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Abstract

Prostate Cancer (PCa) is the most frequently diagnosed carcinoma in males and one of the leading
causes of death in men around the globe [1]. Recent studies estimate that over a million males are
diagnosed with prostate cancer on an annual basis, with approximately 0.3 million prostate cancer-
related deaths per annum. Development of Castration-Resistant Prostate Cancer (CRPC) culminates
from over-expression of the Androgen Receptor (AR) gene; mostly through amplification of the AR
gene, AR gene mutations and elevated synthesis of androgens in prostate cancer tumors. Advanced
CRPC eventually develops to metastatic Castration-Resistant Prostate Cancer (mCRPC) in all
patients. On the other hand, TP53 gene has the highest frequency of mutations across all variations
of human cancer, with well over 50% of alterations found on various regions of the protein. Missense
mutations of p53 frequently result in the loss of wild-type p53 (wtp53) which plays a very vital role
in tumour suppression. In prostate cancer, Tp53 is one of the most common mutated or in activated
protein which results in cancer development and progression. This review aims to look at progress
made to date on both Tp53 targeted therapy in relation to all existing therapy both in clinical trials
and those that still at initial phases.
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Introduction

Prostate Cancer (PCa) is the malignant neoplasia that develops in the prostate gland of a male
reproductive system. It's clear causes are unknown, but it usually results from alterations in cellular
growth in the epithelial cells of the prostate glands, thus undergoing several mutational changes
that ultimately develop into cancerous cells [2]. Most prevalent cases of the tumors are usually
slow progressing but relapse to more aggressive metastatic tumors that are lethal and can result in
death. PCa prevalence is estimated by the Prostate Specific Antigen (PSA) produced by the prostatic
epithelial cells [3,4]. Its progression has been related to several genetic abnormalities that affect
the Androgen Receptor (AR) and cellular mechanism involved in the regulation of cell survival
and apoptosis [5]. According to, androgens are involved in the normal prostate development,
growth, and the maintenance of physiologic functions and progression of PCa, and alterations in
AR leads to changes in androgen-responsive genes, hence AR signaling remains the most sort after
an attractive target for intervention in PCa [1]. Androgens are nuclear receptors that functions as
a transcriptional factor involved in the growth functioning and differentiation of the prostate; thus
they are also involved in the development and progression of PCa where AR is the primary target
for PCa ablation therapy.

Like many other carcinomas, PCa also develop similarly in a process that involves multiple steps
including tumour initiation, and ultimately its progression, factored by abnormalities or mutations
such as chromosomal instability, mutations, and genetic and epigenetic changes. Evidently most
prostate tumors have shown to be adenocarcinomas, sharing similar features with other prevalent
epithelial cancers, including breast cancer. Prostate carcinogenesis is usually characterized by
indolent phenotype and its consistent slow rate of progression of most tumors. If the cancer is
not detected early, it can result in a more aggressive form which is commonly characterized by the
transition from androgen-dependent to androgen-independent form which is more challenging for
treating as it results in invasion and metastasis of the surrounding local organs such as seminal
vesicles, eventually metastasizing to the bones resulting in fatality. Though widely investigated novel
therapeutic strategies that can completely cure this aggressive malignancy are have not been fully
elucidated, altogether with underlying molecular mechanisms of its progression and proliferation.
Hence, new improved treatment strategies that will effectively target specific genes expressed
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in PCa development and progression are needed. Therefore,
treatments utilizing photochemical have been widely used globally
as traditional medicine and associated with inhibition of various
cancers. Cannabinoid derived compounds are among those shown
to exhibit anti-cancer effects. Cannabidiol (CBD) is one of the most
active cannabinoids found in the Cannabis Sativa with less toxic
properties and massively proven to inhibit cancer related cellular
or molecular aberrations. Molecularly and structurally, it consists
of twenty-one atoms of carbon, thirty hydrogen and two oxygen
molecules. Considering present PCa related therapeutic data, CBD
has effect on several cellular signaling inhibiting cancer development
and progression. However its effect on PCa has not yet been fully
characterized thus potentiating this novel agent as a candidate for
unraveling apoptotic induced cell death. In the following study, we
have examined the potential therapeutic properties of CBD and its
underlying molecular mechanisms in human prostate cancer PC3
cells.

Prostate Cancer Epidemiology

PCa is one of the most commonly diagnosed carcinomas
affecting the male urogenital system, and cancer-causing death
among men globally, with approximately 1.6 million deaths reported
in 2015. (Global Burden of Disease Cancer Collaboration 2016). It
is documented to be the fifth most common cause of cancer death
globally, accounting for approximately 366,000 deaths and 6.3 million
disability adjusted life years [6], furthermore ranking it the second
most frequently diagnosed cancer and the fifth leading cause of cancer
death amongst men. Prostate cancer is mostly common in developed
countries (Global Burden of Disease Cancer Collaboration 2016),
and according to GLOBOCAN 2018, the most recorded incidence
rates are mostly seen in western countries such as Australia, United
States and Sweden (GLOBOCAN, 2018). However, highest mortality
cases are recorded in underdeveloped or developing countries such
as Sub-Saharan African regions (including South Africa, Zimbabwe
and Zambia) and the Caribbean regions (such as Haiti, Barbados
and Jamaica). It is estimated that by 2030 the incidence rate will be
approximately 1.7 million cases with 500.000 deaths yearly [7]. The
GLOBOCAN 2018 estimates also 18.1 million new cases of cancer
and 9.6 million deaths from cancer in 2018.

According to [8], the prevalence or incidences of PCa increases
with host age, it is a slow progressing malignancy and it undergoes
a series of stages [8]. Pan American Health Organization, WHO,
2006 as cited in their 2010 review, mentioned PCa among the most
common cancers worldwide. PCa is the most prevalent diagnosed
malignancy and the second leading cause of mortality from cancer
among men globally, with dominant susceptibility genes responsible
for 5% to 10% of all the incidence cases [9]. In South Africa, PCa is the
most common cancer affecting man followed by skin and lung cancer
respectively (NCR, 2011). Prostate cancer forms from alterations
in cellular growth in the epithelial cells of the prostate glands,
thus undergoing several mutational changes resulting cancerous
cells developing and proliferating [2]. Prostate cancer prevalence
is estimated by the Prostate Specific Antigen (PSA) produced by
the prostatic epithelial cells [3,4]. According to Bostwick et al. [8]
prostate cancer prevalence or incidences increase with host age, it is
a slow progressing malignancy and it undergoes a series of stages [8].
Its progression has been related to several genetic abnormalities that
affect the Androgen Receptor (AR) and cellular mechanism involved
in the regulation of cell survival and apoptosis [5].

Risk Factors Associated with Prostate
Carcinoma

The a etiology of prostate cancer is yet to be discovered, but
there are numerous risk factors that can increase a man’s chances of
developing PCa, and they include aging, familial inheritance due to
genetic variances, poor diet or diet high in fats, ethnicity, hormones,
lifestyle and environmental carcinogenic agents [8,10,11]. However,
these risk factors involvement in the aggravating the cancer to
advanced stage is still unclear. PCa has always been closely correlated
with aging, as it is one of the most slowly progressing cancers and
can only be clinically detected at an older age normally ranging from
60 or 70 year old men [6,12]. Elevated concentrations of testosterone
and its metabolite, di hydro testosterone have also shown to increase
PCa risk. The genomic effects androgens which have shown to have
oncogenic potential are mediated by the Androgen Receptors (AR),
mediating transcriptional responses by targeting sequence-specific
DNA regulatory elements [13].

Familial inheritance has been proven to account for small
percentage (~10%) of PCa in its initiation phase, studies have
correlated males with first degree relatives to have high chances of
developing PCa due to inheritance of genes such as BRCAI and
BRCAZ2 [14]. Genetic mutations such as inactivation or loss of tumour
suppressor genes such as RB, p53, apoptotic genes such as bcl-2, bax,
bad and back have been implicated in its development [15]. Prostate
cancer progression has been related to several genetic abnormalities
that affect the Androgen Receptor (AR) and other molecules that are
involved in the regulation of cell survival and apoptosis [5], and its
tumour development is driven by the expression of a mutant AR. In
prostate cancer, the retinoblastoma tumour suppressor protein has
been shown to be lost, rendering its pathway dysfunctional [16]. Its
inactivation induces cell cycle progression and since RB controls
Androgen Receptor (AR) levels through E2F transcriptional factors
RB-E2F pathway. Most human cancers show changes in this pathway
which affects the AR responsible for stimulating cell growth and
proliferation in cancer cells [17]. It has been proven that a decrease
in growth factors such as IGFBP down-regulate the expression of RB,
p53 and p21 proteins, which as a result inhibit apoptosis and lead to
proliferation of prostate cancer cell lines [18].

Histopathological of Prostate Cancer

In general morphology, normal prostate composes of glands
and stroma. The glands are seen in cross section to be rounded to
irregularly branching and represent the terminal tubular portions of
long tubuloalveolar glands that radiate from the urethra. There are
two layers of the outer low cuboidal and inner columnar mucin-
secreting epithelium that that make up the gland. Prostate cancer
is a heterogeneous group of malignant tumors that are classified
according to the World Health Organization (2004). Ninety-five
percent of these tumors are adenocarcinoma originating from the
glands and ducts in the prostate. Microscopically, nodular prostatic
hyperplasia consists of nodules of glands and intervening stroma.
Most of the hyperplasia is contributed by glandular proliferation,
but the stroma is also increased, and in rare cases may predominate
[19]. MDM2 and RBBP6 which are classified as proliferative genes
since they promote cancer proliferation, have been found to be
highly expressed around glandular tissues of prostate cancer which
on their morphological appearance have increased cell proliferation
[19,20] (Figure 1). This kind of evidence suggests that the two genes
as reported they interact with each other leading to the degradation
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Figure 1: Histopathological and immune histochemistry of prostate cancer. Expression of p53, Rb, RBBP6, MDM2 and p21 as show in the figure predominantly
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of p53 and to some extend Rb. Similarly looking at the expression of
p53 and Rb proteins in prostate cancer across all types and stages over
expression of p53 and Rb are seen around the glandular region of the
cancer [20] (Figure 1). This result is a clear indication that a targeted
therapy as suggested widely by medical science research would need
to look at overcoming RBBP6 and MDM2 over expression in cancers
like prostate cancer.

Expression of Cell Cycle Regulatory Genes
in Prostate Cancer

PCa results from mutations or gene expression alterations which
may lead to overgrowth of cells surrounding the prostate gland,
angiogenesis, inhibition of apoptosis of the prostate gland cells, and
invasion [21]. Cell cycle regulation is an integral component in cancer
treatment. Normal cell growth is regulated by various signaling
pathways; and sequential activation and subsequent inactivation of
a series of protein kinases (Cdks) and cyclins [22]. Activated Cdks
phosphorylate specific proteins at precisely timed intervals to regulate
the cells metabolic activities to ensure orderly cell division. G1-phase
of the cell cycle, individual D-type cyclins induced in a cell assemble
into with one or two Cdks 4/6, cyclin E and A to activate a cascade of
cell regulatory processes [23-25]. Cell proliferation is controlled by
the activation of G1 Cdks regulated by Cdk inhibitors such as p16,
p21 and p27, and subsequent phosphorylation of the RB protein, thus
repressing its inhibitory activity by binding to the E2F transcription
factor. The RB protein transcriptionally inhibits expression of the p16
gene. Because RB normally prevents apoptosis [24].

The loss of cell cycle regulatory control in G1 has been shown
to cause tumour development, cell proliferation and inhibition of
apoptosis of many cancers. These tumour suppressor genes such as
RB and p53 are known to massively regulate the cell cycle by acting
as mediators in several mechanisms; several studies have proven that
they are functionally inactivated in most human cancers [17]. The
genes are altered in many cancers either through direct mutations
or indirectly through alterations in the expression of their upstream
regulators. Studies on Androgen Receptor (AR) have shown enhance
prostate cancer cell survival through the accumulation of cyclin

D1 and activation of CDK4 which promote phosphorylation of Rb
tumour suppressor resulting in prostate cancer progression [26].
Targeting the cell cycle using compounds in prostate cancer Zhang
et al. [27] found that Honokiol which is a pure compound isolated
from Magnolia officinal is extracts decreased the viability of PC-3
and LNCaP human prostate cancer cells through mediated cell cycle
arrest associated with a decrease in protein levels of cyclin D1, cyclin-
dependent kinase 4 (Cdk4), Cdkeé, and/or cyclin E and suppression
of complex formation between cyclin D1 and Cdk4. In another
study Docetaxel and paclitaxel were found to bind to and stabilize
microtubules, causing G2/M cell-cycle arrest and apoptosis through
p21 activation [28].

p53 Expression in PCa

The p53 protein is a TSG known as genomic “gate keeper” which
plays a pivotal role of ensuring that balanced is maintained between
cell growth and cell death in the living system. It is known to have
a powerful antitumor activity that is controlled by MDM2 which
negatively regulates it [29,30]. P53 normally responds to stress signals
that can disrupt the fidelity of DNA replication and cell division [31].
The p53 protein has shown to be induced in response to DNA damage
in normal cells, by activating the expression of specific genes whose
proteins are responsible for cellular growth inhibition such as bax
which is involved in the cascade of regulatory events promoting the
stimulation of apoptosis which is a programmed cell death or suicide
of cells that are abnormal or are longer capable of dividing normally
[31,32]. The activation of p53 results in growth arrest, apoptosis, cell
death and/or cell repair which ultimately reduces proliferation of
damaged cells or tumour progression and chemo-resistance [33].

It represents a checkpoint that halts the cell cycle upon DNA
damage in the Gl-phase [34]. Its inactivation or its absence as
a result of mutations, damaged cells tend to activate specific
oncogenes, which proliferate resulting in tumorigenesis, which has
been implicated in many cancers including PCa. It is, therefore,
important to study the role of all regulatory genes underpinning for
tumour growth inhibition and induction of apoptosis. Like RB, p53
is modulated by methylation, phosphorylation, and acetylation. The
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phosphorylation of p53 prevents its interaction with MDM2 [29,34].
p53 transcriptionally induces the expression of p21 which inhibits
and prevents CDKs from phosphorylating RB at G1-S transition,
thus inhibiting E2F transcriptional activity and cell cycle progression
. The p53-p21 response pathway involves p21 being induced by p53
thereby maintaining RB in its non-phosphorylated [24].

MDMZ2 Inhibitors Nutlin-3 in Prostate
Cancer as Possible Therapeutic Target

For years medical science has established that MDM2 negatively
regulate p53 in cancer thereby preventing cellular machinery to arrest
cell proliferation. One of the hallmarks of prostate cancer is mutation
or inactivation of p53 which might be as a result of MDM2 activity.
For a successful future target it should be in inhibit MDM2. In this
regard small molecule MDM2 antagonists might be useful in the
treatment of human prostate cancers that retain functional p53 also
their androgen receptor signaling. One of the identified molecules
is Nutlin-3 which is a small-molecule inhibitor that acts to inhibit
MDM2 binding to p53 and subsequent p53-dependent DNA damage
signaling. Nutlin-3 bind in the p53- binding pocket of MDM2 to
displace p53 from the complex and induce p53 stabilization. p53 then
activates downstream targets leading to p21WAF induction, cell cycle
arrest, and apoptosis. Several studies have since been carried out to
assess the potential of Nutlin-3 in inhibiting MDM2 in cancer cells
that had functioning p53 and one study by Supiot et al. [35] has found
that Nutlin-3 in combination with radiation under toxic conditions
decreased clonogenic survival of prostate cancer cells. In anoxia,
Nutlin-3 induced p53 protein expression. Furthermore, Nutlin-3
was more effective as a radio sensitizer under hypoxic conditions
particularly in WTp53-expressing cells. They concluded that Nutlin-3
can act as a radio sensitizer via p53-independent mechanisms under
low O, levels. In another study by Zhu et al. [36], Nutlin-3a, the
active enantiomer of Nutlin-3, increased the sensitivity to cisplatin
by inhibiting MDM2 binding to E2F-1 in a chemo sensitization. The
Increased sensitivity was linked to the induction of proapoptotic
proteins. Nutlin-3 was also reported to have prevented the association
between MDM2 and HIF-1a resulting in inhibition of vascular
endothelial growth factor production which led to reduced tumour
angiogenesis. Prostate cancer colony growth was more prevalent
when p53 transcriptional activity was decreased, whereas growth
was more limited in the presence of functional p53. These results
demonstrate that the functional status of the tumour suppressor p53
is important in the progression of prostate cancer and dictates the
overall effectiveness a given drug would have on disease treatment.
Nutlin-3 may radio sensitize WTp53-expressing cells, such as 22RV1,
via multiple factors, including p21WAF activation and increased
apoptosis [37]. However, the mechanism of the radio sensitization
of mutated p53 —expressing or p53-null cells remains unclear. This
enhanced radio sensitivity mediated by Nutlin-3 might improve
outcome at currently used radiation doses. The phosphatidylinositol
3-kinase (PI3K)/Akt and p53 pathways play anti apoptotic and
proapoptotic roles in cell death.

Cancer cell growth and progression are associated with high
levels of PI3K/Akt activation by loss of PTEN expression and the
inactivation of p53 by MDM2 over expression. Zhu et al. [36] reported
that inhibition of PI3K/Akt, either by the PI3K inhibitor Ly294002
or by expression of PTEN, synergized the ability of the MDM2
antagonist nutlin-3 to induce apoptosis in acute lymphoblastic
leukemia. While another study showed that Nutlin-3 effected cell

cycle in gastric cancer cell lines by inducing G1 arrest in MKN-45
and SNU-1 cell lines. p53 can induce HO-1 by directly binding to
the putative p53 responsive element in the HO-1 promoter in a study
by Arya et al. [37] Nutlin-3 induced HO-1 expression at the level of
transcription in human cancer cells in a transcription-independent
manner of p53 with a knockout of HO-1 resulting in Nutlin-3-
inducing apoptosis. So from this study it is clear that nutlin-3 induces
HO-1 expression via the activation of both JNK which is dependent
on ROS generated by p53 Trans located to the mitochondria and
p38 MAPK which appears to be stimulated by a ROS-independent
mechanism. Combination of radiotherapy or Chemotherapy with
Nutlin in inactivated p53 prostate cancer remains a useful strategy in
combating the disease and also preventing its angiogenesis.

Mitoxantrone as Prostate Cancer Apoptosis
and Cell Cycle Arrest Inducer

The cell machinery especially p53 which guards the genome of
the cell activate apoptosis or cell cycle arrest in respond to any DNA
damage thereby leading to cell cycle arrest until the cell is repaired of
apoptosis if the cell can’t be repaired. It is common knowledge that
many cancers especially prostate cancer is as a result of mutation
however, the cell machinery is not activated to arrest proliferation
of damaged cells. One possible strategy to combat cancer cells would
be to damage DNA in a normal functioning p53 with the hope that
this will trigger cell cycle arrest or apoptosis. One molecule that was
identified is Mitoxantrone which is a small molecule that intercalate
into DNA and inhibiting topoisomerase II resulting in DNA damage
during replication. Mitoxantrone mechanism of action focuses on
reducing disease progression and through a variety of different ways
by suppressing the proliferation of T cells, B cells, and macrophages
that’s why it is said to be antibiotic of cancer.

Mitoxantrone treatment produces single and double strand
breaks in DNA. Some of the protein-associated DNA strand breaks
result from a cleavable complex with topoisomerase. Mitoxantrone
induce cell-cycle arrest and accumulation of the cells in late S and
G2/M phase. Inhibition of ATM, but not of MEK1/2, abrogated
mitoxantrone-induced cell-cycle arrest. Inhibition of MEK1/2 did
not change mitoxantrone induced up-regulation of p53 and p21,
but inhibition of ATM markedly decreased up-regulation of p53
and p21, and p53 phosphorylation on serine 15 and serine 392
[38,39]. In another study by Senbabaoglu et al. [40], co-delivery of
the anticancer drug, Mitoxantrone (MTO) and the gene encoding
tumour suppressor protein p53 was evaluated towards anticancer
combinatorial therapy. Combined drug and gene loaded nanoplexes
was reported to have more apoptotic effect than either the drug or
gene individually. Mitoxantrone-induced PCD was associated with
a marked induction of c-jun and significant repression of c-myc and
BCL-2 oncogenes. Cervical cancer cells are characterized by Wt p53
which is inactivated by E6 through degradation. In a study to test the
effectiveness of mitoxantrone, Alpay et al. [41], reported activation
of caspase and apoptosis in a combinational therapy which was
independent of either p53 or p73 despite increased p53 activity in
Hela cells. Mitoxantrone activate DR4 and 5 that also sensitized cells
to TRAIL and increased cells into apoptosis that is independent of
p53 [40]. Mitoxantrone as it is carried fourth through clinical trials it
shows both potential in tumour treatment and apoptosis restoration
either through p53 dependent and independent manner.
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Molecular Effect of Cisplatin in Prostate
Cancer

Cisplatin is a chemotherapy anticancer drug which is used to
treat several cancers. It is administered intravenously as short-term
infusion in normal saline for treatment of solid and hematological
malignancies. In testicular cancer it increased the cure rate from 10%
to 85% is particularly effective against testicular cancer; its adoption
has increased the cure rate from 10% to 85%. The mechanism of action
of the drug involves interfering with DNA replication by preventing
its repair which results in the killing of the fastest proliferating cells,
which in theory are carcinogenic. Even though cisplatin has been
effective in many cancers, prostate cancer cells exhibit intrinsic and
acquired resistance to cisplatin. In order to improve its sensitivity to
cisplatin, combinational therapy with either agents that reduces side
effects or increases it cytotoxicity is necessary. One such example of
combinational therapy successful in prostate cancer is cisplatin-{-
Elemene which markedly promoted cisplatin-induced apoptotic
cell death in prostate cancer cells by activating caspase-3/7/10 and
caspase-9, cleavage of caspase-3 and -9, suppression of Bcl-2 and
Bcl-XL expression, and release of cytochrome ¢ from mitochondria
in these cells [42]. Apoptosis-Inducing Factor (AIF) is a small
protein that resides normally within the inter membrane space
of mitochondria, and upon certain death stimuli Trans locate into
the cytosol and ultimately the nucleus where it contributes to DNA
fragmentation and chromatin condensation. With cisplatin playing
a role in DNA repair as part of its cytotoxic mechanism in cancer,
in order to sensitize prostate cancer cells to cisplatin an inhibition of
ATF by its inhibitor molecule N-acetyl-L-cysteine thereby preventing
it from translocating into the nucleus and resulting in cisplatin-
induced apoptosis in LNCaP cells [27]. In a study by Zhang et al. [43]
they reported that KLF4 was induced by cisplatin in prostate cancer
cells and that the increase in KLF4 promoted cell apoptosis through
the binding of KLF4 directly to the promoter of BIK facilitating its
transcription. This mechanism was facilitated by the down regulation
of miR-32-5p in response to cisplatin treatment which promoted
KLF4 expression, resulting in increase in the chemo sensitivity
of prostate cancer. In another combination study Resveratrol in
combination with cisplatin was found to up-regulate DUSP1 which
resulted in increased apoptosis in androgen-independent prostate
cancer cells through the inhibition of the NF-kB pathway and Cox-
2 expression [44]. Anti apoptotic Bcl-2 is frequently over expressed
in refractory prostate cancer and increased following standard
hormonal therapy and chemotherapy. Its designed antagonist, ABT-
737, has not shown single agent apoptosis-promoting activity against
human prostate cancer. In a combinational study using mice models
infused with prostate cancer cells, Bray et al. reported increased
apoptosis induction by cisplatin, ABT-737 alone or in combination
with the combination producing an increased activation of caspase-3
and cell death. Further studies showed that Calcitriol enhances both
carboplatin and cisplatin-mediated growth inhibition in prostate
cancer LNCaP and DUI45 cells [45]. From extrinsic pathway
Cisplatin/LA-12 and TRAIL combinational therapy was reported to
promote stimulation of mitochondrial apoptotic pathway associated
with activation of Bid and Bak proteins in prostate cancer [46].
From all this information it is clear that the new effective strategy to
overcoming prostate cancer resistant to cisplatin is through targeted
combinational therapy.

Estramustine in Prostate Cancer and Its
Molecular Impact

Estramustine is a combination of oestrogen and nitrogen mustard
used to treat prostate cancer that no longer responding to hormone
treatment. The mechanism of the drug is to stop the cancerous cells
from dividing into two new cells, by inhibiting mitosis through
binding to tubulin, causing its depolymerization and preventing the
formation of microtubules, or decreasing the kinetic ability of the
microtubules, which are necessary to complete cell division [47,48].
Mitosis is arrested in the G2/M-phase. Which results in a blockage of
tumour growth as well as of other hormones in the body that promote
cancer growth. Estramustine phosphate has been reported in many
studies to induce apoptosis in prostate cancer cells [49]. Even though
the mechanism of apoptosis induction is still not clear, [50] reported
that MiR-31 Knockdown Enhanced EP induced PC3 Cell Apoptosis
by increasing expression of proapoptotic genes such as p53. In another
study by Stdhlberg et al. [51] showed that combinational therapy
with Radiation resulted in DNA damage in mice which initiated
apoptosis in cancer. In another study using Taxol and Estramustine,
the combination resulted in total down-regulation of bcl-xL protein
in the absence of alteration of bax, bak, or bcl-2 levels. Which resulted
in an increased ratio of Bax/Bcl2 expression and leading to apoptosis
activation. Estramustine continue to be recommended for certain
individuals with prostate cancer, however continuing improvement
of the treatment might be important for future effectiveness use.

Androgen Targeted Therapy in Prostate
Cancer

Abiraterone acetate is a novel steroidal inhibitor of CYP17Al
a cytochrome P450 complex, a rate-limiting enzyme in androgen
biosynthesis resulting in inhibition of testosterone production in both
the adrenals and the testes. It improves overall survival in patients with
metastatic castration-resistant prostate cancer after chemotherapy by
blocking the remaining or residual male hormones in the body that
may be helping prostate cancer to grow. Abiraterone was found to
improve radiographic progression-free survival which showed a trend
toward improved overall survival, and significantly delayed clinical
decline and initiation of chemotherapy in patients with metastatic
castration-resistant prostate cancer [52]. In 2011, its combination
with prednisone was approved for patients with metastatic high-
risk castration-sensitive prostate cancer, based on findings from
the phase IIT latitude clinical study. In other findings by Maughan
et al. [53] that compared treatment of castration-sensitive prostate
cancer patient with or without p53 reported that inp53 inactivation
in the primary tumour, the co-treatment may be predictive of inferior
outcomes to novel hormonal therapies. Suggesting that patient with
p53 survived and coped well with treatment as compared to those
without. On the other hand over expression of MDM2 showed
poor prognosis and when inhibitors of MDM2 were added the cells
showed improved sensitivity of castration-resistant prostate cancer to
Abiraterone [54,55]. In male patient metastatic Castration Resistant
prostate cancer, administration of CPI-1205 in combination with
enzalutamide or abiraterone/prednisone has passed label Phase
1b/2 clinical trials and is available orally for selective inhibitor of the
histone lysine methyl transferase which causes apoptosis in cancer
[53].

Immunotherapy Process in Prostate Cancer

Like any other disease or infection the body’s immune system must
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respond to cancer and assist the body in removing the cancer from the
system. However, in cancer patients the immune system is unable to
detect the cancerous cells probably because they might be recognized
as self-tissue. Immunotherapy, also known as biologic therapy is a type
of cancer treatment that boosts the body's natural defenses to fight
cancer. This type of therapy uses a substance produced by the body
or in the laboratory to improve or restore immune system function to
stop or slow growth of cancer cells. In recent years, medical science
has identified several antibodies that are produced by cancer cells in
their fight against the disease. One such molecule is RGX-019 which
is a humanized monoclonal antibody that selectively targets MERTK,
areceptor tyrosine kinase of the TYRO3/AXL/MERTK (TAM) family
which is expressed in immune cells such as macrophages and NK cells,
and is over expressed in a wide variety of liquid and solid cancers.
MERTK once activated through binding to a ligand on cancer cells
promote tumour-promoting signaling pathways, proliferation of
cancer cells and angiogenesis while decreasing apoptosis and chemo
sensitivity [56,57]. MERTK inhibition increased apoptosis, decreased
colony formation, increased chemo sensitivity, and decreased tumour
formation in a mouse model [58]. RGX-019 bind to MERTK with
high affinity preventing the binding of a ligand leading to degradation
of MERTK [56,59].

A small molecule immunotherapy (RGX-104) against solid
tumors, including drug-resistant malignancies was also synthesized
which reverses the immunosuppressive effects of cancer by targeting
the LXR/ApoE pathway that regulates the innate immune response
to cancer. RGX-104 depletes myeloid-derived suppressor cells which
blocks the ability of T cell activation and stimulates dendritic cells
which are required to activate T cells [57,60-62]. RGX-104 is an oral
first-in-class LXR agonist that robustly induces ApoE expression
resulting in innate-immune mediated anti-tumour activity. In recent
clinical trials, 26 patients with a variety of refractory solid tumors were
treated at doses ranging from 120 mg QD to 200 mg BID of RGX-
104 and was found to be effective in restoring immune system and
decreased cancer growth [57,63]. p53 is well documented as mutated
in over 50% of all prostate cancer cells and restoring the functioning of
p53 would result in improved prognosis in cancer cells. Advexin which
is a replication-impaired adenoviral vector that carries the p53 gene,
has been evaluated in both preclinical and clinical trials since 2006 and
has shown a well-tolerated and efficacious treatment for numerous
cancers in combination with radiation and/or chemotherapy agents
[64-66]. During most clinical trials some patients with MDM2 family
amplification had poor clinical outcome and significantly increased
rate of tumour growth after single-agent checkpoint (PD-1/PD-L1)
inhibitors which continue to indicate that even with restored p53 you
will need it to be phosphorylated and MDM2 degraded for the protein
to be able to perform its function. Immune system restoration and
target as possible therapeutic agents and would play a huge role in
overcoming cancer. Another molecule on the market is Nivolumab,
which is a human monoclonal antibody that blocks the interaction
between PD-1 and its ligands, PDL1 and PD-L2. Programmed cell
death protein 1 (PD-1) is a protein on the surface of cells that has a
role in regulating the immune system's response to the cells of the
human body by down-regulating the immune system and promoting
self-tolerance by suppressing T cell inflammatory activity [67,68].
In prostate cancer, previous studies had shown that the anti-PD1
agent nivolumab (Opdivo) did not enhance anti-tumour responses
of CRPC patients. But two CRPC patients were reported to have
exceptional responses to immunotherapy [67,68].

Medicinal Plants Target in Prostate Cancer

Many methods are used currently in the treatment of cancer and in
particular, prostate cancer such as Radiotherapy and Chemotherapy.
However, their unspecific target and the resultant increased healthy
cell killing remains the setback in all this treatment. Event through
improved combinational therapy the combined treatment is still
ineffective and not specific and there arise the more effective naturally
produced products or molecules. Plants produce a wide range of
chemical compounds that have no direct role in the plants” growth.
These compounds are called secondary metabolite such as Alkaloids,
terpenoids, flavonoids, pigments, and tannins are important
constituents the compounds. Secondary metabolites have biologic
effects such as anti-inflammatory, anticancer, contraceptive, and
different effects on hematopoietic cells [69-71]. One of the plants that
have recently got attraction of many researchers working on cancer is
Cannabis Sativa which is an ancient plant that has been cultivated in
the Neolithic times, and it contains at least phytochemicals with almost
66 of them belonging to a class of cannabinoids [72-74]. According
to [72] the plant is composed of phyto-cannabinoids, flavonoids,
enzymes, steroids and terpenoids [72]. Plant-derived cannabinoids
have shown to be potent inhibitors of various cancers including
prostate carcinoma both in vitro and in vivo [75-77]. Cannabinoids
can either have toxic or none-toxic properties, and they work by
interacting and activating specific G-proteins coupled receptors (CB1
and CB2) usually located in different parts of the Central Nervous
System and Immune system respectively [74,77-80]. In recent studies
using PC3 and WIN-55,212-2 cell lines treated with cannabinoid
there was a sustained up-regulation of ERK1/2 and inhibition of
PI3k/Akt pathways in WIN-55,212-2-treated cells. Inhibition of
ERK1/2 abrogated WIN-55,212-2-indued cell death suggesting that
sustained activation of ERK1/2 led to cell cycle dysregulation and
arrest of cells in GO/G1 phase subsequently leading to an induction
of apoptosis through Bax/BCI2 activation [81]. However, further
studies on prostate cancer and cannabinoid and cannabis sativa need
to continue and more information could be collected especially since
most of the compounds in the plant have been reported to be involved
in p53 induced apoptosis. Another plant product which has been
thoroughly studied and in phase II clinical trials is Curcumin which
is a polyphenolic molecule extracted from the rhizome of the plant
Curcuma longa. Curcumin target the nuclear factor kappa-B (NF-
kB) pathway thereby reducing fatigue in patient that was treated with
either chemotherapy or Radiotherapy. In prostate cancer Curcumin
is suggested to stop the growth of tumour cells by blocking protein
kinases such as AKt and mitogen-activated protein kinases which
are growth enzymes needed for cell growth thereby prevent prostate
cancer from returning after surgery [82-84]. In many other cancers
Curcumin induces apoptosis independent of p53 by targeting caspase
8 which induces apoptosis through the extrinsic pathway [82,83].

References

1. Wang T, Xie ZP, Huang ZS, Li H, Wei AY, Di JM, et al. Total triterpenoids
from Ganoderma Lucidum suppresses prostate cancer cell growth by
inducing growth arrest and apoptosis. ] Huazhong Univ Sci Technolog
Med Sci. 2015;35(5):736-41.

2. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation
review. Cell. 2011;144(5):646-74.

3. Busato WF, Almeida GL. Prostate cancer screening in Brazil: should it be
done or not? Int Braz ] Urol. 2016;42(6):1069-80.

4. Peshkov MN. Genome-proteome system for prostate cancer. EPMA J.

Remedy Publications LLC., | http://clinicsinoncology.com/

2019 | Volume 4 | Article 1630


https://www.ncbi.nlm.nih.gov/pubmed/26489631
https://www.ncbi.nlm.nih.gov/pubmed/26489631
https://www.ncbi.nlm.nih.gov/pubmed/26489631
https://www.ncbi.nlm.nih.gov/pubmed/26489631
https://www.ncbi.nlm.nih.gov/pubmed/21376230
https://www.ncbi.nlm.nih.gov/pubmed/21376230
https://www.ncbi.nlm.nih.gov/pubmed/27619665
https://www.ncbi.nlm.nih.gov/pubmed/27619665
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4125923/

Lesetja Raymond Motadi, et al.,

Clinics in Oncology - General Oncology

10.

1

—

12.

13.

14.

15.

16.

17.

1

o

19.

20.

2

—

22.

23.

24.

25.

2014;5(Suppl 1):A28.

Gonzalgo ML, Isaacs WB. Molecular pathways to prostate cancer. J Urol.
2003;170(6 Pt 1):2444-52.

Pernar CH, Ebot EM, Wilson KM, Mucci LA. The Epidemiology of
Prostate Cancer. Cold Spring Harb Perspect Med. 2018;8(12).

Center MM, Jemal A, Lortet-Tieulent J, Ward E, Ferlay J, Brawley O, et al.
International variation in prostate cancer incidence and mortality rates.
Eur Urol. 2012;61(6):1079-92.

Bostwick DG, Burke HB, Djakiew D, Euling S, Ho SM, Landolph
J, et al. Human Prostate Cancer Risk Factors. Cancer. 2004;101(10
Suppl):2371-490.

Cybulski C, Wokotorczyk D. Progress in clinical genetics of prostate
cancer. Hereditary Cancer in Clinical Practice. 2011;9(Suppl 2):A6.

Leitzmann MF, Stampfer MJ, Michaud DS, Augustsson K, Colditz GC,
Willett WC, et al. Dietary intake of n-3 and n-6 fatty acids and the risk of
prostate cancer. Am J Clin Nutr. 2004;80(1):204-16.

. Margel D, Benjaminov O, Ozalvo R, Shavit Grievink L, Kedar I, Yerushalmi

R, et al. Personalized prostate cancer screening among men with high risk
genetic predisposition- study protocol for a prospective cohort study.
BMC Cancer. 2014;14:528.

Howlader N, Noone A, Krapcho M, Miller D, Bishop K, Altekruse S, et
al. SEER Cancer Statistics Review 1975-2013. National Cancer Institute.
2016.

Han G, Buchanan G, Ittmann M, Harris JM, Yu X, Demayo FJ, et al.
Mutation of the androgen receptor causes oncogenic transformation of
the prostate. Proc Natl Acad Sci U S A. 2005;102(4):1151-6.

Mitra AV, Bancroft EK, Barbachano Y, Page EC, Foster CS, Jameson C, et
al. Targeted prostate cancer screening in men with mutations in BRCA1
and BRCA?2 detects aggressive prostate cancer: preliminary analysis of the
results of the IMPACT study. BJU Int. 2011;107(1):28-39.

Catz SD, Johnson JL. BCL-2 in prostate cancer: a mini review. Apoptosis.
2003;8(1):29-37.

Tan HL, Sood A, Rahimi HA, Wang W, Gupta N, Hicks J, et al. RB Loss
is Characteristic of Prostatic Small Cell Neuroendocrine Carcinoma. Clin
Cancer Res. 2014;20(4):890-903.

Sun H, Wang Y, Chinnam M, Zhang X, Hayward SW, Foster BA, et al. E2f
binding-deficient RB1 protein suppresses prostate tumor progression in
vivo. Proc Natl Acad Sci U S A. 2011;108(2):704-9.

. Barnard RJ, Aronson WJ. Preclinical models relevant to diet, exercise, and

cancer risk. Recent Results Cancer Res. 2005;166:47-61.

Andriole G, Bruchovsky N, Chung LW, Matsumoto AM, Rittmaster R,
Roehrborn C, et al. Dihydrotestosterone and the prostate: the scientific
rationale for 5alpha-reductase inhibitors in the treatment of benign
prostatic hyperplasia. ] Urol. 2004;172(4 Pt 1):1399-403.

Auffenberg GB, Helfand BT, McVary KT. Established medical therapy for
benign prostatic hyperplasia. Urol Clin North Am. 2009;36(4):443-59.

. Feneley M, Payne H. Therapeutic strategies in Prostate Cancer. 1* ed,

Oxford: Atlas Medical Publishing Ltd. 2007.

Malumbres M, Barbacid M. Cell Cycle Kinases in cancer review. Curr
Opin Genet Dev. 2007;17(1):60-5.

Vermeulen K, Van Bockstaele DR, Berneman ZN. The cell cycle: a review
of regulation, deregulation and therapeutic targets in cancer. Cell Prolif.
2003;36(3):131-49.

Duronio RJ, Xiong Y. Signaling Pathways that Control Cell Proliferation.
Cold Spring Harb Perspect Biol. 2013;5(3):a008904.

Wander SA, Zhao D, Slingerland JM. p27: A barometer of signaling
deregulation and potential predictor of response to targeted therapies. Clin

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Cancer Res. 2011;17(1):12-8.

Balk SP, Karen E. AR, the cell cycle, and prostate cancer. Nucl Recept
Signal. 2008;6:€001.

Zhang W, Zhang C, Narayani N, Du C, Balaji KC. Nuclear translocation of
apoptosis inducing factor is associated with cisplatin induced apoptosis in
LNCaP prostate cancer cells. Cancer Lett. 2007;255(1):127-34.

Hahm ER, Singh SV. Honokiol causes G0-G1 phase cell cycle arrest
in human prostate cancer cells in association with suppression of
retinoblastoma protein level/phosphorylation and inhibition of E2F1
transcriptional activity. Mol Cancer Ther. 2007;6(10):2686-95.

Klein C, Vassilev LT. Targeting the p53-MDM?2 interaction to treat cancer.
Br J Cancer. 2004;91(8):1415-9.

Motadi LR, Bhoola KD, Dlamini Z. Expression and function of
retinoblastoma binding protein 6 (RBBP6) in human lung cancer.
Immunobiology. 2011;216(10):1065-73.

Harris SL, Levine AJ. The p53 pathway: positive and negative feedback
loops. Oncogene. 2005;24(17):2899-908.

Vassilev LT, Vu BT, Graves B, Carvajal D, Podlaski F, Filipovic Z, et al.
In Vivo activation of the p53 pathway by small molecule antagonists of
MDM2. Science. 2004;303(5659):844-8.

Fridman JS, Lowe SW. Control of apoptosis by p53. Oncogene.
2003;22(56):9030-40.

Behl C, Ziegler C. Cell Aging: Molecular Mechanisms and Implications for
Disease. Springer Briefs in Molecular Medicine. 2004.

Supiot S, Hill RP, Bristow RG. Nutlin-3 radiosensitizes hypoxic prostate
cancer cells independent of p53. Mol Cancer Ther. 2008;7(4):993-9.

Zhu N, Gu L, Li F, Zhou M. Inhibition of the Akt/survivin pathway
synergizes the antileukemia effect of nutlin-3 in acute lymphoblastic
leukemia cells. Mol Cancer Ther. 2008;7(5):1101-9.

Arya AK, El-Fert A, Devling T, Eccles RM, Aslam MA, Rubbi CP, et al.
Nutlin-3, the small-molecule inhibitor of MDM2, promotes senescence
and radiosensitises laryngeal carcinoma cells harbouring wild-type p53. Br
J Cancer. 2010;103(2):186-95.

Seifrtova M, Havelek R, Chmelafovd M, Cmielovd J, Muthnd D, Stoklasova
A, et al. The effect of ATM and ERK1/2 inhibition on mitoxantrone-
induced cell death of leukaemic cells. Folia Biol (Praha). 2011;57(2):74-81.

Bhalla K, Ibrado MM, Tourkina E, Tang C, Grant S, Bullock G, et al. High-
Dose Mitoxantrone Induces Programmed Cell Death or Apoptosis in
Human Myeloid Leukemia Cells. Blood. 1993;82(10):3133-40.

Senbabaoglu F, Cingoz A, Kaya E, Kazancioglu S, Lack NA, Acilan C,
et al. Identification of Mitoxantrone as a TRAIL sensitizing agent for
Glioblastoma Multiforme. Cancer Biol Ther. 2016;17(5):546-57.

Alpay K, Farshchian M, Tuomela J, Sandholm J, Aittokallio K, Siljamaki
E, et al. Inhibition of c-Abl Kinase Activity Renders Cancer Cells Highly
Sensitive to Mitoxantrone. PLoS One. 2014;9(8):e105526.

Li QQ, Wang G, Reed E, Huang L, Cuff CF. Evaluation of Cisplatin
in Combination with B-Elemene as a Regimen for Prostate Cancer
Chemotherapy. Basic Clin Pharmacol Toxicol. 2010;107(5):868-76.

Zhang L, Li X, Chao Y, He R, Liu J, Yuan Y, et al. KLF4, a miR-32-5p
targeted gene, promotes cisplatin-induced apoptosis by upregulating BIK
expression in prostate cancer. Cell Commun Signal. 2018;16(1):53.

Martinez-Martinez D, Soto A, Gil-Araujo B, Gallego B, Chiloeches A,
Lasa M. Resveratrol promotes apoptosis through the induction of dual
specificity phosphatase 1 and sensitizes prostate cancer cells to cisplatin.
Food Chem Toxicol. 2019;124:273-9.

Moffatt KA, Johannes WU, Miller GJ. 1a,25-dihydroxyvitamin D, and
platinum drugs act synergistically to inhibit the growth of prostate cancer
cell lines. Clin Cancer Res. 1999;5:695-703.

Remedy Publications LLC., | http://clinicsinoncology.com/

2019 | Volume 4 | Article 1630


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4125923/
https://www.ncbi.nlm.nih.gov/pubmed/14634448
https://www.ncbi.nlm.nih.gov/pubmed/14634448
https://www.ncbi.nlm.nih.gov/pubmed/29311132
https://www.ncbi.nlm.nih.gov/pubmed/29311132
https://www.ncbi.nlm.nih.gov/pubmed/22424666
https://www.ncbi.nlm.nih.gov/pubmed/22424666
https://www.ncbi.nlm.nih.gov/pubmed/22424666
https://www.ncbi.nlm.nih.gov/pubmed/15495199
https://www.ncbi.nlm.nih.gov/pubmed/15495199
https://www.ncbi.nlm.nih.gov/pubmed/15495199
https://hccpjournal.biomedcentral.com/articles/10.1186/1897-4287-9-S2-A6
https://hccpjournal.biomedcentral.com/articles/10.1186/1897-4287-9-S2-A6
https://www.ncbi.nlm.nih.gov/pubmed/15213050
https://www.ncbi.nlm.nih.gov/pubmed/15213050
https://www.ncbi.nlm.nih.gov/pubmed/15213050
https://www.ncbi.nlm.nih.gov/pubmed/25047061
https://www.ncbi.nlm.nih.gov/pubmed/25047061
https://www.ncbi.nlm.nih.gov/pubmed/25047061
https://www.ncbi.nlm.nih.gov/pubmed/25047061
https://seer.cancer.gov/archive/csr/1975_2013/
https://seer.cancer.gov/archive/csr/1975_2013/
https://seer.cancer.gov/archive/csr/1975_2013/
https://www.ncbi.nlm.nih.gov/pubmed/15657128
https://www.ncbi.nlm.nih.gov/pubmed/15657128
https://www.ncbi.nlm.nih.gov/pubmed/15657128
https://www.ncbi.nlm.nih.gov/pubmed/20840664
https://www.ncbi.nlm.nih.gov/pubmed/20840664
https://www.ncbi.nlm.nih.gov/pubmed/20840664
https://www.ncbi.nlm.nih.gov/pubmed/20840664
https://www.ncbi.nlm.nih.gov/pubmed/12510149
https://www.ncbi.nlm.nih.gov/pubmed/12510149
https://www.ncbi.nlm.nih.gov/pubmed/24323898
https://www.ncbi.nlm.nih.gov/pubmed/24323898
https://www.ncbi.nlm.nih.gov/pubmed/24323898
https://www.ncbi.nlm.nih.gov/pubmed/15648182
https://www.ncbi.nlm.nih.gov/pubmed/15648182
https://www.ncbi.nlm.nih.gov/pubmed/15371854
https://www.ncbi.nlm.nih.gov/pubmed/15371854
https://www.ncbi.nlm.nih.gov/pubmed/15371854
https://www.ncbi.nlm.nih.gov/pubmed/15371854
https://www.ncbi.nlm.nih.gov/pubmed/17208431
https://www.ncbi.nlm.nih.gov/pubmed/17208431
https://www.ncbi.nlm.nih.gov/pubmed/12814430
https://www.ncbi.nlm.nih.gov/pubmed/12814430
https://www.ncbi.nlm.nih.gov/pubmed/12814430
https://www.ncbi.nlm.nih.gov/pubmed/23457258
https://www.ncbi.nlm.nih.gov/pubmed/23457258
https://www.ncbi.nlm.nih.gov/pubmed/20966355
https://www.ncbi.nlm.nih.gov/pubmed/20966355
https://www.ncbi.nlm.nih.gov/pubmed/20966355
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2254330/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2254330/
https://www.ncbi.nlm.nih.gov/pubmed/17560018
https://www.ncbi.nlm.nih.gov/pubmed/17560018
https://www.ncbi.nlm.nih.gov/pubmed/17560018
https://www.ncbi.nlm.nih.gov/pubmed/17938262
https://www.ncbi.nlm.nih.gov/pubmed/17938262
https://www.ncbi.nlm.nih.gov/pubmed/17938262
https://www.ncbi.nlm.nih.gov/pubmed/17938262
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2409943/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2409943/
https://www.ncbi.nlm.nih.gov/pubmed/21676486
https://www.ncbi.nlm.nih.gov/pubmed/21676486
https://www.ncbi.nlm.nih.gov/pubmed/21676486
https://www.ncbi.nlm.nih.gov/pubmed/15838523
https://www.ncbi.nlm.nih.gov/pubmed/15838523
https://www.ncbi.nlm.nih.gov/pubmed/14704432
https://www.ncbi.nlm.nih.gov/pubmed/14704432
https://www.ncbi.nlm.nih.gov/pubmed/14704432
https://www.ncbi.nlm.nih.gov/pubmed/14663481
https://www.ncbi.nlm.nih.gov/pubmed/14663481
https://www.springer.com/gp/book/9783642451782
https://www.springer.com/gp/book/9783642451782
https://www.ncbi.nlm.nih.gov/pubmed/18413812
https://www.ncbi.nlm.nih.gov/pubmed/18413812
https://www.ncbi.nlm.nih.gov/pubmed/18483299
https://www.ncbi.nlm.nih.gov/pubmed/18483299
https://www.ncbi.nlm.nih.gov/pubmed/18483299
https://www.ncbi.nlm.nih.gov/pubmed/20588277
https://www.ncbi.nlm.nih.gov/pubmed/20588277
https://www.ncbi.nlm.nih.gov/pubmed/20588277
https://www.ncbi.nlm.nih.gov/pubmed/20588277
https://www.ncbi.nlm.nih.gov/pubmed/21631964
https://www.ncbi.nlm.nih.gov/pubmed/21631964
https://www.ncbi.nlm.nih.gov/pubmed/21631964
http://www.bloodjournal.org/content/82/10/3133?sso-checked=true
http://www.bloodjournal.org/content/82/10/3133?sso-checked=true
http://www.bloodjournal.org/content/82/10/3133?sso-checked=true
https://www.ncbi.nlm.nih.gov/pubmed/27029345
https://www.ncbi.nlm.nih.gov/pubmed/27029345
https://www.ncbi.nlm.nih.gov/pubmed/27029345
https://www.ncbi.nlm.nih.gov/pubmed/25148385
https://www.ncbi.nlm.nih.gov/pubmed/25148385
https://www.ncbi.nlm.nih.gov/pubmed/25148385
https://www.ncbi.nlm.nih.gov/pubmed/30176890
https://www.ncbi.nlm.nih.gov/pubmed/30176890
https://www.ncbi.nlm.nih.gov/pubmed/30176890
https://www.ncbi.nlm.nih.gov/pubmed/30552915
https://www.ncbi.nlm.nih.gov/pubmed/30552915
https://www.ncbi.nlm.nih.gov/pubmed/30552915
https://www.ncbi.nlm.nih.gov/pubmed/30552915
http://clincancerres.aacrjournals.org/content/5/3/695
http://clincancerres.aacrjournals.org/content/5/3/695
http://clincancerres.aacrjournals.org/content/5/3/695

Lesetja Raymond Motadi, et al.,

Clinics in Oncology - General Oncology

46.

47

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Vondélovd Blanifova O, Safafikova B, Heriudkova J, Krkoska M,
Tomaénkova S, Kahounové Z, et al. Cisplatin or LA-12 enhance killing
effects of TRAIL in prostate cancer cells through Bid-dependent
stimulation of mitochondrial apoptotic pathway but not caspase-10. PLoS
One. 2017;12(11):e0188584.

.Panda D, Miller HP, Islam K, Wilson L. Stabilization of microtubule

dynamics by Estramustine binding to a novel site in tubulin: a possible
mechanistic basis for its antitumor action. PNAS. 1997;94(20):10560-4.

Dahllof B, Billstrom A, Cabral F, Hartley-Asp B. Estramustine
depolymerizes microtubules by binding to tubulin. Cancer Res.
1993;53(19):4573-81.

Qin M, Peng S, Liu N, Hu M, He Y, Li G, et al. LG308, a novel synthetic
compound with antimicrotubule activity in prostate cancer cells, exerts
effective antitumor activity. ] Pharmacol Exp Ther. 2015;355(3):473-83.

Wei C, Pan Y, Huang H, Li YP. Estramustine phosphate induces prostate
cancer cell line PC3 apoptosis by down-regulating miR-31 levels. Eur Rev
Med Pharmacol Sci. 2018;22(1):40-5.

Stahlberg K, Kairemo K, Erkkild K, Pentikdinen V, Sorvari P, Taari K,
et al. Radiation Sensitizing Effect of Estramustine is not dependent on
Apoptosis. Anticancer Res. 2005;25(4):2873-8.

Ryan CJ, Smith MR, de Bono JS, Molina A, Logothetis CJ, de Souza
P, et al. Abiraterone in Metastatic Prostate Cancer without Previous
Chemotherapy. N Engl ] Med. 2013;368(2):138-48.

Maughan BL, Guedes LB, Boucher K, Rajoria G, Liu Z, Klimek S, et al. p53
status in the primary tumor predicts efficacy of subsequent abiraterone
and enzalutamide in castration-resistant prostate cancer. Prostate Cancer
Prostatic Dis. 2018;21(2):260-8.

Qi J, Tripathi M, Mishra R, Sahgal N, Fazli L, Ettinger S, et al. The E3
ubiquitin ligase Siah2 contributes to castration-resistant prostate cancer
by regulation of androgen receptor transcriptional activity. Cancer Cell.
2013;23(3):332-46.

Silberstein JL, Taylor MN, Antonarakis ES. Novel Insights into Molecular
Indicators of Response and Resistance to Modern Androgen-Axis
Therapies in Prostate Cancer. Curr Urol Rep. 2016;17(4):29.

Stein MN, Bertino JR, Kaufman HL, Mayer T, Moss R, Silk A, et al. First-
in-Human Clinical Trial of Oral ONC201 in Patients with Refractory Solid
Tumors. Clin Cancer Res. 2017;23(15):4163-9.

Tavazoie MF, Pollack I, Tanqueco R, Ostendorf BN, Reis BS, Gonsalves
FC, et al. LXR/ApoE Activation Restricts Innate Immune Suppression in
Cancer. Cell. 2018;172(4):825-40.

Cummings CT, Deryckere D, Earp HS, Graham DK. Molecular Pathways:
MERTK Signaling in Cancer. Clin Cancer Res. 2013;19(19):5275-80.

Bousset L, Rambur A, Fouache A, Bunay J, Morel L, Lobaccaro JA, et
al. New Insights in Prostate Cancer Development and Tumor Therapy:
Modulation of Nuclear Receptors and the Specific Role of Liver X
Receptors. Int ] Mol Sci. 2018;19(9):2545.

Willy PJ, Umesono K, Ong ES, Evans RM, Heyman RA, Mangelsdorf DJ.
LXR, a nuclear receptor that defines a distinct retinoid response pathway.
Genes Dev. 1995;9(9):1033-45.

Tall AR, Yvan-Charvet L. Cholesterol, inflammation and innate immunity.
Nat Rev Immunol. 2015;15(2):104-16.

Waddington KE, Jury EC, Pineda-Torra I. Liver X receptors in immune
cell function in humans. Biochem Soc Trans. 2015;43(4):752-7.

Mita MM, Mita AC, Postow MA, Hamilton EP, Pant S, Waltzman R]J,
et al. Pharmacodynamic and clinical activity of RGX-104, a first-in-class
immunotherapy targeting the liver-X nuclear hormone receptor (LXR),
in patients with refractory malignancies. ] Clin Oncol. 2018;36(15):3095.

Roth JA. Adenovirus p53 gene therapy. Expert Opin Biol Ther.
200656(1):55-61.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Tazawa H, Kagawa S, Fujiwara T. Advances in adenovirus-mediated p53
cancer gene therapy. Expert Opin Biol Ther. 2013;13(11):1569-83.

Li Y, Li B, Li CJ, Li LJ. Key points of basic theories and clinical practice
in rAd-p53 (Gendicine™) gene therapy for solid malignant tumors. Expert
Opin Biol Ther. 2015;15(3):437-54.

Suzman DL, Antonarakis ES. Castration-resistant prostate cancer:
latest evidence and therapeutic implications. Ther Adv Med Oncol.
2014;6(4):167-79.

He J, Hu Y, Hu M, Baolan Li. Development of PD-1/PD-L1 Pathway in
Tumor Immune Microenvironment and Treatment for Non-Small Cell
Lung Cancer. Scientific Reports. 2015;5:13110.

Mansouri E, Kooti W, Bazvand M, Ghasemi Boroon M, Amirzargar A,
AfrishamR, etal. The effect of hydro-alcoholic extract of Foeniculumvulgare
Mill on leukocytes and hematological tests in male rats. Jundishapur J Nat
Pharm Prod. 2015;10(1):e18396.

Kooti W, Ghasemiboroon M, Asadi-Samani M. The effects of hydro-
alcoholic extract of celery on lipid profile of rats fed a high fat diet. Adv
Environ Biol. 2014;8:325-30.

Mthembu NN, Motadi LR. Apoptotic potential role of Agave palmeri
and Tulbaghia violacea extracts in cervical cancer cells. Mol Biol Rep.
2014;41(9):6143-55.

Elsohly MA, Slade D. Chemical constituents of marijuana: The complex
mixture of natural cannabinoids. Life Sci. 2005;78(5):539-48.

Fankhauser M. History of cannabis in Western Medicine. In: Grotenhermen
F, Russo E, editors. Cannabis and Cannabinoids. New York: The Haworth
Integrative Healing Press. 2002;pp.37-51.

Pertwee RG, Howlett AC, Abood ME, Alexander SP, Di Marzo V, Elphick
MR, et al. International Union of Basic and Clinical Pharmacology.
LXXIX. Cannabinoid receptors and their ligands: beyond CB1 and CB2.
Pharmacol Rev. 2010;62(4):588-631.

Pisanti S, Malfitano AM, Ciaglia E, Lamberti A, Ranieri R, Cuomo G,
et al. Cannabidiol: State of the art and new challenges for therapeutic
applications. Pharmacol Ther. 2017;175:133-50.

Ramos JA, Bianco FJ. The role of cannabinoids in prostate cancer: Basic
science perspective and potential clinical applications. Indian J Urol.
2012;28(1):9-14.

Rock EM, Goodwin JM, Limebeer CL, Breuer A, Pertwee RG, Mechoulam
R, etal. Interaction between non-psychotropic cannabinoids in marihuana:
Effect of cannabigerol (CBG) on the anti-nausea or anti-emetic effects
of Cannabidiol (CBD) in rats and shrews. Psychopharmacology (Berl).
2011;215(3):505-12.

Guzman M. Cannabinoids: potential anticancer agents. Nat Rev Cancer.
2003;3(10):745-55.

Velasco G, Herndndez-Tiedra S, Davila D, Lorente M. The use of
cannabinoids as anticancer agents. Prog Neuropsychopharmacol Biol
Psychiatry. 2016;64:259-66.

Zhornitsky S, Potvin S. Cannabidiol in Humans-The Quest for Therapeutic
Targets. Pharmaceuticals (Basel). 2012;5(5):529-52.

Sarfaraz S, Afaq F, Adhami VM, Malik A, Mukhtar H. Cannabinoid
Receptor Agonist-induced Apoptosis of Human Prostate Cancer Cells
LNCaP Proceeds through Sustained Activation of ERK1/2 Leading to G1
Cell Cycle Arrest. ] Biol Chem. 2006;281(51):39480-91.

Zhou H, Beevers CS, Huang S. Targets of curcumin. Curr Drug Targets.
2011;12(3):332-47.

Aggarwal BB, Harikumar KB. Potential therapeutic effects of curcumin,
the anti-inflammatory agent, against neurodegenerative, cardiovascular,
pulmonary, metabolic, autoimmune and neoplastic diseases. Int ] Biochem
Cell Biol. 2009;41(1):40-59.

Remedy Publications LLC., | http://clinicsinoncology.com/

2019 | Volume 4 | Article 1630


https://www.ncbi.nlm.nih.gov/pubmed/29182622
https://www.ncbi.nlm.nih.gov/pubmed/29182622
https://www.ncbi.nlm.nih.gov/pubmed/29182622
https://www.ncbi.nlm.nih.gov/pubmed/29182622
https://www.ncbi.nlm.nih.gov/pubmed/29182622
https://www.pnas.org/content/94/20/10560
https://www.pnas.org/content/94/20/10560
https://www.pnas.org/content/94/20/10560
http://cancerres.aacrjournals.org/content/53/19/4573
http://cancerres.aacrjournals.org/content/53/19/4573
http://cancerres.aacrjournals.org/content/53/19/4573
https://www.ncbi.nlm.nih.gov/pubmed/29364469
https://www.ncbi.nlm.nih.gov/pubmed/29364469
https://www.ncbi.nlm.nih.gov/pubmed/29364469
https://www.ncbi.nlm.nih.gov/pubmed/16080540
https://www.ncbi.nlm.nih.gov/pubmed/16080540
https://www.ncbi.nlm.nih.gov/pubmed/16080540
https://www.ncbi.nlm.nih.gov/pubmed/29302046
https://www.ncbi.nlm.nih.gov/pubmed/29302046
https://www.ncbi.nlm.nih.gov/pubmed/29302046
https://www.ncbi.nlm.nih.gov/pubmed/29302046
https://www.ncbi.nlm.nih.gov/pubmed/23518348
https://www.ncbi.nlm.nih.gov/pubmed/23518348
https://www.ncbi.nlm.nih.gov/pubmed/23518348
https://www.ncbi.nlm.nih.gov/pubmed/23518348
https://www.ncbi.nlm.nih.gov/pubmed/26902623
https://www.ncbi.nlm.nih.gov/pubmed/26902623
https://www.ncbi.nlm.nih.gov/pubmed/26902623
https://www.ncbi.nlm.nih.gov/pubmed/28331050
https://www.ncbi.nlm.nih.gov/pubmed/28331050
https://www.ncbi.nlm.nih.gov/pubmed/28331050
https://www.ncbi.nlm.nih.gov/pubmed/29336888
https://www.ncbi.nlm.nih.gov/pubmed/29336888
https://www.ncbi.nlm.nih.gov/pubmed/29336888
https://www.ncbi.nlm.nih.gov/pubmed/23833304
https://www.ncbi.nlm.nih.gov/pubmed/23833304
https://www.ncbi.nlm.nih.gov/pubmed/30154328
https://www.ncbi.nlm.nih.gov/pubmed/30154328
https://www.ncbi.nlm.nih.gov/pubmed/30154328
https://www.ncbi.nlm.nih.gov/pubmed/30154328
https://www.ncbi.nlm.nih.gov/pubmed/7744246
https://www.ncbi.nlm.nih.gov/pubmed/7744246
https://www.ncbi.nlm.nih.gov/pubmed/7744246
https://www.ncbi.nlm.nih.gov/pubmed/25614320
https://www.ncbi.nlm.nih.gov/pubmed/25614320
https://www.ncbi.nlm.nih.gov/pubmed/26551724
https://www.ncbi.nlm.nih.gov/pubmed/26551724
https://ascopubs.org/doi/abs/10.1200/JCO.2018.36.15_suppl.3095
https://ascopubs.org/doi/abs/10.1200/JCO.2018.36.15_suppl.3095
https://ascopubs.org/doi/abs/10.1200/JCO.2018.36.15_suppl.3095
https://ascopubs.org/doi/abs/10.1200/JCO.2018.36.15_suppl.3095
https://www.ncbi.nlm.nih.gov/pubmed/16370914
https://www.ncbi.nlm.nih.gov/pubmed/16370914
https://www.ncbi.nlm.nih.gov/pubmed/24107178
https://www.ncbi.nlm.nih.gov/pubmed/24107178
https://www.ncbi.nlm.nih.gov/pubmed/25496374
https://www.ncbi.nlm.nih.gov/pubmed/25496374
https://www.ncbi.nlm.nih.gov/pubmed/25496374
https://www.ncbi.nlm.nih.gov/pubmed/25057303
https://www.ncbi.nlm.nih.gov/pubmed/25057303
https://www.ncbi.nlm.nih.gov/pubmed/25057303
https://www.nature.com/articles/srep13110
https://www.nature.com/articles/srep13110
https://www.nature.com/articles/srep13110
https://www.ncbi.nlm.nih.gov/pubmed/25866717
https://www.ncbi.nlm.nih.gov/pubmed/25866717
https://www.ncbi.nlm.nih.gov/pubmed/25866717
https://www.ncbi.nlm.nih.gov/pubmed/25866717
https://www.researchgate.net/publication/267032264_The_effects_of_hydro-alcoholic_extract_of_celery_on_lipid_profile_of_rats_fed_a_high_fat_diet
https://www.researchgate.net/publication/267032264_The_effects_of_hydro-alcoholic_extract_of_celery_on_lipid_profile_of_rats_fed_a_high_fat_diet
https://www.researchgate.net/publication/267032264_The_effects_of_hydro-alcoholic_extract_of_celery_on_lipid_profile_of_rats_fed_a_high_fat_diet
https://www.ncbi.nlm.nih.gov/pubmed/24993114
https://www.ncbi.nlm.nih.gov/pubmed/24993114
https://www.ncbi.nlm.nih.gov/pubmed/24993114
https://www.ncbi.nlm.nih.gov/pubmed/16199061
https://www.ncbi.nlm.nih.gov/pubmed/16199061
https://www.ncbi.nlm.nih.gov/pubmed/21079038
https://www.ncbi.nlm.nih.gov/pubmed/21079038
https://www.ncbi.nlm.nih.gov/pubmed/21079038
https://www.ncbi.nlm.nih.gov/pubmed/21079038
https://www.ncbi.nlm.nih.gov/pubmed/28232276
https://www.ncbi.nlm.nih.gov/pubmed/28232276
https://www.ncbi.nlm.nih.gov/pubmed/28232276
https://www.ncbi.nlm.nih.gov/pubmed/22557710
https://www.ncbi.nlm.nih.gov/pubmed/22557710
https://www.ncbi.nlm.nih.gov/pubmed/22557710
https://www.ncbi.nlm.nih.gov/pubmed/21243485
https://www.ncbi.nlm.nih.gov/pubmed/21243485
https://www.ncbi.nlm.nih.gov/pubmed/21243485
https://www.ncbi.nlm.nih.gov/pubmed/21243485
https://www.ncbi.nlm.nih.gov/pubmed/21243485
https://www.ncbi.nlm.nih.gov/pubmed/14570037
https://www.ncbi.nlm.nih.gov/pubmed/14570037
https://www.ncbi.nlm.nih.gov/pubmed/26071989
https://www.ncbi.nlm.nih.gov/pubmed/26071989
https://www.ncbi.nlm.nih.gov/pubmed/26071989
https://www.ncbi.nlm.nih.gov/pubmed/24281562
https://www.ncbi.nlm.nih.gov/pubmed/24281562
https://www.ncbi.nlm.nih.gov/pubmed/17068343
https://www.ncbi.nlm.nih.gov/pubmed/17068343
https://www.ncbi.nlm.nih.gov/pubmed/17068343
https://www.ncbi.nlm.nih.gov/pubmed/17068343
https://www.ncbi.nlm.nih.gov/pubmed/20955148
https://www.ncbi.nlm.nih.gov/pubmed/20955148
https://www.ncbi.nlm.nih.gov/pubmed/18662800
https://www.ncbi.nlm.nih.gov/pubmed/18662800
https://www.ncbi.nlm.nih.gov/pubmed/18662800
https://www.ncbi.nlm.nih.gov/pubmed/18662800

Lesetja Raymond Motadi, et al., Clinics in Oncology - General Oncology

84. Mansour-Ghanaei F, Pourmasoumi M, Hadi A, Joukar F. Efficacy of liver disease: A systematic review of randomized controlled trials. Integr
curcumin/turmeric on liver enzymes in patients with non-alcoholic fatty Med Res. 2019;8(1):57-61.

Remedy Publications LLC., | http://clinicsinoncology.com/ 9 2019 | Volume 4 | Article 1630


https://www.ncbi.nlm.nih.gov/pubmed/30949432
https://www.ncbi.nlm.nih.gov/pubmed/30949432
https://www.ncbi.nlm.nih.gov/pubmed/30949432
https://www.ncbi.nlm.nih.gov/pubmed/30949432

	Title
	Abstract
	Introduction
	Prostate Cancer Epidemiology
	Risk Factors Associated with Prostate Carcinoma
	Histopathological of Prostate Cancer
	Expression of Cell Cycle Regulatory Genes in Prostate Cancer
	p53 Expression in PCa
	MDM2 Inhibitors Nutlin-3 in Prostate Cancer as Possible Therapeutic Target
	Mitoxantrone as Prostate Cancer Apoptosis and Cell Cycle Arrest Inducer
	Molecular Effect of Cisplatin in Prostate Cancer
	Estramustine in Prostate Cancer and Its Molecular Impact
	Androgen Targeted Therapy in Prostate Cancer
	Immunotherapy Process in Prostate Cancer
	Medicinal Plants Target in Prostate Cancer
	References
	Figure 1

