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tions. Sequence variants from patients and controls were compared
with the Mitomap database (http://www.mitomap.org/), GenBank
and PubMed/MEDLINE-listed publications, We investigated the fre-
quencies of T4612C, A5127G, A8291G and 9-bp deletions in mtDNA
for 122 control subjects and 86 schizophrenia patients using direct
sequencing analysis and/or PCR-restriction fragment length poly-
morphism (RFLP) analysis. PCR reactions (10 wl) were digested
using 10 units of restriction endonucleases at the recommended
temperature overnight; fragments were separated on 2% agarose
(TaKaRa) gels, and the size of the DNA fragments was determined
in comparison to a 100-base pair ladder (GE Healthcare, Little Chal-
font, UK).

2.4. Sequence analysis of nuclear genes

The coding exons and exon-intron boundaries containing the
upstream 1-kb region of POLG (Van Goethem et al., 2001), POLG2
(Longley et al., 2006), C100fr2 (Spelbrink et al., 2001), SLC25A4
(Kaukonen et al., 2000), ECGF1 (Nishino et al., 1999), OPA1
(Alexander et al., 2000; Delettre et al., 2000) and WFS1 (Inoue et al.,
1998) were amplified using PCR on genomic DNA isolated from the
patients with suspected mitochondrial encephalomyopathy and a
control patient, and subjected to direct sequencing. PCR reactions
were performed using TaKaRa Tag™ or TaKaRa LA Tag™ in GC
buffer (TaKaRa). Reactions using TaKaRa LA Tag™ were performed
inatotal volume of 12.5 .l containing 20-100 ng each DNA sample,
0.2 uM each of the forward and reverse oligonucleotide primers,
6.25 pl 2X GC Buffer I containing 2.5 mM MgCl; (TaKaRa), 0.4 mM
each of dATP, dGTP, dTTP and dCTP, and 0.625 units of TaKaRa LA
Tag™. The PCR program was as follows: 94°C for 2 min, 35 cycles of
94°C for 305s,49-67°Cfor 30s and 72 <C for 1 or 2 min, followed by
72 °C for 5 min. PCR products were separated on 0.8% agarose gels
at 100V for 30 min. The amplified PCR products were sequenced
using the same primers used in the initial PCR and the protocol
described above.

2.5. Southern blot analysis of mtDNA

Southern blot analyses were performed to detect large deletions
of mtDNA from both the muscle and leukocytes of the patients,
and from the leukocytes of a control. Each 2 pg of total DNA was
digested with Pvu II, electrophoresed on a 0.8% agarose gel and
transferred to a nylon membrane (Hybond-N+, GE Healthcare). Two
mitochondrial DNA probes were synthesized, one against D-loop
region (nucleotide positions 15,943-147), which was generated
by PCR and cloning, and the other against full length of mtDNA
(nucleotide positions 3019-2935), which was generated by PCR.
The cloned D-loop probe was supposed to allow the detection of
both intact and partially deleted mtDNA because large deletions in
mtDNA avoid the D-loop region (Goto et al., 1990; Bua et al., 2006).
In addition, we used also the almost full-length mtDNA probe,
which was generated by PCR to compensate for potential weak-
ness of the cloned D-loop probe because D-loop region is highly
polymorphic and there is a possibility of the existence of large
deletions that partially includes D-loop region (Bua et al., 2006).
Both probes were labeled and hybridized using a Gene Images
AlkPhos Direct Labelling Module (GE Healthcare) and visualized by
CDP-Star® Chemiluminescent Substrate (Kirkegaard & Perry Lab-
oratories, Maryland, USA). The images were recorded by digital
analyzer (FUJIFILM LAS-1000; FUJIFILM, Tokyo, Japan).

2.6. Copy number variant (CNV) assay
We studied CNVs in seven genes using real-time TagMan® PCR.

Genomic DNA was diluted and used as the template for real-time
quantitative PCR analysis using Assays-on-Demand™ gene expres-

sion products (Applied Biosystems). This method uses a mixture of
unlabeled PCR primers and TagMan® minor groove binder (MGB)
probes (FAM™ dye-labeled) in which the target sequence is located
within the primer-generated amplicon. During the extension phase
of the PCR amplification, the 5’ exonuclease activity of the Taqg DNA
polymerase cleaves the probe, releasing fluorescent dye from the
quencher. The increase in fluorescence was monitored using an
Applied Biosystems® 7300 Real-Time PCR System (Applied Biosys-
tems) at each cycle of the PCR process. The data were analyzed
using the accompanying Applied Biosystems® 7300 Real-Time PCR
System SDS Software v1.3.1. The following genes were tested for
CNVs: POLG, POLG2, C100rf2, SLC25A4, ECGF1, OPA1 and WFS1.

3. Results
3.1. Sequencing analysis of mtDNA

Given that the symptoms of mitochondrial myopathy suggested
the possibility of mtDNA defects, we performed sequence analysis
of the entire mtDNA from leukocyte samples taken from patients 1
to 3. Our sequencing data were compared with sequences derived
from Mitomap, GenBank and PubMed/MEDLINE-listed publica-
tions. No known mitochondrial pathogenic mutations, including
A3243G (Oexle and Zwirner, 1997), were found except for the
following rare or novel variants. In patient 1, who showed
schizophrenic symptoms, we identified a homoplasmic A-to-G
transition at nucleotide 5127, a transition that has not been previ-
ously reported as a polymorphism or pathogenic mutation. A5127G
was identified within the coding region of the NADH-dehydrogenase
subunit 2(ND2) gene, and would result in an amino acid substitution
of asparagine to aspartic acid. None of the schizophrenic patients
possessed 5127G homoplasmically, but it was found among control
subjects (0.8%), indicating that A5127G is not a schizophrenia-
specific mutation. In addition, homoplasmic T-to-C and A-to-G
transitions and a 9-bp micro-deletion at nucleotides 4612, 8291
and 8272-8280, respectively, were detected in patient 1. Hirata
et al. (1999) have previously reported the presence of these muta-
tions in patients with mitochondrial myopathy. T4612C is located
in the coding region of the ND2 gene and results in an amino
acid substitution from methionine to threonine. A8291G is located
4bp upstream of the 5 end of the tRNA for lysine, and the
9-bp microdeletion is located in an intergenic region between
the cytochrome ¢ oxidase subunit II (COIl) gene and the tRNA for
lysine. These point transitions were not observed among the 86
schizophrenic patients tested; however, homoplasmic 4612C and
8291G changes with the 9-bp micro-deletion were found among
the control subjects (0.8%). The 9-bp micro-deletion only was
observed in 13.1% (16/122) of control subjects and 9.3% (8/86)
of patients with schizophrenia, suggesting that the 9-bp micro-
deletion is a common polymorphism (Table 2). According to the
mtSNP database (http://mtsnp.tmig.or.jp/mtsnp/index.shtml), the
allele frequencies in Japanese of 4612C, 5127G and 8291G were
0.4% (3/672), 0.4% (3/672) and 0.3% (2/672), respectively. The 9-bp
micro-deletion at nucleotides 8272-8280 was observed in 13.5%
(91/672) of Japanese subjects in the mtSNP database. These point
transitions appear to be rare polymorphisms that are unrelated to
mitochondrial diseases. Sequencing analysis of the entire mtDNA
did not reveal pathogenic mutations or novel polymorphisms in the
muscle tissue or leukocyte mtDNA isolated from patients 2 or 3. We

Table 2

Frequencies of mtDNA transitions and 9-bp deletion.
Subjects T4612C  A5127G  A8291G 9-bp deletion
Control (N=122) 1(0.82%) 1(0.82%) 1(0.82%) 16(13.11%)
Schizophrenia (N=86)  0(0.00%) 0(0.00%) 0(0.00%) 8(9.30%)
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Fig. 4. Southern blot analyses were performed using muscle total DNA (M) and
leukocyte genomic DNA (L) as template. DNA was digested with Pvu II, Digested
DNA was electrophoresed on an agarose gel, transferred to nylon membrane and
hybridized with an mtDNA probe that was generated by PCR cloning, which cor-
responded to nucleotide positions 15,943-147 of mtDNA. Multiple deletions were
observed in muscle mtDNA of patients 1-3 (lanes 1, 3 and 5, respectively). A single
large deletion band was observed in leukocyte mtDNA of patient1 (asterisk in lane
2). In contrast, deletions were not observed in the Southern blot of leukocyte DNA
from patients 2, 3 or controls (lanes 4, 6 and 7, respectively).

did not found any point mutations that have been already associ-
ated with mental illness, such as the A-to-G transition at nucleotide
3243,

3.2. Southern blot analysis of mtDNA

To screen for the presence of large-scale rearrangements in
mtDNA, we performed Southern blot analyses. We found that mul-
tiple mtDNA deletions were present in skeletal muscles of all three
patients and the leukocyte of patient 1 but not in leukocytes of
patient 2 and patient 3. The results in Southern blot by the two
hybridizations probes, D-loop (Fig. 4) and full length of mtDNA
were exactly the same (data not shown).

3.3. Analysis of nuclear genes

Mutations in nuclear genes have been associated with a variety
of clinical phenotypes associated with mitochondrial encephalopa-
thy with PEO (Schapira, 2006). Mutations in the nuclear genes POLG
(Van Goethem et al., 2001), POLG2 (Longley et al., 2006), C100rf2
(Spelbrink et al.,, 2001), SLC25A4 (Kaukonen et al., 2000), ECGF]
(Nishino et al., 1999), OPA1 (Alexander et al., 2000; Delettre et al.,
2000) and WFS1 (Inoue et al.,, 1998) can lead to secondary accu-
mulation of multiple deletions in the mtDNA of affected tissues.
We performed sequencing and CNV analysis on these genes. We
did not identify any pathagenic mutations in the region spanning
approximately 1kb upstream of the 5’ end, the coding region and
flanking exon-intron boundaries, nor did we observe any abnormal
gene dosage. An A-C transversion at nucleotide 587 of the SLC25A4
gene, a previously unreported polymorphism, was found in patient
1 and in one of the control subjects (1/244 alleles, 0.4%). A587C
would result in an amino acid substitution from glutamic acid to

" alanine at codon 153.

4, Discussion

In the current study, we identified heteroplasmic mtDNA dele-
tions in patients suffering from psychiatric symptoms including
schizophrenia, dementia and depression, suggesting that psy-
chiatric symptoms are strongly associated with mitochondrial
dysfunction in these patients. Several reports have demonstrated
the existence of multiple mtDNA deletions in somatic tissues
of patients with depressive disorders (Suomalainen et al., 1992;

Mancuso et al., 2008; Houshmand et al., 2004). It is known that
mtDNA deletion mutations accumulate in an age-dependent man-
nerinanumberofhuman tissues. Various lengths of age-dependent -
mtDNA deletions have been identified including common 5Kkb,
6kb and 7.4 kb deletions. Faint multiple deletion bands are usu- .
ally observed in Southern blot analyses when aged muscles are
analyzed as aggregates of fibers, because each single aged mus-
cle fiber carries a single deletion (Bua et al., 2006; Chomyn and
Attardi, 2003). Because RRFs were not observed in patient 2's skele-
tal muscle, it might be possible that the deletion mutations found
in patient 2 may be age-related mutations. Clinically, in addition
to depressive symptoms, bilateral ptosis of the eyelids, external
ophthalmoplegia and elevated serum lactate and pyruvate levels
were observed in patient 2. The presence of such typical PEO-like
signs and symptoms suggest that the deletion mutations in patient
2 were possibly associated with systemic mitochondrial abnormal-
ities, although it is difficult to be distinguished from age-related
mutations. Regarding patient 1 and patient 3, the histopathology
revealed RRFs and a decrease in COX (complex 1V) activity. Patient 1
developed proximal limb weakness. Patient 3 also presented other
clinical symptoms compatible with chronic progressive external
ophthalmoplegia. These tesults suggest that the deletion muta-
tions in patient 1 and patient 3 are indeed pathogenic. Reductions
in the mRNA levels of complex I subunits have been observed in
the prefrontal cortex and striatum of schizophrenia patients (Ben-
Shachar and Karry, 2008). Dror et al. (2002) have reported that
complex I activity was increased in the platelets of patients in acute
relapse and in patients in a chronic active state, but was reduced
in the platelets from patients with residual schizophrenia. Alter-
ation in the activity of the mitochondrial respiratory chain complex
IV and the expression of COII has been observed in post-mortem
brain tissue from schizophrenia patients (Maurer et al., 2001; Kato,
2001; Karry et al., 2004). Patient 1 was also found to carry the
A8291G transition with an intergenic COII/tRNA (Lys) 9-bp dele-
tion, which we assume is associated with adult onset limb-girdle
type mitochondrial myopathy (Hirata et al.,, 1999). However, we
also observed a homoplasmic A8291G transition with a 9-bp dele-
tion in a healthy control. Either A8291G is a rare polymorphism
that is unrelated to mitochondrial disease, or the control subject
is expected to develop mitochondrial disease later in life. Mus-
cle biopsy and muscle mtDNA analysis of the control samples are
needed to test these hypotheses. .

We detected alarge deletion band in leukocyte mtDNA of patient

*1,Usually a singlelarge mtDNA deletion in blood cells was observed

in Pearson's syndrome (PS), which is a fatal disorder involving
the hematopoietic system, exocrine pancreas, liver and kidneys.
In many cases with PS, the percentage of deleted mtDNA in blood
cells ranged from 80% to 90% (Rotig et al., 1990; de Vries et al,,
1992). However, patient 1 did not show any PS symptoms and
possessed 33% of deleted mtDNA in leukocyte, resulting from cal-
culation of band density using a densidometer (Image Gauge ver
4.22; FUJIFILM). This lower percentage of mutation in patient 1,
which is caused by heteroplasmy, may lead to different symptoms
from PS. Regarding patient 2 and patient 3, we did not detect any
deletions of mtDNA in leukocytes. Tissue heteroplasmy of mtDNA
deletions is thought to play an important role in clinical pheno-
types. Mitochondrial diseases are characterized by the co-existence
of Wild-type and mutant mtDNA in various proportions (Schapira,
2006). However, heteroplasmy.of mtDNA makes. the detection of
mtDNA mutations, and genetic studies in general, difficult because
of the requirement for invasive muscle biopsy.

Inheritance of mtDNA deletions can be autosomal dominant,
recessive or digenic (Van Goethem, 2006), and this depends on
the particular nuclear gene that leads to the mtDNA deletion. Usu-
ally, patients with mtDNA deletions present clinically with PEO
(Zeviani et al,, 1989). In the present study, two out of three patients
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showed ptosis as a symptom of PEO. In our patients, the inheritance
type was considered to be autosomal recessive because of the fam-
ily data. Mitochondrial encephalomyopathic conditions caused by
mtDNA deletions mostly show an autosomal dominant inheritance
pattern such as in the genes POLG, POLG2, C10orf2, SLC25A4 and
OPA1, but there are reports of autosomal recessive modes of inher-
itance in POLG, C100rf2, ECGF1 and WFS1. We therefore checked for
the existence of mutations in nuclear genes causing mtDNA dele-
tions, and performed direct sequencing and quantification of CNVs
in these genes. Causative mutations and CNVs were not detected.
The A587C transition in SLC25A4 in patient 1 was shown to be a
novel polymorphism and not specific to the disease. It is possible
that novel mutations in other nuclear genes could lead to mito-
chondrial DNA deletions.

In conclusion, the findings of the present study suggest that
mitochondrial dysfunction may be associated with a variety of
psychiatric symptoms and may contribute to the pathogenesis of
schizophrenia and mood disorders. Further studies are required
to pinpoint the nuclear genes that lead to mtDNA deletions. We
hypothesize that the underlying etiology in psychiatric patients
with ptosis or muscle weakness is the presence of mtDNA deletions
that accumulate in the somatic tissue.
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abstract

Efficacy and safety of switching to blonanserin monotherapy to chronic schizophrenia

Kentaro Kawabe", Yoshiki Hosoda*, and Shu-ichi Ueno**

Blonanserin Is -a new type of atypical antipsychotic agent, called dopamine/serotonin
antagonist (DSA), which has a high blocking potency for D2 receptor with relatively a low
potency for SHT2A receptor. There have been no reports of long-term effects for chronic
schizophrenia with this antipsychotics, We examined 17 cases of chronic schizophrenic
patients (544+9.1 years old ; 11 males, 6 females, more than 10 years after onset) whose
antipsychotic treatment was switched to blonanserin. The results indicated that 8 of the 17
cases (47%) made a successful switch to bronanserin monotherapy longer than one year,
while four needed antipsychotics other than blonanserin and five had to stop blonanserin by
any reason. The successful cases significantly improved from 44.6%10.3 to 36.0+10.2
{(nean =S, D.) of the Brief Psychiatric Rating Scale (BPRS). In addition, the dosage of
antipsychotics significantly decreased from 1144979 (mg/day) to 33892 (mg/day) as
chlorpromazine equivalents and Jess anti-cholinergic medication was needed. According to its
high switch ratio and efficacy, blonanserin is also considered to be a new antipsychotic usefut

for long term treatment of chronic schizophrenia,

Jon. J. Clin. Psychopharmacol., 14 493-501, 2011

* Horie Hospital, 15682, Fukumumi-~cho-kon, Maisuyama, Ehime, 769-2652, Japon.
**Department of Newvopsychiatry, Neuroscience, Ehime University Graduate School of Medicine.
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