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SMAD2 A=Y wrdA7|thal A 3 -36201A>G (rs2000708), -35302C>T (rs4940110) 2 -34952A>G (rs4940109)
2 o]Folzl FollA Meg

AT 2

A 18k oA, 7] SMAD2 F-A o] ©@AAVITEA T -36201AGE HEF AHE, HAA dEHE,
Kl

g g A 2
dEE AR R dusv, 3mecTs oF, gHE 4%, 44 =2, A4 2 gHE v 2
WSk AR}, 3405206 F, HEF A, A4 AET 2 ES e FuRs AusE AL 53
o s FUE oA

SMADZ frHxbe] AujAE F SMADZ FHAe] W Al AFSRFE -362010A 171 (rs2000708)7F Aol
-35302H A A7) (rs4940110)7}F Colar -34952H A 717} A(rs4940109)21 w3 htl, = SMAD2 A9
Hod A Ko zBE -36201HA 7] (rs2000708)7F GolaL -35302H A 7] (rsd4940110) 7} Tolal —-34952H 5
A717F G(rs4940109) 1 LHlAE ht2]] ZUE wA.

AT 4
Al 3ol 2o, A7l dujAlE hele dEE AR, AA dqEE, Ay 2 g5 e FEne
ABEHY, A7) dujAE ht2E &5, HEHEF AY, A4 dEF, AAE L QEHEF e FHEs dads

3T 6

SMADZ Akl A7t A F -36201A5G (rs2000708), -35302C>T (rs4940110) 2 -349524>G (rs4940109)
g@dd 8 SFAA F ode Tgeld AE, $FEL, wEUEelE B 4Fds ¥3ds aves %
2 T 2 A oS % AEE 7|E

g Al Al

7l & & oF

© ae SUE v # ol o]&d Fves % st =d A e A5 Wil &3 Aolr.

W E 7 &

ar

Zth3Z(osteoporosis)S wo ZFA % (bone mineral density; BMD) @ & £ (bone loss)d EAS zte=
2174 & A3(systemic bone disease) 224, 8 YIS Y F Ut tF AF JAF 2vES EH
FEFE PRl E Betal, A4 A7 FE doEm, ggo] ¥ 7S A Zytel] mh=w BMDol| A o] ®o]
9] oF 50-86%7F o5 AR & AHE T (Arden NK, Spector TD (1997) Genetic influences on muscle
strength, lean body mass, and bonemineral density: a twin study. J Bone Miner Res 12:2076-2081,
Slemenda CW, Christian JC, Williams CJ, Norton JA, Johnston CC, Jr. (1991) Genetic determinants of
bone mass in adult women: a reevaluation of the twin model and the potential importance of gene
interaction on heritability estimates. J Bone Miner Res 6:561-567). &Ula52 w2FA|¥E(osteoclast)el
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9t & &5 (bone resorption)”} ZZ A ¥E(osteoblast)ol o3 & AL Z¥ste] WA= & gRdyo &
e 93l ofrlETh. wmEkA, ZIAME T gEAxe &3 9 Ve dA¥E f31X= BD 2 EvEs
of et f-A4 S ursl=u o] FAH Fxot),

SMAD wHuld-e TGF-B (transforming growth factor-B)< <3| (superfamily)?] FL3 AX 215 H3H
7|(intracellular signal transducer)®X, AX F2, AEA4H(apoptosis) B w3k¢} 22 Fastar tpgst
z2H~E -l R-SMAD(receptor-regulated SMAD)E= ® A3 M#/Ezed 483 (membrane bound
serine/threonine receptor)®} ZAgHslar, Ay Fg&A9 F)yolal(kinase) Aol <ol FA3}dATt. AEA
(cytoplasm)oll Al Z47] st R_SMAD’C_‘ SMAD49} AFetir, o]t o]F A SMAD H3HA|(heteromeric SMAD
complex) &= F3A @S zdsle oz o]Fdhty. SHAD2E R-SMAD T shyol™, 53] TGF-8 2 dEW
(activin) A& HAZE vj7dth(Song B, Estrada KD, Lyons KM (2009) Smad signaling in skeletal
development and regeneration. Cytokine Growth Factor Rev 20:379-388).

TGF-BE= = 712 (bone matrix)o] @o] ZE|3t}, o] UMlA e A Fo| o8 WAL, 2T =24 T
717 A& (matrix deposition)s A=s8tal ZIAES] AEALS JAFo=A, & A d4T& I
(Janssens K, ten Dijke P, Janssens S, Van Hul W (2005) Transforming growth factor-betal to the bone.
Endocr Rev 26:743-774).

olob fxAow, T6F-Bi HEAE AEALe] A4 FEAx(inducer)olw, HEAE] P4 2 s
£ =FUHoude N, Chamoux E, Bisson M, Roux S (2009) Transforming Growth Factor-betal (TGF-betal)
Induces Human Osteoclast Apoptosis by Up-regulating Bim. J Biol Chem 284:23397-23404, Takai H,
Kanematsu M, Yano K, Tsuda E, Higashio K, Ikeda K, Watanabe K, Yamada Y (1998) Transforming growth
factor-beta stimulates the production of osteoprotegerin/osteoclastogenesis inhibitory factor by bone
marrow stromal cells. J Biol Chem 273:27091-27096). w&}A, TGF-B1, =, wWo|x 74 FX3 o}¥
(isoform), #%3 vwle~E= F F%(bone mass)o] ZAEAtHGeiser AG, Zeng QQ, Sato M, Helvering LM,
Hirano T, Turner CH (1998) Decreased bone mass and bone elasticity in mice lacking the transforming
growth factor-betal gene. Bone 23:87-93). HNE|NI-S S A] = thAl(bone metabolism)oll & Q3 J&& 3o,
A Wl A5= FA AFE(murine celDollA 2IAE B SEAE & 259 £31&5 A=381H, ol & #Ed
o] FAZe JFIE 7}3ck(Nicks KM, Perrien DS, Akel NS, Suva LJ, Gaddy D (2009) Regulation of
osteoblastogenesis and osteoclastogenesis by the other reproductive hormones, Activin and Inhibin. Mol
Cell Endocrinol 310:11-20).

AdEINIY] IR 9] Fd A H(Sakai R, Miwa K, Eto Y (1999) Local administration of activin promotes
fracture healing in the rat fibula fracture model. Bone 25:191-196), A4l FYL& WF2A7 YEIA &
THF 9 F FEE FAAATUSakai R, Fujita S, Horie T, Ohyama T, Miwa K, Maki T, Okimoto N, Nakamura
T, Eto Y (2000)Activin increases bone mass and mechanical strength of lumbar vertebrae in aged

ovariectomized rats. Bone27:91-96).

TGF-B B AEIRIY M2u] FEQIAZEA S SMAD27} & diAlel] Fagh |93 3 4 . 2dd, & S5l
Aol e SMAD2e] A @l diElME olmEd ATk o]FolA A ekttt a¥Y, FEEE FHTss A
O e BUFTE AWAH AP FRY 84 T GUR o 4A FPAE AL FHITL 2
1:/_]-—;5‘— Al o ety A8 avs volsli=d Fosith. webd, TUxe
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dlell let.
o] g 542 93] aves 2 vl E 24 A3S dSsked /&3 7IEE Alwet
= dell v

A9 HE 79
A7) BAS @Asy] fske], B oawe SMAD2  frAAke] wddrIvEA
-35302C>T (rs4940110) 2 -34952A>G (rsd4940109) & o] Fojx FollA Hew ZFd
AE A-Fgt.

% -36201A>G (rs2000708),
s

(bone mineral density) w}

7] SMAD2 frixte] @dd7|thE A T -36201A>GE tiE = AR, dAA giEF, dxF 9 gEHE R =Y
To} Ay, -35302C>T% =, AxR 2D giEE e Fdxe AdEy,

F, == A5, AA o
AA tiE = B oEE 1
A7) BEAHS dAlEy] 9te], B owbde SNAD2 FAAY] duiAE 5 SMAD2 FAAFe] WY JfA] AP oz REH
-36201H A ¢37)(rs2000708)7F AolaL 353024 A7](rs4940110)7F Colal -34952H A <1717} A(rs4940109)<1
AujAE htl, = SMAD2 A HY WA AP R=RE -36201H4 7] (rs2000708) 7} GolaL -35302%H )
A7) (rs4940110) 7} To]aL 349524 A717} G(rs4940109)91 AujA|a ht2¢] FA%E wpAE A F3ho).

o
fm fo

-349520>GE 8%, dE=

A7] dujAE ht1e EF AR, AA dEE, ARE D gEE e Uzt AdEy, A Ay
ht2E 8%, QEF 23, A4 gEE, A 9 gy e F9x9 dAddrn

A7) e B2AS gAdslr] Yste], B A e A RRE DNAS FE5tE Ol A EEXE 353 DNARZ ST
FUE VA AESE WA 2 A7) 2UE v alas wAE xEhs e 9 aved 2 R

-1
A7 FHEE uAE AESE 9AlE DNA A|EY B4, uwlolmgojgolo] o3 A, tiHFAA EolF
1 specific PCR), tholube] o4 &£43F, PCR-SSCP ¥41, RFLP 4], TagMan 4] 3= DNAZ

e f ©
EAoA AEE ol shte] RAES o] gdte] sqd & 9

A7) E gE BAS ggsty] g5, g -36201A>G (rs2000708),
-35302C>T (rs4940110) = -34952A>G (rs4940109) A s FEZAD £ e Zdgoly AE, FEZ a4
ZYeElols @ gxds ¥IeE IUEE 2 TUTAH 2 24 99 o= 2L AT, J|ES AT

=

A7) 71EE SMAD2 37 @7t F -36201A5G (rs2000708), -35302C>T (rs4940110) 2 -34952A>G
(rs4940109) E}SW 95 FEAZ A Zeolw AEE xFstaL, o]E o83 PR AHeS 535t ¢
719S BAFo 2 A -36201A>G (rs2000708), -35302C>T (rsd940110) = -34952A>G (rs4940109) ¢ ©rl¢d7)
tga 4 01591 Al A& ht1(SMAD2 F2H=4e] WY AA AHozEE -36201HA ¢7](rs2000708)7F Aol L
-35302% A $17](rs4940110) 7} Colal -34952H A 1717} A(rs4940109)), W= ht2(SMAD2 Fr7xbe] WMol A
AH o2 HE -36201HA  G7](rs2000708)7F GolL -35302W A 7] (rs4940110)7F Tolar -34952W A <d7]7}
G(rs4940109))S Belste] Fvhas 2 Fuadad Z4& 453 5= o,

47 Letelulge 47 B4 P9E FHT S dvkd 27 2 90 AdsE 947 ABEA e,
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T 18 SMAD29) A A A% (gene map), YU¥iAIE (haplotype) ¥ AREFH(LD) AFE Vel Tdolth. =
9 dEe H44 Bz Yehe, 5 - 9 3 -wgEA] 22 J(UTRs)S A Bxoz yehw, W )
Al AR 3 AA HV1E FwEULEE 417 2 YERIT. 8 A (polymorphism) 1,329 9] FFAE F
A 248 Aol

oA Shelsl HagS et

19] B SMAD2 thEAd el dujAd W=Z epd,

H

-
~
-

T 19 CE SMAD2 ©}EAd Alele]l LD &5 2 AdAFE vt H24 ZHred square)S DT BAA
(statistic)@ ZHE TAdA7|tbEA(SNP) ] 3F & Alolo] EAEH oz {23k FA2 A (allelic
association)S YERH, H2A9] 5950 IS4F U 171X9 %2 D #2S Yehdo.

Wy A7 Hek FAY g
o, £ MW Fuolel ols) A AYsAW, 7] ANt B oAPe qAtE AL B
gol olel @gHE AL ohith,

<A o>

1. ¥ A}(subjects)

2 Ao w2 PR AL o YS U #HAEY] oA 1,3299 S gide = stk HAS Hojx: 1
d Fok g0 HAE Aow Ao HY, ¥ 94X A= TEE(serum follicle-stimulating hormone) =X
S SAdoRHA Fsglrt. 271HFA0M TS AFe o3, 2 & g E B9, 2FIIEHIANE

( &l

(glucocorticoid), A ZT2E H|AFEAFY|o]E(bisphosphonate) & FthaZ3S $3 U A855)q 434S
nxE ES 69 ol EBE&I A e U] ES 1270 Hdl HE&gk e 2 AAdelA
AGA T, T, G o} % (hyperparathyroidism) %+ FvE 2349 (rheumatoid
arthritis)¥ #Zo] & tirlel ¢ T AFS AL AR B AA A ALdAHY. B84 dE
ool 7t e HES TH 2 3% 9AY, Aufi(dementia)E $31 e FAE TE9] A
dg & myste] B AA]del A afAESI Yk, Nathan 7% (Nathan M, Pope M,
Grobler LJ (1994) Osteophyte formation in the vertebral column: a review of the etiologic factors——
Part I1. Contemp Orthop 29:113-119)9] 453& W& =524 (Osteophyte) FAdo] A& A L/Ee= T4
23 AR AR A olE= 25 (lumbar spine)ol] 41743 ¥ BAA(facet joint osteoarthritis)ol
RNE AFE J@AAA wAEIGTE. A Ao AANC) o &L S90S wgkom ) Zb it
oA A& E RESITE.

2. U= (Bone mineral density; BMD) 54 %L ZFt}F5ol 23k ZH(osteoporotic fracture) 7}k

8347 2] JAd-& Lunar “&X|(Lunar, Expert XL, Madison, WI)& o]&3}e] o]lF dyx] dxge] Z4 ASH
(dual-energy X-ray absorptiometry)© 2, 23(L2-L4) ¥ HEZF Z5F(femur neck)olA2] W2 ZFUI-(Areal
BUD) (g/cmi)& FAA. Uw A 495 <] o342 Hologic &*|(Hologic, QDR 4500-A, Waltham, MA)E ©]-&3}
o FHULE ZAHIRY. WEFAG(variation coefficient)® YEMHE Lunar 2 Hologic AX9 AUL
(precision)i= Zt7} Q54 0.82% 2 0.85%, WE= AFolA 1.126 2 1.20%]130ct. 7] Fh(value)S &
AAldo] FoshA] gk 17H e AYAE ~AEFozN A Aoty Zhzhe] AhAE FY Ao 5H 27
BE HAdew, w SAAtoluirt HolE fd =3 WEgitk. S Al&E Abolo]  wxFR A (cross-
calibration equation)& %=3t7] #1éte], Lunar 29t Hologic FA& ol-&3dte] 1098 A4 d= A
(B3 A% L5E1IAN(FTEFHAD, B9 31-754)S BUD 2 SA3E 3, axkH A2 (cross—calibration
equation) a}7] 478h2] 1 9 4=38h2] 29} Zt}(Jo JM KJ, Kim GS, Kim SW, Shin JW, Moon DH, Lee HK (1999)
Cross-calibration of bone mineral density between two different dual X-ray absorptiometry systems:
Hologic QDR 4500-A and Lunar EXPERTXL Korean J Nucl Med 33:282-288).

S

(584 1]

L2-L4 BMD(g/cnf): Lunar = 1.1287 X Hologic - 0.0027
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[&4] 2]
EF AR BMD(g/crt): Lunar = 1.1556 X Hologic - 0.0182

F7A o2 & YEE 2YF(proximal femur)ol A BMD e =439l Hologic X2 8= 7H-(femur
shaft)& 434 &gt wabA, gEE 5F 2 g2 gE5E 297 (GE 59, A dE=(femur), WAk
F-(trochanter) % Ward 4FZ}(Ward's triangle))ollA 9] BMD @2 Z+zb 5717 2 8399 9] A YAZHE 443}
k. B AAde JHARZEEH 3 3255 (lateral thoracolumbar) T4-L4 WAFAALA (radiograph)S 4=
S5k, HF ZHd e 2515 (Working Group on Vertebral Fractures)®l dae] we} & Zd& &
239t (Kiel D (1995) Assessing vertebral fractures. National Osteoporosis Foundation Working Group
on Vertebral Fractures. J Bone Miner Res 10:518-523). %5 =42 AW 4| ¥o]((vertebral height)
(AlE 59, AW (anterior), TH(middle) = T (posterior))2] 20% o]do] HAFHo=E AAihH o=z A
9] 3 H(Genant HK, Wu CY, van Kuijk C, Nevitt MC (1993) Vertebral fracture assessment using a
semiquantitative technique. J Bone Miner Res 8:1137-1148). H]-FF Z A (dE Eo], €% yo], A,
A, 55 2 FhH2 AU 2EY o8 HUbEAT. 24 F wBAIT e A o] Fold A YTt
2o FF el o BT Pugk = A AL =AU

o

¢

w

A 7)tha A (single nucleotide polymorphism; SNP) A& 2 G423 224 (genotyping)

ZRE 999 wWolrl wmAe] HAF H/E= WY £FS %o, Q3% TS 3T 5 Y] Wi
, SMAD29] Z2RE oS BEAFT). SMAD29] ZZEE o] ©rdedr|thE A (SNP)S dbSNP o o] E]®]o] 2~
(www.hapmap.org) & o] 838l ZAMstgom, 7] 7|Fo2 HrtEAT.

2 |d

o]

7l (D: o]y HAAE(AE 59, 24 ¥ F8&H(minor allele) ®1=7} 0.1 ©]7)
715 (2): & Ael(validation status)

BoAAde e, A7 71ES olgdte] 39 ZERE Gdd7uEgAd(-36201A>G (rs2000708), -35302C>T
(rs4940110), 2 -34952A>G (rs4940109))0] A&=Qa, EAHAt. 7] rs HEE NCBI dbSNPoll 414 o=
S5E NPo] HEE ow|gt). Y] tdEA A FHAE 24 flske], TagMan 7[HES $138 DNA T%&
93t Zololw, W ZZHE Primer Express (Applied Biosystems)Z o] &8sl tjx}elst o (Livak KJ (1999)
elic discrimination using fluorogenic probes and the 5' nuclease assay. Genet Anall4:143-149). 3} }
o] gy $HA Z=ZH(allelic probe)E FAM gMerozm mxslglon, o2 gy 44 Z=HE= VIC ¥§%
Aaeko 2 gAYt ZFW A A2 WS (polymerase chain reaction)2 $-#+2 DNA 28] ZA&A (uracil
DNA glycosylase; UNG, Applide Biosystems)”} $1+= TagMan Universal Master mix, 900nMe] PCR Zzfo]lw o
200nMe] TagMan MGB-Z 2B E o]&3&}o] F33dth. w32 20ngd] Al DNAE AlE3sle] AA sme] Hy=
384~ FHOEE AlEStE Aoz FSItt. FdUolEx A™E Ato]E¥ (thermal cycler)(PE 9700,
Applied Biosystems)olA 50CeoA 2%837F, 18] YA 95TCoA 1002 7FE3 v, 95C 15% % 60T 1
2o 400l FE AT, HF A7) (fluorescence intensity)ZE Prism 7900HT 7]7](Applied Biosystems)Z
ol-gato] =43 aL, AHe3t AZE(SDS 2.1, Applied Biosystems)S ARg-3le] #4&1 ).

=

4. EA(statistics)

X AAL B AR 7 (locus)olA 2z 7A7He] ol A7k A& eI (she]-9kl =L B Hardy-Weinberg
equilibrium)& AZG3t7] Aste] A&, oA FHH(bialleric loci)e EE & AkoldlA] &47F
A oiu]a(Pair wise Comparison)el <2J3] Lewontin®] D (ID” |) % LD A<(linkage disequilibrium
coefficient, )2 7AA}akgIth(Hedrick PW (1987) Gametic disequilibrium measures: proceed with caution.
Genetics 117:331-341). Haploview version 3.2(Whitehead Institute for Biomedical Research, Cambridge,
MA) AEEOIE LD EZ(LD block) T2E ZAFSH=H o] &3tk (Barrett JC, Fry B, Maller J, Daly MJ
(2005) Haploview: analysis and visualization of LD and haplotype maps. Bioinformatics 21:263-265). 4
7l Z2aRe p 2 LD #HoddY log ) oZHE F=3 o /Mo AAA W (gamete frequency)?] S
T (maximum-likelihood) #S =A3}7] sle] 271 wpA Y 719k H 3} (expectation maximization; EM)E A}
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L9, 24 Al dujAEe e 5(Stephens M, Smith NJ, Donnelly P (2001) A new statistical
method for haplotype reconstruction from population data. Am J Hum Genet 68:978-989)c <& 7i&
PHASE &i12]&8 AR&&lo] #38t¢th. PHASE ¢ug)Ze Al 5474 EA(poplulation genetics) ¥ 3
o]Z(coalescence theory)el 71%3=  LuiAld  FZ(haplotypic  structure)e] A7 X (priori
expectation) & &g #lo|#t A% (Bayesian approach)< AM&3Hch. PHASE &2 ES|o] (ver 2.0)& AME
ste] Zb JRAlCl diE] 2E duiAE v@Ad F99 delz gdES ASI. 97% mRke] #jo]= =E(phage
probability)<& 2zt A= 404 A8t 58 &= (hts)o 4% 52345 B39 #47%
7o W og BAEY. Ay, #HHo]F AR} (years since menopause; YSM), AF, L FWHI(covariate) &
M A (height)S ol&ste], 85 % thEF AF-olA SMADZ thegAdel thel BMDS] th5 274 (Multiple
regression analyses)s Fd3l3itt. & dEH= ZHF(AE 50, AA vE=, AxF E Vard A7) elA

BMD #k¥} SMAD2 A Wo|A (genetic variation) Ale]9] A3 (association) S £ FEdoA] FHFZEA

Ok:o

H

=
U (bone densitometry)® F7F4< ZA8% ZA(statistical adjustment)S o]&3dle] AAsF L, o= 3t
Tl ool A o] FLeA 7] nak BAAES o] & & gld7] "Wieltt. =4 9 HE4d IPA Aol K
AxE 9@ ht ¥y A9, #dAol: AW, AT %, AFE At ZAxEH FdAFEAM(logistic
regression) ©]&3te] AU, ¢4 ST A (major homozygote), ©138 A (heterozygote), 2 4
A 5% HTA(minor homozygote)o] Ao s, %54 (codominant), $A(dominant) %L <EA

(recessive) BdlolA 232k 0, 1 2 2; 0, 1 2 1; 20, 0 2 19 Z=E FA3T. AZE O SNPSpDE ©]
43Fe] SMAD29] EHAQl vA HH9 F & F(effective number)E AAsIY] ofF HAA (multiple testing)S
AT, 47 AZEdoes ddg7IttdH(SNP) Atele] 4 LD(pairwise LD)o] aJHe] A3~ 3
(spectral decomposition; SpD)ell 7]%3$ HoJth(Nyholt DR (2004) A simple correction for multiple
testing for single-nucleotide polymorphisms in linkage disequilibrium with each other. Am J Hum Genet
74:765-769). ARA o R FEH =HAR vtA HH FE tF A4S A BA A&, e TA
A B2 SAS (SAS Institute, Cary, NCO)& o]&3le] 4333},

5. A3}
A737] o14(n=1,320)0 goM, Awy B4 Aol A Aol Ae® vAARPHS FA4F 2L 9
ggzte] AR (clinical profile) # 853 2 UEZ 59 B A=, AT, A 2 YsMAe] 57HZ<
AT/ CFHBA)S E 1o YElT. E 12 #37] o4 (0=1,329) A AR ZUZ(BMD) 9 thE3 AR
A Axtolt), 7] FEAA Fh(value)e EE UE W4 (variable)ol wel Z2AHERA oW, YN HAGo]F Az},
BE 37 A<, SEv Z=oxE 77 yeid gxte] H AL 59.1+7.341(HY 45~87A4)) 3L, Hit
YSM2 9.7+£7.8(R ¢ 1~42v)olitt. odgd upel Zo], A& E YN 85 9 UEF AH gYolA9
BDE 2o el 9%, wwel AFe 47 T el B Fel gunwAd ATk WG aFe
BMDS} o] @Al ATt
F 1
AFAHE 8% BMD(g/cit) HEE 45 BMD(g/cn)
We | WdrEE | pEA £% P #k(P B xF 94 P
H=} A5 Q@ Z}(standard value)
error; SE)

AFAD| 59.14£7.3 | -0.005 0.001 <0.001 -0.005 0.001 <0.001

A% (kg) | 56.247.1 | 0.005 0.001 <0.001 0.003 0.001 <0.001

A% (em) | 155.0+5.3 | 0.002 0.001 0.003 0.001 0.001 0.100

ySM(d) | 9.7+7.7 | -0.003 0.001 0.004 -0.003 0.001 <0.001

- - =49 R'(adjusted R)=0.246 245 R=0.277

7ol ddvivgAd el aAe Rliks B 20 YEElY. 3 2 w7d7] ool SMAD2 v el NimEE o
Bt &17] & 2004 HWP+= B S @A Abole] shr]-ofqin FF(HWP) 2 H|AF «Pgh, MAFE= &5 tiY

A2 9% (minor allele frequency)E YERHATH.
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X2

F2 (Loci) | A (Loca | A (position)| rs ID A MAF | o] &5 eh&| HWE*
tion) (heterozy
gosity)

-36201A>G X ZTH 43713416 rs2000708 | AA | AG | GG N 0.207 0.328 0.880
835 [ 438 | 56 | 1,329
-35302C>T T2 RE 43712517 rs4940110 | CC [ CT | TT N 0.158 0.266 0.096
934 [ 369 | 25| 1,328
-34952A>G X ZTH 43712076 rs4940109 | AA | AG | GG N 0.176 0.291 0.164
894 [ 401 | 34 | 1,329

AAG e sh-ekIM L A (P>0.05) dlvh. EE e duiA P (ht) o] 95.005 AH|sh= Al
g el 2719 F% AP (W= 0.05 ZI}p)o] 9%
SMAD2 t}E A} BMD9Fe] AdAS A, YSM, AF,
AZ). PFE SMAD2(P )olA E=HAQ whA #9](1.398)] GE ol o3

BAREAT. SMAD2 ARl 3709 dd A7t A (SNP) L 270 LuAE (ht)o] 2F H/EE
G954 TR AT 4 dAr;. SMAD29] -36201A>G T}EAle] x| UlE I ALK

BMDS} @] HElel(BEA md 2 9 mea zkzh PU=0.018 2 P7'=0.022), -353020>T
-349520>G] T4 25 9 dEE AF 2FoA Bbet SASH R folshd dBHAHIETE 2
Edo|A P =0.027-0.046). U= B]Z(multiple comparision)E Y& EHAZY = A(Bonferroni

correction) S dZAEA H&stu WM E(FTE4 ox mEo A 77k P7=0.039 2 P=0.048),

nd

SMAD29] -36201A>G t}E o] tEE A3e] Bt dHE e FXEATE. 25 D gEF Ao Bl o3t
271 3719 DPOWWWW“*(SNP)«] &2 3 (genetic effect)% 42 &% (gene dose) gEHolt}. &, 7}
T =2 BMD~ g dY AR (rare allele)9 &8 A&A, 39 BIDE oy AA, 7 W2 BD= &
¥ frdA(common allele)®] 53 HFANA AZHATT. 47 35 ¥ a4 53 AFPAE 2%t
g@zte} 317 diy vxﬁH T AFAE Zv AFAE vwstd, 47 8F 9 gEIE AHolA 2.6%-4.3%
2 3.2%4.3% ¥ =2 BD & 7HHE &0 5 ATk, mgk, daiAE (ht) 42 SMAD2-htlo] ©X] WEHE
ZAR-o] B} AwHo] Hlsled(FESA wd 9 S wdola zhzk P=0.024 2 P=0.031), SMAD2-ht2: &
= 2 gEZ AY EFAdA4 BDS AR fosiA A#/HJMNITESAH R FE A EddA
P'=0.020-0.035). EH2Y BA Fo]=(-A melo]a] P =0.042), SMAD2-ht27} thE|Z 73 BUDS} &9
o2 A#ELE FAHJG. 7] % 3004 AP A9 9 BDY H ¥ ATAAE vERIL. «C/C, C/R o
R/RE 247t 3% uld F34Y 53 H3A, oy HIA, 7 iy F34Y 5 JFAE e

Pb, ¥ Pcx A, #HAoF Ax, AF L AFS Ades tdE3 AR fa T4, ¢4 2 IA E%
ol A9 P-3ts Z+7 vtebdinl. Lol & SNPe] tiE AAS g HAe nAS s Hste, gL gt
A (SNP) Abold] ' LD ol ~3 A8 E3)(Sph)oll 7123 AZE¢ o] SNPSpDE o]-&3ste] SMAD20A =
gl vl7 29](1.398)2] & 7 AEGh. Belmy w4 o] pghe vehid.

<
>1E
>~

¢

jao}m
jg

=

#Z 3
Hlﬁ }]—.ﬂ ( lo C/C* C/R R/R car T Bonf car f Bonnf# car Bonf
291 (bo i) Pa Pa Pa Pb Pc Pc
ne
loci)
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-36201 | 835(0.877 | 438(0.886 | 56(0.900 | 0.168 | 0.360 | 0.176 | 0.372 | 0.642 | 1.377
A>G +0.156) | +£0.167) | £0.156)
-35302 | 934(0.877 | 369(0.890 | 25(0.906 | 0.071 | 0.153 [0.046 | 0.099 | 1.307 | 2.805
T +0.0155) | +0.171D) | +0.141)
-34952 | 894(0.876 | 401(0.888 | 34(0.914 | 0.031 | 0.066 [0.032 | 0.069 | 0.488 | 1.047
A>G +0.156) | +£0.166) | +£0.170)
htl 56(0.900 | 439(0.885 | 834(0.877 [0.199 | 0.426 | 0.642 | 1.377 | 0.214 | 0.459
+0.156) | +0.167) | £0.156)
ht2 936(0.876 | 368(0.890 | 25(0.906 | 0.055 | 0.108 [0.035 | 0.075 | 1.305 | 2.799
+0.155) | +£0.171) | £0.141)
hE & | -36201 | 835(0.725 | 438(0.736 | 56(0.749 |0.018 |0.039 |0.022 |0.048 | 0.274 | 0.588
A5 A>G +0.120) | +0.118) | +0.152)
-35302 | 934(0.726 | 369(0.737 | 25(0.749 [0.045 | 0.096 [0.027 | 0.057 | 1.286 | 2.760
T +0.119) | #0.124) | £0.152)
-34952 | 894(0.726 | 401(0.734 | 34(0.757 {0.043 | 0.093 | 0.055 | 0.117 | 0.382 | 0.819
ASG +0.120) | #+0.118) | 40.171)
htl 56(0.749 | 439(0.735 | 834(0.725 (0.024 | 0.051 | 0.274 | 0.588 |0.031 | 0.066
+0.152) | #0.118) | £0.120)
ht2 936(0.726 | 368(0.737 | 25(0.749 [0.035 | 0.075 [0.020 |0.042 1.293 | 2.775
+0.119) | +0.124) | £0.152)

ko
o

02 gEE 23 E—g : Zﬁﬂ e =, AR, HEEF - 2 Ward AHzDel A BMDell thak SMAD29] &
A s FABIUTHE 4 % A APAENA, vo] E AFS BE A oA B FrgHer
EHA FAAAE K ? 111 7y7y 3=-0.006~-0.005, EE P %<0.001; B=0.002~0.007, == P 3t
<0.001), YSM< BMD2] thE|= ZHE-olA BMDe} wHld|shAl A#HATH B=-0.004, P=0.013). Z#d], Al
BMD #tar oAl A S HolFA] RI(HolHE FAISHA &5). 943 W (clinical variable)E %
A3 ol SMAD2 -34952A>G7F A tiEE 9 diEF 1HEolAe BUDe Afgel vt (e md 2 9

A o)X PY=0.004-0.017), SMAD2 -36201A>G, -35302C>T, htl 2 ht2: AA e, AAE, 2 g2

= (¢}

ca

o) o] BUDSF G-0)8h A ABEATH(BESA = o me 2 dx mdoa P=0.001-0.046). Fu=
Y BAS 454 A4 o, tEEe] dF P oA
do Al P =0.003-0.042). s}7] HE 4olA TPl 4o} BMDe] HH ¥ RIFAXE YERITE *C/C, C/R 9
R/RE 77 3% dld F3xe 53 AFgA, o8 AFA, g4 e F3129 53 HFAE Yepdr).

Pb, ¥ Pct A%, HAol%F Ax, AF L AFE Aoets g3 AR H3 T4, ¢4 2 4 E%‘
dlA el P-gte 77k vbebdth, TLDel 9l SNPe] T ARG Sjek HHe nAS 24Ey] dste], wragsln
24 (SNP) Atole] 24 LDe] aide] Ao~y Fa(SpD)dll 712$ AZEH o] SNPSpDE ©]-&-3fe] SMAD2o|A] =
B9l vk #90(1.398)9) i 7k AN Ak, ARy 24 Fo Pt vehdd,

9]5}21@(%%—?4@ =R=l] O x] wdl W A o

2, T o —&2 X 2’0o —X—

¥ 4
Hlﬂ Z,]—-CH },]—-?«] C/C* C/R R/R PacarT PaB()nf Pacari PbB()nnf# Pccar PCB()nf
A o |-36201A>| 570(0.767 | 289(0.791 | 34(0.792 |0.007 |0.015 |0.008 |0.018 0.243 | 0.522
B Z(tot G +£0.131) | £0.133) | £0.122)
al -35302C>| 635(0.768 | 244(0.792 | 14(0.800 |0.007 |0.015 |0.003 |0.006 1.267| 2.718
femur ) T +0.130) +0.135) +0.155)
-34952A>| 608(0.768 | 266(0.792 | 19(0.786 [0.007 [0.015 |0.004 |0.009 0.878 | 1.884
G +0.131) | £0.132) | +0.144)
htl 34(0.792 | 290(0.790 | 569(0.767 |0.011 |0.024 | 0.243 | 0.522 (0.014 |0.030
+0.122) +0.134) +0.131)
ht2 636(0.768 | 243(0.793 | 14(0.800 [0.004 [0.009 |0.001 |0.003 1.267 | 2.718
+0.130) | £0.134) | +0.155)
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A (£ -36201A>| 569(0.571 | 289(0.583 | 34(0.603 | 0.063 | 0.135 | 0.187 | 0.402 [0.046 | 0.099

rochante G +0.119) +0.121) | #0.114)
r) -35302C>| 634(0.572 | 244(0.586 | 14(0.627 |0.018 |0.039 |0.027 | 0.057 | 0.277 | 0.594
T +0.119) | £0.122) | +0.130)
-34952A>| 607(0.572 | 266(0.584 | 19(0.602 | 0.069 | 0.147 | 0.098 | 0.210 | 0.326 | 0.699
G +0.120) +0.119) | +0.13D)

htl 34(0.603 | 290(0.583 | 568(0.572 | 0.084 | 0.180 [0.046 0.099 | 0.246 | 0.528
+0.114) +0.121) +0.119)

ht2 635(0.571 | 243(0.587 | 14(0.627 [0.013 [0.027 |0.018 |0.036 0.277 | 0.594
+0.119) | #0.121) | #0.130)

Bl = [-36201A> 355(0.966 | 196(0.989 | 20(1.019 |0.015 [0.033 [0.025 0.054 | 0.166 | 0.357

ZH-(fem G +0.172) | £0.169) | +0.137)
ur - 1-35302C>| 400(0.968 | 162(0.990 | 9(1.042 [0.034 | 0.072 [0.034 | 0.072 | 0.643 | 1.380

shaft) T +0.169) | +0.171) | +0.172)
-34952A>| 382(0.967 | 177(0.992 | 12(1.014 [0.017 |0.036 |0.017 |0.036 0.561 | 1.203

G +0.172) | £0.165) | +0.169)

htl 20(1.019 | 197(0.987 | 354(0.967 |0.024 | 0.051 | 0.166 | 0.357 |0.045 | 0.096
+0.137) +0.170) | £0.171)

ht2 401(0.968 | 161(0.992 | 9(1.042 |0.020 |(0.042 |0.018 |0.039 0.643 | 1.380
+0.170) +0.169) +0.172)

Ward 4t [-36201A>| 570(0.498 | 289(0.516 | 34(0.508 | 0.093 | 0.201 | 0.103 | 0.222 | 0.506 | 1.086

ZF(Ward' G +0.144) | 40.147) | £0.139)
S -35302C>| 635(0.499 | 244(0.513 | 14(0.536 | 0.101| 0.216 | 0.080 | 0.171 | 1.167 | 2.505
triangl T +0.143) | #0.150) | £0.171)
e) -34952A>| 608(0.499 | 266(0.515 | 19(0.515 | 0.112| 0.240 | 0.096 | 0.207 | 0.948 | 2.034
G +0.143) +0.149) | +0.161)

htl 34(0.508 | 290(0.515 | 569(0.498 | 0.122| 0.261 | 0.506 | 1.086 | 0.141| 0.303
+0.139) | £0.147) | +0.144)
ht2 636(0.499 | 243(0.514 | 14(0.536 | 0.074 | 0.159 | 0.056 | 0.120 | 1.167 | 2.505
+0.143) +0.150) | £0.171)

=9
=97
A. Map of SMAD2 (SMAD family member 2) on ch 18q21.1 (100kb) NM_001003652.2
8? 2§ &}
EX 28 =24
25 98 §8
BE RE RX
iyl I} [TTI| LB ¥ 1
L L LLLEL| L L L I S
=
Exl Exl Fz3 Fz6 FxTExf & Fxid
B. Haplotypes in SMAD2 C. LDz among SALAD? polymorphisms
. L = | . |
£ % %
i 83
e b= h=1 =
= O 2 g
P i P
Hap. B B B Fieg 3 3 s
hel A c A D193
iz G T G AT Block 1 (1-kin
3 G CoA 0031 ol #
hd LT GR € R R 1 L]
L] A T 4 D.ooD
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