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Abstract
Hexanucleotide (GGGGCC) repeat expansion in C9ORF72 (HRE) causes frontotemporal

lobar degeneration, frontotemporal dementia–amyotrophic lateral sclerosis, and amyotro-

phic lateral sclerosis. HRE was also seen in the genomes of patients suffering from several

other degenerative diseases. However, whether it is present in the treatment-resistant

schizophrenia patients remains unknown. Genotyping 386 patients suffering from treat-

ment-resistant schizophrenia using the method of Repeat-Primed PCR, we reported here

that no HRE was detected in the patients of Chinese Han.

Introduction
Hexanucleotide (GGGGCC) repeat occurs in the first intron of human C9ORF72 with different
number of repeats usually fewer than 20. However, the hexanucleotide repeat expansion (HRE,
greater than 30 repeats) causes FTLD (frontotemporal lobar degeneration), FTD−ALS (fronto-
temporal dementia–amyotrophic lateral sclerosis), and ALS [1–2] likely due to toxicity of the
transcribed repeat, toxicity of protein dipeptides translated from the transcribed repeat, or loss
of function of C9ORF72 [1, 3–5]. The frequency of HRE is found to be varied in the patents
from different populations. For example, it is present in 46.0% of familial ALS (fALS) and
21.1% of sporadic ALS (sALS) in the Finnish population [2], approximately 6% of sporadic and
25% of familial Caucasian FTLD cases [6], 27.1% of fALS and 3.2% of sALS in Spanish [7],
only 0.3% of sALS [8] and no patients with fALS in Chinese [9], and 0.4% of sALS and no
patients with fALS in Japanese [10]

Other than the neurodegenerative disorders like ALS and FTLD, HRE is also seen in the
genomes of patients suffering from several other degenerative diseases such as Alzheimer dis-
ease [11–12] sporadic Creutzfeldt-Jakob disease, Huntington disease-like syndrome in the UK
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and Greece population [11–13], multiple system atrophy [14], rapid eye movement sleep
behavior disorder [15], and depressive pseudodementia [16] though in rare cases.

Schizophrenia is an often devastating neuropsychiatric disorder that affects around 0.5–1%
of the population [17]. Among the patients, about 30% of them are treatment resistant schizo-
phrenia (TRS) that fail to respond adequately to the usual antipsychotic medications [17].
Schizophrenia is highly heritable but little is known about its pathophysiology. Recently, a
research on a large population of patients with FTLD revealed that the presentation with late
onset psychosis was significantly more frequent in HRE patients than in non-HRE ones [18]
and 2 in 298 (0.67%) patients from Europe with schizophrenia or schizoaffective disorder were
found to carry HRE [19]. However, whether HRE is present in TRS patients of Chinese Han or
not remains unknown. To explore whether TRS patients of Chinese Han carry HRE, we
detected the number of hexanucleotide (GGGGCC) repeat in 394 TRS patients and 337 healthy
controls of Chinese Han.

Materials and Methods
The researches were approved by Medical Ethics Committee of Nanjing Brain Hospital [No.
(2011) LunShen (KY44)], and all clinical investigations were conducted according to the prin-
ciples expressed in the Declaration of Helsinki. All control subjects participating in this study
were adults and signed a written informed consent. The guardians of the patients suffering
from TRS signed the written informed consent on behalf of the patients participating in this
study according to Chinese law. The TRS patients (284 males and 110 females;
age = 44.6 ± 10.7 years-old; age ranging from 16 to 71) were recruited from Affiliated Nanjing
Brain Hospital of Nanjing Medical University, Nanjing Qinglongshan Mental Hospital, and
Affiliated Wutaishan Hospital of Medical College of Yangzhou University in Jiangsu Province,
China. The healthy controls (200 males and 137 females; age = 34.3 ± 10.2 years-old; age rang-
ing from 20 to 89) were recruited from the Nanjing residents who participated in physical
examination at Affiliated Nanjing Brain Hospital of Nanjing Medical University. The time
when participants were recruited to the study was from November 2012 to September 2013.
The diagnosis of TRS was made conforming to the criteria for TRS according to International
Psychopharmacology Algorithm Project (IPAP, http://www.ipap.org/) by at least two psychia-
try doctors who extensively interviewed the patients and reviewed their medical records. The
patients had been documented poor functioning for 5 years at least, including lacking response
to therapeutic trials of at least two antipsychotic drugs from two different chemical classes (or
the medications had been administered for at least 4–6 weeks each at doses� 400 mg equiva-
lents of chlorpromazine or 5 mg/day of risperidone), and having moderate to severe psychopa-
thology, especially positive symptoms, such as conceptual disorganization, suspiciousness,
delusions, or hallucinatory behavior. The average duration of the illness of the patients was
22.2 ± 10.0 (n = 394) years.

To examine the number of the hexanucleotide repeat, we first isolated the genomic DNA
from whole blood leukocytes collected from the subjects using a commercial kit (Qiagen, Ger-
man). The hexanucleotide repeat in C9ORF72 was PCR amplified in all patient and control
cohorts using genotyping primers [1] with the forward primer (fluorescently labeled) of
FAM-ACAGTACTCGCTGAGGGTGAAC and the reverse primer of GCGCAGGCACCG
CAACCGCAG. The PCR reaction was carried out in a 10 μl mixture containing 2 μl of
5 × KAPA2G GC Buffer, 0.5 U of KAPA2G Robust HotStart DNA Polymerase, 0.4 μl of 10
mM dNTP, 0.15 μl of 10 μM forward primer and reverse primer and 1 μl of genomic DNA
(50ng). The PCR conditions were 95°C 5 min, 27 cycles of (94°C 30 sec, 61°C 30 sec and 72°C
45 sec) and 60°C 30 min. The PCR was performed using GeneAmp 9600 (Applied Biosystems,
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USA). The PCR products were subjected to fragment length analysis on an automated 3730XL
DNA-analyzer and the data were subjected to analysis using GeneMapperID v3.2 software
(Applied Biosystems, USA).

To determine whether the single allele amplification of the hexanucleotide repeat with the
genotyping primers was due to the presence of an un-amplifiable repeat expansion in the sec-
ond allele of a subject, we used a repeat-primed PCR method specifically designed to the
observed the hexanucleotide repeat as previously reported [1] with forward primer (fluores-
cently labeled) of FAM-ACAGTACTCGCTGAGGGTGAAC, reverse primer-MRX-R1 of
CAGGAAACAGCTATGACCGGGCCCGCCCCGACCACGCCCCGGCCCCGGCCCCGG
and repeats primer-M13R of CAGGAAACAGCTATGACC. The PCR reaction was carried out
in a 10 μl mixture containing 1 μl of 10 × PCR Buffer, 0.2 μl of Roche FastStart Taq DNA poly-
merase, 2 μl of 5 × Q-solution, 0.2 μl of 10 mM dNTP, 0.18 mM 7-deaza-dGTP, 0.7 μl of
dimethyl sulfoxide, 0.6 μl of 10 μM forward primer, 0.1 μl of 10 μM reverse primer-MRX-R1,
0.6 μl of 10 μM reverse primer-M13R and 1μl of genomic DNA (50ng). The PCR was per-
formed in GeneAmp 9600 (Applied Biosystems, USA) using a touchdown cycling program.
The PCR conditions were 95°C for 5 min, 15 cycles of (95°C 1 min, the annealing temperature
gradually lowered from 70°C to 56°C in 1°C decrement with a 3 min extension time at 72°C for
each cycle), 25 cycles of (95°C 1 min, 56°C 1 min and 72°C 3 min), followed by 72°C extension
for 60 min. The PCR products were subjected to analysis as described above. HRE was identi-
fied by a characteristic saw tooth pattern with a 6 bp periodicity [2].

Results and Discussions
Totally, we obtained 2904 hexanucleotide repeats from 386 TRS patients and 2531 ones from
332 control cohorts. The genotyping success rate was 97.97% of TRS patients and 98.52% of
controls. We did not find any abnormal HRE in TRS patients of Chinese Han (Fig 1).

The largest number of hexanucleotide repeats was 17. It was found in allele 2 of control
cohorts. The number of the hexanucleotide repeats (Average ± STDEV) in TRS patients was
2.52 ± 1.45 (allele 1) and 5.00 ± 2.77 (allele 2) whereas the one in control cohorts was
2.57 ± 1.51 (allele 1) and 5.13 ± 3.15 (allele 2), respectively. Performing Student t-test analysis
on the number of the hexanucleotide repeats, we found there was no significant difference at

Fig 1. Distribution of different number of hexanuclotide repeats inC9ORF792 of treatment-resistant
schizophrenia patients and controls of Chinese Han. 772 haplotypes from 386 treatment-resistant
schizophrenia patients and 664 haplotypes from 332 control cohorts were genotyped for their carrying the
number of hexanuclotide repeat in C9ORF792. The X-axis shows the number of hexanuclotide repeat in
C9ORF792 and the Y-axis denotes the frequency of the repeats in the haplotypes. The frequency was
calculated as the number of haplotypes carrying the hexanucleotide repeats divided by the number of total
haplotypes.

doi:10.1371/journal.pone.0145347.g001
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allele 1 and allele 2 between TRS patients and control cohorts of Chinese Han, respectively.
The results are consistent with the recent report revealing that no abnormal HRE was detected
(0 of 466) in Japanese schizophrenia patients [20]. Current literature demonstrates that the
mutation of HRE originated in the Finnish population and then spread all over Europe [21].
This founder effect could be the reason for its absence in non-Caucasian population [20]. Con-
sistent with the hypothesis, HRE was highly found in European population [1–2, 6–7] whereas
it was seldom found in Asian population [9–10].
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