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1. INTRODUCTION

Histamine has been established to play a pathoplogstal regulatory role
in various immunological reactions. The main fuoef of histamine
include H1 receptor (H1R) mediated actions on shmantiscle, vascular
permeability and modulation of allergic responge gastric acid secretion
basically via H2 receptors (H2R). H3 receptor (H3REexpressed in the
nervous system, where it serves as a presynapidbéek receptor on
histaminergic neurons. H4 receptor (H4R), the taseptor discovered, is
largely expressed in haemopoietic cells and itsmehactic properties
designate its regulatory role in immunomodulatidfighly selective
blockers and agonists suitable for vitro and in vivo use have been
developed for these histamine receptors. Theseudgacl clinically
established H1R and H2R blockers, as well as nivelstigational drugs
directed toward H4R.

Histamine is a diamine derivate of histidine tleaproduced under
the control of a single enzyme, histidine decartessy (HDC). HDC
deficient (HDC-/-) mice were generated by Ohtsu hisdco-workers about
a decade ago. Destruction of the HDC gene resulismharked reduction of
the tissue histamine content. These HDC-/- miceresgmt a suitable
experimental model to assess the role of histamiadlergic diseases.

In the first part of our present work, we investagh the
immunoregulatory role of histamine using HDC-/- mién a highly
prevalent allergic disease, in contact dermatitis.

Allergic rhinitis is a common inflammatory diseaieat causes
major illness and disability worldwide. The prevate of AR was found to
be around 25% in a study on the general populatidiurope.The central
role of histamine in the pathophysiology of allergihinitis is well
established.

In the second part of this work we compared thécadfy of a
second generation antihistamine, fexofenadine H&l a/newly developed
phototherapeutic modality in patients with allerdimitis.



2. AIMS

2.1. To investigate the role of histamine in contadypersensitivity

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

2. We measured the cell composition of the axillangl inguinal lymph
nodes

3. We measured the composition of infiltrating €éfl the ear skin

4. We measured the expression of IL-2, iN-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 phototrerapeutic device in
patients with seasonal allergic rhinitis

1. A randomized open study was conducted in patiefith a history of at
least 2 years of moderate-to-severe ragweed-indalEdic rhinitis.

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

3. Each patient kept a daily diary of symptoms.aloasal score (TNS), a
sum of scores for nasal symptoms (nasal obstrydtiching, rhinorrhea and
sheezing) was also calculated.



3. HISTAMINE IN CONTACT HYPERSENSITIVITY

3.1. INTRODUCTION

Histamine, synthesized by histidine decarboxylad®(), is produced

mainly in mast cells, basophils and histaminergroes, but macrophages,
dendritic cells and T lymphocytes also synthesigtamine. The production
and release of histamine are modulated by varigtekines such as IL-1,

IL-3, IL-5 and IL-8. Histamine plays a regulatoryle in Th1/Th2 balance
at multiple points; however, the majority of hisiam actions seem to
promote Th2 responses.

Contact hypersensitivity (CHS) response developsvim distinct
phases: sensitization and elicitation. In the diagion phase, mice
exposed to contact allergen showed an increaseeipdrcentage of antigen
(Ag) specific ThyT/CD5'/CD3/TCR/B220" cells in the skin-draining
lymph nodes (DLN). These B22QCD45R) B cells produce IgM/IgG type
antibodies that pass into the circulation and ttteagascular tissues. These
antibodies bind to receptors on the surface of roali$ and platelets and
play a role in the increase of vascular permegbiGitytokines produced by
Tcl cells (IFNy), Thl cells (IL-2, IFNy and TNFe), Th2 cells (IL-4 and
IL-10) and Langerhans cells (IL-12 and IL-18) argortant for the optimal
induction and initiation of CHS in DLN.

The elicitation phase is characterized by two diftphases. In the
early phase of elicitation, the antigen bound bW/IgG type antibodies
produced by B220B cells leads to mast cell and platelet activatRelease
of serotonin and TNIe from these cells results in an increased vascular
permeability. Gebat al found that delayed type hypersensitivity reaction
(DTH) was either intact or only partially decreasadmast—cell deficient
mice, and severe depletion of platelets with algigbet antibody strongly
inhibited the contact hypersensitivity, especiatiynast-cell deficient mice.
These data suggest that serotonin and GNffe important mediators in the
early phase of DTH.

In the later phase of elicitation (48-72 hours rafthallenge),
antigen—specific T cellsa3T cells) are activated, resulting in the
production of various cytokines. It is known thatthe CHS reaction the
main effector cells are IFMproducing CD8 Tcl cells. The CHS
responses are also regulated by IL-2, \FHAad TNFea-producing CD4
Thi cells, as well as by IL-4 and IL-10-producinB4€ Th2 cells.



In the present study, we examined the CHS respanddDC
knockout (HDC-/-) histamine deficient mice. These&enwere generated
using a gene targeting method by Ohttual HDC-/- mice exhibit a
decreased number of mast cells. The lack of histanhkeds to a large
reduction in the overall contents of mast cell say granules, including
proteases MMCP4, MMCP5 (chymases) and MMCP6 (tsg)tdn HDC-/-
mice, plasma extravasation could not be observet phssive cutaneous
anaphylaxis test, suggesting that histamine plasigificant role not only
in the anaphylactic increase of vascular permegtilit also in the negative
regulation of neutrophil infiltration.

The purpose of the present study was to determime t
immunoregulatory role of histamine in dinitroflutsenzene (DNFB)-
induced delayed type hypersensitivity. We foundt the lack of histamine
caused an intense Thl type response, suggestihchigtamine plays a
negative regulatory role in contact dermatitis

3.2. RESULTS AND DISCUSSION

HDC-/- mice demonstrated increased contact hyperssitivity to DNFB
The abdominal skin of the mice was shaved and tegsiwith 25ul 0.5%
2,4-dinitrofluorobenzene in acetone/olive oil (4fby 2 consecutive days
(days 0 and 1). Five days later, the dorsal surfateboth ears was
challenged with 151l 0.2% DNFB (n=6). The control mice were also
sensitized with DNFB, but their ears were treatdth acetone/olive oil
(n=4).Twenty-four hours after challenge, the DNIRBLced increase of the
ear thickness was significantly higher in the HD@nice than in wild type
mice. Fourty-eight hours after challenge the e@ktiess was still higher in
HDC-/- mice compared to wild type mice, but thefaliénce was not
significant between the two groups.



The percentages of CD4Th and CD8" Tc cells were lower, those of
CDA45R’ B cells were higher in the DLNs of HDC-/- mice

No significant difference was observed between tttal number of the
DLN cells in the DNFB treated HDC-/- and wild typemice. The

percentages of CD3T, CD4 Th and CD8 Tc were significantly lower in
the HDC-/- mice. In contrast, the percentage of B2ZD45R) B cells

was significantly higher in the HDC-/- mice thanthe wild type mice. The
percentages of granulocytes and macrophages didiffet in the two

groups.

Similar differences were seen in the cell compositf the axillary
and inguinal lymph nodes of untreated HDC-/- anti wype mice. The
percentages of the different cell subpopulatiomsrdit differ significantly
from those found in the appropriate DNFB treatedugs. Consequently
these differences do not seem to be due to the DiFeBment, but they are
rather associated with the lack of histamine in HB@®ice.

The number of infiltrating cells was higher in the ear specimens of
HDC-/- mice

Histologic sections were made from the ears 24 dBdhours after
challenge. In contrast to the acetone/olive-treatad specimens, in the
DNFB painted ears of both HDC-/- and wild type mieellular infiltrate
and edema was seen. The majority of the infilttatells were neutrophil
granulocytes and mononuclear cells in both DNFBt&e groups at 24 and
48 hours after challenge, but the number of irfiltrg cells and the degree
of edema was higher in the HDC-/- mice.

Using HDC-/- mice Hirasawat al found that histamine plays a
negative regulatory role for the neutrophil infilion via H2R receptor in
allergic inflammation. It has been reported thathia skin of HDC-/- mice
the expression of HIR and H2R receptors is verwitea to histamine
levels and both receptors are downregulated inskive of HDC-/- mice.
These results suggest that histamine might inhibittrophil infiltration in
wild-type micevia H2R receptors and the lack of histamine favorsang
granulocyte and macrophage infiltration in HDC-feen



Strong CD45' leukocyte infiltration was observed in the ears oHDC-/-
mice

We observed a significantly higher percentage o#&Deukocytes in the
dermis of the ears of the HDC-/- mice than in thfatvild type mice, using
immunohistochemistry. The number of CDB cells was not increased in
the DNFB-painted ears compared to the acetoneetteahes in either

group.

IL-2, IFN-y, TNF-a and IL-4 mRNA expression was examined by real-
time RT-PCR

The expression of IL-2, IFN; TNF-a and IL-4 genes was examined by
optimized real-time RT-PCR reactions in the eargamobtained at 24 and
48 hours after challenge.

In wild type mice, IL-2 mRNA was undetectable, iontrast with

this HDC-/- mice constitutively expressed a deteletdevel of IL-2 mMRNA.
In the HDC-/- mice, DNFB treatment caused a moast8-fold increase in
the level of IL-2 mRNA 24 hours after challengewawer, the quantity of
IL-2 mRNA decreased 48 hours after challenge. Intrast with this, in
wild type mice, IL-2 mRNA was not detected 24 hoafter challenge and
it reached a detectable level only 48 hours aftetlenge.

The IFNy mRNA level showed a significantly higher incredse
HDC-/- mice than in wild type mice 24 hours afteattenge. 48 hours after
challenge, the IFN- mRNA level decreased in HDC-/- mice, while
increased in wild type mice.

The HDC-/- mice constitutively expressed a detdetdbvel of
TNF-a, while in wild type mice TNFx was undetectable. The increase in
TNF-a expression was 7-fold in HDC-/- mice 24 hours raftee DNFB
treatment, and approximately 3.5-fold higher 48rkoafter challenge. In
the wild type mice, TNFr mMRNA was not detected 24 hours after the
treatment, and showed an increase 48 hours afdlenpe.

The expression of IL-4 mRNA reached a detectahlel lsn HDC-

/- mice but not in wild type mice. The DNFB treammesf HDC-/- mice

produced a moderate increase of IL-4 mRNA expres@é hours after
challenge, and the increase in IL-4 mRNA expressias 5-fold 48 hours
after the treatment compared to the 24-hour datthd wild type mice, IL-

4 mRNA was not demonstrated 24 hours after chadlebgt a detectable
amount of mMRNA appeared 48 hours after the DNF&ttnent.



We observed a very early Thl cytokine responseD@H mice,
followed by the increased levels of IL-2, IRfNand TNFet mRNAs 24
hours after DNFB challenge. In these mice, the hégkls of Thl cytokines
might contribute to the very early increase of #a thickness and the
inflammatory response demonstrated by immunohigiolo

Histamine is known to inhibit Thl lymphocyte furmis such as
production of IL-2, IFNy via H2R receptors, and to enhance Thl-type
responses by triggering the H1R receptors. Fitzaged al demonstrated
that in the skin of HDC-/- mice the H1IR and H2R eptors are
downregulated which might be due to the prolongsthmine deficiency.
We found a very early and high Thl cytokine respomagter antigen
challenge that might be caused by histamine defigieThese data indicate
that endogenous histamine can downregulate the &d&ionvia H2R
receptor in wild type mice. The lack of histamireuses a downregulation
of the H2R receptors in HDC-/- mice thereby leadinga higher Thl
cytokine response compared to wild type mice. Theselts suggest that in
the histamine deficient mice, the Th1/Th2 balareenbdulated towards
Th1l dominancy.

In our study, we demonstrated that histamine i®lired in the
regulation of delayed type hypersensitivity. Ushigtamine deficient mice
we showed, that histamine plays a suppressive imonagulatory role in the
DNFB induced CHS response.



4. INTRANASAL PHOTOTHERAPY
IN SEASONAL ALLERGIC RHINITIS

4.1. INTRODUCTION

Allergic rhinitis is a common inflammatory diseabat causes major illness
and disability worldwide. The prevalence of AR wasind to be around
25% in a study on the general population in Europe.

We recently showed that intranasal phototherapgniseffective
treatment for allergic rhinitis (AR). Rhinophototapy with low doses of
mixed ultraviolet and visible light significantlymprove the clinical
symptoms of AR by acting at multiple points suchireduction of T-cell
and eosinophil apoptosis and suppression of reledismediators like
eosinophil cationic protein and interleukin 5.

Guidelines issued by the Allergic Rhinitis and ltmpact on
Asthma (ARIA) group recommend the use of second egdion
antihistamines as first-line treatment for AR. Thewer-generation oral
antihistamines such as desloratadine, fexofenaalinkelevocetirizine have
demonstrated efficacy in reducing the symptoms @R, Aincluding
rhinorrhea, nasal itching and sneezing, and in solinécal studies nasal
congestion. Fexofenadine is a non-sedating ardimiste, has a rapid onset
and a long duration of action. In addition to blimgkH1 receptors, it has
been shown to reduce allergic inflammatory respermeediated by mast
cells, basophils, epithelial cells, eosinophils §mdphocytes.

The use of second-generation antihistamines intibgtment of
seasonal allergic rhinitis (SAR) is well establidhélowever, in clinical
practice, SAR symptoms are not always satisfactoontrolled by
medication and some patients fail to respond tattment. A new
phototherapeutic device has been developed at ttieetdity of Szeged,
emitting a combination of low dose UVB, UVA and ibie light for the
treatment of allergic rhinitis. The aim of thisqtilstudy was to compare the
efficacy of intranasal phototherapy with that ofettnew generation
antihistamine, fexofenadine HCI in seasonal alterfinitis.



4.2. MATERIALS AND METHODS

Patients and study design

A randomized open study was conducted in patieiitis & history of at
least 2 years of moderate to severe ragweed-indadledgic rhinitis.

Positive skin prick test results and an elevatedllef ragweed-specific IgE
antibody confirmed the diagnosis. The Ethical Cottesi of University of
Szeged approved the protocol. All patients gaver theitten informed

consent.

The patients were enrolled after the beginning hef tagweed
season, when the pollen counts were higher tham®56/the Szeged area.
Thirty-one patients with moderate-to-severe sympgtowere randomly
assigned to receive either intranasal photothefa®yUVB, 25% UVA and
70% visible light) 3 times a week for 2 weeks (n318r 180 mg
fexofenadine HCI per day for 2 weeks (n=13), wittaadomization ratio of
3 to 2. Each intranasal cavity was treated wittdgadly increasing doses
(starting dose: 1.08 J/émmaximal dose: 1.62 J/énthe irradiations were
performed with the Rhinolight 180 mW lamp (RhindligLtd, Szeged,
Hungary). The dose was raised by 0.27 3/atrevery second treatment.

Each patient kept a daily diary of symptoms onalesof 0 to 3 (0
indicating no symptoms and 1, 2, 3 indicating mitdpderate and severe
symptoms, respectively) for nasal obstruction, hashing, rhinorrhea,
sheezing and palate itching during the treatmeatalThasal score (TNS), a
sum of scores for nasal symptoms (nasal obstrydtiching, rhinorrhea and
sheezing) was also calculated.

Statistical analysis

Repeated measures ANOVA test was used to assessstdltistical
significance of clinical symptom changes and theral efficacy. Thepost
hoc analysis (Dunnett test) revealed the differenags/ben the time points
in each treatment group. The percentage changes lfr@seline in TNS
were compared using Fisher exact two tailed teslud/ of P<0.05 was
considered statistically significant.

4.3. RESULTS

Eighteen patients (12 women, 6 men; ages ranged fi8 to 58 years,
mean age: 40.67) received intranasal phototherapytlgirteen patients (8
women, 5 men; ages ranged from 18 to 55 years, eng&n40.00) received
180 mg fexofenadine HCI per day. The 2 groups diddiffer significantly
in TNS at the beginning of treatment peridt-(.236). The baseline TNS



(meantSD) was 8.61+2.64 in the rhinophototherapugy and 7.46+2.57
in the fexofenadine HCI group.

In all of the parameters the scores decreasedismyntly at the end
of treatment compared with day 1 for all of the gmaeters: sneezing
(P=0.0002), rhinorrhea RE0.0004), nasal itching PE0.0003), nasal
obstruction P=0.0014) and palate itchin£0.00002). In the fexofenadine
HCI group none of the symptoms improved signifibaiiP> 0.05) at the
end of the study except sneezinB=0.007). TNS was significantly
decreased in the rhinophototherapy groBg0.0001), but no significant
difference was observed in the fexofenadine HClgrafter 2 weeks of
treatment compared to the baseliRe(.35).

When we compared the two treatment groups, we didfind
significant differences in any of the parameterstween the
rhinophototherapy group and the fexofenadine H@upgr However, the
improvement in the rhinitis symptoms was more prowed in the
rhinophototherapy group compared to the fexoferadil group, but this
difference was not statistically significant at #&d of the study.

We assessed the changes from baseline in TNS anithef the
study. TNS-25, TNS-50 and TNS-75 correspond to pikecentages of
responders at day 14 with TNS improvement of mbent25%, 50% and
75%, respectively. If the patient's TNS was redubgdess than 25%, the
patient was classified as nonresponder.

After 2 weeks of intranasal phototherapy, thereew&s patients
(83.3%) with more than 25% improvement in TNS afidbatients (61.1%)
with more than 50% improvement in TNS comparedh® baseline. In
contrast to this only 4 patients (30.8%) exhibitetbre than 25%
improvement in TNS and 2 patients (15.4%) showedemian 50%
improvement in TNS in the fexofenadine HCI grougeafast treatment. We
found that the ratio of patients with both TNS-25-0.0075) and TNS-50
(P=0.025) were significantly higher in the rhinophtierapy group
compared to the fexofenadine HCI group. There was significant
difference in TNS-75 between the two groups.

Intranasal phototherapy was overall well toleraf€de only side
effect was dryness of the nasal mucosa, which oedun all patients in the
rhinophototherapy group and in two patients infehefenadine HCI group.
All patients scored the dryness as mild exceptinribe rhinophototherapy
group, and were controlled by emollients. In theecaf this patient in the
rhinophototherapy group one treatment was skippégatients completed
the study.
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4.4. DISCUSSION

In this pilot study, we found that intranasal plib&rapy is more effective
than fexofenadine HCI in reducing clinical symptoiims patients with
moderate-to-severe SAR. In the rhinophototherampumyr all symptoms
improved significantly, in contrast to this none thie scores decreased
significantly in the fexofenadine HCI group at teed of the 2 weeks of
treatment, except sneezing.

Second generation antihistamines are recommendditstdine
therapy for seasonal allergic rhinitis. In randoadizstudies with great
number of patients fexofenadine HCI exhibited digant improvement in
SAR. The low number of patients involved in ourdstumay account for the
results obtained for the fexofenadine HCI groupwieer, the efficacy of
rhinophototherapy in reducing majority of symptoassociated with SAR
suggests a more powerful treatment effect.

The mechanism of action involved in the therapesfiiect of
rhinophototherapy was investigated in previous issidWe have also
published that nasal mucosa exposed to UV lightgsss the capacity to
repair DNA damage. Nasal dryness induced by attergiammation occurs
in patients with active symptoms of rhinitis. Howeey higher number of
patients with mild dryness of the nasal mucosa whserved after
rhinophototherapy compared to the fexofenadine HEhtment. We are
currently investigating the drying effect of UV Wwitlifferent wavelength on
the nasal mucosa. Further studies are needed tnedt#fe therapeutic
potential of intranasal phototherapy and to deteemits application as
chronic treatment for perennial allergic rhinitisda possibly to other
inflammatory diseases.

11



5. CONCLUSION

Since its discovery at the beginning of thd'2@ntury, histamine has been
established to play a key pathophysiological regmarole in various
immunological functions. However, the precise rofehistamine is still
uncertain. In the last couple of years the rolemdogenous histamine has
been extensively studied in allergy, asthma, andowa autoimmune
diseases using histamine deficient mice.

Histidine decarboxylase deficient (HDC-/-) mice revaleveloped
about a decade ago by Ohtsual In these mice the levels of histamine in
various tissues are much lower than those in wiftk tmice. We at first
expected that the contact hypersensitivity respeviagdd be suppressed in
HDC-/- mice. Surprisingly wéound that the DNFB induced CHS is more
intense in histamine deficient mice than in wilgheéymice. We provided
here the first evidence that histamine can regulatgatively the
immunologic response in contact dermatitis. In agance with our results,
the negative regulatory functions of endogenoudatige have been
recently reported by other research groups usingergxental animal
models with various allergic and autoimmune disease

In our study we used HDC-/- mice and we demonrstrahat
histamine plays a negative regulatory role in ccnthypersensitivity
response.

Allergic rhinitis is the most frequent allergic disse affecting 10-20% of
the population worldwide. Second generation artdnignes are the first-
line treatments in AR, however the treatment ofergic rhinitis is
occasionally unsatisfactory and some patients failrespond to the
treatment. Using experimental mouse models, itheesn shown that H1IR
antagonists failed to completely suppress nasaigd symptoms.

In our present work, we compared the efficacy ofserond
generation antihistamine with that of a new theutipedevice intranasal
phototherapy in seasonal allergic rhinitis. Intisala phototherapy or
rhinophototherapy has been recently developed iagittombined UVA,
UVB and visible light at the University of Szegedreviously,
rhinophototherapy has been shown to be effectiveointrolling rhinitis
symptoms in moderate-to-severe SAR. Here we shotlved intranasal
phototherapy may be an alternative treatment fdiepts with allergic
rhinitis not controlled by antihistamines.
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In summary, the pathophysiological role of histagnin immunoregulation
is @ much more complex story than expected. Newlesmies about the
diverse functions of endogenous histamine andeiteptors can offer an
optimistic perspective for novel therapeutics.
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