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Abstract Evidence of genetic heterogeneity in ALS has
been found, with at least 31 genes being identified to date
as causing ALS, and other genes being suggested as risk
factors for susceptibility to the disease and for phenotype
modifications. In recent years, new molecular genetic
methodologies, especially GWAS and exome sequencing,
have contributed to the identification of new ALS genes.
Some of these genes (SODI, TARDBP, FUS, and C9orf72)
have homogenous frequencies in different populations.
However, a few genes are rare in populations other than
those in which they were first identified. Here we investi-
gate the frequency of the PFN1 gene in a Catalan ALS
population. A mutational analysis of the PFN1 gene was
carried out on a Catalan cohort of 42 ALS families (FALS)
and 423 sporadic ALS patients (SALS). The screening
included 600 healthy controls. No PFNI mutations were
identified in either the FALS or SALS group. We also
found no mutations in the control group. Our results are
consistent with those described in other populations with
very low frequencies, suggesting that PFN1 is a very rare
cause of ALS worldwide. Together with the absence of a
distinctive phenotype associated with ALS18, these results
mean that this gene should be a second or third line for
inclusion in screening in patients requesting genetic
counseling.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive neu-
rodegenerative disorder predominantly affecting motor
neurons, leading to generalized muscle paralysis and death
from respiratory failure. Mean survival subsequent to
clinical onset is 3-5 years, although patients may survive
longer if they agree to mechanical ventilation and other
invasive life support procedures. There is no effective
treatment for the disease apart from these measures, except
for riluzole, which is the only approved drug for the
treatment of ALS, and which prolongs survival by
3 months.

Although its etiopathogenesis is still unclear, ALS is
considered a multifactorial disease with interactive multi-
ple pathogenic mechanisms. A number of genetic studies
suggest that genetic defects in some ALS patients make
them susceptible to the disease. This is true of both the
familial forms of ALS (FALS) and some of the condition’s
sporadic forms (SALS) [1-3].

The genetics of ALS are complex. At least 31 genes and
8 different genetic loci with dominant, recessive and
X-linked patterns of inheritance have been identified for
FALS, and an increasing number of susceptible and mod-
ifier loci have also been suggested for sporadic and familial
ALS cases. Gene—gene and gene—environment interactions
also seem to play an important role in the appearance and
phenotype of the disease [1-8].

Most of these genes have been described in the last
3—4 years, thanks to new gene screening methodologies,
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especially genome-wide association (GWAS) studies,
genomic structural variation studies, and whole exome
sequencing (WES), which have revolutionized gene test-
ing. However, the role of many genes has yet to be verified
in large cohorts other than those in which they have been
reported, as doubts remain as to the credibility of the
analysis of these putative causing genes identified using
bioinformatics [1-3, 9, 10]. It is therefore important to
investigate the prevalence of genetic defects in different
populations worldwide.

Missense mutations in the profilin 1 gene (PFNI) have
recently been identified in two large ALS families of Cau-
casian and Sephardic Jewish origin using exome sequencing
[8]. In the same paper, the authors identified 4 mutations in 7
of the 274 FALS cases. PFN-I has subsequently been
reported in FALS, SALS, FTLD and healthy populations in
mutational analyses of other populations [11-23]. Profilin 1
is a small 140 amino acid protein that is essential for the
polymerization of monomeric G-actin to filamentous-actin
[24, 25]. Although it mainly acts by stimulating actin
polymerization, Profilin 1 and its ligands are involved in
other processes, including vesicle trafficking, axonal trans-
port, glutamate neuromodulation, endocytosis and nuclear
export [25-28]. All these target mechanisms have been
proposed as hypotheses of neuronal damage in ALS.

Despite the lack of consensus on unified criteria
regarding how to numerate the various genetic forms of
ALS, in contrast to other neuromuscular diseases, there is a
tendency to numerate them, as can be seen on websites
containing gene-specific content, which define this form of
ALS caused by PFNI mutations as ALS18 (#614808) [29,
30]. Genetic characterization of ALS18 families should
provide information on the distribution of PFNI mutations
in different ethnic groups. The prevalence of ALS18 in
Catalonia, a region of approximately 7,000,000 inhabitants
in northeastern Spain, has not been studied. Here we report
on the results from 42 FALS index cases and 423 appar-
ently sporadic ALS cases.

Materials and methods
Study population

This study included a cohort of 42 FALS index cases and
423 SALS patients. The patients had been diagnosed with
definite, probable, and probable—laboratory-supported
ALS according to the El Escorial revised criteria at the
ALS Unit in the Neurology Department of Hospital Uni-
versitari Vall d’Hebron in Barcelona. The criteria used by
Byrne et al. [31] were adopted to identify FALS cases, and
individuals presenting no family history of ALS were
considered sporadic ALS cases. The study population
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consisted of patients originating in Catalonia whose four
grandparents were born in Catalonia, except for 16 patients
of Hispanic, African and Asian origin.

During the study of familial forms, the patients were
asked about relatives with similar symptoms and other
family members diagnosed with dementia. Whenever
possible, both patients with dementia as their initial
symptom and those with frontotemporal signs appearing
after motor neuron signs were evaluated by the ALS Unit’s
neuropsychologist, who sought findings pointing to FTLD.

All the patients had previously been screened for SOD],
TARDBP, FUSITLS, and C90rf72 mutations. Eleven FALS
and four SALS cases were found to have a SODI mutation
[32]; two FALS and one SALS patients had an FUS/TLS
mutation [33]; six FALS and three SALS patients had an
expansion for C9orf72 (unpublished data). These ALS
patients with identified mutations other than PFNI were
included in the study to investigate the co-occurrence of
more than one genetic defect among FALS patients, a
phenomenon recently described as occurring in 1.6 % of
patients [9].

We included blood samples from 600 healthy subjects of
Spanish origin extracted from the patients’ spouses and
blood donors as a control population.

Informed written consent was provided by patients or
family members (when the patients had writing difficulties)
and from the control group, in accordance with a protocol
approved by our institution’s Clinical Research Ethics
Committee, and with the Declaration of Helsinki [34].

Mutational analysis

Genomic DNA was extracted from peripheral whole blood
using a QIAamp DNA Blood Minikit (Qiagen, Valencia,
CA, USA). All three coding exons of the PEN1 gene and the
intron/exon boundaries were amplified by PCR as previously
described [8], purified, and then forward and reverse
sequenced using sequencing primers, the Cycle Sequencing
Kit and the Big-Dye Terminator v3.1 kit (Applied Biosys-
tems, Foster City, CA, USA). After purification, the pro-
ducts were run on an ABI 3730x1 Genetic Analyzer (Applied
Biosystems). Sequence analysis was performed using Se-
quencher 4.8 software (Gene Codes, Ann Arbor, MI, USA).
The sequences obtained were compared with the PFNI1
reference sequence (GenBank entry NM_005022).

Results
Clinical data

The mean age at onset in the FALS group was
51.4 £ 13.7 years (range 21-92). In the SALS group it was
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Table 1 Demographic and FALS SALS Controls
clinical characteristics of FALS
and SALS cases and controls Kindreds 42 Not applicable Not applicable
Lz‘r’i‘;ffggm PENT mutational Number of patients 152 423 600
Mean age at onset (range) 51.4 (21-92) 59.6 (23-89) Not applicable
Male (%) 80 (52.6 %) 221 (52.2 %) 301 (50.1 %)
Female (%) 72 (47.4 %) 202 (47.8 %) 299 (49.8 %)

Site of symptom onset
Spinal onset (%)
Bulbar onset (%)
Bulbar onset + FTD (%)
FID (%)
Respiratory onset (%)
No clear data (%)

112 (73.7 %)

292 (69.0 %)

Not applicable

14 (9.2 %) 124 (29.3 %) Not applicable
16 (10.5 %) Not applicable Not applicable
6 (4 %) Not applicable Not applicable
2 (1.3 %) 7 (1.6 %) Not applicable
2 (1.3 %) Not applicable Not applicable

59.6 & 12.9 years (range 23-89). The demographic and
clinical characteristics are presented in Table 1.

There was no significant difference between ALS
patients and the control group in terms of the age and
gender of the patients. The mean survival time among the
ALS patients who had died was 36.7 £ 27.5 months
(range 6-244 months).

Mutation analysis of the PEN1 gene

PFNI sequencing analysis failed to identify any pathogenic
mutations or synonymous variants in any of the three
groups (FALS, SALS, and control population).

Discussion

In this study, we present a mutational analysis for the PFN1
gene in a Catalan cohort of 42 FALS and 423 SALS
patients. The prevalence of PFNI in ALS has not previ-
ously been studied in Spain. We did not identify any new
mutations, previously reported pathogenic mutations, or
silent mutations. These results indicate that mutations in
the PFNI gene are an improbable cause of FALS and
SALS in our population. Our results contribute to an
improved knowledge of the true prevalence of defects in
the PEN1 gene among the ALS population.

These negative findings are consistent with those
described in ALS patients of European and Chinese
ancestry. At least 13 studies have investigated the preva-
lence of PFN1 gene mutations in their populations since it
was first identified in two large ALS families of Caucasian
and Sephardic Jewish origin. To date, the prevalence of
PFN1 gene mutations has been investigated in ALS
patients in China, France, Canada, Belgium, Bulgaria, the
United States, Germany, Scandinavia, Italy, and Australia.

Clearly negative results (i.e. no pathogenic mutations) have
been reported in Chinese, French Canadian, Belgian and
Bulgarian patients (see Table 2). In short, PFNI mutations
have to date been checked in just over 10,000 ALS patients
worldwide, with an incidence of 0.8 % for FALS, 0.25 %
for SALS, and 0.1 % for the control population. For most
authors, the incidence of PFNI mutations in ALS is similar
to those reported in public SNP databases.

These data suggest that in comparison with C9orf72,
SODI, FUS/TLS and TARDBP, PFNI is not a major gene
causing ALS. There are doubts as to the role of PFNI in
ALS, especially bearing in mind that: (1) most of the
variants that have been reported (e.g. p.T16T, p.D19D,
p-T35T, p.G38G, p.Q69Q, p.L88L, p.VI8V, p.L112L,
p-S1338S, and p.Q139Q) are polymorphisms (silent muta-
tions), which do not modify the encoded amino acid, (2)
proving the pathogenicity of the most prevalent non-syn-
onymous variant (p.E117G) has been extremely difficult,
and (3) for this mutation the prevalence was not signifi-
cantly increased in ALS patients versus healthy control
subjects (see Table 2). These doubts are reinforced by the
fact that the prevalence of all the PFN] variants reported to
date among ALS patients is similar to the preva-
lence among the almost 20,000 healthy controls analyzed.
Furthermore, there is no distinctive phenotype for ALS18,
suggesting that it is a possible profilinopathy. The pheno-
type of ALS18 is similar to that of ALS]1, i.e. a variable age
at onset (between 27 and over 70 years old), predominant
lower motor neuron signs, exceptional signs of dementia
and a third of patients experiencing bulbar onset. Obligate
asymptomatic carriers have also been described in ALS18.

In short, our study provides information on the rarity of
profilin 1 mutations in our ALS population, in both spo-
radic and familial forms. These data do not replicate the
results of the seminal study in 2012. Together with the
absence of a distinctive phenotype associated with ALS18,
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these results mean that this gene should be a second or third
line for inclusion in screening in patients requesting genetic
counseling.
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