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Introduction: Nusinersen was approved as the first treatment for all types of spinal
muscular atrophy (SMA), including adults with SMA types 2 and 3. Robust biomarkers
of treatment response in SMA adults are lacking. Our aim was to examine

Abbreviations: Ap, amyloid-p peptide; AB40, amyloid-p40 peptide; AB42, amyloid-p42 peptide; ALS, amyotrophic lateral sclerosis; SAPP, soluble fragments of -amyloid precursor protein; ALS,
amyotrophic lateral sclerosis; APP, amyloid precursor protein; CSF, cerebrospinal fluid; SMA, spinal muscular atrophy; SMN, survival motor neuron.
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cerebrospinal fluid (CSF) amyloid-p40 (AB40) and amyloid-p42 (Ap42) peptides as bio-
markers of treatment response.

Methods: Eight patients with SMA types 2 and 3 were recruited consecutively in a
single-center study. CSF was sampled at baseline, after a loading dose, and after three
maintenance doses. Levels of AB42 and AB40 were evaluated for each CSF sampling.
Wilcoxon matched-pairs signed-rank test was used to detect longitudinal changes.
Results: CSF levels of Ap42 increased from baseline to day 420 (95% confidence
interval, P = .018), with a significant increase at days 180 and 420 compared with
days 0 and 300, respectively (95% confidence interval, P = .012 and P = .018).
Discussion: The maintenance and promotion of wellness of residual motor neurons

mediated by the restored level of SMN protein due to nusinersen could result in an

KEYWORDS

1 | INTRODUCTION

Spinal muscular atrophy (SMA) is an autosomal, neurodegenerative
disease caused by a homozygous deletion or point mutation in the
survival motor neuron 1 gene (SMN1) on chromosome 5, which results
in a reduction of fully functional SMN protein.> The antisense oligonu-
cleotide nusinersen was the first disease-modifying drug approved for
the treatment of children and adult SMA patients.? Although several
studies have shown the prognostic role of some cerebrospinal fluid
(CSF) biomarkers, such as neurofilament and tau in children®* and
adults®® with SMA treated with nusinersen, recent studies on patients
with late-onset SMA type 3 provided less robust results, due to the
wide range of disease onset and disease duration and the highly variable
phenotypic spectrum.”® Furthermore, in adult SMA, the evaluation of
treatment response is even more difficult considering that clinical
improvements by the standardized motor scales (Hammersmith Func-
tional Motor Scale—Expanded version’ and Revised Upper Limb Mod-
ule®) are minimal and mainly subjective.!

Considering their role in other motor neurodegenerative diseases
such as amyotrophic lateral sclerosis (ALS),*?>** we investigated the
CSF amyloid-p40 (Ap40) and amyloid-p42 (Ap42) peptides as bio-
markers of treatment response in an adult cohort of patients with
SMA types 2 and 3.

2 | METHODS

2.1 | Subjects

All patients were recruited at the regional Center of Motor Neuron
Diseases at the Department of Neurology, University of Bari, Bari,

Italy, and were treated from October 2018 to June 2020. All patients

t15

fulfilled the inclusion criteria for nusinersen treatmen and gave

increased level of amyloid peptides.

amyloid-f, nusinersen, spinal muscular atrophy

written informed consent. The study was approved by the Inter-
regional Independent Ethical Committee of “Azienda Ospedaliero Uni-

versitaria of Bari,” Italy.

2.2 | CSF analysis

Nusinersen was administered according to a published protocol.*®> CSF
was collected at baseline (TO), after a loading dose at day 63 (T1), and
then on days 180 (T2), 300 (T3), and 420 (T4) of maintenance dosing.

CSF was frozen within 1 hour after lumbar puncture and stored
at —80°C until analysis.

We used a solid-phase enzyme immunoassay (INNOTEST;
Fujirebio, Ghent, Belgium) for quantitative determination of Ap40 and
AB42 in CSF (intra-assay coefficient of variation <5%, interassay coef-
ficient of variation <10%). Reference in-house values were
AB42 >500 pg/mL and Ap40 4532-20 116 pg/mL.

2.3 | Statistical analysis

For comparing baseline with T1, T2, T3, and T4, we used a Wilcoxon
matched-pairs signed-rank test. Significance was set at o < 0.05. Sta-
tistical analysis was performed using SPSS version 22 (IBM Corp,
Armonk, NY).

3 | RESULTS

Eight adult patients with SMA types 2 and 3 were included in the
study: three were SMA type 2 and five were type 3. Genetic analysis
detected three copies of SMN2 in seven patients and four copies in

one patient. One patient had undergone spinal fusion surgery due to
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severe scoliosis. Clinical and demographic characteristics are summa-
rized in Table 1. One patient dropped out at T4 due to the inability to
obtain CSF because of severe scoliosis.

Ap42 and AB40 levels at TO were within the normal range.
Levels of AP42 increased from baseline to T4 with a significant
increase at T2 and T4 compared with T1 and T3, respectively
(Table 2). In particular, the levels of CSF Ap42 showed the first sig-
nificant change at T2, with a stability at T3 and a subsequent signifi-
cant increase at T4 (Figure 1). No significant changes of AB40 levels

were found.

4 | DISCUSSION

In our small cohort of SMA patients treated with nusinersen, we
found a significant increase in levels of CSF Ap42. Looking at the
trend of the change in CSF AB42, T3 may be considered as the
inflection point after which the actual increase of Ap42 was evi-
dent. In SMA adult patients treated with nusinersen, one study

TABLE 1 Clinical and demographic characteristics of the study
cohort®
7.50 £ 6.02; 6.5
Age at onset (years) (1.00-16)
Sex (M/F) 5/3
Age at treatment (years) 43.13 £ 15.25; 42
(18-72)
Disease duration (years) 35.88 + 15.88; 36
(4-62)
Ambulators (yes/no) 2/6

Revised upper limb module at baseline 17.9 £ 14.8; 16 (0-37)

15.63 £ 22.15; 4
(0-61)

Hammersmith Functional Motor
Scale—Expanded

@Data expressed as mean + standard deviation; median (range).
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reported no significant changes in Ap42 and Ap40 CSF levels.®
The follow-up period after dosing in that study was 300 days, but
the maximum change in our cohort occurred after than time.

One could speculate that the increased level of Ap42 is indirect
evidence of an effect of nusinersen in promoting the survival of
motor neurons in the spinal anterior horn. Ap42 has been studied in
other neurodegenerative diseases involving motor neurons, such as
ALS. Increased levels were reported in ALS patients with a short

1216 in contrast to decreased levels related to a

13,14 It is

disease duration,
longer disease duration or a rapidly progressive course.
speculated that increased levels of Ap42 could reflect the attempt
of motor neurons to survive in the early stage of the disease,
whereas, in the later stage, or in rapidly progressive disease, the
reduction of AB42 could be due to the irreversible loss of functional
motor neurons. In support of this hypothesis, Xie et al demon-
strated that, in the spinal cord of aged rats, the amyloid precursor
protein (APP) and level of ABs increased in motor neurons that sur-
vived after axonal injury, suggesting a beneficial role of these pep-
tides on neuronal survival and wellness.r” How the Aps exert their
beneficial effects is still unclear. In previous studies, it was demon-
strated that Aps protect neurons after chemical injuries!® and oxi-
dative stress,® regulating neuronal homeostasis; that is, picomolar
(but not higher) amounts of ABs stimulate synaptic plasticity and
memory and stimulate presynaptic transmitter release.?® The
restored expression of SMN protein®? could improve small nuclear
ribonucleoprotein (snRNP) biogenesis and pre-mRNA splicing,22
leading to increased expression of APP and its secretases and ulti-
mately increasing the level of ABs. Thus, APP and ABs could mirror
the beneficial role of nusinersen on maintenance and promoting
the survival of residual motor neurons.

In contrast, if it is confirmed that an increased level of ABs occurs
after administration of nusinersen, then we should ask whether the
potential continuous increase of Afs does not translate into a detri-
mental effect due to high concentrations and subsequent deposition

of amyloid, such as in Alzheimer pathogenesis.?® This could be a major

TABLE 2 Levels of AB40 and Ap42 for each administration
Ap40
P value vs previous P value
Mean * SD; median (range) administration vs TO
TO  6437.5 + 3201; 6000
(3100-12 300),n =8
T1 5825+ 1921.9 (3400-8400), .528 .528
n=8
T2 6260.4 +2277.9 116 .833
(5130.5-9718),n =8
T3  6522.5+2394.1 401 .944
(5855-10 500),n = 8
T4  6842.9 + 1391.5 (7100-8600), .499 498

n=7

Statistically significant (P < .05).

Ap42

Mean * SD; median P value vs previous P value

(range) administration vs TO

577.3 £ 228; 631.5
(278-915),n =8

604 + 253.1; 609 483 483
(282-952),n =8

634.6 + 266; 638 .0122 .068
(303-970),n=8

627.6 £ 50.9 (277-952; .528 263
660),n =8

891 + 462.2; 787 .018? .018°
(295-676),n=7

Abbrevations: Ap40, amyloid-p40 peptide; Ap42, amyloid-p42 peptide; SD, standard deviation.
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FIGURE 1 Cerebrospinal fluid levels of amyloid-p42 peptide
over time [Color figure can be viewed at wileyonlinelibrary.com]

concern for treatment continuation, especially in adult SMA patients.
Questions that must be addressed are: 1) Do A levels stabilize after
reaching a new steady-state level, or do they increase continuously
during nusinersen treatment and therefore give rise ultimately to Aps
oligomers and plaques? 2) If the latter is correct, do adults with SMA
types 2 and 3 need careful cognitive follow-up during nusinersen
treatment?

The main limitation of our study is the lack of an age-matched
control group of untreated SMA patients or other neurological patients
who underwent repeated lumbar puncture with the same schedule. To
fully define the role of APP and the products of its processing as a
treatment response to nusinersen, future direction based on our prelim-
inary results will be a study of the level of SAPP and ABs in the CSF of a
larger cohort of adult SMA patients treated with nusinersen for a longer

period of observation.
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Introduction: Increasing evidence suggests the utility of the submandibular approach
for ultrasonography to detect tongue fasciculation in amyotrophic lateral sclerosis
(ALS). We hypothesized that transoral motion-mode ultrasonography (TOMU) would
be useful to detect tongue fasciculation in patients with ALS.

Methods: Patients with sporadic ALS showing clinically definite tongue fasciculation
were enrolled, and the ultrasonography findings of patients' tongues on TOMU and ultra-
sonography by the conventional submandibular approach were analyzed.

Results: Six patients with clinically definite ALS were enrolled in this study. Although

small, irregular muscle movements of 5 to 10 mm in amplitude and 0.1 to 0.2 second in

Abbreviations: ALS, amyotrophic lateral sclerosis; EMG, electromyography; TOMU, transoral motion-mode ultrasonography.
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