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Abstract

Extracellular nucleotides regulate a variety of cellular responses involved in inflammation viathe
activation of P2 receptors. Here, we show that nucleotides regulate TLR2-induced neutrophil
migration both /n vivo and /n vitro. The nucleotide scavenger apyrase inhibited neutrophil
recruitment in murine air pouches injected with the TLR2 agonist Pam3CSKjy. In agreement, the
supernatants of either human primary monocytes or monocytic cells (THP-1 and U937) treated
with Pam3CSK, recruited significantly fewer neutrophils when the former cells were treated in the
presence of apyrase. As demonstrated with inhibitory Ab, these supernatants induced neutrophil
migration due to IL-8 secretion. In addition, IL-8 secretion was markedly diminished by the non-
selective P2 receptor antagonists reactive blue 2 and suramin, and by a selective P2Y g antagonist,
MRS2578. Selective antagonists of P2Y1 (MRS2500) and P2Y 1, (NF157) did not affect 1L-8
release. The knock-down of either P2Y5 or P2Y g with specific ShRNA diminished IL-8 secretion
from Pam3CSK;y-treated THP-1 cells. Altogether, these results show that extracellular nucleotides,
via P2Y, and P2Y g receptors, regulate neutrophil migration by controlling TLR2-induced 1L-8
release from human monocytes. In line with our previous work on TLR4, this study further
supports the importance of nucleotides in bacterial-induced neutrophil migration.
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Introduction

Monocytes play an important role in immune defences against invading bacteria and viruses
via TLR activation [1]. TLR recognize highly conserved structural motifs expressed by
microbes called PAMP. Monocytes express various TLR including TLR4 (that is activated
by LPS, a cell wall component of Gram-negative bacteria), TLR2 (activated by
peptidoglycan and lipopeptide, components of Gram-positive bacteria), TLR5 (activated by
the bacterial flagellin) and TLR7/8 (activated by single-stranded viral RNA) [2-5]. In
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response to TLR activation by PAMP, monocytes release various cytokines and chemokines
that orchestrate the innate immune responses [6-8]. For example, these cells secrete large
amounts of the chemokine 1L-8 that plays a major role in neutrophil recruitment at sites of
infection [9].

In addition to TLR, monocytes abundantly express P2 receptors that are activated by
extracellular nucleotides. P2 receptors are divided into two subfamilies: the G-protein-
coupled receptors (P2Y1, 2 4 6 11-14) and the ligand-gated ion channels (P2X;_7). The P2Y
subtypes differ in their selectivity toward adenine (ATP, ADP) and uracil nucleotides (UTP,
UDP) while all P2X receptors are activated by ATP [10, 11]. Human primary monocytes and
monocytic cell lines (THP-1 and U937) express the mRNA of various P2 receptors of which
P2Xy 7 and P2Y ¢ 11 are common to all these cells [12, 13]. There is growing evidence
indicating that P2 receptors mediate some important proinflammatory responses activated by
the stimulation of monocytes/macrophages with PAMP. Firstly, LPS stimulation of
macrophages and microglia is accompanied by the release of ATP. The release of IL-1 from
the latter LPS-sitmulated cells was prevented by the addition of a nucleotide scavenger
(apyrase) to their medium [14, 15]. In macrophages, extracellular ATP also serves as a
secondary stimulus required for LPS-induced production of 1L-18 [16, 17]. In addition, we
have demonstrated that LPS-induced IL-8 release from human primary monocytes and
monocytic THP-1 cells is mediated by an autocrine stimulation of P2Y g nucleotide receptor
[14, 15]. Furthermore, we more recently observed that neutrophil transendothelial migration
induced by IL-8 also involved the costimulation of endothelial P2 receptors /n vitro [18].

In this work, we show that extracellular nucleotides mediate neutrophil migration induced by
TLR1/2 agonist both in vivoand in vitro.

Extracellular nucleotides are involved in Pam3CSK,-induced neutrophil migration in vivo

We first investigated whether extracellular nucleotides play a role in TLR2-induced
neutrophil migration using the mouse air pouch model. This model allows a precise
quantification of migrated neutrophils. As seen in Fig. 1, the administration of the TLR2
agonist Pam3CSKy in the air pouch elicited neutrophil migration at 4 h, which was markedly
decreased by the co-administration of apyrase, a nucleotide scavenger (1.0 x 108+0.09
versus 0.5 x 106+0.13 cells, 7= 8, p= 0.03). A similar inhibition of neutrophil migration by
apyrase was also observed at 1 h after Pam3CSKy injection. However, fewer leukocytes were
present in the air pouch at this time point (~ .6 x 108+0.33 versus 0.3 x 108+0.08 cells, 7=
7, p=0.03, Fig. 1), which is in agreement with the kinetics of cell migration in the air pouch
[19]. These data suggest that nucleotides participate in the regulation of Pam3zCSK4-induced
neutrophil migration /n vivo.

Extracellular nucleotides trigger neutrophil migration in vitro by activating IL-8 release

We then tested whether extracellular nucleotides were also involved in Pam3CSKjy-induced
neutrophil migration using human cells as assessed with the modified Boyden chamber
system. Neutrophil migration is regulated by various inflammatory mediators released at
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sites of infection such as chemokines, which are secreted mainly by monocytes/macrophages
and other cells also present in the air pouch [14]. Therefore, we tested whether the inhibition
of nucleotide signaling in Pam3CSK,-treated monocytic cells by apyrase would diminish the
ability of the supernatants of these cells to attract neutrophils to migrate through a
monolayer of endothelial cells, HUVEC. As shown in Fig. 2, the supernatants of the
monocytic cells (THP-1 and U937) stimulated in the presence of apyrase recruited
significantly fewer neutrophils (60% inhibition) compared to the supernatants of the cells
stimulated in the absence of this enzyme.

IL-8 is a major human chemokine for neutrophils that can be responsible for the migration
observed here. To verify this hypothesis, the supernatants of stimulated monocytic cells were
treated with IL-8 neutralizing Ab before transmigration assays. These Ab markedly
diminished the number of neutrophils attracted by the supernatants of Pam3CSK,-stimulated
cells (Fig. 2) but did not further reduce neutrophil migration to the supernatants of
monocytes stimulated with Pam3zCSKy in the presence of apyrase (Fig. 2; not shown for
U937). These data show that IL-8 is responsible for most of the neutrophil migration toward
supernatants from Pam3CSKy-stimulated monocytes and that apyrase diminished neutrophil
migration specifically by inhibiting IL-8 secretion. As controls, apyrase itself, when added
only at the beginning of the transmigration assay, did not affect neutrophil migration toward
the supernatants of monocytes stimulated with LPS or toward I1L-8 added to the bottom
chamber (data not shown). The remaining ~40% of neutrophil migration may be due to
another chemokine and/or other functional molecule(s) for which the secretion is
independent of the presence of nucleotides. As our work focused on nucleotide-dependent
signalling, this unidentified molecule was not studied. Note that Pam3CSK4, did not trigger
neutrophil migration per se in this model (Fig. 2) and that it does not seem to be necessary to
remove it from the supernatants before the migration assay. It is also noteworthy that this
neutrophil migration was not due to Pam3CSKjy-activated 1L-8 secretion by HUVEC or
neutrophils, which, in these cells, was relatively low and nucleotide-independent (data not
shown).

TLR2-activated IL-8 release in monocytic cell lines requires concomitant P2 receptor

activation

The above neutrophil transmigration assays suggest that extra-cellular nucleotides regulate
neutrophil migration by controlling IL-8 release from TLR2-induced human monocytic cell
lines. To test this possibility, we determined IL-8 release in the supernatants of cells
stimulated in different conditions. We also analyzed the supernatants of THP-1 and U937
cells stimulated with LPS as a positive control [14]. In both monocytic cell lines, the
stimulation was carried out for 2 and 18 h as IL-8 secretion accumulates over time [20, 21].
As the stimulation of monocytic cells with Pam3CSKy yielded ten-fold more IL-8 secretion
at 18 h than at 2 h, the former stimulation time was used in subsequent experiments. Apyrase
specifically inhibited IL-8 release induced by Pam3CSK, (80% and ~75% decrease for 2 and
18 h, respectively; data not shown for 2 h and Fig. 3A for 18 h). The fact that the secretion
was affected at these two time points implies that both release and synthesis are involved.
The inhibition of IL-8 secretion (Fig. 3) and neutrophil migration (Fig. 2) by apyrase suggest
both the involvement of extracellular nucleotides in these processes and that the intrinsic
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ectonucleotidase activity at the surface of monocytes is insufficient to prevent P2 receptor
activation caused by Pam3CSK, treatment, at least not completely.

Adenosine is a potent anti-inflammatory molecule that might have partially inhibited IL-8
synthesis/release in the above experiments. Indeed, adenosine might, in theory, have been
generated from the hydrolysis of endogenously secreted ATP by endogenous
ectonucleotidases and/or exogenous apyrase and endogenous ecto-5"-nucleotidase, and/or
alkaline phosphatases. To exclude a potential effect of adenosine in these assays, monocytes
were stimulated, together with Pam3CSK, and apyrase, in the presence of adenosine
deaminase (ADA) to convert adenosine to inosine, as we did previously [14]. The addition
of exogenous ADA may be necessary as the endogenously expressed enzyme might have
been insufficient to hydrolyze the formed adenosine sufficiently rapid, as for intrinsic
ectonucleotidases degrading tri- and diphosphonucleosides that did not prevent P2-
dependent IL-8 secretion from Pam3CSK,-stimulated monocytes. ADA did not affect 1L-8
release in these samples (Fig. 3B). These data excluded the involvement of adenosine from
TLR2-induced IL-8 release leaving nucleotide receptors as the only candidate(s) responsible
for this effect.

We next aimed to determine the P2 receptor(s) subtype responsible for this IL-8 release. RT-
PCR assays showed that both monocytic cell lines tested expressed P2X;, P2X7 (data not
shown and [15]), and several P2Y receptors (P2Y1 2 ¢ 11; Fig. 4). To define which of these
receptors activated IL-8 release, THP-1 and U937 cells were stimulated with Pam3CSK, in
the presence of the following P2 receptor antagonists: reactive blue 2 (RB2), pyridoxal-
phosphate-6-azophenyl-2, 4-disulfonate (PPADS) and suramin (general P2 receptor
antagonists), MRS2500 (selective for P2Y 1), MRS2578 (P2Yg), NF157 (P2Y 11 and P2X,),
and KN62 and A438079 (P2X7). In both cell lines, IL-8 release was strongly inhibited by
MRS2578 (~80% inhibition), RB2, and suramin (Fig. 5). In U937 cells, IL-8 release was, in
addition to the former molecules, partially inhibited by PPADS (Fig. 5A). As NF157, KN62,
A438079, and MRS2500 were ineffective, the involvement of P2X receptors, P2Y, and
P2Y 11 could be excluded. These data suggested that Pam3CSK,-induced IL-8 release from
monocytic cell lines was mediated by the P2Yg nucleotide receptor. However, since there is
no specific antagonist for P2Y,, which is also suramin-sensitive and PPADS-insensitive
[22], we could not exclude that this receptor was also involved in monocyte Pam3CSKy-
induced IL-8 release. Indeed, further experiments showed that the addition of exogenous
agonists of this receptor, 100 uM ATP or UTP, with a suboptimal concentration of
Pam3CSKy (0.1 ng/mL for monocytic cells and 0.3 ng/mL for human primary monocytes)
also resulted in IL-8 release (Table 1). Note that the stimulation of monocytes with UDP in
the presence of suboptimal concentration of Pam3CSK, had, as expected, a synergistic effect
on IL-8 release from these cells (Table 1). In contrast with a previous work by Warny et al.
[15] where their THP-1 cell line released IL-8 exclusively due to UDP, we have observed
here that ATP and UTP alone also induced IL-8 secretion in our THP-1 cell line. This
discrepancy could be due to the distinct parental monocytic cells used in these two works.
Note that it was not surprising that the THP-1 cells investigated here responded to the latter
nucleotides as the RT-PCR data for these cells showed P2Y receptors expression responding
to these nucleotides (Fig. 4). Note also that lower concentrations of these nucleotides alone
were ineffective (data not shown).
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As a more direct test of the role of P2Y, receptor, and also of P2Yg, in IL-8 release from
THP-1 cells, we knockdown these receptors with predesigned shRNA. As shown in Fig. 6A,
the relative expression of mMRNA for P2Y, and P2Y g genes were decreased for most of them
by 50-80% when compared with the control cells expressing scrambled shRNA. Due to the
lack of reliable Ab against P2Y, and P2Yg, we were unable to confirm the knockdown of
these receptors at the protein level. Interestingly, the incubation of the knockdown cells with
Pam3CSKy resulted in a reduced secretion of IL-8 compared with the scrambled ShRNA
cells (control; Fig. 6B), suggesting that both P2Y, and P2Y g receptors were involved in IL-8
release from THP-1 cells. Note that the two shRNA that did not succeed to reduce the
MRNA level of P2Yg, namely 14073 and 14074, were alsoinefficient blocking IL-8 release,
further confirming the specificity of our assay.

Extracellular nucleotides/P2 receptors are involved in IL-8 secretion by Pam3CSK;-
stimulated human primary monocytes

The above experiments showed that IL-8 release activated by TLR2 stimulation with
Pam3CSKy of both monocytic cell lines was mediated by extracellular nucleotides. To
confirm this finding in human primary monocytes, these cells, freshly isolated from human
peripheral blood, were stimulated with Pam3CSKj, in the presence or absence of either
apyrase or P2 antagonists. In agreement with the results obtained for monocytic cells, I1L-8
release from primary monocytes was strongly inhibited by all inhibitors used except PPADS
(Fig. 7). These data suggest that, as in monocytic cell lines, extracellular nucleotides also
mediate IL-8 secretion from Pam3CSK,-stimulated human primary monocytes. Note that the
concentration of Pam3zCSK, used for priming monocytes was one hundredth of the one used
for the monocytic cell lines, which was determined by dose-response curves (data not
shown).

Extracellular nucleotides are not involved in TLR5- and TLR8-induced IL-8 release by
monocytic cells

As THP-1 and U937 also express TLR activated by PAMP other than LPS and lipopeptides
(TLRS5, 7/8) [23, 24], we next examined whether or not the stimulation of these receptors
induce 1L-8 release, and if so, if it was in a nucleotide-dependent manner, as for LPS and
Pam3CSK,4. TLR5 was stimulated with flagellin and TLR7/8 with gardiquimod. The
involvement of extracellular nucleotides was again tested with apyrase. In both monocytic
cell lines, apyrase did not affect I1L-8 release induced by flagellin or gardiquimod, which
were however far less potent to induce IL-8 release than LPS and Pam3CSKy (Fig. 3A).

Discussion

This study shows that extracellular nucleotides are essential for TLR2 to induce neutrophil
migration /in vivo and in vitro. Indeed, the co-administration of Pam3CSK4, (an agonist of
TLR1/2) with apyrase to deplete extracellular nucleotides significantly diminished
neutrophil migration in the mouse air pouch compared to neutrophil migration in the air
pouches administered with Pam3CSK, alone (Fig. 1). This suggests that the administration
of Pam3CSK4 in the air pouch induces the release of nucleotide(s) that serve as danger
signal molecules triggering neutrophil recruitment via P2 receptor activation. In agreement
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with these data, apyrase also inhibited Pam3CSK4-induced migration of human neutrophils
through the layer of endothelial cells in a Boyden chamber assay. Specifically, the media of
monocytes stimulated with Pam3zCSK4 in the presence of apyrase induced markedly lesser
neutrophil migration than the media of monocytes stimulated in the absence of this enzyme,
which correlated with IL-8 content of these supernatants. We further confirmed that IL-8
secretion from Pam3CSK,-treated monocytic THP-1 and U937 cells, as well as human
primary monocytes, is nucleotide-dependent and defined two receptors involved in this
process. Indeed, 1L-8 secretion was significantly reduced by apyrase, general P2 receptor
antagonists, a specific P2Yg antagonist, as well as by shRNA targeting P2Y 5 and P2Y¢. This
nucleotide-dependent IL-8 secretion from Pam3CSK,-stimulated monocyte may be of
primary importance in Gram-positive bacteria infection as to our knowledge and experience,
other cells like endothelial cells (HUVEC) and human primary neutrophils produce only
little amounts of IL-8 in response to TLR2 stimulation (data not shown).

Obviously, neutrophil migration in the air pouch did not involve IL-8 as mice do not produce
this chemokine. Studies suggest that the chemokine MIP-2 is a mouse counterpart of IL-8.
Interestingly, Bar et al. [25] showed that UDP via P2Y g activation potentiates LPS-induced
release of MIP-2 from WT mouse peritoneal macrophages and that this effect is absent in
P2Y ¢ deficient macrophages. The authors however did not test whether LPS or other PAMP
such Pam3CSKy-induced MIP-2 release was nucleotide-dependent and whether UDP would
also synergize with these molecules. In our assays, apyrase did not affect the production of
MIP-2 in Pam3CSK4-treated air pouches (data not shown). It is possible that Pam3CSK4-
induced neutrophil migration in the air pouch may be mediated by chemokines other than
MIP-2. For example, CXCL12 (SDF1-a)) enhances human CD34* hematopoietic stem cells
migration induced by UTP [26]. Alternatively, this migration could involve chemokine-
independent mechanisms such as the activation of the neutrophil P2Y, receptor that is
instrumental for the migration of these cells caused by the Gram-positive bacteria
Staphylococcus aureus in vivo [27] or expression of adhesion molecules involved in
neutrophil migration, e.g. integrins [28].

The results presented in this study show that a concomitant activation of TLR2 and
nucleotide receptors is required for neutrophil migration both /n vivoand in vitro. 1t is likely
that nucleotides involved in this effect may be liberated from monocytes as a result of TLR2
activation but it is not excluded that this synergistic effect involves a spontaneous (basal)
release of nucleotides by monocytes such as the one observed in lymphocytes. Interestingly,
these cells are able to maintain micromolar pericellular ATP concentrations called ATP halo
that are sufficient for purinergic receptor activation [29]. However, this ATP halo is
somehow resistant to hydrolysis by apyrase and therefore unlikely to be involved in
Pam3CSKy-induced IL-8 secretion from monocytes, which was inhibited by this enzyme
(Fig. 3). In line with the synergism between TLR2 and nucleotides, the addition of
exogenous nucleotides increased IL-8 secretion due to a suboptimal concentration of
Pam3CSK, (Table 1).

We have shown here that the monocyte P2Yg stimulation was involved in TLR2-activated
IL-8 release from human monocytes. This nucleotide receptor is also required for IL-8
secretion due to TLR4 responding to LPS of Gram-negative bacteria in both THP-1 and
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human primary monocytes [14, 15, 30]. The P2Y¢ receptor has also been shown to activate
the release of other cytokines and chemokines, such as TNF-a, MCP-1 and IP-10 from
U937 cells, and CCL20 (MIP-3a.) from human monocytes and monocyte-derived dendritic
cells [30, 31]. It is noteworthy that in the latter cells, CCL20 release could also be induced
by ATP-vS, suggesting that again two or more P2 receptors can be involved [31]. The results
presented in Fig. 6, which are in agreement with the one depicted in Fig. 5, suggest also a
novel role of the P2Y, receptor in IL-8 release. We have to note that our previous works did
not exclude a function of P2Y5 in LPS-induced IL-8 secretion [14, 15]. Other previous
studies showed that the activation of this receptor was coupled to MCP-1 release from rat
alveolar and peritoneal macrophages [22] and IL-6 release from human airway epithelia
[32].

Altogether, the results reported in this paper suggest that the P2Y, and P2Y g receptors may
play an important role in the innate immune response resulting from TLR2 activation. As
IL-8 secreted by a variety of inflammatory cells including monocytes has been implicated in
a number of inflammatory/infectious diseases, such as rheumatoid arthritis [33],
inflammatory bowel disease [34], psoriasis [35, 36], palmoplantar pustulosis [37, 38],
asthma and chronic obstructive pulmonary disease [39], targeting P2Y, and/or P2Y§
receptors may reveal as novel therapeutic approaches to fight these diseases. These data are
also in agreement with a new concept proposing that extracellular nucleotides serve as
endogenous danger-signaling molecules called alarmins that are rapidly released in stress
conditions and resolve the innate immune response [40].

Materials and methods

Materials

LPS from Escherichia coli 0111:B4, nucleotides (ATP, ADP, UTP and UDP), PPADS and
suramin were purchased from Sigma Chemical (St. Louis, MO, USA). Pam3CSKy, flagellin
from Salmonella typhimurium and gardiquimod were purchased from Invivogen (San Diego,
CA, USA). ADA was provided by Roche Diagnostics (Indianapolis, IN, USA). MRS2500,
MRS2578, NF157, KN62 and A438079 were purchased from Tocris Bioscience (Bristol,
UK) and RB2 from ICN Biochemicals, (Aurora, OH, USA). Recombinant and semi-purified
potato apyrase grade VII were bought from New England BioLabs (Ontario, Canada) and
Sigma, respectively. Human recombinant IL-8 (hrIL-8) was purchased from Medicorp
(Montreal, Canada), IL-8 neutralizing Ab MAB208 from R&D Systems (Minneapolis, MN,
USA) and a matching isotype mouse 1gG1 Ab (used as a control in Boyden chamber
transmigration assays) from Sigma. RPMI-1640 medium, FBS (heat-inactivated by a 30 min
incubation at 56°C), HEPES, sodium pyruvate and glutamate were obtained from Wisent
(St-Bruno, Canada) and glucose from Fisher (NJ, USA).

TLR agonists (Pam3zCSKy, LPS, flagellin and gardiquimod), nucleotides and P2 receptor
antagonists (RB2, PPADS, suramin, MRS2500, NF157 and A438079) were reconstituted in
endotoxin-free water (Sigma). Prior to cell stimulation, LPS was sonicated for 10 min.
Before use, ADA and recombinant apyrase were dialyzed against sterile 0.9% NaCl and 10
mM HEPES, pH 7.4, in a Slide-A-Lyser cassette (MWCO 3500, Pierce, Rockford, IL,
USA). Dialysis was performed to remove ammonium sulfate present in the commercial
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preparation of ADA that induces calcium mobilization in cells and glycerol present in the
preparation of recombinant apyrase that induced non-specific IL-8 release in human primary
monocytes. For P2 receptor inhibition assays, MRS2578 and KN62 were dissolved in sterile
DMSO (Sigma) at the concentration of 100 and 1.5 mM, respectively, and further diluted
with RPMI-1640 plus 10% heat-inactivated FBS to obtain 10 and 3 uM, respectively.
Appropriate controls containing 0.01 and 0.2% DMSO were performed.

Neutrophil migration in vivo (mouse air pouch)

The animal protection committee of Université Laval (Québec, QC, Canada) approved the
experimental protocol. Air pouches were formed on the dorsum of 10-12 wk old female
CD-1® mice (Charles River, St.-Colomban, Canada) by subcutaneous (sc) injection of 4 mL
of sterile air on day 0 and 3 mL on day 4. On day 7, samples of 1 mL containing Pam3zCSKy4
(10 ng/mL), with or without apyrase (2 U), or the diluent (PBS) alone were injected into the
air pouches. The mice were sacrificed 4 h later by CO, asphyxiation. The cells that migrated
in the pouches were collected by a 2 mL wash with 5 mM EDTA in sterile PBS, and counted
with a hemocytometer. Leukocyte subpopulations were distinguished by flow cytometry,
which showed that neutrophils accounted for 80-95% of accumulated cells while other cell
populations (e.g. monocyte/macrophage) were negligible.

Neutrophil migration in vitro

Cell lines

Neutrophil transmigration assay was carried out in a Boyden chamber system [14]. Briefly,
cell culture inserts (3 pM pore size) were used to form dual compartments in a Falcon™ 24
well culture plate (Becton Dickinson, Franklin Lakes, NJ, USA). The polyethylene
membrane filters (6.4 mm diameter) of the inserts were coated successively with 1% w/v
gelatine (overnight; Sigma Chemical), 0.006% v/v stabilized human fibronectin (2 h;
Biomedical Technologies, Stoughton, MA, USA) and 15 x 10* HUVEC (2 days to become
confluent). For neutrophil migration, the supernatants of Pam3CSK,-stimulated cells (0.7
mL) were loaded to the lower compartment of the Boyden chamber and freshly isolated
human neutrophils (106 cells in 0.2 mL RPMI-1640 with 5% heat-inactivated FBS) to the
upper chamber on the HUVEC monolayer. In each assay, positive control for neutrophil
migration was performed using hrlL-8 (2 ng/mL) in culture medium of THP-1 and U937
and also a negative control using culture medium alone was done. Neutrophils were allowed
to migrate for 3 h at 37°C and 5% CO,. The transmigrated neutrophils in the bottom
chamber were collected and counted with a hemocytometer. Depending on the assay, from
0.3 t0 0.63 x 10° of the neutrophils loaded to the upper chamber for migration were
recruited to the bottom chamber by media of Pam3CSK,-stimulated monocytes. These
numbers are expressed as 100% in Fig. 6.

Human acute monocytic leukemia THP-1 cells (a kind gift from Dr. S. Bourgoin, CRRI,
CRCHUL, Québec) were grown in RPMI-1640 medium supplemented with 10% heat-
inactivated FBS, 10 mM HEPES and 1 mM sodium pyruvate in a humid atmosphere
containing 5% CO». Human leukemic monocytic lymphoma cells U937 (a kind gift from Dr.
M. J. Tremblay, CRI, CRCHUL, Québec) were grown in RPMI-1640 medium supplemented
with 10% heat-inactivated FBS, 10 mM HEPES, 1 mM sodium pyruvate, 1 mM glutamate
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and 4.5 g/mL glucose in a humid atmosphere containing 5% CO,. Both THP-1 and U937
cells were cultured for up to 1 month at a density of 5-8 x 10° cells/mL, which was
maintained by passages performed every 2—-3 days. HUVEC (Cambrex Bio Science,
Walkersville, MD, USA) were cultured in a complete EGM Bulletkit medium (Cambrex Bio
Science). Cells were used for experiments between passage four and five.

Isolation of human primary neutrophils and monocytes

Human primary monocytes and neutrophils were isolated as described before [14]. Briefly,
venous blood of healthy volunteers was collected on isocitrate anticoagulant solution and
centrifuged (250 g, 10 min, 24°C), and the resulting platelet-rich plasma was discarded.
Leukocytes were obtained following erythrocyte sedimentation in 2% Dextran T-500 and
centrifuged (525 g, 20 min, 24°C) through a 10 mL Ficoll-Paque cushion (Wisent).
Neutrophils were recovered from the pellet and PBMC from the interface. Neutrophils were
subjected to a 15 s hypotonic lysis to remove contaminating erythrocytes, whereas
monocytes were purified further from PBMC by depleting contaminating lymphocytes. To
this end, PBMC were mixed with an equal volume of HBSS containing Ca2*, seeded on a 5
cm petri dish and allowed to adhere for 30 min at 37°C. Nonadherent lymphocytes were
discarded while the attached monocytes were washed four times with PBS without Ca2* and
subsequently detached by 15 min incubation with accutase (Innovative cell technologies,
San Diego, CA, USA) at 37°C. Purified monocytes and neutrophils were centrifuged (1000
g, 5 min, 24°C), resuspended in RPMI-1640 medium with 5% heat-inactivated FBS and
used for the experiments described in the following subsections Monocytes stimulation and
conditioned media and Neutrophil migration in vitro.

Monocyte stimulation and conditioned media

IL-8 ELISA

RT-PCR

Monocytic cells (THP-1 or U937; 108 cells/mL) or human primary monocytes (5 x 10°
cells/mL) were placed in a 5 mL sterile tube and stimulated with the following PAMP:
Pam3CSKy (1 pg/mL for the cell lines and 10 ng/mL for primary monocytes), LPS (100 ng/
mL), flagellin (100 ng/mL) or gardiquimod (1 ug/mL), in the presence or absence of
recombinant apyrase (2 U/mL) or P2 receptor antagonists (added to the cells 30 min before
the addition of the stimulus). The stimulation of THP-1 and U937 cells were carried out for
18 h and human primary monocytes for 5 h at 37°C in a humid atmosphere containing 5%
CO». The resulted conditioned media were centrifuged (1000 g, 10 min, 24°C), the
supernatants collected and frozen at —80°C until used for IL-8 quantification by ELISA
and/or neutrophil transmigration assays.

IL-8 secreted by monocytic cell lines and human primary monocytes was quantified by
Flexia ELISA kit (Medicorp), following the manufacturer’s instructions. The recombinant
protein hrlL-8 was used as a standard.

Total RNA was isolated from the cells using Trizol as recommended by the manufacturer
(Invitrogen) and quantified spectro-photometrically at 260 nm. One microgram of RNA was
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reverse transcribed to cDNA in 20 pL of the reaction mixture containing 50 UM oligo(dt)»q,
10 mM dNTPs, 40 U/mL RNase Out, 200 U/uL Superscript Il reverse transcriptase
dissolved in the supplied buffer (all from Invitrogen) and 0.1 mM dithiothreitol (Roche,
Ontario, Canada). The reactions were performed for 60 min at 50°C and stopped by heating
at 70°C for 15 min followed by the addition of 2 U £. co/iRNase H (Invitrogen). The PCR
reactions were performed in 25 pL of the reaction mixture containing 1 uL cDNA, 10 pmol
of the primer, 10 mM dNTP, 5 U/pL of Tag DNA polymerase (New England BioLabs). After
initial denaturation for 4 min at 94°C, the amplifications were carried out for 35 cycles of
denaturation at 95°C for 45 s, annealing at primer specific temperature for 45 s and
extension at 74°C for 45 s. The PCR was ended by 7 min incubation at 74°C. The same
program was used for the amplification of the gene of reference, which was GAPDH.
Sequences of primers, expected PCR fragment sizes and human sequence GenBank
accession numbers are listed in Table 2. As a control for contaminations of the RNA
preparation with genomic DNA, the crude product of the RNA extraction procedure without
any reverse transcription reaction was used as template for a PCR reaction. No signal was
detected in these samples without cDNA synthesis indicating that they were free of genomic
DNA. RT-PCR products were separated on 1.8% agarose gels containing ethidium bromide
and photographed under UV illumination.

P2Y, and P2Yg knockdown

A partial P2Y, and P2Y g depletion was achieved by lentiviral infection of THP-1 cells
according to the protocol adapted from the Invitrogen’s ViraPower™ Lentiviral Expression
System by the Gene Expression Lab. Lentiviral vectors containing scrambled sShRNA
(control) or shRNAs targeting human P2Y, (clones 9481, 9482, 11797 and 11798; Sigma)
and P2Yg (clones 14073, 14074, 14075 and 14076; Sigma) were produced in 293FT cells.
On the day of infection (day 1), 3 x 108 THP-1 cells (in a T-25 cell culture flask containing 5
mL of the RPMI with 6 pg/mL Polybrene) were incubated with the indicated viral vector
overnight at 37°C in a humid atmosphere containing 5% CO,. On day 2, the medium was
replaced with fresh THP-1 culture medium. On day 3, fresh RPMI containing puromycine
(0.75 pg/mL) was added to select for stably infected cells and the medium was then replaced
every 3 days for 15 days with a fresh one. Depletion of P2Y, and P2Yg mRNA in positively
selected THP-1 cells was confirmed by quantitative gRT-PCR (“Centre de Génomique de
Qué,” CHUQ, Canada; Table 2). The P2Y, and P2Y ¢ depleted cells and control THP-1 cells
infected with lentivirus expressing scrambled shRNA were used for IL-8 secretion assays.

Statistical analysis

Student’s £test was performed using Excel software (Microsoft® Office OneNote™ 2003).
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Figurel.

The depletion of extracellular nucleotides reduces Pam3zCSK,-induced neutrophil migration
in vivo. Mouse air pouches were raised on the back of female CD-1%® mice by subcutaneous
injection of sterile air. Six days later, mice were split in three groups and were injected in the
air pouches with 1 mL PBS (control) or synthetic tripalmitoylated lipopeptide Pam3CSK4
(Pam, 10 ng), with or without apyrase (Apy, 2 U) in PBS, respectively. The cells (largely
neutrophils) accumulated in the pouches were collected 1 and 4 h later and analyzed as
described in the Materials and methods. Data show mean+SEM of seven or eight mice per

group. “p=0.03.
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Figure2.
Nucleotides trigger neutrophil migration /n vitro by controlling IL-8 release in monocytic

cells stimulated with Pam3CSKjy. Cells and media were prepared as described in the
Materials and methods. Briefly, monocytic cells (10%/mL) were stimulated for 18 h with
Pam3CSKy4 (1 pg/mL) in the presence or absence of apyrase (2 U/mL). Prior to
transmigration assay, some of these media were incubated overnight at 4°C, with or without
IL-8 neutralizing Ab (nAb; MAB208, 10 pg/mL) or with an irrelevant mouse 1gG1 Ab (cAb)
as a negative control. The transmigration assays with freshly isolated neutrophils were then
performed. Monocyte diluent (media: 10 MM HEPES+1 mM sodium pyruvate+10% FBS in
RPMI-1640), with or without human recombinant IL-8 (hrIL-8, 2 ng/mL), was used as
positive and negative controls, respectively. Data show mean+SEM of three to five
independent experiments with neutrophils from different donors. The 100% of migrated
neutrophils was set with the media of Pam3CSK;y-treated monocytes (Pam) and, depending
on the assay, ranged from 0.3 to 0.63 x 10° neutrophils. *p<0.05; **p<0.01.
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Figure 3.
Among monocytic expressed TLR, TLR2 and TLR4 induce IL-8 release that is dependent

on the presence of extracellular nucleotides. (A) THP-1 (empty bars) and U937 (filled bars)
cells (10%/mL) were stimulated for 18 h with the indicated PAMP (Pam3CSKy, Pam, 1
ug/mL; lipopolysaccharide, LPS, 100 ng/mL; flagellin, Flag, 100 ng/mL; gardiquimod,
Gardi, 1 pg/mL) or vehicle (control, Ctrl) in the presence or absence of a nucleotide
scavenger (recombinant apyrase, Apy, 2 U/mL) as well as in the additional presence or
absence of adenosine deaminase (ADA, 2 U/mL), where indicated. Apyrase and/or ADA
were added to the cells 15 min before the addition of the indicated PAMP. Secreted IL-8 was
measured by ELISA. (B) Relative release of IL-8. Release of IL-8 induced by Pam3zCSK,4
where 100% represents 12.9 ng/mL for THP-1 and 7.5 ng/mL for U937. Data show mean
+SEM of three or four assays performed in duplicate or triplicate. **p<0.01.
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Figure 4.
RT-PCR analysis of P2 receptor expression in monocytic THP-1 and U937 cells. RNA

extracts were subjected to RT-PCR with P2Y receptor-specific primers (A) and primers for
the housekeeping gene GAPDH (B). For each primer set, lanes 1, 2 and 3 correspond to
amplifications from THP-1 (T), U937 (U), as well as freshly isolated PBMC (P) used as a
positive control, respectively. The molecular size markers (ladder) are shown in base pairs
on the left side of each group. The data presented are representative of two independent
experiments with two different sets of primers.
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Figure5.

2500 2578

Effect of P2 receptor antagonists on Pam3zCSK4-induced IL-8 secretion by monocytic cells.
THP-1 and U937 cells (108/mL) were preincubated for 30 min with (A) the non-selective P2
receptor antagonists RB2, PPADS and suramin (100 uM) or (B) selective antagonists of
P2Y; (MRS2500, 1 uM), P2Yg (MRS2578, 10 uM), P2Y 11/P2X4 (NF157, 1 uM) and P2X5
antagonists (KN62, 3 uM or A438079, 10 uM) and subsequently stimulated with Pam3CSK4
(1 pg/mL) for 18 h. Secreted IL-8 was measured by ELISA. Data show mean+SEM of at
least three experiments performed with cells at different passages. One hundred percent was
set for the release of IL-8 induced by Pam3CSK4,, which was consistently in the order of 11
ng/mL for THP-1 and 7 ng/mL for U937. *p<0.05; ™ p<0.01.
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Figure 6.
Downregulation of either P2Y, or P2Y g receptor impairs I1L-8 release in THP-1 cells. THP-1

cells (3 x 108/5 mL) were infected with lentivirus carrying scrambled shRNA or shRNA
targeting human P2Y, or P2Yg mRNA as described in the Materials and methods. (A)
Knockdown quantification of P2Y5 and P2Yg mRNA levels by gRT-PCR. (B) The sShRNA
treated cells were stimulated with Pam3CSK, as before and IL-8 secretion measured. Data
show mean+SEM of four different experiments, each performed in duplicate or triplicate.
One hundred percent was set with the media of Pam3CSK;-treated THP-1 and represents
18+4 ng/mL secreted IL-8. *p<0.05; ™ p<0.01; ™ p<0.001.
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Figure 7.

Extracellular nucleotides/P2 receptors are involved in IL-8 secretion by Pam3zCSKy-
stimulated human primary monocytes. Huma n primary monocytes (5 x 10%/mL) were
stimulated with Pam3CSK, (10 ng/mL) for 5 h in the presence or absence of semi-purified
apyrase (2 U/mL) and/or P2 receptor antagonists (100 uM RB2, suramin, PPADS, or 10 uM
MRS2578, respectively). Secreted IL-8 was quantified by ELISA. Data show mean+SEM of
six experiments, each performed in duplicate or triplicate using cells from different blood
donors. One hundred percent was set with the media of Pam3CSK,-treated monocytes and

represents 18+7 ng/mL secreted 1L-8. *p<0.05; *p<0.01; ***p<0.001.
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Comparative level of 1L-8 secreted by monocytic cells and human primary monocytes (Mo) activated by a

suboptimal concentration of Pam3CSKy in the presence or absence of P2Y, or P2Yg agonists?

1L -8 release (pg/mL)

THP-1 U937 Mo
Basal release (vehicle) 50+1 35+2 419+9
Pam3CSK, 624258 3745 696+95
ATP 5204258 45+0.5 690+69NS
uTpP 4834158 40+0.5 534+67NS
UDP 484+158 39+0.5 7502658
PamzCSK,+ATP 101545 11 471451t gpa+12t
PamyCSK,+UTP 965+5" 11 4424511 84+11NS
Pam;CSK,+UDP 970+3% 11 442+3™ 1T 1747+60" 1

a)

Cells (1 x 106/mL) were stimulated with suboptimal concentration of

Pam3CSK4 (0.1 ng/mL for THP-1 and U937 cells, or 0.3 ng/mL for Mo)

for 18 and 5 h, respectively, in the presence or absence of ATP, UTP or UDP (100 uM). The freshly isolated monocytes were plated on 24 wells and
the next day, the medium was replaced with a fresh one before stimulation. The values presented are the mean+SEM of at least three experiments
carried out in duplicate or triplicate. p values were calculated to compare the followings. Each value for nucleotide alone or Pam3CSK4 alone was

compared with the one for vehicle control (basal release).

$/0.05;

5001,

Pam3CSKg4+either ATP, UTP or UDP was compared with the respective nucleotide alone (*p<0.05; **p<0.01), or with Pam3CSK4 alone
(Tp<0.05; Ter<0.01). NS, not significant.
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Gene Forward primer Reverse primer Genbank Length (bp)
RT-PCR
PZRY; CCCTGGGCCGGCCTCAAAAAGAAGAATG CAAGCCGGGCCCTCAAGTTCATCGTTTTC NM_002563 389
PZRY, GCTACAGG GCCGCTTCAACGAGGACTTC GGCAGGCCAGCACCAACACCCACAC NM_176072 429
P2RY,;  CCACCTGGCATTGTCAGACACC GAGTGACCAGGCAGGGCACGC NM_176072 425
PZRY CCCTGCTGGCCTGCTACTGTCTCCTG CTAATTCTCCGCATGGTTTGGGGTTGG NM_002565 456
PZRY;; CCCCCGCTGGCCGCCTACCTCTATCC CGCAGCCCAACCCCGCCAGCACCAG NM_176797 397
PZRY;, CTAAGATTCTCTCTGTTGTCATCTG ACAGAGTGCTCTCTTTCACATAG NM_002566 432
P2RY;3 TGTGTCGTTTTTCTTCGGTG TGCTGCCAAAAAGAGAGTTG NM_022788 578
PZRY;4  CGCAACATATTCAGCATCGTGT GCTGTAATGAGCTTCGGTCTGAC BC041116 102
PZRX; GCTACGTGGTGCAAGAGTCA GTAGTTGGTCCCGTTCTCCA NM_014879 215
PZRX;  AAGCTGTACCAGCGGAAAGA GCTCTTGGCCTTCTGTTTTG NM_002562 202
GAPDH CGACCACTTTGTCAAGCTCA AGGGGTCTACA GGCAACTG NM_002046 228
gPCR
P2RY;  7.12ilGCATCCTGACCTGGAGAGCAY CAGGTCTGCTGCCATCGC NM_002564 51
PZRY GGCCTCCCTGAACATAGGAAA Z-tal-FCATTGTCCCATTCCATGGC NM_004154 52
185 Z-tail-CGGTACAGTGAAACTGCGAATG CCAAAGGAACCATAACTGATTTAATGA M10098 51
a).

Eur J Immunol. Author manuscript; available in PMC 2016 December 06.

The Z-tail for gPCR is ACTGAACCTGACCGTACA. It was excluded from the gPCR product lengths presented in base pairs.
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