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a b s t r a c t

Inhalation of agricultural occupational dusts from swine confinement facilities can result in lung
inflammation. The innate immune response to organic barn dusts results in production of a number of
pro-inflammatory factors in the lungs of barn workers such as cytokines, chemokines, and an influx of
neutrophils. Many of these inflammatory factors are influenced by the chemokine CXCL8/IL-8 (KC or MIP-
2 in mice). Previously, we have demonstrated that an endotoxin-independent component of swine barn
dust extract (SBE) elevates lung chemokines in a protein kinase C (PKC)-dependent manner resulting in
the significant formation of lung inflammatory cell infiltrates in a mouse model of SBE injury. In this
study we test the ability of a CXCR1/CXCR2 antagonist, CXCL8(3-74)K11R/G31P (G31P) to block many of
the features of lung-inflammation in response to challenge with SBE in an established mouse exposure
system. Injection of G31P concurrent with SBE nasal instillation over a course of 3 weeks significantly
reduced neutrophil accumulation in the lungs of barn dust exposed animals compared to those given SBE
alone. There was a similar reduction in pro-inflammatory cytokines and chemokines IL-6, KC, and MIP-2
in SBE plus G31P-treated mice. In addition to excreted products, the receptors ICAM-1, CXCR1, and
CXCR2, which all were elevated with SBE exposure, were also decreased with G31P treatment. SBE
activation of PKCa and PKCεwas reduced as well with G31P treatment. Thus, G31P was found to be highly
effective at reducing several features of lung inflammation in mice exposed to barn dust extracts.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Workers in animal confinement facilities are at a greater risk for
contracting a variety of lung disorders such as chronic bronchitis,
acute respiratory distress syndrome (ARDS), hypersensitivity
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pneumonitis, as well as developing asthma or COPD [19,33]. Those
even acutely exposed to these environments show clear signs of
airway inflammation [5,43]. Work by several groups has shown
that organic dust inhalation from these facilities is associated with
these symptoms [5,8]. The inflammation seen in response to these
dusts is the result of innate immune responses to bacterial com-
ponents from these facilities such as proteoglycans and endotoxin.
In particular the toll-like receptors (TLRs) TLR2 and TLR4 are crucial
to organic dust responses [30]. Signaling through these receptors
results in the expression of an array of cytokines and chemokines,
in particular the potent pro-inflammatory chemokine IL-8 (CXCL8).

PKCa and PKCε play a critical role in the inflammatory response
to barn dust [46]. Barn dust stimulates a sequential activation of
PKC isoforms and cytokines in isolated airway epithelial cells. PKCa
is activated within an hour and is required for TNFa and IL-6 pro-
duction. TNFa precedes IL-6 production and subsequently activates
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PKCε, which is required for eventual IL-8 production several hours
later. The effects of PKCs extend beyond just cytokines as cell sur-
face adhesion markers responsible for neutrophil migration such as
ICAM-1 are also up-regulated in response to PKCa activation [26].
Thus the activity of both protein kinases is critical to inflammation
in response to barn dust.

The receptors for IL-8 in humans are the chemokine receptors
CXCR1 and CXCR2. Both are high-affinity receptors for IL-8, but are
capable of binding other chemokines [1,12]. In the mouse, IL-8 is
functionally replaced by keratinocyte factor (KC) and MIP-2 [12,24]
that bind these same CXCR1 and CXCR2 receptors [12]. A wide va-
riety of cells are known to express either CXCR1 or CXCR2 and thus
be signaled by these chemokines. Binding of IL-8 to CXCR1 or CXCR2
can produce a host of chemotactic and antimicrobial responses
resulting in increased neutrophil recruitment into the lung
[14,27,39]. Therefore, successful blocking of CXCR1 and or CXCR2 is
of great therapeutic interest for the control of inflammation. Indeed,
there are currently CXCR2 agonists under development for diseases
such as cysticfibrosis, neutrophilic asthma andCOPD that have been
studied in human models of LPS [23] and ozone exposure [18,22].

The IL-8 analog, G31P, has been shown to antagonize neutrophil
migration and canbindCXCR1 andCXCR2with ahigher affinity than
even IL-8 [25]. As IL-8has ahigher affinity for CXCR1andCXCR2 than
other ELR-CXC chemokines, it has been suggested that G31P may
block most chemokine binding to these receptors [25]. In a bovine
system G31P has been shown to be effective at reducing cytokine
production and neutrophil migration in response to LPS [16].

As exposure to organic dust results in significant IL-6 and KC
production and neutrophilia in the lung [31], we hypothesized that
G31P could effectively inhibit chemokine responses in a mouse
model of organic swine barn dust extract (SBE) exposure. We also
looked at commonly induced features of barn dust exposure such as
activation of signaling molecules (PKCa and PKCε) and increased
cell migration (lavage cell counts and ICAM-1 expression).We show
here that G31P was useful in reducing neutrophilia in mice exposed
to SBE. Lung responses also showed reductions in the cytokines,
chemokines, and activation of PKC isoforms measured. Finally, the
expression of ICAM-1, CXCR1, and CXCR2 appeared elevated by SBE
exposure but were reduced in a number of cell types in the lungs of
mice receiving G31P. Taken together we show G31P is a potent
inhibitor of the innate immune response to barn dust.

2. Materials and methods

2.1. Hog confinement dust extract preparation

Extracts were created as described previously [26] from settled
dust collected from hog confinement buildings. Briefly, SBE was
made by mixing 10 g of collected dust in 10 ml PBS (Dulbecco's
phosphate buffered saline, pH 7.4, Gibco, Frederick, MD) without
calcium at room temperature for 1 h. The mixture was then
centrifuged 10 min, and supernatant saved and centrifuged a sec-
ond time for 10 min before sterile filtering the supernatant. The
barn dust used has been previously characterized [29] as containing
protein (1e2 mg/ml), endotoxin (22.5e48.75 EU/ml), and muramic
acid (400 pmol/mg) in a 5% extract. A variety of bacterial sources
(Clostridium ssp., Lactobacillus ssp., Ruminococcus ssp., and Eubac-
terium ssp.) contribute these toxins as recently characterized [4].

2.2. Mouse exposure to SBE

All animal procedures were approved by the Institutional Ani-
mal Care and Use Committee of the University of Nebraska Medical
Center. Female 6e8 weeks old C57BL/6 mice (Charles River, Wil-
mingtom, MA), were acclimated to facilities for one week after
arrival. The animals were group-housed, and their diet consisted of
commercial rodent chow and water ad libitum. Mice were weighed
weekly and no significant changes in body weight were observed
under any experimental condition (data not shown). Mice were
assigned randomly to each of the treatment groups: control,
control þ G31P administration, SBE instillation (12.5%), or SBE
instillation þ G31P. All mice (4 per group) were instilled nasally [2]
with 50 ml of treatment once every day for 5 days a week (Monday
to Friday) for 3 weeks. Mice given G31P were injected peritoneally
with 250 mg/kg every 2 days. At end of study, mice were sacrificed
by injection with sodium pentobarbital (100 ml, 75 mg/ml). The
experiment was conducted twice, one week apart, and data pooled.

2.3. Bronchiolar alveolar lavage (BALF) collection

Lungs were lavaged as described previously [31]. Briefly, lungs
were washed three times with 1 ml sterile saline each time. Lavage
fluid was centrifuged 1750g for 10 min and supernatant stored
at �80� C prior to ELISA analysis. Cells were resuspended in 1 ml
PBS, counted, and 1.5 � 103 cells were adhered via cytospin onto
glass slides. Cells were stained using a Diff-Quik kit (Siemens
Healthcare Diagnostics, Newark, DE) and cover slips mounted. A
differential count of at least 300 cells was made based on
morphometric criteria and expressed as absolute cell numbers
(mean ± SEM).

2.4. Histology and immunohistochemical staining

After bronchoalveolar lavage, lungs were inflated with 10%
buffered formalin and hung under 17 cm H2O pressure for 24 h,
after which they were placed in formalin for an additional 48 h.
Sections were cut at 5 mm thickness for staining. Sections were
deparaffinized in Protocol Safeclear II (Fisher Scientific, Kalamazoo,
MI) and rehydrated through an ethanol gradient (100%, 95%, 80%,
50%) and rinsed. One set of slides was stained with hematoxylin
and eosin for histological examination while others were used for
immunohistochemical examination.

For immunohistochemistry, antigen unmasking was accom-
plished by incubating slides in Diva Decloaker solution (Biocare
Medical, Concord, CA) at 98 �C for 20min, followed by an additional
20 min where the solution was allowed to slowly cool to room
temperature. After further rinsing in PBS, slides were blocked
30 min at room temperature in 5% skim milk in PBS. Antibodies to
CXCR1 (Bioss,WoburnMA) or CXCR2 (Abcam, CambridgeMA) were
subsequently added in 5% skim milk at 1:50 concentration and
slides incubated overnight at 4� C. After washing the next day with
PBST (PBS þ0.05% Tween-20 pH 7.4), slides were incubated with
biotinylated goat anti-rabbit antibody (goat anti-rabbit-HRP, Jack-
son Immunoresearch, West Grove, PA) at 1:50 concentration
overnight at 4� C. Slides were washed in PBS then developed with
ImmPACT DAB kit (Vector, Burlingame, CA) for 3 min and coun-
terstained with Harris-modified hematoxylin (Fisher Scientific,
FairLawn, NJ) before being dehydrated through an ethanol gradient
and fixed with Safeclear II. Samples were mounted using Cytoseal
XYL (Thermo Scientific, Kalamazoo MI). For CD54/ICAM-1, staining
was completed as mentioned previously [31]. Briefly, blocking was
done overnight at 4 �C, with primary antibody added at 1:75 (rat
anti-mouse ICAM-1; Rockland Immunochemicals, Gilbertsville, PA)
and incubated for 1 h at room temperature, and secondary (rat anti-
CD54, 1:300; Biolegend, San Diego, CA) for 2 h.

2.5. PKC activity

Lung trachea was taken from mice after lavage was completed.
These tracheawere flash frozen in cell lysis buffer as described [44].
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Bronchial epithelial cells were sonicated and centrifuged
10,000 � g for 30 min at 4� C and supernatant and pellet separated
and resuspended in cell lysis buffer with 0.01% Triton X-100. Assay
for isoforms a and ε of PKC in each fraction were carried out as
previously described [45] and read by scintillation counter.

2.6. Cytokine and chemokine quantitation

Cytokine and chemokine quantitation of BALF fluid was done by
enzyme linked immunoabsorbant assay kits to IL-6, KC, and MIP-2
(R&D Systems, Minneapolis, MN), according to manufacturer's
instructions.

2.7. Statistical analysis

All data was analyzed using GraphPad Prism (GraphPad Soft-
ware, San Diego, CA). Graph bars represent the mean ± SE of three
replicate experiments performed in triplicate (n ¼ 3). Statistical
significance was determined using ANOVA, with 95% confidence
interval being considered significant.

3. Results

3.1. BALF cell population

Cells in BALF were counted and identified to determine
migration of both number and type of cells into the alveoli. SBE
significantly increased the overall number of cells in BALF
Fig. 1. Mean total of lung lavage fluid cells (A) and percent composition of macrophage
(mac) and neutrophils (PMN) in lavage cells (B) after repeated nasal instillation with
saline, SBE, G31P, or SBE þ G31P. Error bars are SE (n ¼ 8 mice/group). ***P < 0.001,
****P < 0.0001.
(Fig. 1A). However, pre-treatment of SBE-treated animals with
G31P significantly (p < 0.001) reduced the number of these cells,
though the number of cells was still higher than non-SBE treated
control groups. When the type of cells present was determined
(Fig. 1B), control and G31P-only treated animals had BALF cellular
populations that were almost entirely macrophages. With SBE
treatment, this population however became dominated by neu-
trophils, accounting for a large proportion of the overall increase
in BALF total cell numbers. Pre-treatment of SBE-treated animals
with G31P significantly (p < 0.001) reduced the percentage of
neutrophils within the BALF cell population compared to SBE-
only treated mice. G31P pretreatment did not completely abro-
gate the number of neutrophils present compared to control
groups.
Fig. 2. Mean lung lavage fluid cytokine expression of KC (A), MIP-2 (B), and IL-6 (C).
Error bars are SE (n ¼ 8 mice/group). **P < 0.01, ***P < 0.001.
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3.2. Cytokine and chemokine expression to SBE is decreased with
G31P

Because G31P significantly reduced the numbers of neutrophils
in the BALF in response to SBE, we determined whether G31P
caused changes in SBE-stimulated chemotactic cytokines. Control
and Control þ G31P treated animals produced little to near unde-
tectable amounts of either KC or MIP-2 (Fig. 2A and B) in their BALF,
whereas treatment with SBE caused a significant increase in both.
SBE-instilled mice treated with G31P showed a significant
(p < 0.001) drop in the expression of each chemokine, though not a
total elimination of either. Another indicator of inflammation, IL-6
(Fig. 2C), followed the same pattern (p < 0.01) of expression as KC
and MIP-2.

3.3. G31P blocks stimulation of PKCa and PKCε activity in lung
tissue

Airway epithelial cells harvested from tracheal tissue of mice
and precision-cut lung slices were tested for catalytic PKC activity.
Past work has shown that PKC activation is also a feature of SBE
exposure [45,48]. Mice exposed to SBE showed clearly significant
(p < 0.01) PKCa and PKCε activation (Fig. 3A and B respectively) in
both tracheal epithelial cells and precision-cut lung slices (Fig. 3C
and 3D respectively). In contrast those exposed to SBE that were
given G31P showed minimal activity of either kinase.

3.4. Histological examination

Examination of lung sections that were stained with hematox-
ylin and eosin revealed no apparent increases in lung infiltration in
the control (Fig 4A) or control þ G31P (Fig. 4B) treated animals.
Animals that were given SBE however showed clear indications of
Fig. 3. PKC activity. Lung trachea (A and B) and lung slices (C and D) were measured for PK
increased cellularity in the alveoli as well as formation of foci of
peribronchialmononuclear cells (Fig 4C, arrow), typical of such dust
instillations into these animals. SBEþG31P treated animals showed
some increase in cellular infiltration over controls similar to the SBE
treated mice, but few if any mononuclear foci were apparent
(Fig. 4D). This demonstrates that G31P was effective at blocking
formation of these dust-induced mononuclear cell aggregates.

3.5. Expression of CD54/ICAM-1 is reduced by G31P

Work by others has shown that ICAM-1 is increased in the
bronchial epithelium after exposure to barn dust [26], and as an
important neutrophil chemotactic factor may play a role in
neutrophil migration (Reviewed in Ref. [38]). Staining of the
bronchial epithelium of mouse lungs using an ICAM-1 specific
antibody clearly showed an increase in the expression of ICAM-1 in
the bronchial epithelium of SBE treated mice (Fig. 5B) compared to
saline treated animals (Fig. 5A). The administration of G31P did not
induce ICAM-1 (Fig. 5C), but in SBE-treated animals (Fig 5D) it was
able to inhibit the increased ICAM-expression, eliminating most if
not all ICAM-1 staining of the bronchial epithelium.

3.6. Expression of CXCR1 and CXCR2 is reduced by G31P

As no previous work exists on the effect of G31P on its receptors
CXCR1 and CXCR2, we examined their expression in our model.
Expression of both CXCR1 and CXCR2 was readily apparent in the
lung (Fig 6). Control saline-treated animals showed strong
expression of both receptors on macrophages within the alveolar
space (Fig. 6A, 6B). There was also staining within the alveolar
walls, though this was not present through all cells. There was
however clear staining of the bronchial epithelium. Administration
of G31P (Fig. 6C, 6D) eliminated staining of both receptors in the
Ca and PKCε activity from saline, SBE, G31P and SBE þ G31P treated mice. **P < 0.01.



Fig. 4. Hematoxylin and eosin staining of mouse lung from mice treated with saline (A), G31P (B), SBE (C), and SBE þ G31P (D). No change was apparent in G31P treatment
compared to Saline. SBE induced increased cellularity and peribronchial foci of mononuclear cells (arrow), both of which were reduced with G31P co-administration.
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alveolar walls and the bronchial epithelium, however alveolar
macrophages still stained clearly for both receptors.

With SBE treated animals (Fig. 6E and F), there was a general
increase of both receptors through all locations described above,
with the exception of weaker (but still apparent) staining of the
Fig. 5. ICAM-1 staining of mouse lung frommice treated with saline (A), G31P (B), SBE (C), an
treated mouse lung, but eliminated with co-administration of G31P.
bronchial epithelium for CXCR2. SBE-treated animals given G31P
(Fig. 6G and H) showed decreases in staining of both these re-
ceptors, particularly in the alveolar walls and the bronchial
epithelium, the latter of which showed only very faint staining for
either receptor. As with the controlþ G31P animals, expressionwas
d SBE þ G31P (D). ICAM-1 (brown stain) was expressed on bronchial epithelium of SDE



Fig. 6. Mouse lung staining for CXCR1 (A, C, E, G) and CXCR2 (B, D, F, H). Both receptors were clearly expressed in alveolar epithelium, bronchial epithelium, and alveolar mac-
rophages. Levels of both receptors in Saline (A, B) appeared reduced in G31P treated animals (C, D), particularly in the bronchial epithelium (inset images). SDE treated animals (E, F)
showed increased expression of both receptors, and G31P treatment (G, H) was able to reduce this, particularly in bronchial epithelium (inset images).
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still strong in cells within the alveolar space, however, we noted
that unlike the SBE group not all of the cells in these alveolar spaces
were stained.

4. Discussion

Lung inflammation and innate immune responses in the lung
are a critical part of the immune system. These rapid and often
vigorous responses are vital to the rapid containment and elimi-
nation of potential pathogens we are exposed to on a daily basis.
Excessive inflammation in the lung however can rapidly lead to
pathology and a loss of gas exchange function. Organic barn dusts
represent an environmental exposure where such inflammatory
responses may often be mal-adaptive. Immune responses to
these dusts can be rapid [9,15] or prolonged and chronic [20,37].
Much of these responses appears directed to proteoglycans and
lipopolysaccharides present in these dusts, signaling through toll-
like receptors such as TLR2 and TLR4 (Reviewed in Ref. [30]). In
this case, no live organisms need be present to induce these
vigorous innate responses.

A feature that has been shown to be critical in limiting lung
inflammation is inhibiting the migration of neutrophils into the
lung [17]. As such, we examined the BALF of mice to determine if
G31P had any effect on neutrophil migration in response to SBE.
Total cell number in the BALF of SBE exposed animals was signifi-
cantly elevated compared to control animals as others have shown
[31], with the predominance of cells shifting from macrophages to
neutrophils, indicating a large influx of these cells into the lungs,
and presumably a more neutrophil-driven response. Treatment
with G31P prevented much of this cellular influx into the lung.
While some of this influxmay still be neutrophils, the predominant
lavage cell by numbers is again the alveolar macrophage. This
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lowering of neutrophil migration, and presumed activation in the
lung will also contribute to limiting lung inflammation and
damage.

Cytokine and chemokine expression, particularly IL-8 and IL-6
are good indicators of lung inflammation. Increased production of
IL-6 and KC are commonwith SBE exposure [2,31,45] and important
in inducing cell migration and activation [3,41]. In the mouse, the
structurally similar KC, and the closely related chemokine MIP-2
cover the same functions as IL-8 in humans. KC is shown to bind
CXCR1 while MIP-2 binds to CXCR2 [1,12], though other chemo-
kines may bind each receptor. Both chemokines may act in an
autocrine fashion [42] so blocking cytokine/chemokine receptor
binding may also reduce native chemokine production. Therefore,
wewished to see if the G31P inhibitor could block the expression of
new KC and MIP-2 expression, as both are strongly induced with
SBE exposure. We showed that indeed G31P is effective at reducing
the expression of both chemokines induced to SBE exposure as well
as IL-6, the last of which is capable of activating a number of
neutrophil antimicrobial functions [3]. Therefore, in considering
G31P effectiveness we must also consider reduced KC, MIP-2, and
IL-6 expression due to reduced intracellular activation in the lungs
as another possible reason for the reduced inflammation observed.

Previous work from our lab has established that exposure to SBE
can induce the activation of PKC in cells, in particular PKCa and
PKCε [31,32,45,48]. As others have shown, PKCa may interact with
TLR receptor via adaptor protein MyD88, and is critical in their
signaling to increase downstreammigration of transcription factors
MAPK, NF-kB, and AP-1 to the nucleus [21]. Similarly, PKCε is
phosphorylated by all MyD88-associated TLRs and failure to do so
results in a lack of NF-kB induction [11]. Therefore, both PKCs are
good indicators of TLR activation and signaling and potentially have
critical effects on TLR-induced immune responses. Our results show
that G31P can significantly reduce activation of both PKCs in
response to SBE. As a role has been established for MyD88 in the
induction of both KC and MIP-2 [7,21,28] this may also explain the
similarly reduced expression of both chemokines.

Expression of the receptor CXCR2 can be found in airway
epithelium [13,36], vascular endothelium [35], type-II cells [42],
and fibroblasts [10], many of which may be vital to neutrophil
migration such as in the endothelium [34]. The research on CXCR1
in mice is more limited than in humans, due in part to a much later
discovery of analogous function [12]. Binding CXCR1 or CXCR2 can
induce internalization of these receptors that requires replacement
of said receptors by protein synthesis [6]. CXCR1 and CXCR2 mRNA
expression was found to be induced by inflammatory stimuli
coincident with increase of KC, GCP-2, and MIP-2 [12]. Because we
showed that G31P can reduce expression of two of these chemo-
kines, we postulated G31P could have an impact on expression of
CXCR1 and CXCR2 proteins. We show that both receptors were
expressed on the bronchial epithelium, some cells within the
alveolar walls/septa, and cells within the alveolar space. Given our
BALF results, these cells of the alveolar space should bemacrophage
as these are all we find in untreated animals. The positive cells
within the alveoli septa are harder to clearly determine. The most
likely candidates are type-II alveolar cells and/or fibroblasts [10,42].
With G31P treatment, CXCR1 and CXCR2 expression appears to be
eliminated or greatly reduced in all cells except the alveolar mac-
rophages. These patterns of expression appeared to be similar but
with much higher overall expression of CXCR1 and CXCR2 in SBE
exposed animals. To rule out the possibility of G31P interfering
with antibody binding to target proteins we tested antibody
binding to purified CXCR1 and CXCR2 proteins via dot blot with and
without G31P, noting no change in staining efficiency (data not
shown). In SBE-treated animals, additional cells in the alveolar
spaces were present and also stained positively for CXCR1 and
CXCR2. Because our lavage data does not support an increase in
macrophages, these additional cells are likely neutrophils. As with
the control animals, G31P treatment eliminated much of the
staining for either receptor in the alveolar septa of SBE-treated
animals, however this was not complete and some staining was
still present. Bronchial epithelial cells, while clearly showing
reduced CXCR1 and CXCR2 expression with G31P treatment also
showed what appears to be a slight reduction in CXCR2 in SBE-
treated animals. While we know of no mention of this in the
literature, CXCR2 reduction in sepsis as a result of slow receptor
turnover has been demonstrated in neutrophils [6]. While we did
not see an apparent reduction of CXCR2 staining in the alveolar
macrophages with G31P treatment, staining was so intense in these
cells with all treatments that a more sensitive method may need to
be employed to determine if such changes do take place.

Taken together we propose that the ability of G31P to inhibit
inflammation and neutrophil migration into the lung may be
mediated at several levels. Treatment prevents or greatly inhibits
chemokine signaling to a number of cell types such as epithelial
and type-II cells [47]. This could then result in reduction in PKCa
and PKCε activation and production of cytokines, chemokines, or
receptor expression, such as ICAM-1, and CXCR1 and CXCR2.
Reduced CXCR1 and CXCR2 expression would further limit poten-
tial stimulatory signaling. Reductions of both chemokines and
ICAM-1, the latter of which is vital to neutrophil migration [40] and
upregulated in response to organic dusts [26] will reduce neutro-
phil migration. Finally, neutrophils reaching the lung will be
deprived of important signals for cytokine production, degranula-
tion, formation of reactive oxygen species, or survival through
reduced chemokine signaling [3].

Whatever the precise mechanism, we show that the IL-8 analog
G31P is effective at blocking several key indicators of lung
inflammation in response to organic dusts, and may be a viable
therapy to consider for chronic organic dust exposure-induced
lung injury.

Acknowledgments

This work was supported by NIH-NIOSH (R01OH008539) to DJR,
NIH-NIAAA (R01AA017993) to TAW, and the Central States Center
for Agricultural Safety and Health (NIOSH U54OH010162).

References

[1] Ahuja SK, Lee JC, Murphy PM. CXC chemokines bind to unique sets of selec-
tivity determinants that can function independently and are broadly distrib-
uted on multiple domains of human interleukin-8 receptor b: determinants of
high affinity binding and receptor activation are distinct. J Biol Chem
1996;271(1):225e32.

[2] Bailey KL, Poole JA, Mathisen TL, Wyatt TA, Von Essen SG, Romberger DJ. Toll-
like receptor 2 is upregulated by hog confinement dust in an IL-6-dependent
manner in the airway epithelium. Am J Physiol Lung Cell Mol Physiol
2008;294(6):L1049e54.

[3] Biffl WL, Moore EE, Moore FA, Barnett Jr CC. Interleukin-6 delays neutrophil
apoptosis via a mechanism involving platelet-activating factor. J Trauma
1996;40(4):575e8. Discussion 578e9.

[4] Boissy RJ, Romberger DJ, Roughead WA, Weissenburger-Moser L, Poole JA,
LeVan TD. Shotgun pyrosequencing metagenomic analyses of dusts from
swine confinement and grain facilities. PloS One 2014;9(4):e95578.

[5] Cormier Y, Duchaine C, Isra€el-Assayag E, B�edard G, Laviolette M, Dosman J.
Effects of repeated swine building exposures on normal naive subjects. Eur
Respir J 1997;10(7):1516e22.

[6] Cummings CJ, Martin TR, Frevert CW, Quan JM, Wong VA, Mongovin SM, et al.
Expression and function of the chemokine receptors CXCR1 and CXCR2 in
sepsis. J Immunol (Baltimore, Md.: 1950) 1999;162(4):2341e6.

[7] De Filippo K, Henderson RB, Laschinger M, Hogg N. Neutrophil chemokines KC
and macrophage-inflammatory Protein-2 are newly synthesized by tissue
macrophages using distinct TLR signaling pathways. J Immunol 2008;180(6):
4308e15.

[8] Dosman JA, Fukushima Y, Senthilselvan A, Kirychuk SP, Lawson JA, Pahwa P,
et al. Respiratory response to endotoxin and dust predicts evidence of

http://refhub.elsevier.com/S1094-5539(15)00021-8/sref1
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref1
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref1
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref1
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref1
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref1
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref2
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref2
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref2
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref2
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref2
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref3
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref3
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref3
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref3
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref3
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref4
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref4
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref4
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref5
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref5
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref5
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref5
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref5
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref5
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref6
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref6
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref6
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref6
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref7
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref7
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref7
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref7
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref7
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref8
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref8


D. Schneberger et al. / Pulmonary Pharmacology & Therapeutics 31 (2015) 55e6262
inflammatory response in volunteers in a swine barn. Am J Ind Med
2006;49(9):761e6.

[9] Dosman JA, Lawson JA, Kirychuk SP, Cormier Y, Biem J, Koehncke N. Occu-
pational asthma in newly employed workers in intensive swine confinement
facilities. Eur Respir J 2004;24(4):698e702.

[10] Dunlevy JR, Couchman JR. Interleukin-8 induces motile behavior and loss of
focal adhesions in primary fibroblasts. J Cell Sci 1995;108(1):311e21.

[11] Faisal A, Saurin A, Gregory B, Foxwell B, Parker PJ. The scaffold MyD88 acts to
couple protein kinase Ce to toll-like receptors. J Biol Chem 2008;283(27):
18591e600.

[12] Fan X, Patera AC, Pong-Kennedy A, Deno G, Gonsiorek W, Manfra DJ, et al.
Murine CXCR1 is a functional receptor for GCP-2/CXCL6 and interleukin-8/
CXCL8. J Biol Chem 2007;282(16):11658e66.

[13] Farkas L, Hahn M-C, Schmoczer M, Jentsch N, Kr€atzel K, Pfeifer M, et al.
Expression of CXC chemokine receptors 1 and 2 in human bronchial epithelial
cells. Chest 2005;128(5):3724e34.

[14] Feniger-Barish R, Ran M, Zaslaver A, Ben-Baruch A. Differential modes of
regulation of cxc chemokine-induced internalization and recycling of human
CXCR1 and CXCR2. Cytokine 1999;11(12):996e1009.

[15] Gamage LN, Charavaryamath C, Swift TL, Singh B. Lung inflammation
following a single exposure to swine barn air. J Occup Med Toxicol (London,
England) 2007;2:18.

[16] Gordon JR, Li F, Zhang X, Wang W, Zhao X, Nayyar A. The combined CXCR1/
CXCR2 antagonist CXCL8(3-74)K11R/G31P blocks neutrophil infiltration, py-
rexia, and pulmonary vascular pathology in endotoxemic animals. J Leukoc
Biol 2005;78(6):1265e72.

[17] Grommes J, Soehnlein O. Contribution of neutrophils to acute lung injury. Mol
Med 2011;17(3e4):293e307.

[18] Holz O, Khalilieh S, Ludwig-Sengpiel A, Watz H, Stryszak P, Soni P, et al.
SCH527123, a novel cxcr2 antagonist, inhibits ozone-induced neutrophilia in
healthy subjects. Eur Respir J 2010;35(3):564e70.

[19] Iversen M, Kirychuk S, Drost H, Jacobson L. Human health effects of dust
exposure in animal confinement buildings. J Agric Saf Health 2000;6(4):
283e8.

[20] Kirychuk SP, Senthilselvan A, Dosman JA, Juorio V, Feddes JJ, Willson P, et al.
Respiratory symptoms and lung function in poultry confinement workers in
Western Canada. Can Respir J: J Can Thorac Soc 2003;10(7):375e80.

[21] Langlet C, Springael C, Johnson J, Thomas S, Flamand V, Leitges M, et al. PKC-a
controls MYD88-dependent TLR/IL-1R signaling and cytokine production in
mouse and human dendritic cells. Eur J Immunol 2010;40(2):505e15.

[22] Lazaar AL, Sweeney LE, MacDonald AJ, Alexis NE, Chen C, Tal-Singer R. SB-
656933, a novel CXCR2 selective antagonist, inhibits ex vivo neutrophil acti-
vation and ozone-induced airway inflammation in humans. Br J Clin Phar-
macol 2011;72(2):282e93.

[23] Leaker BR, Barnes PJ, O'Connor B. Inhibition of LPS-induced airway neutro-
philic inflammation in healthy volunteers with an oral CXCR2 antagonist.
Respir Res 2013;14. 137-9921-14-137.

[24] Lee J, Cacalano G, Camerato T, Toy K, Moore MW, Wood WI. Chemokine
binding and activities mediated by the mouse IL-8 receptor. J Immunol (Bal-
timore, Md.: 1950) 1995;155(4):2158e64.

[25] Li F, Zhang X, Gordon JR. CXCL8(3-73)K11R/G31P antagonizes ligand binding
to the neutrophil CXCR1 and CXCR2 receptors and cellular responses to
CXCL8/IL-8. Biochem Biophys Res Commun 2002;293(3):939e44.

[26] Mathisen T, Von Essen SG, Wyatt TA, Romberger DJ. Hog barn dust extract
augments lymphocyte adhesion to human airway epithelial cells. J Appl
Physiol (Bethesda, Md.: 1985) 2004;96(5):1738e44.

[27] Murphy PM. Neutrophil receptors for Interleukin-8 and related CXC chemo-
kines. Seminars Hematol 1997;34(4):311e8.

[28] Orlichenko LS, Behari J, Yeh T-H, Liu S, Stolz DB, Saluja AK, et al. Transcrip-
tional regulation of CXC-ELR chemokines KC and MIP-2 in mouse pancreatic
acini. Am J Physiol Gastrointest Liver Physiol 2010;299(4):G867e76.

[29] Poole JA, Dooley GP, Saito R, Burrell AM, Bailey KL, Romberger DJ, et al.
Muramic acid, endotoxin, 3-hydroxy fatty acids, and ergosterol content
explain monocyte and epithelial cell inflammatory responses to agricultural
dusts. J Toxicol Environ Health Part A 2010;73(10):684e700.

[30] Poole JA, Romberger DJ. Immunological and inflammatory responses to
organic dust in agriculture. Curr Opin Allergy Clin Immunol 2012;12(2):
126e32.

[31] Poole JA, Wyatt TA, Oldenburg PJ, Elliott MK, West WW, Sisson JH, et al.
Intranasal organic dust exposure-induced airway adaptation response marked
by persistent lung inflammation and pathology in mice. Am J Physiol Lung Cell
Mol Physiol 2009;296(6):L1085e95.

[32] Poole JA, Wyatt TA, Von Essen SG, Hervert J, Parks C, Mathisen T, et al. Repeat
organic dust exposure-induced monocyte inflammation is associated with
protein kinase C activity. J Allergy Clin Immunol 2007;120(2):366e73.

[33] Radon K, Weber C, Iversen M, Danuser B, Pedersen S, Nowak D. Exposure
assessment and lung function in pig and poultry farmers. Occup Environ Med
2001;58(6):405e10.

[34] Reutershan J, Morris MA, Burcin TL, Smith DF, Chang D, Saprito MS, et al.
Critical role of endothelial CXCR2 in LPS-induced neutrophil migration into
the lung. J Clin Invest 2006;116(3):695e702.

[35] Schraufstatter IU, Chung J, Burger M. IL-8 activates endothelial cell CXCR1 and
CXCR2 through Rho and Rac signaling pathways. Am J Physiol Lung Cell Mol
Physiol 2001;280(6 24e6):L1094e103.

[36] Schulz C, Stoelcker B, Ruhland B, Jentsch N, Steege A. Bronchoepithelial
expression of CXCR1 and CXCR2 does not facilitate transepithelial migration
of neutrophils. Respiration 2012;84(2):108e16.

[37] Senthilselvan A, Dosman JA, Kirychuk SP, Barber EM, Rhodes CS, Zhang Y, et al.
Accelerated lung function decline in swine confinement workers. Chest
1997;111(6):1733e41.

[38] Springer TA. Traffic signals for lymphocyte recirculation and leukocyte
emigration: the multistep paradigm. Cell 1994;76(2):301e14.

[39] Tateda K, Moore TA, Newstead MW, Tsai WC, Zeng X, Deng JC, et al. Che-
mokine-dependent neutrophil recruitment in a murine model of legionella
pneumonia: potential role of neutrophils as immunoregulatory cells. Infect
Immun 2001;69(4):2017e24.

[40] Tosi MF, Stark JM, Smith CW, Hamedani A, Gruenert DC, Infeld MD. Induction
of ICAM-1 expression on human airway epithelial cells by inflammatory cy-
tokines: effects on neutrophil-epithelial cell adhesion. Am J Respir Cell Mol
Biol 1992;7(2):214e21.

[41] Tsai WC, Strieter RM, Wilkowski JM, Bucknell KA, Burdick MD, Lira SA, et al.
Lung-specific transgenic expression of kc enhances resistance to klebsiella
pneumoniae in mice. J Immunol (Baltimore, Md.: 1950) 1998;161(5):
2435e40.

[42] Vanderbilt JN, Mager EM, Allen L, Sawa T, Wiener-Kronish J, Gonzalez R, et al.
CXC chemokines and their receptors are expressed in type II cells and upre-
gulated following lung injury. Am J Respir Cell Mol Biol 2003;29(6):661e8.

[43] Wang Z, Larsson K, Palmberg L, Malmberg P, Larsson P, Larsson L. Inhalation of
swine dust induces cytokine release in the upper and lower airways. Eur
Respir J 1997;10(2):381e7.

[44] Wyatt TA, Schmidt SC, Rennard SI, Tuma DJ, Sisson JH. Acetaldehyde-stimu-
lated PKC activity in airway epithelial cells treated with smoke extract from
normal and smokeless cigarettes (44556). Exp Biol Med 2000;225(1):91e7.

[45] Wyatt TA, Slager RE, DeVasure J, Auvermann BW, Mulhern ML, Von Essen S,
et al. Feedlot dust stimulation of interleukin-6 and -8 requires protein kinase
Ce in human bronchial epithelial cells. Am J Physiol Lung Cell Mol Physiol
2007;293(5):L1163e70.

[46] Wyatt TA, Slager RE, Heires AJ, DeVasure JM, VonEssen SG, Poole JA, et al.
Sequential activation of protein kinase C isoforms by organic dust is mediated
by tumor necrosis factor. Am J Respir Cell Mol Biol 2010;42(6):706e15.

[47] Zhao X, Town JR, Li F, Zhang X, Cockcroft DW, Gordon JR. ELR-cxc chemokine
receptor antagonism targets inflammatory responses at multiple levels.
J Immunol (Baltimore, Md.: 1950) 2009;182(5):3213e22.

[48] Romberger DJ, Bodlak V, Von Essen SG, Mathisen T, Wyatt TA. Hog barn dust
extract stimulates IL-8 and IL-6 release in human bronchial epithelial cells via
PKC activation. J Appl Physiol 2002;93(1):289e96.

http://refhub.elsevier.com/S1094-5539(15)00021-8/sref8
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref8
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref8
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref9
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref9
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref9
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref9
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref10
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref10
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref10
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref11
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref11
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref11
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref11
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref12
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref12
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref12
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref12
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref13
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref13
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref13
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref13
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref13
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref14
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref14
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref14
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref14
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref15
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref15
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref15
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref16
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref16
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref16
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref16
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref16
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref17
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref17
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref17
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref17
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref18
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref18
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref18
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref18
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref19
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref19
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref19
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref19
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref20
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref20
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref20
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref20
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref21
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref21
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref21
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref21
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref22
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref22
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref22
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref22
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref22
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref23
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref23
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref23
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref24
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref24
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref24
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref24
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref25
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref25
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref25
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref25
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref26
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref26
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref26
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref26
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref27
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref27
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref27
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref28
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref28
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref28
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref28
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref29
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref29
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref29
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref29
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref29
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref30
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref30
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref30
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref30
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref31
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref31
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref31
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref31
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref31
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref32
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref32
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref32
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref32
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref33
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref33
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref33
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref33
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref34
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref34
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref34
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref34
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref35
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref35
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref35
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref35
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref35
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref36
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref36
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref36
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref36
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref37
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref37
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref37
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref37
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref38
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref38
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref38
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref39
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref39
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref39
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref39
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref39
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref40
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref40
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref40
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref40
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref40
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref41
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref41
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref41
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref41
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref41
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref42
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref42
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref42
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref42
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref43
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref43
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref43
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref43
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref44
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref44
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref44
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref44
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref45
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref45
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref45
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref45
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref45
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref46
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref46
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref46
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref46
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref47
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref47
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref47
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref47
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref48
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref48
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref48
http://refhub.elsevier.com/S1094-5539(15)00021-8/sref48



