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Interleukin 15 production by macrophages in
the implant interface membrane of aseptically
loosened joint replacements
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The T lymphocytes are cells involved in immunologically mediated hypersensitivity
reactions. They are found in the cellular infiltrate present in the interface membrane of
aseptically loosened joint prostheses. Activation of these cells has been demonstrated
but not the important cytokine, interleukin 2 (IL2) required for such activation. This study
describes the localization of IL15 and its mRNA in macrophages in interface membranes
associated with activated T lymphocytes which are proliferating (as is evident from HLA-DR
and Ki67 expression, respectively). The findings provide further evidence for immune
mediated processes in aseptic loosening of orthopaedic implants because IL15 has similar
activities to IL2 in T lymphocyte activation. Q 1998 Kluwer Academic Publishers
1. Introduction
Examination of tissue forming the interface membrane
of aseptically loosened prosthetic joints has shown the
presence of an inflammatory cellular reaction in re-
sponse to particulate wear debris from the bearing
surfaces of the joint [1]. The literature relating to the
particles detectable by light microscopy has been re-
viewed recently [2]. It is now recognized that most
particles are beyond the resolution of the light micro-
scope being less than 1 lm in size [1, 3—5]. Increasing
evidence suggests that these sub-micrometer sized par-
ticles play an important part in the bone loss (osteoly-
sis) occurring adjacent to implants [6]. The normal
defence of the body to particulate foreign materials
involves cells of the macrophage system which engulf
them. Macrophages and multinucleate giant cells
(MNGCs), which are closely related, are found in the
interface tissues where there is aseptic loosening and
osteolysis. The inflammatory mediators produced by
these macrophages include cytokines and nitric oxide
which, in turn, play a role in stimulating resorption of
bone by macrophages and osteoclasts [1, 7—10].

There are usually lymphocytes of the T cell subset
intermingled with the debris-containing macrophages
[11, 12] and these cells are more numerous where
there is metal debris, prompting the suggestion that
there is a metal sensitivity reaction occurring in some
cases of aseptic loosening [11]. Although these
T lymphocytes are activated [13, 14], the cytokine
normally responsible for such activation in immune
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processes (interleukin 2, IL2) has not been demon-
strated in interface membranes. The recently described
cytokine, interleukin 15 (IL15) has similar activities to
IL2 and shares the IL2 receptor (IL2-R) on lympho-
cytes as well as having a receptor of its own [15, 16].
The presence of IL15 and its messenger RNA (mRNA)
was sought therefore in interface membranes
by immunohistochemical and in situ hybridization
techniques.

2. Materials and methods
Samples (30 in all) of interface membrane from total
hip replacements were obtained at the time of revision
surgery for aseptic loosening. Microbiological culture
in all cases showed the absence of infection. The sam-
ples were snap frozen in isopentane-cooled liquid ni-
trogen and stored at !70 °C before use. Frozen
sections were cut at 5 lm thickness using a Reichert
Jung cryostat, placed on poly-¸-lysine coated slides
and air dried for 2 h. The sections were stained using
the alkaline phosphatase/streptavidin method. They
were fixed in cold acetone for 15 min, washed three
times for 5 min each in phosphate buffered saline
(PBS) then incubated with 1 : 20 dilution of universal
blocking serum (Vector) #5% bovine serum albumin
(BSA) in PBS for 30 min. The serum was blotted out,
then a further blocking avidin/biotin (Vector kit) stage
was performed, with an avidin blocking solution fol-
lowed by a biotin blocking solution for 15 min each.
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The sections were washed thoroughly between stages
of avidin/biotin blocking. Antibodies to IL15 (1 : 50,
mouse monoclonal antibody, Genzyme), IL2 (1 : 20,
goat polyclonal antibody, Autogen Bioclear), IL2-R
(1 : 20, CD25, Seralab), CD3 (1 : 20, rabbit polyclonal
antibody, DAKO) and CD68 (1 : 100, EBM11, Dako)
were applied for 1 h. After washing for three times for
5 min each in PBS, appropriate biotinylated second-
ary antibodies (1 : 50 dilution) were applied to the
sections which were then incubated for 30 min. After
three 5 min washes in PBS, sections were incubated
with alkaline phosphatase/streptavidin (1 : 100) for
30 min and the reaction product developed with the
alkaline phosphatase substrate kit (Vector).

Staining for HLA-DR and with the proliferation
marker Ki67 was performed on ten samples using
a fluorescent labeling method. Sections were prepared,
acetone fixed and blocked as above, then incubated
with anti-HLA-DR (1 : 50, rat polyclonal anti-
body, Dako) or Ki67 (1 : 30, sheep polyclonal anti-
body, Binding Sites Limited) for 1 h. The sections were
washed, incubated with the appropriate (species speci-
fic) biotinylated secondary antibody and further
washed before alkaline phosphatase/streptavidin
(1 : 100) was applied for 30 min. The reaction product
was developed with the alkaline phosphatase substra-
te kit (Vector).

In situ hybridization was performed using a cocktail
of digoxigenin-labeled oligonucleotide probes to three
separate sequences of IL15 mRNA (Boehringer)
on formalin-fixed paraffin wax embedded tissue
sections. After dewaxing and rehydration, sections
were rinsed in 0.2 M HCl followed by 0.05 M Tris
HCl (pH 7.4). Permeabilization with proteinase
K (5 lgml~1) at 37 °C for 1 h was followed by washing
in PBS with post-fixation on 0.4% paraformal-
dehyde/PBS for 20 min at 4 °C. Following further
washing in DEPC distilled water, prehybridization
was performed in a humidifying chamber at 37 °C for
1 h. The sections were hybridized at 37 °C overnight.
Post-hybridization washes in Tris buffer (three times
for 10 min washes) at 37 °C were followed by
one wash at room temperature, and 0.1% Triton
X-100 for 15 min at room temperature. Detection of
digoxigenin-labelled probe was performed with anti-
digoxigenin antibody labeled with alkaline phosphat-
ase (1 : 250; Boehringer) and an alkaline phosphatase
substrate kit (Vector Red).

Placenta, a tissue rich in IL15, was used as a posit-
ive control for both immunohistochemistry and in
s%itu hybridization studies. Standard blocks of tonsil
in which staining patterns are well known for all the
other markers, were used as positive controls for these
antibodies.

3. Results
Intracellular interleukin 15 was demonstrable in mac-
rophages and multinucleate giant cells of 26 out of 30
samples. The IL15 containing cells were present in the
synovium-like layer of macrophages adjacent to the
implant (Fig. 1). There were also IL15 positive
cells distributed deep in this layer through the fibrous
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Figure 1 Synovium-like layer and deeper infiltrating cells of the
interface tissue showing the presence of numerous IL15 containing
macrophages immunostained with monoclonal antibody (arrow
heads indicating some of these) and an IL15 positive giant cell
(right). Immunohistochemistry; alkaline phosphatase method.

Figure 2 Adjacent section to that shown in Fig. 1, showing cells
labeled with monoclonal antibody against CD68, a macrophage
marker. Immunohistochemistry; alkaline phosphatase.

tissue of the interface membrane. Staining of serial
sections with CD68 confirmed that the IL15-contain-
ing cells were macrophages (Fig. 2). The numbers of
such cells varied but they were a prominent feature in
eight of the cases.

Staining for IL2 showed the absence of this
cytokine from all the samples from all the cases. Small
numbers of lymphocytes showed surface staining for
IL2-R.

There were plentiful T lymphocytes present in all
but one case, as was evident from positive staining
with CD3 monoclonal antibody (Fig. 3). In the sample
of ten cases in which an activation marker was used,
a proportion of macrophages and T lymphocytes were
activated, as shown by the expression of HLA-DR on
the cell surface membrane. A small percentage of
T lymphocytes were proliferating, showing Ki67 stain-
ing of their nuclei (Fig. 4).

In situ hybridization studies showed the presence of
IL15 mRNA in macrophages. These cells were present
both near the implant (synovium-like) layer and on
the bone side of the interface membrane. Their distri-
bution was similar to that of cells immunostained with
the antibody to IL15 indicating that both mRNA and
the protein are detectable within macrophages in these



Figure 3 Interface membrane tissue showing the presence of nu-
merous T lymphocytes labeled with monoclonal antibody against
CD3. Immunohistochemistry; alkaline phosphatase.

Figure 4 High power view of macrophages containing particulate
metal debris (black granules). There are lymphocytes present which
show nuclear staining with monoclonal antibody Ki67 (arrow
heads). These are proliferating lymphocytes. Immunohistochemis-
try; alkaline phosphatase.

Figure 5 In situ hybridization to show macrophages expressing IL
15 mRNA in their nuclei. There are numerous positive cells present;
five have been marked with arrow heads. Digoxigenin method;
alkaline phosphatase.

cases. The mRNA could be localized to the nuclei of
a proportion of macrophages (Fig. 5).

4. Discussion
Sensitivity reactions to metals used in orthopaedic
implants have been recognized on clinical grounds in
the past [17—19]. Fairly recently, the question of
sensitization to titanium has been raised [11] and
a further example of proven sensitivity to titanium has
been reported [20]. It has been demonstrated that the
T cells are arranged round blood vessels in the inter-
face membrane [14], that they are primed cells with
immune memory, because they show surface expres-
sion of CD45RO [21, 22], and that they are activated
expressing HLA-DR [13, 14], a finding confirmed in
the present study.

Further evidence comes from the expression of E-
selectin, an adhesion molecule, by endothelial cells in
newly formed blood vessels in the regions of the inter-
face related to metal debris [22, 23]. This molecule is
known to mediate T cell adhesion to endothelial cells
and their migration through the vessel wall in con-
tact/allergic hypersensitivity reactions [24]. It thus
seems a possibility that a T cell mediated hypersensi-
tivity reaction may be occurring in the interface tissues
of some cases in association with the presence of metal
debris. Others have described the reaction to titanium
debris but considered the inflammatory mechanism to
be no different from that occurring with any other
particulate debris, considering the T lymphocytes to
be of no functional significance [25—28]. Failure to
demonstrate the presence of IL2 or its receptor (IL2-
R) on such activated T lymphocytes has suggested
that this opinion may be true. This finding is repeated
here; however, the significant amount of IL15 present
in macrophages and the fact that the mRNA for this
cytokine can also be demonstrated, is evidence that
a true immune response may be taking place. IL15
uses the IL2-R and has a receptor of its own, not
sought in this study. It may be acting as an alternative
to IL2 in the particular immune reaction occurring in
interface membranes. Its presence as an activator of
T lymphocytes and their proliferation is in keeping
with the other findings of this study.

That there may be a different cellular mechanism in
response to polyethylene compared with metal debris,
is suggested by other recent findings. In histomor-
phometric studies of the type of cell found at the
resorbing surfaces of bone adjacent to wear particle-
containing cellular infiltrates, macrophages were found
to be present to a significantly greater extent than
osteoclasts [29]. Moreover, when the type of particle
was examined in relation to areas of osteolysis and
compared with areas where there was no osteolysis,
macrophages were found to be significantly increased
in the presence of polyethylene debris, whereas osteoc-
lasts were the cells found at a significantly higher level
in relation to metal debris [30]. The possible differ-
ences in mechanisms in relation to different types of
particle are the subject of on-going studies.
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