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Where | Believe We are Headed: Predictive,
Personalized, Preventive, & Participatory Medicine

| am Leroy Hood’s Lab Rat!

A Doctor’s Vision of the Future of
Medicine

Leroy Hood
NEWSWEEK

From the magazine issue dated Jul 13, 2009

UCII'ViHe www.newsweek.com/2009/06/26/a-doctor-s-vision-of-the-future-of-medicine.html
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Invited Paper for Focus Issue of Biotechnology Journal,

Edited by Profs. Leroy Hood and Charles Auffray.

Perspective

Quantifying your body:
A how-to guide from a systems biology perspective

Larry Smarr Biotech nology
e Journal

8/2012
Personalized healthcare
Omics data
Quantitative modeling

University of California, San Diego, CA, USA

Download Pdfs from my Portal: -
OCus:

http://Ismarr.calit2.net/repository/Biotech_J. Systems biology and
_LS_ published_article.pdf personalized medicine

http://Ismarr.calit2.net/repository/Biotech_J.
_Supporting_Info_published.pdf

UCIrvine Biotechnol. |. 2012, 7, 980991




Calit2 Has Been Had a Vision of

“the Digital Transformation of Health” for a Decade

www.bodymedia.com

* Next Step—Putting You On-Line! a1 ¢
— Wireless Internet Transmission ‘

— Key Metabolic and Physical Variables

— Model -- Dozens of Processors and 60 Sensors /
Actuators Inside of our Cars

* Post-Genomic Individualized Medicine
— Combine
—Genetic Code
—Body Data Flow

— Use Powerful Al Data Mining Techniques

UCSD The Content of This Slide from 2001 Larry Smarr ‘i(—")
UClIrvine Calit2 Talk on Digitally Enabled Genomic Medicine




The Calit2 Vision of Digitally Enabled Genomic Medicine

iIs an Emerging Reality

The Creative
Destruction of

technology
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HOW THE DIGITAL REVOLUTION

WILL CREATE BETTER HEALTH CARE

ERIC TOPOL, M.D.
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From One to a Billion Data Points Defining Me:

The Exponential Rise in Body Data in Just One Decade!
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By Measuring the State of My Body and “Tuning” It
Using Nutrition and Exercise, | Became Healthier

| Arrived in La Jolla in 2000 After 20 Years in the Midwest
and Discovered | was Pre-Diabetic

&Y
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From Measuring Macro-Variables

to Measuring Your Internal Variables

technology
review

Published by MIT

Zeo
Sleep Monitor

MARCH/APRIL 2012

BY JON COHEXN

VO2
Stress Test
With ECG

Fitbit
Caloric Burn

The Patient of the Future
z Internet pioneer Larry Smarr's quest to quantify everything about his health led him to a startling
( SD discovery, an unusual partnership with his doctor, and more control over his life

UClIrvine www.technologyreview.com/biomedicine/39636
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| Track 100 Variables in Blood Tests

Done Quarterly to Annually

Electrolytes

— Sodium, Potassium, Calcium,
Magnesium, Phosphorus, Boron,
Chlorine, CO,

Micronutrients

— Arsenic, Chromium, Cobalt,
Copper, Iron, Manganese,
Molybdenum, Selenium, Zinc

Blood Sugar Cycle
— Glucose, Insulin, A1C Hemoglobin

Cardi isk
— | Complex Reactive Protein

— Homocysteine
Kidneys

— Bun, Creatinine, Uric Acid
Protein

— Total Protein, Albumin, Globulin

Only One of These Was
Far Out of Normal Range

Liver

— GGTP, SGOT, SGPT, LDH, Total
Direct Bilirubin,
Alkaline Phosphatase

Thyroid

— T3 Uptake, T4, Free Thyroxine
Index, FT4, 2¢¥ Gen TSH

Blood Cells
— Complete Blood Cell Count
— Red Blood Cell Subtypes
— White Blood Cell Subtypes
Cancer Screen
— CEA, Total PSA, % Free PSA
— CA-19-9
Vitamins & Antioxidant Screen

— Vit D, E; Selenium, ALA, coQ10,
Glutathione, Total Antioxidant Fn.

&0



In Spite of My Anti-Inflammatory Diet

My Blood Measurements Revealed Chronic Inflammation
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UucCsb Complex Reactive Protein (CRP) is a Blood Biomarker

UClIrvine

for Detecting Presence of Inflammation
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By Quantifying Stool Measurements Over Time

| Discovered Source of Inflammation Was Likely in Colon

124x Upper Limit Typical
900 Lactoferrin

Value f
200 Stool Samples Analyzed Z:t?\,: '
by www.yourfuturehealth.com IBD
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Lactoferrin is a Sensitive and Specific Biomarker for ‘i('v)
UClIrvine Detecting Presence of Inflammatory Bowel Disease (IBD)



Putting Multiple Biomarker Time Series Together,

Gives an Quantitative Readout of Health or Disease

High Sensitivity CRP - Lactoferrin - Lysozyme - Secretory Immunoglobulin A (SIgA)
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UCIrvine Source: Calit2 Future Health Expedition Team




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

ol

Liveay e Soion | Obtained the MRI Slices
adaihe O From UCSD Medical Services
) ‘3« '.f;;f-'f' and Converted to Interactive 3D

| - Working With

Calit2 Staff & DeskVOX Software

Descending Colon

Small Intestine

MRI Jan 2012 \4

Cross Section

v : ", . Sigmoid Colon
UCIrvine Threading lliac Arteries




Scalable Visualization
for 3D Interactive Body Imaging
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UClIrvine DeskVOX Software Courtesy of Jurgen Schulze, Calit2



3D Imaging of MRI Enterography Data:
Turning My Body into an Interactive Video Game

* Videos of Me Giving Tours of My Organs:
— http:/lwww.youtube.com/watch?v=9c4DtJ L Ps [3D video]
— www.theatlantic.com/magazine/archive/2012/07/the-measured-man/309018/

| [f()

Virtual Reality Exploration Hard Copy of Sigmoid Colo

&

UCIrvine Photo & DeskVOX Software Courtesy of Jurgen Schulze, Calit2


http://www.youtube.com/watch?v=9c4DtJ_L_Ps
http://www.theatlantic.com/magazine/archive/2012/07/the-measured-man/309018/

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,
immune 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 ‘fl“;

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



| Wondered if Crohn’s is an Autoimmune Disease,

Did | Have a Personal Genomic Polymorphism?

> fold From www.23andme.com Polymorphism in
nereasEa e Interleukin-23 Receptor Gene
— 80% Higher Risk
of Pro-inflammatory
Immune Response

ATG16L1

Average Hisk EJ] E

SNPs Associated with CD

2-fold

Decreased Risk

News and Views

Nature Medicine 13, 26 - 28 (2007)

IL-23: a master regulator in Crohn disease

LICSD Markus F Neuratht [

UClIrvine




| Tracked My Innate Immune System

By Measuring Lysozyme From Stool Samples Over Time

My Immune System Seems to Be Fighting Bacteria Episodically
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UucCsD Lysozyme is an Enzyme of the Innate Immune System

UClIrvine

that Attacks Bacterial Cell Walls
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Your Human Cells are Only 10% of Your Superorganism:

How Can We Track the 90% which are Microbes?

16 = All 4 at Full Strength
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Determining My Gut Microbes

and Their Time Variation

The Catholic church’s unholy mess Shipped StOOI Sample
The

Faul Ryan: the man with the plan
ECO nomlst Generation Xhausted Decem ber 28, 201 1

China, victim of the Olympics?

On the origin of specie

Mlcrobesma keth man

o .
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; , Ty .
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| Received
a Disk Drive April 3, 2012
With 35 GB FASTAQ Files

Weizhong Li, UCSD
NGS Pipeline:
230M Reads
Only 0.2% Human

Required 1/2 cpu-yr
Per Person Analyzed!

UCIrvine &/ HEALTH SCIENCES

Ny /. Craig Venter "t‘;

I N5 T 1 T UTE



Emerging Technology Will Enable You

to Quantify Your SuperSelf !

* Results of Whole Genome Sequencing
Used on Jan 2012 Stool Sample

— Abundance of 2500 microbe species for 200 subjects and me
— Generates a 500,000 cell spreadsheet!

* Findings:
— Healthy Microbes Depleted
— Unhealthy Microbes Took Over

* Next Step:
— Repeat on April/August Samples
— Continue Measuring
— Evaluate Novel Therapies

UCSD .UCSanDiego J. Craig Venter
VRSN | N S T | T U T E

UClIrvine




Next Step: Use Microarray to

Measure Time Series of Microbial Diversity

www.secondgenome.com

“Second Genome has developed
SECOND GENOME a sensitive, flexible and robust platform
for the identification of
microbiome-based signatures
for the rapid identification
of microbial gut health biomarkers.”

DNA microarray that can identify,
within hours,
over 50,000 different microbes

“

LBL’s Gary Andersen
and his PhyloChip

UClIrvine




From Vials of Blood for a Few Variables

to Thousands of Proteins from a Single Drop
—

Somalogic

/7
3 ' &€ 5

| LOC ‘i(_‘;

UClrvine www.somalogic.com/



Integrative Personal Omics Profiling:

1000x More Data Than | Have Been Taking

Cell 148, 1293-1307, March 16, 2012

SAMPLE TYPE METHOD

ANALYSES

Whaole Genome
Saquenacing

Variant Calling / Phasing

Whole Transcriptome
PBMC [ Sequencing
(MEMNA and miRMNA)

Heteroallelic & Variant
Exprassion

RMNA-Editing

Quantitative Diffarantial
Expression & Dynamics

Prateome Profiling

Varant Canfirmmalion in
FMNA and FProtein

Untargeted Proteome
Profiling

Cluantitative Differential
Expression & Dynamics

Targeted Proteome
Profiling (Cytokines)

= Quantitative Expression

Serum Metabolome Profiling

i Dynamics

AutoAntibodyome
Profiling

—>| Differential Reactivity

|

}

| S S |
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Medical f Lab Tests

Glucose, Hhale, CRP,
Telomere Length

Michael Snyder,
Chair of Genomics
Stanford Univ.

Genome 140x
Coverage

Blood Tests 20
Times in 14 Months

— tracked nearly
20,000 distinct
transcripts coding
for 12,000 genes

— measured the
relative levels of
more than 6,000
proteins and 1,000
metabolites in
Snyder's blood




Publically Sharing Your Genome and Medical Records:

Is it Crazy or the Future?

World DNA Day: April 25, 2012

GET=-
CONFERENCE

| Have Been Accepted by PGP and Spoke at GET 2012

Personal Genome Project

Posted 06.01.02 | NOVA scienceNOW

The Personal Genome Project, spearheaded by George Church of
Harvard's Center for Computational Genetics, aims to recruit 100,000

people willing to offer up their DNA and personal life histories. It's all in an
effort to further knowledge of human genetics and why we get—or don't

LICSD get—diseases.

UClIrvine
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