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ABSTRACT

Quantum dot nanoparticles (QDs) are engineered nanomaterials (ENMs) that have utility in many industries due
to unique optical properties not available in small molecules or bulk materials. QD-induced acute lung in-
flammation and toxicity in rodent models raise concerns about potential human health risks. Recent studies have
also shown that some ENMs can exacerbate allergic airway disease (AAD).

In this study, C57BL/6J and A/J mice were exposed to saline, house dust mite (HDM), or a combination of
HDM and QDs on day 1 of the sensitization protocol. Mice were then challenged on days 8, 9 and 10 with HDM
or saline only.

Significant differences in cellular and molecular markers of AAD induced by both HDM and HDM + QD were
observed between C57BL/6J and A/J mice. Among A/J mice, HDM + QD co-exposure, but not HDM exposure
alone, significantly increased levels of bronchoalveolar lavage fluid (BALF). IL-33 compared to saline controls.
BALF total protein levels in both mouse strains were also only significantly increased by HDM + QD co-ex-
posure. In addition, A/J mice had significantly more lung type 2 innate lymphoid cells (ILC2s) cells than C57BL/
6J mice. A/J lung ILC2s were inversely correlated with lung glutathione and MHC-II"8? resident macrophages,
and positively correlated with MHC-II' resident macrophages.

The results from this study suggest that 1) QDs influence HDM-induced AAD by potentiating and/or en-
hancing select cytokine production; 2) that genetic background modulates the impact of QDs on HDM sensiti-
zation; and 3) that potential ILC2 contributions to HDM induced AAD are also likely to be modulated by genetic
background.

1. Introduction

Quantum dot nanoparticles (QDs) are engineered nanomaterials
(ENMs) with intriguing optical properties including broad absorption
profiles, sharp emission spectra, and excellent photostability (Medintz
et al., 2005). These unique properties have enable a number of pro-
mising applications in biomedical research, medicine, and electronics

industries (Wu et al., 2003; Kim et al., 2004; Hu et al., 2010; Jung et al.,
2012). However, QDs and other ENMs have been shown to cause lung
inflammation and toxicity in mice and rats following pulmonary ex-
posures by inhalation and other surrogate methods including intranasal
and intratracheal instillation and oropharyngeal aspiration (Ma-Hock
et al., 2009; Wang et al., 2011; Ma-Hock et al., 2012; McConnachie
et al., 2013; Roberts et al., 2013; Scoville et al., 2015; Seiffert et al.,
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2015; Silva et al., 2015; Cartwright et al., 2016). There is also emerging
evidence that occupational exposures to ENMs may increase the risk of
adverse respiratory and cardiovascular outcomes in humans (Cui, 2013;
Liao et al., 2014).

Currently, approximately 8% of the US population is estimated to
suffer from asthma, which is commonly characterized by chronic type 2
T-helper (Th2) cell associated airway inflammation and hyperrespon-
siveness (Kim and Mazza, 2011; CDC, 2017). Increased eosinophils and
Th2 cell related cytokines including IL-4, IL-5, and IL-13 are common in
asthma related airway inflammation (Choy et al., 2015). Type 2 innate
lymphoid cells (ILC2s), which are negative for lymphoid lineage mar-
kers, have recently been identified as an additional source of traditional
Th2 cytokines (Licona-Limon et al., 2013; Doherty and Broide, 2015).
ILC2s are regulated in part by IL-33 from epithelial cells, and have been
suggested to be contributors to asthma (Hallstrand et al., 2013; Drake
and Kita, 2014). Neutrophils, which can be recruited by IL-17 via
CXCL1/KC induction, are also elevated in some subtypes of asthma
(Choy et al., 2015; Lambrecht and Hammad, 2015). Allergens and other
environmental exposures are common triggers for asthma once sensi-
tization occurs (Kim and Mazza, 2011). Furthermore, low glutathione
(GSH) levels have been shown to polarize the immune response to
antigen exposure in the Th2 direction and reduce type 1 T-helper cell
(Th1) cytokine production (Peterson et al., 1998; Kim et al., 2007).

Recent studies using mouse models of allergic airway disease (AAD)
suggest that some engineered nanomaterials (ENMs) including silica,
titanium and zinc oxide nanoparticles, and carbon nanotubes, can en-
hance sensitization to allergens. Most studies have used ovalbumin
(OVA) and have either tested the adjuvant potential of ENMs in place of
a traditional adjuvant (such as alum), or tested the ability for ENMs to
augment OVA induced immune responses in the presence of a tradi-
tional adjuvant (Nygaard et al., 2009; Brandenberger et al., 2013;
Jonasson et al., 2013; Roy et al., 2013). A few studies have used house
dust mite extract (HDM), which is a clinically-relevant human allergen
(Gregory and Lloyd, 2011; Piyadasa et al., 2016) that does not require
an additional adjuvant. Studies have either examined the impact of
other ENMs on existing AAD or examined whether co-exposure en-
hances sensitization (Cates et al., 2004; Ronzani et al., 2014;
Shipkowski et al., 2015). However, the potential of QDs to impact al-
lergic sensitization in mice has not been evaluated. In addition, genetic
background, which can modulate susceptibility to QD-induced acute
lung inflammation, has yet to be explored in the context of ENM en-
hancement of allergic sensitization (Scoville et al., 2015).

In this study, we tested the ability of QDs to enhance allergic sen-
sitization to HDM in C57BL/6J and A/J mice. We also sought to explore
the effect of HDM and QDs on levels of lung GSH and ILC2s. To our
knowledge, this is the first study to enumerate lung ILC2s in A/J mice
and compare them with another mouse strain in the context of airway
responsiveness towards allergen and nanoparticle challenges. C57BL/
6J and A/J mice were chosen because 1) they are genetically distinct, 2)
C57BL/6J mice have been shown to be less susceptible than A/J mice to
QD-induced acute lung inflammation (Scoville et al., 2015), and 3)
C57BL/6J mice have naturally higher levels of lung GSH than A/J mice.

2. Methods
2.1. Mice and sensitization

All procedures were approved by the University of Washington
Institutional Animal Care and Use Committee on protocol 2384-08.
Seven-week old male C57BL/6J and A/J mice were purchased from
Jackson Laboratories (Bar Harbor, ME). Mice were housed either 2 or 3
mice per cage in a specific pathogen free vivarium at the University of
Washington and acclimated for a week prior to sensitization. Mice were
on a 12h light/dark cycle and food and water were available ad li-
bitum. Groups of 6 mice from each strain were anesthetized with
Isoflurane (4%, 2 L/min O, flow rate) and either sensitized on Day O to
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50 uL. of saline with 2pg/uL HDM (Greer Laboratories, Lenoir NC —
Cat.# RMB84M, lot# 275533) in saline (a total dose of 100 pg HDM), or
co-exposed to HDM + QDs (100 ug HDM + 140 ng Cd equivalents of
QDs) using oropharyngeal aspiration (OPA). On Days 8, 9, and 10, mice
dosed on day 1 with saline were challenged with 50 pL saline, while
HDM and HDM + QD exposed mice received 50 pL of 0.5 pug/pL (a total
dose of 25 ug HDM) via OPA. One C57BL/6J HDM treated mouse was
euthanized 8days after OPA due to behavioral signs of distress.
However, given that no other mice from any of the treatment groups
showed any signs of distress after multiple OPA exposures, this was not
considered HDM related. The dose of QDs in this study is virtually the
same as the C57BL/6J and A/J mice received in our previous studies
(Scoville et al., 2015).

2.2. Quantum dots

QDs used in this study were synthesized and characterized as pre-
viously described (Pellegrino et al., 2004; Bagalkot and Gao, 2011;
McConnachie et al., 2012; McConnachie et al., 2013). The QDs are
composed of a cadmium/selenium core and a zinc sulfide shell. The
QDs, stabilized with a layer of surface ligand (tri-n-octylphosphine
oxide), are solubilized with an amphiphilic polymer, poly(maleic an-
hydride-alt-1-tetradecene) (TOPO-PMAT).

2.3. Lung mechanics

On Day 11, mice were anesthetized with pentobarbital (90 mg/kg
body weight) and intubated via tracheotomy with an 18 gauge Luer
stub secured in the trachea with a suture. The mice were then ventilated
using a flexiVent apparatus (SCIREQ Inc., Montreal, QC, Canada) to
assess lung function. After an injection of pancuronium (0.1 mL) to
eliminate breathing reflexes, pulmonary function was evaluated. The
lungs were ventilated with a tidal volume of 10 mL/kg, at a rate of 180
breaths/min, with a positive end expiratory pressure of 3 cm H,0. After
a total lung capacity maneuver was performed at 30 cm H»O, baseline
measurements were collected. In order to assess airway hyperrespon-
siveness (AHR), progressive doses of nebulized methacholine (0, 3.125,
12.5, and 50 mg/mL) were delivered to the lungs. At each dose of
methacholine (MTCH), a 3s multi-frequency forced oscillation man-
euver was applied for determination of total lung impedance followed
by a 1.5s single frequency oscillation for determination of Resistance
(R), Elastance (E), and Compliance (C). Airway Resistance (Rn), Tissue
Damping (G), and Tissue Elastance (H) were calculated by the flexiVent
software by applying the Constant Phase model to the impedance
measurement. Area under the curve was calculated for each animal to
allow for strain and treatment comparisons (Vanoirbeek et al., 2010).

2.4. Bronchoalveolar lavage (BAL)

Three lavages were performed in each mouse using 1 mL phosphate
buffered saline (PBS). Cells were collected by centrifugation of the re-
covered BAL fluid (BALF) at 300g for 5min at 4 °C. The supernatant
from the 1st lavage in each mouse was stored at —80 °C for measuring
total BALF protein and cytokines. Cells from all three lavages were
combined in 500 uL. RPMI media with 10% fetal bovine serum (FBS)
and counted using a Cellometer Auto 2000 (Nexcelom Bioscience,
Lawrence, MA). Aliquots of BAL cells (20,000 cells/slide) were cen-
trifuged at 750 RPM for 5min using a Cytopro model 7620 cytocen-
trifuge (Wescor Inc., Logan, UT) and later stained with Diff-Quik
(Siemens - Thermo Fisher Scientific, Waltham, MA).

2.5. Lung tissue collection and processing
Following lavage, the lungs were perfused with Hank's balanced salt

solution (HBSS). The left lung was inflated and fixed with 10% neutral
buffered formalin. The right superior and inferior lobes were collected
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and placed on ice in Roswell Park Memorial Institute (RPMI) medium
with 10% FBS. After removal of medium, lung tissue was minced with
scissors. A small portion was frozen for future protein analyses and
another was placed into Trizol (Invitrogen, Carlsbad, CA) and frozen for
future mRNA extraction. Digestion medium (RPMI, 5% FBS, 0.5 mg/mL
Liberase (Roche, Indianapolis, IN), 40U/mL DNase 1 (Qiagen,
Germantown, MD)) was added to the remaining minced lung tissue.
Following a 30 min incubation at 37 °C, the digested lung mixture was
filtered through a 40 um filter (Corning-Falcon, Corning Inc., Corning,
NY) to obtain a single-cell suspension. The accessory and middle right
lobes were flash frozen for measurement of GSH.

2.6. Multi-color flow cytometry for BALF cell differentials

BALF single cell suspensions were stained for enumeration of in-
flammatory cell populations as previously described (Nolin et al.,
2016). Briefly, BALF cells were blocked using Fc block (BD Biosciences,
San Jose, CA) and then labeled with an anti-mouse antibody cocktail
(CD45-APC/Cy7', CD3-PerCP-Cy5.5%, MHC-II -BV605°, SiglecF-PE?,
Cd11c-FITC?, and Grl-APC? - !Biolegend, San Diego, CA, ZeBios-
ciences, San Diego, CA, 3BD Biosciences, San Jose, CA). Cells were also
incubated with eFluor 450 fixable viability dye (eBioscience). Single
stained controls used for color compensation were obtained using ArC
amine reactive beads (Thermo-Fisher, Waltham, MA) and viability of
single stained controls was obtained using OneComp eBeads
(eBioscience). Stained cells were analyzed using a FACS LSR II flow
cytometer (Becton Dickinson Instrument Systems, Franklin Lakes, NJ).
Gating and color compensation were performed using FlowJo software
(TreeStar, Ashland, OR).

2.7. Multi-color flow cytometry for lung ILC2s

For detection of ILC2s, lung single cell suspensions were labeled
with an anti-mouse antibody cocktail (Mouse Hematopoietic Lineage
FITC Cocktail (CD3, CD45R/B220, CD11b, Terll9, Gr-1), CD45
(AlexaFluor 7002 or APC/Cy7%), CD90.2 (APC?), CD25(BV421"), and
ST2 (PE®) - !Biolegend, San Diego, CA; 2eBiosciences, San Diego, CA;
SMD Biosciences, St Paul, MN). Cells were treated with Fc Block (BD
Bioscience) and subsequently incubated with the primary antibody
cocktail for 30 min at 4°C in the dark. After washing, cells were re-
suspended in PBS containing eFluor 455UV fixable viability dye
(eBioscience) and incubated for 15 min at 4 °C in the dark. Cells were
fixed in 10% neutral buffered formalin and stored at 4°C in MACS
buffer until analyzed via flow cytometry. ArC amine reactive beads and
OneComp eBeads were used for single stain compensation controls as
described above. Fluorescence minus one (FMO) controls for CD90.2,
CD25, and ST2 were also used to set the gating thresholds. All FMOs
contained the lineage cocktail and the CD45 antibody with the omission
of only CD90.2, CD25 or ST2 to allow for accurate gating. All samples
were analyzed using a BD FACS LSR II flow cytometer and subsequent
gating and compensation were performed using FlowJo.

2.8. BALF total protein and cytokine analysis

Total protein levels in BALF were measured in triplicate using the
Bio-Rad Protein Assay (BioRad, Hercules, CA) according to manufac-
turer's instructions. Absorbance was read at 590 nm using a SpectraMax
190 spectrophotometric plate reader (Molecular Devices, Sunnyvale,
CA). Protein concentrations were interpolated from a standard curve
created using dilutions of a bovine serum albumin solution (0-0.35 mg/
mL). BALF cytokines interferon gamma (IFN-y), interleukin 5 (IL-5),
interleukin 17 A (IL-17A), interleukin 33 (IL-33), keratinocyte che-
moattractant (KC), and interleukin 10 (IL-10) were measured in du-
plicate using an electrochemiluminescence based U-Plex assay ac-
cording to the manufacturer's recommended protocol (Meso Scale
Discovery - Meso Scale Diagnostics, Rockville, MD).
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Chemiluminescence signals were measured with a Sector Image 2400
microplate detection system (Meso Scale Discovery). Samples below the
lower limit of detection (LLOD) were replaced with the analyte-specific
LLOD divided by the square root of 2.

2.9. Lung total glutathione

Approximately 20-40 mg of lung tissue was homogenized in 400 puL
of TES/SB buffer (20 mM Tris, pH 7.4, 1 mM EDTA, 250 mM sucrose,
20 mM serine, and 1 mM boric acid with 10 pL/mL protease inhibitor
(Roche, Indianapolis, IN)) using 5mm steel beads (Qiagen,
Germantown, MD) in a 2mL micro-tube for 5min at 50 Hz using a
TissueLyser (Qiagen). Levels of glutathione were measured as pre-
viously described (Weldy et al., 2011). Briefly, glutathione in lung
tissue samples and standards (0-0.25mM) was reduced with tris(2-
carboxyethyl) phosphine, and then derivatized with napthelene-2,3-
dicarboxaldehyde. Relative fluorescence intensity was measured for
samples and standards. Sample concentrations were interpolated from
the GSH standard curve. Standards and samples were analyzed in tri-
plicate and samples were normalized to total protein levels in the lung
tissue sample measured using the Bradford method.

2.10. Statistical analysis

Differences between strains and treatment groups were analyzed
using two-way ANOVA on log transformed data. If a significant QD
treatment effect or interaction was seen using two-way ANOVA then a
one-way ANOVA was performed in each strain and post-hoc compar-
isons were made using Tukey's HSD test. Pearson's correlation coeffi-
cients between endpoints were calculated using r.corr function in the
Hmisc R package (Harrell et al., 2016). Data were managed in Microsoft
Excel and R. All analyses were done using R and plots were generated
using ggplot2 (Wickham, 2009) and corrplot (Wei and Simko, 2016).

3. Results
3.1. AHR and lung permeability

Similar to Nolin et al. (Nolin et al., 2016), AHR was assessed mea-
suring total lung resistance (R) during MTCH challenge (Fig. 1A). We
did not observe a significant difference in AHR, defined by total lung
resistance, in either strain. However, A/J mice were observed to be
significantly more responsive to MTCH than C57BL/6J mice over all.
Interestingly, while it appears that HDM and HDM + QD exposed
C57BL/6J mice may have increased R compared to the saline group, the
differences were not significant. Lung permeability was assessed by
measuring total protein levels in BALF (Fig. 1B). Significant increases in
total BALF protein were observed in HDM + QD co-exposed C57BL/6J
and A/J mice but not in mice exposed to HDM alone. In C57BL/6J mice,
a weak but significant association between levels of BALF protein and R
was observed (Fig. 1C). Additional lung mechanics measurements are
shown in Fig. 1S.

3.2. BALF inflammatory cells

To characterize lung inflammatory cells, multiple CD45* BALF cell
populations were enumerated using flow cytometry (Fig. 2). Total
CD45% cells, T-cells, eosinophils and neutrophils, were all significantly
increased in HDM and HDM + QD groups relative to saline in both
C57BL/6J and A/J mice (Fig. 2 A, E, F—H). For dendritic cells, a
marginal QD treatment effect (p = .06) and interaction (p = .06) were
observed (Fig. 2C). Both C57BL/6J and A/J mice showed histopatho-
logical changes consistent with an allergic response to HDM exposure
(Fig. 28).
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3.3. BALF cytokines

To further characterize HDM and QD + HDM-induced in-
flammatory responses, BALF cytokines IFN-y, IL-4, IL-5, IL-6, IL-10, IL-
17, IL-13, IL-33, and KC were measured using MSD U-plex assays
(Fig. 3). IL-4, IL-5, IL-6, and KC were significantly induced by both
HDM and HDM + QD co-exposure compared to saline in both C57BL/
6J and A/J mice (Fig. 3 A-D). IL-33 was significantly increased by
HDM + QD co-exposure but not by HDM alone compared to saline in
A/J mice (Fig. 3E). Levels of IL-13 were detectable in all QD + HDM co-
exposed C57BL/6J mice, some HDM and saline treated C57BL/6J and
in some A/J mice (Fig. 3F). Levels of IL-10 were detectable in HDM
treated and HDM + QD co-exposed A/J and C57BL/6J mice but un-
detectable in saline treated mice from either strain (Fig. 3G). IL-17 was
detectable in all HDM treated and HDM + QD co-exposed C57BL/6J
mice, some HDM treated and HDM + QD co-exposed A/J mice, and
undetectable in all saline treated mice (Fig. 3H). IFN-y was only de-
tectable in HDM sensitized and QD + HDM co-exposed C57BL/6J mice
(Fig. 3D). Significant positive associations were observed between R and
IL-33 and KC in C57BL/6J mice (Fig. 3J and Fig. 3K).

3.4. Lung ILC2 cells and glutathione

ILC2 cells were identified by gating for CD45", CD90.2* CD25™
and ST2* (IL-33 receptor). While neither HDM nor HDM + QD co-ex-
posure changed the numbers of ILC2 cells, A/J mice were observed to
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have significantly more lung ILC2 cells than C57BL/6J mice overall
(Fig. 4A). GSH is essential for redox homeostasis and redox status has
been associated with immune response polarization. No significant
differences in lung tissue GSH among saline, HDM sensitized or
HDM + QD co-exposed mice in either strain were found (Fig. 4B).
However, significant inverse associations between levels of GSH and
lung ILC2 cells and MHC-II'" resident macrophages were observed in
A/J mice (Fig. 4C, Fig. 4D).

4. Discussion

While recent studies have shown that some ENMs can enhance al-
lergic sensitization in mouse models of AAD, the potential for QDs to act
in a similar manner has not been evaluated. Genetic background as a
susceptibility factor to ENM enhancement of allergic sensitization has
also not yet been explored. Thus, in this study we sensitized C57BL/6J
and A/J mice to the murine and human allergen HDM and HDM + QDs
to test the hypotheses that QDs would enhance allergic sensitization to
HDM and that genetic background would modulate susceptibility.

In this short-term sensitization and challenge model, we did not see
robust AHR, but did see significant increases in BALF eosinophils IL-4,
and IL-5 in BALF in HDM sensitized mice of both strains, indicative of
type-2 airway inflammation. Levels of IL-5, eosinophils and neutrophils
in BALF in mice from our study were comparable to levels in another
recent study investigating HDM sensitization in BALB/c mice (Piyadasa
et al., 2016). While not significant, there is a suggestion that levels of
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Fig. 4. Levels of lung ILC2s and glutathione for each mouse are shown overlaid on a box plot (A and B). Correlations between ILC2s (C), and MHC-II'®" resident
macrophages (D), and lung GSH in A/J mice. The linear regression line is plotted along with the r> and p-value of the association. *q < 0.05 from Tukey's HSD test.
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total lung resistance R may be increased by HDM sensitization in
C57BL/6J mice, and levels of total protein, IL-33 and KC in C57BL/6J
mice were significantly correlated with R. This may suggest that in
addition to IL-33, known to contribute to AHR, increased lung perme-
ability and KC are also contributing to R in C57BL/6J mice (Barlow
et al., 2013; Sjoberg et al., 2017).

Interestingly, we found that levels of total protein in BALF were
significantly elevated in mice from both mouse strains co-exposed to
HDM + QD during sensitization but not in mice sensitized to HDM
alone, suggesting that QDs may have enhanced the effects of HDM on
lung permeability. Furthermore, in A/J mice, BALF IL-33 was sig-
nificantly increased by HDM + QD co-exposure during sensitization but
not with HDM alone, suggesting that QDs may also enhance HDM-in-
duced select cytokine responses in a strain dependent manner.

In addition to the hallmark cytokines IL-4 and IL-5, IL-6 has also
been shown to contribute to Th2 responses in the lung and was in-
creased in HDM treated and HDM + QD co-exposed mice in both
strains (Diehl and Rincén, 2002; Rincon and Irvin, 2012). IFN-y and IL-
17 were essentially only detectable in HDM and HDM + QD groups of
C57BL/6J mice, suggesting that C57BL/6J may also be mounting Th1
and Thl7 responses. IL-10 was detected in HDM treated and
HDM + QD co-exposed A/J and C57BL/6J mice but not in saline
groups, which suggest that both strains may be simultaneously trying to
limit their inflammatory responses (Saraiva and O'Garra, 2010). IL-13,
which is an additional Th2 cytokine, was detectable in all QD + HDM
co-exposed C57BL/6J mice and there was a suggestive but not sig-
nificant trend towards an increase in HDM and HDM + QD co-exposed
compared to saline. Surprisingly, this was pattern was not present in A/
J mice. Furthermore, several cytokines and BAL cell populations that
were significantly increased in HDM and HDM + QD groups in both
strains, appear to be lower in A/J mice compared to correspondingly
treated C57BL/6J mice. While there are multiple known sources for
most cytokines, it has recently been shown that depleting blood
monocytes, which can differentiate into macrophages in tissues, sig-
nificantly lowers the levels of HDM-induced inflammatory cells and
cytokines (Zastona et al., 2014; Jakubzick et al., 2017). In this study,
C57BL/6J mice showed a trend, although not statistically significant,
towards increased levels of monocyte-derived macrophages in HDM
treated and HDM + QD co-exposed compared to saline treated mice. In
contrast, there were no apparent changes in monocyte derived macro-
phages in A/J mice across treatment groups, which could explain at
least in part why the A/J mice appeared to show reduced cytokine and
cellular responses to HDM and HDM + QD co-exposure compared to
C57BL/6J mice.

We also found that A/J mice have significantly higher numbers of
lung ILC2 cells overall than C57BL/6J mice. While we did not see sig-
nificant differences in the numbers of ILC2s among treatment groups for
either strain, to our knowledge this is the first study to enumerate ILC2s
in A/J mice and compare their numbers to a different mouse strain
(C57BL/6J) that is commonly used in allergic lung inflammation stu-
dies. In addition, a significant inverse correlation was observed between
lung GSH levels and ILC2s in A/J mice despite a lack of significant
changes in GSH levels across treatment groups. GSH levels were also
inversely correlated in A/J mice with MHC-II'" resident macrophages.
Both correlations are intriguing given that glutathione levels are known
to influence Th2 immune responses, although the exact nature of the
relationship is still not entirely clear (Peterson et al., 1998; Chan et al.,
2006; Kim et al., 2007; Lowry et al., 2008).

Limitations of this study mainly arise from the short-term sensiti-
zation design, which was conceived as a pilot study into potential QD
enhancement of HDM allergic sensitization; the potential impact on
glutathione levels and ILC2s; and whether such effects would be de-
pendent on genetic background. Accordingly, it is possible that this
time frame was too brief and the number of HDM and HDM + QD ex-
posures too few for AHR to fully develop. In keeping with the pilot
nature of this study, we also did not directly assess QD adjuvant activity
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immunologically (e.g. antigen specific T-cell populations and/or IgE).
Despite these limitations, results from this study suggest that 1) QDs
influence HDM induced AAD by potentiating and/or enhancing select
cytokine production; 2) that genetic background modulates the impact
of QDs on HDM sensitization; and 3) that potential ILC2 contributions
to HDM induced AAD are also likely modulated by genetic background.
These findings raise concerns for humans occupationally exposed to
QDs, especially among those developing allergic airway disease and
warrant future studies into QD enhancement of HDM sensitization with
longer-term exposure paradigms where definitive measures of im-
munological adjuvant activity and the importance of recruited mono-
cytes should be assessed in an expanded panel of mouse strains.
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Figure S1. Additional measures of lung mechanics in saline, HDM-sensitized, and HDM+QD co-exposed

C57BL/6J and A/J mice.



Figure S2. Representative images at 4x magnification of eosin and hematoxylin stained sections from a
representative mouse from each treatment group from both C57BL/6J and A/J mice. Saline treated
C57BL6/J mice (top left panel) and A/J mice (top right panel) show minimal inflammation, primarily
increased numbers of macrophages in the alveolar spaces. HDM treated C57BL/6J mice (middle left
panel) and HDM treated A/J mice (middle right panel), and HDM+QD treated A/J mice (lower right
panel) show mild to moderate multifocal perivascular edema, alveolitis and interstitial pneumonia, and

multinucleated giant cells in the alveolar spaces often associate with the alveolitis and interstitial



pneumonia. There is also mild to moderate multifocal perivascular cuffing with polymorphonuclear cells,
histocytes and lymphocytes. C57BL/6J mice treated with HDM+QD (lower left panel) show lesions
consistent to those seen with those seen in C57BL/6J and A/J mice treated with HDM, and A/J mice

treated with HDM+QD, but the lesions tend to be moderate to severe.
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