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Factors that influence IBD: microbes (dysbiosis)

Complex, multifactorial
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Does diet cause IBD?

* Epidemiologic evidence:

e Cohort and case control studies do show an
association

* Animal/in vitro studies:
* Multiple mechanistic links
 Dietary therapies:
* EEN, CDED, and others can induce remission

 BUT IBD is heterogeneous!




Microbes link diet to host health

Complex, multifactorial
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Fibers are not digested: they are fermented by microbes
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Gut microbiota
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Short Chain Fatty Acids (SCFAs)-Mediated Gut
Epithelial and Immune Regulation and Its Relevance iation
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Dietary Beliets and Behavior Among Inflammatory Bowel

Disease Patients

Camille Zallot, MD,* Didier Quilliot, MD, PhD,” Jean-Baptiste Chevaux, MD,* Carina Peyrin-Biroulet, MD,*
Rosa Maria Guéant- Rodnguez MD, PhD,* Esreﬂe Freling, MD,* Benjamm Collet-Fenetrier, MD,*
Nicolas Williet, MD,* Olivier Ziegler, MD, PhD,” Marc-André Bigard, MD,* Jean-Louis Guéant, MD, PhD,*

and Laurent Peyrin-Biroulet, MD, PhD*

TABLE 3. Food Exclusions (Question 3)

Inflamm Bowel Dis ® Volume 19, Number 1, January 2013

Food Groups n (%o)
Vegetables 39 (16.0%)
Fruits 27 (11.1%)
Cruciferous 27 (11.1%0)
Tomato 25 (10.2%)
Green leafy vegetables 19 (7.8%)
Legsuminous 14 {5.7%)
Spicy tood 14 (5.7%)
Dairy products 10 (4.1%)
Fat products 10 (4.1%0)
Citrus 8 (3.3%)
Oilseeds 7 (2.9%)
Sauce T (2.9%)
Alcohol 6 (2.5%)
Cereals 4 (1.6%)
Coffee 4 (1.6%)
Vinegar 2 (D.8%)
Bread 2 (0.8%)
Chocolate 1 (0.4%)
Sugar products 1 (0A4%)

Survey in Nancy, France
N=244 adult IBD
58%: diet plays a role in IBD

40% reported that diet leads to their flares
2/3 have given up on foods they enjoy

11) What food do vou eat in case of relapse:

I —Low residue diet

126 (51.6 %) |

—Mormal diet

—Dairy-free
—Other diet

—Giluten-free

—MNR

62 (25.4 %)
34 (13.9 %)
28 (11.5 %)
4 (1.6%)
24 (9.8%)




Dietary Practices and Beliefs in Patients with Inflammatory

Bowel Disease

Jimmy K. Limdi, MBBS,*" Divya Aggarwal, MBBS,* and John T. McLaughlin, MBChB, PhD"
Inflamm Bowel Dis » Volume 22, Mumber 1, January 2016

.

Sugary food _ 41 (10%) i
I

Coffee/Tea _ 43 (11%) *

-

« Survey in Manchester, UK

« N=400 adult IBD

57%: diet is a trigger in IBD

60%: symptoms are worse with certain foods

« ~50%: never received professional dietary advice

Carbonated beverages 46 (12%)
Milk / Milk pmducu 64 (16%)
Raw vegetables /fruits 77 (19%%)
Alcohol 84 (21%)
Fatty food 116 (29%)
164 (41%)
o 40 80 120 160 2;0

Number of respondents

FIGURE 1. Foods that were reported to worsen IBD symptoms.

1

+—

b 8.0 |

J p<0.0001

E4

2

-]
C = N WdNO~N®®OC
$——t ——

Outside relapse During relapse

FIGURE 2. Mean scores of appetite outside and during disease relapse
(Mean = SD).
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Could unfermented fibres impact inflammation?
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Nondigestible
Carbohydrates

Deehan et al Microbiology Spectrum 2018
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B-fructans and arabinoxylans promote inflammaiton

Secreted IL-1p (pg/ml)

800+

[+2}

o

o
1

400+

200+
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* kK S = starch
NF = no fibre
* % M = maltodextrin
B = B-D-glucan
* % % K P = pectin

* %
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GOS = galactooligosaccharide
FOS = fructooligosaccharide
I =inulin
A = arabinoxylan
Z = zymosan
I C = curdlan
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Specific unfermented fibers (B-fructans and
arabinoxylans) can promote inflammation

This was comparable to pro-inflammatory
response to fungal carbohydrates (zymosan
and curdlan)

Bording-Jorgensen et al. 2023; in preparation



B-fructan induces pro-inflammatory cytokines in specific IBD patients

Biopsies

Gelatine sponge

<€— Culture medium
+/- fiber
(24hr)

Culture

Unfermented B-fructan (chicory root; SYNERGY-1)
can promote inflammation in pediatric IBD biopsies ex vivo

- Confirmed in clinical trial cohort
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B-fructan induces pro-inflammatory cytokines in specific IBD patients

Clinical Trial: NCT02865707
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B-fructan induces various pathways in specific IBD patients

Clinical Trial: NCT02865707
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B-fructan induces pro-inflammatory cytokines via NLRP3

s NLRP3 inflammasome inhibitors reduced IL-1B
ok K K pro-inflammatory response to B-fructans
* ok %k (FOS)
1500 *%* dkokkk kk ok %k Xk
I - I B-fructan
1000+ — — IL1B +
227? RE

500+

<Y NLRP3
inflammasome

Secreted IL-15 (pg/ml)
THP-1 macrophages

AN

o
|

MCC950 - - + - + = + = + = +
NF ATP zymo curd oatfB FOS

Armstrong et al. 2022; Gastroenterology



B-fructan interacts with immune cells via TLR2

Molecular dynamics identified TLR2 as the host receptor for B-fructan
TLR2 inhibitor (Inh-c29) validated the receptors role in cytokine response to B-fructan
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Profiling fibres from different food sources

1000+
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The food source and composition of the fibres
impacts their interactions with host cells
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The gut is protected by a mucosal epithelial layer

Gut microbiota
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Epithelial barrier formation is differentially altered

Healthy

Mucus  Luminal
layer contents

IS Tight
M| junctions

Epithelial Intestinal
cell barrier

IBD

Epithelial
damage

Mucosal and
systemic
inflammation

* Inulin and oligofructose improve epithelial barrier integrity

B-D-glucan and arabinoxylan causes epithelial barrier disruption
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Bording-Jorgensen et al. 2023; in preparation



Epithelial barrier height is affect by B-fructan

Loss of epithelial barrier function
Chronic inflammatory response
Decreased proliferation

404 ¥k Kk

D
D

3 g 1 H° Increased apoptosis |
n b
o 0 i 0 304
rl i £
@ 0 9 0 3
J 0 T 0 a
0 I=
j J 2 204
D
& & £
S

j s

104 l

L S
NF B-fructan

“0\000911»
“‘.‘aoooce

4

%,
4
%

Healthy

Bording-Jorgensen et al. 2023; in preparation



Gut microbiota community role in fermentation

Gut microbiota o
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Whole gut microbiota collected from gut washes

% i _lay" | non-1BD (n=8)
_— © |VFA/GC »" | Non-resp. (n=5)
Patient Fiber & — :7 Responder (n=9)
microbes microbes SCFA+
) non-I1BD (n=8)
% 24h + Cell lines l Remission (n=4)
> Car > —— ELISA
- " ojeie]e Mild (n=6)
rj & Severe (n=4)
%t L7
Intestinal wash Microbes
\ L non-1BD (n=15)
seQ] | €D (n=19)
AMFRVGR )'5“(.l.l I"")‘.l_ Uc (n=16)

Armstrong et al. 2022; Gastroenterology



B-fructan fermentation by microbiota prevents inflammatory response

ns
dokkk Kk *Rkk * kKoK ns
GC/HPLC o 200+
f =
- S = starch
Patient Fiber & / % NF = no fibre
Microbes Microbes SCFA+ = 150+ FOS = oligofructose
o E
o
24h 2 100+

5 —_— 4 -

o 5 T

N® - B A2

Intestinal wash Microbes ‘.,’ 50+ 1.. R R R e

N - T 1L
. i ) . - -L 7%
nonlBD n=21; CD n=38; UC n=18 \ S 0
= T T T T
SEQ S ATP NF FOS NF FOS NF FOS NF FOS NF FOS
nonlBD |IBDrem 1BDmild IBDmod
no pre-fermentation pre-fermentation

Fermentation of B-fructan (FOS) with whole gut microbes from IBD patients with
active inflammation did not reduce pro-inflammatory response to fibre

Armstrong et al. 2022; Gastroenterology



Inflammatory response is a combination of > whole B-fructan and |, SCFA
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Changes in the gut microbiome alter our responses to environmental factors

Changes in pH in the IBD gut impacts microbe ability to ferment fibres — functions altered
significantly vs composition

pH P
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Select Microbes and Microbe Pathways are Involved in Response to B-fructans

F. prausnitzii

Non-1BD
S. parasanguinis R. lactaris
B. breve B. pseudocatenulatum

Roseburia hominis

R. inulinivorans

B. animalis B. catenulatum
Ruminococcus torques
B. longum
C. bartlettii B. bifidum
P. stutzeri F. plautii B. adolescentis
S. pneumoniae
R. Bromii S. infantis
R. callidus

cb ucC

Shotgun metagenomics — Intestinal washes
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Armstrong et al. 2022; Gastroenterology



uM riboflavin

Microbial enzymes were validated in our RCT of B-fructans in adult IBD
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Shotgun metagenomics — Intestinal washes

Clinical Trial: NCT02865707

RCT patient relapse = lower riboflavin
synthase produced by microbes
AND
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Biomarker of response to B-fructans?

Select fermentable fibers should be avoided
in specific IBD patients

TAKE HOME: these patients matter too!

Armstrong et al. 2022; Gastroenterology



How does dietary fibre intake change over time in IBD?

Examine the avoidance patterns of specific fiber subtypes in IBD patients and
how this relates to disease progression

¥y FFQ:

(fiber consumption patterns)
Baseline- Week 52

Living with IBD Cohort
155 IBD patients

Statistical analysis:
III Correlation between the shiftin
g fiber consumption/ avoidance
and disease remission/flare

Fecal calprotectin:
(disease severity) Baseline-
Week 26-Week 52

Khorasaniha et al.; In preparation



How does dietary fibre intake change over time in IBD?

Consumption of FOS and inulin is negatively correlated with disease flare in IBD patients

Probability of being in disease

progression group

06 _|
08 - %
3 0.5
ge ]
_‘ co0
06 55 04
CC
? .g 03 — remission-to-remission
0.4 - 5% — remission-to-flare
28 o flare-to-flare
24 - — flare-to-remission
0.2+ o
° 0.1
o -
0.0 1

| 1 | | I
2 4 6 8 10 i A é é lb
Change in kcal adjusted FOS consumption from baseline to 1

Change in kcal adjusted inulin consumption from
year follow up

baseline to 1 year follow up

Khorasaniha et al.; In preparation



Completing analysis of microbiota and stool metabolomics

Changes in the gut microbiota appear to precede changes in B-fructan consumption followed by flare
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Khorasaniha et al.; In preparation



Completing analysis of microbiota and stool metabolomics

Changes in the gut microbiota appear to precede changes in B-fructan consumption followed by flare
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Completing analysis of microbiota and stool metabolomics

Changes in the gut microbiota appear to precede changes in B-fructan consumption followed by flare
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Completing analysis of microbiota and stool metabolomics

Changes in the gut microbiota appear to precede changes in B-fructan consumption followed by flare
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Fibre fermentation products (SCFA+FOS) dictates pro-inflammatory response
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UC patient relapse following B-fructan consumption was correlated with

increased markers of colon cancer

Em B-fructan remission
B-fructan relapse
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Voisin et al.; In preparation



Nondigestible
Carbohydrates

Deehan et al Microbiology Spectrum 2018
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Biomarkers
(stool)

Translating our findings to the clinic

vvvvvvvv

« Can we use our microbial enzyme stool test
£ (biomarkers) to predict response to fibres?

Personalized

» Developed clinical scoring system to predict a
patients degree of sensitivity to select fibres

» Developing and testing personalized dietary
interventions

« Randomized control trial (recruiting)
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Conclusion

YES — dietary fibres provide clear benefits

BUT - the type, source and quantity of fiber is
extremely important

AND — without the right microbes present,
does what we eat still benefit us??




Conclusion

* FUTURE — precision medicine

* Patient specific dietary
recommendations

One cure does not fit all... .
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UManitoba:
Dr. Deanna Santer
Dr. Charles Bernstein
Dr Wael El-Matary
Dr. Liam O’Neil
Dr. Ruth Ann Marrie
Dr. Carol Hitchon

DIET
MICROBIC
DISEASE

| E@ Heather. Armstrong(@umanitoba.ca

Special thanks! To our funders, clinics, and patients!

, @DrHArmstrong
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