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Abstract

Bone remodeling is a continuous process of skeletal renewal during which bone formation is tightly coupled to bone resorption. Mechanical
loading is an important regulator of bone formation and resorption. In recent studies, neurotransmitters such as vasoactive intestinal peptide
(VIP) were found to be present inside bone tissue and have been suggested to potentially regulate bone remodeling. In this study, our
objective was to use a pre-established in vitro oscillatory fluid flow-induced shear stress mechanical loading system to quantify the effect of
VIP on bone resorptive activity and investigate its combined effect with mechanical loading. VIP decreased osteoclastogenesis significantly
decreased RANKL/OPG mRNA ration by approximately 90%. Combined VIP and mechanical loading further decreased RANKL/OPG
ratio to approximately 95%. These results suggest that VIP present in bone tissue may synergistically act with mechanical loading to regulate

bone remodeling via suppression of bone resorptive activities.

Key words : bone cell, mechanical loading, neurotransmitter, vasoactive intestinal peptide (VIP), receptor activator for NF-xB ligand (RANKL),

osteoprotegerin (OPG)
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uf, 2573 Sl WA e 2FHZo= VIP-1, VIP-2,
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& obd A g A AA 9]
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& Qa2 1] g8t invio AP ALH Aol 4851 A
Eo) FEAL EAShE AAAGERR VIPE 4838190,
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A. IZ A XY A(Osteoclastogenesis)

1) A B

2 AP M gZAE A A(osteoclastogenesis)S 9|3}
Raw 264.7 murine monocytic macrophageA] X9 MC3T3-E1

pre-osteoblastA]| 2 6-well tissue culture platedl] 5% CO2, 3
7°C Z7100 A vl 9K co-culture) 3} T Raw 264.7 A = T2 A|
o g yFNEEY B3} 7153 Al Eo|n, MC3T3-E1&
ZAHLE E3P7L b e 248 A 23| 2ol #iAl= 89%
a-MEM, 10% FBS, 1% P/S¢l #jA|= AL4-390). o2 18
7} VIP 1802 o] (N=257)) VIP 180 10°M VIP
(Sigma-Aldrich, USA) [10], 1a,25-dihydroxyvitamin Ds (Fluka,
Switzerland), M-CSF (Peprotech, USA)E 34| H7FA AT
TH11]. A1eFRe) co-culturer} 1248 RS Egshel 9217
& 53] F7HE A

2) TIZAE Y TRAP Assay)

A 9L H=d B3hE upzA 29 2A4E FRlE] 9
3to] 72+ 152 A XS TRAP assay kit (Sigma, St. Louis,
USA)E AHg-3ko] TRAP 415 8tqith. A28 o] 37) o) o
tartrate-resistant acid phosphatase (TRAP)-positiveZ 41 ¥
AES HBAZE 7Es900 39 BaAd o8 20X
objective FeHEv] 40 2 AE 55 Selstsict (Fig 2).

B. RANKL & OPG Gene Expression

1) A ZBj e

MC3T3-E1 pre-osteoblast A EZ 5% CO2, 37°C¢] ¢l o]
Blo)A] %7} 89% a-MEM, 10% FBS, 1% P/S¢l w22 2315
o7k Wikl Att. 10°M VIP (Sigma-Aldrich, USA), 1a,25-
dihydroxyvitamin D3 (Fluka, Switzerland)E % 23] X 7}AZth
th&<, VIP, VIP+oading®] & 37§ 15 0% A=tk

2) &2 o] 2l Mechanical Loading)
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3] 24 1) 71 5 of] -4 A28 (OFF-induced shear stress)2 7}
Bt tH4]. FrA Ae-3-8 S 1Pa2] peak shear stress & 31 A 7F 5
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Fig. 1. Osteoclast activity analyzed by TRAP staining in the co-culture system of MC3T3-E1 pre-osteoblast and Raw 264.7 macrophage cells. TRAP-positive cells

are stained red. Control (A) and VIP treated (B) groups.
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Fig. 2. TRAP-positive cells with 3+ nuclei were considered to be osteoclasts (A). Changes in newly formed osteoclast number after VIP treatment (B).

(Number/mm"2, N=5 each)
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2 A= b4 lek. Aol B4 5 A4 B A ol
2<15}7] 9I5}0] 4] RNAS] F&o] o] Fol3it.

3) mRNA F&7} 7313} 2
(mRNA Isolation & Real Time RT-PCR)

A AFo] 5P S EEfo|=d HAE BE OF
o] A2 9121 del5A(PBS) © 2 4] 2|3} 5 Tri-Reagent (Sigma-
Aldrich, USA)E AFE3] & RNAE AXoA F=3] Wit
cDNA 3418 ¢]3l TagMan® Reverse Transcription Reagents
Kit (Applied Biosystems, USA)E A}-8-3}4] pre-cDNA ME-&
Applied Biosystems 2720 Thermal Cyclerel] 23] A7t}
c¢DNA 41&-& Tagman® Universal PCR Master Mix % 20X
primer (Applied Biosystems, USA)Z Al-&-5}o] Applied Bios-
ystems 7500 Real-Time PCR system© 2 RANKL3} OPG2]
A2} ¥ 72 Relative Quantitation (RQ) study software S
53 glsrsn.
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A. T2 A E A A (Osteoclastogenesis)

VIP 10°Mo] =25 Raw 264.7 macrophage cellZ MC3T3-
E1 pre-osteoblastic cell®] A Euj9K(co-culture) Az}ol] o]5hH
BZA LY Fol ARG EH ] IS F= A0 E YT
SZAHEE TRAP assay=E G28}A =™ TRAP positive® A
I7FEA Ao} BhEAE S AfolE tlRT 1ET) HlaL
ato] Q1S 4= Stk o] o whe} VIPo| =28 55 vl 1&
o Hl5280S 1, SHEAE ] $4o] A3 RS TRAP
42 53] 1390 Fig. 1). w2, FAHO2 foi9 2o%
A= F3HA 0 VIP A7} A spE A 32o] g g A t = L
&9 Hlans) 212x20%) k= FA1E B ATk Fig. 2).

B. RANKL and OPG $-A A} 2d ZF(Gene Expression)
AAAGEA VIPE 223 2E0|E MC3T3-El pre-ost-
eoblastic cello] A} 23 &)= RANKL/OPG mRNA H]-&-0] t)%

140%

120% |-t

100% ——
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OdO/DINVY
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Control

VIP VIP+loading

a2 3, VIPANE|, VIPAHzZ] ¥ 2|8 X=2 715 = 2| RANKL/OPG mRNA i3t
Fig. 3. Changes in RANKL/OPG mRNA ratio after VIP treatment and VIP+loading treatment normalized to Control group. (*: p<0.05 vs. Control; Student's t-test;

N=5 each)

Vol 30 | February, 2009 91



Bone Cell Response to Neurotransmitters and Mechanical Loading

T 130 18] 2F90% 7+4 Atk (Fig. 3). F3L, VIP2}mechanical
loading & &7 7}3F 7180 A% RANKL/OPG mRNA H]-&-¢]
ok 95% 7+AEtgTh
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Wl 5 2lo] 421 Aol 2 Hol7] HTh o] W AH o] 2
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B o] GA4A iy A= VIP7E @4 He] ZZAE
RANKL & 7122417131 OPG T & S7H1 7 S 24 T 24
F(macrophage)’} W &5 @9shs 438t © A X
(mature osteoclast) £ 9] #3}5 A& AT 12].

o] AT Aol 81 2413t FF 1Paz FAJ3} A o] A
3o £ A=F(OFF)& 5315 W) RANKL/OPG mRNAH]
Fo] &L Fol HIsl 95% o) & Fo= 7H4ghes el
tH4]. ]2 @ Aol B AZo] @l A4 fAA NG
HlwdlH RANKL/OPG mRNA Ao glojx AAHE=4
VIP9} E2] 331 A5(0FF)7He] AU A &3E o= VIPS} £2
Q1 A=) FARE MEATEA JFS v FelstGit) o]
= O AE AR E 53 A2} EAxe] 24 € oA
off Fofghs ofm| gt

EE3 A58 W tiALE 2dstet T3 AARIAFE Y] 84
< we Wi 242 4w HEpl D, Ze2Eedd
(prostaglandin E2), cAMP, M3 W ZH7Kintracellular calcium
content) & 2A3h= ACE dejth. 53], HIEY] D= 9=

Yo
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A3 Aol 71 Sa8h AAZEA ZFA LA EH]E AR =
RANKL®| Aol 221 g 0o W] B4 B F59] 715&
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