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Abstract

Introduction. Mutations in a GBAI gene, which encodes a lysosomal enzyme called glucocerebrosidase (GCase), are the most common genetic risk
factor for Parkinson's disease (PD). The pathogenesis of PD results from the death of dopaminergic neurons in the substantia nigra of the brain,
which is associated with the aggregation of a-synuclein protein. However, not all GBAI mutation carriers develop PD during their lifetime.

The aim of this study was to evaluate GCase activity and a-synuclein levels in CD45* blood cells of patients with PD associated with GBAI muta-
tions (GBAI-PD), asymptomatic carriers of GBAI mutations (GBAI-carriers), and patients with sporadic PD (sPD), as well as correlation between
the study parameters in the study groups.

Materials and methods. The study included patients with GBAI-PD (n = 25) and sPD (n = 147), and GBAI-carriers (n = 16). A control group included
healthy volunteers (n = 154). The level of a-synuclein in CD45* cells was measured by enzyme-linked immunosorbent assay, and GCase activity in
dried blood spots was detected by high-performance liquid chromatography with tandem mass spectrometry.

Results. Increased level of a-synuclein protein was detected in CD45* blood cells of patients with GBAI-PD, sPD, and GBAI-carriers compared to
controls (p = 0.0043; p = 0.0002; p = 0.032, respectively). Decreased GCase activity was reported in GBAI-PD patients and GBAI-carriers compared
to sPD patients (p = 0.0003; p = 0.003, respectively) and controls (p < 0.0001; p < 0.0001, respectively). However, negative correlation between a-sy-
nuclein levels and GCase activity was observed only in GBAI-PD patients, but not in GBAI-carriers.

Conclusion. Our data suggest a possible functional relationship between the activity of GCase and the metabolism of a-synuclein in PD associated
with GBAI mutations.
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AnnoTanug

Beedenue. Mymauuu 8 2exe GBAI, kodupyiowem nuzocomubiil epmenm 2niokoyepedposudasy (GCase), s6nsiomes Hauboee pacnpocmpanéHHbim
zenemuueckum pakmopom pucka passumus 6onesnu [Tapkurcona (BII), 8 ocHose namozeHesa komopotl nexum 2ubeb 0o(amuHepeueckux
HeLPOHOB UEPHOLI CYOCMAHYULL 207108H020 MO32d, ACCOYUUPOBAHHAS ¢ azpezayueli Oenka a-cunykneuna. OOHAKo He y 8cex Hocumesel Mymayuii
@ 2eHe GBAI passusaemcs bII 6 meuenue xu3Hu.

Lenvio Hacmoswje2o uccnedosarus aaanace oyerka akmugrocmu GCase u yposHs a-cunykneuna 86 CD45*-knemkax 6 kposu nayuermos ¢ BII,
accoyuuposarHoli ¢ mymayusmu 6 eene GBAI (GBA-BIT), beccumnmomubix Hocumeneti mymayuii 6 eee GBAI (GBA-Hocumenu) u nayuermos
co cnopadueckoii (popmoii BIT (cbl1), a maxsxe Koppenasyuu mexdy usyuaemimu napamempamu 8 uccnedyeMulx epynnax.

Mamepuanot u memodet. B uccnedosanue ekouens: nayuermot ¢ GBA-BII (n = 25) u cBI1 (n = 147), GBA-nocumenu (n = 16). KonmponsHyio zpynny
cocmasunu 30oposble uya (n = 154). Ypoeens a-cunykneuna 6 CD45*-knemkax onpedensau nymém uMMyHo(epMEHMHO20 AHANU3A, AKMUBHOCTTY
GCase 6 cyxom nsmHe Kpogu — 6bICOK0I(HexmusHoll KuoKoCmHoL xpomamozpaghuu 6 couemaruu ¢ maHdem-macc-cnexkmpomempuel.
Pesynsmamat. Boisienen nosbitenHbitl yposers beika a-curykneua 8 CD45*-knemkax kposu 6 epynne nayuermos ¢ GBA-BII, cbll, a makxe GBA-
Hocumeneti no cpasHeruio ¢ konmponem (p = 0,0043; p = 0,0002; p = 0,032 coomeemcmaenro). Akmusrocms GCase Gblia CHUKEHA y nayueHmos
¢ GBA-BIT u GBA-Hocumeneti no cpagneruto ¢ nayuenmamu ¢ cblII (p = 0,0003; p = 0,003 coomeemcmeento) u kormponem (p < 0,0001; p < 0,0001
coomgemcmaerHo). O0Hako 06pamuas koppenayus yposHs o-cunykneuna u akmusHocmu GCase habmodanacs monwko y nayuenmos ¢ GBA-BII,
Ho He y GBA-rocumeneii.

3aknwouenue. [lonyuenHvle OaHHble ceudemensCmeyim 0 B03MOXHOU (DYHKYUOHANLHOU 63aumocea3u mexody akmusHocmslo GCase
u Memabonuamom benxa a-cuxykneuna npu BII, accoyuuposanHot c mymayusmu é 2ere GBAL

Kniouegvie cnosa: 6oneshs [lapkuncona; 2en GBAI; a-cunykeun; 2nokoyepedpo3udasa; akmusHoCy 2okouepedpo3uoasbl; Kpogb
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Introduction

Parkinson's disease (PD) is a common neurodegenerative dis-
order characterized by the death of dopaminergic neurons
in the brain and associated with aggregation of a o-synu-
clein protein inside them. PD is generally a sporadic disease.
However, in 10% of cases, there is a positive family history.
A number of genes have been described with mutations
leading to the development of inherited forms of PD [1, 2].
GBAI mutations are a high PD risk factor leading to the de-
velopment of GBA-associated PD (GBA-PD). Depending on
the population, the prevalence of GBA-associated PD is up to
10% in patients with PD [3-5].

The GBA1 gene encodes a lysosomal enzyme called glucocere-
brosidase (GCase). GCase is involved in cleaving the lysosphin-
golipid glucosylceramide into glucose and ceramide. Biallelic
mutations in the GBAI gene result in a rare autosomal reces-
sive disorder, Gaucher disease, associated with decrease in the
GCase activity (5% to 30% depending on the mutation) as well
as accumulation of its substrate [3, 6, 7]. In heterozygous car-
riers of GBAI mutations, both in GBA-PD patients and asymp-
tomatic carriers of GBAI mutations (GBA carriers), decreased
enzymatic activity of GCase and increased concentration of
the lysosphingolipid glucosylceramide are also reported but
to a lesser extent compared to patients with Gaucher disease
[8-10]. It should be noted that not all GBAI carriers develop
PD during their lifetime, and the mechanism of pathogenesis
of the disease remains unclear.

Currently, the bidirectional effect of GCase dysfunction on
a-synuclein levels via a feedforward/feedback mechanism
is suggested [11, 12]. In vitro experiments have shown that
a-synuclein can directly interact with GCase, leading to de-
crease in GCase activity [13].

Several other studies have shown that GCase dysfunction can
cause a-synuclein to accumulate in neurons derived from in-
duced pluripotent stem cells [11]. Increased a-synuclein levels
have been reported in animal models of GCase dysfunction
[14], as well as in dopaminergic neurons from induced plu-
ripotent stem cells, and peripheral blood mononuclear cells
obtained from GBA-PD [15, 16] and Gaucher patients [15, 17].

The aim of the study is to evaluate levels of a-synuclein
in CD45* blood cells and GCase activity in GBA-PD patients,

GBA carriers, sPD patients, and controls, as well as the cor-
relation between these parameters in the study groups.

Materials and methods

Study groups

The study included patients with GBA-PD (heterozygous carri-
ers of GBAI mutations; n = 25), patients with sPD (n = 147), GBA
carriers (n = 16), and controls (n = 154). Diagnosis was based
on the criteria of the Parkinson's UK Brain Bank [18] and the
International Parkinson and Movement Disorder Society [19].
PD patients were examined at the N.P. Bekhtereva Institute
of the Human Brain of the Russian Academy of Sciences and
Pavlov First Saint Petersburg State Medical University. The
study included L-DOPA-naive patients with sPD. Patients with
GBA-PD received L-DOPA therapy.

The group of GBA carriers (n = 16, neurologically healthy
individuals with heterozygous GBAI mutations) included re-
latives of patients with Gaucher disease. Direct Sanger se-
quencing was used to confirm the presence of mutations.
To rule out neurodegenerative diseases, all study participants
underwent a clinical neurological examination. The controls
(n = 154) were examined at the Pavlov First Saint Petersburg
State Medical University. In all patients with sPD and con-
trols, polymerase chain reaction and restriction analysis were
used to confirm the absence of the common GBAI mutations
(L444P, N370S, E326K) [5]. The control and experimental
groups did not differ in age or gender.

All study procedures involving human subjects complied with
the ethical standards of the National Research Ethics Com-
mittee and the Declaration of Helsinki or equivalent ethical
standards. All subjects provided their voluntary informed
consent to participate in the study. The study protocol was
approved by the Local Ethics Committee of N.P. Bechtereva
Institute of the Human Brain of the Russian Academy of Sci-
ence (Protocol #1 dated 26 November 2020).

Determination of a-synuclein levels in CD45" cells

CD45* cells were isolated from 8 mL of peripheral blood by
Ficoll density gradient centrifugation (Ficoll-Paque PLUS,
GE Healthcare) followed by magnetic sorting using micro-
particles conjugated with antibodies to CD45* receptors and
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miniMACS MS columns (Miltenyi Biotec). The cell suspension
was aliquoted and frozen at —70°C.

Cells were lysed using the Chemicon Total Protein Extraction
Kit (Millipore). Total protein concentration was measured
using the Pierce BCA Protein Assay Kit (Thermo Scientific).
The level of a-synuclein in CD45* cells was measured using
Human alpha Synuclein ELISA kit (Thermo Fisher Scientific).
All samples were adjusted for total protein (6 ug) and assayed
in triplicate. Absorbance was measured using an XMark mi-
croplate spectrophotometer (Bio-Rad).

Measurement of blood GCase activity

GCase activity was measured by high performance liquid
chromatography with tandem mass spectrometry in dried
blood spots [10]. Enzymatic activity was evaluated by mea-
suring the concentration of the product obtained as a result
of the reaction of the enzyme with the following substrate:
enzyme (E) + substrate (S) + (ES complex) E + product.

Mass spectrometry was performed using an API 3200 QTrap
tandem mass spectrometer (ABSciex) in the multiple reac-
tion monitoring mode. Activity was calculated by assuming
that the amount of product obtained is directly proportional
to the activity of lysosomal enzymes in the dried blood spot.

Glucocerebrosidase activity and a-synuclein levels in Parkinson's disease

As a control, samples with known levels of enzyme activity
were added to each plate. Enzymes were provided by U.S.
Centers for Disease Control and Prevention.

Statistical analysis

Statistical analysis was performed using R 3.6.2 software.
The Shapiro-Wilk test was used to test the normality of the
data. The Mann-Whitney U test was used for pairwise com-
parisons of variation series. P < 0.05 was considered statisti-
cally significant. The Spearman's rank correlation coefficient
was used to assess the correlation between study groups.
Clinical and experimental data are presented as mean +
standard deviation (M * SD) and median (minimum-maxi-
mum), respectively.

Results

The clinical characteristics of the patients and controls
enrolled in the study are shown in the table. Since the
risk of PD is 6-7 times higher in carriers of the N370S
and L444P mutations of the GBAI gene and 2 times high-
er in carriers of the E326K mutation, the levels of a-sy-
nuclein and GCase activity were evaluated both in the
group of patients with the N370S, L444P mutations (GBA-
PD - N370S, L444P) and in the general group including

Clinical characteristics and study parameters of participants in study groups

GBA-PD, mutations

Parameter Control sPD
1542 1472
N 689 406
75/79° 61/86°
EOILIET(H7) 32/36° 16/249
62,02 + 9,06° 63,36 + 9,26°
Age, years (M + 5D) 59.68+8.76" 61,57 8,560
Age of onset, years (M & SD) /A %%3127?805012&
GBAT mutations N/A N/A
6.56 9,28
Levels of a-synuclein, ng/mL ’ (0,63-65,60)
(0,46-45,70) D" = 0,0002
. 8,14 7,60
Gcase activity, mM/L/h (1,55-32,10) (3.33-14,70)

GBA carriers N370S, L444P
o N870S, L444P
s 25 15
o0 1510 9/6
oSS 61,74 £ 9,91 62,71+11,19
N/A 57,32 + 9,91 57,00 11,20
5 L444P/N®s,
4 N3TOS/N-,
1 L326P/Ne, i 8 L444PN,
1 N227S/Ne, i 7 N370S/N

1 R159W/N29,

4 E326K/N?/3 E326K/N?

r 2122_;310 %) 10,80 (0,68-51,40) 12,90 (2,92-37,50)
et p* =0,0043 p* =0,0014
467 428 (151-1320) 4,40 (151-6.13)
(2,33-10,40) Al e 5o 06
p* =3,9e-05 P P
o0 p** = 0,00027 p** =9,96-05

Note. *Assay of a-synuclein levels; 9Assay of GCase activity. N/A, not assessed. *p compared to the control group; **p compared to sPD patients.
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PD patients with the N370S, L444P and E326K mutations
(all_GBA-PD).

The study showed that the level of a-synuclein in CD45 cells
in all GBA-PD and GBA-PD groups as well as in GBA carri-
ers was increased compared to the control group (p = 0.0043;
p = 0.0014; p = 0.032, respectively; Table). Levels of o-synu-
clein were also increased in patients with sPD compared to
the control group (p = 0.0002). Decrease in GCase activity was
observed in patients with GBA-PD and GBA carriers compared
to patients with sPD (p = 0.0003; p = 0.003) and the control
group (p < 0.0001; p < 0.0001) (Table), which is consistent with
our previous results [2].

A negative correlation was found between GCase activity and
a-synuclein levels in blood CD45" cells in the all GBA-PD group
(R =-053; p = 0.017), the GBA-PD group (R = -0.78; p < 0.0001),
but not in GBA carriers (R = -0.39; p = 0.15; Figure). In the
sPD group, a negative correlation between GCase activity and
a-synuclein levels in CD45* cells were found at the threshold
of statistical significance (R = -0.3, p = 0.057; Figure). At the
same time, no correlation was found between the study pa-
rameters in the control group.

Discussion

The molecular mechanism underlying GBA-PD remains un-
clear. However, GCase dysfunction and intracellular a-sy-
nuclein oligomerization appear to be interrelated. However,
the following questions are poorly understood. Whether a
decrease in GCase activity and accumulation of lysosphin-
golipids, as well as changes in peripheral blood a-synucle-
in levels, precede disease development in GBAI mutation
carriers, or is this a consequence of disease development,
remains unknown. At the same time, it is crucial to study
PD with a known etiology, as well as factors that precede
and/or influence disease development in GBAI mutation car-
riers. This would allow identifying disease biomarkers and PD
risk groups for GBAI mutation carriers in order to include
this cohort in clinical trials of targeted therapies that increase
the GCase activity [3].

For the first time, we showed that with increased o-synuclein
levels and decreased blood GCase activity in patients with
GBA-PD and GBA carriers, a negative correlation between
a-synuclein levels and GCase activity was typical only for
patients with GBA-PD, but not for GBA carriers.

. 10.0
10 R=-0,53; p=0,017 75 R=-0,78; p < 0,0001
L]
L]
5 — o 5.0
L] . .. o
L] L] '
. 2.5
0
0.0
0 10 20 30 40 50 10 20 30
A B
. 25 .
10.0 30
R=-0,39;p=0,15 20 R=-0,3, p=0,057 R=0,12,p=0,33
7.5 * *
15 20 .
50 [+ % : | ol 1
. Py .
10 .o
.. e '%- U 10
2.5
* 5 o." .!o .o .
L
0 10 20 30 40 0 10 20 30 40 0 10 20 30
c D E

Correlation between the level of a-synuclein in CD45* blood cells and GCase activity in the all-GBA-PD group (4; n = 25), the GBA-PD
%roup (B; n = 15), GBA carriers (C; n = 15), sPD patients (D; n = 40) and controls (E; n = 68).Abscissa: level of a-synuclein, ng/mL; ordinata:

Case activity, mM/L/h
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Increase in a-synuclein levels and decrease in peripheral blood
GCase activity have previously been reported in PD patients
with GBAI mutations [8, 10, 15]. For example, M. Avenali et al.
found increased levels of a-synuclein in peripheral blood lym-
phocytes in the GBA-PD group compared to patients with sPD
and controls [15]. Previously, we found increased plasma levels
of oligomeric a-synuclein in patients with Gaucher disease and
in PD patients with GBA1 mutations and polymorphic GBAI
mutations compared to controls [9].

A link between GCase dysfunction and a-synuclein accumu-
lation is being discussed [11]. In vitro studies demonstrated
a direct effect of lysosphingolipids on a-synuclein aggrega-
tion [12, 20]. So, using a-synuclein isolated from dopami-
nergic neurons derived from induced pluripotent stem cells,
it was shown that the GCase substrate called glucosylcer-
amide induces aggregation of a-synuclein and promotes the
conversion of its oligomeric forms into toxic aggregates of
a specific conformation [21]. It is noteworthy that cyclic am-
plification of proteins with disrupted conformation has been
used increasingly to evaluate such a-synuclein conformers
in biological fluids of patients with synucleinopathies [22].
For example, M. Shahnawaz et al. used this technique to
detect specific conformers of a-synuclein in cerebrospinal
fluid samples obtained from patients with synucleinopathies
compared to control samples without these conformers [23].
Therefore, the presence of abnormal a-synuclein forms,
sensitive to decrease in GCase activity, in biological samples
of PD patients may explain the observed negative correla-
tion between GCase activity and the level of a-synuclein in
blood CD45" cells in patients with GBA-PD and its absence
in the group of GBA carriers. This assumption may also be
supported by the negative correlation we found between the
GCase activity and blood a-synuclein levels at the threshold
of statistical significance in patients with sPD, but not in the
control group.

Data on blood GCase activity in sPD are inconsistent [8, 24].
We found no differences in GCase activity in sPD patients
compared to controls.

However, increased levels of a-synuclein were found in CD45*
cells of sPD patients compared to controls, which is consis-
tent with our previous findings [16]. In recent decades, the
role of peripheral tissue levels of a-synuclein as a potential
biomarker for PD has been discussed [25]. However, numer-
ous studies had conflicting results, which may be explained
by the differences in the methods and antibodies used, and
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other experimental factors. Despite the increased levels of
a-synuclein in CD45* cells of patients with sPD shown in our
study, the use of this marker for the differential diagnosis of
PD does not seem possible because of the overlapping values
obtained across the study groups. In healthy carriers of GBAI
mutations, an even higher level of a-synuclein was detected
in CD45* cells than in patients with sPD. Previous studies
evaluating a-synuclein levels in peripheral blood mononucle-
ar cells found no differences in patients with sPD compared
to the control group [15, 26, 27]. In this context, further stud-
ies are required to assess the impact of a-synuclein levels in
peripheral blood mononuclear cells on the development and
progression of PD.

Our study had some strengths and weaknesses. The main
strength of our study is the inclusion of asymptomatic GBAI
mutation carriers, which allowed us to perform a compara-
tive analysis of study parameters in the group of GBA car-
riers with and without PD. A homogeneous fraction of pe-
ripheral blood CD45* cells of study participants was used
to assess a-synuclein levels, so it was possible to neutralize
the effect of erythrocyte hemolysis on a-synuclein. It has
been previously shown that peripheral blood mononuclear
cells obtained by Ficoll gradient centrifugation may contain a
mixture of red blood cells that include over 99% of the total
a-synuclein in all blood cells [28]. Furthermore, our study
included L-DOPA-naive patients with sPD, which allowed us
to exclude the potential influence of these agents on o-sy-
nuclein gene expression [29]. Most of the previous studies
evaluating o-synuclein levels in mononuclear blood cells in
PD patients have not considered effects of erythrocyte a-sy-
nuclein and use of L-DOPA-containing agents by PD patients.

The small size of the GBA-BP and GBA carrier groups is the
major limitation of our study. Although there was no differ-
ence in the mean age between subjects with PD and subjects
without PD, we cannot rule out the possibility that some GBA
carriers may develop clinical symptoms of PD later in the
lifetime.

Conclusion

Our data on the negative correlation between blood o-sy-
nuclein levels and GCase activity in GBA1 mutation carriers
with PD, but not in asymptomatic GBA carriers, suggest that
changes in blood a-synuclein levels and GCase activity in
GBA1 mutation carriers may be observed with clinical mani-
festations of developing PD.
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