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ABSTRACT

Inhalation of ultrafineand ambient particles in the air trigg@r response ihe innate immune
system of the airways.hIs thesis exploremeasures to reduce expostweorganic dustto
dampen the adversenmuneeffects of chronic organic swine dustposure and develop a
refined in vitro bronchialmucosamodel to reducen vivo toxicity testing on humans and
animals.

In Paper | the aimwasto reduce particulate matter exposhyeinstallingparticle separators

in swine buildinggnd to explore theespiratory effects in helly subjects afteacute exposure.
Exposure measuremenitgluding organic dust including endotoxins looth swine building
environments (with and without particle separativaje performedndtheparticle separators
reduced mainhparticles sized0.3-0.5 um The alverse acute symptoms likeadache and
increased body temperature in tha@lunteerswere reducedwhen exposed tthe particle
separated swine building environment compared to the conventional swine building
environment. The particle sepaators reduced thepro-inflammatory responseflL-6 and
CXCLS8) in the upper respiratory tractompared to the conventiah swine building
environment.

In Paper IlI, the aim was to investigate the host innate immune resposmgein chronically
organic dus exposedswine farmers after shetérm glucocorticosteriods therap8wine
farmersinhaled budesonidéor two weekswhich increased the release of soluble TLR2 in
the airwaysSystemic effectincluded increased number of circulating leucocytes and 4LR
expression on lymphocytes, and decreased cytotegell production of 113 and 11-4.

The secondaim of Paper llwas to elucidateghe cellular immune response afveolar
macrophagesfrom chronically exposedswine farmers toex vivo co-stimulation of
glucacorticosteroids and TLR ligand$n alveolar macrophages, mRNPLR2 expression
increased an@XCL8decreased aftax vivoco-stimulation with LPS/peptidoglycan/TNE
and budesonidelThe mRNA expression d€D14, IL-13 and GPxin alveolar macrophages
increased after thie vivo steroid treatment of swine farmets.all, this study showed that
inhalation of a glucocorticosteroid strengthens the imnaafiensepathways in subjects with
occupational chronic exposure to organic dust.

In Paper lll, the ainwas to develo@n organotypidn vitro exposure systengombining
bronchialmodels with Xpos&LI® for exposure of nansized palladiumHere ve established
a viable and robust vitro bronchial mucosa eoulture model using human primary bronchial
epithelal cells anda fibroblast cell line showingn vivo characteristicsBy stimulation with
IL-13, the modeldiffereniated into a chronic bronchitidike model. It was successfully
combined with the advanced aerosol exposure system Precis€frdradethen vitro module
XposeALI® and expsed to palladium nanopatrticles, whiakduced inflanmatory responses
in the 3D mode
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INTRODUCTION

Particulate matter - particles that matter
Or do they?

In this thesis we are trying to shéght on how ultrafine an&mbient particlesmatter to
humars.

Inhalation of particlegffect the human immune system. But is it necessarily bad? Are there
adverse effect?

Some people are allergic agents they inhale; like pollen, house mite dust or dander from cat
and dog. These cases are generally easy to sggpde, and even treat. But fheaticles that

d o n duge thesa acute, obvious effeictare they also hazardous to human health® and

no. There are many factors that need to be considered. dt @ty thecomposition of the
particle its#f, but dso thesize shape andosethatmatters Doesinhalation of particles have
anyimmunological effects ithehuman respiratory traeind how are these effects meas@red
Elucidation of these questisis the reasowhy you should continue reading.

PARTICLES

Characteristics and hazard

Particulate matter (PM) air pollution is an important risk factor for adverse health effects. It
consists of agglomerates of solid and liquid particles suspended in air and vary in origin and
composition. Size is an important pareter to understand the fate for settling on surfaces and
fate primarilyin the respiratory system but also the rest of the body. The langasured PM
fraction, identified a$Mio are coarse particles with a median aerodynamic diameter (MAD)

O 1 jim. PMgisoften used as a coff for resprable particleshowever it is the fractioRMzs

( MA D Oitn) that has and continues to get increased regulatory attention.

WHO global air quality guideline limits for PM and PMo are: 10 pg/r for the annual
average (25 pg/for the 24hour meannot to be exceeded for more than 3 days/year) and 20
egPfror t he an nu adforthe2éhouagean)rdsmetiveb[d./ m

Recent advares in nanotechnology has led to an increase in the manufacture and use of
nanoparticles which are engineered to be <100 nm in one dimension. The unique properties
has enabled them to be used in a variety of industrial and consumer products, sueh as sun
creams, paints, clothes, cosmetics and spray cledheeso their use in consumer products

and media coverag#e public have become more awarenahoparticles and the possible
presence itheirdaily life. To better understand the volumes in use registr of nanoparticles

is currently mandatory inBelgium, France, Denmark, Norwayd SwedenAlso in the
environment presence of miend nanoplastics are an emerging topic of condéminterest

of nanoparticles from authoritieend researcherss linked to scarc&nowledge of human
exposure and toxicity of these small partickést, human exposure to small airborne particles



is not newBacteria and viruses, fest fires, volcanic activities and strong winds over sea or
desserare allnaturalcontributors teambient particlegsalledultrafine particles (<100 nm).

Not only natural, but also anthropogenic sources such as combustion engines, frying and
grilling of food and welding fumes contribute to human inhalation of ultrafine parf@les
Notably, sze-wise thediameter of theiltrafine particless more than 10@mes smaller than

the diameter of a PMparticle.

Biological effects of particle exposure

The possibléazardsof nane and ultrafine particles are often linked to thargeand reactive
surface arefB]. For understanding the toxicity includinige fate of the particles air and the
respiratory tractphysicalcharaterization of the particles isssentialTheir ability to form

agglomerates fromrimaryparticles, into larger ultrafine to microparticlescondary partiels

influenceshe hazard potential.

Exposure to ambient particulate matter and its association to cardiovascular morbidity/
mortality is weltestablished4, 5] likely due tothe induced systemic inflammatory response

[6, 7]. The exposure also correldt® the hospital admissions of asthma and C{#>B). The

World Health Organization IRC reviewed existing carcinogenicity data and classified both
outdoor air pollutiorand g@rticulate matter in outdoor air pollutiascarcinogenic to humans

due tosufficient evidence in humans The group <cl| ai associdtedwith t he
increases in genetic damage that have been shown to be predictive of cancer in humans.
Moreover, exposure to outdoor air pollution can promote cancer progression via oxidative
stress, responses to oxidative stress, and sustained inflamanfiafipn

Occupational exposure

Occupational exposure to particles and dust in general have long focused on quantity rather
than quality. Occupational hygienisavemeasurd the total inhalable dust sized <10,

which is the fraction of airbornmaterials that enters the nose and mouth during breathing or
respirable dust which is the fraction sized <10 um, that could reacinthk airways and
alveoliwhere the gas exchange takes pla¢ith increased focusn reducing the occupational
exposured dust combined with improved analytical techniques and advancekalation
toxicology it has becomevidentthat the size of particles is of importané@r instance,
recently theSwedishoccupational exposure limitf 5 mg/nt for organic dust changeidbm
ftotaldusb t o fAi nHlA]l abl e dust o

Known occupational exposure t@ane and ultrafine sizedust and particles occursgroups
exposed taambient particles likeraffic police andoccupational exposur@ weldersand
farmers.

In general, measuring occupational exposurgidaerosols or organic dust, which contain
heterogeneous mixture of agents is challenffi@g In order to evaluate trends across studies,

it is important to compare the personal occupational exposure data of the subjects. This is often
challenging, as cruciahformation of sampler, airflow of sampler, momitey duration ad



tasks that werenmonitored might bdacking in the reports.This is especially true when
evaluatingendotoxin monitoring athanalysis (see Methods).

Dust in swine farmsis characterized by its complex composition of mainly organic material.
In Swedisrswine farms the total inhalable dusias been detected} mg/n? and repirable
dust 0.3ng/n? [13] but couldbehigher (up to 28.5 mg/fdepending on the level of activity

of the workers and the pigén a large Danish stly where exposure in 53 farms was
investigated, the mean exposureifdralable dust was 3.4 mghfi4]. It was observed that
the levels of organic dust wesgynificantly higher in winter than summer which could be
explained by less use of the ventilation in the winter to saveadnelagénergyn the stables.
Other important activities known to increase the level of exposure to swine dust-is high
pressure water cleaning of stables and weighing (or other manual handling)[@bpig&e
organicswinedust originatedrom feces, feed, dandesind contains numerous constituents
like pro-inflammatoryendotoxins and peptidoglycaBndotoxins, first described more than
100 years agaarethe heatstable lipopolysaccaridgLPS) of the outer part of the @Gm
negative bacterigendotoxinis generally detected in agricultural settings, cotton production
and waste processingompared tdacteriaendotoxins/LPS ar®ng-lived and can only be
inactivated thouglidry) heating for several houf$6, 17] National occupational exposur
limits for endotoxin are not established to date. Thatch Expert Committee on
Occupational Safetyroposedbased on the acute respiratory effegtsealthbasedtxposure
limit of 90 EU/n¥in 2010, thathas not yet been adoptid].

Nevethdess, dust and endotoxins levelceed current occupational exposure limits in many
animal facilities. In 2012, 93% of the swine, poultmink and dairyfarms in Denmark did not

meet the suggested Dutch endotoxin OEL of 90 EURasinast al, 2012examinedthe day

to-day exposuref swine andlairyfarmersandthe influence ofvorking indoor versus outdoor

[19]. Measurements from 124 personal samplers of farm workers of 26 Danish dairy farms
showed mean concentrations of dust of 1.0 Mglust and endotoxin 360 EUfnand the
conclusion was to recommend the use of respirators for certain dust generating work tasks like
feed handling and bedding (manure) rem¢2@]. The same research group later investigated
exposure in Danish livestock facilities reported in 41 studies and am@sgine, poultry and

cattle farms exposure of inhalable dust wasl®.8 mg/ni and endotoxin exposure was 400

6600 EU/n [21]. Exposure to inhalable dust and endotoxin in swine and poultry farming was
higher than for cattle, but the peak exposures were often linked to a specific task. Even though
the highest average exposure to endatowere measured for swine farmers, poultry farmers
had higher dust and endotoxin exposure during the work in the stables.

Peptidoglycan (PGN) originates fromGrampositive bacteriaand is establisheds an
important pathogerassociated molecular patte(RAMP) recognized by TLRZ22] and
known to causeinflammation in epithelial and alveolar ce[3]. Peptidogycan hasbeen
suggested to be, together with LRA®portant in the developent of endotoxin tolerance
observechmong swine farmers exposed to organic [fi4§t In vitro, peptidoglycartiolerance
has been correlated with induced IRAKI protein [25] but several mechanisnfser the
observed tolerandeave been suggested without any scientific cons¢@élis



To improve occupational conditions and the environmengfowing farm animals different
measuredo reduceexposurehavebeen explorefl7], some more successful than ot28].
Spraying vegetable oils that form a fog and binds partietessuccessful, however it is a less
commonly employed measure nowadf& 30] The efficiency of oil praying is decreased
asthe humidity increasa®sulting in only minimal reductions in tiemdotoxn concentration

[31]. The use of respiratogyrotectiveequipment could be efficieft3, 32, 33] but not to all
contaminants in the aie.g. gass[34]. High-pressure water jet cleaning of the stables is known
to be one of the necessary tasks that causes high exposune®dust tdarmers[35]. Pre-
cleaning the sible using a robot reduséheinflammatory responsgystemcally as well asn

the upper and lower mvays of healthy volunteefd5]. Such measure would likely have a
positive health impact in swine farmers, as it would reduce the duration of work in highly
contaminated stableA. relatively simple and still successfuintervention tested in order to
lower the exposure was to send a letter including information on previous exposure
measurements at the farm accompanied by advice on how to reduce expassirefarmers
were aware they were exposed to high concentsgtibiey were more likely to use some of
the advices in the lett¢36].

THE RESPIRATORY SYSTEM

Breathingi the inhalation of oxygen, the exhalation of carbon dioxide and the exchange of
gases in the alveiobf the lungsi is crucial for human survival'he inhaled air will pass the
nose (and mouth¥urther change directionfrom horizontal to verticatluring the passage
through thepharynx, larynxandfurther down to the lower respiratory tradé the tachea,
bronchi and bronchioleandfinally thealveolar ducts and the alvealhere it then makes the
reverse journey during exhalatiom thetrachea bronch, andbronchioles, cilia coverthe
airway epithelium, whichis covered withmucus functioning as amechanicabarier of the
body (Fgure 1).Mucus produced byablet cells or submucosal glands traps foreign particles
ard the synchronized beating cili@nspot the mucus towards the pharynx to be swallowed.
The mucociliary clearance is an effigidirst line of defense of the respiratory systéine
second line of defense is the nonspedaifiate immune systefsee Innate immunity).

Thetidal volumecontains aboud.5 liter of air. During physicaictivity, the tidal volumeand
the breathing frguencyincreassin order to increase ventilatioA.humanatrest breathe10-
15 n¥/day whereas an active worker could eaisilyalethe same amount of aiuring ans-
hour work shiftLung capacity islaoinfluenced byage,height,length, weight and kbhiaty.
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Bronchial epithelial cells line the lower airways and play an important role in protecting the
host against inhaled xenobioticSeveral types of cells compriske human bronchial
epithelum: ciliated cells (56/0%), basal cells (30%), mucus producing goblet ceR§%o)

and Club cells¥-11%)[38, 39]

Ciliated cels line the airway epitheliumfrom larynx down to the last generation of
bronchioles. The coordinated beating of the cilia facilitates transport of the mucus to the
pharynx.The ciliary axoneme is characterized by the two central singlet and nine outer doublet
microtubules, about 0.25 um diameter and cavary in length from a few micrometeto up

to 2 mm[40]. Ciliated cells originatefrom thebasal cellswhich are consided stem cellsas

these could also mature into the other functional epithelial[ddl]s

Goblet cellsare membranbound mucus producing cells. The mucossistof water, ions,
and meinswith the most prominent being mu&@AC (MUC5AC). Mucusforms a physical
barrier in the airways and is important for the nuiicary clearanceby trapping inhaled
particles Overproduction of mucus is characteristic for acute and chronic respireteages
like bronchitis, asthma and cystic fibrog#2]. Meta and hyperplasia of goblet celis

observed in chronic bronchitis andn be induced by ¥ and 1L-13in vitro [43, 44]

Club cells formerly known as Clara cellgre recognized in electron microscope byirthe
electrondense lamellar bodieShese cells also have stesll propertiesin the lung, thelub

cells contain the highest concentration of cytochrome P450 oxidase, important for metabolism
of xenobiotics. Club cells can produce the-pritammatory club cell protein: CC16 (also
known as CC10 or uteroglobin). GOPD patients and smokers, CC16 in serum and BALF are
significantly lower than in healthy nesmoking individual§39, 45]
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THE IMMUNE SYSTEM

Innate Immune System

The second linef defense of the airways thenonspecifiannate immune systenCorsising
of circulating phagocytic macrophages, dendritic @ildneutrophils, it acts together with the
structural cells (epithelial cells, Club cells, mast cells and fibroblasts) to providdefiesse

Macrophagesin the airwayscalled alveolamacrophage$AM), have two origins: resident
macrophages or monocytes recruited from blood into the lung and differentiated into
macrophagesThe former have good phagocyting capacities while the mondeyiteed AM

have enhanced abilities to initiate an acquired imemesponse by secreting and responding
to a range of effector moleculfs. Phagocytosis inadesseveral crucial steps required for

full functionality, whichmay be impaired bwir pollution and cigarette smok46]. Like T-

cells, also macrophages can polarize into thargtammatory M1 or antinflammatory M2
subtypesStimulation wth LPS , IFNo  andU TwNFl | act iMLavhichisablee c | as s
to resist pathogens and excrete-ftammatory cytokines and reactive oxygen and nitrogen
intermediate$47]. The polarizatiorinto M2is initiated by 1L-4, IL-10 and Il-:1[9, 48]. Diesel
exhaust particleand cigarette smoladsoactivate M2, whereaair pollutionPM ratherseens

to activate M1[49]. Although AM can produce many cytokines, thi&sely are not likely the

main contributor in the airways of cytokines, especially theghtese ones which lymphocytes
producg46].

T-cells lymphocytesare part othe adaptivemmune system ancbnsist of many subsets of

cells includingCD4+ T-helper cells and CD8+ cytotoxic cells. Originating from bone marrow,

T-cells maturen the thymusandarefinally activated and differentiated ta, @r T cells in the

body. Depending on the activatiothe T-cells polarize intopro-inflammatory cytokine

releasing ®1/Tc1 orantrinflammatorycytokinereleasing #2/Tc2 cell§50]. The Ai nnat e o
of T-cells cannot be dismissed as some suplieggssmemory and regulatory-dells, express
TLRs[51-53].

Neutrophils are the most abundaletucocytein the circulating systerandimportant for the

host defense against pathogembe cell is shortived (hoursdays) but upon migration
(infiltration) into inflamedtissue(by chemeattractantdike CXCL8 releasedy macrophages)

i t O-span ig ektendgB4]. After the cellhave eliminatethe invaders by phagocytosis they
undergo apoptosi®5]. During the phagocytosis, the neutrophil requires additional oxygen
which in turn lead to the production of reactive oxygen species (ROS) that in itself could
increase the inflammatidb6].

The Pattern Recognition ReceptorsPRRs, is afamily of preserved preins crucial for the
innate immune systerbut also important for interacting with the adaptive immune cells. The
receptorsare present ilmmune cells andoth ende and epithelial cells, located on the cell
membraneas well agn the cytoplasm andan bind pathogeassociated molecular patterns
(PAMPSs) or dangerassociated molecular patterf®AMPS). Four families have been
identified: toltlike receptors(TLRs), nucleotide binding and oligomeason domairike

12



receptors (0NOD-like receptor{NLRs)), C-type lectin receptors (CLRs) and retinoic acid
inducible gene -like receptors (RLR9p7].

Thefruit fly Drosophilia melanogastewoll geneand toll receptors werdiscovered 20 years
ago and soon thereafter,the first mammal homologue was consequently nato#dike
receptorsor TLRs[58]. Currertly twelve TLRsT ten in humang have been identified, which
each recognize specific PAMPSix are expressed on the cell surface: TLR1, TLR2, TLRS3,
TLR4, TLR5 and TLR6 whereas four are locatedintracellular vesiclesike endosomes
TLR3, TLR7, TLR8 and TLR9Many studies haviied to elucidate the ligandé the different
TLRs but often the sapfe preparationg/erecontaminated with.PS or @her potent immune
activators, thusnore research is requir¢sb].

Important ligand(s) for this thesis imbient PMand especially organic swine dust whectuld
containsboth Gram-positive andnegative bacteria and fungi which are recogniadiimans
predominantiyoy TLR2 and TLR49, 60].

TLR2 was discovered 199%ndis an important receptor for peptidoglyc46s], howeverit

is also one of the most n@pecifc TLRs in terms of ligandinding It binds exogenous
lipoteichoic acid (LTA)Jipoproteinsand LPS from nomnterobacteriabut also endogenous
ligands like heashock poteins[59, 62] The receptor is located on the cell surface and
recognizsits ligands by forming heterodimers with TLR1 or TL[®@]. To induce the release
of proinflammatory cytokines and chemokineBl.R2 activates the MyD88-dependst
pathway that trigges NFa B tiritiatés the inflammatory release of cytokines and
chemokine$63].

The soluble form of TLR2, sTLR2, is present in many compartments including human plasma,
BALF, sputum, saliva antireastmilk [64]. Shedding TLR2 from the plasma membrane of
sputum neutrophils into sputum of smokf5S] might be a protective mechanism to reduce
thenumbers of receptors and therebypheinflammatory host defense.

Farmes” blood monocytes express less TLR2 compared to smokers and healthy ¢a4rols
whereas datan COPDpatient are ambiguou66, 67] TLR2 expressio in AM from COPD
patients have also been shown to be inconsi§g@t69] Smokers have loweFLR2 AM
expression66] and smoking COPD patients lower expression dRZlon sputum neutrophils
thannonsmoking healthy control[§5].

Endotoxins werenentioned in the end of the®entury LPS was di ssamver ed
the Gramnegative bacteritnduced segis has beeknowns i nc e t & ¢etitmiaschot6 0 6
until the end of thdastcentury that the first human TLR was identifi@d:R4. Soon it was

clear that this was the ssing linkbetween adverse human effects and the innate immune
system andhe discovery waawarded the Nobel e in 2011[58]. The main and thoroughly
studiedTLR4 ligand LPS also called endotoxin is the major component of the outer membrane

of Gramnegative bacteria. LPS is shed in small amodutsg bacteal growth and bind®

the LPShinding protein (LBP)n plasma. The complex is delivered to tedl-surface receptor
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TLR4 that forms a complex with MD2 and CD14Not only LPS could be part dhe
TLR4/MD2/CD14/LPBcomplex but Bo endogenoudigands like heashock poteins are
possible agonists even though threguire very high concentrations to activate TLB4].

LPS has high affinity for the receptor and is likely present in swine dust, thus it is unlikely the
endogenous ligands are responsible for the veryimgtunomodulatory propertiesSimilarly

to STLR2, a soluble form of TLR#asbeen found in saliva and plasmahumang64, 70}

Although TLRs were discovered tiitee n d o f s, GDh4ga cOrécéptor of TLR4had
already been discover@d1990[71]. It isa LPSbhinding receptor bound to the cells surface of
monocytesmacophages andeutrophilsbut exists also abundant as soluble f@s@D14 in
serum, sputum and BALF65]. After binding of LPSto LPB, either membrangound or
soluble CD14 presents LPS/LBP to the TLR4/MD2 complérereby, the soluble formadgso
able to induce LP&ctivation in also low membrarexpressing cells like epithelial and
enddhelial cells[72]. If LPS is preent in high concentrations, sCD14slimen shown to
relocateCD14 membrandound LPS to plasma lipoproteins. CD14 binds not only LPS, but
also peptidoglycansvhich cannot activate epithelial and endothead@lls like LPS des[73].
Upon CD14initatied LPSactivation the prenflammatory production of cytokines is
commencedAs sCD14 in liver ells induce expression of 46, sCD14 is considered an acute
phase proteifi74].

Inflammatory mediators

Interleukin8 (IL-8) or CXCL8 is a chemokine produced by many types of cells including
macrophages, epithali cells and endothelial cells and is induced bg-ipflammatory
cytokines, viruses and bacteria including LRBjor biological activities includ@romoting
adhesion of monocytes afiiroblasts as well as functioning aschemoattractant allowing
neutrophils to infiltrate into the airways, causing negpry burst and inducing MMB release
[75].

Interleukin6 orlL -6 is a preinflammatory cytokine produced lymune cells likealveolar
macrophagesnonocytes and neutrophils but atguthelial cellsandfibroblass. The release

of IL-6 can be induceby cell stress or damage caused by UV, ROS, LPS egets. Via the
bloodstream, IL6 enters the liver where it induces acute phase proteins-ikadive protein
(CRP)[76]. The concentration of CRP adten measureth primary caraunitsas abiomarker

for acute or ongoing inflammation caused by bacteria rather than virus. Although the cytokine
IL-6 itself likely acts by multiple mechanism and is important for the pahegjs of
respiratory diseasesich assthmandCOPDI[77].

Soluble suppressmof tumorigeicity 2 orsST2is one offour isoforms of ST2, which is the
target receptor of the newly desmd IL-1-like cytokine IL-33. The binding ofiL-33 tosST2

inhibits the binding to membrasmundisoform ST2L and thereby acts as a decoy receptor.
The ST2L is only expressed imZFcells, mast cells and cardiomyocytes whereas the soluble
form is present in almost all living cells. The increased expression levels of sSST2 in heart cells
as a response tmyocadial stress includingnfarction is well studied Also in respiratory
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inflammation, the 1L33/ST2 activates P effector cells and influence,Z related cytokines
like IL-4, IL-5 and IL-13, allimportant in e.g. asthma and pulmonary fibroSerum level®f
sST2 have been shown to ligher inCOPD [78] and asthmaatientsduring exacerbations
than in controld79, 80] Exposure to LPS and swine dust increseseimsST2 in healthy
controls, but not in swine fiaers[81].

IL -13is a regulatonantiinflammatorycytokine produced primarillpy Th2-cells but tosome
extent also mast cells, eosinophils and macrophadeseros studies show that {13
induces mucus hypersecretion atada fromanimal modelsndicated thatL-13 is cruciafor
asthma and COPD development. ThelB. concentration in blood is higher during
exacerbation of asthmatics compared to duringemsodeswhich is not found in COPD
patients in genergB2, 83] Yet comparing siokers with and without chronic bronchitibe
number of 1:13 expressing cells in bronchial submucosa is hightreismoker witlchronic
bronchitis[84].

Matrix metalloproteinas® or MMP -9 belongs to a family of zindependent qoteinase
secreted constitutively by neutrophils andeosinophils and during inflammation by
macrophagesand mast cellsMMP-9 degrads proteins like collagen and elastin of the
extracellular matrix but can also cleave fextracellular matrix proteins likehemokines. This
degradation is important for tissue remodeling, a distinct feature of inflammation of the airways
in diseases likesthma.Upon secretion oimetalloproteinasé& (TIMP-1) to the extracellular
spaceTIMP-1 can bindand inhibit MMR9, important for the tissue homeostd8s]. Steroid
treated asthanpatientsncrease submucosal expression of TH/ABNd decrease MM®[86].

In COPD patients, the severity of the disease correlates to the serurrDMMieentratios

[87].

Airway immune system in disease

Chronic bronchitis is defined as daily chroniproductivecough forat least three months
during two consecutive years. Thecreasedoroductionof mucusis caused by excessive
tracheobronchiagoblet cell hyper and metaplasia andicrease of the submucosal glands
leading to athickening of the bronchial wall. The pattegesisis unclear but bacterial
colonisationandthe resulting inflammatory response seem to be important for the progression
of the diseasg88]. Of all diagnosed patient80% are smokers @x-smokerg89]. Chronic
bronchitis is one of the most common featupesexisting with chronic obstructive
pulmonary disease(COPD). Up to half ofsmokers develop COP[®0] and norsmoking
females are more likely to develop COPD than-smking menj91].

According to the GOLD documer®@OPD isa defined as preventable and treatable disease
characterisedby persistent respiratory symptoms and airflow limitation due to airway and
alveolar abnormalities often caused by exposure to harmful particles and/o(@ad¢3
2018). Thediagnosis is baseah medical history together with spirometry where FEVC

<0.7 after bronchodilattion. Lung function, assessed as FHN percentof predictedvalue,
defines the stage of COPD, from mild to very severe.
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Inflammatory celldike neutrophils, macrophages and cytotoxic CD8eells in combination

with epithelial cellsare important for the progression of COPD. They induce a cascade of
events, including the release afeutrophilc chemoattractantCXCL8, and matrix
metalloproteinases (MMPsyhich leadgo abreakdown of connective tissue atelelopment

of emphysem{02]. Many patientsvith COPD and emphysema are skinmgy havea barrel
chestand are often observéghning forward sitting to facilitate breathinihe most common
symptoms infCOPDare productive cough, wheezing, breathlessness (dyspnea) and fatigue in
more severe diseasBuring the progression of COPRcute exacerbations increase in
frequency and are often triggered by respiratory infection fromises, bacteria or
environmental pollutant§.o ease the constriction, shéaind long)acting bronchodilators are
frequently used iCOPD.

Currently COPD isthe fourth leading cause of death in the wd@8a]. In 2012 COPD
accounted for 6% of all deaths in the world amast patientsuffer for years before dying at
premature age. It is estimated to be the third cause of death bg0®#0population is getting

older but also continued or increased exposure to COPD risk factors; tobacco smoking, biomass
fuel exposure and air pollutiofccupatinal exposures to organic and inorganic dust are
underestimated risk factors for developing COPD. In the US, more than 30%-sfmaking

COPD cases are linked to occupational exposure and is likely much higher in countries with
no or limited regulationsofr pr ot ect i n ¢93].vAgerakddéow £ducatioralsol t h
constituterisk factors for developing COP[®1]. An additional risk factor is dama (@2-fold
increased risk of developing CORiler adjusting for smoking

Asthma is a common and heterogeneous airway disorder affecting about 300 million people
worldwide[94]. The prevalence of asthma differs between amstetweenl and18%.lt is
characterizetby chronic inflammatiof the airwaysncluding wheeing, shortness of breath,
and cough together with variakd@flow limitation. Unlike COPD, the airway obstruction is
reversiblespontaneously or in response to medicaWdiergic asthma ithe most recognizable
phenotypeoften staiing in childhood and associated with family history of atopic dermatitis
and/or allergy94]. This type of athma inwlves Th2-cells and eosinophilic recruitment where
the latter isdramatically reduced upon treatment with glucocorticostefdisls Non-allergic
asthmacan beriggeredoy exerciseinfection, aspirinpr cold air. These patientsay have an
increase ireosinophils but the increase is lepsonounced than in allergic asthma, and they
are less responsive tohaled steroidf94].

Occupational exposure ®wine dust induces impaired immune host response among the
farmers as they develommunological tolerance to organic dust This response is similar to
LPS or endotoxintolerance described first in animal studies and later in patients with e.g.
sepsis otrauma, upon repeated exposure to endotdQibls

Previously healthyand nevelexposed subjectarho are exposed tswine farm environment
often develop ODTS (organic dust toxic syndrontiels characterized bfju-like symptoms
like chills, fever and malaise that appears a few hours to half a daxposure and disappears
within one to a few day$97]. Neverexposed healthy subjects exposedstone barns
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environmentincreased both CXCL8 in BAE and nasal lavagdluid, the latter positively
correlaed tonasal lavageeutrophil498].

Naive, healthy volunteersdivided into low and high responders depending oniFiENcome
after high endotoxin/dust exposur&éad a higher increase in blood lymphocytes, seru, IL
total nasal lavageells andnasal lavag€&CXCL8 in the high responsive group than the less
responsive grouf®9]. When @mparing neveexposed healthy volunteers to healdwine
farmersafter3 hours of swine farm exposuteeneverexposed volunteers had a much greater
increase irbronchial responsiveness neethacholineand serum IL6 levelsthanthe swine
farmers Lung function wasessaffected in swine farmers, as FEMopped significantly more
for volunteers thafor farmers posexposure. Additionally, the voluntedrad an increase

the number ohasal lavageells postexposure while the farmers had no chafides suggest
that the farmers had developed tolesato the swine farm environmg®00, 101]

The blood and sputudifferences in expression oRRs and adhesion proteins among healthy
swine farmers and nevexposed, healthy volunteers after swine barn expogaseexplored

by Sahlandeet alin 2012[81]. Farmers showed lower levels of STLR2 and sCD14 in sputum
and reduced expression of CD14 on sputum neutrophils than controls. Systemically, blood
monocytes were higher and expressib@D62L and CD162 on blood neutrophils were lower

in farmers than in control3he lack of increase in serum sST2 in farmers compared to swine
farmers after LPS and swine dust expod@d could be linked to the reduced cytokine
respons¢100] and suggest the developmenttaierance development against the effects of
organt dustexposure

When exposing 1&fmer swine farmers f& hoursto aswine farm environment, they reacted
similarly to active farmers; reduced serum TNF monocyt e expressi on
DR on alveolar macrophagg<®?2] suggesting that endotoxin tolerance persists over time

In farmers, it was reported that high endotoxin concentrations did not render expected effects
like ODTS. The authors speculated that it could be due tepecificity of the LAL(Limulus
amebocyte lysatessayor that not only endotoxin could causediffect linked to ODT$103].

At present, the influenaeni -1,3-glucan on LAL assay is knowsee Methods Additionally

several studies suggest that peptidoglycan content of the organmodlgsbean important
contributor toadverseeffectsin humang23, 101, 104106]

Models to study respiratory innate immunity

Generally, in toxicology and in immunology, animals are usenhfarostudies to learn more

about events that may occur in humans. The use of animals in research has a long history in
medicine and toxicology, which led to thesclvery of insulin and vaccine and helped
screening for carcinogenic drugs and other chemicals. There is increased pressure to replace,
reduce and refine animal testing (3R) by regulatory authorities;goeernmental
organizations and the public. However, some instances research on animals might be
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required in order to understand systemic effects when affie@lreplacements are not

available.

Toxicity and effects on innate immunity of airborne substances and mixtures can be
characterized using diffememodelg107], from simple cell lines in submerged conditions, or
complex orgaslike in vitro models to animal studies using (knemlt) rodentsas well as
controlled human clinical studies] aiming to understand the hazard(s) to hum@ns. of the
mainchallengs in respiratory toxicologys mimickingthe complexelationship ofepithelial

cells of the airways combined with the difficulties to expose the cells or organ to a physical
form resembling to what could be found in ambient air

In some cases, findings are fighbserved in humaim vivos t udi es

animalin vivo studies. For instance, the tolerance to organic dust after repeated exposure was

and | ater

first found in human§l00] and later in ratf108] and micg[109]. Identifying animal models
that reflectthe human responsee usefulsince they allow for an idepth evaluation of the

disease state, including histopathology, that is not possible with the limited samples available

in humans.

Both Paper | and Il use humemvivo studies with a&rossoverdesigq (Figure 2) Typically, a

crossover study includes a limited number of subjects, as the power is higher than for instance

a casecontrol or cohort studies as the subjects acts as their own caticdi reduceshe
influence of confounders. These advaertaghould be weighed against the disadvantages
including the risk of dropout possibly due to long study duration and the difficulties assessing

possible carryovesffect.

Study

o Randomization
population

Figure 2. Generic design of a crosser study.
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Different organs and cell typesve their own challenges. To study tegpiratory tradn vitro

is challenging due to its complex anatomy including numerous cell types involved and
exposure of xenobiotics via diquid interphase. In academia the traditianalitro system for
assessing respiratory hazard potential of inhaled (ultrafine) substances is using one cell type
and even possibly a cell line which is exposed via the cell culture media into which the (water
soluble) substance is diluted. This methodology suffers from riteanyg since it is far from
mimicking reallife exposure and cell morphology and interactidri®].

Commercial exposure systems are available (CULTEX and Vitroc§ll®)] and several
research groups have developeti@use methods including ALICE, EAVES, NACINT12].

The methods are often based on electraspaécipitation of aerosols over the cells. Important
disadvantages with these exposure systems are alterations of physical characteristics of the
particles by particle aggregation and droplet formdtldr].

Recognizing the current limitation, the focusRder Il was on developing an improved

model that employedo-culturing human cells forming a threkmensional airway epithelia

which could becombhned with realistic exposure of aerosols in &his newin vitro model

could possibly serve as a replacement for future animal studies focusing on local innate immune
effects, both acute and loterm.

GLUCOCORTICOSTEROIDS

Glucocorticosteroisl areendogenus steroid hormones asgntheticantrinflammatorydrugs

used for treatment of chronic inflammation and immune diseases like asthma, rheumatoid
arthritis and inflammatory bowel diseaSgnthetic steroidtherapy wasnitiated 70 yearsago
andwas awardeé a Nobel prize in 1950 for the discoverytogéating rheumatoid arthritis.

The drug entexthe cell andinds to the glucocorticoid receptorR; presentm the cytosol of
almost all organs and tissues, and is translocated to the nueleer® it upreglates anti
inflammatory proteins and represses -pritammatory proteins in the cytosdiil3].
Endogenousteroids like cortisol also bind to GR but also themineralocorticoid receptor
(MR). To avoid adverseffects of the important endogenous systems, drug development has
focus on improving the spemity of exogenoussteroids to bind to GR. Bedonideand
fluticasoneare examples of commonly prescribed inhaled corticosteroids (ICS) for treating
chronic inflammation in the respiratotsact, like asthma and COPD. Some COpdlients
andasthma patiest respondpoorly to ICS Severamechanisms could be the reasehind
ICSresistanceln an attempt to address the issue of resistance researchers and clinicians have
tried to identify alternatives but have been hampered by toxicity and unwanted esitie aafiti
therefore have identified only a few alternative djidgs, 114] In addition, those alternatives
they have identifiedalso have limited effectiveness in some patignbups [115].
Phosphorylation of GR via H2, IL-4, IL-13, cytokines that are ovaxpressed in
corticosteroid resistant asthmatiagn decrease its activifit16]. Yet the mechanisms of
glucocorticosteroids are cotep and evenpossible pro-inflammatory effects have been
suggestefl17-119].
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AIMS OF THE STUDIES

Overall, the aims of the studies were to investigate the host innate immune responses in humans
I in vitro, in vivoandex vivoi after exposure to nargized palladiunandparticulate matter
of organic duspresent in swine farms

Paper |

The aim was t@ompare respiratory effedts healthy subjectafteracute exposur® organic
dust in swine buildingbefore andfter instaling particle separatgrsvhich aimed to reduce
particulate matter exposure

Paper Il

The aim was tinvestigateéhehost innate immune resporiserivoin chronically organic dust
exposed swine farmeadtershorttermglucocorticosteriods therapy.

The aimwas to elucidatéhe cellular immune response of Aflkdm chronicallyorganic dust
exposed swine farmets ex vivoco-stimulation of glucortocosteroids dndTLR ligands.

Paper Il

To develop arorganotypicin vitro exposure gstem combininghuman bronchial mucosa
modelswith XposeALI® for exposure of nansized palladium.
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MATERIALS AND METHODS

MATERIALS

Study designs

In this thesis, both human vivoandin vitro models have been used.

Humanin vivo crossover studigglescribed above in Figuré: 2

1 Paperl analysethe biological effects of dust reduction intervention in swine stable
among halthy volunteers (Figure)3

1 Paper Il focus on health effects in swine farmers aftdesonide therapy amx vivo

stimulations of TLR ligands LPS, petidoglycan or TNF wi t h

of

S Wi
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a l
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2-3 weeks wash-out
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or without
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Before and after exposure:
*  Medical examination

Lung function tests (FEV,, VC, PEF)
Bronchial provocation test (PDay)

Exhaled NO

Body temperature

Symptoms guestionnaire

Elood and nasal lavage sampling

hours

Exposure measurements:
+ Personal IOM samplers (endotoxin)
+ Particle sizes and disfribufions

« Elemental analysis (SEM/EDS)

+ Qutdoor temperature & relative humidity

Figure 3. Study design of paper | including perfomred biological and exposure measurements
CE: caventional swine building environment, PSE: particle separated swine building environment

In vitro 3-dimensional bronchial mucosa model:
1 Paper lll explains the development of a newitro model that could possibly serve as
a replacement for future anifrstudies focusing on local innate immuniltyfocus on

co-culturing humanprimary cells and cell linesforming a thee dimensional airway
mucosacombined witharealisticexposure oberosos presentn air.
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Human study populations

All subjects gavetheir informed consent and the studies were approved by thes Et
Committee of Karolinska Institutet.

1 Eleven ralthy, norsmoking nonallergic subjects whoeverhad beerexposedn
swine farmswvere included ifPaper.

1 Fifteeen healthy, norsmoking, no-allergic swine farmers (>6 months recent
occupational exposurgjere included irPaperl.

1 Alveolar macrophages of a subseseverswine farmers were used for e vivopart
of Paperil.

1 Primary bronchial epithelial celipassage 3jrom healthy tisuetaken during lung
lobectomyof 3 donors together with fibroblast cell line(passage 268)ere used for
study lIl.

Exposure

Paper |

The healthy subjects were exposed twice to organicfolu8thourspy being preserduring

the weighingpf swinein two swine barns. These barns were identical except for one difference,
the presence of installed cyclones with the aim to reduce the ambient dust concentrations in the
swine barns air.

The two barns were identical; area of 55f) wentilation air excharggrate of maximum 30
total air volumes/hour, temperature of-2D °C, excepton hot summer days when stable
temperature was about2l degrees warmer than outside temperature, housed\@be
(weighing 90 kg) held on concreate floor with wood shavingsngivet feed.

Preinstallation of the cyclones, both stables were washed @ganewere housed 10 weeks
before first exposuref the the study subjectgho were randomised into two groups and
exposed to the two stables 3 hours between 8 and 11 in therning,in a crossover design

with 2-3 weeks of washout in between. The stables were called conventional environment (CE)
and parttle-separated environment (PSE). The subjects were exposed weargigngof the

swing whichgenerally render high duskposure due to thatense activity of thewineand

the farmer.

Fourparicle separatofsyclonesvere installedonein each cornerfdhe the stable (Figure 4
aiming to reduce organic swine dust concentrations of the indoor air. The total air @schang
of the cyclones were 3 times per hour.
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Figure 4. Cyclone design. Generic sketch (above) and the installed Centriclean cyclone and fan below.
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Paper Il

The swine famers, chronicallypccupationally exposed to organic dust in swine harhaled
budesonide 406y or placebawice daily for two weeks the with a 4 week washpertiodin
between the two treatmeniBhroughout the budesonide and placebo treatpenddsthe
farmers continued working as usual in the swine stabteassure chronic swine dust exposure
the farmers had worked at least 6 months in swine environments eitetong the study

Alveolar macrophages collected from a subsétfafmers wergyrown in 12well plates and
stimulated for 6 hoursx vivowith budesonid€10® M) and/or cestimulated with TLR ligands
LPS(1 pg/ml), peptidoglycar{l pg/ml) or TNF-U(10 ng/ml)

Paper Il

Two types ofco-cultured 3D- cell modes were used for the experimentspdels from3
different donors bothormal and chronic bronchitlikke models (treated with H13 to induce
increased number afucinprodudéng cell§. These models werexposedto palladium
nangarticlessized 610 nm using the Xpo#é¢.I® module of the Preciselnhd¥ exposure
system for assuring an evand precise dosing during 3 minutes. The models were assessed 2,
4, 8 or 24h posexposure.

The Preciselnhal¥ exposure platform combined with the Xpa&&é® module allows for
exposure of cells teespirable siz# aercsols(Figure 5. The small sample of palladium was

put onto the loading chamber and assembled with the nozzle and the aerosol chamber. A high
pressure air jet of 16040 barsvas shothrough the nozzlevhich aerosolize the palladium
powderinto the 300 rhaerosol/holding chamber. The aerosol is further drawn at a speed of 90
ml/min, to pass by the Casella light dispersion instrument before reaching theAK[ise
module. Here the tube diverts into three consecutive branch flows of 10 ml/min that are
conneted with the three inserts of-culture cell models. To calculate the dose of each insert,
the signal of the Casella instrument was correlated to the weight of palladium on the end filter.
In this paper, the substance correlation factor was 0.8@4&cheve target dose, the duration

of the exposure was alteréthe exposure times for the different concentrations wanegbse

was exposed for 20 seconds, medium dose for 45 seconds and high dose for 3 Thisutes
correspond$o 250, 400 and 650 ng palladium/cimserfcell surface To investigate the dose,
exposed models were dissolved in aqua regia, neutralized to pH 3 and analyseeM§y IPC
(inductively coupled plasmianass spectrophotometefo control for the manual haliag of

the inserts outside incubator environment and for the exposure itself, sham cultures were
exposed to clean exposure system and only pressuris&ftaitheexposurethe models were
incubated for 8 and 24 hours in 5% £437 °C before apical@dium was collected by lavage

for 15 minutes and the basal medium from the basal chamber was collected and s36fed at

C until further analysis.
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Figure 5. Exposure system: Preciselni&glatformincluding aerosol generator, holding chamber and @asel
combined withXposeALlI ® modulewith exposure hoods and cell inserts

Sample collection

Overall, samplegverecollected fromncluded study subjects approximately at the same time
of the day, often early in the morning. Not only for practical reasons but also to avoid the
influence of circadian rhythmto effect the results. Especially for asthma patienisth
worsening symptomduring the nighoften around 4 a.mmanyparameterske lung function

and exhaled nitric oxidare effected by circadian rhytHi20-122]. Also the innate resporse
including the cytokie secretiomaturally fluctuates during the 24 ho{t&3].

Spirometry is an important measurement foeasurement of ventilat. Trained nurses and

general practitioners can perform the analysis, which helps diagnosing asthma, COPD and
other lung disorders. The method is simple and quick as well asvesive. Yet the analysis

require the patient to cooperaited to be able to take instructions fromwedl trained medical

staff. Good reproducibility between measurementsggadity requirementAs lung function

is dependent on age, length and weight, the results are also compared to the general population
and a percentage of predicted value is calculated.

Spirometry was performed in Paper | and Il. In Paperelinvestigatd the lung function on
three occasions; before and 7 hours after the exposures to swine barn envivaitimaemd
without particle sepators in the stabldn Paper llwe investigatd lung function before and
after the two tweweek treatmentwith budesonide and placebo. A wedge spirometer was used
to measur&/C and FEVM. The same trained nurse was assisting the subjectsaucadios.
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Bronchial responsivenesss a term describing the tendenalyairways to constrict tdirect
stimuli such asallergensand nonspecific stimuli like cold air, exercise or methacholine.
Methacholinebinds to the muscarinic M@&ceptor in the airwagmath musclecells which
causes the airways to constrithe methacholie challenge tests often used to diagnose
asthma

Exhaled nitric oxide (FENO) wasmeasured using @orrinvasive method thdtas been used

for assessing airway inflammatiéor almost 30 year|24]. Nitric oxideis produced by most

cells both epithelial and endothelial and inflammatory cells in the bronchi and alveoli of the
respiratory systenDuringinflammationnitric oxide synthase is induced and these enzymes
can generate nitric oxide while convertingatginine.Especially increased levels of nitric
oxide synthase 2 is found in the airwagsasthma and is reduced by steroid treatment. In
COPD patients the formation of nitric oxide seems to be linked to a different synthase.
Nevertheless, exhaled nitric oxide is a useful tool in understanding eosinophilic inflammation
of the airways in e.g. asthrifi25]. Important confoundershen measuringdNO are ingestig
nitraterich vegetables like spina¢h26] and smoking124]. In Papen, exhaled nitric oxide

was assesseamtcoding to the ATS recommendatiofi21] using a singldoreath exhalation

with a flow rateof 50 mL/s.

Symptoms questionnairearean easy, noinvasivemeasuremenhut yet efficient, especially

in understanding intraubject changes over time or treatmemits.Paper | and I, th
participants weresked to estimate and document baglgnptomsby marking on @00 mm

line (scale) where 0 was no symptoms and 100 unbearable sympteengeneral symptoms

(chills, headache, fatigue, muscle pain and nausea) and seven-gpeeHic symptoms
(sneezing, stuffy nose, runny nose, coughs, tight clestness of breath and wheezimgre
recordedby the participantdefore and after the exposures. Additionalty, Paper Ithe
participants were asked to estimate when, over the course of the day, the symptoms were most
pronounced.

Blood samplingwas pe&formed a the day of medical examination and 6 houtexdfeginning
of each exposure (Paper I) or ateweeksof each treatment (Paper.ll)

Venous blood was collecteddifferent tubes depending on analysis of interest: serum (protein
release using BBA, Paper | and Il), heparin (intracellular staining using flow cytometry,
Paper Il) and EDTA (cell surface markers using flow cytometry, Paper | and Il) tubes.

Nasal lavageas simple and rapid to perform and often used for research of the upper oegpirat
tract. In Paper |, itvas performed on the day of medical examination and 6 hours post
beginning of each exposuf@erile 0.9% sodium chloridgs ml) was instilled into one nostril

and 10 s later expelled and collected. The proceduseepeated irhe other nostril and the
samples were pooledfter centrifugation ofthe lavaged cells, thewere counted and the
supernatant was frozen for futwaealysis of soluble proteins.
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Induced sputumis a seminvasive method to diagnose lower respiratory diseasesgjuires

the patient and the weitained nurse or technician to cooperate well. Avoidance of excessive
bronchoconstriction is required but emergency bronchodilators and other drugsadivayk

be closd127].

In Paper Il,an experienced research nurse executed induced spafiten salbutamol
inhalation, sputum was induced by inhalingreased concentrations of saline whereupon
subjectwas askedto cough deeply and finalljnake an attempt to expectorafgisim. A
samplelarger than Igram and nacroscopicallyfree from salivavas consideredufficient.
After filt ering and centrifugatiorthe total cell number and cell viabilitwas determined by
Trypan blue and theupernatant s stored af70°C untilfurtherELISA analysis.

Bronchoalveolar lavage(BAL) is an invaive method that requiregdation andlue to this

the methods often notthe first measure employed to diagnose a pafid]. Although not
commonly performedhe collection of bronchoalvér lavage fluid (BALF) is veryaluable

for research of the mbkanisms of respiratory diseag&29]. Additionally, other tissues than
BALF could be collected during the bronchoscopy, for instance bronchial brushing of the
epithelial wall. In our study II, bronchoscopy and BAL were performed according to
established procedes at Karolinska University HospitEl29]. After morphinesedation,a
flexible fiber optic bronchoscope was inserted via nose or mouth into the lower airways under
local anaesthesia (Xylocain®). Five aliquots of 50 ml of sterile saline solution were instilled
into the middle lobe of the right lung, recollected by aspiration and put on ice until further
analysis.

Inflammatory mediators from 3D models

Apical mediumwas collected by lavaging the epithelial layer with 180 ul of medium for 15
minutes. Théasal mediumvascollectedfrom the bottom ofhe wellincluding the cumulative
secretionBoth apical and basal medium were collected after 8 and 24 houwexpostire for
laterCXCL8, MM P9 and CC16 analysis.
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METHODS

Exposure measurement

Particle characterization, exposure and uptake

In Paper |, scanning electron microscopy/energy dispersive spectr@&EMIEDS was used

for analysng dust, collected on stubs during the first 20 minutes in the swine farms on the days
of exposure. The stubs got saturated despitshtbe: collection time so the analysis was semi
guantitative. Elemental analysis of 150 particles on each stub was performed

In Paperill, pl | adi um nanoparticles were synthesized
decomposition of Pd(Hacetylacetonat [130]. For assessing purity of the palladium
nanoparticleSEM/EDS was used.

For the crystallinity assessment of the palladium particlesyXpowder diffractia was used.
Palladium size was determined by image analysis using transmission electron microscopy
(TEM). The palladium dose was determined by-I@8 and the palladium posiposure
uptake of the models was detected using TEM after 2, 4, 8 and 24 halnastios.

Bronchial mucosa model establishment

In Paper I, we develom vittomucosd i ke model s; olniek ento rammad dirhee a
13 stimul at ed -likeorhodelf4b]. This fracenurecrénuiresi agproxielgt30
days as shown in Figure 6

To create the motke PBEC were seedgd x1® cells/cnf) on pre-coated0.4 pmtranswell
insertsin a 12well plate. @mpletekeratinocyte serudree medium KSFM) medium (with
all supplements) were addédml) tobasal ad apical side of the inseahd culture medium
was changed every other day. After ameek the number of cells reached arourxil@®
cells/cnt andthecells wereconfluenton the insertTheinsert was turned upside dovptaced

in a sterile petri dish antioO pl of completeDulbeco’'s modified eagle mediufdMEM)
medium (with all supplements) containing 1%XI@lls/ml of fibroblastswas added to the
downside of the insert membrane. Tixeoblastcontaining insert wasovered ad incubated
for 30 min at 37 °C whil&0 pl complete DNEM was addeckvery 10 minutes tprevent
desiccationOnce fibroblast attached to the membrdne jnsert was put back into the twelve
well plates ints normal position with 1 ml complete KSFM mediam both sides dhe insert.
The model was cultured Boerged overnighh incubatorto allow the two cell types adapt to
each other. Tanitiate theair-liquid-interface (ALI)culturing of the modelsall mediumwas
removed an@00 pl ALI medium(complee KSFM medium supplied with calcium chloride,
ethanolaminend retinoic acifiwas added to thigasolateral chambeFhe models viablein
5% CQO at 37°C up to 4 weeks by chaing the ALI mediumin thebasolateral chambewery
otherday. After 3 weeks 6ALI culturing the cell number obur models reaad aboutl.4
1.8x1(F cells/cnt.
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To initiate chronic bronchitiike models the models were stimulated by addition of 1 ng/ml
and 10ng/ml recombinant human 4L3 to the ALI medium. All the other procedes were
identical toas above.

MRC-5 basolateral seeding (2)
Culture submerged

Day 15 l
PBEC expansion HINE-5 PRSI Airlift model (3)
Szzdl PUEC @ Tser (2] Add 1L-13 to created chronic bronchitis-like model weeks
Crlizire Su e Culture for 2 weeks (4)
1 2

Figure 6. Timeline and main steps bronchial mucosaodel establishment (performed under sterile condition
and cultured in 5% Cgat 37°C)

1) Apical PBEC seeding in sesporous 0.4um transwell membrane 2) Basolateral seeding of fibroblast {dRC
3) Removal of medium and medium addition only to basal chamber 4) Cell differentiation during culturing under
air-liquid interphase(Adaptation fronj45]).

3D cell model characterization and viability

To assess the morphology of the differentiatedwtured bronchial mucosa models light
confocal microscopy, scannin@nd transmission electron microscopy and transepithelial
electrical resistance (TEER) were used.

For histological analysis,the membanes containing the models were cut out of the inserts,
fixed, dehydrated, paraffin embedded and sectioned before being stained with hematoxylin and

29



eosin (H&E) or periodic acibchiff (PAS). H&E staining is one of the most commonly used
stains used in higpathology for staing nuclei and cytoplastxtracellular matrix
respectivel)(f131]. PAS stainings useful for identifying molecules found in connective tissue
and mucu$132].

To assess ciliated cells and mucin producing cells of the modelsaasifagal microscopy

the fixed models were stained with mouse @detylated alpha tubulin antibody and rabbit
antkmucin 5AC antibodyrespectivelyollowed by secondary antibodies (Alexa Fluor® 488
conjugated goat anthouse IgG and Alexa Fluor® 5%®rjugated goat antiabbit IgG)
respectively The models werenounted on microscope slides wWitAPI ( 4 -Njantdinc 2-
phenylindole) Negative control slide was prepared by excluding the primary antibodies.
Images were captured and visualized using a LSM@@@cal microscope.

For scanning electron microscopythe modelmembranesvere cut out from the insert and
fixed in glutaraldehyde in sodium cacodylate buffentaining sucrose and calcium chloride
The fixed membranes wedehydrated in ethanahd dehydration were completed by critical
point drying under C®for best sample morphology preservatiomneTmembranes were
mountedand sputtecoated for examinatioim scanning electron microsaap

For transmission electron microscopythe modemenbrane werecut from the insert and
fixed in glutaraldehyde isodium cacodylate buffeontaining sucrose and calcium chloride
The membranes weregtfixatedin osmium tetroxide isadium cacodylate buffdor 2 hours.
After dehydraibn, the membraneseveembedded ihX-112solution and sectioned using a
ultra-microtome. Aftercontrasing the sections with uranyl acetate and lead citrate, they were
examined in a Tecnai 12 transmission electron microscope.

To measurethe integrity of tight junctions in an in vitro system the noninvasive
transepithelial electrical resistanc TEER)is areliable and sensitivemethod133]. In stud/
lll, EVOM voltageohm méer and chopstick electrodes were usBde TEER values were
calculated from the mean of 8 inserts per condition, subtracting the TEERreatanfnsert
without cells and multiplied by membragewthof 0.9 cnf.

The PBEC viabity was assessed Ibgypan blue staining. Trypsinised cells in suspension (10

ul) was mixed with 10 pl 0.4% trypan blue and 200 cells were counted to determine viability.
To assess the models, 200 pl 0.2% trypan blue was added on top of the modellds 200 ce
four sections of the model was counted to determine the vialilannexinV/ZAAD -
staining kit stained 2,000 cells from the trypsinised modelsreapoptotic rate wasdetected
usingflow cytometry.

Analysis of proteins

In all the papes of ths thesissandwichenzymelinked immunosorbent assail(ISA) was
used to detect the solulpeoteinsof the samples. The method requings antibodies, first the
microplate wascoated withcaptureantibody, seand the standard and samples weaxided,
and finally theenzymelinked detectionantibody Once the stopping substrate veakled, the
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colour in the microplate well is proportionate with the antigen concentration of the s@hgle.
methodology have a high specificity and is sernsiflew detection limits) and isuitable for
complex matrices like serymsputum BALF and cell culture supernataBtuo-set ELISA kits
from R&D Systems and thouse methods (6 and CXCL8) weresed to detect the following
proteinsconcentrationsCXCL8 (Papen, 1l & Ill) , sST2 (Paper |, Il), H6 (Paper 1), STLR2,
sCD14, IL-:13 (Paper Il) and MMP9 and CC16 (Paper lIl).

Flow cytometry uses multiple laser beams of different wavelength to measure physical and
chemical properties of individual cells from blood, tsjp, BALF etc. The cells of interest are
stained with fluorescent labels aditlited in sheath fluid before injection into the flow cell and
pass the lasers in a narrow esitle channel. The laser excites the labels of the cells causing
them to emit lightof a certain wavelengttMultiple filters detect cell size (forward scatter,
FSC), granularity (side scatter, SSC) and intensity of the fluorochtonmjagated antibodies.

Both the number of the positively labelled cells and the mean (or median) flumestaensity

can be detected’hroughout the studsethe group changed from using an, alobustand

fisi mpl eodo BD™MEPaEeN)® a highteah multicolour LSRFortessd” (Paper |I

and I1l), now allowing usage of complex panels and advafiuedochromes.

Intracellular expression of cytokines and chemokiméise cell cytoplasm or nucleus calso

be detected using floaytometry aperformed in Paper IHere, the Tcell polarization was of
interesthenceexpression oantrinflammatory IL-13 and 114 andpro-inflammatory 1-2 and

IFN-2 were analysedTo increase the intracellular expression of cytokines the blood was first
stimulated by°MA and ionomycin. To hinder the cytokines to be secreted from the blood cells
they werdreated with brefeldin A that inhil@tithe protein transport by redistributing proteins
from the Golgi complex to the endoplasmic reticuluiB4]. After fixation and
permeabilisation of the plasma membrane the cells are stained with cytokine antibodies and
then analysed by flow cytometry usiB® LSRFortessd".

Exposure measurements of eratoxin and dust were performed (Paper |) using portable
pumps with IOM filter cassettes equipped with Teflon filters. The samplers were placed in the
breathing zones on three participants at an airflow rate ©2.0.9./min. The filters were
extracted in terile water and the endotoxin concentration was analysed.

Analysisof endotoxinss basedon kinetic-chromogenic technique amerformed usindghe
Limulus Amebocyte Lysate (LAL) assay from Charles River Laboratories, UtSéses
enzyme inisolated amebocyte cells fromAtlantic horseshoe crabthat upon endotoxin
induction can cleave the colorimetraubstrate[135]. The methodology is analytically
straightforward buwery sensitiveThe methodology is developed for assuring safe pharma so
the detection limit is extremely low (0.1 EU/mAchieving trustworthy, repeatablessults is
challengingespecially inhigh-containingsampledike swine dustwhere endotoxin is likely
bound tathe complex dust particlesnd requires extensive dilution for measurable regits

136, 137]Interference ofungalb-1,3-glucan present in swine duss another challengé35]

that was overcome in paper | by using endotoxin specific buffer containing carbbyhateet
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curdlanthat bbck the reaction di-1,3-glucanwith LAL (BG120, Charles Rivdraboratories
USA).

For valid resultsn Paper Jbeyond using nogontaminated lab ware including depyrogenated
borosilicate test tubes, special@éll polystyrene plates and endotofiae water samples

the samplesequired vigorous vortexing anthble hot plate to assure sample temperatures of
37 °C.

Analysis of mMRNA

Polymeras chain reactioRCR) amplifies DNA or RNA into masurable amounts.

In our studies we extractedtal RNA from the samplegalveolar macrophages stimulatexi

vivoin Paper Il and 3D model PBESEimulatedin vitro in Paper Ill) andassesseiis quality

by measuringpectrophotometriabsorbanceatio at 260/280 nntirst-stranded cDNA was
synthesized by revere trseription of total RNA, from whichaverse transcriptioRCR was
performed including the primers miterest Resultswere adjusted for an internal control gene
andexpressed as @mpCt (relative valuesthe and
expef ment al contr ol intdresyi €t (imethal cobttol géng)e ne o f

Paper Il used R'PCR to understand the impactinfvivo budesonide treatmeandex vivo
stimulation of TLR ligands and/or budesonidsiwi n e fleeolanmacrephagesRNA

expression on common pattern recognition receptors and inflamnmagahiators Here we
analysed the transcript of genes involved in-ipftammation CXCL8, innate immunity
(TLR2, TLR4, CD14, LL3/mucus (hyper)secretigh.13, SLP), oxidative stres@lutathione
peroxidase@PX, SODJ and tissueepair TIMP). Ribosomal protein L3ZRPL32 was used
as internal control gene.

Paper Il used RPPCR to validate the differentiatiaf cells into a mucosbke model. Here
we analysedorkhead box proteidl FOXJJ) a transcription factor involved in ciliogenesis,
MUCS5AC expressed by mucus producing cetlsib cell potein CC10/CC16 produced by
non-ciliated club cells andératin5 (KRTH that is expressed primarily in basal cells. Beta
actin was used asternal control gene.

Statistics

Non-normal (or unknowlistributior) distributed datavas presented as median with 2%
percentiles. Lung function parameters, symptoms and body temperature were considered
normally distributed and presented as mednegand 95% CI.

Statistical within group comparisongere assessed by the Friedman test followed by the
Wilcoxon signed rank testhenappropriate

Statistical analyses for all papers were performed using STATISTICA (StatSoft)

In Paper I,0 analysesymptoms, pre&xposure data from the same morning were deducted from
postexposure data for the two exposure occasions and the differences compared.
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In Paper I, correlations between biomarkers and lung function were assessed using Spearman
rank correlatn testStudent#est was used for determining the influence of carryover between
the treatmentdn this paper also th&atistical analysis softwa&TATA® was alsaised.
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RESULTS AND DISCUSSIONS

PAPER |

The aim of thisstudywas to compare respiratory effects in healthy volunteers adtge
exposureo organic dust in swine buildingpgfore andafterinstalling particle separatqralso
called cyclonesaimed to reducelust exposure(PSE: particle sepaated swine building
environmenend CE:conventional swine building environmégnt

The exposure of the subjects were performed at four different days during June and July
Climate data collected by Swedish Meteorologiemld Hydrological Instituterevealed
temperature differencedrom 14 to 30°C during the study period@Table ). The relative
humidity wasapproximately45 % exceptfor the coldest day when it was 85. These
meteorological parameters could influence both the outdoor and indoor air gehditid the

ability to form and hold particles in the §l:38, 139]

Table 1.0utdoor conditionsred number of particles per size fractmmdays of exposuf@05].

PSE CE

22 June 28 June 15 June 13 July

Outdoor conditions at 11:00

Temperature (°C) 20.0 214 13.6 29.9
Relative humidity (%) 44 45 65 47
Particle number (TWA)
0.3 to 0.5 pm 29531 26 208 72 024 76 129
05to 1 um 3694 1223 29539 2609
1to5pm 1009 686 20 005 1972
510 10 pm 50 243 101 587
10 to 25 pm 48 294 19 590
>25 pwm 47 83 1 181

CE, conventional swine building environment; PSE, particle-separated swine building
environment; TWA, Time-weighted average during exposure 8:00-11:00.

Endotoxinwas measured by three portable devices at the four days of exposunteifiiter
variability, as well as the intrfilter variability as measured in the aliquots, was large and
rangedfrom below detection limit to 144 EU/milt is clear from the literature and from
performing these LAL analysis thétis optimized for very low endotoxin concentrations
typically found when assuring endotoxin free pharmaceuticals and not for high concentrations
found in agricultural environmes{137]. Roundrobin analysis havyealespie using the same

or different protocolsshowndifficulties in achieving similar resulfd.36]. Yet the results give

an indication of thgoresence of endotoxins in swine building environm@ftiether particle
separators were used or nogrsed not to be importafdr the endotoxirtoncentrations in air
Temperaturappearedo influence the endotoxin concentration; the higher the temperature the
lower the endimxin concentration (Figure JAEven if the stables are ventilated, theraas
air-conditioning why hot owtoor temperatusearound 30°Care also reflected in hot indoor
temperatureslTemperature also influences thlieysical activityof theswineand on hot days,
theswinetend to lay still on the cold concrete flowhich couldlikely reduce the endotoxin
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levels. Lowendotoxin levels during warm dayave been reported Danishdairy farmg20]
andduring summer vs winter iDutch[140] and CanadiafiL41] swine farms

When comparing thewo stables (PSE and CE) in terms of partralenberdifferences, the
installation of the cyclones reducetle particle fraction sized 05 pm the most without
being impactd by thel5 °C difference in outdoor temperatufeigure 7B. Also the slightly
larger fractions 08 pum and 15 pm reduced in numbers in tRSEcompared to CE. For
these fractionsn CE, the temperatureeemed to influence the numbergtss cold dayhad
much higher particle nuneloss than the warm day (Table This could again be influenced by
the ventilation of the stables as the warmer the stable the higher the ventilation rate. Increasing
the ventilation possibly reduce the smaller airborne pestisétter than the larger (that tend to
settle faster to the groundyet the smallest particles (60 pm) could be too small to be
affected by the ventilation and being airborne for the longesttiayeould reach the particle
separators.

200
250000 PSE 22/6

460 Number of particles*100 (size 0.3-0.5 pm) "
160
&8 200000 CE15/6
40 “CE13/7
E 120 150000
=] ®
Y 100 5
= o
g w s 100000
3
&

o
60

0 . s 50000
2 5 I = I 5:5: l e
0 v "o ' '

0 .
10 12 14 16 18 20 22 24 26 28 30 32 34 08.30 09.00 09.30 10.15 10.50
Temperature (°C) Time

Figure 7. A: Endotoxin concentrations and outdoor temperature on the days of exposure. Three IOM samplers
were used on each of the 4 days of exposure, to collect endotoxin s@npkasicle numbers, sized 0B5 mm,
measured over time in the swine buildingsimiyirexposee (dates included). CE: conventional swine building
environment, PSE: partickeparate@dwine building environmenf105]

Lung function (FEV, VC) and bronchial respoeness(PDxorevi, PGorevi) were clearly
reduced by the acute exposuo the two swine buildings éble 2), yet with nodifference
between CE and PSE.

Exhaled nitric oxide increased aftatbexposurs in PSE and Ciith no differene between

the groups (Table)2Previously,n similarly exposed healthy subjectdric oxide levels in
exhaledair wasdoubled, which coulfe preentedby wearing a halHnaskwith particle filter

The personal protective equipment did not protect from the increase in bronchial
responsivenegd42]. In a more recent stud@4], wearing different types of faemasks did

not protect from the increase in NO caused bg@'s exposure in swine barns. This conflicting
finding could be explained by the late follewp (7 hours after initiating exposure) or by lower
airborne inhalable dust concentrations. In all, this suggests that different particles are
responsible for different mechanisms of action duresgpiratory inflamration.
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Table 2 Lung function data and exhaled nitric oxide before and after the two exposures (CE: Conventional

swine house environment, PSE: Particle separated swine house environment). Data are presented as mean and
95% confidence interval. Statisticagnificance is considered p<0.05, n=11.

417 4.05 4.03 83)029
(3.734.60) (3.584.51) (3.594.47) 0
99 96 96 g'gf
(94-104) (91-101)  (90-101) :
0.86
468 4.60 453 3'81
(415522) (4.045.16) (3.995.06) 20
91 90 88 8'81
(8597) (83.96) (83.93) oo
3.81 1.95 1.85 8'882
(0.477.15)  (-1.845.73) (-1.535.23) x99
8.16 4.00 3.84 8'882
(165147) (-3.2911.30) (-2.6810.35) x0
14.05 19.68 19.55 é"(?ols
(11.5316.56) (16.6722.70) (17.1321.96) »00

Analysing blood leucocytes amésal lavage fluid cells, all but blood eosinophils increased in
number after the two exposure€@a13) but with no difference between CE and PIS$&L

cells; Figure 8 Also the ratio of CD4/CD8+ blood lymphocytes increased after CE exposure
(p=0.05) buwithout any difference between the two exposures.

After the CE exposure, TLR2 afdd.R4 expression olood monocytescreasedp=0.016

and p=0.017 respectively) whereas CD14 was not altered. On méaebphilsthe surface
expression ofCD14 was significantly reduced after CE (p=0.008) and PSE (p=0.003)
exposures. No differences between CE and PSE were observed for the surface expression of
TLR2, TLR4 or CD14 on blood monocytes or neutrophils.

Similarly sCD14 inserum was reduced after CE exposure coatpar preexposure (p=0.05)
without any difference between the CE and PSE. Soluble ST2 in serum was not affected by the
exposures and below detection limit in nasal lavage fluid.

Thecyclones cledy reduced the smallest of the ambient swine dust pasti€leisreduction
could possibly be linked to thalteredhost innate response of the nose whmoth pro
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inflammatory mediators H6 and CXCL8 increased after the two exposy{pEd.03) but
significantly more after CE exposure than PSE exposure (p=0dp=eh04respectively

(Figure §. In serum, Il-:6 and CXCL8 were below detection limit.
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Figure 8. Individual data of 16 (opencircles and IL-8 (open squargsn NAL and rumber of NAL cells
(closed trianglés Medians areonnected before and afeposure in CE and PS#<0.05, **p<0.01, n=11IL:
interleukin, NAL: nasal lavageCE: conventional swine building environmeRISE: particle separated swine

building environmen105]

The symptoms questionnaire showed that almost all symptoms increased after exposure to the
swine building environments. & CE, the subjestreported more pronounced syomps

directly after three hours exposure and still after another three hours. After PSE, the subjects
also reported increased symptoms but the duration cfytimptoms \ere shorterand often

back to baseli@after six hour from the start of the exposure. Headache was the only symptoms
where CE gave significantly higher VAS score than PSE (p=0.03). Body temperature measured
orally wassignificantly higher after CE exposure than PSE exposure (p=0.016). Canpare

the local effects of 6 and CXCL8 in the nose described above, headache and body
temperature are systemic effects that apparently also were affected by the lower concentration
of fine particles (0.3.5 um). Increased body tempeene andnduced imate immune system

is closely linked143]. Rodents injected with LPS inducétR4 andrelease prostaglandin E2

and IL-6 which travels through the blodmtain barrier to initiate feveBystemic IL-6 was not
detectable in serum in this study. In Aaaive but currently nefarmers I-6 was detectedt
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its peakin blood one hour adt 3 hourof exposure to swine dust irsevine farm occupational
setting[102]. The analysis used by Hoffmaanalwas slightly more sensitive than the method

that we use@detection limit 0.7 pg/ml compared to 3 pg/mlih our study the blood samples

were taken 6 hours after the start of the exposure which could have been too late to find the
peak levels combined with natural low levels of plasm#® Itoncentrations around noon
because ahe circadiarvariation[144]. Similarly, thelL-6 peak appearedd2 hour after the 3

hour exposurevhendetecting Il-6 in volunteerexposedo organic dust in swine buildings

[100, 145] In our study, lte surface expssion of TLR4 and TLR2 on monocytes were
increased after CE and not PSE, which could be linked to the higher body temperature even if
IL-6 could not be detected systemically.

The biological host response wadueed among the volunteergheparticlesseparated swine

farm. One ofthe variables that we considered was whether the size of the particles had an
impact on the response, as it was observed thatwesrdewer particles in the fine fraction
when the cyclorewereused. Thusthe number of available particlebleto interact with the
respiratory systerand each cethnd PRRsvasreducedUpon particle exposure, the cells in

the respiratory tracire stimulated to produce reactive oxidative or nitrogen species which
could trigger the release of piiaflammatory 11-6, CXCL8 and TNFU . Al ternati:
indirectly the particles can induce apoptosis. DAMPs willdbeasedby the dying cells which

would bind to TLRs and consequently initiate the release of cytokines and chembkiées.
induces acute phase proteiqoductionincluding C reactive proteithat also could trigger
increased body temperature.

Alternatively, the reduced innate immunity response observed in PSE compared to CE could
be linked to exposure to chemicals or bgital agents that we have not measured in this study.

In previous studies, peptidoglycan seem to be linked to adverse health effects post swine dust
exposurg13, 23, 34, 104]

The cyclones possibly reduced the fine particles but in order to be even more efficient a few
suggestions are made. The total air exchange of the cyclones are much less than the ordinary
ventilation especially ondt days, yet the systems work against each other. During the colder
seasons when the ventilation systems are less used to save indoor heat and energy, the cyclones
are probably much more efficient. During this time of year, endotoxins levels in thalaw is

known to be higher than during warmer seasons. Additionally, to be able to turn on and off the
cyclones when required wouldveaenergy and cost for the user alikkly increase the
effectiveness of the cyclones.
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PAPER I

The aim of this papewas to explore the vivo effects of inhaled budesonidgingleblind,
crossover designdn host innate immune response in swine farmadrs are chronically
exposed to organic dust and to furtimestigate the alveolar macrophages immune response
afterex vivoco-stimulation with TLRligandsandor glucocorticosteroids.

Swine far mer sd -hifamrhayory ergapiossvinerbarn dusi witp its complex
composition of feed, dander, faecesidaendotoxin and peptidoglycan releasing
microorganisms induces respiratory symptsonsh agough andncreaseanucus production.
This chronic exposure mightcontribute to the down regulation ofinnate immune
responsivenesshich previously has beeown infarmers.Swine farmers havanattenuated
systemic inflammatory respongeorganic dust exposure in pig barncaspared to healthy
nonfarmers, including downregulated TLR2 on blood monocytd24], significantly
decreased sTLR2 in sputyBil] and lack of 11-:6 [24, 100]and sST2 increase in ser{i&i],
after exposure to swine du3the airway responses to pig barn dugiasure are altered in
swinefarmers compared withealthy norfarmers Thusbronchial responsiveness and REV
are not reducetb the same extenexhaled nitric oxideloesnot increase, 6 release in
sputumincreasdess and NAL cell count is not incesd after swine barn exposurethe
farmers when compared with healthy ffarmers[100, 101] By treating the farmers with
budesonide, the hypothesis was to induce their innate respoasehial epithelial cells have
shown synergistically increased TLR2 expression upestioaulation of budesonide and TLR
ligands in vitro [146]. Similar results were observed when stimulating alveolar macrophages
from smokers with and without COPD with budesonide and TLR ligg®]s

The recruited cohort of swine farmensludedmore men than wome®lso the sukset of
farmersthat underwent bronchial alveolar lavagfgowed heterogeneous characteristic in a
similar way as the larger coholn. the recruited cohort of swine farmea#l wereworking in
confined swine buildings arithd median accumulated exposiorewine farming environment

of 20 years, spreading from 2 to 39 years, with a daily mexkposure of 5 hours (Tablg. 3

Even if no exposure measurement were performediearbased on data in previous studies
[15, 100, 105]that the farmers were exposed to organic dust via their occupation and work
tasks that are required as swine farmer including cleaning of stables, faedingighing of

swine Possibly two of the faners may have overestimated exposure as they since some years
(after many years of conventional farming) produce pig=rding to th&Swedish rules for
organic productioffKRAV®). These rules require tissvineto beoutdoorsfor 4 monthsper

year, which could possibly reduce the swine farrbergposure to a confined, indoor space
during the summer months. Hoffmanal, 2005, showed that even former swine farmers with

no current exposure to organic swine destctsimilarly to active farmers upon renewed
exposure[102]. Therefore, the imact on the biological responses of these two KRAV
farmers is possibly low and the results are likely not altered due to current production system.
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Table 3. Characteristics of the participants. Data presented as median values and ranges exceptitung func
data which are presented as mean (95% confidence intéfizsl): Forced expiratory volume during 1 second.
VC: Vital Capacity FVC: Forced vital capacitfigxposure is estimated werklated exposure to swine dust and
swine house environment.

All far mers (n=15) Subset of farmers (n=7

FEV: (% predicted value)

VC (liter)

VC (% predicted value)

FVC (liter)

FVC (% predicted value)
Accumulatedexposure (years)
Weekly exposure (h/week)

Daily exposure (h/day)

Farm size (no owine

98.4(90.8106.0)
4.85 (4.245.46)
92.1 (85.598.6)
4.87 (4.275.48)
93.6 (86.8100.4)

20 (239)

19 (1440)

5 (28)

1050 (1263500)

Age (years) 38 (2663) 34 (2653)
Length (cm) 178 (164190) 175 (164187)
Weight (kg) 82 (57113) 80 (57113)
Gender (f/m) 5/10 3/4

FEV, (liter) 4.01 (3.484.54) 3.99 (3.674.34)

99.1 (90.2108.7)

4.69 (4.225.20)

91.1 (81.6101.4)

4.75 (4.285.26)

93.3 (83.0104.4)

12 (230)

25 (1440)

5 (28)

1125 (1263500)

In vivo

The healthy farmers hadormal lung functionsvhich did not change aftemhalation of
budesonide or placeb@®@n the contrary, FEVwas reduced in healthy nefarmers after
exposure to organic swine dy$00]. In addition, the selfeported symptomsf the famers
did not change after the twoeatmentsin general the farmers reported weak (scofd Bf
100) cough, nose secretion, stuffed nose and fatigue.

In sputumsTLR2and sCD14relower in famers than in healthgontrols[81]. In this study
where we investigate the effects of budesomdehronically exposed farmergputum cells
were not altereduring inhalations olbudesonide or placebo and none of the soluble proteins
measured (STLR2 and sCD14) differed between the two treatnSegisficant increase of
STLR2 was noted comparing before and budesonide treatment (p=0.00Tr&tl&)). Even

if the concentrationsfaTLR2 increased isputumpost budesonide treatment, swine farmers
havestill lower sTLR2 concentrations in sputum, tHaalthycontrolsubjectssTLR2 sputum
concentrationsswine farmers<controls<smokers <COPD pati@8it$. In this study, sluble

ST2 waselow detection limit.
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Table 4. Soluble protein release of TLR2, CD14 and ST2 in sputum, serurbranchoalveolar lavage fluid
(BALF). Median and 255%. All data presented as pg/ml, except sCD14 in serum which is presented as ng/ml.

Baseline After budesonide After placebo p-values
baselinebud

baselineplac

bud-placebo

Sputum (n=15)
(pg/ml) STLR2 475 611 445 (100921) 0.002
(100-665) (100-1047) 0.227
0.135
(pg/ml) sCD14 6475 5757 5015 0.281
(10268508) (17308186) (3121:8665) 0.235
0.570
Serum (n=14)
(pg/ml) sTLR2 1234 1269 1289 0.103
(541-3365) (491-3156) (5552970) 0.186
0.900
(ng/ml) sCD14 1124 1167 1124 0.510
(10461257) (10391269) (10091318) 0.510
0.272
(pg/ml) SST2 63 (4681) 63 (4675) 57 (4777) 0.148
0.131
0.470
BALF (n=6)
(pg/ml) sTLR2 304 347 0.600
(242-487) (243394)
(pg/ml) sCD14 3611 3895 0.463
(27633925) (36894184)

Analysing blood (n=14) revealed that all blood cells (lymphocye.041) basophils
(p=0.048) eosinophil§p=0.004) and monocyte§p=0.041 exceptfor neutrophils(p=0.079
increased in numbers after budesonide treatment compabpeddtinebut with no difference
to placebo treatment. Also CD2ells increaseqp=0.026)after budesonide compared to
before with no difference to placebo, whereas CD8+@-£were not altere(lable 5.
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Table 5 Concentration of leucocytes and thedll subset in peripheral blood of the swine farmers before and
after budesonide and placebo treattnexpressed as number of cefts(P/L blood. (n=14).

Cell type Before Budesonide Placebo p-value
Bud-placebo
Neutrophils 3142 3569 3487 0.433
(24043771) (30125089) (30594400)
Monocytes 305 401 357 0.637
(205375) (320502) (262-429)
Lymphocytes 1613 1797 1804 0.925
(11141971) (1431:2202) (14142079)
Basophils 39 53 50 0.975
(22-50) (39-64) (3567)
Eosinophils 137 185 188 0.551
(79-150) (141-229) (142-251)
CD3 1165 1402 1331 0.975
(641-1406) (11291746) (10831512)
CD4 942 1200 1166 0.875
(5181252) (10741397) (8191393)
CD8 351 431 471 0.875
(258480) (342539) (264511)
CD4/CD8 2.66 2.96 2.79 0.064
(2.413:3.01) (2.41:3.44) (2.433.07)

Attenuated systemic inflammatory response in swine farmers have been shown in previous
studies including dowregulation of TLR2 on blood monocyte81]. Nevertheless,
budesonide and placebo treatments in our study did not sigtlifichange the expression of
TLR2, TLR4 and CD14 expression on blood neutrophils and mono&tdace expression

of CD14 on lymphocytes was below detection limit. Instelhd TLR4 expression on
lymphocytesdoubled after budesonide treatment compared athbplacebo and baseline
(p=0.006 and 0.019 respectivelgure9).
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Figure 9. Surface expression of TLR4 (%) on monocytes (diamonds), neutrophils (triangles) and lymphocytes
(circles) in peripheral blood of swine farmatdaseline and afterhalation ofbudesonide and placebo. # p<0.05
comparing budesonide treatment with before and placebo (n=14).

When previously comparing farmers and heakhpjects serum sCD14 and sSTdd not
differ [81]. In the presenstudy,treatmentwith budesonide or placebo did not significantly
change the level® serumof soluble TLR2, sCD14 andST2 and CRPThe CRP median
before treatmerwas 1.64 mfi. for the farmers, a level considered normal showing no signs
of on-going systemic inflammation.

The TLR2 expression could also be influenced by the proportion of different T lymphocytes
including CD4 T-helper (F) cells and CD8 T-cytotoxic (Tc) cells. Sahlandegt al showed

that Th cells, especially 1t4 and 1L-:13 producing #2 cells, are more abundant in farmers and
smokers than in nefarming nonsmokers[24]. These cytokines (K4 and IL-13) are also
known to stimulate MUCS5AC protein expressid# 7] which increases mucus production
important for developing chronic bronchifis18].

Stmulated peripheral whole blohowed no significant differences bietpercentage ofc.T
and T cells between budesonidend placebdreatmend. The proportion of 14 and 11-13
expressing ¢ cellsdecrease@=0.041 and p=0.016 respectivaiygure 10) afterbudesonide
treatment compare to before. Also placebo treatment significantly reduced the expression of
IL-13 expressing dcells (p=0.013).Generally, he proportion of intracellular H13 and 11-4
producing E2 cells is: control<farmers<<smokggsl, 147] As the lud-treated swine farmers
significantly decreased.Z cells producing intracellular L3 and I-4, the treatmenpossibly
shift the TFcell profile of the farmers to resemble ra@f the healthy controltn smokers with
COPD, IL-13 is generally higher than in healthy contrfdd] andin vitro IL-13 induces
mucin/mucus productiod3]. Both these observations indicate that13 can be of importance
in the deelopment of chronic bronchitis arteetbud-driven reductia of IL-13 and I1-4 could
be anessentiafactor for reducing the risk of developing chronic bronchitis.
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Figure 10 Percentage of stimulated peripherahdlper () and Fcytotoxic (T) cells producing intracellular
IL-13 and Il-4, before, #ier budesonide (bud), and after placebo (plac) treatment of swine farmers (n=14).
Individual data and medigbold horizontal ine)presented. # p<0.05 compared with before values.

In BALF (n=7) AM mRNA of 10 genes expressed during inflammation and innate immune
responses were investigated before and after budesonide tredireetly after isolation
Expression oGPxmRNA in AM significantly increase@p=0.043)afterin vivotreatment of
theswine farmers compared to before treatnveémtreas the other genes were not affected by
the treatment.

Ex vivo

Three comparisons were madeetplorethe mMRNA expression of 5 genes (TLR2, TLR4,
CD14, IL-13 and CXCL8)n theex vivostimulated AM, before and after budesoniBigure
11).

1. Influence ofex vivobudesonide stimulation; comparidg/ with and without budesonide
for same TLR ligand stimuti@an.

2. Influence ofex vivostimulation; stimulation compared to its own control (before and after
respectively)

3. Influence ofin vivo budesonidéreatment; identical stimulation, compared before and after
in vivotreament (n=47).
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Ex vivostimulaion of budesonidencreased th&d LR2mRNA expression before and aftar
vivo-treatment compared to natimulated control (both p=0.028). Expression TafR2
MRNA increasedn AM after cestimulationex vivowith budesonideand peptidaglycanor
LPSboth beforgPG; p=0.028, LPS; p=0.028hdafterin vivotreatment (PG; p=0.028, LPS;
p=0.046) compared to stimulation with LPS or peptidoglycan dxmyincreased expression

was also observed when AM weoe-stimulated ex vivo with budesonideand TNF-U
(comparedto TNFJ onl y) , binvivoteairhen(p=b.@28,6). ¢Figure 111)

When comparing the influence of vivo treatment on AMTLR2 expression, no significant
changes werebserved

Ex vivo co-stimulation of lmdesonideand LPS decreasedRNA AM expression ofCXCL8
both before(p=0.028)and after (p=0.028h vivotreatment compared to stimulation with LPS
alone.Both before and after treatment, #vevivoLPS stimulated AM showed significantly
higher (5 and 16 times respectively) expressiorCE.8 mRNA than its owncontrol
(p=0.028 and p&.028respectively) Beforein vivo treatmentgex vivo co-stimulationof AM
with budesonideand TNFU decreasednRNA CXCL8 expression compared to stimulating
with TNFF-U al one ( p i OivodeatBgntex vivdstimalation with peptidoglycan
significantly increased (doubled) tieXCOL8 mRNA expression in AM from swine farmers
compared to its owrtontrol (p=0.028).Co-stimulation ofbudesonideand peptidoglycan
significantly decreasedCXCL8 mMRNA AM expressionin farmersafter in vivo treatment
compared to stimulating with peptidoglycan algp=0.028)

No clearnn vivoeffects of treatment oex vivoCXCL8 mMRNA expression were detected when
comparing before and aftir vivotreatment in AM (Figure 1B).

Ex vivoco-stimulation ofbud and peptidoglycan significantly reduced CXCL8 release by AM
of farmers beforén vivotreatment compared to peptidoglycaora (p=0.028, n=6). None of
the other (cestimulations significantly altered the CXCL8 release. Farmers traatego
increased CXCL8 concentrations @x vivo budesonide and peptidoglycan budesonide
stimulated AM compared to comparable stimulatiohsantreated farmers (p=0.028 and
0.046 respectively)n=6). Thein vivotreatment diminished the reduction of CXCL8 observed
pre-treatment wheex vivobudesonidevas added to peptidoglycatimulated AM, described
above(Figure 113).

In commercially availableaormal human epithelial cellf)e alveolar cell line B49 and AM
from healthy controlsswine dust dosdependently increaseCXCL8 production[149]
whereas budesonide causes dimgenént inhibition of CXCL8 production in AMand
increasedlLR2 mRNA expressionf150]. von Scheelat al, 2010 shwed similar trends in
TLR2mRNA upregulation and CXCL8 reduction upon steroid and ligand stimulfdt).

In vitro co-stimulation of primary bronchial epithelial cells showed reducZ€L8 MRNA
expression and XICL8 secretion where swine dusbudesaide gave a larger reduction than
LPS+ budesonidandalsothan the TLR ligand onlyGenerally this study also show a decrease
in CXCL8 expressiorand releasewhen being cestimulated. Adifferent trendcould be
observed in this studyhe CXCLS8 releasespeciallyandsomewhathe mRNA expression of
CXCL8are increased after vivotreatment compared to contrinl.two of the farmers, CXCL8
increased in akx vivostimulated AM aftem vivotreatment compared to befofidnis increase
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could be explainelly the increased mRNA expressionmaR2that was revealed in thez vivo
experiment. The more available pattern recognition receptors the more padlsegeiated
molecular patterns in organic dust could be bound, which could result in increased expressi
and release of CXCLS.

It has been suggested that the formation of STLR2 (shedding) is a cellular response to reduce
overstimulation of the cell surface receptmecurring in smokers with COP[®5]. In this

study release of sTLR2 from AM was below detection limit, except for itwwivo treated

farmers where detectable concentrations of STLR2 were measured in LPS and peptidoglycan
+ budesonide stimulated AMAs sputum sSTLR2 significantlyncreasegost budesonida
vivotreatment sheddingctivitiesis likely also in farmers.

In vivotreatment anex vivostimulatiors of AM with budesonideor TLR ligands did not alter
TLR4 mRNA expression, except in one case; aitewnivo treatment, the stimulation of
peptidogly@n significantly decreased (by half) fheR4expression compared to its own after
treatmencontrol (p=0.028n=5)(Figure 111).

Ex vivostimulations with LPS, pemtoglycanor TNFU d i d @Dd4mRBA ekpeession
in AM (Figure 112).

Budesonidestimulationex vivoof AM from in vivo treatedfarmers significantly lowered the
expression o€D14mRNA compared to its own control (p=0.028, n=6). AKR14 MRNA
expression more than doubled in ttantrol afterin vivo treatment compared to before
(p=0.043,n=5)Figure 112). IncreasedLR2andCD14 mRNA expression implies a higher
availability of receptors for ligands, leading to a-prftammatory response including the
increased concentrations of CXCL8 in AM.

Concentrations adecretiorof sCD14 andL-13in AM were below detection limits (62.5 and
93.8 pg/ml respectively) (n=6).

Before treatmeniex vivoco-stimulation of idesonideand TNF-Usignificantly decreased the
mRNA expression oL13comparedto TNE) al one ( (Fig@el102.8, n=6)

In vivo effects of lndesonide were observed fbl3 mRNA expression. In the nestimulated
controls, themRNA expression ofL13 significantly increased ifn vivo treated farmers
compared to before treatmdpt=0.043). Afterin vivo treatment)]L13 mMRNA expression in
AM increasedvhen being cestimulated with bhdesonideand geptidoglycancompared to the
same stimulation befoia vivotreatment (p=@43,n=5)Figure 112).

In this study, we used two different models to analyse mRNA expression in AMvi@me

the AM were directly prepared from BALF and the other after-oigint starvation without
added serum to the culture media followed by a six hours incubation with different stimuli.
Analysing 10 genes using direct preparation only @Y was sigrficantly increased after

in vivo treatment. After starvation, five genes were examinedlafB and CD14 were
significantly increased after budesoniderivotreatment of farmers. Owglight starvation of

AM seems to be required to synchronise cellsctoeve measureable naonfounded levels

of MRNA.
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Figure 11-1. Expression offLR2and TLR4mRNA from AM isolated fromswine famer s 6 br onchoal veo
lavage fluid, before (a) and after (h)vivo budesonide treatment, incubated for 6 hours in control medium, LPS
(lipopolysaccharide), PG (peptidoglycan)or FNF wi t h or wi t hout budesonide (B) i
# p<0.05, stimulated cells; with B compared to same stimulation withoyb8).85 stimulated cells; stimulation

without B compared to its own control (before or aftpg0.05,identical stimulation, compared before and after

in vivotreatment (n=4).
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