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FPR2 enhances colorectal cancer progression by promoting EMT process 
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Formyl peptide receptor-2 (FPR2) has been shown to promote various tumors, but its role in colorectal cancer (CRC) 
has not been clearly illuminated. The aim of this study was to investigate the effect of FPR2 interference on cell proliferation, 
migration, invasion, apoptosis, pro-angiogenesis of CRC cells, and also the mechanisms involved. Quantitative PCR assays 
were applied to assess the expression levels of FPR2 in CRC tissues. CRC cell line SW1116 was chosen to perform this study. 
We knocked down FPR2 gene by sh-RNA. Then, the cell proliferation was assayed by soft agar colony formation assay, the 
cell migration capacity was checked by wound healing assay, and cell invasion ability was detected by transwell assay. In 
addition, flow cytometric analysis was used to detect apoptosis, while endothelial tube formation assay was used to evaluate 
the effects of FPR2 on pro-angiogenesis in vitro. Tumorigenesis experiment in vivo was performed in nude mice. EMT-related 
proteins were studied by western blotting. Quantitative PCR demonstrated that FPR2 mRNA was highly expressed in the 
colorectal cancer tissues. SW1116 cells’ capacities of proliferation, migration, invasion, anti-apoptosis and pro-angiogen-
esis were distinctly suppressed after silencing FPR2 in SW1116 by sh-RNA. Suppression FPR2 mRNA in SW1116 cells 
suppressed tumorigenicity in nude mice. The expression of proteins related to epithelial-mesenchymal transition (EMT) 
such as E-cadherin, N-cadherin, Snail, Slug and vimentin was changed after suppressing FPR2. In conclusion, our study 
demonstrated that FPR2 could promote CRC cells progression in vitro and in vivo that may relate to promoting EMT.
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Colorectal cancer (CRC) is one of the most common 
malignancies worldwide, and its cancer-related mortality is 
the top three among all kinds of tumors [1]. Recurrence and 
metastasis are the main causes of death for CRC patients. 
Until recently, early diagnosis and surgical resection are 
still the most effective way for CRC. Lamentably, the avail-
able tumor biomarkers still lack sufficient sensitivity and 
specificity for the early diagnosis of CRC [2]. So a number 
of research groups including us are devoted to explore new 
ways to early diagnose or treat CRC.

Formylpeptide receptors-2 (FPR2), which plays an impor-
tant role in inflammatory and immune responses, is one kind 
of G-protein coupled receptors [3]. FPR2 can be expressed 
under physiologic conditions in many normal cell types, such 
as microvascular endothelial cells, hepatocytes, neuroblas-
toma cells and fibroblasts [4,5]. However, lots of malignant 
tumors cells also express FPR2, which may promote tumor 
cell proliferation, invasion, pro-angiogenesis, etc. Human 
epithelial ovarian cancer cells and gastric cancer cells highly 
express FPR2, which predicts poor prognosis and promotes 

invasion and metastasis [6,7]. FPR2 can enhance laryngeal 
squamous cells growth and metastasis through paracrine way 
when it is activated by ANXA1 ligand [8]. However, there is 
little research about FPR2 and colorectal cancer until now. 
So we attempted to study the relationship between FPR2 and 
colorectal cancer.

We used quantitative PCR (qPCR) to detect the expres-
sion of FPR2 in the colorectal tumor tissues. Then, the FPR2 
in SW1116 was knocked down by sh-RNA, while in the 
negative control group, cells were transfected by sh-RNA 
targeting nonhomologous gene. Subsequently, we studied the 
role of FPR2 in SW1116 cells by observing the proliferation, 
migration, invasion, apoptosis and pro-angiogenesis ability 
of each group of CRC cells. 

Materials and methods

Patients and samples. We collected the patient’s tumor 
tissues and adjacent normal mucosa of 50 cases, which were 
definitely diagnosed with CRC and resected by surgery at 
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Ruijin Hospital, Shanghai Jiao Tong University School of 
Medicine from 2012 to 2015. These patients never received 
chemotherapy or radiotherapy before surgery.

Cell line and culture conditions. Seven human CRC 
cell lines (SW1116, HCT116, LoVo, SW620, RKO, Ht29 and 
Caco2) were purchased from the American Type Culture 
Collection (ATCC, Manassas, VA, United States) and 
cultured by Leibovitz’s L-15 with 10% fetal bovine serum 
(FBS) (Gibco, Waltham, MA, USA). Cells were incubated 
with 5% CO2 at 37 °C.

Quantitative PCR. FPR-2 primers were used as described 
[7]: FPR2 forward, 5’-AGTCTGCTGGCTACACTGTTC-3’; 
reverse, 5’-TGGTAATGTGGCCGTGAAAGA-3’. TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA) was applied to 
extract total RNA. And reverse transcription kit (Invitrogen, 
Carlsbad, CA, USA) was used to perform reverse transcrip-
tion. Quantitative PCR was performed using SYBR® Green 
PCR Master Mix (Applied Biosystems, Warrington, UK) 
according to the manufacturer’s protocol. GAPDH was 
measured as control.

Western blotting analysis. Protein from CRC cell line 
was extracted by RIPA Lysis Buffer (Beyotime Biotechnology, 
China) including 1% PMSF (protease inhibitor, Thermo, 
USA). The protein concentration was determined by bicin-
choninic acid (BCA) protein assay using BCA Protein 
Assay Kit (Thermo, USA). The samples and reagent were 
subsequently loaded into an electrophoresis chamber and 
separated by electrophoresis. Then, protein was transferred 
to the nitrocellulose by a western blot transfer apparatus 
(Bio-Rad Laboratories, USA) according to the standard 
protocol. The following antibodies were used to detect the 
protein expression respectively: rabbit polyclonal anti-FPR2 
antibody (Abcam, UK, 1:5000); Epithelial-Mesenchymal 
Transition (EMT) Antibody Sampler Kit (including E-cad, 
N-cad, Slug, and others, Cell Signaling, USA, 1:1000); Rabbit 
polyclonal anti-GAPDH antibody (Cell Signaling, USA, 
1:1000). Immunoblot images were scanned using an Odyssey 
Infrared fluorescence scanner (Lincoln, NE, USA).

Vector construction and transfection. The sh-RNA 
with plasmid targeting FPR2 was purchased from GenePh-
arma (Shanghai, China). The shRNA sequences, which 
referred to Xiaohui Xie’s research were as follows: ccggGGC-
CAAGACT TCCGAGAGAGActcgagTCTCTCTCG-
GAAGTCTTGGCCtttttg [7]. SW1116 cells were seeded onto 
24-well plates at density of 1×105 cells per well before trans-
fection. Then the cells in experimental group were trans-
fected by sh-RNA with plasmid targeting FPR2 mediated 
with Lipofectamine2000™ until cell density was around 90%. 
In negative control group, cells were transfected by sh-RNA 
with plasmid targeting nonhomologous gene in the same 
way. Total RNA and protein of cells were extracted 48 h later. 
Finally, quantitative PCR and western blotting techniques 
were applied to detect the shRNA inhibition efficiency.

Sof﻿t agar colony formation assay. sh-RNA targeting 
FPR2/nonhomologous gene transfected SW1116 cells were 

resuspended with 0.3% soft agar (Sigma, MO, USA) in Leibo-
vitz’s L-15 containing 10% FBS in six-well plates (1×103 cells 
per well). And then they were layered on 0.6% solidified agar 
in Leibovitz’s L-15 with 10% FBS. The plates were stained 
with crystal violet for 1 h after they were incubated with 5% 
CO2 at 37 °C for 2 weeks. Colonies were not counted unless 
containing more than 50 cells.

Wound-healing assay. Cells (1×105/well) were seeded 
on 24-well plates and grown to reach 90% confluence. Then 
scratches were uniformly made on the cells by a small pipette 
tip after attachment. Finally, the healing of scratches was 
examined under a microscope after the cells were incubated 
at 37 °C in 5% CO2 for another 36 h.

Cell invasion assay. In vitro invasion capabilities were 
measured by transwell chambers (Corning, NY, USA). Each 
chamber was coated with 50 μl Matrigel (1:8 dilution; BD 
Biosciences, San Jose, CA, USA) on the upper compart-
ment before cell seeding. When the glue solidified after 12 
hours, each group of cells (5×104) was seeded in every upper 
chamber with serum-free medium. Cell culture medium 
containing 20% FBS was added in the lower chambers. After 
incubating for 24/48 hours, cells were fixed by methanol 
(100%) and stained with crystal violet (1%) at 37 °C for 30 
min. Cells fixed on the lower side of the membranes were 
counted under the microscope.

Flow cytometric analysis for apoptosis. 3.3×105 SW1116 
cells per well were seeded into six-well plates without any 
antibiotics. 24 hours later, the cells were transfected with 
shRNA to FPR2 or scrambled sh-RNA. After 48 hours of 
transfection, two groups of cells were diluted and stained 
with AnnexinV/PI double staining kit (BD Biosciences, USA) 
according to the protocol. Finally, a FACScan (Beckman 
Instruments, Fullerton, CA, USA) was applied to detect the 
apoptotic cells.

Tube formation assay. The 48-well plate was coated 
with Matrigel uniformly at 100 μl/well and incubated for 
30 minutes until polymerizing. Human umbilical vein 
endothelial cells (HUVEC) (5×104 cells/well) were plated 
on the Matrigel with the culture medium from SW1116 and 
incubated for 5 h at 37 °C, 5% CO2.

Tumorigenesis experiment in vivo. 4 weeks old of 
male nude mice (BALB/C) were purchased from Shanghai 
Laboratory Animal Center of Chinese Academy of Sciences 
(Shanghai, China) and kept in a strict sterile laboratory of 
our hospital. We selected 20 nude mice in good condition 
and randomly divided them into 2 groups equally (Group 
1 and Group 2). Mice of Group 1 were subcutaneously 
injected with 100 μl SW1116 cells (conducted with sh-FPR2, 
1×106 cells) into the right flank, while mice of Group 2 were 
injected with identical dose of SW1116 cells (conducted with 
sh-NC, 1×106 cells) in the identical location to construct the 
tumor-bearing model. Mice were sacrificed after 4 weeks 
and the tumors were resected and measured. Tumor volume 
(mm3) was calculated by a reduced formula: 0.5x2y (x means 
the shorter diameter and y means the longer diameter). We 
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chose another 20 nude mice and performed the investigation 
of their overall survival. These 20 mice were grouped Group 
I–II and processed as the same as the mice in Group 1–2. 
All the animal trials were performed with the approval and 
supervision by the Animal Ethics Committee of our unit.

Statistical analysis. Statistical analysis was performed 
using SAS 8.0 (SAS Institute Inc., Cary, NC, United States). 
All the data were expressed as mean ± SD, and all the assays 
were repeated more than three times. Wilcoxon Matched-
Pairs Signed-Ranks Test was applied to analyze the results 
of quantitative PCR, which demonstrated the relative expres-
sion value of FPR2 mRNA in tissues. Rank sum test was 
applied to analyze soft agar colony formation assay, wound-
healing assay, invasion assay, cell apoptosis assay, endothe-
lial tube formation assay and nude mouse tumorigenicity 
assay. Overall survival was compared by the log-rank test. A 
p-value <0.05 was considered statistically significant.

Results

High expression of FPR2 in CRC tissues. We took 50 
cases of CRC tissue and normal tissue adjacent to tumor to 
explore the difference of FPR2 mRNA expression. Quantita-
tive PCR results indicated that FPR2 mRNA expression in 
tumor tissues was significantly higher than normal tissues 
(p<0.05, Figure 1A). The expression of FPR2 in seven CRC 
cell lines was detected by quantitative PCR. Results show that 
FPR2 is highly expressed in SW1116 cell line (Figure 1B). 
Because of the good state of the SW1116 cell line, we chose 
it for our research.

Silencing of FPR2 decreased proliferation, migration 
and invasion. Quantitative PCR analysis and western blotting 

results demonstrated that the expression of FPR2 (mRNA and 
protein) was reduced by the shRNA distinctly (Figure 2A, B). 
Analysis of colony formation assay revealed that the prolif-
eration of SW1116 cells was significantly weakened when 
FPR2 was downregulated (Figure 2C), obviously less colonies 
in sh-FPR2 group than in the control group (57.4±14.40 vs. 
122.2±17.12, p<0.05). Also wound-healing assay demon-
strated that the cells in the experimental group migrated at 
shorter distances than the control group in 36 h (0.8±0.25 vs. 
1.7±0.19). It means that cell migration ability of SW1116 cells 
was obviously weakened when FPR2 was downregulated by 
shRNA. The difference was statistically significant (p<0.05) 
(Figure 2D). Transwell assay was used to verify the effect of 
FPR2 on SW1116 cell invasion in vitro. The results showed 
that the number of invaded cells was abated after SW1116 
was treated with shRNA to FPR2. The difference showed 
statistically significant (p<0.05, Figure 2E).

FPR2 can inhibit apoptosis of SW1116 cells. Cell 
apoptosis analysis was carried out to detect the apoptosis 
of SW1116 cells. Results showed SW1116 cells induced a 
distinct decrease in the apoptosis rate after downregulating 
FPR2 (24.9±4.58 vs. 6.8±0.89, p<0.05) (Figure 3A). There-
fore, FPR2 can obviously inhibit apoptosis of tumor cells.

FPR2 promoted the angiogenesis of SW1116 cells in 
vitro. We further investigated the effects of FPR2 on the 
pro-angiogenesis capabilities of CRC cells in vitro. When 
the HUVEC cells were stimulated by the culture medium 
of SW1116 cells with silenced FPR2, the number of tube 
formation was observably lower than in the negative control 
(p<0.05, Figure 3B).

FPR2 enhanced tumorigenesis in vivo. The growth rate 
of nude mice tumors in sh-FPR2 group was significantly 

Figure 1. A) Relative expression of FPR2 mRNA in tumor samples (T) was significantly increased in comparison to normal (N) tissues. B) The expres-
sion of FPR2 mRNA in seven CRC cell lines.
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Figure 2. The effectiveness of FPR2 silencing on A) FPR2 mRNA and B) protein levels, C) soft agar colony formation, D) migration and E) invasion of 
SW1116 cells compared to sh-NC control. *: means p<0.05.
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slower than that of control group. The results showed that the 
tumor volumes of mice in Group 1 were significantly smaller 
than that of Group 2 (1550±376.95 vs. 3201±762.53, p<0.05, 
Figure 4A). Furthermore, the overall survival of nude mice in 
the Group I was significantly longer than that in the Group 
II (Figure 4B).

FPR2 enhanced migration and invasion of SW1116 cells 
by promoting EMT. It is well known that epithelial-mesen-
chymal transition (EMT) of tumor cells is closely related to 
tumor metastasis. To investigate whether FPR2 enhanced 
SW1116 cells migration and invasion by promoting EMT 
process, we applied an EMT Antibody Sampler Kit (Cell 
Signaling Technology, USA). Results demonstrated that 
when FPR2 of SW1116 was downregulated, the expression 

of E-cadherin gene increased. However, the expression of 
N-cadherin, slug, snail and vimentin decreased significantly 
(Figure 5).

Discussion

According to current researches, FPR2 can promote the 
development of numerous solid tumors, such as ovarian 
cancer, gastric cancer, lung cancer, laryngeal squamous cell 
cancer [6–11]. But the role of FPR2 in CRC is rarely reported. 
We conjecture that FPR2 can also promote the development 
of CRC.

FPR2 is highly expressed in various tumor tissues such as 
ovarian cancer and gastric cancer [6, 7]. In our study, quanti-

Figure 3. A) The apoptosis rate of sh-FPR2 group was significantly higher compared to control group (p<0.05), B) Tube formation using HUVEC cells 
demonstrated (expressed as number of branch points x number of branches per field) a decrease in sh-FPR2 in comparison to control sh-NC group. * 
means p<0.05.

Figure 4. The tumor volumes in Group 1 (mice injected with sh-FPR2 transfected SW1116 cells) were significantly smaller than in the control Group 2 
mice; the overall survival of Group I and Group II shows statistically significant difference. * means p<0.05.
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tative PCR results showed that FPR2 was highly expressed 
in CRC tissues, but downregulated or absent in normal 
colorectal tissues. It suggests that FPR2 may play a role in 
promoting colorectal cancer. CRC cell line SW1116 was 
screened to perform cytology experiments due to its high 
expression of FPR2 and good condition. FPR2 has been 
reported to promote the proliferation of laryngeal squamous 
cell carcinoma and breast cancer [8, 10]. Our study also 
demonstrated that FPR2 promoted tumor proliferation of 
CRC cells by soft agar colony formation assay. FPR2 can 
promote migration and invasion of gastric cancer, ovarian 
cancer and glioma [6, 7, 11], while our research results 
(wound healing assay and cell invasion assay) also revealed 
that FPR2 could enhance the migration and invasion ability 
of CRC cells. Xie et al. revealed that FPR2 could promote 
tumor angiogenesis in ovarian cancer [7]. In our study, 
tube formation assay also demonstrated that FPR2 could 
promote tumor angiogenesis in CRC cells. In addition, our 
study found that FPR2 could inhibit CRC cell apoptosis by 
flow cytometric analysis. Therefore, our study shows that 
FPR2 can promote the proliferation, migration, invasion, 
pro-angiogenesis and anti-apoptosis of CRC cells in vitro.

To further confirm the tumor-promoting effect of FPR2, 
in vivo experiments are also essential. Recent studies have 
shown that FPR2 promotes gastric and breast cancer 
progression in vivo [6, 10]. In our study, nude mice assay 
demonstrated that FPR2 could promote the growth of CRC 
cells in vivo. Moreover, higher expression of FPR2 predicted 
shorter survival. In conclusion, our study revealed that FPR2 
promoted CRC cells in vitro and in vivo. It indicates that 
FPR2 may play an important role in promoting the growth 
and metastasis of CRC. 

 It has been clear that EMT process promoted tumor 
migration and invasion [12]. And reports showed that FPR2 
enhances gastric cancer and lung cancer progression by 
promoting EMT process [6, 13]. Our research also demon-

strated that FPR2 could downregulate E-cadherin and upreg-
ulate N-cadherin, Snail and Vimentin obviously. It suggested 
that FPR2 could promote EMT process in CRC cells. Whether 
FPR2 can promote other CRC cell lines and whether there 
are any other mechanisms that FPR2 promoted CRC will be 
explored in our further researches.

In conclusion, FPR2 can promote colorectal cancer 
progression in vitro and in vivo. And it may relate to 
promoting EMT.
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Figure 5. Changing of EMT-related proteins expression in FPR2 silenced SW1116 cells.
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