation (CNV) calls using Nexus Copy
Number software v9.0 (BioDiscovery, El Segundo, CA). Briefly, the
same log2 ratio thresholds for CNV calls were used for aCGH data
from NimbleGen and Agilent arrays: —0.4 (loss) and 0.3 (gain).

The significance threshold to adjust the sensitivity of the seg-
mentation algorithm was set at 1 x 10~ in both arrays. Three contig-
uous probes were required for CNV calls in the NimbleGen and
Agilent arrays. A noise-reduction algorithm for aCGH data was used
for the systematic correction of artifacts caused by GC content and
fragment length.' Quality control (QC) scores were calculated for
each sample based on the statistical variance of the probe-to-probe
log ratios. These QC scores showed the quality of the sample and
experiment, with lower scores indicating better quality results. We
excluded samples with a QC score >0.2, gender mismatch, or exces-
sive autosomal CNV calls. After the QC, 47, XXY and 47, XXX
were identified in our samples.

Quantitative polymerase chain reaction (qQPCR)

We validated X chromosome aneuploidies using gPCR. TagMan Copy
Number Assays were performed using four probes targeting different
regions of the X chromosome (Hs04114669_cn, Hs00120240_cn,
Hs05601664_cn, and Hs05615735_cn). In addition, to exclude the pos-
sibility of an artifact due to a sex mismatch, we performed qPCR analy-
sis of the SRY gene on chromosome Y and confirmed the presence
and absence of chromosome Y in patients with 47, XXY and
47, XXX, respectively.

Statistical analysis

The proportions of 47, XXY and 47, XXX carriers were calculated in
male and female patients, respectively. The proportions were calculated
for Agilent and NimbleGen platforms and then integrated using the
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fixed-effect inverted variance method with the logit transformation. The
heterogeneity of the proportions was assessed by Cochran’s Q statistic.
We examined the association of 47, XXY and 47, XXX with
SCZ in males and females separately, using exact conditional tests to
control for the effects of the two platforms. In addition, the associa-
tion of both aneuploidies (47, XXY + 47, XXX) with SCZ was also
evaluated using the exact conditional test to control for the two plat-
forms. The exact test was used rather than the Mantel-Haenszel test
because the exact test does not use an asymptotic approximation.

Case presentation

We retrospectively obtained longitudinal clinical data of patients with
SCZ with 47, XXY or 47, XXX from medical records. The data
included developmental history, age at onset, psychiatric symptoms,
duration of hospitalizations, medications and their effectiveness, and
the results of brain imaging, laboratory tests, and cognitive tests.
Treatment-resistant SCZ (TRS) was defined as the absence of satis-
factory clinical improvement despite the use of adequate doses of
antipsychotics (total chlorpromazine [CPZ] equivalent dose of >1000
mg/day). This definition is a simplified version of the definition used
in the study by Kane et al.*

Phenotypic analysis

We tested for an association between: (i) TRS and 47, XXY/47,
XXX; (i) mood stabilizer use and 47, XXY/47, XXX; and (iii) manic
symptoms and 47, XXY/47, XXX. Data for TRS and mood stabilizer
use were available from 689 SCZ patients (Male: 53.3%) without
pathogenic CNVs. Data for manic symptoms were available from
50 SCZ patients (Male: 42.0%) without pathogenic CNVs. Age was
matched in patients with 47, XXY/47, XXX and patients without
pathogenic CNVs. Pathogenic CNVs were defined as reported in our
previous study.?

Results

Association analysis

Of the 3188 patients and 3586 controls analyzed with aCGH, 3117
(97.8%: 1668 males, 1449 females) and 3519 (98.1%: 1627 males,
1892 females) passed QC, respectively. We identified 47, XXY in
seven male patients (0.56%; 95% confidence interval [CI] 0.27-1.17)
and 47, XXX in six female patients (0.42%; 95% CI 0.19-0.92)
(Supplementary Fig. S1). No significant heterogeneity was found in
the proportion between the two platforms (P value of Q> 0.05).
These aneuploidies were confirmed by qPCR (Supplementary Fig. 2).
The identification of 47, XXY in one patient (patient 7) was a de
novo event. With the exception of patient 5 (47, XXY and 16p13.11
deletion), no patients had other pathogenic CNVs (Table 1). No X
chromosome aneuploidies were identified in the controls. Statistical
analysis revealed that both 47, XXY and 47, XXX were significantly
associated with increased risk for SCZ (47, XXY: odds ratio
[OR] = o0, P = 0.028; 47, XXX: OR = o0, P = 0.011). Combining
47, XXY and 47, XXX showed a stronger association with SCZ
(OR = o0, P = 0.00030).

Case presentation

We obtained phenotypic data from 12 patients (seven with 47, XXY
and five with 47, XXX). These data are described below and summa-
rized in Tables 1 and 2. No patients were diagnosed as having
47, XXY/47, XXX prior to the aCGH analysis.

Patients 1-7: 47, XXY

Patient 1 was a 60-year-old male with TRS. He had a family history
of a psychiatric disorder (his brother). As a child, he had possible
intellectual disability and showed delayed language development and
peculiar behavior. In school, his academic performance was poor.
After graduating from junior high school, he worked in factories for
around 25 years. At the age of 42 years, he developed persecutory
delusions and auditory hallucinations. His psychotic symptoms did
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Table 1. Clinical phenotypes of seven patients with SCZ with 47, XXY

Patient Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
Genetic findings 47, XXY 47, XXY 47, XXY 47, XXY 47, XXY 47, XXY 47, XXY
16p13.11
deletion
Age (years)/sex  60/M 61/M 70/M 54/M 39/M 60/M 29/'M
Family history of + - - - + (SC2) — +
psychiatric
disorders
Developmental Delay in language = Poor academic Unremarkable Introverted Poor rearing Unsociable Unremarkable
history development, performance personality environment,
peculiar poor academic
behavior, poor performance,
academic trichotillomania
performance
Education (years) 9 12 12 16 9 12 12
Number of 0 0 0 0 0 0 0
children
Age at onset 42 24 25 30 15 28 21
Main psychiatric ~ Persecutory Persecutory Delusions, Negative Grandiose Auditory Thought
symptoms delusions, delusions, hallucinations, symptoms, delusions, hallucinations, broadcasting,
auditory auditory/visual manic catatonic stupor, auditory persecutory negative
hallucinations, hallucinations, symptoms, agitation, mild hallucinations delusions, social symptoms,
catatonic stupor manic agitation psychotic withdrawal anosognosia
symptoms
Hospitalization ~20 years ~30 years 35 years 2 years 3 years 1 year 7 years
Medications Risperidone, Perospirone, Levomepromazine, Quetiapine, Haloperidol, Chlorpromazine, Chlorpromazine,
prescribed at haloperidol, aripiprazole, zotepine, levomepromazine  perospirone, risperidone paliperidone,
study zotepine paliperidone, carbamazepine zotepine, valproate
evaluation lithium lithium,
valproate
Treatment- + + - - + - +
resistance
Intellectual Possible — — — Possible — —
disability
Height/weight 160-cm/48-kg 164-cm/59.5-kg 163-cm/71-kg NA 166-cm/68-kg 165-cm/69-kg 187-cm/65-kg
Physical - - Diabetes mellitus,  Diabetes mellitus - Diabetes mellitus,  Epilepsy, asthma
anomalies and hyperlipidemia, hyperlipidemia,
illnesses obesity hepatitis C,

Brain imaging

Temporal atrophy,
lateral ventricle
enlargement,
basal ganglia
calcification

NA

Mild frontal
atrophy, basal
ganglia
calcification

Low density areas
in the parietal-
occipital lobe

No significant
findings

osteomyelitis
NA

NA

Abbreviations: NA, not available; SCZ, schizophrenia.

not improve much with antipsychotic treatment and he was hospital-
ized in a psychiatric hospital for about 20 years. At the time of this
evaluation, delusions and hallucinations persisted despite high doses
of antipsychotics (risperidone, haloperidol, zotepine: CPZ equivalent
dose >1500 mg/day). Every 2 months, his psychotic symptoms wors-
ened and he fell into a catatonic stupor. Brain computed tomography
(CT) revealed temporal atrophy, lateral ventricle enlargement, and
basal ganglia calcification.

Patient 2 was a 61-year-old male with TRS. His early develop-
mental history was unremarkable, but his academic performance was
poor in school. After graduating from junior high school, he worked
for several companies until the onset of SCZ. At the age of 24 years,
he developed persecutory delusions and auditory and visual hallucina-
tions. Even after treatment initiation, he experienced recurrent psy-
chotic episodes with manic agitation and had to be hospitalized
12 times (in total, over about 30 years). His medications at the time
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of the study evaluation included antipsychotics (perospirone,
aripiprazole, paliperidone: CPZ equivalent dose, 1200 mg/day) and a
mood stabilizer (lithium 400 mg/day). His test results were not avail-
able. He had no remarkable medical conditions.

Patient 3, a 70-year-old male, had an unremarkable develop-
mental history. His grades were average in school. He started to
work after high school, but only worked for a short time and
moved from job to job. At the age of 25 years, he had delusions
and hallucinations with manic features (elevated mood and agita-
tion). He responded to antipsychotic treatment in hospital for his
psychotic symptoms, but then had repeated relapses of psychosis
with manic features. He was hospitalized 14 times (in total, over
35 years). During these long-term hospitalizations, he was treated
with antipsychotics (levomepromazine and zotepine) and a mood
stabilizer (carbamazepine). Over time, negative symptoms such as
avolition and social withdrawal became predominant. He had
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Table 2. Clinical phenotypes of five patients with SCZ with 47, XXX
Patient Patient 8 Patient 9 Patient 10 Patient 11 Patient 12
Genetic findings 47, XXX 47, XXX 47, XXX 47, XXX 47, XXX
Age (years)/sex 76/F 53/F 39/F 35/F 19/F
Family history of + (SC2) + - — + (epilepsy,
psychiatric disorders intellectual
disability)
Developmental history =~ Unremarkable Unremarkable Unremarkable Premature baby Developmental delay
Education (years) 8 9 12 15 12
Number of children 3 0 0 0 0
Age at onset 39 28 36 33 18
Main psychiatric Persecutory/erotomanic  Auditory Auditory Auditory Persecutory delusions,
symptoms delusions, cognitive hallucinations, hallucinations, hallucinations, delusions of
deterioration, persecutory circumstantial persecutory observation,
agitation delusions, suicide thinking delusions, negative auditory
attempts, agitation symptoms, hallucinations,
cognitive thought
impairments broadcasting
Hospitalization ~30 years > 30 years - <1 year <1 year
Medications Perospirone Olanzapine, Olanzapine Olanzapine Blonanserin, valproate,
prescribed zotepine, carbamazepine
at study evaluation carbamazepine
Treatment-resistance + + - — —
Intellectual disability - - - — Possible
Height/weight 150-cm/38.7-kg NA NA 155-cm/49-kg 156-cm/60-kg
Physical anomalies Exotropia Atrioventricular — - Epilepsy
and illnesses block
Brain imaging Temporal-occipital NA NA No significant findings NA
atrophy, basal ganglia
calcification
Abbreviations: NA, not available; SCZ, schizophrenia.

obesity, diabetes mellitus, and hyperlipidemia. Brain CT showed
mild frontal atrophy and basal ganglia calcification.

Patient 4, a 54-year-old male, had an unremarkable developmen-
tal history. His academic performance was average in school. After
graduating from university, he worked for a company. At the age of
30 years, he began to suffer from insomnia and to avoid other people,
becoming withdrawn. Disorganized behavior with agitation and mild
psychotic symptoms were also observed. His symptoms improved
after inpatient treatment and he stabilized with antipsychotics
(quetiapine and levomepromazine) over 20 years. At the age of
56 years, he began to complain of somatic symptoms. His psychiatric
symptoms eventually worsened and he fell into a catatonic stupor. He
had diabetes mellitus. Electroencephalography was normal. Brain CT
showed low density areas in the parietal-occipital lobe.

Patient 5 was a 39-year-old male with TRS. He had not only
47, XXY, but also 16p13.11 deletion. His family history was positive
for SCZ (his father). He grew up in a poor rearing environment. In
school, his academic performance was poor. After graduating from
junior high school, he became withdrawn and had trichotillomania.
He also committed violence toward his family. At the age of 15 years,
he developed SCZ but refused to undergo treatment for over 10 years.
At the age of 28 years, he had prominent grandiose delusions and
was hospitalized for a long time. At the time of this evaluation, he
was being treated with high doses of antipsychotics (haloperidol, per-
ospirone, zotepine: CPZ equivalent dose >1200 mg/day) and mood
stabilizers (lithium 600 mg/day and valproate 600 mg/day), but his
delusions did not improve much. His full-scale intelligence quotient
(IQ) was 52, which may reflect intellectual disability and/or cognitive
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deterioration after the onset of SCZ. He did not have any medical
conditions. Brain CT revealed no significant findings.

Patient 6 was a 60-year-old male with no family history of psy-
chiatric disorders. As a child, he was unsociable but did well in
school. After graduating from junior high school, he worked part-
time. At the age of 28 years, he developed auditory hallucinations
and began to commit violence toward his family. Thereafter, he con-
tinued to be socially withdrawn and remained untreated for over
10 years. In his early 40s, still suffering from persecutory delusions,
he was hospitalized for the first time. His conditions improved with
modified electroconvulsive therapy and antipsychotic medications.
After discharge, he was able to live his life. His medical history
included diabetes mellites, hyperlipidemia, hepatitis C, and
osteomyelitis.

Patient 7 was a 29-year-old male with TRS. His family history
was positive for psychiatric disorder. He did not show any delays in
motor or speech development. After graduating from a vocational
school, he gradually became withdrawn. He showed thought broad-
casting, negative symptoms (e.g. flattened expressions), and
anosognosia. His conditions were resistant to antipsychotics. His full-
scale 1Q was 64. He had a history of epilepsy and asthma. He also
had tall stature (height: 187-cm, weight: 65-kg).

Patients 8-12: 47, XXX

Patient 8 was a 76-year-old female with TRS. Her family history was
positive for SCZ (her sibling and child). She had an unremarkable
developmental history. After finishing elementary school, she worked
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for years and got married. At the age of 39 years, she had persecutory
and erotomanic delusions and became agitated. Her psychotic symp-
toms were refractory to antipsychotics, and she had recurrent psy-
chotic episodes, resulting in multiple hospitalizations (~30 years). Her
cognitive functioning gradually deteriorated, and her behavior and
speech eventually became completely disorganized. Brain CT rev-
ealed calcification at the basal ganglia and prominent atrophy at the
temporal and occipital cortex. She also had exotropia.

Patient 9 was a 53-year-old female with TRS. Her developmental
history was unremarkable. After finishing junior high school, she
worked in a factory. In her mid-20s, she made multiple suicidal
attempts with high intentionality. At the age of 28 years, she devel-
oped auditory and persecutory hallucinations. Despite antipsychotic
treatment, her psychotic symptoms persisted, accompanied by suicide
attempts and violent behavior. She was then admitted to a psychiatric
hospital for over 30 years. At the time of this evaluation, she was
receiving high doses of antipsychotics (olanzapine and zotepine: CPZ
equivalent dose >1100 mg/day) and a mood stabilizer (carbamazepine
500 mg/day), but her psychotic symptoms and agitations were promi-
nent. She did not have any medical conditions except for atrioventric-
ular block.

Patient 10 was a 39-year-old female with no family history of
psychiatric disorders. Her developmental history was unremarkable.
After finishing high school, she worked as a clerk and got married.
At the age of 36 years, she had auditory hallucinations and thought
disorder (i.e. circumstantial thinking). These symptoms rapidly
resolved with small doses of olanzapine. She had no medical condi-
tions. At the time of this evaluation, her social functioning was good
and she was working as a clerk.

Patient 11 was a 35-year-old female with no family history of
psychiatric disorders. She was born prematurely, but had an otherwise
unremarkable developmental history. In school, her grades were aver-
age. After graduating from junior college, she helped out with the
family business. At the age of 33 years, she developed auditory and
persecutory delusions. Her psychotic symptoms improved with
olanzapine and were subsequently controlled with small doses of
olanzapine. At the time of this evaluation, negative symptoms and
cognitive impairments were prominent. She had no comorbidities/
underlying medical conditions or significant findings on brain MRI.

Patient 12 was a 19-year-old female with possible intellectual
disability. She had a family history of intellectual disability and epi-
lepsy. At the age of 4 years, she developed epilepsy and received
treatment for 4 years. She was noted to have developmental delay at
the age of 6 years, but entered a regular class and went on to junior
high school. Her full-scale IQ was 74 at the age of 12 years. At the
age of 18 years, she developed persecutory delusions, delusions of
observation, auditory hallucinations, and thought broadcasting. She
responded to antipsychotic treatment and was able to attend day care
regularly. However, she still needed support from her parents to lead
her daily life.

Phenotypic analysis

TRS was significantly more common in patients with 47, XXY than
in male patients without pathogenic CNVs (57.1% vs. 17.7%, respec-
tively; OR = 6.2, P = 0.024). No significant difference in the TRS
rate between patients with 47, XXX and female patients without path-
ogenic CNVs was observed (P > 0.1).

The use of mood stabilizers (lithium, carbamazepine, and val-
proate) was significantly more common in patients with 47, XXY
than in male patients without pathogenic CNVs (57.1% vs. 17.4%,
OR = 6.3, P = 0.023). No significant difference in the rate of mood
stabilizer use was found between patients with 47, XXX and female
patients without pathogenic CNVs (P > 0.1).

Manic symptoms were significantly more common in patients
with 47, XXY than in male patients without pathogenic CNVs
(57.1% vs. 14.3%, respectively; OR = 8.0, P = 0.043). No significant
difference in the rate of manic symptoms between patients with
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47, XXX and female patients without pathogenic CNVs was observed
(P> 0.05).

Discussion

In the present study, we found that both 47, XXY and 47, XXX are
significantly associated with risk for SCZ. The frequencies of
47, XXY (0.56%) and 47, XXX (0.42%) in patients with SCZ were
also high relative to those in the Japanese general population (0.07%
and 0%, respectively, unpublished data in**).

Consistent with their low diagnosis rates,>> no patients were
diagnosed as 47, XXY/47, XXX prior to the aCGH analysis. The fol-
lowing physical characteristics of Klinefelter syndrome were observed
in at least one patient with 47, XXY: tall stature, diabetes mellitus,
and epilepsy. However, as their specificity is not high, it may be diffi-
cult to suspect Klinefelter syndrome from these characteristics. Intel-
lectual ability for individuals with 47, XXY/47, XXX is reported to
be mildly affected.’ Consistent with this, three patients had possible
intellectual disability.

The phenotypic analysis also revealed that patients with SCZ
with 47, XXY were more likely to have TRS. A few case reports of
patients with SCZ with 47, XXY who showed resistance to antipsy-
chotic medications have been published.?®*’ It has been reported that
patients with SCZ have a higher frequency of pathogenic CNVs and
that patients with pathogenic CNVs are more likely to be resistant to
treatment.”®?° Therefore, CNV analysis may be recommended as a
clinical diagnostic test, especially in patients with TRS. Patients with
47, XXY were also more likely to have manic symptoms. The rate of
mood stabilizer use was significantly higher in patients with SCZ with
47, XXY. Previous studies have reported a higher prevalence of bipo-
lar disorder in patients with 47, XXY.>* One patient (patient 5) with
47, XXY and 16p13.11 deletion had the earliest age at onset. The
16p13.11 deletion is associated with risk for intellectual disability
and epilepsy.*® This is consistent with the finding that multiple patho-
genic variants can lead to a severe clinical presentation.’’

Although the mechanism by which X chromosome aneuploidies
cause SCZ remains unclear, there are candidate risk genes for SCZ on
the X chromosome (e.g. MAOA, MAOB, MECP2, NLGN4X).4’8
Therefore, copy number gains of these genes may be involved in the
development of SCZ in patients with X chromosome aneuploidies.

For SCZ, the finding of a specific etiology to which the psychiatric
symptoms can be attributed precludes the diagnosis of SCZ (i.e. ‘another
medical condition’ in criterion E for SCZ in DSM-5). Therefore, some
might argue that patients with Klinefelter syndrome or triple X syndrome
should not be given a diagnosis of SCZ. The medical conditions most
commonly associated with psychosis include untreated endocrine and
metabolic disorders, autoimmune disorders, or temporal lobe epilepsy.
On the other hand, genetic syndromes (e.g. 22q11.2 deletion syndrome,
3929 deletion syndrome) strongly associated with ‘SCZ’ are not men-
tioned in the section of ‘psychotic disorder due to another medical condi-
tion” in DSM-5.%% The reasons for this are as follows. The 22q11.2
deletion syndrome and 3q29 deletion syndrome are defined by the pres-
ence of genetic variants (i.e. 22q11.2 deletion, 3g29 deletion). These vari-
ants change the copy number of multiple genes related to brain or other
organ development, and are thought to cause impaired development of
brain and other organs (e.g. heart, kidney). These impairments indepen-
dently increase the risk for SCZ and medical conditions. In other words,
psychosis in patients with these syndromes is thought to be due to neu-
rodevelopmental abnormalities caused by the genetic variants, rather than
to the effect of the medical conditions of these syndromes
(e.g. congenital heart or renal diseases). In addition, the details of neu-
rodevelopmental abnormalities associated with these variants are unclear.
Therefore, we think that genetic syndromes (not only 22q11.2 deletion
syndrome and 3q29 deletion syndrome, but also Klinefelter syndrome
and triple X syndrome) do not meet the exclusion criteria for SCZ.

This diagnostic issue is also discussed from a different perspec-
tive by Vorstman et al.>* As a complete description of the underlying
pathological processes is not possible for most psychiatric disorders,
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psychiatric diagnosis in DSM-5 relies on clinical signs and symp-
toms. Therefore, most psychiatric diagnoses proposed by the DSM-5
remain naive to any established etiology. However, as rare variants
with large effect size (e.g. 22q11.2 deletion, 3q29 deletion) have been
identified, this has created a problematic situation of two co-existing
isolated diagnostic approaches: one descriptive (in psychiatry) and the
other etiological (in genetics). As stated by Vorstman et al., such con-
fusion is due to the lack of clear guidance regarding such genetic eti-
ologies in the DSM-5. Exceptionally, in ASD, DSM-5 allows for
maintaining the foundation of the symptom-based diagnostic criteria,
while adding genetic etiology as a specifier to the diagnosis. It is pro-
posed that such approach in ASD should be adopted in the diagnosis
of SCZ.**

In fact, psychiatrists have embraced that in patients with SCZ
and 22q11.2 deletion, the former is caused by the latter, and a diagno-
sis of SCZ is most accurate, despite the presence of 22q11.2 deletion
syndrome. Previous CNV studies also reported that 22q11.2 deletion
syndrome and other genetic syndromes (3q29 deletion syndrome,
16p11.2 duplication syndrome, 15q11-q13 duplication syndrome) are
risk factors for SCZ.*>7 Furthermore, review and original papers
also state that patients with Klinefelter or triple X syndrome have a
higher risk for SCZ.">'* In light of these situation, we believe that
patients with SCZ-like psychosis and X chromosome aneuploidies
should not be excluded from SCZ.

The present study has several strengths compared with previous
studies. First, to our knowledge, this is the largest single case—control
study to examine the association between X chromosome aneu-
ploidies and SCZ. Second, a reliable method (aCGH) was used to
detect X chromosome aneuploidies, which were further confirmed by
independent methods (qQPCR). This is in contrast to previous studies
using the inaccurate method of buccal smear analysis.” Third, we
identified the clinical characteristics of patients with SCZ with
47, XXY, which may contribute to better treatment selection and
prognosis prediction. On the other hand, our study also has limita-
tions. First, aCGH is very accurate for detecting sex chromosome
aneuploidies, but not for discriminating mosaic from non-mosaic
events. Second, as we obtained phenotypic information retrospec-
tively, our study was limited in terms of the phenotypic details.

In conclusion, the present findings suggest that both 47, XXY
and 47, XXX are significantly associated with an increased risk for
SCZ. In addition, patients with SCZ with 47, XXY may be character-
ized by TRS and manic symptoms.
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Additional Supporting Information may be found in the online ver-
sion of this article at the publisher’s web-site:

Figure S1 Results of the aCGH for X chromosome in SCZ patients
with 47, XXY or 47, XXX

The figures show aCGH data of X chromosome in Patients 1-13. The
vertical axis indicates log2 ratio of copy number changes. The results
show copy number gain (duplication) of the X chromosome in these
patients.

Figure S2. Results of the TagMan Copy Number Assays in SCZ
patients with 47, XXY or 47, XXX

We validated 47, XXY in Patients 1-7 and 47, XXX in Patients 8-13
using TagMan Copy Number Assays. The assays were performed
using four probes targeting different regions of the X chromosome
(Hs04114669_cn, Hs00120240_cn, Hs05601664_cn, and
Hs05615735_cn). Bars indicate copy numbers of X chromosome
predicted by TagMan copy number assays. The results show copy
number of two in patients with 47, XXY and copy number of three in
patients with 47, XXX.
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