
UC Office of the President
Recent Work

Title
αv Integrins mediate adhesion and migration of breast carcinoma cell lines

Permalink
https://escholarship.org/uc/item/9nm216mh

Authors
Wong, Nanette C.
Mueller, Barnara M
Barbas, Carlos F
et al.

Publication Date
1998

DOI
10.1023/a:1006512018609
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9nm216mh
https://escholarship.org/uc/item/9nm216mh#author
https://escholarship.org
http://www.cdlib.org/


11111
2
3
4
5
6
7
8
9
10111
1
2
3
4
5
6
7
8
9
20111
1
2
3
4
5
6
7
8
9
30111
1
2
3
4
5
6
7
8
9
40111
1
2
3
4
5
6
7
8
9
50111
1
2
3
4111

50 Clinical & Experimental Metastasis Vol 16 No 1 © 1998 Rapid Science Publishers

Introduction

The transition of normal breast epithelia to a malig-
nant phenotype is thought to result from a cascade
of genetic changes [1–3]. During neoplastic trans-
formation epithelial cells dedifferentiate, begin to
divide, and can ultimately invade the surrounding
basement membrane. Interactions between cells and
the extracellular matrix are of key importance to the
progression of breast cancer (BCA) because normal
cell–matrix contacts maintain the proper architec-

ture of epithelia, but aberrant interactions facilitate
the migration of invasive tumors to secondary sites.

Integrins are transmembrane ab heterodimers
that mediate cellular adhesion and migration by
binding to proteins in the extracellular matrix
(ECM) [4,5]. At least 20 different integrins have
been cloned and sequenced, so there is considerable
functional diversity among members of this protein
family. In addition to making contact with the ECM
and guiding tumor cell migration, integrins can
generate cellular signals that ultimately change 
gene expression and influence cell survival [6–9].
Recent work also suggests that integrins could play
a role in focusing proteolysis on the tumor cell
surface [10]. Collectively, these findings indicate that
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integrins can effect multiple steps in the metastatic
process.

Several different integrins have been implicated
in the transition of normal breast epithelia to malig-
nancy. Immunohistochemical analysis shows that the
expression of integrins a2b1 and a6b4 decreases
during malignant progression of BCA [11–14]. These
two integrins bind to collagen and laminin [15–17],
and their loss could disrupt normal contact between
epithelia cells and the basement membrane [13,14].
Other studies have identified changes in av integrins
on breast epithelia during malignant transformation
[14,18] and Liapis et al. recently reported that nearly
all BCA that has metastasized to bone expressed the
avb3 integrin [19]. The integrin av subunit is unique
because it can associate with b1, b3, b5, b6, and b8
[20]. Each of the resulting heterodimers has signifi-
cantly different biochemical functions. These include
differences in the ability to bind ligands [21–24], to
internalize and degrade ligand [25], and to mediate
cell migration [26,27]. Functional diversity among
the av integrins may be especially important in BCA
because immunohistochemical analysis shows that
the b subunit associated with av often changes
during the progression of both invasive ductal and
invasive lobular carcinoma [14,18]. Most impor-
tantly, as in melanoma [28], the presence of integrin
avb3 on BCA tumors could signal the onset of wide-
spread metastasis. It should be emphasized that this
hypothesis is supported by the identification of inte-
grin avb3 in a high percentage of invasive lobular
carcinomas in BCA patients [14].

Although the behavior of any given tumor is a
complex interaction between tumor cells and the
host environment, cell culture models are the first
step toward characterizing molecules that influence
tumor cell behavior in vivo. Therefore, the goal of
this study was to characterize the repertoire and
function of av integrins on three well-established,
and phenotypically distinct, breast cancer cell lines:
MCF-7, MDA-MB-231 and MDA-MB-435. A major
criteria for the selection of the three cell lines for
this study was their metastatic potential in nude
mice, ranging from poor metastasis of the MCF-7
cells, to pronounced metastasis by the MDA-MB-
435 cells [29–31]. Importantly, we have verified the
reported metastatic potentials of these BCA cell
lines in our own laboratories (data not shown). The
three lines also have other important phenotypic
distinctions including differences in estrogen recep-
tor expression and cellular morphology, both of
which can correlate with the stage of neoplasm [3].
Results from this study indicate that the expression
of the avb3 integrin correlates with the morphology

and previously established metastatic phenotype of
the BCA cell lines [29].

Materials and methods

Cell culture
Human breast carcinoma cell lines MCF-7, MDA-
MB-231 and MDA-MB-435 were obtained from
ATCC and from Janet Price (University of Texas).
Cells were maintained in EMEM media supple-
mented with 10% FBS, penicillin-streptomycin (199
U/ml), L-glutamine (2 mM), sodium pyruvate (1 mM)
and non-essential amino acids.

Purified proteins and antibodies
Vitronectin was purified from human plasma using
urea denaturation and heparin-Sepharose chro-
matography [32]. Fibrinogen was purified by cold-
ethanol precipitation [33]. Monoclonal antibodies
(mAb) were obtained from several sources.
Monoclonal antibodies 15F11 and 14H4 were gener-
ated in this laboratory [34]. mAb 15F11 is an IgG2a
that can react with avb5 but not integrin avb3. mAb
14H4 binds to the av subunit. Monoclonal antibodies
against integrin avb6 were provided by Dr R. Pytela.
mAb 8A2 against the integrin b1 subunit was
provided by Dr N. Kovach. mAb LM 609 that binds
to integrin avb3 [35] was purchased from Chemicon.
The polyclonal antisera that binds to all av integrins
was originally described by Smith et al. [23]. The
AP3 antibody against the integrin b3 subunit was
provided by Peter Newman et al. [36]. Other anti-
bodies were purchased from Chemicon.

Integrin antagonists
Two other integrin antagonists were employed in
this study: Searle Compound (SC) 56631 and Fab-
9. SC 56631 is an analog of an RGD peptide [37],
which binds with broad specificity to all av integrins.
Fab-9 is a human antibody which was engineered to
contain the RGD motif in its antigen binding site.
Fab-9 is highly specific for the avb3 integrin [38, 39].

Flow cytometry
Fluorescence flow cytometry was performed on a
FACScan (Becton Dickinson, Mountainview, CA).
Cells were harvested from tissue culture flasks using
trypsin/EDTA and then washed three times in a
solution containing soybean trypsin inhibitor. Cells
were stained with monoclonal antibodies directed
against specific integrins. The antibodies that were
used include: 14H4 (anti-av), LM609 (anti-avb3),
15F11 (anti-avb5) and mAb 8A2 (anti-b1).
Antibodies were incubated with cells in suspension
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for 30 min at an antibody concentration of 15 mg/ml.
Primary antibody was removed by three washes and
cell pellets were resuspended in FITC-conjugated
goat anti-mouse IgG (Tago Inc., Burlingame, CA).
Following a 30-min incubation in the dark, cells were
washed three times with PBS and resuspended in 
0.6 ml of phosphate-buffered saline. Suspensions 
of cells were analysed using FACScan. Normal
mouse IgG was used as a negative control primary
antibody.

Immunoprecipitations
Immunoprecipitations were performed as described
previously [35]. Briefly, cells were harvested from
tissue culture flasks with trypsin/EDTA. The trypsin
was neutralized with soybean trypsin inhibitor and
the cells were washed three times in Hank’s
balanced salt solution (HBSS) containing 50 mM

HEPES, pH 7.4. Cells were radiolabeled with 125INa
using lactoperoxidase. Labeled cells were washed
three times to remove unincorporated iodine and
then lysed in modified RIPA buffer (25 mM

Tris–HCl, 150 mM NaCl, pH 7.7, containing 1%
NP40, 0.5% deoxycholate, 0.01% SDS, and 50 mM

octylglucopyranoside). Phenylmethylsulfonyl fluo-
ride (1 mM) and aprotinin (100 U/ml) were also
included in the lysis buffer. The lysate was pre-
cleared by incubation with Pansorbin (Calbiochem)
beads for 1 h and by removing lipids with SeroClear
(Calbiochem). Integrins were immunoprecipitated
by adding 90 ml of lysate, containing 5 ´ 107 cpm, to
700 ml of modified RIPA buffer, 100 ml of BSA 
(10 mg/ml) and the appropriate antibody, and 75 ml
of protein A-Sepharose (30% bead suspension).
Antibodies and protein A were incubated with the
lysate for 16 h at 4ºC. Protein A beads linked to
immunoprecipitated material were washed three
times in RIPA buffer and then with 25 mM

Tris–HCl, pH 7.7. Samples were boiled in SDS
sample buffer and analysed by SDS–PAGE.

Immunodepletions were performed by labeling
and lysing cells as above, then successively incu-
bating the lysate with anti-b1 antibody (mAb 1938P,
Chemicon) three times for 1 h each. Following the
immunodepletion, the remaining lysate was immu-
noprecipitated with polyclonal antibody against av.
The immunoprecipitated samples were analysed on
6% acrylamide gels.

Cell adhesion and migration assays
Cell adhesion was measured by coating the wells of
microtiter plates (TiterTek) with vitronectin or
fibrinogen at a concentration of 1 mg/ml. Non-
specific binding sites on the plate were blocked by

incubation with 10 mg/ml bovine serum albumin
(BSA). Cells were harvested from tissue culture
flasks by brief treatment with EDTA and then resus-
pended in adhesion buffer (HBSS, 50 mM HEPES,
1 mg/ml BSA, 0.5 mM Ca2+, 0.5 mM Mg2+, and 25 mM

Mn2+). Cells were added to the wells at a concen-
tration of 8 ´ 105/ml (50 ml) and allowed to adhere
for 30 min at 37ºC. For inhibition assays, a concen-
tration range of SC 56631 was pre-incubated with
cells for 20 min prior to adding the cells to immo-
bilized adhesive ligand. Non-adherent cells were
removed by gentle aspiration and washing three
times with adhesion buffer. Adherent cells were
quantified by a colorimetric assay for acid phos-
phatase as described previously [40]. All reported
absorbance values are the average of triplicate data
points. The absorbance at 405 nM is directly pro-
portional to cell number as determined by the sepa-
rate generation of a standard curve of cells in
suspension.

Cell migration assays were performed with minor
modifications of previously reported procedures [26,
27, 41]. Vitronectin was coated onto the lower
surface of Transwell polycarbonate membranes
(Costar, Cambridge, MA) at a concentration of 
10 mg/ml. Following an 18-h coating period, both the
upper and lower surface of the polycarbonate
membrane were incubated with 10 mg/ml of BSA.
Migration assays were initiated by placing a 200 ml
cell suspension (1 ´ 106 cells/ml) in the upper
chamber of the reservoir. Migration assays were
performed in adhesion buffer (see above). Cells
were allowed to traverse the membrane for 18 h at
37ºC. The interior walls of the upper reservoir of
the chamber were gently swabbed with a cotton-
tipped applicator to remove cells from the upper
surface of the filter. The filter was removed and cells
on the lower surface were stained with Diff-Quik
(Baxter). Each migration assay was performed on
duplicate or triplicate filters. Cells occupying three
to five random high power microscopic fields were
counted and averaged. For inhibition studies with
SC 56631 or antibodies, the inhibitors were added
to the upper reservoir of the chamber at the same
time as the cell suspension.

Results

Identification of specific av integrins by 
flow cytometry
We performed FACS analysis using mAbs to learn
which av integrins are present on MCF-7, MDA-
MB-231, and MDA-MB-435 cells. All three BCA
cell lines stained positive for av using mAb 14H4
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(Figure 1, top row) and for avb5 using mAb 15F11
(Figure 1, row 2).

The expression of integrin avb3 was measured with
mAb LM 609 (Figure 1, row 3), which binds only to
the complex between av and b3 [35]. Integrin avb3
was consistently detected at high levels on the
MDA-MB-435 cells (Figure 1, row 3), which are
known to be highly metastatic in mice. The MCF-7
cells do not express integrin avb3. The MDA-MB-
231 cells showed some positive staining for avb3 by
FACS. In three different flow cytometry experi-
ments between 25 and 50% of the MDA-MB-231
population expressed avb3. The heterogeneity of this
population with respect to the expression of avb3
was confirmed using LM 609 in indirect immuno-
fluorescence microscopy of cells adherent to vitro-
nectin; 30–40% of the cells stained positive for
integrin avb3 (data not shown). Identical results 
were obtained with mAb AP3 that binds to the b3
subunit.

FACS was also used to detect expression of the
b1 subunit. All three lines express substantial levels
of b1 (Figure 1, row 4). This subunit can associate
with eight different a subunit partners. However,
there is no antibody currently available that detects
only the complex between av and b1. Therefore, the
presence of the avb1 heterodimer could not be
measured by FACS.

Immunoprecipitation of av integrins from 
BCA cell lines
We characterized the expression of av integrins in
more detail using immunoprecipitation. Cells were
radiolabeled with 125INa, lysed with detergent and
integrins were immunoprecipitated from the lysate.
Polyclonal antisera reactive with av immunoprecip-
itated bands characteristic of integrin a and b
subunits from each cell type (Figure 2, lane 1, all
panels). To clarify which individual heterodimers are
present, immunoprecipitations were performed with
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Figure 1. Identification of inte-
grins on BCA cells by FACS. To
determine which a subunits asso-
ciate with av in BCA cells, FACS
analysis was performed using mono-
clonal antibodies (mAb) specific for
individual heterodimers. Cells were
harvested from tissue culture flasks
and incubated with mAb specific for
av (top row, mAb 14H4), integrin
avb5 (second row, mAb 15F11),
integrin avb3 (third row, mAb LM
609) and the integrin b1 subunit
(fourth row, mAb 8A2). Following
incubation with primary antibody,
free antibody was removed by
washing and the cells were incu-
bated with goat anti-mouse IgG
conjugated to FITC. Fluorescence
was detected by flow cytometry.
FACS histograms are shown with
mouse IgG as a negative control.
The Y-axis represents events (cell
number) and the X-axis shows the
fluorescence intensity.



mAbs against avb3, avb5 and avb6. This analysis
confirmed that only the MDA-MB-435 cells express
substantial levels of avb3 (Figure 2C, lane 3). This
integrin was not detected by immunoprecipitation in
the MCF-7 cells (Figure 2A, lane 3) or in the MDA-
MB-231 cells (Figure 2B, lane 3). Although FACS
analysis detected some avb3 in the MD-MB-231
cells, the levels of this integrin in the positive
subpopulation of this line is apparently too low to
be detected by immunoprecipitation. Integrin avb5
could be immunoprecipitated from all three cell

types (Figure 2, lane 4, all panels). Integrin avb6 was
not detected by immunoprecipitation in any of the
cells (Figure 2, lane 2, all panels).

Interestingly, a protein band migrating at 140 kDa
was immunoprecipitated from the MCF-7 and
MDA-MB-231 cells with the polyclonal antisera
against av (Figure 2A, B, lane 1). This band was not
detected with antibodies against avb3 or avb5 (see
arrows in Figure 2A and B). Based on the relative
mass of this protein, we suspected that it could be
the b1 subunit. The b1 subunit characteristically
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Figure 2. Immunoprecipitation of av integrins from BCA cells. The av integrins on MCF-7, MDA-MB-231 and MDA-
MB-435 cells were characterized by immunoprecipitation. The surface of BCA cells was labeled with 125INa as described
under Materials and methods. Cells were then lysed with detergent and incubated with primary antibodies for 18 h at
4ºC. The immune complex was precipitated with protein A-Sepharose. Immunoprecipitation was performed with poly-
clonal antisera that reacts with all av integrins (lane 1), mAb 9G6C1 against integrin avb6 (lane 2), mAb LM 609 against
avb3 (lane 3) and mAb 15F11 against integrin avb5 (lane 4). Immune complexes were precipitated with protein A-
Sepharose and then analysed on 7.5% acrylamide gels. The arrow designated b1 shows the presence of a band at approx-
imately 140 kDa that is precipitated by the polyclonal antisera in the MCF-7 and MDA-MB-231 cells. Based on its
relative mass this band is not b3 or b5.

Figure 3. Immunodepletion of
lysates with antibody against b1. To
determine whether the MCF-7 and
MDA-MB-231 cells express the 
avb1 heterodimer, immunodepletion
experiments were performed using
an antibody against the b1 subunit.
The cells were radiolabeled with
125INa and lysed with detergent. The
lysates were precipitated with poly-
clonal antisera against av (lane 1), or
subjected to four successive incuba-
tions with antibody against b1 (lanes
2–5) and subsequently with anti-av
(lane 6). Immune complexes were
precipitated with protein A-Sepha-
rose and analysed by SDS–PAGE.
To separate the band corresponding
to b1 from that of b5, the precipitates
were analysed on 6% acrylamide
gels.



migrates at a higher mass than either b3 or b5 [42].
To determine if the unidentified band was b1,
immunodepletion experiments were performed
using a mAb against b1 (mAb 1938P). As shown in
Figure 3, sequential immunodepletion of detergent
lysates of MCF-7 (A) and MDA-MB-231 (B) cells
substantially reduced the level of the unknown
protein band migrating at 140 kDa. The level of
reduction by immunodepletion was quantified by
excising gel slices and subjecting them to gamma
counting. Depletion with anti-b1 antibody (mAb
1938) from lysates of MCF-7 cells resulted in a 70%
reduction of radioactivity in this protein band. More
than 80% of the radioactivity in this band was
depleted from lysates of MDA-MB-231 cells by
mAb 1938P. We conclude that the immunoprecipi-
tated band migrating at 140 kDa is b1. Consequently,
both the MCF-7 and MDA-MB-231 cells express
integrin avb1.

BCA cells display different adhesive properties
Since the BCA cell lines each express different av
integrins, we sought to determine if these differences
in expression result in different adhesive properties.
The MDA-MB-435 cells are unique in that they
express avb3, an integrin that binds to a broad range
of adhesive proteins [23,35]. Therefore, we hypoth-
esized that this cell line could adhere to a broader
spectrum of ligands than MCF-7 and MDA-MB-231.
This hypothesis was tested using two ligands,
vitronectin (Vn), which binds many integrins with
the av subunit, and fibrinogen (Fg), which is only

known to bind one av integrin, avb3. Fg can be con-
sidered a marker for at least nine other adhesive
proteins that avb3 can bind to, including some
laminins [43] and thrombospondin [44]. As shown
in Figure 4A, all three BCA cell lines adhered to
Vn, albeit with different efficiencies. However, only
the MDA-MB-435 cells adhered efficiently to Fg
(Figure 4B).

To determine if adhesion of BCA cells to Vn and
Fg is integrin mediated, adhesion was challenged
with an analog of an RGD peptide, SC 56631. Like
small RGD peptides, SC 56631 has a broad speci-
ficity and can block adhesion mediated by all inte-
grins with the av subunit. As shown in Figure 5, SC
56631 completely blocked adhesion of all three cell
types to Vn. The IC50 value of this RGD analog for
inhibiting adhesion was different for each cell type,
reflecting the different affinities of the av integrins
for SC 56631 and immobilized Vn. The adhesion of
the MDA-MB-435 cells to Fg was also blocked by
SC 56631 and by Fab-9, an RGD-containing anti-
body specific for avb3 [38] (data not shown). These
experiments indicate that cell adhesion to Vn and
Fg is integrin-mediated, and indicate that the differ-
ences in integrin expression have an effect on the
adhesive capacities of the cell lines.

BCA cell lines have different abilities to migrate
toward vitronectin
The analysis of phenotypic differences in the three
BCA cell lines was extended by measuring cellular
haptotaxis. The ability of each cell line to migrate
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Figure 4. The BCA cells exhibit different adhesive properties. The ability of the MDA-MB-435 cells (n), the MDA-
MB-231 cells (h) and the MCF-7 cells (s) to adhere to Vn and Fg was tested. Cells were harvested from tissue culture
flasks by brief treatment with EDTA and then allowed to adhere to immobilized Vn (A) or Fg (B). Following a 1-h
incubation with immobilized ligand non-adherent cells were removed by gentle washing and aspiration. Adherent cells
were detected using a colorimetric substrate for lysosomal acid phophatase and detection of color at 405 nm. In all
cases the absorbance values reported by this system were directly proportional to the number of adherent cells as deter-
mined by a standard curve of cells in suspension.
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toward immobilized Vn was measured in modified
Boyden chambers [26,27,41]. Photographs of filters
from a representative experiment are shown in
Figure 6. In some cases the pores in the filters can
be discerned as clear spheres. Cells remaining on the
upper surface of the filter were removed; cells
adherent to the underside of the filter stained dark
gray. The MCF-7 cells failed to migrate toward Vn
(Figure 6A). Both the MDA-MB-231 and MDA-
MB-435 cells migrated toward Vn (Figure 6B,C).
Results of several experiments of this type are
summarized in Table 1, columns 1 and 2.

Migration was challenged with the RGD analog
SC 56631 to determine if haptotaxis toward Vn is
mediated by integrins. The migration of both the
MDA-MB-231 and MDA-MB-435 cell lines toward
Vn was blocked by SC 56631 (Table 1, column 3),
but not by SC 52012, a control compound specific
for the platelet aIIbb3 integrin [45] (Table 1, column
4). To precisely identify which integrins are neces-

sary for the migration of the MDA cell lines, migra-
tion assays were performed in the presence of func-
tion blocking antibodies. To block the function of
avb3, the RGD-containing antibody Fab-9 was used.
Inclusion of Fab-9 in solution with the MDA-MB-
435 cells in the upper reservoir of the Boyden
chamber reduced the migration of these cells by
more than 90%. Fab-9 had little effect on the migra-
tion of the MDA-MB-231 cells (Table 1, column 5).
Therefore, the MDA-MB-435 cells migrate using
integrin avb3, but the MDA-MB-231 cells migrate
with another RGD-sensitive integrin.

Since the MDA-MB-231 cells express integrin
avb1 (Figure 3), which is also a Vn receptor [22], we
tested the ability of a function blocking mAb
(P4C10) against b1 to interfere with cell migration.
The antibody against b1 reduced the haptotactic
migration of the MDA-MB-231 cells toward Vn by
90% (Table 1, column 6). Control ascites did not
affect migration (Table 1, column 7).

Figure 5. The adhesion of BCA
cells to Vn is blocked by the
RGD analog SC 56631. To deter-
mine whether all of the adhesion
of the BCA cell lines to Vn is
mediated by integrins the adhe-
sion of MCF-7 cells (A), MDA-
MB-231 cells (B) and
MDA-MB-435 cells (C) was chal-
lenged by SC 56631, a mimetic of
the RGD sequence. Cells were
harvested from tissue culture
flasks and incubated with a range
of SC 56631 and placed into wells
coated with 10 mg/ml of Vn. Cells
were allowed to adhere to immo-
bilized Vn for 30 min. Non-
adherent cells were removed by
gentle aspiration and three
washes. Adherent cells were
quantified using a colorimetric
assay for acid phosphatase [40].
Each data point is the average of
three samples in which the
absorbance values differed by less
than 14%. Because each cell type
adheres with different efficiencies
to Vn (see Figure 4A), the
absorbance values were con-
verted to percent of control (no
inhibitor) for this figure. This
figure is representative of four
such adhesion experiments which
yielded nearly identical results.



Discussion

The involvement of integrin adhesion receptors in
metastatic dissemination has long been suspected
[46]. Considerable evidence implicates the integrins
containing the av subunit in tumor spread. In
melanoma, the avb3 integrin is expressed on invasive
vertical growth phase tumors but is not expressed by
the less invasive horizontal growth phase tumors
[28]. The av integrins may also be essential for
tumorigenicity because melanoma cells lacking av
fail to form tumors in nude mice [47]. Further evi-
dence for the role of av integrins in tumor progres-
sion comes from studies where RGD peptides, or
RGD-containing disintegrins, were used to block
experimental metastasis [48–51]. These observations
are significant because the av integrins have a higher
affinity for small RGD peptides than do other inte-
grins [23], and it is likely that the efficacy of the RGD
peptides is derived from their binding to the integrins
in this sub-family. There is now evidence to suggest
that the av integrins may have a role in the progres-
sion of breast cancer. Three recent studies report the
immunohistochemical identification of av integrins in
invasive breast carcinoma [14,18,19]. Most strikingly,
the avb3 integrin was present in more than 50% of
the invasive lobular carcinomas of the breast [14],
and was also detected in 100% of the breast carci-
nomas that had metastasized to bone [19].

The current study was intended as a first step
toward testing the role of the av integrins in models
of breast cancer. The expression and function of av
integrins was characterized on three widely used
breast carcinoma cell lines: MCF-7, MDA-MB-231
and MDA-MB-435. We find that all three cell lines
express integrins with the av subunit. Each cell type
also expresses the avb5 integrin at approximately the
same level. A key difference in integrin expression
centered on the avb3 integrin. Only the MDA-MB-
435 cells express high levels of this receptor. The
MCF-7 cells have no detectable avb3, and the MDA-
MB-231 cells contain only a subpopulation of cells
that express this integrin.

To measure the function of the av integrins on
each BCA cell line, we examined their ability to
adhere to and migrate toward Vn. Vn is a common
ligand for each of the av integrins expressed on the
BCA cell lines. It is important to emphasize that Vn
is not only a plasma protein, it has been localized
in many extracellular matrices [52, 53] including
human lymph node. In fact, Vn in human node
sections can mediate the adhesion of melanoma cells
[54] and could be an initial homing molecule for
metastasizing tumor cells. Consequently, the ability
of BCA cells to adhere to Vn may be significant for
tumor cell adhesion outside of the normal ductal
environment. Each of the BCA cell lines displayed
clear phenotypic differences when interacting with

11111
2
3
4
5
6
7
8
9
10111
1
2
3
4
5
6
7
8
9
20111
1
2
3
4
5
6
7
8
9
30111
1
2
3
4
5
6
7
8
9
40111
1
2
3
4
5
6
7
8
9
50111
1
2
3
4111

av Integrins in breast cancer cell lines

Clinical & Experimental Metastasis Vol 16 No 1 57

Table 1. Inhibition of haptotactic migration of human carcinoma cell lines toward vitronectin

No. of cells.HPF No. of cells/HPF SC 56631a SC 52012a Fab-9b P4C10c 9E8d

(BSA) (Vn) (% Control) (% Control) (% Control) (% Control) (% Control)

MCF-7 0 14.8 ± 7.4 N.D.e N.D. N.D. N.D. N.D.
(10,2) (10,2)

MDA-MB-231 0 190.6 ± 56.7 5.8 ± 5.8 91.0 ± 13.9 117.6 ± 31.7 10.2 ± 3.3 89.7 ± 11.6
(15,3) (36,5) (20,2) (10,1) (16,2) (6,2) (6,1)

MDA-MB-435 4.4 ± 3.2 215.1 ± 70.6 0.7 ± 1.3 67.4 ± 27.4 16.3 ± 11.0 N.D. N.D.
(15,3) (36,4) (20,2) (10,1) (16,2)

Cells (2 ´ 105) were added to the upper chamber of Transwell plates and incubated for 15–18 h. Where appropriate, inhibitors were
added simultaneously to the upper chamber at concentrations noted below. SC 56631 has a wide specificity and is able to inhibit adhe-
sion mediated by all av integrins; SC 52012 is an antagonist of platelet integrin aIIbb3 and serves as a negative control. Fab-9 is a
human synthetic antibody specifically directed against avb3 [34]. P4C10 is a mAb ascite binding b1; 9E8 is a non-blocking antibody
that binds avb5 and serves as a negative control. Cells that did not migrate were removed from the interior of the upper chamber.
The membrane was cut out, and cells that migrated through pores to the underside of the filter were fixed and stained with Diff-Quik.
Random high power fields (HPF) were counted. Results in the first two columns were presented as mean ± SD of the number of cells
counted/HPF. Results in columns 3–7 are presented as the percentage of cells counted in HPFs as compared to control membranes
(absence of inhibitor; mean ± SD). The first number in the parentheses below each result is the number of HPFs counted; the second
value is the number of individual experiments performed.
aFinal concentration = 25 mM. SC 52012 also fails to block adhesion of any of the BCA cells to Vn (not shown).
bFinal concentration = 5 ´ 10–7 M.
cFinal concentration = 2 mg/ml IgG.
dFinal concentration = 10 mg/ml IgG.
eNot determined.



Vn. All three of the BCA cell types adhered to Vn,
albeit with different efficiencies. The MDA-MB-435
cells adhered more efficiently than the other two cell
types (Figure 4A). Each cell line also attained a
distinct morphology when adherent to Vn. Only the
MDA-MB-435 cells exhibited substantial cell
spreading (not shown). It is likely that the ability of
the MDA-MB-435 cells to adhere and spread is due
to the presence of the avb3 integrin. Unlike the avb5
integrin, which is expressed by all BCA cell lines,
the avb3 integrin mediates cell spreading [55]. The
presence of avb3 on the MDA-MB-435 cells also
endowed this line with the ability to adhere to Fg
(Figure 4). This result is important because it illus-
trates the broad adhesive capacity of cells that
express integrin avb3. Integrin avb3 can bind at least
nine different RGD-containing adhesive proteins
[20], whereas integrins like avb5 and avb1 can only
mediate adhesion to one or two proteins [21–23].
The broad adhesive capacity of the MDA-MB-435
cells may explain their metastatic dissemination to
multiple organs in vivo [29].

The BCA cell lines also had differing abilities to
migrate toward Vn. The MCF-7 cells failed to
migrate toward this protein. In contrast, both the
MDA-MB-231 and MDA-MB-435 cells exhibited
extensive haptotaxis toward Vn. Interestingly, the
two cell lines use different integrins to migrate. This
process was mediated solely by integrin avb3 in
MDA-MB-435 cells. This observation was not unex-
pected because avb3 mediates the migration of
melanoma, endothelial and smooth muscle cells
[26,56,57]. Migration of the MDA-MB-231 cells was
nearly as extensive as that exhibited by MDA-MB-
435 cells, but the MDA-MB-231 cells appear to use
integrin avb1 to migrate toward Vn. Although there
is currently no function blocking antibody with
specificity for the complex between av and b1, our
data provide a strong case for avb1 as the integrin
that mediates migration toward Vn in these cells.
First, this migration is blocked by micromolar
concentrations of RGD peptide (not shown) and SC
56631 (Table 1), a characteristic of integrins with the
av subunit. Second, the migration is inhibited by the
P4C10 antibody which is against b1. Third, the b1
subunit is complexed predominantly with av in these
cells (Figure 3), and finally, the integrin avb1 is
known to bind Vn [22]. We cannot exclude the possi-
bility that another, as yet unidentified, a subunit
complexes with b1 in these cells and mediates migra-
tion toward Vn. However, this possibility seems
unlikely given the high levels of avb1 expressed by
the MDA-MB-231 cells. This finding is noteworthy
because there is a discrepancy regarding the ligand
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Figure 6. BCA cells can migrate toward immobilized Vn.
To determine whether the BCA cells can migrate toward
Vn, the lower chamber of Costar transwell filters was
coated with Vn (10 mg/ml). A suspension of each cell type
(1 ´ 105 cells) was placed in the upper chamber and cells
were allowed to migrate for 18 h at 37ºC. At the end of
the migration period the cells were removed from the
upper surface of the filter by gentle scraping and cells
adherent to the lower surface of the filter were stained
with Diff-Quik as described under Materials and methods.
A representative experiment is shown with MCF-7 cells
(A), MDA-MB-231 cells (B), and MDA-MB-435 cells (C)
on different filters.



binding specificity of this integrin. Prior reports have
indicated that avb1 may be a receptor for fibronectin
and vitronectin, although its ability to interact with
Vn has been called into question. Our data support
the conclusion that avb1 is a Vn receptor and extend
this conclusion to show that avb1 can mediate hapto-
taxis toward Vn. This observation is especially
important because avb1 cannot mediate migration of
CHO cells toward fibronectin [27]. The reason for
this difference in the ability of avb1 to mediate
migration is not clear, but it may relate to other
factors that are cell type specific. Even our data
would indicate that this is the case because the MCF-
7 cells express integrin avb1, but cannot migrate
toward Vn. It should also be considered that alter-
native splices can occur in integrin a and b subunits,
including the cytoplasmic tail of the b1 subunit [58].
Therefore, the avb1 present in the MCF-7 and
MDA-MB-231 cells may share gross immunologic
identity, but could exhibit subtle sequence changes
that have a major impact on receptor function.
Alternatively, the association of avb1 with the uroki-
nase receptor (uPAR) could explain these differ-
ences. Wei et al. recently demonstrated that the
expression of uPAR in cells along with b1 integrin
can interfere with cell adhesion [59]. Therefore, it is
conceivable that the differences in the ability of avb1
to mediate migration by the MCF-7 and MDA-MB-
231 cells could relate to the expression of uPAR.

In conjunction with identification of av integrins
in tissue sections of breast carcinoma, and the
reported metastatic potential of the MCF-7, MDA-
MB-231, and MDA-MB-435 cell lines [29–31], the
results presented here suggest a correlation between
the avb3 integrin and tumor dissemination. If av inte-
grins are necessary for the dissemination of BCA in
vivo, this study identifies two potential therapeutic
compounds for preventing metastasis. These are SC
56631 and Fab-9, each representing a different class
of inhibitors. SC 56631 is a peptide mimetic. Several
peptide mimetics against the platelet integrin are
now in clinical trials and have shown excellent
promise in animal models of thrombosis [45,60]. This
class of compounds could be advantageous in
preventing metastasis because some mimetics can be
made orally bioavailable. Similarly, Fab-9 is a human
antibody that was originally cloned from a patient
with HIV. Then an RGD motif was inserted into
the complementarity determining region of this anti-
body and its affinity and specificity was optimized
by phage-display [38]. Since Fab-9 is a human anti-
body, its administration to patients would presum-
ably circumvent the host immune response, and it
could be useful in preventing metastatic spread.
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