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A B S T R A C T

Background: Gastrointestinal dysfunction has emerged as a prominent early feature of Parkinson’s Disease,
shedding new light on the pivotal role of the enteric nervous system in its pathophysiology. However, the role of
immune-cell clusters and inflammatory and glial markers in the gut pathogenetic process needs further
elucidation.
Objectives: We aimed to study duodenum tissue samples to characterize PD’s enteric nervous system pathology
further. Twenty patients with advanced PD, six with early PD, and 18 matched controls were included in the
PADUA-CESNE cohort.
Methods: Duodenal biopsies from 26 patients with early to advanced stage PD and 18 age-matched HCs were
evaluated for the presence of surface markers (CD3+, CD4+, CD8+, CD20+, CD68+, HLA-DR), presence of
misfolded alpha-synuclein and enteric glial alteration (GFAP). Correlation of immulogic pattern and clinical
characteristic were analyzed.
Results: The findings validate that in patients with Parkinson’s Disease, the activation and reactive gliosis are
linked to the neurodegeneration triggered by the presence of misfolded alpha-synuclein in the enteric nervous
system. This process intensifies from the initial to the advanced stages of the disease. The clusters of T- and B-
lymphocytes in the enteric system, along with the overall expression of HLA-DR in antigen-presenting cells,
exceeded those in the control group. Conversely, no differences in terms of macrophage populations were found.
Conclusions: These findings broaden our understanding of the mechanisms underlying the enteric nervous sys-
tem’s involvement in PD and point to the gastrointestinal system as a potential therapeutic target, especially in
the early stages of the disease. Moreover, our results propose a role of T- and B-lymphocytes in maintaining
inflammation and ultimately influencing alpha-synuclein misfolding and aggregation.

1. Introduction

Increasing evidence indicates that α-synuclein (α-syn) pathology in
Parkinson’s disease is widespread and can be detected outside the brain

in the peripheral nervous system and other organs and tissues, even
before motor symptoms become clinically manifest (Iranzo et al., 2023).
Gastrointestinal dysfunction (Antonini et al., 2012; Rietdijk et al., 2017)
is a highly prevalent early disease manifestation which has gained
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increasing interest in light of the possible pathogenetic role of the
enteric nervous system (ENS), a specialized neural and glial network
(Warnecke et al., 2022) embedded in the wall of the gastrointestinal
tract and organized in the myenteric and submucosal plexus (Furness
et al., 2014). Recent studies focused on the enteric glial cells (EGCs)
disclosed a variety of complex functions, including neurotransmission
facilitation, modulation of immunological responses and production of
glial-derived factors influencing the intestinal barrier permeability
(Natale et al., 2021; Yang et al., 2022; Montalbán-Rodríguez et al.,
2024). Moreover, an abundant population of immune cells, including T-
and B-lymphocytes and phagocytic cells, has been identified in the ENS,
with the latter represented in the duodenum by intestinal macrophages
(constituting the largest macrophages populations in the body) (Wang
et al., 2019).
The peculiar heterogeneity of cellular phenotypes identified in the

ENS (Natale et al., 2021), combined with the notion that dopamine is the
only catecholaminergic neurotransmitter detected at this level, suggest
that the disruption of this network might be particularly relevant in the
context of the gastrointestinal manifestations in PD patients, and ulti-
mately in PD pathogenesis (Natale et al., 2021).
We have documented α-syn pathology in both gastric and colonic

biopsies in a group of early and advanced PD patients from our
PADOVA-CESNE cohort (Emmi et al., 2023). This cohort includes pa-
tients who have been genetically characterized, with imaging, clinical
and cognitive features, and peripheral biomarkers collected as part of
the Study Center for Neurodegenerative disease (CESNE) at the Uni-
versity of Padova.
In this study, we wanted to elucidate the pattern of the immune-cell

population and inflammatory and glial markers in duodenum samples to
further characterize the role of ENS pathology in PD patients.

2. Materials and methods

2.1. Subjects

Clinical data of these patients have been reported previously (Emmi
et al., 2023).
Twenty (20) patients (12 males; mean age 65.2 years, 95% CI 61.4 to

69.0; mean disease duration 11.3 years, 95% CI 9.0 to 13.6) with
advanced PD who required initiation of Levodopa Carbidopa Intestinal
Gel (LCIG) infusion were enrolled for the study. In advanced patients, an
average of four 3-mm3 duodenal-wall biopsies were sampled in a district
topographically unrelated to percutaneous endoscopic gastrostomy with
jejunal extension PEG-J placement site. Early PDs also underwent a
diagnostic endoscopy with biopsy collection.
In addition, we also investigated 6 early untreated PD subjects (3

males; mean age 63.2 years, 95% CI 50.5 to 76.0; mean disease duration
2.7 years, 95% CI -0.5 to 6.0) with disease duration <5 years. Early PD
patients voluntarily underwent screening diagnostic endoscopy with
biopsy collection.
Duodenal biopsies from 18 subjects comparable for age and sex (9

males; median age 68.5 yrs., range 54–86 yrs., 95% CI 63.8 to 73.4)
undergoing screening diagnostic endoscopy were included as healthy
controls (HCs). HCs had no history of neurologic, psychiatric, or other
major medical illnesses.
Patients undergoing systemic anti-inflammatory or immunomodu-

lant/immunosuppressive therapies, as well as patients with recent
vaccination history were excluded. Anti-platelet treatments (aspirin,
clopidogrel) were interrupted 7 days prior to the procedure.
The study protocol received approval by the ethical committee for

clinical experimentation of Padova Province (Prot. n. 0034435, 08/06/
2020). Informed consent for the use of biological samples was obtained
from all patients. All procedures on human tissue samples were carried
out in accordance with the Declaration of Helsinki.

2.2. Clinical assessment

A complete neurological and neuropsychological examination was
performed on all PD patients. Motor involvement was assessed using the
Italian version of the Movement Disorder Society Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS) (Antonini et al., 2013), while dis-
ease staging was evaluated using the Hoehn and Yahr. Moreover, the
MDS-non motor rating scale (MDS-NMS) (Chaudhuri et al., 2020) was
employed to investigate possible coexistent non-motor symptoms in PD
patients. Cognitive assessment was performed as previously reported
and included the Montreal Cognitive Assessment (MoCA) scale activities
of daily living (ADL) and instrumental ADL (IADL) and the Parkinson’s
Disease-Cognitive Functional Rating Scale (PD-CFRS) (Fiorenzato et al.,
2024; Garon et al., 2024).
The levodopa equivalent dose (LEDD) was calculated according to a

previous protocol (Jost et al., 2023).

2.3. Tissue processing and staining

Tissue samples were fixed in phosphate-buffered 4% para-
formaldehyde, embedded in paraffin, and sectioned at the microtome (5
μm slices). Single and double-marker immunoperoxidase staining for
CD3 (Polyclonal Rabbit Anti-Human, Citrate Buffer HIER, dilution
1:200, Dako Omnis, Code Number: GA503), CD4 (Monoclonal Mouse
Anti-Human, dilution 1:200; Leica Byosystems, Code Number:
CD4–368-L-CE), CD8 (Monoclonal Mouse Anti-Human, dilution 1:200;
Leica Byosystems, Code Number: CD8-4B11-L-CE), CD20 (Monoclonal
Mouse Anti-Human, Citrate Buffer HIER, dilution 1:200 Clone KP1,
Dako Omnis, Code Number: M0814) and CD68 (Monoclonal Mouse
Anti-Human, EDTA Buffer HIER, IHC dilution 1:5000, IF dilution 1:500,
Clone L26, Dako Omnis, Code Number: M0756), HLA-DR (Monoclonal
Rabbit Anti-Human, Citrate Buffer HIER, dilution 1:50 Clone: LN-3,
Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA), Aggregated
αSyn (Monoclonal Mouse Anti-Human, dilution 1:5000, Clone 5G4,
Millipore), Glial Fibrillary Acidic Protein (GFAP, Monoclonal Rabbit
Anti-Human, dilution 1:1000, Dako Omnis), and β-III-Tubulin Antibody
(Polyclonal Rabbit Anti-Human, dilution 1:300, BioLegend) was per-
formed as previously reported (Emmi et al., 2023). Antigen retrieval was
performed on a PT-Link Dako Antigen retrieval station using a citrate
buffer at pH 6 solution at 96◦ for 15 min.
Immunoperoxidase staining was repeated at least three times to

ensure reaction consistency, and it was independently evaluated by
three morphologists who were blind to the clinical findings. Contro-
versies were resolved by consensus.

2.4. Morphometrical quantification

Photomicrographs were acquired under a Leica DM4500B micro-
scope (Leica Microsystems) connected to a Leica DFC320 high-
resolution digital camera (Leica Microsystems) and a computer equip-
ped with software for image acquisition (QWin, LeicaMicrosystems) and
analysis (ImageJ) (Emmi et al., 2021). Specimens were digitally scanned
at 20×magnification and an average of 3 ± 1 non-overlapping counting
fields were defined and loaded into ImageJ software for semi-automatic
immunoreactivity quantification. A Maximum Entropy Threshold was
applied and manually adjusted for each section to discern immunopo-
sitivity elements from background and negative tissue. An expert
morphologist performed quality control of the applied threshold by
overlying the thresholded images to the original photomicrographs.
Particle analysis was employed with an 8-infinity μm threshold to define
immunoreactive elements quantity and total area occupied within the
digital image (Supplementary Fig. 5). Counting fields for each sample
were treated as repeated measures and averaged per subject.
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Table 1
Clinical and demographical data of the study cohort.

Healthy controls (N = 18) Early PD (N = 6) Advance stage PD with PEG-J (N = 20)

Median 2.5–97.5 P Median 2.5–97.5 P Median 2.5–97.5 P P value

Sex (Male%) 50% 50% 60% 0.8000
Age at biopsy (years) 68.5 54.0–86.0 63 53.0–70.0 64 48.0–79.0 0.4570
Age at diagnosis (years) 59.5 49.0–66.0 54 34.0–67.0 0.1610
Disease duration (years) 3 1.0–6.0 13 5.0–22.0 0.0004
LEDD at baseline 425 400.0–450.0 1246 750.0–2588.0 0.0066
DAED at baseline 0 0.0–0.0 195 0.0–360.0 0.0530
MDS-UPDRS-I 4.5 1.0–19.0 12 6.0–24.0 0.0680
MDS-UPDRS-II 8.5 4.0–12.0 17.5 2.0–37.0 0.0189
MDS-UPDRS-III 20 12.0–31.0 32.5 10.0–58.0 0.0550
MDS-UPDRS-IV 0 0.0–2.0 8 3.0–13.0 0.0003
H&Y > 2 0% 50% 0.0800
Motor phenotype % (TD/PIGD/mixed) 75% / 25% / 0% 32% / 58% /10% 0.2594
MDS-NMS (Tot. score) 37 24.0–185.0 135.5 17.0–301.0 0.2311
MDS-NMS (Non-motor fluct. Tot. Score) 1 0.0–22.0 14 0.0–76.0 0.6520
PD-CFRS 1 1.0–1.0 1 0.0–9.0 0.7920
PDQ8 6 6.0–6.0 13 0.0–21.0 0.4166
MoCA (Corrected score) 25.6 23.6–28.0 24.0 16.8–30.0 0.1710
Cognitive status (II –level) (% NC / MCI) 100% / 0% 56% / 44% 0.1884
ADL 5.5 5.0–6.0 5 2.0–6.0 0.6840
IADL 8 8.0–8.0 5 2.0–8.0 0.0270

Note. Demographic comparison between healthy controls, early-stage PD, and advanced-stage PD was conducted using Kruskal-Wallis ANOVA. Within PD subgroups,
comparisons were made using the Mann-Whitney U test. An adjusted P value of 0.003, following Bonferroni correction, was considered significant. LEDD: levodopa
daily dose; DAED: dopamin agonist daily dose; MDS-UPDRS. Movement Disorder Society Unified Parkinson’s Disease Rating Scale; H&Y: Hoehn and Yahr; TD: Tremor
dominant; PIGD: Postural instability and gait disorders; MDS-NMS: Movement Disorder Society non motor scale; PD-CFRS: Cognitive Functional Rating Scale; PDQ8:
Parkinson’s Disease Questionnaire-8; MoCA: Montreal Cognitive Assessment; ADL: Activities of Daily Living; IADL: Instrumental Activities of Daily Living Scale.

Fig. 1. CD3 (brown) and CD20 (magenta) immunohistochemistry of duodenal biopsies in Parkinson’s Disease patients (A) and Healthy Controls (B). Magnifications
(A1–2, B1–2) display cellular reactivities of t-lymphocytes (CD3) and b-lymphocytes (CD20). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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2.5. Immune cell populations and inflammatory markers

T-lymphocytes were marked with anti-CD3 immunohistochemistry,
while B-lymphocytes were detected with an anti-CD20 antibody. Mac-
rophages and monocytes express CD68 antigen, a well-established
phagocytic marker, indicating increased lysosomal activity. Further-
more, the expression of MHC-II molecules (HLA-DR) was evaluated.
HLA-DR is a cell surface receptor and constitutes a T-cell receptor (TCR)
ligand involved in presenting foreign antigens.

2.6. Statistical analyses

Statistical analyses and visualizations were performed using Graph-
Pad Prism v.9. Clinical characteristics, and duodenal inflammatory
markers were compared among healthy individuals, early-stage PD, and
advance stage PD using the non parametric Kruskal-Wallis ANOVA.
Post-hoc comparisons were conducted using the Mann–Whitney U test.
The sensitivitity of duodenal Inflammatory markers to motor deficit
severity (low severity H&Y ≤ 2 vs. high severity H&Y > 2) and to the
presence of mild cognitive impairment (MCI) versus PD with normal
cognition (NC) were analyzed with Mann–Whitney U test. Pearson’s
correlation analysis has been employed to assess possible correlations
between αSyn expression in duodenum and clinical characteristics,

including motor and non-motor scales, cognitive assessments and main
non-motor symptoms of PD. A Bonferroni-corrected threshold of P =

0.05 was used to determine significance.

3. Results

3.1. Demographics

There were no differences among the three participant subgroups. In
particular, we observed no significant difference for age as a variable
among PD patients and healthy controls (Supplementary Fig. 3), as well
as no significant differences based on gender in PD patients (Supple-
mentary Table 2). As expected, we found a significant difference for
disease duration (median 3 yrs., range 1–6 yrs. vs median 13 yrs., range
5–22) and for the MDS-UPDRS IV subscore for motor complications
(median 0, range 0–2 vs median 8, range 3–13 between early and
advanced PD).
Demographic and clinical data are reported in Table 1.

3.2. Immune landscape and gliosis markers

All data are reported in Figs. 1–6, Tables 2–4 and the Supplementary
Materials.

Fig. 2. CD4 and CD8 (brown) immunohistochemistry of duodenal biopsies in Parkinson’s Disease patients (A,C) and Healthy Controls (B,D). Magnifications (A1, B1,
C1, D1) display cellular reactivities of t-helper cells (CD4+) and natural killer t-cells (CD8+). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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3.2.1. Enteric T-lymphocytes (CD3+)
We detected a statistically significant difference when comparing

CD3+ cell densities (CD3+ cells / mm2) between HCs and early and
advanced PD (median 215.5 vs 614.5 and 444 in early and advanced PD,
respectively; p 0.00124). However, there was no significant difference
between early and advanced PD, only a trend towards lower CD3+
densities with longer disease duration (Fig. 1, Table 2).

3.2.2. Enteric T-helper lymphocytes (CD4+)
We detected a statistically significant difference when comparing

CD4+ cell densities (CD4+ cells / mm2) between HCs and early and
advanced PD (median 45.5 vs 166.5 and 184.5 in early and advanced
PD, respectively; p 0.0031). However, there was no significant differ-
ence between early and advanced PD (Fig. 2, Table 2).

3.2.3. Enteric natural killer lymphocytes (CD8+)
We detected a statistically significant difference when comparing

CD8+ cell densities (CD4+ cells / mm2) between HCs and early and
advanced PD (median 200 vs 388.5 and 303.5 in early and advanced PD,
respectively; p 0.028). However, there was again no significant differ-
ence between early and advanced PD (Fig. 2, Table 2).

3.2.4. CD4+/CD8+ ratio
When comparing the ratio between CD4+ and CD8+ cells, we

detected statistically significant differences between HCs and advanced
PD patients, but not early PD patients (median 0.3 vs 0.5 and 0.6 in early
and advanced PD, respectively; p 0.049) (Fig. 2, Table 2).

3.2.5. Enteric B-lymphocytes (CD20+)
There was a statistically significant difference in CD20+ cell den-

sities (CD20+ cells / mm2) between HCs and early and advanced PD
(median 61.5 vs 240 and 157 in early and advanced PD, respectively; p
0.00053). As for the CD3+ cells, we found no statistically significant
differences between PD groups despite an overall trend showing a
reduction in CD20+ cell densities in advanced PDs (Fig. 3, Table 2).

3.2.6. CD68+
No significant difference was observed when comparing CD68+ cell

densities among the three subgroups (median 230.5 in HCs vs 258.5 and
260 in early and advanced PD, respectively; p 0.5559) (Fig. 3, Table 2).

3.2.7. Enteric antigent presenting cells response:HLA-DR +

We detected a statistically significant difference when comparing the
HLA-DR + % mean area between HCs and early and advanced PD
(median 1.8 in HCs vs 3.2 and 3 in early and advanced PD, respectively;
p 0.00251) (Fig. 3, Table 2).

3.2.8. Enteric expression of glial fibrillary acidic protein (GFAP)
We disclosed a statistically significant difference when comparing

GFAP mean density (N/ mm2) between HCs and both early and
advanced PD (median 44.5 in HCs vs 80 and 91 in early and advanced
PD, respectively; p 0.00018). Moreover, GFAP mean dimensions (μm2)
were significantly higher in the advanced PD cohort when compared
with both HCs and early PDs (median 28.4 in advanced PDs vs 25.7 and
26.3 in HCs and early PDs, respectively; p 0.00041) (Figs. 4–6, Table 2).

Fig. 3. CD68 (brown) and HLA-DR (magenta) immunohistochemistry of duodenal biopsies in Parkinson’s Disease patients (A) and Healthy Controls (B). Magnifi-
cations (A1–2, B1–2) display cells with increased phagocytic activity (CD68) and antigen-presenting cells (HLA-DR). (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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3.2.9. Enteric α-synuclein
Mean % values of a-synuclein significantly differed between HCs and

early and advanced PD (median 0.2 in HCs vs 1.2 and 1.5 in early and
advanced PD, respectively; p < 0.000001) (Figs. 4–6, Table 2).

3.3. Inflammatory markers in 1st versus 2nd PEG-J repositioning

Among advanced PD patients, we selected 6 patients who underwent
PEG-J repositioning once and 8 patients who underwent a second
repositioning of PEG-J. We found no statistically significant differences
in inflammatory markers between 1st and 2nd PEG-J positioning in
advanced PD patients.

3.4. Correlation between inflammatory and gliosis markers and clinical
data

There was no statistically significant correlation between inflam-
matory and glial markers and clinical severity (quantified using the
Hoehn and Yahr staging system).
CD20+ mean densities disclosed significantly different values be-

tween normal subjects and subjects with evidence of mild cognitive
impairment at the neuropsychological evaluation (median 231 in NCs vs
238 MCIs, p 0.0049).
GFAP mean dimensions significantly correlated with MDS-UPDRS III

subscore (p 0.009) whereas it did not disclose a significant correlation
with other clinical outcomes (Fig. 6).
The complete set of clinical correlation data are reported in Tables 3

and 4.

4. Discussion

The mechanisms underlying the primary location of α-syn misfolding
and aggregation and its subsequent spreading are still a matter of
debate. The widely known Braak’s hypothesis, suggesting a bottom-top
route (starting in the ENS and eventually moving towards the brain), has
long been opposed to the idea that protein misfolding begins in the brain
and spreads towards the periphery. However, recent studies shed light
on a newer vision of PD, increasingly considering it as a systemic disease
regardless of the brain- or body-first hypothesis (Braak et al., 2006;
Dinan and Cryan, 2017; Emmi et al., 2023; Natale et al., 2021; Rietdijk
et al., 2017; Yang et al., 2022).
Moreover, the role of inflammation both in the central and periph-

eral nervous system and possible connections between these two en-
tities, have become increasingly investigated in several studies
(Williams et al., 2021; Grillo et al., 2023). Different components of the
central nervous system (including microglia, astrocytes, T cells, and
recently the lymphatic system) have disclosed inflammatory changes.
These findings are mirrored from the increase in proinflammatory cy-
tokines and proliferative capacities in the peripheral blood of PD pa-
tients, and are supported from data derived from animal models that
consistently confirm the role played by the peripheral immune system in
this context (Williams et al., 2021; Lauritsen and Romero-Ramos, 2023;
Bellini et al., 2023).
In our study, we observed a significant inflammatory background in

the gastrointestinal samples of PD patients, with evidence of a chronic
inflammatory response and concomitant enteric gliosis, as demonstrated
by increased T and B lymphocytes and glial cells densities in the mucosa
with evidence of hypertrophic features in astrocytes. The combination of
these findings with thread-like aggregated α-syn deposition in the nerve

Fig. 4. Aggregated alpha-synuclein, clone 5G4, (A-B) and glial fibriallary acid (GFAP) (C-D) immunohistochemistry in Parkinson’s Disease patients displaying
specific immunoreactivity for pathological alpha-synuclein threads, and enteric glial cells, respectively.
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fibers of the mucosa was consistently observed in PD patients while
absent in healthy controls, suggesting that this pattern might represent a
pathological hallmark of the disease. In light of the well-recognized
ability of α-syn to elicit an inflammatory response in the gastrointes-
tinal system, we hypothesized that chronic inflammation may ulteriorly
trigger and facilitate α-syn misfolding and aggregation, fueling a vicious
cycle that ultimately supports the production of pathological a-syn in the
ENS (Bellini et al., 2023).
Both the innate and adaptive immune response may be involved in

generating the inflammatory environment in the ENS, which appears to
be sustained prominently by the ability of T cells to recognize epitopes
derived frommisfolded α-syn. In line with this hypothesis, a recent study
showed that immunocompromised mice have an 8-fold increase in
phosphorylated α-syn pathology in the substantia nigra compared to
wild-type mice and that reconstituting the T cell population decreased
the accumulation of phosphorylated α-syn, leading to increased micro-
glial activation (George et al., 2021). A previous animal (mouse) model
showed that α-synuclein overexpression determines MHCII upregulation

in CNS myeloid cells and that CD4-deficient mice seem to be protected
from the dopaminergic cell loss (Williams et al., 2021) (REF). Moreover,
it has been observed that different genetic backgrounds andmutations in
several genes, including those associated with MHCII might drive or
influence the response of the immune system in PD patients, suggesting
that antigen-presenting cells play a crucial role in sustaining neuro-
inflammation (Kline et al., 2021) (REF).
The B cell population also appear to be involved in the inflammatory

response in PD (Scott, 2022). B cells have a major role in antibody and
cytokine production, mediate T cell responses and act as antigen-
presenting cells. In our study, findings regarding B cell subtypes
appear to differ according to disease duration and treatment (including
PEG-J placement). Hence, while broad markers for T and B cell pop-
ulations suggested functional alterations in our cohort, more accurate
phenotyping is required to elucidate further the role played by these
cells in the inflammatory response in the context of PD.
In addition to inflammation playing a potential role in protein mis-

folding and aggregation, recent evidence also supports a direct

Fig. 5. Mann–Whitney U test of CD20+ density, CD3+ density, GFAP+ density, HLA-DR+ immunoreactive area, 5G4 Alpha-Synuclein immunoreactive area and
GFAP cell size in early and advanced Parkinson’s Disease patients and in healthy controls.
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Fig. 6. Sensitivity of GFAP mean dimension to clinical outcomes of Parkinson’s disease progression. A) Distribution of duodenal Glial Fibrillary Acidic Protein
(GFAP) mean dimensions among healthy individuals, early-stage PD, and late-stage PD. B) Spearman rank correlation between GFAP dimensions and clinical
outcomes in PD patients, showing a significant correlation only with MDS-UPDRS-III. C) Dot plot illustrating the relationship between GFAP mean dimensions and
MDS-UPDRS-III.

Table 2
Duodenal inflammatory markers in Parkinson’s Disease patients and healthy controls.

Healthy controls (1) Early PD (2) Advance stage PD with
PEGJ (3)

Kruskal Wallis Anova Mann Whitney Post-hoc
comparisons

Duodenum Median 2.5–97.5 P Median 2.5–97.5 P Median 2.5–97.5 P P value 1 vs. 2 1 vs. 3 2 vs. 3

CD20+ Mean Density (N/mm2) 61.5 4.0–414.0 240 200.0–405.0 157 38.0–464.0 0,00053 x x
CD3+ Mean Density (N/mm2) 215.5 82.0–502.0 614.5 336.0–1126.0 444 201.0–721.0 0,00124 x x
CD4+ Mean Density (N/mm2) 45.5 6.0–246.0 166.5 68.0–291.0 184.5 10–0-351.0 0,0031 x x
CD8+ Mean Density (N/mm2) 200.0 73.0–523.0 338.5 189.0–596.0 303.5 91.0–423.0 0,02873 x x
CD4+/CD8+ Ratio 0.3 0.1–0.9 0.5 0.2–0.8 0.6 0.1–1.7 0,04956 x
CD3+/CD8+ Ratio 1.1 0.4–2.0 1.7 1.5–2.3 1.4 0.8–3.8 0,01176 x x
CD68+ Mean Density (N/mm2) 230.5 76.0–455.0 258.5 196.0–399.0 260 179.0–619.0 0,5559
GFAP Mean Density (N/mm2) 44.5 24.0–67.0 80 49.0–124.0 91 36.0–160.3 0,00018 x x
GFAP Mean dimension (um2) 25.7 23.2–27.1 26.3 24.9–28.6 28.4 25.2–30.3 0,00041 x x
HLA-DR Area Mean % 1.8 0.0–5.1 3.2 3.0–4.2 3 0.9–4.7 0,00251 x x
Alpha synuclein- Mean % 0.2 0.0–0.6 1.2 0.3–1.9 1.5 0.2–2.2 <0,000001 x x

Note. Among inflammatory biomarkers this table include: 1)biomarkers associated with both innate and adaptive immune responses, 2) biomarkers associated with the
mysfolded Alpha synuclein 3) biomarker, For adaptive immunity, the biomarkers include CD20+, which is indicative of B-Lymphocytes, and CD3+, which denotes T-
Lymphocytes. Within the T-Lymphocytes, we have CD4+ cells, primarily T-helper cells, and CD8+ cells, primarily cytotoxic T cells. For the innate we have CD68+
(monocytes and macrophages). GFAP: Glial Fibrillary Acidic Protein HLA-DR: Human Leukocyte Antigen, molecules present in macrophages, B cells or Dendritic cells
that are upregulated in response to signaling.
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involvement of α-syn in mediating antiviral and inflammatory responses
(Tulisiak et al., 2019). It has been observed that α-syn production is
upregulated during viral infections to mediate interferon signaling and
contribute to the inhibition of viral replication (Beatman et al., 2016;
Monogue et al., 2022). While this may represent a protective factor
during infection, recent in vitro studies (Wu et al., 2022) disclosed that
viral-induced overexpression of α-syn may lead to protein misfolding,
aggregation and Lewy-body pathology. It has been observed that
exposure to specific viral proteins, such as the nucleocapsid protein of
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), may
trigger α-syn misfolding and Lewy Body pathology due to the innate
α-syn upregulation occurring upon infection (Emmi et al., 2022), with
recent evidence confirming a higher incidence of neurodegenerative
diseases following viral infection (Levine et al., 2023).
In conclusion, our study investigated the possible role of the ENS and

inflammation in the gastrointestinal system in the pathogenesis of PD
through the identification of specific histopathological and immuno-
logical markers in duodenal tissue samples. The presence of α-synuclein
deposition in peripheral nerves within the gastrointestinal tract, coupled
with reactive enteric gliosis and a marked increase in lymphocyte pop-
ulations alongside elevated MHC-II molecules indicating inflammation,
is characteristic of PD patients and is not observed in HCs. These ob-
servations suggest that these features could serve as a defining patho-
logical hallmark of PD. Additionally, the degree of enteric gliosis holds
promise as a potential progression marker. These insights expand our
understanding of the mechanisms underlying the involvement of the
ENS, indicating the gastrointestinal system as a plausible therapeutic
target, particularly in the early stages of the illness. Furthermore, the
role of B-lymphocytes in perpetuating ENS inflammation and subse-
quent α-synuclein misfolding and deposition may offer new therapeutic

opportunities. Further studies in larger patient cohorts are warranted
and will help in understanding the link between inflammation and
α-synuclein pathology.

5. Study limitations

Limitations of this study include the relatively small sample size and
few patients with early-stage PD, with results possibly being affected by
sample bias. Incontrast, the strength of this study includes the prospec-
tive and systematic assessment of the patients and theextensive
recording of clinical data, which made thecorrelations more reliable.
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Table 3
Sensitivity of duodenal inflammatory markers to motor deficits severity in
Parkinson’s Disease.

H&Y ≤ 2 H&Y > 2 Mann
Whitney
U test

Median 2.5–97.5 P Median 2.5–97.5 P P value

CD20+
Mean
Density
(N/mm2)

178.5 121.0–405.0 195 76.0–441.0 0.7576

CD3+ Mean
Density
(N/mm2)

497.5 274.0–1126.0 401.5 201.0–721.0 0.3158

CD4+ Mean
Density
(N/mm2)

187.5 10.0–351.0 204.0 60.0–257.0 0.8774

CD8+ Mean
Density
(N/mm2)

292.0 183.0–596.0 303.5 91.0–408.0 0.6712

CD4+/
CD8+
Ratio

0.5 0.1–1.7 0.7 0.2–1.5 0.2314

CD3+/
CD8+
Ratio

1.7 0.9–2.4 1.4 0.8–3.8 0.4402

GFAP Mean
Density
(N/mm2)

100 49.0–134.5 68.5 36.0–160.3 0.3135

GFAP Mean
dimension
(um2)

28.3 24.9–30.2 28.3 25.2–30.3 0.9497

HLA-DR
Area Mean
%

3.2 1.5–4.7 3 0.9–3.6 0.1426

Alpha
synuclein-
Mean %

1.4 0.3–2.2 1.3 0.2–2.2 0.5287

Table 4
Sensitivity of duodenal inflammatory markers to cognitive decline in Parkin-
son’s Disease.

NC MCI Mann
Whitney
U test

Median 2.5–97.5 P Median 2.5–97.5 P P value

CD20+
Mean
Density
(N/mm2)

231 38.0–464.0 138 121.0–187.0 0.0049

CD3+ Mean
Density
(N/mm2)

565 260.0–1126.0 397 274.0–721.0 0.088

CD4+ Mean
Density
(N/mm2)

180.0 60.0–291.0 229.0 10.0–351.0 0.7214

CD8+ Mean
Density
(N/mm2)

366.0 280.0–596.0 21.0 91.0–423.0 0.0357

CD4+/
CD8+
Ratio

0.5 0.2–0.8 0.8 0.1–1.7 0.1535

CD3+/
CD8+
Ratio

1.7 0.8–2.3 1.3 0.9–3.8 0.9053

GFAP Mean
Density
(N/mm2)

94 36.0–160.3 94.5 62.0–134.5 0.6514

GFAP Mean
dimension
(um2)

28 25.4–30.1 28.7 25.2–30.3 0.1752

HLA-DR
Area Mean
%

3.1 1.1–4.2 3.1 1.5–4.7 0.9684

Alpha
synuclein-
Mean %

1.4 0.3–1.9 1.8 0.2–2.2 0.1376
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