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ABSTRACT: Endostatin, the 20-kDa C-terminal NC1 domain of collagen XVIII, is an endogenous inhibitor
of tumor angiogenesis and tumor growth. A major problem in reconciling the many reportedin Vitro
effects of endostatin is the lack of a high-affinity receptor, and a search for the latter continues. In accordance
with the above, the molecular mechanisms of action of endostatin remain elusive. We show here that
endostatin binds to membranes containing acidic phospholipids, phosphatidylserine (PS) or phosphati-
dylglycerol (PG). More specifically, a red shift in the fluorescence emission of Trp of endostatin in the
presence of liposomes containing these anionic lipids was evident, revealing the average environment of
Trps to become less hydrophobic. This shift was not observed for phosphatidylcholine (PC) liposomes,
demonstrating the acidic lipid to be required. Quenching by endostatin of the fluorescence of a pyrene-
labeled phospholipid analogue in PS containing membranes was seen, while there was no effect for PC
liposomes. Resonance energy transfer from the Trp residues of endostatin to a dansyl-labeled phospholipid
further confirmed the association of endostatin with PS-containing membranes, whereas there was no
binding to PC liposomes. Intriguingly, the association of endostatin with PS-containing liposomes triggered
the formation of fibers, with Congo red staining producing green birefringence characteristic for amyloid.
Lipid was incorporated into these fibers, as shown by staining when a trace amount (X ) 0.02) of fluorescent
phospholipid analogues was present in the liposomes. No fiber formation was seen when endostatin was
added to liposomes composed of PC only. Because PS has been reported to be exposed in the outer
surface of the plasma membrane of cancer cells and vascular endothelial cells, our results suggest that
this lipid could represent a target for endostatin in the cancer cell surface and tumors, thus suggesting a
novel mechanism of its action. More specifically, analogous to a number of other cytotoxic proteins
interacting with negatively charged lipids, PS-triggered fiber formation by endostatin on the surface of
cancer cells would impair the permeability barrier function of the plasma membrane, resulting in cell
death.

The growth of solid tumors and their metastases is
dependent on angiogenesis, the formation of new capillaries
from the existing microvascular system (1). This process is
initiated by various cytokines and controlled by various
endogenous inhibitors (1). Suppression of angiogenesis is
dependent on tumor growth, providing the rationale for
antiangiogenesis therapy for cancer. Endostatin is the 20-
kDa NC1 domain cleaved proteolytically from the C terminus
of collagen XVIII, and it has been identified as an endog-
enous inhibitor of tumor angiogenesis and growth (2).

Importantly, the latter activity of endostatin does not induce
acquired drug resistance (3, 4), and since its initial isolation
in 1997, endostatin has been the focus of intense interest,
both in the clinic and laboratory. Several mechanisms have
been proposed to underlie the antitumor activity of endosta-
tin. Endostatin down-regulates vascular endothelial growth
factor (VEGF)-mediated signaling (5) and induces endothelial
cell apoptosis, associated with decreased levels of anti-
apoptotic proteins Bcl-2 and BclXL (6). Endostatin also binds
tropomyosin, an actin-stabilizing protein, and it has been
proposed to disrupt microfilament integrity and thus trigger
endothelial cell apoptosis (7). The direct effect of endostatin
on cell adhesion has been proposed to be caused by
suppression of integrin functions (8, 9). Endostatin can bind
and inhibit matrix metalloproteinase MMP-2 (10, 11) and
down-regulate the urokinase plasminogen activator system
(12). It has been suggested that the arginine residues of
endostatin would mediate its interaction with heparin (13,
14). However, it is not clear to what extent the above
activities of endostatin contribute to its antiangiogenic and
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antitumor effectsin ViVo. Accordingly, while the action of
endostatin on tumors involves the binding of this protein to
the cell surface, a major obstacle in reconciling the numerous
in Vitro effects of endostatin is the lack of an affirmative
plasma-membrane receptor for this protein. A fraction of the
cell-surface-bound endostatin and integrin receptor associates
with lipid microdomains together with caveolin-1 (15, 16),
and integrins have been suggested to regulate the overall cell-
surface binding. However, the binding site(s) of the major
fraction of endostatin in the cell surface could not be
identified. Accordingly, the mechanisms of endostatin action
remain elusive.

EXPERIMENTAL PROCEDURES

Materials. Brain phosphatidylserine (Brain PS),1 1-palmi-
toyl-2-oleoyl-sn-glycero-3-phosphoglycerol (POPG) and
1-stearoyl-2-oleoyl-sn-glycero-3-phosphocholine (SOPC) were
from Avanti Polar Lipids (Alabaster, AL). 1,2-Dipalmitoyl-
sn-glycero-3-phosphoethanol aminoN-(5-dimethylaminon-
aphthalene-1-sulfonyl), triethylammonium salt (DPPDns),
1-hexadecanoyl-2-(4,4-difluoro-5-methyl-4-bora-3a,4a-diaza-
s-indacene-3-dodecanoyl)-sn-glycero-3-phosphocholine (bo-
dipy-PC), and 1-palmitoyl-2-(N-4-nitrobenz-2-oxa-1,3-diazol)-
aminocaproyl-sn-glycero-3-phosphoglycerol (NBD-PG) were
from Molecular Probes (Eugene, OR). 1-Palmitoyl-2-[10-
(pyrene-1-yl)decanoyl]-sn-glycero-3-phospho-rac-glycerol (PP-
DPG) and 1-palmitoyl-2-[10-(pyrene-1-yl)decanoyl]-sn-
glycero-3-phosphocholine (PPDPC) were from K&V Bioware
(Espoo, Finland). The purity of these lipids was checked by
thin-layer chromatography on silicic-acid-coated plates
(Merck, Darmstadt, Germany) developed with a chloroform/
methanol/water mixture (65:25:4, v/v/v). Examination of the
plates after iodine staining and, when appropriate, upon UV
illumination revealed no impurities. The concentrations of
bodipy-PC, DPPDns, and NBD-PG were determined spec-
trophotometrically in ethanol using molar absorptivitiesε509

of 86 000,ε336 of 4500, andε465 of 21 000, respectively.
Concentrations of the other lipids were determined gravi-
metrically with a high-precision electrobalance (Cahn, Cer-
ritos, CA). Human recombinant endostatin was from from
Calbiochem (San Diego, CA). Congo red, magainin 2, and
poly-L-lysine (polyK) were from Sigma (St. Louis, MO).
Temporin L was from Tana Laboratories (Houston, TX), and
indolicidin was from Bachem (Bubendorf, Switzerland). The
purities of magainin 2, temporin L, and indolicidin were
verified as described earlier (17, 18). The other chemicals
were analytical-grade and from standard sources.

Preparation of Large Unilamellar Vesicles (LUVs).Ap-
propriate amounts of the lipid stock solutions were mixed
in chloroform to obtain the desired compositions. The solvent

was removed under a stream of nitrogen, and the lipid residue
was subsequently maintained under reduced pressure for at
least 2 h. The dry lipids were then hydrated at room
temperature for 1 h in 20 mMHepes and 0.1 mM ethylene-
diaminetetraacetic acid (EDTA) (pH 7.4). The resulting
dispersions were extruded through a single polycarbonate
filter (pore size of 100 nm, Millipore, Bedford, MA) using
a Liposofast low-pressure homogenizer (Avestin, Ottawa,
ON) to produce LUVs, with an average diameter between
111 and 117 nm (19).

Fluorescence Spectroscopy. To record lipid-induced changes
in Trp emission, LUVs were added to a solution of endostatin
(0.25 mM initial concentration) in 20 mM Hepes and 0.1
mM EDTA (pH 7.4), maintained at 37°C with continuous
stirring in a total initial volume of 2 mL contained in quartz
cuvettes with 1 cm path length. After 15 min of equilibration,
fluorescence spectra was measured with a Perkin-Elmer LS
50B spectrometer with both excitation and emission band
passes set at 10 nm. Tryptophans were excited at 290 nm,
and emission spectra were recorded in the range of 310-
450 nm, averaging three scans. Spectra were corrected for
light scattering because of vesicles. Red shifts were calculated
as the difference in the center of the mass of the emission
spectra. Standard deviation in the red shift was less than 0.5
nm. Fluorescence emission spectra for LUVs labeled with
pyrene-containing probe PPDPG (X ) 0.01) were measured
with excitation at 344 nm, and emission spectra were
recorded from 360 to 500 nm, using 5 nm bandwidths for
both excitation and emission. The lipid concentration used
was 20µM. After the addition of appropriate amounts of
endostatin, samples were equilibrated for 15 min before
recording the spectra. Three scans were averaged, and the
emission intensities at≈398 and 480 nm were taken for
monomerIm and excimerIe, respectively.

Resonance energy transfer from the Trp residues of
endostatin to the dansyl chromophore in DPPDns in 40µM
SOPC/brain PS/DPPDns (77:20:3, molar ratio) liposomes
was monitored by recording dansyl emission at 510 nm with
excitation at 290 nm, using 10 nm bandwidths for both
excitation and emission.

Microscopy. Fibers were rapidly (within 5-10 min)
formed by adding endostatin to a solution of SOPC/brain
PS LUVs (8:2, molar ratio) to yield final concentrations of
0.25 mM and 100µM, respectively in 20 mM Hepes and
0.1 mM EDTA (pH 7.4) and were observed by phase-contrast
microscopy (Olympus IX 70, Olympus Optical Co., Tokyo,
Japan). The concentration for temporin L, magainin 2, and
indolicidin was 1µM. Importantly, no fibers were seen in
the absence of liposomes containing negatively charged
lipids. For polarized microscopy, the fibers were incubated
for 30 min with 10 µM Congo red and their resulting
birefringence was observed with the inverted microscope
described above, using crossed polarizers in the excitation
and emission paths.

When indicated, trace amounts (X ) 0.02) of the fluores-
cent phospholipid either NBD-PG or bodipy-PC were ad-
ditionally included into liposomes, and fibrils were formed
as described above, imaging their fluorescence with the
microscope described above equipped with a confocal
scanner (Yokogawa, Tokyo, Japan) and a krypton ion laser
(Melles Griot, Carlsbad, CA) as a light source, with excitation
at 488 nm and a long pass emission filter (>510 nm) set

1 Abbreviations: bodipy-PC, 1-hexadecanoyl-2-(4,4-difluoro-5-meth-
yl-4-bora-3a,4a-diaza-s-indacene-3-dodecanoyl)-sn-glycero-3-phospho-
choline; Brain PS, brain phosphatidylserine; DPPDns, 1,2-dipalmitoyl-
sn-glycero-3-phosphoethanol aminoN-(5-(dimethylamino)-naphthalene-
1-sulfonyl); LUV, large unilamellar vesicle; NBD-PG, 1-palmito-
yl-2-(N-4-nitrobenz-2-oxa-1,3-diazol)amino-caproyl-sn-glycero-3-phos-
phoglycerol; PC, phosphatidylcholine; PG, phosphatidylglycerol; polyK,
poly-L-lysine; POPG, 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoglyc-
erol; PPDPC, 1-palmitoyl-2-[10-(pyrene-1-yl)decanoyl]-sn-glycero-3-
phosphocholine; PPDPG, 1-palmitoyl-2-[10-(pyrene-1-yl)decanoyl]-sn-
glycero-3-phospho-rac-glycerol; PS, phosphatidylserine; RET, resonance
energy transfer; SOPC, 1-stearoyl-2-oleoyl-sn-glycero-3-phosphocho-
line.
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appropriate for monitoring NBD and bodipy-PC fluorescence.
Images were acquired with a B/W CCD camera (C4742-
95-12 NRB, Hamamatsu Photonics K. K., Hamamatsu,
Japan) interfaced with a computer, and operated by the soft-
ware (AquaCosmos) provided by the camera manufacturer.

RESULTS AND DISCUSSION

The negatively charged phospholipid phosphatidylserine
(PS) is expressed in the outer surface of the plasma
membrane of cancer cells and vascular endothelial cells in
tumors (20-22). As endostatin has a net positive charge of
5, and its 3D structure shows an extensive cationic patch
involving 11 arginine residues (23). It was of interest to study
whether this protein could interact with PS-containing
membranes. This possibility was addressed using three
different fluorescence spectroscopic assays, as follows.

Native endostatin contains four tryptophans, which are
evenly distributed in its well-packed globular structure.
Because the characteristics of Trp fluorescence are sensitive
to changes in the environment such as those caused by
alterations in the protein conformation and membrane
association, for instance, we first assessed the effect of
liposomes composed of the zwitterionic 1-stearoyl-2-oleoyl-
sn-glycero-3-phosphocholine (SOPC) and those of SOPC and
PS on the Trp emission spectra of endostatin. Importantly,
a progressive red shift of the fluorescence emission from
Trps was evident in the presence of membranes containing
PS (Figure 1), revealing their average microenvironment
becoming more polar and indicating phospholipid-induced
changes in the conformation of endostatin. In contrast,
virtually no changes in Trp emission were seen with SOPC
liposomes, thus showing the negatively charged lipid to be
required for the membrane-induced changes in Trp fluores-
cence. Experiments with liposomes containing another
negatively charged phospholipid, POPG (X ) 0.20) instead
of PS, revealed changes in the tryptophan emission of
endostatin identical to those observed for PS. Accordingly,
binding of endostatin to liposomes is not specific for the
latter and is likely electrostatic in nature, mediated by cationic
residues of the protein and the negative charges of the acidic
phospholipids. For liposomes containing negatively charged

lipids PS or PG (X ) 0.20), the curves level off, indicating
saturation at a lipid/protein molar ratio of approximately 1:3.
This apparent stoichiometry is lower for liposomes withXPS

) 0.40 as indicated by the large red shift at lipid/protein)
0.08, followed by a less dramatic shift upon further addition
of liposomes. At this higher content of PS, the behavior of
the system is more complex because the observed red shift
indicates further binding, although with a lower apparent
affinity, up to lipid/protein) 0.60. It is also emphasized
that the above molar ratios should not be understood as lipid/
protein stoichiometries in the complexes formed but rather
reflecting the affinities between endostatin and the lipid
membranes.

The second assay assessing the interaction of endostatin
with liposomes was based on the quenching of the fluores-
cence of a pyrene-labeled phospholipid analogue because of
the membrane association of a cationic protein. More
specifically, we have previously shown that the binding of
cationic, membrane inserting antimicrobial peptides to lip-
osomes causes a drastic decrease in the emission intensity
of the pyrene-containing phospholipid analogue, such as
PPDPG (22). Quenching of pyrene emission by these
peptides could be caused by bothπ-π interactions between
the pyrene and Trp residues as well as contacts of their
cationic residues with the fluorophore resulting in aπ-cation
interaction (17, 18). Accordingly, to verify the association
of endostatin with phospholipids, we utilized liposomes
labeled with a trace amount (X ) 0.02) of either PPDPC or
PPDPG, as indicated. Progressive quenching of both pyrene
monomer and excimer fluorescence emission was evident
upon the addition of endostatin to PS-containing membranes,
while no changes were observed for liposomes composed
of SOPC and PPDPC (Figure 2).

Finally, we confirmed the lipid binding of endostatin
employing resonance energy transfer (RET) from its Trp
residues to the dansyl-labeled lipid DPPDns (Figure 3). The
observed RET readily revealed the association of endostatin
with PS-containing membranes (Figure 4), while no RET
was seen in the presence of phosphatidylcholine (PC)
membranes.

We also studied the effect of the strongly basic polycation,
polyK on the lipid association of endostatin by observing

FIGURE 1: Shift of the center of mass of Trp emission spectra of
endostatin (initially 0.25 mM in 20 mM Hepes and 0.1 mM EDTA
at pH 7.4) recorded after the addition of the indicated amounts of
liposomes composed of SOPC (9), SOPC/brainPS) 8:2 (mol/
mol, 2), SOPC/brainPS) 6:4 (b), and SOPC/POPG) 8:2 (3).
The temperature was maintained at 37°C with a circulating
waterbath.

FIGURE 2: Quenching of pyrene emission from SOPC/PPDPC)
98:2 (mol/mol,0 and 9) and SOPC/brainPS/PPDPG) 80:18:2
(O andb) liposomes by the indicated concentrations of endostatin,
measured at 37°C. The initial lipid concentration was 20µM in
20 mM Hepes and 0.1 mM EDTA (pH 7.4). The emission intensities
of pyrene monomer (0 and O) and excimer (9 and b) were
recorded at≈ 398 and 480 nm, respectively.
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FRET, as described above. PolyK (0.45µg/mL) reversed
about 10% of FRET between endostatin (4.5µg/mL) and
SOPC/brainPS/dansyl (75/20/5) liposomes (data not shown).
Under these conditions, higher concentrations of polyK
caused precipitation of liposomes and strong light scattering,
thus making meaningful measurements impossible. Notably,
polyK mixed with liposomes before the addition of endostatin
was able to block the binding as indicated by less efficient
FRET. More specifically, using the same concentrations as
above, there was approximately 60% less FRET from
endostatin to liposomes in the presence of polyK (data not
shown). This difference between polyK added before and
after the addition of endostatin could reflect the virtually
irreversible (under the conditions used) polymerization of
the latter protein into amyloid fibers (see below). Likewise,
macroscopic aggregation of polyK on the surface of anionic
phospholipid-containing giant liposomes (24) would be likely
to inhibit further membrane association of endostatin. No
binding of endostatin to liposomes was seen in 150 mM NaCl
as shown by the lack of FRET between Trp residues of
endostatin and dansyl-labeled liposomes (Figure 4). These

data with polyK and NaCl, in keeping with the two acidic
phospholipids PG and PS being equally effective in triggering
fiber formation, emphasize the importance of the electrostat-
ics in the interaction of endostatin with membranes contain-
ing negatively charged phospholipids. In this context, it
should be noted that, in accordance with the degree of
protonation of the acidic phospholipid depending on its
content in the membrane (25), there are dramatic effects of
ionic strength and pH on the membrane association of a
cationic protein (26). These issues as well as the acidic pH
in tumors are likely important when the possibility of the
interactions of endostatin with PS exposed on the outer
surface of cancer cells is considered (see the paragraph
below). We are currently engaged in experiments aiming at
high-resolution structural characterization of the fibers. These
studies will also address the kinetics of their formation.

The above experiments demonstrate that endostatin inter-
acts with bilayers containing acidic phospholipids. An
obvious question is whether this interaction could be involved
in the cytotoxicity of this protein. It has earlier been found
that endostatin has a propensity to form amyloid fibers (27),
and only the insoluble endostatin (referred to as amyloid
form) but not the soluble endostatin can stimulate tissue
plasminogen activator (t-PA) mediated plasminogen activa-
tion and induce cell toxicity (28). This insoluble, amyloid
endostatin was found to exhibit pronounced effects on
endothelial cell-mediated plasmin formation and cell adhe-
sion (28). Interestingly, immobilized endostatin promotes and
endostatin administered in solution inhibits endothelial cell
migration and survival (28), suggesting that cooperative
interactions of endostatin with cells are important for these
activities. To this end, we have recently observed the ability
of PS-containing liposomes to induce amyloid fiber formation
in Vitro by a variety of proteins involved in cancer cell killing
or apoptosis, viz. lysozyme, insulin, glyceraldehyde-3-
phosphate-dehydrogenase, myoglobin, transthyretin, cyto-
chromec, histone H1, andR-lactalbumin (29, 30). Interest-
ingly, amyloid fibrils were formed also upon the binding of
endostatin to PS-containing liposomes (Figure 5A), with
Congo red staining of the fibers producing the characteristic
birefringence (Figure 5B). Phospholipids were included in
the amyloid fibers as revealed by fluorescent phospholipid
analogues, such as bodipy-PC (Figure 5C). No fibers were
seen in the presence of liposomes composed of PC only.

The mechanism of cytotoxicity of protein aggregates and
amyloid formation is debated (31). However, it has been
concluded that the amyloid itself is not cytotoxic, but it is
the more microscopic aggregates preceding amyloid forma-
tion that are responsible for cell killing (32, 33). It is possible
that aggregation of proteins on the membrane surface could
cause rearrangement of lipids in the bilayer promoting the
endocytosis of endostatin, similarly to the effects of anti-
microbial peptides (17, 18) and histone H1 (29). Accordingly,
PS-triggered fiber formation by endostatin could be directly
related to its cytotoxicity. More specifically, PS has been
reported to be exposed on the extracellular plasma membrane
leaflet of cancer cells and vascular endothelial cells (20, 21).
This phospholipid would thus be available for binding
endostatin, resulting in the formation of toxic aggregates by
the lipid-associated endostatin. Whether protein aggregation
and amyloid formation are involved in the cancer cell killing
by the defense mechanisms of the body is an open question.

FIGURE 3: Emission spectra of 0.25 mM endostatin in 20 mM
Hepes and 0.1 mM EDTA (pH 7.4) before (s) and after (- - -) the
addition of 91µM SOPC/brainPS/DPPDns) 75:20:5 (mol/mol/
mol) liposomes. The latter conditions correspond to lipid/protein
) 0.40 (mol/mol). The spectra have been corrected for dilution
and background light scattering because of liposomes. The tem-
perature was 37°C.

FIGURE 4: Resonance energy transfer from Trp residues of
endostatin (initially 0.25 mM in 20 mM Hepes and 0.1 mM EDTA
at pH 7.4) to the dansyl chromophore in SOPC/DPPDns) 97:3
(mol/mol,b) and SOPC/brainPS/DPPDns) 75:20:5 liposomes in
the absence (9) and presence of 150 mM NaCl (0). Fluorescence
intensity of Trp in the range 315-335 nm was recorded after the
addition of the given amounts of liposomes at 37°C.
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However, in this context, it is of interest to note that
formation of amyloid has been found in association with a
wide variety of malignancies in virtually every anatomic site.
Furthermore, despite their location, the cytologic appearance
of amyloid was similar in all cases (34, 35). Accordingly, it
is possible that proteins such as endostatin represent a defense
system acting by recognizing cancer cells and vascular
endothelial cells in tumors, both of which expose PS in the

extracellular leaflet of their plasma membranes. Interaction
of endostatin with such PS-containing membranes would then
induce the formation of cytotoxic protein aggregates, killing
the target cell. The aggregation could, for more resistant
tumors result also in the formation of amyloid deposits.

On the other hand, the lack of specificity with respect to
the acidic phospholipids headgroup (i.e., PG and PS) may
also relate to clinical findings, as follows. It has been
observed that several antimicrobial peptides, which are at
present understood to target PG in microbial membranes also
kill cancer cells (for a review, see ref36). Because the
interaction of these peptides with membranes is driven by
electrostatics and hydrophobicity, it seems feasible that their
cytotoxicity involves the acidic PS exposed on the surface
of cancer cells (20, 21). To this end, it was relevant to see
if also antimicrobial, cytotoxic peptides would make Congo
red staining fibers in the presence of PS-containing vesicles.
Interestingly, this turned out to be the case (illustrated in
Figure 6 for three cationic antimicrobial peptides temporin
L, magainin 2, and indolicidin), thus suggesting similar
molecular level mechanisms being responsible for the
membrane permeabilization of these peptides and cytotoxic
proteins in general, including endostatin. A possible mecha-
nistic connection between fibril formation and cytotoxicity
is truly intriguing and is supported by the mechanism of
action suggested for lytic bacterial toxins, involving their

FIGURE 5: (A) Phase-contrast microscopy image of a fiber formed
by endostatin in the presence of PS-containing liposomes. Endosta-
tin and SOPC/brainPS (8:2, molar ratio) were mixed at room
temperature in 20 mM Hepes and 0.1 mM EDTA (pH 7.4) to yield
final concentrations of 0.25 mM and 100µM, respectively. (B)
Fibers were formed as above and subsequently stained with Congo
red (10µM, final concentration) and viewed under a polarizing
microscope. (C) Fluorescence microscopy image of fibers formed
as above except that a trace amount (X ) 0.02) of the fluorescent
phospholipid analogue bodipy-PC was additionally included in the
PC/PS liposomes. Magnifications were 20× (A and C) and 10×
(B). The scale bars are 5µm (A and C) and 6µm (B) in length.

FIGURE 6: Phase-contrast (left column) and polarizing micrsocopy
after Congo red staining (right column) images of acidic phospho-
lipid-induced fibers formed by (from top to bottom) temporin L,
magainin, and indolicidin. The peptide concentration was 1µM,
otherwise experimental conditions were as described in the caption
of Figure 5.
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binding to lipid membranes and subsequent aggregation into
a pore, permeabilizing the bilayer, as shown for cytolysin
(37). Interestingly, it has been observed that bacterial
infection in some cases results in the regression of cancer
(38). While this has been attributed to be caused by tumor
necrosis factor, it is also possible that it is a secondary effect
of antimicrobial peptides secreted by the innate immunity
system, primarily targeting the invading microorganisms.

To conclude, because (i) PS is the major acidic phospho-
lipid exposed on the external surfaces of cancer cells and
(ii) endostatin is toxic to malignant cells, we are favoring
the notion that PS could indeed represent the molecular-level
ligand of endostatin, making cancer cells vulnerable to this
protein. However, further studies certainly are required to
elucidate the importance of this interaction and the subse-
quent fiber formationin ViVo inhibition of angiogenesis and
tumor growth by this protein.
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