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Abstract The hexanucleotide repeat expansion GGGGCC
in the CIORF72 gene larger than 30 repeats has been
identified as a major genetic cause of amyotrophic lateral
sclerosis (ALS) and frontotemporal dementia (FTD). Recent
papers investigated the possible pathogenic role and asso-
ciated clinical phenotypes of intermediate C9ORF72 repeat
expansion ranging between 20 and 30 repeats. Some studies
suggested its pathogenicity for typical Parkinson’s disease
(PD), atypical parkinsonian syndromes, FTD with/without
parkinsonism, and ALS with/without parkinsonism or with/
without dementia. In our study, we aimed to screen patients
affected by atypical parkinsonian syndromes or PD com-
plicated by psychosis or dementia for the presence of
C90ORF72 repeat expansions, and in unrelated age- and sex-
matched healthy controls. Consecutive unrelated patients
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with atypical parkinsonian syndromes and patients with PD
complicated by psychosis or dementia were included in this
study. Atypical parkinsonian syndromes were further divi-
ded into two groups: one with patients who met the criteria
for the classic forms of atypical parkinsonism [multiple
system atrophy (MSA), Lewy body disease (LBD), pro-
gressive supranuclear palsy (PSP), and corticobasal degen-
eration (CBD)] ;and patients who did not meet the above
criteria, named non-classical atypical parkinsonism with or
without dementia. Ninety-two unrelated patients (48 men,
44 women) were enrolled. None of the patients was found to
be carriers of C9ORF72 repeat expansions with more than
30 repeats. Intermediate 20-30 repeat expansions were
detected in four female patients (4.3 %). Three of them
presented clinical features of atypical parkinsonian syn-
dromes, two with non-classical atypical parkinsonism and
dementia FTD-like, and one with non-classical atypical
parkinsonism without dementia. The other patient presented
clinical features of typical PD complicated by psychosis.
Among 121 control subjects, none presented long or short
expansion for the C9ORF72 gene. Our findings seem to
support the hypothesis that the hexanucleotide expansions of
C90ORF72 gene with intermediate repetitions between 20
and 29 repetitions could be associated with typical PD with
psychosis or dementia and atypical parkinsonisms with
dementia (non-classical atypical parkinsonism with demen-
tia FTD-like) or without dementia (non-classical atypical
parkinsonism upper MND-like), although the causal rela-
tionship is still unclear. In these latter patients, parkinson-
ism, more or less levodopa responsive, constituted the
symptomatological central core at onset.
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Introduction

The large hexanucleotide (GGGGCC) repeat expansion in
the first intron of the C9ORF72 (chromosome 9 open
reading frame 72) gene has been identified as the most
frequent mutation responsible for amyotrophic lateral
sclerosis (ALS), frontotemporal dementia (FTD), and
comorbid FTD-ALS worldwide [1-3]. Subsequent works
showed this mutation as causative of these diseases when
present with more than 30 repetitions (large expansion) and
that subjects carrying this mutation may present signs of
atypical parkinsonism in early stages of the disease and
increased incidence of parkinsonism with or without fea-
tures of the FTLD/ALS complex in their relatives [4—10].
A recent work reported that C9orf72 expansions were the
most common genetic cause of Huntington disease phe-
nocopies [11].

However, the exact cutoff threshold for pathogenicity of
C90ORF72 repeat expansions remains debatable. Further-
more, repeat sizes between 20 and 30 are usually referred
to as intermediate alleles with unclear significance [12].
Although several studies have investigated the presence of
large C9ORF72 repeat expansions in Parkinson disease
(PD) or atypical parkinsonisms, its pathogenic role in these
disease is not clear [12-23].

Interestingly, one of these studies identified the presence
of an intermediate allele of 24 repeats in a patient with PD
[23], and more recently a study found that short expansion
(20-30 repeats) in the C9ORF72 gene can represent a risk
factor for this disease [24]. Notwithstanding these obser-
vations, the same authors observed that long or short
CI90ORF?72 repeat expansions were not associated with
stringently selected autopsy-confirmed PD [25]. Recently,
no pathologic repeat expansions in the C9ORF72 gene
were detected in 100 neuropathologically confirmed cases
of multiple system atrophy (MSA) [26]. On this line, also a
recent work documented a case of MSA in a family with
ALS and C90ORF72 hexanucleotide repeat expansions
which met clinical, but not pathological, criteria for MSA
[27].

These findings underscored the clinical heterogeneity of
PD and supported the hypothesis that the expansions of
C90ORF72 repeats in PD patients may be included in this
heterogeneity [25]. To investigate whether COORF72 gene
expansion could have a pathogenetic role for atypical
parkinsonian syndromes or PD complicated by psychosis
or dementia, we screened for C9ORF72 expansions in our
cohort of patients affected by these diseases.

Materials and methods
Subjects

Consecutive unrelated patients with atypical parkinsonian
syndromes or PD complicated by psychosis or dementia,
attending the Movement Disorders Centre at the University
Hospital, Cagliari, Sardinia, Italy, were included in the
study. Then, the atypical parkinsonian syndromes were
further divided into patients who met the criteria for the
classic forms of atypical parkinsonism [MSA, Lewy body
disease (LBD), progressive supranuclear palsy (PSP), cor-
ticobasal degeneration (CBD)] and patients who did not
meet the above criteria; the latter were grouped separately.

Neurological examinations, family history, and neu-
ropsychological and neuropsychiatric assessment were
performed by four neurologists specialized in movement
disorders, motor neuron disease, and dementia (AC, PS,
GB, and GF). Diagnosis of PD was established according
to the Gelb’s criteria [28], MSA diagnosis according to the
Gilman’s criteria [29], PSP diagnosis according to the
Litvan’s criteria [30], CBD diagnosis according to the
Riley’s criteria [31], and LBD diagnosis according to the
McKeith’s criteria [32]. Patients with atypical parkinson-
ism who did not meet the above criteria were named as
non-classical atypical parkinsonism [33] without dementia
or with dementia FTD-like. The clinical diagnosis was
confirmed after at least 1 year of follow-up. Where nec-
essary, additional elements of differential diagnosis were
obtained by neuroimaging, neuropsychological, neuro-
physiology, and autonomic studies. None of the cases was
autopsy confirmed.

Also, unrelated age- and sex-matched healthy Sardinian
control individuals were investigated for the presence of
C90ORF72 repeat expansions and included in this study.

Screening of hexanucleotide repeat expansion
of the C9ORF72 gene

Hexanucleotide repeat number was assessed by repeat-
primed PCR (or anchor PCR) using published primers [2].
PCR conditions have been modified from published proto-
col. Briefly the RP-PCR includes 7 % DMSO, 1 M betaine,
0.18 mM 7-deaza-dGTP and 0.9 mM MgCl,, 0.33 uM
FWD, 0.33 uM REV, and 0.033 uM anchor primers. The
REV primer includes ~4 GGGGCC repeats which allow it
to bind anywhere in the repeat tract, plus a 21 bp ‘clamp’
sequence which binds adjacent to the repeat. The clamp
sequence encourages amplification of the entire repeat.

Repeat expansions produce a characteristic sawtooth
pattern with a 6-bp periodicity when fragment lengths are
analyzed on a capillary-based sequencer.
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PCR products were electrophoresed on an ABI 3500xL
capillary analyzer and allele scoring was performed using
GeneMapper v4.0 software (Applied Biosystems).

The assay allows samples to be categorized into those
that carry only wild-type alleles (<20 repeats), intermedi-
ate repeats alleles (20-29 repeats), and a pathogenic repeat
expansion (>30 repeats).

All subjects in the study, who were shown to be carriers
of the intermediate repeats alleles, underwent the tradi-
tional ‘sizing PCR’, as follows.

We used the value of 20 repeats as a low threshold for
intermediate repeat alleles, as the majority of controls in
the literature are reported to have less than 20 repeats [1, 2,
18, 22, 23].

First, to determine the number of GGGGCC units and
internal composition of the repeat, ten individuals
homozygous for different fragment lengths were sequenced
using the primers set, forward TACTCGCTGAGGGT-
GAACAA and reverse GCCTCCTCACTCACCCACT,
designed with Primer3 [v. 0.4.0] [34, 35]. Then the
GGGGCC hexanucleotide repeat in C9ORF72 was PCR
amplified using the aforementioned forward and reverse
primer set, labeling the same forward with a molecule of
5'-6-FAM. The PCR products were finally sized by frag-
ment length analysis on an automated ABI3500xL DNA-
analyzer (Applied Biosystems). Allele identification and
scoring were performed using GeneMapper v4.0 software
(Applied Biosystems).

The frequencies of carriers of the intermediate repeat
alleles between the groups of patients with atypical
parkinsonian syndromes or PD complicated by psychosis
or dementia and control subjects were compared using the
Fisher’s exact test. p < 0.05 was established as a statisti-
cally significant differential value.

Results

We screened 92 unrelated patients (48 men, 44 women) of
Sardinian ancestry for C9ORF72 hexanucleotide repeat
expansions using a repeat-primed polymerase chain reac-
tion assay (Table 1). At the time of examination, the
patients had a mean age of 73.3 (SD 16.1) years (range
41-90, interquartile range 69-79 years) and disease dura-
tion of 6.3 (SD 5.3) years (range 1-19, interquantile range
3-9 years).

Seventy-three cases (79.3 %) had clinical features con-
sistent with atypical parkinsonian syndromes, while 19
(20.7 %) were diagnosed with PD complicated by psy-
chosis or dementia. Among patients with atypical parkin-
sonian syndromes, 60 had a classical atypical parkinsonism
and 13 a non-classical atypical parkinsonism without or
with dementia.

None of the patients was found to be carriers of
C90ORF?72 repeat expansions with more than 30 repeats.
Intermediate repeat expansions (20-30 repeats) were found
in four female patients (4.3 %).

The frequency and sizes of hexanucleotide repeat
expansion GGGGCC in the C9ORF72 gene (regrouped in
classes) found in our population of patients are provided as
supplemental data (Table S1).

Three of them presented with clinical features of non-
classical atypical parkinsonism, (two with dementia FTD-
like and one without dementia), while one patient pre-
sented clinical features of a typical common form of PD
complicated by psychosis.

One hundred and twenty-one control subjects, age- and
sex-matched, were studied, but none presented the long or
short expansion for the C9ORF72 gene.

Table 1 Demographics and clinical features of the overall patient cohort analyzed in this study and of patients for COORF72 hexanucleotide

repeat expansions using a repeat-primed polymerase chain reaction assay

Cohorts # of # of patients with >30 C9ORF72 # of patients with intermediate-length expansions p value*
patients repeat expansions (%) (20-29) C9ORF72 repeat expansions (%)
(%)
Primary degenerative 92 (100) 0 (0) 4 (4.3) 0.034
parkinsonism
PD complicated by 19 (20.7) 0 (0) 1(5.2) 0.142 (ns)
psychosis or dementia
Atypical parkinsonism 73 (79.3) 0 (0) 3(1.4) 0.052 (ns)
Classical atypical 60 (65.2) 0 (0) 0 (0) 1.0 (ns)
parkinsonism
Non-classical atypical 13 (14.1) 0 (0) 3 (23.0) 0.001

parkinsonism

PD Parkinson’s disease

* Fisher’s exact test (frequency of patients with COORF72 pathogenic or intermediate repeat expansions in each cohort compared with frequency

in control subjects). Significant values are indicated in bold characters
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Table 2 Clinical characteristics of the four patients affected by primary neurodegenerative parkinsonism carrying the C9ORF72 intermediate-

length expansions

Patient # 1 2 3 4
Clinical diagnosis NCAP PD NCAP NCAP
Number of COORF72 20 22 23 28
repetitions
Age at onset 63/F 76/F 75/F T7/F
(years)/gender
Symptoms at observation  Resting tremor, rigidity, Resting tremor, Rigidity, bradykinesia, Rigidity, bradykinesia
bradykinesia rigidity, hypomimia,
bradykinesia camptocormia
Relatives with primary Yes No No Yes
neurodegenerative Parkinsonism with associated Parkinsonism with associated
disease dementia dementia
Age at observation (years) 78 89 71 67
Disease duration (years) 15 13 4 10
Levodopa response Initial discrete response for Good Mild Initial discrete response for
5 years, then poor response 2 years, then poor response
H/Y stage at last v 111 v Iv-v
observation
MMSE 29/30 27/30 14/30 18/30
Cognitive impairment Absent Mild cognitive Severe Severe
impairment
Psychoses No Yes Yes No
Signs of MND Present Absent Absent Absent

M male, F female, H/Y Hoehn and Yahr, MMSE Mini Mental State Examination, NCAP non-classical atypical parkinsonism, PD Parkinson’s

disease, MND motor neuron disease

Intermediate-length expansions (20-29) were signifi-
cantly more frequent in cases than in controls (p < 0.034).

The clinical characteristics of patients carrying the
C90ORF?72 expansion are reported in Table 2.

Short illustrative descriptions of these four patients are
provided as supplemental data in the case reports section.

Discussion

The aim of this study was to investigate a possible role of
C90ORF?72 gene in the etiology of atypical parkinsonian
syndromes and in PD complicated by psychosis or
dementia.

Previous studies suggested that patients affected by ALS
and FTD, carrying pathogenic repeat expansions (length of
the expansion >30) in the C9ORF72 gene, may present
features of atypical parkinsonism syndromes, in early
stages of their disease, and have increased incidence of
parkinsonism with or without features of the FTD/ALS
complex in their relatives [4-9].

On the other hand, recent papers documented a wide
frequency of psychosis in patients with FTD and C9ORF72
mutation [36, 37] suggesting the search for this mutation in
patients with psychiatric disorders [37].

On these bases, other studies investigated a possible role
of C9ORF72 mutation in PD susceptibility, giving conflict-
ing results [14, 18, 21]. Some research groups have investi-
gated only the presence of long expansions in PD or atypical
parkinsonism without evidence of its role in the pathogenesis
of these diseases [12-23]. However, when intermediate
expansions have also been considered (20-29 repeats), the
presence of a 24 repeats allele was documented in a patient
affected by typical PD [22]. Thus, it has been hypothesized
that the intermediate expansions of the C9ORF72 mutation
might express different pathological conditions from FTD
and ALS, playing as a risk factor for typical PD [24]. How-
ever, the same authors observed that expanded or interme-
diate C9ORF72 repeats were not associated with stringently
selected autopsy-confirmed PD [25].

In our study, none of the patients was detected with the
expanded pathogenic (>30) C9ORF?72 repeat expansions,
while four patients (4.3 %), carriers of intermediate-sized
hexanucleotide C9ORF72 repeats, were identified. These
data are in line with previous findings [21-23].

Among these subjects, three, respectively, with 20, 23,
and 28 repetitions, suffered from an atypical parkinsonian
syndrome, while the fourth, carrying 22 repeats, presented
a classical form of PD, complicated by a peculiar transient
psychotic disorders.
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Interestingly, two patients with atypical parkinsonism
syndromes (patient 3 with 23 repeats and patient 4 with 28
repeats) were affected by a severe form of rigid akinetic
parkinsonism accompanied since the onset by severe psy-
chiatric disturbances of the dissociative/affective sphere
(schizoaffective psychosis, patient 3; and major depression
with severe apathy and anhedonia, patient 4) and quickly
complicated with cognitive disorders moving toward signs
of dementia FTD-like.

Differently, patient 1 (with 20 repeats) presented at
onset with features compatible with a typical PD, levodopa
responsive, but after 5 years she developed signs of upper
motor neuron involvement and bulbar dysfunction, with
severe dysarthria and dysphagia, evolving over the years
toward a form of upper MND with severe parkinsonism,
but without dementia. Finally, patient 2 had a typical PD,
optimally responsive to levodopa and with the classical
clinical evolution of this disease. In this case, the only data
that can be related to the clinical phenotype observed in
patients carrying the long expansion of the CYORF72 were
the onset of a psychotic episode [36, 37].

Another interesting observation in our group of four
patients with C9ORF72 intermediate repetitions was the
presence, in three of them, of a levodopa-responsive
parkinsonism: in one case with optimal response (case 2),
in another case with clear response for many years, and less
noticeable in the very advanced stage (case 1) and in the
third case with modest but clear response (case 4).

This means that in the presence of a clear parkinsonism,
especially in the early years of illness, the response to
levodopa should not be considered as a sufficient condition
to make a diagnosis of typical PD.

A limitation of our study is that the cases of our cohort
were largely clinically diagnosed without pathologic
diagnosis, which is the definitive method for establishing
the diagnosis in DLB, MSA, etc. Another limitation is the
number of samples, but this is dependent on the frequency
of these cases.

In summary, this study seems to support the hypothesis
that the hexanucleotide expansions of C9ORF72 gene with
intermediate repetitions between 20 and 29 repetitions
could be associated with different clinical variable phe-
notypes ranging from classical PD to atypical parkinson-
ism; thus, these intermediate repetitions might represent a
potential risk factor, although the causal relationship is still
unclear. We are of the opinion that these cases of non-
classical atypical parkinsonism, in which the parkinsonism
is the fundamental core of the symptomatology in the early
years of illness, are probably destined, however, to evolve
into overlapping forms of FTD (forms with psychosis and
increasing cognitive impairment versus dementia) and
overlapping forms of upper MND (forms without dementia

@ Springer

with severe pyramidal tract signs, in particular bulbar
dysfunctions).

Finally, further studies are needed to define the patho-
logical spectrum and the clinical phenotype of C9ORF72
gene when it is expressed with an intermediate number of
hexanucleotide repetitions.
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