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Transport of prion-like asyn strains in the peripheral and 
central nervous system
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Non motor symptoms

Lewy pathology in multiple organs

Tolosa et al. Brain, 2015

Non-motor symptoms and peripheral pathology occur 
up to 20 years prior to motor symptoms (time of 
diagnosis)

Large therapeutic window

→ Need for models that also mimic peripheral 
pathology and non-motor symptoms
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Alpha-synuclein pathology can propagate along the vagus 
nerve from the gut to the brain and back

Parasympathetic gut-to-brain propagation
(via vagus nerve) 
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The gut-brain axis does not only constitute vagal propagation
but also sympathetic gut-to-brain propagation

Gut > Autonomic ganglia > Heart

Gut > Autonomic ganglia > IML > LC

What about the heart?

SYMPATHETIC TRANSMISSION
LC 
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GUT-FIRST ANIMAL MODEL IN PD

DMV

myenteric
plexus

submucosal
plexus



NATHALIE ARIANE E VAN DEN BERGE

25 JANUARY 2022 ASSISTANT PROFESSOR
DEPARTMENT OF CLINICAL MEDICINE

AARHUS
UNIVERSITY

BODY-FIRST AND BRAIN-FIRST SUBTYPES IN PD

Human PD

Borghammer & Van Den Berge, 2019, J. Parkinsons. Dis.

Horsager et al., 2020, Brain

Borghammer et al., 2021, Neurobiol. Dis.

Horsager et al., 2022, Neurobiol. Dis.

RBD-negative
 pre-motor phase

Pre-motor RBD

Early human body-first PD =
 iRBD without motor symptoms
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BODY-FIRST AND BRAIN-FIRST SUBTYPES IN PD

Human PD
RBD-negative

 pre-motor phase
Pre-motor RBD

Early human body-first PD =
 iRBD without motor symptoms



NATHALIE ARIANE E VAN DEN BERGE

25 JANUARY 2022 ASSISTANT PROFESSOR
DEPARTMENT OF CLINICAL MEDICINE

AARHUS
UNIVERSITY ASSOCIATE PROFESSOR

BODY-FIRST AND BRAIN-FIRST SUBTYPES IN PD

Human PD
RBD-negative

 pre-motor phase
Pre-motor RBD

Early human body-first PD =
 iRBD without motor symptoms

99%
ipsilateral

propagation

Bilateral 
propagation
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Brain-first
(amygdala)

Body-first
(gut)

PE2I (DaT) PET 

MIBG –
Sympathetic innervation
(ex vivo)

FEOBV – 
cholinergic innervation
(ex vivo)

EVIDENCE FROM ANIMAL STUDIES
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EVIDENCE FROM ANIMAL STUDIES

Rodent PD

xv

Human PD

Van Den Berge et al., 
in preparation
Please do not copy

Bilateral 
propagation
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EVIDENCE FROM ANIMAL STUDIES

14 APRIL 2022

Rodent PD

xv

Human PD

Van Den Berge et al., 
in preparation
Please do not copy
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STRAIN VARIABILITY

1 MARCH 2022

≠

Impact: spectral characterization of subtype-specific strain differences in easy accessible tissue (gut and skin 
biopsies) may enable early subtype-specific diagnosis
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STRAIN VARIABILITY

cardiac denervation

symmetric pathology

Advanced 
body-first rat PD

NO cardiac denervation

asymmetric pathology

Advanced 
brain-first rat PD

DMV

SN

Amy

OB

LC/SN/Amy

Myocardial ganglia and neurite staining

Body-first

IHC – pSer129-asyn

Brain-first

myenteric 
plexus

Van Den Berge et al., 
in preparation
Please do not copy
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STRAIN VARIABILITY

Fluorescence lifetime imaging hFTAA

Van Den Berge et al., 
in preparation
Please do not copy
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SUMMARY

• Alpha-synuclein seeds display prion-like properties, including trans-synaptic transmission along 
vagal and sympathetic pathways

• The exact same seeds (recombinant asyn fibrils) are used for disease initiation in the gut or 
brain.

• The observed spectral differences between aggregates derived from brain and gut-seeded rats, 
indicate that pathology possesses different structural characteristics, depending on where the 
disease is initiated. 

• Brain, heart and stomach.

• This difference is most obvious in the heart – which correlates to the disease phenotype.
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