
Vol 30  February, 2009 89

Ⅰ. 서 론

(bone remodeling) . 

(osteoblast) (osteoclast)

. 

[1].

(mechanical loading)

(regulator) . 

(interstitial fluid flow)

. 

(oscillatory fluid flow (OFF)-induced shear stress)

[2,3]. 

(transcription factor) receptor activator for NF-κB 

ligand (RANKL) osteoprotegerin (OPG) 

[4].

(homeostasis)

. 

RANKL 

soluble decoy 

receptor OPG 

[5]. (hematopoietic cell)

(pre-osteoclast)

RANKL RANKL 

receptor

. 

[6]. 

곽지현, 김병관, 김경환, 김지현

Bone Cell Response to Neurotransmitters and 
Mechanical Loading

J. H. Kwag, B. G. Kim, K. H. Kim, and C. H. Kim

Department of Biomedical Engineering, Yonsei University, Wonju, Korea

(Received December 15, 2008. Accepted February 16, 2009)

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.
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B. RANKL & OPG Gene Expression
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그림 1. 활성화 전 조골세포와 대식세포의 세포배양 (co-culture)에서 파골세포의 활성 분석．　

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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Ⅲ. 결 과
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그림 3. VIP처리, VIP처리 및 물리적 자극을 가한 후 의 RANKL/OPG mRNA 변화.

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)
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그림 2. TRAP-positive 인 핵을 ３개 가진 파골세포 생성 확인(A). VIP처리 후 형성된 파골세포(B). 

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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