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= Ol
= MAMEOA o2 02 X 2] SF NF—«B2t
1
c—=Jun/AP—1 XA} 2IXIO| H75 8t
AA . UL - BT AT - Hue
ZFEg ety o He A d mdt, At Adute 28 JE el
S 02 dAMEAM Chs 2HTF UXIS| 3V|E HE 0y DI2UXE0| NF-4B2F c-Jun/AP-1 & X3t O|X[= &
2 SHESILR; ok
CHAM ¥ W C57BL FQ 2+ IMMEZSRH IiE EFMEE HiY5i0 PMMA (po\ymethy\methacry\ate) AHE,
polystyrene, titanium YAt ¥ Mt FAIHMES o1z 2P R|ehs 2FXOfM A FSF DL R0l CHSF NF-£B2}F c-Jun/AP-
1 M AL QIXEC] DNA binding activityE electrophoretic mobility shift assays (EMSA)2 2 %ma.
Aop: =4 AARY PMMA 2XEQ} polystyrene YAH= LIS A (endotoxin) S80S, titanium UXERE BHXFOIM A F S

02 A X SA0[QUCE PMMA X0 2fs NF-,B2F c—Jun/AP-1 &3 L= 7520, 55| A= 302 = 0.6 mg/mlof
M EHO| BtE S LIEFLHACE S polystyrene, titanium YAt FE0F DF2ARE R0 5|5 NF-£B2F c-Jun/AP-12]
SELE ST LS4 F7H Al & 40%2| 2EE7F ZAE AL
B Uz MMM YRt =Y PEWOI PMMA X}, titanium &}, po\ystyreme % RO =55 02X 25 ot
ZMHE 23 A 2450 528 F MSHL HA QU NF-4B2 c-Jun/AP-1 AL 2IXFS] DNA binding activityE S7HAI7 Q1A
o] ClZ A 9| ZEal 71T NF-,B2} c-Jun/AP-1 AL QXte ER26t Age & 22 A2 E ),
AMOICHO|: A} QIXE NF-4B, c-Jun/AP-1, OF2 X}, Tb2 MM E, Electrophoretic mobility shift assay
N B2 HAo= v AFAEE 23t E SAsARIT, A
2 A E WA o] Fofsl= MEY] 7] g2 A} 1A} NF-«
shmeiAel ol AFHAE F9) B AFHA A Bek cJun/ap-10] Fasicha SEIE”. NE-eB 2 <l
AeE T B2 QTRAE] Y2 AP P AR Fshol BFAo|v, NF-«Be] &5} At
A7k EA7L Aok, ol#dt WA FAa M (bone loss)& Q1 3P pREIA el o7k dp=AIE BAo] AskA] et

FRAEN Bold Lhe vpmslapol ola) sz 4
A} B3} Z200] WA, Rl ARAE, 2
FAE D 7)1 AN (stromal cells) oA TFEA| E o] B3}E
BA3IAT)= 1A, IL-6, TNF-ea 529 g5 AT cytokine
oA (proinflammatory cytokines)Z} RANKL (Receptor
Activator of NF-«B Ligand)g AAdsle] 7 & o2 d=

A3 A (osteoclastogenesis)S EZIA1 28T ofUg) 2]
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Hasge?. AP-1 (Activator protein-1)2 dimeric
complex® A% subfamily2+& Fos, Jun, ATF¢}
CREB 59| 2lt}, 0|5 FosAl] c-Fos¢t Jun Al¢] cJun A
AL RIZZ} sbEA|E Aol T a6k, APA O R c-Fos &
£ cJun knockout mice® FFAEE FAJoHA] 3l =7
315 (osteopetrosis) 0] BHAYEITIAL SFITEY. o] of] AAE-&
chopat =719} A o] vk At 5 ATAES] NF- 4B
o} c-Jun/AP-1 &g ste] v x| J3F-s Bl al #st it
CHAF 2

HjEH
o o -
1. BEE XL

PMMA {J#} (Polysciences. Warrington, PA, U.S.A),
= B 6.2 pme] AAGE 2= FHOE 95% o]/do] 10
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LEA - HEE - oM T ANGE - 2EE
pmolsle] 7|9}, o] & 1587 100% ethanol2 A1
(x4) overnight2 &7} SIAIZ1 & PBSE Ao (x4)
serum free MEM2 2 resuspends}il -20°Col] R#3}9)
t}. Titanium YA (Johnson Matthey, Wayne, PA,
USA)E H4 21 pm 7|2 AR Y B T
9, 4 == EHT FH A3, polystyrene
(Polysciences, Warrington, PA, USA)2 7302 3
#4701 ume) AFE 27 S F2F vl
AR sl vhwe} Sl Avjd FAUEY 18
A Sz F2po QFgBHF 9] 225 Margevicius 57
of ez Relato] Aglen] Decking 5o Mo
2 A8t scanning electromicros copy (SEM)2F H
0.87 #m Z7]%3L, energy dispersive X-ray anaylsis
(EDX)¢} (X-ray photoelectron microscopy (XPS) A}
& 85%0]7¢0] CoCro] At

2. =4 HAFS HA

2E vl dAE Limulus Amebocyte Lysate (LAL)
assays &3l Wsa HAAE shlar, PMMA 94 9
polystyrene2 &40 o1} titanium YAFS} Fhz}of A
FEe oRAE Sa B A0l s A
71 Ragab 59| W o2 A7 st {iet.

3. ut= M R F

AT 4-659] CSTBL #9) BHRRE B4 AT
(bone marrow macrophage)& @o o|u] W@ Wy’
ol e} s AT AL W ct. oHeaha o] o
= 9 BES MEMO.E A& 3te] 42 ZFA| X M-CSF
(1000 U/mDE Y3l 37°C, 5% COz0lA 24A17F vl &
100 mm* 4|3 vjF§-7]o F2d 7|AAEE A7 st
BASEA] -2 A EE-E Ficoll-Hypaque gradient 824 o]
Y1 Q4] sl monocyte/macrophage Al Qo] A3
A9t} o] 2 «MEM (heat inactivated 10% FBS) .2
2F3 3 M-CSF (10 ng/ml)g 2aL 37°C, 5% CO,°l
HjFat itk M-CSF= 249 1402 Fofstd AESL
£ 7|nteto) B&3te vj9k 7U5E monocyte-specific
anapthyl acetyltransferase activity7} 99%°]4F B Qi1
M-CSF A AA] 72A17F Ulol] BE AEE= APEEEI o]
23t M-CSF dependent bone marrow macrophaget®
ok 394 RANKL (Receptor Activator of NF-kB
ligand)E wFE YA} Fof A x|t v 444 mtELY
A Fofdto] upR At thet v AFAMES] vheS
wEe A

o o

4. s THEHA 28] (Nuclear extraction)

g AFAER S QA E rfRYAS Fo F,
ice-cold PBSE F ¥ A& ¥ 5 mM EDTAS} 5 mM
EGTA PBSE §7] vigel A& A5 oot
3000 rpm 2. 2 1037t 4°CellA] A4l &2 ¥, hypotonic
lysis buffer (HLB) A (10 mM HEPES, 10 mM KCL, 1.5
mM MgCl, 0.5 mM dithiothreitol, 0.5 mM AEBSF, 5
ug/ml pepstatin A, 5 ug/ml leupeptin)& 15%3F &
Lo A WHEAIA AEE §stL 10% NP-405 ¥
0.64% T2 W=}, HLB A%} nuclear extraction
buffer AZ o]-§-3to] 3 A EF S dg Fe|stirt.
A4 B2 F, ALA w9 AL At o] de 3 gl
pelletg nuclear extraction buffer B (20 mM HEPES,
420 mM NacCl, 1.2 mM MgCl, 0.2 mM EDTA 25%
glycerol, 0.5 mM dithiothreitol, 0.5 mM AEBSF, 5
ug/ml pepstatin A, 5 ug/ml leupeptin) 2 A&E-F35}o]
3043 0°CollA] ¥Hg-AIFATE 15000 rpm &2 5% U4
B & BgAS A FHo| ¥ BCA kit (Pierce,
Rockford, IL, US.A)ZE @ g5 FFsI3tt. BE
wha e EMSA A7) 80°Cell Bkt gict.

5. Electrophoretic mobility shift assays (EMSA)

Z}z}o] AE 10 ug?] M A8 20 4 binding buffer
(20 mM HEPES, 100 mM NaCl, 0.5 mM dithiothreitol, 1 pg
poly dI-dC, 10% glycerol)o|4] TNF promoter2] kB3 sitel|
A 92 5 “AAA CAG GGG GCT TTC CCT CCT C-3 7]l
92] NF-kB end-labeled double stranded oligonucleotide
pobe} c-Jun/AP-1 oligonucleotide (Santa Cruz, Santa
Cruz, CA, US A9l 2-&ollA 6083t wH-g-AIZH, o] 2 4°C,
4% polyacrylamide gelollX A7) G5 T, gelS D] &2
A1 FAFsEct. @4 52 Biospectrum densitometry
(UVP, Upland, CA, US.A )%} VisionWorks program (UVP,
Upland, CA, US.A)Z o]&3lo] A2 295 3130

2 1

BE uRYAE o] &gt AF H, PMMA YAE o]
stof ub= AFAZ A NF-«B&} c-Jun/AP-1 A} 1=}
2] DNA binding activityE A&3s}c}t. PMMA 0.6
mg/ml (4.74x 107 particles per 15x10° cells)& 3= A
TAIE] Fo] 302 Foll NF-«B (p50/p65)e] &F=E
ol v A F7Fekdrk(Fig. 1). 3 PMMA ¢
ZH0.6 mg/mD)Fo] & NF-«B2] p502} p65 subunit
dimer®] DNA binding activity= TNF X+ RANKLZ}
2ol tfxTe Hls} A FrlstPon ol Fold
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g M
PMMA & X0 H]d (dose responsive)st AT, c-
Jun/AP-1 AA} elx}2] DNA binding activity= TNF,
RANKL X+ NF-#B} 0] PMMA 7} 5o 308 %
dizzol sl 27 Z71a ek(Fig. 2). & Ao 06
mg/ml PMMA 94}, 1 mg/ml titanium A}, 10 #/ml
polystyrene 2 0.2 mg/mle] &% vlZ Y x}o] 3t z+
Z}o] NF-«B2] DNA binding activitys thZtel 4|3}
B5 F71etRe, §3] densitometry’d FEE vlEY
A Wm2 AA A oF 40v%e] BFEA} et elct
(Fig. 3). 3k c-Jun/AP-1 ZA} QIAbe] S5+ g2
ol vl&] &8 vt YA}, titanium YAk, PMMA A 2
polystyrene 25 245 30% ¥ dlz2el ®|3] $718Hd

NF-kb (p50/p65)

Free Probe

Control 30 min 1 hr 2 hrs 4 hrs

Fig. 1. PMMA particles (0.6 mg/ml) activate NF- «B (p50/p65) in
osteoclast precursor cellsfor thetimesinterval indicated.

Control PMMA Ti PS Retieved particles

TREATMENT E( ) (+)
TIME(min) 30 30

Fig. 3. EMSA shows increased NF- «B (p50/p65) activity by
PMMA (0.6 mg/ml), Ti particles (1 mg/ml), polystyrene
(20 zd/ml), and retreived particles (0.2 mg/ml) in osteoclast
precursor cells. The activity of NF- «B by endotoxin-
positive retreived particles was higher than by endotoxin-
negative particles. (PS: polystyrene, E: endotoxin).

MIZZ0f| M Of2f DF=

Ktofl 2/t NF-4B2t c—Jun/AP—1 TAL QIXte] et

3, W54 AlA Al cJun/AP-12] DNA binding activity
© °F 40% FF28t vk (Fig. 4).

S oz g SEE!
do 7= 7HE &3 S sl el(loosening) 2] Alo]
71% s, e dd F9 T 8Ee B e A
PEZ A BB whR At i3l ¥Hg-sh= W]
o] Aol FAEY] LR I Vo] HZ A&
WA 3 ek, 53] AWl ZFE Fdete =

PMMA (mg/mi)
TREATMENT ~CONTROL TNF RANKL 02 04 06
TIME(min) 0 3 3 3 30 30

TREATMENT ~ CONTROL TNF RANKL  VMA
TIME(min) 0 30 30 30 60

[~ TR oy

Fig. 2. PMMA particle exposure stimulates nuclear trandocation
of the p50 and p65 NF- «B subunits in dose responsive
manner (above). Also, DNA binding activity of c-
Jun/AP-1 was markedly increased by PMMA particles
(below). TNF (5 ng/ml) and RANKL (20 ng/ml) served
as as positive controls, EMSA of nuclear extracts were
prepared from osteoclast precursors after 30 minutes.

c-Jun/AP-1

Control Retrieved P Ti PMMA Polystyrene
TREAMENT E(-) E(+)

TIME(min) 0 30 30

30 30 10 30 60

Free Probe

Fig. 4. DNA binding activity of c-Jun/AP-1 in ostoeclast precursor
cells was increased by retreived particles (0.2 mg/ml),
titanium particles (1 mg/ml), PMMA (0.6 mg/ml) and
polystyrene (10 I/ml). Particle-induced c-Jun/AP-1 DNA
binding affinity was significantly reduced in the absence of
endotoxin. Nuclear extracts at 30 minutes after polystyrene
exposure shows amaximal response.
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USM - FEE  BNT - AMY - H2E
Azl #3} 9 Ao AAAQ &S 3t= RANKLE]
Ao s F8s)o] a7l digh Ag4 A7+ Al
1 =t RANKLL osteoprotegerin ligand (OPGL),
osteoclast differentiation factor (ODF) B+ TNF-
related activation-induced cytokine (TRANCE)Z}al &
2]-¢-m TNFA 9] cytokine & SZAEE B3} L &A
sPAIZIT, SRAE, 7|AAE T T AlE7E Evlste
RANKLe] A3 ¥ A@dFA+= =743t50] A,
RANKLL nuclear transcription factor kB (NF- «B)&
o] s A S Ba AT

NF- #B= TNF- &, lipopolysacchride 2 w}& ]z}
o ti3ll 2719l ¥vk-g-3= XA} (early response gene) o]
o NF-«B1 (p50/p105), NF-«B2 (p52/p100), RelA
(p65), RelB, c-Rel 5 Rel homology domain (RHD)S
255k O 2579 subunito 2 FA4E0] 91 215 W
Aquk-e M EAA, MEAIE (apoptosis), GSHHS- Bt
oz} oF WA= #ofithal R uHUTH " AIE ¢ 2t
o] 912 wii= AlEZ Yol 1#B (Inhibitor of NF #B)2}
Asts] 901, RANKL, TNF, lipopolysacchride 2] A
X 9] A=o] Qo™ 1«B ika Aol &Adstel | 1B
9] tyrosine 9717} QlAkslE o] 1By 26S proteosomeo]]
o3 AA=EY, F2lE NF-«BE AX3 Y2 o]F3sto]
DNAS$} Ag}s}o] target gene@ @ of] doghe} ", o7
HI1Ee| o5tH PMMA 97}, titanium YA 2 %
ol gATT Ao 25 I AAE e I AAE AEF
(ANA-1, THP-1)oll4] NF-«BE &A3}A|7Ittar 31 ict.
Asd- 7P & ntR A Z 2 polyethylene & A
NEE F3AA 95 AFaRds s, S2A
oA RANKLE fre|AA s2AE FA4S ST
g

3tA% polyethylene ] |52 v A Hr} 453] 2o
Al ZrfeFel 9o FoF(floating)st™ AE wjet87] vl
ol Al ztet= A MES HF A o] H7] wfji ol
polyethylene vl 2 UAE o] &3t Ay ZRZHoZ 3l
A7} ek, kA B A2HE2 polyethylened} Aol B
Sal AW weh wFo] 2 o4 FelE AFEEE
polystyrened A3 oll A8}, =3 vpR YA}l o7t
NF-#Be] 24518 S9at7] 93 017l in vivo® 2 in
vitro Ag@Vo|A FA| S 0|83 NF-«Bo] &3} zpcko
2 whwglAfol te SEAEe ¥} olAl} FHEL
B AF oA NF-4B p509 p652] DNA binding
activity® B310] 1 HEE7} ole] F5] v Al
o3 F7HE Aoz v ATt o8] NF-«B subunit &
p508} po5E AT o] o|v] B YR titanium ¢
Aol PMMA QA ol 2]t pS02} p65 subunite] 433}
7} 82l 9l 3L, Soloviev $2& titaniumEg ANA-14]E 9|
FoJste] pl0sE #E AT plosE pS0F p657t 2

g AT g do)7] wiiZo|tt, Zejut R mE

£ subunitE E33F subunit7te] BF = x}o]of s
A= o2 Bard vk glom, 7} subunit®] 7]54 A& b
oo 3= FF A7t D asittal Az

AA} o1} B AP-12 Fos, Jun, ATFS} CREBO.Z
TAEH A2 54, Z3t 2 APE Foll FELdsH &
ofal= @ dolt}t | NF-«Bg} vp7HA| 2 dimerd ] 2
ZA5HH, o] = Jun (c-Jun, Jun B, Jun D) ¥l A3} Fos
(c-Fos, Fos B, Fra-1, Fra-2) ©t¥ Zo| g}ZA|E o] &3}
2ol 5 a3t 2 asge,

Growth factor, cytokines, polypeptide hormone, Al
T2 93 RANKL 59 3o 98] MAPK (mitogen
activated protein kinase)= A3} =31 c-Jund & W=
olFsto] frAA g A} A e-Jun E= Fos7t
knockout® HE FA T2 FASHA B8 A3} o
oy, H Ikeda 'Vl 2]5}H RANKL-TRAFG-
MAPKK7-JNK1& %3] c-June] Foss} Adtatn o=
NFAT (nuclear factor of activated T cells)E ZAJ3}A]
kil G B Ao s oY T/ vt YA
oJ3l NF-«B ¥4t ofz} c-Jun/ AP-1% &4dstE]o] F
NS HAGA AL vpR AR ofgt sZ A X #3377 o
doAFHs & A

Shanbhag 5 w2 UALe] A7), Z2AF FHA |
w2} YA A E ] IL-1, PGE, #H|¢} F&F a3} o=
thal Bashglrh, B Ao EA X3 f5o o
#29 vlu el ke of7 nhRlATe] NF-#Bs} c-
Jun/AP-1 &7dste] A4 xpol& BluwdtA] eFgto |, o]
© AR E PR YRR &7Fo] gt &4 589 Aol & ]
w7t B7bss7] wizol A

Titanium YA} Eatell A FE3 R YAE HEA
AAPE 43S derddde, Wsae AARe 2 I
= AZE 23} 9 @A, A3 T4 =83
AN W=49] Ao tiair= ofF SsHA ¥WalAA|
eFgtort, Cho 59L& W49 npR Al H-2-2 24| 2
o] TNF- g IL-1 8¢} IL-1 ¢ &] B4 FA S7HA 2oL 8t
9, & Ao 2 shrdael s g 277
o]Z A7 Al NF-«B2} cJun/AP-1¢] BE3H4] S =7}
oF 0% 7SIk AT uigle Aew ¥ 4 3l
ot ol 1F#E T4 =839 AET BT HE
93]7] $18 NE- «B} c-Jun/AP-1 o] 9] 9] T} A2 E &
gk mp R YAte] ah3 A2 3 22 BHe| Xl NFATS]
Aol haiA= FF A7 8T 202 Alm €t

a2 B
st 243 2719 o mRYAES g ATAE
o)A NF-«B¢} c-Jun/AP-1 A& A A 7 (signaling
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pathway) & &4d3i1 700, 53] dafidt dsad St

A FZ9 R dAE T HA} ¢1Ake] DNA binding activity

= =
=

s7H71E Aoz vehd, vpRlate] gk Ao oF

EE) _z'__c'q ,gx__g_{gﬁ 1Y 7])&0]] NEF- ICBQ]— C—JUH/AP‘l Az
GAAE o8 9T G Ao AR
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Activation of Transcription Factor NF- «B and c-Jun/AP-1 by
Various Compositions of Particlesin Osteoclast Precursor Cells

Yong Sik Kim, M.D.*, Soon Yong Kwon, M.D.*, Suk Ku Han, M.D.,
Jae Young Kwon, M.D., and Nam Yong Choi, M.D.

Department of Orthopaedic surgery, Kangnam &. Mary’' s Hospital*, &. Mary’'s Hospital /,
S. Paul’s Hospital, The Catholic university of Korea, Seoul, Korea

Purpose: This study was performed in order to investigate the effects of various particle preparations on NF- «B
and c-Jun/AP-1 activity in osteoclast precursor cells.

Materials and Methods: Osteoclast precursor cells isolated from C57BL mice were treated with PMMA
(polymethylmethacrylate) spheres, polystyrene, titanium particles, and retrieved metal particles from failed
cementless total hip replacements. NF- «B and c-Jun/AP-1 DNA binding activities were analyzed using
electrophoretic mobility shift assays (EMSA).

Results: Commercially available PMMA and polystyrene spheres routinely showed negativity on endotoxin
assays, but titanium particles and retrieved metal particles consistently showed positivity. PMMA spheres, with a
maximal response noted at 30 minutes with an optimal concentration of 0.6 mg/ml, were potent stimulator of NF- «B
and c-Jun/AP-1 activity in osteoclast precursor cells. Other particles (polystyrene, titanium, metal retrievals) also
activated transcription factor NF- «B and c-Jun/AP-1 compared to controls. Endotoxin removal from retrieved metal
particles diminished the biologic effect by approximately 40%.

Conclusion: Particles of various compositions and sizes (PMMA, polystyrene, titanium, and retrieved metal
particles) activated the NF- «B and c-Jun/AP-1 signaling pathways. This suggests that NF- «B and c-Jun/AP-1 may
have important roles in the pathogenesis of periprosthetic osteolysis.

Key Words: Transcription factor, NF- #B, ¢-Jun/AP-1, Particle, Osteoclagt precursor cdll, Electrophoretic mobility shift assay
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