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Abstract: Long non-coding RNAs (lncRNAs) UCA1 have been shown to paly an important regulatory roles in cancer 
biology, and UCA1 dysfunction is related to TNM stage, metastasis and postoperative survival in several cancers. 
However, the biological role and clinical significance of UCA1 in the carcinogenesis of prostate cancer (PC) remain 
largely unclear. Herein, we found that UCA1 was abnormally upregulated in tumor tissues from PC patients, and 
patients with high UCA1 levels had a significantly poorer prognosis. Intriguingly, the mRNA and protein levels of KLF4 
were significantly increased in tumor tissues, which was highly correlated to UCA1 levels. Moreover, UCA1 depletion 
inhibited the growth and induced apoptosis in PC3 and LNCaP cell lines. In addition, UCA1 loss-of-function could de-
crease KLF4 expression, subsequently, the downregulation of KRT6 and KRT13. Taken together, our study indicated 
that UCA1 had a crucial role in the tumorigenesis of PC. Moreover, UCA1 loss-of-function inhibited cell proliferation 
and induced cell apoptosis, at least partially, through inactivation KLF4-KRT6/13 cascade. 
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Introduction 

Prostate cancer (PC) is the most commonly 
diagnosed malignancy and the third leading 
cause of cancer death among men in devel-
oped countries [1]. In the United States alone, 
an estimated 242,000 will be diagnosed with 
PC in 2012 and 28,000 will die from their dis-
ease [2]. Intriguingly, PC-related deaths have 
declined over the past decade, owing to 
improved methods for early detection and diag-
nosis and more-effective therapeutic strate-
gies [3]. However, the more accurate predictive 
biomarkers are essential to be exploited in PC 
patients. 

Eukaryotic genomes encode numerous long 
non-coding RNAs (lncRNAs), which are defined 
as endogenous cellular RNAs with length lon-
ger than 200 nucleotides, but lack open read-
ing frames of significant length [4]. Estimates 
suggest the number of human lncRNAs ranging 
from 10,000 to 20,000 [5]. Despite these large 
numbers, only a handful of lncRNAs have been 

characterized. Notably, most characterized 
lncRNAs display deregulated expression in can-
cer cells, where they play oncogenic or tumor 
suppressive functions [4]. Urothelial carcinoma 
associated 1 (UCA1), the entire sequence con-
sists of three exons with 1.4 kb in length, is an 
lncRNA originally identified in bladder transi-
tional cell carcinoma [6] and found highly 
expressed in some carcinomas [7, 8]. Moreover, 
upregulated UCA1 contributes to progression of 
hepatocellular carcinoma through inhibition of 
miR-216b and activation of FGFR1/ERK signal-
ing pathway [8]. In bladder cancer cell, UCA1 
can enhance cell proliferation and metastasis 
through PI3K, Wnt or Akt signaling pathway 
[9-11]. These results indicate that UCA1 plays 
an important role in the occurrence and devel-
opment progress of malignant tumors. Ne- 
vertheless, there is no relevant report about the 
interaction between UCA1 and the progression 
of PC. Thus, the role of UCA1 in PC and its 
underlying mechanism remain to be deter- 
mined. 
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In the present study, we performed a hierarchi-
cal cluster analysis of the differentially ex- 
pressed lncRNAs in the tumor tissues of PC 
patients to identify the role of UCA1 in the 
developmental progress of PC. The results 
showed that UCA1 was overexpressed in PC 
tumor tissues, and it might play an oncogenic 
role in promoting cell proliferation and anti-
apoptosis in vitro. Futhermore, the underlying 
mechanism that UCA1 promoted cell prolifera-
tion in vitro through regulation Kruppel-like fac-
tor 4 (KLF4) and keratin 6/13 (KRT6/13) was 
investigated. 

Materials and methods

Patients and specimens

Forty human prostate cancer tumor tissues 
and matched adjacent non-tumor tissues were 
collected from the Department of Urology 
Surgery, Longsai hospital (Ningbo, China) 
between Jan 2008 and June 2014. All patients 
recruited in this study were not subjected to 
preoperative radiotherapy or chemotherapy 
and diagnosed with prostate cancer based on 
histopathological evaluation. All collected tis-
sue samples were immediately stored at liquid 
nitrogen until use. Human samples were 
obtained with written informed consent from all 
patients. The study was approved by the Ethics 
Committee of the Longsai Hospital, China.

Cell culture

Three prostate cancer cell lines (22RV1, PC3 
and LNCaP) and a human prostatic epithelial 
cells line (RWPE1) were purchased from the 
Institute of Biochemistry and Cell Biology of the 
Chinese Academy of Sciences (Shanghai, 
China). Cells were cultured in DMEM (Dulbecco’s 
modified Eagle’s medium; Invitrogen), supple-
mented with 10% fetal bovine serum (FBS) 
(HyClone, Logan, UT), 100 units/ml penicillin, 
and 100 mg/ml streptomycin (Invitrogen) at 
37°C in a humidified, 5% CO2, 95% air at- 
mosphere.

Cell viability detection by CCK8

Prostate cancer cells (1.0 × 104/well) were plat-
ed and treated in 96-well plates (three wells 
per group). 10 μL of CCK8 (Dojindo, Kumamoto, 
Japan) was added to the cells, and the viability 
of the cells was measured at 450 nm using an 

ELISA reader (BioTek, Winooski, VT, USA) 
according to the manufacturer’s instructions.

Cell apoptosis assay 

Apoptosis was assessed using annexin V, a pro-
tein that binds to phosphatidylserine (PS) resi-
dues which are exposed on the cell surface of 
apoptotic cells. Cells were washed twice with 
PBS (pH = 7.4), and re-suspended in staining 
buffer containing 1 μg/ml PI and 0.025 μg/ml 
annexin V-FITC. Double-labeling was performed 
at room temperature for 10 min in the dark 
before the flow cytometric analysis. Cells were 
immediately analyzed using FACScan and the 
Cellquest program (Becton Dickinson). Quan- 
titative assessment of apoptotic cells was also 
assessed by the terminal deoxynucleotidyl 
transferase-mediated deoxyuridine triphos-
phate nick endlabeling (TUNEL) method, which 
examines DNA-strand breaks during apoptosis 
by using BD ApoAlertTM DNA Fragmentation 
Assay Kit. The cells were trypsinized, fixed with 
4% paraformaldehyde, and permeabilized with 
0.1% Triton-X-100 in 0.1% sodiumcitrate. After 
being washed, the cells were incubated with 
the reaction mixture for 60 min at 37°C. The 
stained cells were then analyzed with flow 
cytometer.

RNA interference

Small interfering RNAs (siRNAs) were synthe-
sized from Genepharma (China) and transfect-
ed into PC3 and LNCaP cells for suppressing 
the function of UCA1 using Lipofectamine 2000 
(Invitrogen, USA). The small interfering RNA 
with the following primers: si-UCA1, GGACAA- 
CAGUACACGCAUA; si-KLF4: GGACCUGGACU- 
UUAUUCUCUCCAAU; scramble, UAAUCGGCAG- 
CUUGCAAGCUGCCGC.  

Real-time and reverse transcription PCR 

Total RNA was extracted by Trizol reagent 
(Invitrogen, Carlsbad, CA, USA). Reaction mix-
ture (20 μl) containing 2 μg of total RNA was 
reversely transcribed to cDNA by using 
PrimeScript RT-polymerase (Takara, Dalian, 
China). Quantitative PCR was performed on the 
cDNA using specific primers (Sangon, Shanghai, 
China). The first strand cDNAs served as the 
template for the regular polymerase chain reac-
tion (PCR) performed using a DNA Engine (ABI 
9700). Glyceraldehyde-phosphate dehydroge-
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nase (GAPDH) as an internal control was used 
to normalize the data to determine the relative 
expression of the target genes. The reaction 
conditions were set according to the kit instruc-
tions. After completion of the reaction, the 
amplification curve and melting curve were 
analyzed. Gene expression values are repre-
sented using the 2-ΔΔCt method. PCR with  
the following primers: UCA1, Forward 5’-TT- 
TGCCAGCCTCAGCTTAAT-3’ and Reverse 5’- 
TTGTCCCCATTTTCCATCAT-3’; KLF4, Forward 
5’-ATCTTTCTCCACGTTCGCGTCTG-3’ and Re- 
verse 5’-AAGCACTGGGGGAAGTCGCTTC-3’; GA- 

PDH, Forward 5’-GTCAACGGATTTGGTCTGTA- 
TT-3’ and Reverse 5’-AGTCTTCTGGGTGGCAGT- 
GAT-3’. 

Western blotting

The human prostate cancer tumor tissues and 
cells were homogenized and extracted in NP-40 
buffer, followed by 5-10 min boiling and cen-
trifugation to obtain the supernatant. Protein 
extracted from cells were separated by 10% 
SDS-PAGE and transferred to PVDF membranes 
(Millipore, Germany). Membranes were blocked 

Figure 1. Identification of tumor tissues-enriched lncRNA implicated in PC patients. Microarray and hierarchical 
cluster analysis of the differentially expressed long non-coding RNAs (lncRNA) in tumor tissues from PC patients and 
corresponding nontumourous tissues. The figure is drawn by MeV software (version 4.2.6). Differentially expressed 
lncRNAs chosen from lncRNA and disease database. Correlation similarity matrix and average linkage algorithms 
are used in the cluster analysis. Each row represents an individual lncRNA, and each column represents a sample. 
The dendrogram at the left side and the top displays similarity of expression among lncRNAs and samples individu-
ally. The color legend at the top represents the level of RNA expression, with red indicating high expression levels 
and green indicating low expression levels (A). Semi-quantitative reverse transcription polymerase chain reaction 
(RT-PCR) is used to detect the expression of UCA1 in the tumor tissues and corresponding non-tumourous speci-
mens from PC patients (B). Kaplan-Meier survival curve and log-rank test are used to evaluate whether UCA1 ex-
pression level is associated with 5-years overall survival rate. Patients were segregated into UCA1-high group and 
UCA1-low according to the median of UCA1 expression in tumor tissues (C). Values are expressed as mean ± SD, *P 
< 0.05 versus non-tumourous group.
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and then incubated with primary antibodies 
specific for KLF4, KRT6, KRT13, JNK and p-JNK 
(Santa Cruz Biotechnoogy, CA, USA). β-actin 
(Bioworld Technology, USA) was used as protein 
loading control. The membranes were next 
incubated with the appropriate HRP (horserad-
ish peroxidase)-conjugated antibody visualized 
with the and detected by chemiluminescence 
(Thermo, USA). 

Statistical analysis

All statistical analyses were performed using 
SPSS version 18.0 software. Data were ana-
lyzed using independent two-tailed t test. 
Categorical data were analyzed using the two-
side chi-square test. Overall survival was esti-
mated by using Kaplan-Meier method, and uni-
variate analysis was conducted by log-rank 
test. The Cox proportional hazards model was 
used in the multivariate analysis. Values of P < 
0.05 were considered statistically significant.

Results 

Identification of tumor tissues-enriched ln-
cRNA implicated in PC patients

To identify that lncRNAs were potentially 
involved in the progression of NSCLC, we 

searched for lncRNAs, which were enriched in 
tumor tissues. Firstly, the Agilent G3 Human GE 
Microarray (8 × 60 K) was used to analyze 
lncRNAs expression profiles in 3 PC tumor tis-
sues and paired corresponding conjunctive 
non-tumor tissues. Fold change greater than 2 
and P value less than 0.05 between tumor tis-
sues and adjacent non-tumor tissues were set 
as the criteria in filtering differently expressed 
lncRNAs. After the removal of redundant and 
unannotated sequences, 17 lncRNAs were 
found to be significantly down-regulated and 17 
lncRNAs to be significantly up-regulated in the 
PC tumor tissues, and we finally focused on 
UCA1 in our study (Figure 1A). To evaluate 
whether UCA1 was differentially expressed in 
PC tumor tissues, a total of 5 paired tumor tis-
sues and adjacent normal tissues were ana-
lyzed for UCA1 expression using RT-PCR. The 
agarose electrophoretogram results showed 
that UCA1 expression in tumor tissues from PC 
patients was significantly increased as com-
pared to adjacent non-tumor tissues (Figure 
1B). In addition, to understand the prognostic 
significance of UCA1 upregulation in PC, we 
analyzed the the relationship between the 
expression of UCA1 and patients survival time 
and found that patients with high UCA1 levels 

Figure 2. The expression of KLF4 in tumor tissues from PC patients. RT-PCR (A) and western blotting (B) are used to 
detect the expression of KLF4 in the tumor tissues and corresponding nontumourous specimens from RCC patients, 
and densitometric quantification for RT-PCR and western blotting (C). Linear correlation plot of RNA expression be-
tween UCA1 and KLF4 (D). Values are expressed as mean ± SD, *P < 0.05 versus non-tumourous group. N = 40 in 
each group. 
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had a significantly poorer prognosis than those 
with low expression patients (Figure 1C, P < 
0.001). 

The expression of KLF4 in tumor tissues from 
PC patients

As shown in Figure 2A-C, the mRNA (Figure 2A 
and 2C) and protein (Figure 2B and 2C) expres-
sion of KLF4 in tumor tissues were significantly 
higher than that of the corresponding non-
tumor adjacent tissues (P < 0.05). To demon-
strate the interaction between UCA1 and KLF4 
in PC, the linear correlation between UCA1 and 
KLF4 was measured in PC tumor tissues. The 
results showed that there was a high positive 
correlation comparing the RNA expression 
between UCA1 and KLF4 in tumor tissues 
(Figure 2D, r = 0.781). 

UCA1 loss-of-function induces cell apoptosis

Based on above observations, the expression 
of UCA1 was measured among 3 different PC 
cell lines (22RV1, PC3 and LNCaP) and a human 
prostatic epithelial cells line (RWPE1). We found 
that UCA1 was obviously overexpressed in 3 PC 
cell lines than that of RWPE1 cells, especially in 
PC3 and LNCaP cell lines (Figure 3A). Thus, 
PC3 and LNCaP cell lines were selected as 
research represents of PC cells in the following 
studies. To assess the effects of si-UCA1 on the 
in vitro growth of PC cell lines, we examined the 
cell viability of PC3 and LNCaP transfected with 
si-UCA1. The results showed that the cell viabil-
ity was significantly inhibited in PC3 and LNCaP 
cells at 48 or 72 h after treatment with si-UCA1, 
however, no significant difference was observed 
in NC and siRNA-NC transfected cells at each 
time point (Figure 3B). Consistent with the 

Figure 3. UCA1 loss-of-function induces cell apoptosis. The expression of UCA1 in prostate cancer cell lines (A). 
The cell viability is measured by CCK8 in PC3 and LNCaP cell lines after si-UCA1 transfection (B). The apoptotic cell 
proportion is measured by flow cytometric analysis of annexin V/PI double staining after the si-UCA1 transfection for 
48 h, upper right and lower right in the cell distribution pictures represent the late and early apoptotic cells propor-
tion respectively (C). Values are expressed as mean ± SD, *P < 0.05, **P < 0.01 versus control group. N = 3 in each 
group.
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Figure 4. UCA1 regulates the expression of KLF4 and KRT6/13. After the cells transfected with si-UCA1 for 48 h, RT-
PCR and western blotting are used to detect the expression of KLF4 in PC3 and LNCaP cell lines (A), and the protein 
exprossion of KRT6, KRT13, JNK and p-JNK is measured in PC3 and LNCaP cell lines (B). Values are expressed as 
mean ± SD, *P < 0.05 versus control group. N = 3 in each group.

Figure 5. KLF4 loss-of-function decreases the protein expression of KRT6/13. The cell viability is measured by CCK8 
in PC3 and LNCaP cell lines after si-KLF4 transfection (A). The protein exprossion of KRT6, KRT13, JNK and p-JNK 
is measured in PC3 and LNCaP cell lines after UCA1 transfection for 48 h. Values are expressed as mean ± SD, *P 
< 0.05, **P < 0.01 versus control group. N = 3 in each group.

CCK8 assay, the Annexin V-PI double labeling 
results showed that inhibition the function of 

UCA1 with siRNA could increase the proportion 
of the apoptosis cells (Figure 3C, P < 0.05). 
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UCA1 regulates the expression of KLF4 and 
KRT6/13

The mRNA and protein expression of KLF4 were 
examined by RT-PCR and western blotting 
respectively. As expected, UCA1 loss-of-func-
tion in PC3 and LNCaP cells triggered a mark-
edly decreasing in KLF4 mRNA and protein 
expression (Figure 4A). To further explore the 
potential mechanism that UCA1 involved in the 
progression of PC, we examined the levels of 
KRT6, KRT13, JNK and p-JNK in PC3 and LNCaP 
cell lines. The results indicated that the protein 
expression levels of KRT6 and KRT13 were 
markedly reduced in the si-UCA1 transfected 
PC3 and LNCaP cells as compared to the NC or 
siRNA-NC group. However, the protein levels of 
JNK and p-JNK had no significant changes in 
three experimental groups (Figure 4B). KLF4 is 
a member of the KLF family of transcription fac-
tors and is involved in both cellular proliferation 
and differentiation. KLF4 promotes esophageal 
squamous cell carcinoma (ESCC) differentia-
tion by upregulating KRT13 expression [12]. In 
this study, we demonstrated that KLF4 loss-of-
function could significantly inhibit the cell viabil-
ity in PC3 and LNCaP cells (Figure 5A). 
Moreover, the results indicated that the protein 
expression levels of KRT6 and KRT13 were 
decreased in the si-KLF4 transfected PC3 and 
LNCaP cells as compared to the NC. However, 
the protein levels of JNK and p-JNK had no sig-
nificant changes after si-KLF4 transfection in 
PC3 and LNCaP cells (Figure 5B). 

Discussion 

Recent genome-wide studies have indicated 
that the mammalian genome is abundantly 
transcribed, and that at least 80% of this tran-
scription is exclusively associated with lncRNAs. 
Emerging data strongly implicate lncRNAs in 
the basal regulation of protein-coding genes, 
which are central to normal development and 
oncogenesis, at both the transcriptional and 
the post-transcriptional levels [13]. Mounting 
evidences have showed that UCA1 play a cen-
tral role in the regulation of cell development, 
differentiation, proliferation and apoptosis 
[9-11]. Moreover, UCA1 acts as an oncogene 
through activating miR-216b-FGFR1-ERK sig-
naling pathway promating the proliferation of 
hepatoma cell [8]. Here we revealed that UCA1 
was upregulated in PC tissues compared to the 
adjacent non-tumor tissues, and patients with 

high UCA1 levels had a significantly poorer 
prognosis than those with low expression 
patients. Next, the results demonstrated that 
the mRNA and protein expression of KLF4 in 
tumor tissues were significantly higher than 
that of the corresponding non-tumor adjacent 
tissues, and there was a high positive correla-
tion comparing the RNA expression between 
UCA1 and KLF4 in tumor tissues. Furthermore, 
UCA1 loss-of-function inhibited PC3 and LNCaP 
cells proliferation and induced cell apoptosis 
through suppression KLF4/KRT signaling path-
ways. In general, these results suggested that 
UCA1 might be involved in development, pro-
gression and prognosis of the majority of 
human PC.

To investigate the underlying molecular mecha-
nisms of UCA1-induced cell apoptosis in PC3 
and LNCaP cells, we particularly focused on 
KLF4 for further studies. KLF4 is a zinc-finger 
transcription factor, which plays a key role in 
cancer cellular differentiation and proliferation 
[14]. In prostate cancer, upregulated KLF4 
mediates lysophosphatidic acid (LPA)-sti- 
mulated migration and proliferation of PC3M 
cells, furthermore, silencing of KLF4 expres-
sion results in the abolishment of LPA-
stimulated migration and proliferation prostatic 
cancer cells [15]. In contrast to that KLF4 is 
considered to a potential tumor-suppressing 
factor, and overexpression of KLF4 enhances 
the DNA synthesis suppressive and proapop-
totic effects of selenium in prostate cancer 
cells [16]. In this study, we showed that the 
expression of KLF4 increased in tumor tissues 
from PC patients. Moreover, we observed that 
there was a positive correlation between the 
levels of KLF4 mRNA expression and the levels 
of UCA1 expression in PC tumor tissues. In PC3 
and LNCaP cells, UCA1 loss-of-function trig-
gered a markedly silencing effect on KLF4 
mRNA and protein expression. In general, these 
results suggested that the downregulation of 
KLF4 could inhibit cell proliferation and induce 
cell apoptosis in PC3 and LNCaP cells. In order 
to better understand the underlying molecular 
mechanisms of KLF4-induced growth inhibition 
in prostate cancer cells, we particularly focused 
on KRT6 and KRT13 for further studies. The 
molecular investigation demonstrates that 
KLF4 transcriptionally regulates KRT13 and the 
expression of the two molecules appreciably 
correlates in ESCC tissues and cell lines [12]. In 
the present study, we found that KLF4 loss-of-
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function resulted in downregulating expression 
of KRT6 and KRT13 in PC3 and LNCaP cells. 
Therefore, the findings provide a new clue for 
understanding the pathogenesis of PC and pro-
vide an intriguing approach for KLF4 regulating 
the expression of KRT6 and KRT13. 

In conclusion, our present work indicated that 
UCA1, as an oncogene, promoted malignant 
progression of PC. Moreover, the mechanistic 
analysis revealed that UCA1 loss-of-function 
could inhibit cell proliferation and induce cell 
apoptosis in PC3 and LNCaP cell lines, at least 
partially, through inactivation KLF4-KRT6/
KRT13 cascade. 
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