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ABSTRACT

Albendazole is an anti-helminthic drug that has been shown to exhibit anti-cancer
properties, however its activity in head and neck squamous cell cancer (HNSCC) was
unknown. Using a series of in vitro assays, we assessed the ability of albendazole
to inhibit proliferation in 20 HNSCC cell lines across a range of albendazole doses
(1 nM-10 pM). Cell lines that responded to treatment were further examined for
cell death, inhibition of migration and cell cycle arrest. Thirteen of fourteen human
papillomavirus-negative HNSCC cell lines responded to albendazole, with an average
IC,, of 152 nM. In contrast, only 3 of 6 human papillomavirus-positive HNSCC cell lines
responded. Albendazole treatment resulted in apoptosis, inhibition of cell migration,
cell cycle arrest in the G2/M phase and altered tubulin distribution. Normal control
cells were not measurably affected by any dose tested. This study indicates that
albendazole acts to inhibit the proliferation of human papillomavirus-negative HNSCC
cell lines and thus warrants further study as a potential chemotherapeutic agent for
patients suffering from head and neck cancer.

INTRODUCTION

Head and neck cancer is the 6th most common
cancer diagnosis worldwide, with a reported annual
incidence of over 550,000 cases [1]. Although tobacco
and alcohol consumption are recognized as the two
main risk factors for the development of head and neck
squamous cell cancer (HNSCC), a subset of the tumours

are associated with human papillomavirus (HPV)
infection and viral oncogene expression. There has been
considerable focus on the management of this HPV-
positive disease due to the dramatic rise of incidence in
patients that are typically younger in age and healthier
[2]. The favorable survival outcomes in the HPV-positive
patients has led to significant efforts to de-intensify their
treatment [3]. In contrast, patients with HPV-negative
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disease make up a large portion of HNSCC (~40-60%) and
experience markedly poorer survival outcomes relative to
those that are HPV-positive [4, 5]. There is a critical need
to identify novel therapeutics for patients with classic risk
factors (smoking and drinking) that lead to HPV-negative
HNSCC disease.

Albendazole is a benzimidazole carbamate with an
extensive history of safe and routine use in both humans
and animals to eliminate parasitic worms [6, 7]. The anti-
helminthic ability of albendazole and other drugs of the
benzimidazole class has been primarily attributed to their
tubulin binding capacity, resulting in de-polymerization
and cell-cycle arrest in nematodes [8]. The ability of
benzimidazoles to inhibit microtubule polymerization
has led to investigation of their anti-cancer potential in
melanoma, ovarian, colorectal and hepatocellular cancer
models [9-12]. In addition to disrupting tubulin assembly
and causing cell cycle arrest in cancer cells, initial studies
demonstrated that this drug significantly reduced both
VEGF and HIF-1a activity and inhibited angiogenesis
[13, 14]. Albendazole has also been recognized as a
radiosensitizer in melanoma and small-cell lung cancer
models [9].

Here we demonstrate that albendazole markedly
reduces HNSCC cell-growth, with preferential activity in
HPV-negative cell lines. We further show that albendazole
can cause cell death and apoptosis, reduce cellular migration,
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induce cell-cycle arrest, and alter tubulin polymerization
within in vitro HNSCC experimental models.

RESULTS

Albendazole inhibited HNSCC cell line
proliferation, with preferential activity in
HPV-negative cell lines

We tested 20 HNSCC cell lines (14 HPV-negative
and 6 HPV-positive) with a range of albendazole doses
(1 nM-10 puM) to calculate half-maximal inhibitory
concentration (IC,)) values. Cells that did not reach 50%
viability relative to the control were considered non-
susceptible in the concentration range tested, and were
assigned an IC, value of 10 uM (maximum dose tested)
for further analyses. Albendazole inhibited growth in 13 of
14 (93%) HPV-negative cell lines at the tested doses when
compared to the untreated cells (Figure 1A). In contrast,
only 3 of 6 (50%) HPV-positive cell lines exhibited
reduced growth in response to albendazole treatment at
the doses tested (Figure 1A). HPV-negative cell lines had
lower mean IC,; values compared to the HPV-positive
HNSCC lines (p = 0.03, Figure 1B). Three normal cell
lines were also treated with albendazole and none reached
an IC, in the dose range tested, confirming the specificity
of albendazole for cancer cell lines.
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Figure 1: Albendazole inhibited the cell growth of HNSCC cell lines, with preferential activity in HPV-negative cell
lines. (A) HPV-negative, HPV-positive and normal cell lines were tested against increasing doses of albendazole in order to calculate IC,
values. Cell lines that did not reach 50% viability at the maximum dose (10 uM) are denoted as NS (not susceptible). (B) Mean potency
of albendazole for HPV-negative, HPV-positive and normal cell lines. Cell lines that did not reach IC, were assigned a value of 10 uM
(highest concentration tested) for statistical analysis. This potency trend suggests that albendazole demonstrates preferential activity in
HPV-negative cell lines (unpaired #-test; p < 0.05). Error bars reflect standard error, *» < 0.05 and ***p < 0.001.
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Albendazole treatment caused cell death and
apoptosis in the susceptible cell lines

To measure the effect of albendazole on cell health,
we performed live/dead assays. A significant increase in
the frequency of cell death was measured after the addition
of albendazole in the susceptible cell lines (Figure 2A).
This observation was true regardless of whether the cells
were HPV-positive or HPV-negative. Statistical analysis
(paired #-test) showed that albendazole caused a significant
increase in the percent of dead cells within susceptible
(Cal33 p = 0.028 and SCC47 p = 0.0006) cell lines, but no
significant changes in the non-susceptible (HSC2 p = 0.75,
93-VU-147T p = 0.56) and normal (WI38 p = 0.53) cell
lines. Thus, the ability of albendazole to induce cell death
is fully concordant with the reduction in cell proliferation
described above.

Based on previous studies, we hypothesized that
the drug-induced cell death may involve apoptosis [9].
Immunoblotting with an anti-PARP antibody demonstrated
that albendazole treatment induced partial cleavage of
PARP in a dose dependent manner (Figure 2B). Weak
PARP cleavage was visible starting at 0.5 uM and
increased as the dose was further escalated (Figure 2B).

Albendazole reduced cell migration in the
susceptible HNSCC cell lines

In an effort to observe the effect of albendazole on
cell migration, we performed scratch assays in 4 HPV-
negative and 4 HPV-positive HNSCC cell lines (Figure 3).
Albendazole treatment significantly reduced the rate
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of migration in the cell lines considered susceptible by
the cell proliferation studies (Cal33 p < 0.0001, Cal27
p < 0.0001, JHUOI1 p < 0.0001, SCC47 p = 0.0039,
SCC154 p < 0.0001). This effect was generally observed
at doses at or greater than 0.5 uM and was independent
of HPV status (Figure 3). In contrast, non-susceptible
cell lines did not respond with a significant change in the
migration rate to doses of albendazole as high as 1 uM
(p > 0.05 in HSC2, SCC2 and 93-VU-147T).

Albendazole blocked cell cycle progression

To determine how the cell cycle was being affected
by albendazole treatment, we performed flow cytometry
analysis. Flow cytometry indicated that albendazole
treatment altered the distribution of cells in various
phases of the cell-cycle (Figure 4). In all cell lines tested,
albendazole resulted in the accumulation of cells in the
G2/M phase of the cell cycle. The average increase in
the frequency of G2/M phase cells following treatment
with albendazole was significantly less in the normal
WI38 cell line than Cal33 (unpaired #-test, p < 0.0001) or
SCC47 (unpaired #-test, p < 0.0001) cell lines. We also
observed a reduced proportion of S phase cells in the
HNSCC cell lines, which further supports the hypothesis
that albendazole acts to inhibit cell proliferation.

Albendazole altered cellular tubulin distribution

Based on the known ability of albendazole to disrupt
tubulin assembly, we examined a-tubulin distribution
within Cal33 cells in response to treatment with various
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Figure 2: Albendazole caused cell death and apoptosis. (A) Live/dead assays were performed with Cal33, HSC2, SCC47, 93-VU-
147T and WI38 cell samples that were exposed to vehicle (DMSO-only) or 0.5 uM of albendazole (ABZ) for 24 hours (four replicates per
treatment). Albendazole treatment significantly increased the percentage of dead cells in susceptible cell lines (Cal33 and SCC47; paired
t-test, p = 0.026 and p < 0.001 respectively), but yielded insignificant changes in HSC2, 93-VU-147T and WI38 cell lines. “(S)” marks
the susceptible, and “(R)” marks the non-susceptible cell lines by IC50 analysis. Error bars show standard error, *p < 0.05 and **p < 0.01.
(B) Cal33 cells were exposed to vehicle (DMSO-only), 0.5 pM or 1 uM ABZ for 24 hours, and immunoblotted for PARP. Staurosporine
(St.) treatment was used as a positive control for apoptosis. Presence of cleaved PARP (c-PARP) at 1 uM albendazole treatment suggested

that apoptosis was involved in cell death.
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doses of albendazole. Visualization of a-tubulin distribution
within Cal33 cells by indirect immunofluorescence
revealed a dose-dependent change in tubulin distribution
and alteration of the tubulin assembly (Figure 5).
Specifically, treatment with just 0.1 uM albendazole caused
a slightly increased concentration of tubulin around the
nuclei as compared to the normal cytoplasmic distribution
of a-tubulin in the vehicle (DMSO-only) treated cells.
Tubulin distribution became progressively perinuclear at
higher drug concentrations. Indeed, at higher albendazole
doses of 0.5 uM and 1 puM there is a distinct absence
of ordinary cytoplasmic tubulin distribution, with the
appearance of concentric clumping of tubulin around the
nuclei and heavy nuclear staining.

DISCUSSION

The development of targeted cancer therapies based
on personalized medicine has been considered by many to

be the future of cancer treatment. One consequence of the
huge development and testing costs for these treatments
has been a rapid and economically unsustainable increase
in the cost of new cancer drugs [15]. As an attractive
alternative solution, repurposing the large arsenal of
existing approved, non-cancer drugs for cancer treatment
has become the focus of intense investigation [16].

Albendazole is an approved anti-parasitic drug with
an extensive history of safe and routine use in humans
since it was first approved in 1982 [6, 7]. Due to the
accumulating evidence that this drug may have potent
growth inhibitory effect on multiple types of cancer cells
[8-12], we decided to investigate albendazole for its
effects on head and neck cancer cells.

Albendazole had a potent anti-proliferative effect in
our panel of HNSCC cell lines, and we demonstrate that it
has preferential activity against HPV-negative lines. Growth
inhibition was accompanied by increased cell death in all
drug sensitive cell lines. Cell death was likely mediated by
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Figure 3: Albendazole impaired cell migration. Scratch assays were performed with 4 HPV-positive and 4 HPV-negative cell lines,
exposed to various concentrations of albendazole, and imaged at 0, 2, 5, 8, and 12 hours post-treatment. Linear regression analysis was used
to calculate the rate of growth (in pm/hour). Albendazole significantly reduced the rate of cell migration in cell lines that were susceptible in
IC50 analysis, and led to no significant changes in migration rate in the non-susceptible cell lines (ANCOVA analysis, ns = not significant,
*¥p < 0.01, ***p < 0.001). “(S)” marks the susceptible, and “(R)” marks the non-susceptible cell lines by IC50 analysis. Error bars

represent standard error.
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increased apoptosis, based on an increased level of PARP
cleavage. As the prognosis for patients with HPV-negative

tumors is much worse than for HPV-positive cancers [4],

the improved activity of albendazole against HPV-negative
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cell lines has important clinical ramifications. The reduced
effectiveness of albendazole in HPV-positive HNSCC cell
lines may be due to an HPV-related inhibition of apoptosis

[17]. Further work is needed to elucidate the mechanisms
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Figure 4: Albendazole induced cell cycle arrest at G2/M phase. Cal33 (HPV-negative), SCC47 (HPV-positive) and WI38
(normal) cells were exposed to vehicle (DMSO-only) or 0.5 uM albendazole (ABZ) for 24 hours (3 replicates per treatment, + standard
error is shown). BrdU and PI staining were carried out prior to flow cytometry analysis. “(S)” marks cells lines susceptible, and “(R)” marks
cell lines not susceptible to albendazole in IC50 analysis. *p < 0.05, **p < 0.01, ***p < 0.001, and NS = not significant.
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Figure 5: Dose-dependent disruption in the distribution of a-tubulin following exposure to albendazole. Experimental
treatments included vehicle (DMSO), 0.1 uM, 0.5 pM aornd 1 pM albendazole for 24 hours. o-tubulin was visualized using
immunofluorescence (green) and nuclei were stained with DAPI (blue). 40x fluorescence microscopy was used to assess changes in cellular
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underlying the differential treatment responses in HPV-
positive and negative cell lines.

Consistent with previous studies in other cancer
types, flow cytometry analysis demonstrated that
albendazole treatment arrested HNSCC cells in the G2/M
phase. This may result, at least in part from albendazole’s
known ability to inhibit tubulin polymerization [18], which
is essential for mitosis. We confirmed that albendazole
treatment dramatically altered the appearance and
distribution of tubulin in HNSCC cells.

The observation that albendazole triggers an arrest
in the G2/M stage of the cell cycle is intriguing, as
different cell cycle phases are associated with sensitivity
to radiotherapy, with the impact of radiation maximized
during the G2/M phase of the cycle [19]. Investigations
with small-cell lung cancer and melanoma cells have
demonstrated that albendazole and radiation can act in
synergy to inhibit cancer cell growth [9]. These findings
similarly suggest the potential application of albendazole
as a radiosensitizer in HNSCC treatment.

The routine use of the benzimidazoles in humans
for control of infectious diseases highlights their safety
and clinical applicability. However, the low aqueous
solubility and bioavailability of benzimidazoles is a
potential limiting factor in the use of these drugs as cancer
therapeutics [20-22]. Investigations with intravenous
delivery of the albendazole, nanoparticle assemblies
and solid dispersion techniques offer potential solutions
to increase the absorbance and plasma concentration of
albendazole [23-27]. Further research is required to assess
the response of head and neck cancer cells to these drug
delivery methods.

In conclusion, albendazole has shown strong
potential as a chemotherapeutic agent with high potency
against HNSCC cell lines, particularly in the HPV-
negative subset. We have shown that albendazole can
cause cell death through activation of apoptosis, initiation
of cell-cycle arrest and alteration of tubulin distribution
in vitro in HNSCC cell line models, collectively
highlighting its multi-faceted ability to control the growth
of these cancer cells.

MATERIALS AND METHODS

Reagents

Albendazole was obtained from Selleck Chemicals®.
Albendazole was dissolved in dimethyl sulfoxide (DMSO)
at a concentration of 10 mM to create a stock solution and
stored at —80°C.

Cell cultures

Human WI38, IMR90, HSC2 and primary oral
epithelial cells (hPOE; Abm Inc.) were grown in EMEM
(Wisent) supplemented with 10% fetal bovine serum
(FBS; Wisent), penicillin (100 TU/mL; Invitrogen) and

streptomycin (100 pg/mL; Invitrogen). Detroit 562, Cal27,
SCC9, FaDu, SCC15 were purchased from ATCC. RF37B
and RF22A were a kind gift of Dr. Robert Ferris (University
of Pittsburgh), UPCL:SCC090 and UPCIL:SCC154
were obtained from Dr. Suzanne Gollin (University of
Pittsburgh), PCI6B (University of Pittsburgh), HMS001
(a gift of Dr. James Rocco, Harvard Medical School),
JHUO11 (Johns Hopkins University), JHU006 (Johns
Hopkins University), 93-VU-147T gift of Dr. Johan de
Winter, VU Medical Center, Amsterdam, and SCC61
were a gift of Dr. Wendell Yarborough, Yale University.
Most HNSCC cell lines and were grown in DMEM/F12
(Wisent) supplemented with 10% fetal bovine serum
(FBS; GIBCO), penicillin (100 TU/mL; Invitrogen) and
streptomycin (100 pg/mL; Invitrogen). Cal33 cells were
grown in DMEM (Wisent) supplemented with 10% heat-
inactivated fetal bovine serum (FBS; GIBCO), penicillin
(100 TU/mL; Invitrogen) and streptomycin (100 pg/mL;
Invitrogen). BICR56 cells were grown in DMEM (Wisent)
supplemented with 10% fetal bovine serum (FBS; Wisent),
penicillin (100 IU/mL; Wisent), streptomycin (100 pg/mL;
Wisent), hydrocortisone (0.4pg/ml, Wisent) and glutamine
(2 mM, Wisent). Cells were incubated at 37°C and 5% CO,.

Drug potency assay

Cell lines were seeded in 96-well plates at 3000
cells/well. 24 hours later, albendazole was added in a
concentration series of 1, 3, 10, 30, 100, 300, 1000, 3000
and 10000 nM. Cells were exposed to drug for 72 hours
before assessing potency. For each drug concentration,
three replicates were carried out per cell line. Cell viability
was measured indirectly using the PrestoBlue® Reagent
(Thermofisher Scientific). To calculate the half-maximal
inhibitory concentration (IC)) value for each cell line,
the media alone (blank) was subtracted from the Relative
Fluorescence Unit (RFU) measures of each replicate to
account for the background signal. Normalized RFUs of the
drug-treated replicates were calculated as a percentage of the
mean RFU of the vehicle control (DMSO-only) treatment
replicates. IC, values, defined as the concentration at which
the normalized RFU reached 50%, were calculated by non-
linear regression (Prism® 7 Graphpad Software, Inc). Only
cell lines that dropped below 50% normalized RFU within
the dose range tested were considered to be substantially
affected by drug. An unpaired #-test was used to assess the
significance of the differences in IC, values between HPV-
positive and HPV-negative cell lines.

Live/dead assay

Cal33, HSC2, SCC47, 93-VU-147T and WI38
cell lines were seeded in 60 mm plates at a density of
100,000 cells/mL. Twenty-four hours later, samples were
treated with either vehicle control (DMSO) or albendazole
(500 nM). Four replicates of each treatment were used.
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Plates were incubated at 37°C for 24 hours. Samples were
trypsinized, and resuspended in media. For each replicate,
10 pL resuspended cells were mixed with Trypan blue
(Sigma-Aldrich) at a 1:1 ratio, allowed to incubate for
10 minutes, and placed on a hemocytometer for imaging
under brightfield microscopy. The ratio of live:dead cells
was then calculated for each plate. Two readings of each
sample were performed. Statistical significance was
determined using a paired #-test as DMSO-only and drug-
treated replicate readings were done in pairs.

Western blotting

Cal33 cells were treated with DMSO, 500 nM or
1 uM albendazole for 24 hours. As a positive control for
apoptosis, Cal33 cells were treated with 1uM staurosporin
(Selleck Chemicals) for 4 hours. PARP primary antibody
(Genetex Inc., cat. GTX100573), was administered
according to manufacturer recommendations. Actin levels
were detected using a rabbit anti-actin primary antibody
(Sigma-Aldrich, cat. A2066), and the same secondary
antibody (G-anti-R) and detection method as previously
noted. Western blot image is presented as scanned.

Scratch assay

Cells were seeded and allowed to grow in 6-well
plates until a confluent monolayer was formed. Each well
was then scratched across using a P1000 pipette tip. Media
was aspirated and the wells were washed twice using PBS.
Media (2 mL) with the drug concentration of choice was
added to each well. Treatment groups included DMSO-
only, 100 nM, 500 nM, or 1 uM albendazole. Regions of
the scratch to be imaged were then marked. Plates were
immediately imaged under a 4x objective to calculate
the initial distance between the two edges of scratch in
each well. This served as the 0 hour control. Cells were
then incubated at 37°C and imaging was repeated at 2,
5, 8 and 12 hours. The distance of migration of the edge
was measured (um) at 10 points for each image. Rate of
migration (um per hour) and standard error calculated for
each treatment using Prism® 7. Statistical analysis was
done through ANCOVA analysis in the Prism® 7 software.

Flow cytometry

To determine the potential effects of albendazole
on cell cycle, we treated Cal33, SCC47 and WI38 cells
with DMSO-only and 0.5 uM of albendazole for 24 hours.
Three replicates of each treatment were prepared. Cell
proliferation labeling reagent (5-bromo-2'-deoxyuridine
and 5-fluoro-2'-deoxyuridine) (GE Healthcare, cat.
RPN201) was added to the media and cultures were
incubated for 2 hours prior to harvesting. Cells were
trypsinized, resuspended in media and washed 3 times with
PBS. 95% Ethanol was used to fix cells. Cells were exposed
to 2N HCL/0.5% Triton X-100 and then 0.1 M NaB,O,

for permeabilization. Mouse anti-BrdU primary antibody
(1:50, BD Biosciences lot. 347580) and FITC-conjugated
horse anti-mouse secondary antibody (1:25, Vector
Laboratories cat. FI-2000) were added respectively, and
incubated for 30 minutes per step, at room temperature
and protected from light. Cells were then collected and
resuspended in propidium iodide (PI;10 mg/mL)
and RNase A (0.25 mg/mL, Bioshop Canada Inc., cat.
RNAG675), and incubated overnight at 4°C. To remove
cell aggregates, cell suspensions were passed through
cell strainers (Falcon® Corning Science Ref. 352235).
Flow cytometry analysis was then performed (Beckman
Coulter Inc, Cytomics™ FC500). Unpaired ¢-test statistical
analyses were performed for all of the comparisons.

Immunofluorescence

Cal33 cells were seeded and grown on glass
coverslips and exposed to DMSO-only, 100 nM, 500 nM
or 1 uM albendazole treatments for 24 hours. Three
replicates of each treatment were prepared. Cells were
fixed to the coverslips using 100% methanol (pre-chilled
at —20°C). Samples were blocked using 5% normal
donkey serum (Wisent) in PBS. Cells were then incubated
for 1 hour with a-tubulin primary antibody (1:50, Cell
Signaling Technology Cat. ID 2125) at room temperature,
then washed extensively with PBS. Alexa Fluor® 488 goat
anti-rabbit IgG secondary antibody (1:1000, Molecular
Probes, Inc.A-11008) was added to each slide and then
incubated in the dark for 60 minutes. DAPI (Molecular
Probes, Inc., 30 nM) was used for nuclear staining. Images
were obtained under 40x magnification using an Olympus
Provis AX70 microscope.

CONFLICTS OF INTEREST

Authors declare no conflicts of interest.

GRANT SUPPORT

This study was partially funded by a Canadian
Institute Health Research grants MOP 142491 to JSM and
ACN, and MOP 340674 to ACN.

REFERENCES

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin. 2011; 61:69-90.
Fakhry C, Westra WH, Li S, Cmelak A, Ridge JA, Pinto H,
Forastiere A, Gillison ML. Improved Survival of Patients
With Human Papillomavirus-Positive Head and Neck
Squamous Cell Carcinoma in a Prospective Clinical Trial.
J Natl Cancer Inst. 2008; 100:261-9.
3. Mirghani H, Amen F, Blanchard P, Moreau F, Guigay J,
Hartl DM, Lacau St Guily J. Treatment de-escalation
in HPV-positive oropharyngeal carcinoma: Ongoing

www.impactjournals.com/oncotarget

71518

Oncotarget



10.

11.

12.

13.

14.

15.

trials, critical issues and perspectives. Int J Cancer. 2015;
136:1494-503.

Nichols AC, Palma DA, Dhaliwal SS, Tan S, Theuer J,
Chow W, Rajakumar C, Um S, Mundi N, Berk S, Zhou R,
Basmaji J, Rizzo G, et al. The epidemic of human
papillomavirus and oropharyngeal cancer in a Canadian
population. Curr Oncol. 2013; 20:212-219.

Mehanna H, Beech T, Nicholson T, El-Hariry I,
McConkey C, Paleri V, Roberts S. Prevalence of human
papillomavirus in oropharyngeal and nonoropharyngeal
head and neck cancer—systematic review and meta-
analysis of trends by time and region. Head Neck. 2013;
35:747-755.

Horton J. Albendazole: a review of anthelmintic efficacy
and safety in humans. Parasitology. 2000; 121:S113-32.
Dayan A. Albendazole, mebendazole and praziquantel.

Review of non-clinical toxicity and pharmacokinetics. Acta
Trop. 2003; 86:141-59.

Lacey E. Mode of action of benzimidazoles. Parasitol Today
1990; 6:112-5.

Patel K, Doudican NA, Schiff PB, Orlow SJ. Albendazole
sensitizes cancer cells to ionizing radiation. Radiat Oncol.
2011; 6:160.

Pourgholami M, Woon L, Almajd R, Akhter J, Bowery P,
Morris D. In vitro and in vivo suppression of growth of
hepatocellular carcinoma cells by albendazole. Cancer Lett.
2001; 165:43-9.

Pourgholami MH, Akhter J, Wang L, Lu Y, Morris 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 Chemother
Pharmacol. 2005; 55:425-32.

Pourgholami MH, Yan Cai Z, Lu Y, Wang L, Morris 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; 12:1928-35.

Pourgholami MH, Khachigian LM, Fahmy RG, Badar S,
Wang L, Chu SWL, Morris DL. Albendazole inhibits
endothelial cell migration, tube formation, vasopermeability,
VEGF receptor-2 expression and suppresses retinal
neovascularization in ROP model of angiogenesis. Biochem
Biophys Res Commun. 2010; 397:729-34.

Pourgholami MH, Cai ZY, Badar S, Wangoo K,
Poruchynsky MS, Morris DL. Potent inhibition of tumoral
hypoxia-inducible factor 1o by albendazole. BMC Cancer.
2010; 10:143.

Light DW, Kantarjian H. Market spiral pricing of cancer
drugs. Cancer. 2013; 119:3900-3902.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Gupta SC, Sung B, Prasad S, Webb LJ, Aggarwal BB.
Cancer drug discovery by repurposing: teaching new tricks
to old dogs. Trends Pharmacol Sci. 2013; 34:508-517.

Du J, Chen GG, Vlantis AC, Chan PKS, Tsang RKY, van
Hasselt CA. Resistance to apoptosis of HPV 16-infected
laryngeal cancer cells is associated with decreased Bak and
increased Bcl-2 expression. Cancer Lett. 2004; 205:81-88

Dawson PJ, Gutteridge WE, Gull K. A comparison of the
interaction of anthelmintic benzimidazoles with tubulin
isolated from mammalian tissue and the parasitic nematode
Ascaridia galli. Biochem Pharmacol. 1984; 33:1069—-1074.

Pawlik TM, Keyomarsi K. Role of cell cycle in mediating
sensitivity to radiotherapy. Int J Radiat Oncol. 2004;
59:928-42.

Jung H, Medina L, Garcia L, Fuentes I, Moreno-Esparza R.
Biopharmaceutics: Absorption Studies of Albendazole
and Some Physicochemical Properties of the Drug and Its
Metabolite Albendazole Sulphoxide. J Pharm Pharmacol.
1998; 50:43-8.

Pourgholami MH, Szwajcer M, Chin M, Liauw W, Seef J,
Galettis P, Morris DL, Links M. Phase i clinical trial to
determine maximum tolerated dose of oral albendazole
in patients with advanced cancer. Cancer Chemother
Pharmacol. 2010; 65:597-605.

Marriner SE, Morris DL, Dickson B, Bogan JA.
Pharmacokinetics of albendazole in man. Eur J Clin
Pharmacol. 1986; 30:705-8.

Galtier P, Alvinerie M, Steimer JL, Francheteau P,
Plusquellec Y, Houin G. Simultaneous pharmacokinetic
modeling of a drug and two metabolites: application to
albendazole in sheep. J Pharm Sci. 1991; 80:3—-10.

Liu Y, Wang X, Ren W, Chen Y, Yu Y, Zhang J,
Bawudong D, Gu JP, Xu XD, Zhang XN. Novel
albendazole-chitosan nanoparticles for intestinal absorption
enhancement and hepatic targeting improvement in rats.
Biomed Mater Res Part B. 2013; 101B:998-1005

Kohri N, Yamayoshi Y, Xin H, Iseki K, Sato N, Todo S,
Miyazaki K. Improving the Oral Bioavailability of
Albendazole in Rabbits by the Solid Dispersion Technique.
J Pharm Pharmacol. 1999; 51:159-64.

Panwar P, Pandey B, Lakhera PC, Singh KP. Preparation ,
characterization , and in vitro release study of albendazole
- encapsulated nanosize liposomes. Int J] Nanomedicine.
2010; 5:101-8.

Noorani L, Stenzel M, Liang R, Pourgholami MH,
Morris DL. Albumin nanoparticles increase the anticancer
efficacy of albendazole in ovarian cancer xenograft model.
J Nanobiotechnology. 2015; 13:25.

www.impactjournals.com/oncotarget

71519

Oncotarget



