Cukurova Medical Journal
CUKUROVA UNIVERSITESI TIP FAKULTESI

ARASTIRMA / RESEARCH

Cukurova Med | 2021;46(4):1632-1639
DOI: 10.17826/cumj.982873

IRF5 inhibits prostate cancer metastasis and drug resistance by
decreasing CXCR4/CXCL12 complex
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Abstract

Purpose: Prostate cancer is the most common type of
cancer in men, and drug resistance is typical in its
treatment. Chemokines especially play a role in tumor
growth and drug resistance mechanisms. IRF5 is a critical
transcription factor in immune response, and its
relationship with the chemokine family CXCR4 and
CXCL12 was investigated in this study.

Materials and Methods: The pIRF5 plasmid was
transfected in an androgen-independent human prostate
cancer cell line (PC3), and the IRF5 protein was
overexpressed. CXCR4 and CXCL12 protein expression
levels were determined by western blot and gene
expression levels by the qPCR method. In addition, colony
formation was examined in cells after IRF5 transfection,
and CXCL12 secretion was measured in cell media.
Results: Cell viability and colony formation were found to
be significantly reduced in IRF5 transfected PC3 cells. In
addition, CXCR4 and CXCL12 protein expression and
gene expression levels of IRF5 transfected cells were
found to be significantly decreased.

Conclusion: This study shows that IRF5, a transcription
factor, affects CXCR4/CXCI12, which is involved in
microenvironment-mediated metastasis developing in
prostate cancer. Thus, in the treatment of prostate cancer,
IRF5 gene therapy can prevent metastasis and offer
essential contributions to newly developed treatment
methods in this regard.

Keywords: IRF5, prostate cancer, CXCR4, CXCL12,
chemokines

Oz

Amag: Prostat kanseri erkeklerde en stk gorilen kanser
tiurtdir ve tedavisinde ilag direnci tipiktir. Kemokinler
Ozellikle  timér  buyiimesinde ve ila¢  direnc
mekanizmalarinda rol oynarlar. IRF5, immun yanitta kritik
bir transkripsiyon faktoriidir ve bu calismada kemokin
ailesi CXCR4 ve CXCL12 ile iligkisi arastirilmigtir.

Gereg ve Yontem: pIRF5 plazmidi, androjenden bagimsiz
bir insan prostat kanseri hiicre hattinda (PC3) transfekte
edildi ve IRF5 proteini agir1 eksprese edildi. CXCR4 ve
CXCL12 protein ekspresyon seviyeleri western blot ve gen
ckspresyon seviyeleri ile qPCR yontemi ile belirlendi. Ek
olarak, IRF5 transfeksiyonundan sonra hiicrelerde koloni
olusumu CXCL12
sekresyonu él¢tldi.

Bulgular: IRF5 ile transfekte edilmis PC3 hiicrelerinde
hiicre canliigt ve koloni olusumunun &nemli 6lgiide
azaldigt bulundu. Ek olarak, IRF5 ile transfekte edilmis
hiicrelerin CXCR4 ve CXCLI12 protein ekspresyonu ve
gen ekspresyon seviyelerinin 6nemli lgtide azaldigt tespit
edildi.

Sonug: Bu calisma, bir transkripsiyon fakt6rt olan IRF5'in
prostat kanserinde gelisen mikrogevre aracili metastazda
yer alan CXCR4/CXCL12'Yi etkiledigini gostermektedir.
Béylece prostat kanseri tedavisinde IRF5 gen tedavisi
metastazi Onleyebilir ve bu konuda yeni gelistirilen tedavi
yontemlerine 6nemli katkilar sunabilir.

incelendi ve hiicre ortaminda

Anahtar kelimeler: IRF5, prostat kanseri, CXCR4,
CXCL12, kemokinler
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INTRODUCTION

Prostate cancer is the most common type of cancer
in men, caused by abnormal cell division in the
prostate gland and impaired apoptosis balance!. Since
they are androgen-dependent and independent cells
in the prostate tissue, treatments differ during the
cancer process. Androgen ablation therapy is applied
to hormone-dependent cells, but these cells become
resistant to the hormone over time. Androgen-
independent cells are metastatic cells and not affected
by hormone treatment. Most prostate cancer deaths
are not the result of primary tumor growth but are
caused by cancer's metastasis to other organs® Many
factors affect the metastasis of cancer, one of which
is chemokines.

Chemokines are chemotactic cytokines that control
cell migration and cell positioning throughout
development, homeostasis, and inflammation. They
can also coordinate the interactions between cells and
immune system cells®. Chemokines are composed by
small protein ligands weighing 8-12 kDa and their
receptors. The receptors of chemokines are seven-
transmembrane  G-protein-coupled  receptors,
GPCRs*3. CXCR4 is an evolutionarily conserved
protein containing 352 amino acids with two exons,
with 89% similarity between humans and mice. The
chemokine receptor is expressed in multiple cell
types, including stromal fibroblasts, lymphocytes,
cancer cells, epithelial cells, and endothelial cells®.
CXCI1.12, also known as stromal cell-detived factor 1
(SDF-1), is an inducible chemokine. CXCLI12
contains 68 amino acids with nine exons and is
expressed in many normal tissues and serums.
Although CXCL12 is a chemokine ligand, it
functions as a modulator of biological processes with
its receptor, CXCR478. CXCL12 is involved in the
metastasis of organs in which CXCR4 is expressed,
allowing tumor cells to access cellular niches such as
bone marrow that support tumor cell survival and
growth. CXCL12 can stimulate the survival and
growth of neoplastic cells and promote tumor
angiogenesis by attracting endothelial cells to the
tumor microenvironment?!!, The interaction of
CXCR4 and CXCL12 contributes to events such as
tumor invasion, metastasis, drug resistance, and
maintenance of stemness'2,

Interferon regulatory factors (IRFs) are a family of
transcription factors that regulate innate and adaptive
immune responses. IRF5 was first identified and
characterized as a transcriptional regulator of type 1
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interferon (IFN) expression after virus infection!?.
IRF5 plays a role in the antiviral immune response
due to IFN genes in transcriptional activation of
genes encoding proinflammatory cytokines. IRF5 can
also bind to DNA and encode proteins that regulates
cell growth regulation and apoptosis. The IRF5
protein is usually found in the cell's cytoplasm and is
activated through post-translational modification
after induction, resulting in nuclear translocation and
binding to promoters of target genes'*. It has been
shown that IRF5 is also expressed in prostate cancer
cells and has post-translational modification'. In this
study, we focused on the relationship between IRF5
and chemokines in metastatic prostate cells.
Therefore, we aimed to determine the extent to
which the CXCR4/CXCL12 is affected after possible
IRF5 transfection. In addition, we aimed to evaluate
IRF5 protein upregulation would be more effective
against interaction of CXCR4 and CXCL12, both
gene and protein expression. Thus, the molecular
changes that occur in the metastatic prostate cancer
cells after IRF5 transfection will be revealed and role
of chemokine receptor CXCR4 and its ligand
CXCL12 the possible metastasis will be mentioned.
This study aimed to investigate the effect of IRF5
protein on CXCR4 and CXCL12.

MATERIALS AND METHODS

Cell culture

In the study, PC3 cell, an androgen-independent
human prostate cancer cell line, was commercially
obtained from ATCC (CRL-1435). Ethics committee
approval is not required as we use a commercial cell
line. PC3 cells were grown using RPMI-1640 (Sigma)
medium  containing  10%  FBS,  Penicillin-
Streptomycin (Sigma) (100 units), L-Glutamine, and
NaHCOs3 as cell culture medium, it is allowed to
incubate at 37 °C, in an environment containing 95%
humidity and 5% COx.

IRF5 transfection

The IRF5 expression plasmid was used in our
previous studies!>!6. pIRF5 and pV (control plasmid)
plasmids were transformed using the E.coi DH5a
bacteria strain with the electroporation technique at
1.8 kV and 25 uF condition. Competent bacteria
containing pIRF5 and pV plasmid were inoculated in
LB broth medium and grown in a shaker incubator at
37 °C. Growth bacteria were used in plasmid
isolation with the commercial kit (QIAGEN Plasmid
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Mini  Kit 12123). Isolated plasmid DNA
concentration were measured in nanodrop (Nabi
UV/Vis NANO). pIRF5 and pV expression plasmids
were transfected with 1 pg plasmid DNA with
liposome (Lipofectamine 2000) in 6-well plates to
entry into PC3 cells.

Cell survival and colony formation

To cell survival, PC3 cells were grown for 0-72 hours
after transfection. After the incubation, the MTT test
was performed on the cells with the kit (3- (4,5-
dimethylthiazol-2-yl) -2,5-diphenyltetrazolium broth)
(Vybrant, Invitrogen). MTT reagent was added to
each well and incubated for 4 hours in a humidified
atmosphere in a 37 °C incubator with 5% CO3 in the
air. After incubation, 100 pl. of SDS buffer was
added to each well to dissolve the formazan
precipitate. Then absorbance was measured at 570
nm with a microplate reader and performed in
triplicate of each test (Epoch, Biotek). FEach
measurement was repeated three times.

For the colony formation experiment, transfected
PC3 cells (500 cells/well) were seeded in 12-well
plates and kept at 37 °C for seven days. The medium
was changed every three days. At the end of the
incubation, each well was washed with PBS, fixed
with cold methanol / acetic acid, washed for 15
minutes with 0.5% crystal violet staining solution,
and sequentially ddH>O. The number of colonies in
each well was counted and then analyzed.

Western blot studies

After the transfection, the cells were collected and
kept in ice using RIPA blasting buffer, they were
centrifuged at 12,000 xg at 4 °C for 10 minutes and
Western Blot studies were performed on the upper
phase. Protein concentration in the samples was
measured according to the BCA kit (Santa Cruz, sc-
202389). For the samples, 30 ug of protein was
loaded into the wells of 4-12% SDS PAGE gels. After
the samples were run with the help of electric current,
they were transferred to the PVDF membrane with a
semi-dry system.

After the membrane was blocked with 3% BSA for 1
hour, it was incubated with primary antibody
((1:1000): GAPDH (s¢-25778), IRF5 (sc-390364),
CXCR4 (sc-9046), CXCL12 (sc-28870)) overnight at
4oC. After incubation, the membrane washed with
TBST and incubated with HRP-conjugated
secondary antibody for 2 hours, then the bands were
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analyzed in the imaging system using ECL reagent.
GAPDH was used as the control protein and the
results were calculated.

QPCR

Total RNA was isolated with the RNA extraction kit
according to the manufacturer's instructions
(PureLink, Life Technologies). A total of 1 pg of
RNA was reverse transcribed using the High Capacity
cDNA Reverse Transcription Kit (Applied Biosytem)
following the manufacturer's protocols. Primers
(CXCR4 Forward 5-
TGACGGACAAGTACAGGCTGC -3, CXCR4
Reverse  5-CCAGAAGGGAAGCGTGATGA-3%
CXCL12 Forward 5-
TGCCAGAGCCAACGTCAAG-3’, CXCL12
Reverse  5-CAGCCGGGCTACAATCTGAA-3’;
GAPDH Forward 5'-
AGGGCTGCTTTTAACTCTGGT-3', Reverse 5'-
CCCCACTTGATTTTGGAGGGA-3) were used
for amplification. One hundred nanograms of cDNA
were programmed at 95 °C for 5 minutes, then 40
cycles at 95 °C for 15 seconds, 60 °C for 1 minute
using Sybr Green PCR Master Mix (Applied
Biosytems) in ABI StepOne Plus detection system.
Results were analyzed using StepOne Software v2.3
(Applied Biosystems) and normalized to GAPDH
gene. Data was expressed as fold induction relative to
control.

Statistical analysis

Statistical analysis was conducted using the SPSS
15.00 analysis program. To compare groups, One
way ANOVA and Tukey test as post-hoc tests were
used. The significance level was accepted as p <0.05.

RESULTS

After IRF5 transfection, the morphology of PC3 cells
were examined under a microscope, and survival was
measured during 72 hours. It has been observed that
the IRF5 protein negatively affects cell proliferation.
Cell morphologies at 36 hours in Figure 1A shows
that the PC3 cells are separated from each other and
become sparse, and their tendency to approach each
other decreased. It also appears that between 36 and
48 hours, the cell death rate of PC3 cells were about
50% (Figure 1B). In the study, experiments continued
with 36h incubations to see the better effect of the
microenvironment. When colony formation was
examined in cells, it was observed that IRF5
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expression decreased colony-forming potential of
PC3 cells during seven days (Figute 1C) and
significantly decreased by 52% compared to the
control pV group (Figure 1D, p<0.001). After IRF5
expression in PC3 cells, CXCR4 and CXCL12
protein expression levels were analyzed by western
blotting (Figure 2A). Increasing IRF5 protein levels
more than 20-fold (Figure 2B, p<0.001) resulted in a
statistically significant decrease in CXCR4 protein
levels compared to the control pV group (Figure 2C,
p<0.001).
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Figure 1. Effect of IRF5 transfection on cell growth
and colony formation A) IRF5 transfection
microscope images in PC3 cells (10X) at 36h B) Time
dependent IRF5 transfection cell survival percentages
in PC3 cells C) After seven-days IRF5 transfection in
PC3 cells colony formation images D) Colony
formation percentages in IRF5 transfected PC3 cells
on 7th days (*** p<0.001 compared to pV).
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There was no significant change in CXCL12 protein
expression levels in PC3 cells and could not be
detected in cells (Figure 2D). Similar to protein
expression levels, changes were observed in gene
expression levels. As a result of the IRF5 gene
expression of approximately 60% by transfection
(Figure 3A), CXCR4 levels were significantly
decreased compatred to the control pV group (Figure
3B, p<0.001). When CXCL12 levels were examined,
IRF5 significantly decreased after overexpression in
PC3 cells (Figure 3C, p<0.001).
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Figure 2. A) IRF5, CXCR4, CXCL12 western blotting
bands of IRF5 transfected PC3 cells B) Densitometric
analysis of IRF5/GAPDH on PC3 cells C)
Densitometric analysis of CXCR4/GAPDH on PC3
cells D) Densitometric analysis of CXCL12/GAPDH
on PC3 cells (*** p<0.001 compare to pV).

<)

-
(5]

-
L

e &8 &
= @

CXCR4 mRNA levels
(fold changes)
e
L

=)

A) B) 12
1 I
80 @
om0 2 o8
27 27
o
= D 22 08
s Z<
%(.350 Eo 0.4
Eo,
= Sz
=] [=]
e o 02
[ 2 >
o
o o
PV PIRFS pv

PIRFS pv pIRF5

Figure 3. A) IRF5 mRNA levels of transfected PC3 cells B) CXCL12 mRNA levels of IRF5 transfected PC3
cells. C) CXCR4 mRNA levels of IRF5 transfected PC3 cells (*** p<0.001 compare to pV).
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However, while there was no change in CXCL12
protein levels in cells, changes in gene expression
levels were detected. When CXCL12 levels were
examined in the collected cell media, it was found that
CXCL12 passed into the cell medium and did not
remain in the cell after expression (Figure 4A). When
CXCIL12 levels were examined in PC3 cell media, it
was found that CXCL12 secretion was suppressed in
IRF5 overexpressed cells and significantly decreased
against control cells (Figure 4B, p<0.001).
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Figure 4. A) CXCL12 western blotting bands of PC3
cell media B) Densitometric analysis of CXCL12
secretion on PC3 cells (*** p<0.001 compared to

pY)-
DISCUSSION

IFNs are pleiotropic cytokines with antiviral,
antitumor, and immunomodulatory properties
central coordinators of the immune response. The
IFN regulatory factor (IRF) family enables the
regulation of IFN responses. IRF5, one of the IRF
proteins in mammals, is involved in Toll-like
receptors (TLRs) dependent induction of type I
IFNs. The prominent role of IRF5 is to induce
proinflammatory cytokine genes such as IL-128, IL-
6, 11.-10, 1L-12, 1L.-23, MIP-1-alpha, IP10, and TNF-
o by activating type 1 interferons!¢-18, Little is known
about the function of IRF5 in cancer and its tumor
suppressor function!*. IRF5 expression is absent or
significantly reduced in immortalized tumor cell lines
and primary samples from patients with
hematological malignancies, it has suggested the role
of IRF5 in the tumor suppressor gene. Similar
findings showed that embryonic fibroblasts in IRF5
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deficient mice are resistant to DNA damage and
exposure to virus-induced apoptosis. It has been
reported that the effects of IRF5 on cell cycle
regulation and apoptosis are independent of p53.
IRF5 has been shown to function as a tumor
suppressor by acting in a pathway that may differ
from that of p53'%1°. The studies reported that IRF5
also provides IFN-y induction?*-?2. Besides, studies
on the role of IRF5 in prostate cancer effectively
regulate cytokines and the control of stem cell factors
with androgen. It is known that IRF5 has essential
effects on various signaling pathways and different
transcription factors in prostate cancer cells. It has
been shown in a previous study that it can control the
behavior of prostate cancer cells by making
modifications such as acetylation methylation in
transcription factors that control cytokines in these
processes'>.

CXCR4 is overexpressed in more than 23 different
human cancers, including kidney, lung, brain,
prostate, breast, pancreas, ovaries, and melanomas,
and contributes to tumor growth, angiogenesis,
metastasis, and therapeutic resistance?>?*. Cancer
cells are thought to take over the CXCR4 / CXCL12
axis to create distant organ metastasis in drug
resistance?>. CXCL12 expression levels are the
highest in areas of common metastasis, such as the
brain, bone matrow, lungs, and liver?>?’. Growth
factors such as hypoxia-inducible factor (HIF) -1a?8,
essential  fibroblast growth  factor, vascular
endothelial growth factor (VEGF), epidermal growth
factor (EGF)? and transcription factors such as
nuclear respiratory factor-1 also increase and thus
drug resistance develops®>3!. Increased activation of
the CXCL12 / CXCR4 axis has been associated with
prostate cancer metastasis to bone. While prostate
cancer cells express CXCR4, bone marrow stromal
cells produce CXCL12, and prostate cancer cells
migrate partially to the bone marrow through
interaction with CXCR432. Therefore, drug therapy in
prostate cancer treatment may lose its effect, and
develop drug resistance can contribute. Currently, it
is not an effective treatment for prostate cancer, but
the number of studies on the interaction between
cancer cells and bone microenvironment for the
development of new therapeutic agents are rapidly
increasing3334.

This study showed the relationship between IRF5
and chemokine family members CXCL12 and
CXCR4 on prostate cancer cells. Previous studies
have investigated prostate cancer and the CXCL12 /
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CXCR4 complex in different aspects. In this context,
increased activation of CXCIL.12 / CXCR4 has been
associated with bone metastasis of prostate cancer.
The interaction of prostate cancer cells and bone
martow stromal cells resulting from the CXCL12 /
CXCR4 axis has become a potential therapeutic
target in treating metastatic prostate cancer.
Therefore, blocking the CXCL12 / CXCR4 axis by
treating prostate cancer cells with a CXCR4
antagonist AMD3100 or antibody reduces tumor size
and progenitor cell population and can effectively
inhibit prostate cancer cell metastasis to bone.
AMD3100 (plerixafor, Mozobil) is known as a small
molecular weight CXCR4 inhibitor and approved by
the FDA. In studies conducted, it was determined by
transcriptional analysis that inhibition of CXCR4
with a 1-week continuous infusion of AMD3100
induced immune response in metastasis biopsies
from patients with colorectal and pancreatic cancer.

blocking ~ CXCL12/CXCR4  the
interaction may be beneficial for chemotherapy;
some studies have shown that inhibition of the
interaction between cancer cells and bone stromal
cells increases the sensitivity of cancer cells to
chemotherapy®®. There are also different CXCR4
inhibitors ~ such as  MSX-122, 1.Y2510924,
Motixafortide (BL-8040), WZ811. It is crucial to
develop agents that provide CXCR4 inhibition or be
suppressed by some signal pathways in the cell to
prevent metastases in cancer treatments.

Morteover,

Various evidence has been presented regarding the
association with various signaling pathways between
CXCR4 and interferons. Stimulation of IFN / IFN
receptors has been reported to be controlled by IFN
regulatory factors via Janus-activated kinase / STAT
signaling, resulting in suppressing SP1, one of the
transcription factors that bind to the CXCR4
promotet region®. The IFN / IFN freceptot
response induces the Janus-activated kinase / STAT
signaling pathway. IFN / IFN receptor stimulation
can also be controlled by cyclic AMP-mediated
intracellular messengers acting on the CXCR4
promoter. It has been demonstrated in human T
cells¥’, human glial cells®, and dendritic cells® that
the CXCR4 promoter is mediated by a cyclic AMP
that enhances CXCR4 expression. It has also been
shown that IFN-y significantly inhibits cyclic AMP-
mediated gene expression in human endothelial cells
in a dose-dependent manner®. These studies have
shown that IRFs inducing interferon types affect
CXCR4 promoters through intracellular signals.
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The frequency of CXCL12 151801157 polymorphism
in peripheral blood of breast cancer patients and
expression of CXCL12, CXCR4, and IFN-y mRNA
in normal and mammary gland tumor tissues were
investigated in a study. The study claims that the GG
and A transporters CXCR4 and IFN-y mRNA
expressions are different in CXCL12 and that the
microenvironment may affect metastatic cell
migration*!. Various IRF5 polymorphisms detected
in humans play a role in autoimmune diseases such as
lupus erythematosus, rheumatoid arthritis, and
inflammatory bowel disease’>. The results of
CXCL12 polymorphism with CXCR4 and IFN-y
suggest that it may be related to IRF5 polymorphisms
in different cancers.

There are limited studies on the relation of IFN-y
induced by IRF5 with CXCR4 on cancer cells.
Cytokines such as interleukin-1B, tumor necrosis
factor-a, and IFN-were added to cells in a study
investigating the role of CXCR4 expression and
interferons in head and neck squamous cell
carcinomas (HNSCC) using HSQ-89, IMC-3, and
Nakamura cells. CXCR4 expression and CXCL12
levels were measured by cell proliferation, migration
with matrigel, qPCR, flow cytometry, and western
blot after incubation in the cells. In CXCR4-positive
IMC-3 and Nakamura cells, IFN-y decreased CXCR4
expression in a dose and time-dependent manner at
both mRNA and surface protein levels, and IFN-y
also inhibited CXCL12-mediated cell migration and
cell proliferation in these cells. CXCR4 negative
HSQ-89 cells have been shown IFN-y did not affect
CXCR4 expression. At the same time, biopsy samples
were examined in patients with HNSCC, and it was
reported that CXCR4 expression was suppressed by
interferon-gamma and inhibited tumor metastasis*2.

In a study with human ductal carcinoma MDA-MB-
231 cells, it has been shown that CXCR4 cell surface
expression is reduced by IRF5 overexpression, and
cells with high CXCL12 expression could not migrate
in response. These data confirm the negative
regulation of CXCR4 expression by IRF5 in breast
cancer cells?. CXCR4 overexpression; when
evaluated as an essential factor in the migration,
invasiveness, proliferation, and bone metastasis of
breast cancer cells, it suggests that CXCR4 silencing
by IRF5 may also be effective in preventing bone
metastasis of prostate cancers in which CXCR4 is
overexpressed.

The limitations of our study are that only the
interaction of CXCR4/CXCL12 was demonstrated
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by IRF5 upregulation. Interaction with IRF5 and
other chemokines has not been demonstrated.
According to the results of this study, which was
carried out in in-vitro cells, it is thought to show the
molecular effects in in-vivo tumor models by
different studies by examining the interaction of
other chemokines.

In conclusion, in this study, overexpression of IRF5
levels in prostate cancer PC3 cells caused the change
of chemokine receptor CXCR4 and its ligand
CXCL12. In our study, when IRF5 expression
increased in prostate cancer cells, it significantly
reduced CXCR4 mRNA and protein expression
levels, which have an essential role in migration and
drug resistance in cancer, and decreased the secretion
of CXCL12, which provides tumor growth in the
microenvironment. IRF5 can be an effective
treatment option in prostate cancer to prevent
metastasis and against drug resistance and may be a
crucial therapeutic protein for new drugs to be

developed.
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