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: ‘HﬂN’JHHNﬂU‘J AfauIEHIzAUIDg estrogen "lmﬁmamm ssﬂwm
estrogen fianas uaﬂmﬂmumamaﬂmﬂawuﬂaﬂm reproducﬁve tissue uda
’"é‘ﬂﬁwamammﬂamﬂ 8n wu Wadonsen mama’%ﬂuu uanTaRvBURILAaR Lﬂu'7
qmmwunumwa’ma M estrogen Lﬂummmmﬂmaﬁm‘sm@hﬂﬂ?mﬂwmiumya‘
Qmﬂmﬂsﬁnmau Nmiﬁﬂw’rﬂ estrogen receptar ﬂﬂwuuwmaﬂ‘swﬂﬂ Lae L‘ﬁaﬁ ‘

. Uﬂﬂ’ﬁmﬂﬂﬂﬂ’nﬁﬁﬂ’ﬁﬁmﬂﬂm\i'} Refuamadniisue ey estrogen ’Luvrm,
 TevieUszdifion UozTzeiuven cy‘toklne mﬂaﬂuuﬂm'm Franhllgmaazae
n3zan (bone resorptlan) Tﬂ&lwm’z‘s“@m%m estrogen ﬂa@xm%a\tmaﬂaﬂ’ﬁ
"Lﬂaﬂuuﬂmm‘iﬁiwua ‘mw cytokne ﬁamaam estrogen receplor mﬁ*‘m Lms'
cytskne mmua%ﬂwﬂum‘nwnmum nIzRumMIThuLesEn Tneguet
osteoclast ,mtﬂuﬂﬁ‘lﬂmﬂﬁﬁza’)’c’m‘iv@ﬂ {bone resorption) sluﬂfymammﬁiumtﬁau '

f";{i‘bstract;‘k . ‘Changes in cytokine activity in postmenopausal osteopgrﬁsi5~

, Hattaya Petchpiboonthai, Ms.C*

o Menepause is assomated w;th a rapd dechne in c&rculatng estrogen The -

j' . ~ decline in sex hormones has many mpf ications for reproductive tissue and non
. 'repraductfve fissiie such -as bone. adopose lissue and blood vesseis Estrogenk
deficiency is a primary pathogenic factor in postmenopausal Qsteoporos is Estrogen
‘E recemors have been identified in osteoblast, osteccyte, osteoclast hematopc etic cells
- ‘and vascular cells. Estrogen deficiency changes the activ; ty of cytokine pr@ducmg n
- . : these cells. Cytokines are the most powerful stimulants of bone resorptson known

- fThey directly and thmugh the stimul ation of other local factors intervene with every“
_ - ; 5 ngie step in osteoclastogenesis that determine the rate of bane resarptton in
| ~ : postmenopausal osteoporos ; . (MJ5 2003 10 33 43)
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nazandaiiu dynamic tissue Liesaniinis
wWasuudasguele itu il fiusene (pressure) via
wsedm (tension) W INIFTYNUNNTERN IYALAA
Msazane (bone resorption) wianN1IadINIzgN
VInnuiueNa iy wasidfnyde nazgnasinng
arABLATETNAAERTIATISENTIbone remodeling
WonwannadvosszAuleai@eslubon Tagns
aranenIzgniazfinusian osteon fiadidlng

pgdilinn uazlinmaaeanuinious (mineralization)

Agdlalanyal

mIFsunszgniuszer embryo § 2 38 @e
intramembranous Wa¥ endochondral bone formation
intramembranous bone formation (SnsuAely
mesenchymal tissue &% endochondral bone
formation Zudunnmasfudunszgnaauiumn
dwsduwuu (model) Aauuarfeasudunszgnan
unufinszgneen  agilsfimunasienizgnii 2

'
ol s e

38 arldnszgniilansaienisgameiniaveis
nszgamlaudu  nzangakInfildainaIadn
ﬂi:@ﬂﬁ»’ﬁ 2 38 \Fun primary bone %38 immature
bone @@aN1 primary bone ardniIvASeN
collagen uar lamella mefluidonszgalyaildifu
secondary bone Funrlna secondary bone agn
aranevioasunaunuAiZenin remodeling aaan
FAnRodnwasduieadesluion masqiiule
104nszeNUTznauAly N15§919NTERN  (bone
formation) n13UuLsIgUIIInIEgn  (bone
modeling) uazm3aransuazaianszgn (bone
remodeling) gaslau local factors wardademe

'
=

ARegdosfumITuaazaenIzen
1. AugNIIN (genetic)

TATun19 (nutrition)

A0RNFAINNY (exercise)

> w N

gadluu (hormone)
41  vitamin D
42 parathyroid homone

43 calcitonin
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4.4 glucocorticoid

45 growth hormone (GH) and isulin—
like growth factor (IGF)

46 estrogen

47 progesterone

48 testosterone

5. Cytokines and other local factors that
regulate bone remodeiing

MIENSEENWIH  (osteoporosis) wxTEile
mazﬁ'mani:@namm (decrease in bone mass)
fanfufimadeuuladunadanaas micro-
architecture oInTEgnTIRNaYTlvinTEgnUTEuAL
wnae'
wenBaamnugdimfiaanznszgangy’
fio

1. ANNANIMAITa9NTLAn peak bone
mass lusrgzmIasenszgn (falure to achieve
optimal peak bone mass during skeletal growth)

2. miazmﬂﬂﬁ:@ﬂﬁmmﬁuhﬂuﬁw:wé'ﬂ
\im peak bone mass (excessive resorption
of bone once peak bone mass has been achieved)

3. MIUAnIBITEINIEIeNTEgnluIses
remodeling (impaired bone formation response
during remedeling)

Qﬁawaﬁaa (young person) asRdmsIng
§39NTEgN (bone development) 15INNEMTINNT
azaensEgn (bone resorption) Klviey (adulthood)
ﬁﬂi:@ﬂLf«]%tyl,ﬁuﬁu,ﬁ'aﬁmmﬁﬁ{wmi:@ﬂf\]:
auaadiudnImMIazatenszgn wadnizgni
Aedosdunisafsuazmsazaienszan laun
osteoprogenitor cell ostecblast osteocyte W@z
osteoclast osteoprogenitor cell fia lwaadiifneA W
wWaeuluidu osteoblast 18 osteoblast 1wad
éawmm:qnﬁ’mﬁ’\ﬁﬁf‘m organic component
189 bone matrix osteocyte uTadnIzaniaiy
WinflUasuulatunan osteoblast osteocyte LU
\TAATIlN active @979 organic component Tev
bone matrix Lﬁmﬁa%ﬂmamwmaqﬂﬁx@ﬂ (bone
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maintenance) WasoRaUTLDIAD tension N
n3xyieianszan (mechanotransduction) Wi
osteoclast W multinucleated cell Hraasuiiila
Fudernuiuraasuiiines monocyte @a
granulocyte —macrophage progenitor cell 14 bone
marrow, osteoclast uradAunu il
mIaza18nIzgn (bone resoption) osteoclast
Areceptor 819U osteoclast—stimulating factor,
colony—stimulating factor—1, osteoprotegerin (OPG)
osteoprotegerin ligan (OPGL) W&e calcitonin
osteoclast—stimulating factor &§Wa1n osteoblast
{017 osteoclast NgIUINMIapoptosis ¥R

v o

nnfivhmhfiszanenszgnuda’

@ o v

s TevnaUszafion (menopause) vi3e
weiafilasunistidalafildasnaziTrdutas
estrogen anatag19IIAET uazmely 15-20 ¢
pavandlangarnanlundgunaiastsnnngzgn
ﬁ'ﬂqﬁu‘%ﬂvﬂumm‘«rmma:ﬂi:@ﬂww (osteoporosis)
wuTiagraeriinTinviaadnszgnsl receptor
dmSU estrogen®™® wwadanilaun osteoblast
osteocyte, osteoclast, hematopoietic cells uas
vascular cells flaglnafunsrgn Sndngruuaadly
W@z estrogen deficiency saInnazsuld
TARME AT ILAZNEY cytokine 16 cytokine Lyan
Hlaun Interleukin—1 (IL=1) Interleukin—6 (IL-6)
Tumor necrosis factor—0, (TNF-0L) macrophage-—
colony stimulating factor (M—CSF) granuiocyte
macrophage—colony stimulating factor (GM-CSF)
osteoprotegerin ligan (OPGL) us Transforming
growth factor-B (TGF-B) villvidaihanizvam
Uszanfoutfissdu estogen amat Swalwivad
AinaaudEeuasnde cytokine @9 cytokine
wienHainarliAnmsduailviimasaenazgn
(aelananneaziBansall)

floean osteoclast iuradadnlunig
aranenIzan LLazﬁaa;ﬁuL‘?faiw cytokine @N1I0DBN
anilaensedelaegontiny local factor fAilsazduy
AONTIBINITEIN osteoclast (osteoclastogenesis)

m‘m:mam:(ﬂﬂiﬁﬂ osteoclast (osteoclast resorption

capacity) WaeauIunNg apoptosis Uo osteoclast”
osteoclastorenesis  Usznausietunaugass laun
AMTULIFTRRAN I INTD early osteoclast precursor
cell uarmadeuuUas osteoclast precursor cell
Uiy mature osteoclast et cytokine 37
nazdliinafindautes osteoclast precursor
cell I¥leauiunnAazled mature osteoclast
mNnele 1unalil osteoclast I1mIUNIN
NYNMIazaIenIEan wananiudd cytokine
38Uy apoptosis wed osteoclast YiTlWgI4
81g (life span) ¥at osteoclast Fuegan (Hunald
fi osteoclast nFoagimmsnnifiernnsazaie
nszqn seluflaznanfanates estrogen uae
estrogen deficiency #la cytokine 4 cytokine N
NaREMIFIN osteoclast ANINTTHUMITATANE
ﬂiz@fﬂﬂ‘a osteoclast kaz apoptosis U8 osteoclast
ol

I an1zana estrogen an1Izhualszd
AeuNININEIINT A MIFdA  HHaReM3
ﬁ%lmsmsﬁf’l'ld cytokine

fimineaeefiuaadfiiuin anizee
estrogen (estrogen deficiency) UREEANIEVING
Uszanfenriannossnmivsaninnianen (natural
and surgical menopause) nazdulviTadAaly
bone microenvironment §974 cytokine ¥INTU LEu
estrogen deficiency YiTly# circulating monocyte' '
bone marrow rmacrophagem_15 osteoblast'® &3
Laznad IL-1, IL-6 waz TNF-o WINTY Uz
&g natural M38 surgical menopause AYINIA
seuee 1L-6'7 waz TNF-a'® ludomazgetusiie
Fmefnenuingniizenn estrogen Hnalaviild
IRATSN cytokine annTulee estrogen azlUlAn
UM cytokine receptors LLazL‘W'N cofactor oy
cytokine ac:tion19

Il Estrogen ﬁqﬂé“lunné'fuﬂv’anﬁa%'nuaz
11’513\3 cytokine

fimafnufinuT estrogen SasasusuTag
AiFdanaznas cytokine TET I aEa cytokine
Ifdoeay WU estogen azfug osteoblast—like
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cell monocyte/macrophage a2 whole III Wavd4q estrogen UAY estrogen deficiency

blood culture®” Wiasauaznat IL-1B waz TNF-0.  fionIa319uaznds OPG RANK RANKL M-CSF

Tfiaeae estrogen aansadude macrophage®® °

bone marrow cell”® whole blood culture”” bone
marrow stromal cell®® uag osteoblast’ —** Iviade
uazviad 1IL-6 leamay usnandudinwuITlundgs

38,36,37 LA

SonnaUszanfounisnenegesluy
3l estrogen unny mice figneindild®® azyifly
seAuTee IL-6 ludonead

finmanaaefiuaadfiini nalnfl estrogen
sudumaalaliade IL—6 @e estrogen azlududh
1l NF—kB Juriu receptor flagun regulatory
regon %8¢ IL—6 gene®® (gﬂﬁl 1) waznalndi
estrogen paNgNESUSINITATIN TNF-o e
estrogen ar@angyBdAINNTisuMY activator
protein—1 (AP-1) Ud TNF-o transcription gene
Tagenunne INK activity™ (3UA 1)

GM-CSF TNF- o uaz TGF-B

AT LR Nas U EM T estrogen
deficiency a‘ﬁNaﬂﬁzsjuiﬁuuaéﬁtﬁlaﬁaaﬁumia%q
LALNITAEANENTEQNAIIN Cytokine WINTN &M
estrogen axfiNagugamsas1e cytokine cytokine 7
namfdundaiiliund IL-1 IL-6 TNF-a &
cytokine 68w Afedaeiumaaiuaznsazae
nszgniisililananfianeanden cytokine s
Tl osteoprotegerin (OPG) receptor activator
of nuclearfactor—kappa B (RANK) receptor activator
of nuclear factor kappa B ligan (RANKL)
macrophage—colony stimulating factor (M—CSF)
granulocyte macrophage-colony stimulating factor
(GM-CSF) tumor necrosis factor-ot (TNF-Q1)
Transforming growth factor-B (TGF-f) Foacle

HPA-axis—» Lymphocytes «—— Cytokines
Vs

*

TGF-8
OPG

M-CSF

N

gﬂ‘ﬁ 1 UNUATWLEANEATY estrogen Fia cytokine activity estrogen axuaguds IL—6 uaz TNF—a; gene
TmeWuNn1 NF-kB uaz AP—1 dependent mechanism saediu cytokine fignaruaalag estrogen leiun
IL-1 IL—6 TNF—0t M—CSF GM-CSF OPG uaz TGF-B ({ = fnansesu L = ﬁmaé”véjaq) (AauUaesin
J. Pfeilschifter, R.Koditz, M. Pfohl, and H.Schatz Changes in Proinflammataory Cytokine Activity after
Menopause Endocr Rev, February 1, 2002 : 23(1) : 90~119)
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nEIENTIanBEATaN cytokine uAazsRaA
1. Osteoprotegerin (OPG)

OPG unfitianin osteoclastogenesis
inhibiting factor dnaglunay TNF receptor OPG &
unumlumagude osteoclast formation®®?’ OPG
giasnandiaidanatewiin® estrogen ENITeH
human osteoblast'” waz stromal cel™®** ¥iims
59 OPG mRNA uazlusfusnidu aniiz
estrogen deficiency Swalvinmagdne OPG amad
Lasioldnssnunsig estrogen azviilvimaash
OPG ndusxnau®* anmswisufisunuin
neeTavualszdufoudldsunisinuidle
hormone asfiszdutey OPG lwdaagenimdyie
wnaUIziuAeuilllAsunIsnude hormone®

2. Receptor activator of nuclear factor
kappa B (RANK)

RANK Unfil§en osteoclast differention
and activation receptor RANK maglungn TNF
receptor WUlAUNLTaaYDY osteoclast Waz dendritic
cell

3. Receptor activator of nuclear factor
kappa B ligan (RANKL)

RANKL 11971138n71 osteoclast differen—
tiation factor vi3ea OPG-ligan %38 TNF related
activation - induced cytokine RANKL dmagly
ﬂfj'u TNF figan family W receptor ‘ﬁIWUUN
membrane U84 stromal cell osteoblast lymphocyte
Waz endothelial cell RANKL funumifeaniu
lymphocyte development @n13t estrogen
deficiency astUABuUUAY activity 989 RANKL 1{u
NAlARNMIWRNILAENTEAY activity Y89 T Uaz B
cel® Ufingenszwing RANKL uay RANK %o
UM osteoclast azniIzeu differentiation ¥o9
osteoclast precursor cell TUidu mature osteoclast
LasAn activity ¥89 osteoclast’”’ wuinide OPG
Leh?l RANK dudu RANKL azaansnduds
Uansenifld luny mice % RANKL uaz RANK
deficiency asfinald osteoclast Tuwamn™® *°
Al 1o RANKL fuffu RANK ax

duasulvfl osteoclastogenesis uaziila OPG
LEe7 RANK FUAU RANKL azmunsnduds
osteoclastogenesis 1

4. Granulocyte macrophage-colony
stimulating factor (GM-CSF) Wwag macrophage—
colony stimulating factor (M-CSF)

GM-CSF uaz M-CSF a51ilag bone
marrow stromal cell Hunumlunmstniliiia
osteoclast formation TeeAIUANMTAIN MSRTeY
wWuls waznsvwmifiees granulocyte ua
monocyte—marcrophage®™  WUIIA9LA DY
mononuclear cell fn1aINEanvemeefivh
surgical menopause azgnATzAUlAinIA Y
activity a3 GM-CSF'° uaziwaavad bone marrow
voandsfagluszes 5 Yuanees natural menopause
2189 GM—CSF annigaatos bone marrow
apavediluszes premenopause’” &M estrogen
deficiency n3zedlv stromal cell 4 bone marrow
5919 soluble M—SCF** ®!
bone marrow Ial&919 membrane bound M—CSF>?

& estrogen [wHULN

FNTINTIUNILETT osteoclast Frufannan
granulocyte—macrophage progenitor cell 14 bone
marrow Uas osteoclast HUnU A luMIazae
nsxgn  NuanInAaeiieduiinalaiiie
WisuifigundeTenualszifouniandg i
§n1g estrogen deficiency avnTdnlvfingadns
GM-CSF War M-CSF N1nn uwazdniilvifie
osteoclast UM TWAEENALAARNSazane
nszgnannt iaisuturgeiedeunuaussa
\outefiszdures GM-CSF vasnt

5. Tumor necrosis factor—ot (TNF=0L)
TNF-0. §919370 macrophage wid
IL—1
TNF—o §USLalA osteoblast w3714 collagen

6. Transforming growth factor-3 (TGF-f3)

TGF-B gaUapeN1aIN bone matrix

UAAAANUEIR NN INUIN
53, 5b4-59

ARIYNU

{ & , o
stvihimsazanefiensegn (osteoclasia) Uaquiu
wunifives TGF-B Avvdudiuasnazsuns
\im osteoclast winfivay TGF-B AgafumIgud
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osteoclast luf MIdnwAnu TGF-B 1w
major inhibitor ¥8% osteoclast generationeo’61
Tne TGF-B azdudamaiAnduanges osteoclast
precursor (gﬂ"ﬁ' 2) uardawuin TGF-B 4nih
osteoblast Wiw319 bone matrix**®® uarduainms
i mineralization 984 matrix UBAINTY TGF-B
$anszAunain apoptosis w81 osteoclast®
(3 2) Tumnanduiumadnedslanuandnun
TGF-B funumadglunis differentiation ¥e4

-67
osteoclast precursor cell Ty osteoclast®™°

Fimaft TGF-B funum 2 edwfinserudwid
FoimamsfneiRsfindnssly
PINMTFNINUT ovariectomized rat 1ile
15U IL=1 receptor antagonist (IL-1ra)'® 38
inhibitory @e IL—1°® v88 TNF—o binding protein
(potent inhibiton of TNF—a)'* azmnsndleeiu
mMsgepiensegnla uazlu IL-6 knockout mice

figntih ovariectomy awInUesiuladlvfl bone

-1
NF

¢

M-CSF
GM-CSF

-1
1 RANKL
2 I e
mature osteoclast
apoptosis
resorption

loss 9% u ovariectomized mice A T cel
deficiency fazlufl bone loss™® wanantuMIAY
Furaesuan osteoclast YW in vito Wag in vivo
%84 ovariectomized mice gnéudilalag antibody
o IL-6'>""

IV Multiple interaction by which cytokine
and estrogen regulate bone resorption

nfinanan v nanus Az

¥Autey estrogen axfinamugnldirasureriin
4 bone cells, celis located with in bone
environment, hematopoietic cells Waz lymphocyte
&390 cytokines Woe cytokines a2lUfinafidumnan
#1499 Y89 osteoclastogenesis %umaum:sju
osteoclast avtivity LLa:%v'umau apoptosis U84
osteoclast FeUfin3eWinunaslUfinasenisazans
faotnazgn lag cytokine pRazeananlauni
w3oaananBeu local factor FIBY I IEINNTOMUY
ARN cytokine FNNNNTBBNONETDY cytokine Mt

Estrogen |

/ mél I

= o8

L1
TNF-a

U 2 unuAwuEAIUANGeWRY estrogen NANARD cytokine activity uar cytokine anHaziinad

JumON osteoclast precursor proliferation osteoclast differentiation osteoclast resorption activity waz

apoptosis ¥84 osteoclast (4 = Nwanseeu L = fiuaduds) (Faulasan J. Pleilschifter RKoditz, M. Pfohl,

and H.Schatz Changes in Proinflammataory Cytokine Activity after Menopause Endocr. Rev., February 1,

2002; 23(1): 90-119)
38



unaNUSTIE
VITENT ADSLANEAERS NTIneaerBuasunTilIn

O 10 avud 1

NAWYeN cytokine HUamATEBNGNT DS
cytokine (3U 2)

1. Ngu cytokine fioenaminsrdumaifia
UMW osteoclast precursor cell (fascilitate
osteoclast precursor proliferation) launA L-6
RANKL, M—CSF las GM-CSF

~ IL-1 waz TNF-o azngesulifinig
319 M—CSF, GM—CSF uag IL-6 #udu cytokine
ﬁﬁwﬁtﬁlumiﬂiwfu early osteoclast precursor
P2 Tay L1 &§998n

monocyte Waz macrophage’> Uax TNF—0l &1
767778

TRV HANTININ

11 monocyte / macrophage75 waz T cell
984 bone marrow BN IENNAUTEALADU

2. ngy cytokine ARUNUINMIUAEY
osteoclast precursor cell 1y mature osteoclast
(participate in the differentiation of osteocliast
precursor cell into mature osteoclast) el RANKL
TNF-ot PGE2 uar TGF-f

- TNF-a**"® pGE * yaz TGF-B

aaﬂﬂﬂgtﬂﬁlﬁlﬁﬂuﬂfjﬁ%ﬂ'l osteoclast differentiation
Taglaitig RANKL

3. Naw cytokine finTeduufififennsazane
nIcANUaY osteoclast (stimulate the bone
resorption activity of the mature osteoclast) laun
RANKL IL-1 uge IL-6

— IL=1 uaz TNF-a nsedulvifinisashs

prostaglandin E_(PGE,) A Lay PGE, T
nazaidld lymphocyte 5379 RANKL® 1fa RANKL
iU RANK UW osteoblast 3sn3esii resorbing
activity ¥4 osteoclast veuziFieganu PGE, azly
sudilalviinisgdn OPG (woz OPG azug
RANK uUfiu RANKL)

- =1 8081

activity A7898 RANKL-independent mechanism

wazlL-6% n3zA osteoclast

4. ngN cytokine fimauRy osteoclast
apoptosis (modulate osteoclast apoptosis) taun
IL—1 M—CSF RANKL 4az TGF-B Wuinauia
IL=1%"% M-CSF® RANKL™ uaz
MIanaweIsiu TGF—B* finaduds osteoclast

& o
TUIDITEAUY

apoptosis Ylfitte1ywee osteoclast g1t
WalWR bone resorption 3NG4

5. NgN cytokine #fikasiamsvhauaes
osteoblast (have potent effects on osteoblast
function) leuA IL—1 TNF—ol Waz TGF-P

— IL-1 war TNF-0, fuft osteoblast

lviasne collagen®~%°
~ TGF-P n3zsu bone formation ¥e4

62. 63
osteoblast

PNNAY Uﬁﬁ%m‘ﬁ'mmﬁemimuawﬁu
st estrogen AU cytokine Fuilugmisazany
YBINTEQN ITWUT cytokines Fudlngiazgnaiuay
Tng cytokines saauvilviAady network 7a9
UAATeINMIUTeaIuuiiees  cytokines Aifiua
fan1Inseey  osteoclastogenesis osteoclast
resorption activity Lmﬁxmigmﬂxﬁ appotosis U893
osteoclast Frazildgmaasaenazgnuasriald

WINFAIZNIERNWS (osteporosis)

d35U

unanuf leedueliiduisnnnduiiugyes
nMIUAgULUaINTEUINN TR cytokine
(cytokine activity) suAsIUABLLURDISEAY
estrogen 'ﬁamawaw@ﬁawmﬂ‘s:hﬁau TREWy
MENIE estrogen deficiency Jwal IL-1 IL-6
Woe TNF-a@ M-CSF  GM-CSF RANK taz
RANKL g9y #eaefinalumaifinduauuasiiy
AMIYINUTBY osteoclast WasEINAIARNTazAE
Lﬁaﬂsz@ﬂmn%uluamawmﬂwﬁuﬁau GR)Y
estrogen axnszAulifimIain OPG Feazluugs

[ [
s e o

7 RANK fufu RANKL IWaEUEN osteoclas—

2
g W

togenesis TGF-B  sanandrinszduuazdudy
osteoclastogenesis #IRDINTATANWIILATIIE
TGF-B adnssludn Aaenszgnwgnaamed
TenNaUszufioufinandmninisaszargnszgn
WINNNMERIINIFETnTzgn Tnedmainisazans
ﬂﬁt@ﬂﬂ:LﬁN%ﬂﬂ’ma'}EJLLﬂtﬂﬂWj:ﬁN(ﬂﬂ'ﬁt"ﬂ%ﬁa‘u
fimsfnuinuimasanmdimenendeievua
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Uszdndouldmansalatiunisazanenszgnla

FaTaUUNTIEEN L estrogen deficiency TUtUReu

set

point YBINIERAHNINBUFUDIRD mechanical

force (mechanostat) @uiulusrazAnszgnds

mnsnrsiulalaassasyiilinsegnd optimal
peak bone mass WFifigalaeTuUIENMUeIMINg
Uazlerd Iasuuaai@enuasiofuldifeine

wazaanmamesiians (Hahganizievan

UszafandefidnanaazagnszgnuInniNen

mMIFsenszgnANNILiNTeInsEanazlalinie
WasAuluandusingiiinnszgniusizuazdn

elurdeignuauszanfay

40

LaNd1591999

Consensus Development Conference : prophylaxis and
treatment of osteoporosis. Am J Med. 1993; 94: 644-650.
Lawrence G. Raisz 2001 Pathogenesis of postmenopausal
osteoporosis. Reviews in Endocrine And Metabolic
Disorders 2(1). 5-12.

Eriksen EF, Colvard DS, Berg NJ, Graham ML, Mann KG,
Spelsberg TC, Riggs BL 1988 Evidence of estrogen receptors
in normal human osteoblast-like cells. Science 241: 84-86.
Komm BS, Terpening CM, Benz DJ, Graeme KA, Gallegos
A, Korc M, Greene GL, O’Malley BW, Haussler MR 1988
Estrogen binding, receptor mRNA, and biological response
in osteoblast-like osteosarcoma cells. Science 241: 81-84.
Oursler MJ, Osdoby P, Pyfferoen J, Riggs BL, Spelsberg TC
1991 Avian osteoclasts as estrogen target cells. Proc Natl
Acad Sci USA 88: 6613-6617.

Hoyland JA, Mee AP, Baird P, Braidman IP, Mawer EB,
Freemont AJ 1997 Demonstration of estrogen receptor
mRNA
polymerase chain reaction. Bone 20: 87-92.

Onoe Y, Miyaura C, Ohta H, Nozawa S, Suda T 1997

Expression of estrogen receptor § in rat bone. Endocrinology

in bone using /n situ reverse-transcriptase

138: 4509-4512.
Bellido T, Girasole G, Passeri G, Yu XP, Mocharta H, Jilka RL,
Notides A, Manolagas SC 1993 Demonstration of estrogen
and vitamin D receptors in bone marrow-dervied stromal
cells: up- regulation of the estrogen receptor by 1,25-
dihydroxyvitamin-D3. Endocrinology 133: 553-542.
Pfeilschifter J, Koditz R, Pfohl M, Schalz H 2062 Changes in
proinflammatory cytokine activity after menopause. Endocr

12.

13,

16.

18,

20.

21

Rev 23(1): 90-115.

Pacifici R, Rifas L, McCracken R, Vered |, McMurtry C, Avioli
LV, Peck WA 1989 Ovarian steroid treatment blocks a
postmenopausal increase in blood monocyte interleukin 1
release. Proc Natl Acad Sci USA 86: 2398-2402.

. Pacifici R, Brown C, Puscheck E, Friedrich E, Slatopolsky E,

Maggio D, McCracken R, Avioli LV -1991 Effect of surgical
menopause and estrogen replacement on cytokine release
from human blood mononuclear celis. Proc Natl Acad Sci
USA 88: 5134-5138.

Jilka RL, Hangoc G, Girasole G, Passert G, Wiliams DC,
Abrams JS, Boyce B, Broxmeyer H, Manolagas SC 1992
Increased osteoclast development after estrogen loss:
mediation by interleukin-6. Science 257. 88-91.

Kimble RB, Vannice JL, Bloedow DC, Thompson RC, Hopfer
W, Kung VT, Brownfield C, Pacifici R 1994 interleukin-
receptor antagonist decreases bone loss and bone
resorption in ovariectomized rats. J Clin Invest 93: 1959-1947.
Kitazawa R, Kimble RB, Vannice JL, Kung VT, Pacifici R 1994
Interleukin-1 receptor antagonist and tumor necrosis factor
binding protein decrease osteoclast formation and bone
resorption in ovariectomized mice. J Clin Invest 94: 2397-
2406.

Bismar H, Diel |, Ziegler R, Pfeilschifter J 1995 Increased
cytokine secretion by human bone marrow cells after
menopause or discontinuation of estrogen replacement.
J Clin Endocrinol Metab 80: 3351-3355.

Passeri G, Girasole G, Jitkka RL, Manolagas SC 1993
Increased interleukin-6 production by murine bone marrow
and bone cells after estrogen withdrawal. Endocrinology 133:

822-828.

. Girasole G, Giuliani N, Modena AB, Passeri G, Pedrazzoni M

1999 Qestrogens prevent the increase of human serum
soluble interleukin-6 receptor induced by ovariectomy in vivo
and decrease its release in human osteoblastic cells in vitro.
Clin Endocrinol (Oxf) 51: 801-807.

Deswal A, Petersen NJ, Feldman AM, Young JB, White BG,
Mann DL 2001 Cytokines and cytokine receptors in advanced
heart failure: an analysis of the cytokine database from the
Vesnarinone trial (VEST). Circulation 103: 2055-2059,

. Lin 8C, Yamate T, Taguchi Y, Borba VZC, Girasole G, O’Brien

CA, Bellido T, Abe E, Manolagas SC 1997 Regulation of the
gp8o and gp130 subunits of the IL-6 receptor by sex steroids
in the murine bone marrow. J Clin Invest 100: 1980-1990.
Rickard D, Russell G, Gowen M 1992 Qestradiol inhibits the
release of tumour necrosis factor but not interleukin 4 from
adult human osteoblasts in vitro. Osteoporos Int 2: 94-102.
Wang X, Schwartz Z, Yaffe P, Ornoy A 1999 The expression
of transforming growth factor-B and interleukin-13 mRNA



unanNyIviend
VTS ATLEWWNEAIERS AINeNdeATHaIUNTI LI

U7 10 adud 1

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

and the response to 1,25(0H)2D3' 17B-estradiol, and
testosterone is age-dependent in primary cultures of
mouse-derived osteoblasts in vitro. Endocrine 11: 13-22.
Ralston SH, Russell RGG, Gowen M 1990 Estrogen inhibits
release of tumor necrosis factor from peripheral blood
mononuclear cells in postmenopausal women. J Bone Miner
Res 5: 983-988.

Shanker G, Sorci-Thomas M, Adams MR 1994 Estrogen
modulates the expression of tumor necrosis factor mRNA in
phorbol  ester-stimulated human monocytic THP-1  cells.
Lymphokine Cytokine Res 13: 377-382.

Kimble RB, Srivastava S, Ross FP, Matayoshi A, Pacifici R
1996 Estrogen deficiency increases the ability of stromal
cells to support osteoclastogenesis via an interleukin-1 and
tumor necrosis factor-mediated stimulation of macrophage
colony-stimutating factor production. J Biol Chem 271:
28890-28897. -

Morishita M, Miyagi M, lwamoto Y 1999 Effects of sex
hormones on production of interleukin-1 by human peripheral
monocytes. J Periodontol 70: 757-760.

Bernard-Poenaru O, Roux C, Blanque R, Gardner C, de
Vernejoul MC, Cohen-Solal ME 2001 Bone-resorbing
cytokines from peripheral blood mononuclear celis after
hormone replacement therapy: a longitudinal study.
Osteoporos Int 12: 769-776.

Rogers A, Eastell R 2001 The effect of 178-estradiol on
production of cytokines in cultures of peripheral blood.
Bone 29: 30-34.

Zuckerman SH, Bryan-Poole N, Evans GF, Short L, Glasebrook
AL 1995 In vivo modutation of murine serum tumour necrosis
factor and interleukin-6 levels during endotoxemia by
oestrogen agonists and antagonists. Immunology 86: 18-24.
Cheleuitte D, Mizuno S, Glowacki J 1998 /n vitro secretion
of cytokines by human bone marrow: effects of age and
estrogen status. J Clin Endocrinol Metab 83: 2043-2051.
Farhat MY, Lavigne MC, Ramwell PW 199¢ The vascular
protective effects of estrogen. FASEB J 10: 615-624.
Girasole G, Jilka RL, Passeri G, Boswell S, Boder G, Williams
DC, Manolagas SC 1992 17B-Estradiol inhibits interleukin-4
production by bone marrow-derived stromal cells and
osteoblasts in vitro: a potential mechanism for the antiosteo-
porotic effect of estrogens. J Clin Invest 89: 883-891.
Pottratz ST, Bellido T, Mocharla H, Crabb D, Manolagas SC
1994 17B-Estradiol inhibits expression of human interleukin-
6 promoter-reporter constructs by a receptor-dependent
mechanism. J Clin Invest 93: 944-950.

Stein B, Yang MX 1995 Repression of the interleukin-6
promoter by estrogen receptor is mediated by NF--B and
C/EBP-B. Mol Cell Biol 15: 4971-4979.

Kassem M, Harris SA, Spelsberg TC, Riggs BL 1996 Estrogen

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

inhibits interleukin-6 production and gene expression in a
human osteoblastic cell line with high levels of estrogen
receptors. J Bone Miner Res 11: 193-199.

Cantatore FP, Loverro G, Ingrosso AM, Lacanna R, Sassanelli
E, Selvaggi L, Carrozzo M 1995 Effect of oestrogen
replacement on bone metabolism and cytokines in surgical
menopause. Clin Rheumatol 14: 157-160.

Scheidt-Nave CE, Bismar H, Leidig-Bruckner G, Seibel MJ,
Ziegler R, Pfeilschifter J 1999 Serum interleukin-¢ is a major
predictor of bone loss in women specific to the first decade
past menopause. J Bone Miner Res 14(Suppl 1) S147.
Straub RH, Hense HW, Andus T, Scholmerich J, Riegger GA,
Schunkert H 2000 Hormone replacement therapy and
interre[ation.between serum interleukin-6 and body mass
index in postmenopausal women: a population-based study.
J Clin Endocrinol Metab 85: 1340-1344.

Gregory MS, Duffner LA, Faunce DE, Kovacs EJ 2000
Estrogen mediates the sex difference in post-burn
immunosuppression. J Endocrinol 164: 129-138.

Srivastava S, Weitzmann MN, Cenci S, Ross FP, Adler S,
Pacifici R 1999 Estrogen decreases TNF gene expression
by blocking JUNK activity and the resulting production of
c-Jun and JunD. J Clin Invest 104: 503-513.

Rodan GA, Martin TJ 1981 Role of osteoblasts in hormonal
control of bone resorption - a hypothesis. Calcif Tissue Int
33: 349-351.

Simonet WS, Lacey DL, Dunstan CR, Kelly M, Chang MS,
Luthy R, Nguyen HQ, Wooden S, Bennett L, Boone T,
Shimamoto G, DeRose M, Elliott R, Colombero A, Tan HL, Trail
G, Sullivan J, Davy E, Bucay N, Renshaw-Gegg L, Hughes
TM, Hill D, Pattison W, Campbell P, Boyle WJ 1997
Osteoprotegerin: A novel secreted protein involved in the
regulation of bone density. Cell 89: 309-319.

Hofbauer LC, Khosla S, Dunstan CR, Lacey DL, Spelsberg
TC, Riggs BL 1999 Estrogen stimulates gene expression and
protein production of osteoprotegerin in human osteoblastic
cells. Endocrinology 140: 4367-4370.

Saika M, Inoue D, Kido S, Matsumoto T 2001 17B-Estradiol
stimulates expression of osteoprotegerin by a mouse stromal
cell line, ST-2, via estrogen receptor-. Endocrinology 142:
2205-2212.

Hofbauer LC, Heufelder AE 2000 Clinical review 114: hot
topic. The role of receptor activator of nuclear factor-B
ligand and osteoprotegerin in the pathogenesis and treatment
of metabolic bone diseases. J Clin Endocrinol Metab 85:
2355-2363.

Browner WS, Lui LY, Cummings SR 2001 Associations of
serum osteoprotegerin levels with diabetes, stroke, bone
density, fractures, and mortality in elderly women. J Clin
Endocrinol Metab 86: 631-637.

41



Vol 10 No 1

Review Article
Medical Journal of Srinakharinwirot

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

42

Kong YY, Boyle WJ, Penninger JM 2000 QOsteoprotegerin
ligand: a regulator of immune responses and bone
physiology. Immunol Today 21: 495-502.

Stock JL,- Coderre JA, McDonald B, Rosenwasser LJ 1989
Effects of estrogen in vivo and in vitro on spontaneous
interleukin-1 release by monocytes from postmenopausal
women. J Clin Endocrino! Metab 48: 364-368.

Kong YY, Yoshida H, Sarosi |, Tan HL, Timms E, Capparelli
C, Morony S, Oliveria-dos-Santos AJ, Van G, ltie A, Khoo W,
Wakeham A, Dunstan CR, Lacey DL, Mak TW, Boyle WJ,
Penninger JM 1999 OPGL is a key regulator of
osteoclastogenesis, lymphocyte development and lymph-
node organogenesis. Nature 397: 315-323.

Dougall WC, Glaccum M, Charrier K, Rohrbach K, Brasel K,
De Smedt T, Daro E, Smith J, Tometsko ME, Maliszewski CR,
Armstrong A, Shen V, Bain S, Cosman D, Anderson D,
Morrissey PJ, Peschon JJ, Schuh J 1999 RANK is essential
for osteoclast and lymph node development. Genes Dev 13:
2412-2424.

Baldwin GC 1992 The biology of granulocyte-macrophage
colony-stimulating factor: effects on hematopoietic “and
nonhemoatopoietic cells. Dev Biol 151: 352-367.
Srivastava S, Weitzmann MN, Kimble RB, Rizzo M, Zahner M,
Milbrandt J, Ross FP, Pacifici R 1998 Estrogen blocks M-CSF
gene expression and osteoclast formation by regulating
phosphorylation of Egr-1 and its interaction with Sp-1. J Clin
Invest 102: 1850-1859.

Sarma U, Edwards M, Motoyoshi K, Flanagan AM 1998
Inhibition of bone resorption by 178-estradiol in human bone
marrow cultures. J Cell Physiol 175: 99-108.

Bertolini DR, Nedwin GE, Bringman TS, Smith DD, Mundy GR
1986 Stimulation of bone resorption and inhibition of bone
formation in vitro by human tumour necrosis factors. Nature
319: 516-518.

Centrella M, McCarthy TL, Canalis E 1988 Tumor necrosis
factor- inhibits collagen synthesis and alkaline phosphatase
activity independently of its effect on deoxyribonucleic
acid synthesis in osteoblast-enriched bone cell cultures.
Endocrinology 123: 1442-1448.

Smith DD, Gowen M, Mundy GR 1987 Effects of interferon-
and other cytokines on coliagen synthesis in fetal rat bone
cultures. Endocrinology 120: 2494-2499.

Harrison JR, Vargas SJ, Petersen DN, Lorenzo JA, Kream
BE 1990 Interleukin-1 and phorbol ester inhibit collagen
synthesis in osteoblastic MC3T3-E1 cells by a transcriptional
mechanism. Mol Endocrinol 4: 184-190.

Stashenko P, Dewhirst FE, Rooney ML, Desjardins LA,
Heeley JD 1987 Interleukin-1 B is a potent inhibitor of bone
formation in vitro. J Bone Miner Res 2: 55-545.

Nguyen L, Dewhirst FE, Hauschka PV, Stashenko P 1991

59.

60.

61.

62.

63.

64.

65.

66.

67.

68,

69.

70.

71.

Interleukin-1 B stimulates bone resorption and inhibits bone
formation in vivo, Lymphokine Cytokine Res 10: 15-21.
Gilbert L, He X, Farmer P, Boden S, Kozlowski M, Rubin J,
Nanes MS 2000 Inhibition of osteoblast differentiation by tumor
necrosis factor-. Endocrinology 141: 3956-3964.
Pfeilschifter J, Seyedin SM, Mundy GR 1988 Transforming
growth factor 8 inhibits bone resorption in fetal rat long bone
cultures. J Clin Invest 82: 680-685.

Chenu C, Pfeilschifter J, Mundy GR, Roodman GD 1988
Transforming growth factor 8 inhibits formation of osteoclast-
like cells in long-term human marrow cuitures. Proc Natl
Acad Sci USA 85: 5483-5687.

Centrella M, Horowitz MC, Wozney JM, McCarthy TL 1994
Transforming growth factor-B gene family members and
bone. Endocr Rev 15: 27-39.

Raisz LG 2001 Potential impact of selective cyclooxygenase-
2 inhibitors on bone metabolism in health and disease. Am
J Med 110: 43-45.

Hughes DE, Dai A, Tiffee JC, Li HH, Mundy GR, Boyce BF
1996 Estrogen promotes apoptosis of murine osteoclasts
mediated by TGF-B. Nat Med 2: 1132-1136.

Kaneda T, Nojima T, Nakagawa M, Ogasawara A, Kaneko H,
Sato T, Mano H, Kumegawa M, Hakeda Y 2000 Endogenous
production of TGF-B is essential for osteoclastogenesis
induced by a combination of receptor activator of NF-B
ligand and macrophage-colony-stimulating factor. J immunol
165: 4254-4263,

Sells Galvin J, Gatlin CL, Horn JW, Fuson TR 1999 TGF-B
enhances osteoclast differentiation in hematopoietic cell
cultures stimulated with RANKL and M-CSF. Biochem
Biophys Res Commun 265: 233-239.

Horwood NJ, Kartsogiannis V, Quinn JM, Romas E, Martin TJ,
Gillespie MT 1999 Activated T lymphocytes support osteoclast
formation in vitro. Biochem Biophys Res Commun 245: 144-
150.

Bradbeer JN, Stroup SJ, Hoffman JC, Gowen M 1994 An
orally active inhibitor of cytokine synthesis prevents bone loss
in the ovariectomized rat. J Bone Miner Res 11(Suppl 1) 123.
Poli v, Balena R, Fattori E, Markatos A, Yamamoto M, Tanaka
H, Ciliberto G, Rodan GA, Constantini F 1994 Interleukin-¢
deficient mice are protected from bone loss caused by
estrogen depletion. EMBO J 13: 1189-1196.

Cenci S, Weitzmann MN, Roggia C, Namba N, Novack D,
Woodring J, Pacifici R 2000 Estrogen deficiency induces
bone loss by enhancing T-cell production of TNF-. J Clin
Invest 106: 1229-1237.

Most W, Schot L, Ederveen A, van der Wee-Pals L,
Papapoulos S, Lowik C 1995 In vitro and ex vivo evidence
that estrogens suppress increased bone resorption induced

by ovariectomy or PTH stimulation through an effect on



VT W T

unaNyIviE
TET AREWANEFIERS N TInenduaiuaunsilen

UA 10 avud 1

72.

73.

74.

75.

76.

77.

78.

79.

80.

81,

osteoclastogenesis. J Bone Miner Res 10: 1523-1530.
Kurihara N, Bertolini D, Suda T, Akiyama Y, Roodman GD 1990
IL-6 stimulates osteoclast-like multinucleated cell formation in
long-term human marrow cultures by inducing IL-1 release.
J Immunol 144: 4226-4230.

Roodman GD 1992 Interleukin-6: an osteotropic factor? J
Bone Miner Res 7: 475-478.

Pacifici R 1999 Aging and cytokine production. Calcif Tissue
Int 65: 345-351.

Horowitz MC 1993 Cytokines and estrogen in bone:
antiosteoporotic effects. Science 260: 626-627.

Olsen NJ, Kovacs WJ 1996 Gonadal steroids and immunity.
Endocr Rev 17: 369-384.

Rifas L 1999 Bone and cytokines: beyond IL-1, IL-6 and
TNF-. Calcif Tissue Int 64: 1-7.

Gilmore W, Weiner LP, Correale J 1997 Effect of estradiol
on cytokine secretion by proteolipid protein-specific T cell
clones isolated from multiple sclerosis patients and normal
control subjects. J Immunol 158: 444-451.

Li J. Sarosi I, Yan XQ, Morony S, Capparelli C, Tan HL,
McCabe S, Elliott R, Scully S, Van G, Kaufman S, Juan SC,
Sun Y, Tarpley J, Martin L, Christensen K, McCabe J,
Kostenuik P, Hsu H, Fletcher F, Dusntan CR, Lacey DL, Boyle
WJ 2000 RANK is the intrinsic hematopoietic cell surface
receptor that controls osteoclastogenesis and regulation of
bone mass and calcium metabolism. Proc Natl Acad Sci
USA 97. 1566-1571.

Suda T, Takahashi N, Udagawa N, Jimi E, Gillespie MT, Martin
TJ 1999 Modulation of osteoclast differentiation and function
by the new members of the tumor necrosis factor receptor
and ligand families. Endocr Rev 20: 345-357.

Kobayashi K, Takahashi N, Jimi E, Udagawa N, Takami M,
Kotake S, Nakagawa N, Kinosaki M, Yamaguchi K, Shima N,
Yasuda H, Morinaga T, Higashio K, Martin TJ, Suda T 2000
Tumor necrosis factor stimulates osteoclast differentiation
by a mechanism independent of the ODF/RANKL-RANK

82.

83.

84.

85.

86.

87.

88.

89.

90.

interaction. J Exp Med 191: 275-286.

Azuma Y, Kaji K, Katogi R, Takeshita S, Kudo A 2000 Tumor
necrosis factor- induces differentiation of and bone resorption
by osteoclasts. J Biol Chem 275: 4858-4864.

Wani MR, Fuller K, Kim NS, Choi Y, Chambers T 1999
Prostaglandin E2 cooperates with TRANCE in osteoclast
induction from hemopoietic precursors: synergistic activation
of differentiation, cell spreading, and fusion. Endocrinology
140: 1927-1935.

Tashjian Jr AH, Voelkel EF, Lazzaro M, Goad D, Bosma T,
Levine L 1987 Tumor necrosis factor- (cachectin) stimulates
bone resorption in mouse calvaria via a prostaglandin-
mediated mechanism. Endocrinology 120: 2029-2036.
Burgess TL, Qian Y, Kaufman S, Ring BD, Van G, Capparelli
C, Kelley M, Hsu H, Boyle WJ, Dunstan CR, Hu S, Lacey DL
1999 The ligand for osteoprotegerin (OPGL) directly activates
mature osteoclasts. J Cell Biol 145: 527-538.

Adebanjo OA, Moonga BS, Yamate T, Sun L, Minkin C, Abe
E, Zaidi M 1998 Mode of action of interleukin-6 on mature
osteoclasts. Novel interactions with extracellular ca”* sensing
in the regulation of osteoclastic bone resorption. J Cell Biol
142: 1347-1356.

Jimi E, Shuto T, Koga T 1995 Macrophage colony-stimulating
factor and interleukin-1 maintain the survival of osteoclast-
like cells. Endocrinology 136: 808-811.

Jimi E, Ikebe T, Takahashi N, Hirata N, Suda T, Koga T 1996
Interleukin-1 activates an NF- B-like factor in osteoclast-like
cells. J Biol Chem 271: 4605-4408.

Fuller K, Owens JM, Jagger CJ, Wilson A, Moss R, Chambers
TJ 1993 Macrophage colony-stimulating . factor stimulates
survival and chemotactic behavior in isolated osteoclasts.
J Exp Med 178: 1733-1744.

Takahashi N, Udagawa N, Suda T 1999 A new member of
tumor necrosis factor ligand familiy, ODF/OPGL/TRANCE/
RANKL, regulates osteoclast differentiation and function.
Biochem Biophys Res Commun 256: 449-455.

43





