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Abstract

Prostate cancer (PCa) is a multifaceted disease that envelops 1.41 million new
cases globally. It is the second most common cancer reported in men. Its
heterogeneity and indolent growth, coupled with incompetent early screening
methods such as serum prostate-specific antigen level estimations and digital
rectal examinations, contribute to its delayed detection, potentially leading to
misdiagnosis or overtreatment. Despite the advancement in surgical methods,
better management of PCa requires definitive diagnostics, prognostics, and
therapeutics. PCa cells express microRNA (miRNA) on their surface as well as
release miRNA into the bloodstream, which enables their noninvasive detection
in body fluids like serum, plasma, and urine. miRNA acts as sponge for cir-
culating RNA that regulates gene expression of crucial pathways in PCa pro-
gression. In recent years, compelling evidence indicates that the use of miRNAs,
individually or in combination, in the form of miRNA panels in both tissue
and body fluids, together with clinicopathological parameters, might act as a
diagnostic biomarker. This will increase the accuracy of risk stratification and
early screening of PCa patients under active surveillance. These findings will
help differentiate aggressive PCa from indolent and decipher novel therapeutic
findings. We have put together a review of studies that have found and con-
firmed miRNA panels in PCa tissue and PCa liquid biopsies (serum, plasma,
and urine exosomes), with a focus on how they might help patients.
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now reported to increase with age as well as under benign
conditions such as prostatitis, benign prostate hyperplasia

Prostate cancer (PCa) varies from indolent to metastatic
phenotypes to neuroendocrine in men worldwide, cov-
ering the second largest mortality rate of cancer affect-
ing men, after lung cancer™?. However, there have
been several diagnostic methods for early screening.
Due to the heterogeneous nature of PCa, there are
certain challenges that the old diagnostic methods, like
prostate-specific antigen (PSA) levels, cannot avoid.
Circulating PSA levels in the blood was once con-
sidered a gold standard method for detecting PCa. It is

(BPH), and so forth®®!. Therefore, it introduces confusion
for an early diagnosis of cancer in healthy men. To
overcome this difficulty, clinicians have introduced a gray
zone with a PSA level of 4 ng/mL-10ng/mL. Moving
further in the era, PSA was accompanied by digital rectal
examination, but this also did not provide a full picture of
an organ to stratify risk for accurate treatment®. Conse-
quently, Gleason scoring of needle biopsy was carried out
to stratify the risk. It is a histological grading method, but
due to its inherent degree of subjectivity, larger aggressive
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lesions remain undetected most of the time, sometimes
leading to improper characterization of disease. The cases
reported with a Gleason Score <6 or >8 are provided with
suitable treatment, but the cases with a Gleason Score >7
or <7 or = 7 carry a combination of 3 +4 or 4 + 3, which
affects the determination of the aggressiveness of the
tumor, leading to overtreatment with no effectiveness!®.

Researchers around the world have invested in ex-
ploring microRNA (miRNA) as biomarkers for risk strati-
fication and early screening of PCa. MiRNAs are short
strands of noncoding RNA that have great potential to
regulate complex networks of genes involved in prolifer-
ation, apoptosis, survival, metastasis, the cell cycle, and so
forth!®!. Their proficiency in preventing degradation con-
tributes to their resistance against DNase and RNase,
making it possible to identify them in trace amounts of
solid (tissue) and liquid (serum, plasma, urine) samples.

Several studies have reported on the working
mechanism of miRNA and how their aberrant expres-
sion leads to the progression and development of PCa.
Numerous studies have reported the use of miRNAs in
clinical trials in various countries, offering precision and
targeted therapeutics”’g]. Currently, there is a new focus
on unravelling the role of circulating miRNA in PCa,
considering the advantages of noninvasive procedures
for early screening and circulating miRNA to provide a
wholesome picture of the disease accompanied by
physical tests while escaping the pain and suffering of
patients.

In this review, we have attempted to explore a panel
of miRNAs that may be more effective and accurate in
distinguishing PCa from healthy control men.

2 | miRNA: BIOGENESIS AND
WORKING MECHANISM

MiRNA biogenesis was first described by Mello, Ruvkun,
and Zam in 2001"%'Y, The noncoding region of the
genome encodes miRNA, which act as precursors. These
regions are transcribed by RNA polymerase-II to process
primary microRNAs (pri-miRNAs). The pri-miRNAs are
acted upon by an RNase III enzyme called Drosha that
converts them to precursor-RNA (pre-miRNA). It is about
70-170 nucleotides and is transported to the cytoplasm by
a nuclear transport protein named Exportin 5 with a
RanGTPase co-factor'#'%. In the cytoplasm, DICER-1, an
RNase III enzyme and protein TRBP (the human immu-
nodeficiency virus transactivating response RNA-binding
protein [RBP]) target the pre-miRNA and cleave it into
18-24 nucleotides miRNA duplexes. The duplex consists
of the guide strand and passenger strand which are
incorporated in the RNA-induced silencing complex
(RISC) and argonaute family of proteins in an ATP-
dependent manner!*, Unwinding the RISC complex
assembly, the miRNA targets mature RNA (mRNA) at the
complimentary sites. These complimentary sites consist of

2-8 nucleotides known as “seed sequence,” which are
located at the 5" end of the mRNA!". Thus, depending
upon the degree of complementarity, the mode of action
in the near future is decided. For example, if the base
pairing between miRNA and target mRNA is extensive, it
leads to mRNA cleavage[w]. On the other hand, with
limited base pairing, translational repression occurs. In
this manner, miRNAs regulate all three levels of protein
synthesis including translation, transcription, and post-
transcriptionlm, The working mechanism of the panel of
miRNA is still unknown (Figure 1).

3 | PANEL OF miRNA

3.1 | Solid biopsy

Numerous studies have indicated the dysregulated
function of miRNA in PCa tissue compared to adjacent
healthy tissues. However, there are only a few studies
that have reported dysregulation of the panel of miRNA
in PCa tissues. The need for risk stratification and
overcoming the heterogeneity of the Gleason score of
tumor loci is one of the factors in developing panel of
miRNA along with other clinicopathological parameters
like PSA level.

A study describing the discovery cohort, comprising
control with no metastasis and cases with metastasis,
reported a panel of 5 miRNAs (miRNA-17-3p, miRNA-
27a-3p, miRNA-200a-3p, miR-375, and miRNA-376b-3p)
with a risk score strongly associated with metastasis
(area under the curve [AUC]=89.5%, 95% confidence
interval = 79.5%-99.5%)"®). Their study indicated that
this panel of five miRNAs may help in the active sur-
veillance of patients who have undergone radical pros-
tatectomy and whether they will progress to castration
resistance and relapse with more metastasis. The panel
determines the miRNA risk score along with bio-
chemical reoccurrence to predict the progression of
clinically localized PCa into aggressive metastasized PCa
after radical prostatectomy. The future insights provided
by the study indicate the use of the panel in predicting
risk stratification between the transrectal ultrasound-
guided biopsy in both tissue and serum for local treat-
ment. Similarly, a study reported a panel of four miRNAs
(miRNA-23a-3p, miRNA-10b-5p, miRNA-133a-3p, and
miRNA-374b-5p) as a prognostic biomarker panel to
predict biochemical recurrence in radical prostatectomy
for keeping a record of metastasis and relapse after
surgery and radiotherapy[lg‘zo]. The functional signifi-
cance of miRNA-23a-3p and miRNA-10b-5p as onco-
genic, and miRNA-133a-3p and miRNA-374b-5p as
tumor suppressors was seen in vitro to decrease cell
survival and proliferation. The training and validation
cohort in the study would help in determining the
course of adjuvant therapy or treatment protocol for the
patients. It also suggests the use of the panel for risk
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FIGURE 1
prostate cancer.

stratification and early diagnosis in liquid biopsies. A
panel of three miRNAs (miRNA-185-5p, miRNA-221-3p,
and miRNA-326) for prognostic evaluation based on
biochemical reoccurrence to identify PCa progres-
sion®!. A study was conducted on 546 men explored 33
miRNAs, out of which a panel of five miRNAs (miRNA-
301a, miRNA-652, miRNA-454, miRNA-223, and miRNA-
139)?%!, This combination of a panel of miRNA had a
greater and more significant AUC of 93% reported in the
discovery cohort. For establishing the clinical signifi-
cance of the validation cohort, the miRNA risk score,
calculated by linear regression, was divided into high
and low scores. This provided a deeper insight into the
patients with higher miRNA scores along with PSA level
(> 10 ng/mL), grade (lying between 7 and 10), and TNM
stage higher chances of metastasis as compared to
biochemical reoccurrence in low miRNA score. The
survival of low-risk miRNA was found to be 74.6%
with higher biochemical reoccurrence and 98.8%
with metastasis, with no adjustments in other clinico-
pathological parameters, as compared to high-risk score
miRNA. Overall study claims to cover a huge validation
cohort with clinically and statistically proven data that
could help in the active surveillance of patients and

— miRNA-21, miRNA-141, miRNA-375, miRNA-125b, miRNA-182

Urine Panel

miRNA 222, miRNA 16, and miRNA 21

miRNA 375, miRNA 520d-5p, miRNA 199b-5p, miRN
5p, miRNA 31-3p, and miRNA 4306

Plasma Panel
miRNA 4289, miRNA 326, miRNA 152-3p, and miRNA 98-5p

let-7e, let-7c, and miRNA 30c
miRNA 141, miRNA 151-3p, and miRNA 16

miRNA 17 and miRNA 192a

Mechanism of microRNA (miRNA) as circulating miRNA in plasma, serum, and urine (circulating exosomes with miRNA) in

determine the additional and local therapy treatment
strategy for individual patients, precisely. Likewise, a
study was conducted in PCa tissue (n=35) to discover
the expression of miRNA-183, miRNA-4510, miRNA-329,
and miRNA-711. The study exemplifies the oncogenic
role of miRNA-183 and miRNA-4510 while the tumor
suppressor role of miRNA-329 and miRNA-711. How-
ever, the panel of all the miRNA in PCa tissue had a
significant AUC of 0.607 with 99% sensitivity and 46%
specificity. However, the AUC was not acceptable as a
biomarker for detecting PCa from controls®!. A group
of researchers established a panel of miRNA based on
miQ calculation. The miQ calculation was carried
out by the ratio of (miRNA-96-5p and miRNA-183-5p)
to (miRNA-145-5p and miRNA-221-5p). The study
found AUC to be 0.931 between PCa and noncancerous
formalin fixed paraffin embedded tissue samples
(Table 1)?%.

3.2 | Liquid biopsy

The panel of circulating miRNA with high specificity and
sensitivity is urgently needed for noninvasive early
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screening and diagnosis of PCa. Several studies have re-
ported the role of individual circulating miRNA in serum,
plasma, and urine samples of PCa patients and compared
their expression with BPH and healthy controls.

3.2.1 | Serum

Few studies have focused on the panel of circulating
miRNA that can effectively and efficiently differentiate
among BPH, PCa, and control groups. A study on serum
collected from 86 PCa patients and 86 healthy controls
reported to have identified a panel of three miRNAs
including miRNA-146a-5p, miRNA-24-3p, and miRNA-
93-5p in all three cohorts including training, testing, and
validation with AUC of 81.9%, 83.1%, and 81.4%, respec-
tively[zs]. Another study selected miRNA from the PubMed
database and determined the expression of miRNA-34b-
3p, miRNA-556-5p, miRNA-200c-3p, miRNA-361-5p,
miRNA-369-3p, miRNA-485-3p in 112 PCa serum speci-
men and compared to 112 healthy controls. They identi-
fied a panel of three miRNAs, miRNA-34b-3p, miRNA-
200c-3p, and miRNA-361-5p, with significant AUC, sensi-
tivity, and specificity of 0.916, 83.33%, and 88.10%,
respectively[%]. A study evaluated a panel of three miRNA
scores, miRNA-223, miRNA-24, and miRNA-375, along
with a PSA level with a negative predictive value from 89%
to 90% and a specificity of up to 81%. The panel of miRNA
was tested in both training and validation cohorts. The
odds ratio of both cohorts indicated the patients with a 3
miRNA score have a stronger association (3.70) in the
validation cohort compared to the training cohort (2.72).
The multivariate model was constructed based on con-
trolled clinical characteristics like age, PSA, and Gleason
Score, and it suggested that 3 miRNA score provides un-
ique predictive information. This independence enhanced
its potential clinical utility. The negative predictive value
of the panel indicated that patients with a 3 miRNA
score and PSA will need no reclassification and reduce
unnecessary interventions?”. The results of the study
conclude that the panel of miRNA could differentiate PCa
patients under active surveillance from healthy controls.
Also, this model was proposed to identify true indolent
PCa. Similarly, a group of researchers conducted a pan-
cancer study including lung, breast, colorectal, and PCa
and clinically validated circulating miRNAs. They reported
a panel of five miRNAs, miRNA-21, miRNA-141, miRNA-
375, miRNA-125b, and miRNA-182, with 93.7% diagnostic
accuracy in PCal®®!. Likewise, a pilot study of 28 patients
in total (healthy control n=8; PCa n = 20) was conducted
and a panel of three miRNAs (miRNA-141, miRNA-21, and
miRNA-375) was reported with potential good diagnostic
potential as biomarkers with significant AUC of 0.864 and
93% sensitivity and 63% speciﬁcity[zg]. A study of the
Chinese men population conducted between BPH and
PCa groups and reported that the diagnostic potential of
miRNA-365a-3p, miRNA-4286, miR-424-5p, miRNA-27a-

3p, and miRNA-29b-3p could be used as biomarker. Later,
they established an equation using logistic regression
along with clinicopathological parameters like PSA level
and prostate volume. This aided in determining a panel of
miRNAs (miRNA-4286, miRNA-27a-3p, and miRNA-29b-
3p), PSA level, and prostate volume with significant and
greater AUC of 0.892, 78.95% sensitivity, and 92.21%
specificity. In the training phase, the model achieved an
AUC of 0.892, indicating excellent diagnostic accuracy,
with a sensitivity of 78.95% and specificity of 92.21%. In
the independent validation cohort, the AUC was 0.70, with
a sensitivity of 77.19% and a specificity of 60.47%. The
difference in AUC values between the training and vali-
dation phases may be attributed to sample size and
population differences®”!. Similarly, a study was con-
ducted in the Indian men population in two different
cohorts: screening and validation. The screening cohort
explored miRNA expression in tissue while the validation
cohort validated the expression of significant miRNAs in
serum samples of three groups: healthy controls, BPH,
and PCa. They reported for the first time a panel of cir-
culating miRNA including miRNA-141, miRNA-1290, and
miRNA-100 with a significant AUC of 0.81 in the PCa
group[31]. Also, they have a panel of two circulating
miRNAs for the BPH group, miRNA-141 and miRNA-335
with a good diagnostic biomarker potential of 0.77. Like-
wise, the validation cohort consisting of control, BPH,
PCa, and CRPC, was used to authenticate the expression
of miRINA-183, miRNA-4510, miRNA-329, and miRNA-711
in serum samples. The study shows a panel of miRNA-183
and miRNA-4510 with a highly significant AUC of 1.00 for
PCa serum. For CRPC, the study reported two more
panels: miRNA-4510 + miRNA-329 and miRNA-183+
miRNA-711 + miRNA-329 with significant AUC of 0.752
and 0.738, respectively[zsl. Another study on the similar
pattern of training and validation cohort on 112 PCa
samples compared with 112 controls shows three panels of
miRNA: miRNA-106b-5p, miRNA-129-1-3p, and miRNA-
381-3p; miRNA-34b-3p, miRNA-200c-3p, and miRNA-
361-5p; and miRNA-1231, miRNA-10a-5p, miRNA-429, and
miRNA-129-5p with significant AUC of 0.912, 0.916 and
0.878, respectively (Table 1)25°2,

3.2.2 | Plasma and urine

Besides serum, some studies have indicated the panel of
miRNAs in plasma and urine samples that could effec-
tively differentiate PCa from healthy men. A study sug-
gested that a panel of four miRNAs including miRNA-
4289, miRNA-326, miRNA-152-3p, and miRNA-98-5p
had potential diagnostic biomarkers in both discovery
and validation cohorts with significant AUC of 0.82 and
0.955%], The diagnostic accuracy was reported at 0.88 in
combined cohorts indicating the accurate discrimina-
tion of PCa patients from healthy control. Similarly, a
study depicts the panel of three down-regulated miRNAs
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including let-7e, let-7c, and miRNA-30c combined with
two up-regulated miRNAs including miRNA-622 and
miRNA-1285 for differentiating PCa patients from
BPH and healthy controls®®. The diagnostic panel of
miRNA reported an AUC of 0.86 between PCa and
healthy controls and an AUC of 0.634 between PCa and
BPH with higher and increased 74.1% sensitivity and
83.8% specificity. Another study reported a panel of
miRNAs to identify aggressiveness in plasma cohorts of
two different ethnicities including African American and
European American®®. It was found that a combination
of miRNA-17 down-regulation and miRNA-192a up-
regulation had a synergistic potential to distinguish
aggressive from nonaggressive cancer. The study also
suggests examining the role of EP300 along with miRNA-
17 and miRNA-192a in PCa, based on previous roles in
the myocardium[35]. Another study explored the panel of
circulating miRNAs as a biomarker in plasma samples
for differentiating localized PCa with mCRPC. Using
principal component analysis, the study indicates a
combination of miRNA panel-miRNA 141, miRNA-
151-3p, and miRNA-16 that may have complementary
roles in reflecting the disease state. They reported that a
panel of three miRNAs: miRNA-141, miRNA-151-3p, and
miRNA-16 along with PSA level had increased sensitivity
from 84% to 96% and high specificity of 96% covering
AUC of 0.9681%%. The study performed Pearson's corre-
lation analysis, which revealed two groups of highly
correlated miRNAs. One group included miR-141, miR-
375, and miR-200c, while the other group consisted of
miR-126, miR-21, miR-151-3p, miR-152, and miR-423-3p.
A group of miRNAs, including miR-141, miR-375, and
miR-200c, showed high correlation with each other,
indicating that their expression levels may be inter-
related and could reflect similar biological processes or
tumor characteristics. Another group of miRNAs, which
included miR-126, miR-21, miR-151-3p, miR-152, and
miR-423-3p, also exhibited high correlation, suggesting
that these miRNAs might be co-regulated or involved in
similar pathways related to cancer progression[36]. A
study tried to report a novel approach to use a panel of
miRNAs in plasma and urine samples to differentiate
between the indolent low-risk PCa group and the
metastasized high-risk PCa group. It was found that the
panel of miRNAs including miRNA-222, miRNA-16, and
miRNA-21 covered more AUC with 0.73 in the discovery
cohort as compared to that of 0.35 in the validation
cohort®”, This study suggested that plasma and urine
miRNAs may not be used for prognostication of PCa. On
the contrary, a Chinese population study reports a panel
of 6 miRNAs including miRNA-375, miRNA-520d-5p,
miRNA-199b-5p, miRNA-518e-5p, miRNA-31-3p, and
miRNA-4306 with greater diagnostic potential with AUC
of 0.75°%], However, another study profiled plasma
and urine miRNA reported that 12 pairs/panel of miRNA
in urine exosomes as a potential for PCa diagnosis.
Among 12 pairs, three pairs including miRNA-19b/92a,

miRNA-125/30e, and miRNA-660/30e have shown a
definite possibility to detect PCa as per the diagnostic
algorithm created using the logistic regression method
with 100% sensitivity and 100% speciﬁcity[39]. The
remaining pair of miRNA panels including miRNA -
200b/30e, miRNA-205/30e, miRNA-31/30e, and miRNA-
660/30e have the potential to determine PCa patients
from healthy control and BPH patients, with 100%
sensitivity and 100% specificity (Table 1).

4 | CIRCULAR RNA (circRNA)
SPONGING miRNA

circRNAs are a unique class of noncoding RNAs resistant
to degradation due to their circular configuration. They
sponge miRNA and regulate gene expression and critical
cellular processes such as proliferation, differentiation,
and apoptosis while interacting with RBPs. They dem-
onstrate significant oncogenic behaviour by promoting
cancer-associated tumor growth and metastasis miRNA
and mRNAs while they act as a tumor suppressor by
targeting miRNAs like miRNA 1285-5p and mRNAs like
FOXO03!, They have been investigated to play the role of
epithelial-to-mesenchymal transition in the metastasis of
PCa, specifically focusing on the molecular mechanisms
influenced by interferon-y in PC-3M IE8 cells. CircRNAs
hsa_circ_0001165 and hsa_circ_0001085 were implicated
in regulatory networks involving TNF and led to down-
regulation of E-cadherin and upregulation of Twist, pro-
moting cell migration and invasion!*!l. Other carcinogenic
pathways targeted by circRNAs include the androgen
receptor (AR) signaling pathway, AMPK signaling path-
way, cell cycle regulation, and apoptosis pathways!*>4],
For instance, circRNA17 enhances the function of miR-
181c-5p to suppress AR splicing variant 7 (ARv7), which is
associated with resistance to androgen deprivation ther-
apy*. CircHIPK3 facilitates the G2/M transition by
modifying the expression of cell division cyclin 25, leading
to cell cycle arrest by regulating miRNA-339-3p[45]. Some
circRNAs interact with RBPs to regulate apoptosis-related
genes. For example, circ0005276 binds to FUS, which up-
regulates the expression of the X-linked inhibitor of apo-
ptosis, promoting tumor growth and survival*®, Likewise,
a study carried out in cell lines predicts three circRNA-
miRNA-mRNA interaction axes that appear to be
involved in PCa: hsa_circ_0024353-hsa-miRNA-940-PDE7B,
hsa_circ_0024353-hsa-miRNA-1253-DMRT?2, and hsa_circ_
0085494-hsa-miR-330-3p-TGFBR3 that might provide novel
insights into the potential mechanisms underlying PCa
development!*”. A study reported that hsa_circ_0005692/
miR-214-3p/RNF8 may be a biomarker to predict PCa from
BPH patients by validating the qPCR products using the
Sanger sequencing method*?!, The therapeutic importance
of circRNA was reported by enhancing the expression of
circFoxo3 that influences the apoptosis and chemosensi-
tivity in both in vitro and in vivo (mice) by prolonging their
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life span[49]. Given their stability in liquid biopsies like
serum, plasma, and saliva, they are believed to be sorted
into exosomes and together termed exo-circRNAs that may
be used as clinical biomarkers. Although the mechanism is
still unexplored, the biomarker potential of circRNAs has
been explored in PCa tissues in several studies. For
instance, circ_0057558, circ_0062019, circ-ITCH, circSOBP,
hsa_circ_0003768 (circPDHX), and circATXN10 expression
analysis was analyzed in PCa tissue and AUC of each cir-
cRNAs were 0.729, 0.828, 0.811, 0.763, 0.64, and 0.801,
respectively. They all had higher sensitivity and specificity,
indicating their potential to differentiate PCa from non-
cancerous paﬁents[50’53]. Comprehending the distinct
functions of circRNAs in modulating miRNAs and mRNAs
associated with cancer pathways can yield significant
mechanistic insights, emphasizing circRNAs as both bio-
markers and crucial contributors to the fundamental pro-
cesses of tumorigenesis and progression in PCa.

5 | CHALLENGES

There were several challenges and limitations in the
studies as proposed by researchers while conducting
experiments. The foremost challenge was missing the
PSA levels of healthy controls due to which AUC of
healthy cohorts was missing. Next is variation in ex-
pression profiling of miRNA in different body fluids like
serum, plasma, and urine of the same individual due to
differences in dynamics of parameters like age response,
and physiological conditions. Also, with urine samples
the fluidity and concentration vary with the hydration
status and kidney pathology. With circRNAs, it is re-
ported that their expression varies in tissue-cell lineage
and their role as circulating noninvasive biomarkers
remains unexplored.

6 | CONCLUSION

Besides the limitations, these panel of miRNAs offer
stability and ease of detection that has provided an
important piece in the puzzle of personalized medi-
cine. Circulating miRNAs are termed “hormomirs”
with noninvasive screening tools potential for early
detection and management of PCa. With a successful
prediction index, the panel of miRNA makes a
promising avenue as diagnostic biomarkers in larger
populations to be used as a clinical test in the near
future. Moreover, integrating the expression profiling
along with the bioinformatic approaches, the dysre-
gulated targeted genes by a panel of miRNA could
open new doors for therapeutics.
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