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Abstract

Gout is an inflammatory disease triggered by deposition of monosodium urate (MSU)
crystals in the joints, resulting in high neutrophil influx and pain. Here, we studied the
role of the inhibitory receptor CD300a in the resolution process in a murine model of
gout. We found increased CD300a expression on neutrophils emigrated to the joint. When
compared to WT mice, CD300a™"~ mice had persistent neutrophil influx till 24 hr after
MSU injection. This was associated with increased concentration of IL-1f and greater

—/=

tissue damage in the joints of CD300a™'~ mice. There was an increase in the percentage

of apoptotic neutrophils in the synovial lavage of WT mice, as compared to CD300a™"~
mice. This difference was reflected in the decline of efferocytic events in the synovial
cavity of CD300a™"~ mice 24 hr after MSU injection. A CD300a agonistic antibody was
shown, for the first time, to increase apoptosis of human neutrophils, and this was asso-
ciated with cleavage of caspase-8. In conclusion, our results reveal an important role of
CD300a in the control of leucocyte infiltration, IL-1f production and caspase-8 cleavage

in neutrophils, contributing to the resolution of inflammation triggered by MSU injection.
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INTRODUCTION

Gout is the most common cause of acute inflammatory
monoarthritis and is characterized by being extremely pain-
ful, but self-limiting. Chronic elevation of serum uric acid
levels above the saturation generates monosodium urate
(MSU) crystal formation [1]. Deposition of MSU crystals,
which occurs predominantly in peripheral joints, triggers an
inflammatory process where the NLRP3 inflammasome is
activated, resulting in activation of IL-1f and production of
other pro-inflammatory cytokines [2]. IL-1f release drives
an inflammatory response, which causes vasodilatation
and rapid recruitment of neutrophils to the joints, thereby
driving the acute inflammatory episode [3]. The presence
of neutrophils in the joint plays a key role in the pathogen-
esis of gout because their activation leads to the release of
inflammatory mediators, including IL-1p, which contribute
to pain and tissue damage [4, 5]. In order to avoid these
detrimental effects caused by neutrophil activation and to
maintain homeostasis, a fine balance between the activating
and inhibitory signals of inflammation is necessary.

Negative control of the immune response includes the
participation of a diverse variety of inhibitory receptors. The
main characteristic of an expanding family of inhibitory re-
ceptors is the presence of a consensus amino acid sequence,
the immunoreceptor tyrosine-based inhibitory motif (ITIM),
found in their cytoplasmic domain [6]. CD300 is an immune
regulatory family that includes activating and inhibitory re-
ceptors. Only CD300a and CD300f have ITIMs in the cy-
toplasmic portion [7]. CD300a is present in myeloid and
lymphoid cells of humans and mice [8]. Studies on CD300a
demonstrate its capacity to modulate cell activation, cytokine
production and cell migration [9-11]. CD300a was first de-
scribed in 1999, and relatively little knowledge about it exists
to date in several pathologies, which makes its study import-
ant [12]. Furthermore, there is strong evidence of the posi-
tive selection of the CD300a gene, which suggests a critical
role of this receptor on the maintenance of important cellular
functions [13, 14].

The counterbalance made by inhibitory receptors, among
other mechanisms, is important to avoid an exacerbated in-
flammatory response, resulting in the elimination of the
harmful stimuli, followed by resolution and repair phases
[15]. The resolution of inflammation is an active process
that aims to restore the affected tissue with a gradual return
to homeostasis [16]. While inhibitory receptors act by pre-
venting neutrophil infiltration, in the resolution phase neu-
trophils become apoptotic, therefore ready to be engulfed
by macrophages, which characterizes efferocytosis [15].
Anti-inflammatory and pro-resolving actions are not nec-
essarily overlapped, but these actions need to communicate
for a better result [17]. Inhibitory receptors are still poorly
studied in the context of resolution of inflammation. So far,

CD300a has been investigated in the resolution of allergic
inflammation. In a model of allergic peritonitis performed
on CD300a~'~ mice, it has been shown that lack of CD300a
results in delayed resolution and eosinophil clearance [18].
Moreover, it has been shown that CD300a expression is in-
creased on eosinophils in lesional skin of patients with atopic
dermatitis (AD) and that lack of CD300a results in increased
inflammatory cell infiltration and cytokine expression in a
murine AD model [19]. Here, we investigate how the im-
munoreceptor CD300a contributes to resolution in a model
of gout induced by injection of MSU crystals in the joint of
mice. We demonstrate that in addition to modulating neutro-
phil influx, CD300a contributes to apoptosis of neutrophils
and consequent resolution of inflammation.

METHODS
Mice

Male BALB/c mice (8—12 weeks) were obtained from the
Center of bioterism of Universidade Federal de Minas
Gerais (UFMG) Brazil. C;129S5 Cd300atm1Lex/Mmucd
mice were generated at MMRC, UC Davis, University of
California, Davis, CA; they were originally donated by
Genentech and backcrossed to BALB/c mice for 10 gen-
erations at the Hebrew University of Jerusalem (Jerusalem,
Israel). CD300a knockout mice were brought to Brazil and
maintained in the animal facilities at Universidade Federal
de Minas Gerais (UFMG). All mice were supplied with water
and food ad libitum. Mice were maintained in pathogen-free
conditions. This study was carried out in accordance with
the recommendations of the law n° 11-794 from National
Council for Control of Animal Experimentation — CONCEA,
Brazil. The protocol was approved by the Animal Ethics
Council — CEUA — at Universidade Federal de Minas Gerais
(protocol 2/2015).

MSU-induced gout

Crystals of monosodium urate (MSU) was prepared from
uric acid (Sigma-Aldrich, St. Louis, MO, USA) as previ-
ously described [3]. Mice under anaesthesia (80:15 mg/kg
ketamine:xylazine; i.p. Syntec, Sdo Paulo, Brazil) were in-
jected into the tibiofemoral knee joint with 30pg of MSU
crystals. Inflammatory parameters were evaluated at dif-
ferent time-points as indicated in each figure legend. Mice
were euthanized, and the knee cavity was washed with
PBS/BSA 3% (2 x 5 pL) to collect the cells. The total
number of leucocytes was determined using the Neubauer
chamber after staining with Turk's solution. The differen-
tial counts were performed using standard morphologic
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criteria on a slide stained with May—Griinwald—Giemsa
stain. Periarticular tissues were collected from the joints
for evaluation of cytokines.

Assessment of CD300a expression

Mice were injected with 30 ug of MSU crystals into the tibi-
ofemoral knee joint. Cells from the knee cavity were har-
vested and surface-stained with Ly6G-BV421 (BioLegend,
San Diego, CA, USA, Clone 1A8) and anti-CD300a-PE
(R&D Systems, Clone #172224). Blood samples from the
same mice were collected to be used as a control group. Red
cells were lysed using ACK solution (NH,CI 150 mmol/L,
KHCO; 10 mmol/L, Na,EDTA 0-1 mmol/L) and surface-
stained with Ly6G-BV421 (BioLegend, San Diego, CA,
USA) and anti-CD300a-PE (R&D Systems). Expression of
CD300a receptor was assessed by flow cytometry on BD
FACSCanto II (BD Bioscience, San Diego, CA, USA).

Cytokine measurement

Periarticular tissue was collected and homogenized in PBS
containing antiproteases, as previously described [4]. The
concentration of IL-1p and CXCL1 was measured by ELISA
in the supernatant of the homogenates and according to the
instructions of the manufacturer (R&D Systems). Results are
expressed in pg/mL.

Evaluation of hypernociception

The mechanical hypernociception was evaluated as previ-
ously described [4] using an electronic pressure meter (Insight
Instruments, Ribeirao Preto, SP, Brazil). The dorsiflexion-
elicited withdrawal threshold was expressed in grams (g) and
used to infer behavioural responses associated with experi-
mental pain (hypernociception).

Histological analysis

Samples were processed as previously described [20].
Briefly, knee joints were collected, fixed in 10% formol and
decalcified for 30 days in 14% EDTA. Tissues were included
in paraffin, sectioned (S5pm) and stained with H&E. Two
sections of knee joints were examined and scored by a pa-
thologist (C.M.Q-J.) who was unaware of the experimental
groups. The parameters evaluated were as follows: severity
of synovial hyperplasia, intensity and extension of inflam-
matory infiltrate, vascular hyperaemia, presence of inflam-
matory cells in the synovial cavity and changes in tissue

architecture. These criteria ranged from O to 8 points, and the
sum was used to obtain a histological score.

Assessment of apoptosis

Apoptosis was assessed morphologically, as we reported pre-
viously [21]. Briefly, cells collected 12 hr after MSU crystal
injection in WT and CD300a™~ mice were cytocentrifuged,
fixed and stained with May—Griinwald—Giemsa stain and
counted using oil immersion microscopy (X100 objective)
to determine the proportion of cells with distinctive apoptotic
morphology in a blinded manner. Apoptosis was also evalu-
ated by flow cytometry. We injected MSU crystals into the
peritoneal cavity, and 3 hr later, we performed a peritoneal
lavage to recover recruited neutrophils. Neutrophils were sep-
arated through a double-density gradient using Histopaque®
10,771 and 11,191 (Sigma-Aldrich, St. Louis, MO, USA)
and incubated in RPMI with 10% FBS, without stimuli, at
37° C to assess spontaneous apoptosis. Cells were collected
and surface-stained for 30 min with anti-LY6G-BV421 an-
tibody (BioLegend, San Diego, CA, USA, Clone 1A8) and
then labelled with annexin V APC and PI as an index of loss
of nuclear membrane integrity (Annexin V. APC Apoptosis
Detection Kit; BD PharmingenTM; San Jose, CA, USA,
Clone #550474). Apoptosis was assessed by flow cytometry
on BD FACSCanto II (BD Bioscience, San Diego, CA, USA)
using the frequency of LY6G*/annexin V*/PI™ cells using the
FlowJo software.

Efferocytosis assays

For the in vivo efferocytosis assays, joint wash was performed
24 hr after the MSU injection and cells were surface-stained
for 30 min with anti-F4/80-PECy7 antibody (BioLegend,
San Diego, CA, USA, Clone BMS). Then, cells were fixed
for 10 min, treated with 1Xx permeabilization wash (Cytofix/
Cytoperm Kit; BD Biosciences) and intracellularly stained
with anti-Ly6G-BV421 antibody (BioLegend, San Diego,
CA, USA, Clone 1A8). Macrophage efferocytosis was as-
sessed as a frequency of macrophages containing neutrophils
(F4/80% Ly6G™ cells) as previously described [22]. For the
ex vivo efferocytosis assay, mice received an intraperitoneal
injection of 0-1 mg of zymosan. To recover macrophages,
cells were harvested from peritoneum 3 days after injection,
isolated through double-density gradient using Histopaque®
10,771 and 11,191 (Sigma-Aldrich, St. Louis, MO, USA) and
surface-stained for 30 min with anti-F4/80-PECy7 antibody
(BioLegend, San Diego, CA, USA, Clone BMS). To recover
neutrophils, cells were harvested from peritoneum 3 hr after
injection, and incubated at 37° and 5% CO, with 10 pmol/L
staurosporine (Sigma-Aldrich, St. Louis, MO, USA) and
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5 pmol/L. CFSE (carboxyfluorescein diacetate succinimidyl
ester; Life Technologies, Carlsbad, CA, USA) for 30 min.
Neutrophil apoptosis was confirmed using morphology crite-
ria in cytospin slides. Efferocytosis by adherent macrophages
was assessed by flow cytometry on BD FACSCanto II (BD
Bioscience, San Diego, CA, USA). The analyses were per-
formed using the frequency of F480"/CFSE" cells as pre-
viously described [23] using the FlowJo software. All flow
cytometry experiments are in accordance with the journal
guidelines [24].

Isolation of human peripheral blood
neutrophils

A blood sample was collected from healthy volun-
teer donors (Ethics Committee on Human Research of
Universidade Federal de Minas Gerais (COEP/UFMG proto-
col no. 0319.0.203.000-11)) in tubes with EDTA-containing
Vacuette® system (3-2%), and neutrophils were isolated
through double-density gradient using Histopaque® 10 771
and 11 191 (Sigma-Aldrich, St. Louis, MO, USA) as pre-
viously described [11]. Neutrophils were incubated at 37°
and 5% CO, with or without mouse anti-human CD300a
(Hybridoma #12, produced in-house, Jerusalem) agonistic
antibody for 5 and 15 min and for 8 hr, to perform Western
blot analysis and flow cytometry analysis, respectively. Cells
were washed with PBS and were either lysed to perform
Western blot analysis or labelled with annexin V APC and PI
as an index of loss of nuclear membrane integrity (Annexin
V APC Apoptosis Detection Kit; BD PharmingenTM, San
Jose, CA, USA, Clone #550474) to access apoptosis by flow
cytometry.

Western blot analysis

Whole-neutrophil extracts were prepared as described
[25]. Proteins were extracted using lysis buffer contain-
ing antiproteases, and the amounts were quantified with
the Bradford assay reagent from Bio-Rad (Hercules, CA,
USA). Extracts (40 pg) were separated by electrophoresis
on a denaturing 12% polyacrylamide-SDS gel and electro-
transferred to nitrocellulose membranes. Membranes were
incubated with specific primary antibodies (anti-cleaved
caspase-8; Cell Signaling Technology, Beverly, MA, USA,
Clone #9748) and then incubated with appropriated HRP-
conjugated secondary antibody. Immunoreactive bands
were visualized by using an ECL detection system, as de-
scribed by the manufacturer (GE Healthcare, Piscataway,
NJ, USA). For loading control, membranes were reprobed
with anti-GAPDH (Cell Signaling Technology, Beverly,
MA, USA, Clone #3683).

Statistical analysis

All results are presented as the mean + SEM. The analysis
of the difference between two groups was performed by two-
tailed unpaired Student's r-test. Normalized data were ana-
lysed by one-way ANOVA, and differences between groups
were assessed using the Newman—Keuls multiple comparison
post hoc test. A p-value <0-05 was considered significant.
Calculations were performed using the Prism 7.0 software
programme for Windows (GraphPad software, San Diego,
CA, USA).

RESULTS

Injection of MSU crystals into the knee joint of
mice leads to increased expression of CD300a
on the recruited neutrophils

As we have previously reported, injection of 100 pg of
MSU crystals into the knee joint causes articular inflam-
mation with an influx of leucocytes after 12 hr, mainly
neutrophils [4]. In this work, we used a suboptimal dose
of MSU crystals (30 ug) to observe whether there could
be enhancement of inflammatory cell recruitment. As seen
in Figures 1 and 2, at this dose, we also observe articu-
lar inflammation and leucocyte recruitment 12h after the
injection. We first investigated the expression of CD300a
receptor on neutrophils recruited into the synovial cavity
after MSU crystal injection. As blood neutrophils are qui-
escent and the presence of neutrophils is not observed in a
non-inflamed synovial cavity [26], we compared CD300a
receptor expression among blood neutrophils and neutro-
phils present in the inflamed cavity. Using Ly6G as a neu-
trophil marker, CD300a receptor expression was measured
in positive Ly6G cells by flow cytometry. Virtually, all
neutrophils (96%—-99%) expressed CD300a receptor in both
blood and lavage samples (data not shown). Nevertheless,
the intensity of CD300a expression was higher, in neutro-
phils obtained from the inflamed cavity in comparison with
blood neutrophils, as measured by median fluorescence in-
tensity (MFI) (Figure 1).

Mice lacking CD300a presents delayed
resolution of inflammation and increased IL-
1P production

After measuring the expression of the CD300a on neutrophils
recruited into the synovial cavity 12 hr after injection with
MSU, we analysed whether the absence of CD300a recep-
tor could influence leucocyte recruitment in this model. We
performed a time course of leucocyte infiltration in the knee
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FIGURE 1 CD300a expression on neutrophils from blood and synovial cavity. BALB/c male mice were injected with 30 ug of MSU
crystals into the tibiofemoral joint. Cells were harvested from the blood and articular cavity 12h after injection to measure CD300a expression
on neutrophils by flow cytometry. Neutrophils were stained with anti-Ly6G, and CD300a expression was evaluated on positive Ly6G cells (a).
The median fluorescence intensity (MFI) of CD300a was measured on the neutrophils from the blood and synovial cavity (b). Bars show the
mean + SEM of 6 mice per group and are from one experiment representative of two independent experiments. Significance was calculated in
relation to the control group (two-tailed unpaired Student's -test). *p < 0-05

(a) - WT - CD300-/- (b) - WT -& CD300—/— (c) - WT -# CD300-/-
1.5x105 - 1.5x105 1-5x108
- )
®
@ >
o 1:0x105 1 3 1.0x105 § 1.0x105 1
IS S 2
g 2 =
= 5.0x10% - 2 5.0x10% 4 2
o
= 3
o
0 0 T T T 1
0 12 24 36 48 0 12 24 36 48
(d) CXCL1 ©) IL-1B
30ug 30ug
250 - 5
80 o W
200 oy B co3o0a-.
60 -
1 150 ¥E|
£
S S 40 1
S 100 4 o
50 - 20 -
JmM | IM N1 o lain 1M &M (1
Control MSU MSU MSU Control MSU MSU MSU
12h  24h  48h 12h  24h  48h

FIGURE 2 Time course of cell infiltrate and inflammatory mediators in acute gout inflammation. BALB/c and CD300a~"~ male mice were
injected with MSU crystals into the tibiofemoral joint. Cells from the articular cavity and periarticular tissue were harvested at 12, 24 and 48 hr
after injection. From the articular cavity, total cells (a), mononuclear cells (b) and polymorphonuclear cells (c) were analysed. Polymorphonuclear
and mononuclear cell populations were determined in cytospin preparation count. Periarticular tissue was processed, and the inflammatory
chemokine CXCLI (d) and the inflammatory cytokine IL-1p (e) were measured. Bars show the mean + SEM of 6 mice per group and are from
one experiment representative of two independent experiments. Significance was calculated using ANOVA followed by the Newman—Keuls test.
*p < 0-005, *¥** p < 0-001

cavity in wild-type (WT) and CD300a knockout (CD300a™"") time when the spontaneous resolution of inflammation occurs
mice at 12, 24 and 48 hr after MSU injection. There was simi- in this model [27]. Whereas the number of neutrophils in the
lar recruitment of leucocytes, mostly neutrophils, at 12 hr after knee joint of WT mice had virtually returned to background
injection of MSU crystals in both WT and CD300a™"~ mice. levels at 24 hr, neutrophils were even in greater number at this
A crucial difference was observed at the 24-hr time-point, the time in the knee joint of CD300a™" mice injected with MSU



Immunology

The Journal of cells, molecules, systems and technologies

W | i?ﬁﬁi‘iﬁologﬂ‘

VALIATE ET AL.

CD300a—~

(a) Wild Type

50 Saline

(b) histology (c)
2.5 ~ 61 p=
B _ P=01049 \m \\r
D
o 20- = = BB CD300a
3 22 4]
o © £
3 23
S 1.0 £ g
T 054 Te
<
0-0 - — 0

control MSU

FIGURE 3 Histopathological analysis and articular dysfunction. BALB/c and CD300a~"~ male mice were injected with MSU crystals into
the tibiofemoral joint. Histopathologic analysis (magnification of 100x) was observed 24 hr after MSU crystal injection by criteria previously

described (a) (scale bar: 100 um). Semiquantitative analysis of histological findings is also shown (b). To evaluate articular dysfunction,

hypernociception was evaluated using an electronic pressure meter test at 24 hr after injection. Bars show the mean + SEM of 6 mice per group and

are from one experiment representative of two independent experiments. Significance was calculated using the ANOVA followed by the Newman—

Keuls test and two-tailed unpaired Student's #-test in relation to the control group (the exact p-value is shown in the figure). **p < 0-005

crystals (Figure 2). Eventually, CD300a™"~ mice also resolved
inflammation as there were no neutrophils in the knee joint at
48 hr after injection of MSU crystals in these mice. At this time-
point, only mononuclear cells were present (Figure 2b).

We evaluated the production of the chemokine CXCL1
and the cytokine IL-1f in periarticular tissue. Both cyto-
kines are crucial mediators to drive leucocyte influx into
the joint [4]. While CXCL1 production was similar in all
time-points, IL-1f production by CD300a™"~ mice was
greater at the 24-hr time-point in comparison with their WT
counterparts (Figure 2d, e). These data suggest that the ab-
sence of CD300a receptor worsens MSU crystal-induced
inflammation.

Lack of CD300a leads to increased tissue
damage but no change in hypernociception

Histopathological analysis of the knees from WT and
CD300a™"~ mice was performed 24 hr after MSU injection.
The analysis showed that the inflammatory infiltrate, syno-
vial hyperplasia and hyperaemia of vessels were greater in
CD300a™"~ mice as compared to WT mice, as shown by the
total histopathologic score (Figure 3a, b). Hypernociception
was analysed to investigate the degree of articular dysfunc-
tion after injection of MSU crystals. Injection of 30 ug of MSU
crystals was sufficient to generate almost maximal hypernoci-
ception in the system, and there was no significant increase in
this parameter in CD300a~"~ mice (Figure 3c). These data sug-
gest that the absence of CD300a receptor increases tissue dam-
age induced by MSU crystals but not hypernociception.

Apoptosis is impaired in CD300a~"~

neutrophils

During routine counting of migrated cells, we observed a
larger amount of neutrophils with apoptotic morphology in
WT when compared to the CD300a ™~ ones. This observation
sheds light on the possible mechanism that leads to the worse
inflammation of CD300a~'~ mice. To analyse whether WT
neutrophils were becoming apoptotic before CD300a~"~ neu-
trophils, we counted the number of apoptotic neutrophils in
the synovial lavage obtained 12 hr after injection with MSU
crystals. As seen in Figure 4, we found an increased percent-
age of apoptotic neutrophils in WT samples as compared to
CD300a"~ samples (Figure 4).

To confirm these data, we injected MSU crystals into
the peritoneal cavity, and 3 h later, we performed a perito-
neal lavage to recover recruited neutrophils. We used the
peritoneal cavity as it is not possible to obtain neutrophils
from the knee joint to conduct subsequent ex vivo experi-
ments. Neutrophils were separated by Histopaque® gradient
and incubated in RPMI with 10% FBS, without stimuli, at
37° to access spontaneous apoptosis. After 24 hr, neutro-
phils were stained with the neutrophil marker Ly6G, an-
nexin V (AnxV) and propidium iodide (PI). Ly6G-positive
population was gated, and spontaneous early apoptosis was
defined as AnxV*/PI” events, as previously reported [28,
29]. The gating strategy is demonstrated in Supplementary
Figure S1. Corroborating the data from synovial lavage of
mice, there were more apoptotic WT neutrophils than apop-
totic CD300a™"~ neutrophils at 24 hr after ex vivo culture
(Figure 4c).
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Efferocytosis is hindered when cells
lack CD300a

One of the key events of the resolution of inflammation is
the clearance of apoptotic neutrophils, a process called ef-
ferocytosis [17]. Having observed a decrease in number of
apoptotic neutrophils in CD300a™~ mice, we investigated
whether this phenomenon was associated with an altered ef-
ferocytic process. We evaluated macrophage efferocytosis in
cells harvested from the joint cavity of WT and CD300a™"~
mice at 24-hr time-point. We observed a larger increase in
the number of efferocytic events in the lavage of WT mice
when compared to lavage from CD300a™~ mice (Figure 5a).
To confirm these data, we performed an ex vivo experiment,
where neutrophils from both WT and CD300a™"~ mice were
incubated with WT macrophages. Neutrophils were stained
with CFSE and incubated with staurosporine for 30 min to
induce apoptosis as previously described [30]. Both WT and
CD300a™"~ neutrophils incubated with staurosporine became
apoptotic in similar percentages (Supplementary Figure
S6). Thereafter, apoptotic neutrophils were incubated with
macrophages from WT mice for 1 hr and efferocytosis was
evaluated by flow cytometry. We observed that CD300a™"~
neutrophils were less phagocytosed than WT neutrophils

(Figure 5b). The gating strategy of these experiments is
shown in Supplementary Figures S2 and S3. Taken together,
these results suggest that the absence of CD300a receptor
decreased neutrophil apoptosis and efferocytosis leading to
delayed resolution of inflammation.

CD300a activation leads to neutrophil
apoptosis and caspase-8 cleavage

The results so far suggest that a decrease in apoptosis of
CD300a™"~ neutrophils contribute to the delayed resolu-
tion of inflammation in these animals. To evaluate whether
neutrophils undergo apoptosis upon direct CD300a ligation,
we isolated neutrophils from healthy human donors and in-
cubated them with or without a CD300a agonistic antibody
(a-CD300a). In neutrophils incubated with the a-CD300a for
8 h, there was a greater increase in the AnxV*/PI” popula-
tion (early apoptosis) than in control neutrophils, as shown
by flow cytometry (Figure 6a). The gating strategy for these
experiments is shown in Supplementary Figure S4. Next, we
investigated whether caspase-8 was activated by activation
of CD300a. Caspase-8 activation is a central mechanism in
the control of neutrophil apoptosis during the resolution of
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FIGURE 5 Effects of the deletion of CD300a on efferocytosis. The in vivo efferocytosis analysis was performed in BALB/c (WT) and
CD300a~~ male mice injected with MSU crystals into the tibiofemoral joint. Cells from the articular cavity were harvested 24 hr after injection,

stained with surface marker F4/80, permeabilized and intracellularly stained with Ly6G. Efferocytosis was assessed by flow cytometry analysing

F4/80"Ly6G™ (a). The ex vivo efferocytosis analysis was performed in BALB/c (WT) and CD300a ™"~ male mice injected with zymosan into the

peritoneal cavity. Cells were recovered, and neutrophils were separated by Histopaque gradient. Apoptotic neutrophils from WT and CD300a

/=

labelled with fluorescent CFSE were incubated with WT macrophages in a proportion of 3 neutrophils per macrophage. Efferocytosis was assessed

by flow cytometry analysing F4/80*CFSE" (b). Bars show the means + SEM of 5 mice per group and are from one experiment representative of

two independent experiments. Significance was calculated in relation to the control group (two-tailed unpaired Student's #-test). *p < 0-05 and

##p < 0:005
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assess early neutrophil apoptosis (a). Neutrophils were purified from the blood of human donors, and 2 x 106 cells were incubated with or without

a-CD300a. Total cell lysates were separated by SDS-PAGE and subjected to Western blotting for cleaved caspase-8 detection after 5 and 15 min

of incubation. The image represents one of two independent experiments (b), and the densimetry of two independent experiments is shown (c).

Significance was calculated using ANOVA followed by the Newman—Keuls test and two-tailed unpaired Student's 7-test in relation to the control

group. *p < 0-05 and **p < 0-005

inflammation [31]. Blood from healthy human donors was
collected, and neutrophils were isolated and incubated with
or without a-CD300a for 5 and 15 min. The cross-linking
of CD300a receptor increased caspase-8 activation, seen as
cleaved caspase-8 (Figure 6b, c), suggesting that the CD300a
receptor activates this pathway to induce apoptosis in neutro-
phils. The entire blot is shown in Supplementary Figure S5.

DISCUSSION

In the present work, we investigated how the inhibitory re-
ceptor CD300a participates in the control of articular inflam-
mation triggered by intra-articular injection of MSU crystals
in mice. We found that CD300a interferes with the apoptosis
of neutrophils, which, in turn, influences the resolution of
inflammation. Our major findings can be summarized as fol-
lows: (i) higher expression of CD300a was detected in neu-
trophils recruited into the cavity injected with MSU crystals;
(i1) mice lacking CD300a had delayed resolution of inflam-
mation associated with greater IL-1p production and greater
histopathological score, when compared to WT mice; (iii)
neutrophils from CD300a™"~ mice had impaired apoptosis,
and this was associated with less efferocytosis of these cells;
(iv) mechanistically, CD300a activation induced apoptosis
through activation of pro-apoptotic caspase-8, which can elu-
cidate the mechanism by which CD300a acts on resolution of
inflammation.

The inflammatory response is of paramount importance
to control infections and to repair tissues, but the response

needs to be strictly regulated in order to prevent a patho-
logical response, which could lead to tissue damage [32]. A
successful inflammatory response ends with the elimination
of the stimuli and the gradual return to homeostasis, a pro-
cess called resolution of inflammation [33]. Current studies
on resolution of inflammation aim to find ways to restore
tissue homeostasis by using pro-resolving mediators and,
more recently, by studying mechanisms involving inhibitory
receptors [19, 34-36]. CD300a is an increasingly studied in-
hibitory receptor that is shown to have an anti-inflammatory
role in the context of several models of inflammatory dis-
ease, including antigen-induced arthritis [11], atopic der-
matitis [19] and allergic models [18, 37]. CD300a has been
demonstrated to be important to limit the function of eo-
sinophils, basophils and mast cells [19, 38], but much less
is known about the importance of CD300a on neutrophils,
one of the most important leucocytes in the process of in-
flammation and resolution of inflammation [17, 39]. Here,
we demonstrate, for the first time, how the immunoreceptor
CD300a exerts an important function on the resolution of
neutrophilic inflammation induced by MSU crystals, mainly
by acting on neutrophils.

It is known that inflammatory stimuli enhance CD300a
expression both in vitro and in vivo [11, 18, 40]. When MSU
was injected into the synovial cavity of mice, we observed
higher CD300a expression on neutrophils recruited into the
knee than on neutrophils obtained from the blood, where they
are considered quiescent [26]. This result is in agreement with
other studies that showed increased CD300a expression after
cell activation [40] and migration [11, 41], suggesting that



British Society for

Immunology immun Iogd‘

The Journal of cells, molecules, systems and technologies

314 |

VALIATE ET AL.

CD300a has an important role in activated cells. Although
there is evidence of CD300a upregulation in monocytes after
transmigration [41], in this study we focused on the relevance
of CD300a for neutrophils.

Using a low dose of MSU crystals (30 pg), we observed
that in WT mice leucocyte, mostly neutrophil, recruitment
peaks at 12 hr after the injection and is almost completely
resolved after 24 hr. In contrast, neutrophils continued to
be recruited, reaching their peak 24 hr after injection and
just resolving at the 48-hr time-point. Similar data were
observed in the work of Karra et al. where CD300a™"~ mice
showed delayed resolution of eosinophilic inflammation in
a model of murine allergic peritonitis [18]. Gout is depen-
dent on inflammasome activation, with subsequent produc-
tion of IL-1f [2, 4, 42]. Levels of IL-1f in the periarticular
tissue of CD300a™"~ mice were higher when compared to
WT mice 24 hr after MSU injection. At this same time-
point, there was a significant difference in leucocyte infil-
tration between both groups and neutrophils were the main
type of leucocyte. This is consistent with our studies show-
ing that in addition to macrophages, neutrophils contrib-
ute to IL-1f production after injection of MSU crystals [4,
43]. In our previous work, in an antigen-induced arthritis
model, we found greater levels of the chemokine CXCL1,
the main neutrophil chemo-attractant, in knockout than in
WT neutrophils [11]. Surprisingly, here we observed no
difference in CXCLI1 levels. This difference between the
models can be due to the different stimulus and the low
dose of MSU used in this work. This is consistent with the
similar number of neutrophils at 12 hr. It appears therefore
that greater neutrophil accumulation in CD300a~’
not to secondary to greater recruitment, but it is rather due
to their persistence stay in the joint cavity.

Different groups have reported a more intense inflam-
mation in mice lacking the CD300a receptor [11, 18, 19,
44]. Here, histopathological analysis made at 24-h time-
point evidenced the difference in inflammation level be-
tween WT and CD300a~"~ mice. Inflammatory infiltration,
moderate synovial hyperplasia and hyperaemia of vessels
were higher in CD300a™"" mice. IL-1p production is as-
sociated with increased mechanical hypernociception in
mice [4, 45]. These increased parameters, along with a
larger production of IL-1f by CD300a~"~ mice, lead us to
investigate whether difference in hypernociception could
be found. Although a slight tendency of CD300a™"~ mice
to present increased hypernociception was observed when
compared to WT mice, no statistical difference was ob-
served between the groups.

Inhibitory receptors, such as Siglec-8 and Siglec-9, are fre-
quently associated with increased apoptosis of myeloid cells
[46, 47]. In vitro antibody cross-linking of Siglec-9 results in
increased apoptosis of resting neutrophils [48]. CD300a was
shown to negatively regulate IL-5-induced human peripheral

~ mice is

blood eosinophil survival, accelerating the apoptosis process
[49]. Indeed, differential counting identified a substantial
difference in the number of apoptotic neutrophils harvested
from the synovial lavage of WT and CD300a™~ mice. WT
mice showed a higher percentage of apoptotic neutrophils
in the synovial lavage when compared to CD300a™~ mice.
In vitro experiment of spontaneous apoptosis of neutrophils
confirmed these data. An increased percentage of WT apop-
totic neutrophils was observed when compared to CD300a™"~
apoptotic neutrophils. Here, we considered early apoptosis
when AnxV was positive and PI was negative, hence avoid-
ing the inclusion of necrotic cells. Our finding is novel in
that to the best of our knowledge, it has not been previously
reported that CD300a is a receptor involved in neutrophil
apoptosis process. Here, we showed for the first time that
CD300a™"~ neutrophils have a delay in the apoptosis process
when compared to WT neutrophils.

Gouty arthritis is characterized by spontaneous resolu-
tion in both humans and mice [25, 50]. The resolution of
inflammation is an active process that requires removal of
leucocytes from inflamed sites. Neutrophils emigrated to the
inflamed site undergo apoptosis with subsequent recogniz-
ing and phagocytosis by macrophages, in a process called
efferocytosis [51, 52]. Due to the crucial importance of the
clearance of apoptotic cells for a successful resolution of in-
flammation, we checked whether the efferocytosis process
was altered in CD300a™'~ mice. We observed less efferocytic
events in CD300a™"~ mice compared with WT mice, suggest-
ing CD300a™'~ mice have a delay in the resolution of articu-
lar inflammation by reduction in neutrophil apoptosis and its
subsequent efferocytosis.

Although we found that CD300a receptor has a role in
both the two important events for resolution of inflammation,
apoptosis and efferocytosis, Nakahashi-Oda et al. showed
that compared with WT macrophages, macrophages lacking
CD300a do not present differences in phagocytosis apop-
totic cells [53]. We also have recently found that CD300a™"~
macrophages present increased activation features, such as
higher release of cytokines, and reduced possibility to switch
towards a pro-resolution M2 phenotype (PG, Puzzovio and
F, Levi-Schaffer, unpublished data). This evidence, along
with our data, suggests that CD300a receptor may have a
more significant role in neutrophils. We are not excluding
the role of other cell types in the resolution of inflammation.
However, as neutrophil influx into synovial fluid and cavity
is the hallmark of gout and contributes to the pathogenesis of
the disease, studying the importance of the CD300a in neu-
trophils could contribute to understand how CD300a could
be a potential target to modulate resolution of neutrophilic
inflammation.

Physiologically, phosphatidylserine (PS) and phos-
phatidylethanolamine (PE) bind and activate CD300a,
which become able to recruit and activate phosphatases,
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including SHP-1 [54-57]. There are evidences that ac-
tivation of CD300a with agonistic antibody also leads to
SHP-1 activation [12, 49, 58], playing a similar role of PS
and PE binding. SHP-1 phosphatase was described to have
a crucial role in neutrophil apoptosis, mainly by activating
caspase-8 [59-62]. Apoptosis can be initiated by two al-
ternative pathways: either through death receptors on the
cell surface (extrinsic pathway) or through mitochondria
(intrinsic pathway). In both pathways, induction of apop-
tosis leads to activation of an initiator caspase: caspase-8
and possibly caspase-10 for the extrinsic pathway; and
caspase-9, which is activated at the apoptosome, for the in-
trinsic pathway. The initiator caspases then activate execu-
tioner caspases [63]. Caspase-8 is one of the main upstream
caspase effector of death receptor signalling involved in
the extrinsic pathway of apoptosis [64]. A previous study
showed that the CD300a agonistic antibody used in this
work led to SHP-1 activation in eosinophils [65]. Here, we
show that CD300a activation, using an agonist antibody,
anticipates neutrophil apoptosis, observed by increased ex-
pression of AnxV. This antibody inhibited tryptase activity
in a dose-dependent manner in mast cells stimulated with
IgE (not shown), suggesting its efficient action on activa-
tion of CD300a. Moreover, activation of CD300a leads to
caspase-8 cleavage in human neutrophils, suggesting that
activation of CD300a may induce apoptosis via the extrin-
sic pathway.

In conclusion, the present study shows the importance
of the CD300a in the resolution of MSU-induced articular
inflammation through modulation of neutrophil recruitment,
and IL-1p production and participation in the process of neu-
trophil apoptosis and efferocytosis. Mechanistically, CD300a
activation induces apoptosis in neutrophils via activation of
caspase-8 cleavage. Our findings provide important insights
into the mechanisms of resolution of inflammation, making
CD300a a potential target to accelerate this process and help
to control diseases.
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