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Abstract. - OBJECTIVE: To determine the ex-
pression of formyl peptide receptor 2 (FPRL2)
and its drug resistance role in cancer colon
cells, and its underlying mechanisms.

PATIENTS AND METHODS: The expression of
FPRL2 and its legend (F2L) in colon cancer tissues
or cancer cells was determined by immunohisto-
chemistry assay and Real-time polymerase chain
reaction (PCR), respectively. Chemosensitivity of
5-Fu and MMC in colon cancer cells were tested
by cell counting kit-8 (CCK-8) method. Expression
of p-ERK was determined by Western blot assay.

RESULTS: The expression of FPRL2 and its
legend was significantly higher in resistant
colon cancer tissues than those in non-resis-
tant colon cancer tissues. The FPRL2 positive
cells were two-thirds in tested cell lines. All
of cells were F2L positive. The IC50 (inhibitory
concentration 50) by 5-Fu and MMC was sig-
nificantly higher in FPRL2 positive cells than
those negative cells. The expression of p-AKT
was markedly increased in FPRL2 positive cells.
Pretreatment with AKT inhibitor enhanced the
drug-sensitivity of these cells to 5-Fu and MMC.

CONCLUSIONS: The FPRL2 played a signifi-
cant role in colon cancer drug resistance and
this effect was through AKT pathway.

Key Words
Formyl peptide like receptor 2, Colon cancer, Drug
resistance, ERK, 5-Fu, MMC.

Introduction

Colorectal cancer (CRC) is the most common
cancer and the leading cause of cancer-related
mortality worldwide!. Chemotherapy is routinely
used for patients after surgical treatment with
stage III and IV colon cancer. Although adjuvant
surgical and chemotherapeutic treatment have
yielded a good success rate, the failure of treat-
ment in more than 90% of patients with meta-
static cancer is due to drug resistance’. Blocking
apoptosis was suggested to be responsible for
drug resistance; hyper-activation of anti-apop-
totic signaling pathway has frequently been ob-
served in human cancers.
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The formyl peptide receptors (FPRs) expressed
by mammalian neutrophils are 7-transmembrane
domain G-protein-coupled receptors (GPCRs)
with important roles in innate immune defense
reactions and regulation of inflammatory respons-
es*>. FPR has three isoforms: FPR1, FPR2, and
the human-exclusive FPRL2%. The human FPRs
were described to be in other primates as well as
in rodents such as rabbits®, rats, guinea pigs, and
mice’. Compared to our knowledge on the FPRs,
very little is known about the basic cell biology
of these receptors. Recent evidence suggests that
FPRL2 is a membrane mechanosensor that senses
the mechanical fluid stress and signals intracellular
cascades®, including the protein kinase B (AKT/
PKB), an essential regulator of apoptosis. In the
present study, we described that FPRL2 is present
in colon cancer cells, and then explored the rela-
tionship between the activation of FPRL2 and the
resistance of colon cancer cells.

Patients and Methods

Patients” Tumor Samples

A total of 45 FFPE blocks with tumor samples
were studied with II or III phase solitary colon car-
cinomas. Further exclusion criteria were: anamnes-
tic or synchronous other malignant tumors, known
familial adenomatous polyposis, colitis ulcerosa or
Crohn’s disease, neoadjuvant therapy, synchronous
distant metastases, emergency operation, periopera-
tive death and unknown tumor stage at the end of
follow up. All carcinomas were classified according
to the criteria of the World Health Organization and
were recorded as invasive lymph node. Clinical data
are summarized in Table 1. All patients received at
least one standard 5-Fu, mitomycin or combination
of this two chemotherapy. There is no significant
difference in the combination of 5-Fu, mitomycin
or combined chemotherapy. Thus, the pathological
specimens were divided into drug-resistant group
and non-resistant group in this study. In 45 samples,
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Table I. Clinical data of colon carcinoma patients.

Patient data

Number of patients n=45
Male n=27 (60%)
Female n=18 (40%)

Median age 60 y (range 32-79)
Median follow up 90 mo (range 2-180)
Tumor site
Colon descendens 5 (11.1%)
Colon sigmoideum 40 (89%)
Tumor stage (UICC) or
lymph node metastasis
IT or NO 22 (49%)
IIT or N+ 23 (51%)
Depth of invasion
pT2 6 (13%)
pT3 39 (87%)
Distant metastasis after n=8 (18%)

5 years follow up

there are 34 cases of drug resistance and 11 cases
without drug resistance. This study was approved
by the Ethics Committee of the First Affiliated
Hospital of Nanjing Medical University. Signed
written informed consents were obtained from all
participants before the study.

Cell culture

HT-29, CaCo-2, LoVo, HCT-116 cell lines were
purchased from the American Type Culture Col-
lection (ATCC, Manassas, VA, USA) and were
maintained in high-glucose Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with
10% fetal bovine serum (FBS).

Reagents

Fluorouracil was obtained from Haixin Phar-
maceutical Company (Xi’an, China); mitomycin/C
(MMC) was from Haizheng Pharmaceutical Compa-
ny (Zhejiang, China); Dulbecco’s Modified eagle me-
dium (DMEM) and fetal bovine serum (FBS) were
from Gibco Corporation (Rockville, MD, USA);
RNeasy Miny Kit was from the Qiagen Company
(Hilden, Germany). PrimeScript RTMaster Mix and
SYBR Premix Ex Tagll were from TaKaRa (Otsu,
Shiga, Japan). CCK-8 (Cell Count Kit 8) kit was from
Dojindo Laboratories (Kumamoto, Japan). Rabbit
anti-F2L/HBP (1-21) antibody was from Phoenix
Biotech (San Antonio, TX, USA); rabbit anti-FPRL2
antibody, horseradish peroxidase (HRP)-labeled goat
anti-rabbit IgG were from the Santa Cruz Biotechnol-
ogy (Santa Cruz, CA, USA); SuperPictureTM3rd Gen
IHC Detection kit was from the Invitrogen (Carlsbad,
CA, USA); Bicinchoninic acid (BCA) Protein Assay
Kit was from Thermo Fisher Scientific (Waltham,

MA, USA); polyvinylidene difluoride membrane
was from Millipore (Billerica, MA, USA); Anti-
AKT, anti-phospho-AKT and anti-GAPDH were
from Cell Signaling Technology (CST, Danvers, MA,
USA); AKT blocker triciribine was from Peprotech
(Rocky Hill, NJ, USA).

Immunohistochemical Analysis

After deparaffinization and rehydration, an-
tigen retrieval was performed with the citrate
buffer (pH 6.0) by heating the slides for 15
min. After blocking, sections were incubated
overnight at 4°C with the primary antibodies.
Two-step technique was used for visualization,
with diaminobenzidine (DAB) as a chromogen.
Finally, sections were counterstained with hema-
toxylin and mounted. Imaging was acquired on
an Olympus BX51 microscope using an Olympus
DP70 digital camera (Tokyo, Japan); photographs
of the tissue specimens were taken at x200.

Evaluation of immunohistochemistry

The number of positively stained cells was count-
ed in each of the 5 randomly selected consecutive
fields under 400-fold magnification. With regard to
staining diffuseness, the stained areas of sections
were graded as follows: 0- no staining; 1- < 25% of
the area stained; 2- 25-50% of the area stained; 3- 50-
75% of the area stained; 4- > 75% of the area stained.
With regards to staining intensity, the sections were
graded as follows: 0- no staining; 1- weak but de-
tectable staining above the control level; 2- distinct
staining; 3- intense staining. Total [HC scores were
obtained by adding diffuseness and staining intensity
scores. In the patient samples, scores <1.5 in cancer
tissue were considered negative staining, whereas
scores >1.5 were considered positive staining.

Real-time PCR

Total RNA was extracted from colon CC cell
lines using the RNeasy Miny Kit and Real-time
quantitative PCR (qQRT-PCR) analysis was carried
out using a BioRad iCycler iQ Real-time PCR
System (Bio-Rad, Hercules, CA, USA). Results
were calculated relative to GAPDH expression
and expressed as mean + SD or SEM. The prim-
ers used were listed in Table II.

LC50 determination

Colon cancer cell line HCT116 (PRRL2 posi-
tive) SW620 cells (PRRL2 negative) were grown in
96-well plates (100 uL, 2x10*/well) and treated with
5-Fu in the dose of 100, 50, 25, 12.5 and 6.25 mg/L,
or MMC in the dose of 10, 5, 2.5, 12.5 and 0.25
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Table II. Primers utilized in quantitative Real-time PCR assays.

Gene Forward Primer Reverse Primer

FPRL2 5’-ACTACTACGCCAAGGAGGTCAC-3* 5-GAGCAACACGGGTTCAGGT-3’
heme binding protein (HBP) 5>~ AGACGGCTCCCTAAACACTAC-3 5-GAATGCTCTATGTCACCCTCTC-3’
GAPDH 5’- TGCACCACCAACTGCTTAGC-3’ 5’- GGCATGGACTGTGGTCATGAG-3’

mg/L for 72 h. Cell viability was determined using
Cell Counting Kit-8 (CCK-8) according to the manu-
facturer’s instructions. After treatment, the CCK-8
solution (10 pL) was added to each well and the cells
were incubated for another 3 h at 37°C; the optical
density was measured at 450 nm using an absorbance
microplate reader (Bio-Tek, EIx800, Winooski, VT,
USA). Cells that stained positively with CCK-8 were
considered viable cells and expressed as a percentage
compared with control cells. The cells in the control
group were treated without treatment and only the
medium was used as a blank control. The half-dose
inhibition rate (LC50) was calculated based on the
absorbance report. The FPRL2 positive HCT116 cells
were pre-treated with AKT blocker triciribine (130
nm) and added to the above concentrations of 5-Fu
and MMC for 72 h to calculate LC50.

Western Blot Analysis

HCT-116 and SW620 cells were treated with
LC50 dose of 5-Fu and MMC for 24 h and then
lysed on ice in lysis buffer. After centrifuged at
14000 g at 4°C for 15 min, the protein concentra-
tion of lysates was determined by bicinchoninic
acid (BCA) Protein Assay Kit. Equal amounts
(25 pg/lane) of total proteins were subjected to
electrophoresis on 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE).
Following electrophoresis, proteins were electro-
transferred onto polyvinylidene difluoride (PVDF)
membranes. The membranes were then blocked
with 5% skim milk in Tris buffered saline-Tween
20 (TBST) at room temperature for 2 h and

subsequently incubated with the primary anti-
bodies (diluted 1:500-1:1000) 4°C overnight. The
membranes were washed three times in TBST
and incubated with horseradish peroxidase (HRP)-
conjugated goat anti-rabbit IgG (diluted 1:5000) for
1 h. The immune complexes were visualized by
fluorography using enhanced chemiluminescence
(ECL) system (Millipore, Billerica, MA, USA).

Statistical Analysis

Data are presented as mean + standard de-
viation (SD) of triplicate experiments. Statistical
differences between treatment groups were ana-
lyzed by Student’s #-test using Statistic Package
for Social Science (SPSS) 13.0 software (SPSS
Inc., Chicago, IL, USA). Statistical significance
was defined at p-value < 0.05.

Results

Expression of FPRLZ2 and FZ2L/HBP
(1-21) in colon cancer tissues

In immunohistochemistry analysis, 94% (32/34)
drug resistance specimen showed FPRL2 positive
staining, while only 9% (1/11) in the non-resistant
specimen showed FPRL2 positive staining. The
immunohistochemical score in drug resistance
specimen was significantly higher than that in the
non-resistant group (2.8VS0.5) (Figure 1A, B, C).
The F2L/HBP (1-21) was expressed both in drug-
resistant and non-resistant groups. There was no
significant difference in score (Figure 2A, B).
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Figure 1. Expression of FPRL2 in specimen of resistant and non-resistant colon cancer. The IHC detection of FPRL2 had on-
ly sporadic expression (magnification: 40x). (A) in the tissues of non-resistant patients and significantly increased in tissues of
drug-resistant patients (magnification: 40x). (B). Histological score (C).
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Figure 2. Expression of FPRL2 ligand F2L in specimen of resistant and non-resistant colon cancer. The IHC detection of F2L
was significantly expressed both in drug-resistant and non-resistant tissues; there was no difference in staining between the

two groups (magnification: 40x).

Expression of FPRLZ2 and F2L/HBP
(1-21) in colon cancer cells

In qRT-PCR analysis, there are 60% (3/5)
colon cancer cells expressed FPRL2, and 100%
(5/5) colon cancer cells expressed F2L/HBP (1-21)
(Figure 3A, B).

LC50

As shown in Table 111, LC50 of both 5-Fu and
MMC in HCT-116 cells (FPRL2-positive) were
significantly higher than that in those of SW620
cells (FPRL2-negative).

P-AKT expression

The expression of p-AKT in HCT-116 cells
was higher in SW620 cells treated with or without
5-Fu and MMC (Figure 4).

Discussion

Colon cancer is the third common malignant
tumor in the world, a prevalence for 1.2-5% in

total malignant tumors. In recent years, incidence
and mortality of colorectal cancer increased sig-
nificantly'. An in-depth study of the biological
characteristics of colon cancer helps to find a
solution to this common tumor.

The highly expressed formyl peptide receptor
family in inflammatory cells has three subtypes:
FPR1, FPR2 and FPRL2. The homology of FPR1
with FPR2, FPRL2 and FPR1 and FPR2 was 56%
and 83%, respectively. This study confirmed the
expression of FPRL2 in colon cancers. Mean-
while, pathogenic-derived synthetic peptides® '°
and endogenous substances derived from the
host, such as hydrolyzate of the heme binding
protein were ligands for FPRs''2. The study also
found that heme binding proteins were distrib-
uted in all detected colon cancer cell lines and
patients’ specimens, indicating that the FPRs may
be involved in certain biological characteristics
of colon tumors.

The formyl peptide receptor is a transmem-
brane G-protein coupled receptor that mediates
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Figure 3. The mRNA expression of FPRL2 (A) and its ligand F2L (B) in colon cancer cell lines. The data are presented as

the means£SD (n=3).
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Table Ill. The IC50 for human colorectal tumor cells
(umol/L, n=3).

Cell line 5-FU MMC
HCT-116 19.910+0.412* 0.713+0.010*
SW620 2.318+0.117 0.446+0.144

*p<0.05 vs. SW620 cell.

cellular responses. It is reported that MAPK,
AKT and STAT signaling pathways are mainly
activated after activation of FPRs, in which AKT
pathway is closely related to apoptosis® . We
suggest that FPRs may be associated with tumor
drug resistance. In this study, the expression of
FPRL2 was significantly higher in resistant colon
cancer tissues than those in non-resistant colon
cancer tissues. LC50 of two major chemothera-
peutic agents 5-Fu and MMC in FPRL2 posi-
tive cells were significantly higher than those in
FPRL2 negative cells, consistent with previous
reports'. The level of p-AKT in FPRL2 positive
cells was higher than those in FPRL2 negative
cells either treated with or without MMC and
5-Fu. These results indicate that the FPRL2 par-
ticipates in at least part of the drug resistance
through the AKT pathway.

Colorectal cancer resection is the main treat-
ment. But for unresectable patients, high recur-
rence and poor prognosis are still the serious
problem. Therefore, to improve the effect of
adjuvant treatment of colon cancer is an impor-
tant strategy to improve the prognosis of colon
cancer. It is important to improve the sensitivity
of colon cancer chemotherapy, since most colon
cancer cells are resistant to chemotherapeutic

agents. Improve the prognosis of colon cancer
is of great significance. However, the drug re-
sistance research is poor. Multiple mechanisms
involved in drug resistance, including the ac-
cumulation of drugs in the cells reducing the
increased repair capacity', enhanced anti-apop-
totic ability'®!, and the survival of tumor envi-
ronment conduced resistance to chemotherapy
drugs'®2°,

Conclusions
This study presents another view of colon can-

cer cell resistance, which may increase the sensi-
tivity of colon cancer to chemotherapeutic drugs.

Acknowledgments

This work was supported by the Jiangsu Province Health
Department Foundation (J201210). The funders had no role
in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Conflict of Interest

The authors declared no conflict of interest.

References

1) SieceL R, NaisHabHAm D, JEmAL A. Cancer statistics,
2012. CA Cancer J Clin 2012; 62: 10-29.

2) Nozawa H, IsHiHARA S, Kawal K, HATA K, KivomATsu
T, Tanaka T, NisHikawa T, OtaNnl K, Yasuba K,

HCT-116 SW620

MMC

p-AKT

t-AKT

GAPDH

HCT-116 SW620

-t -t  5Fu
W w0« p-AKT
---- GAPDH

Figure 4. The expression of pAKT in cells treated with or without 5-FU and MMC. The level of pAKT in FPRL2-positive
cells (HCT-116) was significantly higher than that in FPR3-negative cells (SW620). GAPDH was used as the loading control.



L.-D. Su, J.-M. Peng, Y.-B. Ge

Sasaki K, Murono K, NaAkasmA J, WATANABE T.
Characterization of conversion chemotherapy
for secondary surgical resection in colorectal
cancer patients with lung metastases. Oncology
2017; 92:135-141.

3) DaHiGren C, GasL M, Hoiprelor A, WINTHER M,
Forsman H. Basic characteristics of the neutro-
phil receptors that recognize formylated peptides,
a danger-associated molecular pattern gener-
ated by bacteria and mitochondria. Biochem
Pharmacol 2016; 114: 22-39.

4) Fu H, Kartsson J, Byrunp J, Movitz C, KArLssoN A,
Daxieren C. Ligand recognition and activation of
formyl peptide receptors in neutrophils. J Leukoc
Biol 2006; 79: 247-256.

5) YE RD, Boutay F, WaNG JM, DAHLGREN C, GErArD C,
PARMENTIER M, SERHAN CN, MurrHY PM. International
union of basic and clinical pharmacology. LXXIII.
Nomenclature for the formyl peptide receptor
(FPR) family. Pharmacol Rev 2009; 61: 119-161.

6) YE RD, QueHeNBERGER O, THomAs KM, Navarro J,
CAVANAGH SL, Prossnitz ER, CocHrRAaNE CG. The rab-
bit neutrophil N-formyl peptide receptor. CDNA
cloning, expression, and structure/function impli-
cations. J Immunol 1993; 150: 1383-1394.

7) Gao JL, MurrHy PM. Species and subtype variants
of the N-formyl peptide chemotactic receptor re-
veal multiple important functional domains. J Biol
Chem 1993; 268: 25395-25401.

8) WANG L, ZHANG S, CHEnG H, Lv H, CHeng G, Ci X.
Nrf2-mediated liver protection by esculentoside
A against acetaminophen toxicity through the
AMPK/Akt/GSK3beta pathway. Free Radic Biol
Med 2016; 101: 401-412.

9) Liu M, CHen K, YosHimura T, Liu Y, GonGg W, WANG
A, Gao JL, MureHy PM, WanG JM. Formylpeptide
receptors are critical for rapid neutrophil mobili-
zation in host defense against Listeria monocy-
togenes. Sci Rep 2012; 2: 786.

10) Rossi FW, NaroLtano F, Pesapane A, Mascolo M,

StaiBaNO S, Matucc-Cerinic M, Guipucal S, RagNo P,

DI SPIGNA G, PosTiGLIONE L, MARONE G, MoNTUORI N,

pe Pauuis A. Upregulation of the N-formyl Peptide

receptors in scleroderma fibroblasts fosters the

switch to myofibroblasts. J Immunol 2015; 194:

5161-5173.

Devosse T, Dutoit R, MigeotTe |, DE NADAI P, IMBAULT

V, Communi D, SAtmon |, ParmENTIER M. Processing

of HEBP1 by cathepsin D gives rise to F2L, the

11

~

100

agonist of formyl peptide receptor 3. J Immunol
2011; 187: 1475-1485.

12) RaBieT MJ, MAcAr L, DAHLGREN C, Boutar F. N-formyl
peptide receptor 3 (FPR3) departs from the homol-
ogous FPR2/ALX receptor with regard to the major
processes governing chemoattractant receptor reg-
ulation, expression at the cell surface, and phos-
phorylation. J Biol Chem 2011; 286: 26718-26731.

13) Hu W, ZhanG P, Gu J, Yu Q, ZnanGg D. NEDD4-1
protects against ischaemia/reperfusion-induced
cardiomyocyte apoptosis via the PI3K/Akt path-
way. Apoptosis 2017; 22: 437-448.

14) UNTErReINERAA, Paviipou A, DRuzHYNA N, PAPAPETROPOULOS
A, HeumicH MR, Szago C. Drug resistance induces
the upregulation of H2S-producing enzymes in
HCT116 colon cancer cells. Biochem Pharmacol
2017 Oct 20. pii: S0006-2952(17)30637-8. doi:
10.1016/j.bcp.2017.10.007. [Epub ahead of print]

15) Stussert LJ, SmitH JM, McKar BC. Decreased tran-
scription-coupled nucleotide excision repair ca-
pacity is associated with increased p53- and
MLH1-independent apoptosis in response to cis-
platin. BMC Cancer 2010; 10: 207.

16) Kawakami H, HUANG S, PAaL K, Dutta SK, MUKHOPADHYAY
D, Sinicrope FA. Mutant BRAF upregulates MCL-1
to confer apoptosis resistance that is reversed by
MCL-1 antagonism and cobimetinib in colorectal
cancer. Mol Cancer Ther 2016; 15: 3015-3027.

17) VioLeTTE S, PouLAiN L, Dussaulx E, Pepin D, Faussat
AM, CHAmBAZ J, LAcorTE JM, STAEDEL C, LESUFFLEUR
T. Resistance of colon cancer cells to long-term
5-fluorouracil exposure is correlated to the rela-
tive level of Bcl-2 and Bcl-X(L) in addition to Bax
and p53 status. Int J Cancer 2002; 98: 498-504.

18) Lv Y, ZHao S, HaAN J, ZHenG L, YANG Z, ZHAO L.
Hypoxia-inducible factor-1alpha induces multi-
drug resistance protein in colon cancer. Onco
Targets Ther 2015; 8: 1941-1948.

19) Sun JJ, Fan GL, WaNG XG, Xu K. The research on
the influences of hyperthermal perfusion che-
motherapy combined with immunologic therapy
on the immunologic function and levels of cir-
culating tumor cells of the advanced colorectal
cancer patients with liver metastasis. Eur Rev
Med Pharmacol Sci 2017; 21: 3139-3145.

20) DerbAk Z, Mark NM, Bewbi G, Rosson SC, WANDs
JR, Barry G. The mitochondrial uncoupling pro-
tein-2 promotes chemoresistance in cancer cells.
Cancer Res 2008; 68: 2813-2819.



