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Cytokine receptor profile of arthroplasty
macrophages, foreign body giant cells and

mature osteoclasts

Susan D Neale! and Nicholas A Athanasou?

In the arthroplasty pseudomembrane surrounding a
loose prosthesis there is a marked macrophage and
foreign body giant cell (FBGC) response to implant-
derived wear particles. These cells contribute to the
osteolysis of loosening by releasing cytokines and
growth factors which influence the formation and ac-
tivity of osteoclasts. Using a panel of monoclonal an-
tibodies directed against known cytokine/growth fac-
tor receptors, we have determined by immunohis-
tochemistry whether arthroplasty macrophages, FB-
GCs and osteoclasts express receptors for cytokines
and growth factors that are known to modulate os-
teolysis.

All these cell types reacted with antibodies direct-

ed against the following cytokine/growth factor re-
coptors: gp130, IL-1R type 1, IL-2R, IL-4R, IL-6R,
TNFR, M-CSFR, GM-CSFR and SCFR but not with
antibodies directed against IL-3R and IL-8R. Arthro-
ptasty macrophages, FBGCs and osteoclasts thus
show a similar pattern of cytokine/growth factor re-
ceptor expression. This reflects the fact that arthro-
plasty macrophages are capable of osteoclast differ-
entiation and that these cell types form part of the
mononuclear phagocyte system. As regards the os-
teolysis of aseptic loosening, it also indicates that
these cells are targets for numerous cytokines and
growth factors which influence osteoclast formation
and bone resorption.
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The bone-implant interface often contains focal
areas of osteolysis associated with large numbers
of prosthesis-derived wear particles and a marked
macrophage and foreign body macrophage
polykaryon or giant cell (FBGC) response (Harris
1994). Cytokines such as interleukin-1( (IL-1), tu-
mor necrosis factor ( (TNF) and interleukin-6 (IL-
6) are potent stimulators of osteoclastic bone re-
sorption (Bertolini et al. 1986, Gowen and Mundy
1986, Black et al. 1991) and have been identified
in the arthroplasty pseudomembrane that sur-
rounds failed implants (Chiba et al. 1994, Horiko-
shi et al. 1994). In vivo and in vitro studies have
shown that these cytokines are released from wear
particle-stimulated macrophages and fibroblastic
cells (Glant et al. 1993, Haynes et al. 1993,
Jiranek et al. 1993, Manlapaz et al. 1996).

The osteoclast is a highly specialized multinu-
cleated cell which is responsible for bone resorp-
tion. It forms part of the mononuclear phagocyte
system and is derived from the pluripotent hae-

matopoietic stem cell; it shares a common marrow
precursor with macrophages, and its mononuclear
precursor is known to circulate in the monocyte
fraction. Macrophage-colony stimulating factor
(M-CSF) is an essential requirement for the prolif-
eration and differentiation of osteoclast precursors
{Tanaka et al. 1993, Fujikawa et al. 1996). Other
cytokines and growth factors including interleu-
kin-1 (IL-1), IL-3, IL-6, TNF, granulocyte/macro-
phage-colony stimulating factor (GM-CSF), and
stem cell factor (SCF) have also been implicated
in the recruitment, proliferation and differentia-
tion of osteoclast progenitors (Pfeilschifter et al.
1989, Shinar et al. 1990, Takahashi et al. 1991,
Demulder et al. 1992, Tamura et al. 1993).

‘It has been shown that wear particle-associated
macrophages and human arthroplasty-derived
macrophages are capable of differentiating into
osteoclasts and that this process is influenced by
growth factors (Quinn et al. 1992, Sabokbar et al.
1997). The effects of cytokines and growth factors
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on cells are mediated following interaction with
specific surface receptors. The distribution of
these receptors and changes in their number and
activity provide an important mechanism for regu-
lating responses to cytokines/growth factors. In
this study, we have examined a range of receptors
for cytokines and growth factors found on cells of
the mononuclear phagocyte system present in
periprosthetic tissues.

Material and methods
Specimens examined

Periprosthetic tissues (pseudocapsule) were ob-
tained from revision arthroplasties carried out on
2 patients. One was a 47-year-old woman who had
a cementless JR1 Furlong polyethylene/ceramic/
CoCr hip implant which showed radiographic
signs of loosening. The implant had been in situ
for 4 years prior to revision. The second specimen
was obtained from a 48-year-old woman who had
a cemented Oxford polyethylene/CoCr knee im-
plant which showed radiographic signs of loosen-
ing. The implant had been in situ for 7 years prior
to revision.

Giant cell tumor of bone (GCT) specimens were
obtained from 2 patients: one, a 67-year-old wom-
an with a tumour of the proximal femur, and the
second, a 28-year-old woman with a tumour of the
proximal tibia. The multinucleated giant cells
present in these tissues have been shown to have
all the characteristics of osteoclasts and are com-
monly employed to study human osteoclasts in
vitro. They possess abundant calcitonin receptors
and respond to calcitonin with a rise in cyclic ade-
nosine monophosphate, are positive for tartrate-
resistant acid phosphatase, have an antigenic phe-
notype identical with that of osteoclasts and are
capable of lacunar bone resorption (Chambers et
al. 1985, Horton et al. 1985, Athanasou et al.
1988).

Histological processing and immunohis-
tochemical staining

The arthroplasty tissues were obtained fresh and
snap-frozen in liquid nitrogen. With the use of a
cryostat, frozen 6 pm sections were collected onto
multiwell glass slides, fixed in cold (-20 °C) ace-

Table 1. Cytokine receptor McAbs used for immunohis-
tochemical staining

Monocionat Donor Reactivity isotype
antibody ®

B-R9 Clement/Wijdenes gp130 G1
B1 Brochier gp130 G1
hit-1R-M1 Armitage IL-1R Typel G1
7G78B6 Nelson IL-2Ra G2a
MEM-140, -145 Horaejsi IL-2Ra M
H-31 Sugamura IL-2Ra (c}
TUGh4 Sugamura IL-2Ry G2b
9F5 Lopez IL-3Ra G1
S456C9 Agthoven IL-4R G1
hiL-4R-M§7 Armitage IL-4R G1
B-N12,B-F19  Wijdenes IL-6R G1
M195 Brochier IL-6R G2a
R34.34 Agthoven iL-7R G
B-G20 Widenes IL-8R M
htr9 Lesslauer TNFR/55kD Gt
utri Lesslauer TNFR/75kD  G1
7-7A3 % M-CSFR G1
NU-SCF1 Nakamura SCFR G1
MTKt, MTK2 Morita SCFR G1
17F11 Agthoven SCFR M
SC04, SC06 Agthoven GM-CSF-R G1

* The monoclonal antibodies used were derived from the
cytokine panel of monoclonal antibodies analysed in the
6th international Workshop on Human Leukocyte
Differentiation Antigens.

b An antibody specific for the human CSF-1 receptor (M-
CSFR) was purchased from Cambridge Bioscience,
U.K. (Cat no. 13-2800).

tone for 20 minutes and air-dried at room tempera-
ture. Imprints of osteoclasts were prepared by
pressing a freshly cut piece of giant cell tumour of
bone tissue onto a multiwell glass slide. The im-
prints were air-dried, then fixed for 20 minutes in
cold acetone.

An indirect immunoperoxidase method was
used for monoclonal antibody staining. The
monoclonal antibodies we nsed were diluted 1:10
in phosphate-buffered saline containing 2% bo-
vine serum albumin (PBS/BSA). The antibodies
and their source, listed in Table 1, were derived
from the cytokine panel of monoclonal antibodies
analysed in the 6th International Workshop on
Human Leukocyte Differentiation Antigens
(Kishimoto et al. 1998).

The identity of tissue macrophages and FBGCs
was established using an antibody to CD14 (JML-
H14), which reacts with macrophages, but not os-
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Figure 1. Immunohistochemical staining of (A) macrophages and FBGCs (arrows) in the arthroplasty pseudocapsule for
the anti-macrophage CD68 antigen (x200) and (B) osteoclasts from GCT imprints for vitronectin receptor expression

{x200). Counterstained with hematoxylin.

teoclasts (Athanasou and Quinn 1990). Osteo-
clasts were identified by the monoclonal antibody,
23C6, which is directed against the vitronectin re-
ceptor (Horton et al. 1985). Positive controls also
included the anti-CD68 antibody, EBM/11, which
reacts with all 3 cell types (Athanasou and Quinn
1990, Kadoya et al. 1994). Negative controls con-
sisted of adding PBS/BSA alone.

Briefly, the acetone-fixed frozen sections and
imprints were incubated with primary antibodies
in a moist environment overnight at 4 °C. After in-
cubation, the slides were gently washed in PBS
for 10 minutes. This was followed by a 30-minute
incubation in ethanol/3% hydrogen peroxide solu-
tion to block endogenous peroxidase activity. The
slides were removed and rinsed in PBS for a fur-
ther 10 minutes. The biotinylated secondary anti-
body (peroxidase-conjugated rabbit anti-mouse;
Dako) was diluted 1:50 in PBS/BSA and the sec-
tions and imprints were incubated for 30 minutes
at room temperature. The biotinylated tertiary an-
tibody (peroxidase-conjugated swine anti-rabbit
Ig; Dako) was diluted 1:100 in PBS/BSA and the
sections and imprints incubated for 30 minutes at
room temperature. A solution of 0.5 mg/mL of 3,3
diaminobenzidine (DAB) containing 0.05% hy-
drogen peroxide was applied to each section and
imprint and the slides incubated for 3 minutes.
The sections and imprints were washed thorough-
ly in running tap water, counterstained with hae-
matoxylin, dehydrated through graded alcohols,
brought to xylene, and finally mounted with DPX
medium and examined by light microscopy.

Results
Histological features of specimens examined

The arthroplasty pseudocapsule was composed of
cellular and collagenous connective tissue which
contained a marked macrophage and FBGC re-
sponse to numerous polymeric and metallic biom-
aterial wear particles. These cells stained strongly
for the anti-macrophage markers, CD14 and
CD68. Staining for CD14 was mainly evident on
the membrane of tissue macrophages and FBGCs
whereas staining for CD68 was largely cytoplas-
mic (Figure 1).

The GCT imprints contained scattered mononu-
clear cells and large numbers of osteoclasts, readi-
ly identifiable by their size and multinuclearity.
All the osteoclasts and some mononuclear cells in
the GCT imprints showed strong cytoplasmic
staining (Figure 1) with the anti-CD68 antibody
EBM/11. Osteoclasts also showed strong mem-
brane staining with the monoclonal antibody
23C6 (directed against the a-chain of the vit-
ronectin receptor) and were negative for CD14.

Antigenic phenotype of macrophages and
FBGCs in revision arthroplasty tissue

A summary of the immunohistochemical staining
reaction of wear particle-associated macrophages
and FBGCs in periprosthetic tissues is shown in
Table 2. Macrophages and FBGCs reacted strong-
ly with antibodies directed against receptors for
gpl30, IL-IR type 1, IL-2Ra, IL-2Ry, IL-6R,
TNFR, M-CSFR, and SCFR. These cells showed
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Table 2. Cytokine receptor profile of macrophages and
foreign body giant cells in revision arthroplasty tissue,
and mature osteoclasts

directed against receptors for 1L-4 and GM-CSF.
Blood vessels in the arthroplasty tissues also
showed strong staining for SCFR, IL-7R and
TNFR antibodies. Macrophages and FBGCs did

McAb name Reactivity Revision  GCT not react with antibodies directed against IL-3R
and IL-8R.

B-R9 gp130 + + + +

5'1'_ M |ng1 %OT woow o+ W Antigenic phenotype of osteoclasts in giant
~-1R-M1 -1R Typet + + w W

7G7B6 IL-2Ro w w s s cell tumours of bone

MEM-140,-145  IL-2Ra + o+ o+ The pattern of staining of the cytokine receptor

H-31 IL-2Ra W+t monoclonal antibodies on osteoclasts was almost

TUGh4 IL-2Ry + w + + . . .

9F5 IL-3Ra _ - identical to that of both inflammatory macro-

$456C9 IL-4R w w W w phages and FBGCs. Osteoclasts showed strong

hiL-4R-M57 IL-4R W W W W membrane staining with antibodies directed

B-N12, B-F19 IL-6R + + w + .

M195 IL-6R 0w o+ 4 against IL-2Ra and IL-2Ry, and strong membrane

R34.34 IL-7R - - W W and cytoplasmic staining with antibodies directed

B-G20 IL-8R = = = = against [L-6R, TNFR, M-CSFR and SCFR (Fig-

htr9 TNFR/55kD  + + + + . .

utrl INFRI7SKD +« + + 4 ure 3). Osteoclasts were not exclusively stained,

7-7A3 M-CSFR + o+ o+ o+ as mononuclear cells present in the GCT imprints

NU-SCF1 SCFR s W+ also reacted strongly with these antibodies. All of

MTK1, MTK2 SCFR w w + + . : . .

17F11 SCFR + o+ o+ = the above antibodies reacted mainly with the

SC04, SC06 GM-CSFR w W W W membrane of the mononuclear cells, except the

+ strong positive staining, w weak staining, ~ no staining

mainly membrane staining for these cytokine re-
ceptors, but some cytoplasmic staining was also
noted (Figure 2). Macrophages and FBGCs react-
ing with anti-IL-1R type 1 antibodies showed
membrane staining only. Anti-TNFR antibodies
reacted strongly with both the nucleus and cyto-
plasm of these cells (Figure 2). Weak staining was
seen on macrophages and FBGCs with antibodies

TNFR antibodies which showed strong nuclear
and membrane staining. Weak staining for gp130,
IL-1R type 1, IL-4R, IL-7R and GM-CSFR was
seen on osteoclasts. Osteoclasts did not react with
antibodies directed against IL-3R and IL-8R.

Discussion

This is the first study to show that wear particie-
associated macrophages and FBGCs in arthroplas-
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Figure 2. Cytokine receptor expression on macrophages and FBGCs in the arthroplasty pseudocapsule with monoclonal
antibodies to (A) IL-6R (x400) and (B) TNFR (x400). Note the strong cytoplasmic staining in A (arrows) and the strong
nuclear staining in B (arrows). Counterstained with hematoxylin.



456

Acta Orthop Scand 1999; 70 (5): 452—-458

2 L] I J
we

bos

Figure 3. Cytokine/growth factor receptor expression on osteoclasts from GCT imprints with monoclonal antibodies to (A)
IL-6R (x460) and (B) M-CSFR (x350). Counterstained with hematoxylin.

ty tissue exhibit a similar cytokine receptor profile
to that of mature osteoclasts. The activity of such
cells is likely to be influenced by these humoral
factors, many of which are known to be present in
periprosthetic tissues. It is widely accepted that
FBGCs are formed by the fusion of mature mac-
rophages, and it has recently been shown that hu-
man arthroplasty-derived macrophages are capa-
ble of osteoclast differentiation (Sabokbar et al.
1997). The strong correlation between cytokine re-
ceptor antigen expression on macrophages, FBGCs
and osteoclasts thus reflects the common lineage of
these cells and indicates that they are likely to repre-
sent targets for cytokines/growth factors known to
modulate osteoclast formation and activity.

The presence of IL-1 and TNF receptors on ar-
throplasty macrophages and osteoclasts is consist-
ent with the hypothesis that these cytokines play
an important role in periprosthetic bone resorption
and implant loosening. Both IL-1 and TNF are po-
tent inducers of bone resorption in calvarial organ
cultures (Bertolini et al. 1986, Gowen and Mundy
1986). In addition, IL-1 and TNF also stimulate
osteoclast formation in long-term human marrow
cultures (Pfeilshifter et al. 1989). These cytokines
are believed to act via the osteoblast to promote
osteoclast bone resorbing activity rather than to
stimulate osteoclast function directly (Thomson et
al. 1986, 1987). Both IL-1 and TNF are mitogenic
for osteoclast precursors (Pfeilschifter et al. 1989)
and IL-1 enhances osteoclast survival (Jimi et al.
1995).

Strong expression of IL.-6 receptors was found
on arthroplasty macrophages, FBGCs and mature

osteoclasts. Previous studies have shown that IL-6
receptors are present on monocytes/macrophages
(Munck-Petersen et al. 1990), and osteoclasts iso-
lated from giant cell tumors of bone (Ohsaki et al.
1992). IL-6 induces bone resorption in foetal
mouse calvaria which contains primitive osteo-
clast progenitors (Ishimi et al. 1990) and, in con-
junction with other factors such as IL-1, can dra-
matically potentiate bone loss in vivo (Black et al.
1991). With regard to aseptic loosening, IL-1,
TNF and IL-6 have all been identified in peripros-
thetic tissues surrounding loose implants (Chiba et
al. 1994, Horikoshi et al. 1994). Several studies
have shown that these cytokines are released from
wear particle-stimulated macrophages and fibro-
blastic cells (Glant et al. 1993, Haynes et al. 1993,
Manlapaz et al. 1996). Strong expression of gp130
was shown on arthroplasty macrophages, FBGCs
and osteoclasts in this study. IL.-6 is known to act
via a cell surface receptor which consists of two
components, a membrane-bound IL-6 receptor
and gp130. When the IL-6 receptor is occupied,
the ligand receptor complex binds to gp130 which
then transduces the IL-6 signals (Taga et al. 1989).

M-CSF receptors have not previously been
identified on macrophages in periprosthetic tis-
sues. M-CSF is an essential co-factor for the pro-
liferation and differentiation of osteoclast progen-
itors. In vitro studies using long-term mouse mar-
row culture systems (Tanaka et al. 1993) and more
recently using human monocyte/macrophage and
marrow culture systems (Fujikawa et al. 1996,
Sarma and Flanagan 1996) have confirmed the
importance of M-CSF in osteoclast formation.
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Thus, our finding of M-CSF receptor expression
on arthroplasty macrophages is in keeping with
the concept of macrophage-osteoclast differentia-
tion occurring in periprosthetic tissues. Consistent
with our findings of M-CSF receptors on osteo-
clasts, it has been shown that M-CSF promotes
osteoclast survival (Fuller et al. 1993, Jimi et al.
1995), and stimulates osteoclastic bone-resorbing
activity (Yang et al. 1996, Sarma et al. 1997).

Weak staining for GM-CSF receptors on arthro-
plasty macrophages, FBGCs and osteoclasts was
shown in this study. GM-CSF has recently been
shown to be released from monocytes after wear
particle stimulation (Horowitz and Purdon 1995).
This response may be due to increased levels of
IL-1, IL-6 and TNEF, since such cytokines are
known to stimulate GM-CSF production. The ex-
pression of IL.-4 receptors on arthroplasty mac-
rophages and osteoclasts is of interest as IL-4 in-
hibits osteoclast formation from both marrow and
mononuclear phagocyte precursors (Shioi et al.
1991, Lacey et al. 1995).

In summary, macrophages and FBGCs in
periprosthetic tissues were found to express recep-
tors for cytokines which stimulate osteoclastic
bone resorbing activity, including IL-1, TNF and
IL-6, and receptors for cytokines/growth factors
known to influence osteoclast formation, e.g., IL-
1, IL-4, TNF, IL-6, M-CSF, GM-CSF and SCF.
Receptors for these cytokines/growth factors were
also found on osteoclasts, reflecting the fact that
such cells are all part of the mononuclear phago-
cyte system and that both osteoclasts and FBGCs
are of macrophage origin. Although many of these
cytokines/growth factors are likely to produce
their effects through common signal molecules,
the widespread cellular distribution of these re-
ceptors may account for the diverse effects of
these humoral factors on bone resorption associat-
ed with aseptic loosening.

The authors thank Barry Puddle for his advice on immuno-
histochemical staining. This study was supported by the
Wellcome Trust.
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