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Fig. 1 Characteristics of osteoclasts

Osteoclasts showed the appearance of giant multinucleated cells with positive for tartrate-resistant acid

phosphatase (TRAP) staining (*). Bar = 10 uM.

Turneeulasimsuaiin weulawns 1 Wuiewladn
° v A aaa a o & &
inuthiluljisennisulasuingeniueulneenlanuay
vnnrglumaalmduldsnen (HY) warlupsueiuns
(HCO, ) nulwaas aranszgn'® lnavinausonnu
nldsmeu (H' pump) @ailu 'auuilsrenis 319
mazanuilunsaieanis aeaenszgn'® wanaini
L TRA ANENITANINNNITL AIBBNTDIFITULANT LA TUT
WHUAITUUBRTAAN D UTURDEDT LN ULARTIATIY (cal-
citonin) VNUBIALALITDINUNITAATLALYDILARLT I3
lunszl 1@en T9RsfUINIIYINIUIBILTAG A1NTEAN
Taan177unaulae F1998999UMAULAARY (actin ring)
o v & l/l, 1 o a PL?/"S
mbiigaa aenszanlal awnsoinneiuianszgnls

Tudumeunisazanenszgn wdsaniinszangnazans
Tu "ureUssIAuAl  uaee 19BuvisdusellsAues
nszgniivasivanagazgnies aelameulsl 2 ngx
fn T nau lUsAle  (cysteine protease) WA
wyisndivialalisity wieduend teulmilungs
989% inau Tulsfe Anuannd sluwsed aranszgnie
ulmleindue  ueulnidndninn Falaomad
ANENITAN AB LONLENN-9 AN Atyradeaulsd

o s vy = Yo o & &
Lﬂﬂr\quﬁqullﬂqr]ﬂ?qﬂqquﬂq?ﬁﬂmiﬂfﬂﬂ]mQﬂUﬂQL@uLLsﬁN

PIDANHUNNIBIUBINITVNBUDRaulaineT 1nan
lsfle  VEaLEENR  ANITDEUSINITVNNBIDLTAR

angnszgnle 717

[ [ <
MsWBUILLULERR anensean

[was aanszgnAnLiaainigas inaenly
' fY o a a s . =
ﬂqwnmmuml,um”l,mmm (myeloid stem cell) a3
[ 1 =l ar dl v =3 = a &
dunguiasaiui Fadiadesnialalulas-unalasuna
TALUANAINANNLEAS 319NTEANTNNRUINIAINLTARH
wwulmsl (mesenchymal cell) Inafiifaqs Amyattias
aalsznisnanilu usunsifiaeiea aransegnasil

1. N9 ANRANARANY NTIU ﬂ%ﬂ‘ffu LLﬂﬂLﬁl’fJé
(transcription factor) ﬁgl (PU.)

fgt funsu asddu uameiinuluisadsiu
fiflnressas Sadaden Tagvnurnfiiiaadasiunns
paLANNITULT MwadmadaINana winiandsznsg
989 Mg A0 NINITHUNNTL AvDanNTeNEITLRRaTAd
(cell surface receptor) ﬁmfaué‘”wi@‘[mw wlpimes (growth
factor) lunisnseRunsulls nanwaesLtaaRuILEATE
AR S1UIAARDA LTU ATLUUDULEN-T1e oW (M-CSF)

209



210 | Sriarj W CU Dent J. 2013,36:207-20

Hematopoietic stem cell

Osteoclast precursor

//

LT car g

\\\ /// » Mature osteoclast
TRAF-6 cFos

$

Bone resorption

'\

[|RANK 3D cFms 4 oPG

@ RANKL D M-CSF

Osteoblast/Stromal cells

s 2 msuis mwuaznis ' yarumelugasraadas arenssgn

Fig. 2

nsuls MNIBATAR ANENTTANABINTT TN Ae LEN-Te len uwazusdlauny nsimaasunle
ga0mad FadaReniinisl aweenuas Wyl Ay "unsameviuse yoman Eu-Tie e uavusdla
wnuiendaeu awiuaed aenszgn Ieausedlaunuay ¢ yanmduussAuLTadFuidnaad
aensrgni] WiussTrdussAuasusadlaunuaznsziunisiinusadd-se  wasnamle antulisAuns
asazmilgaiinis aseenves Euund1 Tag (@uuind1 azasugunisy aseenduiiu asasfluimad
aenszgn 1wl Ay i waziauueadladiu sy lusuidaaiy leRa Jwmaananaad 3
nazan uaz/vide e Insunsedlanszgnazusvdniuusadlaununagdudsnninged a1ansegn

Osteoclast differentiation and its signaling

Osteoclast differentiation requires the signal from PU.1, M-CSF and RANKL. PU.1 positive hematopoietic
stem cells can be activated by M-CSF and RANKL to become osteoclast. RANKL will send signal
through RANK on the osteoclast precursor. Interaction between RANK-RANKL will activate c-Fos and
also TRAFé6. Signal generated from c-Fos and TRAF¢ will induce the expression of NFATc-1, a key
molecule that regulates osteoclast related genes, such as TRAP, cathepsin K (CatK) and calcitonin receptor
(CalR). OPG is also secreted from osteoblasts/stromal cells and function as a decoy receptor and inhibit

osteoclastogenesis by preventing the interaction between RANKL and RANK.
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Fig. 3 Transcriptional function of PPAR

The function of PPAR requires the presence of RXR, a retinoic acid receptor. In the presence of PPAR

activator, such as thiazolidinedione (type II diabetes drug) and vitamin A (RA; retinoic acid) PPAR will
form heterodimer with RXR and bind to PPRE (PPAR responsive element). The sequence of PPRE is
AGGTCANAGGTCA while N could be any nucleic acid. (A; adenine, G; guanine, C; cytosine, T; thymidine)
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Fig. 4 Wnt and osteogenic differentiation

Whnt is a group of proteins that regulate behavior of various cell types. Wnt generates signal in two major

pathways, canonical and noncanonical pathways. In canonical pathway, A) In the absence of Want,

beta-catenin was degraded by the glycogen synthesis kinase 3b (GSK3b). Therefore, the target gene was

repressed. B) In the presence of Wnt, Wnt will bind to its cell surface receptor, Frizzled (FZD) and Low

density lipoprotein receptor related protein (LRP)5 or LRP¢ and inhibit GSK3b-induced beta-catenin

degradaton. Beta-catenin will subsequently move into the nucleus to induce the expression of osteogenic

differentiation related genes, especially RUNX2.
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Fig. 5 PPAR-vy requires for NFATc1 induction

A) RANKL induces osteoclastogenesis via TRAF-

6 and c-Fos leading to the activation of NFATc-1 and

up-regulation of osteoclast-related genes. The signal form PPAR-v is needed for the c-fos expression.

B) PPAR-y/RXR complex inhibits the function of beta-catenin resulting in the up-regulation of PGC1f3

expression. PGC1b will support the action of

mitochondria synthesis.
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Role of PPAR-Y in regulating

osteoclastogenesis

Wantida Sriarj D.D.S. (Hons), Higher. Grad. Dip. (Pediatric Dentistry), Ph.D.

Department of Pediatric Dentistry, Faculty of Dentistry, Chulalongkorn University

Abstract

Osteoclasts are cells that play a crucial role in bone remodeling. These cells are derived from
monocyte-macrophage lineage of hematopoietic stem cells in bone marrow. RANK-RANKL
interaction has been demonstrated to be a key mechanism of osteoclastogenesis, however, recent
reports revealed the novel role of peroxisome proliferator-activated receptor gamma (PPAR-vy) in the
regulation of osteoclast formation. In this review, the novel function of PPAR-vy in osteoclastogenesis
will be discussed. Generally, PPAR-y has been known to play a role in metabolism of glucose and
lipid, including promotes adipocyte differentiation and inhibits osteoblast differentiation. Evidence
suggested that PPAR-y could also work in accordance with RANK-RANKL system in regulating
osteoclastogenesis. The novel function of PPAR-y will not only expands our knowledge in the
mechanism of osteoclastogenesis but also suggests the correlation between glucose metabolism and

osteoclast formation.
(CU Dent J. 2013;36:207-20)
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