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CONTEXT & PRIOR RESEARCH



Parkinson’s disease (PD)

MOTOR SYMPTOMS

Tremors

Rigidity and
postural instability

Neuron loss and
degeneration = DA\ in SNc

% — W

Lewy body

>e)

NON-MOTOR SYMPTOMS

Gastrointestinal symptoms
(constipation, drooling, fecal incontinence)

(prodromal)

Accumulation of
misfolded a-synuclein




PD mouse model: 6-OHDA injection

(Dopamine analog)

OHDA in the striatum

!

l Uptake of 6-OHDA by the ‘

l Unilateral injection of 6- ]

Advantages

dopamine transporter

!

Oxidative stres in the
catecholaminergic neurons

|

- Neuroinflammation and DA neuron loss
- Motor impairment

Disadvantages

- No formation of Lewy bodies

Intrastriatal stereotaxic - Damages other parts of the brain

injection - Only mimics the neuronal events of PD
Cell death
| Motor symptoms ]

S. A. Jagmag, N. Tripathi, S. D. Shukla, S. Maiti, and S. Khurana, ‘Evaluation of Models of Parkinson’s Disease’, Front Neurosci, vok'9, p. 503, Jan. 2016
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Gut-brain axis microbiota

oy Gut barrier
N -v,‘ integrity disruption
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Local and
- systemic
Bottom-up scenario with inflammation

involvement of microbiota-
Blood-brain barrier
impairment

gut-brain axis

| Neurodegeneration '

Y. Bashir and A. U. Khan, ‘The interplay between the gut-brain axis and the microbiome: A perspective on psychiatric and neurodm'ative disorders’, Front. Neurosci., vol. 16, Oct. 2022.



Dual-hit model of PD

Dysbiosis and striatal neurotoxin insult

Q > Motor impairment

, Bacteri{ \ W\

Dopaminergic
¥ N neuron '
3) IMPACT ON DIFFERENT FUNCTIONS
Obesity, dopamine dysregulation...

| Intestinal epithelium
] 1

1) INTESTINAL MICROBIOTA
DISRUPTION INFLAMMATION

J. Han et al., ‘High-Fat Diet-Induced Weight Gain, Behavioral Deficits, and Dopamine Changes in Young C57BL/6J Mice’, Front Nu

sTaYe K|

vol. 7, p. 591161, Jan.




Dual-hit model of
PD by ceftriaxone-
induced dysbiosis

6-OHDA

CFX +6-0OHDA

W Motor coordination

A Apomorphine-induced
rotational behavior

WV TH expression

A NNOS and iNOS
expression

A COX-2 expression

WV Bcl-2/ Bax ratio

expression

W\ Motor coordination
AN Apomorphine-
induced rotational
behavior
W\ TH expression
A NNOS and iNOS
expression
A COX-2 expression
W Bcl-2/ Bax ratio
expression

A TNF-a and IFN-y
AIL-1-B

A TNF-ccand IFN-y
A IL-1-B

A LPS

J2X s

A Histological structural
abnormalities and
inflammatory cell
infiltration

A IL-1-

A Ptgs-2

W\ IL-10

A Histological
structural
abnormalities and
inflammatory cell
infiltration

A IL-1-8

A Ptgs-2

W IL-10

A P. timonensis
A U.s. of Eubacteriales
WV U.s. of Ligilactobacillus

v Gut microbiota
diversity

WV Keystone taxa

WV A. furcosa

WV P.cinnamivorans

WV D.saccarophila

A R.lactaris



Western diet & PD

Western diet

Microbiota 7 risk of PD, metabolic

Saturated and w6 dysregulation syndrome / obesity, ...

fatty acids

Low consumption
of w3 fatty acids
and fibers

Excessive salt
intake

A. Jackson et al., ‘Diet in Parkinson’s Disease: Critical Role for the Microbiome’, Front. Neurol., vol. 10, p. 1245, Dec. 2019.
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PhD project objectives



PhD Project objectives

6-OHDA
High-fat diet Investigate the relationship between
the gut-brain axis and the Examine the impact of altering gut
development of Parkinson's disease: microbiota on the disease's
 Effect of High fat diet on: progression through the use of
o Parkinson’s disease progression prebiotics or probiotics

o Gut microbiota and intestinal
homeostasis in PD mice
e |dentification of PD-associated bacteria




Experimental plan

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 Weeks

| !
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Standard diet '- : : Sacrifice &
I . g brain and intestinal
. Vehicle ' tissues collection
C57BL6/J mice : '
n=11 1 '
1 ]
i :
Standard diet ’- . ' Sacrifice &
} : i > brain and intestinal
: 6-OHDA ! tissues collection
C57BL6/J mice : :
n=11 ! .
: ]
I
1
Standard diet ] : Sacrifice &
I . ) $  brain and intestinal
: 6-OHDA ! tissues collection
C57BL6/J mice . :
n=11 : Prebiotics or Probiotics '
' '
1
High-fat diet ' : Sacrifice &
I ! e brain and intestinal
: Vehicle ' tissues collection
C57BL6/J mice : I
n=11 I s
1 ]
1 ]
1 ]
High-fat diet : ' Sacrifice &
' . . .
I : p  brain and intestinal
; : 6-OHDA ! tissues collection
C57BL6/J mice : :
n=11 1 '
i ;
¥ 1 e
: High-fat diet : , Sacrifice &
). I I J brain and intestinal
* ] 6-OHDA ' tissues collection
C57BL6/J mice : ]
n=11 | Prebiotics or Probiotics !

Behavioral tests:

Intrastriatal injection .
J Rotarod test & Apomorphine test

Feces collection & Gut microbiota analysis:
W12 and W14



Dual-hit model: analyzed parameters

Metabolic parameters:

Body weight gain
Fat accumulation
Insulin resistance
Serum parameters



Dual-hit model: analyzed parameters

Intestinal homeostasis:
Gut integrity - inflammation

Histological analysis

Tight junctions: MRNA expression(Real-time
PCR)and protein quantification (Western blot)
Cytokine mRNA expression (Real-time PCR)



Dual-hit model: analyzed parameters

Microbiota analysis:

* DNA extraction from feces
* High-throughput NGS techniques
« Dataanalysis of microbiota sequences



Dual-hit model: analyzed parameters

Severity of the Parkinson’s
disease phenotype:

 Motor coordination: rotarod
and apomorphine-induced
rotational behavior




Dual-hit model: analyzed parameters

Brain-based studies:

 Dopamine system alteration
(Western blot - TH)

* |Inflammatory markers: cytokines
gene expression (Real-time PCR)

y %



Dual-hit model:
analyzed parameters

Brain-based
studies

Severity of the Parkinson’s
disease phenotype

Metabolic
parameters

Correlation analysis:
identify PD-associated
bacteria

Determine microbial
species inducing
phenotypic changes in the

Intestinal
homeostasis




Pre-or
probiotics ‘

Microbiota-based therapeutic intervention

=>» Analysis of the impact on PD phenotype and on microbiota composition
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Steps of the PhD project



Gantt diagram

1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Activity 1Year 2Year 3 Year

Project Management

Establishment of the experimental model

Microbiota-based treatment

Evaluation of metabolic parameters

Behavioral tests

Samples collection

Gut microbiota-based studies

Intestinal biomarkers and cytokines

Brain targeted metabolomics

Data collection, statistical and correlation analyses

Secondment 1: University College Cork (Cork, Ireland)

Secondment 2: Neilos s.r.l. (Sorrento, Italy)




Until now...

Lab training

2
?m * Online course introducing the shell

DNA extraction from feces and saliva

Bacterial DNA amplification & AR program and the basic bioinformatic
guantification tools for microbiota analysis

RNA extraction  Computed analysis of microbiota:
Study of gene expression through PCR bacterial diversity, relative
Bacterial culture and manipulation abundance of species, correlation
Laboratory safety training network

Animal training Congresses

Cerfication for animal testing
Mice handling & dissection
training

e Gut Microbiota for Health — Prague
(03/23)
* MicrobiotaMi— Milan (04/23)




THANK YOU FOR YOUR ATTENTION
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