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Capability of Endothelial Cells’

Abstract

Matrix metalloproteinase (MMP) degradation of extra-
cellular matrix is thought to play an important role in
invasion, angiogenesis, tumor growth, and metasta-
sis. Several studies have demonstrated that CD147/
extracellular MMP inducer, a membrane-spanning mole-
cule highly expressed in tumor cells, may be involved in
the progression of malignancies by regulating ex-
pression of MMP in peritumoral stromal cells. In the
present study we show that CD147 is expressed in
microvesicles derived from epithelial ovarian cancer
cells and that CD147-positive vesicles may promote
an angiogenic phenotype in endothelial cells in vitro.
Vesicles shed by human ovarian carcinoma cell lines
OVCAR3, SKOV3, and A2780 expressed different levels
of CD147 and stimulated proangiogenic activities of
human umbilical vein endothelial cells (HUVECs) in a
CD147-dependent fashion (OVCAR3 > SKOV3 > A2780).
Moreover, vesicles shed by ovarian carcinoma cell line
CABA | with low CD147 expression had no significant
effect on the development of angiogenic phenotype in
HUVECs. The treatment of OVCARS3 cells with small
interfering RNA against CD147 suppressed the angio-
genic potential of OVCAR3-derived microvesicles. How-
ever, transfection of CD147 cDNA into the CABA | cell
line enabled CABA I-derived vesicles to induce angio-
genesis and to promote MMP genes expression in
HUVECs. We therefore conclude that vesicles shed
by ovarian cancer cells may induce proangiogenic ac-
tivities of HUVECs by a CD147-mediated mechanism.
Neoplasia (2007) 9, 349-357

Keywords: Shed membrane microvesicles, CD147, ovarian cancer, angio-
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Introduction

CD147, also named extracellular matrix metalloproteinase
(MMP) inducer or basigin, is a plasma membrane glyco-
protein enriched on the surface of many malignant tumor
cells [1-3]. Thus far, several studies have convincingly
demonstrated that CD147 could play a crucial role in the
progression of malignancies by regulating expression of
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vascular endothelial growth factor (VEGF) and MMPs in stro-
mal cells [1,4]. Accordingly, it has been previously shown that
CD147 interacts with fibroblasts and stimulates their production
of MMP-1, MMP-2, MMP-3, and membrane type 1 MMP (MT1-
MMP) [5,6]. CD147 is also believed to be involved in the
interaction of the tumor with its stromal microenvironment by
acting in a paracrine fashion on stroma cells to regulate the
production of MMPs [4]. Interestingly, recent studies have
provided evidence that microvesicular release of CD147 from
tumor cells could play a role in tumor—stromal interactions
through upregulation of MMPs production [7,8]. In addition,
CD147 is also known to stimulate the production of MMPs in
human umbilical vein endothelial cells (HUVECs) [9].

Matrix metalloproteinase degradation of extracellular matrix
is thought to play an important role in invasion, angiogenesis,
tumor growth, and metastasis [10]. In this regard, increased
tumor aggressiveness has been associated with enhanced
MMP expression both in vitro and in vivo [11]. Because stromal
cells are the major source of MMPs in most of the human
cancers analyzed so far, CD147 is deemed to be a critical
determinant in cancer growth and dissemination [9,10,12]. In
line with this possibility, CD147 expression in human breast and
ovarian cancer has been related to a more invasive phenotype
[3,13—15]. In addition, human breast cancer cells transfected
with CD147 cDNA showed a significantly higher rate of tumor
growth in a xenograft model [11].

Shedding of membrane vesicles is a vital phenomenon
frequently observed in eukaryotic cells and suggested to be
involved in several pathophysiologic processes such as an-
giogenesis, thrombosis, inflammation, and immunity [16,17].
In previous investigations, two types of membrane vesicles
have been described, referred to as microvesicles and exo-
somes [17—-19]. It is worth noting that microvesicles and exo-
somes are released by different cellular mechanisms, namely,
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microvesicles by surface shedding and exosomes from
exocytosis of multivesicular bodies [18—-20].

We have previously shown that tumor microvesicles may
carry tumor-associated surface antigens and may be de-
tected both in the serum and in ascites from patients with
ovarian cancer [21]. Furthermore, a significant positive corre-
lation was seen between tumor malignancy and both vesi-
cle amount and vesicle-associated MMP-2 activity. Hence,
human tumors constitutively release microvesicles, trans-
porting a broad array of biologically active molecules, includ-
ing cell surface receptors, adhesion molecules, and MMPs
[22—26]. Growing interest has been focused on tumor-
released microvesicles because they have the ability to
modulate invasive capabilities [27—-29] and to promote angio-
genesis [30—32]. Previous studies have shown that human
cancer cells (including lung carcinoma, colon carcinoma,
and pancreatic cancers) produce large amounts of CD147-
positive microvesicles [7,8]. However, the pathophysiologic
role of CD147-positive vesicles has not been completely
understood. Working from these assumptions, the aim of
our study was to investigate the role of microvesicles released
by human ovarian cancer cells in the angiogenic process by
evaluating their effect on HUVEC phenotype.

Materials and Methods

Cell Culture

HUVECs were isolated from umbilical cord veins and
grown on 1% gelatin—coated flasks in DMEM supplemented
with 10% fetal calf serum (FCS), 10% newborn calf serum,
2 mmol/l glutamine, 50 pug/ml endothelial cell growth fac-
tor (crude extract from bovine brain), penicillin, and strep-
tomycin. Cells from the third to fifth passages of culture
were used. The CABA | cell line was established from the
ascitic fluid of an ovarian carcinoma patient not under-
going drug treatment [33]. CD147-transfected CABA | cells
were maintained as monolayers in RPMI 1640 (Euroclone,
Devon, UK) containing 5% FCS and 400 pg/ml G418.
Human ovarian carcinoma cell lines A2780, OVCAR 3 and
SKOV 3 were cultured in RPMI medium supplemented with
10% FCS.

Small Interfering RNA and Transfection

Transfection of CD147/green fluorescent protein cDNA
into human CABA | ovarian cancer cells with low CD147
expression was performed by the method of Zucker et al.
[11]. Cells were stably transfected using FuGene (Roche,
Basel, Switzerland) as per manufacturer's protocol. G418-
resistant clones were microscopically screened for green
fluorescent protein fluorescence and positive clones were
pooled to minimize clonal variations. Control transfectants
carrying the pcDNA3 vector alone were generated. Identical
results were obtained with nontransfected CABA | cells or
CABA | cells transfected with pcDNAS (data not shown). We
silenced CD147 in OVACARS cells by using CD147 small
interfering RNA (siRNA) (h) sc-35298, scrambled oligos

sc-37007 as control, and sc-29528 siRNA transfection re-
agents (Santa Cruz Biotechnology, Santa Cruz, CA) ac-
cording to the manufacturers protocol. The same results
were obtained with nonsilenced OVCARS3 cells or OVCAR3
cells transfected with scrambled oligos.

Flow Cytometric Analysis

Flow cytometry analysis was performed as previously
described [33], with slight modifications. Briefly, cells were
incubated on ice for 60 minutes with mouse anti—human
CD147 primary antibody (8D6 mouse monoclonal IgGy,
Santa Cruz Biotechnology; 1 1g/108 cells) in PBS containing
0.03% BSA. After washing with PBS, cells were incubated
with fluorescein-labeled goat anti-mouse IgG (Kirkegaard
& Perry Laboratories Inc., Gaithersburg, MD) on ice for
30 minutes. The cells were analyzed for cell-associated fluo-
rescence in a flow cytometer (FACScan, Becton Dickinson,
Collaborative Research, Bedford, MA).

Isolation of Membrane Microvesicles from
Cell-Conditioned Medium

Microvesicles were prepared as previously described
[19]. Conditioned medium obtained as above was centri-
fuged at 600g for 15 minutes and then at 1500g for 15 min-
utes to remove cells and large debris. Supernatants were
centrifuged at 100,000g for 1 hour at 4°C. Pelleted micro-
vesicles were resuspended in PBS (pH 7.4). Vesicles were
quantified based on measurements of vesicle-associated
protein levels, using the method of Bradford (Bio-Rad, Milan,
Italy), with BSA (Sigma, St. Louis, MO) as standard.

Cord Formation Assay

HUVECs (70,000/well) were seeded onto Matrigel-
coated 24-well plates in endothelial growth medium con-
taining 5% serum. Cells were stimulated by microvesicles
added as indicated. After 2 and 24 hours, the formation of
cords was photographed and independently scored by two
blinded observers.

Invasion Assay

HUVEC invasion was assayed using modified Boyden
chambers with polycarbonate PVP-free Nucleopore filters
(pore size, 8 um) [34]. Filters were coated with a thick layer of
reconstituted basement membrane (0.05 mg/ml Matrigel,
Becton Dickinson), which cells must degrade to migrate
through the filter. Microvesicles were added as indicated.
HUVECs were detached, washed in DMEM-0.1% BSA,
resuspended in the same medium at a concentration of
5 x 10° cells/ml, and added to the upper compartment of
the chamber. After 6 hours, filters were stained with 1%
crystal violet in methanol, and migrated cells in 10 high-
power fields were counted.

Zymography

Zymography was performed using SDS—polyacrylamide
gels copolymerized with 1 mg/ml gelatin type B (Sigma).
Microvesicles (2.5 pg) and fivefold concentrated HUVEC-
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conditioned medium were diluted in SDS-PAGE sample
buffer under nonreducing conditions without heating. After
electrophoresis, gels were washed twice for 30 minutes in
2.5% Triton X-100 at room temperature and incubated over-
night in collagenase buffer (50 mmol/l Tris—HCI, pH 7.6,
10 mmol/l NaCl, 0.02% Brij 35, and 5 mmol/l CaCl,) at 37°C.
Gels were stained with Coomassie Blue R 250 (Bio-Rad) in
30% methanol and 10% acetic acid for 2 hours and destained
in the same solution without dye. Gelatinase activity was
visualized as clear bands on a dark background, indicating
proteolysis of the substrate. The supernatant of WM983A
melanoma cells was used as a reference standard for
MMP-2 and MMP-9.

Western Blot Analysis

Cells were lysed with lysis buffer containing 50 mmol/| Tris
(pH 7.8), 150 mmol/l NaCl, and 1% NP40. Protein concen-
trations of cellular lysates and microvesicles were determined
as described above. Cell lysates (40 pg) and microvesicle
proteins (10 pg) were resolved by SDS 10% PAGE under
reducing or nonreducing conditions and then transferred
to nitrocellulose membranes (Schleicher & Schuell, Dassel,
Germany). Nonspecific binding sites were blocked by in-
cubation with 10% nonfat dry milk in TBST at room tem-
perature for at least 1 hour. The blots were incubated
with a monoclonal antibody raised against human CD147
(8D6 mouse monoclonal IgG4, 1:500 dilution; Santa Cruz
Biotechnology) for 1 hour, or with antibody raised against
actin (SC-1616, Santa Cruz Biotechnology), followed by
peroxidase-conjugated secondary antibody in blocking
buffer. After washing, reactive bands were visualized by
using a chemiluminescence detection kit (ECL, Amersham-
Pharmacia; Biotech, Piscataway, NJ).

Real-Time Polymerase Chain Reaction

Total RNA was isolated by using SV Total RNA Isolation
System (Promega, Madison, WI) and cDNA was synthe-
sized from 5 pg RNA by using the ImProm-Il Reverse Trans-
cription System (Promega) according to the manufacturer's
protocol. Each real-time polymerase chain reaction (PCR)
reaction was prepared in triplicate and contained 2.0 pl of
cDNA. PCR was carried out using SYBR-green detection
of PCR products in real time (Roche). The sequences of
the primers used for PCR were as follows: MT1-MMP forward,
5-GAGCTCAGGGCAGTGGATAG-3, MT1-MMP reverse
5-GGTAGCCCGGTTCTACCTTC (215 bp); MMP-1 forward,
5-AGGTCTCTGAGGGTCAAGCA-3, MMP-1 reverse, 5'-
CTGGTTGAAAAGCATGAGCA (111 bp); MMP-2 forward,
5'-CACTTTCCTGGGCAACAAAT-3, MMP-2 reverse, 5'-
TGATGTCATCCTGGGACAGA-3 (257 bp); MMP-9 for-
ward, 5-TTGACAGCGACAAGAAGTGG, MMP-9 reverse,
5-GCCATTCACGTCGTCCTTAT-3 (179 bp); GADPH for-
ward 5-GGCCTCCAAGGAGTAAGACC-3', GADPH reverse
5-AGGGGTCTACATGGCAACTG-3 (147 bp). A compara-
tive AC; method was used to determine gene expression.
Expression levels were normalized to the expression levels
of the housekeeping gene GADPH.
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Results

CD147 Expression in Ovarian Cancer Cell Lines
and Shed Microvesicles

We examined four ovarian cancer cell lines with different
invasion capability (CABA I, A2780, SKOV3, and OVCARSin
order of increasing invasion activity; Figure 1A). All tested
cell lines were positive for CD147 by Western blot analysis of
cell lysates (Figure 1B), except CABA I, which show not
detectable CD147, with increasing levels in the following
order: CABA |, A2780, SKOV3, and OVCARS (Figure 1C). A
representative image, obtained using scanning electron mi-
croscopy, of the vesicle shedding phenomenon from CABA |
cells is shown in Figure 2A. The size of microvesicles ranged
between 200 and 900 nm. To investigate whether CD147 is
released from ovarian cancer cell lines through the shedding
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Figure 1. (A) Comparison of the invasive potential of three ovarian cancer
cell lines. Migration activity (representative of three experiments) was cal-
culated as the mean number of migrated cells observed in ten high-power
fields (mean + SD of triplicates). (B) Western blot analysis of CD147. (C) Flow
cytometric analysis of CD147. Right profile, white area, OVACRS; gray pro-
file, SKOV3; central profile, white area, A2780; black profile, CABA I.
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Figure 2. (A) Western blot analysis of microvesicle-associated CD147. (B)
Effect of microvesicles derived from tumor cells on endothelial cell
invasiveness. HUVECs were stimulated by microvesicles shed by ovarian
cancer cells (1, 2, and 4 1.g protein). Migration activity (representative of three
experiments) was calculated as the mean number of migrated cells observed
in 10 high-power fields (mean + SD of triplicates). Supernatant of NIH-3T3,
used as a reference attractant, stimulated invasion with a value of 480%.

of microvesicles, membrane microvesicles were isolated
by centrifugation and analyzed by Western blotting (Fig-
ure 2B). Vesicles shed by ovarian cancer cells were positive
for CD147, with increasing levels in the following order:
CABA |, A2780, SKOV3, and OVCARS.

Effect of Tumor CD147-Positive Microvesicles on HUVECs

In vitro experiments using a Matrigel invasion assay
showed that CD147-positive microvesicles shed by ovarian
cancer cell lines enhanced HUVEC invasiveness. There was
a direct correlation between CD147 expression in micro-
vesicles and endothelial cell invasiveness (OVCAR3 >
SKOV3 > A2780 > CABA I; Figure 2C). Microvesicles were
also able to induce HUVEC proliferation (data not shown).
Vesicles shed by ovarian carcinoma cell line CABA | with
nondetectable CD147 expression had no significant effect on
the development of angiogenic phenotype in HUVECs. We

thus hypothesized that vesicles shed by ovarian cancer cells
may induce proangiogenic activities of HUVEC by a CD147-
mediated mechanism. To shed more light on this issue, we
transfected CD147 cDNA into noninvasive CABA | human
ovarian cell line to generate CABA | cells with high CD147
expression (Figure 3A). Expression of the CD147-GPF fusion
protein was confirmed by flow cytometry (Figure 3B) and con-
focal microscopy (data not shown). We used real-time PCR
analysis to examine MMP induction in CD147-transfected
CABA | cells. CD147-transfected cells showed enhanced
MMP-1, MT1-MMP, MMP-2, and MMP-9 mRNA compared
with vector-transfected CABA | cells. The most prominent
gene induced was MMP-2 (Figure 3C). CABA |-shed micro-
vesicles, after the CD147 transfection, became CD147 posi-
tive (Figure 4A). Zymographic analysis of vesicle-associated
MMP confirmed higher expression of pro—MMP-2 and pro—
MMP-9 in microvesicles shed by CD147-transfected CABA |
compared with vector-transfected cells (Figure 4B). More-
over, CD147-positive microvesicles exhibited a greater ca-
pacity to induce migration of HUVECs compared with those
generated from vector-transfected cells (Figure 4C). To
further investigate the potential regulatory role of vesicle-
associated CD147 on HUVEC phenotype, CD147-positive
OVCARS cells were transfected with a specific siRNA
against CD147 to silence its expression. Western blot analy-
sis of cell extracts from cells treated with siRNA showed a
lower CD147 expression (~ sixfold) compared with the pa-
rental OVCARS cells (Figure 3D). The result was confirmed
by FACS (Figure 3E) and confocal microscopy analyses
(data not shown). Real-time PCR was performed to quan-
tify MMP gene expression in cells transfected with siRNA
relative to the parental OVCARS population. Cells with si-
lenced CD147 expression showed a marked inhibition in the
MMP-1, MT1-MMP, MMP-2, and MMP-9 gene expression
compared with vector-transfected CABA | cells. A weak
effect on MT1-MMP mRNA was also noticed (Figure 3F).
Microvesicles shed by OVCARS3 cells with silenced CD147
showed a reduced CD147 expression compared with paren-
tal cell-derived microvesicles (Figure 4D). Similarly, micro-
vesicles isolated from OVCARS cells with silenced CD147
expression were less effective inducers of pro—-MMP-2 and
pro—MMP-9 synthesis in HUVECs compared with parental
cell-derived microvesicles (Figure 4E). Moreover, micro-
vesicles derived from OVCARS cells with silenced CD147
expression were less effective at inducing the migration of
HUVECs (Figure 4F).

Effects of Tumor-Shed Microvesicles on MMP Production
by HUVECs

To further explore the mechanisms whereby shed micro-
vesicles can mediate tumor—endothelium interactions, re-
verse transcription-PCR (RT-PCR) analysis was used to
monitor MMP synthesis in HUVECs treated with tumor-
released microvesicles. CABA | cell-derived microvesicles
did not induce MMP expression in HUVECs. In contrast,
microvesicles shed by CD147-transfected CABA | cells were
able to increase MT1-MMP (~ 1.5-fold), MMP-1 (~ 2-fold),
and MMP-2 (~1.9-fold) mRNA transcription. However,
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vesicles shed by OVCARS3 cells induced upregulation of
MT1-MMP (~ 1.5-fold), of MMP-1 (~2.2-fold), and MMP-2
(~2.8-fold) MRNA. MMP-9 gene expression was not affected
by microvesicles derived from OVCARS3 cells (Figure 5A). No
induction of MMP was observed in HUVECs after treatment
with microvesicles shed by OVCARS cells with silenced
CD147 expression. Each conditioned medium was collected
and examined by gelatin zymography. The conditioned media
from HUVECs treated with OVCAR3-derived microvesicles
showed increased MMP-2 activity (Figure 5B), whereas no
evidence of MMP-9 induction was found (data not shown).

Effects of Tumor Microvesicles on HUVEC Cord Formation

We have already shown that HUVEC microvesicles may
stimulate formation of capillary-like structures in an autocrine
manner [16]. To investigate whether microvesicles shed by
ovarian cancer cells can exert similar effects, we used a
three-dimensional matrix (Matrigel) to analyze the outgrowth
of human microvascular endothelial cells in capillary-like
tubular structures. After 24 hours in complete medium con-
taining 10% serum, more than 95% of the HUVECs were
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organized into capillary-like structures (Figure 6A). In con-
trast, cells maintained in low-serum (5%) medium were
unable to form a tube network (Figure 6D). Treatment of
HUVEC maintained in low-serum medium with microvesicles
shed by OVCARS3 resulted in the formation of cords as
observed with complete medium (Figure 6B). However,
microvesicles shed from CABA | cells were not able to in-
duce capillary-like tube formation (Figure 6C). No cord
formation was observed after treatment of HUVECs with
microvesicles shed by OVCARS3 cells with silenced CD147
expression (Figure 6E), whereas microvesicles shed by
CD147-transfected CABA | cells were able to induce the
formation of capillary-like tubular structures (Figure 6F).
These results suggest that tube formation by HUVEC main-
tained in low-serum medium is crucially dependent on
CD147 expression in tumor-shed microvesicles.

Discussion
CD147 is highly expressed on the surface of tumor cells and
stimulates surrounding fibroblasts to produce MMPs in a
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Figure 3. (A, D) Western blot analysis of CD147 in CABA | and OVARS3 ovarian cancer cell lines. (B) Flow cytometry analysis of CD147 in CABA I: gray profile
indicates control cells, whereas black profile indicates CD147-transfected cells. (E) Flow cytometry analysis of CD147 in OVCARS3 cells. Gray profile indicates
control cells, whereas black profile indicates cells with silenced CD147 expression. (C, F) RT-PCR analysis of ovarian cancer cell lines for MMP-1, -2, and -9 and
MT1-MMP mRNA expression. Control cells were arbitrarily set at 1.
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Figure 4. (A, D) Western blot analysis of microvesicle-associated CD147 in ovarian cancer cells. (B, E) Zymographic analysis of tumor microvesicle —associated
MMP-2 and MMP-9. (C, F) Effect of tumor cell—shed microvesicles on invasiveness of cultured endothelial cells. HUVECs were stimulated by microvesicles shed
by CABA | cells with and without transfection with CD147 cDNA (C) as well as by vesicle shed by OVCARS3 cells with and without silenced CD147 expression (D)
(1, 2, and 4 1g protein). Migration activity (representative of three experiments) was calculated as the mean number of migrated cells observed in 10 high-power

fields (mean + SD of triplicates).

paracrine fashion [35,36]. Furthermore, it has recently been
demonstrated that CD147 stimulates expression of VEGF in
both tumor and stromal compartments [9]. These findings
have made CD147 an important molecule in tumor progres-
sion, including cancer cell growth, invasion, metastasis, and
angiogenesis [5,11].

Because CD147 is a marker of poor clinical outcome in
serous ovarian cancer patients [3], in this report we sought
to determine the role of CD147-harboring microvesicles
derived from ovarian cancer cells as mediators of tumor/
endothelial cell cross-talk. A positive correlation was seen
between the cell expression of CD147 and ovarian cancer
cell invasive ability. Although CABA | cells had the lowest
invasive potential, they retained some ability to invade
Matrigel, thereby indicating that other factors play a role in
their invasiveness (e.g., MMPs, urokinase-like plasminogen
activator) [37,38]. Furthermore, all tested cell lines shed
membrane microvesicles into the culture medium. Of note,
microvesicle-bound CD147 was directly proportional to the
expression of CD147 in ovarian cancer cell lines as as-
sessed by Western blot analysis. Notably, the presence of

double bands of CD147 in cell extracts from all cell lines was
not observed in microvesicles. Because the microvesicles
arise from lipid rafts, we suppose that this is due to a
selective partitioning of the CD147 protein in these mem-
brane areas.

The development and progression of tumors result from
the concerted activity of tumor cells with neighboring cells
including fibroblasts and endothelial cells [39,40]. In this
regard, alterations in the stromal microenvironment, in-
cluding angiogenesis, modified extracellular matrix com-
position, and unbalanced protease activity are essential
regulatory factors of tumor growth and invasion. CD147 ex-
pressed on cancer cells has been proven to stimulate the
adjacent stromal cells to produce several MMPs. Although
this process precedes any direct cell—cell contact, it cur-
rently remains unclear whether CD147 is released in soluble
form in the tumor microenvironment [4] or associated to
microvesicles shed from cancer cells [7].

Shedding of membrane microvesicles in vivo and in vitro
from the cell surface may be observed in both normal and
tumor cells [19,41]. Under physiological conditions, normal
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is that CD147 availability could involve release of this mole-
cule from bursting vesicles. Further studies are thus war-
ranted to shed more light on the molecular mechanisms
underlying this phenomenon.

In conclusion, we have shown that vesicles shed by
ovarian cancer cells may induce proangiogenic activities of
HUVECs by a CD147-mediated mechanism. Taken together,
our findings point to CD147 as an important player in tumor-
induced angiogenesis and, therefore, a potential target for
novel therapeutic approaches.
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