British Journal of Cancer (2001) 85(1), 78-84
© 2001 Cancer Research Campaign ® .
Doi: 10.1054/ bjoc. 2001.1856, available online at hitp:/fwww.ideatibrary.comon | DE L’ http://www.bjcancer.com

Cellular mechanisms of bone resorption in breast
carcinoma

NCA Hunt?, Y Fujikawa 2, A Sabokbar 2, | Itonaga 2, A Harris ® and NA Athanasou 2

tUniversity of Oxford, Nuffield Department of Pathology and Bacteriology, John Radcliffe Hospital, Headington, Oxford OX3 9DU, UK;
2Department of Pathology, Nuffield Department of Orthopaedic Surgery, University of Oxford, Nuffield Orthopaedic Centre, Oxford OX3 7LD, UK;
Imperial Cancer Research Fund Molecular Oncology Laboratory, University of Oxford, Institute of Molecular Medicine, John Radcliffe Hospital,
Oxford OX3 9DU, UK

Summary The cellular mechanisms that account for the increase in osteoclast numbers and bone resorption in skeletal breast cancer
metastasis are unclear. Osteoclasts are marrow-derived cells which form by fusion of mononuclear phagocyte precursors that circulate in the
monocyte fraction. In this study we have determined whether circulating osteoclast precursors are increased in number or have an increased
sensitivity to humoral factors for osteoclastogenesis in breast cancer patients with skeletal metastases (+ hypercalcaemia) compared to
patients with primary breast cancer and age-matched normal controls. Monocytes were isolated and cocultured with UMR 106 osteoblastic
cells in the presence of 1,25 dihydroxyvitamin D, [1,25(OH),D,] and human macrophage colony stimulating factor (M-CSF) on coverslips and
dentine slices. Limiting dilution experiments showed that there was no increase in the number of circulating osteoclast precursors in breast
cancer patients with skeletal metastases (+ hypercalcaemia) compared to controls. Osteoclast precursors in these patients also did not
exhibit increased sensitivity to 1,25(0OH),D, or M-CSF in terms of osteoclast formation. The addition of parathyroid hormone-related protein
and interleukin-6 did not increase osteoclast formation. The addition of the supernatant of cultured breast cancer cell lines (MCF-7 and
MDA-MB-435), however, significantly increased monocyte-osteoclast formation in a dose-dependent fashion. These results indicate that
the increase in osteoclast formation in breast cancer is not due to an increase in the number/nature of circulating osteoclast precursors. They
also suggest that tumour cells promote osteoclast formation in the bone microenvironment by secreting soluble osteoclastogenic factor(s).
© 2001 Cancer Research Campaign http://www.bjcancer.com
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Bone destruction is a major complication of advanced malignanssteoclast precursors. In both mouse and man, mononuclear osteo-
disease. It causes bone pain, pathological fracture and hypercalast precursors circulate in the monocyte fraction and express
caemia. Tumour-associated osteolysis and hypercalcaemia is senmonocyte/macrophage rather than an osteoclast phenotype
in association with haematological malignancies (e.g. myelomgUdagawa et al, 1990; Quinn et al, 1996; Fujikawa et al, 1996).
lymphoma) and solid tumours, mainly carcinomas, where it mayOsteoclast differentiation from these circulating precursors re-
occur both in the presence (e.g. cancer of the lung, breast, thyroiguires the presence of M-CSF and involves a receptor-ligand
kidney, etc.) and absence (e.g. cancer of the lung, breast, head amigraction with osteoblasts which express a membrane-bound
neck, kidney, ovary, etc.) of bone metastases (Mundy, 1991gsteoclast differentiation factor (ODF) (Nakagawa et al, 1998;
Dodwell, 1992). Bone is one of the commonest sites of metastaséasuda et al, 1998).
in breast cancer and hypercalcaemia is seen in about one half ofin previous studies we have shown that tumour-associated
patients with clinical evidence of breast carcinoma. macrophages (TAMs) isolated from primary human breast and
The cellular and molecular mechanisms that account for thenouse mammary carcinomas, when cocultured with bone-derived
bone destruction and consequent hypercalcaemia which occursstromal cells in the presence of 1,25(GBl)and M-CSF, are able
patients with advanced malignant disease are poorly understoa. differentiate into multinucleated osteoclasts that are capable of
Osteoclasts, multinucleated cells which form part of the mononuextensive lacunar bone resorption (Quinn et al, 1994, 1998). This
clear phagocyte system (Athanasou, 1996), effect the bone resoffimding is of interest with regard to the pathogenesis of tumour
tion in patients with skeletal metastasis (Galasko, 1976; Taubesteolysis in breast cancer as, in addition to an increase in osteo-
et al, 1994). Osteoclasts are formed by fusion of circulating monontwelast number, a prominent macrophage infiltrate is commonly
clear precursors cells of haematopoietic origin. In vitro studiesound in metastatic breast carcinomas (Bugelski et al, 1987;
have defined the ontogeny of the osteoclast and characterized thian Ravenswaay Claasen et al, 1992). Moreover, osteoclasts are
essential cellular and humoral factors which are required forequired for growth of breast cancer metastases in bone and
osteoclast differentiation from haematopoietic and circulatingumour osteolysis involves recruitment of osteoclast precursors
and activation of mature osteoclasts (Clohisy et al, 1996a, 1996b;
Clohisy and Ramnaraine, 1998).
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Correspondence to: NA Athanasou (Mantovani et al, 1992), we have sought to determine whether the
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number of circulating osteoclast precursors in the monocyteormal female volunteers. One patient had hypercalcaemia
fraction is increased in patients with metastatic breast cancevithout evidence of metastases. At the time blood was taken,
compared to patients with primary breast cancer alone and normpatients were not under chemotherapy or hormone treatment. All
age-matched females. We have similarly assessed the numberpaftients had normal white cell counts (4-41(°I-%), and the
osteoclast precursors in 2 cases of hypercalcaemia of malignanoyonocyte fraction was within the normal range (0.2-0L8° |2).
associated with breast cancer, one with skeletal metastases, fhee blood was collected and diluted 1:1 in MEM, layered over
other a case of (non-metastatic) humoral hypercalcaemia of maligricoll-Hypaque (Pharmacia, UK), then centrifuged (683
nancy. We have also analysed the sensitivity of circulating osteavashed and resuspended in MEM/FCS. The number of cells in the
clast precursors in breast cancer patients to various humoral factoesulting suspension of peripheral blood mononuclear cells
required for osteoclastogenesis and determined whether bred®BMCs) was counted in a haemocytometer after lysis of red cells
carcinoma cells produce soluble factors that promote macrophagessing a 5% (v/v) acetic acid solution.
osteoclast differentiation and malignant bone resorption. Dentine slices (4 mm diameter), prepared as previously de-
scribed (Quinn et al, 1994), and glass coverslips (6 mm diameter)
were placed in 96-well tissue culture platesx 20 UMR106
osteoblast-like cells were added to each well and then cultured on
the dentine slices and coverslips for 24 hours in MEM/FCS. The
cell suspension of PBMCs K10 cells welt?) was then settled on
Incubations were performed in alpha minimal essential mediunthese coverslips and dentine slices for 2 h. The coverslips and
(MEM) (Gibco, Paisley, UK) supplemented with glutamine (2 mM), dentine slices were then removed from the wells, washed vigor-
benzyl penicillin (100 IU mt), streptomycin (100 mgni), and  ously in MEM/FCS to remove non-adherent cells, then placed in 24
10% fetal calf serum (FCS) (TechGen, London, UK). MEM alone owell tissue culture plates containing 1 ml MEM/FCS. The cell
Hank's balanced salt solution (HBSS) (Gibco, Paisley, UK) werecultures were incubated in the presence of 1,25(@H)L0~ M),
used for cell isolation. Cloned, hormone responsive, calcitonimexamethasone (£M) and M-CSF (25 ng mi) for up to 21 days.
receptor-negative, osteoblast-like UMR106 cells (derived from a rat
osteosarcoma-derived cell line) and human parathyroid hormonﬁistochemical and immunohistochemical
related protein (PTHrP) were obtained from Prof TJ Martin,
Melbourne, Australia (Partridge et al, 1981). 1,25({DH)Solvay
Duphar, NL) and dexamethasone (Sigma, UK) were dissolved iilistochemical staining for tartrate-resistant acid phosphatase
absolute alcohol and stored at —20°C. Human M-CSF and humd@fRAP) was carried out using a commercially available kit
interleukin-6 (IL-6) (R&D Systems Europe, Abingdon, UK) were (Sigma, UK). Cell preparations were fixed in citrate/acetone solu-
dissolved in MEM/FCS and stored at —20°C. tion and stained for acid phosphatase, using naphthol AS-BI phos-
phate as a substrate, in the presence of 1.0 M tartrate; the produc
was reacted with fast garnet GBC salt (Andersson et al, 1992).
Cell preparations on coverslips were also stained immunohisto-
chemically by an indirect immunoperoxidase technique (Gatter et
Peripheral blood was drawn from 22 patients with breast cancer @&, 1984) with the monoclonal antibody 23C6 (a gift of Professor
evidence of metastatic disease) (Table 1) and 20 age-match&tA Horton, London, UK): this is directed against CD51, the
vitronectin receptor (VNR), a highly osteoclast-associated antigen
Table 1 Clinical details of breast cancer patients from whom peripheral (Horton et al, 1985). Cell preparations were similarly stained with
blood mononuclear cells were obtained the monoclonal antibody GRS1, directed against CD14 (Schloss-
man et al, 1995), a macrophage-associated antigen which is known
not to be expressed by osteoclasts (Athanasou and Quinn, 1990). Tc

MATERIALS AND METHODS

Media and sera

characterization of cultured cells

Preparation of monocyte-UMR cocultures on dentine
slices and coverslips

Sex Age Bone metastases Hypercalcaemia

Patient 1 F 50 - - quantify the number of VNR multinucleated cells formed in cocul-
Patient 2 F 61 - - tures on coverslips, the number of these cells were counted in 4
iZE:Z:Ii E 2613 i N fields of view (10x objective) on coverslips and the mean taken.
patient 5 E 68 _ _ Cells containing 2 or more nuclei were considered multinucleated.
Patient 6 F 52 - -

Patient 7 F 49 + -

Patient 8 E 74 + _ Functional evidence of osteoclast differentiation:

Patient 9 F 60 - - detection of lacunar resorption

Patient 10 F 45 - -

Patient 11 F 71 - . Functional evidence of osteoclast differentiation was determined
Patient 12 F 64 - - by a lacunar resorption assay system using cell culture on dentine
Patient13  F 81 + - slices; the latter provides a smooth-surfaced mineralized substrate
Ezt:gzi ig E ;g : B for the assessment of lacunar resorption (Boyde et al, 1984). At the
Patient 16 E 78 + _ end of the coculture period, dentine slices were placed jONH
Patient 17 F 57 + - (1 M) for 30 minutes and cleaned by ultrasonication to remove
Patient18  F 7 + - adherent cells. The slices were then washed with distilled water
i:::zzi ;g E 2‘2‘ i - and stained with 0.5% (v/v) toluidine blue for 3 minutes, then
Patient 21 F 62 + _ washed again. The extent of lacunar resorption was quantified by
Patient 22 F 72 - - counting the number of resorption pits on the slice by light

microscopy.
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Assessment of the number of circulating cells in breast osteoclasts (Athanasou and Quinn 1990), and were entirely nega-
cancer patients and controls tive for the osteoclast markers, TRAP and VNR (Horton et al,

. . . . ,.1985). In addition, 24 h culture of PBMCs on dentine slices did
To determine the number of circulating osteoclast precursors in the ) ” uitu ! ! !

monocyte fraction of whole blood in breast cancer patients anEIOt show evidence of lacunar resorption.
controls, serial dilutions of PBMCs §10°—1 x 1(? cells) were

added to each well and the cocultures maintained in the presen@steoclast formation and lacunar resorption in
of 1,25(0OH)D,, dexamethasone and M-CSF for up to 21 daysmonocyte-UMR106 cocultures

Osteoclast formation in these cocultures was assessed by TRA .
. y lvllaonocytes from all cancer patients and controls, when cocultured
and lacunar resorption.

with UMR 106 cells, in the presence of 1,25(Cibi) dexametha-
sone and M-CSF, were capable of osteoclast differentiation as

The effect of osteoclastogenic factors (M-CSF, shown by the formation of TRAP- and VNR-positive multinucle-
1,25(0H),D,, IL-6 and PTHrP) on osteoclast formation in ated cells and lacunar resorption pit formation. After 14 days incu-
breast cancer patients and normal controls bation on glass coverslips, the cocultures contained numerous

In order to determine if osteoclast precursors in the peripheral bIooT AP (Figure 1) and VNR-positive mononuclear and multinucle-
. ) P perip ated cells. There was no obvious increase in the number of TRAP-
of breast cancer patients relative to normal controls, were mo

'§nd VNR-positive multinucleated cells formed from monocytes
sensitive to the effect on osteoclastogenesis of M-CSF ang . P . y
; erived from controls and breast cancer patients. The mean
1,25(0OH)D., the extent of osteoclast formation and lacunar resorp- . .
: 3 . —number (= SEM) of VNR-positive multinucleated cells formed
tion was assessed in 21 day UMR 106-monocyte cocultures in the .
resence of varying concentrations of human M-CSF (1-251g ml under these conditions was 5.88 (+ 1.1) and 6.85 (& 2.40) for
gnd 1 25(0pr (9108 10°°M). The addition of IL g (10 controls and breast cancer patients respectively. In 21 day cocul-
! 3 - . . ) - h . I . it f :
100 ng mi) and human PTHIP (10-100 ng #lfactors which are tures there was extensive lacunar resorption pit formation on
known to stimulate osteoclast formation and bone resorption in
malignancy (Mundy, 1991; Dodwell, 1992; Rosol and Capen
1992) to monocyte-UMR-106 cocultures was similarly assessed i

terms of stimulation of osteoclast formation and lacunar resorption.

The effect of breast carcinoma cells on osteoclast
formation and lacunar resorption

Human breast carcinoma-derived cell lines MDA-MB 435 (Price .;"
et al, 1990) and MCF-7 (Soule et al, 1973) were subcultured ar
then grown for 72 h in MEM/FCS. The supernatant from these
cultures was decanted and centrifuged at@f8 7 min prior to
filtering in order to remove cellular material and to provide condi-
tioned medium for the subsequent experiments. The conditione -
medium was added separately to the monocyte-UMR106 cocu
tures at final (_:oncentrations of 0.01 and 0.1% (v/v). Incubations Okigure 1 Numerous tartrate-resistant acid phosphatase-positive
glass coverslips were performed over 14 days and those on dentimultinucleated osteoclasts in a 14 day coculture of UMR-106 osteoblast-like

slices over 21 days. cells and monocytes from breast cancer patients (x250 original
magnification)

Statistical analysis

Each series of experiments was repeated at least 3 times. T
results obtained from the experiments were expressed as t ,
percentages (mean = SEM) of lacunar resorption in experimenti |
cultures to those in each control culture. Significant difference:
were determined using Studertttest.

RESULTS

Histochemical, immunohistochemical and functional
characterization of isolated and cultured PBMCs from
breast cancer patients

Adherent mononuclear cells isolated from the peripheral blood ¢
breast cancer patients and controls, which had been settled
glass coverslips and cultured for 24 h, were characterized <. ) o ] o
monocytes on the basis that they expressed CD14, a macrophal igure 2 Extensive lacunar resorption pit formation on dentine slices after

- . ) . 21 days coculture of monocyte-derived osteoclasts and UMR-106 cells
associated antigen which is known not to be expressed k(Toluidine blue staining. x100 original magnification)
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50 to that of monocytes derived from age-matched controls to
form osteoclasts in the presence of varying concentrations of
1,25(0OH)D,, M-CSF, IL-6 and PTHrP. In 21 day cocultures of
UMR106 cells and monocytes, derived from both breast cancer
patients (+ evidence of metastases) and controls, incubated in the
presence of 1®M and 10°M 1,25(0OH)D,, (with 25ng mt!
M-CSF and 18 M dexamethasone), no statistically significant
difference was seen in the extent of lacunar resorption pit forma-
tion on dentine slices (Figure 5). In the presence of°lD
1,25(0OH)D,, resorption pits were not formed in either breast
cancer (+ metastases) or control patients. In the presence of 5 nc
ml-* M-CSF, there was no evidence of pit formation in cocultures
of UMR 106 cells and monocytes derived from either breast
) o o cancer or control patient. The lowest concentration of M-CSF at
Figure 3  Lacunar resorption pit formation in cocultures of monocyte-UMR . . . .
106 breast cancer patients and age-matched controls which pit formation was seen in both breast cancer and control
patients was 10 ng ml No evidence of TRAP expression or
dentine slices (Figure 2). Cocultures of PBMCs (IC° cells per ~ lacunar resorption was seen when 1,25(@H)was replaced with
well) and UMR 106 cells incubated for 21 days showed no increagé-6 or PTHrP. Control and breast cancer patients also showed no
in lacunar resorption in control and breast cancer (+ bone metdlifference in resorption when PTHrP or IL-6 was added to the
stases) patients (Figure 3). Neither the number of VNR-positivé0nocyte-UMR 106 cocultures.
multinucleated cells nor the extent of lacunar resorption pit forma-
tion was aSSOCiated W|th the menopausal status of Control or Cancﬂﬁe ef—fect Of Conditioned medium from Cultured breast

patients. cancer cells on monocyte —osteoclast differentiation

Number of clusters of resorption pits

Control Breast cancer Breast cancer
(no metastasis) (with metastasis)

An increase in TRAP and VNR expression and lacunar resorption
was seen in cocultures of UMR106 cells and monocytes incubated in
the presence of conditioned medium from cultures of MCF-7 cells or
Serial dilution of the leucocyte suspension, both from breasMDA-MB-435 cells compared to control monocyte-UMR106
cancer patients and normal controls, added to dentine slices,

Comparison of the number of circulating osteoclast
precursors in controls and breast cancer patients

showed that lacunar resorption pits were formed when as few ¢ 4 200
100 cells were added to each well. Cocultures of UMR 106 cell. = i
with monocytes derived from all breast cancer patients, incubate £ 150
for 21 days with UMR 106 cells in the presence of 1,25¢(DH) s i
M-CSF, and dexamethasone, showed a small but not significar 2 100
increase in the number of resorption pits formed on dentine slice ; T
compared with cell cultures from age-matched female control: g %0
(Figure 4). 2 0
Control Breast cancer Control  Breast cancer
Comparison of the effect of osteoclastogenic factors 107M 107°M
on monocyte —osteoclast formation in controls and 1,25(0H),D; concentration (M)
breast cancer patients Figure 5 Lacunar resorption pit formation of UMR 106-monocyte cocultures

. . . . in breast cancer patients compared to normal controls following the addition
There was no difference in the sensitivity of monocytes derivecot 10M and 10°M 1,25(0H),D,

from breast cancer patients (+ evidence of metastases) compareu

50

1200

2
0 401 2 1000} l
S .%
S 5 soof
& 304 4
2 5 600[
- 8
© 204 E 4001
(9] =]
Qo =
Z 10- g 200

=

0
£ % Control ~ MDA-MB-435 MCF-7 MDA-MB-435 MCF-7
T T T — T T T —_ T =Z= 1
Control Breast Control Breast Control Breast 0.01% 0.1%
cancer cancer cancer Conditioned medium concentration (v/v)
1 x 104 cells 1 x 108 cells 1 x 102 cells
Figure 6 Dose-dependent increase in lacunar resorption pit formation
Figure 4 The effect on resorption pit formation of adding serial dilutions of following the addition of the conditioned medium of cultured MDA-MB 435
PBMCs derived from breast cancer patients and age-matched controls and MCF-7 breast cancer cell lines to 21 day monocyte-UMR 106 cocultures
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cocultures. The mean number (£ SEM) of VNR-positive multinucle-These precursors were also not more sensitive to the effect of
ated cells formed when conditioned medium from MCF-7 cells and,,25(0OH)D, which is essential for osteoclast formation in this in
MDA-MB-435 cells was added compared to that of control mono-itro system. Increased osteoclast formation was also not seen
cyte-UMR106 cocultures was 7.20 + 1.29, 8.00 + 3.31 and 4 + 0.8after the addition of IL-6 or PTHrP, factors which are known to be
respectively. There was also a marked increase in the extent mfleased in the humoral hypercalcaemia of malignancy (Rosol and
lacunar resorption in cocultures on dentine slices under these cond@apen, 1992). The inability of 1,25(OJB), to increase osteoclast
tions. The increase in osteoclast formation and resorption pit formdermation from circulating precursors may also be of relevance to
tion was more marked in cocultures treated with culture supernatatiiose cases of hypercalcaemia associated with haematological
derived from oestrogen receptor-positive MCF-7 cells than in thosenalignancies in which there is an increase in serum 1,25(QH)
treated with culture supernatant from oestrogen receptor-negati&uda et al, 1986; Mundy, 1991; Dodwell, 1992; Rosol and Capen,
MDA-MB-435 cells. The addition of culture supernatant from both1992).
tumour cell types, however, was found to stimulate osteoclast forma- An increase in osteoclast numbers and activity is seen in the
tion and lacunar resorption in a dose-dependent manner (Figure 6)vicinity of osteolytic bone metastases. A role for increased osteo-
clast formation in the osteolysis of breast cancer metastases has
DISCUSSION _beer} suggested by previous §tudies which have shovx_/n that _TA_Ms
in primary human breast carcinomas are capable of differentiating
Mature osteoclasts, which are the only cells capable of lacunanto functional bone resorbing osteoclasts when cultured with
bone resorption, develop from a marrow-derived population obsteoblast-like cells in the presence of 1,25(Dt)and human
mononuclear precursor cells which circulate in the monocyte fracM-CSF (Quinn et al, 1998). The results of the present study show
tion of peripheral blood. M-CSF is an essential humoral requirethat the number of TRAP and VNR-positive cells formed from
ment for osteoclast formation and 1,25(C)is known to  cells of the monocyte fraction was not increased in breast cancer
promote human osteoclast formation from marrow and circulatingatients relative to controls. This suggests that the number of
precursors in vitro (Tanaka et al, 1993; Fujikawa et al, 1996)primed mononuclear phagocyte osteoclast precursors in the circu-
Increased osteoclast formation is likely to play a central role in th&ation (and thus presumably in the monocyte-derived TAM popu-
osteolysis associated with the hypercalcaemia of malignancy andtion), is not increased in breast cancer patients with bone
bone metastases in breast cancer. PTHrP production by tumonmnetastases relative to normal controls or breast cancer patients
cells produces hyperparathyroidism-like changes in bone with awho do not have metastatic disease. It is well-recognized that there
increase in osteoclast numbers and lacunar resorptive activitg some individual variation in the extent of lacunar resorption by
(Mundy, 1991; Dodwell, 1992; Rosol and Capen, 1992). Osteoesteoclasts formed from circulating precursors (Fujikawa et al,
clasts are also numerous in the vicinity of enlarging breast cancé996; Jevon et al, 2000; Shalhoub et al, 2000) and this was evident
metastases in bone (Galasko, 1976; Taube et al, 1994). in both the control and breast cancer patient populations studied;
In this study, we have shown that circulating osteoclast precutthis variation was not related to menopausal status and, given the
sors in breast cancer patients, including cases with skeletal metdaet that the number of VNR-positive multinucleated cells formed
tases and 2 cases of malignant hypercalcaemia, are not increaseevas not significantly different between the 2 patient groups, most
number compared to normal controls. We have also shown théikely reflects differences in the bone-resorbing activity of osteo-
these precursors are not more sensitive to the effect of humorellasts generated in vitro. Osteoclast precursor cells in the mono-
factors (1,25(0HP,, M-CSF, PTHrP and IL-6) which are known cyte fraction of breast cancer patients with bone metastases were
to promote osteoclast formation and bone resorption. These resuditso not more sensitive to the effect of M-CSF and 1,25(0}H)
suggest that the increase in osteoclast formation and bone resofgetors which are required for osteoclast formation. In addition,
tion associated with metastatic bone lesions and the hypercd®THrP and IL-6, humoral factors which are known both to be
caemia of malignancy in breast cancer is not due to an increasepnoduced by metastatic breast carcinoma cells and to play a role in
the number of circulating mononuclear phagocyte osteoclaghe increased osteoclast formation associated with the tumour
precursors or the response of these cells to humoral factors whidsteolysis (Mundy, 1991; Dodwell, 1992; Rosol and Capen, 1992),
promote osteoclastogenesis. The addition of conditioned mediurtid not stimulate osteoclastogenesis.
from cultured breast cancer cells, however, was found to promote In this study, we found that the conditioned medium derived
monocyte—osteoclast differentiation, indicating that carcinomdrom cultures of breast cancer cells stimulated osteoclast formation
cells in metastatic bone lesions may release soluble factor(s) whidfom circulating precursors. As these mononuclear phagocyte
promote malignant bone resorption. precursors are part of the (monocyte-derived) TAM population of
A role for increased osteoclast formation in malignant bonametastatic tumours, these findings are of significance with regard
resorption and the pathogenesis of the hypercalcaemia of mali¢p the localized bone resorption that accompanies skeletal metas-
nancy is indicated by recent studies which have shown that ostetasis. Our results are supported by the recent findings of Grano et
clastogenesis inhibitory factor (osteoprotegerin), a novel secreto@ (2000) who showed that an increased number of TRAP-positive
factor which blocks the interaction between ODF (RANKL)- cellsis formed in human bone marrow cultures to which the condi-
expressing bone stromal cells and RANK-expressing osteoclatibned medium of cultured breast cancer cells is added; the osteo-
precursors, induces hypocalcaemia in hypercalcaemic nude mictastic nature of the multinucleated cells formed in these human
carrying tumours which cause the hypercalcaemia of malignancyarrow cultures, however, was not confirmed functionally (i.e. by
(Akatsu et al, 1998). Although we were able to study only 2 casedemonstration of lacunar resorption). Tumour cells are known to
of hypercalcaemia of malignancy associated with breast canceecrete factors some of which (e.g. IL-3 and GM-CSF) have been
(one of which also had metastatic lesions in bone), we did not findhown to promote osteoclast formation from monocyte precursors
that this condition was associated with an increase in the numbéfujikawa et al, 2001). Lee et al (1991) showed that cultures of a
of circulating osteoclast precursors found in the monocyte fractiorcell line derived from a murine mammary carcinoma that induced
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hypercalcaemia was associated with the release of an osteocl&sthisy DR and Ramnaraine ML (1998) Osteoclasts are required for bone tumors to
CSF. Other cultured breast cancer cell lines, known to produce 970w and destroy bond.Orthop Red6: 660-666 ,
. s Clohisy DR, Ogilvie CM, Carpenter RJ and Ramnaraine MLR (1996a) Localised
prostaglandins and leukaemia Inhlpltorly factor, have also been tumor-associated osteolysis involves the recruitment and activation of
shown to promote osteoclastogenesis via a stromal cell-dependent gsteoclasts) Orthop Red4: 2-6
pathway (Akatsu et al, 1998, Ono et al, 1998). Clohisy DR, Palkert D, Ramnaraine ML, Pekurovsky | and Oursler MJ (1996b)
1:25(OHZD3 and M-CSF receptors have been demonstrated on Human breast cancer induces osteoglast activation and increases the number of
breast cancer cells (Suda et al, 1986; Kacinsky 1998) and it s osteoclasts atsites of tumor osteoly3i€iithop Red4: 396-402
. odwell DJ (1992) Malignant bone resorption: cellular and biochemical
possible that 1,25(0OLD, and M-CSF enhance osteoclast forma- mechanismsAnnals of Oncologg: 257267
tion by an effect on tumour cells (possibly through ODF produc-ujikawa Y, Quinn JMW, Sabokbar A, Mcgee Jo'd and Athanasou NA (1996) The
tion) as our results suggest that these factors do not appear to act human mononuclear osteoclast precursor circulates in the monocyte fraction.
directly on osteoclast precursors. A role for ODF in breast cancer- _ Endocrinologyl3g 40584060 _
induced osteolysis is Suggested by the observation that breanLTkawa Y, Sabokbar A, Neale SD, Itongga l, Torlsu T and Athanasou NA (2001)

8 : The effect of macrophage-colony stimulating factor and other humoral factors
cancer cells stimulate osteoblast production of ODF (Thomas et al, (interleuken-1, -3, -6, -11, tumour necrosis factagranulocyte macrophage-
1998); breast cancer cells are also known to express RANK, which  colony stimulating factor) on human osteoclast formation from circulating
interacts with ODF, and to produce OPG, the soluble decoy cells. Bone (In Press) o
receptor for ODF. Taken together, these findings point to a role fogalasko CBS _(1976) Mechanisms of bone destruction in the development of skeletal

. . . . metastasisdNature276 726 -728

tumour cell-derived factors in controlling osteoclast fOrmancmGatter KC, Falini B and Mason DY (1984) The use of monoclonal antibodies in
from mononuclear phagocyte precursors. histological diagnosis, In: Anthony PP, Mac Sween RNM (eds) Recent

Our data indicate that the increase in osteoclast formation which advances in histopathology, No 12. Edinburgh: Churchill Livingstone 35-67
occurs in both malignant hypercalcaemia and in metastatic bOI’FEranO M, Morgi G, Minielli V, Cantatore FP, Colucci S and Zambonin Zallone A
lesi inb t R t due t h . ither th b (2000) Breast cancer cell line MDA-231 stimulates osteoclastogenesis and
esions in re‘rfls Car.lcer IS notdue to a change In ell er e.num €T bone resorption in human osteoclaBisch Biophys Res CommamQ
or nature of circulating osteoclast precursors, but is most likely a  1097-1100
function of the bone microenvironment. All the cellular and Horton MA, Lewis D, Mcnulty K, Pringle JAS and Chambers TJ (1985) Monoclonal
humoral elements which are required for osteoclast differentiation antibodies to osteoclastomas (giant cell bone tumours): definition of osteoclast

: . . . : specific cellular antigen€ancer Red5: 5663-5669
can be found in the microenvironment of a metastatic carcinomg - M, Hirayama T, Wass J, Brown M, Sabokbar A and Athanasou NA (2000)

in bone. Our results suggest that tumo_ur cell.s _dlreCtly influ- Osteoclast formation from circulating precursors in primary and secondary
ence monocyte/macrophage—osteoclast differentiation through the osteoporosisl Bone Mineral Re$5: (Suppl 1): 593

release of soluble factors which promote osteoclastogenesis. THigcinsky BM (1995) CSF-1 and its receptor in ovarian, endometrial and breast

leads to an increase in bone resorption and is likely to be one of the CancerAnn Med27: 7985 _ _
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