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Mechanistic study of novel arylpiperazine derivative NAF19 in prostate 
cancer treatment based on network pharmacology approach
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ABSTRACT
Background: Our preliminary studies identified the arylpiperazine derivative NAF19 as a promising therapeutic agent against 
prostate cancer, though its precise mechanisms remained unclear.
Methods: Network pharmacology was utilized to pinpoint both therapeutic targets and disease-related targets. Functional as-
sessments of cells were conducted using the CCK-8 method and wound-healing assays to analyze the effects of NAF19 on LNCaP 
cell proliferation and migration, respectively. The effect of NAF19 on the cell cycle progression of prostate cancer cells was exam-
ined using flow cytometry, while phosphorylation of AKT and PI3K was assessed using Western blotting.
Results: The anti-proliferative activity of NAF19 increased with higher doses and longer durations of treatment. The wound 
healing assay confirms its strong inhibitory effect on cell migration. Western blotting results indicate that NAF19 influences EMT-
related protein expression, leading to elevated E-cadherin and decreased Vimentin and N-cadherin levels. Further mechanistic 
investigation showed that NAF19 significantly reduced the expression of CXCR4, as well as phosphorylated PI3K and Akt proteins.  
Western blot results confirmed that NAF19 downregulated Skp2 while increasing the levels of p27 and p21, suggesting involve-
ment of the Skp2/p27/p21 signaling pathway. Molecular docking analysis demonstrated that NAF19 binds strongly to CXCR4, 
exhibiting a binding energy of -9.6 kcal/mol.
Conclusions: This investigation confirms that NAF19 acts as a new CXCR4 antagonist, effectively suppressing several cancer-
promoting pathways in prostate cancer, such as PI3K/AKT signaling, cell cycle advancement, and EMT.
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INTRODUCTION

Prostate cancer (PCa) is among the most common ma-
lignancies in the global male genitourinary system, 
particularly in middle-aged and elderly populations. In 
2020, worldwide cancer statistics reported approxi-
mately 10.06 million new cases and 5.53 million deaths 
among males, with PCa accounting for 1.41 million new 
cases and 380,000 fatalities (mortality-to-incidence ra-
tio: 27%). Notably, China documented 120,000 new PCa 
cases and 50,000 deaths, yielding a significantly higher 
mortality-to-incidence ratio of 41.7% [1]. According to 
the 2025 U.S. cancer report, PCa prevalence dominates 
male malignancies, constituting about 30% of cases [2].

Naftopidil is classified as an arylpiperazine derivative and 
exhibits selective antagonism toward both α1A and α1D 
adrenoceptor subtypes. By lowering dihydrotestosterone 

concentrations within prostate tissues and cells, this com-
pound facilitates apoptotic processes. Thus, naftopidil is 
currently utilized in the management of benign prostatic hy-
perplasia (BPH) [3]. Furthermore, research has shown that 
NAF significantly suppresses the growth of prostate cancer 
cells, such as PC-3 and LNCaP, while promoting apoptosis 
[4-6]. Capitalizing on its modifiable structure, our team 
synthesized the novel arylpiperazine derivative NAF19 (Fig-
ure 1) through side-chain modification of naftopidil. In our 
group's previous studies, the IC₅₀ value of naftopidil was 
found to be greater than 50 μM in prostate WPMY-1 cells, 
and 42.10, 22.36, and 34.58 μM in prostate cancer PC-3, 
LNCaP, and DU145 cells, respectively. In contrast, NAF19 ex-
hibited significantly higher potency, with an IC₅₀ > 50 μM in 
WPMY-1 cells and IC₅₀ values of 1.23, 2.32, and 0.87 μM in 
PC-3, LNCaP, and DU145 cells, respectively [7,8]. However, 
its precise mechanism of action remains unclear.
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Network pharmacology—an emerging interdisciplinary 
field integrating network biology, pharmacology, bioinfor-
matics, and systems biology—transcends the traditional 
"one-target-one-drug" paradigm by constructing biologi-
cal networks to decipher disease pathogenesis and drug 
mechanisms [9,10]. Leveraging this approach, we system-
atically identified NAF19's key targets, molecular path-
ways, and biological processes in PCa treatment, followed 
by experimental validation. This study provides a theoreti-
cal foundation for developing novel anti-PCa therapeutics.

METHODS

Ethics approval was not required for this study.

Reagents

DMEM medium and 10% fetal bovine serum (FBS; Gib-
co, USA; Lot No.: 8115130, 42G437k); CCK-8 assay kit 
(PerkinElmer, China; Lot No.: AR119); dimethyl sulfoxide 
(DMSO; Suzhou Lianxiong Fine Chemical Technology Co., 
Ltd.; Lot No.: 16040302); primary antibodies: p-PI3K, 
PI3K, p-AKT, AKT, CXCR4, E-cadherin,  N-cadherin, Vimen-
tin, Skp2, p27, p21(Abcam, UK; Lot No.: ab278545, PI3K 
p85, ab182651, ab52627, ab108202, 181020, ab287970, 
ab280375, ab16700, SKP2, 64949, ab109520); second-
ary antibody: HRP-labeled goat anti-rabbit (Beijing Bioss 
Biotechnology Co., Ltd.; Lot No.: BIR703).

Cell culture

The LNCaP cell line was acquired from Procell Life Sci-
ence & Technology Co., Ltd. located in Wuhan. LNCaP 
cells were grown in DMEM enriched with 10% FBS and 
1% penicillin-streptomycin at 37 °C with 5% CO₂. Media 
were replaced at two to three-day intervals. Subculturing 
was performed once the confluence exceeded 85%.

CCK-8 assays

LNCaP cells in logarithmic growth were inoculated in 96-
well plates. A blank control group was included, and six 
concentrations (0, 2, 4, 6, 8, and 10 μmol/L) were evalu-
ated. Each concentration was set up in six replicate wells. 
The supernatant was aspirated from cells incubated for 
24 or 48 hours, followed by the addition of 100 μL of 
fresh medium and 10 μL of CCK-8 solution to each well. 
The plate was incubated for 0.5 hours. The absorbance 
at 450 nm was measured using a microplate reader.

Colony formation assays

Cells in good growth condition were seeded in culture 
dishes at 1×103 cells/well, treated with different concen-
trations of NAF19, and cultured at 37°C with 5% CO₂ for 
about 14 days, with regular observation of cell growth 
status and medium color changes during this period. 
Upon completion of the incubation, cells were fixed 
using 4% paraformaldehyde (PFA) and subsequently 
stained with a 0.5% crystal violet. Visible colonies were 
enumerated under a microscope, and the rate of colony 
formation was determined by calculating (number of 
colonies / number of cells seeded) × 100%.

Wound healing assays

Logarithmic growth phase LNCaP cells were plated in 
6-well plates. Upon reaching 95–98% confluence, 20 mg/L 
of mitomycin C was introduced into each well and incu-
bated for 2 hours to suppress cell proliferation. A scratch 
wound was generated in the monolayer using a sterile 10 
μL pipette tip. After rinsing gently with D-PBS, cells were 
treated with serum-free medium supplemented with var-
ying concentrations of NAF19 (0 and 8 μmol/L). Each treat-
ment was performed in triplicate. Images were captured 
at 0 and 24 hours post-treatment. For each time point, six 
randomly chosen fields were analyzed, and the extent of 
wound closure was quantified with ImageJ software.

EdU assays

Transfected cells were inoculated in 96-well plates and ex-
posed to EdU-supplemented medium for 2 h at 37°C and 
5% CO₂. After this incubation, the cells were fixed (4% PFA, 
20 min) and then labeled with Apollo dye for an additional 
30 minutes. Finally, nuclei were counterstained with DAPI 
for 30 minutes at ambient temperature prior to image ac-
quisition. The experiment was performed in triplicate.

Construction of molecular networks

Acquisition of potential targets for NAF19
The SMILES string and two-dimensional molecular 
structure of NAF19 were obtained from PubChem. The 
SMILES of NAF19 is CC1=CC=CC=C1OCCC1=CC=C(CN2CC
N(CC2)C(C2=CC=CC=C2)C2=CC=CC=C2)C=C1. The struc-
tural formula of NAF19 is shown in Figure 1. Potential 

Figure 1. Novel naftopidil derivative (NAF19) structure.
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pharmacological targets were predicted using Super-
Pred, PharmMapper, and SwissTargetPrediction. Target 
protein and gene information was standardized using 
the UniProt database.
Identification of PCa-related target genes
The keyword "Prostate cancer" was used to mine po-
tential disease targets from the OMIM, DrugBank, Gen-
eCards, and CTD databases. Targets with a GeneCards 
relevance score ≥10 or equivalent confidence in CTD 
were selected. Duplicate entries were removed, and the 
remaining targets were consolidated.
Construction of PPI networks for shared targets between 
NAF19 and PCa
The drug-target regulatory network was visualized using 
Cytoscape (v3.10.3). Overlapping genes between drug and 
disease targets were identified, and their protein-protein 
interaction (PPI) networks were developed using STRING 
(v11.0) with a minimum confidence score of 0.4. The re-
sulting PPI network was further analyzed in Cytoscape, 
with node importance ranked by Degree centrality.
Functional enrichment analysis and network integration
Functional enrichment analyses of overlapping targets 
were conducted using clusterProfiler (v4.10.0) in R. GO 
categories, including biological process (BP), cellular 
component (CC), and molecular function (MF), along 
with KEGG pathways, were examined. Terms with p < 
0.05 and counts >1 were considered significant. An inte-
grated "drug-target-disease-pathway" network was con-
structed to visualize multi-level interactions.
Molecular docking verification
The top 6 hub targets from PPI analysis were docked with 
NAF19 using AutoDock Vina. Ligand 3D structures were 
generated from SMILES via Open Babel (https://openba-
bel.org/), while protein structures were retrieved from 
the Protein Data Bank. Preprocessing (dehydration, hy-
drogenation, charge assignment) was performed using 
AutoDockTools and PyMOL. Binding affinity was evalu-
ated with docking energy thresholds of <-5 kJ/mol, indi-
cating strong interactions.
Cell cycle analysis
LNCaP cells were grown with 8 μmol/L NAF19 for 48 h, 
harvested, and fixed. After staining with Solution A/B/C 
(10 min each), cell cycle distribution was analyzed using 
a BD Aria III flow cytometer. Data processing was per-
formed with ModFit LT software, with untreated cells as 
negative controls.

Western blot (WB)

LNCaP cells were grown with NAF19 (4/8 μmol/L) for 48 
h. Proteins were isolated with RIPA lysis buffer, quantified 
with the BCA assay, and adjusted to a concentration of 2 

g/L. Following electrophoresis and transfer, the blots were 
treated overnight at 4 °C with primary antibodies. They 
were then exposed to HRP-linked secondary antibodies. 
Band intensities were quantified using ImageJ (n=3).

Statistical analysis

All statistical evaluations were performed with SPSS ver-
sion 22.0, and results are expressed as mean ± standard 
deviation. GraphPad Prism 8 was used for plotting. Differ-
ences between the two normally distributed groups were 
compared using the independent samples t-test. Multiple 
groups were compared using one-way analysis of variance 
(ANOVA) and LSD post-hoc tests. All analyses were two-
sided, and p < 0.05 was considered statistically significant.

RESULTS

NAF19 inhibits LNCaP cell proliferation

The IC₅₀ of NAF19 against LNCaP cells was determined 
through CCK-8 assays to evaluate its anti-proliferative ac-
tivity. Results demonstrated dose- and time-dependent 
growth inhibition, with IC₅₀ values of 8.004 μmol/L (24 
h) and 5.204 μmol/L (48 h) (Figure 2A). Colony formation 
assays confirmed significant suppression of clonogenic 
capacity (Figure 2B), while EdU incorporation assays 
revealed markedly reduced DNA synthesis in treated 
groups (8 μmol/L, 48 h; p < 0.01 vs controls, Figure 2C).

NAF19 suppresses LNCaP cell migration

Wound healing assays evaluated NAF19's impact on cel-
lular motility. Treatment with 8 μmol/L NAF19 for 24 h 
significantly impaired migration capacity compared to 
untreated controls (Figure 3A), corroborating its anti-
metastatic potential.

NAF19 modulates genes related to cell migration

To investigate the molecular mechanisms affecting cell mi-
gration and invasion, the influence of NAF19 on EMT-relat-
ed genes and proteins involved in migration was assessed 
using wound healing assays and Western blot analysis.

E-cadherin, a critical epithelial marker, showed a sig-
nificant upregulation in protein expression following 
NAF19 treatment compared to the control group. Con-
versely, N-cadherin, a mesenchymal marker, exhibited 
a marked reduction in protein expression after NAF19 
treatment. Additionally, Vimentin, another mesenchy-
mal marker, was downregulated in its protein expression 
upon NAF19 treatment(Figure 3B). These results con-
firm that NAF19 regulates the expression of EMT-related 
proteins, thereby influencing cell migration and invasive-
ness. By modulating these key markers, NAF19 appears 
to play a role in reversing EMT, potentially contributing 
to its anti-metastatic effects.
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Figure 2. Effects of NAF19 on the proliferation of prostate cancer LNCaP cells
(A) Inhibitory effects of NAF19 at varying concentrations on LNCaP cell viability, as determined by CCK-8 
assay; (B) Impact of 8 μmol/L NAF19 treatment on the clonogenic capacity of LNCaP cells; (C) EdU incorpo-
ration assay illustrating the suppressive role of NAF19 in LNCaP cell proliferation.
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Development and validation of a PPI network for 
the identification of critical targets

The regulatory relationship between drugs and target 
genes was visualized through network diagrams (Figure 
4A). By intersecting drug target genes with disease target 
genes, we identified a set of intersection genes (Figure 
4B), totaling 21 genes. Utilizing the STRING database, an 
interaction network among proteins was established us-
ing the overlapping genes, incorporating 18 genes with-
in this network. A criticality analysis was performed on 
each node within the interaction network, where redder 
colors indicate nodes with more connections, signifying 
greater importance (Figure 4C).

Functional enrichment analysis on common genes: 
Insights into GO terms and KEGG pathways

An enrichment analysis focusing on GO functions and KEGG 
pathways was conducted for the 18 intersection genes 
from the interaction network. The GO enrichment yielded 
492 significantly enriched terms (Figure 5A). Among these, 
the most significant BP term was regulation of heart rate, 
CC was T-tubule, and MF was ammonium ion binding. For 
KEGG pathway enrichment, 14 significant pathways were 
identified, with the most notable being Pathways in can-
cer and PI3K-Akt axis (Figure 5B). Additionally, a network 
diagram illustrating the relationships between enriched 
pathways and genes was created (Figure 5C).

NAF19 inhibits phosphorylation of PI3K/Akt 
pathway-related proteins in LNCaP cells

Based on the preceding cellular phenotype experiments, 
NAF19 demonstrates an inhibitory effect on PCa cell pro-
liferation. To further elucidate the mechanism by which 
NAF19 exerts its therapeutic effects on prostate cancer, we 
treated LNCaP cells with 8 μmol/L NAF19 for 48 hours. A 
group containing 0.3% DMSO served as the blank control 
(Figure 6). The results indicate that NAF19 significantly re-
duces the levels of CXCR4 and phosphorylated proteins p-
Akt and p-PI3K in LNCaP cells relative to the controlscom-
pared to the controls. These findings suggest that NAF19 
inhibits the activity of the PI3K-Akt axis in LNCaP cells.

NAF19 influence on cell cycle in LNCaP cells

To verify the network pharmacology-based predictions 
on the potential role of NAF19 in inhibiting prostate 
cancer cell proliferation via cell cycle modulation, flow 
cytometric analysis was utilized to assess its effects on 
LNCaP cells (Figure 7A). The results demonstrated that 
exposure to 8 μmol/L NAF19 resulted in a markedly high-
er percentage of cells in the G1 phase (p < 0.01), along 
with a marked decrease in S phase cells relative to the 
controls (p < 0.05). These findings suggest that NAF19 
might suppress the LNCaP cells' proliferation by inducing 
cell cycle arrest at the G1 stage.

Figure 3. Effect of NAF19 on LNCaP cells migration
(A) Wound healing assay demonstrating the inhibi-
tory effect of NAF19 on LNCaP cell migration; (B) 
Western blot analysis of NAF19-regulated expres-
sion of cell migration-related genes.
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Role of NAF19 in modulating cell cycle-associated 
protein levels in PCa cells

Research has found that CXCR4 can affect the expres-
sion of Skp2 and its downstream related genes through 
the regulation of the signaling protein PI3K/Akt [11]. To 
gain deeper insight into the mechanistic basis of NAF19-
mediated cell cycle regulation in PCa cells, WB was em-
ployed to quantify the levels of key cell cycle-associat-
ed proteins, namely, Skp2, p27, and p21, as predicted 

through network pharmacology. Among these, p27 and 
p21 are known downstream regulators of Skp2.

Following a 48-hour treatment of prostate cancer 
cells with 8 μmol/L NAF19, Skp2 protein levels showed 
a notable reduction, while p27 and p21 expression were 
significantly upregulated relative to the control (Figure 
7B). These findings suggest that NAF19 may inhibit PCa 
cell proliferation by modulating the Skp2/p27/p21 sign-
aling pathway, thereby influencing cell cycle progression.

Figure 5. Functional enrichment of overlapping genes in GO and KEGG
(A) GO enrichment of 18 hub overlapping genes; (B) KEGG pathway enrichment of the 18 hub overlapping genes; 
(C) KEGG pathway-gene network illustrating functional associations between enriched pathways and core genes.
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Molecular docking study

To further investigate whether NAF19 regulates the ex-
pression of downstream proteins Skp2, p27, and p21 
through direct binding with CXCR4, we performed molec-
ular docking between NAF19 and the key target protein 
CXCR4 (Figure 7C). In the provided diagrams, hydrogen 
bonds are depicted as solid blue lines, hydrophobic inter-
actions as black dashed lines, salt bridges as yello dashed 
lines, and π-π interactions as green dashed lines. The 
calculated binding energy was -9.6 kcal/mol, indicating a 
strong affinity between NAF19 and CXCR4. These findings 
imply that NAF19 could bind directly to CXCR4, thereby 
possibly modulating the levels of key downstream regula-
tors of the cell cycle, including Skp2, p27, and p21.

DISCUSSION

PCa is a common malignancy in elderly males. With its 
increasing incidence, PCa has become a major disease 
that significantly impacts male life expectancy and qual-
ity of life. While research indicates a favorable five-year 
survival outlook for localized prostate cancer, the majori-
ty of patients remain asymptomatic during initial disease 
progression. As a result, the disease is often diagnosed 
at an advanced stage, where it tends to develop resist-
ance to treatment and progress into lethal castration-re-
sistant prostate cancer (CRPC), presenting a major chal-
lenge in clinical management [12]. Therefore, improving 
therapeutic efficacy, prolonging patient survival, and re-
ducing mortality remain urgent clinical priorities.

Our previous research identified NAF19, a novel ar-
ylpiperazine compound with anti-resistance properties, 
as having strong inhibitory effects on prostate cancer 
cells [7]. However, its underlying mechanisms were not 
fully understood. Here, network pharmacology was em-
ployed to evaluate potential therapeutic targets, key 
signaling pathways, and relevant biological processes as-
sociated with the anti-prostate cancer effects of NAF19.

PCa is an androgen-related malignancy [13]. The pro-
gression and metastasis of tumors are significantly influ-
enced by the functionality of the androgen receptor (AR) 
[14]. Activation of AR-regulated genes by androgens fa-
cilitates the proliferation, differentiation, and metastatic 
spread of PCa cells [15]. Therefore, targeting AR remains 
one of the primary strategies in PCa therapy [16,17]. 
However, long-term androgen deprivation therapy can 
aberrantly activate the PI3K/Akt pathway [18], thereby 
enhancing tumor cell survival by suppressing apoptosis.

Emerging studies suggest that the PI3K/Akt axis is 
closely linked to PCa progression [19-23]. Hence, this 
pathway represents a promising non-AR-targeted thera-
peutic strategy. Based on KEGG enrichment analysis de-
rived from our network pharmacology data, the PI3K/
Akt signaling pathway exhibited the greatest number of 

enriched targets. Consequently, we prioritized in vitro 
validation of NAF19’s regulatory influence on prostate 
cancer through this pathway. In vitro studies demon-
strated that NAF19 markedly suppressed the growth and 
migratory capacity of LNCaP cells. At the molecular level, 
mechanistic investigations revealed that NAF19 elevated 
the E-cadherin expression and simultaneously reduced 
the levels of Vimentin and N-cadherin. By modulating 
these key EMT-related markers, NAF19 may reverse the 
EMT process, contributing to its anti-metastatic poten-
tial. Further in vivo findings indicated that NAF19 down-
regulated key components of the PI3K/Akt signaling axis 
within prostate tumor specimens. This pathway, a recog-
nized driver of oncogenesis, is often aberrantly activated 
across multiple cancer types and exerts a critical influ-
ence on tumor progression by blocking programmed cell 
death, overcoming cell cycle checkpoints, and promot-
ing the angiogenesis through the recruitment of vascu-
lar endothelial growth factor [24-27].

Our findings confirmed that NAF19 significantly down-
regulated PI3K, Akt, p-PI3K, and p-Akt. These findings 
indicate that NAF19 suppresses PCa cell proliferation 
and differentiation by modulating the PI3K/Akt signaling 
pathway, which underlies its anti-tumor activity.

Although our study demonstrates that NAF19 sup-
presses PCa cell growth through inhibition of the PI3K/Akt 
pathway, KEGG pathway enrichment also highlighted other 
potentially relevant pathways, such as “Neuroactive ligand–
receptor interaction”, “Choline metabolism in cancer”, and 
“metabolic reprogramming-related pathways”. Whether 
NAF19 exerts its anti-cancer effects through modulation of 
these pathways requires further investigation.

Figure 6. Western blots showing NAF19-altered levels 
of CXCR4 and its key downstream target proteins.
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The influence of NAF19 on cell cycle progression 
in PCa cells was further investigated. Treatment with 
NAF19 led to a pronounced arrest in the G1 phase in LN-
CaP cells. This effect may be attributed to NAF19’s ability 
to downregulate Skp2 while upregulating P21 and P27. 
Skp2 plays a crucial role in cell cycle regulation and is 
closely linked to tumor development and metastatic pro-
gression [28-31].

The cell cycle is a fundamental biological process, and 
its dysregulation is closely linked to cancer development. 
P21 and P27 are widely recognized as negative regulators 
of the cell cycle. Skp2 can promote their degradation via 
the ubiquitin-proteasome pathway [30,32]. Notably, P27 
regulates cyclin A and cyclin-dependent kinase 2 (CDK2), 
leading to G1 phase arrest [33], which aligns with our 
observation that NAF19 induces G1 phase arrest in LN-
CaP cells. This suggests that NAF19 may regulate the cell 
cycle in PCa through the Skp2/P27 signaling axis.

It has been reported that CXCR4 can modulate the ex-
pression of Skp2 and its downstream targets by modula-
tion of the PI3K/Akt axis. To explore the possible inter-
action between NAF19 and CXCR4, molecular docking 
was performed using AutoDock Vina. This revealed a 
binding free energy of -9.6 kcal/mol for the NAF19-CX-
CR4 complex, suggesting a high degree of binding affin-
ity between the compound and the receptor. This sup-
ports the hypothesis that CXCR4 may serve as a potential 
pharmacological target of NAF19. CXCR4 is the most im-
portant natural receptor for stromal cell-derived factor-1 
(SDF-1). Through a single chemokine–single receptor 
binding mechanism, it activates downstream signaling 
pathways and participates in the pathogenesis of ma-
lignant tumors [34-36]. Evidence indicates that elevated 
CXCR4 protein levels are observed during PCa progres-
sion, tumor invasion, and metastasis, and are correlated 
with patient survival outcomes [36,37].

However, whether NAF19 directly targets Skp2 and 
whether Skp2 regulates P21 and P27 expression through 
the ubiquitination pathway, remains unclear. Subse-
quent research will aim to overcome these limitations 
and provide a more in-depth understanding of the path-
ways responsible for the anti-tumor activity of NAF19.

CONCLUSIONS

In conclusion, an integrated network pharmacology 
approach was applied in this research to uncover pro-
spective therapeutic targets of NAF19 against PCa. Ad-
ditionally, in vitro validation demonstrated that NAF19 
markedly suppresses the growth and migratory capacity 
of PCa cells and promotes G1 cell cycle arrest in LNCaP 
cells. These effects are potentially mediated through 
suppression of the PI3K–Akt signaling cascade and mod-
ulation of the CXCR4/Skp2/p27 axis.

These results establish a theoretical foundation for 
developing NAF19 as a promising therapeutic option 
against PCa, presenting a potential alternative or ad-
junct to current standard treatments, including andro-
gen deprivation therapy, chemotherapy, and radiation. 
Furthermore, this study offers new mechanistic insights 
into NAF19’s mode of action, which could aid in the de-
sign of more precise and effective targeted therapies for 
prostate cancer in the future.

ABBREVIATIONS

ANOVA – one-way analysis of variance
AR – androgen receptor
BP – biological process
BPH – benign prostatic hyperplasia
CC – cellular component
CRPC – castration-resistant prostate cancer
DAPI – 4',6-diamidino-2-phenylindole
DMSO – dimethyl sulfoxide
EdU – 5-ethynyl-2′-deoxyuridine
EMT – epithelial-mesenchymal transition
FBS – fetal bovine serum
IC50 – half maximal inhibitory concentration
KEGG – Kyoto Encyclopedia of Genes and Genomes
MF – molecular function
NAF19 – naftopidil 19 (novel naftopidil derivative)
PBS – phosphate buffered saline
PCa – prostate cancer
PFA – paraformaldehyde
PPI – protein-protein interaction
SMILES – Simplified Molecular Input Line Entry System
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