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Analysis of circulating miRNAs 21 and 375 as potential biomarkers for early 
diagnosis of prostate cancer
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To investigate the diagnostic potential of plasma miR-21 and miR-375 by comparing their levels in prostate cancer (PCa) 
patients to subjects without cancer in a Chinese population. The study population included 57 PCa patients and 28 benign 
prostatic hyperplasia (BPH) patients. The plasma levels of miR-21 and miR-375 were quantitated with Taqman based quan-
titative real-time polymerase chain reaction. In the BPH group, the median relative expression levels of miR-21 and miR-375 
were 0.07 and 0.55, respectively; In the PCa group, the median values of miR-21 and miR-375 were 1.32 and 1.74, respectively. 
Both miR-21 (p=0.014) and miR-375 (p=0.005) plasma levels were significantly higher in PCa group than in BPH group. 
Using ROC analysis the AUC of miR-21 was 0.799, 95% CI between 0.690 and 0.908 (p=8×10-6); for miR-375, the AUC was 
0.757, 95% CI between 0.640-0.874 (p=0.000126). The largest AUC (0.881) was obtained when the data of miR-21, miR-375 
and PSA were combined, with a sensitivity of 87.7% and a specificity of 75%. The results of this study showed that circulating 
miR-21 and miR-375 can discriminate PCa patients from BPH controls at early stages. Combinations of the studied miRNAs 
and PSA remarkably increased specificity compared with PSA alone. The combination method has the potential to be used 
as a noninvasive diagnostic cocktail for PCa screening.

Key words: miR-21, miR-375, biomarker, prostate cancer, in vitro diagnosis

Prostate cancer (PCa) is the most diagnosed male cancer 
and the second leading cause of cancer-related deaths in the 
Western world [1]. Along with the economic growth and 
change of life style, the incidence of PCa is remarkably in-
creasing each year in East Asia, and the prevalence of prostate 
cancer in East Asian men is likely similar to that in Western 
male populations [2]. Although researchers are aiming per-
sistently at inventing novel therapeutic approaches, it is still of 
primary importance to discover a powerful diagnostic method 
able to detect PCa at early stages. Since its approval by FDA 
in 1986, prostate-specific antigen (PSA) measurement has 
always been the mainstream noninvasive diagnostic methods 
for PCa. Together with digital rectal examination (DRE), 
and histopathological evaluation of prostate needle biopsies, 
PSA test have helped clinicians to diagnose PCa patients all 
around the world. However, PSA test has even significant 
disadvantages. The sensitivity is low and the optimal thresh-

old for biopsy is unclear [3]. On the one hand many patients 
were over diagnosed due to negative positivity, on the other 
hand most patients (70 %) are diagnosed at the late stages of 
PCa and lose the best chances for early treatments [4]. Hence, 
there is more and more interest in searching for alternative 
noninvasive biomarkers such as miRNAs.

MiRNAs are a class of small noncoding RNAs that regulate 
about 60 % of protein expression in the human genome [5], 
and have been found to play key roles in tumorigenesis. Some 
miRNAs are upregulated during cancerous development, 
rendering them as potential biomarkers for cancer diagnosis 
[6]. Recent studies have demonstrated that miRNAs can be 
exported out of cells and circulate in the blood. These miRNAs 
are relatively stable due to their short sequence difficult for 
RNases to attack. It has been reported that expression patterns 
of miRNAs can distinguish patients from healthy individuals 
and the expression characteristics are associated with the 

mailto:letter89@163.com


624 Y. GAO, Y. GUO, Z. WANG, Z. DAI, Y. XU, W. ZHANG, Z. LIU, S. LI

developmental lineage of the cancer and of the disease stage 
[7, 8]. Circulating miRNAs have been evaluated as potential 
noninvasive biomarkers for PCa [4, 9-11]. However, the find-
ings are not conclusive. There is still a need of more cohort 
studies for validation.

MiR-21 is an anti-apoptotic agent functioning via 
p53 network, especially by targeting programmed cell 
death 4 (PDCD4) and the phosphatase and tensin homo-
logue (PTEN) mRNAs [12]. Over expression of miR-21 
in a prostate cancer cell line (LnCaP) could stimulate 
androgen-dependent cell growth and rescue cells from 
androgen-deficient cell arrest [13]. MiR-375 has been 
reported to be involved in various types of tumorigen-
esis including hepatocellular carcinoma, gastric cancer as 
a tumor-suppressor [14]. Interestingly, miR-375 was found 
to be upregulated 9.1-fold in primary prostate carcinoma 
compared with normal prostate tissue using miRNA deep 
sequencing technology, though the mechanism is still un-
clear [15]. In the present study, we analyzed miR-21 and 
miR-375 levels in plasma of 57 PCa patients and 28 Benign 
prostatic hyperplasia (BPH) patients, and compared their 
AUC values with PSA test using ROC analysis, in order to 
evaluate their potential role as specific noninvasive molecu-
lar biomarkers for prostate cancer diagnosis.

Patients and methods

Patients and samples collection. The ethics committee of 
the Second Affiliated Hospital of Dalian Medical University 
approved this study, and written consent was obtained from 
all patients to provide information and samples for research 
purposes. From July 2014 to March 2015, 57 patients aged 50-
75 years and diagnosed as histologically confirmed primary 
PCa were enrolled in this study. Cases were excluded if they 
were diagnosed with other malignancies or previously had 
prostate surgery. 28 aged-matched men with lower urinary 
tract symptoms and diagnosed as benign prostatic hyperplasia 
were used as controls. Patients who were diagnosed as diabetes 
or had symptom of inflammation had been excluded before 
the study either.

Blood was withdrawn in ethylenediaminetetraacetic acid 
(EDTA) containing tubes and immediately centrifuged at 4 °C 
1000 g for 20 min. Plasma was collected and stored at -80 °C 
freezer until RNA purification.

RNA isolation and miRNA quantification. RNA was ex-
tracted from 800 μL of plasma using miRNeasy serum/plasma 
kit (Qiagen, Product ID: 217184) according to manufacturer’s 
instructions. The RNA was eluted in 50 μL of nuclease free 
water, and 40 ng RNA (in 5 μL) was reverse transcribed with 
TaqMan® MicroRNA Reverse Transcription Kit (Product ID: 
4366597). cDNA was quantitated using Taqman based quan-
titative real-time polymerase chain reaction (qRT-PCR) assay 
(Product ID: 4440040) specific for miR-21 (Primer product ID: 
000397) and miR-375 (Primer product ID: 000564) according 
to manufacturer’s recommended protocol on an Applied Bio-

systems 7500 Sequence Detection System. Cycling conditions 
were 95 °C for 10 min followed by 40 cycles at 95 °C for 15 s and 
60 °C for 1 min. All reactions were performed in triplicate. 
The expression levels of circulating miRNAs are presented 
as the threshold cycle (Ct) values. Endogenous reference U6 
was used as an internal control for normalizing the data. The 
comparative Ct (ΔCt) method was used to analyze the miRNA 
expression levels (ΔCt=CtmiRNA-CtU6). Fold change between 
groups was calculated as the relative value 2-(ΔCtPca-ΔCtBPH).

Statistical analysis. Since miRNA levels were skewed, 
log2 transformation was applied to make the data closely ap-
proximate normality in the final analysis. Statistical analysis 
between numerical variables of two groups were performed 
using unpaired Student’s t test for parametric data or Mann-
Whitney rank sum test for nonparametric data. P<0.05 was 
considered as statistically significant.

Logistic regression was conducted to construct receiver 
operating characteristic (ROC) curves using expression level of 
miRNA adjusted for the matching factors (age, race). The area 
under the curve is calculated with 95% confidence interval. The 
specificity and sensitivity were identified by numerical integra-
tion of each ROC curve. A prediction model was built by fitting 
miRNAs into the logistic regression model, and the stepwise 
backward model was used to determine miRNA combinations 
in discriminating PCa patients with BPH patients. A likelihood 
ratio test P<0.05 was considered as statistically significant. All 
analyses were performed using SPSS 15.0 software.

Results

Statistical analysis of miR-21 and miR-375 relative ex-
pression. Clinicopathological characteristics of the patients 
enrolled in the study were listed in Table 1. The median age of 
57 PCa patients enrolled in this study was 73 (60-85) years old, 
and that of 28 BPH patients in this study was 72.45 (56-88). We 
compared the plasma levels of the two miRNAs between these 
two groups. In the BPH group, the median relative expression 
levels of miR-21 and miR-375 were 0.07 and 0.55, respectively; 
in the PCa group, the median values of miR-21 and miR-375 
were 1.32 and 1.74, respectively. Both miR-21 (p=0.014) and 
miR-375 (p=0.005) plasma levels were significantly higher in 
PCa group than in BPH group (Figure 1, Table 2).

ROC curves were constructed to evaluate the potential 
power of miR-21 and miR-375 as invasive biomarkers (Fig-
ure 2). miR-21 exhibited the better discrimination between 
PCa patients and BPH control subjects than miR-375. The 
AUC of miR-21 was 0.799, 95% CI between 0.690 and 0.908 
(p=8×10-6); For miR-375, the AUC was 0.757, 95% CI between 
0.640-0.874 (p=0.000126). At the optimal cut-off value of 
RQ, the sensitivity of miR-21 was 87.7% and specificity was 
75.0%. MiR-375 displayed a lower sensitivity of 75.4% and the 
same specificity of 75.0% compared with miR-21. PSA, the 
traditional biomarker for PCa, exhibited the highest AUC of 
0.833 in our study. With 6.9 ng/ml as the cut off value, PSA 
assay achieved the sensitivity of 91.2%, higher than those of 
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miR-21 and miR-375; however, at the same time the specifi-
city of PSA assay (67.9%) was the lowest among the indices 
analyzed in the study.

The potential diagnostic ability of combinations of stud-
ied miRNAs and PSA. Spearman analysis was used to analyze 
the relationship between miR-21 and miR-375 expression. 
In the serum of PCa patients, a medium and significant cor-
relation was found (rs=0.403, p=0.002); while no significant 
correlation between miR-21 and miR-375 (rs=0.403, p=0.228) 
was found in the group of BPH. In the serum of all subjects, 
miR-21 expression was weakly correlated with PSA (rs=0.320, 
p=0.003), and miR-375 had no significant correlation with PSA 
(rs=0.139, p=0.206). A scatter graph was produced using SPSS 
software and shown in Figure 3.

Diagnostic accuracy affected by combinations of the studied 
miRNAs and PSA were analyzed with ROC curve (Figure 4). 

Table 1. Participants’ Demographic and Clinical Characteristics

Characteristics PCa
(57)

BPH
(28)

Median age 73.00 72.45
Range 60-85 56-88
Median PSA values 20.91 5.13
Mean PSA values 117.81 8.23
PSA values
<10 ng/mL 12 21
10–30 ng/mL 25 6
>30 ng/mL 20 1
Unknown
Gleason score
<7 24
7 21
>7 12
T stage
T1 0
T2 45
T3 12
Unknown
Lymph node metastasis
N0 54
N1 3
Unknown
Metastasis
M0 48
M1 9
Unknown

PCa, prostate cancer; BPH, benign prostatic hyperplasia; PSA, prostate-
specific antigen

Table 2. Distribution of miR-21and miR-375 between PCa and BPH 
patients

PCa BPH
miR-21
Range 0-92.68 0-6.07
Mean 5.99 0.87
Median 1.32 0.07
miR-375
Range 0-47.46 0-11.18
Mean 5.09 1.51
Median 1.74 0.55

PCa, prostate cancer; BPH, benign prostatic hyperplasia;

Figure 1. Box plots representing plasma miR-21 and miR-375 expression levels and serum PSA levels in prostate cancer (PCa) patients and benign pros-
tatic hyperplasia (BPH) controls. Expression levels of the miRNAs (scale of y axis: log 10) are normalized to U6. BPH samples are used as calibrators.
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It was found that combinations of the studied miRNAs and 
PSA remarkably increased specificity compared with PSA 
alone. The largest AUC (0.881) were achieved when all the 
three bio-molecules were combined.

In addition, we investigated whether miR-21 or miR-375 
was significantly correlated with clinicopathological character-
istics such as the Gleason score, tumor stage and development 
of lymph node metastasis. MiR-21 was correlated weakly with 
the Gleason score, while miR-375 was not (data not shown). 
To check whether the levels of the studied miRNAs were cor-

related with age, we performed the Spearman test appropriate 
for not normally distributed data. We did not observe statisti-
cally significant correlation between age and expression levels 
of the miR-21 and miR-375 within the PC patients and BPH 
subjects.

Discussion

The traditional PSA test for PCa is always criticized for its 
high false-positivity. Only about 25% of men receiving prostate 
biopsy due to an elevated PSA level actually have PCa [16]. 
Clinicians have always been looking for an alternative method. 
Since it was reported in 2008 for the first time that circulating 
miRNAs could distinguish PCa from healthy controls due 
to its abnormal expression level and remarkable stability in 
plasma [17], more than 100 miRNAs have been suggested as 
circulating biomarker candidates [16]. However, there is still 
much controversy over the performance of miRNAs in this 
issue. The purpose of the present study is to investigate the 
possibility of using circulating miR-21 and miR-375 expression 
as noninvasive biomarkers for early diagnosis of PCa.

We studied miR-21 and miR-375 expression in plasma of 
57 PCa patients and 28 BPH patients. The median relative 
expression level of miR-21 in PCa group was 1.32, significantly 
higher than in BPH group (median: 0.07). This is consistent 
with the results of other research groups. In the study by 
Agaoglu et al., the expression of miR-21 in 51 patients with 
prostate cancer (median: 1.51) was significantly higher than 20 
healthy controls (median: 0.039) [18]. Kotb et al. reported that 
miR-21 level in 10 PCa patients (median: 3.1) was significantly 
higher than 10 BPH patients (0.175) [19].

In our study the median value of miR-375 in PCa group 
(1.74) was also significantly higher than in BPH group 
(median: 0.55). Wachet al. reported in 2015 that the expres-
sion of miR-375 in 146 PCa patients (median: 1.214) was 

Figure 2. Receiver operating curve (ROC) curve analysis by using miR-21, miR-375 and prostate-specific antigen (PSA) to differentiate PCa (n = 57) 
from BPH (n=28) controls.

Figure 3. The relationship between miR-21 and miR-375 using a scat-
ter graph is shown. Filled circles represent BPH patients, empty circles 
represent PCa patients.
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significantly higher than 35 BPH patients (median: 0.360) 
and 18 healthy controls (median: 0.405) [20]. Haldrup et al. 
reported that miR-375 level was upregulated by 14.66-fold in 
serum samples from 31 PCa patients when compared to 13 
BPH control patients (p=0.009) [21]. When Kachakova et al. 
studied the diagnostic potency of let-7c, miR-30c, miR-141, 
and miR-375, they found that miR-375 showed a stronger 
diagnostic accuracy of PCa patients compared to BPH 
controls than other miRNAs [16]. However, based on their 
results miR-375 was significantly downregulated in 83.5% of 
PCa patients compared to BPH controls. They explained the 
observed downregulation of miR-375 with the small number 
of patients with metastatic PCa, and with the possible in-
terference arising from diabetes, allergic diseases and other 
types of cancers. We intentionally excluded those who had 
signs of diabetes or inflammation from this study during the 
enrollment. Hence, our findings suggested that miR-375 was 
upregulated in PCa pateints. 

From the data of ROC analysis, the AUC of miR-21 and 
miR-375 were 0.799 and 0.757 respectively. The two stud-
ied miRNAs appeared more specific (specificity of 75.0% 
for both) than PSA (69.7%). The sensitivity of miR-21 was 
87.7%, close to that of PSA (91.2%), and higher than miR-
375 (75.4%). ROC analysis was used further to evaluate the 
joint diagnostic value of the two miRNAs and PSA. It was 
found that PSA in combination with miR-21 and/or miR-
375 greatly increased the diagnostic specificity. The AUC 
of the combined miR-21, miR-375 and PSA was the highest 
(0.881), with sensitivity of 87.7% and specificity of 75%. The 
cocktail of miRNA and PSA seemed to have better diagnostic 
potential than PSA alone. This is consistent with the findings 
of Kachakova et al., in which the largest AUC was obtained 
when let-7c, miR-30c, miR-375 and PSA combined together, 
with sensitivity of 92.7% and specificity of 66.7% , much more 
specific than PSA alone (at 4 ng/ml of PSA, sensitivity was 
100%, and the specificity was barely 6.2%) [16].

In the present study, the PCa patients can be further 
grouped into metastatic PCa (N1/M1, 12 patients) and 

localized PCa (47 patients), based on tumor staging. Using 
independent-sample Student’s t-test, we detected miR-21 
expression level was significantly higher in metastatic PCa 
subgroup than in localized PCa. No statistic difference was 
observed for miR-375 (data not shown). Spearman analysis 
also revealed that miR-21 was correlated with Gleason score 
and tumor staging, while miR-375 not. The relationship of 
miR-21 and PCa aggressiveness are still controversial. In 
some studies miR-21 was found to be significantly higher 
in metastatic PCa group than in localized PCa group [9, 
18]. Watahiki Aet al. identified 63 miRNAs upregulated in 
mCRPC versus localized PCa using Exiqon miRNA qPCR 
panel, but no miRNA alone differentiated localized PCa 
and mCRPC [22]. More cohort studies are required for this 
purpose.

In conclusion, miR-21 and miR-375 levels are significantly 
higher in the plasma of PCa patients than noncancer controls. 
At the optimal cutoff, miR-21 alone may be a qualified can-
didate (with sensitivity of 87.7% and sensitivity of 75.0%). 
The combination of the studied plasma miRNAs and PSA 
outperforms the miRNAs or PSA testing alone and has the 
potential to be used as a noninvasive diagnostic cocktail for 
PC screening.
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