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Gene expressions of antiinflammatory mediators in 
THR retrieved interfacial membranes 

Masahiro Nabae, Koji Inoue, Toshio Ushiyama and Sinsuke Hukuda 

We investigated gene expression of antiinflammato- 
ry mediators in the interfacial membranes retrieved 
at hip revision arthroplasty using reverse transcrip- 
tion-polymerase chain reaction (RT-PCR). Levels of 
RT-PCR products were compared with those of syn- 
ovial tissue from patients with osteoarthrosis or 
rheumatoid arthritis. Antiinflammatory mediators 

such as type I1 interleukin (1L)-1 receptor, IL-4, IL-1 0, 
IL-1 receptor antagonist, and transforming growth 
factor431 (TGF-R1) were expressed in the interfacial 
membrane. In interfacial tissue, the level of IL-10 
was lower, but that of the IL-1 receptor antagonist 
higher than in diseased synovial tissue. 
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Current evidence indicates that wear THR implant 
particles initiate an inflammatory process that results 
in bone loss and contributes significantly to implant 
failure. The primary cell involved in the biologic re- 
action to THR wear debris appears to be the macro- 
phage. Macrophages phagocytose small debris parti- 
cles and may fuse to form foreign body-type multinu- 
cleated giant cells that phagocytose larger particles 
(Wright and Goodman 1996). Numerous in vitro stud- 
ies suggest that activated macrophages release proin- 
flanimatory mediators such as interleukin-1 (IL- l), 
but the regulatory mechanisms are complex and at 
present poorly understood (Horowitz et al. 1993, 
Jiranek et al. 1993). Among factors identified in in- 
flammatory tissue, IL- 1 appears to be especially im- 
portant because it enhances secretion of metallopro- 
teinases, prostaglandins, and cytokines. However, the 
effects of proinflammatory mediators may be modi- 
fied by antiinflammatory cytokines such as IL-4, IL- 
10, and TGF-I3 or other antiinflammatory factors. 
Proinflammatory inhibitory mechanisms are important 
in inflammatory arthritis leading to joint destruction 
(Isorniiki et al. 1996, Tucci et al. 1997). Likewise, an 
imbalance between the factors stimulating osteolysis 
and osteogenesis seems to be involved in aseptic loos- 
ening (Konttinen et al. 1997b). 

We investigated the expression of 6 antiinflamma- 
tory factors, namely IL-4, IL-10, TGF-OI, secretory 
IL- 1 receptor antagonist (sIL- Ira), intracellular IL- 
Ira (icIL-lra), and type I1 IL-1 receptor (IL-lR), to- 
gether with proinflammatory factors such as IL-lB, 
IL-6, and type I IL-lR, in the interfacial membrane, 

and compared the levels of these mediators with those 
of diseased joint synovium. 

Material and methods 
Retrieval of tissues 
We obtained the interfacial membranes from 6 pa- 
tients at the time of revision surgery for aseptic loos- 
ening of implants (Table 1). Patients’ mean age was 
64 (28-82) years. The interval between primary and 
revision surgery was mean 10 (6-16) years. 

Synovial tissue from 6 RA and 6 OA patients was 
obtained in a separate series of primary total knee 
arthroplasty (5 patients, 2 men), total hip arthroplasty 
(5 patients, 2 men) or total ankle arthroplasty (2 wom- 
en), for comparison. 

The interfacial tissues were taken without inclusion 
of bone tissue, and synovial tissues without inclusion 
of fibrous capsule. They were washed with physio- 
logical saline and immediately preserved in liquid ni- 
trogen. Some portions of the interfacial tissues were 
fixed in neutral buffered formalin for immunohis- 
tochemical staining. 

Total RNA extraction 
Total RNA was isolated by the acid guanidinium- 
isothiocyanate-phenol-chloroform method, with a 
slight modification. Briefly, the sliced interface or 
synovium specimen, preserved in liquid nitrogen, was 
homogenized in 10 volumes of 4 M guanidinium 
isothiocyanate/50 mM Tris-HC1 (pH 7.5)/10 m M  
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Table 1. Clinical characteristics of the patients undergoing revision surgery 

Patient Age Sex Diagnoeue Prlrnery Cement Metal Slteof T h e  to 
surgery retrieved revision 

tissue years 

1 82 F OA THA + CoCrMo stem 15 
2 71 F OA THA + CoCrMo CUP 12 
3 70 F OA M A  + CoCrMO CUP 16 
4 26 M OA 8E - CoCrMfllAIV Stem a 
5 M M O A  THA - CoCrMoriAIV stem 10 
6 6 8 F  RA THA - CoCrMO stem 6 

OA osteoerthrosls, RA rburnatold arthrls, THA total hip arthroplasty, BE blpolar andoprosthe- 
els, CoCrMo cobaltthromium-molybdenum alloy, TIAlV tltantum-aluminum-vanadlum alloy. 

- - - - I __ - - 

EDTA/2% sodium dodecyl sarcosinate/l50 mM 2- 
mercaptoethanol using a homogenizer (HG-30, Hita- 
chi Koki, Chiyoda-ku, Tokyo, Japan). An equal vol- 
ume of 0.1 M sodium acetate buffer (pH 5.2)-saturat- 
ed phenollchloroform was then added and the mixture 
was vigorously shaken at 60 "C. The aqueous phase 
was recovered, then an equal volume of 0.1 M sodium 
acetate buffer-saturated phenollchloroform was add- 
ed, and the mixture was shaken at room temperature 
until the aqueous phase became clear. This phase was 
recovered, chloroform was added and the mixture 
was shaken again. 2 volumes of absolute ethanol were 
then added and the mixture was allowed to stand for 
18 hours at -20 "C. After centrifugation (12000 rpm, 
20 minutes at 4 "C), the pellet was dissolved in 1 mL 
of 0.1 M Tris-HCl(pH 7.5)/50 mM NaCll10 mM 
EDTA/0.2% SDS containing proteinase K (100 pg/ 
mL) and incubated for 2 hours at 37 "C. The solution 
was treated with saturated phenollchloroform and the 
aqueous phase was transferred to a fresh tube contain- 
ing 2 volumes of absolute ethanol. After centrifugation 
(12000 rpm, 20 min. at 4 "C), the pellet was dissolved 
in 3 mM sodium acetate buffer (pH 5.2). 

To remove genomic DNA contamination, each sam- 
ple was treated with DNase I (RNase-free, Nippongene, 
Toyama, Japan) in the presence of RNase inhibitor 
(Wako Pure Chemical, Osaka, Japan) for 1 hour at 
37 "C, followed by proteinase K digestion, phenol ex- 
traction, and ethanol precipitation. The pellet was dis- 
solved in 3 mM sodium acetate buffer (pH 5.2) again, 
and quantified spectrophotometrically at 260 nm. 

RT-PCR (reverse transcription-polymerase 
chain reaction) 
RT-PCR was performed using a RNA PCR kit (Takara 
Shuzo, Otsu, Shiga, Japan). Briefly, reverse transcrip- 
tion of RNA into cDNA was performed by incubating 
2 pg of RNA with AMV reverse transcriptase, ran- 
dom primers, dNTP, and RNase inhibitor at 30 "C for 
10 min, followed by 42 "C for 30 min. 1 pL of each 

cDNA sample from the above extractions was ampli- 
fied by PCR in a total volume of 100 pL using 2.5 
units of Ex Taq polymerase with the accompanying 
buffer (Takara Shuzo, Otsu, Shiga, Japan) and 0.2 pM 
each of specific oligonucleotide primers. The oligo- 
nucleotide primers of the following substances were 
prepared according to the published sequence of the 
human gene: glyceraldehyde-3-phosphate dehydro- 
genase (GAPDH) (Tang et al. 1995), L I B ,  IL-6 
(Butch et al. 1993), type I IL-lR, type I1 IL-1R (Sa- 
douk et al. 1995), IL-4 (Heuer et al. 1996), IL-10 (Es- 
nault et al. 1996), TGFS1 (Mulheron et al. 1992), 
sIL-lra and icIL-lra (Krzesicki et al. 1993). Amplifi- 
cations were performed at from 25 to 45 cycles and 
each cycle consisted of denaturation at 94 "C for 30 
min, annealing at 55-65 "C for 1 min, and extension 
at 72 "C for 1 min. The amplified products were sepa- 
rated by electrophoresis using l %  agarose gels. To 
determine the size of the fragments, 100 bp DNA lad- 
der (Gibco BRL, Rockville, MD, USA) was used as 
the marker. The gels were stained using ethidium bro- 
mide (0.5 pg/mL) and the cDNA bands were photo- 
graphed under UV illumination. Electrophoresis of 
PCR products revealed a dominant size for each set of 
cytokine primers. Each experiment included negative 
controls. The PCR procedure was performed with 
sample RNA that had not been reverse-transcribed, 
and with distilled water instead of cDNA. The 
strength of the expected bands was semi-quantified 
using computer analysis. Briefly, the photographs 
were scanned and analyzed with Adobe Photoshop 
software (Adobe Systems Inc., Mountain View, CA, 
USA). Results were normalized for GAPDH mRNA 
and expressed in arbitrary units. 

lrnrnunostaining using antimacrophage 
antibody (MAC38 7) 
Some portions of the interface tissues were fixed in 
neutral buffered formalin, embedded in paraffin, and 
cut into 4-pm thick sections. Immunostaining was 
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Figure 1. Expression of pro- and antiinflammatory factors. RA rheumatoid arthritis, OA osteoar- 
throsis, IL-1Rt I type I IL-1 receptor; IL-lRt II type II IL-1 receptor; bp: base pair. 

performed using a Vectastain ABC kit (Vector Labo- 
ratories, Burlingame, CA, USA). Briefly, after 
trypsinization following deparaffinization, endoge- 
nous peroxidase was blocked by placing the sections 
in hydrogen peroxidase solution for 30 min. They 
were then incubated in the following reagents with 
appropriate phosphate-buffered saline (PBS: 0.1 M, 
pH 7.4) washes: normal goat serum for 30 min, pri- 
mary antibody (MAC 387, DAKO A / S ,  Glostrup, 
Denmark) for 1 hour, biotinylated antimouse anti- 
body for 30 min, and avidin-biotin complex for 30 
min. The reaction was visualized with chromogen 
substrate solution (diaminobenzidine, hydrogen per- 
oxidase, PBS), and sections were then counterstained 
with methyl green, dehydrated, and mounted. Normal 
immunoglobulin instead of the primary antibody was 
used as the negative control. 

One section for each patient was chosen and exam- 
ined at a magnification of 40% under a microscope 
with a square grid of 0.2 x 0.2 mm. The number of 
MAC 387-positive cells was counted in 5 grid squares 
of each section. The mean number of positive cells in 
the 5 grid squares was divided by the area (0.2 x 0.2 
mm2), and this value (number of macrophages/mm2) 
was defined as the macrophage count of each patient. 

Statistics 
Fisher’s exact probability test, one-way analysis of 
variance, and Spearman’s rank correlation coefficient 
were used for statistical analysis. Statistical signifi- 
cance was inferred when the P value was less than 
0.01. 

Results 
In each PCR procedure, the amount of PCR product 
increased for up to 45 cycles, and increased almost 
linearly as a function of the amount of total RNA used 
(data not shown). No PCR product was observed in 
the procedures with sample RNA that had not been 
reverse-transcribed with distilled water, instead of 
cDNA, showing that the amplified product was 
mRNA specific and that there was no cDNA contami- 
nation. Figure 1 demonstrates that specific DNA frag- 
ments of various mediators and enzymes in the inter- 
facial membrane were amplified. The numbers of 
positive expression of each mediator in 6 interfacial 
membranes, and 6 RA and 6 OA synovial tissues, are 
summarized in Table 2.  The proinflammatory media- 
tors, IL-113, IL-6, and type I IL-1R, were nearly al- 
ways expressed in the interfacial tissues. Among anti- 
inflammatory mediators, type I1 IL- 1 R, IL- 10, TGF- 
I31 and sIL-Ira were always expressed in the interfa- 
cial tissues, whereas IL-4 could be detected in 2 sub- 
jects and icIL-lra in 3 of 6 subjects. 

Normalized intensity of RT-PCR products of each 
mediator was compared between three tissue groups, 
using one-way analysis of variance (Table 3). A dif- 
ference was evident in intensity of IL-10 (p = 0.003) 
and of sIL-lra (p = 0.0006). In interfacial tissue, in- 
tensity of IL-10 was the lowest, whereas that of sIL- 
Ira was the highest. With Fisher’s least significant 
difference method, intensity of IL-10 in interfacial 
tissue was lower than in OA synovium (p = 0.0007), 
and tended to be lower than in RA synovium (p = 
0.09). Similarly, sIL-lra was higher than in OA (p = 



152 Acta Orthop Scand 1999; 70 (2): 149-1 54 

Table 2. Numbers of positive expression 

nssue Inletfacial RA OA 
membrane 8yynovlum oynovkm 

n 6  n 6  n 6  

IL. 1 R 5 3 4 
IL-6 5 3 4 
IL-1Rt I 6 6 6 
IL-1Rt II 8 5 4 
IL.4 2 1 2 
IL-10 8 6 6 
TGF-01 6 6 6 
slL-1 ra 6 3 3 
icIL-lra 3 0 0 

RA rheumatdd arthmb, OA oSteOar\hrgcllS, IL-1R1 I type I IL- 
1R. IL-1Rt II type II IL-1R 

Figure 2. Immunohistochemical staining with MAC 367 (anti- 
macrophage antibody) of the interfacial membrane obtained 
from patient No. 4. Although the specimen had the highest 
macrophage count (41 O/mm2), the levels of both proinflamma- 
tory and antiinflammatory cytokines were not high except for 
icll-1 ra (X 40). 

0.0006) and RA synovium (p = 0.0005). There was no 
significant difference with regard to other mediators, 
although intensity of icIL-lra tended to be high in in- 
terfacial tissue (p = 0.04). 

Table 3. Normalized intensity of RT-PCR products of media- 
tors and macrophage count, Mean (SD) 

Interfa& RA OA 
membrane synovium synovium 

IL-16 2.81 (2.14) 1.09 (1.61) 096 (1.33) 
IL-6 0.93 (1.05) 0.50 (0.77) 1.57 (1 84) 
ILlRt I 1.71 (0.84) 1.89 (0.68) 2 11 (1 49) 
ILlRi II 0.75 (0.21) 0.40 (0.39) 0.49 (0 54) 
11-4 0.30 (0.63) 0.72 (1.75) 192 (3 58) 
IL-10 3.83 (0.36) 4.70 (1.27) 6.08 (089) 
TGF-OI 2.67 (1.47) 1.39 (0.70) 2 17 (1 54) 
SIL-Ira 2.03 (1.08) 025 (0.32) 0.30 (041) 
icll-lrfl 0.80 (1.07) 0 0 
M c o u ~ ~ '  230(126) - - 
AWrevlatlons, see Table 2, macrophagesimm* 

Immunohistochemical studies of interfacial mem- 
branes using monoclonal mouse antibody showed the 
localization of macrophages (Figure 2). Sheets of 
macrophages were seen in fibrous tissue. However, 
the appearance of these sheets tended to be partial 
features of a whole section. Macrophage counts in the 
interfacial membrane varied from 95/mm2 to 4 1 O/ 
mm2 (average 230, SD 126/mm2). We therefore ex- 
amined the relationship between macrophage count 
and normalized intensity of RT-PCR product of each 
factor using Spearman's rank correlation coefficient, 
with the assumption that production of these media- 
tors may be affected by the amount of macrophages in 
the interfacial membrane. However, no significant re- 
lation was evident (Table 4). Similarly, correlation co- 
efficients between normalized intensities of RT-PCR 
products of each mediator were evaluated with the as- 
sumption that some mediators may regulate expres- 
sion of other mediators. Again, no significant relation 
was found between these mediators with the statisti- 
cal power of p < 0.01, although IL-ID tended to have 
a positive relation with TGF-I31 (p = 0.03), type I IL- 

Table 4. Correlation coefficients between intensity of RT-PCR products of each mediator and macrophage count in 
interfacial membrane 

IL-1R IL-6 IL- lRl I  IL-1Rt II IL-4 IL-10 TGF-01 slL-lra iclL-lra M count 

IL-1R - 0.71 0.43 -0.09 0.14 -0.03 1.00' 
IL-6 - - 0.40 -0.26 0.37 -0.03 0.71 
IL-1Rll - - - 0.26 0.85 0.49 0.43 
IL-1Rt II - - - - 0.54 -043 -0.09 
IL-4 - - - - - 0.10 0.14 
IL-10 -0.03 
TGF-I31 - - - - - 
SlL-lra - 
iclL-lra - - 

- - - - - - 
- - 

- - - - - - 
- - - - - 

0.60 
0.43 

0.54 
0.78 
0.14 
0.60 

0.89 b 

- 
- 

4 1 5  - 0 3 3 5  
-027 -046 
-003 -003 
-0.36 0 93 c 
0 40 038 
4 7 0  - 0 5 5  
-015 -035 
027 023 
- 0 9 6 d  

IL-1Rt I type I IL-IR. IL-1Rt II type II IL-tR. M macrophage 
' p = 0.025 

p = 0.038 
D = 0.033 

b p = 0.048 
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1R with sIL-Ira (p = 0.05), type I1 IL-1R with mac- 
rophage count (p = 0.04), and icIL-lra with macroph- 
age count (p = 0.03). Correlation coefficients between 
RT-PCR products from synovium were also calculat- 
ed, but no significant relation was evident in OA or in 
RA synovium (data not shown). 

Discussion 
We found that antiinflammatory factors such as IL-4, 
1L-10, TGF-51, sIL-lra, icIL-lra, and type I1 IL-1R 
are expressed at the interfacial membrane of a failed 
THR. The level of IL-10 in the interfacial membranes 
was lower, but that of sIL-lra was higher than in OA 
and RA synovia. The presence of antiinflammatory 
factors such as TGF-51 (Konttinen et al. 1997a), IL-4 
(Weyand et al. 1998) and basic FGF implicated in 
bone formation (Waris et al. 1996) in the interfacial 
membrane has already been shown by others. Our 
findings established that a variety of antiinflammato- 
ry mediators are synthesized at the bone-implant in- 
terface. 

IL-10 has potent inhibitory effects on monocyte 
and T cell functions. IL-10 inhibits both the produc- 
tion of proinflammatory cytokines such as 1L-l,lLz6, 
IL-8, TNFa, and GM-CSF by human monocytes in 
vitro (De Waal Malefyt et al. 1991a, b). Based on ani- 
mal models, IL-I0 has potent antiinflammatory ef- 
fects in vivo. Neutralization of endogenous 1L-10 by 
anti-IL-10 antibodies results in more severe collagen- 
induced arthritis in mice (Kasama et al. 1995). Ad- 
ministration of IL- 10 suppresses induction of experi- 
mental allergic encephalomyelitis in Lewis rats (Rott 
et al. 1994). It has been suggested that IL-10 is endog- 
enously produced in rheumatoid synovial joints but at 
suboptimal levels (Isomaki et al. 1996). In addition, 
administration of high doses of IL-10 is safe in hu- 
mans (Chernoff et al. 1995). At present, we do not 
know whether the endogenously produced IL-10 in 
the interfacial membrane is suboptimal and leads to 
bone resorption around the implant. However, the 
lower level of IL-10 in the interfacial tissue shown in 
the present study raises the hypothesis that IL-I0 
might be useful in the prevention of aseptic loosen- 
ing. 

The effect of IL-1 is mediated by specific receptors 
(IL-1R). Two types of IL-lR, type I and type 11, have 
been identified and cloned (Sims et al. 1989, McMah- 
an et al. 1991). The type I receptor appears to be re- 
sponsible for transducing signals, whereas type I1 
may serve as a precursor for a shed soluble receptor 
(Sims et al. 1993), functioning as a receptor antago- 
nist. IL-Ira is one of the antiinflammatory factors 

which is a specific inhibitor of IL- I .  It acts by block- 
ing the binding of IL-1 to its receptors, without exhib- 
iting IL-1 bioactivity (Dripps et al. 1991). Two struc- 
tural variants of IL-lra have been described: slL-lra, 
which is a major product of monocytes and macro- 
phages and icIL- Ira, which remains intracellular 
(Haskill et al. 1991, Bigler et al. 1992). 

The most remarkable characteristic of the interfa- 
cial tissue was the higher level of sIL-Ira expression. 
This was 6- to 8-fold higher than in the diseased joint 
synovium. The level of icIL-lra also tended to be 
higher. The endogenous production of IL- Ira has 
been examined in synovial fluid and tissue from pa- 
tients with RA (Firestein et al. 1994, Chomarat et al. 
1995). These studies suggested that IL-lra is not suf- 
ficient to suppress the disease process. It is to be not- 
ed that target cells are exquisitely sensitive to binding 
of only a few IL-1 molecules per cell, and relatively 
large numbers of IL-1 receptor are present on most 
cells. Thus endogenous IL-lra must be produced in 
vast amounts to inhibit IL-1 effects in the cell mi- 
croenvironment in tissues. The possible biological 
importance of IL-lra in vivo is influenced by the re- 
quirement for amounts of this protein 10- to 100-fold 
greater than normal to inhibit biological responses to 
IL-1 in vitro (Firestein et al. 1994). A higher level of 
1L- Ira in the interfacial membrane could therefore 
still be inadequate to suppress bone resorption. 

In our study, we failed to demonstrate a significant 
positive or inverse relationship between proinflam- 
matory and antiinflammatory factors, or between 
these factors and the macrophage count, probably due 
to the limited sample size. However, bone resorption 
induced by proinflammatory mediators is functional- 
ly neutralized by antiinflammatory factors, and bone 
resorption is determined by the overall balance of 
these factors. Given that antiinflammatory factors are 
induced in the interfacial membrane, a better under- 
standing of the factors that most effectively block 
bone resorption, and that cells that produce such fac- 
tors will enhance the ability to mitigate the deleteri- 
ous effects of particulate wear debris, leading to an 
increase in the longevity of reconstructed joints. 
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