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Abstract

Introduction Prostate cancer is the most common non-

cutaneous malignancy diagnosed in men. Moving from

histological observations since a long time, it has been

recognized that innate and adaptive immunity actively

participates in the pathogenesis, surveillance, and pro-

gression of prostate cancer.

Materials and methods A PubMed and Web of Science

databases search was performed for studies providing

evidence on the roles of the innate and adaptive immunity

during the development and progression of prostate cancer.

Conclusions There are growing evidences that chronic

inflammation is involved in the regulation of cellular

events in prostate carcinogenesis, including disruption of

the immune response and regulation of the tumor mi-

croenvironment. This review discusses the role played by

the innate and adaptive immune system in the local pro-

gression of prostate cancer, and the prognostic information

that we can currently understand and exploit.
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Introduction

Prostate cancer is the most common non-cutaneous ma-

lignancy diagnosed in men [1] and represents the first most

frequently diagnosed cancer and the second most common

causes of cancer death worldwide in men [2].

Although many prognostic factors have been proposed,

no reliable index for predicting the outcome of prostate

cancer patients has yet been identified. Currently, the

quantification of serum levels of prostate-specific antigen

(PSA), a glycoprotein with serine protease activity secreted

by the epithelial cells of the prostate gland, remains the

most important tumoral marker. However it has important

drawbacks. PSA is often elevated in non-neoplastic con-

ditions, including benign prostatic hyperplasia, prostatitis,

or prostate infarction [3, 4]. This has considerable clinical

consequences, since this assessment forms the basis for

primary clinical decisions [4]. It has been reported that

PSA screening reduced the rate of death from prostate

cancer by 20 % but was also associated with a high risk of

overdiagnosis [5]. Transrectal ultrasound-guided prostate

biopsy remains the gold standard for detecting prostate

cancer [6]. Prostate biopsy has evolved from a paradigm of

a small number of random biopsies to one of systematic,

numerical, and anatomical strategy [7, 8]. However, the

efficiency of this procedure is still debated and is limited in

practice by patient tolerance and morbidity. Currently,

clinical and pathological classifications are determined

according to the World Health Organization (WHO) cri-

teria, the Gleason grade, and the Tumor-Node-Metastasis

(TNM) staging system [9, 10]. The Gleason biopsy grade is

used in conjunction with other clinical and molecular

variables, including serum PSA levels and clinical stage, to

help make treatment decisions for prostate cancer and they

are all incorporated into various ‘‘nomograms’’ to
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determine pre-operatively the risk of progression after

specific therapy [11, 12]. Although several tools with po-

tential clinical value have been proposed [13–15], there is

still no reliable index for predicting the outcome of prostate

cancer patients. While prostate cancer is one of the most

common causes of cancer-related deaths among males

worldwide, the majority of patients diagnosed with the

disease have a relatively indolent form of prostate cancer

that is unlikely to invade beyond the local tissue environ-

ment [16]. However, a subset of prostate tumors exhibit

aggressive properties, including rapid proliferation and

metastatic spread to distant organ sites, including the

lymph nodes, lung, bone, and brain. It is indubitable that in

the management of prostate cancer the major challenge

remains to distinguish patients who need definite treatment

from patients who have latent disease.

Decades of histological observations have led to the

recognition of inflammatory and immune mediators as

active participants in the pathogenesis, surveillance, and

progression of prostate cancer [17–21] (Fig. 1). The ad-

vents of immunohistochemical techniques and

experimental models have improved our understanding of

the dynamics regulating the immune system in prostate

cancer [22–24]. Gurel et al. [25] addressed this issue in a

case–control study. Prostate samples were histologically

examined for inflammation using the United States Na-

tional Institutes of Health consensus grading system. They

found that 86 % of the men who developed prostate cancer

had signs of inflammation in C1 biopsy core, and 78 % of

men without cancer had signs of inflammation in benign

areas. Men with inflammation on C1 biopsy core were 1.78

times more likely to develop prostate cancer than those

who had no histological evidence of inflammation [Odds

Ratio (OR) 1.78, 95 % CI 1.04–3.06]. This association was

more pronounced for high-grade disease (OR 2.24, 95 %

CI 1.06–4.71) than for low-grade disease (OR 1.57, 95 %

CI 0.83–3.00) [25].

It is well known that complex interactions regulate im-

mune cells in the tumor microenvironment [26–29].

Immune system cells infiltrating prostate cancer include

cells associated with innate immune response i.e., macro-

phages [30, 31], neutrophils [32], mast cells (MCs) [33–

35], and natural killer (NK) cells [36], as well as cells

associated with an adaptive immune response i.e., T- and

B-lymphocytes [37–41]. The histologic signature of

chronic inflammation is now a common finding in benign

as well as malignant prostate tissue [42]. An increase in

luminal cell proliferation associated with inflammation

likely enhances the susceptibility of epithelium to trans-

form [28] (Fig. 2). The inflammatory infiltrate are mainly

represented by CD3? T-lymphocytes (70–80 %, mostly

CD4?), CD20? B-lymphocytes (10–15 %), and macro-

phages (15 %) (Fig. 1) [43]. Although it is thought that an

immune response localized to the tumor inhibit cancer

growth, it is now clear that some types of tumor-associated

immune cells may also exert an opposite action, at least at

Fig. 1 Moving from histological observations, it has been recognized

that inflammation and immunity actively participate in the patho-

genesis, surveillance and progression of prostate cancer. CD3?

T-lymphocytes (a), CD20? B-lymphocytes (b), and macrophages

(c) represent the main immune cell components infiltrating prostate

cancer (objective magnification 209)
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some point of prostate cancer natural history [44]. A

number of studies have suggested that inflammation may

be important in the pathogenesis of prostate cancer by al-

tering the tumor environment [19, 45, 46]. This review

discusses the role played by innate and adaptive immune

system in the local progression of prostate cancer, and the

prognostic information that we can currently understand

and exploit.

The innate immunity

It is well known that ‘‘innate immunity’’ represents the

body’s first defense to an abnormal situation, such as

cancer, and does not involve specific recognition of im-

munogenic peptides, or antigens. Innate immune cells

orchestrate an inflammatory environment that may function

to either stimulate or inhibit cancer growth.

Various innate immune cells have been implicated in

prostate cancer development and progression. Among

these, macrophages are a primary source of secreted

proinflammatory cytokines, and are generally distin-

guished in two different phenotypes: M1, with tumor

inhibitor properties [production of inflammatory cytoki-

nes, reactive oxygen species (ROS), and activated

immune response] and M2, with tumor-stimulatory

properties (promote tissue repair and angiogenesis) [47–

50]. Recently, Lanciotti et al. [50] observed that a high

density of macrophages in prostate cancer was associ-

ated with poorer prognosis. Moreover they found higher

prevalence of M2 macrophage phenotype, which resulted

and more represented in prostate cancer Gleason score 7

to 8–10 and pT3a stage.

It is now recognized that proliferative inflammatory at-

rophy (PIA) lesions are associated with chronic

inflammation of the prostate, and histological transitions

have been noted between areas of PIA and high-grade

prostate intraepithelial neoplasia (HGPIN), and between

PIA and prostate cancer [30, 51]. A primary feature of the

PIA lesions is the presence of mononuclear cells and/or

polymorphonuclear cells in both epithelial and stromal

compartments [30].

Fang et al. [31] reported that persistent co-culturing of

immortalized prostate epithelial cells with macrophages,

without adding any carcinogens, induces prostate tumori-

genesis. This induction involves the alteration of signaling

of macrophage androgen receptor (AR)-inflammatory

chemokine CCL4-STAT3 activation, epithelial-to-mes-

enchymal transition (EMT), and down-regulation of p53/

PTEN tumor suppressors [31]. Comito et al. [52] demon-

strated that prostate cancer-associated fibroblasts (CAFs)

are active factors of monocyte recruitment toward tumor

cells, mainly acting through stromal-derived growth factor-

1 (SDF-1, a small cytokine that belongs to the chemokine

family) delivery and promote their transdifferentiation to-

ward the M2 macrophage phenotype. The relationship

between M2 macrophages and CAFs is reciprocal. M2-

polarized macrophages are able to affect the transdiffer-

entiation of fibroblasts to myofibroblasts, leading to their

enhanced reactivity [52]. On the other side, prostate cancer

cells themselves participate in this cross talk through the

secretion of monocyte chemotactic protein-1 (MCP-1),

facilitating monocyte recruitment, macrophage differen-

tiation, and M2 polarization [52]. This cell complex

cooperates in increasing tumor cell motility, ultimately

fostering cancer cells to escape from primary tumor and

Fig. 2 The histologic signature

of chronic inflammation is now

a common finding in benign as

well malignant prostate tissue.

Evidence supports the concept

that tumor stromal cells are not

merely a scaffold, but rather

they influence growth, survival,

and invasiveness of cancer cells,

dynamically contributing to the

tumor microenvironment. An

increase in luminal cell

proliferation associated with

inflammation likely enhances

the susceptibility of epithelium

to transformation

Inflammation and prostate cancer 277

123



metastatic spread, as well as in the activation of endothelial

cells, and their bone marrow-derived precursors to drive

the neoangiogenesis [52]. It has also been ascertained that

the macrophage colony-stimulating factor 1 (CSF-1)/mac-

rophage colony-stimulating factor receptor (CSF1R)

signaling in tumor-infiltrating myeloid cells, including

CD11b (ITGAM)?(F4/80 (EMR1)? tumor-associated

macrophages and CD11b?Gr-1 (LY6G)? myeloid-derived

suppressor cells can limit the efficacy of radiotherapy [53].

Fujii et al. [54] assessed the number of infiltrating mac-

rophages and a series of adaptive immune cell populations,

including CD3? T-lymphocytes, CD20? B-lymphocytes,

in benign and malignant prostate tumors. They found that

macrophages infiltrated benign glands to a higher extent

than those of prostate cancer. The authors concluded that

inflammation of the prostate may be pivotal on prostate

carcinomas, particularly that involving M2-polarized

macrophage infiltration [54]. Macrophage inhibitory cy-

tokine-1 (MIC-1), also known as prostate-derived factor

(PDF), a molecule of the transforming growth factor-beta

(TGF-b) superfamily, has been associated with the pro-

gression of various types of cancers, including prostate

cancer and found down-regulated in benign prostate hy-

perplasia [55]. Dubey et al. [56] analyzed MIC-1

expression in mouse prostate tissues to determine whether

there was any correlation with age and inflammation. Their

study first shows that the MIC-1 gene may be directly

regulated by inflammation-associated cytokines in prostate

cancer cells. The activation of the MIC-1 gene may be an

early response due to inflammation, infection, or injury in

the prostate for cell growth advantage leading to an envi-

ronment favoring prostate cancer development. It is known

that deregulation of expression and function of cytokines

belonging to the TGF-b family is often associated with

various pathologies [57]. One of these molecules is growth

differentiation factor-15 (GDF-15). This stress-induced

cytokine has been proposed to possess immunomodulatory

functions and its high expression is often associated with

prostate cancer progression [58]. Vaňhara et al. [58] re-

cently discussed several studies that focused on the

regulation of GDF-15 expression and its role in tissue

homeostasis, repair, and the immune response with an

emphasis on the role in prostate cancer development.

Other than macrophages, MCs have been suggested to

support the outgrowth of certain cancers because of their

proangiogenic properties. Pittoni and Colombo [33] have,

recently discussed the role of MCs in mouse and human

prostate cancer, showing that MCs can behave alternatively

as ‘‘dangerous promoters, innocent bystanders, or essential

guardians of tumors’’, according to the stage and origin of

transformed cells. In particular, MCs are essential for the

outgrowth of early-stage tumors due to their matrix met-

alloproteinase 9 (MMP-9) production, become dispensable

in advanced-stage, post-EMT, and are protective against

neuroendocrine prostate tumor variants [33]. NK cells are

innate lymphocytes that respond rapidly and non-

specifically to viral infection and other pathogens. They are

also known to form a unique link between innate and

adaptive immunity [59]. NK cells not only exert cytotoxic

activity against tumor cells or infected cells but also act to

regulate the function of other immune cells through se-

cretion of various cytokines and chemokines or cell

contact-dependent mechanisms. Yuan et al. [60] have

shown that at the early stage of tumor invasion, NK and

MCs are the main types of tumor-infiltrating immune cells

involved in focal degenerative products in the tumor cap-

sules. The primary impact of these immune cells is that

they are associated with focal disruptions of the tumor

capsule, which selectively favor tumor stem cell prolif-

eration and invasion.

Neutrophils are a key mediator of the innate immune

system and are pivotal in the inflammatory response to

infection or tissue damage [61]. Interestingly, an elevated

neutrophil count may be a good indicator of a benign

prostate biopsy. Men with a low neutrophil count and an

increase of serum PSA level should strongly be considered

for biopsy [62]. Conversely, Bekes et al. [63] have

demonstrated that the primary tumors formed by highly

disseminating variants of human prostate carcinoma recruit

elevated levels of infiltrating MMP-9 secreting neutrophils

and concomitantly exhibit enhanced levels of angiogenesis

and intravasation. Specific inhibition of neutrophil influx

by interleukin 8 (IL-8) resulted in the coordinated dimin-

ishment of tumor angiogenesis and intravasation. Thus,

treatment of prostate cancers associated with neutrophil

infiltration may benefit from specific targeting of neu-

trophil MMP-9 at early stages to prevent ensuing tumor

angiogenesis and tumor metastasis. Furthermore, in

metastatic castration-resistant prostate cancer patients

treated with ketoconazole, the neutrophil-to-lymphocyte

ratio, and PSA doubling time before treatment and prior

response to androgen deprivation therapy may be associ-

ated with the progression-free survival time and used to

form a risk stratification predictive nomogram [64].

The adaptive immunity

Adaptive immune cells are commonly associated with

malignant neoplasms [65]. Analysis of two major prostate

tumor-infiltrating lymphocyte subsets showed that capsular

and perineural invasion as well as biochemical progression

was related to strong infiltration of T- and B-lymphocytes.

McArdle et al. [66] have shown that the presence of an

increase in CD4? T-lymphocyte infiltrate was associated

with poor cancer-specific survival in patients with prostate
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cancer. Furthermore, when the analysis was confined to

those patients with localized or locally advanced disease,

only CD4? T-lymphocyte count predicted survival [66].

Ammirante et al. [24] found that prostate cancer pro-

gression is associated with inflammatory infiltration and

activation of the inflammation-responsive IkappaB kinase

(IKK)-alpha, which stimulates metastasis by an NF-kap-

paB-independent, cell autonomous mechanism. They have

shown that androgen ablation causes infiltration of re-

gressing androgen-dependent tumors by leukocytes,

including B-lymphocytes, in which IKK-beta activation

results in the production of cytokines that activate IKK-

alpha and STAT3 in prostate cancer cells, to enhance

hormone-free survival. Recently, Liu et al. [41] investi-

gated the distribution of CD1a? dendritic cells, CD8? and

CD4? T-lymphocytes in prostate cancer and correlated

these with clinical indexes and pathological features. The

number of CD1a? cells correlated significantly with the

number of intratumoral and stromal CD8? and stromal

CD4? lymphocytes [41]. Survival analysis showed a ten-

dency toward impaired progression-free survival in patients

who underwent radical prostatectomy, with few CD1a?

cells. The expression of B7-H3 (i.e., one of the most re-

cently identified members of the B7/CD28 superfamily of

co-stimulatory molecules serving as an accessory

modulator of T cell response) correlated inversely with the

number of CD1a? cells and intratumoral CD4? lympho-

cytes. Additionally, a trend to a similar inverse relationship

between B7-H3 expression and the number of CD8?

lymphocytes was found. B7-H3 is known to be aberrantly

expressed in prostate cancer, and is able to have a role in

regulating PC-3 cell progression in vitro [67].

Si et al. [68] assessed the response of regulatory

T-lymphocytes following cryosurgery in prostate cancer

patients by measuring their frequency and immune func-

tion. It has been shown that CD4?CD25?FoxP3?

regulatory T-lymphocytes play an important role in im-

mune homeostasis because of their ability to suppress the

activation of T-cells, and an increase in the number or

functionality of regulatory T-lymphocytes could thus favor

tumor development. Increased levels of CD4?CD25?-

FoxP3? regulatory T-lymphocytes have been detected in

patients with primary prostate cancer [69, 70]. Although

pathologic examination of prostate glands removed from

patients with prostate cancer commonly reveals infiltrating

CD4? and CD8? T-lymphocytes, little is known about the

phenotype of these cells, despite evidence suggesting a

potential role for chronic inflammation in the etiology of

prostate cancer. Sfanos et al. [71] suggested that Th17 and/

or regulatory T-lymphocytes CD4? T-lymphocytes might

be involved in the development or progression of prostate

cancer. Regulatory T-lymphocytes have been shown to

express a variety of chemokine receptors, including CCR4,

CCR7, CCR8, CXCR4, and CXCR5, depending on their

activation status and tissue location [72]. Miller et al. [69]

demonstrated that some prostate cancer cell lines, malig-

nant ascites fluid, and prostate tumor biopsies in culture

contain or secrete CCL22 (the CCR4 ligand) and

chemoattract regulatory T-lymphocytes in an in vitro mi-

gration assay.

Although conflicting results have been highlighted when

investigating the relationship between infiltration of lym-

phocytes and survival in prostate cancer, Davidsson et al.

[73] performed a case–control study nested in a cohort of

men treated with transurethral resection of the prostate and

diagnosed incidentally with prostate cancer. Although in-

filtration of both CD4? and CD8? T-lymphocytes was

frequently observed, the majority of the regulatory

T-lymphocytes were CD4?. CD4? or CD8? T-lympho-

cytes were not associated with lethal prostate cancer.

However, they found a nearly two-fold increased risk of

lethal prostate cancer when comparing the highest with the

lowest quartile of CD4? regulatory T-lymphocytes. They

concluded that men with greater numbers of CD4?

regulatory T-lymphocytes in their prostate tumor environ-

ment have an increased risk of dying of prostate cancer,

and that the identification of CD4? regulatory T-lympho-

cytes in tumor tissue may predict clinically relevant disease

at the time of diagnosis independent of other clinical fac-

tors. In prostate cancer, increased expression of IL-17 at

the mRNA level was shown in tissue from both prostate

cancer and benign prostatic hyperplasia before it was

known that Th17 T-lymphocytes represent a distinct CD4

effector T-cell lineage [38].

Although, the role of B-lymphocytes in cancer has been

overshadowed by the interest in developing T-cell-medi-

ated cellular responses, it is now apparent that

B-lymphocytes can play a complementary role in the host

response against tumor. Flammiger et al. [39] explored the

impact of the density of T- and B-lymphocytes in prostate

cancer tissue on PSA recurrence after radical prostatecto-

my in 3261 prostate cancer tissue samples. Patients with

very low and very high numbers of CD3? T-lymphocytes

had a significantly shorter PSA recurrence-free survival

compared to patients with intermediate numbers of

T-lymphocytes. In contrast, the number of CD20?

B-lymphocytes was not associated with other clinical and

histopathological parameters, suggesting that the density of

T- but not B-lymphocytes plays a functional role in the

biology of prostate cancer and may have an impact on

clinical outcome in this neoplasia. As the status of pelvic

lymph nodes primarily served as a prognostic marker for

prostate cancer and are used to guide further treatments

after surgery, Gannon et al. [74] investigated the im-

munological effects of prostate cancer by comparing

metastatic and non-metastatic pelvic lymph nodes from 25
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patients with carcinomatous involvement of lymph nodes

and 26 control patients with no metastatic involvement by

immunohistochemistry and histological analyses. They

found a decreased abundance of CD20? B-lymphocytes

and CD38? activated lymphocytes in metastatic lymph

nodes comparatively to control lymph nodes, suggesting

the development of an immunosuppressive

microenvironment.

Chemokines and prostate cancer

Prostate cancer cells have been found to express survival,

differentiation, chemotactic, and growth factors for their

growth in ectopic organs, such as bone marrow [75]. One

aspect that has not been exploited comprehensively until

now is the contribution of autocrine and paracrine factors

that affect prostate cancer growth, survival in a hostile

environment, avoidance of immune surveillance, and

adoption of alternate survival mechanisms upon che-

motherapy stress. Tumor cell themselves are major

producer of chemokines, and the significance of chemokine

release at the tumor site has been the object of intense

investigation in the recent past [76]. Moreover, recent data

highlight an unexpected association between local chronic

inflammation and tumorigenesis, suggesting that also host-

derived chemokines could be of significant relevance [77].

Among the factors suspected to control prostate cancer,

incidence and progression in terms of tumor cell survival,

growth, angiogenesis and metastasis, chemokines, and their

receptors, now intensively studied, have become a field of

increasing interest and exploration [78]. It is important to

notice that chemokine receptors are expressed and

chemokines are produced by a variety of cells in prostate

tumors, comprising not only cancer cells but also stromal

cells (i.e., cancer-associated fibroblasts), endothelial cells,

or infiltrating cells (i.e., macrophages, lymphocytes, NK

cells, mast cells).

Tumors are not exclusively composed of neoplastic

cells, but also include a significant number of host-

derived cells, which in various ways affect tumor bi-

ology. Induction of a robust angiogenesis is of mayor

relevance for tumor biology, not only for nutrients but

also to provide new dissemination routes to malignant

cells, and a similar role has been recently recognized to

intratumor lymphatic vessels. Moreover, most tumors

also present a significant number of infiltrating leuko-

cytes [79]. In the resulting complex interplay between

malignant and host-derived cells, a major role is played

by chemokines, a family of chemotactic cytokines de-

puted to sense a chemical gradient and to mobilize cells

in the gradient direction by activating specific receptors

expressed on the cellular membrane [80]. Initially

described as molecules regulating leukocyte recruitment

at sites of inflammation, chemokines, and inflammatory

CC chemokines in particular, have been shown more

recently to also support the recruitment of tumor-infil-

trating leukocytes, such as TAMs [81, 82]. Besides

immune cells, chemokine receptors have been demon-

strated also on tumor cells [83], and convincing evidence

has been recently provided that chemokines and their

cell surface receptors are involved in the metastasization

of several human tumors [84, 85].

Finally, it is well established that chemokines also exert

other biological functions not related to their chemotactic

properties of potential relevance for tumor biology, in-

cluding cell proliferation and survival from apoptotic

stimuli, and regulation of angiogenesis [76, 86]. Thus, by

supporting biological processes such as immune evasion,

tumor growth, and tumor dissemination, chemokines may

favor tumor biology in several ways, either by shaping the

functional profile of infiltrating leukocytes or by activating

stromal and neoplastic cells.

The most evidence of chemokine receptors endoge-

nously expressed by cancer cells is provided for CXCR1,

CXCR2, CXCR4, and CXCR7 but also other receptors

such as CCR1, CCR2, CCR3, CCR5, CCR7, CCR9,

CXCR3, CXCR6, CXCR5, CX3CR1 are involved in the

multistep process of prostate cancer progression and

metastasis [78, 87–92]. Mainly, the work on chemokines in

prostate cancer has focused on not only the chemokines

CXCL8, CXCL12, and CCL2 but also other chemokines

such as CCL2, CCL4, CCL5, CCL9, CCL11, CCL18,

CXCL1, CXCL2, CXCL5, CXCL6, CXCL12, and

CXCL13 that appear to be produced by stromal cells, en-

dothelial cells and human bone marrow endothelial cells,

differentiated osteoblasts, and infiltrating leukocytes [78,

93–99]. Chemokine receptors can activate downstream

effectors by complex mechanisms of chemokine-dependent

activation of cryptic growth factors including survival ki-

nases, or transactivate other receptors such as EGFR or

ErbB family members [100, 101]. Changes of chemokine

receptor cohorts may be necessary to activate tumor-pro-

moting signals. During the transitions from normal to

benign prostatic hyperplasia, from benign prostatic hyper-

plasia to prostate cancer, and subsequently through each

steps of tumor progression and metastasization, a number

of chemokines and chemokine receptors display variations

in their expression. As an example, the more aggressive

types of prostate cancer cell lines express higher levels of

CCR2 compared with less aggressive cells and both CCR2

mRNA and protein levels increase in metastatic prostate

cancers compared with localized ones [101]. So far, the

signals and the mechanism of regulating the chemokine

system in prostate cancer remain poorly studied and re-

cently, most studies have analyzed the effects of nuclear
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receptors such as androgen [102, 103] and vitamin D3 re-

ceptors [104].

Current diagnosis for prostate cancer includes digital

rectal examination, serum PSA levels, and biopsy [105].

PSA is a glycoprotein enzyme secreted by epithelial cells

of the prostate gland [106]. It has been used as a biomarker

for prostate cancer screening, and the results of PSA test

often decide whether patients should undergo a prostate

biopsy for prostate cancer detection. However, PSA is not

reliable in diagnosing prostate cancer, since serum levels of

PSA in patients with other prostatic diseases, such as be-

nign hyperplasia, may also increase, producing high rates

of false positive results and leading to overdetection of

prostate cancer. Thus, several efforts have been focused on

the identification of novel, more suitable, precise diag-

nostic biomarkers for prostate cancer [107]. Since

chemokines are associated with more aggressive disease

and poor prognosis in diverse malignancies, and significant

modifications of chemokines repertoire occurred during

tumorigenesis of prostate cancer, chemokine system may

represent a promising diagnostic biomarker that may guide

strategies to improve prostate cancer therapy. Recently,

pilot studies have been driven to investigate the diagnostic

relevance of chemokines in prostate cancer and CCL2,

CCL18, CCL11, and CXCL8 have been found to be new

potential serum biomarkers [108–112]. For example, the

elevated serum levels of both CCL11 and CCL18 in

prostate cancer patients than those in benign hyperplasia

patients may provide a useful diagnostic tool to help dis-

tinguish between the two pathological conditions among

men demonstrating low, but detectable, serum PSA values

[109, 110]. Furthermore, increased serum levels of CXCL8

and CCL2 are associated with higher-grade tumors and

correlate with poorer prostate cancer outcomes [108, 111].

Since chemokines and their receptors act as mediators of

migration of immune cells to the site of inflammation and

deregulated inflammatory response is associated with in-

creased risk of cancer, the chemokines system could also

contribute to the variable incidence of prostate cancer in

the world and could be considered as an important risk

factor for this malignancy [113]. Indeed, the incidence and

mortality rates of prostate cancer are significantly higher in

African-American men when compared with European-

American men. A comparative microarray analysis of

chemokine expression profiles of patients with primary

prostate tumors showed that CCL5, CCR7, and CXCR4

were expressed at higher levels in African-American pa-

tients compared with European-American patients [114].

Interestingly, polymorphism of some chemokine genes is

altered in prostate cancer, which could potentially correlate

with the different expression levels of chemokines. For

example, in a Turkish men population, a single nucleotide

polymorphism of CXCL12 G801A has been reported and

patients with the AA genotype presented a higher risk for

developing an advanced disease status as compared to

patients with GG homozygotes. In addition, the distribution

of AA genotype was found significantly increased in the

patients with bone metastases in comparison with those

without bone metastases [115]. Furthermore, a case–con-

trol study revealed that CCL2 I/D gene variant contribute

to the susceptibility and clinic-pathological characteristic

of prostate cancer in North Indian men [116].

Due to the bench findings that chemokine system is

directly involved in prostate cancer, chemokine targeting

has been tested as a therapeutic option. Interestingly, tar-

geting CCL2 has been demonstrated as effective

therapeutic approach in preclinical prostate cancer models

[117] and currently, neutralizing monoclonal antibody

against CCL2 (CNTO888) has entered into phase I trials

for safety and phase II clinical trials in prostate cancer to

test efficacy [118, 119]. In the recent years, many efforts

have been also addressed to the design, synthesis, and

characterization of potential lead compounds for future

CCR5 antagonist development that have been demon-

strated to inhibit the proliferation of metastatic prostate

cancer cell lines at a micromolar level [120, 121]. Fur-

thermore, in the therapeutic setting of prostate cancer, the

close relationship between chemotherapeutic drugs and

chemokine receptors is noteworthy. In fact, it has been

clearly demonstrated that chemokine receptors signaling

counteracts chemotherapeutic drugs’ effect, suggesting that

targeting of this signaling axis or its downstream effector

pathway could sensitize prostate cancer to chemotherapy

[122, 123]. Moreover, drugs acting as chemokine receptor

antagonist show therapeutic enhancement due to improved

chemo-preventive activities [124].

In conclusion, control of chemokines and inhibition of

their receptor activation may add critical tools to reduce

tumor growth, especially in chemo-hormonal refractory

prostate cancer that is both currently incurable and the most

aggressive form of the disease, accounting for most of the

more than 28,000 annual deaths. In the near future,

therapeutic approaches targeting chemokine system will be

combined with the classical therapeutic approaches such as

chemotherapy or other immune modulators and should

provide new successfully therapeutic strategies for prostate

and other cancers.

Conclusions

Prostate cancer is a dynamic and highly heterogeneous

disease encompassing a wide variety of pathological enti-

ties and a range of different clinical behaviors [125–127].

A number of separate lines of research have pointed to a

potential role for inflammation in prostatic carcinogenesis
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and tumor progression [38]. These lines involve epi-

demiological, genetic, histopathological, molecular

pathological, and animal studies. Several lines of evidence

support the concept that tumor stromal cells are not merely

a scaffold, but rather they influence growth, survival, and

invasiveness of cancer cells, dynamically contributing to

the tumor microenvironment, together with immune cells

[28, 128–131]. The immune cells recruited at prostate in-

flammatory lesions and myofibroblasts may contribute to

the release of numerous proinflammatory cytokines and

chemokines that in turn can promote the oxidative stress,

genomic instability, and proliferation of epithelial cells

[132]. It is now ascertained that the immune system has a

dual role in cancer development and progression [133,

134]. It can eradicate malignant cells, but also, it can ac-

tively promote growth of malignant cells, their invasive

capacities, and their ability to metastasize. Immune cells

with predominantly anti-tumor functionality include cells

of the innate immune system, such as NK cells, and cells of

adaptive immunity, such as conventional dendritic cells

and CD8? T-lymphocytes. Immune cells with pre-

dominantly pro-tumor functionality include a broad

spectrum of cells of the innate and adaptive immune sys-

tem, including type 2 neutrophils and macrophages,

plasmacytoid dendritic cells, myeloid-derived suppressor

cells, and regulatory T-lymphocytes. The potential

mechanistic relationships between the molecular events

associated with the persistent inflammatory response and

prostate carcinogenesis have important implications for

optimizing the current therapies against different prostatic

disorders and prostate cancer. Despite the relatively high

prevalence of prostate cancer, only family history, eth-

nicity, and age are universally recognized as risk factors,

all of which are not modifiable [135]. In this context, the

role of chronic inflammation remains debated [135].

Although epidemiological, histopathological, and mole-

cular evidence suggests a robust relationship between

prostatic inflammation and the pathogenesis and progres-

sion of benign prostatic enlargement, the role of

inflammation in prostate carcinogenesis remains contro-

versial. The combination of Gleason score, perineural

invasion, and the density of immune and inflammatory

cells should be, however, included in routine pathology

reports, to be used by clinicians while making therapeutic

decisions in prostate cancer.
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