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Abstract: Prostate cancer is the most frequently diagnosed cancer in males and its development and progression 
remains an important area of study. Recently, long non-coding RNAs (lncRNAs) have been evidenced as key players 
in cancer pathogenesis. Specifically, dysregulation of long non-coding RNA (lncRNA) expression has shown to affect 
tumor proliferation and metastasis, acting as either tumor suppressors or oncogenes. However, its specific mecha-
nisms and functions in prostate cancer remain unclear. This review provides an overview of currently available 
information on prostate cancer-related lncRNAs, including GAS5, GAS-007, MEG3, PCA3, PCAT14, PCAT1, PVT1, 
UCA1, SChLAP1, MALAT1, HOTAIR, and NEAT1. Notable tumor growth inhibitors include GAS5 and MEG3. GAS5 is 
evidenced to interfere with the AKT/MTOR signaling pathway through targeting microRNA mir-103. MEG3, however, 
is proposed to inhibit the cycle, sponge miR-9-5p, and induce gene silencing. PCAT1, PVT1, and UCA1 are important 
tumor growth promoters. PCAT1 is indicated to be a transcriptional repressor, a mir-145-5P sponge, and a P13K/
AKT pathway activator. Studies suggest that PVT1 acts via microRNA targeting and regulating proliferating cell 
nuclear antigen. UCA1 may sponge miR-204 and miR-331-3p as well as regulate myosin VI. Thorough understand-
ing of these lncRNAs may elucidate new aspects of prostate cancer pathology and serve a pivotal role in developing 
novel diagnostic and prognostic techniques. 
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Introduction

Prostate cancer (PCa) is the most commonly 
diagnosed cancer in men, and the second most 
common cause of death for men in the U.S. The 
American Cancer Society reports that in 2021 
there will have been an estimated 238,530 
new cases and 34,130 deaths from prostate 
cancer [1]. This is a significant increase from 
2019 estimates of 174,650 new cases and 
31,620 deaths [2]. Such statistics indicate an 
imperative and urgent need to develop im- 
proved methods to diagnose, treat, and reduce 
the mortality rates of PCa.

Multiple risk factors for PCa have been identi-
fied with the most prevalent of which are age, 
race, and geography. PCa incidence increases 
significantly with age, as more than 75% of 
cases are diagnosed after the age of 65 [3, 4]. 
In the United States, African American males 
were found to have 58% greater incidence and 

144% greater mortality compared to those of 
European descent [3]. Incidence and mortality 
further varies across different countries, with 
Asian populations exhibiting the lowest rates of 
PCa [3]. Genetics are another prevalent risk 
factor as relative risk of prostate cancer in- 
creases in men with a first-degree relative 
affected by PCa. Multiple susceptibility genes, 
including BRCA2, CHEK2, HOXB13, NBS1, RN- 
ASEL, ELAC2, MSR1, OGG1, PON1, and GDF15, 
and single nucleotide polymorphisms (SNPs) 
have been associated with higher relative risk 
[3, 4]. Infections leading to inflammation, na- 
mely urinary tract infections, sexually transmit-
ted infections, and prostatitis, are hypothesiz- 
ed to promote the development of malignan-
cies by inciting inflammation in the prostate [3]. 
Androgens and other hormones have been sug-
gested to contribute as well via the improper 
development and maintenance of the prostate 
and luminal epithelium [3]. However, the re- 
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search surrounding inflammatory and hormon-
al influences remain unclear [3, 4]. 

Studies on immigrants have evidenced signifi-
cant changes in incidence after moving which 
suggests a role of external risk factors [3, 4]. 
Smoking and components of diet such as fats, 
red meats, and vitamin D have been associat-
ed with increased risk to varying degrees [3, 4]. 
Diet may affect PCa susceptibility by altering 
levels of inflammatory factors released in re- 
sponse to oxidative stress, introducing carcino-
gens, and interrupting the cell growth cycle [3]. 
Other lifestyle factors such as physical activity, 
alcohol consumption, and sexual activity are 
still being investigated [3, 4]. 

In 1986, the prostate-specific antigen (PSA) 
was formally introduced as a diagnostic bio-
marker and risk indicator, due to its increased 
serum levels in PCa patients compared to tho- 
se of disease-free patients [5]. It has since 
greatly improved PCa screening efforts, allow-
ing for the detection of tumors in earlier stag- 
es. However, clinical data has shown that PSA 
testing can be inconsistent and occasionally 
yield inaccurate results. Aside from a malignan-
cy in the prostate, elevated PSA expression lev-
els can also be caused by benign prostate con-
ditions such as prostatitis, hyperplasia, and 
other infections [5]. This false positivity leads 
to substantial over diagnosis and a decrease in 
PSA test specificity - a study of the PSA test 
showed a prediction accuracy of around 25% 
[6]. Ilic et. al. has also suggested that PSA-
based screening does not improve the survival 
rate of PCa patients, while advances in cancer 
detection and treatment methods have contrib-
uted to the decline of mortality rates in several 
parts of the world [7, 8]. Therefore, the incon-
sistency of PSA testing demands more reliable 
markers for PCa detection, encouraging 
research into other potential PCa biomarkers 
such as long non-coding RNAs.

Long non-coding RNAs (lncRNA) are noncoding 
transcripts containing 200 or more nucleoti- 
des. While these transcripts are not functional 
for coding proteins, they participate in almost 
all biological processes, including gene expres-
sion, cell cycle regulation, protein synthesis, 
and cellular transportation [9]. Only recently 
have lncRNA SNPs been linked to cancer and 
they may serve as another risk factor for PCa 
[10]. Several lncRNAs have been shown to pro-

mote metastasis and proliferation of various 
types of cancer, while others have been dem-
onstrated to act as tumor suppressants. These 
characteristics of lncRNA indicate that it may 
serve as a promising biomarker of PCa, as well 
as a target for subsequent therapeutic tre- 
atment. 

Along with early detection, novel techniques for 
PCA treatment are necessary to improve prog-
nosis and quality of life of PCa patients. Current 
methods of treatment include surgery, hormon-
al therapy, radiation therapy, and chemothera-
py, with androgen deprivation therapy (ADT) as 
the standard for PCa. As the name states, it 
prevents the proliferation of PCa cells by pre-
venting access of androgen receptors (ARs) to 
vital hormones such as testosterone. However, 
while ADT may be effective initially, patients will 
often progress to castration resistant prostate 
cancer (CRPC) and become resistant to the 
treatment [11, 12]. Radical prostatectomy and 
radiation therapy are common treatment op- 
tions for localized prostate cancer but can have 
adverse side effects such as incontinence, 
erectile dysfunction, and bowel problems [13]. 
Cryotherapy, usually used to treat localized 
cancer or cancer recurrence after radiation 
therapy, poses the same risks [13]. Che- 
motherapy is often introduced for metastatic 
PCa, but it is an aggressive treatment that 
often indiscriminately affects healthy cells. 

Prostate cancer and lncRNA

Human cancer is a comprehensive syndrome in 
which various genetic mutations and altered 
gene expression profiles produce a variety of 
macromolecules that can be used in cancer 
diagnosis and treatment. LncRNAs have dis-
played a wide variety of functions ranging from 
regulating cell proliferation, metastasis, and 
cancer progression [14]. They have been used 
as biomarkers for earlier diagnosis and treat-
ment; and have displayed regulatory functions 
in the tumor growth. Several lines of lncRNA 
have been found to play important roles in the 
function of PCa [14].

In this short review, we will discuss the up-to-
date findings of cancer-related lncRNAs includ-
ing GAS5, GAS-007, MEG3, PCA3, PCAT14, 
PCAT1, PVT1, UCA1, SChLAP1, MALAT1, HO- 
TAIR, and NEAT1. The functions of lncRNA  
in cancer are primarily categorized into two 
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Table 1. A compilation of various lncRNA that have been observed to affect PCa. Columns are sepa-
rated by the lncRNA’s location, effect on PCa, and clinical applications
lncRNA Location Effect on PCa Clinical Application References
GAS5 Tissue Downregulation Prognosis [15-18]
GAS5-007 Tissue Downregulation Prognosis, Therapeutic Target [19]
MEG3 Tissue Downregulation Therapeutic Uses [20-25]
PCAT14 Tissue Downregulation Early Detection [26-28]
PCA3 Tissue Upregulation Early Detection [29-33]
PCAT1 Tissue Upregulation Prognosis [30-37]
PVT1 Tissue Upregulation Prognosis [38-44]
UCA1 Bladder Upregulation Prognosis, Therapeutic Target [45-48]
ScHLAP1 Tissue Upregulation Prognosis [49, 50]
MALAT1 Tissues, Urine Upregulation Therapeutic Target [51-55]
HOTAIR Lymphocytes Upregulation Therapeutic Target [56]
NEAT1 Endocrine Glands Upregulation Prognosis, Therapeutic Target [57-59]

groups: Those that promote the progression of 
cancer, through regulating suppressing agent, 
and those that inhibit cancer, by reducing the 
expression of oncogenic proteins. Preclinical 
studies have shown the potential of these 
lncRNAs for future PCa diagnosis and treat-
ment. Table 1 briefly summarizes the lncRNA 
that will be discussed in this paper.

LncRNA as PCa growth inhibitors

GAS5: Growth arrest-specific transcript 5, or 
GAS5 is an androgen-responsive lncRNA that 
plays an important role in the tumorigenesis 
and progression of PCa. It is reported to act  
as a tumor suppressor and promote PCa cell 
apoptosis [15]. Xue et al. observed GAS5 to be 
downregulated in PCa tissues and cell lines 
compared to normal prostate tissues and ce- 
lls, which corroborates its role as an inhibitor 
[16]. They delved further into the underlying 
mechanisms of inhibition and evidenced GAS5 
as an inhibitor of the AKT/mTOR pathway, an 
intracellular signaling pathway crucial in the 
progression of the cell cycle [16]. Overexpres- 
sion of mir-103 rescued GAS5 effects on the 
AKT/mTOR signaling pathway, indicating that 
GAS5 may be exerting its effects via the target-
ing of mir-103 [16]. 

A GAS5 polymorphism has been recently stud-
ied as a possible correlator to certain charac-
teristics of PCa such as lymph node metastasis 
as well [17].

Glucocorticoids such as prednisone and dexa-
methasone are often used to treat CPRC and to 

counter side effects of ADT. GAS5 was found  
to be an important regulator in dexamethasone 
treatment as it exerted proliferation-inhibition 
in AR-negative PCa cell lines but not in AR- 
positive PCa cell lines [18]. In AR-positive cell 
lines, GAS5 was found bound to AR instead and 
unable to translocate to the nucleus [18]. 

GAS5-007 is a special transcript isoform  
of GAS5. According to a study conducted by 
Zhang et. al., who examined GAS5-007 in PCa, 
the expression of GAS5-007 was reduced when 
exposed to androgen treatment and inhibited 
by AR [19]. Knockdown of GAS5-007 led to the 
inhibition of proliferation, and cell cycle, as well 
as promoted cell apoptosis [19]. In addition, 
GAS5-007 has also been shown to be involved 
in translational elongation, protein biosynthe-
sis, and transcription [19].

These findings suggesting GAS5-007 as a can-
cer promoter are inconsistent with previous 
studies that evidenced GAS5 as a tumor sup-
pressor. The possibility that different transc- 
ripts of a single lncRNA have different regula-
tory functions makes the role of lncRNAs more 
nuanced and requires further examination. 

MEG3: MEG3 is a transcript that has been iden-
tified to cause suppression of multiple types of 
cancer [20-22]. Studies have shown that MEG3 
decreased significantly in prostate cancer tis-
sues relative to adjacent normal tissues [23]. 
MEG3 inhibited intrinsic cell survival pathway  
in vitro and in vivo by reducing the protein 
expression of Bcl-2, enhancing Bax and activat-
ing caspase 3 [23]. It was further demonstrat-
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ed that MEG3 inhibited the expression of cell 
cycle regulatory protein Cyclin D1 and induced 
cell cycle arrest in G0/G1 phase. As a result, 
MEG3 shows anti-cancer effect through inhi- 
biting cell proliferation, and inducing apoptosis 
in PCa [23].

A study by Wu et al. showed that MEG3 was 
downregulated in prostate cancer tissues and 
cells and suggested a potential mechanism via 
sponging microRNA miR-9-5p which normally 
downregulates Quaking protein QKI-5 [24]. 
Overexpression of both MEG3 and QKI-5 inhib-
ited PCa progression while overexpression of 
miR-9-5p had the opposite effect [24]. 

Zhou et al. investigated another potential 
mechanism of MEG3 in which it binds to EZH2, 
a histone methyltransferase that catalyzes  
histone H3 lysine 27 trimethylation and leads 
to gene silencing, suppressing development of 
PCa [25].

PCAT14: This prostate cancer specific lncRNA 
PCAT14 has garnered much attention due to its 
uses in the identification of PCa as well as its 
viability in PCa prognosis. From analysis of a 
RNA-seq dataset including a total number of 
585 benign prostate tissue, localized and met-
astatic PCa samples, it’s found that PCAT14 
highly expressed in well differentiated PCa tu- 
mors [26]. A reduced expression of PCAT14 in 
prostate cancer was related to T stage, N sta- 
ge, primary therapy outcome, residual tumor, 
Gleason score, and age. The expression of 
PCAT14 was independently associated with the 
progression-free interval in prostate cancer 
patients [27]. In addition, a meta-analysis sum-
marized 18 studies including 18 on prognosis 
and 9 on clinicopathological features. The re- 
sults also indicate that PCAT14 is associated 
with overall survival and metastasis-free sur-
vival of PCa [28]. 

LncRNA as PCa growth promoters

PCA3: PCA3 is a type of lncRNA that is a spe-
cific marker of prostate cancer, and also regu-
lates the human prostate cancer suppressor 
PRUNE2 [29]. PRUNE2 is a protein-coding gene 
variant which harbors the PCA3 locus, thereby 
classifying PCA3 as an antisense intronic long 
noncoding RNA [29]. PCA3 controls PRUNE2 
levels via a unique regulatory mechanism, by 
which the PRUNE2/PCA3 double-stranded RNA 

undergoes RNA-dependent adenosine-to-ino-
sine RNA editing [29]. A recent study shows 
that the score of the PCA/PSA RNA was a reli-
able signature for PCa diagnosis-PCA3 RNA/
PSA RNA score is elevated and correlated as 
prostate cancer biomarker [30]. Consistently, 
an exploratory analysis from 12,076 patients 
shows that decreased PCA3 is a marker for 
poorly differentiated prostate tumors [31].

Multiple studies have evidenced that PCA3 
knockdown reduces tumor growth and viability 
and that it does so via regulating AR signaling 
pathways. Cells treated with dihydrotestoster-
one (DHT), an AR agonist, significantly upregu-
lated PCA3 expression and PCA3 silencing 
reversed the effects of DHT on other genes 
[32]. PCA3 also has been evidenced to modu-
late a variety of genes as well as microRNAs, 
that involving cell adhesion, invasion, DNA da- 
mage repair, angiogenesis, tumor suppression, 
and apoptosis [32, 33]. Its involvement in mul-
tiple avenues relating to PCa make it an attrac-
tive biomarker for further investigation. 

PCAT1: Prostate cancer-associated transcript 1 
(PCAT1) was originally discovered in prostate 
cancer. It may be a biomarker for various forms 
of cancer. It’s been used in esophageal squa-
mous carcinoma, and human urothelial carci-
noma [34-36]. A prostate cancer transcripto- 
me sequencing study discovers 121 unanno-
tated prostate cancer-associated ncRNA tran-
scripts (PCATs) by employing RNA-Seq on a 
cohort of 102 prostate tissues and cells lines 
[37]. The findings indicate that PCAT-1 as a  
transcriptional repressor implicated in subset 
of prostate cancer patients [37]. Further study 
reveals PCAT-1 mediated prostate cancer cell 
proliferation is dependent on c-Myc protein sta-
bilization [38]. Plus, PCAT-1 can also act as a 
miR-145-5p sponge to modulate FSCN1 ex- 
pression, subsequently contributes to PCa 
tumorigenesis [39].

Yuan et al. demonstrated PCAT1 as a promoter 
of cell proliferation and inhibitor of apoptosis 
[40]. Additionally, its genetic variant rs1902- 
432 was found to be significantly associated 
with increased risk of PCa [40].

PCAT1 may be promoting PCa progression by 
activating the phosphatidylinositol 3-kianse 
(P13K)/AKT pathway [41]. PH and leucine-rich 
repeat protein phosphatase (PHLPP) is an 
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antagonist of the pathway and PCAT was evi-
denced to bind and displace PHLPP, restoring 
AKT signaling [41].

PVT1: PVT1 is located in the well-known can-
cer-related region, 8q24 and has been impli-
cated in a variety of human cancers including 
prostate cancer. Mechanical analysis shows 
the involvement of miR-146a in PVT1 mediated 
prostate cancer growth [42]. Functional study 
shows that knockdown of PVT1 induces apop-
tosis of PCa through cleavage of Caspase 3 
and downregulation of c-Myc [43]. Additionally, 
a significant association was found between 
PVT1 expression and tumor stage [43]. 

Among at least 12 PVT1 exons, exon 9 was 
found elevated in aggressive PCa cell lines 
derived from males of African ancestry (MoAA), 
indicating its potential as an indicator for 
advanced PCa [42, 44]. A study specifically 
focused on exon 9 demonstrated that it was 
significantly expressed in PCa tissue and in- 
duced migration, proliferation, and castration 
resistance [45]. Most notably, mice implanted 
with PVT1 overexpressing exon 9 developed 
malignant tumors [45]. PVT1’s effects may be 
exerted via regulation of proliferating cell nu- 
clear antigen (PCNA) expression [45]. PCNA is 
overexpressed in cell lines that overexpressed 
exon 9, while PCNA expression decreased with 
exon 9 silencing [45].

PVT1 has been suggested to have multiple 
mechanisms that affect PCa. One study investi-
gating the interactions between PVT1 and 
NOP2, a potential biomarker for cancer aggres-
siveness, found that PVT1 targets miRNAs to 
upregulate NOP2 mRNA [46]. PVT1 was also 
found to target microRNA-15a-5p (miR-15a- 
5p), which binds to kinesin family member 23 
(KIF23) [47]. miR-15a-5p is a potential tumor 
suppressor while KIF23 has been studied as a 
therapeutic target for other types of cancer and 
its knockdown has been shown to have PCa-
inhibitory effects [47]. Videira et al. demon-
strated that PVT1 represses a gene set that 
has tumor suppressing properties, potentially 
explaining the aggressiveness of tumors ex- 
pressing high levels of this lncRNA [48].

UCA1: UCA1 has been found to be an oncogene 
under certain conditions, but its effects on PCa 
were unclear. UCA1 was significantly upregu-
lated in PCa cell lines and tissue samples com-

pared to benign tissue samples [49]. High UCA1 
expression was positively associated with high 
Gleason score, advanced TNM stage and  
shorter overall survival of PCa patients [49]. 
Inhibition of UCA1 suppressed PCa cells prolif-
eration, migration and invasion in vitro, and 
depletion UCA1 inhibited the growth of PCa 
cells in vivo [49]. 

UCA1 has shown to have many interactions 
with microRNAs. One study explored its func-
tion as a sponge of miR-204, a known tumor 
suppressor [50]. Yu et al. proposed UCA1 to 
promote PCa progression by sponging miR143 
and regulating miR143’s target myosin VI, a 
motor protein implicated in promoting PCa cell 
growth and migration [51]. Repressed UCA1 
was shown to promote miR-143 expression, 
which in turn downregulated expression myo- 
sin VI [51]. Another study suggested a similar 
dynamic in which UCA1 sponges miR-331-3p, 
which regulates eukaryotic translation initia- 
tion factor 4 gamma 1 (E1F4G1), often overex-
pressed in multiple forms of malignancies [52]. 

The relationship between UCA1 and multiple 
miRNAs with further downstream effects ma- 
ke it an attractive biomarker and therapeutic 
target. 

SChLAP1: SChLAP1 is shown to aid in the dis-
crimination of aggressive tumors from indolent 
forms of cancer. SChLAP1 coordinates metas-
tasis of PCa [53]. It antagonizes the SWI/SNF 
chromatin-modifying complex, which has tumor 
suppressive functions [53]. The expression of 
SChLAP1 characterizes an aggressive case of 
PCa. SChLAP1 coordinates cancer cell invasion 
in vitro and metastatic seeding in vivo [53]. 
Another large cohort study also showed that 
high expression of SCHLAP1 was significantly 
associated with adverse clinicopathological ch- 
aracteristics, including Gleason grade (Grade 
Group), cribriform growth/intraductal carcino-
ma, and high pathology stage [54]. High expres-
sion of SCHLAP1 was also shown to be a pre-
dictor of biochemical recurrence [54]. 

MALAT1: MALAT1 is overexpressed in the pro-
gressed PCa and promotes the expression of 
the androgen receptor variant AR-V7 [55]. It is 
regulated by estrogen and is involved in andro-
gen receptor signaling [55]. 

Dai et al. demonstrated that MALAT1 knock-
down reduced prostate cancer tumorigenesis 
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in mice and further suggests that MALAT1 in- 
activates AR signaling via sponging miR-320b 
[56, 57]. Another study evidences MALAT1 as  
a miR-140 sponge, as MALAT1 silencing re- 
duced mRNA of Baculoviral IAP repeat contain-
ing 6 (BIRC6), an inhibitor of apoptosis [58]. 
Introduction of miR-140 sponge inhibitor atten-
uated these effects, suggesting MALAT1 spon- 
ging of miR-140 allowed for upregulation of 
BIRC6 [58].

MALAT1, like MEG3, may also bind with EZH2 
and regulate expression of EZH2 activated 
genes [59]. It was shown to enhance target 
genes of EZH2 as well as EZH2-mediated inva-
sion and migration [59]. Knockdown of this 
lncRNA even derepressed EZH2 repressed 
genes [59]. This suggests MALAT1 may play a 
vital role in EZH2 interactions, which is espe-
cially noteworthy as EZH2 is often overex-
pressed in CRPC [59]. 

HOTAIR: HOTAIR has been demonstrated to 
promote PCa metastasis by targeting hepato-
cellular adhesion molecule (hepaCAM), a pro-
tein involved in cell adhesion and migration 
[60]. Lack of hepaCAM allows for tumor deta- 
chment and subsequent migration and distal 
metastasis [60]. Li et al. found that HOTAIR  
levels was inversely correlated with hepaCam 
by recruiting polycomb recessive complex 2 
(PRC2) to enhance EZH2 activity and effectively 
silencing hepaCAM genes with an abnormally 
activated MAPK pathway [60]. It suggested th- 
at the HOTAIR/hepaCAM/MAPK axis may pro-
vide a new avenue towards therapeutic strate-
gies and prognostic indicators for advanced 
prostate cancer.

NEAT1: The lncRNA NEAT1 functions as a tran-
scriptional regulator and contributes to a can-
cer-favorable transcriptome, thereby promoting 
tumorigenesis in experimental animal models 
[61]. NEAT1 is recruited to the chromatin of 
well-characterized prostate cancer genes and 
contributes to an epigenetic ‘on’ state [61]. It 
was found as a potential biomarker for estro-
gen receptor Er(alpha), which is expressed in 
prostate cancer and potentially serves as an 
alternative signaling pathway for PCa regulation 
[61].

A more recent study examined the effect of 
N6-methyladenosine (m6A), the most promi-
nent messenger RNA modification, on tran-

scriptional variant NEAT1-1 [62]. Researchers 
identified 4 m6A sites and positively correlat- 
ed m6A level with cancer progression, bone 
metastasis, and fatality [62]. NEAT1-1 may also 
bind at its m6a site with cyclin1 and CDK19 to 
form a complex unique to bone metastatic 
prostate cancer [62].

NEAT1 has also been investigated for its role  
in developing docetaxel-based chemotherapy 
resistance [63]. The lncRNA was elevated in 
resistant PCa samples and dysregulation of 
NEAT1 affected the resistance in vitro and in 
vivo. It was found to sponge miR-34a-5p and 
miR-204-5p, which in turn inhibited expression 
of acyl-CoA synthetase 4 (ACSL4) [63]. This 
suggests that NEAT1 as a potential target in 
overcoming docetaxel resistance.

Conclusion

While long non-coding RNAs offer little tran-
scriptional value, scientists are beginning to 
uncover their critical contributions to tumor 
pathology and realizing their potential as can-
cer biomarkers. LncRNAs potentially have many 
important biological functions in the develop-
ment of PCa. As such, the understanding of 
such functions may be the key to novel screen-
ing methods and treatments that are urgently 
needed given PCa’s prominence in the male 
population and continued rise in disease inci-
dence every year.

Based on the available research, lncRNAs are 
implicated in gene transcription as well as im- 
portant regulators of a variety of signaling path-
ways. These roles make them possible of tar-
gets for all stages of PCa development-screen-
ing, diagnosis, prognosis, and treatment. Their 
roles will need to be more thoroughly under-
stood by basic studies and solidified through 
clinical trials for developing effective targeting 
agents and screening tests with higher sensitiv-
ity and specificity. 

Studies explored in this review demonstrate 
that lncRNAs may operate through multiple 
mechanisms and can participate in more than 
one facet of cancer pathogenesis. Given what 
we have yet to discover about lncRNAs and 
their involvement in other non-cancer related 
processes, lncRNAs may not be direct points  
of diagnosis and therapy on their own. Rather, 
they will likely be more effective as a tool to 
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guide and fine-tune risk predictions. Additiona- 
lly, following lncRNA may lead to specific path-
ways or processes that are unique to PCa or 
localized to the tumor region and offer easier 
targets for future intervention.

Future research direction

While the potential molecular bases of lncRNA 
involvement in prostate cancer pathogenesis 
are gradually being clarified, there are many 
steps that need to be taken until they can be 
officially recognized as biomarkers and thera-
peutic targets. As a potential biomarker, lnc- 
RNA dysregulation may be present because of 
other conditions or comorbidities. Further work 
is required to determine what specific dysregu-
lations are unique to PCa. As a potential thera-
peutic target, lncRNAs are shown to have mul-
tiple critical regulatory functions and they are 
certainly not localized to PCa malignancies. Its 
influences in all aspects of human biology must 
be investigated first to account for potential 
adverse side effects. Current studies on lnc- 
RNAs have mostly utilized cell lines and animal 
models. Only after lncRNA functions have been 
thoroughly understood can they then be as- 
sessed via in vivo and clinical studies of large, 
diverse populations. 
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