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ABSTRACT

Introduction. The expansion of a hexanucleotide GGGGCC repeat (G,C,) in the C90rf72 locus is the most common genetic
cause of amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD). In addition, C9orf72 expansion has also been
detected in patients with a clinical manifestation of Parkinson’s Disease (PD), Alzheimer’s Disease (AD), Huntington’s Disease

(HD), and ataxic disorders.

Material and methods. A total of 1,387 patients with clinically suspected ALS, HD or spinal and bulbar muscular atrophy (SBMA)
were enrolled, and the prevalence of C90rf72 expansions was estimated.

Results. The hexanucleotide expansion accounted for 3.7% of the ALS patients, 0.2% of the HD suspected patients with exclu-
ded HTT mutation, and 1.3% of the suspected SBMA patients with excluded mutation in AR gene.

Conclusions: This is the first report revealing the presence of C9orf72 expansion in patients with a suspected SBMA diagnosis.
Consequently, we advise testing for C9orf72 expansion in patients presenting with the SBMA phenotype and a genetically

unsolved diagnosis.
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Introduction

Hexanucleotide expansion (GGGGCC) in the C9orf72 lo-
cus is thought to be the most frequent genetic cause for au-
tosomal dominant ALS, FTD or ALS-FTD [1, 2]. The normal
number of G,C, repeats ranges from 2 to 24, and in most
studies alleles with > 60 G,C, repeats are considered to be
highly pathogenic [2].

A recently published meta-analysis revealed that the
C9orf72 mutation occurs in 22.5% of patients with familial
ALS (fALS), and in 3.1% of patients with sporadic ALS (SALS).
The frequency can range between 3.4% and 54.5% in fALS and
0.3-5.1% in SALS [3, 4]. The incidence is estimated from 0.0 to
61.5% depending on the origin of the analysed cohorts and the

neurological conditions [5]. The specific phenotypic features
in patients with the C90rf72 expansion were first observed by
Millecamps et al. [6] who reported that they presented more
frequent bulbar onset of ALS, and older age at disease onset,
compared to SODI or FUS mutation carriers. Reports of an as-
sociation between C9orf72 expansion and parkinsonism, AD,
HD phenotype and ataxia also exist, as well as an association
between C9orf72 intermediate alleles with neuropsychiatric
phenotypes [7-9]. European studies on HD-like patients nega-
tive for HTT gene mutations revealed C901f72 expansion in
2-5% of cases [10, 11].

In this study, we report the prevalence of C90rf72 patho-
genic expansion in patients presenting with ALS, HD and, for
the first time, SBMA phenotype.
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Material and methods

Patients

The studied group retrospectively analysed comprised:
1. 108 patients (43 female and 65 male) with clinical symp-

toms of ALS-FTD according to the revised El Escorial

criteria; 101 presented with ALS (18 fALS and 83 sALS),

4 with FTD (one familial FTD), and 3 with ALS-FTD phe-

notype. The mean age at onset was 46 years in familial and

48 in sporadic cases. Mean age at examination was 53.6.
2. 1,054 patients (588 female and 466 male) with suspected

HD and negative for HTT mutations (233 familial and

821 sporadic cases). The mean age at onset was 37.2 for

familial and 43 for sporadic cases.

3. 225 male patients with the bulbar phenotype, suspected
of SBMA and negative for mutation in the androgen re-
ceptor (AR) gene (18 familial cases), with a mean age at
onset of 58.3.

4. 106 healthy controls, aged 18-98 years, with neither neu-
rological nor muscular complaints and

5. 401 cases with genetic confirmation of HD (200 indivi-
duals) or SCA (201 individuals).

DNA was extracted from patients’ peripheral blood
leukocytes. All individuals were of Polish ethnicity. They
were referred from all over Poland for genetic testing and
counselling to the Institute of Psychiatry and Neurology
between 2000 and 2020. All provided informed consent for
genetic testing, and our study was approved by the Bioethics
Committee of the Institute of Psychiatry and Neurology in
Warsaw.

Genetic analysis

Two-step C9orf72 genotyping protocol was implemented
to detect G,C, expansion. Firstly, a polymerase chain reaction
(PCR) across the repeats was conducted in all tested individu-
als. To detect G,C, expansion, repeat-primed PCR (RP-PCR)
was carried out in cases with only one normal allele observed.
The PCR and RP-PCR products were separated by capil-
lary electrophoresis and analysed by GeneMapper software
(Thermo Fisher Scientific).

Results

The ranges of C90rf72 alleles and expansions detected in
our groups are presented in Figure 1 and Table 1. Within five
studied groups, the number of normal alleles detected ranged
between 2 and 21 G,C, repeats.

The first case with C90rf72 expansion in ALS-FTD group
was a 50-year-old male with a 6-month history of muscle
fasciculations of the upper limbs, similarly to his father who
had subsequent progression to weakness of all extremities,
dysphagia and dysarthria, and who died 5 years later due to
respiratory failure. No sensory deficits were noted. Nerve
conduction studies and electromyography (EMG) revealed

a generalised disorder of the motor neuron. Similar symptoms
were observed in 4 other relatives of his.

The second patient was a 66-year-old male with a 6-month
history of muscle cramps and progressive lower extrem-
ity weakness. He also reported postural instability, slurred
speech and swallowing difficulties without sensory deficits.
Neurological examination showed pseudobulbar syndrome,
hypophonic dysarthria, and muscle atrophy. EMG revealed
an active generalised disorder of the motor neurons with the
presence of fasciculations in all the sampled muscles. Brain
MRI showed mild cortico-subcortical cerebral and cerebellar
atrophy. Irritability during the last 3-4 years was observed.
Rapidly progressing generalised weakness and muscle wasting
up to loss of gait, speaking and swallowing difficulties were
characteristic for the proband and his 6 relatives with a disease
onset between 50 and 65 years of age. Additionally, one of the
patient’s brothers experienced hyperhydrosis, hypomimia,
progressive bradykinesia and global muscle rigidity, but with
domination of symptoms related to a lower motor neuron
disorder. An EMG revealed an active generalised disorder of
the motor neurons. No dementia was recognised. Autonomic
system examination showed slightly reduced activity of the
parasympathetic nervous system.

The third patient was a 61-year-old female with a 3-year his-
tory of dementia. Psychological assessment revealed significant
cognitive disturbances with dominant executive function
deterioration. Speech disturbances and language deficits re-
flected motor aphasia. MRI examination showed considerable
atrophy of the frontal and temporal lobes, supporting the
diagnosis of frontotemporal dementia. The patient’s father
had been diagnosed with dementia at the age of 65, and her
brother died in the course of ALS.

In the fourth, female patient presented with FTD symptoms,
in addition to expansion in the C9orf72 locus, a p.Arg307Ser
variant in the PSENI gene was detected. According to the
ACMG guidelines, PSENI variant (NM_0000221.3:¢.921G>C,
1s554783173) has been classified as variant of unknown signif-
icance not detected in the European population to date. Her
brother presented with ALS and dementia symptoms, but he
has not been evaluated genetically yet.

Within a cohort of 1,054 HD-like patients, G,C, ex-
pansion was confirmed in two individuals, accounting for
approximately 0.2%. The first case was a 46-year-old male
with affected movement coordination since the age of 31.
(HTT — 17/19 CAG, C9orf72 — 2/EXP G,C,). The second
was a 61-year-old male with an age at onset of 50 years (HTT
— 17/22 CAG, C9orf72 — 5/EXP G,C,) manifesting as lower
limb spasticity, dysarthria and dementia. His MRI revealed
generalised cerebral atrophy. Both cases were sporadic.

Among 225 males with a primary clinical diagnosis of
SBMA, expansion of G,C, was found in 3 individuals, ac-
counting for 1.3% of this group. Two patients with suggested
SBMA phenotype presented slowly progressive pure lower
motor neuron disease. EMG examination confirmed chronic
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Table 1. Results of C90rf72 genetic analysis in different groups of patients and controls

Number
of individuals

Patient and control groups

Control group (healthy individuals) 106
HD clinical diagnosis 200
(mutation in HTT confirmed)

SCA1/2 clinical diagnosis (mutation in ATXN1/2 201

confirmed)

ALS/FTD clinical diagnosis 108
HD clinical diagnosis 1054
(mutation in HTT excluded)

SBMA clinical diagnosis (mutation in AR 225
excluded)

lower motor neuron involvement and mild sensory axonal
neuropathy. The third individual had a more complicated
medical and family history. His 2 brothers died tragically at
ayoung age, and his mother had a history of Alzheimer’s Dis-
ease. The patient was aged 65 at the onset of dementia and had
diabetes mellitus type 2. Shortly thereafter, quickly progressing
asymmetrical muscle atrophy was observed without significant
sensory deficits. Eight years earlier, the patient underwent
surgery and chemotherapy due to a large intestine carcinoma
with full remission. Neuropsychological tests confirmed mild
dementia. EMG revealed motor-sensory axonal-demyelinating
polyneuropathy. EEG was normal. MRI of the brain showed
cortico-subcortical cerebral atrophy.

Discussion

Our study on G,C, repeat analysis in the C9orf72 locus
in a total of 1,894 individuals with diverse clinical statuses
revealed the presence of expansion in nine individuals. As we
expected, C9orf72 expansion was not observed in individu-
als with other confirmed mutations (HD/SCA1/SCA2). The
results in the Polish control group revealed that the range of
G,C, repeats (2-13) might be similar to, or even lower than,
other populations [1, 12, 13]. This fact might have an impact
on the low frequency of ALS-FTD due to G,C, expansion in
Poland, as the mutation is known to arise from the upper
normal range alleles.

Though as many as 1,054 patients with suspected HD but
excluded mutation in the HTT gene (HD phenocopy) were
analysed for C9orf72 expansion, our results were lower than
those reported in other studies. Ranging from 1% to even 5%
[10, 11, 14, 15], such frequencies account for a significant
number of ultimate diagnosis confirmations in patients with
excluded HTT mutations. The very low frequency of G,C, ex-
pansion detected in our cohort — 0.2% — does not endorse the
inclusion of the C90rf72 gene into genetic testing algorithms
in Polish HD-like patients.

Considering the clinical phenotype of SBMA and ALS-
FTD overlapping i.e. progressive lower neuron syndrome,

Female/Male Range of G,C, Number of expan-
% repeats sions detected
52/48 2-13 0 0
56/44 2-17 0 0
51/49 2-13 0 0
40/60 2-14 + EXP 4 3.7
56/44 2-21+ EXP 2 0.2
0/100 2-14 + EXP 3 13

including bulbar region, presenting with muscle weakness
and atrophy, dysarthria, dysphagia, fasciculations, muscle
cramps and cognitive alterations or mood disorders, we
retrospectively tested a group of clinically suspected SBMA
individuals with no AR gene mutation.

In contrast to SBMA cases, the clinical characteristics of
ALS patients are rapidly progressing upper and lower limb
muscular weakness, as well as rapidly developing generalised
muscular atrophy. Moreover, respiratory muscle involve-
ment is observed in ALS. ALS patients may also present with
pseudobulbar or pyramidal signs, which are not observed in
SBMA. Extrapyramidal syndrome is a rarely observed ALS
symptom that also does not occur in Kennedy’s Disease.
As the onset of both diseases often slightly differs, with
SBMA occurring in the 4" or 5" decades and ALS in the 6"
or 7" decades, patients primarily suspected of SBMA could
develop upper motor neuron symptoms later in the disease
course. In the case of our patients, a clinical diagnosis of
SBMA was justified prior to referring the patients for genetic
testing. Only retrospective analysis and identification of
C90rf72 expansions responsible for a more severe pheno-
type revealed that the suspicion of ALS should have been
considered as well.

Clinical implications

To the best of our knowledge, this is the first report
presenting a 1.3% frequency of G,C, repeat expansion in
patients clinically suspected of SBMA. Our results show that
Corf72 testing is a valuable strategy and an important element
of differential diagnosis in diseases progressing with motor
neurons involvement. We believe that it is crucial to analyse
the clinical differences between individuals with C9orf72 ex-
pansions in order to enable the precise selection of patients
for C9orf72 testing.
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