Xie et al. Journal of Ovarian Research (2021) 14:177 .
https://doi.org/10.1186/513048-021-00932-8 Journal of Ovarian Research

RESEARCH Open Access

.. : : : : ®
FPR2 participates in epithelial ovarian cancer ===

(EOC) progression through RhoA-mediated M2
macrophage polarization
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Abstract

Background: In our previous study, we found that formyl peptide receptor 2 (FPR2) promoted the invasion and
metastasis of epithelial ovarian cancer (EOC) and could be a prognostic marker for EOC. In this study, we aimed to
study the possible mechanism of FPR2 in promoting EOC progression.

Methods: EOC cell lines with ectopic FPR2 expression and knockdown as well as their control cell lines were estab-
lished, and the expression change of RhoA in each cell line was evaluated by real time quantitative polymerase chain
reaction (RT-gPCR) and Western blot. Wound healing and Transwell assays were performed to detect the migratory
ability of EOCs affected by FPR2 and RhoA. The supernatant of each EOC cell line was used to coculture with mac-
rophages, and then we tested M1 and M2 macrophage biomarkers in the supernatants by flow cytometry. The THP-1
cell line was also induced to differentiate into M1 and M2 macrophages, and FPR2 and RhoA expression in each mac-
rophage cell line was detected by RT-gPCR and Western blot. A tumour xenograft model was established with SKOV3
and SKOV3~*"PR2 cell lines, and tumour volumes and weights were recorded.

Results: RhoA expression was significantly increased in EOCs along with the overexpression of FPR2, which showed
a positive correlation by Pearson correlation analysis. Ectopic FPR2 expression contributes to the migratory ability

of EOCs, and a RhoA inhibitor (C3 transferase) impairs EOC migration. Furthermore, FPR2 stimulated the secretion of
Th2 cytokines by EOCs, which induced macrophages to differentiate to the M2 phenotype, while a RhoA inhibitor
stimulated the secretion of Th1 cytokines and induced macrophages to differentiate to the M1 phenotype. Moreover,
compared with M1 macrophages and THP-1 cells, FPR2 and RhoA expression was significantly upregulated in M2
macrophages.

Conclusion: FPR2 stimulated M2 macrophage polarization and promoted invasion and metastasis of ovarian cancer
cells through RhoA.
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Introduction advanced stage because of a lack of clinical symptoms.
Ovarian cancer is one of the most lethal gynaecologi- Moreover, ovarian cancer is characterized by rapid pro-
cal malignancies in the world. Seventy-five percent of gression, poor prognosis and high rates of recurrence
patients were first diagnosed with ovarian cancer in the = and metastasis. At present, in addition to classical treat-
ments, including operation and postoperative chemo-
therapy, neoadjuvant chemotherapy, immunotherapy and
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improved in the past 20 years, fluctuating between 30
and 35% [1, 2].

Formyl peptide receptor 2 (FPR2) has been identified
as a member of the G protein-coupled chemoattractant
receptor (GPCR) family. It is a seven-transmembrane
receptor with 351 amino acids, and its gene is located on
human chromosome 19q13.3-q13.4 [3]. FPR2 is a multi-
functional receptor that is associated with diverse patho-
physiological processes, such as inflammation, cancer,
amyloidosis, neurodegenerative diseases, wound heal-
ing, diabetes and AIDS [4]. In a previous study, FPR2
was shown to be overexpressed in ovarian cancer tissues
and to be located on the cell membrane by IHC. Addi-
tionally, knocking down FPR2 inhibited the invasion and
migration of ovarian cancer cells, potentially indicat-
ing that FPR2 plays a key role in cancer cell metastasis.
Moreover, FPR2 is closely related to the clinical progno-
sis of ovarian cancer patients [5]. Small GTPases of the
Rho family are involved in FPR signalling [6, 7]. The most
noticeable member of the Rho family is RhoA, which acts
as a “molecular switch” to activate downstream signal-
ling pathways. Here, we investigated whether RhoA is
involved in the role of FPR2 in ovarian cancer invasion
and migration.

In recent years, the tumour microenvironment, which
is composed of tumour cells, fibroblasts, immune
cells, endothelial cells, extracellular matrix, cytokines,
etc., has been considered vital in malignant develop-
ment. Macrophages are major tumour-infiltrating
immune cells that are associated with tumour progres-
sion and account for almost 50% of the total immune
cells in the tumour microenvironment [8]. Blood-derived
monocytes in tumour tissues differentiate into mac-
rophages and then further develop into the M1 or M2
phenotype depending on different conditions. When
stimulated by Th1 cytokines, such as I[FN-y, LPS, TNF-qa,
reactive oxygen species (ROS), IL-1, and IL-12, infiltrat-
ing macrophages differentiate into the M1 phenotype,
which shows a cytotoxic effect, promotes immune acti-
vation and inhibits malignant progression. When stimu-
lated by Th2 cytokines, including M-CSF, GM-CSF, IL-4,
IL-10, and TGEF-B, macrophages differentiate into the
M2 phenotype, which is equipped with the functions of
immune suppression, facilitating tumour progression,
cell proliferation and angiogenesis [9]. M2 macrophages
have been suggested to be able to play a role in ovarian
cancer progression, and the larger the M1/M2 ratio is,
the greater the overall survival rate and progression-free
survival rate of patients [10, 11]. However, whether FPR2
has an influence on M2 macrophage differentiation is still
controversial [12, 13].

In this study, RhoA expression was positively corre-
lated with FPR2 in EOCs, and ectopic FPR2 expression
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promoted the migratory ability of EOCs, whereas an
RhoA inhibitor (C3 transferase) diminished the migra-
tional ability of EOCs. Moreover, FPR2 stimulated the
secretion of Th2 cytokines by EOCs, which induced mac-
rophages to differentiate to the M2 phenotype, while an
RhoA inhibitor stimulated the secretion of Th1l cytokines
and induced macrophages to differentiate to the M1
phenotype. Thus, we suggest that FPR2 stimulates M2
macrophage polarization and promotes invasion and
metastasis of ovarian cancer cells through RhoA.

Methods

Cell cultures

The human ovarian cancer cell lines SKOV3, OVCARS3,
A2780 and Caov3 were obtained from the America
Type Culture Collection (ATCC; Manassas, VA, USA),
and HO-8910 cell lines, Hosepic cell lines and THP-1
cell lines were obtained from the China Center for Type
Culture Collection (CCTCC). The cell lines were cul-
tured in either Dulbecco’s modified Eagle’s medium
(DMEM, HyClone, Cat. No. SH30022.01B) or RPMI-
1640 medium (HyClone, Cat. No. SH30809.01B) sup-
plemented with 10% foetal bovine serum (FBS, HyClone,
Cat. No. SH30256.01B) and antibiotics (penicillin 100 U/
mL, streptomycin 0.1 mg/mL and amphotericin B 0.25
lg/mL) and maintained in a 37 °C incubator contain-
ing 5% CO,. THP-1 cells were treated with 10 ng/ml
phorbol 12-myristate 13-acetate (PMA; Sigma Aldrich,
Germany) for 72 h to induce differentiation of MO mac-
rophages. MO macrophages were treated with 100 ng/
ml LPS (#L2880, Sigma) plus 10 ng/ml IFN-y (#BEK-
2026, 4A Biotech, Beijing) for 48 h to induce M1 phe-
notype differentiation or with 10 ng/ml IL-4 (#214-14,
PeproTech, Germany) for 48 h to induce M2 phenotype
differentiation. Moreover, MO macrophages were also
treated with the supernatant of each ovarian cancer cell
line for 48 h. Cells were collected for flow cytometry
analysis, RT-qPCR or Western blot assays.

Real-time quantitative PCR

Total RNA was extracted from cells using TRIzol rea-
gents (Pufei Biotechnology, Shanghai, China). Reverse
transcription was performed using M-MLYV reverse tran-
scriptase (Promega, Madison, USA).

The primer sequences were designed as follows:

FPR2: forward 5-TTTGGCTGGTTCCTGTGTAAG-
3} reverse 5-GGTCCGACGATCACCTTCAT-3’; RhoA:
forward 5’-TGGATGGAAAGCAGGTAGAGT-3] reverse
5-CTATCAGGGCTGTCGATGGA-3’; and 18 s forward
5-CCTGGATACCGCAGCTAGGA-3] reverse 5-GCG
GCGCAATACGAATGCCCC-3!

Quantitative PCR was performed using SYBR-Green
RealTime PCR Master Mix (Toyobo, Osaka, Japan)



Xie et al. Journal of Ovarian Research (2021) 14:177

according to the manufacturer’s protocol. Data were ana-
lysed by Sequence Detection Software for the thresh-
old cycle (Ct), and the comparative Ct (AACt) was used
to calculate the difference between samples by relative
qualification.

Western blot analysis

Total cell lysates were harvested in NP-40 lysis buffer
(150 mM NacCl, 1% Nonidet P-40, 50 mM Tris, pH 8.0,
protease inhibitor cocktail), and protein concentrations
were determined by BCA protein assay (Bio-Rad Labo-
ratories, Inc., Hercules, CA, USA). Equal amounts of pro-
teins from each lysate were submitted to SDS-PAGE for
protein separation and then transferred to PVDF mem-
branes. Membranes were blocked with buffer contain-
ing 5% skim milk and 0.1% Tween-20 in PBS for 1 h at
room temperature with gentle shaking. Primary antibod-
ies (FPR2, RhoA and GAPDH) were incubated overnight
at 4 °C with gentle shaking, followed by secondary anti-
body incubation at room temperature for 1 h with gentle
shaking. The following antibodies were used: FPR2 (#sc-
66898; Santa Cruz Biotechnology, Santa Cruz, CA,
USA); RhoA (#ab54835; Abcam, Cambridge, MA, USA);
GAPDH (#KC-5G5; AKsomics, Shanghai); goat antirab-
bit IgG (H+L), and ads-HRP (#4050-05; Southern Bio-
tech, Birmingham, AL, USA).

Vector construction and plasmid transfection

The PCR product and pcDNA3.1 vector (Invitrogen)
were both treated by double digestion of Xhol and
HindIIl. Target fragments were separated and puri-
fied, and the recombinant plasmid was constructed.
T4-DNA ligase was used to combine the vector and the
target gene. Caov-3 cell lines and OVCAR-3 cell lines
were transfected with pcDNA3.1-shFPR2 vector and
pcDNA3.1-FPR2 + vector, respectively, and both of the
corresponding control cell lines were constructed. The
shRNA sequences for FPR2 knockdown were as follows:
shRNA-,  ccggGGCCAAGACTTCCGAGAGAGACctc-
gagTCTCTCTCGGAAGTCTTGGCCtttttg. The FPR2-
overexpressing RNA sequence was TCACCTCCTGCA
GAGACTGAGTTACAGGCAATGTGA.

ELISA

The concentrations of cytokines, including TGF-p, IL-4,
and IL-10, were determined using ELISA kits from Solar-
bio (Cat. No. #SEKH0316, #SEKHO0011, and #SEKH0018,
respectively). Cell culture supernatants were collected
and centrifuged at 4 °C at 1000 x g for 10 min before anal-
ysis according to the manufacturer’s protocol.
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Flow cytometry

For flow cytometric analysis, cells were stimulated
as described above. A total of 1 x 10° cells per sam-
ple were collected and stained with antibody in 100 pl
PBS + 1% BSA for 30 min at 4 °C in the dark, followed
by washing with PBS. Fluorescence was detected on
a BD FACSCan (Becton, Dickinson and Company, MD,
USA). All antibodies, except Dectin-PE (R&D System:s,
Germany), were obtained from BD Bioscience (New
Jersey, USA).

Wound-healing assay

Cells (3 x 10*/well) were seeded on 96-well plates
and grown to 90% confluence, after which a scratch was
made in the monolayer using a 10-ul pipette tip. Then,
the cells were incubated at 37 °C in 5% CO,, for another
4 h according to the results of the pre-experiment,
and images were obtained at different time points. We
captured the images for OVCARS3 cell lines at 0, 8 and
24 h, and for Caov3 cell lines, the time points were 0, 4
and 8 h. Each experiment was performed three times.

Transwell assay

The assay was performed using a precoated cell inva-
sion kit (pore size, 8.0 um; Corning, Inc., Corning, NY,
USA), and Matrigel (BD Biosciences, Bedford, MA, USA)
was inserted into the upper chambers. Approximately
1 x 10° cells in 100 pl serum-free medium were placed
into the upper chambers, and the cells were cultured in
5% CO, at 37 °C for 16 h (according to the pre-experi-
ment). The lower chambers contained 30% FBS; thus, the
cells migrated to the lower chambers. The cells remaining
in the upper chambers were removed with a cotton swab,
and the cells that migrated through the membrane to the
lower surface were stained with Giemsa’s staining for
3-5 min at room temperature. The number of cells that
migrated through the lower membrane of the inserts was
counted under a light microscope. Each experiment was
performed three times.

Xenografting

For in vivo establishment of tumour xenografts, 4-week-
old female BALB/c nude mice (Linchang Biotechnology,
Shanghai, China) were inoculated subcutaneously with
SKOV3 and FPR2 knockdown SKOVS3 cells (1 x 107), and
each group had 6 female BALB/c nude mice. Tumour
sizes and tumour weights were measured on Days 30,
33, 36, 39, 42, 45, and 47 after subcutaneous inoculation,
and the mice were euthanized by cervical dislocation on
Day 47. Tumour sizes were measured in two dimensions,
L and W, which represented the long and short diam-
eters of the tumour, respectively. The volume (V) was
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Fig. 1 (A) FPR2 mRNA was upregulated in EOCs compared with the normal ovarian cell line (*P <0.05), (**P <0.01). (B) RhoAmMRNA was upregulated
in EOCs compared with the normal ovarian cell line (**P<0.01). (C) Positive correlation between FPR2 and RhoA. The Pearson correlation coefficient

was 0.936

expressed in mm?® with the formula: V =3.14/6xLxW>
The animal work was approved by the Institutional Ani-
mal Care and Use Committee of Guangzhou Medical
University and was conducted in accordance with the
Guide for the Care and Use of Laboratory Animals (NIH
Publication 85-23, revised 1996).

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics 23.0 (IBM SPSS, Armonk, NY, USA). Statistics
of continuous data were performed using ANOVA or
the Kruskal-Wallis test; correlation analyses were per-
formed using Pearson correlation analysis. At least three
independent experiments for each group were con-
ducted, and differences between groups were assessed
by variance analysis and Student’s t-test. A P value <0.05
was considered to indicate a statistically significant
result.

Results

FPR2 and RhoA were upregulated and positively correlated
in EOC cell lines

First, we used RT-qPCR to examine the expression of
FPR2 and RhoA in five EOC cell lines (Caov-3, SKOV3,
A2780, HO-8910, OVCAR-3) and one normal ovar-
ian epithelial cell line (Hosepic). We found that FPR2
and RhoA were both significantly highly expressed in
EOCs compared with Hosepic cells. The Caov-3 cell line
showed the highest expression compared with other EOC
cell lines. Subsequently, we analysed the correlation
between FPR2 and RhoA by Pearson correlation analy-
sis, and the results showed that FPR2 expression was

positively correlated with RhoA at the mRNA expres-
sion level. (Fig. 1A, B and C).

RhoA expression changed along with the expression

of FPR2

To further study the role of FPR2 in RhoA expression,
we established an FPR2-overexpressing OVCAR3 cell
line (OVCAR3FPR**) and an FPR2-knockdown Caov3
cell line (Caov3™*"PR?) as well as their control cell lines
(OVCAR3™N¢, Caov3 ™). We treated each EOC with
MMK-1 (a potential and selective FPR2 agonist) for 24 h.
Then, RT-qPCR and Western blotting were performed
to detect FPR2 and RhoA expression. RT-qPCR results
showed that FPR2 mRNA was remarkably increased in
the OVCAR3 PR+ cell lines and decreased in the Caov3~
shFPR2 cell lines compared with their respective control
groups. After stimulation with MMK-1, FPR2 mRNA
was also increased in OVCAR3FPR** cell lines compared
with MMK1-treated OVCAR3™NC cells. MMK-1 had no
effect on FPR2 knockdown cells (Fig. 2A). RhoA expres-
sion was upregulated in OVCAR3 "% cell lines and
downregulated in Caov3~*"PR2 cell lines compared with
their respective control groups and significantly increased
after stimulation with MMK-1 in OVCAR3 PR+ cell
lines compared with MMKI1-stimulated OVCAR3™
NC cells (Fig. 2B). Western blot results also showed that
FPR2 protein was remarkably increased in the OVCAR3™
FPR2+ cell lines and decreased in the Caov3™*MfPR2 cell
lines compared with their respective control groups,
either after stimulation with MMK-1 or without treat-
ment (Fig. 2C, D1). RhoA expression was also promi-
nently decreased in Caov3*"PR? cell lines regardless of
MMK-1 stimulation. In OVCAR3FPR2* cells, RhoA was
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Fig. 2 (A, B) RT-qPCR showed that FPR2 mRNA and RhoAMRNA were significantly increased in OVCAR3 PR+ cell lines and decreased in Caov3™~
shFPR2 cell lines regardless of MMK-1 treatment (**P < 0.01). (C, D1) Western blot analysis showed that FPR2 protein was significantly increased in
OVCAR3™PR2+ cell lines and decreased in Caov3-shFPR2 cell lines and was remarkably increased after stimulation with MMK-1 in OVCAR3 "R+
cell lines (**P<0.01). (C, D2) Western blot analysis showed that RhoA protein was significantly decreased in Caov3~*"PR2 cell lines but showed no
statistical significance in the OVCAR3™"%* group and the control group, whereas RhoA was significantly increased in OVCAR3™"R2* cell lines
when stimulated with MMK-1 (**P <0.01)

highly expressed compared with its control group after
stimulation with MMK-1 (Fig. 2C, D2).

FPR2 and RhoA inhibitor (C3 transferase) had an adverse
role in the motility of ovarian cancer cells

Wound healing and Transwell assays were per-
formed to clarify the migratory ability of EOCs. The
wound healing assay showed that the average migra-
tion rate was not significantly different in each

group of OVCAR3 cell lines (Fig. 3A). Transwell
assays revealed that the number of EOCs that pene-
trated the Matrigel was significantly increased in the
OVCAR3PR** group compared to the OVCAR3™

€ group. Moreover, the number of cells was signifi-
cantly decreased in the OVCAR3FPR** group after
treatment with C3 transferase (Fig. 3B). Wound heal-
ing assays revealed that the migration rate was signifi-
cantly decreased after treatment with C3 transferase in
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lines (**P<0.01). (C) The wound healing assay showed that the cell migration rate was significantly decreased in C3 + Caov

cell lines (**P<0.01). (D) The number of migratory cells showed no significance in each group (P> 0.05)

Fig. 3 (A) The wound healing assay showed no significant difference in the cell migration rate in each group. (B) The Transwell assay showed that
the number of transmembrane cells was evidently increased in OVCAR3 ™"+ cell lines compared with OVCAR3 ™ cell lines. Compared to the
number of transmembrane cells in OVCAR3™f2+ cell lines, the number of transmembrane cells was significantly increased in C3 +OVCAR3 ™ cell

B—NC

with Caov3~NC cell lines (**P < 0.01). Compared to Caov3~*""P* cell lines, the cell migration rate was also significantly deceased in C3 4 Caov3 ™"

cell lines compared

both Caov3™NC cell lines and Caov3~"PR? cell lines
(Fig. 3C). The number of transmembrane cells was
decreased in Caov3 *PFPR2 cel] lines compared with
the control group but showed no significant differ-
ence. After treatment with C3 transferase, the num-
ber of transmembrane cells was slightly decreased
in C34 Caov3™N¢ cell lines compared with the

Caov3™NC cell lines, and C3 transferase had no effect
in FPR2 knockdown Caov3 cell lines (Fig. 3D).

The role of FPR2-stimulated Th2 cytokine secretion in EOC
cells

The expression of TGF-f1, IL-4, IL-10, IL-12 and
TNFa in EOC cell supernatant collected from each
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group was examined by ELISA kits. The results showed
that IL-4 and IL-10 expression was higher in the super-
natant of OVCAR3 P2+ cell lines than in the control
group, and IL-10 secretion of OVCAR3 cell lines was
distinctly reduced after treatment with C3 transferase.
TNFa expression was significantly lower in the super-
natant of OVCAR3FPR2* cell lines than in the control
group, and C3 transferase increased TNFa secretion
in OVCAR3™""®** cell lines. IL-4, IL-10 and TGEF-
B1 expression was significantly lower in Caov3™
shFPR2 cell supernatant than its control group, and C3
transferase diminished the secretion of IL-4, IL-10 and
TGEF-B1 in Caov3 cell lines. TNFa expression was evi-
dently increased in the supernatant of Caov3*"fPR? cell
lines compared with its control group, and C3 trans-
ferase decreased TNFa secretion in Caov3 cell lines.
(Fig. 4A, B).

The effects of FPR2 on macrophage polarization

As reported, polarization of M2 macrophages is induced
by Th2 cytokines. We treated macrophages with the
cell supernatant of each cell line that we mentioned
above. Subsequently, we detected M1 (iNOS) and M2
(CD206) markers in macrophages by flow cytometry.
The results showed that iNOS expression was signifi-
cantly upregulated in the Caov3~"*R2 group and was
downregulated in the OVCAR3FPR2* group; conversely,
CD206 expression was significantly upregulated in the
OVCAR3FPR%* group and was downregulated in the
Caov3*MFPR2 group. (Fig. 5A, B).
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FPR2 and RhoA expression on M1 and M2 macrophages
We also examined the expression of FPR2 and RhoA
on macrophages of different phenotypes. THP-1 cells
were induced to differentiate into MO macrophages by
PMA, and then MO macrophages were induced to dif-
ferentiate into M1 or M2 macrophages by LPS +IFN-y or
IL-4, respectively. Flow cytometry was performed to
detect biomarkers of different phenotypes of mac-
rophages, and RT-qPCR and Western blotting were used
to detect the expression of FPR2 and RhoA in the THP-1
cell line and M1 and M2 macrophages, respectively. The
results showed that FPR2 mRNA expression increased
significantly in M1 and M2 macrophages compared
with THP-1 cells, and M2 macrophages showed higher
expression than M1 macrophages (Fig. 6B). RhoAm-
RNA was significantly upregulated in M2 macrophages
compared with THP-1 cells and M1 macrophages, and
no significant difference was shown between THP-1
cells and MI macrophages (Fig. 6B). Western blot results
showed that FPR2 protein was significantly upregulated
in M1 and M2 macrophages compared to the THP-1 cell
line; RhoA protein expression was significantly decreased
in M1 macrophages compared with THP-1 cells and
increased in M2 macrophages compared with the THP-1
cell line and in M1 macrophages. (Fig. 6C).

FPR2 contributed tumourigenic in vivo

To illustrate the role of FPR2 in vivo, we established
tumour xenografts inoculated subcutaneously with
SKOV3 cell lines (NC group) and SKOV3~shFPR2 e
lines (KD group) and then recorded and analysed the
tumour volumes and tumour weights in each group.
The average volumes of tumours in the NC group were
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Fig. 4 (A) IL-4 expression was significantly increased in OVCAR3 ™R+ cell line supernatant compared with its control group (**P<0.01), and
IL-10 expression was significantly decreased in C3 4+ OVCAR3 ™ cell lines compared with OVCAR3™C cell lines (**P < 0.01). TNFa expression
was significantly decreased in OVCAR3 ™R+ cell line supernatant compared with its control group (**P < 0.01), and TNFa expression was also

significantly decreased in OVCARS3 cell lines treated with C3 transfection (**P<0.01). TGF-31 and IL-12 expression showed no significant difference
in each group (P>0.05). (B) IL-4, IL-10 and TGF-B1 expression was significantly decreased in Caov3 PR cgl| line supernatants compared with

the control group (**P<0.01), and C3 transfection evidently decreased the secretion of IL-4, IL-10 and TGF-31 in Caov3 cell lines (**P<0.01). TNFa
expression was significantly increased in the supernatant of Caov3~*"""® cell lines compared with its control group (**£<0.01), and C3 transferase
decreased TNFa secretion in Caov3 cell lines (**P<0.01). IL-12 expression was not significantly different between the groups (P> 0.05)
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17.704+13.88 mm?, 57.994+40.59 mm?, 140.85+73.13
mm? 257.35+136.83 mm? 318.79+150.46 mm?
491.18+217.31 mm?, and 846.09+365.02 mm? on Days
30, 33, 36, 39, 42, 45, and 47, respectively. In the KD
group, the average tumour volumes were 0.39£0.95
mm?, 1.3343.26 mm? 4.14+10.14 mm?, 11.72420.62
mm? 44.04+71.58 mm?’ and 70.03+105.58 mm?
respectively. The average weights of tumours in the
NC group and KD group were 1.116%+0.514 g and
0.137£0.191 g, respectively. The results showed that
the tumour volumes and weights were significantly
decreased after FPR2 knockdown, which suggested that
FPR2 may play a role in ovarian cancer tumourigenesis
(Fig. 7A1,A2,B and C).

Discussion

In this study, we first demonstrated the interactions
between FPR2 and RhoA in epithelial ovarian can-
cer cells. We found that RhoA expression in EOCs was
increased with the overexpression of FPR2, whereas
with the knockdown of FPR2 in EOCs, RhoA expres-
sion was decreased correspondingly. FPR2 is one of the
members of the formyl peptide receptor family, which
belongs to the G-protein coupled receptor (GPCR) fam-
ily [14]. GPCRs play a key role in regulating the sensi-
tivity to chemokines, and the signaling of other GPCRs
involved in migration and migration requires the

coordinated activation of hundreds of proteins in dis-
tinct compartments of the cell [15]. The Rho GTPase
family is part of the Ras superfamily, and Rho GTPases
are highly conserved and found in nearly all leukary-
otes, acting as molecular switches and cycling between
an active GTP-bound form and an inactive GDP-bound
form. GPCRs are activated through binding to intra-
cytoplasmic Rho proteins and stimulate downstream
signal transduction. They contribute to several cellular
processes and pathological processes, including cell mor-
phogenesis, cell polarity or migration, cancer progres-
sion, inflammation and wound repair [16, 17].

These results suggest that FPR2 mediates the acti-
vation of Rho proteins and affects downstream signal
transduction. According to the study by Faour W.H. et
al., the FPR2 agonist fMLP activated the ERK1/2 and Akt
pathways through specific activation of the FPR2/ROS/
RhoA-GTPase pathway and stimulated H,O, release
by monocytes [6]. In bone marrow PMNs, the RhoA/
ROCK pathway was activated in the respiratory burst
via mFPR1 and mFPR2, RhoA was considered to be one
of the regulatory and signal transduction components
in the respiratory burst through FPRs, and both mFPR1
and mFPR2 binding with a ligand triggered the activa-
tion of RhoA and regulated NADPH oxidase activity [7].
In this study, we preliminarily clarified the positive cor-
relation of FPR2 and RhoA in ovarian cancer cells, and a
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RhoA inhibitor reversed the migration ability of EOCs,
which was promoted by ectopic expression of FPR2. Fur-
ther studies revealed that secretion of Th2 cytokines was
increased by ovarian cancer cells with high FPR2 expres-
sion, which induced M2-like macrophage polariza-
tion, and C3 transferase partly inhibited the polarization
of M2 macrophages.

Macrophages play an indispensable role in defend-
ing against microbial infections and tumour -cells.
Tumour-associated macrophages (TAMs) constitute a
significant proportion of tumour-infiltrating immune
cells, predominantly resemble M2-like polarized mac-
rophages and produce a high amount of anti-inflam-
matory factors that contribute to the development of
tumours [18]. Interferon regulatory Factor 5 (IRF5) and
IRF4 have been reported to act as two key transcrip-
tional regulators in regulating the polarization of mac-
rophages to the M1 and M2 phenotypes, respectively.
IRF5 expression drives M1 macrophage polarization
by directly inducing the expression of proinflammatory
cytokines and repressing the transcription of anti-inflam-
matory cytokines such as IL-10. In contrast, IRF4 has
been shown to be a crucial mediator of M2 macrophage
polarization [19]. Moreover, the status of macrophage
polarization can also be polarized or reversed by cellular
signalling pathways. JNK signalling pathway activation
induces macrophage polarization to the M2 phenotype,
while activation of the Notch signalling pathway pro-
motes M1 macrophage polarization [20].

IL-10 is an anti-inflammatory cytokine that plays a
critical role in the control of immune responses in both
inflammation and cancer. IL-10 is a cytokine whose
levels have been shown to be elevated in the tumour
microenvironment and blood of tumour-bearing mice
as well as ovarian cancer patients. IL-10 also acts as a
critical regulator of the PD-1/PD-L1 axis for immuno-
suppression in the ovarian tumour microenvironment
[21]. Studies have shown that IL-10 regulates the meta-
bolic processes of glycolysis and oxidative phospho-
rylation in macrophages and inhibits the switch to the
metabolic program induced by inflammatory stimuli
in macrophages [22]. In lung cancer, IL-10 is thought to
suppress the inflammatory macrophage-Th17 cell axis,
which is critical to tumourigenesis, and may be used
to prevent lung cancer in high-risk patients [23]. IL4/
IL4R signalling acts as a prometastatic phenotype in epi-
thelial cancer cells, including enhanced migration, inva-
sion, survival, and proliferation. Studies have revealed
that IL-4 antibody neutralization enhances antitumour
immunity and delays tumour progression. IL-4 blockade
also alters inflammation in the tumour microenviron-
ment, reducing the generation of both immunosuppres-
sive M2 macrophages and myeloid-derived suppressor
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cells and enhancing tumour-specific cytotoxic T lympho-
cytes [24]. In our study, we found that FPR2 played an
auxoaction on the secretion of IL-10 and IL-4 in ovarian
cancer cells and the induction of M2 macrophage polari-
zation. Currently, the effect of FPR2 on macrophage
polarization is unclear. Studies have shown that FPR2
plays a critical role in antitumour host immunity by
limiting macrophage recruitment into tumours and
sustaining macrophages in an M1 phenotype [13]. In
mice, FRP2 deletion reduces tissue and systemic inflam-
mation by inhibiting macrophage infiltration and M1
polarization [25]. FPR2 was also considered a media-
tor that led to macrophage skewing in a model of skel-
etal muscle injury and repair, which accelerated muscle
regeneration [26]. The results of this study demon-
strated that FPR2 participated in M2 macrophage dif-
ferentiation. M1 macrophages are generally accepted to
be responsible for the stimulation of the immune sys-
tem and inflammation, while M2 macrophages play a
role in cancer and tissue repair. Our results showed that
FPR2 was differentially expressed between M1 and M2
macrophages, which may indicate that FPR2 might play
a role in both M1 and M2 macrophage phenotype and
function, while RhoA might be inclined to induce an M2
macrophage phenotype, which still needs further study.

Conclusions

In this study, RhoA expression was significantly
increased in EOCs along with the overexpression of
FPR2, which showed a positive correlation by Pear-
son correlation analysis. Moreover, FPR2 promoted the
migratory ability of EOCs, and an RhoA inhibitor had
an adverse effect on EOC migration. In addition, FPR2
stimulated the secretion of Th2 cytokines by EOCs,
which induced macrophages to differentiate to the M2
phenotype, while an RhoA inhibitor stimulated the secre-
tion of Thl cytokines and induced macrophages to dif-
ferentiate to the M1 phenotype. Therefore, we suggest
that FPR2 stimulates M2 macrophage polarization and
promotes invasion and metastasis of ovarian cancer
cells through RhoA. Further study of the mechanisms
of FPR2-regulated macrophage polarization and its role
in ovarian cancer progression is needed.
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