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

Methods: The FPR2 ectopic expression and knockdown EOC cell lines as well as their control cell
lines were established and the expression change of RhoA in each cell lines was evaluated by RT-
qPCR and Western-blot. Wound healing and Transwell assays were performed to detect the migrational
ability of EOCs that affected by FPR2 and RhoA. The supernatant of each EOC cell lines were used to co-
culture with the macrophages, and tested the M1 and M2 macrophges biomarkers by �ow
cytometry. THP-1 cell line was also indcued to differentiated to M1 and M2 macrophages, FPR2 and
RhoA expression in each macrophage cell lines were detected by RT-qPCR and Western-blot. 

Results: RhoA expression was signi�cantly increased in EOCs along with the overexpression of
FPR2, which showed a positive correlation by Pearson correlation analysis. FPR2 ectopic expression
would contribute to the migrational ability of EOCs, and RhoA inhibitor (C3 transferase) would impare
EOCs migration. Furthermore, FPR2 stimulated the secretion of Th2 cytokines by EOCs, which induced
macrophages differentiate to M2 phenotype, while RhoA inhibitor stimulate the secretion of Th1
cytokines and induce macrophages differentiate to M1 phenotype. Moreover, compared with M1
macrophages and THP-1 cells, FPR2 and RhoA expression were signi�cantly up-regulated in M2
macrophages.

Conclusion: FPR2 stimulated M2 macrophage polarization and promote invasion and metastasis of
ovarian cancer cells through RhoA.

Background
Ovarian cancer is one of the most lethal gynecology malignancies in the world. 75% of patients were �rst
diagnosed with ovarian cancer in their advanced stage because of lacking clinical symptoms. What’s
worse, ovarian cancer was characterized by rapidly progression, poorly prognosis and highly rates of
recurrence and metastasis. At present, in addition to the classical treatments including operation and
postoperative chemotherapy, neoadjuvant chemotherapy, immunotherapy and molecular targeted therapy
were recommended as well. Nevertheless, the �ve-year survival rate for ovarian cancer had not been
improved in the past 20 years, which was �uctuated between 30% and 35% [1, 2].

Formyl peptide receptor 2 (FPR2) has been identi�ed as a member of 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 pathophysiologic processes, such as in�ammation, cancer, amyloidosis, neurodegenerative
diseases, wound healing, diabetes and AIDS [4]. In previous study, FPR2 was illuminated overexpressed in
ovarian cancer tissues and was located on the cell membrane. Also, knocking down FPR2 was available
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to inhibit the invasion and migration of ovarian cancer cells, which was indicating potentially that FPR2
plays a key role in cancer cell metastasis. Moreover, FPR2 was closely related to the clinical prognosis of
ovarian cancer patients [5]. It is reported that Small GTPases of Rho family were involved in FPR
signaling [6, 7]. The most noticeable member of Rho family is RhoA, which acts as a “molecular switch”
to activate the downstream signaling pathways. Here, whether RhoA is involved in the role of FPR2 in
ovarian cancer invasion and migration, was investigated in this study.

In recent years, tumor microenvironment which is composed of tumor cells, �broblasts, immune cells,
endothelial cells, extracellular matrix, cytokines, etc, was considered vital in malignant development. It is
reported that macrophages are major tumor-in�ltrating immune cells that are associated with tumor
progression, and it accounts for almost 50% of total immune cells in tumor microenvironment [8]. Blood-
derived monocytes in tumor tissues would differentiate into macrophages and then further developed
into M1 or M2 phenotype depending on different conditions. When stimulated by Th1 cytokines, such as
IFN-γ, LPS, TNF-α, ROS, IL-1, IL-12, in�ltrating macrophages would differentiate into M1 phenotype which
showed an cytotoxic effect, promoted immune activation and inhibited malignant progression. When
stimulated by Th2 cytokines, including M-CSF, GM-CSF, IL-4, IL-10, TGF-β, macrophages would
differentiate into the M2 phenotype that equipped with the funcitons of immune suppression, facilitating
tumor progression, cell proliferation and angiogenesis [9]. It is suggested that M2 macrophages could
play a role in ovarian cancer progression and the larger M1/M2 ratio is, the greater the overall survival
rate and progression-free survival rate of patients could be [10, 11]. However, whether FPR2 has an
in�uence on M2 macrophages differentiation is still controversial [12, 13].

In this study, RhoA expression was positively correlated with FPR2 in EOCs, and FPR2 ectopic expression
promoted the migrational ability of EOCs, wherease RhoA inhibitor (C3 transferase) diminished the
migration. What’s more, FPR2 stimulated the secretion of Th2 cytokines by EOCs, which induced
macrophages differentiate to M2 phenotype, while RhoA inhibitor stimulate the secretion of Th1
cytokines and induce macrophages differentiate to M1 phenotype. Thus we suggested that FPR2
stimulated M2 macrophage polarization and promote invasion and metastasis of ovarian cancer cells
through RhoA.

Methods
Cell cultures.

The human ovarian cancer cell lines SKOV3, OVCAR3, 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
cultured in either Dulbecco's modi�ed Eagle's medium (DMEM, Hyclone, Cat.No.SH30022.01B) or RPMI-
1640 medium (Hyclone, Cat.No.SH30809.01B) supplemented with 10% fetal 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 37̊C incubator containing 5% CO2. THP-1 cells was
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treated with 10 ng/ml phorbol 12-myristate 13-aceteat (PMA; SigmaAldrich, Germany) for 72 h to induce
differentiation of M0 macrophage. M0 macrophages were treated with 100 ng/ml LPS (#L2880, sigma)
plus 10 ng/ml IFN-γ (#BEK-2026, 4A Biotech, Beijin) for 48 h to induce M1 phenotype differentiation or
with 10 ng/ml IL-4 (#214 − 14, Peprotech, Germany) for 48 h to induce M2 phenotype differentiation.
Moreover, M0 macrophages were also treated with the supernatant of each ovarian cancer cell line for
48 h. Cells were collected for �ow cytometry analysis, RT-qPCR or Western blot assays.

Real-time quantitative PCR(RT-qPCR).

Total RNA was extracted from cells using TRIzol reagents (Pufei Biotechnology, Shanghai, China).
Reverse transcription was performed using M-MLV reverse transcriptase (Promega, Madison, USA).

The primer sequences were designed as follows:

FPR2:forward5’-TTTGGCTGGTTCCTGTGTAAG-3’,reverse5’-GGTCCGACGATCACCTTCAT-
3’;RhoA:forward5’-TGGATGGAAAGCAGGTAGAGT-3’,reverse5’-CTATCAGGGCTGTCGATGGA-
3’;18sforward5’-CCTGGATACCGCAGCTAGGA-3’,reverse5’-GCGGCGCAATACGAATGCCCC-3’

Quantitative PCR was performed using SYBR-Green RealTime PCR Master Mix (Toyobo,Osaka,Japan)
according to the manufacturer's protocol. Data were analyzed by Sequence Detection Software for the
threshold cycle(Ct), and the comparative Ct (ΔΔCt) was used to calculate the difference between samples
by relative quali�cation.

Western blot.

Total cell lysates were harvested in NP-40 lysis buffer (150 mM NaCl, 1% Nonidet P-40, 50 mM Tris, pH
8.0, protease inhibitor cocktail) and protein concentrations were determined by BCA protein assay (Bio-
Rad Laboratories, Inc., Hercules, CA, USA). Equal amounts of proteins from each lysate were submitted to
SDS-PAGE for protein separation and then transferred to PVDF membranes. Membranes were blocked
with buffer containing 5% skim milk and 0.1% Tween-20 in PBS for 1 h at room temperature with gentle
shaking. Primary antibodies (FPR2,RhoA and GAPDH) were incubated overnight at 4˚C with gentle
shaking, followed by secondary antibody 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); NF-
κB (#ab54835; Abcam, Cambridge, MA, USA); GAPDH (#KC-5G5; AKsomics,ShangHai); Goat Anti-Rabbit
IgG (H + L), ads-HRP (#4050-05; southern biotech, Birmingham, AL, USA ).

Vector construction and plasmid transfection.

PCR product and pcDNA3.1 vector (invitrogen) were both treated by double digestion of XhoI and HindIII.
Target fragments were separated and puri�ed, 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
transefected with pcDNA3.1-shFPR2 vector and pcDNA3.1-FPR2 + vector respectively; as well as both of
the corresponding control cell lines were constructed. The shRNA sequences for FPR2 knock down were
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as follows: shRNA-, ccggGGCCAAGACTTCCGAGAGAGActcgagTCTCTCTCGGAAGTCTTGGCCtttttg; The
FPR2 over expressed RNA sequence were: TCACCTCCTGCAGAGACTGAGTTACAGGCAATGTGA.

ELISA analysis.

Concentration of cytokines including TGF-β, IL-4, and IL-10, was determined using ELISA kits from
Solarbio (Cat. No. #SEKH0316, #SEKH0011, and #SEKH0018, respectively). Cell culture supernatants
were collected and centrifuged at 4 °C at 1000 × g for 10 min before analyzed according to the
manufacturer's protocol.

Flow cytometry.

For fow cytometric analysis, cells were stimulated as described above. 1 × 106/cells per sample were
collected and stained with antibody in 100 µl PBS + 1% BSA for 30 min at 4 °C in the dark, followed by
wash with PBS. Fuorescence was detected on a BD FACSCan (Becton, Dickinson and Company, MD,
USA). All antibodies, except Dectin-PE (R&D Systems, Germany), were obtained from BD Bioscience (New
Jersey,America).

Wound-healing assay.

Cells (3 × 104 /well) were seeded on 96-well plates and grown to 90% con�uence, after which a scratch
was made in the monolayer using a 10-µl pipette tip. Then, the cells were incubated at 37℃ in 5% CO2
for another 4 h according to the result of the pre-experiment, and the images were obtained at the time
points of 0, 4 and 8 h. Each experiment was performed three times.

Transwell assay.

The assay was performed using a pre-coated cell invasion kit (pore size, 8.0 µm; Corning Inc., Corning, NY,
USA) and Matrigel (BD Biosciences, Bedford, MA, USA) was inserted in the upper chambers.
Approximately 1 × 105 cells in 100 µl serum-free medium were placed into the upper chambers, the cells
were cultured in 5% CO2 at 37℃ for 16 h (according to the pre-experiment). 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.

Statistical analysis.
Statistical analysis was performed using IBM SPSS Statistics 23.0 (IBM SPSS, Armonk, NY, USA).
Statistics of continuous data were performed using AVOVA or Kruskal-Wallis test; correlation analyses
were performed using Pearson correlation analysis. At least three independent experiments for each
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group were conducted, and differences between groups were assessed by variance analysis and
Student's t-test. P-value < 0.05 was considered to indicate a statistically signi�cant result.

Results
FPR2 and RhoA were high expressed and correlated in EOC cell lines.

First, we used RT-qPCR to examine the expression of FPR2 and RhoA in �ve EOC cell lines (Caov-3,
SKOV3, A2780, HO-8910, OVCAR-3) and one normal ovarian epithelial cell line (Hosepic). We found that
FPR2 and RhoA were both signi�cantly high expressed in EOCs, compared with Hosepic cells. Caov-3 cell
line showed the highest expression, compared with other EOC cell lines. Subsequently, we analyzed the
correlation between FPR2 and RhoA by Pearson correlation analysis, the results showed that FPR2
expression was positively correlated with RhoA in mRNA expression level. (Fig. 1-A,B,C)

RhoA expression was upregulated in OVCAR3 -FPR2+ cells and downregulated in Caov3-shFPR2 cells

To futher study the role of FPR2 in RhoA expression, we established FPR2 overexpressed OVCAR3 cell
line (OVCAR3-FPR2+) and FPR2 knockdown Caov3 cell line (Caov3-shFPR2), as well as their control cell lines
(OVCAR3-NC, Caov3-NC). We treated each EOCs with MMK-1(Potent and selective FPR2 agonist) for 24 h.
Then RT-qPCR and Western blot were performed to detected FPR2 and RhoA expression. RT-qPCR results
showed that FPR2mRNA was remarkably increased in the OVCAR3-FPR2+ cell lines and decreased in the
Caov3-shFPR2 cell lines compared with their respective control group. After stimulated by MMK-1,
FPR2mRNA was also increased in OVCAR3-FPR2+ cell lines compared with MMK1-treated OVCAR3-NC;
however no statistical signi�cance was shown between MMK1-OVCAR3-FPR2+ cells and OVCAR3-FPR2+

cells (Fig. 2-A). RhoA expression was upregulated in OVCAR3-FPR2+ cell lines and downregulated in Caov3-

shFPR2 cell lines compared with their respective control group, and signi�cantly increased after stimulated
by MMK-1 in OVCAR3-FPR2+ cell lines compared with MMK1-stimulated OVCAR3-NC cells (Fig. 2-B).
Western-blot results also showed that FPR2 protien was remarkably increased in the OVCAR3-FPR2+ cell
lines and decreased in the Caov3-shFPR2 cell lines compared with their respective control group, either after
stimulated by MMK-1 or without treatment (Fig. 2-C). RhoA expression was also prominently decreased in
Caov3-shFPR2 cell lines with MMK-1 stimulated or not. In OVCAR3-FPR2+ cells, RhoA was highly expressed
compared with its control group after stimulated by MMK-1 (Fig. 2-D).

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

Wound healing and Transwell assays were performed to clarify the migrational ability of EOCs. Wound
healing assay showed the average migration rate had no signi�cant difference in each group of OVCAR3
cells lines (Fig. 3A). Transwell assay revealed that the number of EOCs that penetrated the Matrigel was
signi�cantly increased in OVCAR3-FPR2+ group when compared to the OVCAR3-NC group; however, It
showed no signi�cant difference among the OVCAR3 cells lines that treated with C3 transferase or not
(Fig. 3B). Wound healing assay revealed that the migration rate was signi�cantly decreased after treated
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with C3 transferase both in Caov3-NC cell lines and Caov3-shFPR2 cell lines (Fig. 3C). The number of
transmembrane cells were decreased in Caov3-shFPR2 cell lines than in the control group, but showed no
signi�cant difference. After treated with C3 transferase, the number of transmembrane cells was
evidently decreased in C3 + Caov3-NC cell lines than that in the Caov3-NC cell lines, while C3 transferase
had non-effect in FPR2 knockdown Caov3 cell lines (Fig. 3D).

The role of FPR2 stimulated Th2 cytokines secretion in EOC cells

The expression of TGF-β1, IL-4, IL-10, IL-12 and TNFα in EOC cell supernatant collected from each group
was examined by ELISA kits. The results showed that IL-4 and IL-10 expression was higher in the
supernatant of OVCAR3-FPR2+ cell lines than in the control group, and IL-10 secretion of OVCAR3 cell lines
was distinctly reduced after treated with C3 transferase. TNFα expression was signi�cantly lower in
supernatant of OVCAR3-FPR2+ cell lines than its control group, and C3 transferase would increase TNFα
secretion of OVCAR3-FPR2+ cell lines. While IL-4, IL-10 and TGF-β1 expression was signi�cantly lower in
Caov3-shFPR2 cell supernatant than its control group, and C3 transferase would diminish the secretion of
IL-4, IL-10 and TGF-β1 in Caov3 cell lines. TNFα expression was evidently increased in supernatant of
Caov3-shFPR2 cell lines than its control group, and C3 transferase would decrease TNFα secretion of
Caov3 cell lines. (Fig. 4-A,B).

The Effects Of Fpr2 On Macrophage Polarization
As reported, polarization of M2 macrophages are induced by Th2 cytokines. We treated macrophages
with cell supernatant of each cell lines that we mentioned above. Subsequently, we detected M1 (iNOS)
and M2 (CD206) markers on macrophages by Flow cytometry. The results showed that iNOS expression
was signi�cantly upregulated in Caov3-shFPR2 group and was downregulated in OVCAR3-FPR2+ group;
conversely, CD206 expression was signi�cantly upregulated in OVCAR3-FPR2+ group and was
downregulated in Caov3-shFPR2 group. (Fig. 5-A,B)

FPR2 and RhoA expression on M1 and M2 macrophages.

We also examined the expressions of FPR2 and RhoA on macrophages of different phenotypes. THP-1
cells was induced to M0 macrophages by PMA, then M0 macrophages were induced to M1 or M2
macrophages by LPS + IFN-γ or IL-4, respectively. Flow cytometry was performed to detect the biomarker
of different phenotype of macrophages, and RT-qPCR and western-blot were used to detect the
expressions of FPR2 and RhoA in THP-1 cell line, M1 and M2 macrophages, respectively. The results
showed that FPR2mRNA expression increased signi�cantly in M1 and M2 macrophages compared with
THP-1 cells; and M2 macrophages showed higher expression than M1 macrophages (Fig. 6-B).
RhoAmRNA was signi�cantly upregulated in M2 macrophages compared with THP-1 cells and M1
macrophages, and no siginicant difference was shown between THP-1 cells and MI macrophages (Fig. 6-
B). Western-blot results showed that FPR2 protein was signi�cantly upregulated in M1 and M2
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macrophages compared to the THP-1 cell line; RhoA protein expression was signi�cantly decreased in M1
macrophages compared with THP-1 cells, and increased in M2 macrophages than in THP-1 cell line and
in M1 macrophages. (Fig. 6-C)

Discussion
In this study, we �rst demostrated the interactions between FPR2 and RhoA in epithelial ovarian cancer
cells. We found that RhoA expression in EOCs was increased with the overexpression of FPR2, whereas
with the knock down of FPR2 on EOCs, RhoA expression was decreased correspondingly. FPR2 is one of
the members of Formyl peptide receptors family, which belongs to G-protein coupled receptors family
(GPCRs)[14]. As we know, GPCRs play the key role in regulating the sensitivity to chemokines and the
signaling of other GPCRs involved in migration, migration requires the coordinated activation of hundreds
of proteins in distinct compartments of the cell[15]. Rho GTPases family is part of the Ras superfamily,
and Rho GTPases are highly conserved and found in nearly all leukaryotes, which act as molecular
switches and cycling between an active GTP bound form and an inactive GDP bound form. GPCRs are
activated through binding to intracytoplasmic Rho proteins and stimulate the downstream signaling
transduction. They contribute to several cellular processes and pathological processes including, cell
morphogenesis, cell polarity or migration, cancer progression, in�ammation and wound repair[16, 17].

It is suggested that FPR2 mediated the activation of Rho proteins and affected its downstream signaling
transduction. According to the study by Faour WH et, al, FPR2 agonist fMLP activated ERK1/2 and Akt
pathways through speci�c activation of FPR2/ROS/RhoA-GTPase pathway and stimulated H2O2 release
by monocytes[6]. In bone marrow PMNs, RhoA/ROCK pathway was activated in the respiratory burst via
mFPR1 and mFPR2, RhoA was consodered 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
trigger the activation of RhoA and regulated NADPH-oxidase activity[7]. In this study, we preliminarily
clari�ed the positive correlation of FPR2 and RhoA in ovarian cancer cells, and RhoA inhibitor could
reverse the migration aibility of EOCs, which was promoted by ectopic expression of FPR2. Meanwhile,
futher studies revealed that secretion of Th2 cytokines was increased by ovarian cancer cells with high
FPR2 expression, which induces the M2-like macrophages polarization, and C3 transferase would partly
inhibite the polarozation of M2 macrophages. .

Macrophages play an indispensable role in defensing against microbial infections and tumor cells.
Tumor associated macrophages (TAMs) constitute a signi�cant part of the tumor-in�ltrating immune
cells, predominantly resemble with M2-like polarized macrophages and produce a high amount of anti-
in�ammatory factors that contribute to the development of tumor[18]. It is reported that interferon
regulatory factor 5 (IRF5) and IRF4 act as two key transcriptional regulators in regulating the polarization
of macrophages to the M1 and M2 phenotypes, respectively. IRF5 expression drives M1 macrophage
polarization by directly inducing the expression of pro-in�ammatory cytokines and repressing the
transcription of anti-in�ammatory 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
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can be also polarized or reversed by cellular signaling pathways. JNK signaling pathway activation would
induce the macrophages polarized to M2 phenotype, while activation of Notch signaling pathway would
promote M1 macrophages polarization[20].

IL-10 is an anti-in�ammatory cytokine that plays a critical role in the control of immune responses both in
in�ammation and cancer. It is a cytokine whose levels have been shown to be elevated in the tumor
microenvironment and blood of tumor bearing mice as well as ovarian cancer patients. IL-10 also acted
as a critical regulator of PD-1/PD-L1 axis for immunosuppression in ovarian tumor
microenvironment[21]. Studies showed that IL-10 regulated metabolic processes of glycolysis and
oxidative phosphorylation in macrophages and inhibited the switch to the metabolic program induced by
in�ammatory stimuli in macrophages[22]. In lung cancer, IL-10 was considered to suppresse the
in�ammatory macrophage-Th17 cell axis that is critical to tumorigenesis, and may be used to prevent
against lung cancer in high-risk patients[23]. IL4/IL4R signaling act as pro-metastatic phenotypes in
epithelial cancer cells including enhanced migration, invasion, survival, and proliferation as well. Studies
revealed that IL-4 antibody neutralization enhances anti-tumor immunity and delays tumor progression.
IL-4 blockade also alters in�ammation in the tumor microenvironment, reducing the generation of both
immunosuppressive M2 macrophages and myeloid-derived suppressor cells, and enhancing tumor-
speci�c cytotoxic T lymphocytes[24]. In our study, we found that FPR2 played an auxo-action on
secretion of IL-10 and IL-4 in ovarian cancer cells, and induction of M2 macrophages polarization.
Currently, the effect of FPR2 on macrophage polarization is unclear yet. Studies showed that FPR2 plays
a critical role in anti-tumor host immunity by limiting macrophage recruitment into the tumors and
sustaining macrophages in an M1 phenotype[13]. In Mice, FRP2 deletion reduces tissue and systemic
in�ammation by inhibiting macrophage in�ltration and M1 polarization[25]. FPR2 was also considered as
a mediator that leading to macrophage skewing in a model of skeletal muscle injury and repair, which
accelerating muscle regeneration[26]. The results in this study demonstrated that FPR2 participated in
M2 macrophages differentiation. It has been generally accepted that M1 macrophages are responsible
for stimulation of immune system and in�ammation while M2 macrophages play a role in cancer and
tissue repair. Our results showed that FPR2 was expressed differentially 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 performe an M2 macrophage phenotype, which
still needed a further study.

Conclusion
In this study, RhoA expression was signi�cantly increased in EOCs along with the overexpression of FPR2,
which showed a positive correlation by Pearson correlation analysis. Moreover, FPR2 promoted the
migrational ability of EOCs, and RhoA inhibitor played an adverse effect in EOC migration. In addition,
FPR2 stimulated the secretion of Th2 cytokines by EOCs, which induced macrophages differentiate to M2
phenotype, while RhoA inhibitor stimulate the secretion of Th1 cytokines and induce macrophages
differentiate to M1 phenotype. Therefore, we suggested that FPR2 stimulated M2 macrophage
polarization and promote invasion and metastasis of ovarian cancer cells through RhoA. Futher study of
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the mechanisms on FPR2-regulated macrophages polarization and its role in ovarian cancer progression
was need.
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Figure 1

(A) FPR2mRNA was upregulated in EOCs than in normal ovary cell line(*P 0.05), (**P 0.01). (B)
RhoAmRNA was upregulated in EOCs than in normal ovary cell line(**P 0.01). (C) Positive correlation
between FPR2 and RhoA, Pearson correlation coe�cient was 0.936.
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Figure 2

(A,B) RT-qPCR showed that FPR2mRNA and RhoAmRNA were signi�cantly increased in OVCAR3-FPR2+
cell lines and decreased in Caov3-shFPR2 cell lines whether MMK-1 was treated or not (**P 0.01). (C)
Western-blot showed that FPR2 protein was signi�cantly increased in OVCAR3-FPR2+ cell lines and
decreased in Caov3-shFPR2 cell lines, and was remarkably increased after stimulated by MMK-1 in
OVCAR3-FPR2+ cell lines (**P 0.01). (D) Western-blot showed that RhoA protein was signi�cantly
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decreased in Caov3-shFPR2 cell lines, while showed no statistical signi�cance in OVCAR3-FPR2+ group
and the control group; whereas RhoA was signi�cantly increased in OVCAR3-FPR2+ cell lines when
stimulated by MMK-1 (**P 0.01).

Figure 3

(A) The wound healing assay showed no signi�cant difference of cell migration rate in each group. (B)
The transwell assay showed that the number of transmembrane cells was evidently increased in
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OVCAR3-FPR2+ cell lines than that in OVCAR3-NC cell lines (*P 0.05). (C) The wound healing assay
showed cell migration rate was signi�cantly decreased in C3+Caov3-NC cell lines than in Caov3-NC cell
lines (**P 0.01). Compared to Caov3-shFPR2 cell lines, the cell migration rate was also signi�cantly
deceased in C3+Caov3-shFPR2 cell lines (**P 0.01). (D) The transwell assay showed that the number of
transmembrane cells was signi�cantly decreased in C3+Caov3-shFPR2 cell lines than that in Caov3-NC
cell lines (*P 0.05).

Figure 4

(A) IL-4 expression were signi�cantly increased in OVCAR3-FPR2+ cell lines supernatant than in its
control group (**P 0.01), and IL-10 expression was signi�cantly decreased in C3+OVCAR3-NC cell lines
than OVCAR3-NC cell lines(**P 0.01). TNFα expression was signi�cantly decreased in OVCAR3-FPR2+
cell lines supernatant than in its control group (**P 0.01), and it was also signi�cantly decreased in
OVCAR3 cell lines when treated with C3 tranferase (**P 0.01). TGF-β1 and IL-12 expression showed no
signi�cant difference in each group (P >0.05). (B) IL-4, IL-10 and TGF-β1 expression were all signi�cantly
decreased in Caov3-shFPR2 cell lines supernatant than in the control group (**P 0.01), and C3 tranferase
could evidently decrease secretion of IL-4, IL-10 and TGF-β1 in Caov3 cell lines (**P 0.01). TNFα
expression was signi�cantly increased in supernatant of Caov3-shFPR2 cell lines than its control group
(**P 0.01), and C3 transferase would decrease TNFα secretion of Caov3 cell lines (**P 0.01). IL-12
expression had no signi�cant difference between each group (P>0.05).
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Figure 5

(A) The Flow cytometry results showed that iNOS expression was signi�cantly increased in Caov3-
shFPR2 group than that in the control group, which was signi�cantly decreased in OVCAR3-FPR2+ group
than that in the control group (*P 0.05) ; (B) CD206 expression was signi�cantly increased in OVCAR3-
FPR2+ group than that in the control group, whereas it was signi�cantly decreased in Caov3-shFPR2
group than that in the control group (*P 0.05).
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Figure 6

(A) M0, M1 and M2 macrophages. (B) RT-qPCR results showed that FPR2mRNA expression and
RhoAmRNA expression were both signi�cantly increased in M2 macrophages when compared to THP-1
cells and M1 macrophages (**P 0.01). (C) Western-blot results showed that relative FPR2 and RhoA
protein expression were both evidently upregulated in M2 macrophages than in the THP-1 cells and M1
macrophages(**P 0.01), and expression of RhoA protein was signi�cantly dicreased in M1 macrophages
than in the THP-1 cells (**P 0.01).


