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Introduction

The mammalian organism is protected against ingadimcroorganisms at the
interfaces of the external environment (skin, negpry tracts, gastrointestinal mucosa) by

special sentinels, called dendritic cells (DCs).

1. Life cycle of DCs

DCs are generated in the bone marrow and theyemaes through the blood stream
into peripheral lymphoid and non-lymphoid tissuesere they easily make contact with
foreign particles or invading microbes. When cambiasly sampling their environment, at an
immature stage of development, DCs capture differanlecules by their cell surface
receptors and internalize them via various mechamissuch as phagocytosis,
macropinocytosis or receptor-mediated endocytddier processing of the antigenic sample
it is fixed on the surface of DCs as peptides #rat presented by major histocompatibility
complex (MHC) molecules to antigen-specific T cellmmature DCs are characterized by
high capability of antigen capture and processimgt low T cell stimulatory capacity.
Antigen uptake and inflammatory mediators promot€ bhaturation and migration to
draining lymph nodes where they efficiently triggerimmune response by naive T cells. DC
maturation is a complex and highly regulated prscesich include phenotypic and
functional changes such as losing the ability ofigem capture, acquiring an increased
capacity for T cell stimulation and upregulation afstimulatory molecules. Furthermore,
maturation is accompanied by the modulation ofetkgression of some chemokine receptors.
While CXCR1, CCR1, CCR5 expression is downregulatieel chemokine receptor CCR7 is
induced together with DC maturation enabling théitiation of DCs from the periphery to
the lymph nodes. CCL19 (MIP-3R) and CCL21, the ridgm of CCR7 are produced
constitutively in the T cell areas of lymph nod€CL21/6Ckine molecule expressed in
lymphatic vessels also plays a role in directingsth cells. Upon arrival to lymphoid
compartments DCs are able to activate differensetsbof lymphocytes by polarizing them to
Thl, Th2, Thl7 or Treg directions. This proceskighly dependent on DC-derived signals
that involve foreign peptide-MHC complexes expressea the DC surface, co-stimulatory
signals and cytokine/chemokine-mediated instrustidrhe interaction of the T cell receptor
(TCR) with its specific ligand is indispensableaafirst signal, whereas the second signals are
mediated by B7-1 or B7-2 molecules (CD80, CD86)tliggering T cells through CD28

receptor and/or additional environmental stimuheTcytokines produced by DCs and T cells



act in both directions and modulate the intensitgt guality of the immune response (by the
differentiation of Thl, Th2, Th1l7 and Treg cellf}-12 or IFNy produced by DCs can
polarize T cells to Thl direction, the IL-4 or ILeytokines support Th2 polarization, whereas
IL-10 induces immune suppression. The antigen ptaggefunction of DCs is not restricted
to the presentation of endogenous peptides by MKEICDS T cells and exogenous
peptides by MHCII molecules for CD4 cells, as they also present lipids and glycdkpi
complexed with CD1 membrane proteins and endo- xagenous antigens with MHCI
molecules to elicit CD8T cells, called cross-presentation.

Due to their multiple functions the proper instrans of DCs to other immune cells is
essential for inducing immunological tolerancehe thymus and the periphery, or provoking
an effective immune response. Depending on the dyplee invading microorganism and the
nature of stress factors or danger signals DCs digett immune responses to various
activities.

2. CD1a, a human DC marker and lipid presenting madcule

Members of the CD1 family of MHC-class-I-like glymmteins, are phylogenetically
conserved proteins, specialized to the presentatidrydrophobic ligands, such as self and
foreign lipids and glycolipids. The CD1 proteinsash sequence homology and overall
domain structure with MHC class | molecules, betogprised of a heavy chain that is non-
covalently associated with 32-microglobulin. To @urrent knowledge five CD1 isoforms
can be distinguished and based on their sequemckecturther divided into three subgroups.
Groupl is composed of CD1a, CD1b and CD1c molecgkesip 2 and group 3 contain only
one protein, CD1d and CD1e, respectively. ExcaphfiCD1e, all isoforms are cell surface
proteins. Interestingly, the expression patternhoman CD21 proteins differs from other
species, as in humans all five isoforms are presemte in mice only CD1d is expressed.
Group 1 molecules preferentially present lipid geis to ,conventional&f3 or innateyd T
cells, while group 2 molecules (CD1d) present amtgyto invariant NKT cells (iNKT). CD1a,
a member of the group 1 family is expressed maomyDCs.In vivo three different DC
fractions can be isolated from human blood: Clt11¢, CD1aCD11¢ and CD1&CD11¢
populations. The double positive population is theect precursor of LCs, and can be
differentiated to LCén vitro. CD1a expression is similar on resting and actid@Cs.

3. Histamine and histamine receptors (HRS)

The effects of histamine are mediated by four H&kbeing typical heptahelical

proteins the activation of which is mediated by @teins. The first histamine receptor

discovered (HR) possesses the lowest binding affinity to thengnand is linked mainly to



allergic reactions. It shares the typical featwe&-protein-coupled receptors activatingds
The ligand binding to kR leads to increased cytosolic®and cAMP levels and results in
the activation of NkB pathway. In the lung it mediates bronchoconstiiciand increased
vascular permeability. The R is expressed in numerous cell types, includimgay and
vascular smooth muscle cells, hepatocytes, chogt®cnerve cells, endothelial cells and
some immune cells.

Histamine receptor 2 ({R) is coupled to the adenylate cyclase and phoaphkitide
second messenger systems by separate GTP-depenédeminisms. Receptor binding also
activates c-Fos, c-Jun and protein kinase C. gamt binding affinity of HR exceeds that of
the HR and similarly to HR, H;R is also expressed in various cell types. Initialwas
thought to regulate a limited number of activitegch as heart contraction and gastric acid
secretion however, it is now quite clear that vasioegulatory functions of histamine during
cell proliferation, differentiation and immune resige are exerted throughRactivation.

Histamine receptor 3 @R) is predominantly expressed in the central nes\&ystem
and is involved in the regulation of the adjustmeinbcomotor activity and circadian rhythm
of the body.

In 2001 the existence of a fourth HR was identifiedR is typically expressed by
cells of the immune system, preferentially perighehematopoietic cells including
eosinophils, basophil granulocytes, mast cellsnd B lymphocytes and DCs. However, the
presence of kR has recently been shown in tissues functionaliyadt from the immune
system, like in the brain or liver. As4R is widely distributed in immune cells its role in
inflammation, hematopoiesis and directing immurepomses was suspected. The effects of
H4R are mediated through the activation of Gi/o prsteAs a result of a multistep signaling
cascade C4 flows into the cell, cAMP level is decreasing atie MAPK pathway is
activated. The ligand binding affinity of4R is greater than that of;R or HR, but lower
than that of the BR. The growing number of specific agonists and gonésts holds promise
of novel tools in the therapy of inflammatory anddatoimmune disorders.

4. Relationship of histamine and DCs

Observations proving that DCs express both HRsthen natural ligand histamine
support the concept that DCs may be under theanéle of histamine derived not only from
professional histamine synthesizing cells, suchas®phils and mast cells, but also from DCs
themselves.

Differentiation of DCs is a complex and highly résged process accompanied by

phenotypical changes and the alteration in the esgion of humerous molecules. Results



showed that both HDC protein expression and inlidee histamine content was increased
during in vitro differentiation of DCs from human peripheral bloownocytes. In parallel
with these the expression of functionally relevaetl surface molecules (CD80, CD86,
CD40, CD45 and CD11c) was elevated, too.

Migration is an important and indispensable featfrBCs. Based on boih vivo and
in vitro data, histamine is able to modulate DC migrati@ndrfferent HRs, since it induces
intracellular C&" mobilization and F-actin polymerization and besidese, histamine or HR
agonists were found to be strong chemotaxins fstimg/immature (iDCs), however they are
ineffective for activated/mature (mDCSs).

Increasing body of evidence supports that histanhae an impact on antigen
presentation as well. Expression of costimulatang accessory molecules (CD40, CD8O0,
CD86) and MHC class I, involved in effective amiig presentation, are enhanced by
histamine transiently on human monocyte-derivedsDGthers showed that splenic DCs of
HDC” mice kept under histamine-free conditions, dispthg more efficienin vitro antigen
presentation as compared to cells from WT mice.

DCs are professional antigen presenting cells, kvkitectively prime naive antigen-
specific T cells. DC maturation is associated with synthesis of numerous cytokines and
chemokines that act on T cell polarization. The thmatensively studied cytokines include the
Thl type IL-12 and the Th2 or T regulatory typelQ- The majority of experimental data
support that histamine induces an altered cytol@rpression in DCs, and favor Th2
polarization. Histamine inhibited LPS- or Ifhhduced IL-12 responses and the production
of some other pro-inflammatory cytokines such ad . and IL-6. In contrast, relevant Th2
cytokines and LPS-stimulated IL-8 and IL-10 synihewere significantly increased in
histamine-treated human monocyte-derived mDCs.aHiste was also shown to upregulate
the production of Th2-attracting chemokines CCLhd £CL22 and to downregulate [N
induced CXCL10 production by human monocyte-derinads.



Aims of the studies

During their life cycle DCs are often get exposechistamine. This multifunctional
amine is known to influence DC differentiation aisdnvolved in the regulation of various
DC functions. The activities of DCs may be asseciavith more than one HR, as shown by
the role of HR and HR in the functional activities of these cells. Howe after the
discovery of the novel R, some previous results await for re-evaluatedisTIimn our two
experimental systems first we tested whether histanmad an effect on the functional
activities of mouse DCs. The migration, adhesioytokine production and the antigen
presenting function of DCs were investigated. Belytrese studies we also investigated the
possible impact of the lastly discoveredRHin mediating these histamine effects. A gene
knock out (KO) mouse model arid vitro receptor blocking were used to answer these

guestions.

Specific guestions addressed in the murine system:

» Comparison of HR expression in splenic and bonegonaderived DCs

» Investigation of the effect of histamine mnvitro antigen presentation

« Testing the role of kR in histamine-modulated antigen presentation in add HR™”
DCs

* Testing the role of histamine andRlin DC migration and adhesion

* The role of HR in the cytokine production a@f vitro activated DCs

« Comparison of cytokine production of DCs isolatednf WT and HR” mice

following in vivo activation

It is also known that CD1and CD14 DCs derived from human monocytes exhibit
distinct functional characteristics being the CDgabset more inflammatory as compared to
its CD1a counterpart. The cytokine, chemokine productiod phagocytic function of the
two subpopulations are also different. We postdlateat histamine could affect (perhaps
differently) the activities of the two subsets atie results would enable us in better
understanding the mechanism of histamine on DCsfartlker the diseases in which these
cells were involved. Therefore, in the second deexperiments we tested how histamine

influences the development and functional actigitif CD1a and CD14 DC subsets



differentiated in vitro from human CD1% blood monocytes. We also tested the HR

dependence of the identified effects.

Specific guestions addressed in the human system:

Comparison of HR expression in the functionallytidit CD1a and CD14 DC
subpopulations derived from human blood monocytes

Testing the effect of histamine on the differemiatof DC subsets

Investigation of the modulatory role of histamine@D1& and CD14DC activation
Impact of histamine on DC cytokine and chemokiredpction of DCs

Testing the effect of histamine on vitro DC migration by using specific receptor

blockers



Methods

Mouse studies

1. Animals

In the experiments wild-type (WT) andsRi"” (HsR-knockout, HR-KO) mice with Balb/c
background were used at 2—3 month of age.

2. Primary cells

a. DC isolation

DCs were purified from spleens of WT andR¥ mice by CD11c-MACS immunomagnetic
bead selection. The homogeneity of the cell pomriavas controlled by flow cytometry.

b. In vitro differentiated mouse DCs

In some experiments vitro differentiated DCs generated according to procedfifeutz et
al. were applied. The ratio of CD11BCs was controlled by flow cytometry.

3. Phenotypic characterization of DCs

The expression of HRs (R, H:R, H4R) and relevant DC markers (CD11c, CD11b, MHCII,
CD40, CD80, CD86) was performed by flow cytometPart of the cells was treated with
histamine (1 uM; 10 uM). The length of histamineubation of splenic DCs was 4 or 19
hours, whereas bone marrow-derived DCs were treateday 13 with histamine for 24
hours. Jug/ml lipopolysaccharide (LPS) was used to actid@s (24 hours, 37°C).

4.1n vitro antigen presentation and IL-2 production

The antigen presenting capacity of WT angRH DCs was measured with &mvitro assay.
Freshly isolated mouse splenic DCs (Zkt6lls/well) were co-cultured with the 5/4E8 T cell
hybridoma cell line (2x10cells/well), specific for the human aggrecan Gtjoep(24 hours,
37°C). Wells contained 200l culture medium and Jug/ml human aggrecan G peptide
(ATEGRVRVNSAYQDK). 24 hours later IL-2, produced liye activated 5/4E8 hybridoma
cells, was measured by sandwich ELISA accordirtgeananufacturer’s instructions.

DCs were challenged with different concentratio@sl (UM-100 uM) of histamine, or 4-
methylhistamine (KR agonist, 4-MH, 1-100 pM) administered togethethwthe aggrecan
peptide. In some experiments HR antagonists fammetiHbR, 10 uM) and JNJ10191584
(H4R, 10 uM) were applied 1 hour before histamine¥l) freatment.

5. In vitro migration assay

Migratory response of WT and,R” DCs was examined with a Transwell migration assay.
DCs were suspended in®1€ells/ml then after the preincubation of the Traels system the

upper chamber with the membrane was filled with R00f cell suspension (1xi@ells/ml)



in RPMI-1640 and 600 pl of medium with or withoustamine (1, 10, 100 uM) or 4-MH (1,
10, 50 uM) was added to the lower chambers. Mignatias allowed for 2 hours (37 °C). The
number of transmigrated cells in the bottom chamves counted by flow cytometry
normalized to polystyrene micropatrticles.

In the experiments using differentiated DCs 1 pubtdmine was added to the cells on days 0,
3, 6 and 8 of the differentiation process. Migratiaf 10-day bone marrow-derived DCs of
WT and HR” was compared by using the same experimental mbtoc

6. Cell adhesion assay

Adhesion characteristics of DCs were determinedth wireal-time impedance-based method
by using the xCELLigence RTCA SP system. Prioth® éxperiments the bottom of 96 well
plates (E-plat®96) containing electrodes were coated with 250.025% human plasma
fibronectin containing 0.1% gelatin solution for &0n at 4 °C. After the removal of coating
100 pl complete medium (RPMI-1640) was added as a neberesubstance of baseline
measurements, then DCs were seeded into wells0®CQc8lls/well/200ul) in triplicates.
Values of impedance (Z) were recorded in a reaktimode at 10 kHz for 12 hours.
Impedance was represented by the cell index (QY)esa((Z—Zo)/Fi [Ohm]/15[Ohm]; Z:
background resistance,,:Zindividual time point resistance,. FEonstant characteristic for
frequency) and the delta cell indeAGl) was calculated for the baseline. Cl data were
analyzed and the slope of the curve was calculage®ITCA software v1.2.

7.1nvitro DC stimulation

The role of HR in cytokine production of DCs was measured bynawitro assay. Spleen-
derived DCs were plated to 12 well plates (3xt@lls/well). With the exception of the
control wells, DCs were incubated with 1 pg/ml LPS} hours, 37 °C). Before LPS
stimulation, cells were pretreated either with g&rFagonist (4MH, 0.1 pM) alone for 15 min
or with a HR antagonist (JNJ7777120, 10 uM) for 15 min prmrthe agonist treatment.
After incubation the cells were processed for RMNsdlation and subsequent QRT-PCR
analysis.

8.1n vivo DC stimulation

WT and HR” mice were injected intra-peritoneally with eitf280 ul CFA emulsion or 200
ul PBS. After 7 days of immunization, mice werergmed and spleens were removed for
DC isolation. The obtained CD11BDCs were used for RNA preparation followed by reee
transcription and QRT-PCR analysis.

9. Quantitative real-time PCR (QRT-PCR)
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RNA isolation was performed with RNe&swini Kit according to the manufacturer’s
instructions, then 2 pg total RNA was reverse ttahsed using random primers. Relative
guantification of target mMRNA was performed witf@gMan real-time RT-PCR assay on an
ABI Prism 7000 Sequence Detection System followthg manufacturer’s instructions.
Tagman probe sets were used as follows: BNHR--13, IL-6, IL-4, IL-10, Gata-3, IL-12,
IFNy, T-bet, CCR7, CCL19 and GAPDH as housekeepingrnatecontrol. GAPDH-
normalized signal levels were calculated usingcthraparative @nethod.

10. Western blot analysis

The analyzed samples contained 15 pg protein ane weubated in loading buffer,
denatured and the protein bands were separate®@8yPAGE depending on the protein size
and then transferred to PVDF membrane. After blogkiith 4% BSA, membranes were
washed and probed with primary antibodies. The Ag-@omplexes were labeled with
appropriate horseradish peroxidase-conjugated (HR&)ndary antibodies and visualized by
a chemiluminescent detection system on Retina XBidyxfilm.

11. Statistics

Statistical analysis was performed using analybigaciance (ANOVA), as appropriate, and
Tukey test as post hoc test. Statistical signifteap value) less than 0.05 was considered as
statistically significant. The Statistica progrararsion 8 was used for statistical analysis
except adhesion studies where Origin 7.0 softwar® applied.

Human studies

1. Monocyte separation andn vitro differentiation of DCs

Peripheral blood mononuclear cells (PBMC) were inleth by Ficoll gradient centrifugation.
CD14 monocytes were isolated from PBMC by immunomagneil separation using anti-
CD14-conjugated microbeads. To obtain iDCs CDidonocytes (2x10cells/ml) were
cultured in serum-free AIMV medium supplementednvantibiotics, 100 ng/ml IL-4 and 80
ng/ml GM-CSF. At day 2, the same amount of cytokimeas added and the cells were
cultured for another 3 days. Resting DCs were lsdedeon day 5, or were activated by LPS
(200 ng/ml) and IFM (10 ng/ml) and harvested on day 6.

When indicated, histamine (10 uM) or histamine covad with specific HR inhibitors (10
1M) were added at day 0 and day 2 together withditfierentiating cytokines. The following
HR antagonists were used: pyrilamine i Sigma-Aldrich), famotidine (#R), JNJ7777120
and JNJ10191584 (R).

2. Phenotypic characterization of DCs
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Phenotyping of resting and activated DCs was peréar by flow cytometry using anti-CD83-
FITC and anti-CDla-PE antibodies and isotype-matctentrol Ab. For measuring ;R
expression indirect staining was applied. Fluoreseentensities were measured by FACS
Calibur and data were analyzed by the FlowJo soéwihe CDlaand CD14 cells were
separated with FACS DiVa high-speed cell sorter.

3. Quantitative real-time PCR

Total RNA was isolated from DCs by Trizol reageReverse transcription was performed
from 100 ng total RNA using the High Capacity cDM&chive Kit. QRT-PCR for the HRs,
MMP-9 and MMP-12 genes was performed by ABI PRISBDT using Tagman gene
expression assays. The comparative Ct method veastagjuantify transcripts relative to the
endogenous control genes GAPDH or 36B4.

4. Cytokine measurements

Culture supernatants of mature DCs were harvesteldbRrs after LPS+IFNtreatment and
the concentration of IL-6 and IL-10 was measuredising OptEIA Kits.

5. Migration assay

DCs were suspended at®@lls/ml migration mediunf0.5 % BSA in RPMI). The MIP{3
chemokine, diluted at 200 ng/ml in migratioedium was added to the lower chambers in a
final volume of 600 ul. DCs were addedthe upper chamber in a final volume of 250 (d an
the chemotaxis assay was conducted for 4 hourSGR7The number of transmigrated cells
was counted by flow cytometry using polystyrenegtad beads.

6. Chemokine array

Chemokine gene expression profiling of CDaad CD14 DCs was studied with the Human
Chemokines & Receptors PCR Array in accordance witie manufacturer’s
recommendations. Briefly, total RNA was isolatedngsRNeasy Mini Kit. After DNase |
digestion, first strand cDNA synthesis was perfairbg using the R¥First Strand Kit. Real-
time PCR measurement was performed on the ABI PTi30® real-time PCR platform. After
cycling with real-time PCR, the amplification dat@re analyzed and statistical significance

was calculated by SABiosciences on-line software.
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Results

Mouse studies
1. HR expression of mouse splenic DCs

First, HR expression was tested at the protein ievéplenic CD11EDCs by Western
blot and flow cytometry. As gR expression could not be detected by real-time RGR
receptor was not testedsRIwas detected at 55 kDayRiat 40 kDa, while FR showed a 44
kDa band by Western blot. Flow cytometric analyaiso confirmed the cell surface
expression of IR, H,R and HR on splenic DCs.

2. Changes in HR expression during DC differentiabn and activation

We monitored HR expression of bone marrow-derived G DCs on days 6, 8, 10
and 13 ofin vitro differentiation by flow cytometry. HR expression was not found to
remarkably change, while ;R and HR expression was significantly reduced during the
course of DC development. When DCs were treated WitS on day 13 and tested for HR
expression 24 hours later by flow cytometry we obse that HR expression was not altered,
while the surface expression offRliwas significantly elevated as a result of LP$vatibn.

3. Thein vitro effect of histamine on HR and the peptide-presenting function of DCs

In the following experiments the impact of histamiwas investigated on some
relevant DC functions. Using an vitro assay first we tested the effect of histaminehmn t
peptide-presenting capacity of splenic CD1ICs. WT DCs were co-cultured with the
aggrecan-specific 5/4E8 T cell hybridoma cellshie presence or absence of human aggrecan
peptide for 24 hours. Histamine was added to theuttnires at different concentrations. As a
result of peptide-specific activation hybridomalggdroduced IL-2 cytokine in the range of
4000-10000 pg/ml, while in the absence of antigerell activation did not occur. To verify
that the activation of IL-2 production by histamiisenot a direct effect on T cells, control
wells containing only 5/4E8 cells, antigen and &lént concentrations of histamine were also
set up where IL-2 levels remained undetectables@mesults suggested that histamine could
significantly reduce IL-2 secretion of T ceitsvitro.

As a next step we investigated whetheRHlayed role in the histamine-mediated
effect on antigen presentation. DCs were treatdtl different concentrations of the,;Rl
agonist 4-MH and the level of IL-2 was detected.dhm the concentrations tested, 100 uM
4-MH could significantly reduce the antigen presantcapacity of DCs. The role of
histamine was further confirmed by using the specéceptor blockers famotidine for,R
and JNJ10191584 for R both added at 10 uM 1 hour before histamine rireat.
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Antagonist-treated wells served as controls. Wedatnat the KR antagonist further reduced
the antigen presenting capacity of DCs, while thyR Hblocker restored the histamine-
mediated reduced antigen presentation. These sesudicated that the R specifically
affected the histamine-mediated reducing effedd@npeptide presentation.

In the next experiment peptide presentation of Wd E,R” DCs was compared. We
found that DCs that do not express functionagRHbn their surface possessed significantly
higher antigen presenting capacity than WT cells.

4. Comparison of the expression of costimulatory necules in WT and HR” DCs

Several data revealed that the pattern of surfamleaules on DCs’ membrane has an
important role in T cell activation. Thus, we intigated whether WT andJR” DCs differed
in the cell surface expression of characteristic wQteins and costimulatory molecules and
thus could be responsible for altered peptide ptesen and T cell-derived IL-2 production.
First WT and HR' histamine-treate(4 and 19 hours) or untreated splenic DCs wereiesud
by flow cytometry. Neither the expression of the D@rker CD11c, nor MHCII and the
costimulatory molecules CD40, CD80, CD86 was attesgnificantly in the presence of
histamine when compared in the two animal groupsxtNn vitro generated DCs were
applied, to which different concentrations of hisitae were added on day 13 of
differentiation, then 24 hours later the charastarisurface- and costimulatory molecules
were measured by flow cytometry. Surface expressiahe molecules tested did not differ
significantly between WT and4R” DCs or after histamine treatment. Based on thesaits
the differences found in the antigen presentingaciy of DCs could not be attributed to
changes in cell surface molecule expression otétls.

5. Role of histamine and HR in in vitro migration of DCs

The role of histamine and4R in the migration of splenic- or bone marrow-dedv
DCs was investigated with the help ofiarvitro migration assay. First the effect of different
concentrations of histamine or 4-MH was tested plersc DC chemotaxis in Transwell
system. The number of transmigrated cells was tbztday flow cytometry normalized to a
defined number of microparticles. Neither differeohcentrations of histamine, nor thgRH
agonist 4-MH influenced significantly DC migration.

Then we hypothesized that prolonged histamine rtreat, if applied during DC
differentiation may induce changes in the migratcapacity of the cells. To investigate this
possibility DCs were differentiated in the presenceabsence of 1 uM histamine added on
days 0 and 3; 6 and 8 or 0, 3, 6 and &ofitro cultures. On day 10, the migration of DCs
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was studied in Transwell system. We observed adtreinstimulated DC migration by
histamine in a time-dependent manner, but thisees® was not statistically significant.

Finally, migration of WT and BR”” DCs tested on day 10 of bone marrow-derived DC
differentiation was also compared. DCs derived frdfyR-deficient mice showed
significantly lower migration capacity than theirfVéounterparts.

6. Adhesion studies

To ascertain the functional background of the diffee between WT and,R” DC
migration adhesion studies were performed. Diffeadéed DCs were plated onto 96 well
plates supplied with special electrodes suitablarfeasuring cell adhesion. After plating, the
cells attach and spread relatively fast, whichagedted as a steep increase of Cl values. The
adhesion curve of DCs treated with 1 uM histaminewsed similar slope with the control,
albeit with a faster kinetic. 2 hours after seedihg cells addition of histamine induced a
significant increase in Cl value as compared toctirgrol.

In the next experiment we questioned if a chrongtamine challenge during DC
differentiation may influence adhesion of the cel@ells were treated with different
concentrations of histamine on day 0, 3, 6 and 8lifi€rentiation and cell adhesion was
measured on day 10. Histamine in both concentratimuld enhance Cl values compared to
the control, however pretreatment with 1 pM histagnivas more effective in increasing cell
adhesion than the 10 pM concentration. Compariregy dlopes of the adhesion curves
demonstrated that 1 uM histamine applied duringdiiferentiation generated a faster and on
the whole an increased adhesion, which could notnfleenced by additional histamine
applied right before the experiment.

When we compared the adhesive properties of WTHuRI™ DCs, cells of different
genotypes had similar adhesion characteristicsinbilite first period (72 min) the average CI
of H4R" cells showed a faster increase than that of thec@lfs. Five hours after seeding the
difference of the two cell types was diminished.eTiast phase of cell adhesion is also
characterized by the slopes of the curves, and athosignificant difference of the two
investigated DCs; the /R” curve had increased Cl value. About 120 min afeerding, the
Cl showed significantly different values in WT aHgR”" cells, respectively.

To test whether kR is the HR responsible of the difference showroteefWT DCs
were treated with HR, H,R and HR antagonists in the presence or absence of histaamd
cell adhesion was measured. Blocking @RHind HR did not result in a considerable change
as compared to control or histamine treated cellsle the HR antagonist JNJ10191584

could effectively reduce the increasing effect istdmine on DC adhesion.
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7. Effect of H4R on cytokine production ofin vitro stimulated DCs

In ourin vitro system we investigated the cytokine response tofeded splenic DCs
after HjR stimulation. Separated DCs were pretreated \ughH,R agonist 4-MH for 15 min
followed by LPS activation for 24 hours. In order dlarify the role of BHR, we used the
specific antagonist JNJ7777120, added to cells iblefore agonist challenge. Real-time
PCR measurements revealed that the mRNA expressidb-13, one of the paramount
inflammatory cytokines, was elevated after a combitreatment with a JR agonist and LPS
and this significant effect could be reversed by k3R blocker INJ7777120. Importantly, no
significant alteration was observed in the expmssof the IL-6, IFN, IL-10, IL-12a
cytokines and the CCL19, CCL2, CCL4, CCR7 chemakidter HR stimulation.
8. Cytokine responses ain vivo activated WT and Hy/R™ DCs

Most data on DC cytokine production are based err¢lsults ofn vitro experiments.
To obtain more information about DC cytokine expres, we carried out aim vivo assay
and compared the cytokine profiles of CFA stimda®T and HR” DCs. On day 7 after
injection, we monitored the expression of variougokines, chemokines and major
transcription factors involved in Thl, Th2 respansed Treg functions of isolated splenic
DCs by real-time PCR. We detected significantly éowlL-10, Gata-3, IL-12 and IFN
mMRNA expression in R DCs as compared to WT controls. Among the gerstedge CFA
treatment reduced the expression of IL-1R, IL-410, CCL19 and CCR?7 significantly,
regardless of the genotype of the cells. We alsmdogenotype-dependent differences in
response to CFA; CFA treatment reduced IL-6, Gai@d8 T-bet expression in WT animals,
but it was ineffective in the AR deficient DCs. In KO mice IFNMRNA levels were elevated
by in vivo CFA injection in contrast to WT animals wheredimained unaltered.

Human studies
1. Histamine modulates monocyte-derived DC differetration

In our human studies first we tested how histamipetentially acting through
different HRs can modulate the differentiation loé fpreviously identified CD1and CD14
DC subsets. Monocyte-derived DCs were generatedilsy and GM-CSF cytokine
combination in the presence or absence of histanasipglied in the course of cell
differentiation on day 0, 2 and 5. Flow cytometneasurements revealed that histamine
significantly reduced the proportion of CO1RCs as compared to cells generated in the
absence of histamine. To identify the HR involvedthis effect, specific pharmacological

blocking agents were used during the differentrafioocess. We found that the presence of
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the HR antagonist famotidine could prevent the reduciffgct of histamine on CDIaell
differentiation. The KR antagonist pyrilamine further reduced the ratfoC1a cells,
whereas both HR antagonists (JNJ7777120 and JNJ10191584) hadr ramlgp marginal
effects. The inhibitory effect of histamine on CDLa&ll differentiation was confirmed at the
protein level by flow cytometric analysis showingetcell surface expression of,Rl on
CD14a and CD14 DC subsets and also the efficient blocking of &ffect by famotidine, but
not by the other inhibitors.
2. Expression of HRs in CDl1aand CD1a DC subsets

The expression of HRs by human DCs has previousgnbdemonstrated however,
their expression in the phenotypically and funaiibndistinct CD1aand CD14 DC subsets
has not been investigated so far. To assess theub€et-specific expression of HRsiim
vitro differentiated LPS+IFiactivated monocyte-derived DCs the cells were esbitio
CD1a and CD14 subpopulations by flow cytometry and® H;R and HR expression was
compared by QRT-PCR. ;R expression could not be detected,RHexpression was
significantly higher in CD1aDCs, but HR was higher in CDTacells as compared to their
CD1a counterpart, whereas;R was expressed by both subsets at high levels. firding
was also supported by the detection eRHby flow cytometric analysis on the surface oftbot
CD1d and CD14cells at comparable levels.
3. Effect of histamine on the activation of CDlaand CD1a DC subsets

Previously we described that inflammatory cytokinas block the transition of CD1a
cells to CD1a DCs and thus stabilize the CDJdnenotype for further activation. To monitor
the effect of histamine on the activation of CDaad CD14 subsets, DCs were generated in
the presence of histamine and activated by the ownbn of LPS and IFN Cell surface
expression of CD1a and the activation marker CD&8 monitored in the CD1land CD14
DC subsets by flow cytometry. The results showed kthstamine did not affect significantly
the expression of CD83, and both the CDaad CD14 subsets could be activated by
LPS+IFNy. Histamine, present in the coursermfvitro monocyte-derived DC differentiation,
was able to reduce the proportion of Chdells and consequently decreased the ratio of both
resting and activated CD1@D83" cells, while the CDI&D83" fraction became larger only
in mature DCs. In line with our results obtainedthwresting DCs the HR antagonist
famotidine suspended this histamine-mediated effghile the HR antagonist pyrilamine
further reduced the ratio of CDI12D83" cells. These results suggest that histamine
modulates DC activation through its inhibitory etfen CD14 DC differentiation.
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DCs are sensitive to changes in their environmedtthus can be activated by various
stimuli, which result in the secretion of cytokiresd chemokines. To test whether histamine
or HR-specific antagonists can modify the cytokpmeduction of DC subsets we measured
the concentrations of cytokines in the culture so@int of activated CD1and CD14 DC
cultures by ELISA. Statistically significant inceea of the secreted pro-inflammatory
cytokine IL-6 and the regulatory cytokine IL-10 édblbbe shown when DCs were generated in
the presence of histamine. This effect also coeldnbibited by famotidine indicating again
the involvement of bR in this process. The secretion of IL-12p70 waected preferentially
in DCs with high, >60% of CDTacell content and its production could not be cstesitly
inhibited by famotidine.

5. Effect of histamine on DC migration

Migration is an important and indispensable featafeDCs. Histamine not only
induces cell migration mediated by different HRaf ht the same time it is also able to
stimulate matrix degrading enzyme production. @uvitro migration experiments revealed
that the presence of histamine during monocytesddriDC differentiation significantly
enhanced the migratory potential of DCs that ceaeléghown at the level of both spontaneous
and MIP-3-induced migration. Famotidine, the specifigRHantagonist could reverse this
effect pointing to the role of R in the modulation of cell mobility. Matrix degrad
enzymes are also essential components of cell tragraMonitoring mRNA expression of
MMP-9 and MMP-12 by QRT-PCR showed that the presesfchistamine was able to up
regulate the mRNA expression of these matrix deggadnzymes in both resting (iDC) and
activated (mDC) DCs. This effect could also be reed by famotidine further supporting the
role of HR in regulating DC migration.

6. Histamine-induced expression of C5a receptor restricted to the CD1a DC subset

In the next set of experiments we performed a gleb@eening using a Q-PCR-based
array to identify chemokines and chemokine receaptovolved in the histamine-induced
H,R-mediated enhancement of DC migration. Followi$SkIFNy activation, the monocyte-
derived DCs generated in the presence of histanf@meotidine, or histamine together with
famotidine were separated to CD&aad CD14 subsets and their chemokine and chemokine
receptor expression profiles were determined. WDEs were generated in the presence of
histamine, increased mRNA expression of C5aR1 vedscted in the CDZTasubset and
famotidine abolished this effect. However, C5aRdtgin expression clearly showed that its
expression was dramatically upregulated by histanpireferentially in the CDl1aubset at

both their resting and activated differentiatioates. As famotidine could completely abolish
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the effect of histamine, these results also redetthe HR dependency of this histamine-
induced effect.

In addition to identifying C5aR1 as a histaminetioeld chemotactic receptor of DCs
preferentially expressed by the CDXabset, we also identified further migration-retht
genes. The expression of CXCR4 and CX3CR1 alseased significantly in DCs generated
in the presence of histamine and this effect on CR3B could be inhibited by famotidine in
the CD14 DC subset, while in CD1aells histamine did not exert this modulatory effe
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Discussion

DCs represent a minor population of leukocytesdmtitas important sentinels and are
characterized by diverse biological functions. Bestapturing, processing and presenting
antigens, they are capable of regulating the doegctquantity and quality of effector
mechanisms that serve for the elimination of inmgdiorganisms and dangerous self
structures. Through the activation of antigen-dpedi lymphocytes and the production of
cytokines and chemokines DCs act as a functioniggérbetween innate and acquired
immunity.

In this PhD work we investigated the functionalss-alk of histamine with DCs in
two experimental systems. The murine system offereshns to compare the effects of
histamine on DCs in genetically modified strainsszivo and by using tissue-derived D@s
vitro. The human system offered us to analyse the sffetthistamine on DC subtype
differentiation and functions.

The size of the HRs has been shown to vary in & wadge depending on the tissue,
cell type, post-translational modification and déten method. In our hands immunoblot and
flow cytometric analysis certified the expressidiHeR, H,R and HR in mouse splenic DCs.
Beside the BER protein band detected by Western blot the otigdren molecular mass band
could correspond to the glycosylated form of theeptor.

DC differentiation is a complex process regulatedaltiple levels. We observed no
change in the expression of®y whereas that of the,R and HR decreased significantly in
the course oin vitro differentiation of bone marrow-derived DCs. LP8 dot alter HR or
H,R protein expression, however R expression was elevated significantly by LPS
stimulation. It was demonstrated that durimgvitro differentiation of DCs from human
monocytes the expression offland HR reduced, while that of thesR increased. Others
showed higher expression ofRiin resting than in activated Cband CD8 T lymphocytes.
Based on these data we suggest, that since diffelfea activate distinct signaling cascades,
the observed alterations in HR expression may mjoiié strength and the direction of
histamine-mediated effects depending on the litdecgr activation state of the cells.

Antigen presentation is of crucial importance ie Hctivities of DCs, still a few data
are available on the effects of histamine on b&six functions. We found concentration-
dependent, biphasic and significantly decreasedempresentation of murine splenic DCs in
the presence of histamine. We identifiegRHas the regulator of this process, as its ag{ist

MH) similarly to histamine declined the peptide s@eting function of DCs, while the,R

20



antagonist JNJ10191584 almost completely reversesl effect. The observation that
significantly higher amounts of IL-2 were producgten the 5/4E8 T cell hybridoma cells
were stimulated by peptide-loaded DCs aRHieficient mice than DCs from WT controls
however, further indicated the role offRiin this histamine-mediated effect. We also found
that long-term R deficiency had a more pronounced impact on amtgesentation than
short-term antagonist treatment. These data sudigaishistamine exerts this effect through
H4R and it can evolve both acutely during antigers@néation and also in the course of DC
development.

The efficacy of antigen presentation can be inftgehby several factors, such as the
subtype of DCs, the mechanism of antigen uptakepsadessing and the expression of cell
surface costimulatory molecules. The molecular raedm, by which histamine acts on
antigen presentation viayR remains unknown, since we could not detect affgrdnces in
either MHC class Il or costimulatory molecule exgsien of histamine-treatedsR’™ and WT
splenic DCs. IFN has been shown to affect certain components obthigen presentation
machinery. Since we found that the induction of yFNoduction was more pronounced in
H;R-KO DCs as compared to the WT ones, enhanced llEdels may account for the
elevated T cell-stimulatory capacity ofRtdeficient DCs.

Several factors including chemokines, cytokines amall bioactive molecules like
histamine may influence the migratory and chematauoperties of DCs and histamine has
long been known to influence the migration of DBsfore the discovery of R chemotactic
effects provoked by histamine were attributed prilpéao H1R and HR. Later, the migration
regulatory effect of histamine throughRlof different immune cell types such as eosingphil
mast cellsyd T cells and natural killer cells was demonstrafidte involvement of bR and
H4R was shown in human DCs, while in murine diffelztied DCs the role of R and HR
was shown.

In our migration studies we found that neither eféint concentrations of histamine
nor 4-MH could induce a significant alteration iplenic DC migrationin vitro. Supposing
that spleen-derived DCs are less susceptible tdeabistamine stimulus than freshly
differentiated cells, we monitored the effect oflamg-term histamine treatment on DC
migration. We found that the length of histamireatment duringn vitro DC differentiation
correlated to migrating cell numbers. Comparing ithigratory capacity of WT and R
DCs we concluded that DCs generated in the absefhdd#,;R possessed a significantly
reduced migration capacity then WT cells, sugggsdtire role of HR in this process. Up to

now only one paper has been published in whichetfiect of histamine on mouse DC
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migration via HR and HR was demonstrated. However, we have to noticeithabst cases
histamine and HR ligands were applied in much lowencentration than the above
(Immol/l), physiologically not available concenioat

Adhesion is an indispensable step of cell migratidfe were the first to use an
impedance-based XCELLigence RTCA SP system to ghelyadhesive capacity of murine
differentiated DCs. Histamine significantly incred<DC adhesion when presented transiently
or for a long period of time. We identifiedyRl as the receptor responsible for this histamine-
mediated effect, as comparison of the adhesivecitgpaf WT and HR” DCs revealed that
both parameters characterizing the adhesion ofdlig, i.e. slope andCl, were significantly
higher in HR-KO than in WT cells. These results were surpgssince previously we
detected impaired migration of,R-deficient DCs. As adhesion is a prerequisite eif c
migration, the above processes were expected tw dhrect correlation. It has recently been
published that murine DC migration could be negdyivregulated by adhesion. The
involvement of HR was further confirmed by vitro HsR antagonist treatment showing that
JNJ10191584 could effectively reduce the increagfigct of histamine on DC adhesion.
Further experiments are required to obtain moreemudér data on the action of histamine via
H4R governing adhesion and migration however, thesalts revealed the,R dependency
of this histamine-induced effect.

Cytokines and chemokines secreted by activated &€srucial components of the
modulation of immune processes. The repertoireohibde cytokines produced by DCs is
associated with the developmental stage or maturatiatus of the cells and are important in
inducing an effective primary immune response agxemal lines of evidence support that
histamine influences cytokine production of DCsfdBe the discovery of iR, mainly HR
was found to be involved in histamine-induced Tle2apzation of DCs. Increasing body of
evidence support that Toll-like receptor signalD@s not only enhance the endocytosis of
antigens but also influence the immunological ootef their interactions with T cells. The
pro-inflammatory cytokine IL-1 is a crucial mediatof the innate immune system and
beside activated mononuclear phagocytes, DCs aceimportant sources of this cytokine.
Mazzoniet al. have shown that histamine blocked LPS-induced3Lexpression in immature
human DCs. In this experimental system the gerrera@ptor activator histamine was used,
thus the results gained are possibly reflect tlreraclated effect on different HRs.

In our work IL-113 mRNA expression was tested ugithger HR agonist or antagonist
treatment followed by LPS stimulation. Our resuétgealed that the LPS-induced expression
of IL-18 was further induced by the 4Rl agonist 4-MH, while the }R antagonist
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JNJ7777120 effectively reversed this effect denratisy the participation of histamine via
H4R in governing IL-113 expression.

Most data on DC cytokine production is based onr#dsilts ofin vitro studies. In
order to get more insight into its importance, vppleed anin vivo assay in which WT and
H.R” animals were stimulated by CFA and then the cykirofile of DCs was compared.
H.R” DCs showed significantly altered mRNA expressiésame Th1l and Th2 cytokines.
Most papers based amvitro data report the elevation of Th2 and reductioftdf cytokines,
which mediated principally through,R. Gutzmer and co-workers detected reduced IL-12p70
production in human monocyte-derived DCs, whilellL-expression was not altered after
histamine treatment. This effect was mediated By Bhd HR. In line with previous data we
could not detect any changes in ThFexpression (neither after treatment nor in the
genetically different mice). CFA treatment showeshatype-dependent effects in case of
some molecules; it decreased IL-6, Gata-3 and THBINA expression in WT DCs, while it
proved to be inefficient in R’ DCs. Our results on IL-6 are contradictory to thea
published by Dunforcet al. Applying different activation stimulin vitro, they measured
decreased IL-6 protein expression aftqRHblockade. HR” DCs produced more IFNthan
WT ones following CFA treatment. We detected simildference in IFN expression when
comparing WT and HDEDCs.

In the second part of the studies we investigated dffects of histamine on the
differentiation and activities of two, developmdiytaelated andin vivo relevant human
monocyte-derived DC subsets generated from CGE14nonocytes. We found that i)
histamine modulated DC differentiation by suppaytihe development of CD1RCs; ii) this
effect was attributed to 4R as only its specific synthetic inhibitor coulgtere the generation
of CD14 cells; iii) H,R was highly expressed by both DC subsets, whetgBRsand HR
were expressed in a subset-specific manner; itamise modulated DC activation through
its inhibitory effect on CD1aDC differentiation; v) histamine-induced reductiohCD1&
DCs resulted in increased secretion of IL-6 and 0.vi) histamine modulated the expression
of C5aR1 in a KR and subset specific manner; vii) histamine induspontaneous and
chemokine-mediated DC migration of both subsets mmudiulated the production of the
MMP-9 and MMP-12 enzymes also involved in the ragjah of DC migration.

DC differentiation is a complex and highly reguthterocess driven by the actual
tissue environment of the cell. Lipids and lipopios have previously been identified as
modulators of the cell surface expression of typad type 1l CD1 proteins, which act as both

presenting molecules of microbial glyco- and phdipias and also as phenotypic markers of
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human DC subsets. The modulatory effect of histaroim the expression of CD1a and e
vitro differentiation of DCs has previously been repdrtdere we not only confirmed these
findings, but extended our studies to demonstfzé histamine has an impact on other DC
functions which may be regulated in a subset-sjgetidnner.

DC functions may be associated with more than oRe tHus we sought to generate
monocyte-derived DCwm vitro in the presence of histamine or histamine in comioon with
pharmacological antagonists of /R H,R and HR. As famotidine, a potent antagonist gFRH
was the only compound that could prevent the histasmediated inhibition of CD1aDC
differentiation we identified bR as the receptor involved in this regulation.

Several research groups demonstrated the expres$tanin human DCs however,
their expression in CD1and CD14 cells has not been analyzed so far. Similar twipues
results we could not detectRl expression in DCs but found high expression £R lih both
CDla and CD14 DCs. Interestingly, IR and HR mRNA expression showed a subset-
dependent pattern: CD1ACs expressed significantly higher levels gRHhan CD14cells,
whereas BR expression was significantly higher in the CDID& subset. This finding raises
interesting questions concerning the role gRHN a situation where due to the presence of
histamine the generation of the cell type i.e. CCD@s carrying the receptor at high levels is
inhibited. Based on this scenario and taken theigusly described inflammatory nature of
CD1a DCs in individuals with high CD1aDC ratios may develop more severe inflammation
in the presence of histamine than those with lowl&Dnumbers. Alternatively, this
expression pattern may have a regulatory functmrkegep histamine-mediated regulation
under check.

DC maturation is initiated by the engagement dfedent surface receptors and results
in phenotypic and functional changes. Histamine skasvn to induce transient up-regulation
of MHC class Il proteins and the costimulatory ncoles CD40, CD80 and CD86 in human
monocyte-derived DCs and antagonists of boiR lnd HR prevented histamine-induced
CD86 expression but did not modify CD40 expressidthen DCs were activated with
LPS+IFNy we found that due to the histamine-induced reductif CD14 DC numbers the
ratio of CD14CD83" cells decreased, while the CDAB83" cell fraction became more
prominent. This observation demonstrates that misi@, by counteracting CD1aDC
differentiation has an impact on the DC subsetidigtion of mature DCs in a JR-dependent
manner.

The hallmark of activated DCs is the productiorcyiokines and chemokines, which

may act in an autocrine or paracrine manner. Puosviesults demonstrated that histamine
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induced altered cytokine production in DCs, supgbnpolarization of T lymphocytes to Th2
direction, and the cytokine profile of resting CDaad CD14 DCs was different. In line with
these findings we also observed that upon actinatyp CD40L or TLR ligands both CDla
and CD14 DCs secreted pro-inflammatory cytokines but IL-12@mnd CCL1 production was
mainly attributed to the CDIawhereas IL-10 secretion to the CD$abset. DCs generated
in the presence of histamine and activated by LPSyproduced significantly higher levels
of the pro-inflammatory cytokine IL-6 and the regpolry cytokine IL-10 as compared to cells
generated in the absence of histamine. Again, figimet was the only inhibitor that could
interfere with this effect. In our studies IL-12p%6cretion was detected in DCs with high
(>60%) CD14 cell content and famotidine had no significanteeffon cytokine secretion
indicating that IL-12p70 secretion is not dependamtHR. In a previous study IFNwas
shown to up-regulate 4R and its stimulation resulted in the down-regolatf IL-12p70 and
CCL2 production in human monocyte-derived DCs.

Resting DCs migrate to both body surfaces and shtied spaces where they
encounter with self- or foreign antigens. Afterigah challenge, migration of activated DCs
through lymphatics ensures DC-T cell contact in phwwid organs. Several independent
research groups found that histamine or histamguniatsexerted chemotactic effects for
resting, but not for activated DCs. By using speaiéceptor antagonists the involvement of
both R and HR has been demonstrated as modulators of cell tiugrain a skin DC
migration assay both histamine and g&rFagonist induced enhanced chemotaxis, which could
be blocked by both HR and HR antagonists. Similar results were obtaimeditro by using
bone marrow-derived mouse DCs. Our previous realgtsverified the role of iR in murine
DC migration.

In our present migration experiments histaminegased both spontaneous and MIP-
3p-induced migration of DCs. Famotidine was the ddly antagonist that could reverse this
effect. Histamine was also shown to stimulate thedpction of the matrix degrading
enzymes and the histamine-induced increase of MBIBA MMP-3 production was shown
in vitro. The essential role of MMP-9 in DC migration wa®asured in reconstituted
basement membrane (Matrigel) andvivo by migration to the draining lymph node and the
expression of MMP-12 in DCs was also shown. Histemnduced up-regulation of MMP-9
and MMP-12 and their inhibition by the;R blocker famotidine confirmed the dominant role
of HzR in this DC function as well.

Migration of DCs in blood and lymph, and from pdéwpal tissues to secondary

lymphoid organs is regulated at multiple levels andumber of cytokines, chemokines and
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their receptors are implicated in the regulatiorthod complex process. The combination of
chemokine receptors, induced in activated DCs wdeareloped in the presence of histamine
and stimulated with LPS+IFNinvolved C5aR1, CXCR4 and CX3CR1, previously iderd

in the sulpho-LacNAc expressing DCs (slanDCs/MDC-@hich represent the largest
population of blood DCs. These circulating DCs highly pro-inflammatory due to their
production of TNFe and IL-12p70, but in contrast to CDlaonventional blood DCs they are
negative for the CD11c, CD14 and CD1 markers. G%apro-inflammatory mediator that has
recently been detected in monocyte-derived DCs sigdaling through C5aR1 has been
found to regulate the development of Treg and Tedlls Here, we show for the first time
that monocyte-derived DCs, differentiated in thesgnce of histamine and activated by
LPS+IFNy, preferentially give rise to CD125aR1 cells.

CXCR4 endowed with potent chemotactic activity isregulated upon DC activation
induced by LPS, TNIFor CD40L and engagement by its specific ligand CXZ promotes
DC activation, survival and chemotaxis both vitro and in vivo. The CX3CR1
transmembrane protein has been suggested to bacethby IFNN in TNF/INOS-producing
DCs differentiated from classical monocytes anid involved in the recruitment of DCs by
its specific ligand CX3CL1/fractalkine. Based omgh results we propose that histamine, in
combination with inflammatory signals is able toduce the expression of a typical
combination of chemokine receptors that also mddufaonocyte-derived DC functions.
However, this effect can be further up-regulatedthie presence of the CCL19/MIB-3
chemokine, which specifically attracts CCR7 expregactivated DCs.

Thein vivo andin vitro studies on the role of histamine on murine and &umCs
revealed that histamine mediated several celluttiviaes of both murine and human DCs.
The absence of R resulted in an enhanced antigen presentationbdapaand adhesion
characteristics of mouse DCs. FurthermorgR Heficiency decreased mouse DC migration
and gene expression of some cytokines as wellatered the inducibility of cytokine mRNA
production. We have to take into consideration tbhanges observed here, are more
significant in the case of chronic lack oyl rather than in the acute inhibition of the
receptor. This suggests that defect gRHnay also influence DC functions both in a direct
and indirect manner. Furthermore, our results destnated that histamine had a profound
effect on the development of human CDIXCs that was mediated by.RL This regulation
had a further impact on cytokine production knowrbe different in the CD1and CD14
subsets. As BR was expressed at high levels in both DC subsetsay dominate the

regulation of multiple DC-related functional actigs. In contrast, IR and HR with
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opposing subset-related expression may have aategylor fine-tuning role in histamine-
induced functional activities.

Histamine is not only the major mediator of acutlammatory and immediate
hypersensitivity responses, but has also been demabed to affect chronic inflammation and
several essential functions of the immune systéns hlso well known that DCs, which
control homeostatic processes and regulate acdterannic inflammation can be affected by
this small biogenic molecule. Thus the knowledg@uabthe molecular mechanism of
histamine actions on DCs has crucial importancdeieelop effective therapeutic strategies
for the treatment of inflammatory diseases.

As DCs may localize to the vicinity of histamineogucing cells, such as basophils
and mast cells present in an inflammatory envirammehey are potential targets of
histamine. The results gained in our study highédhsome interesting aspects of histamine
and DC crosstalk, which may help in better undeditegy the underlying mechanisms of
histamine-mediated conditions. Indeed, more rekemrcieeded to understand the complex
role of DCs in histamine-mediated immune responsesgver by every step we are closer to

utilize the experimental results in clinical segsrespecially in drug design and development.
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