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Abstract

Background: Resolution of inflammation is now recognized as a tightly regulated and active process. Lipoxins (LX) are lead

members of a larger family of specialized pro-resolving mediators with unique anti-inflammatory and pro-resolving properties.

Recent studies implicated natural killer (NK) cells in the resolution of allergic airway inflammation, notably in promoting

eosinophil apoptosis. The aim of the study was to better understand the pro-resolving actions of NK cells and LXA4 during

allergic eosinophilic airway inflammation. Methods: 20 subjects with grass pollen allergic rhinitis were included. A nasal

provocation test with either a single grass pollen allergen threshold dose or diluent was used. Nasal lavage fluid and cells were

collected at baseline and at different time points after challenge. For in vitro assays, eosinophils were incubated with NK cells.

Results: We observed that NK cells were recruited to the nasal mucosa shortly after the initiation of the allergic inflammatory

response. This recruitment correlated with eosinophilic inflammation. In vitro assays demonstrated that direct contact and a

combined action of CD56bright and CD56dim NK cells were needed to promote autologous eosinophil apoptosis. We furthermore

observed that local LXA4 production correlated with the peak of neutrophil nasal mucosal infiltration, suggesting a potential

role of neutrophils in LXA4 biosynthesis during the early phase of the allergic inflammatory response. Last, LXA4 appeared

as essential to inhibit the in vitro release of eosinophil superoxide triggered by NK cells. Conclusion: Together, these findings

indicate a synergistic role for NK cells and LXA4 in the resolution of allergic eosinophilic inflammation.
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5 Department of Chest Disease, University Hospital of Besançon, Besançon, France
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Abstract

Background : Resolution of inflammation is now recognized as a tightly regulated and active process.
Lipoxins (LX) are lead members of a larger family of specialized pro-resolving mediators with unique anti-
inflammatory and pro-resolving properties. Recent studies implicated natural killer (NK) cells in the re-
solution of allergic airway inflammation, notably in promoting eosinophil apoptosis. The aim of the study
was to better understand the pro-resolving actions of NK cells and LXA4 during allergic eosinophilic airway
inflammation.

Methods: 20 subjects with grass pollen allergic rhinitis were included. A nasal provocation test with either
a single grass pollen allergen threshold dose or diluent was used. Nasal lavage fluid and cells were collected
at baseline and at different time points after challenge. For in vitro assays, eosinophils were incubated with
NK cells.

Results : We observed that NK cells were recruited to the nasal mucosa shortly after the initiation of the
allergic inflammatory response. This recruitment correlated with eosinophilic inflammation.In vitro assays
demonstrated that direct contact and a combined action of CD56bright and CD56dim NK cells were needed
to promote autologous eosinophil apoptosis. We furthermore observed that local LXA4 production corre-
lated with the peak of neutrophil nasal mucosal infiltration, suggesting a potential role of neutrophils in
LXA4biosynthesis during the early phase of the allergic inflammatory response. Last, LXA4 appeared as
essential to inhibit the in vitro release of eosinophil superoxide triggered by NK cells.

Conclusion : Together, these findings indicate a synergistic role for NK cells and LXA4 in the resolution of
allergic eosinophilic inflammation.

Key Words : eosinophil, lipoxin, nasal allergen challenge, Natural Killer cells

Word count : 3487 words
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. Allergic airway diseases, such as rhinitis and asthma, are one of the most common chronic inflammatory
respiratory diseases in the world (1). The pathophysiology of allergic airway diseases involves a typical im-
munoglobulin (Ig) E-mediated type 2 immune response triggered in sensitized subjects following inhalation
of aeroallergens with subsequent eosinophilic infiltration of the respiratory mucosa (2). Although the me-
chanisms underlying the pathology and treatment of allergic airway inflammation have been widely studied,
many aspects remain unclear, notably how allergic inflammation effectively resolves in the airways.

The resolution of inflammation is now recognized as a tightly regulated and active process (3). From the
apoptosis and clearance by myeloid cells of activated inflammatory cells to the release of pro-resolving mole-
cules, resolution enables inflamed tissues to return to homeostasis. Non-resolving inflammation is suspected
as a key factor in the pathogenesis of numerous chronic inflammatory diseases, including allergic rhinitis and
asthma (4).

Lipoxins (LX) are lead members of a larger family of specialized pro-resolving mediators with unique anti-
inflammatory and pro-resolving properties (5). LX derive from essential fatty acids and are generatedvia
biosynthetic routes engaged during cell-cell interactions (for example when infiltrating neutrophils interact
with tissue-resident cells in inflamed target organs) (5). Previous animal studies showed that LX can decrease
allergic inflammation (6, 7). Moreover, low lipoxin production has been observed in patients with severe and
uncontrolled asthma (8, 9).

Natural Killer (NK) cells are well-known players in the control and elimination of virally-infected or cancer
cells (10). But several animal studies also implicated NK cells in the resolution of allergic inflammation,
notably in dampening eosinophilic inflammation (11). Previous data demonstrated that NK cells are able
to induce the apoptosis of human autologous eosinophils in vitro (12, 13). In contrast, a potential activator
effect of NK cells on eosinophils has also been reported, notably by increasing reactive oxygen species (ROS)
expression by eosinophils in co-cultures (13).

The aim of the study was to better understand the pro-resolving actions of NK cells and LXA4 during a
self-limited allergic respiratory inflammatory response by using a standardized nasal allergen provocation
test with a single threshold dose. We were able to identify a synergistic role for NK cells and LXA4 in
mediating resolution of allergic eosinophilic inflammation.

Methods

Study participants

The study population consisted of 20 subjects (mean [SD] age, years (range); 28.0 [7.1] (19-46); ten men
and ten women) suffering from seasonal allergic rhinitis to grass pollen. The study was approved by the
local Research Ethics Committee. Informed written consent was obtained from all subjects before their
participation.

Inclusion criteria were a history of summer grass pollen allergic rhinitis for at least 2 years confirmed by a
positive skin prick test to grass pollen extract (Stallergenes) i.e. >3 mm weal compared with the negative
control and positive specific IgE-antibodies to grass pollen, assessed by Phadia (mean [SD], kU/L (range);
16.5 ± 23.4 (0.4 -100). Patients were excluded if they had current symptoms of rhinitis, other nasal or systemic
disease, asthma requiring regular inhaled corticosteroids, abnormal pulmonary function, other respiratory
conditions, current medication including anti-allergic medication, specific immunotherapy in the previous 5
years, smoking history in the past 6 months, were pregnant or breastfeeding women. None of the subjects
had exposure to other relevant respiratory allergens and to avoid natural allergen provocation, all subjects
were studied outside the grass-pollen season. At screening, participants were examined, including a nasal
examination to rule out any nasal disease or evidence of active rhinitis. Throughout the whole study period,
subjects were not allowed to take any medication.

Nasal allergen challenge procedure

A first nasal allergen challenge was performed to titrate the allergen dose eliciting a positive response.

3
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. Briefly, nasal allergen challenge was performed as previously described by administering increasing doses
of a grass pollen allergen extract (Stallergenes Greer) every 10 minutes by means of a nasal pump spray
delivery device (14). A Lebel score > 5 was considered as a positive response (15). After a washout period
of 4 weeks, patients underwent two nasal allergen challenges with either a single threshold dose of the grass
pollen allergen extract (Stallergenes Greer) or a diluent (saline solution) in a randomized order at least 4
weeks apart. All the challenges were performed outside the grass pollen season, and none of the subjects was
exposed to any other relevant respiratory allergens.

Total nasal symptom score

Total nasal symptom scores (TNSS) were recorded at baseline just before the challenge, 15 and 30 min after
challenge, and then again 1, 6, 24, 48 and 72 h after challenge (14). TNSS comprised the sum of the score of
4 nasal symptoms (rhinorrhea, nasal obstruction, sneezing, and nasal itching) scored from 0 to 3 (0=none,
1=mild, 2=moderate and 3=severe).

Nasal lavage procedure and processing

Nasal lavage samples were collected at baseline, and 1, 6, 24, 48 and 72 h post-challenge as described by
Naclerio et al . (16). Briefly, 5 ml of a prewarmed (37°C) saline solution (0.9% w/v NaCl) was instilled into
each nostril with a 10 ml syringe, attached by tubing to a nasal adapter. The subjects were seated in a
forward-flexed neck position to prevent fluid from reaching the nasopharynx. The fluid was withdrawn into
the syringe and flushed back into the nasal cavity 3 times. Mean [SD] recovery of nasal lavage fluid (10 ml for
each washing) was 6.9 ml [0.9] for allergen and 6.8 ml [0.9] for placebo. The nasal lavage samples were kept
on ice and then immediately centrifuged at 4°C for 10 min at 300 x g to generate a supernatant which was
stocked at -80° C for later analysis. The cell pellet was resuspended in Dulbecco’s phosphate-buffered saline
(DPPS) (Lonza). Total numbers of leukocytes were counted by using an improved Neubauer haemocytometer
and cell numbers were normalized to nasal lavage volume.

Total nasal lavage protein levels

Total protein content in nasal lavage supernatants was measured in duplicate in 96-well plates by a standard
bicinchoninic acid assay (BCA) assay according to the manufacturer’s instructions (Sigma-Aldrich).

Flow Cytometry analysis

Freshly processed nasal lavage cells were divided into 0.2 to 1 x 106 cells per tube, resuspended in 50 μl of
phosphate-buffered saline (PBS) (Lonza) and incubated in the presence of antibodies for 20 minutes on ice
in the dark. Cells were then washed with PBS and resuspended for analysis. The following antibodies to
human cell membrane proteins were used: CD45-PE Cy7, CD14-APC eFluor, CD16-FITC, CD56-APC, CD3-
PerCPCy5.5 (all from eBioscience, San Diego, CA) and NKp46-PE (9E2) (BioLegend). Data was acquired
on an ARIA flow cytometer (Becton Dickinson) with FACSDiva acquisition software (Becton Dickinson
BioSciences, Mississauga, Ontario, Canada) and analyzed using FlowJo flow cytometric analysis software
version 10.1 (Tree Star, Ashland, OR). Leukocyte populations were identified in nasal lavage samples as
described previously for induced sputums (17). Briefly, doublets were excluded by gating on forward scatter
(FSC)-H and FSC-A, followed by gating on CD45 positive cells to discriminate leukocytes from contami-
nating squamous-epithelial cells. Cellular debris were then gated out on the basis of FSC and side scatter
(SSC). Specific populations were identified on the basis of marker expression as well as size and granularity.
Respective gating strategy is outlined in Fig 2A. For nasal lavage samples, as many events as possible were
collected. For compensation control, BD CompBeads (BD PharMingen) were used.

Lipoxin A4 nasal lavage levels

LXA4 was measured in nasal lavage supernatants by a commercially available ELISA kit (Neogen Crop,
Lexington, Ky) according to the manufacturer’s instructions. The lower detection limit of the assay was 0.02
ng/ml.

NK cells and eosinophil incubations

4
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. For in vitro assays, peripheral blood was obtained from healthy subjects according to a protocol approved
by the local Research Ethics Committee. Written informed consent was obtained from all subjects before
their participation. Peripheral blood mononuclear cells (PBMCs) and granulocytes were isolated by den-
sity gradient centrifugation (Histopaque-1077 and Histopaque-1119 respectively; Sigma-Aldrich) as described
earlier (12). NK cells, monocytes and T lymphocytes were isolated from PBMCs with a magnetically cell
isolation kit (EasySep, Stemcell Technologies) according to the manufacturer’s instructions. Eosinophils
and neutrophils were further sorted from a granulocyte suspension with an ARIA flow cytometer (Becton
Dickinson) as described earlier (18). In some selected experiments, CD56dimand CD56bright NK cells were
sorted with an ARIA flow cytometer (Becton Dickinson) from a total NK cell suspension obtained earlier
with a magnetically NK cell isolation kit (EasySep, Stemcell Technologies). For NK cell/eosinophil co-
cocultures, autologous human granulocytes or eosinophils were resuspended in RPMI 1640 medium (Gibco,
BRL) supplemented with 10% heat-inactivated FCS (Gibco, BRL) and 2 mM L-glutamine (Gibco, BRL),
in the absence or presence of total NK cells or CD56dim and/or CD56bright NK cells (1:5 ratio of gran-
ulocytes/NK cells or CD56dimor CD56bright subset) or autologous supernatants from earlier co-incubation
assays (4 hours, 37°C, 5% CO2). Apoptosis was assayed by FACS with annexin V and 7-AAD staining (BD
Pharmingen). For assays assessing superoxide generation, detection of superoxide radical anion was assessed
by electron paramagnetic resonance (eScan, Bruker) in medium containing 200 μM of CMH (1-hydroxyl–3–
methoxycarbonyl- 2,2,5,5–tetramethylpyrrolidine). In some experiments, cells were stimulated (10 min, 50
ng/ml) with Phorbol 12-myristate 13-acetate (PMA) (Sigma) and/or selectively exposed (15 min, 37°C) to
LXA4 (1, 10 or 100 nM) or vehicle (0.1% ethanol) (Cayman Chemical).

Statistical analysis

Statistical analysis was performed using GraphPad Prism 8 Software (GraphPad Software, La Jolla, CA).
Data are expressed as means ± SEM. Comparison between allergen vs diluent at various time points were
made by using 2-way ANOVA with Sidaks’s multiple comparison test. Correlations were determined by
using Pearson’s correlation coefficient.In vitro data were analyzed by one-way-ANOVA with Tukey’s multiple
comparison test, two-tailed Student’s t test or multiplet -tests with Bonferroni correction. P values of less
than .05 were considered statistically significant.

Results

Nasal provocation with a single dose of allergen induces a typical nasal allergic inflammatory
response that resolves spontaneously

The nasal challenge with a single dose of grass pollen allergen induced typical allergic symptoms in all
patients that resolved spontaneously. Clinical scores were highest 15 minutes after the administration of the
allergen, falling progressively to pre-challenge levels by 48 hrs after the challenge (Fig. 1, A ). A modest
nasal obstruction was the longest lasting symptom (Fig. S1). No clinical response was observed after the
diluent challenge. Total nasal lavage inflammatory cells and nasal lavage protein levels peaked at 1 hr after
the allergen challenge and returned progressively to pre-challenge values within 72 hrs (Fig. 1, B and C ).
No significant kinetics were observed after diluent challenges.

NK cells appear early during the allergic inflammatory response

Leukocyte sub-populations were furthermore identified in nasal lavage samples by FACS (the gating strategy
is outlined in Fig. 2, A ). As expected, eosinophils were rapidly recruited, as early as 1 hr post-challenge,
and remained elevated for 48 hrs after the challenge (Fig. 2, B ). Neutrophils were the most abundant
population, peaking 1 hr after the challenge and returning to baseline levels at 24 hrs (Fig. 2, B ). Monocyte
and lymphoid cell recruitment was also observed after the allergen challenge. Interestingly, NK cells were
recruited as early as 1 h after the challenge, persisted for 6 hrs before falling to their baseline levels. No
significant leukocyte kinetics were observed after diluent challenges.

NK cells interact with eosinophils

We next observed that there was a positive relationship between the total number of nasal lavage NK cells

5
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. and that of eosinophils 1, 6 and 24 hrs after allergen challenge (Figure 3, A-C ). No significant correlation
was observed between NK cells and other leukocyte populations (data not shown). In vitro assays previously
showed that peripheral blood NK cells are able to trigger apoptosis of autologous blood eosinophils (12). To
determine whether soluble mediators were involved in NK cell-induced eosinophil apoptosis, we incubated
freshly isolated eosinophils from healthy donors (4 hrs, 37°C) with supernatants from past autologous NK
cell-eosinophil co-cultures kept at -80°C (Fig 4, A ). These supernatants did not increase basal levels of
eosinophils apoptosis, suggesting the need for a direct contact between eosinophil and NK cells. Based on
their CD56 expression, two primary subsets of NK cells are found in human subjects, namely CD56dim and
CD56bright (10) . The CD56bright NK cells are commonly described as cytokine-producing cells with poor
cytotoxic ability, whereas CD56dim NK cells are best known for their potent cytotoxic activity. To assess the
role of one particular subtype is involved in eosinophil apoptosis, NK cells from healthy donors were sorted
by FACS, based on their CD56 expression and incubated with autologous eosinophils (4 hrs, 37°C) (Fig 4, B,
left panel ). Intriguingly, eosinophil apoptosis was not modified when eosinophils were incubated alone with
either the CD56dim or CD56bright NK cell subset, suggesting a combined interaction of both subpopulations
while inducing eosinophil apoptosis (Fig 4, B, right panel ).

Upon activation, eosinophils release many mediators, including highly reactive oxygen species that can
damage surrounding tissues. Besides the potential pro-resolving effect of NK cells on eosinophils, activator
effects by NK cells on eosinophils have also been reported (13). We first observed that isolated eosinophils
were by far the most important producers of superoxide anion among different leukocyte populations involved
in type 2 allergic inflammation, at rest and when activated (Fig 4, C ). In contrast, NK cells were unable to
release superoxide anion (Fig 4, C ). We next wanted to assess superoxide release by eosinophils at different
time points after co-culture with NK cells. In the presence of NK cells, superoxide release from eosinophils
was significantly reduced after 1 hr of co-incubation. This inhibitor effect was overwhelmed after 4 hrs of
co-incubation (Fig 4, D ), confirming the partial activator effect of NK cells on eosinophils (13).

LXA4 is produced in the nasal mucosa after nasal allergen challenge

Quantification of LXA4 levels in nasal lavage samples showed that LXA4 was produced in the nasal mucosa
at baseline and significantly increased in the nasal lavage fluid 1 hr after allergen challenge (Fig 5, A ).
Increased LXA4 levels 1 hr after allergen challenge correlated with the peak of nasal neutrophil infiltration
(Fig 5, B ). Interestingly, LXA4 levels also significantly increased at 48 and 72 hrs post-allergen challenge
when compared to baseline levels and correlated at these time points to monocyte recruitment (Fig 5, C and
D ).

NK cells and LXA4 inhibit superoxide production by eosinophils

As anti-inflammatory effects of LXA4 on eosinophils and NK cells were previously reported (19), we next
first determined whether LXA4 was able to modulate eosinophil superoxide release. Activated eosinophils
significantly reduced their superoxide release in a dose-dependent manner when exposed to LXA4 (Fig 6,A
). When eosinophils were co-incubated with NK cells in the presence of LXA4, superoxide release was still
inhibited in a dose-dependent manner 4 hrs later (Fig 6, B ). This contrasts with the previously observed
partial activator effect of NK cells on eosinophils (Fig 4, D ).

Discussion

In this study, we used a standardized nasal allergen provocation test with a single threshold dose that led to
an acute self-limited allergic respiratory inflammatory response. Here we showed for the first time that NK
cells are recruited to the nasal mucosa shortly after the initiation of the allergic inflammatory response and
correlate with eosinophilic infiltration.

Natural killer (NK) cells are key members of the innate lymphocyte family with essential roles in host defense
against pathogens as well as in malignancies (20). However, a role for NK cells in the regulation of type 2
immune responses and allergic diseases has been recently suggested. Indeed, experimental studies using
murine models have shown that NK cells can participate in the regulation of allergen-induced eosinophilic

6
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. airway inflammation (11, 21-23). Moreover, the presence of activated NK cells has been noted in patients
with type 2 diseases, including asthma (12, 24), allergic chronic rhinosinusitis (25, 26) and atopic dermatitis
(27). Whether NK cells enhance or limit type 2 immune responses is still debating.

In human in vitro experiments, it has been shown that human NK cells can promote apoptosis of autologous
eosinophils but the molecular mechanisms underlying these events were only partially addressed (13, 28).
In the present study, we confirmed that peripheral blood NK cells from healthy donors are able to induce
the apoptosis of autologous peripheral blood eosinophils. As eosinophils have the capacity to release a broad
range of toxic mediators into surrounding host tissues with consequent tissue damage, eosinophil apoptotic
cell death followed by their subsequent phagocytosis by surrounding phagocytes is therefore critical for the
successful resolution of allergic and asthmatic inflammation (29). Moreover, as suggested earlier (13, 28), we
confirmed that NK cell-induced eosinophil apoptosis needed a direct contact between eosinophils and NK
cells.

Besides potential inflammation pro-resolving effects, activator effects of NK cells on eosinophils have also been
reported. In a previous study, human NK cells were shown to induce a dose-dependent in vitroactivation of
autologous eosinophils after 3 and 12 hours of co-culture (13). Upon activation, eosinophils are able to release
many mediators, including highly reactive oxygen species that can damage surrounding tissues and worsen
inflammation (30). In the current study, we observed that among different leukocyte populations involved
in type 2 allergic inflammation, healthy donor eosinophils from were by far the most important producers
of superoxide anion. After 1 hr of co-incubation with NK cells, the release of superoxide by eosinophils was
significantly reduced. This inhibitor effect was overwhelmed after 4 hrs of co-incubation, confirming a partial
activator effect of NK cells on eosinophils.

Several classes of natural pro-resolving and anti-inflammatory chemical mediators are produced at sites of
inflammation, including the respiratory mucosa (4). LXA4 is a lead member of a newly described class of
pro-resolving lipid mediators derived from arachidonic acid that signals through ALX/FPR2 receptors (5).
LXA4 has been reported to decrease allergic and asthmatic responses in mouse models (6). In the current
study, we showed that LXA4 was already present in the nasal mucosa at baseline and significantly increased
in the nasal lavage fluid shortly after the nasal allergen challenge.

LXA4 is produced by multistep enzymatic process resulting from lipoxygenase (LO) activities in different
cell types. One of the main pathways of LXA4 synthesis involves lipoxygenation of arachidonic acid by 15-
LO in epithelial cells to generate 15(S)-hydroxyeicosatetranoic acid (15S-HETE) that can then be utilized
as a substrate by the 5-LO expressed in neutrophils to synthesize LXA4 (31). In our study, neutrophils
were the most abundant population recruited during the nasal allergic response, peaking 1 hr after the
allergen challenge and returning to baseline levels at 24 hrs. A such transient increase of neutrophils has
been documented earlier after allergen challenge in animal models and human asthma but their role in
allergic disease has been questioned (32-34). Interestingly, we observed an association between the LXA4

levels and the peak of nasal neutrophil infiltration, suggesting the involvement of neutrophils in LXA4

biosynthesis during the early respiratory allergic inflammatory response. After falling back to baseline levels,
LXA4 significantly re-increased at 48 and 72 hrs post-allergen challenge at time points where monocytes were
present in the nasal lavage samples. An increasing number of studies have linked efferocytosis by macrophages
and monocytes with their further production of pro-resolving mediators, including LXA4 (35).

Both NK cells (12) and eosinophils (36) express the LXA4receptor ALX/FPR2. Since anti-inflammatory
effects of LXA4 on eosinophils were previously reported (19), we next determined whether LXA4 was able to
modulate eosinophil superoxide release. Activated eosinophils significantly reduced their superoxide release
in a dose-dependent manner when exposed to LXA4. When eosinophils were co-incubated with NK cells
in the presence of LXA4, superoxide release was still inhibited in a dose-dependent manner 4 hrs later, in
contrast with the previously observed partial activator effect of NK cells on eosinophils 4 hrs later.

Our study underlines the complex network between cellular and molecular actors during resolution of allergic
airway inflammation. Our data suggested that NK cells could represent an endogenous counterregulatory
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. response to type 2 inflammation, as NK cells are recruited to the nasal mucosa during an allergic inflam-
matory response in parallel to eosinophil accumulation an are able to promote eosinophil apoptosis. The
accumulation of neutrophils along with monocytes during the allergic inflammatory response may further-
more be an important regulatory feedback to initiate and promote resolution of allergic inflammation, as our
data suggest involvement of these cells in LXA4biosynthesis, a specific pro-resolving lipid mediator. Finally,
LXA4 appeared to be essential in limiting superoxide release by eosinophils in the presence of NK cells.

Current treatment strategies in allergic airway diseases have focused on combating pathologic type 2 in-
flammation using either broad or selective immunosuppression. In the next future, the therapeutic paradigm
could shift to the use of pharmacologic agents that enhance endogenous pro-resolving mechanisms. This
presupposes a better understanding of the roles and interactions between cellular and molecular processes
that drive the resolution of allergic inflammation.

In conclusion, here we report for the first time that NK cells are recruited to the nasal mucosa of subjects
with allergy in response to nasal allergen challenge and we identify a synergistic role for NK cells and LXA4
in mediating resolution of allergic eosinophilic inflammation.

Acknowledgments

We thank Pr Seiamak Bahram and Dr Beatrice Uring-Lambert for access to flow cytometer.

Funding Statement
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Figure 1. Nasal provocation with a single dose of allergen induces a rapid nasal allergic inflammatory
response that resolves spontaneously over 72 hrs. Subjects (n=20) suffering from confirmed seasonal grass
pollen rhinitis were challenged intranasally with a single threshold dose of a grass pollen extract or diluent.
A,Nasal symptoms were assessed at baseline and at different time points (15 min, 30 min, 1, 6, 24, 48 and
72 hrs) after nasal challenge. The total nasal symptom score (TNSS) represents the cumulative score of
sneezing, nasal running (rhinorrhea), itching and nasal blockage (obstruction) each scored from 0 to 3 using
a questionnaire. B,Total inflammatory cells and C, protein levels were measured in nasal lavage samples
collected at the indicated time points after allergen challenge or diluent. Data are displayed as mean ± SEM;
*P < 0.05, **P < 0.01, ****P< 0.0001; 2-way ANOVA with Sidaks’s multiple comparison test was used to
compare allergen vs diluent at various time points.

Figure 2. NK cells appear early during the allergic inflammatory response. A, Representative dot plots for
flow cytometric sequential gating of leukocyte populations in nasal lavage. First, doublets were excluded,
then CD45- events and subcellular debris. Leukocyte populations (granulocytes, lymphoid cells and mono-
cytes) were identified on the basis of CD14 expression and side scatter. Eosinophil and neutrophils were
identified among granulocytes on the basis of absence or presence of CD16 expression, respectively. NK cells
and T cells were identified among the lymphoid cell population as CD3-NKp46+ cells and CD3+ NKp46-

cells, respectively.B , Time course of neutrophils, eosinophils, NK cells, lymphoid cells, T lymphocytes and
monocytes following allergen nasal challenge or diluent. Data are displayed as mean +- SEM; *P < 0.05;
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. **P < 0.01; ***P < 0.001; 2-way ANOVA with Sidaks’s multiple comparison test was used to compare
allergenvs diluent at various time points.

Figure 3. NK cells correlate with eosinophils during the allergic inflammatory response. A , Correlation
between total NK cells and eosinophils 1, 6 and 24h after the allergen challenge (Pearson correlation r value
and significance are noted).

Figure 4 . NK cells are able to induce apoptosis in autologous eosinophils and to inhibit superoxide
production by eosinophils.A , Peripheral blood eosinophils were incubated (4 hrs, 37degC) with medium
alone, autologous supernatants from past eosinophil cultures, autologous supernatants from past NK cell-
eosinophil co-cocultures (1:5 ratio) and autologous peripheral blood NK cells (1:5 ratio). Eosinophil apoptosis
was assayed by FACS with annexin-V and 7-AAD staining. Results are expressed as means +- SEM, n =
6 individual healthy donors; ****P < 0.0001; one-way ANOVA with Tukey’s multiple comparison test B ,
CD56dimand CD56bright NK cells were sorted by flow cytometry (left panel) and co-incubated (4 hrs, 37degC)
alone or together with autologous eosinophils (1 :5 ratio) (right panel). Eosinophil apoptosis was assayed
by FACS with annexin-V and 7-AAD staining. Results are expressed as means +- SEM, n = 5 individual
healthy donors, ****P < 0.0001, one-way ANOVA with Tukey’s multiple comparison test.C , Superoxide
release was assessed by electron paramagnetic resonance (EPR) in different leukocyte population involved
in type 2-mediated allergic inflammation at rest (vehicle) and when activated by phorbol myristate acetate
(PMA) (10 min, 50 ng/mL). Results are expressed as means +- SEM, n = 5 individual healthy donors,
*P < 0.05, at rest (vehicle) when cells are compared to each other; **P < 0.05, after PMA when cells are
compared to each other; PSP < 0.05, when cells are compared between rest (vehicle) and PMA; multiple t
-tests with Bonferroni correction. D , NK cells induce a significant reduction of superoxide production by
FACS isolated eosinophils 1 hr after co-incubation (37degC, 1:5 ratio) that is overwhelmed after 4 hrs of
co-incubation. Results are expressed as means +- SEM, n = 7 individual healthy donors, *p<0.05, paired
Student’s ttest.

Figure 5 . LXA4 is produced in the nasal mucosa after nasal allergen challenge and correlate to neutrophil
and monocyte recruitment. A , LXA4 concentrations were quantified by ELISA in nasal lavage samples.
Values are expressed as means +- SEM; *P < 0.05 compared to diluent,$P< 0.05 compared to baseline
levels; 2-way ANOVA with Sidaks’s multiple comparison test was used to compare allergen vs diluent at
various time points and 2-way ANOVA with Tukey’s multiple comparison test was used to compare levels
vsbaseline levels. B , Correlation of LXA4 levels and neutrophil counts 1 hr after allergen challenge (Pearson
correlationr value and significance are noted). C , Correlation of LXA4 levels and monocyte levels 48 hrs
(left panel) and 72 hrs (right panel) after allergen challenge (Pearson correlationr value and significance are
noted).

Figure 6 . LXA4 is essential to inhibit NK cells triggered eosinophil superoxide release in vitro . A
, Eosinophils were pre-treated (15 min) with increasing doses of LXA4 (1, 10 or 100 nM or vehicle
[0.1% ethanol]) and then stimulated with PMA (10 min, 50 ng/mL), superoxide release was assessed by
EPR. Results are expressed as means +- SEM; n = 6 individual healthy donors; *p<0.05 compared to
vehicle;PSp<0.05 compared to 1 nM; one-way ANOVA with Tukey’s multiple comparison test. B , Eosinophils
were pre-tretated (15 min) with LXA4 (10, 100 nM or vehicle) and co-incubated with NK cells (37degC,
1:5 ratio). Eosinophils showed still a dose-dependent reduction of superoxide production after 4 hrs of co-
incubation. Results are expressed as means +- SEM, n = 3 individual healthy donors; *P < 0.05; multiple
t -tests with Bonferroni correction.

Figure S1. Detailed clinical scores composing the total nasal symptom score (TNSS). A, Nasal sneezing,
B, nasal itching,C, nasal running (rhinorrhea) and D, nasal blockage (obstruction). Data are displayed as
mean +- SEM; *P < 0.05, ***P < 0.001, ****P < 0.0001; 2-way ANOVA with Sidaks’s multiple comparison
test was used to compare allergen vs diluent at various time points.
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