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Abstract
The gut microbiota has emerged as an important player in cancer pathology and increasing evidence supports its influence on clinical response to immune checkpoint inhibitor (ICI) therapy. However, the specific microbiome-derived
molecules responsible for the improved response to ICI therapy remain unknown. Second Genome has developed a unique discovery platform to identify, screen, and validate microbiome-derived peptides that promote response to
cancer-immunotherapy. Using our multi-technology meta-analysis of published datasets and characterizing the baseline microbiome from melanoma patients treated with anti-PD-1, we have identified gut microbiota strains differentially
abundant in responders versus non-responders that are concordant across multiple cohorts. Next, peptides from the strains associated with responder signatures were predicted from their genome sequences. In addition, we identified
and selected predicted microbiome-derived peptides associated with responder signatures from assembled metagenomes. All predicted peptides were screened using phage display technology to identify binders to immune cells known
to play a role in the tumor microenvironment (TME). Peptides that bound to specific immune cells were then evaluated for activity in cell-based assays using isolated primary human T cells, dendritic cells, and macrophages. We show that
several microbiome-derived peptides induce secretion of proinflammatory cytokines and chemokines (e.g., CXCL10, TNF-a) from primary human monocyte-derived dendritic cells, as well as secretion of effector cytokine (e.g., IFN-γ, IL-2)
from primary human T cells. We have further identified microbiome-derived peptides with the capacity to inhibit an M2-like phenotype in macrophages (decreased LPS-induced IL-10 secretion). Collectively, our results demonstrate the
potential of Second Genome’s discovery platform to identify and characterize novel immunomodulatory factors produced by the gut microbiota. Second Genome’s discovery platform offers a unique approach to discover novel agents with
potential for use as therapeutics in cancer immunotherapy.

I/O peptide nomination process and screening platform

Second Genome’s discovery platform
Strains

KnowledgeBase TM
Responder

Phage Libraries

Screening hits and
candidate molecules

2. Meta-analysis

1. Independent study analysis

Microbiome
Omics
Patient metadata

Non-responder

↑ DC maturation
↑ DC activation
↑CXCL10 secretion

Macrophage polarization
↓ IL-10 secretion
↑ TNF-a secretion

Multi-tech Metaanalysis
Dark Matter

Clinical contrast and data sets
• Dataset relevant for clinical
contrasts are identified and
curated
• Distinct clinical patient
profiles are compared and
contrasted for microbiome
data

Bioinformatics
• Microbiome signatures are generated
for patient subsets of interest by
analyzing multiple data sets and
patient cohorts. Analyses include:
• Specific strains
• Metagenomic assemblies into
genes, proteins, peptides

Drug Discovery and Development
• Phage-encoded peptide libraries are
generated from genomic information of
response-associated strains & metagenomic
dark matter
• Libraries are screened for binding to specific
immune cells
• Hits identified in phage display screening are
tested and prioritized in secondary in vitro and
in vivo assays
• Leads from secondary assays are optimized
into candidate drug molecules

MTMA identifies unique strain signatures of anti-PD-1
response in melanoma
A.

B.

1 strain significant in isolated
analysis

↓ TGF-b-signaling/binding

3. Candidate Nomination

↑ T cell activation/co-stimulation
↑ IFNg-secretion

*HELIOS = Neo4j graph database of strain and protein level test results (in silico, in vitro and in vivo) from
independent study analyses, meta-analyses, and laboratory experiments, spanning multiple disease indications

Microbiome-derived peptides (T cell binders) promote IFN-!
secretion by activated T cells
A.
B.

Microbiome-derived peptides (dendritic cell binders) induce CXCL10
production by semi-mature dendritic cells
A.

B.
GM-CSF+IL-4

IFN-g

Immature
DCs
Low dose LPS

IL-10

peptide

Semi-mature DCs

IFN-g, IL-10, IL-2, and TNF-a
release

Ravichandar, 2019, in prep

Figure 1. MTMA-analysis identifies associated strains to anti-PD-1 therapy response in melanoma. A. Multi-Technology Metaanalysis identifies unique microbiome strain signatures associated with anti-PD-1 therapy response in melanoma. B. Bar plots
represent mean proportion of specific microbiome strains, 1 and 2, in the fecal community associated to anti-PD-1 therapy response
in melanoma.
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Figure 2. Microbiome-derived peptides promote IFN-! secretion by human T cells. A. Schematic representation of the strategy used to
evaluate the effects of microbiome-derived peptides in activated T cells. Human T cells isolated from blood of healthy donors (n = 2) were
stimulated with anti-CD3 and microbiome-derived peptides or OVA peptide as a control. Cell supernatants were collected after 48 hours and levels
of TNF-ɑ, IL-2, IL-10 and IFN-! were measured by MSD. B. TNF-ɑ, IL-2, IL-10 and IFN-! levels in human T cells supernatants induced by
microbiome-derived peptides. Each column represents data obtained from 2 donors. Results are shown in log2 fold change relative to OVA. Boxes
indicate selected groups of peptides with similar cytokine secretion profiles.
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Figure 4. Microbiome-derived peptides promote macrophage M1-like phenotype in human macrophages. A. Schematic representation of the strategy
used to evaluate the effects of microbiome-derived peptides in human macrophages. CD14+ monocytes isolated from blood of healthy donors (n = 2) were
polarized towards an M2 macrophage phenotype with M-CSF. M2-like macrophages were cultured in the presence of microbiome-derived peptides or OVA
peptide as a control then stimulated with LPS. Cell supernatants were collected after 24 hours with LPS stimulation and levels of IL-10 and TNF-ɑ were
measured by MSD. B. IL-10 and TNF-ɑ levels in human macrophages induced by microbiome-derived peptides. Each column represents data obtained from
at least 2 donors. Results are shown in log2 fold change relative to OVA. Boxes indicate selected groups of peptides with similar cytokine secretion profiles.
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Figure 5. Selected microbiome-derived peptides promote CXCL10 secretion by dendritic cells in a dose-dependent
manner. CD14+ monocytes isolated from blood of healthy donors (n = 3) were differentiated to immature DCs with GM-CSF
and IL-4 for 5 days. Immature DCs were stimulated with low dose LPS, followed by microbiome-derived peptides or OVA
peptide as control. Cell supernatants were collected after 24 hours and CXCL10 release was measured by MSD.

Figure 3. Microbiome-derived peptides induce CXCL10 production by human dendritic cells (DCs). A. Schematic representation of the strategy
used to evaluate the effects of microbiome-derived peptides in semi-mature DCs. CD14+ monocytes isolated from blood of healthy donors (n = 2)
were differentiated to immature DCs with GM-CSF and IL-4 for 5 days. Immature DCs were stimulated with low dose LPS, followed by microbiomederived peptides or OVA peptide as control. Cell supernatants were collected after 24 hours and levels of TNF-ɑ, CXCL10, IL-6 and IFN-! were
measured by MSD. B. TNF-ɑ, CXCL10, IL-6 and IFN-! levels in human DCs supernatants induced by microbiome-derived peptides. Each column
represents data obtained from 2 donors. Results are shown in log2 fold change relative to OVA. Boxes indicate selected groups of peptides with
similar secretion profiles.

Conclusions
1) Second Genome’s Discovery platform identified a unique microbiome
signature associated with anti-PD-1 response in melanoma that is
corroborated by multiple cohorts, and in some cases multiple DNA-profiling
technologies.
2) Microbiome-derived peptides from strains and metagenomes associated with
response to anti-PD-1 selectively bound to T cells, dendritic cells and
monocytes in a phage display screening approach.
3) Microbiome-derived peptides identified by our platform are potent modulators
of host immune responses, including T cell, dendritic cell and macrophage
responses in vitro and have the potential to promote anti-tumor immunity in
vivo.
4) Dose response analysis supports the future evaluation of selected peptide
candidates in vivo to investigate their effects on the tumor microenvironment
and to determine their anti-tumor efficacy.
These results support the use of microbiome-derived peptides as a novel
approach to maximize cancer immunotherapy.

