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Effect of Polyethylene Particles on Osteoblasts in Pathogenesis of Osteolysis

Woo-Suk Lee, M.D., Chang-Dong Han, M.D.*, Sung-Jae Kim, M.D.*, Eung-Shick Kang, M.D.*, and Jong-Chul Park, Ph.D.'
Department of Orthopedic Surgery, Konyang University College of Medicine, Daejeon; Department of Orthopedic Surgery*, Department of
Medical Engineering', Yonsei University College of Medicine, Seoul, Korea

Purpose: To determine the role of osteoblast in the pathogenesis of osteolysis, we evaluated cell proliferation and differentiation of cultured
osteoblasts by adding retrieved polyethylene particles.

Materials and Methods: We cultured the osteoblasts primarily isolated from rat neonate calvariums and then added polyethylene particles
retrieved from osteolysis tissue. We evaluated cell proliferation, alkaline phosphatase activity, the expression of Type | procollagen mRNA,
the expression of osteocalcin mRNA, bone nodule formation, and the expression of osteoprotegerin (OPG) mRNA and receptor activator
of NF-kappa B ligand (RANKL) mRNA according to culture periods.

Results: Particle groups showed statistically significant decrease in cell proliferation after the 7th day. The expression of type | procolla-
gen mRNA increased on the 14th day. The bone nodules appeared at the 7th day and increased with time. There was no appearance
of bone nodule in the control group. The expression of OPG mRNA in particle groups was not changed. The expression of RANKL mRNA
was significantly increased in high concentration particle group (4 mg/mL) on the 14th day.

Conclusion: Polyethylene particles ceased the proliferation of osteoblasts and produced early extracellular matrix maturation and miner-
alization process in vitro and increased the expression of RANKL promoting osteoclast activities.

Key Words: Polyethylene patrticles, Osteoblast, Growth, Differentiation, Osteoprotegerin, Receptoractivator of NF-kappa B ligand
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A 9tk E3 osteoprotegerin (OPG)2h= whil @S RANKL
FEA9 FAKEE 234 A2 RANKL 7 21844S 7}
A 93 RANKLSF RANKS] 2H-& A3 osteoclasto-
genesis inhibitory factor (OCIF)Z L&A 3o, &4 74
& OPGYS] RANKLZFEE Ea 2dAE 4 gopsisina
B AFAM T WX FopEE vlFetHA EFd g n)
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gdes AEE Sxte] ZEE
Bl A 2AS AF st A A2 T, papain £4S H7le)
o] 65°CollA] 24478 Fo 23pA7] & 2 YA Beety IS
of 2ol Zjeldd nprHS Bl f . Fap A2t Hr)A
(Hitachi H-500, Tokyo, Japan)A #2]9 ZZjd€d vlrH
o] A7 H4 04 (01-14) umo]em, 92% olAto] 1 um
ottt Fele AfrHol 1%, T3l 9% E ol %“'ﬂ
oy, T8e)2H 1 gmY HlE Zeldgd vpH 4
56x10° (22x106 12x10") 7] o1 k(Fig. 1). 9%(10 mg)
AL AR &
(ESCA, Quantum 2000, PEL, MN, USA)& o]&3}ld], 239
an]]aail npR o) slehe AR Folsiiny. yrA] Ego)
PIREE oehgS ST F ujdele] e S WAe

7] -rIEH/\‘] 10% $B)€3(Sigma)dl & ste] 1.0, 20, 4.0 mg/
mL9] FE7t HEE ujokadls FH|sksTh

< electron spectroscopy for chemical analysis

0|-k|| o| —-—El =] H|.|0t
A% 19 o€ Sprague-Dawley7l 79| /=AM 713
ZAE A AE 3 @489 (collagenase 2 mg/mL, DNase

Fig. 1. Scanning elec-
tron micrograph shows
polyethylene particles
retrieved from osteol-
ysis tissue (% 6,000).
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[ 01 mg/mL)dll ¥ @AFHSE §44E 9t ol
MEE 10% FHEA, penicillin?} streptomycin (100 U/mL,
Gibco BRL)©] 3+ low glucose Dulbecco s modified essen-
tial medium (DMEM)2.2& 75 cm?® Hj<k&7)d] Qo] 37°C, 5%
COz w71l A gl Tt

3. AT U ME SAME(cell proliferation) &

A3} v kE ZolH XL E E4A (hemocytometer) & M E4E
279 thy A7 100 mm ¥jYE7)o) 1xX10° cell/mLA #5
& % 10% FHEHol T DMEMOIA 2-397F Wi, &
gl plRAHS 10, 20, 40 mg/mLE Foia}a Wik 7, 14,
4| 32 9} HH“"-E‘% FJO}‘I] w717 FEe] wE wst
R :ZLE 2 Bt

Do
—
4
2
>

4. Alkaline phosphatase EME £M

W% 7, 14, 219A) 7 Wi &1 wlgdS WAL ik
dzgaz A A5t 3]4H substrate solution (pH 9.8, pn-
itrophenylphosphate, 25 mM) 1 mLE& #7}ste] 1587} 37°C

ol A H&A]?ﬂu} IN NaOH 1 mLE #7lsle] W3S £44
oS 406 nmoA BHEEAR FHEE SAD F

Ny
M 401.

o] A7 AEFEE BA3IT

5 ZZA M EM(von Kossa HA)

vjok 7, 14, 2147l Zt v k271914 10% neutral buffered
formalin® 2 1587+ IAA 7|7 27542 A &3 & von Kossa
H(Sigma) & o3l Aot 2A-LE F3 A (0l
ympus, Tokyo, Japan)& o]&-3te] 40uj/dolA 2449 +5

2439,

6. M1& wAA0| cHE mRNA 2A(Northem blot anal-

ysis)

W 7, 14, 219400 AL 229 ToxE £ed
% RNeasy Mini Kit (Qiagene, Hilden, Germany) = A3}
total RNAE 22|51y, ¥FITAE o] 4314 260 nm<} 280
nmol X9 F3EE SAste] AT 2 2 total RNA
6 pgd Fst] A7|YF F 20xSSC £4(3 M Nacl, 03 M
sodium citrate, pH 7.0)94] Nylon membrane (Amersham,
Buckinhamshire, UK) 2.2 AF&0] 4} 20417} transfers}ith. UV
cross linker (Hoefer, San Francisco, CA, USA)ol A 120,000
UJZ RNAE membraned] ¥ A7) prehybridization A| Zth.
B-actin®] probedl] WA FHU23 [PP1E EAE) 31
redi-Prime labeling kit (Amersham)& ©]-23&} random pr-
imer labelingS AA5HT 218 7 Y29 sense primer (5
CAA AGA AGG CGG CAA AGG TC 3'), antisense primer
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5 ACG ATC ACC ACT CTT GCC AG 3)Z ulg oA
cDNA probe (1 ng/uL) 55 uLE Labelling kit= 47 4L
27 & & sty [ @-"PldCTP (Amersham)$ H7}st
37°C oA 1A17F B8k A probeE prehybridization
o 75t hybridizationg A8tk Hybridization©]
% Nylon membraned X-ray 259 A3t
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7. Osteocalcin®i| L&t mRNA £44(RT-PCR)

W 7, 14, 219700l AP 2] FoHEE e
% RNeasy Mini Kit (Qiagene) & AFE-3sle] E2]3} total RNA
2 pg¥ 1 pL2 random primers 432 %, osteocalcin cDNA
= etk e A WA 7hee] oDNA §of 1 uLel 10
pmole®] sense primer (5 CTG CTC ACT CTG CTG GCC
CTG AC 37)9} 10 pmole?] antisense primer (5 CGG TGG
TGC CAT AGA TGC GCT TG 3')& #Artst & =8g A
gy ¥ (50 mM KCI, 10 mM Tris-HCL, pH 9.0)& A7}
SATh FFEL AuHS(RT-PCR) S 94°ColA 587 WA,
94°CollA] 302 F<9F WA, 57°CollA 30% <t annealing, 72C

oA 1874e] FAHAE 303] WHESITE HFOZ 72ColA
87t N2 Alﬂ T W F 5 uLE Floo] 12% ag-
arose geld|A ST A AuES FA(PCR marker) 2} 7o) A

71%9Es & UV transﬂlummatorO}Oﬂ 42 & Fodsih 8-
actin® sense primer (5° TTC TAC AAT GAG CTG CGT
G 3), antisense primer (5 CTT GAT CTT CAT GGT GCT
3')& AHgste] gaColM 587 WA, aColA 30% 9k W
A, 60°ColA 30% =9t annealing, 72°C oA 40x7+] A=}
24_0_ 25§] H}-_‘;'_:‘]_Oﬂ];]. _;;q o= 72C°ﬂ/\‘] 8-:*7} 61-)& ]—%_% /\]
71 & A7]19%3t densityE 243} osteocalcin mRNA &)
density & H783k3ik
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Fig. 2. Particle group induces a measurable drop in cell prolifer-
ation of rat osteoblasts at day 14 and day 21 of exposure. Data
are the mean=+SE. *p<0.05.

0194 - BHE - 24T} 9 20l

8. OPG2} RANKLOI| CHEH mRNA £A4(RT-PCR)

WA¢] OPG (sense primer: 5 TCC CTT GCC CTG ACT
ACT CTT AT 3, antisense: 5° GAA CCC ATC CGG AC-
A TCT TTT 3')¢} RANKL (sense primer: 5 CCA TCG
GGT TCC CAT AAA GTC AGT 3/, antisense primer: 5
AAA GCC CCA AAG TAC GTC GCA TCT 3')¢] RT-
PCRE 94°C o)l 587 WA, 94°ColA 30% F<F WA, 57°C
ol A 30% £t annealing, 72°C oA 187+ SAHAHS 303
HHE 3G HEO R 72C oA 857 PSS A7 T wke
ol =5 uLE #3lo] 12% agarose geldlX =FaA At
FA(PCR marker) 9} 7] X795t 3431913, OPG
RANKL mRNA 9] densityES HA 3T}

EASE AL SAS 612 (SAS Institute Inc, Cary, NC,

A8 & A3 33 o) wigsle, &

goga wRHI} 227k X}Olh Mann-Whitney testE ©|

fa190H, Zodgd rlRHe| Fo wE 2ol ANOVA

testE ©]-§-3td A AT AGA %ﬂ%ﬁ—% p#te] 0.05 m|gk
A A BAFAHOE frofide] Sle AR W33

1. M= BAME
Ao e A ELF7F w795 5x10° (£1.2X10°) cell/
mLE AAEL o]& T ujok 1495 3X10° (£09%X10°) cell/
mL, Bk 2195 2x10° (208X 10°) cel/mLE 7HA39L
W g Rz A= wok 795 7x10° (+1.5x10°) cell/mL, Hj
ok 1494 10X 10° (£1.7X10°) cell/mL, i< 2195 14 x10°
(£21x10°) cell/mLZ 02 271 tHp<0.05) (Fig. 2).
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Fig. 3. Activity of akaline phosphatase in particle group is lower
than that of control group at day 7 and day 14 of exposure, but
there is no significant difference. Data are the mean=+SE.
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Fig. 4. Northern blot hybridization of type | procollagen mRNA in
particle group shows early expression of type | procollagen mRNA
at day 14. Data are the mean £ SE. *p<0.05.
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Fig. 6. von-Kossa stains show that bone nodules in particle group
were noted earlier and more than that in control group.

2. Alkaline phosphatase &%

Alkaline phosphatase &4 E‘T} Ofrol| A =7 }3}11}7} 1497)
of Mg o] FaL frasglon, tixd Hal] Aol A vk
TR ol 54+8%, Hjok 14A|o] 85+10% 2 ”9@ woF 219
Aol 101+6%E F%ko SATA ofnle JATHp>0.05)
(Fig. 3).

3. M1e WA mRNAS| 2

AgFAAM T ol Hls) wF 790 134+11%, W%
14979l 270£15%, W% 21 A oll= 105+£9% 2 =%, vl
& 14Tt BAGHCE u|A =STHp<0.05). ¥l
Zhl WE A1E 794 mRNA 23] Mas A2 A b
% 1497 RS o|FIL AAasl= v, g2 E A&

L= F7hske Fde HAH(Fig. 4).
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Fig. 5. Polymerase chain reaction analysis of osteocalcin mRNA
is similar to expression pattern of type 1 collagen mRNA, but there
is no significant difference between two groups. Data are the mean
+SE.

Day 7 Day 14 Day 21
\ ‘ \ \ ‘ \ \ ‘
Control Particle Control Particle Control Particle

(mg/mL) (mg/mL) (mg/mL)
‘124|124‘ 1 2 4

Fig. 7. Polymerase chain reaction analysis of OPG mRNA and
RANKL mRNA in different doses of particles.

4. Osteocalcin mRNAZ]| &t+5

A3 W Y¥F mRNA F83} v 0}711 ARTAA 14477+
A T7FIAoY 32 AAHA, txFdies 1494
BE 71891tk Fig. 5). ﬂizw] ]H ik 7UA ] 1174+9%,
wj ok 14970l 133+£10% 2 =9k, wj%F 21 LAl = 89+£7%
2 3oy BATA onje= umﬂ}(p>0.05).

5 ZZHA é:IA-I

ZA49] A g nRAE TS FollA] ek 7
Amlol 15+270/HPF (high power field) 2 #ag & wjok
1497] ol 34=370/HPF, #j<F 214AJo]= 59+570/HPFE X
&R0 7 Z7lEg oy R E 20dsd s F2HA &

*th(Fig. 6).
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Fig. 8. The expression of OPG mRNA in particle group is similar
to that of control group. Data are the mean+SE.

6. OPG2} RANKL mRNAZ2| &5d

OPG mRNA9| W& | mg/mL ¥&9 Zgdgd r2
e FAG FoAE ozl Hls) Wi g 747l 82+9%,
OF 14YUA 0l 96+9% 2 ok, ok 219 o= 124+10% 2
%o BATA oJnle fAth(p>0.05). 2 mg/mL FEe
Zogdl nRHS B3t o A% ujok 7)ol 89+9%, Hl
ok 14970 89+9% & Yok, wjek 21UR = 124+11% 2
Zoro} EAEEQl onj= AATHp>0.05). 4 mg/mL =&Y
Zodd nfRHE FoJdt AT wjek 7dR| Y 82+8% 2
wroky, ujok 14970 102+9%, Sk 219R)el = 109+11% 2
E=%oU JA] A Aol At p>0.05) (Fig. 7, 8).
RANKL mRNA$| ¥8& 1 mg/mL FE9 Zejddd
HE T3 Lol A e vzl s wlF 78R ol 74£7%, ¥l
OF 149#] 0l 51 6%, Bl 21LA o= 71 £8% % SO} oy
& 1475 oS Zol7k AATHp<0.05). 2 mg/mL FES
Zyo|gd nfEHE Eojdt oA E ok 7UR o] 101+9% =
=9k, wlok 14UA ol 53+8%, ik 21UR o= 69+8%E W
kO ulg 14LAAT frelAdo] ANTHp<0.05). 4 mg/mL &
ZE)ogd wEHEE Tt Foll M vk 79A o 87+8%
2 9oty wiek 14950l 144+12%E =toH, wiek 2194
ol 48%9%= wtout, ik 14dAel FoldUA =kt
(p<0.05) (Fig. 7, 9).
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Fig. 9. The expression of RANKL mRNA was significantly increased
in high concentration particle group (4 mg/mL) at day 14. Data
are the mean £+ SE. *p<0.05.
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ARYHIE 243 B4 F Aol 29 olFH
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9 At L3 4T T A7 B i B g
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e HS HGrrek Foll A ulAl 7H48H AL alkaline phosph-
atase BEL FHAelglont B3 uje= itk whel

wEE m
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3 23k 542 1346}1:}13% 02 ML 95s & g =
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A 129714 A2 F2]7100 agEH, o] Al7]e AE F2Eol
=Y, 71484 223 A 18 w92, TGF, fibronectin®] A}
Fow EARAA 4l d = $27] o|F 2097t
Aol G, DNAS §Hdo] ZHasm 71249 $4J9] Wl
& 7XH alkaline phosphatase £&2] Z717} £ & o[t} F
7148 AL wix|E & A3l FA el P Q3 osteocal-
cin, osteopontin, calcium®] &8 0] o]FoJATPY, B o] A
IE o] FA HEAITHd, Fjol gl wp o] FolA e
P A, 7];‘] A& Fr1dsig s 2704 fEdt A
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