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The prevalence of neurodegenerative diseases such as Parkinson’s disease (PD) 
and Alzheimer’s disease (AD) in the U.S. is expected to increase as the population 
ages. Despite significant advancements in neurodegenerative research, the initiating 
events remain unclear, and no treatments currently exist to stop or reverse disease 
pathogenesis. Emerging studies highlight the importance of the gut microbiome 
and gut-brain-axis in the pathogenesis of many human diseases. This narrative 
review aims to integrate current research investigating how gut microbial dysbiosis 
may influence the development and progression of AD and PD. First, we provide 
an overview of the pathological features and disease mechanisms characteristic 
of AD and PD. Next, we summarize existing research on the microbiome–gut–
brain axis and how alterations in gut microbiota composition may influence these 
neurological diseases. We then focus on specific bacterial taxa identified in fecal 
samples from AD and PD patients, highlighting differences from healthy controls 
and emphasizing taxa known to produce immunologically relevant metabolites 
and antigens. Specifically, we examine reductions in short-chain fatty acid (SCFA)-
producing bacteria and increases in lipopolysaccharide (LPS)-expressing bacteria 
that may drive neuroinflammation and contribute to protein misfolding. Finally, this 
review presents hypothesized mechanisms by which microbial products such as 
SCFAs and LPS may interact with host physiology to modulate disease pathogenesis. 
These include pathways involving systemic inflammation, blood–brain barrier 
permeability, and neural propagation via the vagus nerve or olfactory bulb. Further 
research is necessary to determine the causes and effects of bacterial level shifts, 
but understanding the mechanistic roles of these bacterial products in AD or PD 
pathogenesis could allow for personalized targeted therapies to either slow or 
potentially reverse the disease process.
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1 Introduction

Alzheimer’s disease (AD) and Parkinson’s disease (PD) are the two most prevalent 
neurodegenerative disorders worldwide (National Institute of Neurological Disorders and 
Stroke, 2023). In the US, nearly 1 million people are living with PD and roughly 6.9 million 
Americans aged 65 and older have AD. These numbers are predicted to rise as the population 
ages (Parkinson’s Foundation, 2022; Alzheimer’s Association, 2024). Given the significant 
societal burden of these disorders, identifying shared mechanisms may provide avenues 
toward developing broad, effective therapeutic strategies.
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AD is a progressive neurodegenerative disease with a slow, 
insidious onset with a long preclinical phase characterized by 
progressive abnormal accumulation of beta-amyloid plaques outside 
neurons and tau tangles inside neurons. This is followed by mild 
cognitive impairment that progresses to dementia over 10–20 years 
(Alzheimer’s Association, 2024; Cho et al., 2021; Lloret et al., 2019). In 
contrast, PD is characterized by the progressive loss of dopamine-
producing neurons in the substantia nigra pars compacta due to 
abnormal alpha-synuclein (α-syn) protein aggregation and 
neuroinflammation (Jankovic, 2008; Fereshtehnejad et  al., 2019). 
Differing to AD, PD often begins with subtle non-motor symptoms 
such as constipation, olfactory deficits, REM sleep behavior disorder, 
and autonomic dysfunction, which appear years before the 
characteristic symptoms of tremors, rigidity, and gait and balance 
instability become apparent (Jankovic, 2008; Fereshtehnejad et al., 
2019). Progression to dementia is typically slower in PD compared to 
AD, unless a patient presents with combined AD and PD pathology 
(Sabbagh et  al., 2009). Although the onset and progression of 
symptoms between each disease is unique, each shares similar 
neuroinflammatory changes and gastrointestinal (GI) symptoms like 
constipation, suggesting involvement of the gut-brain axis, a 
bidirectional communication network between the gut microbiome 
and the central nervous system (CNS) (Abbott et al., 2001; Bridi and 
Hirth, 2018; Cersosimo and Benarroch, 2012; Hawkes et al., 2010; Li 
et  al., 2023; Shannon et  al., 2011; Nedelec et  al., 2022). This is 
supported by numerous studies that showcase significant changes in 
gut microbiota in PD and AD patients compared to controls (Heravi 
et al., 2023). Despite emerging findings, few reviews synthesize the 
distinct microbial alterations in AD and PD within the broader 
context of their potential impact on systemic and neurological disease 
mechanisms. Additionally, the utilization of microbiome composition 
as biomarkers for each disease has not been explored. This narrative 
review identifies shared and disease-specific pathways and synthesizes 
current literature to explore how gut microbiome alterations may 
contribute to AD and PD progression. We aim to highlight potential 
microbiome-based and therapeutic targets to improve early diagnosis 
and intervention.

This narrative review aims to synthesize existing literature on gut 
microbiome alterations in AD and PD, identify overlapping and 
distinct microbial signatures, and explore the mechanistic links 
between microbial dysbiosis, neuroinflammation, and disease 
progression. By integrating neuropathological characteristics, 
microbiome profiles, fecal metabolite data, and hypothesized 
microbiota-gut-brain mechanisms, we aim to clarify the role of the 
microbiota-gut-brain axis in these diseases and highlight novel 
opportunities for early intervention and targeted treatment.

2 Methods

This narrative review synthesizes peer-reviewed studies 
investigating the role of the microbiome–gut–brain axis in AD and 
PD, with a particular focus on gut microbiome alterations observed in 
patients compared to healthy controls. An array of sources, including 
meta-analyses, clinical studies, and animal models of disease, were 
reviewed to provide a comprehensive perspective of the current 
literature. Relevant primary research articles, literature reviews, and 
meta-analyses were identified using key phrases through databases 

accessible via Rocky Vista University (RVU), including PubMed, 
Google Scholar, and the Cochrane Database of Systematic Reviews. 
Key phrases included: “gut microbiome AND Alzheimer’s disease,” 
“gut microbiome AND Parkinson’s disease,” “microbiota-gut-brain 
axis AND (Alzheimer’s OR Parkinson’s),” “gut dysbiosis AND 
neurodegenerative disease.”

To ensure a comprehensive understanding of the current 
literature –particularly regarding bacterial metabolites and antigenic 
factors –an in-depth evaluation of studies comparing fecal samples 
from AD and PD patients to healthy controls was also conducted prior 
to drafting the review. During our literature review, any peer-reviewed 
research that analyzed microbiota levels in AD or PD compared to 
controls were collected and organized separately. Then, to further 
isolate these studies into those of interest, we applied inclusion and 
exclusion criteria to narrow our focus. Studies were included based on 
the following criteria: only human studies were considered, excluding 
animal or in vitro models; studies had to report bacterial changes at 
the family, genus, or species level and those reporting only phylum-
level changes were excluded; only studies analyzing fecal microbiota 
samples were included, while those using samples collected via 
colonoscopy were excluded; a sample size greater than one (n > 1) was 
required; studies had to include healthy, age-matched control 
participants; and participants had to have a formal diagnosis of AD or 
PD based on validated diagnostic criteria. In total, 40 studies met 
these criteria (9 focusing on AD and 31 on PD) reflecting a greater 
volume of microbiome research in PD. The outcomes of these studies 
were organized into a spreadsheet to facilitate comparison of 
overlapping findings and differences in bacterial composition. 
Supplementary Tables 1–3 summarize and cite the included studies by 
taxonomic classification and indicates whether each bacterial group 
was increased or decreased in abundance compared to healthy 
controls in the respective study.

While this review highlights selected bacterial changes that appear 
particularly relevant to AD and PD pathogenesis, it does not aim to 
comprehensively catalog all microbiome alterations reported in the 
literature nor perform statistical analysis comparing studies. Instead, 
the focus is placed on neurological and neuroimmunological changes 
thought to arise from microbiota-derived metabolites and antigenic 
factors. Readers interested in a more detailed overview of taxonomic 
shifts can refer to Supplementary Tables 1–3, which provide additional 
context and organize relevant studies by specific microbial changes 
seen in that particular study.

3 The pathogenic role of gut dysbiosis 
in Alzheimer’s and Parkinson’s disease

3.1 Overview: pathologic features of PD 
and AD

To understand how gut dysbiosis may contribute to AD and PD, 
it is essential to first examine the defining neuropathological features 
of each condition. For PD, the microscopic pathologic hallmark is the 
presence of abnormal intracellular aggregates composed of α-syn, 
referred to as Lewy Bodies. These aggregates are often accompanied 
by Lewy neurites, which are Lewy body-like structures primarily 
contained within the axons of affected neurons. The protein α-syn is 
a ubiquitously expressed protein within the brain, but in pathologies 
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such as PD and other synucleinopathies, the protein takes on an 
amyloid-like filamentous structure that is structurally different from 
the native, non-pathologic form, allowing it to abnormally aggregate 
and induce the observed clinical symptoms (Kouli et al., 2018). The 
α-syn protein is the primary component of Lewy bodies, although 
other proteins have been found in these structures, including 
ubiquitin, tau, parkin, heat shock proteins, oxidized/nitrated proteins, 
neurofilaments, MAPs, tubulin, proteasome, and lysosomal elements 
(Kouli et al., 2018).

AD is also characterized as a protein-conformational disease caused 
by abnormal processing and folding of normal soluble proteins (Tiwari 
et al., 2019). In AD, beta-amyloid plaques aggregate extracellularly, 
while tau proteins form neurofibrillary tangles (NFTs) intracellularly 
(Tiwari et al., 2019). Beta-amyloid (Aβ, amyloid-beta) misfolding and 
spread is initiated by inappropriate and incorrect cleavage of amyloid 
precursor protein (APP), resulting in the formation of amyloid-beta 
fibrils (Tiwari et al., 2019). These insoluble fibrils then oligomerize into 
larger aggregates and spread through the nervous system, interfering 
with synaptic transmission and neuronal signaling (Tiwari et al., 2019). 
Similarly, tau protein becomes hyperphosphorylated, forming 
intracellular NFTs. The cause of AD appears to be  multifactorial, 
involving both genetic and environmental factors. Early-onset AD 
(EOAD), though less common, has a strong genetic basis, with 
mutations in the amyloid precursor protein (APP) and presenilin (PS1, 
PS2) genes accelerating amyloid aggregation and disease onset 
(Lanoiselée et al., 2017). Late-onset AD (LOAD), the more prevalent 
form, has lower heritability, with the APOE ε4 polymorphism being the 
most significant genetic risk factor (Yin and Wang, 2018). APOE ε4 is 
associated with increased amyloid plaque accumulation and 
neuroinflammation (Yin and Wang, 2018; Dias et al., 2025), and it may 
influence the gut microbiome in mice, though the extent of this 
relationship remains under investigation (Zajac et al., 2022).

While α-syn makes up the primary component of Lewy bodies 
in PD, abnormal tau protein aggregation, typically seen in AD, has 
also been linked to PD. Postmortem studies of many PD patients who 
develop cognitive dysfunction and dementia report widespread NFTs 
and beta-amyloid plaques (Pletnikova et al., 2005). These studies 
show significantly increased levels of hyperphosphorylated tau 
protein in the striatum of patients (Willa et al., 2010). Animal studies 
further support the relationship between α-syn and tau, showing that 
increased α-syn expression can lead to tau hyperphosphorylation 
in vitro and in vivo (Duka and Sidhu, 2006; Duka et al., 2006). Beta-
amyloid is also reported to act with α-syn in a subset of PD patients, 
where cortical deposition of α-syn was associated with the formation 
of beta-amyloid plaques (Lashley et al., 2008). Additionally, current 
research supports the possibility of dementia symptomology 
occurring in PD patients due to a convergence of PD and AD 
pathophysiology in the cortex (Compta et al., 2011; National Institute 
on Aging, 2017). This overlap in protein aggregation and 
neurodegeneration suggests that PD and AD may share some 
common molecular mechanisms, potentially existing on a spectrum 
rather than as entirely distinct diseases.

Chronic neuroinflammation is a defining feature of both PD and 
AD, marked by sustained microglial activation and elevated levels of 
proinflammatory cytokines, which contribute to neuronal 
dysfunction and accelerate disease progression (Heneka et al., 2015; 
Hirsch and Standaert, 2021; Tansey et al., 2022). Importantly, this 
neuroinflammation may be  driven not only by intrinsic CNS 

pathology but also by exogenous factors that induce systemic 
inflammation. Circulating inflammatory mediators can disrupt 
blood–brain barrier integrity and interfere with central immunologic 
homeostasis, further amplifying microglial activation and neuronal 
injury (Heneka et  al., 2015). Given this, focusing on exogenous 
metabolites or antigenic factors that could promote systemic 
inflammation may help discover causes of neuroinflammatory 
processes linked to pathological protein aggregation. Interest then 
has turned toward gastrointestinal tract pathology as a potential 
upstream driver of these immune alterations in both PD and AD.

3.2 Microbiome and gut-brain axis in AD 
and PD

In PD, research has identified a range of non-motor symptoms, 
which can appear years before a clinical PD diagnosis, including loss 
of smell, depression, sleep disturbances, and constipation (Schenck 
et al., 1996; Parkinson’s Foundation, 2023). Constipation is the most 
common nonmotor symptom – affecting over 70% of PD patients – 
and often precedes motor symptoms by over a decade, with 
α-synuclein aggregates potentially originating in gut submucosal 
neurons years earlier (Abbott et  al., 2001; Bridi and Hirth, 2018; 
Cersosimo and Benarroch, 2012; Hawkes et al., 2010; Li et al., 2023; 
Shannon et  al., 2011). Despite increasing evidence of these early 
indicators, diagnosis is typically delayed, and current treatments do 
not address the underlying pathology.

Although constipation is more strongly associated with PD, it is 
also observed in AD, where it may appear up to 7 years before clinical 
diagnosis and persist through disease progression (Nedelec et  al., 
2022). Studies have found a correlation between constipation and 
cognitive decline in AD, though the underlying mechanism, such as 
potential microbiome changes or neuroinflammatory pathways, 
remains under investigation (Yang et al., 2024).

Constipation does not automatically mean there is dysbiosis or 
pathology present, but evidence indicates that dysbiosis of gut 
microbiota may contribute to functional constipation, as well as 
constipation-type irritable bowel syndrome (Ohkusa et  al., 2019). 
Additionally, constipation in both diseases, especially PD, may 
be secondary to initial aggregates within the enteric nervous system 
that impact gut motility, as discussed next.

3.2.1 Gut to brain propagation of misfolded 
proteins

In PD post-mortem studies, α-syn aggregates have been found to 
have a craniocaudal gradient in the sympathetic chain and 
gastrointestinal tract, with the most severe pathology in the distal 
esophagus and stomach, and the least in the rectum (Gelpi et al., 
2014). Measurable α-syn gradients suggest that pathology spreads 
from the enteric nervous system to the CNS via the vagus nerve (Gelpi 
et  al., 2014; Braak et  al., 2003a). In 2003, the “Braak hypothesis” 
postulated that Parkinson’s disease pathology may be secondary to 
neuro-invasion of an unknown pathogen via the olfactory nerve or 
enteric nervous system. Braak developed a staging system focusing on 
introductory lesion sites first within the dorsal motor nucleus of 
glossopharyngeal and vagus nerves, as well as the anterior olfactory 
nucleus. He hypothesized alpha-synuclein aggregation moved into the 
brain secondarily (Braak et al., 2003a; Braak et al., 2003b).
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The phenomenon of transneuronal propagation—where 
pathological proteins spread from one neuron to another through the 
nervous system—has been explored in various neurodegenerative 
diseases. In mouse models of PD, a study by Kim S. et al. (2019) and 
Kim Y. H. et al. (2019) supported the hypothesis of transneuronal 
propagation of α-syn from the gut to the brain. It was found that 
injection of exogenous pre-formed α-syn fibrils (PFF) into the 
muscularis layer of the pylorus and duodenum stimulated PD-like 
aggregation and spread of pathologic endogenous α-syn from the 
myenteric plexus to the hippocampus and prefrontal cortex via the 
vagus nerve in a time-dependent manner (Kim S. et al., 2019; Kim 
Y. H. et  al., 2019). This led to loss of dopaminergic neurons and 
PD-like cognitive deficits in the mice (Kim S. et  al., 2019; Kim 
Y. H. et al., 2019). Further supporting the concept of transneuronal 
spread, both vagotomy and genome excision of endogenous α-syn 
prior to injection of α-syn PFFs prevented cognitive deficits and PD 
pathology from developing (Kim S. et al., 2019; Kim Y. H. et al., 2019). 
This is particularly relevant as human studies have shown that patients 
with truncal vagotomy have a lower risk of PD than controls (Svensson 
et al., 2015; Liu et al., 2017).

In Alzheimer’s disease, similar staging mechanisms have been 
developed with initial tau lesions in the transentorhinal cortex, 
moving into the entorhinal region and then more neocortical areas 
(Macedo et al., 2023). The olfactory bulb has been shown to be affected 
significantly by neurofibrillary tangles and has been considered a 
potential protein aggregation hub in AD by Braak et al. and others 
(Braak and Del Tredici, 2015; Mrdjen et al., 2019). This connection 
may serve as a pathway for protein aggregation, triggered by 
exogenous exposure through the nasal mucosa and cribriform plate 
via the olfactory bulb. While no research has yet demonstrated such 
clear transneuronal propagation, as seen in mouse models of PD, AD 
studies have highlighted transneuronal spread through early 
subcortical areas to the limbic and associated cortices (de Calignon 
et  al., 2012). Additionally, a singular autopsy case of Juvenile 
Alzheimer’s disease highlighted NFTs in the olfactory epithelium 
(Shimizu et al., 2004), supporting the use of nasal mucosa as target 
tissue for measuring AD biomarkers (Kim S. et  al., 2019; Kim 
Y. H. et al., 2019).

Signs and symptoms, as well as risk factors for each disease, seem 
to fit the general location of Braak’s hypotheses of introductory lesion 
sites (Braak et  al., 2003b; Braak and Del Tredici, 2015). 
Gastrointestinal signs and symptoms in the GI tract, such as 
constipation, inflammation, and appearance of α-syn in colonic 
submucosa, have been repeatedly reported in PD patients (Braak 
et al., 2002; Shannon et al., 2012; Devos et al., 2013). Early studies, 
including Braak et al. (2002) and Shannon et al. (2012) observed 
intestinal α-syn in aged non-PD individuals and presymptomatic PD 
patients, respectively. These findings have led to the hypothesis that 
gastrointestinal involvement may precede central nervous system 
pathology in Parkinson’s disease. Recent research has further 
elucidated the role of the gut in PD. For instance, Wang C. et al. 
(2021) and Wang Q. et al. (2021) highlighted that PD may originate 
in the gut, where dysbiosis disrupts intestinal barrier integrity and 
affects neurotransmitter activity. This dysbiosis may lead to increased 
intestinal permeability, allowing bacterial endotoxins to enter the 
bloodstream and eventually affect the CNS. However, further 
research is needed to fully understand the role of the gut in 
Parkinson’s disease, including the underlying mechanisms and 

pathways involved. In addition, many insights into the gut-brain axis 
come from animal models, which may not fully replicate 
human disease.

3.2.2 GI inflammation in PD and AD
Interestingly, genetic studies suggest that PD patients are more 

likely to have variations in genes associated with inflammatory bowel 
disease (IBD) such as Crohn’s Disease, including the leucine-rich 
repeat kinase genes (Rideout and Stefanis, 2014). However, there are 
drastic differences between the magnitude of inflammation in IBD 
(inflammation is visible on colonoscopy) and PD (typically normal on 
colonoscopy), suggesting that the type of inflammation in these two 
disorders may be  different. In IBD, inflammation is typically 
characterized by mucosal damage, ulceration, and inflammatory 
infiltrates (Lee et al., 2021). In contrast, inflammation associated with 
PD is more subtle and characterized by changes in gut microbiota 
composition and increase in intestinal permeability (Bellini 
et al., 2023).

In Alzheimer’s, most research has noticed more proximal GI 
region inflammation, as there has been a link between periodontal 
infections and AD (Kurtzman et al., 2024; Jungbauer et al., 2022). One 
study showed periodontitis exposure is associated with a 1.7-fold 
increase in the risk of developing AD via retrospective analysis (Chen 
et al., 2017), and IgG levels to common periodontal microbiota are 
associated with risk of developing AD (Noble et al., 2014). This may 
indicate these pathologies were present prior to neurologic damage. 
Specific periodontal bacteria taxa such as Porphyromonas gingivalis 
can exacerbate neuroinflammation and amyloid-beta deposition 
(Popescu et al., 2024; Bello-Corral et al., 2023). PD also presents with 
some proximal GI dysfunction, including gastroparesis and dysphagia 
(Sharma et al., 2025).

Looking at mid-GI tract areas, specifically the stomach and 
proximal small intestine, both patients with AD and PD have shown 
a higher prevalence of positive H. pylori testing compared to controls 
(Huang et al., 2018; Baj et al., 2021; Shen et al., 2017). This is important 
as H. pylori is known to stimulate systemic inflammation, which can 
disrupt the blood–brain barrier and promote neuroinflammation, 
potentially contributing to neurodegenerative processes (Bravo et al., 
2018). In AD, gastrointestinal changes primarily involve increased 
intestinal permeability and gut dysbiosis, contributing to systemic 
inflammation and neuroinflammation (Kuźniar et al., 2024). Distal GI 
changes in PD present as constipation and colonic mucosal alterations 
(Sharma et al., 2025).

3.2.3 Neuroinflammation, BBB, and gut 
permeability

It is known from other diseases that systemic inflammation can 
worsen neuroinflammation by influencing immunomodulation (Mou 
et al., 2022; Amanollahi et al., 2023). This is particularly important 
because neuroinflammation has been consistently defined as a 
hallmark of both AD and PD (Calsolaro and Edison, 2016; Araújo 
et al., 2022). Increased pro-inflammatory cytokine densities, such as 
IL-6, IL-1β, TGF-β, and TNF-α, have been seen in the serum of AD 
and PD patients (Lai et al., 2017; Qin et al., 2016) as well as CSF (Chen 
et al., 2018). Elevated levels of these cytokines can cross the blood–
brain barrier, leading to the activation of microglia and astrocytes in 
the central nervous system, perpetuating a cycle of neuroinflammation 
and neuronal damage.
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Microglia, the resident immune cells of the central nervous 
system, play a crucial role in neuroinflammation and 
neurodegenerative changes. M1 microglia are associated with the 
release of these pro-inflammatory cytokines and contribute to 
oxidative stress and neuronal damage. In contrast, M2 microglia are 
involved in anti-inflammatory responses, neuroprotection, and tissue 
repair (Guo et al., 2022). An increase in M1 microglia activation 
showed inflammation-mediated degeneration in the enteric nervous 
system and has been a major focus in neurodegenerative treatment 
for both diseases (Becker et al., 2018). Gut bacterial dysbiosis may 
cause systemic activation and subsequent neuroinflammation via M1 
microglial activation, altering the normal intestinal immune response 
and the integrity of the gut barrier and blood-brain barrier (BBB) 
(Popescu et al., 2024). Furthermore, M2 microglia-activating drugs 
suppressed neuroinflammation and improved the quality-of-life 
assessments of PD patients (Wakade et al., 2018).

Interestingly, similar mechanisms of immune activation have been 
observed in traumatic brain injury (TBI), one of the risk factors for 
AD and PD (Newcombe et al., 2018; Gardner et al., 2017). Similar to 
what is seen in PD and AD, major external forces activate M1 
microglia, causing an increase in inflammatory cytokines systemically 
and in the brain. This causes a decrease in blood–brain barrier 
integrity, contributing to brain pathology due to an increase in 
systemic immune cell CNS penetration and subsequent worsening of 
neuroinflammation (Zhang et al., 2018). A meta-analysis by Farrall 
and Wardlaw (2009) showed a high confidence interval between 
studies that found Alzheimer’s patients to have increases in BBB 
permeability compared to controls, and an overall increase in BBB 
permeability with aging. These immune effects are intuitive when 
discussing something like TBI due to direct neuronal damage; 
however, similar effects to the BBB have been observed in gut 
inflammatory states caused by GI diseases and microbiome dysbiosis 
(Bravo et al., 2018; Mou et al., 2022).

For example, inflammatory bowel diseases (IBD) led to an 
increase of peripheral macrophages and inflammatory myeloid cells 
in the hippocampus (Gampierakis et al., 2020). This suggests that 
individuals with gut inflammation may experience elevated BBB 
permeability (Gampierakis et al., 2020). Thus, direct interplay between 
systemic immunomodulation and neuroinflammation highlights the 
role of immune cells and cytokines in compromising BBB integrity. It 
has also been known that the microbiome can regulate systemic 
inflammation through metabolic pathways, and severe dysbiosis can 
significantly impact systemic immune regulation and inflammation 
(Mou et al., 2022; Chen et al., 2022; Thevaranjan et al., 2017). Dysbiosis 
alters the production of short-chain fatty acids, impairing the function 
of regulatory T cells and promoting a pro-inflammatory environment 
(Chen et  al., 2022). In addition, dysbiosis increases intestinal 
permeability, leading to microbial translocation (Thevaranjan et al., 
2017). Therefore, gut inflammation due to dysbiosis of bacterial 
species or improper diet could have major effects on BBB integrity if 
microglial activation occurs or if the gut inflammation causes a 
neuroinflammatory state (Shahbazi et al., 2023; Anand et al., 2022; 
Morys et al., 2024). This could be exacerbated by comorbidities or 
genetic predispositions to neuroinflammation, the most notable of 
which being the ApoE4 isoform of the APOE gene in AD, which 
increases the activation of pro-inflammatory M1 microglia (Dias 
et al., 2025). In PD, genetic mutations in the PINK1, PARKIN, and 
LRRK2 genes have also been associated with inflammatory pathways 

(Quinn et al., 2020; Sosero and Gan-Or, 2023). As an ongoing area of 
research, numerous gene loci have been identified as possible risk 
factors in PD and AD, but their impact on neuroinflammation 
specifically is not as well characterized (Huang et al., 2022; Jansen 
et al., 2019; Kunkle et al., 2019). In aggregate pathologies like PD and 
AD, the increases in neuroinflammation and BBB permeability would 
ultimately promote the spread of protein aggregates from peripheral 
nerves into introductory lesion sites in the CNS, as Braak hypothesized 
(Braak et al., 2003a; Braak et al., 2003b; Braak and Del Tredici, 2015).

3.3 Gut microbiota and its relevance to PD 
and AD

Research supports a bidirectional communication system between 
the gut microbiota and the brain, recognized as the “microbiota-gut-
brain axis.” Bacteria from the phylum Firmicutes and Bacteroidetes 
form a significant proportion (90%) of the adult gut microbiota, while 
Actinobacteria composes the rest (O’Toole and Jeffery, 2015). 
Microbial colonization of the gut occurs during birth, is highly 
dynamic through infancy, and resembles adult structure by about 
3 years of age (Koenig et al., 2010).

The gut microbiota and its antigens and metabolites are directly 
adjacent to enteric nerves, and alterations in its composition may lead 
to changes in gut permeability and intestinal barrier function, 
affecting GI epithelial cells, immune cells, and the enteric nervous 
system (Di Vincenzo et al., 2024). Although the immune system in the 
gut normally clears foreign material with minimal inflammation, 
these changes may provide a means through which bacteria and 
bacterial products can activate a systemic inflammatory response. As 
mentioned previously, this systemic immune activation can lead to an 
impaired blood–brain barrier and may ultimately promote 
neuroinflammation and worsen neuronal injury and degeneration. At 
the gut level, production of the pro-inflammatory cytokine TNF-α can 
be facilitated by microbial metabolic pathways, specifically palmitoleic 
acid metabolism and tryptophan degradation (Schirmer et al., 2016; 
Hays et  al., 2024). Conversely, studies have shown that oral 
administration of certain “healthy” bacteria such as Bifidobacterium 
infantis have been shown to decrease plasma TNF-α and IL-6 levels 
(Groeger et al., 2013).

Studies in transgenic mouse models of AD have demonstrated 
that manipulating gut microbiota can either increase or decrease 
cerebral amyloid deposition in the brain, indicating some bacterial 
profiles promote, while others hinder, protein aggregate propagation 
(Minter et al., 2016; Harach et al., 2017). Similarly, a study in PD 
model mice confirms that the gut microbiota contributes to motor 
deficits and neuroinflammation, suggesting that alterations in the 
human intestinal microbiome may represent a risk factor for PD 
(Sampson et al., 2016).

A systematic review by Heravi et al. (2023) looked at 42 studies 
(26 PD and 16 AD) to compare gut microbiota composition in both 
conditions at the phylum and family levels. Across both healthy and 
disease groups, the most common bacterial phyla identified were 
Bacteroidetes, Firmicutes, and Proteobacteria. In PD studies, gut 
dysbiosis in patients was marked by higher levels of Akkermansia, 
Verrucomicrobiaceae, Lachnospiraceae, and Ruminococcaceae, while 
healthy controls had more Blautia, Coprococcus, Prevotellaceae, and 
Roseburia. In AD studies, Bacteroides and Acidobacteriota were more 
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abundant in patients, while Acidaminococcaceae, Firmicutes, 
Lachnospiraceae, and Ruminiclostridium were more common in 
controls. Overall, the microbial signature analysis found associations 
between PD and bacteria like Akkermansia, Lachnospiraceae, 
Verrucomicrobiaceae, Bifidobacterium, Ruminococcaceae, and 
Verrucomicrobia. In contrast, Ruminococcaceae, Bacteroides, and 
Actinobacteria were more closely linked to AD (Heravi et al., 2023). 
While this review is valuable for identifying broad patterns of 
dysbiosis, its focus on phylum and family levels limits insight into 
specific microbial products or antigens that may contribute to disease 
pathogenesis. Although our approach is less formal, our curated 
sources revealed similar family-level findings (see 
Supplementary Tables 1, 2). This review builds on that by 
emphasizing genus-level changes and their potential metabolic or 
antigenic roles. A summary of these genus-level findings from 
various studies is provided in Supplementary Table  3 for 
interested readers.

A prominent example of bacterial alterations reported in literature 
is the consistent elevation of the genus Akkermansia in Parkinson’s 
disease patients compared to controls (Li et al., 2019; Lin C. H. et al., 
2019; Lin C. et al., 2019; Zhang et al., 2020; Bedarf et al., 2017; Heintz-
Buschart et al., 2018; Barichella et al., 2019; Vascellari et al., 2020; 
Keshavarzian et  al., 2015; Tan et  al., 2021; Baldini et  al., 2020; 
Lubomski et  al., 2022; Toh et  al., 2022). Although Akkermansia 
muciniphila is generally considered beneficial for gut health, its 
overabundance in PD may have detrimental effects (Zhao et al., 2024). 
Notably, some studies have observed an inverse relationship between 
A. muciniphila abundance and the thickness of the gut mucin layer, 
especially in contexts of prolonged fiber deficiency. This may lead to 
excessive mucin degradation, resulting in colonic mucosa damage, 
increased endotoxin leakage, and tissue injury (Desai et al., 2016; 
Amorim Neto et al., 2022). These context-dependent effects suggest 
Akkermansia’s role can shift from protective to pathogenic under 
certain conditions, highlighting the need for further research. 
Moreover, a mouse model demonstrated that A. muciniphila can 
induce mitochondrial calcium overload in enteroendocrine cells, 
increasing reactive oxygen species (ROS) and promoting α-synuclein 
aggregation within the intestinal mucosa (Amorim Neto et al., 2022). 
Such findings imply that elevated intestinal Akkermansia may 
contribute to α-synuclein pathology and epithelial barrier dysfunction 
in PD. Elucidating which microbial metabolites or pathways influence 
host health will be critical to understanding how the gut-brain axis 
impacts neurodegenerative diseases like AD and PD.

A key similarity between AD and PD is the potential role of 
bacterial biofilms in disease progression. Some bacteria, particularly 
Escherichia, release curli amyloid, an extracellular matrix biofilm that 
has been linked to α-syn aggregation in C. elegans and mouse models 
of PD (Wang C. et al., 2021; Wang Q. et al., 2021; Sampson et al., 
2020). Notably, an increase in Escherichia populations has been 
observed, raising the possibility that LPS-induced intestinal 
permeability could expose endogenous α-synuclein to bacterial 
biofilms, triggering pathogenic protein aggregation (Zhao et al., 2018; 
Pietrucci et al., 2019; Vascellari et al., 2020; Hopfner et al., 2017; Toh 
et al., 2022; Cattaneo et al., 2017.) Given that bacterial components 
have also been found in AD plaques (Miklossy, 2016; Dominy et al., 
2019), a similar mechanism may contribute to amyloid pathology in 
AD. Additional microbial shifts related to specific metabolites and 
antigenic factors are discussed in subsequent sections.

It is important to note here that most current evidence in humans 
derives from observational studies, which can demonstrate 
correlations between dysbiosis and neurodegenerative pathology but 
are limited in establishing causality. These studies often face 
confounding variables related to host physiological differences and 
significant microbial variation between individuals, even within the 
same population. Also, utilizing humans in experimental models that 
could provide some insight into causality—such as fecal microbiota 
transplantation from diseased individuals to healthy ones—would 
be unethical. Therefore, it is vital to interpret all studies within their 
respective limitations, acknowledging that establishing a direct causal 
relationship between microbial products and neurodegeneration will 
likely depend on animal disease models, which pose challenges in 
translating findings to humans.

3.3.1 Short chain fatty acids in AD and PD
Much of the microbiome’s effects on host homeostasis are due to 

short-chain fatty acids (SCFA), metabolites derived from bacterial 
fermentation of dietary fibers and polysaccharides in the gut that have 
been shown to fuel intestinal epithelial cells and regulate their function 
(Parker et  al., 2020; Parker et  al., 2020; Martin-Gallausiaux et  al., 
2021). Acetate, butyrate, and propionate are the primary SCFA 
molecules produced from gut bacteria by fermentation (Mann et al., 
2024). These SCFAs play crucial roles in maintaining intestinal 
homeostasis, modulating immune responses, and supporting gut 
barrier function (Yamada et al., 2015; Silva et al., 2020; Hays et al., 
2024). Among them, butyrate is particularly well-characterized due to 
its robust anti-inflammatory properties and neuroprotective effects 
(Hays et al., 2024; Singh et al., 2014).

In patients with Parkinson’s Disease (PD), quantitative analysis of 
fecal samples has revealed significantly reduced concentrations of 
acetate, propionate, and butyrate compared to healthy controls (Unger 
et al., 2016). These reductions exceeded the typical age-related decline, 
suggesting a disease-specific alteration in SCFA metabolism. These 
findings support the hypothesis that reduced butyrate levels may 
impact the enteric nervous system (ENS), potentially contributing to 
gastrointestinal dysmotility—a common non-motor symptom of PD 
(Unger et al., 2016).

In Alzheimer’s disease (AD), findings have been more 
heterogeneous. Some studies report increased salivary concentrations 
of acetate and propionate but decreased butyrate levels in both feces 
and brain samples (Iilmaz et al., 2017; Zhang et al., 2017). Yet other 
data show lower serum acetate concentrations in AD patients, 
highlighting the complexity and inconsistency in SCFA distribution 
across body compartments (Cui et al., 2020).

Mechanistically, butyrate plays a uniquely protective role among 
SCFAs. It has been shown to reduce pro-inflammatory cytokine release 
from dendritic cells and protect dopaminergic neurons, whereas these 
effects have not been as clearly demonstrated for acetate or propionate 
(Hays et al., 2024; Nastasi et al., 2015; Kidd and Schneider, 2010). In 
mouse models of TBI, butyrate treatment improved neurological 
function, decreased brain edema, and mitigated neurodegeneration and 
BBB dysfunction (Li et al., 2018). It has also been shown to enhance 
α-synuclein clearance, reduce amyloid uptake, and improve cognition 
and memory in PD and AD models (Qiao et al., 2020; Marizzoni et al., 
2020; Wang et al., 2022). These findings support the importance of 
butyrate in neurodegeneration prevention due to its potential to impact 
inflammation and protein aggregation.
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Genus-level analyses in both PD and AD cohorts have 
demonstrated reductions in known SCFA-producing bacteria, 
including Blautia, Roseburia, and Faecalibacterium (Lin et al., 2018; 
Zhao et al., 2018; Vascellari et al., 2020; Keshavarzian et al., 2015; 
Scheperjans et al., 2015; Tan et al., 2021; Hopfner et al., 2017; Liu et al., 
2018; Bedarf et al., 2017; Weis et al., 2019; Cosma-Grigorov et al., 
2020; Cirstea et al., 2020; Haran et al., 2019; Toh et al., 2022; Hill-
Burns et al., 2017; Petrov et al., 2017; Lubomski et al., 2022; Li et al., 
2017; Ueda et al., 2021). These genera are among the most consistent 
SCFA producers, and their decline may lead to reduced SCFA levels 
seen in feces and serum.

While it is challenging to attribute specific SCFA production to 
genera due to intra-genus variability, several reviews estimate SCFA 
preferences by examining metabolic pathways (Hays et al., 2024; Deleu 
et al., 2021). For instance, Roseburia and Faecalibacterium are more 
closely linked to butyrate production (Hays et al., 2024). In support of 
this, the species Roseburia intestinalis has demonstrated anti-
inflammatory activity in colitis models, presumably due to its butyrate 
output (Ruan et al., 2022). Loss of such butyrate-producing bacteria may 
therefore contribute to gut inflammation and compromised intestinal 
barrier function in neurodegenerative conditions.

Conversely, changes in Blautia levels may exert different effects. 
Although often cited as a SCFA producer associated with acetate and 
propionate, increased levels of Blautia have been implicated in 
metabolic disorders, potentially due to acetate-driven insulin release 
(Ordoñez-Rodriguez et al., 2023). In studies on multiple sclerosis, 
Blautia levels were inconsistently altered, with some reporting 
increases and others decreases (Aresella et al., 2020; Ventura et al., 
2019). This suggests Blautia’s role in disease may depend on the 
disease context or other microbial interactions.

Despite butyrate’s extensive characterization, recent reviews have 
indicated that acetate and propionate may also confer neuroprotective 
benefits in the context of AD and PD (Popescu et al., 2024; Alam 
et  al., 2024; Yassin et  al., 2025). Interestingly, although SCFA-
producing bacteria are frequently altered in AD and PD, those 
increases often favor acetate and propionate production. Still, Blautia, 
a key producer of these acids, is reduced in many PD cohorts. This 
suggests that there may be optimal ranges for SCFA concentrations, 
and excesses or deficiencies may both contribute to disease risk. 
Targeted profiling of each SCFA’s role is necessary for deeper 
mechanistic insight. Together, these findings suggest that SCFA 
imbalances—particularly reduced butyrate and context-dependent 
shifts in acetate and propionate—may disrupt gut and brain 
homeostasis in PD and AD, supporting a key mechanistic link 
between microbial metabolism and neurodegenerative 
disease progression.

3.3.2 Other metabolites associated with PD and 
AD

Vascellari et  al. (2020) correlated microbiome changes with 
metabolic alterations by using gas chromatography–mass 
spectrometry (GC–MS) to analyze gut metabolites in PD patients at a 
family level. Their findings showed an increase in Bifidobacteriaceae 
corresponded with decreased pyroglutamic acid and glutamic acid, 
and increased Bacteroidaceae in PD patients was correlated with 
decreased linoleic acid. Increased Streptococcaceae and decreased 
Sphingobacteriaceae were both linked to higher cadaverine levels. No 
similar study was done in AD patients.

Glutamic acid is a neurotransmitter implicated in PD and AD 
pathogenesis (Figura et al., 2018; Chang et al., 2020). As a precursor 
of glutathione, reduction in glutamic acid may reflect an increase in 
oxidative stress in disease progression or secondary to microbial shifts 
that impact glutamate metabolism (Chang et al., 2020). Also, several 
studies have reported that the serum of PD patients showed decreased 
levels of several long-chain omega-6 polyunsaturated fatty acids 
(PUFAs), including linoleic acid (Hernando et al., 2019; Schulte et al., 
2016). Like glutamic acid, linoleic acid has been associated with 
protective effects against oxidative stress, thus suggesting that 
reduction in PUFAs in PD may reflect excessive oxidative stressors 
leading to increased disease progression (Vascellari et  al., 2020). 
Conversely, AD derived gut microbiota in a study of mice was shown 
to enhance proinflammatory pathways for PUFA metabolism in the 
brain (Chen et al., 2022). Thus, increased PUFAs in the gut could 
worsen AD pathogenesis due to microbiome dysbiosis. Interestingly, 
oxidized linoleic acid metabolites (OXLAMs) have been associated 
with AD pathogenesis, thus there could be negative effects to the 
oxidation process as well (Mercola and D’Adamo, 2023). Therefore, in 
both AD and PD, decreased PUFAs might actually reflect increased 
oxidative damage leading to the harmful oxidation products that 
worsen neurodegeneration.

The polyamine cadaverine is a product of bacterial and human 
co-metabolism and has been reported to have a toxic effect, likely due 
to oxidative stress produced by its catabolism (Vascellari et al., 2020; 
Santoru et al., 2017). Some studies suggest that cadaverine is involved 
in the inhibition of intestinal motility (Sanchez et al., 2017; de la Rivas 
et al., 2006), which may decrease the normal clearance of pathogens 
or toxic substances from the GI tract. Another study found an increase 
in cadaverine in patients with IBD, suggesting that higher levels of 
cadaverine may be associated with a proinflammatory environment 
(Santoru et  al., 2017). The risk of periodontitis and AD may 
be facilitated by an increase in cadaverine due to its ability to interfere 
with cell signaling and cause leukocyte migration disruption (Amin 
et al., 2021).

3.3.3 Lipopolysaccharide and inflammatory 
pathways in AD and PD

Gram-negative bacteria represent a significant public health 
concern due to their high antibiotic resistance and frequent 
involvement in human disease (Oliveira and Reygaert, 2022). Among 
them, certain genera commonly found in the human gut, such as 
Alistipes and Bacteroides, have been increasingly implicated in 
inflammatory and neurodegenerative conditions. Alistipes, a relatively 
new genus within the Bacteroidetes phylum, has been associated with 
gut inflammation and psychological disorders including anxiety, 
depression, and myalgic encephalomyelitis/chronic fatigue syndrome 
(Parker et al., 2020; Parker et al., 2020). Several studies have reported 
increased abundance of Alistipes in both PD and AD (Lin et al., 2018; 
Li et al., 2019; Qian et al., 2018; Qian et al., 2020; Li et al., 2020; Toh 
et al., 2022; Vogt et al., 2017; Cammann et al., 2023; Haran et al., 2019; 
Hung et al., 2022). Similarly, Bacteroides has been frequently identified 
in inflammatory contexts. Bacteroides vulgatus and Bacteroides fragilis, 
for instance, have been isolated from patients with Crohn’s disease and 
are associated with intra-abdominal abscesses, appendicitis, and 
inflammatory bowel disease (Zafar and Saier, 2021). In AD and PD 
patients, Bacteroides shows variable trends, with some studies 
reporting increased abundance (Keshavarzian et al., 2015; Vogt et al., 
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2017; Cammann et al., 2023; Haran et al., 2019; Hung et al., 2022) and 
others showing reductions (Vascellari et al., 2020; Petrov et al., 2017; 
Zhuang et al., 2018).

The Enterobacteriaceae family, accounts for approximately 80% of 
gram-negative isolates and includes several other pathogenic genera 
such as Escherichia, Proteus, Enterobacter, Klebsiella, Citrobacter, 
Yersinia, Shigella, and Salmonella. A key structural component of these 
bacteria, shared with Alistipes and Bacteroides, is lipopolysaccharide 
(LPS), a potent endotoxin. At the gut level LPS activates TLR4 receptors 
that lead to a rapid release of pro-inflammatory cytokines, including 
TNF-α, IL-1β, and IL-6, via both MyD88-dependent and TRIF-
dependent pathways, resulting in increased intestinal permeability, 
immune cell recruitment, and amplification of local and systemic 
inflammation (Gryka-Marton et al., 2025; Singh et al., 2022; Guo et al., 
2015; Bruning et al., 2021). Figure 1 illustrates the pathways through 
which gut dysbiosis, driven by specific microbiota shifts observed in 
AD and PD, induces distinct patterns of cytokine release. The MyD88-
dependent pathway is activated at the plasma membrane upon TLR4 
engagement of LPS leading to the activation of NF-κB and MAPKs, 
resulting in the release of pro-inflammatory cytokines including 
TNF-α, IL-1β, and IL-6. The TRIF-dependent pathway is activated after 
TLR4 is internalized into endosomes, where it recruits TRAM and 

TRIF adaptors producing type I  interferons and a delayed wave of 
pro-inflammatory cytokines, likely contributing to chronic 
inflammation and further immune cell recruitment (Perez-Pardo et al., 
2019; Lin C. H. et al., 2019; Lin C. et al., 2019). When translocated from 
the gut into systemic circulation, LPS can trigger immune responses 
systemically and chronic low-grade TLR4-mediated inflammation as 
well (Di Vincenzo et al., 2024; Wei et al., 2024). This process, often 
referred to as metabolic endotoxemia, has been implicated in the 
development of type 2 diabetes, multiple sclerosis, and 
neurodegeneration in mouse models (Cani et al., 2008; Gambuzza 
et al., 2011). LPS may also prime microglia through TLR4/MyD88 
signaling pathways, further amplifying neuroinflammation via further 
cytokine release (Wang et al., 2023; Ausseil et al., 2008).

LPS from Gram-negative bacteria can also activate TLR4 on 
immune cells such as dendritic cells (Banks et al., 2015). Activated 
dendritic cells contribute to both local and systemic immune activation 
by amplifying cytokine production and trafficking to lymphoid tissues. 
Once in circulation, these cytokines can affect distant organs, including 
the brain. Within the central nervous system, these circulating 
inflammatory mediators can promote activation of microglia and 
astrocytes, both of which secrete additional inflammatory factors that 
impair synaptic function and neuronal health (Erny et  al., 2015; 

FIGURE 1

Pathways by which gut dysbiosis associated with AD and PD promotes gut and neuroinflammation through systemic and microglial-mediated cytokine 
release. Disease-specific alterations in gut microbial composition differentially affect signaling cascades but converge on increasing gut barrier 
permeability via elevated proinflammatory cytokines commonly observed in both AD and PD. Notably, lipopolysaccharide (LPS) from specific gut 
bacteria activates TLR4/MyD88 signaling, leading to increased production of TNF-α, IL-1β, and IL-6 through the MyD88-dependent pathway, and type 
I interferons via the TRIF-dependent pathway. Locally, gut-derived cytokines disrupt epithelial integrity and enhance permeability, while systemically 
they drive chronic inflammation. Gut barrier dysfunction may be further exacerbated by reduced levels of SCFAs and increased mucin degradation, 
particularly from Akkermansia muciniphila. TLR4/MyD88 activation also contributes to M1 microglial polarization and CNS cytokine release, which 
compromise tight junctions in cerebral endothelial cells, thereby increasing BBB permeability. These inflammatory pathways may also contribute to 
pathological protein aggregation. Legend:* Bacteria closely linked to butyrate production. **Bacteria with robust anti-inflammatory and 
neuroprotective properties. Highlighted cytokines are those elevated in the serum and CSF of AD and PD patients.α-syn: alpha-synuclein; BBB: blood–
brain barrier; LPS: lipopolysaccharide; ROS: reactive oxygen species; SCFA (s): short-chain fatty acid(s); TLR: toll-like receptor; TRIF: TIR-domain–
containing adaptor-inducing interferon-β; TRAM: TRIF-related adaptor molecule.
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Ransohoff and Brown, 2012). Astrocytes also play a role in 
compromising BBB permeability, further enabling immune mediators 
to infiltrate the brain parenchyma (Braniste et al., 2014). In parallel, 
ependymal cells lining the brain ventricles, which regulate 
cerebrospinal fluid homeostasis, respond to these inflammatory cues 
and may facilitate neuroimmune signaling. The culmination of these 
processes is a feed-forward loop of neuroinflammation, increased BBB 
permeability, and progressive neuronal dysfunction (Engelhardt and 
Ransohoff, 2012). These interactions at the gut epithelium and blood–
brain barrier are illustrated in Figure 2.

Increased levels of Escherichia/Shigella have also been reported 
in multiple studies of AD and PD (Zhao et al., 2018; Pietrucci et al., 
2019; Vascellari et al., 2020; Hopfner et al., 2017; Toh et al., 2022; 
Cattaneo et al., 2017). These genera are associated with gut-brain axis 
pathology, including generalized anxiety disorder (Baske et al., 2024). 
While these increases in LPS-producing bacteria support the idea of 
LPS-induced inflammation, recent findings complicate this 
interpretation. Some commensals produce structurally distinct forms 

of LPS with lower immunogenicity, particularly due to differences in 
the lipid A domain, which can reduce TLR signaling and induce anti-
inflammatory effects (d’Hennezel et al., 2017).

LPS itself is highly variable. Its structure can differ by genus, 
species, and even strain, and bacteria vary in how much LPS they 
produce. These differences contribute to diverse immune outcomes 
(Caroff et al., 2002). For example, Shigella flexneri LPS is about 100 
times less immunostimulatory than E. coli LPS, whereas Pseudomonas 
testosteroni LPS is 60 percent more active (Laude-Sharp et al., 1990). 
These observations likely reflect evolutionary adaptations in 
commensal and pathogenic bacteria (Caroff et al., 2002).

This variability suggests that the inflammatory consequences of 
LPS depend not just on abundance but also on the types of LPS 
present. A shift toward highly immunogenic LPS-producing species 
may exacerbate systemic inflammation and neurodegenerative disease 
progression. Species-level analysis, especially focusing on the immune 
activation potential of LPS variants, could provide deeper insight into 
microbial contributions to neuroinflammation in AD and PD.

FIGURE 2

Lipopolysaccharide (LPS) binds to Toll-like receptor 4 (TLR4) on gut epithelial and immune cells, including dendritic cells, triggering the release of 
proinflammatory cytokines. Activated dendritic cells amplify the immune response and promote systemic inflammation as cytokines enter circulation. 
These circulating mediators reach the brain, where they activate microglia and astrocytes, leading to the release of additional proinflammatory factors 
that disrupt neuronal function. Astrocytes also contribute to blood–brain barrier (BBB) breakdown, while ependymal cells, normally involved in 
cerebrospinal fluid regulation, respond to inflammatory signals and may facilitate further neuroinflammatory spread. This cascade increases BBB 
permeability, allowing more immune mediators into the CNS and exacerbating neuronal dysfunction.
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It is also important to consider intra-genus variability. Alistipes, 
Escherichia/Shigella, and Bacteroides are all gram-negative and capable 
of expressing LPS, but their impact likely varies based on species-
specific antigens and metabolites. Elevated bacterial loads may 
enhance TLR activation, but additional factors such as LPS subtype or 
metabolic byproducts may shape the host immune response. Future 
research should aim to identify species and strains whose LPS profiles 
or associated metabolites directly contribute to neuroinflammatory 
states or pathological protein aggregation in AD and PD.

3.3.3.1 LPS and protein aggregation in both AD and PD
In vitro and in  vivo studies have demonstrated an association 

between LPS and the pathologic protein changes seen in AD and PD, 
discussed earlier. In AD, LPS has been found within the typical senile 
plaque lesions of AD brains (Asti and Gioglio, 2014; Sheng et al., 
2003). Interestingly, co-incubation of Aβ peptide with E. coli LPS 
organized compact fibrils and potentiated amyloid fibrillogenesis (Asti 
and Gioglio, 2014). Also, systemic injection of LPS in wild-type and 
transgenic AD mice results in greater amyloid deposition and tau 
pathology compared to saline-injected controls (Sheng et al., 2003).

In PD, LPS is known to modulate α-syn aggregation in vitro and 
elicits multiple PD-like pathological effects in vivo (Liu and Bing, 
2011; Paslawski et  al., 2014). LPS accelerates α-syn aggregation 
kinetics by increasing growth rate and decreasing half-life and lag 
time; this is associated with the formation of alternative intermediate 
conformations that dictate the overall fibrillar morphology (Paslawski 
et al., 2014). Wild-type α-syn alone undergoes a gradual structural 
conversion from random coil to beta-sheet structure via formation 
of a transient, helix-rich intermediate state that gives way to matured 
beta-sheet fibrillar forms (Paslawski et al., 2014). However, LPS and 
α-syn interactions result in stabilization of these intermediate helical 
forms (Liu and Bing, 2011). In one study, these intermediates 
remained stable for about 96 h when equimolar concentrations of 
LPS:α-syn were used, and the duration of LPS-mediated stability 
increased with increasing concentrations of LPS (Bhattacharyya 
et al., 2019).

Thus, the role of the gut microbiota in neurodegenerative diseases 
likely extends beyond general inflammation, involving specific 
microbial profiles that may actively promote or inhibit protein 
aggregation and neuroinflammation. However, definitively establishing 
a causal relationship between microbial products, such as LPS, and 
neurodegenerative pathology remains challenging. This difficulty is 
compounded by the limited translatability of animal models to human 
disease, as well as the high variability in human microbiota 
composition, immune thresholds, and baseline gut epithelial integrity, 
all of which introduce significant confounding variables.

3.4 Hypothesized microbiota-gut-brain 
axis mechanisms for PD and AD 
pathogenesis

The microbiota-gut-brain axis links gut microbial dysbiosis to 
Parkinson’s disease and Alzheimer’s disease pathogenesis through 
systemic inflammation, blood–brain barrier dysfunction, and protein 
aggregation. This section synthesizes findings on microbial shifts, 
metabolites (SCFAs and LPS) and neural pathways to propose 
mechanisms driving PD and AD, as illustrated in Figures 3, 4.

In PD, as outlined prior, the Braak hypothesis posits that α-syn 
pathology may originate in the gut, with aggregates spreading to the 
CNS via the vagus nerve. This is supported by evidence of α-syn 
aggregates in the ENS of PD patients, often preceding motor symptoms 
by years, and by the observation that truncal vagotomy reduces PD risk 
(Braak et al., 2003a; Svensson et al., 2015; Liu et al., 2017). Changes in 
the microbiome, specifically an increase in Akkermansia combined 
with a low fiber diet, may predispose patients to an unhealthy gut 
lining that is more susceptible to exogenous insult. Elevated levels of 
pathogenic forms of LPS can further promote endothelial damage 
and chronic gut level inflammation, as well as systemic inflammation 
through cytokine release into circulation or by enabling bacterial 
translocation across the compromised gut lining. With reductions in 
SCFA producing bacteria, particularly butyrate producers like 
Roseburia, this inflammation may go unchecked, leading to increased 
epithelial permeability and elevated systemic cytokine levels. 
Additionally, increased barrier permeability may expose endogenous 
α-syn to environmental factors such as curli amyloid or other 
bacterial metabolites that promote local oxidative stress, facilitating 
its aggregation and propagation along the gut lining. This aggregated 
α-syn can then spread to more proximal regions via the vagus or 
olfactory nerve, a process further exacerbated by systemic 
inflammation and reduced SCFA levels, which contribute to increased 
BBB permeability (Figure 3).

In AD, the Braak hypothesis posits tau pathology begins in the 
transentorhinal cortex, potentially initiated by oral/nasal microbial 
products via the olfactory bulb, as neurofibrillary tangles are found 
in the olfactory epithelium (Braak and Del Tredici, 2015; Shimizu 
et al., 2004). While there are currently no models demonstrating beta 
amyloid or tau pathology traveling from the gut to the brain in AD, 
similar routes of propagation via cranial nerves, particularly the 
olfactory nerve, warrant further exploration. Increased intestinal 
permeability and systemic inflammation may facilitate the spread or 
exacerbation of Aβ and tau pathology by compromising the BBB and 
promoting microglial activation. Microbial metabolites, such as 
cadaverine, may further disrupt cell signaling and exacerbate 
neuroinflammation (Amin et  al., 2021). Gut dysbiosis in AD 
illustrated increases in proinflammatory taxa such as Alistipes and 
Bacteroides, a reduction in SCFA producing bacteria, and the 
presence of pathogenic species like Porphyromonas gingivalis and 
Helicobacter pylori. These microbial changes promote chronic gut and 
oral inflammation and contribute to systemic inflammation through 
mechanisms such as LPS mediated TLR4 activation. This 
inflammation may be more pronounced in individuals carrying the 
APOE ε4 allele, which enhances proinflammatory M1 microglial 
responses (Dias et  al., 2025). These pathways are illustrated in 
Figure  4. Together, these mechanisms suggest that targeting gut 
inflammation and restoring a more anti-inflammatory microbial 
composition may be a viable strategy for slowing AD progression and 
mitigating neuroinflammatory damage.

4 Limitations and future directions

Understanding microbiome changes in PD and AD involves 
several limitations that shape our interpretations and guide future 
research. Fecal microbiome analyses have inherent limitations, as they 
provide only a snapshot of the gut microbiome and primarily reflect 
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FIGURE 3

Potential mechanism by which PD is impacted by microbiome shifts. Microbial dysbiosis or infection can elevate gut and systemic inflammation 
through LPS-induced inflammatory pathways and reduced SCFA production. This systemic and neuroinflammation compromises BBB integrity, 
facilitating alpha-synuclein propagation via the Vagus nerve to the CNS. Dysbiosis may trigger gut-level alpha-synuclein aggregation in response to 
exogenous factors, with systemic inflammation further enhancing its spread. In the gut, alpha-synuclein aggregation disrupts enteric nervous system 
function, leading to constipation and GI dysmotility, which further exacerbates microbiome dysbiosis, creating a vicious cycle of neuroinflammation 
and gut dysfunction.
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FIGURE 4

Microbiota dysbiosis—such as increased levels of LPS and reduced SCFA producing bacteria—or gastrointestinal infections like H. pylori or periodontal 
disease, can trigger gut and systemic inflammation. This inflammation activates systemic immune pathways that increase blood brain barrier (BBB) 
permeability. As the BBB becomes more permeable, the brain becomes more vulnerable to exogenous factors, including microbial metabolites or 

(Continued)
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bacteria from the distal colon. This limitation is particularly relevant 
in PD research since the vagus nerve has been shown to have clear 
influence on pathogenesis, but vagal innervation ends around the 
splenic flexure. However, testing proximal microbiome profiles – 
between the esophagus and the transverse colon – is challenging due 
to the invasive nature of available procedures. Also, the microbial 
composition varies significantly along different segments of the GI 
tract, with distinct microbiota in the upper GI tract (e.g., stomach 
and duodenum) compared to the lower GI tract (e.g., colon and 
rectum). Additionally, microbiome sampling via colonoscopy may 
not accurately reflect the natural state of the colon due to 
pre-procedure preparation such as fasting and bowel cleansing.

For both AD and PD, sampling from the distal esophagus and 
proximal duodenum could provide valuable insights, especially given 
the role of H. pylori and other proximal infections in systemic 
inflammation and vagus nerve involvement. Endoscopic biopsies 
could enable such studies, but obtaining sufficient patient and control 
data presents a significant challenge.

AD microbiome research lags behind PD, with fewer studies 
and a focus on fecal data that may overlook oral or nasal influences 
on pathology. However, gut dysbiosis could still amplify AD’s 
neuroinflammation. Thus, fecal microbiome sampling remains 
valuable for identifying gut-derived factors that may exacerbate 
neuroinflammation and worsen AD progression by microglial 
cytokine release and increased BBB permeability. Additionally, 
significant associations between specific bacterial species or 
SCFAs may be overlooked because most studies focus on broad 
taxonomic classifications at the family or genus level. This review 
emphasizes the need for more precise bacterial analyses at the 
species or strain level to uncover novel pathological mechanisms. 
This is especially important since many bacteria previously 
thought to be beneficial, such as those in the genus Akkermansia, 
are shown to be  increased. However, without concurrent 
metabolomic analysis, the functional implications of these 
microbial shifts remain unclear. Microbiome profiling alone 
provides limited insight into mechanistic pathways, as it does not 
capture the dynamic metabolic outputs of microbial communities. 
Integrating species-level with metabolome analysis is therefore 
essential to elucidate how specific bacterial strains and their 
metabolites influence host physiology and disease progression.

To definitively establish a causal link between specific microbial 
products and pathological protein aggregation or neuronal death in 
AD and PD models, improved species and metabolite-level analyses 
are needed, along with clearer experimental animal models that can 
directly follow protein aggregates. Approaches such as colonizing 
germ-free animal models with specific bacterial strains or profiles 
may help observe direct effects on neurodegenerative pathology. 
Additionally, administration or depletion of specific microbial 
metabolites—like short-chain fatty acids or lipopolysaccharides—
can clarify their roles in modulating protein aggregation and 
neuroinflammation. Fecal microbiota transplantation experiments, 

whereby microbiota from diseased versus healthy subjects are 
transferred into recipient animals at different points of the digestive 
tract, may offer further insight into causative relationships. In vitro 
neuronal cultures exposed to microbial products can also provide 
mechanistic understanding of how bacteria influence protein 
misfolding and neuronal health. Despite these strategies, challenges 
remain, including the complexity of microbiome and nervous 
system, variability in host genetics and environment, and 
translatability between animal models and humans due to 
physiology and diet differences. Addressing these hurdles is critical 
for moving beyond correlation, enabling a clearer understanding of 
how specific microbial factors drive neurodegeneration, and 
ultimately guiding the development of microbiome-
targeted therapies.

Furthermore, translating these findings into personalized 
microbiome-based therapies faces significant hurdles. Individual 
variability in host genetics, diet, and concurrent medications 
influence the microbiome and its metabolites, likely altering 
therapeutic outcomes. For instance, dietary habits can promote 
certain microbiota profiles, while medications such as antibiotics, 
anticholinergic drugs in AD, or dopaminergic treatments common 
in PD patients may disrupt microbial balance and gut transit time 
(Hays et al., 2024; Popescu et al., 2024; Menozzi and Schapira, 2024). 
Developing interventions to modulate systemic inflammation, 
blood–brain barrier integrity, or neural propagation in AD and PD 
will require a better understanding of how host-specific factors 
impact therapy design. This review aims to guide researchers toward 
specific bacterial species and microbial products that warrant more 
precise study, with the goal of developing therapies that foster 
microbiota profiles capable of reducing systemic inflammation and 
limiting the influence of external factors that may contribute to 
pathological protein aggregation.

5 Conclusion

The microbiota–gut–brain axis offers a promising framework for 
understanding the pathogenesis of Alzheimer’s disease and 
Parkinson’s disease. This review highlights how gut dysbiosis may 
contribute to aggregate pathology through its influence on BBB 
permeability, neuroinflammation, and aggregation pathways. These 
effects may be mediated by reductions in SCFA-producing bacteria 
and increases in bacteria with antigenic components like bacterial 
lipopolysaccharide. In PD, such microbial shifts are associated with 
α-synuclein propagation via the vagus nerve, while in AD, they 
appear to amplify systemic inflammation and may contribute to 
amyloid-β/tau pathology, potentially through olfactory or systemic 
immune routes. Shared mechanisms, such as LPS-driven 
inflammation and decreased butyrate levels, suggest overlapping 
therapeutic targets, while distinct microbial profiles (e.g., increased 
Akkermansia in PD) illustrate the importance of disease-specific 

bacterial antigens, which may contribute to the aggregation of beta amyloid or tau. These aggregates could be initiated by microbial products from the 
nasal or oral cavity and spread to the brain via the olfactory or other cranial nerves. This process amplifies neuroinflammation in the central nervous 
system, accelerating neuronal damage and cognitive decline in Alzheimer’s disease.

FIGURE 4 (Continued)
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strategies. By identifying potential microbiome-based biomarkers, 
including key bacterial taxa and metabolites, this review supports 
further research into early diagnostic tools and microbiota-targeted 
interventions, such as probiotics or dietary modification. Ongoing 
exploration of the microbiota–gut–brain axis will be essential for 
advancing medicine approaches to these complex 
neurodegenerative diseases.

Author contributions

JP: Conceptualization, Writing – original draft, Writing – review 
& editing. KH: Writing – review & editing, Writing – original draft, 
Conceptualization. JS: Writing  – review & editing. PR: Writing  – 
review & editing. RR: Writing – review & editing, Supervision.

Funding

The author(s) declare that no financial support was received for 
the research and/or publication of this article.

Acknowledgments

We would like to thank Rocky Vista University College of 
Osteopathic Medicine for the support.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnins.2025.1600148/
full#supplementary-material

References
Abbott, R. C., Petrovitch, H., White, L. R., Masaki, K. H., Tanner, C. M., Curb, J. D., 

et al. (2001). Frequency of bowel movements and the future risk of Parkinson’s disease. 
Neurology 57, 456–462. doi: 10.1212/WNL.57.3.456

Alam, M., Abbas, K., Mustafa, M., Usmani, N., and Habib, S. (2024). Microbiome-
based therapies for Parkinson's disease. Front. Nutr. 11:1496616. doi: 
10.3389/fnut.2024.1496616

Alzheimer’s Association (2024). 2024 Alzheimer’s disease facts and figures. Alzheimer 
Dis. Dement. 20, 3708–3821. doi: 10.1002/alz.13809

Amanollahi, M., Jameie, M., Heidari, A., and Rezaei, N. (2023). The dialogue 
between neuroinflammation and adult neurogenesis: mechanisms involved and 
alterations in neurological diseases. Mol. Neurobiol. 60, 923–959. doi: 
10.1007/s12035-022-03102-z

Amin, M., Tang, S., Shalamanova, L., Taylor, R. L., Wylie, S., Abdullah, B. M., et al. 
(2021). Polyamine biomarkers as indicators of human disease. Biomarkers 26, 77–94. 
doi: 10.1080/1354750X.2021.1875506

Amorim Neto, D. P., Bosque, B. P., de Pereira Godoy, J. V., Rodrigues, G. S., 
Nobre, S. A., Bueno, M. R., et al. (2022). Akkermansia muciniphila induces mitochondrial 
calcium overload and α-synuclein aggregation in an enteroendocrine cell line. iScience 
3:104571. doi: 10.1016/j.isci.2022.104571

Anand, N., Gorantla, V. R., and Chidambaram, S. B. (2022). The role of gut dysbiosis 
in the pathophysiology of neuropsychiatric disorders. Cells 12:54. doi: 
10.3390/cells12010054

Araújo, B., Caridade-Silva, R., Soares-Guedes, C., Martins-Macedo, J., Gomes, E. D., 
Salgado, A. J., et al. (2022). Neuroinflammation and Parkinson’s disease—from 
neurodegeneration to therapeutic opportunities. Cells 11:2908. doi: 
10.3390/cells11182908

Aresella, M., Marventano, I., Barone, M., La Rosa, F., Piancone, F., Mendozzi, L., et al. 
(2020). Alterations in circulating fatty acid are associated with gut microbiota dysbiosis 
and inflammation in multiple sclerosis. Front. Immunol. 11:1390. doi: 
10.3389/fimmu.2020.01390

Asti, A., and Gioglio, L. (2014). Can a bacterial endotoxin be a key factor in the 
kinetics of amyloid fibril formation? J Alzheimer's Dis 39, 169–179. doi: 
10.3233/JAD-131394

Ausseil, J., Desmaris, N., Bigou, S., Attali, R., Corbineau, S., Vitry, S., et al. (2008). 
Early neurodegeneration progresses independently of microglial activation by heparan 

sulfate in the brain of mucopolysaccharidosis IIIB mice. PLoS One 3:e2296. doi: 
10.1371/journal.pone.0002296

Baj, J., Forma, A., Flieger, W., Morawiec, M., Teresiński, G., Buszewicz, G., et al. (2021). 
Helicobacter pylori infection and extragastric diseases: a focus on the central nervous 
system. Cells 10:2191. doi: 10.3390/cells10092191

Baldini, F., Hertel, J., Sandt, E., Thinnes, C. C., Neuberger-Castillo, L., Pavelka, L., et al. 
(2020). Parkinson’s disease-associated alterations of the gut microbiome predict disease-
relevant changes in metabolic functions. BMC Biol. 18:62. doi: 
10.1186/s12915-020-00794-8

Banks, W. A., Gray, A. M., Erickson, M. A., Salameh, T. S., Damodarasamy, M., 
Sheibani, N., et al. (2015). Lipopolysaccharide-induced blood–brain barrier disruption: 
roles of cyclooxygenase, oxidative stress, neuroinflammation, and elements of the 
neurovascular unit. J. Neuroinflammation 12:223. doi: 10.1186/s12974-015-0434-1

Barichella, M., Severgnini, M., Cilia, R., Cassani, E., Bolliri, C., Caronni, S., et al. 
(2019). Unraveling gut microbiota in Parkinson’s disease and atypical parkinsonism. 
Mov. Disord. 34, 396–405. doi: 10.1002/mds.27581

Baske, M. M., Timmerman, K. C., Garmo, L. G., Freitas, M. N., McCollum, K. A., and 
Ren, T. Y. (2024). Fecal microbiota transplant on Escherichia-Shigella gut composition 
and its potential role in the treatment of generalized anxiety disorder: a systematic 
review. J. Affect. Disord. 354, 309–317. doi: 10.1016/j.jad.2024.03.088

Becker, L., Nguyen, L., Gill, J., Kulkarni, S., Pasricha, P. J., and Habtezion, A. (2018). 
Age-dependent shift in macrophage polarisation causes inflammation-mediated 
degeneration of enteric nervous system. Gut 67, 827–836. doi: 
10.1136/gutjnl-2016-312940

Bedarf, J. R., Hildebrand, F., Coelho, L. P., Sunagawa, S., Bahram, M., Goeser, F., et al. 
(2017). Functional implications of microbial and viral gut metagenome changes in early 
stage L-DOPA-naive Parkinson’s disease patients. Genome Med. 9:39. doi: 
10.1186/s13073-017-0428-y

Bellini, G., Benvenuti, L., Ippolito, C., Frosini, D., Segnani, C., Rettura, F., et al. (2023). 
Intestinal histomorphological and molecular alterations in patients with Parkinson's 
disease. Eur. J. Neurol. 30, 3440–3450. doi: 10.1111/ene.15607

Bello-Corral, L., Alves-Gomes, L., Fernández-Fernández, J. A., Fernández-García, D., 
Casado-Verdejo, I., and Sánchez-Valdeón, L. (2023). Implications of gut and oral 
microbiota in neuroinflammatory responses in Alzheimer's disease. Life Sci. 333:122132. 
doi: 10.1016/j.lfs.2023.122132

https://doi.org/10.3389/fnins.2025.1600148
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnins.2025.1600148/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2025.1600148/full#supplementary-material
https://doi.org/10.1212/WNL.57.3.456
https://doi.org/10.3389/fnut.2024.1496616
https://doi.org/10.1002/alz.13809
https://doi.org/10.1007/s12035-022-03102-z
https://doi.org/10.1080/1354750X.2021.1875506
https://doi.org/10.1016/j.isci.2022.104571
https://doi.org/10.3390/cells12010054
https://doi.org/10.3390/cells11182908
https://doi.org/10.3389/fimmu.2020.01390
https://doi.org/10.3233/JAD-131394
https://doi.org/10.1371/journal.pone.0002296
https://doi.org/10.3390/cells10092191
https://doi.org/10.1186/s12915-020-00794-8
https://doi.org/10.1186/s12974-015-0434-1
https://doi.org/10.1002/mds.27581
https://doi.org/10.1016/j.jad.2024.03.088
https://doi.org/10.1136/gutjnl-2016-312940
https://doi.org/10.1186/s13073-017-0428-y
https://doi.org/10.1111/ene.15607
https://doi.org/10.1016/j.lfs.2023.122132


Pfaffinger et al. 10.3389/fnins.2025.1600148

Frontiers in Neuroscience 15 frontiersin.org

Bhattacharyya, D., Mohite, G., Krishnamoorthy, J., Maji, S. K., Kumar, A., Morris, R. J., 
et al. (2019). Lipopolysaccharide from gut microbiota modulates α-synuclein 
aggregation and alters its biological function. ACS Chem. Neurosci. 10, 2229–2236. doi: 
10.1021/acschemneuro.8b00733

Braak, H., and Del Tredici, K. (2015). The preclinical phase of the pathological process 
underlying sporadic Alzheimer’s disease. Brain 138, 2814–2833. doi: 
10.1093/brain/awv236

Braak, H., Del Tredici, K., Bratzke, H., Hamm-Clement, J., Sandmann-Keil, D., and 
Rüb, U. (2002). Staging of the intracerebral inclusion body pathology associated with 
idiopathic Parkinson’s disease (preclinical and clinical stages). J. Neurol. 249, III/1–III/5. 
doi: 10.1007/s00415-002-1303-8

Braak, H., Del Tredici, K., Rüb, U., de Vos, R. A., Jansen Steur, E. N., and Braak, E. 
(2003a). Staging of brain pathology related to sporadic Parkinson’s disease. Neurobiol. 
Aging 24, 197–211. doi: 10.1016/S0197-4580(02)00065-9

Braak, H., Rüb, U., Gai, W. P., and Del Tredici, K. (2003b). Idiopathic Parkinson’s 
disease: possible routes by which vulnerable neuronal types may be  subject to 
neuroinvasion by an unknown pathogen. J. Neural Transm. 110, 517–536. doi: 
10.1007/s00702-002-0808-2

Braniste, V., Al-Asmakh, M., Kowal, C., Anuar, F., Abbaspour, A., Tóth, M., et al. 
(2014). The gut microbiota influences blood-brain barrier permeability in mice. Sci. 
Transl. Med. 6:263ra158. doi: 10.1126/scitranslmed.3009759

Bravo, D., Hoare, A., Soto, C., Valenzuela, M. A., and Quest, A. F. (2018). Helicobacter 
pylori in human health and disease: mechanisms for local gastric and systemic effects. 
World J. Gastroenterol. 24, 3071–3089. doi: 10.3748/wjg.v24.i28.3071

Bridi, J. C., and Hirth, F. (2018). Mechanisms of α-synuclein induced synaptopathy in 
Parkinson’s disease. Front. Neurosci. 12:80. doi: 10.3389/fnins.2018.00080

Bruning, E. E., Coller, J. K., Wardill, H. R., and Bowen, J. M. (2021). Site-specific 
contribution of toll-like receptor 4 to intestinal homeostasis and inflammatory disease. 
J. Cell. Physiol. 236, 877–888. doi: 10.1002/jcp.29976

Calsolaro, V., and Edison, P. (2016). Neuroinflammation in Alzheimer’s disease: 
current evidence and future directions. Alzheimers Dement. 12, 719–732. doi: 
10.1016/j.jalz.2016.02.010

Cammann, D., Lu, Y., Cummings, M., Zhang, M. L., Cuevas, E. J., Siekmann, H., et al. 
(2023). Genetic correlations between Alzheimer’s disease and gut microbiome genera. 
Sci. Rep. 13:5258. doi: 10.1038/s41598-023-31736-8

Cani, P. D., Bibiloni, R., Knauf, C., Waget, A., Neyrinck, A. M., Delzenne, N. M., et al. 
(2008). Changes in gut microbiota control metabolic endotoxemia-induced 
inflammation in high-fat diet-induced obesity and diabetes in mice. Diabetes 57, 
1470–1481. doi: 10.2337/db07-1403

Caroff, M., Karibian, D., Cavaillon, J. M., and Haeffner-Cavaillon, N. (2002). Structural 
and functional analyses of bacterial lipopolysaccharides. Microbes Infect. 4, 915–926. doi: 
10.1016/s1286-4579(02)01612-x

Cattaneo, A., Cattane, N., Galluzzi, S., Provasi, S., Lopizzo, N., Festari, C., et al. (2017). 
Association of brain amyloidosis with pro-inflammatory gut bacterial taxa and 
peripheral inflammation markers in cognitively impaired elderly. Neurobiol. Aging 49, 
60–68. doi: 10.1016/j.neurobiolaging.2016.08.019

Cersosimo, M. G., and Benarroch, E. E. (2012). Pathological correlates of 
gastrointestinal dysfunction in Parkinson’s disease. Neurobiol. Dis. 46, 559–564. doi: 
10.1016/j.nbd.2012.06.008

Chang, C. H., Lin, C. H., and Lane, H. Y. (2020). D-glutamate and gut microbiota in 
Alzheimer’s disease. Int. J. Mol. Sci. 21:2676. doi: 10.3390/ijms21082676

Chen, X., Hu, Y., Cao, Z., Liu, Q., and Cheng, Y. (2018). Cerebrospinal fluid 
inflammatory cytokine aberrations in Alzheimer’s disease, Parkinson’s disease, and 
amyotrophic lateral sclerosis: a systemic review and meta-analysis. Front. Immunol. 
9:2122. doi: 10.3389/fimmu.2018.02122

Chen, C., Liao, J., Xia, Y., Liu, X., Jones, R., Haran, J., et al. (2022). Gut microbiota 
regulate Alzheimer’s disease pathologies and cognitive disorders via PUFA-associated 
neuroinflammation. Gut 71, 2233–2252. doi: 10.1136/gutjnl-2021-326269

Chen, C. K., Wu, Y. T., and Chang, Y. C. (2017). Association between chronic 
periodontitis and the risk of Alzheimer’s disease: a retrospective, population-based, 
matched-cohort study. Alzheimer's Res Ther 9:56. doi: 10.1186/s13195-017-0282-6

Cho, S. H., Woo, S., Kim, C., Kim, H. J., Jang, H., Kim, B. C., et al. (2021). Disease 
progression modelling from preclinical Alzheimer's disease (AD) to AD dementia. Sci. 
Rep. 11:4168. doi: 10.1038/s41598-021-83585-3

Cirstea, M. S., Yu, A. C., Golz, E., Sundvick, K., Kliger, D., Radisavljevic, N., et al. 
(2020). Microbiota composition and metabolism are associated with gut function in 
Parkinson’s disease. Mov. Disord. 35, 1208–1217. doi: 10.1002/mds.28052

Compta, Y., Parkkinen, L., O’Sullivan, S. S., Vandrovcova, J., Holton, J. L., Collins, C., 
et al. (2011). Lewy-and Alzheimer-type pathologies in Parkinson’s disease dementia: 
which is more important? Brain 134, 1493–1505. doi: 10.1093/brain/awr031

Cosma-Grigorov, A., Meixner, H., Mrochen, A., Wirtz, S., Winkler, J., and 
Marxreiter, F. (2020). Changes in gastrointestinal microbiome composition in PD: a 
pivotal role of covariates. Front. Neurol. 11:1041. doi: 10.3389/fneur.2020.01041

Cui, M., Jiang, Y., Zhao, Q., Zhu, Z., Liang, X., Zhang, K., et al. (2020). Metabolomics 
and incident dementia in older Chinese adults: the Shanghai aging study. Alzheimers 
Dement. 16, 779–788. doi: 10.1002/alz.12074

d’Hennezel, E., Abubucker, S., Murphy, L. O., and Cullen, T. W. (2017). Total 
lipopolysaccharide from the human gut microbiome silences toll-like receptor signaling. 
mSystems 2, e00046–e00017. doi: 10.1128/mSystems.00046-17

de Calignon, A., Polydoro, M., Suárez-Calvet, M., William, C., Adamowicz, D. H., 
Kopeikina, K. J., et al. (2012). Propagation of tau pathology in a model of early 
Alzheimer’s disease. Neuron 73, 685–697. doi: 10.1016/j.neuron.2011.11.033

de la Rivas, B., Marcobal, A., Carrascosa, A. V., and Munoz, R. (2006). PCR detection 
of foodborne bacteria producing the biogenic amines histamine, tyramine, putrescine, 
and cadaverine. J. Food Prot. 69, 2509–2514. doi: 10.4315/0362-028X-69.10.2509

Deleu, S., Machiels, K., Raes, J., Verbeke, K., and Vermeire, S. (2021). Short chain fatty 
acids and its producing organisms: an overlooked therapy for IBD? EBioMedicine 
66:103293. doi: 10.1016/j.ebiom.2021.103293

Desai, M. S., Seekatz, A. M., Koropatkin, N. M., Kamada, N., Hickey, C. A., Wolter, M., 
et al. (2016). A dietary fiber-deprived gut microbiota degrades the colonic mucus barrier 
and enhances pathogen susceptibility. Cell 167, 1339–1353.e21. doi: 10.1016/j.cell.2016.10.043

Devos, D., Lebouvier, T., Lardeux, B., Biraud, M., Rouaud, T., Pouclet, H., et al. (2013). 
Colonic inflammation in Parkinson’s disease. Neurobiol. Dis. 50, 42–48. doi: 
10.1016/j.nbd.2012.09.020

Di Vincenzo, F., Del Gaudio, A., Petito, V., Lopetuso, L. R., and Scaldaferri, F. (2024). 
Gut microbiota, intestinal permeability, and systemic inflammation: a narrative review. 
Intern. Emerg. Med. 19, 275–293. doi: 10.1007/s11739-023-03374-w

Dias, D., Portugal, C. C., Relvas, J., and Socodato, R. (2025). From genetics to 
neuroinflammation: the impact of ApoE4 on microglial function in Alzheimer’s disease. 
Cells 14:243. doi: 10.3390/cells14040243

Dominy, S. S., Lynch, C., Ermini, F., Benedyk, M., Marczyk, A., Konradi, A., et al. (2019). 
Porphyromonas gingivalis in Alzheimer’s disease brains: evidence for disease causation and 
treatment with small-molecule inhibitors. Sci. Adv. 5:eaau3333. doi: 10.1126/sciadv.aau3333

Duka, T., Rusnak, M., Drolet, R. E., Duka, V., Sidhu, A., Anderson, G. M., et al. (2006). 
Alpha-synuclein induces hyperphosphorylation of tau in the MPTP model of 
parkinsonism. FASEB J. 20, 2302–2312. doi: 10.1096/fj.06-6116com

Duka, T., and Sidhu, A. (2006). The neurotoxin, MPP+, induces hyperphosphorylation 
of tau, in the presence of alpha-synuclein, in SH-SY5Y neuroblastoma cells. Neurotox. 
Res. 10, 1–10. doi: 10.1007/BF03033329

Engelhardt, B., and Ransohoff, R. M. (2012). Capture, crawl, cross: the T cell code to 
breach the blood–brain barrier. Trends Immunol. 33, 579–589. doi: 
10.1016/j.it.2012.07.004

Erny, D., Hrabe de Angelis, A. L., Jaitin, D., Wieghofer, P., Staszewski, O., David, E., 
et al. (2015). Host microbiota constantly control maturation and function of microglia 
in the CNS. Nat. Neurosci. 18, 965–977. doi: 10.1038/nn.4030

Farrall, A. J., and Wardlaw, J. M. (2009). Blood-brain barrier: ageing and microvascular 
disease—systematic review and meta-analysis. Neurobiol. Aging 30, 337–352. doi: 
10.1016/j.neurobiolaging.2007.07.016

Fereshtehnejad, S. M., Yao, C., Pelletier, A., Montplaisir, J. Y., Gagnon, J. F., and 
Postuma, R. B. (2019). Evolution of prodromal Parkinson's disease and dementia 
with Lewy bodies: a prospective study. Brain 142, 2051–2067. doi: 
10.1093/brain/awz111

Figura, M., Kusmierska, K., Bucior, E., Szlufik, S., Koziorowski, D., Jamrozik, Z., et al. 
(2018). Serum amino acid profile in patients with Parkinson’s disease. PLoS One 
13:e0191670. doi: 10.1371/journal.pone.0191670

Gambuzza, M., Licata, N., Palella, E., Celi, D., Cuzzola, V. F., Italiano, D., et al. (2011). 
Targeting toll-like receptors: Emerging therapeutics for multiple sclerosis management. 
J. Neuroimmunol. 239, 1–12. doi: 10.1016/j.jneuroim.2011.08.010

Gampierakis, I. A., Koutmani, Y., Semitekolou, M., Morianos, I., Polissidis, A., 
Katsouda, A., et al. (2020). Hippocampal neural stem cells and microglia response to 
experimental inflammatory bowel disease (IBD). Mol. Psychiatry 26, 1248–1263. doi: 
10.1038/s41380-020-0702-0

Gardner, R. C., Byers, A. L., Barnes, D. E., Li, Y., Boscardin, J., and Yaffe, K. (2017). 
Mild TBI and risk of Parkinson disease: a chronic effects of neurotrauma consortium 
study. Neurology 90, e1771–e1779. doi: 10.1212/WNL.0000000000004953

Gelpi, E., Navarro-Otano, J., Tolosa, E., Gaig, C., Compta, Y., Rey, M. J., et al. (2014). 
Multiple organ involvement by alpha-synuclein pathology in Lewy body disorders. Mov. 
Disord. 29, 1010–1018. doi: 10.1002/mds.25776

Groeger, D., O’Mahony, L., Murphy, E. F., Bourke, J. F., Dinan, T. G., Kiely, B., et al. 
(2013). Bifidobacterium infantis 35624 modulates host inflammatory processes beyond 
the gut. Gut Microbes 4, 325–339. doi: 10.4161/gmic.25487

Gryka-Marton, M., Grabowska, D., and Szukiewicz, Y. (2025). Breaking the barrier: 
The role of proinflammatory cytokines in BBB dysfunction. J. Neuroimmunol. 26:3532. 
doi: 10.3390/ijms26083532

Guo, S., Nighot, M., Al-Sadi, R., Alhmoud, T., Nighot, P., and Ma, T. Y. (2015). 
Lipopolysaccharide regulation of intestinal tight junction permeability is mediated by 
TLR4 signal transduction pathway activation of FAK and MyD88. J. Immunol. 195, 
4999–5010. doi: 10.4049/jimmunol.1402598

Guo, S., Wang, H., and Yin, Y. (2022). Microglia polarization from M1 to M2 in 
neurodegenerative diseases. Front. Aging Neurosci. 14:815347. doi: 
10.3389/fnagi.2022.815347

https://doi.org/10.3389/fnins.2025.1600148
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1021/acschemneuro.8b00733
https://doi.org/10.1093/brain/awv236
https://doi.org/10.1007/s00415-002-1303-8
https://doi.org/10.1016/S0197-4580(02)00065-9
https://doi.org/10.1007/s00702-002-0808-2
https://doi.org/10.1126/scitranslmed.3009759
https://doi.org/10.3748/wjg.v24.i28.3071
https://doi.org/10.3389/fnins.2018.00080
https://doi.org/10.1002/jcp.29976
https://doi.org/10.1016/j.jalz.2016.02.010
https://doi.org/10.1038/s41598-023-31736-8
https://doi.org/10.2337/db07-1403
https://doi.org/10.1016/s1286-4579(02)01612-x
https://doi.org/10.1016/j.neurobiolaging.2016.08.019
https://doi.org/10.1016/j.nbd.2012.06.008
https://doi.org/10.3390/ijms21082676
https://doi.org/10.3389/fimmu.2018.02122
https://doi.org/10.1136/gutjnl-2021-326269
https://doi.org/10.1186/s13195-017-0282-6
https://doi.org/10.1038/s41598-021-83585-3
https://doi.org/10.1002/mds.28052
https://doi.org/10.1093/brain/awr031
https://doi.org/10.3389/fneur.2020.01041
https://doi.org/10.1002/alz.12074
https://doi.org/10.1128/mSystems.00046-17
https://doi.org/10.1016/j.neuron.2011.11.033
https://doi.org/10.4315/0362-028X-69.10.2509
https://doi.org/10.1016/j.ebiom.2021.103293
https://doi.org/10.1016/j.cell.2016.10.043
https://doi.org/10.1016/j.nbd.2012.09.020
https://doi.org/10.1007/s11739-023-03374-w
https://doi.org/10.3390/cells14040243
https://doi.org/10.1126/sciadv.aau3333
https://doi.org/10.1096/fj.06-6116com
https://doi.org/10.1007/BF03033329
https://doi.org/10.1016/j.it.2012.07.004
https://doi.org/10.1038/nn.4030
https://doi.org/10.1016/j.neurobiolaging.2007.07.016
https://doi.org/10.1093/brain/awz111
https://doi.org/10.1371/journal.pone.0191670
https://doi.org/10.1016/j.jneuroim.2011.08.010
https://doi.org/10.1038/s41380-020-0702-0
https://doi.org/10.1212/WNL.0000000000004953
https://doi.org/10.1002/mds.25776
https://doi.org/10.4161/gmic.25487
https://doi.org/10.3390/ijms26083532
https://doi.org/10.4049/jimmunol.1402598
https://doi.org/10.3389/fnagi.2022.815347


Pfaffinger et al. 10.3389/fnins.2025.1600148

Frontiers in Neuroscience 16 frontiersin.org

Harach, T., Marungruang, N., Duthilleul, N., Cheatham, V., Mc Coy, K. D., Frisoni, G., 
et al. (2017). Reduction of Abeta amyloid pathology in APPPS1 transgenic mice in the 
absence of gut microbiota. Sci. Rep. 7:41802. doi: 10.1038/srep41802

Haran, J. P., Bhattarai, S. K., Foley, S. E., Dutta, P., Ward, D. V., Bucci, V., et al. (2019). 
Alzheimer’s disease microbiome is associated with dysregulation of the anti-
inflammatory P-glycoprotein pathway. MBio 10:e00632-19. doi: 10.1128/mBio.00632-19

Hawkes, C. H., Del Tredici, K., and Braak, H. (2010). A timeline for Parkinson’s 
disease. Parkinsonism Relat. Disord. 16, 79–84. doi: 10.1016/j.parkreldis.2009.06.004

Hays, K. E., Pfaffinger, J. M., and Ryznar, R. (2024). The interplay between gut 
microbiota, short-chain fatty acids, and implications for host health and disease. Gut 
Microbes 16:2393270. doi: 10.1080/19490976.2024.2393270

Heintz-Buschart, A., Pandey, U., Wicke, T., Sixel-Döring, F., Janzen, A., 
Sittig-Wiegand, E., et al. (2018). The nasal and gut microbiome in Parkinson’s disease 
and idiopathic rapid eye movement sleep behavior disorder. Mov. Disord. 33, 88–98. doi: 
10.1002/mds.27105

Heneka, M. T., Carson, M. J., El Khoury, J., Landreth, G. E., Brosseron, F., 
Feinstein, D. L., et al. (2015). Neuroinflammation in Alzheimer’s disease. Lancet Neurol. 
14, 388–405. doi: 10.1016/S1474-4422(15)70016-5

Heravi, F. S., Naseri, K., and Hu, H. (2023). Gut microbiota composition in patients 
with neurodegenerative disorders (Parkinson's and Alzheimer's) and healthy controls: 
a systematic review. Nutrients 15:4365. doi: 10.3390/nu15204365

Hernando, S., Requejo, C., Herran, E., Ruiz-Ortega, J. A., Morera-Herreras, T., 
Lafuente, J. V., et al. (2019). Beneficial effects of n-3 polyunsaturated fatty acids 
administration in partial lesion model of Parkinson’s disease: the role of glial and Nrf2 
regulation. Neurobiol. Dis. 121, 252–262. doi: 10.1016/j.nbd.2018.10.011

Hill-Burns, E. M., Debelius, J. W., Morton, J. T., Wissemann, W. T., Lewis, M. R., 
Wallen, Z. D., et al. (2017). Parkinson’s disease and Parkinson’s disease medications have 
distinct signatures of the gut microbiome. Mov. Disord. 32, 739–749. doi: 
10.1002/mds.26942

Hirsch, E. C., and Standaert, D. G. (2021). Ten unsolved questions about 
neuroinflammation in Parkinson’s disease. Mov. Disord. 36, 16–24. doi: 
10.1002/mds.28368

Hopfner, F., Künster, A., Müller, S. H., Hobert, M. A., Eschweiler, G. W., Maetzler, W., 
et al. (2017). Gut microbiota in Parkinson’s disease in a northern German cohort. Brain 
Res. 1667, 41–45. doi: 10.1016/j.brainres.2017.04.019

Huang, H. K., Wang, J. H., Lei, W. Y., Chen, C. L., Chang, C. Y., and Liou, L. S. (2018). 
Helicobacter pylori infection is associated with an increased risk of Parkinson’s disease: 
a population-based retrospective cohort study. Parkinsonism Relat. Disord. 47, 26–31. 
doi: 10.1016/j.parkreldis.2017.11.331

Huang, Y., Wei, J., Cooper, A., and Morris, M. J. (2022). Parkinson's disease: from 
genetics to molecular dysfunction and targeted therapeutic approaches. Genes Dis. 10, 
786–798. doi: 10.1016/j.gendis.2021.12.015

Hung, C. C., Chang, C. C., Huang, C. W., Nouchi, R., and Cheng, C. H. (2022). Gut 
microbiota in patients with Alzheimer’s disease spectrum: a systematic review and meta-
analysis. Aging 14, 477–496. doi: 10.18632/aging.203826

Iilmaz, A., Geddes, T., Han, B., Bahado-Singh, R. O., Wilson, G. D., Imam, K., et al. 
(2017). Diagnostic biomarkers of Alzheimer’s disease as identified in saliva using 1H 
NMR-based metabolomics. J Alzheimer's Dis 58, 355–359. doi: 10.3233/JAD-161221

Jankovic, J. (2008). Parkinson’s disease: clinical features and diagnosis. J. Neurol. 
Neurosurg. Psychiatry 79, 368–376. doi: 10.1136/jnnp.2007.131045

Jansen, I. E., Savage, J. E., Watanabe, K., Bryois, J., Williams, D. M., Steinberg, S., et al. 
(2019). Genome-wide meta-analysis identifies new loci and functional pathways 
influencing Alzheimer’s disease risk. Nat. Genet. 51, 404–413. doi: 
10.1038/s41588-018-0311-9

Jungbauer, G., Stähli, A., Zhu, X., Auber Alberi, L., Sculean, A., and Eick, S. (2022). 
Periodontal microorganisms and Alzheimer disease  – a causative relationship? 
Periodontol. 89, 59–82. doi: 10.1111/prd.12429

Keshavarzian, A., Green, S. J., Engen, P. A., Voigt, R. M., Naqib, A., Forsyth, C. B., et al. 
(2015). Colonic bacterial composition in Parkinson’s disease. Mov. Disord. 30, 
1351–1360. doi: 10.1002/mds.26307

Kidd, S. K., and Schneider, J. S. (2010). Protection of dopaminergic cells from MPP+-
mediated toxicity by histone deacetylase inhibition. Brain Res. 1354, 172–178. doi: 
10.1016/j.brainres.2010.07.041

Kim, S., Kwon, S. H., Kam, T. I., Panicker, N., Karuppagounder, S. S., Lee, S., et al. 
(2019). Transneuronal propagation of pathologic α-synuclein from the gut to the brain 
models Parkinson’s disease. Neuron 103, 627–641. doi: 10.1016/j.neuron.2019.06.013

Kim, Y. H., Lee, S. M., Cho, S., Kang, J., Lee, S., Jang, E. C., et al. (2019). Amyloid beta 
in nasal secretions may be a potential biomarker of Alzheimer’s disease. Sci. Rep. 9:4966. 
doi: 10.1038/s41598-019-41369-5

Koenig, J. E., Spor, A., Scalfone, N., Fricker, A. D., Stombaugh, J., Knight, R., et al. 
(2010). Succession of microbial consortia in the developing infant gut microbiome. Proc. 
Natl. Acad. Sci. USA 108, 4578–4585. doi: 10.1073/pnas.1000081107

Kouli, A., Torsney, K. M., and Kuan, W. L. (2018). “Parkinson’s disease: etiology, 
neuropathology, and pathogenesis” in Parkinson’s disease: Pathogenesis and clinical 

aspects. eds. J. C. Greenland and T. B. Stoker (Brisbane AU: Codon 
Publications), 1–40.

Kunkle, B. W., Grenier-Boley, B., Sims, R., Bis, J. C., Damotte, V., Naj, A. C., et al. 
(2019). Genetic meta-analysis of diagnosed Alzheimer’s disease identifies new risk loci 
and implicates aβ, tau, immunity and lipid processing. Nat. Genet. 51, 414–430. doi: 
10.1038/s41588-019-0358-2

Kurtzman, G. M., Horowitz, R. A., Johnson, R., and Pedro, Z. (2024). Oral biofilm 
and its connection to Alzheimer's disease. Cureus 16:e72841. doi: 
10.7759/cureus.72841

Kuźniar, J., Kozubek, P., Czaja, M., and Leszek, J. (2024). Correlation between 
Alzheimer’s disease and gastrointestinal tract disorders. Nutrients 16:2366. doi: 
10.3390/nu16142366

Lai, K. S. P., Liu, C. S., Rau, A., Lanctôt, K. L., Köhler, C. A., Pakosh, M., et al. (2017). 
Peripheral inflammatory markers in Alzheimer’s disease: a systematic review and meta-
analysis of 175 studies. J. Neurol. Neurosurg. Psychiatry 88, 876–882. doi: 
10.1136/jnnp-2017-316201

Lanoiselée, H., Nicolas, G., Wallon, D., Rovelet-Lecrux, A., Lacour, M., Rousseau, S., 
et al. (2017). APP, PSEN1, and PSEN2 mutations in early-onset Alzheimer disease: a 
genetic screening study of familial and sporadic cases. PLoS Med. 14:e1002270. doi: 
10.1371/journal.pmed.1002270

Lashley, T., Holton, J. L., Gray, E., Kirkham, K., Polke, J. M., Beckman, J., et al. (2008). 
Cortical alpha-synuclein load is associated with amyloid-beta plaque burden in a subset 
of Parkinson’s disease patients. Acta Neuropathol. 115, 417–425. doi: 
10.1007/s00401-007-0336-0

Laude-Sharp, M., Haeffner-Cavaillon, N., Caroff, M., Lantreibecq, F., Pusineri, C., and 
Kazatchkine, M. D. (1990). Dissociation between the interleukin 1-inducing capacity 
and Limulus reactivity of lipopolysaccharides from gram-negative bacteria. Cytokine 2, 
253–258. doi: 10.1016/1043-4666(90)90025-o

Lee, H. S., Lobbestael, E., Vermeire, S., Sabino, J., and Cleynen, I. (2021). Inflammatory 
bowel disease and Parkinson's disease: common pathophysiological links. Gut 70, 
408–417. doi: 10.1136/gutjnl-2020-322429

Li, C., Cui, L., Yang, Y., Miao, J., Zhao, X., Zhang, J., et al. (2019). Gut microbiota 
differs between Parkinson’s disease patients and healthy controls in Northeast China. 
Front. Mol. Neurosci. 12:171. doi: 10.3389/fnmol.2019.00171

Li, Y., Li, R. X., Du, Y. T., Liu, X., Zhao, Y., He, J. C., et al. (2020). Features of gut 
microbiota in patients with idiopathic Parkinson’s disease. Zhonghua Yi Xue Za Zhi 100, 
1017–1022. doi: 10.3760/cma.j.cn112137-20191015-02217

Li, Z., Liang, H., Hu, Y., Lu, L., Zheng, C., Fan, Y., et al. (2023). Gut bacterial profiles 
in Parkinson’s disease: a systematic review. CNS Neurosci. Ther. 29, 140–157. doi: 
10.1111/cns.13985

Li, H., Sun, J., Du, J., Wang, F., Fang, R., Yu, C., et al. (2018). Clostridium 
butyricum exerts a neuroprotective effect in a mouse model of traumatic brain 
injury via the gut-brain axis. Neurogastroenterol. Motility 30:e13260. doi: 
10.1111/nmo.13260

Li, W., Wu, X., Hu, X., Wang, T., Liang, S., Duan, Y., et al. (2017). Structural changes 
of gut microbiota in Parkinson’s disease and its correlation with clinical features. Sci. 
China Life Sci. 60, 1223–1233. doi: 10.1007/s11427-016-9007-7

Lin, C. H., Chen, C. C., Chiang, H. L., Liou, J. M., Chen, C. C., Chen, T. F., et al. (2019). 
Altered gut microbiota and inflammatory cytokine responses in patients with 
Parkinson’s disease. J. Neuroinflammation 16:129. doi: 10.1186/s12974-019-1528-y

Lin, C., Zhao, S., Zhu, Y., Fan, Z., Wang, J., Zhang, B., et al. (2019). Microbiota-gut-
brain axis and toll-like receptors in Alzheimer's disease. Comput. Struct. Biotechnol. J. 
17, 1309–1317. doi: 10.1016/j.csbj.2019.09.008

Lin, A., Zheng, W., He, Y., Tang, W., Wei, X., He, R., et al. (2018). Gut microbiota in 
patients with Parkinson’s disease in southern China. Parkinsonism Relat. Disord. 53, 
82–88. doi: 10.1016/j.parkreldis.2018.05.007

Liu, M., and Bing, G. (2011). Lipopolysaccharide animal models for Parkinson’s 
disease. Parkinson’s Disease 2011:327089. doi: 10.4061/2011/327089

Liu, B., Fang, F., Pedersen, N. L., Tillander, A., Ludvigsson, J. F., Ekbom, A., et al. 
(2017). Vagotomy and Parkinson disease: a Swedish register-based matched-cohort 
study. Neurology 88, 1996–2002. doi: 10.1212/WNL.0000000000003865

Liu, P., Wu, L., Peng, G., Han, Y., Rak, R., Wu, J., et al. (2018). Altered 
microbiomes distinguish Alzheimer’s disease from amnestic mild cognitive 
impairment and health in a Chinese cohort. Brain Behav. Immun. 80, 633–643. doi: 
10.1016/j.bbi.2019.05.008

Lloret, A., Esteve, D., Lloret, M. A., Cervera-Ferri, A., Lopez, B., Nepomuceno, M., 
et al. (2019). When does Alzheimer's disease really start? The role of biomarkers. Int. J. 
Mol. Sci. 20:5536. doi: 10.3390/ijms20225536

Lubomski, M., Xu, X., Holmes, A. J., Yang, J., Sue, C. M., and Davis, R. L. (2022). The 
impact of device-assisted therapies on the gut microbiome in Parkinson’s disease. J. 
Neurol. 269, 780–795. doi: 10.1007/s00415-021-10657-9

Macedo, A. C., Tissot, C., Therriault, J., Servaes, S., Wang, Y. T., Fernandez-Arias, J., 
et al. (2023). The use of tau PET to stage Alzheimer disease according to the Braak 
staging framework. J. Nucl. Med. 64, 1171–1178. doi: 10.2967/jnumed.122.265240

https://doi.org/10.3389/fnins.2025.1600148
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1038/srep41802
https://doi.org/10.1128/mBio.00632-19
https://doi.org/10.1016/j.parkreldis.2009.06.004
https://doi.org/10.1080/19490976.2024.2393270
https://doi.org/10.1002/mds.27105
https://doi.org/10.1016/S1474-4422(15)70016-5
https://doi.org/10.3390/nu15204365
https://doi.org/10.1016/j.nbd.2018.10.011
https://doi.org/10.1002/mds.26942
https://doi.org/10.1002/mds.28368
https://doi.org/10.1016/j.brainres.2017.04.019
https://doi.org/10.1016/j.parkreldis.2017.11.331
https://doi.org/10.1016/j.gendis.2021.12.015
https://doi.org/10.18632/aging.203826
https://doi.org/10.3233/JAD-161221
https://doi.org/10.1136/jnnp.2007.131045
https://doi.org/10.1038/s41588-018-0311-9
https://doi.org/10.1111/prd.12429
https://doi.org/10.1002/mds.26307
https://doi.org/10.1016/j.brainres.2010.07.041
https://doi.org/10.1016/j.neuron.2019.06.013
https://doi.org/10.1038/s41598-019-41369-5
https://doi.org/10.1073/pnas.1000081107
https://doi.org/10.1038/s41588-019-0358-2
https://doi.org/10.7759/cureus.72841
https://doi.org/10.3390/nu16142366
https://doi.org/10.1136/jnnp-2017-316201
https://doi.org/10.1371/journal.pmed.1002270
https://doi.org/10.1007/s00401-007-0336-0
https://doi.org/10.1016/1043-4666(90)90025-o
https://doi.org/10.1136/gutjnl-2020-322429
https://doi.org/10.3389/fnmol.2019.00171
https://doi.org/10.3760/cma.j.cn112137-20191015-02217
https://doi.org/10.1111/cns.13985
https://doi.org/10.1111/nmo.13260
https://doi.org/10.1007/s11427-016-9007-7
https://doi.org/10.1186/s12974-019-1528-y
https://doi.org/10.1016/j.csbj.2019.09.008
https://doi.org/10.1016/j.parkreldis.2018.05.007
https://doi.org/10.4061/2011/327089
https://doi.org/10.1212/WNL.0000000000003865
https://doi.org/10.1016/j.bbi.2019.05.008
https://doi.org/10.3390/ijms20225536
https://doi.org/10.1007/s00415-021-10657-9
https://doi.org/10.2967/jnumed.122.265240


Pfaffinger et al. 10.3389/fnins.2025.1600148

Frontiers in Neuroscience 17 frontiersin.org

Mann, E. R., Lam, Y. K., and Uhlig, H. H. (2024). Short-chain fatty acids: linking diet, 
the microbiome and immunity. Nat. Rev. Immunol. 24, 577–595. doi: 
10.1038/s41577-024-01014-8

Marizzoni, M., Cattaneo, A., Mirabelli, P., Festari, C., Lopizzo, N., Nicolosi, V., et al. 
(2020). Short-chain fatty acids and lipopolysaccharide as mediators between gut 
dysbiosis and amyloid pathology in Alzheimer’s disease. J Alzheimer's Dis 78, 683–697. 
doi: 10.3233/JAD-200306

Martin-Gallausiaux, C., Marinelli, L., Blottière, H. M., Larraufie, P., and Lapaque, N. 
(2021). SCFA: mechanisms and functional importance in the gut. Proc. Nutr. Soc. 80, 
37–49. doi: 10.1017/S0029665120006916

Menozzi, E., and Schapira, A. H. V. (2024). The gut microbiota in Parkinson disease: 
interactions with drugs and potential for therapeutic applications. CNS Drugs 38, 
315–331. doi: 10.1007/s40263-024-01073-4

Mercola, J., and D’Adamo, C. R. (2023). Linoleic acid: a narrative review of the effects 
of increased intake in the standard American diet and associations with chronic disease. 
Nutrients 15:3129. doi: 10.3390/nu15143129

Miklossy, J. (2016). Bacterial amyloid and DNA are important constituents of senile 
plaques: further evidence of the spirochetal and biofilm nature of senile plaques. J 
Alzheimer's Dis 53, 1459–1473. doi: 10.3233/JAD-160451

Minter, M. R., Zhang, C., Leone, V., Ringus, D. L., Zhang, X., Oyler-Castrillo, P., et al. 
(2016). Antibiotic-induced perturbations in gut microbial diversity influences 
neuroinflammation and amyloidosis in a murine model of Alzheimer’s disease. Sci. Rep. 
6:30028. doi: 10.1038/srep30028

Morys, J., Małecki, A., and Nowacka-Chmielewska, M. (2024). Stress and the gut-
brain axis: an inflammatory perspective. Front. Mol. Neurosci. 17:1415567. doi: 
10.3389/fnmol.2024.1415567

Mou, Y., Du, Y., Zhou, L., Yue, J., Hu, X., Liu, Y., et al. (2022). Gut microbiota interact 
with the brain through systemic chronic inflammation: implications on 
neuroinflammation, neurodegeneration, and aging. Front. Immunol. 13:796288. doi: 
10.3389/fimmu.2022.796288

Mrdjen, D., Fox, E. J., Bukhari, S. A., Montine, K. S., Bendall, S. C., and Montine, T. J. 
(2019). The basis of cellular and regional vulnerability in Alzheimer’s disease. Acta 
Neuropathol. 138, 729–749. doi: 10.1007/s00401-019-02054-5

Nastasi, C., Candela, M., Bonefeld, C. M., Geisler, C., Hansen, M., Krejsgaard, T., et al. 
(2015). The effect of short-chain fatty acids on human monocyte-derived dendritic cells. 
Sci. Rep. 5, 1–10. doi: 10.1038/srep16148

National Institute of Neurological Disorders and Stroke (2023). Parkinson’s disease: 
challenges, progress, and promise. National Institutes of Health. Available online at: 
https://www.ninds.nih.gov/current-research/focus-disorders/focus-parkinsons-disease-
research/parkinsons-disease-challenges-progress-and-promise (Accessed January 
20, 2025).

National Institute on Aging (2017) What happens to the brain in Alzheimer’s disease. 
Updated May 16, 2017. Available online at: https://www.nia.nih.gov/health/what-
happens-brain-alzheimers-disease (Accessed January 20, 2025).

Nedelec, T., Couvy-Duchesne, B., Monnet, F., Daly, T., Ansart, M., Gantier, M., et al. 
(2022). Identifying health conditions associated with Alzheimer’s disease up to 15 years 
before diagnosis: an agnostic study of French and British health records. Lancet Digit. 
Health 4, e169–e178. doi: 10.1016/S2589-7500(21)00275-2

Newcombe, E. A., Camats-Perna, J., Silva, M. L., Valmas, N., Huat, T. J., and 
Medeiros, R. (2018). Inflammation: the link between comorbidities, genetics, and 
Alzheimer’s disease. J. Neuroinflammation 15:276. doi: 10.1186/s12974-018-1291-1

Noble, J. M., Scarmeas, N., Celenti, R. S., Blackett, P. R., Roth, G. A., Papapanou, P. N., 
et al. (2014). Serum IgG antibody levels to periodontal microbiota are associated with 
incident Alzheimer disease. PLoS One 9:e114959. doi: 10.1371/journal.pone.0114959

Ohkusa, T., Koido, S., Nishikawa, Y., and Sato, N. (2019). Gut microbiota and chronic 
constipation: a review and update. Front. Med. 6:19. doi: 10.3389/fmed.2019.00019

O’Toole, P. W., and Jeffery, I. B. (2015). Gut microbiota and aging. Science 350, 
1214–1215. doi: 10.1126/science.aac8469

Oliveira, J., and Reygaert, W. C. (2022) Gram-negative bacteria. Available online at: 
https://www.ncbi.nlm.nih.gov/books/NBK538213/ (Accessed December 12, 2024).

Ordoñez-Rodriguez, A., Roman, P., Rueda-Ruzafa, L., Campos-Rios, A., and 
Cardona, D. (2023). Changes in gut microbiota and multiple sclerosis: a systematic 
review. Int. J. Environ. Res. Public Health 20:4624. doi: 10.3390/ijerph20054624

Parker, A., Fonseca, S., and Carding, S. R. (2020). Gut microbes and metabolites as 
modulators of blood-brain barrier integrity and brain health. Gut Microbes 11, 135–157. 
doi: 10.1080/19490976.2019.1638722

Parker, B. J., Wearsch, P. A., Veloo, A. C. M., and Rodriguez-Palacios, A. (2020). The 
genus Alistipes: gut Bacteria with emerging implications to inflammation, Cancer, and 
mental health. Front. Immunol. 11:906. doi: 10.3389/fimmu.2020.00906

Parkinson’s Foundation (2022) Understanding Parkinson’s: Statistics. Available online 
at: https://www.parkinson.org/understanding-parkinsons/statistics (Accessed March 
20, 2025).

Parkinson’s Foundation (2023) Understanding Parkinson’s: 10 early signs. Available 
online at: https://www.parkinson.org/understanding-parkinsons/10-early-signs 
(Accessed December 10, 2024).

Paslawski, W., Mysling, S., Jørgensen, T. J., Otzen, D. E., Nielsen, N. C., Nielsen, S. B., 
et al. (2014). Co-existence of two different α-synuclein oligomers with different core 
structures determined by hydrogen/deuterium exchange mass spectrometry. Angew. 
Chem. Int. Ed. 53, 7560–7563. doi: 10.1002/anie.201400092

Perez-Pardo, P., Dodiya, H. B., Engen, P. A., Forsyth, C. B., Huschens, A. M., 
Shaikh, M., et al. (2019). Role of TLR4 in the gut-brain axis in Parkinson's disease: a 
translational study from men to mice. Gut 68, 829–843. doi: 10.1136/gutjnl-2018-316844

Petrov, V. A., Saltykova, I. V., Zhukova, I. A., Alifirova, V. M., Zhukova, N. G., 
Dorofeeva, Y. B., et al. (2017). Analysis of gut microbiota in patients with Parkinson’s 
disease. Bull. Exp. Biol. Med. 162, 734–737. doi: 10.1007/s10517-017-3700-7

Pietrucci, D., Cerroni, R., Unida, V., Farcomeni, A., Pierantozzi, M., Mercuri, N. B., 
et al. (2019). Dysbiosis of gut microbiota in a selected population of Parkinson’s patients. 
Parkinsonism Relat. Disord. 65, 124–130. doi: 10.1016/j.parkreldis.2019.06.003

Pletnikova, O., West, N., Lee, M. K., Rudow, G. L., Skolasky, R. L., Dawson, T. M., et al. 
(2005). Aβ deposition is associated with enhanced cortical α-synuclein lesions in Lewy 
body diseases. Neurobiol. Aging 26, 1183–1192. doi: 10.1016/j.neurobiolaging.2004.10.006

Popescu, C., Munteanu, C., Anghelescu, A., Ciobanu, V., Spînu, A., Andone, I., et al. 
(2024). Novelties on neuroinflammation in Alzheimer's disease—focus on gut and oral 
microbiota involvement. Int. J. Mol. Sci. 25:11272. doi: 10.3390/ijms252011272

Qian, Y., Yang, X., Xu, S., Wu, C., Song, Y., Qin, N., et al. (2018). Alteration of the fecal 
microbiota in Chinese patients with Parkinson’s disease. Brain Behav. Immun. 70, 
194–202. doi: 10.1016/j.bbi.2018.02.016

Qian, Y., Yang, X., Xu, S., Zhang, Y., Wu, C., Qin, N., et al. (2020). Gut metagenomics-
derived genes as potential biomarkers of Parkinson’s disease. Brain 143, 2474–2489. doi: 
10.1093/brain/awaa201

Qiao, C. M., Sun, M. F., Jia, X. B., Shi, Y., Zhang, B. P., Zhao, L., et al. (2020). Sodium 
butyrate causes α-synuclein degradation by an Atg5-dependent and PI3K/Akt/mTOR-
related autophagy pathway. Exp. Cell Res. 387:111772. doi: 10.1016/j.yexcr.2019.111772

Qin, X. Y., Zhang, S. P., Cao, C., Loh, Y. P., and Cheng, Y. (2016). Aberrations in 
peripheral inflammatory cytokine levels in Parkinson disease: a systematic review and 
meta-analysis. JAMA Neurol. 73, 1316–1324. doi: 10.1001/jamaneurol.2016.2742

Quinn, P. M. J., Moreira, P. I., Ambrósio, A. F., and Alves, C. H. (2020). PINK1/
PARKIN signalling in neurodegeneration and neuroinflammation. Acta Neuropathol. 
Commun. 8:189. doi: 10.1186/s40478-020-01062-w

Ransohoff, R. M., and Brown, M. A. (2012). Innate immunity in the central nervous 
system. J. Clin. Invest. 122, 1164–1171. doi: 10.1172/JCI58644

Rideout, H. J., and Stefanis, L. (2014). The neurobiology of LRRK2 and its role in the 
pathogenesis of Parkinson’s disease. Neurochem. Res. 39, 576–592. doi: 
10.1007/s11064-013-1182-8

Ruan, G., Chen, M., Chen, L., She, Z., Yu, H., Hu, L., et al. (2022). Roseburia intestinalis 
and its metabolite butyrate inhibit colitis and upregulate TLR5 through the SP3 signaling 
pathway. Nutrients 14:3041. doi: 10.3390/nu14153041

Sabbagh, M. N., Adler, C. H., Lahti, T. J., Connor, D. J., Vedders, L., Peterson, L. K., 
et al. (2009). Parkinson disease with dementia: comparing patients with and without 
Alzheimer pathology. Alzheimer Dis. Assoc. Disord. 23, 295–297. doi: 
10.1097/WAD.0b013e31819c5ef4

Sampson, T. R., Challis, C., Jain, N., Moiseyenko, A., Ladinsky, M. S., Shastri, G. G., 
et al. (2020). A gut bacterial amyloid promotes α-synuclein aggregation and motor 
impairment in mice. eLife 9:e53111. doi: 10.7554/eLife.53111

Sampson, T. R., Debelius, J. W., Thron, T., Janssen, S., Shastri, G. G., Ilhan, Z. E., et al. 
(2016). Gut microbiota regulate motor deficits and neuroinflammation in a model of 
Parkinson’s disease. Cell 167, 1469–1480.e12. doi: 10.1016/j.cell.2016.11.018

Sanchez, M., Suarez, L., Andes, M. T., Zaldua, N., Restrepo, C., Morales, R., et al. 
(2017). Modulatory effect of intestinal polyamines and trace amines on the spontaneous 
phasic contractions of the isolated ileum and colon rings of mice. Food Nutr. Res. 
61:1321948. doi: 10.1080/16546628.2017.1321948

Santoru, M. L., Piras, C., Murgia, A., Palmas, V., Camboni, T., Liggi, S., et al. (2017). 
Cross sectional evaluation of the gut-microbiome metabolome axis in an Italian cohort 
of IBD patients. Sci. Rep. 7:9523. doi: 10.1038/s41598-017-10034-5

Schenck, C. H., Bundlie, S. R., and Mahowald, M. W. (1996). Delayed emergence of a 
parkinsonian disorder in 38% of 29 older men initially diagnosed with idiopathic rapid 
eye movement sleep behavior disorder. Neurology 46, 388–393. doi: 
10.1212/WNL.46.2.388

Scheperjans, F., Aho, V., Pereira, P. A., Koskinen, K., Paulin, L., Pekkonen, E., et al. 
(2015). Gut microbiota are related to Parkinson’s disease and clinical phenotype. Mov. 
Disord. 30, 350–358. doi: 10.1002/mds.26069

Schirmer, M., Smeekens, S. P., Vlamakis, H., Jaeger, M., Oosting, M., Franzosa, E. A., 
et al. (2016). Linking the human gut microbiome to inflammatory cytokine production 
capacity. Cell 167, 1125–1136.e8. doi: 10.1016/j.cell.2016.10.020

Schulte, E. C., Altmaier, E., Berger, H. S., Do, K. T., Kastenmüller, G., Wahl, S., et al. 
(2016). Alterations in lipid and inositol metabolisms in two dopaminergic disorders. 
PLoS One 11:e0147129. doi: 10.1371/journal.pone.0147129

Schwartz, A. (2013). What’s next for Alzheimer treatment? While Abeta isn’t out of 
the picture yet, several other therapeutic routes are being explored. Ann. Neurol. 73, 1–9. 
doi: 10.1002/ana.23876

https://doi.org/10.3389/fnins.2025.1600148
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1038/s41577-024-01014-8
https://doi.org/10.3233/JAD-200306
https://doi.org/10.1017/S0029665120006916
https://doi.org/10.1007/s40263-024-01073-4
https://doi.org/10.3390/nu15143129
https://doi.org/10.3233/JAD-160451
https://doi.org/10.1038/srep30028
https://doi.org/10.3389/fnmol.2024.1415567
https://doi.org/10.3389/fimmu.2022.796288
https://doi.org/10.1007/s00401-019-02054-5
https://doi.org/10.1038/srep16148
https://www.ninds.nih.gov/current-research/focus-disorders/focus-parkinsons-disease-research/parkinsons-disease-challenges-progress-and-promise
https://www.ninds.nih.gov/current-research/focus-disorders/focus-parkinsons-disease-research/parkinsons-disease-challenges-progress-and-promise
https://www.nia.nih.gov/health/what-happens-brain-alzheimers-disease
https://www.nia.nih.gov/health/what-happens-brain-alzheimers-disease
https://doi.org/10.1016/S2589-7500(21)00275-2
https://doi.org/10.1186/s12974-018-1291-1
https://doi.org/10.1371/journal.pone.0114959
https://doi.org/10.3389/fmed.2019.00019
https://doi.org/10.1126/science.aac8469
https://www.ncbi.nlm.nih.gov/books/NBK538213/
https://doi.org/10.3390/ijerph20054624
https://doi.org/10.1080/19490976.2019.1638722
https://doi.org/10.3389/fimmu.2020.00906
https://www.parkinson.org/understanding-parkinsons/statistics
https://www.parkinson.org/understanding-parkinsons/10-early-signs
https://doi.org/10.1002/anie.201400092
https://doi.org/10.1136/gutjnl-2018-316844
https://doi.org/10.1007/s10517-017-3700-7
https://doi.org/10.1016/j.parkreldis.2019.06.003
https://doi.org/10.1016/j.neurobiolaging.2004.10.006
https://doi.org/10.3390/ijms252011272
https://doi.org/10.1016/j.bbi.2018.02.016
https://doi.org/10.1093/brain/awaa201
https://doi.org/10.1016/j.yexcr.2019.111772
https://doi.org/10.1001/jamaneurol.2016.2742
https://doi.org/10.1186/s40478-020-01062-w
https://doi.org/10.1172/JCI58644
https://doi.org/10.1007/s11064-013-1182-8
https://doi.org/10.3390/nu14153041
https://doi.org/10.1097/WAD.0b013e31819c5ef4
https://doi.org/10.7554/eLife.53111
https://doi.org/10.1016/j.cell.2016.11.018
https://doi.org/10.1080/16546628.2017.1321948
https://doi.org/10.1038/s41598-017-10034-5
https://doi.org/10.1212/WNL.46.2.388
https://doi.org/10.1002/mds.26069
https://doi.org/10.1016/j.cell.2016.10.020
https://doi.org/10.1371/journal.pone.0147129
https://doi.org/10.1002/ana.23876


Pfaffinger et al. 10.3389/fnins.2025.1600148

Frontiers in Neuroscience 18 frontiersin.org

Shahbazi, A., Sepehrinezhad, A., Vahdani, E., Jamali, R., Ghasempour, M., Masoumi, M., 
et al. (2023). Gut dysbiosis and blood-brain barrier alteration in hepatic encephalopathy: 
from gut to brain. Biomedicine 11:1272. doi: 10.3390/biomedicines11051272

Shannon, K. M., Keshavarzian, A., Dodiya, H. B., Jakate, S., and Korodower, J. H. (2011). 
Is alpha-synuclein in the colon a biomarker for premotor Parkinson’s disease? Evidence 
from 3 cases. Neurology 77, 1761–1767. doi: 10.1212/WNL.0b013e318232e083

Shannon, K. M., Keshavarzian, A., Mutlu, E., Dodiya, H. B., Daian, D., Jaglin, J. A., 
et al. (2012). Alpha-synuclein in colonic submucosa in early untreated Parkinson’s 
disease. Mov. Disord. 27, 709–715. doi: 10.1002/mds.24988

Sharma, A., Voigt, R. M., Goetz, C. G., and Keshavarzian, A. (2025). Parkinson’s 
disease and the gut: a primer for gastroenterologists. Am. J. Gastroenterol. doi: 
10.14309/ajg.0000000000003508

Shen, X., Yang, H., Wu, Y., Zhang, D., and Jiang, H. (2017). Meta-analysis: association 
of Helicobacter pylori infection with Parkinson’s diseases. Helicobacter 22:e12402. doi: 
10.1111/hel.12402

Sheng, J. G., Bora, S. H., Xu, G., Borchelt, D. R., Price, D. L., and Koliatsos, V. E. (2003). 
Lipopolysaccharide-induced neuroinflammation increases intracellular accumulation 
of amyloid precursor protein and amyloid β peptide in APPswe transgenic mice. 
Neurobiol. Dis. 14, 133–145. doi: 10.1016/S0969-9961(03)00095-6

Shimizu, S., Tojima, I., Nakamura, K., Ishii, K., Hosaka, A., Uemura, N., et al. (2004). 
Histochemical analysis of neurofibrillary tangles in olfactory epithelium, a study based 
on an autopsy case of juvenile Alzheimer’s disease. Acta Histochem. Cytochem. 55, 93–98. 
doi: 10.1267/ahc.55.93

Silva, Y. P., Bernardi, A., and Frozza, R. L. (2020). The role of short-chain fatty acids 
from gut microbiota in gut-brain communication. Front. Endocrinol. 11:25. doi: 
10.3389/fendo.2020.00025

Singh, N., Gurav, A., Sivaprakasam, S., Brady, E., Padia, R., Shi, H., et al. (2014). 
Activation of Gpr109a, receptor for niacin and the commensal metabolite butyrate, 
suppresses colonic inflammation and carcinogenesis. Immunity 40, 128–139. doi: 
10.1016/j.immuni.2013.12.007

Singh, S., Sahu, K., Singh, C., and Singh, A. (2022). Lipopolysaccharide induced 
altered signaling pathways in various neurological disorders. Naunyn Schmiedeberg's 
Arch. Pharmacol. 395, 285–294. doi: 10.1007/s00210-021-02198-9

Sosero, Y. L., and Gan-Or, Z. (2023). LRRK2 and Parkinson's disease: from genetics 
to targeted therapy. Ann. Clinic. Transl. Neurol. 10, 850–864. doi: 10.1002/acn3.51776

Svensson, E., Horváth-Puhó, E., Thomsen, R. W., Djurhuus, J. C., Pedersen, L., 
Borghammer, P., et al. (2015). Vagotomy and subsequent risk of Parkinson’s disease. Ann. 
Neurol. 78, 522–529. doi: 10.1002/ana.24489

Tan, A. H., Chong, C. W., Lim, S. Y., Yap, I. K. S., Teh, C. S. J., Loke, M. F., et al. (2021). 
Gut microbial ecosystem in Parkinson disease: new clinicobiological insights from 
multiomics. Ann. Neurol. 89, 546–559. doi: 10.1002/ana.25982

Tansey, M. G., Wallings, R. L., Houser, M. C., Herrick, M. K., Keating, C. E., and 
Joers, V. (2022). Inflammation and immune dysfunction in Parkinson disease. Nat. Rev. 
Immunol. 22, 426–439. doi: 10.1038/s41577-022-00694-0

Thevaranjan, N., Puchta, A., Schulz, C., Naidoo, A., Szamosi, J. C., Verschoor, C. P., 
et al. (2017). Age-associated microbial dysbiosis promotes intestinal permeability, 
systemic inflammation, and macrophage dysfunction [published correction appears in 
Cell Host & Microbe, 2018, 23(4), 570]. Cell Host Microbe, 21: 455–466. doi: 
10.1016/j.chom.2017.03.002

Tiwari, S., Atluri, V., Kaushik, A., Yndart, A., and Nair, M. (2019). Alzheimer’s disease: 
pathogenesis, diagnostics, and therapeutics. Int. J. Nanomedicine 14, 5541–5554. doi: 
10.2147/IJN.S211010

Toh, T. S., Chong, C. W., Lim, S. Y., Tan, A. H., Yahya, N. A., Tay, J. K., et al. (2022). 
Gut microbiome in Parkinson’s disease: new insights from meta-analysis. Parkinsonism 
Relat. Disord. 94, 1–9. doi: 10.1016/j.parkreldis.2021.11.017

Ueda, A., Shinkai, S., Shiroma, H., Taniguchi, Y., Tsuchida, S., Kariya, T., et al. (2021). 
Identification of Faecalibacterium prausnitzii strains for gut microbiome-based intervention 
in Alzheimer’s-type dementia. Cell Rep. Med. 2:100398. doi: 10.1016/j.xcrm.2021.100398

Unger, M. M., Spiegel, J., Dillmann, K. U., Grundmann, D., Philippeit, H., Bürmann, J., 
et al. (2016). Short chain fatty acids and gut microbiota differ between patients with 
Parkinson’s disease and age-matched controls. Parkinsonism Relat. Disord. 32, 66–72. 
doi: 10.1016/j.parkreldis.2016.08.019

Vascellari, S., Palmas, V., Melis, M., Pisanu, S., Cusano, R., Uva, P., et al. (2020). Gut 
microbiota and metabolome alterations associated with Parkinson’s disease. mSystems 
5, e00561–e00520. doi: 10.1128/mSystems.00561-20

Ventura, R. E., Iizumi, T., Battaglia, T., Liu, M., Perez-Perez, G. I., Herbert, J., et al. 
(2019). Gut microbiome of treatment-naïve MS patients of different ethnicities early in 
disease course. Sci. Rep. 9:16396. doi: 10.1038/s41598-019-52894-z

Vogt, N. M., Kerby, R. L., Dill-McFarland, K. A., Harding, S. J., Merluzzi, A. P., 
Johnson, S. C., et al. (2017). Gut microbiome alterations in Alzheimer’s disease. Sci. Rep. 
7:13537. doi: 10.1038/s41598-017-13601-y

Wakade, C., Giri, B., Malik, A., Khodadadi, H., Morgan, J. C., Baban, B., et al. (2018). 
Niacin modulates macrophage polarization in Parkinson’s disease. J. Neuroimmunol. 
320, 76–79. doi: 10.1016/j.jneuroim.2018.05.002

Wang, C., Lau, C. Y., Ma, F., and Zheng, C. (2021). Genome-wide screen identifies 
curli amyloid fibril as a bacterial component promoting host neurodegeneration. Proc. 
Natl. Acad. Sci. USA 118:e2106504118. doi: 10.1073/pnas.2106504118

Wang, Q., Luo, Y., Ray Chaudhuri, K., Reynolds, R., Tan, E. K., and Pettersson, S. 
(2021). The role of gut dysbiosis in Parkinson's disease: mechanistic insights and 
therapeutic options. Brain 144, 2571–2593. doi: 10.1093/brain/awab156

Wang, Y., Sadike, D., Huang, B., Li, P., Qiao, Q., Deng, S., et al. (2023). Regulatory 
T cells alleviate myelin loss and cognitive dysfunction by regulating neuroinflammation 
and microglial pyroptosis via TLR4/MyD88/NF-κB pathway in LPC-induced 
demyelination. J. Neuroinflammation 20:41. doi: 10.1186/s12974-023-02721-0

Wang, C., Zheng, D., Weng, F., Jin, Y., and He, L. (2022). Sodium butyrate ameliorates 
the cognitive impairment of Alzheimer’s disease by regulating the metabolism of 
astrocytes. Psychopharmacology 239, 215–227. doi: 10.1007/s00213-021-06025-0

Wei, X., Zhang, F., Cheng, D., Li, Y., Li, X., Wu, J., et al. (2024). Free heme induces 
neuroinflammation and cognitive impairment by microglial activation via the TLR4/
MyD88/NF-κB signaling pathway. Cell Commun. Signal 22:16. doi: 
10.1186/s12964-023-01387-8

Weis, S., Schwiertz, A., Unger, M. M., Becker, A., Faßbender, K., Eggers, C., et al. 
(2019). Effect of Parkinson’s disease and related medications on the composition of the 
fecal bacterial microbiota. NPJ Park. Dis. 5:28. doi: 10.1038/s41531-019-0100-1

Willa, J., Jones, J., Haggerty, T., Duka, V., Joyce, J. N., and Sidhu, A. (2010). 
Elevated taupathy and alpha-synuclein pathology in postmortem Parkinson’s 
disease brains with and without dementia. Exp. Neurol. 225, 210–218. doi: 
10.1016/j.expneurol.2010.06.017

Yamada, T., Shimizu, K., Ogura, H., Asahara, T., Nomoto, K., Yamakawa, K., et al. 
(2015). Rapid and sustained long-term decrease of fecal short-chain fatty acids in 
critically ill patients with systemic inflammatory response syndrome. JPEN J. Parenter. 
Enteral Nutr. 39, 569–577. doi: 10.1177/0148607114529596

Yang, M., Gan, J., Liu, S., Tang, Y., Lin, Q., Zhang, L., et al. (2024). Associations 
between plasma orexin-a level and constipation in cognitive impairment. J Alzheimer's 
Dis 97, 409–419. doi: 10.3233/JAD-230625

Yassin, L. K., Nakhal, M. M., Alderei, A., Almehairbi, A., Mydeen, A. B., Akour, A., 
et al. (2025). Exploring the microbiota-gut-brain axis: impact on brain structure and 
function. Front. Neuroanat. 19:1504065. doi: 10.3389/fnana.2025.1504065

Yin, Y., and Wang, Z. (2018). ApoE and neurodegenerative diseases in aging. Adv. Exp. 
Med. Biol. 1086, 159–183. doi: 10.1007/978-3-319-71017-4_7

Zafar, H., and Saier, M. H. Jr. (2021). Gut Bacteroides species in health and disease. 
Gut Microbes 13, 1–20. doi: 10.1080/19490976.2020.1848158

Zajac, D. J., Green, S. J., Johnson, L. A., and Estus, S. (2022). APOE genetic influence 
on the murine gut microbiome. Sci. Rep. 12:1906. doi: 10.1038/s41598-022-05853-1

Zhang, L., Wang, Y., Xiayu, X., Shi, C., Chen, W., Song, N., et al. (2017). Altered gut 
microbiota in a mouse model of Alzheimer’s disease. J. Alzheimers Dis. 60, 1241–1257. 
doi: 10.3233/JAD-170020

Zhang, M., Wu, Y., Xie, L., Teng, C. H., Wu, F. F., Xu, K. B., et al. (2018). 
Isoliquiritigenin protects against blood-brain barrier damage and inhibits the secretion 
of pro-inflammatory cytokines in mice after traumatic brain injury. Int. 
Immunopharmacol. 65, 64–75. doi: 10.1016/j.intimp.2018.10.011

Zhang, F., Yue, L., Fang, X., Wang, G., Li, C., Sun, X., et al. (2020). Altered gut 
microbiota in Parkinson’s disease patients/healthy spouses and its association with clinical 
features. Parkinsonism Relat. Disord. 81, 84–88. doi: 10.1016/j.parkreldis.2020.10.025

Zhao, Y., Yang, H., Wu, P., Xiao, Y., Li, X., Zhao, Y., et al. (2024). Akkermansia 
muciniphila: a promising probiotic against inflammation and metabolic disorders. 
Virulence 15:2375555. doi: 10.1080/21505594.2024.2375555

Zhao, C., Yu, H., Li, W., Shi, J., and Qin, B. (2018). Structural changes of gut microbiota 
in patients with Parkinson’s disease. Chin. J. Neurol. 51, 498–503. doi: 
10.3760/cma.j.issn.1006-7876.2018.07.004

Zhuang, Z. Q., Shen, L. L., Li, W. W., Fu, J. T., Wang, Q., Yu, L., et al. (2018). Gut 
microbiota is altered in patients with Alzheimer’s disease. J Alzheimer's Dis 63, 
1337–1346. doi: 10.3233/JAD-180176

https://doi.org/10.3389/fnins.2025.1600148
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.3390/biomedicines11051272
https://doi.org/10.1212/WNL.0b013e318232e083
https://doi.org/10.1002/mds.24988
https://doi.org/10.14309/ajg.0000000000003508
https://doi.org/10.1111/hel.12402
https://doi.org/10.1016/S0969-9961(03)00095-6
https://doi.org/10.1267/ahc.55.93
https://doi.org/10.3389/fendo.2020.00025
https://doi.org/10.1016/j.immuni.2013.12.007
https://doi.org/10.1007/s00210-021-02198-9
https://doi.org/10.1002/acn3.51776
https://doi.org/10.1002/ana.24489
https://doi.org/10.1002/ana.25982
https://doi.org/10.1038/s41577-022-00694-0
https://doi.org/10.1016/j.chom.2017.03.002
https://doi.org/10.2147/IJN.S211010
https://doi.org/10.1016/j.parkreldis.2021.11.017
https://doi.org/10.1016/j.xcrm.2021.100398
https://doi.org/10.1016/j.parkreldis.2016.08.019
https://doi.org/10.1128/mSystems.00561-20
https://doi.org/10.1038/s41598-019-52894-z
https://doi.org/10.1038/s41598-017-13601-y
https://doi.org/10.1016/j.jneuroim.2018.05.002
https://doi.org/10.1073/pnas.2106504118
https://doi.org/10.1093/brain/awab156
https://doi.org/10.1186/s12974-023-02721-0
https://doi.org/10.1007/s00213-021-06025-0
https://doi.org/10.1186/s12964-023-01387-8
https://doi.org/10.1038/s41531-019-0100-1
https://doi.org/10.1016/j.expneurol.2010.06.017
https://doi.org/10.1177/0148607114529596
https://doi.org/10.3233/JAD-230625
https://doi.org/10.3389/fnana.2025.1504065
https://doi.org/10.1007/978-3-319-71017-4_7
https://doi.org/10.1080/19490976.2020.1848158
https://doi.org/10.1038/s41598-022-05853-1
https://doi.org/10.3233/JAD-170020
https://doi.org/10.1016/j.intimp.2018.10.011
https://doi.org/10.1016/j.parkreldis.2020.10.025
https://doi.org/10.1080/21505594.2024.2375555
https://doi.org/10.3760/cma.j.issn.1006-7876.2018.07.004
https://doi.org/10.3233/JAD-180176

	Gut dysbiosis as a potential driver of Parkinson’s and Alzheimer’s disease pathogenesis
	1 Introduction
	2 Methods
	3 The pathogenic role of gut dysbiosis in Alzheimer’s and Parkinson’s disease
	3.1 Overview: pathologic features of PD and AD
	3.2 Microbiome and gut-brain axis in AD and PD
	3.2.1 Gut to brain propagation of misfolded proteins
	3.2.2 GI inflammation in PD and AD
	3.2.3 Neuroinflammation, BBB, and gut permeability
	3.3 Gut microbiota and its relevance to PD and AD
	3.3.1 Short chain fatty acids in AD and PD
	3.3.2 Other metabolites associated with PD and AD
	3.3.3 Lipopolysaccharide and inflammatory pathways in AD and PD
	3.3.3.1 LPS and protein aggregation in both AD and PD
	3.4 Hypothesized microbiota-gut-brain axis mechanisms for PD and AD pathogenesis

	4 Limitations and future directions
	5 Conclusion

	References

