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many microbiomes

common processes, 
quantitative tools

and principles
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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
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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?
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Funding Opportunities:
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NCI Programs interested in funding microbiome research:
• CSBC: Cancer Systems Biology Consortium

• U01, U54
• ITCR: Informatics Technology for Cancer Research

• R21, U01, U24
• Physical Sciences In Oncology

• U01, R01, U54
• IMAT: Innovative Molecular Analysis Technologies

• R21, R33

Cancer Grand Challenges UK: 
https://www.cancerresearchuk.org/

Dept. of Defense  - CDMRP -
Congressionally Directed Medical Research Programs

“Improve treatment responses 
by manipulating the composition 
and status of the microbiota”

https://www.cancerresearchuk.org/
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W. Evan Johnson
Associate Professor of Medicine & Biostatistics

Division of Computational Biomedicine
BU School of Medicine

Computational Methods and Tools for Meta-omic Analysis
with Application in Multiple Cancers
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DNA/RNA Sequencing

Pneumonia Influenza

Host Response PathwaysCollect specimen

Genome Sequence 
Library

Influenza

PneumoniaRSV

E. coli

Anthrax HIV

Plague

Microbiome Profiling 

Influenza Pneumonia RSV

Align to Microbial Genomes
(PathoScope; Hong et al., 2014)

Bayesian Mixture Modeling

Microbial Abundance
(animalcules; Zhao et al. 2021)

Align to Human Genome

Human

Sparse Baysian Factor Analysis

Immune Pathway Activity
(Johnson et al., 2021)

Host Profiling
Human

Integrate Results 
(animalcules; Zhao et al. 2021)

Pathway Activation

Pathogen Abundance

Control           Asthma
Castro-Nallar et al., 2015

(ASSIGN; Shen et al. 2015)

(PahoID; Francis et al., 2013)



Animalcules: Interactive Microbiome Analysis Toolkit

(animalcules: Interactive Microbiome Analytics and Visualization in R, Zhao et al., Microbiome, in press)
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(Research in progress, Jason Zhao, Ethel Nankya, Dominick Leone)

Trained on n=35 cancer, n=25 controls; current: n=145 cancer, n=87 control, n=16 TBD   

Microbiome-based Nasal Biomarker for Lung Cancer 

Corynebacterium
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?
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Microbial Interaction Network Database (MIND)

Gut
Skin
Correlation
Anticorrelation

(Research in progress, Zhenjun Hu and Dileep Kishore)
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Microbiome and Host interactions
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Other potential microbe/host interactions:
 Corynebacterium: PI3K, glycolysis, and 

reactive oxygen species
 Pseudomonas: IL6, interferon response
 Massilia: MYC and EMT signaling
 Catellicoccus: Oxidative phosphorylation

PI3K_AKT_MTOR Signaling: 

 Early event lung cancer development 
(Gustafson, STM, 2010)

 Associated with Streptococcus in 
lung (Tsay, AJRCCM, 2018)

 Reversible by chemoprevention using 
myo-inositol (microbial metabolite)

(Research in progress, Jason Zhao, Ethel Nankya, Saket Pandit)



Boston University Slideshow Title Goes Here

@BostonUResearch | #researchontap

16

Daniel Segrè
Professor of Biology, Director of the Microbiome Initiative

Dept. of Biology, Physics (CAS), Biomedical Engineering (ENG)
Bioinformatics Program, Biological Design Center, CNSB

Spatio-temporal Modeling of Multicellular Metabolism
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From metabolic networks to mechanistic predictions

~1500 reactions

Kishore et al. BioRxiv 2020

Co-occurrence?

Interaction

Dynamic Flux Balance Analysis

Bernstein, DeLisi, Korolev, Johnson, Perls
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Testing models through combinatorial synthetic ecology: 
Can we design communities with desired properties? 

Alan Pacheco et al. BioRxiv 2020

Environmental complexity

1 2 4 32



Adding the spatial dimension: Computation Of Microbial 
Ecosystems in Time and Space (COMETS)

runcomets.org

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



Diet Microbiome Byproducts Human 
proteins

Human 
regulation

Bridging microbiome & human

1

2

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

The known human metabolism

~4,000 reactions

~3000 metabolites
4D COMETS 

modeling of cancer

(I. Dukovski, D. Shah, Z. Huang)

human-microbe
interactions
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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

Prospective Evaluation of the Microbiome and Treatment 
Response in Cancer Patients Receiving Treatment with 

Checkpoint Inhibitors
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Immunotherapy using immune checkpoint inhibitors has revolutionized cancer 
therapy…and is impacted by the host microbiome

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

Gopalakrishnan et al, Science 2018; 359: 97-103
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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

▪ 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

24
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We are Undertaking a Prospective Evaluation of the Microbiome and Treatment 
Response in Patients Receiving Checkpoint Inhibitors at BMC

Baseline 6 weeks Q 3 months

Assessment for tumor 
response, progression-
free, and overall survival

Stool collection, buccal 
swabs, nasal swabs, blood 
samples for metabolomics

Ethnicity/ Race

Caucasian
Black (AA)
Hispanic
Asian
Unknown

Cancer Type

HCC
Lung (NSCLC)
Melanoma
Head&Neck
Other

N=86 patients consented to date

Patient Consent

25
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Jenny Bhatnagar

Assistant Professor
Department of Biology, CAS

Cancer and the Environmental Microbiome
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Who we are depends on “who” is around us

27Hanski et al. 2012 PNAS
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Variation in Land Use 
Types
~ forests, agricultural land

Presenter
Presentation Notes
Diversity of human microbiota ~ diversity of environmental microbiotaRelationship 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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28Zhou et al.2015  Environ. Microbiol. 

Pathogen-free 
animal room

Animal room Farmhouse

Pathogen-free 
animal room

Animal
room

Farm-
house

No DNFB

Who we are depends on “who” is around us

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 allergyImmunoglobulin 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

29

Arnold M, et al. 2017. Gut Tsiafouli et al. 2014. Global Change Biology

Presenter
Presentation Notes
Colorectal cancer is on the rise, while exposure to soil microbes is fallingColon cancer on the rise in developed/developing worldIndustrialized 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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Stefano Monti
Associate Professor of Medicine, Biostatistics, and Bioinformatics

Division of Computational BioMedicine, School of Medicine

Host/Microbiome Cross-Talk 
in Oral (Pre)Malignant Lesions (PML)

Maria Kukuruzinska
Bob Varelas
Manish Bais

Muzamil Khan
Evan Johnson

Alessandro Villa @ UCSF
Jennifer Frustino @ ECMC
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Background: 
Head & Neck Squamous Cell Carcinoma (HNSCC)

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

 Oral microbiome 2nd largest & diverse microbiota in human body
 Oral cancer associated with changes to the oral microbiome
 Urgent need for research on the role of the microbiome in oral cancer
 Host/microbes imbalance  Oral/systemic disease Inflammation  Cancer?
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Relative Abundance of Genera by Class 

Control
n=22

Inflammatory
n=17

KUS
n=12

Dysplasia
n=18

Cancer
n=9

Total RNAseq
+

R/hypeR
+

Pathoscope
+

Animalcules

Muzamil Khan

Total
n=78

Host
Immune infiltration
inflammation

PM
L
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Dysbiosis vs. Immune Response

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

OPC (oropharyngeal candidiasis) - fungal infections; 
common manifestations among cancer patients
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Immune/inflammation activity is associated with lesion type …

INF♬ TNF TGF Neutrophils     IL6      Apoptosis     Necrosis      IL10         T-regs

… and with microbes’ abundance across lesion types

Muzamil Khan
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