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The Effects of Osteoprotegerin Polymorphism on
Bone Mineral Metabolism in Korean Women with Perimenopause
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ABSTRACT

Background: Osteoprotegerin (OPG) is a recently identified cytokine, which acts as a decoy receptor for the
receptor activator of the NF-kB ligand (RANKL), and has also been shown to be an important inhibitor of
osteoclastogenesis in animal models. However, the relationship between OPG gene polymorphism and female
bone stati in human populations is unclear. In this study, the relationship between OPG gene polymorphisms
and bone mineral metabolism in healthy Korean women was investigated.

Methods: We observed 251 healthy women (mean age, 51.3 + 6.9 yr). The serum OPG concentrations were
determined using ELISA, and the biochemical markers of bone turnover and FSH measured using standard
methods. The bone mineral densities at the lumbar spine and femoral neck were measured by dual energy X-ray
absorptiometry. The A163G, G209A, T245G and T950C polymorphisms of the OPG gene were analyzed by
allelic discrimination using the 5 nuclease polymerase chain reaction assay.

Results: The lumbar spine BMD of premenopausal women was marginally decreased in the variant allele
group compared to the wild type group (A163G, 0.98  0.14 g/em” [GG + GA] vs. 1.05 = 0.15 g/em® [AA], P
=0.070; T245G, 0.97 £ 0.13 g/em’ [GG + GT] vs. 1.04 £ 0.15 g/cm’ [TT], P =0.056). In the linkage of poly-
morphisms A163G and T245G, the lumbar spine BMD of premenopausal women was marginally decreased in
the variant allele group compared to the wild type group ([AATT] vs. [AGTG + AGGG + GGTG + GGGG]:
1.04 £0.15 vs. 0.97 £ 0.13; P=0.072). However, there were no differences in the serum OPG levels and
bone turnover markers among the different genotypes.

Conclusion: The A163G and T245G polymorphisms of the OPG gene were observed to be marginally
associated with the lumbar spine BMD in healthy premenopausal Korean women, but further studies will be
needed to clarify this relationship (J Kor Soc Endocrinol 20:204~215, 2005).

Key Words: Osteoprotegerin, Polymorphism, Bone mineral density
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M B

ZehESolst U 3 29| vAltze] oo 7}
HE FHCE Fo] A FAAA el A9 A=}
7k LA EupabEgtelck vl=e] Svhes 7
£ National Health & Nutritional Examination Survey
(NHANES III, 1988-1994)01l4] 5041 o}&2] oA Z Fc}
T 13~18%0™ FRAEZL 37~50% % vl=odd] T &
35 st oF euint wWo® oA Qlrh1). BE¥
ul=re] gk A QAR QAR o83t ApEell ofshd W
ol Ael|A] HAERE Evhsso® QI3 24| s
40% % FZE|TYCH2]. ErhesoE Qg dEE ¥
FE AL AR Ao Aol 7= she A7k Aol
7h R AL B ol gt AR S| &3 By
o] &l A AAQ EAFAZ IAe]| =oAL 9t -
guiEloliE He 7 8l 28] 7] STl whe} =
T U ThEFoE I3k Ao FH3 FTIE|AL ol
upe} oshA|, A, Te|an AP xpdellA AR A
TAPE 2 Aoz ArdEch

=] A7 okl WA AXAQ 4 Q1A
oF 2Rl 273 ALl ofaf| ke WAt ko] A4
o] 7b B2 ke niXe A 44 AR 49A

=

8

U]

[¢)
uXE 43 QA B wheA A= SARE At
A BEl Ate] djEAQl AEE vE] D 8A4] &
AR FHA3])3 oA AEZA 84| 34 (estrogen rece-
ptor gene) tFEA[4] B 2UA 13 L3} 57472 (collagen
type 1 alpha 1 gene) tFFA[5] 5ol St ey} 71E9]
ATollA] Harel Fe] AR Frhgge] el ke
uXE 83 QA Seldellie vhE At Hary
I Sk fElvElellA] #H & E2vhEs S thidew
HIEW] D 584 47 vhd e 2ARE Al 2085
el Aol glo] Evhes Aol 391y sxte] =7
Wl Ego] ¥4 oigkrHe). Hedk o ~ERA F8A &
A2 AR A F oAolA TEE 9 AR
x| FAALE] #izle) o ~EZA tixHe] HhSol] A4
o] gigdem(7], 1% Ad Az AL el #A17
3 Aol ] A] ekokelg]. whbA] Selukel o3 AdellA
= P4 IS 9 24 o) ke viXE £4
2 QIzke] ghao] A3t Aot

Osteoprotegetin (OPG)< G~8419] A28 Fokx| A1z}
S~ (tumor necrosis factor [TNF] receptor) ol <3t
Frhiolu] o] odAlEell ofste] mlszgt A7lel] S514
o7 "kAgle] HaEgieho~11]. OPGE IZAE 1s}e]
WA 201719 receptor activator of NF-kB ligand (RA-

NKL)®] decoy receptorZA] FZA|E FS] RANKLO

receptor activator of NF-kB (RANK) thAl 7ZAglslo] s}z
AE B3}E Al Aoz delA grH12,13]. OPG
AAE 2pERRFIAY OPGL 42 A& A7 FollA
= A AT 23] veh[9,14], OPG
RS ZE A7) FollA= FZAIE Aol S7t=le] A
3k Erhssol whEcH15,16]. 5 AdelA AL A=
3t OPGE A 73-oll= 3 $7MA171a19,17], OPG
FAAE AEAZ 7 744 AZE OPGE BuTA &
v OPGE F44oZ Ay Eohgss e
T JrH18]. Al A E OPGE HTI}ZAIES] &
3k, AL 9 58 dARM, AsslEAEEe] Y4
Apckskan, shEAlEe] AEAPEAE fieshe Zles Ha
=3 QIrH19~25]. A7R1e] ATl BF OPG s5v &
A% gl AL Zax] 3R} QdftAde] HAE|9] om
[26~28], 3k=<l o771 o34 2H29] Fd HAellAE[30]
&% OPG9} RANKL 557t ZthAke) oAk It=
wo], QI7tollE OPG-RANKL A7} Sthaoll A= o
& 7 AoE A7k

27K Bl OPG 4zt kAl 125917 slevt
o]F 7lso] ¥ = HOE Al63G (promotor), G209A
(promotor), T245G (promotor), T950C (promotor), G118-
1C (exon 1), CI1217T (intron 1), A6890C (intron 4) So]|
ek 7B w2 OPG AR oA B9IE =ARE
Langdahl 5¢] 268"¢] Denmark FtF3Z 3xpollAe]
FollAE A163G H9E G alleleo] S743kAlollA] wWokar
T245G H91&= G alleleo] Evha% EHAllA] wokrh3l].
Jorgensen 5-9] 107%9] & & Denmark =4 3Alol|4]2]
AR A163G F-219] G alleleo] =9} AFtkz]o]
Ko Aol A T Bo] PEE|QIrH32]. B3 Arko
59 10349] Slovenia H|7FF IFrla= 3ALE ez
ZAR}E ZAFel A= G209A %} T245G 7-91¢] 414 oFed A
o] xS} qdytsle] JGrH33]. Tl E Yamada &
9] 2,000099 2] UEQI A7ellA] T245G2} T950C F-91<]
AL thEgAd el S5 Sddo] el EErt o
YA WEEQCH34). ool ool Hadl ZollA
A163G, G209A, T245G, T950C 9] So| 4% 4 I}
T5oF Qg A3} oddE]o] OPG AR Ql7tellA
ZtiAe] WRlell =E A 5 SR ZdiE 7]
E9| AT Avbzo] IXJslA| ghar gkjlollA] e 17} uif
F 5 olrl wlebA] B dFellAe 273k gl &
HA737] oI de o 71E0l 2lxolld] ZviAlelke] A%
Ao| AZ=E A163G, G209A, T245G, T950C H-2le] 54
A ok AT F OPG Bk, M =aA A7 9
SFF 9 UEE A5 SUEee] ASIAE B4,
7783k k=l A7) o3ollA EiAlell thigk OPG
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1. CHAH

AT 2002 19 195E] 20024 129 31¥€71A]
127047 275 BH o8 WIsh F7] oA 5 A
Aell eIt ARkE ez silel. g A 4
AR, B, HelrAldsl, TR i,
PR, mRY7ARt g = oMt 5o &
tatel] gk wixle Aglel aAEFA A, FA91A
FeF, AT EE, P EE, o]kA|, HT T o]
E, e, A oFg, bRl T oAl 3
u|x)E oFE B8AE ARt 2519 (B 1%, 51.3 £ 69
Al, QA WS, 37~734)5 2E A7HEeR silck A
2 13392 A F oA (BE A% 55.0 £ 6.74) I
118782 =7 A o34 (7 A 46.8 + 3.84) o2 T4
ek AdH HAe] Aol vt AedziE 1274
old UHe] ¢lx, ¥H IFASFFTZE (follicle stimulating
hormone, FSH, chemiluminescent sandwich immunoassay,
ADVIA Centaur Estradiol Assay, Bayer Corp., USA) 5
7} 40 mIU/mLo 3R] 752 #5lck. €4 FSH 554
9] HE= intra-assay 575 (coefficient of variation)
= 2.0~ 2.9%, interassay HSAE 0.3~2.7% ]k

2. 88 OPG & &8

A7t doll4 &4 OPG (enzyme-linked immunosorbent
assay, Oscotec, Korea) &S+ 8AI7F o[ 24 & F5- &
e sk A Felste] A4 odsl 80 Coll Bt ¥
dBH o7 ZAs|9lon] 23] HEEZAsle] A sEE T
sldck €4 OPGe| intra-assay HEAIg = 6.9~9.0%,
inter-assay HEAG = 6.0~9.0% 1k

3. SHE ¥ ZuN| EXIXL HA

A ARl ElEE 9FE) vEE 7l
A o]FollUA] WAAESAZ7] (dual energy Xray absor-
ptiometer, DXA, XR-series, Norland, U.S.A.)E ©]-&3}o]
Fgslgick THE FA40 AHee e A5 1.0%
HEAlE olgler] tElE el 739, 1.2% WEAls ol
ek kb FaA AR E94 AR 84 ¢
Zr2) Aol HE3llE 4 (alkaline phosphatase, multiple point
rate colorimetric, Votros 750 XRC, Johnson & Johnson,
USA)$} =355 EAIRE & deoxypyridinoline (chemilumn-
iescence immunoassay, ACS-180, CIBA-corning, USA) &
55 Fsioler, 24417 & g widRet B
(colorimetric, Vitros, Ortho-Clinical Diagnostics, U.S.A.)
< ZA3Ik. & deoxypyridinoline®] AU EE intra-as-

say "EAIT 1.1~3.7%, inter-assay "-5Al~= 4.0~10.0%

°|3iet.

4. OPG XX CIEMe| REXE 24

Aol A oA A5t (buffy coat)s T3}
o] 44 <33} 80°Coll HAHt ¥ DNA purification kit ©]
2310] genomic DNAE F5&3}0] OPG A A<l
AxE S 43199k TagMan probeE o83t allelic
discrimination assayt= PCR Hh3- EFou} Zo]| ubis]=
?35% reporter signals HE317| flsto] Taq THELS] 5
nuclease FAEE o]q3lrl. U] FAARIA
(single nucleotide polymorphism, SNP)2] 41215 FH-4
HEkSoll= &k #-2] TagMan probe®} 3t #4-2] PCR primer&-
283193t gk #49] TagMan probe= ZH2t tFA HR&
E3ralA sp, ZHte] R wel AEA R Xe=
A9& ZE=5 3k o] Z47ke] TagMan probe?] 572 cloll
+ reporter dyeZ}, 3" Hxloll= quencher dye7} - Z2&=]
Al 3], TagMan probe= 2% 7Z-$olli= reporteret
quencher dye7} 7}7te] EAsl7] wiizell ¥3¢] quench¥
o] 7A==A ¢k=rh PCRO| annealing THAlIA A
DNA$} dHA o2 UX|sl= TagMan probe”} 217+ vf
A F-$loll A3k= 31, extension THANA Taq FHEAS] 5°
nuclease A%l osle] sniirl FallEck  oful
reporter dye”} quencher dyeZHE] Ee|=]7] ujlifel 7z
reporter dyeol] I-R3F #J& WA ek Z2He] TagMan
probeol] 2 A& thE reporter dyeS ZATAZ|H, A=
thE reporter dye?] % =S 7 Zslo] SNPY #
RS A% (Fig. D).

1) A163G

downstream primer, 5° CTG GAG ACA TAT AAC
TTG AAC A 3

upstream primer, 5° CCA TCA TCA AAG GGC TAT
TGG T 3

2) G209A

downstream primer, 5° CTG GAG ACA TAT AAC
TTG AAC A 3

upstream primer, 5° CCA TCA TCA AAG GGC TAT
TGG T 3’

3) T245G

downstream primer, 5° CTG GAG ACA TAT AAC
TTG AAC A 3

upstream primer, 5° CCA TCA TCA AAG GGC TAT
TGG T 3’
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Fig. 1. Allelic discrimination using the 5 nuclease polymerase chain reaction assay

4) T950C

downstream primer, 5° GTT CCT CAG CCC GGT
GGC TIT T 3

upstream primer, 5° TGT GGT CCC CGG AAA CCT
CAG G ¥

5. SHEN

OPG 74 vl Aol w2 84 OPG 5.
A FaA| EAA 2 BT Ee 2RI
Alste] OPG 1A Aole] 7+ QlAke] Aol 714
o] gzto] Hlaslal, W3k OPG AR HEo] 94

Hardy-Weinberg equilibrium<- o|-83lo] 735}

R S

o flo

2 1

A

1. OIHI-EII M

==

am

Hit A% 51.3 + 6.94l0|m dF WLl 37-7340]3
T G AAERAFE 24.0 £29 kg/m’o|glen] HF ¥
odrdolEaM= 0.85 + 0.0601ck. H X A T
9.00 + 0.34 mg/dLo|AL 7 & A bEsllas
FE+ 59.7 £ 18.5 U/Lo|gl e
line FE+= 7.08 + 2.06 nMol/mMolo| HH & T 1l
A2k (urine calcium to creatinine ratio)< 0.22 +0.120]|%}
th. @FF 2dlellA] 4 Apole] i E3E 0.96 +0.17
glom®o]3, tEE ZRe] HF FRE 080 £ 0.12 glom’
olgirt. H IH zdleleld F5E 0.70 £ 0.09 mg/dLo]
P HF I PHASTERE FEE 193+ 1.24

HA+F 2 deoxypyridino-
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Table 1. General Characteristics of the Subjects

n=251 Means *+ SDs
Age (years) 51.3+69
Body Mass Index (kg/m?) 240+29
Waist to Hip Ratio 0.85 + 0.06
Serum Osteoprotegerin Levels (pg/mL) 1293.9 £ 401.3
Serum Creatinine Levels (mg/dL) 0.70 £ 0.09
Serum Calcium Levels (mg/dL) 9.00 + 0.34
Serum Alkaline Phosphatase Levels (mg/dL) 59.7 £ 18.5
Urine Deoxypyridinoline Levels (nMol/mMol) 7.08 +2.06
24-Hour Urine Calcium to Creatinine Ratio 0.22 £0.12
Follicle Stimulating Hormone (mIU/mL) 40.0 £31.5
Thyroid Stimulating Hormone (mIU/L) 193 £1.24
Lumbar Spine Bone Mineral Density (g/cm’) 0.96 £0.17
Femoral Neck Bone Mineral Density (g/cmz) 0.80 £ 0.12

Data are given as mean values=SDs.

Table 2. Genotype Frequency of OPG Polymorphism

OPG Site Genotype Observed % Expected % p-value

A163G AA 196 78.4 196 78.5 0.988
AG 51 20.4 51 20.2
GG 3 12 3 1.3

G209A GG 199 79.9 199 79.8 0.993
GA 47 18.9 47 19.0
AA 3 12 3 1.1

T245G TT 194 78.9 194 78.9 0.999
TG 49 19.9 49 19.9
GG 3 12 3 1.2

T950C TT 82 33.1 84 337 0915
TC 124 50.0 121 48.7
CcC 42 16.9 44 17.6

mIU/Le|glen HF €4
31.5 mIU/mLe]c} (o4

AL63G OPG 414 chalale] a8 Wl

Hardy-Weinberg equilibrium analyzed by chi-square test.

40.0£

2. OPG REX CHIN REXE 2T

[e]
kit

A (GG) 1.2%°I%03, T950C OPG 747 thdAlel &
ARPLe AAGAZ F(TT) 33.7%, ©lEHEA (TC)
48.7%, EZHA(CC) 17.6% % 55 Hardy-Weinberg
Alof] & gsl3irt (Table 2).

A163G OPG 412 thadAde] tigd-fd% (allele) B

A7 T (wild type, AA) 78.5%, ©|EH LA (heterozygote,
AG) 202%, “5Z74%HA (homozygote, GG) 1.3%°113L,
G209A OPG 417} thdAle] A2k wlee Azt
T (GG) 79.8%, ©1EHEH (GA) 19.0%, SZ73HA] (AA)
L.1%°]9)em, T245G OPG -FA+ thdAlel FAAdS
AARAAL T (TT) 78.9 %, ©15HEA (TG) 19.9%, &%

E A WA= 88.6%, G HE-FAAR= 11.4 %09,
G209A OPG -S-A#F tRdAel G ty-AAE= 89.4%, A
R A= 10.6%0192, T245G OPG R4+ tF Al
o T 44 88.8%, G R4z 11.2%°19 3,
T950C OPG 4%} tbdAle] T HaAA= 58.1%, C
H-FARE 41.9% ]9k
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Table 3. Biochemical Marker of Bone Turnover according to A163G OPG Polymorphism

Genotype AA (n=196) AG+GG (n=54) P
Serum Osteoprotegerin (pg/mL) 1292.1 £ 402.4 1321.9 +403.4 0.632
Serum Calcium (mg/dL) 9.00 £ 0.34 9.04 £0.38 0.353
Serum Alkaline Phosphatase (U/L) 60.2 £ 17.5 56.5 £ 18.1 0.174
Urine Doxypyridinoline (nMol/mMol) 7.04 £2.01 7.29 £2.13 0.418
Urine Calcium to Creatinine Ratio 0.23 £0.12 0.21 £0.13 0.338

Table 4. Biochemical Marker of Bone Turnover according to G209A OPG Polymorphism

Genotype GG (n=199) GA+AA (n=50) P
Serum Osteoprotegerin (pg/mL) 1298.2 + 404.4 1314.0 + 385.8 0.804
Serum Calcium (mg/dL) 8.99 £ 0.34 9.04 £ 0.38 0.353
Serum Alkaline Phosphatase (U/L) 60.2 £ 17.5 56.5 £ 18.1 0.338
Urine Doxypyridinoline (nMol/mMol) 7.04 +2.00 7.42 £2.16 0.240
Urine Calcium to Creatinine Ratio 023+0.12 0.20 £0.10 0.174

Table 5. Biochemical Marker of Bone Turnover according to T245G OPG Polymorphism

Genotype TT (n=194) TG+GG (n=52) P
Serum Osteoprotegerin (pg/mL) 1298.9 + 407.6 1309.5 + 383.3 0.866
Serum Calcium (mg/dL) 9.00 + 0.34 9.06 = 0.39 0.214
Serum Alkaline Phosphatase (U/L) 60.2 £ 17.5 57.3+18.3 0.285
Urine Doxypyridinoline (nMol/mMol) 7.03 £2.01 7.45+2.15 0.186
Urine Calcium to Creatinine Ratio 023 +£0.12 021 +0.13 0.375

0zt

3. OPG SR CHEM [EXEN 0E &
OPG BE2| &0|

OPG A163G 414 thed Aol Aol whe A &
A OPG 5+ AA $AAH (wild type) T 1292.1 +
402.4 pg/mL, AG AR (CIFHTA Fdwo]) 2
1332.4 = 411.4 pg/mL, GG FAAR] (2434 S
ol) T~ 1143.1 + 171.5 pg/mLolQlom Z7boll i &
A OPG F%9] o3t Xole FHE=A ¢gich OPG
G209A A} vh&dAde] 7417t Hell vk 7 €4 OPG
TEE GG AR (wild type) T2 12982 + 404.4
pg/mL, GA AR (o]54EA Edlo]) ¥+ 13249
+394.0 pg/ mL, AA §RA (FEAA Fdwe))
1143.1+ 171.5 pgmLe]gem 7zt F7lell HF IA OPG
EEo] foJgt Aol WA ¢kl OPG T245G 4
AL kg3 e] AL FHell whE 1 ¥4 OPG v TT
AR (wild type) T~ 1298.9 + 407.6 pg/ mL, TG
ZAF (o1FAHTA Fdwol) T2 1319.7+ 391.2 pg/mL,
GG FAAY (EFHTAH =dwo]) 2 1143.1 £ 171.5
pg/mLelolem Zt F7tel Fd P OPG H=o] Folgt

Aol A=A gkskek OPG T950C 417+ vk Al el
ARGel] w2 AF IAH OPG E5= TT 534K (wild
type) v 1317.1+ 388.9 pg/mL, TC -FAA (o]&Hg
A Eolwlo]) T 12829 +415.6 pg/mL, CC A=
(BEHEA Eo]) 72 1305.4 + 400.2 pg/mLolS
w 7} F7kell T EH OPG F=2 o3t xpole s

A e&gke.

4. OPG 7&A} Ctld At e Matet
A ZuA| ZEX[X| xIO|

oz
o
1%

OPG A163G 417} th&dAde] §4A&el uhE A
2 FaA| FAAE] vlaellA Eadule] AL It AR
AL T Aolol] felstA Hol7t e AEE WA &
Si=s (Table 3).

OPG G209A 7317} v}¥dAde] faxtddel ulkg Ajsksh
2 ZaA| FAARL] vlaollA Eedo] FHAF vk AR
AR} 7 Aololl FoJalA Hol7t = Ak W= &
Qkc} (Table 4).

OPG T245G #4172 tFAl el §412F Fofl ke AY3het
A ZaA| FAARE] vlaellA] Eodwlo] §412F Tk A
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Table 6. Biochemical Marker of Bone Turnover according to T950C OPG Polymorphism

Genotype TT (n=84) TC+CC (n=166) P
Serum Osteoprotegerin (pg/mL) 1317.1 £ 388.9 1288.6 £ 410.7 0.604
Serum Calcium (mg/dL) 8.98 +0.35 9.02 +0.35 0.442
Serum Alkaline Phosphatase (U/L) 582 +15.7 60.2 £ 18.5 0.414/
Urine Doxypyridinoline (nMol/mMol) 7.36 £2.24 6.97 £ 1.90 0.158
Urine Calcium to Creatinine Ratio 022 +0.12 0.23 £0.12 0.741

Table 7. Lumbar Spine and Femoral Neck Bone Mineral Density according to A163G OPG Poly-

morphism
Genotype AA (n=196) AG+GG (n=54) P

Total Lumbar Spine BMD (g/cm’) 0.97 +0.17 0.93 +0.15 0.173
Femoral Neck BMD (g/cmz) 0.80 £ 0.12 0.79 £ 0.12 0.686

Premenopause Lumbar Spine BMD (g/cmz) 1.05 £0.15 0.98 +0.14 0.070
Femoral Neck BMD (g/cm’) 0.84 +0.10 0.82 +0.12 0.410

Postmenopause Lumbar Spine BMD (g/cmz) 0.89 £ 0.16 0.89 £ 0.14 0.864
Femoral Neck BMD (g/cm’) 0.77 +0.13 0.77 +0.12 0.801

Table 8. Lumbar Spine and Femoral Neck Bone Mineral Density according to G209A OPG Poly-

morphism
Genotype GG (n=199) GA+AA (n=50) P

Total Lumbar Spine BMD (g/cm’) 0.97 +0.17 0.93 0.15 0.179
Femoral Neck BMD (g/cm’) 0.80 + 0.12 0.79 + 0.12 0.604

Premenopause Lumbar Spine BMD (g/cmc) 1.04 £0.15 099 £0.14 0.128
Femoral Neck BMD (g/cm®) 0.84 +0.10 0.82 +0.12 0.437

Postmenopause Lumbar Spine BMD (g/cm’) 0.89 + 0.16 0.88 + 0.14 0.727
Femoral Neck BMD (g/cm?) 0.77 +0.13 0.79 +0.11 0.921

2L T Aololl FelstA Hol7) e AEe =R &
QJr} (Table 5).
OPG T950C 314} thedAle] A}l &ofl wha Asleh
A
(o]

_ﬂ,
A T Aololl FelelA Aolh gl AEE WA ¢k

Qkt} (Table 6).

5. OPG SHX} CIEN SERIH M2 2F2
3 CHElZ 2R S2E9| (0|

OPG A163G §417F iAo f3A ol uhg o=
g ez 735 FEEe] vlazeflA] A A dellA Ea
wo] §412F Tt AR A Abolell frelsiAl xpolzh
=] gigkon), A7 A oA e Edwe] FAA
TolA] BARAA T3 vl asle] 9FE FEEF U A
ko] PE=|} (JAA] vs. [AG+GG]: 1.05 +0.15 vs. 0.98
+0.14; P =0.070) (Table 7).

OPG G209A 47} thgAe] §47) oll whg 93
gl ElE AR FEse] vlaollA Edwle] f4AF w2t
AR T Aololl BE T EolA f-JsiAl Xt} &
Z=]#] ¢kokr} (Table 8).

OPG T245G 412 t}gA) 2] §47) doll whg 2=

gl iElE AR T vlaolA] HA Al 4
o] AL w2t ARAAL - Aelell felsiAl Xel7t
=R ggtont, w7 A ool Edwle] At
ol AR 73k sl 9FE FUEst e A
gro] =)} ([TT] vs. [TG+GG]: 1.04 0.15 vs. 0.97
+0.13; P =0.056) (Table 9).
OPG T950C -41A} thd el F4A; ol whg 2=
Ul 48 U5 vy Folwe] §52 Tt
AR - Aolel] BE FH oA folsHAl Xlel7) 3
%A ¢kekr) (Table 10).

X oxl Ng

i
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Table 9. Lumbar Spine and Femoral Neck Bone Mineral Density according to T245G OPG Poly-

morphism
Genotype TT (n=194) TG+GG (n=52) P

Total Lumbar Spine BMD (g/cm®) 0.96 £ 0.17 0.93+0.14 0.156
Femoral Neck BMD (g/cm?) 0.80 £ 0.12 0.79 £ 0.12 0.598

Premenopause Lumbar Spine BMD (g/cmz) 1.04 £0.15 0.97 £0.13 0.056
Femoral Neck BMD (g/cm’) 0.84 £0.10 0.82 £0.12 0.306

Postmenopause Lumbar Spine BMD (g/cmz) 0.89 £ 0.16 0.89 +0.14 0.998
Femoral Neck BMD (g/cm’) 0.76 £ 0.12 0.77 £0.12 0.713

Table 10. Lumbar Spine and Femoral Neck Bone Mineral Density according to T950C OPG Poly-

morphism
Genotype TT (n=84) TC+CC (n=166) P

Total Lumbar Spine BMD (g/cm’) 0.95 +0.17 0.96 +0.17 0.741
Femoral Neck BMD (g/cm’) 0.81 +0.11 0.80 +0.12 0.575

Premenopause Lumbar Spine BMD (g/cm’) 1.03 £ 0.15 1.03 £ 0.15 0.994
Femoral Neck BMD (g/em’) 0.85 +0.10 0.83 +0.11 0.273

Postmenopause Lumbar Spine BMD (g/cmz) 0.89 £0.15 0.90 £ 0.16 0.749
Femoral Neck BMD (g/cm®) 0.77 £0.11 0.77 £0.13 0.989

6. OPG THXAQ |AMX CHEM A163GL}
T245Ge| Az [ME 2FZ2 U [HEI=Z A

= oo
g2 3

OPG A4kl 554 14 A163GeF T245G2] At
(linkage)oll Whe 2FF ¥ =l 75 8% o
Al A Qe ellA] Zadue] fAF Tt A 7
Aolol] oAl xtol7} A=A ghokort, w7 A o4
o= Edwo] FAAF ol AR Tt vlaslod
oFF FUETL I 7o) WAEICH(AATT vs. AGTG
+ AGGG + GGTG + GGGG: 1.04 +0.15 vs. 0.97%0.13;
P=0.072).

B dTllA OPG FA7) vhedAd el fRIAF o uhe 53
T 8% OPG F5+& 5 BE OPG 414+ thdAdellA
e Eodwlo] ¥, B 24

#o| T Aololl HF GA OPG FE2| F2l8t ol P2
=2 ekgkr). 468 <] IFEARt YAollA OPG R3IAL
t}8JA T149C, A163G, G209A, T245G, T950C, G1181C
oflA ZHzke] Azl A A E €4 OPG TR
2 33 9]Fe] QATollA] T950C 944 thdAle] ¢ o
HRAAE 7R FollARt @4 OPG w57t el =
Al WYL b2 BE F919] 3Rl vRdAel = /A

AFHE FH OPG =2 felst Xolrl gigieh3s].
OPG 747} cldAnt 4% 3l 249 Aol Ik
] A5l E €4 OPG 58 F43A gte
m[31,33,34], ¥4 OPG E5& =4
A gApllA L] A% OPG 412 thédA] A163GZHe]
ApAlo] A ekokrl32]. # AFollAE= 25179 3
Q1 ofAollA OPG §42F oiA A163G, G209A,
T245G, T950ColA BE H9lo] 73} vl Aol §312}
3 #HE FH OPG =9 fel3k Xol7} glo] Zztke]
OPG 347 t}dAle & OPG 5ol 2HH aapr}
Hokar Az ekt oAb BEIApL E3HoR
OPGRANKL Alel] 2}-8310] 7}7}e] OPG H-41Ak] kil
7] R eFgA el AR gk vy g ZleE &
Z=L} olol] tigt Bl @A grol 31HQl ol He
slekar AJzhElch

2 Qelld OPG A} thedAd el F3IAF Foll whg A
3k A FEAAR] vlaollA] PEE EE OPG R4
AL tfgAollA] Edmlo] At 7t AAdRAAL o Aolell
frelatAl Aol e EaA EAR R BEEA] 39k

Langdahl 52 A3}k Z3A] FAAR] &G4 osteocalcin

=
(6)

I} 8H cross-linked carboxy-terminal telopeptide of type I
collagen (ICTP)& Z7g3151. 21} AARE OPG F41A) v
4] A163G, T245G, T950C, G1181C, A6890C EFollA =
A FARRSE oA Fele WAREA kghel31). =
OPG 47 thdAlat 4% Bl T4 odfAle] P
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ATsoliE B ASHE FaA| IS 4%
EkTH32~34]. B Aol E A3 FaA| FARE
ARl E 4 2 deoxypyridinoline B & Z+
+ wAEE FAsod AARE OPG AL vl
A163G, G209A, T245G, T950C RFollx] Azkebd Za
A FAALES] QAddo] WEE]A] gol, OPG fdAke] &
L7l AR eFAd A A ARl 2 AA
S F uX& o] A frfar FZ= ool gk Hu
= oA @A ot FHHQI 7t desirlar AzbEch
B oodfolA OPG #AAF A163G, G209A, T245G,
T950C -}t ek Ade] 4At Holl whg o= 4 i
= A5 =59 v|aollA] AA| ATl E EdHo]
A T3 BARAR  Aolell felstA Ko7 =
A gigkor), H7 A odAdolAE YF Eodile] 1AL T
oA AR T3t wlaste] eFFE FEET} 2 P
o] FA=|9lct X OPG F5v Juiele] dox =4
=gl AP A ZARele] Aol Har]glont
[26~30], OPG 4A} t}gA-L Zthilell wigk d7Az}
Uf=]A JE=A] ghokek Langdahl 59 Denmark Zth
% A A7l OPG 44+ ¥4 A163G, T245G,
T950C, G1181C, A6890CE ZARslod A163GT} T245G
5909k X 2R} ARE W31, Jorge-
nsen 52| thZ Denmark F74 24} Q4= OPG 41
AL tFA A163G whe ARl TR 9l E43rele]
A4S Harslirl32]. Arko 5| Slovenia H73F &
% A Il OPG 7417F 184 G209A, T245G,
C889T, T950CE #HAksto] G209AS} T245G F-919F =l
o] AAdS eI Y33], Yamada & PESIelA
OPG Az} A T245GE} T950CE ZAkslo] T245G
o} T950C F-l¢} ZHxe] APAdE Harslelrl34]. g4
Wynne &< ofdai=e] Fa1737] o34oll] OPG 412k
A T950C}t G1181CE ZAARI o) H e} Iy
2| ¢8-S X w1}9d ©™[36], Brandstorm S~ ASull 118
oJAollA] OPG 4%+ tFdA T950Ce} C1217TS 74kt
o} A Fsel FAH=A] kS-S Hwsich37]. &
A EE AAER]] ATeAE= OPG AL thEA
A163G9} T245GE Y=|A| Il Aedsgo] Hars|s
A2}, G209A%} T9S0C H-91= S50l e} kel 7y
7} W= g B Aol E HARE OPG 7414 v
A A163G, G209A, T245G, T950C = A163GE} T245G
Foluto] HI7 A ojAde] 9% FUEe}l eyl ko]
E=lo] 7)Ee] AATe}t Xl 47doE A7k
E Aol AR OPG F417) vRedAde] A7 A o34dellA
ok A= o] I wH Folle 1 HEAlo] 24
K2

<O

&

s

Vopgk X
[o5

He Aoz, #7d Ao Ao Fe oAdlAe

Feo] Aol §H 9le] B 2 AYE s3 A F

T

O

o1y
R A7} el 4
AQl 2919] ofdto] Hopq7] whpo Fuvk

ATH T OPG A4 TR F ST 7ol &
ofdt A7} WA A1637} T245G R} G20 3]
ool Tl g Qiglont A fol
© PEAglol, OPG H4 kiAol 45l oye) 2
o 740l Befals QAAQIA WAl 21517 Sslodi
A <ol A7 A oS o & it 371
9l 77} Aesieka Azt

L
()

74 A

(=) ok
£ =

O17HA: Osteoprotegerin (OPG)-> receptor activator of
NF-kB ligand (RANKL)2] decoy receptorZ AlgAledte}
=AY E5e Fo3k dARIKE gEA AL
QIZkNA OPG 47 18Tt oI EviAte] Al o
] dedA AARE olol] AREL 773 3=}l S|
7d7] o34ellA OPG 7} vhE et uiAke] AEatAlE
st

i 71703t 25199] gh=ql oA (HT A%, 51.3+
6.94)lA] OPG 547 A163G, G209A, T245G, T950C
59l A oA E3 OPG Bk, A=A
FAA W e FE73 gEE AR SHEE 2ARIKI:

Zak: =37 A oJ4ellA oPG KA 4R tFA
A163GT} T245G2] Edto] tHl-F-412F ollA A4
A THoy 9FF FUE7F G Ade] WE= 9 0.98
+0.14 g/em” [GG + GA] vs. 1.05£0.15 g/em’ [AA], P=
0.070; 0.97 £ 0.13 g/em’ [GG + GT] vs. 1.04%0.15g
em’ [TT], P=0.056). OPG -FAAe FAx chdA
A163GS} T245G2] Aol w}E 937 ZH 59| H| o4
73 A oJgellAe Fdwo] fx) wellA] Azt o
o vzl 9FE TEEI U o] IE=Y
([AATT] vs. [AGTG + AGGG + GGTG + GGGG]: 1.04
+0.15 vs. 0.97 +0.13; P = 0.072).

AE: <=0l A A oAollA OPG §4AF vEA]
A163GT} T245GL 955 Tikel FEHo= A=E
o}, o 71AE Al ) Slslele SRl A9t
a3k
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