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Abstract - Prostate cancer (PC) is the leading cause of death by cancer in men. Because of the drastic decline in the survival
rate of PC patients with advanced/metastatic disease, early diagnosis of the disease and therapy without toxic side effects is
crucial. Chemotherapy is widely used to control the progression of PC at the later stages; however, it is associated with off-
target toxicities and severe adverse effects due to the lack of specificity. Delivery of therapeutic or diagnostic agents by using
targeted nanoparticles is a promising strategy to enhance the accuracy and sensitivity of PC diagnosis and increase the
efficacy and specificity of therapeutic agents. In past decades, numerous efforts have been made to create nanoparticles with
different architectural bases for specific delivery payloads to prostate tumors. Major PC-associated cell membrane protein
markers identified as targets for such purposes include folate receptors, sigma receptors, transferrin receptors, gastrin-
releasing peptide receptors, urokinase plasminogen activator receptors, and prostate-specific membrane antigens. Among
these markers, prostate-specific membrane antigen has emerged as an extremely specific and sensitive targetable marker for
designing targeted nanoparticle-based delivery systems for PC. This article reviews contemporary advances in the design,
specificity, and efficacy of nanoparticles functionalized against PC. Whenever feasible, both diagnostic as well as therapeutic
applications are discussed.

Keywords - Gastrin-releasing peptide receptors, Nanoparticles, Prostate cancer, Prostate-specific membrane antigens,
Urokinase plasminogen activator receptor.

1. Introduction

In emerging and underdeveloped nations, PC is among
the leading causes of illness and mortality.[1] Non-skin
cancer is the most common cancer in men, accounting for the
second-highest death number compared to the other
malignancies.[2] Depending on the severity of the
malignancy, it could be localized or progressed.[3] PC can
spread to the bones through the lymphatic system.[4]
Radiations, chemical risks, environmental
pollutants, genetics and age all appear to play a role in
prostate cancer pathogenesis, although the
specific mechanism remains unknown.[5] Androgens have a
role in prostate development and its activities, although they
can even now contribute to carcinogenesis at this time.[6]
Similarly, hyperinsulinemia associated with obesity and
insulin resistance has been shown to increase the risk of
prostate cancer.[7] Various treatment procedures are used to
lower the prostate cancer risk mentioned above, and no
therapy is necessary forcancer of the benign
stage.[8]Surgery can also be used to remove the lymph
nodes, prostate glands and related issues when it comes to
metastatic invasion.[9] Prostate cancer is also commonly
treated with radiation therapy. [10]Radiation therapy for

prostate cancer can be delivered in 2 ways: brachytherapy
(internal radiation) and external radiation.[11] Tiny
radioactive seeds are implanted within the body to provide a
highly minimal optimized dosage of radiation for a relatively
long time by an ultrasound-guided needle under the
supervision of a physician. [12, 13]Postmenopausal hormone
therapy [14] is among the most effective treatments for
prostate cancer. Hormone treatment is used to reduce
testosterone production. [15]The sluggish growth of cancer
cells is linked to a reduction in testosterone levels. [16]To
prevent testicles from generating testosterone, lutropin-
releasing agonists (triptorelin, goserelin, leuprolide) are
preferred. [17] In order to prevent testosterone from
approaching malignant  cells,  anti-androgenic  drugs
(flutamide, bicalutamide) are required. [18]Orchiectomy
could be used to remove testicles and lower testosterone
levels in difficult situations. [19] Prostate tissue freezing is
also used to kill cancer cells. [20] Chemotherapy using
chemotherapeutic drugs such as paclitaxel and docetaxel to
destroy killer and extremely invasive cancer cells can be
recommended if menopausal hormone therapy does not
work. [21] Unfortunately, bone mass loss, obesity, libido and
erectile dysfunction are all envisioned in these therapeutic
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approaches. [22] Staging, biopsy, prostate-specific antigen
(PSA) testing, magnetic resonance imaging (MRI) and
physical examination are some of the prostate cancer
diagnosis tools that have been established. [23] The massive
occurrence of gaps associated with prostate cancer's
heterogeneous Nature, non-specificity, over-treatment, over-
diagnosis and over-testing make prostate cancer diagnosis
difficult.[24]

2. Etiology of Viral Prostate Cancer
2.1. Human Papilloma Virus (HPV)

The established etiologic factor for cancers of the anus,
penis, vagina, vulva, uterus and cervix is HPV infection.[25]
For its given anatomic closeness to urinary and anogenital
sites, the prostate has been broadly investigated for infection
of HPV. Literature studies reported, mainly in populations of
the West, have varied noticeably in terms of study design and
methodology.  Consequently,  conclusions are  not
homogenous, with only a few studies showing statistically
essential differences in infection of HPV between patients of
prostate cancer and controls. [26] Recently, studies from
populations of Asian and Mediterranean suggested a link
between prostate cancer and HPV, particularly high-risk sub-
types 16 and 18. [27-30] Association strength alters with
geography distribution [31-34]. Moreover, studies have
found important positive PCa associations with sexually
transmitted diseases and sexual activities, [35-37] including
HPV, suggesting further that an infectious etiology may be
involved in prostate carcinogenesis. HPV warrants an
accurate inquiry, especially to reconcile the diversity in the
results reported inside the same populations. [38-41]

2.2. Herpes Viruses

Herpes viruses are perhaps transmitted through
nonsexual and sexual routes and are more common in a few
populations.[42] Herpes viruses, like HHV-8 and EBV, are
associated with human malignancies.[43] Infections like
EBV, HHV-8, HSV-2, HSV-1, and CMV are investigated in
prostate cancer.[26] A new study in Tobagomen, one of the
places where mortality rates and incidence are higher due to
PCa, found that HHV-8 create a latent prostate infection
related to macrophage inflammation and infiltration.[44]
However, a meta-analysis to explore the association between
infections caused by several sexually transmitted pathogens,
including CMV, HHV-8, HSV-2 and HSV-1, disclosed no
significant association with increased PCa risk.[45]

2.3. Burger King Virus (BKV)

Polyomavirus BKV is commonly acquired in childhood,
and the latency period is long, with the urinary tract as the
primary site of latency and possibly oncogenic potential as in
animal models demonstration. On paper, it is an alluring
aspirant for prostate cancer viral etiology and has been
identified in prostate cancer.[26] In a new study from Iran,
some of the highest rates of BKV infection were announced,
with 28% in prostate cancer, primarily in low Gleason scores
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patients, and 15% in benign prostatic hyperplasia
samples.[46] Further research is required to determine how
BK can exert oncogenic activity over the clinical course of
the disease, especially in the initial stages of the development
of prostate cancer.[47]

2.4. Xenotropic Murine Leukaemia Virus-Related Virus
(XMRV)

Since its discovery in 2006, the role of the gamma
retrovirus XMRV in prostate cancer has been highly argued.
XMRYV has been identified in prostate cancer, but high false
positive rates in most published studies due to contamination
of samples and laboratory reagents have brought its role as a
human pathogen in prostate carcinogenesis into question.
[26, 48] New studies have not found any conclusive biologic
evidence of XMRV infection in prostate cancer in different
populations. [49-53] Work in human cell lines has also
exhibited that XMRYV is not a human pathogen,[54] though it
infects PCa cell lines preferentially.[55] We need to conduct
further studies to know whether XMRYV is clinically
associated with prostate cancer onset or progression.

3. Conventional Approaches for the Treatment

of Prostate Cancer
3.1. Chemotherapy

Despite the fact that surgery and radiotherapy give
excellent disease control in the initial phases of prostate
cancer, the clinically localized high-risk disease is linked to a
high risk of recurrence following initial local therapy.[56] A
number of studies have looked into the benefits of
neoadjuvant and adjuvant chemotherapy for patients with
early-stage cancer. In subjects with elevated localized
prostate cancer (RTOG-9902), phase Il research compared
ADT plus radiotherapy to ADT plus radiotherapy with
adjuvant combined chemotherapy(warfarin,
paclitaxel, etoposide and estramustine) and found no clinical
advantage for adjuvant chemotherapy.[57] Due to the highly
toxic Nature of combination chemotherapy, particularly the
estramustine component, the trial was prematurely
terminated. In subjects with elevated localized prostate
cancer, the SWOG S9921 phase Il research found no
difference in survival between ADT with prednisone plus
mitoxantrone and ADT alone.[58] Other research of adjuvant
docetaxel in elevated-risk PCa patients showed no
statistically important developmentin PFS for the overall
patient group, although the findings revealed a possible
advantage for individuals with greater-risk pathology and
American-African heritage.[59] Docetaxel has been shown to
be highly tolerated when combination with radical
prostatectomy,[60, 61] complete androgen blockade,[62] plus
radiotherapy [63] in former phase Il research. These findings
imply that early treatment in patients with clinically
confined, elevated-risk PCa may have therapeutic benefits;
however, more research and extended follow-up must
demonstrate an OS advantage. Improving outcomes among
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subjects with elevated localized PCaremains a major
therapeutic aim, and combining chemotherapies and other
novel treatments with existing, well-established early-stage
regimens (such as radiotherapy and ADT) is a promising
approach.

3.2. Neoadjuvant Therapy

ADT is among the first cancer-specific targeted
treatments (Figure 1). Two decades of trials have shown that
neoadjuvant ADT, either alone orin combination with
chemotherapy, may cause detectable variations in disease
burden at the surgery time. A higher rate of organ-confined
disease, a lower rate of extracapsular expansion, and a lower
rate of positive surgical margins was among the end goals.
However, these varied between trials. Decreased lymph node
activity, PSA responses and testosterone levels were among
the systemic endpoints influenced. Unfortunately, these
studies increased local control rates could not convert into
enhanced OS; granted, the bulk of these investigations was
insufficient to identify statistically essential changes in
biochemical relapse-free survival.

3.3. Radical Prostatectomy
The pelvic nodes, seminal vesicles (SVs) and prostate
gland must be completely removed during RP. The
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operation's objectives are to entirely remove cancer, maintain
urine continence, and bring back erectile function (EF) to the
maximum extent possible, in that order. Patients in good
general health with an 8-year life expectancy who have
cancer that can be safely resected with a realistic likelihood
of advantage through good local control or long-term cure
are candidates for RP. As a result, RP can be used at any
stage of clinically localized PCa (till Stage cT3aNOMO0). An
open radical perineal or radical retropubic approach, as well
as an extraperitoneal or transperitoneal laparoscopic radical
approach (LRP), whether robotic-assisted (RALP) or
freehand, can be used to perform the procedure. The perineal
cut is linked to fewer analgesics and quick recovery [64].
However, retropubic RP has several advantages: urologists
are  more familiar with the anatomy, pelvic
lymphadenectomy for staging reasons is simple to
perform, very few rectal injuries occur, and the vast exposure
allows for great flexibility in tailoring the surgery towards
each person's anatomy. It allows for more consistent
neurovascular bundle preservation and a reduced positivity
of surgical margins rate. The potential benefits and
drawbacks of radical prostatectomy are mentioned in (Table
1).
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Fig. 1 Summary of action mechanisms for the treatment of prostate cancer
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Table 1. Benefits and drawbacks of radical prostatectomy

Benefits

Drawbacks

Long-term control of cancer is excellent.

Excessive therapy for many malignancies that are currently
detected but are low-risk.

Using modern surgical procedures, perioperative morbidity
is usually transitory and minimal.

It is a technically difficult technique.

Accurate prognosis prediction based on pathologic cancer
characteristics.

Death and perioperative complications are a possibility.
Morbidity is delayed because of the visible incision (inguinal
hernia) and time away from routine activities due to
hospitalization.

Recurrences are easy to spot (using PSA testing) and locally
treated (with radiotherapy).

Hospitalization, time away from usual activities, inguinal
hernia (delayed morbidity), Visible incision.

Dissection of lymph nodes in the pelvis through the same
incision.

There is a chance you will have an incomplete excision
with positive surgical margins.

Impotence and incontinence are two major issues that can be
treated.

Quality-of-life effects, retraction of penile, dry
ejaculation, dysfunction of erectile and incontinence (long-
term) are all possible side effects.

4. Nanoparticles Used in the Prostate Cancer

Treatment
4.1. Liposomes

Thangapazhem et al. created new nanoparticles for
delivering curcumin to PCa by putting these molecules
within liposomes covered with prostate-specific membrane
antigen (PSMA) specific antibodies. Curcumin liposome
treatment of human prostate cancer cell lines resulted in
substantial suppression of cell proliferation without affecting
cell survival, as illustrated in (Figure 2).[65, 66]

4.2. Quantum dots (QDs)

Due to the electron energy band's quantum-restricting
effect, QDs are nanoscale semiconducting structures with
stronger fluorescence emission levels than typical organic
fluorophores. [68, 69] QDs feature a porous structure with
a large surface area, a lower electrochemical activity
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Fig. 2 Resveratrol and curcumin are co-encapsulated in liposomes
for prostate cancer administration. Reproduced from [67] with
permission from DeGruyter, 2017
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(Greater analytical signal), a flexible structure, and a high
chemical and electrical function, among other
characteristics. [70, 71] QDs with these unique properties
can be used to develop electrochemical biosensors. [72,
73] Ehzari et al. described an enzyme-free sandwiched
immuno-sensor (Fe304@TMU-10 magnetic structure and
cadmium-nickel quantum  dots) for PSA  biomarker
identification. The second antibody is interlinked to
a cadmium-nickel quantum dot like a non-enzymatic
electro-active probe. The developed immuno-sensor
demonstrated a constant range of 1 pg/mL to 100,000
pg/mL and a detection limit of 0.45 pg/mL, with adequate
reliability, specificity and repeatability (Figure 3).[74]

4.3. Carbon Nanotubes (CNTSs)

CNTs are hollow, cylindrical molecules with one or
numerous walls and just a diameter of a nanometer.[75]
They are made of carbons connected to the hexagonal
structure and have a nanometer diameter. CNTs have been
employed in human tissue and serum samples for
electrochemical identification of PSA (prostate-specific
antigen) biomarkers and have proven to be a new style of
superconductor nanoparticles. [76, 77] Prostate cancer
antigen 3 (PCA3) was discovered to be a considerably
more accurate biomarker for PCa. Soares et al. developed
the first impedance and electrochemically-
established nanosensors capable of detecting PCA3 at low
concentration levels like 0.128 nmol/L. Nanosensors were
created using a PCA3-complementary ssDNA (single-
stranded DNA) probe that was LbL (layer-by-layer)
immobilized on carbon nanotubes (MWCNT) and
chitosan (CHT) film (Figure 4).[78]
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Fig. 3 PSA detection using an immunosensor which is enzyme-
free, based on cadmium-nickel quantum dots and magnetic system
of Fe304@ TMU-10 MOF. Reproduced from [74] with permission from
Elsevier, 2020
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Fig. 4 For the detection of PCA3 (PC antigen 3), a biosensor
manufacturing nano-platform strategy based on carbon
nanotubes (MWCNT) has been developed. Reproduced from [78] with
permission from the American Chemical Society, 2019.

4.4. Nanoemulsion

Different groups have developed a new technique for co-
encapsulating herceptin and paclitaxel to produce a therapy
for advanced prostate cancer. [79-81] Herceptin targets these
cells because of the over-expression of HER2 receptors in
some prostate cancer cells, herceptin targets these cells. Oil
droplets in a nanoemulsion containing herceptin molecules
linked to the surface can target HER2 cells, which are over-
expressing, according to a study.[82] Formulation containing
paclitaxel palmitate (active) and trastuzumab was tested on
transgenic mice (comprising induced PCa)and prostate
cancer cells.[83] During the research, no allergic reactions
were detected, and the findings were superior to other
published pharmacological therapies in reducing PCa cell
growth.[84]
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4.5. Polymeric nanoparticles with block copolymers

Sanna et al. designed and tested biodegradable,
docetaxel-loaded block copolymers (PLA-PCL (poly
(lactide-co-caprolactone)) and PLGAPCL (poly (lactide-co-
caprolactone-co-glycolide)).  The PLGA-PCL-Dtx  NPs
antiproliferative activity was higher in PCs cells than in the
free drug in cell line research. Sawicki et al. looked into
using polymeric nanoparticles for targeting cells  with
a diphtheria toxin gene (DT-A) produced from a promoter
specific to the prostate. Injection of the DT-A gene study
resulted in a significant reduction in the growth of the
prostate tumour and gland, whereas direct injection had no or
little effect. To target the PSMA, a carrier of drug delivery
for biocompatible aptamers and polymeric nanoparticles was
developed by Farokhzad and Langer. [85, 86-88] In vivo and
in vitro investigations were used to examine these
biocompatible polymeric NP's potential for Dtx uptake and
selective  administration by  prostate cancer cells. As
demonstrated in (Figure 5),[89] more intricate and complex
Nanoparticle systems are necessary to target prostate cancer
and numerous cancer disorders that incorporate diagnostic
and therapeutic agents.
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Fig. 5 Docetaxel-loaded polymeric PLA-PCL and PLGA-
PCL nanoparticles which are biodegradable for PCa treatment.
Reproduced from [67] with permission from DeGruyter, 2017.

4.6. Gold Nanoparticles (AuNPS)

In medical applications such as diagnostic imaging,
medication delivery, phototherapy and radiation, AUNPs
have been shown to be highly versatile. [90, 91] The
development of gold NPs as nano-biosensors has aided
surface chemistry and nano-chemistry advances. [92] The
increased retention effect (EPR) and permeability of
AUNPs coated using particular polymers
(hydrophilic) results in good in vivo circulation and strong
tumour aggregation.[93]Lue et al. coupled prostate
cancer targeting antigen (PSMA-1) to AuNPs for
enhanced X-ray irradiation and found that the targeting
ligand boosted absorption of gold by PC3 pip cells
expressing PSMA when compared with PC3 flu cells
lacking PSMA receptors (Figure 6).[94]
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Fig. 6 PSMA-targeted gold nanoparticles of varying sizes are used in a
scheme to target PC radiation. Reproduced from [94] with permission
from the Royal Society of Chemistry, 2019.

4.7. Niosomes

Niosome is a cholesterol-based non-ionic bilayer
surfactant system. On PCa cells, Akbarzadeh et al. employed
anticancer medications and developed niosomes loaded with
doxycycline asa carrier system. In vivo and in vitro
studies on prostate cancer cells (PC3) revealed improved
chemotherapeutic effects while normal cell
lines biocompatibility increased.[95] After treating PC3 cells
using niosomal formulation, the rising anticancer impact was
linked to cell cycle genes.[96] These carriers can be used as
an effective delivery mechanism for PCa treatment. MTT
test, flow cytometry and gene expression were used to assess
the anticancer activity of niosomes on PCa cell lines (PC3).
[96]

4.8. Magnetic Nanoparticles (MNPs)

MNPs have been widely used due to their unique traits,
such as biocompatibility, stability, physical characteristics,
magnetic susceptibility and ease of processing.[97, 98]
MNPs are usedto identify and purify various molecular
constituents, such asnucleic acids or proteins, before
diagnosis.[99,100] This advancement was suggested for
identifying numerous prostate cancer indicators in
the bloodstream and urine.[101, 102]For detecting urine
PCA3 (PCa gene-specific), Yamkamon et al. created
magnetic nanoparticles Fe304 mixed with the streptavidin-
horseradish peroxidase using a PCR technique. This
approach was 1000-fold better efficiency than standard RT-
PCR for detecting PCA3 at concentrations of femtogram.
PCA3 expression evaluated by the developed nano-platform
in PCa patients was significantly higher than in individuals
having healthy controls and BPH (Figure. 7).[103]

5. Nonspecific NPs for PC Therapy

Numerous biological barriers have been discovered to
obstruct the drugs response filled in nanoparticles by
avoiding the nanotherapeutics accumulation at the particular
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tumour site, which include subsequent sequestration
and opsonization by the MPS (mononuclear phagocyte
system), flow in blood vessel / hemorheological
limitations, cellular internalization, pressure
gradients, escape  from  lysosomal and  endosomal
compartments, nonspecific distribution and pumps of drug
efflux. Several target-specific Nanoparticles with numerous
moieties and functions have been produced.
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Fig. 7 The oligonucleotide combined with MNP for detection of
PCAS3 in sediments of urine is depicted graphically. Reproduced
from [103] with permission from Leibniz Research Centre for
Working Environment and Human Factors, 2020.

(=)

MNP-HRP labeled PCR product

oi /V\ MNP forward primer

® !;:,“/VM\‘ MNP-biotin labeled PCR product ) 1:/““’““\

However, most techniques have failed to address the
limitations mentioned above effectively.[104]Several ways
have been used in prostate cancer treatment to counteract
nanoparticle nonspecific distribution. In the PC hormone-
refractory stage, for example, levels of PSMA and PSA are
often quite active. Several studies have suggested that all
these proteins can be used to deliver diverse functional
compounds to malignant cells as therapeutic targets. It was
shown that the liposome (dually modified), endowed with a
PSMA-mediated liposome (multifunctional) and a PSA-
response, preferentially targets PC in two ways. Surprisingly,
the liposome's folate moiety, which is functionalized, is
linked to positive tumours of PSMA, accompanied by PSA-
responsive structures cleavage, which is common in tumour
sites. Endocytosis and the polyarginine penetrating actions in
liposomes allow active liposomes to be ingested by tumour
cells.[105] In another investigation, the researchers also
demonstrated ternary and binary compounds that
successfully triggered siRNA-targeted gene silencing. The
Zeta potential of the PGA-g-mPEG (polyglutamic acid-graft
polyethylene glycol) layer was decreased to near neutral
value of electrophoretic potential, which reduced cytotoxicity
due to the excess positive charge.[106] It was established that
all these complexes gave a good manner of siRNA
administration to treat a variety of tumours using both in-
vivo and in-vitro approaches. Simultaneously, PGA-g-mPEG
coating resulted in bigger-size complexes with better
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silencing efficacy than the binary complexes but without
compromising the molecules' bioavailability.[106] Another
study looked at the function of CD44, a multifunctional
glycoprotein that has a role in intercellular communication,
proliferation and cell migration. To target the CD44-positive
prostate cancer cells, the researchers created nanoparticles
based on hyaluronic acid that are negatively charged. This
NP administered epigallocatechin-3-gallate effectively and
inhibited PC development. Furthermore, it was shown that
this nanoparticle binds CDA44 receptors specifically and
increases PC cell death in vivo.[107] Finally, a number of
researches have shown how to counteract systemic-
nanoparticles nonspecific distribution.

6. Target Specific NPsfor PC Therapy

NPs are helpful in cancer therapy because of their many
features, which include small size, a large ratio of surface-to-
volume, adjustable surface chemistry and capabilities of drug
encapsulation. Targeting ligand-based surface modification
increases intracellular transport, and prolonged drug
release is the only key advantage of utilizing NPs. [108, 109]
NPs are nanoparticles with sizes below 200 nm and stimulate
intracellular uptake. Encapsulation of pharmaceuticals
improves the solubility of the drug while also allowing them
to be delivered in a regulated manner.[110] Furthermore, the
nanoparticles  have  low  cytotoxicity and  are
biodegradable.[111] Using a functionalization technique,
NPs can improve medication efficacy while reducing the
dosage, leading to anew method for optimizing drug
pharmacokinetics.[112] For various reasons, many
nanoparticles are now developed for targeted medicine
delivery in different diseases and malignant malignancies.
For example, due to the existence of hydrogen bonding, n-n
staking and hydrophobic interaction, NGO (nanographene
oxide) has been popular for decades since both graphitic
domains continue to be available for loading drugs.[113] Ho-
Sang Jung et al. coupled NGO with HA (hyaluronic acid)
biopolymer for targeted deliveryto cancerous cells
and epirubicin was loaded onto NGO-HA surface in another
study. This led to the pH-dependent medication release and a
cancer-fighting impact that was unique to the target.[114]
Jhang et al. previously conjugated NGO with FA (folic
acid) and employed PEG (polyethylene glycol) as a stabilizer
for selective delivery to MCF-7 cells of breast cancer by
targeting receptors of FA. Finally, this study showed the
viability of employing graphene oxide (functionalized) as a
carrier for the controlled loading, targeted distribution of
several medicines, and improved therapeutic efficacy.[115]
Another study exploited click chemistry towards drug
administration, with NGO modified using poly (N-
isopropylacrylamide) serving as a carrier for the water-
insoluble aromatic camptothecin (CPT) drug, which was
found to have ahigh potency in Kkilling metastatic cancer
skin cells (5RT3).[116] Udaya S. Toti et al. employed the
IAASF (interfacial activity assisted surface
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functionalization) method to insert a functional group which
is reactive (here it is maleimide) over the surface of the poly
(D, L-lactide-co-glycolide) (PGLA) NPs before. The
introduction of functional maleimide groupsto connect the
cRGD peptide with NPs increased NP absorption by 2 to 3-
fold. This peptide targets overexpressed avp3 integrins in
specific cancer types andtumour vasculature.[117]
Changyan Liang and colleagues created biodegradable NPs
against endometrial carcinoma in another work, using the
truth that folate receptors are substantially over-expressed in
various  endometrial ~ carcinomas.[118] Sandy and
his colleagues have created LP-MSNs (mesoporous large
pore nanoparticles of silica) functionalized with PLL (poly-
L-lysine)as a carrier forthe delivery of siRNAin
osteosarcoma, which is target specific. As a result, our
approach showed promise for effective gene delivery while
lowering the viability of osteosarcoma  cancer
cells. Furthermore, up to pg/mL, low cytotoxicity and good
biocompatibility were  reported.[119] To  summarise,
targeting the tumour location with high specificity is critical.
Furthermore, as previously stated, even though
functionalization approaches which are target specific in
nano-delivery have been developed and implemented in
different types of cancers, in vitro orin vivo, there is still
room to investigate different types of cancers along with
prostate cancer, the possibilities of overcoming systemic
nanoparticles nonspecific distribution.

7. Conclusion

The use of nanoparticles in biomedicine significantly
impacted anti-neoplastic drug delivery. Active targeting
strategies are either being refined or tested in the clinic. For
targeting PSMA, Langer and Farokhzad and  other
researchers, have proposed carriers’ development made
from biocompatible aptamer polymers. Many other
investigations resulted in the polymeric nanoparticles
targeted for prostate cancer treatment involving the
conversion into the clinical practice from bioconjugates. One
biomarker which can be effective rarely isenough to
achieve the diagnostic specificity and sensitivity needed for
accurate prostate cancer risk stratification. In the next few
years, experimental investigations will likely focus on the
clinical evaluation and integration of various combinations of
prostate cancer indicators of the next generation. As a result,
the unique properties of nanomaterials can be used for
increased automation, efficiency, precision
and susceptibilityat a lower cost. With several
groundbreaking advancements in nano-diagnostic tools,
cancer nanotechnology has much promise for improving
prostate cancer treatment. To convert nanotechnologies
into clinical use, researchers will need to test their techniques
in appropriate groups of subjects adequately, define clinically
appropriate limits  of detection and complete clinical
performance criteria evaluation in the coming years.



Komarala Narendra Babu et al. / IJMS, 9(6), 18-31, 2022

References

[1] H. E. Taitt, "Global Trends and Prostate Cancer: A Review of Incidence, Detection, and Mortality as Influenced
by Race, Ethnicity, and Geographic Location," American Journal of Men's Health, vol. 12, no. 6, pp. 1807-1823,
2018.

[2] P.Rawla, "Epidemiology of Prostate Cancer," World Journal of Oncology, vol. 10, no. 2, pp. 63, 2019.

[3] S. Chen, V. Huang, X. Xu, J. Livingstone, F. Soares, J. Jeon, Y. Zeng, Jt. Hua, J. Petricca, H. Guo, M. Wang, et
al., "Widespread and Functional RNA Circularization in Localized Prostate Cancer,” Cell, vol. 176, no. 4, pp. 831-
843, 2019.

[4] W. Mei, X. Lin, A. Kapoor, Y. Gu, K. Zhao, D. Tang, "The Contributions of Prostate Cancer Stem Cells in
Prostate Cancer Initiation and Metastasis,” Cancers, vol. 11, no. 4, pp. 434, 2019.

[5] K. Fujita, T. Hayashi, M. Matsushita, M. Uemura, N. Nonomura, "Obesity, Inflammation, and Prostate Cancer,"
Journal of Clinical Medicine, vol. 8, no. 2, pp. 201, 2019.

[6] P. P. Banerjee, S. Banerjee, T. R. Brown, B. R. Zirkin, "Androgen Action in Prostate Function and Disease,"
American Journal of Clinical and Experimental Urology, vol. 6, no. 2, pp. 62, 2018.

[7]1 C.E.Ejike, L. U. Ezeanyika, "Metabolic Syndrome in Sub-Saharan Africa: "Smaller Twin" of a Region's Prostatic
Diseases?," International Urology and Nephrology, vol. 40, no. 4, pp. 909-920, 2008. Crossref,
http://dx.doi.org/10.1007/s11255-008-9343-x

[8] V. Chaurasia, S. Pal, B. B. Tiwari, "Prediction of Benign and Malignant Breast Cancer Using Data Mining
Techniques,” Journal of Algorithms & Computational Technology, vol. 12, no. 2, pp. 119-126, 2018. Crossref,
http://dx.doi.org/10.1177/1748301818756225

[91 H. Moradi, S. Tang, S. E. Salcudean, "Toward Intra-Operative Prostate Photoacoustic Imaging: Configuration
Evaluation and Implementation Using the Da Vinci Research Kit,” IEEE Transactions on Medical Imaging, vol.
38, no. 1, pp. 57-68, 2018. Crossref, https://doi.org/10.1109/TMI.2018.2855166

[10] J. Calais, J. Czernin, W. P. Fendler, D. Elashoff, N. G. Nickols, "Randomized Prospective Phase 11l Trial of 68ga-
Psma-11 PET/CT Molecular Imaging for Prostate Cancer Salvage Radiotherapy Planning [PSMA-SRT]," BMC
Cancer, vol. 19, no. 1, pp. 1-1, 2019. Crossref, https://doi.org/10.1186/s12885-019-5297-x.

[11] A. U.Kishan, A. Dang, A. J. Katz, C. A. Mantz, S. P. Collins, N. Aghdam, F. I. Chu, I. D. Kaplan, L. Appelbaum,
D. B. Fuller, R. M. Meier, "Long-Term Outcomes of Stereotactic Body Radiotherapy for Low-Risk and
Intermediate-Risk Prostate Cancer,” Jama Network Open, vol. 2, no. 2, pp. E188006-E188006, 2019. Crosstref,
https://doi.org/10.1001/jamanetworkopen.2018.8006

[12] B. J. Stish, B. J. Davis, L. A. Mynderse, R. H. Mclaren, C. L. Deufel, R. Choo, "Low Dose Rate Prostate
Brachytherapy,” Translational Andrology and Urology, vol. 7, no. 3, pp. 341, 2018.
https://doi.org/10.21037/tau.2017.12.15.

[13] J. Zhang, S. Agrawal, A. Dangi, N. Frings, S. R. Kothapalli, "Computer-Assisted Photoacoustic Imaging Guided
Device for Safer Percutaneous Needle Operations,” In Photons Plus Ultrasound: Imaging and Sensing, vol.
10878, pp. 546-551, 2019. Crossref, http://dx.doi.org/10.1117/12.2509920

[14] N. Sabharwal, N. Sharifi, "Hsd3b1 Genotypes Conferring Adrenal-Restrictive and Adrenal-Permissive Phenotypes
in Prostate Cancer and Beyond," Endocrinology, vol. 160, no. 9, pp. 2180-2188, 2019. Crossref,
https://doi.org/10.1210/en.2019-00366.

[15] M. Karpuz, M. S. Gunay, A. Y. Ozer, "Liposomes and Phytosomes for Phytoconstituents,” In Advances and
Avenues in the Development of Novel Carriers for Bioactives and Biological Agents, pp. 525-553, 2020. Crossref,
https://doi.org/10.1016/B978-0-12-819666-3.00018-3

[16] C. M. Porter, E. Shrestha, L. B. Peiffer, K. S. Sfanos, "The Microbiome in Prostate Inflammation and Prostate
Cancer," Prostate Cancer and Prostatic Diseases, vol. 21, no. 3, pp. 345-354, 2018. Crossref,
https://doi.org/10.1038/s41391-018-0041-1

[17] E. Ozgur, U. Gezer, "Enzalutamide Restores the Testosterone Effect on H19 Expression in Prostate Cancer Cells
But Not in Exosomes," Annals of Medical Research, vol. 26, no. 6, pp. 1056-59, 2019. Crossref,
https://dx.doi.org/10.5455/annalsmedres.2019.03.123

[18] R. W. Dobbs, N. R. Malhotra, D. T. Greenwald, A. Y. Wang, G. S. Prins, M. R. Abern, "Estrogens and Prostate
Cancer," Prostate Cancer Prostatic Diseases, vol. 22, pp. 185-194, 2018.

[19] . Selvi, H. Basar, "Subcapsular Orchiectomy Versus Total Orchiectomy and LHRH Analogue in the Treatment of
Hormone-Sensitive Metastatic Prostate Cancer: A Different Perspective in Evaluation of the Psychosocial
Effects," Supportive Care in Cancer, vol. 28, no. 9, pp. 4313-4326, 2020. Crosstref,
https://doi.org/10.1007/s00520-019-05266-2

[20] L. Puca, R. Bareja, D. Prandi, R. Shaw, M. Benelli, W. R. Karthaus, J. Hess, M. Sigouros, A. Donoghue, M.
Kossai, D. Gao, "Patient Derived Organoids to Model Rare Prostate Cancer Phenotypes,” Nature
Communications, vol. 9, no. 1, pp. 1-10, 2018. Crossref, https://www.nature.com/articles/s41467-018-04495-z

[21] C. H. Lee, P. Kantoff, "Treatment of Metastatic Prostate Cancer in 2018," Jama Oncology, vol. 5, no. 2, pp. 263-

264, 2019. Crossref, https://doi.org/10.1001/jamaoncol.2018.5621

25


https://doi.org/10.1001/jamaoncol.2018.5621

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Komarala Narendra Babu et al. / IJMS, 9(6), 18-31, 2022

R. Oun, Y. E. Moussa, N. J. Wheate, "The Side Effects of Platinum-Based Chemotherapy Drugs: A Review for
Chemists," Dalton Transactions, vol. 47, no. 19, pp. 6645-53, 2018. Crossref, https://doi.org/10.1039/c8dt00838h.
C. Bax, G. Taverna, L. Eusebio, S. Sironi, F. Grizzi, G. Guazzoni, L. Capelli, "Innovative Diagnostic Methods for
Early Prostate Cancer Detection Through Urine Analysis: A Review," Cancers, vol. 10, no. 4, pp. 123, 2018.
Crossref, https://doi.org/10.3390/cancers10040123

V. Kasivisvanathan, A. S. Rannikko, M. Borghi, V. Panebianco, L. A. Mynderse, M. H. Vaarala, A. Briganti, L.
Budéaus, G. Hellawell, R. G. Hindley, M. J. Roobol, et al., "MRI-Targeted Or Standard Biopsy for Prostate-Cancer
Diagnosis," New England Journal of Medicine, vol. 378, no. 19, pp. 1767-77, 2018. Crossref,
https://doi.org/10.1056/nejmoal801993

S. De Sanjosé, L. Bruni, L. Alemany, "HPV in Genital Cancers (at the Exception of Cervical Cancer) and Anal
Cancers," La Pressemédicale, vol. 43, no. 12, pp. E423-428, 2014. Crossref,
https://doi.org/10.1016/j.1pm.2014.10.001

J. Hrbacek, M. Urban, E. Hamsikova, R. Tachezy, J. Heracek, "Thirty Years of Research on Infection and Prostate
Cancer: No Conclusive Evidence for a Link. A Systematic Review,” in Urologic Oncology: Seminars and
Original Investigations, vol. 31, no. 7, pp. 951-965, 2013. Crossref, https://doi.org/10.1016/j.urolonc.2012.01.013
F. Atashafrooz, F. Rokhbakhsh-Zamin, "Frequency and Type Distribution of Human Papillomavirus in Patients
With Prostate Cancer, Kerman, Southeast of Iran," Asian Pacific Journal of Cancer Prevention, vol. 17, no. 8, pp.
3953-58, 2016.

V. Michopoulou, S. P. Derdas, E. Symvoulakis, N. Mourmouras, A. Nomikos, D. Delakas, G. Sourvinos, D. A.
Spandidos, "Detection of Human Papillomavirus (HPV) Dna Prevalence and P53 Codon 72 (Arg72pro)
Polymorphism in Prostate Cancer in a Greek Group of Patients," Tumor Biology, vol. 35, no. 12, pp. 12765-73,
2014. Crossref, https://doi.org/10.1007/s13277-014-2604-7

N. Singh, S. Hussain, N. Kakkar, S. K. Singh, R. C. Sobti, M. Bharadwaj, " Implication of High-Risk Human
Papillomavirus Hr-Hpv Infection in Prostate Cancer in Indian Population-A Pioneering Case-Control Analysis,"
Scientific Reports, vol. 5, no. 1, pp. 7822, 2015. Crossref, http://dx.doi.org/10.1038/srep07822

N. J. Whitaker, W. K. Glenn, A. Sahrudin, M. M. Orde, W. Delprado, J. S. Lawson, "Human Papillomavirus and
Epstein Barr Virus in Prostate Cancer: Koilocytes Indicate Potential Oncogenic Influences of Human
Papillomavirus in Prostate Cancer," The Prostate, vol. 73, no. 3, pp. 236-41, 2013. Crossref,
https://doi.org/10.1002/pros.22562

S. Lumme, L. Tenkanen, H. Langseth, R. Gislefoss, M. Hakama, P. Stattin, G. Hallmans, H. Adlercreutz, P.
Saikku, U. H. Stenman, P. Tuohimaa, Tapio Luostarinen , Joakim Dillner., "Longitudinal Biobanks-Based Study
on the Joint Effects of Infections, Nutrition and Hormones on Risk of Prostate Cancer," Actaoncologica, vol. 55,
no. 7, pp. 839-45, 2016. Crossref, https://doi.org/10.3109/0284186x.2016.1139178

I. Meredith, D. Sarfati, T. Ikeda, T. Blakely, "Cancer in Pacific People in New Zealand," Cancer Causes &
Control, vol. 23, no. 7, pp. 1173-84, 2012. Crossref, https://doi.org/10.1007/s10552-012-9986-x

R. Tachezy, J. Hrbacek, J. Heracek, M. Salakova, J. Smahelova, V. Ludvikova, A. Svec, M. Urban, E. Hamsikova,
"HPV Persistence and Its Oncogenic Role in Prostate Tumors," Journal of Medical Virology, vol. 84, no. 10, pp.
1636-45, 2012. Crossref, https://doi.org/10.1002/jmv.23367

L. Yang, S. Xie, X. Feng, Y. Chen, T. Zheng, M. Dai, C. K. Zhou, Z. Hu, N. Li, D. Hang, "Worldwide Prevalence
of Human Papillomavirus and Relative Risk of Prostate Cancer: A Meta-Analysis," Scientific Reports, vol. 5, no.
1, pp. 1-10, 2015. Crossref, http://dx.doi.org/10.1038/srep14667

S. D. Chung, Y. K. Lin, C. C. Huang, H. C. Lin, "Increased Risk of Prostate Cancer Following Sexually
Transmitted Infection in an Asian Population,” Epidemiology & Infection, vol. 141, no. 12, pp. 2663-70, 2013.
Crossref, https://doi.org/10.1017/s0950268813000459

W. Y. Huang, R. Hayes, R. Pfeiffer, R. P. Viscidi, F. K. Lee, Y. F. Wang, D. Reding, D. Whitby, J. R. Papp, C. S.
Rabkin, "Sexually Transmissible Infections and Prostate Cancer Risk," Cancer Epidemiology and Prevention
Biomarkers, vol. 17, no. 9, pp. 2374-81, 2008. Crossref, https://doi.org/10.1158/1055-9965.epi-08-0173

A. R. Spence, M. C. Rousseau, M. E. Parent, "Sexual Partners, Sexually Transmitted Infections, and Prostate
Cancer Risk," Cancer Epidemiology, vol. 38, no. 6, pp. 700-77, 2014. Crossref,
https://doi.org/10.1016/j.canep.2014.09.005

E. Ghasemian, S. H. Monavari, G. R. Irajian, M. J. Nadoushan, R. V. Roudsari, Y. Yahyapour, "Evaluation of
Human Papillomavirus Infections in Prostatic Disease: A Cross-Sectional Study in Iran," Asian Pacific Journal of
Cancer Prevention, vol. 14, no. 5, pp. 3305-08, 2013. Crossref, https://doi.org/10.7314/apjcp.2013.14.5.3305

Z. Salehi, M. Hadavi, "Analysis of the Codon 72 Polymorphism of Tp53 and Human Papillomavirus Infection in
Iranian Patients with Prostate Cancer," Journal of Medical Virology, vol. 84, no. 9, pp. 1423-27, 2012. Crossref,
https://doi.org/10.1002/jmv.23268

Y. Tolstov, B. Hadaschik, S. Pahernik, M. Hohenfellner, S. Duensing, "Human Papillomaviruses in Urological
Malignancies: A Critical Assessment," in Urologic Oncology: Seminars and Original Investigations, vol. 32, no.
1, pp. 46-E19, 2014. Crossref, https://doi.org/10.1016/j.urolonc.2013.06.012

26


https://doi.org/10.1016/j.urolonc.2012.01.013
https://doi.org/10.1016/j.urolonc.2013.06.012

[41]

[42]
[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Komarala Narendra Babu et al. / IJMS, 9(6), 18-31, 2022

M. A. Yow, S. N. Tabrizi, G. Severi, D. M. Bolton, J. Pedersen, A. Longano, S. M. Garland, M. C. Southey, G. G.
Giles, "Detection of Infectious Organisms in Archival Prostate Cancer Tissues," BMC Cancer, vol. 14, pp. 1-5,
2014. Crossref, https://doi.org/10.1186/1471-2407-14-579

J. S. Pagano, "Is Epstein-Barr Virus Transmitted Sexually?," The Journal of Infectious Diseases, vol. 195, no. 4,
pp. 469-70, 2007. Crossref, https://doi.org/10.1086/510861

M. Sunil, E. Reid, M. J. Lechowicz, "Update on Hhv-8-Associated Malignancies," Current Infectious Disease
Reports, vol. 12, no. 2, pp. 147-54, 2010. Crossref, https://doi.org/10.1007/s11908-010-0092-5

J. D. Henning, C. H. Bunker, A. L. Patrick, F. J. Jenkins, "Human Herpesvirus 8 Establishes a Latent Infection in
Prostates of Tobago Men Resulting in Increased Macrophage Infiltration," The Prostate, vol. 76, no. 8, pp. 735-
43, 2016. Crossref, https://doi.org/10.1002/pros.23163

S. Caini, S. Gandini, M. Dudas, V. Bremer, E. Severi, A. Gherasim, "Sexually Transmitted Infections and Prostate
Cancer Risk: A Systematic Review and Meta-Analysis," Cancer Epidemiology, vol. 38, no. 4, pp. 329-38, 2014.
Crossref, https://doi.org/10.1016/j.canep.2014.06.002

A. Taghavi, P. Mohammadi-Torbati, A. H. Kashi, H. Rezaee, M. Vaezjalali, "Polyomavirus Hominis 1 (Bk Virus)
Infection in Prostatic Tissues: Cancer Versus Hyperplasia,” Urology Journal, vol. 12, no. 4, pp. 2240-4, 2015.

E. X. Keller, S. Delbue, M. Tognon, M. Provenzano, "Polyomavirus Bk and Prostate Cancer: A Complex
Interaction of Potential Clinical Relevance," Reviews in Medical Virology, vol. 25, no. 6, pp. 366-78, 2015.
Crossref, https://doi.org/10.1002/rmv.1851

P. Hong, J. Li, "Lack of Evidence for a Role of Xenotropic Murine Leukemia Virus-Related Virus in the
Pathogenesis of Prostate Cancer and/or Chronic Fatigue Syndrome," Virus Research, vol. 167, no. 1, pp. 1-7,
2012. Crossref, https://doi.org/10.1016/j.virusres.2012.04.004

M. Arredondo, J. Hackett Jr, F. R. De Bethencourt, A. Trevino, D. Escudero, A. Collado, X. Qiu, P. Swanson, V.
Soriano, C. De Mendoza, "Prevalence of Xenotropic Murine Leukemia Virus-Related Virus Infection in Different
Risk Populations in Spain,” Aids Research and Human Retroviruses, vol. 28, no. 9, pp. 1089-94, 2012. Crossref,
https://doi.org/10.1089/aid.2011.0149

F. A. Baig, T. Mirza, R. Khanani, S. Khan, "Detection of Xenotropic Murine Leukemia Virus-Related Virus in
Prostate Biopsy Samples,™ J Coll Physicians Surg Pak, vol. 24, no. 9, pp. 636-9, 2014.

S. T. Gomes, L. Imbiriba, R. R. Burbano, A. L. Silva, R. N. Feitosa, I. M. Cayres-Vallinoto, M. D. Ishak, R. Ishak,
A. C. Vallinoto, "Lack of Evidence for Human Infection With Xenotropic Murine Leukemia Virus-Related Virus
in the Brazilian Amazon Basin," Revista Da Sociedade Brasileira De Medicina Tropical, vol. 47, no. 3, pp. 302-6,
2014. Crossref, https://doi.org/10.1590/0037-8682-0075-2014

H. C. Groom, A. Y. Warren, D. E. Neal, K. N. Bishop, "No Evidence for Infection of Uk Prostate Cancer Patients
With Xmrv, Bk Virus, Trichomonas Vaginalis Or Human Papillomaviruses," Plos One, vol. 7, no. 3, pp. E34221,
2012. Crossref, https://doi.org/10.1371/journal.pone.0034221

R. Mendoza, R. H. Silverman, E. A. Klein, A. D. Miller, "No Biological Evidence of XMRYV in Blood or Prostatic
Fluid From Prostate Cancer Patients,” Plos One, vol. 7, no. 5, pp. E36073, 2012. Crossref,
https://doi.org/10.1371/journal.pone.0036073

C. M. Sturzel, D. Palesch, M. Khalid, S. Wissing, N. Fischer, J. Munch, "Utilization of Replication-Competent
Xmrv Reporter-Viruses Reveals Severe Viral Restriction in Primary Human Cells," Plos One, vol. 8, no. 9, pp.
E74427, 2013. Crossref, https://doi.org/10.1371/journal.pone.0074427

K. Kakoki, H. Kamiyama, M. lzumida, Y. Yashima, H. Hayashi, N. Yamamoto, T. Matsuyama, T. lgawa, H.
Sakai, Y. Kubo, "Androgen-Independent Proliferation of LNCAP Prostate Cancer Cells Infected by Xenotropic
Murine Leukemia Virus-Related Virus," Biochemical and Biophysical Research Communications, vol. 447, no. 1,
pp. 216-22, 2014. Crossref, https://doi.org/10.1016/j.bbrc.2014.03.154

D. Lorente, J. Mateo, R. Perez-Lopez, J. S. De Bono, G. Attard, "Sequencing of Agents in Castration-Resistant
Prostate Cancer," The Lancet Oncology, vol. 16, no. 6, pp. E279-92, 2015. Crossref,
https://doi.org/10.1016/s1470-2045(15)70033-1

S. A. Rosenthal, D. Hunt, A. O. Sartor, K. J. Pienta, L. Gomella, D. Grignon, R. Rajan, K. J. Kerlin, C. U. Jones,
M. Dobelbower, W. U. Shipley, "A Phase 3 Trial of 2 Years of Androgen Suppression and Radiation Therapy
With Or Without Adjuvant Chemotherapy for High-Risk Prostate Cancer: Final Results of Radiation Therapy
Oncology Group Phase 3 Randomized Trial NRG Oncology RTOG 9902," International Journal of Radiation
Oncology™* Biology* Physics, vol. 93, no. 2, pp. 294-302, 2015. Crossref,
https://doi.org/10.1016/j.ijrobp.2015.05.024

L. M. Glode, C. M. Tangen, M. Hussain, G. P. Swanson, D. P. Wood, W. Sakr, N. A. Dawson, N. B. Haas, T. W.
Flaig, T. B. Dorff, D. W. Lin, "Adjuvant Androgen Deprivation (ADT) Versus Mitoxantrone Plus Prednisone
(MP) Plus ADT in High-Risk Prostate Cancer (PCA) Patients Following Radical Prostatectomy: A Phase Il
Intergroup Trial (SWOG S9921) Nct00004124," Journal of Clinical Oncology, vol. 35, no. 6, 2017. Crossref,
https://doi.org/10.1200/JC0.2017.35.6_suppl.2

27


https://doi.org/10.1200/JCO.2017.35.6_suppl.2

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

Komarala Narendra Babu et al. / IJMS, 9(6), 18-31, 2022

D. Lin, M. Garzotto, W. Aronson, J. Basler, T. Beer, M. Brophy, K. Kelly, K. Lee, Y. Lu, V. Markle, V. Mcguire,
"Pi-Lba06 Va Csp# 553 Chemotherapy After Prostatectomy (CAP) for High-Risk Prostate Carcinoma: A Phase Il
Randomized Study,"” The Journal of Urology, vol. 195, no. 4s, pp. E1071, 2016.

R. Dreicer, C. Magi-Galluzzi, M. Zhou, J. Rothaermel, A. Reuther, J. Ulchaker, C. Zippe, A. Fergany, E. A. Klein,
"Phase 11 Trial of Neoadjuvant Docetaxel Before Radical Prostatectomy for Locally Advanced Prostate Cancer,"
Urology, vol. 63, no. 6, pp. 1138-42, 2004. Crossref, https://doi.org/10.1016/j.urology.2004.01.040

M. Thalgott, T. Horn, M. M. Heck, T. Maurer, M. Eiber, M. Retz, M. Autenrieth, K. Herkommer, B. J. Krause, J.
E. Gschwend, and U. Treiber, "Long-Term Results of a Phase Il Study with Neoadjuvant Docetaxel
Chemotherapy and Complete Androgen Blockade in Locally Advanced and High-Risk Prostate Cancer," Journal
of Hematology and Oncology, vol. 7, no. 1, pp. 1-9, 2014. Crossref, https://doi.org/10.1186/1756-8722-7-20

K. N. Chi, J. L. Chin, E. Winquist, L. Klotz, F. Saad, and M. E. Gleave, "Multicenter Phase Il Study of Combined
Neoadjuvant Docetaxel and Hormone Therapy Before Radical Prostatectomy for Patients with High Risk
Localized Prostate Cancer,” The Journal of Urology, vol. 180, no. 2, pp. 565-570, 2008. Crossref,
https://doi.org/10.1016/j.juro.2008.04.012

A. Guttilla, R. Bortolus, G. Giannarini, P. Ghadjar, F. Zattoni, M. Gnech, V. Palumbo, F. Valent, A. Garbeglio,
and F. Zattoni, "Multimodal Treatment for High-Risk Prostate Cancer with High-Dose Intensity-Modulated
Radiation Therapy Preceded or Not by Radical Prostatectomy, Concurrent Intensified-Dose Docetaxel and Long-
Term Androgen Deprivation Therapy: Results of a Prospective Phase Il Trial," Radiation Oncology, vol. 9, no. 1,
pp. 1-10, 2014. Crossref, https://doi.org/10.1186/1748-717X-9-24

L. D. Sullivan, M. J. Weir, J. F. Kinahan, and D. L. Taylor, "A Comparison of the Relative Merits of Radical
Perineal and Radical Retropubic Prostatectomy,” BJU International, vol. 85, no. 1, pp. 95-100, 2000. Crossref,
https://doi.org/10.1046/j.1464-410x.2000.00405.x

R. Banerjee, P. Tyagi, S. Li, and L. Huang, "Anisamide-Targeted Stealth Liposomes: A Potent Carrier For
Targeting Doxorubicin To Human Prostate Cancer Cells,” International Journal of Cancer, vol. 112, no. 4, pp.
693-700, 2004. Crossref, https://doi.org/10.1002/ijc.20452

C. Bode, L. Trojan, C. Weiss, B. Kraenzlin, U. Michaelis, M. Teifel, P. Alken, and M. S. Michel, "Paclitaxel
Encapsulated in Cationic Liposomes: A New Option for Neovascular Targeting for the Treatment of Prostate
Cancer," Oncology Reports, vol. 22, no. 2, pp. 321-26, 2009.

Q. Zhou, L. Zhang, and H. Wu, "Nanomaterials for Cancer Therapies," Nanotechnology Reviews, vol. 6, no. 5, pp.
473-496, 2017. Crossref, https://doi.org/10.1515/ntrev-2016-010

T. B. Hoang, G. M. Akselrod, and M. H. Mikkelsen, "Ultrafast Room-Temperature Single Photon Emission from
Quantum Dots Coupled to Plasmonic Nanocavities," Nano Letters, vol. 16, no. 1, pp. 270-275, 2016. Crossref,
https://doi.org/10.1021/acs.nanolett.5b03724

J. Zhang, Y. Yang, H. Deng, U. Farooq, X. Yang, J. Khan, J. Tang, and H. Song, "High Quantum Yield Blue
Emission from Lead-Free Inorganic Antimony Halide Perovskite Colloidal Quantum Dots," Acs Nano, vol. 11, no.
9, pp- 9294-302, 2017. Crossref, https://doi.org/10.1021/acsnano.7b04683z

S. Cao, W. Ji, J. Zhao, W. Yang, C. Li, and J. Zheng, "Color-Tunable Photoluminescence of Cu-Doped Zn—in-Se
Quantum Dots and their Electroluminescence Properties,” Journal of Materials Chemistry C, vol. 4, no. 3, pp.
581-588, 2016. Crossref, https://doi.org/10.1039/C5TC04019A

C. Pu, X. Dai, Y. Shu, M. Zhu, Y. Deng, Y. Jin, and X. Peng, "Electrochemically-Stable Ligands Bridge the
Photoluminescence-Electroluminescence Gap of Quantum Dots,” Nature Communications, vol. 11, no. 1, pp. 1-
10, 2020. Crossref, https://doi.org/10.1038/s41467-020-14756-5

A. Karimzadeh, M. Hasanzadeh, N. Shadjou, and M. de la Guardia, "Electrochemical Biosensing Using N-Gqds:
Recent Advances in Analytical Approach,"” TrAC Trends in Analytical Chemistry, vol. 105, pp. 484-91, 2018.
Crossref, https://doi.org/10.1016/j.trac.2018.06.009

R. Xie, Z. Wang, W. Zhou, Y. Liu, L. Fan, Y. Li, and X. Li, "Graphene Quantum Dots as Smart Probes for
Biosensing," Analytical Methods, vol. 8, no. 20, pp. 4001-4016, 2016. Crossref,
https://doi.org/10.1039/C6AY00289G

H. Ehzari, M. Amiri, and M. Safari, "Enzyme-Free Sandwich-Type Electrochemical Immunosensor For Highly
Sensitive Prostate-Specific Antigen Based on the Conjugation of Quantum Dots And Antibody on Surface of
Modified Glassy Carbon Electrode With Core-Shell Magnetic Metal-Organic Frameworks," Talanta, vol. 210, pp.
120641, 2020. Crossref, https://doi.org/10.1016/j.talanta.2019.120641

W. Ahmed, A. Elhissi, V. Dhanak, and K. Subramani, "Carbon Nanotubes: Applications in Cancer Therapy and
Drug Delivery Research,” In Emerging Nanotechnologies in Dentistry, pp. 371-389, 2018. Crossref,
https://doi.org/10.1016/B978-0-12-812291-4.00018-2

Z. Gu, M. Zhao, W. Zhang, T. Jiang, and M. Sun, "Preparation of Carbon Nanotube/MnO2 Nanocomposite as an
Electrode Modifier for Prostate-Specific Antigen (PSA) Determination,” International Journal of Electrochemical

Science, vol. 12, pp. 10726-10736, 2017. Crossref, https://doi.org/10.20964/2017.11.05

28


https://doi.org/10.1016/j.urology.2004.01.040

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

Komarala Narendra Babu et al. / IJMS, 9(6), 18-31, 2022

A. F. Quintero-Jaime, A. Berenguer-Murcia, D. Cazorla-Amoros, and E. Morallon, "Carbon Nanotubes Modified
with Au for Electrochemical Detection of Prostate-Specific Antigen: Effect of Au Nanoparticle Size Distribution,"
Frontiers in chemistry., vol. 7, pp. 147, 2019. Crossref, https://doi.org/10.3389/fchem.2019.00147

J. C. Soares, A. C. Soares, V. C. Rodrigues, M. E. Melendez, A. C. Santos, E. F. Faria, R. M. Reis, A. L.
Carvalho, and O. N. Oliveira Jr, "Detection of the Prostate Cancer Biomarker PCA3 with Electrochemical and
Impedance-Based Biosensors,"” ACS Applied Materials & Interfaces, vol. 11, no. 50, pp. 46645-46650, 2019.
Crossref, https://doi.org/10.1021/acsami.9b19180

D. Goldstein, O. Gofrit, A. Nyska, and S. Benita, "Anti-HER2 Cationic Immunoemulsion as a Potential Targeted
Drug Delivery System for the Treatment of Prostate Cancer," Cancer Research, vol. 67, no. 1, pp. 269-75, 2007.
Crossref, https://doi.org/10.1158/0008-5472.CAN-06-2731

M. J. Morris, V. E. Reuter, W. K. Kelly, S. F. Slovin, K. Kenneson, D. Verbel, I. Osman, and H. I. Scher, "HER-2
Profiling and Targeting in Prostate Carcinoma: A Phase Il Trial of Trastuzumab Alone and with Paclitaxel,”
Cancer, vol. 94, no. 4, pp. 980-986, 2002.

J. Wang, M. Sui, and W. Fan, "Nanoparticles for Tumour Targeted Therapies and their Pharmacokinetics,"
Current Drug Metabolism, vol. 11, no. 2, pp. 129-141, 2010. Crossref,
https://doi.org/10.2174/138920010791110827

Y. J. Tsai, and B. H. Chen, "Preparation of Catechin Extracts and Nanoemulsions from Green Tea Leaf Waste and
their Inhibition Effect on Prostate Cancer Cell PC-3," International Journal of Nanomedicine, vol. 11, pp. 1907-
1926, 2016. Crossref, https://doi.org/10.2147/1IN.S103759

P. K. Panda, S. Saraf, A. Tiwari, A. Verma, S. Raikwar, A. Jain, and S.K. Jain, "Novel Strategies for Targeting
Prostate Cancer," Current Drug Delivery, vol. 16, no. 8, pp. 712-727, 2019. Crossref,
https://doi.org/10.2174/1567201816666190821143805

Y. B. Guan, S. Y. Zhou, Y. Q. Zhang, J. L. Wang, Y. D. Tian, Y. Y. Jia, and Y. J. Sun, "Therapeutic Effects of
Curcumin Nanoemulsions on Prostate Cancer,” Journal of Huazhong University of Science and Technology, vol.
37, no. 3, pp. 371-378, 2017. Crossref, https://doi.org/10.1007/s11596-017-1742-8

M. M. Yallapu, S. Khan, D. M. Maher, M. C. Ebeling, V. Sundram, N. Chauhan, A. Ganju, S. Balakrishna, B. K.
Gupta, N. Zafar, and M. Jaggi, "Anticancer Activity of Curcumin Loaded Nanoparticles in Prostate Cancer,"
Biomaterials, vol. 35, no. 30, pp. 8635-8648, 2014. Crossref, https://doi.org/10.1016/j.biomaterials.2014.06.040

V. Sanna, A. M. Roggio, A. M. Posadino, A. Cossu, S. Marceddu, A. Mariani, V. Alzari, S. Uzzau, G. Pintus, and
M. Sechi, "Novel Docetaxel-Loaded Nanoparticles Based on Poly (Lactide-Co-Caprolactone) and Poly (Lactide-
Co-Glycolide-Co-Caprolactone) for Prostate Cancer Treatment: Formulation, Characterization, and Cytotoxicity
Studies," Nanoscale Research Letters, vol. 6, no. 1, pp. 1-9, 2011. Crossref, https://doi.org/10.1186/1556-276X-6-
260

O. C. Farokhzad, J. M. Karp, and R. Langer, "Nanoparticle—Aptamer Bioconjugates for Cancer Targeting," Expert
Opinion on Drug Delivery, vol. 3, no. 3, pp. 311-324, 2006. Crossref, https://doi.org/10.1517/17425247.3.3.311

N. Kamaly, G. Fredman, M. Subramanian, S. Gadde, A. Pesic, L. Cheung, Z. A. Fayad, R. Langer, I. Tabas, and
O. C. Farokhzad, "Development and in Vivo Efficacy of Targeted Polymeric Inflammation-Resolving
Nanoparticles," Proceedings of the National Academy of Sciences, vol. 110, no. 16, pp. 6506-6511, 2013. Crossref,
https://doi.org/10.1073/pnas.1303377110

S. Mondal, N. Adhikari, S. Banerjee, S. A. Amin, and T. Jha, "Matrix Metalloproteinase-9 (MMP-9) and its
Inhibitors in Cancer: A Minireview," European Journal of Medicinal Chemistry, vol. 194, pp. 112260, 2020.
Crossref, https://doi.org/10.1016/j.ejmech.2020.112260

N. Elahi, M. Kamali, and M. H. Baghersad, "Recent Biomedical Applications of Gold Nanoparticles: A Review,"
Talanta, vol. 184, pp. 537-56, 2018. Crossref, https://doi.org/10.1016/j.talanta.2018.02.088

Z. Miao, Z. Gao, R. Chen, X. Yu, Z. Su, and G. Wei, "Surface-Bioengineered Gold Nanoparticles For Biomedical
Applications,” Current Medicinal Chemistry, vol. 25, no. 16, pp. 1920-1944, 2018. Crossref,
https://doi.org/10.2174/0929867325666180117111404

M. Sharifi, S. H. Hosseinali, R. H. Alizadeh, A. Hasan, F. Attar, A. Salihi, M. S. Shekha, K. M. Amen, F. M.
Aziz, A. A. Saboury, and K. Akhtari, "Plasmonic and Chiroplasmonicnanobiosensors Based on Gold
Nanoparticles," Talanta, vol. 212, pp. 120782, 2020. Crossref, https://doi.org/10.1016/j.talanta.2020.120782

Y. Chen, Z. Xu, D. Zhu, X. Tao, Y. Gao, H. Zhu, Z. Mao, and J. Ling, "Gold Nanoparticles Coated with
Polysarcosine Brushes to Enhance their Colloidal Stability and Circulation Time in Vivo," Journal of Colloid and
Interface Science, vol. 483, pp. 201-10, 2016. Crossref, https://doi.org/10.1016/j.jcis.2016.08.038

D. Luo, X. Wang, S. Zeng, G. Ramamurthy, C. Burda, and J. P. Basilion, "Prostate-Specific Membrane Antigen
Targeted Gold Nanoparticles for Prostate Cancer Radiotherapy: Does Size Matter for Targeted Particles?,"
Chemical Science, vol. 10, no. 35, pp. 8119-8128, 2019. Crossref, https://doi.org/10.1039/C9SC02290B

M. M. El-Mahdy, A. S. Hassan, M. El-Badry, and G. E. EI-Gindy, "Performance of Curcumin in Nanosized
Carriers Niosomes and Ethosomes as Potential Anti-Inflammatory Delivery System for Topical Application,”
Bulletin of Pharmaceutical Sciences. Assiut, vol. 43, no. 1, pp. 105-122, 2020. Crossref,
https://doi.org/10.21608/BFSA.2020.93599

29


https://doi.org/10.3389/fchem.2019.00147
https://doi.org/10.1039/C9SC02290B
https://doi.org/10.21608/BFSA.2020.93599

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

Komarala Narendra Babu et al. / IJMS, 9(6), 18-31, 2022

I. Akbarzadeh, M. T. Yaraki, M. Bourbour, H. Noorbazargan, A. Lajevardi, S. M. Shilsar, F. Heidari, and S. M.
Mousavian, "Optimized Doxycycline-Loaded Niosomal Formulation for Treatment of Infection-Associated
Prostate Cancer: An In-Vitro Investigation,” Journal of Drug Delivery Science and Technology, vol. 57, pp.
101715, 2020. Crossref, https://doi.org/10.1016/j.jddst.2020.101715

S. Liu, B. Yu, S. Wang, Y. Shen, and H. Cong, "Preparation, Surface Functionalization and Application of Fe304
Magnetic Nanoparticles," Advances in Colloid and Interface Science, vol. 281, pp. 102165, 2020. Crossref,
https://doi.org/10.1016/j.cis.2020.102165

M. Amiri, M. Salavati-Niasari, and A. Akbari, "Magnetic Nanocarriers: Evolution of Spinel Ferrites for Medical
Applications,” Advances in Colloid and Interface Science, vol. 265, pp. 29-44, 2019. Crossref,
https://doi.org/10.1016/j.cis.2019.01.003

A. Kiplagat, D. R. Martin, M. O. Onani, and M. Meyer, "Aptamer-Conjugated Magnetic Nanoparticles for the
Efficient Capture of Cancer Biomarker Proteins,” Journal of Magnetism and Magnetic Materials, vol. 497, pp.
166063, 2020. Crossref, https://doi.org/10.1016/j.jmmm.2019.166063

B. T. Thanh, N. Van Sau, H. Ju, M. J. Bashir, H. K. Jun, T. B. Phan, Q. M. Ngo, N. Q. Tran, T. H. Hai, P. H. Van,
and T. T. Nguyen, "Immobilization of Protein a on Monodisperse Magnetic Nanoparticles for Biomedical
Applications," Journal of Nanomaterials, 2019. Crossref, https://doi.org/10.1155/2019/2182471

Marie Saghaeian Jazi, "A Mini-Review of Nanotechnology and Prostate Cancer: Approaches in Early Diagnosis,"
Journal of Clinical and Basic Research, vol. 4, no. 1, pp. 21-31, 2020. Crossref,
https://doi.org/10.29252/jcbr.4.1.21

S. L. Ho, D. Xu, M. S. Wong, and H. W. Li, "Direct and Multiplex Quantification of Protein Biomarkers in Serum
Samples Using an Immuno-Magnetic Platform," Chemical Science, vol. 7, no. 4, pp. 2695-2700, 2016. Crossref,
https://doi.org/10.1039/C5SC04115E

V. Yamkamon, K. P. Htoo, S. Yainoy, T. Suksrichavalit, T. Tangchaikeeree, and W. Eiamphungporn, "Urinary
PCA3 Detection in Prostate Cancer by Magnetic Nanoparticles Coupled with Colorimetric Enzyme-Linked
Oligonucleotide Assay," EXCLI Journal, vol. 19, pp. 501-513, 2020. Crossref, https://doi.org/10.17179/excli2020-
1036

E. Blanco, H. Shen, and M. Ferrari, "Principles of Nanoparticle Design for Overcoming Biological Barriers to
Drug Delivery," Nature Biotechnology, vol. 33, no. 9, pp. 941-951, 2015. Crossref,
https://doi.org/10.1038/nbt.3330

B. Xiang, D. W. Dong, N. Q. Shi, W. Gao, Z. Z. Yang, Y. Cui, D. Y. Cao, and X. R. Qi, "PSA-Responsive And
PSMA-Mediated Multifunctional Liposomes for Targeted Therapy of Prostate Cancer," Biomaterials, vol. 34, no.
28, pp. 6976-6991, 2013. Crossref, https://doi.org/10.1016/j.biomaterials.2013.05.055

Y. Huang, D. Lin, Q. Jiang, W. Zhang, S. Guo, P. Xiao, S. Zheng, X. Wang, H. Chen, H. Y. Zhang, and L. Deng,
"Binary and Ternary Complexes Based on Polycaprolactone-Graft-Poly (N, N-Dimethyl Aminoethyl
Methacrylate) for Targeted Sirna Delivery," Biomaterials, vol. 33, no. 18, pp. 4653-64, 2012. Crossref,
https://doi.org/10.1016/j.biomaterials.2012.02.052

W. Y. Huang, J. N. Lin, J. T. Hsieh, S. C. Chou, C. H. Lai, E. J. Yun, U. G. Lo, R. C. Pong, J. H. Lin, and Y. H.
Lin, "Nanoparticle Targeting CD44-Positive Cancer Cells for Site-Specific Drug Delivery in Prostate Cancer
Therapy,” ACS Applied Materials & Interfaces, vol. 8, no. 45, pp. 30722-30734, 2016. Crossref,
https://doi.org/10.1021/acsami.6b10029

X. Xu, W. Ho, X. Zhang, N. Bertrand, and O. Farokhzad, "Cancer Nanomedicine: from Targeted Delivery to
Combination Therapy,” Trends in Molecular Medicine, vol. 21, no. 4, pp. 223-232, 2015. Crossref,
https://doi.org/10.1016/j.molmed.2015.01.001

A. hakur, A. Roy, S. Chatterjee, P. Chakraborty, K. Bhattacharya, and P. P. Mahata, "Recent Trends in Targeted
Drug Delivery," SMGroup, 2015. Crossref, https://doi.org/10.13140/RG.2.1.2443.9762

A. Chrastina, K. A. Massey, and J. E. Schnitzer, "Overcoming in Vivo Barriers to Targeted Nano Delivery," Wiley
Interdisciplinary Reviews: Nanomedicine Nanobiotechnology, vol. 3, no. 4, pp. 421437, 2011. Crossref,
https://doi.org/10.1002/wnan.143

M. E. Davis. Z. G. Chen, and D. M. Shin, "Nanoparticle Therapeutics: An Emerging Treatment Modality for
Cancer," Nature Reviews Drug Discovery, vol. 7, no. 9, pp. 771-782, 2008. Crossref,
https://doi.org/10.1038/nrd2614

E. K. H. Chow, and D. Ho, "Cancer Nanomedicine: from Drug Delivery to Imaging,”" Science Translational
Medicine, vol. 5, no. 216, 2013. Crossref, https://doi.org/10.1126/scitranslmed.3005872

K. S. Kim, Y. Zhao, H. Jang, S. Y. Lee, J. M. Kim, K. S. Kim, J. H. Ahn, P. Kim, J. Y. Choi, and B. H. Hong,
"Large-Scale Pattern Growth of Graphene Films for Stretchable Transparent Electrodes," Nature, vol. 457, no.
7230, pp. 706-710, 2009. Crossref, https://doi.org/10.1038/nature07719

H. S. Jung, M. Y. Lee, W. H. Kong, I. H. Do, and S. K. Hahn, "Nano Graphene Oxide—Hyaluronic Acid
Conjugate for Target Specific Cancer Drug Delivery," RSC Advances, vol. 4, no. 27, pp. 14197-14200, 2014.
Crossref, https://doi.org/10.1039/C4RA00605D

30


https://doi.org/10.1016/j.jddst.2020.101715
https://doi.org/10.1016/j.cis.2020.102165
https://doi.org/10.1016/j.cis.2019.01.003
https://doi.org/10.1016/j.jmmm.2019.166063
https://doi.org/10.1155/2019/2182471
https://doi.org/10.29252/jcbr.4.1.21
https://doi.org/10.1039/C5SC04115E
https://doi.org/10.17179/excli2020-1036
https://doi.org/10.17179/excli2020-1036
https://doi.org/10.1038/nbt.3330
https://doi.org/10.1016/j.biomaterials.2013.05.055
https://doi.org/10.1016/j.biomaterials.2012.02.052
https://doi.org/10.1039/C4RA00605D

[115]

[116]

[117]

[118]

[119]

Komarala Narendra Babu et al. / IJMS, 9(6), 18-31, 2022

L. Zhang, J. Xia, Q. Zhao, L. Liu, and Z. Zhang, "Functional Graphene Oxide as a Nanocarrier for Controlled
Loading and Targeted Delivery of Mixed Anticancer Drugs," Small, vol. 6, no. 4, pp. 537-544, 2010. Crossref,
https://doi.org/10.1002/smll1.200901680

Y. Pan, H. Bao, N. G. Sahoo, T. Wu, and L. Li, "Water-soluble poly (N-Isopropylacrylamide)-Graphene Sheets
Synthesized Via Click Chemistry for Drug Delivery," Advanced Functional Materials, vol. 21, no. 14, pp. 2754-
2763, 2011. Crossref, https://doi.org/10.1002/adfm.201100078

U. S. Toti, B. R. Guru, A. E. Grill, and J. Panyam, "Interfacial Activity Assisted Surface Functionalization: A
Novel Approach to Incorporate Maleimide Functional Groups and CRGD Peptide on Polymeric Nanoparticles for
Targeted Drug Delivery," Molecular Pharmaceutics, vol. 7, no. 4, pp. 1108-1117, 2010. Crossref,
https://doi.org/10.1021/mp900284c

C. Liang, Y. Yang, Y. Ling, Y. Huang, T. Li, and X. Li, "Improved therapeutic effect of folate-decorated PLGA-
PEG nanoparticles for endometrial carcinoma,” Bioorganic & Medicinal Chemistry, vol. 19, no. 13, pp. 4057-
4066, 2011. Crossref, https://doi.org/10.1016/j.bmc.2011.05.016

S. B. Hartono, W. Gu, F. Kleitz, J. Liu, L. He, A. P. Middelberg, C. Yu, G. Q. Lu, and S. Z. Qiao, "Poly-L-Lysine
Functionalized Large Pore Cubic Mesostructured Silica Nanoparticles As Biocompatible Carriers For Gene
Delivery," Acs Nano, vol. 6, no. 3, pp. 2104-2117, 2012. Crossref, https://doi.org/10.1021/nn2039643

31



