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Abbreviations

APC - antigen presenting cell

ATP - adenosine triphosphate

BALF - bronchoalveolar lavage fluid

BDCA - blood dendritic cell antigen

BSA - bovine serum albumin

CAT - catalase

CCL - chemokine ligand with C-C motif

CCR - C-C chemokine receptor

CFSE - carboxyfluorescein succinimidyl ester
cDC - conventional dendritic cell

CXCR - C-X-C chemokine receptor

DAMP - danger-associated molecular patterns
DC - dendritic cell

DMEM - Dulbecco's modified Eagle's medium
DPI - diphenyleneiodonium

EDTA - ethylenediaminetetraacetic acid

ELISA - enzyme linked immunosorbent assay
FBS - fetal bovine serum

FceR - Fc receptors for IgE

GATA3 - GATA binding protein 3

GM-CSF - granulocyte-macrophage colony-stimutafactor
GSH - glutathione

GSH-Px - glutathione peroxidase

GSSG - oxidized glutathione

H,DCF-DA - 2'-7'-dihydro-dichlorofluorescein diacde
HDM - house dust mite

4-HNE - 4-hydroxynonenal

H,0, - hydrogen peroxide

HOCL - hypochlorous acid

HSP - heat shock protein

iDC - immature dendritic cell

IFN - interferon

IL - interleukin

ILC - innate lymphoid cell

LPS - lipopolysaccharide

LTB4 - leukotriene B

MAPK - mitogen-activated protein kinase
MCP-1 - monocyte-chemotactic protein-1

MDA - malondialdehyde

MHC - major histocompatibility complex
MIP1-a - macrophage inflammatory protein 1 alpha
MRI - magnetic resonance imaging

MyD88 - myeloid differentiation primary respongene 88
NADPH - nicotinamide adenine dinucleotide phospha
NF«B - nuclear factor kappa-B

NLR - NOD-like receptor

NO - nitric oxide

NOD - nucleotide binding oligomerization domain
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- superoxide dismutase
- subpollen particles
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- follicular helper T cell
- transforming growth factor-beta
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- Toll-like receptor
- tumor necrosis factor
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- regulatory T cell
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- thymic stromal lymphoprotein
- vascular endothelial factor A
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1. Introduction

The prevalence of allergic airway disorders, lilsthana and allergic rhinitis, has
dramatically increased in the last decades in imdlized countries, a phenomenon
known as asthma and allergy epidemic. Namely, aoogrto the World Health
Organization (WHO), 300 million people suffered rfroasthma worldwide in 2005
(Bloemen et al. 2007). These diseases are chamscidyy significant negative effects on
personal life quality and induce a considerablacseconomic impact due to health care
utilization and treatment costs. As reported byAfIEN study, in 2009 approximately
50% of the Hungarian population was sensitized highaly allergenic plant species, the
common ragweeddmbrosia artemisiifolia (Burbach et al. 2009). These data indicate the
highest prevalence of ragweed sensitization odoukingary compared to other Central
and Western European countries.

Allergic airway reactions mediated by IgE antibaddaevelop in two stages. The
first one is an induction or sensitization phasecths followed by an elicitation phase.
Allergic sensitization is a multifactorial process which exposure to allergens,
environmental risk factors, viral respiratory iriea history and genetics have a
predominant role particularly in the vulnerable ipgrof early life when most of the
sensitizations happen. Furthermore, adjuvant &gtivof airborne allergens also
contributes to the enhancement of their antiggnidifter inhalation, allergens can be
deposited on the airway mucosal surfaces and kes tap by innate immune cells, such
as dendritic cells (DCs) and macrophages. The ipahantigen presenting cells, the DCs
transport allergens to the T cell area of the dinginymph nodes. Here, the processed
antigens are presented to cognate naive T celiinipdao the development of allergen-
specific T helper type 2 (Th2) cells. These cefigage cognate B cells inducing them to
undergo immunoglobulin class switching and prodigte antibodies. Then high affinity
Fce receptors (FeRI), expressed by tissue mast cells and blood ésotrongly bind
IgE; these sets of events result in sensitizatioanoindividual /reviewed in (Galli et al.
2008)/.

The elicitation phase is initiated when allergem®nter the body and crosslink the
bound IgE on the surface of mast cells causing ttegranulation, an immediate release
of several kind of mediators, such as histamineotunecrosis factor-alpha (TNtj-and
a range of enzymes. The release of histamine dret shsoactive compounds increases



vascular permeability and local blood flow, and eahon smooth muscle to increase the
expulsion of mucosal allergens. In addition, histemenhances epithelial cell mucus
production, which may aid in allergen immobilizatiand cytoprotection. These early
mediators are responsible for the developmentefatbll-known early allergic symptoms
such as sneezing, wheezing, swelling, itching, yumyse and obstructed breathing. Other
mast cell products, such as various lipid mediat@md cytokines, contribute to the
initiation of a facultative late-phase reaction tecruiting and activating eosinophils,
neutrophils and Th2 cells, and by interacting wigsue cells such as nerve cells, smooth-
muscle cells, endothelial cells and the epithelitawiewed in (Galli et al. 2008)/.

Many aspects of the pathogenesis of allergic inffeation are well defined, but
we have only limited knowledge about the preciselmaaisms and factors that influence
the initiation of allergic disorders. This work auohto study the effects of reactive oxygen
species (ROS)-producing activity of ragweed potieains (RWPs) on human monocyte-
derived DCs’ functions. Moreover, we have testeabgel approach, exposure to static
magnetic field (SMF), to modulate allergic respase a murine model of allergic

inflammation and also in human provoked skin alferg



2. Theoretical background

2.1 Sensitization phase of airway allergy

In the initiation of allergic airway responses @&a&plized population of antigen
presenting cells (APCs) called dendritic cells pdafundamental role by bridging innate
and adaptive immunity. Dendritic cells were firssualized in the basal layer of the skin
epidermis by Paul Langerhans in 1868 and were preduo be the part of the nervous
system because of their morphology (formation dafiglodendrites). DCs remained
uncharacterized until 1973, when Steinman and Qidstribed a unique population of
white blood cells in the mouse spleen with paraicdéatures and functions (Banchereau
and Steinman 1998). For this discovery, Steinmas avearded Nobel Prize in Medicine
and Physiology in 2011.

2.1.1 Localization of DC subsetsin the airways

Presence of bone marrow-derived DCs in the tradtreachi, alveoli and visceral
pleura was firstly described by Sertl and colleag(®ertl et al. 1986). These DCs were
shown to express MHC class Il at a high level aade a common dendritic morphology
but lack Birbeck granules, typically described kinsLangerhans cells. Furthermoie,
vitro, they act as potent T cell stimulators (Sertl et1886). In the recent decades
following this initial discovery, numerous paperavk been published to describe the
precise surface phenotype and functions of DCdudiveg the characteristics of airway
DCs.

Based on murine studies DC subsets in the lungbeagrossly divided into 2
categories: (1) conventional dendritic cells (cDGshich express high levels of the
integrin CD11c and can be further subdivided intb1Ch™ or CD11b populations
(Wikstrom and Stumbles 2007), and (2) plasmacytbéddritic cells (pDCs), which
express Siglec-H, Ly6C and B220 but low levels Bf1@c (Gill 2012; von Garnier et al.
2005). Importantly, these DC subsets have beemtiigdel in specific anatomic locations

in the airways with distinct functions (Figure 1).
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Figure 1. Localization of murine DC subsetsin the airways. Two populations of resident
conventional DCs (cDCs) are placed underneath theay epithelial cell layer. Mucosal

CD11b cDCs are situated in the basolateral space and pawscess their dendrites
between epithelial cells directly into the airwaymien. CD11b resident cDCs and

plasmacytoid DCs (pDCs) are located underneathithgal membrane. In the alveolar
space, alveolar DCs and macrophages are preseninBunflammatory conditions, like

respiratory viral infections, an activated poputati of inflammatory DCs expressing
CD11b and Ly6C can be found in the lung tissue el as the interferon-producing

killer DCs (IKDCs) (GeurtsvanKessel and Lambredd®®).

The trachea and large conducting airways contawel:developed network of
intraepithelial DCs which express CD103 but not C®R1They extend their dendritic
projections between epithelial cells allowing tongde airway lumen content, even in
steady state conditions (Gill 2012). These CD1DEs are also specialized in cross-
presentation of exogeneous viral antigen to TDB cells (Desch et al. 2011;
GeurtsvanKessel et al. 2008). The other airway D@set is the CD103 CD11b
CD11¢ cDC that resides in the submucosa of the condydiiinwvays and in lung
parenchyma. These cells exhibit an efficient cdgafor priming and restimulating
effector CD4 T cells in the lung (del Rio et al. 2007; van Rijtal. 2005).

Lung pDCs in steady state conditions represent antyinor population that can

be found in the large conducting airways. Thesés delve been shown to contribute to
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the development of inhalation tolerance. After magkup inhaled harmless antigens they
drive the formation of regulatory T cells (Tregde(Heer et al. 2004).

Upon inflammatory stimuli such as microbial infects or exposure to
environmental pollution/allergens, considerable ami@f proinflammatory chemokines
(for example the CCR2 ligand CCL2 and CCL7) produbg airway epithelial cells
attracting more DC progenitors from the bone martowhe lungs (Hammad et al. 2009;
Serbina and Pamer 2006). These CER®nocytes can be the precursors to so-called
inflammatory CD11b CD11¢ DCs, which still express the monocytic marker, Cy6
(Robays et al. 2007).

The presence and the distribution of different Btgpes in the human airways
have not been fully elucidated yet, but a distmctcan be made between c¢DCs and
pDCs. In humans the CD11¢DCs can be further divided into 2 groups: typeDCs
that express blood dendritic cell antigen (BDCAgldo known as CD1c, and type 2 cDCs
that express BDCA3 (CD141). The members of the rotireup, the pDCs express
BDCA2 (CD303) and CD123, the receptor for IL-3 (Daits et al. 2005). Moreover, the
presence of another DC type which expresses CD&alsa confirmed in the epithelium
of the conducting airways. Interestingly, it wasurid that although several DCs
coexpress CD1la and CD1c, like Langerhans cellfiénskin, CD15 CD1¢ as well as
CD1a CD1c¢ DCs are also present in the human lung (Demedis 8005). A previous
study, using DCslifferentiated from monocyte® vitro, demonstrated that CD’land

CDa DC subsets differ in their functional characteast{Gogolak et al. 2007).

2.1.2 Sensing the antigen/allergen by DCs

The most important function of DCs is the captune aelivery of antigens to
draining lymph nodes, where DCs can present thgemrd to naive T cells and induce T
cell proliferation and differentiation. The issukamtigen capture by intraepithelial DCs
seems to be easily solved as these type of DCéeated in the basolateral layer of
airway epithelium, separated from the inhaled amyoby epithelial cells tightly
connecting to each other with several junctionatgins.

Previously, Rescigno and colleagues have shownide that DCs reside in the
submucosa are able to open the tight junctions detvithe gut epithelial cells, project
their dendrites through the epithelium and diresdynple the content of the gut lumen.
Considering that DCs express tight junction prateithe integrity of epithelium is

preserved (Rescigno et al. 2001). Similarly, in #mgvays intraepithelial DCs also bear
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tight junction proteins such as claudin 1, claudiand zonula 2 as demonstrated in mice
(Hammad and Lambrecht 2008). In the nasal mucosad¥iduals suffering from
allergic rhinitis HLA-DR* CD11¢ DCs express claudin 1 and penetrate through the
epithelium, which indicates that DCs easily accassigens (Takano et al. 2005).
Nevertheless, a study imaged the functions of ainiCs by using two-photon
microscopy queried the primary role of intraepithleDCs in antigen sampling as antigen
accumulation could not be detected in these DG aftvivo exposure of mice with
fluorescently labeled antigen. Alternatively, itsaggested that inhaled particles need to
breach the epithelial barrier to be detected by D=es et al. 2011). Indeed, some
enzymatic and non-enzymatic properties of allergares able to break off epithelial
integrity and additional environmental stimuli suels respiratory viruses and air
pollutants (for example ozone, diesel exhaust paeies and cigarette smoke) may also
contribute to this phenomenon (Hackett et al. 2011)

To launch the activation/maturation program of D®s signals are required. The
first one principally originates from receptor-matgid antigen uptake, while the second
signal is derived from sensing pathogen-associatekkcular patterns (PAMPS) or the
endogenously generated danger signals (DAMPSs) glwairtigen capture by DCs. The
PAMPs such as bacterial, fungal and viral prodacésrecognized by membrane-bound,
cytoplasmic or vesicular (endosomal) pattern retagnreceptors (PRRs), including the
Toll-like receptors (TLRs), C-type lectin recepto€LRs), nucleotide binding
oligomerization domain (NOD)-like receptors (NLRa)d retinoid acid-induced gene |
(RIG)-like receptors or helicases (RLRs or RLHshlgate 2012). Signaling through
myeloid differentiation primary response gene 88y[M8), a common TLR adaptor
molecule, strongly activates DCs to increase thaession of costimulatory molecules
(CD80 and CD86) and to produce pro-inflammatoryokiytes, such as TNE&;
interleukin (IL)-1, IL-6 and IL-12 (Eisenbarth et 2002; Piggott et al. 2005). Low dose
of TLR ligands from microbes in house dust, whdmaled along with allergens, provides
the necessary adjuvant effect to drive allergipoeses (Holgate 2012frurthermore,
activation of selective TLRs on epithelial cellshances DC motility and antigen
sampling through the production of Th2-promotingmiokines (CCL17 and CCL22 via
CCR4) and cytokines (IL-25, IL-33, granulocyte-n@ainage colony-stimulating factor;
GM-CSF and thymic stromal lymphopoietin; TSLP) (Lanal. 2008). Indeed, TLR4
expression on lung structural cells is necessadysaifficient for driving activation of the

mucosal DCs and determines the development andityeweé allergic inflammation
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following house dust mite (HDM) exposure (Hammadakt2009). Other PRRs sense
DAMPs, including heat shock proteins (HSPs), aderoiphosphate (ATP), uric acid

and ROS, produced during tissue damage (Willart laamdbrecht 2009). These DAMP
molecules contribute to the induction of inflammatiby recruiting and activating innate
inflammatory cells. It was firstly demonstrated lgzko et al. that an endogenously
released danger signal, ATP had a crucial rolerampting Th2 sensitization by lung

DCs. Administration of ATP analogs induced a braakinhalation tolerance by

upregulating the expression of costimulatory mdies@and promoting migration through
increased CCR7 expression. They also showed thatsare of asthmatics to HDM

allergen induces an acute release of ATP into thadhoalveolar lavage fluid (ldzko et
al. 2007).

It was also reported that ROS enhanced the capati)Cs to promote CDAT
cell activity demonstrated by an increase in tipeoliferation and production of IFN-
IL-6 and IL-2 and reduced Treg generation by thB€s. It was also demonstrated that
oxidative stress activates phosphoinositide 3-lin@3K) and nuclear factor kappa-B
(NFxB) pathways and increases DC migration (Batal.2@l4).

To sum it up, in the absence of TLR ligation DCsae relatively inactive, thus
PRRs, due to their crucial adjuvant sensing rote, af great importance in directing

allergen sensitization.

2.1.3 Roleof adjuvant activities of allergensin sensitization

Not only endogenous but exogenous danger signaishvean be associated with
the allergen itself, are capable to initiate thévation of DCs and in this way promote
the Th2 sensitization.

Proteolytic activity as a general feature of majbergens has been proposed to be
involved in the pathogenesis of allergies by emapthe passage of allergens through the
epithelial barrier and modulating the functionsrofate immune cells. Airborne allergens
derived from different sources such as HDM, coc&npdungi or pollen were identified
to possess cysteine, serine or aspartic prote@ssman et al. 2008; Holgate 2012). Der
p 1, a major allergen from the HDNDérmatophagoides pteronyssinpushows cysteine
protease activity that can directly activate DCsepithelial cells, and contribute to the
development of Th2 sensitization processes (Hanehatd 2001).

Furthermore, pollen grains liberate bioactive Ifithe so-called pollen-associated

lipid mediators. The aqueous extracts from bircHepoconsist of predominantly E1-
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phytoprostanes, resembling the structure and fomaif prostaglandin HPGE,). These
mediators are able to inhibit the IL-12 producta@DCs by blocking NkB translocation
and change the migratory capacity of immature DEsugh upregulation of CXCR4 and
downregulation of CCR1 and CCR5 expression. Alséhalterations in DCs’ functions
contribute to the development of Th2-dominated imenvesponse; however, this effect
cannot solely be attributed to the pollen assodidifgd mediators (Gilles et al. 2009;
Mariani et al. 2007; Traidl-Hoffmann et al. 2005).

More recently, the pollen metabolom was further e for candidate
immunomodulatory substances by that research grétpy found that fractions of
agueous pollen extracts comprised adenosingMnconcentrations which was able to
induce cAMP via A2 receptor dependent manner ahibiinlL-12 production by DCs.
Pollen-associated adenosine contributes to thebitidn of Thl responses and the
induction of Tregs (Gilles et al. 2011).

Additionally, pollen grains contain NAD(P)H oxidasan enzyme that generates
ROS providing a signal for the initiation of allexgnflammation in mice (Boldogh et al.
2005). The function of pollen NAD(P)H oxidases whbke detailed in Section 2.3
describing the relationship between oxidative straad allergic inflammation in the
airways.

Finally, it should be noted that air pollution mighfluence pollen allergenicity
thus immune cell activation. It was reported thabm exposure to ozone the amount of
NAD(P)H oxidase was elevated in ragweed pollenaetsr (Pasqualini et al. 2011). In
another paper, it was demonstrated that high lesetzone are associated with higher
allergen expression but less pollen-associated lipediators thus these pollens rather

have immuno-stimulatory than immuno-modulatory ptite (Beck et al. 2013).

2.1.4 T cel polarization in thelymph node

After sensing and taking up antigens at mucosdhses, lung DCs migrate via
the afferent lymphatics to the draining lymph nof{srmaelen et al. 2001) and present
the processed antigens to T cells and initiate &y cell responses. This migration
process happens in a manner dependent on CCR7. Adiffarent DC subsets in the
lung, CD103 and CD11b cDCs upregulate CCR7 expression (while CXCR1, CGR1
CCRS5 expression is downregulated) react to chenesk@CL19 and CCL22 and migrate

to lymph nodes to initiate Th2 cell responses.
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DCs are crucial in regulating immune responses rigimg innate and adaptive
immunity since they translate information origircattom antigens to naive T cells
providing them their first activation signals amdmoting their commitment to Thl, Th2,
Th1l7 or Treg directions. This process is highly efefent on DC-derived signals,
including a particular density of peptide-MHC class complexes (signal 1),
costimulatory cell surface molecules (signal 2) aotuble cytokines and chemokines
(signal 3). Sensitization steps to allergens apgctied on Figure 2.
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Figure 2. Sensitization to allergens in the airway. Allergen can be taken up by dendritic
cells in the mucosa of the airways. Then, dendagélts migrate to regional lymph nodes where
they present peptides derived from the procesderyeh to naive T cells through MHC class II
molecules. In the presence of early IL-4 and cadators on dendritic cells naive T cells
differentiate to Th2 cells which produce IL-4 ahdli3. In the presence of these cytokines and the
ligation of suitable co-stimulatory molecules Blgelndergo isotype switching process resulting
in IgE production. The IgE binds to the high-atfyjnFcRI on tissue-resident mast cells, thereby
sensitizing them to respond when the host is latexposed to the allergen (Galli et al. 2008).

One major determining factor in the polarizationnafive CD4 T cells is the
cytokine microenvironment; instructive cytokineskuas IL-4, IL-12, IL-10, IL-6 and
transforming growth factor-beta (TQF- are known to participate in Th cell
differentiation, and most of them are produced I&sD

Neither steps of initial allergen sensitizationy tiee mechanisms responsible for

the differentiation of naive CD4T cells into Th2 cells are well understood. lgenerally
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thought that the cytokine milieu directs the diffietiation of naive CD4T cells into
various Th subsets. Several lines of evidence atdithat Th2 polarization requires an
initial source of IL-4 to activate the signal trdnser and activator of transcription 6
(STAT6) which induces the expression of the kewydaaiption factor GATA binding
protein 3 (GATAS3) and drives the production of Tdhy2okines (Paul and Zhu 2010). Two
competing ideas have emerged to explain the celkdarce of the IL-4. The first one
suggests that the Th2 responses develop by dé&fahk absence of strong Thl and Th17
promoting cytokines or when the strength of MHGssld and T cell receptor interaction
is weak in the immunological synapse. In this mdtel naive CD4T cells produce the
instructive 1L-4 (Hammad et al. 2010). In anotheew, IL-4 was presumed to be
produced by accessory cells, such as natural Killeells, eosinophils, mast cells or
basophils (Paul and Zhu 2010). It was demonstrtitat] in parasite infected or papain
injected mice, basophils migrate into the lymph ewdraining the site of the antigen
exposure and at the same time act as an effectr€ and release IL-4 and TSLP in
response to allergens (Sokol et al. 2008; Yoshinedt. 2009). In the protease allergen-
induced model of Th2 cell differentiation, basophtseem to be necessary and sufficient
as APCs for Th2 induction, meanwhile DCs are appbralispensable for this process
(Sokol et al. 2008). However, for inducing Th2 immity to inhaled allergens the similar
importance of basophils has not been fully eluedain fact, inflammatory DCs have
indispensable role for priming Th2 rather than Iplls (Hammad et al. 2010). Notably,
the recently discovered group 2 innate lymphoidsc@LC2s) in the airway mucosa are
likely to be the rapid and potent source of theetgpcytokines IL-5 and IL-13 (Halim et
al. 2012) and thus are able to influence the dawast adaptive Th2 cell response.
Intranasal administration of the protease-allergepain stimulated ILC2s and Th2 cells
leading to the development of allergic lung inflaaton and elevated IgE titers.
Furthermore, IL-13 produced by ILC2 cells was cadtifor promoting the migration of
activated lung DCs to the draining lymph nodes whéey induce the differentiation of
naive CD4 T cells into Th2 cells while IL-4 was not requiréat papain-induced Th2
cell differentiation (Halim et al. 2014).

It has been proposed that other cytokines sucl-&scbuld be decisive in Th2
instruction (Dodge et al. 2003; Krishnamoorthy [e2808; Rincon et al. 1997), since IL-
4 KO mice can still mount a Th2 response (Okaheshl. 1996).

Costimulatory or accessory molecules on DCs are r@quired to ensure T cell
division and differentiation into effector cellsc#vation of GATA3 and STAT6, which
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is required for Th2 differentiation, can be upreged by Jagged-Notch signaling (Amsen
et al. 2007). Notch dependent signals have beewrshio directly regulate GATA3
expression and critically control Th cell fatevivo (Amsen et al. 2004; Fang et al. 2007).
However, it has also been suggested that Notclalsigimovide survival and proliferative
advantage to committed Th cells rather than dicentmitment to the Th cell fate (Ong et
al. 2008). Nonetheless, recently Jaggedl, and aggedi2, expression on DCs has been
shown to be critical for IL-4 induction and pronuotiof allergic responses (Okamoto et
al. 2009). Besides the expression of Jagged anduption of cytokines, other surface
markers on DCs can also influence Th2 differerdratiThe expression of OX40L on DCs
has been shown to be required for optimal Th2 prgn{Uenkins et al. 2007; Wang and
Liu 2009). The expression of OX40L on DCs is demancn signaling through CD40
(Jenkins et al. 2007). The epithelial cell-derivE8LP is also capable to induce OX40L
expression in DCs inducing the differentiation bémen-specific naive CO4T cells to
inflammatory Th2 cells (Ito et al. 2005). Besidd®Tcells, additional T cell subsets have
been recognized to play important roles in allergiseases. These include the well-
established Th1l and more recently discovered Th®7TTh22, Treg, type 1 regulatory T
(Trl) and follicular helper T () subsets. As illustrated in Figure 3, cytokinesduced
by these cells have different functional rolesllargy.
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Figure 3. T cell subsets in allergic diseases. Diverse T cell lineages differentiated from
naive T cells can be defined based on characteriganscription factors, surface
markers and effector cytokines. Each T cell subsatsa demonstrated role in either

promoting or suppressing allergic diseases (Wanabra. 2012).

Taken together, the above mentioned signals protheteallergen activated Th2
cells to produce copious amounts of IL-4, IL-5 dbd 3 leading to the accumulation of
mast cells and eosinophils and switching to IgBy® that occurs in B cells. IgE
produced by B cells is released into the blood gundkly binds to high-affinity FeRI on
the surface of mast cells and peripheral blood @ resulting to become ,armed” or

sensitized.

2.2 Elicitation phase of allergic inflammation

The elicitation phase of allergic inflammation itenm classified into three stages.
Early phase reactions are induced within secondsinotes of allergen challenge, while
late-phase reactions occur within several hours. &yntrast, chronic allergic
inflammation is a persistent inflammation that ascat sites of repeated allergen

exposure.
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Re-exposure to the allergen leads to crosslinkinlgB-binding FeRI receptors
on the mast cell and results in the secretion afoua biologically active products.
Preformed mediators stored in cytoplasmic granulesluding biogenic amines
(histamine and serotonin in rodents to a much greextent than in humans), serine
proteases (such as tryptase, chymase and carbdiigss) proteoglycans (such as
heparin and chondroitin sulphate) are releasedirwmhinutes after antigen exposure.
Newly synthesized lipid-derived mediators /for exden prostaglandin P (PGDy),
leukotriene B (LTB,4), LTC4 metabolized from arachidonic acid through cyclapxyase
and lypoxygenase pathway/ and certain cytokinesgamath factors (such as TNkand
vascular endothelial factor A; VEGFA) also releadsd activated mast cells. Some
activated mast cells can release platelet-actigatactor (PAF), as well /reviewed in
(Galli et al. 2008)/. In addition to ERI-mediated signals, alternative mechanisms have
been shown to induce mediator release in mast. digeral lines of evidence suggest
that oxidative stress act as a stimulus for mdstcévation and degranulation (Frossi et
al. 2004). During allergic inflammatory reactiongash cells are exposed to ROS-derived
from various cell types and from the pollen its&&cently it has been demonstrated that
ragweed pollen extract activates RBL-2H3 cells dpadic leukemia cell line) and
induces the release of biogenic amines in an Igiependent manner (Chodaczek et al.
2009; Endo et al. 2011). This phenomenon is likklg to the pollen-induced increased
ROS production via mitochondrial respiratory compld. In addition, mitochondrial
dysfunction triggered by pollen exposure leadsnitamced IgE-mediated IL-4 production
(Chodaczek et al. 2009).

2.3 Oxidative stress in the airways

Allergic airway inflammation triggered by inhaletleagens is closely associated
with oxidative stress that is defined by the excekseactive oxygen species which
evolving by the unbalanced antioxidant and ROS etgmg mechanisms. ROS are
formed in biological systems by oxidases and inptoeess of respiration. The term ROS

stands for oxygen radicals that have either ungastectrons like superoxide anion,{(®

and hydroxyl radical (*OH) thus rendering them emtely reactive or paired electrons
like hydrogen peroxide (#D), hypochlorous acid (HOCL) and peroxynitrite (ONQO
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In the development of oxidative stress both endeges and exogeneous sources of ROS
play significant role in the airways.
Inflammatory cells such as macrophages, neutrophilsl eosinophils are

considered the primary source of endogeneous ROfhenairways. These activated
inflammatory cells can generate @hrough NADPH oxidase activity, cytosolic xanthine

oxidase system and the mitochondrial respiratongirch Superoxide anions are
spontaneously or enzymatically dismutased t®Hwvhich can interact with transition
metals and form *OH. Eosinophils, neutrophils anchatytes contain peroxidases that
catalyze the interaction between,@4 and halides leading to the generation of
hypohalides, such as HOCI. In addition, ROS mag atsct with nitric oxide (NO) to
form ONOQO /reviewed in (Holguin 2013)/. These compounds haeen shown to
amplify the inflammatory airway processes in asthiR®S production by neutrophils
correlates with the severity of airway inflammati¢8anders et al. 1995). Airway
macrophages in patients with asthma produce mopersxide anions than those of
control subjects. Even the monocytes and eosim@ptollected from the blood of
asthmatic patients produce more ROS compared Witbet of control subjects (Calhoun
et al. 1992).

Several studies have demonstrated that environinéttors such as ozone,
diesel exhaust, cigarette smoke also contributbédormation of ROS in the lungs and
the augmentation of disease symptoms. These emveéwoial pollutants are able to
activate cellular oxidases such as NADPH oxidas@thine oxidase, p450 cytochrome
oxidase and increase intracellular levels of RO&cKgr et al. 2002). Overproduction of
ROS can lead to structural cellular damage thrdbgloxidation of proteins, lipids, DNA
and carbohydrates and enhance inflammatory reaction

The oxidizing effect of ROS can be countered byuosny agents called
antioxidants which can be classified according heirt nature as enzymatic or non-
enzymatic antioxidants. In lungs, the main enzymegducers are superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (@S#and thioredoxin (TRx). Among
the non-enzymatic reducers we can find mucin, urghetathione (GSH), ascorbate,
ceruloplasmin, transferrin, vitamin E, ferritin, darsmall molecules such as bilirubin
(Araneda and Tuesta 2012). If cells exposed to lewel of oxidative stress they
upregulate the production of antioxidants (inclgdi@OD, CAT, GSH-Px) by nuclear

regulatory factor 2 (Nrf2)-dependent transcriptionativation of antioxidant response

20



elements (Li et al. 2004). If antioxidants fail counterbalance the high levels of ROS
production or pro-oxidative stimuli, the increasingxidative stress can trigger
intracellular signaling cascades, such as MAPK HR&B pathways which induce the
expression of various pro-inflammatory cytokinds4l IL-5, IL-8, IL-10, IL-13, TNF+)
and chemokines (MIPel MCP-3, RANTES) playing key roles in airway inflamation
(Xiao et al. 2003). Eventually, oxidative stresdunes cellular toxicity that originates in
the mitochondria leading to cell death by apoptosisecrosis (Riedl and Nel 2008).

In the last 10 years a new element was added twith@icture describing the
relationship between oxidative stress and theainoin of allergic inflammation induced
by airborne allergens. Pollens are complex biolmgisackages composed of many
proteins, some of which possessing enzymatic #ietsviWeed pollens contain various
antigenic proteins which can be classified intorfomajor families: the ragweed Amb a 1
family of pectate lyases; the defensin-like Art Yaiily from mugwort; the Ole e 1-like
allergens Pla | 1 from plantain and Che a 1 fromosgdoot; and the nonspecific lipid
transfer proteins Par j 1 and Par j 2 from pelitt@adermaier et al. 2004). In addition to
these antigens, it turned out that pollen graimaexs of different plant species, among
them numerous highly allergenic weed, tree andsgoaiens, have redox activity which
indicated intrinsic NAD(P)H oxidase activity (Boldlo et al. 2005). Interestingly, among
the investigated pollen extracts the only exceptias an extract from pine pollen which
lacks ROS-producing activity consistently with poais studies that pine pollens fail to
induce allergic sensitization in humans, howeveytare present in large quantities in the
environment (Boldogh et al. 2005; Bousquet et 884t Harris and German 1985). It is
well known that pollen antigens can induce allergilammation throughout the
respiratory tract but most of the pollens are @mge (vary from about 10 to nearly 100
um; ragweed pollen is approximately &@n in diameter) to reach the lower airways.
Additionally, increased frequency of exacerbatioh atlergic reactions in sensitive
individuals was observed after heavy rainfall, hegrehe levels of airborne pollen grains
plunged following thunderstorms (Wark et al. 200d)he explanation of these
contradictory facts can be that hydration and hypiot shock by rainwater leads to the
release of subpollen particles (SPPs) from wholeepa@rains of respirable size (varying
from 0.5 to 4.5um) enabling their penetration to the lower airwaits.was also
demonstrated that SPPs released from ragweed pgiéens retain their predominant
allergen, the Amb a 1, as well as NAD(P)H oxidastevay (Bacsi et al. 2006) (Figure 4).
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Figure 4. ROS production by ragweed pollen grains (RWP) and subpollen particules
(SPPs) released from pollen grains. To detect ROS formation a redox sensitive g
fluorescent dye (DCF) was us (Bacsi et al. 2006; Bacsi et al. 2005)

It seems that this p-oxidant activity of intact hydrated pollen grainheir
extracts and the released SPPs play an imrnt role in the initiation of allergi
inflammation. It was reported that ROS generategdljen NAD(P)H oxidases indut
oxidative stress in the lungs and conjunctiva aisgeed mice within minutes aft
exposure. This first innate signal recruits nophils into the lungs independent of -
adaptive immune response. Products generated hjatose stress such as oxidiz
glutathione (GSSG) and -hydroxynonenal (4NE) facilitate allergic airwa
inflammation induced by pollen antigen (signal @hallerging mice with pollen extrac
that lack NADPH oxidases cannot induce robust gikeinflammation in the luni
indicating the necessarity of oxidat-stress mediated signals for -blown reactions
(Boldogh et al. 2005).

Naturally, the primary role of fllen NAD(P)H oxidases is not the disturbance
normal function of the airways, then why do pollereed/have these enzymes? Du
the plant fertilization process, a pollen tube gsofrom the pollens that land on t
stigma of the receptive flower. Thprocess demands high energy and requires
oxygen uptake, and it is regulated by Rac homotgsC#* signaling(Kost et al. 1999;
Pierson et al. 1996; Tadege and Kuhlemeier 1. It was reported by Foreman e. that

ROS are required for the elongation of plant ra@tshgrowth. It is turned out that R(
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produced by plant NAD(P)H oxidases act on hypenmsdsion-activated Ca channels
necessary for the formation of the tip-high®Caradient, a characteristic of all tip-
growing cells, including pollen tubes, fungal hyptend root hairs (Foreman et al. 2003).
Later it was reported that NADPH oscillates in politubes which is in correlation with
tip growth (Cardenas et al. 2006) and the ROS predlby the enzyme require to pollen
tube growth (Potocky et al. 2007).

2.4 Static magnetic field

The research field investigating the impact of istabagnetic field (SMF) on
biological systems has been rapidly growing for ynaears. However, the precise
biological effects caused by the exposure are nelt tnown. The controversial or
inconsistent effects of SMF reported so far ar¢i@darly due to the diverse reactions of
different cell types and living organisms and vasiantensity ranges of the applied SMF.
Generally, based on the strength of SMF we diffeakvintensity SMF in the microtesla
(uT) range, including the geomagnetic field (varyiingm 20 to 90uT with a typical
value around 5@T), moderate-intensity SMF in the millitesla (mBnge, and strong-
intensity SMF in the tesla (T) range, includingastrong-intensity SMF (more than 5 T)
such as magnetic resonance imaging (MRI) devica@k008).

Several studies have shown that magnetic fieldsiente a large variety of
cellular functions; however, the mechanisms ofraxtéons between SMF and living cells
remain unclear. One of the potential mechanismahigh the biological systems respond
to various external magnetic fields is acting tlglowelectronic interactions, i.e., radical
pair mechanisms. SMF may directly interact withefreadicals affected by their
membrane processes and related with the physialodimctions. Another possible
mechanism might be related to the changes in dadaax¥oxidant status of the organism
(Traikov et al. 2009). It is assumed that SMF change the lifetime of radical pairs.
SMF can influence the spin of electrons in freeaad, which may lead to changes in
chemical reaction kinetics and possibly alters utetl function (Brocklehurst and
McLauchlan 1996).

It was demonstrated that 1.5 T SMF induced positfkect by decreasing
oxidative stress in men following short-term expesin the MRI apparatus. The total
antioxidant capacity of the individuals showed gn#icant increase in post-exposures

when compared with pre-exposures to the SMF. Thdative stress index and total
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oxidant status showed a significant decrease it-gqmsures when compared with pre-
exposures to the 1.5 T magnetic field (Sirmatealet2007). In a mouse study, SMF
exposure, began 3.5 h after induction of acuteamifhation by carrageenan, markedly
decreased the level of malondialdehyde (MDA) a mad oxidative stress and SOD in
the blood (Traikov et al. 2009).

However, these findings are in contrary with othevhich showed that SMF
stabilizes free radicals, thus increasing theirraleconcentration and dispersion within
the cell resulting in oxidative injury (Ghodbanea&t2013). Further, it has been reported
that low-intensity magnetic fields increased théuta lifespan of ROS. SMF can also
promote a Fenton-like reaction with the formatidnhgdroxyl radicals, which damage
lipids, proteins, DNA and in turn calcium homeogd&ai and Singh 2004).

To investigate the effect of SMF on allergic airmaylammation induced by
ROS-producing ragweed pollen extract (RWPE) we @sddvice formerly developed by
Janos Laszl6 and his colleagues. This researchpgrarefully examined the impact of
SMF on the antinociceptive effect observed in niésting more than 20 different devices
containing permanent magnets. It was determingtatl the stronger the SMF or the
higher the inhomogeneous level of SMF is, the mexpressed effect SMF shows.
Furthermore, magnets on both sides of the treateal @and the coupling their opposite
poles also contribute to the increased antinocieeffect of SMF. A typical surface
field map of the inhomogeneous SMF at a distanc&Oofmm from the surface of the
magnetic device which showed the best results esgmted in Figure 5 (Laszlo et al.
2007).
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Figure 5. Field map of inhomogeneous SMF. A typical field scan of SMF at a distance

of 10 mm from the magnets’ surface for the cas®ldffeB N50 cylindrical magnets
sitting one next to another with alternating potgriThe representative scanned area was
41x41 mm in the center of the matrices. Here thetribution of the asymmetrical
magnetic induction (flux density) of the matrix esigould be neglected (Laszlo et al.
2007).

Based on these previous data and the possikilday we are able to generate a
potentially effective inhomogeneous SMF on bioladjisystems, we investigated the
effect of SMF-exposure on pollen-induced inflammgatairway disease in a mouse
model. Currently, no published data are availableuathe impacts of SMF-exposure on

pollen-induced allergic inflammation.
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2.5 Aims of the studies

To examine whether pollen exposure trigger oxigaswess in human monocyte-
derived DCs;

» To study whether oxidative stress induced by exgotu pollen grains contribute to
innate immune responses by provoking proinflamnyatmytokine production of

DCs;

 To investigate whether pollen-derived ROS throudteriag DCs’ functions

participate in the initiation of pollen Ag-dependeadaptive immune responses;

* To check whether inhomogeneous static magnetid fiels any effect on pollen

induced allergic airway inflammation in amvivo model system;

* To investigate the mechanism of action by which SR influence allergic airway

inflammation.
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3. Materials and Methods

3.1 Materials

Sterile plastic plates were purchased from TPP s@d#gen, Switzerland). All
chemicalswere purchased from Sigma-Aldrich (St. Louis, MC5A) unlessotherwise
indicated.

3.2 Studies on pollen-exposed human monocyte-derd/®Cs

3.2.1 Isolation of monocytes and generation of DCs

Leukocyte-enriched buffy coats were obtained fromalthhy blood donors drawn
at the Regional Blood Center of Hungarian Natiomdbod Transfusion Service
(Debrecen, Hungary) in accordance with the writegaproval of the Director of the
National Blood Transfusion Service and the Regi@mal Institutional Ethics Committee
of the University of Debrecen, Medical and HealtlieBce Center (Debrecen, Hungary).
Written informed consent was obtained from the dsnprior blood donation, and their
data were processed and stored according to teetidies of the European Union. Human
peripheral blood mononuclear cells (PBMCs) wereassted from buffy coats of healthy
blood donors by a standard density gradient witkbolFPaque Plus (Amersham
Biosciences, Uppsala, Sweden). Monocytes were ipdrifrom PBMCs by positive
selection using immunomagnetic cell separation &ithi-CD14 conjugated microbeads
(Miltenyi Biotec, Bergish Gladbach, Germany), feled by washing with phosphate
buffered saline (PBS)-0.5% bovine serum albumine SAB2mM
ethylenediaminetetraacetic acid (EDTA). To generatmature DCs (iDCs), cells (96-
99% of them displayed the monocyte phenotype) weitiured in 12-well cell culture
plates at a density of 2x@ells/ml in AIM-V medium (Invitrogen, Carlsbad, CASA)
for 5 d. Medium was supplemented with 80 ng/ml GBRFC (Gentaur Molecular
Products, Brussels, Belgium) and 100 ng/ml IL-4pf@tech EC, London, UK) on days O
and 2. On day 5 the individual DC cultures werergitgpically characterized and they
were found to be DC-SIGN/CD209CD11¢, HLA-DR* and CD1%" and the ratio of
CD1l1a DCs varied among individuals between 25% and 96%letermined by flow

cytometry.
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3.22 Treatmentsof DCs

On the fifth day of their differentiation iDCs weegposed to 100 pg/ml common
ragweed Ambrosia artemisiifolia pollen grains (RWPs; Greer Laboratory, Lenoir,,NC
USA), which were previously hydrated in AIM-V mediuat room temperature for 10
min. In preliminary experiments, different conceivns of RWPs (ranging from 5-400
pg/ml) were tested for their ability to increase thtracellular ROS levels in DCs and a
plateau was reached at the concentration of 10Mlugsulted in the ratio of 1 pollen
grain to 100 cells. In control experiments, DCsavexposed to heat-treated (72°C for 30
min) ragweed pollen grains (RW&). To study the effects of oxidative stress on DC
function, antioxidant (10 mM N-tert-butyl-phenylnitrone; PBN) was added to the cell
cultures 1 h prior the pollen exposure. To analgy®kine secretion of DCs, the cell
culture supernatants were collected at 24 h afeatrnents and stored at -20°C until

cytokine measurements.

3.2.3 Measurement of intracellular ROS levelsin DCs

A redox-sensitive fluorescent dye, 2’-7’-dihydrcehliorofluorescein diacetate
(H.DCF-DA, Molecular Probes, Eugene, OR, USA) was usedletect the levels of
intracellular ROS upon RWP exposure. Untreatedayald iDCs and PBN-pretreated
DCs were loaded with 50 uM,BCF-DA at 37°C for 30 min. After removing excess
probe, cells were exposed to RWP, RWRWP with PBN, or RWP pre-treated with
NADPH oxidase inhibitor (diphenyleneiodonium, DPIljespectively. Changes in
fluorescence intensity were assessed in a Synerfymitro plate reader (Bio-Tek
Instruments, Winooski, VT, USA) at 488 nm excitatiand 530 nm emissioRelative

ROS levels are given in arbitrary units of meaemsity of DCF fluorescence.

3.2.4 Analysisof cell surface receptor expressions by flow cytometry

Phenotypic characterization of DCs was performedflow cytometry using
fluorochrome-conjugated antibodies: anti-CD83-FITanti-CD86-PE, anti-HLA-DR-
FITC (BD Pharmingen, San Diego, CA, USA), anti-CEEBO0C and anti-CD40-PE
(Immunotech, Marseille, France). Isotype-matchedtrod antibodies were obtained from
BD Pharmingen. Fluorescence intensities were medsuyy FACSCalibur flow
cytometer (BD Biosciences Immunocytometry SysteRranklin Lakes, NJ, USA) and
data were analyzed using WinMDI software (Josemitér, La Jolla, CA, USA).
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3.25 T cell proliferation assay

The fluorescent dye, carboxyfluorescein succinithidster (CFSE, Molecular
Probes), at the concentration of 0.5 uM, was usethk analysis of T cell proliferation.
The CFSE-labeled T cells can be used for the gralifon assay due to the progressive
halving of fluorescence within daughter cells fallng each cell division. Naive CDA
cells were purified from PBMCs by negative selattiosing the naive CDA4T cell
isolation kit (Miltenyi Biotec) according to the mafacturer's protocol. T cell
preparations contained 96% to 98% C[@4lls, of which 90% to 95% were CD45RR
and 1.8 to 2.1% CD45R0Oas measured with flow cytometry (data not shovdQ.s
exposed to RWP in the presence or absence of PBN BRWP' were cocultured with
CFSE-labeled allogeneic, naive CDR cells in 96-well cell culture plates for 4 dtime
presence of 0.pg/ml purified anti-human CD3 (BD Pharmingen) at@/D ratio of 1:20.
As a control, untreated DCs were used. T cells wated with 10 pg/ml
phytohaemagglutinin (PHA) were used as positiverobnFluorescence intensities were

measured by FACSCalibur flow cytometer and datevasialyzed by WinMDI software.

3.2.6 T cdl activation by autologous DCs

To investigate the cytokine secretion profile diymphocytes primed with pollen-
exposed DCs, monocytes as well as naive ‘CD4ells were isolated from buffy coats
obtained from 3 ragweed allergic and 3 non-alletgmod donors out of the ragweed
pollen season (February — June 2009). After reogithe buffy coat fractions of the
blood samples, sensitization to ragweed pollenrgdiess was assessed by means of
screening for total and specific IgE using enzymkedd immunosorbent assay (ELISA)
(Adaltis Italia S.p.A., Bologna, Italy). Sera comiag less than 0.36 kU/L ragweed
specific IgE and low level of total IgE (< 20 IU/mivere classified as “non-allergic” and
those with elevated ragweed specific IgE level§ZA7.99 kU/L) were regarded as
“ragweed allergic” samples. Monocytes and naive CTD4cells were isolated as
described above. Pollen-treated and untreated D€s washed and cocultured with
autologous naive CD4T cells on 96-well cell culture plates for 4 dcatfl densities of
2x10" DCs/well and 2x10T cells/well (at the ratio of 1:10) in AIM-V mediu After
removing the T cells from the adherent DCs, theyeweactivated for 24 h on plates
coated with 5ug/ml anti-CD3 mAb (BD Pharmingen). SupernatantsTotells were

collected and stored at -20°C until cytokine measents.
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3.2.7 Determination of cytokine secretion by DCsand T cells

Set of cytokines secreted by DCs was determinagasing ELISA kits specific for
human IL-6, IL-8, IL-10, IL-12(p70), TNk IL-1p (all from BD Pharmingen). To
measure cytokines secreted by T cells we used eftanbead array according to the
manufacturer’s instructions. The use of Human AljeMediators Kit (BD Biosciences)
allowed us the simultaneous measurement of thdslefelL-3, IL-4, IL-5, IL-7, IL-10
and GM-CSF in the samples. Fluorescence intensitegse measured with FACSCalibur
cytometer, and the results were evaluated by theF-@rray software (BD Pharmingen).
Secreted IFNr was determined from the supernatants of T cetuoes by using human
IFN-y ELISA set (BD Pharmingen).

3.2.8 Characterization of IL-10 producing T cells

After coculture with DCs, autologous T cells wereactivated for 24 h as
described above. During the last 6 h of the stitimia monensin (GolgiStop, BD
Biosciences) was added to the anti-CD3-restimuldtdégmphocytes in order to inhibit
IL-10 cytokine release from the cells. For cellfage labeling of regulatory T cells we
used anti-CD25-FITC (BD Pharmingen) antibodieseA# fixation/permeabilization step
the T lymphocytes were stained with Foxp3-PE (e8asce, San Diego, CA) and IL-10-
APC (Miltenyi Biotec) antibodies. Intracellular FoX and IL-10 staining was performed
by using eBioscience reagents according to the faatwrer’s protocol. Isotype-matched
control antibodies were obtained from BD PharmigEluorescence intensities were
measured by FACSCalibur flow cytometer and dataevaeralyzed by FlowJo software
(Treestar, Ashland, OR, USA).

3.3 Studies on the effects of inhomogeneous SMF altergic airway inflammation

3.3.1 Inhomogeneous SMF exposure system

The inhomogeneous SMF was generated with an expaystem identical to the
one which has previously been described in detailefully tested and optimized for
small experimental animals by LaszI6 et al. /#1 (baszlo et al. 2007)/. The device
consisted of 2 ferrous matrices (size 170x140 mamtaining 10x10 mm cylindrical
neodymium iron boron (NdFeB) N35 grade magnBts1(.20 T). The lateral periodicity
was 10 mm. The individual magnets in both matrigese placed next to each other with

alternating polarity. Magnets facing each otherthe 2 matrices were oriented with
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opposite polarity. The matrices were fixed in adeolin which the matrices we
separatedrbm each other with a distance of 50 mm. This @geament allowed us 1
insert a 140x100x46 mm Plexiglas animal cage wéhtiation holes on the front ai
back sides or @vell cell culture plates into the space (exposurantber) that separat
the 2 matices. The magnetic device with the Plexiglas ahioege is illustrated o
Figure 6.

Figure 6. Device for induction of static magnetic field. The device contains two mag|
holding matrices, one below and another on tophef plastic animal cage. Irhe two
matrices the poles of the individual magnets fa@agh other are oriented with oppos
polarity allowing field lines to cross the cageysithe magnetic field is vertically direct
(Gyires et al. 2008; Laszlo et al. 20.

In order to test 2 ifferent vertical magnetiénduction valuesand corresponding
lateral gradients simultaneously in a single exposahamber, we planned oin vitro
experiments with 2 layel Two 6-well cell culture platesvere stacked on top of ea
other. The SMF at thbottom of the loweiculture platein the stack was denoted
“lower” SMF, the top of the stack was the “uppeMB. The height of 6-well cell
culture plate(12 mm) defined the distance between the layer®refbore the actu:
distance from the magne surface was 3 mm for the lower SMF and 15 mm fer
upper SMF.

For the skin prick tests a single magnetic matfithe above exposure system v
used /case #3 ifLaszlo et al. 2007. Along the shorter sides (adhe contact site 2
spacers with softusface coverage were fixed fulfilling 2 tasks: €gse holding the 875
device on the forearm for 15 min, and (ii) provaeniform distance of 3 mm betwe
the magnetic (or sham) surface and the skin. Onfame@arm the magnetic matrix, on t

other asham matrix of identical looks and weight was usietultaneously. A random li:
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prepared prior to the test decided which device a@died on which forearm. This list
was neither revealed to the volunteer, nor to tiysigian. No metallic object whatsoever
was allowed at arm’s reach before and during the te

Typical peak-to-peak vertical magnetic inductiotues along the axis of a magnet
in the isocenter of the generator in thevivo andin vitro experiments were 389.46+0.1
and 2.97+£0.1 mT, whereas the lateral gradient gahstween the 2 neighboring local
extremes were 39.25 and 0.22 T/m at 3 and 15 mm fitee surfaces of matrices,
respectively /case #1 in (Laszlo et al. 2007)/.uéal of the SMF used in the skin prick
test were: 192.28+0.1 mT by 18.89 T/m lateral ggatlat 3 mm from the magnet (Laszlo
et al. 2007). Components of the magnetic inductp@npendicular to the magnets’
symmetry axis were one order of magnitude smalan tthe parallel ones and were
regarded as stray field components. The dosimeteasurements were carried out by a
gaussmeter (Lake Shore Cryotronics, Model 420, @v/edie, OH, USA).

3.3.2 Experimental conditionsduring SMF exposure

As lighting is an important issue for both timevitro tests and thé vivo mouse
experiments, we took special care of balancing 8MF- and the sham-exposed
situations. In short, the walls of both SMF- andrsekexposed cell culture plates were
transparent to visible light, but the exposuresenmearried out in total darkness. The
Plexiglas animal cages were covered with an opatpterial on top and bottom and on 2
opposite sides. The cages in the SMF-exposure atramére identically illuminated as
under sham-exposure: through the front and backssad the cages. lllumination was
provided by fluorescent lights (Model L58W/640, @sr, Munich, Germany) from above
during the experiments. The fluorescent lamps geadra basically horizontal scattered
light in the shaded area of the Plexiglas cages intensity between 6 and 15 m\W/as
previously described (Kiss et al. 2013). The apgblight sources emit light with several
wavelength peaks between 403 and 710 nm. The a#dculintegral light intensity
maximum corresponds to 3.9Xf(hotons/s/m which is below the intensity threshold
for altering behavioral responses in mice in SMlelsled environments (Prato et al.
2009). The illumination conditions inside the cagere basically independent of the
location of the mouse within the cage. Horizonight gradients did not occur between
front and back sides. We carried out iheivo animal experiments in the same period of
time of the day, between 8 and 12 a.m. being auwlzaie rodents are subject to the

circadian cycle in almost all areas of their li@a{n et al. 2004). Due to the closed design
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of the Plexiglas animal cages, ventilation throtigh cages was restricted to the front-
back direction for both SMF- and sham-exposed alsim&emperature and relative
humidity were kept constant within prescribed Isntdturing the experiments. In the
vitro tests, all cell culture plates were covered amdibated at 22°C during SMF- and
sham-exposures.

Experiments were conducted in Debrecen, HungaiB@®, 21°38 E). The background
SMF in the lab was the geomagnetic field, the toorial components of this field needed
to be taken into account (total magnetic inductbr2l 138.75 nT, grown to 21 160.79
nT during the the time period of the studies (NOAAAIthough the geomagnetic field
itself is known to have the capacity to affectiyiorganisms (e.g., migrating animals), in
the present studies we only looked for the diffeemnin the biological response to
exposure to an artificial external SMF of at Iefastr orders of magnitude stronger than
that of Earth. This stronger SMF was simply supposed for the magnetic background
in case of SMF-exposed objects.

3.3.3 Animal experiments

3.3.3.1 Animals, sensitization, challenge and Siksosure

Experiments were performed according to the Heisibkclaration, European
Union regulations and adhered to the guidelineshef Committee for Research and
Ethical Issues of IASP. All animal study protocalsre approved by the Animal Care and
Protection Committee at the University of Debre¢eW2011/DE MAB). Animals were
maintained in the pathogen-free animal facilitytteg University of Debrecen.

Female 8-week-old Balb/c mice (Charles River, Wiigton, MA, USA) were used
for these studies. Animals were randomly dividet iexperimental groups. For SMF-
exposure 3 animals were put into the perforateck @ga time, then the cage with the
animals was inserted into the exposure chambéreofrtagnetic device for 30 or 60 min.
Sham-exposure was carried out by placing the 3 asirm identical cages without
inserting the cage in the exposure chamber. Id@N881F-exposure was shown not to
cause any change in the anxiety and locomotive iehaf mice (Laszlo and Gyires
2009).

All animals were sensitized with 2 intraperitonadministrations (on days 0 and 4)
of 150 pg/injection endotoxin-free ragweed pollettract (RWPE, Greer Laboratories),

combined in a 3:1 ratio with alum adjuvant (Piekedoratories, Rockford, IL, USA) as
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previously described (Boldogh et al. 2005). On tlAymice were challenged intranasally
with 100 png RWPE dissolved in 60 ul of PBS (PAA bediories, Pasching, Austria) or
same volumes of PBS as a vehicle. On day 14, méere wuthanized by intraperitoneal
injection of 250 ul xylazine (2 mg/ml) (CP-PharniByrgdorf, Germany) and ketamine
(18 mg/ml) (Richter Gedeon Plc., Budapest, Hunganyy allergic inflammation was

evaluated. To test whether SMF-exposure had amtedfe allergic airway responses of
the treated animals and to determine the optimaht of exposure and the size of animal

groups required for reasonable statistical conatd®rs we first performed a pilot study.

3.3.3.2 Animal groups in the pilot study

e GroupA Animals (=5) were exposed to sham field (no SMF) for 30 min
day from day O through day 13 (sham treatment on Hh was performed
immediately after intranasal RWPE challenge)

« GroupB Animals f=5) were exposed to SMF for 30 min a day from day O
through day 11 (last treatment was performed 6 ibr @o intranasal RWPE
challenge)

e GroupC Animals (=5) were exposed to SMF for 30 min a day from day 1
through day 13 (treatment on day 11 was performadadiately after intranasal
RWPE challenge)

* GroupD Animals f=5) were exposed to SMF for 30 min a day from day O
through day 13 (treatment on day 11 was performadadiately after intranasal
RWPE challenge)

» GroupE Animals f=3) were exposed to SMF for 30 min a day from day O
through 13 (treatment on day 11 was performed imatelg after intranasal PBS

challenge)
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3.3.3.3 Animal groups in the full test

Group | Animals K=19) were exposed to sham field (ho SMF) for 30 ain
day from day 11 through day 13 (treatment on dawa4& performed immediately
after intranasal RWPE challenge)

Group Il Animals (=21) were exposed to SMF for 30 min only on day 11
immediately after intranasal RWPE challenge

Group I Animals (=21) were exposed to SMF for 30 min a day from day
11 through day 13 (treatment on day 11 was perfdrate6 h after intranasal
RWPE challenge)

Group IV Animals (=8) were exposed to SMF for 60 min a day from day 1
through day 13 (treatment on day 11 was performédhaafter intranasal RWPE
challenge)

Group V Animals K=8) were exposed to SMF for 30 min a day from day 1
through day 13 (treatment on day 11 was perforntegl fa after intranasal PBS

challenge)

The experimental protocols are summarized in Figure
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Figure 7. Experimental protocols for the pilot study (a) and the full test (b). Mice were
divided into 5 groups both in the pilot study (Adf)d in the full test (I-V). Black dots
indicate the dates of static magnetic field (SMipasures and open squares represent
the dates of intraperitoneal (i.p.) and intranagah.) administration of ragweed pollen

extract (RWPE) or PBS or termination of the expenmrespectively.

3.3.3.4 Evaluation of allergic inflammation

Inflammatory cell infiltration into the airways wassessed by the analysis of the
bronchoalveolar lavage fluid (BALF) at 72 h aftéleagen challenge. To collect BALF,
animals were euthanized and their tracheas wemutzted. Lavage was performed with
2 aliquots of 0.7 ml of ice cold PBS (pH 7.3). TBRLF samples were centrifuged (4009
for 10 min at 4°C), the supernatants were remowved stored at -80°C for further
analysis. Total cell counts in the BALF were detered from an aliquot of the cell
suspension. Eosinophils, neutrophils, lymphocyaesl macrophages on Wright-Giemsa-
stained cyto-centrifuge preparations were enumeryecounting at least 400 cells. To
investigate lung histology, the lungs were fixetiodlwing BALF collection by inflating
with formalin. Coronal sections of the formalindik lungs were stained with
hematoxylin and eosin for estimating inflammationsubepithelial regions or periodic

acid-Schiff stain for assessing the abundance afimproducing cells. Stained sections
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were analyzed by using a Photometrics CoolSNAP EDTucson, AZ, USA) digital
camera mounted on a Nikon Eclipse TE 200 (Tokypadgafluorescence microscope.

3.3.3.5 Measurement of mucin levels in BALF samples
MUCS5AC levels in BALF were assessed by ELISA. 8edilutions of BALF

were incubated at 37°C in triplicate 96-well platedil dry. Plates were blocked with 2%
BSA in PBS for 1 h and incubated with 50 ul (1:D® @ilutions) of biotin-conjugated
mouse monoclonal MUC5AC antibody (Lab Vision, FremdCA, USA). After 60 min
the plates were washed with PBS-BSA and furtheubated with streptavidin-
horseradish peroxidase goat anti-mouse 1gG corgu@at0,000) for 1 h. Plates were
washed (twice with PBS-BSA) and were incubated winoxidase substrate (3,3',5,5'-
tetramethylbenzidine) to obtain the colorimetrioghuct, which was quantified at 450 nm.

Results were expressed as endpoint titers (Fraly £998).

3.3.3.6 Assay for total antioxidant potential

To measure total antioxidant capacity of the airsyayaive mice (n=12) were
intranasally challenged with RWPE (100 pg dissolue®0 pl PBS) or with identical
volumes of PBS immediately preceding the exposor8NIF or sham field for 30 min.
Bronchoalveolar lavage was performed 15 min afteatinent as described above. The
BALF samples were centrifuged (400g for 10 min @yand then the total antioxidant
potential of BALF samples was measured in the s\giants spectrophotometrically at
570 nm by using a Total Antioxidant Capacity As$al (Abcam, Cambridge, UK). A
standard of known 6-hydroxy-2,5,7,8-tetramethylohao-2-carboxylic acid (Trolox,
included in the kit) concentration was used to &reacalibration curve @R0.999) and

the results of the assay were expressed as nmolplax equivalents.

3.3.4 Invitro studies

3.3.4.1 Caell cultures

The A549 human bronchial epithelial cells (Americkype Culture Collection,
Manassas, VA, USA) were cultured at 37°C in a hufineidl atmosphere with 5% GGOn
Dulbecco’s modified Eagle’s medium (DMEM) with Gambax (Invitrogen, Carlsbad,
CA, USA) supplemented with 10% heat-inactivatedlfebvine serum (FBS, Invitrogen),
penicillin (100 U/mL), and streptomycin (1Q@/mL).
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3.3.4.2 Assessment of intracellular ROS levelsiitured epithelial cells

A549 cells grown to 70% confluence in 6-well platesre loaded with 5@M
H,DCF-DA at 37°C for 15 min. After removal of the probe, cells were treated with
PBS containing 100 uM NADPH or RWPE (100 pg/ml) pINADPH (100 pM).
Immediately following this treatment the cell cukta were sham- or SMF-exposed for 30
min either at lower or upper position (see in S8tB8.3.1). Changes in DCF fluorescence
intensity were assessed in a Synergy HT micro pkdder at 488 nm excitation and 530

nm emission.

3.3.4.3 Measurement of RWPE-generated ROS unddreekonditions

Ragweed pollen proteins (100 pg/ml) and ®® H,DCF-DA were incubated in
PBS containing 100 uM NADPH in 2 ml final volume @&well plates. Regular PBS
solution containing 5uM H,DCF-DA and 100 uM NADPH was applied as control.
Plates were exposed to sham field or to SMF edhéywer or upper position for 30 min
and changes in the DCF fluorescence intensity wietermined using a Synergy HT

micro plate reader at 485 nm excitation and 528nmssion.

3.3.5 Human study

3.3.5.1 Participants in the skin prick test, ethics

The study population consisted of 62 volunteers r{fles and 41 females, age
between 22 and 50 years). Exclusion criteria ofstuely were: pregnancy or lactating,
using medication for allergies, or abnormal spirogndest results. All participants
provided written informed consent. The placebo-culed, double-blind, randomized
human study was approved by the Regional and utistiial Ethics Committee of the
University of Debrecen, Medical and Health Scie@anter (Debrecen, Hungary, # DE
OEC RKEB/IKEB 3854-2013) and conducted at the Depant of Pulmonology of the
University of Debrecen under the supervision opecsalist. The tests were carried out in
April-May 2013. No regulation for the use of perraahmagnetic devices is available in
the European Union which magnetic induction is e®T. For potential risks of SMF-
exposure, see the report of the Scientific Commitie Emerging and Newly Identified
Health Risks (SCENIHR 2009). Colbert and co-workmsposed a standardization of the
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description of clinical study reports including SMEolbert et al. 2009). Table 1.
contains our corresponding data.

Target tissue inner forearm skin following provolskih allergy test
both forearms: simultaneous sham-exposure on ong
and SMF-exposure on the other

Site of magnet application

Distance of magnet surface

. 3 mm
from target tissue(s)
B=1.20 T (remanent induction), 192.28+0.1 mT (peak-
to-peak magnetic induction, averaged for all
neighbors) by 18.89 T/m lateral gradient (lateral
Magnetic field induction magnetic induction gradient of the main induction
component, averaged for all neighbors) at 3 mm fagm
cylindrical magnet in the isocenter of the matiiong
its axis

Material composition of

N35 grade neodymium-iron-boron (NdFeB)
permanent magnet

rectangular matrix (140x100 mm) containing 140
pieces of 10x10 mm cylindrical magnets
neighboring magnets are placed with alternatinggal
(checkerboard configuration)

ferrous plate above the magnets, spacers with soft
coverage on the contact sites

Magnet dimensions

Magnet polar configuration

Magnet support device

Frequency of magnet
application

Duration of magnet
application

single session, continuous exposure

15 min

Table 1. Ten essential dosing parameters for the present study (as suggested by Colbert
et al. 2009).

3.3.5.2 Skin prick test on human volunteers

The tests were performed simultaneously on botkrifiorearms of the volunteers.
All participants were tested with positive contfbistamine), negative control (saline)
and with 4 aeroallergens (house dust mite, cat fured grass pollen, and ragweed
pollen; all from ALK-Abello, Hagrsholm, Denmark). lorder to minimize the variability
of the results (the volume of administered testamand the depth of scrapes) Multi-
test Il applicators (Lincoln Diagnostics, Decatil,, USA) were used. Immediately after
introduction of the identical test materials intee tskin of both inner forearms, one
forearm of the volunteers was exposed to SMF wthdeother one was exposed to sham

field. The wheal reaction was measured immedia#gr a 15 min exposure period.
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Finally, 12 test results out of 62 were excludemhfrthe statistical assessment. The
reason was one of the followings: (i) wheal of 3 mnbigger in diameter response to the
negative control indicating severe dermatograph(issd); (i) nonidentical responses to
the negative control on the left and right forear(ns8). The remaining sample

population contained 15 males and 35 females abgeeage 30.9 years.

3.4 Statistical analysis

In the study on pollen-exposed DCs’ functions, a@g- ANOVA followed by
Bonferroni (equal variances assumed) or Dunnet{uF&qual variances assumed) post
hoc test was used for multiple comparisons. Thes@essy’ test was applied to compare
the distributions of the differently primed T cpthpulations. All analyses were performed
by using SPSS Statistics software, version 17.0.

In the experiments related to the effects of SMRalbergic inflammation, one-way
ANOVA was used to reveal significant differenceswesen multiple groups for normal
sample population. For post hoc analysis, GamesdHa@sts were applied between pairs
of data series, partly because this test is inse@dio unbalanced data size. In case of
non-normal populations (like the endpoint titeruesd), Kruskal-Wallis tests were carried
out for the post hoc binary comparisons. Statiktaozalyses were made using Excel
(Microsoft) and XLSTAT v. 7.5 softwares (Addinsoff)ifferences were considered to be
statistically significant ap < 0.05. We also defined the effect in percent nmepM=1-
(value in one group)/(value in other group). By Isu definition, the effect can be
negative and can exceed 100% in absolute valubotin studies, the normality of the
distribution of measured data was checked by ukiolgnogorov-Smirnov tests in all

measurements.
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4. Results

4.1 Ragweed pollen grains induce oxidative stress ihuman monocyte-derived
DCs

Airway DCs, predominantly located underneath theithepal basement
membrane, extend their long processes betweeneéagitlcells into the airway lumen
(Takano et al. 2005); thus they are able to cortedirect contact with the inhaled pollen
grains. We used human monocyte-derived DCs to tigate the consequences of pollen
exposure on dendritic cell function. Because pnevistudies have indicated that RWPs
possess NAD(P)H oxidase activity, which generatastive oxygen radicals (Bacsi et al.
2005; Boldogh et al. 2005), we presumed that exjgotu pollen grains would increase
the intracellular level of ROS in cultured monoecytrived DCs.

To test this hypothesis, iDCs were loaded withdoxesensitive fluorescent dye,
H,DCF-DA and RWPs were added to the cell cultureleRatxposure rapidly induced a
5.9 +2.1 -fold increase of intracellular DCF fluorescenwhich could be prevented by
heat treatment of the pollen grains (Figure 8).trBatment of RWPs with DPI, a
NAD(P)H oxidase inhibitor, also significantly deased the elevation of intracellular
ROS levels (Figure 8). To further confirm that R@&herated by pollen grains provoked
increased DCF fluorescence in DCs, we applied P, of the most successful spin-
trapping agents used for identifying free radicsleh as the hydroxyl radical and the
superoxide anion (Thomas et al. 1996). The capatiBBN molecules to neutralize free
radicals provides functional activities similar tttose of antioxidants (Butterfield et al.
1998). The presence of PBN in the cell culture mmeddid not significantly change the
basal level of intracellular DCF fluorescence (data shown); however it attenuated the
ragweed pollen-induced oxidative stress in DCsyfe@). These data indicate that pollen
exposure is able to induce oxidative stress in @2@d this phenomenon could be
inhibited by antioxidant as well as physical or mheal inactivation of pollen NAD(P)H

oxidases.
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Figure 8. Exposure to ragweed pollen grains increases the intracellular ROS levelsin
cultured monocyte-derived DCs. Cells were loaded with #CF-DA and after removing
excess probe, treated as indicated. Changes in D\Zffescence intensity were detected
by means of fluorimetry. Data are presented as mearSEM of four independent
experiments. ** p < 0.01; *** p < 0.0001 vs IDC atrol. AU, arbitrary unit; DCF,
dichlorofluorescein; IDC, untreated DCs; RWP, DCge@sed to ragweed pollen grains;
RWP', DCs exposed to heat-treated ragweed pollen grdd#, diphenyleneiodonium:;
PBN, N-tert-butyls phenylnitrone.

4.2 Pollen-induced oxidative stress influences tmaturation state of DCs

4.2.1 Oxidative stress upregulates IL-8, TNF-a and IL-6 production by DCs upon

pollen exposure

It was shown previously that ROS either directhe(Nasselt et al. 1998) or via
oxidatively modified glycoproteins (Buttari et &005) (Buttari et al. 2005) are able to
provoke the production of cytokines that are caitior triggering of innate immunity. To
assess the potential effects of ROS generated bgnpgrains on DCs, we measured
chemokine (IL-8) and proinflammatory cytokine (TNFL-6, IL-1) secretion.

After 24 h of the pollen exposure, we found tha&t ligvels of released IL-8 (7#
1.3 -fold increase), TNle-(150.5+ 60.1 -fold increase) and IL-6 (9£32.6 -fold increase)
were significantly higher in the supernatant of I@oitreated DCs than in those of
unstimulated cells (Figure 9A-C). However, treatin@inDCs with pollen grains did not
induce the secretion of ILBlat any time points (data not shown). To determvhether
the chemokine and cytokine release from DCs wedaded by the oxidative insult, we

treated the cells with pollen grains in the presenicPBN. The antioxidant decreased the
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amounts of IL-8, TNFx and IL-6 released by pollezxposed DCs to the basal lev
(Figure 9AC). Pretreatment with PBN e did not affect the chemokine and cytok
release from DCs (data not showExposure to hedteated pollen grains, in which t
activity of the intrinsic NAD(P)H oxidases was elivatec (Bacsi et & 2005), led to
significantly lower mediator releaby DCs compared to thedreated with intact polle
grans. However, the cytokine and chemokine produchgridCs exposed to heat trea

pollen grains was higher than the basal It (Figure 9A-C).
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Figure 9. Effect of pollen exposure-induced oxidative stress on the chemokine and
cytokine producing capacity of DCs. Levels of IL-8 (A), TNk (B) and IL-6 (C) in the
culture supernatants of poll-treated DCs were determined 24 h after the expobuyi
means of EISA. LPS contamination of RWP sample was determamet equivalen
amount of LPS from E. coli (16 pg/ml) was usedadrol. Data are presented as mes
+ SEM of four to five independent experiments. * 9.685; ** p < 0.01; *** p < 0.001;
***% p < 0.0001 vs poller-treated DCs. IDC, untreated DCs; RWP, DCs exposk
ragweed pollen grains; RV, DCs exposed to heaeated ragweed pollen grains; PB
N-tert-butyle phenylnitrone; LPS, LFtreated DCs.

It has previously been reported that LPS can aisloce oxidative stress at
trigger the secretion of various cytokines from moyte-derived DCs(Yamada et al.
2006) To exclude the possibility that pol-induced DC activation might be due to L
contamination of the RWPs, we determined the LP8erd ofour pollen samples. Tt

analysis of ragweed pollen samples was performedidnyg theLimulus amoebocyte

43



lysate test and revealed negligible quantities BSlactivity. In our further experiments
we used the equivalent amount (16 pg/ml) of LP$nfescherichia colias a control.
Treatment of iDCs with this amount of LPS could matuce IL-6, IL-8 or TNFe release
from the cells (Figure 9A-C).

4.2.2 Oxidative stress triggered by pollen exposure contributes to the phenotypic

maturation of DCs

During delivery of antigen to local lymphoid tissygohenotypic and functional
changes of DCs are needed to prime naive T lympés@ndnitiate adaptive immune
responses. To investigate whether ROS producedadtignpgrains contribute to the
phenotypic maturation process, immature monocytareld DCs were incubated with
RWPs for 24 h in the presence or absence of PBN.cBmparison, iDCs were also
treated with LPS (16 pg/ml). The expression of iooslatory molecules (CD40, CD80
and CD86), CD83, a specific maturation marker, #r antigen presenting molecule
HLA-DR was analyzed by flow cytometry.

As shown in Figure 10, treatment of iDCs with poligrains resulted in a slight
increase in the expression of CD40 (Relative Flsmgace Intensity [RFI] from 20.80 to
25.83); while the expression of CD80 (RFI from 0t@8L.20), CD86 (RFI from 2.04 to
7.63), CD83 (RFI from 0.09 to 0.37 and frequenoyrfr9.16% to 21.41%) and HLA-DR
(RFI from 27.65 to 63.38) markedly upregulated. Hpeetreatment of pollen grains
decreased, although not completely abolished, bilgyaof pollen grains to enhance the
expression of activation and maturation marker®@s. The presence of PBN prevented
the phenotypic shift of maturation triggered by l@ol administration; however pre-
treatment with PBN alone did not modify the phepatycharacteristics of DCs (data not
shown). The low concentration of LPS was not edfitito upregulate the costimulatory
and maturation markers on the surface of DCs, exsremained at an immature state.
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Figure 10. Pollen exposure-induced oxidative stress contributes to phenotypic

maturation of DCs. Immature DCs were treated with RWP for 24 h amdetkpression of

HLA-DR, costimulatory molecules or maturation mank@s analyzed by flow cytometry.

Unfilled histograms indicate isotype controls. Nwrgoshow the relative fluorescence

intensity, RFI (upper) and the percentage of pesitiells (lower). A representative result

of six independent experiments is demonstrated, ib@eated DCs; RWP, DCs exposed

to ragweed pollen grains; RWPDCs exposed to heat-treated ragweed pollen grains
PBN, N-tert-butyle phenylnitrone; LPS, LPS-treated DCs.

Taken together, these results demonstrate thaati@dstress induced by pollen

exposure is able to trigger enhanced synthesisftdmimatory mediators as well as

phenotypic activation and maturation of DCs. Ouseshations indicate that besides the

NAD(P)H oxidases, other component(s) of pollen mgaalso contribute to the increased
ROS levels in DCs.
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4.3 Pollen-derived ROS influence the functions of ©Os

4.3.1 Pollen-induced oxidative stress alters the allostimulatory capacity of DCs

DCs are considered as the most potent antigenmnegecells; therefore, in our
further experiments we studied the allostimulatcapacity of pollen-primed DCs. The
responsiveness of CFSE-labeled naive TD4ymphocytes to alloantigens presented by
monocyte-derived DCs was analyzed by flow cytomatftgr 4 d of stimulation. A faster
dilution of the fluorescent dye in dividing T celisdicated that the pollen-treated DCs
had a strong stimulatory effect on T cell prolitesa compared to iDCs (80.8% versus
56.6%, Figure 11). To investigate whether pollempasure-induced oxidative stress
affects the allostimulation, heat-treated RWPsRBM were applied. We found that both
treatments (71.6% for RWPEand 60.5% for PBN; Figure 12) decreased the
allostimulatory capacity of DCs. Pretreatment WRBN alone did not alter DCs’ capacity
to induce T cell proliferation (data not shown)in@tlation of DCs with LPS (16 pg/ml)
resulted in a moderated proliferative responsellofj@neic T cells (59.8%, Figure 11).
As positive control, naive CD4T lymphocytes were labeled with CFSE and then
assessed for their ability to proliferate when stated with the polyclonal T cell mitogen
PHA for 4 d. Under the applied CFSE labeling candg 78.6% of cells divided in
response to PHA. These results provide evidence tkiga allostimulatory capacity of
pollen-treated DCs depends, at least partly, ordaiiie stress induced by pollen

exposure.
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Figure 11. Increase in the intracellular ROS levels upon pollen exposure alters the T
cell priming capacity of DCs. Pollen-treated DCs were cocultured with CFSE-lablel
allogeneic naive CD4T cells for 4 days and then fluorescence intessitvere measured
by flow cytometry. Numbers indicate the proportwindividing T cells. Results are
representative of four independent experimeis, untreated DCs; RWP, DCs exposed to
ragweed pollen grains; RWPDCs exposed to heat-treated ragweed pollen grageN, N-tert-
butyl-« phenylnitrone; LPS, LPS-treated DCs; PHA, phytohagglutinin.

4.3.2 Pollen-derived ROS changethe T cell polarizing cytokine production by DCs

Dendritic cells are responsible for directing diéfiet types of T cell responses and
the cytokine milieu around the interacting DCs dndells apparently determines these
processes. Because IL-12 and IL-10 play a pivaitd m the T helper cell polarizing
activity of DCs, next we examined the productiortledse cytokines by DCs at 24 h after
pollen administration. Immature DCs secreted venw lamounts of IL-12(p70) and
administration of pollen grains in the presenceabsence of antioxidant (PBN) or
treatment with heat-inactivated pollen grains hadsignificant effect on basal IL-12
release (Figure 12A). Pollen-treated DCs produc2@ 2 4.5 pg/ml of IL-10 and this
level of the cytokine was significantly higher thidnat released by untreated DCs (Figure
12B). Exposure to heat-pretreated pollen grainsndidenhance the IL-10 production of
DCs. When PBN was added to the cell cultures, talnlg inhibited the release of IL-10
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from pollenexposed DCs (Figure 12B). In control experimerit-10 production of DC

was not affeted by treatment with LPS (16 pg/mr
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Figure 12. Effect of pollen exposure-induced oxidative stress on the production of IL-
12 and IL-10 by DCs. Levels of Il-12 (A) and IL10 (B) in the culture supernatants
pollen-treated DCs werdetermined 24 h after the exposure by means ofA&D&ta are
presented as means SEM of four to five independent experiments. *®.001 vs
pollentreated DCs. IDC, untreated DCs; RWP, DCs exposecdgweed pollen grains
RWP', DCs exposed tcheatireated ragweed pollen grains; PBN,-tert-butyl«
phenylnitrone; LPS, LP8eated DC:s

4.3.3 Pollen-induced oxidative stress modify the T cell polarizing capacity of DCs

To examine the role of pollen NAD(P)H oxidaseshia T cell polarizing capety
of dendritic cells, the cytokine secretion profileT lymphocytes isolated from periphe
blood of ragweed allergic and r-allergic subjects was analyzed after priming v
pollenexposed autologous DCs. T lymphocytes from ragvwakedgic subjectreleased
significantly more IL3 after priming with immature autologous DCs thhase isolate:
from nonallergic subjects (3+ 7.8 versus 12.3 4.1 pg/ml, Figure 13A). T cells prime
with pollenstimulated autologous DCs produced higher amount$h® cytokines, 1L-4
and IL5, than those primed with immature autologous DEigure 13B,C). The level ¢
GM-CSF, an indicator of T cell differentiation regas of Th1/Th2 commitment, w
also higher in the supernatant of T cells primethwgoller-treated utologous DCs as
compared to cells cocultured with untreated autmlisgDCs (Figure 13D). However,
significant differences between the amounts ofetedriL-4, IL-5, or GN-CSF by T cells
of different origin were found. Heat pretreatmefpollen graits decreased the capac
of pollenexposed autologous DCs to induce cytokine releemm T cells. The onl

exception to this observation was-10; its production was significantly higher in 1
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supernatant of T lymphocytes isolated from ragwalstgic individuals and cocultured
with heat-inactivated pollen-exposed autologous [B8s9 +15 versus 46.6 9.6 pg/ml,
Figure 13E). The same priming method did not stateulncreased release of IL-10 from
T cells of non-allergic donors (Figure 13E). T sdilom non-allergic subjects produced
19.5-fold higher amount of IFN-after priming with pollen-treated autologous DCs,
compared to those from allergic donors (7772681 versus 399 149 pg/ml, Figure
13F). We were not able to detect the release of fteam T cells in our experimental
settings (data not shown). Because it has prewiohsken reported that antioxidants
influence T cell polarization capacity of DCs byngeating Tregs through inhibition of
endogenous oxidative pathways in DCs (Tan et &520wne did not use PBN treatment

as control in these series of experiments.

4.4 Characterization of IL-10 producing T cells afer coculturing with pollen-
primed DCs

To identify IL-10-producing T lymphocyte subpopudet(s) from ragweed allergic
donors, first the presence of COEBxp3 T cells was tested in the T cell cultures before
and after priming with autologous DCs. Flow cytorieetinalysis of cells stained for
CD4, CD25 and intracellular expression of Foxp3vetn that isolated naive T cells are
contaminated by 0.85 8.03% CD4CD25Foxp3 T cells (data not shown). Priming T
cells with iDCs increased the proportion of CDR8xp3 T cells up to 2.38 90.42%.
After stimulation with pollen-exposed DCs the ratibthis T cell population was 2.73 +
0.27% (n=3,p < 0.001 vs. priming with iDCs), while priming witheat-inactivated
pollen-treated DCs further increased the rate 02&Boxp3 T cells up to 3.61 ©.03%
(n=3, p < 0.001 vs. priming with pollen-exposed DCs) (Fegul4A). Simultaneous
staining for CD25, intracellular IL-10 and Foxp3eidified a low ratio of IL-10-
producing cells (0.28 9©.04%, Figure 14B,C). Priming with pollen-treate@s did not
change the ratio of IL-10T cells as compared to the untreated ones (0.2D7%, n=3,

p =0.417 /INS/). However, stimulation with heat-inaated pollen-exposed DCs led to a
2.3-fold increase in the proportion of IL-1T cells (0.625 40.18%, n=3p < 0.001 vs.
priming with pollen-exposed DCs) (Figure 14B,C)sRliés from this cytometric analysis
indicate that CD25Foxp3 T cells are the main source of IL-10 in the DQwwd T
lymphocyte population (Figure 14B,C).
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Figure 13. Pollen-induced oxidative stress influences the T cell polarizing capacity of
DCs. To investigate the cytokine secretion profile diyfiphocytes primed with pollen-
exposed DCs, monocytes as well as naive 'CD4ells were isolated from buffy coats
obtained from 3 ragweed allergic (empty bars) andao®-allergic blood donors (black
bars). Pollen-exposed DCs were cocultured with lagtous naive CD4T cells for 4
days and T cells were then harvested and reactivide 24 h. Supernatants of T cells
were collected and the levels of IL-3 (A), IL-4,(RB)}5 (C), GM-CSF (D) and IL-10 (E)
were determined by cytometric bead array, while ceotrations of IFN» (F) were
measured by means of ELISA. Data are presentedeamsa SEM of 3 independent
experiments * p < 0.05. IDC, untreated DCs; RWP,sD&xposed to ragweed pollen

grains; RWP, DCs exposed to heat-treated ragweed pollen grains

50



o~

IL-10

@)

Foxp3

10T i
w0 W

IL-10

Figure 14. Characterization of 1L-10 producing autologous T lymphocytes after

coculturing with pollen-exposed DCs. The intracellular IL-10 and Foxp3 staining was
performed after anti-CD3 reactivation of the DC+ped T cells from ragweed allergic
subjects adding monensin in the last 6 h of thendation. The density plots show
staining for CD25-FITC and Foxp3-PE (A), CD25-FI'Ead IL-10-APC (B), as well as
IL-10-APC and Foxp3-PE (C). The quadrant statistiesre based on comparison of
fluorescence intensities of isotype controls ancecsg antibodies. Results are
representative of three independent experiment<, IDntreated DCs; RWP, DCs

exposed to ragweed pollen grains; RWPCs exposed to heat-treated ragweed pollen
grains.

Our data suggest that pollen-treated DCs - pdrtiyugh pollen generated ROS - are
able to induce the differentiation of naive T cetisvard effector T cells with a mixed
profile of cytokine production, and heat inactieatiof pollen NAD(P)H oxidases before
DC treatment decreases the T-cell-priming abilitipCs.
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4.5 Static magnetic field exposure did not affecthe sensitization phase of pollen

allergy in mice

Our observations described above suggest that RéiPed oxidative stress is able
to influence DCs’ functions during the sensitizatighase of allergic reactions. Because
SMF is considered as a factor which is capable ¢dify the ROS levels in biological
systems, next we examined the effects of SMF exposa pollen induced allergic
airway inflammation. In our pilot test mice werevided into 5 groups (A-E, see in
Section 3.3.3.2 and Figure 7A) to investigate whe®MF-exposure has an effect on the
sensitization or elicitation phase of RWPE-induedldrgic reactions. Daily exposure to
SMF during the 11-day long sensitization phaserghie intranasal RWPE challenge did
not affect the accumulation of eosinophils in th&lB compared to sham-exposure (see
Group B and A in Figure 15). On the contrary, a admble but statistically not
significant decrease in eosinophil count was detkethen mice were exposed to SMF on
3 consecutive days (days 11-13) after the intrdrdsdlenge (see Group C in Figure 15).
Daily exposure of RWPE-challenged mice to SMF dytime 13-day long experimental
period also decreased eosinophil counts in the BAbBpartment as compared to
RWPE-challenged, sham-exposed mice (see Group D Aand Figure 15). These
observations indicated that SMF-exposure did nfecafthe sensitization phase of the
allergic responses and prompted us to examine tleeteof SMF-exposure in the
elicitation phase in more detail and to increase ritmber of animals per group for a
higher statistical power.
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Figure 15. SMF-exposure does not affect the sensitization phase of the allergic
responses. RWPE- or PBS-challenged, sensitized mice weresexpto SMF or sham
field for 30 min daily during sensitization (Gro&) or elicitation (Group C) phase only
or the whole period of the experiment (Groups A,H), Three days after challenge
bronchoalveolar lavage (BAL) was performed and tgvaamples were examined for
eosinophil cell counts. Results are presented asnse SEM. * p < 0.05 vs. RWPE
challenged, sensitized mice exposed to sham fitlR5, phosphate buffered saline;
RWPE, ragweed pollen extract; SMF, static magrfetid.

4.6 Exposure to SMF during the elicitation phase dweased allergic airway

inflammation in RWPE-sensitized mice

In the full experimental series mice were dividedoi5 groups (I-V), were
sensitized with RWPE, challenged with RWPE or PB&] exposed to SMF or sham
field (see in Section 3.3.3.3 and Figure 7B). Exypedo SMF for a single 30 min time
period immediately after the intranasal challengeday 11 induced a moderate, but
significant decrease in total cell counts in thelLBAFigure 17A) M=14.90%,p=0.003),
strongly and significantly decreased number of remshils in the BALF (Fig. 16B)
(M=33.81%, p<0.001), and lowered the infiltration of inflammatocells into the
subepithelial area of the airways (Figure 16C) carag to RWPE-challenged, sham-
exposed animals. A single SMF-exposure also deedeBHJC5AC levels in BALF to
some extent (Figure 17A)ME14.63%, p=0.113) and also decreased epithelial cell
metaplasia in the airways (Figure 17B) as compace@roup I. Significantly lower
numbers of total cells (Figure 16AWE21.48%,p<0.001) and eosinophils (Figure 16B)
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(M=26.50%, p<0.001) in the BALF together with decreased accatmh of
inflammatory cells in the subepithelial area welsoadetected (Figure 16C) upon
exposure to SMF for 30 min on 3 consecutive daysygdl1-13) following RWPE
challenge. This 3x30 min SMF-exposure significantigduced MUCS5AC levels
(M=19.51%,p=0.035) in the BALF (Figure 17A) and markedly lesse epithelial cell
metaplasia in the airways (Figure 17B) as comptvesham-exposed animals. Prolonged
exposure to SMF (60 min a day) on 3 consecutives daays 11-13) after RWPE
challenge further decreased the total cé&l=26.67%, p<0.001) (Figure 16A) and
eosinophil M=57.70%, p<0.001) (Figure 16B) numbers in the BALF, and loseer
inflammatory cell accumulation in the subepithetegions of the airways as well (Figure
16C). Prolonged SMF-exposure was trendwise moexefe to abate totaM=6.60%,
p=0.207) and significantly more effective in lessgniof eosinophil cell NI=42.45%,
p<0.001) influx into the airways than exposures3®80 min (Figure 16B). Furthermore,
the 3x60 min exposure to SMF was more effectivdaaoreasing MUCS5AC levels in the
BALF (M=36.36%,p=0.019) (Figure 17A) and to lower epithelial celetaplasia in the
airways (Figure 17B) than the 3x30 min treatmeriteSe results suggest that even a
single 30 min exposure to SMF immediately afteranasal allergen challenge is able to
decrease airway inflammation. In addition, increadeses of SMF-exposure either by
increasing exposure time period (more days) or ktereled duration of individual
treatments (60 min instead of 30 min) can furthecrdase the severity of allergic

inflammation in the lung.
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Figure 16. Exposure to SMF reduces RWPE-induced allergic airway inflammation.
Sensitized mice were challenged with PBS or RWREeaposed to SMF or sham field.
Three days after challenge BAL was performed andda samples were examined for
(A) total and (B) eosinophil cell counts. (C) Hematlin and eosin staining of formalin-
fixed lung sections. Original magnification 100xesRIts are presented as means + SEM.
** p < 0.01, ** p < 0.001, ** p < 0.0001 vs. RWE challenged sensitized mice
exposed to sham field™ p < 0.001, significant difference between Groupsahd IV.
PBS, phosphate buffered saline; RWPE, ragweed rpeliéract; SMF, static magnetic
field.
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Figure 17. SMF-exposure decreases mucin levels and epithelial cell metaplasia in the
airways of RWPE-challenged sensitized mice. (A) MUCS5AC levels in the BAL fluids of
RWPE- or PBS-challenged sensitized mice exposesMie or sham field. MUC5AC
levels were measured by means of ELISA and thdtsesare expressed as endpoint
titers (empty sgare) and means (-). * p < 0.05,*1 < 0.0001 vs. RWPE challenged,
sensitized mice exposed to sham fiefi< 0.05, significant difference between Group |l
and IV. (B) Periodic acid-Schiff staining of fornmalfixed lung sections. Original
magnification 100x. PBS, phosphate buffered salR&/PE, ragweed pollen extract;
SMF, static magnetic field.

4.7 Investigation of the SMF-exposure on ROS prodtion by RWPE under cell-

free conditions

To investigate the mechanism behind the observaiitory effect of SMF-
exposure on allergic airway inflammation, we testsdgether SMF-exposure was able to
decrease the ROS production by RWPE under celldoalitions. In accordance with
our previous work (Boldogh et al. 2005), sham-eepo®WPE converted the redox-
sensitive HDCF-DA into DCF leading to 75 times higher fluoresce intensity
(p<0.001) than that of PBS control (Figure 18). Hoareexposure to SMF for 30 min
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either at lower or upper position (see in Sectidh 13 did not alter DCF fluorescence
signals induced by RWPE (Figure 18).
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Figure 18. SMF-exposure does not alter the generation of ROS by RWPE in cell-free
conditions. PBS (empty bars) or RWPE (black bars) solutiomgaiaing redox-sensitive
H,DCF-DA were exposed to SMF or sham field for 30 atimower or upper position
(see Section 3.3.1). Changes in DCF fluorescenimmnsity were detected by means of
fluorimetry. *** p < 0.001 vs. RWPE exposed to shéeid. PBS, phosphate buffered
saline; RWPE, ragweed pollen extract; SMF, statagnetic field.

4.8 SMF-exposure diminished RWPE-induced increasenithe ROS levels in

cultured epithelial cells

Next, we studied the effect of SMF-exposure onacgtlular ROS levels in cultured
airway epithelial cells. A549 cells loaded withBCF-DA were treated with PBS or
RWPE and immediately following this treatment ttedl cultures were sham- or SMF-
exposed for 30 min at lower or upper position (geSection 3.3.1). Addition of RWPE
to A549 cells induced a 3.6-fold increag&@.001) in intracellular DCF fluorescence
signals compared to PBS treatment (Figure 20).ift@ase in intracellular ROS levels
could significantly be diminishedV(na,=20.57% at 135 minp=0.002), when the cells
were exposed to SMF at the lower position and atsa, smaller extent, when they were
in the upper positionMmax=9.34% at 135 minp=0.034) (Figure 19). Exposure to SMF,
either at lower or upper position, did not caugmisicant changes in levels of intrinsic
ROS in PBS-treated cells (Figure 19).
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Figure 19. SMF-exposure diminishes the increase in intracellular ROS levels in
RWPE-treated epithelial cells. A549 cells loaded with CF-DA were treated with PBS
(empty bars) or RWPE (black bars) and immediatdigrathe treatment they were
exposed to SMF or sham field for 30 min at lowemupper position. Changes in DCF
fluorescence intensity are presented as means * 8ENree independent experiments. *
p < 0.05, * p <0.01, ** p< 0.001 vs. RWPE treatecells exposed to sham field. PBS,
phosphate buffered saline; RWPE, ragweed polleraextSMF, static magnetic field.

These observations suggest that although SMF is abt¢ to decrease ROS
production by RWPE directly or lessen the life-spdiROS under cell-free conditions, it
still may inhibit ROS entry into living cells or @mote elimination of ROS by cellular

mechanisms.

4.9 Exposure of mice to SMF immediately after intraasal RWPE challenge

lowered the increase in the total antioxidant capaty of the airways

We have previously demonstrated that intranasal RWeatment rapidly increases
ROS levels in the lungs of experimental animalsmo the recruitment of inflammatory
cells (Boldogh et al. 2005). Based on the resuitsuo cell culture studies we sought to
test, whether SMF-exposure could decrease ROSslavehe airways of RWPE-treated
mice. To do so, total antioxidant capacity of th&lIB samples collected from naive mice
challenged intranasally with RWPE or PBS and expase SMF or sham field was
determined. Intranasal challenge with RWPE indueedhearly 3-fold, statistically
significant increase in the antioxidant capacitytted BALF samples when compared to
PBS challenge p<0.001) (Figure 20). Immediate exposure to SMF 30r min after

intranasal challenge significantly lowered<£20.07%,p<0.001) the increase in the total
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antioxidant capacity of the airways induced by RW&atment (Figure 20). These
findings suggest that effects of SMF-exposure ¢ergit inflammation are mediated at

least partially by the modulation of ROS leveldhe airways.
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Figure 20. SMF-exposure following intranasal challenge lowers the RWPE-induced
increase in total antioxidant capacity of the airways. Naive mice were challenged
intranasally with RWPE or PBS and immediately théiey were exposed to SMF or
sham field for 30 min. BAL fluid samples were atéd 15 min after SMF- or sham field-
exposure. Antioxidant potential was measured spphtitometrically in the supernatant
of the samples and expressed in Trolox equival®#ta are presented as means + SEM.
*** p < 0.001 vs. RWPE challenged, naive mice expo® sham field. PBS, phosphate
buffered saline; RWPE, ragweed pollen extract; SM&tic magnetic field.

4.10 SMF-exposure had no effect on provoked mastlcelegranulation in human
skin

Several lines of evidence indicate that ROS plajngortant role in the regulation
of various mast cell responses (Chodaczek et &9;2Brossi et al. 2003; Suzuki et al.
2005). To reveal the direct effects of SMF-exposumemast cell degranulation, human
skin prick tests were performed. A statistically refgcant effect of the SMF-exposure
decreasing edema diameter (M=5.29%, p=0.016, ne®@) only be detected in case of
the positive control, histamine (Figure 21). Altigbuall allergens (cat fun=17; grasses,
n=13; RWPE n=25), but house dust mite£14) provoked edema showed a tendency to

decrease the diameter upon SMF-exposure (FigureTBgpge results indicate that SMF-
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exposure can result in significant reduction ofdnsine-induced edema formation, while
it performs only a weak direct impact on provokeastrcell degranulation.
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Figure 21. SMF-exposure has no significant direct effect on provoked mast cell
degranulation. Skin prick tests were performed on healthy volknsteas described in
Material and Methods. Immediately after introduatiof the identical test materials into
the skin of both inner forearms, one forearm ofvtbkinteers was exposed to SMF (black
bars) while the other one was exposed to sham (@ehpty bars). The wheal reaction was
measured immediately after a 15 min exposure peilada are presented as means *
SEM.”p < 0.05.
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5. Discussion

Ragweed pollen is one of the most important aerggdins in many countries
since it is responsible for the majority and mostvese cases of seasonal rhinitis,
conjunctivitis, and allergic asthma. The molecudaalysis of ragweed pollen revealed
Amb a 1, a pectate lyase enzyme, to be the predonallergen, as more than 90% of the
ragweed-sensitive subjects have antibodies ag#nrssprotein (Rafnar et al. 1991). Data
from experimental animal models of allergic inflamtion indicate that Amb a 1 requires
priming in combination with adjuvants to overcom&togenic mechanisms that prevent
allergic responses to inhaled antigens (Tighe et280D0). Indeed, several lines of
evidence suggest, that pollen grains are not calyrers of allergenic proteins but also act
as an adjuvant in the sensitization phase of tleegad reactions (Allakhverdi et al. 2005;
Traidl-Hoffmann et al. 2003). In our work we exaeunhthe role of ROS generated by
pollen NADPH oxidases both in the sensitization asiititation phase of allergic
inflammation.

Here we report that the oxidative stress inducediposure to pollen grains is
able to activate DCs, thus it may exert an adjuveifect. Our finding that pollen
exposure induces oxidative stress in DCs is in Witk recentin vitro andin vivo data
showing that intrinsic pollen NAD(P)H oxidases ase the intracellular levels of ROS
in epithelial cells (Bacsi et al. 2006; Bacsi et 2005). Furthermore, our data are also
consistent with the more recently observed oxigastress induction effect of SPPs on
monocyte-derived DCs (Pazmandi et al. 2012). Owenkation that heat pretreatment,
which eliminates pollen NAD(P)H oxidase activitya@i et al. 2006), did not completely
abolish the ability of pollen grains to trigger dative stress in DCs indicates the
contribution of other pollen component(s) to thisepomenon. A previous study has
reported that LPS (100 ng/ml), which is recognibgdl LR4, induces ROS generation in
human monocyte-derived DCs (Yamada et al. 2008)ast also been demonstrated that
complex glucan structures bearinga(i-3)-fucosylated core, as well as membrane lipid
peroxidation products can either directly or indihg activate the TLR4 signaling cascade
(Imai et al. 2008; Tang et al. 2008; Thomas e2@03). Because ragweed pollen grains
containal,3-linked core fucosylated glucans (Wilson etl&98) and pollen membranes
are susceptible to enzymatic or free-radical-caedyperoxidation (McKersie et al. 1990;

Mueller 2004), we suppose that these pollen gramponents can induce oxidative stress

61



in DCs via TLR4-mediated mechanism. However, anestudy has reported that TLR4
and its adaptor Toll-IL-1R domain-containing adaptelucing IFN$ (TRIF) signaling
and pollen-intrinsic NAD(P)H oxidase activity aretmecessary for the induction of
allergic airway disease and airway hyperresponsisen(Shalaby et al. 2013).
Nevertheless, future studies are needed to testymathesis.

Oxidative stress activates the R and MAPK signaling pathways that are
responsible for transcriptional activation of pftammatory cytokine and chemokine
genes in macrophages and DCs, respectively (RietiNel 2008; Verhasselt et al. 1998;
Xiao et al. 2003). Thus, increased production eBJLTNF-a and IL-6 after pollen grain
treatment, which could be reduced in the preserfcantioxidant, corroborates the
induction of oxidative stress in DCs. Our data simgwthat oxidative stress induced by
pollen exposure causes upregulation of costimylatarlecules and activation marker on
the surface of DCs are in accordance with a previstudy which has indicated that
superoxide anions generated by the reaction ofhkamtoxidase on xanthine induce
phenotypic maturation of DCs by upregulating CD&D83 and CD86 markers
(Kantengwa et al. 2003). In addition to the inceshaexpression of costimulatory
molecules, superoxide anion-treated DCs exhibitarobd capacity to trigger T cell
proliferation (Kantengwa et al. 2003). There is damgvidence from a human study that
oxidative stress can serve as a potent adjuvaallengic sensitization. Atopic patients,
who were intranasally exposed to a neoantigen, ymed anti-neoantigen-specific IgE
only when they were sensitized with the neoantigethe presence of diesel exhaust
particles possessing pro-oxidative properties (Edanchez et al. 1999). As TNEL-6
and CD80/86 are highly involved in the pollen-inddgorocesses it could be taken into
consideration that they might act as threapeutargets mainly in the late phase of the
reaction. Anti-TNFe, anti-IL-6 and CTLA4-lg have been proved that éxseneficial
effects on chronic inflammatory disorders suchheumatoid arthritis. However, several
recent clinical trials have shown either verydittdr no positive effect during anti-TNFE-
therapy in pulmonary diseases. Indeed, in mild tol@nate asthmatic individuals, TNf-
antagonism was not effective for preventing allargeediated eosinophilic airway
inflammation (Mukhopadhyay et al. 2006). A previatsidy suggested that CTLA-Ig
binding to CD80/CD86 molecules transmitted a rexesgnal to DCs resulting in the
activation of the immunomodulatory enzyme IDO (Gr@mn et al. 2002; Munn et al.
2004). These IDODCs have been proposed to possess strong immgniatay and

tolerance inducing capacity. However, a more resamdy suggests that CTLA-Ig exerts
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immunoregulating capacity by directly interferingthvDC/T cell interaction and is not
effective in generating regulatory DCs (Mayer et28l13).

From the perspective of allergic diseases, IL-18dpction is a determining
element of DC function, because low levels of IL-d@uld favor Th2 differentiation
(Trinchieri 2003). Our data indicate that pollerpeged DCs produce IL-12 at a very low
level. This confirms the previous observation tbamtact with pollen grains induces the
development of semi-mature DCs (Allakhverdi et2&l05). It has recently been reported
that oxidative stress can activate the nucleaofamtythroid 2 (NF-E2)-related factor 2
(Nrf2) mediated signaling pathway that dominatesrothe TLR pathways, which
promote IL-12 production (Tan et al. 2005). Thus trf2-dependent pathway may be
responsible for the suppression of IL-12 generationDCs (Tan et al. 2005).
Furthermore, Ephytoprostanes, a class of prostaglandin—liked lipiediators of pollen
grains, inhibit the LPS or CDA40 ligation inducedqbuction of IL-12 (Traidl-Hoffmann et
al. 2005). Since Ephytoprostanes are formed nonenzymatically viectrea oxygen
radicals froma-linolenic acid (Traidl-Hoffmann et al. 2005), RQ@f¢nerated by pollen
NAD(P)H oxidases may have a role in their syntheBiese findings suggest that pollen-
derived reactive radicals could interfere with IR-fieneration of DCs at least in two
different ways.

Previous data showed that oxidative stress camdbeced in cultured epithelial
cells through the direct contact with pollen graiBacsi et al. 2005). In our experiments
the expression of CD83 in the pollen-treated DCutetjpon also demonstrates that pollen
exposure initiated the maturation program, howevrdy in a fraction of the cells. Note
that in our cell culture system the pollen grain-Déiio was 1:100. DCs in the cell
cultures were exposed to different levels of ROfedéding on their distance from the
pollen grains. A recently proposed hierarchicaldaxive stress model describes the
relationship between the level of ROS and the |@fetellular responses (Xiao et al.
2003). Thus, lower levels of ROS leads to the toaagion of Nrf2 to the nucleus, where
this transcription factor initiates the expressafnprotective phase Il enzymes, which
exert antioxidant, detoxification and anti-inflamioy effects (Xiao et al. 2003). Higher
level of oxidative stress activates the proinflartomacascades as discussed above. We
presume that during the analysis of the T cell ey capacity of pollen-treated DCs,
naive T cells could interact with DCs at differesthges of their activation/maturation
program that may explain why we could detect bdti &nd Th2 cytokines, as well as

IL-10 in the supernatant of T cells primed with Ipattreated DCs. Our findings

63



corroborate the earlier work, which reported thallgm-primed DCs promote the
development of naive T lymphocytes into effectdisceith a mixed profile of cytokine
production (Allakhverdi et al. 2005). Although, tkeare differences in the amount of the
detected cytokines compared to previous obsenat{@tlakhverdi et al. 2005), the
discrepancies may be attributed to the serum-fredium used in our cell cultures or to
the different methods applied for re-stimulation.

Our results, showing that after priming with poleeated DCs, CD4T cells of
non-allergic individuals produce higher amount BN}y but release same levels of Th2
cytokines (except IL-3) compared to those from raggvallergic subjects, are in line with
previous observations showing significantly higlpercentage of IFN-producing Th
cells in normal control subjects than asthmatioepés, while there were no differences in
the percentage of IL-4-producing Th cells (Won@let2001). It has also been reported
that IFN« production of effector T cells generatedvitro from naive precursors from
patients with atopic dermatitis is decreased coegh&w that of healthy T cells (Jung et al.
1999). Although, the mechanism of this phenomeisonot well understood, in a recent
study the IFNy gene polymorphism at position +874 has been linkethe intrinsic
defect in the production of IFNMby Th1 cells in atopic individuals (Hussein et2009).

Although priming with pollen-exposed DCs increasé#ite proportion of
CD25Foxp3 T cells and stimulation with heat-inactivated-paltreated DCs further
enhanced the percentage of this T cell populati@nfound that CD2%oxp3 T cells are
those responsible for elevated IL-10 productionxgois stably expressed in CORD25'
regulatory cells; however, its transient expressi@s also been reported in human
activated nonregulatory CDA cells (Wang et al. 2007). Based on this obsevwatit
seems that most of the FoXp&lls are comprised by activated T cells develagfeetin
vitro stimulation of naive CD£D25 T lymphocytes. Since priming with heat-
inactivated-pollen-treated DCs induced significautease in IL-10 production only in T
cells from ragweed allergic individuals, we presutm activation of memory effector T
cells lies behind this phenomenon. Our observatiwet the isolated naive T cell
population still contains trace amounts of COB45RO memory cells (1.8-2.1%)
supports this hypothesis. Our data, however, doerolude the possibility that naive T
cells from atopic subjects possess elevated imntriability to differentiate into Trl
regulatory cells (CDZCD25""FOXP3IL-10") after priming with DCs (Akdis et al. 2004).

The fact that DCs exposed to heat-treated pollamgrare more tolerogenic than pollen
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stimulated ones, further confirms the importanerof pollen NAD(P)H oxidases in DC
activation.

Our findings indicate that the deficiency of antdant defense mechanisms may
increase the susceptibility to pollen-derived RQSother environmental factors that
promote allergic sensitization. This hypothesissigpported by the fact that genetic
polymorphisms of glutathione-S-transferases (GSE&sgymes that metabolize ROS,
have been identified as possible risk factors fa tevelopment of allergic airway
responses. Individuals with GSTM1-null or the GSTEA5 wild-type genotypes respond
with a more prominent increase in IgE and histameels after exposure to diesel
exhaust particles plus allergen challenge thanetlcasrying other genotypes (Gilliland et
al. 2004), and exhibited a more intense nasal respdo allergens inhaled with
secondhand tobacco smoke as compared to clea@illilagd et al. 2006). Future studies
performed with DCs from atopic and non-atopic pdseare needed to analyze
differences in their responses to oxidative stress.

In summary, we report that oxidative stress indumgthydrated pollen grains has
dual impacts on DCs. It can trigger proinflammatastokine production from DCs
contributing to local innate immunity and also astan adjuvant factor in the initiation of
adaptive immune responses against pollen antigens.

While many aspects of pathogenesis of allergicamfhation are well-defined,
most of the treatments are symptomatic. Previously,has been shown that
intrapulmonary administration of ROS scavengershiank the ragweed pollen-induced
allergic airway inflammation in sensitized mice.wyver, this phenomenon only occurs
when the antioxidants are co-administered with RWi#PEapplied within a tight time
frame after RWPE challenge. These findings suggleat a sustained increase in
antioxidant potential in the airways may be a nowwrapeutic strategy to attenuate
pollen-induced allergic airway inflammation (Dhayaj et al. 2007). Because SMF can
act on free radicals we have studied whether SMpogxe has an effect on the
development of allergic inflammation. Recently ert#¢ application of static magnetic
fields has become popular as complementary theraplye treatment of inflammatory
conditions. Although a number of studies supportpotential therapeutic benefit of
pulsed electromagnetic field (PEMF) applicatiorh&dp in the treatment of inflammatory
pain conditions (Mert et al. 2014; Prato et al. 208hupak et al. 2004; Shupak et al.
2006), osteoarthritis (Nelson et al. 2013), aceglen of wound healing (Cheing et al.
2014) and the modulation of angiogenesis (Teppal. 2004); direct evidence supporting
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the therapeutic use of SMF is less establishad.Widely published that SMF of certain
intensity mainly at mT range promotes bone heghiragess and bone formatiam vivo
and also increases the osteogenic ability of o#dstdb and inhibit bone resorption
capacity of osteoclasta vitro /reviewed in (Zhang et al. 2014)/. Previous inigagions

of the SMF action on inflammation are based maamyn vivo studies of some diseases
such as arthritis (Taniguchi et al. 2004) and manamnt of pain. Formerly, Laszlo et al.
have configurated a moderate strenght inhomogengblisgenerator to achieve the best
possible antinociceptive effect in am vivo model of visceral pain. It was found that
whole body exposure of mice to inhomogeneous SMable to manage to diminish the
number and duration of formalin and carragenangedunocifensive responses in both
acute somatic and inflammatory nociception (Gyeeal. 2008; Laszlo et al. 2007) and
reduce inflammatory mechanical hyperalgesia (Amtadl Laszlo 2009; Sandor et al.
2007). Fundamental pharmacologic analysis of thmesanodel with the same SMF
system was demonstrated that the antinociceptiskjasic action was over 80% and
seemed to be mediated hyopioid receptors (Gyires et al. 2008) and inac¢ibra of
capsaicin-sensitive sensory fibers (Sandor et @07 More recently the effect of
inhomogeneous SMF-exposure on the secretion oferdift cytokines by human
macrophages and lymphocytes was testedtro. It was demonstrated that SMF has an
inhibitory effect on the release of pro-inflammataytokines IL-6, TNFe and IL-8 from
macrophages, furthermore SMF-exposure increases ptloeluction of I1L-10 by
lymphocytes. These observations provide a posbaxt&ground mechanism of threvivo
experienced antinociceptive effects in mice (Vdoat al. 2013).

In this study, we report that exposures to SMF igantly lowered RWPE
challenge-induced allergic inflammation in a murinedel. Although the precise
mechanism by which SMF mediates beneficial effeetsds to be elucidated, our novel
observation may provide a hint on a future nonsme therapeutic modality for
treatment of human allergic airway inflammation.

We found that the effects of SMF-exposure on aiberigflammation were
mediated at least partially by decreasing ROS $ewethe airways. Despite that previous
observations suggest that pollen-exposure-indugethtive stress may participate in the
initiation of allergic immune responses, the pgxjperiment of this study revealed that
daily SMF-exposure during the sensitization phas®WPE-induced allergic reactions
did not modify the intensity of the developing aawinflammation. In the experimental

allergy model we used, mice were injected intrapegally with a mixture of RWPE and
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alum to elicit allergic sensitization. Adsorptiofh the antigen onto the alum-insoluble
particles leads to the formation of a depot of Hmigen that is released slowly,
prolonging the time of interaction between antigerd APCs and allows antigen to be
presented in particulate form which appears to beenantigenic and can be efficiently
phagocytosed (Kuroda et al. 2013). Although thesstures are likely determinants of
alum adjuvanticity, other mechanisms are also weal Alum preferentially induces Th2
responses and IgE production via working as DAMB aromoting the release of uric
acid and DNA from damaged cells. These agents ed@ responses through activation
of Syk and PI3 kinase or TBK1-IRF3 in DCs. Furthera) several studies have reported
that alum is able to activate the intracellulaes$r sensor inflammasomes (Eisenbarth et
al. 2008; Li et al. 2007) and ROS are requiredimlammasome activation (Zhou et al.
2010). However, the critical role of alum as anuadpt to activate inflammasomes has
been controversial, as alum can exert adjuvantiatgo in mice deficient of
inflammasomes (Franchi and Nunez 2008; Seuberlt @0&1). A recent study revealed
that alum-induced adjuvant effects are dependenindacible heat shock protein 70
(hsp70) (Wang et al. 2012). Although no data arailable on the effects of SMF-
exposure on hsp70 expression in murine antigereptieg cells, it has previously been
reported that 100 mT SMF-exposure has no signifiedfect on hsp70 production in
NIH3T3 cells (Belton et al. 2009). These observatimdicate that the adjuvant effects of
alum on hsp70 overcome the ROS-mediated activatgnpals in antigen presenting cells
during the sensitization. It is also worth notihgttalum has been used as a safe vaccine
adjuvant in humans for many decades. However, theeealso some limitations of
aluminium-containing adjuvants, which include logakctions, augmentation of IgE
antibody responses, ineffectiveness for some amdigend inability to augment cell-
mediated immune responses, especially cytotoxielllresponses.

Reactive radicals generated by pollen NAD(P)H osé$ainduce oxidative stress
in the airways within minutes of exposure (Boldaghal. 2005). Oxidative insult is able
to disrupt airway epithelial cell tight junctionXy et al. 2013) thus promoting the
interaction of allergens with mast cells and alsmtdbuting to the recruitment of
inflammatory cells in the airways (Boldogh et a008). Challenge with RWPE induces
an initial neutrophil recruitment that is followdxy eosinophil influx (Schneider et al.
1997) and both cell types are known to contributeoxidative stress during allergic
inflammation (MacPherson et al. 2001). The neutilapflux starts at 4 h and peaks at 24

h following RWPE challenge (Dharajiya et al. 20@nd as a response to oxidative stress
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elevated antioxidant capacity of the airways beuhetectable (Nemmar et al. 2009).
We have found that a single SMF-exposure immedia#eér intranasal RWPE challenge
down modulated the increase in antioxidant capaehd also lowered allergic
inflammation. These findings suggest that SMF-eyp®sis able to attenuate initial
oxidative stress elicited by pollen NAD(P)H oxidasi addition, repetitive exposure to
SMF on 3 consecutive days, starting at 6 h afteamasal RWPE challenge by the time
the initial oxidative burst had been abolished (@higa et al. 2007) also inhibited
allergic airway inflammation. In a previous studg Wwave demonstrated that scavenging
RWPE-generated ROS was able to prevent allergiammhation in the airways by
coadministering antioxidants (Dharajiya et al. 200However, scavenging ROS
generated by neutrophils recruited at 4 and 24iledfao do so (Dharajiya et al. 2007).
These observations raise the possibility that SMpesure either has distinct effects on
ROS production and elimination than those of amtiamts (ascorbic acid and N-acetyl
cysteine), or it can inhibit the recruitment oflamhmatory cells by ROS-independent
mechanism(s). Indeed, it has previously been regdathat isolated neutrophils, which
appear to be highly sensitive to both static anerating magnetic fields (Poniedzialek
et al. 2013 b), under the exposure to strong SM6-20T) generated significantly less
superoxide anions than detected in controls (Ighisd al. 2000). Furthermore, in a recent
study a significant decline in ROS production byntaun peripheral blood neutrophils has
been shown after 15 min exposure to SMF (~60 mhjlena longer incubation time (45
min) caused a reverse phenomenon (Poniedzialek 20583 a). The authors conclude
that the SMF-exposure may directly modulate thevidgof neutrophil NADPH oxidases
and they highlight the importance of proper adjwsttrof exposure time to SMF for any
potential therapeutic applications.

SMF-exposure was found not to be able to modify R@luction by NAD(P)H
oxidases in RWPE in cell-free solution. Concermmagnetic spin effects, SMF-exposure
can alter those biochemical reactions that invohege than one unpaired electron. It has
been shown that the enzyme activity of-Bependent ethanolamine ammonia lyase
changes with SMF-exposure of 100 mT (Harkins andgem 1994). Experiments have
also been carried out with the heme enzymes, rautisér peroxidase, and cytochrome P-
450 (as reviewed in (Okano 2008)). The exact corapts) structure, and the mechanism
of the enzymatic reaction of pollen NAD(P)H oxidadeave not been fully determined
yet; therefore, no previous studies have investijathe parameters of superoxide

generation by these enzymes under SMF-exposure.
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In our cell culture experiments SMF-exposure damegerthe increase in
intracellular ROS levels in RWPE-treated, cultura®49 epithelial cells. Pollen
NAD(P)H oxidases generate superoxide anions bytearng electrons from NADPH or
NADH to molecular oxygen (Boldogh et al. 2005). 8gxide anions in living cells are
converted by superoxide dismutase to hydrogen paarolecules, which are eliminated
by catalases and glutathione peroxidases (reviawg@Rahman 2007)). Although the
molecular mechanisms of the antioxidant effectsSMF-exposure in our cell culture
experiments remain to be explicated, our obsematare consistent with a recent study
demonstrating that SMF-exposure decreases externalluced oxidative stress
modulating activities of antioxidant enzymes inchglsuperoxide dismutase, glutathione
peroxidase, and catalase in mice fibroblasts (Hareeal. 2013).

In order to interact with mast cells the allergemsinpenetrate into the epithelium
during exposure to natural pollen- or subpollertipias. To reveal the direct effects of
SMF-exposure on mast cell degranulation, skin piesits were performed in which small
scratches allow the allergens to enter the skinaatiglate mast cells instead of relying on
enzyme activities present in allergy provoking mate In these tests histamine was
utilized as positive control, because its injectioto the skin by prick technique mimics
the allergen-induced edema formation. The rest@ilaiohuman study showed that SMF-
exposure significantly decreased edema diametezsponse to histamine in agreement
with data obtained in an animal model, in which lmapion of SMF-exposure of
moderate field strength (5-100 mT) for 15 or 30 nmmmediately following histamine
injection into hind paws resulted in significanteeth reduction (Morris and Skalak
2008). Based on these pharmacological experimdmwsatithors proposed that SMF-
exposure may activate L-type €ahannels in vascular smooth muscle cells thatteesu
in increased intracellular &alevels and induces constriction thus limiting edem
formation (Morris and Skalak 2008). Although theiork provided a rigorous scientific
evaluation of the physiological effects of SMF-espee on edema in a rat model, it
remains to be determined whether SMF-exposure @savascular tone and/or influences
microvascular permeability in human tissues (thespmlities of which were discussed
(Ohkubo and Okano 2011). Our findings that SMF-axpe was not able to significantly
decrease edema formation, triggered by extractsagiveed and grass pollens both
possessing NAD(P)H oxidase activity, can be expldiby our previous observations that
ROS generated by pollen grains-associated NAD(Rjidase have no direct impact on

IgE-mediated mast cell degranulation (Chodaczed.e2009). On the other hand, while
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histamine is the major mediator of edema formatiuring degranulation, mast cells
release other compounds such as tryptase, cath®p3iNF and VEGF, which are able to
increase vascular permeabilityeviewed in (Kunder et al. 2011)/. The effectstlodése
vasoactive mediators could be found behind the @inemon that the size of the edema
usually does not correlate with the concentratibrhistamine released from activated
mast cells, and some patients show no significestammine release during the immediate
phase of allergy as assessed by the microdialgsimiique (Horsmanheimo et al. 1996).
Based on these observations, varying and/or lowldeof released histamine also could
be an explanation for the weak impact of SMF-expmsan provoked mast cell
degranulation.

Although the same magnetic matrix/matrices werel tiee SMF generation in all
experiments, some potential differences in the SiMkeced effects acting at the target
site can be predicted. Namely, the self-motion fetectrically charged object (like
mouse) in an external SMF as occurs in ith@ivo experiments may generate motion-
induced currents in its own body. Such a currentiofluence the distribution of specific
cells in the lung, but hardly any induced curreah @wccur in cells of thén vitro
experiments. In the human trial induced currentslma generated without self-motion of
the forearm in the exposure chamber of the SMF rgéore The motion of electrically
charged cells within the blood vessels of the foremanifests a source of induction. This
motion-induced effect may influence the observexddgjical responses to SMF-exposure.
We have a dual solution to this argument. First,results were compared between
different types of measurements {itro, in vivo, and human). Second, the effect of
induced currents under specific SMF-exposure camditprovided here for thien vivo
experiments has been estimated not to affect thysiglbgy of mice significantly as
previously discussed (Laszlo and Gyires 2009). EWen did, this fact would not
counteract the merit of SMF-exposure in the clihigpplication, since homogeneous
magnetic induction up to 8 T is accepted not ttuerice blood circulation (Kangarlu et
al. 1999) and this complies with the present ginésl of magnetic resonance imaging
(MRI) safety (Protection 2009).

MRI was agreed not to be regarded as a purely dsgndevice (Laszlo et al.
2009; Schenck 2005), its SMF compondBy) exerts finite forces in the living body and
accordingly, invokes such responses that may beraedisle, perceptible through changes
in the (patho)physiology. While the direction oéttlominant component of the SMR)B

within the tunnel of a conventional MRI isuperiorinferior, mice in ourin vivo
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experiments were exposed to \@ntratdorsal SMF in the inhomogeneous SMF
generator. Fringe SMF around functioning MRI desiege typically gradient SMF and
their magnetic induction might exceed that of theorgagnetic field by orders of
magnitude. Furthermore, magnetic induction comptmenhthis fringe SMF are greater
than those of Earth in all directions. Focusing tbe internal side of an MRI, our
experimental arrangement resembles more to anfegdrMRI. However, while humans

in and around MRI devices are exposed to SMF whigirtwhole body, only local

exposure to a strong inhomogeneous SMF was uske ipresent human trial. Although
the relevance of our study to human allergic ainvdammation remains incidental, our
data suggest that effects of the SMF gradientsnarddR| systems, mainly around open
field MRI, should be more carefully investigates&tcchuse exposure to SMF including
stray field components of MRI may have beneficiie@s on pollen-induced allergic

conditions.
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6. Summary

Ragweed pollen (RWP) is one of the most importanirces of aeroallergens in
Central European countries because it is resp@nsil the majority and most severe
cases of seasonal rhinitis, conjunctivitis, anérglc asthma. While many aspects of the
pathogenesis of these allergic disorders are wedlhed, the initial steps are not fully
understood.

In the present work, first we investigated the @Beof reactive oxygen species
(ROS) produced by RWP on monocyte-derived dendeiits (DCs), because DCs play
pivotal role in the sensitization phase of allergesponses. Our findings show that
exposure to RWP induces an increase in the inttd@elROS levels in DCs. Our data
also indicate that besides the NAD(P)H oxidaseserotomponent(s) of pollen grains
contributes to this phenomenon. Elevated levelsintfacellular ROS triggered the
production of IL-8, as well as TNé&-and IL-6. Treatment with pollen grains initiatdgbt
maturation of DCs, strongly up-regulated the meméraxpression of CD80, CD86,
CD83 and HLA-DR. The pollen-treated DCs induced tlevelopment of naive T
lymphocytes toward effector T cells with a mixedofge of cytokine production.
Antioxidant inhibited both the phenotypic and fuontal changes of DCs, underlining the
importance of oxidative stress in these processes.

Several lines of evidence demonstrate that oxidasiress contributes to the
development of allergic inflammation. Because & peeviously been reported that static
magnetic field (SMF) acts on biological systemstlgahrough mediating ROS levels,
next we investigated the impact of moderate SMFaimurine model of allergic
inflammation and also in human provoked skin aljeMye found that even a single 30-
min exposure of mice to SMF immediately followingranasal ragweed pollen extract
(RWPE) challenge significantly lowered the increas¢he total antioxidant capacity of
the airways and decreased allergic inflammatiorpel®eed (on 3 consecutive days) or
prolonged (60 min) exposure to SMF after RWPE emglé decreased the severity of
allergic responses more efficiently than a singlen8n treatment. SMF-exposure did not
alter ROS production by RWPE under cell-free caoadg, while diminished RWPE-
induced increase in the ROS levels in A549 episthalells. Results of the human skin
prick tests indicated that SMF-exposure had noifsigmt direct effect on provoked mast
cell degranulation.

Our findings draw the attention to the importandepollen-derived oxidative
stress in both sensitization and elicitation phagkesllergic inflammation, and may
contribute to the development of novel therapeapigroaches.
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Osszefoglalas

A parlagii pollen az allergids megbetegedések — mint a mhinkbihartya-
gyulladas és az allergids asthma — egyik leggybkogs a legsulyosabb tlneteket
el6idéezs  tényedje Kozép Eurépdban. Az allergias megbetegedések
patomechanizmusadnak szamos részlete mar jol isrderta folyamatokat elinditd
lépéseksl még keveset tudunk.

A dendritikus sejtek (DS-ek) kulcsfontossagu szeebpbirnak az allergias
reakciok szenzitizacios fazisaban, igy munkankrsekiszor a pollenszemek altal termelt
reaktiv. oxigéngyokok monocita-eretiet DS-re gyakorolt hatasat vizsgaltuk.
Eredményeink azt mutatjak, hogy a pollen-expozmidativ stresszt valtott ki a DS-
ekben, melynek kialakulasdhoz a NAD(P)H oxidazokllettea pollenszemek egyéb
komponensei is hozzajarultak. A megemelkedett ¢ethalaris reaktiv oxigéngyok szint
elésegitette az IL-8, a TNE-valamint az IL-6 citokinek terméflését. A pollenszemekkel
tortént kdlcsonhatast kovietn a DS-ek felszinén fokozodott a CD80, CD86, CB83
HLA-DR molekulak kifejeddése. A pollenkezelt DS-ekdéskegitették a naive T sejtek
kulonbo® citokineket (IL-3, IL-5, IL-10, IFNy) termeb effektor T sejtekké tortén
differencialédasat. Az antioxidans hozzaadasa yésaethez gatolta a DS-ek fenotipusos
és funkcionalis valtozasait.

Ismert, hogy az oxidativ stressz hozzajarul azgifle gyulladas kialalkulasahoz.
Bizonyitott, hogy a statikus magneses th€3MM) altal kifejtett biologiai hatasok
részben szabadgyokok altal mediéltak, ezért a toaban kozepes é&séd SMM
hatdsat vizsgaltuk az allergias léguti gyullad&regdelljében, valamint human allergiés
bérteszt vizsgalatokban. Kimutattuk, hogy mar egyetl80 perces SMM expozicid
kozvetlenll az intranazalis parléigpollenkivonat kezelés utan jelésen meérsékelte a
légutak teljes antioxidans kapacitdsanak pollenHiatta novekedését, valamint
szignifikansan csokkentette az allergias gyulladéstékét is. Ismételt (3 egymast kdvet
napon) vagy megndévelt dtartamu (60 perces) SMM kezelés a nazalis polleniat
adasat kovéen hatékonyabban cstkkentette az allergias reaigiokint az egyszeri 30
perces kezelés. A SMM expozicio sejtmentes koriymkérkozott nem befolyasolta a
pollenkivonat szabadgyok-ternéeképességét, mig a pollenkivonat altal indukalktiga
oxigéngyokok szintjét léguti hdmsejtekben csokkitateA huméan allergias dotesztek
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eredmeényei szerint a SMM expozicibnak nincs koewetizignifikAns hatasa a hizésejt
degranulaciora.

Eredményeink a pollen eredebxidativ stressz allergias gyulladas szenzitizcio
és kivaltasi fazisdban betdltétt fontos szerepérgak fel a figyelmet, valamint

hozzjarulhatnak Uj terapias eljarasok kidolgozésah
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