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ABSTRACT

A remarkableapproach to a specific tumor angiogenesismodel in vivois
the use of alginate implants encapsulatingtumor cells. However, this previ
ously reported approach has often been questioned because ofdoubts regard
lag the relevance of hemoglobin at the alginate implant as a parameter of

vascularization. In the present investigation, we examined whether or not the
use of the blood pool agents FITC-dextran of high molecular weight would

significantly improve the determination of vascularization at the alginate
implant In our experiments, we found a rapid distribution of FITC-dextran
within the blood circulation of mice after i.v. bolus injection. The amount of
FITC-dextran within alginate implants strongly correlated with the number
of LU carcinoma cells or B16/F1Ocells encapsulated. Even a low number of

@ cells per alginateimplant led to a significantlyincreasedaccumulationof
FITC-dextran. A more than 10-fold stimulation above that of controls was
found with alginate implants containing 1O@LL2 or B16fF1Otumor cells.
Using the investigational compound AGM-1470 in different treatment ached
tiles, we found that quantification of alginate implant angiogenesis with

FITC-dextran is a sensitive method for the determination of angiogenesis
inhibition. In conclusion, our results demonstrated that the use of FITC
dextran enables highly sensitive, quantitative measurement of blood vessel
formation by alginate implants.

INTRODUCTION

Angiogenesis, the formation of new blood vessels, is necessary for
the growth of tumors and their metastases (1, 2). Because oxygen as
well as nutrients can only diffuse approximately 150 pm from a
vessel, continuous tumor angiogenesis is required. Otherwise, tumor
hypoxia leads to growth dormancy at a tumor volume of 1â€”2mm3 (3).
The induction of angiogenesis is mediated by angiogenic growth
factors produced by either tumor or host cells. Several angiogenic
molecules such as basic fibroblast growth factor (4), acidic fibroblast
growth factor (5), and vascular endothelial growth factor (6) have
been identified as direct stimulators of tumor angiogenesis. Different
experimental strategies aimed at blockage of direct stimulators of
tumor angiogenesis have demonstrated favorable inhibition of tumor
growth (7).

A main concern for the development of antiangiogenic therapies is
the availability of sensitive and specific disease models. Whereas
cellular assays representing mechanisms of vessel formation are well
established (8), there is a significant lack of animal disease models
able to demonstrate the whole process of tumor angiogenesis. There
fore, inhibition of tumor angiogenesis as the mode of action of an
investigational antitumor drug is usually concluded from chorioallan
toic membrane assay results or the corneal pocket model of the rabbit.
Moreover, in these model systems, the angiogenesis response is often
stimulated by single angiogenic growth factors.

An approach to a specific angiogenesis model in vivo is given by
investigations by Plunkett and Halley (9). They demonstrated that s.c.
implantation of alginate beads containing tumor cells known for their
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angiogenic capacity leads to a strong angiogenic response by the host
animal. The alginate encapsulation process is nontoxic for living cells
and provides a permeable matrix for a continuous release of proteins
up to 70 kDa (10). Because the alginate matrix itself has no angio
genic effects, this model system can be regarded as a disease model

with high specificity for the angiogenic capacity of tumor cells.
Despite this ideal characteristic, the alginate angiogenesis model

failed to became widespread because of doubts regarding the rele
vance of hemoglobin at the implant site as a parameter of vascular
ization or the labor-intensive use of radioactively labeled RBCs for
quantification of tumor blood flow. Because the total amount of
hemoglobin at the alginate implant site may also be attributed to
hemoglobin from emboli, one may obtain false positive results for
vascularization. This can also be concluded from studies with prota
mm in combination with heparin, known for its inhibitory effect on

emboli formation (1 1, 12). Whereas measurement of angiogenesis by
blood pool agents demonstrated a comparable inhibition by protamin
alone and in combination with heparin, determination of hemoglobin
indicated angiogenesis inhibition only with protamin treatment, and

not for the combination.
Therefore, the present study focused on a new method for quanti

fication of in vivo tumor angiogenesis driven by alginate-encapsulated

tumor cells. We demonstrate that the use of FITC-labeled high mo
lecular weight dextran iv. injected before removal of the alginate

implant at the end of the experiment enables a highly sensitive
quantification of vascularization and a direct calculation of the blood
volume. The quantitative results were corroborated with fluorescent
microspheres with a size of 1 @.tmpooled at the alginate implant site.

Furthermore, using the fumagillin derivative AGM-l470, we dem
onstrate that quantification of tumor vascularization with FITC
dextran is a sensitive method for identification of antiangiogenic
therapies.

MATERIALS AND METHODS

Animais. FemaleinbredC57/B16mice or female nudemice (Swiss nu/nu)
weighing about 20 g were obtained from Charles River (Sulzfeld, Germany).

Animals were purchased in specific pathogen-free quality and received water
and food ad libitum.

Materials. Sodium alginate of low viscosity and FITC-dextran with an
average Mr of 150,000 were purchased from Sigma (Deisenhofen, Germany).
FITC-dextran was dissolved in saline to a final concentration of 1%. Fluores
cent microspheres with a size of 1 @mwere obtained from Molecular Probes
Europe (Leiden, Netherland). 2-Ethoxyethylacetate was obtained from Merck
(Darmstadt, Germany). O-Chloroacetylcarbamoyl-fumagillol (AGM-1470)
was kindly provided by Berlex Biosciences (San Francisco, CA).

Tumor Cells. The murineLewis lung carcinomacell line LL2, the human
renal carcinoma cell line Caki-1, and the human renal carcinoma cell line
Caki-2 were obtained from American Type Cell Culture Collection (Rockville,
MD). LL2 cells were cultured in DMEM supplemented with 10% fetal bovine
serum, 2 mML-glutamine,and 1mrvisodium pyruvate. Caki- I and Caki-2 renal
carcinoma cells were cultured in McCoy's 5a medium supplemented with 10%

FCS. The B16/FlOmelanoma line was kindly provided by Dr. I. Fidler (M. D.
Anderson Cancer Center, Houston, TX) and cultured in MEM supplemented
with 5% FCS and 2 mM L-glutanune. The M5076 reticulum sarcoma cell line
of the mouse was obtained from Dr. Mayo (Frederick Cancer Center, Rock
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ville, MD). Cells were cultured in DMEMIHam's nutrient mixture Fl2 me

dium containing 5% newborn calf serum, 1.5 mrvi HEPES, and 2 mrvi L
glutamine.

Preparation of Alginate Beads Containing Tumor Cells. The method
used for cell encapsulation was described in detail by Vorlop and Klein (10).

Briefly, sodium alginate of low viscosity was dissolved in sterile saline to a
final concentration of 1.5%. Tumor cells were harvested from cell culture at
60â€”80%confluence. After centrifugation, the tumor cell pellet was directly
resuspended with the alginate solution to the desired cell number and thereafter
filled into a reservoir. Droplets containing tumor cells were produced by
extrusion of the alginate solution through a 12-gauge cannula. The tumor cell
alginate solution was dropped into a swirling bath of 80 mr@iCaCI,. The
calcium ions caused immediate gelling of each droplet by an exchange of
sodium from the alginate. The size of the beads was minimized by a laminar

air flow along the cannula. After incubation in the CaCl2 bath for an additional

30 mm, the beads were washed twice with buffer, centrifuged, and prepared for

injection. All procedures were carried out under sterile conditions at 37Â°C.
Animal Experiments. Female C57IB16 mice or female nude mice (Swiss

nu/nu) were injected s.c. with 0. 1 ml of alginate beads containing tumor cells

into the upper third of the back. Control mice were implanted with 0. 1 ml of

alginate beads without tumor cells. At the end of the experiment, 0.2 ml of 1%

FITC-dextran solution (100 mg/kg) was injected iv. into the lateral tail vein of
mice. Alginate implants were rapidly removed 20 mm after FITC-dextran
injection and weighed, and after disection of the implant capsula, alginate

beads were transferred to tubes containing 2 ml of saline. The tubes were
mixed by a vortex for 20 s and centrifuged (3 mm; 1000 X g). After dilution

(1:I), the fluorescence of the supernatant was measured. After removal of
alginate implants from the animals, all procedures were carried out in the dark.

Microspheres labeled with a fluorescent yellow-green dye and a size of I
,xm were used as indicated by the manufacturer. An aliquot of microspheres
was injected into the lateral tail vein of mice (7 X l0@ microspheres/0.2 ml).

Alginate implants were removed from the animals 20 mm after injection of the
microsphere solution and incubated with 2 ml of 2-ethoxyethylacetate for at

least 24 h. Therefore, the fluorescent dye is released from the disintegrated

polystyrene latex membrane. The fluorescence of the samples was measured

by excitation at 490 nm and emission at 506 nm. The amount of hemoglobin
present in the supernatant was measured with the Drabkin reagent kit (Sigma).
Briefly, hemoglobin reacts with the Drabkin reagent to form cyanomethemo
globin. The absorbance of cyanomethemoglobin was determined by spectro
photometric analysis at 540 nm (9).

Determination of FITC-Dextran Levels. Mice were injectediv. with 0.2
ml of 1% FITC-dextran solution (100 mg/kg), and blood samples were taken
at 10, 20, and 40 mm postinjection. Heparinized blood samples were vortexed
and centrifuged, and the fluorescence of the plasma was measured with a
fluorescence spectrophotometer (Spectrofluo JY3 D; Jobin Yvon Instruments
S.A. GmbH, Unterhaching, Germany) by excitation at 492 nm and emission at

515 nm. Calibration curves were prepared in saline (0.01â€”10 p@g/ml FITC

dextran).

The amount of FITC-dextran within alginate implants was determined from
the incubation supernatant. The corresponding blood volume of alginate im
plant was calculated using the following formula:

. FITC-dextran/alginate implant
Blood volume (jxl/alginate implant)

FITC-dextran/pi blood

Administration of AGM-1470. Female C57/BI6 mice bearing implants
encapsulating LL2 cells were treated with the antiangiogenic compound AGM
1470 at a dose of 30 mg/kg from day 2 until day 10 after alginate implantation

or at doses of 10, 30, and 60 mg/kg on days 1, 3, and 5 after alginate
implantation. Female Swiss nu/nu mice were treated wth AGM-1470 at doses

of 10, 30, and 60 mg/kg on days 1, 3, an 5. Body weight was monitored daily.
Statistics. The data were submitted to normality and equal variance tests,

which revealed normal distribution. Statistical analysis was made using
ANOVA and the multiple comparisons test. For all tests, Ps less than 5% were
considered significant. Statistical calculations were computed with a statistical
software package (SigmaStat; Jandel Scientific). Experimental results were
analyzed for statistically significant differences by the Mann-Whitney test.
Data are demonstrated as mean Â±SE of the mean.

RESULTS

Demonstration of in Vivo Angiogenesis by Alginate Implants.
Our first experiment was designed to determine the feasibility of
alginate beads containing tumor cells inducing tumor angiogenesis in
recipient mice. For this purpose, we used the LL2 carcinoma cell line
known for its angiogenic capacity. As shown in Fig. 1A, alginate
implants without tumor cells failed to exert vascularization. In con
trast, alginate implants containing 1.5 X iO'@LL2 cells led to strong
vascularization 10 days after implantation (Fig. IB).

Detection of FITC-Dextran Levels in Fluids. In the preceding
experiments, we performed a detection calibration of FITC-dextran in
fluids, demonstrating a close linearity between FITC-dextran concen
tration and fluorescence intensity. Levels of less than 10 ng/ml FITC
dextran in saline were detectable with fluorescence spectrophotometry
(data not shown). The distribution of FITC-dextran was investigated

by the determination of plasma levels after i.v. bolus injection (2
mg/0.2 ml saline). Blood samples were taken at different periods (10,
20, and 40 mm postinjection). Plasma levels of FITC-dextran calcu
lated from the calibration curve demonstrated a slow decrease from
1068 Â±202 ( I0 mm postinjection) to 949 Â±130 (20 mm postinjec
tion) and 833 Â± 189 p@g/m1 (40 mm postinjection). These results

indicate that i.v. injected FITC-dextran is rapidly distributed in blood
circulation and is not immediately eliminated. On the basis of these

results, we decided to remove the alginate implants for FITC-dextran

determination 20 mm after i.v. injection of FITC-dextran.
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Fig. 1. Vascularization of alginate implants on day 10 after s.c. implantation of 0.1 ml
of alginate beads into C571BI6 mice. A, alginate beads without LL2 tumor cells. B,
alginate beads containing 1.5 X l0@LL2 cells.
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IN VIVO ANGIOGENESIS MODEL

control without cells to 23.8 X l0@(Â±6.4 X l0@;n = 8) in alginate
implants containing LL2 cells. The degree of stimulation was similar

to the results obtained with FITC-dextran (Fig. 2). In additional
experiments, the amount of hemoglobin present in alginate implants
was determined by using the Drabkin method. We found hemoglobin
levels of 0.065 mmol/liter (Â±0.07; n = 8) in the control and 0.106
mmol/liter (Â±0.056; n = 8) in alginate implants containing 5 X l0@
LL2 cells. Compared with FITC-dextran or fluorescent microspheres,
this measurement fails to demonstrate the induction of tumor blood
vessels.

Inhibition of Angiogenesis by AGM-1470. A major concern of
newly established experimental disease models is to determine

Encapsulation of Tumor Cells and Detection of Angiogenesis
with FITC-Dextran or Fluorescent Microspheres. In an experi
ment shown in Fig. 2, we determined the amount of FITC-dextran

within alginate implants containing different numbers of LL2 cells. Fig.3.FITC-dextranaccumulation(inmicrograms)atalginateimplantscontainingl0@
We observed that the accumulation of FITC-dextran at the implant LL2cellson days6, 9, and 12afters.c. implantationintoC571BI6mice.Determination

. . . . of FITC-dextran was performed 20 mm after iv. injection of high molecular weight
site is strongly correlated wlth the number of alginate-encapsulated F1TC-dextran(100mg/kg).n = 8/group;error bars, SE. @,P < 0.05 versusalginate
LL2 cells. Even the low number of l0@LL2 cells encapsulated with implantswithoutLL2cells(control).
alginate induced an increase of FITC-dextran (Fig. 2). The maximum
stimulation was determined after implantation of l0@LL2 cells. The
mean accumulation of 2.3 @&gof FITC-dextran at alginate implants
encapsulating l0@LL2 cells (Fig. 2) corresponds with a mean blood
volume of 2.5 @l/alginateimplant. This blood volume of alginate
implants was calculated as the quotient of FITC-dextran at alginate
implants and the mean FITC-dextran blood concentration (in micro
grams per microliter) obtained by determination of plasma levels 20
mm after i.v. bolus injection. Investigation into the time dependence
of vascularization demonstrated a statistically significant increase of
FITC-dextran accumulation on day 12 after alginate implantation
(Fig. 3). No statistically significant difference between the different
controls was determined. The dependence of alginate implant vascu
larization on the number of tumor cells encapsulated was corroborated
with the murine BI6IF1O melanoma line. Using this tumor cell line,
even the low number of 102 tumor cells led to a statistically increased
FITC-dextran accumulation. (Fig. 4). Very similar to the LL2 tumor
cell line, stimulation of vasculanzation was strongly correlated with
the number of tumor cells encapsulated.

Because the notable permeability of tumor blood vessels may lead
to extravazation of the high molecular weight dextran, we were
especially interested in corroborating our finding with a well-estab
lished blood pool agent. In a similar protocol, mice were implanted

with alginate beads containing 1.5 X l0@LL2 cells. After a period of Fig.4. FITC-dextranaccumulation(in micrograms)at alginateimplantscontaining
10 days, mice received a single bolus injection of fluorescent micro- differentnumbersofBl6IFlOmelanomacells20mmafteriv. injectionofhighmolecular
spheres. To avoid complications this injection has to be carried out weightFITC-dextran(100 mg/kg).Determinationof FITC-dexti-anwas performed12

. . . . days after s.c. implantation into C571BI6 mice. n 8/group; error bars, SE. *, P < 0.05
very slowly. We found a significant increase in the number of fluo- versusalginateimplantswithoutBI6IFIOmelanomacells(control);+, P < 0.05versus
rescent microspheres from 2.1 X 10â€•(Â±0.22 X iO@;n = 8) in the alginateimplantsencapsulating102Bl6/FlOmelanomacells.
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Fig. 2. FITC-dextran accumulation (in micrograms) at alginate implants containing
different numbers of LL2 cells 20 mm after iv. injection of high molecular weight
FITC-dextran(100mg/kg).Determinationof FITC-dextranwasperformed12daysafter
s.c. implantation into C57/B16 mice. n = 8/group; error bars, SE. *, p < 0.05 versus
alginate implants without LL2 cells (control); +. P < 0.05 versus alginate implants
encapsulating 102 LL2 cells.
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tumors have been shown to be dependent on vascularization, an
antiangiogenic compound might be a more highly selective, universal

approach to cancer therapy. Although a few natural and synthetic
compounds have been characterized as potential inhibitors of tumor
angiogenesis and have found entry into clinical trials (7), intense
efforts have been made to identify potent angiogenesis inhibitors with

4

whether measurement is sensitive to already-identified inhibitory
compounds. We addressed this question by treatment of mice bearing

alginate implants with the tumor angiogenesis inhibitor AGM-1470.
Similar to the results mentioned above (Fig. 2), alginate-encapsulated
LL2 carcinoma cells induced a strong vascularization of the implant
compared to controls without tumor cells (Fig. 5). Treatment with
AGM-1470 at a dose of 30 mg/kg was started on day 2 after alginate
implantation and continued by daily administrations until day 10.
Determination of FITC-dextran at day 12 (the end of the experiment)
demonstrated that AGM-1470 led to an almost complete reduction of
vascularization (Fig. 5). The dose dependence of the angiogenesis

inhibition with AGM-1470 was demonstrated by a discontinuous
treatment schedule (days 1, 3, and 5), (Fig. 6). Even doses of 10 mg/kg
led to a 40% reduction of tumor vascularization. Maximal inhibition
was achieved with a dose of 60 mg/kg given on days 1, 3, and 5.

However, administration of the 60 mg/kg dose led to an approxi
mately 20% loss of body weight (data not shown). Tumor angiogen
esis inhibition without toxic effects was only achieved with AGM
1470 at the 30 mg/kg dose level, indicating a narrow therapeutic
window. A similar sensitivity to the antiangiogenic effect of AGM
1470 was found with alginate implants encapsulating murine Bl6fFlO

melanoma cells (data not shown).
The strong inhibitory action of AGM-1470 on tumor angiogenesis

was also shown with two human renal cell carcinoma cell lines,
Caki-l and Caki-2, respectively. Very similar to the treatment of
C57B16 mice bearing LL2 alginate implants, AGM-1470 led to a
dose-dependent inhibition of vascularization of alginate implants en
capsulating Caki-l cells (Fig. 7). Treatment of mice with 60 mg/kg
AGM-l470 on days 1, 3, and 5 led to an 83% reduction compared to
controls (Fig. 7). Identical treatment of mice bearing alginate implants
encapsulating Caki-2 human renal carcinoma cells led to an 87%
reduction of angiogenesis induction (data not shown).

Fig. 7. Effect of AGM-l470 on angiogenesis induction by alginate implants containing
DISCUSSION@ X l0@humanrenalCaki-lcarcinomacells.Measurementof FITC-dextranwasper

formed on day 12. 20 mm after iv. injection of high molecular weight FITC-dextran (100
. . mg/kg). AGM-l470 was applied in doses of 10, 30, or 60 mg/kg on days 1, 3, and 5.

Pioneered by Folkman (13), the ldea of angiogenesis inhibitlon for n @igroup;errorbars,SE. @,P < 0.05versuscontrols;+, P < 0.05versusAGM-1470
cancer therapy is now well established. Because the majority of solid (10mg/kg).
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Fig. 5. Effect of AGM-1470 on angiogenesis induction by aiginate implants containing
5 x l0@LL2 carcinoma cells. Measurement of F!TC-dextran was performed on day 12,
20 mm after iv. injection of high molecular weight FITC-dextran (100 mg/kg). AGM
1470 was applied daily in a dose of 30 mg/kg from day 2 until day 10. n = 8/group; error
bars, SE. @,P < 0.05 versus alginate implants without tumor cells; +, P < 0.05 versus
alginate implants with 5 X l0@tumor cells.
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Fig. 6. Effect of AGM-l470 on angiogenesis induction by alginate implants containing
5 x l0@'LL2 carcinomacells. Measurementof FITC-dextran was performedon day 12,
20 mm after iv. injection of high molecular weight FITC-dextran (100 mg/kg). AGM
1470 was applied in doses of 10, 30, or 60 mg/kg on days 1, 3, and 5. n 8/group; error
bars, SE. @,P < 0.05 versus controls; +, P < 0.05 versus AGM-l470 (10 mg/kg).
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improved selectivity. Because of the lack of sensitive and specific
tumor angiogenesis models in animals, the present strategy for iden
tification of angiogenesis inhibitors is mainly focused on cellular
assays such as endothelial cell culture systems, tube formation assays,
or the chorioallantoic membrane assay. However, this strategy in
volves the risk of overlooking compounds that have modes of action

not represented by the cellular assays.
In vivo angiogenesis models have been developed to directly visu

alize blood vessel occurrence, to investigate the angiogenic capacity
of tumor tissue grafts, and to test investigational antiangiogenic drugs.
Whereas transplantation of tumor tissue grafts on the avascular rabbit
cornea enables an optimal demonstration of blood vessel induction,
quantification of the angiogenic response has inherent limitations due
to handling difficulties, high variability of the angiogenic response,
the absence of genetically uniform rabbit strains, and a very limited
number of transplantable tumors. Therefore, numerous investigations
were performed to establish tumor angiogenesis models that comprise
the use of inbred strains to minimize variability of the angiogenic
response and the induction of angiogenesis by well-characterized
syngeneic rodent tumors. Although implantation models using differ

ent matrices or sponge material led to an increased reproducibility,
this strategy is often limited to an immunohistological analysis fol

lowing serial sections of the implant or to blood vessel induction by
only single angiogenic factors. The latter disadvantage was resolved
by the use of alginate for entrapment of tumor cells. This approach is
based on a biotechnology method for encapsulation of living cells and
was pioneered for tumor angiogenesis research by Plunkett and Halley
(9). In the case of alginate-encapsulated tumor cells, angiogenic
growth factors are released from the alginate beads and initiate the
host angiogenesis response. Although this is a remarkable feature of
the alginate tumor angiogenesis model, there is no reliable measure
ment of the angiogenesis response.

Our present model system, for the first time, comprises induction of the
angiogenesis response by tumor cells and measurement of vascularization
with respect to direct calculation of the functional blood volume. This
latter advance was achieved by the use of high molecular weight dextran

labeled with a fluorescent dye, which is known to be a reliable tool for in
vivo imaging of blood vessels, calculation of blood flow, and analysis of
macromolecular transport (14, 15). Using the LL2 carcinoma cell line
known for its strong angiogenic capacity and the B16IF1O melanoma cell
line, we demonstrated a close correlation between the number of encap
sulated cells and the amount of FITC-dextran in the alginate implant.
Furthermore, we demonstrated that our model system exhibits a high
sensitivity for determination of angiogenesis, as shown by the recovery of
the angiogenic response induced by only 10@encapsulated LL2 cells or
102 encapsulated B16/F10 melanoma cells. In addition to the low detec
tion limit, good tolerability, and easy handling, this angiogenesis model
permits direct calculation of the apparent blood volume via real-time
determination of FITC-dextran plama levels.

Angiogenesis quantification with high molecular weight FITC-dextran
was substantiated by the use of microspheres with l-@tmdiameters and
labeling with fluorescent dye, which is a well-established tool for meas
urement of regional blood flow (16). Using this technique, we also
demonstrated a significant accumulation of microspheres compared to
controls. The degree of microsphere accumulation was similar to that of
FITC-dextran. Because the size of microsheres limits their distribution to
the intravascular space, it can be concluded that the amount of FITC
dextran at the alginate implant after i.v. injection is substantially due to

the intravascular amount and should not be attributed to significant
extravazation through leaky blood vessels.

The present model system exhibits high sensitivity to investiga
tional antiangiogenic compounds. We tested potential angiogenesis
inhibition by treatment of mice with AGM-1470, the antiangiogenic

effect of which was first reported by Ingber et a!. (17). Because this
compound is growth inhibitory in a broad spectrum of tumors (18, 19)
and is specific to the endothelium (20, 21), it can be regarded as a
standard for experimental antiangiogenic inhibition. In this context,
we applied AGM-l470 in different schedules at doses required for
growth inhibition in vivo. The strong dose-dependent inhibition of
implant vascularization by AGM-1470 peaked at the level of controls
without tumor cells. Moreover, comparison with data obtained from
experiments on LL2 growth inhibition by AGM-1470 published by

Yamaoka et a!. (19), as well as our own experiments, indicates that the
degree of growth inhibition in vivo is closely related to the degree of

angiogenesis inhibition in the alginate angiogenesis model.
In conclusion, our investigations demonstrate a highly sensitive and

relevant in vivo model of tumor angiogenesis. The advantages include
reproducibility, reliable measurement of the angiogenic response, simple
handling, and direct calculation of the functional blood volume. Quanti
fication of angiogenesis is sensitive to the inhibitory action of antiangio
genic compounds at doses closely related to their known antitumor

activity. Therefore, our model system may be a significant contribution to
the characterization of antiangiogenic compounds.
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