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Abstract

Since prostate cancer (PC) is the second most malignancy in men, the accurate and 
timely detection is crucial. Presently the gold standard test in prostate cancer detection 
is about Prostate-specific antigen (PSA) screening. Although PSA monitoring correlated 
with reduction of PC mortality, but it is not accurate enough because of high false posi-
tive rate. Detection of circulating biomarkers as a novel approach have significantly ad-
vanced the diagnosis and also prognostic screening of PC. Many discoveries represent 
several types of circulating biomarkers such as circulating tumor cells (CTC), extracellu-
lar vesicles (EV), microparticles (MP), tumor-derived exosomes (TDE), prostasomes, and 
cell-free nucleic acids. In this review, we summarize the latest investigations for nomi-
nating and demonstrating body fluids biomarkers and also review the potential of using 
them for early detection or other clinical managements in the case of prostate cancer.
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Introduction

Based on the World Health Organisation (WHO) reports in 
2020, prostate cancer is the third most common diagnosed 
malignancy. With 1,414,259 cases (7.3% of the total), prostate 
cancer is preceded only by lung and colorectal cancer with 
2,206,771 and 1,148,515 cases respectively (11.4 and 10.0%) 
[1]. 

Prostate cancer is a progressive genetic and epigenetic ab-
normality in a solid organ that accounts for an important mor-
tality factor in Europe and USA [2,3] and is known as the sixth 
cause of cancer-related death among men worldwide [4]. Reg-
ular screenings of the (PSA) through the control of metastasis 
can reduce the mortality rate [2]. Common screening methods 
include digital rectal examination, blood serum PSA test, and 
prostate biopsy, which have limitations and patients receive 
negative results after the prostate biopsy test. Regardless the 
role of PSA, the diagnosis of prostate cancer relies on transrec-

tal or transperineal biopsy. For example; Magnetic resonance 
imaging (MRI) offers increasingly reliable visualization of poten-
tially significant prostate cancers and thus has shown advan-
tages as a means by which to better select patients for biopsy 
and facilitate direct targeting of lesions during biopsy. MRI also 
provides information for staging tumor extent and monitoring 
treatment response [5,6]. In addition, PSA screening for early 
diagnosis of the disease may cause unnecessary and harmful 
treatments despite such an advantage as the prevention of dis-
ease progression [4]. Not only, these limitations cause the in-
herent deficiency of this antigen, but also, they have diverted 
attentions to other new biomarkers in prostate cancer, which 
are found in the body fluids [7]. Novel biomarker-based molecu-
lar tests eliminate these limitations and reduce the number of 
unnecessary biopsies through increasing the specificity in the 
diagnosis. These tests are far better and more efficient for the 
detection of diseases than the PSA test alone [2]. Many bio-
markers have been identified for the detection of this disorder, 
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some of which are in tissues and some are circulating biomark-
ers (Figure 1). Some advantages of circulating biomarkers rela-
tive to tissue ones, which are more highlighted in this article, in-
clude easier and more availability at certain intervals and being 
nonaggressive or with lower aggressiveness [7]. This research 
tries to show about the circulating particles and related nucleic 
acid as new biomarkers in modified clinical prostate cancer di-
agnoses. These particles as Ev count (exosome, prostasome, 
micropariticles, apoptotic particles) and Tumour-derived cell-
free molecules such as (ctDN, protein, ctRNA) are highlighted 
biomarkers in prostate cancers which differ fome the other cir-
culating biomarkers as proteins, lipids, glycoproteins.

Figure 1: Schematic image about different circulating materials 
(Exosome, prostasome, MV, MP, CTC) and related nucleic acid 
(miRNA, DNA, RNA) in prostate cancer.

Extracellular vesicles (EV)

First introduced as “platelet dust” by Wolf, some of extra-
cellular vesicles include micro-particles MP, micro-vesicles, and 
exosomes, which have today received a considerable attention 
for the diagnosis of many diseases. A characteristic of these 
particles is their size, with exosomes having a diameter of <100 
nm whereas those of micro-particles MP and micro-vesicles 
range from 100 to 1000 nm [8]. Exosomes are formed through 
budding into secondary endosomes, but micro-vesicles bud 
and form towards the exterior plasma membrane [9,10]. In a 
plethora of studies, extracellular vesicles EVs have been used 
in the cancer diagnosis. The use of extracellular vesicles EV is a 
low-cost method with minimal aggression to recognize possible 
disease development in a person even prior to the initiation of 
signs and indications. The effect of tumor-derived extracellular 
vesicles EV on the initial formation of niche was demonstrated 
in an in vitro study, and it was also determined that these vesi-
cles were effective in tumoral escape and aggression as well as 
in angiogenesis [8]. It should be noted that some mechanisms 
reduce the sensitivity of immune cells to cancer cells, including 
complement resistance that protects cancer cells against the 
immune system antibodies. This mechanism is done through 
vesicle shedding by the terminal components of the comple-
ment resulted from the plasma membrane. Another similar 
shedding, which reduces the susceptibility of T cell produced by 
the Fas apoptosis, arises from the Fas ligand on the surface of 
cancer cells [11]. There are other mechanisms, including phago-
cytosis, macropinocytosis, and particle confinement internally 

via membrane fusion and externally by contact with surface 
proteins, which stimulate the cells receiving extracellular ves-
icles EV [12]. Most studies have shown that PCA3, ERG, BIRC5, 
TMPRRS2 and TMPRRS2: ERG in urinary EV can differentiate 
between healthy and PCa patients. On the other hand, several 
studies have been designed to identify novel EV miRNAs for PCa 
diagnosis. miR-1246, miR-574 and miR-107 was found signifi-
cantly altered in the serum of PCa patients. A follow-up study, 
including 240 individuals, showed that EV-derived PSA included 
PSA in a panel of 5 proteins (CD63–GLPK5–SPHM–PSA–PAPP) 
able to distinguish between low- and high-grade patients [84]. 

These miRNAs showed a similar behaviour in urinary EVs 
These vesicles have been also examined in PC in terms of differ-
ence; various release mechanisms, effects on cellular relations, 
and specific surface markers (Figure 2). Despite the importance 
of specific surface markers of these vesicles in the detection of 
a disease, some useful populations of micro-vesicles and micro-
particles MP have been disappeared due to limited studies in 
this field, and differences in the isolation protocols have re-
stricted the evaluation and comparison of information [13]. 

Figure 2: Candidate PC biomarkers (protein and nucleic acids) 
identified in EVs. EV, extracellular vesicles; PC, prostate cancer.

MP/MV 

 Microparticles and microvesicles (MP/MV) have common 
characteristics with their parent cells; some characteristics of 
these biological molecules include mRNA, miRNA, surface re-
ceptors, and proteins of internal membranes [14,15]. Although 
there are limited investigations on the specific markers pres-
ent on the surface of these vesicles, studies conducted among 
examined micro-particle MP populations have characterized 
some of diseases in human, such as hepatitis C, arthritis, and 
malaria, based on these micro-particles MP [16,17]. Several 
diseases and specific micro-particle MP populations were ex-
amined in these studies [16-19]. Results revealed that specific 
markers of MP/MV and their levels could be specific to each dis-
ease, and that some markers are common in most of diseases 
[20]. To predict disease characteristics based on MP/MV, a wide 
range of diseases can be evaluated by only a blood test with the 
least invasion, which is performed through standard isolation 
protocols and a surface MP/MV marker. It can, therefore, be 
stated that some disease characteristics are related to specific 
populations of MPs [8]. MVs have biological functions in the 
transfer of gene products, intercellular signaling, and intracel-
lular connections [11], and their immune effects depend on the 
cell surface receptors and ligands [21]. After the conjugation of 
MVs with each other, their contained miRNA enters the target 
cell. In fact, MVs may cause epigenetic changes via genetic data 
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transfer to target cells [22]. In a study by Ratajczak J et al., an 
epigenetic reprogramming was performed from stem/mature 
progenitor hemopoitic cells using micro-vesicles derived from 
murine fetal stem cells [23]. An easy screening method is to use 
the genetic material of MVs for the detection of cancer markers, 
which provides novel diagnostic information [24,25]. Tumoral 
and stromal cells are interconnected through MVs and these re-
sults in the growth, invasion, and spread of the tumor. Genetic 
analyses demonstrated that overexpression of miRNA in micro-
vesicles derived from mesenchymal stem cells has an effect on 
the cellular survival and differentiation as well as the regulation 
of the immune system [11]. Micro-vesicles derived from can-
cer cells transfer specific proteins and RNAs to target cells and 
quantitative and qualitative information in the circulating MVs 
is obtained through proteomic and cytoflourometric analyses. 
For example, high levels of MV that cause the expression of 
CD63 and Caveolin-1 in the plasma of patients with melanoma 
[11], high levels of tissue factor and MUC1 in breast and pan-
creas cancers [26], high levels of PMP in prostate cancer [27], 
high levels of epcam and CD24 in ovary cancer, and high levels 
of EGFRV3 in glioblastoma. All these cases have been evaluated 
as a specific biomarker in the diagnosis of diseases. Micro-ves-
icles containing such genetic material as mRNA and microRNA 
provide an easy diagnostic method for cancer markers, and re-
sults of such studies and access to the molecular information of 
micro-vesicles will help researchers to achieve diagnostics and 
prognostics [11]. 

Diagnostic of MV/MP particles in prostate cancer

MP immunodetection assay is a cheap and fast method 
which easily performed to measure the levels of prostate bio-
markers such as PSA in patients with prostate cancer and other 
urologic problems [28]. On the other side, Sanchez and his col-
leagues investigated that 2.36 × 106 EVs released from about 
105 prostate cancer cells with an average of 1.4 EVs per cell per 
minute [29]. The large number of these diverse secreted EVs and 
the appropriate methods of examining them have made them 
valuable for diagnostic studies in cancers.Proteomics analysis 
showed that 16% of 266 PC-3 cell-released microvesicles’ pro-
teins were classified as extracellular proteins that are promising 
biomarkers for prostate cancer and clinical validation studies in 
biological fluids [30]. Also, urinary MVs as a potential platform 
of non-invasive diagnostic biomarker differentiate patients with 
prostate cancer with 81% overall accuracy [31]. Distinguish-
ing subpopulations of prostate extracellular vesicles in patient 
plasma, investigators used nanoscale flow cytometry. The re-
sults demonstrated that prostate derived EVs are primarily of 
cell membrane origin, MV/MP, and CD9 was the most abun-
dant marker on them (12-19%) [32]. MVs can also play several 
roles in the progression of cancer due to their cargo. Prostate 
cancer-derived MVs express matrix metalloproteinases (MMP9 
and MMP14) through stimulation of ERK1/2 phosphorylation in 
metastatic stages [33]. In the study of khorram and et al; was 
shown the relation between prostate microparticles (PMPs) in 
prostate cancer patients and also their relationship in prostate 
cancer metastasis stage [82] (Figure 3).

Figure 3: Relation about the Prostate Microparticles (PMPs) and 
prostate cancer patients with Gleason Score≥8 disease and with 
metastatic disease. A-C. PSMA+ve microparticles, also known as 
PMPs, are signifcantly higher in patients with treatment naive 
metastatic prostate cancer (PCa) and castration resistant prostate 
cancer (CRPC) compared to patients with localized PCa (blue high-
lights, E-F)

Exosomes 

Another liquid biopsy biomarker is tumor-derived exosomes 
(TDE) which can provide significant advantages for various ther-
apeutic and diagnostic approaches. Exosomes are a type of ex-
tracellular vesicle with a diameter in the range of 30–150 nm, 
secreted by most cell types of the body including cancer cells 
[43]. Since exosomes are permanently found in large amounts 
in all types of extracellular fluids such as urine, saliva, cerebro-
spinal fluid, and blood; they are a good option for cancer diag-
nosis. Exosomes are released by the exocytosis of multivesicular 
bodies (MVBs) which are produced by a process of endosomal 
membranes inward budding [44]. Like CTCs, exosomes are iden-
tified by their surface markers (e.g., tetraspanin CD63, CD81, 
CD82, CD53 and CD37, heat shock proteins, lysosomal proteins, 
flotillin, Annexin) and they are able to transfer a broad collec-
tion of cargo such as DNAs, RNA, proteins and lipids. Particu-
larly, recent studies suggest that TDE are important enhancers 
of prostate cells survival, proliferation, invasion, and angiogen-
esis through their cargo [45,46]. The presence of some pros-
tate cancer related proteins and mRNA such as Prostate Specific 
Membrane Antigen (PSMA), Prostate Stem Cell Antigen (PSCA), 
and Prostate Cancer Antigen-3 (PCA-3) mRNA were reported in 
PC-derived exosomes and absolutely could be informative[47]. 
Interestingly, Webber JP et al. demonstrate that prostate can-
cer cells derived exosomes can present transforming growth 
factor-β (TGF-β) to fibroblasts and as a result these cells trans-
form to Carcinoma-associated fibroblasts (CAFs) (Figure 4) [48].
Several types of RNA including non-coding RNAs are carried by 
the exosomal compartments. TDE-delivered microRNAs (miR-
NAs) level can be correlated with the degree and stage of can-
cer progression. For example, exosomal miR-143 can inhibit 
prostate cancer progression [49], and the level of miR-141 is el-
evated in serum samples of patients with prostate cancer [50]. 
Another study precisely introduced a panel of several plasma 
samples’ miRNAs from 82 PC patients. According to the results 
of this study, the combination of miR-20a, -21, -145, and -221 
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can potentially characterize PC patients with low risk of ag-
gressiveness from those with high risk [51]. In addition, urine-
derived exosomes could be use as diagnostic biomarkers for 
prostate cancer. Remarkably, the significantly higher expression 
of PSA and PCA3 mRNA in PSMA-positive exosomes of patients 
with PC, was reported by Ping Li et al [52]. Moreover, these RNA-
based contents may play a role as biomarkers for PC. In most 
studies there is no discrimination between free circulating miR-
NAs and miRNAs in EVs. Recent studies have suggested some 
panels of EVs-associated miRNAs in blood of PC patients. Bry-
ant et al. have found that miR-141 and miR-375 were expressed 
significantly higher in the plasma-derived exosomes of prostate 
cancer patients compared with controls [53]. In the other study, 
the levels of miR-151a-5p, miR-204-5p, miR-222-3p, miR-23b-
3p and miR-331-3p in exosome enriched cell-free urine samples 
from PC individuals evaluated in combination with the serum 
PSA test. This novel multimarker model could potentially be 
used for prediction of PC recurrence after prostatectomy [54].

Figure 4: The western blotting image about purification of exo-
somes from the conditioned media of prostate cancer cell lines by 
sequential centrifugation. 

Prostasomes

In addition to exosomes, there are other small membrane-
coated particles that are commonly found in semen, which se-
creted by prostate epithelial cells into the lumen of the pros-
tatic ductal system. More than 30 years ago, Ronquist and his 
colleagues identified these nanosized objects and named them 
prostasome [55]. Although prostasomes and exosomes are 
formed and released in the following of MVE fusion with the 
plasma membrane of the cell, they differ in size and appearance 
[56]. Prostasomes are heterogeneous as regards size and the 
diameter of them is between 50 nm and 0.5 µm. Many stud-
ies have shown that prostasomes are present in the plasma, 
semen, and urine of PC patients (Figure 5) [57,58]. Normally, 
prostasomes seem to play a critical role in the process of repro-
duction by affecting on sperm motility and capacitation. In ad-
dition, they seem to be involved in postponement of acrosomal 
reaction unti l the sperm reach the egg, as well as sperm pro- unti l the sperm reach the egg, as well as sperm pro-until the sperm reach the egg, as well as sperm pro-
tection from female’s immunological attacks. The interaction 
of prostasomes with the local female immune system includ-
ing immunomodulatory skills exerted by prostasomal small RNA 
biotype. prostasomes may be a candidate antigen for Antisperm 
Antibodies (ASA) and we raised polyclonal chicken antibodies 
against purified seminal prostasomes. Prostasomes could also 
present antibacterial effects and antioxidant capacities. It was 
demonstrated that prostasomes indeed reduced ROS produc-

tion by sperm preparations containing polymorphonuclear 
neutrophils. Prostasomes can well serve as a reservoir of this 
precursor of the antibiotic peptide LL-37. So, prostasomes may 
exert antibacterial activities by more than one route [59]. On 
the other side, investigators suggested that prostasomes also 
involved in prostate cancer initiation and progression through 
their physiological features. Indeed, besides normal prostate 
cells, prostasomes are released from neoplastic and metastasis 
prostate cancer cells [60]. Like other EVs, prostasomes are con-
tained cancer related cargo, including oncoproteins, oncomiR, 
and mutant transcripts. Therefore, they can be a feasible bio-
marker for PC [57-61]. Interestingly, Kato T, et al. showed that 
prostasome levels in the blood of PC patients were higher than 
healthy individuals [62], and it has also been suggested that 
prostasomes concentration correlates with disease severity 
[57]. For instance, Phosphatase and tensin homolog (PTEN) as a 
tumor suppressor protein and Survivin as an antiapoptotic fac-
tor were significantly higher in prostasomes isolated from blood 
of PC patients in comparison with healthy subjects [63,64]. It 
seems that prostasomes isolated from urine are more numer-
ous than blood and they present hundreds of proteins like 
PMSA, PSA, prostatic acid phosphatase, and prostate transglu-
taminase [65]. Another interesting point is that prostasomes 
have shown epigenetic effects by reserving and transferring 
mRNA and non-coding RNAs.

Figure 5: Images about of using Cav-1 and MAL-GFP are released in 
prostasomes in PC-3 cells. (A) Whole-mount immunoelectron mi-
croscopy of prostasomes isolated from PC-3 cell with anti-CD59 or 
anti-CD63 mAbs. Bars, 0.2 µm. (B) PC-3 cell-derived prostasomes 
were analyzed by western blotting using antibodies to CD59 or 
CD63. (C) Western blotting image supernatant of PC-3 cells stably 
expressing BENE-myc or MAL- GFP (D) Prostasomes isolated from 
PC-3 MAL-GFP cell culture supernatants were subjected to whole-
mount immunoelectron microscopy (E) Prostasomes from PC-3 
cells stably expressing BENE-myc were isolated.

Circulating tumor cells as prostate circulating biomarker 

CTCs are rare tumor cells which separated from primary tu-
mor cells and shed into the peripheral blood of patients with 
a variety of metastatic malignancies, including prostate cancer 
[34]. The frequency of them estimated to 1 CTC in 106–9 blood 
cells [35], thus because of this rarity, the clinical use of CTCs 
is limited. CTCs provide a qualified biomarker with valuable 
real-time information which can use for early cancer detec-
tion, prognosis, response indication, and treatment effective-
ness. In the most of the existing technologies, isolated cells are 
detected accurately by various methods such as immunostain-
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ing, visual microscopy, biomechanical discrimination and poly-
merase chain reaction (PCR) [36]. Today, a variety of success-
ful devices and technologies have been developed to harness 
the potential of CTCs based on molecular properties of them, 
like Cell search device that uses magnetic beads labeled with 
epithelial cell–adhesion molecule (EpCAM) antibodies to iso-
late tumor cells [37]. Accordingly, generic labels can be used 
for detection these cells include groups such as epithelial cell–
specific antigens (CK8, CK18, or CK19), epithelial cell–adhesion 
molecule (EpCAM) or organ-specific antigens (prostate-specific 
antigen [PSA], prostate-specific membrane antigen [PSMA]), 
carcinoembryonic antigen, and human epidermal growth fac-
tor receptor [38]. The association of CTC count and survival in 
patients with metastatic prostate cancer has been shown in 
several studies. CTCs were present in 21% of patients with lo-
calized prostate cancer [39] . The number of CTCs in metastatic 
PC was significantly elevated in comparison to non-metastatic. 
Also, existence of bone and visceral lesions demonstrated the 
highest significant median CTC count, whereas individuals with 
soft tissue metastatic PC, displayed CTC counts approximately 
equal to the control group [40]. Choi et al. also reported that 
EpCAM+ CTCs was significantly higher in patients with prostate 
cancer than in healthy volunteers [40]. Additionally, the number 
of CTCs in patients with metastatic castration-resistant prostate 
cancer, Increased during the first 12 weeks of treatment. More-
over, this investigation reported that in patients treated with 
abiraterone + prednisone, corticosteroids alone, and chemo-
therapy, CTCs declined 30% in association with longer overall 
survival [41]. Since, CTCs can be used in association with other 
procedures as metastatic cancer biomarker; Okegawa et al. ex-
amined the surface EGFR expression levels in the prognostic 
and therapeutic value of CTCs before docetaxel chemotherapy. 
The results showed that 40.5% of prostate cancer patients were 
positive for EGFR in CTCs and had a shorter overall survival than 
patients with EGFR-negative CTCs [42].

Figure 6: Circulating tumor cell in prostate cancer: Precision diag-
nosis and therapy (Liu et al: Prostate Cancer).

mRNA markers (Refs.)

PSA (72,73)

PSMA (72)

PCA3 (75)

PSCA (69)

AR (74)

AR-V7 (76)

TMPRSS2-ERG (63,75)

KLK2 (69)

KLK3 (69,75)

Table 1: Specific mRNA markers for detection of prostate can-
cer circulating tumor cells.

Circulating cell-free DNA (cfDNA) or RNA (cfRNA) in PC

cfDNA shows as DNA parts released in blood by typical and 
tumor cells. Strikingly, DNA discharged by tumor cells represents 
to a little division of cfDNA, called ctDNA, which appears a littler 
estimate than cfDNA discharged by typical cells. From a prog-
nostic point of see, ctDNA concentration in blood seem possibly 
be complementary to PSA tests or supplant it. Tall ctDNA con-
centration, without a doubt, relates with destitute PCa outcom 
[66,67]. The advanced arrange PCa patients have a better ctDNA 
concentration compared to those with localized malady or solid 
controls. In this think about, ctDNA was quantifiedwith a Qubit 
3.0 fluorometer and a DNA dsDNAHS Measure Unit [68]  

 

According to cfDNA level modification as a clinical biomarker 
in PCa patients, Cell free DNA concentration was relatively high-
er in PC patients in comparison to persons with benign pros-
tatic hyperplasia (Table 2) [80]. Investigations suggested that 
the levels of total cell free DNA in the plasma of metastatic PC 
patients with higher cell free DNA level had worse outcomes on 
hormonal therapy [81]. ctDNA examination could represent a 
substantial cost-effective elective to tissue biomarkers exami-
nation progressed organize PCa. Interests, this approach may 
well be valuable to recognize prescient biomarkers that can be 
assist surveyed in future clinical trials [69,70]. Similarly to DNA 
fragments, tumor cells shade RNA-derived fragments in blood, 
known as circulating tumor RNA (ctRNA), ctRNA- messenger 
RNA (mRNA), microRNA(miRNA) and long non-coding RNA, may 
similarly represent a fascinating biosource for molecular analy-
sis [71]. In particular, the miRNAs expression profiling analysis 
is increasing to perform diagnosis, staging, progression, prog-
nosis and treatment response [72,73]. miRNA can be extracted 
from ribonucleoprotein complexes or EV.The importance of re-
search on extracellular biomarkers, as an important marker in 
cancer detection and progression in cancerous patients, can be 
realized by the fact that these genetic material in the forms of 
mRNA and miRNA were in the vesicles. MiRNAs are small non-
coding RNA molecules that contain 19-25 nucleotides and are 
involved in the regulation of gene expression. Diverse miRNAs 
are expressed in different cancers and examining the charac-
teristics of these miRNAs is associated with the formation, de-
velopment, and response of the tumor to treatments. Some 
examples are presented in the following:

In patients with gastric cancer, breast cancer, and glioblas-
toma, cancer-specific mRNA was identified and expressed in 
extracellular vesicles [71-73]. miRNA can also be released from 
the cells and participate in the cycle, or be captured by other 
cells. A stable miRNA in the cycle is the one that attaches to 
RNA-binding proteins or dense lipoproteins, or is encapsulated 
into extracellular vesicles [67]. Other than miRNAs, components 
associated with extracellular vesicles, such as proteins and long, 
non-coding RNAs (lncRNAs), may be a potential biomarker [67]. 
LncRNAs are non-coding transcripts in human genome being 
involved in the pathogenesis of different diseases, which are 
expressed in a variety of human cancers. Most of lncRNAs are 
used as a diagnostic and indicator factor for the detection of 
diseases and cancers. For instance, exosomal lincRNA-p21 lev-
els was higher in the patients with PC, thus its exosomal level 
can help to improve the diagnostic prediction of the prostate 
malignant state [74]. These studies help us to obtain informa-
tion about molecular compositions of micro-vesicles and con-
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Table 2: Association between increase in cfDNA concentration (5 ng/mL) or in cfDNA fragment size (5 bp) and prostate cancer status.

sequently to develop diagnostic modalities [11]. To illustrate, 
PCA3, GOLPH2, and SPINK1 transcript have been detected in 
the urine of PC [75,76]. In the study conducted by Donovan, 
the co-expression of EGR and PCA3 was identified as a possible 
biomarker [77]. 

DNA and RNA abnormalities in blood could be used to bet-
ter detection of PC, in fact, in the patients with prostate cancer, 
tumor DNA and RNA shed into the bloodstream [78,79]. 

Crude Adjusted

cfDNA measure Prostate cancer status Variable Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Localized vs healthy dDNA concentration 1.10 (0.82-1.61) 0.64 1.05 (0.77- 1.69)* 0.72

Age - - 1.54 (1.10- 2.10) 0.01

mCRPC dDNA concentration 1.93 (1.34-3.18) 00025 1.69 (1.16- 2.93)* 0.034

dDNA concentration (5 ng/mL.) vs healthy Age - - 2.39 (1.69- 3.43) 1E-06

dDNA concentration 1.47 (1.22-2.01) 00017 1.34 (1.05- 1.76) 0.027

mCRPC vs localized Age - - 1.76 (1.28- 2.60) 0.002

PSA - - 1.54 (1.22- 2.01) 0.0008

dDNA fragment size (5 bp) Localized vs healthy dDNA Fragment size 0.86 (0.73-0.9) 0.003 0.77 (0.66- 0.90)* 0.0008

Age - - 1.61 (1.22- 2.10) 0.001

Conclusion 

Prostate cancer diagnosis through biomarkers is still con-
troversial, because of the accurate biomarkers panel absence. 
PSA was introduce as a strong PC biomarker more than two de-
cades’ ego, but nowadays it has been made clear that the use of 
PSA as a biomarker has not been able to reduce mortality from 
prostate cancer.

Other new biomarkers have introduced after identifying and 
introducing blood based biomarkers. Using high throughput 
molecular screening of CTCs, MVs, MPs, EVs, TDEs, and prosta-
somes might lead to find the combination of specific biomarkers 
that can accurately diagnose PC and other malignancies. These 
liquid biopsy biomarkers show the potential to gain compre-
hensive information on PCa genetic landscape, and give infor-
mation about the metastatic sites. Liquid biopsy for detection 
these particles could guide therapeutic decisions and acceler-
ate the development of precision medicine in PCa. Despite the 
assurance of these powerful tests with high throughput, there 
is still no routine use of these particles for cancer in the early 
stages, and their widespread use has been limited due to the 
high cost and lack of skills of trained people. As a result, it is sug-
gested to study more researches in the field of standardization 
and design of less expensive methods. Although also, several 
progresses have been placed into investigating novel diagnostic 
and prognostic biomarkers for PCa, considering the inability of 
current biomarkers to predict disease aggressiveness, new ef-
forts are needed to paint the intriguing PCa picture.
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