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ABSTRACT: Prostate cancer is the most common cancer among men, and developed metastasis spread to parts of the
body. Clinically, prostate cancer can develop resistance to chemotherapy drugs, and generally, the initial treatment for
metastatic prostate cancer is androgen deprivation therapy in combination with chemotherapy. This study aimed to
further investigate the signaling mechanisms of Bicalutamide (BCLT) with TRAIL combination in resistance to
Docetaxel (DX) on the prostate cancer cell. The human prostate cancer cell lines PC3 were generated by initially treating
with DX for docetaxel resistance prostate cancer cells (PC3/DX). PC3/DX cells were transfected pAR plasmid for
modeling androgen-dependent docetaxel resistance prostate cancer cells (PC3/DX/AR*) and were incubated with
BCLT (2.5 uM) and/or TRAIL (2.5 ng/mL). After the treatment, cell proliferation was determined with an MTT assay.
Apoptotic cells were investigated with AO/EB staining by fluorescence microscope. Levels of Caspase-3, Caspase-8,
AR, TNF-a protein and gene expression were evaluated. We found apoptosis increased with TRAIL (5 ng/mL) in
PC3/DX cells, whereas with the combination of 2.5 ng/mL TRAIL and BCLT (2.5 uM) in PC3/DX/AR* cells. TNF-a
protein and gene expression levels increase with TRAIL in PC3/DX and PC3/DX/AR* cells. AR protein and gene
expression levels increased with BCLT and TRAIL PC3/DX/AR* cells. Our results indicate that BCLT and TRAIL
combination has potential agents for inhibiting docetaxel resistance prostate cancer growth and metastasis.
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1. INTRODUCTION

Prostate cells are androgen-dependent cells to increase growth, function, and proliferation [1].
Androgen receptors mediate the activation of testosterone and dihydrotestosterone (DHT); it is also a
phosphoprotein that acts as a transcription factor [2]. Androgens (AR) receptors are stimulated by DHT or
testosterone and bind to androgen response regions, target sites on DNA, thereby activating the transcription
of androgen-associated target genes. These genes are related to events such as proliferation and differentiation.
AR is active in the cytoplasm, and when stimulated, they show activity by binding to both genomic and
cytoplasmic targets. Androgen deprivation therapy (ADT) is used in metastatic prostate cancer. Although
these treatments keep the disease under control for a few years, the development of the disease continues and
becomes resistant to castration [3-5]. In prostate cancers resistant to castration, cancer cells metastasize to
distant organs such as the liver, lungs, brain, and bone [6]. Cancer metastasis is a complex process in which
transformation, proliferation, local invasion, and destruction of parenchymal cells occur in cells. The migration
of cells forms the primary tumor. It then spreads in the blood and lymphatic circulation and eventually
proliferates to form a secondary tumor by settling in various organs and inducing neurovascularization [7,8].
BCLT, an antiandrogen, is a drug used to treat androgen-dependent prostate cancer. It blocks AR. It is used in
ADT studies and stabilizes prostate tumors. Although it slows down prostate cancer and increases the survival
time, it is not curative. Therefore, it is suitable to be used in cancer treatment, not alone, but in combination
with drugs [9]. In the treatment of prostate cancer, taxane group drugs have attracted attention in recent years.
The taxane group drugs bind to microtubules in cells, preventing the division of cancer cells, stopping both
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the spread and growth of cancer [10]. Studies have shown that docetaxel, paclitaxel, and cabazitaxel, among
the taxane group drugs, have different effects on prostate cancer cells [11]. While the primary function of
docetaxel's therapeutic effect is to suppress microtubule dynamics, its other function is to provide
phosphorylation of Bcl-2 [12,13]. However, it is reported that long-term use of docetaxel causes resistance
mechanisms in cancer [14,15]. The docetaxel-resistant prostate cancer cells (PC3/DX) cell line was developed
in previous studies to understand docetaxel-induced drug resistance mechanisms better. It has been reported
that the resistance mechanism in PC3/DX cells develops via the mTORC?2 signaling pathway and causes the
development of castration-resistant prostate cancer [16].

TRAIL, Tumor Necrosis Factor (TNF) Related Apoptosis-Inducing Ligand, is a TNF ligand family
member cytokine known as Apo2L/TNFSF10/CD253. TRAIL protein is 32 kDa in weight and 281 amino acids
long. TRAIL is regulated by growth factors, cytokines, chromatin modification, viral infection, and several
transcription factors such as Statl, Spl, NF-xB, IRF-1/3/7, and Egr-2/3Membrane-dependent and soluble
forms of TRAIL can selectively induce apoptosis in many tumor and cancer cells, while normal cells are
generally known to be resistant to the cytotoxic effects of TRAIL [17]. TRAIL can bind to five different receptors
[18] that act as death receptors are TRAIL-R1 and TRAIL-R2. In order for TRAIL to induce apoptotic cell death,
it must bind to these receptors. TRAIL-R3, TRAIL-R4, and osteoprotegerin receptors are called false receptors.
It is defined as a false receptor because although TRAIL can bind to these receptors, it cannot induce apoptotic
cell pathways [19]. This feature of TRAIL promises promise for cancer treatment and paves the way for
combination therapies. In this study, bicalutamide and TRAIL combination therapy on docetaxel-resistant
prostate cancer cells was investigated.

2. RESULTS

It has been shown that TRAIL administration in PC3/DX cells, depending on the dose, stops the growth
of the cells after 24 hours of incubation (Figure 1A). When the dose-dependent TRAIL treatment, the cell
growth was significantly reduced compared to the control cells. In particular, TRAIL doses of 2.5 ng / mL
(p<0.01) and 5ng / mL (p<0.001) were found to reduce the growth of cells (Figure 1B). In PC3/DX / AR* cells,
BCLT (2.5 pM) or TRAIL (2.5 ng/mL) alone or in combination reduced the cell proliferation (Figure 1C-1D).
TRAIL alone appears to was reduced cell viability by 50% in PC3/DX /AR* cells. The combination of BCLT
and TRAIL has been found to reduce cell viability close to TRAIL alone.

AO/EB staining is a method used to identify apoptotic cells in microscopy. While AO dyeing in green
color, EB dyeing in red. The status of the ratio of green dye to red staining and the viability of the cells is
evaluated. After treatment of different concentrations of TRAIL to PC3/DX cell and incubating for 24 hours,
AO/EB staining was performed (Figure 2A). Green/red ratio was significantly decreased in PC3/DX cells at
2.5ng / mL and 5 ng/mL compared to the control group (Figure 2B). Images of PC3/DX/AR* and BCLT (2.5
M), TRAIL (2.5 ng / mL), and AO/EB staining made due to the combination of these two compounds are
shown in Figure 2C. While green staining was observed to be intense in the control group, it is seen that some
red staining started in BCLT. As seen in the Figure 2C, the intensity of red staining increased in the cells treated
with TRAIL, while the red staining increased in the cells treated with TRAIL. As shown in the figure, the
green/red ratio is seen in the lowest combination. It was determined that PC3/DX/AR* green/red staining
ratio decreased in BCLT, but it was not statistically significant. While the rate decreased statistically with
TRAIL application compared to the control group (p<0.01), similarly, it was observed that the green/red
staining ratio was significantly decreased in the BCLT-TRAIL combination compared to the control (p<0.001).
At the same time, when the BCLT-TRAIL combination was compared to the BCLT group, it was found that
the green/red staining ratio decreased (p<0.01). Accordingly, cell death has occurred the same in the TRAIL
and BCLT-TRAIL combination in PC3/DX/AR* cells (Figure 2D).

http://dx.doi.org/10.29228/jrp.195
J Res Pharm 2022; 26(4): 980-991

981



Acidereli and Cevik Journal of Research in Pharmac
Docetaxel resistance prostate cancer bicalutamide and TRAIL Research Article

A TRAIL B 120 -
) Control 1 ng/mL 2.5 ngimL 5 ng/mL ) PC3/DX
: % A ey 100 +—T1— T
& s E%711 | -
£
< £ ¢ g 60 ~ Py
(=) 2
S ” W 3 40
O 7 N [S]
a g
¥ e 1) 2 = 20 - — — — —
) N <
=/ ~N
N \
A S g > 0 j "
fire. O8N Control 1 2.5 5
TRAIL (ng/mL)
120 -
C) TRAIL BCLT+TRAIL D) PC3/DX/AR*
N | SRR 100
& g £%]
< §
; 2 o 60 1 —
a 5
8 5 8 40 - _—
o
< 20 1 ——]
1 0

Control BCLT TRAIL BCLT+
TRAIL

Figure 1. Effect of TRAIL treatment on cell growth A) Dose dependent TRAIL treatment microscope images in PC3/DX
cells (10X) B) Dose dependent TRAIL treatment cell growth percentages in PC3/DX cells C) BCLT and TRAIL treatment
in PC3/DX/ AR* cells microscope images (10X) D) BCLT and TRAIL treatment cell growth percentages in PC3/DX/AR*
cells (** p<0.01, *** p<0.001 compared to control, + p<0.05 compared to BCLT)
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Figure 2. A) AO/EB staining images of TRAIL on PC3/DX cells (20X) B) Green/Red ratio of PC3/DX cells C) AO/EB
staining images of BCLT and TRAIL on PC3/DX/AR* cells D) Green/Red ratio of PC3/DX/AR* cells (* p<0.05, ** p<0.01,
*** p<0.001 compare to control, ++ p<0.01 compare to BCLT)
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TNF-a, cas-3, cas-8 protein expression differences in cells after incubation of TRAIL treatment on
PC3/DX cells are shown in Figure 3. TNF-a protein expression in PC3/DX cells (Figure 3A) increased slightly
when 0.5ng/mL TRAIL treatment compared to control, but no significant change was detected. When Ing/mL
TRAIL was treatment, it was observed that TNF-a increased (p<0.05). At the same time, a significant increase
(p<0.001) was detected when 2.5 ng/mL TRAIL was treated (Figure 3B). Cas-3 and cas-8 protein expressions
(Figure 3C) in PC3/DX cells were found to be significantly increased (p<0.001) especially at 2.5 ng/mL TRAIL
when compared to control (Figure 3D). In PC3/DX cells, no significant change was observed in cas-8 protein
expression in dose-dependent TRAIL administration (Figure 3E).
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Figure 3. A) TNF-a western blotting bands of TRAIL on PC3/DX cells B) Densitometric analysis of TNF-a/GAPDH on
PC3/DX cells C) Cas-3 and cas-8 western blotting bands of TRAIL on PC3/DX cells D) Densitometric analysis of Cas-
3/GAPDH and Cas-8/GAPDH on PC3/DX cells (* p<0.05, *** p<0.001 compare to control)

AR and TNF-a protein expression changes in PC3/DX/AR* cells are shown in Figure 4A. When AR
protein expression was compared to control, a statistically significant increase was found in BCLT (p<0.05).
While there was no significant change in AR protein expression when TRAIL was administered, a significant
increase in AR protein expression was also detected in PC3/DX/AR* cells treated with BCLT-TRAIL
combination compared to control (p<0.01). At the same time, a statistically significant change was found in
the AR protein expression in PC3/DX/AR* cells applied with BCLT-TRAIL combination compared to BCLT
(p<0.05, Figure 4B). When TNF-a protein expression in PC3/DX/AR* cells were compared to control, a
statistically significant decrease was found in BCLT (p<0.05). While there was no significant change in TNF-a
protein expression when TRAIL was administered, similarly, no significant change was found in TNF-a
protein expression in PC3/DX/AR* cells treated with BCLT-TRAIL combination (Figure 4C). Figure 4D and
Figure 4E showed no significant change in cas-3 protein expression in PC3/DX/AR* cells. When BCLT was
applied in PC3/DX/ AR* cells, no significant change in cas-8 protein expression was detected. Similarly, when
TRAIL was administered, there was no significant change in cas-8 protein expression, but when the
combination of BCLT-TRAIL was applied, a statistically significant decrease was found in cas-8 protein
expression compared to the control group (p<0.01 Figure 4F).

As seen in Figure 5A, no significant change was detected in the AR gene expression level in the PC3/DX
cell TRAIL dose treatment. Although a slight increase was observed in the TNF-a gene expression level at 0.5
ng/mL in PC3/DX cells, no significant change was detected. When compared to the control, a significant
increase was found at Ing/mL (p<0.01) and 2.5 ng/mL (p<0.001) (Figure 5B). Although some change was
observed in the level of cas-3 gene expression in 0.5 ng/mL TRAIL in PC3/DX cells, no significant change was
detected. A significant increase in cas-3 gene expression level was detected in 1 ng/mL TRAIL treatment
(p<0.05) and 2.5 ng/mL TRAIL application (p<0.001) compared to the control. Accordingly, the highest
increase was seen in the 2.5 ng/mL TRAIL treatment (Figure 5C). There was no significant change in AR gene
expression level with TRAIL treatment in PC3/DX/AR* cell.
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Figure 4. A) AR and TNF-a western blotting bands of TRAIL on PC3/DX/AR* cells B) Densitometric analysis of AR/GAPDH on
PC3/DX/AR* cells C) Densitometric analysis of TNF-a/GAPDH on PC3/DX/AR* cells D) Cas-3 and Cas-8 western blotting bands of
TRAIL on PC3/DX/AR* cells E) Densitometric analysis of Cas-3/GAPDH on PC3/DX/AR* cells and F) Densitometric analysis of Cas-
8/GAPDH on PC3/DX/AR* cells (* p<0.05, *** p<0.001 compared to control, + p<0.05 compare to BCLT)
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Figure 5. A) AR gene expression levels on PC3/DX cells B) TNF-a gene expression levels on PC3/DX cells C) Cas-3 gene expression
levels on PC3/DX cells. D) AR gene expression levels on PC3/DX/AR* cells E) TNF-a gene expression levels on PC3/DX/AR* cells F)
Cas-3 gene expression levels on PC3/DX/AR* cells. Gene expression levels of BCLT and/or TRAIL treatment on PC3/DX/AR* cells D)
Cas-3 and Cas-8 western blotting bands of TRAIL on PC3/DX/ AR* cells E) Densitometric analysis of Cas-3/ GAPDH on PC3/DX/AR*
cells and F) Densitometric analysis of Cas-8/ GAPDH on PC3/DX/AR* cells (*p<0.05, **p<0.01 , ***p<0.001 compared to control,
+p<0.05, +++p<0.001 compare to BCLT)

When compared to control, it was found that AR gene expression increased significantly with BCLT
treatment (p<0.01). Compared to the control group, a significant increase in AR gene expression level was
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detected with BCLT-TRAIL combination treatment (p<0.001); it was found that AR gene expression increased
significantly with BCLT-TRAIL combination treatment compared to BCLT (p<0.05, Figure 5D). There was no
significant change in TNF-a gene expression level with BCLT treatment. It was found that it increased
significantly with TRAIL treatment compared to control (p<0.01). Similarly, a significant increase in TNF-a
gene expression level was detected in BCLT + TRAIL combination treatment (p<0.01). At the same time, when
the combination treatment was evaluated according to BCLT, it was found that it increased significantly
(p<0.001, Figure 5D). There was no significant change in Cas-3 gene expression level with either BCLT or
TRAIL treatment. While it increased in BCLT-TRAIL combination treatment compared to control (p<0.001), a
significant increase (p<0.001) was found when compared to the BCLT group (Figure 5E).

3. DISCUSSION

In cancer resistance mechanisms, factors such as drug intake, increased excretion of the drug, failure of
drug binding to the target, drug metabolism, repairing DNA damage, essential mediators in the cell cycle,
stimulation of mediators to control the apoptotic pathway are critical [20,21]. Chemotherapeutic agents are
highly effective, especially in the initial stages of cancer treatment, and cause cell death primarily but develop
significant resistance. In taxane group drugs, their efficiency is high, but their resistance development potential
is high in the treatment of prostate cancer resistant to castration [22]. It has been demonstrated in clinical trials
with docetaxel, but it is still not understood how its effects and combinations with different drugs ocur [23,24].
Docetaxel stabilizes microtubules by binding to -tubulin and stops the proliferation of cancer cells in the
mitosis step [25]. There are various opinions that docetaxel through MDR (multidrug resistance protein) or
apoptotic proteins [26,27]. However, it has been suggested that docetaxel effectively affects inflammatory
markers in castration-resistant cancers and changes the microenvironment in which the tumor is located [28].
Our study modeled a new cell line by treating PC3 cells with docetaxel for 3-5 weeks to develop docetaxel
resistance. The cell line we have obtained is an in vitro modeling of a typical clinical situation that is not
affected when it is docetaxel in the PC3/DX environment and has gained resistance to the apoptotic effects
docetaxel. It is also suggested that taxane group drugs are effective on TNF-a and TNF-a mediated receptors.
It has been shown that it exerts apoptotic effects in cells through this receptor and its family [29]. In the study,
paclitaxel and docetaxel were placed on MCF-7 breast cancer and A2780 ovarian cancer cells, depending on
the dose, and TNF-a secretion was measured.

At the same time, the colony formation and growth capacities of docetaxel relationship TNFR1 and
TNFR2 receptors were examined. It has been suggested that docetaxel directs apoptosis in cells by its TNF-
receptors. Docetaxel has been shown in studies to increase caspase-3 in prostate cancer. In androgen-
independent DU145 cells, when the expression levels of TNF-a in the cell were increased, it was determined
that Bcl-2 expression was suppressed, and the caspase-3 levels increased, causing cell death. At the same time,
it was observed that cell death occurred in LNCAP androgen-dependent cells with the administration of
docetaxel, cisplatin, and TNF-a. Therefore, there is an opinion in the study that using molecules such as TNF-
a and chemotherapeutic agents together may be more beneficial in cancer treatment [30]. In another study, it
was determined that 0.3 uM docetaxel activates caspases in PC3, DU145, and RWPE-2 prostate cancer cells
and at the same time activates the lysosomal pathway and causes cell death [31]. In another study conducted
with the melanoma cells IgR3 and MM?200 cell lines, it was shown that docetaxel caused an increase in caspase-
3 and active caspase-3 at a concentration of 20 nM and could also control mitochondrial apoptosis [32]. Our
study observed that TNF-a levels and caspase-3 levels increased when we applied TRAIL treatment in prostate
cancer cells with and without androgen receptors that resisted docetaxel. While BCLT slows down the growth
of cells as an anti-androgen, it contributes to activating the death mechanisms of the cells together with TRAIL
in resistant prostate cancer cells. Clinical studies suggest that BCLT and docetaxel administration in prostate
cancer patients can be used in dose-dependent alternative combinations to prevent the development of
resistance mechanisms [33,24]. Our study may be preliminary data for these recommendations that BCLT
application with TRAIL can be practical in cells that develop resistance. Thus, even in the cell that develops
resistance, TRAIL's effect on pro-apoptotic genes in the cell and leading the cells to apoptosis may be necessary
for the treatment. On the other hand, when we examine TRAIL and prostate cancer studies, although apoptotic
effects are observed, its effect on resistant cells has not been determined yet. TRAIL is a TNF-associated
apoptosis-inducing ligand, and it has been reported that it may develop resistance in long-term use in cancer
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treatment [34]. Especially in recent years, research on recombinant TRAIL and TRAIL-targeted monoclonal
antibodies is in phasel and phase2 [35]. TRAIL binds to DR5 and DR4 death receptors on cells, causing
increased caspases [36]. The triple homodimer of TRAIL allows it to bind to these receptors, and the receptor
trimerization takes place, and DISC (Death-Inducing Signaling Complex) occurs in the cytoplasmic part [37].
With the binding of TRAIL, DR4 and DR5 activate caspases that initiate apoptosis through the adapter
molecule Fas-associated Death Domain-containing adapter molecule (FADD) containing the death unit. The
activation of caspases is activated by breaking the Bid molecule, a member of the proapoptotic Bcl-2 family.
By interacting with Bax and Bak molecules, the apoptotic process continues step by step with the release of
cytochrome c¢ from the mitochondria. At this stage, if apoptosis protein inhibitor binds to Smac/Diablo,
caspase 3 'activation may stop, but apoptosis cannot be reversed after caspase-3 is activated [38]. TRAIL has
also been found to trigger proliferation, growth, and survival in cells through activation of NF-xB, MAP
kinases, and Akt, in addition to apoptosis [39]. It has been determined that TRAIL can trigger the
survival/ proliferation of tumor cells with its anti-apoptotic effect in some tumor types, and it is also reported
that it can develop a resistance mechanism [40]. In some cancer cell lines, it is known that TRAIL-mediated
increased caspase 3 triggers the induction of the internal apoptotic pathway [41-43]. TRAIL's response in
prostate cancer may differ. For example, while its apoptotic effect is dominant in androgen-independent
prostate cancer cells PC3 and DU145, TRAIL treatment is observed to develop resistance in androgen-
dependent cells such as LNCAP [36]. It has been shown that TRAIL increases the activation and expression of
androgen in LNCAP cells [44]. For this reason, TRAIL is thought to develop resistance [45,46]. On the other
hand, it is suggested that the androgen induces TRAIL and develops resistance in the cell [47,48]. In addition
to the resistance development of TRAIL, it has been reported that it is also effective in its anti-tumoral effect
in in vivo studies. In in vivo studies with TRAIL, when 500 pg of recombinant TRAIL protein was administered
intravenously, tumor shrinkage was found in SCID mice formed with MDA-MB-231 breast cancer cells. It was
not observed significant toxicity in tissue integrity, blood count, and mouse lifetime. In addition, it has been
shown that TRAIL-induced apoptotic death in tumor-bearing regions approximately 9-12 hours after the
application [49]. Another study reported that repeated systemic application of TRAIL in monkeys did not
cause a detectable change in clinical and histopathological tests [50]. When the studies of BCLT and its
combinations in cancer cells developing AR-related resistance are examined, very different studies are seen.
Our study observed that when we expressed AR in PC3/DX cells, the expression in the group treated with
TRAIL significantly changed compared to the control group. Accordingly, TRAIL plays a role in AR
expression. In our study, we applied TRAIL using BCLT, which is an anti-androgen, in order to block the effect
of AR. Although BCLT is known as an anti-androgen, it has been shown in recent studies to increase apoptosis
in prostate cancer cells (PWR-1E, PC-3 and DU-145) independent of androgen [51]. It has been shown in
proteomic studies that the administration of bicalutamide in LNCaP cells also activates fodrin-related
apoptotic signaling pathways [52]. It has been reported that when bicalutamide and curcumin are applied
to MUC-1 cells, changes in genes in ERK and MAPK signaling pathways are observed in cells [53]. Studies on
the use of bicalutamide and molecules with known apoptotic activity are constantly increasing to increase
treatment options and prevent the development of resistance. In this case, significant advances can be made
in the treatment of prostate cancer, and it would be beneficial to try various combinations, as in this study.

4. CONCLUSION
In our study, we observed that TRAIL significantly increased AR expression at both gene and protein
levels. However, we found that in BCLT and TRAIL treatment, apoptosis increased in cells with resistance
developed and AR expression, and that cell death occurred via the intrinsic pathway, especially not by
caspase-8 but by caspase-3. Our findings showed that it might be an effective treatment for androgen-
dependent and independent prostate cancer cells that develop a resistance mechanism against a
chemotherapeutic agent.
Studies show that the development of resistance in cancer and elucidation of the molecular mechanisms of the
response of the agents used in treatment will contribute to the development of different combined therapies
in the future.
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5. MATERIALS AND METHODS
5.1. Docetaxel resistance cell line and AR transfection

PC3 cells (ATCC CRL-1435) were inoculated in 25cm? flasks. RPMI-1640 medium containing 10% FBS,
Penicillin-Streptomycin (100 units), L-Glutamine, and NaHCOs; was used as cell culture medium. The cells
were incubated at 37°C, 95% humidity, and 5% CO, and multiplied. PC3 cells were treated with a dose of
Docetaxel (DX) of 1pM. After two days, the cell medium was renewed, and 0.5 pM DX was added to the
renewed medium. By applying 1 ptM DX to the cell passaged on the 4th day, PC3/DX cells of the cell were
formed in this way for about 20 days. The B-cell lymphoma 2 (Bcl-2) that the cell gains resistance to DX has
been detected. Then enough resistant cells were grown and used in studies. Transfection was performed using
PAR plasmid (Addgene #28235). Liposome based DNA transfection reagent (LipoD293, Signagen) was used
as the transfection reagent, and transfection was checked after 24 hours with 1 pg of DNA for a 6-well plate.
PC3/DX/ AR* cells were created by expressing androgen in cells with docetaxel resistance.

5.2. Cytotoxicity Assay

MTT method was used to determine cell viability, and measurements were made following the kit
procedure. Bicalutamide (BCLT) 0.2 pM, 0.5 pM, 1 pM, 2.5 pM, 5 pM, 10 pM, 25 pM; The doses of TRAIL of 1
ng / mL,25ng / mL, 5ng / mL, 10 ng / mL, 25 ng / mL, 50 ng / mL, 100 ng / mL were also administered
in combinations. Twenty-four hours after the application, 10 pL of 12 mM MTT solution was added and left
to incubate for 4 hours at 37°C in an oven containing 5% CO,. DMSO was added to dissolve the purple-colored
formazan crystals formed at the end of 4 hours and left to incubation at 37°C in an oven containing 5% CO..
The absorbance of the purple color formed after 4 hours was measured at 570 nm with an ELISA plate reader.
At the end of the experiment, 2.5 pM of BCLT and 2.5 ng/mL of TRAIL were determined for the combination.
Since TRAIL reduces cell viability at high doses, it was used only in cytotoxicity experiments in the study, data
not shown.

5.3. Acridine Orange / Ethidium Bromide (AO/EB) Staining

AO/EB staining was done under a microscope to detect living and dead cells. After PC3/DX and
PC3/DX/AR* cells were seeded in a 24-well plate, 2.5 pM doses of BCLT and 2.5 ng / mL of TRAIL were
administered separately and in combination. Twenty-four hours after the application, the cell medium was
discarded, and AO and EB stock (ODCO0015B) in PBS was diluted 1/1000 and applied to the wells. After
incubating for 15 minutes in the dark, images were taken under a fluorescent microscope under 20X objective
in blue and green light. Live cells were stained green with AO, while dead cells were stained red with EB.
Calculations were made in the cells by taking the Green/Red ratio.

5.4. Gene expression with qPCR

Total RNA isolation from the cells was performed using the PureLink RNA Mini Kit by the kit
procedure. According to the commercial kit procedure, the cDNA recovery was performed according to the
procedure with the Applied Biosystems kit. Gene expression experiments with qRT-PCR were performed
using the Applied Biosystems SYBR Green Master Mix kit following the procedure (Applied Biosystems Step
One Plus). Primers was used sequences of Caspase-3 (forward 5 'CAGTGGAGGCCGACTTCTG 3', reverse 5
'TGGCACAAAGCGACTGAT 3');, AR (forward 5'AAGACGCTTCTACCAGCTCACCA3 ', reverse
5TCCCAGAAAGGATCTTTGGGCACT3'); TNF-a (forward 5'-GGAGAAGGG GACCGACTCA-3 ', reverse 5'-
CTGCCCAGACCTCGGCAA-3); GAPDH (forward 5-AGGGCTGCTTTTAACTCTGGT-3 ', reverse 5'-
CCCCACTTGATTTTGGAGGGA-3 "). GAPDH was used as a reference gene in the calculations with 2-24ct
methods.
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5.5. Protein expression with western blotting

Cells were harvested with RIPA lysis buffer and lysed with sonicator at 4 °C. Total protein
determination in samples was made using a BCA kit. Samples were mixed with sample loading buffer at a
ratio of 1: 1 and denatured at 95 °C for 5 minutes. 4-12% SDS-PAGE gels were prepared, and samples
containing 25 ug / mL protein were loaded into each well. In electrophoresis, samples were first run at 100V
for 1 hour. A semi-dry system (Biorad, Semi-Dry Transfer Cell) was used to transfer the proteins in the gel to
the membrane after electrophoresis. Proteins separated in the gel were transferred to the PVDF membrane by
blotting at 300 mA for 1 hour. PVDF membrane was blocked with 3% BSA in the room for 2 hours. Primary
antibody (1: 500 dilution; GAPDH sc-25778, TNF-a sc-1351, Caspase-8 sc-7890, Caspase-3 sc-81651, AR sc-816)
was incubated on the orbital shaker overnight at 4° C. After incubation; it was washed three times with TBST
for 10 minutes. Then, the membrane was incubated with HRP conjugated secondary antibody (1: 1000 dilution;
sc-2030, sc-2020) at room temperature for 2 hours. Next, it was incubated with the solution containing the
chemiluminescence substrate (Santa Cruz sc-2048) in the dark for 1 minute. The bands obtained with the
imaging system (Syngene G: Box) were evaluated by densitometric analysis. GAPDH was used as a reference
protein.

5.6. Statistical analyses

Statistical analysis was made using the SPSS 15.00 analysis program. To compare groups, One Way
Anova and Tukey test as post-hoc tests were used. The significance level was accepted as p <0.05.

Acknowledgments: We are grateful to ODC Research and Development Inc for providing the PC3 cell lines
and recombinant proteins.

Authors’ contributions: Concept - H.A.,, O.C,; Design - O.C.; Supervision - O.C.; Resources - O.C.;
Materials - O.C.; Data Collection and/or Processing -H.A.; Analysis and/or Interpretation - H.A,;
Literature Search - H.A., O.C,; Writing - H.A., O.C; Critical Review - H.A., O.C.

Availability of data and materials: Not applicable.

Financial support and sponsorship: This work was supported by the Cumhuriyet University Research
Grant Projects (ECZ-034) and by a grant (214Z057) from the Scientific and Technological Research Council
of Turkey (TUBITAK) to Dr. Ozge Cevik.

Conflicts of interest: All authors declared that there are no conflicts of interest.
Ethical approval and consent to participate: Not applicable.

Consent for publication: Not applicable.

Copyright: © The Author(s) 2021.

REFERENCES

[1] Poelaert F, Praet CV, Beerens AS, Meerleer GD, Fonteyne V, Ost P, Lumen N. The role of androgen receptor expression
in the curative treatment of prostate cancer with radiotherapy: A pilot study. Biomed Res Int. 2015; 2015: 812815.
[CrossRef]

[2] Grossmann ME, Huang H, Tindal DJ. Androgen receptor signaling in androgen-refractory prostate cancer. ] Natl
Cancer Inst. 2001; 93(22): 1687-1697. [CrossRef]

[3] Feldman BJ, Feldman D. The development of androgen-independent prostate cancer. Nat Rev Cancer 2001; 1(1): 34-45.
[CrossRef]

http://dx.doi.org/10.29228/jrp.195
J Res Pharm 2022; 26(4): 980-991

988



Acidereli and Cevik Journal of Research in Pharmac
Docetaxel resistance prostate cancer bicalutamide and TRAIL Research Article

[4] Stanbrough M, Bubley GJ, Ross K, Golub TR, Rubin MA, Penning TM, Febbo PG, Balk SP. Increased expression of
genes converting adrenal androgens to testosterone in androgen-independent prostate cancer. Cancer Res. 2006; 66(5):
2815-2825. [CrossRef]

[5] Cai C, Wang H, Xu'Y, Chen S, Balk SP. Reactivation of androgen receptor-regulated TMPRSS2:ERG gene expression in
castration-resistant prostate cancer. Cancer Res. 2009; 69(15): 6027-6032. [CrossRef]

[6] Bubendorf L, Schopfer A, Wagner U, Sauter G, Moch H, Willi N, Gasser TC, Mihatsch M]. Metastatic patterns of prostate
cancer: An autopsy study of 1,589 patients. Hum Pathol. 2000; 31(5): 578-583. [CrossRef]

[7] Vernon AE, LaBonne C. Tumor metastasis: a new twist on epithelial-mesenchymal transitions. Curr Biol. 2004; 14(17):
R719-21. [CrossRef]

[8] Arya M, Bott SR, Shergill IS, Ahmed HU, Williamson M, Patel HR. The metastatic cascade in prostate cancer. Surg
Oncol. 2006; 15(3): 117-128. [CrossRef]

[9] GuoC, Yeh S, NiuY, Li g, Zheng], Li L, Chang C. Targeting androgen receptor versus targeting androgens to suppress
castration resistant prostate cancer. Cancer Lett. 2017; 397: 133-143. [CrossRef]

[10] Gjyrezi A, Xie F, Voznesensky O, Khanna P, Calagua C, Bai Y, Kung J, Wu ], Corey E, Montgomery B, Mace S, Gianolio
DA, Bubley GJ, Balk SP, Giannakakou P, Bhatt RS. Taxane resistance in prostate cancer is mediated by decreased drug-
target engagement. ] Clin Invest. 2020; 130(6): 3287-3298. [CrossRef]

[11] Cevik O, Acidereli H, Turut FA, Yildirim S, Acilan C. Cabazitaxel exhibits more favorable molecular changes
compared to other taxanes in androgen-independent prostate cancer cells. ] Biochem Mol Toxicol. 2020; e22542.
[CrossRef]

[12] Smith NF, Acharya MR, Desai N, Figg (II) W, Sparreboom A. Identification of OATP1B3 as a high-affinity
hepatocellular transporter of paclitaxel. Cancer Biol Ther. 2005; 4(8): 815-818. [CrossRef]

[13] Mackler NJ, Kenneth JP. Drug Insight: use of docetaxel in prostate and urothelial cancers. Nat Clin Pract Urol 2005;
2(2): 92-100. [CrossRef]

[14] Hernandez-Vargas H, Palacios ], Moreno-Bueno G. Molecular profiling of docetaxel cytotoxicity in breast cancer cells:
uncoupling of aberrant mitosis and apoptosis. Oncogene 2007; 26: 2902-2913. [CrossRef]

[15] Trebunova M, Laputkova G, Slaba E, Lacjakova K, Verebova A. Effects of docetaxel, doxorubicin and
cyclophosphamide on human breast cancer cell line MCF-7. Anticancer Res. 2012; 32: 2849-2854. [CrossRef]

[16] Liu J, Huang Y, Zhu D, Dai Y, Liu D, Zhai Y, Liang X, Wu L, Zhao Q. Establishment and characterization of a
docetaxel-resistant human prostate cancer cell line. Oncol Lett. 2020; 20(5): Article Number:230. [CrossRef]

[17] Abe K, Kurakin A, Mohseni-maybodi M, Kay B, Khosravi-Far R. The complexity of TNF-related apoptosis-inducing
ligand. Ann N'Y Acad Sci. 2000; 926: 52-63. [CrossRef]

[18] Sheikh MS, Fornace AJ Jr. Death and decoy receptors and p53- mediated apoptosis. Leukemia 2000; 14(8): 1509-1513.
[CrossRef]

[19] Meng RD, McDonald ER, Sheikh MS, Fornace A]J, El-Deiry WS. The TRAIL decoy receptor TRUNDD (DcR2, TRAIL-
R4) is induced by adenovirus-p53 overexpression and can delay TRAIL-, p53-, and KILLER/DR5-dependent colon
cancer apoptosis. Mol Ther. 2000; 1(2): 130-144. [CrossRef]

[20] Dalton WS, Salmon SE. Drug resistance in myeloma: mechanisms and approaches to circumvention. Hematol Oncol
Clin North Am. 1992; 6: 383-393. [CrossRef]

[21] Gottesman MM, Fojo T, Bates SE. Multidrug resistance in cancer: role of ATP-dependent transporters. Nat Rev Cancer
2002; 2: 48-58. [CrossRef]

[22] Hwang C. Overcoming docetaxel resistance in prostate cancer: a perspective review. Ther Adv Med Oncol. 2012; 4(6):
329-340. [CrossRef]

[23] Petrylak DP, Tangen CM, Hussain MH, Lara PN, Jones JA, Taplin ME, Burch PA, Berry D, Moinpour C, Kohli M,
Benson MC, Small EJ, Raghavan D, Crawford ED. Docetaxel and estramustine compared with mitoxantrone and
prednisone for advanced refractory prostate cancer. N Engl ] Med 2004; 351(15): 1513-1520. [CrossRef]

http://dx.doi.org/10.29228/jrp.195
J Res Pharm 2022; 26(4): 980-991

989



Acidereli and Cevik Journal of Research in Pharmac
Docetaxel resistance prostate cancer bicalutamide and TRAIL Research Article

[24] Tannock IF, de Wit R, Berry WR, Horti J, Pluzanska A, Chi KN, Oudard S, Theodore C, James ND, Turesson I,
Rosenthal MA, Eisenberger MA, for the TAX 327 Investigators. Docetaxel plus prednisone or mitoxantrone plus
prednisone for advanced prostate cancer. N Engl ] Med. 2004; 351(15): 1502-1512. [CrossRef]

[25] Cortes JE, Pazdur R. Docetaxel. ] Clin Oncol. 1995; 13(10): 2643-2655. [CrossRef]

[26] Galletti E, Magnani M, Renzulli ML, Botta M. Paclitaxel and docetaxel resistance: Molecular mechanisms and
development of new generation taxanes. Chem Med Chem. 2007; 2(7): 920-942. [CrossRef]

[27] Sekino Y, Teishima J. Molecular mechanisms of docetaxel resistance in prostate cancer. Cancer Drug Resist. 2020; 3:
676-85. [CrossRef]

[28] Domingo-Domenech ], Oliva C, Rovira A, Codony-Servat J, Bosch M, Filella X, Montagut C, Tapia M, Campas C, Dang
L, Rolfe M, Ross JS, Gascon P, Albanell ], Mellado B. Interleukin 6, a nuclear factor-xB target, predicts resistance to
docetaxel in hormone-independent prostate cancer and nuclear factor-«B inhibition by PS-1145 enhances docetaxel
antitumor activity. Clin Cancer Res. 2006; 12(18): 5578-5586. [CrossRef]

[29] Sprowl JA, Reed K, Armstrong SR, Lanner C, Guo B, Kalatskaya I, Stein L, Hembruff SL, Tam A, Parissenti AM.
Alterations in tumor necrosis factor signaling pathways are associated with cytotoxicity and resistance to taxanes: a
study in isogenic resistant tumor cells. Breast Cancer Res. 2012; 14(1): R2. [CrossRef]

[30] Ogura T, Tanaka Y, Tamaki H, Harada M. Docetaxel induces Bcl-2- and pro-apoptotic caspase-independent death of
human prostate cancer DU145 cells. Int ] Oncol. 2016; 48(6): 2330-2338. [CrossRef]

[31] Mediavilla-Varela M, Pacheco FJ, Almaguel F, Perez J, Sahakian E, Daniels TR, Leoh LS, Padilla A, Wall NR, Lilly MB,
Leon MD, Casiano CA. Docetaxel-induced prostate cancer cell death involves concomitant activation of caspase and
lysosomal pathways and is attenuated by LEDGF/ p75. Mol Cancer 2009; 28: 8-68. [CrossRef]

[32] Mhaidat NM, Wang Y, Kiejda KA, Zhang XD, Hersey P. Docetaxel-induced apoptosis in melanoma cells is dependent
on activation of caspase-2. Mol Cancer Ther. 2007; 6(2): 752-761. [CrossRef]

[33] Li YF, Zhang SF, Zhang TT, Li L, Gan W, Jia H-T, Xie S, Ji H-H, He D-L. Intermittent tri-weekly docetaxel plus
bicalutamide in patients with castration-resistant prostate cancer: A single-arm prospective study using a historical
control for comparison. Asian ] Androl. 2013; 15(6): 773-779. [CrossRef]

[34] Koschny R, Walczak H, Ganten TM. The promise of TRAIL--potential and risks of a novel anticancer therapy. JMol
Med. (Berl) 2007; 85: 923-935. [CrossRef]

[35] Mahalingam D, Szegezdi E, Keane M, Jong Sd; Samali A. TRAIL receptor signalling and modulation: Are we on the
right TRAIL?. Cancer Treat Rev. 2009; 35(3): 280-288. [CrossRef]

[36] Munshi A, Pappas G, Honda T, McDonnell T], Younes A, Li Y, Meyn RE. TRAIL (APO-2L) induces apoptosis in human
prostate cancer cells that is inhibitable by Bcl-2. Oncogene 2001; 20(29): 3757-3765. [CrossRef]

[37] Kischkel FC, Lawrence DA, Chuntharapai A, Schow P, Kim KJ, Ashkenazi A. Apo2L/TRAIL-dependent recruitment
of endogenous FADD and caspase- 8 to death receptors 4 and 5. Immunity 2000; 12(6): 611-620. [CrossRef]

[38] Kelley SK, Ashkenazi A. Targeting death receptors in cancer with Apo2L/TRAIL. Curr Opin Pharmacol. 2004; 4(4):
333-339. [CrossRef]

[39] Harith HH, Morris MJ, Kavurma MM. On the TRAIL of obesity and diabetes. Trends Endocrinol Metab. 2013; 24(11):
578-587. [CrossRef]

[40] Di Pietro R, Zauli G. Emerging non-apoptotic functions of tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL)/ Apo2L. J Cell Physiol. 2004; 201(3): 331-340. [CrossRef]

[41] LeBlanc H, Lawrence D, Varfolomeev E, Totpal K, Morlan J, Schow P, Fong S, Schwall R, Sinicropi D, Ashkenazi A.
Tumor-cell resistance to death receptor-induced apoptosis through mutational inactivation of the proapoptotic Bcl-2
homolog Bax. Nat Med. 2002; 8(3): 274-281. [CrossRef]

[42] Deng Y, Lin Y, Wu X. TRAIL-induced apoptosis requires Bax dependent mitochondrial release of Smac/DIABLO.
Genes Dev. 2002; 16(1):33-45. [CrossRef]

http://dx.doi.org/10.29228/jrp.195
J Res Pharm 2022; 26(4): 980-991

990



Acidereli and Cevik Journal of Research in Pharmac
Docetaxel resistance prostate cancer bicalutamide and TRAIL Research Article

[43] Ravi R, Bedi A. Requirement of BAX for TRAIL/Apo2L-induced apoptosis of colorectal cancers: synergism with
sulindac-mediated inhibition of Bcl-x(L). Cancer Res. 2002; 62(6): 1583-1587. [CrossRef]

[44] Wang D, Lu ], Tindall DJ. Androgens Regulate TRAIL-induced cell death in prostate cancer cells via multiple
mechanisms. Cancer Lett. 2013; 335(1): 136-144. [CrossRef]

[45] Rokhlin OW, Taghiyev AF, Guseva NV, Glover RA, Syrbu SI, Cohen MB. TRAIL-DISC formation is androgen-
dependent in the human prostatic carcinoma cell line LNCaP. Cancer Biol Ther. 2002; 1(6): 631-637. [CrossRef]

[46] Vindrieux D, Reveiller M, Chantepie J, Yakoub S, Deschildre C ,Ruffion A, Devonec M, Benahmed M, Grataroli R.
Down-regulation of DcR2 sensitizes androgen-dependent prostate cancer LNCaP cells to TRAIL-induced apoptosis.
Cancer Cell Int. 2011; 11: Article Number: 42. [CrossRef]

[47] Rokhlin OW, Taghiyev AF, Guseva NV, Glover RA, Chumakov PM, Kravchenko JE, Cohen MB. Androgen regulates
apoptosis induced by TNFR family ligands via multiple signaling pathways in LNCaP. Oncogene 2005; 24(45): 6773~
6784. [CrossRef]

[48] Cornforth AN, Davis JS, Khanifar E, Nastiuk K, Krolewski JJ. FOXO3a mediates the androgen-dependent regulation
of FLIP and contributes to TRAIL-induced apoptosis of LNCaP cells. Oncogene 2008; 27(32): 4422-4433. [CrossRef]

[49] Walczak H, Miller RE, Ariail K, Gliniak B, Griffith TS, Kubin M, Chin W, Jones J, Woodward A, Le T, Smith C, Smolak
P, Goodwin RG, Rauch CT, Schuh JCL, Lynch DH. Tumoricidal activity of tumor necrosis factor-related apoptosis-
inducing ligand in vivo. Nat Med. 1999; 5(2): 157-163. [CrossRef]

[50] Ashkenazi A, Pai RC, Fong S, Leung S, Lawrence DA, Marsters SA, Blackie C, Chang L, McMurtrey AE, Hebert A,
DeForge L, Koumenis IL, Lewis D, Harris L, Bussiere ], Koeppen H, Shahrokh Z, Schwall RH. Safety and antitumor
activity of recombinant soluble Apo2 ligand. J Clin Invest. 1999; 104(2): 155-162. [CrossRef]

[51] Floyd MS Jr, Teahan SJ, Fitzpatrick JM, Watson RW. Differential mechanisms of bicalutamide-induced apoptosis in
prostate cell lines. Prostate Cancer Prostatic Dis. 2011; 14(4):367. [CrossRef]

[52] Lee J, Mun S, Park A, Kim D, Heun Cha B, Kang HG. Bicalutamide enhances fodrin-mediated apoptosis through
calpain in LNCaP. Exp Biol Med. (Maywood) 2018; 243(10): 843-851. [CrossRef]

[53] Li ], Xiang S, Zhang Q, Wu ], Tang Q, Zhou ], Yang L, Chen Z, Hann SS. Combination of curcumin and bicalutamide
enhanced the growth inhibition of androgen-independent prostate cancer cells through SAPK/JNK and
MEK/ERK1/2-mediated targeting NF-kappaB/p65 and MUC1-C. ] Exp Clin Cancer Res. 2015; 34(1): 46. [CrossRef]

http://dx.doi.org/10.29228/jrp.195
J Res Pharm 2022; 26(4): 980-991

991



