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Abstract Giant cell tumor of bone (GCT) is one of a few neoplasms in which the macrophage/osteoclast precursor
cells and osteoclast-like giant cells infiltrate the tumor mass. Monocyte chemoattractant protein 1 (MCP-1) is a potent
chemotactic factor specific for monocytes. In search of relevant cytokines that may enhance the recruitment of these
reactive cells, we evaluated the localization and regulation of MCP-1 mRNA and protein in GCT by using Northern blot
analysis, in situ hybridization and immunohistochemistry. We also determined whether conditioned medium obtained
from GCT cultures can recruit human peripheral blood monocytes (CD681) in an in vitro chemotactic assay. Using
Northern blot analysis, we detected the specific gene transcript for MCP-1 in all GCT samples tested. In situ
hybridization and immunohistochemistry revealed that both MCP-1 gene transcript and protein were consistently
present in the cytoplasm of stromal-like tumor cells of GCT. Treatment of mononuclear cells from GCT at third passage
with TGF-b1 for 24 h increased the level of MCP-1 mRNA in a dose-dependent manner, with the maximum effect at 1
ng/ml. Conditioned media from GCT cultures promoted the chemotactic migration of CD681 peripheral monocytes, an
activity which was abolished by the addition of MCP-1 antibody to the conditioned medium. Thus, the results of this
study suggest that recruitment of CD681 macrophage-like cells may be due to the production MCP-1 by stromal-like
tumor cells. These CD681 cells may originate from peripheral blood and could have the capability of further
differentiating into osteoclasts in the tumor. J. Cell. Biochem. 70:121–129, 1998. r 1998 Wiley-Liss, Inc.
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Monocyte chemoattractant protein 1 (MCP-1)
is a potent chemotactic factor specific for mono-
cytes [Valente et al., 1984; Graves et al., 1986].
The MCP family includes MCP-2, MCP-3,
MCP-4, MCP-5, RANTES, macrophage inflam-
matory protein (MIP)-a, and MIP-b [Oppen-
heim et al., 1991; Schall, 1991; Uguccioni et al.,
1996; Sarafi et al., 1997]. The production of
MCP-1 is constitutively dependent on stimula-
tion by inflammatory mediators, such as inter-
leukin-1, tumor necrosis factor a, interferon g,
or platelet-derived growth factor [Satriano et
al., 1993; Hoshino et al., 1995; Sica et al., 1990;

Villiger et al., 1992; Zhu et al., 1994]. MCP-1
gene expression and/or protein production have
been detected in a variety of human diseases,
such as atherosclerosis [Yu et al., 1992; Wysocki
et al., 1996], rheumatoid arthritis [Villiger et
al., 1992a,b], idiopathic pulmonary fibrosis [An-
toniades et al., 1992], tissue injury [Furie and
Randolph, 1995], periodontal infections [Ton-
etti et al., 1994], glioblastoma [Desbaillets et
al., 1994], cervical carcinoma [Riethdorf et al.,
1996], ovarian carcinoma [Negus et al., 1995],
Kaposi’s sarcoma [Sciacca et al., 1994], fibrous
histiocytoma [Tabeya et al., 1991], and prostate
adenocarcinoma [Mazzucchelli et al., 1996b].
The current view is that MCP-1 production is
associated with the degree of chronic inflamma-
tion and macrophage infiltration in neoplasms.
Moreover it has been shown that a number of
tumor cell lines are capable of producing MCP-1,
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which appears to stimulate monocyte-mediated
inhibition of tumor growth [Bottazzi et al., 1983;
Graves et al., 1989]. In support of this hypoth-
esis, there is also a correlation between the
level of MCP-1 activity and the number of mac-
rophages within tumors [Bottazzi et al., 1983].

Giant cell tumor of bone (GCT; also known as
osteoclastoma) is a benign but locally aggres-
sive neoplasm that has a predilection for the
epiphysis of long bones. GCT is one of a few
neoplasms in which the macrophage/osteoclast
precursor cells and osteoclast-like giant cells
infiltrate the tumor mass. The majority of these
infiltrating cells are CD681 and belong to the
macrophage/osteoclast lineage [Burmester et
al., 1983; Athanasou et al., 1985]. Our previous
studies showed that the tumor cells of GCT are
capable of producing transforming growth fac-
tor-b1 (TGF-b1), which stimulates recruitment
of reactive osteoclasts [Zheng et al., 1994]. The
osteoclast-like giant cells express TGF-b type II
receptor, reflecting paracrine action. Condi-
tioned medium from tumor cell culture has
been shown to chemoattract osteoclasts and
tartrate-resistant acid phosphatase-positive
mononuclear cells [Zheng et al., 1994]. Interest-
ingly, administration of monoclonal antibody
against TGF-b1 only partly abolishes the chemo-
tactic activity of this conditioned medium
[Zheng et al., 1994]. In search of other relevant
cytokines that may enhance recruitment of re-
active cells (especially those of CD681 macro-
phage/osteoclast lineage) in GCT, we evaluated
the presence of MCP-1 gene transcript and
protein in GCT, using in situ hybridization,
Northern blot analysis and immunohistochem-
istry. We also determined whether the condi-
tioned medium obtained from cultures of GCT
can recruit human peripheral blood monocytes
(CD681) in an in vitro chemotactic assay and if
this chemotactic activity can be abolished by
the administration of MCP-1 antibody.

MATERIALS AND METHODS
Materials

Four cases of GCT were investigated as previ-
ously described [Zheng et al., 1995]. KP-1
(CD68) monoclonal antibody was obtained from
DAKO (Botany, Australia). Monoclonal anti-
body against recombinant human and recombi-
nant human and mouse MCP-1 proteins were
obtained from R & D (Minneapolis, MN). The
cDNA probe for MCP-1 was purchased from
ATCC (Rockville, MD). All other chemicals were
standard reagents.

Immunohistochemistry

GCT imprint slides were washed in 0.2 M
Tris-buffered saline (TBS), blocked for endog-
enous peroxidase activity by incubation in 35%
H2O2 for 5 min, washed in TBS, and then prein-
cubated with 20% normal horse serum for 20
min before incubation overnight at 4°C with a 1
in 10 dilution of 5D3-F7 (monoclonal antibody
to human MCP-1) or KP-1 (CD68) as previously
described [Wysocki et al., 1996; Zheng et al.,
1995]. Slides were then washed twice with TBS,
incubated for 1 h at room temperature with a 1
in 200 dilution of biotin-conjugated sheep anti-
mouse immunoglobulin (Silenus, Melbourne,
Australia), followed by two washes in TBS and
incubation for 1 h at room temperature with a 1
in 200 dilution of peroxidase conjugated strep-
tavidin (Silenus). Chromagen solution contain-
ing 6 mg of 3,38-diaminobenzidine (BDH Chemi-
cals, Poole, UK) in 10 ml of TBS/0.03% H2O2

was added and color allowed to develop for 5
min before being stopped by washing in TBS.
Slides were counterstained in hematoxylin, de-
hydrated in alcohol, and mounted in Depex.
Preparations in which the primary antibody to
MCP-1 was omitted served as negative con-
trols.

Tissue Culture of Giant Cell Tumor of Bone

To examine the effect of TGF-b1 on regula-
tion of gene expression of MCP-1 in GCT, mono-
nuclear spindle-shaped cells at the third pas-
sage derived from case 4 of GCT were
subcultured in Dulbecco’s minimum essential
medium (DMEM) containing 10% fetal calf se-
rum (FCS), 100 U/ml penicillin, and 100 µg/ml
streptomycin. Upon reaching confluence, the
culture medium was removed and replaced for
24 h with DMEM containing 2% FCS in the
presence and absence of TGF b1 (0.1 ng to 5
ng/ml).

RNA Extraction and Northern Blot Analysis

Total cellular RNA was isolated by the RNA-
zol method (Biotech, Houston, TX) from both
solid tumors and tumor cultures prepared from
the one GCT preparation. Twenty-five micro-
grams of total cellular RNA from each extract
was fractionated on 1% agarose gels and trans-
ferred to nylon filters (Hybond N1; Amersham,
Arlington Heights, IL) by capillary blotting.
Filters were prehybridized for 2 h at 42°C in a
buffer containing 50% formamide and five-fold
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Denhardt’s solution. Hybridization was con-
ducted in a buffer containing all the ingredients
described earlier, in addition to approximately
1 3 106 cpm of denatured radiolabeled probe/
ml. The cDNA probe for MCP-1 was a 0.7kb
EcoR1 fragment of MCP-1 [Yoshimura et al.,
1989] labeled with [32P]dCTP (3,000 ci/mmol;
Amersham) using a random primer kit (Amer-
sham). Filters were washed sequentially in 2 3
SSPE/0.1% sodium dodecyl sulfate (SDS) at
room temperature and 1 3 SSPE/0.1% SDS,
0.1 3 SSPE/0. 1% SDS at 65°C and then ex-
posed to X-ray films at -70°C in cassettes using
intensifying screens. MCP-1 mRNA levels were
normalized by using GAPDH mRNAas an inter-
nal standard.

In Situ Hybridization

Inserts of MCP-1 (0.7 kb) were labeled with
digoxigenin using a DNA labeling and detection
kit (Boehringer-Mannheim, Mannheim, Ger-
many) according to the manufacturer’s instruc-
tions. In situ hybridization was performed us-
ing a previously described method [Zheng et al.,
1994, 1995]. The hybridization solution con-
sisted of 45% deionized formamide, 10% dex-
tran sulfate, five-fold standard saline citrate
(SSC), and 1 mg/ml of denatured and sonicated
salmon sperm DNA.

Isolation of Monocytes From Human
Peripheral Blood

Heparinized peripheral blood from a single
normal donor was mixed with one volume of
phosphate-buffered saline (PBS) and one vol-
ume of hydroxyethyl starch (Plasmasteril; Fre-
senius, Bad Homburg, Germany) in a cylinder
and placed for 30 min at 37°C to allow sedimen-
tation of erythrocytes. The resulting superna-
tant was centrifuged at 400g for 7.5 min and
the pellet was washed and suspended in PBS.
This cell suspension was loaded carefully on
three volumes of Ficoll-sodium metrizoate (Lym-
phoprep; Nyegaerd, Oslo, Norway; density 5
1.077 g/ml) and centrifuged at 400g for 30 min.
The layer of mononuclear cells was washed and
suspended in Hanks’ balanced salt solution,
supplemented with 0.1% human serum albu-
min (HBSS 1 0.5% HSA) and used as a source
of monocytes.

Chemotactic Assay

Conditioned medium for the human mono-
cyte chemotaxis assay was collected from early

passage GCT cells cultured at a density of 104

cells/ml in DMEM containing 5% FCS for 3
days before collection of GCT-conditioned me-
dium (GCTCM), which was filtered through 2.5
µm pore size filters prior to storage at -70°C for
use in the chemotactic assay. Human mono-
cytes at a density of 104 cells/well in DMEM
were allowed to settle for 90 min at 37°C onto a
polycarbonate filter with 5 µm pores within the
upper well of the microchamber [Zheng et al.,
1994]. The GCTCM was diluted in medium
DMEM (1:10 and 1:50) and placed in the lower
well of the microchamber. For negative con-
trols, medium DMEM in the presence of 5%
FCS for osteoclasts and monocytes respectively
was placed in the lower wells. For positive
controls, rhMCP-1 at concentrations of 100
ng/ml and 10 ng/ml of medium were used. Mono-
clonal antibody against MCP-1 at 150 ng/ml
was used to neutralise MCP-1 activity in
GCTCM. KP-1 antibody was used for immuno-
histochemistry as previously described [Zheng
et al., 1995] to detect the effect of MCP-1 on
CD681 monocyte chemotaxis.

RESULTS
Distribution of CD681 Positive Cells in GCT

As previously described [Zheng et al., 1994,
1995], tumors from all four cases of GCT dis-
played typical morphological features and con-
sisted of multinuclear osteoclast-like giant cells
scattered among a mass of mononuclear cells
(Fig. 1a). Immunohistochemistry of GCT im-
prints revealed that the osteoclast-like giant
cells were consistently positive for CD681. A
small portion of mononuclear cells identified as
round-shaped macrophage-like cells were also
positive for the same marker (Fig. 1b). To fur-
ther determine the number of CD681 cells in
GCT, the CD681 cells in tissue imprints were
counted under the 253 objective field. Table I
shows the percentage and absolute number of
CD681 positive cells per field in the four cases.
Interestingly, CD681 positive cells account for
approximately 30–40% of the mononuclear cell
population.

Detection and Localization of MCP-1 mRNA
and Protein in GCT

To detect the presence of MCP-1 gene tran-
script in GCT, total RNA extracted from snap-
frozen samples of four cases of GCT was hybrid-
ized with radiolabeled MCP-1 cDNA probe.

MCP-1 Production of GCT 123



Representative Northern blot analyses of
MCP-1 in GCT (cases 1 and 2) are shown in
Figure 2. Autoradiograms demonstrated that
all of tumors expressed MCP-1 gene transcripts
at high levels. The size of the MCP-1 gene
transcript in these tumors was approximately
800 base pairs, a similar size as previously
described [Sica et al., 1990].

To determine the localization of MCP-1 gene
transcript in GCT, we performed in situ hybrid-
ization using a digoxigenin-labeled cDNA probe
[Zheng et al., 1994, 1995]. Figure 3a shows that
mononuclear, mainly spindle-shaped, tumor
cells express MCP-1 gene transcripts, while
multinucleated osteoclast-like giant cells dem-
onstrate minimal expression. For the tumor
cells the dark brown reaction product was dif-
fusely distributed throughout the cytoplasm.
Treatment with RNase resulted in a loss of
signals in all cells, indicating that the labeled
probe was specifically recognizing mRNA se-
quences (Fig. 3b).

Fig. 2. Northern blot analysis of MCP-1 in GCT. Case 1 (left)
and Case 2 (right) are shown. Twenty-five micrograms of total
RNA were separated on an agarose gel, transferred to nitrocellu-
lose, and hybridized with probes. Note that both cases express
significant levels of MCP-1 mRNA (0.8 kb).

Fig. 1. Histology and CD681 immunoreactivity of giant cell tumor of bone (GCT). A: Histological feature of GCT.
Note that many osteoclast-like giant cells are scattered among a mass of mononuclear cells. The stromal-like tumor
cells are either polygonal or spindle shaped. The macrophage-like cells display a rounded appearance. B:
Immunoreactivity of CD681 of GCT imprints. Note that both osteoclast-like giant cells and round-shaped macrophage-
like cells (arrow) are positive for CD681, whereas stromal-like tumor cells are negative (3250).

TABLE I. Number and Percentage of CD681 Cells in GCTa

Multinuclear giant cells
Mononuclear cells

CD681 CD681

CD681

macrophage-like
CD682

stromal-like

Case 1 4.1 6 0.8 (6.8%) 0 (0%) 19.5 6 2.6 (32.3%) 36.7 6 4.9 (60.9%)
Case 2 2.7 6 0.36 (5.3%) 0 (0%) 16.8 6 2.5 (32.7%) 31.8 6 3.1 (62%)
Case 3 9.8 6 1.5 (5.8) 0 (0%) 64 6 11.5 (37.9%) 94.8 6 20 (56.2%)
Case 4 4.0 6 0.55 (6.3%) 0 (0%) 21.4 6 1.5 (33.5%) 38.4 6 3.3 (60.1%)

aCD681 and CD682 cells in tissue imprints of GCT were counted under the 253 objective field. At least 10 fields per slide were
counted. Results are expressed as mean number of cells per field 1 SEM. The % represents percentage of the cells in total cell
population per field.
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To further determine whether MCP-1 protein
was present in GCT, immunohistochemistry was
performed on GCT imprints. The result showed
that MCP-1 immunoreactivity closely corre-
lated with the findings by in situ hybridization.
MCP-1 protein was consistently detected in
spindle-shaped mononuclear cells and a few
round mononuclear cells. In contrast, multi-
nucleated osteoclast-like giant cells were consis-
tently negative for MCP-1 protein in all four
cases (Fig. 4a). Treatment with preimmune goat
IgG showed no staining on GCT imprints, indi-
cating the specificity of immunoreaction with
MCP-1 antibody (Fig. 4b).

Regulation of MCP-1 Gene Expression by TGF-b1
in GCT Cultured Cells

Previous studies have shown that tumor cells
of GCT produce abundant TGF-b1 [Zheng et
al., 1994]. To further examine whether TGF-b1
is involved in the regulation of MCP-1 gene
expression in GCT, mixed cultures of GCT (case
4) at the third passage were used. Such cul-
tures consisted of mononuclear cells but not
osteoclast-like giant cells. The results indicated
that treatment with TGF-b1 for 24 h increased
the level of MCP-1 mRNA in these cultures
(Fig. 5) in a dose-dependent manner, with the
maximum effect was observed at a concentra-
tion of 1 ng/ml. The findings suggest that
TGF-b1 upregulates MCP-1 production.

Conditioned Media From GCT Culture (GCTCM)
Induced CD681 Blood Monocyte Migration

To examine the hypothesis that the accumu-
lation of CD681 cells in GCT may be derived

from peripheral blood monocytes, we tested the
ability of GCTCM to stimulate normal CD681

monocyte migration. GCTCM was collected from
fifth passage cultures (cases 1 and 2) and used
in a Boyden Chamber as previously described

Fig. 3. In situ hybridization of MCP-1 gene transcript in GCT
imprints of Case 3. A: The location of MCP-1 mRNA is in
spindle-shaped stromal-like tumor cells (T) and some macro-
phage-like cells (M), but not osteoclast-like giant cells (G).
Under high magnification the signal localization is observed in
the cytoplasm of stromal-like tumor cells (window). B: The
signal disappears when cells were incubated with 100/ng/ml of
RNase before hybridization (3450).

Fig. 4. Immunohistochemistry of MCP-1 in GCT imprints of Case 3. A: MCP-1 protein was detected in spindle-
shaped stromal-like tumor cells (T) and some macrophage-like cells (M), but not in osteoclast-like giant cells (G). This
result is consistent with the detection of MCP-1 mRNA by in situ hybridization. B: Negative control of MCP-1
immunohistochemistry cells were treated with normal preimmune goat IgG. The nuclei were stained with hematoxy-
lin (3450).

MCP-1 Production of GCT 125



[Zheng et al., 1994]. The results indicated that
GCTCM is able to induce cell migration of nor-
mal CD681 peripheral blood monocytes to the
same extent as that produced by MCP-1 at a
concentration of 10 ng/ml. Addition of monoclo-
nal antibody against MCP-1 (125 ng/ml) to the
conditioned medium abolished the chemotactic
activity of GCTCM (Fig. 6).

DISCUSSION

In this report, we demonstrated for the first
time that stromal-like tumor cells in GCT pro-
duce MCP-1. Using Northern blot analysis, we
have detected the specific gene transcript for
MCP-1 in all of GCT tested. In situ hybridiza-
tion and immunohistochemistry revealed that
both MCP-1 mRNA and protein were consis-
tently present in the cytoplasm of stromal-like
tumor cells of GCT. Interestingly, conditioned
media from GCT cultures promoted chemotac-

tic migration of CD681 peripheral monocytes,
an activity abolished by the addition of MCP-1
antibody to the conditioned medium. MCP-1,
however, had no effect on the chemotaxis of
osteoclasts [Zheng et al., unpublished data].
Thus, the results of this study suggest that the
recruitment into GCT of CD681 positive cells,
which account for approximately 30–40% of the
total cell mononuclear population, may be due
to the production MCP-1 by stromal-like tumor
cells.

It has been shown that many growth factors
and cytokines regulate the production of MCP-1
at both transcriptional and posttranscriptional
levels. For example, in mouse mesangial cells
MCP-1 is increased in a dose-dependent man-
ner after incubation with IFN-g and TNF-a
[Satriano et al., 1993]. Interestingly, changes in
MCP-1 mRNA expression parallel activation of
the transcriptional factor NF-kB [Satriano et
al., 1994]. Furthermore, it has been shown that
MCP-1 production by mouse osteoblasts was
regulated by IL-1 [Rahimi et al., 1995; Zhu et
al., 1994]. The production of MCP-1 by osteo-
blasts has been considered to be one of the steps
by which osteoblasts/stromal cells regulate os-
teoclastic bone resorption in inflamed bone [Ra-
himi et al., 1995]. In this report, we find that
TGF-b1 increases the level of MCP-1 gene tran-
scripts in cultured mononuclear cells of GCT.

Fig. 5. Northern blot analysis for MCP-1 gene transcripts in
third passage cultures from GCT (Case 4). Cells were treated
with TGF-b1 at various concentrations for 24 h. Twenty micro-
grams of total RNA were extracted and separated on an agarose
gel, transferred to nitrocellulose, and hybridized with the appro-
priate probes. A housekeeping gene, GAPDH, was used as an
internal reference to demonstrate that the changes of MCP-1
gene expression were not due to uneven loading of RNA
samples. Note that treatment with TGF-b1 increases the level of
MCP-1 mRNA in a dose dependent manner, with maximum
induction observed at 1 ng/ml.

Fig. 6. Chemotactic effects of conditioned media obtained
from giant cell tumor of bone (GCTCM) on CD681 positive
peripheral blood monocytes. Human peripheral blood mono-
cytes were assayed for their ability to respond to GCTCM and
recombinant human MCP-1 (rhMCP-1), as described in Materi-
als and Methods. For a negative control, DMEM containing 5%
FCS was diluted with IMEM 1 to a ratio of 1:10. Cells were
stained with Diff-quick stain or reacted with CD681 immunohis-
tochemistry. Notes that both GCTCM and rhMCP-1 increase the
chemotaxis of CD681 monocytes. Monoclonal antibody against
MCP-1 abolished the chemotactic activity of GCTCM (*P .

0.05, **P , 0.05, ***P , 0.01 verse control).
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Since our previous studies showed that tumor
cells of GCT do not possess TGF-b type II recep-
tor, the effect of TGF-b1, on the production of
MCP-1 in GCT would appear to be mediated via
other types of TGF-b receptor [Chen et al.,
1993]. Our finding that TGF-b1 induced MCP-1
gene expression is consistent with other reports
that induction of MCP-1 mRNA in both bone
marrow stromal cells and osteoblasts is modu-
lated by TGF-b [Zhu et al 1994; Gautam et al.,
1995].

MCP-1 has been detected in many solid tu-
mors associated with macrophage infiltration.
In human malignant glioma, MCP-1 mRNA
and protein were found to be localized in tumor
cells but not in infiltrating macrophages
[Takeshima et al., 1994]. A similar pattern of
MCP-1 expression has been demonstrated in
Kaposi’s sarcoma [Sciacca et al., 1994], fibrous
histiocytoma [Takeya et al., 1991], and prostate
adenocarcinoma [Mazzucchelli et al., 1996b]. A
study by Negus et al. [1995], however, showed
that not only do tumor cells produce large
amount of MCP-1, but that other cell types
present in the neoplastic mass, including mac-
rophage and monocytes, can also secrete detect-
able levels of the chemokine. In our study,
MCP-1 was clearly found in stromal-like tumor
cells and some macrophage-like cells, but not in
osteoclast-like giant cells. The lack of MCP-1
expression in multinuclear osteoclast-like gi-
ant cells is in contrast to another report that
murine osteoclasts are capable of producing
MCP-1 [Rahimi et al., 1995]. This inconsistency
may be due to the species differences, tissue
differences, or experimental conditions.

Host defense cells infiltrate many solid tu-
mors [Bottazzi et al., 1983]. In giant cell lesions
of bone and soft tissue, the infiltrating cells are
predominantly macrophages and osteoclasts.
Tumor-associated macrophages and osteoclas-
tic giant cells were found to be diffusely distrib-
uted throughout lesions [Doussis et al., 1992].
Although many studies have shown that reac-
tive macrophages may be cytotoxic to tumor
cells both in vivo and in vitro [Fidler and Schoit,
1984; Brunda et al., 1991], the exact biological
role of these reactive components in GCT is
unknown. Previous studies have shown that
macrophage-like cells in GCT may contribute
to tumor spread by producing urokinase-plas-
mogen activators [Zheng et al., 1995]. Others
have found that the macrophages produce IL-
1a, IL-6, and TNF that stimulate bone resorp-

tion [Kito et al., 1993; Reddy et al., 1994; O’Keefe
et al., 1997]. Thus, the biological significance of
infiltration by macrophages or osteoclast-like
cells in GCT is likely to be complex. It may be
that the infiltration of macrophage or osteoclast-
like giant cells in GCT determines tumor expan-
sion, rather than inhibiting tumor growth.

CD681 is an intracellular glycoprotein with a
molecular mass of 110 kD, that is probably
associated with lysosomal granules [Pulford et
al., 1989]. CD681 is expressed in tissue macro-
phages and in monocytes, granulocytes, and
myeloid precursor cells [Pulford et al., 1989;
Wagner, 1994]. Macrophages positive for CD681

constitute a major subset of the mononuclear
phagocyte system. It has been shown that
CD681 macrophages are rather heterogeneous
[Wagner et al., 1994, 1996]. Thus, although we
demonstrated that conditioned medium from
cultures derived from GCT are capable of re-
cruiting CD681 peripheral blood monocytes, the
precise nature of the CD681 macrophage-like
cells within GCT is unknown. Whether they are
derived directly from bone marrow precursor
cells or from peripheral blood needs to be fur-
ther clarified. However, because GCT is a highly
vascular neoplasm, it is not unreasonable to
assume that peripheral CD681 monocytes emi-
grate from neighboring blood vessels to reach
the tumor under the influence of a monocyte
chemotactic activity gradient generated by tu-
mor cells of GCT. It is noteworthy that periph-
eral monocytes can undergo differentiation to-
ward osteoclasts [Fujikawa et al., 1996]. Thus,
it is possible that a proportion of the CD681

macrophage-like cells in GCT, are infiltrated
monocytes that originate from peripheral blood,
attracted by tumor-derived MCP-1, and these
circulating monocytes have the capability of
further differentiating into osteoclasts in the
tumor.

In conclusion, tumor cells of GCT are capable
of producing MCP-1, which may induce the
recruitment of CD681 macrophage-like cells into
the lesion. The production of MCP-1 by tumor
cells may be regulated by TGF-b1 in an auto-
crine fashion.
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