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ABSTRACT

The inflammatory tumor microenvironment (TME) is a key driver for tumor-promoting processes. Tumor-
associated macrophages are one of the main immune cell types in the TME and their increased density is
related to poor prognosis in prostate cancer. Here, we investigated the influence of pro-inflammatory (M1)
and immunosuppressive (M2) macrophages on prostate cancer lineage plasticity. Our findings reveal that
M1 macrophage secreted factors upregulate genes related to stemness while downregulating genes
associated with androgen response in prostate cancer cells. The expression of cancer stem cell (CSC)
plasticity markers NANOG, KLF4, SOX2, OCT4, and CD44 was stimulated by the secreted factors from M1
macrophages. Moreover, AR and its target gene PSA were observed to be suppressed in LNCaP cells
treated with secreted factors from M1 macrophages. Inhibition of NFkB signaling using the IKK16 inhibitor
resulted in downregulation of NANOG, SOX2, and CD44 and CSC plasticity. Our study highlights that the
secreted factors from M1 macrophages drive prostate cancer cell plasticity by upregulating the expression
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of CSC plasticity markers through NFkB signaling pathway.

1. Introduction

Tumor microenvironment (TME) exhibits high heterogeneity
with the composition of different immune cells, cancer-
associated fibroblasts, tumor cells, and extracellular matrix chan-
ging during tumor progression.' An inflammatory TME pro-
vides favorable conditions for several pro-tumor processes, such
as angiogenesis” and epithelial-mesenchymal transition (EMT).?

Tumor-associated macrophages (TAMs) are an abundant
immune cell population in the inflammatory TME, where they
have distinct anti- and protumor functions. They are hetero-
geneous group of macrophages that have both pro-
inflammatory (M1) and immunosuppressive (M2) properties.
TAMs are originated from tissue-resident macrophages or
circulating monocytes, with their specific phenotype deter-
mined by the prevailing cytokines and other mediators in
TME.* M1 macrophages are primarily known to have tumor-
suppressive properties, and they secrete a diverse pattern of
pro-inflammatory cytokines, including TNFa, IL-1p, IL-6, and
CXCL8, which have diverse effects in the TME. Conversely, M2
macrophages release immunosuppressive mediators, such as
IL-10 and TGF-p, and are known to have a tumor-promoting
role in TME.> The phenotypic TAM composition within the
TME varies during tumor progression and their increased
number correlates with angiogenesis and metastasis and thus
with poor prognosis in prostate cancer.’

The cellular plasticity of prostate cancer cells plays a central
role in the progression of castration-resistant prostate cancer
(CRPC) during androgen deprivation therapy (ADT).” In
CRPC, cancer cells are no longer dependent on androgen
receptor (AR) signaling and the cells are resistant to androgen
inhibitor therapies.® Additionally, AR downregulation is a key
characteristic in the prostate cancer cell plasticity.” Cancer
stem cells (CSC) exhibit increased ability for self-renewal,
tumor initiation, and drug resistance.'® Prostate cancer stem-
like cells are acknowledged for expressing several stem cell
markers, such as transcription factors NANOG, KLF4, SOX2,
and OCT4'"" in addition to the cell surface protein CD44."
These factors are involved in several tumor cell functions,
including cell proliferation, pluripotency, tumorigenesis, and
therapeutic resistance'>'*'*> collectively driving cancer
progression.

Several studies have suggested a positive correlation
between TAM infiltration and functions promoting prostate
cancer progression,'®'” such as tumor angiogenesis, negative
response to ADT® as well as prostate cancer cell migration and
invasion.'® While the majority of studies investigating the
tumor promoting effects of TAMs in prostate cancer are
mainly focused on M2-polarized TAMs, it is noteworthy that
part of these TAMs in localized and metastatic prostate tumors
exhibit a pro-inflammatory M1 phenotype.'” The influence of
these M1 macrophages on tumor progression has gained less
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attention. In the present study, we investigated the role of pro-
inflammatory (M1) and immunosuppressive (M2) macro-
phages on prostate cancer cell plasticity by studying the altera-
tions in the expression of CSC markers (NANOG, KLF4,
SOX2, OCT4, and CD44) and AR.

2. Materials and methods
2.1. Reagents used

The reagents used are described in the Supplementary
Materials and Methods

2.2. Cell culture

THP-1 human monocyte, LNCaP, LNCaP-C42B (C42B),
22Rvl, and VCaP prostate cancer cells lines were cultured as
described in the Supplementary Materials and Methods.

2.3. THP-1 monocyte differentiation

THP-1 cells were differentiated and polarized to M0, M1, and
M2 macrophages and macrophage culture media were col-
lected as described previously.”® Briefly, THP-1 cells were
seeded on 10/15 cm culture dish (6.25 x 10> cells/ml) with 10
ng/ml 12-O-tetradecanoylphorbol-13-acetate (PMA) for 24
h. Thereafter, cells were treated with a fresh culture medium
for 1 h. MO macrophages were polarized to M1 macrophages
using 15 ng/ml LPS and 20 ng/ml IFNy or M2 macrophages
using 25 ng/ml IL-4 and IL-13 for 48 h. MO macrophages were
cultured with fresh THP-1 culture medium. Media from polar-
ized macrophages were collected and sterile-filtered (0.22 pm,
FPE-204-030, Jet-Biofil, Guandong, China or 16532-K,
Sartorius, Goettingen, Germany) (=conditioned medium,
CM). The polarization of macrophages was verified with qPCR.

2.4. Prostate cancer cell treatments

LNCaP or C42B cells were seeded in culture medium on 6 cm
dish, 6-well plate, 8-well p-slide (Ibidi GmbH, Martinsried,
Germany) or 96-well plate (Ibidi GmbH, Martinsried,
Germany) (2 x 10%, 3 x 10°, 4x 10%, and 7.5 x 10° cells/well,
respectively). Thereafter, the cells were pre-treated (RPMI con-
taining 1% heat-inactivated FBS, P/S and L-glutamine) for 3
h. The medium was substituted with CM diluted with RPMI
(10% heat-inactivated FBS, 1% P/S, L-glutamine) at 1:4 ratio.
RPMI containing 10% heat-inactivated FBS, 1% P/S and
L-glutamine served as the control treatment. LNCaP cells
were exposed to the respective treatment media for 0-72 h.

22Rv1 cells were seeded on 6-well plate, 8-well p-slide, 96-
well plate (3 x 10% 3x10% and 7.5 x 10> cells/well, respec-
tively), and VCaP cells were seeded on 8-well p-slide (3 x 10*
cells/well). After 2 days, the treatments were performed simi-
larly as with LNCaP cells. 22Rv1 and C42B cells were treated
with 100% CM.

Treatments for inhibitor and AR activation assays, RNA
sequencing (RNA-seq), RNA extraction, cDNA synthesis,
qPCR, SDS-PAGE, western blotting, proliferation and

apoptosis assays, immunofluorescence stainings and micro-
scopy are described in the Supplementary Materials and
Methods.

2.5. Statistical analysis

Statistical analyses were performed using GraphPad Prism 9
(GraphPad software, Boston, MA, USA). Before statistical tests,
the data were tested for normal distribution. Treatment com-
parisons were analyzed with Mixed-effect model with Tukey’s
multiple comparison, nonparametric Kruskal-Wallis, or
Mann-Whitney tests. Significance was considered significant
when p < 0.05.

3. Results

3.1. Secreted factors from M1 macrophages promote
lineage plasticity and the expression of CSC markers in
prostate cancer cells

We hypothesized that secreted factors from pro-inflammatory
or immunosuppressive macrophages could affect prostate can-
cer lineage plasticity. To determine this, macrophages were
polarized to M1 type using LPS and IFNy, and M2 type using
IL-4 and IL-13, and AR-positive prostate cancer cells were
exposed to CM from the MO, M1, or M2 macrophages.
Cytokine composition of CM of M0, M1, and M2 macrophages
was analyzed previously.*

First, to determine which pathways are affected by the
secreted factors from M1 or M2 type macrophages, RNA-seq
and Gene set enrichment analysis (GSEA) from LNCaP and
C42B cells was utilized. M1 CM treatment in both cell lines
resulted in significantly different gene expression pattern com-
pared to control, MO CM and M2 CM treatments
(Supplementary Figure S1A-D). Moreover, M1 CM treatment
induced morphological changes with elongated cell protru-
sions (Supplementary Figure S2A), and reduced proliferation
and induced apoptosis in LNCaP cells (Supplementary Figure
S2B-C). This was also supported by the GSEA, which showed
enrichment in gene sets related to apoptosis, while downregu-
lation in genes related to proliferation and cell cycle in M1 CM
-treated cells (Figure 1la, Supplementary Figure SI1E).
Moreover, inflammatory response, EMT, complement system,
and NFkB signaling-associated genes were enriched in M1 CM
-exposed LNCaP and C42B cells (Figure la, Supplementary
Figure S1E). Surprisingly, the secreted factors from MO0, M1,
and M2 macrophages downregulated androgen response-
related genes (Figure 1a). M2 CM upregulated genes associated
with DNA repair, E2F targets, and oxidative phosphorylation.
GSEA also revealed enrichment of gene sets associated with cell
stemness in M1 CM treatment in both LNCaP and C42B cells
(Figure 1b—c). M1 CM treatment upregulated genes associated
with CSC plasticity (ALCAM, CXCR4, KLF4, TACSTD2, SOX9,
CDHI, SOX4, PLXNB2, and LIF) in LNCaP cells
(Supplementary Figure S2D).

To further validate differential expression of the pluripo-
tency genes in M1 CM -exposed cells, qPCR was performed
revealing a significant upregulation of NANOG, KLF4, SOX2,
OCT4, and CD44 in M1 CM -treated LNCaP, C42B, and 22Rv1
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Figure 1. Effects of secreted factors from differently polarized macrophages on the CSC plasticity marker expression. (a) GSEA from hallmark gene sets in pairwise
comparisons of LNCaP cells treated with control (ctrl) medium or MO, M1 or M2 CM. NES: normalized enrichment score. Adjusted p-value <0.05. (b) LNCaP and (c) C42B
RNA-seq GSEA data about stemness-associated gene sets with pairwise comparisons listed above. The expression of CD44, NANOG, SOX2, KLF4 and OCT4 in (d) LNCaP, (e)
C42B and (f) 22Rv1 cells after 48-hour treatment with control media (ctrl), MO, M1 or M2 CM (n = 3). The data represents mean + SD. Statistical significances were tested
with the Kruskal-Wallis nonparametric test. *p < 0.05; *p < 0.01; ***p < 0.001; ****p < 0.0001.



4 K. KAINULAINEN ET AL.

cells (Figure 1d-f). Similar upregulation of NANOG, SOX2,
and CD44 was also seen in SCC9 (squamous cell carcinoma)
cells (Supplementary Figure S2E). Next, the association
between the expression of stem cell plasticity genes to M1
macrophage infiltration in prostate cancer patient samples
was studied using TIMER2.0 database.”’ The TIMER2.0
demonstrated a significant positive correlation of KLF4,
SOX2, and CD44 expression with M1 macrophage infiltration.
These results suggest that the expression of stem cell plasticity
genes correlate with TME infiltration of M1 macrophages
(Figure 2).

Since secreted factors from MI macrophages induced the
CSC plasticity marker gene expression, we further studied
protein level effects on prostate cancer cells. The secreted
factors from M1 macrophages induced the expression of
NANOG (70 kDa) and KLF4 (64 kDa) proteins, as identified
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Figure 2. Association of CSC plasticity markers with M1 macrophage infiltration in
prostate cancer patient samples. Scatter plots representing the correlation of (a)
KLF4, (b) SOX2 and (c) CD44 expression with tumor purity (left) and M1 macro-
phage infiltration level (right) estimated by TIMER2.0 in adenocarcinoma.

from LNCaP cell lysates (Figure 3a-b). 38 kDa
NANOG expression was detected with weak intensity.
Immunofluorescent staining revealed that NANOG was loca-
lized to cytosol in LNCaP cells (Figure 3c). Ctrl, MO CM, and
M2 CM -treated cells showed faint cytoplasmic staining, while
M1 CM -treated cells showed more intense staining, confirm-
ing that the secreted factors from M1 macrophages upregulate
NANOG expression (Figure 3f). M1 CM -induced KLF4 and
CD44 expression were detectable in VCaP and 22Rvl cells
(Figure 3d-e,g-j). In summary, the secreted factors from
M1 macrophages stimulate the expression of CSC
markers NANOG, KLF4, SOX2, OCT4, and CD44 in prostate
cancer cells.

3.2. M1 macrophages suppress AR signaling

Since downregulation of AR signaling is associated with
induced pluripotency and prostate cancer cell plasticity, the
effects of secreted factors from pro-inflammatory macrophages
on AR signaling were studied. AR signaling was induced by
synthetic androgen R1881 to investigate if secreted factors
from M1 macrophages suppress the induced AR signaling
(Figure 4a). The secreted factors from M1 macrophages sup-
pressed AR expression under the R1881 activation in LNCaP
cells  (Figure 4b, Supplementary Figure S3A).
Immunofluorescent staining revealed nuclear localization of
AR in R1881-preinduced M0 CM -treated LNCaP and C42B
cells, which was inhibited in M1 CM -exposed cells (Figure 4c-
d). In VCaP cells, this effect was modest (Supplementary
Figure S3B). qPCR also revealed the downregulation of AR
(Figure 5a) and the AR target gene PSA (KLK3) (Figure 5b)
in R1881-induced M1 CM-treated LNCaP cells. Moreover, AR
downstream target genes including KLK2, KLK3, FKPB5, and
MAF were downregulated in M1 CM -exposed LNCaP cells
(Figure 5¢). In summary, the secreted factors from M1 macro-
phages attenuate AR signaling in prostate cancer cells.

To investigate the association of AR suppression with plur-
ipotency gene expression in M1 CM -induced LNCaP prostate
cancer cells, AR signaling was suppressed with enzalutamide or
induced with R1881 in M1 CM -treated cells (Supplementary
Figure S3C). R1881 treatment resulted in downregulation of
NANOG, SOX2, OCT4, and CD44 whereas suppression of AR
with enzalutamide showed slight upregulation of NANOG,
SOX2, and OCT4 (Supplementary Figure S3D). The KLF4
expression was not altered with either enzalutamide or
R1881. These results suggest that AR inhibition is associated
with elevated expression of NANOG, SOX2, OCT4, and CD44
in M1 CM -treated cells.

3.3. Secreted factors from M1 macrophages induce the
expression of NANOG, SOX2, and CD44 via NFkB pathway

Since factors secreted by pro-inflammatory M1 macrophages
induced prostate cancer cell plasticity -associated gene expres-
sion and enriched Hallmark pathway TNFa signaling via
NFkB, it was reasonable to study whether the upregulation of
genes is due to induced NFkB signaling. GSEA from RNA-seq
data showed reversal effect in the expression of Hallmark gene
sets when LNCaP cells were treated with M1 CM in
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Figure 3. M1 macrophage secretome stimulate NANOG, KLF4 and CD44 protein expression in prostate cancer cells. (a) NANOG (70 and 38 kDa), KLF4 and B-actin western
blot images and (b) quantified band densities from LNCaP cell lysates after 72-hour ctrl, MO, M1 or M2 CM treatment (n = 3). The data represents mean =+ SD. (c) fixed
LNCaP cells stained for NANOG (red, arrows) and nuclei (blue). Fixed (d) VCaP and (e) 22Rv1 cells stained for KLF4 (red, arrows), CD44 (green) and nuclei (blue).
Quantified normalized (f) NANOG intensities from LNCaP cells, and KLF4 and CD44 intensities from (g-h) VCaP cells and (i-j) 22Rv1 cells. Cells in (c) and (d) were imaged
using Zeiss LSM 800 microscope (40x objective) and cells in (e) were imaged using Opera Phenix Plus microscope (40x objective). Statistical significances were tested
with the Kruskal-Wallis nonparametric test. *p < 0.05; *p < 0.01; ***p < 0.001; ***¥*p < 0.0001.

combination with NFkB signaling inhibitor IKK16 (NFkBi)
compared to M1 CM with DMSO. M1 CM together with
NF«xBi resulted in the downregulation of genes associated
with TNFa signaling via NFkB, inflammatory response and
EMT, concomitant with the upregulation of oxidative phos-
phorylation and the cell cycle -related genes (Figure 6a).
Remarkably, the expression of these gene sets exhibited an

opposite profile when comparing M1 CM to M0 CM. Similar
outcome was observed in gene sets related to cell stemness
(Figure 6b). The insights from GSEA suggest the pivotal role
of the NF«B pathway in orchestrating the interaction between
M1 macrophages and prostate cancer cells, thereby directing
prostate cancer cell plasticity under the influence of the
secreted factors of M1 macrophages.
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Next, the role of NFxB signaling in M1 macrophage -
induced pluripotency gene expression in LNCaP cells was
further validated. Inhibition of NFkB signaling reversed the
M1 macrophage -induced NANOG, SOX2, and CD44 expres-
sion, but not KLF4 or OCT4 (Figure 6¢). Similar effects were
also observed in NANOG and KLF4 protein expression
(Figure 7a-b). The downregulation of NANOG in M1 CM
and NFkBi -treated cells was observed both in cell lysates and
immunofluorescent stainings. Significant suppression in
NANOG intensity was observed in M1 CM -induced LNCaP

cells treated with NF«Bi (Figure 7c-d). To further verify the
association of pro-inflammatory factors, stem cell markers, AR,
and its target protein PSA (KLK3) we used STRING protein
network interaction analysis tool.”> STRING analysis suggested
that M1 macrophage -secreted pro-inflammatory mediators
(that M1 CM contains), especially IL-6 and TNFa are linked
with OCT4 (POU5FI1), NANOG, SOX2, KLF4, CD44 as well as
AR and PSA (KLK3) (Figure 7e). In conclusion, the secreted
factors from M1 macrophages promote the expression of
NANOG, CD44, and SOX2 via NFkB signaling.
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control (ctrl), MO or M1 CM exposure. (c) Heatmap showing DEGs related to androgen response (ANDROGEN_NELSON_UP gene set) in control (ctrl), MO, M1 or M2 CM
treatment. p <0.01, |logFC|>0.5, transcripts per million (TPM)>1.05. The data represents mean =+ SD. Statistical significances were tested with the Kruskal-Wallis

nonparametric test. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.

4, Discussion

In this study, we showed that pro-inflammatory M1 macro-
phages secrete factors stimulating prostate cancer stem-like phe-
notype by promoting the expression of CSC markers NANOG,
KLF4, SOX2, OCT4, and CD44 and suppressing AR signaling.
Moreover, our results indicated that the upregulation of
NANOG, SOX2, and CD44 was due to induced NF«B signaling.

Immune cells play an important role in the formation of
favorable environment for tumor progression. The number of
TAMs is elevated in advanced cancers® and both M1 and M2
macrophage characteristics exist in prostate cancer
tumors.'”***> We and others have showed tumor-promoting
role of pro-inflammatory M1 macrophages on melanoma
cells,”® in oral squamous cell carcinoma®®?’ and breast
cancer.?®?° Here, we demonstrate that the secretome of M1-
polarized macrophages induce a highly different gene expres-
sion pattern in LNCaP and C42B prostate cancer cells includ-
ing the upregulation of inflammatory response, TNFa
signaling via NFkB and EMT-associated genes compared to
secretome from MO or M2 macrophages, while secreted factors
from M2 macrophages upregulated genes related to DNA
repair, E2F targets, and oxidative phosphorylation. M1 macro-
phages secrete various pro-inflammatory cytokines, such as

TNFaq, IL-1f, IL-6, and CXCL8’>*' that drive inflammatory
response in target cells inducing tumor-promoting effects in
cancer cells. Previous studies have shown specific cytokines,
such as TNFa,* IL-1B,*** and IL-6°>>° to promote EMT in
several cancer cell types. These results are in line with our
findings that M1 macrophage -secreted factors upregulate
genes associated with EMT in melanoma®’ and prostate cancer
cells. Moreover, our results suggest that M1 macrophage infil-
tration correlates with the expression of stem cell plasticity
markers (KLF4, SOX2, and CD44) which may promote tumor
progression.

Since EMT and CSC plasticity are strongly linked,”” we
discovered the M1 CM-induced upregulation of stemness -
associated genes from GSEA data. There is increasing evi-
dence that the diverse TME actively promotes and sustains
CSC phenotype. For instance, TAMs contribute to
increased sphere formation, and higher number of TAMs
correlate with the number of CD44+ hepatocellular carci-
noma cells.”® Moreover, M2-TAMs promote the expression
of Sox2, Oct4, and Nanog in murine breast cancer cocul-
ture model.”® While the relationship between TAMs and
CSC plasticity is shown previously, the impact of M1
macrophage phenotype on CSC plasticity is less studied.
In this study, we observed upregulation of stem cell
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Figure 6. M1 macrophage -secreted factors simulate stemness gene expression pattern through NFkB signaling. (a) Enrichment of hallmark gene sets in pairwise
comparisons in LNCaP cells treated with MO or M1 CM, or M1 CM with IKK16 inhibitor (NFkBi) or DMSO. NES: normalized enrichment score, adjusted p-value <0.05.
(b) GSEA from gene sets related to stem cell characteristics. (c) The effects of M1 CM NFkBi or DMSO on the expression of NANOG, KLF4, OCT4, SOX2 and CD44. The data
represents mean + SD. Statistical significances were tested with the Mann-Whitney test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

markers NANOG, KLF4, SOX2, OCT4, and CD44 in pros-
tate cancer cells induced by the secreted factors from M1
macrophages. In LNCaP cells, the M1 CM -induced
NANOG expression was also assessed at the protein level
revealing an increased expression of high molecular weight
(70 kDa) isoform as NANOG is also expressed.40 Moreover,
M1 CM -treated cells showed elevated cytoplasmic
NANOG immunostaining. Cytoplasmic NANOG is

associated with high-grade in oral squamous cell
carcinoma®’ and cancer progression in laryngeal
carcinoma*® and cervical cancer.”” Additionally, cytoplas-
mic NANOG is detected in prostate cancer tumors, and its
expression is increased in prostate adenocarcinoma.**
These results suggest a potential role of pro-inflammatory
macrophage-secreted factors in prostate cancer tumor pro-
gression through the upregulation of NANOG.
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represents mean + SD. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

Previous studies have shown that NANOG and OCT4 are
upregulated by secreted factors from inflammation-induced
monocytes,”> while KLF4 in breast cancer cells** and OCT4
in oral squamous carcinoma cells*’ are induced by TNFa.
Moreover, pro-inflammatory cytokine IL-1B induces the
expression of NANOG, SOX2, and OCT4 in squamous cell
carcinoma and melanoma cells*® and IL-6 elevates CD44 levels
in prostate cancer.*” The stimulated expression of stem cell
markers NANOG, KLF4, SOX2, OCT4, and CD44 confirmed
our GSEA findings from LNCaP and C42B cells that the

secreted factors from M1 macrophages promote the features
of CSC plasticity in prostate cancer cells.

It is widely acknowledged that the depletion of AR signaling is
associated with prostate cancer cell reprogramming, driving them
toward cancer stem-like stage,”*" as evidenced by increased levels
of NANOG and OCT4.>® Our study revealed that the secreted
factors from M1 macrophages suppressed the AR and its target
gene KLK3 expression in androgen-induced LNCaP cells.
Moreover, decreased nuclear expression of AR was also detected
in M1 CM -exposed C42B cells. DiNatale et al. have shown
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a negative correlation between IL-1p and AR as well as AR target
genes, such as KLK3 in metastatic CRPC.>> In LNCaP cells, AR
levels are also diminished by TNFa,>* and TNFa alone restrains
the AR cistrome, but together with androgen stimulation it repro-
grams LNCaP cell transcription.”® M1 macrophage secretome
contains both IL-1B and TNFa which might be the potential
factors suppressing AR expression in M1 CM -treated LNCaP
cells. Additionally, activation of AR signaling with dihydrotestos-
terone suppresses NFkB signaling whereas AR depletion leads to
NFkB activation in androgen-sensitive prostate cancer cell lines.”®
These molecular interactions highlight the role of TAMs and
inflammatory monocytes in driving resistance to anti-androgen
therapies in murine prostate cancer model.”” M1 macrophages
release several mediators that suppress AR signaling while enhan-
cing NFkB activation to stimulate the expression of cancer stem-
like factors.

Since M1 macrophages are primarily known to have antitumor
effects, reprogramming of pro-inflammatory macrophages is sug-
gested as cancer immunotherapy in several cancer types”® includ-
ing prostate cancer.””* However, the overall impact of pro-
inflammatory macrophages on tumor progression is still unclear.
The current study presents the effects of differently polarized
macrophages on prostate cancer cell gene and protein expression,
revealing the stimulatory role of pro-inflammatory M1 macro-
phages on the expression of CSC plasticity markers (NANOG,
KLF4, SOX2, OCT4, CD44). The stimulatory effect on the expres-
sion of NANOG, SOX2, and CD44 was due to the activation of
NFkB pathway. Moreover, we found that factors secreted from M1
macrophages suppress AR signaling. These outcomes indicate that
inflammatory TME has a role on tumor progression and pro-
inflammatory macrophages highly influence on prostate cancer
cell transcriptome. Our novel findings suggest that M1 macro-
phages also play a role in tumor promotion, which should be taken
into account when considering reprogramming therapy.
However, further studies are needed to investigate effects of our
findings in vivo.
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