
Pathology - Research and Practice 231 (2022) 153800

Available online 11 February 2022
0344-0338/© 2022 Elsevier GmbH. All rights reserved.

Review 

A review on the role of PCA3 lncRNA in carcinogenesis with an especial 
focus on prostate cancer 

Soudeh Ghafouri-Fard a, Tayyebeh Khoshbakht b, Bashdar Mahmud Hussen c, Aria Baniahmad d, 
Mohammad Taheri d,e,*, Fariborz Rashnoo f,** 

a Department of Medical Genetics, School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
b Men’s Health and Reproductive Health Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
c Department of Pharmacognosy, College of Pharmacy, Hawler Medical University, Kurdistan Region, Iraq 
d Institute of Human Genetics, Jena University Hospital, 07740 Jena, Germany 
e Urology and Nephrology Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
f Skull Base Research Center, Loghman Hakim Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran   

A R T I C L E  I N F O   

Keywords: 
PCA3 
LncRNA 
Prostate cancer 
Diagnostic marker 
EMT 

A B S T R A C T   

The prostate cancer antigen 3 (PCA3) is a long non-coding RNA (lncRNA) with high level of specificity for 
prostate cancer. This lncRNA has fundamental effects in the prostate carcinogenesis through modulation of 
expression of miR-132–3p, miR-1261, SREBP1, PRKD3 and LAP2α as well as regulation of p53 signaling. 
Expression of PCA3 in prostate cancer cells can be enhanced by Snail. Moreover, in vitro studies have docu-
mented up-regulation of PCA3 in three other types of neoplastic cells, namely those being originated from 
choriocarcinoma, ovarian carcinoma and thyroid carcinoma. The diagnostic value of PCA3 in differentiation of 
prostate cancer from benign prostate hyperplasia has been assessed in different studies. Studies aimed at iden-
tification of diagnostic power of PCA3 in prostate cancer using receiver operating characteristic curves have 
reported area under curve values ranging from 0.66 to 0.86. In the current review, we describe the role of PCA3 
in the carcinogenesis particularly in the pathoetiology of prostate cancer. Moreover, we review the results of 
studies appraising diagnostic value of this lncRNA in prostate cancer.   

1. Introduction 

The prostate cancer antigen 3 (PCA3) is a long non-coding RNA 
(lncRNA) firstly recognized as an up-regulated gene in prostate cancer 
tissues in 1999 [8]. Since it was absent from normal tissues of different 
origins or neoplastic tissues originated from bladder, breast, cervix, 
endometrium, kidney, ovary, or testis [49], it has been regarded as 
marker for prostate cancer. Being located on chr9:76692287–76863019, 
it has at least 18 transcripts with sizes ranging from 322 bp (PCA3–217, 
ENST00000647409.1) to 3922 bp (PCA3–201, ENST00000412654.1). 
All of these transcripts have been attributed to lncRNA group of tran-
scripts (http://asia.ensembl.org/Homo_sapiens/Gene/Summary? 
g=ENSG00000225937;r = 9:76691980–76863307). PCA3 has gained 
much attention as a biomarker for prostate cancer that commercial kits 
for assessment of its expression has been designed and applied in the 
clinical settings since being approved by the USA Food and Drug 

Administration (FDA) [74]. The diagnostic value and biomarker of PCA3 
is the possibility for its detection in urine and urine exosomes in a 
non-invasive manner. The advent of clinically applicable measurement 
tools for PCA3 has been an important success in the translation of basic 
science into clinical use. 

Several studies have verified the oncogenic effects of PCA3 in pros-
tate cancer and identified the cellular and molecular pathways being 
regulated by this lncRNA. Moreover, in vitro studies have documented 
up-regulation of PCA3 in three other types of neoplastic cells, namely 
those being originated from choriocarcinoma, ovarian carcinoma and 
thyroid carcinoma casting doubt on the assumption of prostate specific 
nature of this lncRNA. In the current review, we describe the role of 
PCA3 in the carcinogenesis particularly in the pathoetiology of prostate 
cancer. 
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2. Prostate cancer 

In an effort to find the underlying mechanism of participation of 
PCA3 in prostate carcinogenesis, Lin et al. have up-regulated PCA3 
expression in the PC3 cell line and compared proliferation ability, 
migratory potential, invasiveness and apoptosis of these cell with those 
of control cells. They have shown that PCA3 up-regulation increases 
proliferation, migration and invasiveness of PC3 cells, while inhibiting 
their apoptosis. Moreover, up-regulation of PCA3 has resulted in dif-
ferential expression of a number of structural constituents of cytoskel-
eton, chaperons, isomerase as well as those with antioxidant activity. 
GRP78 has been among up-regulated proteins following PCA3 over- 
expression [45]. 

Expression of PCA3 has been found to be increased in LNCaP cells in 
response to long-term exposure to the environmental pollutant anti-
mony. Up-regulation of PCA3 could increase antimony-associated al-
terations in cell proliferation and cellular contents of triglyceride and 
cholesterol. Moreover, expression level of PCA3 has been negatively 
correlated with miR-132–3p levels. PCA3 has been found to increase 
antimony-associated changes in lipid metabolism in prostate cancer cells 
through influencing miR-132–3p/SREBP1 axis [29]. Another study in 
LNCaP cells has shown changes in expression of several cancer-related 
genes such as those regulating epithelial-mesenchymal transition 
(EMT) as well as androgen receptor (AR) cofactors following PCA3 
silencing. A short hairpin RNA sequence against PCA3 could decrease 
viability of LNCaP cells, suggesting PCA3 silencing as a therapeutic 
method for suppression of prostate cancer growth [41]. Another study in 
this cell line has shown the impact of the transcription factor Snail in 
activation of PCA3 expression. PCA3 silencing has led to up-regulation 
of miR-1261 levels and subsequent down-regulation of PRKD3 expres-
sion, suggesting the competing endogenous RNA (ceRNA) role for PCA3 
[33]. Moreover, PCA3 has been found to regulate PRUNE2 expression 
through a distinctive route comprising establishment of a PRU-
NE2/PCA3 double-stranded RNA that is further subjected to adenosine 
deamination. In fact, this mechanism involves adenosine-to-inosine RNA 
editing system. PRUNE2 up-regulation or knock-down could decrease 
and increase proliferation of prostate cancer cells, respectively. Besides, 
PRUNE2 and PCA3 have been shown to exert opposite impacts on tumor 
growth in xenograft models. Cumulatively, PCA3 acts as a 

dominant-negative oncogene, while PRUNE2 is a newly identified tumor 
suppressor gene prostate cancer [73]. Another route of participation of 
PCA3 in the pathogenesis of prostate cancer is mediated through inter-
action of PCA3 with the C-terminal region of LAP2α. The C-terminal 
region of this protein binds pRb- and lamin to stabilize the lamin A in 
nucleoplasmic compartments. Through binding with the C-terminal re-
gion of LAP2α, PCA3 blocks the interaction between LAP2α and lamin A. 
PCA3 silencing could enhance the levels of nucleoplasmic lamin A/C 
and increase nuclear level of LAP2α. Moreover, HP1γ levels, as well as 
H3K9me3 and H3K36me3 amounts have been increased in 
PCA3-silenced cells. On the other hand, H3K4me3 has been decreased in 
these cells. Absence of PCA3 could also result in induction of the p53 
signaling and activation of cell cycle arrest [37]. PCA3 silencing could 
also reduce expressions AR-associated genes, including prostate-specific 
antigen (PSA) and PCGEM1 lncRNA. Moreover, PCA3 knock down has 
enhanced effects of enzalutamide in prostate cancer cells and suppressed 
proliferation of prostate cancer cells, particularly the AR positive LNCaP 
cells [61]. 

Fig. 1 depicts the underlying mechanisms of oncogenic roles of PCA3 
in prostate cancer. 

Dihydrotestosterone (DHT) has been shown to robustly stimulates 
expression of PCA3, while its effects on PSA and miR-141 levels have 
been weaker, indicating differential regulation AR-related transcripts by 
androgen stimulation [26]. Meanwhile, PCA3 has been found to 
participate in the regulation of survival of prostate cancer cells partly via 
modulation of AR signaling, which indicates possibility of using PCA3 
silencing as an additional treatment modality for prostate cancer [19].  
Table 1 summarizes the role of PCA3 in prostate cancer cell lines. 

3. Other types of cancer 

PCA3 levels have been found to be increased in choriocarcinoma 
cells compared with normal chorionic trophoblast cells. Functionally, 
PCA3 enhances proliferation, migratory aptitude and invasiveness of 
gestational choriocarcinoma and induced EMT in these cells through 
acting as a ceRNA for miR-106b and release MMP2 from its inhibitory 
impact [89]. 

Another experiment in epithelial ovarian cancer cells has shown that 
siRNA-mediated silencing of PCA3 suppresses proliferation and 

Fig. 1. Oncogenic roles of PCA3 in prostate cancer.  
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malignant behavior of these cells, increases levels of miR-106b and 
decreases RhoC, Bcl/xl, P70S6K, and MMP2 levels. In fact, PCA3 has 
been identified as a ceRNA for miR-106b [48]. 

Moreover, in papillary and anaplastic thyroid carcinomas, TGF-β has 
been shown to increase levels of PCA3. This lncRNA has been identified 
as a putative oncogenes in this type of cancer [90]. Table 2 shows the 
results of in vitro studies in cancers other than prostate cancer. 

4. Studies in human samples 

In addition to PCA3, a short ncRNA has been found to be expressed 
from intron 1 of PCA3. This ncRNA has been named as PCA3-shRNA2 
RNA. Expression of PCA3-shRNA2 has been shown to be elevated in 
malignant prostate tissues and exfoliated urinary cells from prostate 
cancer patients. Besides, its expression has been strongly correlated with 
expression of PCA3. Urinary levels of PCA3-shRNA2 and PCA3 have 

been able to predict existence of cancer in the majority of suspected 
individuals. Expression of PCA3-shRNA2 has been inversely correlated 
with expression of COPS2, a mRNA coding gene which has been pre-
dicted to be targeted by PCA3-shRNA2 [17]. 

Moreover, another study has reported expression of PSA and PCA3- 
shRNA2 RNA in all examined clinical samples from prostate cancer 
patients. Moreover, PCA3 RNA has been detected in 90% of biopsied 
samples. Expressions of PCA3 and PCA3-shRNA2 have been correlated 
with each other. Most notably, authors have reported up-regulation of 
PCA3 in men who have been diagnosed as having prostate cancer on 
subsequent biopsy. In fact, PCA3 has been associated with the upcoming 
detection of prostate cancer. The observed correlation between PCA3 
and PCA3-shRNA2 in clinical samples suggests co-expression of these 
ncRNAs [62]. Several other studies have demonstrated up-regulation of 
this lncRNA in clinical samples of prostate cancer patients compared 
with normal controls, patients with benign prostate hyperplasia (BPH) 
or patients with urolithiasis (Table 3). Notably, expression levels of 
PCA3 have been correlated with total tumor volume, apical and basal 
invasion as well as bilaterality and multifocality of tumors [87]. 
Although most of performed studies are consistent with this finding, an 
exploratory analysis of data from more than 12,000 patients has shown a 
bimodal distribution of PCA3 levels in biopsied and radical prostatec-
tomy tissues, where low levels of PCA3 have been remarkably associated 
with high grade disease. Moreover, in radical prostatectomy tissues low 
levels of this lncRNA have been associated with adverse pathological 
characteristics, tumor recurrence and higher possibility of metastasis 
[2]. 

Urine-based assessment of PCA3 has been demonstrated to be su-
perior to PSA in terms of diagnostic performance in men with a former 
negative biopsy [32,50]. Studies aimed at identification of diagnostic 
power of PCA3 in prostate cancer using receiver operating characteristic 
(ROC) curves have reported area under curve values ranging from 0.66 
[84] to 0.86 [52]. A relatively recent meta-analysis has shown the 
pooled sensitivity, specificity, and diagnostic values of PCA3 to be 0.71, 
0.68, and 5.28, respectively. Notably, this study has reported area under 
the summary ROC curve as 0.75. Cumulatively, this meta-analysis has 
shown moderate sensitivity and specificity values for PCA3 in prostate 
cancer diagnosis [40]. Table 4 summarizes the diagnostic value of PCA3 
in prostate cancer. 

Three independent studies have reported up-regulation of PCA3 in 
clinical samples obtained from patients with ovarian cancer [48], thy-
roid cancer [90] and chronic myeloid leukemia [71]. Yet, correlations 
between expression levels of PCA3 and clinicopathologic data or pa-
tient’s prognosis have not been studies in these malignancies. 

Table 1 
The role of PCA3 in prostate cancer cell lines (Δ: knock-down or deletion, DHT: 
dihydrotestosterone).  

Tumor 
type 

Targets/ 
Regulators and 
Signaling 
Pathways 

Cell line Function Reference 

Prostate 
cancer 

GRP78, KRT19, 
KRT18, KRT10, 
CALR, HSPD1, 
PDIA3, TPI1, 
ENO1, VIM 

PC3 ↑ PCA3: ↑ 
proliferation, ↑ 
migration, ↑ 
invasion, ↓ 
apoptosis 

[45] 

mir-132–3 P/ 
SREBP1 signaling 

LNCaP long-term 
antimony 
exposure:↑ PCA3: ↑ 
antimony-induced 
lipid metabolic 
disorder 

[29] 

_ LNCaP ↑ PCA3: ↑ AR 
cofactors, ↑ EMT 
process 

[41] 

miR-1261, Snail, 
PRKD3 

LNCaP Δ PCA3: ↓ 
proliferation, ↓ 
migration, ↓ 
invasion 

[33] 

PRUNE2 LNCaP and 
PC3 

Δ PRUNE2: ↑ 
proliferation, 
(PCA3 Binds 
PRUNE2 Pre- 
mRNA and reduced 
its levels) 

[73] 

LAP2α, 
nucleoplasmic 
lamin A/C, HP1γ, 
p53 signaling 
pathway 

C4–2, 
C4–2B, 
LNCaP, 
DU145, 
PC3 

Δ PCA3: ↓ 
proliferation, ↑ cell 
cycle arrest 
PCA3: controls 
chromatin 
organization 

[37] 

_ LNCaP, 
LNCaP- 
AR+ and 
VCaP 

Δ PCA3: ↑ 
enzalutamide- 
mediated down- 
regulation of AR- 
related genes, ↑ 
sensitivity to 
enzalutamide, ↓ 
proliferation 

[61] 

_ LNCaP DHT treatment: ↑ 
PCA3 

[26] 

_ NCaP, PC3 Δ PCA3: ↓ growth ↓ 
viability, ↓AR 
target genes, ↑ G0/ 
G1 phase arrest, ↑ 
percentage of 
pyknotic nuclei 
DHT treatment: ↑ 
PCA3 

[19] 

_ LNCaP DHT treatment: ↑ 
PCA3 

[77]  

Table 2 
Role of PCA3 in other types of cancers (Δ: knock-down or deletion).  

Tumor type Targets/ 
Regulators 
and 
Signaling 
Pathways 

Cell line Function Reference 

choriocarcinoma miR-106b, 
MMP2 

HTR-8, 
JAR, 
BeWo, 
JEG-3 

Δ PCA3: ↓ 
proliferation, ↓ 
migration, ↓ 
invasion, ↓ 
viability, ↓ EMT 
process 

[89] 

ovarian 
carcinoma 

miR-106b- 
5p, RhoC, 
P70S6K, 
MMP2 

OVCAR3, 
A2780, 
HEK293T 

Δ PCA3: ↓ 
proliferation, ↓ 
migration, ↓ 
invasion 

[48] 

thyroid 
carcinoma 

_ 8505 C, 
THJ-16 T 

TGF-β treatment: 
↑ PCA3 

[90]  
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Table 3 
Results of studies that reported dysregulation of PCA3 in human prostate cancer samples (PCa: prostate cancer, TNM: tumor-node-metastasis, BPH: benign prostatic 
hyperplasia, EPE: Extra Prostatic Extension, BCR: biochemical recurrence, PCSM: Prostate Cancer Specific Mortality, RP: radical prostatectomy, HCs: healthy controls, 
CML: chronic myeloid leukemia. TBx: targeted prostate biopsy, HGPIN: high-grade prostate intraepithelial neoplasia, V1: (pre-op) Digital Rectal Examination (DRE)— 
voided urine collection, NIH II prostatitis: bacterial chronic prostatitis, NIH IIIa: abacterial chronic prostatitis, NIH IIIb: non inflammatory prostatodynia, HGPIN: High- 
grade prostatic intraepithelial neoplasia, Bx+ : positive repeat Bx, CRPC: castration-resistant prostate cancer, LN: lymph node, phi: prostate health index, BPD: benign 
prostate disease, TV: tumor volume, GS: pathologic Gleason sum).  

Samples Expression (Tumor vs. 
Normal) 

Kaplan-Meier analysis 
(impact of PCA3 up- 
regulation) 

Univariate/ Multivariate cox 
regression 

Association of PCA3 expression/ 
PCA3 score with 
clinicopathologic characteristics 

Reference 

116 men with and 94 men 
without PCa 

up _ _ PCA3-shRNA2 [62] 

60 malignant and benign 
prostatic tissues 

up in malignant than 
benign tissues 

_ _ Urinary PCA3-shRNA2 [17] 

5 sample pairs of patients 
and controls 

up _ _ _ [25] 

5 tumor specimens and 7 
para-cancerous/benign 
specimens 

up _ _ _ 

24 patients with PCa, 40 
patients with BPH, and 13 
patients with urolithiasis 

up in PCa _ _ _ [43] 

38 patients with PCa, 52 
patients with BPH 

up in PCa _ _ _ [4] 

78 patients with PCa, 37 
patients with BPH 

up in PCa _ _ higher TNM stage [61] 

GRIDTM database: 1694 
expression profiles from 
biopsy and 10,382 from 
RP patients with high-risk 
tumors 

low in high grade 
tumors in biopsy tissues 

Lower 5-year BCR free 
survival rates, 5-year MET 
free survival rates and 10- 
year PCSM free survival and 
early metastasis were 
associated with low PCA3. 

_ Seminal Vesicle Invasion, EPE 
and Lymph Node Invasion were 
associated with low PCA3. 

[2] 

102 RP patients up _ Multifocality was found as an 
independent factor influencing 
PCA3 score. 

total tumor volume, apical and 
basal invasion, bilaterality and 
multifocality 

[87] 

552 patients (130 
Reclassifiers and 422 
Non-Reclassifiers) 

_ _ Cores ratio, prostate size, and PCA3 
score were correlated with 
reclassification in the sBx1. 

_ [55] 

1015 patients up in PCa _ PCA3 score was found to be as an 
independent predictor of biopsy 
outcome. 

tumor volume [86] 

195 patients with PCa and 
212 patients without PCa 

up _ _ _ [52] 

516 patients up in PCa _ _ _ [13] 
72 patients with PCa up in extracapsular 

extension 
_ PCA3 was found to be an 

independent predictor of 
extracapsular extension and total 
tumor volume less than 0.5 cc. 

total tumor volume [92] 

3073 patients up in PCa _ _ high grade prostate cancer [10] 
108 patients (24 with PCa) up in PCa _ _ _ [36] 
1072 patients with PCa Up (compared to what?) _ _ positive biopsy rate and biopsy 

Gleason score 
[5] 

80 patients (40 with PCa) up in PCa _ _ _ [27] 
282 (I guess PCa) patients up _ _ The PCA3 score was correlated 

with a 2.4% increased risk of 
having a positive TBx result, PI- 
RADS grade and a worsening 
Gleason score. 

[15] 

207 (I guess PCa) patients up in PCa _ _ The PCA3 score was correlated 
with a high Gleason score, % 
positive cores and an advanced 
clinical stage. 

[91] 

463 (I guess PCa) patients up in HGPIN _ _ _ [31] 
53 patients with PCa up _ _ The PCA3 score was correlated 

with multiparametric MRI. 
[60] 

734 (I guess PCa) patients up in PCa _ _ _ [9] 
34 patients with PCa and 15 

HCs 
up _ _ _ [26] 

98 patients whit PCa _ _ _ Higher PCA3 scores at V1 were 
associated with an increased risk 
for perineural invasion. 

[47] 

360 (I guess PCa) patients up in PCa _ _ _ [14] 
103 patients (37 with PCa) up _ _ _ [93] 
59 patients (30 with PCa 

and 29 without PCa) 
up _ PCA3 was found to be the best 

predictor of total tumor volume in 
prostatectomy. 

The PCA3 score was correlated 
with prostatectomy tumor 
volume and prostatectomy 
Gleason score. 

[54] 

(continued on next page) 
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Table 3 (continued ) 

Samples Expression (Tumor vs. 
Normal) 

Kaplan-Meier analysis 
(impact of PCA3 up- 
regulation) 

Univariate/ Multivariate cox 
regression 

Association of PCA3 expression/ 
PCA3 score with 
clinicopathologic characteristics 

Reference 

215 patients with PCa Up compared to what? _ PCA3 was found to be a significant 
predictor of PCa. 

_ [69] 

633 patients (264 patients 
whit PCa) 

up in PCa _ _ _ [59] 

22 patients with PCa, 26 
patients with PNH, and 
11 controls 

up in PCa _ _ _ [11] 

64 patients (49 patients 
with PCa) 

up in PCa _ _ _ [67] 

80 patients (with and 
without PCa) 

up in PCa _ The PCA3 score was found to 
outperform all biopsy risk 
predictors. 

_ [72] 

38 patients (4 patients with 
urethritis, 7 with NIH II 
prostatitis, 11 with NIH 
IIIa, 16 with NIH IIIb) 

PCA3 scores did not 
differ 

_ _ _ [88] 

301 patients with PCa (3 
subgroups of f/tPSA, as 
follows: >20% (group 1), 
10–20% (group 2) and 
< 10% (group 3)) 

up in group1 and 
group2 

_ _ The PCA3 score was correlated 
with age, clinical T2 stage and 
positive biopsy. 

[65] 

125 patients (47 patients 
with PCa) 

up in PCa _ _ The PCA3 score was correlated 
with prostate cancer diagnosis. 

[7] 

48 patients (28 patients 
with PCa and 20 with 
benign tissue located 
distant from the tumor) 

up in PCa and HGPIN _ _ _ [66] 

443 patients (196 patients 
with PCa) 

up _ PCA3 showed significant additional 
predictive value to the ERSPC risk 
calculator parameters. 

_ [42] 

463 patients up in patients with a 
follow-up Bx+

_ _ _ [68] 

186 patients (74 patients 
with PCa, 100 patients 
with BPH, 12 patients 
with prostatic 
intraepithelial neoplasia) 

up in PCa than in benign 
prostatic hyperplasia 

_ _ _ [38] 

5 radical prostatectomy 
patients (270 samples 
from cross-sections) 

up in carcinoma regions _ _ _ [81] 

20 patients with CRPC and 
32 HCs 

up _ _ _ [16] 

122 patients who 
underwent prostate 
biopsy 

Up compared to what? _ _ _ [23] 

124 patients (59 patients 
with PCa) 

up _ _ _ [56] 

91 patients with PCa/ 
disorder and HCs 

PCA3 positive in 2/9 
patients with 
metastasized cancers, 
no PCA3 expression in 
HCs 

_ _ _ [82] 

294 patients with PCa PCA3 score was similar 
in patients with 
progression and without 
progression on biopsy 

_ _ _ [79] 

322 patients with PCa lower in patients with 
metastasis than in those 
with no metastasis 

_ _ _ [51] 

105 patients higher the PCA3 score: 
greater the probability 
of a positive biopsy 

_ _ _ [1] 

48 patients with PCa, 48 
patients with BPH, 32 
patients with NP 

up in PCa _ _ _ [70] 

621 patients (255 with PCa) PCA3 score of biopsy- 
negative vs biopsy- 
positive men: 20 vs 48 

_ _ _ [6] 

456 patients comparing 
which groups? 

up in PCa _ _ _ [28] 

387 patients with PCa up _ _ The PCA3 score was significantly 
associated with biopsy Gleason 
score, tumor volume and high- 
grade disease. 

[46] 

(continued on next page) 
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5. Discussion 

PCA3 is a tissue, blood and urinary marker for diagnosis of prostate 
cancer. Assessment of its expression levels is regarded as a strategy to 
decease unnecessary prostate biopsies. This lncRNA can also be used as 
part of multivariable risk-assessment tools for cancer diagnosis [49]. 

In spite of extensive efforts for identification of clinical applicability 
of PCA3, functional studies to unravel the mechanistical points of PCA3 

participation in cancer are extremely few. However, it has been found 
that PCA3 regulates chromatin structure through modulation of the 
nucleoplasmic pool of lamins, indicating that nuclear lamins have a role 
in the progression of neoplasms [37]. Moreover, establishment of 
double-stranded RNA and further adenosine deamination as a step in 
adenosine-to-inosine RNA editing is another route of participation of 
PCA3 in the carcinogenesis [73]. 

Similarly, the therapeutic application of PCA3 silencing in prostate 

Table 3 (continued ) 

Samples Expression (Tumor vs. 
Normal) 

Kaplan-Meier analysis 
(impact of PCA3 up- 
regulation) 

Univariate/ Multivariate cox 
regression 

Association of PCA3 expression/ 
PCA3 score with 
clinicopathologic characteristics 

Reference 

226 Patients with high risk 
PCa for LN metastasis 

up in metastatic LNs _ _ The PCA3 score was significantly 
associated with tumor cell 
density in patients with tumor- 
invaded LNs. 

[80] 

245 patients (126 with PCa 
and 11 without PCa) 

up in PCa _ _ _ [85] 

534 patients (174 with PCa) up in PCa _ _ _ [84] 
62 patients with PCa up in significant PCa _ _ _ [83] 
52 patients (34 with PCa 

and 18 with BPH) 
up in PCa _ _ _ [95] 

124 patients (70 with PCa) up in PCa (intermediate- 
and high-risk PCa) 

_ _ _ [57] 

160 patients with PCa Up comparing which 
groups? 

_ The PCA3 score was found to be an 
independent predictor of a tumor 
volume and positive surgical 
margins. 

The PCA3 score was significantly 
associated with tumor volume. 

[18] 

154 patients with PCa Up comparing which 
groups? 

_ The PCA3 score was found to be an 
independent predictor of a tumor 
volume≥ 0.5 mL. Only PHI 
predicted Gleason score≥ 7 and 
multifocality. 

_ [76] 

291 patients (173 with PCa) up _ The PCA3 score and PSA density 
were remarkably correlated with 
presence of Grade 4. 

The PCA3 score was associated 
with presence of PCa and the 
percentage of positive cores at 
biopsy. 

[12] 

34 patients with PCa and 15 
HCs 

up in some plasma 
samples 

_ _ _ [77] 

160 patients comparing 
which groups? 

up in PCa _ Both the phi index and PCA3 score 
was found to reach an overall 
diagnostic accuracy of 0.77. 

_ [64] 

19 patients (13 with PCa 
and 6 with BPD) 

up in PCa _ _ _ [3] 

50 patients (6 with PCa) 5 PCa patients had a 
positive PCA3 test 

_ _ _ [34] 

100 patients (28 with PCa) PCA3 score of biopsy- 
negative vs biopsy- 
positive men: 35 vs 57 

_ _ _ [63] 

251 patients comparing 
which groups? 

up in PCa _ _ _ [20] 

29 patients comparing 
which groups? 

up in PCa _ _ _ [35] 

57 patients comparing 
which groups? 

up in only 3.8% of PCa _ _ _ [24] 

40 patients with PCa and 40 
patients with BPH 

up in PCa _ _ _ [22] 

78 patients comparing 
which groups? 

up _ _ Levels of PCA3 were significantly 
correlated with TV≥ 0.5 mL, 
GS≥ 7 and pT3 disease. 

[21] 

105 patients (38 with PCa) up in PCa _ PCA3 score and PSA density were 
found to be the independent 
predictors for PCa. 

_ [58] 

53 patients (with PCa, BPH 
and PIN) 

up in PCa _ _ _ [53] 

38 patients (with PCa and 
without PCa) 

up in PCa _ _ _ [75] 

139 patients with PCa and 
226 patients without PCa 
plus 
79 patients with PCa and 
121 patients without PCa 

up in PCa _ PCA3 distinguished patients with 
PCa from patients without PCa 
better than other clinical features 
included PSA, f/t PSA, age, prostate 
volume and DRE status. 

Aggressiveness of PCa [44] 

271 patients (142 with PCa) up in PCa _ _ high grade [39] 
314 healthy men _ _ PCA3 score was significantly 

correlated with age. 
_ [78]  
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cancer has not been adequately addressed in animal models. The high 
specific pattern of PCA3 expression in prostate cancer suggests that 
therapies against this lncRNA can be specifically used for treatment of 
prostate cancer with no/limited side effects. 

Taken together, although the biomarker role of PCA3 has been vastly 
investigated in prostate cancer, less effort has been directed toward 
understanding the mechanism of involvement of PCA3 in this cancer or 
other types of cancers. Future investigations in this field can facilitate 
introduction of this lncRNA as a therapeutic target for cancers. Since 
PCA3 knock down has been shown to enhance effects of enzalutamide in 
prostate cancer [61], therapeutic targeting of PCA3 is a putative strategy 
for improvement of the efficacy of currently used therapeutic options. 
Moreover, the impact of PCA3 on regulation of survival of prostate 
cancer cells via modulation of AR signaling proposes PCA3 silencing as 
an additional treatment modality for prostate cancer [19]. 

Another unexplored field about PCA3 is the importance of this 
lncRNA in regulation of target genes through acting as a ceRNA. 
Although this route is an acknowledged route of participation of 
lncRNAs in regulation of genes expressions [30,94], few miRNA partners 
have been experimentally validated for PCA3. Identification of these 
partners facilitates design of diagnostic/prognostic multigene panels for 
prostate cancer. 

References 

[1] A. Adam, M.J. Engelbrecht, M.S.R. Bornman, S. Manda, E.M. Moshokoa, R. 
A. Feilat, The role of the PCA3 assay in predicting prostate biopsy outcome in a 
South African setting, BJU Int. (2011). 

[2] M. Alshalalfa, G.W. Verhaegh, E.A. Gibb, M. Santiago-Jiménez, N. Erho, J. Jordan, 
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[51] L. Martínez-Piñeiro, J.A. Schalken, P. Cabri, P. Maisonobe, A. de la Taille, P.J. 
S. Osther, T.S. Group, Evaluation of urinary prostate cancer antigen-3 (PCA3) and 
TMPRSS2-ERG score changes when starting androgen-deprivation therapy with 
triptorelin 6-month formulation in patients with locally advanced and metastatic 
prostate cancer, BJU Int. 114 (2014) 608–616. 

[52] R. Merola, L. Tomao, A. Antenucci, I. Sperduti, S. Sentinelli, S. Masi, C. Mandoj, 
G. Orlandi, R. Papalia, S. Guaglianone, PCA3 in prostate cancer and tumor 
aggressiveness detection on 407 high-risk patients: a national cancer institute 
experience, J. Exp. Clin. Cancer Res. 34 (2015) 1–6. 

[53] D. Mikhaylenko, D. Perepechin, M. Grigoryeva, T. Zhinzhilo, N.Y. Safronova, G. 
Efremov, A. Sivkov, PCA3 and TMPRSS2: ERG genes expression in biopsies of 
benign prostate hyperplasia, intraepithelial neoplasia, and prostate cancer. 
Urologiia (Moscow, Russia: 1999) (2015) 46–50. 

[54] H. Nakanishi, J. Groskopf, H.A. Fritsche, V. Bhadkamkar, A. Blase, S.V. Kumar, J. 
W. Davis, P. Troncoso, H. Rittenhouse, R.J. Babaian, PCA3 molecular urine assay 
correlates with prostate cancer tumor volume: implication in selecting candidates 
for active surveillance, J. Urol. 179 (2008) 1804–1810. 

[55] L.F. Newcomb, Y. Zheng, A.V. Faino, D. Bianchi-Frias, M.R. Cooperberg, M. 
D. Brown, J.D. Brooks, A. Dash, M.D. Fabrizio, M.E. Gleave, Performance of PCA3 
and TMPRSS2: ERG urinary biomarkers in prediction of biopsy outcome in the 
canary prostate active surveillance study (PASS), Prostate Cancer Prostatic Dis. 22 
(2019) 438–445. 

[56] Y. Nygård, S.A. Haukaas, G.E. Eide, O.J. Halvorsen, K. Gravdal, J. Frugård, L. 
A. Akslen, C. Beisland, Prostate cancer antigen-3 (PCA3) and PCA3-based 
nomograms in the diagnosis of prostate cancer: an external validation of Hansen’s 
nomogram on a Norwegian cohort, Scand. J. Urol. 49 (2015) 8–15. 

[57] Y. Nygård, S.A. Haukaas, O.J. Halvorsen, K. Gravdal, J. Frugård, L.A. Akslen, 
C. Beisland, A positive Real-Time Elastography (RTE) combined with a Prostate 
Cancer Gene 3 (PCA3) score above 35 convey a high probability of intermediate-or 
high-risk prostate cancer in patient admitted for primary prostate biopsy, BMC 
Urol. 16 (2016) 1–8. 

[58] A. Ochiai, K. Okihara, K. Kamoi, T. Iwata, A. Kawauchi, T. Miki, Z. Fors, Prostate 
cancer gene 3 urine assay for prostate cancer in Japanese men undergoing prostate 
biopsy, Int. J. Urol. 18 (2011) 200–205. 

[59] A. Ochiai, K. Okihara, K. Kamoi, T. Oikawa, T. Shimazui, S.I. Murayama, 
K. Tomita, T. Umekawa, H. Uemura, T. Miki, Clinical utility of the prostate cancer 
gene 3 (PCA 3) urine assay in J apanese men undergoing prostate biopsy, BJU Int. 
111 (2013) 928–933. 

[60] S. Okcelik, H. Soydan, F. Ates, U. Berber, H. Saygin, G. Sönmez, K. Karademir, 
Evaluation of PCA3 and multiparametric MRI’s: collective benefits before deciding 
initial prostate biopsy for patients with PSA level between 3-10ng/mL, Int. Braz. J. 
Urol. 42 (2016) 449–455. 
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