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ABSTRACT: Background: SNCA p.V15A was
reported in five families. In vitro models showed
increased aggregation and seeding activity, mitochon-
drial damage, and apoptosis. Mutant flies had
reduced flying ability and survival.

Objectives: To clinically and functionally evaluate
SNCA p.V15A in a large Italian family with Parkinson’s

disease (PD).
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Methods: Genetic diagnosis was reached through next-
generation sequencing. Pathogenicity was assessed by
molecular dynamics simulation and biochemical studies
on peripheral blood mononuclear cells (PBMCs).
Results: Five siblings carried SNCA p.V15A; three
developed bradykinetic-rigid PD in their 50s with rapid
motor progression and variable cognitive impairment. A
fourth sibling had isolated mood disturbance, whereas
the fifth was still unaffected at age 47. The mutant pro-
tein showed decreased stability and an unstable folded
structure. Proband’s PBMCs showed elevated total
and phosphorylated a-synuclein (a-syn) levels and sig-
nificantly reduced glucocerebrosidase activity.
Conclusion: This study demonstrates accumulation of
a-syn'%* in PBMCs and strengthens the link between
a-syn pathophysiology and glucocerebrosidase dys-
function. © 2024 The Authors. Movement Disorders
published by Wiley Periodicals LLC on behalf of Inter-
national Parkinson and Movement Disorder Society.
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Introduction

The identification of SNCA as the first gene mutated in
Parkinson’s disease (PD) has represented a milestone in
PD research, leading to focus on the crucial role of
a-synuclein (a-syn)." SNCA missense variants and duplica-
tions result in PD with reduced penetrance, variable age at
onset, and a clinical spectrum ranging from severe presen-
tations with high occurrence of non-motor features to
milder phenotypes resembling idiopathic PD.*” SNCA
mutations increase o-syn toxic properties,® representing an
excellent genetic model of neurodegeneration. Yet, they
are extremely rare, as only 14 pathogenic missense vari-
ants are known."” ' Among these, SNCA p.V15A has
been identified by us and others in five unrelated families
of Ttalian, Japanese, and Turkish origin.">"*® In vitro stud-
ies showed that recombinant a-syn"">* has mildly reduced
affinity to phospholipids, increased aggregation, and
seeding properties. Moreover, human neuroblastoma cell
lines overexpressing a-syn'*, as well as patient-derived
induced pluripotent stem cells differentiated into dopami-
nergic neurons, showed accumulation and aggregation of
the mutant protein, mitochondrial damage, and increased
apoptosis. Finally, overexpression of a-syn¥'** in dro-
sophila led to impaired flying ability and survival.'®'?

Recently, a-syn has been linked to another main cul-
prit in PD, the lysosomal enzyme glucocerebrosidase
(GCase), encoded by GBA.?° Misfolded a-syn might
decrease GCase activity and this, in turn, may impair
lysosomal function, perturb lipid membrane composition
and lead to further a-syn accumulation, resulting in a
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deleterious “vicious circle” that can be exacerbated by
. . . . 21,22

pathogenic variants in either gene. To date, however,

GCase function has not been characterized in patient-

derived genetic models carrying a-syn mutations.

Patients and Methods

The family, including the proband and five siblings,
was evaluated at the IRCCS Mondino Foundation.
Impact on a-syn stability and folding was assessed by
Gaussian accelerated molecular dynamics simulation.”?
Levels of total and S129-phosphorylated a-syn were
measured in the proband’s peripheral blood mononu-
clear cells (PBMCs) and compared to age-matched
healthy controls (HC) (n =4), idiopathic PD (iPD)
(n=29) and PD carriers of GBA variants (GBA-PD)
(n = 35). PBMCs GCase activity was also measured and
compared with reference values from 40 HC, 37 iPD
and 29 GBA-PD subjects.** Details are provided in the
Supplementary Methods S1.

Results

Clinical Features

The index case, a 56-year-old woman (IL.3), developed
bradykinetic-rigid PD with good levodopa response at age
47. Motor symptoms rapidly worsened, leading to sub-
thalamic deep brain stimulation (DBS) 5 years later. One
year after DBS, she presented multi-domain mild cognitive
impairment with memory loss and executive function defi-
cit (Video S2 and Supplementary Methods S1).

Two siblings, a 57-year-old female (IL.2) and a 53-
year-old male (IL.4), developed bradykinetic-rigid PD at
ages 54 and 50, respectively, without cognitive impair-
ment 3 years after onset. They both showed early daily
motor fluctuations and dyskinesias already after 2 years
of treatment. A third male sibling (I.1) developed severe
depression and anxiety at age 54, without any motor
features at age 61. Two other siblings (IL.5 and IL.6) did
not show any neurological or psychiatric manifestation.

Genetic Analysis

Whole exome sequencing in the proband revealed the
heterozygous SNCA ¢.44T > C; p.V15A variant. No
other pathogenic variants or exon rearrangements
could be identified. Segregation analysis detected the
variant in the two siblings presenting with PD, the sib-
ling with psychiatric disturbances, and the younger
unaffected sister, age 47 (I.6). The variant affects a
highly conserved amino acid, it has been detected only
once within gnomAD population database (v.3.1.2)
and is consistently predicted as moderately pathogenic
by in silico meta scores (see Supplementary S1). Based
also on available functional studies, the variant is
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classified as likely pathogenic.

In Silico Structural Analysis

Molecular dynamics simulations were performed to
characterize the variant impact on protein folding and sta-
bility.”> Wild-type a-syn showed increased values of root-
mean-square deviation (RMSD) of all heavy atoms up to
~33.50 A at 500 ns and then stabilized at ~32.5 A until
simulation end (Fig. 1A). Conversely, a-syn""* showed
lower and much more fluctuating RMSD values, with
variability of radius of gyration throughout the entire sim-
ulation, indicative of folding instability (Fig. 1B). More-
over, two dimensional potential of mean force profiles
showed that a-syn""** folding process was rather unsta-
ble, continuously transitioning between partially folded
and unfolded intermediate structures (Fig. 1C).

Biochemical Studies

In the proband’s PBMCs, total a-syn levels were signifi-
cantly higher compared to HC and other PD groups, whose
values were within the normal range (Fig. 2A). Phosphory-
lated a-syn levels were also much higher in the proband than
in HC and iPD. Notably, GBA-PD patients’ PBMCs showed
wide variability of phosphorylated a-syn, with some samples
yielding normal values and others showing levels like those
detected in a-syn ¥4 cells (Fig. 2B).

Notably, GCase enzymatic activity in a-syn
PBMCs was significantly lower compared to both HC
and iPD, with values comparable to those seen in a rep-
resentative group of GBA-PD patients** (Fig. 2C).

V15A

Discussion

Missense a-syn variants represent a valuable genetic
model of synucleinopathy, yet how they can speed up
neurodegeneration remains unclear. Some mutations
impair a-syn binding to lipid membranes, impacting on
vesicular packaging and trafficking,”® or enhance a-syn
propensity to aggregate in toxic oligomers, fibrils, or
inclusion bodies.”” In this light, the characterization of
novel SNCA variants is key to better understand their
impact on a-syn physiological function and, most
importantly, on its dysfunction.

We and others independently identified SNCA p.V15A
in the present one and four additional families, compris-
ing 13 patients and three healthy carriers.>"'® The phe-
notype is characterized by onset in the fifth-sixth decade
(41-59 years) and good response to levodopa, with fre-
quent and early occurrence of motor fluctuations and
dyskinesias, cognitive decline, and other non-motor fea-
tures. Yet, the phenotypic severity varies widely. In our
family, one carrier only presented with psychiatric symp-
toms at age 54, without any parkinsonian or cognitive
signs by age 61. Conversely, a much more severe

Movement Disorders, Vol. 39, No. 6, 2024 1061

85UB017 SUOWUIWIOD BA1I.1D) 8|l idde ay) Aq peusenof a8 sejoliie YO ‘8Sn J0 Sa|nu o} Akeuq18UlIUO A8]IAN UO (SUOIIPUOD-PUR-SLIBI WD A8 | M ARe1q | pUl|Uo//:Sdny) SUONIPUOD Pue S | 81 89S *[1202/90/82] U0 A%iqiauliuo A8|IM ‘S (pa 0M811(0S esed a[epadsO AQ 9€/262 SPW/ZO0T OT/I0p/W00" A3 1M A1 1[BU1|UO'S BPICS IPLBLLBAOW//SANY WO1§ papeo|umod ‘9 ‘vZ0Z '/GZ8TEST



AVENALI ET AL

—/

A

34 T T T T

28

RMSD(A)

26 —

0 2e+0.6 4e+06 6e+06 8e+06

Time (ns)

Rg(A)

RMSD(A)

B
: : ; , : , . ,

20 -
i |
=3
z | |

1 RN i
Mo -'-""LH'UN ” 'Mﬂ' Mq
15 ¢ -
. | . | . l . | ]
0 2e+0.6 4e+06 6e+06 8e+06
Time (ns)

24

22

20
<
o
4

26 28 30 32 34
RMSD(A)

FIG. 1. Molecular dynamics simulation analysis. Root-mean-square deviation (RMSD) of heavy atoms (A) and radius of gyration (Rg) (B) of wild-type
(black) versus a-synuclein (a-syn)’'®* (red) models. (C) Potential of mean force (PMF) profiles of wild-type (left) versus a-syn"'®” (right) models. Colors
represent PMF values, from absolute minimum (blue) to absolute maximum (red). [Color figure can be viewed at wileyonlinelibrary.com]

presentation occurred in two Japanese and Turkish
patients, who manifested severe psychiatric features and
overt dementia early in the disease course.'>'® Such vari-
ability is known also for other SNCA variants. For
instance, in the “Contursi” kindred, only some SNCA
p-AS3T carriers developed PD with variable non-motor
symptoms, whereas others had isolated psychiatric
disturbances.*®

Like other SNCA missense changes and duplications,
p-V15A also shows incomplete penetrance. At least three
carriers in distinct families did not manifest any symp-
toms, of whom two are in their 80s. The reasons under-
lying incomplete penetrance and variable expressivity are
unknown, although additional genetic, epigenetic, and
environmental factors can be evoked, as for other low-
penetrance genes such as GBA or LRRK2.%%%°

In vitro studies on a-syn''** showed reduced phos-
pholipid binding, increased propensity to seed and aggre-
gate, enhanced mitochondrial damage, and apoptosis,
whereas its expression in a drosophila model impaired

2

flying ability and survival.'>'® Here, we further charac-
terize this variant, both in silico and in the proband’s
peripheral blood. In molecular dynamics simulations,
a-syn"'** exhibited increased structural instability and
an overall impairment of folding. This observation sub-
stantiates former in vitro studies on other SNCA muta-
tions, showing that oa-syn propension to seed and
aggregate closely depends on its folding, which in turn is
strongly influenced by the protein primary structure.’’

Next, we sought to explore the potential link between
a-syn’** and GCase, in light of mounting evidence
showing that a-syn accumulation represents at the same
time a cause and a result of GCase impairment.?!3?
Although the effect of low GCase activity on a-syn accu-
mulation has already been documented in animal models
as well as in peripheral cells from GBA-PD patients,**
the reverse remains more difficult to prove. Indeed, path-
ological species of a-syn were found to reduce GCase
activity in some cell and animal models,®*>* but never
in SNCA-mutated patient-derived cell models.
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FIG. 2. Biochemical results. (A) Total and (B) S129-phosphorylated a-syn levels of proband versus reference HC (set at 100%), iPD and GBA-PD. (C)
GCase activity of SNCA-PD compared with reference values. p1 = 0.001(HC vs. GBA-PD and vs. SNCA-PD); p2 = 0.001 (iPD vs. GBA-PD and vs.
SNCA-PD). a-syn, a-synuclein; HC, healthy controls; iPD, idiopathic PD; GBA-PD, PD carriers of GBA variants; GCase, glucocerebrosidase activity;

PBMC, peripheral blood mononuclear cells; PD, Parkinson’s disease.

Here, we measured levels of total and phosphorylated
a-syn, as well as GCase enzymatic activity, in a-syn’ '**
PBMCs.** Both total and phosphorylated a-syn levels
were significantly higher in the proband’s cells compared
to HC and iPD, supporting previous evidence showing
tends to pathologically accumulate and
aggregate.'®!” Noticeably, in the GBA-PD samples,
although total a-syn levels were lower than in the pro-
band’s cells, we observed a wide variability of phosphor-
ylated a-syn levels, which in some cases overlapped with
those of a-syn"'** cells. This variability did not correlate
with the type of GBA variant and likely reflects the indi-
vidual variability of GBA mutation carriers in the pro-
cess of pathological a-syn deposition. Indeed, it is well
known that the presence of GBA variants alone is not
sufficient to trigger neurodegeneration, and additional
factors, such as mutations in other lysosomal genes, have
been implicated in regulating a-syn accumulation and
aggregation through autophagy impairment.>®

Even more interesting was the unprecedented observa-
tion that a-syn¥"** PBMCs showed a marked reduction

of GCase activity, with levels comparable to those
observed in a cohort of GBA-PD.***” Two mechanisms
have been possibly implicated in a-syn-mediated inhibi-
tion of GCase activity: a-syn-GCase interaction at the
lipid membrane surface and impairment of GCase traf-
ficking to lysosome.?” The first mechanism might hamper
access of GCase to its substrates, therefore, impairing its
activity. Yet, as a-syn’ °* showed decrease affinity for
lipid surfaces, this hypothesis seems unlikely.”® An effect
of a-synV!** on GCase trafficking to lysosomes remains
to be demonstrated. Although the assay adopted to mea-
sure GCase activity is selective for lysosomal GCase,
enzymatic quantification in different cellular compart-
ments (eg, endoplasmic reticulum [ER] vs. post-ER), are
needed to further investigate this hypothesis.*®

We acknowledge some limitations in our study. First,
repeated analyses of the proband’s sample revealed a
degree of variability especially in total a-syn levels.
Although this may reflect an innate instability of the
mutant protein, as underlined by in silico modeling, we
cannot rule out methodological limits. Second, our
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observations rely on a single SCNA-mutated patient
and a limited number of age-matched controls and PD
patients and would warrant confirmation on larger
cohorts and distinct SNCA variants.

In conclusion, we present novel clinical and func-
tional data on SNCA p.V15A further supporting its
pathogenicity. Most importantly, we demonstrate that
patient’s cells show not only increased a-syn levels but
also significantly decreased GCase activity. Although
peripheral blood cannot be considered a perfect mirror
of pathological events occurring in the brain, these find-
ings corroborate the inverse correlation between GCase
activity and pathological a-syn,>” further strengthening
the link between these two players in PD pathogenesis. ®
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ABSTRACT: Background: The GPNMB single-
nucleotide polymorphism rs199347 and GBAT7 variants
both associate with Lewy body disorder (LBD) risk.
GPNMB encodes glycoprotein nonmetastatic melanoma
protein B (GPNMB), a biomarker for GBA7-associated
Gaucher’s disease.

Objective: The aim of this study was to determine
whether GPNMB levels (1) differ in LBD with and with-
out GBAT1 variants and (2) associate with rs199347
genotype.

Methods: We quantified GPNMB levels in plasma and
cerebrospinal fluid (CSF) from 124 individuals with LBD
with one GBAT1 variant (121 plasma, 14 CSF), 631 indi-
viduals with LBD without GBAT1 variants (626 plasma,
41 CSF), 9 neurologically normal individuals with one
GBA1 variant (plasma), and 2 individuals with two
GBAT1 variants (plasma). We tested for associations
between GPNMB levels and rs199347 or GBAT status.
Results: GPNMB levels associate with rs199347
genotype in plasma (P = 0.022) and CSF (P = 0.007),
but not with GBAT status.

Conclusions: rs199347 is a protein quantitative trait
locus for GPNMB. GPNMB levels are unaltered in
individuals carrying one GBAT1 variant. © 2024 The
Authors. Movement Disorders published by Wiley

Periodicals LLC on behalf of International Parkinson
and Movement Disorder Society.

Key Words: GPNMB; glycoprotein nonmetastatic
melanoma protein B; GBA1; GBA; Parkinson’s dis-
ease; biomarker
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Introduction

Parkinson’s disease (PD) is a neurodegenerative dis-
order characterized by progressive motor symptoms
that frequently manifest alongside cognitive decline.
Both common genetic variants with small effects and
rarer variants with stronger effects have been associ-
ated with risk for PD.! For example, genome-wide
association studies (GWASs) have linked 90 loci to PD
risk.? From these GWAS-nominated common variant
risk loci, the sentinel single-nucleotide polymorphism
(SNP) rs199347 near GPNMB associates with PD risk
and with RNA expression levels of GPNMB.>**
GPNMB encodes glycoprotein nonmetastatic mela-
noma protein B (GPNMB), a multifaceted protein that
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