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BIDIRECTIONAL COMMUNICATION BETWEEN THE NERVOUS AND
IMMUNE SYSTEMS IS CRITICAL FOR BRAIN HEALTH
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HUMAN LONGEVITY, GENETICS AND INFLAMMATION

SHELERI  Evolutionary pressure for genes and
gene variants 2 robust immune
Immunity

™ = * Increased longevity - chronic
antigenic load

Macrophage activation

T cell clone expansion ° Inflqmm-aging (increqsed |OW-gI'CIC|e

e e chronic inflammation) and
= immunosenescence (loss of
immunocompetence and
A

- Age is the #1 risk factor for AD and PD

Larbi et al 2008



CNS-Gut-Peripheral Immune System: Novel Targets for
Therapeutic Intervention

Microbe-derived molecules
* SCFAs (microglia maturation and function)

* Tryptophan metabolites, AHR ligands . . . . . .
(astrocyte function) Tissue inflammation, injury and repair

« MAMPs (LPS, PGN) * Tyt (IFNy), T2 (IL4), T{17 (IL-17A), T, (IL-10)

Neurogenesis
Central nervous system * Ly6C* monocytes

Neuroactive molecules

* Intestinal neurotransmitter biosynthesis
* Regulation of neurotransmitter signaling

Neural development and connectivity

¢ |L-17A (cortical development)

Neuronal signaling
¢ IFNy (neural connectivity)

* Vagal nerve stimulation

Neuroendocrine signaling
¢ HPA axis (microbiome
composition, intestinal
permeability/motility,
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Immune pathways impacted
°T, differentiation

*T,17 differentiation

* Antibody production

* Antigen presentation

* Mononuclear phagocyte function

Fung, Olson and Hsiao Nature Neuro 2017



What is the Microbiome?

Click on a label for more information




Bacterial taxa can be identified by
sequencing dna




Gut Barrier Critical for Brain Health
Dysbiosis and

Healthy Inflammation
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WHERE DOES IT COME FROM?

Fetus is traditionally considered sterile

Bacteria is acquired at birth, changes as the human
develops/changes.

Bacterial composition is highly variable person to
person, throughout a person’s life.

Thought to be determined by our:
* Diet
* Genetics/Immune System
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Most bacteria in the
microbiota benefit us

Food digestion

. | w IT WORKS
* Wound healing = (S OR IT'S FREE
* Regulate immune system @agggg
e Ftc. ACTIVIA
* Rt Effect of antibiotics & C. difficile
* Etc on colon’s microbiome

100;
Percent
. . of 80 G
Antibiotics save lives, but... ok difficil
* Destroy our microbiota "’(‘L‘;“' -
* Leave “space” for more pathogenic DNA 40
bacteria to colonize and cause test)
disease 20
0-

No 0hours 18 hours 36 hours
antibiotics (Time after antibiofic-treated mice
got C. difficile spores by mouth)



The GUT Microbiome has been Demonstrated to play a role in
which 10 of these diseases?

Amphetamine abuse
Anxiety

Asthma

Autism Spectrum Disorder
Eyesight

Gut health

Hair growth

High blood pressure
Inheritance patterns of

human DNA
Mathematical ability
Multiple sclerosis
Nail growth

Obesity

Parkinson’s disease
Response to cocaine
Tay-Sachs disease
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Alpha-synuclein and PD

* Initiating event in a-
synuclein aggregation is
unknown

* Increased expression of
a-synuclein is a factor in
aggregation

5 SNCA mutations of
familial PD have been
identified (Roberts, 2015)
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Protein Aggregation
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Neurohistology
Gliosis,
Cytokines

Biofluids
Cytokines,
Immune cells

Neuroimaging
Microgliosis
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Parkinson’s disease:
non-motor symptoms

Non-Motor Some non-motor
symptoms symptoms are also
* Hyposmia pre-motor
* Anxiety symptoms
* Depression —T . T .
phase phase. sec+prim.
* Sleep S pe——

assodation

Y meso-
| cortex

disturbances
* Gl dysfunction

substantia
nigra

locus
coeruleus

dorsal IX/X
nucleus

Braak, H., et al. Cell Tissue
Res (2004) 318: 121.



Intestinal inflammation is present in
Parkinson’s disease

. A whk ek ek *
PD patients have: s — 7 /1 /=
— I intestinal pro-inflammatory cytokines ¢ ) .
(TNF, IFNy, 1L-6, IL-1B) (0evos Neurobiol pis 2013) 7571 S S, ]
— I fecal calprotectin and lactoferrin (vulak 2 " ..,. -
Gastroenterol 2017, Schwiertz Parkinsonism Relat Disord 2018) 0 ﬁ % * § “u® &

ct. PD CTL PD CTL PD CTL PD

— /I\ fecal ”.'1(1, IL'].B, CXCLS, CRP (Houser Mov

! TNF-a IFN-y IL-6 IL-1B
Disord 2018)

— All associated with NFkB signaling ——

Houser et al.,
Movement
Disorders
2018



Increased incidence of psychological and gastrointestinal symptoms in
PD patients and decreased coffee and alcohol consumption

Question Response Subjects X p
Controls PD Patients
D q Yes 11 41
suspected 109'2 A 2?110/0 11.52 | 0.0007
anxiety No
89.1% 70.1%
D q Yes 24 52
iagnosed or 5 5
suspected 21'2/0 33.10% 5.147 | 0.0233
depression No 8 95
76.4% 60.5%
Diagnosed or Yes 14 61
0, 0,
suspected sleep 12.7% 38.9% 2261 | 0.0001
problems, 92 89
insomnia No 83.6% 56.7%
Experienced Yes 40 101
i I 0, 0,
dlgestlye 36.4% 64.3% 2269 | <0.0001
problems in the 58 40
past 3 months No 52.7% 25.5%
Currently on Vos  femm—_O a7
i i 0, 0,
medmatm_m for 14.5% 29.9% 3.086 | 0.0045
digestive No 89 106
problems 80.9% 67.5%

Question Response Subjects X2 o}
Controls PD Patients
Diagnosed or Yes $ 0
suspected IBD, 8.2% 16.6% 4390 | 0.0361
IBS, Crohn's, or N 101 126
o o]
colitis 91.8% 80.3%
26 40
None
23.6% 25.5%
<6 cups a 10 27
How much week 9.1% 17.2%
caffeinated At least 1 13 16 11.61 0.0205
coffee do you cup a day 11.8% 10.2%
drink 1-2 cups a 36 55
day 32.7% 35.0%
3+ cups a 25 14
day 22.7% 8.9%
31 59
None
28.2% 37.6%
< 2 drinks a 47 48
week 42.7% 30.6%
H h 2-6 drinks a 8 31
oW muc
week 9 0
alcohol do you - 7.3% 19.7% 19.38 0.0016
: 1drink a 9 7
drink
day 8.2% 4.5%
2 drinks a 12 5
day 10.9% 3.2%
3+ drinks a 3 2
day 2.7% 1.3%




ammation as a driver in multisystem
Dysfunction in PD

STAGE 4: COGN[TIVE DEFICITS. PSYCHOSIS:
TNF, l]fl IL-6, CDX

—

. STAGE 2 : DEPRESSION, SLEEP DISTURBANCE:
TNE IL-6

a

GASTROINTESTINAL DYSFUNCTION:

GE )
: NEATI

Barnum and Tansey, Curr Neurol Neurosci Rep 2012
MOVEMENT DISORDERS
Neuroinflammation and Non-motor Symptoms: The Dark Passenger of Parkinson’s Disease ?



S T—
E EPIDEMIOLOGICALLY LINKED,

AND ANTI-TNF BIOLOGICS REDUCE PD RISK

« Patients with IBD are more likely « Anfi-TNF therapy
tO develop PD (Lin inflamm Bowel Dis 2016, reduces incidence of

Peter JAMA Neurol 2018, Villumsen Inflamm Bowel Dis

2018) PD in IBD patients by

/8% (Peter JAMA Neurol 2018)
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@ Neurodegeneration

Synucleinopathy
Spreads from DMV

Blood-Brain Barrier
Permeability

INTESTINAL
INFLAMMATION
MAY DRIVE PD
PATHOGENESIS

Inflammatory
Triggers

Systemic

Inflammation  \

ntestinal
Inflammation

Intestinal
Microbes

Intestinal )
microbes v

# a-synuclein

- Inflammation Houser, MC and MG TClnsey,
DTty h e W ey NPJ Parkinson'’s Disease, 2017




Gut inflammation may trigger Asyn Upregulation,
Aggregation and Propagation to the CNS

Microbes
Food

Toxins @ \.\
4]

sl ©

EEC

-\}’

Gut Lumen

~r

} Intestine

Figure 10. Hypothetical pathway for pathogenic migration of a-synuclein in the gut. The apical surface of enteroendocrine cells (EECs) is exposed to the
lumen and thus is in contact with ingested toxins and metabolites produced by gut microbes. The basolateral surface of EECs is in contact with enteric

nerves and glia. We propose that toxin uptake by EEC can cause aggregation of a-synuclein inside these cells and this aggregated protein can migrate to
enteric nerves, thereby initiating a pathogenic cascade leading to a-synucleinopathies.

insight.jci.org  https://doi.org/10.1172/jci.insight.92295 Chandra et al. JCI Insight 2017



Gut microbiota influence peripheral
immune cell traffic to CNS

Contents lists available at ScienceDirect = H,Es'\}_mj

BE
and IMMUNITY

Brain, Behavior, and Immunity

journal homepage: www.elsevier.com/locate/ybrbi

Monocyte mobilisation, microbiota & mental illness

Marcel van de Wouw?, Marcus Boehme®®, Timothy G. Dinan®", John F. Cryan®®"

2 APC Microbiome Ireland, University College Cork, Cork, Ireland
® Department of Psychiatry and Neurobehavioral Science, University College Cork, Cork, Ireland
© Department of Anatomy and Neuroscience, University College Cork, Cork, Ireland

. “acro Phag e
Monocyte

Fig. 2. Pathways in which the microbiota can influ-
ence monocyte trafficking to the brain. A depleted
gastrointestinal microbiota results in a decreased
myelopoiesis and monocyte levels, resulting in re-
duced monocyte trafficking to the brain.
Alternatively, gut microbiota-derived metabolites,
such as lipopolysaccharide (LPS), serotonin (5-HT),
SCFAs (short-chain fatty acids), and p-glucans, can
influence monocyte properties and the macrophages
they subsequently differentiate into.



Therapeutic Potential of Microbiota-targeted Strategies
to Modulate Central and Peripheral Immunity in
Multiple Neurological Disorders or Conditions

Fig. 3. The therapeutic potential of microbiota-tar-
geted strategies in conditions associated with en-
hanced monocyte trafficking into the brain. The mi-
crobiota can (epigenetically) program circulating
monocytes, prior to their trafficking into the brain
and subsequent differentiation into macrophages.
These monocytes and monocyte-derived macro-
phages play a causal role in specific aspects of pa-
thophysiology of various disease conditions, such as
traumatic brain injury (TBI), experimental auto-
immune encephalomyelitis (EAE) and human mul-
tiple sclerosis (MS), Parkinson’s disease (PD),
Alzheimer’s disease (AD) and stroke, as well as con-
ditions associated with chronic stress and sickness.
Monocytes play a negative role (red boxes) or posi-
tive role (green boxes) depending on the disease
condition.

ickness
Behaviour

s

c\)\a“‘oﬁ

Van de Wouw et al 2019



CNS-Gut-Peripheral Immune System: Novel Targets for
Therapeutic Immunomodulatory Interventions?

Microbe-derived molecules

* SCFAs (microglia maturation and function)

* Tryptophan metabolites, AHR ligands
(astrocyte function)

* MAMPs (LPS, PGN)

Neuroactive molecules

e Intestinal neurotransmitter biosynthesis
* Regulation of neurotransmitter signaling

Neuronal signaling
* Vagal nerve stimulation

Gut microbiota

Central nervous system

Neuroendocrine signaling

¢ HPA axis (microbiome
composition, intestinal
permeability/motility,
immune regulation)

Microbial-derived molecules
e SCFAs
* MAMPs (PSA, TLR and NLR ligands)

Immune pathways impacted
°T, differentiation

*T,17 differentiation

* Antibody production

* Antigen presentation

* Mononuclear phagocyte function

Tissue inflammation, injury and repair

*Ty1 (IFNy), T2 (IL-4), T,17 (IL-17A), T, (IL-10)

reg (

Neurogenesis
* Ly6C* monocytes

Neural development and connectivity

¢ |L-17A (cortical development)
¢ IFNy (neural connectivity)

Peripheral
immune system

Fung, Olson and Hsiao Nature Neuro 2017



Questions?




