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Suppression of Bone Resorption using Fluid Shear Stress and Neurotransmitter
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<~(bone resorptlon)
5 Fall W zAo] #afH ol Jﬂ%ﬂol HEojAd A9
ZA o RE I oAlETE W 2A4S A5 Hed
o]Z ] A (bone formation)o] kL F-TH1].

oj¢o} #2 m Faoh AAIAo] Ao HAA AKA e
d oA Q—Hl o] AL ] A& (bone remodeling)’©]
AL gk ow zAe] Faoh A x3E AolAA H

WA A3E xgsiA @ pg £% X@‘roi%
t}-3-3-(osteoporosis), = 3141 5+ (osteopetrosis) 5 °] 2
ol At wEW W QYFAHS AH ‘VTX]O]'7] Skl
A AR FIAREY] #¥8S FA8E A= a5
Aqk ol5e] B3 2 A4S - 845 o 4
g AT TA HolAa Sl olEd A4S W X
A2} (bone regulator)’ EFa S} &% A= (mechanical
loading), & Z+(hormone), XM}O Al(transcription factors), L
2] WA =} (cytokines)s-©] 2

53] Al W AP 7\7‘%?}&"1 ZE A FEA A EH]
Hoj 2= B receptor activator for NF- k B ligand(RANKL)
7} osteoprotegerin(OPG) A7} Sttt o5& A= A A
A gAE Fall EAES} sbEAEe] ®#3p g A
gS AHHFoe=z uw L RANKL & ligand =X pre-
osteoclast ©] RANK & 7}4] %Lﬂoi g AHEY
#] (osteoclastogenesis)E %=3}™, OPG +i= osteoblast 2] 34
= Tl W FPow g ol&9 H]%% o W 3
e ZA o,

F Aol ok Hold zdEH o] EHEAE =
<l /‘J%'24%%Q(Neurotransmitter)ol w F2o A wAR
2 AEE W 2AEd2A FHH A gvh T
gt 7)ol WA A Fe AAR Hrh g A7)
grjojord F g do] glth

Ea] % ¢l x}=(mechanical loading)> ™ 23 A 2] &@Z}

(regulaton) &4 W 2 Yo IS ASAFA FAo &
& (interstitial fluid flow)& €o71t), o]y st FAY 4 dLS
GE s Tl AlEel A& (oscillatory fluid flow
(OFF)-induced shear stress)= 7F8tAl s th Al dee2L
ZEAEe W A B gEAFe] w Foo ¢S FH
E3 W Z+E Z:ﬂo}L X4/&}01Z}(transcrlptlon factor) <!
RANKL ¢} OPG f#x} o3& z4dslo] W F4 75s
AstAl7]= A om OLE%ﬁEP

2173 A& A (neurotransmitter)> A x# ke v
3 AAE X3 OEE 2404 FHEHAAE £4
24 gHA ok E3], W x2 9o T (periosteum), T
7 (bone marrow cavity), & ¥H(vascular canals) sl A7 %%
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o] &AM, o]Eo] = FZ A7 7 (skeletal innervation
system)E o] Fo] ANAAGEL S FulsiA "l

AARGELZA Gz A7 E 2 (neuropeptide) & =
vasoactive intestinal peptide(VIP), calcitonin gene related
peptide(CGRP) 5©] 9t}. CGRP & 37 79 olujxito =
7+ A B (calcitonin), o} & (amylin), ol e Ew5d
(adrenomedullin)G-S ¥ 38}5}+= super family o]}, =31 w =
A o] Fu(periosteum) @ =47+ (bone marrow cavity)oll A 2
ZAE o™, cAMP ¢} insulin-like growth factors(IGFs)S Z %
o &  parathyroid  hormone(PTH),  Z¢r, 18]l
prostaglandin(PGE2) 59| #8]E Z4d3ts so=z dxith

o WEES Evie 584 ASHAASEE)I 274
Admdo] W 29 AP FH AA7 don, =44 =
=5 A]ﬁxquwz]z},] Ao A EE ua1 AP A=
] RANKL 7} OPG &4 g5 =
oh wEka] 2 Ao A = T"rxﬂxd%%e—:‘ﬁ ANAAGEH ]
FHAAE T oW HdEE dod F e W FFE 9
Aetaizt W AFAY Ao Fag AARIAEA Lzl
RANKL ¥ OPG ¢ @id FH|ZFE Flagion, 554
e T3l ABAGEAY EAARE Il Bkt
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2. M=z X YH

A EaYF L VIP FH o}

2 Ao A= MC3T3-EL preosteoblast M X & 5% CO2,
37C9 incubator oA ®%7} 89% a-MEM, 10% FBS, 1%
P/S ¢l Hix]E Y wjksllth. CGRP(Sigma-Aldrich)e] &
L AEE R AgE ojde HAPE F3 &y
10°Mm %EE subculture & A XF-ZHo] S wf, 3 4 H
2 W FH7kske] 6 Aol AA AEE wjFetlen, wiA
3ol s Aol

rie o

&2/ % x}=A(Osillatory Fluid Flow)

Subculture ¥ 5 ¢ F ol mechanical loading & 9|3l slide
subculture 7} o] Fo{ 3t} 5 U3+ VIP o &% MC3T3-E1
(preosteoblastic cell)& &&}o] =(7.5cm>< 3.8cm, USA) 9ol H-
ZAIZ & 24 A7F FHol AYgEE bkl 2 A5R9
zdo = Aek-3-2 (oscillatory fluid flow)S 1Pa o] Al7]=
3k AIZF Bk Zhsl Rl o, control Z1E-& ©] 2] loading ©]
7Fel A1 A eSkeh. Loading o] &Y H, whE @hE F%o]
o] o] At

gy F& 2 gy Ue g 3 4j(immunoassay)

Slide subculture 24 A3+ ), &efol=o H&H AEE
PBS & M &3t H, Lysis buffer (1% Triton X-100, 0.5% Nonidet
P-40, 10mM Tris(pH7.4), 0.2mM PMSF, 150mM NaCl, 1mM
EDTA, 30mM Na,P,0;)2 ©@wag FZ3 F, Quantikine
Mouse RANKL Immunoassay <} Quantikine Mouse OPG
Immunoassay (R&D system)S ©]-8-3}o] ELISA 2 ©ud
dAs st
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0 of % 2] 3] 5722 4J(Immunohistochemistry)

ARAGEA] W 22 o] o= A= ¥} 9=
A& k213}7] A3}k CGRP 9| =X E
immunohistochemistry & %3 sttt FHeo FH=
bone)Z &R WE FE3Fo] 10% formalin o] Y1 1A S
A7 H, 10% formic acid o] ¥i 547 &3 & 3t} It
d 2 E RHEo] AP H &Egfol=e] FAglt. &Etol
To R2w %29 permeabilizing solution o 2 A7+ ul &}
washing ¥} blocking ¥}*3-& 1% CGRP primary antibody
1:300 &2 A2 T 4Tol|A 24hr 7+ 9k-3AIZAT} 24 A 3E
o, washing 3+ %, FITC secondary antibody & = &]3}lal 3
FEn A o7 el

3. 23

R

C3T3-E1 preosteoblast ¥ CGRP(10°
g4 A=5 @A Ttste] Fom A7
AGEAY B4 A58 B W F5 24 ARl
RANKL o] whulzd b &ks aQlalqivt, 1 A3}, A3 de
Ed3 S84 Ao 23 (Load, CGRP, CGRP+Load)™}
& (Control)S HIWYS w 20% Fhste RS Qe
F AT gy AT 3o ZolE FlskA Kt
ueh E2A 257 AAAGELS fFARA RANKL 9]
ad BHFTS A S AR FR1E AT (Fig 1).
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Fig. 1 RANKL Protein release of MC3T3-E1 cells treated with
CGRP (10®M) and loading (1Pa). (*: P < 0.05, N=4)
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Fig. 2 OPG Protein release of MC3T3-E1 cells treated with CGRP
(10 M) and loading (1Pa). (*: P < 0.05, N=4)

o]9} tjEo] OPG Tz o] Wy F A= AP =z
& Hadls o, 224 A= (Load)LuelA= °F 20%
A rreglen, AP dE=d(CGRP) LA oF
80% AL TUsT) Ed B84 A=57 AAAGELS
St7 7}8F (CGRP+Load) “L&-2 ¢ 50% 7}7to] Z74ehS
glaksitt (Fig 2).
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Fig. 3 RANKL/OPG Protein release of MC3T3-E1 cells treated
with CGRP (10°M) and loading (1Pa). (*: P < 0.05, N=4)

RANKL/OPG w7 wte ko= AP+S tlzaty o
2PS o B2 AFAEL 40% oA #FaEPow, Al
AAGEATFE 60%01d A T3 NAAGEA
I EgA AFE dA sk 252 50%0lY HAadS 3
A = At 2y 7 AITES AER ¥uEelS

e 2 AelE B S Y (Fig 3).
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W 2A A AAAGERDY] XA E FEx RIS
a8 Wz gstEAS F3l skt A A= (ulna
bone)S FZ3}o] I h(epiphysis)d =3 5-(midshaft)e] &
HE 2l CGRP FAIE T3l F3dAMAS Zsto el
stlch. 1 A3 w 2o bE FERQl 57 FHell HA
By 9 &

Fig. 4 CGRP existents in rat ulna bone. Epiphysis (left green)
and midshaft (rignt green) treated with CGRP antibody (1:300)

4. A2

B ATE Ba By AT AFADELL W A
Zde F083 842 4#HZ RANKL I} OPG o] whalz
ds 24ES g & AT B ol &7 A
A5 AAAGEDS A JMES W AYA 52945 G
B Aol dSaes g B A3 AgMEe Ed4
AS3 AAAGELDL FuHoz W F5E AA oA
g 4 o ole o xEy w AP B 5 de
AFA (homeostasis)oll 71¢138F Ao & Azbw oz},

AEHO 2, CGRP = M ol A &4 A=} duH

ﬁg hl 1<)

QL ARWAZ A3 w3 - )
srolstelt. el AEwe] AYorE FAF A4S
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