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ABSTRACT

This study was designed to assess the effect of albendazole (ABZ) on the
intraperitoneal tumour growth of ovarian cancer in female nude mice. Initially, in
vitro, OVCAR-3 cells isolated from the ascites of carrier mice were treated with ABZ
(0.01-1.0 micromoles/L) for periods ranging from 2 h to 9 days were examined for
cell viability, proliferation, and colony formation. In vivo, 21 days after i.p. cell
inoculation (10 million), one group of mice were euthanased (0 time control), while
the other groups were treated i.p. thrice weekly for 4 weeks with either the ABZ 150
mg/kg suspension or the vehicle. Blood samples and ascites were collected, just
before initiation of treatment and then at the end of the experiment. In vitro, ABZ
potently inhibited cell proliferation in a dose and time - dependent manner with an
ICso value of 0.128 micromoles/L. In vivo, tumour weights were 0.44 + 0.18 g in 0
time control mice, 1.957 £ 0.53 g in the vehicle treated and 0.65 = 0.10 g in ABZ
treated mice (p = 0.0002 compared to vehicle treated). Tumour marker levels (CA-
125), tumour proliferation index (Ki67), ascites volume, number of tumour floating
cells and protein levels in the ascites were all highly suppressed in ABZ treated mice.
Plasma and ascitic VEGF concentrations were also dramatically reduced in these
mice. These data demonstrate that in this revised experimental model, ABZ arrests
tumour growth and has an even greater effect in suppressing ascites formation.

INTRODUCTION

Malignant tumours are characterized by uncontrolled cellular proliferation.
Ongoing growth necessitates adequate blood supply to provide oxygen and nutrients
and thus making it an angiogenesis dependent event (1). The key mediator of
angiogenesis is vascular endothelial growth factor (VEGF), which is induced by many
characteristics of tumours, most importantly hypoxia. VEGF has been implicated to
play a central role in angiogenesis that is essential for growth and metastasis of
tumours and for malignant ascites formation. Through interaction with its tyrosine
kinase receptors (VEGFR-1, VEGFR-2 and VEGFR-3) located on vascular
endothelial cells, VEGF causes inhibition of apoptosis, induction of cell proliferation,
sprouting, migration and tube formation (2-4). It is now generally agreed that
VEGFR-2 is the major mediator of the mitogenic, angiogenic and permeability-

enhancing effects of VEGF (5). In situ hybridization studies have demonstrated that
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the VEGF mRNA is markedly up-regulated in the vast majority of the tumours so far
examined including, lung, breast, prostate, gastrointestinal, renal, bladder and ovary
(6). A correlation between VEGF mRNA expression and vascularity of the tumour
and degree of malignancy has also been documented (7, 8). Additionally, VEGF
expression is correlated to high mitotic activity , FIGO stage (9) and tumour cell
proliferation (10). These findings have led to the intriguing conclusion that tumour
vessels require constant VEGF stimulation to maintain their proliferative activity and
consequently VEGF deprivation of tumours leads to tumour regression.

Albendazole, a widely used broad spectrum benzimidazole carbamate (BZD)
anthelmintic drug with an excellent safety record has been shown to bind to B-tubulin
and act as a depolymerizing agent (11). In recent years, we have reported on the
antiproliferative activity of ABZ(12, 13). Additionally, we recently reported that ABZ
down regulates VEGF mRNA leading to suppression of VEGF levels (14). However,
despite this, under the conditions employed (late stage disease} intraperitoneal tumour
(human OVCAR-3) growth was neither arrested nor retarded (14). Overwhelming
evidence however suggest that effective inhibition of VEGF leads to suppression of
tumour growth. The availability of VEGF specific monoclonal antibodies capable of
inhibiting VEGF-induced angiogenesis in vivo, the specific tyrosine kinase receptor
inhibitors and the VEGF-Trap have all been shown to decrease tumour burden and
provide evidence for a role of VEGF in tumourigenesis (15-18). On this basis, ABZ is
expected to inhibit tumour growth. However, in our initial investigations on the effect
of ABZ in OVCAR-3 tumour bearing mice, despite suppression of VEGF and ascites
formation, no anti-tumour effect was observed (14). In that study drug treatment of
mice was initiated at a very late stage of the disease when huge tumour burden was

already present. The tumour core is where the drug must reach high enough
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concentrations to effectively inhibit tumour growth. It is believed that, in that model,
the huge tumour burden present at the time of initiating drug treatment severely
restricted ABZ penetration into the highly proliferative layers of the tumour.
Additionally at advanced stages of the disease, tumour angiogenesis and growth is
fuelled by murine VEGF produced by the host stromal cells and recruited into the
tumour (19). Significant VEGF expression also exists in fibroblasts and immune cells
that surround and invade the tumour mass (20). Subsequently tumours with greater
host stromal invasion and stromal derived VEGEF are less responsive to genetic or
pharmacological manipulations targeting VEGF production (21). On this basis, we
hypothesized that initiation of ABZ therapy at an earlier stage of the disease would
provide better grounds for evaluating the anti-tumour effects of the drug. In the
present study, using a battery of tests, we demonstrate that ABZ mediates potent in
vitro antiproliferative responses and profound in vivo anti-VEGF and anti-tumour
effects. This suggests that, timing of the anti-VEGF therapy has a critical impact on

the tumour growth and hence the treatment outcome.

MATERIALSAND METHODS

Cell preparation. Cells were collected from the ascites of carrier mice
inoculated with human ovarian carcinoma cell line OVCAR-3. These cells were
originally obtained from the American Type Culture Collection (ATCC), and
prepared for in vivo growth and subsequently in vitro cytotoxicity assays as
previously described (14). To ascertain that the cells collected are epithelial ovarian
cancer cells, immunostaining for the detection of CA-125 was performed using the
method described by McCormic et al. (22). For in vitro antiproliferative assays, cells

harvested from ascites of carrier mice were maintained in RPMI 1640 medium with 2
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mM l-glutamine, 2 g/L sodium bicarbonate, 4.5 g/L glucose, 10 mM HEPES, 1 mM
sodium pyruvate, 0.01 mg/ml bovine insulin, supplemented with 100 units/ml
penicillin and 100 units/ml streptomycin and 10% FBS in a humidified atmosphere at

37 °C.

In vitro cytotoxicity assay. Sulforhodamine B (SRB) assay (23) was used to
determine the in vitro sensitivity of the tumour cells to ABZ. Briefly, cells were plated
at a density of 3500 cells/well in 96-well plates and left in the incubator for 24 h.
Following attachment, cells were treated with culture medium containing various
concentration of ABZ (0.01 to 1.0 micromoles/L). ABZ was initially dissolved in
ethanol and then diluted with the medium to provide the final desired ABZ
concentration and a final ethanol content of 1%. Control cells were treated with
medium containing 1% ethanol. After 72 h of exposure to the drug, cells were fixed in
10% (w/v) TCA for 30 min at 4°C followed by tap water washing (X 5) and stained
with 0.4% (w/v) SRB dissolved in 1% acetic acid. Unbound dye was removed by 5
washes with 1% acetic acid before air-drying. Bound SRB was solubilized with 100
ul 10mM Tris base (pH-10.5) and the absorbance read at 570 nm. Absorbance
readings from the control wells were taken as 100% and absorbance from the ABZ
treated wells are presented as % control (mean * s.e.m.). Each drug concentration was
tested in eight wells and each experiment was repeated at least twice. To test the
effect of multiple dosing and longer treatment periods, Trypan blue cell viability assay
was used. Briefly, cells (20,000 per well) grown in 6 well plates were treated with
various ABZ concentrations (0, 0.1 and 1.0 micromoles/L) for 3, 6 or 9 days. The cell
culture medium was changed every other day. At the end of drug treatment period

number of viable cells remaining were counted.
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Colony formation assay. While the SRB assay measures cell proliferation,
colony formation assay measures the productive integrity of the cells following
withdrawal of drug treatment. The assays were performed as described by Liebmann
et al (24) with some modifications. Briefly, exponentially growing cells in Petri
dishes were exposed to ABZ for 2 h with the desired drug concentration, then washed
with phosphate buffer solution and plated in 0.6% agarose containing Petri dishes.
Following 3 weeks of incubation, number of colonies (cluster of cells greater than 50)
in each plate was recorded. The experiment was performed twice and the results are

presented as % of control.

Animals. For all experiments, 6-8 weeks old female nude athymic Balb C
nu/nu mice (Animal Resources Centre, Perth, Western Australia) were used. They
were kept under specific pathogen-free conditions and fed autoclaved pellets and
sterile water ad libitum. The general health status of the animals were monitored
daily. This work had institutional (University of New South Wales) animal ethics

committee approval.

I'n vivo assessment of tumour growth Mice were inoculated i.p. with 10 x 10 6
OVCAR-3 cells isolated from the ascites of carrier mice and suspended in 1 ml of medium.
Twenty one days later, a cohort was randomly selected and euthanased as day O controls. The
remaining mice were randomly allocated to 2 groups of vehicle (0.5% CMC, ImL given i.p.)
or drug (ABZ 150 mg/kg) treated groups. Using the leg vein, 0.2 mL of blood was collected
form each animal, and then animals were subjected to a peritoneal lavage (2 ml of sterile
normal saline injected i.p. and aspirated after kneading). Cell free ascites fluid, ascites cells,

plasma and tumours (in case of control group) collected were stored at -80 °C for analysis.
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Treatment was immediately initiated in the remaining 2 groups and continued thrice weekly
for 4 weeks. Abdominal circumference, body weight and general health of each animal were
checked each time before drug administration. At the end of treatment period, blood was
collected through cardiac puncture, animals were euthanased using lethobarbital i.p. injection
(VIRBIC, Sydney, Australia) and immediately subjected to a second peritoneal lavage as
described above. Volume of ascites (volume of peritoneal wash aspirated minus 2 ml), total
number of viable tumour cells collected from the peritoneal lavage and the weight of tumours
dissected from the peritoneal cavity were recorded. All collected samples were appropriately

stored at — 80 °C for subsequent analysis.

Maximum proliferation index and tumour marker levels. Immunohistochemical
staining of proliferating cells with Ki67 antibodies has widely been substituted for mitotic
counting in assessing tumour cell proliferation (25). To do this , the method described by

McCormick et al (22) was used with minor modifications. Briefly, paraffin embedded
samples (5-pum thick) were placed on glass slides for Ki67 with staining primary
monoclonal mouse human antibodies (Dako, California, 93013, USA ). Samples were
then deparaffinized in xylene, rehydrated in ascending series of ethanol and washed in
Tris-buffered physiological saline. Ki67 positive cells were scored by using Zeiss
AxioVision 3.0 image analysis program (Carl ZeissVision GMBH, Hallbergmoos,
Germany). Ten randomly chosen areas from each sample were examined under
microscope at x 200 magnification. The cell was considered Ki67 positive if there was
a clearly detectable brown colour in the nucleus. The MPI was expressed as
percentage of stained to non-stained cells in these tumour areas.

CA 125 (tumour marker) levels in cell free peritoneal wash were determined by the

St. George Hospital Biochemistry laboratories (Sydney, Australia).
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VEGEF levelsin plasma and ascites fluid. VEGF levels in plasma and cell free
ascites fluid were determined by means of an enzyme-linked immunosorbent assay
(ELISA) according to manufacturers instructions, (Quanti kine R& D systems,

Minneapolis, USA).

Protein assay. Protein content of the peritoneal wash collected from each
mouse prior to initiation of drug treatment and at the end of the drug treatment period
were determined using a protein assay kit according to the manufacturer instructions

(Bio-Rad Laboratories, Australian subsidiary).

Data analysis and statistics. All data are reported as the mean = SE. In vitro cell
proliferation data were analysed using student’s t test followed by Tukeys. Animal
data were analysed using Mann-Whitney U test. Effects were considered to be

statistically significant at p < 0.05.

RESULTS

Inhibition of cell proliferation and colony formation. Immunostaining of cells
collected from the peritoneal lavage of carrier mice were confirmed to be epithelial cells

highly expressing CA-125 (Fig.1A). Incubation of these cells with various concentrations
of ABZ in culture medium for 72 h resulted in dose-dependent inhibition of cell
proliferation (Fig. 1B). ABZ concentrations of over 0.1 micromoles/L inhibited cell
proliferation in a dose-dependent manner. Inhibition of cell proliferation was highly
significant (p = 0.001) in cells treated with 0.25 micromoles/L. ABZ concentration.
Cell viability in wells treated with the highest ABZ concentration (1.0 micromoles/L)

for 3 days, was down to 2.07 £ 0.72% of the control (p <0.001). Figure 1C
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demonstrates that repeated treatment of cells with ABZ concentrations of 0.1
micromoles/L and higher for 3, 6 or 9 days leads to even greater growth inhibition. In
contrast to single dose treatment, repeated treatment (3 doses over 5 days) with the 0.1
micromoles/L concentration led to significant (p <0.001) inhibition of cell
proliferation. Data from the colony formation assay (Fig. 1D) revealed that, short
exposure of cells to ABZ does not affect the integrity of the cell and the cells can
recover once the drug has been removed. Collectively these results demonstrate the
potent effect of ABZ on inhibiting cell proliferation in vitro in OVCAR-3 cells
collected from the peritoneal cavity of mice with malignant ascites. It is therefore
expected that through interaction with tubulin and also deprivation of the endothelial
and the tumour cells of VEGF, the drug would be able to inhibit tumour growth in

ViVO.

ABZ inhibitsin vivo tumour growth. Tumours excised from vehicle and ABZ
treated mice are depicted in figure 2A. It is evident from the tumour appearance that
ABZ treatment has led to marked suppression of growth. The average tumour weight
in 0 control animals (those euthanased at 3 weeks post cell inoculation) was 0.44 +
0.06 g. For the vehicle and ABZ treated mice, average tumour weights were 1.96 *
0.2 g (P=10.0002, compared to control mice) and 0.65 + 0.10 g (P =0.068)
respectively (Fig. 2B.) Using the formula “test — control /control x 100”, the tumour
growth ratio during the 4 weeks of treatment were found to be 47% compared to
345% for the ABZ and vehicle treated mice respectively. These results demonstrate
that, in this experimental nude mice model, initiation of ABZ treatment 3 weeks after

cell inoculation leads to arrest of tumour growth.
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Reduced Ki67 staining. Immunostaining of proliferating cells with Ki67
antibodies has widely been used for assessing tumour cell proliferation. A reduction
of Ki67-defined cell proliferation has been found in patients with good response to
chemotherapy for ovarian cancer (26). To gain further insight into the action of ABZ
on highly proliferating tumour cells, tumours collected were subjected to Ki67
antibody immunostaining. Percentage of proliferating cells in ABZ treated tumours

were 26.1 £ 7.1 % compared to 43.3 £ 5.2 % in vehicle treated tumours (p = 0.041).

Inhibition of ascites production. At the end of the treatment period, in
contrast to the vehicle treated mice, the ABZ treated animals had no macroscopically
visible sign of malignant ascites. In these mice, ABZ treatment led to inhibition of
ascites formation resulting in 5/6 mice being completely ascites free. The volume of
ascites collected from the vehicle and ABZ treated mice were 1.95 = 0.12 ml and 0.03
+ 0.03 ml respectively (Fig. 3A; p = 0.0001). These results demonstrate the highly
potent effect of ABZ in inhibiting ascites production in this experimental model of

ovarian carcinoma and peritoneal carcinomatosis.

Suppression of ascitic cell density, tumor marker and protein levels. At
euthanasia the number of tumour cells collected from the peritoneal lavage were 0.12
million and 144.8 million cells in ABZ and vehicle treated mice respectively
(Fig. 3B). Depicted in figure 3C. are the CA-125 levels in the peritoneal wash of these
mice prior to initiation of vehicle or ABZ therapy and at the end of the treatment
period. At euthanasia CA-125 levels in the ABZ treated mice were 1680 = 1163
units/ml compared to 34350 + 5284 units/ml in the vehicle treated mice (p<<0.001).
Excessive protein loss into the peritoneal cavity is a feature of malignant ascites
brought about by the microvasculature hyperpermeability. Protein concentrations

found in the cell free peritoneal wash of vehicle and ABZ treated mice are presented

10
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in figure 3D. As expected, ascitic protein levels in the ABZ mice were extremely

low.

Suppression of plasma and ascitic fluid VEGF levels. VEGF plays a central
role in both tumour growth and production of ascites. Using a standard ELISA kit,
VEGEF levels were measured in the plasma and the peritoneal wash collected from
animals just before and at the end of drug treatment (Fig. 4A. and 4B. respectively).
VEGF levels were highly suppressed in both the plasma and the peritoneal lavage. In

the peritoneal wash, VEGF levels were 1563 + 1163 pg/ml in ABZ treated mice

compared to 29420 + 2771 pg/ml for those treated with the vehicle only (p = 0.0001).

DISCUSSION

Malignant neoplasms are characterized by uncontrolled cellular proliferation.
Adequate blood supply and nutrients are required to sustain their growth. Tumour
growth and metastasis are angiogenesis-dependent events (27, 28). VEGFs are widely
regarded as the most important proteins involved in the development of
vasculogenesis, angiogenesis and lymphangiogenesis (3). Extensive research with
various anti-VEGF agents have led to the intriguing conclusion that tumour vessels
require constant stimulation with VEGF to maintain not only their proliferative
properties but also some key morphological features (1, 29, 30). While, overwhelming
experimental evidence suggest that inhibition of angiogenesis can lead to
suppression of tumour growth (21), the degree of tumour suppression has been shown
to be highly dependent on the pharmacological manipulation, tumour type and its
VEGF dependency, stromal VEGF contribution and importantly stage of disease at

initiation of drug therapy (21). In advanced disease, other pathways including growth

11
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factors, inflammatory cytokines and hormones also up-regulate VEGFmRNA
expression. Furthermore, as tumours grow, they begin to produce a wider array of
angiogenic molecules both VEGF related such as VEGF-C, PIGF and VEGF-
independent molecules such as bFGF or IL-8 (20, 30). Moreover, antiangiogenic
agents in clinical studies have shown little regression of existing tumours, but have
been effective in preventing the recurrence of disease when used in an adjuvant
setting. These findings suggest that the greatest role of antiangiogenic agents may be
in the prevention of new blood vessel formation rather than resorption of existing
tumour vessels (31). Our findings are consistent with these reports. Here, we found
that ABZ treated mice had significantly smaller tumours than the vehicle treated
group (p = 0.0002) but not significantly different (p = 0.068) from the 0 time control
group (p = 0.068). Hence demonstrating the arrest of tumour growth in ABZ treated
mice. This correlates well with the in vitro results showing that ABZ potently inhibits
proliferation of the very aggressive ascitic tumour cells in a dose and time-dependant
manner. In addition, the in vivo results revealed that, tumour cell proliferation index,
tumour maker levels, ascites formation, ascitic tumour cell number, ascitic protein
concentration, plasma and ascitic fluid VEGF levels were all considerably suppressed
in ABZ treated mice.

VEGF expression is highly regulated by hypoxia, which induces binding of
hypoxia-inducible factor-1a to the hypoxia response element in the VEGF gene
promoter region (32). Recent reports by Mabjeesh et al. and Escuin et al. (33, 34)
have revealed that, regardless of chemical structure, binding site, or net effect on
microtubule polymer mass, all microtubule-targeting agents (MTAs) down-regulate
HIF-1la. A proangiogenic transcription factor critically involved in tumour survival,

progression, and metastasis, HIF-1a highly regulates VEGF production (35-37). Prior

12
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to them, in 1992, Ettenson and Gotlieb (38) had reported antiangiogenic properties for
MTAs in vitro which was later confirmed in vivo by Belotti et al. in 1996 (39). It has
also been reported that endothelial cells are extremely sensitive to MTAs (40). In
experimental animal models, both anti-VEGF agents (monoclonal antibodies, VEGF
trap, TKR inhibitors) and MTAs have been shown to inhibit tumour growth. At
present it is unknown to what extent the anti-tumour effect of the later group of drugs
can be attributed to their indirect anti-VEGF properties. Interestingly, the primary
mode of action of ABZ in susceptible parasites has been attributed to its binding to [3-
tubulin leading to inhibition of microtubule polymerisation. Additionally, ABZ is
known to bind to B-tubulin and to act as a depolymerizing agent (41, 42). Over the last
few years we have progressively reported on the potential anticancer properties of
ABZ and most recently on its anti-VEGF properties and with these latest
developments, we are currently investigating the binding of ABZ to human tumour
tubulin and the contribution of such an event to the anti-VEGF and anti-tumour
effects of the drug.

In conclusion, a salient feature of the results presented here is that albendazole
potently inhibits tumour growth, an effect that may at least partly be mediated
through affective suppression of tumour VEGF and hence suggesting potential

therapeutic value for the drug in the treatment of highly VEGF dependent cancers.

13



OVCAR-3 tumor arrest by albendazole

References

1.
2.

3.

(9}

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ferrara N VEGF as a therapeutic target in cancer. Oncology, 2005; 69 Suppl 3: 11-16.
Ferrara N, Gerber HPLeCouter J The biology of VEGF and its receptors. Nature Medicine.,
2003; 9: 669-676.

Roy H, Bhardwaj SYla-Herttuala S Biology of vascular endothelial growth factors. FEBS
Lett, 2006; 580: 2879-2887.

Kowanetz MFerrara N Vascular endothelial growth factor signaling pathways: therapeutic
perspective. Clin Cancer Res, 2006; 12: 5018-5022.

Angiogenesis as a therapeutic target. Nature, 2005; 438: 967-974.

Boocock CA, Charnock-Jones DS, Sharkey AM, McLaren J, Barker PJ, Wright KA,
Twentyman PRSmith SK Expression of vascular endothelial growth factor and its receptors flt
and KDR in ovarian carcinoma. Journal of the National Cancer Institute., 1995; 87. 506-516.
Ferrara N, Hillan KJ, Gerber HPNovotny W Discovery and development of bevacizumab, an
anti-VEGF antibody for treating cancer. Nature Reviews. Drug Discovery., 2004; 3: 391-400.
Ferrara N Vascular endothelial growth factor: Basic science and clinical progress. Endocrine
Reviews, 2004; 25: 581-611.

Brustmann HNaude S Vascular endothelial growth factor expression in serous ovarian
carcinoma: relationship with high mitotic activity and high FIGO stage. Gynecol Oncol, 2002;
84: 47-52.

Mesiano S, Ferrara NJaffe RB Role of vascular endothelial growth factor in ovarian cancer:
inhibition of ascites formation by immunoneutralization. American Journal of Pathology,
1998; 153: 1249-1256.

Horton J Albendazole: a review of anthelmintic efficacy and safety in humans. Parasitology,
2000; 121 Suppl: S113-132.

Pourgholami MH, Woon L, Almajd R, Akhter J, Bowery PMorris DL In vitro and in vivo
suppression of growth of hepatocellular carcinoma cells by albendazole. Cancer Lett, 2001;
165: 43-49.

Pourgholami MH, Akhter J, Wang L, Lu YMorris DL Antitumor activity of albendazole
against the human colorectal cancer cell line HT-29: in vitro and in a xenograft model of
peritoneal carcinomatosis. Cancer Chemotherapy & Pharmacology, 2005; 55: 425-432.
Pourgholami MH, Cai YZ, Lu Y, Wang LMorris DL Albendazole: a potent inhibitor of
vascular endothelial growth factor and malignant ascites formation in OVCAR-3 tumor-
bearing nude mice. Clin Cancer Res, 2006; 12: 1928-1935.

Hu L, Zaloudek C, Mills GB, Gray JJaffe RB In vivo and in vitro ovarian carcinoma growth
inhibition by a phosphatidylinositol 3-kinase inhibitor (LY294002). Clinical Cancer
Research., 2000; 6: 880-886.

Byrne AT, Ross L, Holash J, Nakanishi M, Hu L, Hofmann JI, Yancopoulos GDJaffe RB
Vascular Endothelial Growth Factor-Trap Decreases Tumor Burden, Inhibits Ascites, and
Causes Dramatic Vascular Remodeling in an Ovarian Cancer Model. Clinical Cancer
Research, 2003; 9: 5721-5728.

Xu L, Yoneda J, Herrera C, Wood J, Killion JJFidler 1J Inhibition of malignant ascites and
growth of human ovarian carcinoma by oral administration of a potent inhibitor of the
vascular endothelial growth factor receptor tyrosine kinases. International Journal of
Oncology., 2000; 16: 445-454.

Holash J, Davis S, Papadopoulos N, Croll SD, Ho L, Russell M, Boland P, Leidich R, Hylton
D, Burova E, Ioffe E, Huang T, Radziejewski C, Bailey K, Fandl JP, Daly T, Wiegand SJ,
Yancopoulos GDRudge JS VEGF-Trap: a VEGF blocker with potent antitumor effects. Proc
Natl Acad Sci U S A, 2002; 99: 11393-11398.

Gerber HP, Kowalski J, Sherman D, Eberhard DAFerrara N Complete inhibition of
rhabdomyosarcoma xenograft growth and neovascularization requires blockade of both tumor
and host vascular endothelial growth factor. Cancer Res, 2000; 60: 6253-6258.
Barbera-Guillem E, Nyhus JK, Wolford CC, Friece CRSampsel JW Vascular endothelial
growth factor secretion by tumor-infiltrating macrophages essentially supports tumor
angiogenesis, and IgG immune complexes potentiate the process. Cancer Res, 2002; 62: 7042-
7049.

Liang WC, Wu X, Peale FV, Lee CV, Meng YG, Gutierrez J, Fu L, Malik AK, Gerber HP,
Ferrara NFuh G Cross-species vascular endothelial growth factor (VEGF)-blocking antibodies
completely inhibit the growth of human tumor xenografts and measure the contribution of
stromal VEGF. J Biol Chem, 2006; 281: 951-961.

14



22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

OVCAR-3 tumor arrest by albendazole

McCormick D, Chong H, Hobbs C, Datta CHall PA Detection of the Ki-67 antigen in fixed
and wax-embedded sections with the monoclonal antibody MIB1. Histopathology, 1993; 22:
355-360.

Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D, Warren JT, Bokesch H,
Kenney SBoyd MR New colorimetric cytotoxicity assay for anticancer-drug screening. J Natl
Cancer Inst, 1990; 82: 1107-1112.

Liebmann JE, Cook JA, Lipschultz C, Teague D, Fisher JMitchell JB Cytotoxic studies of
paclitaxel (Taxol) in human tumour cell lines. Br J Cancer, 1993; 68: 1104-1109.

Jalava P, Kuopio T, Juntti-Patinen L, Kotkansalo T, Kronqvist PCollan Y Ki67
immunohistochemistry: a valuable marker in prognostication but with a risk of
misclassification: proliferation subgroups formed based on Ki67 immunoreactivity and
standardized mitotic index. Histopathology, 2006; 48: 674-682.

Goff BA, Ries JA, Els LP, Coltrera MDGown AM Immunophenotype of ovarian cancer as
predictor of clinical outcome: evaluation at primary surgery and second-look procedure.
Gynecol Oncol, 1998; 70: 378-385.

Folkman J Tumor angiogenesis: therapeutic implications. New England Journal of Medicine.,
1971; 285: 1182-1186.

Ferrara NKerbel RS Angiogenesis as a therapeutic target. Nature, 2005; 438: 967-974.
Ferrara NDavis-Smyth T The biology of vascular endothelial growth factor. Endocr Rev,
1997; 18: 4-25.

Carmeliet PJain RK Angiogenesis in cancer and other diseases. Nature., 2000; 407: 249-257.
Osusky KL, Hallahan DE, Fu A, Ye F, Shyr YGeng L The receptor tyrosine kinase inhibitor
SU11248 impedes endothelial cell migration, tubule formation, and blood vessel formation in
vivo, but has little effect on existing tumor vessels. Angiogenesis, 2004; 7: 225-233.

Marti HHRisau W Systemic hypoxia changes the organ-specific distribution of vascular
endothelial growth factor and its receptors. Proc Natl Acad Sci U S A, 1998; 95: 15809-
15814.

Mabjeesh NJ, Escuin D, LaVallee TM, Pribluda VS, Swartz GM, Johnson MS, Willard MT,
Zhong H, Simons JWGiannakakou P 2ME2 inhibits tumor growth and angiogenesis by
disrupting microtubules and dysregulating HIF. Cancer Cell, 2003; 3: 363-375.

Escuin D, Kline ERGiannakakou P Both microtubule-stabilizing and microtubule-
destabilizing drugs inhibit hypoxia-inducible factor-1alpha accumulation and activity by
disrupting microtubule function. Cancer Res, 2005; 65: 9021-9028.

Ryan HE, Lo JJohnson RS HIF-1 alpha is required for solid tumor formation and embryonic
vascularization. Embo J, 1998; 17: 3005-3015.

Angiogenesis in cancer and other diseases. Nature, 2000; 407: 249-257.

Vascular endothelial growth factor (VEGF) modulation by targeting hypoxia-inducible factor-
lalpha--&gt; hypoxia response element--&gt; VEGF cascade differentially regulates vascular
response and growth rate in tumors. Cancer Res, 2000; 60: 6248-6252.

Ettenson DSGotlieb Al Centrosomes, microtubules, and microfilaments in the
reendothelialization and remodeling of double-sided in vitro wounds. Lab Invest, 1992; 66:
722-733.

Belotti D, Vergani V, Drudis T, Borsotti P, Pitelli MR, Viale G, Giavazzi RTaraboletti G The
microtubule-affecting drug paclitaxel has antiangiogenic activity. Clin Cancer Res, 1996; 2:
1843-1849.

Pasquier E, Honore SBraguer D Microtubule-targeting agents in angiogenesis: where do we
stand? Drug Resist Updat, 2006; 9: 74-86.

Ireland CM, Gull K, Gutteridge WEPogson CI The interaction of benzimidazole carbamates
with mammalian microtobule protein. Biochem Pharmacol, 1979; 28: 2680-2682.

Lacey EWatson TR Structure-activity relationships of benzimidazole carbamates as inhibitors
of mammalian tubulin, in vitro. Biochem Pharmacol, 1985; 34: 1073-1077.

Tsuzuki Y, Fukumura D, Oosthuyse B, Koike C, Carmeliet PJain RK Vascular endothelial
growth factor (VEGF) modulation by targeting hypoxia-inducible factor-1lalpha--&gt; hypoxia
response element--&gt; VEGF cascade differentially regulates vascular response and growth
rate in tumors. Cancer Res, 2000; 60: 6248-6252.

15



OVCAR-3 tumor arrest by albendazole

Figurelegends:

Figure 1. OVCAR-3 cells isolated from the ascitic fluid of carrier mice were used for
all in vitro tests. Initially these cells were immunostained and examined for CA 125
expression (magnification x 200). The brown staining confirms the epithelial nature
of these tumour cells (A). Dose-response inhibition of proliferation of tumour cells in
vitro where cells were treated with a single dose of ABZ (0.01 —1.0 micromoles/L) for
72 h (B). Cell viability as assessed by Trypan Blue, after 3, 6 or 9 days of treatment
with ABZ (C). Cell integrity following ABZ treatment was assessed using the colony
formation assay, where after 2 h of drug exposure, cells in agar plates were incubated
for 3 weeks (medium without drug) and the number of colonies formed were counted
(D). Columns, mean; bars, SE.

Figure 2. Depicted in section A are tumors excised from peritoneal cavity of mice
treated i.p. (1 mL) 3 times weekly for 4 weeks with the vehicle or ABZ (150 mg/kg).
Arrest of tumour growth in ABZ treated mice is demonstrated in section B. C is 0
time control representing tumour weight (g) in the group of mice euthanased 3 weeks
after cell inoculation. Values represent mean = SE and the median for each group.

Figure 3. Ascites volume (A), number of floating tumour cells (B), tumour marker
level (C), protein concentration (D), in vehicle (VEH or ABZ treated mice). 1 and 2
refer to pre and post treatment values in the same group of animals respectively. Mice
treated with ABZ barely produced any ascites during the treatment period. Columns,
mean; bars, SE.

Figure 4. VEGF levels in plasma (A) and ascites fluid (B) of vehicle (VEH) and ABZ
treated mice showing huge difference between the 2 group at the end of the treatment
period (ABZ-2 versus VEH-2; p < 0.0001). Columns, mean; bars, SE.
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Figure 1A
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Figure 2A
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Figure 3A
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Figure 3B
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Figure 3C
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Figure 3D
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Figure 4A
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» -
< 40000 |
>
2
L 30000-
T
i T
2 2 20000-
= N
o
= 10000+ p<0.0001
(2]
<
0- —

VEH-1 VEH-2 ABZ-1 ABZ-2



	Article File #1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16

	untitled
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12


