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Abstract
Pathological aggregation and accumulation of α-synuclein in neurons play a core role in Parkinson’s disease (PD)
while its overexpression is a common PD model. Autophagy-lysosomal pathways are general intraneural mechanisms
of protein clearance. Earlier a suppressed autophagy in the brain of young transgenic mice overexpressing the А53Тmutant human α-synuclein (mut(PD)) was revealed. Previous studies have recognized that Cystatin C displays protective
activity against neurodegeneration. This cysteine protease inhibitor attracts particular attention as a potential target
for PD treatment related to autophagy modulation. Here we evaluated the mRNA levels of Cst3 encoding Cystatin
C in different brain structures of 5 m.o. mut(PD) mice at standard conditions and after the chronic treatment with
a neuroprotective agent, ceftriaxone (100 mg/kg, 36 days). The inﬂammatory markers, namely, microglial activation
by IBA1 expression and mRNA levels of two chitinases genes (Chit1, Chia1), were also assessed but no signiﬁcant
difference was found between control and transgenic mice. Cst3 mRNA levels were signiﬁcantly reduced in the striatum
and amygdala in the transgenic PD model. Furthermore, this was associated with autophagy decline and might be
added to early signs of synucleinopathy development. We ﬁrst demonstrated the modulation of mRNA levels of Cst3
and autophagy marker Becn1 in the brain by ceftriaxone treatment. Taken together, the results support the potential of
autophagy modulation through Cystatin C at early stages of PD-like pathology.
Keywords

Introduction
Pathological aggregation and accumulation of α-synuclein
appear to play a core role in the pathogenesis of Parkinson’s
disease (PD) [1] and overexpression of α-synuclein is a common
PD model [2]. Autophagy-lysosomal pathways, degradation
and recycling of proteins by the ubiquitin/proteasome system
are the main components of the cellular protein control system
and general intraneural mechanisms of protein clearance [3]
that are disturbed in PD [4]. A deeper understanding of the
mechanisms that may lead to autophagy defects in PD is

required to develop the new therapeutic interventions. Cystatin
C (Cst3) attracts particular attention as a potential therapeutic
target for treatment of neurodegenerative disorders.
Cst3 is a cysteine protease inhibitor that possesses a broad
spectrum of biological roles [5, 6]. Human or mouse brain
tissue and cerebrospinal ﬂuid contain the highest Cst3
concentration compared to other organs and tissues [7,
8]. Cst3 is implicated in neuroprotection and repair in the
nervous system in response to diverse neurotoxic conditions
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and neurodegeneration [9, 10]. Changes in the expression
and secretion of Cst3 in the brain have been observed in the
models of Alzheimer’s disease, amyotrophic lateral sclerosis,
as well as in the clinical bio-samples of patients with those
neurodegenerative disorders [11]. However, few studies
have explored the role of Cst3 in PD. In humans, elevated
serum Cst3 was associated with cognitive disturbances and
progression of PD [12], while in experimental studies, Cst3
prevented degeneration of dopaminergic neurons [13, 14]. Cst3
was suggested to play a protective role in neuronal challenge
by inducing autophagy [15]. Hence, here we evaluated the
mRNA levels of Cst3 encoding Cst3 and the levels of markers
related to autophagy induction and regulation in different brain
structures of young adult transgenic mice with overexpression
of А53Т-mutant α-synuclein at standard conditions and after
the chronic treatment with a neuroprotective agent, ceftriaxone
(CEF). The emerging evidence supports the potential effect
of CEF to alleviate the symptoms of different experimentally
induced neurological disorders including PD [16, 17]. Recently
we revealed its inhibitory effect on the augmented autophagy
level in the brain of Aβ-induced mouse model of Alzheimer’s
disease [8], while its effects in PD models with the decreased
basal levels of autophagy in the brain and possible involvement
of Cst3 were not clear.
Microglial activation is generally considered as a consequence
of neurodegeneration. However, some recent reports indicate
that an inﬂammatory reaction because of the over-activation
of microglia is an important factor of the neurodegeneration
progression in PD [1, 18] and suggest a set of inﬂammatory
biomarkers for PD diagnostics [19]. Here we also evaluated
the contribution of this mechanism by the expression levels of
inﬂammatory markers in the brain.

Materials and Methods
Animals and procedures.
Five-month-old
male
mice
of
B6.Cg-Tg(PrnpSNCA*A53T)23Mkle/J) (further – mut(PD)) and control WT
strain were purchased from the SPF-vivarium of the Institute
of Cytology and Genetics SB RAS (Novosibirsk, Russia).
Mut(PD) hemizygous mice were produced by the insertion of
human A53T missense mutant form of alpha-synuclein cDNA
in the mouse genome downstream of a mouse prion Prnp
promoter ( https://www.jax.org/strain/006823 ). All mice were
housed in groups of 5-6 per cage (40 x 25 x 15 cm) under
standard conditions (temperature: 18-22oC, relative humidity:
50-60%, 14/10 h light/dark cycle (lights off at 15-00)) with food
and sterile water ad libitum.
In the experiment with the CEF treatment, mice were subdivided
into four groups (5–6 animals each): 1) WT mice were treated

with the intraperitoneal (i.p.) injections of saline (0.9% NaCl
solution, 100 μl/10 g) for 36 days (WT+Saline); 2) WT mice
were treated with the i.p. injections of CEF (100 mg/kg/day for
36 days) (WT+CEF); 3) mut(PD) mice were treated with the i.p.
injections of saline for 36 days (Mut(PD)+Saline); 4) mut(PD)
mice were treated with the i.p. injections of CEF for 36 days
(Mut(PD)+CEF). In the present study we applied the dose of
100 mg/kg/day and treatment course of 36 daily drug injections
of CEF that appeared to be effective for correction of both
behavioral and neuronal deﬁcits as well as for the modulation
of the expression of genes in the brain of a genetic model of
Alzheimer’s disease (rats of OXYS strain) [20, 21].
Mice were sacriﬁced by decapitation. Immediately after
sacriﬁce, brain structures (frontal cortex, hippocampus,
amygdala, hypothalamus, and striatum) were rapidly dissected
on ice, put in RNAlater solution (Invitrogen, USA) with following
storage of the samples at -20°C until the total RNA extraction.
For immunohistochemical analysis (IHC), separate cohorts of
transgenic or WT mice (5–6 animals each) were used. IHC
analysis of the expression of the autophagy marker LC3-II
protein was preceded by the administration of chloroquine
(16 h prior to euthanasia, 30 mg/kg, i.p.) [22]. On the day of
euthanasia, mice were anesthetized with CO2. The animals
were perfused transcardially with phosphate-buffered saline
(PBS) followed by 4% paraformaldehyde in PBS, then the
brains were rapidly excised and postﬁxed in PBS containing
30% sucrose at 4 °C until further neuromorphological analysis.
All experimental procedures were performed according to the
NIH Guide for the Care and Use of Laboratory Animals and
approved by the Local Ethical Committee of the Institute. All
efforts were made to minimize the number of animals used and
their suffering.
Quantitative real-time PCR (qPCR).
The relative amount of target mRNA was measured by
qPCR according to previously published protocol with minor
modiﬁcations [20]. Extraction of total RNA from the brain
samples was performed using the Purelink RNA Mini Kit
(Ambion, USA) according to the manufacturer’s instructions
for fresh-frozen tissue. Synthesis of cDNA was performed in
the volume of 25 μl from initial 1 μg RNA using the Reverse
Transcription System kit (Promega, USA) according to the
manufacturer’s instructions. Sequences of speciﬁc primers
(Biosynthesis Ltd., Russia) for the reference genes (Actb,
Gapdh, Rpl13a, Ppia) and target genes (Cst3, Becn1, Chit1,
Chia1) were designed using the Primer 3 (NCBI) (Table 1);
exon spanning primer sets including large introns were used
to eliminate the detection of residual genomic DNA. qPCR
was performed in a CFX96 Real-Time PCR Detection System
(Bio-Rad, USA) and LightCycler 480 II (Roche, Switzerland)
using HS-qPCR Mix SYBR Green (2x) (Biolabmix, Russia).
All samples were analyzed in triplicate. PCR efﬁciency,
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slope, correlation coefﬁcient (R2) were calculated using CFX
Manager™ 3.0 Software. Fold-change values were determined
using the ΔΔCt relative quantiﬁcation method. For Becn1, the
quantitative analysis was performed according to Ruijter et al.
(2009) [23] to calculate the starting concentration (N0) of each
cDNA template. Levels of the target genes were normalized to
the geometric average of the reference gene mRNA levels.
IHC analysis.
The IHC analysis was performed on 30-μm-thick cryosections
according to a protocol described in detail previously [24].
Coronal slices along the frontal cortex (AP: 2.93 – 2.45 mm),
striatum (AP: 0.49–0.37 mm), or hippocampus / amygdala /
hypothalamus (AP: –2.03 to –2.15 mm) of each mouse brain
were made. We applied a rabbit polyclonal antibody (NB1002220, 1:400 dilution, Novus Biologicals, USA) as a primary
antibody to detect autophagosome marker MAP1LC3B or a
goat polyclonal antibody (NB100-1028, 1:200 dilution, Novus
Biologicals, USA) as the primary antibody to detect microglial
marker AIF-1/IBA1. A ﬂuorescently labeled (Alexa Fluor 488–
conjugated) goat anti-rabbit IgG antibody (ab150077, 1:600
dilution, Abcam, UK) or Alexa Fluor 488–conjugated donkey
anti-goat IgG antibody (ab150129, 1:200 dilution, Abcam, UK)
served as the secondary antibodies, respectively. Fluorescent
images were ﬁnally obtained by means of an Axioplan 2 (Carl
Zeiss) imaging microscope and then analyzed in Image Pro
Plus Software 6.0 (Media Cybernetics, CA, USA). Fluorescence
intensity (IBA1 expression) was measured as backgroundcorrected optical density (OD with subtraction of staining
signals of the non-immunoreactive regions) in the images
converted to grayscale. Fluorescence intensity of punctate LC3
immunostaining was measured with subtraction of low diffuse
ﬂuorescence of some areas (punctate staining vs. background
staining of the non-punctate regions) in the images converted to
gray-scale. The area of interest was 18 192 μm2 in the striatum,
amygdala, or the 3rd layer of the frontal cortex; 103 893 μm2
in the hypothalamus; 26 077 μm2 in the hippocampal CA1 or
CA3 areas.
ELISA.
Cst3 levels in serum and urine of mice were measured by
speciﬁc sandwich Cystatin C Mouse ELISA kits (BioVendor,
Czech Republic) using STAT FAX 2100 reader (Awareness
Technology, USA) according to the manufacturer’s instructions.
Statistics.
All results were expressed as the mean ± SEM. Statistical
processing of data was performed using Student’s t-test and
two-way ANOVA followed by post-hoc Fisher LSD test, or
nonparametric Mann-Whitney U-test and Kruskal–Wallis
ANOVA followed by multiple comparisons of mean ranks for all
groups (in case of the lack of normal distribution of the data
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in the studied groups). The independent variables for two-way
ANOVA were Genotype (WT or mut(PD) strain) and Treatment
(Saline or CEF). STATISTICA 10.0 software was used to
perform all the statistical analyses.

Results
Analysis of mRNA levels of the target genes (Becn1, Cst3,
Chit1, and Chia1) in the brain of a transgenic mouse PD
model.
In transgenic mice, Becn1 expression was substantially
decreased in the frontal cortex (Figure 1). Cst3 gene expression
analysis in the brain of mice with transgenic PD model revealed
a statistically signiﬁcant decrease in the striatum and amygdala
vs. control WT mice (Figure 2A). Both Chit1 and Chia1 were
expressed at low but detectable levels in the mouse brain
areas studied (Figure 2B, C). There was no difference in the
expression of both chitinases genes studied vs. control WT
mice.
IHC analysis of LC3-II and IBA1 levels in the brain of a
transgenic mouse PD model.
In transgenic mice, the expression of an autophagy marker
LC3-II was signiﬁcantly decreased in the striatum, amygdala,
and hypothalamus (Figure 3). The levels of LC3-II in the frontal
cortex or hippocampus were not changed in mut(PD) mice.
Transgenic mice had a reduced expression of microglial marker
IBA1 in the striatum and frontal cortex but this parameter was
markedly augmented in the hypothalamus of transgenic mice
compared to WT (Figure 4). The groups did not vary signiﬁcantly
in the levels of IBA1 in the amygdala or hippocampus. No
morphological signs of microglia activation were observed in
the brain structures of transgenic mice.
Effects of CEF on the mRNA levels of the target genes
(Cst3, Becn1) in the brain of a transgenic mouse PD model.
Abundance of mRNA species in the amygdala or frontal cortex
is summarized in Table 2. Cst3. According to two-way ANOVA,
there were a signiﬁcant inﬂuence of the “Genotype” factor
(F1,15 = 32.1, p < 0.001), “Treatment” factor (F1,15 = 28.7, p
< 0.001) and a signiﬁcant effect of the interaction between the
factors (F1,15 = 13.3, p < 0.01) on the mRNA levels of Cst3 in
the amygdala. LSD post-hoc test revealed that the parameter
was signiﬁcantly higher in the mice of “WT+saline” group vs. that
in the mice of “WT+CEF” group (p < 0.001), “Mut(PD)+saline”
(p < 0.001) or “Mut(PD)+CEF” (p < 0.001) group and there
was a tendency to decrease in the “Mut(PD)+CEF” group vs.
“Mut(PD)+saline” group (p = 0.209). No signiﬁcant differences
between the groups were found in the mouse hypothalamus
(H(3, N=18) = 3.8, p > 0.05; data not shown). Becn1. According

Medical University

to two-way ANOVA, there was a signiﬁcant inﬂuence of the
interaction between the factors of “Genotype” and “Treatment”
(F1,12 =10.2, p < 0.01) on the mRNA levels of Becn1 in the
mouse frontal cortex while the effects of the “Genotype”
factor (F1,12 < 1) or of the “Treatment” factor (F1,12 <1) were
insigniﬁcant. LSD post-hoc test revealed that the parameter was
signiﬁcantly higher in mice of the “WT+saline” group vs. that
in mice of the “Mut(PD)+saline” (p < 0.05) or “WT+CEF” (p <
0.05) group. There was a tendency to increase in the parameter
in mice of the “Mut(PD)+CEF” vs. “Mut(PD)+saline” group (p
= 0.055). No signiﬁcant differences between the groups were
found in the rest brain structures studied (data not shown).
Cst3 levels in serum and urine.
There were no changes in Cst3 level in serum of transgenic mice
vs. control (388.0 ± 10.3 vs. 389.0 ± 16.2 ng/ml, respectively, p
> 0.05). Cst3 concentration in urine was higher in the transgenic
mice (360.0 ± 5.7 vs 140.0 ± 1.70 ng/ml in control, p < 0.01)
indicating some kidney problems in the model.

Discussion
Neurodegeneration is tightly connected to neuroinﬂammation.
Although microglial activation is enhanced in animal models
of PD where lesions or toxins are used to induce death of
neurons acutely, microglial involvement in PD remains a
controversial issue. Particularly, many studies in humans have
shown a lack of microglial activation in the vicinity of Lewy
bodies [25]. Macrophage-derived chitinases (chitotriosidase
and acid AMKase) as well as chitin-binding proteins lacking
the enzymatic activity are regarded as markers of microglial
activation and inﬂammation in the CNS [26-29]. In vitro studies
showed that mutant α-synuclein could activate microglia more
powerfully than WT α-synuclein [30]. In vivo, 12-month-old
mice expressing the human A53T variant of α-synuclein had
an increased number of IBA1-positive microglial cells in the
striatum [31]. However, another study revealed the signiﬁcant
changes in the levels of inﬂammatory markers in the striatum or
s.nigra of 12-month-old transgenic mice overexpressing human
mutant α-synuclein only after a provocative injection of the
inﬂammogen lipopolysaccharide at the age of seven-month-old
[32]. Transgenic mice overexpressing the mutant α-synuclein of
younger age (seven-month-old) also differed from the WT mice
in the microglia activation only at additive provocative procedure,
a chronic mild stress model [33]. Our data supports those
ﬁndings since we have not observed a signiﬁcant difference in
the mRNA levels of both chitinases genes studied in the brain
between WT and transgenic mice. Those observations were
further conﬁrmed by IHC analysis with IBA1 marker. We found
a signiﬁcant reduction in IBA1 ﬂuorescence in the striatum and

frontal cortex of transgenic mice and a relative increase in the
parameter in the hypothalamus of mut(PD) mice compared to
WT mice. It should be noted that no morphological signs of
microglia activation were observed in the brain structures of
transgenic mice. Relative decrease and increase of microglia
abundance in certain brain structures seem to be a speciﬁc
feature of microglia distribution in transgenic mice. Thus,
neuroinﬂammation seemingly is not an early event in the PDlike pathology associated with the α-synuclein overexpression
and certain provocative impacts and / or aging factor are
necessary to trigger its progression.
In our previous study, we have shown a suppressed autophagy
in the dopaminergic structures of ﬁve-month-old transgenic mice
overexpressing human A53T α-synuclein compared to control
WT mice as an early event at synucleinopathy progression [34].
Here we conﬁrmed those ﬁndings on a reduced autophagy by
LC3-II expression in the striatum of mut(PD) mice. We also
found a decreased autophagic activity in the amygdala and
hypothalamus but not in the hippocampus or frontal cortex
in the transgenic mice. Interestingly, mRNA levels of Becn1
encoding a regulatory protein of autophagy Beclin 1 were
signiﬁcantly reduced in the frontal cortex but not in the striatum
in the transgenic mouse PD model. Autophagy marker LC3II is a membrane-bound protein of autophagosomes and it is
eliminated rapidly from the internal side of their membrane after
their fusion with lysosomes. In general, its expression clearly
reﬂects autophagy activity while the levels of Beclin1 are used
as an additional parameter of autophagy regulation [35]. The
results suggest the disturbances in autophagy activation in the
striatum, amygdala, and hypothalamus in the transgenic mice
and some alterations in the autophagy regulation in the frontal
cortex of the mice. Thus, at early stage of PD-like pathology
alterations in autophagy are not limited to the nigrostriatal
system.
Cst3 induces fully functional active autophagy via the mTOR
pathway; moreover, neuroprotective effects of Cst3 were
prevented by autophagy inhibition with Becn1 siRNA or
3-methyladenine [15]. Another regulatory pathway implies
Cst3 direct inhibitory effect on neutral cysteine proteinases
calpains that are involved in autophagy inhibition by means
of mTOR-independent channels and apoptosis [36, 37].
In a recent study, neuroprotective effects of the elevated
Cst3 expression at stroke were associated with autophagy
induction in the affected brain regions. Moreover, exogenous
Cst3 reduced the neurological deﬁcits and infarct volume
after brain ischemic injury, while 3-methyladenine partially
reversed this neuroprotection [38]. Upregulation of Cst3
expression can represent a neuroprotective mechanism
and may have therapeutic implications for treatment of
neurodegenerative disorders [13, 39]. Indeed, the injections
of Cst3 into s. nigra of transgenic mice expressing the human
A53T variant of α-synuclein had neuroprotective effects

69

Medical University

by upregulating VEGF and autophagy and downregulating
α-synuclein and apoptosis [14]. Noteworthy, neuroprotection
was associated with an increase in brain levels of both Cst3
and Cst3 mRNA [40].
Our ﬁndings on the decreased expression of Cst3 mRNA
in the striatum and amygdala and concurrent autophagy
reduction in these brain regions of the transgenic mouse PD
model are in a good agreement with the previous ﬁndings
and support the notion about an important regulatory and
neuroprotective role of Cst3 at neurodegeneration. We also
examined the peripheral levels of Cst3 in the serum and
urine of WT and transgenic mice. However, we did not ﬁnd
changes in the peripheral indices that would correspond to
the decreased brain levels of Cst3 expression. There were
no signiﬁcant differences in the serum Cst3 levels between
the mice of WT and transgenic PD model while the urine
levels in transgenic mice were even higher than that in WT
mice. Clinical data indicated higher serum levels of Cst3
in PD patients compared to that in the healthy persons
[41, 42] and a gradual increase in the parameter with the
disease progression [41]. Hence, although serum Cst3
level might be regarded as a peripheral biomarker of PD
progression, its relation to the brain Cst3 levels does not
seem unambiguous, at least, for the early stages of the
disease.
We also studied the potential effects of a multipotent
antibiotic drug CEF, which has neuroprotective activity, on
the modulation of mRNA levels of Cst3 and Becn1 genes.
CEF revised cognitive and neuronal deﬁcits in the animal
models of PD and Alzheimer’s disease [21, 43, 44]. Earlier
we found the inhibitory effect of CEF treatment on the
augmented autophagy level in the brain of a pharmacological
Aβ-induced model of Alzheimer’s disease in mice [8].
However, its effects in PD models with the decreased basal
levels of autophagy in the brain were not clear. In WT mice,
the effects of CEF treatment were similar to those observed
in the model of Alzheimer’s disease [8] or traumatic brain
injury [45]: there was a signiﬁcant decrease in autophagy
marker (Becn1 mRNA cortical level) in mice chronically
treated with CEF. In the transgenic mice treated with CEF,
Becn1 mRNA levels augmented up to the level of control
WT mice. CEF reduced signiﬁcantly Cst3 mRNA levels in
WT mice but did not produce further signiﬁcant attenuation
of this index in transgenic mice. It points to different
mechanisms of CEF action in WT and transgenic mice.
Cst3 gene expression was found to be strongly positively
regulated by TGF-β via AP-1 transcription factor [46]. On
the other hand, TGF-β was markedly down-expressed
following treatment with CEF in rat renal tissues [47]. Hence,
the involvement of TGF-β and AP-1 in the modulation of
Cst3 expression by CEF in the brain of WT mice might
be suggested. In the transgenic mice, the contribution of
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Cst3 in the regulation of autophagy at CEF treatment does
not seem signiﬁcant due to the reduced initial levels of
autophagy and Cst3 expression. Monomeric and ﬁbrillated
α-synuclein stimulates glutamate release [48], while
glutamate-dependent promotion of mTOR phosphorylation
leading to autophagy reduction was revealed in glial cells
[49]. The up-regulation of glutamate transporter EAAT2 in
glial cells is responsible for CEF-mediated neuroprotection
via its ability to reduce extracellular glutamate levels and
subsequent excitotoxicity [17]. Thus, one may suggest
that the inﬂuence of CEF on autophagy in the transgenic
mice overexpressing human A53T α-synuclein is mediated
mainly via the glutamatergic regulation.

Conclusion
Apparently, a signiﬁcant decrease in mRNA levels of Cst3 in the
brain revealed here and associated with the autophagy decline
might be added to the early signs of synucleinopathy formation.
Noteworthy, the alterations in autophagy were not limited to the
nigrostriatal system of the transgenic mice but occurred in the
amygdala, hypothalamus, and frontal cortex as well. The study
ﬁrst demonstrated the modulation of Cst3 mRNA levels in the
brain by CEF treatment. The effect was observed in WT mice
but not in a transgenic mouse PD model. We did not reveal
signiﬁcant changes in the markers associated with inﬂammation
in the brain of young transgenic mice overexpressing human
A53T α-synuclein. The results point to the potential of autophagy
modulation at early stages of PD-like pathology and suggest
Cst3 as a promising therapeutic tool.
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Tables
Table 1. Reference and target genes PCR primer sequences (5’ - 3’), amplicon size.
Symbol

Sequence (5’ - 3’)

Amplicon size (bp)

Forward Primer

Reverse Primer
Reference genes

Gapdh

GCTCCTCCCTGTTCCAGAGAC

CCAATACGGCCAAATCCGTTCA

103

Actb

TTCTACAATGAGCTGCGTGTG

GGGGTGTTGAAGGTCTCAAA

102

Rpl13a

CATGAGGTCGGGTGGAAGTA

TTCCGTAACCTCAAGATCTGC

110

AAAGTTCCAAAGACAGCAGAAAA

GCCAGGACCTGTATGCTTTAG

207

Ppia

Target genes
Cst3

AGGAGGCAGATGCCAATGAG

GGGCTGGTCATGGAAAGGA

227

Chit1

CGGCAGGAACTAAATCTTCCAT

TGGGCGTGGCTCAGGTAT

70

Chia1

TTTTGGCAGTGCATCAATGG

GCAGCAATTACAGCTGGTATCAA

80

Becn1

GAACTCACAGCTCCATTACTTA

ATCTTCGAGAGACACCATCC

121

Table 2. Relative mRNA levеls of Cst3 and Becn1 in the brain structures. Data are presented as the Mean±S.E.M. of the values obtained in
an independent group of animals (n=5-6 per group). Statistically signiﬁcant differences: *p < 0.05, ***p < 0.001 vs. “WT+Saline” group.
Gene,

Group

brain structure

Cst3,
amygdala
Becn1,
frontal cortex

74

WT+Saline

WT+CEF

Mut (PD)+Saline

Mut (PD)+CEF

1.058 ± 0.1791

0.271 ± 0.0866***

0.244 ± 0.0342***

0.095 ± 0.0308***

8.65 ± 3.333

0.69 ± 0.346*

0.75 ± 0.140*

6.99 ± 2.185

Medical University

Figures
Figure 1. Effect of the overexpression of А53Т-mutant α-synuclein on mRNA levels of Becn1 in the frontal cortex, hippocampus, and striatum in 5 m.o. mice. The data are expressed as the means ± SEMs of the values obtained in an independent group of animals (n=5-6 per
group). Statistically signiﬁcant differences: * p<0.05 vs. WT mice.
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Figure 2. Effect of the overexpression of А53Т-mutant α-synuclein on mRNA levels of Cst3 (A), Chit1 (B), and Chia1 (C) in the striatum,
amygdala, hippocampus, and hypothalamus in 5 m.o. mice. The data are expressed as the means ± SEMs of the values obtained in an
independent group of animals (n=5-6 per group). Statistically signiﬁcant differences: * p<0.05, ** p<0.01 vs. WT mice.
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Figure 3. Effect of the overexpression of А53Т-mutant α-synuclein on autophagy activity measured by quantiﬁed immunoreactivity of LC3-II
in the striatum, amygdala, hippocampal CA1 and CA3 areas, hypothalamus, and frontal cortex in 5 m.o. mice. A: Quantitative results. The
data are expressed as the Mean±S.E.M. of the values obtained in an independent group of animals (n=3-6 per group). Statistically signiﬁcant differences: * p<0.05, ** p<0.01 vs. WT mice. B: LC3-II immunoreactivity in the striatum, amygdala, and hypothalamus. Magniﬁcation,
200×; bar, 50 μm.
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Figure 4. Effect of the overexpression of А53Т-mutant α-synuclein on the expression of microglial marker IBA1 in the striatum, amygdala,
hippocampal CA1 and CA3 areas, hypothalamus, and frontal cortex in 5 m.o. mice. A: Quantitative results. The data are expressed as the
Mean±S.E.M. of the values obtained in an independent group of animals (n=3-6 per group). Statistically signiﬁcant differences: * p<0.05, ***
p<0.001 vs. WT mice. B: IBA1 immunoreactivity in the striatum, frontal cortex, and hypothalamus. Magniﬁcation, 200×; bar, 50 μm.
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