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- KEIQOtL>FR~JLEHE (2008, HHS, FDA, 1EAT—%) D
AN (10K

- EFIRERER.

AAN—2R

7o AL BHERGE) 1FHR

—~NDB (23 FILT—3~R—X)
- LT F2009EF ~) - 4 EM#EZ (2008~ )iEHR
- L7 MEHR (8OEHLLE. 70005 4
— National Clinical Database : fE#llT—% X—X (EEH
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- Population medicine®/\5 % A LExit
— <One size fits for all>D EEILH (X1 Y ILT=7E 0
— Personalized (Precision) medicine
- BAIMEEEREZERTE5-OIC<BRME/A2—2>%&H 5,
- ECETORETEIEINEEND, TDE=HIZEY T T—2UNE
- Clinical research® /N5 & 4 LEih
~ BEERMEZRZIZT SWHEDEHRRCT
— RCTOWBLED b D E X
— THEXR] #ar - TR #HMETFE TG VERRIFRESE
— Real World Data: E v ¥ 7—42 #1:8 %5 (BD2K)
- Occasional Creactive i [E &
— Life-long healthcare M Rt 5 Proactive T Life-long%i [E &
— A2V ANAF I —H TERBRREF TODBEIEZaF M2
— Pre-diseaselR[& =z R > EHIERE~AD L T k
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Wisconsin K &%
- RETEHADEEGEEREDZH
Vanderbilt X 2 f®[PREDICTET &
- ERRKBBROZEM
Mayo ClinicQEgK7 / LY —r 2R
- AABLUVIERICHRLECHRERIZER
- 10 A4/ LDB
T, BRIZHDELDIZZHDRAERE
DFEHREEREROMEZEHNELT
MET—FINR—X
« Mofit Cancer Center (Oracle HRI )
- BlEES L REROD Y

NHGRI Working Group® ') X k

Major Projects Major Projects

MC Wisconsin Using whole genome sequencing to establish diagnosis in patients Alabama Planning stages for projects in risk assessment, pharmacogenetic

with currently undi d genetic disord analysis, identification of families for further research

Mount Sinal . OYP2C19 ina f platel Baylor Whole exome and whole genome sequencing in Mendelian

u ¢ Festmg for antiplatelet rx post percutaneous coronary disorders tolmprove dlagnasis .
intervention * Selection for gastric bypass surgery vs other wt loss means based
* Personalized decision support for CVD risk management on genetic variants predictive of long-term benefit from surgery
incorporating genetic risk info * 1L28B variants and response to hepatitis C treatment
Northwestern Using pharmacogenomics evidence (from GWA genotyping) to guide ; * KRAS and BRAF mutational analysis in thyroid cancer patients
prescriptions in primary care and assess risk for other conditions Ohio State * Personalized geno‘rmc med study of CHF and HTN pts randomized
such as HFE/hemochromatosis to genetic counseling ys usual care
— = = * CYP2C19 testing in inter i cardi for

Cleveland Clinic | Tumor-based screening for Lynch syndrome, endometrial cancer el

ucsb * Screening for actionable mutations in malignant gliomas and Harvard Whole genome sequencing with integration in EMR and CDS; pilot of
glioblastomas for biomarker based RCTs 3 patients to start

* Targeted rx (such as RET inhibitor) of metastatic solid tumors UPenn ing for of Ml risk in ive C
based on tumor mutation status program
Moreh = . 1200 AT Amen St. Jude’s Pre-emptive PGx genotyping in children
Qrehose E!‘.?m.@ set’uencmg a P llﬂ?rw onslet Severe Airican American Vanderbilt Pre-emptive PGx genotyping for clopidogrel, warfarin, or high-dose
ypertension cases an controls ! ;

Duke * Computer-based family hx collection and CDS tool with 1-yr follow- U Maryland Develop and apply evidence-based gene/drug guidelines that allow
up for perceptions, attitudes, behaviors related to thrombosis and clinicians to translate genetic test results into actionable medication
breast, ovarian, and colon cancer prescribing decisions

Mayo * PGx driven selection/dosing of antidepressants

* SLCO1B1°*5 genotyping and statin adherence
* Effect of genetic risk info on anxiety and adherence in T2DM

* CYP2C19 ing for x post PCI

Tumor-based screening for Lynch syndrome
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Next Generation Sequencer® &5

2004 454 Life Science (Roche)

2005 Solex GA (lllumina)

2007 Solid (Applied Biosicience:Thermo)

2010

2013
GIEES

2015

Wisconsin/f E B ZEEWES “ : »
B ERWES DA DI XIAPOEEEE - BEREIE 3 Rpar in jche world
Wisconsin K565z Vanderbilt preemptive PGx Wisconsin
— test (PREDICT) Btk
Fe- 3 =
= 1 # BaylorEf# K%
" Mayo Clinic
Early adopter £A Vanderbilt K2 %5 &
Y
5 ) LEEROERNRES NIH “BigData to Knowledge” §tE (2012/13)

NIH BD2K initiative B#&
&£8By /L) —T L

% 2 H#A

4

AT KEEE SHEHBE

Precision Medicine initiative

BURD R

ACGM incidental finding list 56 genes (2013)
NACHGR report “Future is here” (2013)
CPIC guideline, EGAPP guideline 2013.14

E R EZR - Consortium Hf

NIH “BD2K COE in Data Science”, DDI (2014)
ASCO “CancerLinQ”, Cancer Common
1 M genomic cohort “Precision oncology”
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Nic Volker

XIAP(XEEHT7 R b— XBEEZ VNV EER

ZE  TGT(cysteine)—TAT(tyrosine) (203 H)
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LY 23020 a3aoNnNIreFUNRUO—RNEET
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Clinical Sequencing

Wisconsin /MNRJERE (£K44G1) 20094, 3FDEBEF,
2N L [REAFRBHDZEE T, BOW-5E ZAITEBNRE,
JO—UmMNhEEESH, v O— /I"@EE*E@E‘(K?”’E&L

2R T130EI DN EIRIUIBRFM 1T ONBERE —
1BUIRT, CHLLETSEENL Ao T2(A. Mayer) et
Nlcd)éIjF‘J L DES RS — OIz*j',iEE :

Medical College of
Wisconsin, Human &
Molecular Genetics

ERNI & 5 BEBEE R (2010568 Garter. Do
2010 7A$LIZF. BENENS EZTIZEIEL -, (smagloirr}p\igrg |
Biild, ZBEDOBFLEDLMBRUEFEZE > TS, B e
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» (Genome sequencing program
— NicEIZ#EWLT (BE3AF T64I) Wisconsin
— {E##:ER (nomination) o
— Mu|t|d|sc|p||nary %%%*R?EE\K-G L t‘\:L— Wisconsin EEfl K2 (M)
— B8N T ERA LV READ R VT [ s

C B ) LY—HURTOT S LIZEE el |
— 32&5/ 1550 BT XY —L Qi554A%ET) in e
— 7 XA hREEFEE (CAP)H L UClinical Laboratory
Improvement Amendments (Z
& > THEFEB I 1zLabo(CLIA). #IL5E, Froedtert 50k
— f#47 : in-house®Bioinformatician T
- =), B E LI-EEIZDOVTHR
- D&(Zincidental findingtH 2H THE
- ACGM#&I& (561 E1aF)
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- BaylorEF KZEfmkk
— Wisconsin[Z#E LN TERER Y/ L BRI fEAT Eewise-

— JwkE M IZWhole genome laboratory §%3I fl == 2,
(2011.0ct) Ll

—In-house T —4 UL VT EERSEDIC

~ CAP/CLIAGESI DIREZEZRIEMNICILL LTS,
% -t ). EE?IJ ﬁfF AJC
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EBI{EEREE (Individualized Medicine)

Center for Individualize Medicine (2011)% &
5D Translational Program % #£ i

EERERFY CIM clinics Z Hi3E (2012)

Translational programs  Infrastruetural programs

Phammacogenomics Biomedical Informatics
C“nlcal SequenCIng Bromarker Discovery Biobank and Biorepository
:A S
Eatibia Clinomics Biocthics
| PBEA
1’}-] ‘i__g MNA Epigenomics Medical Genome Facility
REFHEEGR ) :
CEA b N " Microbiome Information Technology
AT YA

ERABICEYT / LESBH(WGS), T+ — LEFIEHT(WES)
- 10FANEE (BERE) 07/ L-T—3~— Z#ﬁﬁ

eMERGE O v Y— 7 A o O @ e 8
. HEAD DDA N— o o gy
- phase | (2007-11)Hh >S50, , | LAy = f';m
« phase Il (2011-15)TIE [T 1~ ( g
RRBIBICH T35/ LEROESR A ST\ =
EHI ¥/ LEBS (PGx) RE (Weinshilboum) & 7 [ @
FIESH#AIZOhio k2. Vanderbilt X% CYP2C19 - (e

5/ LERBKXIE (CDS) NEFH L TEMRIZERE
« RIGHT protocol: Right Drug, Right Dose, Right Timed Using

eMERGEEtH MDD
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The right drug and the right dose,
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Pharmacogenomic Resource for
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ﬁﬁﬂid)kjiﬁ' FERFICESRT (20100 5)

I HEO Popup

Clopidogrel Poor Metabolizer Rules

o o
Genetic testing has been performed and indicates this patient may be at risk 7 n t I~ 7 I/}LMﬁ
for inadequate anti-platelet response to clopidogrel (Plavix) therapy i; jJ }l} — ‘ﬂzi
TOESHEMT

This patient has been tested for CYP2C 19 variants, and the presence of the "2/°2 genotype has identified this patient as a poor metabolizer of

clopidogrel. Poor metabolizers treated with clopidogre! at normal doses exhibit higher rates of stent thrombosis/other cardiovascular events. Fﬁ % 70 v t V) 9 X *J'L.[ﬂl*i ﬁ“

Tr is if not

© prescribe prasugrel (EFFIENT) 10mg daily and stop clopidogrel (PLAVIX) startdate, 10 AM X |\ ‘EJEJ IE qa 1,1;]- 0) 1& (\ L 7'3—

Due to increased risk of g P to should
notbe given to patients:

@ that have a history of stroke or transient ischemic attack *** Not known; please check StarPanel
® that are (reater than 75 years of age
& whose body weight is less than 60 kg

' iyiroilios o evtaatie oo SO LB AEAME L VO T (poor metabolizer)

© Maintain requested daily dose of clopidogre! (PLAVIX) 75 mg daily, startdate, 10AM mﬁh‘\;ﬁ @ -é— 6
If not using prasugrel, please select a reason: ;,Ii.é ﬁ“ *& 'ﬂ_- 0) ,;.tl_\ % (j: Z: _|_ éj\ -G % é

DEBFEOIFZE(F22)TZRT LI
(i’éﬁnn%l74 IV MNIZEZSH

Cick here for more information
T o |

should replace for poor I thi is not possible
However, there Is not a national Inthis
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"Genome and Omics Medicine

—Principles, Clinical Implementation and BigData Approach—“
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) LER (1990~%E)

[EFRI7ZR(germ-line)] 47/ LZERAD® #72f B8R i

Manolio (2009)

LR (CE S BRI ER ==
_ HBHA L =R
 2MRTHEEEELTR—99.5%EE = "
° E%Jﬁ iﬁﬁ:%(Disease causative gene) o e
 RRMEN nkagefi L
- 1980 KM D NUTF U b U RN
—~ CAGY E— F HTTEETF, 99%2BEHE
c FOMIZTTOY UXBH TR bO T 4 — Bl REE e N
- LHEF400F2EDDNAY —H b b5/ LRFEHEIA
« IR BRSP4 15 {5 F (Disease susceptibility gene) e &a

— ZEE . —IEHLZFI(SNP),30005 1,
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— 2457 LEEZH (GWAS) EEHEXEOF
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7=y RXERE (2000~)

- XM - EKRIKFENICELLT 2HEN D FIRER]
BRIMAMREYS / LEIE+5 / LUNDKREF T v I RIZE DK ER
- BB IO RTAT7AINIZK B9 FHIRER AMADBL L bf - ik

- BEXWY /) LER - BEFEEIOIFAIIL - TOTH
— LG &, REETOERBIZIKRE

« REBOETEDFE - FRIEER - £HER
— Ongoing state of disease progressionz &I

GIRIERORELZIE XL Y B < ZE1E Predictive Omics
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4 proteomics
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il """ Mo genoration

l transcriptomics sequencer
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distortion (dysregulation) of molecular network
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v AEBEDEKREZEDOIRIK

2 .

A

X

P

B FZEEDETE(undiagnosed disease)

EESNTWET /LA v AER
1.

KHDEEEEDWGS/WESIZ L 5

Wisconsin K=", Baylor K=& [5E
HEDMNADWGS/WESIZ L 5

Driver Bl FZEDREE
Mayo Clinic, MD Anderson

Zn

3. EEGEENADEFHREEEF

BRCA1/275 £ D2l

4 ER|RBIBEZEDZSEIEZI &
BFHILTADEZE (DNA7 L A1)

Vanderbilt K= J&E - Mayo Clinic

lrh-.1

HRNRBAETH D
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KEIDT /) LAy AEED
HEAE - ST{dRE #E

LI

LY —BREYZEEL-REAN IO k=
HBDRE Z R T 5 EZFKProject¥2Consortium~

H

*  NACHGR :
— National Advisory Council on Human Genome Research : NHGRIA &
—  NACHGR working group
— early adopter z RO TEADEBRZHEL., FLHTY / LEEOREZRAT S
- EGAPP:
— CDCP (Center for Disease Control and Prevention) H8%3Z(2005)
— Evaluation of Genomic Applications in Practice and Prevention
— BEFZWEOFM. BRI RO B4R M
- CPIC: E®E7/ LFHREREEI VY —2T L
— Clinical Pharmacogenomics implementation Consortium,
~ EEY/ LHERY T—% (PGRN) D # /3, PharmGKBD R 4 v 7 THERL,
— EBY5 ) LH4AF 2 X(CPIC guideline) #E&ERR. BRIKREEICIRRL. PGXEERMNA
CERIRTHAWLWLNAZEZHM
«  ACGM (American College of Medical Genetics and Genomics)
— Incidental findingD #f2E 1) X kb (56:815F)
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NIH TE v 7 T—% M oEA~] 5TE
“Big Data to Knowledge” (BD2K)initiative

- BD2K: "Big Data to Knowledge” Initiative Bfifh
- 7—% - BHREICHI HINHREEZBZEER] WG
— R =PIk DBT /L F YO REEDERIZKY., B8
RO—47 D REREFOREILIZHIE LTIHRES
- BIREBOERS 2013F(HE. HEEHEPER014EMD

- F—4HBD-HDEIRE (Associate Director of Data Sciences)
#{Ed7 Bourne, PhD.

: Francis CollinsEE# NIHE&RE TCOE L]
MEEAMRICEEZEOETEEMHZHFD. BHNIZIBEXT SEGERE
T—REFERTS
— TEYIT—2DBRKIEEIELF1 (Collins)
— NHAZDEGZEEY LTS, BRRBERBE=-T—28BEICxT S
77'|27\0)ﬁ‘°" SICEENLGREIZE-T,

* http://bd2k.nih.gov
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NIH BD2KETIE D E it
. EFIZHT BT — 2 HEOLKCOERH

— Center of Excellence in Data Science

+ Univ. Pitts: Center for causal modeling and discovery of
biomedical knowledge from big data

« UCSC: Center for big data in translational genomics
- Harvard: Patient-centered information commons

- T, OBAVETKE, 1)/ A KREGENER 32M$
- Data Scientist AMEBRHADFEIRE

T — A FH F 5| DDI (Data Discovery Index) Consortium
— Data discovery index coordination consortium (DDICC)
~ T—AR=—AHZ2OTDFHE - Pub MEDDDBhR

— UCSD: BioCADDIEZ Ry ZDDIEAFE D #EF 8 4

- BioCADDIE : Biomedical and healthCAre Data Discovery and
Indexing Ecosystem TMDU




BEE_RAT Y FeMERGE

BII5E : Nat. Center for Biomedical Computing : i2b2 X DEET—4
Phase | (2007-2011)
— BFHILTH LEERphenotypingZ 1T 5
— EMR : E&FRphenotyping & BiorepositorylZ& 2 < GWASH 7]
geH (EMR-based GWAS) FIAIZEEY HELSIAIE 1% 5T
— eMERGE-I: Mayo Clinic, Vanderbilt X%, Northwestern X
1 & 5 HeER o S
Phase Il (2011-2015) oy Nt \ T .
- BEFAILT EERFHROKEESE),
- BFOLNTADT/ LIFROKE || L U X ;".;.";:; P Gk
- POGXxDEGFRIGAICET 2R T770C LY I~ [ [77)
- #5ER[E 4t Return of Result (RoR) Wt | FL [ AEEA
- 4}‘1’ﬁnx75\eMERGE & Yinh 3 Taleghl G LIl X
IR %&R5E & Mount Sinai/Gesinger A Ly ™
CSER Consortlum & liason Hospital Medice Comer  Uniersty  Coordinating Center

“Clinical Sequencm% Exploratory Research” 2>V —v 7 L
 NHGRIIZ& Y F &1

e RMERIRZNET BT=ODES / LITX — LT
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MK 7

i2b2 (Informatics for Integrating Biology and

the Bedside)
« BMIREHoWDIFEHRZE
FiE (sub;ect) ihiE (predicate) HHIEE

(object DRYTUY b (ZD8HA
RDF : resource description framework)

TR,
© AL EOV—LDEAEDHLE TRERATEE

E9 5. BFEBERET
- Star Schema: 77— X—XXF—T N 1
D, ZTOHDIZAET 5
observation_factT— JJLIZE#HEN 5,
tranSMART - FS5 A L—23FILEY
EEMED TS5y bik—A
«  tranSMART Foundation|Z & Y) B %
ShTWEA—T>Y—R(GPL3)
Uk IoikE:

DTZv bTAH—L
- ExJ® (outcome) R EIZ & i
L. B k<, *HF‘aE]ﬁﬂﬁ DSR4
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Measurements of biomarkers such as RBM antigens, gene expressions,

antibodies and antigens in ELISA tests, and SNPs.

Clinical Data

Primary and secondary endpoints, and other measurements from the
study.

Samples and Timepoints

Tested samples (such as tissue or blood) and time periods when the
samples were taken.

Scheduled Visits

Periodic stages of the trial during which patients are seen.

Design Factors

Sample Factors

Compounds invalved in the study, dosages, and regularity with which
the compounds were administered.

Note: With clinical trials, this node is typically named Treatment
Groups.

Patient information, such as demographics and medical history.
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Biobank® H #4

|diosyncratic Effect of Combination of GxE factors

ECHERE

CIREDHEEEH
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- NTADBEN, BRALHEBHNASE

- AMVRIDFEHETIEIELY, Idiosyncratic Effect

CYP1A2 Phenotype CYP1A2 Phenotype
=Median >Median
Likes Likes Likes Likes
rare/medium [ well-done | rare/medium | well done
meat meat meat meat
Wi i | 1.9 0.9 1.2
Smoker | Slow . . .
NAT2
e 09 | 08| 08 | 1.3
Ever- | " | 0.9 1.3 0.6
Smoker | Slow . . .
NAT2
d 1.2 | 1.3 [
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E L. Le Marchand, JH. Hankin, LR. Wilkens, et alCombined Effects of Well-done Red Meat,
i Smoking, and Rapid N-Acetyltransferase 2 and CYP1A2 Phenotypes in Increasing
i Colorectal Cancer Risk, Cancer Epidemiol. Biomarkers Prev 2001;10:1259-1266
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life-long healthcare
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— Quantified Self (mHealth)
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IPOP (integrated Personal Omics Profiling)

Personal “Omics” Profiling (POP)
/ Genome and \
Transcriptome

Epigenome
— (MRNA, miRNA, isoforms, edits)™

I Proteome Personal
. —  Omics
T Cytokines Profile

Metabolome 7
Q Autoantibody-ome /
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RSV Infection |
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Integrated Omics clustering
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Proteome RSV Infection — Healthy:
Metabolome Integrated omics

Full Reactome (FI) known pathway map
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Dynamic expression pattern observed in:
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Example pathway:
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Lysosome
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Predictive Omics Biomarker

B HREZ (Liquid Biopsy)

microRNA, T &Y Y — LWHE

— #ABASFRNA (exRNA)
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Glioblastoma miR-21

Saliva Glioblastoma miR-21, miR-10b

Oral cancer miR-ZOOa, miR-125a
Tongue cancer MiR-184a

miR-25, miR-223

miR-21, miR-17-3p, miR-155
Breast cancer miR-195

Lung cancer

Serum/

Plasma
Liver cancer miR-500

W Ve Colorectal cancer miR-17-3p, miR-92
W Spinal fluid {1 Ovarian cancer miR-141, miR-200
1 " Prostate cancer miR-141
Bladder cancer miR-126, miR-182
R~ | AML miR-98
Circulating microRNA in body fluid: a new potential DLBCL miR_21

biomarker for cancer diagnosis and prognosis

J
M Urine

Kosaka,et al Cancer Sci. 101, 2087-2092,2010, Ochiai Mod.
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ObamaX#fisE &
Precision Medicine Initiative
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medicine) DA
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Precision Medicine & Personalized
MedicinelZ & 53& 5 H
#2458 . 9 TIZPrecision medic ine [£2010FFE N H{FEHN TL V-

“Towards Precision Medicine” (US Nat. Research Council,2011)
RN SEREBRRDNSY /L F IV REENDNE~ADEE

M'S . AKX, Personalized Medicine D= & T4 5 £ VA,
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(3) %7/ LakR— b - BiobankDELR
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* Precision Medicine®)

15 }“'JIHI:. ERE = &%

fizRe& LTD

%Fﬁ"

1:15
2

— F5HiRYEREE  Precision Oncology

~ RHARIEERE 100BA ANa7~— MR

ES=8-

_fig

 Precision Medicine® =17 A3%I(Z ’JL\’CIEI:
Al £ B RTUVELY, CollinsONEJMERX %,

_NZEHETIT S

TMDU



& 5l 1k E B D R

- ERE - B FEREIE
- &E (BA) ZRFEETERL
— INAFT—H (5FZEE genomic biomarker)

—  E AR Z0ncogene addiction - e
C VATLAFEFMEBREMAN BFURATL) Do o=
— [AAFNRRD A DERTHS] D @ |—
— Pathway Addiction ? |
— Panomics& U BERENNRAVD I A BRERE QRONRORIS
------ e o S e e
, Panomics KEAIVHZRTRIT74N | 1. EBAIYHRTATIADS
! T l - BERENSFRYMI—I(EIEER)D
: PNFEET /) LB l '@é’;‘ R A BHEHEI—H : e Ay 5 ﬁij ( "
: BNERY FI—HlEE | e : Dysregulated pathway/subnetwork @ [&] 7€
Y — '“‘l‘““ TTTTTT S T 20 oA sy RICE AR MRE OB
VAN N &
ol [ ®amz | 2| & BEFRRIOT7L BEAICEBHFRIT—
2 == ki HDORE (80%)
g Egﬁ;ﬁﬂg;@ Fo—2 p Rtk —roow iﬁfz«;«iilgvﬂ
= ABER b4 JUBIETOTA—L  KROTA A T—
- g 3 USRI DB
5 INA) A BB ERETE Bil|
A B

TMDU



DFLRY FID—OEEERTE

HMRERHATFry FO—UHE
fBADpanomics1BIF2 1 Tlak v kT—S @EETE 4Ly differential branches #5R AurkBZERE LI-NW
BRERBRE L AHETEIET 5. BIUEFRRS Y HR

EmELRY NO—ORIEAER
HREREE KSR IR R CATRERE
NE T FEMTZEZ T =405

— FPEREIIFE200 vs. TR REE204

MRaEESFRY FO—#HTE
differential branches &5 %D BEF M

@D */CWV ( - )
@ AURKB BIRC5 !
: .y p
/
BUB1B \ / 3

. o AL .
B o
ZRMRBESK It °
— saFamcpan ¥ 3 J—
— WELE W o | FRREE
- BRENIPPI& Y i:: FRIABEH
¥ S+ p < 0.001
g i T T I I I T

0 500 1000 1500 2000 2500 3000

ik B &




MRS FRY T —29 DI

il - FA - fir(i'd"\f DFLRY b

T—IDIBELTBTHD (KR DEE)
MRS Fr+y b7 —2 (CMN) DIKER
HRELFrRY FJD—0 DO EEE

O— bk éhfiﬁﬂ’]/lﬁlmﬂ’]f%é

CMNODH T EMBEERFNERL T LML,
%HH’@F"%J:U&,_\LJ: S2TELS

.l_sb 'J'C.'
'l_.\ i

(X477 L2

Genome

—0—0-0-8-9000 0

uniquely
encodes

Gene network
(GRN)

constraints

expression pattern

|

expression

Gene expression
pattern =network state
S(t,) = [ X Xo Xsy Xos Xau Xg1 X5, X, Xo ]

gene
expression

gene

Hung S. Bioessay 34(2011)

&

of

p

\ dynami

A|:, 'J.D
'L;\ i

]

Developmental
potential

Epigenetic
status

Totipotent Global DNA demethylation
Zygote Only active X chromosomes;

S Global repression of differentiation
Pluripotent

genes by Polycomb proteins;

ICMIES cells, EG cells, Promoter hypomethylation

EC cells, mGS cells
iPS cells X inactivatiol

Rp flneag speci ﬁ

Multipotent by Polycomb proteil
Aduit stem cells Promote nypermethylat 0
(partially N
reprogrammed cells?):||[RS X = T X ina

i AN il ¢ Derapr
Unipotent il p 4 ,«'!L‘.‘“ N » J Polycom
Differentiated cell 1 T ll i f . gl lineage
types It N Huhdh! MEIEIIIET Promoter hypermet thyl lon

states

netwo
|

State space (2D)

all possible gene expression patterns S
projected to a YX plane -
the distance reflects similarity of patterns

= S(0)=

/ all genes

" e v st

@/ /- maximally
FE= expressed

EZ X7 cvcs amms pamy

A

- <~ State space coordinate (projection)
$(=1[0,0,00,0,00,0,0]

TMDU



I+ R EZEEREL(EMT)

- Epitherial-mesenchymal transition (EMT)

* non-motile, polarized epithelial cells, embedded via cell-cell junctions,
dissolve their cell-cell junctions and convert into individual, non-
polarized, motile and invasive mesenchymal cells

- EMTIZEYICEH>THEELRARR
— Gastrulation ([RiZMaA) . FIERRL E
- EMT &, fil@DFXY NDO—OFKBEOKEHEL

Normal epithelium Dysplasia/adenoma Carcinoma in situ

C Basement membrane

Extravasation Intravasation

e

= = — Lymph/blood
Epithelial cell @ O = -

B —

qndomeﬁal
© ©-" @

<= o/5>

(@ Mesenchymal cell

v

[MDU

Thiery JP. Nat Rev Cancer (2002)



WA DR R
il FRy FO—Y EROKEZESRE

A F v D — 4K HE (CMNIK B8 Z2R8)
— MRS FRYRT =L O DR EREEED

- RRTERIGMBEEICE Y B0 EO T ER) . MR
ROKT S h e BCMNZEE D TE &/ L (7o vL)

[7ES02—KRE] CholdZaEMFREMN M MEETHS
« EMT (LR -fB1EE5%%) Epthelial-mesenchymal Transition
— MR FRINT—ODEREEBRINEERTEHENEBIT
- ERVNIT—VREDEBRTHLAIN LI HHERFE 1ENZD
NADERFE L (X TBERTS
- BEMBEARTELL(T/LAREN) . EEZHZS-OIZE
T/ LDALREENBETHD,

Epigenetic Barrier

Waddington Epigenetic Landscape
CMN-state space

basin basin
' RS TR
R 7
v b D— R ix A

TMDU



EMT®DE

B e dn e s

‘fEHH’FJ* Y I~ '7 7 WFEﬁ@EE;_._‘

Epithelial /'
cells oA

Experimental data
(Takahashiet al. 2010)

= fJWaddington
IEYS / LR TOENH

Mesenchymal
h cells

v

@ tho
ihe
=3 — .
EMT transition l
T 7 c16h
16h"
[s3
o [«3
o gh ©h b )
> ‘6h o42h
16h . H
o

o Oh

oOh,o-Oh.

Epithelial cells
o 24h

Mesenchymal cells

©60h gon 60n

o

,24n

2an  c42h
042h

il

Article

Network biology approach to
epithelial-mesenchymal transition in cancer
metastasis: three stage theory

Hiroshi Tanaka2"* and Soichi Ogishima""

! Department of Bioinformatics, Medical Research Institute, Tokyo Medical and Dental University, Tokyo, Japan

2 Department of Bioclinical Informatics, Tohoku Medical Megabank Organization, Tohoku University, Sendai, Japan
d equally to this work

hi Tanaka, E-mail: tanaka@bioinfo.tmd.ac.jp

Tanaka H, et al.,J. molecular cell biology 2015

s f R L R #IAOEMTOqWEL

(T—4% |£Takahashi )

\\//
\v
|
i
8h
Epithelial Mesenchymal
cells 1%“ 16h¥ gop, cells




SHIEREBEDHD

Precision Medicine & (X
NFIOARTLEFED_LETHAS
BB AT AT~

BT & &
CNV “TOF MS

Uy
» P X N
oo%‘!"‘v“’“’ el
= — [ ens AKX P~ o ®
—_ u " Py -
o * L ':: .0 0»‘ ,_IQ 3 g.‘o
7 =) === . s ;;ILA i Y N
- = O =« 1 PO > ;Q:.. :0
‘ %S INIASYITR [ I ¥ e A
| S— 1 | R X TR - o=
| = ~
= n=6 0-6’00.0_.00*
‘..“."' A d

pA= T gn e
DNA microarray SE,

one
dee  Esecsseve
o
(e nm
Q 3
’

SOMATOM

=N\ nT 2N
2l - 6

FERFH

00

BERENSFRY FT—9
REI A 25 HEE __ Lt




Precision medicine® &3k

Precision Medicine& [ AT LD FEFEDEEHTH S

R B FE T A

— Population®BioBank& VY ., <i:BEHIERLIRE - £ FER
(exposome)DABEVEF > Z IEFEIZEL Y AN - FIE FRIE
i FiEDAATREICE B

EBEREBE VAT LEEH

— &EHBiobank®MBigData, BENDRIAB LN FRZMEL
= e T—3~"—1 hoEBRME/ N2 — D ELEF D
BRERBEEIC L >THEINS

— PanomicsIZ &b TEBAE/ N2 —BEMDFRY FTO—7
RRE] DR

— FNIZEDW=FEFA - EFAEER

1& 5116 [

— G A S VO RIEBEEE =4 ) 0T EBRIERIZEK
HLEFERERE>DHR EFH—ERIEFHDER

TMDU



EEEYYI T—4
BIZEDINS T A LETH

~RCTH b Real World Datar~~

TMDU



%Lm% DERFH AT LOHE

FEITDHDEEREVATL]
Learning Health System/Rapid Learning

|IOM(Institute of Medicine)® L 7R—

- 2007 ICEBM/RCT (B{EA&RER) X
HDANTFTALELTRE

Digital Infrastructure for the
Learning Health System: The Best Care at Lower Cost: The Path to

Foundation for Continuous Continuously Learning Health Care in
Improvement in Health and America
Health Care

TMDU



[FEYHIEEAT L
Learning Health System

TLWEMEFRNENERREERICIHESNDSGFE TITE

fRIRT — 2 ZAVWTEEREZRR LGN EREZNRE
* |IOM “Clinical Data as a Basic Staple of Health Learning”
c EERVATLDOTOZI)LE (ITE) XARDIERITH S

W—FUOEERSSNEHON-T—4 (RABER

MFEEE-T) HLHSEHZZ B TH S

°Z%9€ LB T HCEICK > TEELTERV AT LT
C

* RCTIF TREEE#E| THSHD. BEOEEATLOS
TERESINTWNS, EENRENRET HIEERHAZN
KLTWLWBDH,

« RCTIXERIANEMYERTLIND

« BRGEHBOERDEENINET S




LHSHOHKFEH BioVU
) LEREBEFHILTERZAL:
Vanderbit XEREDEEER XA T4

BFHILT
Synthetic Derivative : EFhLThbERE
VANTAGE BiovU BERRBEDT—2 N—X 2305, Optout iz
INAA Y 5 ) LT —4
DNA+I#Z (17.5754%) HEFIADH e —
N F NV L BRIGFEIT
BioVU : Synthetic Derivative & E#ERI 875
Synthetic Derivative Genome DNATE#
saicnrmrEnCont [ ¢ VANTAGE Core : #1755, mii

- | A SDNAIH - &/ LRI, A F /80 B
S} 53] R—
PREDICT : BRER L NILOBIEFRITERICE Y.

. Reiearctl Derivative . EVRMERB LG EZZERTEHIRATLEZBELD
AR ERSRT LIS Y ML L TERYT S

70E RT LIV GnigH) 0EEFLEE L TABCB1,

5 | CYP2C19. & BICPONIDSE AR SN TUEA, £ FERSE |
KR A HILTHES | & LIBREREBROBE L5 1=, SDH S RBBERT |
BE = | Clopidogrel D 5EDXMRE (7 —R¥) $LVa» hO—) :

C BEEL, BUVUNGEGRREEFRET S, COEFHIZEHT S |
! r—REIE2554, MRITDiER. CYP2C19*2L- ABCB1DE 51X !
FE. PONMIIEFEEHHIBAL 1=, . TMDU



LHS MzhR & EH&

ﬁ%ﬁ*ﬁLHSOD IR 17E=>1745 A
BERDXREZ ﬂf\%)

— ’3%?0){1: KR DiEYE

— BMERADBHE

FEBFEOHLIEBEDNDREG=EELR

%%M gy FJ—9 TOERK
— Kaiser-Permanente DEE & {F - 1-

VioxxDEI{EARE (2006 AN - £7—4)

— ZMfh(=Mayo Clinic, Intermountain Health,
Duke, Cleveland CllnIC NCI caBIG (Cancer

Biomedical Informatics Grid),

TMDU



1L WERIRTARD/NT Z A L

Real World BD2K

» RFODORCTIXERDHZATIGIRE

F#EZIKJ Mo THA o=

. ?"Z?ﬁ‘

-

' :T 2 DAIEBILD [HEEHD )

» L., FAGNS T A LERET 5 F THME -
RPN R

x

[Z3fE LVReal World EE T — 42 A& A &E

DELRE ERRERYFEZTIT BioBank® FI| FHEX RS

RCT

=) BioBank — Real World
ion/di LHS

(population/disease)

TMDU



MEBERAZIVIRT—EIR—AD
EXEE

| HAEEAI VIR - F—AA—2X

(integrated Clinical Omics Database)

f&2 M K

fR¥R1ERS

FRLLEE
BFNE

s
R

RSP

HRENS T BKIFH
MET—FIN—X

PRR BRI X1
phenotyping

interpretation

DERR-ENL |

BFALT
B R - SRR TR 3R
0B

=B85/ L
EKBASYHR
1DB

ERIBEISL DY/ Lak—HL B,
LHSO <& T —FN— AWM E
Hd

1. T—4EHENIBER

BFHILTHh o ELZ IR ZFphenotyping L
TAREDRHKIC

DFIERITS / Llvariantcall, 73 v 5o R
1% #R (Esignaturelf§#Hiz FPIDICHRMT S

2. HET—AR—AKIK
ED&SLET—ERAIRFODLE
RDF{E®®i2b2 A5 &

3. T—AfEHTER
BAMENRE— 2 DRIFED 1= DIEHTHE—
7F - ERPRIRERAERAMENT. BLUERIRR. B
FEDEVATLERRET 5.

SH[2, INLDOHET—3FIR—X
ZVirtuallZHEEa LT, EE - BlED
IHFERER LT S

TMDU



T

5iE 51 5l D 53 F /9=

/RS ER IR R 0D e

Y g B

wES:

pStage @
IR

HOME ~ BA = 55 AR R e
FhOUrEE DIFOH
Hj Crev | aaepbR - 5% Egﬁ
: 3§
T A
b 1 11001082 Hepatocsl lular carcinoma (FFB ) il Dk
R [0 FRsSmR s ss 8B4 Bk mgw -
potihd T=TI,N=N[I,M=M[I ; BIEE
e HEMR
F-0-F: ? 01010162 Hepatocellular carcinoma (FFABE)|
[ ) m)ﬁssﬁgﬁmﬁﬁ
EEHF-2IToUT §Ra [ s REERETRE
ST B EERL nssu: [wmcms v
EF - S ALICERLTLE T OO f
;)EELJT\ ég (ﬁg\ ?gf;) - %fﬁﬁmg’? B 3 01017648 Hepatocellular carcinoma (FFABE)
. A BELIS T RO L T LIE T
o Eh. EiRICE oL 1
BRLTUET. ’ s
(53-8
BEELE (=remir ) (B7) 4: 01013257 Hepatocellul i (AR B>
BEF-O-FRICEBEEANTE., LFAT-ARCEQHEEFRTEND cratoueliular carcinoms
EE T o IM-EEEANY el simy s TEE AN P T
—WICED 198 EWE °
Lz UL Sof.| e ° FIWicHRD
2:-—2 En [+]
*=-| |px o HEFISLE
.| [eEAR © 0 0 o e e o e T s
P o o o o )
Ead r‘ P4 o o EHHN (e2) @
o e ; : : ; RARAZ RS (fe) @
weR -10 ° 10 tRARRM (fe-inf)
1 | 1 PR 2% (ve) N
o IARE 17078 |%#8 [ERE [IRREE | Tofk &M 2m (v
01018257 ‘ vpivy @
AT#hiR2M (vad
cr BERER (b) :
NERERSE (SM)

It

188 71l S 51
sl AR

Fhovh#H nIro -

Hepatocellular carcinoma
mod

trabecular>pseu

ez

-

FF-a-R-R

ERTRIZAKEFALSNHI-MBUHLE  BERKEEDN S
BT : S5+8130)Pk k. BPICLOAN B Y »ifigXiLE BHh >,
SEDERIC T2 IR WIS TIRRM. early phase TIRLITH—1BFH RETT. late

o n




ERRkA = w9 R@HT
5 FIRE/ERR BEFER BAE AR

e e SRYER | Wm0

i j— ]X/FIE/ \%Jﬁfﬁgaﬁ

WOUET BM-X  BEAIoaRE | AERTRN o*n - o TR
- DTSR Akl nemAs Sl AR EEARL Akl o eaRT

4 . /AN RRRE ¢ At/ het

BT -2 2 i .»'.:' .. ' . ..: ,-- = ?..'..”“ ...'.uu “~ -._ —“ "'_ |
N —_— & <! owee-s . u - B "
2&7[33]% A% w4y R ]
RUIRE T 55 - SERRL TR, . oo e 5 < = :-T
o o - - - L . . .

° HiEne Q“Jj . D\ R ‘ - “ - "
P i - s =
BeExEE) A B womie o}
TRERE) .\t Rty
suge

— ”
(Fasrhnzons | (Anez ) (B3] : i AR TAF S

HFIANMERL. HEPEISRT 2

Pathome- S
P Genome | - 7z S |
et Map |

et Ed UL

GRESE S B R Dau;ﬁ@

o)
. —
o % ; T4 e
— "
= E MuSRE vy MESRE
A eMMES rIzHNE
Vi

RRvp/vv

)
KRR
b 14 2 % ! oRATT

s A
v S+ o ofs: FOx
o= g a o oMAT  oPIViRqo1" ‘“
SEes : \ nnu"’qu-% b s Sem bt
= e <
) v - {0 .;Y %)
ol o TET

.-““ .
A}

SRR/ S TFOERERE ORI - ) TMDU

as S — —

. | iELS TR A HE R



EvTr—2LER F&dH

s )L -FAIVIOREEDEY T T—4
— @Rt - ERIEERE
— RENAFAN D EHET—FIR—X
~ BAMEHEMNRD A DERTEICEDCERE
— Presicion Medicine =293 F L XA T LEE

- K EMENAIVIOREZZ) YT

- RIRRENPRE CERIERIRE) OEE

~- EHEREOHEENDERBIT

- BIZER

CIREAEFEROHEEIERE

— ERMEFBL - 3XRFIH
Precision Medicine EZREE DK DEX
= : Intelligent Proactive Consumer® X

Z iy

TMDU



glELEY T T—A
T— 3 EREHBIE| ZFEA

& < [ZDrug RepositioninglZB L T

TMDU



15~174

RIEZ K S

- EEGFORAREDEX
- 1EERZLHT H5DIZHI700EH
- FHAFEBINEDRED
~ 2A~3AHD1OINE
— & IZIERRERERER M 5 BR R EABR ~ D FEl [
— phase Il attrition (55 2 188 %E)

 ERPREYFRIE

EELRMAFEBIEOTEZSH: =150 F Al
¢ EEF_ /,\Il _¢._0)I'"JJ:
fE R E DIPSHIEZFE S
-~ (f&F) - N r (%)
. t I\ O) t \y 9 7__ g €1E j MEMER (ZDERE) mm&laz(t?gg)
DRECEN S
1200 EFEOREFE L1040 1,125 iy )IT
Lems  HOBEAL g o TR 0 2014
(Bi#)  BTERREE T .
W 652,336 = L
747 A s
HERE 203 1:3,213 60] gag 508 :15_ _621/’ /76.9//'82 ~ 191 s
75 1:2.71 1: 8,698 a8 142 [z 19 .
o W 26 1:2.88 1: 25,090 301
21 1:1.24 1: 31,064 N
0 0

HWEHZT—422011 2001 2002 2003 2004 2005 2006 2007 2008 2009



A v REIFEDRE

ZHEIHFEMELGRTFHEIR (Drug-induced
SDE)
— CMAP Connectivity Map

HRREICKHEGFRERBEIO77/4IILDEL

- K[E Broad Institute,13091t &%, MCF7,PC57% £5 hY A
TILS4 2, 7000 BIEFREITOT7A4IL

- Signature Bz FFHIRZIE : ZEMRITEETF)
Signature of Differential gene Expression

- DBFIF : WA Fquery, IBRLRE CHEMIEDE LVIE
ISt EMmERTR

IR EMERFFIR(Disease-

associated SDE)

— GEO (gene expression omnibus),
c KRREROEGFRREIOI7MIILOELL
- KENCBMERL - R 2A5FXER, 705782774
- ArrayExpress HEBIAMERL. 2 TILEIRITEE
KEIE. B FRY FT—v ) OERRBRERFEN gene
ZEMNER (EI3H#HK) .
BEFREEIOO 74 ILEEL
=Fry FI7—OFEk TMDU

v

subject

NN




BIzFHEIR IO 74)LIC

B FRIBE T ARF v 7 HALE

(signature reversion)
~ EFRENEGFRROIATFYT
- REFEMNEGTFRRIIRATFTYT
— BWETR - mENEICHEET S

— Non-parametric 78R8 R E T 51
+ Gene Set Enrichment Analysis (GSEA) :

Phenotype .

Classes
A B

3
¥
o
|
o
c
ol
b
]
"
c
©
14

ES score

BN Gene set S
SER§

c WEREERLTIBEZDTonEERF Y X O EAIC

ZE L TNIHIDRE
— 5l . RIEEBEEIBDIZ
BIRBAERMEICOILY —ILEE

BIOLOGICAL STATE REFERENCE DATABASE CONNECTIONS
OF INTEREST (PROFILES)
(SIGNATURE)
-1 Eé ﬁé Eﬁ B
\ g Y@ \
~p o
= O s o : . s —
fl o : IS
! (520 : . . FasN
" 3 B -
stong  weak  null str
positive  positive nega

IR LS "‘“"‘ﬁll(toplramate)

Gene
expression ™

l‘/'

= Al

L ading edge s

(mm T

Correlation with Phenotype

%

Max mumdevnato G e List Rank
from z rovides
en chmem soore ES{S)

GSEA

L

e°°

? E’ $
0 ?: (2] (/]
& & & &

L Disease signature

B Drug response signature

TMDU



ELFRIFEIJOIT7AIIZKSDEETA

- EPE;% guilt-by-association
o« EH|— ZE A

— Connectivity map m b ZFHFEMNERFRIEDEFIBF D
FALIEZ /) VNS AR O BAERE

(GSEA) T&EHil
~ COFLEDE EITEHIR Y b
T—OBE, ERERFTICKYDR

- Bl xS TEZEY O—RISER

¢ ﬁﬁﬂ—ﬁ%%ﬁ
- FRBEMNIRTFaTE
- RERBEMIIRTFYTH
— JUNTARYYOMEE IE
- &% - BMERDOFA

A

U
-

1 1 1 1
1 1 1 1
P S . T
N N NG @7
& F F F &F

Gene
expression
o

B Drug Aresponse signature

Drug B response signature

TMDU




Drug Repositioning

E FTOREMEFABENTZCHHOTLS
BREEDFENDFOERNRNRAD A EZ. KR
Y - FRIERY - BERICEAT A ISR YFLL
KEPREZHRE L., TOEZDKRBRARELLT
FFET & RIS

R

(1) BERZEELDT, E FTOLREEDOKRRNENRELR EHER
MCEERABRTTENDBEMERANCARNEIREDORIREIC K YRR
MEBRT BRI NDVLE L FRAFEORIEENF L

(2) BRICHAHT—20HEM (YW TOREHET—2 PEHA
DOGMPEIEHMZ E) ZBAAT S5 T, HARIZHMD
& X FEXIBICEIBTE S

TMDU



BIEMDRAMD7T 7 O —9‘-
- EZFEHMHL Drug-based (drug-centric) g
- EEADEE - FHEOELEIC Q <:>©
EDOWTHIOEERDER Z F A %RE“,, ﬂ 2
D LEMDILERIEE - FHEOHELE o f;?ﬂ,]

@ EYBERDEGFREREREIO I 7ML
& BB huly Disease-based(disease-centric)
—- REDRERMKF DRELIEIS

Bl— D EE R AR DR OER % F 8 .
D ERER/ER N EETFOLA o OF
@ EREGFHRIEIO I 74 jld ﬂ i
@ERER-.THFHY FI—H OELE - g
. WEOBRAMT TO—F I
REB REA



EELAY FJ—2 (2K BDR

F1ERE RERY FT—UDEE

~RKBDT /) L - F Iy AKFEORLIES

2YFI—OTRLIEZED ~ Q;Ti
FE2RME KERYRI—UIZKD ez ﬂ’ﬁ
DRIz & E D F Al 2

- B <JRE — EHI> ERD 7] ¢>l
TIENDEEZDRIZfH &E T 5 BB EBA

EIERE VIURFYTHELEICED

B - EEDOHTE
— VIR TF Ny THALE, EEETHIE.
=47 Al

TMDU



EERAY FI—2(ZEDUVf=DR

« PEEDIEEARZR nosology

— LinneLAMF300FEICH > TRIRBIZ K BEFEHFE

~ g% - RERREERINDKERESEE
-Z/A-TEvab&»Tm%ﬁ%%E;é

R B 57 5A

- REMBRUEEEEICRERY FT—7

~ 7/ L F 2y RAEZDHRFE RS NERE
DR Q =

%zﬂ"{ ° 5
L s 2

A

l =
7B HEA
a N Y a

KBDY ) L -+ I 9H R
[ SeiE T J TMDU




EEDRIMKFEICHIT2EEMFE

- REREEGFE (""

- [REEEZF, EERK
T B R AT

- REAIVIRE (F2

HRE)

2B FDE % 3

ft £ 2)

~EKEBEAIYIVRTOATF7FAILDEBENTER

ER T

— Transdisease omics

CEBEATARY FT—OE (3 HAR)

—DFRY b IT—D D3

= H\ 3

- RRIERF

- BAGETERFE (MRNVAF) THELE

EAOVAVY

TMDU



%1 AR
Diseasome & {93,.“‘1513?

OMIMM 5 1,284 FRiE & 1,777 IREBELR T =

EMRERY FT— (HDN)
— 867THREIMEEAN) VU FHFD HREREPHREICEKTE
— B16EENEKRKI TR Z—%HR
« RKgHhA. ELAADNTRL
o DNAIIP53 PPTENLZ EIZK YRKEEEE MNALERFBRRHIEE
- REZTHEMNIZER SR A : B OREBERERIZIEKE
— Yo (12EEBHDEE) LFEI0EHFTLN-nEHFETHZA S
EEELFRY 7—2 (DGN)
— 1377 EIEF BT FAES
— 903 EEEZFIAEKRY TRE—
. \P537§‘\/\7‘
SURLELIEREEEGEFARAY FTO—T (2N
- BERYSRE—DH A AHBFEITNS W
REEGCFIIEENLGEY 1 — /L&
—~ RICLEYVaA—IIIZET HEEGFIIHEEERL
— BE—O#BTHEREIEL., RLGOZHEFD

TMDU



EE Ry kJ—4 Diseasome
(Goh,Barabasi et al.)

DISEASOME
disease phenome disease genome
Human Disease Network P Disease Gene Network
=y
(HDN) o sn e - (DGN)
g i o
ot e ":F-n:':::u:l-nuwr-rm- h’.n' [ | - S
hrnl.'l'q:hl:l-lhul‘i: 3""'-'- . \ o
@ >3 = !
e . = -
v | P s s ancia
: = L
el e
‘Wl
mh"“'F 4.m~ =: i
h*hﬁxﬁxl w‘;‘ naosed W e
_. r:r-rn.-m'-.-m:l—u- e -
B e sl g mw".itm__t - - -
‘ahr:;u:u:p.hﬁlnnm:m R
‘ﬁ:-ﬂﬂ:-'-m:hnll -
BAFT

Fur:.-'ru

12U EDEEBEEREFEHATLER 1 2LULEDRBERART HRBEERET

Kwang-ll Goh*, Michael E. Cusick, David Valle, Barton Childs, Marc Vidal, and Albert-Laszlo
Barabasi The human disease network PNAS2007 > -IWU



e

*‘y I\'j_a ° ° ° (et

(HDN) c : 4F.f . ®
Node D&
HEICHES LTLBHE
BEFOHICHH

) oHDRE

RERTHBELTLS
REEEFOH

€]

&
?
i

5
!
2

I~
-

00000000

~ozga R B 8 R

REEEGT

*y kIT—9
(DGN)

NodeD#&E
TDEBEEFZRAICLT
WAEKEDOE(Z LA
2D LI EDEBICEE L
TW5 EHREDEEF
J—F




Diseasome = i 5 K5

MendelfE B, BEMAEE, RIEEEANERE
thoxry FO—H LEE
~- RUNDEHEBERY FIO—Y ., KRRy FT—2

« PPIDEE(Vanunu), KB TOEROEEDHLE
— GWAS (WTCCC, NIH-GAD)®MSNPDO#H

s TRTHDLENYEBFEDRY FT—2 TEIMHEEL
— miRNA, IRIEEF (annotation MEDLINE)

c BFAILTHOERRIFEINE

- EIEHMERMKRIREE (oML FIA)
—~ NAD A EHNBDERELRY b
REMERRY FT—O0HHFHET D

* Phenotype : MeSHDO#HE Z % kJL &9 %(van Driel)
Diseasomeld. EEIRKRIRBERY FT—V & FRy b
—9 RIT HHE

c BInFEBRLTEERERZBEITES

+ Systems pathobiology, nosology, personalized medicine

TMDU



52 g
GENOMED (A.Butte et al)

E"ﬁ%%ﬁDB@GEO (Gene Expression Ominibus)*IJJ ]
- #5920 BOY U T

RERIXERX K YHERUMLSZRA WL THE
RECEICZHDELRFRER/ NI —ZEHE

Critical illness polyneuropathy [ | |
Familial combined hyperlipidemia I
) . Hwvpera lvcemia & [ ] | | | l | |
9& Left ventricular hypertroph
% Salmonella infection E E
ICN [ Eepatocellular carcinoma I I ]
N Chronic airway obatruction I | _ [ | |
—_ APECED [ | | L | |
(on Parkinzon's disease I ﬂ I I
Down syndrome
~—
= o el Y e [ S e T C O W — ri—ﬁ\ﬂﬂm‘\lx—mt—f‘\l = O [ IO 0
o WO L] e I 1 W R T I L L ey — i
e e R e e s B
L = o
ol <L e, 5 %‘;a%u = gm —g z &6 % W @ Z00=2
b J—
1BE{5+(1100)




VEYISRE
TR WVREBROFEHE
d) repositioning

—d
~ *
Pd — L3

1CINE

4

REZKE LIzam
52

fupedoAwoipres anysabuoy

uolaJeul [eIpIeaoh iy A _.H_
fydonsAp Jejnosnul suusyong

AydospadAy oupusouo?)

sIs0Jajos adnn

fydonuadAy oeipse)

siseb pajeroosse-lojid 1ajoeqoaljeH

suoliejssjiUeLu [eunssjul v 49

foupiy Jo eLIOUIDIED |80 1830

— 0|09 JO BUIOUIDIED

ST

3H

Joajep [ejdas [ewe [eyuabuoy
Ainfur pioa [euidg

X |

—Bulysy
4 — BWOUI2IeD ||8 [eua) Arefjideqd

Ayredosydau anaqelg
SIJIPIEOOPUA BI4OESX0D)
elg|ols)se|0yo1adAy (el o
sIsojnoaqn ®
_H SISelUBWYSIaT m m
sisowsejdoxa]. I
L siseliell eibnig w £
— SI|00 BAlJRIBI|N
—— aseas|p s,Uyoi)
eindind djuadojAaoguuoiy d1yjedolp] o
31040 S,uo}bujunH o
AuyedoiypeojApuods ajusanp u
_\.H<_ﬂ sejnoefjod ajnoy 25
r,,*__é_s_tm%__o OE

a5easip SnojeLLojnueld aluo1yD
QIS SNISSB08) [BWIOSOINY
uoisusiiadAy Aleuowing
|18 Jau89 Jejnayjo} ‘ewoydwiA| Jueubiie
eiwayna| apkooydwi| aluoiyn

ewoyduws| 132-g abue| asnyig

—— |NQ Juspuadap uinsu|

—— UorjounjsAp eIp1eo0Aw ILIBY3s| PazZI[eIausn)

—— AupedoAwoipiea pajeyip oiyiedoip! Alewiid 3
— ewasAydwa Areuowind

L— fouaniyep uisdiyuy-|-eydie

ILTR2
Decreas

EDOUWW=E

[EFET
i)
JV

Med

| 8df} sisojewoiqyonaN

Gene-Expression Nosology of
SEEB YA~ DA 2 OBIETRE & AR

(o] \
~N
E_.I"
aouapuadap aueao)
d
7" | h awolpuAs Aleuowynd sniinejueH
T / awoJpufs s,uepel
58" | ==
’
_ K _,.n_H_¢ A m UonoaIuI AH
KK ~— _._H_“_ﬁ _I_ esojuawhid spuney
< \n _ &\ m_h._.ﬁ . siisho anjesson
.m__E N AN \_ _-/ Jasuo ynpe - N
4 fsouda
. |_A| —._.E._._
.m.mnl._ - He& euwiougjew Jueubiiep
HH_~¢. 6 - Jsea.q a[ewsy jo wse|doau Jueubijepy
._k_A _.E” SpIoJqy - BLIOAWIOIB] BuNs)n
~ = @) ._” sealoued j0 sisoiqy alsky
_|_| oy suabijue y1H || SSe|o Juasqe o} anp QIS
s o @ 6 ) — KI15300 pigIoy .
1] 4 —— fysaqo ajdung o
+~ﬂ— _u.ﬁ .m.mnl._ — ﬁ = furedoinaufiod ssaujji [earo m
. k_A elwapidiadAy pauiquiod [eyiwe & ¢
.m.m % "—H_Im ._ ! b _.D eIwaoA|BiadAy da
I - oD — 4H anjsabuod uym aseasip Jeay ansuapadiy
-, L—— fydoupadAy Jejnouuan e
._k_A é s UOJJ3)u Bl[3UOW[ES
— — BWOUIDIED JBnjjeoojedaH
= uojonsisqo Aemufe ajuosy)

J89UB) [BIAIBD (V7)) ez Ld
Jaoued [eainsd (g)) g1.1d
Jaouen [eainso (g))) gz.Ld
130Ued [BAINIBD (v} BgLd

d393dv
35e9sIp S,uosuIyed

ARHGAP4
Increased

awolpufs umog

0l

T T T 1

I
80 90 70 ¢0 00

100 sisodAjod snojewouapy

L |19 aqoydowoyp ‘ewiouinIe (39 [eusy

CXCL2 Increased

CXCL2 Decreased



Transcriptional Profiling [C & 2&EERY F7—%

Hu, Agarwal &

Solar keratosis B Yt14 AL fE

= cancer(squamous)
Crohn’s disease

= Y57

Hereditary Spastic Paraplegia

B AR TS )
=bipolarf & 1E 5 DiF

55 —[EMeSH
FA—h7=y—

Carci

i
" Malana

Carcinoma_SC

Carcinoma_D Melgnoma

\ ! " Nevus
Carcinoma_B | 4 X
S \

= \ 7 ,/ //
HV- _ 3,07 - MDs
[ N |
S 4 \ 4 NS
CIN ’ Derma‘yositis
\

Caries
Derma.yositis

Carcinoma ‘

EFHRIRTOT7414)LEGSEARER

MI M my.{oma Obésity .\
alaria P8t N

ElZkdU2D

Dermat.lycsms

HeP |
BD _BD |

AD Schlzc.hrenla

Dermat‘lyosms

v
03
(4
05
(6
07
(8
C10
012
03
0l
019
(16
ot
C18
(19
0
¥4
FO3

Malaria /U
N

WM

Crohn's

Malaria

MDs__ \\/nemlas

MDs M -‘) Derma‘yositls

BD
Schiz‘hrenia “AD

WDU



Transcriptional Profiling

(i 73
EERAY FNT—2

Disease-drug network
Be EEML
xE wR

Tamoxifen (breast cancer)
(BDEZH->TLVD)
= 7 krE—,
=T X b ifRa s Il
7 LILE—Hl
(EDEZ+ H>TLVS)
g2l{fER DTl

= carcinogenic

mexifen m@Xifen
s_m.iot’:s o @
" /\.K .,.gf;f;?'géjé‘ . |
"M ‘:%L////'. ”””” .-,:i"\\i\T/f/'".p
% Ry E*%ﬁi.

\




Butte > DDRA L

100K E164E R ZBUVRIR IO T 7 A JLELLLE, 53%E

BT S

Toplramete(?nﬁ"'&*ﬁll) 75\7El ERIBDIZHENH S

Tt A
| 1| E—
3 E_:I
_ ihiiee
| ] —
([ | ——

] I

Drugs

Disease gene expression signature

Disease-drug scores

—

T EDAEH

Diseases

lj-l.‘.'_ : x T

1 : 3 —o—
ol = ;}J’}

"| || by S —
8 -u, aa g
IL l I .‘ '::':,:‘

=7 s
o

--:l‘-i:"; W
H:

il

i
]

.'ié
"

iy

n
T

it

it

T
a1 -

et
- | 40

ﬂﬁﬁ%ﬁﬁﬂdﬁiﬁ?ﬁﬂ@ﬁmﬂﬂg éﬁéﬁhﬂsﬂ!‘ |

4
- ol
=i
%gii“; éé
i

C
=
H
i

.'l | =-* g e
: Yy Seg=H

IHQMIIM!F::@MM@M

W
..?,. L ==
o

e ‘5% %ﬂ
g‘ e { W
i

i
Her
R

) o S

w0
Koy soj00
" =

& i" & EF&|DHeatmap



Transcriptome®DZE L ZPPIIC¥z L 1=
EwEARY FTJ—72 (Butte)

- BIEFREBE IO 7AILFEEFESDTIELL
4620Module(Z & L 1=PPI®xy kD —5 T®
RIRCHDFEHFRITEILZ DN D

— BEFREEIJOI7MILEIYERICE-T .
LT HmoduleZFANSD FRUITK T HPPIDIG = s mowre
XIUTEIB—20R I o

— moduleMBEEFNEILZEZTFHL TEEFORDLYI o

moduleMFHIFTFH R a7 ZHILS &

s REORFZHODLI<SHBEREBKRESTITRAFNT > r—

[A] Hierarchical relati ips b [B] All significant disease correlations

[A] (i) Establishment of localization (ii) DNA repair
(Synaptic vesicle)

Height




RERY FD)—9 L EH

Projection Map

F1HRKEBERY b (BEREEFHEEN)

F
‘ . _G———@-
,rﬁ;ﬂ, o “"_
ay— |- =k
= -
B

®—& B
/ &9
N/ _— — &
& J P R
—_— - (\_/)
¥

TMDU



&E Ry b —7% &Drug Projection Map
DR informatics M #& 2

ZEH BEE|R Yy FT—2
B1HERX v b (EEEETRED =

W .
o \ A

~— S

P EBX Y b (PathwayIEts) e |
"‘, = =4 Q’

EERY FJ—4 EmERY FJ—4H

@@TNDU



E w4 T —4 &precision medicinelZ

LBDEEELE

EJpEEES

- MENDTFIERZSOEZEREY I T—4
DIEMIZ & S EROBIFEEDIEK
- SHGERE - BAE/ (8 — 2 DML
- D - RROMEEEDO LS

- lRKREFMHEERS - &

D/ H A LI

EEEY T T—2h B
— Real Word DatalZ# D
K)

FlREES-O
WX ESF (BD2

— F£9(%45 / Lsai— ~/BiobankDEI|ZEBFE T
DOFA. £DE. LHS~

TMDU



u/ﬁ%% ")75\& 5 :g‘:\i LT_



