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Mediators of bidirectional signalling

e Serotinin (5-HT)

 Mono-aminergic, opoid and
endocannabinoid compounds

* Autonomic Nervous System (N.X)

« HPA-axis
e Gut hormones
« Cytokines

« Gut-derived (metabolic) signalling
molecules (metabolites/ growth
factors, etc.)

« Fatty acids
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mechanistic pathways
 Direct microbe-host
Interactions

* |ndirect actions mediated
by microbial metabolites
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AGe. . .
=" Examples of direct microbe-host

signalling

 Activation of vagus nerve

* Activation of ENS

* Production of GABA

* Production of 5-HT

« Shift of “eCB tone”

* Modulation of epithelial
cytokine production
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““Examples of microbial metabolites that

affect gut-brain signalling

 SCFAs including iso-

* Hydrogen

* Methane

« Carbon dioxide

« Ammonia

* Hydrogen sulfide

« Il Nutrition and metabolic
cross-feeding
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Short chain fatty acids

* Activation of GPR41 and
GPR43 in e.q.
macrophages, dendritic
cells and mast cells

* Direct interaction with
ENS and vagus nerve

 Release of 5-HT

 Transfer across BBB
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Bacterial metabolites and visceral
perception/ gut health

The effects of butyrate enemas on visceral perception in

healthy volunteers

S. A. L. W. VANHOUTVIN, *, T, F. ]. TROOST,*,t T. O. C. KILKENS,T P. J. LINDSEY,} H. M. HAMER,*,T D. M, A. E.

JONKERS, *,T K. VENEMA *,§ & R.-J. M. BRUMMER ", T,
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Figure 2 The effect of daily admimistration of enemas containing 0, 50
or 100 mmol L™° butyrate for 7 days om pam scores (100 mm VAS)

at the consecutive pressuse steps of the harostat prosocol Ninety per
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Intestinal barrier function m

Julia Kénig, PhD', Jerry Wells?, Patrice D. Cani, Clara L. Garcia-Rédenas, PhD*, Tom MacDonald®, Annick Mercenier, PhD*,
Jacqueline Whyte, PhD®, Freddy Troost’ and Robert-Jan Brummer'
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““Gut microbiota, intestinal barrier and

brain function

* |mpaired intestinal barrier function will
cause:
* |ocal/systemic immune responses
* mast cell degranulation
* neuroinflammation
 afferent vagus nerve activation

* Enteric glia cells
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""" Can probiotics modulate human disease by impacting intestinal
barrier function?

Peter A. Bron'*}, Michiel Kleerebezem?}, Robert-Jan Brummer>, Patrice D. Cani®, Annick Mercenier’,
Thomas T. MacDonald®, Clara L. Garcia-Rédenas® and Jerry M. Wells

British Journal of Nutrition (2017), 117, 93-107
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Human mucosal in vivo transcriptome responses to

w~ee. three lactobacilli indicate how probiotics may

Tegpetio™

modulate human cellular pathways

Peter van Baarlen®*®'2, Freddy Troost*<Z, Cindy van der Meer*?, Guido Hooiveld**, Mark Boekschoten®®,
Robert J. M. Brummer®“*, and Michiel Kleerebezem®®"*
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Prebiotics and intestinal permeability

A p-Glucan-Based Dietary Fiber Reduces Mast Cell-Induced
Hyperpermeability in lleum From Patients With Crohn’s Disease
and Control Subjects

John-Peter Ganda Mall, MSc*, Maite Casado-Bedmar, MSc', Martin E. Winberg, PhD', Robert J. Brummer, MD,
PhD.*, Ida Schoultz, PhD*, and Asa V. Keita, PhD"-*
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FIGURE 1. Effects of yeast-derived B-glucan on compound 48/80 [C48/304 induced paracelhdar hyperpermeabiliny in VE and FAE of 8 control sub
jecty mownted in Ussing chambers. (A-8) Control subjects displayed an increased FITC-dextran passage in VE and FAE sfter stimulation with the
mast cell degranulator C48/80 compared 1o urstmulated tissues (vehickes). Costimulation with - glucan attenuated C48/80 effects to levels dose
80 vehiches, A uimilar pattern was seen for CD patients Suppl Fig. 1), Data (AS0—0 min) ace presentad as a line intensecting the median and each dot
representing one patent, ***F < 0.001

Inflamm Bowel Dis ® Volume 24. Number |. January 2018
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Prebiotics and intestinal permeability
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Differential effects of dietary fibres
on colonic barrier function in elderly
individuals with gastrointestinal

symptoms
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Gastroduodenal permeabiity:
Sucrose excretion (0-5 hrs)

Small intestinal
Lactulose/hamnose ratio (0-5 hrs)

(0-24 hrs)

permeability.
Sucralose/erythritol ratio
(5-24 hrs)
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Ex-vivo stimulation of intestinal biopsies
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brain function
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Knowledge Gaps in Gut-Brain Interaction

* The specificity of alterations
In gut microbiota (disorders)




‘é: Microbial composition in IBS
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Lactobacillaceae

IBS vs controls Bifidobacterium Bacteroides
7 Faecalibacterium Enterobacteriaceae

Please cite this article as: Pittayanon R, Lau JT, Yuan Y, Leontiadis Gl, Tse F, Surette M, Moayyedi
P, Gut Microbiota in Patients With Irritable Bowel Syndrome—a Systematic Review, Gastroenterology
(2019), doi: https://doi.org/10.1053/j.gastro.2019.03.049.
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Microbial composition in IBS

Alterations of Gut Microbiota in Patients With Irritable
Bowel Syndrome Based on 16S rRNA-Targeted
Sequencing: A Systematic Review

Rugao Duan, MD?, Shiwes Ziwi, MD?, Ben Wang, MD* and Lipig Dusn, MD?

NTRODUCTION: Alterations of gut microbiota have been thought to be associated with iritable bowel syndrome (18S).

RESULTS:

CONCLUSIONS

Many studies have reported significant alterations of gut microbsota in patients with |85 based on 168
ribosomal RNA-targeted sequencing. However, results from these studies are inconsistent or even
contradictory. We performed a systematic review to explore the alterations of gut microbiota in patients
with 1BS compared with healthy controls (HCs).

The databases PubMed, Cochrane Libeary, Web of Scnce, and Embase were searched for studies
published until February 28, 2018, for case-control studies detecting gut microbiota in patients with
IBS. Methodological quality was assessed using the Newcastie-Ottawa Scale. The o -diversity and
alterations of gut microbiota in patients with IBS compared with HCs were analyzed.

Sixteen articies involving 777 patients with IBS and 46 1 HCs were included, Quality assessment scores
of the studies ranged from 5 to 7. For most studies, patients with 1BS had a lower o-diversity than HCs in
both fecal and mucosal samples. Relatively consistent changes in fecal microbiota for patients with |1BS
included increased Fimicutes, decreased Bacteroidetes, and increased Firmicutes: Bacteroidetes ratio
at the phylum level, as well a5 increased Clostridia and Clostridiales, decreased Bacteroidia and
Bactercidales at lower taxonomic levels, Results for mucosal mecrobiota were inconsistent.

Alterations of gut microbicta exist in patients with IBS and have significant association with the
development of |1BS. Further studies are needed o draw conchusions about gut microbiota changes in
patients with 1BS.

TRANSLATIONAL This knowledge might improve the understanding of microblal signatures in patients with IBS and

MPACT:

would guide future therapeutic strategies.



Redundancy analysis (RDA) of faecal and

/Ge. mucosal microbiota in IBS and healthy subjects
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Faecalibacterium prausnitzii et rel.

Tannerella et rel.
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Allistipes et rel.
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Sundin J et al, Aliment Pharmacol Ther 2015;41:342-51
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RDA plot of faecal and mucosal microbiota in PI-IBS and HC
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Sundin J et al, Aliment Pharmacol Ther 2015;41:342-51
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What is the reason for these inconsistent results?

KIITOS
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ISystematic Review and Meta-Analysis Med lC I n e

IBS

[ OPEN )
Alterations in fecal short-chain fatty acids in
patients with irritable bowel syndrome
A systematic review and meta-analysis
Qinghua Sun, MD, Qiong Jia, PhD, Lijin Song, MD, Liping Duan, MD"
Summary of meta-analytical results.
18S Patients vs HC
SMO Heterogeneity
Significance Significance
Mezsurement Nember of studies Moded Overall SMD (IBS - KC) a5% C1 (P value) F % (P value)
Amoant of acetate 8 Fomd effect 0.05 [-0.16, 0.2N 62 44 09
Proportion of acetate 4 Fomd atfect 021 [-0.50, 0.05) 09 57 o7
Amount of propkonate 8 Random efects -004 [-0.52, 0.44) 86 % <0
Proportion of propionate 4 Fooed eftect 044 [0.12, 0.76] «m 0 58
Amount of butyrale 7 fong eftect 0.12 [~0.11, 0.35) a 50 ()
Proportion of butysate 4 Random effects 005 [~0.68, 0.78) B9 80 <0
Amount of isdbutyte 4 Random effects -0.15 [~0.91, 0.60) 69 8 <0
Propoian of sotutyr e 4 Foxed effect 025 [~0.07, 0.56) 13 0 47
Arount of aberite 4 Foed effect 003 [~0.35, 0.28) 84 51 1
Proportian of vk s 4 Random efiects 0.19 [~1.07, 0.69) 67 26 <01
Amount of isovalerstn 4 Random afects 038 [-1.18, 042 35 8 <0
Proportion of isovalkerate 4 Rendom efects 043 [~1.54, 0.69) 45 a1 <0
Subgroup analysis: 1BS-C vs HC
SMD Heterogeneity
Significance Significance
Measurement Number of studies Mode! Overall SMD (8S-C - HC) 5% O (P value) (%) (P value)
Amount of sostate 2 Foud effect 0.43 [~0.91, 0.05) 08 0 )
Amout of progionate 2 Fixed effact 0.91 [-141, -0.41) < 0 2
Amowt of butyrate 2 Fiund effect 0.53 [-1.01, -0.04) 03 £ 2
Sebgroup analysis 1850 vs HC
SMD Heterogeneity
Significance Significance
Mezsurement Number of studies Model Overall SMD (IBS-D - HC) 95%-0 (P vahoe) £ (P value)
Amoant of acetate 3 Random efiects -008 -075, 058 80 70 ™4
Amount of proplonate 3 Random etlects -033 [-1.53, 0.78) 52 89 <0
Amowt of butyrate 3 Fied e¥ect 034 .00, 0.67) 06 2% 28
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‘AV% Probiotics in IBS

ERACTIO

WILEY AT Abmentay Pramacsloy & Therapactics

Systematic review with meta-analysis: the efficacy of
prebiotics, probiotics, synbiotics and antibiotics in irritable
bowel syndrome

Alexander C. Ford™ () | Lucinda A, Harris® | Brian E. Lacy® O |
Eamonn M. M. Quigley® (0 | Paul Moayyedi®

Aliment Pharmacol Ther. 2018,48:1044-1060.
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'Aé? FMT — Consensus report

TERacT\O

APJT Alimentary Pharmacology and Therapeutics

Consensus report: faecal microbiota transfer — clinical
applications and procedures

). Kong®, A Sicbenhaae”, € Mogenauer®, P. Arkdia®, M. Nicowdorp?*”, T Narén®, C. Y. Ponsioen’, U. Rasien”,
N. G. Rossen, R Satobari®, A Sulmach™, W. de Vios* ¥, | Keler™ & R 1. Brummer™*

*Orebrg Sweden. Aliment Pharmacol Ther 2017; 45: 222-239
tHamburg Germany.

‘Graz, Awstria

¥Helsinki, Finland.

YAmsterdam, The Nethedands.
"“Gothenburg, Sweden.

M lana, Garmany.
#\Wageningen, The Nethedands.
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Py FMT - IBS

The Effect of Allogenic Versus Autologous Fecal
Microbiota Transfer on Symptoms, Visceral Perception
and Fecal and Mucosal Microbiota in Irritable Bowel
Syndrome: A Randomized Controlled Study

Savanne Holster, MSc*, Carl Manten Lindgvist, PhD?, Dirk Repsilber, PhD', Anne Salonen, PhD?, Willem M. de Vos, PhD?2,
Julia Kdnig, PhD* and Robert J. Brummer, MD, PhD'

Study Highlights
WHAT IS KNOWN

v/ Gut micrabiota might play a roks inthe pathophysiclogy of IBS.
v FMT has been suggestad as a potential treatment 1o iImprove
symptoms in IBS.

WHAT IS NEW HERE
/wmwmmmwmm

V" Allogeric FMT (stool from healthy donors) does not seem 1o
be sgnificantly supenior 10 3utokogows FMT (own 5000,

v/ FMT has an effect on both fecal as well as mucosal
microbiota.

V' Airesdy bowed clearsing and processing of the fecal maste risl
(autologous FMT) have an effect on symptoms and fecal as
well 35 mucossl microbial compostion.

TRANSLATIONAL IMPACT

V' Resuns of this study may give an nsight in the physiokgical
changes induced by FMT in IBS pafients.

Clinical and Translational Gastroenterology 2019;10:e-00034. https://doi.org/10.14309/ctg.0000000000000034
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FMT-IBS - Study

NVG®. .
—outline
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ws Bon?eI s
FFQ cleansing FFQ
Barostat Barostat
Sy - Symptoms (GSRS-IBS, IBS-SSS)
Qs - Questionnaires (IBS-QOL, HADS, SF-36, FS - Fecal sample
5Q-5D-5L)

FFQ - Food frequency

B, - Biopsies .




FMT - IBS

TERaCT\O
| - Allogenic -a- Autologous | 150+
A Total score 8 Pain 406 -»- Allogenic 8 Autologous
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Figure 2. Basetine-cormected 1BS-SSS scores at different ime points afler

I P _
fecal microbiota transfer (FMT). Median and interquartie ranges (IQRs)
E Diarthoea F Satioty are shown, No statisical significant differences were found between the
N N allogenc and the autologous groups. In the allogenc group, total scores
: were significanty reduced 4 weeks, 8 weeks, and 6 months after FMT
"1 =% comparnd 1o baseline. * P < 0,05, IBS-SSS, IBS-severity scoring systern
i ***** * ---- [ o %;2—:"" ;T-‘:;: -----
14 B 4 BE - ~.
24 2 I -»- Allogenic -8- Autologous I
P A P
A 1BS-Qol B SF-36 general health subscore
Figure 1. Baselne-comected GSRS-BS scores at ditferent time points afier FMT. Median and interguartile ranges (IQRs) are shown. (a) Total scoses.
(b-0) R ive subscores. No L igrificance was fou 1 the allogenic and the autologous groups. In the allogenic group, total scores were
W},mmzmma«euanammmnnmm *P < 0.05. GSRS-IBS, gastrointestinal symptom rating scalke, 1SS version. 204 . . 20
10+ I o= | 104 e
f‘,,,_as..'" DFS " -
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Figure 3. Baseline-comectad qualty of Me (IBS-QoL) and health status (SF-36) scores at different time points after fecal microbsota transfer (FMT), Median
and interquartie ranges (10R's) are shown. (a) IBS-Qol. scores. No statistical significant diferences were found between the aliagenic and the autologous
2oups. In the allogenic group, total scores were significantly increased 2 weeks and B weeks after FMTcompared with baselng. * P < 0.05. (b) Shoet form
36 (SF-36) subscore general health, Scores dilered significantly between the allogenic and the autologous groups 8 weeks after FMT, ** P < 0,01

Clinical and Translational Gastroenterology 2019;10:e-00034. https://doi.org/10.14309/ctg.0000000000000034



NGe. FMT - IBS

1 Allogenic Bl Autologous

A Faecal microbiota B Mucosal microbiota
2' 2-
1- 1
-
0 —— 0 T
+ 1]
-1- 1
'2 T T T T 2 L} L} L} L}
R IR R SO

Baseline-corrected Shannon diversity index in faecal (A) and mucosal (B) samples two and eight weeks

after FMT. No significant differences were found.

Clinical and Translational Gastroenterology 2019;10:e-00034. https://doi.org/10.14309/ctg.0000000000000034



#ce  IBS — FMT gene expression

Table 1: Number of significantly up-and downregulated Gene Set Enrichment Analysis pathways.

Allogenic FMT Autologous FMT
Upregulated pathways Downregulated pathways  Upregulated pathways Downregulated pathways

Comparisons

2 weeks after FMT

. 161 0 3 37
versus baseline
8 weeks aﬂe‘r FMT 24 38 26 80
versus baseline
8 weeks versus 2 weeks 0 128 0 16

after FMT

Pathways with a false discovery rate <0.05 were considered to be statistically significantly differentially expressed. GSEA— Gene Set
Enrichment Analysis. FMT — faecal microbiota transfer.

46
Clinical and Translational Gastroenterology 2019;10:e-00034. https://doi.org/10.14309/ctg.0000000000000034



fv% FMT — reflections

TERacT\O

Adverse events

RCT — what control
condition?

Immune vs. metabolic
effects

Exclusion criteria donor

Etc....



Avgge FMT — Future Directions

|dentify successful donor-
responder match

|dentify proper FMT design
(route/repetitions/ etc.)

o= &
. w The Future |
Donor preparation (anaerobe) == |

D& i B

NEXT EXIT N |

Synthetic stool

New indications
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""" Can probiotics modulate human disease by impacting intestinal
barrier function?

Peter A. Bron'*}, Michiel Kleerebezem?}, Robert-Jan Brummer>, Patrice D. Cani®, Annick Mercenier’,
Thomas T. MacDonald®, Clara L. Garcia-Rédenas® and Jerry M. Wells

British Journal of Nutrition (2017), 117, 93-107
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Kang ¢t o, Microblome (2017) 5:10
DO1 10.1186/540168-016-02257

Microbiome

RESEARCH Open Access

Microbiota Transfer Therapy alters gut @
ecosystem and improves gastrointestinal
and autism symptoms: an open-label study

Dae-Wook Kang'', James B. Adams?’, Ann C. Gregory™'®', Thomas Borody®, Lauren Chittick™'®, Alessio Fasano®,
Alexander Khoruts™®”, Elizabeth Geis®, Juan Maldonado', Sharon McDonough-Means'®, Elena L. Pollard’,
Simon Roux™'®, Michael ). Sadowsky™'', Karen Schwarzberg Lipson'?, Matthew 8. Sullivan®>'3*¢",

J. Greqory Caporaso'™'*" and Rosa Kraimalnik-Brown'¥'@
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Effects of Vitamin D D"'"""'L%
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How vitamin D3 deficiency
might form an ‘autistic’ neuron
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wSGe Functional brain imaging (fMRI) ™.«
can be used to study ...

 How/where the brain perceives & a\:
signals from elsewhere in the S
body R ——

 How these signals are processed
and which brain centers are
iInvolved

* How the brain interacts with
in/external signals, such as food

iIntake, gut microbiome

 How e.g. mood or stress affects
these processes




Dietary intervention affects brain
responses

NO IN > FMPP
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Control > FMPP
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Tillisch et al., 2013
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“‘EAT” paradigm = Emotional Attention Task

Liebermann et al., 2007

Match shapes (MS) Match emotions (ME)
Analysis model: ME - MS

58
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Perspective: Fundamental Limitations of the
Randomized Controlled Trial Method in Nutritional

Research: The Example of Probiotics

Dennis Zeilstra,' Jessica A Younes,’ Robert ) Brummer,” and Michiel Kleerebezem*
'Independent researcher, Nutriz, Enschede, The Netherlands; * Winclove Probiotics, Amsterdam, The Netherlands; * Nutrition-Gut-8rain Interactions Research
Centre, Faculty of Health and Medicine, School of Medical Sciences, Oretiro University, Orebro, Sweden; and *Host Microbe Interactomics Group, Wageningen AdV Nutr 201 8,9 1-11

University, Wageningen, The Netherlands

' N

| Mighaualty RCTs with o
nard el anapodnts

<
’ QO
b° " Prospective cohon stuches
'y " profpeciiee fevied Case-CONeR Shuches
) ow guakty RCTs (o intermediate Oulcomas |

-> Evidence

\\-\ : Ecologuonl stuthes, 0roas SeCctondd Muckes
~

>
o\’ Rebospecive case coniel studes

Cane soren. cane reports

Quality Criteria

-> Logic
|

|

(

Presuppositions: v

« Uniformity/ effect modifying factors .
. . Conclusions
* Independence of effects/ interactions

* Intervention/placebo well defined




o

/,

o T : :
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...bridging practice and science!
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KPR Nuz_‘rition-Gut—Brain
Interaction Research Centre

- providing new innovations for improving
gut health and brain function
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