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Degeneration of cells stimulated by a-synuclein 
  
The brain is not the only organ involved in the development of Parkinson’s disease. Parkinson’s 
disease spotted in the gut en route to the brain. 
 
Elisei Cosovan  
 
A neuronal pathologic protein, namely a-
synuclein, spreads from the gastrointestinal 
tract to the brain via the vagus nerve – 
eliciting similar features to those seen in 
Parkinson’s Disease (PD). This protein 
specifically stimulates the degeneration of 
the cells principal to PD-like motor and non-
motor symptoms. These cells are known as 
dopamine neurons. Surgical removal of part 
of the vagus nerve and a lack of the 
pathologic protein in this region resulted in 
the prevention of neurodegeneration and 
down-regulation of behavioral deficits in the 
PD mice models.1 

 
The human gut microbiome has significant 
indirect effects on the brain. The diversity 
and health of the microbes in the gut also 
impact brain health in many ways. The gut 
microbiome is able to influence REM sleep, 
memory, mental health, and mood. The gut 
also has relevance in various disorders. 
Among these disorders are fibromyalgia, 
alcoholism, and chronic fatigue syndrome. The bacteria of the gut are able to directly stimulate 
afferent neurons to send signals to the brain. This occurs through the vagus nerve. 
 
A large nerve that innervates much of the enteric nervous system, which will be referred to as 
the gut, but one which also reaches all the way up into the central nervous system. Overall, the 
gut uses this nerve as transportation. The bacteria stimulates a mechanism that travels to the 
cells in the brain which then sends signals to the rest of the body to perform a specific function.2 
The gut microbes have a say in stress activity and sleep performance as well. In this review, we 
will focus on the effect a certain pathologic protein has on PD. 
 
Parkinson’s Disease affects more than 200,000 people in the United States annually and yet no 
cure has been discovered for this disease.3 A study done by Sangjune Kim and a team of 
scientists, which was recently published in Neuron, examined the effects of gut-injected 
pathologic proteins on the brain in several groups of mice. The results of this study reveal that 
the pathologic protein, a-synuclein not only causes PD but also develops in the gut and is then 
transmitted to the brain via the vagus nerve pathway (Fig. 1).1 It is also discovered that 

 
Figure 1 – Pathologic a-synuclein protein spreads 
from the gastrointestinal tract (part of the enteric 
nervous system) to the brain (part of the central 
nervous system) via the vagal nerve. Upon entrance 
into the brain, the pathologic protein forms clumps 
between the cells of the respective regions and elicits 
similar features to those of Parkinson’s Disease. 
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dopamine neurons – which are lost as PD develops – are degenerated in mouse models 
containing the pathologic protein transmitted from the gut to the bran. The study reviewed here 
serves to fast-track research on specific cellular and molecular pathways related to the 
centripetal trafficking of the pathologic proteins in the route from the gut to the brain. For future 
research, this study will also aid in testing possible therapeutic interventions that will diminish 
the risk of PD. 
 
The pathology of this protein follows a similar pattern of transmission through the body as the 
Lewy bodies observed in dementia in postmortem brains. The Lewy bodies are composed of 
clumps of the a-syn protein and are transmitted from the dendrite to the axon in a retrograde 
manner.4,5,6 Accumulation of these proteins is one of the main characteristics of 
neurodegenerative diseases.7 Braak, a German scientist of the 20th century observed a-syn 
pathology spreading from the gut to the brain through the vagus nerve.8 This observation is 
tested in this study through mouse models. 
 
PFF (preformed fibrils) injections were made into the muscularis layer of the pylorus and 
duodenum – so to mimic the spread of a-syn in PD.9 The pylorus is the opening of the stomach 
which leads into the small intestine (also known as the duodenum). Together, these two 
structures will be termed as the gut throughout this review. The reason behind injecting PFF in 
this part of the gut is due to the high density of vagus nerve intervention in the area. Once the 
volume that could be injected between the muscles was determined, a set amount of 2.5 
microliters was injected. A pSer129-a-syn immunostaining – which works as a stain that 
indicates a-syn – was used to observe the advancement of this protein from the gut to the brain. 
The progression of the protein was observed 1 month, 3 months, 7 months, then 10 months 
after the injection. 
 
One month after the injection, the stained protein was detected in the medulla oblongata and 
the pons. These are two structures located in the upper and lower regions of the brainstem, 
respectively. The stain was also seen in the gut (specifically, the opening of the stomach and 
the small intestine). The protein was further observed accumulating in the brainstem 3 months 
after injection. Additionally, the staining indicated protein aggregation in the amygdala and in the 
ventral midbrain. The amygdala is a region of the brain located just above the brainstem, 
towards the center of the brain. Small amounts of protein were also seen in the hypothalamus 
and prefrontal cortex; two brain regions located deeper in the brain than the amygdala. Seven 
months after the injection the protein was observed more extensively in all regions mentioned 
earlier, plus in the hippocampus and the striatum. These two regions are deeper in the brain 
than the regions mentioned earlier. Finally, 10 months after injection, a-syn increased in the 
olfactory bulb, the hippocampus, the prefrontal cortex, the substantia nigra pars compacta, and 
the striatum. A decrease in protein accumulation was detected in the amygdala, the medulla 
oblongata, and the ventral midbrain. It was also concluded that there was a significant loss of 
dopamine neurons 3 months after the gut injection in the mice, then more drastically 7 months 
after injection. To test whether or not the vagus nerve is required for the transmission of the 
pathologic protein from the gut to the brain, part of the nerve was surgically removed. 7 months 
after the surgery, a 65% decrease in the amount of positive cholinergic neurons – which 
function to transmit messages – was observed. The pathologic proteins were still observed in 
some regions of the brain 7 months after the PFF injection, and partial removal of the nerve. 
When the vagus nerve was entirely removed, the spread of the pathologic protein was not 
observed. Upon behavioral analysis, it was concluded that the PFF-injected mice (with vagus 
nerve intact) had significantly decreased latency to fall by the rotarod test, and significantly 
increased the amount of time on the pole test. These tests display the key features observed in 
PD. 
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The results of this study support the Braak hypothesis and the notion that the pathologic 
protein, a-syn efficiently spreads from the gut to the brain via the vagus nerve. These results 
are consistent with Braak’s hypothesis because they offer a probable mechanism for the 
induction of a-syn pathology in the enteric nervous system.10,11,12 Additionally, these results 
support the idea that Parkinson’s Disease begins in the gut and transmits to the brain because 
the a-syn protein was seen in brain regions that are anatomically connected to each other. 
Although the results of this study imply that the transmission of pathological a-syn follows 
interneuronal transmission patterns, the Lewy body pathology was not observed in all affected 
brain regions.5 Further studies need to be done to differentiate which aspects of transmission 
contribute to the selective susceptibility of the given neuronal systems to the Lewy body 
pathology. Overall, I believe this study did a wonderful job of testing the Braak hypothesis and 
providing sufficient evidence to support the idea that PD begins in the gut and is then 
transmitted to the brain via the vagus nerve. 
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