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Summary 
Parkinson’s disease (PD) is the second most common neurodegenerative disease in de world. 
By 2030, it is estimated that around 10 million people will suffer from PD. PD is characterized 
by the accumulation of Lewy bodies in the central nervous system (CNS), especially in the 
dopaminergic neurons of the substantia nigra. The main component of Lewy bodies is 
aggregated α-synuclein. Patients suffering from PD show several motor symptoms such as 
tremor, rigidity, bradykinesia and PIGD (postural instability and gait difficulty). Until now, 
there is no effective treatment available to cure PD. Besides that, PD is often diagnosed when 
the first motor symptoms occur. Braak et al., proposed in a time line for PD that before motor 
symptoms occur, already an abnormal α-synuclein aggregate deposition takes place in the 
gastric myenteric plexus in the enteric nervous system (ENS). Subsequently they suggest that 
this α-synuclein aggregates are transported to the CNS by retrograde axonal transport via the 
vagal nerves. Moreover, research has shown intestinal dysbiosis of the microbiota in the 
intestine before onset of PD. Therefore, a way to earlier diagnose PD would be a helpful 
approach in terms of being able to administer treatment to patients before the onset of PD motor 
symptoms. To decipher this, it is required to know how, why, and by what factors the α-
synuclein aggregates develop in the ENS. Recently, research has shown that dysbiosis of the 
intestine microbiome might be important for the onset of PD. Therefore, the question of this 
thesis is ‘What is the role of the gastro-intestinal microbiome in the onset and progress of 
Parkinson’s disease?’. Literature research shows that the answer on this question is a complex 
interplay between several factors. For example, as mentioned, dysbiosis of the intestinal 
microbiota, as well as intestinal permeability and a pro-inflammatory environment.   
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Introduction  
For the past years, there has been a large amount of research concerning neurodegenerative 
diseases to decipher the pathological features and find an effective therapy to decrease their 
progression, but still for most neurodegenerative diseases both the pathophysiology and 
effective therapies are largely unknown. Examples of neurodegenerative diseases are 
Parkinson’s disease (PD), Alzheimer’s disease (AD), Huntington’s disease and amyotrophic 
lateral sclerosis (ALS). They all have in common that they are characterized by the 
accumulation of incorrectly folded proteins in the brain and that their prevalence becomes 
higher with increasing age [1].  

It is estimated that by 2030, there will be around 10 million people suffering from 
Parkinson’s disease. PD is therefore the second most common neurodegenerative disease after 
Alzheimer’s disease [2] [3]. It is predicted that PD affects 1% of the individuals over the age of 
65 years and that the age-adjusted prevalence is around 50-175 per 100.000 persons [4].  

External symptoms shown by PD 
patients are mainly motor 
symptoms such as tremor 
(continuous shaking movement of 
a body part), rigidity (stiffness), 
bradykinesia (slow movements) 
and PIGD (postural instability and 
gait difficulty). Motor symptoms 
are mainly caused by the loss of 
dopaminergic neurons in the 
substantia nigra (see figure 1). 
Though, there are more regions 
involved in the neuropathological 
changes of PD. For example, the autonomic nervous system, olfactory structures, the lower 
brain stem and the cerebral cortex are also involved in PD pathology [5].  

Symptoms of PD pathology as seen within the body are mainly the Lewy bodies. The Lewy 
bodies’ main component is aggregation and phosphorylation of the α-synuclein protein. α-
synuclein aggregates are thought to be the first step in the onset of the neuronal loss observed in 
PD. This neuronal loss is caused mainly by the loss of dopaminergic neurons in the substantia 
nigra and is being held responsible for the neurological symptoms in PD [6] [7]. 

 

Figure 1 [36]  
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Braak et al. proposed six stages for the progression of PD. They proposed that in stage 1 
there is abnormal α-synuclein deposition in the gastric myenteric plexus, part of the enteric 
nervous system (ENS). Stage 2 is characterized by the involvement of the 
coeruleus/subcoeruleus complex and from stage 3, typical PD features are seen such as tremor 
(continuous shake movement caused by involuntary muscle contractions), rigidity (stiffness) 
and bradykinesia (slow movements). Stage 4, 5 and 6 are primarily characterized with severe 
and widespread cortical damage. By proposing this stages for PD progression, Braak and his 
colleagues propose that PD pathology finds its onset in the ENS and then spreads to the CNS 
[8]. 

  
For the origin of PD, several genetic and environmental factors that contribute to the onset 

of the disease have been identified but still it remains to be deciphered how PD exactly 
originates [9] [10]. Examples of environmental factors are certain pesticides and fungicides, for 
instance paraquat, maneb and rotenone. Also heavy metals such as cadmium, lead, mercury, 
arsenic, manganese and iron are identified as environmental factors that are able to induce PD 
[11].  

Another example of an environmental factor that plays a role in PD is the GMB (gut 
microbiota). Microbiota is defined as the human symbiotic microorganisms that colonize the 
body, especialy bacteria, but also viruses, protozoa, archaea and fungi [12]. The intestinal 
microbiota is found to have multiple functions in the body. The GMB play a role in the 
absorption of nutrients, vitamins, medications, toxic compounds and also influence the immune 
system [13] [14] [15] [16] [17] [18]. The GMB as well has a function in maintaining human 
health, such as anti-microbial protection, immunomodulation and the regulations of the host-
epigenetic machinery [Marizzoni et al. 6,7,8,9,]. Moreover, the GMB is found to influence 
brain activity, behaviour and levels of neurotransmitter receptors and neurotrophic factors [19] 
[20] [21] [22].  

 In most cases of PD, the patients are diagnosed and receive treatment after neurological 
symptoms have started. The treatment used for decreasing PD progress is mostly with levodopa 
(Ldopa). Ldopa is a pharmacological treatment and currently the most effective one for PD. 
Although it is the most effective treatment known, using Ldopa has some side effects such as 
involuntary movements (dyskinesias) and nausea [23]. Although levodopa is an effective 
treatment, its efficacy decreases with PD getting in a more advanced stage. Moreover, every 
patient with PD eventualy develops the most severe form of PD so Ldopa is not a cure for PD. 
Therefore, a way to diagnose PD and start treatment before the onset of the neurological 
symptoms that indicate neuronal loss and an important neuronal dysfunction and motor 
symptoms, would be a helpful approach in diagnosing PD [24]. The GMB might be helpful for 
an earlier diagnosis of PD since gastrointestinal disturbances are a common symptom in PD and 
often antedate earlier, up to several years, than the motor symptoms [25].  
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Recently, evidence was presented that the gastro-intestinal microbiome may contribute to 

the onset of neurodegenerative diseases such as PD. It was shown that the intestinal 
microbiome has an effect on the brain via the gut and microbiota. [26]. Also, often there is a 
gastro-intestinal dysregulation seen few years before the onset of PD [27]. For example, α-
synuclein appearance in the ENS (enteric nervous system) seems to be a frequent and plausible 
premotor sign of PD [27] [28].  

The ENS is the neuronal network of the digestion system. The ENS is organized into two 
plexuses, the myenteric plexus and the submucosal plexus. The myenteric plexus is involved in 
controlling smooth muscle activity, while the submucosal plexus plays a role in the regulation 
of the secretion and the microvasculature [29] [30] [31].  
α-synuclein lesions in the ENS seem to be appearing early in PD, since they have been 

observed in cases with advanced PD, but also in cases with non-symptomatic PD. Also, it is 
unlikely that the lesions in both de ENS and CNS develop independent from each other. It is 
more likely that a joint pathological event takes place which triggers the misfolding and 
aggregation.  

Furthermore, an anatomical assay strengthens this thought by showing that the ENS and the 
CNS are interconnected with each other via long-axonal nerve cell types. This demonstrates 
that there is a route present for neurotropic pathogens to enter the gastric epithelial lining, 
induce misfolding and aggregation of α-synuclein and then affect the ENS and the CNS via 
projection neurons with long axons (Figure 2) [27].  

In addition, in the CNS, early α-synuclein aggregates are mostly found in the structures 
needed for parasympathical innervation to the gut, which again suggests a clear link between 
PD and the gut. Moreover, gut microbiota are found to influence the activity of the ENS 
neurons which might also possibly affect cellular alpha-synuclein secretion. All this results 
enforce the thought that the vagal nerve is a possible route for the spread of α-synuclein 
neuropathology form the ENS to CNS.  [32] [33] [34] [35].  

 
Given this information, an 

interesting link is suggested 
between the onset and progress 
of PD and de gastro-intestinal 
microbiome. Therefore, the 
main question of this thesis is: 
‘What is the role of the gastro-
intestinal microbiome in the 
onset and progress of 
Parkinson’s disease?’.  

Figure 2 Figure which shows the proposed connection between the ENS and the 
CNS. Also, Meissner’s and Auerbach’s plexus are shown here [27]. 
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Results from literature 
There are several research papers that show a link between the gut microbiome and PD. 

One of the first researchers proposing this link was Heiko Braak. Braak and his colleagues 
proposed that the Lewy pathology seen in PD, primes 
the ENS and subsequently spreads to the brain. They 
suggested an active retrograde transport of α-synuclein 
via the vagal nerve. Braak et al. also investigated that 
Lewy pathology appears in the neurons of the ENS long 
before the Lewy pathology is present in the 
dopaminergic neurons of the midbrain and typical PD 
motor symptoms such as tremor and rigidity show up. 
This gap between stage 1, which is characterized by 
abnormal α-synuclein deposition in the gastric 
myenteric plexus in the ENS, and stage 3, which is 
characterized by the emerge of typical PD features like 
tremor, rigidity and bradykinesia, can take many years 
[6] [38].  

Another example is the research done by 
Holmqvist et al. They experimentally tested the 
hypothesis proposed by Braak et al. In the research 
done by Holmqvist et al., human PD brain lysate was 
injected into the intestine wall of rats. This lysate 
contained different forms of α-synuclein and was 
obtained from the substantia nigra from 
neuropathologically confirmed PD patients. Immuno-
histological analysis was used to confirm the presence 
of α-synuclein positive Lewy bodies and the Lewy-
positive ones were used for the brain lysate preparation. 
This lysate was injected into the intestine of wildtype 
adult rats. They used 2 other groups of rats, one injected 
with α-synuclein fibrils and one injected with BSA 
(bovine serum albumin) as a control. Holmqvist et al. 
hypothesized that this α-synuclein from the brain lysate 
reaches the dorsal motor nucleus of de vagus in the 
brainstem in a time-dependent manner after injection into 
the intestine wall. They found in this research that 
different α-synuclein forms can be distributed from the gut to the brain over a long distance via 
the vagal nerves in a time-dependent manner. This can be seen in figure 1. The darker the 

Figure 3. The time-depentend distribution of α-
synuclein trough the vagal nerve. On the left: vagal 
nerve segments of the BSA injected rats, in the 
middel: vagal nerve segments of the PD lysate 
injected rats, on the right: vagal nerve segments of 
α-synuclein injected rats. An immunostaining for 
human α -synuclein was used [38]..  
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staining, the more α-synnuclein. The result of their research contributes to the hypothesis of 
Braak et al. that PD may originate from the periphery and spreads to the brain where it causes 
the typical PD symptoms. [38]. 
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Since the discovery that Lewy bodies are found in the intestinal enteric nerves, Forsyth et 
al. hypothesized that the intestine might be an early place for the start of PD in response to 
environmental factors such as toxins or pathogens that might be secreted by the gut microbiota. 
They investigated this by examining the intestinal permeability of patients recently diagnosed 
with PD compared to healthy people. Also, Forsyth and his co-workers made intestinal biopsies 
from both groups to be able to apply immunohistochemistry. By using immunohistochemistry, 
the bacterial translocation, 
oxidative stress and α-synuclein 
could be determined and it could 
also be seen if the increased 
permeability of the intestine was 
associated with an increased 
translocation of intestinal 
bacterial products. Also, serum 
markers of endotoxin exposure, 
for example LPS binding protein 
(LPB) could be measured. They 
found that PD patients show a 
significant higher intestinal 
permeability compared to 
healthy controls [figure 2]. They 
also found this intestinal hyper permeability to be correlated significantly with increased 

intestinal mucosa staining for E. 
coli bacteria, oxidative stress and 
α-synuclein and decreased serum 
LPB levels in PD patients [figure 
3]. In samples from PD patients, 
there was found a significantly 
more intense staining of E. coli in 
the lamina propria zone compared 
to controls. The increased 
intestinal permeability is correlated 

with intestinal endotoxin (LPS) 
exposure, which is indicated by the 
increased intestinal mucosal 
staining for E. coli and the 
decreased level of serum LPS. 

Figure 2. Urinary sucralose is used for measuring the intestinal permeability. PD 
patientes show higher urinary sucralose levels, suggesting a greater intestinal 
permeability [39].  

Figure 3. In this figure is shown that plasma LPB is significantly lower 
in PD patients. The level of LPB is an indirect measure of systemic 
endotoxin exposure and is used as an indicator of intestinal 
permeability. Lower levels op plasma LPB are associated with increased 
exposure to gram negative bacteria, which is an indicator of a greater 
intestinal permeability [39]. 
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This suggests higher translocation of intestinal bacterial products. Also, a significant correlation 
between the urinary sucralose, which is used to measure intestinal permeability, and the 
intensity of the E. coli staining was found. The greater intestinal permeability might be the 
cause for the translocation of bacterial products such as LPS (known as endotoxin). The 
researches also investigated whether 
the increased intestinal permeability to 
inflammatory bacterial products 
measured in PD subjects was 
correlated with the intestinal markers 
for PD and oxidative stress. They 
found that the PD subjects displayed 
significantly more staining for E. coli, 
α-synuclein and nitrotyrosine 
(oxidative stress staining) compared to 
the stained controls. The researches as 
well found that the increased intestinal 
permeability and E. coli staining 
correlated significantly with the α-
synuclein staining in PD samples, but 
not in the control samples. They 
suggested that a pro-inflammatory 
environment is created by this greater intestinal permeability. To summarize, the researchers 
suggested that this greater intestinal permeability they found in PD, in combination with a 
genetic sensibility for PD might be a crucial early step for the promotion of the pro-
inflammatory environment, which contributes to the start and progression of PD. An important 
consequence of the increased intestinal permeability is the translocation of bacteria (E. coli) and 
bacterial products such as LPS (endotoxin). Both contribute to the development of a pro-
inflammatory environment. This results also enforce the hypothesis that the GI tract can act as a 
‘gate’ for PD pathogen, which than triggers pathological changes in the submucosal/myenteric 
neurons of the ENS, and spreads via the vagus nerve to the medulla oblongata, as proposed by 
Braak et al. It also suggests that the increased permeability of the intestine in PD contributes to 
the spread of α-synuclein from the gut to the CNS. [39].  

Another research paper is by Scheperjans et al. Given that, recently, research has shown 
that intestinal microbiome interacts with both the autonomic and central nervous system, by, 
among other things the enteric nervous system (ENS) and the vagal nerve, they investigated the 
microbiome in PD compared to the microbiome of healthy subjects. The researchers 
hypothesized that the faecal microbiome of PD patients differs from the faecal microbiome of 
control subjects as to bacterial diversity or taxonomic composition. They compared the faecal 
microbiomes of 72 PD patients with 72 control subjects. The outcome of this research was that 

Figure 4. This figure shows the immunohistological staining of 
intestinal biopsies. A,B,C,D,E,F are biopsies from PD, G,H 
and I are controls. A,D and G are stained for E.coli. B, E and 
H are stained for α-synuclein. C, F and I are stained for 
nitrotyrosine. PD biopsies are found te be stained significantly 
more for all three stainings [39]  
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the mean abundance of prevotellaceae in the faeces of PD patients was reduced by 77,6% 
compared to controls. Also, a positive connection between the amount of enterobacteriaceae 
and PIGD (postural instability and gait difficulty) symptoms was found. PIGD is a typical 
symptom for PD. The researchers found this decreased abundance of prevotellaceae to be in 
line with some characteristics such as increased intestinal permeability. Low prevotellaceae 
levels have been found as an indication for decreased mucin synthesis, which is linked to an 
increased intestinal permeability. Also, high abundance of prevotellaceae is found to be 
associated with a high capacity for the biosynthesis of thiamine and folate (both vitamins). In 
PD, low levels of these vitamins are found. Therefore, low abundance of prevotellaceae is in 
line with this finding [32] [40] [41] [42] [43] [44]. This research suggests a different GMB 
composition in PD compared to healthy subjects, which might indicate some kind of GMB 
dysbiosis taking place in PD.  

Moreover, there has been more research that suggested a GMB dysbiosis to be a trigger for 
PD. Dysbiosis means that there are unfavourable changes in the composition of the microbiota. 
Results suggesting this come from a study in humans that showed an increased abundance of 
butyrate producing bacteria. Larger quantity of butyrate producing bacteria are thought of as 
anti-inflammatory, such as Blautia, Coprococus and Roseburia, and more abundant in faecal 
samples from healthy subjects compared to PD patients. Also, in PD, a higher amount of 
Ralstonia is found in the mucosa. Ralstonia is considered as pro-inflammatory [45]. This 
results suggests that GMB dysbiosis is taking place in PD patients that is among other things 
causing a pro-inflammatory environment.   

There has been more research showing the connection between PD and the GMB. For 
example, there has been a study with an α-synuclein overexpressing mouse model. Antibiotic 
treatment of this mouse model improved motor defects, microglia activation and α-synuclein 
aggregation while the administration of microbial metabolites made these features getting 
worse. The researchers found this to be prove for the key role of the GMB in PD, since the 
amount of α-synuclein aggregates improved with the use of anti-biotics which ‘turns of’ the 
GMB [46].  
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Conclusions and discussion 
To come back to the research question of this thesis: ‘What is the role of the gastro-

intestinal microbiome on the onset and progress of Parkinson’s disease?’, it is possible to 
conclude that in PD the intestine and its microbiota definitely play an important role in the 
onset and progress of the disease. As proposed by Braak et al. in 2005 and researched by 
Holmqvist and his colleagues, it seems that α-synuclein is retrogradely transported from the 
ENS, via the vagal nerve, to area’s in the CNS. This was proven by the research done by 
Holmqvist et al., in which they showed that different α-synuclein forms can be distributed from 
the intestine to the CNS over a long distance via the vagal nerves. Also, as shown by Forsyth et 
al., there is a higher intestinal permeability in PD. They found this to be linked to a higher 
staining for e. coli, oxidative stress, α-synuclein and serum LPB (LPS binding protein,) and 
also found this to correlate with markers of increased exposure to endotoxin and an oxidative 
stress marker. This implicates that the greater intestinal permeability might be the cause for 
greater translocation of bacterial products and LPS (endotoxin) which contribute to a pro-
inflammatory environment. This pro-inflammatory environment then contributes then again to 
a more permeable intestine, which all together 
contribute to the onset and progression of PD. 
Furthermore, this implicates that the exposure to 
endotoxin and oxidative stress might be the cause 
for the pathological accumulation of α-synuclein in 
neurons of the ENS.  

A group of researchers that investigated the 
possible pathophysiological route of gut microbiota 
in PD is the group of Marizzoni et al (see figure 5). 
With the help of other research showing different 
compositions of the PD microbiome compared to 
the healthy microbiome, they suggest that GMB 
dysbiosis is a possible factor playing a role in 
causing a pro-inflammatory environment in the 
intestine and a greater intestine permeability. 
Subsequently, this will lead to α-synuclein 
aggregate deposition in the ENS and subsequently 
α-synuclein will possibly be transported via the 
vagus nerve to the CNS [47]. How exactly the pro-
inflammatory state leads to the aggregation and 
deposition of α-synuclein remains to be deciphered, 
but as mentioned research has shown that the GMB 

Figure 5. Proposed pathofysiological route of the onset of 
PD from the intestine, as proposed by Marizzoni et al. [47] 
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has an influence in this process since antibiotic treatment improved PD symptoms, microglia 
activation (indicator for a pro-inflammatory state) and α-synuclein aggregation. This 
transportation of α-synuclein from the ENS to the CNS is made possible by both an 
inflammatory gut status and a greater intestinal permeability, caused by GMB dysbiosis. 
Because of the inflammation and greater intestinal permeability, α-synuclein is then able to be 
transported from the ENS to the CNS. How exactly these α-synuclein aggregates develop in 
this conditions, remains to be deciphered [47].  

Also, an interesting question is whether the increased intestinal permeability is causal to 
the pro-inflammatory status in the gut, or if the pro-inflammatory status is causal to the higher 
intestinal permeability. It has been suggested that a neurotoxin absorbed by the body is able to 
permeate the gastrointestinal mucosa and reaches the ENS were it can stimulate the aggregation 
of α-synuclein and subsequently reach the vagal nerves to and be transported to the CNS. In 
this case, this neurotoxin would be the first pathological event leading to the PD development. 
Alternatively, it has been discovered that the severity and frequency of gastrointestinal 
symptoms increased with further progression of the disease, which suggests that the 
involvement of the gastrointestinal symptoms might be dynamic over the progression of the 
disease [48]. The truth about the gastrointestinal symptoms as a primary pathological event is 
probably found in the middle of both.  

Concluding about the influence of the GMB on the onset and progress of PD, it is 
possible to say that it is a complex interplay between different factors such as gastrointestinal 
permeability, a pro-inflammatory environment, GMB dysbiosis and a genetic aptitude which 
probably all in some way induce α-synuclein aggregation and therefore influence the progress 
and onset of PD. Subsequently α-synulcein aggregates are transported to the CNS via the vagal 
nerves with retrograde axonal transport. The function of the GMB in this process is inducing 
the pro-inflammatory state and the intestinal permeability which both lead to α-synuclein 
aggregate deposition.  

Moreover, GMB symbiosis is mentioned in some of the articles as an early biomarker 
for the onset of PD. Indeed, in some studies, for example the study from Scheperjans and his 
colleagues discussed in the result section, show a different composition in faecal samples from 
PD compared to healthy subjects. However, the reduction in prevotellaceae and the increase in 
enterobacteriaceae found in among other things the research of Scheprjans et al. [40] and some 
other studies done in de E.U., was not found in studies done in the U.S. A possible explanation 
for this might be differences in dietary habits between the U.S. and the E.U. Therefore, it is 
difficult to indicate one specific microbiota species that suggests the onset of PD. It might 
however be possible to indicate the individual GMB composition and from there monitor if any 
dysbiosis takes place.  
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Also, not every kind of GMB dysbiosis seems to be specific for PD. For example, low 
abundance of prevotellaea was also found in studies about the GMB linked to autism and 
diabetes type 1 [49] [50]. Although the GMB dysbiosis might not be specific, it does suggest 
the relevance of the bacteria in the context of disorders in de CNS.  

Although decreased abundance of prevotellaea do not seem to be specific for PD, 
decreased prevotellaea has been associated with decreased levels of ghrelin. Ghrelin is a gut 
hormone that induces appetite. Also, ghrelin regulates nigrostriatal dopamine function and 
might restrict neurodegeneration in PD. In PD, an impaired ghrelin secretion has been reported. 
Therefore, ghrelin secretion might be an interesting therapeutical target for the reduction of the 
progress in PD [51] [52] [53].   

 For the future, more research should be done to investigate how exactly α-synuclein 
aggregates develop under the influence of a pro-inflammatory environment in the ENS and 
under the influence of a greater intestinal permeability. If it is known how these aggregates 
develop in the early stage of PD, before the typical PD symptoms are visible, this might be a 
possible interesting therapeutic target. If it is possible to delay the progress of PD in an early 
stage, it might be possible to postpone or reduce the typical motor and neurological symptoms 
of PD for a longer period of time. It would at least be interesting to see if there is any 
possibility for a treatment in the early stage of the disease that takes place in the ENS and the 
intestine, and also to see if any more biomarkers can be found to make an earlier diagnosis 
possible since this is of course a condition for a possible treatment in an earlier stage of the 
disease.  
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