68  Annual Review BERRFE - fU3 - Ao 2011

e FRLUIESHD2BERRBRZ

I BERW B, BRDECOES

HBEEFIEETD

e B2 OBEEFFEVAYX ., ENBER

e TEBEGEFEREOM->TIVEL

& 40 %RRELELN TLAERBEOBEEDo>T24%HRE

€ ACMO9%AMIEIL LD
BRTFUILERMET AN
$ETRIBFIE 1 L8%IEE

W)
TCF7L2 f
B2 ‘

7*))1»12’7

HZBURY

H1 /L7414 NEERFTREXTICHALLZL

DR S L EDT2%IC LB 2 DHTH 7Y,
B s cRE ST 5 EEREOBERITREIC
2 BB RRSET A B TE AL E V) o
ETHB,

BLT iz GWAS TRRI%E & - FiiliE B B2
BETFOILTa—AT 7Y EHREATZNEN
BOHOEENED S N BREREBEF D2 DK
DV TR 5.

1. KCNQT

A&lZBT3 TPy by O
EE LT, 10/FSNPEA WA SZBIA 7 ) —=
V7B b, ZORBRKCNQI L wHH L w2
AR EGERT BB L, Z0BETFE, L
BRE AT HBEE IR 2055 b 2B IRR OEE
ERTHB LV I 5T & I
Fhik7ny =2 FTYRAEOWRE»H D 1Y,
HAANZBUEIRIRIC BT, FFRICER 2EER
FLEbNS,

KCNQ1 i, M EIcEFET 2 BMEKEFEEK
F o ZND—2THS, Kvi. 1D o 72=v
Fa—FLTED, BMEEAEERENL MIEw
TQTEEFERBEOFER L %2 2 LB Tw
7o, KCNQIEZEFDSNPIZ, 4 > 2 Y v ik

R

ERHLT2HBRFOVUAEZEDS EEZ L
T3, Z2DAAZRALFESHOWARET
b5, BEAYIVLFUEANLIA VA V3
CEBEL LA ERIEDR D, 25 v 2P b
27 ZADMBH L DKCNQL2SA Y 7 L DHLD A
%, fHEEApH, KT &R, B ko4
YA vEEEICHEEL TVw AR EIRE S N
Tw3 ¥ FR@EEEMICb 2 OEEIBeck-
with-WiedemannfEEHO A v 7V v 7 4 v 7
EHLLTbH N TH»E Y, HERO 7 UL
EATOYA TEBAOCRETENZE, 29 L%

AV VT 4 v OEETFOEOREEE, Rt

HETED EEZ NG, i & BN EE
fEITIX, BERFERENIRZ R TEERZEREERE
DEAIRIBE I NESL, BEESELENE
ETYH, BEOMBILANEfEN 205 TH 2.
E R deCODE DS & 512,251 A 0 2 BIHE FRIE - ~
Tk B OIDEIMET T LI L 2 A, EBiET
HKEXNABBHEEOCTVIVIEHERICERLHE
L7272 (OR=1.30, p=0.0084), R#H ik
DA ZEEEEED o7z (OR=1.03, p
=0.71). &%, H5VIEEAOGWASDF—%
LEAEE T U LV EOBERITOBA T RETLE
bHBTHEH P,



2. TCF7LZ2 (transcription factor 7-like2)
TCF7L2 & TCF7L1 £ TCF7like HMG hox %
LOBERT7 7 U -2 @R LTEY, WNT
(WINGLESS-TYPE MMTV INTEGRATION
SITE FAMILY) ¥ 7 F L2 2 4 BT 38
ERFTHDIEPHONTED, bEbiiEs
OB D HBE S NT I, TCF7L2 ) v 7 77 b
T AREBTCHTT S, FIEROBLERIIR
SO U TEREINTED, HHELE
BE N30, BEs S d 2B
R SN Tuiw!® 10@EO 7EEE RS
BRFzd L IR ARESRZERTA2LH 12
DY > 37 LRP-5/-63WNT > 7" )L D 585
ICZETH B DS, LRP-5432 L 2 F a— LA
4 YAV VMBS L Tw» B I & b RS
C ERMIBITB VT, 2oL HE -
TRV A A VA iz &k BT
B3EEZONTVE, ZOBOEZEDERD G
BN -EERT (GWASEZ &) TIREET2
SRR & OBBESRINTE D, WE2RMER
ROBZIEEET &L L TRLVERSATVS
BSE D T TCF7L2 157903146 DY) 2 7 7
YEA YA OFWMET, A7 LF VR
OIETF, FEFEDOITLE, TCRIL2DFERL ~LiC
BELHEBEPREO N, IOTCF7LZD ) A7
%8113 DPP (Diabetes Prevention Program) (2
SML TV 3ICTORERBE~DERIZA A Y
VAWAEENLTEHELTHB I LGN L
o718 —HREROBRBEE B VT,
TCF7LZ DY A2 PUNLDFREX % ) 7T, &
FBEIED 1T SURI ORI ER D355\ AIBEME 2 78 T3
Eh3p D, EEBFICHIT O S 2 19,
EBIBEOMRTRRELCERD A v 2 vy
WHMETLTBY, A v 27 LFrERDEKETOH
BESHL P> Tw3Y L FOEET
TCF7L2% /) v 2 %7 LTI, GLP-1%
BEORFUET 22 NIc b &9 L AKT DRELL,

3. BERRYT ) LTEOBINEEE 69

# L CFOXO1 miE kA, GSK3DiEHEA, BB
MELT b — v R DBEIMAERD 5T 52,
GWASH & 3otz 2 i, AAD I F—k
FROERICE D, BEFENCOWTE IO~
lS@@@Emf(M%@]%diﬂEW)TM,
ek DR BT (B, FTEEZE) N
THERBEOFEFH & L ToFAERECEW)
HEL 2 IO L LEREREFIOEE
BEMETEZRT I kY, Ehidt s FHE)
EDBZLEETHY, IHIEREFELEN,
FEH S T N TR GEERERE T OFEE
TEBLTw3b0EEZLNS, F-RIAHEH
MEBTISEEERATIC L A2FETFHIE A2
ZELHeIEoTED, IHIEEHRELE
BRI RIE- TR 25 123 5 BRIR AR 7 & 3o iR
BTH2, fEoThIRETRICECERERRE
ZWiE TR LRBETIICERTH S LIFH
Eeiz el (M2),

B. SEROBERRECTERE

#4122 ¥ T, CDCV (Common Disease
Common Variant) OREE% 72 T T 2 BIRERSEE
EFRETEZED TELD, REECTEEEED2
BERBEORSUHETIANS A LT3 L, GHE
T UV EE % B HE D GWAS D 5 5 T
BEZONZVILICLERTANZTHS, 29
L7 SR OB CIERBEEZET UL Z2RA 5720
Wi, Ry — s vy —FHwES S LY
= TV AR E DA ERILEILE D,

@&@@ﬁ%B%Lzﬁmtféﬁ+zﬁ%T

2RREREFLUOBEZEZTHDL. GWAS

*iﬁa®%w@h%%ﬂ%§4txﬁtfm5
e, F~EOBETFIROEREDL I 2L
T HHREIRE:, o THRER P> TRk
WHold, BEOBOCEEEOBSZET UL,
BRI LS ThN BEEORZET ULTH S,



70  Annual Review FERRE - 3 - M4 2011

BEEREF

o
ERL S

Sensitivily
=
o
E
A}

6.23

430G .75

1-Specificity

BERBEHEV  BEEBRFOFANLTNATVS
BREBRNEL  BERBBEFOANTNTVNS

I BRF B BESTTOES

FRAREREF

£00

Sensitivity

S.Of—,
G.a0 .28 .50 Q.75 .00

1-Specificity

quintile 1 : BREEEHEL
quintile 5 RREENEWV

E2 BERERETFICETZEERBET CIRRBRETORRE CUR10 & H&KE)

5000

-
(o)
o
o
1

i
o
o )
G o
# L3
a

Number of variants

Heritability (%

‘.-‘1“ C

cees®? B

T

10 20 30 40

Allele frequency
Common (0.073-0.499)

Modest (1/2 of MAFs inA)
Rare (1/5 of MAFs inA)
Rare (1/5of MAFsinA)
Rare (1/10 of MAFsinA)

=m0 W

Medium (log-ORs are 5-times larger thanA)
High (log-ORs are 10-times larger thanA)
Vary Rare (1/100 of MAFs inA) High (log-ORs are 10-times larger thanA)

Effect size
Low (1.05-1.15)

Low
Low

B3 BLAOBGEFESTTIVCHEETBBRFEZET VILOFHHK

(w22 & b %)

CERDOBZET VAP INE TR T
BRENA vy AL LBETHS LRET D L, 2
BURE IR O BE R 40% 2 B 121377 800 @D
BEWTIADBREL RS, 7, LAy Al
B2~4{ 50 THEHENGWASD1/10{ 5D

(0

BEET )V ERETNUL, BHSOMEC 500
CEIET U L sH NUSBITRE E 22 B 2 (K3),

L LBEEDSNP 7 L A (3 DK SNP D
Ay B FETH B, b LIEMHEEDSNP

T LA DHEEE 2 BEFEOET /L BB O



go7IL
HaEhd

RIZEFFUIL
BE OR>5

FUIVEE AF<0.3%

3. BRWET / LTTROBREEE 71

0.3%<AF<5%

2<0R<5 OR<2
AF>5%

H4 REREUHECF7UNOEELHRICD LOVWRBEEFRAEE

(XRR23 & h &E)

TR oY 7N s, BRFIHROEER
MHERTRERTE LS, Lol, —FEEE
DREZET VIVIZAEDL T 7 ) Az izt SR
L7zbDThh, RIEFEINTH 2 ATaEMELY <
B4 o NEOMEMTF B2 L Tiabe %
TLIEETERY, FEE-ABERKEBOTHHE
RIS Y v TVBRERT C L ZENMDBE
M2 TWERTFHRER T, TLARAT A
DHEE L LEZ NS, o TESEE TER
FRIBELRGERET YL, BEFRED 20
FRIEMEOBEREZ &, L) HESEERCEET
LIEVREBELEZOND. EE IIERBT-
BEFHEEER, BET-REMALEAZEZE
HEBILLELAEEBRIITETHS S,
Eik D, HRATCHEEETHVIIROEE
7 U OVRE G IIRIEBEART LS, (RSEE T
HEOBETHROEEICIZGWAS AIEEETHE
DR, HoWey -2 v AHBniEer s
V=PI A (7Y —L) B, ZLTED
WARSEE ORE LEBEBFHRDOT VIVRAEITIZR
WGy 7T G 7oBEERT L, 2Rl 2T
IV =0 T ABBLERATELLEZ OGN

32 (4).

BRI £ OHET E N O GWAS £ i
ELERECET 2 X YRR, BIVE
BT 2 BEFLEE BRDIT TR 2 BiEds X
(EFEINTVLED, CNEERBOREE T
CIRE—-DOEEERTRERVWHDTY, BERE
BE O SRR & 2 o BRI E B R EE 2 R
THDRERT L HETH S, EHEFEHLI LI,
ZefEREMES HOMA-BIZERZE T Vv 23% (R
EFEINBZORHLT, ZERAL 22U P
HOMA-RIZRE S L5 BEZET U Lid iz,
FFOEEE (§930%) ORBETH 2 OEIC
HLBEREIZEY 2 EBTFBRINTH 32,
S, BENE LEET 2 BEFERICIERR O
BV THERREEZ PHT2Y— L LTOHK
Rkt~ — A — L B I N B,

C. IEYzRTF« VA7 70—F
TR O &7 R B O I I3 BB E R

B, EEAR, AFLALZEDHYDZEFREE
ek, BEERE FERRELR SOERR



72 Annual Review #EFRR - G - WO 2011

BT, £%OBRBERE A~ ORBISEHRIF
BhREZT\WEIEEMECR L, ERE
ERMERAEOIERRIIEICS 22 Y A7 13RES
THo LB REWERY AT EFDTCF7L2 DI
FWHETIALDY AT LIZIERAILTH S Z LIFER
BT 5. MRIEHIOREBREES D - FEARED
fils DB TEHEI N, EBOREREPIERIED
SREEERETLLEEZONDD, ZORED
A4 L L CEETFORERIOZ R b ke
AFNMER EZEY 22T 4 7 ARBEFEEH
S E 2 5N T3, DNAD X F Vb4
TEMBECIZ—E VY Ly FENB LEEZ SN T
L, — A TREEFEE ORI RO 8
BEBROTEBLTEI L3RV EEbLNTE
73, BRTIE—ED A F VLGB EETY
-z L oREP, BEETFICLB3DNAAF
MMERBEDOEL b HE SN T 328 ey

/L OBENLEREL TR, REEORE

i, X#aiko RiEd, 7/ &0 bk A
(imprinting) 7 & OBEEBEREE 2370 5 T
B, TV T4 v 7 REMNE, v hvv-
sy zoiEE (CpG) oAF e, ALY
DFFAl, 7Tk, U vEk, SUMOAL,
2EXF Al EIAHIRELR A P UEERIC X D
%22, T4/ L0 DNARAOERLD T
LW A LA VTBEBERICKSL TR S
LDT, HIZBEBROEEY, BZo JI3HIH
Rizbizb, £YDHFamzE I 2 Th CEERNZ A
=R b DAL B,

T

GWAS CRIE S BB EZE T VL iE, &
BLOEZORBEGRMGIHIN T 2ZRHDY
%y, EREREEFELBonZT -5 2|
NCEERT20REAECH S, Ty AEH < F
TEMTOT =2 ThhH, HL2DONIETIEZ
DEEEER DL S I 6% LR D Eig%

I BEPRYE B, BRRDE TOES

BREEL2VOTH S, o THEBTIIER
BEUELTEEORBIIFIETH, FHLv) X
hbht L AEBRIEA D = X LBHOFVD» ) %z
B232ETHY, Ib6IFHFHIRRIEDREL
RIZBIBEADERIC & > TEELHEZHE> T
5.
BHROY— 7 29 —12 100 FEEN/ Ho
TP % RET 2 ORI 57283, BEIOERIC
kxR — 27 2P —TEZ D 100~1,000
o7 = 2ADHREE o7, LD

2B EDHEEBIC T EL, EEEEDCRT
HEFTINLEBEEL, YAV 7T LLEHI
7% %7213 T% <, CNV (Copy Number Variant)
DEIHT ) LBEEROEEL L VEEICE

Y, SNP 7 CEHBAT & %\ 2 BUE R OEAE T
SANERCFHTICEETHSH P,

i EREENESE TOBRT /e A ) v
(S vA2) T —0) 2930 DHEARRY
VSY EREET A Y T Ry b TR E
7uF A= LT 7 —F b ARG RE RS
TEBIZELETHS ), ELSREBERSINL
BETSEBLFARFICBITCEIIEAS—V A
FEGHE 70 77 LB E 25 2 LIZHL D
THY, TLRBEEFLEELLERTSIL
ER AR BT CE 2 70 7 LDORES
MBI BB ERRR Y, FLZDDIT
REEOEOESOBE, ZOMWOEL DFlL
BERTOF — % Do 7 2 h— FFEIER
NTL 3, BRICSHEOH H SNIEFTERO
EEERERIC I, BAIER (SNPs) D&% 56T
fizh ey LBAS D TRITZED T
BREES AV L bERELR Y, Ih
WX DRI THERREZ L O & T3 FEETIER
BEOEAL L TORERR AN ORRIHSEBE
Wb EH2 5,



Xk

1) The Wellcome Trust Case Control ‘Consortium.

Genome-wide association study of 14,000 cases
of seven common diseases and 3,000 shared
controls. Nature. 2007; 447: 661-78.

2) Sladek R, Rocheleau G, Rung J, et al. A genome-
wide association study identifies novel risk loci
for type 2 diabetes. Nature. 2007; 445: 881-5.

3) Zeggini E, Weedon MN, Lindgren CM, et al. Rep-
lication of genome-wide association signals in UK
samples reveals risk loci for type 2 diabetes. Sci-
ence. 2007; 316: 1336-41.

4) Scott L J, Mohlke KL, Bonnycastle LL et al. A ge-
nome-wide association study of type 2 diabetes
in Finns detects multiple susceptibility variants.
Science. 2007; 316: 1341-5.

5) Miyake K, Horikawa Y, Hara K, et al. Association
of TCF7L2 polymorphisms with susceptibility to
type 2 diabetes in 4,087 Japanese subjects. J
Hum Genet. 2008; 53: 174-80.

6) Horikawa Y, Miyake K, Yasuda K, et al. Replica-
tion of genome-wide association studies of type 2
diabetes susceptibility in Japan. J Clin Endocri-
nol Metab. 2008; 93: 3136-41.

7) Yasuda K, Miyake K, Horikawa Y, et al. Variants
in KCNQ1I are associated with susceptibility to
type 2 diabetes mellitus. Nat Genet. 2008; 40:
1092-7.

8) Miyake K, Yang W, Hara K, et al. Construction of
a prediction model for type 2 diabetes mellitus in
the Japanese population based on 11 genes with
strong evidence of the association. J Hum Genet.
2009; 54: 236-41.

9) Meigs JB, Shrader P, Sullivan LM, et al. Geno-
type score in addition to common risk factors for
prediction of type 2 diabetes. N Engl J Med.
2008; 359: 2208-19.

10) Lyssenko V, Jonsson A, Almgren P, et al. Clinical
risk factors, DNA variants, and the development
of type 2 diabetes. N Engl J Med. 2008; 359:
2220-32.

11) Unoki H, Takahashi A, Kawaguchi T, et al. SNPs
in KCNQI are associated with susceptibility to
type 2 diabetes in East Asian and European pop-
ulations. Nat Genet. 2008; 40: 1098-102.

12) Mussig K, Staiger H, Machicao F, et al. Associa-
tion of type 2 diabetes candidate polymorphisms

3. WRFY AFROBRLEZ 73

in KCNQ1 with incretin and insulin secretion. Di-
abetes. 2009; 58: 1715-20. )
13) Boini KM, Graf D, Hennige AM, et al. Enhanced
insulin sensitivity of gene-targeted mice lacking
functional KCNQ1. Am J Physiol Regul Integr

Comp Physiol. 2009; 296: R1695-701.

14) Du M, Beatty LG, Zhou W, et al. Insulator and si-
lencer sequences in the imprinted region of hu-
man chromosome 11pl5.5. Hum Mol Genet.
2003; 12: 1927-39.

15) Kong A, Steinthorsdottir V, Masson G, et al. Pa-
rental origin of sequence variants associated with
complex diseases. Nature. 2009; 462: 868-74.

16) Korinek V, Barker N, Moerer P, et al. Depletion
of epithelial stem-cell compartments in the small
intestine of mice lacking Tcf-4. Nat Genet. 1998;
19: 379-83.

17) Fujino T, Asaba H, Kang MJ, et al. Low-density
lipoprotein receptor-related protein 5 (LRP5) is
essential for normal cholesterol metabolism and
glucose-induced insulin secretion. Proc Natl
Acad Sci U S A. 2003; 100: 229-34.

18) Florez JC, Jablonski KA, Bavley N, et al. TCF7L2
polymorphisms and progression to diabetes in
the Diabetes Prevention Program. N Engl J Med.
2006; 355: 241-50.

19) Pearson ER, Donnelly LA, Kimber C, et al. Varia-
tion in TCF7L2 influences therapeutic response
to sulfonylureas, A GoDARTSs study. Diabetes.
2007; 56: 2178-82.

20) Pilgaard K, Jensen CB, Schou JH, et al. The T al-
lele of rs7903146 TCF7L2 is associated with im-
paired insulinotropic action of incretin hor-
mones, reduced 24 h profiles of plasma insulin
and glucagon, and increased hepatic glucose
production in voung healthy men. Diabetologia.
2009; 52: 1298-307.

21)Shu L, Matvevenko AV, Kerr-Conte J, et al. De-
creased TCF7L2 protein levels in type 2 diabetes
mellitus correlate with downregulation of GIP-
and GLP-1 receptors and impaired beta-cell func-
tion. Hum Mol Genet. 2009; 18: 2388-99.

22) Pawitan Y, Seng KC, Magnusson PKE. How many
genetic variants remain to be discovered ? PLoS
One. 2008; 4: €7969.

23) Gloyn Al, McCarthy MI. Variation across the al-
lele frequency spectrum. Nat Genet 2010; 42:



74 Annual Review $EERE - 3 - oW 2011

648-50.

24) Voight BF, Scott LJ, Steinthorsdottir V, et al.
Twelve type 2 diabetes susceptibility loci identi-
fied through large-scale association analysis. Nat
Genet. 2010; 42: 579-89.

25) Dupuis J, Langenberg C, Prokopenko I, et al.
New genetic loci implicated in fasting glucose
homeostasis and their impact on type 2 diabetes
risk. Nat Genet. 2010; 42: 105-16.

26) Poulsen P, Kyvik KO, Tung YC, et al. Heritability
of type 1I (non-insulin-dependent) diabetes melli-
tus and abnormal glucose tolerance-a population-
based twin study. Diabetologia. 1999; 42: 139-
45.

27) Dolinoy DC, Huang D, Jirtle RL. Maternal nutri-
ent supplementation counteracts bisphenol A-in-
duced DNA hypomethylation in early develop-

I HERE B, EROHTOES

ment. Proc Natl Acad Sci U S A, 2007; 104:
13056-61.

28) Rassoulzadegan M, Grandjean V, Gounon P, et
al. RNA-mediated non-mendelian inheritance of
an epigenetic change in the mouse. Nature.
2006; 441: 469-74.

29) Jin L, Wang H, Narita T, et al. Expression profile
of mRNAs from human pancreatic islet tumors. J
Mol Endocrinol. 2003; 31: 519-28.

30) Wang H, Horikawa Y, Jin L, et al. Gene expres-
sion profile in rat pancreatic islet and RINm5F
cells. J Mol Endocrinol. 2005; 35: 1-12.

31) Estécio MR, Issa JP. Tackling the methylome: re-
cent methodological advances in genome-wide
methylation profiling. Genome Med. 2009; 1:
106-12.






