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MMP-3 secretion in breast cancer cells

BRIAN A. ZABEL, ZHENHUA MIAO, NU L. LAI, YU WANG, SUSANNA LEWEN,
ROBERT D. BERAHOVICH, JUAN C. JAEN and THOMAS J. SCHALL

ChemoCentryx, Inc., Mountain View, CA 94043, USA

Received May 12, 2010; Accepted June 29, 2010

DOI: 10.3892/01_00000149

Abstract. Metastatic breast cancer is the leading cause of
cancer-related death in women worldwide and, despite recent
therapeutic advances, the disease remains incurable. A critical
step in cancer cell metastasis is the degradation of extracellular
matrix components by matrix metalloproteinases (MMPs),
which permits malignant cells to separate from the primary
tumor and access circulatory conduits for seeding distant
organs. This study reports a correlation between the elevated
secretion of MMP-3 by breast cancer cells and the expression of
CCRY7 protein, a recently discovered non-classical chemokine
receptor that may play a role in metastasis by regulating tumor
cell transendothelial migration. MMP-3 secretion is increased
in human mammary tumor cells that overexpress CXCR7, and
is reduced in mouse breast cancer cells in which the endog-
enous CXCR7 expression has been knocked down via RNAi.
The correlation between CXCR7 and MMP-3 expression in
breast cancer may provide additional therapeutic rationale for
targeting CXCR7 in order to prevent metastatic disease.

Introduction

Stage IV or metastatic breast cancer is the most prevalent type
of cancer worldwide, and is currently an incurable condition
with 20% of patients surviving 5 years or less after diagnosis
(1-3). Numerous studies have identified a role for the tumor-
expressed chemokine receptor CXCR4 in the regulation of
breast cancer metastasis to the axillary lymph node, bone, liver
and lung, the four most common metastatic destinations (4).
These destinations, in turn, express high levels of the CXCR4
ligand CXCL12 (reviewed in ref. 5). This study showed that a
number of primary breast cancer cells and cell lines express
CXCR?7, a second receptor for CXCL12 (6). CXCR?7 also binds
CXCLI11; however, the binding of either chemokine ligand
does not trigger cell migration or intracellular calcium mobi-
lization (7). Recently, a small molecule that blocks CXCL12
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binding to CXCR7 and inhibits CXCR4-mediated tumor cell
transendothelial migration to CXCL12 was identified (8).
Small molecules that selectively target CXCR7 may therefore
prevent the metastasis of CXCR4+*CXCR7* breast cancer cells
that have gained access to the circulatory system.

A key step in cancer cell metastasis is the degrada-
tion of the interstitial matrix and basement membrane by
matrix metalloproteinases (MMPs), such as MMP-3. MMP-3
substrates include collagens, gelatin, fibronectin, laminin
and aggrecan; MMP-3 is itself proteolytically cleaved and
activated by MMP-2, -3, -13 and plasmin (reviewed in ref. 9).
Overexpression of an auto-activating MMP-3 variant in mouse
mammary epithelium was found to result in neoplastic trans-
formation of the mammary tissue (10,11). Furthermore, high
levels of MMP-3 are reported in tumor epithelial cells and
the surrounding stromal cells in human breast cancer biopsy
samples (12), as well as in the tumor and stroma in xenografts
of human breast cancer cell lines implanted in nude mice (13).

The present study found that MMP-3 secretion was
increased in human mammary tumor cells that overexpress
CXCR7. In a xenograft model, SCID mice implanted with
MDA-MB-435s human breast cancer cells transfected with
CXCR7 (435-CXCR7) tumor cells showed elevated levels of
circulating hMMP-3 relative to mice bearing mock-transfected
435 tumors. Furthermore, in 4T1 mouse mammary tumor cells
that express endogenous CXCR7, mMMP-3 secretion was
significantly reduced following CXCR7-RNAi knockdown.
Together, these data suggest a correlation between CXCR7
expression and MMP-3 secretion in breast cancer that may
contribute to metastatic disease.

Materials and methods

Cell lines. Mouse 4T1 (4T1-WT) and human MDA-MB-435s
(435-WT) breast cancer cell lines were purchased from
American Type Culture Collection and cultured in RPMI-1640
or DMEM with 10% fetal bovine serum (FBS), respectively.
435-CXCR7, 435-empty vector control transfectants, and 4T1-
CXCR7-RNAi-985 cell lines were generated and previously
characterized (6).

Animal experiments. Animal procedures were approved by
the ChemoCentryx Institutional Animal Care Committee. A
total of 1 million 435-WT or 435-CXCR?7 cells were injected



846

Table 1. Evaluation of secreted analytes.?

Analyte 435- 10% FBS 1% FBS
(mean +range) (mean * range)
MMP-3 (ng/ml) X7 34.4+13.3 12.8+4.8
WT 2.8+0.6 0.6+0.0
Compl. C3 (ng/ml) X7 6.7+1.0 3.0£0.0
WT 0.7+0.1 0.7+0.3
CCLS5 (pg/ml) X7 323.5+13.5 206.0+24.0
WT 56.5+15.7 43.3+14.6
TIMP-1 (ng/ml) X7 205.6+194.5 125.7«111.4
WT 114.7£102.4 67.8+53.3
GM-CSF (pg/ml) X7 16.2+2.7 28.7+7.6
WT 11.6+0.6 7.240.2
CCL2 (pg/ml) X7 3145+375 1500+40
WT 2410+230 851+54

aMultiplex immunoassay of the conditioned media from 1 million
435-WT or 435-CXCR?7 cells cultured for 48 h with 10 or 1% FBS.
FBS, fetal bovine serum.
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Figure 1. hMMP-3 is selectively upregulated in MDA-MB-435s human
breast cancer cells that overexpress CXCR7. The fold increase in analyte
concentrations in conditioned media from 435-CXCR7 cells over 435-WT
cells is shown. n=2 samples per cell type per culture condition.

subcutaneously into 6- to 8-week-old female CB17 SCID mice
(Charles River Laboratories). Animals were sacrificed when
the tumor volumes reached 1,000 mm? or the animals lost
>20% of their initial body weight.

Protein quantification. The 435-W'T or 435-CXCR7 cells were
seeded at 200,000 cells/well in 6-well plates and cultured for
2 days in DMEM with 10 or 1% FBS. The conditioned media
(CM) were collected and sent to Rules-Based Medicine, Inc.
(Austin, TX, USA) for multi-protein analysis via a quantitative
and multiplexed immunoassay. Human or murine MMP-3 was
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Figure 2. The 435-CXCR7 xenografts express hMMP-3 in vivo. A total
of 1 million 435-WT, 435-empty vector control or 435-CXCR7 cells were
implanted subcutaneously into SCID mice on day 0. On the indicated days
post-implantation, serum was collected and analyzed for hMMP-3 levels
using ELISA. Each closed circle represents an individual mouse, and the
mean for each group is shown. “p<0.05, Mann-Whitney rank sum test. “The
Q-test was used to eliminate the indicated outlier (confidence limit >99%).
Representative of two independent experiments.
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Figure 3. CXCR7 RNAi-knockdown downregulates mMMP-3 in 4T1
mouse mammary cancer cells. A total of 1 million 4T1-WT or 4T1-CXCR7-
RNAIi-985 cells were cultured in vitro for the indicated times. mMMP-3
levels in the conditioned media were determined by ELISA. The mean + SEM
is shown for triplicate wells. “p<0.05, Student's t-test.

measured with ELISA reagents purchased from R&D Systems,
Inc. (Minneapolis, MN, USA). In the xenograft model, mouse
serum samples were obtained after mice were sacrificed on day
56 or 92, and serum was collected following cardiac puncture.
Human and mouse MMP-3 levels were measured in the serum
samples. 4T1-WT or 4T1-CXCR7-RNAi-985 cells were seeded
at 200,000/well in 6-well plates and cultured for 2-3 days in
RPMI with 10% FBS. The CM were collected, and mMMP3
was measured using ELISA.

Results

Secretion of MMP-3 is increased in 435-CXCR7 human breast
cancer cells. In mouse tumor models, CXCR7* breast cancer
cells are significantly more aggressive than their CXCR7-
counterparts and rapidly form large tumors when implanted
in vivo (6). To examine whether CXCR?7 overexpression results
in the secretion of factors that may enhance tumor growth, we
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evaluated, using a quantitative and multiplexed immunoassay,
the CM of WT MDA-MB-435s human breast cancer cells
(435-WT) and cells transfected with CXCR7 (435-CXCR?7).
Of the 70 analytes examined, we found the largest differ-
ences in the levels of MMP-3, which were markedly elevated
in 435-CXCR7 CM, when compared with the 435-WT CM
(Table I and Fig. 1). This observation was consistent whether
the cells were grown in optimal culture conditions (10% FBS)
or exposed to environmental stress, such as serum starvation
(1% FBS) which the cells may encounter in the tumor microen-
vironment (Table I and Fig. 1). Complement C3 anaphylatoxin
(Compl. C3), CCL5 (RANTES), tissue inhibitor of metal-
loprotease 1 (TIMP-1), GM-CSF and CCL2 (MCP-1) were
also elevated to varying degrees in the 435-CXCR7 CM when
compared to the 435-WT CM (Table I and Fig. 1). The manner
in which these mediators contribute to tumorigenesis or cell
growth has yet to be determined. However, the complement
system has recently been found to play a role in promoting the
growth of malignant cervical carcinoma in mice through the
recruitment of myeloid-derived suppressor cells (reviewed in
ref. 14).

To examine whether the enhanced MMP-3 secretion is
maintained in vivo, a xenograft model was used. SCID mice
were implanted with 435-CXCR7, 435-WT or 435-empty
vector tumor cells. As previously reported, the 435-CXCR7
tumors grew significantly more rapidly than the control tumors
(6). Serum from the 435-CXCR7 mice collected at the termi-
nation of the study had significantly higher levels of human
MMP-3 than serum from the mice implanted with control
tumors (Fig. 2). Mouse MMP-3 levels among the groups were
below the limits of detection (data not shown). Since 435 cells
are the only source of human proteins, the overexpression of
CXCRT7 correlates with enhanced MMP-3 secretion in breast
cancer cells in vitro and in vivo. Since the control tumors
were smaller than the 435-CXCR7 tumors on day 56, the
control tumors were allowed to grow until day 92, when they
reached the average size (~900 mm?) comparable to that of the
435-CXCR7 tumors on day 56 [(6) and data not shown]. These
control mice contained lower serum human MMP-3 levels
than the 435-CXCR7 tumor-bearing mice (Fig. 2).

Reduced MMP-3 secretion in CXCR7-RNAi-targeted 4TI
mouse breast cancer cells. We aimed to ascertain whether
inhibiting CXCR?7 expression in breast cancer cells results in
a reduction in MMP-3 secretion. Since 4T1 mouse mammary
tumor cells endogenously express CXCR7 protein (6), we used
this cell line to examine the effects of CXCR7-targeted RNAi
knockdown on MMP-3 release. Results showed that mMMP-3
secretion was significantly reduced following CXCR7-
RNAIi knockdown (Fig. 3). Thus, using two complementary
approaches, we showed that CXCR7 expression correlates
with enhanced in vivo tumor growth (6) and MMP-3 secretion
in human and mouse breast cancer cell lines.

Discussion

Metastatic breast cancer is a leading cause of death in women
and is currently incurable (1). MMP-3 is expressed by primary
breast cancer cells and/or the underlying stroma (12,13).
Additionally, MMP-3 has been implicated as a pro-metastatic
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factor, both in transforming tumor cells and in degrading the
basement membrane for subsequent tumor cell dissemination
(10). CXCR?7 protein is expressed in breast cancer cells and may
contribute to CXCR4-mediated tumor cell transendothelial
migration and metastasis (6,8). This study showed that the
CXCR7 protein expression correlates with enhanced in vivo
tumor growth (6) and the elevated secretion of MMP-3 by breast
cancer cells. Therapeutic agents that target CXCR7 may there-
fore act on multiple pathways to prevent metastatic disease.
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