
Precision Microbiome 
Therapeutics

30 April 2024 Not for distribution 1

Mat Robinson
SVP Research

Gateway to Translation
30th April 2024



Microbiome: Central in human biology … increasing recognition
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Human      +    Microbiome  = Complete Human

1014 cells
23,000 genes

1014 microbes
9m genes

Normal functioning
body
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The Human-Microbiome 
Symbiont

Human Gastro-Intestinal Microbiome: 
Role in Health

Break down food

Synthesize vitamins

Protect & regulate gut function

Modulate the immune system

Regulate brain function

Prevent infection
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The Human-Microbiome 
Symbiont

Highly diverse: 
4 Gut Phyla Mapped to Tree of Life

Hug et al. 2016. Nat Microbiol. 1:16048

Bacteroidetes

Actinobacteria Firmicutes

Proteobacteria
Homo sapiens



The Human Microbiome is a Major Factor in Many Diseases
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Microbiome is changed in many diseases 

• Change in the intestinal microbiome is associated with many indications including several immune-
mediated diseases, neurological conditions and metabolic diseases

• Microbiome is altered in multiple liver diseases, including viral hepatitis and alcohol associated cirrhosis, 
and late-stage complications eg acute-on-chronic liver failure and hepatic encephalopathy

− Progressive changes in microbiome as progress from NAFLD through to cirrhosis

− Microbiome signatures are link to metabolite changes including bile acid metabolism and SCFA

• Cause-effect relationship is complicated
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Oh et al Cell metabolism (2020) 32:878
Lee et al Nat Comm (2020) 11:4982

Lean patients



Microbiome is associated with drug response
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Bazin et al Scientific Reports (2018) 8:5446 Ananthankrishnan et al Cell Host Microbe (2017) 21:603

• Pre-treatment microbiome of ankylosing spondylitis patients is linked to anti-TNF response

• Baseline microbiome linked to vedolizumab response in IBD



Drug Metabolism by the Microbiome

L-Dopa Metabolism in Parkinson’s

• Interspecies pathway for gut bacterial l-dopa 
metabolism

• Pathway leads to metabolism of L-Dopa to m-
tyramine

Methotrexate Response in RA

• Response of treatment naïve RA patients to 
methotrexate can be predicted by gene function 
analysis of gut microbiome

• Many key pathways could be linked to MTX 
metabolism

• Microbiome of NRs typically fast metabolisers of 
MTX
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Artacho et al Arthritis Rheumatol (2020) 10.1002/art.41622Rekdal et al Science (2019) 364: eaau6323



Therapeutic Forerunner: Faecal Microbiota Transplantation (FMT)

• Resets dysbiotic microbiome eg after antibiotic treatment

8

Yellow Soup  
Li Shizhen李時珍 

1518-1593

Faecal Transplant
Eiseman et al

1958

30 April 2024 Not for distribution



FMT/donor-derived products in recurrent C. difficile infection
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Broader use of FMT/donor-derived products

• FMT efficacious in a wide range of conditions including IBD, IBS, cancer immunotherapy, autism and GvHD
− Mostly dysbiotic conditions

• Challenges
− Infection risk

− Reproducibility (super donor effect)

− Non-dysbiotic/endotype conditions

− Supply of donor material

− especially “special donors”

− Unregulated use
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Silicon gloves “if you are squeamish”

A big-brown towel or bath



Defined consortia offer a more “pharmaceutical-like” alternative
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VE303
Defined 8 strain

consortium



Microbiome Progressing Towards Defined Live Therapeutics
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• Recognised driver of health and disease, key 
role in drug response

• Emerging therapeutic interventions in many 
diseases

• Clinical validation
− 3 donor-derived live bacterial product are 

licensed for  C. difficile
− FMT studies show efficacy in ulcerative colitis, 

IBS, immuno-oncology, autism and GvHD
− Positive Phase 2 data with oral defined products 

in ulcerative colitis, immuno-oncology, psoriasis 
and C. difficile

− Several oral defined live bacterial products shown 
to consistently colonise gut in clinic

Autoimmunity

Asthma
Lupus
Multiple sclerosis
Type 1 Diabetes
Food Allergy

CNS

Depression
Autism
Parkinson’s
Alzheimer’s

Hepatic

Liver cirrhosis
NASH

GI

Infection
IBD
IBS
Coeliac

Skin

Psoriasis
Eczema

Metabolic

Type 2 Diabetes
Metabolic syndrome 
Obesity

Oncology

Melanoma 
Lung 
Colorectal

Poised to become a new modality



Microbiotica: Translating 
precision in microbiome 

science into transformative 
medicines 

and biomarkers
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Rationale for Clinic-First Discovery in the Microbiome Field
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Human-microbiome
interactions

Known mechanisms by which 
the microbiome impacts 
human homeostasis and diseases

Unknown mechanisms by which 
the microbiome impacts 
human homeostasis and diseases



Microbiotica Links Bacteria to Clinical Outcome
for Discovery of Medicines, Biomarkers and Targets
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Underpinned by unprecedented precision in microbiome clinical analysis

Best in class microbiome profiling

Bacterial composition determined in large patient groups 
with unparalleled comprehensiveness and precision 

Identifying signature linked to phenotype

Leading bioinformatic tools identify microbiome signatures 
linked to different patient outcomes missed by other groups

Biomarker, Target and Therapeutic candidates

Microbiome signatures stratify patients for personalised drug 
treatment and identify Live Bacterial Therapeutics and drug 
targets for testing in defined patient groups



Underpinned by Leading Science
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World Leading Microbiome Discovery Platform

Not for distribution

• First comprehensive bacterial isolation from 
patients: Personalised Bacterial Bank

• Microbiotica Culture Collection (100,000s of strains)
− Library of potential therapeutics

• Microbiotica Reference Genome Database
− Identifies previously unknown microbiome “dark matter” 

− Essential for high precision bacterial ID in patients

− Dwarfs the others and is growing rapidly to maintain a 
lead

• Microbiotica Analytics – leading Bioinformatics and 
ML tools

Microbiotica Reference 
Genome Database

Microbiotica Culture 
Collection

1830 April 2024

A unique asset: “global microbiome blueprint”



Microbiotica Platform Enables Precise Bacterial Identification
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Benchmark comparison with Ulcerative Colitis FMT study Microbiotica dataset
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Immuno-Oncology Program
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Advanced Melanoma 
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• 91% of melanoma patients survive 5 years

• Chemotherapy not very effective, so surgery was (and still is) primary treatment

• Locally advanced and malignant melanoma had a very poor prognosis

KEYNOTE-002
Ribas et al Lancet Oncol. (2015) 16:908



Immune Checkpoint Inhibitors Transformative, but Response Rates 
Need to be Improved
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• Melanoma typically carries many mutations, so looks foreign to the immune system 

• ICIs have revolutionised treatment of multiple cancers including melanoma

PD-1

PD-L1

Tumour

Cytotoxic
T Lymphocyte

(CTL)

anti-PD-1



Immune Checkpoint Inhibitors Transformative, but Response Rates 
Need to be Improved
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• Melanoma typically carries many mutations, so looks foreign to the immune system 

• ICIs have revolutionised treatment of multiple cancers including melanoma

• Long term survival 40-50% in advanced melanoma, lower in other indications

KEYNOTE-002
Ribas et al Lancet Oncol. (2015) 16:908



Immune Checkpoint Inhibitors Transformative, but Response Rates 
Need to be Improved
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• Melanoma typically carries many mutations, so looks foreign to the immune system 

• ICIs have revolutionised treatment of multiple cancers including melanoma

• Long term survival 40-50% in advanced melanoma, lower in other indications

• Major need for a co-therapy that increases the response rates of ICIs

Non-responders

Responders

KEYNOTE-002
Ribas et al Lancet Oncol. (2015) 16:908



Gut Microbiome is Associated with Response to anti-PD1 Therapy
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Role of Microbiome in Immune Checkpoint Inhibitor Efficacy

• Multiple groups shown response to ICI linked to microbiome

• Causation established by human to mouse FMT and antibiotics reduce ICI efficacy

• Early data from FMT trial suggests modulating the microbiome can make patients responsive to ICIs
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Causation from human to mouse FMT

Response in mouse models transferred by FMT 
from responding patients

FMT modulates ICI response in melanoma

FMT from responders made some patients that had progressed on anti-PD1 therapy responsive

Baruch et al Science (2021) 371:602
Davar et al Science (2021) 371:595
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• Five published clinical microbiome studies on checkpoint inhibitor response report different 
species associated with response

• Combined analysis of the public datasets also fails to identify a signal consistent across studies (eg 
Gharaibeh et al 2019) 

• Conflicting signatures have been a major challenge in the field 

ICI Response:
Completely Different Bacteria Identified by Different Groups
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Chaput et al. Ann Oncol (2017) 28:1368
Frankel et al. Neoplasia (2017) 19:848
Gopalakrishnan et al. Science (2018) 359:97
Matson et al. Science (2018) 359:104
Routy et al. Science (2018) 359:91

Adapted from Helmink et al Nat Med (2019) 25:377

Same “species” 
identified by >1 study



MELRESIST: Novel Melanoma/Microbiome Study
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Melanoma

Responder

Non-Responder

Treatment until 
progression or 
unacceptable 

toxicity

aPD-1 or 
aPD-1/aCTLA4 combination 

therapy

baseline fresh stool collection on 
active treatment

collection during 
documented irSAE

collection at 12 months 
or progression

≧ 1 year follow up

Microbiotica’s platform
− Microbiotica’s Reference Genome Database

− Precise and comprehensive microbiome analysis

• The best standards in 
microbiome sample collection 
and storage

• Largest number of patient (69)

• Longitudinal sampling

• Detailed clinical metadata



MELRESIST: Novel Melanoma/Microbiome Study
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Melanoma

Responder

Non-Responder

Treatment until 
progression or 
unacceptable 

toxicity

aPD-1 or 
aPD-1/aCTLA4 combination 

therapy

baseline fresh stool collection on 
active treatment

collection during 
documented irSAE

collection at 12 months 
or progression

≧ 1 year follow up

Microbiotica’s platform
− Microbiotica’s Reference Genome Database

− Precise and comprehensive microbiome analysis



Microbiome Signature Predictive Across Multiple Studies 

• Common signal across all of 4 melanoma datasets that predicts response with 91% 
accuracy

• Microbiome signature is basis for development of biomarker and Live Bacterial 
Therapeutic

30Not for distribution30 April 2024

Combined data

Frankel MatsonMELRESIST Gopalakrishnan
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Validation of Predictive Biomarker of I-O response

Melanoma

• Cross-validation of model by training on 3 cohorts 
and testing on 4th 

• Prediction of response in independent cohorts 
validates the bioinformatic model
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NSCLC AUC = 0.82
RCC AUC = 0.7

Other Indications

• Melanoma signature predictive in lung cancer 
(NSCLC) 

• Less predictive in Renal Cancer (RCC)

30 April 2024
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MB097: Candidate Consortium of Nine Bacteria Drives Response

• Top bacteria associated with response were all elevated in responders
− This indicates the microbiome drive comes primarily from bacteria that have a positive impact on outcome as 

opposed to bacteria that inhibit response

• Nine lead bacteria identified, as a small defined consortium predictive of response in 
melanoma
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Lead candidates most associated with 
response in combined melanoma datasets

9 Lead Bacteria

Association with response 
of the combined 9 species

Species 9 Species 8

Species 9 Species 8

Four Novel Species



MB097 Synergises with Anti-PD1 in Syngeneic Tumour model

• MB097 synergistic efficacy with anti-PD1 in MCA205 mouse syngeneic tumour model

• Reproducible efficacy as monotherapy in same model following melanoma patient FMT
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Tumour Volume Survival



MB097 Bacteria Stimulate Multiple Steps in Tumour Killing
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Immature 
Dendritic Cell

Mature 
Dendritic Cell

CTL Priming Activated CTL Tumour Cell
Killing

Unstimulated control

Positive controls
(Potent immune stimuli)

Candidate Strains

MB097 (consortium)

• MB097 and constituent strains tested for effect on all key steps in 
CTL-mediated tumour killing

• Primary human cell assays used due to poor physiological relevance 
of cell lines 

• Potent stimulation of CTL activation and tumour killing seen



MB097 is a Potent Activator of NK Cells
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Pre-Clinical Development of MB097

All lead strains deemed safe and suitable for development as 
per guidance and endorsed by MHRA
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• Safety
− All strains highly pure (at least 3 rounds of 

isolation)

− Good antibiotic resistance profile including 4 
antibiotics that will be effective against the whole 
consortium

− No antibiotic resistance on mobile elements

− Low pathogenic potential (no virulence factors or 
toxins)

− Profile consistent with a normal prevalent human 
commensal bacteria

• Developability
− No detectable bacteriophage 

− Sporulation determined

Sensitive

Intermediate

Resistant



MB097 Development: A clinically-defined LBP
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Discovery in 4 advanced 
melanoma clinical trials

Microbiome
signature

Consortium
testing

FIH clinical trial in 
advanced melanoma

Manufacture

9 Lead Bacteria
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Melanoma 
Non-Small Cell Lung Cancer 

Renal Cell Carcinoma

collection at 24 
months or 

progression

Responder

Non-Responder

Treatment until 
progression or 
unacceptable 

toxicity

Single or combination 
CPI Therapy

baseline tumor sample
+ 

baseline stool, oral, 
blood, PBMC and 

serum (ctDNA)  

collection on 
active 

treatment

≧ 1 year follow up

collection during 
documented irSAE

collection at 12 
months or 

progression

MITRE: Landmark Study on Role of the Microbiome in Checkpoint 
Inhibitor Therapy in Multiple Cancers

38

• Major collaboration: CRUK 
and NHS funding

• Up to 1,800 patients 
receiving CPI

• Enrolment started July 
2020 and likely to 
complete July 2025

• 12 sites open

MITRE: Microbiome Immunotherapy Response Evaluation

Not for distribution27 Feb 2024



Ulcerative colitis 
program
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Role of Microbiome in Ulcerative Colitis
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Dysbiosis associated with UC

Numerous studies have demonstrated an altered 
microbiome profile in ulcerative colitis patients 

Human to mouse FMT shows causation

Transfer of IBD patient microbiome into germ-free 
mice drives increase in pathogenic T cells and 
confers susceptibility to colitis

FMT has clinical benefit in UC

Correction of dysbiosis in UC by FMT from healthy 
donors induces clinical remission in multiple 
independent randomised clinical trials 

• IBD is associated with an altered microbiome 

• Microbiome in UC linked to clinical severity and drug response

• Human to mouse FMT from IBD patients increases susceptibility to colitis 

• FMT induces remission in mild-moderate UC

Britton et al Immunity (2019) 50:212

Placebo

FMT

Paramsothy et al J Crohns Colitis (2017) 11:1180 
Moustafa et al Clin Trans Gastro (2018) 9:e132
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Adelaide Ulcerative Colitis FMT Study

• Randomised placebo controlled trial – patients 
given FMT by colonoscopy and enema, from 
healthy donors (active) and autologous (placebo)

• Steroid-free remission assessed at 8 weeks
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Dr Sam Costello
Queen Elizabeth Hospital, 

Adelaide 



Precision Medicine Discovery Based on Ulcerative Colitis FMT

Responders

Non-Responders

Personalised
Bacterial
Bank

Healthy Donors

FMT

Patients

Best-in-Class FMT Trial  +  Best-in-Class Microbiome Platform
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MB310 BacteriaMicrobiome profiling and 
ML consortium selection



Cellular Responses in Ulcerative Colitis
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MB310 Bacteria Enhance Gut Barrier Integrity
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MB310

Healthy barrier Improved barrier

LPS+
MB310

Disrupted barrier Healthy barrier

• 2 strains improve epithelium by releasing different metabolites known to support barrier function

• 1 strains expresses novel surface protein that enhances barrier function



MB310 Promotes a Shift Towards Anti-Inflammatory Profile
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MB310 skews innate immune response to regulators profile (high IL-10)



MB310 Induces IL-10 Producing CD4+ T cells
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Dendritic Cell Thelper Cell priming CD4 T Cell Phenotype

Unstimulated LPS Species 1 Species 2 Species 3 Species 7 Species 8 MB310
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MB310 skews adaptive immune response to regulatory profile



MB310 Hits Multiple Key Pathologic Mechanisms in Ulcerative Colitis
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MB310 – Phase Ib Clinical Trial in Ulcerative Colitis (UC)
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Phase Ib, Randomized, Placebo-Controlled, Double-Blind Study to Evaluate Safety and Engraftment with Vancomycin Preconditioning, and 
Initial Signals of Clinical Activity of MB310 in Patients with Active, Mild-to-Moderate UC

Study Population • Patients ≥18 years of age with active, mild-to-moderate ulcerative colitis

Primary Objectives
• To evaluate the safety and tolerability of MB310 vs. placebo in adult subjects ≥18 years of age with active, mild-to-moderate 

ulcerative colitis 

Secondary Objectives
• To determine the engraftment of MB310 bacteria into the intestinal microbial community with vancomycin preconditioning; and 
• To evaluate the initial signals of efficacy of MB310 in the treatment of active, mild to moderate UC with the use of clinical 

assessments, endoscopy, and histology. 

Exploratory Objectives
• To determine the effect of MB310 treatment on the composition of the intestinal microbiome 
• To compare changes from baseline in exploratory biomarkers from stool samples, blood samples, and mucosal biopsies between 

the treatment groups throughout the Treatment Period.

48



Summary

• Microbiome signature provides the basis for Live Biotherapeutic Products
− Unbiased and unrestricted by known mechanisms

• MB097 is a precision medicine LBP that is clinically designed in patients and to be tested 
in the same patient cohort

• MB310 is a multi-modal consortium derived from ulcerative colitis FMT study 

• Discovering known and novel microbiome-human interactions that impact disease 
pathology and drug response

− Supporting clinic-first discovery and broad consortia approach 
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