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Opportunities:

Systems Biology approach is needed!
 Methods, both experimental and computational

Local/remote microbiomes likely relevant
« Example: colorectal cancers and Fusobacterium
« Gut microbes regulate metabolites and immunity

Circulating metabolites

« Metabolize bile acids, estrogen, androgens

* Antibiotics impact metabolite levels in distant tissues
« Brain, mood, and reward system and cancer

BOSTON
UNIVERSITY Boston University Office of Research



Opportunities:

Systemic or local immunity
* Microbes increase/decrease local inflammation
« Gut microbes and immunotherapy:
« Agreement on microbes and mechanisms?
» Use of antibiotics or probiotics?

Oncogenic Viruses and the Microbiome
 First genetic origin of cancer was a viral discovery
« Microbiome studies bias for bacteria!

Impact of treatment on the microbiome?
« Chemotherapy and radiation and the microbiome
 How to maintain or restore the microbiome?

BOSTON
UNIVERSITY Boston University Office of Research



@BostonUResearch | #researchontap

Funding Opportunities:

Dept. of Defense - CDMRP -

Congressionally Directed Medical Research Programs

Cancer Grand Challenges UK: “Improve treatment responses
by manipulating the composition

https://www.cancerresearchuk.org/ and status of the microbiota”

NCI Programs interested in funding microbiome research:
« CSBC: Cancer Systems Biology Consortium
« UO01, US4
* |TCR: Informatics Technology for Cancer Research
« R21, U01, U24
» Physical Sciences In Oncology
- UO01, RO1, U54
* [IMAT: Innovative Molecular Analysis Technologies
« R21, R33

BOSTON
UNIVERSITY Boston University Office of Research
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Computational Methods and Tools for Meta-omic Analysis
with Application in Multiple Cancers

W. Evan Johnson

Associate Professor of Medicine & Biostatistics
Division of Computational Biomedicine
BU School of Medicine

BOSTON
UNIVERSITY Boston University Office of Research
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Animalcules: Interactive Microbiome Analysis Toolkit
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Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

1f (!requireNamespace("BiocManager", quietly = TRUE))
install.packages("BiocManager™)

BiocManager: :install("animalcules™)

http://127.0.0.1:6877 | .| Open in Browser “5- Publish - http://127.0.0.1:6877 | | Open in Browser <&, Publish -
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(animalcules: Interactive Microbiome Analytics and Visualization in R, Zhao et al., Microbiome, in press)
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Microbiome-based Nasal Biomarker for Lung Cancer
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Microbiome and Host interactions
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Spatio-temporal Modeling of Multicellular Metabolism

Daniel Segre

Professor of Biology, Director of the Microbiome Initiative
Dept. of Biology, Physics (CAS), Biomedical Engineering (ENG)
Bioinformatics Program, Biological Design Center, CNSB

BOSTON
UNIVERSITY Boston University Office of Research
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From metabolic networks to mechanistic predictions
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Kishore et al. BioRxiv 2020

Bernstein, Delisi, Korolev, Johnson, Perls 17



Testing models through combinatorial synthetic ecology:
Can we design communities with desired properties?
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Adding the spatial dimension: Computation Of Microbial
Ecosystems in Time and Space (COMETS)

runcomets.org a

llija Dukovski et al. arXiv 2020 Collab. with Kirill Korolev, Jenny Bhatnagar, ... 19



Bridging microbiome & human

0 The known human metabolism

~3000 metabolites ' N
J W 4D COMETS human-microbe
J NG modeling of cancer interactions

~4 000 reactions
(I. Dukovski, D. Shah, Z. Huang)

Human Human
proteins regulation

P — S —

Collab. with David Sherr, Andrew Emili,
Trevor Siggers and others 20

Diet Microbiome Byproducts
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Prospective Evaluation of the Microbiome and Treatment
Response in Cancer Patients Receiving Treatment with
Checkpoint Inhibitors

Matthew Kulke, MD

Kiana Mahdaviani PhD, David Li, Nina Modanlo, Lucas Schiffer PhD, Evan Johnson PhD

Section of Hematology and Medical Oncology, Boston University and Boston Medical Center
Section of Computational Biomedicine, Boston University School of Medicine

BOSTON
UNIVERSITY Boston University Office of Research
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Immunotherapy using immune checkpoint inhibitors has revolutionized cancer
therapy...and is impacted by the host microbiome

collections

CANCER IMMUNOTHERAPY

Gut microbiome influences efficacy of
PD-1-based immunotherapy against
epithelial tumors

Bertrand Routy,"*" Emmanuelle Le Chatelier,” Lisa Derosa,"*”

Connie P. M. Duong** Maryam Tidjani Alou."** Romain Daillére,"*

Aurélie Fluckiger,"”* Meriem Messaoud: aria P. Roberti,"**
Marine Fidelle,"** Caroline Flament,"** Vichnou Poirier-Colame ule Opolon,*
Christophe Klein,” Kristina Iribarren,** """ | ayra Mondra
Nicolas Jacquelot,'* Bo Qu.'** Gladys Ferrere,"* Cé

Laura Mezquita,""* Jordi Remon Masip,™"* Charles Naltet,"” Solenn Brossean,"
Coureche Kaderbhal," Corentin Richard," Hira Rizvi,”” Florence Levenes,*

Nathalic Galleron," Benoit Quinguis,® Nicolas Pons,' Bernhard Ryffel,”

Véronique Minard-Colin,"' Patrick Gonin," ™ Jean-Charles Soria,""* Eric Deutsch,"™
Yohann Loriot,""** Frangols Ghiringhelli,' Gérard Zaleman,™

Francois Goldwasse *2 Bernard Escudier,"™* Matthew D. Hellmann,****
Alexander Egger ** Didier Raoult,™ Laurence Albiges,""*

Guido Kroemer, 119373 | qurence Zitvogel' 245

BOSTON
UNIVERSITY

CANCER IMMUNOTHERAPY

Gut microbiome modulates response
to anti-PD-1 immunotherapy in
melanoma patients

V. Gopalakrishnan,"** C. N. Spencer,””* L. Nexl,™ A. Reuben,' M. C. Andrews,'

I. V. Karpinets,” P. A. Pricto,'t D. Vieente," K. HofMman,* S. C. Wel,” A P. Cogaill,™*
L. Zhao,” C Hudgens,* D. S, Hutchinson,” T. Manzo,” M. Petaccia de Macedo,*}

T. Cotechinl,” T. Kumar,” W. 8. Chen,” S. M. Reddy," R. Sscrepaniak Sloane,'

wrne, ™" L. M. Vence,* P. C. Okhmysen,"” V. B. Jensen,"
E Marcelo Riquelme Sanchez,"* Y. Zhang**

ps, " Z. A. Cooper,™™ P. A. Putreal,” C. R Danbel** N. J. Ajami,”
J. F. Petrosino,” M. T. Tetadaff,** P. Sharma,™"™ J. P. Allison,”
K. K. Jena."s J. A. Warge'"s**

Boston University Office of Research

J. Galloway-Pena,” K. Jiang.' P. L Chen,"§ E. J. Shpall,” K. Resvani," A M. Alousi,™

CANCER IMMUNOTHERAPY

The commensal microbiome is
associated with anti-PD-1 efficacy in
metastatic melanoma patients

Vyam Matson,"* Jessica Fesler,™ Riyoe Bao,™™ Tars Chongsawat,* Yuanyuan Zha,*

Maria-Luisa Alegre,* Jason J. Luke,* Thomas F. Gajewshki'*$

Science 2018; 359: 91-97, 97-103, 104-108

22
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The host microbiome can alter response to checkpoint inhibitors in mouse
models; microbiome composition is also associated with treatment response in
the clinical setting
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1l | ey ZR
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Gopalakrishnan et al, Science 2018; 359: 97-103
BOSTON
UNIVERSITY Boston University Office of Research
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Cancer clinical trials evaluating the effect of the host microbiome on treatment
response in diverse patient populations are limited

. . . . . . . . . . 5 — 7% of cancer clinical trial enrollees are

underrepresented minorities nationally

< 4% of enrollees in trials of immune
checkpoint inhibitors are from minority
populations

o . .
® 00000 OCGOOO Over 50% of cancer clinical trial enrollees

at BMC are from underrepresented
minority populations

« Our overarching hypothesis is that the host microbiome in BMC patients
from diverse backgrounds and socioeconomic strata will vary, and that this
variation will be associated with response to immune checkpoint inhibitors

« The host microbiome is modifiable, and our findings may therefore have
therapeutic implications

BOSTON
UNIVERSITY Boston University Office of Research
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We are Undertaking a Prospective Evaluation of the Microbiome and Treatment
Response in Patients Receiving Checkpoint Inhibitors at BMC

Patient Consent

Assessment for tumor
response, progression-
Baseline 6 weeks Q 3 months free, and overall survival
\/
Stool collection, buccal

swabs, nasal swabs, blood
samples for metabolomics

Ethnicity/ Race Cancer Type
= Caucasian = HCC
= Black (AA) = Lung (NSCLC)
= Hispanic = Melanoma
Asian Head&Neck
= Unknown = Other

N=86 patients consented to date

BOSTON
UNIVERSITY Boston University Office of Research
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Cancer and the Environmental Microbiome

Jenny Bhatnagar

Assistant Professor
Department of Biology, CAS

BOSTON
UNIVERSITY Boston University Office of Research
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Who we are depends on “who” is around us
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Variation in Land Use
Types
~ forests, agricultural land

Hanski et al. 2012 PNAS 27


Presenter
Presentation Notes
Diversity of human microbiota ~ diversity of environmental microbiota

Relationship between the generic composition of skin microbiota and land use types around the home. The vertical axis shows PC2bac, which correlates positively with the generic diversity of proteobacteria and nega- tively with the diversity of all other bacterial classes (SI Appendix, Table S2). The horizontal axis shows PC1env, which summarizes variation in land use types within a 3-km radius of the homes of the study subjects and is posi- tively correlated with forests and agricultural land 
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Who we are depends on “who” is around us

£ 8000 =

= r ; 1750 K.
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= 0 = =) Pathogen-free Animal room Farmhouse
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animal roor room house

Zhou et al.2015 Environ. Microbiol. 28


Presenter
Presentation Notes
The SPF mice were raised in a specific pathogen‐free animal room, XZ mice were in a general animal room, and JD mice were in a farmhouse. 

mice treated with 2‐4‐dinitrofluorobenzene (DNFB) to induce allergy

Immunoglobulin E (IgE) are antibodies produced by the immune system during allergic reaction
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"Biodiversity hypothesis™: rise in colorectal cancer linked to
declines in exposure to a diverse environmental microbiome

34
(b) Reg.. 0.0002
Int.: 0.0002
32} Sam.: 0.0002
30}
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Arnold M, et al. 2017. Gut Tsiafouli et al. 2014. Global Change Biology
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Presenter
Presentation Notes
Colorectal cancer is on the rise, while exposure to soil microbes is falling

Colon cancer on the rise in developed/developing world

Industrialized nations have severely altered gut microbiomes. The modern lifestyle/environment is the most active driver in reshaping the intestinal micrbioome despite confounding influence of diet, culture, and host genetics. 

Old friends: environmental microbes evolved to be commensal with humans. 

Industrialized society has reduced soil diversity
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Host/Microbiome Cross-Talk
in Oral (Pre)Malignant Lesions (PML)

Stefano Monti

Associate Professor of Medicine, Biostatistics, and Bioinformatics
Division of Computational BioMedicine, School of Medicine

Maria Kukuruzinska
Bob Varelas
Manish Bais

Muzamil Khan

Evan Johnson
Alessandro Villa @ UCSF
Jennifer Frustino @ ECMC

BOSTON 31
UNIVERSITY Boston University Office of Research
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Background:
Head & Neck Squamous Cell Carcinoma (HNSCQC)

Head and Neck Cancer Reglons

0)
e g

/ ".‘.:N
e

| //"\— _f}_' {;rll cavity

v HNSCC: malignancies arising in the upper aerodigestive tract
O Survival rate <60% at five years from diagnosis
d HPV(-) Oral Squamous Cell Carcinoma (OSCC) most common

v Oral microbiome 2" |largest & diverse microbiota in human body
O Oral cancer associated with changes to the oral microbiome

O Urgent need for research on the role of the microbiome in oral cancer
O Host/microbes imbalance - Oral/systemic disease - Inflammation - Cancer?

BOSTON
UNIVERSITY Boston University Office of Research
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Relative Abundance of Genera by Class
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Immune infiltration
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Dysbiosis vs. Immune Response

@ Treg <o
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OPC infection with steady-state
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OPC (oropharyngeal candidiasis) - fungal infections;

common manifestations among cancer patients

BOSTON
UNIVERSITY

Healthy epithelium

O T 17 i ""@ " Apoptotic epithelial cell
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* APC 4’ Yeast
Germ tube
-fr neutrophils Hyphae

OPC infection with antibiotics caused dysbiosis
suboptimal SCFA - decreased fungal clearance

i
=

g —r

‘mﬁ

Cytokines

; 2
alarmins 4 .

TNF—a“ 2?
IFN-y
Neutrophil infiltrationq‘

Overt inflammation

L 3 N 0 0 0 § § § § &8 B |} } |

Microbiome Dependent Regulation of Tregs and Th17 Cells in
Mucosa Pandiyan et al, Frontiers in Immunology, 2019

Boston University Office of Research
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Immune/inflammation activity is associated with lesion type ...

INF 7 TNH TGKF  Neutrophils IL6 Apoptosis Necrosis IL10 T-regs
... and with microbes’ abundance across lesion types

Fusobacterium Candida Neisseria Prevotella Shewanella
,-a - ==§‘ = - . - *
Control | = —=—F ——— * = F
~—% e - - ** %

*

BOSTON .
UNIVERSITY Boston University Office of Research Muzamil Khan
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