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Osteoporosis is a disease that increases the risk of fracture by decreasing the mass and strength of
bone. It is caused by imbalance of osteoclast bone formation and osteoclast bone resorption. Bone for-
mation by osteoblast is activated via bone morphogenetic proteins and runt-related transcription factor
2. Wnt/B-catenin signaling and bone resorption by osteoclast are initiated by the binding of receptor
activator of nuclear factor-xB ligand and receptor activator of nuclear factor-kB. Menopausal women
are at risk for many diseases due to hormonal imbalances, and osteoporosis is the most common met-
abolic disorder in 30% of postmenopausal women. When estrogen is deficient, bone resorption of os-
teoclasts is promoted, and the risk of osteoporosis especially increases in postmenopausal women.
Hormone replacement therapy has been widely used to relieve or treat the symptoms of menopausal
syndrome. However, long-term administration of hormone therapy has been associated with a high
risk of side effects, such as breast cancer, ovarian cancer, and uterine cancer. Recently, phytochemicals
have been actively studied as a phytoestrogen, which has an estrogen-like activity to cope with symp-
toms of menopausal syndrome. Therefore, in this review, we investigated the differentiation mecha-
nism of osteoblast and osteoclast and the role of estrogen and phytoestrogen in bone metabolism in

relation to previous studies.

Key words : Bone metabolism, differentiation, estrogenic effect, osteoblast, osteoclast

M B

A7} A2 £55F F71 2 J57]e B
e GO Haro] 7t wet mdreA thekg
AZEA7F gAY 9lof ofe] w& A7t Bag Aot
B4]. et 9489 HH FHL & 8548M (FA A, 2014)°]
o, Jd H7 A8 974(FAH, 201002 A9 1/3 o]
£ A% SHE AWA Dol whet HA o] T oAFY d
¢ Fasdg. #7490 FH 9902 E A4 A F7]d
AHAQ FIFE T estrogen TH o] o3 o2 U
7 o, o]gd A AAH =sHA A YERtE &
FOE gFd AAA, BAAH T4 ks do77] &
Al W $HoEe YA, 3, FUA, AEAALE
2 203FF Fol dov, & AgATdAE Ad AAE s @
A4 F 89%7F HA T ddE TS Hol& 3 o) A
3 29 o4 el st

cE
Basheha 47eg o, ol% B3t
whet A747] 49l gl Ao 9L

*Corresponding author

Tel : +82-51-999-5620, Fax : +82-51-999-6957

E-mail : mihkim@silla.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

33]. ol9} 2ol HAY] A4 T2 EFFG AY 25
2Ef 2 $7t2 o AW @ A sloH, 7747 o
o] oF 30%l A HAEE 2UFFE HA7] AR AAA T
A= 7H8 £33 gAY A3o)7| & shtide, 50]. £ HA
7] o] % estrogen®] AY W&o =thF 5l %Zﬂa %7}3}3’—,
A AARCR A9 oF 30~40%7F B T FH o] F

=4 A9 ke A2 IHA AT
=& 2T A Z (osteoprogenitor cell), ZF 4 (osteo-

blast) &4 % (osteocyte), & A & (osteoblasr) & TH¥ T &7
o Mzes 745 Lo, ole g o7 AL 28 9
d S A F7t ol FAA AL ATHHI]. = AFA A
(bone remodeling cycle)> &9 72 Ao BFHolH,
ZIHoR EFEAY LE ME FHL 1 Al RS
W7t A E s $H 02 Z A F5(bone response)t F A
(bone formation)& ¥HE8k= 7ol o3 A & 27 0|
TAEDMA7]. & F&0] S718E & A= wehA 74
wlojok s} o] o] FoJA A F& HF =4 F(bone mass)
EE E‘Q_L(bone den51ty) st 2747

2
ikl
oo
o
’8
2
(0]

o
ae)
o
=
o
192}

Z
i B
oF
=
©
2§

>,
A
hs3
An)
<
O
o
N
N
o,
2
_lZi
JIN' ro,
p
2
30
<
R
2
ik
R
Al



Journal of Life Science 2018, Vol. 28. No. 7 875

Osteoclasts Osteoblasts

New bone

w

Resting

Resting Bone resorption Bone formation

Osteoporosis Normal bone Osteopetrosis

& 0 f ) Y

3 w
Ay 509
D o/ o

Bone resorption
> = <

Bone resorption Bone resorption

Bone formation Bone formation Bone formation

Jimi, E., Hirata, S., Osawa, K., Terashita, M., Kitamura, C., and Fukushima, H. (2012). The current and future therapies of
bone regeneration to repair bone defects. Int J Dent Oral Health, 2012. 7

Fig. 1. The schematic outlines of the bone remodeling cycle and the balances of bone resorption and bone formation.
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&5 3, inhibitors of DNA binding/ differentiation (ID1)
2 distal-less homeobox 5 (DIx5) =8 ZZH X9 7] £3}
o #ofste AoE LA ITH20, 38, 42, 56](Fig. 2).
Bone morphogenetic proteins (BMPs)= & A X 9| 44
2 B3lo] #93tE JdAZ BMP sub familyZE BMP2,
RUNX2, osterix &©°| $1o.1, BMP2&= BMPS&-4 ¢ Z 33}
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Fig. 2. Runx2 and Wnt/[B-catenin pathway for bone remodeling regulation.
7)1zt AR =& kg vERiH, fibronectind osteo- ¢l ALP, OPN % OCN¢ mRNA @8 & F7H47)& Ao
nectin® A %7] g 433} 7|74 27] SAEARYG % Busa gk dadA ¥ estrogen 2R e 2 AP5E
B
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2 A 5 9loy, o]y U E o] g3l 2FAEY A
A AEE ¢ 4 AH10]. OCN-E 4338 A (16~309)l A
o] wolAE 2R deA ded[ll], T2 F4ks
93] 4] (hydroyapatite) % A@sHs 2 9 Aofo] HAHE &
olF gl A g A XA A T AME & 71do|

Aen, 42 FAH OCNY F 30% = EFo2 HEHE
Z 89 Fof gF B4 S 53 78 A=E 2014 F e
AREZA £3 28U714 F7HETE Ba7E QT3] 3,
ZEAEY 7] B3 435 dA 7ed AAH
2T T 27] S4GAY AR7} He ALP 43 E 3
| 226, ALPE X313} #Ao| A 7150 A&3] FHHA
E ek =42 o

oe 237} g

r—{u:

+ %% o organic phosphatateE 7}
2 PO,S BEE S7HMIA H3lstE =T
[61, 74].
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= A9 FolM E23 har-
1:}[14] 1 Ao =" harpa-
OJ MC3T3—E1 cell®] E3ho] Hofst 27

< 0] &3 A7 A% harpagide ¥+ bone morphometric
parameters including trabecular bone volume (BV/ TV), tra-
becular thickness (Tb.Th), trabecular number (Tb.N), tra-
becular separation (Tb.Sp), structure model index (SMI) %
bone mineral density (BMD)ell Q1] A o] Hl3l| 94
d F7He YerUgl e, 3D-mCT €Y 279 4= harpagide
= Fold wellA & et dAFN S &+ A0 Md
gl o &3k AV A (Cridium monnieri)ol| A 2] HA
Fubd A& ostholes ZFAE A AFAAE

MC3T3-E19] ALP #4°] S7HE %< & ofdet 2345 # 5
3t 1Al ALP, collagen I, RUNX2 3 OCN9| mRNA %3
Fol F7tEATE AH7F k4] EER, 7 (Dalbergia
odorifera)ll A 7 ¥ = 2,4,5-trimethoxyldalbergiquinol = %
A dTAset FASH ALP 24& S7HA71H 438 44
49e Fa 43035 30t 37h8 A0 vegon, ok
AL 232 F5EF AFE o[ £3+= BMP/Smad
Aze) 2ol o3 AgeE ATRILA} ATsL] ol Yol =
ZEAZ 3ot RdE Hpol vt FA ) v]A = Fd =l
g A== 1S3 (Solidago virga - aurea var. giganten Miq.)
By F2E[61], vbE @uodlA FZ38 cryptochlorogenic
Acid[39], FFFEE([25, 38], T3 2 T3 FEE7], 4
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S, sAEHG #H3t= LRP5/6 E B-catenin
o IAE 2= AMEY £3 9 = F4d FAqdte

o] &X43l= Wnt/B-catenin 4 2&
38 AsAg FAo o3 2= xY E3)
o2 4HA 9IrH40, 83]. BMP ¥ Wnt B2+
< 7FA =4 sclerostin, CtGF, cerberus %
sFRP9} A= BMP, Wnt 4 29 g]1E, antago-
nists £E TE&A At AR A gloH, Ay
9] Smadst disheveled-1, Axin, GSK3 ¥ B-catenin¥} 22
Wnt A5 #29 B3AE A, o]3d EFA S Smads
9} Bcatenin® S14H3F9} B L 2AAT[I5, 17, 18, 21, 55,
72]. BMP ¥ Wnt 3 2 A Smad, Tcf / Lef response ele-
ments (TREs)9 2-& 3 FA2 AA 2HHA L of¢
%4831, 53], Smads= [B-catenin/Tcf/Lef} AL &34 &
P4 T & 3 BMPY Wnt 415 A dks3te] o5 A
24E 5 B x4 FAAY AAE EASNE F de
o9& 311, 26, 28, 43, 51, 66, 83].

Herba siegesbeckia®ll 3-8 kirenol< o] 43 A7l A kir-
enol ALP, collagen type I, OPN, BMP2, RUNX2, osterix
o 2 2IAE 23 £AUAY mRNA FE& F7HIA
= P4E& F7840H, ol g Z = Wnt/B-catenin 4 2
9] 8 z4AAAI LRP5, DVL2, B-catenin, CCND1, p-GSK3
BY B £F F7te Y& ALE RIHITH38]. £3, F
AL A B-catening knock down A7l ZZ A Z 2 CCNDI,
ALP, collagen type 19| @& o] 7+Ag A2 HE Wnt/p-
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catenin 42 & 53 & Ao 2PHAG= AL ¢
[40]. =, phytoestrogen®. & &% o F o] & E¢}
43 AFAAE 2ZFA L ALP 4 2 Wni3a, Wnt7b, B
catenin®] FA2 ¥ FE] F7HE A2 Hol Wnt/B-
catenin 4 2& l/jste A2 E57l £XH o=
e tH80]. H 2 Wnt/ B-catenin A 3o o3 2ZAZ
o] £3} 23+ estradiolS ©] &3 Ao A ERB/GSK-3B-5
i 7| & Wnt/B-catenin 213 AG AZE T #d FHA
FHS FEFOEN 324 9 £38 FJ8de 97 2347
ATH78]. °1 el = geraniin [54], To}Hl(guava) FE=([63),
&3 S (Ginkgo biloba) FZE[24] B =7 (Epimedium pu-
bescens)® SR olE A icariin 55 ©| &3 A7t
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TAZ B Ad AZSHHEA AZ2R 75S BT
o F=AZ B3e A XA T tumor necrosis
factor (TNF) A€ 9] cytokine?! RANKL (receptor activator
of nuclear factor-kB ligand)® F}=HFA E A L=
RANK (receptor activator of nuclear factor-xB)9| 2% S &
A ALAA 248t AAET3, 37, 65](Fig. 3). ol
2T ZAA BHH = BdE 5422 macrophage col-
ony-stimulating factor (M-CSF), tumor necrosis factor (TNF-
a), IL-1, IL2& A 2] L3 9 £3F 24 #ojsiA &
tHe2]. 248t FEA L Axutd 714 Abold FRS
actin ring= #4438k, @A L3 849} protons HISHH,
T71AE et WY IEE AT, 57]. A E
w35t & =9 mesenchymal cells (MSC)oll &3] ¥HEo] 4|
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Fig. 3. Molecular mechanism of osteoclast
differentiation and activation in-
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TAE B4 8 £3 £7] dANA NFATclE A L2 EE
of Agste] #43}E A7l NFATcl autoamplification &
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71 Acap5, Atpev0dst 22 JEAE A FHAE 2435
N7)E Aoz LA TR, 22, 76].

TRAP (tartrate-resistant acid phsphatase)& & A 271 &
F5 482 € o £HEHE YA ATP, nitrophenyl phos-
phate &4 stoll 24& dehln, & 24 W 4& Ax%
TS FEAEY & 3 BAIAZ FEALY L3
J= Ao &= AFEA0|TH35, 75]. Type IV collage-
MP-9L StE M Zf A 3 FHE 49 extracellular
matrixE 33t A2 A A A2H, proteased! cathe-
psin K& =714, collagen, osteonectin 5 BT £ dn
calcitonin receptort calcium®| Ao #HASER BE A
234 9 BaAA e SolF oz Agete nrlE AEEHL
JTH29]. ZE AT BHHE OPGE RANKLH Eo] o

2 A%t decoy receptor® OPGSF RANKLo| Z g3t
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< A9FoEN AR 235 NHHA R 2=
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OPGE} RANKL®] ¥l && B2A 2 3o T2 4F= 7]
AT, 8, 47].

Yzol &tz ofAlol &4 =<l Labisia pumila & ©I
&8 AT d2EAE AN 4PF5=Y €5 OPGH}
tAstal RANKLY &2 F7bst§l O, Labisia pumila 5
==g 8F Y Foloile izl Hal @F OPG &
S7Fskal RANKLS] #&& gaste] & F47F Ad =3
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Fig. 4. Major cytokines in the bone microenvir-
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Riggs, B. L. (2000). The mechanisms of estrogen regulation of bone resorption.

J. Clin. Invest. 106(10), 1203-1204.
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T F7F A=A AgE A Suesol TS €
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#AZH = 20T 047 A4AAA BHE M EF
A Agol7|= st} T2 #0429 (hormone replace-

X
< Bgsly] S8 HA7) 5 3
genf 3 FARE A4S AW A& J2ERZAS phytoes-
trogenol W AF7F &3] APHT QT
Z YA Add HALAY AT A osthole, trimethox-
yldalber, giquinol, cryptochorogenic acid , kirenol, geraniin,
icariin 5¢] ALP, collagen type I, OPN, BMP2, RUNX2, os-
terix®t 2> ZEAE 23 292 mRNA FFE F7H
711, o]& 3 &3 Wnt/B-catenin 4 29 F& A UA9
LRP5, DVL2, B-catenin, CCND1, p-GSK3 B2 #d F% 37}
2 oolojAn 1 A%} & YA & FHsE AR YERT
shEA 29 #3}+= RANKLF RANKS ZAge] o)A A2

0 of E on these regulatory factors are
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NF-kB and JNK intracellular signaling
pathways. GM-CSF, granulocyte macro-
phage-colony-stimulating factor.
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