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Abstract

Background/Aims: The aim of this research was to use Mebendazole as an anticancer
candidate to reduce the dose of Flutamide and reduce its side effects. Method: In this in
vitro study, we evaluated the effect of Mebendazole, Flutamide and Mebendazole-Flutamide
combination therapy in LNCaP, DU145 and PC3 cell lines as representatives of human prostate
cancer. The assessment includes scratch-wound assay, colony formation assay, flow cytometric
analysis of apoptosis and DNA cell cycle, real-time PCR (BAX/BCL2, E-cadherin, N-cadherin,
Snail, HIFTa, VEGFC, KLK3, TUBBT and TUBB3 genes). Results: To determine IC_, levels, cell
lines were exposed to different concentration of the drugs. Our data indicated that IC_ values
for Mebendazole (55uM) and for 3 cell lines and flutamide (12pM and 10uM) for PC3 and
LNCaP/DU145 respectively, with MTT were approved by flow cytometry in a dose and time-
dependent manner which was as a consequence of cell cycle arrest at G1/S phase. Furthermore,
for the first time, we offered that combination of mebendazole and flutamide produced a
greater inhibitory effect on cell viability, colony formation, and migration than either agent
alone at the tested concentrations. The combination treatment also increased apoptotic cell
populations and upregulated the BAX/BCL2 mRNA ratio and E-cadherin expression in all three
cell lines (P<0.01) and downregulated the expression of TUBBT in DU145 and TUBB3 genes in
DU145 and PC3 cell lines (P<0.01). Conclusion: Mebendazole in combination with flutamide
reduced dose of flutamide and increased the sensitivity of prostate cancer cells to treatment.
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Therefore, this combination may represent a promising in vitro strategy that warrants further

mechanistic and in vivo investigation. © 2026 The Author(s). Published by
Cell Physiol Biochem Press GmbH&Co. KG

Introduction

Recent estimates from GLOBCAN indicate that in 2020, there were around 20 million
new cancer cases and nearly 10 million deaths attributed to cancer. This data underscores the
significance of cancer as a critical societal and economic issue in the 21st century. Prostate
cancer remains particularly prominent, with 1.5 million new diagnoses and approximately
400, 000 fatalities worldwide(1-3). The treatment of prostate cancer (PCa) involves a range
of options such as chemotherapy, radiation therapy, hormone therapy, surgical interventions,
and cryotherapy. For cases of recurrent biochemical metastatic prostate cancer, androgen-
deprivation therapy (ADT), often referred to as hormonal therapy, serves as the main
approach to management (4).

ADT is associated with a range of side effects such as anemia, depression, hot flashes, and
erectile dysfunction, which raises considerable concerns for both healthcare providers and
patients. Therefore, it is essential to create new medications that are not only commercially
feasible but also exhibit minimal side effects to improve the efficacy of androgen deprivation
therapy. Early diagnosis of urological cancers in cancer patients is vital and essential for
timely treatment(5). This scenario underscores the critical necessity for the development
of novel therapeutic agents. Research efforts should focus on discovering new drugs that
not only minimize side effects but also effectively address drug resistance (6-9). Flutamide
(Eulexin), a nonsteroidal antiandrogen agent, is commonly used in clinical settings as an
alternative treatment for advanced PCa patients(10). In conventional practice, although
flutamide has the potential to be used as monotherapy as well as in combination with
luteinizing hormone-releasing hormone analogs, adverse outcomes have been reported
for monotherapy as well(11, 12). In the context of prostate cancer, primary or secondary
therapy resistance is a significant clinical concern, impacting approximately 30% of patients
(13, 14).

On the other hand, the PSA response rate of flutamide is 35% (15, 16). Therefore, in new
studies, efforts are being made to use safer drugs to increase the effectiveness of these drugs,
reduce side effects, and eliminate resistance. Mebendazole is an antiparasitic medication was
first tested against cancer in 2002 (17). Today, research has concluded that mebendazole
possesses many desirable features for a new drug: a well-established and well-established
toxicity profile, pharmacokinetics that allow therapeutic concentrations to be reached at
the site of the disease, ease of administration and low price(18). Meanwhile, mebendazole
has been shown to suppress tumor growth in vitro and in vivo (18), thus repositioning it
as a novel anticancer agent. By preventing tubulin polymerization in cancer cells such as
glioblastoma and melanoma, mebendazole disrupts microtubule function and leads to cell
death(18, 19). Furthermore, in other studies, mebendazole has been shown to be synergistic
with a wide range of other anticancer drugs such as metronomic chemotherapy, including
other existing drugs such as hydroxychloroquine and metformin and docetaxel, etic (18).

Given that flutamide alone does not produce an adequate response in some advanced
prostate cancers, or genetic resistance has been seen in some cases, finding a complementary
drug to use in combination with flutamide could treata wider range of patients with advanced
prostate cancer. This strategy may help reduce the side effects of Flutamide, improve its
efficacy across various stages of cancer progression, and tackle the resistance mechanisms
that cancer cells develop in response to monotherapy. The present study seeks to explore the
combined effects of mebendazole and Flutamide on prostate cancer cell lines. Because evasion
of apoptosis is a key feature of cancer progression and therapeutic resistance, evaluation
of apoptotic cell death is important when assessing potential anticancer treatments (20).
Therefore, in addition to cell viability, colony formation, and migration, the present study
assessed apoptosis and the expression of apoptosis-related genes to better characterize the
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cellular response to mebendazole, flutamide, and their combination.

Materials and Methods

Cell culture

Cell lines of PC-3, LNCaP DU145and (NCBI Code: C428, C439 and C428 respectively) were obtained
from the Pasteur institute of Iran. Cell lines were maintained in DMEM medium (Gibco) supplemented with
10% fetal bovine serum, 1000 units/mL Penicillin and 100 microgram/mL streptomycin (Gibco) in a 5%
CO, humidified incubator at 37C.

MTT Assay

IC, and inhibitory effect of Mebendazole on the metabolic activity of prostate cancer cell lines were
evaluated using 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide MTT assay, after seeding
at 5000 cells per well in 96-well plates, cell lines were exposed to various concentration of Mebendazole
for 24h, 48h and 72h. Then cells were incubated with 100 pL of MTT solution (0.5 mg/ mL, Sigma-Aldrich)
for 2-4h at 37°C. After the dissolving of formazan crystals in 100 pL of dimethyl sulfoxide (DMSO), the
optical density was measured at the wavelength of 545 nm by an enzyme-linked immunosorbent assay
(21) microplate reader. Dose- response curves were plotted and IC,; was graphed using Graph-Pad PRISM
software (version 9). The formula for calculating cell viability as a percentage is expressed as follows: the
average absorbance of the triplicate treatment wells is divided by the average absorbance of the control
wells, and the result is then multiplied by 100. The combination treatment was evaluated at selected
concentrations based on the single-agent dose-response results. No formal drug-interaction model, such as
combination-index, Bliss, Loewe, or ZIP analysis, was applied in the present study.

Cell colony formation assay

Cell lines in the treatment group and control group were seeded at the rate of 1.5 x 103 cells per
well on six-well plates and incubated for 2 weeks. After 14 days, the bottom of the plate was coated by 2%
agarose gel. Then, cells were mixed with the culture medium containing 0.7% agarose gel and poured on the
gel- coated surface of the plate. The culture medium was changed every 4 days. After this time, cells were
fixed with cold paraformaldehyde 4%, washed with PBS, and stained with 0.1% crystal violet. Calculation of
the colony formation rate was done using Image] software (version 1.53).

Flow cytometric measurement of apoptosis

Cell viability, apoptosis and necrosis were determined using an Annexin-V and PI (propidium iodide)
kit (BioLegend; CAT Number: 640914) according to the manufacturer’s instructions. After overnight
incubation of cell lines in DMEM/10% FBS at 37°C, cells were exposed to various concentrations of
Flutamide, Mebendazole and combination for 48h. Incubation in darkness for 15 min at 37°C was done
after the addition of PI and Annexin-V. The scatter plots were categorized into four distinct regions, each
representing various cell populations. The area designated for viable cells, characterized by being annexin-
V-negative and Pl-negative, was identified as Q4 and situated in the lower left quadrant. The region for
early apoptotic cells, which are annexin-V-positive and Pl-negative, was marked as Q3 and found in the
lower right quadrant. The upper right quadrant contained the area for late apoptotic cells, labeled as Q2,
which are both annexin-V-positive and PI-positive. Finally, the upper left quadrant was assigned to necrotic
cells, identified as Q1, which are annexin-V-negative and Pl-positive. The quantification of apoptosis was
achieved by assessing the percentage of annexin V+/PI- cells through a flow cytometer. The data obtained
were subsequently analyzed using Flowjo software (Tree Star Inc., version 9.6.3, USA).

Migration potential analysis by Scratch- wound assay

A vertical scratch was applied via pipette tip to the confluent PC-3, DU145 and LNCaP cells (about 85%
confluency) and the plates were washed with serum-free medium twice. After overnight serum starvation,
control and experimental groups were exposed to PBS and Mebendazole, respectively. Finally, cell imaging
was performed at 24 h intervals. The cell migration rate was estimated by measurement of area among the
two scratch edges in comparison to the control group. Calculation of the wound healing size was done using
Image] software (version 1.53).
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Table 1. Primer sequences of target and normalizer genes

Gene Forward Primer (5’-3") Reverse Primer (3-5’) Product Size (22)
B:M TGTCTTTCAGCAAGGACTGGT TGCTTACATGTCTCGATCCCAC 143
BCL2 CCCCGCGACTCCTGATTCAT CAGTCTACTTCCTCTGTGATGTTGT 168
BAX CGGGTTGTCGCCCTTTTCTAC AGTCCAATGTCCAGCCCATGA 103
E-Cadherin  TCGTAACGACGTTGCACCAA TTCGGAACCGCTTCCTTCAT 175
N-Cadherin  GCCATCAAGCCTGTGGGAAT GGAGCCACTGCCTTCATAGT 198
SNAIL1 TAGCGAGTGGTTCTTCTGCG AGGGCTGCTGGAAGGTAAAC 164
VEGFC GCTTCTTCTCTGTGGCGTGT CTTTGCTTGCATAAGCCGTGG 150
HIF-1a GTGCCACATCATCACCATATAG GCTTTCTCTGAGCATTCTGCAA 201
KLK3 CGTGACGTGGATTGGTGCT TTCCTGATGCAGTGGGCAG 175
TUBB1 GCAAGGATGCGTGAAATTGTCC ~ CGTAGGCTTCGTTGTAGTACAC 172
TUBB3 TCTCACAAGTACGTGCCTCG CTCCTTCCGCACCACATCCA 204
DNA cell cycle analysis

Mebendazole-treated (48 h) and untreated cells were fixed using 70% cold ethanol for 24 h. After
double wash with PBS, cells were incubated with RNase I and 500 pL PI for 30 min at 37°C. Cell detection
was performed by flow cytometer. Flowjo software (Tree Star Inc., version 9.6.3, USA) was used to analyse
the data. Cell arrest at sub-G0/G1 was considered apoptosis.

Gene expression analysis by real-time PCR

Total RNA extraction was performed using TRIpure Total RNA Extraction Reagent (As Trizol) ELK
Biotechnology CO., Ltd. The Colibri Microvolume Spectrometer was used to measure the concentration of
RNA. The cDNA was synthesized using the Easy TM cDNA Synthesis Kit (Pars Toos. Co., Iran). Real-time
PCR was performed using QIAGEN’s thermocycler with a total sample volume of 20 pL. The PCR reaction
specificity confirmation was applied through melting curve analysis. B,M mRNA levels were considered as
an internal control to estimate the relative expression levels by the 2-AACT method. Table 1 represents the
nucleotide sequences of primers.

Statistical analysis

All experiments were performed in triplicate and the data were presented as means + SD. Statistical
analysis was performed by ANOVA and Student’s ¢-test. Statistical significance was considered as *p < 0.05,
**p <0.01, **p < 0.001, and ****p < 0.0001.

Results

MTT assay

The cell viability assays were performed on three different prostate cancer cell lines,
LNCaP, DU145, and PC3, to evaluate the efficacy of Mebendazole and Flutamide, both
individually and in combination. The results demonstrated a dose and time dependent
decreasein cell viability across all three cell lines when treated with increasing concentrations
of either Mebendazole or Flutamide alone. At the tested concentrations, the combination of
mebendazole and flutamide produced a greater reduction in MTT-based cell viability than
either single-agent treatment in all three prostate cancer cell lines. The IC  doses, indicated
by stars (*) in the figure 1, represent the concentrations at which cell viability was reduced
by 50% (Fig. 1). In all three cell lines, the IC, | dose for Mebendazole alone was approximately
55 uM, while for Flutamide alone, it was around 10 pM for LNCaP and DU145 cell lines and
12 uM for PC3 cell line. However, when combined with Mebendazole (50 uM), the IC, dose
for flutamide decreased to 8 pM for LNCaP /DU145 and 10 uM for PC3 cell lines at 48 hours.
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Fig. 1. Dose-response effects of Flutamide and Mebendazole, alone and in combination, on cell viability
in prostate cancer cell line. Cell viability was assessed at 24, 48, and 72 hours after treatment using the
indicated concentrations of Flutamide (F) and Mebendazole (M) in the LNCaP, DU145, and PC3 prostate
cancer cell lines. Data are presented as mean % cell viability + SEM from three independent experiments.
Stars (*) indicate the IC,, doses where 50% reduction in cell viability was observed compared to untreated
controls. The combination of Mebendazole (50 uM) and flutamide (8-10uM) produced a greater reduction

in MTT-based cell viability than either single-agent treatment.
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Evaluation of cell morphology

The morphological examination of prostate cancer cell lines, LNCaP, DU145, and PC3,
was performed to evaluate the effects of Mebendazole and flutamide, both individually and
in combination, on cellular morphology. The control cells exhibited a typical morphology,
with adherent and well-spread cells.

In the LNCaP and DU145 and PC3 cell line, treatment with flutamide (10 and12 uM) or
Mebendazole (55 pM) alone resulted inareductionin cell density and altered cell morphology,
with cells appearing more rounded and detached from the surface. However, the combination
of flutamide (8 uM) and Mebendazole (50 uM) for LNCaP and DU145, and flutamide (10 pM)
and Mebendazole (55 uM) for PC3, induced more pronounced morphological changes, with
a substantial decrease in cell density and the presence of numerous detached and shrunken
cells, indicative of cell death and had a more profound effect, with a substantial reduction
in cell density and the presence of numerous detached and shrunken cells, indicative of cell
death (Fig. 2).

Evaluation of colony formation

The colony formationassay was performed to assess thelong-term effects of Mebendazole
and flutamide, both individually and in combination, on the clonogenic potential of prostate
cancer cells. The results revealed a significant reduction in colony formation across all three
cell lines (LNCaP, DU145, and PC3) upon treatment with Mebendazole or flutamide alone,
compared to the untreated control cells.

In the LNCaP cell line, treatment Flutamide (10 uM) alone resulted in a reduction of
colony formation with significant difference (P<0.05), when compared to Mebendazole.
Notably, the combination treatment of Mebendazole (50 uM) and flutamide (8 uM) exhibited
a remarkable enhanced inhibitory effect, leading to a substantial suppression of colony
formation, compared to each group of Flutamide (P<0.001) or Mebendazole (P<0.0001).

Similar trends were observed in the DU145 cell line, where Mebendazole (55 uM) or
flutamide (10 uM) alone reduced colony formation. The combination of Mebendazole (50
uM) and flutamide (8 uM) resulted in inhibition of colony formation, compared to Flutamide
(P<0.0001) or Mebendazole (P<0.001).

In the PC3 cell line, treatment with Mebendazole (55 uM) or flutamide (12 uM) alone
decreased colony formation. Moreover, the combination of Mebendazole (55 uM) and
flutamide (10 pM) also exhibited the enhanced inhibitory effect, leading to a substantial
reduction in colony formation (Fig. 3).

Fig. 2. Morphological changes in e Mebendazole Contia R
prostate cancer cell lines induced by e 0o oA j ‘
Mebendazole and flutamide treatment. ,,C; -
Representative phase-contrast
micrographs show the morphological
effects of Mebendazole (55 pM),
flutamide (10 uM and 12 pM), and
their combination (flutamide 8 pM
and10 pM + Mebendazole 50 uM and
55 uM) on LNCaP/ DU145 and PC3
prostate cancer cells after 48 hours
of treatment. Untreated control cells
exhibited a typical adherent and spread
morphology. Treatment with Mebendazole or flutamide alone induced cell rounding and detachment, while

the combination treatment resulted in a substantial reduction in cell density and the presence of numerous
detached and shrunken cells, indicative of enhanced cell death. Scale bar: 100 um.
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Effects of Flutamide and Mebendazole on the migration of the prostate cancer cells

The migration assay was performed to evaluate the effects of Mebendazole and flutamide,
both individually and in combination, on the migratory potential of prostate cancer cells.
The results demonstrated a significant reduction in cell migration across all three cell lines
(LNCaP, DU145, and PC3) upon treatment with Mebendazole or flutamide alone, compared
to the untreated control group. However, the combination treatment exhibited a greater
inhibitory effect than either single treatment at the tested concentrations, leading to a more
pronounced inhibition of cell migration.

In the LNCaP cell line, treatment with flutamide (10 uM) or Mebendazole (55 puM)
alone resulted in a significant reduction in cell migration, compared to the control group.
Notably, the combination of flutamide (8 uM) and Mebendazole (50 pM) led to a substantial
suppression of cell migration.

Similar trends were observed in the DU145 cell line, where flutamide (10 pM) or
Mebendazole (55 uM) alone significantly reduced cell migration. However, the combination
of flutamide (8 uM) and Mebendazole (50 uM) exhibited an enhanced inhibitory effect,
resulting in a remarkable inhibition of cell migration compared to the control group.

In the PC3 cell line, treatment with flutamide (12 uM) or Mebendazole (55 pM) alone
significantly decreased cell migration. Notably, the combination of flutamide (10 uM) and
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Fig. 3. Inhibition of colony formation in prostate cancer cell lines by Mebendazole and flutamide treatment.
The clonogenic potential of LNCaP/ DU145, and PC3 cells was assessed by colony formation assays after
treatment with Mebendazole (55 uM), flutamide (10 pM and12 pM), or their combination (flutamide 8 uM
and 10 uM + Mebendazole 50 uM and 55 pM). The bar graph represents the percentage of colonies formed
relative to the untreated control. Data are presented as mean + SEM from three independent experiments.
At the tested concentrations, the combination treatment produced a greater reduction in colony formation
than either single-agent treatment across the three prostate cancer cell lines.
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Mebendazole (55 uM) led to a substantial reduction in cell migration compared to the
untreated control (Fig. 4).

Findings of Cell Apoptosis Changes by Flow Cytometry

Flow-cytometric analysis using Annexin V/PI staining was performed to evaluate
apoptosis after 48 h of treatment with mebendazole, flutamide, or their combination. Total
apoptosis was calculated as the sum of early apoptotic cells and late apoptotic cells. In
LNCaP and DU145 cells, both single-agent treatments increased apoptotic cell populations
compared with the untreated control, while the combination treatment produced the
highest percentage of apoptotic cells. In PC3 cells, apoptosis induction was less pronounced;
however, the combination treatment still increased the apoptotic population compared
with the control group. These findings suggest that apoptosis contributes to the inhibitory
effects of the combination treatment, particularly in LNCaP and DU145 cells. Although, in the
DU145 and LNCaP cell lines, the combination therapy of Mebendazole and Flutamide was
the most effective treatment, interestingly, Mebendazole alone showed promising effects on
LNCaP cells. Necrosis, apoptosis (sum of early and late), and viability rate of each group is
illustrated in Fig. 5.

Findings of Cell Cycle Changes by Flow Cytometry

Cell cycle flow cytometry assessment was undertaken to analyze the effect of the drugs’
IC,, s on cell cycle arrests of LNCaP, DU145 and PC3 cells. Our findings showed thatin all three
cell lines, cell arrest in combination was observed in G1/S phase in LNCaP, DU145 and S/G2
in PC3 (Fig. 6). The distribution of cells across cell-cycle phases was altered after treatment

Control-0 Control-48h

Flutamide-0 Flutamide-48h

LNCaP

DU145

1x102=

*
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= Control
I Flutamide
)]
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L) T T
LNCaP DUI45 PC3

48h
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Fig. 4. Inhibition of cell migration in prostate cancer cell lines by Mebendazole and flutamide treatment.
The bar graph represents the percentage of cell migration relative to the untreated control in LNCaP,
DU145, and PC3 cells after treatment with Mebendazole (55 pM), flutamide (10 pM and 12 pM), or their
combination (flutamide 8 uM and 10 pM + Mebendazole 50 uM and 55 uM) for 48 hours. The images show
the migratory patterns of cells in the respective treatment groups compared to the untreated control. Scale
bar: 200 pm. Data are presented as mean * SD from three independent experiments. Statistical significance
was determined using one-way ANOVA with Dunnett’s multiple comparison test.
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flow-cytometric
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and PC3 cells after
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with mebendazole, flutamide, and their combination. In the combination-treated groups,
LNCaP and DU145 cells showed increased accumulation in the GO/G1 phase, whereas PC3
cells showed increased accumulation in the G2/M phase compared with untreated controls.
In addition, accumulation of cells in the sub-G1 population supported the apoptosis findings.

Gene Expression Profiles Across Experimental Groups

Following a 48-hour treatment period with Mebendazole, Flutamide, and their
combination, the cells were examined for the expression levels of genes related to apoptosis
(BAX and BCL-2), elements involved in the epithelial-mesenchymal transition (EMT) pathway
(Snaill, E-Cadherin, and N-Cadherin), markers linked to angiogenesis (VEGFC and HIF-1a), as
well as the prostate cancer biomarker (KLK3), and finally beta-tubulin (S-tubulin) family
such as Tubulin Beta 1 Class VI (TUBB1) and Tubulin Beta 3 Class Il (TUBB3) This analysis
was conducted using RT-PCR.

The data presented in Fig. 7 indicates that the LNCaP cell line exhibited a notable
enhancement in the expression levels of E-Cadherin (P < 0.0001), BAX and the BAX/BCLZ2
ratio (P<0.001) following treatment with combination of Mebendazole and Flutamide.
This elevation in expression is associated with an increase in apoptosis and a reduction in
epithelial-mesenchymal transition (EMT). Additionally, the combination treatment did not
significantly alter the expression levels of VEGFC, HIF-1a, SNAIL1, KLK3, N-Cadherin, TUBB1
and TUBB3.
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Fig. 6. Cell cycle analysis of LNCaP, DU145 and PC3. Cells accumulation in sub-G1 phase indicates the

increased rate of apoptosis.

In the DU145 cell line, the administration of Mebendazole in conjunction with Flutamide
resulted in a marked decrease in the expression levels of beta-tubulin isoforms TUBB1 and
TUBB3 (P<0.01). Furthermore, there was a significant increase in the levels of E-Cadherin,
BAX and the BAX/BCLZ ratio (P<0.001). This combined treatment also produced a non-
significant reduction in the expression of VEGFC, SNAIL1, KLK3, N-Cadherin, HIF-1a, and
N-Cadherin. These mRNA-level findings are consistent with activation of apoptosis-related
transcriptional responses; however, protein-level validation is required to confirm activation

of the corresponding apoptotic pathway.

Also, as demonstrated in Fig. 7, the combination of Mebendazole and Flutamide in the
PC3 cell line exhibited a greater efficacy in reducing the expression levels of the N-Cadherin,
and TUBB3 genes, as well as in enhancing the expression of E-Cadherin, BAX and the BAX/
BCLZ2 ratio, compared to the effects of Mebendazole or Flutamide administered individually
(P<0.001). Additionally, the combined treatment of Mebendazole and Flutamide did not
result in a significant reduction in the expression of the VEGFC, HIF-1a, SNAIL1, KLK3, and

TUBB1 genes.
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Fig. 7. The fold change results of mRNA level of genes in LNCaP, DU145 and PC3 prostate cancer cells
following 48-hour treatment with Mebendazole, Flutamide and Mebendazole plus Flutamide. Comparing
the combination groups with drugs alone treatments was performed using Graph Pad Prism software
version 9, and the statistically significant changes are indicated by star signs.

Discussion

In the past two decades, significant advances have been made in the treatment and
management of prostate cancer. However, disease progression and resistance to hormonal
therapies remain major clinical challenges, particularly in advanced disease (20). Therefore,
continued investigation of novel treatment strategies is needed to address therapeutic
resistance and disease progression.

The results of our study indicate that, at the tested concentrations, the combination
of mebendazole and flutamide produced greater inhibitory effects on cell viability, colony
formation, and cell migration than either agent alone. In addition, the combination treatment
was associated with increased E-cadherin expression in all three cell lines and an increased
BAX/BCL2 mRNA ratio. These findings suggest that combined mebendazole and flutamide
treatment warrants further preclinical investigation in prostate cancer models. However,
because a formal drug-interaction analysis was not performed, the observed effects should
not be interpreted as definitive evidence of pharmacological synergy or additivity.

Among tubulin-related genes, TUBB3 has been investigated in prostate cancer and has
been associated with aggressive disease and resistance to taxane-based therapies (23-25).In
other cancer models, suppression of PTEN/AKT signaling has been associated with reduced

TUBB3 expression (26, 27).
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In the present study, combination treatment reduced TUBB1 mRNA expression in DU145
cells and TUBB3 mRNA expression in DU145 and PC3 cells, whereas no significant changes
in these genes were observed in LNCaP cells. These findings suggest that treatment-related
modulation of tubulin-associated genes may be cell-line dependent. Previous evidence has
shown that androgen signaling may regulate Tubb3 expression in Sertoli cells and that
flutamide reduced Tubb3 mRNA in that model (28). However, this observation cannot be
directly extrapolated to prostate cancer cells, and the direct effect of flutamide on tubulin
regulation in prostate cancer requires further investigation.

Mebendazole has been investigated as a repurposed anticancer agent because of its
ability to disrupt microtubule dynamics through inhibition of tubulin polymerization.
Previous studies have reported that mebendazole may inhibit tumor growth, induce mitotic
arrest and apoptosis, reduce angiogenesis, and affect signaling pathways associated with
cancer progression (5, 29). Consistent with these observations, the present study showed
that mebendazole, alone and in combination with flutamide, reduced MTT-based cell viability
and clonogenic potential and increased apoptosis-related changes in prostate cancer cell
lines. However, the present experiments do not establish the specific molecular mechanism
responsible for these effects.

Previous work showed that mebendazole reduced cell migration and proliferation in
oral squamous cell carcinoma cells and premalignant oral keratinocytes (30). Consistent
with these findings, we observed that mebendazole alone and in combination with flutamide
inhibited cell migration in prostate cancer cell lines, particularly in LNCaP cells.

In another study by Martarelli et al. (2008), the effect of mebendazole on H295R, SW-13
(human adrenocortical carcinoma) and WI-38 (normal fibroblast) cell lines was investigated
and they found that the two cancer cell lines showed dose-dependent growth arrest and
mebendazole reduced tumor volume in both H295R (50% and 60% reduction, respectively)
and SW-13 (70% and ~60% reduction, respectively) compared to the control group (31).
Similarly, in the present study, the combination treatment produced a greater reduction
in MTT-based cell viability and colony formation than either single-agent treatment at the
tested concentrations.

Previous studies have reported that high TUBB3 expression is associated with metastatic
prostate cancer, PTEN loss, resistance to androgen-targeted therapies, and poorer outcomes
during androgen-deprivation therapy (25). In the present study, TUBB3 mRNA expression
was reduced by combination treatment in DU145 and PC3 cells, whereas no significant
change was observed in LNCaP cells. These findings support further investigation of TUBB3-
related pathways in a cell-line-specific manner.

This study has several limitations. First, the combination was tested at selected
concentrations, and formal combination-index, Bliss, Loewe, or ZIP analyses were not
performed. Therefore, the observed effects should not be described as synergistic or additive.
Second, mechanistic conclusions are limited by the absence of protein-level validation of
apoptosis-related markers. Finally, these findings are based exclusively on in vitro prostate
cancer cell-line models. Further studies using formal drug-interaction analyses, protein-
based mechanistic assays, and in vivo models are required before clinical relevance can be
inferred.

Conclusion

The combination of mebendazole and flutamide demonstrated a significant reduction
in the viability of prostate cancer cells across all three tested cell lines, surpassing the effects
of either agent used independently. Additionally, this combination effectively inhibited cell
migration and overall progression in various prostate cancer cell lines, including PC3, DU145,
and LNCaP. These in vitro findings suggest that combined mebendazole and flutamide
treatment may represent a promising experimental approach for further investigation in
prostate cancer models. Nonetheless, further extensive research is required to validate and
reinforce these findings.
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