
Abstract. Integrins are a family of transmembrane adhesion
receptors that might transduce signals from the extracellular
matrix into the inside of cells after ligand binding. In order to
investigate whether ß3 integrins expressed in tumor cells might
mediate such outside-in signaling, human MDA-MB-231
breast cancer cells that were stably transfected with either ß3
integrin or mock-transfected were investigated in a matrigel
degradation assay and a grafting experiment was performed
on the developing chicken chorioallantoic membrane (CAM).
After cultivation on matrigel for time periods between one
and five days, more matrigel was digested in the wells in
which ß3 integrin expressing cells were incubated than in
wells of mock-transfected cells. Furthermore, extracts of ß3
integrin expressing cells contained higher levels of MMP-2
protein as determined by immunoblotting and more MMP-2
associated gelatinase activity as detected by zymography
than extracts of mock-transfected cells. Matrigel degradation
and gelatinase activity as well as MMP-2 expression were
elevated when ß3 integrin expressing cells were incubated in
the presence of the RGD peptide (mimicking an integrin
ligand). After grafting on 10 day-old embryonic chicken
CAM for three to five days, ß3 integrin expressing cells
assembled in spheroids showed higher rates of spreading on
the CAM surface and CAM invasion as well as a significant
MMP-2 up-regulation compared to mock-transfected cells.
The results from the in vivo and in vitro experiments allow the
conclusion that the presence of ß3 integrin in MDA-MB-231

breast cancer cells induced an increased MMP-2 expression
and activity that might contribute to the enhanced invasive
potential observed.

Introduction

Integrins are a family of transmembrane cell-surface receptors
participating in cell-to-cell and cell-to-extracellular matrix
(ECM) interactions. Functionally active integrins are composed
of ·- and ß-subunits. Hitherto, 24 integrin heterodimers
with distinct cellular and adhesive specificities have been
characterized (1,2). Furthermore, about 20 different signaling
proteins might co-operatively associate with integrins initiating
signaling cascades which are involved in cell differentiation,
adhesion, migration, invasion, proliferation, angiogenesis and
survival (3,4). Several of these signaling cascades involve ras
or phosphatidyl inositol-3-kinase, and have been demonstrated
to prevent apoptosis (5,6). 

Among the 18· integrin subunits, only the ·v and ·IIb
subunits might interact with the ß3 subunit to assemble as
·vß3 and ·IIb ß3 integrins, respectively. The ·vß3 integrin
that belongs to the most actively investigated members of the
integrin family binds to various ECM and soluble ligands,
e.g. vitronectin, osteopontin, thrombospondin-1 and matrix
metalloproteinase (MMP)-2. Under non-pathological conditions
this integrin is found in blood vessels while ·IIb ß3 integrin
with binding specificity for vitronectin and prothrombin is
expressed primarily within cells of the megakaryocyte lineage
(7). 

Performing immunohistochemistry, ·IIb ß3 integrin was
detected in a variety of tumor cells in different transformed
organs/tissues, such as cancers of lung, liver, kidney, colon,
bladder, breast, prostate and cervix (8). In ovarian tumors, the
appearance of ·vß3 correlated with the grade of differen-
tiation (9). In accordance with the localization patterns it was
suggested that both ß3 integrins are involved in tumor
progression (10-12) and participate in organ-targeting and
subsequent invasion of tumor cells (reviewed in ref. 13).
Such a correlation between ·vß3 integrin expression and
tumor progression and/or invasiveness also has been shown
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for melanomas and glioblastomas as well as cancers of breast,
stomach, pancreas and cervix (14-19).

A functional impact of ß3 integrins on tumor progression
and/or invasiveness might explain the observation that their
expression positively correlates with a higher risk of patient
death. Such a clinical relationship has been prospectively
described in 111 patients with melanomas of intermediate
thickness (20). Furthermore, the expression of ß3-integrin
had a significant prognostic impact on outcome in 82 advanced
patients with cervical tumors according to a recent analysis
from our group (21). 

The molecular mechanisms how ß3 integrins accelerate
tumor progression and/or invasiveness, respectively, and thus
influence patient survival are only partially understood. The
higher concentration of ß3 integrins as functional adhesion
receptors on the cell surface might change the binding affinity
and specificity of tumor cells to enhance tissue targeting (22).
Increased expression of ·vß3 integrin in vascular ‘hot spots’
might also lead to induction of angiogenesis that ensures a
better nutrition supply of the transformed tissue (23,24).
Furthermore, results from in vitro experiments suggest that
the interaction of ·v ß3 integrin with VEGF (25), MMP-2
(26,27), osteopontin (28) and/or the adhesion molecule CEA-1
(29) might contribute to a ß3 integrin-mediated impact on
tumor biology. 

The aim of the present study was to ascertain whether the
invasive potential of human MDA-MB-231 breast cancer
cells depends on the expression of the integrin ß3 subunit.
Using the developing chicken CAM as experimental model
for cell grafting, we found an increased rate of CAM invasion
and a significant MMP-2 up-regulation in these cells compared
to mock-transfected cells suggesting that the presence of ß3
integrins in epithelial cells enhances the metastatic potential
in vivo. 

Materials and methods

Cell lines and tumor cell spheroids. Tumor spheroids were
prepared from human breast cancer cells (MDA-MB-231),
which were either mock-transfected (MDA-MB-231/clone 1.1)
or transfected with DNA encoding the gene for human ß3
integrin subunit (MDA-MB-231/ß3 clone 36.4) as described
(30). Both cell lines were grown in DMEM containing 10%
fetal calf serum and maintained in a humidified 5% CO2

atmosphere at 37˚C.
For determination of growth rates, 200,000 cells of cell

lines 1.1 and 36.4 were plated on plastic petri dishes of 3.5 cm
in diameter. On each of the following six days, the cells in
three plates were counted after trypsination. 

Immunoblotting. The 1.1 and 36.4 cells were solubilised in
lysis buffer [1% (v/v) Triton X-100 in PBS, pH 7.4] for 1 h at
4˚C. By centrifugation at 20,000 g for 15 min, insoluble
material was removed. Equal amounts of protein of both cell
lines were subjected to SDS-PAGE on a 7.5% gel and
transferred to nitrocellulose membrane filters. After blocking
with 5% (w/v) dry milk powder in washing buffer (0.1% v/v
Tween-20 in PBS, pH 7.4), the blot membranes were
incubated with a MAb against integrin ß3 subunit (MAB-
2008; Chemicon, Hofheim, Germany) diluted 1:500 in

washing buffer at 4˚C overnight. The blots were subse-
quently probed for 1 h with a 1:5,000 dilution of horse-
radish peroxidase-conjugated secondary antibody from Sigma
(Buchs, Switzerland). Unbound primary and secondary
antibodies were removed by four incubations (5 min each) in
washing buffer. Immunoblots were developed by chemi-
luminescence as described (31) using an ECL detection kit
(Perbio Pierce, Lausanne, Switzerland).

In vitro matrigel degradation assay. 96-well-microtiter plates
(BD Falcon, Basel, Switzerland) were blocked with 100 μl
of 1% (w/v) BSA in PBS-Tween for 30 min at 37˚C and
then washed three times in PBS, pH 7.4. In each well, 10 μl
of matrigel (BD Pharmingen, Basel, Switzerland) diluted
in 1:3 RPMI medium were adsorbed for 30 min at 37˚C.
Subsequently, 20,000 cells in 100 μl of RPMI were cultured
at 37˚C for periods as listed in Results. In control experiments,
the medium was supplemented with RAD or RGD-peptides
(Bachem, Bubendorf, Switzerland) in a final concentration of
100 μM.

For harvesting of cells and matrigel, RPMI was decanted.
The wells were washed once with PBS, pH 7.4 and then
incubated with 20 μl of solubilisation buffer [1% (w/v)
Triton X-100 in PBS, pH 7.4] at 37˚C for 5 min. The super-
natants containing the cellular proteins were collected and
subjected to immunoblotting with anti-matrix metallo-
proteinase antibodies (MMP)-2 (Ab-4, NeoMarkers,
Fremont, CA, USA) under non-reducing conditions or
zymogram analysis after determination of protein con-
centration. The microtiter plates were transferred on ice, and
wells overplayed with 100 μl of BCA reagent (Perbio
Pierce) for 30 min and then transferred to 57˚C for protein
determination according to the protocol supplied by the
manufacturer. 

Zymography. Gelatin zymography for the detection of MMP
activity was performed as described (32). Equal amounts of
proteins (25 μg) from homogenates of 1.1 and 36.4 cells
were mixed with non-reducing SDS-PAGE sample buffer and
separated on 10% zymogram polyacrylamide gels (Bio-Rad,
Reinach, Switzerland) at 4˚C and 100 V. The gels were
washed with 0.5% Triton X-100 (v/v) in TBS, pH 7.4 for
15 min, rinsed briefly with TBS, pH 7.4, incubated in TBS,
pH 7.4 supplemented with 1 mM Ca2+ at 37˚C for 16 h.
Staining was performed with Coomassie Brillant Blue and
destaining in aqua. dest. Negative staining of transparent
bands revealed MMP activity.

Generation of spheroids and their grafting onto chicken
CAMs. The shell-free culture method for chicken embryos
was used to obtain the chorioallantoic membrane (CAM) as
recipient for the grafting experiments (33). After three days
of incubation, eggs from Brown Leghorn hens were opened
and carefully transferred into plastic petri dishes of 8 cm in
diameter. The embryos were incubated at 37˚C in humid
atmosphere until grafting of spheroids. 

Spheroids as three-dimensional cell aggregates described
by Korff and Augustin (34) were generated from both 1.1
and 36.4 cell lines. The 0.12% (w/v) methocel stock solution
was prepared from methylcellulose (Sigma) as recommended
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at http://www.spherogenex.de/faqculture.htm. Per spheroid,
10,000 trypsinated cells were mixed with 32 μl of DMEM
containing 10% (v/v) fetal calf serum and 8 μl of methocel
stock solution. The cell suspension was pipetted as drops
onto the cover of a petri dish in which about 50 drops could
be placed. The dishes were then incubated at 37˚C in humid
5% CO2 atmosphere. In general, the cells clustered to spheroids
within a day. After two days of incubation, the spheroids
were carefully grafted onto the surface of E10 day-old
CAMs. Regularly, one 1.1 and one 36.4 spheroid were placed
simultaneously on each of the CAMs, which were then
incubated at 37˚C in humid atmosphere.

Qualitative and quantitative characterisation of spheroid
growth on chicken CAMs. For determination of spreading on
the CAM surface, the areas where the spheroids had been
grafted were photographed with a digital camera (Nikon
Coolpix 995) on each of the five days of CAM incubation.
The areas occupied by the spheroids were subsequently
measured on prints applying the software Analysis (Soft-
Imaging Systems, Münster, Germany) and plotted against the
time period of incubation.

The invasive potential was defined as the ability of
spheroids to penetrate the chorioepithelial layer. To determine
the invasion the area inside the CAMs occupied by tumor
cells was measured on semi-thin sections of spheroids collected
after day 3 and day 5 of incubation using the software Analysis
(Soft-Imaging Systems). Since we performed this analysis on
serial sections, which were separated 200 μm from each other
and encompassed the entire spheroid expansion, we could
extrapolate the volume of the spheroids in toto as well as
inside the CAM. This was done by multiplication of the mean
area (mm2) with the number of serial sections and 0.2 (mm).

For preparation of semi-thin sections, CAM areas (~1 cm3

in size) with spheroids were excised. These samples were
stored in Karnowsky solution (2.5% (v/v) glutaraldehyde, 2%
(v/v) paraformaldehyde in 0.1 M sodium cacodylate, pH 7.4)
at 4˚C for several days. The samples were extensively washed
in cacodylate buffer (0.1 M sodium cacodylate adjusted with
HCl to pH 7.4) and post-fixed in 1% (w/v) osmium tetroxide
(buffered with 0.1 M sodium cacodylate adjusted to 370 mOsm
and pH 7.4) for 2 h. Subsequently, they were washed in
maleate buffer (0.05 M maleic acid adjusted with NaOH to
pH 5.0), block-stained with uranyl acetate (0.5% w/v in
maleate buffer), dehydrated in ethanol and embedded in
Epon 812 (Fluka, Buchs, Switzerland) as reported previously
(33). Sections (1 μm) were prepared by using histo-diamant
knives, stained with Toluidine Blue and analyzed using a Leica
Leitz DMR light microscope.

Immunohistochemistry. The samples were fixed in 4% (v/v)
paraformaldehyde and embedded in paraffin as described
previously (33). Using a HM 355S microtom (Microm,
Walldorf, Germany), 3-μm thick paraffin sections were cut
and transferred to gelatinized slides which were air-dried at
60˚C overnight. Subsequently, they were dewaxed in xylene,
rehydrated in ethanol and rinsed twice in TBS (Tris-buffered
saline adjusted with HCl to pH 7.4). Prior to incubation with
antibodies, the sections were bathed in 0.01 M sodium citrate
(pH 6.0) and heated in a microwave oven (180 W) for 15 min.

After blocking with 1% (w/v) casein in TBS for 10 min,
sections were incubated with the monoclonal antibody
(MAb) against MMP-2 (Ab-4, NeoMarkers) at 4˚C overnight
which was applied in a ready-to-use dilution.

After intensive washing, the sections were exposed to
an affinity-purified biotinylated secondary antibody (Dako,
Glostrup, Denmark) for 45 min at RT, which was diluted
1:200 in TBS, subsequently washed three times in TBS and
then incubated with an avidin-biotin horseradish peroxidase-
complex (Dako) for 45 min at RT which was diluted 1:500 in
TBS. For visualization of the reaction product, sections were
exposed to 0.02 (w/v) 3-amino-9-ethylcarbazole (Sigma) for 1-
12 min. Extensive washing in aqua dest. stopped the
histochemical reaction. The sections were then counter-
stained with hematoxylin and cover-slipped in Aquatex
(Merck, Darmstadt, Germany). 

Statistical analyses. Data were expressed as means ± standard
deviation. For comparison of the mean values, the paired
Student's t-test was used. A significance level of p≤0.05 was
assumed for all statistical evaluations.

Results

Performing immunoblotting with a MAb against anti-ß3
integrin subunit, detergent extracts of 36.4 cells exhibited a
strong 130-kDa band whereas no immunoreactive protein
was detected in 1.1 cell extracts after SDS-PAGE under
non-reducing conditions (Fig. 1A). These results indicate that
the cell line 36.4 transfected with the gene for ß3 integrin
subunit but not the mock-transfected cell line 1.1 expresses
constitutively the ß3 integrin subunit. Furthermore, comparison
of the growth rates of cell lines 1.1 and 36.4 during six days
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Figure 1. 36.4 cells express constitutively ß3 integrin subunit and grow with
similar rates as 1.1 cells A, Solubilisates were prepared from cultured cells,
which were either transfected with human ß3 integrin subunit (36.4) or
mock-transfected (1.1). After SDS-PAGE under non-reducing conditions,
the immunoblot matrices were probed with an antibody against ß3 integrin
subunit (MAb 2008, Chemicon). B, Growth rates of 1.1 and 36.4 cells were
determined during six days period of culturing. These results indicate that
the cell line 36.4 transfected with the gene for ß3 integrin subunit but not the
mock-transfected cell line 1.1 expresses constitutively the ß3 integrin
subunit. Furthermore, comparison of the growth rates of cell lines 1.1 and
36.4 during six days of incubation revealed that both cell lines have similar
proliferation activities.
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of incubation revealed that both cell lines have similar
proliferation activities (Fig. 1B). 

For determination of matrix metalloproteinase (MMP)
activity in 1.1 and 36.4 cells, gelatin zymography was per-
formed using extracts from both cell lines, which had been
cultured on matrigel for one day. Comparison of the band
patterns observed in the zymograms (Fig. 2A) showed that
extracts of 36.4 cells contained a strong MMP activity at
45 kDa and a weaker one at 180 kDa. These bands were also
detected in extracts of 36.4 cells, which were incubated in the
presence of the integrin substrate peptide RGD or the control
peptide RAD. We subjected the same extracts to immunblotting
with anti-MMP2 antibodies finding an immunoreactive band
at 45 kDa in all samples which appeared more distinctive
in samples from 36.4 than 1.1 cells (Fig. 2B). After 3 days of
incubation (Fig. 2C), 36.4 cell extracts clearly exhibited
stronger MMP-2 immunoreactivity than 1.1 cell extracts.
Furthermore, the expression of MMP-2 was higher when
36.4 cells were incubated with the RGD peptide as in 36.4
cells incubated without peptide or with RAD peptide.
Analysing the amount of matrigel remaining in the wells of
the microtiter plate, matrigel was significantly lower in those
wells in which 36.4 cells had been cultured compared to
those in which 1.1 cells were grown (Fig. 2D). The matrigel
amount determined was lowest in the wells of 36.4 cells
incubated in the presence of the RGD peptide. In summary,
the data from the in vitro matrigel degradation assay show

that 36.4 cells express higher concentrations of MMP-2
which is apparently further up-regulated in the presence of
RGD-peptide. 

For detection of in vivo effects of constitutive expression
of ß3 integrin subunit spheroids of both cell lines were grafted
on the surface of 10 day-old chicken CAMs. The areas of the
CAMs where the spheroids had been placed were
photographed on each of the five following days of
incubation. Both 1.1 and 36.4 spheroids showed a similar
pattern of spreading on the CAM surface (Fig. 3A). At day 1
of incubation, all spheroids remained small and were barely
detectable but expanded massively at day 2, then covering
large areas of the CAM surface. In many cases, the spheroid
spreading followed the course of a larger vessel in the depth
of the CAM. Between days 3 and 5 of incubation, the CAM
surface covered by the spheroids was not further enlarged.
We rather observed a condensation of the spheroids, which
was characterised by a slight decrease in CAM area coverage
and an apparently denser core. Furthermore, some spheroids
of both cell lines exhibited an angio-attractive effect since
larger vessels apparently changed their direction toward the
spheroid losing their tortuous appearance. 

We quantified the sizes of the CAM surface being covered
by the spheroids during incubation (Fig. 3B). Both 1.1 and
36.4 spheroids expanded rapidly after day 1 of incubation.
Reaching a maximum between day 2-3 of incubation, the
mean CAM area occupied by 1.1 spheroids declined con-
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Figure 2. Matrigel degradation activity and MMP-2 expression are higher in integrin ß3-subunit 36.4 cells than mock-transfected 1.1 cells. 20,000 cells of cell
line 1.1 or 36.4 were cultured for 1 day (A and B), 3 days (C and D) on matrigel. After incubated, wells were first extracted with 1% Triton X-100 at 37˚C for
solubilisation of cells. A second extraction step at 4˚C was performed to obtain the undigested matrigel remaining adsorbed in the wells of the microtiter
plates. A, Gelatin zymography (10% gel) in the presence of 1 mM Ca2+ for demonstration of MMP activity. B and C, Immunoblot (12.5% gel) with anti-
MMP-2 antibodies on cell extracts incubated for 1 day (B) and 3 days (C) on matrigel. Note the presence of high molecular weight bands in B presumably
non-specifically developed but indicating similar loading of the lanes. D, After 3 days of culturing on identical amounts of matrigel, 1.1 and 36.4 cells were
removed. Remaining matrigel was collected and quantified to determine the cell-associated degradation activity during incubation. 1, matrigel; 2, matrigel
with 1.1 cells; 3, matrigel with 36.4 cells; 4, matrigel with 1.1 cells and 100 μM RAD-peptid; 5, matrigel with 36.4 cells and 100 μM RAD-peptide; 6, matrigel
with 1.1 cells and 100 μM RGD-peptide; and 7, matrigel with 36.4 cells and 100 μM RGD-peptide. #Values significantly different from matrigel without cells,
*Values from 36.4 cells significantly different from the values for 1.1 spheroids incubated under the same conditions; and +values from cells cultured in the
presence of a peptide significantly different from the values for the same cell incubated without peptide.
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tinuously within the next two days whereas the mean covered
area of 36.4 spheroids changed only slightly during this
period. After day 5 of incubation 1.1 spheroids covered a
CAM area of 3.9±0.6 mm2 on average while the mean area
covered by 36.4 spheroids (5.6±1.2 mm2) was significantly
larger (p≤0.05).
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Figure 3. Spreading of spheroids on the surface of chicken CAM analysed
during the five-day period of incubation. A, Spheroids consisting of 10,000
cells each from cell lines 1.1 and 36.4 were grafted onto E10 chicken CAM.
On each day of the incubation, the growth of the spheroids on the CAM
surface was monitored with a digital camera. Bar in the lower right photo-
imagine (day 5; spheroid 36.4) represents 4 mm. B, The sizes of the CAM
surface coverage of the spheroids were quantified and plotted against the day
of incubation. n=6 for each cell line. Values represent means ± standard
deviation. *Values from 36.4 spheroids significantly different from the values
for 1.1 spheroids obtained at the same day of incubation. 

Figure 4. Invasion of spheroids into chicken CAM during five days of
incubation. Spheroids from both cell lines consisting of 10,000 cells were
placed on E10 chicken CAM and harvested after either 3 days or 5 days of
incubation. Semi-thin sections were prepared from these spheroids and stained
with Toluidine Blue. A, Overview of a 2d-old 36.4 spheroid on the CAM;
B, Detail of a 1.1 spheroid after day 3 of incubation showing extensive
proliferation of the chorioepithelial layer and extensive mesenchymal dis-
organisations; C, Overview of a 5d-old 1.1 spheroid unable to penetrate the
thickened chorioepithelial layer; and D, Overview of a 36.4 spheroid after
5 days of incubation invading the CAM. Bars represent 50 μm. E, The
volumes of 1.1 and 36.4 spheroids inside the CAMs were plotted against the
duration of incubation. Volumes were calculated from cross-sections of
CAMs obtained ay 200 μm distance on which the sizes of the areas occupied
by spheroid cells inside the CAM were determined. n=4 for each cell line and
time-point. Values represent means ± standard deviation. *Values significantly
different from the value for 1.1 spheroids obtained at day 3 of incubation.

Figure 5. Expression of MMP-2 in 1.1 and 36.4 spheroids collected on the third and fifth day of incubation after grafting onto chicken CAM. A, Paraffin-
embedded sections were incubated with anti-MMP-2 antibodies showing strong and exclusive immunoreactivity in individual spheroid cells outside the
chorioepithelial layer as exemplified for a 36.4 spheroid collected after day 5 of incubation. B, The numbers of MMP-2-immunoreactive sites were counted and
set in relation to the sizes of the spheroids detected on the sections. n= at least five sections from each of three spheroids for every time-point and cell type. Values
represent means ± standard deviation. *Values significantly different from the value for 1.1 spheroids obtained at day 3 of incubation. Bar represent 50 μm.
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Toluidine Blue-stained semi-thin sections were used to
characterise the spheroid growth into the CAMs (Fig. 4). At
day 2 of incubation, all spheroids were detected as thin cell
layer (~60 μm thick) on the top of the CAM which was
enlarged due to edema (Fig. 4A). At day 3 of incubation,
CAMs reacted with extensive proliferation of the chorio-
epithelial layer and large mesenchymal dis-organisations
against the compact spheroid aggregates on the surface
(Fig. 4B). At day 5 of incubation, 1.1 spheroids were mainly
not able to penetrate the thickened chorioepithelial layer
(Fig. 4C), whereas 36.4 spheroids were detected inside the
CAM at many sites (Fig. 4D).

We also determined the invasive potential of 1.1 and
36.4 spheroids by quantification of the spheroid proportion
inside the CAM. As shown in Fig. 4E, the mean volume of
1.1 spheroids detected inside the CAM remained almost
unchanged at days 3 and 5 of incubation (0.09±0.03 mm3

versus 0.08±0.07 mm3). In contrast, 36.4 spheroids occupied
a mean volume of 0.08±0.10 mm3 at day 3 of incubation
which was significantly enlarged to 0.19±0.05 mm3 at day 5
of incubation (p≤0.05). The volumes of the spheroids in toto
were 0.37±0.18 mm3 (1.1; day 3), 0.15±0.13 mm3 (1.1; day 5),
0.38±0.11 mm3 (36.4; day 3) and 0.42±0.14 mm3 (36.4; day 5).
Correspondingly, the proportion of spheroids inside the
CAM was ~24 % (1.1; day 3), 53% (1.1; day 5), 29% (36.4;
day 3) and 45% (36.4; day 5). Thus, the invasive potential
increased for both spheroid types from days 3 to 5 of
incubation. Since, however, the 36.4 spheroids apparently
grew much faster than the spheroids consisting of 1.1 cells,
ß3 integrin expressing cells had a higher capability than
mock-transfected control spheroid tumor cells to enter the
CAM.

An immunohistochemical analysis with anti-MMP-2
antibodies was performed on 1.1 and 36.4 spheroids grafted
onto the CAM surface, which were collected after days 3 and 5
of incubation. As shown in Fig. 5A, MMP-2 immunoreactive
sites were restricted to individual spheroid cells outside the
chorioepithelial layer while no MMP-2 immunoreactivity
was detected in the CAM. Semi-quantitative analysis counting
the numbers of MMP-2 immunoreactive sites in the area
occupied by the spheroids revealed that significantly less sites
in 1.1 spheroids expressed MMP-2 at day 3 (0.09±0.01 mm-2)
than at day 5 (0.61±0.13 mm-2) of incubation (Fig. 5B). In
contrast, 36.4 spheroids contained significant more MMP-2
immunoreactive sites at day 3 of incubation (0.38±0.15 mm-2)
than 1.1 spheroids. The concentration of MMP-2 immuno-
reactive sites in 36.4 spheroids was only slightly increased at
day 5 of incubation (0.43±0.25 mm-2).

Discussion

Our in vivo assay revealed that the spheroids of MDA-MB-
231 breast cancer cells that were transfected with the ß3
integrin subunit (36.4 cells) expanded after 5 days of
incubation significantly more on the surface of the CAM than
the spheroids consisting of mock transfected cells (1.1 cells).
Furthermore, only 36.4 but not 1.1 cells were detected inside
the CAM suggesting that the presence of ß3 enabled the
tumor cells to invade the epithelial barrier. We conclude that
the presence of the ß3 integrin in MDA-MB-231 breast cancer

cells leads to higher incidence of proliferation and allows
invasion of the CAM. 

The conclusion that the ß3 integrins increase the metastatic
potential of carcinoma cells is supported by the observation
that disaggregated cells from freshly dissected breast cancer
metastases contained high levels of ·v ß3 as well as c-erbB-2
receptor, MMP-2, CD44 and ·6 integrin (35). Furthermore,
a substantial in vivo affect of ß1 and ß3-integrins on the
regulation of survival, adhesion, invasion and MMP-2 activity
has been found in four glioblastoma cell lines using anti-
integrin antibodies, disintegrin echistatin and MMP inhibitors
(36). However, ß3/ß5 integrin-independent mechanisms
might also contribute to the metastatic potential, as no major
differences were observed in size or number of lung metastases
in ß integrin deficient-mice compared to control mice (37).

Our in vitro assay combines the quantitative recording of
gelatin zymography, anti-MMP-2-immunoblotting as well as
matrigel degradation activity. We found significantly more
MMP-2 expression and activity in 36.4 cells than in 1.1 cells
indicating that the presence of the ß3 integrin subunit triggers
the increased induction and secretion of active MMP-2 in
MDA-MB-231 breast cancer cells. Correspondingly, a
significantly lower number of immunohistochemically
MMP-2-reactive sites were detected in 1.1 spheroids compared
to 36.4 spheroids. 

Other studies support the conclusion that MMP-2 is up-
regulated in response to ß3 integrin expression. The ·vß3
integrin is bound to MMP-2 in a functionally active form on the
cell surface of angiogenic blood vessels and melanoma tumors
(38). A ß integrin/MMP-2 interaction could be shown for
tumor cells, e.g. cervical (27) and ovarian cancer cells (39).
Assembled as complex, conformational changes of ·vß3
initiated by extracellular ligand binding are transduced
intracellularly to induce a higher transcription rate of MMP-2
and the potentiation of its matrix degradation activity to
promote invasive activity (38). Such a ß3 integrin subunit-
mediated outside-in signaling function has been previously
assigned to an 11 amino acid long stretch within the
cytoplasmic domain (40). 

We observed a stronger up-regulation of MMP-2 activity
when the 36.4 cells were incubated in the presence of the RGD-
peptide suggesting that this molecule that mimics an integrin
ligand enhances integrin signaling activity resulting in MMP-2
induction. A similar observation was made before (41)
describing that the GRGDSP peptide induced the secretion of
higher MMP-2 levels in human GCT23 giant cell tumor
cells. However, incubation of metastatic 4T1 cells with the
RGD-peptide decreased MMP-2 expression (42). No effect
of RGD-peptides on MMP-2 expression but up-regulation of
MMP-1 and MMP-3 was found in cultured human dermal
fibroblasts (43). Thus, it apparently depends on the cell type
or the experimental microenvironment whether RGD-based
reagents might inhibit or activate integrin mediated outside-
in signaling (in our case MMP-2 expression). This con-
clusion is in accordance with recent reflections hypothesizing
that reagents (antibodies, small molecules) that block integrin
interactions with a solid-phase substrate could nonetheless be
agonists of signal transduction by the same integrins (44). 

Our experimental approach, applying tumor cell spheroids
on the developing CAM, represents an easy and clear results
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delivering system to analyse the invasion potential in vivo. This
approach might be used for further studies, e.g. to determine
optimal targets for therapeutic strategies, especially the role
of integrin blockage.
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