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Talk Objectives

e Discuss the rationale for altering
microbes in IBD

* Explore the applications of manipulating
the microbiome in IBD for clinical
benefit

e Consider what the future of microbe-
altering therapy might look like



ecosystem in inflammatory bowel diseases
How do we assess microbes in IBD?
How do we prove causality?
Can we change microbes?
Does it make sense to do this?

Does this work In IBD as a treatment?

Are there concerns with microbial alteration?

How can we utilize microbes to benefit our patients?

Lloyd-Price et al., Nature 2019;569:655-9.



Biomarkers: Microbial and Host-response
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Lee et al,. Cell Host Microbe
2021;29:1294-304



Gut Microbes as Markers and
Mediators of Disease in IBD
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Wine E. Dig Dis 2014;32:403-8.



What shapes microbes?
Environmental factors shapingthe gut

microbiome inaDutch population

Gacesa et al., Nature 2022:604:732-9.

» Only 6.6% heritable

» 48.6% explained by
cohabitation

» Common microbiome
signatures In unrelated diseases

» Importance of early life in
shaping microbiome






Microbial Alterations in the Tl of Peds UC

Increased Bacterial
Penetration, Mainly in UC

T1 Mucus Layer Depletion, Mainly in UC

Alipour et al., J Crohn Colitis
2016;10:462-71.



Microbial Involvement in IBD FDRSs

Leibovitzh et al., Gastroenterology 2022;163:1364-76.
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lgG*/1gG- Alterations in IBD vs Non-1BD

» Microbes likely have an active role in IBD

» Manipulating/controlling microbes could
have therapeutic potential

|gG-bound bacteria are potential pathobionts (are invasive

and induce an Immune response)
Armstrong et al., Microbiome 2019;7:1.



Current Microbe-Altering Approaches

Antibiotics: selective removal
Pro/prebiotics: selective addition
FMT: community level change
Nutrition: change microenvironment

(Early life: pioneer effect and Immune education)



Antibiotics In IBD

Azithromycin and metronidazole for CD

Amoxicillin, vancomycin, metronidazole, &
doxycycline/ciprofloxacin for ASC

Van Rheenen et al,. JCC 2021;15:171-94. Levine et al., Gut 2019:68:239-47.  Turner et al., IBD 2020:26:1733-42.



Pro/prebiotics in IBD

Van Rheenen et al. JCC 2021;15:171-94. Zmora et al., Cell, 2018;174:1388-405. Suez et al., Cell, 2018;174:1406-23.



85 patients assessed
for trial eligibility

= 1 withdrew before intervention * 1 withdrew during therapy
- 2 withdrew during intervention - 1 needed antibiotics before therapy

34 completed 36 completed
the trial the trial

» Active UC (scope); 50 mL FMT enema
weekly x 6

* Primary endpoint: remission (endo
Mayo 0) at week 7

o Study stopped early (futility), but...
o 7 of 9 remission were Donor B
o 3/4<1lyvs. 6/34 > 1y in remission



Narula et al,. IBD 2017:23:1702-9.



EEN: Guidelines and Mechanisms

Van Rheenen et al. Journal of Crohn's and Colitis 2021;15:171-94. Levine & Wine, Inflamm Bowel Dis 2013;19:1322-9.



Levine, Wine, et al. Gastroenterology 2019;157:440-50.



Sustained Remission & Fecal Calprotectin
are Superior at week 12 with CDED

P<0.01 P<0 01 1176 ecal Calprotectin
75% P=0.001

65% 2047
45% - F=0.01
38% 1589
1'[]21
732

Sustained remission Sustained remission
week 12, PCDAIS10 week 12, PCDAI<10

CDED+PEN EEN
s CDED =EEN Weeks of Treatment

What does this do to gut microbes?

Levine, Wine, et al. Gastroenterology Aug 2019;157:440-50.




e CDED: similar
changes from
week 0

Gastroenterology ff .ooo




Microbe-altering diets: UC

We are already altering gut microbes —

what’s next??

Kedia et al., Gut, in press.



Canada Future Directions:
Altering the Microbiota

Using microbes to direct therapy
Microbial products and metabolites
Using phages to change microbes
Microbe-directed diets (fibre)

Personalized diets



FFO Central HypothesiS:  cjinical Data

Previous Diet Response to Therapy
16S rRNA
Altered Gut Microbes

Stool SCFA

Altered Gut Microenvironment

Stool Metabolomics

Overall objective: define relationship between diet, gut microbiome, and
microenvironment in pediatric IBD, and how these correlate with clinical outcomes -
goal of improving dietary therapy for IBD.




Preliminary Findings:

Dietary patterns and food correlations extracted from 96 Network patients (PCA-based)
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Bacterial Components Suppress Thl7

» Microbial metabolite drives protective

CD4IELs
» Together with Tregs — suppressed
Inflammation
» Bacterial Ag prevents development of
IBD in mice
— BN aooty > Could delivery of a bacterial antigen
H Oxidoreductase hexosaminidase prevent IBD in humans?

0 10° 10*10*10°

CDA4IELs: protective

Shenoy & Koch. Science 2022;377:575-6.



Bacterial Metabolites Impacting Immunity

Bacterial 3-OxoLCA suppresses Th17 3-OxoLCA-producing IBD patients (esp. with dysbiosis)
bacteria prevent C. have reduced OxoLCA and

rodentium colitis related microbes

Specific bacterial enzyme identified

Paik et al., Nature 2022;603:907-12.
Wine. Gastroenterology 2022;163:333-4.



Phages Target Pathobionts in IBD

“»Excellent rationale for
suppressing pathobiont In
IBD

*»Feasibility of using phages
for this goal

**Possible new microbe-
altering therapeutic options

Wine. Gastroenterology 2022, in press.

Cell

Federici et al., Cell 2022:185:2879-98.



10IBD
dietary
guidance:

Fibre
benefits In
IBD




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




Hypothesis: unfermented fibre
(dysbiosis in IBD) can stimulate a
proinflammatory immune response

Armstrong et al., Front Pediatr 2021;8:6201809.



Inulin/oligofructose induce IL-1p secretion in
Macrophage and in biopsies cultured ex vivo

Heather Armstrong
Former Postdoc

FOS promotes IL-1p secretion for Differential IL-1f secretion
biopsies ex vivo, only in active IBD from macrophages in vitro

S = starch

NF = no fiber

I = inulin

FOS = oligofructose
M = maltodextrin

B = B-glucan

+/- fibre
(24hr)

Armstrong... & Wine. Gastroenterology, in press.



Mucosal Microbes Reduce IL-1p,
but not with Active IBD

What happens
to fibre

fermentation? FOS-induced microbial
effects on IL-1f secretion
How does

this affect by macrophages correlates
human cells? with impacts on biopsies

How are
microbes
involved?

Microbial communities,
incubated with FOS,
suppress IL-1B secretion
by macrophages, but
increase IL-1p when
collected from active IBD

non-IBD  rem/mild IBD mod/sev IBD

Armstrong... & Wine. Gastroenterology, in press.



Our Findings to Date

 Dietary fibres (inulin/oligofructose)

» Pro-inflammatory in specific immune
cell types and anti- in others

» Promote inflammation in pediatric IBD
biopsy tissues

» Greater In patients with active
Inflammation

e Select microbes are able to ferment these
fibers and reduce inflammation

» Dietary fiber intake in pediatric patients
correlates with inflammation

 Potential for precision medicine: patient-
specific dietary recommendations



Developing and testing PERSONALIZED DIETS




Additional Microbe-
Altering Approaches

Sorbara & Pamer. Nat Rev Microbiol 2022:20:365-80.
Plichta et al., Cell 2019;178:1041-56.



Role of Microbes in the
Pathogenesis of PIBD: From
Discovery, through Causation,
to Novel Treatments

CIHR Team Grant Co-NPAs:
Bruce Vallance & Eytan Wine




Conclusions

Microbial alterations in IBD — makes sense!
We are already doing this!
Challenges:

— Defining normal; causality; treatment targets

— Complexity and accessibility to clinicians: KT
Opportunities:
— Personalized therapies

— Combination therapy: start with life-style; diet

— Integrating new technologies and idea — culture shift

Future outlook: microbes used to guide and treat IBD
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