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The expression of cysteine proteinases cathepsins B
and K and of the endogenous inhibitor of cysteine
proteinases, cystatin C, was investigated in tissue
specimens of patients with giant cell tumor of ten-
don sheath (GCTTS). Expression of both enzymes
was examined by immunohistochemistry in tissue
specimens of 14 patients with GCTTS. Applying
double-labeling techniques, the coexpression of ca-
thepsin B and its major endogenous inhibitor cys-
tatin C was additionally studied. Cells expressing
the respective proteins were further characterized
with the macrophage markers HAM56 and anti-
CD68 (clone PG-M1). Cathepsin B could be detected
in numerous HAM56-positive mononuclear cells
(MC), but only in very few giant cells (GC). In con-
trast, cathepsin K was predominantly identified in
GC that were also strongly immunoreactive for cys-
tatin C and CD68. Coexpression of cathepsin B and
cystatin C occurred only in a few MC. The strong
expression of both cathepsin B and K suggests that
in GCTTS, bone erosion might be mediated not only
by pressure of the proliferative tissue, but also by
matrix-degrading cysteine proteinases. Because
previous studies showed that osteoclasts express
high levels of CD68, cathepsin K, and cystatin C but
not of cathepsin B, our study contributes to the view
that GC of GCTTS and osteoclasts are closely
associated.
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Giant cell tumor of tendon sheath (GCTTS) is a
proliferative synovial lesion of unknown etiology (1,
2). Theories concerning the dignity and pathogen-
esis of this disorder have undergone constant revi-
sion. GCTTS was believed by some to represent a
reactive or hyperplastic process (3). Recent studies
demonstrated a variety of chromosomal abnormal-
ities suggesting that GCTTS is most likely neoplastic
in nature (1, 4, 5). GCTTS is divided into localized
and diffuse forms (1). The diffuse type is generally
regarded as the soft-tissue counterpart of diffuse
pigmented villonodular synovitis of the joint space.
The localized form, also called nodular tenosynovi-
tis, predominantly affects the digits (1, 2). In this
localization, it is the second most common tumor
after ganglion (6). Less frequently, localized GCTTS
occurs in areas of large weight-bearing joints such
as the hip, knee, ankle, and foot (1). It typically
affects adults between the fourth and sixth decade
(1–3).

Histologically, GCTTS is composed of mononu-
clear polygonal cells and multinucleated giant cells
set in a variably dense collagenous stroma (1, 7).
Numerous immunohistochemical studies indicate
that the majority of mononuclear cells (MC) express
several markers of the monocyte/macrophage lin-
eage, whereas the multinucleated giant cells (GC)
share phenotypic features of osteoclasts (1, 2, 8, 9).
Furthermore, GC are thought to form by fusion of
monocyte/macrophage-like MC (7, 10).

Although GCTTS usually causes no particular
symptoms other than a painless palpable nodule, it
is able to cause osseous erosion (1, 6, 8). These
erosions are suggested to occur because of pressure
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from the proliferative tissue (6). However, destruc-
tion of adjacent bone by an invasive tissue front has
been observed as well (8, 11). Furthermore, Atha-
nasou et al. (12) found that GC isolated from GCTTS
demonstrated resorption pit formation when cul-
tured on cortical bone slides. They concluded that
these GC are capable of bone resorption. A variety
of matrix-degrading enzymes has been suggested to
contribute to bone and cartilage damage in other
synovial lesions, such as rheumatoid arthritis and
pigmented villonodular synovitis. Besides matrix
metalloproteinases (MMP), the cysteine protein-
ases cathepsin B and the recently found Type K are
especially involved in the destruction of the extra-
cellular matrix (13–17). Cathepsin B is able to de-
grade different types of collagen and proteoglycans
as well as the bone matrix protein osteocalcin (16,
17). It may play a significant role in the degradative
process; it also has been demonstrated to activate
the metalloproteinases interstitial collagenase
(MMP-1) and stromelysin (MMP-3; 18, 19). Cathep-
sin K is considered to play a central role in bone
resorption because it degrades large amounts of the
major bone collagen Type I and the bone matrix
protein osteonectin (20, 21). Deficiency of cathep-
sin K results in pyknodysostosis, an autosomal re-
cessive osteosclerotic skeletal dysplasia (22). Spe-
cific exogenous inhibitors of both cathepsin B and
cathepsin K have been shown to significantly de-
crease the destruction of articular cartilage and
bone (23–25).

This study was designed to investigate the ex-
pression of the cysteine proteinases cathepsins B
and K in GCTTS. Because matrix destruction may
be a result of a shifted equilibrium between the
proteinase and its inhibitor (14, 15), we examined
the expression of both cathepsin B and its most
potent endogenous inhibitor, cystatin C (26). Im-
munohistochemical techniques, including double-
labeling methods, were performed to analyze the
colocalization of cathepsin B and cystatin C. Fur-
thermore, cells expressing the respective molecules
were determined by double staining with the mac-
rophage markers HAM56 (in the case of cathepsin
B) or anti-CD68 (in the case of cystatin C).

MATERIALS AND METHODS

Patient Selection and Tissue Preparation
Tissue samples of 14 patients with GCTTS were

obtained from local excision. Of the 14 patients, 6
were female and 8 were male. The ages of the pa-
tients at the initial surgical procedure ranged from
26 to 70 years (mean, 52.2 y). The tumors ranged in
size from 0.6 cm to 2.8 cm at the greatest diameter,
with an average size of 1.5 cm.

Specimens were fixed in 4% phosphate buffered
saline– buffered formaldehyde according to stan-
dard methods. Four-micrometer paraffin sections
were mounted on silane-coated slides, dewaxed,
and hydrated through gradient alcohols. Sections
were then incubated at 37°C, either in 0.1% trypsin
(Sigma, St. Louis, MO) for 15 minutes or in 0.1%
proteinase K (Boehringer Mannheim, Mannheim,
Germany) for 10 minutes.

Immunohistochemistry
Single staining with monoclonal antibodies

against human cathepsin K (clone 182–12G5;
Chemicon, Temecula, CA) was performed using the
streptavidine–alkaline phosphatase technique. As
control, mouse immunoglobulins (Cymbus Bio-
technology, Chandlers Ford, United Kingdom) were
used to replace the primary antibodies. Tissue
specimens from a patient with a giant cell tumor of
bone were applied as positive control (27). Slides
were treated with an avidin/biotin blocking kit
(Vector, Burlingame, CA). After that, nonspecific
binding of immunoglobulins was blocked by incu-
bation with 4% nonfat, dried bovine milk (Sig-
ma)/2% normal horse serum (Vector) in Tris buffer
(pH 7.6). Primary antibodies diluted 1:2000 and
negative control (diluted 1:200) in Tris buffer (pH
7.6) were then incubated for 1 hour, followed by a
30-minute incubation with biotinylated horse anti-
mouse IgG (Vector). Slides were then covered with
streptavidine-conjugated alkaline phosphatase
(1:50 dilution; Dako, Glostrup, Denmark) for 30
minutes. The color reaction was performed using
the new fuchsin method (28). Endogenous alkaline
phosphatase was blocked by adding levamisole
(Sigma) to the substrate solution. Color develop-
ment was stopped under microscopic control by
immersing the slides in Tris buffer (pH 7.6). Finally,
slides were counterstained with Mayer’s hematox-
ylin (Merck, Darmstadt, Germany) and mounted in
Kaiser’s glycerol gelatin (Merck).

In the case of single staining with polyclonal rab-
bit anti-human cystatin C primary antibodies
(Dako and Upstate Biotechnology, Lake Placid, NY),
the immunogold-silver technique was performed
according to previous protocols (29). The immuno-
globulin fraction of nonimmunized rabbits (Dako)
was used as control. After silver enhancement, a
counterstaining technique with Harris’ hematoxy-
lin (Merck) and light green (Chroma, Köngen, Ger-
many) was applied. Slides were then mounted in
entellan (Merck).

For immunohistochemical double labeling, the
APAAP method was applied using mouse monoclo-
nal antibodies against human CD68 (clone PG-M1;
Dako) and cathepsin B (clone CA10; Oncogene Re-
search Products, Cambridge, CA). As control, pri-
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mary antibodies were omitted, or mouse immuno-
globulins (Dako; Cymbus Biotechnology) were
applied to replace the primary antibodies. The
APAAP method was performed according to previ-
ous protocols (29). Subsequently, the immunogold
silver staining technique was applied with anti-
human cystatin C. After silver enhancement, slides
were counterstained with Mayer’s hematoxylin and
mounted with Kaiser’s glycerol gelatin.

In the case of double labeling with anti-cathepsin
B (clone CA10, Oncogene Research Products, Cam-
bridge, CA) and the macrophage marker HAM56
(clone HAM56; Dako), the avidin biotin-complex
method with monoclonal HAM56-antibody was ap-
plied first. Slides were rinsed with 10% metha-
nol/4% H2O2 for 30 minutes to quench endogenous
peroxidase. Nonspecific binding was blocked by 2%
normal goat serum (Vector). The HAM56-antibody
(diluted 1:50) was applied, followed by incubation
with biotinylated goat anti-mouse IgM (Vector, di-
luted 1:50). Slides were then covered with the avidin
biotin complex kit (Vectastain, Vector) for 30 min-
utes. Color development was performed wíth 3,3'-
diaminobenzidine (Sigma). After that, the APAAP
method with anti-cathepsin B was used. Finally,
slides were counterstained with Mayer’s hematox-
ylin and mounted with Kaiser’s glycerol gelatin.

Light Microscopy
Slides were examined and photographed with a

Leica Microscope DMRX (Leitz, Wetzlar, Germany).
Microscopic evaluation of the slides was made ac-
cording to a modified method of Keyszer et al. (14).
The immunohistochemical analysis of all slides was
performed on the same day. Cell types were mon-
itored as multinucleated giant cells (GC) and mono-
nuclear cells (MC). The extent of binding was esti-
mated by counting the number of positive cells per
5 high-power fields. Results were classified accord-
ing to four categories: (1), ,5% of cells positive; 1,
between 5% and 30% of cells positive; 11, between
30% and 60% of cells positive; 111, .60% of cells
positive. Final scores represent the average of
scores for all tissue specimens examined.

RESULTS

The results of the microscopic evaluation of the
tissue specimens are summarized in Table 1. Ca-

thepsin K was expressed in a large number of giant
cells (GC), whereas only a few mononuclear cells
(MC) displayed immunoreactivity for this molecule
(Fig. 1). Cathepsin K was typically localized in cy-
toplasmic vacuole-like structures. Positive controls
revealed strong cathepsin K expression in the ma-
jority of the GC. In contrast to cathepsin K, cathep-
sin B could be demonstrated in numerous MC, but
only in very few GC in distinct cellular compart-
ments. Positive MC coexpressed the macrophage
marker HAM56 as well, whereas HAM56 was nega-
tive in GC (Fig. 2).

Strong cystatin C labeling was found in a large
percentage of GC. In these cells, the cystatin C
staining pattern was marked in the perinuclear area
(Figs. 3, 4). Coexpression of CD68 could be detected
in abundant GC. Besides numerous GC, cystatin C
was found in a few CD68-positive and -negative MC
as well (Fig. 5). Coexpression of cystatin C and
cathepsin B occurred in the minority of the MC and
in very few GC (Fig. 6).

Close apposition of cystatin C positive GC with
distinct MC was commonly observed (Figs. 2, 4, 6).
The MC coexpressing cathepsin B and HAM56 were
frequently arranged around the GC. Interestingly,
double labeling of cathepsin B and cystatin C dem-
onstrated that the cystatin C–positive GC were sur-
rounded by cathepsin B–positive MC as well (Figs.
2, 6).

Negative controls did not reveal staining.

FIGURE 1. Single staining of cathepsin K (red) reveals strong
immunoreactivity in a giant cell, whereas only a few mononuclear cells
are positive for this molecule. Counterstaining with hematoxylin
(4003).

TABLE 1. Results of Immunohistochemical Stains

Cell
Type

CC CB CK CC 1 CB CC 1 CD68 CB 1 HAM56

GC 111 (1) 111 (1) 111 (1)
MC 1 11 (1) 1 (1) 11

Expression was scored as follows: (1) 5 0 –5% positive cells; 1 5 5–30% positive cells; 11 5 30 – 60% positive cells; 111 5 60 –100% positive cells.
CB, cathepsin B; CC, cystatin C; CK, cathepsin K; GC, giant cells; MC, mononuclear cells.
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DISCUSSION

GCTTS is a proliferative synovial disorder that is
divided into localized and diffuse form. The local-
ized type, also called nodular tenosynovitis, typi-
cally occurs on the digits, where it represents the

second most common tumor after ganglion (1). Al-
though GCTTS usually causes no particular symp-
toms other than a painless, palpable nodule, it in-
duces osseous erosion (1, 6). The radiographic
findings of Karasick and Karasick (6) demonstrated
bone erosion in up to 10 –20%. This bone erosion is
suggested to occur because of pressure from the
soft-tissue mass (6). However, invasion and de-
struction of the adjacent bone matrix has been ob-
served as well (8, 11). Furthermore, GC derived
from GCTTS have been shown to resorb bone (12).
Bone resorption and destruction requires the pro-
teinolytic activity of matrix-degrading enzymes
such as metalloproteinases and cysteine protein-
ases (15, 17, 20). To analyze whether matrix-
degrading proteases might participate in bone ero-
sion in GCTTS, we investigated the expression of
the cysteine proteinases cathepsins B and K.

Most interestingly, the GC strongly expressed ca-
thepsin K and cystatin C, whereas cathepsin B was
detected at very low levels. Expression of cathepsin
K has been demonstrated in different cell popula-
tions like synovial fibroblasts (30), macrophages

FIGURE 2. Prominent coexpression of HAM56 (brown) and cathepsin
B (red) in numerous mononuclear cells (MC) but not in giant cells
(GC). Note that several cathepsin B–positive MC are arranged around
the GC. Counterstaining with hematoxylin (5003).

FIGURE 3. Strong cystatin C expression (black) in numerous giant
cells, but only in a few mononuclear cells. Besides granular cytoplasmic
staining, there is a perinuclear marked expression. Counterstaining with
light green and hematoxylin (4003).

FIGURE 4. Cystatin C–positive giant cells (black) in close apposition
to two mononuclear cells. Counterstaining with light green and
hematoxylin (6003).

FIGURE 5. Colocalization of CD68 (red) and cystatin C (black) in
giant cells. Only the minority of mononuclear cells is positive for both
molecules. Counterstaining with hematoxylin (5003).

FIGURE 6. Double labeling of cathepsin B (red) and cystatin C
(black). Weak coexpression of both proteins in a few mononuclear cells
(MC). Note that giant cells expressing cystatin C are surrounded with
numerous cathepsin B–positive MC. Counterstaining with hematoxylin
(6003).
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and smooth muscle cells in atheroma (31), and
breast cancer cells (32). However, several studies
indicate that cathepsin K is predominantly ex-
pressed in osteoclasts (27, 33, 34). GC sharing phe-
notypic features of osteoclasts are found within sev-
eral diseased synovial tissues, as in osteoarthritis
(OA), rheumatoid arthritis, pigmented villonodular
synovitis, and GCTTS. These previous studies ex-
amined the expression of common osteoclastic
markers like tartrate-resistant acid phosphatase
(TRAP), the vitronectin receptor (CD51), CD68, and
the calcitonin receptor (main results are summa-
rized in Table 2.). Recently, cathepsin K mRNA ex-
pression was found in TRAP-positive synovial GC in
OA, whereas these cells lacked expression of ca-
thepsin B mRNA (39). In rheumatoid arthritis, ca-
thepsin K mRNA was detected in synovial GC as
well (30). Furthermore, rheumatoid GC revealed
strong expression of cystatin C protein but not of
cathepsin B (37). Osteoclasts have been shown to
abundantly express cystatin C and cathepsin K,
whereas cathepsin B was detected at very low levels
(29, 33), similar to the case of the data in the present
study. Taken together, our analysis supports the
view that GC in GCTTS and osteoclasts exhibit a
very similar phenotype and might thus be closely
associated.

Athanasou et al. concluded from their studies
that GC derived from GCTTS are capable of bone
resorption (12). Cathepsin K is considered to play a
key role in the resorption of bone matrix, as it
degrades large amounts of the major bone collagen
Type I as well as the bone matrix protein osteonec-
tin (20, 21). Furthermore, it has been described to
be unique among mammalian proteinases because
it is able to cleave the collagen molecule both inside
and outside of the collagen helix (21). The present
study revealed strong expression of cathepsin K in
GC of GCTTS. In other synovial lesions like rheu-
matoid arthritis and OA, this cysteine proteinase is
thought to be involved in bone degradation (30, 39).
If bone erosion in GCTTS is mediated by matrix-
degrading enzymes, we suggest that cathepsin K is
critical for this process as well.

In contrast to cathepsin K, cathepsin B staining
was strongly positive in the MC, indicating that

these cells express large amounts of this enzyme.
Cathepsin B-positive cells often coexpressed
HAM56 too, which is a known marker for mononu-
clear macrophages in GCTTS (2, 40). Cathepsin B
may be involved in cartilage and bone destruction
by degrading proteoglycans, different collagen
types (II, IX, and XI), and the bone matrix protein
osteocalcin as well as by activating the collageno-
lytic metalloproteinases interstitial collagenase
(MMP-1) and stromelysin (MMP-3; 17–19). The ex-
pression of both MMP-1 and MMP-3 has been ex-
amined in pigmented villonodular synovitis, which
is considered to be a closely related entity of
GCTTS. Interestingly, MMP-1 and MMP-3 were
predominantly detectable in MC of the synovial
membrane, whereas GC were not noted to express
these proteinases in significant amounts (13). It is
thus possible that cathepsin B participates in bone
erosion in pigmented villonodular synovitis and
GCTTS by either matrix degradation or activation of
MMP as well.

Destruction of the extracellular matrix is the re-
sult of a shifted balance between the matrix degrad-
ing enzyme and its inhibitor in favor of the enzyme
(14, 15). Therefore, we included the investigation of
the relationship of cathepsin B and its major inhib-
itor cystatin C (26) in this study. Strong expression
of cystatin C was found in most of the cathepsin
B–negative and CD68 –positive GC, but only in the
minority of the cathepsin B–positive MC. The find-
ing that in GCTTS, cathepsin B and cystatin C are
slightly coexpressed favors the view that cathepsin
B is only weakly inhibited by its major endogenous
inhibitor and might therefore be involved in matrix
degradation.

Although it is still a matter of debate whether
GCTTS is of histiocytic or synovial cell origin, it is
generally considered that the GC in GCTTS form by
the fusion of macrophage-like MC (2, 7, 10). In the
present study, several MC were observed that were
in close apposition with GC. These MC often ex-
pressed cathepsin B as well as the macrophage
marker HAM56. In some cases, GC were found to
express cathepsin B in distinct cellular compart-
ments. This could be interpreted as resulting from
the fusion with cathepsin B–positive MC. On the

TABLE 2. Expression of Common Osteoclastic Markers, Cysteine Proteinases Cathepsins B and K and Cystatin C in

GC in Synovial Lesions

TRAP CD51 CD68 CTR CB CK CC

RA 1(35) 1(35) 1(35) 1(36) 2(37) 1(30) 1(37)
OA 1(38) 1(38) 1(35) ND 2(39) 1(39) ND
PVNS 1(9) 1(9) 1(2) 1(9) ND ND ND
GCTTS 1(9) 1(9) 1a 1(9) 2a 1a 1a

ND, study not done; 1, strong expression; 2, expressed at low levels or no expression; CB, cathepsin B; CC, cystatin C; CK, cathepsin K; CTR, calcitonin
receptor; GCTTS, giant cell tumor of tendon sheath; OA, osteoarthritis; PVNS, pigmented villonodular synovitis; RA, rheumatoid arthritis; TRAP,
tartrate-resistant acid phosphatase. Numbers in parentheses indicate reference citation numbers.

a Shows results of the present study.
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other hand, GC surrounded with cathepsin B–posi-
tive MC frequently revealed a strong immunoreac-
tivity for cystatin C. (Interestingly, immunostaining
of cathepsin K revealed a result similar to that of
cystatin C, as both could be detected mainly in the
GC. However, it has not yet been investigated
whether cystatin C is able to bind and inhibit ca-
thepsin K.) It has been suggested that cystatin C
functions extracellularly (41). The results of Pierre
and Mellman (42) indicated that cystatin C can
inhibit cathepsin activity intracellularly as well.
Thus, it remains to be elucidated whether cystatin
C, strongly expressed in GC, performs cytoprotec-
tive functions during fusion with cathepsin B–rich
MC.

In summary, these data demonstrate for the first
time that the cysteine proteinases cathepsins B and
K, as well as the endogenous inhibitor of the cys-
teine proteinases, cystatin C, are expressed in
GCTTS. Because we have shown that GC exhibit a
similar staining pattern as osteoclasts in previous
studies, in other words, positivity for CD68, cathep-
sin K, and cystatin C but only faint expression of
cathepsin B, both cell populations might be closely
associated. Furthermore, if bone erosion in GCTTS
is mediated by matrix-degrading enzymes, we sug-
gest that because of strong expression of cathepsin
B and K, both cysteine proteinases are involved in
this process.
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