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Abstract. MicroRNAs (miRNAs/miRs) are identified to serve 
key functions in the progression of various tumors. miR‑214 is 
aberrantly expressed in various types of cancer. In the present 
study, the function of miR-214 and its feasibility as a potential 
non‑invasive biomarker for patients with prostate cancer (PCa) 
in a hyperplasia group and a control group were investigated. 
First, RNA was isolated from the serum of 75 patients with 
PCa with bone metastasis, 65 patients with PCa with no bone 
metastasis and 70 healthy controls. The level of miR‑214 
expression was significantly upregulated in the serum of the 
bone metastasis group compared with the healthy control and 
non‑bone metastasis groups. Expression levels of alkaline 
phosphatase (ALP), bone sialoprotein (BSP), collagen type 
I pyridine crosslinking peptide (ICTP) were also evaluated. 
The results indicated that serum levels of BSP, ALP and ICTP 
were increased in the bone metastasis group compared with 
that in the non-bone metastasis group, hyperplasia group and 
the control group (P<0.05). The expression level of miR‑214 
is positively associated with poorly differentiated tumors in 
patients with PCa with a Gleason score >7 (P<0.05). Western 
blot analysis demonstrated that phosphatase and tensin 
homolog (PTEN) was a target gene of miR‑214. Additionally, 
silencing of PTEN significantly increased the invasive ability 
of PC3 cells even when miR‑214 expression was inhibited. In 
summary, serum miR‑214 expression may serve as a poten-
tial novel non‑invasive biomarker for PCa screening through 
targeting PTEN.

Introduction

In the last few years, prostate cancer (PCa) has become a 
common malignant tumor among men worldwide (1). It has 
been demonstrated that PCa is the second leading cause 
of cancer‑associated mortality in western countries and it 
continues to increase (2). Bone metastasis in PCa may result 
in pathological fracture and bone pain, which poses a severe 
threat and may have an impact on quality of life and prog-
nosis. Currently, radionuclide bone imaging is widely applied 
for the diagnosis and monitoring of PCa (3,4). However, radio-
nuclide bone imaging exhibits low specificity and high cost, 
and there may be radioactive effects. Thus, it is imperative to 
explore alternative options for early diagnosis and treatment of 
bone metastasis in PCa.

Serum markers demonstrated advantages in terms of 
reproducibility, non‑invasiveness and relatively low cost. 
Previous studies have indicated that serum expression level of 
prostate‑specific antigen (PSA) is an ideal marker for the predic-
tion of the lesion range among patients with PCa (5). However, 
the level of PSA may be disturbed in other pathological condi-
tions, including prostatitis and benign prostatic hyperplasia 
(BPH) (6), thus leading to over‑diagnosis and overtreatment (7). 
Additionally, alkaline phosphatase (ALP) is also suggested to be 
an important predictor for bone metastasis (8). The expression 
level of serum bone sialoprotein (BSP) is an indicator of the 
bone resorption process and bone cell activity. Bone resorption 
marker collagen type I pyridine crosslinking peptide (ICTP) is 
considered to predict bone cell function and the bone absorp-
tion rate, which is also an important diagnostic marker in bone 
metastasis (3). However, these markers are increased in all 
patients with PCa, indicating the necessity to identify specific 
markers for bone metastasis in patients with PCa.

MicroRNAs (miRNAs/miRs) are small non-coding RNAs 
that are widely involved in post‑transcriptional gene regulation 
through an incomplete base pairing mechanism (9,10). Abnormal 
expression of miRNAs has been identified in various cellular 
processes, including cell differentiation, proliferation and apop-
tosis (11,12). In the progression of bone metastasis in patients 
with PCa, abnormal expression of miRNAs is common (13,14). 
For instance, epidermal growth factor receptor maintains the 
activation of oncogenic twist‑related protein 1 mainly by 
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suppressing miR‑1, thereby accelerating bone metastasis (13). 
Furthermore, miR‑34a may regulate Wnt/transcription factor 7  
signaling and suppress bone metastasis in Ras‑activated PCa 
cells (14).

The aim of the present study was to explore the function of 
miR‑21. For instance, miR‑214 was identified to be upregulated 
in gastric and pancreatic cancer (15,16). Expression of miR‑214 
was decreased in renal carcinoma and glioma cells (17,18). 
However, the expression of miR‑214 has never been explored 
in patients with PCa that exhibit bone metastasis. To the best 
of our knowledge, the present study is the first to compare the 
expression levels of serum miR‑214 in patients with PCa with 
bone metastasis, patients with PCa without bone metastasis 
and healthy controls, thereby assessing the potential of serum 
miR‑214 expression as a diagnostic biomarker in patients with 
PCa with bone metastasis.

Materials and methods

Patients and blood samples. Serum samples of male patients 
with PCa with bone metastasis, non‑bone metastasis, BPH 
group and healthy individuals were obtained from the 
Department of Urology, Changsha Central Hospital (Changsha, 
China) between June 2014 and January 2016. The application 
of patient‑derived materials was approved by the Research 
Ethics Committee of Changsha Central Hospital (Changsha, 
China) and written informed consent was obtained from all 
patients. No patients received androgen‑deprivation therapy 
or radiotherapy. Clinical characteristics of patients are listed 
in Table I. The differentiation of tumor cells was evaluated 
according to the Gleason score (GS) (19). Considering histo-
logical differentiation, the patients with PCa were then divided 
into 3 subgroups according to the GS: Well differentiated 
(GS≤6), moderately differentiated subgroup (GS=7), and 
poorly differentiated (GS≥8).

Cell lines and samples. The human PCa cell line PC3 was 
purchased from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). Cells were cultured in Dulbecco's 
modified Eagle's medium (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (Hyclone; GE Healthcare Life Sciences, Logan, UT, 
USA), streptomycin (100 µg/ml) and penicillin (100 U/ml; 
Thermo Fisher Scientific, Inc.) in 25‑cm2 culture flasks at 37˚C 
in a humidified atmosphere containing 5% CO2.

Detection method. Serum BSP (cat. no. LP‑001185, 
Shanghai Lanpai Bio. Tech. Co., Shanghai, China) and ICTP 
(cat. no. LP‑001623, Shanghai Lanpai Bio. Tech. Co.,) levels 
were detected using ELISA. ALP activity was tested using 
the velocity method (20) (Nanjing Jiancheng Biological 
Technology Co., Ltd., Nanjing China) and the PSA level 
was determined using electrochemical immunolumines-
cence with a plate reader (Nanjing Jiancheng Biological 
Technology Co., Ltd.). Samples were read at a 450 nm 
wavelength using a microplate reader (Model 3550; Thermo 
Fisher Scientific, Inc.).

Cell transfection. PC3 cells were seeded in a 12‑ or 24‑well 
plate for 48 h. The following day, PC3 cells were transfected 

with the mature human miR‑214 (5'‑UGC CUG UCU ACA 
CUU GCU GUG C‑3'), anti‑miR‑214 (antisense inhibitor, 
5'‑CGA CAG CAA GUG UAG ACA GGC A‑3'), small interfering 
RNA (siRNA) targeting phosphatase and tensin homolog 
(PTEN) (si‑PTEN‑1, 5'‑AAG CTG GAA AGG GAC GAA 
CT‑3'; si‑PTEN‑2: 5'‑GCT CAA GAG CAG CTA CTA CAT‑3'; 
si‑PTEN‑3: 5'‑UGC TCC GAA CGT GTC ACG T‑3') or with 
a specific negative control siRNA (NC, 5'‑CAG UAC UUU 
GUG UAG UAC AA‑3') (all purchased from GeneChem, 
Inc., Daejeon, Korea) at a concentration of 50 nM using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. For subsequent 
experiments, cells were used 48 h after transfection.

Western blot analysis. Total proteins were isolated from cells 
using a total protein extraction kit (cat no. KPG2100, Nanjing 
KeyGen Biotech Co., Ltd., Nanjing, China). A BCA protein 
assay kit (Pierce; Thermo Fisher Scientific, Inc.) was used to 
determine the protein concentration. Subsequently, superna-
tants were extracted from the lysates following centrifugation 
at 11,000 x g at 4˚C for 15 min. Equal amounts of protein 
(30 µg/lane) were separated using 10% SDS‑PAGE at 
300 mA for 2 h and transferred onto a polyvinylidene fluoride 
membrane. Membranes were then blocked with 5% fat‑free 
milk in Tris‑buffered saline with 0.1% Tween‑20 (TBST) 
buffer at room temperature for 2 h. The membranes were then 
incubated with the following primary antibodies: Anti‑PTEN 
(cat no. 9188; 1:1,000 dilution; Cell Signaling Technology, 
Inc., Danvers, MA, USA) and anti‑GAPDH (cat no. 5174; 
1:1,000 dilution; Cell Signaling Technology, Inc.) at 4˚C 
overnight. Following three washes with TBST (5 min) at 
room temperature, the membranes were incubated with 
horseradish‑peroxidase (HRP)‑conjugated goat anti‑rabbit 
secondary antibody (1:5,000; cat. no. ZB‑2306, Zhongshan 
Gold Bridge Biological Technology Co., Beijing, China) for 
2 h at room temperature and then washed with TBST three 
times for 5 min at room temperature followed by detection 
with enhanced chemiluminescent substrate (EMD Millipore, 
Billerica, MA, USA). GAPDH was used as a control. The 
proteins were detected using enhanced chemiluminescence 
(Super ECL Plus; Nanjing KeyGen Biotech Co., Ltd.) and 
densitometric analysis of the bands was performed using 
UVP automatic dyed gel free gel imaging system (GelDocIT 
TS2; UVP, LLC, Phoenix, AZ, USA). ImageJ 1.8.0 (National 
Institutes of Health, Bethesda, MD, USA) was applied to 
quantify the relative protein levels. The integral optical 
density ratio of PTEN/GAPDH indicated the relative expres-
sion of PTEN protein.

RNA extraction. Total RNA or miRNA from the total volume 
of serum samples (5 ml) from patients with PCa with bone 
metastasis, non‑bone metastasis, BPH group and healthy 
individuals was extracted using RNAzol® reagent (Vigorous 
Biotechnology Co., Ltd., Beijing, China), according to the 
manufacturer's protocol. The concentration and the purity of 
the RNA samples were assayed by determining the optical 
density ratio at 260/280 nm.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA (10 µg) from the serum samples (5 ml) 
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was isolated using RNAVzol LS (Vigorous Biotechnology 
Co., Ltd., Beijing, China) according to the manufacturer's 
protocol. The concentration and purity of the RNA samples 
were determined by the OD260/OD280 ratio using a microplate 
reader (Model 3550; Thermo Fisher Scientific, Inc.). A total of 
1 µg RNA was reverse‑transcribed using a TaqMan MicroRNA 
Reverse Transcription kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) using specific primers for miR‑214 and U6 
(Sangon BioTech Co., Ltd., Shanghai, China). U6 is a small 
nuclear RNA employed as the endogenous control (21). The 
sequences of the nucleotide primers used for reverse transcrip-
tion were as follows: miR‑214, 5'‑CGT ATC CAG TGC AGG 
GTC CGA GGT ATT CGC ACT GGA TAC GAC GCA CAG‑3'; U6, 
5'‑TCG TAT CCA GTG CAG GGT CCG AGG TAT TCG CAC TGG 
ATA CGA CAA ATA TG‑3'. The sequences for the primers used 
for qPCR were as follows: miR‑214, forward, 5'‑GCU GCC TGT 
CTA CAC TTG‑3'; T6, forward, 5'‑GCG TCG TGA AGC GTT 
C‑3'; universal reverse primer, 5'‑GTG CAG GGT CCG AGG T‑3'.

The PCR amplifications were performed in a 10 µl reaction 
system containing 5 µl SYBR Green Supermix, 0.4 µl forward 
primer, 0.4 µl reverse primer, 2.2 µl double‑distilled water and 
2 µl template cDNA using SYBR Green Supermix (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) in a Bio‑Rad iCycler 
iQ Real‑Time PCR Detection System. The thermal cycling 
conditions included an initial denaturation step at 95˚C for 
10 min, followed by 40 cycles of 95˚C for 15 sec and final 
extension at 60˚C for 1 min. Relative levels of miR‑214 were 
determined using the 2-ΔΔCq method (22).

Invasion assays. Cell invasion assays were performed using 
Boyden chambers (8‑µm pore filter; Corning Incorporated, 
Corning, NY, USA). For the cell invasion assay, 2.0x105 cells 
were cultured in a chamber (BD Biosciences, Franklin Lakes, 
NJ, USA) pre‑coated with 0.2% Matrigel (BD Biosciences) 
at 37˚C. In the lower chamber, 10% fetal bovine serum was 
added to the culture medium as a chemoattractant. At 24 h, 
the cells in the upper compartment were removed using cotton 
swabs and cells that had invaded through the membrane 
were stained with a dye solution containing 20% methanol 
for 30 min at 37˚C and 0.1% crystal violet for 1 h at 37˚C. 
Images were captured under a light microscope (Olympus 
Corporation, Tokyo, Japan) and 10 individual fields were 
counted per insert. Three independent experiments were 
performed.

Statistical analysis. Data were analyzed using SPSS software 
(version 13.0; SPSS, Inc., Chicago, IL, USA). The relevant data 
are expressed as the mean ± standard deviation. A two‑tailed 
unpaired Student's t‑test was used to examine differences 
between two groups. One‑way analysis of variance followed 
by Tukey's post hoc test was used to examine differences 
among multiple groups. Receiver operating characteristic 
curve (ROC) curves were created and the areas under the 
curve (AUCs) were determined to assess the specificity and 
sensitivity of circulating miR‑214 as a diagnostic biomarker. 
P<0.05 was considered to indicate a statistically significant 
difference.

Table I. Patient characteristics.

Variable Bone metastasis group Non‑bone group Benign prostatic hyperplasia group Healthy controls

Total subjects, n 75 65 45 56
Age, years (range) 72 (55‑86) 70 (56‑84) 69 (55‑81) 51 (39‑85)
BMI, kg/m2 24.5±2.71 24.3±3.04 24.1±3.34 24.5±2.18
PSA, ng/ml     
  <10, n (%) 23 (30.7) 35 (53.8) 45 (100.0) 70 (100.0)
  10‑20, n (%) 25 (33.3) 10 (15.4) 0 (0) 0 (0)
  >20, n (%) 27 (36.0) 12 (18.5) 0 (0) 0 (0)
Gleason score     
  <7, n (%) 21 (28.0) 17 (26.2) ‑ ‑
  7, n (%) 26 (34.7) 18 (27.7) ‑ ‑
  >7, n (%) 28 (41.3) 18 (27.7) ‑ ‑
Tumor stage    
  pT1/2, n (%) 44 (58.7) 21 (32.3) ‑ ‑
  pT3/4, n (%) 31 (41.3) 22 (33.8) ‑ ‑
Node stage     
  N0, n (%) 41 (54.7) 25 (38.5) ‑ ‑
  N1, n (%) 34 (45.3) 22 (33.8) ‑ ‑
Metastasis stage    
  M0, n (%) 40 (53.3) 46 (70.8) ‑ ‑
  M1, n (%) 35 (46.7) 29 (44.6) ‑ ‑

A Gleason score <7 is considered low grade; A Gleason score of 7 is considered intermediate grade and a Gleason score >7 is considered high 
grade. BMI, body mass index; p, pathological; T, tumor; N, node; M, metastasis.
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Results

Patient characteristics. As presented in Table I, the age distri-
bution was similar among the healthy controls, patients with 
BPH and patients with PCa (P>0.05). The expression levels 
of serum PSA were significantly upregulated in patients with 
PCa compared with in healthy controls (P<0.001).

Expression levels of miR‑214, PSA, ALP, BSP and ICTP are 
significantly upregulated in the serum of patients with PCa 
with bone metastasis. First, the expression levels of PSA, ALP, 
BSP and ICTP were evaluated in the serum of patients with 
PCa with or without bone metastasis, BPH group and healthy 
control group using ELISA. The results suggested that the 
serum levels of PSA, BSP, ALP and ICTP were increased in 
the bone metastasis group compared with in the non‑bone 
metastasis, BPH and control groups (P<0.05; Fig. 1A‑D). 
Expression levels of miR‑214 among the various groups were 
also evaluated using RT‑qPCR. The results indicated that the 
expression level of miR‑214 was significantly increased in the 
serum of patients with PCa with bone metastasis compared 

with that of non‑bone metastasis, BPH and healthy control 
groups (P<0.001; Fig. 1E). The results indicated that the rela-
tive expression of miR‑214 among the various groups was as 
follows: 7.8±2.8 for the bone metastasis group; 1.5±0.7 for the 
non‑bone metastasis group; 1.2±0.4 for the BPH group and 
1±0.6 for the healthy control group. These data suggested that 
increased expression levels of miR‑214 associated with signifi-
cant bone metastasis in patients with PCa.

Increased expression levels of miR‑214 are associated 
with tumor malignancy in patients with PCa. The expres-
sion levels of PSA, BSP, ALP and ICTP were determined 
in well‑differentiated (GS <7), moderately differentiated 
(GS=7) and poorly differentiated tumors (GS >7) in patients 
with PCa. The results suggested that the expression of PSA, 
BSP, ALP and ICTP was significantly increased in the 
moderately differentiated and poorly differentiated tumors 
compared with well‑differentiated tumors (Fig. 2A‑D). As 
presented in Fig. 2E, increased expression levels of miR‑214 
were identified in the bone metastasis group exhibiting 
increased aggressive tumors in comparison with patients 

Figure 1. Enzyme‑linked immunosorbent assay of PSA, BSP, ALP and ICTP levels and PCR analysis of serum miR‑241 levels in patients with PCa with 
bone metastasis compared with the patients with PCa without bone metastasis, hyperplasia and healthy control groups. Expression levels of serum (A) PSA, 
(B) BSP, (C) ALP and (D) ICTP in the bone metastasis, non‑bone metastasis, hyperplasia and healthy control groups. *P<0.05. (E) PCR analysis of relative 
expression levels of serum miR‑214 in the bone metastasis, non‑bone metastasis, hyperplasia and healthy control groups. *P<0.05 vs. remaining groups. PSA, 
prostate‑specific antigen; BSP, bone sialoprotein; ALP, alkaline phosphatase; ICTP, collagen type I pyridine crosslinking peptide; miR, microRNA; PCa, 
prostate cancer; PCR, polymerase chain reaction.
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with less aggressive tumors. For patients with a GS <7, the 
relative expression level of miR‑214 was 1.0±0.6. For patients 
with a GS of 7, the relative expression level of miR‑214 
was increased to 1.5±0.8, whereas the relative expression 
of miR‑214 was increased to 2.5±1.1 in patients with a GS 
>7 (Fig. 2E). ROC analysis indicated that serum levels of 
miR‑214 were able to distinguish the bone metastasis group 
[AUC, 0.955; 95% confidence interval (CI), 0.872‑1.000; 
P<0.001] from the non‑bone metastasis group (AUC, 
0.479; 95% CI, 0.291‑0.667), BPH (AUC, 0.611; 95% CI, 
0.415‑0.807) and healthy control group (AUC, 0.526; 95% CI, 
0.332‑0.719). Additionally, miR‑214 was able to distinguish 
patients with PCa from healthy individuals (AUC, 0.915; 95% 
CI, 0.846‑0.984; Fig. 2F).

PTEN is a target gene of miR‑214 in PC3 cells. Next, the 
potential molecular mechanism by which miR‑214 modu-
lates bone metastasis in PCa was investigated. It has been 
demonstrated that PTEN is a target gene in various tumors, 
including gastric cancer and lymphocytic leukemia (23,24). 
Then, whether miR‑214 was able to target PTEN in PCa cells 
was investigated. As presented in Fig. 3A, overexpression of 
miR‑214 significantly suppressed the protein level of PTEN 
in PC3 cells. In contrast, inhibition of miR‑214 markedly 
increased the expression of PTEN in PC3 cells (Fig. 3B).

Suppression of PTEN increases the invasive ability of PCa 
cells. The function of PTEN on the invasive ability of PCa 
cells was evaluated using PC3 cells. First, three specific 
siRNAs targeting PTEN were selected, but only two of them 
significantly suppressed the mRNA levels of PTEN (Fig. 4A). 
Thus, si‑PTEN‑1 and si‑PTEN‑2 were selected for subsequent 
experiments. Furthermore, the silencing of PTEN signifi-
cantly increased the invasive ability of PC3 cells (Fig. 4B). 
Downregulation of miR‑214 using miR‑214i significantly 
suppressed the invasive ability of PCa cells. However, such 
effects were eliminated in response to si‑PTEN transfec-
tion, thus suggesting that miR-214 functions as an oncogenic 
miRNA partially by targeting PTEN (Fig. 4C).

Discussion

Bone metastasis is a common complication in patients with 
PCa which markedly induces bone pain and pathological frac-
ture (25,26). However, the diagnostic tools for PCa are relatively 
limited. Previous studies have suggested that miRNAs may be 
potential diagnostic markers considering their key function in 
different conditions, including in cardiovascular disease, hepa-
tocarcinoma and breast cancer (27‑29). miRNAs are identified to 
be dysregulated through their oncogenic and tumor suppressive 
functions in the tumor (27,29). Thus, it is necessary to investigate 

Figure 2. Increased expression levels of miR‑214 are associated with clinicopathological parameters of patients with PCa. The expression levels of (A) PSA, 
(B) BSP, (C) ALP and (D) ICTP were analyzed in well‑differentiated tumors (GS <7), moderately differentiated (GS=7) and poorly differentiated tumors (GS 
>7) of patients with PCa. (E) Relative expression levels of miR‑214 in the serum of PCa patients with GS <7, GS=7 and GS >7 of patients with PCa. ***P<0.001 
vs. GS<7; **P<0.01 vs. GS=7; *P<0.05 vs. GS<7. (F) ROC analysis of miR‑214 in patients with PCa with bone metastasis compared with the patients with PCa 
without bone metastasis, in hyperplasia and healthy control groups. Data are presented as the mean ± standard deviation. PSA, prostate‑specific antigen; BSP, 
bone sialoprotein; ALP, alkaline phosphatase; ICTP, collagen type I pyridine crosslinking peptide; miR, microRNA; PCa, prostate cancer; GS, Gleason score.



FANG et al:  miR-214 SERVES AS A BIOMARKER FOR PCa BONE METASTASIS 403

the function of miRNAs in the development of bone metastasis 
in patients with PCa, which may lead to novel diagnostic tools 
for screening bone metastasis in patients with PCa.

Previous studies have demonstrated that abnormal expres-
sion of miR-214 may enhance or suppress tumor progression 
in various types of tumors, including breast cancer, testicular 
germ cell tumor, hepatocellular carcinoma and gastric 
cancer (24,30‑32). Furthermore, miR‑214 increased the 
proliferative capacity of T cells by targeting PTEN (33). In 
the present study, the expression of miR-214 in the serum of 
patients with PCa with bone metastasis was investigated. The 

results indicated that miR‑214 was significantly upregulated in 
the serum of patients with PCa with bone metastasis compared 
with the non‑bone metastasis, BPH and healthy control groups. 
However, a previous study has indicated that the expression level 
of miR‑214 was decreased in the urine samples of patients with 
PCa (34). This inconsistency may be because miR‑214 is specifi-
cally upregulated in the serum of patients with bone metastasis.

Expression levels of additional serum bone markers were 
determined. For instance, GS ≥8, PSA ≥20 mg/l and an 
increased ALP level are important indicators for bone metas-
tases in patients with PCa (35,36). In the present study, it was 

Figure 4. Downregulation of PTEN increases the invasion of prostate cancer cells. (A) Western blot analysis of three sets of siRNAs targeting PTEN 
(si‑PTEN‑1, si‑PTEN‑2 and si‑PTEN‑3). (B) Silencing of PTEN significantly increased the invasive ability of PC3 cells. (C) Transfection of miR‑214 inhibitor 
significantly decreased the invasive ability of PC3 cells. **P<0.01, vs. control. miR, microRNA; siRNA/si, small interfering RNA; NC, negative control; PTEN, 
phosphatase and tensin homolog; I, inhibitor.

Figure 3. PTEN is a target gene of miR‑214. (A) Overexpression of miR‑214 significantly suppressed the protein level of PTEN. (B) Inhibition of miR‑214 
markedly increased the expression of PTEN in PC3 cells. *P<0.05, **P<0.01, vs. control. miR, microRNA; NC, negative control; PTEN, phosphatase and tensin 
homolog; I, inhibitor; m, mimic.
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demonstrated that the serum levels of PSA, BSP, ALP and 
ICTP were increased in the bone metastasis group compared 
with the non‑bone metastasis group, BPH and the control 
group. However, these serum bone markers were increased in 
all patients with PCa. Additionally, it was demonstrated that 
miR‑214 may be increased only in patients with PCa with 
bone metastasis. However, increased expression of miR‑214 
was also associated with the malignant phenotype of PCa, 
suggesting that its increased specificity and sensitivity may 
hold promise for its potential as a biomarker in patients 
with PCa with bone metastasis. Additionally, ROC analysis 
demonstrated that miR‑214 may significantly distinguish the 
bone metastasis group from the other groups, indicating the 
potential for miR‑214 as a biomarker in such patients.

miRNAs exert their function mainly through binding the 
3' untranslated region of target genes. Therefore, the potential 
target genes of miR‑214 were investigated. Previous studies 
have demonstrated that PTEN is a target gene in various tumors, 
including gastric cancer and lymphocytic leukemia (23,24). In 
the present study, it was demonstrated that overexpression of 
miR‑214 significantly suppressed the protein levels of PTEN. 
Additionally, silencing of PTEN increased the invasive ability 
of PC3 cells, even when miR‑214 was inhibited. These results 
suggested that miR‑214 increased the invasive ability of PCa 
cells through targeting PTEN.

In the present study, the statistical power may be restricted 
due to the limited number of experimental samples. Thus, it 
is necessary to incorporate several large prospective studies 
to determine the function of miR‑214 in patients with PCa 
with bone metastasis. Despite this limitation, the results of the 
present study have identified a novel potential non‑invasive 
biomarker for the diagnosis of PCa with bone metastasis.
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