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FROM COMPLEX MIXTURES TO NEW THERAPEUTIC CLASSES

Antibodies
Targeted small-

molecules

Fungal broths

Plant extracts Serum therapy ﬁ

Vaccines

Blood transfusions

Cytotoxic small-
molecules

Therapeutic
proteins
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SERUM THERAPY AND THE BIRTH OF ANTIBODY BIOLOGICS

Emi | V O N
to treat infection

Breakthrough new treatments for diphtheria
and tetanus

Over next 70 years, antibodies from serum
identified and characterised

Polyclonal antibodies from serum used in
clinic in late 1960s

First monoclonal antibody produced in mice
in 1975

First approval 1986

Behring pioneered

The discovery and development of antibodies

Oser u t her apyo

Von Behring develops
6antitoxi
VVon Behring diphtheria
wins 1st Nobel 1901
Prize for

Medicine

Edelman and Porter
characterise
&Gkymedd i mm antibody structure
globulin first
administered in
clinic
First monoclonal
antibody
produced in mice

First licenced
mADb,
Orthoclone
OKTS3, approved
Global mAb
market > $100 bn
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BLOOD TRANSFUSION, ANAEMIA AND EPO

Blood transfusion and the development of EPO

First successful blood transfusion in humans 1600
) S

occurred in the early 19 century
1818

Late 19" century, scientists observed that plasma
from anaemic rabbits can stimulate blood cell
production

Not until mid-20™" century that EPO was identified
from blood

Low serum concentrations meant that
recombinant DNA tech required to produce
meaningful amounts

Epogen became Amgenodos first
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The development of FMT and live biotherapeutics
16" century Chinese physician Li Shizhen ]
documented the use of O6yell ow s|ahcCentury g ng
fresh, dried or fermented stool to treat
abdominal diseases

I LIVE BIOTHERAPEUTICS: FROM FAECAL MATERIAL TO TARGETED STRAINS

FMT first reported in western medical literature
in 1958 as treatment for infectious colitis (now
known to be caused by C. diff)

Numerous efforts to standardise/improve
practicality of FMT including use of frozen and

freeze-dried material

First live biotherapeutic clinical study conducted
in 2005 by Oxthera
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THE CURRENT REALITY T FUNCTION FOLLOWS FORM?

@ Complex mixtures contain functionality, but are poorly defined

\
Historical dominance of small molecules, antibodies, proteins >K¢('),

oo

Based on single o6validated targeto hypg

Biological pathways do not operate in isolation <>

7/
All of the top ten drugs have significant side-effect profiles

None of these are effective in all patients s



Bl WHOLE CELL BIOLOGICS i FORM FOLLOWS FUNCTION?

Functionality in complex organisms exists Onc

at different levels CART Cell Response Rate Tops 80% in NH
Organs, tissues, cells
J Forbes
Cells are the simplest unit of independent New Immunotherapy Treatment
biological functionality Removes All Tumors In Woman With

Advanced Metastatic Breast Cancer
Potential to deliver therapeutically relevant

effects 6in contextod Che New lork Cimes
T-Cell Therapy Puts Leukemia

If this can be harnessed and controlled Patients in Extended Remission

the effects can be remarkable

nacture

CAR-T, stem cell therapy Reprogrammed cells relieve Parkinson's symptoms
in trials

© 4D pharma plc



Bl SINGLE STRAIN LBPS i FORM FOLLOWS FUNCTION
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Microbiome has significant functionality relevant to human health

Single strains of bacteria are the simplest unit of contained functionality in the
microbiome

Is it possible to harness that functionality and create single strain live biotherapeutic
products?

What is the breadth of their potential applications?



developing science
delvering therapies
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4D PHARMA - THE GLOBAL LEADER IN MICROBIOME

A Deep, broad pipeline across multiple therapeutic areas

A Largest intellectual property estate in microbiome space

AOnly microbi ome c orampeanndyd wciatpha btirluiet yo e nd

Aln patient data with I BS and Crohnodos; first

A Targeting four clinical programmes by end 2018



COLLABORATIONS

¢ MERCK

Immuno-oncology
MRx0518 combination with Keytruda

Anderson
ancerCenter

Imperial College
London

Immuno-oncology
MRx0518 Phase Ib neoadjuvant study

a /D Immuno-oncology BCD 1
Microbiome MUItlple studies of MRx0518
Ireland

Interfacing Food & Medicine

IBS, CNS, cancer
Preclinical models
Microbiome profiling

HOUSTON

Methalist

LEADING MEDICINE

Irritable bowel syndrome
Blautix Phase Il study

Baylor College of Medicine

Pre-clinical
Germ-free animal models

Irritable bowel syndrome
Germ-free animal models
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4D PHARMA - PIPELINE ADDRESSING KEY DISEASE AREAS

4

DISCOVERY PRECLINICAL DEVELOPMENT PHASE | PHASE Il PHASE IlI

Gastro-intestinal

Blautix Irritable Bowel Syndrome

ThetanixCr ohnds Di sease

Rosburix Ulcerative Colitis

Immuno-oncology
MRx0518 Solid tumours

Respiratory
MRx0004 Asthma

MRx0001 Allergic Asthma

Autoimmune
MRx0002 Multiple Sclerosis

MRx0006 Rheumatoid Arthritis

Others

Neurodegeneration

Autism

zZ
(0)]
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MRX0518 1 IMMUNO-ONCOLOGY OVERVIEW

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

Efficacy in vivo
A Monotherapy: reduction of tumour volume in three syngeneic cancer models
A Combination: boosts efficacy of checkpoint inhibition

Mechanism of action
A Increases microbiome diversity; increases tumour CD8+ : Treg ratio
A Immune stimulation through action of bacterial flagellin on TLR5

Upcoming clinical studies
A Phase Ib neoadjuvant biomarker study (UK)
A Combination study with anti-PD-1 (US)
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MRX0518 SELECTION T STRONG IMMUNOSTIMULATORY PROFILE IN NUMEROUS
HUMAN CELL TYPES
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Caco-2 response

A Strong upregulation of a number of immuno-stimulatory
transcripts:

i TNFU, CXCL1, CXCL3, CXCL10, CCL20, IL-8

THP-1 response
A Strong and significant increases in:
I TNF-U, IL-1b and IL-23, CXCL9 and CXCL10

A Very large induction of IL-8 beyond detection limit

PBMC response
A Strong and significant induction of pro-inflammatory cytokines:
i IL-6, IL-8, TNF-U
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MRx0518 PUTATIVE EFFECTOR MOLECULES

@ Transcriptomics Surfaceome/secretome

A Whole genome sequencing and genome mining A 1D of MRx0518 MAMPS
A Targeted bacterial effector and host response A Multiple targets of interest related to host

A Mono-colonised mice (dual RNASeq) signalling

HT29-MTX Response to MRx0518
MRx0518:Host il " D 2 4 &6
nrammation (—
response Amphoterin Signalling] * b
.

CXCLl Translation Initiation = .tt
CXC L3 Apoptosis ER Stress _— *
. . j—
CXCL8 Andlgen Presentation L v Surface Proteins Secreted Proteins
TNF Inflammation _. . 593 399
NK Cell Cytotoxicity
. MRx0518 MRx0518 mm MRx0518
Live CFs Dead
Flagellin
<) - < -
.. s . . . MRx0518 MRx0518 fliC Reference
A Flagellin identified as potential contributing molecule /o | Jstrain

A In depth investigation of MRx0518 flagellin has ’%% *‘?‘Eh
G %

identified strain-specific signalling effects

Culture Recombinant Culture Culture Recombinant
supernatant flagellin supernatant supernatant flagellin
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FLAGELLIN IS RESPONSIBLE FOR MRX0518 TLR5 ACTIVATION

Flagellin in MRx0518 culture activates NF- B and TLR5
signalling

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

Supernatant of the reference strain does not activate TLR5

Effects of MRx0518 were exacerbated by higher shedding
of flagellin into the supernatant

Dose-response with recombinant flagellins
Purified recombinant flagellins activate TLR5

MRx0518 flagellin is more potent than the reference
flagellin at low concentrations

Caly et al-, In SmeiSSion © 4D pharma plc



