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Hersenen Centrale zenuwstelsel (CNS)
e +170 biljoen neuronen &
glia cellen
* Hersenen + ruggenmerg
. . Enterisch zenuwstelsel (ENS)
Buikbrein

e 200 miljoen neuronen & glia cellen

Eneasmagazine.com | Dept. of Pathology, MUMC+



Het maagdarmstelsel

Slokdarm

Dikke darm

Dunne darm

Blinde darm

Rectum

Slokdarm
Verbindt mondholte met maag

Voedsel wordt d.m.v. peristaltische
bewegingen naar de maag gebracht

Maag

Vertering / kneden voedsel
Afweer

De dunne darm

Verteren van voedselresten en absorberen
van voedingstoffen

De dikke darm

Transporteren van voedselresten en
absorbeert vocht & zouten




Vaes et al. Nature gastro hep, 2022
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Dikke darm

right colic flexure

(hepatic flexure) left colic flexure

(splenic flexure)\

appendices
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Regions of the large intestine

—ascending colon ‘
\descending colon—
s
4
cecum

sigmoid colon

circular muscle layer

openings of crypts

Verschillende lagen:

v" Mucosa (slijmlaag)

v" Submucosa (bindweefsel)
v Dubbele Spierlaag

v’ Serosa (buikvlies)




Buikbrein

Glial cells

Enterisch zenuwstelsel (ENS)

NG v" 200 miljoen neuronen & glia cellen
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Buikbrein

Young et al., BMC Biol 2014



Belang buikbrein

Reguleert intestinale functies & homeostasis > boodschappers




Belang buikbrein

Regulet

Bile
acid

Peristalsis

Surgical
manipulation

Inflammatory inhibi
pis |—CO0X-2 inhibitors

Macrophage
(NO, prostaglandins)

Pain perception

Bacterial overgrowth
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Belang buikbrein

Autonoom functioneren

Courtesy W. Boesmans



MP. Boyle et al, Cell-Type-Specific Consequences of Reelin Deficiency in the Mouse Neocortex, Hippocampus, and Amygdala, 2011 | KY. Chan et al, Engineered AAVs for efficient noninvasive gene delivery to the central and peripheral nervous systems, 2017



Dysfunctie buikbrein

Ziekte van Hirschsprung

Photographs from Fillper.diff.org | stevegranthealth.com | suyogyaayurwellness.com | gutmicrobiotaforhealth.com



Ziekte van Hirschsprung

/-V\ Hischprung's om
' N T, disease

7 sigmoid

.
(," colon
Aeclum

Anus

* 1:5000 live births
* survival depends on early diagnosis and
surgical intervention

McKeown et al, WIREs Dev Biol 2013
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The London classification of gastrointestinal

neuromuscular pathology

1. Neuropathies
1.1 Absent neurons
1.1.1 Aganglionosis™
1.2 Decreased numbers of neurons
1.2.1 Hypoganglionosis
1.3 Increased numbers of neurons
1.3.1 Ganglioneuromatosis
1.3.2 IND, type B#
1.4 Degenerative neuropathy§
1.5 Inflammatory neuropathies
1.5.1 Lymphocytic ganglionitis¥
1.5.2 Eosinophilic ganglionitis
1.6 Abnormal content in neurons
1.6.1 Intraneuronal nuclear inclusions
1.6.2 Megamitochondria
1.7 Abnormal neurochemical coding™*
1.8 Relative immaturity of neurons
1.9 Abnormal enteric glia
1.9.1 Increased numbers of enteric glia

3.

Knowles CH et al. Gut 2010;59:882-887

. Myopathies

2.1 Muscularis propria malformationst t
2.2 Muscle cell degeneration
2.2.1 Degenerative leiomyopathy/#+
2.2.2 Inflammatory leiomyopathy
2.2.2.1 Lymphocytic leiomyositis
2.2.2.2 Eosinophilic leiomyositis
2.3 Muscle hyperplasia/hypertrophy
2.3.1 Muscularis mucosae hyperplasia
2.4 Abnormal content in myocytes
2.4.1 Filament protein abnormalities
2.4.1.1 Alpha-actin myopathy§§
2.4.1.2 Desmin myopathy
2.4.2 Inclusion bodies
2.4.2.1 Polyglucosan bodies
2.4.2.2 Amphophilic
2.4.2.3 Megamitochondria¥q¥
2.5 Abnormal supportive tissue
2.5.1 Atrophic desmosis™**

ICC abnormalities (enteric mesenchymopathy)
3.1 Abnormal ICC networkst 1t



Dysfunctie buikbrein

Darmkanker

Constipatie

Photographs from Fillper.diff.org | stevegranthealth.com | suyogyaayurwellness.com | gutmicrobiotaforhealth.com



Dysfunctie buikbrein - Darm-Brein As




Darm-brein as

— Branches
of the
vagus
nerve

Right vagus nerve (CN X}\J
rv Pharyngeal branch

Superior laryngeal nerve
Left vagus nerve (CN X)

Sinus nerve
Internal
Laryngeal nerve { Left recurrent

External laryngeal nerve

Superior cardiac nerve

Right recurrent laryngeal nerve Cardiac plexus

Inferior cardiac branches

Branches of cardiac

Pulmonary plexus plexus

Esophageal plexus
PHEIRGEE Anterior gastric nerve

Posterior gastric nerve .
9 Gastric branches

Splenic branches

Superior mesenteric
ganglion

: Pancreatic branches
Pyloric branch

Renal plexus Left colic flexure

Hepatic flexure

Branches to the small and
large intestine as far as the
left colic nexure




Alzheimer

Normal Alzheimer's

Bon:https://btsg.nl/
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Darm-brein as

RRAINDEAD

Tryptofaan — serotonine

Genengnews.com | medlineplus.gov | Prime-Journal.com




Samenvattend buikbrein

» Zeer centrale rol in ons maagdarmstelsel / lichaam

 Communiceert / reguleert allerlei cellen : spiercel, mucus
producerende cel, bloedcel, maar ook het microbioom

» Zowel in het maagdarmstelsel, maar mogelijks ook daarbuiten

* Betrokken in het ontstaan/ verloop verschillende darm-brein as
ziekten

Genengnews.com | medlineplus.gov | Prime-Journal.com



EVOKED RESPONSE

‘All disease begins in the gut’: was Hippocrates

right?

When Mark Kahn and his tcam nceded to transfer their
mice to a new facility, they were worried that the move
might disrupt their experiments. The group had been work-
ing with models of cerebral cavernous malformations—col-
lections of enlarged and abnormally shaped capillaries that
are vulnerable to haemorrhage, giving rise to seizures and
stroke. In the old facility, mice with specific mutations had
reliably developed lesions similar to the pathology seen in
humans. So, when this phenotype suddenly disappeared fol-
lowing the move to the new facility, the group initially
thought their fears had been realized. ‘But then came a
piece of serendipity’, says Kahn, who is based at the
University of Pennsylvania. ‘A small number of the mice
developed a peritoneal abscess ... And those animals were
the only ones to exhibit significant lesions’. Suspecting that
the infection had helped re-establish the phenotype, the
group showed that injecting the mutant mice with gram-
negative bacteria, or lipopolysaccharide—a component of
the gram-negative cell wall—restored lesion formation.
Cross-fostering mutant pups to animals that had been
reared in another facility also had the same effect. The re-
sults thus suggested that bacteria were contributing to the
expression of a genetic brain disease (Tang et al., 2017).

That mantal ctata can inflianca tha aoe will ha familine on
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https://www.hetklokhuis.nl/tv-uitzending/5107/hersenen-in-je-buik






Darmkanker




Voorkomen

Aantal kankers in Belgié!

In 2020 kregen

mensen kanker. *

7313

daarvan kregen
colorectale kanker
(11%)

g

Bron:

Aantal colorectale kankers in
20201

@]

w 3983

https://kankerregister.org/media/docs/publications/rapporten/

KankerinBelgi%C3%AB2020(FINALO20822).pdf

Cijfers over colorectale kanker

Het is de 4@ meest voorkomende
kankersoort in Belgié []

In 2019 stierven 2626 mensen aan deze
kanker in Belgié. [3]



https://kankerregister.org/media/docs/publications/rapporten/KankerinBelgi%C3%AB2020(FINAL020822).pdf

Risico factoren (1)

Niet-beinvloedbare risicofactoren
v Ras en etniciteit

Geslacht

Leeftijd

Erfelijke mutaties (Lynch syndroom (HNPCC) en Familiaire
Adenomateuze Polyposis (FAP))

S XN X

AN

Inflammatoire darmaandoeningen
HPV-infectie?

AN

Domus medica




Risico factoren (2)

Beinvloedbare risicofactoren

v Voeding / gezonde
voeding / rood vlees
beperken / alcoholgebruik
verminderen

v’ Actieve levensstijl /
Lichamelijk actief

v Gezond gewicht
v Niet roken



http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiQg9uh8M_PAhWG2BoKHWW0CtcQjRwIBw&url=http://nutritionsmart.com/event/cancer-prevention/&bvm=bv.135258522,d.d2s&psig=AFQjCNFetvRKL_q-pIE66Z_TiAMu5_QPzA&ust=1476176480108180

Management van kanker

PREVENTION
. IS BETTER
<. "THAN
" CURE

Early Detection is about self-awareness. It's about knowing your risk level. It's
about recognizing the early wamning signs. It's about tuning in to what your

OF CANCERS

ARE CURABLE

IN STAGE ONE
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Verloop

UITZAAIINGEN NAAR
ANDERE ORGANEN

STADIUM 0
OVERLEVINGSKANS

1 000/0 STADIU

OVERLEVINGSKA

96%

Bron: https://dikkedarmkanker.bevolkingsonderzoek.be




Overlevingskans
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Colonoscopie

&/, )
(Protegrash by Duvid Friedich, Mods Production OSF Sant Astharry Medicsl Center, Rockiord, itinos )

Video
camera
lens

Irrigation

cross section
of colon and

/
Instrument
channel




Colonoscopie voorbereiding

2-4 L drinken de dag voor procedure

( Excellent prep Good prep Fair prep Poor prep

o

https://www.gidoctor.net/contents/preparation-split-dose




Early-onset CRC is rising |




Vroegdiagnostiek - screening




Symptomen

Left colon

Pain 60%

Mass 40%
Bleeding 209%
Change in bowel
habit 609%
Weight loss 159%
Vomiting 109%
Obstruction 20%

Right-sided

lesions

Pain 80% Rectum
Mass 709% Pain 5%
Rectal bleeding 20% Mass 09%
Diarrhoea + change in Bleeding 609%
bowel habit 409% Change in bowel habit 809%
Weight loss 509% Weight loss 259%
Vomiting 30% Vomiting 09%

Obstruction 5% Obstruction 59%




Ontstaan

Healthy colon

The Multi-Hit Model of Colorectal Cancer

Colon cancer

Loss of tumor Activation of Loss of tumor Loss of tumor
suppressor gene APC KRAS oncogene suppressor gene DCC suppressor gene p53
: i : i Additional
/ ) : : mutations
Normal epithelium ' Small benign growth i Large benign growth : Large benign growth i Malignant tumor
(No abnormalities) ————» (Polyp) ————» (Earlyadenoma) — " (Lateadenoma) —————®  (Carcinoma)
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Created by biorender




Behandeling

+:Chirurgie oo

1t Chirurgie + chemotherapie / Radiotherapie
1:Radiotherapie (rectal kanker) 1800-1900
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Tumor omgeving

Tumor omgeving

v Immune cellen
v’ Fibroblasten
v’ Matrix

v’ Bloedcellen

Created by biorender




Behandeling

+:Chirurgie

¢ Chirurgie + chemotherapie
~‘Radiotherapie (rectal kanker)
“‘Immuun therapie

Created by biorender
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Zenuwen in de tumor omgeving

ENTERIC NERVOUS SYSTEM
BUIKBREIN

Created by biorender




Zenuwen in de tumor omgeving

1007T_I ;%ﬁvr i
45

~ 80~ Low neurons |
9} 60 _L|_ High neurons
o
= |
40
| <
& 1 ﬁ

20

Time (years) K T AR
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Neuronen in de tumor omgeving

Created by biorender

= A EPITHELIAL CELLS
TUMOR CELLS

SUBMUCOSAL
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Behandeling

+:Chirurgie
¢ Chirurgie + chemotherapie
“‘Radiotherapie (rectal kanker)

“i!lImmune therapie

““Neuronen therapie ?




GEEN EXCUSES

i cheres ek SEratles svel: DOE DE STOELGANGTEST.
Eerst nog even een mailtje sturen.

ONDERZOEK VOOR

MANNEN EN VROUWEN VAN
50 TOT EN MET 74 JAAR

BEVOLKINGS |

ONDERZOEK ‘ .

DIKKEDARM
KANKER

Ontdek hoe ook jij kan deelnemen op www.dikkedarmkanker.bevolkingsonderzoek.be




‘Hersenen in je buik’

In het lab het buikbrein visualiseren !



1. Isoleren van darmweefsel 2. Behandelen van darmweefsel

Dept. of Pathology, MUMC+



4. Weefsel snijden

3. Paraffin inbedding




5. Paraffin glaasjes 6. Kleuring en visualisatie

Dept. of Pathology, MUMC+



Immunohistochemistry

5
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Immunostaining via antibodies

\/ Colored Product

Conjugated Secondary Antibody

Primary Antibody

Assaybiotechnology.com | N. Vaes et al, NDRG4, an early detection marker for colorectal cancer, is specifically expressed in enteric neurons, 2017



Myenteric plexus voorbereiding

Courtesy S. Schonkeren | N. Vaes et al, NDRG4, an early detection marker for colorectal cancer, is specifically expressed in enteric neurons, 2017



Immunofluorescence

Immunostaining via antibodies

\/ 2 Colored Product

Conjugated Secondary Antibody

e —

/ N\

Primary Antibody

Neuron

Glia cel Overlap

Assaybiotechnology.com | N. Vaes et al, NDRG4, an early detection marker for colorectal cancer, is specifically expressed in enteric neurons, 2017



Frozen tissue section preparation

Student: Sofia Pérez De Avilés Peird
PhD-student: Simone Schonkeren




‘Hersenen je buik’

Mini-darmen in het lab



Model 1: mini-darmen

Adapted from Stemcell Technologies™



Buikbrein
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Buikbrein

PhD-students: Meike Thijssen, Amy Holland
Postdoc: Anna Bon Frauches Oliveira




Model 2: Zebrafish models




Model 2: Zebrafish models

4 S. Kulkarni, Advances in enteric neurobiology: The “brain” in the gut in health and disease, 2018



Zebrafish models

MSc Biomedical Sciences- specialisation Genetics and Genomics, Maastricht University
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