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ABSTRACT

Polyoma virus middle T-transformed murine endothelioma cell lines

provide a useful model for studying vascular lesions such as hemangiomas,
hemangiosarcomas, and Kaposi's sarcoma and tumor-associated angio-

genesis. In vivo they produce fast-growing, hemorrhaging, cavernous
blood-filled hemangiomas, mainly formed by recruited host endothelial
cells, suggesting an angiogenesis-like process underlying the lesion. The

molecular mechanism(s) responsible for the recruitment of host endothe
lial cells by endothelioma cells has not yet been identified. We found that
five different cultured endothelioma cell lines produced a soluble factor,
named endothelioma-derived motility factor (EDMF) that stimulates
chemotaxis (motility induced by a gradient of soluble attractant), hapto-
taxis (motility in response to substrate-bound attractant), and chemoin-

vasion (migration through a layer of reconstituted basement membrane,
Matrigel) of normal human, bovine, and murine endothelial cells. The
inhibitory effect of actinomycin D and of enzymatic treatment on its
activity proved that EDMF is a protein. EDMF binds to heparin, since its
activity was inhibited by heparin, and it was retained on a heparin-
Sepharose column. Its molecular weight, as assessed by Sephacryl S-200
gel nitration, ranges from 40,000-65,000. Although in many aspects
EDMF is similar to vascular permeability factor-vascular endothelial

growth factor, this was not detected in endothelioma cell supernatants, as
assessed by enzyme-linked immunosorbent assay, thus indicating that

EDMF might be related to, but is not identical with, vascular permeability
factor. Our findings support the notion that recruitment of host endothe
lial cells by endothelioma cells in vivo might be mediated by a still un
identified, soluble factor that stimulates and directs endothelial cell mi
gration.

INTRODUCTION

Mouse endothelioma cell lines were obtained from polyoma virus
middle T oncogene-induced hemangiomas of embryos and young

chimeric mice (1). In vitro, they grow as stable immortalized cell
lines, expressing several EC3 markers and the middle T-antigen. In

vivo, in several different animal species, murine endothelioma cells
rapidly induce hemorrhaging and cavernous blood-filled hemangio

mas, indicating that these cells are the primary cause of these vascular
lesions (2). Immunohistochemical analysis of cell markers of heman
giomas grown in nonsyngeneic animals led to the observation that
hemangiomas are mainly formed by recruited host EC (2). This mech
anism of tumor formation was further supported by the finding that
nonproliferating, mitomycin C-treated endothelioma cells were still

able to induce tumors in vivo (2). Finally, analyzing the hemangiomas
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derived from [3H]thymidine-labeled, mitomycin C-treated endothe

lioma cells, Williams et al. (2) observed that >95% of the cells lining
the hemangioma formations were host derived.

Polyoma middle T oncogene-transformed mouse EC appear to offer

useful models for investigating the cell biology of human vascular
lesions, like hemangiomas, hemangiosarcomas, and Kaposi's sarco

ma. In the latter, in fact, a similar mechanism of recruitment of host
EC occurs, contributing to the formation of the lesion (3), and Kapo
si's cells in culture produce mitogenic and chemotactic factors for

themselves and for EC (4). Moreover, middle T oncogene-induced
hemangiomas can be considered an extreme example of tumor-asso
ciated angiogenesis, and hemangioma-derived endothelioma cells
have been used to study the biology of normal EC (5-7).

The molecular mechanisms responsible for hemangioma formation
in vivo have not yet been characterized. The involvement of growth-

stimulating factors seems improbable, given the lack of mitogenic
activity for EC in endothelioma cell supernatant and the low number
of proliferating EC in middle T oncogene-induced hemangiomas (2).

The production of angiogenic factors that stimulate EC motility is a
common feature of many tumor cells.

Since endotheliomas have already been reported to produce chemo
tactic cytokines for leukocytes (5), we investigated whether they also
released a chemotactic factor for EC. In this paper, we report that
cultured endothelioma cells release a soluble factor that stimulates
chemotaxis, haptotaxis, and chemoinvasion of normal EC and that
might contribute to formation of the lesion in vivo.

MATERIALS AND METHODS

Cells. Polyoma middle T oncogene-transformed mouse endothelioma cells

derived from embryos (eEnd. 1) or thymus (tEnd.l) were obtained through the
courtesy of Dr. E. F. Wagner (Vienna, Austria) (1,2). E10V, H5V, and B9V
endothelioma cell lines were recently originated in this institute using a poly
oma middle T oncogene-containing construct from whole embryo (E10V),

heart (H5V), and brain (B9V) of C57BL6 mice. These cells have endothelial
properties, including uptake of acetylated low-density lipoproteins, staining for
alkaline phosphatase, and expression of MEC 13, a monoclonal antibody-
defined marker specific for EC4.

Cells were maintained in vitro in DMEM (GIBCO-Europe, Paisley, Scot

land) supplemented with glutamine and 15% fetal calf serum. BAEC and HEC
were obtained and cultured as described previously (8). BAEC and murine
lung capillary EC (LE-II) were cultured in DMEM supplemented with

glutamine and 10% fetal calf serum. Cells were used between the fourth and
16th passage.

Human mononuclear cells were isolated by sedimentation on Ficoll-Paque

(Pharmacia, Uppsala, Sweden) as described before (9).
Preparation and Characterization of Conditioned Media. Subconfluent

monolayers of endothelioma cells were washed three times with saline and
incubated for 24 h with serum-free DMEM; the conditioned medium was then
collected, centrifuged, and stored at -20Â°C. In one experiment, cells were

exposed to 5 fig/ml actinomycin D (Sigma, St. Louis, MO) in culture medium
for 4 h, then washed, and incubated with serum-free medium as described

above.

4 A. Vecchi, C. Garlanda, M. G. Lampugnani, M. Resnati, A. Stoppacciaro, L. Ruco,

A. Mantovani, and E. Dejana. Monoclonal antibodies specific for endothelial cells of
mouse blood vessels. Manuscript in preparation.
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The conditioned medium was used as chemoattractant or further processed
for biochemical characterization. The medium (either before or after dialysis
against DPBS, without any difference) was applied to a heparin-Sepharose
column (Pharmacia) equilibrated in Ca- and Mg-containing DPBS. The run

ning buffer was DPBS, and the bound material was eluted with l M NaCl.
Fractions containing unbound and bound material (after correction of molarity)
were tested for their ability to induce motility and invasion of EC. The bound
material was then applied on a Sephacryl S-200 (Pharmacia) molecular sieve
using 20 mMTris-0.15 MNaCl-1 mM CaC12, pH 7.4, as the eluting buffer. Each

fraction was assayed for migratory activity.
To assess the effect of enzymatic treatment on EDMF activity, eEnd.l

supernatant was treated with either DNase (2 pig/ml), RNase (50 jxg/ml),
trypsin (100 /Â¿g/ml),or chymotrypsin (100 fig/ml) at 37Â°Cfor 1 h. Trypsin and

chymotrypsin were then inhibited by addition of phenylmethylsulfonyl fluo
ride (2 min). EDMF was reduced by exposure to 2-mercaptoethanol (20 HIM)for

2 h at room temperature. All samples were dialyzed against DPBS and tested
for chemotactic activity.

Endothelioma cell-conditioned medium was assayed for murine VPF by Dr.

K-T. Yeo and Dr. H. F. Dvorak (Beth Israel Hospital, Boston, MA).

Motility Assays. Chemotaxis, haptotaxis, and chemoinvasion were assayed
using modified Boyden chambers with 5-/xm (BAEC) and 8-/o,m (LE-II and
HEC) pore size polycarbonate polyvinylpyrrolidone-free Nucleopore filters.
EC were detached by brief exposure to trypsin 0.025%-EDTA 0.02%, washed
twice with DMEM-0.1% BSA, and resuspended in this medium at the con
centration of 1-2 X 106/ml.

For chemotaxis, filters were coated with gelatin by immersing them over
night in a solution of 100 /xg/ml gelatin in 0.1% acetic acid and then air dried.
Chemotaxis was conducted as described previously (10). Different dilutions of
the conditioned medium were added to the lower compartment of the chamber.
The filter separated the conditioned medium from the upper part of the cham
ber where EC were added. After 4-5 h of incubation at 37Â°C,filters were

stained with Diff-Quick (Merz-Dade, Diidingen, Switzerland), and the mi
grated cells in 10 high-power fields were counted. Checkerboard analysis of

the chemotactic response was performed by varying the concentrations of
attractant in the upper and lower compartment of the Boyden chamber, as
described before (10). Chemotaxis of monocytes was assessed using 5-;xm

pore size polycarbonate polyvinylpyrrolidone filters, as described previously
(5). Mononuclear cells were used at the concentration of 1 X 10'Vml in

DMEM-0.1% BSA, and incubation was for 90 min. A'-formyl-methionyl-

leucyl-phenylalanine (10 na) was used as a positive control.

For migration on coated filters, operationally defined as haptotaxis, filters
were coated on one side with the motility factor by floating them on the
conditioned medium overnight at 37Â°C. Before the assay, the filters were

washed five times in DPBS; the chamber was then assembled with the coated
side of the filter facing the lower compartment, filled with DMEM with 0.1%
BSA. After 6 h incubation, the filters were stained and counted as described
above.

The chemoinvasion assay was conducted as described in Ref. 4. Matrigel
was a kind gift from Dr. A. Albini (Genova, Italy). Filters were coated with an
even layer of Matrigel (12.5 fig/filter), and the chamber was assembled with
the coated side of the filter facing the upper compartment. Conditioned me
dium was used as attractant. After 6 h incubation, the filters were stained and
counted as described above.
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Fig. 1. Chemotaxis (A), haptotaxis (B), and chemoinvasion (C) of BAEC, HEC, and
LE-II cells in response to control medium (â€¢)or to eEnd. 1 supernatant (M). Details of the
methods are given in "Materials and Methods." Columns (bars), means (Â±SE)of migrated

cells in 10 high-power fields, nt, not tested.

LE-II

HEC

10 100

Dilution factor

10
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Fig. 2. Chemotactic response of BAEC, HEC, and LE-II cells to diluted eEnd.l

supernatant. Points (bars), means (Â±SE) of migrated cells (triplicates). Shaded area,
hackground motility in the presence of control medium alone.

Table 1 Checkerboard analysis of HEC chemotactic response to eEnd.l supernatant

Checkerboard analysis was performed by adding eEnd.l supernatant (diluted 1:5) to
the lower and upper compartment of the Boyden chamber as indicated. Data are expressed
as migrated cells (mean Â±SE) in 10 high-power fields.

LowerControlEDMFEDMFControlCompartmentUpperControlControlEDMFEDMFMigratedcells27.5

Â±13.453.5
Â±0.732.3
Â±14.930.7
Â±9.4

RESULTS

Chemotaxis (motility induced by a gradient of soluble chemoat
tractant) was measured in a Boyden chamber in which cells were
stimulated to migrate through the pores of a gelatin-coated polycar

bonate filter. The addition of eEnd.l cell supernatant to the lower
compartment of the chamber stimulated motility of BAEC, HEC, and
LE-II cells (Fig. L4). The effect was dose dependent: for HEC and
LE-II cells, stimulation was maximal for nondiluted supernatant,
while BAEC responded to supernatant diluted 1:30-1:300 (Fig. 2). A

checkerboard analysis was performed to determine whether EDMF
induced random or directional motility of EC (Table 1). HEC re
sponded chemotactically to EDMF, since maximal motility was ob
served in a condition of positive gradient (EDMF in the lower com
partment), and no stimulation was observed in a positive gradient
(EDMF in the upper compartment) or in the absence of a gradient
(EDMF in both compartments) (Table 1). In one experiment, chemo
taxis was measured using uncoated filters, and motility was strongly
induced (not shown).

Therefore, we addressed the possibility that the EDMF could attach
to the filter, and induce haptotactic motility, in which the attractant
provides both the motility stimulus and the substrate for cells to
migrate upon. Again, motility was strongly induced in all EC lines
tested (Fig. IÃŸ).

Recently chemoinvasion, another model of cell migration, was
described, in which cells had to digest a layer of reconstituted base
ment membrane (Matrigel) before reaching the filter. In this assay, too,
endothelioma cell supernatant stimulated EC invasion/migration (Fig.
1C). Chemotactic and haptotactic activities were also present in the
supernatant of four other endothelioma cells derived from hemangi-

omas of different anatomical sites (thymus, heart, and brain)(Table 2),
indicating that this activity is not peculiar to eEnd.l but is common to
all endothelioma cell lines tested.

We next performed a preliminary characterization of EDMF. To
assess whether EDMF was a protein, eEnd.l endothelioma cells were
exposed to actinomycin D (5 /xg/ml), which is known to block RNA
transcription, and thus protein synthesis, and washed before collecting
the supernatant. This treatment abolished the chemotactic activity of
the supernatant for both murine and bovine EC (Table 3) and reduced
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the haptotactic activity for BAEC (not shown), thus supporting the
hypothesis that EDMF ia a protein. Furthermore, treatment of the
supernatant with trypsin and chymotrypsin, but not by DNase or
RNase, markedly decreased the chemotactic activity for HEC (Table
3). Activity was also reduced by exposure of the supernatant to 2-mer-

captoethanol, suggesting that EDMF active conformation is stabilized
by disulfide bonds. Chemotactic activity was retained after dialysis of
the sample, indicating a molecular weight > 12,000 (Table 3).

Several motility factors, including angiogenic factors, cytokiries,
and extracellular matrix components, bind heparin with high affinity.
We tested whether heparin affected the motility response of endothe-
lial cells to eEnd.l supernatant. The addition of heparin (1-100 /ng/

ml) to the supernatant in the lower compartment of the chamber
significantly inhibited chemotaxis in a dose-dependent manner (Table
3), suggesting that our motility factor is a heparin-binding molecule.

To test whether EDMF could be isolated by affinity chromatogra-
phy on heparin, eEnd.l supernatant was applied to a heparin-

Sepharose column, and the nonbound material (void) and the bound
material eluted with l MNaCl (bound) were tested in the chemotaxis,
haptotaxis, and chemoinvasion assays. The bound fraction, but not the
void, retained the ability of the crude supernatant to stimulate BAEC
chemotaxis, haptotaxis, and invasion (Fig. 3). Similar results were
obtained when the void and bound fractions were tested for HEC and
LE-II cell motility (not shown).

In order to define the molecular weight of EDMF, the active ma
terial eluted from the heparin-Sepharose column was next fractionated

on a Sephacryl S200 molecular sieve, and the fractions were tested for
chemotactic and haptotactic activities. In three different preparations,
we always observed two peaks of activity (Fig. 4), one corresponding

Chemotaxis

Haptotaxis

Chemo-invasionCrude

Void
BoundCrude

Void
BoundCrude

Void
Bound^"Â».-..,__._â€”¿� . __3â€”¿�, ] , r*^1 1

Migrated cells

Fig. 3. BAEC chemotactic, haptotactic, and chemoinvasive response to eEnd.l super
natant after fractionation on heparin-Sepharose. Fractions eluted from the column with 1
M NaCl were adjusted for molarity before the assay (bound) and were compared to
unbound material (void). Columns (bars), means (Â±SE of triplicates) expressed as mi
grated cells in 10 high-power fields (after subtraction of baseline migration.)

to a very high molecular weight component (>200,000) and the other
to a molecule ranging from approximately M, 40,000-65,000.

It has recently been described that these endothelioma cell lines in
culture produce leukocyte-activating and chemotactic cytokines and

that endothelioma cell supernatants are chemotactic for monocytes.
Therefore, we investigated whether EDMF was also active on mono-

nuclear phagocytes. The endothelioma supernatant, the fractions
eluted from heparin-Sepharose, and the Mr 40,000-65,000 EDMF

induced migration of monocytes (Table 4). It should be emphasized
that the monocyte chemotactic cytokine JE/MCP-1, which is produced

by endothelioma cells, does not bind to heparin, Ã©lÃ»tesin the M,
8,000-12,000 range, and is not chemotactic for EC.

Table 2 Chemotactic and haptotactic response of BAEC to supernatants of several
endothelioma cell lines

Data are expressed as numbers of migrated cells in 10 high-power fields (means i

SE).

SampleControl

mediumeEnd.ltEnd.lE10VH5VB9VChemotaxisDilution

with
maximalactivity1:3001:1001:1001:10001:300Migratedcells14.0

Â±5.441.0
+1.728.0

Â±0.645.0
Â±7.039.7
Â±3.838.3
Â±2.3HaptotaxisMigrated

cells0.3

Â±0.339.3
Â±8.413.3
+3.873.0
+10.578.7
+7.874.7

Â±5.5

DISCUSSION

In this study we addressed the hypothesis that polyoma middle T
oncogene-transformed EC produce a factor that stimulates and directs

EC migration, which could contribute to hemangioma formation in
vivo. In vitro, five endothelioma cell lines derived from different
organs secreted a soluble, heparin-binding protein that induces motil

ity of normal bovine, murine, and human EC. Three motility assays
were used, each representing a particular aspect of the motility-inva-

sion process. Chemotaxis represents a pure motility response of cells
to a soluble factor. In haptotaxis, cells respond to a substrate-bound

stimulus that not only induces motility but also provides the substrate

Table 3 Effect of different treatments and inhibitors on eEnd.l chemotactic activity for endothelial cells

Data are expressed as numbers of migrated cells (means Â±SE) after subtraction of baseline migration, nt, not tested.

TreatmentControlActinomycin

D"ControlDNase''RNase2-MercaptoethanolTrypsinChymotrypsinControlDialysisControlHeparir/Dose5/ig/ml2

/Ag/ml50
ng/ml20

mm100
fig/ml100
(ig/ml100

/j.g/ml10
fig/ml1

Mg/mlLE

II24.7

Â±5.00.3
Â±1.5*ntntntntntnt21.9

Â±3.634.9
Â±1.799.7

Â±4.435.7
Â±5.5''58.7
Â±6.8'"70.0

Â±3.7CBAEC17.6

Â±5.90.0Â±2.7rntntntntnlnt52.5

Â±4.839.8
Â±3.5ntntntntHECntnl111.5

Â±13.472.0
Â±6.4157.3
Â±13.437.3
Â±5.5*0.0e13.0

Â±2.5C36.7

Â±3.832.4
Â±4.8ntntntnt

" Endothelioma cells were exposed to actinomycin D for 4 h, washed, and exposed to serum-free medium as described in "Materials and Methods.'
* P s 0.05 compared to control, Mann-Whitney test.
c P s 0.005 compared to control, Mann-Whitney test.
''eEnd.l supernatant was treated with enzymes and 2-mercaptoethanol as described in "Materials and Methods."
'' P s 0.001 compared to control. Mann-Whitney test.

^Heparin was added to eEnd.l supernatant in the lower compartment of the Boyden chamber.
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Fig. 4. BAEC chemotaxis (points and line) and haptotaxis (columns) to fractions
eluted from the S-200 molecular sieve. Data are means of migrated cells (duplicates) from
one experiment representative of three. Arrowheads, migration of molecular weight mark
ers (from left to right: alcohol dehydrogenase, 150,000; albumin, 66,000; carbonic anhy-

drase, 29,000).

Table 4 Monocyte chemotaxis to eEnd. I crude supernatant and after
heparin-Sepharose and Sephacryl S-200 purification

Data are expressed as migrated cells in 10 high-power fields (means Â±SE)- Positive
control, A'-formyl-methionyl-leucyl-phenylalaninc, induced 1.7- to 2.2-fold baseline mi

gration.

Treatment
ofsupernatantCrude

supernatantHeparin-ScpharoseSephacryl

S-200SampleControl

mediumCrude
supernatantControl
mediumVoidBoundControl

mediumEDMFMigrated

cells11.810.669.7

Â±18.215.5
Â±1.729.0
Â±4.432.3
Â±3.550.5
Â±8.5124.5
Â±0.5

for migration (as in the case of cells attaching to and migrating on an
extracellular matrix). In chemoinvasion, cells are required to digest a
layer of reconstituted basement membrane (Matrigel) before reaching
the filter, thus representing the complex process of motility/invasion
that occurs in vivo when cells migrate across basement membranes.
These three assays are currently used to study EC migration in re
sponse to angiogenic stimuli.

The property of EDMF to bind to heparin suggests that in vivo this
factor might be incorporated into the extracellular matrix (through
binding to heparin-like molecules like heparan sulfate proteoglycans;

11). Furthermore, its ability to induce haptotactic migration of EC
suggests that EDMF maintains its activity when immobilized in the
matrix. These considerations further strengthen the concept that the
relationship between soluble angiogenic factors and the extracellular
matrix plays a critical role in angiogenesis (12, 13).

After Sephacryl S-200 molecular sieve fractionation, two major

peaks of activity were found. Although this might indicate two dif
ferent motility factors, the possibility exists of one single M, 40,000-

65,000 motility factor that binds or nonspecifically aggregates with
higher molecular weight components. This is supported by the hep-
arin-binding property of EDMF that probably endows it with the
ability to bind to heparin-related molecules such as heparan sulfate

proteoglycans or other negatively charged molecules.
The production of chemotactic factors by endothelioma cells in

culture has already been documented (5). Among several cytokines,
eEnd.l and tEnd.l cells produce JE/MCP and KC, two members of a
superfamily of leukocyte-activating and chemotactic cytokines (5).

The production of monocyte chemotactic factors by tumor cells rep
resents another mechanism of stimulation of angiogenesis. Monocytes
can be activated to secrete angiogenic factors and to recruit more
monocytes, thus amplifying the process (14). It is, therefore, of inter

est to note that EDMF stimulates not only EC motility but also
monocyte chemotaxis, thus providing another hypothetical mecha
nism for host cell recruitment by endothelioma cells in vivo. No
chemotactic activity for human neutrophils or for the endothelioma
cells themselves was observed in the eEnd.l supernatant (not shown).

The growth of solid tumors is dependent on the recruitment and
organization of host EC to form new capillary blood vessels (15, 16).
Middle T oncogene-induced hemangiomas can be considered an ex
treme example of tumor-associated angiogenesis, in which the lesion

is formed by many EC recruited by few transformed cells. In this case,
the formation of cavernous hemangiomas instead of capillary vessels
is likely to depend on an excessive proteolytic activity of middle T
oncogene-transformed cells (17).

Several tumor-derived heparin-binding angiogenic factors have

been described; thus, we considered the possibility that EDMF could
be a known molecule. Probably the best characterized group of such
factors is the FGF or heparin-binding growth factor family (16, 18).

This consists of several structurally related polypeptides, four of
which (int-2, hst/K-fgf, FGF-5, and FGF-6) have been identified as

oncogenes. In addition to the high affinity for heparin, these factors
share the ability to stimulate proliferation of mesoderm- and neuro-
ectoderm-derived cells, including EC, to induce angiogenesis in vivo,

and, at least for basic FGF, EC migration in vitro.
Although little is known about the molecular and functional prop

erties of some of these proteins, from our knowledge of acidic and
basic FGF and K-fgf (FGF-3) we can exclude that EDMF belongs to

this family. In fact, the molecular weight of FGF, ranging from 16.000
(acidic FGF) to 29,000 (FGF-5), does not correspond to that of EDMF,
40,000-65,000 as indicated by the S-200 molecular sieve. Moreover,

0.65 MNaCl was sufficient to elute the chemotactic activity from the
heparin-Sepharose column (not shown), while at least l Mis required

for FGF (18). Thus, even if our factor binds to heparin, its affinity is
lower than the FGF. Finally, a common characteristic of the FGF is
their ability to stimulate EC proliferation in vitro (18). In agreement
with Williams et al. (2), we did not observe any growth-stimulating

activity for EC in the supernatants of endothelioma cells (not shown).
More recently, another family of angiogenic factors was identified,

the VPF or vascular endothelial growth factor family (19). These M,
34,000-46,000 dimeric glycoproteins not only affect capillary perme

ability but are potent stimulators of EC proliferation in vitro and
angiogenesis in vivo (20). VPF have been identified and characterized
in several tumors of different species, in pituitary cells and in human
placenta (19). These factors are structurally related to PDGF, with
18% identity in the protein sequence of VPF and the PDGF B chain.
Like PDGF, these factors bind to heparin and are eluted by immobi
lized heparin with 0.6-0.8 Msalts (19, 21).

Thus, VPF and EDMF share common properties: both are secreted
by tumor cells, have a similar molecular weight, and bind heparin with
similar affinity. However, no immunoreactive VPF was detected in the
supernatants of endothelioma cells, as assessed by enzyme-linked

immunosorbent assay, and antibodies against VPF did not block the
chemotactic activity of the factor (data not shown). Thus, we conclude
that EDMF is not identical with VPF, although the two molecules
might be related. This has been further suggested by our recent finding
that endothelioma cells in culture express PIGF, a VPF-related protein

isolated by human placenta (22). Experiments are now ongoing in
order to determine whether EDMF could be identical with or related
to PIGF.

It is worth noting the lack of mitogenic activity of EDMF for EC.
Different factors that stimulate angiogenesis in vivo differ greatly in
their functional properties in vitro (14). Some angiogenic factors
induce both motility and proliferation of EC in vitro, while others do
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not stimulate (angiogenin) or actually inhibit (transforming growth
factor ÃŸ,tumor necrosis factor a) EC mitogenesis in vitro (14).

Recruitment of normal EC plays a major role in the pathogenesis of
mouse polyoma middle T oncogene-induced endothelial tumors in
vivo (2), as well as of human vascular tumors such as Kaposi's

sarcoma (3, 4). The results presented here suggest that production of
EDMF may play a role in the pathogenesis of vascular tumors.
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