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Advanced prostate cancer: reinforcing the strings between
inflammation and the metastatic behavior
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It is currently estimated that inflammatory responses are linked to 15-20% of all deaths from cancer
worldwide. Although many studies point to an important role of inflammation in prostate growth,
the contribution of inflammation to castration-resistant prostate cancer is not completely
understood. The presence of inflammatory mediators in tumor microenvironment raises the
question whether genetic events that participate in cancer development and progression are
responsible for the inflammatory milieu inside and surrounding tumors. Activated oncogenes,
cytokines, chemokines and their receptors, sustained oxidative stress and antioxidant imbalance
share the capacity to orchestrate these pro-inflammatory programs; however, the diversity of the
inflammatory cell components will determine the final response in the prostate tissue. These
observations give rise to the concept that early genetic events generate an inflammatory
microenvironment promoting prostate cancer progression and creating a continuous loop that
stimulates a more aggressive stage. It is imperative to dissect the molecular pathologic mechanism
of inflammation involved in the generation of the castration-resistant phenotype in prostate cancer.
Here, we present a hypothesis where molecular signaling triggered by inflammatory mediators may
evolve in prostate cancer progression. Thus, treatment of chronic inflammation may represent an

important therapeutic target in advanced prostate cancer.
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Introduction

Prostate cancer is a common malignancy among men
worldwide.! Androgens are responsible for the gland
growth and are involved in the prostate carcinogenesis.
Hormonal deprivation therapy, also known as hormonal
ablation therapy, Wthh reduces serum testosterone
levels to <50ng dlI'!, is a well-established form of
treatment for various stages of prostate cancer. However,
in some cases prostate cancer will progress and evolve to
an androgen-independent state, known as castration-
resistant prostate cancer (CRPC) (formerly referred as
‘hormone resistant or refractory’). CRPC is characterized
by its heterogeneity clinically and molecularly, and is the
main cause of prostate cancer mortahty Treatment
options for patients with CRPC are very limited, mainly
because of the intrinsic chemoresistance acquired by cells
during disease progression on therapy.

Although acute inflammation is critical for host
defense, chronic inflammation contributes to tumorigen-
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esis and cancer® It has been documented that the
recruitment/activation of antigen-presenting cells in
treated prostate tissues may contribute to local T-cell
activation. This induction of T-cell responses within
prostate tissues might generate an abrogation of host
tolerance to hormone sensitive tissues triggered on
hormone withdrawal.®> In addition, regressing andro-
gen-dependent tumors after androgen ablation exhibit
infiltration of leukocytes, including B cells, with a
concomitant activation of IKKp (inhibitor of nuclear
factor x-kinase subumt B), cytokine burst, triggering
hormone-free survival.* Hence, it is reasonable to
draw attention to the immune cells infiltration for
the development of immunotherapeutic treatments of
prostate cancer.

Effective therapeutic approaches for CRPC are extre-
mely limited and the generation of suitable in vivo
models is critical to better understand the processes
associated with the progression of prostate cancer.
A novel xenograft model was developed using locally
recurrent CRPC specimens, which showcases sequential
changes (wild-type androgen receptor (AR), regression
soon after castration and restoration of the ability to
proliferate without AR) that strongly resembles the
clinical behavior of the disease.” Of interest, the expres-
sion of prostaglandin E receptor EP4 subtype (EP4) was
significantly increased during progression in this model
and its ectopic expression in LNCaP cells enhanced PSA
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production in the absence of hormone supplementation.”
Given that prostaglandins and their receptors are highlx
associated with the inflammatory disease® and cancer,
EP4 antagonists emerge as a promising therapeutic
strategy.

It is well documented that the AR signaling remains
active even with castration levels of serum testosterone.
Induction of the activity of CYP17 (cytochrome
P-450c17), an enzyme that catalyzes key reactions in
extragonadal androgen biosynthesis, is one way to
maintain the hypersensitivity of the AR.® Moreover, AR
mutants are able to bind promiscuous steroids, and may
convert AR antagonists to agonists.” Other hormones
and their receptors are involved in the abnormal growth
of the gland. Particularly, estrogens and estrogen
receptors defined a subclass of prostate cancer with a
very aggressive clinical phenotype.' In addition, other
signaling cascades, such as cyclooxygenase 2 activation,
loss of tumor-suppressor phosphatase and tensin homo-
log (PTEN), inhibition of the phosphatidylinositol-3
kinase (PI3K)/Akt, Bcl-2 overexpression and pro-inflam-
matory cytokine and chemokine burst, are switched on
bypassing the androgen/AR axis, which in turn favor
tumor progression."’ Similarly, highly oxidative stress
produced during inflammation, has a critical role in
cellular processes associated with malignant transforma-
tion, such as DNA damage, proliferation, senescence and
angiogenesis.

As in other malignancies; in prostate cancer, reactive
oxygen species (ROS) cause oxidative damage to macro-
molecules in epithelial cells and can react with other
cellular components initiating a free radical chain
reaction, thus sustaining the prostate carcinogenic
process favoring progression.'> Moreover, ROS accumu-
lation was shown to trigger CXCR4-mediated functions
through the inactivation of PTEN in prostate cancer.'
The imbalance between ROS generation and elimination
because of excessive production or inadequate activity
of the antioxidant defense system (or both), conveys to
oxidative stress and the subsequent onset of the
inflammation, producing a hypoxic microenvironment,
favoring the spread of the disease.

In this review, we will outline how inflammatory
mediators are implicated in the progression toward the
castration-resistant stage.

The strut of chemokines and their
receptors in the metastatic behavior

The directed migration of a cell toward the source of a
secreted protein signal, known as chemotaxis, has been
commonly associated to the leukocyte trafficking trig-
gered by infection and to secondary lymphoid organs.
In addition, they also have a critical role in tumor initi-
ation, promotion and homing of cancer cells to selected
organs.'* Chemokines, the executors of chemotactic
signals, are constitutively expressed in destined cell
types and tissues maintaining the homeostasis of
the hematopoietic and the immune system. However,
inflammatory chemokines behave differently and
their expressions are induced on inflammatory stimuli
promoting proliferation and angiogenesis.

There are four subgroups within the chemokine family:
CXC, CC, CX3C, and C chemokine ligands (X represents
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any amino acid) depending on the positioning of the
conserved cysteines in the amino-terminal part of these
small inducible proteins.'* Chemokine binding to their
corresponding seven transmembrane-domain G-protein-
coupled receptors causes activation of signal transduction
networks leading to chemotaxis. These receptors have
been implicated in the migration of breast, prostate and
lung cells to secondary sites in the bone."” Up to date the
most relevant chemokine receptors in prostate cancer
dissemination, are CXCR4, CXCR7 and CXCR6.1°

SDF-1 (stromal-derived factor 1, also known as
chemokine (C-X-C motif) ligand 12, CXCL12) acts
through CXCR4-dependent mechanism. CXCR4/SDF-
lo axis has been strongly implicated in metastasis and in
several laboratory model systems.'®'® Prostate cancer
cells with high bone mimicry, also express CXCR4
receptors, whereas SDF-la affects their adherence,
migration and invasion.'” It was demonstrated that
prostate cancer adhesion to human bone marrow
endothelial cells in flow conditions was significantly
reduced by a neutralizing antibody against fractalkine,
enabling cells to migrate toward a medium conditioned
by osteoblasts, which secreted the soluble form of this
chemokine.?® In addition, the adhesion mediated by this
axis occurred partially through nuclear factor (NF)-xB
pathway.! Also this axis causes upregulation of integ-
rins, altering the interaction between cancer cells and the
extracellular matrix.****> The blockade of CXCR4 was
demonstrated to inhibit vascular endothelial growth
factor (VEGF) expression and the resultant angiogenesis;
even reducing significantly bone metastasis in vivo.
Furthermore, CXCR4 is positively regulated by AR.> Tt
was demonstrated that androgen-induced CXCR4 ex-
pression was functional in TMPRSS2-ERG-positive pros-
tate cancer cells, further indicating the relevance of this
chemokine in prostate cancer metastasis.”® However,
recent publications reported that the chromosomal
rearrangement TMPRSS2-ERG, was not prognostic for
recurrence after radical prostatectomy, for the clinically
localized prostate cancer.””*® The immunohistochemical
pattern of CXCR4 expression in patients with metastatic
prostate cancer has shown that patients with high
expression of this chemokine in tumors had poorer
cancer-specific survival than those patients with low
expression of CXCR4. This receptor expression has
proved to be a useful prognostic factor for patients with
metastatic prostate cancer treated with androgen-with-
drawal therapy.*’

CXCR7/RDC1 functions as a chemokine receptor for
SDF-1/CXCL12, which regulates a spectrum of normal
and pathological processes. It was reported that PC3 cells
express CXCRY (ref. 30) and Wang et al.>' suggested that
the expression of this chemokine receptor is associated
with survival advantage for tumors, facilitating adhesive
and invasive activities of prostate cancer cells in vitro and
in vivo.*> This correlated with the signaling of CXCR7
through Akt activation on CXCL12 stimulation.®" Simi-
larly, this receptor is more highly expressed in prostate
metastases (specially those to bone) compared with
primary tumors seen in clinical specimens.'” In the
vasculature, the expression of CXCR7 is elevated in
endothelial cells associated with tumors® and a critical
role was proposed for this chemokine receptor in
tumor-associated angiogenesis in vivo.>* All the reports
previously mentioned do not elaborate a mechanism by



which CXCR7 allows growth advantage to prostate
tumor cells. Singh and Lokeshwar™ recently found that
CXCR? function is regulated by other inflammatory
mediators revealing a novel mechanism of ligand-
independent growth promotion by CXCR7 and its
coregulation by the pro-inflammatory factor interleukin
8 (IL-8) in prostate cancer. Furthermore, high serum
levels of IL-8 have been reported in patients with
metastatic prostate cancer.’® Thus, the upregulation of
CXCR?7 induced by IL-8 emerges as a promoter of the
advanced prostate disease.”> Moreover, the prominent
role of CXCR? in prostate tumor is also validated by the
observation that CXCR7-depleted tumors showed sig-
nificantly reduced levels of cyclin D1, VEGF and p-EGFR
(phosphorylated epidermal growth factor receptor),
further implicating CXCR?7 in prostate tumorigenesis.

The third relevant chemokine receptor for prostate
cancer dissemination is CXCR6. It was demonstrated
that the blockade of CXCR4 or CXCR7 only partially
hindered metastatic behavior in vivo, suggesting that
other functional chemokine/chemokine receptor pairs
may be critical in prostate cancer progression.”” CXCR6
is highly expressed in prostate cancer cell lines and
in prostate tissues.” CXCL16 was identified as the
ligand for this receptor and was found to signal through
NF-kB via heterotrimeric G proteins/PI3K/PDK-1/Akt/
IKK/1kB.** Moreover, it was also regorted to signal
through the Akt/mTOR pathway.*® Interestingly,
although lacking an ELR motif (ELR-CXC chemokines)
in the chemokine domain, CXCL16 is proangiogenic.”” Tt
was demonstrated that CXCR6 regulated blood vessel
formation by an autocrine/paracrine loop established
between prostate cancer and endothelial cells and was
observed that both IL-8 and IL-6 levels were altered in
response to changes in CXCR6 expression.” The striking
similarities between CXCL16 and both fractalkine
and CXCL12 are likely to result in additive effects.*'
Moreover, it has been shown that CXCL16 is enriched
in tissues such as bone marrow*' and high expression
levels of CXCL12 and CXCL16 were observed in tissues
enriched with plasma cells and in cultured human bone
marrow stromal cells.*' Thus, plasma cells are likely to
be recruited to bone marrow and other target tissues
via CXCR4 and CXCR6.” Interestingly, assessing the
clinical significance of the expression of CXCL16/CXCR6
in prostate cancer patients, the pair was weakly detect-
ed in lung and liver tissues, whereas CXCL16 was
found highly expressed in specimens of bone meta-
stasis. Moreover, CXCL16 immunostaining was related
to clinical parameters of the progressive disease, such
as Gleason score, T stage, tumor volume, perineural
invasion and lymph node metastasis.’® All these data
point to both, an association between high CXCL16/
CXCR6 and a more aggressive prostate cancer phenotype
and an interconnection between high CXCL16 expression
and bone metastases.*®

Prostate cancer cells and the surrounding stroma are
exposed in a milieu enriched with several interleukins
and chemokines and receive their signaling stimuli,
enforcing tumor-promoting functions. The expression of
CXCLS (also known as IL-8), one of the best-character-
ized members of the chemokine family, correlates with
increased angiogenesis, tumorigenicity and lymph node
metastasis in 0iv0.*>* In addition, IL-8 is a transcrip-
tional target of NF-xB and its expression is elevated in
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androgen-independent prostate cancer, contributing to
the transition to a castration-resistant state.**

IL-8 is a pro-inflammatory chemokine -classically
associated to neutrophils chemotaxis and degranulation.
This chemokine activates multiple intracellular signaling
pathways downstream of CXCR1 and CXCR2 linked to G
proteins. Enhanced expression of IL-8 was detected in
tumoral cells, endothelial cells, infiltrated neutrofils and
tumor-associated macrophages, suggesting that this
interleukin act as a modulator of the tumor microenvi-
ronment.*’

IL-8 overexpression has been detected in the serum of
patients with metastatic prostate cancer.** Moreover,
Wilson et al.*” reported elevated expression of IL-8 and
IL-8 receptor in biopsy tissues of prostate cancer patients,
with maximum immunoreactivity in CRPC. Interest-
ingly, the high levels of this ligand and its receptor in
prostate cancer imply a continuous autocrine IL-8
signaling stimulus in situ.

One of the most relevant inflammatory mediators
clearly implicated in prostate cancer is IL-6, a multi-
functional cytokine that has been associated with
proliferation, apoptosis, angiogenesis and also with the
modulation of tumor growth and differentiation in
many cancers.*® Many cell types including prostate
cells, immune cells and osteoblasts produce this inter-
leukin. High levels of IL-6 and its soluble receptor in the
circulating plasma are observed in patients with prostate
cancer, which correlate with more advanced stages of
the disease, therapy resistance, poor prognosis and can
be preilgictive of recurrence after treatment of localized
cancer.

IL-6 foremost effect is the activation of Janus kinase
signaling and of signal transducers and activators of
transcription (STAT) proteins, especially STAT3; how-
ever, in certain cellular context mitogen-activated protein
kinase and PI3K pathways can also be involved.”*" Tt
can be produced autocrinallS}zl in castrate-resistant pros-
tate cells transactivating AR.”” However, the effect of IL-6
on ligand-independent AR activation, tumor formation
and subsequent growth shifts depending on the status
of the AR as well as other interacting signaling
cascades.***® Additionally, IL-6 has been proposed to
initiate an intracrine-signaling pathway, alternative to
the AR pathway, influencing the levels of metabolic
enzymes.”* It was demonstrated that testosterone plasma
levels increased when IL-6 overexpressing LNCaP cells
were inoculated in castrated mice.”* Similarly, this
cytokine increased the expression of esteroidogenic
enzymes involved in androgen biosynthesis in these
prostate cancer cells.”*

Another inflammatory mediator relevant in prostate
cancer is tumor necrosis factor alpha (TNFo). This
cytokine acts as a critical switch in building an elaborate
association between inflammation and cancer. Its role as
a key regulator of the tumor microenvironment is well
recognized. This molecule, mainly released by macro-
phages and other cells including tumoral cells primes de
tumor microenvironment. It facilitates cancer develop-
ment acting directly on neoplastic cells or indirectllsy
through endothelial and other inflammatory cells.”
However, the mechanisms by which TNFa enables these
events are not fully described. A recent publication
from Davis et al.”® explains the dichotomy of TNFa effect
on the control of apoptosis in prostate cancer cells.
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These investigators propose a physiologic role for TNFa
in prostate regression after androgen withdrawal. This
factor is required for castration-induced prostate regres-
sion, but membrane-bound TNFa protein and stromal
cell-specific TNFo. mRNA levels increase in rat prostate
after castration, which is coincident with a paracrine
effect of TNFa in prostate regression. However, when
wild- -type non- -castrated mice were treated with TNFa no
regression of the gland was observed.” All these
evidences showed that this cytokine acts in the context
of supplemental castration-induced signals.

TNFa is an upstream regulator of NF-xB through
TNFR1 signaling. NF-xB is constitutively activated in
human prostate adenocarcmoma and correlates with
disease progression.”” Jin et al>® showed that the
activation of NF-kB is sufficient to maintain androgen-
independent growth of prostate and prostate cancer by
regulating AR action. Also, it is worthy to remark that
NF-kB blockade results in decreased angiogenesis in
several prostate cancer models.”**°

Chemokines and cytokines signaling can also modify
the sensitivity of prostate cancer cells to environmental
stresses such as hypoxia, oxidative stress, DNA damage,
altering several pathways crosstalk and producing
hormone-refractory aggressive tumors. In addition to
the classical roles in promoting invasion and metastasis,
the pleiotropic effects of cytokines (specially IL-6 and
IL-8) include potentiating the production of growth
factors, inducing growth signals, stimulating angiogen-
esis, attenuating apoptosis, further linking the cgrtokmes
signaling to another ‘hallmark’ of cancer cells.”" These
observations give support to the hypothesis that inflam-
mation and inflammatory mediators must emerge as the
seventh hallmark of cancer, as was proposed by
Mantovani.®?

ROS and the sustained stress signaling
framework in prostate cancer
progression

Decreased androgen levels in elderly men are associated
with increased prevalence of prostate cancer and CRPC,
in which androgen downregulation might enhance
androgen signaling by augmented AR expression.® As
the prostate gland depends on the androgen/AR signal-
ing for growth, androgen suppression may lead to a shift
in the prooxidant-antioxidant balance toward an oxida-
tive status, which correlates with increased risk of
Carcinogenesis64 and CRPC occurrence through AR
overexpression.”” Intriguing, <10% of CRPCs ; were
found to possess somatic AR gene mutatlons and
10-20% exhibit AR gene amplification.*®

It has been apprec1ated that ROS production is
increased in cancer cells.” ROS are considered to be
tumor promoters given the potential for induction of
DNA damage. However, little is known about the
molecular machinery that mediates ROS in tumor
progression. Interestingly, castration-induced oxidative
stress in prostate cancer cell lines increased AR levels
through Twist 1 overexpression, which mlght result in
the gain of a castration-resistant phenotype.®> Twistl,
a member of basic helix-loop-helix transcrlptlon
factors, has been proposed as an oncogene.®® Recently,
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its upregulation was associated with malignant trans-
forrnation69 and was recognized to be responsible of
metastasis.”’ Evidently, there is a connection between
oxidative stress and androgen deprivation in prostate
cancer, which is also supported by previous observations
of increased oxidative damage associated to the devel-
opment of malignancies.”*

Of interest, when comparing CRPC gene expression
profile with hormonal-sensitive tumors, the antioxidant
defense endogenous system is clearly repressed, in
particular SOD2 (manganese superoxide dismutase).””
SOD2 regulates ROS production by converting super-
oxide to a less reactive species. Hence, SOD2 in CRPC
could be mechanistically linked to AR reactivation.
Sharifi et al.”> knocked down SOD2 expression in
AR-expressing LNCaP cells and assessed the gene
expression changes revealing upregulation of androgen-
responsive genes, such as VEGFA and FKBP5. Moreover,
an array for transcription factor DNA-binding activity
showed that AR binds to DNA among other transcrip-
tion factors after SOD2 knocked-down. Oxidative stress
produced as consequence of elevation of ROS anabolism
and diminution of antioxidant detoxification enzymes
was also shown in vivo after castration using rat models.
Furthermore, androgenic regulation of NAD(P)H oxi-
dases may be related to the physiological changes that
occur during castration-induced involution and andro-
gen—mduced regeneration of the ventral prostate in the
rat.”* These findings correlate with a clear transcriptional
repression of stress-related genes, including thioredoxin,
peroxiredoxin 5 and MnSOD.”

It is of particular significance that many genes that are
regulated by oxidative stress are targets of NF-kB.”® NF-
kB is constitutively activated in human prostate carci-
noma and correlates with disease progression.”” Also, it
is worthy to remark that NF-kB blockade results in
decreased angiogenesis in several PCa models.”**
NF-kB is an inducible transcription factor that belongs
to the Rel/NF-xB family.”””® Increasing evidence sug-
gests that inhibition of NF-xB activity in prostate cancer
cells can suppress the angiogenesis, invasion and
metastasis by downregulating the expression of NF-xB
downstream target genes, such as VEGF, plasminogen
activator 9ype urokinase and matrix metalloproteinase 9
(MMP9),”” however, its role in regulating the prostate
metastatic disease is yet to be elucidated.

Additionally, heme-oxygenase 1 (HO-1), the rate-
limiting enzyme in heme degradation, confers Cyto-
protection against oxidative stress and inflammation.*
This protein exerts vital metabolic functions limiting the
axis of heme degradation and maintaining the cellular
homeostasis. Several signaling molecules are implicated
in the Cytoprotectlon Conferred by HO-1, including
NF-kB and PI3K/Akt*" Although classical recognized
as a microsomal protein, its presence has been detected
in other subcellular compartments.?>**> Recent studies
have reported that HO-1 suffers a proteolytic degrada-
tion in its hydrophobic C-terminal domain, which would
facilitate its entrance to the nucleus.® It has been
proposed that HO-1 possesses in the nucleus a non-
catalytic canonical function participating in the regula-
tion of the activity of several nuclear transcng)tlon factors
and also regulating its own transcription. Moreover,
we have documented the nuclear HO-1 expression in
human primary prostate carcinomas.®” We have also



reported that it impairs prostate tumor growth in vivo
and downregulates the expression of target genes
associated with inflammation.*> Additionally, we have
demonstrated that HO-1 challenges the angiogenic
switch in vivo in prostate cancer through a mechanism
partially mediated through NF-xB.8° However, clinical
data demonstrated a statistically significant difference in
HO-1 epithelial expression between benign, high-grade
prostatic intraepithelial neoplasia, localized prostate
cancer and CRPC, where CRPC presented the highest
HO-1 expression followed by benign tissue. This work
provides experimental evidence for a crosstalk between
epithelial HO-1 expression and PTEN deletions, which
are associated with adverse clinical outcome.®”

Taken together, these findings may indicate that the
oxidative stress imbalance may cooperate with a signa-
ture of oncogenes/tumor-suppressor genes closely re-
lated to prostate cancer progression, suggesting that
antioxidants may be critical to developing intervention
strategies for this advanced disease.

Homing to the bone: the signature of the
activating metastatic genes

A strictly interplay between prostate cancer cells and the
tissue microenvironment determines the capability of
prostate tumors to metastasize and successfully grow in
a different organ.

Prostate cancer cells that metastasize to bone
express several bone matrix and signaling proteins
involved in adhesion and migration contributing to the
osteomimetic properties. These include osteocalcin,
osteopontin (OPN), bone sialoprotein, MMP and Wnt
factors.®®

The prostate metastatic disease and subsequent
process of bone remodeling is a result of factors secreted
by the tumor cells.* Among the signaling molecules, the
receptor activator of NF-kB ligand (RANKL),”® para-
thyroid hormone-related protein (PTHrP) and IL-8°"**
promote bone resorption, while endothelin and Wnt
pathway factors promote osteoblastic lesions.”>”*

A key question is the extent to which the expression of
runt-related transcription factor 2 (Runx2) contributes to
the progression of prostate cancer and is functionally
related to the formation of osteolytic and osteoblastic
lesions at the bone site. Pathways such as Wnt, Src, bone
morphogenic proteins and TGFp signaling are targeted
by Runx2 and are activated in tumor cells.””” Akech
et al.®® reported that Runx2-mediated gene expression is
associated with increased motility and invasiveness of
prostate cancer cells and with the aggressiveness of the
osteolytic bone damage. Moreover, their findings suggest
that the expression of Runx2, MMP and PTHrP provide a
signature for responsiveness of prostate cancer cells to
the bone microenvironment. Several investigations
and clinical data clearly implicated MMP in metastasis
(reviewed in Deryugina and Quigley”; Morgia et al.”®)
and was 1(c)ilemonstrated that MMP are regulated by
Runx2.™™

Other transcription factors are also involved in bone
metastasis. Hypoxia-induced growth factor 1o (HIF1ar) in
tumor cells, inhibits osteoblasts differentiation, induces
osteoclasts differentiation and promotes tumor growth.
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Hypoxia and TGFpP signaling in parallel drive the
development of tumor bone metastases and regulate a
common set of tumor genes stimulating the production
of VEGF and CXCR4 in both tumor cells and bone
microenvironment to enhance angiogenesis and tumor
homing.'” VEGF, a target gene of Runx2, facilitates
tumor growth and both the osteolytic and the osteoblas-
tic disease.'®'* Additionally, prostate cancer cell lines
express mediators of tumor growth and bone destruc-
tion, among them IL-8, IL-6 and PTHrP'™ Thus, Runx2
is a key regulator of metastasis-related genes and,
considering that strong Runx2 expression was documen-
ted in advanced prostate cancer compared with early
neoplastic lesions, its presence in the primary tumor
could be critical for the diagnosis of prostate cancer bone
metastasis.®®

In nearly all patients with advanced prostate cancer,
the disease metastasizes to bone and causes osteoblastic
growth.'% Primary tumors may govern the bone marrow
through signaling cascades that direct cells in the bone
niche and facilitate its colonization. Osteoblasts, bone
marrow stromal cells and hematopoietic stem cells form
part of the tumoral microenvironment and engage with
tumoral cells through cell to cell interactions mediated
by integrins such as «4f1, vascular cell adhesion
molecule 1, chemokines such as CXCL12/CXCR4, glyco-
proteins such as CD34, adhesion molecules as PECAM,
cadherin superfamily, bone morphogenic proteins,
Notch, nestin and OPN, among other factors. Some of
these molecules proved to be relevant in the clinic and
may represent interesting pharmacodynamic markers of
the clinical response of CRPC patients.'"”

Notch signaling appears to be very attractive because
it is involved in a variety of cellular processes, including
cell differentiation, proliferation and survival and its
activation is associated with tumorigenesis. Emerging
evidence suggests that Notch also has an important role
in prostate development and progression.'®® Specifically,
bone metastases from prostate cancer patients expressed
Notch-1 protein in osteoblastic lesions.'” Correspond-
ingly, Notch ligand Jagged-1 was found to be highly
expressed in metastatic prostate cancer compared with
localized disease or benign prostate tissues, and high
Jagged-1 expression in a subset of clinically localized
tumors was found to be significantly associated with
tumor recurrence.'' Although the molecular mechanism
of Notch signaling is not completely understood, silenc-
ing of Notch-1 inhibits MMP9, uPA and VEGF expres-
sion, given support to the effect of Notch in inva-
sion.'®™™"! Moreover, Wang et al.'”® recently proposed a
downregulated signaling cascade downstream of Notch-
1, with reduced Akt and mTOR phosphorylation and
inactivated NF-kB signaling.

Primary tumors secrete factors that predispose to bone
homing. The circulating factors include: OPN, 112114
MMP,"™ PTHRP*” and the chemokine CCL2.""

It is noteworthy that OPN is associated with poor
prognosis in prostate cancer."” Tt is expressed not only in
tumor cells but also in cellular components of the
microenvironment and as part of the extracellular
matrix. Moreover, tumor and normal cells express OPN
receptors. Although there may be structural differences
in tumor-derived versus stromal-derived OPN, there
may also be functional differences in how the target cell
responds, depending on the cell type and tissue context.
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Figure 1 Schematic representation of the prostate neoplastic cells and the inflammatory milieu in advanced prostate cancer. Molecular
signaling triggered by inflammatory mediators may generate a persistent inflammatory niche in advanced prostate cancer. Signaling cascades
are switched on bypassing the androgen/AR axis. Among them, loss of tumor-suppressor phosphatase and tensin homolog (PTEN), with the
concomitant inhibition of the phosphatidylinositol-3 kinase (PI3K)/Akt, mTOR and Janus kinase (JAK)/signal transducers and activators of
transcription (STAT)3 activation and sustained nuclear factor (NF)-«xB activity. All these pathways result in the burst of pro-inflammatory
cytokines, chemokines and their receptors and other growth factors production. In addition, highly oxidative stress, oncogenic stress and
antioxidant imbalance, generate an inflammatory microenvironment, which promotes the advanced stages of the disease by increasing
cell motility, invasiveness and handling the shear stress in the vasculature, creating a continuous loop that stimulates a more aggressive
stage, contributing to the acquisition of castration-resistant prostate cancer (CRPC) phenotype and favoring the ultimate bone homing.

IL-8, interleukin 8.

Thus, OPN produces a complex scenario as a future
cancer therapy.''*

Altogether, the crosstalk of the several signaling
pathways involved in the interaction between cancer
cells and microenvironment conform an adequate niche
for CRPC cells to grow and modify bone proliferation
and differentiation.

Perspectives

It is clear that genetic and environmental factors
contribute to the development of prostate cancer, and
growing evidence suggests a role for chronic inflamma-
tion in its subsequent progression. In our opinion, it is
necessary to identify those biochemical and molecular
events associated to inflammation that control the
acquisition of the castrate-resistant phenotype, in order
to develop novel and more effective therapeutic ap-
proaches, which implicate modifiers of host tissue
response as means of controlling metastatic prostate
cancer growth. As therapies of cancer headway into
individualized medicine, the need to elucidate the
intricacy of CRPC becomes eminent. Prostate cancer
progression is highly associated with several physio-
logical/pathological processes such as inflammation.
Although there are substantial clinical data supporting
these findings, the influence of these inflammatory and
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oxidative mediators on the prostatic disease has yet to be
determined. Therefore, it is reasonable to draw attention
into the molecular signaling pathways involved in
extravasation, survival in the distant organ and the
establishment of persistent growth. Therapy of CRPC
should be focused not only on the intrinsic growth and
survival properties of tumor cells, but also on the
homeostatic factors that control the tumor niche. Figure 1
provides a schematic representation of the crosstalk
between prostate neoplastic cells and the inflammatory
environment in CRPC. In this scenario, targeting the
inflammatory and oxidative network emerges as a
promising target in CRPC, impairing the sustained
inflammatory orchestration and shedding light into
new promising avenues for the treatment of the hormone
refractory prostate disease.
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