
may not always be altered in this setting.8

Additionally, it can be used to confirm the
functional deficit on next-generation
sequencing protocols when a Parkin muta-
tion has been identified.

In summary, western blotting, to iden-
tify Parkin protein expression in skin
fibroblast cultures, may be used as a sup-
portive tool to identify patients suspected
of having mutations in the Parkin gene
and justify further mutational analysis and
gene dosage studies for the identification
of mutations in Parkin versus other genes
that cause monogenic young onset
Parkinsonism. Further validation to fully
assess the usability of Parkin western blot-
ting in differential diagnosis for Parkin-
related PD using a larger cohort of
healthy controls, idiopathic and mono-
genic PD patients including with muta-
tions in other PD-related genes (eg, SNCA
and DJ-1) is warranted.
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A familial ALS case carrying
a novel p.G147C SOD1
heterozygous missense
mutation with non-executive
cognitive impairment

Amyotrophic lateral sclerosis (ALS) is a
fatal motor neuron disease causing pro-
gressive muscle weakness and wasting.
Death usually occurs within 3–5 years
from respiratory failure. Approximately
10% of cases are familial (fALS).The fre-
quency of SOD1 gene mutations in
patients with fALS varies among popula-
tions, from 0% in Ireland to 13.6% in
Italy and 23.5% in Scandinavia.1 SOD1
encodes for the Cu/Zn Superoxide
Dismutase 1. Mutations are usually auto-
somal dominant, but the p.D90A and the
p.D96N may be autosomal recessive.2

Performing the genetic screening of an
Italian fALS series, we found a novel
c.442g>t heterozygous missense mutation
of SOD1 gene leading to a substitution of
cysteine for glycine (p.G147C). Such
mutation was absent in healthy controls
(n=130). The patient provided written
informed consent.
The index case displayed progressive

weakness and wasting of both hands when
he was 52 years old. One year after the

onset he also exhibited tongue hypotro-
phy with fasciculations, spastic parapar-
esis, impairment of feet extension and
brisk jaw jerk and lower limbs reflexes.
Plantar response was absent bilaterally. He
referred diffuse cramps and fasciculations.
Dysphagia, dysarthria, dysphonia and dys-
pnoea were absent. The amyotrophic
lateral sclerosis funcional rating scale
revised (ALSFRS-R) was 44/48. Needle
electromyography (EMG) showed chronic
and active denervation in bulbar and
spinal regions. Forced vital capacity was
106%. The neuropsychological evaluation
showed an impaired performance in the
Rey-Osterrieth Complex Figure (ROCF)
Test, in copy and recall task, while other
tests had normal scores. Brain MRI
showed selective atrophy of the right
supramarginal gyrus (figure 1A), slight
hyperintensity of the corticospinal tracts
in T2-weighted scans, reduced fractional
anisotropy along the right corticospinal
tract in diffusion tensor imaging (DTI)
scans. Cervical cord MRI was normal.
18F-FDG cerebral PET revealed reduced
uptake (p=0.001) in the right supramar-
ginal gyrus (Brodmann area (BA) 40)
(figure 1B). Brain MRI and 18F-
Fludeoxyglucose (18F-FDG) positron
emission tomography (PET) and neuro-
psychological assessment were repeated
6 months later. The focal atrophy of the
right supramarginal gyrus resulted
unchanged at MRI. 18F-FDG PET
showed slight extension of the area of
hypometabolism previously observed at
this site and the appearance of a new
area in the right frontopolar region
(p=0.01) (figure 1C). A relative reduc-
tion of the uptake in the right caudate
nucleus, probably due to deafferen-
tation, seems to support the significativ-
ity of the frontopolar hypometabolism.
The neuropsychological evaluation con-
firmed the deficit in the ROCF and
demonstrated a reduction of the scores
of mini mental state examination
(MMSE), trail making test (TMT)-A and
TMT-B, Clock Test and frontal assess-
ment battery (FAB), although they were
still normal.

Two brothers of the proband died from
ALS. The former showed muscle weakness
and wasting at upper limbs when he was
46 years of age. He had a rapid worsening
and died from respiratory failure
10 months after the onset. The latter
reported cramps at lower limbs when he
was 48 years of age, followed by weakness
of the left upper limb. He showed a
classic ALS phenotype and died from
respiratory failure 27 months after the
onset. Two siblings were 46 years and
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50 years and healthy. His father died
when he was 76 years from chronic
kidney failure without any neurological
impairment; his mother was 83 years and
healthy. No other relatives with neuro-
logical impairment were reported. The
index case showed a p.G147C missense
mutation of SOD1 (mutations of other
ALS-related genes were excluded). The
same mutation was found in the latter
affected sibling. DNA of other family
members was unavailable. A diagnosis of
clinically definite fALS with genetic con-
firmation was made. The patient is still
alive, 24 months after the onset. He also
shows slight dysarthria and occasional
dysphagia. The disease is slowly progres-
sive and respiratory involvement is absent.
The autonomy in daily living activities is
good. ALSFRS-R is 41/48.

Three other missense mutations of
codon 147 of SOD1 have already been
found. Andersen and colleagues reported
an Icelandic case with a p.G147R mutation
and a patient carrying a p.G147D muta-
tion.3 Two families with a p.G147D muta-
tion were identified in a series of French
fALS cases: age of onset ranged from 45
years to 73 years, with spinal onset for
three of four; tested subjects had no cogni-
tive impairment; disease duration ranged
from 10 months to 49 months.4 The
p.G147S mutation was described in an
apparently sporadic case with bulbar onset
at the age of 56 years and death from
respiratory failure in 8 months.5 6 Codon
147 encodes a highly conserved aminoaci-
dic residue across species. This change was
predicted to affect protein function by
molecular modelling studies.

We report the first ALS case carrying a
p.G147C heterozygous missense mutation

of SOD1. Noteworthy, the impairment of
the ROCF is in agreement with the
reduced uptake of the tracer in the right
supramarginal gyrus (BA 40) and the right
middle frontal gyrus (BA 10) at 18F-FDG
PET and with the atrophy at MRI in the
right supramarginal gyrus (BA 40). A
18F-FDG PET study in patients with prob-
able AD showed a significant positive
association between ROCF performance
and cortical metabolism in the following
regions: the widest area was situated in
the posterior part of the right hemisphere
and included the supramarginal gyrus;
other significant clusters were found in
the right frontal lobe and included the
middle frontal gyrus.
Cognitive impairment is rare in SOD1

mutations carriers. SOD1 fALS subjects
seem less vulnerable to cognitive dysfunc-
tion than non-SOD1 fALS.1 The follow-up
including neuropsychological tests and
18F-FDG PET showed a trend to progres-
sion of cognitive impairment with frontal
lobe involvement. This finding supports
the hypothesis that cognitive impairment is
related to ALS rather than to other causes
(ie, developmental anomalies).
Most of the cases carrying mutations of

codon 147 show a rapid worsening, while
our patient displays a slower trend. His
affected siblings had a faster course. We
need further data to establish possible
genotype-phenotype correlations.
Although genetic data were unavailable

for one of the affected siblings and
healthy relatives, the presence of the
p.G147C mutation in two ALS cases sup-
ports the hypothesis that it is pathogenic.
Nevertheless, the presence of healthy aged
parents and the absence of other affected
relatives raise the possibility of an

incomplete penetrance. Further studies
are necessary to highlight its pathogenic
role and its clinical manifestation.
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Figure 1 (A) MRI axial T1 (A1) and T2 (A2) images show a focal atrophy of the right supramarginal gyrus (Brodmann area (BA) 40). (B) 18F-FDG
cerebral PET parametric study confirmed this finding, showing a reduced uptake (p=0.001) in the right supramarginal gyrus (BA 40). (C) A 18F-FDG
cerebral PET parametric study performed 6 months after the previous study showed an extension of reduced uptake in the middle frontal gyrus
(BA 10) (at p=0.01).
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Serum angiogenin levels are
elevated in ALS, but not
Parkinson’s disease

INTRODUCTION
Mice lacking the hypoxia responsive
element in the promoter of vascular endo-
thelial growth factor (VEGF) develop a
phenotype with weakness and pathological
reflexes that resemble amyotrophic lateral
sclerosis (ALS). A subsequent study
demonstrated an association between poly-
morphisms in the promoter of VEGF and
ALS in humans. Therefore other angio-
genic genes were investigated in ALS,
which showed mutations in angiogenin
(ANG) in patients with familial and spor-
adic ALS.1 A recent study confirmed this
association and also demonstrated that
ANG mutations predispose to Parkinson’s
disease (PD).2 The association with PD has
independently been replicated.

It is not known how mutations in ANG
lead to neurodegeneration. The ANG
protein is involved in the transcription of

ribosomal DNA, RNA metabolism,
neurite outgrowth and axonal pathfinding.
Cell survival assays show that wild type
ANG is capable of rescuing cells contain-
ing ANG mutations from death when
challenged with toxic agents, suggesting
ANG is a potent neuroprotective factor.3

Functional studies have demonstrated that
most mutations result in a loss of
function.3

A small study demonstrated elevated
serum ANG levels in patients with ALS,4

which could however not be replicated in
a later study.5 Here, we compared serum
ANG levels in a large cohort of patients
with ALS and PD with controls.

METHODS
Two hundred and sixty-five serum
samples were available from patients with
sporadic ALS, all of which were referred
to the University Medical Center Utrecht
(UMCU) and diagnosed according to the
revised El Escorial criteria. One hundred
and sixty-three serum samples were avail-
able from patients with PD, all of which
were referred to the Radboud University
Nijmegen Medical Center (RUNMC) and
diagnosed according to the UK Brain
bank criteria. Samples from 462 controls
were available through a nationwide,
population-based study on ALS, in which
family practitioners are asked to recruit
matching controls for each patient with
ALS in their practice.
Details are provided in table 1. Samples

were drawn at the initial visit to the out-
patient clinic. All cases were negative for
ANG mutations. All participants gave
written informed consent and the study
was approved by the relevant ethical
committees.
Concentrations of ANG were measured

using commercially available ELISA kits
(Quantikine) from R&D Systems
(Abingdon, UK) according to manufac-
turer’s guidelines. Venous blood samples
were drawn and subsequently cells were

removed by centrifugation. Samples were
stored at −80°C until the assays were per-
formed. Assays were performed in tripli-
cate. The intra-assay and interassay
coefficients of variation were <2.0%.

The normality of data distribution was
tested using the Shapiro-Wilk test. Initial
comparisons between ALS, PD and con-
trols were done by using independent-
samples t test or Mann-Whitney test as
appropriate. Because age, sex and body
mass index (BMI) influence serum ANG
levels, the data were further explored by
analysis of covariance (ANCOVA) with
these variables as covariates.4 The data for
the ALS group were also analysed strati-
fied according to the site of disease onset,
because a previous report only found ele-
vated ANG levels in spinal-onset cases.4

Association between ANG levels and sur-
vival in ALS was tested using Cox regres-
sion. Sensitivity and specificity were
analysed by receiver operator curves
(ROC) analyses (see online supplementary
figure S2).

RESULTS
We observed elevated ANG levels in
patients with ALS compared with con-
trols. No difference between patients with
PD and controls was seen. Multivariate
modelling accounting for the covariates
(age, sex and BMI) demonstrated signifi-
cantly elevated levels for patients with
ALS (p=1.74×10−3), patients with bulbar
onset ALS (p=0.02), patients with spinal
onset ALS (p=2.90×10−3), but not in
patients with PD (p=0.72). Gender was
the only covariate found to influence
levels (p=1.90×10−3) (table 1). Serum
ANG levels were not significantly higher
in patients with spinal onset ALS com-
pared with bulbar onset cases (p=0.13).
Serum ANG levels were also significantly
higher in patients with ALS compared
with patients with PD (p=1.29×10−4).
There was no influence of serum ANG
levels on survival in ALS with p=0.67.

Table 1 Baseline characteristics and results

No.
Male/female
(No.)

Age (year)
(range) BMI (range)

Mean
ANG serum
level (ng/mL) SD p Value

ALS 265 148/117 63 (23–84) 24.7 (17.3–37.6) 425.3 111.3 1.74×10−3

Bulbar ALS 87 40/47 66 (41–84) 24.4 (17.3–35.1) 410.9 115.5 0.02
Spinal ALS 178 112/66 61 (23–83) 24.7 (17.5–37.6) 433.2 109.5 2.90×10−3

PD 163 112/51 64 (34–88) 25.0 (15.9–41.1) 399.7 76.4 0.72
Controls 462 254/208 68 (33–95) 26.9 (16.6–37.7) 401.6 95.9 –

Age is at sample collection, BMI, body mass index, p values were calculated using ANCOVA with age, gender, BMI as
covariates. Also see online supplementary figure S1 and supplementary table S1.
ALS, amyotrophic lateral sclerosis; ANCOVA, analysis of covariance; ANG, angiogenin; PD, Parkinson’s disease.
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