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Advancing from MRI Biomarkers to an Integrative Exploration of the Gut-Brain Axis in Parkinson Disease: Past, Present, and Future Directions

INRAE objectives

Why is MRI highly beneficial for extracting biomarkers of human brain disorders?

Multi-parametric From biomarkers to the diet Could dietary supplements potentially enhance the quality of life for individuals with PD ?

p. 17 Preliminary results / Behavior

Motor symptoms appearance at 45 DPI French-Gut 

Human data

• Efforts must be made to minimize the impact of confounding variables • Increased degrees of freedom necessitate extensive databases that adhere to the FAIR principles

People••

  8200 agents = 2000 scientists / 3000 engineers National research public institute • Agriculture, Food and Environment • Many overlapping themes • Food / Global health "The goal is to understand the links between human health, food, and the environment to improve the sustainability of food production, food health benefits, and the accessibility of healthy diets" Genetic predisposition factors • Environmental factors Increased risk for exposition to • Pesticides PD was recognized as an occupational disease in agriculture professionals in France in 2012 • MPTP analogs Contaminant of illicit narcotics • Metals e.g. Manganese intoxication of minors See Ball et al. (2019) 10.3389/fneur.2019.00218 p. 4 CEFIPRA India-France joint meeting 20/2/24 How do diet intersect with PD ? Decreased risk for • General healthy dietary patterns • Mediterranean diet • MIND diet Hybrid of the Dietary Approaches to Stop Hypertension (DASH) diet and the Mediterranean diet • Intake of berries Beneficial for women but not for men See Knight et al. (2022) 10.3390/nu14214472… also coffee and tobacco/nicotine !

••••

  like to do … See e.g. Péran et al. (2018) 10.1002/mds.27307RESEARCH See e.g. Gore et al (2023) 10.1016/j.mex.2023.102359 Increase from 30 to 100 % in the substantia nigra (SN) of PD patients • Iron storage oxidative stress / aggregation of alpha-synuclein • Cause or a consequence of neuronal loss ? SN location from Zhang et al. (2017) 10.7554/eLife.26653 See Foley (2022) 10.1007/s00702-022-02505-5 p. 10 CEFIPRA India-France joint meeting 20/2/24 MRI of iron Iron • Different chemical forms • Paramagnetic ions T2* apparent relaxation time • 𝑅2 * = Τ 1 𝑇2 * = 𝑅2 * 𝑏 + 𝑘 𝐼𝑟𝑜𝑛 • 𝑅2 * can be mapped within all the brain • 𝑘 = relaxivity / magnetic field dependent Longitudinal study = more specificity i.e. Keep the between session variations of 𝑅2 * b small • ∆𝑅2 * = 𝑅2 * 1 -𝑅2 * 0 >0 in SN of PD patients • Correlated with the difference of disease rating scales i.e. UPDRS 1 -UPDRS 0 For more details see Ulla et al. (2013) 10.1371/journal.pone.Between-subject SD(𝑅2 * )~20% in SN mostly independent of the disease In the basal ganglia ROIs, between-subject variations are highly correlated ! • Intrasubject quantitative referencing method to reduce these non-specific variations For more details see Khedder et al. (2022) 10.1016/j.nicl.2022.103231 p. 16 CEFIPRA India-France joint meeting 20/2/24

••

  Dysbiosis = Alteration in the gut microbiota • Constipation / Highly prevalent ~87 % • Gut inflammation • Increased permeability of colon • α-synuclein (α-syn) aggregates in the GI tract Two subtypes of PD = "Gut first" or "Brain first" GI signs, cause or consequences of PD ? Evidences for bidirectional pathways Recovery of an healthy microbiota = An exciting therapeutic avenue … digestible ingredients Symbiotics = Pro + Pre-biotics Many studies • 31 clinical / 207 preclinical studies / 9 meta-analysis on PUBMED • Positive tendency for an efficacy But more consistency is needed in study design • Power / number of subject • Supplement parameters e.g. strains, duration, dosage p. 19 CEFIPRA India-France joint meeting 20/2/24 MENTAL project / Pre-clinical strategy Rat model • Low inter-subject variability in a cohort • Longitudinal following • Intra-cerebral injection of adeno-associated viruses to express α-syn in the rat midbrain see Huntington et al. (2021) 10.14336/AD.2021.0517Integration of multi-omic/-modal data• Extensive characterization of gut-brain axis • Same approach before and after administration of the supplement in the diet • Integration using explainable Experience on axenic Fisher 344 rats for performing transfer of microbiotaNo data of α-syn Fisher 344 rat model of PD
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  Valuable tools for elucidating physiopathological mechanisms • AND establishing proof-of-principle for potential dietary supplement therapies BUT • Preclinical tools often lag behind those available for human investigation, • Models merely serve as proxies for human diseases

	Animal models	
	• Clinical and genetic data	Controls included

• Microbiota p. 28 CEFIPRA India-France joint meeting 20/2/24 Conclusions