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Malignant gliomas are highly aggressive tumors with a median
patient survival time of 12–18 months1. They are characterized by
rapidly dividing cells, invasion into normal brain, and a high degree
of vascularity. The histological grade of malignant gliomas, based on
vascular proliferation, endothelial cell hyperplasia, and microvessel
count, has been shown to be inversely related to prognosis2.

Recent experimental evidence indicates that tumor-related angio-
genesis contributes significantly to the malignant phenotype. The
concept of angiogenesis-dependent tumor growth was introduced
and experimentally demonstrated by Folkman and others3–8.
Angiogenesis is a complex process that includes the activation, prolif-
eration, and migration of endothelial cells. In tumorigenesis, this
process also involves disruption of the vascular basement membrane,
formation of vascular tubes and networks, and linkage to preexisting
vascular networks. Inhibition of these angiogenic processes may pro-
vide a powerful approach to combat solid tumor growth. To date,
several angiogenic inhibitors have been isolated and tested for their
ability to inhibit brain tumors including platelet factor 4, 
TNP-40, heparin, penicillamine, hydrocortisone, and angiostatin9–15.
Recently, O'Reilly et al. identified an endogenous specific inhibitor of
tumor-related endothelial cell proliferation, endostatin16. Endostatin
is a 20 kDa cleavage product of the C-terminal domain of collagen
XVIII and was purified from murine hemangioendothelioma cells.

Human endostatin is rapidly cleared from the blood. To achieve
significant tumor regression, 2.5 mg/kg recombinant hES was
administered once daily for 16 days in a Lewis lung carcinoma
model16. The quantities of protein needed for this therapy, the

purification procedure for large-scale production, and the attendant
costs of these processes, suggest that alternative delivery methods
may be required for efficient therapeutic use of endostatin.
Alginate–PLL microcapsules have been used extensively for different
applications, particularly for the encapsulation of pancreatic islet
cells and insulin delivery17,18. This method has also been used for the
encapsulation of cells that release cytokines, hormones, and other
agents for gene therapy19–24. The alginate–PLL membranes allow the
free exchange of nutrients and oxygen between the implanted cells
and the host while preventing the escape and elimination of encap-
sulated cells. More importantly, this approach provides a prolonged
sustained delivery of recombinant protein produced by the cells,
thus maintaining high levels of the agent.

In the present study, baby hamster kidney cells (BHK-21) engi-
neered to continuously secrete high levels of hES were encapsulated
with alginate PLL alginate (APA). The ability of this system to
secrete biologically active endostatin capable of inhibiting the
growth of a human glioblastoma xenograft in the nude mouse was
investigated.

Results
In vitro expression and release of endostatin from encapsulated
BHK-21 cells. BHK-21 cells were transfected with a hES expression
vector (Fig. 1A), and clonal populations of stably transfected 
BHK-21 cells were obtained (BHK-endo). For these studies micro-
capsules of 23 kDa PLL and 1.2% of ultrapure alginate with high
guluronic acid content (>65%) were used. The microcapsules have
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an average diameter of 0.7 mm ± 0.08 mm (Fig. 1B). Encapsulated
BHK-endo cells and nonencapsulated BHK-endo cells were cultured
in vitro, and the conditioned medium was collected every week for
six weeks. The encapsulated cells were viable in culture as deter-
mined by MTT assay (see Experimental Protocol; data not shown).
Western blot analysis of hES in the conditioned medium collected at
all time points detected high levels of endostatin, as shown in Figure
1C. In addition, an enzyme-linked immunosorbent assay (ELISA)
was performed on medium collected weekly for six weeks from the
cultured BHK-endo and BHK-neo capsules. The average concentra-
tion of endostatin secreted by 2 × 105 cultured encapsulated BHK-
endo cells over a six-week period was 150.2 ± 11.4 ng/ml/week.
Similarly, cultured endostatin-transfected monolayer cells secreted
hES at a concentration of 172.1 ± 19.0 ng/ml per 2 × 105 cells. No
endostatin protein was detected in media collected from the control,
neomycin-resistant gene-transfected BHK-21 cells (BHK-neo).

Inhibition of bovine endothelial cell proliferation by endostatin
secreted from encapsulated BHK-endo cells. An endothelial cell
proliferation assay was used to determine the biological activity of
recombinant hES secreted from encapsulated BHK-endo cells.
Transwells were used for these experiments to prevent direct contact
between microcapsules and endothelial cells, thus eliminating the
possibility that the polymers would affect the proliferation rate.

Human endostatin released from microcapsules containing
BHK-endo cells inhibited endothelial cell proliferation by threefold
when compared to medium alone or medium from microcapsules
containing BHK-neo cells (Fig. 2A). These results indicate that the
inhibition of endothelial cell proliferation is due to the secreted hES,
and not to other factors that the BHK-21 cells may secrete.

Angiogenic assay with endostatin. A tube formation assay was
used to determine the biological activity of recombinant hES secret-
ed from BHK-endo cells. Tumor cell-conditioned medium contains
both angiogenic and anti-angiogenic factors. The effect of the vari-
ous growth factors in the conditioned medium on the proliferation
and behavior of endothelial cells can be modified by using an addi-
tional inhibitor, such as endostatin. KDR/PAE cells left untreated for
five days in appropriate medium (Ham’s F-12–10% fetal bovine

serum (FBS), condition 1, Fig. 2B-a) had no tube formation.
Cells incubated with conditioned medium from BHK-neo cells
(condition 2), followed by treatment with U87MG-
conditioned medium, displayed spindle-like morphology.
PAE/KDR cells formed tubelike structures (10 tubes/well) four
days after U87MG-conditioned medium was added (condition
2, Fig. 2B-b). KDR/PAE cells incubated for 1 h with condi-
tioned medium from BHK-endo cells followed by incubation
with U87MG-conditioned media did not form tubelike struc-
tures (condition 3, Fig. 2B-c). Thus secreted recombinant hES
is able to inhibit U87MG-mediated tube formation.

Effects of encapsulated BHK-21 cells releasing endostatin
on subcutaneous human glioma xenografts. Mice were inocu-
lated with a right flank subcutaneous injection of U87MG cells.
The tumors reached a size of 290.0 ± 65.8 mm3, 10 days post
inoculation. The growth of U87MG glioma xenografts was sig-
nificantly inhibited by a single dose of microcapsules contain-
ing BHK-endo cells when compared to both control groups
(Fig. 3A). In comparison to controls, the growth of the glioma
tumors was suppressed by 62.2% by 21 days post administra-
tion of the encapsulated BHK-endo cells. Tumors from the
control groups ulcerated within 30 days after initial tumor
injection, and animals were killed.

Animals were killed at 21 days post administration of the
encapsulated cells, and tumors were harvested and weighed
(Fig. 3B). Tumors taken from animals receiving microcapsules
containing BHK-endo cells showed a 72.3% reduction in weight
when compared to the control groups. Injected microcapsules

were harvested from animals and recultured for two weeks; the medi-
um was positive for recombinant hES as measured by western blot
analysis (Fig. 4A). Tumor xenografts harvested from animals treated
with BHK-endo capsules were positive for endostatin as measured by
western blot analysis (Fig. 4B). No endostatin was detected in the
BHK-neo-treated tumors. These experiments were conducted four
times, and the data were pooled for statistical analysis.

Immunohistochemistry. Tumors treated with BHK-endo cap-
sules had less vascularization than tumors treated with BHK-neo
capsules, as seen by hematoxylin and eosin (H&E) staining (Fig. 5A,
B). This phenomenon was confirmed by CD31 immunohistochem-
istry (Fig. 5 C, D). Furthermore, sections of tumors from BHK-neo
capsules-treated mice were characterized by high microvessel densi-
ty, as seen by von Willebrand factor (vWF) staining (Fig. 5E). In con-
trast, tumors treated with BHK-endo capsules had significantly
fewer numbers of vessels (Table 1, Fig. 5F). The apoptotic index was
significantly increased in tumors treated with BHK-endo cells (13.1)
when compared to BHK-neo-treated tumor (3.7) using the TUNEL
method (Table 1; see Experimental Protocol). Proliferative indices
measured after staining for Ki-67 nuclear antigen revealed no differ-
ences between tumors treated with BHK-endo capsule and BHK-
neo capsule controls (data not shown).

Discussion
Malignant gliomas often recur locally within 2 cm of the original
tumor core25–27 and are rarely metastatic. Evidence suggests that
tumor-related angiogenesis contributes to the malignant phenotype
of gliomas2. The finding that a reduction in angiogenesis of solid
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Figure 1. Endostatin encapsulation. (A) Schematic representation of the
endostatin expression plasmid. CMV enhancer/promoter as indicated by an
arrow. The solid lines indicate plasmid backbone containing bacterial
replication origin. (B) Phase-contrast microscopy of cell-loaded
microcapsules shows the uniform size and cell distribution (average capsule
diameter 700 µm). (C) Expression of endostatin protein (20 kDa) determined
by western blot analysis. Lane 1, hES secreted from BHK-endo monolayer
cells. Lanes 2 and 3, control cells (BHK-neo) in monolayer culture or
encapsulated in APA. Lanes 4–6, time course of endostatin release from
encapsulated BHK-endo cells.

Table 1. Vessel count and apoptotic index quantification

Cell Vessel count Apoptotic index (%)

BHK-endo 7.34 ± 5.30a 13.1± 0.6b

BHK-neo 36.22 ± 5.99 3.7 ± 2.6

aP < 0.001 (BHK-endo versus BHK-neo).
bP < 0.05 (BHK-endo versus BHK-neo).

A

B C
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tumors is cytostatic rather than cytotoxic to the tumor indicates that
prolonged administration of an anti-angiogenic therapy may be
necessary to obtain long-term suppression of tumor growth8,28,29.
However, many anticancer chemotherapies present difficulties in
achieving effective therapeutic levels for tumor inhibition30,31.
Therefore, local delivery of a potent angiogenic inhibitor may be a
valuable treatment strategy for tumors such as glioblastoma, leading
to an accumulation of the anti-angiogenic proteins at the tumor site
in the brain.

Endostatin is a specific inhibitor of endothelial cell proliferation
and is a potent angiogenesis inhibitor16,29,32,33. Achieving concentra-
tions of endostatin that are sufficient to combat tumor growth is
complicated by the exceedingly short half-life of the protein (7 h;
personal communication, J. Folkman). Reaching and maintaining
therapeutically efficacious levels of endostatin may be achieved
either by continuous or repeated injections, or by a mechanism
whereby the protein is continuously secreted by an implanted
device. We developed a promising approach for continuous long-
term delivery of hES by a single administration of APA microcap-
sules containing cells secreting hES. Using this system, lower doses
of the effective antiangiogenic protein may achieve significant
tumor suppression.

An in vitro proliferation assay performed on BCE cells using
encapsulated BHK-endo cells resulted in 67.2% inhibition in prolif-
eration over a three-day time period. In comparison, previous pro-
liferation experiments showed a 25% inhibition when the same
amount of endostatin was added daily to cultured cells16. The
potent inhibition of BCE proliferation may be explained by contin-
uous release of endostatin during the course of the experiment as
opposed to being added exogenously once at the beginning of the
assay. The inhibition of tube formation by human endostatin
released from monolayer BHK-endo cells demonstrates the activity
of the protein and the potential effect on a human glioblastoma cell
line (U-87). Using conditioned medium from U-87 cells stimulated
tube formation (10 tubes/well), indicating the potential angiogenic
activity of factors released from U-87 cells. The anti-angiogenic
activity of the released endostatin was confirmed by the observa-

tion that no tube formation was detected in KDR/PAE cells treated
with U-87MG medium.

Daily systemic administration of 2.5 mg/kg endostatin for more
than 16 days resulted in a 53% inhibition in tumor growth in a Lewis
lung carcinoma model16. In a renal cell carcinoma model, recombi-
nant human endostatin injected daily subcutaneously 
(10 µg/kg/day) around the tumor for four days led to a 61% inhibi-
tion of tumor growth after 20 days32. Intramuscular injection of
naked mouse endostatin expression plasmid combined with
polyvinylpyrrolidone (Pladsone) once a week for a period of two
weeks led to a 20% inhibition of tumor growth 18 days post treat-
ment33. The present study demonstrates that a single administration
of microencapsulated engineered BHK cells that continuously
secrete endostatin significantly inhibited human glioblastoma
xenografts. Animals treated with encapsulated BHK-endo cells
exhibit a 72% inhibition in tumor growth 21 days post microcapsule
injection. Western blot analysis performed on the harvested capsules
from U87MG human glioma xenografts treated with BHK-endo
encapsulated cells had detectable endostatin. In contrast, endostatin
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Figure 2. The biological activity of endostatin on endothelial cells. 
(A) The effect of encapsulated BHK-endo and BHK-neo cells on the
proliferation of BCE cells in culture. (B) Tube formation assay for
recombinant hES in PAE/KDR cells. Panel a (condition 1), cells grown
in Ham’s F-12/10% FBS; panel b (condition 2), cells pretreated for 1 h
with BHK-neo conditioned medium followed by incubation with
U87MG conditioned medium; panel c (condition 3), cells pretreated
with BHK-endo conditioned medium for 1 h followed by incubation
with U87MG conditioned medium.

Figure 3. The effect of encapsulated BHK-endo on tumor growth in
vivo. (A) Inhibition of subcutaneous U87MG human glioma cell
xenograft. Mice bearing U87MG tumors were treated with
encapsulated BHK-neo (�), BHK-endo cells (�), or control (�). 
*P < 0.01. (B) At day 21 after treatment, U87MG tumors were
harvested and weighed. Errors are standard error of the mean
(s.e.m.). P < 0.001.
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Figure 4. Western blot analysis of recombinant endostatin. 
(A) Injected microcapsules were harvested within close proximity to
the tumor and recultured for two weeks to confirm the release of
recombinant hES as measured by western blot analysis. (B) Tumor
xenografts adjacent to the BHK-endo capsules were positive for
endostatin by western blot analysis.
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was not measured in the tumors retrieved from the control group,
emphasizing the efficiency of continuously delivering biologically
active endostatin. The same amount of encapsulated BHK-endo
cells has been shown to release an average of 150.8 ng/ml/week in
vitro, which may give a indication for the concentration of endo-
statin released in vivo.

In the present study the vascular density decreased, the apoptotic
rate increased, and there was no change in the proliferation rate in
tumors treated with endostatin compared to controls. These changes
are similar to what has previously been reported in tumors treated
with angiostatin15,28.

These results demonstrate the advantages of this delivery system,
which allows continuous release of biologically active human 
endostatin for the treatment of glioma. This system may overcome
obstacles such as the short half-life of endostatin, repeated adminis-
tration, high doses, and cost. This delivery system may be useful for
the treatment of brain tumors, wherein the blood–brain barrier can
impede systemic treatment of anti-angiogenic agents. Controlling
the amount of encapsulated cells may permit a higher concentration
of hES to be obtained. Preliminary in vitro proliferation studies per-
formed in our laboratory have shown that endostatin secreted from
an increased number of encapsulated BHK-endo cells (0.5 × 106)

brought about a 90% inhibition of BCE cell proliferation in culture.
These results indicate that using a higher amount of encapsulated
cells may lead to higher tumor inhibition. Additional studies using
intracranial tumor models are presently underway to further assess
the efficacy of this microencapsulated cell endostatin delivery system.

Experimental protocol
Endostatin plasmid construction. A plasmid containing an expression cas-
sette for human endostatin was constructed as follows. The human endo-
statin complementary DNA (cDNA; gift from J. Folkman, Children’s
Hospital, Harvard Medical School, Boston, MA) was inserted into the SalI
site of pTG 9530 (ref. 34) to generate pRP-hES. A pRP-hES plasmid contain-
ing the human endostatin cDNA, which encodes the COOH-terminal 
184 residues of collagen XVIIIα, was fused with a sequence for the signal
peptide of the human growth hormone (hGH) gene. The hGH-endostatin
was linked to a 543 bp fragment from the human β-globin gene containing
intervening sequence 2 (IVS2) under the control of the human
cytomegalovirus (CMV). The polyadenylation signal for transcription 
termination in this cassette was derived from a 760 bp long fragment of the

3′-untranslated region of the human β-globin gene.
BHK-21 cell transfection. Baby hamster kidney cells (BHK-21) were

obtained from the American Type Culture Collection (ATCC, Rockville,
MD) and maintained in Dulbecco's minimal Eagle medium (DMEM) sup-
plemented with 10% FBS (Life Technologies, Grand Island, NY). BHK-21
cells were stably transfected with pRP-hES plasmid DNA and a resistant gene
expression vector (neo) using Lipofectamine (Life Technologies).
Conditioned medium was collected from individual clones and analyzed for
hES expression by western blot analysis. Transfected BHK-21 cells (BHK-
endo) were maintained as described above with the addition of 1 mg/ml of
geneticin. Wild-type clones were chosen for control cell lines (BHK-neo).

Microencapsulation of BHK-endo and BHK-neo cells. BHK-endo and
BHK-neo cells were encapsulated within microspheres composed of 
Ca2+-alginate, and a polyelectrolyte PLL (ref. 23). Briefly, cells were resus-
pended in sodium alginate–saline (1.2% wt/vol), Pronova Ultra Pure MVG
(Pronova Biopolymer, Drammen, Norway), to a final ratio of 0.5 × 106

cells/ml of alginate. The suspension was sprayed through a 22G needle locat-
ed inside an air jet-head droplet-forming apparatus, into a solution of 
(N-[2-hydroxyethyl]piperazine-N-[2-ethanesulfonic acid])-buffered calci-
um chloride (13 mM HEPES, 1.5% (wt/vol) CaCl2, pH 7.4, Sigma, St. Louis,
MO), where they were allowed to gel for 20 min. The alginate microspheres
were coated with 0.1% (wt/vol) PLL of 23 kDa (Sigma) in saline for 12 min
with gentle agitation. The capsules were recoated with 0.125% alginate for 
10 min, washed three times with HEPES and cultured. The number of cells
encapsulated and the viability of the cells in the microcapsules was evaluated
weekly using a modified MTT assay (MTT is 3-(4,5)-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide).

In vitro release of endostatin from encapsulated BHK-endo cells.
Microencapsulated BHK-endo cells were suspended in DMEM supplement-
ed with 10% FBS at a density of 2 × 105 cells/well and incubated at 37°C, 
5% CO2. The medium was changed every week for six weeks and assayed for
hES using western blot analysis and ELISA assay (Cytoimmune Sciences,
College Park, MD). Medium from BHK-endo monolayer cells was used as a
positive control. For western blot analysis, samples were boiled for 5 min, and
analyzed by sodium dodecyl sulfate–polyacrylamide gel (12% acrylamide)
electrophoresis (SDS–PAGE). Proteins were electrophoretically blotted onto
Immobilon-P membranes (Millipore, Bedford, MA) and blocked at room
temperature (RT) with 5% nonfat milk in Tris-buffered saline (TBS; 10 mM
Tris pH 8, 0.9% NaCl) containing 0.1% Tween-20 (TBST) for 1 h at RT. Blots
were incubated for 1 h at RT with an anti-endostatin antibody (a gift from Dr.
Folkman). The blots were incubated with the secondary anti-rabbit horse-
radish peroxidase-conjugated antibody for 1 h at RT. Detection of antibodies
was done by chemiluminescence using an ECL-Plus system (Amersham Life
Science, Arlington, IL).

Capillary endothelial cell proliferation assay. We used BCE for the prolif-
eration assay as described by O'Reilly et al.16, with slight modifications. Cell
suspensions (2.5 × 104 cell/ml) were plated in gelatinized 24-transwell plates
(3 µm filter size; Costar Corp., Cambridge, MA) and incubated (37°C, 10%
CO2) for 24 h with DMEM and 10% bovine calf serum (BCS). The medium
was replaced with 0.5 ml of DMEM with no BCS to achieve a final concentra-
tion of 5% BCS, and basic fibrolblast growth factor (bFGF) (1 ng/ml) was
added. Microcapsules containing BHK-endo cells or BHK-neo cells 
(0.2 × 105 cells/well as measured by MTT) were added on the filter. After 48 h
incubation, [3H]thymidine (1 µCi/ml) was added for 12–14 h. The samples
were suspended in liquid scintillation fluid and counts per minute (c.p.m.)
were determined by β-counter. The results represent the average of four wells,
and the experiments were repeated three times.

Angiogenic assay. The angiogenic assay was performed as described by
Deroanne et al.35 with slight modifications. Porcine aortic endothelial cells
stably transfected with KDR (PAE/KDR) (a gift from Dr. Lena Claesson-
Welsh, Ludwig Institute, Uppsala, Sweden) were used instead of bovine
microvascular endothelial cells. The cells were cultured in Ham’s F-12 
medium supplemented with 10% FBS and 1,000 U/ml penicillin/strepto-
mycin (Life Technologies). This cell line has similar biological characteristics
to human umbilical vein endothelial cells in morphology, kinetics, chemo-
tactic response, mitogenicity, and pattern of phosphorylation36. PAE/KDR
cells were seeded in six-well dishes coated with 0.5 mm thick type I collagen
gel (4 × 104 cells/cm2) and allowed to attach and spread for 3 h. The seeded
KDR/PAE cells were subjected to three different conditions: condition 1, cells
grown in Ham’s F-12/10% FBS; condition 2, cells pretreated for 1 h with
BHK-neo conditioned medium followed by incubation with U87MG condi-
tioned medium; condition 3, cells pretreated with BHK-endo conditioned
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Figure 5. Immunochemistry of tumors treated with BHK-neo or BHK-
endo encapsulated cells. (A, B) H&E staining at 200× for BHK-neo 
(A) and BHK-endo (B). (C, D) CD31 staining at 200× in BHK-neo- (C) or
BHK-endo-treated tumors (D). (E, F) Von Willebrand factor staining
visualized at 200× magnification in BHK-neo- (E) or BHK-endo-
capsule (F) treated tumors.
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media for 1 h followed by incubation with U87MG conditioned medium. At
the conclusion of the assay the number of tubes per well was recorded.

Animal studies. Male Swiss nude mice, four to six weeks old (Taconic
Farms Inc., Germantown, NY) were inoculated subcutaneously with human
glioma U87MG cells (5 × 106 tumor cells/injection). Ten days later, when pri-
mary tumors were ∼ 300 mm3 in size, animals were randomly divided into
three groups of five animals each. The first group received a single subcuta-
neous injection of microcapsules containing BHK-endo cells within 0.5 cm
from the observed tumor (2 × 105 encapsulated cells/animal). The second
group received a single subcutaneous injection of microcapsules containing
BHK-neo cells (2 × 105 cells), and the third group did not receive any treat-
ment (control). Subcutaneous tumor growth was measured transcutaneous-
ly with a caliber every 4 days for 21 days, and the tumor volume was then cal-
culated16. All animals were sacrificed 21 days post injection, and tumors were
resected and weighed. Statistically significant differences in tumor growth
among the groups were analyzed by analysis of variance (ANOVA). In all
cases a P < 0.01 was considered to be statistically significant.

Microcapsules from the different treatment groups were harvested at the
time of sacrifice. The capsules were washed and cultured, and two weeks later
western blot analysis was done on the medium.

Western blot analysis and immunohistochemistry. For western blot
analysis, one-third of each tumor specimen was crushed and then suspended
in 3 ml of cold Nonidet P-40 lysis buffer37. The amount of protein was quan-
tified (Bio-Rad protein analysis; Bio-Rad Laboratories, Hercules, CA), and
stored at –70°C. 100 µg of protein lysate from each sample was analyzed by
western blot analysis as described above.

For immunohistochemistry, tumor specimens were embedded in O.C.T.
(Tissue-Tek; Miles, Elkhart, IN), frozen on dry ice/butane, and stored at
–80°C. Frozen sections (6 µm) were cut using a cryostat (IEC Microtome,
Needham, MA). Sections of each specimen were stained using H&E.
Immunohistochemistry was carried out using the Vectastain Elite ABC kit
(Vector Laboratories, Burlingame, CA). Primary antibodies included CD31
(R&D Systems, Minneapolis, MN), von Willebrand Factor (Dako,
Carpinteria, CA), and Ki-67 nuclear antigen (Dako). Detection was carried
out using a DAB chromogen, which resulted in a positive brown staining.
Sections were counterstained with hematoxylin, dehydrated in ethanol, and
mounted with glass coverslips. Negative control slides were obtained by omit-
ting the primary antibody. Ki-67 staining was quantified by counting the
number of positively stained cells of all nuclei in 20 randomly chosen fields.

In situ detection of apoptosis was measured by the terminal deoxinu-
cleotidyltransferase (TdT)-mediated dUTP nick end-labeling (TUNEL)
method using the ApopTag Plus Kit (Intergen, Gaithersburg, MD) followed
by counterstaining with 1% methyl green. Apoptosis was quantified by deter-
mining the percentage of positively stained cells for all nuclei in 20 randomly
chosen fields per section at 200× magnification.

Tumor vascular density. Quantitation of vessel count was performed by a
procedure described by Weidner et al38. The blood vessels were counted ran-
domly from non-necrotic areas in each tumor section in a 200× microscope
field (1.0 mm2) (Olympus BH2, Tokyo, Japan), on vWF-stained tissue sec-
tions. Vascular density was defined by averaging the number of vessels in at
least five of the most vascular areas.
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