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Learning Objectives

* Understand the Pathophysiology of Clostridioides
difficile (C.diff) infection.

e Examine the evidence for bacteria based
therapies for C. diff.

« Summarize the discovery of a bacteria derived
protein that protects mice from C.diff disease.
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Serve on the scientific advisory board of a company developing
Microbiome based Therapies called Tailored Therapeutics.

Recipient of a US Patent for HtrA for use as a therapeutic for
toxin producing bacteria.

Serve as the CEQO for Monarch Informatics - a Health Informatics
company in Ontario, Canada.

Served as a consultant for GSK and BioMerieux inc.
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Medical Organization and The Weston Foundation.
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The Human Microbiota



A Fragile Relatonship: Gut Microbes and the Host

» mucus production
antimicrobial chemicals

assist digestion
ward off pathogens

lubricate pulmonary
tissues

prevents gastric
complications

digestion of complex
carbohydrates

« maintain pH and H.0,
production to kill microbes

B fortify immune system
| » scent production

¢ A delicate balance of bacteria.

* The gut microbiota is stable, but is strongly influenced by age, diet, environment, xenobiotics that can result in dramatic changes in populations of the Gl tract.

6 Tiffany et al, Gastroinstestinal and Liver Physiology 2019
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A Fragile Relatonship: Gut Microbes and the Host



Pathogen Resistance and the Microbiome

* One of the functions the microbiota
performs is prevents the colonization

of “pathogens”.

e However, even after colonization the
factors that result in clinical disease

remain unclear.

Ignacio et al, 2019 in the book Microbiome and
Metabolome in Diagnosis, Therapy, and other
Strategic Applications




Clostridioides (lormerly Clostridium) difficile

« C. difficile is the #1 cause of infectious diarrhea and infectious colitis in
humans.

“ An increase in the incidence, morbidity, and mortality of patients infected
with C. difficile has been seen in recent decades

* The single largest risk factor for C. difficile disease is antibiotic use.
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CD 1sa Toxin Mediated Disease.

McCollum etal, Clinical Gastroenterology and Hepatology 2012
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Toxin A - Enterotoxin
Toxin B - Cytotoxin

v

The toxins lead to cellular cytoskeletal
rearrangement and cell death
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C.diffictle Pathogenesis




Fecal Microbial Therapy (EFMT).

« EMT’s serve to

“repopulate” the
disturbed
microbiota in C.diff

patients.
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Correcting the Microbiota with FM'T”s

16 van Nood et al, NEJM 2013



Challenges with EM'T : Donor Screening

Inclusion criteria:

- Aged 25-60 years
- Be in good health and feeling
well

In the past 3 months
- No use of antibiotics, antifungal
or antiviral treatment.

In the past 6 months

- No high-risk behaviour

- No blood transfusions

- No acute bowel disease

- No travel in countries with
high-risk of infectious diseases

Blood screenings:

- Complete blood count

- C-reactive protein

- Electrolytes (potassium, sodium)
- Immunoglobulin G, Aand M

- Pancreatic amylase

- Liver function (albumin, alanine
aminotransferase, INR, bilirubin,
alkaline phosphatase)

Exclusion criteria:

- Any medical ilinesses

- BMI < 18 kg/m? or > 28 kg/m?)

- Use of medication

- Allergic diseases

- Chronic diseases

- Gastrointestinal complaints*

- Depression**

- Previous gastrointestinal surgery
(Except appendectomy)

Family history of
- Colorectal cancer, Inflammatory
bowel diseases, or Celiac disease

Serological parameters

- Cytomegalovirus (CMV)
- Epstein-Barr virus (EBV)
- Hepatitis B+C

- HIV

- Syphilis

Microbial screenings:

Enteropathogenic bacteria

- Enteropathogenic E. coli

- Clostridium difficile

- Campylobacter jejuni

- Salmonella and Shigella species
- Yersinia Enterocolitica

Multi-resistant bacteria
- ESBL-producing
Enterobacteriaceae
- Carbapenem-resistant:
- Pseudomonas aeruginosa
- Acinetobacter species
- Enterobacteriaceae
- Vancomycin-resistant
Enterococcus species

Virus

- Adenovirus

- Enterovirus

- Parechovirus

Enteropathogenic parasites
- Entamoeba dispar

- Entamoeba histolytica

- Cryptosporidium

- Giardia duodenalis

Microscopy examination
- Worms, eggs and cysts of
intestinal parasites
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Challenges with FM'T”s : Donor Screening
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+ Over a 2 year period

Hota et al, screened 322

individuals as potential
candidates for FMT’s.

- 5/322 passed initial

SCreens

- 2/322 were retained in

the end.



Stool works....but so do stool filtrates....

+ Filtered stool (bacteria
free) when used in rCDI
led to symptom
resolution for up to 6
months.

“Proteome analysis
showed no obvious
candidates associated
with therapeutic efficacy”

19 Ott et al, Gastroenterology 2017



Defined Microbial Community (DMC)




Detined Microbial Communities

Phase 3 double blinded placebo
controlled trial using SER-109 - a defined
microbial community - bacterial spores
isolated from healthy donor stool.

C. difficile recurrence in patients given
SER-109 (12%) vs. placebo (40%) - 8
weeks post treatment.

But we still don’t know how this all
works.... NO MECHANISM!




We also have a Bacterial community

v




State of available therapies




Methods used in the Lab

DMC  DMC e Within 24 /48 hours of
infection the mice get
sick with disease that
is consistent with CD
infection.

DMC e Mice develop diarrhea,

experience weight loss,
reduced movement,
hunched posture.

¢ Cell rounding assays
allow us to determine
in vitro toxin activity.



Soluble factor neutralized CD Toxin activity
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Introducing HtrA

High temperature Requirement Protein (HtrA)

9



HtrA neutralized CD toxins (dose dependent)

HTRA degraded both CD toxins in vitro in a
concentration dependent manner over 60
mins of time

Protected cells from
rounding (in vitro)
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So does 1t work 1n an animal model?

Our mouse model was based on oral administration....the
big question is will HtrA survive the stomach acid??
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HtrA protected Mice from C.diff

Protected Mice from C.diff HtrA prevented C.diff mediated
mediated death (9-fold increase) inflammation in the colon.
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HtrA protected Mice from C.diff

C.diff causes colonic shortening Stool from mice had no active
In mice and that was prevented C.diff toxins vs. mice that did not
when CD mice were given HtrA. get HtrA.
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HtrA does not alter the Gut Microbiome

HtrA does not change
the gut microbiome.
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Summary

e This provides early clues of how FMT’s and / or microbiota
restoration (DMC’s) may be working.

e HirA protects against CD mediated disease by neutralizing CD
toxins and preventing disease and death in mice.

e Since HtrA works on the toxins and not the bacteria - there
should not be an issue with resistance - the bacteria is
unaffected !!.

e This is the first time that a bacterially derived protein has been
identified as a potential therapy against a bacterial disease.
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Next Steps

e s HtrA safe?

e [sit pH stable at the acid levels found in the human GI
tract?

e Does it work in humans?

e When/how would you give it? With antibiotics? without?
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