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Summary

Breast cancer cells (BCC) frequently metastasiziedioe where they may cause tumor-induced osteolysis (T10).
While the important eroding role of the osteoclasts in TIO is well admitted, the possibility that BCC and/or
osteoblasts activated by tumoral factors could also directly degrade bone matrix in this pathology has been
much less investigated. We show here that the net collagen amount produeié by normal human os-
teoblasts and osteoblast-like cells was significantly reduced by culture medium conditioned by several BCC
lines, including three newly isolated ones. There was no evidence for a decrease in collagen synthesis, as
assessed by the production of the carboxyterminal propeptide of type | collagen. In contrast, the effect of
BCC-derived medium on collagen amnt was attenuated by inhibitors of matrix metalloproteinases (MMPSs)

as well as by tranexamic acid, an inhibitor of the plasminogen conversion to plasmin, while it was abolished
in presence of the two kinds of proteinase inhibitors. This osteoblastic protein degradation activity appeared to
be attributable to factors secreted by the osteoblasts as well as by BCC. These factors had molecular weights
lower as well as higher than 10 kD. Our data suggest that besides the eroding action of oste®C@sts,

and osteoblast-derived MMPs and serine proteinases might play a direct role in bone collagen degradation in
TIO.

Introduction to the process of TIO: first, both cell types secrete
various proteinases and BCC may erode bone slices
Breast cancer cells (BCC) frequently metastasize to in vitro [3]; secondly, the bone resorption in TIO
bone where they may cause extensive tumor-inducedis not compensated by an equal formation of a new
osteolysis (TIO). TIO is often characterized by a dra- bone matrix, as observed in normal skeletal homeo-
matic degradation of bone matrix, with little evidence stasis where osteoclastic and osteoblastic activities are
for a normal repair, leading to the considerable mor- balanced. This relative lack of bone matrix form-
bidity of bone metastases [1]. Although its mechanism ation in TIO could result from a reduced anabolic
remains not yet fully understood, TIO is mainly at- activity of the osteoblasts and/or from an excessive,
tributed to the action of the bone-resorbing cells, the non-osteoclastic degradation of the bone matrix pro-
osteoclasts, whose number and activity are increasedteins; thirdly, the erosive action of the osteoclasts is
near the metastatic foci of BCC [2], presumably due to thought to need a pre-digestion step of the collagen
the action of one or more factor(s) secreted by cancer present at the resorption site. This may be performed
cells. in normal conditions by stromal or osteoblast-derived
Several observations suggest that besides osteo-interstitial collagenase [4]. In the process of TIO,
clasts, osteoblasts and BCC could participate directly this pre-digestion step could be enhanced directly
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by BCC-derived proteinases or indirectly dhugh the

and 5% heat-inactivated fetal calf serum (FCS, Gibco),

stimulation of osteoblastic proteinases production by in a humidified atmosphere of 95% air-5% €0

BCC-derived factors.

Since the direct participation of osteoblasts and Preparation of conditioned medium

BCC to the process of protein degradation in TIO re-

mains poorly studied, we have determined whether Cancer cells cultured up to confluency were incubated

culture medium conditioned by BCC lines might

modulate the amount of proteins produced by osteo-

for 24 h in FCS-free DMEM. At the end of this period
of time, the medium was collected, centrifuged for

blastic cell lines or normal human osteoblasts. Our 10min at 500« ¢ and the supernatant was diluted with
data indicate that secretory products of BCC reduce frésh DMEM to obtain a final volume of 1 mI medium

the amount of osteoblastic proteins, notably colla-

per 500,000 conditioning cells. Control medium was

gen, by a mechanism involving proteinases from the ©btained by incubating FCS-free DMEM on plastic.
matrix metalloproteinases and plasminogen/plasmin All medium were kept a&-20°C until use.

families.

Materials and methods

Materials

Highly purified collagenase (MMP-1, Form |lI)
was bought from Advanced Biofactures Corporation
(ABC, Lynbrook, NY), ascorbic acid, phenylmethyl-
sulfonylfluoride (PMSF),N-ethylmaleimide (NEM),
Hepes, tranexamic acid (TrA) were from Sigma (St
Louis, MO), L-[2,3,4,5%H] proline (Code TRK534)
was from Amersham International, (Little Chalf-
ont, UK), BB94 (‘batimastat’) and BB274 [5] were
provided by British Biotechnologies Ltd (Cowley, Ox-
ford, UK) and R031-9790 [6] was given by Roche
Products Ltd (Welwyn Garden City, UK).

For each proteinase inhibitor (TrA, BB94, Ro31-

Collagen measurement

We adapted the collagen assay method of Peterkof-
sky and Diegelmann [9]. Normal human osteoblasts
and osteoblast-like cells were cultured in DMEM sup-
plemented with 5% FCS in 24-wells plastic plates
(Falcon) up to confluency. They then received 250
per well of FCS-free DMEM medium/conditioned me-
dium (1:1) supplemented with jACi L-[2,3,4,5%H]
proline and 12.p.g ascorbic acid. After 18 h of in-
cubation, the medium was discarded and the cell layer
was sonicated briefly (10", level 1, B-12 Sonifier,
Branson, CT) in homogeneization buffer (PBS, PMSF
2mM, NEM 6.3mM, EDTA 25 mM, 1 mg/ml BSA).
Proteins were precipitated and the pellets washed three
times in 10% trichloroacetic acid (TCA). Traces of
TCA were removed by two careful washes with eth-
anol/ether (3:1). The pellets were solubilized in 00
0.12M Hepes (pH 7.2), 0.5 mM Cag£R2.5 mM NEM.

9790), dose-response curves were obtained and thegoow were incubated for 90 min at 3 with 2U
highest nontoxic concentrations were used in the ex- collagenase, while 390l were incubated without col-
periments. Lack of toxicity on cells was assessed by |agenase and served as control. After TCA precipit-

Trypan Blue exclusion test and microscopic examina-

tion of cell detachment.

Cell cultures

Transformed but non-tumorigenic HBL-100 breast
cells; T-47D, MDA-MB-231 breast adenocarcinoma

ation, the supernatant (collagenase-degraded proteins
or CDP) and the resolubilized pellet (non-collagenous
proteins or NCP) were counted in separate scintillation
vials.

Dosage of P1CP

cells; Sa0S-2 and MG-63 osteosarcoma cells were The carboxyterminal propeptide of type | procollagen

all obtained from the American Type Culture Col-
lection (Rockville, MD). IBEP-1, -2, and -3 breast

(P1CP) is released by cleavage from the biochemical
precursor of type | collagen, the most abundant matrix

adenocarcinoma cells were isolated and character-protein in osteoblastic cells. Its measurement provides

ized in our laboratory [7]. Normal human osteoblasts

were isolated and cultured as previously described [8].

All cell types were maintained in DMEM medium
(Gibco, Ghent, Belgium) supplemented with 2 mM
glutamine, 2% penicillin-streptomycin (10,000 U/ml)

a direct information on the rate of type | collagen
synthesis [10]. PLCP determinations were made using
a specific radioimmunoassay from Orion Diagnhost-
ica (Espoo, Finland), according to the manufacturer’s
instructions.
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Ultrafiltration of conditioned medium 12 $a08-2 O mce3 noB

Confitioned medium was ultrafiltrated (two success- ) -
ive steps) using Amicon YM10 membranes (cut-off:
10 kD, Amicon, Beverly, MA). The retentate (R)
was diluted to reach initial volume with fresh culture
medium.

\E
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CPM (% of control)

Statistics 501

All collagen amounts values were corrected for cell Z /
number (expressed in thousands), measured as previ HBL-100 T-47D
ously described [11] and they are given as meahs

SD. Statistical significance of the differences in mean

values was assessed by two-tailed Studdrest. A 125 s:052 T OB
P-value < 0.05 was considered significant.
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Culture medium conditioned by T-47D BCC reduced
the net protein amount in osteoblastic cells

CPM (% of control)

50

We tested whether culture medium conditioned by the

T-47D BCC line or by the ‘control’ HBL-100 non-

tumorigenic breast cell line could modulate the net 25 HBL-100 7-470

cqllagenous (CDP) and non-collagenous (NCP) pro- Figure 1. CDP (upper panel) and NCP (lower panel) amounts in

tein amount produced by normal human osteoblasts wo osteosarcoma cell lines (Sa0S-2 and MG-63) and in normal

(hOB) or by two osteoblast-like cell lines (Sa0OS-2 and human osteoblasts (hOB): modulation by culture medium condi-

MG-63) The upper panel of Figure 1 shows that the tioned by T-47D BCC or by control HBL-100 cells which are

CDP ) ¢ d di It f osteoblasti non-tumorigenic SV40-transformed mammary epithelial cells. Res-
amountwas re uce_ Ina VP?S Or osteoblasliC s are mear: SD (n = 3) and are expressed as percentages of

cells only by culture medium conditioned by T-47D  controls (osteoblastic cells treated with culture medium conditioned

BCC. The observed CDP values were 77%, 74%, and on plastic dish free of cancer cells)P < 0.05, **P < 0.01,

42% of controls, in hOB, MG-63, and Sa0S-2, re- ~ © <0005

spectively (allP-values< 0.01). In SaOS-2, but not

in MG-63 or hOB, the NCP amount was also signific- - S

antly (P < 0.05) reduced to 71% of control values 0 three additional BCC lines isolated and character-

by the medium conditioned by T-47D BCC (Figure 1, ized in our Iaboratory, IBEP-1, IBEP-2 and IBEP-3

lower panel), thus to a much lower extent than what [7]. Culture medium conditioned by all these lines
was observed for the CDP amount. decreased the net CDP amount in SaOS-2 cells to a

The effects on Sa0S-2 cells of culture medium variable extent. The medium conditioned by MDA-

conditioned by T-47D BCC were dose-dependent, MB-231 cells was the most potent with a reduction
since they progressively disappeared when the condi-0f the CDP amount to 28% of the control value

tioned medium was diluted with increasing amounts (Table 1). Except for the medium preincubated on
of fresh RPMI (data not shown). IBEP-3 BCC, all onditioned medium also decreased

the NCP amount in SaOS-2 cells. Contrasting with
Effect of culture medium conditioned by various other the data obtained using T-47D and MDA-MB-231
breast cancer cell lines BCC, no specific degradation of collagenase-sensitive

proteins was caused by the medium conditioned by
Using the Sa0S-2 cell line as the osteoblastic target, IBEP-1 and IBEP-2 BCC; indeed, these cell lines led
we extended our initial studies with T-47D BCC to to a similar decrease in the NCP and the CDP amount
another widely used BCC line, MDA-MB-231, and produced by SaOS-2 cells.
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Table 1. CDP and NCP amounts in SaOS-2 osteoblast-like cells: modulation by culture
medium conditioned by various breast cancer cell lines

CDP NCP
cpm/million cells % of control ~ cpm/miillion cells % of control

Control 47.0£1.8 100+ 4 88.3+2.5 100+ 3
T-47D 21.8+1.3 46+ 3** 62.8+1.7 71+ 2%
MDA-231 13.0+1.4 28+ 3** 64.3£1.0 73+ 1%
IBEP-1 28.0+0.8 60+ 2** 53.5+2.4 61+ 3**
IBEP-2 38.0:1.2 81+ 2** 75.8+£5.5 86+ 6*
IBEP-3 35.3:1.7 75+ 4** 84.0£2.5 95+3

Results (mear: SD) are expressed as cpm/million cells and as percentages of control
(Sa0S-2 cells treated with culture medium preincubated on plastic dish free of cancer
cells).

*P < 0.05,*P < 0.005.

Collagen synthesis was not reduced by culture of the MMP-specific [5] proteinase inhibitor BB94
medium conditioned by BCC (‘batimastat’, 102 M) to the culture medium condi-
tioned by T-47D or MDA-MB-231 partly reduced their

A reduction of the net protein amounts produced by gftects on the CDP, but not at all on the NCP produced
cells may result from a decreased production as well by Sa0S-2 cells. BB274 (18 M), an analogue of

as from an increased degradation of these proteins. Asy5iimastat unable to inactivate MMPs, had no effect
carboxyterminal propeptide of type | collagen (P1CP) oy, the amount of proteins found in osteoblastic cells
release by cells is directly related to their production yeateq with conditioned medium. Similar results were
of type | collagen (the most abundant bone matrix ,piained with another MMP inhibitor, Ro31-9790.
protein), we assayed the P1CP amount produced by pg4in, the effects of medium conditioned by BCC on
osteoblastic cells treated with medium conditioned gteopastic CDP amounts were significantly reduced,
by BCC. We did not observe any significant reduc- \hije NCP amounts were not significantly affected in
tion of P1ICP amount whether in hOB, MG-63 Or , aqence of 1P M R031-9790 (Table 2). Signific-
Sa0s-2 cells. Instead, in some cases, the mediuMyyt effects of batimastat and Ro31-9790 were already

conditioned by BCC caused an increase in the level gpqsereq at concentrations 10 times lower (data not
of P1CP released by osteoblastic cells. For mstance,shown)_

while a P1CP value of 1.940.48ngf.g DNA was Plasmin is a serine proteinase whose involvement
found in Sa0S-2 cells treated with control medium, ., ~ancer invasion and metastasis has been widely
the values were 1.750.49; 1.85£0.35; 6.5:0.14,  jocumented (for review, see [12]). The generation of
2.05£0.07; 3.2£0.71ngfrg in Sa0S-2 cells incub-  4155min by cleavage of plasminogen may be blocked
ated with medium conditioned by T-47D; MDA-MB-  , yanexamic acid (TrA) [13]. Table 2 shows that ad-
231; IBEP-1; IBEP-2; IBEP-3 cells, respectively. jtion of TrA (104 M) to the medium conditioned by

Similar results were obtained using MG-63 cells and g reduced their effects on the CDP amounts and
hOB as target cells instead of Sa0S-2 cells (data not abolished their effects on NCP amounts in SaOS-2
shown). cells.

Co-addition of BB94/batimastat and TrA to the
medium conditioned by BCC abolished their mod-
ulation of CDP concentrations in osteoblastic cells
(Table 2).

Collagenous proteins may be specifically degraded  Since cathepsin D is found in several BCC lines
by members of the matrix-metalloproteinase (MMP) including MDA-MB-231 cells [14], the aspartic pro-
family of enzymes. We tested whether the reduction teinase inhibitor pepstatin was also tested, but revealed
of CDP amount in osteoblasts treated with culture me- Nno significant inhibitory activity on the effects of me-
dium conditioned by BCC could be attributable to the dium conditioned by T-47D or MDA-MB-231 BCC
action of MMPs. As shown in Table 2, the addition (data not shown).

Proteinase inhibitors reduced the effects of medium
conditioned by BCC on protein amounts in
osteoblastic cells
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Table 2. Modulation of CDP and NCP amounts in SaOS-2 cells by conditioned
medium: effect of proteinase inhibitors

CDP NCP
(% of control) (% of control)

Control 100+ 5 100+ 6
T-47D 46+ 4 78+5
MDA-231 31+2 83+ 6
Control + BB94 (1 mM) 113t5 98+3
T-47D + BB94 (1 mM) 86+ 4* 76+£2
MDA-231  +BB94 (1 mM) 76+ 8* 77+3
Control +BB274 (1 mM) 94+ 4 98+2
T-47D +BB274 (1 mM) 46+ 4 65+3
MDA-231  +BB274 (1 mM) 25+3 77+2
Control + R031-9790 (0.01 mM) 1047 102+ 6
T-47D + R031-9790 (0.01 mM) 72 2* 78+4
MDA-231  + R031-9790 (0.01 mM) 76 5* 77+6
Control + TrA (0.1 mM) 108+ 7 108+ 10
T-47D + TrA (0.1 mM) 90+ 8* 105+ 8*
MDA-231  +TrA (0.1 mM) 52+ 5* 108+ 8*
Control +BB94 (1mM)+TrA (0.1 mM) 126+ 15 110+ 8
T-47D +BB94 (1mM)+TrA (0.1 mM) 115+ 15* 108+ 8*
MDA-231  +BB94 (1 mM)+ TrA (0.1mM) 124+ 16* 115+ 5*

Results are meah SD (n = 3) and are expressed as percentages of control (SaOS-2
cells treated with medium conditioned on plastic alone and not added with proteinase
inhibitors).

BB94: batimastat; TrA: tranexamic acitiP? < 0.005 vs SaOS-2 incubated with the
same conditioned medium but without inhibitor.

Both small (MW< 10 kD) and large (MW~ 10 kD) Discussion
BCC-derived molecules are involved in osteoblastic
protein degradation Culture medium conditioned by various BCC lines

decreased the net protein amounts produced by nor-
We partitioned culture medium conditioned by T-47D  ma| human osteoblasts and osteoblast-like cells, with
and MDA-MB-231 BCC by centrifugationonaporous g partial specificity for the collagenase-digestible pro-
membrane with a cut-off value of 10kD, since both teins (CDP). However, no reduction in absolute col-
MMPs and plasmin have a MW higher than 10kD. |agen production by osteoblastic cells was seen, as
We then tested the effect of the ultrafiltrate (U) and shown by P1CP measurement. In contrast, the effects
the retentate (R) on the proteins amount in SaOS-2 of conditioned medium were reduced by proteinase in-
cells. Figure 2 (upper panel) shows that like the whole hipitors, indicating that BCC may degrade, or induce
(W) medium conditioned by T-47D and MDA-MB-  gsteoblastic cells to degrade, the bone matrix proteins.
231 BCC, both U and R fractions reduced the CDP Oy results are in agreement with our hypothesis that
amount in osteoblastic cells. Except for the R fraction gcc metastasizing to bone may degrade the matrix
from medium conditioned by T-47D Ce”s, a similar in- proteinS, notab'y C0||agen, in their V|C|n|ty independ_
hibitory effect was seen on the NCP amount (Figure 2, ently of stimulating the eroding action of osteoclasts,
lower panel). and that osteoblasts are also important target cells for

the action of BCC.
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bl Control g T4 [1_MDA-MB-231 cells. Our data suggest that this effect may be ex-

plained by the activity of one or more MMPs. In
contrast, two of the three newly established IBEP cell
lines degraded NCP and CDP to the same extent, being
thus devoided of any destructive specificity for col-
lagenous proteins. These cell lines (IBEP-1 and -2)
have been obtained from pleural effusions and have
been passaged only a few timiasvitro, so that they
could be much closer to and more representative of
the in vivo tumor cell phenotype than the long-time
established T-47D and MDA-MB-231 BCC lines. Our
data suggest that these new lines could either not
produce MMPs or produce inactive MMPs. Further
studies should compare the qualitative and quantitat-
ive proteinase status in these recently isolated and few
passaged cells and in the well established cell lines
T-47D and MDA-MB-231.

HBL-100 cells were apparently unable to modu-
late the net CDP and NCP production by osteoblastic
cells. HBL-100 cells have been immortalized by in-
tegration of SV40 large T-antigen. They are usually
considered as ‘transformed but non-tumorigenic’. Our
data suggest that transformation of normal breast epi-
thelial cells is not sufficient to give them a direct or
% indirect significant proteolytic activity against bone
R proteins. Moreover, since HBL-100 cells have been
Figure 2. CDP (upper panel) and NCP (lower panel) amounts in - reported to be non-tumorigenic when injected to mice,

Sa0S-2 cells: effect of fractions from medium conditioned by _Aari ;
T-47D and MDA-MB-231 BCC. U: ultrafiltrate (MW 10kD); R: We propose that thBCC-derived molecules causing
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retentate (MW- 10kD). Results are mea#t SD (n = 3) and the degradation of bone proteins, and apparently ab-
are expressed as percentages of control (whole medium — W). sent in HBL-100 cells, could also be needed to allow
*P <0.05 **P < 0.005. the growth of BCC in tissues other than bone, may

be by stimulating proteinase production and/or ac-
tivation by the normal host cells surrounding these

Tumor-induced osteolysis (TIO) is characterized BCC.

by an uncoupling between bone formation and re- Tranexamic acid inhibits plasminogen activation to
sorption, in favor of the latter, contrasting with the Pplasmin by binding to the heavy chain of the molecule.
equi]ibrium observed in normal bone phys|0|ogy Our Tranexamic acid, as well as other inhibitors of the
data indicate that this imbalance between bone forma- UPA/plasmin system, can reduce thevitro invasion
tion and bone resorption in TIO could be due, at least Of cancer cells [13]. Our results suggest that such in-
in part, to the proteolytic activity of BCC and/orto an hibitors, along with inhibitors of MMPs, might also
enhanced proteolytic activity of osteoblasts influenced be useful against bone degradatiorBGC. Itis of in-

by BCC-derived factors. That osteoblasts could me- terest that, in our experimental conditions, co-addition
diate some of the effects of BCC in TIO was a|ready of batimastat and TrA was sufficient to abolish the
suggested by precedent work in our laboratories show- effects of BCC-derived medium on NCP and CDP
ing that BCC-derived factors inhibit the growth rate Production by bone cells. We conclude that cumu-
of osteoblasts and enhance their response to osteolytidative or cooperative action of MMPs and members
agents such as parathyroid hormone (PTH), PTH- of the uPA/pIasmin system may account for the total

related peptide (PTHrP) and prostaglandin( EGE) proteolytic effect of BCC-derived factors on proteins
[15, 16]. secreted by osteoblastic cells. The hypothesis of a co-

Three of the five BCC lines tested led to a higher operative action of MMPs and plasmin is supported by
decrease in CDP than in NCP amount in osteoblastic Previous work from other laboratories. For instance, it
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has been shown that activation of MMP-9 via a con- [23] and breast cancer [21] cells. This enzyme could
verging plasmin/stromelysin-1 cascade may enhancethus play a key role in our system. More generally,
tumor cell invasion [17]. MMP-2 could be the most important MMP for the
In contrast with batimastat and TrA, the cathep- metastatic dissemination of BCC, as showed by data
sin D inhibitor pepstatin was unable to reduce the indicating that BCC transfected by MMP-2 become
proteolytic activity of medium conditioned by BCC. more invasive and metastatic, a feature not observed
This result and data from other laboratories using the with MMP-1 and MMP-3 [27].
Matrigel invasion assay to study a variety of MCF-7 Membrane-type MMPs (MT-MMPs) could be ad-
BCC clones [14] suggest that cathepsin D and, more ditional molecules involved in the process of CDP
widely, aspartic proteinases could be of minor import- degradation induced by BCC-derived factors. They
ance in BCC invasion and in breast cancer-induced have been shown to participate to the process of MMP
osteolysis. However, cathepsin D is mainly active at activation. For instance, MT1-MMP is able to generate

an acid pH. Such a condition was not realized in our
experiments, but could exigt vivo in the vicinity of

osteoclasts. These cells are known to acidify the en-

vironment between their ruffled border and the bone
surface [18], dissolving thus the bony hydroxyapatite.
The association between MMP activity and cancer

active MMP-13 [28]. However, to our best know-
ledge, MT-MMP expression by osteoblasts has not
been demonstrated to date.

What are the factors released by BCC able to
reduce the protein amounts in osteoblastic cells?
Our data indicate that some of these factors have a

progression and invasion has been shown in numer-MW > 10kD. These factors could certainly be pro-
ous studies, notably pointing to the successful effect teinases, but other molecules could also be involved,

of MMP inhibitors on lymphatic and hematogenous

such as interleukin-11 (IL-11). We have recently

metastasis [19], the formation of lung metastases [20] shown [29] that IL-11 is produced in high amounts

and the degradation of basal membrane by BCC [13].
A number of MMPs are expressed in breast tumors
[21]. It seems, however, that only a few of these
molecules are frequently produced by BCC them-
selves, namely, collagenase-3 (MMP-13) and matryl-
isin (MMP-7). The other MMPs might be overpro-
duced by stromal cells influenced by BCC-derived
factors, pointing to the importance of cell cooperation
in invasive and metastatic events.

Itis generally assumed that the first step in MMPs-

by some BCC lines (i.e. MDA-MB-231 cells) and
recent data revealed that IL-11 induction of type I col-
lagen degradation in mouse calvaria is prevented by an
inhibitor of MMPs [30].

We show that at least one small (MW10kD)
factor produced by BCC induces a reduction of protein
amounts released by osteoblastic cells. We suggest
that PGR is a possible candidate. PgEBVW: 352.5)
is largely produced by the MDA-MB-231 cells [31,
32] and markedly stimulates MMP-2 and MMP-13

mediated collagen degradation, that is the cleavage production by osteoblasts [33]. PgHEnay also in-

of native collagen, needs the intervention of a colla-
genase. Collagenase-1 (MMP-1), rarely found in BCC
in vivo[21], is expressed by MDA-MB-231 but not by
T-47D cells [22]; it is produced only at very low levels
by MG-63 and hOB, while being apparently absent in
Sa0sS-2 cells [23]. A second collagenase, of neutro-
phil origin (MMP-8), has not been found in BCC [21]
and, to our knowledge, never looked for in bone cells.
More recently, a third collagenase (MMP-13) has been
isolated from a breast tumour, but not found in T-47D
or MDA-MB-231 cells [24]. MMP-13 is found in rat
bone and in human chondrocytes [25] but we failed
to detect its MRNA in hOB and in SaOS-2 cells (data
not shown). It was recently shown that MMP-2 (72 kD

crease the production of IL-11 by MDA-MB-231 cells
[32]. However, neither II-11 nor PGEare produced

in high amounts by T-47D cells. Thus, if these two
molecules could contribute to the higher osteolytic
activity of MDA-MB-231 cells as observed in nude
mice, the classical animal model of TIO, additional
BCC-derived factors yet to be identified participate
also to the reduction of protein amounts in osteoblastic
cells.

There is an increasing interest in using specific
and efficient proteinase inhibitors to prevent and con-
trol cancer metastasis. To be successful, this approach
needs first to identify the cell types and the major mo-
lecules involved in the degradation of tissues accom-

gelatinase) may act as a collagenase [26], suggestingpanying cancer cell migration and invasion. Tumor-

that the enzyme might completely remove collagen induced osteolysis (TIO) is attributed to the increased
molecules without the help of any other collagenase. activity of osteoclasts stimulated by BCC. Our data
Interestingly, MMP-2 is produced by both osteoblastic suggest that BCC could also degrade the bone mat-
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rix proteins directly and by modulating the proteolytic 12.

activity of osteoblasts. The proteinases involved in

that process appears to be MMPs and members of the13_

plasmin/plasminogen family.
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