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ABSTRACT

Bone is continuously remodeled by osteoblasts and osteoclasts. Proper balance between bone matrix
formation by osteoblasts and resorption by osteoclasts is essential for proper bone metabolism and these
processes are tightly regulated by various hormones and cytokines in local microenvironments.
Osteoclasts are multinucleated cells that form only in bone and specialize in the resorption of calcified
matrix. Osteoclasts were derive from hematopoietic cells in the bone marrow and stimulated by receptor
activator of nuclear factor NF-kB ligand (TRANCE, RANKL). RIP is known as a potent therapeutic
agent with anti-inflammatory by activation of T cell potential. However, the regulatory effects of RIP on
osteoclast differentiation are unclear. In this study, We examined the effects of RIP on osteoclast
differentiation with respect to bone resorption. RIP negatively regulates TRANCE-induced osteoclast
differentiation. Expression levels of RIP are significantly reduced by TRANCE during osteoclastogenesis.
Overexpression of RIP in bone marrow-derived monocyte/macrophage lineage cells (BMMs) inhibits the
formation of TRAP multinuclear osteoclasts. Furthermore, overexpression of RIP in BMMs attenuates the
gene induction of nuclear factor of activated T cells (NFAT) cl and osteoclast-associated receptor
(OSCAR) during TRANCE-mediated osteoclastogenesis. Taken together, our results suggest that RIP can
act as an important modulator of TRANCE-mediated osteoclastogenesis.
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2.4 RT-PCR assay
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Figure 2. Observation of gene expression during

osteoclastogenesis.

a) RIP expression during TRANCE-induced osteoclastogenesis

b) RIP expression during TNF a-induced osteoclastogenesis

¢) RIP and osteoclastogenic gene expression
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Figure 4. RIPs overexpression in BMMs

3 a4 8

RIP2 TRANCEd| 93 F=¥ s=Ax9 £3}
HFAFo| ddfol st St AdEAT £
Al RIPe] @dsjes RT-PCREZ A3 Az RIP
< BIAE T 1GATH 3IARNA 2E
Fol MAs Fasta Stk olHd TE FHL
TRANCE®l| 93 RIPS] wlo] Aef o Slvk+=
S0 £3ke 2719 RIPE A 29 £37}
AP Fees A1 lda & 5 Ao wet
A, RIPe BEAE FpEd A7 -S4 29

T3 AT
TRANCES} TNF-¢ 8 FA Aol 9fs) Fx5
= FFAE Aol RIPY TdIHEL TRANCE
of e Fx¥ FTAES FINA dEtus T
P43 FYstth. TRANCES® TNF-«¢ & &4l
Aol ofel FE¥HE dEA L RPE FLds
ol = TRANCEY| 93 F=% I=AHE9 A3 <&
B3 Fdath A E3o T8 AR
Akl NFATcl 3 OSCARE RIPS] o] <3
Lol Aslde FAstitt
| 9% A&7} Sokeke F
2

et

h:\
r
gl
fuf
ok
ol
2

L o

>
ot
i
CEL
N

21 g o g AL
= 7lheta o RIPS stEAz E3tzdd o
g 7132 wgoEn E AW IoEs-d4
T oy TuTTEDA AF A=A NEE S8
7bed AABAL EdEs ARAET oy
BAEH 22 AhaY 48 5o 954 d¥9s

5 AlFsta .

RIP1 #@d vpg~ mds A2 ste] TRANCE

- 572 -



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 10, No. 5, pp. 567~574, October 2015

2 FYsta vpg29 FUEE ZAEA FIA
x| Bstet TrEFY A Iy AR Vw
S 9% 4 Jupd RIPL A X9 E3E o
Aty ToFEy 2o Zad A4 854
2 AEE g g gdn

References

[11 W. J. Boyle, W. S. Simonet, and D. L.

Lacey,  Osteoclast  differentiation  and
activation, Nature, Vol. 423, pp. 337-342,

2000.

[2] H. Takayanagi, Osteoimmunology : shared

mechanisms and  crosstalk  between  the
immune and cone systems, Nature Reviews

Immunology, Vol. 7, pp. 292-304, 2007.

[3] H. Yasuda, N. Shima, N. Nakagawa, K.

Yamaguchi, M. Kinosaki, S. Mochizuki, A.
K. Yano, M. Goto, A.
Murakami, E. Tsuda, T. Morinaga, K.
Higashio, N. Udagawa, N. Takahashi, and
T. Suda, Osteoclast differentiation factor is

Tomoyasu,

a ligand for osteoprotegerin/osteoclastogenesis
-inhibitory  factor and is identical to
TRANCE/RANK, Proc. Natl. Acad. Sci. U.

S. A, Vol. 95, pp. 3597-3602, 1998.

[4] B. F. Boyce, T. Yamashita, Z. Yao, Q.
F. Li, and L. Xing, Roles for
NF-kappaB and c-Fos in osteoclasts, Journal
of Bone and Mineral Metabolism, Vol. 23,
pp. 11-15, 2005.

Zhang,

[5] T. Koga, M. Inui, K. Inoue, S. Kim, A.

Suematsu, E. Kobayashi, T. Iwata, H.
Ohnishi, T. Matozaki, T, Kodama, T.
Taniguchi, H. Takayanagi, and T. Takai,

Costimulatory signals mediated by the ITAM

- 573 -

motif cooperate with RNAKL for bone
homeostasis, Nature, Vol. 428, pp. 758-763,
2004.

H. Takayanagi, S. Kim, T. Koga H.
Nishina, M. Isshiki, H. Toshida H. Saiura,
M. Isobe, T. Yokochi, J. Inoue, EF,
TW. Mak, T. Kodama, and T.
Taniguchi, Induction and activation of the
NFATcl  (NFATc2)

signaling in terminal

Wagner,

factor
RANKL
differentiation of osteoclast,
Cell, Vol. 3, pp. 889-901, 2002.

transcriprion
integrate

Developmental

E. Meylan, and Jirg. Tschopp, The RIP
crucial of cellular
stress, TRENDS

Vol. 30(3), pp. 151-9, 2005.

kinases: integrators

in biochemical Sciences,

T. H. Lee, J. Shank, N. Cusson, and M. A.
Kelliher, The kinase activity of Ripl is not
required for tumor necrosis factor-a-induced
kB kinase or p38 MAP kinase activation
or for the ubiquitination of Ripl by Traf2,
J. Biol. Chem, Vol. 279, pp. 33185-33191,
2004.

K. Shimada, S. Chen, P. W. Dempsey, R.
Sorrentino, R. Alsabeh, A. V. Slepenkin, E.
Peterson, T. M. Doherty, D. Underhill, T.
R. Crother, and M. Arditi, The NOD/RIP2
essential  for host

pathway is defenses

against  Chlamydophila  pneumoniae  lung
infection, PLoS Pathog, Vol. 5(4), pp.

€1000379, 2009.

L. Moreno, S. K. McMaster, T. Gatheral, L.
K. Bailey, L. S. Harrington, N. Cartwright,
P. C. Armstrong, T. D. Warner, M.
Paul-Clark, and J. A. Mitchell, Nucleotide
oligomerization domain 1 is a dominant

pathway for NOS2 induction in vascular



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 10, No. 5, pp. 567~574, October 2015

smooth  muscle cells: comparison  with
Toll-like receptor 4 responses in
macrophages, Br J Pharmacol, Vol. 160(8)

pp. 1997-2007, 2010.

[11] K. Moriwaki, and F. Ka-Ming. Chan, RIP3:
a molecular switch for necrosis and
inflammation, Genes Dev, Vol. 27(15), pp.
1640-1649, 2013.

2]

=

SEAE £3HA RIPY 715

SEX]
WA Sz Hpo]2. - oY 55}

8 <

W x&Fon 23 XY 3 AEd 93 7
zagEn. W EYAE FAHste 2 Axe} W
£ F5dhe 32 Azl AHA fa o] w oA
of doln, oyd AAL FHAQ wA A
A TYd S2EF A EFRIY 9]‘H 244 3
z Axe mow 2X5te b8 Axzeon A3dq
FrE AToR e Axolth #E AEE F50

Zd MEA AP, nuclear factor NF-xB
ligand (TRANCE, RANKL)®] =& Al & A=
o] Ak RPE T MZY &A4stel] o3 A<
g dF9 A AzAZ gyA o a8y, 7
T Az E3oA RIPY A3 Edes EE9si
B AFME Z F5 U g2 AE £ oA
RIPS] &2 2A} 39t RIPL TRANCES] o3 &
=8 3F AX B35 Adstd zdet JIAE
w} S RIPY Wd 42 TRANCES] 9j3f 4
33 Zadt. F5 F GAFAIAZ AFY A
i(BMMS ol RIPE #FddA7|H TRAP tjdl wtz
AEe F4E JAZDT £33, BMMslA RIPY I
¥ TRANCE $% o2 Azo 23 59ko] NFAT
Cl 7 OSCAR Tr{ Ao BFd FEZ A oy
3 AFZRE RPL TRANCE §& 33 Az £
23 A5 48E & £ eE AR

K

- 574 -

i

2 =52 2010¥% 79,‘:' S35y &R0 A
Yo FxdFATGY Ade o} FIYH 2
AFAL Y (No.2010- 0004620)

Junwon Lee received the
bachelor and master’s degrees
in Genetic Engineering from
the PaiChai University in
N 1993 and 1996, respectively.
He received the Ph.D. degree
in the Department of Biotechnology from
Yonsei University in 2001. From 2002 to 2004,
he was a researcher at University of
Pennsylvania School of Medicine and University
of Pittsburgh. He has been a professor in the
Department  of  Biomedicinal  Science &
Biotechnology at PaiChai University since 2008.
His current research interests include functional
materials for disease and biological convergence
systems. He is a life member of the KKITS.
E-mail address: junwon@pcu.ac.kr



