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Abstract: Epigenetic gene inactivation by microRNAs (miRNAs) is crucial in malignant transformation, prevention 
of apoptosis, development of drug resistance, and metastasis. miR-204 dysregulation has been reported in pros-
tate cancer (PC). It is considered to exert tumor suppressor functions and is associated with the development of 
chemoresistance. However, the detailed mechanisms underlying the role of miR-204 in PC, particularly in chemo-
resistance, remain to be fully elucidated. In this study, analysis using miRNA microarray showed that miR-204 is 
downregulated in chemoresistant PC tissues with respect to its expression in chemosensitive PC tissues and benign 
prostatic hyperplasia tissues. Microarray results were validated via qPCR. The changes in miR-204 expression levels 
were also observed in vitro. Forced overexpression of miR-204 evidently attenuated docetaxel chemoresistance 
and promoted apoptosis in PC-3-R cells, whereas miR-204 knockdown effectively reduced docetaxel-induced cell 
death and inhibited cell apoptosis. Mechanistically, miR-204 directly targets the 3’-untranslated region of zinc-finger 
E-box-binding homeobox 1 (ZEB1) and inhibits its protein expression via translational repression. Furthermore, sup-
pression of ZEB1 could effectively improve miR-204 deficiency-triggered chemoresistance in PC cells. Our results 
collectively indicate that miR-204 expression is downregulated in chemoresistant PC tissues and cells and that miR-
204/ZEB1 could potentially be used as adjunct therapy for patients with advanced/chemoresistant PC.
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Introduction

Prostate cancer (PC) is one of the most com-
mon cancers that affects males and represents 
the second leading cause of cancer-related 
mortality [1]. The incidence of PC has increased 
dramatically in China [2]. The majority of PC- 
associated mortality arises from metastatic 
castration-resistant PC (CRPC). Although treat-
ment with taxanes, such as docetaxel, cabazi-
taxel, and paclitaxel has been reported to 
improve survival in patients with metastatic 
CRPC, the prognosis of the disease remains 
dismal [3]. Docetaxel is currently the first line of 
treatment for patients with CRPC and provides 
symptomatic and survival benefits over other 
anti-cancer agents [4]. However, chemotherapy 
resistance can eventually develop through a 
variety of mechanisms that remain largely 
unclear [5, 6]. In this study, we attempted to 

characterize the molecular mechanisms under-
lying docetaxel resistance in patients with PC.

Increasing evidence supports the role of 
microRNAs (miRNAs) as tumor suppressors or 
oncogenes. miRNAs are small, non-coding, sin-
gle-stranded RNAs involved in post-translation-
al regulation of gene expression and have been 
implicated in a wide range of essential biologi-
cal activities [7]. Aberrant miRNA expression is 
strongly correlated with the development of 
chemoresistance in various cancers, including 
PC [8]. The unique role of miRNAs likely facili-
tates the predictive and prognostic markers of 
treatments, as well as molecular targets for 
drug resistance in PC. miR-204 downregulation 
has been reported in PC cells with respect to 
expression in normal prostate epithelial cells 
[9]. Previous studies have also reported that 
miR-204 is downregulated in various other car-
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cinomas, thereby suggesting a common role for 
miR-204 in human tumorigenesis [10-12]. Im- 
portantly, a recent study suggested the thera-
peutic potential of miR-204 against chemore-
sistance of colorectal cancer [13]. However, the 
exact role of miR-204 in PC and its target genes 
remains to be elucidated.

In this study, miR-204 was found to be signifi-
cantly downregulated in chemoresistant PC tis-
sues and cells. MiR-204 could sensitize PC 
cells to docetaxel and promote cell apoptosis. 
In addition, we identified zinc-finger E-box-
binding homeobox 1 (ZEB1) as a novel direct 
target of miR-204. The ZEB1 gene encodes a 
zinc-finger transcription factor that is essential 
to normal embryonic development [14]. ZEB1 
expression has been reported to be upregulat-
ed in epithelial cancers and shown to correlate 
with poor PC prognosis [15]. Interestingly, stud-
ies have determined that ectopic ZEB1 plays an 
important role in chemoresistant prostate can-
cer [16, 17]. Our subsequent functional analy-
ses showed that the miR-204/ZEB1 axis signifi-
cantly influences the sensitivity of PC cells to 
docetaxel. These data provide evidence that 
miR-204 regulates docetaxel resistance by tar-
geting ZEB1 signaling and could thus serve as a 
novel therapeutic target against PC chemore- 
sistance.

Materials and methods 

Study population

Patients admitted to the Urological Department 
of Peking Union Medical College Hospital 
between January 2012 and October 2015 were 
evaluated. The study was approved by the 
Research Ethics Committee of the Peking Union 
Medical College Hospital, and all participants 
provided written informed consent. Diagnosis 
of prostate cancer (PC) was performed accord-
ing to the criteria set by the World Health 
Organization. Specimens from 30 patients with 
benign prostatic hyperplasia and biopsies from 
patients with chemosensitive PC (n=80) or che-
moresistant PC (n=44) were included. Patients 
with chemoresistant PC were defined as 
patients with PC who had tumor progression 
after four cycles of first-line docetaxel-based 
chemotherapy [18]. The following exclusion cri-
teria were used: >75 years of age, urinary infec-
tion, bladder stones, catheterization, and no 
informed consent. Clinicopathological informa-
tion for all patients were recorded.

RNA isolation and miRNA microarray assay

All specimens from patients were stored at 
-80°C. Total RNA was isolated from tissues 
using TRIzol reagent according to the manufac-
turer’s protocol (Invitrogen, Carlsbad, CA, USA). 
Samples were randomly selected from different 
treatment groups. miRNA expression analysis 
was performed using miRCURY LNA (Locked 
Nucleic Acid) microRNA Arrays (Exiqon, A/S, 
Vedbaek, Denmark) version 10.0. RNA quality 
and quantity were determined via standard 
electrophoresis and spectrophotometric meth-
ods. RNA samples were labeled using the miR-
CURY Hy3/Hy5 Power labeling kit (Exiqon Inc., 
Woburn, MA, USA) and hybridized on the miR-
CURY LNA Array station. Images were then 
scanned in an Agilent G2565BA Microarray 
Scanner System (Agilent Technologies, Santa 
Clara, CA, USA). Results were analyzed using 
ImaGene™ software (BioDiscovery, CA, USA). 
Data were analyzed by first subtracting the 
background and normalizing the signals using a 
LOWESS filter (locally weighted regression) 
[19]. Data were visualized as heat maps using 
Heml [20].

Real-time quantitative PCR

Quantitative reverse transcription PCR (qPCR) 
was performed on an iCycler iQ™ Real-Time 
PCR Detection System (Bio-Rad Laboratories, 
Hercules, CA, USA). Reverse transcription was 
performed using One Step PrimeScript miRNA 
cDNA Synthesis Kit (Takara, Dalian, China) fol-
lowing the manufacturer’s instructions. Primers 
for miR-204 (forward, 5’-GTCCCTGTGTCATCCT-3’ 
and reverse, 5’-CAGTGCAGGGTCCGAGGTAT-3’) 
were purchased from Exiqon (microRNA LNA™ 
PCR primer set) and and ZEB1 primers were 
purchased from GeneCopoeia Co., (Rockville, 
MD, USA) (forward, 5’-CTCGCTTCGGCAGCACA-3’ 
and reverse, 5’-AACGCTTCACGAATTTGCGT-3’). 
qPCR reactions were run based on the follow-
ing profile: 95°C for 2 min; in 40 cycles at 95°C 
for 15 s; and 60°C for 1 min. Small nuclear RNA 
U6 (forward, 5’-CTCTCTGCGGCAGCACA-3’ and 
reverse, 5’-AACGCTGTACGAATGTGAGT-3’) and 
β-actin (forward, 5’-CTGGATCGGTGAGAGTGA- 
CA-3’ and reverse, 5’-AAGGGACTTCATGTAACAG- 
TGCA-3’) mRNA were used as internal controls 
for calculating the relative expression levels of 
miR-204 and ZEB1 via the 2-∆∆Ct method.
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Cell culture and treatment 

Normal human prostate epithelial cells (PECs) 
and the human PC cell line PC-3 were obtained 
from American Type Culture Collection (ATCC, 
Manassas, VA, USA). These cells were cultured 
in RPMI media with 10% fetal bovine serum 
(Invitrogen). Docetaxel was purchased from 
Cayman Chemical (MI, USA). Resistant PC-3 
sub-lines (PC-3-R) were generated as previous 
described [21]. Cells were seeded at 1×104 per 
well in 96-well plates and treated with varying 
concentrations of docetaxel for different incu-
bation times as indicated. Cells were transfect-
ed with 20 nM miRNA mimics (miR-204 or neg-
ative control mimic; Shanghai GenePharma, 
Shanghai, China), 50 nM miRNA inhibitors  
(miR-204 or negative control inhibitor), siRNA 
against ZEB1 (HSS110548, HSS11050, and 
HSS110554), or control siRNA (Invitrogen, 
Carlsbad, CA, USA) using RNAiMAX transfe- 
ction reagent according to the manufacturer’s 
instructions (Life Technologies, Gaithersburg, 
MD, USA). 

Plasmid construction and luciferase assays

To construct the ZEB1 expression vector, the 
ZEB1 gene (forward, 5’-AGTAGATATACAGAATAT- 
TAACTATGTG-3’ and reverse, 5’-TCTAGGCTTATG- 
TTTCTCTGTCTC-3’) was amplified via PCR and 
cloned into pcDNA3.1+HA using Life Techno- 
logies (GENECHEM, Shanghai, China). Sequen- 
cing was performed to verify the clones; the 
positive clone was designated pZEB1. A frag-
ment of the ZEB1 3’-UTR and a mutated ZEB1 
3’-UTR of ZEB1 were cloned into the down-
stream region of the luciferase gene in the 
pGL3-REPORT luciferase vector (Invitrogen). 
For the luciferase assay, PC-3-R cells were co-
transfected with pGL3-3’-UTR and negative 
control plasmid, miR-204, or NC mimics and 
miR-204 inhibitors or NC inhibitors. Reporter 
activity was measured using a dual-luciferase 
reporter assay system (Promega, Madison, 
Wisconsin, USA). Firefly luciferase activity was 
normalized against Renilla luciferase activity.

Cell viability and chemosensitivity assay

PC-3 cells and PC-3-R cells were added into six-
well plates and transfected with oligonucle-
otides for 48 h. Subsequently, cells were rese- 
eded in 96-well plates at a density of 5×103 
cells/well. After 24 h, cells were treated with 20 

nM docetaxel for varying incubation periods. 
Cell viability was determined using the MTT 
assay. Absorbance was measured at 450 nm 
using a Laboratory Weighing UV-VIS spectro-
photometer (KINO Industry Co., USA). Six wells 
were analyzed for cell viability in each treat-
ment group.

Cell apoptosis assay

Cells were harvested at approximately 48 h 
post-transfection. Annexin V-FITC Apoptosis 
Detection Kit (Abcam, Cambridge, UK) was 
used to detect early stages of apoptosis follow-
ing the manufacturer’s instructions. Cells were 
washed with phosphate-buffered saline (PBS) 
and stained with Annexin V-fluorescein isothio-
cyanate and propidium iodide. Stained cells 
were measured by flow cytometry (FACSCalibur, 
BD Bioscience, Heidelberg, Germany) using 
Cell Quest Pro software (BD Bioscience).

Western blotting

Total protein was extracted with RIPA lysis buf-
fer (Beyotime, Jiangsu, China), and protein con-
centrations were measured following the BCA 
method (Beyotime). Cell lysates (30 μg/lane) 
were separated via sodium dodecyl sulfate po- 
lyacrylamide gel electrophoresis (SDS-PAGE). 
After being transferred to polyvinylidene fluo-
ride membranes (Millipore, MA, USA), the pro-
teins were incubated with primary antibodies 
against ZEB1 or GAPDH (Sigma, Santa Clara, 
CA, USA) at 4°C overnight, and further incubat-
ed in HRP-linked secondary antibodies (Santa 
Cruz Biotechnology, USA) for 1 h at room tem-
perature. Alpha Innotech (San Leandro, CA) 
imaging software was used to quantify western 
blotting data.

Statistical analysis

Data were analyzed using SPSS version 20.0 
(SPSS Inc., Chicago, IL, USA) and GraphPad 
Prism5 (GraphPad Software, San Diego, CA, 
USA). Data for continuous variables were pre-
sented as median ± standard deviation of data 
obtained from at least three independent 
experiments. Differences between groups were 
analyzed using student’s t-test or one-way 
ANOVA. Correlation between miR-204 and 
ZEB1 expression levels was determined using 
Pearson correlation test. Results were consid-
ered statistically significant at P<0.05.
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Figure 1. Heat map showing miRNA expression patterns in the three treatment groups. Three tissue samples were 
randomly chosen from 30 patients with benign prostatic hyperplasia (BPH), 80 with chemosensitive PC (PCs), and 
44 with chemoresistant PC (PCr). Red areas represent mean expression levels of upregulated miRNAs, and green 
bars represent mean expression levels of downregulated miRNAs.
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Results

miR-204 expression is downregulated in che-
moresistant PC tissues and cells

To explore the potential role of miRNAs in PC 
chemoresistance, miRNA microarray was per-
formed on the obtained human PC specimens 
to identify differentially expressed miRNAs. 
Surprisingly, miR-204 was found to be down-
regulated in chemosensitive PC tissues than in 
benign prostatic hyperplasia tissues, and miR-
204 levels were further decreased in chemore-
sistant PC tissues (Figure 1). Microarray data 
were then validated via qPCR. The clinicopatho-
logical significance of miR-204 expression in 
patients with PC is shown in Table 1. There was 
no statistical significance between clinicopath-
ological parameters and the expression level of 
miR-204 except for response to docetaxel 
treatment. Results in Figure 2A indicate that 
chemosensitive PC samples (n=80) have lower 
miR-204 expression levels than do benign 
prostatic hyperplasia specimens (n=30), with 
the minimum expression values detected in the 
chemoresistant counterparts (n=44). PC-3-R 
cells showed stronger cell viability than PC-3 
cells upon treatment with increasing docetaxel 
concentrations (Figure 2B) and at long incuba-
tion periods (Figure 2C). Subsequent qPCR 

those in the corresponding NC group (P<0.05 
for all treatments). We next determined the 
effects of ectopic miR-204 expression on cell 
chemosensitivity using MTT assay. Upon treat-
ment with miR-204 mimics, PC-3-R cells show- 
ed significantly higher sensitivity to docetaxel 
than the NC group (Figure 3B). On the other 
hand, PC-3-R cells showed increased docetaxel 
resistance than the NC group upon treatment 
with miR-204 inhibitors (Figure 3C). Subsequent 
apoptotic analysis revealed that miR-204 over-
expression significantly promoted cell apopto-
sis, and miR-204 downregulation effectively 
inhibited cell apoptosis (Figure 3D, 3E).

miR-204 directly targets ZEB1 in PC cells

Potential targets of miR-204 were predicted 
using the public database microRNA.org 
(http://www.microrna.org/microrna/home.do), 
and the putative complementary sequence of 
miR-204 was identified in the 3’-UTR of ZEB1 
mRNA, as illustrated in Figure 4A. ZEB1 mRNA 
expression levels were determined; results in 
Figure 4B showed that ZEB1 expression was 
distinctly higher in the tissues of patients with 
chemoresistant PC than in those of chemosen-
sitive tissues or non-neoplastic tissues. Subse- 
quently, Pearson correlation analysis revealed 
that ZEB1 levels were negatively correlated 

Table 1. The analyzed relationship between miR-204 expres-
sion levels and clinicopathological significance in subjects

Characteristic Case miR-204 
expression P valuea

Type 0.001
    Chemoresistant prostate cancer 80 1.129±0.294
    Chemosensitive prostate cancer 44 2.461±0.718
Age (years) 0.365
    <60 73 1.986±0.436
    ≥60 51 2.016±0.553
Lymph node metastasis 0.534
    Yes 81 2.101±0.635
    No 43 1.971±0.736
T classification 0.298
    T1-2 75 1.957±0.569
    T3-4 49 2.042±0.607
Angiolymphatic invasion 0.108
    Positive 69 1.648±0.436
    Negative 55 2.046±0.733
a: One-way ANOVA was used to analyze the correlation between the expres-
sion of miR-204 and clinicopathological features of the patients.

analysis demonstrated that miR-
204 expression was upregulated  
in human prostate epithelial cells 
(PECs), downregulated in PC-3 cells, 
and strongly downregulated in PC- 
3-R cells (Figure 2D). The above 
findings suggest that miR-204 ex- 
pression is decreased in chemore-
sistant PC tissues and cells.

MiR-204 sensitizes PC cells to 
docetaxel and promotes cell apop-
tosis

To determine the role of miR-204 in 
docetaxel-induced cytotoxicity in 
PC-3-R cells, we transfected PC-3-R 
cells with miR-204 mimics or corre-
sponding negative controls (NC) and 
miR-204 inhibitors or NC inhibitors, 
respectively. Based on the qPCR 
results shown in Figure 3A, miR-204 
levels were remarkably higher in the 
mimic-treated group and lower in 
the inhibitor-treated group than 
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with miR-204 levels in PC tissues (r=-0.7327, 
P=0.0005, Figure 4C). In addition, ZEB1 levels 
were assessed in PC-3-R cells transfected with 
miR-204 mimics or corresponding NC mimics 
and miR-204 inhibitors or NC inhibitors via 
qPCR and western blotting. Samples in the 
mimic-treated group showed higher ZEB1 
expression levels than those of the NC group; 
however, miR-204 inhibitor-treated groups did 
not show significant differences in ZEB1 levels 
with samples in the NC-treated group (Figure 
4D). In contrast, ZEB1 protein levels were high-
er in the miR-204 mimic-treated group and 
lower in miR-204 inhibitor-treated group than in 
their corresponding NC groups (Figure 4E). To 
further validate our hypothesis, we performed 
a luciferase reporter assay. As shown in Figure 

4F, cells transfected with ZEB1-WT-3’-UTR vec-
tor containing a miR-204 mimic showed signifi-
cantly lower luciferase activity than cells trans-
fected with control RNAs (P<0.01). In contrast, 
no changes in relative luciferase activity were 
observed when the miR-204 binding site was 
mutated. Based on these findings, we suggest 
that ZEB1 is a potential a direct target of miR-
204 in PC cells.

ZEB1 is involved in miR-204-mediated chemo-
resistance in PC cells

Given that miR-204 directly targets ZEB1, we 
further investigated whether miR-204 exerts its 
function in PC by regulating ZEB1. ZEB1 knock-
down was performed via treatment with specif-

Figure 2. miR-204 expression is downregulated in chemoresistant prostate cancer (PC) tissues and cells. Different 
expression levels of miR-204 in human benign prostatic hyperplasia specimens (n=30), chemoresistant PC samples 
(n=44), and chemosensitive PC samples (n=80) (A). PC-3 cells and docetaxel-resistant PC-3-R cells were incubated 
with 20 nM docetaxel for varying incubation periods (B) or treated with different docetaxel concentrations (2.5 nM 
to 100 nM) (C) Cell viabilities were then recorded. miR-204 expression levels in human prostate epithelial cell (PEC), 
PC-3 cells and PC-3-R (D). *P<0.05 vs. normal group; **P<0.05 vs. chemosensitive group; #P<0.05 vs. PC-3 group; 
##P<0.05 vs. PEC group.
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ic siRNAs, and results were validated via qPCR 
(Figure 5A) and western blotting (Figure 5B). 
Next, PC-3-R cells transfected with ZEB1 siRNA 
or NC siRNA, as well as PC-3-R cells supple-
mented with miR-204 mimics, were subjected 
to MTT assay and apoptotic analysis. Results 
showed that ZEB1 downregulation enhanced 
docetaxel sensitivity (Figure 5C) and promoted 
cell apoptosis (Figure 5D, 5E) in PC-3-R cells 
than in cells from the NC group. In addition, we 
overexpressed ZEB1 via transgenic overexpres-
sion and verified expression both at mRNA 
(Figure 6A) and protein levels (Figure 6B). As 
expected, ZEB1 upregulation promoted doce- 
taxel-resistance (Figure 6C) and inhibited cell 
apoptosis (Figure 6D, 6E) to a greater extent in 
PC-3-R cells than in cells in the NC group. These 
results suggest that miR-204 can induce 

docetaxel sensitivity and apoptosis in PC cells 
by negatively regulating the ZEB1 pathway.

Discussion

Previous docetaxel-based clinical studies have 
demonstrated the potential benefits of chemo-
therapy to prolong the survival and improve the 
quality of life of patients with PC [22, 23]. 
However, the drug-resistant nature of prostate 
cancer (PC) still challenges the effectiveness of 
such therapies. To date, the roles of miRNAs in 
PC progression have been increasingly studied 
[17, 24], and miRNAs that exert regulatory 
effects on chemoresistance remain the focus 
of research in recent years. miRNAs that are 
involved in regulating chemoresistance have 
been considered promising targets for PC man-

Figure 3. miR-204 modulates chemosensitivity and cell apoptosis of PC cells. miR-204 expression levels in PC-3-R 
cells transfected with miRNA mimics, miRNA inhibitors, or corresponding negative-controls (NC) (A). Cell viability 
was compared between cells transfected with miR-204 or control mimics (B) and between cells transfected with 
miR-204 inhibitors or control inhibitors (C) in PC-3-R cells incubated with 20 nM docetaxel at varying incubation 
periods. Cell apoptosis rates were detected in PC-3-R cells transfected with miRNA mimics, miRNA inhibitors, or NC, 
followed by incubation with 20 nM docetaxel for 24 h using flow cytometry (D and E). *P<0.05 vs. mimic NC group; 
**P<0.05 vs. inhibitors NC group.
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agement. Here, we found that chemoresistant 
PC samples exhibit miR-204 downregulation 
when compared to control samples. Similarly, 
Lin et al. showed that miR-204 is downregulat-
ed in different PC cell lines with respect to 
expression in normal prostate epithelial cells 

and up-regulation of miR-204 promotes cell 
apoptosis and reduces cell viability by targeting 
BCL2 [9]. Another study showed that miR-204 
levels are elevated in human prostate tumor 
samples and that miR-204 enhances cellular 
growth, migration, and invasion of PC cells by 

Figure 4. miR-204 targets ZEB1 by binding to its 3’-UTR in PC. Binding of miR-204 to the 3’-UTR of ZEB1 was 
predicted using microRNA.org (A). Varying ZEB1 expression levels in different treatment groups (B). Relationship 
between miR-204 mRNA and ZEB1 mRNA expression levels were analysis using Pearson correlation (C). Changes in 
ZEB1 mRNA levels in PC-3-R cells after transfection with miRNA mimics, miRNA inhibitors, or NC based on qPCR (D) 
and western blotting (E). Results of luciferase reporter assays using PC-3-R cells co-transfected with the constructed 
reporter gene harboring miR-204 or control mimic (F). *P<0.05 vs. mimic NC group; **P<0.05 vs. chemosensitive 
group.
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Figure 5. Effect ZEB1 inhibition on docetaxel sensitivity and cell apoptosis. To knock down ZEB1, PC-3-R cells over-
expressing miR-204 were transfected with three synthetic ZEB1 siRNAs. ZEB1 levels were then measured via qPCR 
(A) and western blotting (B). Cell viability was measured after ZEB1 knockdown in PC-3-R cells overexpressing miR-
204 and incubated with 20 nM docetaxel at varying incubation periods (C). Cell apoptosis rate were determined in 
PC-3-R cells overexpressing miR-204 transfected with ZEB1 siRNA or NC siRNA, followed by incubation with 20 nM 
docetaxel for 24 h using flow cytometry (D and E). *P<0.05, **P<0.01 vs. NC siRNA group.

Figure 6. Effect of ZEB1 overexpression on docetaxel sensitivity and cell apoptosis. To induce ZEB1 overexpression, 
PC-3-R cells overexpressing miR-204 were transfected with pcDNA3.1+ZEB1 or negative control pVector. ZEB1 ex-
pression levels were then evaluated via qPCR (A) and western blotting (B). Cell viability was measured after inducing 
ZEB1 overexpression using MTT assay (C). Flow cytometry was used to analyze cell apoptosis rates in PC-3-R cells 
overexpressing miR-204 in pZEB1 group or pVector group (D and E). *P<0.05 vs. pVector group.

inhibiting the expression of prostate-derived 
epithelial factor [25]. However, so far, few stud-

ies have determined the effects of ectopic 
expression of miR-204 on chemoresistance 
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during cancer therapy. In 2012, Sacconi et al. 
found that decreased miR-204 expression has 
prognostic value and correlates with increased 
Bcl-2 protein expression in gastric cancer spec-
imens. Further experiments indicated that over-
expressing miR-204 enhances the response of 
gastric cancer cells to 5-fluorouracil (5-FU) by 
targeting the 3’-UTR of BCL [26]. In a recent 
study, Wang et al. investigated the role of miR-
204 in docetaxel resistance in PC cells and 
suggested that the long noncoding RNA urothe-
lial carcinoma-associated 1 (UCA1) can modu-
late docetaxel resistance of PC cells by target-
ing the miR-204/Sirt1 axis [27]. Consistent 
with previous studies, we found that forced 
overexpression of miR-204 reduced docetaxel 
resistance of PC-3-R cells. Furthermore, miR-
204 upregulation was observed to promote cell 
apoptosis. These results provide evidence that 
miR-204 could serve as a crucial post-tran-
scriptional regulator during the pathogenesis of 
chemoresistance in PC.

Emerging evidence has shown that docetaxel 
resistance is driven by the epithelial-mesenchy-
mal transition. Intriguingly, ZEB1, one of the 
master genes that initiate the epithelial-mesen-
chymal transition, is considered as a key tran-
scriptional factor in cancer progression [28, 
29]. Previous studies suggested that ZEB1 
plays a vital role in inhibiting cell apoptosis [30, 
31]. Importantly, Wang et al. suggested that 
overexpression of ZEB1 in androgen-depen-
dent PC cells leads to increased resistance to 
bicalutamide, whereas ZEB1 knockdown resu- 
lts in bicalutamide sensitization [32]. In the 
present work, tissues of patients with chemore-
sistant PC showed increased ZEB1 levels than 
chemosensitive tissues or non-tumor tissues. 
Subsequent analysis revealed that downregula-
tion of ZEB1 sensitized docetaxel-resistant PC 
cells and promoted cell apoptosis in PC cells by 
increasing sensitivity to docetaxel-induced cy-
totoxicity. Previous studies indicated that ZEB1 
function is regulated by other important genes. 
For instance, Leshem et al. demonstrated that 
the TMPRSS2 and ERG directly bind to the pro-
moter of ZEB1, thereby promoting PC progres-
sion [33]. Jung et al. demonstrated that nesfa-
tin-1/nucleobindin-2 enhances cell migration 
and invasion through ZEB1 in colon cancer 
[34]. However, considering that miRNAs can 
regulate protein expression in subtle levels, it is 
intriguing whether certain miRNAs can function 

as mediators that determine the functional 
mode of ZEB1. Over the past decade, an incr- 
easing number of researchers have focused on 
miRNAs, which could function as important 
gene regulators of up to 60% of human protein-
coding genes [35]. We used the comprehensive 
resource in microRNA.org and used microRNA 
target predictions to identify potential binding 
sequences between miR-204 and ZEB1. To 
validate this prediction, we analyzed the rela-
tionship between the ZEB1 and miR-204 
expression levels in tissues of patients with 
chemoresistant PC and found a negative cor-
relation between them. miR-204 could regulate 
ZEB1 expression both at protein and mRNA lev-
els. Results of the luciferase reporter assay 
indicated that miR-204 targets ZEB1 by directly 
binding to its 3’-UTR. In addition, after transfec-
tion of docetaxel-resistance PC cells with miR-
204 mimics, we demonstrate that treatment 
with ZEB1 siRNA resulted in sensitization of 
docetaxel-resistance PC cells; on the other 
hand, forced ZEB1 expression inhibited miR-
204-induced apoptosis in response to docetax-
el treatment. Taken together, our data suggest 
that miR-204 plays important role in regulating 
ZEB1 expression. Furthermore, miR-204 poten-
tiates docetaxel sensitivity and promotes apop-
tosis of prostate cancer cells by targeting ZEB1.

In summary, we demonstrate that miR-204 is 
downregulated in chemoresistant PC samples 
and cells. miR-204 sensitizes PC cells to doce- 
taxel and promotes cell apoptosis at least part-
ly by regulating ZEB1. Our findings indicate that 
the miR-204/ZEB1 axis is important in modu-
lating the in vitro docetaxel sensitivity of PC 
cells and could serve as a novel therapeutic 
target for chemoresistant PC.
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