Therapeutic effect of microbiome
In lung cancer

2018.

— DO

.10

0z
FHol



CONTENT TITLE

1. Definition
2. Previous studies
3. Results

4. A HIE

SECUL RATIDNAL UNNERRITY RONJANG MOSFITAL




SNUHY ggxzaasy

| Microbiota? Microbiome?

Microbiota

“Microbiota ” (all present microbes)
total collection of organisms of a
geographic region or a time period

posses

“Microbiome”
collection of the genomes of the Microbiom
microbes (all present genes)

Schwiertz. Experimental Medicine and Biology 2016.



| Microbiota? Microbiome? S

Even the lung, thought to be sterile part, now considered to be colonized.
Human-associated microbiota: at least 40,000 strains in 1800 genera.
Microbiota(1-2kg) vs Brain(1.okg)

2004.04.14 Human genome sequencing complete

2008, Human Microbiome Project

“characterization of the human microbiome and analysis of its role in human
health and disease

Schwiertz. Experimental Medicine and Biology 2016.
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A Rates of Cure

Patients Cured without Relapse (%)

P<0.001
1
P<0.001
[ 1
P=0.008
| |
P=0.003
100~ I 93.8
90 813
804
70+
60
504
ol 30.8
Al 23.1
204
104
First Infusion Infusion of Donor Vancomycin  Vancomycin with
of Donor Feces  Feces Overall (N=13) Bowel Lavage
(N=16) (N=1g) (N=13)

B Microbial Diversity

Simpson's Reciprocal Index

2504

200+

150+

100+

50

Healthy
Donors

Patients before
Infusion

Patients after
Infusion

SNUHY £exsasass

- Recurrent C. difficile
- Fecal transplantation

Els van Nood et al N Engl ] Med
2013;368:407-15.
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An international association between Helicobacter
pylori infection and gastric cancer

THE EUROGAST STUDY GROUP

JOURNAL OF PATHOLOGY
J. Pathol. 189: 12-19 (1999)

HUMAN PAPILLOMAVIRUS IS A NECESSARY CAUSE
OF INVASIVE CERVICAL CANCER WORLDWIDE

JAN M. M. WALBOOMERS!*, MARCEL V. JACOBS!, M. MICHELE MANOS?, F. XAVIER BOSCH?, J. ALAIN KUMMER!,
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3Unit of Field and Intervention Studies, IARC, Lyon, France



MICROBE SITE OF CANCER SNUHE EYMSH YN

Y BUNDARG HOSPITAL

Helicobacter pylori Stomach

Hepatitis B virus (HBV) Liver
Hepatitis C virus (HCV)

Opisthorchis viverrini

- Table. Microbes

Clonorchis sinensis

Human papillomavirus (HPV) Cervix DGSlgnated aS CIaSS 1
Vagina
o (Carcinogens) by the
o International Agency
Oropharym for Research on
Epstein-Barr virus (EBV) Nasopharynx
Non-Hodgkin lymphoma Cancer [IARC]

Hodgkin lymphoma

Kaposi sarcoma-associated Kaposi sarcoma
herpesvirus (KSHV or HHV8)

Primary effusion lymphoma

Human T-cell lymphotropic Adult T-cell lymphoma
virus type 1 (HTLV-1)
Schistosoma haematobium Bladder

CA Cancer J Clin 2017;67:326-344.
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The human body harbors enormous numbers of microbiota that influence cancer
susceptibility, in part through their prodigious metabolic capacity and their profound
influence on immune cell function. Microbial pathogens drive tumorigenesis in 15% to
20% of cancer cases. Although association studies cannot distinguish whether changes
in microbiota are causes or effects of cancer, a causative role is supported by rigorously
controlled preclinical studies using gnotobiotic mouse models colonized with one or
more specific bacteria. These studies demonstrate that microbiota can alter cancer
susceptibility and progression by diverse mechanisms, such as modulating inflammation,
inducing DNA damage, and producing metabolites involved in oncogenesis or tumor
suppression....By incorporating probiotics as adjuvants for checkpoint immunotherapy
or by designing small molecules that target microbial enzymes, microbiota can be

harnessed to improve cancer care.

CA Cancer J Clin 2017;67:326-344. VC 2017 American Cancer Society.



A Sample of Published Metagenomic Studies Analyzing Cases and Controls

FINDIN G5
SAMPLING
MATERIAL ENRICHED REDUCED ENRICHED
TYPE OF CAMCER AND SITE COMCLUSION IN CASES IN CASES IN CONTROLS REFERENCE
Colorectal Mucsal adherent Higher diversity and richness in cases Protecbactena, Dorea spp., Bacteroidetes, Shen 2010°'
adenoma bacteria compared with controls Faecalibactenum spp. Coprococcus Spp.
Colorectal Mucsal adherent Higher diversity and richness in cases 30 Genera, including: Acidovorax, Streptocoocus Sanapareddy
adenoma bacteria compared with controls; similar Aguabacterium, Ooacibacterium, 20124
EVENNess Helicobacter, Lactocoocus,
Lactobadllus, Pseudomonas
Colorectal Preneoplastic colon Mo statistically significant differences Slight increases in Proteohacteria Bacteroides Slightly higher abundance Brim 2013
adenoma polyps from (K. pneumoniae, E col), of Oscillospira
African American Verrucomicrobia, Fimicutes guillermaorndii,
patients Subdoligranulum
Colorectal Adenomatous Bifidobacterium sp, Eubacteria Mugent 2014%
adenoma tissues
Colorectal tubular Mucosal adherent Dyyshiosis in cases compared with fearum, Mira-Pascual
adenoma, bacteria healthy controls TS T aceae, 2015%
adenocardnoma Methanobrevibacter (Archaea,
Methanobacteriales)
Colorectal Feces Progressive dysbiosis concurrent with ADENOMA: Blautia, Ruminococous, Zackular
adenoma, progressive disease Clostridyembnrmrr—"g 32 2014%
carcinoma CARCIN '
Bacteroides;
Phascolarctobacterium,
Porphyromonas
Colorectal Faces Mo significant differences; Proteobacteria, TM7 Goedeart
adenoma undemowered study confounded by 015%
antibiotics treatment
Colorectal Mucosal tissues Increased abundance of F. nuckatum, F. mortiferum, Bacteroidetes, Firmicutes Kostic 2012*
carcinoma Fusobactenium F. necrophorum
Colorectal Feces Compositional shifts cccur in Bilophila, Desulfovibrio, Hale 201749
Adenoma adenomatous tissues that comelate Mogibactenum, Bacteroidetes,
with alterations in bacterial Streptococcus, Veillonela,
metabolism Mogibactenum, and Sutterella
predict presence of adenomatous
polyps
Colorectal polyps, Fecal and mucosal Mucosal microbiota differs in cases Bacteroides, Roseburia, ON MUCOSA: Clusters of Flemer 20173
carcinoma samples, from and controls, particularly if lesion is Ruminococcus, Oscillibacter, ORAL coabundance groups
tumeor and proximal or distal; fecal and mucosal PATHOGENS: Porphyromonas, (Bacteroidestes duster 1, Fir-
tumor-adjacent microbiota differ in CRC; analyses Peptostreptococcus, Parvimonas, micutes duster 1); IN FECES:
regions suggest that migobiota shifts are not Fusobacterium; CLUSTERS OF Lachnospiraceae incertae sedis

secondary to the cancer

COABUMDANCE GROUPS:

Bacteroidetes cluster 2, Firmictues dus-

ter 2, pathogen duster, Prevotella
cluster

and Copromecus




FINDINGS

SAMPLING
MATERIAL ENRICHED REDUCED ENRICHED
TYPE OF CANCER AND SITE CONCLUSION IN CASES IN CASES IN CONTROLS REFER ENCE
Breast cancer Tumer and adja- Compositional differences betwesn Badillus, Enterobactenaceae, Prevotella, Lactococcus, Urbaniak
cent nomal breast healthy contrels and tumer-adjacent Staphylococcus, Comamonada- Corynebacterium, 2016
tissue; healthy tis- tissue from patients; similar composi- ceae, unclssified Bacteroidetes Streptococaus,
sue from controks tional profiles between tumor and Micrococcus
twmor-adjacent normal tissue within
the same patient; strains isolated from
twmaors induced DMNA double strand
breaks in vitro
Breast cancer NAF of survivors Mo compositional differences on areo- Alistepes Undassified Chan 2016¥
and healthy lar skin; ductal microbiota are signifi- Sphingomonadaceas
controls cantly different between survivors and family member

healthy controls; microbiota profiles
are similar for paired areclar and NAF
from the same individual




Microbiome In lung diseases

Medical condition References Differential taxa features® Sample  Sample type
size
Chronic Obstructive Pulmonary  Kim et al. [ 23] phyla: Firmicutes t+ genera: Ochrobactrum 1 Stenotrophomonas | 26 lung tissue
Disease Propionibacterium |
Sze et al. [24] phyla: Firmicutest genera: Lactobacillus? 24 lung tissue
Pragman et al. [25] phyla: Fusobacteriat genera: Leptotrichia t+ Fusobacterium 1 32 broncho alveolar
lavage
Millares et al. [26] genera: Pseudomonas t Corynebacteriumt Moraxella 1 16 sputum
Garcia-Nunez et al. phyla: Proteobacteria t Firmicutes t Actinobacteria | Bacteroidetes | 17 sputum
[27]
Lee et al. [28] phyla: Bacteroidetes 1 Firmicutes T Fusobacteria 1 Actinobacteria 1 Proteobacteria 8 sputum
genera: Prevotellat Porphyromonast Veillonellat Fusobacteriumt Streptococcus?t
Garchaet al. [29]  stable: H influenzae t 134 sputum
exacerbation: S pneumoniaet M catarrhalis t
Cystic Fibrosis Carmody et al. [33] genera: Staphylococcust Burkholderiat Streptococcust 1 sputum
Fodor et al. [34] genera: Pseudomonast Burkholderia t 23 sputum mouthwash
Frayman et al. [35] genera: Staphylococcust Streptococcus t Pseudomonas 1 95 broncho alveolar
lavage
Laguna et al. [36]  genera: Streptococcust Burkholderiat Prevotellat Haemophilust Porphyromonas, 12 broncho alveolar
and Veillonella t lavage
Feigelman et al. genera: Pseudomonast Staphylococcust Stenotrophomonas T Achromobacter 1 17 sputum
[37]
Asthma Hilty et al. [22] phyla: Proteobacteriat genera: Haemophilus spp. 1 bronchoscopy
Marri et al. [44] phyla: Proteobacteriat Firmicutes | Actinobacteria | 20 sputum
Teo et al. [40] phyla: Proteobacteriat genera: Streptococcust 234 nasopharyngeal
Bisgaard et al. [39] genera: 5. pneumoniaet M. catarrhalist H. influenzae 321 hypopharyngeal
Durack et al. [41]  genera: Haemophilus 1t Neisseriat Fusobacteriumt Porphyromonas?t 42 bronchoscopy
Idiopathic Pulmonary Fibrosis Molyneaux et al. genera: Haemophilust Streptococcus t Neisseria t Veillonellat 65 broncho alveolar
(48] lavage
Han et al. [49] genera: Staphylococcust Streptococcust 55 broncho alveolar
lavage
Molyneaux et al. genera: Streptococcus T Prevotellat Veillonellat Haemophilust Pseudomonas t 35 bronchoscopy

[47]

Mao et al. Cancer letter 415 (2018) 40-48
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I Role of microbiome In CAnCer .o
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Science News from research organizations

Does the microbiome play a role in the effectiveness of
colorectal cancer treatment?
Connection between bacteria, chemotherapy discovered

Date: April 24, 2017
Source:  University of Massachusetts Medical School

Summary: C. elegans, fed a diet of E. coli bacteria, are 100 times more sensitive 1ot
chemotherapy drug floxuridine, commenly used to treat colon cancer, thar
different bacteria. These findings suggest that the bacteria residing in youl
tract may play an important role in your ability to respond to chemotherap

sharee f W G+ P in &

Marian Walhout, PhD, and Aurian Garcia Gonzalez

RELATED TOPICS FULL STORY

Health & Medicine The bacteria residing in your digestive tract, or your

» Colon Cancer gut microbiota, may play an important role in your

> Pharmacology ability to respond to chemotherapy drugs in the Precision

» bersonalized Medicine clinic, according to a new study by scientists at the o
University of Massachusetts Medical School. medicine

> Lung Cancer Published in Cell, the study by Marian Walhout,

Plants & Animals PhD, and colleagues show that when a common

research model, the roundworm Caenorhabditis

elegan, is fed a diet of E. coli bacteria, the worms

were one hundred times more sensitive to the Garcia—Gonzalez et al., 2017, Cell 169,
chemotherapy drug floxuridine (FUDR) than worms 431-441 April 20, 2017

who were fed different bacteria. FUDR is a

» Microbiology commonly used drug to treat colorectal cancer.

» Bacteria

> Biotechnology and
Bioengineering

* Microbes and Maore



Immunomodulatory effects of the microbiota
In the gut

Effector T-helper cells in Allergy
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Rachel M. McLoughlin, PhD et al. Journal of Allergy and Clinical Immunology, Volume 128, Issue 1, July 2011



Immunomodulatory effects of the microbiota
In the lung

Healthy

Secreted mucin

Pericillary fluid Planktonic and mixed species biofilm-

associated commensal microbes
Mucin hypersecretion

Tight junction

o0
Ch°en?okmes o Cytokmes o e 3°
o -

5&’. e O @

Eosinophil  Neutrophil Macrophage Dendritic cell T cell

Immune homeostasis

Diseased

Reduced diversity, pathogen-dominated
communities
Mucin hypersecretion

}.. }.

Loss of epithelial integrity

Immune activation

Eosinophil Neutrophil Macrophage Dendriticcell  Tcell NK cell

TRENDS in Microbiology

Nagalingam NA et al. Trends Microbiol. 2013 Sep;21(9):485-92
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Mao et al. Cancer letter 415 (2018) 40-48
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CANCER IMMUNOTHERAPY

Commensal Bifidobacterium
promotes antitumor immunity and
facilitates anti-PD-LI efficacy

Avelet Sivan,'™ Leticia Corrales,' Nathaniel Hubert,” Jason B. Williams,'
Keston Aquino-Michaels,” Zachary M. Earley,” Franco W. Benvamin,! Yuk Man Lei,?
Bana Jabri,” Maria-Luisa Alegre,” Eugene B. Chang,” Thomas F. Gajewski"™f

3 April 2015; accepted 21 October 2015
Published online & Movemnber 2015
101126/ science . aad1329

v tumor microbiome therapy + tumor immunotherapy —> synergistic effect
v lllumina 16S rBNA seqguencing platform

v/~ functional study using animal model



B16-SIY
Melanoma model

C57BL/6 mouse C57BL/6 mouse
(Jackson Laboratory-JAX) (Taconic Farms-TAC)

« genetically similar mouse

o differ in their commensal microbes (lvanov et al., Cell, 2009)



Differences in melanoma Cohoused for 3 weeks before
outgrowth and tumor-specific tumor inoculation
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Direct administration of Bifidobacterium to TAC recipients
with established tumors improves tumor-specific immunity
and response to aPD-L1 mAb therapy
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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 Messaoudene,? Conrad Rauber,"** Maria P. Roberti,"*”
Marine Fidelle,"®> Caroline Flament,“** Vichnou Poirier-Colame,">"* Paule Opolon,°
Christophe Klein,” Kristina Iribarren,®?'%"'? Laura Mondragoén,®?'%-1%12

Nicolas Jacquelot,”*” Bo Qu,"*” Gladys Ferrere,"*” Céline Clémenson,"'?

Laura Mezquita,"** Jordi Remon Masip,"'* Charles Naltet,'* Solenn Brosseau,*’
Coureche Kaderbhai,'® Corentin Richard,'® Hira Rizvi,'” Florence Levenez,*
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Human epigenetics and microbiome: the
potential for a revolution in both research
areas by integrative studies

It makes perfect sense that the host-associated
microbiome may be the ultimate environmental

trigger for epigenetic processes, because of its

spatial location and ability to convert environmental

and diet-derived compounds before they reach FranckACarbonero
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human cells.

fgcarbon@uark.edu
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