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Moore's Law
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DNA Sequencing Cost: the National Human Genome Research Institute
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Holy Grail of Genetics: 1IBIZF D FTABD H1Z
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Genome/Network/Systems Biology/Medicine
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CBIF < (19818 ~) ORIl B 1H,

9 FEH (Molecular Computing)

2F 525 (Molecular Recognition)

S FHEERTE EEHT (Molecular Structure)
ERIZEITHT— 2L QSAR, ...
SFEMRIZE T HRBEL R BN
(Bioinformatics and Bio Computing)

7/ LD AFERBT—2 DR

(Genome Wide Experimental Data Analyses)

EELHRESEHEIIED AT L (Information and Computing
Infrastructure for Drug Design and Toxicology)

EIEAN=X LEHBETIL
(Disease Mechanism and Control Model)
Marginal Area: Mathematical Modeling & Simulation

Z Ot FHLL BT (New Emerging Technology)
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Pathway/Network to Disease & Drug Discovery

Genome-Omics-Pathway/Network
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Figure 1. Drug therapy targets. There are 417 receptors,
enzymes, ion channels, and other targets in the human body
for which the pharmaceutical industry has produced mole-
cules that alleviate disease.

J. Drews, Genomic sciences and the
medicine of tomorrow, Nature

Biotechnology, 14, 1516 — 1518, 1996.

B Rhodopsin-like GPCRs

L1 Nuclear receptors

[ Ligand-gated ion channels

B Voltage-gated ion channels

B Penicillin-binding protein

B Myeloperoxidase-like

3 Sodium: neurotransmitter symporter family
£ Type I DNA topoisomerase

B Fibronectin type lll

B Cytochrome P450

Copyright © 2006 Nature Publishing Group
Nature Reviews | Drug Discovery

Overington et al. Nature Reviews Drug Discovery 5: 993-996, 2006
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M. C. Fishman and J. A. Porter, A new grammar for drug discovery, Nature, 437: 491-493, 2005
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7/ LBERICE>THIRIE S New Chemical Entity (NCE),
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Development of New FDA-Approved (CLIA) Diagnostic
Protein Tests in Plasma Declined for the Last Decade
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l. Khahné, Drug diScovery In pharmaceutical industry: productivity
challenges and trends, Drug Discovery Today, 17(19/20): 1088-1072, 2012.
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Pre-competitive Research Collaboration
Open Innovation
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CBI Work Plaza mv 5 CADU Platform ~

Computer-Aided Drug Discovery, Development, and Usage
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Collaboration with Drug Companies

Sample
Problem
Collection

Course and
Exercise —_—
Design

Drug Targets
(Protein)

Interactive User
Interface

On-site or remote users

Computational Environment

Integration by Visualization Tool

Modeling —

!

Surveying Software
Docking Studies
Virtual Screening
De Novo Design

Surveying
Chemical

—

Databases

Public Databases on the Internet

PDB, JAN. ---.ZINC, PubChem,---

Computational Servers

High Performance

(Cluster Machines)

Image of the Workbench for Drug Discovery in Academia

[LEXRFHEEDFHAREE. EB8HE (2006-2007)
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Translational Research ~MD{AR&|D<Y)

NIH Roadmap “from bench to bedside”; E. A. Zerhouni

NCATS(the National Center for Advancing Translational
Sciences): F. Collins

ECIZIMI ( the Innovative Medicine Initiative ) 2% 3L
Public—private partnerships (PPP)

Pre—competitive Research Collaboration

Consortia: K= Academia, Sl3E & 2175 & Industry, [E D
275 #4 B8 National Institutes

Open Innovation




Pre-competitive Research Collaboration, Open Innovation3Z #k

H. W. Chesborough, Open Innovation: the New Imperative for Creating and Profiting from Technology 1-272 (Harvard
Business School, Boston, Masschusetts, 2003).

D.Tapscott, & A. D. Williams, Wikinomics: How Mass Collaboration Changes Everything 1-320 (Portfolio, New York, 2006).
B. Munos, Can open—source R&D reinvigorate drug research? Nature Rev. Drug Discov. 5, 723729 (2006).

L. Huston, & N. Sakkab, Connect and Develop: Inside Procter & Gamble’s new model for innovation. Harv. Bus. Rev. 84,
58-66 (2006)

O. Alexy, et al. Does IP strategy have to cripple open innovation?” MIT Sloane Management Rev. 51, 73—77 (2009).
Anonymous, Harnessing open innovation, 8: 344-345, 2009.

Cathy J. Tralau—Stewart et al., Drug discovery: new models for industry—academic partnerships, Drug Discovery Today,
14(1-2): 95-101, 20009.

M. R. Barnes, et al. Lowering industry firewalls: pre—competitive informatics initiatives in drug discovery. Nature Rev.
Drug Discov. 8, 701-708 (2009).

Paul Branthwaite, The shrinking of the knowledge base — what is the impact of this on the speed and security of drug
development? , Drug Discovery Today, 15(1-2): 1-2, 2010

Christopher J. Barden and Donald F. Weaver, The rise of micropharma, Drug Discovery Today, 15(3—-4): 84-87, 2010

Jackie Hunter, Susie Stephens, Is open innovation the way forward for big pharma?, Nature Rev. Drug Discov. 9: 87-88.
2010.

Steven M. Paul et al., How to improve R&D productivity: the pharmaceutical industry’s grand challenge, Nature Rev.
Drug Discov. 9, 203—-214 (2010).

S. Ekins, A. Williams, Precompetitive preclinical ADME/Tox data: set it free on the web to facilitate computational
model building and assist drug development, Lab Chip, 10: 13 — 22, 2010.
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l— GWAS: Genome Wide Association Study ﬁ
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Protein-Protein Immune Response Immune
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Biomarker ¥ 7% Rational Diagnosis
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All medicine i1s control theory!

« 19725 R. BellmanDKBFEETNDEE
« Dynamic Programming 1895 EEDHFEE

e Control Theory = #|{tl T=
IOV OREEROT YD ZERBHIEGE
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P4/P5 Medicine &% ?

Predictive =+ FAIH]
Preventive = ** T[T
Personalized = =+ {& Rl #4
Participatory === ShiN#

Additional P: Political, Psycho—Cognitive,

Proactive,...

Q. Tian and P & L. Hood, Systems cancer medicine: towards
realization of predictive, preventive, personalized and participatory
(P4) medicine, Journal of Internal Medicine, 271: 111-121, 2012.

J. Bousquetet al., Systems medicine and integrated care to combat
chronic noncommunicable diseases, Genome Medicine 2011, 3:43.

EUD4FERDOERTT 27 b p-medicine (p-medicine.ew/)




(&

All

% & Personalized Medicine

7/ L (BES) DEANZEIL. T8 T, 1000-200077 15 £ *
Incidental Findings: Z2E 5} (FR B BISL) OFERICESI®NT S
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EROEANZE: /L Genome x IB1E Environment = 454 Trait

-5/ LDELY: SNPs, CNV, ..., Common Disease® R EE{rF ?
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-BEOES, £EKRLIRERFELS
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- WIS D EANE PGxX (Pharmacogenomics)

US 2006, Genomics and Personalized Medicine Act (B. Obama)
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Participatory Medicine

ZRMEESEHICIERFA A DS

HERE MO FEAETE A
HEEREOEREHAENVELLS
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“Participatory Research” ML=
“Participatory Health Care” D#L =

“Patient-Centered Qutcome Research” D HE =
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earning & Teaching

New Presentation Style

4 Library & Teaching Materials

Large screenin a
Languages class room.
Sciences, |
Arts _
Musics
A |
: Learning
down up What you see is
streaming streaming S what | see!
4

Smartphones, tablet PCs, and the Internet or the cloud computing will
give us various learning and teaching opportunities.




Case Study: ICSC (International Chemical Safety Cards
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IPCS: International Program for Chemical Safety
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Knowledge Editor for Clouds

PubMed

Google Scholar

Knowledge
Streaming to
SP/Tablet

v

Tablet
PC

Knowledge
streaming by
PCllaptop

DropBox, Sooner Workplace,
SugerSync, iStorage, iCloud

Private

»
Y

L4
...
L]
../

Community

Knowledge editing by tablet PCs

Right now there is a good software for
reading such as GoodReader but no

powerful software for editing for what
you have read, nor up loading software
P for what you have edited.
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Wearable/Wireless Sensors

Annalisa Bonfiglio, Danilo De Rossi, Wearable Monitoring System,
Springer,2010.

Larry Smarr, Quantifying your body: A how—to guide from a systems
biology perspective, Biotechnology, Journal, 7, 980-991, 2012.

EKIBER . AE. KB KR. IME. A DER, - ~60IEE
Nutrition: Fitbit, Calorie Counter, USDA Nutrition database ,
Exercise : Omron, Fitbit 3D accelerometer, BodyMedia

Sleep: Zeo, Lark, Fitbit, BodyMedia

Stress: Meditation Oasis Apps, StressEraser,
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BAN:Body Area Network
Wearable/Wireless Bio Sensors

Smart
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Fig. 1. A system diagram for the proposed HealthKiosk system. where (1)
biomedical sensors send the sensor readings to the sensor proxy. (2) the sensor
readings are processed and sent to the kiosk via Ethernet. (3) and (4) the data
are further analyzed by the back end server, and (5) the treatment suggests
are sent to the sensor proxy.

i R
" Device

Process Services

Micro-Process Engine
management

service ) H

Maonitoring Internal Event Pub/Sub Engine

Configuration @ ) I:[
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A functional design architecture for the sensor proxy.

™
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J

Workshop on M2MCN,: 241-246, 2011.

0050C406/$File/rc25096.pdf)

Experiment in Beijin (At3®) by IBM Research-China: C. H. Liu et al., Health Kiosk: A
Family-Based Connected Healthcare System for Long-Term Monitoring, IEEE 2011

(http://domino.research.ibm.com/library/cyberdig.nsf/papers/A8960961E265203C85257826
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Research. Food, Nutrition, Physical Activity, and the Prevention
of Cancer: a Global Perspective. AICR, Washington DC , 2007.
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Rank |Drug Name Primary Use
Lipitor Cholesterol
Plavix Heart disease

| Nexium Heartburn/GERD
Abilify Depression/ Bipolar

| disorder/ Schizophrenia
Advair Diskus Asthma
Seroquel Depression/ Bipolar

disorder/ Schizophrenia

Singulair Asthma
Crestor Cholesterol

| Cymbalta Depression/ Anxiety
Humira Rheumatoid arthritis

BH&<{FENTLVAE: Top 10 Drug Company SettlementsdkY

http://articles.mercola.com/sites/articles/archive/2012/10/04/10-drug-company-settlements.aspx
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H4E3. Do It Yourself
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» Calorie Restriction Society

- BREBAKS Five a day

 Women's Health Initiative Investigators
» National Osteoporosis Foundation

- FHOTEE, BigE, SICRIZTITHEIR

M. Swan, Emerging Patient—Driven Health Care Models: As Examination

of Health Social Networks: International Journal of Environmental
Research and Public Health, 6: 492-525, 2009.

* Larry Smarr, Quantifying your body: A how—to guide from a systems
biology perspective, Biotechnology, Journal, 7, 980—-991, 2012,
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Eric Topol D TEDDFEE Y k: The wireless future of
medicine (http://www.youtube.com/watch?v=pTZM9X3JfTk)
HI11 Cloud Site (http://join-ica.org/hiipub/project/cloud.html) H 55| H
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Alzheimer’s
Asthma
Breast Cancer
COPD
Depression
Diabetes
Heart Failure
Hypertension
Obesity

Sleep Disorder

oM

23M

3M

10M

21M

24M

oM

74M

80M

40M

BREERE
Vital Signs, location, activity, balance
RR, FEV1, Air quality, oximetry, pollen count
Ultrasound self-exam — Web
RR, FEV1, Air quality, oximetry
Med Compliance, Activity, Communication
Glucose
Cardiac Pressure, weight, BP, fluid status
Continuous BP, Med compliance
Smart scale, Glucose, Calorie infout, Activity

Sleep phases, quality, apnea, vital signs

COPD : Chronic Obstructive Pulmonary Disorder {& 1 ZE 4 & E

RR: respiratory rate
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L. R. Lapierre, M. Hansen Lessons from C. elegans: signaling pathways for
longevity, Tends in Endocrinology and Metabolism, 23(12): 637-644,2012

Figure 1. Overview of insulin/IGF-1 and TOR signaling in Caenorhabditis elegans aging.
(@) In daf-2/InR insulin-receptor mutants, insulin-like peptides (e.g., INS-7) secreted
from neurons reach intestinal cells and trigger the canonical insulin-signaling pathway,
which prevents DAF-16/FOXO from entering the nucleus. Other mechanisms of DAF-
16/FOXO regulation include ubiquitination (RLE-1/E3 ligase) and arginine methylation
(PMRT-1/methylase). Nuclear-localized DAF-16/FOXO activity is enhanced by the action
of SMK-1/SMEK and HSF-1, and is inhibited by HCF-1. The transcription factor SKN-
1/Nrf is also required for longevity in daf-2/InR mutants. Collectively, these factors
transcriptionally regulate multiple output processes as noted. Autophagy is another
cellular process required for daf-2/InR mutants to live long. It is not yet known whether
autophagy is a transcriptionally regulated process in daf-2/InR mutants. (b) TOR
responds to nutrients and functions in two different complexes, TORC1 and TORC2. By
analogy with mammalian studies, TORC1 is thought to interact with DAF-15/Raptor as
well as Rag GTPases such as RAGA-1, RAGC-1, and RHEB-1/Rheb. TORC1 and TORC2
specifically impair the activity of DAF-16/FOXO and SKN-1/Nrf, whereas it is not yet
clear which of the two TOR complexes regulates PHA-4/FOXA (indicated by broken
lines). By using these transcription factors, TOR inhibits the expression of at least
particular lipolysis-, autophagy-, and detoxification-associated genes. Listed as a
cytoplasmic process, TOR signaling probably also modulates aging through a general
suppression of translation. Although the intestine has been linked to the longevity
mediated by TORC1, the specific tissue requirements for TOR-dependent effects on
aging have not yet been systematically investigated. Factors with longevity-promoting
effects are in green and those with lifespan-limiting effects are in red. Transcription
factors are in boxes. See text for details.
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R. Tacutu et al., Molecular links between cellular senescence, longevity and
age-related diseases - a systems biology perspective, AGING, 3(12), 2011.
Figure 2. MicroRNA-regulated cellular senescence PPI network. Genes are
depicted as red circles and miRNAs as green squares



L. R. Lapierre, M. Hansen Lessons from C. elegans: signaling pathways for
longevity, Tends in Endocrinology and Metabolism, 23(12): 637-644, 2012

Figure 2. Overview of germline signaling in Caenorhabditis elegans aging.
Lifespan extension via germline removal, for example by mutation of glp-
1/Notch, depends on at least four signaling mechanisms: reduced TOR
signaling (likely to regulate autophagy), DAF-16/FOXO regulation, increased
steroid signaling via the DAF-36/DAF-9/DAF-12 pathway (which regulates
various genes), and increased NHR-80/HNF-4 signaling (which enhances
fatty-acid desaturation). Of these mechanisms, the most-studied
mechanism is DAF-16/FOXO regulation. Germline-less animals require
specific cofactors (not required in daf-2/InR mutants) for activation of DAF-
16/FOXO0 in the nucleus of intestinal cells. DAF-12/FXR, TCER-1/TCERG1,
KRI-1/KRIT-1, and PHI-62 all function specifically in germline-less animals,
whereas DAF-18/PTEN, SMK-1/SMEK, and HSF-1 are common between the
insulin/IGF-1 and germline signaling pathways. Cell-nonautonomous
regulation of DAF-16/FOXO is also mediated through a microRNA, mir-71,
which is produced in neurons. Factors with longevity-promoting effects are
in green and those with lifespan-limiting effects are in red. TOR effects are
listed in grey to indicate that these links are presently inferred.
Transcription factors are in boxes.
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HII Cloud F3 (http://join-ica.org/hiipub/project/cloud.html)

Eric Topol, The Creative Destruction of Medicine, Basic Books,
2012

L. Hood, R. Balling and C. Auffray, Revolutionizing medicine in
the 21st century through systems approaches, Biotechnol. J. 7,
992—-1001, 2012,

M. Swan, Emerging Patient-Driven Health Care Models: As
Examination of Health Social Networks: International Journal of
Environmental Research and Public Health, 6: 492-525, 2009.

M. Swan, Scaling crowdsourced health studies: the emergence of

a new form of contract research organization, Personalized
Medicine, 9(2): 223-234, 2012.

Larry Smarr, Quantifying your body: A how-to guide from a
systems biology perspective, Biotechnology, Journal, 7, 980—991,
2012,
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= Allan M. Jordan and Stephen D. Roughly, Drug discovery chemistry: a
primer for the non—specialist Drug Discovery Today, Volume 14 (Issues 15—

16): 731-744, 2009.
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