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Abstract: Objective: To find out the correlation between miRNA-21 expression and diagnosis, metastasis and prog-
nosis of prostate cancer. Methods: Eighty-eight patients with prostate cancer (62 cases underwent radical prosta-
tectomy), 84 patients with benign prostatic hyperplasia and 80 healthy subjects were enrolled in this study. The 
relative expression level of miRNA-21 in the blood and its predictive value in diagnosis, metastasis and prognosis 
of prostate cancer were observed. Results: The expression of miRNA was significantly higher in the prostate cancer 
group than in the prostatic hyperplasia group and the healthy group (both P < 0.001), but there was no significant 
difference between the prostatic hyperplasia group and the healthy group. Prostate cancer patients with Gleason 
score > 7 points had higher relative expression of miRNA than patients with Gleason score ≤ 7 points (P < 0.05). The 
relative expression of miRNA was the highest in T4 group than in other T staging groups (all P < 0.001), was higher 
in N1 group than in N0 group, and was higher in M1 group than in M0 group (both P < 0.05). In terms of the risk 
levels, the relative expression of miRNAs in the low risk group was significantly lower than that in the intermediate 
risk and high risk groups (both P < 0.001). Conclusion: The relative expression of miRNA-21 in the blood of patients 
with prostate cancer is increased, and related to the malignant degree and biochemical recurrence of tumors. So, 
it is a valuable indicator for the diagnosis and prediction of prostate cancer.
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Introduction

Prostate cancer is one of the most common 
malignant tumors in males, and ranks the first 
in the incidence of tumors in the Western coun-
tries. Latest research showed that about 20% 
of newly-diagnosed tumors in the United States 
were prostate cancer [1]. The incidence of pros-
tate cancer in China is also increasing [2]. In 
recent years, a large number of screening and 
diagnosis techniques for prostate cancer have 
been improved, such as detection of prostate 
specific antigen density and robot-assisted rad-
ical prostatectomy. But for patients who are 
unsuitable for surgery or have surgical contrain-
dications, androgen deprivation therapy is the 
only method, which can become ineffective 
after 1-2 years of treatment with poor progno-
sis [3]. Studies reported that about 30% 
patients with prostate cancer had bone metas-
tases, and most patients would eventually 
develop bone metastases [4, 5]. The severity of 

bone metastases could play a prognostic role in 
prognosis [6]. Prostate specific antigen (PSA) 
has a poor specificity for early diagnosis since it 
is also elevated in patients with benign pros-
tatic hyperplasia or prostatitis, so positron 
emission tomography-computed tomography is 
often used for early diagnosis of metastases [7, 
8]. But it is unfavorable due to high costs and a 
large amount of radiation [9]. So, biomarkers 
with relatively high diagnostic specificity and 
low costs are required clinically for early screen-
ing and determination of metastasis.

Biomarkers for prostate cancer are presently 
investigated in many studies, among which 
miRNA is the most common one [10]. The 
expression of miRNA in tumor tissues is closely 
related to the occurrence and development of 
tumors. It is often highly expressed in many 
solid tumors, and plays an important role in the 
process of tumor proliferation and differentia-
tion, so miRNA becomes a promising predictor 
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of tumor diagnosis and prognosis [11, 12]. A 
study has shown that miRNA has a predictive 
effect in prostate cancer [13]; moreover, posi-
tive androgen receptor can bind to miRNA-21 in 
patients with prostate cancer, resulting in high 
expression of miRNA-21, thereby promoting 
tumor growth [14]. Besides, miRNA-21 is stably 
expressed in body fluid such as blood, urine 
and sputum, etc. [15]. Therefore, miRNA-21 in 
peripheral blood was measured in this study to 
investigate its effect on diagnosis, metastasis 
and prognosis of prostate cancer.

Materials and methods

General data

A total of 88 patients with prostate cancer 
admitted to Biomedicine Research, Second 
Military Medical University from January 2015 

to September 2016 were included, aged from 
46 to 72 years old, with an average age of 
63.02 ± 8.81 years. Among them, 62 patients 
underwent radical prostatectomy. Additionally, 
84 patients with benign prostatic hyperplasia 
(an average age of 64.43 ± 8.39 years) treated 
in Biomedicine Research, Second Military 
Medical University during the same period; 80 
healthy subjects (an average age of 64.36 ± 
8.12 years) underwent physical examination 
were selected as controls. Patients who under-
went radical prostatectomy were followed for 2 
years. The present study was approved by the 
Ethics Committee of Biomedicine Research, 
Second Military Medical University. Written 
informed consent was obtained from all the 
subjects.

Inclusion & exclusion criteria

Patients were eligible if they were diagnosed 
with prostate cancer or benign prostatic hyper-
plasia [16, 17], aged between 18 to 75 years 
old.

Patients were excluded if they had incomplete 
clinical data; had severe heart, liver, or kidney 
diseases; had mental disorders or cerebrovas-
cular diseases; were difficult or inconvenient to 
follow up; had other cancers or a non-primary 
prostate cancer.

Extraction of miRNA

The Trizol kit used in this study was purchased 
from Molecular Research Center, USA. Upstre- 
am primers and downstream primers were syn-
thesized by Guangzhou Ruibo, China [18]. The 
miRNA was reverse transcribed into cDNA with 
the use of reverse transcription kit (Fernentas, 
USA) by RT-PCR, which was then used as a tem-
plate to amplify the DNA. The expression of 
miRNA-21 in serum samples was quantitatively 
detected by the fluorescence probe method 
[19]. Specific procedures were as follows. 
Firstly, 2 mL of peripheral venous blood was 
collected from each subject on an empty stom-
ach the next morning after fasting and water 
deprivation at 10 p.m., added with EDTA antico-
agulants to maintain the integrity of the cells, 
and gently mixed, so that the blood cells were 
in full contact with the anticoagulant. Secondly, 
the treated tube was placed in a refrigerator at 
4°C, and the plasma was separated within 2 
hours and centrifuged for 10 min using a high-
speed centrifuge (Shanghai Biotech, China). 

Table 1. Risk levels of prostate cancer
Low risk Intermediate risk High risk

Gleason score ≤ 6 7 ≥ 8
PSA (ng/mL) < 10 10-20 > 20
T staging ≤ T2a T2b ≥ T2c
Note: PSA: prostate specific antigen.

Table 2. Clinical data of patients with prostate 
cancer

Item Number of 
cases (n, %)

Age (year) ≥ 65 32 (36.4)
< 65 56 (63.6)

Gleason score (points) > 7 55 (62.5)
7 8 (9.1)
< 7 25 (28.4)

PSA (ng/mL) ≤ 10 27 (30.7)
11-20 51 (58.0)
> 20 10 (11.3)

T staging T1 19 (21.6)
T2 35 (39.8)
T3 24 (27.3)
T4 10 (11.3)

N staging N0 74 (84.1)
N1 14 (15.9)

M staging M0 80 (90.9)
M1 8 (9.1)

Risk levels Low risk 16 (18.2)
Intermediate risk 15 (17.0)
High risk 57 (64.8)

Note: PSA: prostate specific antigen.
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Thirdly, the supernatant liquid was taken out, 
placed in an Eppendorf tube, and centrifuged 
again for 10 min. Next, the twice-centrifuged 
samples were placed in a refrigerator at -80°C, 
with a volume of 500 μL each. Lastly, the 
miRNA-21 was extracted and purified using the 
Trizol kit. The upstream primer sequences were 
5’-GCGTAGCTTATCAGACTGATGTTG-3’ (miR-21) 
and 5’-TCGCTTCGGCAGCACA-3’ (U6). Circula- 
tory system 25 μL: SYBR Premix (2×) 12.5 μL, 
0.5 μL of upstream and downstream primer of 
the target gene, 2.0 μL of cDNA template, 9.5 
μL of ddH2O; reaction conditions: 4 min of pre-
denaturation at 94°C, 40 s at 95°C, 30 s at 
60°C, and 30 s at 72°C, for 35 cycles, plus an- 
other 1 min at 72°C for extend. The PCR ampli-
fication products were detected by agarose 
electrophoresis. The relative expression was 
analyzed by 2-ΔΔC(T) method using the expres-
sion of U6 snRNA as standard. The relative 
expression of miRNA-21 was determined [20].

Determination of PSA

Fasting venous blood (5 mL) was collected from 
each patient in the morning and determined by 
Elisa with the use of an automated biochemical 
analyzer. Patients with PSA > 20 ng/mL and ≤ 
20 ng/mL were assigned into two different 
subgroups.

Pathological diagnosis of prostate cancer

The prostate cancer pathological grading was 
conducted with the use of Gleason grading sys-
tem (5 grades and 10 points in total) [21]. 
Tumor morphological structure was graded 
from 1 to 5 (1 point for grade 1 and 5 points for 
grade 5), and differentiated degree of tumor 
was also graded from 1 to 5 (1 point for grade 1 
and 5 points for grade 5). The sum of the two 
scores should be between 2 and 10, and 
patients with Gleason > 7 points and ≤ 7 points 
were assigned into two different subgroups.

TNM staging system

The TNM staging of malignant tumors was 
determined by comprehensive analyses of the 
results of examinations, such as digital rectal 
examination, chest X-ray, CT, nuclear magnetic 
resonance imaging, bone scan and positron 
emission tomography-computed tomography 
[16]. T describes the size of the primary tumor 
and whether it has invaded nearby tissues, 
including T1a, T1b, T1c, T2a, T2b, T2c, T3a, T3b 
and T4. Patients were assigned into T1, T2, T3, 
T4 subgroups respectively according to T stag-
ing in this study. As for N staging, N0 and N1 
represented the presence and absence (re- 
spectively) of regional lymph node metastasis. 
In terms of M staging, no distant metastasis 
was classified as M0, and metastasis to distant 
organs was classified as M1.

Risk levels of prostate cancer

Patients were assigned into low risk, intermedi-
ate risk and high risk groups respectively ac- 
cording to Gleason scores, tumor stages (T 
staging) and PSA levels [22]. See Table 1.

Follow up

Regular outpatient follow-ups were carried out 
in 62 patients who had underwent radical pros-
tatectomy. Serum PSA was tested 1 month 
after surgery, and every three months thereaf-
ter. Biochemical recurrence was observed dur-
ing the 2-year follow-up, which was defined as 
two consecutive PSA levels above 0.2 ng/mL 
after the presence of the lowest PSA level [23].

Statistical analyses

Data were processed with the use of SPSS 17.0 
statistical software. Continuous variables are 
expressed as mean ± standard deviation (mean 
± sd). Variables with normal distribution and 

Table 3. Relative expression of miRNA
Group Cases miRNA
Prostate cancer group 88 2.65 ± 0.69
Benign prostatic hyperplasia group 84 1.51 ± 0.49
Healthy group 80 1.48 ± 0.48
F value 105.34
P value 0.000
P value (prostate cancer group vs. benign prostatic hyperplasia group) 0.000
P value (prostate cancer group vs. healthy group) 0.000
P value (benign prostatic hyperplasia group vs. healthy group) 0.830
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tate cancer group than in the prostatic hyper-
plasia group and the healthy group (both P < 
0.001), but was not statistically different be- 
tween the benign prostatic hyperplasia group 
and the healthy group (P > 0.05). See Table 3 
and Figure 1.

Relative expression of miRNA in the Gleason 
score subgroups

The relative expression of miRNA was com-
pared in prostate cancer patients with different 
Gleason scores; patients with Gleason score > 
7 points had higher expression (2.69 ± 0.78) 
than patients with score ≤ 7 points (2.33 ± 
0.43), with statistical significance (P = 0.007). 
See Figure 2.

Relative expressions of miRNA in PSA sub-
groups

The relative expression of miRNA was com-
pared in prostate cancer patients with diffe- 

Figure 1. Relative expression of miRNA. Compared with the prostate cancer 
group, ***P < 0.001, ###P < 0.001.

Figure 2. Relative expression of miRNA in the Gleason score subgroups. **P 
< 0.01.

Table 4. Relative expression of miRNAs in 
T-staged subgroups
Group Cases miRNA
T1 19 2.31 ± 0.55
T2 35 2.33 ± 0.45
T3 24 2.56 ± 0.62
T4 10 3.80 ± 0.45
F 27.631
P 0.000
Note: Comparison between T1 group and T2 group: t = 
0.149, P = 0.883; comparison between T3 group and 
T4 group: t = 5.695, P = 0.000; comparison between T1 
group and T3 group: t = 1.137, P = 0.176; comparison 
between T1 group and T4 group: t = 7.133, P = 0.000; 
comparison between T2 group and T3 group: t = 1.640, 
P = 0.106; comparison between T2 group and T4 group: 
t = 9.044, P = 0.000.

homogeneity of variance was compared with 
the use of t tests, denoted by t, while variables 
not conforming to normal distribution and 

homogeneity of variance was 
compared using rank sum 
tests, denoted by Z. Com- 
parisons among the groups 
were performed using the 
Mann-Whitney U tests. Count 
data are analyzed with the use 
of a Pearson chi-square test 
and a Fisher’s exact proba- 
bility test, denoted by χ2. 
Difference is statistically sig-
nificant when P < 0.05.

Results

Clinical data

A total of 252 subjects were 
enrolled in the study, includ- 
ing 88 patients with prostate 
cancer, 84 patients with be- 
nign prostatic hyperplasia and 
80 healthy subjects, and their 
mean ages were 63.02 ± 8.81 
years, 64.43 ± 8.39 and 
64.36 ± 8.12 years, respec-
tively, without significant dif-
ference in age (P > 0.05). See 
Table 2.

Relative expression of miR-
NAs in the three groups

The expression of miRNA was 
significantly higher in the pros-
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the prostate cancer group, 4 of them died dur-
ing the 2-year follow-up period, and the other 
58 patients were assigned into the postopera-
tive recurrence group (24 cases, presence of 
recurrence) and the normal postoperative 
group (34 cases, no recurrence). The relative 
expression of miRNA-21 was determined by col-
lecting venous blood samples at the last follow-
up; the expression in the postoperative recur-
rence group (2.86 ± 0.60) was significantly 
higher than that in the normal postoperative 
group (2.09 ± 0.62, P < 0.001). See Figure 7.

Discussion

Inhibition of miRNA plays an important role in 
regulation of differentiation, proliferation and 
apoptosis of cells, as well as in the develop-
ment of cancers. The occurrences of more than 
50% human malignant tumors are associated 
with miRNA genes [24, 25]. Prostate cancer as 
one of the most common malignant tumors in 
males has an increasing incidence in China [2]. 
Therefore, low-cost biomarkers with high speci-
ficity are needed for early screening, metastatic 
determination, diagnosis, postoperative recur-
rence and prognosis. Among them, miRNA-21 
was shown to have abnormal expression in a 
variety of malignant tumors [26, 27]. The rea-
son might be that malignant tumors can affect 
the expression of miRNA-21. So, the present 
study detected the expression levels of miRNA-
21 in patients with prostate cancer to provide a 
new idea in diagnosis of prostate cancer and 
prediction of biochemical recurrence.

rent PSA levels; patients with PSA > 20 ng/mL 
had higher expression (2.70 ± 0.73) than 
patients with PSA ≤ 20 ng/mL (2.49 ± 0.67), 
but without statistical significance (P = 0.204).

Relative expression of miRNAs in the T staging 
subgroups

The relative expression of miRNA was the  
highest in T4 group than in other T staging 
groups (all P < 0.001); pairwise comparisons  
of the other 3 groups were not statistically  
significant (all P > 0.05). See Table 4 and Figure 
3.

Relative expression of miRNAs in N staging 
and M staging subgroups

The relative expression of miRNA was higher  
in N1 group (regional lymphatic metastasis) 
than in N0 group (no regional lymphatic metas-
tasis), and was higher in M1 group (metastasis 
to distant organs) than in M0 group (no dis- 
tant metastasis) (both P < 0.01). See Table 5, 
Figures 4 and 5.

Figure 3. Relative expression of miRNAs in the T-staged subgroups. ***P < 
0.001.

Table 5. Relative expression of miRNAs in N-
staged and M-staged subgroups
Group Cases miRNA t P
N staging N0 74 2.46 ± 0.64 3.037 0.003

N1 14 3.05 ± 0.75
M staging M0 80 2.41 ± 0.54 12.853 0.000

M1 8 3.98 ± 0.29

Relative expression of miR-
NAs in risk level subgroups

The relative expression of 
miRNAs in the low risk group 
was significantly lower than 
that in the intermediate risk 
and the high risk groups (both 
P < 0.05), but there was no 
significant difference between 
the intermediate risk group 
and the high risk group (P > 
0.05). See Table 6 and Figure 
6.

Postoperative relative expres-
sion of miRNAs

Among the 62 cases under-
went radical prostatectomy in 
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versa [21]. Previous studies have found that 
prostate cancer is prone to metastasis when 
patients have a Gleason score between 8 to  
10 points [29]. Therefore, the present study  
set the boundary of PSA to 20 ng/mL, and 
Gleason score to 7 points. We found that the 
relative expression of miRNA-21 in prostate 
cancer patients with a Gleason score > 7 points 
was significantly higher than that in patients 
with a score ≤ 7 points. However, there was  
no difference in the relative expression of 
miRNA-21 between patients with PSA ≤ 20 ng/
mL and those with PSA > 20 ng/mL. This study 
found that the increase in the relative expres-
sion of miRNA-21 was associated with tumor 
invasion and proliferation in patients with 
Gleason score > 7. In the comparison between 
TNM staging subgroups, the relative expression 

Figure 5. Relative expression of miRNAs in the M-staged subgroups. ***P < 
0.001.

Table 6. Relative expression of miRNAs in 
risk-level subgroups
Group Cases miRNA
Low risk group 16 1.93 ± 0.33
Intermediate risk group 15 2.63 ± 0.98
High risk group 57 2.71 ± 0.57
F 20.009
P 0.000
Note: Comparison between low-risk group and interme-
diate risk group: t = 2.631, P = 0.018; the comparison 
between low-risk group and high-risk group: t = 5.206, 
P = 0.000; comparison between intermediate risk group 
and high-risk group: t = 0.300, P = 0.768.

PSA is often used for post-measurement pre-
diction in early diagnosis and screening of pros-
tate cancer, but the expression of PSA also 

Figure 4. Relative expression of miRNAs in the N-staged subgroups. **P < 
0.01.

increases in patients with 
prostatic hyperplasia or pros-
tatitis, so its specificity for 
early diagnosis is poor [7]. We 
compared patients with pros-
tate cancer, patients with 
benign prostatic hyperplasia 
and healthy subjects in this 
study. It was found that the 
expression of miRNA-21 in the 
prostate cancer group was 
significantly higher than that 
in the prostatic hyperplasia 
group and the healthy group, 
and there was no difference 
between the prostatic hyper-
plasia group and the healthy 
group. It is similar to the 
results of previous studies 
that investigated the abnor-
mal expression of miRNA-21 
in patients with various kinds 
of malignant tumors [26, 27].

PSA, Gleason scores, and clin-
ical staging were often used 
for risk assessments in previ-
ous studies of metastasis in 
patients with prostate cancer 
[28]. A latest study suggested 
that patients with prostate 
cancer who had a PSA ≤ 20 
ng/mL and a Gleason score ≤ 
7 had a lower risk of bone 
metastases, and were not 
required for bone scan, vice 
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of miRNA was the highest in T4 group than in 
other T staging groups, higher in N1 group 
(regional lymphatic metastasis) than in N0 
group (no regional lymphatic metastasis), and 
higher in M1 group (metastasis to distant 
organs) than in M0 group (no distant metasta-
sis). The increase of tumor volume, differentia-
tion of cancer tissues, as well as invasion and 
metastasis of surrounding tissues could re- 
sult in increased expression of miRNA-21 [11, 
12]. Patients were assigned into the low risk, 
intermediate risk and high risk groups res- 
pectively according to the Gleason scores, 
tumor stages (T staging) and PSA levels. 
Significantly elevated relative expression was 
found in the intermediate risk group and the 
high risk group when compared with the low 
risk group, which suggests that the risk level is 
positively associated with the malignant de- 
gree of the tumor and the relative expression  

related to the malignant degree and biochemi-
cal recurrence of tumor. So, it is a valuable indi-
cator in diagnosis and prediction of prostate 
cancer.
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Figure 6. Relative expression of miRNAs in the risk-level subgroups. *P < 
0.05, ***P < 0.001.

Figure 7. Postoperative relative expression of miRNAs. ***P < 0.001.

of miRNA-21 [30]. In terms  
of postoperative biochemical 
recurrence, the relative ex- 
pression of miRNA-21 in the 
postoperative recurrence gro- 
up was higher than that in the 
normal postoperative group, 
indicating that the recurrence 
and proliferation of tumors 
could lead to an elevation in 
the relative expression of 
miRNA-21. This study sugge- 
sts that the relative expres-
sion of miRNA-21 is positively 
associated with the malignant 
degree and disease progres-
sion, which is consistent with 
the results of previous studies 
of miRNA-21 in other tumor 
histology [31].

However, the sample size of 
this study was small. Further 
multi-center studies with larg-
er sample size should be car-
ried out to investigate the pre-
dictive value of miRNA plus 
PSA in the diagnosis and prog-
nosis of prostate cancer.

In conclusion, the relative 
expression of miRNA-21 in the 
blood of patients with pros-
tate cancer is increased, and 
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