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o APH ZHEARA A A EE A (neurotransmitter) =
Ao xA st s Fa AAS 2§she g 24
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(L B =2 -7
o 4 EH|F o] = EZ 2 neuropeptide 24 LE A Al =S
o, 53], w 29 =dhperiosteum), =-7(bone marrow
cavity), &¥H(vascular canals) 5ol 417 Zz o] Ea)3}H, o]
o] & ZZ A7 E I A (skeletal innervation system)E o] 5o
neuropeptide & WA " [1, 2] AAALGELZA &
21%  neuropeptide <= VIP(vasoactive intestinal peptide),
CGRP(calcitonin gene related peptide) s©] Utk 53],
VIP(vasoactive intestinal peptide)= 28 72| o] =FElo| ==
TFAHY = AAALELAZAN F2 437, o, dx
A7l A mlet=dddd F& vEdAow g 4
A, 4, #F, A, J88 5o FuEy, sHdgs
WSy AMEES 7AA]7]H ALP activity 9F  calcium
content & A=53h= 5o vheke A o) [3] EgH W
zZ2]o] F9(periosteum)oll A WAE o w FA HEQI
osteoblast 4 VIP receptor & 4# A VIP-1, VIP-2,
VIPIPACAP = 18l o ztzhe] ool tisfr= o}
GadahA RXE o] ¥ [1,4,5,6].

=W 2 wE YAk osteoblast oF W& F4
&hi= osteoclast o An|&o] dAGA AP OR
A o5 AEE= MR FAA JAE S8 SoldtA
AEol o "ixAQ d 2% osteoblast oA EH|E}=
RANKL ¥} OPG ¢ 3 Tdo] g1t} Osteoclast 2]
5}l =3k receptor activator for NF- k B ligand(RANKL) =
osteoclastogenesis & Al Z}3li= ligand ZA] preosteoclast <]
RAKL o 235 9] osteoclast B4 S FEgch oo} wig=
osteoprotegerin(OPG) &= T3 2o &3} glycoprotein
© 2, TNF ligand superfamily 2] &1}l RANKL 2] decoy
receptor 2 ZH-&3te] dFAEo E3lol g4 FAAIE
RANK o] RANKL ¥ AAgHo =z Agtstozay ZIAhAS
AA st AEs drh olHE HBE F3 osteoblast <F
osteoclast &) AXE A 2 7]5o] A W AFAHE &
Ask= Bolth ol AFtel oa¥ A7F ZhAl A F9
Hold 5 70%7F Ao r AANHE 3ow duA o
o} olg gk WoldS AHste AXES FE&A, RolETL
)1, AEAAET VAR ASE Ul = AT [7].

AAE RANKL ©] Zolg 99 dizAel =432
oaex Z3}A F(osteopetrosis)o] WA FTE A
RANKL & 8t W uzZs5d35 3 A
ato] Fado] futEvh8]. OPG FdA Ag Ax A3 X
A A disw A3)Eet Avde] glom, d3 A3
b7t &% =4 % Astet auesAd =d9 A¥EdAgE
Zlo] WA gtk olgfd ®WelEe] FHA £4-& o] &
3t OPG & AAE & A HAAE W IEHATE o
T7F ATH9]. < £ mechanical stimulation & %3
RANKL # OPG 3zt &d zdo] gk Aol o3
mechanical stimulation ©] W A4S FEsla STE o
= 3ow dyAn olF Fste]l W A F o] Tt

o]

o

AAAGEA I Bl A5 AAGe] W AFAH =

t ot} [10, 11, 12]. ¥ Aol A
= w Al A|EQ] osteoblast o] A AHEGEZQ VIP & =
X171 5 mechanical loading < 7}t S o] w A4
a4 FAR LGS sk

O

2. M=z 3 2y

A 9 VIP 5%

B oA = MC3T3-E1 preosteoblast Al £S 5% CO2,
37T 9 incubatoroll A X7} 89% a-MEM, 10% FBS, 1% P/S
ol wjx = @i wj sk ol VIP(Sigma-Aldrich) 2] %=+ Al
¥2 gaos AgE ode AFS Ed 10°M T 10"M
Zoll A 10%Mell A ALP activity2} calcium content2 #}=3h=
Aoz 4y =ES EUE 9 10°Me FER
subculture ¥ A2HF-Zo] S W, 3Y F F 2WH HIHS
o 6 dell ZA AEE wgstgon, mix= 3 do dW
ZolAt [6].

Mechanical loading

Subculture ¥ 5 & F ol mechanical loading & 93} slide
subculture 7} o] Foj it} 5 AzF VIP o] =%¥ MC3T3-El
(preosteoblastic cell)< & &Fo] =(7.5cm < 3.8cm, USA) 9]l H
ZAIZL 3 24 AIZE Hell AehgEE btk B AT
rdo s Aek-3-=(oscillatory fluid flow)S 1Pa ¢ A7 &2
3 A|7F B¢t 7tai s o™, control 18-S o] # & loading ©)
7V A A @ gkth [10]. Loading ©] B4+ ), HFE mRNA ¢
FZ0] o]FoA}

mRNA isolation & cDNA synthesis

Slide subculture 24 A|3F F|, &Efol=o) H2E MEE
PBSZ A|#3g % total RNAS Tri-Reagent(Sigma-Aldrich)S
AREEl Aol A FEa WAtk FE3 W RNAE cDNA
synthesisZ 913l TagMan® Reverse Transcription Rea- gents
Kit(Applied Biosystems)E AM-&3}o] pre-cDNA  sampleS
Applied Biosystems 2720 Thermal Cyclerell ©] &l 3+ Al 7 Th.

Real Time RT-PCR

cDNA sampleS Tagman® Universal PCR Master Mix %
20X  primer(Applied  Biosystems)E  A}83te]  Applied
Biosystems 7500 Real-Time PCR system© = OPG, RANKLZ2]
42 &S Relative Quantitation(RQ) study software=
Fal FAskich. ®Ed 7t Al mRNA  level s
housekeeping gene(18s)©] level = normalization<- s}t

3. 23 o TE

RANKLS] W& A3 Ao A= mechanical loadingst
74g ZE(V-LH)I VIPAOMYRE AP d ZE(V+HL)S
control£ ®|uFPS uwf, F 1YPZT EF 60%v|vHY] TAE
< Bt ®Bgolyzt VIPQOM)AE  F mechanical
loadings 7}3t Z&E(VHL+)N A= controlzt vl S uf
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Fig. 1 RANKL gene expression of MC3T3-E1l cells treated
with VIP(10®M) and loading(1Pa). Error bars represent standard
error. [N=4]
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Fig. 2 OPG gene expression of MC3T3-E1 cells treated with
VIP(10°°M) and loading(1Pa). Error bars represent standard error.
[N=4]

OPGe] wa= AFAA}dAE loading®  VIPLHE©]
control?} HlwPES wW FrHEES R I FAE
VIP(10°M) 2] ¥ mechanical loadingS 7}3F Z1&(V+/L+)
2 controlZ} ®laEke] oF 2wl F7F8ST) (Fig. 2) ol<F
E0] RANKLF-H# W& aks OPGHRAA whegfo g 1+
of =& yebd A controld} HRESS wW] RANKL
o A wAFFe] 80% ol HAHAES RISt
(Fig. 3)

4. 2B

2 AFNAE W 22 EAStE AAAEELDY] =
=3} mechanical loading ¢ A}=ro] W 3 4|3 21 osteoblast
of WA= FFgS Rt 1 A w AQAFAY THE f
AR LHEHE 53 bone resorption ©] A HE & 5 9l
Atk ol A= A HdEEZAL mechanical loading ©]
bone metabolism Zdo #oJgS onjdit}, a8y F+ 24
27y Z42E AaEe] mH JEFES AR e BodS 7
Asgonz Fury Fio] old F vt AAHLEE
Al v A A-o] w A& iy
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A W3yl dojwks w Euld
W AP Al WA= IS -]
Huls]o] w X gtoz wojzlth o9t gy
mechanical loading Y EYHQ A o Aol
o} [10, 11, 12]. ¥ Aol A= bone formation = X3
mechanical loading ol AZAHAGEZDS &7 =EAoE W
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Fig. 3 RANKL/OPG gene expression of MC3T3-E1 cells
treated with VIP(10°M) and loading(1Pa). Error bars represent
standard error. [N=4]
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