
ONCOLOGY LETTERS  23:  101,  2022

Abstract. Serine/threonine protein phosphatase 2A (PP2A) is 
a protein that has a wide range of biological functions. As pros-
tate cancer progresses from hormone-sensitive prostate cancer 
to castration‑resistant prostate cancer (CRPC), the expression 
level of PP2A has been found to decrease. The present study 
aimed to determine the roles that PP2A may play in pros-
tate cancer and its association with the downstream factor, 
X‑linked inhibitor of apoptosis (XIAP). First, the mRNA and 
protein expression levels of PP2A in LNCaP, DU145 and PC‑3 
prostate cancer cell lines were measured. Next, the population 
of PP2A heterodimers was increased using a PP2A agonist, 
DT061, in the DU145 and PC‑3 cell lines. PP2A expression 
was then knocked down in the LNCaP cell line. Western blot 
analysis was performed to determine the association between 
PP2A, phosphorylated (p)‑eukaryotic initiation factor 4B 
(eIF4B) and XIAP. The results revealed that following the 
increase in PP2A expression, the DU145 and PC‑3 cell lines 
were more sensitive to docetaxel according to Cell Counting 
Kit‑8 assays and had an increased apoptotic rate as assessed by 
flow cytometry. Conversely, following the transfection of small 
interfering (si)PP2A into the LNCaP cell line, the sensitivity 
to docetaxel decreased, as well as the apoptotic rate. In addi-
tion, following treatment with the PP2A agonist, DT061, PP2A 
expression was found to be significantly upregulated, while 
p‑eIF4B and XIAP protein expression levels were signifi-
cantly downregulated. By contrast, following the transfection 
of siPP2A into the LNCaP cell line, PP2A protein expression 
levels were found to be downregulated, while p‑eIF4B and 
XIAP expression levels were significantly upregulated. In 
conclusion, by affecting the downstream factor XIAP, PP2A 
may play a key role in promoting apoptosis and facilitating 
docetaxel sensitivity in prostate cancer cell lines.

Introduction

Prostate cancer is a common type of cancer in men and the 
second leading cause of malignant tumor‑related mortality. 
In the United States, an estimated 26,120 deaths were attrib-
uted to prostate cancer in 2016  (1). Androgen deprivation 
therapy (ADT) has been shown to be an effective treatment 
for prostate cancer, proving indispensable for advanced‑stage 
prostate cancer (2‑4). However, the majority of prostate cancer 
cases develop into castration‑resistant prostate cancer (CRPC) 
following ADT within 2 years (5,6), despite the circulating 
testosterone levels being decreased to ʻcastrate level̓ . CRPC is 
associated with poor survival rates, and currently, no effective 
methods exist to prevent progression (7). Therefore, deter-
mining the molecular mechanism that promotes CRPC and 
identifying novel targets for CRPC treatment are important.

Serine/threonine protein phosphatase  2A (PP2A) is a 
tumor‑suppressive factor that has been discovered to participate 
in numerous signaling pathways, including PI3K/Akt/mTOR, 
Wnt/β‑catenin and c‑Myc pathways  (8). It was previously 
reported that the deregulation of PP2A and its regulatory 
subunits was commonly observed in breast cancer, and such 
an event was associated with an unfavorable outcome (9). The 
subsequent restoration of PP2A, due to its functional deficiency 
in colorectal cancer, was also revealed to enhance the patient 
response to chemotherapy (10). The expression levels of PP2A 
have been found to be downregulated in various types of 
cancer, such as breast (9), colorectal (10) and lung cancer (11), 
as well as acute myeloid leukemia (12); however, to the best 
of our knowledge, few studies have reported the changes in 
the expression levels during prostate cancer tumorigenesis 
and its effect on apoptosis and chemoresistance. Therefore, 
determining the effect of PP2A on the development of prostate 
cancer is of great significance.

X‑linked inhibitor of apoptosis (XIAP) is an antiapoptotic 
factor whose expression has been found to be upregulated in 
various types of cancer, such as bladder cancer (13), renal 
cell carcinoma (14) and acute myeloid leukemia (15). The 
upregulated expression of XIAP was reported in ovarian 
carcinoma and esophageal carcinoma cell lines, which 
were found to be insensitive to chemotherapy  (16,17). A 
previous study also demonstrated that the expression levels 
of XIAP were markedly upregulated in CRPC tissues and 
cells compared with those in androgen‑sensitive tissues 
and cells  (18). PP2A participates in the cell cycle and 
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apoptosis  (19). Previous research revealed that dephos-
phorylation of eukaryotic initiation factor 4B  (eIF4B) at 
serine 406 was mediated by PP2A (20). In addition, another 
study revealed that pim‑2 proto‑oncogene serine/threonine 
kinase (Pim‑2) was upregulated in prostate cancer, and 
suggested that the Pim‑2/eIF4B/XIAP signaling pathway 
may participate in the progression of prostate cancer (21). 
Furthermore, Pim‑2 was discovered to directly phosphory-
late eIF4B on serine 406 (22), which indicated that XIAP 
may be a downstream factor of eIF4B. Thus, determining 
the downstream factor of eIF4B within the PP2A signaling 
pathway and the antiapoptotic effect of PP2A are of critical 
importance. The present study investigated whether restora-
tion of PP2A promotes apoptosis and facilitates docetaxel 
sensitivity via the PP2A/p‑eIF4B/XIAP signaling pathway 
in prostate cancer.

Materials and methods

Cell culture and treatment. The human prostate cancer 
cell line, LNCaP, was purchased from Shanghai Biowing 
Applied Biotechnology Co. Ltd. The DU145 and PC‑3 cell 
lines were purchased from Shanghai Zhong Qiao Xin Zhou 
Biotechnology Co., Ltd. The LNCaP cell line was cultured 
in RPMI‑1640 medium (Corning, Inc.) and supplemented 
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.). 
The DU145 and PC‑3 cell lines were cultured in Eagle's 
Minimum Essential Medium (cat.  no. ZQ‑301; Shanghai 
Zhong Qiao Xin Zhou Biotechnology Co., Ltd.), supple-
mented with Earle's salts, L‑glutamine, non‑essential amino 
acids, NaHCO3, 10% FBS and 1% penicillin‑streptomycin. 
All the cell lines were maintained at  37˚C in a humidi-
fied incubator with 5%  CO2. Trypsin was used for cell 
dissociation (HyClone; Cytiva).

To increase the expression level of PP2A, an agonist of 
PP2A, DT061 (10 µmol/l; cat. no. 112929; MedChemExpress), 
was used to treat the DU145 and PC‑3 cell lines. DT061 was 
dissolved in DMSO (10 µmol/l). The control group contained 
cells treated with DMSO only. All the cell lines were main-
tained at 37˚C in a humidified incubator with 5% CO2 for 48 h. 
The cell lines were also treated with increasing concentrations 
of docetaxel (0.00, 0.05, 0.50, 1.00, 2.00, 5.00, 50.00, 200.00 
and 500.00  nM; cat.  no.  HY‑B0011; MedChemExpress) 
at 37˚C for 48 h.

Cell transfection. Cell transfection was performed at 37˚C 
for 6  h using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.). Subsequent experimentation was 
performed 48 h after transfection, according to the manufac-
turer's protocol. Briefly, the LNCaP cell line was seeded into 
six‑well plates, at a density of 1.2x105 cells/well, and upon 
reaching 65‑70% confluence, the medium was changed to 
2 ml RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, 
Inc.), supplemented with 5 µl Lipofectamine 2000 reagent and 
5 µl (20 µM) small interfering (si)RNA. The siRNAs used, 
which were purchased from Shanghai GenePharma Co., Ltd. 
(cat. no. A10001), were as follows: siPP2A‑1 (siRNA1), 5'‑CAC​
CGA​AUU​UAU​GGG​AAA​UTT‑3'; siPP2A‑2 (siRNA2), 
5'‑GGG​CAU​UGU​ACU​UCU​GGA​ATT‑3'; siPP2A‑3 (siRNA3), 
5'‑GAC​CUU​ACU​AGC​UCA​UAC​ATT‑3'; and si‑negative 

control (NC), 5'‑UUC​UCC​GAA​CGU​GUC​AC​GUT​T 3'. The 
siRNA used in the cell transfection was siPP2A‑2 (siRNA2). 
The NC siRNA used was a scramble non‑targeting sequence.

Cell Counting Kit (CCK)‑8 assay. Cell viability was analyzed 
using a CCK‑8 assay (Dojindo Molecular Technologies, Inc.). 
Briefly, the DU145 and PC‑3 cell lines were treated with 
10 µM DT061 (dissolved in DMSO) at 37˚C for 48 h, then 
seeded into 96‑well flatbottomed microplates, at a density of 
5x103 cells/well. Increasing concentrations (0, 0.05, 0.5, 1, 2, 5, 
50, 200 and 500 nM) of docetaxel were subsequently added to 
each well and the cells were incubated at 37˚C for 48 h; each 
well contained a volume of 100 µl, consisting of 90 µl cell 
suspension and 10 µl docetaxel solution. Following incuba-
tion for 48 h at 37˚C, CCK‑8 reagent was added to each well 
at 37˚C for 1 h and the absorbance was measured at 450 nm.

For the LNCaP cell line, the cells were first transfected with 
siRNA at 37˚C for 48 h, then seeded into 96‑well flatbottomed 
microplates, at a density of 5x103 cells/well. Next, docetaxel 
was added to each well at gradient concentrations (0, 0.05, 0.5, 
1, 2, 5, 50, 200 and 500 nM). Following incubation at 37˚C for 
48 h, CCK‑8 reagent was added to each well and the cells were 
incubated at 37˚C for 1 h, and the absorbance was measured 
at 450 nm.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from the DU145, PC‑3 and LNCaP cell 
lines. using TRIzol® (Takara Biotechnology Co., Ltd.). SYBR 
Green was used as the fluorophore (MedChemExpress). 
Total RNA was reverse transcribed into cDNA using random 
primers and a RT Master Mix for qPCR (gDNA digester plus), 
according to the manufacture's protocol (cat. no. HY‑K0511; 
MedChemExpress). The following thermocycling conditions 
were used for RT: 25˚C for 5 mins, 42˚C for 40 mins and 85˚C 
for 2 mins. The following thermocycling conditions were used 
for qPCR: Initial denaturation at 94˚C for 2 min, followed by 
35 cycles at 94˚C for 40 sec, 50˚C for 40 sec and 72˚C for 
1 min and final extension at 72˚C for 5 min. PP2A expression 
was subsequently determined using qPCR and the following 
primers: Human PP2A forward, 5'‑AGA​AGA​GGA​TGA​ACC​
CAC​GC‑3' and reverse, 5'‑TGC​TAG​GCT​GGA​AAT​CAG​
GG‑3'; and GAPDH forward, 5'‑CCT​TCC​GTG​TCC​CCA​CT‑3' 
and reverse, 5'‑GCC​TGC​TTC​ACC​ACC​TTC‑3'. GAPDH 
expression was used as the internal control for normaliza-
tion. The 2‑ΔΔCq method was used for the quantification of the 
expression levels (23).

Western blot analysis. Total protein was extracted from the 
DU145, PC‑3 and LNCaP cell lines using RIPA lysis buffer 
(Beyotime Institute of Biotechnology) and centrifuged 
at 12,000 x g for 20 min at 4˚C. Total protein was quanti-
fied using a BCA protein assay kit (Beyotime Institute of 
Biotechnology) and 30  µg protein/lane was separated on 
10‑12% gels using SDS‑PAGE at a constant voltage of 95 V. 
The separated proteins were subsequently transferred onto 
PVDF membranes (MilliporeSigma) and blocked with 5% 
skimmed milk at 25˚C for 2 h. The membranes were then 
incubated overnight at 4˚C with the following primary anti-
bodies: Anti‑PP2A (cat.  no.  12675‑2‑AP; dilution, 1:500), 
anti‑XIAP (cat. no. 66800‑1‑Ig; dilution, 1:5,000), anti‑Bax 
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(cat.  no.  50599‑2‑Ig; dilution, 1:1,000) and anti‑Bcl‑2 
(cat.  no.  12789‑1‑AP; dilution, 1:1,000) (all ProteinTech 
Group, Inc.), anti‑phosphorylated (p)‑eIF4B (cat. no. R26284; 
dilution, 1:5,000; Chengdu Zen Bioscience Co., Ltd), 
anti‑eIF4B (cat. no. R26713; dilution, 1:5,000; Chengdu Zen 
Bioscience Co., Ltd), anti‑GAPDH (cat. no. AB0037; dilution, 
1:3,000; Shanghai Abways Biotechnology Co., Ltd.;) and 
anti‑cleaved caspase‑3 (cat. no. 9664; dilution, 1:1,000; Cell 
Signaling Technology, Inc.). Following incubation with the 
primary antibodies, the membranes were incubated with an 
HRP‑conjugated secondary antibody (cat. no. 91196; dilution, 
1:2,000; Cell Signaling Technology, Inc.) at 25˚C for 1 h. The 
protein bands were visualized using an ECL system (GelDoc 
Go; Bio‑Rad Laboratories, Inc.). The blots were quantified 
using Evolution (version number:18.0.8.0, Viber Lourmat).

Flow cytometric analysis of apoptosis. Cell apoptosis (early + 
late apoptotic cells) was analyzed 48 h after treatment. LNCaP 
cells were transfected with siPP2A or si‑NC (5 µl; 20 µM) 
at  37˚C for 6  h in the presence or absence of subsequent 
5 nmol/l docetaxel treatment. DU145 and PC‑3 cells were 
treated with 10 µmol/l DT061 (dissolved in DMSO), 5 nmol/l 
docetaxel, 10 µmol/l DT061 (dissolved in DMSO) + 5 nmol/l 
docetaxel at 37˚C for 48 h; the control group was treated with 
DMSO. The treated cells were subsequently trypsinized and 
resuspended in PBS, then stained using reagents from the 
Annexin V‑FITC/PI Apoptosis Detection kit (cat. no. 556570; 
BD Biosciences), according to the manufacturer's protocol. 
CytoFLEX V2‑B4‑R0 Flow Cytometer (cat.  no.  C02944; 
Beckman Coulter) and CytExpert software were used for 
analysis (version no. 2.4.0.28; Beckman Coulter, Inc.).

Statistical analysis. All the experiments were performed three 
times. Statistical analysis was performed using SPSS v22.0 
software (IBM Corp.) and the data are presented as the 
mean ± SD. Statistical differences between groups (unpaired) 
were determined using a Student's t‑test or one‑way ANOVA 
followed by Tukey's post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

PP2A expression is decreased in CRPC cells. To determine 
the mRNA and protein expression level of PP2A in different 
prostate cancer cell lines, including LNCaP cells (sensitive to 
ADT), and the DU145 and PC‑3 cells (insensitive to ADT), 
RT‑qPCR and western blot analysis were performed, respec-
tively. The mRNA expression levels of PP2A were significantly 
increased in LNCaP cells compared with those in the DU145 
and PC‑3 cell lines (Fig. 1A). Similarly, western blot analysis 
revealed that the protein expression levels of PP2A were also 
significantly increased in LNCaP cells compared with those in 
the DU145 and PC‑3 cell lines (Fig. 1B). These results indicated 
that the expression level of PP2A was lower in AR‑negative 
cell lines than AR‑positive cell lines.

Increase in PP2A expression promotes cell apoptosis and 
drug sensitivity to docetaxel. To investigate the biological 
role of PP2A in cell apoptosis and drug resistance, flow 
cytometry and CCK‑8 assays were performed. The small 
molecule, DT061 (10 µmol/l; dissolved in DMSO), which is 
able to increase the population of PP2A heterotrimers (24), 
was used to upregulate PP2A expression levels in the CRPC 
cell lines, DU145 and PC‑3 (Fig. 2A and B). The control group 
contained cells treated with DMSO. Flow cytometric analysis 
of apoptosis revealed that DT061 increased the apoptosis rate 
compared with the control (DMSO). Treatment with DT061 
combined with docetaxel (5 nmol/l) significantly increased 
the apoptotic rate compared to the Docetaxel group (5 nmol/l) 
in both the DU145 and PC‑3 cell lines (Fig. 2C and D). The 
results of western blot analysis demonstrated that the protein 
expression level of Bcl‑2 was decreased in the DT061 group 
compared with that in the control group, while the expression 
levels of Bax and cleaved caspase‑3 were increased in the 
DT061 group compared with those in the control group in both 
the DU145 and PC‑3 cell lines (Fig. 2E and F). The results 
of the CCK‑8 assay found that the CRPC cell lines (DU145 
and PC‑3) in the DT061 group had significantly increased 
sensitivity to docetaxel compared with the cell lines in the 

Figure 1. PP2A (A) mRNA and (B) protein expression levels in the LNCaP, DU145 and PC‑3 cell lines. *P<0.05, **P<0.01 vs. LNCaP cell line. PP2A, serine/thre-
onine protein phosphatase 2A.
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control group (Fig. 2G and H). These results indicated that 
DT061 may upregulate the expression levels of PP2A, which 
may promote cell apoptosis and drug sensitivity to docetaxel 
in the CRPC cell lines.

PP2A knockdown supresses cell apoptosis and enhances the 
tolerance to docetaxel. To further validate the role that PP2A 
may play in apoptosis, drug resistance and the development 
of prostate cancer, the LNCaP cell line was transfected with 
siPP2A to knock down its expression (Fig. 3A and B), then 
flow cytometry, western blot analysis and a CCK‑8 assay were 
performed. Flow cytometric analysis of apoptosis found that 
knockdown of PP2A decreased the apoptotic rate in the LNCaP 

cells (Fig. 3C). The siRNA used in the transfection was siRNA2. 
The results of western blot analysis revealed that the expression 
level of Bcl‑2 was increased in the siPP2A group compared 
with that in the si‑NC group. By contrast, the expression levels 
of Bax and cleaved caspase‑3 were decreased in the siPP2A 
group compared with those in the si‑NC group (Fig. 3D).

PP2A expression was knocked down in the LNCaP cells, 
which were then treated with docetaxel (0.5‑500 nM) for 
48 h, and cell viability was measured using a CCK‑8 assay. 
The results demonstrated that the siPP2A group exhibited 
enhanced tolerance to docetaxel (Fig. 3E). These findings 
suggested that PP2A knockdown supresses cell apoptosis and 
enhances the tolerance to docetaxel.

Figure 2. PP2A protein expression levels in the (A) DU145 and (B) PC‑3 cells treated with DT061 were analyzed using western blot analysis. **P<0.01, 
***P<0.001 vs. control. Apoptotic rate of (C) DU145 and (D) PC‑3 cells following treatment with docetaxel and DT061 was analyzed using flow cytometry. 
*P<0.05, **P<0.01, ***P<0.001. (E) DU145 and (F) PC‑3 cells were treated with DT061 and the protein expression levels of Bax, Bcl‑2 and cleaved caspase‑3 
were analyzed using western blot analysis. *P<0.05, **P<0.01 vs. control. Viability of (G) DU145 and (H) PC‑3 cells treated with DT061 was decreased 
compared with that in the control group. *P<0.05, **P<0.01, ***P<0.001 vs. control. PP2A, serine/threonine protein phosphatase 2A.
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XIAP expression is associated with the expression level 
of PP2A. To determine the association between PP2A and 
XIAP, PP2A expression was increased or knocked down, then 
western blot analysis was performed to determine changes 
in the protein expression levels of p‑eIF4B and XIAP. In the 
DU145 and PC‑3 cell lines, when DT061 was used to increase 
the expression level of PP2A, the protein expression levels of 
p‑eIF4B and XIAP were found to be significantly decreased 
compared with those in the si‑NC group (Fig.  4A‑D). By 
contrast, when the expression level of PP2A was knocked down 
in the LNCaP cells using siPP2A, the protein expression levels 
of p‑eIF4B and XIAP were increased compared with those in 
the si‑NC group (Fig. 4E and F). These results indicated that 
the change in PP2A expression may regulate the expression 
level of XIAP via the PP2A/eIF4B/XIAP signaling pathway.

Discussion

As the terminal stage of prostate cancer, CRPC has been asso-
ciated with a high metastatic rate, chemotherapy resistance 

and poor survival rates. The median survival time of patients 
with CRPC was recorded as 8.6±10.6 in the Netherlands (25), 
13.0 in the USA (26), 14.5 months in Italy (27). A previous 
study revealed that 83.8% of patients in Japan were shown 
to have metastases at diagnosis (28). Over the past 30 years, 
numerous potential drugs for CRPC have emerged, such as 
cabazitaxel (29,30), abiraterone acetate (31,32) and enzalu-
tamide (33), rendering the treatment regimen of the disease 
more flexible and diverse. However, the curative effect of 
CRPC is far from satisfactory, particularly for patients with 
metastatic (m)CRPC (34). Significant effort has been made 
to improve the prognosis of these patients; however, efficient 
and effective therapies have not yet been developed  (34). 
Unlike other types of cancer, such as bladder and kidney 
cancer, the dependence of prostate cancer on androgens for 
propagation and growth make it unique. Therefore, ADT is 
widely used in clinical practice and has been shown to be 
effective  (35). CRPC is described as prostate cancer that 
has progressed despite ADT. However, to the best of our 
knowledge, the process through which prostate cancer cells 

Figure 3. PP2A (A) mRNA and (B) protein expression levels in the LNCaP cell line transfected with siPP2A. **P<0.01, ***P<0.001 vs. siNC. (C) Apoptotic rate 
of LNCaP cells treated with docetaxel and transfected with siPP2A was analyzed using flow cytometry. *P<0.05, **P<0.01, ***P<0.001. (D) Protein expression 
levels of Bax, Bcl‑2 and cleaved caspase‑3 in the LNCaP cell line transfected with siPP2A. *P<0.05 vs. siNC. (E) Cell viability in the cells transfected with 
siRNA was increased compared with that in the NC group. *P<0.05, **P<0.01, ***P<0.001 vs. NC. PP2A, serine/threonine protein phosphatase 2A; NC, negative 
control; si, small interfering RNA.
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become castrate‑resistant is not yet completely understood. It 
has been suggested that ADT may inhibit the proliferation of 
androgen‑dependent cells. This then allows androgen‑inde-
pendent cells to become the new dominant primary tumor 
cells (36). Another study has indicated that androgen receptor 

amplification and hypersensitivity/mutations may play a key 
role in this process (2). However, treatment for CRPC is diffi-
cult; therefore, it remains of utmost importance to understand 
the underlying mechanisms of CRPC development.

Figure 4. PP2A, p‑eIF4B, eIF4B and XIAP protein expression levels in (A and B) DU145 and (C and D) PC‑3 cells treated with DT061. *P<0.05, **P<0.01, 
***P<0.001 vs. control. (E) PP2A, P‑eIF4B/eIF4B, XIAP protein expression levels in the LNCaP cell line transfected with siPP2A and the results were 
subsequently (F) quantified using densitometry. *P<0.05, **P<0.01 vs. siNC. PP2A, serine/threonine protein phosphatase 2A; NC, negative control; si, small 
interfering RNA; p, phosphorylated; XIAP, X‑linked inhibitor of apoptosis; eIF4B, eukaryotic initiation factor 4B.
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Accumulating data have demonstrated that PP2A activa-
tion is of great significance in prostate cancer. A previous study 
showed that PP2A activation could suppress prostate tumor 
growth and metastasis  (37). PP2A activation inhibited the 
growth of androgen‑independent prostate cancer cells (38). On 
the other hand, downregulation of PP2A enhanced metastatic 
ability and led to higher mortality in prostate cancer (39,40). 
These results indicate that PP2A activation is promising in 
the treatment of prostate cancer. The results of the present 
study found that the mRNA and protein expression levels of 
PP2A were decreased in prostate cancer cells, as the tumor 
cells transitioned from non‑CRPC cells to CRPC cells. The 
knockdown of PP2A expression was subsequently found to 
promote CRPC cell chemoresistance and inhibit apoptosis. A 
previous study found that treatment with the PP2A activators, 
forskolin and FTY720, exerted antitumor effects and affected 
the proliferation of the PC‑3 cell line (41). To determine the 
effect of activated PP2A on CRPC cells in the current study, 
the population of PP2A heterotrimers was increased by 
treatment with another PP2A activator, DT061 (11,24,42) in 
the DU145 and PC‑3 cell lines. The results revealed that the 
CRPC cells exhibited higher apoptotic rates. In addition, the 
protein expression levels of the apoptosis‑related proteins, 
Bax and cleaved caspase‑3, were upregulated, while the 
protein expression level of Bcl‑2 was downregulated. These 
results indicated that DT061 may regulate the expression 
level of apoptosis‑related proteins to promote cell apoptosis. 
For patients with mCRPC, docetaxel remains the first‑line 
treatment method (43). However, once resistance to docetaxel 
emerges, the therapeutic benefit is limited, which leads to 
therapeutic failure (2). In the present study, the results of the 
CCK‑8 assay revealed that CRPC cells treated with DT061 
showed an enhanced sensitivity to docetaxel. These results 
suggested that DT061 may ameliorate docetaxel resistance 
and be of potential benefit for patients with CRPC.

The functional loss of PP2A serves a key role in tumori-
genesis. For example, a previous study found that protein 
expression levels of PP2A‑Aa and PP2A‑Ba are markedly 
decreased in breast cancer tissue and the knockdown of 
PP2A‑Ba enhances proliferation in MCF7 breast cancer 
cells (44). PP2A complexes consist of structural (PP2A‑A), 
regulatory (PP2A‑B), and catalytic (PP2A‑C) subunits (24). 
The PP2A subunits may vary in different cell lines, 
which may cause the PP2A protein to exhibit split bands 
when examined using western blot analysis. In the present 
study, to further investigate the roles that PP2A played in 
the progression of prostate cancer and its association with 
apoptosis and chemoresistance, siPP2A was transfected into 
the AR‑positive cell line, LNCaP. The results revealed that 
the apoptotic rate was decreased following the knockdown 
of PP2A expression, which indicated that PP2A knockdown 
may play a vital role in the promotion of cell propagation. 
Similarly, the results of the CCK‑8 assay revealed that the 
transfection of siPP2A into the LNCaP cell line increased 
the resistance of the cells to docetaxel. These results 
suggested that the knockdown of PP2A may decrease the 
curative effect of docetaxel.

The activation of PP2A has been considered as a promising 
therapeutic strategy in various types of cancer, including acute 
myeloid leukemia  (45), KRAS‑mutant lung cancer  (46) and 

prostate cancer (47); however, to the best of our knowledge, the 
underlying mechanism of action of PP2A has not been fully 
determined. Previous studies revealed that a PP2A agonist 
increased the levels of apoptosis by downregulating cellular 
inhibitor of PP2A expression levels  (48,49). Another study 
revealed that PP2A activation downregulated the phosphopro-
teome and weakened the stability of the androgen receptor in 
CRPC (50). The findings of the current study revealed that, 
when the expression level of PP2A was increased, the protein 
expression levels of p‑eIF4B and XIAP were decreased. By 
contrast, when PP2A expression was knocked down, p‑eIF4B 
and XIAP protein expression levels were increased. These 
results indicated that XIAP may be a downstream factor of 
PP2A and that the PP2A/p‑eIF4B/XIAP signaling pathway 
may participate in the development of prostate cancer. There 
are numerous apoptosis‑related pathways that are modulated or 
mediated by PP2A. For example, the PP2A activator, FTY720, 
was able to induce ferroptosis and promote multiple myeloma 
cell apoptosis by activating the PP2A/AMP‑activated protein 
kinase pathway (51). In addition, PP2A was able to regulate 
the ERK, p38 MAPK and Akt signaling pathways to enhance 
apoptosis in lung cancer cells (52). However, to the best of our 
knowledge, whether DT061 affects these pathways remains 
undetermined, and further research is required to investigate the 
effect of PP2A activation induced by DT061. Furthermore, only 
in vitro not in vivo experiments were performed, which is a limi-
tation to the present study. PP2A knockdown is known to play a 
key role in malignant cell proliferation and drug resistance (44). 
However, few studies have revealed the effect of PP2A knock-
down on apoptosis and docetaxel resistance in prostate cancer. 
In a previous study, a longer overall survival time was observed 
in patients with mCRPC when treated with docetaxel compared 
with that in patients treated with mitoxantrone; however, 
docetaxel therapy was limited as a result of the emergence of 
tumor resistance (53). There have been numerous explanations 
underlying the emergence of docetaxel resistance, including the 
overexpression of multidrug resistance genes, tubulin alterations, 
the presence of androgen receptor variants and the occurrence 
of epithelial‑mesenchymal transition (53). In the present study, 
XIAP protein expression levels were found to be regulated by 
PP2A; however, the mechanism by which the altered expres-
sion of XIAP resulted in docetaxel resistance remains unclear. 
A previous study found that downregulated protein expression 
levels of XIAP was associated with drug resistance in the DU145 
cell line (54). XIAP inhibition led to an increase in caspase‑3 
activity and decreased cell viability, which rendered CRPC cells 
more sensitive to chemotherapy (54). Therefore, we hypothesized 
that the anti‑apoptotic effect of XIAP may enhance the viability 
of CRPC cells and result in docetaxel resistance.

In conclusion, the findings of the current study indicated 
that PP2A may play a vital role in the development of CRPC. 
PP2A was discovered to decrease XIAP protein expression 
levels via the PP2A/p‑eIF4B/XIAP signaling pathway, which 
promoted apoptosis and improved cell resistance to docetaxel. 
Therefore, the activation of PP2A may represent a novel thera-
peutic approach for the treatment of CRPC.
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