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[7/ L f&4 GRiEHEETREHT) &3 2 )

NREBHERISMTCEBRICOBU DL, MstBFiTEBL Tl 424,

AEl?
O~

- BEIER---EYOMIBAOSH(Z, DNAELTRESNTLS,
EMEABITIXIZEAERULEA (99.9%) . LT DES,

EIEH- - -EFDLRONDER BAETESILDERRETDHIEN S,
(MR, %5, HR-AKE. /AR etc.)



[[EEfFE#EE 2]

- EEYOKIF. MRRNEFT->THERSN TS,

- B ORI BIRFE®RNT /L (DNA) ELTREFSN TS,

cT/LIKAT.G, C, DAEFEDIEREDEI TERSN TS,

BRI DORSIIEYREICL>TERY, EN /LDEZE . $I30{EDIEEES,

- RIFAR, BBEEBAKXDT /LZzFODT, ERICIF30E x 2:8Y @ o

Ek fHAa DNAEZSI /i V
- | AGCTGATIG AT...TAACCG}A%

AGCTGATAGAT...TAACCGTATCC

]

SNP (G/a7LIL)

- e/ LLEDEEES X, EMEARB/BANTOLLT DELGS(ZH),
- xORFJHLZDIE., —15 EW(—15 ! _SNP:single nucleotide polymorphism) ,




[EEFHRORBEDLS)

- BIEERE. TORIGERELTROICENTES,
@: B ANDEGIEHRI(L. 43CF (ATGC) x 30{E x 2iFY , THRIFATHE,
@: B AEDEL (ex. SNP) F=IH I H I X, BIZHhETRMIZRKRIRATEE,
>+ A ~HEASNPOFHRMAFELNANIEL, BAOEREHRERIRTES,

SNP

Samplel TGATGGAT...TACGT SNP1 SNP2 SNP3 SNP4
TGATGGAT...TACGT GG =0 Samplel 1 0 1 1
TGATIGGAT...TACGT samplez L2 L2
S le2 = Sample3 0 1 1 1
R TGATAGAT...TACGT = GA= 1= e o 2 o
oo TCATABAT...TACGT AA =2 Samples 1 1 1 0
D TGATAGAT...TACGT Samples 1 1 1 1

BIRERE T OAIVERRICERT 5L AR ARRIZEYET,
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(PLoS One. OkadaY et al. 2014)



IBD stretchs among 4 RA cases
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IBD stretchs among 5 RA cases
and 1 ACPA-positive control
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IBD stretchs among 5 RA cases, 1 ACPA-
positive control, and < 9 ACPA-negative controls



B E N A HT (Case control study)
- TUIDHAEDLE (D /34T DEEESE . BEHEMBE#HETHRT S,
- BEMTCHEICHEDBWTLUILII. KEREVRIEFTHEEZIDND,

QTL#AEHT (Quantitative trait locus analysis)
- EREEXEOHE (ex. BR.BEBERBREBE)D., Oz /34T EHEDEFTTET 5,

~ BERREBEH OH~ ~ QTLfEHr D%l ~
SNPx /847 0
GG GA AA ¥
BB & B (N=200) 32 96 72 ] =
*EBEE (N=200) | 50 100 50 Yl k3 ;
- .e .%‘
BEHROTLUILASEE =0.6 GG GA AA
NP x/ 7
SEBEED T L LA = 0.5 SNP 2z/347
TFLUILADA VXL =150 95%Cl: 1.13 — 1.98 BT/ RATEBEDEWEZ =0.5

Cochran-Armitage’s trend test P-value = 0.0047 R 2 [ElF% P-value = 0.00023



[EXAFWICESBRARE D53 %])

8 - + Japanese
- * HapMap JPT
SNP1 SNP2 SNP3 SNP4 SNP5 s | 3k HapMap CHB
Sampler 1 0 1 1 1 S | o HapMap CEU
* HapMap YRI
Sample2 1 2 1 2 1 S _
Sample3 0 1 1 1 1 PCA . °
Sample4 0 2 0 2 1 5 § |
(8]
Sample5 1 1 1 0 1 |:> S F: %
Sample6 1 1 1 1 1 Eq} - DoIREZ— iy Y "
Sample7 2 0 0 2 0 3
Sample8 1 1 0 1 1 S
Sample9 1 1 2 2 2
Samplel0 O 2 1 1 2 +
8 |
i

I I ! I I I ! [
010 008 006 0.04 002 0.00 -0.02 -0.04

Eigenvector 4

EZKA%I?OOOAOD“‘ JBATT—RERRICERD 747 (PCA) &1To71=,
BB RN RINEFEETUTADDLEET) ESSEN LA o1,

(Am J Hum Genet. Yamaguchi Y. et al. 2008)



[RASERFAETILOHEE]

SNP1 SNP2 SNP3 --- SNP51 Normalized

Effect size

0.2 0.05 === 0.08 Score < 504
Samplel O 0 1 0 0.14 FH
a
Sample2 2 0 0 2 -0.91 E 401 -
Sample3 1 2 0 1 -0.62 “g g.
Sample4 0 1 2 2 1.28 N i
(%] T =
Sample5 0 0 1 0 - 0.72 |:> § =
Sample6 2 1 0 1 -0.59 g s0- %
Sample7 2 1 1 2 1.12 g o
Sample8 1 0 1 1 -0.33 g 2
10- ~—
Sample9 1 1 2 1 0.39 g
Sample10 1 1 0 2 -0.30 <
r 04

-4 -3 -2 -1 0 1 2 3 4
Height-increasing Z scores of samples

0xX0.1+0x02+1x005+...+0x0.08=0.14
2x01+0x02+0x005+...+2x0.08=-0.91
1x0.1+2%x02+0x005+...+1x0.08=-0.62

A REDEENRESN=F51REDEAEHOEN. FRODMICE
AR BT HELI=ECA B RDIED FI5%ZRAT HTEAHIBAL Y=,

(Hum Mol Genet. Okada Y. et al. 2010)
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EDITORIAL

Entering the Age of Whole-Exome Sequencing in Rheumatic Diseases: Novel

Insights Into Discase Pathogenicity

Yukinori Okada and Robert M. Plenge

If you sequenced the genome of a patient with a
rare disease to search for a pathogenic mutation, what
would you expect to find? In this issue of Arthritis &
Rheumatism, Belot et al (1) and Ozcakar et al (2) con-
sider the question in greater detail. In this editorial, we
provide a practical perspective on interpreting whole-
exome sequencing, with a focus on its application to
discase pathogenicity and the development of new
drugs/treatment strategies.

mutations from whole-exome sequencing is not as
straightforward as it might at first seem. Here, we de-
scribe how to interpret findings from a typical whole-
exome sequencing study (Figure 1). We focus on data
interpretation rather than technical features of data
generation.

First, it is important to consider the genetic mode
of inheritance by analyzing disease segregation in the
family, because this will set expectations for the type of

T LBITIZEIT AL T N T U MBIV —LBHTIZ DL TDreview T,

(Arthritis Rheumatism. Okada Y. et al. 2013)
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[5°/ L) 4B E R HT (Genome—wide association study; GWAS) ]

- BEERETZEFTHREDEUV DEFLMI 5. BECHETFD—Fi%,

- HBEA~HAANER]RIZ.ENT / LEKRERESTHAHEHEITO—IERES
& (single—nucleotide polymorphism; SNP) DZAE T #EHL . R BEELED
BEEZ T S5FiE.

> |

-ACTA[TGT*+*
++-ACT|GTGT+"*
++-ACT|C[TGT""- or
- ACT[TTGT" :> 1?"*
) [l
(i
SNP M’/}‘“

ey LE: RERH




[7/ LD AR ERETD—H ~Bia~]

Manhattan plot (vo/\y2oHOBBELEIZLTEDT)
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- AGEN consortiumé&D HERHATZFEL T, HERAEFM26,62041ZxfL T,
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- EOREEREFZREL. EDS62ELFHDRER TH 1=,

(Nature Genetics. Okada Y et al. 2012)



[7/ LA FRBEERRTD—B ~BHRAEERE~]

REER
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BCL6-LPP
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IR
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Rk EDUE

- W7 OT7AEAT A9 T, BHegeisiE (RFZBHR . MFILT
FoUB, REKAAEE. FREEE) &25075 SNP &0 BEEZ 514 .

- 21 DB EEEFERIEL. TDO512ENEFHRDER TH-o1-,

(Nature Genetics. Okada Y et al. 2012)



« SNPRAEL T BT D FFEIZ(ELY, 2000F KB E LI, HAPORAEIRE TS
J LA RBEERITNAERIN TS,

- 20124EFE TIZ, 300LL EDFE =Xt L1.000LL EDY /LT A REREEE T AR
SnTLDS,

GWAS®D # &5 # (2005-2011) GWASTRIESNT-BEEEZFNDIYT

NHGRI GWA Catalog
www.genome .gov/IGWAStudies -

0
2005 2006 2007 2008 2009 2010 2011

ScienceZE M F F& L1="Scientific breakthrough of the year 2007” (& - -
= 14I:GWAS, 24I:iPSHIfE. THo1=,




[/ LDAFBEEREIT = AF A2 -Dv/\V])
letter

Functional SNPs in the lymphotoxin-o. gene that are
associated with susceptibility to myocardial infarction

Kouichi Ozaki!, Yozo Ohnishi!, Aritoshi Iida?, Akihiko Sekine?, Ryo Yamada®, Tatsuhiko Tsunoda*, Hiroshi
Sato?, Hideyuki Sato”, Masatsugu Hori’, Yusuke Nakamura?® & Toshihiro Tanaka!

—

Table 1 * Summary of genotyped SNPs
Genes screened 13,738
Exon 11,694
Synonymous 1,493
Non-synonymous 1,491 - DS
Non-coding region 8,710 - /7- /A Ij ,r I~ fd~
Intron 43,910 ~65 OOO SNPS
5" flanking region 2,038 !
3" flanking region 1,428
Other regions* 6,601
Total 65,671
*These SNPs were not mapped within gene regions.

- ) LIARBEERETIL. 2002FE A AN H{L ZHEFF CTHFRIZHER
[FTTE®RSINT=,

(Nature Genetics. Ozaki K et al. 2002)
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[7/ LD AFBER T = EvT T—3HT ]
SNP# DK

90 A 65,000 SNP (2003)

400 A % 300,000 SNP|(2006) AR OEL
0,1, 2 (BH)
6,000.A X 500,000 SNP (2009) i

0.000 ~ 2.000 (/%)

20,000.A X% 2,500,000 SNP (2012)

100,000 A % 10,000,000 SNP (2013)

20034 = 2013FETT—3BREMN X 10 (+a) [ZHEXK ! !

-’5‘4t/7?§£1T10)P’ﬁFﬁ1l:k5:|7\I~1&T( Ho BANRELGDVI/I(TT—H

-If“J?T—’)'ll ﬂfbf'ﬁﬂﬁ?iﬂh@ﬁﬁ% BRITRIREOEBREARDLON TS,



[BEEFY) 9 <F (Rheumatoid arthritis : RA) ]

- BT (RA) B EZELCLS 8 RERSE
- R (F0.5%~1%




[BEE!) < F (Rheumatoid arthritis: RA) EGWAS]

~5% disease risk

- HLA studies A

- Candidate gene f ANXA3 IRFB\

- GWAS meta-analysis ARAP1 NFKBIE
BLK ARID5B  PLD4

~15% di <k AFF3  CD28  5q21 B3GNT2 POU3F1
o diSease ris CCL21 CD2-CD58 CCR6 CD5 PTPN2

CD244 FCGR2A DDX6 CD83 RASGRP1
HLA-DRB1, B, DPB1 CD40 PRDM1 IL6ST CSF2 RCAN1

specific amino acid IL24L21 IL2RA PTPRC IRF5 GATA3 RUNX1

positions STAT4 IL2RB REL  PXK IKZF3 TLE3
(_}H CTLA4 TNFAIP3 KIF5A TAGAP RBPJ  IL6R TNFRSF14
PADI4 PTPN22 FCRL3 TRAF1-C5 PRKCQ TRAF6 SPRED2 IRAK1 TYK2

! ! ! | | ! ! ! ! !
1978 1987 2003 2004 2005 2007 2008 2009 2010 2012

- RAM@Heritability GEzEFMNERIVRVIZEHEHHEIE): ~50%
- 2012 F TIZ, 60 DRARZ M EEFRENRIESN TS,

(Nature Genetics. Stahl EA et al. 2010, Okada Y et al. 2012, Eyre S et al. 2012)
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- RABEBURIDAEMICETHHEN. BB IUVREFEDRARZ
fEE B INTEHREINT-,

- EHANEERRELI-CWASDEEKY ., SHMGEBRZHBEHDOFKEN
HifF ST,

(Nature Genetics. Okada Y et al. 2012)
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[EffEXRIARF—LIZKS., HFERIEDRA GWASDEHE]

g%/n% ofes - <,

P BN

TIH- | dmk ' ~L.

©JORRA

Institute of Rheumatology Rheumatoid Arthritis

o

- EFEERARTF—LZEZEBLT. EHATE, 10 AL LEZRRELT:
RA GWASZ X},
- 25 EDWRRT =T HNSHE

(Nature. Okada Y et al. 2014)
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BF—LIZLKD. HRA]

Trans-ethnic GWAS meta-analysis

19,234 RA cases and 61,565 controls

N
o

e

-
(&)}

In silico replication

3,708 RA cases and 5,535 controls

study

N

518 DRA GWAS) i)

De novo replication

6,938 RA cases and 6,658 controls

study

(&)

U

-log., (P) in trans-ethnic meta-analysis
o

o

42 novel loci with P< 5x 108

Chromosomal position

+ 1000 Genome imputation|Z&kY . X E{A%E &L 100075 SNPEEHT,
- A2 FRZMEEZFHRICETE (FHL01FEE)

(Nature. Okada Y et al. 2014)



[GRERNE]

1 IR GRATREEHRIT) &1 2

) LT A RESERRAT £ 7 DR

- REBREEMRER -/ LBIEADEE

ey (R ACNOYVIN ¥

&5 TMDU

@6

PR A R AT



GWASOFERZEDLSICERITNIZE.
EBREEACHRABIEICEMTELIOMN?

(Nature. Okada Y et al. 2014)



[7/ LRIRZMYERIK]

Target-to-hit Lead
Hit-to-lead optimization

Precllnlcal
Phase I Phase Il Phase |l Submission
to launch
— D—)D —PD Launch

/

-
p(TS) lso% | [ 75% | | ss% | [ e9% | e B Pod B

WIP needed for 1launch Bl B EBdd B E2Z B2 B B -
Cost per WIP per Phase B E258 | & | B = 515 - 540 - S150 - 540

Cycle time (years) Ecl B B Bl

Cost per launch (out of pocket}‘ $24 ‘ ‘ $49 ‘ ‘ $146 ‘ ‘ $62 ‘ ‘ S128 ‘ ‘ $185 ‘ ‘ $235 ‘ ‘ $44 H $873 ‘
% Total cost per NME E B B B B EE EZEZ2 23

Cost of capital

Cost per launch (capitalized) ‘ $94 ‘ ‘ S166 ‘ ‘ $414 ‘ ‘ $150 ‘ ‘ $273 ‘ ‘ $319 ‘ ‘ $314 ‘ ‘ $48 H 51778 ‘

[ Discovery [ Development

* Clinical trial drug9E|IETHIZIZHT . FIFRAIFEIR D RENETE,
- 41 /) LLBlZE (ex. pharmacogenetics) ICBH T AN DHHL  HEEFHT-L
f=ArticlelE#> 9 M T(~2%)T. K&ER5 [LReviewr=>71= (2009FRF =) o
- [ ) LBIENKRBAEIEIIE >TSS,
7/ LRIEAMAE DA T E DM > TLELY,
(Nat Rev Drug Disc. Paul SM et al. 2010 PL0oS One. Holmes MV et al. 2009)




[GWAST—42ZRAL-EKERE - FHEAE~DT7IO0—F]

SREVR/FURVRER EHEGHRHREER
RTSAVVTER JVITINETILEY
MRNARIREDE L % @ PubMed TH AT A=Y
EHEREDZEL INAY A fRHT
Non-coding RNAFIRE D Z1E EREMREERARYNT—D
(protein-protein interaction)

EEE TR A Y Q

BIET—2~—X

At E RN E R (S AR
(H3K4me3) ABERERMERT—4RN—X

AT IIVELERIR EBFHILT

- GWAST—%% . EHRLGEMEN T —IR—XPFIET—ER—R &
METHIEICKY . EEREDEACFRRIZENTREEE D,
(Nature. Okada Y et al. 2014)
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(Nature. Okada Y et al. 2014)



[RARSISNPDHEES 4H]

Explained heritability

Asian

European

42% 27% 35% 23%

3% 4%

28% 38%

Missense SNPs
Synonymous SNPs
Non-coding SNPs (cis-eQTL)
Non-coding SNPs (others)

-log, (P) forH3K4me3 enrichment

Celltypes 0 1 2 3 4 25

Regulatory T cell I

CD4* memory primary | '
CD4* naive primary
CD8* memory primary F=
Smooth muscle, rectal =1
Mucosa, colon
CDB8* naive primary
Mucosa, stomach
CD34* primary
CD34" cultured
CD34* mobilized
CD19* primary
CD3* primary
Mucosa, duodenum
Muscle satellite

19 non-immune cells D [] Non-immune cells

DDDDDU H

EEEpg

III Immune cells

- RAYRYIUSNPODERERE~NDEHFE(L...
(1) EREVRZR LU #lERENA cis-eQTL,
(2) FlEETHRIZE (TR M &S (H3K4me3),

(3) tDEMEEE

Pleiotropic effect
of IL6R 358Asp

Rheumatoid
arthritis
C-reactive Coronary heart
protein & disease
IL6R
& 358ASpP ™ Ankylosing

Fibri
lbrinogen Y  spondylitis

slL-6R Asthma

Decrease
risk/dose

Increase
risk/dose

HE L -2 mRIEAE (pleiotropic effects),



[RAVUR VB FEBENECFHENDER]
RAJRY
s BIGF &
ﬁ
BIEF PP EcELER
puf

PTPRC CASP10

RAG1/2 AIRE O “Immune -
CD40 IL2RA O Hematological cancers O “Hematopoietic”
ATM IFNGR?2 . Lymphoma X “Sensory’
TYK2 IRF8 _ . " ST

- Lymphocytic leukemia X “Neurological
NG MVK X “Body size”
CASP8 C5 X Solid cancers y

- RARZMEEEND B FEDEEN. TERDELFIHF CTROLNT=,
(1) REEREARLEZEEE (primary immunodeficiency:PID) E{&F-
(2) I Z#AD B kB ES DO AR ERET T

(3) /w7 AFEKI{ % (Immune/hematopoietic traits) ,




o |
i

377 genes from
100 non-MHC
RA risk loci

Prioritization criteria

1. Missense SNPs
2.cis-eQTL

3. PubMed text mining

4. PPI
5.PID genes

6. Hematological cancer
7. KO mouse phenotype

8. Molecular pathway

ILVI=RAY R 7B {EFDiEIR]

ERHFRBEEER
RrYET—7

98 biological
RA risk genes

871 drug
target genes

No. RA risk genes

0

50 100 150 200 250

201

98 biological
RA risk genes

() \V2Y7))
PN ES

- RARRZ M EBICEENEITTEGCFEEMFEHN T —IN—REHE,
s Z DU EDREFB-L-I8ELFERAREELFIEREL TEIR,
BIERET—AR—R L DBREBEEI—TIMEGFEDDEMNYZERKET
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[RAYRVEBIGFERABRED DIEAY]

98 biological
RA risk genes
+
2,332 genes in

\ direct PPI P

18 overlapping genes
3.7-fold enrichment

247 overlapping genes
1.7-fold enrichment

2.2-fold enrichment
P=35x%x1073

e p ~ ™

27 drug target genes 871 drug target genes

of RA treatment drugs from drug databases
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By o~F BEEYOTF EBER

X B AR RES
1J X2 SNP VRAVEEF+ #HEER
| rs6715284 —1 CFLAR WIG*}Lth‘T@UAVj
. MHCHEE, - PPV rR=VIN )
| rs657075
| rs2228145 | IL6R — DOrSEP)
| chr17:38031857 — CSF3
| rs34536443 |—— TYK2?
| rs1877030 |— MED1 |— PPARG — RAIVITFHSDY — REE < F
| 13 SNPs — 13i8EF —— JAK1/2/3 — co7PLF=D /
| chr17:38031857 —— CSF3 |— ELANE |— 19 5FEF
| rs2233424 |—— HSP90AB1
| rs73013527 |— ETS1 —
NR3C1 |—— =y a:
[ rs1877030 | MED1 3¢ 2l
| rs73194058 |— IFNGR2




[RAY X8 {5FZ F|FH L 1=Drug repurposing]

1JZX - SNP YRAOEEEF HEER
FLE - BT
rs4272 CDK6 R
CDKA4/6RHZE
rs1633360 CDK4 FLRHERI A ¢ ‘
"EE""H ST FEMETIL

_________________________________

- BFEDABEETMOKREDBEADERAILK (Drug repurposing) H3.
%ﬁfEEIJ%ODZIZFE&%kEﬁk?é&EEé#’L’CL\éo

- GWASY RV BIEFEEEI—TyrELEERBREIZSTE T4H2LT.
Drug repurposing{zfiz RH 9T ZEMTED,
- CDK4/6BIFE5— v ELT=CDK4/6IEEHIZE hiztEELTRTE,
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~ Genetics/Gene to ??7? (in next 5-10 years) ~

- Gto A (allele) \

-------------------------------------------------------------------------------

G to C (clinical application) :

- Gto D (drug discovery)
Much progress !l i Now trying ! ' | Notyet ...
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s RKRRGERERN [ oNSFALLY . BERAZFZO S FIEIXRSGHE
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- YT —AIN—XR(IR T HBENAENZEL T, RADKEREZH
FICRIEL-(RBEREFSERBES L0 MEHERBEEEES) -
BlET—AR—REDBEZEL T, RAURVEGEFERAARERES—
FIMBIEFDDEAYNBALAIELE ST,

* GWASY RV EGEFZEEI—7T vhELI-BREISTHTAHILT,
Drug repurposingf&fiz RHEITZENTES,

- ) LBHEELT RREOREMRIALY /LEZEICEHRTEA A BEN
MRENT=,

~ RA GWASHER . E=zF) Ak, BIEA—YS vk, V—RXO—FIETERURLIZTARF ~

http://plaza.umin.ac.jp/~yokada/datasource/software.htm
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