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The Role of Matrix Metalloproteinases in
Aseptic Loosening of Total Hip Prostheses

Chang Dong Han, M.D,, Jin Woo Lee, M.D.,
Dae Yong Han, M.D., Sahng Wook Park, M.D.*

Department of Orthopaedic Surgery and Department of Biochemistry and Molecular Biology*,
Yonsei University College of Medicine, Seoul, Korea.

Incidence of aseptic loosening of hip prostheses is increasing in recent years. Previous studies sug-
gested the involvement of proteinases and cytokines in the accelerated bone lysis associated with
loosening. To investigate the role of matrix metalloproteinases (MMPs) in the loosening,
Gelatin/Type WV collagenases, namely, 72 KDa matrix metalloproteinase (MMP)-2 type and 92 KDa
MMP-9 type were analyzed in 14 cases of the loosened endoprostheses of the hip. Zymographic and
densitometric analyses revealed production of MMP-2 and elevated induction of MMP-9 in tissue
extracts from both the interface between bone and implants and the capsular tissues when compared
with those in synovium obtained from a patient with a fractured femoral neck. MMP-9 showed
stronger activity than MMP-2. In the sample of a fractured femoral neck, MMP-2 was detected, but
MMP-9 was not detected. In matched samples, the activity of MMP-2 and MMP-9 in the interface
tissues showed stronger activity than those in the capsular tissues. There was no difference between
cemented and uncemented femoral prostheses. The state of prostheses(loosening, osteolysis, and cup
wear) did not influence on the activity of MMP-2 and MMP-9. Theses findings suggest a role for
MMP-2 and MMP-9 type gelatinase/Type IV collagenases in the degradation of extracellular matrix
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of periprosthetic tissues, where they may cause weakening of the connective tissue bed and the loos-
ening of total hip replacement endoprostheses. Consequentty. we could confirm the role of MMP cas-
cade in aseptic loosening of total hip prostheses. The further study about other types of MMP and the

inhibitor of MMP will be needed.

Key Words : Total hip prosthesis, Loosening, Matrix metalloproteinase, Zymogram
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Fdst, o8] FF9 AlelEFKI (cytokine),
Prostaglandin-E2(PGE2) ¢} ©t¥lE& &4
(proteolytic enzyme)& i3t AEXE &4
HAA F 28-S LT Fopsens,

dollA] AFFHutel 22 1AM FPHE AE
Z Ea2A 71dske Fad 242 IL-1, »¥
&) & (collagenase) ¥ PGE2°l%, olF
PGE2e #EAEe 84E& F7HAAH E404dE
Z7F Azt &9, Afrobd et YA FofA
HolEle adBdis & o E &4 (matrix
metalloproteinase, MMP) & o FF9 &L
7t @A 2 28 (MMP cascade) 3t Fa4
S gty g 53] ol MMPAEATS
AAzZ e QYA AFBETS ] FE A xS
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2z -  Fig. 1. The results of SDS-PAGE.
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Table 1. List of Total Hip Replacement Revision Patients

dEe dee FE4 e A A57t 6,
FE2A Z8E B A9t 28, BT wlx
7t 32, E8sfiet v ntEE HQl B4t 2
g, Bl7AslEe] si2le B A9t 18 A
HzTeze Uy 35 24 e 43S nd

Ao} g 228 AL,
2 7w

AFRBY AN BEA AHE 22 freezing
vialel ol gt T0=elq waslATst BAlo)
AHESH T,

N =Fo2FH CHHZol 23|

FAEAE 23 47 0.4 grd A5k 4n)
|7e] dild FE9% 89 (extraction buffer
solution: 50mM Tris-HCl, 10mM CaCl,, 2 M
KCl, pH 7.5 & ¥& ¥ 34 A& & mixer
{OMNI Macro Homogenizer, OMNI Int., CT,

. Time to . Reason . R
Case Sample Age/Gender Revision Re\{nsed of Type Ot, T'ype.ot
No. Site . Prosthesis Fixation
(Months) Revision
| 1.12 60/M 96 F Loosening HGP | Cementless
2 2.13 64/M 72 F Loosening HGP | Cementless
3 3.14 S6/F 103 F Osteolysis Osteonics Cementless
(1,7)
4 4.15 58/F 84 A Cup Wear/ Anatomic Cementless
Osteolysis
(n
5 5.16 62/M 54 A Loosening HGP | Cementless
6 6.17 24/M 62 F Loosening Wagner Cementless
7 7.18 37/F 60 F Osteolysis Landos Cementless
(1,7
8 8.19 S1M 72 A Cup Wear/ Anatomic Cementless
9 9.20 69/F 72 F Loosening/ HGP Cemented
Cup Wear
10 10,21 45/F 36 AfF Loosening/ Duralock Cemented
Cup Wear
b 11.25 STIF 47 A Cup Wear PCA Cementless
12% 22 64/F 32 A Acetabular Endulon Cementless
Loosening
13 23 65/M 58 A Cup Wear Anatomic Cementless
14 24 S4/M 54 A Cup Wear HGP [ Cementless
Avg. 54.7 Avg. 64.4

A: acetabular component, F: femoral component, 12*: radiation necrosis
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3lod  Spectrophotometer (Spectra Max, Mo-
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2) Sodium dodecy! sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE)

7t 2R ozYE F£3 die] JHE HF
3l7] 9lsled SDS-PAGEE AAsIATh ©A &
gko] oA S 7% sodium dodecyl sulfate-
polyacrylamide gelolA A71¥%E2 4ColA 10
mAZ A% B AAET AVFFFE gels
Folgte] AHRE dagdoz 4A7F Ft A
g AAgE T Ao AME-sHATH

=

3) Gelatin zymogram
gelating 7|4 23l 249 MMP-29 MMP-
9% X719 gelatin zymogram= A5 Th
2 3

Sample 1 9

MMP9

+CON L L OO/CWL L OO/CW L L
{

10 11

¥ Wz 0.1% gelatin(Sigma, St. Louis, MO,
USA) & 3 8% polyacrylamide gel& THE
o2 FFe] @A S loadingdled 4ol 10mA
2 A7GTE AR A9 ST gels Bl
o AF 89 50mM Tris-HCl, pH 7.5, 2.5%
Tween 80, 0.02% NaNjg 2.z 3087 A3 4
A&t & renaturation £ (50mM Tris-HC],
5mM CaCl,, 100 mM ZnCl,, pH 7.5, 0.02%
NaNy 2oz 37¢colA 24A12H%<t incubation®
Azl o]% 1,2 mM Coomassie Brilliant
Blue R250 (Sigma, St. Louis, MO, USA)2
2 FAL HAE s @889 (10% methanol
and 5% acetic acid in distilled water) & &
Ag A, MMP-2¢F MMP-99] ZAEE
Gel documentation system (Biorad, USA)<
o]-&3ld online computer ¥4 ZTzajoz
densitometric analysis® 4A}5}31t}.

kA 2 (positive control) 22+ AlF T
Al wjFg ol HdHer MMP-2%
MMP-9& ¥#sl= HTI1080 AEF2] vtk -&

Fig. 2. Gelatin zymography(interface
tissues).

CW Neg.CON
J

Interface tissue(femur)
l |

Uncemented

L: Loosening, O: Osteclysis. CW: Cup wear

Cemented

Fig. 3. Gelatin zymography(pseudo-
capsule).

12 43 14 15 16 17 18 19 20 21 22 23 24 25
MMP9 ™ -
MMP2
+CON L L OOICWL L OOCWL L A CWCW CW -CON
L ]
Capsule
L J
Uncemented Cemented

L: Loosening, O: Osteolysis, CW: Cup wear, A: Acetabular L.
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ALt e, 4 Y&+ (negative control) 2
= UEAR 34 #xe] gALE AT

2

Tl A Ao 2HE FE@§F spectropho-
tometer® o] &3l B3] FH TS
SDS-PAGE=Z. A7|9% & AAIg 23 7t x4
Zroll A% SdlF ol patterne TR Y3k
©o4}, matched sampleZtdls FL3 Tl
IS BYS BFE F AUk 28Y zymo-
gram’ #FHE MMP-2(72 KDa) & MMP-
9(92 KDa) 2 SDS-PAGE?% 3% band9l 3
Hae #EHRA Ead(Fig. 1). Zymogram’d
MMP-29} MMP-9& &4 d=273 ¥xg o
E=315HA #FHReH, F /i) band® #FE
A% ol 84 el MMP7F #&E7] gEe
2 Algdo] At (Fig. 2,3). ¥4 uz+d
MMP-9e] tistd ddl #7185 AAses 2
Aze 287 2(Fig. 4).

MMP-29+ MMP-9¢] Z3} 13#4E Ale] =
A3 Bl HEHRLH, 34 dET (e
AR AP HY vwdld & W MMP-9°]
MMP-2Et} Adidez oL 784 BEAY
ot iy AR Fde god A MMP-2
t #FHUeY MMP-9L AEFHA skt
MMP-9¢] A% &4 dzT# Hwdtd £ o
WERA o 2 4L #AFYE 5 UenH,
MMP-2¢] 7% 24 2T viasld g
e gATE #AAY & U AZA (mat-
ched sample) ol interface®| ZZ o] #A%
ZzAHG ¥ 7Zg MMPe 84L& #3d 5+ 3l
Atk AMEE A F3 AIHEES AMEA] &

Collagen triple helix MMP1&38
(Type | & lll collagen)

Periprosthetic

osteolysis

Digestion MP2&9

75% & 25%
products of collagen

den{lured at BT

2 TAtelele AREE AR oo AAFIT H
o] Hlmol| FeJAE FA37] Y& AR AlRH
U o3 atele gle AR #EAHJG AT
24 239 Y F #EE B A9 A
o] &3] 4T HY A AleloME {7
Aol g BHEE YA

L)

A& v]MH (debris) # AFHE F9 22
Avte] #Ald datde g2 AT7E AP
FREF FHE AR 2HRY A E
(macrophage) % A fot X (fibroblast) 7} &

» Densitometric Analysis of Zymogram (MMP-9)

|

« Densitometric Analysis of Zymogram (MMP-2)
) A E

[
255 o § lag Al

Fig. 4. Densitometric analysis of MMP-2 & MMP-9.
The activity was standardized by the amount of
MMP-2 in positive control(HT 1080 cell line).
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Fig. 5. Diagram of MMP cascade in
the loosening around total hip
prosthesis.
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A 3k, AR el AEL] 7] £l (ex-

o=
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tissue) ] TAA E3lo Fag H4%E & R
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o] fAxTFe R FAEdR 3, MMP-13% o
Ay wMyEE wPR3 &4 (polymorphonuclear
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