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Nano-grafting of biocompatible phosphelipid
polymer on the polyethylene liner for prevent-
ing aseptic loosening of the artificial hip joints
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(TNF-a, IL-1, IL-6, PGE,) ®fllsg+2 &, ¥+
RTORFIZEWT, ROEHNTEREORE
BEBHEO&ZMAE 2> PO —FEE < 4~20
EEETRLEY, MPCOMBmKM FREH TR
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IL-6 # ¥R OHE, cyclooxygenase-2 HEH],



Vol. 48 No. 3 2005

A ng/m! ng/mi
I INF- e 800’- -1 ok MAavie—a
401 O kOABEHET
B MPCERIF
400}
H .| - —
ng/_mI
ob L6 . ’ PCGE: . %
1-
L= | EE —

aJxhO-n
4 In vitro/vivo particle-induced mouse osteolysis model DiEHR
(CHR 15) % —ERgEr)

RABHITF

MPCH¥F

A BERNFZEHETIEMRATHRE, FOBMNTRENOBER. &
BOAEMEIrarbo—NE L, 4~20FEES RN,
MPCHABHETEBETHINOBELAX&ASHY, o}
O— B EFERENHONIE o,

B Iz vivo osteolysis model. FRABHERFEBEL LHTRBERIRS
IR AN, MPCHRTFFESLLHTH IR MES

b ol.

BE IS 4B T (osteoprotegerin ; OPG)
OEEINT X DiPFEIE i3, “hoe QipFIziRE
kT o+, MPCE iz X 2MFIER EFER
ERA oo,

2, In vive particle~-induced mouse osteo-

lysis model

<7 AFEEF Lic MPC R F 5 5 W IidRENE
MR FEBEL. T AR EET2ER ChxE
ERKL:8, BECEMEEERA7 75—
(tartrate-resistant acid phosphatase ; TRAP)
THREETo 2. BEMBEC TERPSEETD L,
BN TR LB TI TRAP B
OFFEESRRE N, BRILEICEEE R

ot MPCHNFREELLZETEINLBE
Exhizhr-oi (E04B),

LLE®D in vitre/vivo particle-induced mouse
osteolysis model 2 Hwvizigstiic & b, MPC ©F
RN MO OEERSDY, BEHROR
B &L, ARNESELLW 2L R
ot,

BEhH iz

IhesOHRERICL Y, AITREHSBEHED
MPC X, MADER & 42 PEERGOE
EEREFRIVLIE, REEERPECTHLER
MEFEHELLZWI L, LR D, (DA

— 249 —



— BT + KESE—

THREMCB 2RENERCBRTELZ &
TANT, £, TR EERT MPC RY
v — B FERWE L, EE 1,000 534 2 LU
LOBITEF R, T L ERERERME R A
i, TOLEHRLBEF I EWIFERESE
Tnbd, Bow, BERGRAEELIES, MPC R
D —CEREMBLEATFY Y, 37—FLED
EAMHOERICEIZ L > T, &ERTOReE
PRI 2N TWBEZ ERFIATH B, BHRE,
AT OFir s RENICERT 2REGHROD
ATRBASOERIz o), FHOFERCRD
Bt o LB EOERFIT b AN TAZBIETHT 23R
Ehnzoehnzizl, BRAEORIRLEZ BT4E
HEHOTWE, 23 LRESNZHRERE LT,
WRERFRABRORFE2HED TV 2,

X B

1) Jacobs JJ et al: Osteolysis ; basic science.
Clin Orthop 393 : 71—77, 2001

2) Mahomed NN et al : Rates and outcomes of
primary and revision total hip replacement in
the United States medicare population. J
Bone Joint Surg 85-A : 27—32, 2003

3) Livingston BJ et al : Complications of total
hip arthroplasty associated with the use of an
acetabular component with a Hylamer liner.
J Bone Joint Surg 79-A : 1529—1538, 1997

4) McKellop H et al | Wear of gamma-crosslin-
ked polyethylene acetabular cups against
roughened femoral balls. Clin Orthop 369 :
73—82, 1999

5) Black J : Metal on metal bearings ; a practi-
cal alternative to metal on polyethylene total
joints ? Clin Orthop 329 : § 244—255, 1596

' 6) Callaway GH et al : Fracture of the femoral
head after ceramic-on-palyethylene total hip
arthroplasty. J Arthroplasty 10 : 855—859,
1995 '

7) Childs LM et al:In vivo RANK signaling
blockade using the receptor activator of NF-
kappaB ; Fc effectively prevents and amelio-
rates wear debris-induced osteolysis via
osteoclast depletion without inhibiting
osteogenesis. J Bone Miner Res 17 : 192199,
2002

— 250 —

8)

)

10)

11

12}

13)

14)

15)

16)

17

18}

Goater JJ] et al : Efficacy of ex vivo OPG
gene therapy in preventing wear debris in-
duced osteolysis. ] Orthop Res 20 : 169—173,
2002

Kirk TB et al ! The morphology and compo-
sition of the superficial zone of mammalian
articular cartilage. J Orthop Rheumatol 6 :
21—28, 1993

Ishihara K et al : Preparation of phospholipid
polymers and their properties as polymer
hydrogel membrane. Polym J 22 : 355—360,
1990

Ishihara K et al | Why do phospholipid poly-
mers reduce protein adsorption? J Biomed
Mater Res 39 : 323—330, 1998

Ishihara K et al . Improvement of blood com-
patibility on cellulose dialysis membrane ; III.
Synthesis and performance of water-saluble
cellulose grafted with phospholipid polymer
as coating material on cellulose dialysis
membrane. ] Biomed Mater Res 29 181—
188, 1995

Kihara S et al : In vivo evaluation of a MPC
polymer coated continuous flow left ventric-
ular assist system. Artif Organs 27 : 188—192,
2003

Lewis AL et al @ Analysis of a phosphoryl-
choline-based polymer coating on a corenary
stent pre- and post-implantation. Biomater-
ials 23 : 1697—1706, 2002

Moro T et al | Surface grafting of artificial
joints with a biocompatible polymer for
preventing periprosthetic osteolysis. Nat
Mater 3 : 829—836, 2004

Ishihara K et al: Photoinduced graft
polymerization of 2-methacryloyloxyethyl
phosphorylcholine on  polyethylene mem-
brane surface for obtaining blood cell adhe-
sion resistance. Colloids Surf B Biointerfaces
18 © 325—335, 2000

Foy JR et al ! Effect of phospholipidic bound-
ary lubrication in rigid and compliant hemiar-
throplasty models. Pro¢ Inst Mech Eng [H]
213 1 5—18, 1999

Konno T et al ¢ Preparation of nanoparticles
composed with bicinspired 2-methacryloy!-
oxyethyl phosphorylcholine polymer. Bio-
materials 22 . 1883—1889, 2001



ATFEERTFHIE, BELERLABHETA
THSCERLESEROBEZRLFEMN TS
5. SHTHE, ATERES, ATHRE&GHiHoE
Lfgﬁﬁwﬁﬁﬂﬁbfﬁ%mméﬂ,ﬁﬂﬁ
BaETE, HEiV =T, SMEL LDEZORBEL
TEAROEREERL, LY XvADL (activity
of daily living) + QOL (quality of life) O¥HEH
CREZEHEZREZL TS, LThHEN L

I REEAA TIHERESEINL, 22 EAT
BREEICoWT, BARZTLEMeFHLE
DFEFHETbNRTNDE, L L, FORBER
GFer) B—RANC10EL 515 L S5,

ATHSioEFarRDL2ERE, BBEESHh
ATHESOBRORECERNAES, Bk
HEbhAHZE (A loosening) THA. #ik

ﬁﬁ_

rHE L ATHSEMENCEEOEZRILL,
BEOQOLZHELIETSEE., ZokdAh
B (BERE) PSBEL2EY, BEEMMLE
ENEL, RHOARZETS @), #8208
Efbe L His, ATHH2 ANLBEOFOHRD
MNEEERIELTWE., $2bb ATHE ST
ERBZIBERMOEBEN TSR THY, AR
BEIOHBREFHPLEL 2500, o8I
SHRBERICHEIMUET S LA FEEhD, L
fedtoT, ALMEioMmAzHIEL, FHrER
TAHIEE, EELEBETHA.

fuADREE, HNESERTERTIEEST
BER)TFL Y (PE) B854 F-—1&RBEHD
I3y 7 BATRHELOBEBRICIVEREL, M
NEREGEELLIEDLHBT A, OB

FHER

FifiE8E

E1 ATHBEEIDat

ATREREEAERICFMEIEL, BEREE- 2 ATHSF A E LHCEY
LTwd, ATRREEEAL, ST BERFRe Bz ek,

1642 | #A®|  Vol.87, No.4 (2005.4)

AIF8s ﬁiﬂﬁmf |
E%ﬁmm..ﬁm

%?k?ﬁ?ﬁﬁ?#‘ﬁf%ﬂﬁ*iﬁI—?-tJﬁ —ERS/To/0 )—N&iﬁﬁﬁﬂ._ w b

SR




wrzuzr—Y (MO) HAAESH, MoidsA4
fHAvRTORAY TSIV (PG) 24T
5. IhooEABREYEIIABROMERMMIZ
B L, BEMBESLEFTH S receptor
activator of NF-«B ligand (RANKL) OFHR%
FHETL, TOFE, HEFHROMRE - B
EINERPUCESL, LT, HEITO
A D7z SO MEE, BEREGPR ¢
HIL, 5L, BRIZEHTLZE, D20
DHFETRESRTE . L LERs, “h
LOWTF RO % B LR CliiiEi i
HREERDICEIZTELY, +ONFT U]
ERIFFCARZZZENTE L ATHE SRS
NTn5,

bihvbhil, BHEOEREEET T2 s TE
FEROREREE L, Hof BN ACFIRI
OFBELHIET T, WA TELEER
oo HEEOMESREEEIZZF ) F—F—D) >
FHBIFEL, ROBEOWRBEOREFELL
Twahd, 220, AHEEEY VRER) v —
‘T B Z-methacryloyloxyethyl phosphorylcholine
{(MPC) “Ry=—iz5H L7

MPCHRYU-—1i, AELIEH - BRLAE
SFHHETH L. MPCRY) = — 38R -
F, FARINVDY) Y EEBETHLD, EERN
TRWE LTERLHIT, EhEfEsls
FETS, T, EREOREAELEM SRS
7z®, MPCHEUR—REDZ ¥ 737 Tl
Emasisisha, CheoBENLBELEDS
L, ERFHF~OLRBLER LS T T2
REMTHhhTEBY, 20— CIalT %

FEIRATERLShZ 2 L, EEMoReti

Biushtwa,

Dhtbi ATESHOMADNE D7-d, PE
S4F-RAFTMPCHR) v —TF ) HEHLES
LHEREIEL: MPCRY -0+, =~

WA, BASRICIBRAMEAFAGBI VA VES
ErEAL, PEEMPCHEI v —0OREETRL:
YHEESEDLIOTHA, RELLHERELE
TREFTUELL, P/ —-F—-ORELE
(100~ 150nm) TH 5 7zDIBEER LSO PE O
RItRET 5220w, bhvbild, HEAOBE
JBRZEBIEL, PEF A+ —-RE DB ERENE L
MPC ESFE8 2B LI A2+ BB OB AR S,
AL B OMPCRY) v —ik 53 /1R
A DI 2 A RE R MET Lo,
ATREfiORT, NERESZFHERIRD
ZVHABODEOTH LI bbb LT, F0k
TRAMOPTET TP LEEOHEOR
WERITL-DMATELBBEENEL, T,
HEBH O HEFCTENIRGIR CHEREMNIC
ELHEENE, FIT, BLEEORELVER
TMPCRIYT—IZX 34/ RELENEIFED
TENL, BLOANTRH~DBERGHLTES
LER, EROFTEAMERRTARMEH S I o
=& —%Hv, ER0FFTOETEHEZL
JUHEESR PR LA FHRETHERO 2
NP OLT) TPy E&E&FHyAV 54
TR LS THRAOLEPE (CLPE) £E%
MPCH) =—MEBL7%2d® (MPCCLPE) %F8
v, BEDOPEL L URMLEOCLPE L2 L7,
ITHSHEEOBE N Y 2RETS L,
MPCCLPE @ b V7 2 RMBE DM 1/10 & B
LTwi RIZT A F—DOEE*EETE Ry
TH$ 5L, MPCCLPE WE#EIZPE D 1/40,
CLPED1/4 L, FHIZERIZh T, &5,
AT —DEREEEEFHEME (SEM), =X
THRFTRE, XHEXREFIETFEE XPS),
ECEETHME (TEM) 2AVWTEETSE,
MPC-CLPE TiX, 'F: A FEESELIT, ¥
7z, MPCILIEREIHER THABEL Tk,
BEDVIalL—%—HEECYY, N\THBREH

A Vol87, No.4 {2005.4) | 1643



BEEOMPCHRY Y —I2 L 5+ REMLE,
FOENEEN I OME g 2B L, BHES0EE 2
ERCHGITE L, FOREHERIILED
ER0THEZOFTRTEMITOERET D S
EHFHLNI 072, £7, SHEORETHER
BEREHEHLTWLH, BHICEII v s X% E
ITET, SHICERMSIMREZEOALZ LS
BETETWS,

MPC OEUMNEFER VW EFRIUCES 2 2 B2,
T Y ADBRILEF N EFATRE L, 23 2
L5 —RBTHH L -EERTBF T2 L,
MPC-CLPE, #MECLPE: b, BHERDIS%
BLrH7riruratfXthh, BEEROR
BOA - BRCHESI2EEAR W d otz £
CT, FHEREF500nm O MPC F 2 B T % &
B CEEEERL. ‘

Y, BT~ ABRBEAMOERERIIRE
LTERERZITY &, RAEOMEFIIMOIC
KEHA SN, MPCRBSRTFIIMS 1R
WMELTEBERY, HEALFARTSH Lo
2. 2VT, MPCRN F& A WIZRMBMHF
TYUAMOMMME - J7TTA VI RBE LT
4B BRICEELELERL, LighoBRIx
THRETLHUERTFRE (TNF-2, IL-1, IL-6,
PGE:) ZMETZ L, $TXTORFIIBVTHE
MBHN FREBROBER, BEOXEMAL,

T MO LVEELES, 4~20EEEZRLE
2, MPCAEN FREN TR INLOBRELSR
BRONY, o bu-LBRLAELRENROR
ol ELIZ, ThoOEEEEEYIXE
FHBRER B L UE R & B TR
EBRICEMLALLS, RAEMNTFEERE T
RANKLORR - BEMEER L bR ICHEL
LoDt L, MPCAABH FEEETHRILLS
E{FRLd o KiTin vivoDBERINEF
VBT, MPCRE T & % Vi3 REME F
EXVABHEF LB LTIARICERN O
EEHELLEIA, RUBRTEBRLLET
BRI BRNAHE S A, MPCRN T %
BRELLCHETRE NS ol
ELE@ in vitrovivo D= & ABRILEF L %
WRRENI X D, MPCOF )/ B/NIIMO DA
BEZY, BEMIEORE - 5k, BRILE
FELEWIEDFHEE DR
INOOMAERRBIZL D, ATAMSEDED
MPCHYY = —il X5+ REMHIE, BA0E
HELZPEERBOEAZERSEL L, &
DICEEBTELTHBRNEFFE L2V L,
PHEPZ LY, EROATREEIC BT 28HE
TRFRICARTE LI AR ERS (H2). 7,
TATRIRZERTMPCRY v —MBHEY
sF L, MiE 10005 H LU EOBITAM X MTT

BFRHOELE

PIREEEOMPCR U~ —IC L3+ /55
EMIE, MBOMBEEEREL, PE
T F—DRFEENFTS

BBRE DM

MPCORREHUEEGATRENELTO
BRMESUT, HEARONRK - Btk
EELUBMREERL &

L

AIM%@%&%W%L,ﬁﬁﬁﬁ%%%ﬁﬁﬂﬁéﬁ%ﬁ%ﬁﬂkl%ﬁf

B2 MPCRUY—OF/REMBICFIATHEHOESSIE

1644 | AHF Vol87, No.d (2005.4)

AN




b EHLEENIBESA LN, FOLEHRD
MIEESNLEVIEREE TS, FHFREIZ, A
TROMOFG*RENCEETAESGHOA
IRy, FHOEBERIIR D
o T B OIESIC b A LTI BET T4 2 BIRAIS
Mz ohakhl, BEFEORRYEL LWL
¥HDTVDE, 9 LE-ERMLHREHELT,

BB RABROBEF T HED TS, T, SEHD
R, FEORELVWIRLWHEL S, B
FEGLEEBRFHNOFEEORVALRMHOE
FNERBGTIT27:3, MPCEUR—-DF /&
EARIRC & B oA OMBIRIE, T<TOATH
MICBERCETEAbDLELTBY, HELE
Rt EED TS,

BEIH

1

—

77, 2001,

Jacobs JJ, Roebuck KA, Archiback M, Hallab NJ, Glant TT | Osteolysis. basic science, Clin Qrthop, 393 @ 71-

2) Kirk TB, Wilson AS, Stachowiak GW : The morphology and composition of the superficial zone of mammalian

articutar cartilage. J Orthop Rheumatol, & ¢ 21-28, 1993.
Ishihara K, Ueda T, Nakabayashi N : Preparation of phospholipid polymers and their properties as polymer

3

e

hydrogel membrane. Polym J, 22 | 355-360, 1990.
4

—

Ishihara K, lwasaki Y, Ebihara S, Shindo Y, Nakabayashi N . Photoinduced graft polymerization of 2-

methacryloyloxyethyl phosphorylcholine on polyethylene membrane surface for obtaining blood cell adhesion
resistance. Colloids Surf B Biointerfaces, 18 : 325-335, 2000.

5

~—r

ostealysis. Nat Mater, 3 © 822-836, 2004,

Mora T, et al : Surface grafting of artificia! joints with a biocompatible polymer for preventing periprosthetic

B#E Vol.B7, Nod {2005.4) | 1645



