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Angiogenesis is necessary for tumor growth beyond a 
volume of approximately 2 mm3. This observation, 
along with the accessibility of tumor vessels to therapeu-
tic targeting, has resulted in a research focus on inhibi-
tors of angiogenesis. A number of endogenous inhibitors 
of angiogenesis are found in the body. Some of these are 
synthesized by specifi c cells in different organs, and oth-
ers are created by extracellular proteolytic cleavage of 
plasma-derived or extracellular matrix-localized pro-
teins. In this review, we focus on angiostatin, endostatin, 
PEX, pigment epithelial-derived factor, and thrombo-
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spondin (TSP)-1 and -2, either because these molecules 
are expressed in malignant glioma biopsies or because 
animal studies in malignant glioma models have sug-
gested that their therapeutic administration could be 
effi cacious. We review the known mechanisms of action, 
potential receptors, expression in glioma biopsy samples, 
and studies testing their potential therapeutic effi cacy in 
animal models of malignant glioma. Two conclusions 
can be made regarding the mechanisms of action of 
these inhibitors: (1) Several of these inhibitors appear 
to mediate their antiangiogenic effect through multiple 
protein-protein interactions that inhibit the function of 
proangiogenic molecules rather than through a specifi c 
receptor-mediated signaling event, and (2) TSP-1 and 
TSP-2 appear to mediate their antiangiogenic effect, at 
least in part, through a specifi c receptor, CD36, which 
initiates the antiangiogenic signal. Although not proven 
in gliomas, evidence suggests that expression of specifi c 
endogenous inhibitors of angiogenesis in certain organs 
may be part of a host antitumor response. The studies 
reviewed here suggest that new antiangiogenic therapies 
for malignant gliomas offer exciting promise as nontoxic, 
growth-inhibitory agents. Neuro-Oncology 7, 106–121, 
2005 (Posted to Neuro-Oncology [serial online], Doc. 
04-119, March 16, 2005. URL http://neuro-oncology
.mc.duke.edu; DOI: 10.1215/S115285170400119X)

Angiogenesis, the growth of a new vasculature 
from preexisting vessels, is a multistep process 
that occurs normally during a number of bodily 

functions, such as wound healing, embryogenesis, the 
female reproductive cycle, and the development of a col-
lateral blood circulation following the occlusion of ves-
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sels (Liekens et al., 2001). It also occurs in pathologic 
processes, such as tumor invasion and metastasis, rheu-
matoid arthritis, and psoriasis (Liekens et al., 2001). 
Angiogenesis may also be promoted by stem cells that 
are recruited to a tumor bed and differentiate into endo-
thelial cells or into a supportive cell (Allport et al., 2004; 
Annabi et al., 2004; Fears et al., 2004). The most fre-
quently used quantitative measurement of angiogenesis 
is an assessment of microvessel density in a given tissue 
area based on immunohistochemical identification of 
microvessels with an antibody directed toward CD31 
(PECAM-1) or CD34 (Liekens et al., 2001). 

For angiogenesis to occur, the balance of proangio-
genic and antiangiogenic factors must favor the proan-
giogenic factors, and this has been termed the “angio-
genic switch” (Hanahan and Folkman, 1996). In tumor 
angiogenesis, proangiogenic growth factors, such as 
basic fibroblast growth factor (bFGF)3 and vascular 
endothelial cell growth factor (VEGF), are secreted by 
the tumor cells, as well as by platelets and potentially 
vascular mesenchymal cells (Hanahan and Folkman, 
1996; Liekens et al., 2001). These factors bind specifi c 
receptors on endothelial cells, which leads to the activa-
tion of the endothelial cell. The activation of endothe-
lial cells results in the upregulation of specifi c integrin 
receptors on the cell surface such as integrin �v�3 and 
�5�1, cell proliferation, and protease secretion (Brooks, 
1996; Gladson, 1996; Kim et al., 2000a). Proteases 
degrade the underlying basement membrane and provide 
a “route” for sprouting or migrating endothelial cells 
(Liekens et al., 2001). Tube or lumen formation occurs 
in the sprouted endothelial cells. However, the new 
microvessels formed in tumor angiogenesis are abnormal 
and remain leaky, as they lack a properly formed base-
ment membrane and demonstrate other morphologic 
abnormalities (Hanahan and Folkman, 1996; Liekens 
et al., 2001).

For this review, we selected endogenous inhibitors 
of angiogenesis that either have been expressed in 
malignant glioma biopsies or have been suggested as an 
effi cacious therapy by the results of animal studies in 
malignant glioma models. We focus on angiostatin, end-
ostatin, PEX, pigment epithelial-derived factor (PEDF), 
and thrombospondin (TSP)-1 and -2, and we include a 
description of the known mechanisms of action, poten-
tial “receptors” (receptor-like molecules), expression in 
glioma biopsy samples, and studies testing their poten-
tial therapeutic effi cacy in animal models of malignant 
glioma. 

Proteolytic Fragments of Proteins as 
Inhibitors of Angiogenesis

Angiostatin

Mechanism of Action and Known Interactions with 
Potential Receptors or Other Proteins. Angiostatin is 
an internal fragment of plasminogen that was first 
described by O’Reilly and colleagues (1994). This frag-
ment contains the fi rst three or four kringle (K) domains of 

plasminogen (K1–3 or K1–4). The process by which angi-
ostatin is generated is thought to be as follows: Urinary-
type plasminogen activator or tissue-type plasminogen 
activator proteolytically cleaves plasminogen to generate 
plasmin, followed by reduction of the disulfi de bonds 
in the fi fth K domain, potentially by phosphoglycerate 
kinase. Subsequent proteolysis of peptide bonds by an 
unknown serine protease results in the generation of the 
K fragment K1–4½, followed by proteolytic cleavage by 
matrix metalloproteinase (MMP) to yield angiostatin 
(K1–3 or K1–4) (Geiger and Cnudde, 2004) (Fig. 1). 

Four potential “receptors” for angiostatin have been 
identifi ed: integrin �v�3, ATP synthase, angiomotin, 
and the NG2 chondroitin sulfate proteoglycan (CSPG) 
(Chekenya et al., 2002; Moser et al., 1999; Tarui et al., 
2001; Troyanovsky et al., 2001).

Integrin �v�3. Integrin �v�3 mediates cell adhesion 
to a variety of extracellular matrix proteins including 

Fig. 1. Pathway for the generation of angiostatin from plasminogen 
(outlined by Geiger and Cnudde [2004]). Angiostatin is thought 
to be generated from plasminogen by the following steps: u-PA 
(urikinase plasminogen activator) or t-PA (tissue plasminogen acti-
vator) proteolytically cleaves plasminogen to generate plasmin, 
and a reduction of disulfi de bonds (potentially by phosphoglycer-
ate kinase [PGK]) allows a serine protease to proteolytically cleave 
plasmin, generating K1–4½, followed by proteolytic cleavage by 
MMPs to generate angiostatin (K1–4 or angiostatin K1–3).
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fi bronectin, degraded collagen, and vitronectin (Jans-
sen et al., 2002; Tarui et al., 2001). Integrin �v�3 is 
upregulated on the surface of proliferating endothelial 
cells in angiogenic microvessels, including those in glio-
blastoma (grade IV malignant astrocytoma) tumors 
(Brooks, 1996; Gladson, 1996). Antagonists directed 
toward integrin �v�3 have been shown to inhibit tumor 
neovascularization in several animal models of different 
cancers, which supports a proangiogenic role for inte-
grin �v�3 (Brooks et al., 1994; Janssen et al., 2002; 
Reinmuth et al., 2003). Integrin �v�3 on the surface of 
bovine aortic endothelial cells mediates attachment to 
angiostatin (Tarui et al., 2001), and in Chinese hamster 
ovary cells expressing the �3 integrin, adherence to angi-
ostatin results in decreased cell spreading and decreased 
stress fi ber formation (Tarui et al., 2001). These data 
suggest that angiostatin may act as an antagonist of inte-
grin �v�3 by binding to this integrin and competitively 
inhibiting its interaction with matrix ligands, thereby 
reducing cell attachment and adhesion, which are nec-
essary for endothelial cell survival and migration (see 
Fig. 2A). 

The expression of integrin �v�3 is also upregulated 
on tumor cells in grade III and IV malignant astro-
cytoma biopsies (Gingras et al., 1995; Gladson and 
Cheresh, 1991; Gladson et al., 1995; Paulus et al., 1993). 
Furthermore, integrin �v�3 has been shown to mediate 
the attachment of glioblastoma cells and their migra-
tion toward various ligands in vitro (Ding et al., 2002; 
Gladson et al., 1995). Investigators probing the function 
of integrin �v�3 on these tumor cells have shown that 
the overexpression of the integrin �3 subunit in astro-
cytes that have been transformed with constitutively 
active Ras suppresses in vivo tumor growth when these 
cells are propagated intracranially in an immunocom-
promised rat and that this inhibitory effect is overcome 
by the expression of VEGF or constitutively active Akt 
(Kanamori et al., 2004). In grade IV malignant astrocy-
toma tumor biopsies (glioblastomas), the upregulation 
of VEGF and the constitutive activation of Akt are fre-
quently observed (Chakravarti et al., 2004; Choe et al., 
2003; Goldman et al., 1993; Wang et al., 2004a). These 
data suggest that in this model the functional effects of 
integrin �v�3 expression may be dependent on, or regu-
lated by, other genetic alterations commonly found in 
glioblastomas. Other interpretations of these data are 
possible, and one must bear in mind that the overexpres-
sion of an integrin receptor that is capable of organizing 
the cytoskeleton can promote a stationary as opposed 
to a migratory cell phenotype and that integrin receptor 
signaling optimally occurs in cooperation with a growth 
factor receptor (Giancotti and Ruoslahti, 1999; Hynes, 
1992). As the proliferating endothelial cells in glioblas-
toma tumors likely do not contain the genetic alterations 
found in glioblastoma tumors, the mechanisms regulat-
ing the function of integrin �v�3 are likely different. 
The tumors derived from the intracerebral propagation 
of the Ras-transformed astrocytes overexpressing �v�3 
were accompanied by a reduced number of pericytes in 
tumor vessels. This suggests there is a complex regula-
tion of the proliferating endothelial cells in these tumors 

and a complex interaction of proliferating endothelial 
cells with the tumor cells. 

ATP synthase. Angiostatin binds to the �/�-subunits 
of a second potential receptor, ATP synthase, which are 
found in plasma membrane extracts of human umbilical 
vein endothelial cells (HUVECs), and it binds to bovine 
F1 ATP synthase. This results in an inhibition of ATP 
synthase activity (Moser et al., 1999, 2001). Thus the 
binding of angiostatin may interfere with ATP synthase 
activity, inhibiting this source of cellular energy and 
thereby inhibiting proangiogenic processes (Moser et 
al., 2001). 

Angiomotin. The third potential receptor for angio-
statin, angiomotin, is a 72-kDa, cell-surface-associated 
protein that was initially identifi ed as a receptor for angi-
ostatin by a yeast two-hybrid screen (Troyanovsky et al., 
2001). This protein belongs to the family of coiled-coil, 
PDZ-domain containing molecules and is expressed in a 
variety of human cell lines, including dermal microvas-
cular endothelial cells (MvECs) and HUVECs (Troya-
novsky et al., 2001). Angiomotin has been co-localized 
with focal adhesion kinase (a promigratory, nonreceptor 
cytoplasmic tyrosine kinase) to lamellipodia at the lead-
ing edge of migrating NIH3T3 cells, as well as to circu-
lar ruffl es in spreading HUVECs, which suggests a role 
for angiomotin in promoting cell motility (Troyanovsky 
et al., 2001). Consistent with this proposed promigra-
tory function, mouse aortic endothelial cells transfected 
with angiomotin demonstrate increased random migra-
tion (Troyanovsky et al., 2001), increased invasion on 
type 1 collagen (Levchenko et al., 2004), and stabiliza-
tion of endothelial cell tube structures in in vitro assays 
(Levchenko et al., 2004). Treatment of angiomotin-
expressing mouse aortic endothelial cells with angio-
statin inhibits both endothelial cell migration and capil-
lary tube formation on Matrigel (BD Biosciences, San 
Jose, Calif.); thus, investigators have proposed that 
angiostatin could act as an antagonist of angiomotin by 
blocking the ability of angiomotin to interact with other 
promigratory proteins (Troyanovsky et al., 2001) (see 
Fig. 2A). 

CSPG. A physical interaction between angiostatin 
and the NG2 CSPG has been identifi ed by co-immuno-
precipitation and cell-binding assays (Chekenya et al., 
2002). Below we discuss the results of a study in which 
the NG2 CSPG was overexpressed in glioblastoma cells, 
followed by the propagation of these cells intracerebrally 
in the nude rat.

Angiostatin Inhibition of Tumor Growth in Animal 
Models of Malignant Glioma. A potential mechanism 
whereby the antiangiogenic effect of angiostatin could 
be blocked in glioblastoma tumors is through an inter-
action with the NG2 CSPG (Chekenya et al., 2002). 
This proteoglycan is expressed on a subpopulation of 
glioblastoma cells that are localized adjacent to prolif-
erating endothelial cells (Schrappe et al., 1991). Chek-
enya et al. (2002) showed that when glioblastoma tumor 
cells transfected with the NG2 CSPG were propagated 
intracranially in nude rats, an increased tumor vol-
ume and microvessel density were found, as compared 
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Fig. 2. Mechanism of inhibition of angiogenesis by angiostatin, endostatin, PEX, TIMPs, PF-4, PEDF, and TSP-1. A. Potential “receptors” 
by which angiostatin mediates its antiangiogenic effect(s) include integrin �v�3, ATP synthase, and angiomotin. B. Endostatin mediates 
its antiangiogenic effects via interactions with HSPG, proangiogenic molecules, �5�1, and tropomyosin. C. PEX inhibits angiogenesis by 
binding integrin �v�3 and preventing the proangiogenic interaction of this integrin with MMP-2. D. TIMPs block angiogenesis by directly 
binding MMPs and inhibiting their activity, by blocking cell proliferation, and by downregulating VEGF expression. E. PF-4 can inhibit 
angiogenesis by competing with proangiogenic growth factors for binding to HSPG, by directly binding to proangiogenic growth factors, or 
by binding the chemokine receptor CXCR3-B and upregulating p21CIP1. F. PEDF mediates its antiangiogenic effect through the downregu-
lation of proangiogenic molecules, such as bFGF, VEGF, and MMP-9; the induction of apoptosis; and the upregulation of antiangiogenic 
molecules such as TSP-1. G. TSP-1 can inhibit angiogenesis, at least in part, through an interaction of the type 1 repeat domain with the 
CD36 receptor and induce apoptosis. TSP-1 and -2 can potentially inhibit angiogenesis through an interaction with pro-MMP-2 and -9, 
with MMP-2 and -9, or through an induction of cell cycle arrest. 
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with tumors derived from implanted glioblastoma 
cells expressing a control vector. Also, angiostatin was 
localized to the vasculature of tumors derived from the 
implantation of glioblastoma cells transfected with a 
control vector, whereas in tumors derived from glioblas-
toma cells transfected with the NG2 CSPG, angiostatin 
was bound to this proteoglycan on the surface of the 
tumor cells (Chekenya et al., 2002). This report suggests 
that the NG2 CSPG expressed on the surface of glioblas-
toma tumor cells may bind to angiostatin and seques-
ter it away from the vasculature of the tumor, thereby 
inhibiting the antiangiogenic effects of angiostatin and 
promoting tumor neovascularization (Chekenya et al., 
2002). As the NG2 CSPG is expressed on a specifi c pop-
ulation of tumor cells in glioblastoma tumors, its poten-
tial inhibitory effect on angiostatin therapy in patients 
with glioblastoma tumors remains to be determined. 

Rat C6 glioma tumors propagated subcutaneously in 
the athymic nude mouse followed by injection with ade-
novirus expressing angiostatin exhibit decreased tumor 
volume, decreased tumor vascularity, and increased 
tumor cell apoptosis (Griscelli et al., 1998). Further-
more, intravenous delivery of angiostatin-adenovirus 
24 h prior to C6 glioma cell implantation inhibited 
the establishment of glioma tumors in 80% of treated 
animals, whereas tumor formation was detected in all 
animals administered control adenovirus prior to tumor 
cell implantation (Griscelli et al., 1998). Similarly, 
when C6 glioma cells were propagated intracerebrally 
and injected with an adeno-associated-virus angiostatin 
vector, markedly smaller tumors with reduced neovascu-
larization and higher apoptotic indices were found (Ma 
et al., 2002). Recombinant angiostatin has also been 
reported to inhibit growth and neovascularization of 
intracerebral glioma xenografts, as well as to increase 
tumor cell apoptosis (Joe et al., 1999). 

The effi cacy of angiostatin as a therapeutic agent may 
be increased if administered in conjunction with other 
gene therapies. For example, in C6 glioma tumors propa-
gated in rats, intratumoral delivery of adeno-associated- 
virus angiostatin vector in combination with an adeno-
virally expressed suicidal thymidine kinase gene resulted 
in decreased tumor volume and prolonged animal sur-
vival (Ma et al., 2002). Furthermore, fragments of 
angiostatin containing K1–3 may also be clinically use-
ful, because when such a fragment was expressed in the 
SHG44 human glioma cells followed by propagation of 
these cells subcutaneously in the fl ank of nude mice, a 
signifi cantly reduced tumor growth and angiogenesis 
was found (Zhang et al., 2000). In the above studies 
angiostatin therapy did not result in observed toxicity, 
and this suggests it could be a highly effi cacious new 
therapy for patients with malignant glioma. 

Endostatin

Mechanism of Action and the Known Protein Interac-
tions (Receptors). Endostatin is a 20-kDa carboxyl-
terminal proteolytic cleavage fragment of collagen type 
XVIII (O’Reilly et al., 1997). It is thought to be generated 
through a two-step process, as follows: a metal-dependent 

early cleavage of collagen type XVIII, followed by cleav-
age at an Ala-His site (Wen et al., 1999) (Fig. 3). It is 
not entirely clear which protease(s) is responsible for 
endostatin generation from collagen type XVIII in vivo, 
as multiple proteases can cleave recombinant fragments 
of human collagen type XVIII to generate endostatin-
like fragments (Ferreras et al., 2000). In a study test-
ing approximately 12 different proteases, elastase and 
cathepsin-L were the only two proteases found to effi -
ciently cleave fragments of recombinant human collagen 
type XVIII, generating endostatin-like fragments (Fer-
reras et al., 2000). In support of a role for cathepsin-L in 
the generation of endostatin, cathepsin-L can proteolyti-
cally generate endostatin from its precursor in murine 
hemangioendothelioma cells propagated in vitro (Felbor 
et al., 2000). 

Endostatin was originally reported to inhibit the pro-
liferation of bovine capillary endothelial cells, but not 
the proliferation of cells of nonendothelial origin, and 
to also inhibit angiogenesis in the chick chorioallantoic 
membrane model (O’Reilly et al., 1997). The receptor 
or receptors mediating the biologic effects of endostatin 
are not known. However, endostatin can interact with 
several cell surface molecules, including heparan sulfate 
proteoglycans (HSPGs), such as glypican, integrin �5�1, 
tropomyosin, and the VEGF receptor KDR/Flk-1 (Ericks-
son et al., 2003; Karumanchi et al., 2001; MacDonald et 
al., 2001; Sasaki et al., 1999; Sudhakar et al., 2003). 

Several reports have addressed the hypothesis that 
endostatin interacts with one or more HSPGs and 
thereby inhibits angiogenesis. As the proangiogenic 
growth factor bFGF requires an interaction with HSPG 
in order to optimally engage and activate its receptor, 
and endostatin binds HSPG, endostatin could theoreti-
cally displace bFGF from its interaction with HSPG and 
thereby inhibit bFGF signaling (Sasaki et al., 1999). 
Consistent with the above hypothesis, one report sug-
gested that endostatin can inhibit bFGF-induced, but 
not VEGF-induced, angiogenesis (Sasaki et al., 1999). 
The interaction of endostatin with glypican is intrigu-
ing, as glypicans are HSPGs that can promote bFGF sig-
naling through its receptor (FGFR1) in certain cellular 
contexts (Steinfeld et al., 1996). In addition, glypican-1 
is upregulated on the proliferating MvECs in glioblas-
toma (grade IV malignant astrocytoma) tumors, and 
it promotes bFGF signaling in these cells (Qiao et al., 
2003). Therefore, in glioblastoma tumors, endostatin 
interaction with the HSPG glypican-1 could potentially 
inhibit bFGF signaling (Fig. 2B). 

An interaction of endostatin with integrin �5�1 has 
been reported (Sudhaker et al., 2003). Integrin �5�1 is 
thought to promote angiogenesis (Kim et al., 2000a), 
and its signaling requires engagement of its ligand fi bro-
nectin. Endostatin binding to integrin �5�1 appears to 
inhibit focal adhesion kinase and Erk signaling, but it 
does not affect signaling through the Akt/protein kinase 
B pathway (Eriksson et al., 2003; Sudhakar et al., 2003). 
Activation of focal adhesion kinase is one of the early 
signaling events that typically occurs with integrin bind-
ing to its ligand, and focal adhesion kinase activation 
can promote cell migration, proliferation, or survival, 
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depending on the cellular context and the environment 
(reviewed in Hecker and Gladson [2003]). Furthermore, 
we have shown that focal adhesion kinase is necessary 
for brain MvEC tube formation and migration (Haskell 
et al., 2003). In a related potential proposed mechanism 
for the antiangiogenic effect of endostatin, the bind-
ing of endostatin to tropomyosin was reported to cause 
disruption of microfi lament integrity and to inhibit cell 
motility (MacDonald et al., 2001). Last, endostatin has 
been reported to interact with several proangiogenic 
molecules and to block their function, such as the VEGF 
receptor KDR/Flk-1 and the activation of an MMP (Kim 
et al., 2000b, 2002) (Fig. 2B).

Expression in Malignant Glioma Biopsy Samples. End-
ostatin appears to be expressed by various cell types in 
glioma biopsy samples. One group analyzed endostatin 
expression in frozen tissue samples from 51 astrocytic 
tumors (13 grade II, 9 grade III, and 29 grade IV tumor 
biopsy samples) and reported that endostatin protein 

levels were increased in grade IV tumor biopsy samples, 
as compared with lower-grade tumor biopsy samples 
(Morimoto et al., 2002). The investigators in this latter 
study utilized both immunohistochemistry and immu-
noblotting in their analyses, and the highest level of 
expression of endostatin was detected at the hyperplastic 
vessels surrounding tumor cells. This study suggests the 
possibility that the generation of endostatin could be a 
host antiangiogenic antitumor response. Another group, 
examining endostatin expression in astrocytoma tumors 
using immunohistochemistry alone, detected endostatin 
in tumor cells, endothelial cells, macrophages, and lym-
phocytes in 41 biopsy samples (13 fi brillary astrocyto-
mas, 3 protoplasmic grade II astrocytomas, 7 grade III 
astrocytomas, and 18 grade IV astrocytoma tumor sam-
ples) (Strik et al., 2001). These investigators concluded 
that endostatin expression was decreased in grade IV 
astrocytoma tumors as compared with lower grade 
tumors (Strik et al., 2001). 

 

Fig. 3. Schematic of collagen type XVIII and the protease cleavage to generate endostatin. Endostatin is derived from the NC-1 domain of 
collagen type XVIII. Endostatin can be directly cleaved from collagen type XVIII by cathepsin-L (Felbor et al., 2000). Alternatively, end-
ostatin can be generated by a two-step process that is both metal dependent and elastase dependent (Wen et al., 1999).
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Inhibition of Tumor Growth in Animal Models of 
Malignant Glioma. Several reports have suggested that 
endostatin is effective in inhibiting tumor growth in ani-
mal models of malignant glioma. Two studies reported 
that endostatin encapsulated within alginate beads 
was effi cacious in treating U87 MG and BT4C glioma 
tumors propagated in rodents (Joki et al., 2001; Read et 
al., 2001). Rat C6 glioma cells stably expressing murine 
endostatin and implanted subcutaneously into nude 
mice resulted in a decrease in the tumor growth rate but 
not a complete inhibition of tumor growth, as compared 
with the implantation of control C6 glioma cells (Perou-
lis et al., 2002). In BT4Cn gliosarcoma cells propagated 
both subcutaneously and intracranially in rats, treat-
ment with recombinant endostatin resulted in decreased 
tumor size and a longer survival (Sorensen et al., 2002). 
Furthermore, in a xenograft model in which U87 MG 
human glioblastoma cells were propagated in the nude 
mouse brain, direct intracerebral microinfusion of end-
ostatin was more effective in decreasing tumor volume 
and increasing tumor cell apoptosis, as compared with 
systemic administration of endostatin (Schmidt et al., 
2004). No toxicity was detected with endostatin ther-
apy in these animal models, which suggests recombinant 
endostatin could be a highly useful new therapeutic tool 
for patients with malignant glioma.

PEX

Mechanism of Action and Receptor. PEX is a 210 amino 
acid fragment of MMP-2, and it corresponds to the 
hemopexin domain of MMP-2 (Brooks et al., 1998). 
PEX binds to integrin �v�3 and is thought to com-
petitively inhibit the binding of MMP-2 to integrin 
�v�3 (Brooks et al., 1998) (Fig. 2C). The interaction 
of MMP-2 and integrin �v�3 through the hemopexin 
domain promotes the activity of MMP-2. Furthermore, 
the interaction of MMP-2 and integrin �v�3 is prob-
ably proangiogenic, as MMP-2 bound to integrin �v�3 
is catalytically active and promotes endothelial cell inva-
sion (Brooks et al., 1996). PEX binding to integrin �v�3 
inhibits the binding of MMP-2 and inhibits MMP-2 
collagenolytic activity in the chick chorioallantoic 
membrane model of angiogenesis (Brooks et al., 1998). 
A purifi ed human PEX fragment inhibits tube forma-
tion of endothelial cells isolated from multiple sites and 
plated on Matrigel (BD Biosciences), and it decreases 
endothelial cell proliferation, as well as the proliferation 
of several malignant glioma cell lines (U87 MG, U373, 
and U118) (Bello et al., 2001a).

Expression in Malignant Glioma Biopsy Samples and 
Testing as a Therapeutic Agent in Animal Models of 
Malignant Glioma. PEX has been detected in glioma 
biopsy specimens and in the conditioned media of sev-
eral malignant glioma cell lines (U87 MG, U373, and 
U118), which suggests that PEX generation is a physi-
ologic event (Bello et al., 2001a). PEX has been shown 
to inhibit tumor growth and angiogenesis in both sub-
cutaneous and intracerebral xenograft models of malig-
nant glioma (U87 MG and U373 cell lines) (Bello et al., 
2001a, b). PEX in combination with carboplatin and 

etoposide has also been shown to prolong animal sur-
vival in an intracranial xenograft model of glioma (Bello 
et al., 2001b).

Tissue Inhibitors of Matrix Metalloprotease 
and Platelet Factor-4

TIMPs: Mechanisms of Action and Expression in 
Glioma Biopsies

Tissue inhibitors of matrix metalloprotease (TIMP-1, -2, 
-3, and -4) are another group of endogenous inhibitors. 
TIMPs are reported to bind directly to MMPs and inhibit 
their activity, as well as to inhibit cell proliferation and 
downregulate VEGF expression (Hajitou et al., 2001; 
reviewed in Jiang et al. [2002]; Murphy et al., 1993) 
(Fig. 2D). However, the literature suggests that TIMPs 
may also have proangiogenic effects. For example, by 
blocking MMP activity, TIMPs block MMP-mediated 
generation of angiostatin and endostatin, TIMPs have 
antiapoptotic effects, and TIMPs can bind one of the 
membrane-type MMPs (MT1-MMP) and assist MT1-
MMP in the activation of pro-MMP-2 (a proangiogenic 
molecule) (Jiang et al., 2002). 

The upregulation of specifi c TIMPs in tumors may 
explain in part the paradoxical effects of TIMPs on 
angiogenesis. Several groups have reported an upregu-
lation of TIMP-1 in high-grade astrocytomas, neuri-
nomas, and meningiomas (Groft et al., 2001; Lampert 
et al., 1998; Nakagawa et al., 1994). One group ana-
lyzed TIMP expression in four normal brains, eight 
low-grade gliomas, fi ve malignant oligodendrogliomas, 
seven anaplastic astrocytomas, and 19 glioblastomas 
and reported that TIMP-1 mRNA expression increased 
with increasing tumor grade, but there was no detect-
able change in TIMP-2 or -3 expression (Groft et al., 
2001). In addition, TIMP-4 expression was found to 
decrease with increasing tumor grade in glioma tumors 
(Groft et al., 2001). Expression of TIMP-1 was local-
ized to tumor cells and the surrounding vasculature by 
in situ hybridization, whereas TIMP-4 expression was 
localized mostly to tumor cells with minor expression in 
the vasculature (Groft et al., 2001). When TIMP-4 was 
overexpressed in the U87 MG human glioblastoma cells, 
reduced invasion in an in vitro assay was found, along 
with a decrease in MT1-MMP-mediated activation of 
MMP-2 (Groft et al., 2001). Transfection of SF-188 
human malignant astrocytoma cells with TIMP-2 also 
decreased invasion across Matrigel fi lters (BD Biosci-
ences) (Matsuzawa et al., 1996), and co-transduction of 
U87 MG cells with TIMP-2 and the phosphatase PTEN 
resulted in a further increased inhibition of invasiveness 
in vitro, as compared with either transfection of TIMP-2 
or PTEN alone (Lu et al., 2004). The data regarding the 
effects of TIMPs in animal models of tumors is confl ict-
ing (Jiang et al., 2002), and to our knowledge there are 
no reports examining the effects of TIMP overexpres-
sion in in vivo glioma models. It will be important to 
determine whether the antiangiogenic or proangiogenic 
effects of specifi c TIMPs predominate in in vivo models 
of malignant glioma.
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PF-4: Mechanism of Action and Animal Glioma 
Models Expressing or Administered PF-4

Both the full-length platelet factor-4 (PF-4) protein 
and its carboxyl-terminal fragment have been reported 
to promote antiangiogenic and antitumorigenic effects 
(reviewed in Bikfalvi [2004]). Three potential mecha-
nisms of action have been described: (1) competitive 
inhibition of bFGF and VEGF binding to HSPG and con-
sequent inhibition of growth factor receptor signaling; 
(2) direct binding to angiogenic growth factors, such as 
bFGF and VEGF, which prevents the binding of these 
growth factors to their cognate growth factor receptor; 
and (3) binding to the chemokine receptor CXCR3-B, 
causing an increase in cAMP and p21CIP1, thereby block-
ing cell cycle progression (Bikfalvi, 2004) (Fig. 2E). 

In an intracranial mouse model of malignant glioma 
created by the injection of human glioma cells virally 
transduced with the full-length PF-4, prolonged ani-
mal survival, slower-growing tumors, and decreased 
tumor blood vessel density were found (Tanaka et al., 
1997). Furthermore, a 24-mer peptide derived from the 
carboxyl-terminus of PF-4 also inhibited angiogenesis 
and tumor growth in an intracranial xenograft model 
of glioma (Hagedorn et al., 2002). The effects of this 
PF-4 peptide appeared to be increased through domain 
swapping of the DLQ motif (Hagedorn et al., 2002) or 
by combining this peptide with anti-invasive therapies, 
such as PEX (Bello et al., 2004).

Pigment Epithelial-Derived Factor

Mechanism of Action

Pigment epithelial-derived factor is a 50-kDa glycopro-
tein that is a member of the serpin family (Bouck, 2002). 
PEDF promotes neuronal differentiation and survival, as 
well as inhibiting angiogenesis. A specifi c PEDF recep-
tor promoting the antiangiogenic effect of PEDF has not 
been identifi ed. However, PEDF has distinct collagen-
binding and heparin-binding regions that could mediate 
its interactions with other proteins and thereby promote 
an antiangiogenic effect (Meyer et al., 2002; Yasui et 
al., 2003). 

PEDF appears to inhibit neovascularization through 
a regulation of the Fas death receptor pathway (Bouck, 
2002; Dawson et al., 1999; Stellmach et al., 2001) (Fig. 
2F). PEDF treatment of human dermal MvEC results 
in increased cell surface expression of Fas ligand (FasL) 
(Volpert et al., 2002a). As proangiogenic growth fac-
tors, such as bFGF and VEGF, are present at high con-
centrations in the tumor microenvironment and these 
proangiogenic factors promote the upregulation of Fas 
expression on the cell surface of dermal MvEC (Vol pert 
et al., 2002a), newly forming tumor vessels could be 
selectively receptive to PEDF-stimulated FasL expression 
and the induction of apoptosis. The proposed induction 
of the extrinsic pathway of apoptosis by PEDF appears 
to be due to PEDF induction of more than one proapop-
totic protein. In addition to increasing FasL expression, 
PEDF stimulation results in c-jun N-terminal protein 

kinase activation, which prevents the signaling of the 
transcription factor NFAT (nuclear factor of activated 
T cells) (Zaichuk et al., 2004). One target of NFAT is 
an endogenous inhibitor of caspase-8 activity termed 
cellular Fas-associated death domain-like interleukin 
1�-converting enzyme inhibitory protein (c-FLIP) (Zai-
chuk et al., 2004). c-FLIP is similar in structure to cas-
pase-8, but it lacks enzymatic activity; therefore, it acts 
as a competitive inhibitor of caspase-8. PEDF may also 
mediate its antiangiogenic effect in part through a mod-
ulation of the expression of proangiogenic or other anti-
angiogenic molecules. In U251 MG human glioblastoma 
cells propagated in vitro, the overexpression of exoge-
nous PEDF resulted in the upregulation of TSP-1 and 
the downregulation of bFGF, VEGF, and MMP-9. In 
the U251 MG glioblastoma cells expressing exogenous 
PEDF, there was also an increase in cell death, as com-
pared with control U251 MG cells (Guan et al., 2004).

Expression in Normal Brain and Malignant Glioma 
Tumor Biopsy Samples

Pigment epithelial-derived factor is expressed in many 
adult and fetal tissues, including most areas of the brain 
(Tombran-Tink et al., 1996). In one study evaluating 
PEDF mRNA and protein expression in fi ve normal brain 
biopsy samples, fi ve grade I astrocytomas, seven grade II 
astrocytomas, 10 grade III astrocytomas, and 10 grade 
IV astrocytoma biopsies, PEDF expression was found 
to be inversely correlated with tumor histologic grade 
(Guan et al., 2003). In the latter study PEDF mRNA and 
protein expression were analyzed by RT-PCR and immu-
nohistochemistry. In a glioma xenograft model of U251 
MG malignant astrocytoma (glioblastoma) in which 
these tumor cells were modifi ed to express exogenous 
PEDF and then injected and propagated subcutaneously, 
tumor size was signifi cantly reduced (Guan et al., 2004). 
The role of PEDF in neuroblastoma progression has also 
been studied; PEDF is produced by Schwann cells and 
differentiated neuroblastoma cells but not by primitive 
neuroblastoma tumor cells (Crawford et al., 2001). Host 
Schwann cells are thought to infi ltrate neuroblastoma 
tumors and secrete antiangiogenic molecules, such as 
PEDF, as well as molecules that promote neuronal dif-
ferentiation, consistent with a host antitumor response 
(Crawford et al., 2001). 

Thrombospondin-1 and -2

Thrombospondin-1 and -2 are highly related and belong 
to the larger family of TSP proteins. Both TSP-1 and 
-2 contain three type 1 repeat domains, referred to by 
others as TSR domains (Adams and Lawler, 2004). 
Many molecules contain a TSP type 1 repeat domain; 
however, only a small number of these molecules have 
been shown to have antiangiogenic activity. We limit our 
discussion of proteins with a type 1 repeat domain to 
TSP-1 and -2, while acknowledging that other molecules 
with this domain are expressed in the brain or gliomas. 
For example, brain angiogenesis inhibitor-1 (BAI-1) con-
tains a TSP-1 type 1 repeat domain, and it is expressed 
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in glioma tumors (Kaur et al., 2003). In models of non-
glioma tumors, exogenous expression of BAI-1 has been 
shown to inhibit angiogenesis (Nishimori et al., 1997). 

Mechanism of Action and Receptor(s)

Thrombospondin-1 and -2 contain an amino-terminal 
heparin-binding domain, a pro-collagen-like domain, 
three type 1 repeats, three type 2 or EGF-like repeats, 
seven type 3 or calcium-binding repeats, and a globular 
carboxyl-terminal domain (Adams and Lawler, 2004) 
(Fig. 4). TSP-1 and -2 are the only members of the TSP 
family that contain a type 1 repeat domain (Adams and 
Lawler, 2004). The antiangiogenic effect of intact TSP-1 
has been mapped, at least in part, to the type 1 repeat 
domains (Iruela-Arispe et al., 1999; Tolsma et al., 1993). 
Other domains of TSP-1 and -2 may also contribute to 
the antiangiogenic effect. Peptide sequences within the 
type 1 repeat, CSVTCG and GDGVITRIR, along with 
fl anking residues, bind to the CD36 receptor expressed 
on the surface of MvEC (Dawson et al., 1997). This 
peptide sequence in the type 1 repeat of TSP-1 and -2 is 
highly conserved. Both TSP-1 and -2 have been reported 
to inhibit mouse or rat corneal neovascularization in a 
CD36 receptor-dependent manner, as well as to inhibit 
endothelial cell migration (Good et al., 1990; Rastinejad 
et al., 1989; Volpert et al., 1995). 

One mechanism by which TSP-1 and -2 promote their 
antiangiogenic effect is through CD36 receptor signal-
ing that results in apoptosis of dermal MvEC (Guo et 
al., 1997; Jimenez et al., 2000; Nor et al., 2000; Volpert 
et al., 2002a). A recent abstract suggests TSP-1 can also 
induce apoptosis of primary human brain MvEC (Rege 
et al., 2004). Using human dermal MvEC, investigators 
have shown that TSP-1 induces apoptosis through upreg-

ulation of FasL expression, resulting in the activation of 
the extrinsic pathway of apoptosis (Volpert et al., 2002a) 
(Fig. 2G). The importance of the Fas/FasL death recep-
tor pathway in TSP-1-induced apoptosis is supported by 
studies in the Fas- and FasL-defi cient mice; in these mice 
TSP-1 was unable to inhibit corneal neovascularization 
(Volpert et al., 2002a). Also, investigators have shown 
that TSP-1 treatment of dermal MvEC results in the 
activation of c-jun N-terminal protein kinase and p38 
mitogen-activated protein kinase (Jimenez et al., 2000, 
2001). Activation of other death receptor pathways was 
not examined in these studies. 

A second potential mechanism for the antiangiogenic 
effect of TSP-1 and -2 is an inhibition of MvEC pro-
liferation. In two studies, again using dermal MvEC, 
TSP-1 and -2 were reported to inhibit proliferation and 
to cause cell cycle arrest at the G0/G1 phase by a caspase-
independent mechanism (Armstrong et al., 2002; Tomii 
et al., 2002) (Fig. 2G). The receptor involved is not clear. 
A third potential mechanism for the antiangiogenic 
effect of TSP-1 and -2 could be through an interaction 
with MMP-2. The type 1 repeats of TSP-1 and -2 inter-
act with the zymogens of MMP-2 and -9 and have been 
reported to prevent their activation (Bein and Simons, 
2000; Rodriguez-Manzaneque et al., 2001) (Fig. 2G). 
Also, TSP-1 and -2 bind to the low-density lipoprotein 
receptor-related protein (LRP), or potentially other LDL 
receptor family members, and are internalized by LRP, 
as well as targeted for degradation in the lysosome (Chen 
et al., 1996a; Godyna et al., 1995; Mikhailenko et al., 
1995). LRP recognizes the amino-terminal heparin-
binding domain of TSP-1 and -2 and cooperates with 
HSPG in the internalization and the subsequent degra-
dation of TSP-1 and -2 (Chen et al., 1996a, b; Wang et 
al., 2004b). LRP is a scavenger receptor that internal-

Fig. 4. Schematic of TSP-1 and -2 domain structure. Low-density lipoprotein receptor-related protein (LRP) recognizes the amino-terminal 
heparin-binding domain. The CD36 receptor recognizes the CSVTCG and the GDGVITRIR sequences along with fl anking residues in the 
type 1 repeats. IAP/CD47 recognizes a sequence in the carboxyl-terminal domain (reviewed in Adams and Lawler [2004]).
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izes several proteins and protease-inhibitor complexes. 
TSP-1 or -2 complexed with MMP-2 similarly binds to 
LRP and is internalized and degraded in the lysosome 
(Emonard et al., 2004; Yang et al., 2001). Thus, TSP-1 
and -2 could theoretically reduce the level of MMP-2 in 
the cellular environment of a tumor through LRP inter-
nalization of a complex of TSP-1 or -2 and MMP-2. As 
MMP-2 promotes endothelial cell invasion, a reduction 
in the level of MMP-2 expression would likely inhibit 
angiogenesis.

Expression in Malignant Glioma Biopsy Samples 

Thrombospondin-1 and -2 are expressed in some malig-
nant tumors. Our lab has reported an increase in TSP-1 
expression in glioblastoma (grade IV astrocytoma) 
biopsy samples, as compared with lower grade astrocy-
toma tumors and the normal brain, using immunohis-
tochemistry of formalin-fi xed and paraffi n-embedded 
tissue samples (Pijuan-Thompson et al., 1999). We 
found TSP-1 expression to be localized predominantly 
to vascular mesenchymal cells with minimal tumor cell 
expression, suggesting a host antiangiogenic antitumor 
response (Pijuan-Thompson et al., 1999). This is sup-
ported by studies of TSP-2 expression in skin cancer. 
When skin carcinomas were induced with a chemi-
cal carcinogen, TSP-2 expression was upregulated in 
the mesenchymal stromal cells, which suggests a host 
antitumor response (Hawighorst et al., 2001). This is 
also supported by work in other tumors showing TSP-1 
expression is altered as compared with the normal tissue 
counterpart. For example, TSP-1 expression is upregu-
lated in the stroma of breast and cholangiocarcinoma 
cancer tissue (Bertin et al., 1997; Kawahara et al., 
1998). Another group examining TSP-1 expression in 
glioma tumor cells as compared with normal brain cells 
reported TSP-1 expression was decreased in the tumor 
cells of grade IV astrocytoma biopsies (13 samples) as 
compared with its expression in normal brain and lower 
grade tumor cells (9 samples), again using immunohisto-
chemical analysis (Hsu et al., 1996). Also, consistent with 
the study of Pijuan-Thompson et al. (1999), endothelial 
cells in the high-grade tumors retained TSP-1 expression 
(Hsu et al., 1996).  In a third study, an increase in TSP-1 
expression was detected in nine of 11 glioblastoma 
biopsy samples as compared with lower grade tumors (6 
anaplastic astrocytomas, 8 low-grade astrocytomas, and 
4 normal brain tissue samples) (Kawataki et al., 2000). 
The latter study found TSP-1 was localized to some vas-
cular endothelial cells surrounding the tumor as well 
as to tumor cells; this study also utilized immunohisto-
chemistry of paraffi n-embedded sections (Kawataki et 
al., 2000). In a study examining TSP-1 and -2 message 
levels in 37 glioma biopsies (1 pilocytic astrocytoma, 4 
fi brillary astrocytomas, 1 protoplasmic astrocytoma, 1 
mixed oligoastrocytoma, 13 anaplastic astrocytomas, 
and 17 glioblastomas) and no normal brain samples, 
lower levels of TSP-2 mRNA expression appeared to cor-
relate with a higher histologic grade, and TSP-1 mRNA 
expression levels appeared to have no prognostic value 
(Kazuno et al., 1999). As angiogenesis is found in most 

malignant glioma biopsies, the antiangiogenic effect of 
TSP-1 protein found in malignant glioma tumor biopsies 
is likely overcome by a higher level of expression of pro-
angiogenic molecules.

TSP-1 Regulation

Expression of TSP-1 may be regulated by tumor suppres-
sor genes and oncogenes. The tumor suppressors PTEN 
and p53 are reported to increase TSP-1 expression in cer-
tain cells (Dameron et al., 1994; Good et al., 1990), and 
the re-expression of wild-type p53 in U251 MG human 
glioblastoma cells propagated in vitro was reported to 
result in increased levels of TSP-1 mRNA (Harada et al., 
2003). However, Tenan et al. (2000) reported that TSP-1 
expression in glioblastoma cells propagated in vitro is 
not regulated by p53, but it is downregulated by anoxia. 
In various cell lines the oncogenes Ras, c-myc, v-src, 
c-jun, and Id1 have all been reported to repress TSP-1 
expression (Volpert et al., 2002b), and Watnick et al. 
(2003) recently reported a pathway of TSP-1 repression 
involving phosphatidylinositol-3 kinase, Rho A, ROCK, 
myc, and Ras activation.

TSP-1 Inhibits Tumor Growth in Animal Models 
of Malignant Glioma

In the nude mouse injected subcutaneously with the LN-
229 glioblastoma cell line, stable expression of intact 
TSP-1 resulted in a reduction in mean tumor size and a 
decrease in mean tumor microvessel number (Tenan et 
al., 2000). Furthermore, Kragh et al. (2002) also over-
expressed intact TSP-1 in the LN-229 human glioblas-
toma cell line and, when propagating it in a xenograft 
model, found decreased tumor growth and decreased 
vascular density but no effect on perfusion. These data 
suggest that in glioblastoma tumors TSP-1 promotes a 
growth-limiting phenotype via an inhibition of angio-
genesis (Kragh et al., 2002). Consistent with the above 
fi ndings, a report by another group described nude mice 
that had been injected subcutaneously or intracerebrally 
with C6 rat glioma cells expressing a fragment of TSP-1 
that contained the pro-collagen domain and the three 
type 1 repeats (de Fraipont et al., 2004). The injected 
mice produced tumors with decreased vascularity. How-
ever, tumors produced from the implanted C6 glioma 
cells expressing the TSP-1 fragment were also more 
aggressive, and the animals had a decreased survival 
(de Fraipont et al., 2004). These results suggest the pos-
sibility that fragments of TSP-1 may promote an anti-
angiogenic effect but that protumorigenic effects may 
be unmasked (de Fraipont et al., 2004). Resistance to 
antiangiogenic TSP-1 therapy could potentially occur, 
as reported in another study. When C6 rat glioma cells 
were injected subcutaneously along with stromal fi bro-
blasts expressing TSP-1, the tumor became insensitive to 
the effects of TSP-1, demonstrating prolonged growth, 
likely due to an increase in the production of proangio-
genic growth factors (Filleur et al., 2001). In an earlier 
study, Bogdanov et al. (1999) used rats injected with C6 
glioma cells or 9L gliosarcoma cells to test the effects of 
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a peptide derived from the type 1 repeats of TSP-1 that 
did not contain the CD36 receptor binding sequence 
but contained the TGF-� activating sequence and the 
tryptophan-rich sequence. These investigators found 
that the tumors were signifi cantly smaller in rats treated 
with this specifi c peptide, but no change in the vascu-
lar volume fraction, mean vascular area, or microvessel 
density was found (Bogdanov et al., 1999). The activa-
tion of TGF-� and its signaling of an antiproliferative 
effect could theoretically explain these results, as this 
peptide cannot bind the CD36 receptor to promote an 
antiangiogenic effect. 

In nonglioma models of malignant tumors, TSP-1 
and -2 have also been shown to inhibit angiogenesis 
and tumor growth. In a model of malignant melanoma, 
nude mice injected systemically with TSP-1 showed an 
increase in the percentage of apoptotic endothelial cells, 
particularly at the periphery of the tumor, which was 
detected by co-labeling with anti-CD34 and annexin V 
(Jimenez et al., 2000). In a syngeneic model of malignant 
melanoma and in an orthotopic model of human blad-
der carcinoma, treatment with a type 1 repeat peptide 
from TSP-1 that contained the CD36 receptor binding 
sequence decreased tumor growth and microvessel den-
sity (Reiher et al., 2002). In addition, TSP-1 treatment 
in combination with radiotherapy enhanced the antitu-
mor effects of radiation therapy (Rofstad et al., 2003). 
TSP-2 has also been reported to have a potent antitu-
mor effect. When A431 human squamous carcinoma 
cells transfected with TSP-2 were injected subcutane-
ously into the nude mouse, decreased tumor growth and 
decreased microvessel density were found, as compared 
with mice injected with control A431 cells (Streit et al., 
1999). In support of an antiangiogenic role for TSP-2, 
TSP-2 null mice were found to be more susceptible to 
the development of chemical-carcinogen-induced skin 
cancer, and less tumor cell apoptosis was detected in 
the tumors induced in the TSP-2 null mice as compared 
with those induced in the control mice (Hawighorst et 
al., 2001). Recombinant fragments of TSP-2 have also 
been reported to inhibit angiogenesis and tumor growth 
of nonglioma tumors. Adenoviral-mediated or intraperi-
toneal injections of a fragment of recombinant TSP-2 
containing the type 1 repeats, pro-collagen domain, and 
a portion of the amino-terminal domain also inhibited 
tumor growth and microvessel density in A431 human 
squamous cell carcinoma xenografts (Hahn et al., 2004; 
Noh et al., 2003). 

Conclusions

Endogenous inhibitors of angiogenesis exert their effects 
through multiple mechanisms that include the induction 
of MvEC apoptosis, the inhibition of MvEC prolifera-
tion, the inhibition of the function of proangiogenic mol-
ecules, or the altered regulation of proangiogenic and 
antiangiogenic molecules. Two conclusions can be made 
regarding the mechanism of action of these inhibitors: 
(1) Several of these inhibitors appear to exert their effect 
by competing with or blocking the binding of natural 
ligands/binding partners for proangiogenic receptors/

molecules, and (2) TSP-1 and -2 can exert their anti-
angiogenic effect, at least in part, by binding to a spe-
cifi c receptor, CD36. Expression of certain endogenous 
inhibitors of angiogenesis, such as TSP-1 and -2, could 
be part of a host antitumor response. The endogenous 
inhibitors of angiogenesis reviewed here provide promis-
ing new treatment options for patients diagnosed with 
malignant glioma tumors, as they appear unlikely to 
cause a host immune response (Boehm et al., 1997) and 
toxicity appears to be absent. Several antiangiogenic 
therapies are currently in phase 1/2 human clinical tri-
als in patients with malignant gliomas, and these clini-
cal trials include 2-methoxyestradiol, the �v antagonist 
EMD 121974, and the MMP-2 and -9 inhibitor COL-3 
(reviewed in Jansen et al. [2004]). Questions regard-
ing the development of resistance to these inhibitors do 
remain; therefore, combining new antiangiogenic ther-
apy with established antiproliferative therapy should 
be considered. Also, as radiation of glioma cells may 
potentiate the expression of proangiogenic molecules 
(Parthymou et al., 2004), combining radiotherapy with 
antiangiogenic therapy may also prove to be clinically 
useful and effective. 

Questions Remaining To Be Answered

1.  Is the expression of some endogenous inhibitors of 
angiogenesis, such as TSP-1 and -2, a host antiangio-
genic antitumor response? Our data regarding TSP-1 
expression in malignant astrocytoma tumor biop-
sies suggest TSP-1 is expressed as an antiangiogenic 
antitumor response (Pijuan-Thompson et al., 1999). 
Studies of chemical-carcinogen-induced skin tumors 
suggest TSP-2 expression in the dermis is part of a 
host antitumor response (Hawighorst et al., 2001). 
Also, PEDF expression by Schwann cells in neuro-
blastoma tumors is likely part of a host antiangio-
genesis antitumor response (Crawford et al., 2001). 
Studies delineating whether endogenous inhibitors 
of angiogenesis are synthesized by host stromal cells 
(reactive astrocytes, microglia, endothelial cells, peri-
cytes, and smooth muscle cells) in malignant glioma 
tumor biopsies need to be performed, including in 
situ hybridization studies to detect the message. This 
could be supported by studies propagating malignant 
glioma cells in specifi c knockout mice. Focal or tran-
sient tumor cell synthesis of an endogenous inhibitor 
of angiogenesis, such as TSP-1 or -2, does not detract 
from or disprove the possibility that endogenous 
inhibitors of angiogenesis can be expressed as part 
of a host antitumor response. Tumor cell synthesis of 
certain endogenous inhibitors of angiogenesis, such 
as TSP-1, could transiently promote disadhesion and 
migration of a tumor cell and thereby serve a tumor 
cell function. 

2.  Do endogenous inhibitors of angiogenesis downregu-
late a set of proangiogenic genes or upregulate a set 
of proapoptotic/pro-death genes? In a recent study 
by Abdollahi et al. (2004), genome-wide expression 
profi ling of dermal MvEC following endostatin treat-
ment showed that multiple antiangiogenic molecules 
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were upregulated. Therefore, determining whether 
other endogenous inhibitors of angiogenesis also 
modify the regulation of sets of proangiogenic or 
antiangiogenic genes will assist us in determining 
their complete mechanism of action. 
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