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1. INTRODUCTION

Histamine has been established to play a pathoplgstal regulatory role in various
immunological reactions. The main functions of dmsine include H1 receptor (H1R)
mediated actions on smooth muscle, vascular periitgabnd modulation of allergic
response, and gastric acid secretion basicall\H2?aeceptors (H2R). H3 receptor (H3R) is
expressed in the nervous system, where it serves piesynaptic feedback receptor on
histaminergic neurons. H4 receptor (H4R), the las¢ptor discovered, is largely expressed in
haemopoietic cells and its chemotactic propertiessighate its regulatory role in
immunomodulation( 1) . Highly selective blockers and agonists suitaloleif vitro andin
vivo use have been developed for these histamine wmesepthese include clinically
established H1R and H2R blockers, as well as nowastigational drugs directed toward
HAR(2).

Histamine is a diamine derivate of histidine thafproduced under the control of a
single enzyme, histidine decarboxylase (HDC). HRBaient (HDC-/-) mice were generated
by Ohtsu and his co-workers about a decade( &yo Destruction of the HDC gene results in
a marked reduction of the tissue histamine confBmése HDC-/- mice represent a suitable
experimental model to assess the role of histamia#ergic diseases.

In our present work, we investigated the immunol&tguy role of histamine using
HDC-/- mice in a highly prevalent allergic diseasecontact dermatitis. The central role of
histamine in the pathophysiology of allergic rhimiis well established. In the second part of
this work we compared the efficacy of a H1R antagjorwith a newly developed

phototherapeutic device in patients with allerdimitis.

1.1. Contact dermatitis

The prevalence of allergic diseases is increasingnast countries of the world. The Word
Allergy Organization (WAO) reported the resultstbé survey on the prevalence of allergic
rhinitis, asthma, atopic eczema, food allergy, dligrgy and hymenoptera hypersensitivity in
2007( 4) . Based on the data provided by the WAO membeetesiin 2005, the prevalence
rate of allergic rhinitis is above 16% in most ctigs, Hungary reported 17%. The
prevalence of allergic asthma and atopic dermatiéis estimated between 6-15%.

Contact dermatitis is one of the most common octtoipal disease$5) . Two main

types of contact dermatitis may be distinguishecgoeding to the pathophysiological



mechanisms involved: irritant contact dermatitisd aadlergic contact dermatitis. Allergic
contact dermatitis, also referred as contact hygpesisivity (CHS), requires the activation of
antigen-specific acquired immunity.

Allergic contact dermatitis (ACD) is one of the mha®mmon dermatoses, and its
socioeconomic impact as an acquired, job-relatséadie is enormo$) . ACD can produce
an acute eczematous picture with erythema, vesaidsweeping and chronic eczema with
hyperkeratosis, fissuring and lichenificatipi) . Diagnosis of ACD is usually confirmed by
epicutaneous patch testing.

Contact allergens are low molecular weight, lipaduble chemicals that behave as
haptens as they are not immunogenic by themselaptens comprise a group of very
diverse chemicals, including a limited number @by contact sensitizers and thousands of
weak haptens responsible for human ACD. Knowledgéhe pathophysiology of ACD have
been obtained from animal models, where strong raxeatal contact sensitizern®,4-
dinitrofluorobenzene (DNFB), dinitrochlorobenzer@NCB), oxazoloh were used. These
haptens are not present in our daily environment.

ACD is a classical delayed-type hypersensitiviigcteon, or a type IV immunological
response, that occurs in two phases: initially assation that lasts for 10-15 days in
humans, and 5-7 days in mice. The second phas$e islicitation (effector) response takes
24-72 hours after the reexposure of the same allerghe early phase of the elicitation
occurs 1-3 hours after antigen challenge in midas Barly phase has been postulated to
depend on local tissue mast cells, the main sanfrbestamine in the skin.

In the first part of this work we investigated thele of histamine in contact

hypersensitivity reaction using histidine decarblagg deficient (HDC-/-) mice.

1.2. Allergic rhinitis

Allergic rhinitis (AR) is a common inflammatory @ase that causes major illness and

disability worldwide. The prevalence of AR was fduto be around 25% in a study on the
general population in Euroges, 9) .

Patients with allergic rhinitis suffer from physiceymptoms (sneezing, rhinorrhea,
nasal itching and nasal obstruction) and from ngsplal symptoms including sleeping
disturbance, emotional problems, impairment ofvitetis and social functioning10) . It is

associated with impairments in how patients fumctin day-to-day life. Impairment of



quality of life (QOL) is seen in adults and in clign. The classical symptoms interfere with
sleep, leisure, school or work activities.

According to the guidelines issued by the AllerBicinitis and its Impact on Asthma
(ARIA) group, allergic rhinitis is subdivided totarmittent (IAR) and persistent (PER), based
on the number of consecutive days when patientsrexpe symptom&10) . Previously, AR
was subdivided based on the time of exposure iasaal, perennial and occupational.
Seasonal allergic rhinitis is related to a wideietgrof outdoor allergens such as pollens or
molds.

Allergic rhinitis is an immunoglobulin E (IgE)-meded inflammatory disease of the
nasal mucosa. The central role of histamine inpittomechanism of AR is well established
(12) . Specific IgE elicits hypersensitivity reactiomuigh binding FERI receptors on mast
cells. Their main preformed mediator is histaminicl induces vasodilatation, increased
vessel permeability, edema and mucous hypersecr@tiothe mucosa, thereby causing
clinical symptoms. The ARIA guideline recommendsgssecond generation antihistamines
as first-line treatment for AR. However, the treatrn of allergic rhinitis is not always
satisfactory and some patients fail to respondeatinent.

It has been demonstrated that selective H1R anistgoiailed to completely inhibit
nasal allergic reaction in mice, suggesting theolvement of other receptors in these
responseq 12) . Supporting results were obtained from H1R knotkaice. Thus, it is
considered that histamine receptor blocking alensot sufficient for complete understanding
of the mechanisms of allergic reactions in animals.

In the second part of our work we compared thecaffy of a second generation
antihistamine with that of a recently developed n@wototherapeutic modality in patients

with seasonal allergic rhinitis.



2. AIMS

2.1. To investigate the role of histamine in contadypersensitivity

1. We compared the CHS response in HDC-/- mich thit of in wild type mice.
2. We measured the cell composition of the axillard inguinal lymph nodes.
3. We measured the composition of infiltratings@l the ear skin.

4. We measured the expression of IL-2, \;N-NF-a and IL-4 genes in the ear skin.

2.2. To compare the efficacy of fexofenadine HCI, second generation antihistamine

with that of a new intranasal phototherapeutic devte in patients with seasonal allergic

rhinitis

1. A randomized open study was conducted in patienth a history of at least 2
years of moderate-to-severe ragweed-induced atlengitis.

2. Thirty-one patients were randomly assigned teeike either intranasal
phototherapy or fexofenadine HCI for 2 weeks.

3. Each patient kept a daily diary of symptoms.alotasal score (TNS), a sum of
scores for nasal symptoms (nasal obstruction,ng;hihinorrhea and sneezing) was

also calculated.



3. HISTAMINE IN CONTACT HYPERSENSITIVITY

3.1. INTRODUCTION

Histamine is present in all tissues of the mammabady and plays an important role in

many physiological and pathological functions. Tingportance of histamine has been
demonstrated in gastric acid secretion, contractbrsmooth muscle, neurotransmission,
wound repair, embryogenesis, hematopoiesis, atlesgin reaction and malignant growth
(3, 13).

Histamine, synthesized by histidine decarboxylas@roduced mainly in mast cells,
basophils and histaminerg neurons, but macrophageslritic cells and T lymphocytes also
synthesize histamingl14- 16) . The production and release of histamine are nabeldl|by
various cytokines such as IL-1, IL-3, IL-5 and IL-87) . Histamine plays a regulatory role
in Thl/Th2 balance at multiple points; however, thajority of histamine actions seem to
promote Th2 responséd4d3, 18) .

Four different membrane receptors of histamine (HHRR, H3R and H4R) have
been characterized pharmacologically and at theecntdr level. One or more of these
receptor types are expressed on many different tgeks, including T cells, B cells,
monocytes and neutrophisl3, 19) . The secretion of IL-2 and IFMfrom Th1l cells can be
either inhibited or stimulated by histamine, andhbeffects are mediateda H2R receptors
(17) . It has been recently published that H1R is oyaressed on Thl cells, while H2R is
overexpressed on Th2 cells. H1R-deficient mice destiate suppression of Thl cytokines
and dominant secretion of Th2 cytokines. H2R-defiti mice show a significant
enhancement of both Th1- and Th2-type cytokineesiear( 20) .

Contact hypersensitivity response develops in tmtirett phases: sensitization and
elicitation. In the sensitization phase, mice exub® contact allergen showed an increase in
the percentage of antigen (Ag) specific THEZD5/CD3/TCR/B220" cells in the skin-
draining lymph nodes (DLNJ 21, 22) (Figure 1). These B22(QCD45R) B cells produce
IgM/IgG type antibodies that pass into the ciraolatand the extravascular tissues. These
antibodies bind to receptors on the surface of roalst and platelets and play a role in the
increase of vascular permeability. Cytokines preduby Tcl cells (IFNA, Thl cells (IL-2,
IFN-y and TNFea), Th2 cells (IL-4 and IL-10) and Langerhans c€lls12 and IL-18) are
important for the optimal induction and initiatiohCHS in DLN( 23- 25) .



The elicitation phase is characterized by two dditphases (Figure 1). In the early
phase of elicitation, the antigen bound by IgM/ltyBe antibodies produced by B22B cells
leads to mast cell and platelet activation. Reledsgerotonin and TNIe from these cells
results in an increased vascular permeabflieg- 28) . Gebaet al found that delayed type
hypersensitivity reaction (DTH) was either intact anly partially decreased in mast—cell
deficient mice( 29), and severe depletion of platelets with anti-pédtantibody strongly
inhibited the contact hypersensitivity, especiatiynast-cell deficient micé30) . These data
suggest that serotonin and TNFare important mediators in the early phase of DTH.

In the later phase of elicitation (48-72 hours rafieallenge), antigen—specific T cells
(aBT cells) are activated, resulting in the productidrvarious cytokines. It is known that in
the CHS reaction the main effector cells are Nproducing CD8 Tc1l cells( 6, 31, 32) .
The CHS responses are also regulated by IL-2,JIENd TNFe-producing CD4 Th1 cells,
as well as by IL-4 and IL-10-producing CD#h2 cells( 24, 31, 33- 36)

Belsitoet al reported, that H2R antagonist cimetidine augmetitedCHS reaction by
inhibition of the induction of T-suppressor cdll87) . In contrast to this, the histamine H1R
antagonist diphenhydramine, had no effect on sgsprecell activity in the CHS reaction in
mice ( 38) , and H1R antagonists did not cause the downregualatf CHS. Groket al tested
the effect of a prolonged treatment with H1R antasgjocetirizine on the reaction to a contact
allergen applied by patch testing in a sensitizepupation( 39) . Their results demonstrated
that the clinical recording did not show any diffiece between the cetirizine-treated and the
control groups. These data suggest that histamigatroontribute to the regulation of CHS
through H2R receptor.

In the present study, we examined the CHS respon$¢DC knockout (HDC-/-)
histamine deficient mice. These mice were genenasety a gene targeting method by Ohtsu
et al( 3) . HDC-/- mice exhibit a decreased number of maks.cEhe lack of histamine leeds
to a large reduction in the overall contents of ncal secretory granules, including proteases
MMCP4, MMCP5 (chymases) and MMCP6 (tryptaged0) . In HDC-/- mice, plasma
extravasation could not be observed after passm&@neous anaphylaxis tegt4l),
suggesting that histamine plays a significant mdé¢ only in the anaphylactic increase of

vascular permeability but also in the negative latipn of neutrophil infiltration( 18) .
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The purpose of the present study was to deterntiaeimimunoregulatory role of
histamine in dinitrofluorobenzene (DNFB)-inducedayed type hypersensitivity. We found,
that the lack of histamine caused an intense Th& tgsponse, suggesting that histamine

plays a negative regulatory role in contact derigati

Circulo?(ig\(—\ — \ i )

Extravascular

Antigen

Early phase

Antigen
Presenting cell

Infiltrate of
Leukocytes

Figure 1. Hypothetical delayed type hypersensitivity (DTHascade in murine T cell-
dependent skin reaction. From Askenase PANergy. Principles & Practice 1998 325
(21) . TCF: Antigen-specific factors; 5-HT: serotonin.
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3.2. MATERIALS AND METHODS

Animals

Generation of HDC-/- mice was previously descrilp&l. Female, 8-10-month-old HDC-/-
and CD1 background wild type mice were used inetkgeriments. Each experimental group
consisted of 4-6 mice. The mice were kept on nonel

It was previously published an impaired reproductaf histamine deficient micé42) .
Using CD1 background mice, the segregating F2 @joum contains a higher percentage of
wild type mice (>25%) than HDC-/- mice (<25%) (poofions are non-Mendelian)
(unpublished data). Therefore, the HDC-/- mice waredlomly selected from F2 mice of the

transgenic colony.

Treatment

The abdominal skin of the mice was shaved and tsedi with 25 pl 0.5% 2,4-
dinitrofluorobenzene (DNFB; Sigma-Aldrich Corpomtj St. Louis, MO, USA) in
acetone/olive oil (4/1) for 2 consecutive days &&yand 1). Five days later, the dorsal
surface of both ears was challenged withull8.2% DNFB (n=6). The control mice were also
sensitized with DNFB, but their ears were treatétth @cetone/olive oil (n=4). Ear thickness
was measured with a spring-loaded micrometer (Sgliteermany) before challenge and 24
and 48 hours after challenge. Treated ears weneestad 24 and 48 hours after the final

application of DNFB or acetone/olive oil.

Flow cytometry

The axillary and inguinal lymph nodes draining #imlominal skin (sensitization area) were
excised from each mouse 48 hours following chabergpr phenotypic analysis by flow
cytometry, individual cell suspensions were preg@aneDulbecco’s phosphate-buffered saline
(PBS) with 5% fetal calf serum (GIBCO BRL, Paisl&gotland) and 0.1% sodium azide
(Merck, Darmstadt, Germany) (PBS-FCS) & 4and washed by centrifugation at 350 x g.
The pellets were resuspended and diluted to cBlls/ml in PBS with 1% bovine serum
albumin (BSA, fraction V; Sigma-Aldrich Corporatioist. Louis, MO, USA) and 0.1%
sodium azide (PBS-BSA). Cells were labeled with fitiilowing rat anti-mouse monoclonal
antibodies: anti-CD45 (M1/89 clone), anti-CD3 (K&l®ne), anti-CD4 (H129.19 clone), anti-

12



CD8 (53.6.72 clone), anti-CD45R (RA3-3Al1 clone),ti@&D11b (M1/70 clone), anti-
macrophage (F4/80 clone), anti-Gr-1 (RB6-8C5 clon€)3, H129.19 and RB6-8C5
hybridomas were kindly provided by Professor W. \Eamijk (Department of Immunology,
Erasmus University, Rotterdam, The Netherland®) other hybridomas were purchased from
the American Tissue Type Collection (Rockville, MDSA). Tissue culture supernatants
were produced by culturing hybridomas in RPMI 164h 2mM L-glutamine, 10 mM
Hepes, 2 g/l NaHC§ 10% FCS (GIBCO BRL, Paisley, Scotland) and 5 ¥ M 2-
mercaptoethanol (Sigma-Aldrich Corporation, St. ispMO, USA). Twenty-fiveul of cell
suspensions was admixed to @gbsamples of undiluted tissue culture supernatantthe
wells of round-bottom microtiter plates. The plate=e incubated at’€ for 30 min, then the
cells were washed three times with 2@@Qvell PBS-FCS. The pellets were resuspended and
incubated in 50ul fluorescein isothiocyanate (FITC)-conjugated gaati-rat Ig (Sigma-
Aldrich Corporation, St. Louis, MO, USA) diluted 10200 at 4C for 30 min. To avoid the
cross-reactive binding of anti-rat Ig to mouse egiiface Ig, 2% normal mouse serum was
admixed to the diluted anti-rat Ig. After washitige cells were resuspended in 20(PBS-
BSA and the dead cells were stained by addingl1® 25 pug/ml propidium iodide (Sigma-
Aldrich Corporation, St. Louis). f@ells per sample were analysed with a FACSt4with

an argon ion laser, wavelength 488 nm; Becton Dsibm, Sunnyvale, CA, USA). The data
were analyzed and the percentages of positive welte calculated with the Cell Quest 3.1F

software (Becton Dickinsor{)43) .

Histology
Ear samples were taken 24 and 48 h after DNFB ipgiand fixed in 4% formalin for routine
histology with hematoxylin-eosin and toluidine ble&ining. The sections were examined

with an objective of 40x magnification.

Immunohistochemistry

Fresh frozen skin specimens were embedded in crypméShandon, Life Sciences
International, U.K.), 3um serial cryostat sections were prepared and abiditin-peroxidase
complex (ABC) method was used for immunohistolagjaining. The sections were air dried,
aceton fixed, then incubated with 0.5% BSA (Sigmdrigh Corporation,St. Louis, MO,
USA) before adding the primary antibodies (PharrmmgBecton Dickinson Company): rat

anti-mouse CD45 and rat anti-mouse CD3 monoclontibady. Normal rat serum (DAKO,
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Denmark) was used as negative control. The sect@ns incubated with biotin-conjugated
rabbit anti-rat IgG (Vector Laboratories, Inc. Bngame, CA), then with avidin-biotin
peroxidase (Vectastain Elite kit, Vector Laborasri Burlingame, CA). The peroxidase
reaction was developed with 3-amino-9-ethylcarbd2&C; Sigma-Aldrich Corporatiort.
Louis, MO, USA) and the sections were countersthinigh hematoxylin.

Real-time reverse transcription polymerase chain raction (Real-time RT-PCR)
Ear specimens taken 24 and 48h after the DNFBntezat were homogenized in Trizol
reagent (Life Technologies) and total RNA was isadafollowing the instructions of the
users’ manual. RNA concentration was determinedhleyA260 value of the samples. First
strand cDNA was synthesized fronu8 total RNA in a 2Qul final volume by using a First
Strand cDNA Synthesis Kit (MBI Fermentas, Vilnilsthuania). After reverse transcription,
real-time RT-PCR was used to quantify the relaabeindance of products of each genes
(iCycler 1Q Real Time PCR, Biorad) using primeregfic for mouse GAPDH, IL-2, IL-4,
IFN-y and TNFe. 2 ul aliquots of the reverse transcription volume wased as templates for
PCR reactions.

The sequences for primers specific for IL-2 , ILHN-y, TNF-a, GAPDH are shown
in the attached scientific paper. The conditionshef reactions were as follows: °@5for 5
min followed by 40 cycles at 96 for 15 s (denaturation), and at’67or 45 s (annealing and
elongation). The M{ concentration was 3 mM, the concentration of the@rs was 300
mM. Real time detection of PCR products was carpat by using SYBR Green | dye.

Relative gene expression was calculated usingft@& method.

Statistical Analysis

Student’s test was used for statistical evaluatiBr(.05 was considered as significant.

14



3.3. RESULTS

HDC-/- mice demonstrated increased contact hyperssitivity to DNFB

HDC-/- and wild type mice were sensitized with 0.BFB for 2 consecutive days. Five
days later, the dorsal surface of the ears wadertggdd with 0.2% DNFB or with the solvent
(acetone/olive oil). Ear thickness was measuredrbethallenge, 24 and 48 hours after
challenge. Twenty-four hours after challenge theFBNnduced increase of the ear thickness
was significantly higher in the HDC-/- mice (n=@}n in wild type mice (n=6) (mea8D:
9.83+ 3.9 x10° mm vs. 6.32.8 x10° mm, P<0.05) (Figure 2). Fourty-eight hours after
challenge, the ear thickness was still higher inG#Bmice compared to wild type mice, but
the difference was not significant between the gnaups (meat SD: 12.4 3.3 x10° mm vs.
7.245.2 x10° mm, P>0.05) (Figure 2).

24 hours 48 hours
£ 18, £ 18,
S £
N 16 N 16
S 14 N = 14 |
X 121 X 12
g% £
o 6/ D 6|
5 4 5 4
T 2] T 2
w o w o
Ac DNFB treated Ac DNFB treated
wt  HDC-/- wt HDC-/- wt HDC-/- wt HDC-/-

Figure 2. DNFB induced increase of ear thickness in HDC-M anld type mice. Contact
hypersensitivity response was challenged with O28-B in sensitized HDC-/- (n=6) and
wild type mice (n=6). The control mice were alsosgzed with DNFB, but their ears were
treated with acetone/olive oil in both groups (n=Ear swelling was measured 24 (A) and 48
(B) hours after challenge with a micrometer. Data@esented as the measD. * P=0.023
DNFB treated HDC-/- vs. DNFB-treated wild type mice
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The percentages of CD4 Th and CD8" Tc cells were lower, those of CD45RB cells
were higher in the DLNs of HDC-/- mice

The axillary and inguinal DLNs were excised 48 soafter the DNFB challenge and cell
suspensions were prepared for phenotypic analygidldw cytometry. No significant
difference was observed between the total numbehe®fDLN cells in the DNFB treated
HDC-/- (meartSD: 49.54 15.87 x16 vs. 43.2% 7.11x16, P>0.05) and wild type mice. The
percentages of CD3T (45.4:3.9% vs. 61.2%4.1%),CD4" Th (37.%3.9% vs. 44.62.5%)
and CD8 Tc (11.21.7% vs. 19.23.4%) were significantly lower in the HDC-/- mick
contrast, the percentage of CD45R cells (39.85.1% vs. 28.%6.4%) was significantly
higher in the HDC-/- mice than in the wild type mi¢Figure 3). The percentages of
granulocytes (641.7% vs. 6.31.3%) and macrophages (2117% vs. 1.41.0%) did not
differ in the two groups. Similar differences weseen in the cell composition of the axillary
and inguinal lymph nodes of untreated HDC-/- anttlwype mice. The percentages of the
different cell subpopulations did not differ sigo#ntly from those found in the appropriate

DNFB treated groups (data not shown).

70 B HDC+/+
N
T 60 OHDC-/-
(&)

| oo
g %0 - als
2 40/
S 30
e
2 20 0o
(@)
o 10

0« T T 1

CD3* CcDh4+ CcD8 ™ CD45R*

Figure 3. Distribution of lymphocyte subpopulations in DLNh& DLN were excised 48
hours following the DNFB challenge and analysedflow cytometry. ** P<0.001DNFB
sensitized HDC-/- (n=6) vs. DNFB sensitized wilgéymice (n=6).
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The number of infiltrating cells was higher in theear specimens of HDC-/- mice

Histologic sections were made from the ears 24 48htours after challenge. In contrast to
the acetone/olive-treated ear specimens (n=4)hénDQNFB-painted ears of both HDC-/-
(n=6) and wild type mice (n=6) a cellular infilteabnd edema was seen. The majority of the
infiltrating cells were neutrophil granulocytes ambnonuclear cells in both DNFB treated
groups at 24 and 48 hours after challenge, buhtimeber of infiltrating cells and the degree
of edema was higher in the HDC-/- mice (Figureld)ear samples taken 24 or 48 hours after
DNFB painting, mast cells were stained with tolo&liblue. At these time points no
difference was detected in the number of mast aellthe histologic sections of DNFB
challenged and acetone/olive treated ears of eRi&C-/- or in wild type mice (data not

shown).

e

Figure 4. Hematoxylin eosin staining of DNFB-treated earsh®irs after challenge. No
inflammation was observed in the ears of DNFB-s&esl wild type (A) and HDC-/- mice
(B) following acetone/olive oil treatment (n=4). eophil granulocytes and macrophages
were the dominant cell types in the dermis 24 haitesr DNFB challenge both in the HDC-/-
(D) and in the wild type mice (C) (n=6). The degofeedema and the number of infiltrating
cells were higher in the HDC-/- mice (D) comparedrte wild type mice (C).
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Strong CD45" leukocyte infiltration was observed in the ears oHDC-/- mice

In order to characterize the phenotype of thetmafing cells, 3um cryostat sections were
prepared and the ABC method was used for the imhistadogic staining. We observed a
significantly higher percentage of CD4Bukocytes in the dermis of the ears of the HDC-/-
mice (n=6) than in that of wild type mice (n=6).€eTmumber of CD3 T cells was not
increased in the DNFB-painted ears compared tocthrol (acetone/olive-treated) ones
(n=4) in either group (Figure 5).

Figure 5. Immunohistological detection of CD4Heukocytes and CDO3T cells in ear
samples. After DNFB challenge, a strong CD#&ikocyte infiltration was found in HDC-/-
mice (B) (n=6), compared to wild type mice (A) (D=@he DNFB-painted ears of neither
HDC-/- (D), nor wild type mice (C) showed elevate®3" T cell numbers. Normal rat serum
was used as negative control for staining the DIHEBted ears of HDC-/- (F) and wild type
mice (E).
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IL-2, IFN-y, TNF-a and IL-4 mRNA expression was examined by Q-RT-PCR

Quantitative relationship between the level of gerpression and relative fluorescence data
was demonstrated for each examined citokine gddiegion series of a cDNA was used as
template and standard curves were genereted wherelative fluorescence data was shown
as a function of rate of dilution. The correlatiowefficient was >0.9 in each of the examined
genes (data not shown), suggesting that the reactinditions applied resulted in comparable
real-time RT-PCR data. Standard curves showed rligeaindicating a quantitative
relationship between the relative gene expressiah ralative fluorescence data (data not
shown). The expression of IL-2, IFN-TNF-a and IL-4 genes was examined by optimized
real-time RT-PCR reactions in the ear samples nétbat 24 and 48 hours after challenge.

In wild type mice (n=4), IL-2 mRNA was undetectahile contrast with this HDC-/-
mice (n=4) constitutively expressed a detectablellef IL-2 mRNA. In the HDC-/- mice,
DNFB treatment (n=6) caused a more than 8-foldeiase in the level of IL-2 mRNA 24
hours after challenge, however, the quantity of2IlmMRNA decreased 48 hours after
challenge. In contrast with this, in wild type mi@e=6), IL-2 mMRNA was not detected 24
hours after challenge and it reached a detectalbld bnly 48 hours after challenge (Figure
6A).

The IFNy mRNA level showed a significantly higher increaséiDC-/- mice than in
wild type mice 24 hours after challenge. 48 houtsrachallenge, the IFN-mRNA level
decreased in HDC-/- mice, while increased in wygket mice (Figure 6B).

The HDC-/- mice constitutively expressed a detdetédel of TNFe, while in wild
type mice TNFa was undetectable. The increase in ToNExpression was 7-fold in HDC-/-
mice 24 hours after the DNFB treatment, and appnaiely 3.5-fold higher 48 hours after
challenge. In the wild type mice, TNdFmMmRNA was not detected 24 hours after the treatment
and showed an increase 48 hours after challengar@6C).

The expression of IL-4 mRNA reached a detectabtellen HDC-/- mice but not in
wild type mice. The DNFB treatment of HDC-/- miceoguced a moderate increase of IL-4
MRNA expression 24 hours after challenge, andribeease in IL-4 mRNA expression was
5-fold 48 hours after the treatment compared ta2thérour data. In the wild type mice, IL-4
MRNA was not demonstrated 24 hours after challebgea detectable amount of mRNA
appeared 48 hours after the DNFB treatment (Figure
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Figure 6. Real-time RT-PCR analysis of IL-2, IFfNand TNFe mRNA expression in ear
samples. HDC-/- mice (n=4) constitutively expregghhbr levels of IL-2 and TN cytokine
MRNAs than wild type mice (n=4). The mRNA of thesgokines was not detectable in wild
type mice before challenge and 24 hours after ehgh. The DNFB treatment caused an
increase in IL-2 (A), IFN¢ (B) and TNFea (C) mRNA expression in HDC-/- mice 24 hours
after challenge (n=6). In contrast, 48 hours afteallenge, the IL-2, IFN- and TNFea
MRNA levels decreased in HDC-/- mice and showenherease in wild type mice (n=6).
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Figure 7. Real-time RT-PCR analysis of IL-4 mRNA expressioneiar samples. DNFB

treatment of HDC-/- mice produced a moderate irsze# 1L-4 mMRNA expression 24 hours
after challenge and a strong increase 48 hours dftdlenge (n=6). In the wild type mice
(n=6), IL-4 mMRNA was not detected 24 hours aftealiemge, but it was demonstrated 48
hours after challenge.
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3.4. DISCUSSION
Histamine is an early mediator in inflammatory teats. It regulates immune responses by

enhancing Th2 (IL-4, IL-10) and by inhibiting ThiL{2, IFN-y, TNF-0) cytokine production

(13,17, 44) . In the present study, we investigated whethdaimse has a regulatory role in
DNFB-induced CHS and whether the lack of histanmruglifies the cytokine profile. For that
we used the model of HDC-/- mice.

We found in histamine deficient mice, that DNFB ucdd a more intense CHS
reaction than in wild type mice. The DNFB-inducettrease of the ear thickness was
significantly higher in the HDC -/- mice 24 houriea challenge than in wild type mice.
Forty-eight hours after challenge, the ear thickneas still higher in HDC-/- mice, but the
difference was not significant between the two gmouAfter the DNFB challenge the
percentages of CD3 CD4 and CD8 T cells in the DLN of sensitization area were
significantly lower, those of CD45RB cells were significantly higher in HDC-/- mideatn in
wild type mice. Similar differences were found hetDLNs of the untreated HDC-/- and wild
type mice. Consequently, these differences do e®msto be due to the DNFB treatment, but
they are rather associated with the lack of histanm HDC-/- mice.

The inflammatory reaction in the ear skin of theenas also studied. We found that
24 hours after challenge the number of infiltratoedjs and the degree of edema was higher in
the HDC-/- than in the wild type mice. In hapteralidnge sites, neutrophils recruit CDB
cells that subsequently produce cytokines medidtieghypersensitivity respong&2, 45) .
Using HDC-/- mice Hirasawet al found that histamine plays a negative regulatotg for
the neutrophil infiltrationvia H2R receptor in allergic inflammatio(018) . It has been
reported that in the skin of HDC-/- mice the expres of HIR and H2R receptors is very
sensitive to histamine levels and both receptasawnregulated in the skin of HDC-/- mice
(46) . These results suggest that histamine might inlniatrophil infiltration in wild-type
micevia H2R receptors and the lack of histamine favorsang granulocyte and macrophage
infiltration in HDC-/- mice.

We observed an increase of the ear thickness dativety few infiltrating cells in
wild type mice 24 hours after the challenge. In ¢aely phase of elicitation of CHS (3-24
hours after challenge), release of serotonin anB-@iMrom mast cells and platelets results in
an increased vascular permeability and tissue swWdlR26- 28) . These data indicate that the
increase of the ear thickness is mainly due to ed@&rmations that occur 24 hours after

challenge.
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We also observed that HDC-/- mice constitutivelpress higher levels of IL-2, TNF-
a and IL-4 mRNAs than wild type mice. These findirgggygest that endogenous histamine
downregulates the production of IL-2, TNFand IL-4. It is known that CD8Tcl cells
mainly produce Thl type cytokines. In our study, ABNtreatment caused higher levels of
Th1l cytokines (IL-2, IFNy, TNF-a) in HDC-/- mice 24 and 48 hours after challenge] a
higher level of Th2 cell cytokine (IL-4) mRNA 48 tus after challenge compared to wild
type mice.

Challenge with antigen in sensitized mice inducesll recruitment of T cells. These
antigen-specific T cells produce inflammatory cytas, which induce ear swelling and other
inflammatory processes in the later phase of alioh (48-72 hours after challenge). We
observed a very early Thl cytokine response in HD@ice, followed by the increased levels
of IL-2, IFN-y and TNFa mRNAs 24 hours after DNFB challenge. In these milee high
levels of Thl cytokines might contribute to theyearly increase of the ear thickness and the
inflammatory response demonstrated by immunohigtolo

We also showed that in the early phase of eliatatthe ear thickness was greater in
HDC-/- mice than in wild type mice. Twenty-four hsuafter challenge, the levels of Thl
cytokine mRNAs were significantly higher in the esmples of histamine deficient mice
compared to wild type mice. These data suggesthissmine might have a suppressive
effect on the production of Thl cytokines and, eopuently, on the limitation of the
inflammatory response. In the later phase of alidh, there was no significant difference in
the ear swelling in the two groups. Fourty-eightitsoafter challenge a significant increase of
Th1l cytokine mRNAs was observed in wild type mishjch was comparable with that seen
in HDC-/- mice at 24 hours after challenge. Theelswof Thl cytokine mRNAs in HDC-/-
mice 48 hours after challenge were higher thanetlo@served in wild type mice, however, in
the HDC-/- mice significantly increased IL-4 levelere also demonstrated. Recent studies
have shown that both Thl and Th2 T cells are iredln the regulation of contact
hypersensitivity. IL-4 is a Th2 cytokine that plaga important role during the elicitation
phase of CHS, and has a role in mediation of thhenmmation( 36) .

Ohtsuet al has reported that in the CHS response the edmiss of HDC-/- mice
was not significantly different from that of wildyge mice (41). However, in their
experiments another sensitizing agent, trinitrocddenzene was used in very high
concentrations. We showed, using flow cytometrynimohistology, and real-time RT-PCR,

that DNFB induced a more intense inflammation inG4> mice than in wild type mice. The
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discrepancy between their and our results mighegygained by the different experimental
conditions.

Our data suggest that histamine has an importéatbuaih in the early and in the later
phase of CHS reaction. The lack of histamine sdene responsible for a very intense Thl
type response in the early phase and also fobagirh2 response in the late phase of CHS.

Histamine is known to inhibit Th1l lymphocyte furais such as production of IL-2,
IFN-y via H2R receptors, and to enhance Thl-type respornsgggering the H1R receptors
(20, 47) Fitzsimonset al demonstrated that in the skin of HDC-/- mice thERHand H2R
receptors are downregulated which might be dubdgtolonged histamine deficientyo) .
We found a very early and high Thl cytokine respoaiter antigen challenge that might be
caused by histamine deficiency. These data indichtg endogenous histamine can
downregulate the CHS reactioma H2R receptor in wild type mice. The lack of histam
causes a downregulation of the H2R receptors in ##Dfice thereby leading to a higher Thl
cytokine response compared to wild type mice. Thesealts suggest that in the histamine
deficient mice, the Th1/Th2 balance is modulatedaiols Thl dominancy.

In our study, we demonstrated that histamine islwed in the regulation of delayed
type hypersensitivity. Using histamine deficientcemiwe showed, that histamine plays a

suppressive immunoregulatory role in the DNFB iredu€HS response.
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4. INTRANASAL PHOTOTHERAPY IN SEASONAL ALLERGIC RHINIT IS

4.1. INTRODUCTION

Allergic rhinitis is a common inflammatory disea®t causes major illness and disability
worldwide. The prevalence of AR was found to beua 25% in a study on the general
population in Europé€8, 9) .

We recently showed that intranasal photothera@nigffective treatment for allergic
rhinitis (48) . Rhinophototherapy with low doses of mixed ultcdei and visible light
significantly improve the clinical symptoms of ARy kacting at multiple points such as
induction of T-cell and eosinophil apoptosis angmession of release of mediators like
eosinophil cationic protein and interleukin 5.

Guidelines issued by the Allergic Rhinitis and litspact on Asthma (ARIA) group
recommend the use of second generation antihiseamas first-line treatment for AR
(10, 49 . The newer-generation oral antihistamines suctieatoratadine, fexofenadine and
levocetirizine have demonstrated efficacy in redgcthe symptoms of AR, including
rhinorrhea, nasal itching and sneezing, and in saf@cal studies nasal congestion
(50, 51) . Fexofenadine is a non-sedating antihistamine alrapid onset and a long duration
of action(52) . In addition to blocking H1 receptors, it has betiown to reduce allergic
inflammatory responses mediated by mast cells, ghalso epithelial cells, eosinophils and
lymphocyteq 53) .

The use of second-generation antihistamines intris@ment of seasonal allergic
rhinitis (SAR) is well established53, 54) . However, in clinical practice, SAR symptoms are
not always satisfactory controlled by medicatiord asome patients fail to respond to
treatment (55) . A new phototherapeutic device has been devel@pettie University of
Szeged, emitting a combination of low dose UVB, Us®d visible light for the treatment of
allergic rhinitis( 56) . The aim of this pilot study was to compare thigcaty of intranasal
phototherapy with that of the new generation astémine, fexofenadine HCIl in seasonal

allergic rhinitis.

25



4.2. MATERIALS AND METHODS

Patients and study design

A randomized open study was conducted in patientis & history of at least 2 years of
moderate-to-severe ragweed-induced allergic rkinRiositive skin prick test results and an
elevated level of ragweed-specific IgE antibody fcaored the diagnosis. The Ethical
Committee of University of Szeged approved the qmok All patients gave their written
informed consent. We excluded potential subjedmfthe study if they had any significant
nasal structural abnormalities, had asthma, or mppdower respiratory infection within 4
weeks before the beginning of the study or had wasgdof the following drugs: intranasal
corticosteroids within 2 weeks, systemic corticostts within 4 weeks, membrane stabilizers
within 2 weeks, antihistamines within 1 week, nasl@congestants within 3 days or
immunotherapy within 5 years before beginning ef study.

The patients were enrolled after the beginninghefragweed season, when the pollen
counts were higher than 50frin the Szeged area. Thirty-one patients with matgeto-
severe symptoms were randomly assigned to receghar éentranasal phototherapy (5% UVB,
25% UVA and 70% visible light) 3 times a week foweks (n=18), or 180 mg fexofenadine
HCI per day for 2 weeks (n=13), with a randomizatratio of 3 to 2. Each intranasal cavity
was treated with gradually increasing doses (sigrtiose: 1.08 J/cimaximal dose: 1.62
Jlenf), the irradiations were performed with the Rhigbti 180 mW lamp (Rhinolight Ltd,
Szeged, Hungary). The dose was raised by 0.27 dfcavery second treatment.

Each patient kept a daily diary of symptoms on alesof 0 to 3 (0 indicating no
symptoms and 1, 2, 3 indicating mild, moderate sexkre symptoms, respectively) for nasal
obstruction, nasal itching, rhinorrhea, sneezing palate itching during the treatment. Total
nasal score (TNS), a sum of scores for nasal symgp{oasal obstruction, itching, rhinorrhea

and sneezing) was also calculated.

Statistical analysis

Repeated measures ANOVA test was used to assestatiwtical significance of clinical
symptom changes and the overall efficacy. Ppbg hoc analysis (Dunnett test) revealed the
differences between the time points in each treatrgeoup. The percentage changes from
baseline in TNS were compared using Fisher exaot thiled test. Value oP<0.05 was

considered statistically significant.
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4.3. RESULTS

Eighteen patients (12 women, 6 men; ages ranged ff® to 58 years, mean age: 40.67)
received intranasal phototherapy and thirteen piti€3 women, 5 men; ages ranged from 18
to 55 years, mean age: 40.00) received 180 mg deroine HCI per day. The 2 groups did
not differ significantly in TNS at the beginning tveatment periodR=0.236). The baseline
TNS (meanzSD) was 8.61+2.64 in the rhinophotothergpup, and 7.46+2.57 in the

fexofenadine HCI group. The mean scores (xSD) o gearameter are presented in Table 1.

Parameter Treatment group Day 1 Day 7 Day 14 p

Sneezing Rhinophototherapy 12(5.267689 11(5%%93 111.90%05 0.0001
Fexofenadine HCI 120..067471 11(5?’8%85 110%8651 0.0173

Rhinorrhea Rhinophototherapy 2.444 2.167 1.444 0.0001

+0.705 +0.924 +0.705

) 1.846 1.462 1.923
Fexofenadine HCI +0.801 +0.660 +0.954 NS

Nasal itching Rhinophototherapy +11'823030 +11126070 +Od%6077 0.0001

) 1.846 1.000 1.385
Fexofenadine HCI +1.068 +1.000 +1.044 NS

Nasal obstruction Rhinophototherapy +20'%57% +20'085763 +1(538%9() 0.0028

, 1.692 1.077 1.692
Fexofenadine HCI +1.109 +0.954 +0.947 NS

Palate itching Rhinophototherapy +11'616378 +Od7£37788 +Od474045 0.0001

. 1.154 0.846 1.231
Fexofenadine HCl | [1"/05 | 19144 | 21363 | NS

TNS Rhinophototherapy 182661318 173'%7086 142585564 0.0001

. 7.462 4.846 6.385
Fexofenadine HCl | - 70 | 15304 | 23176 | NS

Table 1. Mean scores (x SD) of each parameter at the thmeepoints. P values represent the
difference between the data at day 14 comparedyd. dn each group (NS: not significant).
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The changes from mean baseline values (+SE) awensabday 1, day 7, day 14 in the
rhinophototherapy group (Figure 8, right panel)alihof the parameters the scores decreased
significantly at the end of treatment compared vd#ty 1 for all of the parameters: sneezing
(P=0.0002), rhinorrheaP=0.0004), nasal itchingPE0.0003), nasal obstructio®£0.0014)
and palate itchingR=0.00002) (Figure 8 A, B, C, D, E, respectively).the fexofenadine
HCI group (Figure 8, left panel) none of the synmpsamproved significantly{> 0.05) at the
end of the study except sneeziiy(.007) (Figure 8A). TNS was significantly decrehge
the rhinophototherapy grou<0.0001), but no significant difference was obsdrire the
fexofenadine HCI group after 2 weeks of treatme@mhjgared to the baselinB<£0.35) (Figure
8F).

When we compared the two treatment groups, we didind significant differences
in any of the parameters between the rhinophotaghyegroup and the fexofenadine HCI
group. However, the improvement in the rhinitis gyoms was more pronounced in the
rhinophototherapy group compared to the fexofereati€l group, but this difference was not
statistically significant at the end of the study.

We assessed the changes from baseline in TNS anthef the study. TNS-25, TNS-
50 and TNS-75 correspond to the percentages obmnelgps at day 14 with TNS improvement
of more than 25%, 50% and 75%, respectively. Ifgagent’s TNS was reduced by less than
25%, the patient was classified as nonresponder.

After 2 weeks of intranasal phototherapy, thereewtEs patients (83.3%) with more
than 25% improvement in TNS and 11 patients (61.48%) more than 50% improvement in
TNS compared to the baseline. In contrast to thig 4 patients (30.8%) exhibited more than
25% improvement in TNS and 2 patients (15.4%) shlibwere than 50% improvement in
TNS in the fexofenadine HCI group after last treatin(Figure 9). We found that the ratio of
patients with both TNS-29€0.0075) and TNS-50PE0.025) were significantly higher in the
rhinophototherapy group compared to the fexofera#i€l group. There was no significant
difference in TNS-75 between the two groups (Fid)re

Intranasal phototherapy was overall well tolerafigdte only side effect was dryness of
the nasal mucosa, which occurred in all patienthérhinophototherapy group and in two
patients in the fexofenadine HCI group. All patgestored the dryness as mild except one in
the rhinophototherapy group, and were controllectimpllients. In the case of this patient in

the rhinophototherapy group one treatment was skippll patients completed the study.
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Figure 8. Changes from mean baseline values
(xSE) for sneezing (A), rhinorrhea (B), nasal
itching (C), nasal obstruction (D), palate
itching (E) and TNS (F) in the
rhinophototherapy group (right panel) and in
the fexofenadine HCI group (left panel).
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Figure 9. Percentages of responders with TNS improvememhafe than 25%, 50% and
75% at the end of the study.

4.4. DISCUSSION

In this pilot study, we found that intranasal phb&rapy is more effective than fexofenadine

HCI in reducing clinical symptoms in patients withoderate-to-severe SAR. In the
rhinophototherapy group, all symptoms improved i§icgmtly, in contrast to this none of the
scores decreased significantly in the fexofenadi@ group at the end of the 2 weeks of
treatment, except sneezing.

Second generation antihistamines are recommendécstkne therapy for seasonal
allergic rhinitis( 10, 49) . In randomized studies with great number of pasidexofenadine
HCI exhibited significant improvement in SAR52, 57). The low number of patients
involved in our study may account for the resulisamed for the fexofenadine HCI group.
However, the efficacy of rhinophototherapy in redgcmajority of symptoms associated
with SAR suggests a more powerful treatment effect.

The mechanism of action involved in the therapeeffiect of rhinophototherapy was
investigated in previous studiéd8, 58, 59) . We have also published that nasal mucosa
exposed to UV light possess the capacity to rdpiiA damageg 60, 61) . Nasal dryness
induced by allergic inflammation occurs in patiewith active symptoms of rhinitis.

However, higher number of patients with mild drysme$the nasal mucosa was observed after
rhinophototherapy compared to the fexofenadine tr&aitment. We are currently

investigating the drying effect of UV with differewavelength on the nasal mucosa. Further
studies are needed to define the therapeutic patefintranasal phototherapy and to
determine its application as chronic treatmenpfenennial allergic rhinitis and possibly to

other inflammatory diseases.
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5. CONCLUSION

Since its discovery at the beginning of th& 2@ntury, histamine has been established to play
a key pathophysiological regulatory role in varioosnunological functiong 1) . However,
the precise role of histamine is still uncertain. the last couple of years the role of
endogenous histamine has been extensively studiedillergy, asthma, and various
autoimmune diseases using histamine deficient mice.

Histidine decarboxylase deficient (HDC-/-) micerev@leveloped about a decade ago
by Ohtsuet al ( 3) . In these mice the levels of histamine in varibasues are much lower
than those in wild type mice. We at first expectieat the contact hypersensitivity response
would be suppressed in HDC-/- mice. Surprisinglyfand that the DNFB induced CHS is
more intense in histamine deficient mice than ikdwype mice. We provided here the first
evidence that histamine can regulate negatively ithenunologic response in contact
dermatitis. In accordance with our results, theul&mry functions of endogenous histamine
have been recently reported by other research grosing experimental animal models with
various allergic and autoimmune diseases.

In a different experimental model, chronic allergontact dermatitis was induced by
repeated challenge of diphenylcyclopropenone (D&Pdhe back of mice. Seilat al found
that daily epicutaneous application of DCP indugeate intense eczematous lesions of wild-
type mice compared to HDC-/- mi¢é2, 63) . Their results suggest that histamine facilitate
the development of chronic allergic contact dertizatnduced by repeated challenge with the
contact allergen.

Allergic asthma is a complex disease associateld airway hyper-responsiveness
(AHR) and chronic airway inflammation. Koarei al examined the role of endogenous
histamine in allergic airway eosinophil recruitmeand AHR in HDC-/- mice( 64) .
Interestingly they found that the AHR was not s@sged in the HDC-/-mice compared to
wild type mice, however, the proliferation of eagdhils was significantly reduced in the
knockout mice. At the same time Kozma reported thatAHR was significantly attenuated
in HDC-/- mice( 65) . The differences in the results of the two growmese explained by the
different strains and protocols that they used.

Goblet cell hyperplasia and mucus overproductioa amportant features of

bronchial asthma. In a recent study of Yamauehial demonstrated that goblet cell
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hyperplasia was enhanced in HDC-/- m{d&) . They also found significant increases of
alveolar macrophages and lymphocytes in the bromigbtar lavage fluid (BALF) in
HDC-/- mice, and the concentration of Tt BALF was significantly higher compared
to wild-type mice( 67) .

The role of histamine in allergic rhinitis wasalkstudied in HDC-/- mic€ 68) . It was
found that the intranasal administration of antigErused a significant increase of nasal
sneezing and nasal rubbing, the symptoms of rkiniti mice. However, the number of
sneezing in wild-type mice was significantly highiean in the knockout mice.

Experimental autoimmune encephalomyelitis (EAE)aigrototypic Thl-mediated
disease with similarities to human multiple sclesos69) . It was shown that EAE is
significantly more severe in HDC-/- mice with di$l inflammatory infiltrates compared to
wild-type mice. Endogenous histamine appeareddolage the autoimmune response in EAE
and to limit immune damage to the central nervessesn.

In our study we used HDC-/- mice and we demoradrahat histamine plays a

negative regulatory role in contact hypersensitivéisponse.

Allergic rhinitis is the most frequent allergic dase affecting 10-20% of the population
worldwide (4). Second generation antihistamines are the fmst-lireatments in AR,
however the treatment of allergic rhinitis is ogoasally unsatisfactory and some patients fail
to respond to the treatment. Using experimentalsaaguodels, it has been shown that H1R
antagonists failed to completely suppress nasaigal symptoms.

In our present work, we compared the efficacy seaond generation antihistamine
with that of a new therapeutic device intranasabtptherapy in seasonal allergic rhinitis.
Intranasal phototherapy or rhinophototherapy has vecently developed emitting combined
UVA, UVB and visible light at the University of Sged. Previously, rhinophototherapy has
been shown to be effective in controlling rhingigmptoms in moderate-to-severe SAR. The
effect of phototherapy has been recently evaluébedhe treatment of nasal polyposis, a
chronic inflammatory disease of the upper airw@y$) . Bella et al reported that narrow-
band UVB treatment represent a potential new ogtothe management of nasal polyps.

Here we showed that intranasal phototherapy mawarbalternative treatment for
patients with allergic rhinitis not controlled bgténistamines.

32



In conclusion, the pathophysiological role of histae in immunoregulation is a much more
complex story than expected. New evidences abautditierse functions of endogenous

histamine and its receptors can offer an optim@ispective for novel therapeutics.
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6. SUMMARY

6.1. HISTAMINE IN CONTACT HYPERSENSITIVITY

In the present study, we investigated whether mmista has a regulatory role in DNFB
induced CHS and whether the lack of histamine nmeslithe cytokine profile. In HDC-/-
histamine deficient mice we found, that DNFB-inddi€ZHS is more intense than in wild type
mice. The DNFB induced increase of the ear thickneas significantly higher in the HDC-/-
mice 24 hours after challenge than in wild type ani€orty-eight hours after challenge, the
ear thickness was still higher in HDC-/- mice, bu difference was not significant between
the two groups.

We also found that 24 hours after challenge, timaber of infiltrating cells and the
degree of edema in the ear skin was higher in €+ mice than in the wild type mice.

Furthermore we showed that HDC-/- mice constitugiexpress higher levels of IL-2,
TNF-a and IL-4 mRNAs than wild type mice. We observedreay early Thl cytokine
response in HDC-/- mice, followed by the increass@ls of IL-2, IFNy and TNFa mRNAs
24 hours after DNFB challenge.

We provided here the first evidence that histanmagatively regulates the immune
responses in contact dermatitis. In accordance with results, the negative regulatory
functions of endogenous histamine were reportedthgr research groups using experimental
animal models with various allergic and autoimmuhgeases. New evidences about the
diverse functions of endogenous histamine and déseptors can offer an optimistic

perspective for novel therapeutics.

6.2. INTRANASAL PHOTOTHERAPY IN SEASONAL ALLERGIC R HINITIS

In our pilot study, we found that intranasal phb&apy (rhinophototherapy) is more
effective than fexofenadine HCI in reducing clinisgmptoms in patients with moderate-to-
severe seasonal allergic rhinitis. Further largalescstudies are needed to define the
therapeutic potential of rhinophototherapy and ttedmine its application as chronic
treatment for perennial allergic rhinitis.
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