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ABSTRACT

Although docetaxel treatment yields a high survival rate for prostate cancer (PCa), resistance eventually develops
in many patients. Understanding the underlying mechanisms of docetaxel resistance is essential for improving
treatment strategies. Cytokines, which play a role in cell signaling and immune responses, have been implicated in
drug resistance mechanisms. The study revealed that interleukin-8 (IL-8) was consistently overexpressed in both
docetaxel-resistant PCa cell lines. Thus, the expression levels of cytokines released from docetaxel-sensitive (PC-3-
and DU-145) and resistant (PC-3/R-DU-145/R) PCa cells were compared. IL-8 was found to be commonly
expressed in resistant cell lines. This finding led to the hypothesis that IL-8 could play a key role in mediating PCa
cell resistance to docetaxel. IL-8 siRNA treatment increased docetaxel sensitivity in both resistant cells. To
demonstrate the mechanism of IL-8-related resistance, MDR1 expression was evaluated. After IL-8 siRNA
treatment MDR1 expression was reduced in both resistant cells suggesting that IL-8 regulates the docetaxel
resistance of PCa cells via modulation of multidrug resistance 1 (MDR1). By expanding the knowledge of the
cytokines and their effect mechanisms, novel approaches can be developed for the treatment of
docetaxel-resistant prostate cancer. Further investigations into the role of IL-8 in docetaxel resistance could offer
valuable insights into the development of effective treatment strategies for PCa patients.
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1. Introduction

One of the most prevalent cancers among men expected to be diagnosed is prostate cancer (PCa) [1].
Although the survival rate is high when diagnosed in the early stages, late diagnosis reduces the chance of a cure
significantly [2]. Using imaging techniques and biomarkers for prognosis, improved surgical techniques and more
importantly timely administration of docetaxel have improved the survival rate considerably [3]. Docetaxel is a
partly-synthetic taxane analog obtained from the Western yew tree (Taxus brevifolia) extract [4]. It is being used
as an applicable therapy for androgen-independent PCa for a long time [5, 6]. While the survival rate is high when
diagnosed at early stages, a substantial number of PCa patients develop castrate-resistant prostate cancer (CRPC)
in time [7]. Castrate-resistant PCa, also known as androgen-insensitive PCa, is advanced prostate cancer whose
progression continues regardless of the androgen depletion treatment [8]. Despite docetaxel being recognized as
one of the highly effective chemotherapeutic agents for PCa, most people eventually acquire resistance to this
treatment [7]. The drug resistance of DOC limits its therapeutic use in the treatment of advanced CRPC. Therefore,
an improved comprehension of the mechanisms driving DOC resistance would be extremely beneficial in terms of
its clinical application.

Multiple chemotherapeutic treatments can become ineffective against malignancies due to a condition known
as multidrug resistance (MDR). Several mechanisms have been linked to the growth of cancer cell resistance to
chemotherapy including changes in drug metabolism and transport, increase in DNA repair and dysregulated
apoptosis. The upregulation of MDR transporters is a prevalent mechanism through which cells develop MDR.
These membrane transporters belong to the ABC superfamily of ATP-binding cassettes. Extensive research has
identified MDR1 and MRP1 as the most frequently implicated transporters in drug resistance.

In recent studies, uncontrolled cytokine expression has emerged as a significant element in numerous drug
resistance mechanisms. Despite our limited comprehension of how cytokines precisely impact drug resistance,
they hold potential as valuable therapeutic targets and biomarkers. Therefore, further investigations into their
roles in these contexts are urgently warranted. To enhance our understanding of cancer drug resistance
mechanisms and facilitate treatment outcome predictions, it becomes crucial to uncover the associations between
comprehensive cytokine profiles and drug resistance in cancer.

For this aim, in this study, comparative cytokine profiles of docetaxel-sensitive and resistant PCa cells were
determined. Since IL-8 is over-expressed in both resistant cell lines, we hypothesized that IL-8 might serve as a
pivotal cytokine involved in PCa cells' resistance to DOC and investigated the role of IL-8 on DOC resistance.

2. Materials and methods

2.1. Cell culture

For this research, two distinct human PCa cell lines, specifically PC-3 and DU-145, were employed. These cell
lines were obtained from Interlab, Italy. The cells were cultured in RPMI 1640 medium, which was 10%
heat-inactivated fetal bovine serum, 1% heat-inactivated penicillin-streptomycin, and 1% L-glutamine added as
supplements. To establish DOC-resistant cell lines derived from two cell lines used, denoted as DU-145/R and
PC-3/R, the cells were gradually exposed to escalating concentrations of DOC ranging from 0.1 nM to 1 nM and
eventually to 10 nM over a period of 180 days. This prolonged exposure enabled the cells to acquire the ability to
proliferate even in the presence of 10 nM DOC. The cell lines were cultured as monolayers in 75 cm2 polystyrene
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flasks inside a humidified incubator that is set to 37 °C and 5% CO2. The growth rate and cellular morphologies
were observed daily using a Zeiss Primovert microscope from Germany, and the cells were passaged once they
reached 90% confluence.

2.2. Viability testing of cells

The MTT assay was used to determine the vitality of the cells. The cells were placed in a 96-well plate at a
density of 104 cells per well and treated to DOC at increasing concentrations for 72 h. Following the incubation, 20
µL of the MTT solution was added to each well, and allowed to incubate at a temperature of 37 °C for 4 h.
Afterward, dissolving the formazan crystals required 100 µL of dimethyl sulfoxide (DMSO), which was added after
the medium was taken out of the equation. The OD values were recorded at a wavelength of 570 nm using a
spectrophotometer (Tecan Infinite). Then, the IC50 values for both the DOC-sensitive and DOC-resistant prostate
cancer cells were calculated utilizing Biosoft CalcuSyn version 2.0 software.

2.3. Cytokine profiling

A membrane antibody array (AAH-CYT-1-8, Raybiotech, GA, USA) which detects 23 cytokines was used to
profile the cytokines released from DOC-sensitive and -resistant prostate cancer cells. The protocol was executed
following the guidelines provided by the manufacturer. In summary, each well received a blocking buffer, which
was then left there for 30 min at RT. Following the incubation, the membrane was washed twice with the array
wash buffer. Next, the antibody membranes were placed in 1 mL of conditioned solution, and incubated overnight
at 4 °C. After washing twice, biotinylated antibody cocktail incubation and horseradish peroxidase-conjugated
streptavidin incubation steps were followed. Chemiluminescent imaging of the membrane was performed via UVP
BioSpectrum® 610 Imaging System.

2.4. siRNA transfection

To prepare the IL-8 siRNA (FlexiTube Qiagen) master stock, 100 µM (100 pmol/ml) master stock was
prepared by adding 50 µL of nuclease-free dH2O to a lyophilized IL-8 siRNA (40 nmol) tube. The main stock was
diluted 1:10 to obtain an intermediate stock at a concentration of 10 μM. For IL-8 siRNA transfection, 2x105 cells
were propagated onto 24-well plates in 500 μL media, and for 24 h the plates were incubated at 37°C. The
transfection solution and siRNA solution were prepared in accordance with the directions of the manufacturer.
The transfection solution was mixed with 3 µL of Lipofectamine and 50 µL of Opti-MEM. The siRNA solution was
mixed 1 µL of IL-8 siRNA duplex and 50 µL of Opti-MEM. The transfection solution and siRNA solution were mixed
at a ratio of 1:1 and 100 µL of the siRNA-lipofectamine agent was added to wells as drops, and plates were
incubated for 48 hours. For the control of IL-8 siRNA application, IL-8 mRNA amounts in cells were investigated
by the qPCR method. For the control of siRNA application in cells, 20 nM GAPDH siRNA was applied to melanoma
cells and the effects of siRNA on GAPDH expression were evaluated by qPCR method. AllStars positive siRNA
(PK-siRNA) and AllStars Negative Control siRNA (NK-siRNA) were used as controls.

2.5. Western blot analysis

To conduct protein isolation, the Mammalian Protein Extraction Reagent (M-PER) (Thermo) was employed.
Initially, the cells were rinsed with phosphate-buffered saline and then treated with 250 µL of the M-PER reagent.

https://anser.press/index.php/ci/index
https://doi.org/10.58567/ci02010004
https://anser.press/index.php/ci/index


Article Cancer Insight | 10.58567/ci02010004

Cancer Insight | 2023 2(1) 53-67
56

The subsequent step involved centrifuging the cells at a speed of 14,000 g for a duration of 15 minutes to obtain a
total protein suspension. The Bradford technique was used to determine the protein content. Following that,
proteins were isolated using polyacrylamide gel electrophoresis (PAGE) in equal proportions, and the gels were
run at a voltage of 120 V for 2 hours. Subsequently, the isolated proteins were placed onto nitrocellulose
membranes (Bio-Rad), utilizing an electric field of 115 V for 75 minutes. To prevent nonspecific binding, the
membranes were blocked with a blocking buffer that contained 5% non-fat dried milk in TBS with 0.1% Tween20
for a duration of 1 hour. Once the blocking process was completed, the membranes were incubated overnight at
4°C with primary antibodies against IL-8 (dilution 1:500; abcam), MDR1 (dilution 1:1000; abcam), and p-p65
(dilution 1:500; abcam). After the overnight incubation with primary antibodies, secondary antibodies (dilution
1:2000) were applied for 1 hour. The membranes were then washed and images were taken via gel imager.

2.6. qRT-PCR analysis

Real-time PCR was employed to quantify the expression levels of the target genes, namely IL-8, MDR1, and
GAPDH. The specific primers used in this study were designed to amplify the target genes, IL-8, MDR1, and
GAPDH. The sequences of the forward and reverse primers are as follows: IL-8: Forward Primer: 5′-CAC CTC AAG
AAC ATC CAG AGC T-3′; Reverse Primer: 5′-CAA GCA GAA CTG AAC TAC CAT CG-3′; MDR1: Forward Primer: 5’-CCC
ATC ATT GCA ATA GCA GG-3’; Reverse Primer: 5’-TGT TCA AAC TTC TGC TCC TGA-3’; GAPDH: Forward Primer:
5′-GCACCG TCA AGG CTG AGA AC-3′; Reverse Primer: 5′-TGG TGAAGA CGC CAG TGG A-3′.

2.6.1. cDNA Synthesis
Total RNA was extracted from the target cells/tissues using a commercially available RNA extraction kit

following the manufacturer's instructions. Subsequently, we used a reverse transcription kit to synthesis cDNA
according to the provided protocol.

2.6.2. qRT-PCR
Real-time PCR amplification was carried out using a Light Cycler 480 (Roche) real-time PCR system. The

reaction mixture was prepared using an SYBR Green-based master mix. Each reaction consisted of 1 µL cDNA
template, forward and reverse primers (10 µM), and 12.5 µL SYBR Green master mix. A total of 20 µL was the
reaction volume. The conditions for real-time PCR's thermal cycling amplification were as follows: initial
denaturation at 95°C for 10 min, followed by denaturation at 95°C for 15 sec, annealing at 60°C for 1 min, and
extension at 72°C for 40 cycles. A final extension step at 72°C was included. The quantification cycle values
obtained from the qRT-PCR experiments were screened. Using the comparative Ct technique, relative expression
levels of the target genes were estimated with GAPDH as the reference gene.

2.7. Statistical analysis

Dunnett's t-test and ANOVA were used to statistically analyze the data. To analyze the findings, GraphPad
Prism 5 software was utilized, which allowed for the creation of informative graphs. Statistical significance was
determined based on a p-value threshold of less than 0.05, indicating results that were considered statistically
significant.

3. Results
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3.1. Development of DOC-resistant prostate cancer cells

Doc sensitivity of DU-145/R and PC-3/R cells and their parental cells DU-145 and PC-3 cells were evaluated
via calculating IC50 values. The IC50 values of DOC were 0.61 ± 0.4 and 67 ± 2.4 nM in DU-145 and DU-145/R cells,
respectively, at 72 h (Figure 1A). The IC50 values of DOC were 0.57 ± 0.2 and 62 ± 2.1 nM in PC-3 and PC-3/R cells,
respectively, at 72 h (Figure 1B). The sensitivity of both DU-145/R and PC-3/R cells to DOC was approximately 10
times lower than parental cells. Our findings confirmed that DOC-resistant PCa cells had been successfully
developed. Graphs representing % cell viability versus the logarithm of concentration are presented in Figures 1C
and 1D.

Figure 1. Cell viability of (A) PC-3, PC-3/R, (B) DU-145, and DU-145/R cells after treatment of Docetaxel at 72 h
(*p<0.05). (C) and (D) Graphs representing % cell viability versus logarithm of the concentration.

3.2. IL-8 expression is significantly elevated in both DOC-resistant PCa cells

As many studies have shown that cytokines are involved in cancer cell chemoresistance, we first determined

and compared the expression levels of cytokines released from DOC-sensitive (PC-3-DU-145) and DOC-resistant

(PC-3/R-DU-145) prostate cancer cells (Tables 1 and 2). Array analyses showed that DOC-sensitive PC-3 and

DU-145 PCa cells have different cytokine profiles. It was shown that DOC-sensitive PC-3 cells mainly express

angiogenin, TIMP-1, TIMP-2, EGF, GROα, MCP-1 and, IL-8, however, DU-145 cells express RANTES, GROα, IL-6,

MCP-1, TIMP-1, IGF-1, TIMP-2, and IL-8 angiogenic cytokines (Table 1). Cytokines expressed by both

DOC-sensitive and -resistant cells were MCP-1, TIMP-1, GROα, TIMP-2, and IL-8. Resistant PC-3/R cells express
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GROα, IGF-1, IL-6, IL-8, MCP-1, angiogenin, and VEGF, however, resistant DU-145/R cells express TIMP-1, TIMP-2,

angiogenin, and IL-8 cytokines (Table 2). Comparative analysis of PC-3 and PC-3/R cells revealed significant

differences in the expression levels of MCP-1, GROα, and IL-8 cytokines. In DU-145 and DU-145/R comparative

analysis, only and TIMP-1, TIMP-2 and IL-8 cytokines were differentially expressed.

Results were also verified using qRT-PCR and western blot analysis. IL-8 expression is significantly increased

in both DOC-resistant PCa cells (Figures 2A and 2B). As IL-8 is significantly increased in both DOC-resistant cell

lines, we hypothesized that IL-8 could be an important molecule involved in the resistance of PCa cells to DOC.

Table 1. Comparison of the cytokine expression levels in DOC-sensitive PC-3 (PC-3) and DOC-resistant PC-3
(PC-3/R) cells (*p<0.05).

Spot pixel main value ±SD

Cytokine PC-3 PC-3/R

GCSF 58 ± 2.5 65 ± 0.8
GM-CSF 78 ± 2.1 82 ± 1.3
GRO alpha/beta/gamma 106 ± 2.6 208 ± 3.2
GRO alpha 87 ± 2.4 228 ± 1.6*
IL-1 alpha 20.4 ± 1.8 26 ± 2.0
IL-2 25 ± 2.0 28 ± 1.8
IL-3 32 ± 1.2 38 ± 2.2
IL-5 28 ± 1.1 34 ± 0.4
IL-6 60 ± 2.1 118 ± 1.2
IL-7 30 ± 1.4 35 ± 3.7
IL-8 90 ± 2.4 320 ± 2.1*
IL-10 27 ± 0.8 29 ± 0.4
IL-13 22 ± 0.4 30 ±1.2
IL-15 23 ± 1.2 42 ± 0.2
IFN-gamma 44 ± 1.6 48 ± 1.4
MCP-1 102 ± 2.1 201 ± 2.4*
MCP-2 98 ± 1.8 106 ± 1.0
MCP-3 42 ± 0.6 50 ± 0.8
MIG 20 ± 1.2 25 ± 1.2
RANTES 80 ± 1.4 82 ± 0.6
TGF beta 1 120 ± 2.6 142 ± 1.2
TNF alpha 95 ± 2.4 102 ± 3.2
TNF beta 45 ± 2.1 52 ± 1.0
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Table 2. Comparison of the cytokine expression levels in DOC-sensitive(DU-145) and DOC-resistant (DU-145/R)
cells (*p<0.05).

Figure 2. (A) The relative expression of IL-8 mRNA in DOC-sensitive (PC-3 and DU-145) and DOC-resistant
(PC-3/R and DU-145/R) cells evaluated via qRT-PCR (*p<0.05). (B) Expression levels of IL-8 protein levels in
DOC-sensitive (PC-3 and DU-145) and DOC-resistant (PC-3/R and DU-145/R) cells were detected by western blot
analysis.

Spot pixel main value ±SD

Cytokine DU-145 DU-145/R

GCSF 25 ± 0.8 32 ± 2.6
GM-CSF 42 ± 1.2 48 ± 1.0
GRO alpha/beta/gamma 109 ± 2.0 212 ± 2.5
GRO alpha 95 ± 2.1 287 ± 3.4
IL-1 alpha 48 ± 1.4 62 ± 1.2
IL-2 35 ± 0.4 45 ± 0.2
IL-3 28 ± 2.6 36 ± 1.4
IL-5 24 ± 1.8 32 ± 1.6
IL-6 108 ± 1.2 122 ± 2.6
IL-7 26 ± 2.2 36 ± 1.2
IL-8 102 ± 2.8 325 ± 2.1*
IL-10 28 ± 3.2 32 ± 2.5
IL-13 26 ± 2.0 38 ± 0.4
IL-15 36 ± 1.0 46 ± 1.1
IFN-gamma 98 ± 0.4 232 ± 0.8*
MCP-1 102 ± 2.3 112 ± 3.1
MCP-2 45 ± 3.2 55 ± 2.1
MCP-3 49 ± 0.4 55 ± 1.5
MIG 22 ± 2.6 30 ± 2.0
RANTES 96 ± 1.2 286 ± 2.6*
TGF beta 1 87 ± 2.2 98 ± 0.6
TNF alpha 65 ± 0.8 70 ± 1.2
TNF beta 72 ± 2.1 85 ± 1.0
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3.3. IL-8 is involved in the DOC resistance of PCa cells

The next step was to verify if IL-8 plays a role in the DOC-sensitivity of PCa cells. IL-8 siRNA was used to
suppress its expression in PC-3/R and DU-145/R cells. IL-8 siRNA increased the DOC-sensitivity of both PC-3/R
(IC50: 11.5 ± 0.4 nM) and DU-145/R (IC50: 15 ± 1.2 nM) cells (Figure 3A and 3C). Moreover, recombinant IL-8
(rIL-8) decreased the DOC sensitivity of PC-3 and DU-145 cells with the IC50 values 78.7 ± 2.6 nM and 84.7 ± 3.1
nM respectively (p<0.05) (Figure 3B). These data verified that IL-8 is involved in DOC resistance of PCa cells.

Figure 3. (A) PC-3/R and DU-145/R cells were transfected with negative control (NC) or si-IL-8 for 72 h and then
further exposed to increasing concentrations of DOC for 48 h (*p<0.05). (B) PCa cells were pretreated with or
without rIL-8 (40 nmol) for 90 min and then further exposed to increasing concentrations of DOC for 72 h
(*p<0.05). (C) PC-3/R and DU-145/R cells were transfected with negative control (NC) or si-IL-8 for 72 h, and the
expression of IL-8 was measured by western blot and quantified via Image J software.
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3.4. IL-8 modulates the expression of MDR1 in PCa cells

To investigate the underlying mechanisms of IL-8-mediated DOC resistance, we examined the impact of IL-8
on the expression of MDR1 in prostate cancer (PCa) cells. Initially, the levels of MDR1 mRNA and protein were
assessed in both DOC-sensitive and DOC-resistant PCa cells. Through qRT-PCR and western blot analysis, we
observed a significant increase in MDR1 levels in DOC-resistant PCa cells compared to sensitive cells (p<0.05)
(Figure 4A). To further elucidate the role of IL-8, siRNA targeting IL-8 was employed, which resulted in decreased
expression of MDR1 mRNA and protein in both PCa cell lines (Figure 4B). Moreover, the introduction of
recombinant IL-8 (rIL-8) led to elevated mRNA and protein levels of MDR1 in PC-3 and DU-145 cells, suggesting
that IL-8 can regulate the expression of MDR1 in PCa cells (Figures 4C and 4D).

Figure 4. (A) The expression of MDR1 in PC-3/R and DU-145/R cells and their parental cells were measured by
western blot analysis. (B) PC-3/R and DU-145/R cells were transfected with negative control (NC) or si-IL-8 for 72
h and then expression of MDR1 was measured by western blot analysis. (C) PC-3/R and DU-145/R cells were
transfected with negative control (NC) or si-IL-8 for 72 h, and mRNA expression of MDR1 was measured by
qRT-PCR analysis. (D) PC-3 or DU-145 cells were treated with or without rIL-8 (40 ng/ml) for 72 h, and mRNA
expression of MDR1 was measured by qRT-PCR (*p < 0.05).

3.5. IL-8 regulates the transcription of MDR1 via activation of PI3K/AKT/NF-κB pathway

To elucidate the precise mechanisms underlying the IL-8-induced up-regulation of MDR1 in prostate cancer
(PCa) cells, we conducted further investigations. Considering the established involvement of the PI3K/AKT/NF-κB
pathway in the regulation of MDR1 expression, we explored its role in IL-8-mediated MDR1 up-regulation in PCa
cells. Our results demonstrated that treatment with recombinant IL-8 (rIL-8) increased the phosphorylation of
p65 in PC-3 and DU-145 cells (Figure 5A). Subsequently, we assessed the impact of the PI3K/AKT pathway
inhibitor (LY294002, 10 μM) on the rIL-8-induced up-regulation of MDR1 mRNA in both PCa cell lines. Notably,
the inhibitor effectively attenuated the rIL-8-induced up-regulation of MDR1 mRNA, as observed in Figure 5B.
Consistent results were also observed at the protein level, as determined by western blot analysis. These findings
suggest that IL-8 regulates the transcription of MDR1 in PCa cells through activation of the PI3K/AKT/NF-κB
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pathway.

Figure 5. PC-3 and DU-145 cells were treated with rIL-8 (40 ng/ml) or si-IL-8 for 24, 48 and 72 h. (A) Protein
levels were measured by western blot and quantified via Image J software. (B) The mRNA of MDR1 was measured
by qRT-PCR. PCa cells were pretreated with or without LY294002 (10 µM) for 90 min and then exposed to rIL-8
(40 ng/ml) for 72 h, and the mRNA of MDR1 was measured by qRT-PCR (*p < 0.01).

4. Discussion

Human prostate carcinoma cell lines PC-3 and DU-145 are frequently used to understand the mechanisms
and effects of anti-cancer agents. Both of the cell lines are androgen-receptor negative cell lines and are derived
from the metastases of bone or brain, respectively [9, 10]. PC-3 cells are characterized by the absence of the p53
gene, while DU-145 cells harbor a mutant p53 gene. Previous studies have indicated that the status of p53 can
influence the sensitivity of prostate cancer cells to DOC [11]. Additionally, PC-3 cells exhibit elevated levels of the
anti-apoptotic protein Bcl-2 compared to DU-145 cells. Consequently, PC-3 cells demonstrate greater resistance to
cytotoxic agents in comparison to DU-145 cells [12]. Along with their similarities, these cell lines differ in many
ways as well [13-15], thus they provide an efficient model for the heterogeneous phenotype of prostate cancer
tumors [16, 17].

Although DOC provides a successful treatment with a high survival rate for PCa, many of the patients with
PCa eventually develop resistance and become not responsive to DOC treatment [18]. In response to drug
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resistance challenges, numerous scientific studies have been conducted to explore a wide range of approaches
aimed at overcoming resistance problems [16, 19-21]. Multiple mechanisms can contribute to docetaxel
resistance, and one such mechanism involves the overexpression of the multidrug resistance 1 (MDR1) protein.
MDR1 protein, also referred to as P-glycoprotein or ABCB1, is an ATP-dependent drug efflux pump that plays a
crucial role in actively transporting a wide range of chemotherapeutic agents out of cancer cells. This efflux
mechanism ultimately leads to a decrease in the effectiveness of these agents in combating cancer. Overexpression
of MDR1 in cancer cells is a well-known mechanism of multidrug resistance [22]. Cytokines are shown to
modulate the MDR process in cancer cells and they can affect the cancer treatment efficiency in different ways
[23-25]. In this study, cytokines released from DOC-sensitive and resistant cells were determined via a
membrane-based array. By conducting a comparative cytokine profiling analysis, notable differences in the levels
of chemokine C-X-C motif ligand 1 (GROα), Interleukin 8 (IL-8), and monocyte chemo-attractant protein 1 (MCP-1)
were observed between the PC-3 and PC-3R cell lines. These findings highlight significant variations in the
expression of these cytokines between the two cell lines. GROα was known to endorse carcinoma cell migration,
and in another study on the PC-3 cell line, it was demonstrated it may take an important part in prostate cancer
progression and metastasis [26]. Monocyte chemo-attractant protein 1 (MCP-1) was similarly associated with
growth and invasion capacity [27]. In contrast, when comparing DU-145 and DU-145/R cell lines, only IL-8,
TIMP-1, and TIMP-2 cytokines exhibited differential expression. While tissue inhibitors of metalloproteinases
(TIMPs), are known to be responsible for extracellular matrix remodeling via matrix metalloproteinases (MMPs),
they function as cytokines on cell growth, apoptosis and differentiation [28]. It was shown that the deregulation of
tissue inhibitors of metalloproteinases (TIMPs), acts as a cell senescent protector for tumor cells and supports
metastatic potential. Disruption of TIMP function in PCa was associated with resistance to docetaxel [29]. In
another study, it was demonstrated that altering the steady state between MMPs and TIMPs, increases the invasive
potential of DU-145 cells [30].

As a chemokine, IL-8 with significant involvement in inflammation and immune responses. Its role extends to
multiple facets of cancer progression, encompassing tumor growth, angiogenesis, invasion, and metastasis.
Emerging evidence suggests that IL-8 may also contribute to chemotherapy resistance in certain types of cancer,
including prostate cancer. It was also shown that IL-8 was the common cytokine found expressed in both resistant
cell lines. IL-8 has been reported to be involved in the resistance of docetaxel, cisplatin and Sunitinib (Dua and He,
2018). Thus, it was considered a key player molecule in docetaxel resistance. IL-8, also referred to as chemokine
(C-X-C motif) ligand 8 or CXCL8, primarily functions as a chemoattractant for granulocytes, particularly
neutrophils. Additionally, IL-8 plays a significant role in facilitating phagocytosis processes. But it is also
acknowledged as an effective angiogenesis promoter [31, 32]. IL-8 was shown to support tumor progression by
affecting the cell survival and proliferation rate, invasion, and angiogenesis [33]. To test the theory about the
relation between IL-8 and DOC resistance, resistant cell lines were exposed to IL-8 siRNA. It was found that after
treatment with IL-8 siRNA DOC sensitivity was increased for both of these cells. Subsequently, to enlighten the
IL-8 related resistance mechanism MDR1 expression was investigated. MDR1 is the main shortcoming in cancer
treatment and essential for chemotherapy efficiency [34]. Shao et al. demonstrated the potential role of IL-8 in
docetaxel resistance of estrogen-negative breast cancer cells. IL-8 was found to be a tumor-promoting cytokine.
Silencing IL-8 resulted in the downregulation of cyclin D1, and the reduction of phosphorylated-Akt and NF-ΚB
activities. However, the study was limited to ER-breast cancer cell lines. Since cancer cells show different
expression patterns even in different subtypes of cancer cells, DOC resistance needs to be investigated in different
subtypes modeling prostate cancer [35]. In another study, DOC resistance in prostate cancer cells was investigated
via silencing NF-kB. It was determined that inhibition of NF-kB resensitized DU-145R cells to Docetaxel. Despite
increased NF-kB activity, the potential role of IL-6 and IL-8 in indirect docetaxel resistance was highlighted, as
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IL-6 secretion was reduced in D-resistant cell lines and was not induced by D treatment. Researchers have not
been able to inhibit IL-6 and IL-8 and reveal the molecular mechanism details [36].

Here, once the DOC sensitivity was demonstrated after siRNA treatment, to provide an insight into
IL-8-related resistance mechanism, Multi-Drug Resistance 1 (MDR1) expression was investigated. MDR1
expression was noticed to be high in both DOC-resistant PC-3/R- DU-145/R cell lines. Subsequently, MDR1
expression was also observed after the IL-8 siRNA treatment for both cells. It was shown that MDR1 expression
levels decreased after IL-8 siRNA treatment in both PC-3/R and DU-145/R cell lines. It is known that, in prostate
cancer cell lines MRP1 is closely linked with cancer progression [19]. The involvement of IL-8 with docetaxel
resistance and its effects on the expression of MDR1 was also demonstrated in other studies [37]. In one of the
studies with colorectal cancer cells, it was shown that IL-8 can affect the MDR1 expression levels through NF-κB
phosphorylation [35]. Several NF-kB binding sites were shown in the human MDR1 promoter, suggesting that
NF-kB may be mediating the IL-8 resistance mechanism. In addition, it is probable that PI3K, which is
downstream of the IL-8 pathway and is associated with survival, may also play a role in the DOC resistance
mechanism.

Cytokines play a central role in mediating drug resistance in cancer treatment. In the present work,
differential expression of these cytokines was observed between sensitive and resistant prostate cancer cell lines,
indicating their involvement in resistance mechanisms. Specifically, the investigation of angiogenic cytokines in
docetaxel-resistant prostate cancer cells revealed that IL-8 is a key regulator of docetaxel resistance through
modulation of MDR1. Unraveling the intricate mechanism underlying docetaxel resistance, with a focus on IL-8
and MDR1, is critical for devising strategies to overcome resistance and enhance treatment outcomes in prostate
cancer patients. Targeting IL-8 signaling pathways or MDR1 expression holds promise as a potential therapeutic
approach to sensitize PCa cells to docetaxel and other chemotherapy drugs. However, further research is
warranted to gain a comprehensive understanding of the complex interactions among IL-8, MDR1, and docetaxel
resistance in PCa, and to develop effective therapeutic interventions accordingly.
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