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Prostate cancer (PC) is one of the most common malignancies among men and is the
second leading cause of cancer death. PC immunotherapy has taken relatively successful
steps in recent years, and these treatments are still being developed and tested. Evidence
suggests that immunotherapy using cytokines as essential mediators in the immune
system may help treat cancer. It has been shown that cytokines play an important role in
anti-tumor defense. On the other hand, other cytokines can also favor the tumor and
suppress anti-tumor responses. Moreover, the dose of cytokine in cancer cytokine-based
immunotherapy, as well as the side effects of high doses, can also affect the outcomes of
treatment. Cytokines can also be determinative in the outcome of other immunotherapy
methods used in PC. In this review, the role of cytokines in the pathogenesis of cancer and
their impacts on the main types of immunotherapies in the treatment of PC are discussed.

Keywords: prostate cancer, cytokine, immunotherapy, tumor microenvironment, anti-tumor
INTRODUCTION

Prostate cancer (PC) is one of the most common malignancies among men, affecting approximately
1,600,000 people worldwide each year, killing more than 300,000 people (1). According to the latest
statistics, the number of new cases of prostate cancer in 2020 is about 1,414,259, and the number of
deaths due to this cancer is 375,304 (2). Prostate malignancy occurs in several stages, including
intraepithelial neoplasia (PIN), localized PC, advanced prostate adenocarcinoma with local
invasion, and finally, metastatic PC form (3, 4). Evidence suggests that sex hormones play an
important role in the pathogenesis and progression of PC so that in castrated men, tumors
progressed less (5). For this reason, androgen deprivation therapy (ADT)-based therapy has been
able to prevent the progression of this type of cancer, although there is resistance against it in some
cases, and the treatment fails (3). Studies show that some tumor cell subsets in PC can modify the
expression or function of their androgen receptors, leading to the growth and survival of these cells
even in the absence of androgens. Regrettably, this tumor behavior alteration usually can cause
disease relapse upon androgen ablation (6–8).

On the other hand, chronic and dysregulated inflammation following infections or autoimmune
disorders can also cause prostate cell malignancy, although the exact mechanism is unknown (9, 10).
Studies showed that prostatic acid phosphatase (PAP), prostate-specific antigen (PSA), prostate-
specific membrane antigen (PSMA), prostate stem cell antigen (PSCA), T-cell receptor
gamma alternate reading frame protein (TARP), transient receptor potential (trp)-p8, and
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six-transmembrane epithelial antigen of the prostate (STEAP)
are the main prostate-specific proteins and the cellular and
humoral immune system can respond to these antigens (11–14).

The immune system and its components, such as cytokines
and chemokines, play an essential role in the host defense
processes (15). In cancer, different immune cells and associated
mediators can have pro- or anti-tumor properties (16).
Cytokines are small proteins between 10 to 80 kDa and act as
mediators due to cell communications and various other
biological processes (17). Several immune and non-immune
cells such as lymphocytes, macrophages, fibroblasts and even
tumor cells can produce and release cytokines (18). Because
cytokines play an essential role in the immune system’s response,
failure to produce or over-produce them can lead to various
disorders and diseases (19). In cancer, cytokines can
physiologically play anti-tumor and pro-tumor properties (20).

Consequently, cytokines have also been shown to be used in
cancer immunotherapy, although this method has always had
several challenges, including effective dose adjustment and
ineffective monotherapy using cytokines (21). On the other
hand, anti-inflammatory mediators and immune cells with
inhibitory phenotypes in the tumor microenvironment (TME)
have always been a significant challenge for cancer researchers.
Following some immunotherapy-based methods, such as
chimeric antigen receptor (CAR) T-cell therapy or monoclonal
antibody therapy, side effects such as cytokine release syndrome
(CRS) occur due to the dysregulated production and release
of inflammatory cytokines (22). As a result, cytokines can
play a dual role in cancer immune responses and cancer
immunotherapy outcomes. This review focuses on the latest
findings on the beneficial and destructive effects of cytokines
following PC immunotherapy, as well as the challenges of using
them in the treatment of PC.
IMMUNOBIOLOGY OF PC

Immune system responses directly related to resident and
infiltrated cells in the PC TME and secreted mediators can
determine tumor clearance or tumor growth and treatment
outcome. Among infiltrated cells, M1 macrophages, neutrophils,
dendritic cells (DCs), and tumor-infiltrating lymphocytes (TILs)
can participate in the anti-tumor defense. However, the inhibitory
phenotype of these cells, such as regulatory T cells (Tregs), along
with myeloid-derived suppressor cells (MDSCs) and anti-
inflammatory mediators, leading to tumor progression through
suppression of anti-tumor immune responses (23). Evidence
suggests that in several cancers, the accumulation of T helper
cells and cytotoxic T lymphocytes (CTLs) cells at the periphery of
tumor tissue can be associated with a satisfactory prognosis (24).
Studies have shown that the presence of CTLs (CD8+ TILs) in the
tissue of solid tumors is associated with a better prognosis due to
their cytotoxic and anti-tumor activity, while in PC, this has not
yet been fully established, and some studies have reported that
increase of CTLs in the prostate TME has led to worsening of the
condition in patients (25–27). The reason is the positive
Frontiers in Oncology | www.frontiersin.org 2
association of CD73 expression as an immunosuppressive
molecule with the increase in CTLs (27). Examining the
characteristics of infiltrated CTLs in the TME of patients with
PC showed that their cytotoxic and anti-tumor activity is
significantly reduced. However, it is not yet fully understood
why CTLs are exhaustive, anergic and senescent in this
pathologic state (28). As noted, the balance between
inflammatory and anti-inflammatory responses in the TME can
determine the fate of the tumor, treatment, and patient survival.
The cytotoxic activity of infiltrated CTLs in tumor tissue in PC can
be affected by anti-inflammatory and immunosuppressive
mediators and critically reduce the effectiveness of anti-tumor
responses, which can lead to tumor progression (29). Investigation
of the TME in PC shows that immune cells with inhibitory
phenotypes such as CD4+ forkhead box P3 (Foxp3+) and CD8+

FOXP3+ Tregs accumulate within the epithelial compartment the
tumor margin (30, 31). Also, biopsy studies of people with PC
have shown that the infiltrated TILs in the tumor tissue are often
FOXP3+ which are associated with a bad prognosis (31). These
findings show that the TME in PC is different from other tumors
such as gastric cancer because, in gastric cancer, an increase in
infiltrated CD8+Foxp3+ TILs is associated with a favorable
prognosis (32). However, it is not only lymphocytes that
infiltrate the TME, but other immune cells, such as tumor-
associated macrophage (TAM), CD19+IL-10+ B cells (regulatory
B cells), and MDSCs, can also have immunosuppressive activity in
PC, resulting in tumor invasion and progression (32, 33). In vitro
studies have shown that co-culture of naïve monocytes with PC
tumor cells reduces the expression of co-stimulatory molecules
and the activity of endocytosis of monocytes. Simultaneously,
colony-stimulating factor (CSF)-stimulated monocytes have
inflammatory and anti-tumor properties (32). Moreover, the
production and secretion of anti-inflammatory cytokines such as
tumor growth factor-b (TGF-b) and IL-10 by immunosuppressive
immune cells can help inhibit anti-tumor responses in PC and
have a poor prognosis in these patients (32, 34).
INVOLVED CYTOKINES IN THE
PATHOGENESIS OF PC

Studies on PC show that in the early stages of metastasis, cell-cell
adhesion and extracellular matrix cells (ECMs) are reduced
following changes in the expression of specific genes such as
aVb3 or a2b1 in tumor cells and facilitate the metastasis process
(35). On the other hand, mediators secreted by prostate tumor
cells, stromal cells, and immune cells in the TME alter adhesion
proteins’ expression and led to chemotactic-mediated immune
cell infiltration, destroying the basement membrane and ECM.
Most of these mediators are inflammatory and anti-
inflammatory cytokines that can facilitate various processes
leading to tumor removal or progression in an autocrine and/
or paracrine manner (36). Moreover, in metastatic PC,
numerous circulating tumor cells (CTCs) can express
mesenchymal (vimentin, N-cadherin and O-cadherin), stem
cells (CD133), and epithelial cell (E-cadherin, epithelial cell
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adhesion molecule (EpCAM), and cytokeratins) markers (37).
Cytokines such as IL-6, IL-7, IL-8 and TGF-b can facilitate the
epithelial-mesenchymal transition (EMT) process, which is an
essential phenomenon in cancer induction metastasis (38–42).
Among these cytokines, IL-6 can stimulate the expression of
matrix metalloproteinases (MMPs) by fibroblasts in the TME via
inducing EMT, angiogenesis, and tumor growth (43).
Neuroendocrine differentiation is realized in some subtypes of
PC that may be partially stimulated by androgen ablation. A
similar effect has been reported upon cytokine therapy of cells
with IL-10. Furthermore, IL-23 secreted by myeloid cells can also
play a role in regulating the androgen response. Studies showing
a link between cytokines, especially IL-6, and androgens have
shown that IL-6, which acts through its transcription factor
(STAT) pathway, may be involved in enzalutamide (a
nonsteroidal antiandrogen) resistance. Activation of the STAT-
3 pathway is accompanying augmented cell stemness. Moreover,
activation of the androgen receptor by IL-6 in some subtypes of
PC is associated with increased growth of tumor cells in vitro and
in vivo. It has been reported that some molecules such as
niclosamide and gallilactone can be very effective in
simultaneously inhibiting the STAT3 pathway as well as the
androgen receptor (44). The synergistic effect of TGF-b and
epidermal growth factor (EGF) has also been shown to lead to
the metastasis of tumor cells to the bone in PC. TGF-b can also
inhibit anti-tumor responses, reduce the expression of class I
major histocompatibility complex (MHC) by tumor cells and
escape the immune system, as well as induce the EMT process
(45, 46).

All of these occurrences ultimately lead to tumor growth,
invasion, and metastasis in PC. One of the most important and
essential events in tumor cell metastasis is angiogenesis, which
causes cancer invasion and progression through the supply of
oxygen and nutrients, and PC is no exception to this rule (47). In
this critical phenomenon, cytokines including vascular
endothelial growth factor (VEGF), TGF-b, and IL-8 also play
an active role by induction of angiogenesis through increasing
the proliferation and migration of endothelial cells (48).
However, among the mentioned cytokines, VEGF has a more
significant role with extra mitogenic properties for endothelial
cell proliferation (49). Therefore, it seems that proangiogenic
cytokines, particularly VEGF, are involved in the invasion and
metastasis of PC. TGF-b is also involved in angiogenesis because
it can induce angiogenesis and tumor cell metastasis in PC by
regulating IL-8 expression (50). To confirm this, studies showed
that by blocking and inhibiting the TGF-b/TGF-b receptor II,
angiogenesis and prostate tumor cell metastasis were
considerably reduced. In contrast, treatment of tumor cells
with TGF-b increased the process of angiogenesis and tumor
cell metastasis in animal models (50, 51).

Additionally, IL-6, TGF-b, VEGF, receptor activator of
nuclear factor-kappa-b l igand (RANKL), and some
chemokines participate in forming premetastatic niche, CTC
attachment to endothelial, stimulation of extravasation, TME
remodeling, and establishment of viable macro-metastasis (52,
53). Osteoclastogenesis and bone resorption are the main bone
Frontiers in Oncology | www.frontiersin.org 3
microenvironment remodeling processes in metastatic PC that
occur following the establishment of tumor cells in the bone
tissue as secondary tissue (54, 55). Previous studies revealed that
IL-6, TGF-b stromal cell-derived factor 1 (SDF-1), RANKL, and
CCL2 produced by bone stromal and tumor cells are responsible
for this alteration in the attacked bone tissue (56–59).

Interestingly, contrary to our lessons from the past, the theory
suggested that inflammation may play a role in PC formation (60).
In this context, a study on human PC (LNCaP) cell line showed
that tumor necrosis factor-a (TNF-a) and IL-17 could induce
protein expression of programmed cell death protein ligand 1
(PDL-1) on the surface of tumor cells as an inhibitory molecule
that is involved in CTLs suppression through activation of NF-kB
signaling pathway (61). Investigations demonstrated that in PC
and benign prostatic hyperplasia (BPH), the expression of IL-1a
and IL-1RI in epithelial cells was up-regulated and associated with
cell proliferation and high prostate-specific antigen levels (60).
Furthermore, IL-17 can stimulate the production of induced
cyclooxygenase-2 (COX-2) expression in the epithelial cells of
BPH tissue (62). Some studies suggested that IL-1a and IL-6might
be two critical inductors to assess malignancy because these types
of inflammatory cytokines were associated with a bad prognosis in
patients with PC (63, 64). In this context, previous investigations
showed that plasma levels of IL-6 were significantly raised in
patients with metastatic PC (65, 66). Also, the findings showed
that the levels of IL-6 soluble receptor (IL-6sR) were higher in
the plasma of PC patients with bone metastasis than in non-
metastatic PC patients and healthy subjects (64). The findings
of another investigation demonstrated that IL-1a induces the
immunosuppressive function of mesenchymal stem cells
(MSCs), escaping PC cells from anti-tumor immune responses
(67). It appears that due to the multiple effects of inflammatory
cytokines, both inflammatory and anti-inflammatory in different
contexts and the TME signals can play both protumor and
antitumor roles (68–70). In vitro studies on PC cell lines have
shown that tumor cells with IL-6 increase androgen receptor (AR)
expression and function on these cells, affecting many convenient
cellular processes (71). In the case of TNF-a, the results are also
very contradictory because, in different cancers, it can have both
apoptotic and survival impacts on tumor cells, and more studies
are needed to find out the exact role of this cytokine. It can also act
in the same way in PC with other inflammatory cytokines such as
IL-6 (60). The evidence showed a cross-talk between the immune
system and sex hormones such as androgens, estrogen, and
progesterone (72). Among these hormones, estrogen could be
involved in inflammatory mechanisms via stimulation of
interferon g (IFN-g) production and activation of lymphocytes
as the main anti-tumor immune cells in PC (73). Study on the
differential TNF-a and IFN-g expression between prostate
hyperplasia and PC showed that the TNF-a and IFN-g had a
higher expression in PC cells than prostate hyperplasia. However,
the function of these cytokines should be investigated in the
pathogenesis of prostate lesions (74). It has also been shown
that estrogen can affect both subsets of T cells, Th1 and Th2. It
can induce the trafficking of CD4+ Th1 cells and overexpression
of IL-4, IL-13, and TGF-b by Th2 cells in BHP nodules. IL-4 and
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IL-13 are able to stimulate prostate epithelial cells to express3b-
hydroxysteroid dehydrogenase/D⁵⁻⁴ isomerase (3b-HSD), which
is involved in the generation of the active form of androgens (75).
It has been shown that following the secretion of inflammatory
cytokines from immune cells, BPH epithelial cells, stromal cells,
and hypoxia in the TME, the demand for oxygen consumption by
infiltrated cells increases. These factors eventually cause these
factors tissue damage (76, 77). In PC, cytokines and growth
factors secreted in the TME affect infiltrated immune cells and
stromal and epithelial cells (77).

Moreover, infiltrated chronically activated T cells, B cells, and
macrophages in the BPH tissue are responsible for producing
and secreting TGF-b, IL-2, and IFN-g (78). Additionally, it has
been revealed that in BPH tissue, IL-15, IL-17, IFN-g, and IL-8
are released by stromal cells, infiltrating T cells, basal and stromal
cells, as well as epithelial cells, respectively (76). Following the
release of IL-5, IL-6, and IL-8 as chemotactic factors for T cells’
locomotion and infiltration of them to the TME (62, 79). An
investigation reported that the levels of TGF-b and IL-6 were
decreased by amplified levels of CXCL9, enhancing the growth of
tumors in a mouse model of PC. Moreover, overexpression of
CXCL9 reduced the T cells frequency in immune organs and the
TME and decreased the release of TGF-b2 and IL-6, resulting in
the development of PC (80).
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On the other hand, IL-17-producing T-cells need IL-23 as an
additional factor to survive (81). It has been demonstrated that
stromal prostate cells in BPH tissue can act as antigen-presenting
cells (APC) and activate antigen-specific CD4+ T cells to release
IL-17 and IFN-g, stimulating the release of IL-6 (a potent
autocrine growth factor) and IL-8 (a paracrine inducer of
fibroblast growth factor 2) which are the main inducer of
stromal and epithelial prostate cells growth and proliferation
(82). Findings of another study indicate that the serum levels of
anti-inflammatory cytokines, including IL-4, IL-6, and IL-10, were
elevated significantly, and it was directly associated with increased
PSA in hormone-refractory PC patients compared to values in the
hormone-sensitive group (83). These remarks suggest that
cytokine modulation and their abnormal response could have an
essential role in the pathogenesis of hormone-refractory PC.

Collectively, it can be concluded from this section that
cytokines act as a network, increasing the complexity of
recognizing their function in different pathological conditions.
It seems that in PC, these cytokines can both induce anti-tumor
defense by the immune system and cause tumor survival and
growth by inhibiting anti-tumor defense or increasing
inflammation (Figure 1) (Table 1). Also, cross-talk between
cytokines and sex hormones can play a pivotal role in the
pathogenesis of PC.
FIGURE 1 | Role of cytokines in PC. Different cytokines can have different roles and properties in the TME and induce anti-tumor responses or suppress anti-tumor
responses. In PC, TNF-a, IL-2, and IL-5 can play a dual role and contribute to both types of immune responses. Ultimately, anti-tumor cytokines including IFN-g, IL-
12, IL-27, IFN-a, and GM-CSF, Flt3-L, can stimulate tumor removal processes, but in contrast, pro-tumor cytokines such as IL-1a, IL-6, IL-7, IL-8, IL-10, IL-13, IL-
17, IL-23, RANKL, VEGF, TGF-b, and EGF cause tumor development and progression. TME, tumor microenvironment; IL, interleukin; IFN, interferon; GM-CSF,
granulocyte-macrophage colony-stimulating factor; TNF, tumor necrosis factor; TGF, tumor growth factor; EGF, epidermal growth factor; CTL, cytotoxic T
lymphocyte; flt3-L, Fms-like tyrosine kinase-3 ligand.
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TABLE 1 | Role of cytokines in the pathogenesis and treatment of PC.

Cytokine Role in PC pathogenesis Role in PC immunotherapy Ref

IL-1a and
IL-1b

• Increased in PC
• Cell proliferation
• High prostate-specific antigen levels
• Induces STAMP2 expression
• IL-1a induces the immunosuppressive function of

MSCs

(60, 67, 74)

IL-2 • Induce of Tregs
• Tumor growth and progression
• Anti-tumor properties

• Anti-tumor properties
• Increase cytotoxicity
• Changes in tumor blood flow
• NK cell activation
• Increased following CAR-T cell therapy

(84–89)

IL-4 • Stimulate prostate epithelial cells to express 3b-HSD
• Increases the expression of androgens
• Activation of the JNK pathway
• Up‐regulation of survivin
• Tumor progression

• Induces CRS following CAR-T cell therapy (74, 83)

IL-5 • Induce locomotion and infiltration of T cells into the
TME

• Induce of eosinophils and anti-tumor effects

• CRS following CAR-T cell therapy (62, 79, 90, 91)

IL-6 • Increased in PC
• Prognostic biomarker
• Induces of EMT
• Cancer metastasis
• Formation of premetastatic niche
• CTC attachment to endothelial
• Stimulates extravasation
• TME remodeling
• Alteration of the bone tissue
• Increase expression of AR
• Induce locomotion and infiltration of T cells into the

TME
• Induces STAMP2 expression

• One of the most critical cytokines in the CRS
following CAR-T cell therapy

(63–67, 74, 90, 91)

IL-7 • Induces of EMT
• Cancer metastasis

(42)

IL-8 • Induces of EMT
• Induces locomotion and infiltration of T cells into the

TME
• Cancer metastasis
• Angiogenesis

• Induces CRS following CAR-T cell therapy (38, 48, 50, 76, 82, 90, 91)

IL-10 • Inhibits anti-tumor responses
• Regulatesg the androgen response

• Induces CRS following CAR-T cell therapy (32, 34, 44, 83, 90, 91)

IL-12 • Induction of anti-tumor responses
• p40 is involved in the facilitation process of tumor cell

escape
• p40 is involved in the inhibition of IL-12Rb1

• Stimulating Th1 responses
• IFN-g production
• Anti-tumor effects

(92–96)

IL-13 • Stimulate prostate epithelial cells to express 3b-HSD
• Increase expression of androgens

(75)

IL-17 • Increase expression of PDL-1
• Increase expression of COX-2
• Induction release of IL-6 and IL-8

(61, 62, 76, 82)

TNF-a • Increase expression of PDL-1
• Both apoptotic and survival impacts on tumor cells

• Anti-tumor effects
• In patients with LA-HRPC, intra-prostatic

administration of a tolerable toxicity dose of
TNF-a could help treat these patients

(41, 60, 61, 74, 97–99)

IL-23 • Regulates the androgen response
• Th17 survival

(44, 81)

IL-27 • Anti angiogenic effects
• Anti-tumor effects

(100)

flt3-L • Infiltration of CD4+, CD8+ T cells, NK-cells and DCs
• Anti-tumor effects

• Induces CRS following CAR-T cell therapy (90, 91, 101)

TGF-b • Induction of EMT
• Cancer metastasis (bone)
• Inhibition of anti-tumor responses

(32, 34, 38, 39, 45, 46, 48, 50–59,
75, 78)

(Continued)
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CYTOKINES AND PC IMMUNOTHERAPIES

In recent years, cancer immunotherapy has been one of the most
successful therapies in the treatment of cancer, and various
immunotherapy-based methods such as cancer vaccines, cell-
based therapies, the use of monoclonal antibodies, cytokine
therapy and combination therapies have been used in the
treatment of PC and some of which have been almost successful
(116). In this section, the advantages and disadvantages of
cytokines in PC treatment are discussed (Table 1).

Cytokine-Based Immunotherapy
Asmentioned before, a blend of different cytokines is presented in
the TME, which forms anti-tumor or pro-tumor mechanisms and
responses (16). Accordingly, manipulating cytokines with
different cancer treatment approaches can cause fluctuations in
the TME and have a protective effect against the tumor. However,
administrating cytokines requires several considerations. On
Frontiers in Oncology | www.frontiersin.org 6
the other hand, the outcomes of various immunotherapy
methods may be affected by the positive or negative effects
of cytokines.

In general, cytokine therapy in cancer is performed by
systemic administration and direct injection into tumor tissue.
It has been reported that interferon-a (IFN-a) has probably been
one of the most effective cytokines in the treatment of solid
and hematological malignancies to date (111). In this regard,
randomized clinical trials recognized that IFN-a decreases the
risk of malignant melanoma recurrence subsequent surgical
removal of localized lymph node metastasis (112, 113).
Although the anti-tumor mechanism of IFN-a is not yet fully
understood, it is thought to affect tumor cells directly and
stimulate immune system components. A study on PC patients
showed that systemic IFN-a2b had no systemic anti-tumor effect
(97). Additionally, another in vitro investigation reported that
the treatment of the human prostate cancer LNCaP‐LN3 cell line
with IFN-a had no effective anti-tumor outcome (114).
TABLE 1 | Continued

Cytokine Role in PC pathogenesis Role in PC immunotherapy Ref

• Reduce the expression of MHC-I
• Angiogenesis via regulating IL-8 expression
• Formation of premetastatic niche
• CTC attachment to endothelial
• Stimulation of extravasation
• TME remodeling
• Alteration of the bone tissue

EGF • Bone metastasis (45, 46)
GM-CSF • Stimulation of macrophages, DCs, NKT cells, and

granulocytes
• Increase tumor antigens presentation to effector

T cells

• Induce production of CD4+ T cells
• Development of CD4+ and CD8+ PAP specific

responses
• Stimulation of anti-PC-antigen responses by

effector T and B cell
• Induces CRS following CAR-T cell therapy

(90, 91, 102–110)

IFN-a • Affect tumor cells directly
• Stimulate immune system components

(111–114)

IFN-g • Induce IL-6 and IL-8 release
• Induce anti-tumor responses

• Induction of anti-tumor responses
• Increased following CAR-T cell therapy
• Increased following treatment with DC-vaccine

(Provenge) and AST
• Induces CRS following CAR-T cell therapy

(73, 74, 76, 78, 89–91, 93, 94, 115)

VEGF • Angiogenesis
• Formation of premetastatic niche
• CTC attachment to endothelial
• Stimulation of extravasation
• TME remodeling
• Mitogenic properties
• Induce endothelial cell proliferation
• Tumor invasion and metastasis

(48–53)

RANKL • Alteration of the bone tissue
• Osteoclastogenesis
• Formation of premetastatic niche
• CTC attachment to endothelial
• Stimulation of extravasation
• TME remodeling

(52, 53, 56–59)
Novembe
STAMP2, six transmembrane protein of prostate 2; PC, prostate cancer; LA-HRPC, hormone-resistant prostate cancer; Treg, regulatory T cell; CAR-T cell, chimeric antigen receptor
T cells; TME, tumor microenvironment; IL, interleukin; IFN, interferon; GM-CSF, granulocyte-macrophage colony-stimulating factor; TNF, tumor necrosis factor; TGF, tumor growth
factor; EGF, epidermal growth factor; CTL, cytotoxic T lymphocyte; 3b-HSD, 3b-Hydroxysteroid dehydrogenase/D⁵⁻⁴ isomerase; EMT, epithelial–mesenchymal transition; NK cell,
natural killer cell; CRS, cytokine release syndrome; AR, androgen receptor; CTC, circulating tumor cells; MHC, major histocompatibility complex; DC, dendritic cell; AST, androgen
suppression treatment; COX, cyclooxygenase; PDL-1, programmed death ligand-1; PAP, prostatic-specific acid phosphatase; flt3-L, Fms-like tyrosine kinase-3 ligand; MSCs,
mesenchymal stem cells.
r 2021 | Volume 11 | Article 688489

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Mao et al. Role of Cytokines in Prostate Cancer
The interleukin-2 infusion can also be used to treat cancer.
Studies show that injection of this cytokine in high doses can
have anti-tumor properties; although its mechanism of action
has not been determined, it probably exerts its anti-tumor
properties by increasing cytotoxicity and changes in tumor
blood flow (84, 85). Administration of IL-2 in low doses can
be less toxic and cause natural killer (NK) cell activation. One of
the significant challenges in using IL-2 in cancer treatment is the
activation of Tregs because these cells consume IL-2 and are
unable to produce it themselves, suppressing anti-tumor
responses and causing tumor growth and progression (86). An
experimental study used KM2812 as an IL-2 construction and
observed that following treatment of mice in some animals,
complete regression occurred, and KM2812 had a considerable
anti-tumor effect (87). On the other hand, due to Treg activation
by IL-2 and its dose adjustment complications in cancer
treatment, some studies have shown that T cell depletion is
more effective than neutralization of IL-2 in PC (88).

Evidence shows that despite the several side effects of using
TNF-a in cancer therapy, beneficial therapeutic effects have been
observed in some cancers such as sarcoma and melanoma (98).
In patients with hormone-resistant prostate cancer (LA-HRPC),
intra-prostatic administration of a tolerable toxicity dose of
TNF-a could help treat these patients (97). Treatment of the
LNCaP cell line employing iron oxide nanoparticles (IONPs)
loaded with soluble TNF-a, and lactonic sophorolipids (LSLs)
also had beneficial anti-tumor advantages. It was suggested that
combination might have a synergistic effect, exhibiting more
effective therapeutic than either compound alone in the
treatment of PC (99).

Interleukin-12 is also one of the critical cytokines in anti-
tumor defense that can inhibit tumor growth and progression by
stimulating Th1 responses and IFN-g production, increasing the
cytotoxic activity of lymphocytes, and inhibiting lymphocytes
angiogenesis (92, 117). Evaluation of IL-12 biostructure showed
that it is composed of two different subunits termed p40 and p35,
and it has been reported that p40 is involved in the facilitation
process of tumor cell escape from immune responses and also
cell death as well as the arrest of IL-12Rb1 but not IL-12Rb2 (93).
To prove these claims, an anti-p40 monoclonal antibody was
used, and the findings showed that tumor cell death was
increased and the IL-12Rb1 was activated, and IL-12/IFN-g
down-stream signaling pathway was initiated, resulting in
cancer cell death (93). Studies in animal models of cancer
show that systemic administration of IL-12 as well as viral
vectors expressing IL-12 can have significant anti-tumor
effects. However, the unknown and hidden dimensions of
toxicity and other side effects have led to preliminary human
studies (92, 94). An experimental investigation hypothesized that
combining the direct oncolytic and anti-angiogenic activities of
the IL-12 expressing NV1042 oncolytic herpes simplex virus with
microtubule disrupting agents could be an effective method to
improve anti-tumor efficiency in the treatment of PC (95, 96).

Granulocyte-macrophage colony-stimulating factor (GM-
CSF) is a monomeric glycoprotein produced by mast cells, T
cells, macrophages, NK cells, fibroblasts, and endothelial cells
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that act as a cytokine in the immune system (118). GM-CSF can
stimulate macrophages, DCs, NKT cells, and granulocytes
activation, improving tumor antigens presentation to effector T
cells (102, 103). Additionally, GM-CSF-based vaccines can also
produce CD4+ T cells that produce a wide range of cytokines
(104). Previous studies on cancer immunotherapy using
cytokines showed that the systemic administration of GM-CSF
had some clinical benefits in treating PC, pulmonary metastases,
and melanoma, perhaps via stimulation of the immune system
anti-tumor responses (105).

Although type Th2-type cytokines such as IL-4, IL-5, IL-6,
IL-10, and IL-13 are more involved in host anti-parasitic
defense and allergic reactions, evidence suggests that they
can elicit anti-tumor responses via eosinophils activation as
well as stimulating antibody production. However, activating
Th2-dependent responses may not be as desirable as Th1
responses in cancer immunotherapy (104, 119). In this regard,
a study on a PC mouse-xenografts model showed that IL‐4 could
stimulate the activation of the JNK pathway and the up‐
regulation of survivin (an anti-apoptotic protein), progressing
PC (120).

Evidence has revealed that IL-27, an immune regulator
cytokine, can contribute to anti-tumor responses in several
cancers without noticeable toxicity. In a mouse model of PC
treated by IL-27, it has been revealed that this cytokine therapy
can inhibit tumor cell growth and proliferation, reducing tumor
size. The anti-tumor activity of IL-27 inhibits angiogenesis and
shifts the phenotype of tumor cells to anti-angiogenic, which
disrupts the formation of microvascular networks and inhibits
tumor growth and invasion (100). Interestingly, in normal
epithelial tissue of patients with PC, IL-27 receptor (IL-27R)
expression is high, but in low-grades of PC, the expression of IL-
27R is relatively lower than normal tissue, and in high-grade
tumor tissue, its expression is completely stopped. However, the
expression of IL-27R on infiltrated CD11c+ immune cells and
CD4+ and CD8+ lymphocytes in the TME is still high, which
upon binding of IL-27 to the receptors can trigger antitumor
responses (100).

Previous studies showed that Fms-like tyrosine kinase-3
ligand (flt3-L), a hematopoietic four helical bundle cytokine,
can induce remarkable growth inhibition of prostate tumor cells
that grow at an ectopic site. In flt3-L-treated severe combined
immunodeficient (SCID) mice, the growth of tumor stabilization
and regression of palpable ectopic prostate tumors (TRAMP-C1)
cells was more rapid than in flt3-L-treated wild-type mice. These
findings indicated that innate and adaptive immune responses
are involved in tumor growth inhibition mediated by flt3-L. It
has been revealed that flt3-L therapy can lead to infiltration of
CD4+, CD8+ T cells, NK-cells and dendritic cells (DCs) in the
TME. However, it has been shown that tumor-associated DCs, as
well as the immunosuppressive milieu of the TME, can attenuate
the effects of Flt3-L and cause treatment to fail (101). It has been
revealed that the six transmembrane protein of prostate 2
(STAMP2), a significant factor for PC cells growth and
survival and its expression is regulated through inflammatory
signaling. In this regard, IL-1b and IL-6 can synergistically
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induce STAMP2 expression. Fascinatingly, the knockdown of
STAMP2 can increase PC cells’ sensitivity to cytokine therapy.
Therefore, inflammatory-mediated regulation of the STAMP2
can affect PC progression (74).

Collectively, administration of the cytokines due to cancer
treatment can have significant side effects, just like when the
body has a severe infection. Furthermore, systemic cytokine
administration has had few therapeutic consequences due to
the pleiotropic effects of cytokines in the TME.

Role of Cytokines in Other PC
Immunotherapy Approaches
Phase I clinical trial study on biochemically recurrent PC using
DNA vaccines that encode prostatic acid phosphatase (PAP) plus
GM-CSF (pTVG-HP) showed that the vaccination was safe, and
CD4+ and/or CD8+ PAP specific responses were developed in
some patients (106). In this context, another phase I trial study
reported that a retroviral-based vaccine expressing GM-CSF could
stimulate anti-PC-antigen responses by effector T and B cells
(107). Although GM-CSF cellular vaccines are not used in the
clinic for PC, this cytokine is widely used in combination therapies
and other PC vaccines in preclinic studies and research on
GM-CSF in PC treatment is ongoing (108). For instance, a
phase II clinical trial study that used PROSTVAC [an active
immunotherapy vaccine that contains prostate-specific antigen
(PSA)] and GM-CSF in a group of men withmetastatic castration-
resistant PC showed an increased survival of patients (109).
Similar studies have also shown that PROSTVAC alone may not
be effective because immunosuppressive mediators and cytokines
inhibit vaccine-induced anti-tumor responses in the TME;
nonetheless, when co-administered with GM-CSF, it can induce
a more effective anti-tumor response (110).

Another therapeutic approach in PC leading to stimulate
cytokines is reovirus therapy. It has been shown that following
reovirus therapy, the secretion of pro-inflammatory cytokines as
well as CD8+ T and NK cell trafficking and infiltration is
increased in the TME, and it can lead to increased expression
of MHC-I on the surface of tumor cells to recognize by APCs and
further tumor antigen presentation to effector lymphocytes
(121, 122).

As mentioned before, androgens play an essential role in the
development of PC. Accordingly, androgen suppression therapy
(AST) has always been an effective treatment in metastatic
castration-resistant PC by modulating tumor cells’ sensitivity
to T cells and accumulation of effector CTLs into the TME in PC
(123). Evidence demonstrated that the tumor progression
properties of hormone-refractory PC might be changed by
direct cytokine therapy (124). The status of the immune
system can determine the response to hormone therapy, and it
can also change with age. Accordingly, assessing the balance
between pro-inflammatory (Th1) and anti-inflammatory (Th2)
cytokines in response to hormone therapy is essential. To
increase the effectiveness of cancer therapy, combination
therapies including immunotherapy and AST have recently
been used, and a clinical trial in this field showed that
administration of DC-vaccine (Provenge) before AST led to an
Frontiers in Oncology | www.frontiersin.org 8
increase of effective cytokines such as IFN-g along with tumor-
specific T cells in men with hormone-sensitive patients
biochemically recurrent prostate cancer PC (115). Therefore, it
can be concluded that cytokines play a positive and anti-tumor
role in this therapeutic approach.

The development of chimeric antigen receptor (CAR)-T cell
therapy has taken essential steps in treating cancer, especially
blood malignancies (90, 125). Recently, this immunotherapy
method has been used in the treatment of prostate cancer. A
study used CAR-T cell-specific for PSMA that was resistant to
TGF-b by infecting CD8+ T cells obtained from metastatic
castration-resistant PC (mCRPC) patients with a retroviral
construct in a mouse xenograft model, and the findings
showed that CAR-T cells could lysis the tumor PSMA+ PC3
cells but not PSMA- PC3 tumor cells. Interestingly, apoptosis of
the tumor cells, infiltration of CD8+ cells, as well as amplified
IFN-g and IL-2 levels were only realized in PSMA+ PC3 tumor
cells (89). These findings suggest that CAR-T cells can have
positive therapeutic effects in treating PC, eliminating tumor
cells expressing specific antigens and increasing levels of
cytokines that are effective in anti-tumor defense. Although
CAR-T cell therapy can successfully treat cancer, hematological
trials reported that CAR-T cell therapy could also have various
adverse effects and toxicities, one of the most important of
which is cytokine release syndrome (CRS) (126–129). Fever
and even lethal capillary leakage, along with hypotension
and hypoxia, are the primary manifestation of the CRS. CRS
is the specific spectrum of reactions realized following
administration of targeted therapies such as CAR T cell
therapy that cause remarkable activation of the immune
system. The onset of clinical signs of CRS is delayed and
indicates that these clinical signs, such as fever, seek T cells
activation and proliferation due to the identification of targeted
tumor antigens. It has been revealed that the CRS is detected in
patients undergoing CAR-T cell therapy and patients receiving
blinatumomab (130).

Moreover, higher serum levels of INF-g, FLT3-ligand,
CX3CL1, IL-5, IL-6, IL-8, IL-10, and GM-CSF were detected in
patients with severe CRS upon CAR-T cell therapy (90, 91).
Evidence demonstrated that using an anti-IL-6 receptor
antagonist (Tocilizumab) is considered standard therapy for
CRS management; however, the administration’s timing is
crucial and has not yet been determined precisely (131). The
outcomes of investigations in PC treatment using tumor-specific
antigen CAR-T cells were shown to have limited side effects and
systemic immune-related adverse events (IRAEs). There are
various tactics to reduce the IRAEs and toxicity of CAR-T cell
therapy, including combining high-affinity anti-PSMA and low-
affinity anti-PSCA CAR-T cells, inserting a suicide gene to
remove hyperactivated CAR-T cells, using other cellular
sources such as NK cell, and also using nanoparticles for the
delivery of CAR-T cells are proposed (132–137).

Recently, an investigation demonstrated that the long non-
coding RNA (lncRNA) OGFRP1 could be involved in inducing
malignancy in PC. In this context, OGFRP1 is able to sequester
miR-149-5p, stimulating IL-6 upregulation and promoting
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chemoresistance in PC tumor cells. Therefore, the OGFRP1/
miR-149-5p/IL-6 axis may be a potential therapeutic target for
treating chemoresistance PC cells (138).
CONCLUDING REMARKS

According to the findings of the discussed studies, cytokines,
as an important group of immune system mediators, appear
to play a significant and dual role in the pathogenesis of PC.
Contrary to our knowledge about the role of different cytokines
in the pathogenesis of cancers, some inflammatory and
immunosuppressive cytokines can lead to PC progression. On
the other hand, sex hormones and cross-talk between these
hormones and cytokines can be involved in the pathogenesis of
PC. Moreover, in PC immunotherapy, cytokines can also affect the
outcome of treatment. Treatment with cytokines and their
administration has also had various effects due to the pleiotropic
effect of cytokines on the TME and, depending on different
pathological conditions, complicating their role. It seems that
Frontiers in Oncology | www.frontiersin.org 9
more studies should be done on these multifunctional molecules
in order to adopt a more appropriate strategy for the treatment
of PC.
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52. Obenauf AC, Massagué J. Surviving at a Distance: Organ-Specific Metastasis.
Trends Cancer (2015) 1(1):76–91. doi: 10.1016/j.trecan.2015.07.009

53. Ren G, Esposito M, Kang Y. Bone Metastasis and the Metastatic Niche. J Mol
Med (2015) 93(11):1203–12. doi: 10.1007/s00109-015-1329-4

54. Mori K, Le Goff B, Charrier C, Battaglia S, Heymann D, Rédini F. DU145
Human Prostate Cancer Cells Express Functional Receptor Activator of
Nfkb: New Insights in the Prostate Cancer Bone Metastasis Process. Bone
(2007) 40(4):981–90. doi: 10.1016/j.bone.2006.11.006

55. Zhang J, Dai J, Qi Y, Lin D-L, Smith P, Strayhorn C, et al. Osteoprotegerin
Inhibits Prostate Cancer–Induced Osteoclastogenesis and Prevents Prostate
Tumor Growth in the Bone. J Clin Invest (2001) 107(10):1235–44. doi:
10.1172/JCI11685

56. Sottnik JL, Keller ET. Understanding and Targeting Osteoclastic Activity in
Prostate Cancer Bone Metastases. Curr Mol Med (2013) 13(4):626–39. doi:
10.2174/1566524011313040012

57. Yin JJ, Pollock CB, Kelly K. Mechanisms of Cancer Metastasis to the Bone.
Cell Res (2005) 15(1):57–62. doi: 10.1038/sj.cr.7290266

58. Ibrahim T, Flamini E, Mercatali L, Sacanna E, Serra P, Amadori D.
Pathogenesis of Osteoblastic Bone Metastases From Prostate Cancer.
Cancer: Interdiscip Int J Am Cancer Soc (2010) 116(6):1406–18. doi:
10.1002/cncr.24896

59. Rucci N, Angelucci A. Prostate Cancer and Bone: The Elective Affinities.
BioMed Res Int (2014) 2014:1–15. doi: 10.1155/2014/167035

60. Bouraoui Y, Ricote M, Garcıá-Tuñón I, Rodriguez-Berriguete G, Touffehi M,
Rais NB, et al. Pro-Inflammatory Cytokines and Prostate-Specific Antigen in
Hyperplasia and Human Prostate Cancer. Cancer Detection Prev (2008) 32
(1):23–32. doi: 10.1016/j.cdp.2008.02.007

61. Wang X, Yang L, Huang F, Zhang Q, Liu S, Ma L, et al. Inflammatory
Cytokines IL-17 and TNF-a Up-Regulate PD-L1 Expression in Human
Prostate and Colon Cancer Cells. Immunol Lett (2017) 184:7–14. doi:
10.1016/j.imlet.2017.02.006

62. Kramer G, Marberger M. Could Inflammation be a Key Component in the
Progression of Benign Prostatic Hyperplasia? Curr Opin Urol (2006) 16
(1):25–9. doi: 10.1097/01.mou.0000193368.91823.1b

63. Twillie DA, Eisenberger MA, Carducci MA, Hseih W-S, Kim WY, Simons
JW. Interleukin-6: A Candidate Mediator of Human Prostate Cancer
Morbidity. Urology (1995) 45(3):542–9. doi: 10.1016/S0090-4295(99)80034-X

64. Shariat SF, Andrews B, Kattan MW, Kim J, Wheeler TM, Slawin KM. Plasma
Levels of Interleukin-6 and Its Soluble Receptor Are Associated With
November 2021 | Volume 11 | Article 688489

https://doi.org/10.1038/nature10673
https://doi.org/10.1038/nrc.2016.36
https://doi.org/10.1158/1078-0432.CCR-15-1181
https://doi.org/10.1080/2162402X.2014.998538
https://doi.org/10.3389/fimmu.2019.00603
https://doi.org/10.1158/1078-0432.CCR-07-0842
https://doi.org/10.1158/1078-0432.CCR-07-0842
https://doi.org/10.1080/15384047.2016.1235666
https://doi.org/10.1038/srep15651
https://doi.org/10.4314/ahs.v20i3.31
https://doi.org/10.1038/nature25501
https://doi.org/10.1038/nature25501
https://doi.org/10.1038/s41585-018-0020-2
https://doi.org/10.3390/ijms21124449
https://doi.org/10.3390/ijms21124449
https://doi.org/10.1158/1541-7786.MCR-10-0490
https://doi.org/10.1186/2001-1326-3-17
https://doi.org/10.1038/nrurol.2011.85
https://doi.org/10.1038/nrurol.2011.85
https://doi.org/10.3390/vaccines4030022
https://doi.org/10.1016/j.ejphar.2013.05.046
https://doi.org/10.1016/j.ejphar.2013.05.046
https://doi.org/10.1038/s41598-019-43294-4
https://doi.org/10.1038/s41598-019-43294-4
https://doi.org/10.1158/0008-5472.CAN-10-0785
https://doi.org/10.1158/0008-5472.CAN-10-0785
https://doi.org/10.3390/cancers13122944
https://doi.org/10.1016/j.molimm.2014.12.017
https://doi.org/10.1016/j.molimm.2014.12.017
https://doi.org/10.1007/s10585-008-9183-1
https://doi.org/10.3389/fonc.2014.00243
https://doi.org/10.1158/0008-5472.CAN-2506-2
https://doi.org/10.1158/0008-5472.CAN-2506-2
https://doi.org/10.1007/s00240-002-0287-9
https://doi.org/10.1158/1078-0432.CCR-04-2571
https://doi.org/10.1016/j.trecan.2015.07.009
https://doi.org/10.1007/s00109-015-1329-4
https://doi.org/10.1016/j.bone.2006.11.006
https://doi.org/10.1172/JCI11685
https://doi.org/10.2174/1566524011313040012
https://doi.org/10.1038/sj.cr.7290266
https://doi.org/10.1002/cncr.24896
https://doi.org/10.1155/2014/167035
https://doi.org/10.1016/j.cdp.2008.02.007
https://doi.org/10.1016/j.imlet.2017.02.006
https://doi.org/10.1097/01.mou.0000193368.91823.1b
https://doi.org/10.1016/S0090-4295(99)80034-X
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Mao et al. Role of Cytokines in Prostate Cancer
Prostate Cancer Progression and Metastasis. Urology (2001) 58(6):1008–15.
doi: 10.1016/S0090-4295(01)01405-4

65. Adler HL, McCURDY MA, Kattan MW, Timme TL, Scardino PT,
THOMPSON TC. Elevated Levels of Circulating Interleukin-6 and
Transforming Growth Factor-Beta 1 in Patients With Metastatic Prostatic
Carcinoma. J Urol (1999) 161(1):182–7. doi: 10.1097/00005392-199901000-
00051

66. Nakashima J, Tachibana M, Horiguchi Y, Oya M, Ohigashi T, Asakura H,
et al. Serum Interleukin 6 as a Prognostic Factor in Patients With Prostate
Cancer. Clin Cancer Res (2000) 6(7):2702–6.

67. Cheng J, Li L, Liu Y, Wang Z, Zhu X, Bai X. Interleukin-1a Induces
Immunosuppression by Mesenchymal Stem Cells Promoting the Growth of
Prostate Cancer Cells. Mol Med Rep (2012) 6(5):955–60. doi: 10.3892/
mmr.2012.1019

68. Mora LB, Buettner R, Seigne J, Diaz J, Ahmad N, Garcia R, et al. Constitutive
Activation of Stat3 in Human Prostate Tumors and Cell Lines: Direct
Inhibition of Stat3 Signaling Induces Apoptosis of Prostate Cancer Cells.
Cancer Res (2002) 62(22):6659–66.

69. Liu X-H, Kirschenbaum A, Lu M, Yao S, Klausner A, Preston C, et al.
Prostaglandin E2 Stimulates Prostatic Intraepithelial Neoplasia Cell Growth
Through Activation of the Interleukin-6/GP130/STAT-3 Signaling Pathway.
Biochem Biophys Res Commun (2002) 290(1):249–55. doi: 10.1006/
bbrc.2001.6188

70. SpiottoMT, Chung TD. STAT3Mediates IL-6-Induced Growth Inhibition in the
Human Prostate Cancer Cell Line LNCaP. Prostate (2000) 42(2):88–98. doi:
10.1002/(SICI)1097-0045(20000201)42:2<88::AID-PROS2>3.0.CO;2-P

71. Hobisch A, Eder IE, Putz T, Horninger W, Bartsch G, Klocker H, et al.
Interleukin-6 Regulates Prostate-Specific Protein Expression in Prostate
Carcinoma Cells by Activation of the Androgen Receptor. Cancer Res
(1998) 58(20):4640–5.

72. Taneja V. Sex Hormones Determine Immune Response. Front Immunol
(2018) 9:1931. doi: 10.3389/fimmu.2018.01931

73. Djavan B, Eckersberger E, Espinosa G, Kramer G, Handisurya A, Lee C, et al.
Complex Mechanisms in Prostatic Inflammatory Response. Eur Urol Suppl
(2009) 8(13):872–8. doi: 10.1016/j.eursup.2009.11.003

74. Pihlstrøm N, Jin Y, Nenseth Z, Kuzu OF, Saatcioglu F. STAMP2 Expression
Mediated by Cytokines Attenuates Their Growth-Limiting Effects in Prostate
Cancer Cells. Cancers (2021) 13(7):1579 doi: 10.3390/cancers13071579.

75. Gingras SB, Simard J. Induction of 3b-Hydroxysteroid Dehydrogenase/
Isomerase Type 1 Expression by Interleukin-4 in Human Normal Prostate
Epithelial Cells, Immortalized Keratinocytes, Colon, and Cervix Cancer Cell
Lines. Endocrinology (1999) 140(10):4573–84. doi: 10.1210/endo.140.10.7038

76. Briganti A, Capitanio U, Suardi N, Gallina A, Salonia A, Bianchi M, et al.
Benign Prostatic Hyperplasia and Its Aetiologies. Eur Urol Suppl (2009) 8
(13):865–71. doi: 10.1016/j.eursup.2009.11.002

77. Robert G, Descazeaud A, Allory Y, Vacherot F, de la Taille A. Should We
Investigate Prostatic Inflammation for the Management of Benign Prostatic
Hyperplasia? Eur Urol Suppl (2009) 8(13):879–86. doi: 10.1016/
j.eursup.2009.11.004

78. Kramer G, Steiner GE, Handisurya A, Stix U, Haitel A, Knerer B, et al.
Increased Expression of Lymphocyte-Derived Cytokines in Benign
Hyperplastic Prostate Tissue, Identification of the Producing Cell Types,
and Effect of Differentially Expressed Cytokines on Stromal Cell
Proliferation. Prostate (2002) 52(1):43–58. doi: 10.1002/pros.10084

79. Handisurya A, Steiner GE, Stix U, Ecker RC, Pfaffeneder-Mantai S, Langer
D, et al. Differential Expression of Interleukin-15, A Pro-Inflammatory
Cytokine and T-Cell Growth Factor, and Its Receptor in Human Prostate.
Prostate (2001) 49(4):251–62. doi: 10.1002/pros.10020

80. Tan S, Wang K, Sun F, Li Y, Gao Y. CXCL9 Promotes Prostate Cancer
Progression Through Inhibition of Cytokines From T Cells. Mol Med Rep
(2018) 18(2):1305–10. doi: 10.3892/mmr.2018.9152

81. Kramer G, Mitteregger D, Marberger M. Is Benign Prostatic Hyperplasia
(BPH) an Immune Inflammatory Disease? Eur Urol (2007) 51(5):1202–16.
doi: 10.1016/j.eururo.2006.12.011

82. Penna G, Fibbi B, Amuchastegui S, Cossetti C, Aquilano F, Laverny G, et al.
Human Benign Prostatic Hyperplasia Stromal Cells as Inducers and Targets
of Chronic Immuno-Mediated Inflammation. J Immunol (2009) 182
(7):4056–64. doi: 10.4049/jimmunol.0801875
Frontiers in Oncology | www.frontiersin.org 11
83. Wise GJ, Marella VK, Talluri G, Shirazian D. Cytokine Variations in Patients
With Hormone Treated Prostate Cancer. J Urol (2000) 164(3 Part 1):722–5.
doi: 10.1097/00005392-200009010-00024

84. Fyfe G, Fisher RI, Rosenberg SA, Sznol M, Parkinson DR, Louie AC. Results
of Treatment of 255 Patients With Metastatic Renal Cell Carcinoma Who
Received High-Dose Recombinant Interleukin-2 Therapy. J Clin Oncol
(1995) 13(3):688–96. doi: 10.1200/JCO.1995.13.3.688

85. Rosenberg SA, Lotze MT, Yang JC, Topalian SL, Chang AE,
Schwartzentruber DJ, et al. Prospective Randomized Trial of High-Dose
Interleukin-2 Alone or in Conjunction With Lymphokine-Activated Killer
Cells for the Treatment of Patients With Advanced Cancer. JNCI: J Natl
Cancer Institute (1993) 85(8):622–32. doi: 10.1093/jnci/85.8.622

86. Sim GC, Martin-Orozco N, Jin L, Yang Y, Wu S, Washington E, et al. IL-2
Therapy Promotes Suppressive ICOS+ Treg Expansion in Melanoma
Patients. J Clin Invest (2014) 124(1):99–110. doi: 10.1172/JCI46266

87. Sugimoto Y, Hirota M, Yoshikawa K, Sumitomo M, Nakamura K, Ueda R,
et al. The Therapeutic Potential of a Novel PSMA Antibody and Its IL-2
Conjugate in Prostate Cancer. Anticancer Res (2014) 34(1):89–97.

88. Peng H, Zhao W, Tan H, Ji Z, Li J, Li K, et al. Prediction of Treatment
Efficacy for Prostate Cancer Using a Mathematical Model. Sci Rep (2016) 6
(1):1–13. doi: 10.1038/srep21599

89. Zhang Q, Helfand BT, Carneiro BA, Qin W, Yang XJ, Lee C, et al. Efficacy
Against Human Prostate Cancer by Prostate-Specific Membrane Antigen-
Specific, Transforming Growth Factor-b Insensitive Genetically Targeted
CD8+ T-Cells Derived From Patients With Metastatic Castrate-Resistant
Disease. Eur Urol (2018) 73(5):648–52. doi: 10.1016/j.eururo.2017.12.008

90. Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, Bunin NJ, et al.
Chimeric Antigen Receptor T Cells for Sustained Remissions in Leukemia.
N Engl J Med (2014) 371(16):1507–17. doi: 10.1056/NEJMoa1407222

91. Grupp SA, Kalos M, Barrett D, Aplenc R, Porter DL, Rheingold SR, et al.
Chimeric Antigen Receptor–Modified T Cells for Acute Lymphoid Leukemia.
N Engl J Med (2013) 368(16):1509–18. doi: 10.1056/NEJMoa1215134

92. Atkins MB, Robertson MJ, Gordon M, Lotze MT, DeCoste M, DuBois JS, et al.
Phase I Evaluation of Intravenous Recombinant Human Interleukin 12 in
Patients With Advanced Malignancies. Clin Cancer Res (1997) 3(3):409–17.

93. Kundu M, Roy A, Pahan K. Selective Neutralization of IL-12 P40 Monomer
Induces Death in Prostate Cancer Cells via IL-12–IFN-g. Proc Natl Acad Sci
(2017) 114(43):11482–7. doi: 10.1073/pnas.1705536114

94. Garris CS, Arlauckas SP, Kohler RH, Trefny MP, Garren S, Piot C, et al.
Successful Anti-PD-1 Cancer Immunotherapy Requires T Cell-Dendritic
Cell Crosstalk Involving the Cytokines IFN-g and IL-12. Immunity (2018) 49
(6):1148–61.e7. doi: 10.1016/j.immuni.2018.09.024

95. Passer BJ, Cheema T, Wu S, Wu C, Rabkin SD, Martuza RL. Combination of
Vinblastine and Oncolytic Herpes Simplex Virus Vector Expressing IL-12
Therapy Increases Antitumor and Antiangiogenic Effects in Prostate Cancer
Models. Cancer Gene Ther (2013) 20(1):17–24. doi: 10.1038/cgt.2012.75

96. Varghese S, Rabkin S, Liu R, Nielsen P, Ipe T, Martuza R. Enhanced
Therapeutic Efficacy of IL-12, But Not GM-CSF, Expressing Oncolytic
Herpes Simplex Virus for Transgenic Mouse Derived Prostate Cancers.
Cancer Gene Ther (2006) 13(3):253–65. doi: 10.1038/sj.cgt.7700900

97. Kramer G, Steiner GE, Sokol P, Handisurya A, Klingler HC, Maier U, et al.
Local Intratumoral Tumor Necrosis Factor-a and Systemic IFN-a 2b in
Patients With Locally Advanced Prostate Cancer. J Interferon Cytokine Res
(2001) 21(7):475–84. doi: 10.1089/10799900152434349

98. Lienard D, Ewalenko P, Delmotte J-J, Renard N, Lejeune FJ. High-Dose
Recombinant Tumor Necrosis Factor Alpha in Combination With Interferon
Gamma and Melphalan in Isolation Perfusion of the Limbs for Melanoma and
Sarcoma. J Clin Oncol (1992) 10(1):52–60. doi: 10.1200/JCO.1992.10.1.52

99. Beach J, Banerjee T, Kallu J, Higginbotham R, Gross R. Combination
Therapy of Prostate Cancer Utilizing Functionalized Iron Oxide
Nanoparticles Carrying TNF-A and Lactonic Sophorolipids. In: Paper and
Posters Presentations. 9. (2017). Available at: https://digitalcommons.
pittstate.edu/papers_2017/9.

100. Di Carlo E, Sorrentino C, Zorzoli A, Di Meo S, Tupone MG, Ognio E, et al.
The Antitumor Potential of Interleukin-27 in Prostate Cancer. Oncotarget
(2014) 5(21):10332. doi: 10.18632/oncotarget.1425

101. Ciavarra RP, Brown RR, Holterman DA, Garrett M, Glass WF, Wright GL,
et al. Impact of the Tumor Microenvironment on Host Infiltrating Cells and
November 2021 | Volume 11 | Article 688489

https://doi.org/10.1016/S0090-4295(01)01405-4
https://doi.org/10.1097/00005392-199901000-00051
https://doi.org/10.1097/00005392-199901000-00051
https://doi.org/10.3892/mmr.2012.1019
https://doi.org/10.3892/mmr.2012.1019
https://doi.org/10.1006/bbrc.2001.6188
https://doi.org/10.1006/bbrc.2001.6188
https://doi.org/10.1002/(SICI)1097-0045(20000201)42:2%3C88::AID-PROS2%3E3.0.CO;2-P
https://doi.org/10.3389/fimmu.2018.01931
https://doi.org/10.1016/j.eursup.2009.11.003
https://doi.org/10.3390/cancers13071579
https://doi.org/10.1210/endo.140.10.7038
https://doi.org/10.1016/j.eursup.2009.11.002
https://doi.org/10.1016/j.eursup.2009.11.004
https://doi.org/10.1016/j.eursup.2009.11.004
https://doi.org/10.1002/pros.10084
https://doi.org/10.1002/pros.10020
https://doi.org/10.3892/mmr.2018.9152
https://doi.org/10.1016/j.eururo.2006.12.011
https://doi.org/10.4049/jimmunol.0801875
https://doi.org/10.1097/00005392-200009010-00024
https://doi.org/10.1200/JCO.1995.13.3.688
https://doi.org/10.1093/jnci/85.8.622
https://doi.org/10.1172/JCI46266
https://doi.org/10.1038/srep21599
https://doi.org/10.1016/j.eururo.2017.12.008
https://doi.org/10.1056/NEJMoa1407222
https://doi.org/10.1056/NEJMoa1215134
https://doi.org/10.1073/pnas.1705536114
https://doi.org/10.1016/j.immuni.2018.09.024
https://doi.org/10.1038/cgt.2012.75
https://doi.org/10.1038/sj.cgt.7700900
https://doi.org/10.1089/10799900152434349
https://doi.org/10.1200/JCO.1992.10.1.52
https://digitalcommons.pittstate.edu/papers_2017/9
https://digitalcommons.pittstate.edu/papers_2017/9
https://doi.org/10.18632/oncotarget.1425
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Mao et al. Role of Cytokines in Prostate Cancer
the Efficacy of Flt3-Ligand Combination Immunotherapy Evaluated in a
Treatment Model of Mouse Prostate Cancer. Cancer Immunol Immunother
(2003) 52(9):535–45. doi: 10.1007/s00262-003-0383-x

102. Mach N, Gillessen S, Wilson SB, Sheehan C, MihmM, Dranoff G. Differences
in Dendritic Cells Stimulated In Vivo by Tumors Engineered to Secrete
Granulocyte-Macrophage Colony-Stimulating Factor or Flt3-Ligand. Cancer
Res (2000) 60(12):3239–46.

103. Gillessen S, Naumov YN, Nieuwenhuis EE, Exley MA, Lee FS, Mach N, et al.
CD1d-Restricted T Cells Regulate Dendritic Cell Function and Antitumor
Immunity in a Granulocyte–Macrophage Colony-Stimulating Factor-
Dependent Fashion. Proc Natl Acad Sci (2003) 100(15):8874–9. doi:
10.1073/pnas.1033098100

104. Hung K, Hayashi R, Lafond-Walker A, Lowenstein C, Pardoll D, Levitsky H.
The Central Role of CD4+ T Cells in the Antitumor Immune Response. J Exp
Med (1998) 188(12):2357–68. doi: 10.1084/jem.188.12.2357

105. Spitler LE, Grossbard ML, Ernstoff MS, Silver G, Jacobs M, Hayes FA, et al.
Adjuvant Therapy of Stage III and IV Malignant Melanoma Using
Granulocyte-Macrophage Colony-Stimulating Factor. J Clin Oncol (2000)
18(8):1614–21. doi: 10.1200/JCO.2000.18.8.1614

106. McNeel DG, Dunphy EJ, Davies JG, Frye TP, Johnson LE, Staab MJ, et al.
Safety and Immunological Efficacy of a DNA Vaccine Encoding Prostatic
Acid Phosphatase in Patients With Stage D0 Prostate Cancer. J Clin Oncol
(2009) 27(25):4047. doi: 10.1200/JCO.2008.19.9968

107. Simons JW, Mikhak B, Chang J-F, DeMarzo AM, Carducci MA, LimM, et al.
Induction of Immunity to Prostate Cancer Antigens: Results of a Clinical
Trial of Vaccination With Irradiated Autologous Prostate Tumor Cells
Engineered to Secrete Granulocyte-Macrophage Colony-Stimulating Factor
Using Ex Vivo Gene Transfer. Cancer Res (1999) 59(20):5160–8.

108. Mo L, Zhang X, Shi X, Wei L, Zheng D, Li H, et al. Norcantharidin Enhances
Antitumor Immunity of GM-CSF Prostate Cancer Cells Vaccine by Inducing
Apoptosis of Regulatory T Cells. Cancer Sci (2018) 109(7):2109–18. doi:
10.1111/cas.13639

109. Kantoff PW, Schuetz TJ, Blumenstein BA, Glode LM, Bilhartz DL,WyandM,
et al. Overall Survival Analysis of a Phase II Randomized Controlled Trial of
a Poxviral-Based PSA-Targeted Immunotherapy in Metastatic Castration-
Resistant Prostate Cancer. J Clin Oncol (2010) 28(7):1099. doi: 10.1200/
JCO.2009.25.0597

110. Gulley JL, Borre M, Vogelzang NJ, Ng S, Agarwal N, Parker CC, et al. Phase
III Trial of PROSTVAC in Asymptomatic or Minimally Symptomatic
Metastatic Castration-Resistant Prostate Cancer. J Clin Oncol (2019) 37
(13):1051. doi: 10.1200/JCO.18.02031

111. Group CMLTC. Interferon Alfa Versus Chemotherapy for Chronic Myeloid
Leukemia: A Meta-Analysis of Seven Randomized Trials. J Natl Cancer
Institute (1997) 89(21):1616–20. doi: 10.1093/jnci/89.21.1616

112. Kirkwood JM, Strawderman MH, Ernstoff MS, Smith TJ, Borden EC, Blum
RH. Interferon Alfa-2b Adjuvant Therapy of High-Risk Resected Cutaneous
Melanoma: The Eastern Cooperative Oncology Group Trial EST 1684. J Clin
Oncol (1996) 14(1):7–17. doi: 10.1200/JCO.1996.14.1.7

113. Kirkwood JM, Ibrahim JG, Sosman JA, Sondak VK, Agarwala SS, Ernstoff
MS, et al. High-Dose Interferon Alfa-2b Significantly Prolongs Relapse-Free
and Overall Survival Compared With the GM2-KLH/QS-21 Vaccine in
Patients With Resected Stage IIB-III Melanoma: Results of Intergroup Trial
E1694/S9512/C509801. J Clin Oncol (2001) 19(9):2370–80. doi: 10.1200/
JCO.2001.19.9.2370

114. Kuniyasu H, Yasui W, Pettaway CA, Yano S, Oue N, Tahara E, et al.
Interferon-Alpha Prevents Selection of Doxorubicin-Resistant
Undifferentiated-Androgen-Insensitive Metastatic Human Prostate Cancer
Cells. Prostate (2001) 49(1):19–29. doi: 10.1002/pros.1114

115. Antonarakis ES, Kibel AS, Evan YY, Karsh LI, Elfiky A, Shore ND, et al.
Sequencing of Sipuleucel-T and Androgen Deprivation Therapy in Men
With Hormone-Sensitive Biochemically Recurrent Prostate Cancer: A Phase
II Randomized Trial. Clin Cancer Res (2017) 23(10):2451–9. doi: 10.1158/
1078-0432.CCR-16-1780

116. Boettcher AN, Usman A, Morgans A, VanderWeele DJ, Sosman J, Wu JD.
Past, Current, and Future of Immunotherapies for Prostate Cancer. Front
Oncol (2019) 9:884. doi: 10.3389/fonc.2019.00884

117. Boggio K, Nicoletti G, Di Carlo E, Cavallo F, Landuzzi L, Melani C, et al.
Interleukin 12–Mediated Prevention of Spontaneous Mammary
Frontiers in Oncology | www.frontiersin.org 12
Adenocarcinomas in Two Lines of Her-2/Neu Transgenic Mice. J Exp Med
(1998) 188(3):589–96. doi: 10.1084/jem.188.3.589

118. Lotfi N, Thome R, Rezaei N, Zhang G-X, Rezaei A, Rostami A, et al. Roles of
GM-CSF in the Pathogenesis of Autoimmune Diseases: An Update. Front
Immunol (2019) 10:1265. doi: 10.3389/fimmu.2019.01265

119. Reilly RT, Machiels J-PH, Emens LA, Ercolini AM, Okoye FI, Lei RY, et al.
The Collaboration of Both Humoral and Cellular HER-2/Neu-Targeted
Immune Responses Is Required for the Complete Eradication of HER-2/
Neu-Expressing Tumors. Cancer Res (2001) 61(3):880–3.

120. Roca H, Craig MJ, Ying C, Varsos ZS, Czarnieski P, Alva AS, et al. IL-4 Induces
Proliferation in Prostate Cancer PC3 Cells Under Nutrient-Depletion Stress
Through the Activation of the JNK-Pathway and Survivin Up-Regulation. J Cell
Biochem (2012) 113(5):1569–80. doi: 10.1002/jcb.24025

121. Gujar SA, Pan D, Marcato P, Garant KA, Lee PW. Oncolytic Virus-Initiated
Protective Immunity Against Prostate Cancer. Mol Ther (2011) 19(4):797–
804. doi: 10.1038/mt.2010.297

122. Thirukkumaran CM, Nodwell MJ, Hirasawa K, Shi Z-Q, Diaz R, Luider J,
et al. Oncolytic Viral Therapy for Prostate Cancer: Efficacy of Reovirus as a
Biological Therapeutic. Cancer Res (2010) 70(6):2435–44. doi: 10.1158/0008-
5472.CAN-09-2408

123. Mercader M, Bodner BK, Moser MT, Kwon PS, Park ES, Manecke RG, et al.
T Cell Infiltration of the Prostate Induced by Androgen Withdrawal in
Patients With Prostate Cancer. Proc Natl Acad Sci (2001) 98(25):14565–70.
doi: 10.1073/pnas.251140998

124. Sokoloff MH, Tso CL, Kaboo R, Taneja S, Pang S, DeKernion JB, et al. In
Vitro Modulation of Tumor Progression-Associated Properties of Hormone
Refractory Prostate Carcinoma Cell Lines by Cytokines. Cancer: Interdiscip
Int J Am Cancer Soc (1996) 77(9):1862–72. doi: 10.1002/(SICI)1097-0142
(19960501)77:9<1862::AID-CNCR16>3.0.CO;2-Y

125. Schepisi G, Cursano MC, Casadei C, Menna C, Altavilla A, Lolli C, et al.
CAR-T Cell Therapy: A Potential New Strategy Against Prostate Cancer.
J Immunother Cancer (2019) 7(1):1–11. doi: 10.1186/s40425-019-0741-7

126. Kochenderfer JN, Dudley ME, Carpenter RO, Kassim SH, Rose JJ, Telford
WG, et al. Donor-Derived CD19-Targeted T Cells Cause Regression of
Malignancy Persisting After Allogeneic Hematopoietic Stem Cell
Transplantation. Blood J Am Soc Hematol (2013) 122(25):4129–39. doi:
10.1182/blood-2013-08-519413

127. Xu X-J, Tang Y-M. Cytokine Release Syndrome in Cancer Immunotherapy
With Chimeric Antigen Receptor Engineered T Cells. Cancer Lett (2014) 343
(2):172–8. doi: 10.1016/j.canlet.2013.10.004

128. Brentjens RJ, Davila ML, Riviere I, Park J, Wang X, Cowell LG, et al. CD19-
Targeted T Cells Rapidly Induce Molecular Remissions in Adults With
Chemotherapy-Refractory Acute Lymphoblastic Leukemia. Sci Trans Med
(2013) 5(177):177ra38–ra38. doi: 10.1126/scitranslmed.3005930

129. Maus MV, Haas AR, Beatty GL, Albelda SM, Levine BL, Liu X, et al. T Cells
Expressing Chimeric Antigen Receptors can Cause Anaphylaxis in Humans.
Cancer Immunol Res (2013) 1(1):26–31. doi: 10.1158/2326-6066.CIR-13-0006

130. Porter D, Frey N, Wood PA, Weng Y, Grupp SA. Grading of Cytokine Release
Syndrome Associated With the CAR T Cell Therapy Tisagenlecleucel. J Hematol
Oncol (2018) 11(1):1–12. doi: 10.1186/s13045-018-0571-y

131. Frey N, Porter D. Cytokine Release Syndrome With Chimeric Antigen
Receptor T Cell Therapy. Biol Blood Marrow Transplant (2019) 25(4):
e123–7. doi: 10.1016/j.bbmt.2018.12.756

132. Kloss CC, Lee J, Zhang A, Chen F, Melenhorst JJ, Lacey SF, et al. Dominant-
Negative TGF-b Receptor Enhances PSMA-Targeted Human CAR T Cell
Proliferation and Augments Prostate Cancer Eradication. Mol Ther (2018)
26(7):1855–66. doi: 10.1016/j.ymthe.2018.05.003

133. Di Stasi A, Tey S-K, Dotti G, Fujita Y, Kennedy-Nasser A, Martinez C, et al.
Inducible Apoptosis as a Safety Switch for Adoptive Cell Therapy. N Engl J
Med (2011) 365:1673–83. doi: 10.1056/NEJMoa1106152

134. Deniger DC, Switzer K, Mi T, Maiti S, Hurton L, Singh H, et al. Bispecific T-
Cells Expressing Polyclonal Repertoire of Endogenous gd T-Cell Receptors
and Introduced CD19-Specific Chimeric Antigen Receptor.Mol Ther (2013)
21(3):638–47. doi: 10.1038/mt.2012.267

135. Klingemann H. Are Natural Killer Cells Superior CAR Drivers?
Oncoimmunology (2014) 3(4):e28147. doi: 10.4161/onci.28147

136. Singh S, Asal R, Bhagat S. Multifunctional Antioxidant Nanoliposome-
Mediated Delivery of PTEN Plasmids Restore the Expression of Tumor
November 2021 | Volume 11 | Article 688489

https://doi.org/10.1007/s00262-003-0383-x
https://doi.org/10.1073/pnas.1033098100
https://doi.org/10.1084/jem.188.12.2357
https://doi.org/10.1200/JCO.2000.18.8.1614
https://doi.org/10.1200/JCO.2008.19.9968
https://doi.org/10.1111/cas.13639
https://doi.org/10.1200/JCO.2009.25.0597
https://doi.org/10.1200/JCO.2009.25.0597
https://doi.org/10.1200/JCO.18.02031
https://doi.org/10.1093/jnci/89.21.1616
https://doi.org/10.1200/JCO.1996.14.1.7
https://doi.org/10.1200/JCO.2001.19.9.2370
https://doi.org/10.1200/JCO.2001.19.9.2370
https://doi.org/10.1002/pros.1114
https://doi.org/10.1158/1078-0432.CCR-16-1780
https://doi.org/10.1158/1078-0432.CCR-16-1780
https://doi.org/10.3389/fonc.2019.00884
https://doi.org/10.1084/jem.188.3.589
https://doi.org/10.3389/fimmu.2019.01265
https://doi.org/10.1002/jcb.24025
https://doi.org/10.1038/mt.2010.297
https://doi.org/10.1158/0008-5472.CAN-09-2408
https://doi.org/10.1158/0008-5472.CAN-09-2408
https://doi.org/10.1073/pnas.251140998
https://doi.org/10.1002/(SICI)1097-0142(19960501)77:9%3C1862::AID-CNCR16%3E3.0.CO;2-Y
https://doi.org/10.1002/(SICI)1097-0142(19960501)77:9%3C1862::AID-CNCR16%3E3.0.CO;2-Y
https://doi.org/10.1186/s40425-019-0741-7
https://doi.org/10.1182/blood-2013-08-519413
https://doi.org/10.1016/j.canlet.2013.10.004
https://doi.org/10.1126/scitranslmed.3005930
https://doi.org/10.1158/2326-6066.CIR-13-0006
https://doi.org/10.1186/s13045-018-0571-y
https://doi.org/10.1016/j.bbmt.2018.12.756
https://doi.org/10.1016/j.ymthe.2018.05.003
https://doi.org/10.1056/NEJMoa1106152
https://doi.org/10.1038/mt.2012.267
https://doi.org/10.4161/onci.28147
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Mao et al. Role of Cytokines in Prostate Cancer
Suppressor Protein and Induce Apoptosis in Prostate Cancer Cells. J Biomed
Mater Res Part A (2018) 106(12):3152–64. doi: 10.1002/jbm.a.36510

137. Yu H, Pan J, Guo Z, Yang C, Mao L. CART Cell Therapy for Prostate Cancer:
Status and Promise. OncoTargets Ther (2019) 12:391. doi: 10.2147/
OTT.S185556

138. Wang C, Ding T, Yang D, Zhang P, Hu X, Qin W, et al. The lncRNA OGFRP1/
miR-149-5p/IL-6 Axis Regulates Prostate Cancer Chemoresistance. Pathol-Res
Practice (2021) 153535:1–8. doi: 10.1016/j.prp.2021.153535

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Frontiers in Oncology | www.frontiersin.org 13
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Mao, Ding and Xu. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
November 2021 | Volume 11 | Article 688489

https://doi.org/10.1002/jbm.a.36510
https://doi.org/10.2147/OTT.S185556
https://doi.org/10.2147/OTT.S185556
https://doi.org/10.1016/j.prp.2021.153535
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	A Double-Edged Sword Role of Cytokines in Prostate Cancer Immunotherapy
	Introduction
	Immunobiology of PC
	Involved Cytokines in the Pathogenesis of PC
	Cytokines and PC Immunotherapies
	Cytokine-Based Immunotherapy
	Role of Cytokines in Other PC Immunotherapy Approaches

	Concluding Remarks
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


