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1. INTRODUCTION 

 

Histamine has been established to play a pathophysiological regulatory role in various 

immunological reactions. The main functions of histamine include H1 receptor (H1R) 

mediated actions on smooth muscle, vascular permeability and modulation of allergic 

response, and gastric acid secretion basically via H2 receptors (H2R). H3 receptor (H3R) is 

expressed in the nervous system, where it serves as a presynaptic feedback receptor on 

histaminergic neurons. H4 receptor (H4R), the last receptor discovered, is largely expressed in 

haemopoietic cells and its chemotactic properties designate its regulatory role in 

immunomodulation (1). Highly selective blockers and agonists suitable for in vitro and in 

vivo use have been developed for these histamine receptors. These include clinically 

established H1R and H2R blockers, as well as novel investigational drugs directed toward 

H4R (2). 

Histamine is a diamine derivate of histidine that is produced under the control of a 

single enzyme, histidine decarboxylase (HDC). HDC deficient (HDC-/-) mice were generated 

by Ohtsu and his co-workers about a decade ago (3). Destruction of the HDC gene results in 

a marked reduction of the tissue histamine content. These HDC-/- mice represent a suitable 

experimental model to assess the role of histamine in allergic diseases. 

In our present work, we investigated the immunoregulatory role of histamine using 

HDC-/- mice in a highly prevalent allergic disease, in contact dermatitis. The central role of 

histamine in the pathophysiology of allergic rhinitis is well established. In the second part of 

this work we compared the efficacy of a H1R antagonist with a newly developed 

phototherapeutic device in patients with allergic rhinitis. 

 

1.1. Contact dermatitis 

The prevalence of allergic diseases is increasing in most countries of the world. The Word 

Allergy Organization (WAO) reported the results of the survey on the prevalence of allergic 

rhinitis, asthma, atopic eczema, food allergy, dug allergy and hymenoptera hypersensitivity in 

2007 (4). Based on the data provided by the WAO member societies in 2005, the prevalence 

rate of allergic rhinitis is above 16% in most countries, Hungary reported 17%. The 

prevalence of allergic asthma and atopic dermatitis was estimated between 6-15%. 

Contact dermatitis is one of the most common occupational diseases (5). Two main 

types of contact dermatitis may be distinguished, according to the pathophysiological 
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mechanisms involved: irritant contact dermatitis and allergic contact dermatitis. Allergic 

contact dermatitis, also referred as contact hypersensitivity (CHS), requires the activation of 

antigen-specific acquired immunity. 

Allergic contact dermatitis (ACD) is one of the most common dermatoses, and its 

socioeconomic impact as an acquired, job-related disease is enormous (6). ACD can produce 

an acute eczematous picture with erythema, vesicles and weeping and chronic eczema with 

hyperkeratosis, fissuring and lichenification (7). Diagnosis of ACD is usually confirmed by 

epicutaneous patch testing. 

Contact allergens are low molecular weight, lipid-soluble chemicals that behave as 

haptens as they are not immunogenic by themselves. Haptens comprise a group of very 

diverse chemicals, including a limited number of strong contact sensitizers and thousands of 

weak haptens responsible for human ACD. Knowledge on the pathophysiology of ACD have 

been obtained from animal models, where strong experimental contact sensitizers [2,4-

dinitrofluorobenzene (DNFB), dinitrochlorobenzene (DNCB), oxazolon] were used. These 

haptens are not present in our daily environment. 

 ACD is a classical delayed-type hypersensitivity reaction, or a type IV immunological 

response, that occurs in two phases: initially a sensitization that lasts for 10-15 days in 

humans, and 5-7 days in mice. The second phase is the elicitation (effector) response takes 

24-72 hours after the reexposure of the same allergen. The early phase of the elicitation 

occurs 1-3 hours after antigen challenge in mice. This early phase has been postulated to 

depend on local tissue mast cells, the main source of histamine in the skin. 

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

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

 

1.2. Allergic rhinitis  

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

disability worldwide. The prevalence of AR was found to be around 25% in a study on the 

general population in Europe (8,9). 

Patients with allergic rhinitis suffer from physical symptoms (sneezing, rhinorrhea, 

nasal itching and nasal obstruction) and from nonphysical symptoms including sleeping 

disturbance, emotional problems, impairment of activities and social functioning (10). It is 

associated with impairments in how patients function in day-to-day life. Impairment of 
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quality of life (QOL) is seen in adults and in children. The classical symptoms interfere with 

sleep, leisure, school or work activities. 

According to the guidelines issued by the Allergic Rhinitis and its Impact on Asthma 

(ARIA) group, allergic rhinitis is subdivided to intermittent (IAR) and persistent (PER), based 

on the number of consecutive days when patients experience symptoms (10). Previously, AR 

was subdivided based on the time of exposure into seasonal, perennial and occupational. 

Seasonal allergic rhinitis is related to a wide variety of outdoor allergens such as pollens or 

molds. 

Allergic rhinitis is an immunoglobulin E (IgE)-mediated inflammatory disease of the 

nasal mucosa. The central role of histamine in the pathomechanism of AR is well established 

(11). Specific IgE elicits hypersensitivity reaction trough binding FcεRI receptors on mast 

cells. Their main preformed mediator is histamine which induces vasodilatation, increased 

vessel permeability, edema and mucous hypersecretion in the mucosa, thereby causing 

clinical symptoms. The ARIA guideline recommends using second generation antihistamines 

as first-line treatment for AR. However, the treatment of allergic rhinitis is not always 

satisfactory and some patients fail to respond to treatment. 

It has been demonstrated that selective H1R antagonists failed to completely inhibit 

nasal allergic reaction in mice, suggesting the involvement of other receptors in these 

responses (12). Supporting results were obtained from H1R knockout mice. Thus, it is 

considered that histamine receptor blocking alone is not sufficient for complete understanding 

of the mechanisms of allergic reactions in animals. 

In the second part of our work we compared the efficacy of a second generation 

antihistamine with that of a recently developed new phototherapeutic modality in patients 

with seasonal allergic rhinitis. 
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2. AIMS 

 

2.1. To investigate the role of histamine in contact hypersensitivity 

 

 1. We compared the CHS response in HDC-/- mice with that of in wild type mice. 

 2. We measured the cell composition of the axillary and inguinal lymph nodes. 

 3. We measured the composition of infiltrating cells in the ear skin. 

 4. We measured the expression of IL-2, IFN-γ, TNF-α and IL-4 genes in the ear skin. 

 

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

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

rhinitis  

 

1. A randomized open study was conducted in patients with a history of at least 2 

years of moderate-to-severe ragweed-induced allergic rhinitis. 

2. Thirty-one patients were randomly assigned to receive either intranasal 

phototherapy or fexofenadine HCl for 2 weeks. 

3. Each patient kept a daily diary of symptoms. Total nasal score (TNS), a sum of 

scores for nasal symptoms (nasal obstruction, itching, rhinorrhea and sneezing) was 

also calculated. 
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3. HISTAMINE IN CONTACT HYPERSENSITIVITY 

 

3.1. INTRODUCTION 

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

many physiological and pathological functions. The importance of histamine has been 

demonstrated in gastric acid secretion, contraction of smooth muscle, neurotransmission, 

wound repair, embryogenesis, hematopoiesis, allergic skin reaction and malignant growth 

(3,13). 

Histamine, synthesized by histidine decarboxylase, is produced mainly in mast cells, 

basophils and histaminerg neurons, but macrophages, dendritic cells and T lymphocytes also 

synthesize histamine (14-16). The production and release of histamine are modulated by 

various cytokines such as IL-1, IL-3, IL-5 and IL-8 (17). Histamine plays a regulatory role 

in Th1/Th2 balance at multiple points; however, the majority of histamine actions seem to 

promote Th2 responses (13,18). 

Four different membrane receptors of histamine (H1R, H2R, H3R and H4R) have 

been characterized pharmacologically and at the molecular level. One or more of these 

receptor types are expressed on many different cell types, including T cells, B cells, 

monocytes and neutrophils (13,19). The secretion of IL-2 and IFN-γ from Th1 cells can be 

either inhibited or stimulated by histamine, and both effects are mediated via H2R receptors 

(17). It has been recently published that H1R is overexpressed on Th1 cells, while H2R is 

overexpressed on Th2 cells. H1R-deficient mice demonstrate suppression of Th1 cytokines 

and dominant secretion of Th2 cytokines. H2R-deficient mice show a significant 

enhancement of both Th1- and Th2-type cytokine secretion (20). 

Contact hypersensitivity response develops in two distinct phases: sensitization and 

elicitation. In the sensitization phase, mice exposed to contact allergen showed an increase in 

the percentage of antigen (Ag) specific Thy1+/CD5+/CD3-/TCR-/B220+ cells in the skin-

draining lymph nodes (DLN) (21,22) (Figure 1). These B220+ (CD45R+) B cells produce 

IgM/IgG type antibodies that pass into the circulation and the extravascular tissues. These 

antibodies bind to receptors on the surface of mast cells and platelets and play a role in the 

increase of vascular permeability. Cytokines produced by Tc1 cells (IFN-γ), Th1 cells (IL-2, 

IFN-γ and TNF-α), Th2 cells (IL-4 and IL-10) and Langerhans cells (IL-12 and IL-18) are 

important for the optimal induction and initiation of CHS in DLN (23-25).  
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The elicitation phase is characterized by two distinct phases (Figure 1). In the early 

phase of elicitation, the antigen bound by IgM/IgG type antibodies produced by B220+ B cells 

leads to mast cell and platelet activation. Release of serotonin and TNF-α from these cells 

results in an increased vascular permeability (26-28). Geba et al found that delayed type 

hypersensitivity reaction (DTH) was either intact or only partially decreased in mast–cell 

deficient mice (29), and severe depletion of platelets with anti-platelet antibody strongly 

inhibited the contact hypersensitivity, especially in mast-cell deficient mice (30). These data 

suggest that serotonin and TNF-α are important mediators in the early phase of DTH. 

In the later phase of elicitation (48-72 hours after challenge), antigen–specific T cells 

(αβT cells) are activated, resulting in the production of various cytokines. It is known that in 

the CHS reaction the main effector cells are IFN-γ-producing CD8+ Tc1 cells (6,31,32). 

The CHS responses are also regulated by IL-2, IFN-γ and TNF-α-producing CD4+ Th1 cells, 

as well as by IL-4 and IL-10-producing CD4+ Th2 cells (24,31,33-36) 

Belsito et al reported, that H2R antagonist cimetidine augmented the CHS reaction by 

inhibition of the induction of T-suppressor cells (37). In contrast to this, the histamine H1R 

antagonist diphenhydramine, had no effect on suppressor cell activity in the CHS reaction in 

mice (38), and H1R antagonists did not cause the downregulation of CHS. Grob et al tested 

the effect of a prolonged treatment with H1R antagonist cetirizine on the reaction to a contact 

allergen applied by patch testing in a sensitized population (39). Their results demonstrated 

that the clinical recording did not show any difference between the cetirizine-treated and the 

control groups. These data suggest that histamine might contribute to the regulation of CHS 

through H2R receptor. 

In the present study, we examined the CHS response in HDC knockout (HDC-/-) 

histamine deficient mice. These mice were generated using a gene targeting method by Ohtsu 

et al (3). HDC-/- mice exhibit a decreased number of mast cells. The lack of histamine leeds 

to a large reduction in the overall contents of mast cell secretory granules, including proteases 

MMCP4, MMCP5 (chymases) and MMCP6 (tryptase) (40). In HDC-/- mice, plasma 

extravasation could not be observed after passive cutaneous anaphylaxis test (41), 

suggesting that histamine plays a significant role not only in the anaphylactic increase of 

vascular permeability but also in the negative regulation of neutrophil infiltration (18). 
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The purpose of the present study was to determine the immunoregulatory role of 

histamine in dinitrofluorobenzene (DNFB)-induced delayed type hypersensitivity. We found, 

that the lack of histamine caused an intense Th1 type response, suggesting that histamine 

plays a negative regulatory role in contact dermatitis. 

 

 

 

 

 

 

Figure 1. Hypothetical delayed type hypersensitivity (DTH) cascade in murine T cell-
dependent skin reaction. From Askenase P.W. Allergy. 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 described (3). Female, 8-10-month-old HDC-/- 

and CD1 background wild type mice were used in the experiments. Each experimental group 

consisted of 4-6 mice. The mice were kept on normal diet. 

It was previously published an impaired reproduction of histamine deficient mice (42). 

Using CD1 background mice, the segregating F2 population contains a higher percentage of 

wild type mice (>25%) than HDC-/- mice (<25%) (proportions are non-Mendelian) 

(unpublished data). Therefore, the HDC-/- mice were randomly selected from F2 mice of the 

transgenic colony. 

 

Treatment 

The abdominal skin of the mice was shaved and sensitized with 25 µl 0.5% 2,4-

dinitrofluorobenzene (DNFB; Sigma-Aldrich Corporation, St. Louis, MO, USA) in 

acetone/olive oil (4/1) for 2 consecutive days (days 0 and 1). Five days later, the dorsal 

surface of both ears was challenged with 15 µl 0.2% DNFB (n=6). The control mice were also 

sensitized with DNFB, but their ears were treated with acetone/olive oil (n=4). Ear thickness 

was measured with a spring-loaded micrometer (Oditest; Germany) before challenge and 24 

and 48 hours after challenge. Treated ears were harvested 24 and 48 hours after the final 

application of DNFB or acetone/olive oil. 

 

Flow cytometry 

The axillary and inguinal lymph nodes draining the abdominal skin (sensitization area) were 

excised from each mouse 48 hours following challenge. For phenotypic analysis by flow 

cytometry, individual cell suspensions were prepared in Dulbecco’s phosphate-buffered saline 

(PBS) with 5% fetal calf serum (GIBCO BRL, Paisley, Scotland) and 0.1% sodium azide 

(Merck, Darmstadt, Germany) (PBS-FCS) at 4°C and washed by centrifugation at 350 x g. 

The pellets were resuspended and diluted to 107 cells/ml in PBS with 1% bovine serum 

albumin (BSA, fraction V; Sigma-Aldrich Corporation, St. Louis, MO, USA) and 0.1% 

sodium azide (PBS-BSA). Cells were labeled with the following rat anti-mouse monoclonal 

antibodies: anti-CD45 (M1/89 clone), anti-CD3 (KT3 clone), anti-CD4 (H129.19 clone), anti-
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CD8 (53.6.72 clone), anti-CD45R (RA3-3A1 clone), anti-CD11b (M1/70 clone), anti-

macrophage (F4/80 clone), anti-Gr-1 (RB6-8C5 clone). KT3, H129.19 and RB6-8C5 

hybridomas were kindly provided by Professor W. Van Ewijk (Department of Immunology, 

Erasmus University, Rotterdam, The Netherlands), the other hybridomas were purchased from 

the American Tissue Type Collection (Rockville, MD, USA). Tissue culture supernatants 

were produced by culturing hybridomas in RPMI 1640 with 2mM L-glutamine, 10 mM 

Hepes, 2 g/l NaHCO3, 10% FCS (GIBCO BRL, Paisley, Scotland) and 5 x 10-5 M 2-

mercaptoethanol (Sigma-Aldrich Corporation, St. Louis, MO, USA). Twenty-five µl of cell 

suspensions was admixed to 25 µl samples of undiluted tissue culture supernatants in the 

wells of round-bottom microtiter plates. The plates were incubated at 4°C for 30 min, then the 

cells were washed three times with 200 µl/well PBS-FCS. The pellets were resuspended and 

incubated in 50 µl fluorescein isothiocyanate (FITC)-conjugated goat anti-rat Ig (Sigma-

Aldrich Corporation, St. Louis, MO, USA) diluted to 1:200 at 4°C for 30 min. To avoid the 

cross-reactive binding of anti-rat Ig to mouse cell surface Ig, 2% normal mouse serum was 

admixed to the diluted anti-rat Ig. After washing, the cells were resuspended in 200 µl PBS-

BSA and the dead cells were stained by adding 10 µl of 25 µg/ml propidium iodide (Sigma-

Aldrich Corporation, St. Louis). 104 cells per sample were analysed with a FACStarPlus (with 

an argon ion laser, wavelength 488 nm; Becton Dickinson, Sunnyvale, CA, USA). The data 

were analyzed and the percentages of positive cells were calculated with the Cell Quest 3.1F 

software (Becton Dickinson) (43). 

 

Histology 

Ear samples were taken 24 and 48 h after DNFB painting and fixed in 4% formalin for routine 

histology with hematoxylin-eosin and toluidine blue staining. The sections were examined 

with an objective of 40x magnification. 

 

Immunohistochemistry 

Fresh frozen skin specimens were embedded in cryomatrix (Shandon, Life Sciences 

International, U.K.), 3 µm serial cryostat sections were prepared and avidin-biotin-peroxidase 

complex (ABC) method was used for immunohistologic staining. The sections were air dried, 

aceton fixed, then incubated with 0.5% BSA (Sigma-Aldrich Corporation, St. Louis, MO, 

USA) before adding the primary antibodies (Pharmingen, Becton Dickinson Company): rat 

anti-mouse CD45 and rat anti-mouse CD3 monoclonal antibody. Normal rat serum (DAKO, 
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Denmark) was used as negative control. The sections were incubated with biotin-conjugated 

rabbit anti-rat IgG (Vector Laboratories, Inc. Burlingame, CA), then with avidin-biotin 

peroxidase (Vectastain Elite kit, Vector Laboratories, Burlingame, CA). The peroxidase 

reaction was developed with 3-amino-9-ethylcarbazol (AEC; Sigma-Aldrich Corporation, St. 

Louis, MO, USA) and the sections were counterstained with hematoxylin. 

 

Real-time reverse transcription polymerase chain reaction (Real-time RT-PCR) 

Ear specimens taken 24 and 48h after the DNFB treatment were homogenized in Trizol 

reagent (Life Technologies) and total RNA was isolated following the instructions of the 

users’ manual. RNA concentration was determined by the A260 value of the samples. First 

strand cDNA was synthesized from 3 µg total RNA in a 20 µl final volume by using a First 

Strand cDNA Synthesis Kit (MBI Fermentas, Vilnius, Lithuania). After reverse transcription, 

real-time RT-PCR was used to quantify the relative abundance of products of each genes 

(iCycler IQ Real Time PCR, Biorad) using primers specific for mouse GAPDH, IL-2, IL-4, 

IFN-γ and TNF-α. 2 µl aliquots of the reverse transcription volume were used as templates for 

PCR reactions. 

The sequences for primers specific for IL-2 , IL-4, IFN-γ, TNF-α, GAPDH are shown 

in the attached scientific paper. The conditions of the reactions were as follows: 950C for 5 

min followed by 40 cycles at 95oC for 15 s (denaturation), and at 57oC for 45 s (annealing and 

elongation). The Mg2+ concentration was 3 mM, the concentration of the primers was 300 

mM. Real time detection of PCR products was carried out by using SYBR Green I dye. 

Relative gene expression was calculated using the ∆∆Ct method. 

 

Statistical Analysis 

Student’s t test was used for statistical evaluation, P<0.05 was considered as significant. 
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3.3. RESULTS 

 

HDC-/- mice demonstrated increased contact hypersensitivity to DNFB 

HDC-/- and wild type mice were sensitized with 0.5% DNFB for 2 consecutive days. Five 

days later, the dorsal surface of the ears was challenged with 0.2% DNFB or with the solvent 

(acetone/olive oil). Ear thickness was measured before challenge, 24 and 48 hours after 

challenge. Twenty-four hours after challenge the DNFB induced increase of the ear thickness 

was significantly higher in the HDC-/- mice (n=6) than in wild type mice (n=6) (mean±SD: 

9.83± 3.9 x10-2 mm vs. 6.3±2.8 x10-2 mm, P<0.05) (Figure 2). Fourty-eight hours after 

challenge, the ear thickness was still higher in HDC-/- mice compared to wild type mice, but 

the difference was not significant between the two groups (mean± SD: 12.4± 3.3 x10-2 mm vs. 

7.2±5.2 x10-2 mm, P>0.05) (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. DNFB induced increase of ear thickness in HDC-/- and wild type mice. Contact 
hypersensitivity response was challenged with 0.2% DNFB in sensitized HDC-/- (n=6) and 
wild type mice (n=6). The control mice were also sensitized with DNFB, but their ears were 
treated with acetone/olive oil in both groups (n=4). Ear swelling was measured 24 (A) and 48 
(B) hours after challenge with a micrometer. Data are presented as the mean ± SD. * 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 CD45R+ B cells 

were higher in the DLNs of HDC-/- mice 

The axillary and inguinal DLNs were excised 48 hours after the DNFB challenge and cell 

suspensions were prepared for phenotypic analysis by flow cytometry. No significant 

difference was observed between the total number of the DLN cells in the DNFB treated 

HDC-/- (mean±SD: 49.54± 15.87 x106 vs. 43.25± 7.11x106, P>0.05) and wild type mice. The 

percentages of CD3+ T (45.4±3.9% vs. 61.2%±4.1%), CD4+ Th (37.7±3.9% vs. 44.6±2.5%) 

and CD8+ Tc (11.7±1.7% vs. 19.2±3.4%) were significantly lower in the HDC-/- mice. In 

contrast, the percentage of CD45R+ B cells (39.8±5.1% vs. 28.5±6.4%) was significantly 

higher in the HDC-/- mice than in the wild type mice (Figure 3). The percentages of 

granulocytes (6.1±1.7% vs. 6.3±1.3%) and macrophages (2.1±1.7% vs. 1.4±1.0%) did not 

differ in the two groups. Similar differences were seen in the cell composition of the axillary 

and inguinal lymph nodes of untreated HDC-/- and wild type mice. The percentages of the 

different cell subpopulations did not differ significantly from those found in the appropriate 

DNFB treated groups (data not shown). 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
Figure 3. Distribution of lymphocyte subpopulations in DLN. The DLN were excised 48 
hours following the DNFB challenge and analysed by flow cytometry. ** P<0.001 DNFB 
sensitized HDC-/- (n=6) vs. DNFB sensitized wild type mice (n=6). 
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The number of infiltrating cells was higher in the ear specimens of HDC-/- mice 

Histologic sections were made from the ears 24 and 48 hours after challenge. In contrast to 

the acetone/olive-treated ear specimens (n=4), in the DNFB-painted ears of both HDC-/- 

(n=6) and wild type mice (n=6) a cellular infiltrate and edema was seen. The majority of the 

infiltrating cells were neutrophil granulocytes and mononuclear cells in both DNFB treated 

groups at 24 and 48 hours after challenge, but the number of infiltrating cells and the degree 

of edema was higher in the HDC-/- mice (Figure 4). In ear samples taken 24 or 48 hours after 

DNFB painting, mast cells were stained with toluidine blue. At these time points no 

difference was detected in the number of mast cells in the histologic sections of DNFB 

challenged and acetone/olive treated ears of either HDC-/- or in wild type mice (data not 

shown). 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 4. Hematoxylin eosin staining of DNFB-treated ears 24 hours after challenge. No 
inflammation was observed in the ears of DNFB-sensitized wild type (A) and HDC-/- mice 
(B) following acetone/olive oil treatment (n=4). Neutrophil granulocytes and macrophages 
were the dominant cell types in the dermis 24 hours after DNFB challenge both in the HDC-/- 
(D) and in the wild type mice (C) (n=6). The degree of edema and the number of infiltrating 
cells were higher in the HDC-/- mice (D) compared to the wild type mice (C). 
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Strong CD45+ leukocyte infiltration was observed in the ears of HDC-/- mice 

In order to characterize the phenotype of the infiltrating cells, 3 µm cryostat sections were 

prepared and the ABC method was used for the immunohistologic staining. We observed a 

significantly higher percentage of CD45+ leukocytes in the dermis of the ears of the HDC-/- 

mice (n=6) than in that of wild type mice (n=6). The number of CD3+ T cells was not 

increased in the DNFB-painted ears compared to the control (acetone/olive-treated) ones 

(n=4) in either group (Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Immunohistological detection of CD45+ leukocytes and CD3+ T cells in ear 
samples. After DNFB challenge, a strong CD45+ leukocyte infiltration was found in HDC-/- 
mice (B) (n=6), compared to wild type mice (A) (n=6). The DNFB-painted ears of neither 
HDC-/- (D), nor wild type mice (C) showed elevated CD3+ T cell numbers. Normal rat serum 
was used as negative control for staining the DNFB treated ears of HDC-/- (F) and wild type 
mice (E). 
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IL-2, IFN- γγγγ, TNF-αααα and IL-4 mRNA expression was examined by Q-RT-PCR 

Quantitative relationship between the level of gene expression and relative fluorescence data 

was demonstrated for each examined citokine genes. Dilution series of a cDNA was used as 

template and standard curves were genereted where the relative fluorescence data was shown 

as a function of rate of dilution. The correlation coefficient was >0.9 in each of the examined 

genes (data not shown), suggesting that the reaction conditions applied resulted in comparable 

real-time RT-PCR data. Standard curves showed linearity, indicating a quantitative 

relationship between the relative gene expression and relative fluorescence data (data not 

shown). The expression of IL-2, IFN-γ, TNF-α and IL-4 genes was examined by optimized 

real-time RT-PCR reactions in the ear samples obtained at 24 and 48 hours after challenge. 

In wild type mice (n=4), IL-2 mRNA was undetectable, in contrast with this HDC-/- 

mice (n=4) constitutively expressed a detectable level of IL-2 mRNA. In the HDC-/- mice, 

DNFB treatment (n=6) caused a more than 8-fold increase in the level of IL-2 mRNA 24 

hours after challenge, however, the quantity of IL-2 mRNA decreased 48 hours after 

challenge. In contrast with this, in wild type mice (n=6), IL-2 mRNA was not detected 24 

hours after challenge and it reached a detectable level only 48 hours after challenge (Figure 

6A). 

The IFN-γ mRNA level showed a significantly higher increase in HDC-/- mice than in 

wild type mice 24 hours after challenge. 48 hours after challenge, the IFN-γ mRNA level 

decreased in HDC-/- mice, while increased in wild type mice (Figure 6B). 

The HDC-/- mice constitutively expressed a detectable level of TNF-α, while in wild 

type mice TNF-α was undetectable. The increase in TNF-α expression was 7-fold in HDC-/- 

mice 24 hours after the DNFB treatment, and approximately 3.5-fold higher 48 hours after 

challenge. In the wild type mice, TNF-α mRNA was not detected 24 hours after the treatment, 

and showed an increase 48 hours after challenge (Figure 6C). 

The expression of IL-4 mRNA reached a detectable level in HDC-/- mice but not in 

wild type mice. The DNFB treatment of HDC-/- mice produced a moderate increase of IL-4 

mRNA expression 24 hours after challenge, and the increase in IL-4 mRNA expression was 

5-fold 48 hours after the treatment compared to the 24-hour data. In the wild type mice, IL-4 

mRNA was not demonstrated 24 hours after challenge, but a detectable amount of mRNA 

appeared 48 hours after the DNFB treatment (Figure 7). 
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Figure 6. Real-time RT-PCR analysis of IL-2, IFN-γ and TNF-α mRNA expression in ear 
samples. HDC-/- mice (n=4) constitutively express higher levels of IL-2 and TNF-α cytokine 
mRNAs than wild type mice (n=4). The mRNA of these cytokines was not detectable in wild 
type mice before challenge and 24 hours after challenge. The DNFB treatment caused an 
increase in IL-2 (A), IFN-γ (B) and TNF-α (C) mRNA expression in HDC-/- mice 24 hours 
after challenge (n=6). In contrast, 48 hours after challenge, the IL-2, IFN-γ and TNF-α 
mRNA levels decreased in HDC-/- mice and showed an increase in wild type mice (n=6). 
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Figure 7. Real-time RT-PCR analysis of IL-4 mRNA expression in ear samples. DNFB 
treatment of HDC-/- mice produced a moderate increase of IL-4 mRNA expression 24 hours 
after challenge and a strong increase 48 hours after challenge (n=6). In the wild type mice 
(n=6), IL-4 mRNA was not detected 24 hours after challenge, but it was demonstrated 48 
hours after challenge. 
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3.4. DISCUSSION 

Histamine is an early mediator in inflammatory reactions. It regulates immune responses by 

enhancing Th2 (IL-4, IL-10) and by inhibiting Th1 (IL-2, IFN-γ, TNF-α) cytokine production 

(13,17,44). In the present study, we investigated whether histamine has a regulatory role in 

DNFB-induced CHS and whether the lack of histamine modifies the cytokine profile. For that 

we used the model of HDC-/- mice. 

We found in histamine deficient mice, that DNFB induced a more intense CHS 

reaction than in wild type mice. The DNFB-induced increase of the ear thickness was 

significantly higher in the HDC -/- mice 24 hours after challenge than in wild type mice. 

Forty-eight hours after challenge, the ear thickness was still higher in HDC-/- mice, but the 

difference was not significant between the two groups. After the DNFB challenge the 

percentages of CD3+, CD4+ and CD8+ T cells in the DLN of sensitization area were 

significantly lower, those of CD45R+ B cells were significantly higher in HDC-/- mice than in 

wild type mice. Similar differences were found in the DLNs of the untreated HDC-/- and wild 

type mice. Consequently, these differences do not seem to be due to the DNFB treatment, but 

they are rather associated with the lack of histamine in HDC-/- mice. 

The inflammatory reaction in the ear skin of the mice was also studied. We found that 

24 hours after challenge the number of infiltrating cells and the degree of edema was higher in 

the HDC-/- than in the wild type mice. In hapten challenge sites, neutrophils recruit CD8+ T 

cells that subsequently produce cytokines mediating the hypersensitivity response (32,45). 

Using HDC-/- mice Hirasawa et al found that histamine plays a negative regulatory role for 

the neutrophil infiltration via H2R receptor in allergic inflammation (18). It has been 

reported that in the skin of HDC-/- mice the expression of H1R and H2R receptors is very 

sensitive to histamine levels and both receptors are downregulated in the skin of HDC-/- mice 

(46). These results suggest that histamine might inhibit neutrophil infiltration in wild-type 

mice via H2R receptors and the lack of histamine favors a strong granulocyte and macrophage 

infiltration in HDC-/- mice. 

We observed an increase of the ear thickness and relatively few infiltrating cells in 

wild type mice 24 hours after the challenge. In the early phase of elicitation of CHS (3-24 

hours after challenge), release of serotonin and TNF-α from mast cells and platelets results in 

an increased vascular permeability and tissue swelling (26-28). These data indicate that the 

increase of the ear thickness is mainly due to edema formations that occur 24 hours after 

challenge. 
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We also observed that HDC-/- mice constitutively express higher levels of IL-2, TNF-

α and IL-4 mRNAs than wild type mice. These findings suggest that endogenous histamine 

downregulates the production of IL-2, TNF-α and IL-4. It is known that CD8+ Tc1 cells 

mainly produce Th1 type cytokines. In our study, DNFB treatment caused higher levels of 

Th1 cytokines (IL-2, IFN-γ, TNF-α) in HDC-/- mice 24 and 48 hours after challenge, and a 

higher level of Th2 cell cytokine (IL-4) mRNA 48 hours after challenge compared to wild 

type mice. 

Challenge with antigen in sensitized mice induces local recruitment of T cells. These 

antigen-specific T cells produce inflammatory cytokines, which induce ear swelling and other 

inflammatory processes in the later phase of elicitation (48-72 hours after challenge). We 

observed a very early Th1 cytokine response in HDC-/- mice, followed by the increased levels 

of IL-2, IFN-γ and TNF-α mRNAs 24 hours after DNFB challenge. In these mice, the high 

levels of Th1 cytokines might contribute to the very early increase of the ear thickness and the 

inflammatory response demonstrated by immunohistology. 

We also showed that in the early phase of elicitation, the ear thickness was greater in 

HDC-/- mice than in wild type mice. Twenty-four hours after challenge, the levels of Th1 

cytokine mRNAs were significantly higher in the ear samples of histamine deficient mice 

compared to wild type mice. These data suggest that histamine might have a suppressive 

effect on the production of Th1 cytokines and, consequently, on the limitation of the 

inflammatory response. In the later phase of elicitation, there was no significant difference in 

the ear swelling in the two groups. Fourty-eight hours after challenge a significant increase of 

Th1 cytokine mRNAs was observed in wild type mice, which was comparable with that seen 

in HDC-/- mice at 24 hours after challenge. The levels of Th1 cytokine mRNAs in HDC-/- 

mice 48 hours after challenge were higher than those observed in wild type mice, however, in 

the HDC-/- mice significantly increased IL-4 levels were also demonstrated. Recent studies 

have shown that both Th1 and Th2 T cells are involved in the regulation of contact 

hypersensitivity. IL-4 is a Th2 cytokine that plays an important role during the elicitation 

phase of CHS, and has a role in mediation of the inflammation (36). 

Ohtsu et al has reported that in the CHS response the ear thickness of HDC-/- mice 

was not significantly different from that of wild type mice (41). However, in their 

experiments another sensitizing agent, trinitrochlorobenzene was used in very high 

concentrations. We showed, using flow cytometry, immunohistology, and real-time RT-PCR, 

that DNFB induced a more intense inflammation in HDC-/- mice than in wild type mice. The 
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discrepancy between their and our results might be explained by the different experimental 

conditions. 

Our data suggest that histamine has an important role both in the early and in the later 

phase of CHS reaction. The lack of histamine seems to be responsible for a very intense Th1 

type response in the early phase and also for a strong Th2 response in the late phase of CHS. 

Histamine is known to inhibit Th1 lymphocyte functions such as production of IL-2, 

IFN-γ via H2R receptors, and to enhance Th1-type responses by triggering the H1R receptors 

(20,47) Fitzsimons et al demonstrated that in the skin of HDC-/- mice the H1R and H2R 

receptors are downregulated which might be due to the prolonged histamine deficiency (46). 

We found a very early and high Th1 cytokine response after antigen challenge that might be 

caused by histamine deficiency. These data indicate that endogenous histamine can 

downregulate the CHS reaction via H2R receptor in wild type mice. The lack of histamine 

causes a downregulation of the H2R receptors in HDC-/- mice thereby leading to a higher Th1 

cytokine response compared to wild type mice. These results suggest that in the histamine 

deficient mice, the Th1/Th2 balance is modulated towards Th1 dominancy. 

In our study, we demonstrated that histamine is involved in the regulation of delayed 

type hypersensitivity. Using histamine deficient mice we showed, that histamine plays a 

suppressive immunoregulatory role in the DNFB induced CHS response.  

 



 

 25 

4. INTRANASAL PHOTOTHERAPY IN SEASONAL ALLERGIC RHINIT IS 

 

4.1. INTRODUCTION 

 

Allergic rhinitis is a common inflammatory disease that causes major illness and disability 

worldwide. The prevalence of AR was found to be around 25% in a study on the general 

population in Europe (8,9). 

We recently showed that intranasal phototherapy is an effective treatment for allergic 

rhinitis (48). Rhinophototherapy with low doses of mixed ultraviolet and visible light 

significantly improve the clinical symptoms of AR by acting at multiple points such as 

induction of T-cell and eosinophil apoptosis and suppression of release of mediators like 

eosinophil cationic protein and interleukin 5. 

Guidelines issued by the Allergic Rhinitis and its Impact on Asthma (ARIA) group 

recommend the use of second generation antihistamines as first-line treatment for AR 

(10,49). The newer-generation oral antihistamines such as desloratadine, fexofenadine and 

levocetirizine have demonstrated efficacy in reducing the symptoms of AR, including 

rhinorrhea, nasal itching and sneezing, and in some clinical studies nasal congestion 

(50,51). Fexofenadine is a non-sedating antihistamine, has a rapid onset and a long duration 

of action (52). In addition to blocking H1 receptors, it has been shown to reduce allergic 

inflammatory responses mediated by mast cells, basophils, epithelial cells, eosinophils and 

lymphocytes (53). 

The use of second-generation antihistamines in the treatment of seasonal allergic 

rhinitis (SAR) is well established (53,54). However, in clinical practice, SAR symptoms are 

not always satisfactory controlled by medication and some patients fail to respond to 

treatment  (55). A new phototherapeutic device has been developed at the University of 

Szeged, emitting a combination of low dose UVB, UVA and visible light for the treatment of 

allergic rhinitis (56). The aim of this pilot study was to compare the efficacy of intranasal 

phototherapy with that of the new generation antihistamine, fexofenadine HCl in seasonal 

allergic rhinitis. 

 



 

 26 

4.2. MATERIALS AND METHODS  

 

Patients and study design 

A randomized open study was conducted in patients with a history of at least 2 years of 

moderate-to-severe ragweed-induced allergic rhinitis. Positive skin prick test results and an 

elevated level of ragweed-specific IgE antibody confirmed the diagnosis. The Ethical 

Committee of University of Szeged approved the protocol. All patients gave their written 

informed consent. We excluded potential subjects from the study if they had any significant 

nasal structural abnormalities, had asthma, or upper or lower respiratory infection within 4 

weeks before the beginning of the study or had used any of the following drugs: intranasal 

corticosteroids within 2 weeks, systemic corticosteroids within 4 weeks, membrane stabilizers 

within 2 weeks, antihistamines within 1 week, nasal decongestants within 3 days or 

immunotherapy within 5 years before beginning of the study. 

The patients were enrolled after the beginning of the ragweed season, when the pollen 

counts were higher than 50/m3 in the Szeged area. Thirty-one patients with moderate-to-

severe symptoms were randomly assigned to receive either intranasal phototherapy (5% UVB, 

25% UVA and 70% visible light) 3 times a week for 2 weeks (n=18), or 180 mg fexofenadine 

HCl per day for 2 weeks (n=13), with a randomization ratio of 3 to 2. Each intranasal cavity 

was treated with gradually increasing doses (starting dose: 1.08 J/cm2, maximal dose: 1.62 

J/cm2), the irradiations were performed with the Rhinolight 180 mW lamp (Rhinolight Ltd, 

Szeged, Hungary). The dose was raised by 0.27 J/cm2 at every second treatment. 

Each patient kept a daily diary of symptoms on a scale of 0 to 3 (0 indicating no 

symptoms and 1, 2, 3 indicating mild, moderate and severe symptoms, respectively) for nasal 

obstruction, nasal itching, rhinorrhea, sneezing and palate itching during the treatment. Total 

nasal score (TNS), a sum of scores for nasal symptoms (nasal obstruction, itching, rhinorrhea 

and sneezing) was also calculated.  

 

Statistical analysis 

Repeated measures ANOVA test was used to assess the statistical significance of clinical 

symptom changes and the overall efficacy. The post hoc analysis (Dunnett test) revealed the 

differences between the time points in each treatment group. The percentage changes from 

baseline in TNS were compared using Fisher exact two tailed test. Value of P<0.05 was 

considered statistically significant. 
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4.3. RESULTS 

 

Eighteen patients (12 women, 6 men; ages ranged from 18 to 58 years, mean age: 40.67) 

received intranasal phototherapy and thirteen patients (8 women, 5 men; ages ranged from 18 

to 55 years, mean age: 40.00) received 180 mg fexofenadine HCl per day. The 2 groups did 

not differ significantly in TNS at the beginning of treatment period (P=0.236). The baseline 

TNS (mean±SD) was 8.61±2.64 in the rhinophototherapy group, and 7.46±2.57 in the 

fexofenadine HCl group. The mean scores (±SD) of each parameter are presented in Table 1. 

 

 

 

 

Parameter Treatment group Day 1 Day 7 Day 14 p 

Sneezing Rhinophototherapy 
2.278 

±0.669 
1.889 

±0.963 
1.000 

±1.085 
0.0001 

 Fexofenadine HCl 
2.077 

±0.641 
1.308 

±0.855 
1.385 

±0.961 
0.0173 

Rhinorrhea Rhinophototherapy 
2.444 

±0.705 
2.167 

±0.924 
1.444 

±0.705 
0.0001 

 Fexofenadine HCl 
1.846 

±0.801 
1.462 

±0.660 
1.923 

±0.954 
NS 

Nasal itching Rhinophototherapy 
1.833 

±1.200 
1.167 

±1.200 
0.667 

±0.907 
0.0001 

 Fexofenadine HCl 
1.846 

±1.068 
1.000 

±1.000 
1.385 

±1.044 
NS 

Nasal obstruction Rhinophototherapy 
2.056 

±0.873 
2.056 

±0.873 
1.389 

±0.850 
0.0028 

 Fexofenadine HCl 
1.692 

±1.109 
1.077 

±0.954 
1.692 

±0.947 
NS 

Palate itching Rhinophototherapy 
1.667 

±1.138 
0.778 

±0.878 
0.444 

±0.705 
0.0001 

 Fexofenadine HCl 
1.154 

±1.405 
0.846 

±1.144 
1.231 

±1.363 
NS 

TNS Rhinophototherapy 
8.611 

±2.638 
7.278 

±3.006 
4.556 

±2.854 
0.0001 

 Fexofenadine HCl 
7.462 

±2.570 
4.846 

±2.304 
6.385 

±3.176 
NS 

 

Table 1. Mean scores (± SD) of each parameter at the three time points. P values represent the 
difference between the data at day 14 compared to day 1 in each group (NS: not significant). 
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The changes from mean baseline values (±SE) are shown at day 1, day 7, day 14 in the 

rhinophototherapy group (Figure 8, right panel). In all of the parameters the scores decreased 

significantly at the end of treatment compared with day 1 for all of the parameters: sneezing 

(P=0.0002), rhinorrhea (P=0.0004), nasal itching (P=0.0003), nasal obstruction (P=0.0014) 

and palate itching (P=0.00002) (Figure 8 A, B, C, D, E, respectively). In the fexofenadine 

HCl group (Figure 8, left panel) none of the symptoms improved significantly (P> 0.05) at the 

end of the study except sneezing (P=0.007) (Figure 8A). TNS was significantly decreased in 

the rhinophototherapy group (P<0.0001), but no significant difference was observed in the 

fexofenadine HCl group after 2 weeks of treatment compared to the baseline (P=0.35) (Figure 

8F). 

When we compared the two treatment groups, we did not find significant differences 

in any of the parameters between the rhinophototherapy group and the fexofenadine HCl 

group. However, the improvement in the rhinitis symptoms was more pronounced in the 

rhinophototherapy group compared to the fexofenadine HCl group, but this difference was not 

statistically significant at the end of the study. 

We assessed the changes from baseline in TNS at the end of the study. TNS-25, TNS-

50 and TNS-75 correspond to the percentages of responders at day 14 with TNS improvement 

of more than 25%, 50% and 75%, respectively. If the patient’s TNS was reduced by less than 

25%, the patient was classified as nonresponder. 

After 2 weeks of intranasal phototherapy, there were 15 patients (83.3%) with more 

than 25% improvement in TNS and 11 patients (61.1%) with more than 50% improvement in 

TNS compared to the baseline. In contrast to this only 4 patients (30.8%) exhibited more than 

25% improvement in TNS and 2 patients (15.4%) showed more than 50% improvement in 

TNS in the fexofenadine HCl group after last treatment (Figure 9). We found that the ratio of 

patients with both TNS-25 (P=0.0075) and TNS-50 (P=0.025) were significantly higher in the 

rhinophototherapy group compared to the fexofenadine HCl group. There was no significant 

difference in TNS-75 between the two groups (Figure 9). 

Intranasal phototherapy was overall well tolerated. The only side effect was dryness of 

the nasal mucosa, which occurred in all patients in the rhinophototherapy group and in two 

patients in the fexofenadine HCl group. All patients scored the dryness as mild except one in 

the rhinophototherapy group, and were controlled by emollients. In the case of this patient in 

the rhinophototherapy group one treatment was skipped. All patients completed the study. 
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Figure 8. Changes from mean baseline values 
(±SE) 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 HCl group (left panel). 
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Figure 9. Percentages of responders with TNS improvement of more than 25%, 50% and 
75% at the end of the study. 
 
 
4.4. DISCUSSION 

In this pilot study, we found that intranasal phototherapy is more effective than fexofenadine 

HCl in reducing clinical symptoms in patients with moderate-to-severe SAR. In the 

rhinophototherapy group, all symptoms improved significantly, in contrast to this none of the 

scores decreased significantly in the fexofenadine HCl group at the end of the 2 weeks of 

treatment, except sneezing. 

Second generation antihistamines are recommended as first-line therapy for seasonal 

allergic rhinitis (10,49). In randomized studies with great number of patients fexofenadine 

HCl exhibited significant improvement in SAR (52,57). The low number of patients 

involved in our study may account for the results obtained for the fexofenadine HCl group. 

However, the efficacy of rhinophototherapy in reducing majority of symptoms associated 

with SAR suggests a more powerful treatment effect. 

The mechanism of action involved in the therapeutic effect of rhinophototherapy was 

investigated in previous studies (48,58,59). We have also published that nasal mucosa 

exposed to UV light possess the capacity to repair DNA damage (60,61). Nasal dryness 

induced by allergic inflammation occurs in patients with active symptoms of rhinitis. 

However, higher number of patients with mild dryness of the nasal mucosa was observed after 

rhinophototherapy compared to the fexofenadine HCl treatment. We are currently 

investigating the drying effect of UV with different wavelength on the nasal mucosa. Further 

studies are needed to define the therapeutic potential of intranasal phototherapy and to 

determine its application as chronic treatment for perennial allergic rhinitis and possibly to 

other inflammatory diseases. 
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5. CONCLUSION 

 

 

Since its discovery at the beginning of the 20th century, histamine has been established to play 

a key pathophysiological regulatory role in various immunological functions (1). However, 

the precise role of histamine is still uncertain. In the last couple of years the role of 

endogenous histamine has been extensively studied in allergy, asthma, and various 

autoimmune diseases using histamine deficient mice. 

 Histidine decarboxylase deficient (HDC-/-) mice were developed about a decade ago 

by Ohtsu et al (3). In these mice the levels of histamine in various tissues are much lower 

than those in wild type mice. We at first expected that the contact hypersensitivity response 

would be suppressed in HDC-/- mice. Surprisingly we found that the DNFB induced CHS is 

more intense in histamine deficient mice than in wild type mice. We provided here the first 

evidence that histamine can regulate negatively the immunologic response in contact 

dermatitis. In accordance with our results, the regulatory functions of endogenous histamine 

have been recently reported by other research groups using experimental animal models with 

various allergic and autoimmune diseases. 

 In a different experimental model, chronic allergic contact dermatitis was induced by 

repeated challenge of diphenylcyclopropenone (DCP) on the back of mice. Seike et al found 

that daily epicutaneous application of DCP induced more intense eczematous lesions of wild-

type mice compared to HDC-/- mice (62,63). Their results suggest that histamine facilitate 

the development of chronic allergic contact dermatitis induced by repeated challenge with the 

contact allergen. 

 Allergic asthma is a complex disease associated with airway hyper-responsiveness 

(AHR) and chronic airway inflammation. Koarai et al examined the role of endogenous 

histamine in allergic airway eosinophil recruitment and AHR in HDC-/- mice (64). 

Interestingly they found that the AHR was not suppressed in the HDC-/-mice compared to 

wild type mice, however, the proliferation of eosinophils was significantly reduced in the 

knockout mice. At the same time Kozma reported that the AHR was significantly attenuated 

in HDC-/- mice (65). The differences in the results of the two groups were explained by the 

different strains and protocols that they used. 

 Goblet cell hyperplasia and mucus overproduction are important features of 

bronchial asthma. In a recent study of Yamauchi et al demonstrated that goblet cell 
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hyperplasia was enhanced in HDC-/- mice (66). They also found significant increases of 

alveolar macrophages and lymphocytes in the bronchoalvolar lavage fluid (BALF) in 

HDC-/- mice, and the concentration of TNFα in BALF was significantly higher compared 

to wild-type mice (67). 

 The role of histamine in allergic rhinitis was also studied in HDC-/- mice (68). It was 

found that the intranasal administration of antigen caused a significant increase of nasal 

sneezing and nasal rubbing, the symptoms of rhinitis in mice. However, the number of 

sneezing in wild-type mice was significantly higher than in the knockout mice. 

 Experimental autoimmune encephalomyelitis (EAE) is a prototypic Th1-mediated 

disease with similarities to human multiple sclerosis (69). It was shown that EAE is 

significantly more severe in HDC-/- mice with diffuse inflammatory infiltrates compared to 

wild-type mice. Endogenous histamine appeared to regulate the autoimmune response in EAE 

and to limit immune damage to the central nervous system. 

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

negative regulatory role in contact hypersensitivity response. 

 

Allergic rhinitis is the most frequent allergic disease affecting 10-20% of the population 

worldwide (4). Second generation antihistamines are the first-line treatments in AR, 

however the treatment of allergic rhinitis is occasionally unsatisfactory and some patients fail 

to respond to the treatment. Using experimental mouse models, it has been shown that H1R 

antagonists failed to completely suppress nasal allergic symptoms. 

 In our present work, we compared the efficacy of a second generation antihistamine 

with that of a new therapeutic device intranasal phototherapy in seasonal allergic rhinitis. 

Intranasal phototherapy or rhinophototherapy has been recently developed emitting combined 

UVA, UVB and visible light at the University of Szeged. Previously, rhinophototherapy has 

been shown to be effective in controlling rhinitis symptoms in moderate-to-severe SAR. The 

effect of phototherapy has been recently evaluated for the treatment of nasal polyposis, a 

chronic inflammatory disease of the upper airways (70). Bella et al reported that narrow-

band UVB treatment represent a potential new option for the management of nasal polyps. 

 Here we showed that intranasal phototherapy may be an alternative treatment for 

patients with allergic rhinitis not controlled by antihistamines. 
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In conclusion, the pathophysiological role of histamine in immunoregulation is a much more 

complex story than expected. New evidences about the diverse functions of endogenous 

histamine and its receptors can offer an optimistic perspective for novel therapeutics. 
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6. SUMMARY 

 
 
6.1. HISTAMINE IN CONTACT HYPERSENSITIVITY 

 

In the present study, we investigated whether histamine has a regulatory role in DNFB 

induced CHS and whether the lack of histamine modifies the cytokine profile. In HDC-/- 

histamine deficient mice we found, that DNFB-induced CHS is more intense than in wild type 

mice. The DNFB induced increase of the ear thickness was significantly higher in the HDC-/- 

mice 24 hours after challenge than in wild type mice. Forty-eight hours after challenge, the 

ear thickness was still higher in HDC-/- mice, but the difference was not significant between 

the two groups. 

 We also found that 24 hours after challenge, the number of infiltrating cells and the 

degree of edema in the ear skin was higher in the HDC-/- mice than in the wild type mice. 

Furthermore we showed that HDC-/- mice constitutively express higher levels of IL-2, 

TNF-α and IL-4 mRNAs than wild type mice. We observed a very early Th1 cytokine 

response in HDC-/- mice, followed by the increased levels of IL-2, IFN-γ and TNF-α mRNAs 

24 hours after DNFB challenge. 

 We provided here the first evidence that histamine negatively regulates the immune 

responses in contact dermatitis. In accordance with our results, the negative regulatory 

functions of endogenous histamine were reported by other research groups using experimental 

animal models with various allergic and autoimmune diseases. New evidences about the 

diverse functions of endogenous histamine and its receptors 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 phototherapy (rhinophototherapy) is more 

effective than fexofenadine HCl in reducing clinical symptoms in patients with moderate-to-

severe seasonal allergic rhinitis. Further large scale studies are needed to define the 

therapeutic potential of rhinophototherapy and to determine its application as chronic 

treatment for perennial allergic rhinitis. 
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