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prostate cancer cells via the miR‑1244/MAP3K2 axis
XIAODONG LI, BAIHETIYA AZHATI, WENGUANG WANG, MULATI REXIATI, CHEN XING and YUJIE WANG
Department of Urology, The First Affiliated Hospital of Xinjiang Medical University,
Urumqi, Xinjiang Uygur Autonomous Region 830054, P.R. China
Received October 11, 2020; Accepted February 25, 2021
DOI: 10.3892/ol.2021.12747
Abstract. Prostate cancer (PCa) is a common male malignant
disease with a high incidence, which can seriously affect the
quality of life of patients. The survival rate of patients with
PCa has improved to 98.6%; however, new insights for the
molecular mechanism are still urgently required. Circular
RNA (circ)UBAP2 is a tumor‑associated circRNA that has
been demonstrated to promote the progression of various
types of cancer. CircUBAP2 has been demonstrated to be
significantly upregulated in PCa, but its role in the progression
of PCa remains unclear. The present study aimed to provide
an improved understanding of the regulatory mechanism of
circUBAP2 in PCa. circUBAP2 expression was identified to
be upregulated in four PCa cell lines and clinical tissues by
using reverse transcription‑quantitative PCR analysis. Binding
sites analysis and luciferase reporter gene assay indicated that
the microRNA(miR)‑1244/MAP3K2 axis was the target of
circUBAP2. Gain‑of‑function assays revealed that circUBAP2
promoted the proliferation of PCa cells by sponging miR‑1244
and promoting the MAP3K2 axis. The present findings may
be essential for providing new strategies in the diagnosis and
targeted therapy of PCa.
Introduction
Prostate cancer (PCa) is one of the most common types of
malignant cancer of the prostatic epithelium (1,2). Age and
heredity are the main risk factors associated with PCa devel‑
opment (3). The age of onset ranges from 65 to 74 years, with a
median age of 66 years (4). It is estimated that >1,600,000 new
cases are diagnosed annually (5). The incidence of PCa is
significantly higher in the Western population than in the
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Asian one (6). In the United States, ~1 out of 5 men will be
diagnosed with PCa (4), while in China, the incidence of PCa
is 7.1/100,000 individuals (7). Although PCa has a 5‑year
survival rate of 98.6% (4,8), an in‑depth understanding of its
pathogenesis and new therapeutic strategies are still urgently
required.
Circular RNAs (circRNAs), a large class of non‑coding
RNAs, have attracted increasing attention over the last
decade (9). Preliminary studies have revealed that circRNAs
serve an important role in post‑transcriptional regulation by
acting as microRNA (miRNA/miR) sponges or by encoding
peptides (10‑12). CircRNAs have been reported to have unique
expression profiles in different cancer subtypes and they
regulate multiple biological processes, such as development,
differentiation, apoptosis and cell proliferation (13). Some
circRNAs have already been considered as tumor‑associated
circRNAs, such as CDR1as, circUBAP2 and circPTV1 (14).
Among these, circUBAP2 has been reported as a critical regu‑
lator involved in the progression of several types of cancer,
such as ovarian cancer, esophageal squamous cell carcinoma
and pancreatic adenocarcinoma (15‑17).
Recently, Chen et al (18) revealed the circRNA transcrip‑
tional landscape with functional annotation in localized PCa.
In their circRNA profile of PCa, circUBAP2 was significantly
abundantly expressed in PCa (18). However, the role of
circUBAP2 in the progression of PCa remains unclear. Hence,
the present study aimed to clarify the regulatory mechanism of
circUBAP2 in the progression of PCa.
Materials and methods
Cell culture. Four human PCa cell lines (LNCaP, V16A,
DU145 and PC‑3) were purchased from the American Type
Culture Collection (ATCC) and cultured in RPMI 1640
medium (Gibco; Thermo Fisher Scientific Inc.) with 10%
fetal bovine serum (FBS; Thermo Fisher Scientific Inc.) and
1% penicillin‑streptomycin (18,19). Human prostate epithelial
cell line (RWPE‑1) was purchased from ATCC and cultured
in Keratinocyte serum‑free medium (KSFM; Thermo Fisher
Scientific Inc.) (20). All cells were maintained in a 37˚C
humidified atmosphere with 5% CO2.
Clinical tissues. A total of 20 male patients who were diagnosed
as prostate cancer and underwent prostatectomy at The First
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Affiliated Hospital of Xinjiang Medical University (Urumqi,
China) from January 2020 to March 2020 were included in the
present study. Patients with immunological diseases, metabolic
diseases, hypertension diabetes or any other type of tumor
diseases were excluded. The mean age of enrolled patients
was 74.38±3.32 years (age range, 68‑81 years). PCa and paired
adjacent normal tissues (2 cm distance from tumor tissue) were
obtained after prostatectomy and stored in liquid nitrogen.
Written informed consent was obtained from each participant.
All study protocols were approved by the Ethics Committee of
The First Affiliated Hospital of Xinjiang Medical University
(approval no. XJ20200025; Urumqi, China).

(circbank.cn) and circular RNA interactome (circinterac‑
tome.nia.nih.gov) (24). The miRNAs predicted by both of
these websites were considered as potential target miRNAs
of circUBAP2. The expression levels of these potential
target miRNAs in PCa were further confirmed based on the
GSE76260 miRNA expression profile. The potential target
mRNAs were screened out using miRWalk (mirwalk.umm.
uni), TargetScan (targetscan.org), miRDB (mirdb.org) and
TargetMiner (isical.ac.in) (25). Their expression levels in PCa
were also validated based on the GSE30994 mRNA expres‑
sion profile. The circUBAP2‑associated ceRNA network was
constructed using Cytoscape (https://cytoscape.org/).

Reverse transcription‑quantitative (RT‑q) PCR. Total RNA
from PCa cell lines and tissues was extracted using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific Inc.). Nuclear
and cytoplasmic RNA were separated using a Cytoplasmic
and Nuclear RNA Purification kit (Norgen Biotek Corp.).
The miRNAs were reverse transcribed to cDNA using the
All‑in‑one™ miRNA First‑Strand cDNA Synthesis kit
(GeneCopoeia Inc.) and the mRNAs were reverse transcribed
to cDNA using the Oligo(dT) priming method (GeneCopoeia
Inc.) according to the manufacturer's protocol. SYBR Green
qPCR Master Mix (Thermo Fisher Scientific Inc.) was used
to detect the expression levels of miRNAs and mRNAs via
qPCR. The qPCR thermocycling conditions were as follows:
Enzyme activation at 95˚C for 30 sec, followed by 40 two‑step
cycles (95˚C for 5 sec; 60˚C for 30 sec). The related expression
levels of miRNAs and mRNAs were normalized to U6 and
GAPDH, respectively, according to the 2-∆∆Cq method (21).
The primers were as follows: circUBAP2 forward, 5'‑AGC
CTCAGAAGCCAACTCCTTTG‑3' and reverse, 5'‑TCAGGT
TGAGATTTGAAGTCAAGAT‑3'; MAP3K2 forward, 5'‑CCC
CAGGTTACAT TCCAGATGA‑3' and reverse, 5'‑GCAT TC
GTGATTT TGGATAGCTC‑3'; ERK1 forward, 5'‑TACACC
AACCTCTCGTACATCG ‑3' and reverse, 5'‑CATGTCTGA
AGCG CAGTAAGAT T‑3'; JNK forward, 5'‑TGTGTGGAA
TCA AGCACC T TC‑3' and reverse, 5'‑AGG CGTCATCAT
AAAACTCGTTC‑3'; p53 forward, 5'‑CAGCACATGACG
GAGGTTGT‑3' and reverse, 5'‑TCATCCA AATACTCCACA
CGC3'; GAPDH forward, 5'‑ACCACAGTCCATG CCATC
AC‑3' and reverse, 5'‑TCC ACC ACC C TG T TG  C TG TA‑3';
miR‑1244 forward, 5'‑ACAC TCCAGC TGG GAAGTAGT
TGGT TTGTATGAG ‑3' and reverse, 5'‑CTCA ACTGGTGT
CGTGGAGTCGGCA ATTCAGTTGAGA ACCATCT‑3'; and
U6 forward, 5'‑AAAG CAA ATCATCGGACGACC‑3' and
reverse, 5'‑GTACAACACATTGTTTCCTCGGA‑3'.

Inhibition of miR‑1244 and circUBAP2. The miR‑1244 inhib‑
itor (the sequences were not provided) and scrambled negative
control (the sequences were not provided) was designed and
synthesized by Suzhou GenePharma Co., Ltd. The sequence of
circUBAP2 was obtained using circBase (http://www.circbase.
org/). The small interfering (si)RNA targeting circUBAP2
(si‑circUBAP2; siRNA‑1, 5'‑GCTTCTA AGC TTTCTGAA
ACA‑3'; siRNA‑2, 5'‑CAGCTTCTAAGCT TTCTGA AA‑3';
and siRNA‑3, 5'‑CCCAGCT TCTAAG CTT TCTGA‑3') and
scrambled negative control (si‑control; the sequences were
not provided) were also designed and synthesized by Suzhou
GenePharma Co., Ltd. (26).

miRNA and mRNA expression profiles analysis. The expres‑
sion profiles of miRNA (GSE76260) and mRNA (GSE30994)
were downloaded from the Gene Expression Omnibus (GEO)
database (22,23). The differentially expressed miRNAs and
mRNAs were detected using the GEO2R tool (https://www.
ncbi.nlm.nih.gov/geo/geo2r), which allowed users to compare
two or more groups of samples in a GEO Series. After elimi‑
nating duplicates, |fold‑change (FC)| ≥2 and adjusted P<0.05
were set as the criteria for differentially expressed miRNAs.
Competitive endogenous RNA (ceRNA) network. The
circUBAP2‑targeted miRNAs were predicted using circBank

Cell transfection. The miR‑1244 inhibitor or si‑circUBAP2
(both 100 nM) were transfected into PCa cells using
Lipofectamine® 3000 (Thermo Fisher Scientific Inc.) and then
the cells were maintained in a 37˚C humidified atmosphere
with 5% CO2 for 6 h, following which culture medium was
replaced. After 48 h, RT‑qPCR was performed to detect the
mRNA expression levels.
Luciferase reporter gene assay. The luciferase reporter gene
plasmid pGL6‑miR (Beyotime Institute of Biotechnology)
containing the putative binding site of miR‑1244 was
constructed and validated by Sangon Biotech Co., Ltd. Human
embryonic kidnFS (293T) cells were purchased from the
American Type Culture Collection (ATCC) and cultured in
Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher
Scientific, Inc.) with 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.) and 1% penicillin‑streptomycin.
Subsequently, the 293T cells were seeded into a 24‑well plate
at a density of 2x105 cells/well and then cultured at 37˚C with
5% CO2 and 95% humidity. 293T cells were transfected with
pGL6‑miR with or without miR‑1244 mimics or NC (Suzhou
GenePharma Co., Ltd.) using Lipofectamine 3000. Luciferase
protein was stained via immunofluorescence according to
the manufacturer's instructions. The luciferase activity was
measured 48 h after transfection with a Dual‑Luciferase
Reporter Assay System (Promega Corporation) using a fluo‑
rescence spectrophotometer (Infinite M200; Tecan Group,
Ltd.), which was then normalized to Renilla luciferase activity.
Western blotting. Total protein from PCa cells were extracted
by using the Total Protein Extraction kit (cat. no. PE001;
Signalway Antibody LLC) and quantified using the bicincho‑
ninic acid (BCA) protein quantitative method. The proteins
were subjected to 10% SDS‑PAGE with equal amounts
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Figure 1. Validation of circUBAP2 in PCa cell lines. (A) Genomic position of circUBAP2. (B) circUBAP2 expression was upregulated in four human PCa cell
lines (LNCaP, V16A, DU145 and PC‑3). (C) circUBAP2 was mainly located in the cytoplasm of PCa cell lines. **P<0.01 and ***P<0.001 vs. RWPE‑1 cells. PCa,
prostate cancer; circUBAP2, circular RNA UBAP2.

(50 µg/lane) and then transferred onto PVDF membranes.
After blocking with 5% skimmed milk for 1 h at room temper‑
ature, membranes were washed by TBST with 0.5% Tween
20 5 times and incubated on a plate shaker with primary
antibodies overnight at 4˚C. Subsequently, membranes were
washed again and probed by secondary antibodies for 1 h at
room temperature. Finally, the protein bands were visualized
using an ECL luminescence reagent (Sangon Biotech Co.,
Ltd.). Primary antibodies against MAP3K2 (1:10,000; cat.
no. ab240926), ERK (1:1,000; cat. no. ab32081), JNK (1:1,000;
cat. no. ab110724), p38 (1:1,000; cat. no. ab170099), β‑actin
(1:5,000; cat. no. ab179467) and secondary horse‑radish perox‑
idase conjugated antibodies (goat anti‑rabbit IgG; 1:5,000, cat.
no. ab7090) used in the present study were all purchased from
Abcam. β‑actin was used as the loading control.
Cell counting kit‑8 (CCK‑8) assay. CCK‑8 assay was
performed to evaluate the effects of circUBAP2‑knockdown
on the proliferation of PCa LNCaP, V16A, DU145 and PC‑3
cell lines. The PCa cells were seeded into 96‑well plates and
cultured at 37˚C. Subsequently, the CCK‑8 solution (10 µl/well)
(Beyotime Institute of Biotechnology) was added for 2 h at

each time point (48, 96 and 144 h post‑transfection). The cell
proliferative activity was reflected by measuring the optical
density at a wavelength of 450 nm using Multiskan Spectrum
(Thermo Fisher Scientific Inc.).
Statistical analysis. The | FC | ≥2 and adjusted P<0.05 indi‑
cated that miRNA and mRNA were significantly differentially
expressed. The data of RT‑qPCR and CCK‑8 assays were
expressed as the mean ± SD of 3 repeats. The paired Student's
t‑test was used to compare the differences between two
groups. One‑way ANOVA (parametric) was used to compare
the differences among multiple groups, with Tukey's test as
the post‑hoc test. The correlation analysis was determined
using Pearson's correlation coefficient. Statistical analysis was
performed using GraphPad Prism 7.0 (GraphPad Software,
Inc.). P<0.05 was considered to indicate a statistically signifi‑
cant difference.
Result
circUBAP2 is highly expressed in four PCa cell lines.
According to circBase, circUBAP2 is generated from the
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Figure 2. Prediction of the circUBAP2‑associated axis. (A) A total of 31 and 111 miRNAs were predicted as targets of circUBAP2 using circular RNA inter‑
actome and circBank, respectively, and 8 of these miRNAs were co‑predicted. (B) The potential regulatory network of circUBAP2 and its targets miR‑1244,
miR‑665, miR‑1200, miR‑582‑3p, miR‑637, miR‑892b, miR‑571 and miR‑1305. (C) miR‑1244 was the only DEmiR in the miRNA profile GSE76260. (D) A
total of 22 mRNAs were predicted as the potential target mRNAs of miR‑1244, which were co‑predicted using miRDB, TargetScan, miRWalk and TargetMiner.
(E) Four co‑predicted DEGs (ADD3, DYNC1I1, MAP3K2 and ARHGAP20) in the mRNA expression profile GSE30994. (F) circUBAP2‑associated competi‑
tive endogenous RNA network. circUBAP2, circular RNA UBAP2; DE, differentially expressed; DEGs, DE genes; miR/miRNA, microRNA; ADD3, adducin
3; DYNC1I1, dynein cytoplasmic 1 intermediate chain 1; ARHGAP20, Rho GTPase activating protein 20; PCa, prostate cancer.

UBAP2 gene and its genomic position, as shown in Fig. 1A.
The expression levels of circUBAP2 were detected in four
human PCa cell lines (LNCaP, V16A, DU145 and PC‑3) and
in a human normal prostate cell line (RWPE‑1). The results
revealed that circUBAP2 expression was significantly
upregulated in all four PCa cell lines compared with in
RWPE‑1 cells (Fig. 1B). Among these PCa cell lines, LNCaP
exhibited the highest expression levels of circUBAP2.
Additionally, the expression levels of circUBAP2 were
further validated in the nucleus and cytoplasm of PCa cell
lines separately to confirm its location in PCa cells. The
results indicated that circUBAP2 was mainly expressed in

the cytoplasm, which was important for its function predic‑
tion (Fig. 1C).
Potential targets of circUBAP2. To further explore the
regulatory effect of circUBAP2 in PCa cells, its target
miRNAs were predicted using circular RNA interactome
and circBank. Venn diagram analysis was further used to
identify the common miRNAs in both websites (Fig. 2A).
The results indicated that miR‑1244, miR‑665, miR‑1200,
miR‑582‑3p, miR‑637, miR‑892b, miR‑571 and miR‑1305
were the potential target miRNAs of circUBAP2 (Fig. 2B).
Their expression levels in PCa cells were then validated
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Figure 3. Validation of PCa‑associated circUBAP2/miR‑1244/MAP3K2 axis. (A) MAP3K2 expression was significantly upregulated following
miR‑1244‑knockdown. (B) Putative binding sites of miR‑1244 on circUBAP2 and MAP3K2. (C) Expression levels of circUBAP2, miR‑1244 and MAP3K2 in
clinical PCa and normal tissues. (D) Correlation between circUBAP2, miR‑1244 and MAP3K2 expression in clinical tissues of PCa. (E and F) Fluorescence
activity was decreased in 293T cells co‑transfected with circUBAP2/MAP3K2 reporter plasmid (pGL6‑miR plasmid) and miR‑1244 mimics. **P<0.01 and
***
P<0.001 vs. control. PCa, prostate cancer; circUBAP2, circular RNA UBAP2; miR, microRNA; UTR, untranslated region.

based on the miRNA expression dataset GSE76260, which
included 172 dysregulated miRNAs; however, only miR‑1244
was found to be differentially expressed in PCa (Fig. 2C).
Subsequently, the target mRNAs of miR‑1244 were predicted
using miRDB, TargetScan, miRWalk and TargetMiner. A total
of 22 mRNAs were co‑predicted as potential target mRNAs
of circUBAP2/miR‑1244 (Fig. 2D). Among these mRNAs,
adducin 3 (ADD3), dynein cytoplasmic 1 intermediate chain
1 (DYNC1I1), MAP3K2 and Rho GTPase activating protein
20 (ARHGAP20) were found to be differentially expressed
(upregulated) in the mRNA expression profile GSE30994
(Fig. 2E). Finally, a ceRNA network was constructed to assess

the association of circUBAP2, miR‑1244, ADD3, DYNC1I1,
MAP3K2 and ARHGAP20 (Fig. 2F).
Validation of PCa‑associated circUBAP2/miR‑1244/MAP3K2
axis. In the present study, miR‑1244 expression was
knocked down using a miR‑1244 inhibitor to validate its
target mRNAs in PCa cells. Only MAP3K2 expression was
significantly upregulated following miR‑1244‑knockdown,
indicating that MAP3K2 was the final target mRNA of the
circUBAP2/miR‑1244 axis (Fig. 3A). Additionally, their poten‑
tial binding sites were validated using TargetScan (Fig. 3B).
Subsequently, the expression levels of circUBAP2, miR‑1244
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Figure 4. Functional validation of the circUBAP2/miR‑1244/MAP3K2 axis. si‑circUBAP2‑2 exhibited the most significant effect on (A) knocking down
circUBAP2 expression and (B) increasing miR‑1244 expression. (C) MAP3K2 expression was decreased after si‑circUBAP2 transfection and was posi‑
tively associated with circUBAP2 expression. (D) Expression of MAP3K2 and MAPK key factors (ERK, JNK and p38) were significantly decreased after
circUBAP2‑knockdown and were then reversed by co‑transfection with the miR‑1244 inhibitor. (E) Western blot assay indicated that the protein expression
levels of MAP3K2, ERK, JNK and p38 were decreased after si‑circUBAP2 transfection. *P<0.05, **P<0.01 and ***P<0.001 vs. control. circUBAP2, circular
RNA UBAP2; miR, microRNA; si, small interfering RNA.

and MAP3K2 were detected in tissues of patients with PCa.
The results indicated that circUBAP2 and MAP3K2 expres‑
sion was significantly upregulated, while miR‑1244 expression
was significantly downregulated in PCa tissues compared
with in normal tissues (Fig. 3C). Furthermore, circUBAP2
expression was negatively correlated with miR‑1244 expres‑
sion (Fig. 3D; R=‑0.9421; P<0.001), but positively correlated
with MAP3K2 expression (Fig. 3D; R= 0.8583; P<0.001).
Additionally, a negative correlation was observed between

miR‑1244 and MAP3K2 expression (Fig. 3D; R=‑0.9124;
P<0.001). In addition, the expression of circUBAP2 was partly
inhibited by overexpression of miR‑1244, but promoted by
inhibition of miR‑1244 (Fig. S1). The luciferase reporter gene
assay was further performed to validate the binding sites of
miR‑1244 on circUBAP2 and MAP3K2. The results indi‑
cated that the luciferase activity was significantly decreased
in 293T cells co‑transfected with the circUBAP2/MAP3K2
reporter plasmid (pGL6‑miR plasmid) and miR‑1244 mimics
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Figure 5. Proliferation of prostate cancer cells. Cell proliferation of (A) LNCaP, (B) V16A, (C) DU145 and (D) PC‑3 cells was significantly decreased after
circUBAP2‑knockdown. *P<0.05 and **P<0.01 vs. control. circUBAP2, circular RNA UBAP2.

(Fig. S2A) compared with the other groups (Fig. 3E and F),
while there was no difference between the circUBAP2 and
MAP3K2 groups.
Functional verification of the circUBAP2/miR‑1244/
MAP3K2 axis in LNCaP cells. As the LNCaP cell line
presented the highest circUBAP2 expression, the regulating
role of circUBAP2 was further explored in the LNCaP cell
line. First, the effect of three si‑circUBAP2 was examined
on knocking down circUBAP2 expression, indicating that
si‑circUBAP2‑2 had the most significant effect on knocking
down circUBAP2 expression and increasing miR‑1244
expression (Fig. 4A and B). Additionally, circUBAP2 expres‑
sion was decreased in tandem with MAP3K2 expression
(Fig. 4C). Subsequently, the miR‑1244 inhibitor was used
for rescue assays (Fig. S2B). The mRNA expression levels
of MAP3K2, ERK, JNK and p38 were all significantly
decreased 48 h after circUBAP2‑knockdown (Fig. 4D).
However, their expression levels were significantly reversed by
co‑transfection with the miR‑1244 inhibitor (Fig. 4D). Since
the mRNA expression of MAP3K2, ERK, JNK and p38 were
significantly reversed by rescue experiments, which indicated
that knocking down circUBAP2 could suppress the expression
of these genes via targeting miR‑1244. Hence, the inhibitory
effects of knocking‑down circUBAP2 on protein expression
of MAP3K2, ERK, JNK and p38 were further validated. The
western blotting results also confirmed that the protein expres‑
sion levels of MAP3K2, ERK, JNK and p38 were decreased
at day 6 (the most effective time point) after si‑circUBAP2
transfection compared with the untransfected group (Fig. 4E).
Effect of circUBAP2 on cell proliferation of four PCa cell
lines. The effect of circUBAP2 on the proliferation of LNCaP
cells was measured using the CCK‑8 assay. The proliferation
of LNCaP, V16A, DU145 and PC‑3 cells was tested every
2 days after circUBAP2‑knockdown. As shown in Fig. 5, the

proliferative activity of all PCa cell lines was significantly
decreased following circUBAP2‑knockdown.
Discussion
circRNAs are critical regulators that serve an imperative
role in gene expression (14,27). circRNA biomarkers and
circRNA‑targeted therapy have attracted increasing attention
in recent years (28,29). Previous studies have revealed the
differential expression profile of circRNAs in PCa, indicating
that circRNAs may act as important factors in regulating
the progression of PCa (30,31). circUBAP2 is a well‑known
tumor‑associated circRNA. Wu et al (16) indicated that
circ‑UBAP2 promoted the malignant behaviors of esopha‑
geal squamous cell carcinoma via the miR‑422a/Rab10 axis.
Zhao et al (17) found that circUBAP2 modulated pancreatic
adenocarcinoma by regulating the infiltration and function
of immune cells. Additionally, Sheng et al (15) identified
circUBAP2 as a critical circRNA that promoted the progres‑
sion of ovarian cancer by targeting miR‑144. A preliminary
study screened 171 circRNAs that were differentially expressed
in PCa tissues, including circUBAP2 (upregulated) (18).
However, the regulatory effect of circUBAP2 in the progres‑
sion of PCa remains unclear.
Thus, the present study aimed to further explore the regu‑
latory effect and mechanism of circUBAP2 in PCa. First, the
expression levels of circUBAP2 were detected in four PCa
cell lines, indicating that circUBAP2 expression was upregu‑
lated in PCa cells and that circUBAP2 was mainly located
in the cytoplasm. Subsequently, site prediction websites were
used to predict the targets of circUBAP2 in regulating the
progression of PCa. Based on the miRNA expression profile
GSE76260 and the mRNA expression profile GSE30994, it
was determined that the circUBAP2/miR‑1244/MAP3K2
axis may be critical for PCa progression. miR‑1244 has been
reported to act as a suppressor in various types of cancer,
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such as ovarian cancer and lung carcinoma by inhibiting its
target mRNAs, such as pyruvate kinase M1/2 and myocyte
enhancer factor 2D (14,32,33). Moreover, the miRNA
expression profile GSE76260 revealed that miR‑1244 was
downregulated in PCa. MAP3K2 is a stress‑activated protein
kinase in the MAPK signaling pathway, which is essential in
promoting cancer cell proliferation, including in PCa (23,34).
However, the regulatory association between miR‑1244 and
MAP3K2 has not been fully defined. Notably, MAP3K2
expression in the present study was found to be upregulated
in PCa tissues, which corresponded to the expression trend of
circUBAP2, while it was negatively correlated with miR‑1244
expression. Hence, it was hypothesized that the upregulation
of circUBAP2 in PCa cells may suppress miR‑1244 expres‑
sion and promote MAP3K2 expression. High MAP3K2
expression may thereby promote cell proliferation of PCa
cells.
To further prove this hypothesis, several lines of evidence
were provided. First, the binding sites of miR‑1244 on
circUBAP2 and MAP3K2 were further confirmed by a
luciferase reporter gene assay. Functional assays were then
performed to verify the effect of circUBAP2 on the expression
levels of MAP3K2 and MAPK key factors, including ERK,
JNK and p38. circUBAP2‑knockdown using si‑circUBAP2
significantly decreased the expression levels of MAP3K2,
ERK, JNK and p38 in LNCaP cells; their expression levels
were then rescued by co‑transfection with the miR‑1244
inhibitor. Additionally, a CCK‑8 assay was performed to
verify the effect of circUBAP2 on the proliferation of PCa
cells. The results revealed that circUBAP2‑knockdown
significantly decreased cell proliferation, indicating that
circUBAP2 may have a role in promoting cell proliferation..
Overall, the current data suggested that circUBAP2 may
promote the proliferation of PCa cells via the miR‑1244/
MAP3K2 axis.
In summary, the present study indicated that the
circUBAP2/miR‑1244 MAP3K2 axis may promote the prolif‑
eration of PCa cells, since circUBAP2‑knockdown suppressed
cell proliferation and the progression of PCa. These findings
may be essential in providing new therapeutic strategies for
PCa.
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