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Let’s explore an overview of emerging strategies for prevention of infection



Strength of immune response

Immune system- function
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Disease risk

Immune system- modulation
Epigenetic modification
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Gene
Environment

Immune system
function

Canadian Epigenetics, Environment
and Health Research Consortium

 DOHaD: Environmental factors skew developmental
trajectory of immune system function and alter
susceptibility for development of chronic disease

* Hygiene Hypothesis: imbalance in signals during early
life programs dysregulated immune development and
susceptibility to chronic diseases.

Developmental plasticit




Immune system function
Innate and Adaptive

Microorganism recognition through germ @
line encoded expression of various
Pathogen Recognition Receptors
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Recent studies have helped in understanding this
The non-specific effects of vaccines- Smallpox, measles, polio, inactivated Influenza, BCG
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BCG protects non-specifically against
heterologous infection reducing mortality

Prentice et al Lancet Infectious diseases 2021
Nemes et al NEJM 2018

Aaby et al J Infectious diseases

Roth et al BMJ 2010, Epidemiology 2006
Stensballe et al Vaccine 2005

Kleinnijenhus et al PNAS 2012
Arts et al Cell Host Microbe 2018
controlled infections in humans-yellow fever vaccine, malaria



BCG non-specific protection against diseases - How does it work?

Initial response Enhanced response proinflammatory cytokines
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Innate cells Reactive oxygen species
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BCG non-specific protection against diseases — Innate Immune Training or Trained Immunity
What happens in the cell to mediate this?
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prototypical innate cells
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Epithelial cells, stem cells, progenitor cells

reprogrammed for enhanced responses
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Pathological/excessive response Tra i n ed I m m U n ity

Uncontrolled proinflammatory response
IL-6, IL-1B, TNFa, IL-8, IFNg
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Traditional response modifications
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Maintain Homeostasis

Long-term
effects

Netea et al
Nature Reviews 2020

Chronic hyperinflammation

Trained immunity
................................................... Homeostasis

Tolerance- non-responsiveness

Strength of immune response

First Second
challenge challenge
Time

Trained Immunity: Long-term epigenetic and metabolic reprogramming of transcriptional pathways and function of innate
immune cells, evoked by endogenous or exogenous stimuli which leads to an altered response to a secondary challenge.



Potential for detrimental impacts of Trained Immunity

Pathological/excessive response
Uncontrolled proinflammatory response
IL-6, IL-1B, TNFa, IL-8, IFNg

| Traditional response

IFN’s, IL-1, TNFa, IL-6

“Immune activation”

Maintain Homeostasis

Chronic inflammatory conditions
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Tercan et al. Arteriosclerosis, Thrombosis, and
Vascular Biology 2020.




An elegant example of protection against disease in nature

Traditional European farming environments
Traditional versus industrialised farming practices USA

von Mutius E, Vercelli D. Nat Rev Immunol. 2010;10(12):861-8.
Stein et al NEJM 2016.

Profound protection in children

e Allergic asthma
e Early infections
e Allergic rhinitis

* Protection mediated by exposure to microbial compounds

Respiratory (microbes in barn dust) & Gastrointestinal (unpasteurised milk)
* Exposure of pregnant mother (transplacental) and infant

Replicated in multiple locations

Innate and adaptive changes

e Exvivo, invitro, animal models provide mechanistic insight

Childcare attendance. Ball TM et al. NEJM 2000.
Household pets Ownby et al. JAMA 2002.



Traditional farm environments: hallmark characteristics of Trained Immunity
Pivotal to considering strategies for asthma prevention

TLR dependent-
S Activation/maturation/Epigenetic changes in myeloid
Microbial stimuli ,,/ TLRs . . -
— P & Increased TLR cells conferring functional immune competence
,,’ expression . . .
O Direct sensing by maternal immune system
Regulated development of immune competence in

\ ’,"/
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——— ) _ Cytokines Enhanced regulatory functions
SELE A / Attenuated microbial sensing in placenta
4/0 \ Circulation lEge MJ et al. JACI 2006.
N ~ 2Schaub B et al. JACI 2009
Inhibition of " Fetus Stein et al, NEJM 2016

cytokine production

Maternal

bone marrow , g
Programmed
DCs and monocytes

Adapted from Holt & Strickland, JEM, 2009

Activation of innate and regulatory pathways to
equip the infant with capacity to appropriately shape
and calibrate downstream immune responses




Microbial based therapeutics used to boost immune system function for the
prevention of infections

Lactobacillus

Flagellin

Endotoxin

Streptococcus bacteriotherapy

Probiotics
Poly Bacterial lysates : MV13

NV respiratory viral infections-

reduced number, severity, febrile
time, duration, hospital days,
wheeze, antibiotic use.

Influenza, RSV, RV (SARS-CoV-2)
Protects against secondary bacterial
infections

infants, children, adults (COPD, HIV).

Schaad et al. Immunostimulation with OM-85 in children with recurrent infections of the upper respiratory
tract: a double-blind, placebo-controlled multicentre study. Chest 2002.

Collet et al Effects of an immunostimulating agent on acute exacerbations and hospitilisations in patients
with COPD. The PARI-IS steering committee and research group. AJRCCM 1997.

Alecsandru et al. Sublingual therapeutic immunization with a polyvalent bacterial preparation in patients
with recurrent respiratory infections: immunomodulatory effect on antigen-specific memory CD4+ T cells
and impact on clinical outcome. Clin Exp Immunol (2011)

Esposito et al. A randomized, placebo-controlled, double-blinded, single-centre, phase IV trial to assess the
efficacy and safety of OM-85 in children suffering from recurrent respiratory tract infections. J Transl Med.
2019

Rozy et al Bacterial immunostimulants—mechanism of action and clinical application in respiratory
diseases. Pneumonol Alergo Pol. 2008.

Razi et al. The immunostimulant OM-85 BV prevents wheezing attacks in preschool children. JACI 2010
Schaad. OM-85BV, an immunostimulant in pediatric recurrent respiratory tract infections: a systematic
review. World J Pediatr. 2010

Steurer-Stey et al Oral purified bacterial extracts in chronic bronchitis and COPD: systematic

review. Chest (2004)

Capetti et al Four years of immunization with OM-85 BV to prevent respiratory infections in HIV+
patients.Hum Vaccin Immunother. 2013

Koatz et al. Clinical and Immunological Benefits of OM-85 Bacterial Lysate in Patients with Allergic Rhinitis,
Asthma, and COPD and Recurrent Respiratory Infections Lung. 2016

Parola, et al. Selective activation of human dendritic cells by OM-85 through a NF-kB and MAPK dependent
pathway. PloS One 2013

De Boer et al. Bacterial lysate therapy for the prevention of wheezing episodes and asthma exacerbations: a
systematic review and meta-analysis. Eur Resp Review2020.

Pivniouk et al The Om-85 Bacterial lysate inhibits SARS-CoV-2 infection of epithelial cells by downregulating
SARS-CoV-2 receptor expression. JACI 2022.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3906347/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7087659/

OM PHARMA'’S STORY

Ricard family, 1937

The invention and vision: Oriented science
An oral vaccine for bacterial infections

Ricard family, 1937

FROM WHAT WE THOUGHT: FAMILY RICARD, 1979

THE VACCINE HYPOTHESIS
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About OM-85

Haemophilus influenzae ‘ %@00
Streptococcus pneumoniae & 2 °
Klebsiella pneumoniae - > g Lot o, o
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Staphylococcus aureus ) o 2 “ o
Streptococcus pyogenes W S 0 f
Streptococcus viridans LA °
Moraxella catarrhalis °
Total : 21 strains Fermentation Lyophilization /
Chemical Lysis & Purification Encapsulation
Oral administration Distant mucosal activation Local administration
(Mucosal activation in the gut) (e.g. lung or skin) (Mucosal activation e.g. in nose)
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Pasquali et al Front Med 2014

Extensive safety profile Navarro et al. Mucosal Immunology 2011
Strickland et al Mucosal Immunology 2011



The immune modulating agent OM-85: MoA

Prevents respiratory tract infections (and secondary bacterial infections)

» Activity is dependent on PRR engagement and activation of key signaling pathways (MyD88, Triff, NFkB)

e Acts on a variety of innate cell types in the periphery and bone marrow precursors

* Broad non-specific antimicrobial cellular and humoral immunity (IgA, I1gG, AMP, improved barrier integrity)

» Activation/maturation of myeloid cells- facilitating strong antiviral responses (activation of IRF transcription factors
and type | IFNs)

* Expression of cytokines/chemokines to control inflammation and cell recruitment

 Modulates myeloid cell surface molecule expression (antigen recognition) important for instruction of adaptive
immune responses

* Modulates key pathways involved in inflammation, controlling levels of proinflammatory cytokine production (IL-1-
Inflammasome axis)

* Induces a strong immunoregulatory signal (Treg cells, reduced Th2)

Describes a Trained Immunity that promotes antimicrobial responses. Selective activation and priming of innate cells
with concomitant activation of immunoregulatory immune functions. Combat infection and Control inflammation.



Does OM-85 protect against development of allergic airways disease?

Can we replicate traditional farming environmental effects with OM-857?

Strickland et al. Boosting airway T-regulatory cells by gastrointestinal stimulation as a strategy for asthma control.
Mucosal Immunology 2011.

Navarro et al. The oral administration of bacterial extracts prevents asthma via the recruitment of regulatory T cells to the Airways.
Mucosal Immunology 2011.

De Jong et al. IRF-7-associated phenotypes have dichtomous responses to virus/allergen co-exposure and OM-85-induced
programming.
Frontiers Immunology 2021.

Pivniouk et al. Airway administration of OM-85, a bacterial lysate, blocks experimental asthma by targeting dendritic cells and the
epithelium/IL-33/ILC2 axis.
J Allergy Clin Immunol. 2022.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8901455/

OM-85 in the primary prevention of respiratory viral infections in infants at high risk
for asthma development — the OMPAC study. Sly et al JACI 2019

Phase2 double blind, randomized, placebo-controlled trial in infants 3-9 months old at high risk for asthma
development

A 100 P<0.006 A. The time to the first sLRI was
significantly longer for children
receiving OMS85 than for those

receiving placebo
median, 442.0 days [25% to 75%, >853.0-124.0
days] vs 85.0 days [25% to 75%, 386.0-54.0 days]

Proprtion without sLRI (%)

B. The cumulative frequency of sLRIs was
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OMPAC study - mechanism

* Two groups: OMS85 treatment (n=29) and placebo (n=30)
Experimental Methods:

24 h culture: RNAseq
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Boosts immunity associated with protection against severe respiratory infection and asthma (Type | IFN/IRF7)
Rewires innate inflammatory gene networks in response to LPS*

Decrease proinflammatory response
OMB8S reprograms the antibacterial arm of the immune response to protect against sLRI’s.

Increase in circulating T-reg cells

Number of trials underway evaluating OM85 in prevention of childhood wheezing

ORBEX trial- US
PReClSe (comparative study of treatment modalities)-US



Trained Immunity — opportunities during pregnancy/early life for prevention of
exaggerated responses to respiratory infections & development of asthma

Pathological/excessive response
Uncontrolled proinflammatory response

Pregnancy- heightened susceptibility to dysregulated inflammatory responses L6, IL-18, TNFa, IL'8, IFNg

Pre-term birth, fetal growth restriction, increased mortality, morbidity e e
. . . . IFN’s, IL-1, TNFa, IL-6
Program immune dysregulation in developing fetus ~ SSSSSER———=—=--=
Stress response “Immune activation
Maternal
immune

—-— e . . e e . . .y

activation

Critical window
of immune
programming

oM

Developmental plasticity



OM-85 studies- preclinical models and methodology

Disease model
Infection
asthma

Disease model
Infection
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OMBS8S in pregnancy- summary of key findings
Beneficial maternal/ fetal effects to combat infection

Reduces maternal
Disease severity
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OMBS8S5 in pregnancy provides beneficial maternal/ fetal effects to combat infection

OM-85 reprograms transcriptional inflammatory networks

Module A
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OMBSS treatment during pregnancy protects against early life viral infection severity

Disease model

OM-85 o
l RV mimic
l Lauzon-Joset et al
nn:v \/ ‘~ P Clin Trans Immunol 2021
nn'll\nn! / ___ _____ . by \‘( Infection murine RV
N | - " Neonatal day 2
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Prevention of
Allergic Asthma
transplacental

Hallmark signatures
of regulated
Trained Immunity
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Maternal and transplacental benefits of OM85 trained immunity during pregnancy

S| Fetal Earlylife— Adult
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© 3 weeks
>
]
©
Oral OM85 . S
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. . transcriptional & S
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metabolic pathways OM
in maternal/ fetal BM £
myeloid progenitors- Enhanced DC maturation, -
Optimization of function Myeloid seeding,
of cells seeding %i/ Immunocompetence,
peripheral tissues immune regulation at
Enhanced myelopoiesic mucosal sites Accelerated Post.-natal -
development of immunity
\~ P Pathogen clearance enhanced
T, Typel IFNs; IRFs1,3,7
. Direct maternal /fetal effects 2. Neonatal effects
enhanced control of maternal respiratory viral infection/sepsis * Prevention allergic airways disease Controlled pro-inflammatory responses
redu_a.?d maternal inflammation/symptoms * Reduced severity respiratory viral infection TNF; IL-1; Type 2 IFN; IL-6
Stabilization of pregnancy
Improved fetal survival/growth ) o
Immunoregulation- limit exaggerated
Response and Th2




Broader application of immune modulatory agents
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’ - Cross-protection
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Sanchez-Ramodn et al. Sublingual Bacterial Vaccination Reduces Recurrent
Infections in Patients With Autoimmune Diseases Under Immunosuppressant
Treatment. Front Immunol. 2021

Pérez-Sancristdbal et al. Long-Term Benefit of Perlingual Polybacterial Vaccines in
Patients with Systemic Autoimmune Diseases and Active Immunosuppression.
Biomedicines. 2023

Guevara-Hoyer et al. Trained Immunity Based-Vaccines as a Prophylactic Strategy in
Common Variable Immunodeficiency. A Proof of Concept Study. Biomedicines. 2020

Capetti et al. Four years of immunization with OM-85 BV to prevent respiratory
infections in HIV+ patients
Hum Vaccin Immunother. 2013

Julia Hauer. Toward prevention of childhood ALL by early-life immune training.
Blood. 2021

Ochoa-Grullén et al. Trained Immunity-Based Vaccine in B Cell Hematological
Malignancies With Recurrent Infections: A New Therapeutic Approach. Front
Immunol. 2020



https://pubmed.ncbi.nlm.nih.gov/%3Fterm=Ochoa-Grull%C3%B3n%2520J%255BAuthor%255D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7928395/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8212043/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10136188/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3906347/
https://pubmed.ncbi.nlm.nih.gov/?term=Hauer%20J%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8532195/

Trained Immunity : a tool to enhance Vaccines?

Antigens

Del Fresno et al. The Bacterial Mucosal Immunotherapy MV130 Protects Against
SARS-CoV-2 Infection and Improves COVID-19 Vaccines Immunogenicity. Front
Immunol 2021.

Jose Luis Subiza. Editorial: Trained Immunity-based vaccines Front Immunol. 2021.
Leentjens et al. BCG vaccination enhances the immunogenicity of subsequent
Influenza vaccination in healthy volunteers: a randomised, placebo-controlled pilot
study. J Infect Dis 2015.
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