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DISCLAIMER
This document, which is personal to the recipient and has also been prepared by, and is the sole responsibility of, 4D pharma plc (the “Company”), comprises these presentation slides (the “Slides”) for the sole use at a presentation concerning the
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The information in these Slides does not constitute or form part of an admission document, listing particulars or prospectus relating to the Company or any subsidiary of the Company (together the “Group”), does not constitute an offer or invitation to
purchase or subscribe for any securities of the Company, and should not be relied upon in connection with a decision to purchase or subscribe for any such securities. The Slides and the accompanying verbal presentation do not constitute a
recommendation regarding any decision to sell or purchase securities in the Company.
The Slides and the accompanying verbal presentation are confidential, and the Slides are being supplied to you solely for your information and, unless otherwise agreed in writing by the Company, may not be reproduced, distributed or otherwise
disclosed to any other person, or published (in whole or in part) for any purpose. No reliance may be placed for any purpose whatsoever on the information contained in the Slides and the accompanying verbal presentation or the completeness or
accuracy of such information. No representation or warranty, express or implied, is given by or on behalf of the Company or its shareholders, directors, officers or employees, or any other person as to the accuracy or completeness of the information
or opinions contained in the Slides and the accompanying verbal presentation, and no liability is accepted for any such information or opinions (including in the case of negligence, but excluding any liability for fraud).
The Slides contain forward-looking statements, which relate (among other things) to the Group’s proposed strategy, plans and objectives. By its very nature, such forward-looking information requires the Group to make assumptions that may or may
not materialise. Such forward-looking statements may be price-sensitive and involve known and unknown risks, uncertainties and other important factors beyond the control of the Group that could cause the actual performance or achievements of
the Group to be materially different from such forward-looking statements. Accordingly, you should not rely on any forward-looking statements, and the Group accepts no obligation to disseminate any updates or revisions to such forward-looking
statements.
This presentation has not been verified and is subject to further changes and amendments. The Slides and their contents are directed only at persons who fall within the exemptions contained in Articles 19 and 49 of the Financial Services and
Markets Act 2000 (Financial Promotion) Order 2005 (such as persons who are authorised or exempt persons within the meaning of the Financial Services and Markets Act 2000, and certain other persons having professional experience relating to
investments, high net worth companies, unincorporated associations or partnerships and the trustees of high value trusts) and persons to whom distribution may otherwise lawfully be made. Any investment, investment activity or controlled activity to
which the Slides relate is available only to such persons and will be engaged in only with such persons.
Persons of any other description, including those that do not have professional experience in matters relating to investments, should not rely or act upon the Slides. The Slides should not be distributed, published, reproduced or otherwise made
available in whole or in part by recipients to any other person and, in particular, should not be distributed to persons with an address in the United States of America, Australia, the Republic of South Africa, the Republic of Ireland, Japan or Canada, or
in any other country outside the United Kingdom where such distribution may lead to a breach of any legal or regulatory requirement. No securities commission or similar authority in Canada has in any way passed on the merits of the Company’s
shares, and any representation to the contrary is an offence. No document in relation to the Company’s shares has been, or will be, lodged with, or registered by, The Australian Securities and Investments Commission, and no registration statement
has been, or will be, filed with the Japanese Ministry of Finance in relation to the Company’s shares. Accordingly, subject to certain exceptions, the Company’s shares may not, directly or indirectly, be offered or sold within Canada, Australia, Japan,
South Africa or the Republic of Ireland or offered or sold to a resident of Canada, Australia, Japan, South Africa or the Republic of Ireland. The Company’s shares have not been, and will not be, registered under the United States Securities Act of
1933 (as amended, the “US Securities Act”), or with any securities regulatory authority of any state or other jurisdiction of the United States, and may not be offered or sold within the United States or to, or for the account or benefit of, any US Person
as that term is defined in Regulation S under the US Securities Act. The Company has not been registered and will not register under the United States Investment Company Act of 1940, as amended.
By attending the presentation and/or accepting this document you agree to be bound by the foregoing limitations and restrictions and, in particular, will be taken to have represented, warranted and undertaken that you have read and agree to comply
with the contents of this notice.
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PRESENTATION OVERVIEW
Overview - The role of the gut microbiome in cancer
• Therapeutic approaches for the gut microbiome
• Challenges and opportunities of microbiome-based interventions
4D Pharma PLC
• Microbiome company developing live biotherapeutic products
• Current clinical programmes
• MicroRx® discovery platform
MRx0518 immuno-oncology programme
• Preclinical efficacy
• Mode of action
• Clinical trial designs
Overview

The gut microbiome in
immuno-oncology
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LITERATURE SUPPORTING THE ROLE OF THE MICROBIOME APPROACH IN IMMUNO-ONCOLOGY
Microbiome impacts efficacy of ICIs in patients

• Anti-PD-1-responsive patients have significantly increased
microbiome diversity compared with non-responders
(Gopalakrishnan et al., 2018, Routy et al., 2018)

This effect is causative, not just a correlation

• Animals humanised with ‘responder’ microbiota have delayed
tumour growth and enhanced response to anti-PD-1 therapy
(Gopalakrishnan et al., 2018)

Single-strain LBPs inhibit tumour growth and increase
microbiome diversity

• Single-strain live biotherapeutics are effective in reducing tumour
growth (Sivan et al., 2015, Vetizou et al., 2015, 4D pharma data)
and increase microbiome diversity and stability in animal models
(4D pharma data)
The microbiome in cancer
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POTENTIAL SPECIES CORRELATIONS AND PROPOSED IMMUNE MECHANISMS
Microbial taxa enriched in responders (blue
ribbons) or non-responders (red) to cancer
immunotherapy agents (anti-CTLA-4, anti-PD-1)

The microbiome in cancer

Gut microbes alter systemic immune function via
local changes within the gut mucosa and GALT
to induce increased antitumor immune function

Helmink BA et al., Nature Medicine 2019
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MICROBIOME-DERIVED THERAPEUTIC APPROACHES IN IMMUNO-ONCOLOGY
Translation of microbiome-derived therapeutics in cancer

• Microbiota analysis: differences between health and disease
- Compositional and functional differences

• Strategies to modify the gut microbiome composition
-

FMT (healthy, ICI responders)
LBPs, consortia
Antibiotics, drugs
Dietary intervention

• Therapeutic interventions
- LBPs, consortia

Biggest challenges to success in the clinic

• Proof in human clinical trials is still missing
• More understanding needed of mechanisms of action

- More complex than drugs acting on a target molecule
- Live bacteria – growth, behaviour, activity, manufacturing
The microbiome in cancer

McQuade JL et al., Lancet Oncol 2019

Company overview
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4D PHARMA – WORLD LEADER IN LIVE BIOTHERAPEUTICS
Live Biotherapeutics
•

Single-strain commensal bacteria encapsulated for oral delivery

•

Highly favourable toxicity/side-effect profile

•

Accelerated preclinical development and early in-patient data

Industry leader with differentiated approach
•

4D pharma is an integrated platform & product company

•

Mechanistic approach focused on function: targeting and addressing
Microbiome:
single strain
known disease pathways via effector
molecules
•

Mechanistic approach

•

Sector-leading IP estate; more• than
400 granted patents
Target and address same pathways as

•

Multiple value inflection points; proof-of-concept clinical data on the
• Only 4D in clinic across multiple disease
horizon

traditional drugs
areas

Breakthrough class of medicines with potential to change the way we treat disease
The Company
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CORE PIPELINE ADDRESSING KEY GLOBAL DISEASES

DISCOVERY

PRECLINICAL

DEVELOPMENT

PHASE I

PHASE II

PHASE III

Focus
Immuno-oncology
MRx0518 Solid
Solid tumours
tumours – Combination study with Keytruda®
MRx0518
MRx0518 Solid tumours – Monotherapy study (Tx naïve neoadjuvant)
MRx0518 Pancreatic cancer – Monotherapy study (neoadjuvant)

Phase I/II study enrolling
Phase I study enrolling
Phase I study opening H2 2019

MRx0573 Immuno-oncology
MRx1299 Immuno-oncology
Gastro-intestinal
Blautix® Irritable Bowel Syndrome
Thetanix® Crohn’s Disease

Phase II enrolling
Phase II in planning

Respiratory
MRx-4DP0004 Asthma
CNS
Neurodegeneration
Platform
Rosburix® Ulcerative Colitis
MRx0006 Rheumatoid Arthritis
MRx0002 Multiple Sclerosis
Autism
The Company

Phase I/II opening Q2 2019
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FOCUS ON FUNCTIONALITY: MICRORX PLATFORM
Isolation

Host-response assays
• Targeted immune screening approaches

• Significant culturomics expertise

• Suite of host cells, spheroids/organoids

• Broad coverage and diversity

• Host receptors/MAMPs

• Previously unisolated organisms

Genome mining
• WGS and genome mining
• Comparative genomics and
bioinformatics

Product development
• Integrated scale-up and
optimization

Metabolomics

• Strain-specific fermentation
and formulation

Strain engineering

• Exhaustive profiling of
effector molecules

• Gene disruption/deletion

Proteomics

• Recombinant protein expression

• Cell surface shaving (surfaceome)

• Anti-sense RNA gene silencing
The Company

• Metabolomic fractionation

• CRISPR-Cas9 gene editing

• Characterisation of secretome
• Targeted and driven by host signalling data

Programme:
MRx0518 in immuno-oncology
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MRX0518 – IMMUNO-ONCOLOGY OVERVIEW

MRx0518
• Gram-positive, motile, anaerobic bacterium of the Enterococcus genus
• Selected for immunostimulatory host response profile, unique within the 4D strain library

Efficacy in vivo
•

Monotherapy: reduction of tumour volume in three syngeneic cancer models

•

Combination: boosts efficacy of checkpoint inhibition

Mechanism of action
• Increases tumour CD8+/Treg ratio
• Immune stimulation through action of bacterial flagellin on TLR5

Ongoing clinical studies
• Phase Ib neoadjuvant biomarker study (UK)
• Phase I/II combination study with anti-PD-1 (US)
MRx0518 – Immuno-oncology

MRX0518 MONOTHERAPY INHIBITS TUMOUR GROWTH IN A BREAST CANCER MODEL
MRx0518 was tested in an EMT6 breast carcinoma syngeneic mouse model
Preclinical tumour models
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• MRx0518 significantly inhibited tumour growth (T/C 44%) and increased survival (125%)
• MRx0518 monotherapy outperformed species reported to have anti-tumour effects
• The effect of MRx0518 was not Enterococcus genus-wide
MRx0518 – Immuno-oncology
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MRX0518 MONOTHERAPY INHIBITS TUMOUR GROWTH IN DIFFERENT CANCER TYPES
MRx0518 was subsequently tested in models of kidney, lung and breast cancer
Preclinical tumour models

• MRx0518 inhibited tumour growth in syngeneic RENCA and LLC1 cancer models
• Efficacy was observed in model refractory to monotherapy checkpoint blockade
MRx0518 – Immuno-oncology

MRX0518 AFFECTS TUMOUR IMMUNE POPULATIONS
The effects of MRx0518 on the tumour immune microenvironment were investigated
Tumour immune populations
EMT6 Tumour tissue
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• MRx0518 increases T cells, CD8+ T cells and NK cells populations in the tumour
• MRx0518 increases the expression of chemokines, cytokines and TLRs
• Correlation between MRx0518-treated individual tumour size and IFNγ expression
• MRx0518 and anti-CTLA-4 increase the ratio CD8+/FoxP3+ cells in the tumour
MRx0518 – Immuno-oncology

MRX0518 SELECTION – STRONG IMMUNOSTIMULATORY PROFILE IN VITRO
The MRx0518-induced cytokine signature was investigated in different cell types
Splenocyte cytokine production
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• MRx0518 increases the production of a cytokine/chemokine signature that includes IL-8, IFN-γ, IL-6, TNFα, IL-1β, IL-23, CCL20, CXCL1, CXCL3, CXCL9 and CXCL10
MRx0518 – Immuno-oncology
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MRX0518 SELECTION – STRONG IMMUNOSTIMULATORY PROFILE IN VITRO
The immune cell signature induced by MRx0518 was investigated
PBMC co-culture assay
CD3/CD28

CD8+ cells

Treg differentiation assay
CD3/CD28, IL-2 and TGF-β

CD4+ cells

• MRx0518 increases % CD8+ T cells and activated IFN+ CD8+ T cells
• MRx0518 increases % CD4+ T cells and activated IFN+ Th1 CD4+T cells
• MRx0518 reduces differentiation of CD4+CD25+FoxP3+ Tregs

MRx0518 – Immuno-oncology

Mode of action:
Bacterial effector molecules
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IMMUNOSTIMULATORY FACTORS OF MRX0518
Identification of immunostimulatory factors of LBPs: integrated host-microbe approach
Discovery-based target indicators

Genus/species of interest

Immunomodulatory molecule ID

Host response assays

Genome mining

Surfacome/Secretome
Targets of interest related to host signalling

• Which host receptor(s) and pathways are
stimulated?
• Which immune populations/mediators are
induced and in which direction?

CFS
Cell
wall
Cell-surface
shaving

Surface
Proteins

Secreted
Proteins

Molecular tools
Lower
compartment

Porous
membrane

• What is the active bacterial fraction(s)?

• Whole genome sequencing and mining
• Transcriptional analysis of effector genes
• Comparative genomics
• ID potential MAMPS

MRx0518 – MoA

Antigen over-expression Gene inactivation
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MRx0518 PUTATIVE EFFECTOR MOLECULES
Flagellin is a known TLR5 ligand, is it involved in MRx0518 immunostimulatory effect?
Gene inactivation

Recombinant protein expression

MRx0518 activates NF-κB and TLR5 signalling
NF-κB

MRx0518 – MoA

TLR5

Overall strategy

Trypsin treatment abolishes TLR5 activation
NF-κB

TLR5
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FLAGELLIN IS RESPONSIBLE FOR MRx0518 TLR5 ACTIVATION
Flagellin in MRx0518SN activates NF-κB and TLR5 signalling
NF-κB

TLR5

NF-κB activation in response to SN
•

Little to no NF-κB/TLR5 activation when
flagellin gene is knocked out

•

Supernatant of the reference strain does not
activate TLR5

•

Supernatant of reference strain does not
contain flagellin

MRx0518 flagellin is more potent than DSM100110 flagellin
NF-κB

TLR5
Dose-response with recombinant flagellins
• Purified recombinant flagellins activate TLR5
• MRx0518 flagellin is more potent than the
reference flagellin at low concentrations

MRx0518 – MoA
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INACTIVATION OF MRX0518 FLAGELLIN GENE REDUCES IMMUNOSTIMULATORY EFFECTS
MRx0518 and its fliC mutant were tested in HT29-MTX cells to assess effects of
the flagellin on immune gene transcription and IL-8 production
HT29-MTX gene expression

• Inactivation of the flagellin gene reduced the immunostimulatory host response
• Recombinant MRx0518 flagellin induced high levels of
immunostimulatory gene expression
MRx0518 – MoA

HT29-MTX IL-8 production

• MRx0518 supernatant induces higher levels of IL-8 than the
reference strain supernatant
• IL-8 stimulatory effect abolished by flagellin gene inactivation
• Recombinant MRx0518 flagellin induced high levels of IL-8
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MRX0518 AND DSM100110 EXPRESS DIFFERENT FLAGELLINS
MRx0518 and DSM100110 both produce functional, but highly divergent, flagella
Genotypic and phenotypic characterization

 In vitro motility
 BBL Motility Medium
supplemented with
0.005% TTC

• Highest level of sequence
divergence between
MRx0518 and DSM100110
FliC sequences located in
central variable region
• Regions known to be
critical for TLR5 interaction
in other bacterial species
were conserved between
both strains

MRx0518 – MoA
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TLR5 AND FLAGELLIN IN CANCER – SUPPORTING LITERATURE

• TLR5 agonist Entolimod (a pharmacological derivative of
Salmonella flagellin) activates NF-κB-, AP-1-, and
STAT3-driven immunomodulatory pathways in the liver

• Anti-metastatic effect through stimulation of CD8+T cells
• Expression and activation of TLR5-associated pathways
is elevated in breast carcinomas

• Salmonella flagellin activation of TLR5 in breast cancer
cells resulted in local cytokine release and inhibition of
cell proliferation

• A Salmonella strain expressing Vibrio vulnificus flagellin

had tumour-suppressive effects in a colon cancer model

• The engineered strain also decreased metastasis
MRx0518 – MoA
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SUMMARY - MRX0518 MODE OF ACTION

• MRx0518 monotherapy shows efficacy across different
syngeneic tumour models

• The proposed molecular/cellular events underlying the
antitumorigenic effects of MRx0518 include:

o TLR5-mediated NF-κB activation
o Strong induction of chemokine (CCL20, CXCL1, -9, -10) and

MRx0518 FliC predicted structure

cytokine (IFNγ, TNFα, IL-8, IL-17) responses

o Activation and/or tumour trafficking of Th1 cells, CD8 cells, NK
cells and MØs

• TLR5 signalling via bacterial flagellin contributes to the
immunostimulatory host-response profile

• Additional bioactive molecules of MRx0518 are currently
under investigation

Hajam et al., 2017

MRx0518 – MoA

Clinical trials
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MRX0518 COMBINATION STUDY WITH ANTI-PD-1

Combination study with Keytruda®

Trial design overview

• Assessing ability of MRx0518 to re-engage immune
system to respond to checkpoint blockade

•

Primary endpoint: safety and tolerability

•

Secondary and other endpoints:

• Four different solid tumour types (melanoma, bladder,
renal and NSCLC)

-

Tumour response

• Principal Investigator: Dr. Shubham Pant, MD Anderson
(Houston, USA)

-

Overall survival

-

Immunological biomarkers

-

Microbiome profile

MRx0518 – Clinical study
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NEOADJUVANT MONOTHERAPY STUDY IN SOLID TUMOURS

Neoadjuvant monotherapy study

Trial design overview

• Window study: dosing between diagnosis and surgery

•

Primary endpoint: safety and tolerability

• Up to 120 treatment-naïve patients

•

Secondary and other endpoints:

• Multiple solid tumour types (melanoma, prostate, breast,
ovarian, urothelial, renal, lung, head & neck)

-

Tumour response

-

Overall survival

• Principal Investigator: Dr. Jonathan Krell, ICL (UK)

-

Immunological biomarkers

-

Microbiome profile

MRx0518 – Clinical study
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MRX0518: SUMMARY OF PRECLINICAL AND CLINICAL STUDIES
MRx0518
Genus: Enterococcus
Gram-positive, motile anaerobe
Primary MoA
TLR5 agonist
Primary Effector Molecule
FliC flagellin protein
Host-response
Strong, consistent immunostimulatory profile
Efficacy
Reduction of tumour growth;
monotherapy/combination

Three clinical studies in 2019:
•

Solid tumours: Phase I/II combination with Keytruda® open, USA

•

Solid tumours: Phase I monotherapy neoadjuvant study in treatment-naïve patients open, UK

•

Pancreatic cancer: Phase I/II monotherapy neoadjuvant study to open 2019, USA

MRx0518 – Immuno-oncology

Lauté-Caly et al., Sci Rep 2019

