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Objectives  The aim of this study is to analyze the current scenario in the diagnostic 
modalities for prostate cancer.
Materials and Methods  We searched PubMed, Google Scholar, and ResearchGate 
for relevant data. Articles published in the last 10 years were taken into consideration. 
The role of long noncoding RNA and gene fusion products in the context of prostate 
cancer was reviewed, which included their roles in diagnosis, prognosis, and assess-
ment of response to therapy.
Results  Several long noncoding RNAs (lncRNA) have been isolated and have been 
shown to be useful in diagnosing and prognosticating prostate cancer. We have also 
looked into the role of TMPRSS2:ERG gene fusion in prostate carcinoma diagnosis. 
These molecular parameters have been looked into due to the fact that the current 
parameters in use such as prostate-specific antigen have several drawbacks that limit 
their potential.
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Introduction

Prostate cancer is a malignancy found commonly in elderly 
males. It is the second most common and overall sixth lead-
ing reason of mortality in men all over the world. In 2018, 
approximately 1.3 million new cases were reported. This 
accounted for 9.5% of total cancer burden.1 If the incidence 
of prostate cancer cases grew at this rate, it is likely that we 
will have 1.7 million new cases by 2030, along with approxi-
mately 5 million new deaths. The main reason is the increase 
in aging population in the world.2 The epidemiological differ-
ences between Asian and Western countries in disease inci-
dence and mortality rates are well documented.2 Countries 
in Oceania, Northern America, Northwestern Europe, and 
the Caribbean Island have the highest prostate cancer inci-
dence in the world.3,4 In the United States, the estimated 

deaths from prostate cancer were found to be 4.9% of all 
cancer deaths.1 In comparison, African countries have been 
found to have lower incidence and mortality rates.3 Recent 
trends in the West suggest that prostate cancer mortality 
rates have been decreasing.3,5 Jemal et al postulated that this 
may be due to early detection and improved treatment in the 
West.6 There are limited data about incidence and mortality 
due to prostate cancer in Asian countries, and their authentic-
ity is debatable. There may be many reasons for the increase. 
One possible explanation could be a change in lifestyles due 
to more westernized diets.5 Also, the implementation of early 
detection systems and national cancer registration systems 
has become widespread, though such national cancer regis-
tries are still nascent in most Asian countries. Earlier it was 
believed that prevalence of prostate cancer in India is much 
lower in comparison to developed countries. However, with 

Ann Natl Acad Med Sci (India) 2021;57:93–101.

Keywords
	► long noncoding RNA
	► gene fusion products
	► prostate-specific 
antigen
	► miRNA
	► TMPRSS2:ERG

Review Article

Article published online: 2021-05-27



94 Role of lncRNA and Gene Fusion in Prostate Cancer  Sinha et al.

Annals of the National Academy of Medical Sciences  (India)  Vol. 57  No. 3/2021  © 2021. National Academy of Medical Sciences (India).

rapid urbanization, there has been an increased migration of 
people from rural areas; life styles changes, increased aware-
ness, and easier accessibility to medical facilities have led to 
more cases of prostate cancer being reported. The current 
population-based cancer registries (PBCRs) 2009–2011 for 
prostate cancer showed that the prevalence of prostate cancer 
is more in the metropolitan cities and the trend is increasing.7 
In India data regarding the true incidence of prostate cancer 
are limited. This is mainly due to the fact that prostate cancer 
is not a notifiable disease and PBCRs and community-based 
cancer registries in India are limited. One of the major draw-
backs of these cancer registry–based studies is that these are 
mainly urban-based and there are scarce data available from 
the rural population. However, since the last decade, there 
has been an increasing trend of cases observed.8,9

Diagnostic Modalities for Prostate Cancer: Current 
Scenario
The characteristic of an ideal biomarker is its high diagnos-
tic accuracy, simplicity in measurement, lower cost, and test 
repeatability that could be performed via easily available 
body fluids such as serum, urine, or prostatic fluid. Currently, 
the diagnosis of prostate cancer is based on clinical history 
of urinary obstruction in elderly males, followed by a digi-
tal rectal examination (DRE) and serial measurements of 
prostate-specific antigen (PSA). It is believed that DRE is posi-
tive only in 20 to 30% of cases.10 Therefore, currently both PSA 
and DRE are the main tools used for diagnosis as well as for 
assessing the response to therapy.8

PSA is limited in its ability to diagnose prostate cancer as 
it is only prostate tissue–specific and can be elevated even in 
benign prostate disorders. The results of the Prostate Cancer 
Prevention Trial showed the presence of prostate cancer over 
all the ranges of PSA.10 The American Cancer Society recom-
mends an annual screening of patients aged 50 years or older 
in the lower risk group and of patients aged 45 years or older 
in the higher risk group. Several alternate approaches have 
been put forward, such as having age-specific cutoff rates, 
lowering upper reference limit, and measurement of PSA 
density. The most successful approach has been to use the 
molecular form of PSA and free PSA. The percentage of free 
PSA ([free PSA/total PSA] × 100) has been used to improve the 
clinical sensitivity and specificity in diagnosing prostate can-
cer, especially in the gray zone of PSA (4–10µg/L). Men with 
prostate cancer have lower circulating free PSA and more 
bound PSA. Greater utility of PSA has been seen in staging the 
disease and monitoring the response to therapy.10 There are 
several scoring systems evaluated, such as the Cancer of the 
Prostate Risk Assessment (CAPRA), but they lack sensitivity 
and specificity.11

Prostate Cancer Diagnosis: Advances and Future 
Prospects
Long Noncoding RNA (lncRNA)
Noncoding RNAs (ncRNA) are RNA transcripts that are not 
involved in protein coding. They are classified into: (1) 
small ncRNAs (18 to 200 nucleotide in length) and (2) long 

noncoding RNAs (lncRNAs) (longer than 200 nucleotides in 
length). It is now known that lncRNAs fold into secondary 
and tertiary structures and carry out their function—unlike 
miRNA, which do not have this property.12 lncRNAs have 
been shown as modulators of important cellular processes 
not only under normal circumstances, but also in diseases 
such as cancer.12-17 Abnormally expressed lncRNAs can be 
used to indicate different stages of cancer progression, 
enable early prediction of disease progression, or give infor-
mation regarding efficiently sustained tumor-linked sig-
naling pathways.12,17 From this discussion, it can be safely 
concluded that lncRNAs have all the necessary character-
istics to be a useful marker  for the diagnosis of prostate 
cancer, and being a potential marker that can be  used in the 
choice of therapy and importantly act as therapeutic tar-
get for prostate cancer therapy.12 Depending on their role in 
disease pathogenesis or their site of action, several lncRNAs 
have been implicated. ►Fig. 1 indicates the various mech-
anisms by which lncRNA plays a role in regulation of gene 
expression.

lncRNAs Implicated in the Pathogenesis of 
Prostate Cancer
Prostate Cancer Antigen 3 (PCA3)
PCA3 is one of the earliest and most prolific biomarkers to 
be discovered in prostate cancer. In 1999, PCA3 was first iso-
lated by differential display analysis of prostate tissues by 
Bussemakers et al.18 It was first named DD3. It is considered 
to be one of the most specific parameters for prostate can-
cer identification.12 PCA3 has been shown to be expressed 
in more than 95% of prostate tumors in comparison to non-
cancerous tissues. Ideally, it was shown that other malig-
nancies did not express high levels of PCA3, thus enhancing 
its specificity. PCA3 knockdown inhibits androgen receptor 
(AR) signaling, cell growth, and viability. This suggests that 
overexpression of PCA3 may modulate AR signaling in tumor 
cells.12 Also, it was seen that knockdown of PCA3 led to not 
complete but partial activation of epithelial markers, e.g., 
E-cadherin, claudin-3, and cytokeratin 18. Also, a downreg-
ulation of the mesenchymal marker such as vimentin was 
noted. These proteins have a well-documented role in cancer 
metastasis and cellular invasion and potential as prognos-
tic markers, especially cytokeratin 18. PCA3 has also been 
found to regulate apoptosis, angiogenesis, and signal trans-
duction–related cancer cell gene expression. Additionally, in 
a working model of PCA3, it has been shown that PCA3 acts 
as an unrecognized prune homolog 2 (PRUNE2) down-
regulating oncogene. PRUNE2 is a human homolog of the 
Drosophila prune gene. This downregulation is through RNA 
editing by the formation of PRUNE2/PCA3 double-stranded 
RNA.12,18-20 This gene has been proposed to act like a tumor 
suppressor in prostate cancer. Its downregulation can lead 
to increased risk of oncogenesis. This lncRNA is a classic 
example of a lncRNA showing epigenetic effect on tumor 
cell.18 Currently, apart from blood, urine as a specimen to 
detect PCA3 has also been looked into.
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Second Chromosome Locus Associated with Prostate-1 
(SChLAP1)
Second chromosome locus associated with prostate-1 
(SChLAP1) is highly expressed in lncRNA (20–25%) in pros-
tate cancer. Prostate cancer patients showing expression 
of SChLAP1 are at a higher risk of metastatic cancer. High 
expression of this lncRNA is common in castration-resistant 
prostate cancer (CRPC). It is positively associated with 
increased risk of disease progression, metastasis, and recur-
rence, leading to mortality. SChLAP1 interacts with SWI/SNF 
(Switch-Sucrose Non-Fermentable) complex, thus negating 
the tumor-suppressor effects of SWI/SNF. Expression analysis 
of SChLAP1 by in situ hybridization showed that this lncRNA 
is an independent predictor of disease recurrence after rad-
ical prostatectomy. SChLAP1 expression has been shown to 
correlate with cancer progression, making this lncRNA a use-
ful tissue-based biomarker for identifying prostate cancer 
patients at higher risk of cancer progression.12,21-24

SPRY4 Intronic Transcript 1 (SPRY4-IT1)
SPRY4 intronic transcript 1 (SPRY4-IT1), also known as 
SPRIGHTLY, is a gene that produces several lncRNAs that are 
implicated in several malignancies including prostate can-
cer. It is located on 5q31.3. The gene product plays a role 
in cellular proliferation, apoptosis, and growth. It has been 
found that this lncRNA is highly upregulated in prostate 

cancer cells in comparison to normal prostate epithelia. 
Using siRNA, SPRY4-IT1 knockdown was found to inhibit cell 
proliferation and enhanced tissue invasiveness and apopto-
sis. SPRY4-IT1 could easily be detected in majority of pros-
tate cancer samples by using an RNA chromogenic in situ 
hybridization assay. Specificity of expression in prostate can-
cer tissue and easy detection with standard staining of tissue 
samples make this lncRNA useful in diagnosis.25

Metastasis-Associated Lung Adenocarcinoma 
Transcript 1 (MALAT1)
Metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) is a lncRNA that was originally found to be overex-
pressed in metastatic non–small cell lung cancer tissues. It is 
derived from the gene present on chromosome 11q13.1. The 
gene product undergoes modification by RNase P to form a 
tRNA like lncRNA at its 3′ end called MALAT1. Recent stud-
ies have showed MALAT1 overexpression in other human 
cancers, such as breast and pancreas. In prostate cancer, 
MALAT1 overexpression is linked with factors indicating 
poor prognosis such as high Gleason score, tumor metas-
tasis, and a serum PSA value greater than 20 ng/mL. It was 
also observed that the expressions were much higher in 
CRPC. In a study that compared the expression of MALAT1 in 
urinary samples of biopsy-proven and normal-biopsy can-
cer patients, it could be safely concluded that MALAT1 was 

Fig. 1  Functions of long noncoding RNA.19
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higher in biopsy-positive samples. From this, it could be 
inferred that urinary MALAT1 could be used as a promising 
diagnostic biomarker.26-32

Transient Receptor Potential Cation Channel, Subfamily 
M, Member 2-Antisense Transcript (TRPM2-AS)
Transient receptor potential melastatin 2 (Trpm2) are non–
voltage-activated channels which are permeable to both diva-
lent and multivalent cations. They are extensively expressed 
in heart, kidney, and brain. It has been found to be elevated in 
bladder, colon, brain, and prostate cancers. They induce cel-
lular injury due to calcium overload in the cell. The human 
Trpm2 (previously LTrpc2) gene is located in chromosome 
21q22.3.33 TRPM2-AS is an antisense lncRNA. It is transcribed 
from the antisense strand of the TRPM2 gene. Elevated lev-
els of TRPM2-AS were indicative of poor prognosis. In vitro 
knockdown of TRPM2-AS caused apoptosis in prostate can-
cer cells. Microarray analysis showed that TRPM2-AS regu-
lates the expression of genes involved in cell survival control, 
response to nonfolded protein, and cell cycle in prostate can-
cer cells.33-35

Nuclear Enriched Abundant 1 (NEAT1)
NEAT1 is a key constituent of paraspeckles (nuclear substruc-
tures, located in the nucleus and have a role in regulation of 
gene expression). NEAT1 exists as two isoforms, named long 
and short, respectively, depending on the distinct termina-
tion sites. It has been shown that NEAT1 short has a distinct 
poly(A) tail, which is lacked in NEAT1 long. NEAT1 has a 
role in the formation of paraspeckles, but despite this, the 
expression of NEAT1 is very less in normal tissues. Using 
endogenous RNA purification methods, West et al showed 
that NEAT1 attaches near the active transcription sites in the 
genome and functions in association with another lncRNA 
MALAT1.36 NEAT1 acts via competing with miR-107, which 
is a tumor suppressor miR. CDK6 has been found to be one of 
the targets of miR-107. Suppression of miR-107 can lead to 
enhanced G1/S transition and hence increased tumorigene-
sis. NEAT1 has also been shown to inhibit miR-377, which is 
again a tumor suppressor miR. It acts via inhibiting E2F3 and 
MAP3K7. MAP3K7 is a serine/threonine kinase having a 
potential role in several malignancies.36 In a study combin-
ing chromatin immunoprecipitation sequencing with RNA 
sequencing techniques in prostate cancer cells, NEAT1 was the 
most significantly overexpressed lncRNA. NEAT1 expression 
was associated with cancer progression, and cells expressing 
high levels of NEAT1 were found to be resistant to decreased 
androgen levels and therapy with AR antagonists. NEAT1 has 
been shown to recognize the promoter regions of the target 
genes and modifies them epigenetically to favor transcrip-
tion and enhance oncogenic growth.36-38

lncRNAs Related with AR Signaling
Prostate Cancer Gene Expression Marker 1 (PCGEM1)
PCGEM1 is a highly prostate-specific lncRNA and has a role 
in cell proliferation. It is an androgen-regulated lncRNA. 
The chromosomal location for the gene coding this lncRNA 

is 2q32.2. This lncRNA has been proposed to have an antia-
poptotic effect along with influencing the AR and the Myc. 
Apart from prostate cancer, this RNA has also been impli-
cated in osteoarthritis.39,40 The myocyte enhancer factor 2 
(MEF2) has a role in cell differentiation, proliferation, and 
metastasis. It has been demonstrated that the expression 
of PCGEM1 is regulated by MEF2. Increased expression of 
MEF2 was shown to enhance the expression of PCGEM 1 via 
its positive effect in its promotor. Gene expression analysis 
showed that MEF2 was differentially expressed under the 
influence of androgens.41 Expression of PCGEM1 has been 
found in approximately 50% of prostate tumors, with func-
tional analysis supporting the fact that this RNA has a role 
in cell proliferation promotion and colony formation. It was 
shown that cell proliferation regulation by PCGEM1 was via 
the regulation of c-Myc.41-43

PCAT (Prostate Cancer Associated Transcript 1) Family
PCAT1 is a lncRNA expressed with great specificity in pros-
tate tissue. It is upregulated in high-grade metastatic prostate 
cancer. It was discovered by Prensner and Chinnaiyan in 2011. 
PCAT1 gene is located on chromosome 8q24 and is 725 kb 
upstream of the c-Myc oncogene. PCAT1 has been found to 
induce in vitro cell proliferation. Apart from cellular prolif-
eration, PCAT1 has been found to have repressive effects on 
other genes, including BRCA2. PCAT1 promotes cell prolifer-
ation by interacting with c-Myc. It plays the role of a dummy 
for c-Myc-targeting miRNAs. Apart from having a role in cell 
proliferation, tumor metastasis, and invasion, PCAT1 has also 
been implicated in epithelial mesenchymal transition via 
the Wnt/β catenin pathway.44 Other PCAT family members, 
namely, PCAT6, PCAT7, and PCAT18, have been found to have 
predictive role in assessment of tumor progression by reg-
ulating AR signaling. Expressions of PCAT6 and PCAT7 were 
found to be higher in primary and metastatic prostate cancer. 
Knockdown of PCAT6 and PCAT7 using RNA silencing reduced 
cell growth. PCAT18, a highly prostate-specific lncRNA, 
was found to be increasingly expressed in metastatic pros-
tate cancer tissues. Expression level of PCAT18 is also regu-
lated by AR signaling. Knockdown of PCAT18 decreased cell 
growth.45-50 PCAT29 is functionally a tumor suppressor RNA 
and was identified as an AR-regulated lncRNA. Interestingly, 
it was noted that PCAT29 downregulation significantly 
increased cellular proliferation and migration, whereas 
PCAT29 overexpression did the reverse. In specimens taken 
from prostate cancer patients, low PCAT29 expression 
was linked with poor prognosis, suggesting that decreased 
expression of this lncRNA may help us identify those patients 
who are at a higher risk for disease recurrence.51-53

Prostate Cancer Noncoding RNA-1 (PRNCR1)
This lncRNA was first identified by Chung et al in 2011.52 The 
transcript was found to be 13-kb long and is polyadenylated. 
PRNCR1 was initially identified as a novel lncRNA tran-
scribed from 8q24. 8q24 genomic locus is an important 
gene locus greatly associated with prostate cancer suscepti-
bility and has presence of another lncRNA, namely, PCAT1. 
Knockdown of PRNCR1 by RNA silencing reduced prostate 
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cancer cell viability and AR activation activity. This indicated 
that PRNCR1 could be implicated in prostate cancer possibly 
through AR. In another study, it was found that PRNCR1 and 
PCGEM1 can successively bind to AR and strongly increase 
gene activation and proliferation in prostate cancer cells 
by using AR. However, further studies showed that neither 
PCGEM1 nor PRNCR1 interacts with AR and that neither gene 
was of any prognostic importance for prostate cancer.52-54

C-Terminal Binding Protein 1 (CTBP1)
The cytogenetic location of CTBP1 is 4p16.3. This gene 
encodes transcriptional regulators that interact with 
chromatin-modifying enzymes to regulate cellular path-
ways. CTBP1 is mainly a repressor acting via histone acetyl-
ates and deacetylases.55 A lncRNA located at the antisense 
region of the CTBP1 gene, i.e., CTBP1-AS, was demonstrated 
to promote tumor growth of both hormone-sensitive and 
hormone-resistant prostate cancer models epigeneti-
cally.56,57 These studies underlined the importance of the 
role played by an androgen-regulated lncRNAs in cancer 
progression.

HOX Transcript Antisense RNA (HOTAIR)
This gene is located in the HOMEOBOX C gene cluster pres-
ent on chromosome 12. HOTAIR and its variants have been 
implicated in many malignancies. It has been shown that 
aberrant HOTAIR expression can result in chemoresistance 
in malignancies, and knockdown of HOTAIR has been found 
to cause tumor invasion and metastasis.58 In prostate cancer, 
HOTAIR was reported as a lncRNA that were suppressed by 
androgens. HOTAIR was thought to bind with AR protein and 
subsequently block its interaction with E3 ubiquitin ligase, 
thus preventing the receptor ubiquitination and degrada-
tion. Increased expression of HOTAIR was associated with 
increased prostate cancer cell growth and invasion.59-67

Suppressor of Cytokine Signaling 2-Antisense 
Transcript 1 (SOCS2-AS1)
SOCS2-AS1 is an androgen-regulated lncRNA. It is located 
at the antisense strand of SOCS2. SOCS2 belongs to a family 
of eight genes whose function is via the JAK/STAT pathway. 
The expressions of SOCS2-AS1 and SOCS2 were thought to be 
in an androgen-dependent manner. RNA silencing–induced 
SOCS2-AS1 and SOCS2 downregulation reduced the cellu-
lar proliferation in prostate cancer cells. It has been docu-
mented that SOCS2-AS1 has been expressed in CRPC model 
cells and that they have a role in promotion of growth in 
both androgen-resistant and androgen-dependent cells, 
and it also inhibited apoptosis. Furthermore, through epi-
genetic modification, SOCS2-AS1 promoted androgen sig-
naling for the target genes of AR, including TNFSF10 (tumor 
necrosis factor superfamily member 10). This suggested that 
SOCS2-AS1 had an important role in CRPC development by 
repressing apoptosis.68

POTEF-Antisense Transcript-1 (POTEF-AS1)
Prostate, ovary, testis expressed protein family member-F 
gene (POTEF) antisense transcript 1 is a lncRNA transcribed 

from the antisense strand of prostate, ovary, testis expressed 
protein family member-F gene (POTEF). This gene is located 
on chromosome 2q21.1. POTEF is one of main proteins that is 
encoded by the POTE family genes, and is mainly expressed in 
the tissues of prostate, ovary, testis, and placenta. POTEF-AS1, 
which is coded from the antisense strand of POTEF, was 
demonstrated to promote cell growth and inhibit apoptosis. 
It was shown to repressed genes related to toll-like receptor 
signaling pathways.69,70

lncRNAs as Tumor Suppressors
Growth Arrest-Specific 5 (GAS5)
GAS5 is a tumor-suppressive lncRNA that promotes apoptosis 
and decreases AR action. It was found to isolate androgen/AR 
complexes and prevent their binding to target genes. It was 
noted that there was a decrease in the expression levels of 
GAS5 when prostate cancer cells acquire androgen resis-
tance. In a recent study, mTOR inhibitor was found to regu-
late GAS5 expression in prostate cancer cells. In AR-positive
prostate cancer cell lines, such as LNCaP and 22Rv1, mTOR 
inhibitors have shown to increase expression levels of cel-
lular  GAS5 and also inhibited cell growth. GAS5 silencing 
cells resulted in reduced sensitivity to mTOR inhibitors. In 
early-stage prostate cancer, these mTOR inhibitors may be 
used to increase GAS5 levels and hence increase cellular 
apoptosis, which may be a useful therapeutic target.71-73

Focally Amplified lncRNA Onchromosome1 (FALEC)
It is an oncogenic lncRNA having a chromosomal loca-
tion of 1q21.2. It has been shown that FALEC acted via 
binding to polycomb repressive complex 1 (PRC1) and 
BMI1 proto-oncogene to alter the levels of H2AK119. Histone 
H2AK119 monoubiquitination is necessary for binding and 
subsequent suppression of PRC1. Altered expression of 
PRC1 complex can result in suppression of CDKN1A, p21, 
TP53I3 targets, which allow proliferation of tumor cells. A 
study conducted by Zhao et al using real-time polymerase 
chain reaction (RT-PCR) analysis showed that there was an 
increased expression of FALEC in prostate cancer cells in com-
parison to normal epithelial cells. Higher expression of FALEC 
was associated with high-grade tumor with increased tissue 
invasiveness and high Gleason score. The elevated expression 
correlated with poor prognosis.74

Antisense Noncoding RNA in the INK4 Locus (ANRIL)
It is an antisense lncRNA found at the gene locus of CDKN2A/B. 
This gene locus is associated with many metabolic and malig-
nant diseases. ANRIL is a complex gene containing 21 exons. 
In malignancies, a gain-of-function mutation in ANRIL is 
associated with increased cellular proliferation, metasta-
sis, increased cell survival via the PI3K/AKT pathway, and 
epithelial-to-mesenchymal cell transition by activating 
the ATM-E2F1 signaling pathway. Zhao et al illustrated the 
role of ANRIL in cell proliferation and migration in prostate 
cancer cells using the CCK8 assay and RT-PCT.75 Their result 
showed that ANRIL expression was significantly elevated in 
prostate cancer tissues. Knockdown of ANRIL inhibited the 
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proliferation and migration of prostate cancer cells and sig-
nificantly decreased the levels of TGF-β1 and p-Smad2, which 
are involved in cellular proliferation. In prostate cancer, the 
rs4977574, rs1333048, and rs10757278 polymorphisms 
of lncRNA ANRIL were associated with benign prostate 
hyperplasia.75-77

►Table 1  enlists the various lncRNA discussed and their 
possible role in prostate cancer therapy.

TMPRSS2:ERG Gene Fusion
Genomic rearrangements have long been implicated as ini-
tial events in oncogenesis. There are many malignancies that 
have gene fusion in their pathogenesis, e.g., the Philadelphia 
chromosome, which has been implicated in many hemato-
logical malignancies such as chronic myeloid leukemia and 
acute myeloid leukemia. In the case of prostate cancer, gene 
fusion transcripts of ERG (also known as TMPRSS2:ERG, or 
T2E), which is a member of the ETS family (erythroblast 
transformation–specific) of oncogenes-transcription fac-
tors has been implicated. ERG gene produces ERG protein, 
which has a role in embryonal development, angiogene-
sis, cell proliferation, and differentiation. This gene fusion 
product has been identified as promising urinary novel 

biomarkers.78 Laxman et al were the first to show the pres-
ence of mRNA products of the TMPRSS2:ERG fusion gene in 
the urine samples from prostate cancer patients.79 In 2005, 
Tomlins et al identified gene members of the ETS family of 
oncogenes in 55% of prostate cancer patients,79 similar to the 
results of an earlier study in which ERG overexpression was 
found in 72% of prostate cancer cases. More so by performing 
the assays in combination, they were able to detect fusion of 
these ETS family genes with the 5′ untranslated region of the 
TMPRSS2 gene in more than 90% of cases, resulting in over-
expression of ERG or its variant gene (ETV) 1. TMPRSS2 gene 
is highly prostate-specific and an androgen-regulated gene. 
From this, they concluded that overexpression is most proba-
bly caused by the gene fusion.79,80 Of all the fusion gene–asso-
ciated overexpression, TMPRSS2:ERG fusion was found to be 
the most common. However, some rarer variants of the ETS 
superfamily were also reported, such as ETV4 and ETV5, in 
prostate cancer.81-83

Salami et al looked into the urinary TMPRSS2:ERG and 
PCA3 and correlated it with serum PSA values post DRE to 
predict prostate cancer in subsequent biopsy. TMPRSS2 is 
an androgen-responsive gene. The result showed that post 
DRE, TMPRSS2:ERG in urine was associated with prostate 

Table 1   Summary of all long noncoding RNAs and their utility

S. no. Name of the long noncoding RNA Clinical utility References

1 Prostate cancer antigen 3 (PCA3) Role in diagnosis as well as in 
prognosis

13,18,20,21

2 Second chromosome locus associated with 
prostate-1 (SChLAP1)

Role is predicting severity of 
disease and potent marker for 
disease recurrence

13,22–25

3. SPRY4 intronic transcript 1 (SPRY4-IT1) Diagnostic marker 26

4. Metastasis-associated lung adenocarcinoma 
transcript 1 (MALAT1)

Prognosis assessment 28–33

5. Transient receptor potential cation channel, 
subfamily M, member 2-antisense transcript 
(TRPM2-AS)

Prognosis assessment 34–36

6. Nuclear enriched abundant 1 (NEAT1) Disease progression and resist-
ance to androgen therapy

37–39

7. Prostate cancer gene expression marker 1 
(PCGEM1)

Disease progression 40–44

8. Prostate cancer associated transcript 1 
(PCAT) family

Disease progression and 
recurrence

46–54

9. Prostate cancer noncoding RNA-1 
(PRNCR1)

Prognostic marker 53–55

10. C-terminal binding protein 1 (CTBP1) Disease progression 56–58

11. HOX transcript antisense RNA (HOTAIR) Disease progression 60–68

12. Suppressor of cytokine signaling 2-anti-
sense transcript 1 (SOCS2-AS1)

Role in development of CRPC 69

13. POTEF-antisense transcript-1 (POTEF-AS1) Disease progression 70,71

14. Growth arrest-specific 5 (GAS5) Prospective therapeutic target 72–74

15. Focally amplified lncRNA on chromosome 
1 (FALEC)

Prognostic marker 76

16 Antisense noncoding RNA in the INK4 locus 
(ANRIL)

Diagnosis and disease pro-
gression. Gene polymorphism 
caused expression in benign 
disease

75,77,78
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cancer (odds ratio, 12.02; p = 0.001). PCA3 had the maxi-
mum sensitivity in diagnosing prostate cancer (93%), whereas 
TMPRSS2:ERG was found to have the highest specificity (87%). 
Moreover, TMPRSS2:ERG was found to be the best in differen-
tiating prostate cancer (area under the curve [AUC], 0.77 vs. 
0.65 for PCA3 and 0.72) from serum PSA taken on its own. 
Combining serum PSA, PCA3, and TMPRSS2:ERG in a combined 
stepwise manner could increase clinical utility and enhance 
cancer prediction (AUC, 0.88; specificity 90% at 80% sensi-
tivity).84 Similar work was done on in vitro and in vivo mod-
els by Tomlins et al; they also concluded that TMPRSS2:ERG 
fusion gene product increased the invasiveness of prostate 
cancer.85 Hägglöf et al demonstrated that TMPRSS2:ERG gene 
fusion product also correlated with clinical markers such as 
high-grade tumor, elevated Gleason score, presence of metas-
tasis, and presence of elevated levels of markers such as Ki67, 
pEGFR, and pAkt, which are cellular tumor makers.86 The role 
of TMPRSS2:ERG as a predictor of prognosis for prostate can-
cer has been evaluated with a lot of inconsistency in results. 
However, it is evident now that in patients treated with rad-
ical prostatectomy, TMPRSS2:ERG fusion does not impact 
patient outcome.87 Various methods can be used to detect 
TMPRSS2:ERG fusion. ERG protein overexpression in nuclei by 
immune histochemistry, which is the most commonly used 
method and is easy to perform and inexpensive.88

Conclusion
Currently, lncRNAs are one of the most analyzed entities. 
Several studies are simultaneously going on to check their role 
in various cancers, including breast cancer. There are several 
advantages and disadvantages with the use of lncRNA in the 
diagnosis and treatment of prostate cancer patients. lncRNAs 
as biomarkers can be useful if they can be easily detected in 
biological fluids. Since lncRNA is itself a functional molecule, 
its expression patterns may give clinician precise and basic 
information on tumors’ biological behavior and aggressive-
ness. This can potentially lead to the possibility of designing 
personalized strategies for a single prostate cancer patient. 
Currently, PCA3 is the main lnc that is used for diagnostic 
purpose in prostate cancer. Among the main disadvantages, 
the aggressive nature of the tumor is the result of a com-
plex process that involves, apart from lncRNA, a variety of 
other driver genes. Therefore, for more conclusive outcomes, 
uropathologists have to test and validate not a single driver 
gene, but a panel of genes. This will entail a lot of costs and 
trained manpower.46 Apart from this, there are some other 
unanswered questions, such as the stability of circulating 
lncRNA in the specimens and also regarding the alteration 
in stability due to disease condition. The potential of lncRNA 
as therapeutic targets is currently being explored. There are 
several angles that are under investigation, such as silencing 
of lnc, structural disruption, or even a functional blockade. 
However, all these studies are still in nascent stage.89 Lee et al 
have reported a urine-based assay using PCA3 for diagnosis 
of prostate cancer90 but it has not found use in the routine 
clinical practice to the best of our knowledge.

As far as gene fusion products go, there have been stud-
ies that show promise in the use of gene fusion products; 
however, the overall picture is still obscure. There are various 
methods that can be used to detect gene fusion, such as FISH, 
gene sequencing, and gene chip, which are complex proce-
dures requiring highly skilled manpower, high costs, and 
stringent sample requirement.88 This article is an attempt 
to present an overview of the potential of lncRNA and gene 
fusion products in the field of prostate cancer, and has not 
gone into too much details about each lncRNA or gene fusion 
as they are very extensive on their own. There has been 
extensive work done with the use of microRNA and their 
potential in the diagnostic and prognostic area of prostate 
cancer, but that is beyond the scope of this article.

Although prostate cancer is one of the most common 
malignancies in males, still there is no ideal marker for its 
diagnosis and for assessment of response to treatment. With 
the advancement in molecular diagnostic techniques, more 
emphasis should be laid on molecular markers as they may 
be more sensitive and specific. However, the issues of assay 
standardization, higher costs of sample processing, and 
requirement of highly trained personnel for assay perfor-
mance limit their current use.
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