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High cathepsin B activity in arthroplasty interface

membranes

A histochemical study of 9 loose cemented total hip prostheses

Hans M Schiiller!, Peter E Scholten', Kamilla Lettinga?, René K Marti' and

Cornelis J F Van Noorden?

We studied biopsies of interface membranes of 9
aseptically loosened total hip prostheses. The mor-
phologic resemblance of the cement-facing surface
of the membranes to synovial tissue of arthritic joints,
as noticed by others, was confirmed by histochemi-
cal techniques. High cathepsin B activity was found

in the bone-facing surface of the membranes. Since
this enzyme also plays an important role in tissue
destruction of arthritic joints, further similarities in the
mechanisms of tissue breakdown in arthritis and
aseptic loosening of cemented hip prostheses may
be conjectured.
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Usually a soft tissue membrane is present at the
cement-bone interface of both well-fixed and loose
components of hip arthroplasties. The cement-facing
side of this interface membrane resembles a synovial
membrane; the opposite side is known to be capable of
inducing bone resorption (Goldring et al. 1983, Linder
et al. 1983, Goldring et al. 1986, Linder and Carlsson
1986, Johanson et al. 1987, Lennox et al. 1987). Histo-
chemical studies have demonstrated high activity of
various catabolic enzymes in cells present in the inter-
face membrane. In particular, acid phosphatase activ-
ity in macrophages, giant cells and osteoclasts was
used as a parameter to study resorption processes
(Linder and Carlsson 1986, Pazzaglia et al. 1987). Fur-
thermore, the activity of lysosomal proteases, such as
cathepsin B and DPP II activity, has been demon-
strated in the cells at the cement surface of the mem-
brane (Lennox et al. 1987).

A possible key role of cathepsin B in destruction of
cartilage and bone in arthritic joints has been noticed
in studies of rheumatoid arthritis (Mort et al. 1984)
and experimentally-induced arthritis (Van Noorden
and Vogels 1986, Van Noorden et al. 1988, 1989). The
present study is a histochemical investigation of inter-
face membrane biopsies of aseptically loosened total
hip prostheses to establish the involvement of cathep-
sin B in bone resorption.

Patients and methods

Biopsies of the interface membrane around loosened
stems of cemented total hip arthroplasties of 9 patients
were taken during revision. There were 6 women and
3 men aged 74 (62-84) years. The primary arthro-
plasty had been for arthrosis in all patients and the
mean time between the initial arthroplasty and the
revision was 8 (4—14) years. In the operating room, the
biopsies were divided into 2 parts. 1 part was fixed
and decalcified in an aqueous medium saturated with
EDTA containing 2% (w/v) freshly prepared parafor-
maldehyde and 100 mM cacodylate buffer (pH 7.2).
The other part was immediately frozen in liquid nitro-
gen and stored at —80 °C until further use.

For morphological analysis and orientation in the
interface membrane, biopsies were fixed and decalci-
fied for 1 week at room temperature, rinsed overnight
in 20 mM phosphate buffer containing 6% (w/v)
sucrose, dehydrated in an alcohol series and embedded
in Histoplast (Shandon, Runcorn, England). Sections
of 5 um were cut and stained with the polychrome
methods of Shoobridge (1983) and Giemsa (Merck,
Darmstadt, Germany; see Van Noorden and Frederiks
1992). Sirius Red F3BA (Chroma AG, Stuttgart, Ger-
many) in saturated picric acid which was used for col-
lagen staining (James et al. 1986). Sections were
mounted in Euparal.

For immunochemistry, 8-um-thick cryostat sections
were cut at 25 °C from the frozen biopsies. Sections
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were dried for 30 min at room temperature, fixed in
acetone for 10 min at 4 °C and dried for 30 min. Mon-
ocyte/macrophage antigen (Leu-M3 (CDI4)) was
detected with a monoclonal antibody (Becton Dickin-
son, Mountain View, CA, U.S.A.). First the incubation
step was performed for 60 min at room temperature
with a 1:20 dilution of the antibody solution in {0 mM
phosphat-buffered saline (PBS, pH 7.4) containing
0.2% (w/v) bovine serum albumin. Sections were
rinsed thrice for 5 min each in PBS and the second
incubation was performed for 30 min using horserad-
ish-peroxidase labeled rabbit-anti-mouse IgG (Dako-
patts, Glastrup, Denmark), diluted 1:200 with PBS
containing 0.2% bovine serum albumin and 1% human
serum. After rinsing thrice for 5 min each in PBS, per-
oxidase activity was detected by incubation in a solu-
tion containing 1 mM 3-amino-9-ethylcarbazole
(AEC; Sigma, St. Louis, MI, U.S.A)), 5% (v/v) dime-
thylformamide and 50 mM acetate buffer (pH 4.9).
AEC was dissolved first in dimethylformamide.
Immediately before use, 0.05% (v/v) hydrogen perox-
ide was added to the medium. Incubation lasted for 10
min at room temperature; then sections were rinsed in
distilled water and counterstained with diluted hema-
toxylin for 1 min and mounted in glycerin-gelatin. The
immunocytochemical method was based on the meth-
ods of Stet et al. (1986) and Dijkstra et al. (1987) and
optimized for the present conditions. Control incuba-
tions were performed by a first-step incubation with
PBS and 0.2% bovine serum albumin alone (Dijkstra
et al. 1987).

Metabolic analysis was performed using enzyme
histochemical methods and unfixed cryostat sections
(8 pm thick), as described by Van Noorden and Frede-
riks (1992). The activity of alkaline phosphatase was
detected by incubating the sections for 10 min at
37 °C, tartrate-resistant acid phosphatase was detected
by incubation for 15 min at 37 °C in the presence of
40 mM sodium, potassium L-tartrate (Merck), b-
hydroxybutyrate dehydrogenase activity was detected
by incubation for 30 min at 37 °C. Cathepsin B activ-
ity was analyzed after 20 min incubation at 20 °C,
using a kinetic fluorescence method and CBZ-Ala-
Arg-Arg-4-methoxy-2-naphthylamide (MNA; Enzyme
Systems Products, Dublin, CA, U.S.A.) as substrate
and S'-nitrosalicylaldehyde as coupling agent. Elastase
activity was detected after 60 min incubation at 20 °C,
using the same fluorescence method and Suc-Ala-Ala-
Ala-MNA (Enzyme Systems Products; Rudolphus et
al. 1992). Control incubations were performed, as
described by Van Noorden and Frederiks (1992) for
alkaline phosphatase in the presence of 10 mM levam-
isole, for tartrate-resistant acid phosphatase and b-
hydroxybutyrate dehydrogenase in the absence of sub-

strate, for cathepsin B in the presence of 10 uM Leu-
peptin (Sigma) and for elastase in the absence of sub-
strate. Photomicrographs were taken using white light
with an Olympus Vanox-T photomicroscope with x|
and x10 Olympus objectives. Fluorescence photomi-
crographs were taken using excitation between 440
and 500 nm and a barrier filter of 515 nm and a x25
Leitz NPI Fluotar objective.

Resulits

Sections of interface membrane stained with Shoo-
bridge, Giemsa and Sirius Red showed similar mor-
phology as described by Goldring et al. (1983, 1986)
and Lennox et al. (1987). A synovial membrane-like
cell layer was present at the cement side. Underneath
this layer a fibrous connective tissue was found
sometimes infiltrated with mononuclear leukocytes
and round particles, probably cement particles. In this
layer, areas of necrosis frequently occurred. At the
other side of the membrane (bone surface) the fibrous
tissue was infiltrated more frequently with mononu-
clear leukocytes than at the cement surface. Figures 1
and 2 demonstrate that many of these infiltrating cells
were macrophages detected immunocytochemically.
In contrast, elastase activity which is particularly
present in neutrophils (Rudolphus et al. 1992) was
found only in a few cells scattered over the whole of
the membranes. The bone surface showed, in all mem-
branes, areas with a high density of multinuclear giant
cells with osteoclast features (Figure 1). In some cases,
bone was included in the section, and lacunae in the
bone containing these giant cells were found fre-
quently. This bone surface contained a high alkaline
phosphatase activity (Figures 3 and 4) as well as tar-
trate-resistant acid phosphatase activity (Figure 5).
Figures 3 and 5 show that these activities were not
very pronounced in other areas of the interface mem-
branes. Figure 6 shows that the giant cells contained a
very high b-hydroxybutyrate dehydrogenase activity,
suggesting that these cells were osteoclasts (Van
Noorden and Vogels 1986, Van Noorden et al. 1989).
In areas of the interface membrane where high
amounts of osteoclast-like cells were found, high
cathepsin B activity was also present (Figure 7). Other
areas, particularly at the cement surface, did not show
significant amounts of cathepsin B activity (Figure 8).

Discussion

Besides similarities, there are also differences between
the microscopic appearance of an active interface
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Figure 1-8: Serial sections of interface membrane. B bone-side of membrane; C cement-side of membrane; gc osteoclast-
like multinuclear giant cell; m macrophage; sm synovial membrane-like surface of interface membrane at the cement-side

Figure 1. Bone surface of interface membrane stained with
CD14 antibody to demonstrate macrophages, x100.
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Figure 3. Cross-section of interface membrane incubated
for alkaline phosphatase activity, x20.
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Figure 5. Cross-section of interface membrane incubated
for tartrate-resistant acid phosphatase activity. Paralle! sec-
tion of section shown in Figure 3, x20.

Figure 2. Cement surface of interface membrane stained
with CD14 antibody to demonstrate macrophages, x100.

Figure 4. Detail of distribution of alkaline phosphatase
activity at bone surface, as shown in Figure 3 at low power,
x150.
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Figure 6. b-Hydroxybutyrate dehydrogenase activity in bone
surface of interface membrane. Osteoclast-like multinuclear
giant cells have a high activity, x120.
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Figure 7. Cathepsin B activity in bone surface of interface
membrane, as demonstrated with a fluorescence method.
White dots represent cathepsin B activity, x150.

membrane and that of synovial and subsynovial tis-
sues, as seen in non-septic arthritis. One important fea-
ture of the interface membrane is the presence of for-
eign body giant cells around wear particles, sometimes
leading to granulomata; this is not found in arthritic
lesions. However, in both pathological conditions,
macrophages are the predominant infiltrating cells and
it is likely that macrophage-mediated responses finally
cause tissue destruction. Apparently, in the loosening
process of hip prostheses, activation of macrophages is
caused by particles of polyethylene, cement or metal
(Howie et al. 1988, Howie and Vernon-Roberts 1988,
Murray and Rushton 1990, Goodman and Lidgren
1992) and by prosthetic micromotion (Santavirta et al.
1992), whereas in arthritis the macrophages are trig-
gered by cytokines or immunological and/or chemical
agents.

The biopsies in the present study confirmed the
microscopical resemblance of the interface membrane
to synovial tissue of arthritic joints. This, however,
accounts for the cement-facing side of the membrane;
the bone resorption occurs at the opposite, bone-facing
side. The present histochemical study of unfixed,
undecalcified cryostat sections of interface membranes
offered the possibility to evaluate the biological beha-
vior of this membrane without the distorting effect of
fixation and decalcification on the biopsies (Van
Noorden and Frederiks 1992). High cathepsin B activ-
ity was found in macrophages, fibroblasts and osteo-
clast-like cells along the bone surface of interface
membranes, particularly in those areas where active
bone resorption was found; other parts of the mem-
brane did not show significant amounts of cathepsin B
activity. The same observations were made in experi-
mentally-induced arthritis by Van Noorden et al.
(1988, 1989).

Figure 8. Cathepsin B activity in synovia-like cement
surface of interface membrane, as demonstrated with a
fluorescence method. Hardly any activity is present, x150.

On the basis of these observations, further similari-
ties, especially between mechanisms leading to tissue
destruction in arthritis and mechanisms leading to
bone resorption around the interface membrane, may
be conjectured. In clinical and experimental studies on
arthritis, the significance of cathepsin B in the
breakdown of cartilage has been demonstrated. In the
normal, non-arthritic joint the cysteine proteinases
cathepsin B, D and L participate in cartilage remodel-
ing by intracellular breakdown of proteoglycans and
collagen type II. In histochemical studies of experi-
mentally-induced arthritis, cathepsin B has been iden-
tified as a possible key factor in cartilage and bone
destruction; high cathepsin B activity has been found
in osteoclasts, chondrocytes, fibroblasts, synovial cells
and bone marrow cells after induction of arthritis in rat
knee joints (Van Noorden et al. 1988, 1989). Immuno-
cytochemical studies revealed extracellular cathepsin
B and D in rheumatoid articular cartilage (Poole and
Mort 1981).

Cathepsin B is involved in active bone resorption
by osteoclasts by breaking down the collagen (type 1)
of the ground substance of demineralized bone (Van
Noorden and Everts 1991, Everts et al. 1992); it is
active in normal bone metabolism as well as in patho-
logical resorption (Vaes 1988). Lennox et al. (1987)
found cathepsin B activity in the implant facing the
pseudo-synovial cells of the interface membrane of
loosened total hip components. Spector et al. (1990)
have noticed that many of the morphological features
of the cells constituting the pseudomembranes which
they analyzed resembled those of fibroblasts rather
than of macrophages.

The similarity between arthritic joints and the inter-
face membranes of loose cemented hip prostheses is
probably explained by the fact that we are looking at
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common pathways in tissue destruction; cathepsin B is
one of the important catabolic enzymes involved in
this destruction. Inhibition of the trigger mechanisms
which initiate the chain of events finally causing oste-
olysis would be the most effective way to improve
longevity of hip prostheses; as long as we are not able
to achieve this, the inhibition or alteration of other
steps later in the chain must be studied.

The observations in these studies justify further
investigation of the role of fibroblasts and cathepsin B
in the process of aseptic loosening. One of the areas of
interest could be tpe selective inhibition of cathepsin B
by Z-Phe-Ala-fluormethy! ketone (CH,F). In experi-
mentally-induced arthritis of rat knees, this compound
has been shown to suppress the inflammation with
decreased intracellular and extracellular cathepsin B
activity, and less cartilage damage as a result (Van
Noorden et al. 1988, Van Noorden and Everts 1991).
The possible inhibition by Z-Phe-AlaCH>F on the
bone-resorbing effects of cathepsin B in the interface
membrane of total hip arthroplasties by either local or
systemic treatment needs further study.
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