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Abstract. The incidence and mortality rate of prostate 
cancer are among the highest for all cancers worldwide; this 
disease has a high cancer mortality rate in males, following 
lung cancer. Sprouty4‑intron 1 (SPRY4‑IT1) has been shown 
to play a variety of roles in tumors. Our previous study 
demonstrated that SPRY4‑IT1 sponges microRNA‑101‑3p to 
promote the proliferation and metastasis of bladder cancer 
cells by upregulating enhancer of zeste homolog 2 expres‑
sion; however, the role of SPRY4‑IT1 in prostate cancer has 
not been fully established. In the present study, the expression 
levels, effects and mechanism of action of SPRY4‑IT1 were 
investigated in prostate cancer tissues and cell lines using 
reverse transcription‑quantitative PCR, western blotting, Cell 
Counting Kit‑8 and flow cytometry assays. The results indi‑
cated that SPRY4‑IT1 expression was upregulated in prostate 
cancer tissues and cell lines. Furthermore, hypoxia increased 
the expression levels of SPRY4‑IT1 in prostate cancer cells. 
Knockdown of SPRY4‑IT1 expression led to S‑phase arrest, 
decreased expression levels of the cell cycle‑associated 
proteins CDK2 and cyclin D1. AKT phosphorylation was 
also reduced by SPRY4‑IT1 knockdown. In summary, the 
findings indicate the elevation of SPRY4‑IT1 expression in 
prostate cancer. Under hypoxic conditions in vitro, SPRY4‑IT1 
overexpression promoted prostate cancer cell proliferation 
via a mechanism involving regulation of the cell cycle and 
the PI3K/AKT signaling pathway. Therefore, it may provide a 
basis for the development of targeted therapies.

Introduction

The incidence and mortality rates of prostate cancer are 
among the highest for all cancers worldwide (1). In males, 
prostate cancer currently has the second highest cancer 
mortality rate after lung cancer. It is highly heterogeneous 
with a disease‑specific mortality of approximately one in 
seven cases, and its incidence is expected to rise as a result of 
lifestyle changes and the aging of the global population (2). 
Long non‑coding RNAs (lncRNAs) are heterogeneous tran‑
scripts, several of which function as master regulators of gene 
expression and contribute to biological processes, including 
carcinogenesis (3). Numerous lncRNAs have demonstrated 
an association with the development of diverse types of 
cancer in genome‑wide association studies (4). The presence 
of mutations and the aberrant expression of lncRNAs play 
important roles in tumorigenesis and metastasis. Notably, 
numerous lncRNAs have been linked with the occurrence and 
progression of prostate cancer (5).

The lncRNA sprouty4‑intron 1 (SPRY4‑IT1) has been 
shown to have proto‑oncogenic or anticancer activity, which 
varies according to tumor type  (6). Our previous study 
showed that SPRY4‑IT1 sponges microRNA (miR)‑101‑3p to 
promote the proliferation and metastasis of bladder cancer 
cells via upregulation of the expression of enhancer of zeste 
homolog  2  (7). Previous studies have confirmed that the 
expression of SPRY4‑IT1 is upregulated in primary human 
prostatic adenocarcinomas and is higher in the PC3 prostatic 
cancer cell line than in normal prostate epithelial cells (8). In 
addition, the knockdown of SPRY4‑IT1 expression has been 
shown to reduce the proliferation and invasive ability of PC3 
cells and promote their apoptosis (9); however, the underlying 
mechanism is unclear. The receptor tyrosine kinase‑mediated 
PI3K/AKT signaling pathway could be involved in the 
regulation of prostate cancer cell proliferation and differ‑
entiation, since in cancer, the activation of this pathway is 
known to promote cell proliferation, survival, invasion and 
metastasis (10).

Tumor cells actively proliferate in vivo and it is generally 
considered that hypoxia plays a vital role in this process (11). 
A hypoxic microenvironment facilitates tumor invasiveness 
and reduces the sensitivity of tumors to chemotherapy (12,13). 
Hypoxia is common in human prostate cancer, in which it 
is associated with disease progression and treatment resis‑
tance (14). Various types of solid tumors, including prostate 

LncRNA SPRY4‑IT1 is upregulated and promotes the 
proliferation of prostate cancer cells under hypoxia in vitro

Weicong Sang*,  Rujian Zhu*,  Dong Liu  and  Min Gong

Department of Urology, Shanghai Pudong Hospital, Fudan University Pudong Medical Center, Shanghai 201399, P.R. China

Received May 22, 2022;  Accepted December 21, 2022

DOI: 10.3892/ol.2023.13724

Correspondence to: Dr Dong Liu or Dr Min Gong, Department 
of Urology, Shanghai Pudong Hospital, Fudan University Pudong 
Medical Center, 2800 Gongwei Road, Pudong New Area, 
Shanghai 201399, P.R. China
E‑mail: liud420982@163.com
E‑mail: gongmin803@163.com

*Contributed equally

Key words: long noncoding RNA, SPRY4‑IT1, prostate cancer, 
hypoxia, S phase



SANG et al:  Role of lncRNA SPRY4-IT1 in prostate cancer2

cancer, contain substantial hypoxic regions due to their 
tortuous and undeveloped vasculature (15).

In the present study, the role of SPRY4‑IT1 in the devel‑
opment of prostate cancer was investigated. In particular, the 
expression levels of SPRY4‑IT1 in prostate cancer tissues and 
cell lines were compared with the corresponding expression in 
pair‑matched benign adjacent prostate tissues and in an immor‑
talized non‑cancerous prostatic epithelial cell line, respectively. 
Furthermore, the expression levels of SPRY4‑IT1 were evalu‑
ated in the prostate cancer cells following culture under hypoxic 
conditions. To simulate the hypoxic microenvironment in vivo, 
a hypoxia incubator was used. The changes in the cell cycle and 
in the expression levels of cell cycle‑associated proteins and 
PI3K/AKT signaling pathway components were investigated. 
The viability of SPRY4‑IT1‑overexpressing prostate cell lines 
was also monitored under hypoxic conditions.

Materials and methods

Clinical samples. A total of 36 pairs of fresh prostate cancer 
tissues and matched benign adjacent prostate tissues were 
collected from patients with prostate cancer at the Department 
of Urology of Shanghai Pudong Hospital affiliated with Fudan 
University (Shanghai, China) between May 2018 and November 
2020. The protocols used in the present study were approved 
by the Shanghai Pudong Hospital Ethics Review Committee 
and written informed consent to participate was obtained 
from all patients prior to surgery. The specimens were classi‑
fied according to the 2016 World Health Organization criteria 
and the TNM staging system (16). The size and Gleason score 
of each tumor was recorded  (17). The clinicopathological 
features of the patients are shown in Table I. The inclusion 
criteria were as follows: Aged between 50‑79 years; pathologi‑
cally confirmed prostate cancer; accepted prostatectomy; and 
willing to participate in the study. The exclusion criteria were 
as follows: Aged <50 or >79 years; another active malignancy, 
with the exception of non‑melanoma skin cancer, in addition to 
prostate cancer; did not accept prostatectomy; and unwilling 
to participate in the study.

Cell culture. The PC3, DU145 and LNCaP human prostatic 
cancer cell lines and the RWPE‑1 human immortalized 
non‑cancerous prostatic epithelial cell line were obtained from 
The Cell Bank of Type Culture Collection of The Chinese 
Academy of Sciences. The PC3 cells were cultured in F12K 
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc.). The DU145 cells were cultured in DMEM 
(Gibco; Thermo Fisher Scientific, Inc.) in the presence of 10% 
FBS. The LNCaP cells were cultured in RPMI‑1640 (Gibco; 
Thermo Fisher Scientific, Inc.) in the presence of 10% FBS. 
The RWPE‑1 cells were cultured in keratinocyte serum‑free 
medium (Gibco; Thermo Fisher Scientific, Inc.). All cell media 
were supplemented with 1% streptomycin/penicillin. The incu‑
bator temperature was set to 37˚C. An anaerobic environment 
was created in a hypoxic incubator in the presence of 1% O2. 
The durations of hypoxia were 1, 6, 12 and 24 h.

Overexpression and short hairpin RNA (shRNA) plasmids. 
An overexpression vector targeting SPRY4‑IT1 was purchased 

from GeneChem, Inc., and an empty PLVX vector was used as 
a control. Two shRNAs targeting SPRY4‑IT1 and a negative 
control shRNA (shNC) with no specific target were synthe‑
sized by GeneChem, Inc. The following shRNA sequences 
were used: sh‑SPRY4‑IT1‑1, GGT​GGT​TGA​AAG​GAA​
TCCT; sh‑SPRY4‑IT1‑2, GCC​TGT​GAA​TGC​CAA​CATC; 
and shNC, ATC​GAC​TAG​CCA​CTC​AGA​C. PC3 or DU145 
cells were seeded in a 6‑well plate for 24 h to reach a density 
of 30‑50%, after which they were transfected with 2.5 µg 
overexpression vector, shRNA or respective control using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C according to the manufacturer's instructions. The 
transfected cells were harvested at 48 h following transfection. 
Stable cell lines were selected by treatment with 0.5‰ puro‑
mycin for 3 days, and the concentration used for maintenance 
was 0.1‰ puromycin

Hypoxic culture. A hypoxic environment was established 
using an anaerobic incubator with a 1% O2 concentration. The 
cells were plated in a 6‑well plate 24 h prior to the induction of 
hypoxia at 70‑80% confluence. The time periods for hypoxic 
induction were set at 1, 6, 12 and 24 h.

Cell viability. Cell viability was assessed using a Cell Counting 
Kit (CCK)‑8 assay (Dojindo Laboratories, Inc.) following the 
manufacturer's instructions. The cells were seeded in a 96‑well 
plate at a density of 5,000 cells per well. Following the induc‑
tion of hypoxia for 24 h, the CCK‑8 solution was added to 
every well and the cells were cultured at 37˚C in an incubator 
in the dark under normal conditions for 2 h. The absorbance 
was detected at 450 nm using a microplate reader.

Flow cytometry analysis. For analysis of the cell cycle 
using flow cytometry, a Cell Cycle Staining Kit (CCS012; 
MultiSciences Biotech Co., Ltd.) was used. All steps were 
performed following the manufacturer's specifications. The 
analysis was performed using the BD FACSCalibur™ Flow 
Cytometer (BD Biosciences). The flow cytometry data were 
analyzed using FlowJo v10 software (FlowJo LLC).

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR) assays. Total RNA was isolated from cells using a 
SteadyPure Universal RNA Extraction Kit (cat. no. AG21017; 
Accurate Biology) according to the manufacturer's instruc‑
tions. Complementary DNA was synthesized with random 
primers using the Evo M‑MLV RT Kit with gDNA Clean 
for qPCR (Accurate Biology). The RT temperature protocol 
included gDNA removal at 42˚C for 2 min, and reverse tran‑
scription at 37˚C for 15 min and 85˚C for 5 sec. qPCR was 
carried out using the SYBR® Premix Ex Taq™ kit (Takara 
Bio, Inc.). The qPCR thermocycling conditions included 
initial denaturation at 95˚C for 30 sec, followed by 40 cycles 
of 95˚C for 5 sec and 60˚C for 30 sec. The primer set for 
SPRY4‑IT1 was as follows: Forward, 5'‑AGC​CAC​ATA​AAT​
TCA​GCA​GA‑3' and reverse, 5'‑CGA​TGT​AGT​AGG​ATT​CCT​
TTC​A‑3'. Primers for β‑actin were obtained from Accurate 
Biology (cat. no. AG11722) and had the following sequences: 
Forward, 5'‑TAT​TTT​GAA​TGA​TGA​GCC​TTC​GT‑3' and 
reverse, 5'‑TGC​ACT​TTT​ATT​CAA​CTG​GTC​T‑3'. All data 
analyses were performed using the StepOnePlus Real‑Time 
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PCR System (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The expression levels of SPRY4‑IT1 were normalized 
against those of β‑actin as the reference gene. The data were 
analyzed using the 2‑ΔΔCq method (18).

Western blot assays. Following the induction of hypoxia, the 
cells were quickly collected and lysed using RIPA protein 
extraction reagent (Epizyme, Inc.; Ipsen) supplemented with 
protease inhibitor and phosphatase inhibitor cocktails (both 
Epizyme. Inc.; Ipsen). The concentrations of the protein samples 
were detected using a BCA Protein Assay kit (Thermo Fisher 
Scientific, Inc.). Protein extracts (15 µg/lane) were separated 
by 10% SDS‑PAGE and transferred to polyvinylidene fluoride 
membranes. The membranes were blocked for 25 min at room 
temperature in protein‑free blocking buffer (Epizyme, Inc.; 
Ipsen) and incubated with primary antibodies at 4˚C for 12 h. 
Antibodies targeting CDK2 (cat. no. A0094), cyclin D1 (cat. 
no. A19038), AKT1 (cat. no. A20799), phosphorylated‑AKT 
(cat. no. AP1172) and β‑actin (cat. no. AC026) were used. 
All primary antibodies were diluted 1:1,000. All the primary 
antibodies were acquired from ABclonal Biotech Co., Ltd. 
Membranes were incubated with Anti‑rabbit IgG, HRP‑linked 
Antibody (dilution, 1:5,000; cat. no.  7074; Cell Signaling 
Technology, Inc.) at room temperature for 60 min. Immobilon 
Western HRP Substrate (WBKLS0050) was purchased 
from MilliporeSigma. The membrane was exposed to an 
autoradiography film and autoradiograms were quantified by 
densitometry using Quantity One software 4.4.6 (Bio‑Rad 
Laboratories, Inc.).

Statistical analysis. All experiments were repeated three 
times. Patients were divided into high and low SPRY4‑IT1 
groups based on the Cq value of the RWPE‑1 cells and 
clinicopathological data were analyzed according to using 

Fisher's exact test. Comparisons between the prostate cancer 
and normal adjacent tissues was performed using paired 
Student's t‑test, and other comparisons between two groups 
were performed using unpaired Student's tests. One‑way 
ANOVA with Tukey's post hoc test was used to determine the 
significance of differences among multiple groups. P<0.05 was 
considered to indicate a statistically significant result. All data 
were analyzed using Excel 2019 (Microsoft Corporation) and 
SPSS Statistics 21 (IBM Corp.).

Results

SPRY4‑IT1 is highly expressed in prostate cancer tissues and 
cell lines. RT‑qPCR was used to detect the expression levels of 
SPRY4‑IT1 in prostate cancer tissues and cell lines. The expres‑
sion levels of SPRY4‑IT1 were significantly higher in prostate 
cancer tissues than in the pair‑matched normal adjacent tissues 
(P<0.05; Fig. 1A). SPRY4‑IT1 expression was associated with 
the Gleason score of patients with prostate cancer (P<0.04; 
Table I), and was independent of patient age, tumor stage and 
tumor size. In addition, SPRY4‑IT1 was expressed at higher 
levels in the DU145 and PC3 prostate cancer cell lines than 
in the RWPE‑1 human immortalized non‑cancerous prostate 
epithelial cell line (P<0.01). However, SPRY4‑IT1 expression 
was not upregulated in LNCaP cells (Fig. 1B).

SPRY4‑IT1 expression is upregulated under hypoxic 
conditions. A hypoxic microenvironment is common in 
prostate cancer. To assess the effect of hypoxia on the expres‑
sion of SPRY4‑IT1, DU145 and PC3 cells were cultured in 
an anaerobic incubator for various time periods. Following 
24 h of cell culture under hypoxia, the expression levels of 
SPRY4‑IT1 were significantly increased in the DU145 and PC3 
cells compared with those cultured under normoxic conditions 
(P<0.01). However, the expression levels of SPRY4‑IT1 did not 
change significantly in DU145 and PC3 cell lines following 1, 
6 and 12 h of culture under hypoxic conditions (Fig. 1C and D).

Knockdown of SPRY4‑IT1 suppresses prostate cancer 
cell viability. DU145 and PC3 cells were transfected with 
SPRY4 overexpression vector or shRNA, and the transfec‑
tion efficiency is presented in Fig. S1. To effectively simulate 
the hypoxic microenvironment in vitro, the transfected cells 
were cultivated in an anaerobic incubator for 24 h and the 
cell viability was evaluated using CCK‑8 assays. The results 
demonstrated that the cell viability was significantly lower 
in DU145 and PC3 cells transfected with sh‑SPRY4‑IT1 
compared with the corresponding control cells transfected 
with shNC (P<0.01). Overexpression of SPRY4‑IT1 in DU145 
and PC3 cells increased resistance to the hypoxic environment 
(P<0.05). This result indicates that SPRY4‑IT1 had a protec‑
tive effect on prostate cancer cell viability under hypoxic 
conditions (Fig. 2).

Knockdown of SPRY4‑IT1 leads to S‑phase arrest in prostate 
cancer cells. Flow cytometry was used to evaluate the cell cycle 
following the knockdown of SPRY4‑IT1 expression in DU145 
and PC3 cells. The results indicated that the knockdown of 
SPRY4‑IT1 expression led to S‑phase arrest in prostate cancer 
cells (P<0.05; Fig. 3).

Table I. Associations between SPRY4‑IT1 expression and the 
clinicopathological features of patients with prostate cancer.

	 SPRY4‑IT1
	 expression
	-----------------------------
Parameters	 Total	 High	 Low	 P value

Age (years)				    0.99
  <69	 12	 9	 3	
  ≥69	 24	 19	 5	
Gleason score				    0.04
  6 or 7	 11	 6	 5	
  7‑10	 25	 22	 3	
Tumor stage				    0.69
  T2	 12	 10	 2	
  T3 or T4	 24	 18	 6	
Tumor size (cm)				    0.05
  <0.6	 8	 4	 4	
  ≥0.6	 28	 24	 4	

SPRY4‑IT1, sprouty4‑intron 1.
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Knockdown of SPRY4‑IT1 inhibits cell cycle‑associated 
protein expression and AKT phosphorylation. The transfected 
DU145 and PC3 cell lines were cultured in an anaerobic incu‑
bator for 24 h and the total protein was then rapidly extracted for 
western blot analysis. After SPRY4‑IT1 was overexpressed in 
the DU145 cell line, the expression levels of CDK2 and cyclin D1 

were increased (P<0.05). In SPRY4‑IT1‑overexpressing PC3 
cells, cyclin D1 expression was upregulated (P<0.05), while no 
significant difference in CDK2 expression was observed. The 
expression levels of CDK2 and cyclin D1 were lower in DU145 
and PC3 cells transfected with sh‑SPRY4‑IT1 compared 
with cells transfected with shNC (P<0.01), indicating that 

Figure 1. Expression levels of SPRY4‑IT1 in prostate cancer tissues and cell lines. Expression of SPRY4‑IT1 was higher in (A) prostate cancer tissues than 
normal adjacent tissues and (B) PC3 and DU145 prostate cancer cell lines than in RWPE‑1 prostate epithelial cells. Expression levels of SPRY4‑IT1 in 
(C) DU145 and (D) PC3 prostate cancer cell lines. After 24 h culture under hypoxic conditions, the expression level of SPRY4‑IT1 was upregulated in the pros‑
tate cancer cells. Values are presented as the mean and SD. **P<0.01. SPRY4‑IT1, sprouty4‑intron 1; Nor, normoxia; Hyp, hypoxia; qPCR, quantitative PCR; 
ns, no significance.

Figure 2. Cell Counting Kit‑8 cell viability assay results. The knockdown of SPRY4‑IT1 in (A) DU145 and (B) PC3 prostate cancer cell lines reduced cell 
viability following culture under hypoxic conditions for 24 h. *P<0.05, **P<0.01. SPRY4‑IT1, sprouty4‑intron 1; OE, overexpression; OE‑NC, OE negative 
control (empty vector); shNC, short hairpin negative control; sh1, sh‑SPRY4‑IT1‑1; sh2, sh‑SPRY4‑IT1‑2.
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downregulation of SPRY4‑IT1 expression affected the cell 
cycle progression of prostate cancer cells. This is consistent 
with the flow cytometry results. After overexpression of 
SPRY4‑IT1, the phosphorylation levels of AKT in PC3 cells 
were increased (P<0.05), while those in DU145 cells were not 
significantly altered. AKT phosphorylation was also reduced 
following the knockdown of SPRY4‑IT1 expression (Fig. 4).

Discussion

The present study revealed that the expression levels of 
SPRY4‑IT1 expression were higher in prostate cancer tissues 
and cell lines than in pair‑matched adjacent benign prostate 
tissues and the RWPE‑1 human immortalized non‑cancerous 
prostate epithelial cell line, respectively. SPRY4‑IT1 has been 
reported to be highly expressed in prostate cancer tissues and 
the PC3 cell line (19). However, to the best of our knowledge, 
the expression levels of SPRY4‑IT1 in the DU145 cell line 

have not been previously reported. The present study further 
confirmed that SPRY4‑IT1 was highly expressed in two pros‑
tate cancer cell lines. SPRY4‑IT1 expression was significantly 
associated with the Gleason score in prostate cancer but not 
with age, tumor stage or tumor size. These results suggest 
that SPRY4‑IT1 is potentially involved in the progression of 
prostate cancer. However, the sample size of the present study 
was relatively small and the relationships between SPRY4‑IT1 
and the clinical parameters require further examination in 
subsequent studies.

Adaptation to hypoxic stress is pivotal in tumor progres‑
sion and malignancy (20). The current study is a preliminary 
analysis demonstrating the effect of hypoxia on SPRY4‑IT1 
expression in prostate cancer. At the beginning of the hypoxic 
culture period, the expression of SPRY4‑IT1 exhibited a slight 
reduction. However, following 24  h of cell culture under 
hypoxic conditions, the expression levels of SPRY4‑IT1 in 
the DU145 and PC3 prostatic cancer cells were increased; 

Figure 3. Flow cytometry results for DU145 and PC3 cells following the knockdown of SPRY4‑IT1. (A) Representative flow cytometry plots and (B) cell cycle 
analysis. Results show that the knockdown of SPRY4‑IT1 in the prostate cancer cell lines led to S phase arrest under a hypoxic microenvironment. *P<0.05, 
**P<0.01. SPRY4‑IT1, sprouty4‑intron 1; shNC, short hairpin negative control; sh1, sh‑SPRY4‑IT1‑1; sh2, sh‑SPRY4‑IT1‑2.
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thus, during adaptation to hypoxia, the expression levels of 
SPRY4‑IT1 in the prostate cancer cell lines were increased. 
The knockdown of SPRY4‑IT1 expression in DU145 and PC3 
cells resulted in a reduction in cell viability following cell 
culture under hypoxic conditions for 24 h. This finding indi‑
cates that SPRY4‑IT1 promotes prostate cancer cell viability 
when the cells are exposed to hypoxia. Therefore, it appears 
that SPRY4‑IT1 plays an important role in the adaptation of 
prostate cancer cells to hypoxic stress and in the maintenance 
of cell activity in a hypoxic environment. Considering hypoxia 
is common in human prostate cancer, we hypothesize that 
SPRY4‑IT1 plays the same role in vivo.

The present study revealed that the knockdown of 
SPRY4‑IT1 expression led to S‑phase arrest in prostate 

cancer cells under hypoxic conditions. This result is in 
accordance with a study performed on human melanoma, 
in which the suppression of SPRY4‑IT1 impaired cell 
proliferation and invasion  (20). The present study also 
demonstrated that following the knockdown of SPRY4‑IT1 
expression in prostate cancer cells, the expression levels 
of the cell cycle‑associated proteins CDK2 and cyclin D1 
were decreased. The aberrant expression of CDK2 has been 
detected in a variety of tumors and is associated with the 
proliferation of tumor cells  (21), while the upregulation 
of cyclin D1 expression has been shown to accelerate cell 
cycle progression and lead to tumor cell proliferation (22). 
Furthermore, CDK2 and cyclin D1 have both been shown 
to drive cell cycle progression through the S phase (23,24). 

Figure 4. Western blotting results of cell cycle‑associated proteins and AKT phosphorylation. Representative blots for (A) CDK2 and cyclin D1 and (B) AKT 
phosphorylation. (C) Quantification of the western blot results. Knockdown of SPRY4‑IT1 in DU145 and PC3 cell lines led to reductions in CDK2 and 
cyclin D1 expression and AKT phosphorylation. *P<0.05, **P<0.01, ns, no significance. SPRY4‑IT1, sprouty4‑intron 1; OE, overexpression; OE‑NC, OE nega‑
tive control (empty vector); shNC, short hairpin negative control; sh1, sh‑SPRY4‑IT1‑1; sh2, sh‑SPRY4‑IT1‑2; p‑, phosphorylated.
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The flow cytometry results and western blot assay results 
were consistent regarding the effects of SPRY4‑IT1 on the 
cell cycle. Knockdown of sprouty4 and SPRY4‑IT1 expres‑
sion in tumor cells has been reported to potently inhibit 
AKT phosphorylation  (6), with the latter increasing the 
expression levels of cyclin D1 (25). Changes in the total and 
phosphorylated levels of AKT, a member of the PI3K/AKT 
signaling pathway, following the knockdown of SPRY4‑IT1 
expression were investigated in prostate cancer cells using 
western blot analysis. The knockdown of SPRY4‑IT1 expres‑
sion in DU145 and PC3 cells inhibited AKT phosphorylation 
under hypoxic conditions. The AKT pathway promotes cell 
survival via AKT phosphorylation and the subsequent inhibi‑
tion of apoptosis (26); this mechanism of action may explain 
the decreased viability of prostate cancer cells following the 
knockdown of SPRY4‑IT1 expression.

The present study verified that SPRY4‑IT1 expression 
was elevated in prostate cancer tissues and the DU145 and 
PC3 cell lines compared with pair‑matched adjacent benign 
prostate tissues and the non‑cancerous prostate epithelial 
cell line RWPE‑1. This finding improves our understanding 
of SPRY4‑IT1 expression in prostate cancer. Based on these 
results, it is suggested that SPRY4‑IT1 is likely to be involved 
in the progression of prostate cancer. Furthermore, the results 
indicated that SPRY4‑IT1 expression was upregulated under 
hypoxic conditions and could regulate the viability of prostate 
cancer cells, possibly via the regulation of CDK2, cyclin D1 
and AKT phosphorylation. The results suggest the underlying 
mechanism by which SPRY4‑IT1 functions in a hypoxic 
microenvironment. Finally, the results suggest a novel appli‑
cation for SPRY4‑IT1 in the clinical diagnosis and treatment 
of prostate cancer. Prostate‑specific antigen screening and 
ultrasound‑guided prostate puncture are the main methods 
of prostate cancer diagnosis, which often lead to exces‑
sive medical treatment. Detection of the expression level of 
SPRY4‑IT1 in the urine of prostate cancer patients is poten‑
tially an auxiliary means for the diagnosis of prostate cancer, 
which may reduce the risk of over‑diagnosis to some extent. 
To explore the feasibility of urine SPRY4‑IT1 levels in the 
diagnosis of prostate cancer, SPRY4‑IT1 levels in the urine of 
patients with prostate cancer should be detected in the future. 
The results of the present study also suggested that SPRY4‑IT1 
may be associated with a worse prognosis in prostate cancer 
patients. Therefore, the measurement of SPRY4‑IT1 levels 
in patients with prostate cancer could potentially be used to 
select a more suitable treatment at an early stage to reduce 
mortality. However, further mechanistic studies of SPRY4‑IT1 
are required to fully understand its role in the pathogenesis of 
prostate cancer. Additional studies investigating the molecular 
interactions of SPRY4‑IT1 with other genes may also improve 
our comprehension of the mechanisms underlying prostate 
cancer occurrence and development. 

In summary, the present study demonstrates that the 
lncRNA SPRY4‑IT1 is upregulated in prostate cancer 
tissues and cell lines. It also suggests that the upregulation of 
SPRY4‑IT1 promotes the proliferation of prostate cancer cells 
under hypoxia in vitro. Therefore, SPRY4‑IT1 may be a poten‑
tial target for the diagnosis and treatment of prostate cancer.

lncRNAs play a variety of roles in tumor progression. Previous 
studies have shown that the lncRNA SPRY4‑IT1 can bind to a 

variety of molecules, including miRs and proteins. A limitation of 
the present study is that it did not explore the potential molecules 
to which SPRY4‑IT1 may bind. In addition, the number of cases 
included was relatively small and a higher number of cases are 
required to support the conclusions of the study.
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