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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




Colonic lumen Microbial fermentation
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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,*,¥, F. J. TROOST,*,f T. O. C. KILKENS,T P. J. LINDSEY,{ H. M. HAMER,*,¥ D. M. A. E.
JONKERS, *, T K. VENEMA*,§ & R.-J. M. BRUMMER*, T,
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Figure 2 The effect of daily administration of enemas containing 0, 50
or 100 mmol L™! butyrate for 7 days on pain scores (100 mm VAS)

at the consecutive pressure steps of the barostat protocol. Ninety per
cent confidence intervals of the pain scores are shown in grey.

Figure 3 The effect of daily administration of enemas containing 0, 50
and 100 mmol L™! butyrate for 7 days on discomfort scores (100 mm
VAS) at the consecutive pressure steps of the barostat protocol.

Neurogastroenterol Motil (2009)
© Robert Brummer 2014



SMCT1 and MCT1 expression in

IBS mucosal biopsies
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Short chain fatty acids
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Intestinal barrier function tﬂ
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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'

Intestinal lumen

High fat diet , Commensal Food allergens NSAIDs/PPIs
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Figure 1 Schematc figure of the intesfinal bamier and aflecing factors. The inesfinal barrier is composed of several layers prowiding protecfion against microbial imasion.
The infestinal lumen contains and-microbial peptides (AMPs), secreled immunoglobulin A (IgA), and commensal bacteria, which inhibit the colonizaBion of pathogens by
competifive inhibition and by production of, e.g., butyrate, which has bamer-proteciive properfies. A mucus layer covers the intesfinal surface providing a physical bamier. The
epithelial layer consists of a single layer of epithelial cells that are sealed by fight junction proteins such as occludin, claudin, and zonulin- 1 preventing paracellular passage. This
layer also harbors intraepithelial ymphocytes, M cells (overlying Peyers paiches and lymphoid follicles), mucus-producing Goblet cells and bacteniocin-producing Paneth celis
(not shown). The lamina propria contains a large amount of immune cells, both of the innate immune system (e.g., macrophages, dendrific cells, mast celis) and the adapfive
immune sysiem (eq., T cells, igA producing plasma cells). In addifion, cells of the cenfral and enteric nervous system innervaie in the lamina propria (not shown). Faciors
affecting the intesfinal bamier function indude pathogenic bacteria such as enteropathogenic E. cofi, high-fat diet, lipopolysaccharides (LPS), drugs such as non-steroidal anti-
inflammatory drugs (NSAIDs), and proton pump inhibitors (PPls), as well as various food allergens and the gluten component gliadin.

Citation: Qlinical and Translational Gastroenterology (2016) 7, el 96; doi:10.1038/ctg.2016.54
@ 2016 the American College of Gastroenterology 21 55384X/16

www nature com/ctg
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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-R6denas’ and Jerry M. Wells®

British Journal of Nutrition (2017), 117, 93-107
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Review
The Potential Effects of Probiotics and w-3 Fatty
Acids on Chronic Low-Grade Inflammation

Ashley N. Hutchinson **, Lina Ting6 %% and Robert Jan Brummer 1

Nutrients 2020, 12, 2402; doi:10.3390mu12082402

Cognitive
decline, mental
health, &
well-being

Insulin Altered body
resistance & composition &
type 2 loss of

Inflammaging

diabetes mobility
“Vicious cycle” of
microbiota dysbiosis,
gut permeability,
LPS leakage,
immune activation,
reactive oxygen species,
and accumulation of
: cellular damage decline &
Atherosclerosis increased
& vascular susceptibility
disease to infections

Immune

Figure 1. Central role of inflammaging in chronic conditions of aging [2]. LPS, lipopolysaccharides.
Adapted from Calder P.C. et al. Ageing Res Rev 2017, 40, 95-119, licensed under CC BY-NC-ND 4.0.



Human mucosal in vivo transcriptome responses to
~ce. three lactobacilli indicate how probiotics may

Tegpetio™

modulate human cellular pathways

Peter van Baarlen®®'2, Freddy Troost®<2, Cindy van der Meer®9, Guido Hooiveld*®¢, Mark Boekschoten®,

Robert J. M. Brummer®<3, and Michiel Kleerebezem®94

fold-change CoVar
I | 1
-2.0 0.0 3.0 0.0 20.0

CCL20
CCL2
CXCL3
CYXCL10
CCL24
CXcrLil
NFKBIA
CXCLS
TNEAIP3
IL8
CcCcL4
IRAK2
NFKB2
BCL3
CEBPB
CCL22
RORC
BCL6
CCL28
MAPK13
CEBPD
IRF1
LYN
TLR3
RELE
SOCS3
PDGFA
SOCS1
STAT3
STAT4

L. acidophilus | L. casei L. rharmnosus
GeneSymbol | FC CoVar | FC CoVar | FC | CoVar
CCL20 10.86 | 85.23 | - - - -
ccL2 21 67.1 - 1.24 | 22.02
CXCL3 2.25 | 58.8 - 1.17 | 185
CXCL10 254 | 42.64 - - -
CcCL24 1.24 | 30.88 - 1.28 | 37.7
CXCL11 1.37 | 2854 - - -
NFKBIA 14 2742 -
CXCLS 124 127.11 |- -
TNFAIP3 1.46 | 24.18
I8 1.34 | 24.05
CcCL4 1.25 |23.14
IRAK2 1.25 | 2236
NFKB2 1.37 | 17.89
BCL3 1.24 17.51
CEBPB 115 | 1617 |- -
CCL22 1.24 1545 | 1.13|11.87
RORC -1.14 | 1489 | - -
BCL6 1.2 | 14.82 | 1.14 | 1157
ccL28 147 1479 |- -
MAPK13 -1.13 | 14.12 -
CEBPD 1.28 | 1214 |- -
IRF1 1.31 1196 |1.17|17.87
LYN 116 | 11.34 |- -
TLR3 1.27 |11.08 | 1.26 | 17.46
RELB 1.18 11095 |- -
SOCS3 114 | 8.26 -
PDGFA -1.18 | 7.87 . -
SOCs1 1.19 |7.35 1.12 | 6.069
STAT3 1.11 335 . - . .
STAT4 - - 1.19 | 19

PNAS 2011;108:4562-9

Fig. 3. Heatmap visualization of transcriptional change (fold change) and coefficients of variation (CoVars) for those genes that encode the proteins that are
represented in the interaction network depicted in Fig. 2. The values listed in the table correspond with the heat-map colors. An expression value represented in
blackindicates that the respective genewas not differentially expressed. From this, it can beseen that genes with functional annotations relating to the immune
response are mainly regulated on consumption of L addophilus, noton consumption of the other two lactobacilli. Note that genes encoding proteinsthatoccupy
morecentral regulatoryfunctions in the network of Fig. 2 tend to have lower CoVars compared with genesthat encode proteins withmore acute functions such as
chemokines. This trend is also apparent in the responses to the other two lactobadilli (S/ Appendix, S| Results, Figs. S8 and $9, and Tables$11 and $12).
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Prebiotics and intestinal permeability

A B-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 (C48/80)-induced paracellular hyperpermeability in VE and FAE of 8 control sub-
jects mounted in Ussing chambers. (A-B) Control subjects displayed an increased FITC-dextran passage in VE and FAE after stimulation with the
mast cell degranulator C48/80 compared to unstimulated tissues (vehicles). Costimulation with B-glucan attenuated C48/80 effects to levels close
to vehicles. A similar pattern was seen for CD patients (Suppl Fig. 1). Data (A90—0 min) are presented as a line intersecting the median and each dot
representing one patient, ***P < 0.001

Inflamm Bowel Dis  Volume 24, Number 1. January 2018
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Prebiotics and intestinal permeability
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Figure 2. Effects of yeast-derived 3-glucan on colonic transcellular ility in biopsies mounted in

Ussing chambers. Stimulation with Compound (C) 48/80 significantly increased the transcellular permeability
compared to vehicle in both elderly with gastrointestinal (GI) symptoms (a, n= 16) and healthy controls (b,
n= 13). Co-stimulation with 3-glucan attenuated C48/80 induced transcellular hyperpermeability in elderly
with GI symptoms but not healthy controls. Stimulation with 3-glucan only displayed significantly increased
transcellular permeability compared to vehicle in elderly with GI symptoms but not healthy controls (n=11).
Data (A90—0min) is presented as a line intersecting the median and each dot represents one participant,
*p<0.05,**p<0.01, ***p< 0.001, ns =non-significant. Two elderly had to be excluded from horseradish
peroxidase (HRP)-analysis due to technical problems, hence total number 16 instead of 18.

a Elder y with Gl symptoms b Healthy controls
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Figure 3. Effects of the wheat-derived arabinoxylan (AX) on colonic paracellular permeability in biopsies
mounted in Ussing chambers. Stimulation with Compound (C) 48/80 (10 ng/ml) resulted in a significantly
higher paracellular permeability compared to vehicle (a,b). Co-stimulation with AX (0.1 mg/ml) showed a
significant decrease of C48/80-induced hyperpermeability on paracellular passage in only the healthy controls
(b). Stimulation with AX only had no significant effect on nellzer paracellular nor transcellular permeability
compared to vehicle. * E< 0.05, **p < 0.01, ***p < 0.001, ns= non-significant. Two elderly with GI symptoms
and 3 healthy controls had to be excluded from the FITC-analysis due to technical problems, hence elderly with
GI symptoms; n= 16 and healthy controls; n= 18 (AX only, n= 13).

Differential effects of dietary fibres
on colonic barrier function in elderly
individuals with gastrointestinal
symptoms

J.P.GandaMall*? L. L& *, C. M. Lindgvist?, R J. r, A.V. Keita’ &
I. Schoultz?

ENTIFIC REPORTS| (2018) 813404 | DOI:10.1038/541598-018-31492-5

a Elderly with Gl symptoms b Healty controls
Trarsscelular parmeability Transcsibdar permeabity
- *
. -
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HRAP passage (fmoliml)
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Figure 4. Effects of the whealdemad mbmuxvlan (AX) on colonic transcellular permeability in biopsies

d in Ussing chambers. with Compound (C)48/80(10nglml) resulted in a significantly
higher transcellular passage of h dish idase (HRP) compared to vehicle (a,b). Co-stimulation with
AX (0.1 mg/ml) showed a significant decrease of C48/80-induced transcellular permeability in both elderly
with GI symptoms and healthy controls (b). Stimulation with AX only had no significant effect on neither
paracellular nor transcellular permeability compared to vehide. *p< 0.05,* *p< 0.01,***p < 0.001, ns=non
significant. Three elderly with gastrointestinal (GI) symptoms and 2 healthy controls had to be excluded from
the FITC-analysis due to technical problems, hence elderly with GI symptoms; n= 15 and healthy controls;
n=19(AXonly, n=13).




/ .” 7 "G\). 1/(%’
& A\ |

m MO8 A

YT (T LY T LYY 4
T B =3- g:j 3N § i m—— ] e




5, P $
o

YGe
Non-invasive multi-sugar test

Gastroduodenal permeability:
Sucrose excretion (0-5 hrs)

Small intestinal permeability

Whole gut permeability: Lactulose/rhamnose ratio (0-5 hrs)

Sucralose/erythritol ratio
(0-24 hrs)

Colonic permeability:
Sucralose/erythritol ratio
(5-24 hrs)




c& Inflammatory mediators, 5-HT, and
=== brain function

M. Maes et al. / Progress in Neuro-Psychopharmacology & Biological Psychiatry 35 (2011) 702-721 715

Psychological I iNeuroger?qsns, Neurodegeneration
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Predisposing factors: SNPs in IO&NS
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Fig. 4. The TRYCAT pathway and indoleamine 23-dioxygenase (IDO) and their interconnections with peripheral and central immune, inflammatory, oxidative and nitrosative stress
(IO&NS) pathways. In depressive conditions, peripheral IDO activation may occur following induction by increased levels of cytokines, mainly interferon-y (IFNvy), but also
interleukin- 1@ (IL-1), tumor necrosis factor-a (TNF) and IL-6; reactive oxygen species (ROS); and increased lipopolysaccharide (LPS) caused by increased gut permeability, which
itself is induced by inflammation and free radicals. Peripheral IDO activation contributes to lower plasma tryptophan and thus lowered brain 5-HT and increased levels of tryptophan
catabolites (TRYCATSs). Peripheral TRYCATs may pass the blood-brain-barrier to provoke depressogenic and anxiogenic effects. Inflammation may cause increased corticotropin-
releasing hormone (CRH ) and adrenocorticotropic hormone (ACTH) secretion and thus increased cortisol levels, which may induce liver tryptophan 2 3-dioxygenase (TDO) thus
further decreasing plasma tryptophan and increasing the production of TRYCATs. Peripheral cell-mediated immune activation and inflammation may cause microglial activation
with increased levels of pro-inflammatory cytokines, e.g. IL-13 and TNF, and free radicals, will all together induce brain IDO and thus increase TRYCAT formation in the brain.
Consequently, increased TRYCAT production and neuroinflammation contribute to depressive symptoms. Peripheral IO&NS pathways are induced by a number of trigger factors that
are known to cause depression, while central neuroinflammation may be induced by conditions that provoke microglial activation and depression, e.g. stroke and neurodegenerative
disorders, such as Parkinson's disorder (PD), Alzheimer’s disorder (AD) and multiple sclerosis (MS).
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* The specificity of alterations
In gut microbiota (disorders)




‘A§§ Microbial composition in IBS

TERacT\O

Lactobacillaceae

IBS vs controls Bifidobacterium Bacteroides
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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‘A§§ Microbial composition in IBS

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

Rugiao Duan, MD?, Shiwei Zhu, MD?, Ben Wang, MD! and Liping Duan, MD*

INTRODUCTION: Alterations of gut microbiota have been thought to be associated with irritable bowel syndrome (IBS).

METHODS:

RESULTS:

CONCLUSIONS:

Many studies have reported significant alterations of gut microbiota in patients with IBS based on 16S
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 IBS compared with healthy controls (HCs).

The databases PubMed, Cochrane Library, Web of Science, 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 Newcastle-Ottawa Scale. The a-diversity and
alterations of gut microbiota in patients with IBS compared with HCs were analyzed.

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

Alterations of gut microbiota exist in patients with IBS and have significant association with the
development of IBS. Further studies are needed to draw conclusions about gut microbiota changes in
patients with IBS.

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

IMPACT:

would guide future therapeutic strategies.



Redundancy analysis (RDA) of faecal and

/Ge. mucosal microbiota in IBS and healthy subjects

fRacTY
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Oscillospira guillermondii et rel. o1

Faecalibacterium prausnitzii et rel.

Tannerella et rel.

Bacteroides plebeius et rel.

Allistipes et rel.

Bacteroides stercoris et rel.
Bacteroides ovatus et rel. X
Bacteroides vulgatus et rel. ™
Bacteroides splachnicus et rel.
Bacteroides fragilis et rel.

Prevotella tannerae et rel.
Bacteroides intestinalis et rel.
Parabacteroides distasonis et rel.
Bacteroides uniformis et rel.

Sutterella wadsworthia et rel. ©

Uncultured Clostridiales |
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IBS_F
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Anaerofustis
Aneurinibacillus

Clostridium sphenoides et rel.
Novosphingobium
Helicobacter

Ruminococcus obeum et rel.
Bacillus

Methylobacterium
Eubacterium rectale et rel.
Ruminococcus gnavus et rel.
Clostridium nexile et rel.
Dorea formicigenerans et rel.
Coprococcus eutactus et rel.
Bifidobacterium

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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What is the reason for these inconsistent results?
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ISystematic Review and Meta-Analysis

‘AV% Microbial metabolites in IBS

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.
IBS Patients vs HC
SMD Heterogeneity
Significance Significance
Measurement Number of studies Model Overall SMD (IBS —HC) 95% CI (P value) F (%) (P value)
Amount of acetate 8 Fixed effect 0.05 [-0.16, 0.27] 62 44 .09
Proportion of acetate 4 Fixed effect -0.27 [—0.59, 0.05] .09 57 .07
Amount of propionate 8 Random effects —0.04 [-0.52, 0.44] .86 76 <.01
Proportion of propionate 4 Fixed effect 0.44 [0.12, 0.76] < .01 0 .58
Amount of butyrate 7 Fixed effect 0.12 [-0.11, 0.35] 31 50 .06
Proportion of butyrate 4 Random effects 0.05 [-0.68, 0.78] .89 80 <.01
Amount of iscbutyrate 4 Random effects -0.15 [-0.91, 0.60] 69 81 <.01
Proportion of isobutyrate 4 Fixed effect 0.25 [-0.07, 0.56] 13 0 A7
Amount of valerate 4 Fixed effect -0.03 [-0.35, 0.28] .84 51 b
Proportion of valerate 4 Random effects -0.19 [-1.07, 0.69] 67 86 <.01
Amount of isovalerate 4 Random effects -0.38 [-1.18, 0.42] .35 83 <.01
Proportion of isovalerate 4 Random effects —0.43 [—1.54, 0.69] 45 91 <.01
Subgroup analysis: I1BS-C vs HC
SMD Heterogeneity
Significance Significance
Measurement Number of studies Model Overall SMD (IBS-C — HC) 95% ClI (P value) 12 (%) (P value)
Amount of acetate 2 Fixed effect -0.43 [-0.91, 0.05] .08 0 92
Amount of propionate 2 Fixed effect —-0.91 [-1.41, —0.41] < .01 0 .82
Amount of butyrate 2 Fixed effect —0.53 [-1.01, —0.04] .03 37 21
Subgroup analysis: IBS-D vs HC
SMD Heterogeneity
Significance Significance
Measurement Number of studies Model Overall SMD (IBS-D — HC) 95%-Cl (P value) P (%) (P value)
Amount of acetate 3 Random effects —0.08 [-0.75, 0.58] .80 70 .04
Amount of propionate 3 Random effects —0.38 [—1.53, 0.78] 52 89 <.01
Amount of butyrate 3 Fixed effect 0.34 [0.00, 0.67] .05 26 .26
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Py Probiotics in IBS

WILEY AP Alimentary Pharmacology & Therapeutics

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

Alexander C. Ford®? (3 | Lucinda A. Harris® | Brian E. Lacy? (» |
Eamonn M. M. Quigley® (3 | Paul Moayyedi®
Aliment Pharmacol Ther. 2018;48:1044- 1060.

Condusions: Which particular combination, species or strains of probiotics are
effective for IBS remains, for the most part, unclear. Rifaximin has modest efficacy

in improving symptoms in non-constipated IBS.
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Probiotics Control
Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI

Study or Subgroup
1.1.1 Combination
/4/ G S Kim (2003) 8 12 8 13 33% 1.08[0.60,1.95] 2003 —

r S o Kajander (2005) 21 82 34 51 50% 0.61[0.41,0.89] 2005 —_—
RACT) Enck (2008) 47 149 92 148 6.1% 0.51[0.39,0.66] 2008 ———

Drouault-Holowacz (2008) 3 &3 31 53 57% 1.06[0.78, 1.46] 2008 -
Hong (2009) 16 36 17 34  40% 0.89[0.54,1.46] 2009 —
Simren (2010) 23 37 27 37 56% 0.85[0.62,1.17] 2010 —
Ringe-Kulka (2011) 1 17 9 16 36% 1.15[0.66,2.01] 2011 —t
Sou (2011) 2% 23 32 680% 1.09[0.82,1.44] 2011 -T—
Cha (2012) 13 25 2 25 48% 0.59[0.39,0.88] 2012
Cui (2012) 13 37 16 23 39% 0.51[0.30,0.84] 2012
Ko (2013) 3 14 9 12 15% 0.29[0.10,0.82] 2013
Roberts (2013) 70 %2 67 92 7.0% 1.04[0.88,1.24] 2013 -
Begtrup (2013) 2 67 38 64 56% 0.80[0.58,1.11] 2013 -
Lorenzo-Zuniga (2014) 38 &5 23 29 62% 0.87[0.67,1.13] 2014 u
Jafari (2014) 8 54 20 54 28% 0.28[0.14,0.55] 2014
Yoon (2014) 8 25 15 24 30% 0.51[027,0.98] 2014
Sisson (2014) 8 124 53 62 7.1% 0.80[0.69,0.94] 2014
Ludidi (2014) 17 21 12 19 48% 1.28[0.86,1.91] 2014
Yoon (2015) 10 39
Hod (2017) 43 o4 40 53 B7% 1.06[0.86,1.29] 2017 —
Staudacher (2017) 13 20 27 44% 0.68[0.43,1.05] 2017 t
Subtotal (95% CI) 1021 910 100.0% 0.79 [0.68, 0.91]
Total events 537 601

Heterogensity: Tau? = 0.07; Chi? = 70.60, df = 20 (P < 0.00001); 2 =72%
Test for overall effect: Z=3.26 (P = 0.001)

1.1.2 Lactobacillus
Nobaek (2000) 21 30 25 30 150%  0.84[0.63,1.12] 2000
Niedzielin (2001) 1120 17 20 121%  0.65[0.42,1.00] 2001
Sinn (2008) 4 20 13 20 54%  031[0.12,0.78) 2008

D ——
16 42 29% 0.67[0.35,1.30] 2015 ——

-

——

—-—

-

-

-

Ducrotte (2012) 61 108 105 106 17.0% 0.57 [0.48,0.67] 2012

Farup (2012) 6 9 3 7 51% 1.56[0.59, 4.11] 2012 —
Dapoigny (2012) 19 26 16 26 13.1% 1.19[0.81,1.74] 2012 -
Thijssen (2016) 25 39 290 41 146% 0.91[0.67,1.23] 2016 -

Lyra (2016) 193 260 94 131 175% 1.03[0.91,1.18] 2016 -

Subtotal (95% CI) 512 381 1000%  0.82[0.63, 1.06]

Total events 340

302
Heterogensity: Tau? = 0.10; Chi? = 41.62, df = 7 (P < 0.00001); = 83%
Test for overall sffect: Z= 152 (P =0.13)

1.1.3 Bifidobacterium

Whorwell (2006) 143 270 54 @2 424%  0.90[0.74,1.11] 2006 -
Guglielmetti (2011) 26 60 49 &2 359%  0.55[0.40,0.75] 2011 —-—
Pinto-Sanchez (2017) 9 22 14 22 216% 0.64 [0.36, 1.16] 2017 Tmee—
Subtotal (95% CI) 352 176 1000%  0.70[0.48, 1.01] g
Total events 178 17

ity: Tau? = 0.07; Ch? =7.10, df = 2 (P < 0.03); P =T72%
Test for overall effect: Z=1.88 (P = 0.06)
1.1.4 Saccharomyces
Pineton de Chambrun (2015) 46 100 56 100 16.9% 0.82[0.62, 1.08] 2015 e
Spiller (2016) 135 192 140 187 83.1% 0.94[0.83, 1.06] 2016 ’
Subtotal (95% CI) 292 287 100.0% 0.92 [0.82, 1.03]
Total events 181 196
Heterogensity: Tau? = 0.00; Chi? = 0.82, df = 1 (P < 0.37); = 0%
Test for overall effect: Z=1.48 (P =0.14)
1.1.5 Escherichia
Enck (2009) 121 148 143 150 92.9% 0.86 [0.79, 0.93] 2009 .
Kruis (2012) 3 60 37 60 71% 0.89 [0.66, 1.21] 2012 e
Subtotal (95% CI) 208 210 100.0% 0.86 [0.79, 0.93] *
Total events

1 180
Heterogeneity: Tau? = 0.00; Ch# =0.08,df = 1 (P=0.78); = 0%
Test for overall efiect: Z = 3.65 (P = 0.0003)

1.1.6 Streptococcus

Gade (1989) 20 32 19 22 1000%  0.72[053,0.99) t
Subtotal (95% CI) 2 22 100.0%  0.72[0.53,0.99]

Total events 20 19

Heterogeneity: Not applicable

Test for overall effect: Z=2.01 (P =0.04)

+ + 1

01 02 05 1 2 5 10

Test for subgroup differences: Chi® =5.03, df =5 (P=0.41), 2 =0.7% Favours probiotics ~ Favours control

FIGURE 2 Forest plot of randomised controlled trials of probiotics vs placebo in irritable bowel syndi
symptoms

: effect on persi e of
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'AV% FMT — Consensus report

TERacT\O

_ APgI' Alimentary Pharmacology and Therapeutics

Consensus report: faecal microbiota transfer — clinical
applications and procedures

J. Konig*, A. Siebenhaar®, C. Hogenauer®, P. Arkkila®, M. Nieuwdorp¥**, T. Norén*, C.Y. Ponsioen’, U. Rosien”,
N. G. Rossen", R. Satokari®, A Stallmach", W. de Vos"“, J. Keller™ & R. J. Brummer™?

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

‘Graz, Awstria

¥Hekink, Finland.

YAmsterdam, The Nethedands.
“*Gothenburg, Sweden.

Mlena, Germany.
#\Wageningen, The Netherdands.



NGe. 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 Marten Lindqgvist, PhD?, Dirk Repsilber, PhD?, Anne Salonen, PhD?, Willem M. de Vos, PhD?3,
Julia Konig, PhD! and Robert J. Brummer, MD, PhD!

Study Highlights

WHAT IS KNOWN

v/ Gutmicrobiota might play a role inthe pathophysiology of IBS.

/ FMT has been suggested as a potential treatment to improve
symptoms in IBS.

WHAT IS NEW HERE

/ A single FMT by colonoscopy may have beneficial effects in
IBS.

v/ Allogenic FMT (stool from healthy donors) does not seem to
be significantly superior to autologous FMT (own stool).
FMT has an effect on both fecal as well as mucosal
microbiota.

Already bowel cleansing and processing of the fecal material
(autologous FMT) have an effect on symptoms and fecal as
well as mucosal microbial composition.

TRANSLATIONAL IMPACT

v/ Results of this study may give an insight in the physiological
changes induced by FMT in IBS patients.

Clinical and Translational Gastroenterology 2019;10:e-00034. https://doi.org/10.14309/ctg.0000000000000034
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Figure 2. Baseline-corrected IBS-SSS scores at different time points after
fecal microbiota transfer (FMT). Median and interquartile ranges (IQRs)
are shown. No statistical significant differences were found between the
allogenic and the autologous groups. In the allogenic group, total scores
were significantly reduced 4 weeks, 8 weeks, and 6 months after FMT
compared to baseline. *P < 0.05. IBS-SSS, I1BS-severity scoring system.

Figure 1. Baselinecorrected GSRS-IBS scores at different time points after FMT. Median and interquartile ranges (IQRs) are shown. (a) Total scores.
(b-f) Respective subscores. No statistical significance was found between the allogenic and the autologous groups. In the allogenic group, total scores were
significantly reduced 2 weeks and 4 weeks after FMT compared with baseline. * P < 0.05. GSRS-IBS, gastrointestinal symptom rating scale, IBS version.
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Figure 3. Baseline-corrected quality of life (IBS-QoL) and health status (SF-36) scores at different time points after fecal microbiota transfer (FMT). Median
and interquartile ranges (IQRs) are shown. (a) IBS-QoL scores. No statistical significant differences were found between the allogenic and the autologous
groups. In the allogenic group, total scores were significantly increased 2 weeks and 8 weeks after FMTcompared with baseline. * P < 0.05. (b) Short form
36 (SF-36) subscore general health. Scores differed 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
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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-R6denas’ and Jerry M. Wells®

British Journal of Nutrition (2017), 117, 93-107




Diet, microbiome and intestinal barrier

A Healthy - Protective B Diseased - Protective c Diseased — Susceptible
Balanced Protective Poor
diet diet \/ diet
|
S e =
| — |
(H;S, etc.)

e Pathogen = Mucolytic bacteria @ Paneth cell £ Iga Og Mucus
%\ Microbiota /57 Goblet cell & Immune cells (ILCs, T-cell, B-cell) @ Fucose *  AMPs/RelmB/others

FIGURE 2 | Diet and immune activity load (allergies, cancer, other illness, etc.) determine host intestinal integrity toward invading pathogens. Diet affects intestinal
integrity directly by stimulating IECs, ILCs, and microbial communities, and indirectly through microbial fermentation by-products (SCFAs, H,S, etc.). A healthy
individual following a balanced diet to maintain symbiosis between host and microbial populations has enhanced intestinal integrity with a thick inner and outer mucus
layer that retains AMPs and other compounds to protect the host against pathogen colonization (A). A diseased host with heightened immune activity maintains
symbiosis by consuming dietary components that protect and boost host innate defenses (IgA, AMPs, mucus, fucosylation) and adaptive immune responses to
prevent pathogen colonization (B). Whereas, diseased individuals with heightened immune activity consuming a poor diet are more susceptible to enteric infections
due to impaired host defenses that cannot control the dysbiotic intestinal environment (C).

Frontiers in Immunology | www.frontiersin.org 2 August 2019 | Volume 10 | Article 1802
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'VSG& Functional brain imaging (fMRI) ™.
can be used to study ...

 How/where the brain perceives 0\
signals from elsewhere in the N 3 )
body S

 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




responses

Periaqueductal gray

Control

Treatment-related
network change
(design score)

Dietary intervention affects brain

NO IN > FMPP

Control > FMPP

Tillisch et al., 2013
50



“‘EAT” paradigm = Emotional Attention Task

Liebermann et al., 2007

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

51
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The RCT issue
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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 J Brummer,® and Michiel Kleerebezem*

!Independent researcher, Nutriz, Enschede, The Netherlands; > Winclove Probiotics, Amsterdam, The Netherlands; > Nutrition-Gut-Brain Interactions Research
Centre, Faculty of Health and Medicine, School of Medical Sciences, Orebro University, Orebro, Sweden; and *Host Microbe Interactomics Group, Wageningen AdV Nutr 2 0 1 8.9 1-1 l
University, Wageningen, The Netherlands

/| oo ¢ )
// II Systematic reviews of RCTs Pl’esuppOSIt'IOI‘\S
, High-quality RCTs with
Z & | hard clinical endpoints -~
N R
/ \be: VAN Pfrospedl:e gomn sludl(.es, — .
VA AN i B £ Evidence
/S o/
/ s\ ‘J,/' Ecological studies, cross sectional studies U
/ 0\?'} /// Reftrospective case-control studies "?
L . // ’ Case series, case reports “r .
" §' - Logic
\_ Y,
Presuppositions: )\
« Uniformity/ effect modifying factors :
Conclusions

* Independence of effects/ interactions
* Intervention/placebo well defined
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...bridging practice and science!
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Y repamri0® Nuz_‘rition-Gut—Brain
Interaction Research Centre

- providing new innovations for improving
gut health and brain function

The Future
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