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ABSTRACT

The shedding of membrane vesicles from the cell surface is a vital
process considered to be involved in cell-cell and cell-matrix interactions

and in tumor progression. By immunoelectron microscopic analysis of
surface replicas of 8701-BC human breast carcinoma cells, we observed

that membrane vesicles shed from plasma membranes contained densely
clustered gelatinase B [matrix metalloproteinase 9 (MMP-9)], ÃŸ,inte-

grins, and human lymphocyte antigen class I molecules. By contrast,
Â«-folate receptor was uniformly distributed on the smooth cell membrane

and shedding areas. Both cell surface clustering of selected molecules and
membrane vesicle release were evident only when cells were cultured in
the presence of serum. Vesicle shedding occurred preferentially at the
edge or along narrow protrusions of the cell. Specific accumulation of
proMMP-9 and active forms of MMP-9 in shed vesicles was also demon

strated by gelatin zymography. In addition. Western blotting analysis
showed the presence of a large amount of proMMP-9/tissue inhibitor of

metalloproleinase 1 complex. The release of selected areas of plasma
membranes enriched with MMP-9 and ÃŸ,integrins indicates that mem

brane vesicle shedding from tumor cells plays an important role in the
directional protcolysis of the extracellular matrix during cellular migra
tion. The presence of human lymphocyte antigen class I antigens suggests
a mechanism for tumor cells to escape from immune surveillance.

INTRODUCTION

The shedding of membrane vesicles into the extracellular space is
a widespread phenomenon described in normal cells and more fre
quently in (umoral cells (1,2). It is an energy-requiring phenomenon
for which the synthesis of RNAs and proteins is essential (3). Char-

acteri/.ation of the shed materials indicates that there is no evidence of
soluble cytosolic proteins or subcellular organeile markers within the
vesicle (4). The shed extracellular vesicles are suggested to promote
the invasive activity of tumor cells. Early electron microscopic studies
of invasive murine skin and mammary carcinomas in vivo showed the
destruction of connective tissues by membrane vesicles in the imme
diate vicinity of the invading epithelial cells (5, 6). Poste and Nicolson
(7) reported that fusion of the membrane vesicles shed from a highly
metastatic variant of murine melanoma cells with a poorly metastatic
clone increased the invasive potential of the latter. Several proteinases
have been detected in shed vesicles. Mouse melanoma cells in culture
release a metalloproteinase activity (MT 59,000) as a component of
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membrane vesicles (8), and human colorÃ©ela!carcinoma cells shed
vesicles containing collagenolytic activity (9). In our previous study
(10), we demonstrated that vesicles shed by 8701-BC human breast
carcinoma cells are rich in gelatinase B (MMP-9)3 and its zymogen.

More recently, we have shown that vesicles shed by HT-1080, a
highly invasive human fibrosarcoma cell line, carry MMP-9. gelatin
ase A (MMP-2), and the receptor-bound uPA (11).

Membrane vesicles were also suggested to play a relevant role in
helping the tumor escape from immune responses (12). It was shown
that membrane vesicles shed by murine melanoma cells inhibited the
expression of a MHC class I molecule in macrophages (13); we
observed that vesicles shed by breast carcinoma cells inhibited the
proliferation of phytohemagglutinin-stimulated peripheral blood lym

phocytes, and that their inhibitory effect was completely abrogated by
the addition of antitransforming growth factor ÃŸantibodies (14).
These observations suggest that shedding vesicles and their content
into the extracellular milieu influences cellular behavior, possibly by
altering cell-cell and cell-matrix interactions.

Although shed vesicles are derived from the plasma membrane, they
have different compositions of lipids (15) and proteins (16) than those of
the plasma membrane. Using immunoprecipitation and dot-blot analyses,

we have shown that membrane vesicles from two breast carcinoma cell
lines, MCF-7 and 8701-BC. carry most antigens expressed on the cell
surface (ÃŸ,,a,, and as integrin chains, tumor-associated antigens. HLA

class I molecules, and so forth), but specific localization of these antigens
on the vesicle was not demonstrated. (17).

In this work, we show that vesicle shedding is a release of selected
areas of plasma membrane where specific molecules involved in cell
matrix interactions and degradation (ÃŸ,integrins and MMP-9) or

responsible for antigen presentation (HLA class I molecule) are clustered.

MATERIALS AND METHODS

Reagents and Antibodies. Gelatin-Sepharose 4B was from Pharmacia
Fine Chemicals (Uppsala, Sweden). Human proMMP-9, proMMP-2, TIMP-1.
and TIMP-2 were purified from the culture medium of HT-1080 cells and

uterine ftbroblasts (18, 19). and specific polyclonal antibodies to these proteins
were obtained as described previously ( 18-20). Monoclonal antibodies against
MMP-9. MMP-2. and TIMP-1 were obtained from Oncogene Science (Cam
bridge. MA). W6/32 antibodies (anti-HLA class I hybridoma) were obtained

from the American Type Culture Collection (Rockville, MD). Monoclonal
antibodies [MOV 18 against human folate receptor (21) and MAR4 against
human ÃŸtintegrin (22)] as well as the antibody from W6/32 were purified
according to their isotype by affinity chromatography on protein A or G
(Pharmacia Fine Chemicals).

Cell Culture. The 8701-BC cell line, which is derived from a ductal

infiltrating human breast carcinoma, was kindly provided by Prof. S. Minafra
(University of Palermo, Palermo, Italy: Ref. 23). Unless otherwise specified.

' The abbreviations used are: MMP. matrix metalloproteinase: T1MP. tissue inhibitor

of metalloproteinasc: uPA. urokinase-type plasminogen activator: HLA. human lympho
cyte antigen; ECM, extracellular matrix: TSA. tumor-specific antigen.

4468

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/19/4468/2467509/cr0580194468.pdf by guest on 19 M

ay 2023



SELECTIVE LOCALIZATION OF MEMBRANE ANTIGENS ON SHED VESICLES

Fig. 1. Electron microscopic analysis of surface
replicas of breast cancer 8701-BC cells. Cells were
cultured in serum-free medium (a and <â€¢)or in 10%

PCS (b and d) for 2 h. Conspicuous vesicle shedding
was observed when cells were cultured in PCS, but
not when cells were cultured in serum-free medium.

Bar, 0.1 urn.

cells were cultured in tissue culture flasks (Falcon: Becton Dickinson) in RPMI
1640 (Sigma) with 10% PCS (Celbio Hyclone) after filtration through 0.22-
fj,m-pore membranes to avoid vesicle contamination of serum sedimenting
material; cells at 22-26 passages were used. The cells were negative for

Mycoplasma contamination, as routinely tested by Hoechst 33258 (Sigma)
staining.

Immunolabeling. Cells grown on 4-mm glass coverslips to semiconflu-

ence were washed three times in PBS (pH 7.4), fixed with \% glutaraldehyde
in the same buffer, and incubated with the first antibody for l h at 4Â°C.After

washing extensively, cells were labeled with colloidal gold conjugated with
protein A (Pharmacia Fine Chemicals) for 2 h at 4Â°C.Cells were washed three

times with PBS and subjected to surface replication.
Surface Replication. Monolayers of 8701-BC cells on coverslips were

dehydrated in a series of ethanol washes and air-dried. Platinum-carbon rep
licas were obtained in a Balzers BAF 300 freeze-etching apparatus (Balzers

AG, Liechtenstein. Liechtenstein) by shadowing the cell surface with plati
num-carbon evaporation. The replicas were cleaned overnight in household

bleach, washed extensively in distilled water, and examined using a transmis
sion Electron Microscopy (EM 420 Philips Electron Instruments, Eindhoven,
the Netherlands).

Isolation of Membrane Vesicles from the Cell-conditioned Medium.
Vesicles were prepared from the 8701-BC cell-conditioned medium as
described previously (10). Briefly, after a 3-h culture with subconfluent

cells, in the presence of 10% PCS unless otherwise stated, the conditioned
media were harvested and centrifuged at 500 X g for 10 min and 800 X g
for 15 min. The supernatant was then centrifuged at 100,000 X g for l h at
4Â°C,and the vesicle pellets were resuspended in PBS. Protein concentra

tions were measured by the method of Bradford (Ref. 24; Bio-Rad), using

BSA (Sigma) as a standard.
Preparation of Plasma Membranes. Cell plasma membranes were iso

lated using nitrogen cavitation as described previously (8). Briefly, cells were
scraped and resuspended in 0.15 M NaCl, 20 ITIMHEPES. 5 mM CaCl2, 20
mg/ml leupeptin, 2.5 mg/ml pepstatin, and 1 mM phenylmethylsulfonyl fluo
ride and exposed to nitrogen cavitation. After differential centrifugation,
membranes were pelleted at 100,000 X g. Protein concentration was measured
by the method of Bradford (24).

Gelatin-Sepharose Chromatography of FCS. A 10-ml aliquot of PCS
was incubated with 1 ml of gelatin-Sepharose equilibrated with 50 mM Tris-

HC1, 150 mM NaCl, 5 mM CaCU, 0.02% Tween 20, and 10 mM EDTA
overnight at 4Â°Cto adsorb the gelatinases present in FCS. The supernatant was

recovered by centrifugation and then filtered through a 0.22-/j.m-pore mem
brane. Gelatin-Sepharose filtered serum is referred as GS/FCS.

Gelatin Zymography. Zymography was performed as described previ
ously (10). Briefly, samples were subjected to electrophoresis in SDS- 7.5%

polyacrylamide gels impregnated with I mg/ml gelatin type B (Sigma); after
electrophoresis, gels were washed in 2.5% Triton X-IOO. incubated overnight
at 37Â°Cin the assay buffer for gelatinases [50 mM Tris-HCl (pH 7.5), 10 mM

CaCI2, and 150 mM NaCl] and stained in Coomassie Blue R 250 (Sigma).
Gelatinase activities were visualized as clear zones in a blue background,
indicating the proteolysis of the substrate.

Reverse Zymography for TIMPs. TIMPs present in plasma membranes
and membrane vesicles were analyzed by reverse Zymography. Gels were
processed as described for regular gelatin Zymography except for the incor
poration of 30% (v/v) serum-free culture medium of HT-1080 into the sepa

rating gel. Gels were incubated overnight in the assay buffer for gelatinases.
Dark-staining bands were verified as inhibitors for MMP activity.

Western Blotting. Vesicle proteins (20 fig) were electrophoresed in a
SDS-PAGE (7.5% acrylamide) under nonreducing conditions and transferred

onto a nitrocellulose membrane (Hybond; Amersham). The membrane was
first incubated with 5% horse serum and 0.1% Tween 20 in PBS for 2 h and
then incubated with the indicated antibody ( 1:200) for l h and with horseradish
peroxidase-conjugated anti-IgG antibody (1:7500; Sigma) for l h at room
temperature. Immunoreactive bands were visualized by the enhanced chemi-

luminescence Western blotting kit (Amersham) using Hyperfilms.

RESULTS

Demonstration of Vesicle Shedding from 8701-BC Cells by
Surface Replica. The surface replica technique provides images of
large areas of the cell surface. Using this technique, we were able to
acquire images showing the membrane shedding activity of 8701-BC
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a v

Fig. 2. Immunoclectron microscopic analysis of sur
face replicas of breast cancer 8701-BC cells. Cells

cultured in GS/FCS were fixed with \7t glularaldehyde
and incubated with the following antibodies: a. none: b.
anli-HLA class 1 molecule: <â€¢,anti-a-folale receptor;
and i/. ,11111/; Â¡ntcgrin.Colloidal gold-conjugated pro

tein A was added to all samples. Bar. 0.1 firn.

cells (Fig. 1). As we reported previously, the shedding of membrane
vesicles from 8701-BC cells was greatly promoted by the addition of

PCS (10, 25). Shedding activity was negligible when cells were
cultured in serum-free media (Fig. 1, a and c). Maximal shedding
activity was observed 2-3 h after the addition of PCS to the medium

(Fig. 1, b and d). The release of membrane vesicles occurred primarily
at the edge or along narrow protrusions of the cell surface (Fig. id).

Uneven Distribution of HLA Class I Molecules and of ÃŸ,
Integrins on the Vesicle and the Cell Membrane. We reported that
membrane vesicles shed by 8701-BC cells were rich in integrins, HLA

class I antigens, and most of the plasma membrane antigens, but our
previous methods did not demonstrate the distribution of these anti
gens between plasma membranes and vesicle membranes (17). To
analyze the movement and distribution of membrane antigens during
vesicle shedding, we used the immunolabeled surface replica tech
nique, which enabled us to evaluate the distribution of cell membrane
components and the vesicle shedding event simultaneously. As shown
in Fig. 2, 2 h after the addition of fresh serum-containing medium to

the cell, antibodies against HLA class I molecules and ÃŸ,integrins
were found to be more densely packed on vesicles compared to the
bulk of the cell membrane. In Fig. 2b, a vesicle densely labeled by

anti-HLA antibodies appears in the center of the field above the plane

of the cell surface. The clustering of the ÃŸ,integrin subunit on
vesicles shed from cell protrusions is shown in Fig. 2d. On the
contrary, folate receptor was evenly distributed on the cell surface and
the vesicles (Fig. 2c). No packing phenomena of the tested antigens on
specific cell surface areas were observed when cells were cultured in
serum-free medium (data not shown).

Clustering of MMP-9 and TIMP-1 on Vesicle Membranes. As
reported previously (10), vesicles shed in the serum-containing me
dium by 8701-BC and MCF-7 breast carcinoma cells carried a large
amount of MMP-9 that was easily detected by gelatin zymography.
We therefore analyzed the location of MMP-9 using surface replicas
of the cell surface decorated with anti-MMP-9 antibody/colloidal
gold-conjugated protein A. To establish whether MMP-9 bound to

vesicle membranes was produced by the tumor cell or derived from
serum, cells were cultured in either normal PCS or the gelatinase-
deprived serum (GF/FGS). MMP-9 was readily detected using this

technique by either polyclonal or monoclonal antibodies, and it was
found to be clustered on the vesicle membranes regardless of whether
the cells were cultured in complete PCS (data not shown) or in
GS/FCS (Fig. 3, a and b). This indicates that MMP-9 localized on the
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Fig. 3. Immunolocalization of MMP-9 and
TIMP-1 on surface replicas of breast cancer
8701-BC cells. Cells cultured in GS/FCS were
fixed with 1% glutaraldehyde and incubated with
the following antibodies: a and b, anti-MMP-9; c.
anti-MMP-2; and d, anti-TIMP-1. Colloidal gold-
conjugated protein A was added to all samples. Bar,
0.1 Â¡aa.

surface of vesicles derived from the tumor cells. MMP-9 was not

detected on the smooth area of plasma membranes.
The presence and localization of MMP-2, TIMP-1, and TIMP-2

were analyzed with the same technique. No labeling was observed
with 8701-BC plasma membranes and vesicle membranes when anti-
TIMP-2 polyclonal antibody and anti-MMP-2 monoclonal antibody
(Fig. 3c) or polyclonal antibodies were used. The absence of MMP-2
in 8701-BC vesicles agrees with the results of Western blotting (see
Fig. 5). Anti-TIMP-1 antibodies gave a moderate positive reaction,

and they were found to be clustered on vesicle membranes (Fig. 3d).
Clustering of MMP-9 and TIMP-1 on specific areas of the cell

surface was not observed when cells were cultured in serum-free

medium (data not shown).
Gelatinases and TIMPs in Isolated Vesicles and Plasma Mem

branes. To quantify the amount of gelatinolytic activities associated
with the vesicles and the plasma membranes, the 8701-BC cells were
grown in gelatinase-free GS-FCS, and vesicles released in the medium

and the plasma membranes of the cultured cells were prepared. An
equal amount of proteins from each preparation was than subjected to
gelatin zymography. As shown in Fig. 4a, only faint gelatinolytic

activities were detected in the plasma membranes, but the purified
vesicles exhibited a large amount of gelatinolytic activities around Mr
140,000, M, 97,000, Mt 67,000, and M, 64,000. These activities are
primarily due to proMMP-9 and the active form of MMP-9 (see

below). Similar results were obtained with cells cultured in the me
dium containing complete FCS.

Free TIMP-1 was also detected by reverse zymography. A higher
amount of TIMP-1 was found in vesicles than in the plasma mem

brane preparation (Fig. 4b).
Presence of the proMMP-9/TIMP-l Complex, proMMP-9, and

the Active Form of MMP-9 in Membrane Vesicles. To better
characterize the gelatinolytic enzymes present in the membrane ves
icles, we performed Western blotting analyses with antibodies against
MMP-9 and MMP-2 and their inhibitors, TIMP-1 and TIMP-2. Poly
clonal antibody against MMP-9 showed a prominent band at about A/r

140,000 and a less pronounced band at M, 67,000 (Fig. 5a. Lime 1).
A band at Mr 97,000 was recognized only when a higher protein
concentration was used (data not shown). On the contrary, both
polyclonal and monoclonal antibodies against MMP-2 failed to rec
ognize any band in 8701-BC vesicles (Fig. 5b, Lane I). These anti-
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Fig. 4. Zymographic analyses of plasma membrane- and vesicle-associated gelatinases
and TIMPs. Plasma membranes and vesicles released from 8701-BC cells were prepared
as described in "Materials and Methods." a. gelatin zymography. Lane I. vesicle proteins;

Lane 2. plasma membrane proteins. Samples (30 Mg Â°f proteins/lane I were separated
using a 7.5% polyacrylamide gel with SDS. The positions of molecular mass markers are
indicated, b. reverse zymography for TIMPs. Lane 1. vesicle proteins: Lane 2, plasma
membrane proteins. Samples (30 /ig of proteins/lane) were separated using a 14%
polyaerylamide gel with SDS. The positions of molecular mass markers are indicated.
Htitttim [Hint'l. densitometric analysis.
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Fig. 5. Immunological identification of MMP-9 in vesicles shed by 8701-BC cells, a.
Western blotting analyses of vesicles shed by 8701-BC cells (Lane /) and HT-1080 cells
(iMtie 2) with antibodies against proMMP-9. b. Western blotting analyses of vesicles shed
by 8701-BC cells (Lane I) and HT-1080 cells (Lane 2) with antibodies against
proMMP-2. Samples (20 fig of proteins/lane) were separated by a 7.5% polyacrylamide
gel with SDS. The positions of molecular mass markers are indicated.

bodies, however, identified proMMP-2 in vesicles from HT-1080

cells (Fig. 5h, Lune 2).
Although the gelatinase activity detected around M, 67,000 in

8701-BC membrane vesicles (Fig. 4) seems to correspond to
proMMP-2 from its electrophoretic migration, it reacted with anti-
MMP-9 antibody (Fig. 5Â«,Lane I) and was not recognized by anti-
MMP-2 antibodies (Fig. 5b, Lime I). Furthermore, as reported previ

ously (10), the electrophoretic mobility of the Air 67,000 gelatinase
did not shift after treatment with 4-aminophenylmercuric acetate. We
therefore conclude that it is an active form of MMP-9 ( 18, 26). The M,

97.000 band observed on gelatin zymography was identified as
proMMP-9. As reported previously (10), the electrophoretic mobili
ties of this band before and after 4-aminophenylmercuric acetate
treatment corresponded to those of purified proMMP-9, and the band
was recognized by anti-MMP-9 antibodies in Western blotting per

formed at a high concentration of proteins. The Mr 140,000 band
detected on the vesicle by zymography (Fig. 4) and by Western
blotting with anti-MMP-9 antibody (Fig. 5a) is considered to be a
complex of proMMP-9/TIMP-l. Whereas antibodies against TIMP-2

did not show any reactivity (data not shown), Western blotting with
anti-TIMP-1 antibodies demonstrated the strongest staining around Mr
140,000 (Fig. 60). The association of TIMP-1 with proMMP-9 in a

complex running at an apparent molecular mass of 140 kDa was also
confirmed by reverse zymography (Fig. 6b, Lane 1). When the same
amount of vesicle proteins was separated by SDS-PAGE and stained

with Coomassie Blue, no protein staining was observed in the area
where inhibitory activity was detected by reverse zymography (Fig.
6b, Lane 2).

DISCUSSION

In this report, we have shown that the nonrandomized distribution
of HLA class I molecules, ÃŸ,integrin subunit, proMMP-9, and
TIMP-1 occurs on the plasma membrane of breast carcinoma
8701-BC cells when vesicle shedding takes place. Both vesicle shed

ding and clustering of selected molecules are greatly induced by the
addition of FCS. Molecular mechanisms and specific serum compo
nents that induce this effect have been partially investigated (25) but
at present are incompletely understood. As in the case of virus
budding during the propagation of viral infection (27), vesicle shed
ding is more evident along the microvilli and along free margins of the
cell surface. Such events probably have specific biological roles in the
cell surrounded by ECM.

a

1 2
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116-

97 -

66 -
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I

I
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*

116 -

97 -
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Fig. 6. Detection of MMP-9/TIMP-I complexes in vesicles shed by 8701-BC cells, a.
Western blotting analyses of TIMP-I. Lane I. purified T1MP-I: Lane 2, vesicles, b.
reverse zymography for TIMPs (Ltine 1} and Coomassie Blue staining (Lime 2) of
membrane vesicles. Samples (20 /xg of proteins/lane) were separated by a 7.5% poly
acrylamide gel with SDS. The positions of molecular mass markers are indicated. Arrows,
the M, 140.000 band corresponding to the proMMP-9/TIMP-l complex.
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The degradation of the ECM requires the concerted actions of a
number of extracellular proteinases. The increased expression and
activity of serine and metalloproteinases have been shown to be
correlated with the metastatic behavior of tumor cells. In particular,
MMP-2 and MMP-9 are thought to be involved in the invasive

phenotype of tumor cells (28, 29). Our finding that vesicle membranes
are the only areas of cell membranes where MMP-9 is localized

suggests that vesicle formation and shedding is associated with the
progression of tumor cell metastasis.

The catabolism of ECM is regulated not only by the amount of
specific proteolytic enzymes but also by their location. The binding of
uPA to uPA receptor accelerates plasminogen activation on the cell
surface. This localizes the enzyme to focal contact sites (30-32). An

increasing body of experimental evidence has been accumulated that
demonstrates that MMP-2 is localized and modulated on specific
regions of the cell surface (33-36). Brooks et al. (37) reported that
MMP-2 binds to the integrin avÃŸ3.ProMMP-2 bound to the cell
surface is activated by membrane-bound MT1-MMP (38-40). Forms of
MMP-9 with different molecular weights have been found to be associ

ated with the cell surface (41), Olson et al. (42) have recently shown that
proMMP-9 binds with high affinity to the cell surface of human breast

epithelial cells, and the mechanism of this association seems to be
mediated by the presence of the a2 (IV) chain of collagen IV.

Vesicles are also enriched with the j3, integrin subunit. Because
integrins are the major class of receptors for ECM macromolecules,
packing of integrins on the membrane of shed vesicles indicates that
these vesicles can readily bind to ECM components, thus allowing
proteolytic enzymes to act focally on their substrates. Integrins are
also signaling molecules that regulate cell proliferation, differentia
tion, and survival as well as cell adhesion (43-45). The shedding of

cell surface integrins in response to extracellular signals may therefore
modify cellular behavior. Additional investigations are needed to
establish which integrin dimers are clustered on membrane vesicles
and identify their possible interaction with MMP-9.

It has been suggested that membrane vesicles play a role in the
tumoral escape from immune surveillance. Vesicle shedding is
thought to be a mechanism for tumor cells to remove antigens that
could stimulate an immune response against tumors. Indeed, some
tumor-associated antigens are present on vesicle membranes (12, 46,

17). However, most TSAs identified thus far are cytoplasmic or
nuclear proteins that can be recognized only by HLA class I-restricted

CTLs (47). The present study, which demonstrates that the major
restriction element for T-cell cytotoxicity is clustered in the vesicles,

further supports this hypothesis. Moreover, vesicles shed from breast
tumor cells inhibit lymphocyte proliferation (14). Therefore, in vivo,
subsets of lymphocytes may adhere to membrane vesicles released
from tumor cells by recognizing TSAs. Such an interaction may result
in the inhibition of proliferation of anti-TSA lymphocytes.

It is notable that the molecule that was not specifically sorted in
vesicles but was randomly distributed on the cell surface, i.e., a-folate
receptor, is anchored on the cell surface by a glycosylphosphatidyli-

nositol tail. This type of molecule is generally localized in membrane
microdomains rich in sfingolipids and cholesterol (48). Additional
studies analyzing other glycosylphosphatidylinositol-linked proteins

are necessary to evaluate the relevance of this observation.
We recently reported that membrane vesicles from HT-1080

fibrosarcoma cells contain MMP-9 and MMP-2 in both the active

and pro forms, and the receptor bound uPA (11). In this study, we
were unable to detect vesicle-bound MMP-2 and uPA (data not
shown) on 8701-BC breast carcinoma vesicles. These findings,
together with the previous observation that 8701-BC and MCF-7
vesicles, but not HT-1080 vesicles, inhibited lymphocyte prolifer

ation (14), indicate that the properties of shed vesicles vary ac

cording to the cell origin. However, we also observed that the
amounts and the lytic content of shed vesicles correlate with the
differing in vitro invasiveness of cells (49).

In conclusion, our studies suggest that the shedding of membrane
vesicles is an active phenomenon with specific pathophysiological
implications such as directional proteolysis during cell migration and
tumor invasion and the cellular escape from immune surveillance.
Further understanding of the molecular mechanisms by which migrat
ing cells localize metalloproteinases and other selected molecules on
the cell surface and subsequently shed them as membrane vesicles
may suggest strategies to control tumoral progression and invasion.
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