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This study aimed to clarify to what extent the cerebellum is 
affected by the intraneuronal accumulation of alpha- synuclein 
(aSyn) in a mouse model of Parkinson’s Disease (PD) called 
Thy1-h(wt)aSyn. Immunoactive signals were found in all aSyn-
injected sections and it could be observed that the intensity, 
shape and distribution of the staining patterns change with 
time. The data obtained support the notion that the  
cerebellum might be involved more strongly in PD than  
previously thought.
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years or decades. Even if it is not 
possible yet to diagnose PD without the 
onset of motor symptoms, non-motor 
symptoms add to overall disability and 
become increasingly prevalent over the 
course of the illness (Fig. 1) [3].

1.3 Neuropathology

The two major neuropathological 
hallmarks of PD are the early death 
of dopaminergic neurons in the 
substantia nigra (SN) and the presence 
of intracellular inclusion of the protein 
alpha-synuclein (aSyn) in a misfolded 
and putatively neurotoxic conformation 
[1].

1.3.1 Neuronal loss

Neuronal loss in the SN leads to the 
depletion of striatal dopamine (DA). 
Parkinsonism is believed to develop 
in consequence to the decreased DA 
transmission in the motor region of 
the striatum which causes an increased 
inhibition of the projections between 
the thalamus and the cerebral motor 
cortex, as well as, midbrain brainstem 
structures, assumably causing 
parkinsonian motor symptoms like 
bradykinesia [4].

This neuronal death only occurs 
in certain types of neurons within 
particular brain regions. There 
is considerable variability in the 
vulnerability of dopaminergic neurons 
to neurodegeneration, some even 
being devoid from any pathological 
markers. Risk factors for the death of 
these neurons are believed to include 
disrupted calcium homeostasis, 
mitochondrial dysfunction, oxidative 
stress and neuroinflammation, among 
others [5].

1.3.2 Alpha-synuclein pathology

The cytoplasmic protein aSyn is 140 
amino acid long, highly soluble and 
predominantly presynaptic. Although 
the general neuronal function of aSyn 
remains elusive, the protein is known 

etiology of PD remains unknown, 
it seems that the disease is caused 
by a complicated interplay of both 
genetic and environmental factors 
that combined affect various cellular 
processes [2].

1.2 Symptoms

Parkinsonian motor symptoms affect 
gait and mobility, postural control 
and balance, as well as speech and 
swallowing functions. Most commonly, 
PD patients suffer - in varying degrees 
- from bradykinesia, muscular rigidity, 
rest tremor, and postural and gait 
impairments. Many clinical non-motor 
symptoms of PD like REM sleep behavior 
disorder, depression and constipation 
precede motor dysfunctions by several 
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1. Parkinson’s Disease

1.1 Epidemiology and etiology

Parkinson’s Disease (PD) is the second-
most common neurodegenerative 
disorder after Alzheimer’s Disease, 
affecting approximately 0.3 percent of 
the global population. The estimated 
global incidences of PD range between 5 
to 35 new cases per 100’000 individuals 
per year. The age of disease onset is 
usually in the late fifties, however, 
incidence rates increase up to ten folds 
from the age of 60 to 90. As improved 
health care has led to increasing life 
expectancy, the number of people with 
PD is expected to grow dramatically, 
eventually doubling between 2005 
and 2030 [1]. Although the definitive 
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to influence the regulation of vesicular 
transport and neurotransmitter release 
in the synaptic terminals of neurons. 
Presumably, it also affects mitochondrial 
function and influences DA synthesis 
and DA signaling pathways as it binds 
to and inhibits tyrosine hydroxylase, 
the first enzyme of DA synthesis, and 
binds directly to DA transporters and 
inhibits the reuptake of DA from the 
synapse [6][7].

Intraneuronal aSyn inclusions are 
present in virtually all idiopathic and 
familial PD patients. It is proposed 
that the spread of the PD pathology 
is mediated by a prion-like, i.e. a cell-
to-cell, transmission of aSyn between 
neurons. A prion is a protein that exists 
in healthy forms but becomes infections 
when it changes its conformation by 
converting from a normal cellular 
protein into an abnormally misfolded 
form. Importantly, misfolded proteins 
also act as a template to promote 
conformational changes in other prion 
proteins that are not yet converted [8].

During a pathogenic process, single 

soluble aSyn monomers are believed 
to misfold to form oligomers which 
progressively combine to small 
aggregates and eventually large, 
insoluble and potentially toxic fibrils 
(Fig. 2). The prion hypothesis then 
suggests that once aSyn inclusions 
have formed in a neuron, they spread 
to neighboring interconnected brain 
regions, thereby migrating from 
affected to unaffected neurons [9].

The underlying triggers of accumulation 
of aSyn and the formation of inclusions 
are unknown. They could involve, for 
instance, a relative overproduction of 
the protein, mutations that increase 
the likelihood of aSyn misfolding, 
a toxic gain or perturbation of its 
neuronal function, and impairments 
of the molecular pathways that degrade 
native or misfolded aSyn [10]. The 
proteostasis might also be influenced 
by a progressive, age-related decline in 
defense mechanisms of the brain as the 
greatest risk factor for PD, ageing, is 
also coupled to reduced functions of two 
major aSyn degradation systems, the 
ubiquitin-proteasome system (UPS) and 

the lysosomal autophagy system (LAS). 
A variety of studies propose a vicious 
cycle in which aSyn accumulation 
might occur as a consequence of 
impaired protein clearance and that 
the aSyn accumulation, in turn, might 
cause defective aSyn degradation [1][9].

1.3.3 Lewy pathology

Neuropathological diagnosis of 
idiopathic PD is based on inclusions 
called Lewy neurites (LNs) and 
Lewy bodies (LBs) found in the 
perikarya, dendrites and axons of DA 
neurons, particularly of those in the 
SN. Histological assessments have 
demonstrated that a major component 
of the spindle- or thread-like LNs 
and the globular-shaped LBs is an 
aggregated form of aSyn. It is unknown 
why aSyn - with other components - 
gradually transforms into insoluble 
LNs or LBs and what mechanisms are 
responsible for this transformation [9]
[10].

According to Braak et al. [11], Lewy 
pathology does not develop randomly 

Fig. 1: Clinical motor and non-motor symptoms of PD, reproduction of the figure by courtesy
of Nature Reviews Disease Primers. [1].
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Fig. 2: Cross-section of a recombinant aSyn-fibril showing the 
arrangement of two aSyn protofilaments (blue and orange) based on 
cryo-electron microscopy. The locations of the initial (L38) and final (V95) 
residues of each protofilament are displayed. The positions of four  
residues, whose mutations are associated with PD, are indicated with 
arrows, reproduction of the figure by courtesy of eLife [30]. 

DA deficiency and the occurrence of 
other typical PD symptoms do not 
coincide with the emergence and 
the intensity of tremor either. With 
the growing number of anatomical, 
pathophysiological and clinical 
evidence, the idea that the cerebellum 
has a substantial contribution to 
clinical symptoms of PD starts to gain 
popularity [14][15].

In contrast to earlier models that 
explains the occurrence of parkinsonian 
resting tremor by positioning the 
tremor pacemaker in the basal ganglia 
or the thalamus, the more recently 
proposed “dimmer-switch model” by 
Helmich et al. [16] suggests that the 
underlying pathophysiology of rest 
tremor is based on the convergence of 
the basal ganglia and the cerebello-
thalamo-cortical circuit. Their model 
states that tremor onset and offset is 
mediated by altered basal ganglia loops 
(like a light switch) whereas tremor 
amplitude regulation involves the 
cerebello-thalamo-cortical projections 
(analogous to a light dimmer). The 
latter circuit has also been suggested 
to contribute to the development of 
levodopa-induced dyskinesia. Even if 
this dimmer-switch model successfully 
combines a range of previous studies 
into a larger potential explanatory 
framework, it cannot explain which 
exact brain region(s) are responsible for 
tremor frequency and to what extent 
DA depletion influences tremor onset 
or amplitude. It also remains open 
whether the cerebellum’s contribution 
to tremor is solely modulatory and not 
also causal [16][17].

Regarding Lewy pathology, a range 
of studies have screened the cerebella 
of PD patients and animal models 
for aSyn, however, the yielded results 
are inconsistent. A recent study that 
screened the cerebella of PD patients 
found moderate to severe aSyn pathology 
in all cerebella. ASyn-immunopositive 
aggregates were found predominantly 
in the form of LN at the deep cerebellar 
nuclei (DCN) and the neighboring 

but rather in a predetermined and 
predictable sequence which can be 
divided into six stages, starting in the 
peripheral nervous system (PNS) and 
progressively affecting the central 
nervous system (CNS). Each so-called 
Braak-stage correlates with the areas 
of nervous system that are further 
affected as the disease progresses (Fig. 
3). The model suggests that in the 
pathological process specific induction 
sites are targeted first and gradually, less 
vulnerable areas become affected [11].

Research also supports the notion that 
the PD pathology starts in the intestine 
decades before progressing into the 
CNS. The so-called gut-brain-axis 
describes a strong connection between 
the status of the intestinal environment 
and the function of the CNS. Arguably, 
inflammatory immune activity impacts 
the microbiota and increases aSyn 
levels, both in the gut and the brain. 
Overexpression of aSyn, in turn, induces 

the formation of aSyn inclusions which 
are thought to be carried from the gut 
to the brain, thereby crossing the blood-
brain-barrier. Having reached the brain, 
aSyn is believed to spread as suggested 
by Braak and colleagues. The hypothesis 
is supported by the high prevalence of 
constipation, one of the most common 
non-motor symptoms of PD, which is 
known to precede PD-associated motor 
disabilities [12][13].

1.4 Role of the cerebellum in PD

For long, the cerebellum was considered 
to be unaffected by PD-related 
pathological alternations within the 
brain. Yet, several Parkinsonian motor 
symptoms, e. g. resting tremor and 
postural imbalance, can be associated 
with changes in circuits in which the 
cerebellum is directly and indirectly 
involved. Furthermore, dopaminergic 
treatment is not capable of improving 
tremor and the amount of nigrostriatal 
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Fig. 3: Overview of the Lewy pathology propagation according  
to the Braak staging system, reproduction of the figure by courtesy  
of Acta Neuropathologica Communications. [31].

which was replicated also in cellular 
systems in vitro. Their findings indicate 
that the exposure to PFF derived from 
wild type aSyn is sufficient to induce 
endogenous aSyn to misfold, form 
inclusions, spread over considerable 
distances within the CNS in a prion-like 
fashion, and cause neurodegeneration 
in otherwise healthy neurons in cultures 
cells, wild type and transgenic (line 83) 
mice [22][23][24][25].

Hypothesis 2) ASyn pathology will 
spread within the brain, including the 
cerebellum

In their study with wild type mice, Luk 
et al. found that the regions that were 
not directly connected to the striatum, 
such as the hippocampus or cerebellum, 
were free of aSyn pathology. A time-
dependent propagation of the aSyn 
pathology could be observed, however, 
not affecting the cerebellum [25]. 
Similarly, regions that developed the 
most prominent aSyn pathology in a 
previous study with transgenic mice 
(line M83) where those with neurons 
that either project to, or receive input 

white matter tracts. The cerebellar 
cortex displayed minor pathology and 
inclusions only occurred occasionally in 
the Purkinje and granular cell layers. As 
precerebellar brainstem structures are 
also known to express aSyn aggregates, 
these finding supports a reinvestigation 
of the current staging systems [18][19].

1.4.1 Anatomical connections

The cerebellum and the basal ganglia, 
which includes the striatum, are 
interconnected with the cerebral cortex 
and the thalamus. Although both 
basal ganglia and cerebellum project 
to separate nuclei of the thalamus, the 
two structure have been suggested to 
not work solely independently and even 
share an anatomical connection. There 
is evidence that an output stage of the 
cerebellum, the nuclei dentate, has a 
direct influence over the striatum, an 
input stage of the basal ganglia, via a 
disynaptic connection by way of the 
thalamus in nonhuman primates. 
However, it remains undetermined, 
if there is also a direct connection 
from the striatum back to the nuclei 
dentate. Another study found that the 
subthalamic nucleus has a synaptic 
projection to the cerebellar cortex 
via the pontine nuclei. These two 
findings combined demonstrate two-
way communications between the 
cerebellum and the basal ganglia and a 
potential integrated functional network 
composed of the two systems [20][21].

2. Hypotheses

Hypothesis 1) In human aSyn transgenic 
mice, injection of preformed fibrils 
(PFF) of recombinant human aSyn will 
induce aSyn pathology in the injection 
site, the striatum.

This notion is based on the findings of 
Luk et al. In a series of studies, they 
could demonstrate that an injection of 
recombinant aSyn PFFs alone can both 
initiate and accelerate the formation 
and propagation of aSyn pathology to 
anatomically interconnected regions, 

from the injection sites. With time, the 
pathology became more widespread, 
and in contrast to the study above, 
also mildly affected the deep cerebellar 
nuclei. This suggests a transsynaptic 
spreading of the injected fibrils, as the 
DCN do not share a direct connection 
with the injection sites and do not 
appear to be restricted by the presence 
nor the number of intermediary 
connections [24].

The studies conducted by Seidel et 
al. show - in contrast to the widely 
common Braak staging model - that the 
cerebella of human PD patients are also 
affected by Lewy pathology, mostly in 
the form of LN and mainly at the DCN, 
the anatomical and functional center of 
the cerebellum [19].

3. Methods

Experiments were performed in a 
laboratory of the Neuroscience and Rare 
Disease Research Department at Roche 
Basel, Switzerland. Multiple sections 
(one per mouse) were stained based 
on an immunohistochemical (IHC) 
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3.1 Thy1-h(wt)aSyn model

The Thy1-h(wt)aSyn mice overexpress 
human wild type aSyn under the 
promotor Thy1 and reproduce certain 
features of sporadic PD such as aSyn 
pathology, progressive decrease in 
striatal DA, deficits in both motor 
and non-motor functions that can be 
observed in early and more advanced 
stages of PD, inflammation, and 
behavioral and molecular changes 
similar to those observed in patients 
with PD. That said, PD is a specific 
human disease and these models cannot 
entirely imitate certain pathological and 
clinical characteristics of the disease 
[26][27].

3.2 Injection and controls

Per literature, modelling motor deficits 
can be archived by injecting into brain 
regions controlling motor functions, 
and after a waiting period of more than 
one month, aSyn accumulation should 
be detectable in anatomically connected 
brain regions, sometimes as far as four 
synapses away.

In this study, the injected aSyn fibrils 
were phosphorylated at Serine residue 

protocol. IHC is a staining method used 
to detect the location of target antigens, 
in this case human aSyn phosphorylated 
at Serine129 (pSer129 aSyn), on a given 
tissue sample using antibodies. Three 
pilot studies with a total of 10 mice 
were conducted to optimize the ideal 
staining protocol (including DAB 
incubation time) for the given mouse 
model to ensure that a majority of the 
target antigen is detected in the best 
possible signal-to-noise ratio. 

In the main study, the spread of a 
potential aSyn pathology within the 
cerebellum was evaluated by comparing 
stained sections from two different time 
points. The early time point subcohort 
consisted of 4 brains that were collected 
16 weeks after the injection (1x PFF 
and 3x PBS-injected), while the late 
time point subcohort included 3 brains 
harvested 28 weeks post-injection (2x 
PFF and 1x PBS-injected). The study 
was blinded.

The animal experiments were endorsed 
by a Roche internal review board and 
approved by the local animal welfare 
authorities of the Canton Basel-Stadt, 
Basel, Switzerland.

129, also referred to as pSer129. It 
is considered to be a major form of 
aSyn in Lewy pathology, some studies 
suggesting that up to 90  % of aSyn 
deposited in LBs are phosphorylated 
at Ser129. In contrast, less than 4  % 
of all aSyn in the healthy brain is 
phosphorylated at this residue. As 
phosphorylation at Ser129 does not 
necessarily entail the formation of 
inclusions, aSyn was injected in the 
form of PFF [28][29].

All animals were injected at the age of  
2–3 months with 10  µg PFF of aSyn 
per brain in the striatum of the right 
hemisphere. The striatum is known 
to take up PFF and is anatomically 
interconnected with multiple 
brain regions, including midbrain 
dopaminergic neurons and contralateral 
brain regions. Control mice received 
vehicle injections, phosphate buffered 
saline (PBS), into the same region. 
Additionally, a non-injected group 
of mice (negative control group) was 
included to distinguish between 
behavioral and pathological effects due 
to injection. The negative control (Fig. 
4 left) is the baseline staining and all 
additional staining in the other sections 
can be considered induced pathology, 

a) b) 

Fig. 4: Left: Microscope image of the DCN from negative control; right: microscope image of the  
striatum from positive control. (Microscope images taken at Roche Basel.)
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the PBS-injected sections look similar. 
The background of the PBS-injected 
mouse is evenly distributed while that 
of the PFF-mouse appears to be focused 
on areas around the nuclear staining.

4.2 Late time point

In the PFF-injected section from the 
late time point group (Fig. 6 left) there 
are more prominent and distinct signal 
staining patterns, mainly neuritic. The 
background noise is slightly reduced 
compared to the negative control (Fig. 
4 left). In comparison to the neuritic 
staining seen in the section from the 
PFF-injected early time point mouse 
(Fig. 5 left), the majority of the staining 
patterns in this sections are rather drawn 
through than dotted, like in the positive 
control (Fig. 4 right). Also noteworthy 
is the appearance of big neuritic aSyn 
inclusions in the shape of LNs in 
humans some also branched. Signals of 
accumulation can be seen on both sides 
of the section, however, the staining 
appears more intense and widespread 
on the ipsilateral side. On both sides, 
the staining is mainly found at the 
location of the interposed and lateral 
nuclei. Some neuritic staining could 

i.e. pSer129 aSyn positive inclusions. 
The positive control (Fig. 4 right), taken 
from a previous study, was known to 
express aSyn pathology in the striatum. 
Hence, its staining patterns could be 
used as a reference.

4. Results

Notice: Shown here are two examples 
per early and late time point group, in 
each case one PFF and one PBS-injected 
section/mouse. The focus was laid on the 
DCN of the ipsilateral side of the stained 
cerebella sections, however, both sides 
were analyzed for the discussion.

4.1 Early time point

In the PFF-injected early time point 
mouse (Fig. 5 left) there are less but 
more intense nuclear staining compared 
to the same aged PBS-injected mouse 
(Fig. 5 right) and the negative control 
(Fig. 4 left). In contrast to the positive 
control, the observable neuritic staining 
patterns are dotted. These signals of 
aSyn accumulation are more severe on 
the ipsilateral side, while both sides of 

also be observed in the granular cell 
layer. The intensity of the background 
noise of the PBS-injected late time point 
section (Fig. 6 right) is comparable to 
that of the negative control (Fig. 4 left). 
The ipsilateral and contralateral sides 
look alike, both without any further 
visible signals of accumulation.

5. Discussion

It is crucial to mention that a 
quantification of the aSyn signals was 
not possible in this study as it would 
have required staining a multitude of 
sections per mouse and group in order 
to achieve high enough statistical 
power. Given this limitation, the focus 
was laid on the additional injection-
induced staining patterns that could 
not be observed in the negative 
control of the same-aged PBS-sections. 
Ultimately, this exploratory study 
aimed to contribute to the ongoing 
efforts within the field of PD research by 
further investigating the still vague role 
of the cerebellum in PD. The goal was to 

a) b) 

Fig. 5: Left: Microscope image of DCN from ipsilateral side of PFF-injected early time point mouse;  
right: microscope image of DCN from ipsilateral side of PBS-injected early time point mouse.  
(Microscope images taken at Roche Basel.)
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to induce the accumulation of aSyn in 
this specific mouse model. Hence, the 
neuritic inclusions found in some PBS-
injected mice and the negative control 
could be categorized as non-specific 
antibody-dependent staining signal. 
On the contrary, these inclusions might 
suggest that an accumulation of aSyn in 
the cerebellum would have happened 
anyway, without the PFF injection. 
In that case, the transgene causing 
the overexpression of aSyn in this 
transgenic mouse model might in fact 
be sufficient to induce pathology.

Previous studies by Luk et al. have 
already demonstrated that aSyn 
transportation takes place in wild-type 
and transgenic animals. After aSyn 
fibrils were injected into the brain, the 
injection lead to the formation of aSyn 
inclusions in locations both near and 
distant from the injection site [25]. In 
most cases, however, the cerebellum 
was not a projection site [9]. Hence, this 
study found, that the cerebella of the 
Thy1-h(wt)aSyn mice also display aSyn 
pathology after the injection of PFF 
as the initial injection was made into 
the striatum and signals were detected 
in the cerebellum. The appearance of 
signals in sections from PFF-injected 

evaluate whether the cerebellum of the 
Thy1-h(wt)aSyn mouse is affected by the 
injection-induced propagation of aSyn 
and if so, how that pathology develops 
over time.

5.1 Comparison of sections 
from PBS- and PFF-injected 
mice

Upfront, there are visible staining 
patterns in all sections including the 
negative control and the PBS-injected 
mice sections as all mice normally have 
murine aSyn in their brains which can 
be phosphorylated at Ser129. Hence, 
the background staining in all sections 
represent the endogenous aSyn in 
the tissue which has been detected 
inadvertently by the antibody.

In general, all sections from PBS-
injected mice can be considered a 
reproduction of the baseline staining 
(negative control) as these sections 
only display nuclear staining and 
very occasionally some pale neuritic 
patterns. Also, there should be no 
aSyn fibrils in any brain region to be 
transported in the first place and it has, 
as of now, not been reported that the 
overexpression of aSyn alone can suffice 

mice while sections from same-
aged PBS-injected mice showed no 
significant data is the most prominent 
clue that the injected aSyn fibrils were 
transported within the brain and did 
not solely accumulate by themselves. 
Having displayed the propagation of the 
fibrils from one brain region to another, 
it still remains open why this region is 
less and temporally later affected by the 
aSyn pathology than other brain regions 
and how this transportation took place.

For example, the fibrils might have been 
taken up by neurons in the striatum 
and gradually propagated all the way 
to the cerebellum according to the 
prion hypothesis [8],[1]. Alternatively, 
research from Luk and co-workers 
also suggests that the transportation 
and susceptibility is based on direct 
synaptic connectivity [25]. In this 
process, a neuron would take up the PFF 
and the same neuron would directly 
transport them to the cerebellum. 
Although there are known disynaptic 
projections from the nuclei dentate to 
the striatum in nonhuman primates, its 
remains unclear whether the striatum 
also projects directly to the cerebellum 
[20]. Also, previous studies and the 
Braak stages show that not all neurons 

a) b) 

Fig. 6: Left: Microscope image of DCN from ipsilateral side of PFF-injected late time point mouse;  
right: microscope image of DCN from ipsilateral side of PBS-injected late time point mouse. 
(Microscope images taken at Roche Basel.)
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5.2 Comparison of sections 
from early and late time 
point mice

For the analysis of the PFF-injected 
sections, the focus was laid on three 
points: the intensity, the shape and the 
distribution of the aSyn-immunoactive 
staining patterns.

First, the intensity of the signal staining 
patterns in the PFF-injected late 
time point section appears elevated 
compared to the early hPFF-injected 
one. This suggests that over time, 
the aSyn fibrils that are transported 
into the cerebellum or the amount of 
accumulated aSyn in general become 
bigger. This finding likely depends 
on the hPFF injection as the section 
from the PBS-injected late time point 
mouse has similar patterns like the 
section from the PBS-injected early 
time point mouse and shows no signal 
of accumulation despite being sacrificed 
three months after the early time point 
group. Conceivably, if the mice had been 
sacrificed later, accumulation of aSyn 
would have happened in the late time 
PBS-section, too, further suggesting 
that the overexpression of aSyn would 
be enough to trigger a pathology.

Second, the signal patterns appear 
in a differently shaped form. While 
the pattern in the section from the 
hPFF-injected early time point mouse 
is dotted and arranged in a straight 
line the section from the late time 
point mouse displays more clear and 
branched neuritic staining patterns. 
The latter also contains signal staining 
resembling bulgy or dystrophic neurites. 
Interestingly, the study conducted by 
Seidel et al., states that Lewy pathology 
observed in brains of PD patients was 
predominantly found in the form of 
neuritic patterns [18].

This seeming structural change over 
time might also be attributed to the 
elevated staining intensity which 
increasingly highlights the normally 
branched structure of dendrites.

of the brain are equally susceptible to or 
affected by pathological spread of aSyn. 
For example, there are brain regions 
anatomically next to the SN, which 
contains one of the most vulnerable 
neurons, that are not affected by Lewy 
pathology in humans [11]. Although 
there is no definitive evidence yet that 
synaptic connectivity to an affected 
area alone makes a brain region more 
vulnerable to develop pathology, 
synaptic connectivity and neuronal 
activity might play a crucial role 
anyway, especially in regard to the route 
of the fibrils [2].

Finally, the question arises whether the 
injected fibrils were only transported 
from the striatum to other brain regions 
including the cerebellum or if the fibrils 
also triggered an accumulation of 
endogenous proteins. Luk et al. stated 
that in their studies with wild type and 
transgenic (Line M83) the detected 
inclusions contained both human aSyn 
and endogenously expressed mouse 
aSyn [24],[25]. According to their 
findings the signal inclusions found in 
this study might also be composed of 
the injected PFF and endogenous aSyn 
in the mouse brain tissue.

This would explain why the background 
noise of the sections from PBS-injected 
mice seem to be distributed more 
evenly. It indicates that the injection 
of PFF changes the distribution of 
the staining patterns which in turn 
proposes that the endogenous aSyn that 
was potentially stained as background 
noise in the sections from PBS-injected 
mice might have been taken up by the 
aSyn inclusions and stained as specific 
signal of accumulation in the sections 
from PFF-injected mice. Another 
approach concerns the antibody itself. 
It could be that the antibody acts rather 
promiscuous when the specific epitope 
is missing or scarcely available.

Lastly, the distribution of the signals 
also expands over time. In both late time 
point sections there were occasionally 
signals found in the granular cells. The 
DCN, being the terminal destination 
of input into the cerebellum, might 
be assumed to end the transportation 
chain of the propagation of the 
pathology. However, seeing that the 
granular cells might also be affected 
indicates that the injected aSyn fibrils 
were either transported to the DCN via 
the granular cells or to the granular cells 
via the DCN. Again according to Seidel 
et al., the patterns found in the cerebella 
of PD patients were most intense at the 
DCN and the surrounding white matter 
[18]. Combined, the detection of aSyn-
immunopositive aggregates in form of 
neuritic patterns and their location at 
and circumjacent to the DCN in human 
PD patients represent to important 
analogies to our findings.

Collectively, both hypotheses could 
be confirmed, as the data generated 
demonstrate that the injection of 
recombinant aSyn into the striatum 
induces an aSyn pathology which 
spreads within the brain and also 
affects the cerebellum. The mechanism 
that leads to the propagation of the 
aSyn pathology remains unknown 
and the question remains whether the 
detected signal patterns only consist 
of the injected fibrils and not also of 
endogenous murine aSyn. In any case, 
this mouse model of PD might be 
helpful in exploring a potential role for 
cerebellar pathology in PD.

6. Conclusion

Even if underlying causes of PD are 
unknown, there is profound evidence 
that aSyn plays a central role in the 
pathogenesis of the disease. Despite 
replicating findings from published 
research this thesis could also 
demonstrate - for the first time - that 
the injection of human aSyn PFF 
into the striatum of the Thy1-h(wt)
aSyn transgenic mouse model induces 
the aSyn pathology to spread to the 
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cerebellum, affecting mainly the DCN. 
This is suggested by the appearance of 
signal staining in the DCN of aSyn-
injected mice while no specific signal 
was detected in the negative control 
and the same-aged PBS-injected mice, 
hence, indicating that the accumulation 
of aSyn was induced by the injection.

To investigate the spread of the 
pathology within the cerebellum 
of the given mouse model sections 
from two different time points were 
compared. It could be observed that 
the intensity, shape and distribution 
of the signal staining patterns in the 
cerebella sections changed in a time-
dependent fashion. In the late time 
point sections the signals were more 
intense, differently shaped and more 
widespread. These findings suggest 
a temporospatial propagation of the 
pathology within the cerebellum.
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