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" Université de Paris, Paris, France, 2 Laboratory of Immunoregulation and Immunopathology, INEM (Institut Necker-Enfants
Malades), CNRS UMR8253 and Inserm UMR1151, Paris, France

Allergic asthma is characterized by airway inflammation with a Th2-type cytokine profile,
hyper-IgE production, mucus hypersecretion, and airway hyperreactivity (AHR). It is
increasingly recognized that asthma is a heterogeneous disease implicating complex
immune mechanisms resulting in distinct endotypes observed in patients. In this study, we
showed that non-obese diabetic (NOD) mice, which spontaneously develop autoimmune
diabetes, undergo more severe allergic asthma airway inflammation and AHR than pro-
Th2 BALB/c mice upon house dust mite (HDM) sensitization and challenge. The use of IL-
4-deficient NOD mice and the in vivo neutralization of IL-17 demonstrated that both IL-4
and IL-17 are responsible by the exacerbated airway inflammation and AHR observed in
NOD mice. Overall, our findings indicate that autoimmune diabetes-prone NOD mice
might become useful as a new HDM-induced asthma model to elucidate allergic
dysimmune mechanisms involving Th2 and Th17 responses that could better mimic
some asthmatic endoytpes.

Keywords: asthma, NOD mice, IL-17, iNKT cells, IL-4, house dust mite, iNKT cells, airway hyperreactivity

INTRODUCTION

Asthma is an heterogenous immune pathology characterized by wheeze, cough, shortness of breath,
chest tightness, and variable degrees of airflow limitation. These symptoms are associated with
different patterns of inflammation (1-5). Commonly, asthma is distinguished in two types: allergic
and non-allergic. In the first case, inflammation is primarily caused by type 2 immune responses
mediated through the Th2 cytokines IL-4, IL-5, and IL-13 and associated with increased Th2 cells
and eosinophils in the airways (6, 7). By contrast, non-allergic asthma is mainly triggered by an
inflammatory response to viral infections with a major neutrophilic component (7). There is

Abbreviations: AHR, airway hyperreactivity; BALF, bronchoalveolar lavage fluid; HDM, house dust mite; ILT, innate-like T
cells; iNKT, invariant natural killer T cells; NOD, non-obese diabetic.
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mounting evidence that neutrophilic forms of murine and
human asthma are associated with IL-17A (hereafter referred
to as IL-17) (8-10).

Th2 and Thl7 inflammatory pathways in asthma are
currently in investigation (11-13). It was reported that
therapeutic targeting of Th2 and Thl7 cytokines resulted in
the amplification of activity of the opposing pathway (14). The
cross-talk between these pathways is complex and further
analysis are required to better understand this complexity.

We have previously reported using a classical asthma protocol
induced by sensitization and challenge with ovalbumin (OVA)
that non-obese diabetic (NOD) mice, which spontaneously
develops insulin-dependent diabetes (15, 16), presented an
exacerbated Th2-mediated airway inflammation and AHR
(17). Further, we reported that NOD mice were prone to
produce pro-Thl7 cytokines and that IL-17-producing iNKT
(iNKT17) cells (18, 19) were overrepresented in these mice (20).
These observations led us to examine in more detail whether
both Th2 and Th17 inflammatory pathways were implicated in
the exacerbated airway inflammation in NOD mice. Here we
used a more relevant allergic asthma allergen, the house dust
mite (HDM) extracts, and analyzed the airway inflammation by
comparing NOD and the Th2 prone BALB/c mice. We show that
both IL-4 and IL-17 are critically implicated in the exacerbated
AHR observed in NOD mice.

MATERIALS AND METHODS

Mice

Eight to 10-week-old specific pathogen-free NOD and BALB/c
mice were bred in our facility. All animal experiments were
carried out according to the guidelines for care and use of
animals approved by the French Institutional Committee
(APAFIS#4105-201511171831592).

Airway Allergen Sensitization and
Challenge Model
Mice were immunized by intra nasal (i.n.) injection of 100 pg of
HDM extracts (Greer Laboratories, USA) in 0.2 ml saline
solution. Mice were then challenged on days 7, 11, and 17 with
in. HDM (50 pg/mouse) or saline solution. Twenty-four hours
after the last challenge, mice were anesthetized with a mixture of
ketamine (150 mg/kg) and xylasine (400 pg/kg) and their
tracheas were cannulated (tracheostomy with ligation). A
flexiVent apparatus (SCIREQ) was used to measure airway-
specific resistance (Rn, tidal volume of 10 ml/kg at a
respiratory rate of 150 breaths/min in response to increasing
doses of aerosolized acetyl-B-methylcholine chloride
(methacholine; Sigma-Aldrich). Assessments were performed
at least three times and the maximum R value obtained after
each dose of methacholine was used for the measure.

Airway inflammation was assessed on cytospin preparations
of cells from bronchoalveolar lavage fluid [BALF, 3 x 0.5 ml
washes with phosphate-buffered saline (PBS)] that were stained
with May-Griinwald/Giemsa (Merck). For some experiments,
BALF cells were also analyzed by flow cytometry.

Serum was collected and total IgE and HDM-specific IgG1
were measured by ELISA.

Lung Histology

Lungs were fixed with 10% formalin via the trachea, removed,
and stored in 10% formalin. Lung tissues were embedded into
paraffin and 3 pm sections were stained with periodic acid Schiff
(PAS) using standard protocols and examined with a
light microscope.

Flow Cytometry

BALF or lung mononuclear cells were stained at 4°C in staining
buffer (1X PBS, 2% FCS, 2mM EDTA), in the presence of Fc
block (2.4G2; BD Biosciences) and analyzed by flow cytometry.

Cells were incubated with CD1d-PBS57-APC tetramers and/
or the specific antibodies listed below. For intracellular staining,
cells were further fixed with 4% PFA, washed, and permeabilized
with 0.5% saponin (Sigma-Aldrich), and then incubated with the
anti-cytokine antibodies. The cells were washed and fluorescence
was detected using a LSRFortessa (Becton Dickinson). Data were
analyzed using the FlowJo 10.4.1 software (Tree Star). Figure S1
represents the gate strategy used.

Antibodies from BD Biosciences: anti-CD3-FITC (145-
2C11), anti-CD45-APC-Cy7 (30F11). Antibodies from
BioLegend: anti-CD4-Brilliant Violet 605 (RM4-5), anti-CD69-
FITC (H1.2F3), anti-CD8a-Brilliant Violet 785 (53-6.7), anti-
TCR V71/Cr4-PE (2.11) [Tonegawa 1986 nomenclature, (21)].
Antibodies from eBioscience: anti-CD44-eFluor450 (IM7), anti-
TCRb-AlexaFluor 700 (H57-598), anti-IL-13-PE-eFluor610
(eBio13A), anti-IL-17A-PerCP-Cy5.5 (eBiol7B7), anti-IL-4-PE-
Cy7 (BVD6-24G2), anti-TCR8-eFluor450 and -PE-Cy7 (GL3),
and Fixable Viability Dye eFluor 506.

Leucocytes From Lung Tissue

After measurement of airway resistance and collection of BALF,
lungs were perfused with PBS, lung tissues were cut into pieces
using a gentleMACS Dissociator (Miltenyi Biotec) and treated
with collagenase type 4 (Thermo Fischer Scientific) plus DNAse I
(Roche). The lymphocyte-enriched fraction was collected at the
35-70% interface of Percoll gradients (GE Healthcare). Cells
were immediately stained or stimulated for 4 h with with 10™* M
PMA and 1 pg ml™" ionomycin, in the presence of 10 g ml™"
brefeldin A (all from Sigma-Aldrich).

Measurement of Total IgE and HDM-
Specific IgG1 by ELISA

Total IgE was measured in the serum by using a mouse IgE
ELISA set (BD Biosciences) according to supplier’s
recommendations. An indirect ELISA method was used to
measure HDM-specific IgG1 levels in serum samples as
previously described by Trompette et al. (22). Briefly, 96-well
microtiter plates were coated overnight with 100 pl of HDM at 10
pg/ml in PBS. The next day, 200 ul of blocking solution (1% BSA
in PBS) was added to the plate for 2 h at room temperature.
Subsequently, 100 pl of serum sample diluted 1:100 and 1:500 in
blocking buffer was added to the plate at 4°C overnight followed
by goat-anti-mouse IgG1 (Southern Biotech) for 1 h. Then HRP-
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donkey anti-goat IgG (Santa Cruz) was added to the plate for 1 h
at room temperature, followed by the substract TMB.
Absorbance was measured at 450 nm using a microplate
reader (VersaMax microplate reader, Molecular Devices). No
HDM-specific IgG1 was detected in control mice.

MmRNA Expression

RNAs were extracted using the RNeasy Plus Mini Kit (Qiagen)
including a DNase treatment. Then RNA was reverse transcribed
using the High Capacity RNA-to-cDNA Kit (Thermo Fisher
Scientific), according to the manufacturer’s instructions. Primers
and probes for real-time PCR were provided by Thermo Fisher
Scientific under references: beta-2 microglobulin:
MmO00437762_m1; interleukin 5: Mm00439646_m1;
interleukin 13: Mm00434204_m1; interleukin 17A:
Mmo00439618_m1; Mucin 5b (Muc5b): Mm00466391_m1. All
reactions were performed in triplicate with TaqMan® Fast
Advanced Master Mix according to the supplier’s instructions
for a StepOnePlus apparatus (Thermo Fisher Scientific). All data
were normalized to the internal standard, namely beta-2
microglobulin expression in each sample, and expressed as
relative expression using the AACt method versus the
reference sample.

Statistics

Data are expressed as means + SEM. The AHR values were
analyzed with 2-way repeated measures ANOVA followed by
Bonferroni correction as a post-hoc test. All other values were
analyzed with Mann-Whitney U test. Results were considered
significant at a P value of 0.05 or less (*p<0.05; **p<0.01;
*p<0.001; ****p<0.0001). Data were analyzed using
GraphPad Prism version 6 (GraphPad Software).

RESULTS

NOD Mice Display Exacerbated Airway
Inflammation in Response to

HDM Challenge

Here, we used a HDM-induced asthma model, consisting in
intra-nasal (i.n.) immunization followed by three in. challenges
on days 7, 11, and 17. No adjuvant was added. Mice were
sacrificed 24h later. We found that total IgE tended to be
higher in NOD compared to the Th2-prone BALB/c mice, but
the difference was not statistically significant (1.55 + 0.13 and
2.12 £ 0.62pg/ml mean + s.e.m. for BALB/c and NOD,
respectively). However, circulating HDM-specific 1gG1 was
enhanced in NOD compared to BALB/c mice (Figure 1A).
Another cardinal feature of asthma, the percentage, and the
numbers of airway eosinophils were also augmented in NOD
mice (Figure 1B). No eosinophils, neutrophils, or lymphocytes
were observed in BALF from BALB/c or NOD control mice
treated with saline solution. Further, we found that NOD mice
presented a higher airway hyperreactivity (AHR) as compared to
BALB/c mice (Figure 1C). Of note, the HDM-induced asthma
protocol used here barely induced AHR in BALB/c mice (Figure
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FIGURE 1 | Severe allergic-induced asthma phenotype in non-obese
diabetic (NOD) mice. (A) Specific IgG1 in house dust mite (HDM)-treated
BALB/c and NOD mice (n=9). (B) Percentage of eosinophils and macrophage
(Mac), eosinophil (Eos), neutrophil (Neu), and lymphocyte (Lym) counts were
determined in BALF of HDM-treated BALB/c and NOD mice (n=15). No
eosinophils were detected in the lung of control mice. (C) Lung resistance
was measured 24h after the last challenge with HDM or saline (n=10). (D) IL-
4, 1L-5, IL-13, and mucin messenger RNA (MRNA) expression assessed by
quantitative RT-PCR in the lung of HDM-treated BALB/c and NOD mice
(n=9). (E) Representative PAS-stained lung histology sections of saline
controls and HDM-treated BALB/c and NOD mice (N=5). Statistical
significance was determined between HDM-treated BALB/c and NOD mice.
*0 < 0.05, *p < 0.01, **p < 0.001. Scale bars: 50um.

1C) clearly showing that NOD mice strongly reacted to low doses
of HDM sensitization and challenge.

HDM-sensitized and -challenged NOD (hereafter referred to
as NOD HDM) mice expressed increased levels of IL-4, IL-5, IL-
13, and mucin messenger RNA (mRNA) compared to HDM-
sensitized and -challenged BALB/c (BALB/c HDM) mice (Figure
1D). In addition, HDM challenge in NOD mice led to increased
PAS" goblet cell metaplasia (Figure 1E).
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Activation and Cytokine Production by
Lung ILT and Conventional T Cells in
HDM-Treated BALB/c Versus NOD Mice
The distinct cytokine profiles generated during allergic asthma
result from activation of both conventional and non-
conventional T, also named innate-like T (ILT), cells, such as
invariant natural killer T (iNKT) and 4 T. Our previous studies
demonstrated that iNKT and y0 T cells contribute to the
development of major asthma hallmarks in experimental
models (23, 24). Here we provide evidence for reduced iNKT
cell frequency in the lung of NOD HDM mice, relative to those
recovered from BALB/c mice (Figure 2A). The few iNKT cells
that did remain in the lung produced less IL-4 than their BALB/c
counterpart, but promptly secreted IL-17) (Figure 2B), thereby
revealing an overrepresentation of IL-17 producers (iNKT17) at
the expense of IL-4 producers. These results confirm previous
reports showing quantitative iNKT cell deficiency in thymus and
spleen of NOD mice (25, 26). Further, our data also confirm that
the remaining iNKT cells in NOD mice are mainly iNKT17 (20).

In contrast to iNKT cells, total 8 T cells as well as the Vy1* yd
T subset, were increased in the lung of NOD HDM mice (Figures
2C, D). However, they were similarly biased in favor of a pro-
Th17 profile, since total Y3 T cells (Figure 2C) as well as the Vyy
1" ¥3 T subset (Figure 2D) generated low IL-4 and Vy1*" v T
subset high IL-17 levels in the lung of NOD HDM compared to
BALB/c HDM mice (Figure 2D).

Analysis of conventional TCRaf3"CD4" T cells revealed that
they were more activated in BALF from NOD HDM than from
BALB/c HDM mice, as assessed by a higher expression of the
CD69 marker (Figure 2E). In contrast to non-conventional
iNKT and yd T cells, both Th2 and Th17 profiles were
increased among conventional TCRoB"CD4" T cells
infiltrating the lung of NOD mice, as demonstrated by a higher
proportion of IL-4, IL-13" as well as IL-17" subsets, by
comparison with their BALB/c counterpart (Figure 2F). These
findings indicated an inherent pro-Th2 and pro-Th17 potential
in NOD HDM mice.

Reduced Airway Inflammation in NOD
IL-4KO Mice

Knowing that HDM model is globally considered as IL-4
dependent in BALB/c mice (27-29), we first assessed the
implication of this cytokine in the severe airway inflammation
observed In NOD HDM mice. We addressed the role played by
IL-4-producing cells in aggravating asthma, using NOD IL-4KO
mice sensitized and challenged with HDM (NOD IL-4KO
HDM). In the absence of IL-4, these mice were unable to
mount high airway eosinophilia but presented a higher
frequency of neutrophils in BALF (Figures 3A, B). Further,
their expression of mucin mRNA and of PAS" goblet cells were
decreased, compared to NOD HDM mice (Figures 3C, D). It is
noteworthy that AHR was lower in NOD IL-4KO HDM than in
NOD HDM mice (Figure 3E). However, AHR observed in NOD
IL-4KO HDM remained higher than in control saline treated
NOD or NOD IL-4KO mice, suggesting the implication of
additional mechanisms.
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FIGURE 2 | Activation and cytokine production by lung ILT and conventional
T cells in house dust mite (HDM)-treated BALB/c versus non-obese diabetic
(NOD) mice. (A, B) Percentage of lung invariant natural killer T (iNKT) cells
among gated T cells (A) and of IL-4* and IL-17* cells among gated iINKT cells
(B). (C) Percentage of lung y8 T or Vy1* y8 T cells among gated T cells.

(D) Percentage of lung IL-4* and IL-17" cells among gated Vy1* v8 T cells.
(E) Percentage of CD44*CD69" among gated CD4* T cells in BALF from
HDM-treated mice. No CD4+ T cells were observed in BALF from control
mice. (F) Percentage of lung IL-4*, IL-13%, and IL-17" cells among gated
CD4* T cells. Light circles and squares represent BALB/c and NOD control
mice, respectively. Dark circles and squares represent BALB/c HDM and
NOD HDM mice, respectively. *p < 0.05, *p < 0.01, ***p < 0.0001.

IL-4 and IL-17 Are Required for
the Development of Airway
Inflammation in NOD Mice

Figure 2B shows that the frequency of iNKT17 cells were higher
in the lung of NOD compared with Balb/c mice even in the
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absence of HDM administration, supporting our previous
observation that NOD mice are enriched in these cells (20).
Bearing in mind that IL-17 is involved in certain severe cases of
asthma likely by regulating neutrophilic inflammation (10) together
with our present observation that Vy1* ydand CD4" T cells from the
lung of NOD HDM mice produced high levels of this cytokine
(Figure 2), and that NOD IL-4KO HDM mice presented higher
levels of neutrophils in the airway (Figures 3A, B), we further
examined whether IL-17 contributed to the airway inflammation
and AHR observed in NOD IL-4KO HDM mice. IL-17 mRNA
expression was enhanced in the lung of NOD IL-4KO HDM
compared to NOD HDM (Figure 4A) supporting the possible
implication of IL-17 in the residual inflammation observed in NOD
IL-4KO HDM mice. To assess IL-17 implication, NOD IL-4KO
HDM mice were treated in vivo with a neutralizing anti-IL-17 mAb.
These animals developed lower airway eosinophilia and
neutrophilia compared to Ig treated NOD IL-4KO HDM mice
(Figure 4B). Additionally, anti-IL-17 treatment significantly

I NODHDM
NODIL4K0 HOM

PAS+ Bronchial Cells (% Positive)
3

NOD NODIL-4KO

@ NOD HDM

¥ NOD IL-4KO HDM
@ NOD CONT

* NOD IL-4KO CONT

10 20 30
Methacholine (mg/mi-')

FIGURE 3 | Reduced airway inflammation in non-obese diabetic (NOD) IL-4KO mice. (A, B) Percentage and number of macrophages (Mac), eosinophils (Eos),
neutrophils (Neu), and lymphocytes (Lym) in BALF of HDM-treated NOD and NOD IL-4KO mice (n=7). (C) Representative periodic acid Schiff (PAS)-stained lung
histology sections of HDM-treated NOD and NOD IL-4KO mice (N=5). (D) Mucin mRNA expression assessed by quantitative RT-PCR in lung of HDM-treated NOD
and NOD IL-4KO and NOD control mice (n=9). (E) Lung resistance was measured 24h after the last challenge with HDM challenge or saline (n=10). *o < 0.05,

decreased IL-5 and tended to decrease IL-13 mRNA expression in
the lung of NOD IL-4KO HDM mice (Figure 4C). Finally, AHR
was decreased in NOD IL-4KO HDM mice when compared to both
NOD IL-4KO HDM Ig and NOD HDM WT (Figure 4D). No
significant difference was observed between NOD IL-4KO HDM
treated with anti-IL-17 and NOD control, indicating that both IL-4
and IL-17 were required for increasing AHR. These results agree
with previous observations showing that anti-IL-17 treatment could
dampen neutrophil influx in BALF and airway hyperreactivity in
mice (30).

DISCUSSION

Autoimmunity and allergy are two major examples of
dysimmune diseases. They are both caused by an uncontrolled
immune response against self or non-self-antigens involving Th1
or Th2 mechanisms, respectively. This notion has become more
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FIGURE 4 | IL-4 and IL-17 are required for the development of airway inflammation in non-obese diabetic (NOD) mice. (A) IL-17 messenger RNA (MRNA)
expression assessed by quantitative RT-PCR in lung of HDM-treated NOD and NOD IL-4KO mice (n=4 to 6). (B) Percentage of eosinophils and neutrophils in
bronchoalveolar lavage fluid (BALF) of house dust mite (HDM)-treated NOD IL-4KO mice treated with anti-IL-17 or Ig control (n=6 to 9). (C) IL-5 and IL-13 mRNA
expression assessed by quantitative RT-PCR in lung of HDM-treated NOD IL-4KO mice treated with anti-IL-17 or Ig control (h=4 to 6). (D) Lung resistance was
measured 24h after the last HDM challenge or controls (NaCl) (n=6 to 8). *p < 0.05, *p < 0.01, **p < 0.001.

complex since it turned out that Th17 cells could also play a part
in this process. NOD mouse spontaneously develops insulin-
dependent diabetes, a prototypic Thl-mediated autoimmune
disease (31, 32). These animals are also prone to produce pro-
Th17 cytokines (20). These observations led us to examine in
more detail the inflammatory response of NOD mice in a typical
Th2-mediated disease.

Here we demonstrated that NOD mice presented enhanced
airway inflammation and AHR in response to HDM sensitization
and challenge when compared to the Th2-prone BALB/c mice. Both
IL-4 and IL-17 were required for the severity of the symptoms. Our
previous report showed that NOD mice developed a more
pronounced Th2-mediated inflammatory response to OVA-alum
sensitization and challenge compared to BALB/c mice (17). Using
an HDM-induced asthma protocol, where HDM extracts were
administrated intranasally and without adjuvants in mice, we could
get inside the mechanisms implicated in the exacerbated airway
inflammation and AHR observed in NOD mice. In fact, we
demonstrated, by using NOD IL-4KO mice and by blocking IL-

17 in vivo, that both Th2- and Th17-mediated immune responses
were implicated.

Conventional CD4" T cells were the major source of Th2 cytokines
while iNKT, Vy1*, and CD4" produced IL-17 in the lung of NOD
mice. We previously reported that iNKT cells were implicated in
airway eosinophilia observed in NOD mice sensitized and challenged
with OV A but the mechanisms remained to be determined (17). Here
we showed that the frequency and the IL-4-producing capacity of
iNKT cells in the lung of NOD mice were impaired. The ability of
remaining iNKT cells to produce high levels of IL-17 suggest that
iNKT17 cells could contribute to airway inflammation, as described
(18), and AHR observed in NOD mice. It is noteworthy that both
iNKT and Vy1* T cells, in contrast to conventional CD4" T cells, do
not recognize peptides (33-35). These ILT cells can promptly produce
cytokines following TCR-dependent or -independent activation (33-
35). Taken these findings into account, we could consider that the
exacerbated airway inflammation and AHR observed could result
from a simultaneous and combined activation of conventional and
ILT cells in the lung of NOD mice.

Frontiers in Immunology | www.frontiersin.org

6 February 2021 | Volume 11 | Article 595003


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Foray et al.

NOD Mice and Allergic Asthma

Previous studies reported that Th2 and Th17 inflammatory
pathways are reciprocally regulated in asthma (14). Here we
confirm these results since NOD IL-4KO HDM presented higher
IL-17 mRNA expression and airway neutrophilia than NOD
HDM animals indicating that in the absence of IL-4, IL-17 could
induce a compensatory airway inflammation in NOD mice.
Further, IL-17 blockage sufficed to reduce airway neutrophilia,
IL-5 and IL-13 lung mRNA expression and AHR in NOD IL-
4KO HDM mice. It was already described that IL-17 blockage
could impair both neutrophilia and airway smooth muscle
contraction in response to HDM sensitization and challenge in
BALB/c mice (30). Our findings clearly indicate that Th2 and
Th17 inflammatory responses contribute to asthmatic airway
inflammation and AHR observed in NOD mice. However,
further studies are required to better determine whether Th2
and Th17 responses act together or independently to induce
huge airway inflammation and AHR in NOD mice.

Studies in patients indicated positive associations between
asthma and type 1 diabetes (36, 37). However, the mechanisms
implicated are still unclear. The co-occurrence of asthma and type 1
diabetes is in direct opposition to the proposed inhibitory model
where Thl and Th2-mediated immune responses could be
exclusive. Our present findings support the idea that pathologies
associated with pro-Thl, pro-Th2, and pro-Thl7 immune
responses could co-exist since NOD mice, which spontaneously
develop autoimmune diabetes, presented high Th2 and Th17
airway inflammatory responses. Therefore, NOD mice could
represent a unique model to better understand the key
mechanisms implicated in the association between allergic airway
inflammation and autoimmune diabetes. Future studies are
required to determine for instance, as reported in humans (37),
whether the asthma protocol using HDM sensitization and
challenge could modify the incidence of diabetes in NOD mice.

CONCLUSION

In summary, we show that NOD mice, which spontaneously
develop autoimmune diabetes, undergo more severe allergic
asthma airway inflammation and hyperreactivity than pro-Th2
BALB/c mice upon HDM sensitization and challenge. Our data
support the conclusion that increased secretion of both IL-4 and IL-
17 by pulmonary conventional CD4+ and innate-like T
lymphocytes is the major cause of this exacerbated airway
inflammation leading to increased severity in NOD mice. We
identified iNKT, Vy1*, and CD4" T cells as sources of IL-17 and
Th2 cells as IL-4 producers in the lung of HDM NOD mice. In our
NOD HDM model, both eosinophils and neutrophils were
recruited into the airways. It has already been reported that
asthmatic patients whose airways are infiltrated with both

REFERENCES

1. Reddel HK, FitzGerald JM, Bateman ED, Bacharier LB, Becker A, Brusselle G,
et al. GINA 2019: a fundamental change in asthma management: Treatment of
asthma with short-acting bronchodilators alone is no longer recommended for

eosinophils and neutrophils suffer from more severe symptoms
than those recruiting either eosinophils or neutrophils (3, 4, 7). It is
our belief that autoimmune diabetes-prone NOD mice might
become useful as a new HDM-induced asthma model to elucidate
allergic dysimmune mechanisms involving Th2 and Th17 responses
that could better mimic some asthmatic endoytpes observed in
patients in association or not with autoimmune diseases.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by French
Institutional Committee (APAFIS#4105-201511171831592).

AUTHOR CONTRIBUTIONS

ML-d-M and LC designed the research. A-PF, FM, CD, and CP
performed the research. A-PF and ML-d-M analyzed the data. A-
PF, ML-d-M, and LC wrote the manuscript. All authors
contributed to the article and approved the submitted version.

ACKNOWLEDGMENTS

This work was supported by grants from Fondation Day Solvay,
Inserm (Institut National de la Santé et de la Recherche
Meédicale) and CNRS (Centre National de la Recherche
Scientifique). We are grateful to the National Institutes of
Health Tetramer Core Facility for providing CD1d tetramer
reagents. We would like to thanks the staff of our animal
house facilities and of the histology platform (SFR Necker).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2020.
595003/full#supplementary-material

Supplementary Figure S1 | Flow cytometric gating strategy used to identify
Vg1*, iINKT (TCRb* CD1d-PBS57%), CD4" (CD4*TCRb™ iNKT") cells from lung and
their ability to produce IL-4, IL-13 or IL-17.

adults and adolescents. Eur Respir ] (2019) 53:1901046. doi: 10.1183/
13993003.01046-2019

2. Victor JR, Lezmi G, Leite-de-Moraes M. New Insights into Asthma
Inflammation: Focus on iNKT, MAIT, and gammadeltaT Cells. Clin Rev
Allergy Immunol (2020) 59:371-81. doi: 10.1007/s12016-020-08784-8

Frontiers in Immunology | www.frontiersin.org

February 2021 | Volume 11 | Article 595003


https://www.frontiersin.org/articles/10.3389/fimmu.2020.595003/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2020.595003/full#supplementary-material
https://doi.org/10.1183/13993003.01046-2019
https://doi.org/10.1183/13993003.01046-2019
https://doi.org/10.1007/s12016-020-08784-8
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Foray et al.

NOD Mice and Allergic Asthma

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Kaur R, Chupp G. Phenotypes and endotypes of adult asthma: Moving toward
precision medicine. J Allergy Clin Immunol (2019) 144:1-12. doi: 10.1016/
j.jaci.2019.05.031

. Pavord ID, Beasley R, Agusti A, Anderson GP, Bel E, Brusselle G, et al. After
asthma: redefining airways diseases. Lancet (2018) 391:350-400. doi: 10.1016/
S0140-6736(17)30879-6

. Lezmi G, Leite-de-Moraes M. Invariant Natural Killer T and Mucosal-
Associated Invariant T Cells in Asthmatic Patients. Front Immunol (2018)
9:1766. doi: 10.3389/fimmu.2018.01766

. Foster PS, Maltby S, Rosenberg HF, Tay HL, Hogan SP, Collison AM, et al.
Modeling TH 2 responses and airway inflammation to understand
fundamental mechanisms regulating the pathogenesis of asthma. Immunol
Rev (2017) 278:20-40. doi: 10.1111/imr.12549

. Wenzel SE. Asthma phenotypes: the evolution from clinical to molecular
approaches. Nat Med (2012) 18:716-25. doi: 10.1038/nm.2678

. Wilson RH, Whitehead GS, Nakano H, Free ME, Kolls JK, Cook DN. Allergic
sensitization through the airway primes Th17-dependent neutrophilia and
airway hyperresponsiveness. Am J Respir Crit Care Med (2009) 180:720-30.
doi: 10.1164/rccm.200904-05730C

. Bullens DM, Truyen E, Coteur L, Dilissen E, Hellings PW, Dupont L], et al.

IL-17 mRNA in sputum of asthmatic patients: linking T cell driven

inflammation and granulocytic influx? Respir Res (2006) 7:135.

doi: 10.1186/1465-9921-7-135

Chesne J, Braza F, Mahay G, Brouard S, Aronica M, Magnan A. IL-17 in

severe asthma. Where do we stand? Am ] Respir Crit Care Med (2014)

190:1094-101. doi: 10.1164/rccm.201405-0859PP

Leite-de-Moraes M, Belo R, Dietrich C, Soussan D, Aubier M, Pretolani M.

Circulating IL-4, IFNgamma and IL-17 conventional and Innate-like T-cell

producers in adult asthma. Allergy (2020). doi: 10.1111/all.14474

Hinks TS, Levine SJ, Brusselle GG. Treatment options in type-2 low asthma.

Eur Respir J (2020) 57:2000528. doi: 10.1183/13993003.00528-2020

Svenningsen S, Nair P. Asthma Endotypes and an Overview of Targeted Therapy

for Asthma. Front Med (Lausanne) (2017) 4:158. doi: 10.3389/fmed.2017.00158

Choy DF, Hart KM, Borthwick LA, Shikotra A, Nagarkar DR, Siddiqui S, et al.

TH2 and TH17 inflammatory pathways are reciprocally regulated in asthma.

Sci Transl Med (2015) 7:301ral129. doi: 10.1126/scitranslmed.aab3142

You S, Alyanakian MA, Segovia B, Damotte D, Bluestone J, Bach JF, et al.

Immunoregulatory pathways controlling progression of autoimmunity in NOD

mice. Ann N'Y Acad Sci (2008) 1150:300-10. doi: 10.1196/annals.1447.046

Walker LS, von Herrath M. CD4 T cell differentiation in type 1 diabetes. Clin

Exp Immunol (2016) 183:16-29. doi: 10.1111/cei.12672

Araujo LM, Lefort J, Nahori MA, Diem S, Zhu R, Dy M, et al. Exacerbated

Th2-mediated airway inflammation and hyperresponsiveness in autoimmune

diabetes-prone NOD mice: a critical role for CD1d-dependent NKT cells. Eur

J Immunol (2004) 34:327-35. doi: 10.1002/€ji.200324151

Michel ML, Keller AC, Paget C, Fujio M, Trottein F, Savage PB, et al.

Identification of an IL-17-producing NK1.1(neg) iNKT cell population

involved in airway neutrophilia. ] Exp Med (2007) 204:995-1001.

doi: 10.1084/jem.20061551

Michel ML, Mendes-da-Cruz D, Keller AC, Lochner M, Schneider E, Dy M,

et al. Critical role of ROR-gammat in a new thymic pathway leading to IL-17-

producing invariant NKT cell differentiation. Proc Natl Acad Sci U S A (2008)

105:19845-50. doi: 10.1073/pnas.0806472105

Simoni Y, Gautron AS, Beaudoin L, Bui LC, Michel ML, Coumoul X, et al.

NOD mice contain an elevated frequency of iNKT17 cells that exacerbate

diabetes. Eur ] Immunol (2011) 41:3574-85. doi: 10.1002/eji.201141751

Heilig JS, Tonegawa S. Diversity of murine gamma genes and expression in fetal

and adult T lymphocytes. Nature (1986) 322:836-40. doi: 10.1038/322836a0

Trompette A, Gollwitzer ES, Yadava K, Sichelstiel AK, Sprenger N, Ngom-Bru C,

et al. Gut microbiota metabolism of dietary fiber influences allergic airway disease

and hematopoiesis. Nat Med (2014) 20:159-66. doi: 10.1038/nm.3444

Lisbonne M, Diem S, de Castro Keller A, Lefort J, Araujo LM, Hachem P, et al.

Cutting edge: invariant V alpha 14 NKT cells are required for allergen-

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

induced airway inflammation and hyperreactivity in an experimental asthma
model. ] Immunol (2003) 171:1637-41. doi: 10.4049/jimmunol.171.4.1637
Belkadi A, Dietrich C, Machavoine F, Victor JR, Leite-de-Moraes M.
gammadelta T cells amplify Blomia tropicalis-induced allergic airway
disease. Allergy (2019) 74:395-8. doi: 10.1111/all.13618

Gombert JM, Herbelin A, Tancrede-Bohin E, Dy M, Carnaud C, Bach JF.
Early quantitative and functional deficiency of NK1+-like thymocytes in the
NOD mouse. Eur ] Immunol (1996) 26:2989-98. doi: 10.1002/eji.1830261226
Sharif S, Arreaza GA, Zucker P, Mi QS, Sondhi J, Naidenko OV, et al.
Activation of natural killer T cells by alpha-galactosylceramide treatment
prevents the onset and recurrence of autoimmune Type 1 diabetes. Nat Med
(2001) 7:1057-62. doi: 10.1038/nm0901-1057

Johnson JR, Wiley RE, Fattouh R, Swirski FK, Gajewska BU, Coyle AJ, et al.
Continuous exposure to house dust mite elicits chronic airway inflammation
and structural remodeling. Am J Respir Crit Care Med (2004) 169:378-85.
doi: 10.1164/rccm.200308-10940C

Johnson JR, Swirski FK, Gajewska BU, Wiley RE, Fattouh R, Pacitto SR, et al.
Divergent immune responses to house dust mite lead to distinct structural-
functional phenotypes. Am ] Physiol Lung Cell Mol Physiol (2007) 293:L730-
739. doi: 10.1152/ajplung.00056.2007

Hirota JA, Budelsky A, Smith D, Lipsky B, Ellis R, Xiang YY, et al. The role of
interleukin-4Ralpha in the induction of glutamic acid decarboxylase in airway
epithelium following acute house dust mite exposure. Clin Exp Allergy (2010)
40:820-30. doi: 10.1111/j.1365-2222.2010.03458.x

Chesne J, Braza F, Chadeuf G, Mahay G, Cheminant MA, Loy J, et al. Prime
role of IL-17A in neutrophilia and airway smooth muscle contraction in a
house dust mite-induced allergic asthma model. J Allergy Clin Immunol
(2015) 135:1643-1643.e1643. doi: 10.1016/j.jaci.2014.12.1872

Debray-Sachs M, Carnaud C, Boitard C, Cohen H, Gresser I, Bedossa P, et al.
Prevention of diabetes in NOD mice treated with antibody to murine IFN
gamma. J Autoimmun (1991) 4:237-48. doi: 10.1016/0896-8411(91)90021-4
Trembleau S, Penna G, Gregori S, Gately MK, Adorini L. Deviation of
pancreas-infiltrating cells to Th2 by interleukin-12 antagonist
administration inhibits autoimmune diabetes. Eur ] Immunol (1997)
27:2330-9. doi: 10.1002/€ji.1830270930

Godfrey DI, Uldrich AP, McCluskey ], Rossjohn ], Moody DB. The
burgeoning family of unconventional T cells. Nat Immunol (2015) 16:1114-
23. doi: 10.1038/ni.3298

Cortesi F, Delfanti G, Casorati G, Dellabona P. The Pathophysiological
Relevance of the iNKT Cell/Mononuclear Phagocyte Crosstalk in Tissues.
Front Immunol (2018) 9:2375. doi: 10.3389/fimmu.2018.02375

Parker ME, Ciofani M. Regulation of gammadelta T Cell Effector
Diversification in the Thymus. Front Immunol (2020) 11:42. doi: 10.3389/
fimmu.2020.00042

Kero J, Gissler M, Hemminki E, Isolauri E. Could TH1 and TH2 diseases
coexist? Evaluation of asthma incidence in children with coeliac disease, type 1
diabetes, or rheumatoid arthritis: a register study. J Allergy Clin Immunol
(2001) 108:781-3. doi: 10.1067/mai.2001.119557

Smew Al, Lundholm C, Savendahl L, Lichtenstein P, Almqvist C. Familial
Coaggregation of Asthma and Type 1 Diabetes in Children. JAMA Netw Open
(2020) 3:€200834. doi: 10.1001/jamanetworkopen.2020.0834

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Foray, Dietrich, Pecquet, Machavoine, Chatenoud and
Leite-de-Moraes. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

February 2021 | Volume 11 | Article 595003


https://doi.org/10.1016/j.jaci.2019.05.031
https://doi.org/10.1016/j.jaci.2019.05.031
https://doi.org/10.1016/S0140-6736(17)30879-6
https://doi.org/10.1016/S0140-6736(17)30879-6
https://doi.org/10.3389/fimmu.2018.01766
https://doi.org/10.1111/imr.12549
https://doi.org/10.1038/nm.2678
https://doi.org/10.1164/rccm.200904-0573OC
https://doi.org/10.1186/1465-9921-7-135
https://doi.org/10.1164/rccm.201405-0859PP
https://doi.org/10.1111/all.14474
https://doi.org/10.1183/13993003.00528-2020
https://doi.org/10.3389/fmed.2017.00158
https://doi.org/10.1126/scitranslmed.aab3142
https://doi.org/10.1196/annals.1447.046
https://doi.org/10.1111/cei.12672
https://doi.org/10.1002/eji.200324151
https://doi.org/10.1084/jem.20061551
https://doi.org/10.1073/pnas.0806472105
https://doi.org/10.1002/eji.201141751
https://doi.org/10.1038/322836a0
https://doi.org/10.1038/nm.3444
https://doi.org/10.4049/jimmunol.171.4.1637
https://doi.org/10.1111/all.13618
https://doi.org/10.1002/eji.1830261226
https://doi.org/10.1038/nm0901-1057
https://doi.org/10.1164/rccm.200308-1094OC
https://doi.org/10.1152/ajplung.00056.2007
https://doi.org/10.1111/j.1365-2222.2010.03458.x
https://doi.org/10.1016/j.jaci.2014.12.1872
https://doi.org/10.1016/0896-8411(91)90021-4
https://doi.org/10.1002/eji.1830270930
https://doi.org/10.1038/ni.3298
https://doi.org/10.3389/fimmu.2018.02375
https://doi.org/10.3389/fimmu.2020.00042
https://doi.org/10.3389/fimmu.2020.00042
https://doi.org/10.1067/mai.2001.119557
https://doi.org/10.1001/jamanetworkopen.2020.0834
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	IL-4 and IL-17 Are Required for House Dust Mite-Driven Airway Hyperresponsiveness in Autoimmune Diabetes-Prone Non-Obese Diabetic Mice
	Introduction
	Materials and Methods
	Mice
	Airway Allergen Sensitization and Challenge Model
	Lung Histology
	Flow Cytometry
	Leucocytes From Lung Tissue
	Measurement of Total IgE and HDM-Specific IgG1 by ELISA
	mRNA Expression
	Statistics

	Results
	NOD Mice Display Exacerbated Airway Inflammation in Response to HDM Challenge
	Activation and Cytokine Production by Lung ILT and Conventional T Cells in HDM-Treated BALB/c Versus NOD Mice
	Reduced Airway Inflammation in NOD IL-4KO Mice
	IL-4 and IL-17 Are Required for the Development of Airway Inflammation in NOD Mice

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	ACKNOWLEDGMENTS
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


