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Abstract
Air pollution contributes to acute exacerbations of asthma and the development of asthma in
children and adults. Airway epithelial cells interface innate and adaptive immune responses and
have been proposed to regulate much of the response to pollutants. Thymic stromal lymphopoietin
(TSLP) is a pivotal cytokine linking innate and Th2 adaptive immune disorders and is upregulated
by environmental pollutants, including ambient particulate matter (PM) and diesel exhaust
particles (DEP). We now show that DEP and ambient fine PM upregulate TSLP mRNA and hsa-
miR-375 in primary human bronchial epithelial cells (pHBEC). Moreover, transfection of pHBEC
with anti-hsa-miR-375 reduced TSLP mRNA in DEP but not TNF-α treated cells. In silico
pathway evaluation suggested the aryl hydrocarbon receptor (AhR) as one possible target of
miR-375. DEP and ambient fine PM (3 μg/cm2), down regulated AhR mRNA. Transfection of
mimic-hsa-miR-375 resulted in a small downregulation of AhR mRNA compared to resting AhR
mRNA. AhR mRNA was increased in pHBEC treated with DEP after transfection with anti-hsa-
miR-375. Our data show that two pollutants, DEP and ambient PM, upregulate TSLP in human
bronchial epithelial cells by a mechanism that includes hsa-miR-375 with complex regulatory
effects on AhR mRNA. The absence of this pathway in TNF-α-treated cells suggests multiple
regulatory pathways for TSLP expression in these cells.
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Introduction
Epidemiologic and biologic evidence suggest that air pollution, including that derived from
vehicular traffic, increases the global burden of respiratory and allergic diseases such as
asthma (1–4). Air pollution contributes to acute exacerbations of asthma, as well as to the
development of asthma in children and adults (5–8). Mechanisms for both these effects
remain incompletely described, but airway epithelial cells, a primary pollutant target that
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interfaces innate and adaptive immune responses, have been proposed to regulate many of
the responses to airborne pollutants (9–11).

Thymic stromal lymphopoietin (TSLP), an IL-7-like cytokine, is considered a pivotal
cytokine linking innate and adaptive immune disorders (12–14). TSLP conditions the
development of Th2 airway inflammation to innocuous antigen (15–17) and a TSLP soluble
antagonist reduces airway inflammation (18). Airway epithelial cell-derived TSLP,
including that induced by ambient particulate matter (PM) or diesel exhaust particles (DEP)
promotes myeloid dendritic cells (mDC) that support Th2 polarization via upregulation of
OX40 ligand and selective notch pathways (19–21). Bronchial epithelial cells are a major
source of TSLP (12, 22–25) and in humans, TSLP is increased in asthmatic epithelium (22,
26–28). Variants of TSLP are associated with asthma (29–33) and we have shown
association of a gene-environment interaction with a TSLP variant (34). Thus TSLP can be
considered a candidate cytokine that bridges environmental exposures with innate and
adaptive immune responses in the lung that can lead to allergic diseases such as asthma.

Little is known about the regulation of TLSP in airway epithelial cells. Microbes, viruses
including double stranded RNA, and cytokines such as IL-13 and tumor necrosis factor
(TNF)-α, upregulate TSLP in a variety of cell types (35, 36). Environmental pollutants,
including ambient particulate matter (PM), diesel exhaust particles (DEP) and tobacco
smoke, also upregulate TSLP in airway epithelial cells via pathways involving oxidative
stress (19, 20, 37). Stimuli converge on nuclear factor (NF)-κB signaling since TSLP is
upregulated by activation of nuclear factor (NF)-κB signaling in epithelial cells exposed to
poly I:C and Toll-like receptor 3 activation (38, 39) and in double-stranded RNA stimulated
keratinocytes (40, 41). Thymic stromal lymphopoietin is also upregulated by the caspase 1
activation of NF-κB in a human mast cell line (42).

MicroRNAs (miRNA) are evolutionarily conserved small non-coding RNA molecules that
regulate gene expression. Epithelial cell-expressed miR-375 regulates epithelium-immune
cross-talk in the gut by propagating a Th2 response (interleukins 13, 4, 5) via TSLP (43).
We therefore hypothesized that TSLP upregulation in human bronchial epithelial cells in
response to ambient pollutants would be mediated in part via the human miRNA, hsa-
miR-375. We now demonstrate that DEP and ambient fine PM, but not TNF-α upregulated
hsa-miR-375 and TSLP in primary culture human bronchial epithelial cells (pHBEC) and
suggest that the aryl hydrocarbon receptor (AhR) is an intermediary in this pathway.

Material and Methods
Reagents

DMEM, MEM, penicillin-streptomycin, FBS, trypsin-EDTA solution, and PBS were
purchased from GIBCO Life Technologies (Grand Island, NY). Bronchial epithelial cell
growth medium (BEGM) and bronchial epithelial cell basal medium (BEBM) were
purchased from Lonza (Walkersville, MD). Recombinant TNF-α was from Peprotech
(Rocky Hill, NJ).

DEP were derived from a 1.6 l Volkswagen Diesel Engine (40 kW) according to U.S. test
protocol FTP 72 (EPA, 1992) and were a kind gift of D.L. Costa (U.S. EPA). Ambient PM
samples were collected using a high-volume three-stage impactor (ChemVol model 2400;
Rupprecht & Patashnick, Albany, NY) to simultaneously collect PM10–2.5 (coarse PM),
PM2.5–0.15 (fine PM), and PM0.15 (ultrafine) at 900 l/min. The 50% cut-off diameter for
the well characterized Harvard ChemVol impactor’s fine PM stage is 2.5 μm (44). The
coarse and fine PM fractions were collected on different collection substrates (McMaster-
Carr, Robbinsville, NJ) and thus further fractionation of particles is not needed. All
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sampling substrates were pre-cleaned using sterile solutions prior to exposure and extracted
after exposure in sterile and pyrogen-free water using sonication. Samples were obtained
from Midtown Manhattan (Hunter College, New York, NY). Ambient fine PM and DEP
were diluted in cell culture medium, vortexed (5 times, 10 sec), sonicated (1 min) and added
to cells in the defined concentrations. Since particles sediment to the bottom of cell culture
dishes, DEP and fine PM concentrations were based on the available surface area (μg/cm2).
Only fine PM was used for these experiments as DEP are predominantly fine or ultrafine,
and fine particles are more likely to bypass filtration mechanisms in the nose. Carbon
particles were used as control particles when indicated. Endotoxin content of DEP and PM
preparations were measured (PyroGene™ Recombinant Factor C Assay; Lonza;
Walkersville, MD). Endotoxin activity in DEP and fine PM (100 μg/ml), a concentration 10
times higher than that used in experiments, was below the lower limit of detection (0.01 EU/
ml).

Cells
Primary human bronchial epithelial cells (pHBEC) were obtained from Lonza (Walkersville,
MD). All airway epithelial cells were cultured in bronchial epithelial cell basal medium
supplemented with human epidermal growth factor (0.5 ng/ml), hydrocortisone (0.5 μg/ml),
insulin (5 μg/ml), transferrin (10 μg/ml), epinephrine (0.5 μg/ml), tri-iodothyronine (6.5 ng/
ml), gentamicin (50 μg/ml), amphotericin B (50 ng/ml), bovine pituitary extract (52 μg/ml),
and retinoic acid (0.1 ng/ml) and plated on 12 well tissue culture plates (50,000 cells/cm2)
coated with human collagen (Vitrogen-100; Cohesion Technologies). All studies were
performed with cells in passage 2. After reaching confluence, cultures were deprived of
hydrocortisone, epinephrine, and retinoic acid for 24 h before exposure studies.

RNA and protein quantification
RNA (including small microRNA) was isolated from HBEC using the miRNeasy Mini Kit
(Qiagen, Valencia, CA) according to the manufacturer’s instructions. RNA preparations
contained 0.5–1.2 μg/μl RNA and we routinely used 0.5 μg RNA for RT reaction. For
quantification of mRNA by real-time PCR, RNA was transcribed using the RT2 First Strand
Kit (SABiosciences, Frederick, MD) and quantitative PCR (qPCR) was performed using a
SYBR Green/ROX qPCR Master Mix and RT2 qPCR Primer Assay using specific primer
(SA Biosciences, Frederick, MD; GAPDH: PPH00150E; AhR: PPH00457E; TSLP:
PPH18939A) following the manufacturer’s instructions. Levels of respective transcripts
were normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) transcript level
as an internal control ΔCt(target)=Ct(target)−Ct(GAP-DH). Change in respective transcripts
after treatment were assessed by ΔΔCt(target)=ΔCt(target, stimulated)−Ct(target, resting)
and presented as fold increase (2−ΔΔCt). Data are expressed after normalizing to GAPDH
rather than cell counts.

The expression of microRNAs was assayed using specific RT2 miRNA qPCR Primer
Assays (SA Biosciences, Frederick, MD; hsa-miR-148a: MPH01182A; hsa-miR-375:
MPH00191A; Human RNU6-2: MPH01653A) and a SYBR Green/ROX qPCR master mix
according to the manufacturer’s instructions using reverse transcribed RNA after RT2

miRNA First Strand kit (SABiosciences). The ΔΔCt method for relative quantification
using internal control RNU6-2 was used to determine relative expression of hsa-miR-375
and hsa-miR-148a.

Human TSLP protein in cell culture supernatant was measured by commercial ELISA. At
confluence during passage 2, pHBEC were deprived of hydrocortisone, epinephrine, and
retinoic acid (24 h) before treatment with defined doses of DEP (18h, 37°C). Supernatant
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was removed and TSLP measured by ELISA (R&D, Minneapolis, MI) according to the
manufacturer’s instructions. The lower limit of detection of the ELISA is 3.5 pg/ml.

Transfection of microRNA mimic or inhibitor
For transfection studies, pHBEC were seeded (70% confluence) in vitrogen-coated 24-well
plates. After 24 h, cells were transfected with a synthetic miRNA hsa-375 mimic
oligonucleotide (mimic-hsa-miR-375; 10 nM; MSY0000728) or a negative control
consisting of a scrambled oligonucleotide (syn-miR-control; AllStars Negative Control
siRNA; Qiagen, Valencia, CA). Alternatively, for select experiments an miRNA inhibitor
(anti-hsa-miR-375; 75 nM; miSCRIPT, MIN0000728 Qiagen, Valencia, CA) or mock
inhibitor (anti-miR-control; miSCRIPT Inhibitor Negative Control; Qiagen, Valencia, CA)
was used for transfection using HiPerFect transfection Reagent (SA Biosciences, Frederick,
MD) according to the manufacturer’s manual. To assess transfection efficiency, control cells
were routinely transfected with Silencer FAM-labeled negative control siRNA#1 (Life
Technologies, Grand Island, NY; 10 nM and 75 nM for miRNA mimic and miRNA
inhibitor experiments, respectively) and fluorescent cells were enumerated by FACS.
Transfection efficiencies were 50–65% (data not shown).

Data Analysis
Data are presented as mean ± standard error (SE) of three independent experiments with
different donors. Significance was determined by Student’s t test for comparisons of two
variables or one-way ANOVA for multiple comparisons, with a p<0.05 considered
significant. Page’s L test for trend testing with repeated measures was used for dose
response studies.

Results
Expression of hsa-miR-375 and TSLP in HBEC

As expected from our previous studies, DEP and ambient fine PM (fine PM) upregulated
TSLP mRNA in a dose-dependent manner (Fig. 1A, Fig. 1B). To assess miRNA
intermediates, we focused our studies on hsa-miR-375 based on studies of the murine
intestine and TSLP (43). Increasing doses of DEP and fine PM also resulted in a dose-
dependent increase in hsa-miR-375 mRNA in pHBEC (Fig. 1A, 1B). In contrast, although
hsa-miR-375 was upregulated in pHBEC treated with DEP (3 μg/cm2) or fine PM (3 μg/
cm2) neither TNF-α (5 ng/ml), nor carbon particles (3 μg/cm2) upregulated hsa-miR-375 in
these cells (Fig. 2).

Hsa-miR-375 regulation of TSLP in pHBEC
To further examine whether hsa-miR-375 upregulation was associated with TSLP mRNA,
we transfected pHBEC with a mimic-hsa-miR-375 (syn-hsa-miR-375) or control
oligonucleotide (syn-miR-control) (Fig. 3). As previously shown, DEP (3 μg/cm2), fine PM
(3 μg/cm2), and TNF-α (5 ng/ml) upregulated TSLP mRNA in pHBEC (Fig. 3). TSLP
mRNA was also upregulated in pHBEC transfected with mimic-hsa-miR-375 in the absence
of additional stimuli. In contrast, no effect on TSLP mRNA was seen after transfection of
pHBEC with syn-miR-control.

To determine whether hsa-miR-375 was necessary for upregulation of TSLP in pHBEC, we
transfected pHBEC with anti-hsa-miR-375 before stimulation of pHBEC with defined
agents. As shown in Fig. 4, TSLP mRNA was reduced in DEP-treated pHBEC transfected
with anti-hsa-miR-375 compared to pHBEC treated with DEP alone or DEP-treated pHBEC
transfected with anti-miR control. In contrast, transfection of pHBEC with anti-hsa-miR-375
did not inhibit TNF-α upregulation of TSLP mRNA. These data suggest that hsa-miR-375
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was necessary for TSLP upregulated by DEP but not by TNF- α and suggest the potential
for multiple pathways for TSLP regulation.

To confirm whether hsa-miR-375 regulated TSLP protein released by pHBEC as well as
TSLP mRNA, cells were cultured as described, supernatants removed after 18 h and TSLP
protein measured by ELISA. As shown in Fig. 4B, TSLP protein was upregulated by DEP
and fine PM, as well as by TNF-α. Consistent with mRNA measurements, TSLP protein
was significantly increased in pHBEC transfected with mimic hsa-miR-375 but not control
oligonucleotide. Conversely, the upregulation of TSLP protein by DEP was diminished in
pHBEC transfected with anti-hsa-miR-375.

Aryl hydrocarbon and hsa-miR-375
The treatment of pHBEC with DEP or fine PM increased hsa-miR-375 as well as TSLP,
suggesting the presence of an intermediary signal that might be downregulated by hsa-
miR-375. In silico pathway evaluation (TargetScan 5.1 (April 2009) suggested the aryl
hydrocarbon receptor (AhR) as one possible target of miR-375 thus predicting that
upregulation of miR-375 would result in decreased AhR transcription. We therefore
examined AhR mRNA and function in pHBEC exposed to defined stimuli. Increasing DEP
and fine PM at doses shown to upregulate TSLP, suggested downregulation of AhR mRNA
in a dose dependent manner (data not shown). In separate studies, DEP and fine PM, at
doses used for TSLP mRNA studies (3 μg/cm2,6h), reduced AhR mRNA (n = 3, p < 0.05;
Fig. 5), whereas carbon particles had no effect. TNF-α increased AhR mRNA (Fig. 5).

To confirm functionality of the AhR and its response to DEP and fine PM, we measured the
regulation of the aryl hydrocarbon hydroxylase cytochrome P450 CYP1a1, a downstream
target gene. In data consistent with published literature (45), treatment of pHBEC with DEP
or fine PM in the defined doses, upregulated CYP1a1 mRNA (6 h, n = 3, p < 0.05; Fig. 5).
Treatment of pHBEC with carbon particles failed to change CYP1A1 mRNA levels. These
data were consistent with the well-published effect of DEP and ambient particles on AhR
function as measured by downstream AhR products.

To confirm an effect of hsa-miR-375 on AhR, we examined the effect of the mimic hsa-
miR-375 on AhR mRNA (Fig. 6). Transfection of mimic hsa-miR-375 resulted in a small
but significant downregulation of AhR mRNA compared to resting levels in pHBEC.
Whereas AhR mRNA was decreased in pHBEC treated with DEP, AhR mRNA was
increased in pHBEC that were treated with DEP after transfection with anti-hsa-miR-375.
No change in AhR mRNA was noted between DEP treated cells and those treated with DEP
and transfected with anti-miR control. These data supported the link between hsa-miR-375
and AhR mRNA expression in cells treated with an ambient pollutant. Furthermore, they
suggested an indirect relationship between AhR mRNA and its effects on xenobiotic
metabolizing enzymes.

The regulatory effects of miRNA species are complex, and miRNA targets the 3′ UTR or
less frequently the 5′ UTR of target mRNA (46). Target mRNA levels are subsequently
reduced via several processes including transcript degradation, inhibition of translation, or
mRNA decay (47). To determine whether hsa-miR-375 resulted in increased TSLP or AhR
mRNA degradation, pHBEC were treated with actinomycin D (10 μg/ml) and mRNA levels
measured by qPCR. As shown (Fig. 7A) no difference in TSLP mRNA degradation was
noted between resting pHBEC, pHBEC transfected with mimic hsa-miR-375, or DEP-
treated pHBEC in the absence or presence of anti-hsa-miR-375. In contrast, AhR mRNA
degradation was increased in pHBEC transfected with mimic hsa-miR-375 compared to
resting pHBEC, or those treated with DEP in the absence or presence of anti-hsa-miR-375.
These data support the regulatory role of hsa-miR-375 on AhR mRNA levels.
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Discussion
Thymic stromal lymphopoietin is a critical link between environmental pollutants, innate
immunity and the adaptive Th2 response. Thus understanding TSLP regulation has potential
to provide insight into manipulation of the Th2 response and to further our understanding
mechanisms by which pollutants modify this response. Although activation of NF-kB
upregulates TSLP in response to numerous stimuli, there is a large knowledge gap about
additional pathways that contribute to the regulation of TSLP, particularly those induced by
ambient pollutants. We now suggest that DEP and ambient fine PM regulate TSLP
expression in part via an effect on hsa-miR-375, and propose that this regulation is mediated
via an intermediate signal involving the AhR. These findings provide a novel mechanism for
TSLP regulation in human bronchial epithelial cells.

DEP regulate numerous miRNA species (48). We focused on hsa-miR-375 because of its
role in intestinal immunity (43). We now show upregulation of hsa-miR-375 by two ambient
pollutants: DEP and ambient fine PM, and have previously shown that both these pollutants
stimulate TSLP mRNA and protein and promote a Th2 response (19, 20). We also
demonstrated that synthetic miR-375 upregulated TSLP mRNA and protein, whereas an
anti-hsa-miR-375 oligonucleotide reduced TSLP. Inhibition of TSLP by anti-hsa-miR-375
although significant, was incomplete, most likely secondary to incomplete transfection
efficiency of the oligonucleotides. In contrast to the increase in both TSLP and hsa-miR-375
in pHBEC after DEP or fine PM-treatment, TNF-α upregulated TSLP mRNA but not hsa-
miR-375. Transfection of anti-hsa-miR-375 also failed to downregulate TSLP mRNA after
TNF-α. These data are consistent with a role for hsa-miR-375 in the regulation of TSLP by
ambient pollutants, but suggest the presence of additional regulatory pathways for other
stimuli.

MicroRNA-375 has been extensively studied in malignant pathways leading to neoplastic
transformation and miR-375 has been considered a putative tumor suppressor for numerous
cancers (49). However, expression of miR-375 is also involved in metabolic pathways
including glucose homeostasis (50) as well as in the regulation of murine mucosal immunity
via TSLP expression (43) and in peripheral blood lymphocytes of the IL-10−/− mouse (51).
Our studies now support a role for hsa-miR-375 in Th2 immune regulation in the lung, and
its regulation by exogenous pollutants.

MicroRNA are short ribonucleic acid molecules whose binding results in gene silencing, yet
we detected a concomitant increase in both TSLP mRNA and hsa-miR-375 in our studies.
We therefore reasoned that the effects of miR-375 were mediated via an intermediary, and
based on our in silico analysis, suggested the AhR as a target molecule. The AhR is a Per-
Arnt-Sim domain containing conserved transcription factor that controls adaptation to
environmental challenges. The AhR controls transcriptional responses to xenobiotic
compounds including dioxins and polycyclic aromatic hydrocarbons via transcription of
xenobiotic-metabolizing enzymes such as cytochrome P450 family members (CYP1A1,
CYP1B1) (52). Recent studies suggest that the AhR is also an endogenous receptor that
mediates additional physiologic functions. These include organ development and mucin
production in epithelial cells (53) as well as immune functions (54). Aryl hydrocarbon
receptor null mice overproduce transforming growth factor receptors in the liver (55) and
overproduce IL-12 and interferon γ in ovalbumin-sensitized and challenged mice (56).
Immune regulation and maintenance and expansion of innate lymphoid cells in the murine
intestine requires expression of the AhR (57) and activation of the AhR also regulates
ligand-specific and cell specific Treg and Th17 differentiation in murine models (58–60).
Our study now suggests an additional role in immune regulation in the lung, mediated
through TSLP expression in human airway epithelial cells.
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Treatment of pHBEC with fine PM or DEP increased AhR target gene expression
(CYP1A1). However, as predicted by our in silico analysis, we showed hsa-miR-375-
dependent downregulation of AhR mRNA in response to fine PM and DEP. We confirmed a
role for miR-375 in AhR mRNA regulation in HBEC with the use of transfected mimic hsa-
miR-375 and anti-hsa-miR-375 and studies of AhR mRNA degradation. The disassociation
of AhR activity and mRNA expression suggests a complex interplay of hsa-miR-375, AhR
mRNA transcription and AhR targets. Disassociation of AhR expression and AhR target
genes has been shown in other cells (45, 61). In the cytoplasm, the AhR is complexed to
chaperonins (52) and ligand binding elicits nuclear localization where the Ahr –Arnt (aryl
hydrocarbon receptor nuclear translocator) binds to an enhancer sequence (dioxin response
element; DRE), and elicits transcription of DRE containing target genes including CYP1A1
and CYP2A2 (52). Our finding of downregulation of AhR mRNA by ambient pollutants and
mimic hsa-miR-375, but increased AhR activity with xenobiotic target gene expression
reinforce the complexity of AhR signaling.

Recent studies suggest that in addition to xenobiotic metabolizing enzymes, the AhR
regulates inflammation and immune functions via NF-κB (62). Mice deficient in the AhR
(AhR knockout;KO mice) have elevated pro-inflammatory cytokines in their lungs (63).
Cigarette smoke exposed AhR null mice have increased NF-kB binding activity compared to
wild-type mice, and have rapid loss of RelB consistent with premature degradation (63). The
suggestion has been made that RelB inhibits inflammation via complex regulation of NF-κB
pathway (64–67) and that AhR promotes loss of RelB protein, and thus activation of NF-κB
by a non canonical pathway (63, 68, 69). These studies suggest an intriguing and potential
mechanism by which hsa-miR-375 downregulation of the AhR might be one of multiple
pathways leading to activation of NF-κB and thus upregulation of TSLP.

There are some potential limitations to these studies. We used human bronchial epithelial
cells from multiple donors in primary culture. However, we used these cells in in vitro
systems and the possibility exists that in vivo effects may differ. Future animal studies may
help confirm these responses. We used primary cells for transfection and could not
accomplish complete transfection of our cells. Despite incomplete transfection, we were able
to identify effects of both our mimic and anti-miR-375, but not off-target effects of control
oligonucleotides. We used two types of pollution particles for these studies as representative
particles. These included diesel exhaust and ambient fine PM as respirable real-world
particles (70). The possibility exists that other particles might induce different responses in
the epithelial cells and we have not characterized the chemical components such as the
organic or metal constituents that might contribute to the defined effects (71).

In summary, these studies suggest that two pollutants, DEP and ambient PM, upregulate
TSLP in human bronchial epithelial cells by a mechanism that includes hsa-miR-375 with
complex regulatory effects on AhR mRNA. The absence of this pathway in TNF-α-treated
cells suggests multiple regulatory pathways for TSLP expression in these cells. The
possibility exists that all these pathways converge on NF-κB. Identifying specific pathways
regulating TSLP expression in the airway that lie upstream of NF-κB signaling would open
up highly interesting possibilities for intervention strategies targeting TSLP regulation in
human disease. These studies provide novel information that furthers our understanding of
the complex regulation of innate immune responses.
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Figure 1. DEP and ambient fine PM upregulate TSLP and hsa-miR-375 in a dose-dependent
manner
Confluent pHBEC were cultured (6h) with increasing concentrations of DEP or ambient fine
PM. RNA was isolated and levels of TSLP mRNA and hsa-miR-375 measured (qPCR).
Data are expressed as fold increase compared to GAPDH (TSLP) or RNU 6-2 (hsa-
miR-375) (2−ΔΔCt; mean ± SE; n = 3 independent experiments).
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Figure 2. DEP and ambient fine PM, but not TNF-α upregulate hsa-miR-375
Confluent pHBEC were cultured (6h, 37°C) with DEP (3 μg/cm2), ambient fine PM (3 μg/
cm2), carbon (3μg/cm2) or TNF-α (5 ng/ml). RNA was isolated and levels of hsa-miR-375
measured (qPCR). Data are expressed as fold increase compared to resting (2−ΔΔCt; mean ±
SE; n = 3 independent experiments; * = p < 0.05).
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Figure 3. Synthetic mimic hsa-miR-375 induced TSLP expression
pHBEC were transfected with vehicle alone or with mimic-hsa-miR-375 or syn-miR control
oligonucleotides (HiPerFect, 18h). Cells were stimulated as depicted (6h, 37°C), RNA was
isolated and TSLP mRNA measured (qPCR, GAPDH internal control). Data are expressed
as fold increase compared to resting vehicle control (2−ΔΔCt; mean ± SE; n = 3 independent
experiments; * = p <0.05).
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Figure 4. Upregulation of TSLP by DEP is dependent on hsa-miR-375
(4A)TSLP mRNA expression in pHBEC transfected with vehicle, anti-hsa-miR-375, or anti-
miR control oligonucleotides (HiPerFect, 18h, 37°C). Cells were stimulated with defined
agents (6h, 37°C), RNA isolated and TSLP mRNA measured (qPCR, GAPDH internal
control). Data are expressed as fold increase compared to resting vehicle control (2−ΔΔCt;
mean ± SE; n = 3 independent experiments; * = p < 0.05 vs. resting, ** = p < 0.05 vs. DEP).
(4B) TSLP protein was measured (ELISA) in pHBEC supernates after treatment of pHBEC
with defined stimuli (18h, 37°C) in cells transfected with mimic-hsa-miR-375, syn-miR
control, anti-hsa-miR-375 or anti-miR control. Data are mean ± SEM (n = 3 independent
experiments, * = p <0.05 vs. resting, ** = p < 0.05 vs. DEP.
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Figure 5. DEP and ambient fine PM down-regulate AhR expression
pHBEC were cultured (6h, 37°C) with DEP (3 μg/cm2), ambient fine PM (3 μg/cm2),
carbon (3 μg/cm2) or TNF-α (5 ng/ml). RNA was isolated and levels of AhR and CYP1a1
measured (qPCR, GAPDH internal control). Data are expressed as fold change compared to
resting (2−ΔΔCt; mean ± SE; n = 3 independent experiments; * = p<0.05 compared to resting
AhR; ** = p<0.05 compared to resting CYP1a1).
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Figure 6. AhR expression is regulated by hsa-miR-375
pHBEC were transfected with vehicle or with synthetic oligonucleotides (mimic hsa-
miR-375, syn-hsa-miR control, anti- hsa-miR-375, anti- hsa-miR control). After 18h, cells
were stimulated with DEP as depicted (6h, 37°C), RNA isolated and AhR mRNA measured
(qPCR, GAPDH internal control). Data are expressed as fold change compared to resting
vehicle control (2−ΔΔCt; mean ± SE; n=3 independent experiments; * = p < 0.05).
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Figure 7. TSLP and AhR mRNA degradation
pHBEC were resting or transfected with mimic-hsa-miR-375 or anti- hsa-miR control and
were treated with actinomycin D (10 μg/ml) in either the presence or absence of DEP (3 μg/
cm2). Total RNA was isolated after 0, 1, 2, and 4 hours, and TSLP, AhR and GAPDH
mRNA determined by qPCR. Data are presented as the percentage of mRNA relative to 0
time point after normalization to GAPDH (mean ± SE, n = 3 independent experiments).
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