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The Calit2 Vision of Digitally Enabled Genomic Medicine
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Where | Believe We are Headed: Predictive,
Personalized, Preventive, & Participatory Medicine

lam Lee Hood’s Lab Rat!

A Doctor’s Vision of the Future of
Medicine

Leroy Hood
NEWSWEEK

From the magazine issue dated Jul 13, 2009




| Arrived in La Jolla in 2000 After 20 Years in the Midwest
and Decided to Move Against the Obesity Trend

| Reversed My Body’s Decline By
Quantifying and Altering Nutrition and Exercise

[0 4

http://lsmarr.calit2.net/repository/LS_reading_recommendations_FiRe_2011.pdf ‘



Challenge-Develop Standards to Enable MashUps

of Personal Sensor Data Across Private Clouds
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From Measuring Macro-Variables

to Measuring Your Internal Variables

technology
review

Published by MIT
MARCH/APRIL 2012

BY JON COHEX

The Patient f the Future

Internet pioneer Larry Smarr's quest to quantify everything about his health led him to a startling
discovery, an unusual partnership with his doctor, and more control over his life

www.technologyreview.com/biomedicine/39636



Visualizing Time Series of
150 LS Blood and Stool Variables, Each Over 5-10 Years

Calit2 64 megapixel VROOM

Gr




Only One of My Blood Measurements

Was Far Out of Range--Indicating Chronic Inflammation

Episodic Peaks in Inflammation 27x Upper Limit
o Followed by Spontaneous Drops /f
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m /
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Complex Reactive Protein (CRP) is a Blood Biomarker ‘il’;
for Detecting Presence of Inflammation -



Stool Samples Revealed

Episodic Autoimmune Response
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Colonoscopy Images Show
Inflamed Pseudopolyps in 6 inches of Sigmoid Colon

Dec 2010 May 2011




Confirming the IBD (Crohn’s) Hypothesis:
Finding the “Smoking Gun” with MRI Imaging

Liver = %_
o ransverse Colon

| Obtained the MRI Slices
From UCSD Medical Services
and Converted to Interactive 3D
Working With
Calit2 Staff & DeskVOX Software

Descending Colon

i
-

LS

Small Intestine

MRI Jan 2012 \ s,

Cross Section

Major Kink

Sigmoid Colon ‘it‘;

Threading lliac Arteries




MRE Reveals Inflammation in 6 Inches of Sigmoid Colon

Thickness 15cm — 5x Normal Thickness

“Long segment wall thickening DeskVOX 3D Image
in the proximal and mid portions of the sigmoid colon, | 4 =
extending over a segment of approximately 16 cm, | ’
with suggestion of intramural sinus tracts.
Edema in the sigmoid mesentery
and engorgement of the regional vasa recta.”
— MRI report

MAYO ‘e Ai
it Crohn's disease

W affects the thickness
of the intestinal wall.

Having Crohn's disease
that affects your colon
Increases your risk
of colon cancer.

Clinical MRI
Slice Program



Why Did | Have an Autoimmune Disease like IBD?

Despite decades of research,
the etiology of Crohn's disease
remains unknown.,

Its pathogenesis may involve
a complex interplay between
host genetics,
iImmune dysfunction,

and microbial or environmental factors.
--The Role of Microbes in Crohn's Disease

So | Set Out to Quantify All Three!
Paul B. Eckburg & David A. Relman ‘it‘;

Clin Infect Dis. 44:256-262 (2007)



| Wondered if Crohn’s is an Autoimmune Disease,

Did | Have a Personal Genomic Polymorphism?

2-fold From www.23andme.com Polymorphism in
gy Interleukin-23 Receptor Gene
— 80% Higher Risk
Rt of Pro-inflammatory
N EJ]:E o Immune Response

SNPs Associated with CD

Z2-fold
—— | am Now an Advisor
on the
News and Views 23andme IBD Project

Nature Medicine 13, 26 - 28 (2007)

IL-23: a master regulator in Crohn disease

Markus F Neurath® [':[




MULTIPLE SCLEROSIS

Autoimmune Disease Overlap
from SNP GWAS

PTGER4,; STAT3; ILZRA_ILTR; FCGR2A PRDM1/ATGS

IL10

Gut Lees, et al.
60:1739-1753
(2011)
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Imagine Crowdsourcing 23andme SNPs

For Even a Small Portion of Crohnology!
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Crowd-Sourcing the Effectiveness

of Pharmaceutical Medications for Crohn’s Disease
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Fine Time Resolution Sampling Reveals Distinct

Dynamics of Innate and Adaptive Immune System
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To Map My Gut Microbes, | Sent a Stool Sample to

the Venter Institute for Metagenomic Sequencing

N \ 1pe |l ’.-' Ls, ELON. 3._‘.'.‘—-_,:.:1-?'
" smrmrnt T LoTESeoS "o%0M Reads
J. Cralg Venter _ | x; onlyozok Human

I M5 1T 1T WTE

& UC San Diego Required 1/2 cpu-yr

ST Per Person Analyzed!

Gel Image of Extract from Smarr Sample-Next is LibraryConstruction
Manny Torralba, Project Lead - Human Genomic Medicine

-
J Craig Venter Institute ‘11' ) 4

Januaryv 25. 2012



Additional Phenotypes Added from NIH HMP

For Comparative Analysis

NIH HUMAN

MICROBIOME
PROJECT

Current News

® April 2013
HMP-DACC hosts free webinar
Approaches in Microblome Assembly

* November 2012
New Walkthroughs Available

® June 2012

Owen White and Dirk Gevers discuss
the HMP on Wisconsin Public Radio

More News items

Publications

® Xenobiotics and the human gut
microbiome: metatranscriptomics
reveal t...

® Transcriptome profiling of
microRNA by Next-Gen deep
sequencing reveal...

» Shallow breathing: bacterial life
at low O(2)....

Partner Resources
« NIH Common Fund
= NCBI HMP Data Repository

s B » Login

REFERENCE MICROBIOME  IMPACTS ON TOOLS & ETHICAL _
TECHNOLOGY IMPLICATIONS OUTREACH

GENOMES ANALYSIS HEALTH

Welcome to the Data Analysis and Coordination Center (DACC) for the National Institutes of Health (NIH)
Common Fund supported Human Microbiome Project (HMP). This site is the central repository for all HMP
data. The aim of the HMP is to characterize microbial communities found at multiple human body sites and to
look for correlations between changes in the microbiome and human health. More information can be found in
the menus above and on the NIH Common Fund site.

-| Areas of Interest

o

)
L

VG, " aah

Impacts on Health

HMPDACC

DATA BROWSER

» Feedback

GET DATA

GET TOOLS

Demonstration projects to determine the relationship between human health and changes in the human microbiome through the use of 16S and

whole metagenome sequencing of clinical ssmples of interest...
DACC Member Organizations

B Related Sites

Please help us to improve the DACC website by

A new version of IMG/HMP M has been released,
taking our user surveyl based on the new IMG4 system, and containing a
[ View Survey | """‘""“"‘“" Dase.

Download Raw Reads
~100M Per Person

35 “Healthy” Individuals
1 Point.in Time




We Computationally Align 230M lllumina Short Reads

With a Reference Genome Set & Then Visually Analyze

Taxonomy Classification
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Major Shifts in Microbial Ecology

in Health and Disease
Source: Weizhong Li, UCSD; Calit2 FuturePatient Expedition
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We Can Measure the Changes in Microbial Ecology

Between Healthy and Two Forms of IBD

Ave. Healthy
M Bacteroidetes

M Firmicutes

™ Proteobacteria
m Actinobacteria
® Fusobacteria

W Euryarchaeota

Ave. Ulcerative Colitis LS Apr 2012 Ave. Crohn's

xplosion of Collapse of
oteobacteria On the IBD Spectrum Bacteroidetes !




Tracking How 1 Month Antibiotic, 2 Months Prednisone Therapy

Alters the Gut Microbial Ecology

LS Jan 2012 LS Apr 2012 LS Aug 2012

Reduc

Redu

Therapy Greatly Reduced Two Phyla,
: g : Small Changes
But Massive Reduction in Bacteroidetes :
With No Therapy

And Large % Proteobacteria Remain

M Bacteroidetes
B Firmicutes

m Proteobacteria How Does One Get Back

® Actinobacteria to a “Healthy” Gut Microbiome?

® Fusobacteria o
W Euryarchaeota - "l_




Intense Scientific Research is Underway
on Understanding the Human Microbiome

The Gut M'icrnhinta e
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From Culturing Bacteria to Sequencing Them




2012 Was the Year
the Human Microbiome Entered the Public’s Mind
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From War to Gardening:

New Therapeutical Tools for Managing the Microbiome

Science
&
' Ten-:rlmf'U the Body's Microbial Garden
4 ly CARL ZIMMER
% ’: F’ lished: June 18, 2012

“I would like to lose the language of warfare,”
said Julie Segre, a senior investigator at
the National Human Genome Research Institute.
"It does a disservice to all the bacteria
that have co-evolved with us
and are maintaining the health of our bodies.”

0D



Evidence for the Efficacy of Probiotics is IBD is Mixed -

More Clinical Research Needed

VSL#3 Probiotic-Mixture Induces Remission in Patients
with Active Ulcerative ColitlS Am castroenterol 2005;100:1-8

Probiotics for Inflammatory Bowel
Disease: A Critical Appraisal Dig Dis 2009;27(suppl 1):111-114

“...there is virtually no evidence of probiotic efficacy in Crohn’s disease.”

Journal of
Medical Microbiology

Butyric acid-producing anaerobic bacteria as a novel probiotic
treatment approach for inflammatory bowel disease 24V,
] Med Microbicl February 2010 "l_)

vol. 59 no. 2 141-143



| Take a Probiotic “Cocktail”

to Enhance Microbial Diversity-48 Species of Bacteria

Jarro Jarro WSL#E3 HLC FloraV Prescript Keefer

Dophilus Dophilus Intensive Assist
EPS FO5

* Genera Covered: * Genera Covered:
— Azospirillum — Lactococcus
— Azotobacter — Leuconostoc
— Bacillus — Myrothecium
— Bacteriodes — Pediococcus
— Bifidobacteria — Phanerochaete
— Brevibacterium — Pseudomonas
— Kurtha — Streptococcus
— Lactobacillus — Streptomyces

0D



From the Single “Bad” Microbe Medical Target

to the Microbiome Ecology Paradigm

REVIEW Sci Transl Med 4, 137rv5 (2012);

MICROBIOLOGY

Science
Translational

Microbiota-Targeted Therapies: Metcne
An Ecological Perspective

Katherine P. Lemon,'?* Gary C. Armitage,® David A. Relman,*>® Michael A. Fischbach’®*

The Application of Ecological Theory Toward an Understanding of the
Human Microbiome

Elizabeth K. Costellol, Keaton Stagaman<, Les Dethlefsen'-=, Brendan ... M. Bohannan=, David A. Relmanl-=2y
Science 336, 1255 (2012)

Problem of Alternative Stable States RVAAAS i’.ls’

In Ecological System Dynamics



Microbiome Transfer

May Be a Radical New Treatment for IBD

Procedures
Starting With
Natural Microbiome

Next Steps:
Create
"\ Synthetic Microbiomes
- Tuned to the Patient
See
Microbiome 1:3 (2013)

Dr. Alexander Khoruts, NY Times
www.nytimes.com/2010/07/13/science/13micro.html

Not FDA Approved Yet;
Increasing Number of Doctors Performing Procedure;
Clinical Trials Under Way;
Encouraging Results...

www.gihealthfoundation.org/reuters/articles.cfim?article=20111102drgd011



Next Decade Will See New Microbiome

“Gardening Tools”

Could Bacteria-Fighting g ENTIFIC
Viruses Replace Overused AMERICAN
L] @ . ' » ugust 7,

Antibiotics? [Preview] ;

Long ignored by mainstream researchers, the viruses that infect bacteria have
a role to play in modern medicine, Vincent Fischetti says

By Brendan Barrell

Review Article

Immunocompatibility of Bacteriophages as
Nanomedicines

Journal of Nanotechnology (2012)

0D



Treating the Human Superorganism:

Your Body Has Ten Microbes for Every Human Cell!

Human Microbiome Project <. The NiH Common Func

WE ACCELERATE DISCOVERY.

External auditory canal Hair on the head Mouth

Nature Reviews
Microbiology
v.9, p. 279 (2011)
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