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Abstract
Prostate cancer antigen 3 (PCA3) is one of the most promising genes currently investigated as a specific tumor
biomarker for the diagnosis of prostate cancer. The purpose of this study was to investigate PCA3 gene
expression in peripheral blood of prostate cancer (PCa) and benign prostate hyperplasia (BPH), and further to
assess its clinical significance. We determined the copies of PCA3 mRNA in peripheral blood of PCa and BPH from
115 samples (PCa, n = 78; BPH, n = 37) using a quantitative reverse transcriptase-quantitative polymerase chain
reaction (RT-qPCR) with TaqMan assay. The sensitivity and specificity of PCA3 for the diagnosis of prostate cancer
was compared with that of prostate-specific antigen (PSA) by receiver operating characteristic (ROC) curve
analysis. To evaluate the association between PCA mRNA and disease progression, we analyzed PCA3 levels in
connection with Gleason score and TNM stage of PCa. The clinical data revealed that expression of PCA3 gene
was significantly higher in PCa than in BPH. Moreover, PCA3 mRNA was significantly higher in PCa patients with a
Gleason score ≥8 than in those with a Gleason score ≤7 (P b .01). The results showed that the area under the
curve (AUC) was 0.790, 0.606, and 0.620 for the copy number of PCA3, PSA level, and significantly free PSA (fPSA)
level, respectively. Increased PCA3 in peripheral blood is correlated with PCa, and the detection of PCA3 may
significantly reduce adverse screening outcomes. PCA3 gene expression in peripheral blood had a promising
clinical application in the early diagnosis of PCa.
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Introduction
Prostate cancer (PCa) was estimated to have the highest cancer incidence
rate and one of the highest cancer mortality rates in men in the United
States in 2017 [1]. Although morbidity from PCa is much lower in Asian
countries, its incidence has increased at a tremendous rate over the past
decade in the Asianmale population [2,3]. A recent report showed that the
PCamortality rate inAsia, particular inChina, increased faster than in high-
risk countries owing to changes in lifestyle, increased obesity, and
westernization of diet [4,5]. The conventional treatment for PCa consists
primarily of radical surgery and radiotherapy. These treatments are effective
for early-stage PCa that is localized within the prostate [6]. However, there
is no available curative therapy for PCawith local or distant spread, resulting
in a poor prognosis for these patients [7]. Thus, there is a pressing need for
early diagnosis and treatment of PCa, and a tumormarker could provide an
effective means for early diagnosis.
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Table 1. Clinical Characteristics of Men with Prostate Cancer and Benign Prostate Hyperplasia

Characteristics PCa BPH P value

Subjects, n 78 37
Age, years 72.57576 ± 6.91931 69.23333 ± 8.91989 .10
PSA, ng/ml 28.51 ± 18.22040 18.37938 ± 23.14535 .053
fPSA, ng/ml 9.40748 ± 12.30969 3.22174 ± 7.56253 .032
PCA3 log copy 2.42595 ± 0.69175 1.53101 ± 0.53911 b.01

PCa, prostate cancer; BPH, benign prostatic hyperplasia; PSA, prostate-specific antigen; fPSA, free
PSA; PCA3, prostate cancer antigen 3.

Translational Oncology Vol. 11, No. xx, 2018 PCA3 gene Expression and Diagnosis of Prostate Cancer Chunhua et al. 629
Prostate specific antigen (PSA) remains the most widely used
biomarker in the management of patients with PCa but its use in
detecting PCa early is limited. For example, PSA is often detected in
prostatitis and benign prostate hyperplasia (BPH). Furthermore,
approximately 15% patients with PSA levels below the cut-off value of
4 ng/mL had detectable PCa on biopsy [8]. Also, patients with enlarged
prostate volume were shown to have elevated PSA levels [9]. The high
false-positive rate on PSA examination could lead to unnecessary biopsies
and over-diagnosis. Therefore, there is an urgent need for new biomarkers
that are highly specific and sensitive for the diagnosis of PCa.
In recent years, new biomarkers have been proposed with the aim

of improving detection of PCa and distinguishing aggressive from
non-aggressive PCa. Prostate cancer antigen 3 (PCA3), a long non-
coding RNA also known as DD3, which is located on the long arm of
chromosome 9, had higher expression levels in PCa tissues than in
adjacent non-cancerous tissues, and showed no detectable levels in
normal tissue and other prostate-related diseases [10]. This specific
characteristic of PCA3 makes it an ideal biomarker for prostate
cancerization [11]. Other evidence supports PCA3 as a specific tumor
marker for PCa. One study found that PCA3 detection moderately
increased the diagnostic accuracy in Chinese patients undergoing first
prostate biopsy with a PSA level of 4.0–10.0 ng/mL [12]. In addition,
increased PCA3 mRNA levels correlated with PCa independently of
PSA level [13]. Also when compared with total prostate-specific
antigen (tPSA) and free PSA/total PSA ratio (f/tPSA), PCA3 test
demonstrated the best diagnostic performance, promoting the
selection of high-risk patients to allow for decreased prostatic
puncture biopsy rate. Furthermore, the investigators found a
significant association between PCA3 score values and Gleason
score (Gs) (Gs ≤ 6 versus Gs ≥ 7) [14]. However, Alshalafa et al.
found low PCA3 expression had a high prevalence of high grade
tumors in the biopsy setting through analyzing the Decipher
Genomic Resource Information Database (GRIDTM) prostate
cancer database [15]. It may suggest that urologists should be warned
Figure 1. Generation of PCA3 and PSA standard curve. (A) The quality
running agarose gel electrophoresis. (B) Recombinant expressed PCA3
conducted with TaqMan assay. The amplification curve was presente
slope of PCA3 mRNA was calculated as −0.293, R2 = 0.998.
when using PCA3 as a stand-alone predictor for PCa, which may lead
to low rate of diagnosis of high grade disease in primary biopsies.

Future research should concentrate on independent verification of
fluid-based biomarkers/models. Theoretically, peripheral blood and
urine should be an ideal choice for monitoring malignant status of
prostate epithelial cells. Marks et al. showed PCA3 molecular urine
assay has an important role in prostate cancer diagnosis [16]. Recently, a
multicenter study reported that PCA3/PSA RNA correlated with PCa
progression [17]. Yet PCA3 gene expression in urine is susceptible to
error owing to the different massage degrees of masseurs and the
unhygienic extraction from urine samples. In addition, PCA3 mRNA
could be detected in peripheral blood of PCa patients but not in healthy
controls [18], indicating that PCA3 could be considered as an
important tumor marker for PCa. The detection of PCA3 in prostate
peripheral blood is a better method as a biomarker of PCa. In this study,
we developed a TaqMan assay to examine the copies of PCA3 and PSA
gene in peripheral blood and the correlation between PCA3 mRNA
expression and progression of PCa.

Materials and Methods

Patients and Clinical Specimens
This study was executed by strictly following the protocol approved

by the Institutional Review Board of the Affiliated Yantai
detection of PCA3 RNA from 20 samples randomly selected through
RNAwas serially diluted 10-fold from 1.0 to 1.0 × 107. RT-qPCRwas
d (B) and the standard curve was generated (C). The standard curve



Figure 2. The ROC curve of blood PCA3 log copy number, PSA, and
fPSA for detecting prostate cancer. PCA3: prostate cancer gene 3;
PSA:prostate-specific antigen;ROC: receiver operatingcharacteristic.

Table 2. Comparison of Area under the Curve for PCA3 Log Copy Number, PSA, and fPSA in Patients

Variable AUC P value 95% CI

PSA, ng/ml 0.606 .067 0.484–0.728
fPSA, ng/ml 0.620 .039 0.498–0.742

PCA3 log copy 0.790 .000 0.679–0.882

AUC, area under the curve; CI, Confidence interval; PSA, prostate-specific antigen; fPSA, free PSA;
PCA3, prostate cancer antigen 3.
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Yuhuangding Hospital of Qingdao University. All blood specimens
were obtained from consenting subjects. Blood samples were collected
in BD PAXgene Blood RNA tube (Becton, Dickinson and Company,
NJ, USA) and stored in aliquots at −80 °C. The samples were
obtained from patients with PCa (n = 78) and patients with BPH
patients (n = 37). PCa was confirmed by prostatic biopsy and
histopathological evaluation to distinguish predominantly benign
epithelial cells (in the case of BPH samples) from adenocarcinoma
cells (in the case of PCa samples); two pathologists graded each tumor
in accordance with the Gleason scoring system. The samples were
chosen in the same geographical areas as the hospitals where the cases
were collected, under the proposition of the national health insurance.

RNA Isolation and Reverse Transcription
Total RNA was isolated from peripheral blood using total-RNA

isolation reagent PAXgene Blood RNA Kit (Qiagen, Hilden, Germany).
The RNAquality and concentrationwas analyzed usingNanoDrop 2000
spectrophotometer (Thermo, USA). In accordance with the manufac-
turer's instruction, cDNA was generated from the total RNA using the
Quantitect Reverse Transcription Kit (Qiagen, Hilden, Germany).

Quantitative Polymerase Chain Reaction (q-PCR)
To investigate the copies of PCA3, we used q-PCRwith TaqMan assay

purchased fromQiagen. The standard curve was generated simultaneously
by using corresponding recombinant expressed vector of PCA3 as a
reference reagent. Each concentration point for standard curve generation
was analyzed three times, while each sample was determined in multiple
replicates. The gene-specific sequence information for the qPCR primers
were as follows: PCA3 forward primer ACACAGGAAGCACAAAAGG
and PCA3 reverse primer GATGACCCAAGATGGCGGC; β-actin
forward primer CTGGACTTCGAGCAAGAGATG and β-actin reverse
primer GAGTTGAAGGTAGTTTCGTGGA.

Statistical Analyses
We used Statistical Package for Social Sciences (SPSS, Version

19.0; Stanford, USA) for statistical analysis. To evaluate the
sensitivity and specificity of the various biomarkers used in the
diagnosis of prostate abnormalities, the receiver operating character-
istic (ROC) curve analysis was performed, through the estimation of
the area under the curve (AUC). The Mann–Whitney U-test, the
Student's t-test and Pearson's chi-square test were used for statistical
comparisons of the continuous and categorical variables. In patients
with PCa, the same test was used to examine the significance of
differences in marker values with Gleason scores ≤7, with Gleason
scores ≥8, and with TNM stage. Logistic regression analysis of the
data was conducted to double confirm the analysis results. Differences
were considered to be statistically significant at a P-value b0.05.

Results

Development of Assays for Peripheral Blood PCA3 mRNA
Examination

RNA was isolated in vitro and purified from blood. The ratio of
OD260 over OD280 of RNA ranged from 1.8 to approximately 2.0.
We randomly chose 20 samples to detect the separation of 28 s and
18 s fragments by agarose gel electrophoresis, and the clear 28 s and
18 s fragments were found (Figure 1A). We used recombinant
expressed vector of PCA3 to generate a standard amplification curve.
The PCA3 recombinant expressed vector was diluted by 10-fold
gradient and subjected to qPCR with TaqMan assay. The linear range
allocated from 1.0 to 1.0 × 107 for PCA3. The amplification curve
(Figure 1B) and the standard curve (Figure 1C) were generated and
presented, and the slope was calculated as −0.293, R2 = 0.998.
Therefore, the individual RNA was validated for quantification
analysis of the PCA3 RNA in blood, as reference reagent.

Patient's Characteristics
A total of 115 patients were included in this study. 78 (67.83%)

had PCa and 37 (32.17%) had BPH on positive biopsy, as shown in
Table 1. Patient's age ranged from 55 to 88 years (mean: 73 years for
PCa patients and 69 years for BPH patients). The PCA3 expression
by age did not differ significantly between the PCa patients and the
BPH patients (P = .10). The mean PSA levels of patients with PCa
and patients with BPH were 28.51 (SD: 18.22) ng/mL and 18.38
(SD: 23.15) ng/mL (P = .053), respectively. The mean free PSA
(fPSA) levels in patients with PCa and in patients with BPH were
9.41 (SD: 12.31) ng/mL and 3.22 (SD: 7.56) ng/mL (P = .032),
respectively. The PCA3 mRNA number was higher in PCa patients
(2.43 ± 0.69) than in BPH patients (1.53 ± 0.54) (P b .01).

Algorithm of Blood PCA3, PSA, and fPSA in Prostate Cancer
Diagnosis. The ROC curve demonstrated the diagnostic perfor-
mance of PCA3 mRNA, PSA and fPSA (Figure 2). For the sensitivity
and specificity, the AUC of PCA3 mRNA was larger than that of PSA
and fPSA. ROC curve analysis demonstrated that there was no
significant difference in AUC between PCA3 mRNA versus PSA
(P = .067). The AUC of fPSA was higher than that of PSA (P = .039)
but was not higher than that of PCA3. Detailed results in terms of
sensitivity and specificity are shown in Table 2.

PCA3 mRNA in the diagnosis of high-grade prostate cancer. To
evaluate the association between PCA mRNA and disease



Figure 3. Correlation of PCA3 mRNA with Gleason score and TNM staging. (A) PCA3 expression was higher in Gleason score ≤7 than in
Gleason score ≥8 (P b .01). (B) PCA 3 expression levels in prostate cancer in connection with TNM status (P = .24).
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progression, we analyzed the PCA3 levels in connection with Gleason
score and TNM stage of PCa. Among the samples with PCa, the
distribution of Gleason score by pathologic analysis was as follows:
Gleason score ≤7 (n = 42); and Gleason score ≥8 (n = 36). The
PCA3 mRNA was higher in PCa patients with a Gleason score ≥8
than in patients with a Gleason score ≤7 (P b .01, Figure 3A),
demonstrating that PCA3 mRNA was positively correlated with
Gleason score. TNM stage was also considered during our analysis.
We found PCA3 mRNA was increased with higher TNM stage.
Though no significant difference was seen in TNM3–4 tumors (n = 47)
when compared with TNM 1–2 tumors (n = 31) (P = .24), there was a
tendency toward increased PCA3mRNAwith the increased TNM stage.
Also there was a significant difference between TNM1 tumors (n = 23)
and TNM2 tumors (n = 9) (Figure 3B).

Discussion
Currently, serum PSA levels are used to screen for PCa. However, the
specificity of PSA for detecting PCa is low, and, therefore, the risk of
unnecessary biopsy remains substantial [19]. Thus, it remains a
challenge to explore and develop novel biomarkers to predict risk and
detect a diagnostic signature of PCa.
Serial analysis showed thatPCA3 mRNA, a prostate-specific non-

coding gene, was significantly and especially up-regulated in most
PCa. Unlike PSA, PCA3 mRNA appears to be less influenced by
patient age, prostate inflammation, prostate volume, trauma, or prior
biopsies [20]. Currently, PCA3 mRNA is typically investigated in
puncture biopsy and urine. In 2002, De Kok et al. reported PCA3
was overexpressed in 95% of PCa tissues compared with normal
cancer tissues from the same patients [21]. Also, PCA3 was found to
be up-regulated in PCa tissues compared with normal prostate tissues
[22]. In urine, several cancer products that are released through
prostate ducts act as cell-free markers [23]. Researchers found that
PCA3 mRNA transcripts could be detected and quantified in urine
[20]. In addition, another study showed that both PCA3 copy
number alone and PCA3/PSARNA ratio were significantly higher in
the PCa group than in the BPH group, while neither PSA nor serum
tPSA levels were significantly different between these two groups
[24]. However, limitations to the evaluation of PCA in biopsy tissue
and urine exist, including increased unnecessary puncture biopsy and
lacked of standardization in acquisition of the sample, respectively.
Unlike with urine, the detection of PCA3 levels in blood as
sequentially proposed and then clinically conducted is sanitary and
convenient. One study showed that PCA3 nucleic acid was amplified
positively in all nine PCa patients, PSA positivity was found in eight
patients, and no PCA3 expression was seen in healthy individuals,
which suggested that peripheral blood PCA3 could provide improved
specificity and sensitivity for PCa diagnosis compared with PSA [25].

In this study, we evaluated the peripheral blood PCA3 assay as a
new tumor marker in facilitating the diagnosis of PCa. We found that
PCA3 mRNA expression was significantly higher in PCa than in BPH
(Table 1). In contrast, no significant difference in PSA levels was
found between the groups (P = .053). fPSA levels were significantly
higher in PCa than in BPH. Our sample size was limited, so the
differences among the three groups were not very obvious. Increased
sample size could improve the specificity.

The ROC curve is an effective way to assess the sensitivity and
specificity of several biomarkers for the diagnosis of prostate
abnormalities. Recently, a report found the sensitivity and specificity
of PCA copy number for diagnosing PCa is higher than that of PSA
copy number, as determined by RT-qPCR with Taqman assay.
Furthermore, the PCA3/PSA RNA score diagnostic efficiency is
higher than PCA3 and PSA RNA [26]. In our study, we examined the
sensitivity and specificity of PCA3 RNA, PSA, and fPSA levels for the
diagnosis of PCa. The AUC of PCA3 was the largest among the three
groups (Figure 2). It demonstrated that PCA3 was a more suitable
biomarker for PCA diagnosis. Yet our AUC data was slightly lower
than in some other studies and did not illustrate a significant benefit
of PCA3 test [12,27]. This decrease of statistical power may be
explained by the restricted proportion of negative biopsy. The
association between the PCA3 expression levels and Gleason score is
an important factor under consideration. A similar pattern, detected
for the relationship between the PCA3 score and Gleason score,
illustrated an increasing PCA3 score with a worsening Gleason score
[28,29]. Studies evaluating patients undergoing radical prostatectomy
demonstrated an association between tumor volume, PCA3 score,
and Gleason score [30]. In our study, a significant difference was
found between Gleason score ≤ 7 (n = 42) and Gleason score ≥ 8.
However, our finding did not confirm the difference of PCA3 mRNA
in TNM staging. This discrepancy could be explained by the smaller
sample size of PCa patients (Figure 3).

Several limitations in this study must be acknowledged. It is unfair
to compare the performance of PCA3 with PSA because some
patients with elevated PSA levels received an unnecessary puncture
biopsy. Our sample size was small, and more cases are needed to
validate the results of this study.

In conclusions, the detection of PCA3 improved diagnostic
accuracy in patients with PCa and decreased unnecessary puncture
biopsy. And the diagnostic specificity and sensitivity of PCA3 was
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higher than that of PSA. Therefore, to provide a more convenient and
effective method for PCa screening, the diagnostic significance of
peripheral blood PCA3 will be explored in a future study.
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