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1%, <=3k 4) ) FwA|dAat 2 receptor activator of nuclear factor

kappa-B ligand (RANKL)/osteoprotegerin (OPG) Alo]el] <1314 o]
A7 A8kl Wit A=A a2 gdAdo] =vaFol
AT f9do] Q= HAAEE A5 F e MER AFIARA
AHEE ThsAdol leA dobr ozt &kl
W w3 ol 399l Wnt o AQIA (Wnt
inhibitory factor: WIF), secreted frizzled-related—protein (SFRP)1,
SFRP2, SFRP3, SFRP4, SFRP5, Dickkopf (DKK)1, DKK2, DKK3
FAAAA T 197H4] G wE=d 2LEHEHEA  (single nucleotide
polymorphism: SNP)& A|gdasrzzdo|ttdy, <A7|AdwA
Tagman S4¥ T+ °l&3sto] A8t Wnt AE4A a2
s e 53 wo] el wE EEE FAeta qer =
o2 o]yt FHAES wEE FAE T A AL
OPG, €44 RANKL (soluble RANKL: sRANKL) &%, =A<

Ashe] Apge i s

1) WIF-1 +3dAW c28G>A, c496C>A, SFRP2 3=k
c.-38C>G, ¢.134C>T, SFRP3 =2 ¢.598C>T, SFRP5 1=t
W c.34A>T, c.35C>A, DKK3 @AY c92C>A, c.147G>A,
c.706G>A°A SNPi= 25X ¢korrt,

2) Wnt AFE=24A4e] @ F823 Holo] mepa= 25 9 dF
Aol o FH o= o]z} At

3) SFRP4 AR 958 C>A th&d 3 ¢.1019G>A v /3 ¥l



ot AuiAlE (haplotype) F+AAHE AA/AACIA QFoMe] =Y
=7F v Al wiske] P shgkar (p<0.05), LHiAE #
A AA/AA7E 250X ] Eue s oo B dEE 4R

oF 43741 o wIWEA #EE gl

4) SFRP4 #F37F c958C>A "o CC #FdAdoAA €3
carboxy—terminal telopeptide of type I collagen (CTX) %7} tf
2 ARl vlste] vhoal (p<0.05), SFRP5 32 ¢.20G>C th
4 GG FEAE  (p<0.05¥ SFRP4  AHiAE  FAAE
AA/AA(Pp<0.00D)AA = LZy QAAHEEEA  (bone alkaline
phosphatase: BAP) 557} 7Hg =3kth= A& A8t Wnt 43
B ThE W 0 el S8 A SERPL 2l
Y fAAd U SFRPA AAE FAAHe] e AP erHe

e
4 FRPARE, PURY, T4 T AV} Y,

’

5) SFRP1 dulxld Ax CCE 7HAA &2 F38T dwiAd
AR o)A o2 dmAE FAA4F R @3 sRANKL/OPG Hl7}
EFrE AS AlQsty Wit AZEEA @Y {44 g o

FAAE Y SFRP4 4ujAE f-dxF el b2 g3 OPG, sRANKL,
3% SRANKL/OPG u]el| z}o]7} gl
AE: ol A= srxojAoa] Wnt ATE

i)
)
ofN
P!
'-:j
=
e
i
Jo

AR} c958C>AS c.1019G>A tEA o=z AR AujAd A=}

ol @FAMe FHEd JTFE F= 1A T UL 5 3
T A& AAFsHL

Foof: sty gy, Wnt 2&8E4, 82 g3, FUE

sk ™ 2009-31085
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Figure 1. The ¢.598C>T (7Tagql) SNP in the exon 4 (A)

and ¢.970C>G (Bstul) SNP in the exon 6 (B) of SFRP3

Figure 2. Direct sequencing of c.958C>A SNP site (A)
and c¢.1019G>A SNP site (B) in exon 6 of SFRP4

Figure 3. Direct sequencing of ¢.29G>C SNP in the

exon 1 of SFRP5 gene.---------==mmmmmmmmmmmmm oo 26

Figure 4. Tagman assay of rs16890444C>T SNP and
rs3242C>T SNP in SFRP1 gene.-------------—=---emmemeuev 27

Figure 5. Tagman assay of ¢.318A>G SNP in the exon2
of DKKI1 gene, c.437G>A SNP in the exon 3 of DKK2
gene and c.1003A>G SNP in the exon 6 of DKK3
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Z7 % (bone strength)?] A 3tZ QIgE Z Ao FHepAdo g
o= AAA A avuayFS 53 1193 AR Aol=
FElvetel A Fosk Ask 5 shboltt (1) W EE =9 vAlT
Z, 771438 5o 29 A s FAN IEUET =R o
0%E A8t ¥ F34 AR <l 70% F=7F A A
ok (2) b ZEFE AAPske FAJAE 98] et g
A7 AyEHH (34) wvreS vddFd A HRHow
24t Aoz ZF dFHE FH TS T FHIA) &
g R 1 A7t T BT

7)
o] FQ FHAAG o AERZ (estrogen) TEA S Pu
Xbal ©&EA  B)oly JdEd YA AAAF  (insuline like growth
factor) (CA) w4 (6), HEHRD FE&A baTL AujAlE
(haplotype) (7), osteoprotegerin (OPG) -FZ#F 1181G>C t}3d A
(8), 71} FokA}elz} (tumor necrosis factor) &4 tdEA (9)

So| @aeleld BEFe] e T AR el ok

g
=]
jab]
=
o

it

H =2 AFA AoAA Wnt AZAA JEo F
dFEa vk (1011 Wnte AX 92 ¥ 9
(glycoprotein) 4] A AEHZo] wWe} canonical Wnt (Wntl,
Wnt3A, Wnt8)2} non-canonical Wnt (Wnt5, Wnt5A, Wntl0)2 +
M o2 ozttt Canonical Wnt Al &G 2% wlE-71HE
Y (B-catenin)®  QFgsle] o3 AARJIARI T-cell factor
(TCF)/lymphoid enhancer factor (LEF) &4 35 FX3lo] 7RA
A Feetd Wy 9 AEe] T2 3}, Al EAEAL] Fash o

s gost=dl Wnte 98-A (transmembrane  receptor)?l

1 R ]



frizzled (FZD)Al 2} ©FLd okl 2l (single transmembrane protein)<!
A =] el = 8- x)) e ool (low density lipoprotein

receptor-related protein: LRP)-5/6°] A3grste] 283ttt} (11)

Canonical Wnt A& 42 ZZAX ATFAxEY AHES A=

st ZEAL ok 2/ ASs BaHA @GS AT

|

3 (progenitor) 3+ =7]A3E (mesenchymal stem cell: MSC)2]
2ol #oI3Fal non-canonical Wnt Al A& =94 B35 =
gttt (12) 2EAE, dEAEE 35 e 493t = AlsE &

7}

A k2 7% MSCollA A A (adipogenesis)e] doldtia A
3 Q=8 Wntl¥ WntlOb= HAAWAE (preadipocyte) 2] A Hk
A T (13) Wnt3a®] #Hdde] C3HI0T1/2 AlZolA PPARy2
al %] ‘jUﬂ_‘%iﬂ A WAk A ek (fatty acid binding protein) A

Canonical Wnt A& & 2o] Runx-2 F8A &3S 2Hd A=
sto] =S F7FA 71, (15) TGFBR7F Wnt 7a ?iﬂr canonical
Wnt A5 LS 535k MSCA st ag ol dofst (16) F-3H4

Meg=aH (parathyroid hormone: PTH)9] = tjgt 28 =3t
LRP5/6, FZD-1 %@ F Wnt ASd9A WslEs Fato] #g3itt
1 RyuyEa Qv (17) EE?}‘_P Wnt 213 E°] bone morphogenic
protein (BMP) %&l S Z4dsto] wfjo}l=7| A X2 35 243ttt
HI ¥ (18) Wnt canonical A& dEe] o &2 AL
kel 7le <l smAl L] 2d v AAA #ES gloy Wat
= receptor activator of NF-kB ligand (RANKL)®}9] 35 28&
Tl OPG w¥e xHse= Zlox Hole T (190 Wnt Alg
RANKL Al Afole]l &4l (cross—talk) 7Fs/do]l BaE T}, (14)

il

2 M 21



Wnte] AF=42 AE &, AZA W, & vl oy A=
A= AE 9 AFgEAZE secreted frizzled-related—-proteins
(sFRPs)7} Wnt ©eid sy Ageto] FZD F&A¢ Wnte]l A=
el gttt Dickkopf (Dkk)$b sclerostin (SOST) LRP5/6 8-
Adsto] H SN 7= d8S dh AEA delM = glycogen
synthase kinase 3B (GSK-3B)7} B-7FeldS <QlAks}slo] Haf 3o
WntAlE Z&ste 3 oA Ctnnbipl/Icate]yt Cby/Chibby &
o] B-7HHId ¥ TCF ARAE A&t} (10)

o] & Dkkeli= 47F4 F77F Sl=dl 235-255709] ofv]iAte
2 A" g BHjE 24 N-, C-2¢ (terminal)ell 22 Cys-1
¥} Cys-22} &8+ A|AHelo] B8 T2l (cystein-rich domain:
CRD)<& 7FAaL 9ith (10) Dkkl, Dkk2, Dkkd 7324, 7|54 o=
LRP5, LRP6%t Ao 2rgstn] Wnt AzddA] & vk
(10) Dkkl1¥ Dkk4¥ LRP5/6% Kremens (Krm) 1/2¢] ZAgato]
Dkk-LRP-Krm trimolecular complexE #/d3dlo] AX T HOZH
Bl AZZuo]Y) (endocytosis)ell olste] A A Wnt AlEE A
gtk (11) 53] Dkkl Ao Aga) 231 a3 x4
2 AAAA =, DKK1 Tl Aty Aol = 3ol i T
o] T7Fd AF M= =Fo] FHAHI =] dojur] HA 4
DKK1 9ujde &8 wEd2LEI= (antisense oligonucleotide)
228 A A FZAEI 2 E T FZHEI DrEt=
Ba7b gleh (19) %3 Dkkl> ZFAE A4S A8t MSC
o ApEAde FEotH B-7tEld AEE oAlste] d=FAdolvt
=FZ8E AT =N ARFor A= U 238E ek (20

2

Dkk12> AFA] A 3o A4 BMP42F BMP5o| 2J&] &3



EAEANE fEshE Zlo® Ho FE AN gElmwiol=

(thalidomide) o Al WYEl= ARX] 7|8 o] Dkkl xpgtel] osf i

Aoz A= Aow 4Rt (21 Endothelin-18] A X F

A AT FAAIES Dkkle] Aol o8 dojukal (22) Dkkl

< TAEY A HAE #Bojet (200 £E=AEA Dkkle] &4
1=

3= FFEFIFIEE FO (glucocorticoid) 344 =ty 5ol o
2ERZ Agoer <l thayselA #EEnh (23) =3 AT
A ol A

o =

o] Fo Wy ARJIAREZ Kol F DKkl
= 7 BEd Aso FQ3 wAAAT Ja Q)
th (24) Dkk2%&= LRP69F Krm2ell A§ste] Wntlel ¢]ste] f=4
TR HALE AbdetEE oAE AS =% SUPF dEY
Krm @ el weka g-7hadS &/4d3s7] = ate] Dkk2 45F
(knockout mice)ol|A+= <38 ZIAMXE w3}o Al IIAXE
7159 S7tR QA% =34 o] #EHI|E sty (25) upebA

Dkk2°] 4d2 2IAE HF 3ol 7dste] A8 FEshe
=

ZAoz HAY ZTAYE A oA vFAAHQJ] ZIAEY dHS
Dkk2 & Fx¢} A#AAdS welnl Qlth (26) Dkk3+ LRP6 Ei=
Krm1/29} A&3stA] kol Wnt Ao d#jz a3+ glrt. A=

Wnt inhibitory factor (WIF)-1= Wnt g]{t=ef Agslo]
Wnt A1EE oJAet=d HEgst 711 deA A FARE oy 7}

oAl htabAg e PoEts FoE HAEA (27) ZIHAHE
= At Aoz A vk (28) FZDY sFRPE CRD
Holx] ¢ko} Wnt-8of A3 4 Ut (29)

4 H k'_. 1_'_“ ;-j]l_ 1Y,



sFRP= N-2eh 7917} FZD =849 Wnt A&H-91¢ 54
sto] Eojzl WA SR sFRPol+= 57FHA E/7F led A4 554
(sequence homology)ell Wz} sFRP1, sFRP2, sFRP57} 3t 135
o]F1 sFRP3% sFRP4A7} thE 1722 #HEh (29 sFRP= %
HAA F A Erds 7HA =, N-&wel CRD7F 9lo] FZD9
CRDS} F4stth C-2w2 sFRP1, sFRP2, sFRP57} H|5:ek AlA
E]Ql (cysteine) Bl<Y (spacing)S ¥ -3F1 sFRP3, sFRP47} & t}
S Al2HQ Wds TRt o8 T olSstd ¥ (disulphide
bond)2 FATY FHALTHE F W3l (post-translational
modification) ¥4 o A+= sFRP1, sFRP5+= E] 241 3HAF3} (tyrosine
sulphation)= &3 Mg 3t¥ A RF sSFRP2, sFRP3, sFRP4¢IA = o]
sk o] dojupx] gkol <HEAde] ApolE HIH (30) sFRP7F
Wnt A SAAE 243k 71942 CRDY neutrin-related (NTR) =
5 tE w8 (sequestration) Al7]&= WH o= 83k
A A2 S 34 (titrating out) A7 AFHHSE Wnt
o, (30) FZD <-&Al ¢} n&ds}
AASFAY (31) Wnt-FZD 324
d T #d3E AE o (32) E=F
sFRP+= #4734 (fibronectin), UncbH3, RANKL, BMP/Tolloid
o 22 Wnt A AA L} B4 e 2AdE 4oaE sk Jlow
dedA olid, (30) 53] sFRP1:> RANKLYl Aste] #45 <f
At Aoz g Atk (33)



(pre-osteocyte) 7FA] Sfrpl2] mRNAS] k2 20v] ZF71gich A4
H ZAEZ7E HW gAaste A4S Btk (35) ol nd
S AFAEA} SRR ABS 7}Xﬂ A sFRP1S ZIAEQ A
ol AE Fadt AFdS s Fo® Ho]l sFRP1o] Frhshd
A ZAEAE S et »am ZHAE] AbEo] ZHa
sttt (35) sFRP1 =3 Z3A|XE, StZAEoA] Sd s v

|3t 715 S Rol7|% $th (33) Sfrpl AH

qd= =
of| A= H HZ W%, ¥, FE3} (mineral apposition)”} 57184
H

o K
wm
o
=
o)
—_
o
U\J

s dEels WgtE HolA o, w39 #AYe FAa4n
A F45 FaAn 36) AXY sFRP1= FY8ts 45 dH
S9N =dEs) s 7t 7 i‘c‘?hl (37) Sfrpl F3dA=5 I
A A7 FAoM = 297 dEe 8 F sidadert asks @4
T HQIth (38) Sfrpl 7eg A& ARl HAoAE 7] =7F°] 5
7Vt A FEA A o] mEA APEHE AW Kol o]

= AES] F37F Wnt A A A e @A 3ste 7] Q] Ao
Helth (39) AH|Zo|E AMEA] ZFAES] 75 A7} sFRP19)
7k #e glom olefst dAto] dAEZYo]E (alendronate)th
PTH AFE Al Z4aste (40) Sfrpl A3 ANAM+= PTH A A o %
e P S UErdA ok Flo] #EE = RS sFRP1I
WA RE o] § 7heAdol Utk (41) sFRP12 =9 7|HAx
b ZEAEY ASAER Z3peAY AAER E3ske dol®
o AAEZR #ohE s 7|AAZAE Wat Aedw

A7L A 0WA sFRP19 mRNAYW ©ijdo] F7ho] g
SRS

Holi A%F sFRP-1S HXE 729 g3 wal =&
ASt ARARe 2ok XJI?IL A W

A]

=

A2 Al (cross—talk)oll =9 gt

L
o
ol
ol

; SE-ROE.



sFRP2+= 4k Q17 ZZA3E (primary human osteoblast) ]l
A HAZ% 1l canonical Wnt 2135 9Alst Wnt-49] A4 3st=
AsbHA] sFRP1E A8 = sk, (43) o= Wnt Al
320 zolo A 7]QlE= HoT EOW}. Wnt3a A& dEs g4
Al LRP62] ?14F3} (phosphorylation) & %31 A|3Z2 W B- 7]'
HJdS %55 Folal o= M9 (translocation)E %
Hu% ity (44) sFRP2& AH|ARAEZFE (ameloblastoma)oﬂf\i
o] Frtet =AY AstE THAew Zlow delA Stk
(45)

SFRP13} SFRP2 F3x}2] o] oy 53 #AdS
ol=dH s=dHolxE Qg Wzl CpG A (sland)d FHEs
(hypermethylation) & &3t %9 & (silencing)o] U<,

o, Abs AN, FAEY, A, A, dAd, ddd 59
S Fol& Ao dHA Qltt (46)

o fo b

fuieu)

sFRP3:= FrzBehale <o A Qlodl X9 dxxd 794
E£H 5™ non-canonical Wnt 7 ZE &3ttt (29) sFRP3& X2
AEE] TS ATV 3 S7A71E AHES ol Wnt
gAg 08 HEEE Fgats AoRE Bl (47)

sFRP4+= AlAA| oA canonical Wnt A5 E A5t A%+
A1 F714d A (inorganic phosphate) A&55 A|ske] <l
AF o] & &AFA (phosphate ion homeostasis)® BIEFE D tiAES

Astel BRwel HHAOE JFL VAL (20) FF H2 T

2
EN

v

ofN ot

=
% (tumor-induced osteomalacia) 2-AFollA sFRP47F <lAFE S



(phosphaturia)= f+&stdA =3k Qo] H= o oy
=

A Atk (48) sHA|HE FH oAl Sfrpd

ol met =EE SUFES A FHel vlEl feolshAl sk R

ZA T dojubx] ¢ dF A TR 2% < v foE

A ok WENhE HolZ|E gt (49) I =dEed Az A=

AL g A EAEAL] Fojsts Aoz Helth (50)

sFRP4:= FrzB-22t11% 94 Qlil sFRP5= SARP3#tiE <&
o]

A Q= o= Wntell A@skzl sttt Wnt Al g7 o
285 sheA deEA AA gk (29) 3-SR
(senescence-accelerated mouse: SAM)P6|A] sFRP4+= 408] 74|
o] Frketal @S AAsty 2EREE AT AR
shoh (651 I AEA Y 1 =71AE (human  adipose
tissue-derived mesenchymal stem cell)®] A|®A|XE=Z 9] 351317 o
X+ sFRP47} Ax& o2 S7rsbH A FzD1, FZD73 B—7Fed it
o] Taste dS Hols ZAoR Hol AWAE F3lo% 7]
st (52) TXHd E71AIE] A A Al w2 s Eold Wnt-3a-# %
A Zte] At #3l &4 (induced alkaline phosphatase)E 433} A7l

o}, (53)

==

sFRP5+=  Wntba®t  Wntllell A8t canonicalZ}
non-canonical Wnt A& dgA o 25 oA 28-S k=t (54) A
WAISEA . REEo]A ™ BIRkol A thAl olits dete ST
ol 27kl (adipokine) &2 %= 2§23t} (55) o dAFAGollM o
g Ulvl gl (anterior visceral endoderm)ellAx] W& =} sFRP5 2
HAA FAol o]do] Y= FHOoF Hol WhAIAof FF24 Aggs

st ¢k Ao ® HRlY (56)

[, -1l = —
° M2t 8



ol Wnt AFEHAE9 42 3%
2 DKKI1, SFRP1, SFRP3, SFRP4¢j]A] W@ -
AT} (57-63) Gao 5 (57)2 FZDB 32k thd Aol (rs6433993,
rs409238, rs288324, rsd66865) = lelA Ho =2y #d vk
R askelar, Wl o Aol X = FZDB A Arg200Trp thAdo] =
gy #d glgol Raud uvk Qlk (59) 8pll.2lell fIA k=

SFRP1 #3#F2] tpaAdo]l A Eel (60)3 ZF<! (61)oA] FUE9}
AAAGS RYsd, dE  #HAH oo SFRP1  FAAH9
rs16890444, rs3242 thdAdo]l QF¢ YEAY ZHLe AAALS

o 2
of
oX,
flo
H
i)

Roli T FRloA SFRP1 31X
9191} SFRP2, DKK1, DKK2 3=t tt
20t & wel XS Ao E d AtollA DKK1 G4AF tha A

oflt

o
o M
=

< ZULEe ABAAS HolA &gkt (61) = HAE A4S tiid
o2 3k AoA] SFRP4 544} c.1019G>A thaAJo] dwel o

S BAvl sl 7 #2413 Wnt9a, LRP5, axin II, glycogen
synthase kinase binding protein, B-7Feld, TCF #3dx ttdA &
== e gldth B8) ole & AgelM = A7k dE
v} ¢l DKK2, DKK3, SFRP2, SFRP5, WIF-1& ¥3Fst Wnt 7
AFEA] 2 g8y U] AAAd S dolruxt 31

.
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W27} Gl ol Eolglth, We AA G AMT o8y HAE Ala
A

il 944 9, e AR

2. 947 4 AdFAE 53

EE ATddAEEFH 295 ACD &9 (citric acid
0.48g, sodium citrate 1.32g, glucose 1.47g, 32} 575 100ml°] =
o] A& FHO AHF A (buffy coat)s Ax ¥ ¥ K3t
A7 DNAFZ o ARgsith A7 doi2 &3uA7E 50 AUA
& wHo AMF skl A7t dAtestel S Robdq -70°Cel
HAsEAT7E OPG, sRANKL ¢ =wA|el AsistA <z & 54
of At&sth 718 AFS SHst] ALFAE (body mass

index: kg/m*)E A4t o).

%

W
ik

2R

e

AFRRAN HF, HRBAR, dHEN Y FUE 57



o] LunarAF(Lunar DPX-L, Fort Myers, Florida, USA)2] DXAE
o] &3t3ltt. o] 547 F ZHEL SHoA e AU WHolAF(in
vivo coefficient of variation)© 14%, WEZFAEF 2.1%, HE=7]

L1%olglth. asy Ivhes& WHO Aol meh gh=¢l &
= o199 FA e 1 - 25%FAAY 2Tt s AY EHET

o7 Agst

[

ik

o

okl
o Qm

g% ZAIEWLS Cis bio international A} (Ceze, France)ell
A Telsh ek SAVIES AREstel SA st 54 ik
T 15 pg/mle] il FA ] Wol: 34%, 54 Wl WolE 31%
o]t} PTH+ Nichols Institute Diagnostics/\} (San Clemente,
California, USA)%] &g PTH 574 7/EE AFEste] SHsH5C
n WA EE 1 pg/ml o]l %Zéiu ol 5.6%, 574 Wl WOl
= 4%l Zae dAFFFEAE Aol S AT

o

24 2uAAR 27

g% 2 2~H 274 (osteocalcin: OST)> ELSA-OSTEO 7]
E(CIS bio international, Ceze, France)E ©|&3dlo] WA =
dHoE SAA 54 UHAEE 04 ng/mlela 7] ®
ol 5.2%, 574 Wl Wol= 3.8%°]3lt

g3 & 47y QAR &4 (bone alkaline phosphatase:
BAP)+= Metra BiosystemsA} (Mountain View, California, USA)2]
Alkphase-B 7]|EE Abgsto] WS4 or 430t 54 1

11 A5 ‘_'-]i =1



= 0.7 U/LollaL S43He] Wol= 52%, 54 W Wol= 3.9%

d3 carboxy-terminal telopeptide of type I collagen
(CTX)<> OsteometerAt (Herlev, Denmark)®] @73 CTX 7]|EE At
S8t Stk 54 MRS 94 pM o]l SIS Wol=
54%, =7 Wl Wel 5.0%°] Tk

6. @3 OPGY sRANKL =%

1) OPG =%
OPG =742 R&DAF (Minneapolis, Minnesota, USA)2] &
FH gAUAIIEE AFEeto] SAsTh =, AF EAZE OPGE
A 96 T\ Mo Yol AoAl 18AIFH ‘joi]f’i < 33 M3
1 1% 93 dH 9 (bovine serum albumin)S QlAk

o
3 ’—\l‘ﬁ—? (phosphate buffered saline) €& Yo Aox 1Ak
H 5 vAl 33 AlFslH el AAlE Wi Ao 24
7 HESAIZ v Ml FE s v e E st E (blotmylated) A4 AZE
OPG FAE Wol A2olA 247+ vh3AI7] 1 5 33] A% a3l
th.  AEJEoM|d-ASuFge]  Hikstas (streptoavidin-
horseradish peroxidase) A3HA| £dS o AoA HH3] &5
AA 2023 wESAIRY 1§ 33 AlFetal HEZE
(tetramethylbenzidine) 7|2 -&HS Yol AoA 2027+ WESA
T A EHE € oS 450 nmellA e FFEE SHst BE
x

oA FEE Feteirh

2) sRANKL =74

19 ___:rx | _k:i_ -I_-]i



sRANKL<> Biomedica Gruppe A} (Wien, Austria)® <13+
7}/ (human soluble) RANKL &AW 7|EE AF&-3to] =45t
Atk =, OPGE ¢rst 7ol AAE ¥ of7]o vledste o
ZE (polyclonal) &34 RANKL &AE Wdo] 4°Col|lA 18AI%F ¥

SA71aL 1 % 53] A T AESIEOY-XaFy

FEQH WAAY. 1 F 53 AHstn HEiEad 714
& o] Aeoln 0¥ WA F AX §Ae We T 450
nmel 19 EFES S BEANNA FES Tao

B Bastdd dde]l Ady g8 458 (ysis

buffer; 1M Tris pH 76 10 ml, 1 M MgCle 5 ml, 1M NaCl 10 ml,
A T 975 mlE AF)s skl 1500 rpm o E 5% A4E
o U AR AS AASAH. A Ad T 8 4 dds Yal
dAmeet 200 pvt WAFEL AHAE AAR ¥ QlAamp
blood 7]E (QIAGEN Inc., Valencia, California, USA)E A}&-3}o
DNAE F=33th = 25 ul @ Esl a4 (proteinase) £, 200
nl FFEAS Frrekal 15% w9k EFS F 70°C FA A 102
2 HEEAIZ T o1 7)ol 210 ule] CErEE do] vAl AoF vk
9] & QlAamp Y5 (column)el 7] EFES &

AL 8000 rpm 2= 1R A2 STk 5 E AW 500 ulE
Y3 8000 rpm 13, 3% 23] A okl wAFE AFE

%7130 vlg] 70°C7HA] 7FEE @88 AE 200 plE €l A2

A

o

X

13 A 2-1]

| &1
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28-7F X3 S 8000 rpml.E 2E7F AR sto] DNAZS *

Z39th 260 nmel A9l FFEES S ske] FREA
8. Wnt ddEdA= #34 B34 5%

2 AFA 4% Wnt A=A FA4 GEde 2=
3} $9 (coding region)el U=
HHF-AAF (minor allele) ¥1E=7F 5% ©]Ao] Ay Hapmap AF=7F ¢l
T Agel Ausdsd A"E SNPHE WIF-1 32k
c.28G>A, c496C>A, SFRP1 FAA rs3242C>T, rs16890444C>T
tdA, SFRP2 FAA) ¢.-38C>G, ¢.134C>G, SFRP3 A
c598C>T, c970C>G v, SFRP4 A W c958C>A,
c.1019G>A, SFRP5 A ¢.20 G>C, ¢.34A>T, ¢.35C>A, DKKI1
FA2Fe] ¢.318A>G, DKK2 229 ¢437G>A, DKK3 +3AF W

C92C>A, c.147G>A, c.706G>A, ¢.1003A>G tha Aol it}

non-synonymous SNPZA] A tf

1) WIF-1 #3214 c.28G>A, c.496C>A, SFRP2 #4
Ay ¢.-38C>G, ¢.134C>T, SFRP4 #F3AY ¢.958C>A,
c.1019G>A, SFRP5 $#AAY  ¢.20G>C, c.34A>T,
c.35C>A, DKK3 #AA ¢.92C>A, ¢.147G>T, c.706
G>A SNP =73

DNA 53 100 ng= 7}« 05 ml FHe] PCR 258 (50
mM KCl, 10 mM Tris pH 83), 1.5 mM MgCl, ZF 0.2 mM9
dNTP, 10 pMe] AlWAE (Table 1), Tag DNA FTHEA
(polymerase) 0.5 ©9& F7st wbg &3H&9 25 pls Wso =

s+ g A4S (polymerase chain reaction: PCR) 2.2 %31 th PCR

14 '.'\"'-E';..'_.:?'-:!



2%

2 GAS A A FA] 7]

TEe Flsky] flsko

Aol 7]

4
&

WE Hshel 6 x A 2 ulsh ol

ke
=

HE3 o EF (ethidium bromide)2.
%% DNA u& &2lstit

15 2 X 2]} 8



Table 1. PCR primers for SNPs in Wnt antagonists genes.

Gene Location db SNP ID

Base (amino acid) )
. PCR primer
alteration

Anneal Frag

WIF  exonl

exon4

SFRP1

3-UTR

SFRP2 5-UTR

SFRP3 exon4

exon6

SFRP4 exon6

SFRP5 exonl

DKKI1 exon2

rs11539163

rs17851594

rs16890444

rs3242

rs13137510

rs4643790

1s288326

1s7775

rs1802073

rs1802074

rs11815012

1s12775414
rs12774287

1s2241529

F1.TGCAGCGCAGCAGAGATC

R1I:GGGGAACACTCTTTTGTGGA

F1:CTCCTCCTTCCGTTGCTGTA
.496C>A(Q166K)
RI:TTCAAGTTGGTTTCCCATGTC

F1:CAGAACGCTGGCTGATTTGG
R1:GGGCACTCAGGTAACTCATCTG

C>T VIC primer:CTTCCCACGGCAGCAG
FAM reporter:

CTTCCCACAGCAGCAG
F:CCAGATGTTTTGATGTTATCG

-CTTATGTT

R:AAGTGAATATTGATACATGGC
-TGAAAAAGC

VIC primer:ATGAACACGTACGG
-GAAT

FAM reporter: AATGAACACATACG

-GGAAT
F1:CCAGCAACGGCTCATTCT

R1:CAGCACCTCCTTCATGGTCT

c28G>A(A10T)

C>T

c.-38C>G
c.134C>T(A45V)

F1.TGTTCCATTCGTTGAATATC
¢.598C>T(R200W) RI1:ACATCATGGCACTTAGTCTT

-TATCTCTTTAACTTTAGCTC
F:-TGGTGATATGTGCTTGTGAC

¢.970C>G(R324G) R:AGTCCACTGTGTTACTTTTTGT

-ATTTCGGGATTTAGTCGC
F:CADGAACAGCGGAGAACAGT
R:TGGCCTTACATAGGCTGTCC

¢.1019G>A(R340K)
F1:GCGGCTGGGTAGAGTCAG

RI:AAGACCTGCGTATCCGAGTG

¢.958C>A(P320T)

¢20G>C(G7A)

¢.34A>T(T12S)
¢.35C>A(T12K)
F1:CACTGATGAGTACTGCGCTAGT!
R1I:CTGCAGGCGAGACAGATTTG
c.318A>G(A106A) .
VIC primer: CACGCCTGCGTCC

FAM reporter: CACGCCCGCGTCC

16 &3

ing ment
temp size
O (bp)
60 355
60 299
60 471
54 193
60 297
60 251
60 425
_'H.I: %



F:-TGAAAGCATCTTAACCCCTCA
-CATC

R:GTTTGAGTAATGACCGTGGTTT

DKK2 exon2 1517037102 c.437G>A(R146Q) -CG,

VIC primer:ATCTCTGTGCTGAG
-TACC

FAM reporter: TCTGTGCCGAGTA
-CC

F:CTTCCATGCCTTCCCAGACT

DKK3 exonl 1511544814 ¢.92C>A(P31Q) 60 451
R:CTCGGTTTCCTCCCGTCT

rs11544816 ¢.147G>T(E49D)

F1:GCTCTAGCTCCCAGGTGATG
exon6 152291598 ¢.706G>A(V236M) 60 298
RI:CTGCTTCAGCCCTACCAATC
F1:GAGGAGCCTGACTGAAGAGA
-TG

153206824  ¢.1003A>G(R335G) R1:CCCTCCCAGCAGTGCAG

VIC primer:CAGGCTCCCTCAGCGC

FAM reporter: AGGCTCCCCCAGCGC

17 J’—-! k'_. 1_'_“ e



(1) s+ 4258 DNA &3

PCR 2HeE& 2% $Hd AoA d7]dEA 17 #2sh & DNA

W& Zelfo] QIAEX I 2AF% 7]E (QIAGEN Inc., Valencia,
California, USA)Z g|3}%lth. =, DNAWE &f3st Ax7ts 7}
wHO 1:3 §49 QX I &58%3% QIAEX I & ¥ F 50°C

ow 10%7F WA 71 a0 30% 5<F 13,000 rpmo 2 PAEE] 33
2 HAHE QX 1 ¢589 PE

7] FolM 30837 AXRA R
AA oA 5EZE WAL
%4 sto] ARG A|ZEA] -70°Cel X%

)
ot
)
o
rlot
%
:10 o

f
ro,
o>,
B
iv)

ol
ol
2
o
1%
mlo
:l:?

(2) DNA @714 gEA

D7IMLds AAs7] Slete] @ AoA e PAE PCR
AHE 100 nge ARESHH 771 @7IAERA (cycle sequencing)
S 371 98kl PRISM™  Ready Dye Terminator Cycle
Sequencing 7]E (Perkin-Elmer, ABI, Foster city, California,
USA)E o]&3 . AMEEAd2S GeneAmp PCR system 9600
(Perkin-Elmer, ABI, Foster city, California, USA)—O— o] &-3}of ulg
96°C= gttt 102§t 255 FA% § 96°CelA 30%,
50°CellAl 16%, 18] 60°CollA 484 F 25315 WESAIZATE Rk
o] Y ¥ U] HHS-d FZFH 2EE  (nucleotide):™ Centri-Sep™
spin ¥ (Princeton, New Jersey, USA)E A}&-3lof A A3F o™
SpeedVac (Savant, New York, USA)ollA 307 AZXA A 18
1 4 119 deionized formamide: 50 mM EDTA(5:1)o] =21 & ABI

18 ___:rx | _k:i_ -I_-]i



373A° DNA AJ#A  (sequencen)E ©]&3le] WHAE 475%
polyacrylamide ZolA  30W, 14A17F #7]9% Azl &  ABI
sequence software 1.2.1. (Applied Biosystems, Carlsbad, California,
USA)Z Aats A3

2) SFRP1 §3=} rs3242C>T, rs168904444C>T, DKK1
A= ¢.318A>G, DKK2 F3A9) ¢.437G>A, DKK3 &
AALS ¢.1003A>G TH3A =3

olglst ¥ Tagman WHTAA 2EEA (allelic
discrimination assay)< AHEste] S5t EA #9723
¥ F-91E Table 1149 22 5014 ATAE AREstol PCR=
ST g TR v A A Al FF obv| =3 71" (FAM:
fluorescent amidite matrix) = %1l T st F3<0 VIC 94
AE E9vk PCRS 2t 778 DNA 3 20 ng= 7F 96 74
Fof $2H4 (uracil) N-glycosylase”} @li= Tagman EHZ A7
2 (universal master mix), AI'FA-s% 900 nM, Tagman *|3 A&
£ 200 nME F7het Wb 8 5 uE vbEo] AT 96
TH#IS PE 9700 thermal cycler (Applied Biosystems, Carlsbad,
California, USA)°ll &3l 50°CellA 221t 95°CeollAl 103t 7+ 5
95°Cel A 1537+ ThAl WA, 60°ColA 123 7 o= 40575
Al 3T Tagman S48 35S Prism 7900HT instrument (Applied
Biosystems, Carlsbad, California, USA)Z %7 Z} 7-9HelA 37
TE5 9> ¥ SDS 2.1 software (Applied Biosystems, Carlsbad,
California, USA)Z A35 LAk 7L 5 2k SNPE 10702 4

A% Hste] @7IAREA O Askalstelnt

19 A E-1H



3) SFRP3 &A1Y ¢.598C>T, ¢.970C>G tHIA=A

SFRP3 32+ W ¢598C>T, ¢.970C>G v S =4 3517]
$38te] Table 10 %A vpe} 72 AW AlHA]| (forward primer) 2}
AA A E AFE3Fe] 10 mM Tris-Hel (pH 8.8), 1.5 mM MgCly,
250 pM 2] dNTPS} 1 unit Tag DNA F$&8ai7F E3t5 o] gl+= ¢
ZFg Mo 100 ng? A% (genome) DNAE PCREZE F3%351% =1
PCR  94°CellA 30&%3F WA, 54°CellA  40x3F AdE4d
(annealing), 72°Cell4 30%3%F A% (extension) IS =2 30 F7]
HEESEQI T, PCRE 92 Ab=2 Taqgloll 247 37°CellA] 3A17F A
HESAIA HF3) oElFo] X2 I0E 2% s A 179 Al
21 5 ZEtRolE ARIEY S el (Fig. 1A).

SFRP3 #2A] c970C>G thEd e 4 $-ol% Table 1°
713 ALAE AFEste] DNAS FZ31%Ed PCRS 94°Coll A
60%7F W4, 54°CellA] 60x7F A 854, 72°coﬂ%1 90zt Al7gA] 7]
t HBF715 Atk PCRE 42 AHES BstUle 37°C<>1W 3
AIZE A ARG AIA BF3) OBl Fo]  EFEHUE 2% s Ao A

N19%E AN F ESEOlE AMIEAS itk Bsill X%]%‘PEQOH
AdE 29Ut gl AL G Ugdd, 2uE 297 9 AL C
HAAE S %—%% DNA $@7]=7]% 193 bp o]ﬂbcﬂ

m

o
L/
=
o
Uiﬂ
9

ZetEodlE 2%
%F/]‘ ojt ARHHEY S s3itt (Fig.

20 .-"\-\.E -i- 'I_]l



193bp — -—
154 bp —

M RE() CC M RE() G6C ccC

Fig. 1. The ¢.5998C>T (Tagl) SNP in the exon 4 (A) and c.970C>G
(Bstul) SNP in the exon 6 (B) of SFRP3 gene.
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AEE Hi o+ BFELAE BAESATE Wnt AFA &
P #axg el A5 dEE35F, dF

71048 = s, SwAe] AspetA Qx €3 PTH, ZAEY,
Za 55, @3 OPG ¥ sRANKLE H]iLeli= ANOVA, ANCOVA
AL least significant difference post hoc FHAAFE ©]&3Fe] 43}
Rl Wnt A7 A2 f @4 ¢del o 2 a3 £3
F’do] Hardy-Weinberg B2 Ax]of F4 4l {2 w&
TS HA 9 EHols ¥ HAF =& Fisher's exact AAMS

Aot dujAEd 43 A#EAY (linkage disequilibrium)

>

=

X o
ol

il

o

o= SNP analyzer 1.2A (Istech, Goyang city, Korea)E A}
stttk p<0.059!  A-RE fFoeAl ek Bonferroni's
correction®] & AJo&= p<0.025%] A5 FYshA #HAsHS )
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2

1. 47 o3y ATy 54

AT tidl 399 9] #HH e H A 485 £ 5.0A,

A7 717k 91 £ 7249, 7] 1553 £ 48 cm, BFA 581 £ 69 kg,
BMI 24.1 + 2.8 kg/m* ©|3Ith 599 (14.8%)°llH QF Zt}y <o
AR 297 (7.3%)NA dE=E Zvhase] Ao o5, =2 o
B 20T oE AEE o442 657 (16.3%)°] ATt
2. Wnt 234 FHAd FJA F

WIF-1 382 c28G>A, ¢.496C>A, SFRP2 2=k

¢.~38C>G, ¢.134C>T, SFRP3 At ¢.598C>T, SFRP5 {4 Ak
c.34A>T, ¢35C>A, DKK3 HHA  c92C>A, c¢.147G>T,
c.706G>A H-SlollA SNP= #&H A ity = VM9 4 2
I WIF-1 S84 c28G>A2 GA}, ¢496C>A2 C
SFRP2 A ¢.-38C>Gel 134 C>TS ClA}, SFRP3 37k
W c598C>TS  CAAF, SFRP5  #FAAR  c34A>TO  AQLA
c.35C>A2] CR1A, DKK3 #xAd c.92C>A°] CRlAL, ¢.147G>AZ]
GIA}, ¢ 706G>A2] GRIAFRFO] SIgiTh.

Q1AL

SFRP4 42} o1& (exon) 64 c.958C>A, ¢.1019G>A v}
A B9 AV EAS 247} Fig. 2A, 2B 29kom SFRP5 &

Azl AE 1 W e29G>C HE4 F919 471D 42 Fig. 3
v A9tk Tagman ©= 74 SFRP1 A rs3242C>T,

estn

rs168904444C>T tha Al oFAr
FAA2] ¢.318A>G, DKK2

=
& 7}7} Fig. 4A, 4B9} DKK1
GAAS] 437G>A, DKK3 4 =2



c1003A>G B84 e 77 Fig. 5A, 5B, 5Ch 729k

DKK1 ##8x+e c318A>G, DKK2 329 c437G>A,
DKK3#d2k2]  ¢.1003A>G &4, SFRP1 #dAF rs3242C>T,
rs16890444 C>T v&4, SFRP3 A A ¢.970C>G, SFRP4 7
A €958 C>A, SFRP5 A2 ¢.20 G>C th@ el st 3t
g o] ¥ Table 29 #9t3 SFRP5 1AM ¢.20G>C ddA S
A st F-AA Aol wE FHAAE Y ¥ E = Hardy-Weinberg
o] FAS WEE Zow yethth AddEdd BAS AldES
w SFRP1 rs3242C>T t&A 3} rs16890444 C>T thaA Aol @
SFRP4 2 c.958C>A THEA 7 ¢.1019G>A THEA Aol <A

HAgo] Q= Ao = e

24 J'A! -‘*‘,i : 1_'_]
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AG

AA
Lu ™ )

-ID 110
OCCaA -\C{}K.C\M}GGA AC "COTGE TCOCAACCAG CCAG TCCCAAG A AG ACATTARA (.ThGGAG”GCC(AGAnG-\GMCMA(‘(‘C
A f 'l
1

A

cc GG

(‘OC“MCW#GGG fm’«ﬁ CTCCIGCTCOCMACC»\GCC-G "\C AGG"G "GCCUG ANGA GM{:A

”Wl I M M "' W“\ J‘ | L i ‘M

Fig. 2. Direct sequencing of c.958C>A SNP site (A) and c.1019G>A
SNP site (B) in exon 6 of SFRP4 gene.
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GG

T GCGGGCGGCGGCGGUGGEGGGGGGGCGTGCGGACG GE

100

o R R o W o= m o

= Em O oeae oA R -

Fig.3. Direct sequencing of c.29G>C SNP in the exon 1 of SFRP5

gene.
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Fig. 4. Tagman assay of rs16890444C>T SNP and rs3242C>T SNP in

SFRP1 gene.
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Allele A

Allele G

Allele A

. ttas

G0 0% 0 1% am % AW 3% 4w

Allele G
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Fig. 5. Tagman assay of c.318A>G SNP in the exon 2 of DKKI gene,

c.437G>A SNP in the exon 3 of DKK2 gene and c.1003A>G SNP in

the exon 6 of DKK3 gene.
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Table 2. Genotype and allele frequencies at polymorphic sites.

Polymorphic Allele X2 &

) Genotype Frequency

sites frequency p._yalue
GG 161 (40.4%)

DKK1 G 0.64 X2 = 0.083
GA 187 (46.9%)

c.318A>G A 0.36 P =0.77
AA 51 (12.8%)
GG 130 (32.6%)

DKK2 G 0.57 X2 = 0.086
GA 198 (49.6%)

c.437G>A A 0.43 P =0.77
AA 71 (17.8%)
GG 243 (60.9%)

DKK3 G 0.78 X2 = 0.081
GA 138 (34.6%)

c.1003A>G A 0.22 P =0.78
AA 18 (4.5%)
CcC 264 (66.2%)

SFRP1 C 0.81 X2 =0.21
CT 119 (29.8%)

rs16890444 T 0.19 P =0.90
TT 16 (4.0%)
CC 332 (83.2%)

SFRP1 C 091 X2 =0.20
CT 65 (16.3%)

rs3242 T 0.09 P =0.90
TT 2 (.5%)

SFRP3 GC 5 (1.3%) G 0.99 X2 = 0.02

c.970C>G CC 394 (98.7%) C 0.01 P =0.90
AA 108 (27.1%)

SFRP4 A 0.53 X2 = 0.68
AC 207 (51.9%)

c.958C>A C 0.47 P =041
CC 84 (21.1%)
GG 236 (59.6%)

SFRP4 C 0.78 X2 = 0.65
GA 143 (36.1%)

c.1019G>A A 0.22 P =0.72
AA 17 (4.3%)
GG 96 (24.1%)

SFRP5 G 0.43 X2 = 20.72
GC 151 (37.8%)

c.20G>C C 0.57 P = 0.001
CC 152 (38.1%)
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3. Wnt 4234 #AAW AIAAH} ELE Aol &
=7
DKK1 ##8x+e c318A>G, DKK2 379 c437G>A,
DKK3 #3172 c.1003A>G tdA el e 44 54 2 ad=
Atolli= zpol7F gl o w(Table 3), SFRP1 & AF rs3242C>T,
rs16890444C>T th@EA ol W& 44 54 2 Ide Felx 2
o7} gl3ltk (Table 4). SFRP3 #FAAW ¢.970C>G, sFRP4 312k
W c.958C>A, SFRP5 #+dAHY c20G>C ohgAdeol e 2+ f-d4
oA o] A 54 2 FHUEE Table 59 #9tEtdl SFRPS
AAF c20G>CHAAF g8 GG oA CC ARy 2
ZUE7F ko) (p=0.03) Bonferroni’s correctione A3 3=

_7‘,:
u p<0.0257F F23 FFolEg AyAor Wnt AIEAA 4

A% o] WAL oF @ hE ARl FUE Aol 9
otk TAE Jeje] ME 4949 wol HwE Table 6ol EA
ged, THITF o8 Y B

]:’E]E% 7]_71(_] Oﬂ/\é /\]‘0] Oﬂ Wnt 72

F=AA FAAY WHol LRl AFol7E AT

A9, AB7E, AAFAZL] FEFS viAISE Fo DKK1 4
b ¢318A>G, DKK2 F#A c473G>A t&d4, DKK3 313
c.1003A>G B34 el me d% BAP, CTX, OST, PTH, Z+
sZolle Aol7k glelem  (Table 7), SFRP1 3%
rs16890444C>T, rs3242C>T FAA th&/del wpeba] (Table 8), 71
23l sFRP3 42k ¢.970C>G ©+3A el webA % (Table 9)
g% AR skels AZelrt §ldlth 2efv SFRP4 34 W
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c.958C>ATFEA Sl CC FHAFANA AC FAAFERTE 3 CTX
FE7F Sk (P<0.05), sFRP5 34 W ¢20G>C 9349 GG
FRAAGAA wE FAAG Hlst €4 BAPERETE =3k
(P<0.025).

g4 OPG, sRANKL, sRANKL/OPG Hl:= Wnt AZA thaAd okt
of w& Aol7b fllth (Table 10).
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Table 3. Clinical characteristics and bone mineral density in
postmenopausal women in relation to DKKI1 ¢.318A>G, DKK2
c.437G>A and DKK3 c.1003A>G SNPs.

DKKI1 ¢.318A>G DKK2 ¢.437G>A DKK3 ¢.1003A>G
GG GA AA P GG GA AA P GG GA AA P
(n=161) (n=187) (n=51) (n=130) (n=198) (n=71) (n=243) (n=138) (n=18)
Age 57.3 57.7 58.6 57.5 57.3 58.8 57.8 57.3 58.3
0.44 0.25 0.68
(years) +0.5 +0.5 +0.9 +0.5 +0.4 +0.9 +0.4 +0.5 +1.6
Years
8.5 9.5 9.9 9.1 8.8 10.1 9.3 8.9 8.4
since 0.32 0.42 0.80
+0.5 +0.6 +0.9 +0.6 +0.5 +0.8 +0.5 +0.6 +1.5
menopause
Weight 58.8 574 58.5 58.5 58.1 57.3 57.8 58.3 60.8
0.18 0.53 0.17
(kg) +0.6 +0.5 +0.9 +0.6 +0.5 +0.8 +0.4 +0.6 +1.4
Height 155.7 155.2 154.8 155.9 155.2 154.7 155.0 155.9 155.9
0.39 0.21 0.17
(cm) +0.4 +0.4 +0.6 +0.4 +0.3 +0.5 +0.3 +0.5 +0.9
BMI 24.3 239 244 24.1 24.1 24.0 24.1 24.0 25.1
N 0.28 0.93 0.33
(kg/m”) +0.2 +0.2 +0.4 +0.2 +0.2 +0.4 +0.2 +0.2 +0.7
BMD
(g/em’)*
Lumbar 0.999 1.011 1.022 0.6 1.012 1.018  0.972 018 1.014 0.995 1.030 053
spine +0.013  +0.014 +0.024 +0.016 +0.013 +0.020  +0.012 +0.014 +0.038
Femoral 0.829 0.816  0.831 0.6 0.825 0.824 0819 0.9 0.823 0.818  0.872 035
neck +0.013  +0.010 +0.019 £0.011 +0.012 +0.017  +0.009 +0.014 +0.031

Values are mean + SE.
BMI=body mass index; BMD=bone mineral density

*: Values are adjusted for age, years since menopause, and BMI

P: ANCOVA
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Table 4. Clinical characteristics and bone mineral density in
postmenopausal women in relation to SFRP1 rs3242C>T and

1s16890444C>T SNPs.

SFRPI 1s3242C>T SFRP1 1s16890444C>T
cc CT+IT P cC CT TT P
(0=322)  (n=67) (=264)  (n=119)  (n=16)

Age (years)  57.840.4 567408 021 57.740.4  57.3+0.6 59.3+1.5 0.1

Years since

9.3+0.4 5.8+0.7 0.25 9.3+0.5 8.5+0.5 10.9+1.7 0.37
menopause

Weight (kg)  58.0+0.4  58.540.9 0.62 585404  57.3%0.7 56.0+1.4 0.13
Height (cm) 155.140.3 156.5+0.5 0.02 1555403 154.840.4 155.7¢1.1 037
BMI (kg/m®) 24.1£0.2 239404 056 242402 239403 23.140.6 021
BMD

* *
(gfent)* P P
Lumbar 1.001 1.040 011 1.012 1.007 0.939 028
spine £0010 0020 +0.011  +0017  +0.038
Femoral 0.822 0.831 0.826 0.823 0.781
0.66 0.51
neck +0.008 +0.014 +0.010 +0.012 +0.034

Values are mean + SE.
BMI=body mass index; BMD=bone mineral density
*: Values are adjusted for age, years since menopause, and BMI

P: Student's t-test P*: ANCOVA
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Table 5. Clinical -characteristics and bone mineral density in
postmenopausal women in relation to SFRP3 ¢.970C>G and SFRP5
c.20G>C SNPs.

SFRP3 SFRP4 SFRP5
¢.970C>G c.958C>A ¢.20G>C
GC CC P AA AC CC P GG GC CC  px*
(n=5) (n=394) (n=108) (n=207) (n=84) n=96) (n=151) (n=152)
Age 58.6 57.6 57.8 57.4 58.1 58.3 57.3 57.6
0.74 0.67 0.47
(years) +3.3 +0.3 +0.6 +0.5 +0.6 +0.7 +0.5 +0.5
Years
) 8.2 9.1 9.4 9.0 9.2 10.2 8.5 9.0
since 0.77 0.88 0.19
+3.68 +0.36 +0.77 +0.49 +0.68 +0.93  +0.56 +0.48
menopause
Weight 52.2 58.2 56.4 58.6 59.0 57.9 57.7 58.6
0.75 0.009 0.50
(kg) +3.14 +0.35 +0.59 +0.49 +0.78 +0.64  +0.58 +0.58
Height 152.7 1554 155.6£0 1554 1549 154.9 155.6 155.3
0.44 0.64 0.60
(cm) +1.65 +0.24 44 +0.34  +0.53 +0.57  +0.38 +0.36
BMI 22.4 24.1 233 24.3 24.6 24.2 23.8 24.1
0.76 0.003 0.34
(kg/m2) +1.12  +0.14 +0.25 +0.20 +0.31 +0.27  +0.23 +0.14
BMD . . o
(g/em2)* P P P
Lumbar 0915 1.009 0.988 1.010 1.027 0.967 1.029 1.012
. 0.19 0.30 0.03
spine +0.1101 +0.009 +0.019 +0.012 +0.019 +0.019* +0.016 +0.013
Femoral 0.742  0.824 0.812 0.830 0.822 0.799 0.835 0.827
0.60 0.61 0.16
neck +0.0700 +0.008 +0.016 +0.010 +0.015 +0.017 +0.013 +0.010

Values are mean + SE.

BMI=body mass index; BMD=bone mineral density

*: Values are adjusted for age, years since menopause, and BMI

P: Student's t-test P*: ANCOVA

*#: P value higher than 0.025 are considered as not significant after

Bonferroni's correction.
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Table 6. Odds ratio for osteoporosis

neck according to single genotype.

at lumbar spine and femoral

Polymorphic sites

Genotypes

L-spine
(n=59)

Osteoporosis
Femur neck
(n=29)

LS and/or FN
(n=65)

DKK1 c318A>G

DKK2 c437G>A

DKK3 ¢.1003A>G

SFRP1 1s3242C>T

SFRP1
rs16890444C>T

SFRP3 ¢.970C>G

SFRP4 c.958C>A

SFRP5 ¢.20G>C

GG
GA
AA
GG
GA
AA
GG
GA
AA
CC
CT+IT
CcC
CT
TT
GC
CcC
AA
AC
CcC
GG
GC
CcC

1.31 (0.46-3.67)
2.04 (0.76-5.53)
1
0.76 (0.35-1.66)
0.70 (0.34-1.46)
1
1
0.86 (0.45-1.62)
0.67(0.15-3.26)
2.41(0.88-7.15)
1
1
0.85(0.45-1.75)
1.92(0.49-6.89)
3.94 (0.64-24.11)
1
2.81 (1.14-6.95)*
1.86 (0.78-4.43)
1
1.52 (0.76-3.05)
1.07 (0.55-2.06)
1

1.80(0.38-8.39)
2.29(0.51-10.3)
1
0.68 (0.24-1.91)
0.64 (0.25-1.68)
1
1
0.54(0.20-1.37)
- (0)
1.81(0.52-6.08)
1
1
0.72(0.27-1.87)
0.77(0.10-6.07)

9.06 (1.45-56.57) 3.50 (0.57-23.39)

1

2.74 (0.86-8.73) 2.71 (1.15-6.40)*

1.23 (0.39-3.93)
1

2.09 (0.80-5.51)

1.41 (0.55-3.62)
1

1.61 (0.58-4.47)
2.19 (0.81-5.91)
1
0.68 (0.32-1.43)
0.67 (0.33-1.33)
1
1
0.78 (0.42-1.45)
0.58(0.13-2.79)
2.20(0.06-5.93)
1
1
0.75(0.39-1,46)
1.62(0.42-5.77)

1

1.80 (0.80-4.08)
1

1.56 (0.80-3.03)

1.06 (0.56-2.00)
1

Values are odds ratio (95% confidence interval) by chi-square test.

* P < 0.05
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Table 7. Serum bone turnover markers in postmenopausal women in

relation to DKKI1
¢.1003A>G SNPs.

c.318A>G, DKK2

c.437G>A

and DKK3

DKK1 ¢.318A>G

DKK2 ¢.437G>A

DKK3 ¢.1003A>G

GG GA AA P GG GA AA P GG GA AA P
(n=129) (n=160) (n=43) (n=110)  (n=165) (n=58) (=199) (n=116) (n=18)
BAP
L) 18.5£1.0 17.0£0.6 16.1£1.0 0.23 17.9+0.8 18.0£0.8 15.2+1.0 0.09 17.6+0.6 17.1+0.9 18.2+2.5 0.81
CTX 1693.5 1518.2 1359.0 1503.0 1716.3 1504.2 0.56 1598.7 16524  1662.4 0.93
(pM/L) +163.8 £113.0 £247.8 +143.3 +142.5 +296.1 ' +134.1 +159.1 43709
OST
(ng/ml) 14.6£0.6 14.5£0.6 12.8+1.0 0.26 13.8+0.6 14.840.6 13.840.8 0.41 14.2+0.5 14.5+0.6 14.4+1.9 0.90
ng/ml
PTH
(pg/ml) 11.3£0.8 11.1£0.7 10.0£1.7 0.74 10.4+0.9 11.6+0.7 10.6+1.2 0.56 11.740.7 10.5+0.7 7.5t1.4 0.14
pg/ml
Calcitonin
(pg/ml) 4.6£0.6 6.1£0.6 3.6+0.5 0.050 6.1+0.9 5.0£0.5 4.2+0.5 0.18 4.9+04 59+0.8 3.9+0.6 0.35
pg/ml
Ca
(mg/dL) 9.4+0.3 9.0+0.1 9.0£0.2 0.49 9.3+04  9.1£0.2  9.2+0.1 0.85 9.1+0.1 9.4+0.4 8.8+0.2 0.56
m,

Values are mean + SE.

BAP=bone alkaline phosphatase; CTX=carboxy-terminal telopeptide of

type 1 collagen;
Ca=calcium,;

P: ANCOVA

OST=osteocalcin
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Table 8. Serum bone turnover markers in postmenopausal women in

relation to SFRP1 rs16890444C>T and rs3242C>T SNPs

SFRP! 1s3242C>T SFRP! rs16890444C>T
cc CT+IT P cc CT TT P
(0=262)  (n=54) (n=205) (n=96) (n=15)
BAP (UL)  17.6£0.6 169+ 0.9 0.63 169+0.5  18.7+1.1 16514 0.26
1653.7  1400.8 1639.7 1603.2 1213.1
CTX (pM/L) 0.33 0.68
+1145  +175.7 +113.4 +212.8 +192.2

OST (ng/ml) 14.3£0.4 14.7+ 0.9 0.59 14.4+0.5 14.4+0.7 13.0£1.2 0.74
PTH (pg/ml) 11.0£0.6 11.3 1.4 0.79 10.940.6 10.94+0.9 13.9+3.1 0.46
Calcitonin

(pg/ml)
Ca (mg/dL)  9.2+0.2 88+ 02 025  9.2+0.2 9.140.1  8.9+03 0.86

53404 4.6+ 0.6 0.50 4.7+0.4 6.4+0.9 3.6£0.4  0.07

Values are mean + SE.

BAP=bone alkaline phosphatase; CTX=carboxy-terminal telopeptide of
type [ collagen; OST=osteocalcin; PTH=parathyroid hormone;
Ca=calcium

p: ANCOVA
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Table 9. Serum bone turnover markers in postmenopausal women in

relation to SFRP3 ¢.970C>G and SFRP5 ¢.20G>C SNPs.

SFRP3 ¢.970C>G SFRP4 ¢.958C>A SFRP5 ¢.20G>C

GC cc P AA AC cC P GG GC cc P’

(n=5)  (n=328) (n=93) (n=175) (n=65) (n=82) (n=122) (n=129)
BAP 19.8+1.41 .
L) 16.1£3.27 17.5£0.50 0.93 18.6+1.2917.2+0.5316.4+0.95 0.30 w  16.3£0.61°17.0£0.65" 0.02
CTX 2188.8 1595.3 047 1539.3 18153 11529+ 17487 15203  1603.8 0.68
(pM/L) +1105.92  £99.7 T £167.88 £156.29° 141.21° +£196.59 +153.65 £170.53
OST
(agl) 15.82+1.34 14.3+0.38 0.17 14.3£0.76 14.4+0.4914.0+0.86 0.93 14.9+0.85 13.6+£0.54 14.6£0.60 0.32
ng/m
PTH
(ol 16.7+4.66 10.9£0.52 0.93 11.2+1.0410.9+0.6811.1£1.22 0.97 12.7+1.14 10.4+0.86 10.4+0.74 0.14
pg/m
Calcitonin

7.1£3.74 52+0.38 0.38 5.2+0.74 5.7+0.59 4.1+0.51 0.24 5.8+0.82 3.9+0.24 5.7£0.71 0.06
(pg/ml)
Ca
(gidL) 9.2+0.55 9.2+0.15 0.85 9.1+0.11 9.3:0.27 9.0£0.18 0.67 9.0£0.13 9.1£0.09 9.4+0.37 0.49
m;

Values are mean + SE.

BAP=bone alkaline phosphatase; CTX=carboxy-terminal telopeptide of
type [ collagen; OST=osteocalcin; PTH=parathyroid hormone;
Ca=calcium

P: ANCOVA

a, b: P < 0.05 by LSD test

*: P value higher than 0.025 are considered as not significant after

Bonferroni's correction
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Table 10. Serum levels of OPG, and RANKL in postmenopausal

women in relation to polymorphic sites.

No OPG RANKL RANKL*'"/OPG

GG 79 8832.8+286.5 6.940.5 0.840.0

DKKI1 ¢.318A>G GA 103 9161.4+225.6 8.3+0.8 0.9+0.1
AA 29 10002.8+848.2 6.5+0.4 0.8+0.1

p* 0.16 0.25 0.58

GG 74 9055.7+309.0 7.7+£0.7 0.9+0.1

DKK2 ¢.437G>A GA 100 9182.1+300.2 7.5+0.7 0.9+0.1
AA 37 9274.7+428.2 7.1+£0.9 0.8+0.1

P* 0.92 0.91 0.80

CC 139 9271.1+238.4 8.0+0.7 0.9+0.1

DKK3 ¢.1003A>G CA 63 8984.3+354.8 6.7+0.5 0.8+0.1
AA 9 8533.9+946.4 6.4+0.4 0.9+0.1

P* 0.64 0.41 0.79
SFRP1 rs3242C>T 176 9256.0+207.7 7.2+0.4 0.8+0.04
CT+TT 35 8641.2+513.3 9.3+ 1.8 1.2+ 0.21

P 0.24 0.27 0.12
SFRP1 CC 139 9198.3+232.9 7.4+0.5 0.840.05
1$16890444C>T CT 66 9198.4+345.3 7.8+0.9 0.9+0.09
TT 6 7638.7+1710.0 6.5+0.6 1.5+0.50

P* 0.41 0.84 0.17
SFRP3 c.970C>G GC 2 8212.6+£758.34 7.342.04 0.94+0.33
CC 209 9163.0+194.86 7.5+0.46 0.940.05

P 0.27 0.89 0.74
AA 58 9028.5+355.95 8.0+1.03 1.0+0.13
SFRP4 ¢.958C>A AC 114 9384.24+264.75 7.1+£0.48 0.84+0.04
CC 39 8667.8+461.65 8.0+1.35 1.0+0.14

P* 0.36 0.62 0.14
GG 52 9459.7+391.77 8.7£1.30 1.0+0.14
SFRP5 ¢.20G>C GC 78 8869.4+283.9 7.3+0.63 0.840.05
CC 81 9231.8+340.39 7.0+0.59 0.8+0.07

P* 0.48 0.33 0.34

Values are mean + SE.
P: Student's t-test P*: ANCOVA
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5. SFRP1 d=iAE %x}ﬁs‘, SFRP4 {wWiAlY
ARG FUE Ato]o] A

Table 11¢] 3EA|gk vRe} o] SFRP1 42+ Wl rs3242C>T,
rs16890444C>T ©Had 4 EFsidles o 4 T/ daAd
]z EA s, CC7F 75.6%, CT 20.9%, TT 3.1%, TC
0.4%th o83t dujAg oz FAAE FAAEL 7 7HA7F A=
g CC-CC [1,1]e] 55.6%= 7H¢ @ta 1 thgo] CC-CT [1,2]
35.0%, CC-TT [14] 48% <otk SFRP4 -+ A ¢.958 C>A
A7 c1019G>ATEA Fds Hiet Afelx 4 72 Al
A gFGeart EAst=d, AG7F 31.1%, AA7F 21.9%, CG7F
46.7%, CA7} 0.3%Sth (Table 12). o]&ldt duwjAlg oz F+AHE
AxRrgel = 8 7HA7F AR AG-CG [1,317}F 31.3% = 7 sk
a1 ool CG-CG [33] 20.8%, AA-CG [2,3] 20.3%, AA-AG
[2,1] 15.3% <=°]3} ¢},

SFRP1I ¢uiAls FAAE 2 SU% Apolo] AdAo] glle
L} SFRP4 AA-AA LvlAlE Hd2+5 e

wrol 31 (P<0.05, Table 13), AA-AA FAAE 0] Q3o A9 =¥
S oA G ZUE AR 437 (95% CI 1.48-12.
p<0.05) B HIWM3] FZE T} (Table 14).

6. SFRP1 dHlAY #FA"E 3} SFRP4 LHiAE
AR Ased A ARA

Table 15°] FEA|3E wvlel o] A= #4377k AAFA T
FFE wiAgE o SFRP1S] CC LuiAly didFHAAE 7FAA|
%o FHFEAF N sSRANKLx1000/OPG |7} =ohes A2 A9



33l SFRP1 dulAls fdx3e] wE & g4 Qxe] %
zkol = g3l

SFRP4 AA-AA duiAld FAAPANA 3 BAPEE7F 7}
Z Eekoy (P<001) tE ZmAdA 4 d3 OPGE sRANKL
59} I W= SFRPA dHiAlE FaAd el & zkol7t gldth

R
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Table 11. The SFRP1 rs3242C>T and rs16890444C>T haplotype and

genotype frequencies.

Haplotype Frequencies Genotype Frequencies
SFRP1 SFRP1
ode No* % Code No** %
rs3242C>T 1516890444

C C 1 603 756 CC-CC [1,1] 222 55.6
C T 2 167 209 CC-CT [1,2] 140 35.0
T C 3 3 04 CCTT [1,4] 19 4.8
T T 4 25 31 CT-CT [2,2] 11 2.7
CT-TT [2,4] 5 1.3

TC-TC [3, 3] 1 0.3

TC-TT [3, 4] 1 0.3

Total 798 100 Total 399 100

*: Number of chromosomes, **: Number of women
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Table 12. The SFRP4 c¢.958C>A and c.1019G>A haplotype and

genotype frequencies.

Haplotype Frequencies Genotype Frequencies
SFRP4  SFRP4
c.958C> ¢.1019G> Code No* % Code No** %
A A
A G 1 248  31.1 AG-AG [1, 1] 31 7.8
A A 2 175 219 AG-CG [1, 3] 125 313
C G 3 373 46.7 AA-AG [2, 1] 61 15.3
C A 4 2 0.3 AA-AA [2, 2] 16 4.0
AA-CG [2, 3] 81 20.3
AA-CA [2, 4] 1 0.3
CG-CG [3, 3] 83 20.8
CA-CG [4, 3] 1 0.3
Total 798 100 Total 399 100

*: Number of chromosomes,

**. Number of women
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Table 13. Demographic data and bone mineral density in
postmenopausal women in relation to SFRP1 rs3242C>T and

rs16890444C>T haplotype genotype.

SFRP1 haplotype SFRP4 haplotype
[1,1] [1,other] [other,other] P [2,2] [2,other] [other,other] P
(n=222) (n=159) (n=18) (m=16) (n=142) (n=241)
Demographic
data

Age (years) 57.9+04 57.140.5 59.4t14 023 58.8+1.2 57.6+0.6 57.6+04 0.76
years since

9.5£0.5 8.3+0.5 11.1x1.7 0.12 10.9+1.2 8.6£0.6 9.3+£0.5 0.36
menopause
Height (cm) 155.4+0.3 155.1+0.4 155.8£1.0 0.74 157.2+1.4 155.4+0.4 155.2+0.3 0.25
Weight (kg) 58.5+0.4 57.7£0.6 56.5+1.3 0.30 55.1+1.1 58.1+0.6 58.3+0.5 0.20

BMI
24.2+0.2 24.0+0.2 23.2+0.5 0.29 22.4+0.6*° 24.1+0.2° 24.2+0.2° 0.04

(kg/m2)

BMD

(g/em?)

Lumbar 1004 1019 0.945 0.895 1012 1013

_ 0.23 ] , 0.038
spine £0.012 0014  +0.034 £0.047°¢ £0.016°  +0.011

Femoral 0823 0829 0783 0.766 0826 0826
neck +0.011 0010  +0.031 0036 0015  +0.008

[1,1]: CC/CC [1,other]: CC/other [other,other]: other/other
[2,2]: AA/AA [2,other]: AA/other [other,other]: other-other
BMI= body mass index, BMD= bone mineral density

P: ANCOVA

a,b,c,d: P < 0.05 by LSD test
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Table 14. Odds ratio for osteoporosis at lumbar spine and femoral

neck according to SFRPI rs3242C>T and rs16890444C>T haplotype

genotypes.

L-spine
(n=59)

Osteoporosis
Femur neck LS or FN
(n=29) (n=65)

SFRP1 haplotype genotypes

[1, 1] CC-CC 0.67(0.19-2.58) 1.49(0.19-11.8)  0.79(0.23-3.01)
[1, other] CC-other 0.48(0.13-1.92) 1.15(0.14-9.57)  0.51(0.14-2.04)
[other, other] other-other 1 1 1
SFRP4 haplotype genotypes
0. 2] AAAA 4.37 2.71 3.76
(1.48-12.91)* (0.55-13.33) (1.28-11.05)**
[2, other] AA-other 1.47 (0.82-2.64) 1.92 (0.82-4.50) 1.39 (0.79-2.44)
[other, other] other-other 1 1 1

Values are odds ratio (95% confidence interval) by chi-square test.

*P value: 0.0153
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Table 15. Serum levels of bone turnover markers, OPG, and

SRANKL in postmenopausal women in relation to SFRP4 haplotype

BAP (U/L) 17.140.6  17.9+0.9  16.8+1.3 0.70

genotype
SFRP1 haplotype genotype SFRP4 haplotype genotype
[1,1] [1,other] [other,other] P  [2,2] [2,other][other,other] P
Serum bone
turnover m=177)  (n=139) (n=17) (n=12) (n=127) (n=194)
marker

25.746.216.9+0.6

ab a

17.2+0.5° 0.001

1650.4 1607.0 1191.7 2731.7+ 1539.6  1585.0

CTX (pM/L) 0.61 0.09

+126.6 +173.7 +171.1 951.0 1332 +£134.0

OST (ng/ml) 14.3+0.5 14440.6 13.7+1.2 0.94 17.242.514.2+0.6 14.2+0.5 0.26
PTH (pg/ml) 11.0+0.7 10.6£0.8  14.9+£2.8 0.19 9.4+2.0 11.2+0.8 11.1+0.7 0.79
Calcitonin 4.7+0.4 5.8+0.7 4.6+1.1 033 4.1+0.5 52£0.6 53+£0.5 0.75
Ca (mg/dL) 9.4+0.3 8.9+0.1 8.9+03  0.33 93+0.2 9.3+03 9.1+0.1 0.84

Serum

n=120 n=84 n=7 n=9 n=75 n=127
OPG-RANKL ( ) (0=84) (n=7) @=9) (@©=75) ( )
sOPG 9172.1 9238.2 7833.9 0.45 10270.4 8985.6  9174.3 0.43
(ng/ml) +256.1 +297.0 +1458.4 ' +788.7 +£297.4  +262.7 '
SRANKL

7.0+£0.4 7.7+0.8 13.1£6.6  0.07 9.8+4.1 7.9+0.8 7.2+0.5 0.47
(pg/ml)
sRANKL*'*/ . .
OPG 0.8+£0.05* 0.9+0.07° 2.2+0.83*° 0.001 1.0+£0.4 0.9+0.1 0.9+0.1 0.82

Values are mean + SE.

BAP=bone alkaline phosphatase; CTX=carboxy-terminal telopeptide of
type [ collagen; OST=osteocalcin; PTH=parathyroid hormone;
Ca=calcium

P: ANCOVA

a, b: P < 0.05 by LSD test
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Abstract

Introduction: The purposes of this study were to investigate the
relationship between the polymorphisms in Wnt antagonists genes, and
BMD in postmenopausal Korean women, and to test the hypothesis that
these polymorphisms in Wnt antagonist genes are associated with serum
levels of osteoprotegerin (OPG), soluble receptor activator of NF-AB

ligand (SRANKL) and bone turnover markers, etc.

Methods: Nineteen single nucleotide polymorphism (SNP)s in Wnt
antagonists genes were analyzed by restriction fragment length
polymorphism, Tagman assay, and direct DNA sequencing in 399
postmenopausal Korean women. Serum levels of OPG and sRANKL
bone turnover markers were measured. The bone mineral density
(BMD) at the lumbar spine and proximal femur was determined by

dual energy X-ray absorptiometry.

Results: The c¢.28G>A, and c.496C>A SNP in Wnt inhibitory factor
(WIF)-1  gene, ¢.-38C>G, and ¢.134C>G SNP in secreted
frizzled-related-protein (SFRP)2 gene, ¢.598C>T SNP in SFRP3 gene,
c.34A>T, and c.35C>A SNP in SFRPS5 gene, and c.92C>A, c.147G>A,
and ¢.706G>A SNP in Dickkopf (Dkk)3 gene were not observed.
Significant association between the haplotype genotype defined by
combination of ¢.958C>A, and c¢.1019G>A SNPs in SFRP4 gene and
BMD at the lumbar spine were observed. After adjusting for potential
confounding factors such as age, body mass index, and menopause

duration, the BMD in the haplotype genotype AA homozygotes was
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lower than in corresponding genotypes respectively. The haplotype
genotype AA homozygote was 4.37 times more frequently found in
women with osteoporosis at the lumbar spine. No associations were
noted between BMD at skeletal sites measured and other SNPs in Wnt
antagonist genes. After adjusting for age, years since menopause and
body mass index, serum bone alkaline phosphatase levels in the
haplotype AA homozygotes (P<0.001) showed the highest levels. No
significant differences in the adjusted serum levels of osteocalcin,
parathyroid hormone, calcium according to genotypes of single other
SNPs in Wnt antagonist genes and haplotype genotypes of SFRP4
SNPs were noted. Adjusted serum levels of OPG, sRANKL, and their
ratio were not different according to genotypes of single SNPs in Wnt
antagonists genes and haplotype genotypes of SFRP4 SNPs whereas
RANKL/OPG ratios in SFRP1 haplotype genotypes without CC were
significantly higher than those in other haplotype genotypes.

Conclusions: These data indicate that haplotype genotype composed of
the c.958G>A, and c.1019 G>A SNP in SFRP4 gene among Wnt
antagonist genes is one of the genetic factors affecting bone mineral
density at the Ilumbar spine and the measurement of these
polymorphisms may be useful in identifying Korean women at the risk

of osteoporosis.

Keywords: postmenopausal Korean women, Wnt antagonists, gene
polymorphism, bone mass
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