
Investigation of the intestinal inflammatory status in a Parkinson’s disease 

mouse model reveals distinct changes at an early disease stage

Abstract
Parkinson’s disease (PD) is the fastest growing neurological disorder in the world. However, the exact cause of the disease is still unknown. In addition to the classic

motor symptoms such as bradykinesia, resting tremor and rigidity, PD patients also suffer from various non-motor symptoms like gastrointestinal complaints, which can

even occur up to 20 years before motor disturbances. The neuropathological hallmark of PD is a misfolding of the protein α-synuclein (αSyn), which then aggregates

with other proteins to form intraneuronal Lewy bodies causing neuronal death. The identification of αsyn aggregates in the vagus nerve and in the enteric nervous

system (ENS) in early disease stages, as well as the early onset of gastrointestinal symptoms, led to the gut being considered a potential initiation site for PD.

Intestinal inflammatory processes and immune responses may initiate aggregation of αsyn in the ENS. From there, pathology can spread via the vagus nerve to the

midbrain and other brain areas. Thus, the intestine and in particular the ENS and its neuroimmune interactions are the focus of scientific interest playing a central role

in the PD pathogenesis. This study aims to investigate the earliest inflammatory events in the gut and enteric nervous system of a Parkinson’s disease mouse model

in order to gain more insight into the pathogenesis. Pre-symptomatic PD mice (psPD, one- and two-month-old) were used to identify early pathological changes and in

addition, older mice (one-year-old) with proven motor symptoms were examined. We investigated the abundance of immune cell infiltrates throughout the gut and

around the ENS, as well as the expression of various inflammatory markers in lymphatic, gastrointestinal and brain compartments.

Conclusion
In summary, our study shows that inflammation in the gut occurs at a very early stage of the disease, while the brain is not yet affected. These data support the idea that

PD originates in the gut and that the pathogenesis is triggered by an initial intestinal inflammation. Our findings offer an interesting and novel approach to identify suitable

biomarkers in humans. The ENS as one of the earliest affected structures could be an ideal target for early diagnosis of the disease. This could allow earlier identification

of at-risk individuals to prevent, delay and treat the disease more effectively.
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Figure 1: Pre-symptomatic Parkinson mice (psPD) show significantly increased

numbers of muscularis macrophages (MMs) around the enteric nervous system of

the large intestine (LI).

Distribution of MMs and enteric neurons in whole-mount muscle layers of the LI of one-

month-old (A) and two-month-old (B) psPD mice and age-matched wild-type (WT) mice.

Enteric neurons were stained with an antibody against class III beta-tubulin (Tuj1, green)

and MMs were stained with an antibody against ionized calcium binding adapter molecule

(Iba1, red). Tuj1 expression per picture section and Iba1+ cell count per picture section in

one-month-old (C) and two-month-old mice (D). Significance levels were calculated using

two-sample t-test: * p < 0.05, ** p < 0.01 and *** p < 0.001.
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Figure 3: Protein expression levels of the inflammatory cytokines IL17A

and TNFa in CD4+ T cells of different aged Parkinson mice (PD) and age-

matched wild-type mice (WT).

Mesenteric lymph nodes were isolated and processed into a single cell

suspension. The isolated cells were stained with corresponding antibodies and

expression differences were analyzed by flow cytometry using the BD FACS

Canto II. Amount of IL17A (A) and TNFa (B) expressing CD4+ T cells. Both

inflammatory cytokines show significantly increased expression levels in PD

mice compared to WT mice. Quantitative data are presented as mean ±SD (n=3

for two-month-old mice and n=4-7 for one-year-old mice). * p < 0.05, ** p < 0.01

and *** p < 0.001 using two-way ANOVA.

Figure 2: Gene expression differences of several toll-like receptors (TLRs), CD14 and α-synuclein (αSyn) in

different intestinal, brain and lymphatic tissues of the pre-symptomatic Parkinson mice (psPD).

Summary of changes in gene expression (%) in midbrain, enteric nervous system (ENS), mesenteric lymph nodes

(MLNs), muscle layer, mucosal epithelium (MucEp) and mucous/submucous layer (Muc/Submuc) of the large

intestine (n=4) in one-month-old (A) and two-month-old (B) psPD mice detected by quantitative real-time PCR,

normalized to gene expression in wild-type mice. In general, the intestinal and lymphatic compartments show

greater differences in gene expression of various markers, whereas the midbrain shows no changes at this early

disease stage. The αSyn expression data confirm that these changes do net result from different levels of αsyn

overexpression in the different tissues. * p < 0.05, ** p < 0.01 and *** p < 0.001 using one-sample t-test.
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Figure 4: Quantification of the number and area of immune cell

infiltrates/lymphoid follicles in the small intestine of one-year-old wild-type

(WT) and Parkinson‘s disease (PD) mice.

Immunohistochemical staining of the small intestine of WT (A) and PD (B) mice.

Jejunum samples were prepared using the Swiss-rolling technique. Tissues were

stained using CD45, developed with 3,3′-Diaminobenzidin (brown), to label

intestinal immune cell infiltrates and lymphoid follicles (some are indicated with

black arrowheads). ImageJ was used to determine the number (C) and area (D)

of the infiltrates/follicles. More infiltrates with a larger area can be found in the

jejunum of the PD mice. Quantitative data are presented as mean values ±SD

(n=4). * p < 0.05, ** p < 0.01 and *** p < 0.001 using two-sample t-test.
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