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." A recent study confirmed this
association and also demonstrated that
ANG mutations predispose to Parkinson’s
disease (PD).> 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.’
Functional studies have demonstrated that
most mutations result in a loss of
function.’

A small study demonstrated elevated
serum ANG levels in patients with ALS,*
which could however not be replicated in
a later study.” 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.* 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.*
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=1.74x107?), patients with bulbar
onset ALS (p=0.02), patients with spinal
onset ALS (p=2.90x1073), but not in
patients with PD (p=0.72). Gender was
the only covariate found to influence
levels (p=1.90x107%) (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=1.29x107%).
There was no influence of serum ANG
levels on survival in ALS with p=0.67.

Table 1 Baseline characteristics and results
Mean
Male/female  Age (year) ANG serum
No. (No.) (range) BMI (range) level (ng/mL) SD p Value

ALS 265  148/117 63 (23-84) 24.7 (17.3-37.6) 425.3 1113 1.74x1073

Bulbar ALS 87 40/47 66 (41-84) 24.4 (17.3-35.1) 410.9 1155 0.02

Spinal ALS 178  112/66 61 (23-83) 24.7 (17.5-37.6) 433.2 109.5 2.90x1073
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) 401.6 959 -

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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DISCUSSION

In this study we measured serum levels of
a protein derived from a gene in which
mutations are strongly associated with a
higher risk for disease (the OR of ANG
mutations for ALS is 9.2 and 6.7 for
PD).> Many functional studies have
demonstrated that ANG mutations result
in (complete) loss of protein function and
have also shown that the wild type
protein is a very potent neuroprotective
factor.® In this study, we show that serum
ANG levels are higher in patients with
ALS without ANG mutations compared
with healthy controls. We postulate that
the elevated serum levels of a strong neu-
roprotective factor in ALS are due to a
compensatory mechanism of the motor
system in response to degeneration.

The interesting question then becomes,
why are ANG serum levels elevated in ALS
but not in PD (considering the gene is
involved in both disorders)? Especially, con-
sidering that ANG has recently been
demonstrated to be protective in experi-
mental models of PD. The exact mechan-
ism through which ANG is neuroprotective
is unclear. It has been suggested that ANG
has paracrine or autocrine effects.
Supporting this view, is data from a recent
study in ALS mice (SOD1-G93A) showing
upregulation of neuroprotective genes
(including ANG) in the motor neurons of
mice with a slowly progressive phenotype.

If indeed ANG acts through an auto-
crine or a paracrine mechanism, it would
seem reasonable to assume that any com-
pensatory upregulation of ANG in PD
would take place in the basal ganglia and
perhaps therefore cannot be demonstrated
in serum. It would therefore be interesting
to measure ANG levels in cerebrospinal
fluid (CSF) of patients with PD. The ele-
vated serum levels in ALS may thus be a
reflection of more widespread disease (also
including the peripheral nervous system).
This might explain the higher levels

observed in patients with spinal ALS com-
pared with patients with bulbar ALS
(observed in our study and previously),* as
loss of motor neurons is usually more gen-
eralised in spinal ALS.

Although, the neuroprotective mechan-
ism of ANG is not completely understood,
we interpret the consistent finding of ele-
vated serum levels this potent neuroprotec-
tive factor reflective of a compensatory
mechanism of the motor system in response
to neurodegeneration. Therefore ANG
could be an interesting therapeutic target.
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