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regulate autophagy in PMA-stimulated neutrophils
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ABSTRACT

Formyl peptide receptor 2—lipoxin receptor (FPR2/ALX) and its agonists are well-defined mechanisms in anti—
inflammatory and pro—resolving response, and neutrophils actively participate in inflammation. However, FPR2/
ALX expression in neutrophils and the effects of FPR2/ALX agonist in autophagy of neutrophils under inflam—
matory circumstances are not fully understood. In this study, flow cytometric analysis and real-time PCR were
used to detect the protein and mRNA expression of FPR2/ALX in neutrophils in healthy volunteers and septic
patients. The effects of FPR2/ALX agonist BML-111 alone or with pro—inflammatory stimulant in neutrophils
were assessed by Western blot. The results showed that both protein and mRNA expression of FPR2/ALX in neu—
trophils in patients with sepsis were significantly increased compared with that in healthy subjects (P<0.05). PMA
promoted the conversion of LC3— 1 to LC3— II in neutrophils, a key marker of autophagy. BML~-111 alone had
no effect on autophagy in neutrophils. Nevertheless, BML—-111 reduced PMA—induced LC3 processing in neu—
trophils. Our results indicated that FPR2/ALX expression increased in neutrophils in septic patients. FPR2/ALX
agonist BML-111 reduced LC3 processing in neutrophils with pro—inflammatory stimulation. These findings
demonstrated a novel effect of FPR2/ALX activation in regulating autophagy.
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INTRODUCTION

important role in the resolution of inflammation via
binding to formyl peptide receptor 2—lipoxin receptor
(FPR2/ALX), which has been shown to exert regula—
tory and organ protective functions in sepsis'™ .

Neutrophils have a pivotal role in sepsis as one of

the first line of innate immune defense. These cells

Sepsis, a life—threatening clinical organ dysfunc—
tion syndrome caused by dysregulated host response
to infection'", is a major cause of mortality and critical

illness worldwide™, and its incidence is increasing'.

Sepsis is now recognized to involve early activation
of both pro— and anti-inflammatory responses, and
endogenous anti—inflammatory mediators are present
to ensure the stabilization of the host response, among
which lipoxin A4 (LXA4) and annexin A1l are the best
studied. Pro-resolving mediators like LXA4 play an
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migrate from the circulating blood to the infected area
to engulf and eliminate microorganisms via phago—
cytosis, degranulation, production of reactive oxygen
species (ROS), antimicrobial peptides secretion and the
formation of neutrophil extracellular traps (NETs)".
After performing their anti—-microbial action, these
cells undergo apoptosis and are phagocytized by
macrophages, allowing the recovery of the balance of
immune defense. Since the excessive and improper
activation of neutrophils could cause tissue damage
and participate in the pathogenesis of organ dysfunc—
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tion in sepsis'". Therefore resolving inflammation is
of utmost importance to avoid host damage.

FPR2/ALX has been shown to be one of the re—
ceptors involved in the resolution of inflammation.
Growing evidence indicates that the activation of
FPR2/ALX by pro-resolving mediators regulates the
function of neutrophils. FPR2/ALX agonist LXA4
regulates neutrophil—platelet aggregation in inflam—
matory diseases[g’g], affects the formation of NETS[IO],
increases bacteria clearing function''", attenuates
tumor necrosis factor (TNF-a)—initiated neutrophil
responses and trafficking'””', and down-regulates pro—
inflammatory gene expression. These studies indicated
that this anti—inflammatory receptor and its pro—re—
solving agonists serve regulatory functions in neutro—
phils during the host defense response. Even though,
the effect of pro—resolving mediators on neutrophils
remains to be completely elucidated.

Autophagy is the major intracellular degradation
system, which is characterized by the formation of
double—membrane autophagosomes. A key marker
of autophagosome formation is the proteolytic
cleavage of cytoplasmic microtubule associated
protein 1 light chain 3 (LC3) to generate LC3— [ which
then conjugates to phosphatidylethanolamine to form
LC3— I . LC3~ II is then recruited and incorporated
into the autophagosomal membrane'”. Autophagy
plays a multifunctional role in infection, inflammation
and immunity, by regulating interactions with innate
immune signaling pathways, removing endogenous
inflammasome agonists and affecting the secretion
of immune mediators'". Recent studies have shown
that autophagy regulates neutrophil degranulation, and
plays an important role in the inflammatory activity
of neutrophils"” and pro-resolving lipid mediators
15—epi—LXA4. The resolvin D1 improves both sur—
vival and functionality of macrophages by activating
autophagy'®. Nevertheless, whether LXA4 regulates
autophagy in neutrophils under inflammation condi—
tions has not been addressed.

In the present study, we aim to determine the ex—
pression of FPR2/ALX in neutrophils in patients with
sepsis and find whether FPR2/ALX activation by pro—
resolving mediators regulates autophagy in neutrophils
with inflammatory stimulation. FPR2/ALX expression
in neutrophils from sepsis patients up—regulated com—
pared with that from healthy subjects. The neutrophils
isolated from healthy volunteers with the stimulation
of phorbolmyristate acetate (PMA) were used as a
cell model to study whether pro-resolving media—
tors affect autophagy in neutrophils in vitro. Here for
the first time, the study showed that the activation
of FPR2/ALX by adding a LXA4 analogue 5(S) and

6(R)—-7—trihydroxymethyl heptanoate (BML—-111) de—
creased LC3 processing in neutrophils. These findings
provided new evidence that pro—resolving mediators
exerted a regulating role in neutrophils via FPR2/ALX
under inflammation conditions.

MATERIALS AND METHODS

Sample collection and preparation

The study protocol was in accordance with the
Declaration of Helsinki and has been approved by the
Ethics Committee of Daping Hospital, Army Medi—
cal University. All blood samples were obtained after
informed consent. Samples of patients with sepsis were
collected within 24 hours after diagnosis of sepsis by
doctors in Daping Hospital s intensive care unit (ICU).
The diagnosis of sepsis and severe sepsis in our study
was based on the definition of Sepsis—3 (Third Inter—
national Consensus Definition for Sepsis and Septic
Shock)". Patients with infection and infection—induced
organ dysfunction [a Sequential Organ Failure Assess—
ment (SOFA) score of 2 points or more] were enrolled
in the study. Healthy control samples were collected
from healthy volunteers. Peripheral venous blood was
collected aseptically from each subject into ethylen—
ediamine tetraacetic acid (EDTA) anticoagulant tubes.
Each sample was numbered and de—identified.

Isolation of neutrophils

Neutrophils were isolated from peripheral blood
samples by centrifugation with separation medium
(Haoyang, Tianjin, China) within 2 h after collection,
according to the manufacturer’s instructions. Briefly,
the separation medium and peripheral blood were care—
fully added into a 15 mL centrifuge tube respectively to
form a two layer column and then centrifuged at 600g
for 30 min at 22 C . The white supernatant layer (which
is rich in neutrophils) was collected and treated with
red blood cell lysing buffer (Beyotime, Shanghai,
China) to remove the residual red blood cells. After
3 washes with washing buffer, neutrophils were re—
suspended in RPMI 1640 medium (Hyclone, Utah,
USA) which was supplemented with 10% fetal bovine
serum, and then counted using a cell count plate. Neu—
trophil purity (>98%) was checked by CD15 fluores—
cence combined with side scatter and viability (>95%)
by trypan blue staining.

Flow cytometric analysis for FPR2/ALX expres—
sion in neutrophils

Totally 50 pL fresh whole blood was treated with
red blood cell lysing buffer and centrifuged to harvest



Human FPR2/ALX receptors are highly expressed in septic patients and regulate autophagy in 151
PMA-stimulated neutrophils, 2018, 2(3)

cells. Fc—block cells with blocking IgG for 15 min at
room temperature were incubated with FITC conju—
gated anti-hFPRL1/FPR2 antibody (R&D systems,
USA) for 30 minutes in the dark. After two washes
with flow cytometry staining buffer, cells were re—
suspended in the buffer and analyzed on a BDAc-
curi C6 flow cytometery. Data were analyzed using
FlowJo 7.6 software (BD Biosciences). Mouse IgG
FITC—conjugated control antibody was used as iso—
type control to confirm the specificity of the proce—
dure. Neutrophils were gated by using forward and
side scatter and analyses were carried out on 20,000
events for each sample. Results were expressed as the
percentage of positive cells. Median fluorescence in—
tensity (MFI) was also recorded for analysis.

Real-time reverse transcriptase—polymerase
chain reaction (RT-PCR) for FPR2/ALX ex-
pression

The total RNA was extracted from neutrophils and
quantified. Reverse—transcription was performed with
PrimeScript™ RT reagent Kit with gDNA Eraser
(Takara Bio Inc, Japan) and cDNA was amplified by
real-time PCR with SYBR® Green Realtime PCR
Master Mix (Toyobo Co, Osaka, Japan). The sequenc—
es of primers were as follows: human B—actin, forward
5" —-CTGGGACGACATGGAGAAAA-3" and reverse
5'-GGCTGGGGTGTTGAAGGTCT-3"; human
FPR2, right 5’'-GCCAGCAGACTCATAGGACA-3"
and left 5’~-GCACACAGGAAAAGGAGCTT-3".
Relative expression levels were determined with the
comparative cycle threshold (C;) method for relative
gene expression quantification against B—actin.

Western blot for LC3 expression

Human neutrophils (3x10° cells/mL) were sus—
pended in RPMI and incubated with 25 nmol/L PMA
for 30 min at 37 C under a 5% CO, atmosphere. Then,
the cells were harvested and whole—cell lysates were
prepared. The protein concentrations were deter—
mined using a bicinchoninic acid (BCA) protein as—
say kit (Beyotime, Shanghai, China). The lysates (20
to 40 pg of each sample) were separated by sodium
dodecyl sulfate 8%~12% polyacrylamide gel electro—
phoresis, and transferred to a polyvinylidene fluoride
membrane for 90 min at 110 V in a blotting system
(Bio—Rad, USA). Membranes were placed in block—
ing buffer (5% no fat dry milk), and incubated over—
night at 4 C with corresponding antibodies. To ensure
equivalent amounts of protein in each lane, rabbit
polyclonal antibody to GAPDH (1:1,000) was used as
internal loading control. Detection was achieved us—

ing swine anti—rabbit HRP-linked secondary antibody
(Cell Signaling Technology, USA), followed by Im—
mobilon™ Western chemilumenescent HRP substrate
(Millipore, USA). Immunoreactive bands were visu—
alized and quantified by Bilber Fusion Fx Instruments
(BilberLourmat, France).

Statistical analysis

Statistical analyses were performed using SPSS
Statistics 19.0 (IBM SPSS, Chicago, IL, USA). Con—
tinuous variables were summarized as means and SDs,
or medians and interquartile ranges (IQRs), as ap—
propriate to each measure. Categorical variables were
summarized as counts and percentages. Statistical
analysis was performed using the independent Student
f test or )’ test as appropriate. P<0.05 was defined as
statistically significant.

RESULTS

Patient characteristics and neutrophil parameters

A total of 27 septic patients and 15 healthy subjects
were enrolled in the study. The clinical characteristics and
neutrophil parameters were summarized in Table 1. The
septic patients” mean SOFA score was 7.6, and nearly
half of them were identified as severe sepsis, suggest—
ing severe organ dysfunction in these patients. The 27
septic patients included 11 patients with underlying
abdominal infection, 5 patients with trauma, 5 pa—
tients with respiratory tract infection, 3 patients with
infection of the urinary tract, 3 patients with primary
bacteremia, and 1 patient with maxillofacial infection.

Table 1 Summary of patient characteristics and neu-
trophil parameters

Characteristics Healthy control(n=15) Septic patients(rn=27)

Demographic profile

Agelyears, median(IQR)] 50(39~60) 62(57~73)
Male[n(%)] 10(66.7) 18(66.7)
SOFA score(mean+SD) - 7.6+£3.9
Severe sepsis[n(%)] - 13(48.1)
Infectious diagnosis[n(%)]
Abdominal infection - 11(40.7)
Trauma - 5(18.5)
Pneumonia - 5(18.5)
Urinary tract infection - 3(11.1)
Blood stream infection - 3 (11.1)
Maxillofacial infection - 1(3.7)
Neutrophil parameters(mean+SD)
PMN count(x10"/L) 5.7+1.4 14.4+8.8
PMN/WBC ratio(%) 60.4+6.8 82.6+12.1°7

IQR: interquartile range; n: number; SOFA: sequential organ failure as—
sessment; SD: standard deviation; PMN: polymorphonuclear leukocyte.

" P<0.05, septic patients vs. healthy control.
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Among these patients, 1 patient had both respiratory
infection combined with abdominal infection. Both
polymorphonuclear leukocyte (PMN) count and PMN/
white blood cell ratio were significantly higher than
that in the healthy subjects (P<0.05).

Up-regulation of neutrophil FPR2/ALX ex-
pression in patients with sepsis

Previous publications have shown that FPR2/ALX
expression in neutrophils may change in certain in—
flammation diseases, like preeclampsia''” and severe

asthma''”. To evaluate whether this receptor expres—
sion is up— or down-regulated in sepsis, the FPR2/
ALX expression in the neutrophils of sepsis samples
and healthy samples was detected(Fig.1). The neutro—
phils” purity was detected by flow cytometric analysis
immediately after isolation from whole blood and was
found to be >98% in each sample. The mRNA ex—
pression of FPR2/ALX in neutrophils separated from
peripheral blood was detected by real-time PCR and
was found significantly up—-regulated in patients with
sepsis compared with healthy subjects, as shown in
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Fig. 1 The expression of FPR2/ALX increased in neutrophils of septic patients. (A)The mRNA expression of FPR2/

ALX in neutrophils isolated from patients with sepsis and healthy control were detected by real-time PCR(n=15; "P<0.05 vs. con—

trol); (B) Percentage of FPR2/ALX positive neutrophils in patients with sepsis and healthy controls by flow cytometric analysis(n=13;

"P<0.05 vs. control).

Fig. 1A. Similar changes in neutrophil FPR2/ALX at
protein levels were also confirmed by using flow cy—
tometric analysis (Fig. 1B).

BML-111 decreased LC3 processing in PMA-
stimulated neutrophils

To evaluate whether pro—resolving mediator plays a
role in neutrophil autophagy under inflammation con—
ditions, neutrophils were pre—incubated with different
concentrations of BML-111 before PMA stimulation.
As pro—resolving lipid mediators like 15—epi—LXA4
and resolvin D1 can activate autophagy in macro
phages"”, whether pro-resolving agonist BML—111
activates autophagy in neutrophils was firstly tested.
The treatment with BML~111 in neutrophils, or a rel—
atively high concentration of a stable LXA4 analogue,
did not affect autophagy level, which was revealed by
LC3- II expression, an autophagy marker. As shown
in Fig.2, 25 nmol/L PMA induced a significantly in—

crease in the formation of LC3— II . Pretreatment
with BML-111 for 30 minutes before stimulation
with PMA caused a decrease of LC3— II expression.
These findings indicated that BML—-111 alone did not
decrease autophagy in neutrophil, but could decrease
PMA-—induced autophagy in neutrophils via the acti—
vation of FPR2/ALX.

DISCUSSION

The present work contributes with several im—
portant findings. First, the FPR2/ALX expression in
neutrophils in sepsis patients increased significantly
compared to that in healthy controls. Second, the ac—
tivation of FPR2/ALX decreased autophagy induced
by PMA. Moreover, the study showed a functional
interplay of FPR2/ALX and autophagy mechanisms
ex vivo, i.e., FPR2/ALX agonist BML—-111 caused a
significant reduction of LC3 processing. Our results
indicated the possible mechanism of pro—resolving
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Fig.2 FPR2/ALX agonist BML-111 inhibited PMA-induced LC3 processing. (a)Neutrophils isolated from healthy
volunteers were treated with vehicle or 25 nmol/LL PMA or BML-111 1 pmol/L for 30 min, and then the protein levels of LC3— [
and LC3— I were detected by using Western blot. (b)Neutrophils isolated from healthy volunteers were treated with vehicle or 25

nmol/L PMA for 30 min in the presence or absence of a pretreatment with different concentrations of BML-111, FPR2/ALX agonist,

for 30 min, and then the protein levels of LC3— [ and LC3- Il

mediators like BML—-111 on innate host defense in
sepsis via regulating neutrophil function.

The FPR2/ALX receptor belongs to a family of
G-protein coupled receptors which is involved in
the process of resolution of inflammation"”. FPR2/
ALX receptors are expressed in neutrophils, mono—
cytes, microglias and some other tissues like lung
and liver™. The increased FPR2/ALX expression
in neutrophils was found in sepsis patients. FPR2/
ALX expression is induced by both pro—inflammatory
stimuli and pattern recognition receptors as well as
anti—inflammatory signaling. It has been reported that
TNF—-a and bacterial endotoxin enhanced cell surface
FPR2/ALX receptor expression'".

LXA4 was the first endogenous lipid ligand to be
identified which exerts its anti—inflammatory and pro—
resolving effects by binding FPR2/ALX with high
affinity. It has been reported that LXA4 can reduce
neutrophil migration but increase neutrophil bacte—
ria clearing function''". However, the mechanism of
how LXA4 exerts its function on neutrophil has not
been studied sufficiently. Autophagy plays a multi—
functional role in infection, inflammation and immu—
nity"", and recent studies have shown that autophagy
plays an important role in the inflammatory activity
of neutrophils'”. Here, the study demonstrated that
BML-111, a LXA4 analogue, reduced LC3 process—
ing, which was induced by PMA. It has been reported
that 15—epi—LXA4 and resolvin D1 (both of which
are agonists of FPR2/ALX) can promote autophagy
in murine and human macrophages. When stimulated
with PMA, pretreating with BML-111 significantly
decreased L.C3 processing (Fig.2B). However, in our
study, BML-111 alone had no effect on autophagy in
human neutrophils (Fig. 2A).

In summary, our study demonstrated that FPR2/
ALX expression in neutrophils separated from sep—
tic patients was significantly higher than that from
healthy volunteers. Also, our study demonstrated that
FPR2/ALX activation by its agonist BML—-111 could

were detected by using Western blot.

inhibit LC3 processing in neutrophils with inflam—
matory stimulation, indicating a new role for FPR2/
ALX agonist in regulating intracellular autophagy.
The present study provides a new insight for regu—
lating innate immune response with pro—resolution
mediators.
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