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INTRODUCTION

The TRPV1 receptor
It was discovered in Hungary in the 1950-60’s that capsaicin, the pungent compound of hot

peppers selectively activates and in repeated doses damages a heat sensitive subgroup of
nociceptive nerve terminals [1,2]. The concept of capsaicin acting on a specific membrane
receptor was also conceived in Hungary in the following decade [3]. The receptor has been
known as the Transient Receptor Potential Vanilloid 1 since its cloning in 1997 [4]. The rat
Trpvl cDNA codes for a 95 kDa non-selective cation channel subunit highly expressed by
small diameter sensory neurons of dorsal root (DRG), trigeminal and vagal ganglia. The
TRPV1 subunit has six transmembrane domains with extensive N- and C-terminal regions.
The subunits form tetrameric and/or heteromeric channel complexes.

Besides capsaicin, TRPV1 is activated by noxious heat (>43 °C), protons (pH <6,0), exogenous
vanilloids, and various inflammatory and nociceptive endogenous molecules (e. g. N-
arachidonoil-dopamin: NADA, lipoxigenase products, anandamid), or sensitized by
bradykinin, adenosine-triphosphate: ATP, nerve growth factor: NGF, etc [5,6]. Exogenous
vanilloid agonists including capsaicin and its ultrapotent analogue resiniferatoxin (RTX) act
on the intracellular and transmembrane regions of the receptor in a dose-dependent
manner [7]. Ultrapotency of RTX is explained by its chemical structure [8]. TRPV1 activation
generates action potential resulting in sensory activation and nociception. On one hand, it
transmits different sensory modalities (pain, itch, thermosensation, etc.) as an afferent
function. On the other hand, activation of capsaicin-sensitive sensoy nerve fibres leads to
the release of various, mainly proinflammatory neuropeptides as a local efferent function
[9,10]. These neuropeptides (substance P, neurokinin A: NKA, neurokinin B: NKB, calcitonin
gene related polypeptide: CGRP) cause dilatation of arterioles, release of plasma proteins
from venules, and activation of inflammatory cells [11]. This results in neurogenic
inflammation that plays a role in several inflammatory diseases, such as asthma bronchiale,
allergic rhinitis, conjunctivitis and dermatitis, ekczema, rheumatoid arthritis, migraine,
inflammatory bowel diseases [12—14]. It has been demonstrated by our research group that
antiinflammatory somatostatin is also relased form activated sensory nerve endings

distributed systemically as a sensocrine effect [10,15].



TRPV1 desensitization
Capsaicin not only selectively activates but also desensitizes C-polymodial nociceptors in

long-term application or in high doses [1,10]. This chemoanalgesia is used as an
experimental method to investigate the lack of functional TRPV1 [10]. In systemic TRPV1
desensitization experiments RTX is preferred since it is better tolerated by animals [8]. RTX is
able to induce desensitization by 1000 fold efficiency: the systemic RTX dosage is 150-200
ug/kg, while that of capsaicin is in the range of 150-200 mg/kg [1,8,16—18]. Upon activation,
mainly Ca* ions pass through the channel’s pore leading to the increase of intracellular Ca®
concentration and membrane depolarization. Capsaicin treatment applied locally or
systemically induces a long-lasting but reversible analgesia; repeated or large doses can
physically destroy the sensory nerve endings [1,10,19]. Animals desensitized by capsaicin do
not respond with protective reflexes or neurogenic inflammation when treated with noxious
chemical substances. This points to the depletion of inflammatory mediators (substance P,
NKA, CGRP) from nociceptive nerve endings. Systemic RTX pretreatment is applied as a
selective pharmacological method to desensitize TRPV1-positive sensory nerve endings in
animal experiments investigating the role of sensory fibres in inflammation (neurogenic
component) [10]. The discovery of non-neuronal TRPV1 channels raises the question: can
RTX desensitization (after having been in use for decades) can still be viewed as a selective
experimental method that destroys only sensory neurons but does not affect non-neuronal
cells? Since TRPV1 antagonists for the treatment of severe pain have not yet passed through
phase Il clinical trials due to their side effects (chiefly because of the elevation of noxious
heat threshold), attention has been directed toward therapeutical desensitization of

capsaicin-sensitive nerve endings (e. g. Qutenza transdermal patch).

The TRPA1 receptor
The Transient Receptor Potential Ankyrin 1 (TRPA1) is similar to TRPV1 in terms of molecular

structure, function and localization [20]. TRPA1 and TRPV1 are extensively coexpressed in a
subpopulation of peptidergic, afferent Ad- and C-fibers whose cell bodies lie in dorsal,
trigeminal and vagal ganglia (ggl. jugulare, ggl. nodosum) [21-24]. 30-50 % of TRPV1-
expressing sensory neurons contain TRPA1 while the latter is rarely found in neurons
without TRPV1 [25,26]. TRPV1 has been detected in various brain regions [27-30] and TRPA1
is proposed to be present [29,31,32]. TRPA1 and TRPV1 is generally colocalized in non-

neuronal cells, as well (e. g. epithelium, keratinocytes) [6]. Cellular functions of TRPA1 as a
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non-selective Ca** channel range from sensory roles to maintaining homeostasis. The
receptor can be activated by cold temperature (<17 °C), mechanical stimuli, various
electrophilic, irritant, spicy chemicals, many found in the human diet (cinnamaldehyde,
menthol, allyl-isothiocyanate, allicin, etc.) [33]. The receptor can be activated or sensitized
by endogenous agonists released during inflammation, tissue damage, oxidative stress [34—
37]. The TRPAL1 receptor plays a key role in acute and chronic pain and inflammation based
on its localization and functional properties. Its pathophysiological significance and role as a
potential drug target have been considered in inflammatory diseases of the airways, the

cardiovascular system and the gut [33].

PACAP
The capsaicin-sensitive nerve endings express not only proinflammatory neuropeptides but

also antiinflammatory ones, for example, the hypophysis adenylate cyclase activating
polypeptide or PACAP. The molecule has two forms: PACAP-27 és PACAP-38, chiefly the
latter is represented in mammals [38]. PACAP is the most conserved member of the
vasoactive intestinal peptide/secretin/glucagon superfamily [38]. The specific receptor of
PACAP is PAC1 that can be coupled to both Gs and G4 proteins, the former way activating the
adenylate cyclase (AC) pathway, the latter way the phospholipase C (PLC) pathway. The
VPAC1 and VPAC2 receptors bind similarly PACAP and VIP and activate adenylate cyclase
leading to enhanced cAMP production [42]. PACAP and its receptors are widespread
throughout the body [38] consequently playing a role in several physiological and
pathophysiological processes. The peptide is basically known as an antiinflammatory,
neuroprotective agent. Nevertheless, it may mediate pathophysiological processes toward
inflammation and nociception as well by acting on various cells, receptor variants/types, and
yet not identified new splice variants [38,41,42,45-53]. Our research group has recently
proven the release of PACAP-38 in vitro from stimulated peripheral endings of capsaicin-
sensitive afferents [54] and its systemic in vivo release [46]. The localiztaion of PACAP in
human skin has been described in dermal nerve fibers, hair follicles and blood vessels and
sebocytes near the dermal-epidermal barrier [38] and the high affinity PAC1 receptor was
also detected. PACAP and PAC1 upregulation were observed in psoriasis patients which

points to the role of PACAP in inflammatory mechanisms of the skin [55].



Inflammatory bowel diseases
Inflammatory bowel diseases (IBD) are prevalent disorders of the intestine, such as

ulcerative colitis (UC) and Crohn disease. UC only affects the colon, Crohn’s disease affects
the entire gastrointestinal tract, but most often the distal small intestine, ileum and colon
are affected by the chronic inflammatory state. The main symptomes of IBD are abdominal
pain, diarrhea, gastrointestinal bleeding and weight loss [56]. One of the most frequently
used non-genetic colitis murine models is the one elicited by dextrane-sulphate-sodium
(DSS). DSS chemically damages the epithelial mucosa (barrier), induces colonic inflammation
and ulcers leading to progressive loss of Lieberkihn crypts, alteration of microflora and
accumulation of inflammatory cells [57,58]. IBD is a painful and debilitating disease of the Gl
track causing deteriorating life quality and may become life-threataning. Available immune
suppressive therapies have serious side effects. This poses a driving force to understand the
complex pathophysiological mechanisms, identify key mediators and find new therapeutic
targets [59]. Capsaicin-sensitive nerve fibers [10,60] densly innervate the gastrointestinal
tract [61,62] whose activation releases proinflammatory neuropeptides (substance P, NKA,
CGRP) [63]. TRPA1 is located in different systems of the Gl tract: extrinsic primary afferent
neurons, intrinsic enteric neurons, and endocrine and epithelial cells of the mucosa
[20,61,62]. TRPA1 acts as an environmental chemosensor in the gut lumen and modulates
gastrointestinal functions: nociception, gastric tone, satiety induced by spicy diet, motility
and secretion [20]. TRPA1 activation leads to the release of inflammatory neuropeptides
from sensory nerve endings and provokes neurogenic inflammation [64]. Substance P
induces and maintains colitis in the DSS model and in patients with ulcerative colitis
[65,67,68]. Activation of TRPA1 induces substance P release, however, TRPA1 has been
found to be prinflammatory, antiinflammatory or without any effect in murine colitis models
[65,69-71]. TRPA1 activation releases CGRP with a protective role in colonic inflammation
[65,66]. Our group has demonstrated that activation of sensory TRPA1 leads to the release
of antiinflammatory peptides, e. g. somatostatin that provokes a counterregulatory
»sensocrine” effect [72,73]. The field has become even more complex by the discovery of

non-neuronal TRPA1 channels whose physiological roles are not yet understood [6].



AIMS

1. Does capsaicin/RTX desensitization damage extraneuronal TRPV1
channels?

In animal models of pain and inflammation, the role of sensory neurons is often studied by
applying capsaicin or RTX desensitization. We aimed to investigate wether the experimental
method is truly selective for TRPV1-positive sensory neurons without damaging
extraneuronal TRPV1 receptors? We set out to detect gene and protein expression changes

in skin and buccal mucosa of RTX-desensitized and surgically denervated rats as controls.

2. Whatis the role of TRPV1-PACAP connections in capsaicin-induced
skin inflammation?

It has been known that a) the specific TRPV1 agonist capsaicin induces neurogenic
inflammation in the skin, and b) PACAP plays a role in acute vasodilatation during
inflammatory processes. However, it has not been known if there is a connection between
the two, and what role do PACAP and its specific receptor PAC1 play in this process.
Therefore we aimed to investigate the expression of PACAP and PAC1R at the mRNA and
protein levels in dorsal and plantar paw skin and back skin in neurogenic inflammation
induced by capsaicin and in celullar inflammation evoked by Complete Freund’s Adjuvant

(CFA) in Trpvl and PACAP (Adcyapl1) KO mice.

3. Whatis the role of TRPA1 in inflammatory bowel diseases?

First we aimed to investigate the localization of TRPA1 and TRPV1 receptors in the intact and
inflamed murine and human colon, with an emphasis on their extraneuronal occurence.
Secondly, we set out to examine the receptor’s role in Trpal KO mice in the DSS-colitis
model. To investigate the underlying mechanisms we detected the expression of local

neuropeptide pathways and cytokines/chemokines in the distal colon.



EXPERIMENTAL MODELS AND METHODS

Surgical denervation in rats
Surgical denervation (incision of sciatic and saphenous nerve at the level of the thigh, under

sodium-pentobarbital anesthesia) was performed on the hind legs of 6 male Wistar rats
(weight: appr. 300 g) which resulted in the degeneration of nerve fibers. The animals were
sacrificed five days later. The dorsal (hairy) and plantar (hairless) skin of denervated and

control hind legs were excised and cut into two pieces for gPCR and immunohistochemistry.

RTX desensitization in rats
Five male rats were desensitized by applying 30, 70, és 100 pg/body weight kg RTX s.c. on

three consecutive days [74]. Five animals received physiological saline solution. Animals
were sacrificed two weeks later. Five days later the animals were sacrificed. Dorsal (hairy)
and plantar skin of hind legs and buccal tissue were excised and cut into two pieces for gPCR

and immunohistochemistry.

Induction of acute skin inflammation in mice
Experiments were performed on male CD1 mice (25-35g) and PACAP (Adcyapl) gene-

deficient mice based on the CD1 strain, and on C57BI/6 and Trpvl KO mice. Anesthesia was
performed by ketamin-xylazin (100 mg/kg ketamin i.p.) then animals were terminated and
skin samples were excised. Tissue samples were cut into three pieces, one was placed into
RNAlater for molecular biology studies, another one freezed in -20°C for radioimmunassay, a
third fixed in formaldehyde. Neurogenic inflammation was induced with 50 pl capsaicin (100
pug/ml, i. p. injection). A dominantly cellular inflammation was induced with complete
Freund’s adjuvant (CFA; heat-killed Mycobacterium tuberculosis in a water-in-oil emulsion;
50 ul, 1 mg/ml) administered into the left hind leg. Respective solvents were injected into
contralateral legs. Mice were terminated 24 hours after capsaicin or CFA treatment. Skin
samples from dorsal and ventral hind paws and back skin, and from hypophysis and
hypothalamus as controls. To measure paw oedema evoked by capsaicin and CFA paw
volume was detected by a plethismometer (Ugo Basile Type 7140) several times before and
after inducing inflammation. Extent of oedema was expressed as a percentage of the initial

control (n=6-8 / goup) [75].



Induction of colitis in mice
Chronic colonic inflammation (colitis) was evoked in WT and Trpal KO male mice by

administering 2% DSS in drinking water for 10 days. WT and KO animals were divided
randomly into water-drinking control groups (1 control group/genotype, n=5/group) and
DSS-receiving groups (n=9 WT; n=9 KO). 3-3 WT and KO mice were randomly selected to be
terminated on days 3, 7 and 10 in ketamin-xylazin deep anesthesia after fasting overnight.
Distal third of the colon was excised for further examinations. Disease Activity Index: scoring
of clinical symptoms of colitis (weight change, fecal consistency, fecal blood content) on days
1-10 of the treatment. Fecal blood content was determined with the Hemocare test. The
scores of the 3 parameters were averaged for each mice to calculate the Disease Activity
Index, DAI [76]. Histology: distal colon samples were fixed in 40 mg/ml buffered
formaldehyde, sections were made (5 um), then hematoxylin-eosin staining was performed.
Digital microphotos were taken using an Olympus BX51 microscope and Olympus DP50
camera. Inflammatory signs were evaluated and scored by an expert pathologist [76] not

participating in the study.

Clinical samples
Colon biopsies were carried out in the 1st Department of Internal Medicine of the University

of Pécs in three groups of patients: 1. non-inflammatory colon disease or check-up
examination participant (n=5); 2. colon tumor (polypus coli, adenocarcinoma, n=8); 3.
ulcerative colitis or Crohn’s disease (n=10). Samples were stored in RNALater in -80°C for

gPCR. Samples for immunohistochemistry were stored in formaldehyde.

mRNA expression
Tissue samples were homogenized in 1 ml TRI Reagent and total RNA was isolated according

to the manufacturer’s instructions. The quantity and purity of the isolated total RNA was
determined using a Nanodrop ND-1000 Spectrophotometer. 1 pg total RNA was transcribed
into cDNA by reverse transcription. Gene expression was detected in cDNA samples either by
legacy PCR followed by gel-based detection using ethidium bromid and UV light (primers
specific for Gapdh, PACAP/Adcyapl, PAC1R/Adcyaplrl) or quantitative PCR (primers or
TagMan probes specific for TRPV1, TRPA1, TNFa, ll-1rn, M-csf, BLC/Cxcl13, somatostatin,
Tacl, Tacrl, Tac3, GAPDH, GUSB, Hprt1).



Histology, immunohistochemistry
Paw skin samples were fixed in 4% paraformaldehyde. Hematoxylin-eosin staining was

applied for histological evaluation. Rat denervation: sections were incubated in 1:1000
dilution with anti-TRPV1 antibody for 1 hour, then with Envision system anti-rabbit
secondary antibody conjugated with horseradish peroxidase, and finally immunolocalization
of TRPV1 receptors was developed by diaminobenzidine (DAB) for 10 minutes, nuclei
staining was performed with hematoxylin. Immunopositivity was determined with
semiquantitative scoring by an expert pathologist not included in the experiments. Image
Pro Plus 4.5 software was used to analyze the number of TRPV1 positive keratinocytes. Skin
inflammation: sections were incubated with anti-PAC1 antibody raised in rabbit (1:100), with
the respective Alexa Fluor “568" secondary antibody (1:1000). Digital photos were taken
with a Nikon Eclipse 80i microscope equipped with a CCD camera and the Spot software
package. To determine semiquantitative PAC1 immunofluorescence intensity Imagel) 1.440
software was used. Mouse colitis model and human IBD samples: policlonal first antibodies:
mouse anti-CD68 (KP1): ab125212 (Abcam), 1:300; mouse and human TRPA1l antibody:
ab68847 1:300 higitasban, specificity tested by preadsorption with the immunizing peptide
(ab150297, 1:100, Abcam); mouse TRPV1 antibody (ab74813, 1:300), specificity was tested
by preadsorption with the immunizing peptide (ab190844, 1:100, Abcam); human TRPV1
antibody: GP14100, 1:100, specificity tested by preadsorption with the immunizing peptide
(P14100, 1:10). Secondary antibody: respective anti-rabbit or anti-guinea pig antibodies
conjugated with horseradish-peroxidase (Dako-Cytomation). Development:

diaminobenzidine (DAB), nuclei staining: hematoxilin.

Radioimmunassay
PACAP-38-like (PACAP-38-LI) immunoreactivity was determined with a specific and sensitive

RIA method [77]. Excised skin samples were weighed and homogenized in sterile phosphate
buffer solution (PBS). The tracers were mono-'*’I-labelled peptides prepared in our
laboratory. After 48-72 h incubation at 4 °C, the antibody-bound peptide was separated
from the free one by addition of 100 pl separating solution. Following centrifugation the
tubes were gently decanted and the radioactivity of the precipitates was measured in a
gamma counter (Gamma, type: NZ310). PACAP-38 concentrations of the unknown samples

were read from a calibration curve.



Luminex RNA assay
QuantiGene 2.0 Plex Assay (Plex Set 21491 MOUSE 8 plex Magnetic Beads; cat. no. 321491,

Affymetrix Inc./Panomics, USA) was used to quantify directly the mRNA levels of 1 reference
gene (beta-actin) and 7 target genes (Trpvl, Trpal, Sstrl, Sstr4, Adcyaplrl, Viprl, Vipr2) in
total RNA isolated from murine distal colon samples according to the manufacturer’s

instructions.

Luminex Multiplex Immunassay
Distal colon samples were excised and stored in -80°C, then thawed before the assay.

Samples were weighed and protease inhibitor was added (10 mg/ml phenylmethylsulfonyl
fluoride: PMSF) to the PBS solution that samples were homogenized in. Then Triton X-100
was added and samples were centrifuged to eliminate cell debris. The assay contained
microbead-conjugated specific antibodies for the following analytes: 1. interleukin-1p (IL-
1B); 2. monocyte chemotactic protein-1 (MCP-1 or chemokine /C-C motif/ ligand 2: CLC2); 3.
monokine induced by gamma interferon (MIG or chemokine, C-X-C motif ligand 9: CXCL9); 4.
regulated on activation, normal T cell expressed and secreted (RANTES or chemokine /C-C

motif/ ligand 5: CCL5).

Statistics
Results were expressed as mean * SEM. Non-parametric statistical probes were applied

based on the low number of samples per group (n=3-6 animal/group): Kruskal-Wallis and
Mann-Whitney test). DSS colitis Disease Activity Index: when comparing the two genotypes,
two-way ANOVA with Bonferroni post hoc test was applied based on the higher number of
samples per group (n=14/genotype) after testing normal distribution (Kolmogorov-Smirnov
test). Data from skin inflammation experiments (oedema formation, PAC1
immunoreactivity): ANOVA and Bonferroni post hoc test. GraphPad Prism 5.02 for Windows

software was used to perform statistical analysis. p<0,05 was accepted as significant.

RESULTS AND CONCLUSIONS

1. The effect of chemical and surgical denervation on the expression of non-
neuronal TRPV1 in rat buccal mucosa and skin

a. Trpv1 receptor mRNA was detected with gPCR in dorsal and plantar paw skin, and buccal

mucosa.



b. Relative Trpvl mRNA expression was not altered by either chemical (RTX) desensitization,

nor surgical denervation in the dorsal and ventral paw skin.

¢. Buccal mucosa demonstrated the highest level of Trpvl gene expression among tissue

types followed by dorsal and plantar samples.

d. TRPV1 protein immunostaining was detected on paw skin keratinocytes, endothelial cells
of capillaries in the ventral paw skin, sebocytes in the dorsal paw skin, keratinocytes in the
buccal mucosa, fibroblasts, lymphocytes and vascular endothelial cells in the connective

tissue.

e. The intensity of TRPV1 immunostaining did not differ between the three tissue regions

and was not altered by RTX desensitization or surgical denervation.

According to our data, RTX pretreatment is cytotoxic only to capsaicin-sensitive neurons and
does not damage extraneuronal TRPV1 receptors in the rat dorsal and ventral paw skin and
buccal mucosa. The lack of Ca2+—toxicity in non-neuronal cells can be explained by lower
TRPV1 density in the outer cell membrane, different cell structure (e. g. lipid rafts,
intracellular protein complexes), different sensitivity of the ion channel. RTX/capsaicin
desensitiztation can still be considered a selective pharmacological method to investigate
sensory TRPV1 functions. Our data suggest that therapies based on RTX/capsaicin

desensitization do not damage TRPV1 extraneuronally nor non-neuronal cells expressing the
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2. The effect TRPV1-PACAP connection in capsaicin-induced skin
inflammation

a. PACAP-38-like immunoreactivity was detected in homogenates of different mouse skin
samples. Its concentration was similar (20 és 25 fmol/mg wet tissue) in ventral and dorsal

paw skin and ear skin, while it was considerably smaller (7-8 fmol/mg) in the back skin.

b. Besides PACAP-IR the peptid was also detected at the mRNA level. Its expression levels

were similar among different skin regions compared to the reference gene Gapdh.

c. The specific PACAP receptor PAC1 was also detected in the mouse skin. PAC1 (Adcyap1rl)
mRNA was expressed in the mouse skin at a relatively stable level, PAC1-IR was detected in

the papillary layer of the dorsal paw skin.

d. Capsaicin evoked a significant, more than 2-fold increase in the plantar paw skin 24 hours
after its administration. There was no change on the contralateral, non-inflamed side. In

contrast, CFA injection administered into the ventral paw did not influence the PACAP-IR.

e. PACAP (Adcyapl) mRNA expression in the inflamed ventral paw skin significantly elevated
24 hours after the capsaicin treatment, while it did not change after CFA injection. The PAC1
receptor (Adcyaplrl) mRNA was upregulated after capsaicin but not CFA administration. In

the dorsal paw skin PACAP and PAC1 mRNA levels remained unchanged.

f. Capsaicin-evoked ventral paw skin oedema provoked the elevation of PAC1 receptor

protein levels in WT mice based on immunohistochemical results.

g. Capsaicin-induced neurogenic inflammatory response was significantly smaller in PACAP

and TRPV1 deficient animals compared to their WT counterparts.

h. Intraplantar administration of CFA resulted in oedema but without difference in PACAP

(Adcyapl) and Trpvl KO mice compared to their WT counterparts.

The expression of PACAP and its specific PAC1 receptor and their capsaicin-evoked
upregulation was observed in mouse skin at the mRNA and protein levels. PACAP deficient
mice demonstrated the peptide’s functional relevance: PACAP has been proven to be an

important mediator of TRPV1-activation-induced acute neurogenic oedema formation but
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not that of CFA-induced cellular inflammation. PACAP is known to increase arteriola

dilatation and plasma protein extravasation which can explain our results.
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3. Expression and role of TRPA1 in colitis

a. Various neuronal (sensory neurons and autonomous nervous system) and non-neuronal
cells (intestinal epithelial cells, neuroendocrine cell, macrophages, plasma cells) express

TRPA1 in mouse colitis and human inflammatory diseases.

b. TRPA1 is protective in mouse DSS-colitis based on the Disease Activity Index and

histological scoring.

c. TRPA1 mRNA was upregulated in both human clinical samples (active IBD) and mouse

colitis model.
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d. In the presence of TRPAl there was a significant decrease in the mRNA or protein
expression levels of the local tachykinin system (substance P, NKA, NKB, NK1 receptor) and

cytokine/chemokine (TNFa, IL-1B, MCP-1, MIG, BLC) levels in mouse colitis.

Activation of TRPA1 receptors in mouse DSS colitis reduced the mRNA, protein levels of the
local, proinflammatry tachykinin system and several cytokines/chemokines, such as those
secreted by classicaly activated M1 macrophages. Inhibition of macrophage functions may
play a role by either somatostatin’s effects or macrophage TRPA1. Somatostatin and CGRP
released from sensory neurons may play a role in the protective effect of TRPALl. The

receptor can be a promising target in the research of IBD.
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SUMMARY

The most important results of the thesis can be summarized as follows:

1) RTX pretreatment is cytotoxic only to capsaicin-sensitive neurons;

2) PACAP is an important mediator of neurogenic oedema formation induced by TRPV1

activation;

3) TRPA1 receptor is protective in the murine DSS colitis model.

Sensory nerve
endings

RAT PAW SKIN,
BUCCAL MUCOSA

MOUSE PAW
SKIN

DISTAL COLON

RTX desensitization,
surgical
denervation
v
Selective
impairment of
neuronal TRPV1

Capsaicin

v

TRPV1

v

PACAP

v

Neurogenic
oedema

DSS colitis

v

TRPA1

v

Local tachykinin pathway J,

Proinflammatory cytokins / chemokines |,

14



Acknowledgements

Above all, | would like to express my gratitude to my supervisor, Prof. Zsuzsanna Helyes for
introducing me to the world of research and setting an example with her professional and
personal attitude. | gracefully thank Prof. Erika Pintér, Head of the Department, Doctoral
School and PhD Program, and practically my co-supervisor, for motivating me to work hard. |
thank Prof. Janos Szolcsanyi for overseeing my PhD work and giving invaluable advice.

| would like to thank Dr. Agnes Kemény and Dr. Eva Sz8ke for their enthusiastic help. Special
thanks to Mrs. Aniké Perkecz and Teréz Bagoly for their indispensable work, and last but not
least to my devoted technician Mrs. Addmné Buzasi for the joyful moments. | thank Dr.
Istvan Szitter, Dr. Katalin Sandor, Dr. Valéria Tékus and Mrs. Csilla Olaszné for their help with
the animal experiments. | would like to thank all my colleagues at the Department of
Pharmacology for the supporting atmosphere.

| would like to give special thanks to our external collaborators: Dr. Tamas Bird, Dr. Krisztina
Szabadfi, Dr. Laszlé Kereskai, Dr. Balazs Gaszner, Dr. Imre Szabd, Dr. Aron Vincze, Dr. Szilard
G6di, Dr. Beata Polgér, Dr. Tamas Palkovics and Mrs. Agi Kiss. Special thanks to Agnes Nagy
and Sandor Kovdcs for their support.

| cannot express enough gratitude to my family who supported me in every way.

I am thankful for the support of the National Excellence Program’s ,,Apdczai Csere Janos” PhD

scholarship (SROP 4.2.4.A/1-11-1-2012-0001).

15



10.

11.

12.

13.

14.

15.

16.

L.

Bibliography

Jancso N, Jancso-Gabor A, Szolcsanyi J (1967) Direct evidence for neurogenic inflammation and its
prevention by denervation and by pretreatment with capsaicin. Br J Pharmacol Chemother 31: 138-151.

Jancso N (1960) Role of the nerve terminals in the mechanism of inflammatory reactions. Bull Millard
Fill Hosp: 53-77.

Szolcsanyi J, Jancso-Gabor A (1975) Sensory effects of capsaicin congeners. Part 11: Importance of
chemical structure and pungency in desensitizing activity of capsaicin-type compounds.
Arzneimittelforschung 26: 33-37.

Caterina MJ, Schumacher M a, Tominaga M, Rosen T a, Levine JD, et al. (1997) The capsaicin receptor:
a heat-activated ion channel in the pain pathway. Nature 389: 816-824.

Starowicz K, Nigam S, Di Marzo V (2007) Biochemistry and pharmacology of endovanilloids.
Pharmacol Ther 114: 13-33.

Fernandes ES, Fernandes M a, Keeble JE (2012) The functions of TRPAL and TRPV1: moving away
from sensory nerves. Br J Pharmacol 166: 510-521.

Calixto JB, Kassuya C a L, André E, Ferreira J (2005) Contribution of natural products to the discovery
of the transient receptor potential (TRP) channels family and their functions. Pharmacol Ther 106: 179—
208.

Szallasi A, Blumberg PM (1999) Vanilloid (Capsaicin) Receptors and Mechanisms. Pharmacol Rev 51.:
159-211.

Szolcsanyi J (1996) Capsaicin-sensitive sensory nerve terminals with local and systemic efferent

functions : facts and scopes of an unorthodox neuroregulatory mechanisms. Prog Brain Res 113: 343—
359.

Szolcsanyi J (2004) Forty years in capsaicin research for sensory pharmacology and physiology.
Neuropeptides 38: 377-384.

Holzer P (1998) Implications of Tachykinins and Calcitonin Gene-Related Peptide in. Digestion 43:
269-283.

Maggi CA (1995) Tachykinins and calcitonin gene-related peptide (CGRP) as co-transmitters released
from peripheral endings of sensory nerves. Prog Neurobiol 45: 1-98.

Geppetti P, Nassini R, Materazzi S, Benemei S (2008) The concept of neurogenic inflammation. BJU Int
101 Suppl : 2-6.

Geppetti P, Holzer P (1996) Neurogenic inflammation. CRC Press.

Helyes Z, Pinter E, Szolcsanyi J (2009) Regulatory role of sensory neuropeptides in inflammation. In:
Kovacs M, Merchentahler 1, editors. Neuropeptides and Peptide Analogs. Kerala, India: Research
Signpost, Vol. 661. pp. 111-141.

Sugimoto T, Xiao C, Ichikawa H (1998) Neonatal primary neuronal death induced by capsaicin and
axotomy involves an apoptotic mechanism. Brain Res 807: 147-154.

16



17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ohtori S, Chiba T, Takahashi K, Ino H, Yamagata M, et al. (2000) Neonatal capsaicin treatment
decreased substance P receptor immunoreactivity in lamina I11 neurons of the dorsal horn. Neurosci Res
38: 147-154.

Maggi C, Patacchini R, Tramontana M, Amann R, Giuliani S, et al. (1990) Similarities and differences
in the action of resiniferatoxin and capsaicin on central and peripheral endings of primary sensory
neurons. Neuroscience 37: 531-539.

Jancso G, Kiraly E, Jancso-Gabor A (1977) Pharmacologically induced selective degeneration of
chemosensitive primary sensory neurones. Nature 270: 741-743.

Nilius B, Appendino G, Owsianik G (2012) The transient receptor potential channel TRPAL: from gene
to pathophysiology. Pflugers Arch 464: 425-458.

Story GM, Peier AM, Reeve AJ, Eid SR, Mosbacher J, et al. (2003) ANKTML1, a TRP-like channel
expressed in nociceptive neurons, is activated by cold temperatures. Cell 112: 819-829.

Jordt S, Bautista DM, Chuang H, Meng ID, Julius D (2004) Mustard oils and cannabinoids excite
sensory nerve fibres through the TRP channel ANKTML. Nature 427: 260-264.

Nagata K, Duggan A, Kumar G, Garcia-Afioveros J (2005) Nociceptor and hair cell transducer
properties of TRPAL, a channel for pain and hearing. J Neurosci 25: 4052-4061.

Spahn V, Stein C, Zollner C (2014) Modulation of transient receptor vanilloid 1 activity by transient
receptor potential ankyrin 1. Mol Pharmacol 85: 335-344.

Kobayashi K, Fukuoka T, Obata K, Yamanaka H, Dai Y, et al. (2005) Distinct expression of TRPMS,
TRPAL, and TRPV1 mRNAs in rat primary afferent neurons with adelta/c-fibers and colocalization with
trk receptors. J Comp Neurol 493: 596—606.

Storti B, Bizzarri R, Cardarelli F, Beltram F (2012) Intact microtubules preserve transient receptor
potential vanilloid 1 (TRPV1) functionality through receptor binding. J Biol Chem 287: 7803—7811.

Steenland HW, Ko SW, Wu L-J, Zhuo M (2006) Hot receptors in the brain. Mol Pain 2: 34.

Han P, Korepanova A V, Vos MH, Moreland RB, Chiu ML, et al. (2013) Quantification of TRPV1
protein levels in rat tissues to understand its physiological roles. J Mol Neurosci 50: 23-32.

Nilius B, Szallasi A (2014) Transient receptor potential channels as drug targets: from the science of
basic research to the art of medicine. Pharmacol Rev 66: 676-814.

Toth A, Boczan J, Kedei N, Lizanecz E, Bagi Z, et al. (2005) Expression and distribution of vanilloid
receptor 1 (TRPV1) in the adult rat brain. Brain Res Mol Brain Res 135: 162—-168.

Doihara H, Nozawa K, Kawabata-Shoda E, Kojima R, Yokoyama T, et al. (2009) Molecular cloning and
characterization of dog TRPAL and AITC stimulate the gastrointestinal motility through TRPAL in
conscious dogs. Eur J Pharmacol 617: 124-129.

De Moura JC, Noroes MM, Rachetti VDPS, Lobao-Soares B, Preti D, et al. (2014) The blockade of
transient receptor potential ankirin 1 (TRPA1) signaling mediates antidepressant- and anxiolytic-like
actions in mice. Br J Pharmacol 1: 1-26.

Bautista DM, Pellegrino M, Tsunozaki M (2013) TRPAL: A gatekeeper for inflammation. Annu Rev
Physiol 75: 181-200.

Bandell M, Story GM, Hwang SW, Viswanath V, Eid SR, et al. (2004) Noxious cold ion channel
TRPAL is activated by pungent compounds and bradykinin. Neuron 41: 849-857.

17



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Taylor-Clark TE, McAlexander M a, Nassenstein C, Sheardown S a, Wilson S, et al. (2008) Relative
contributions of TRPA1 and TRPV1 channels in the activation of vagal bronchopulmonary C-fibres by
the endogenous autacoid 4-oxononenal. J Physiol 586: 34473459,

Takahashi N, Mizuno Y, Kozai D (2008) Molecular characterization of TRPA1 channel activation by
cysteine-reactive inflammatory mediators. Channels 2: 1-12.

Takahashi N, Mori Y (2011) TRP Channels as Sensors and Signal Integrators of Redox Status Changes.
Front Pharmacol 2: 58.

Vaudry D, Falluel-Morel A, Bourgault S, Basille M, Burel D, et al. (2009) Pituitary Adenylate Cyclase-
Activating Polypeptide and Its Receptors: 20 Years after the Discovery. Pharmacol Rev 61: 283-357.

Miyata A, Arimura A, Dahl RR, Minaminot N, Ueharas A, et al. (1989) ISOLATION OF A NOVEL 38
RESIDUE-HYPOTHALAMIC POLYPEPTIDE WHICH STIMULATES ADENYLATE CYCLASE IN
PITUITARY CELLS. Biochem Biophys Res Commun 164: 567-574.

Arimura A (1998) Perspectives on pituitary adenylate cyclase activating polypeptide (PACAP) in the
neuroendocrine, endocrine, and nervous systems. Jpn J Physiol 48: 301-331.

Arimura A (2007) PACAP: the road to discovery. Peptides 28: 1617-1619.

Dickson L, Finlayson K (2009) VPAC and PAC receptors: From ligands to function. Pharmacol Ther
121: 294-316.

Somogyvari-Vigh A, Reglodi D (2004) Pituitary Adenylate Cyclase Activating Polypeptide : A Potential
Neuroprotective Peptide. Curr Pharm Des 10: 2861-2889.

Tan Y-V, Waschek J a (2011) Targeting VIP and PACAP receptor signalling: new therapeutic strategies
in multiple sclerosis. ASN Neuro 3.

Reglodi D, Kiss P, Szabadfi K, Atlasz T, Gabriel R, et al. (2012) PACAP is an endogenous protective
factor-insights from PACAP-deficient mice. J Mol Neurosci 48: 482—-492.

Helyes Z, Pozsgai G, Borzsei R, Németh J, Bagoly T, et al. (2007) Inhibitory effect of PACAP-38 on
acute neurogenic and non-neurogenic inflammatory processes in the rat. Peptides 28: 1847-1855.

Kemény A, Reglodi D, Cseharovszky R, Hashimoto H, Baba A, et al. (2010) Pituitary adenylate cyclase-
activating polypeptide deficiency enhances oxazolone-induced allergic contact dermatitis in mice. J Mol
Neurosci 42: 443-449.

Cardell LO, Stjarne P, Wagstaff SJ, Agusti C, Nadel J a (1997) PACAP-induced plasma extravasation in
rat skin. Regul Pept 71: 67-71.

Tamas A, Reglodi D, Farkas O, Kovesdi E, Pal J, et al. (2012) Effect of PACAP in Central and
Peripheral Nerve Injuries. Int J Mol Sci 13: 8430-8448.

Markovics A, Kormos V, Gaszner B, Lashgarara A, Szoke E, et al. (2012) Pituitary adenylate cyclase-
activating polypeptide plays a key role in nitroglycerol-induced trigeminovascular activation in mice.
Neurobiol Dis 45: 633-644.

Yadav M, Huang M-C, Goetzl EJ (2011) VPACL1 (vasoactive intestinal peptide (VIP) receptor type 1) G
protein-coupled receptor mediation of VIP enhancement of murine experimental colitis. Cell Immunol
267:124-132.

Chen'Y, Zhou Z, Wang Z, Gao H, Zheng X (2004) On PACAP-aggravated experimental acute
pancreatitis. J Biomed Eng 21: 964-9609.

18



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

El Zein N, Badran B, Sariban E (2008) The neuropeptide pituitary adenylate cyclase activating
polypeptide modulates Ca2+ and pro-inflammatory functions in human monocytes through the G
protein-coupled receptors VPAC-1 and formyl peptide receptor-like 1. Cell Calcium 43:; 270-284.

Németh J, Reglodi D, Pozsgai G, Szabo A, Elekes K, et al. (2006) Effect of pituitary adenylate cyclase
activating polypeptide-38 on sensory neuropeptide release and neurogenic inflammation in rats and
mice. Neuroscience 143: 223-230.

Steinhoff M, McGregor GP, Radleff-Schlimme A, Steinhoff A, Jarry H, et al. (1999) Identification of
pituitary adenylate cyclase activating polypeptide (PACAP) and PACAP type 1 receptor in human skin:
expression of PACAP-38 is increased in patients with psoriasis. Regul Pept 80: 49-55.

Rubin DC, Shaker A, Levin MS (2012) Chronic intestinal inflammation: inflammatory bowel disease
and colitis-associated colon cancer. Front Immunol 3: 107.

Solomon L, Mansor S, Mallon P, Donnelly E, Hoper M, et al. (2010) The dextran sulphate sodium
(DSS) model of colitis: an overview. Comp Clin Path 19: 235-239.

Perse M, Cerar A (2012) Dextran sodium sulphate colitis mouse model: traps and tricks. J Biomed
Biotechnol 2012: 718617.

McLean MH, Neurath MF, Durum SK (2014) Targeting Interleukins for the Treatment of Inflammatory
Bowel Disease-What Lies Beyond Anti-TNF Therapy? Inflamm Bowel Dis 20: 389-397.

Szolcsanyi J (1982) Capsaicin type pungent agents producing pyrexia. Pyretics and Antipyretics. pp.
437-478.

Holzer P (2011) TRP channels in the digestive system. Curr Pharm Biotechnol 12: 24-34.

Holzer P (2011) Transient receptor potential (TRP) channels as drug targets for diseases of the digestive
system. Pharmacol Ther 131: 142-170.

Holzer P (1992) Peptidergic sensory neurons in the control of vascular functions: mechanisms and
significance in the cutaneous and splanchnic vascular beds. Rev Physiol Biochem Pharmacol 121: 49—
146.

Trevisani M, Siemens J, Materazzi S, Bautista DM, Nassini R, et al. (2007) 4-Hydroxynonenal, an
endogenous aldehyde, causes pain and neurogenic inflammation through activation of the irritant
receptor TRPA1. PNAS 104: 13519-13524.

Engel M a, Leffler A, Niedermirtl F, Babes A, Zimmermann K, et al. (2011) TRPA1 and substance P
mediate colitis in mice. Gastroenterology 141: 1346-1358.

Engel M a, Khalil M, Siklosi N, Mueller-Tribbensee SM, Neuhuber WL, et al. (2012) Opposite effects
of substance P and calcitonin gene-related peptide in oxazolone colitis. Dig Liver Dis 44: 24-29.

Engel MA, Becker C, Reeh PW, Neurath MF (2011) Role of sensory neurons in colitis: increasing
evidence for a neuroimmune link in the gut. Inflamm Bowel Dis 17: 1030-1033.

Bernstein C, Robert M, Eysselein E (1993) Rectal Substance P Concentrations Are Increased in
Ulcerative Colitis But Not in Crohn ’s Disease . Am J Gastroenterol 88: 908-913.

Romano B, Borrelli F, Fasolino I, Capasso R, Piscitelli F, et al. (2013) The cannabinoid TRPA1 agonist
cannabichromene inhibits nitric oxide production in macrophages and ameliorates murine colitis. Br J
Pharmacol 169: 213-229.

19



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Pozsgai G, Helyes Z, Pinter E (2013) P42 Intricate regulatory role of hydrogen sufide in dextran sulfate
sodium-induced colitis. Nitric Oxide 31: S53-S54.

Cattaruzza F, Spreadbury I, Miranda-Morales M, Grady EF, Vanner S, et al. (2010) Transient receptor
potential ankyrin-1 has a major role in mediating visceral pain in mice. Am J Physiol Gastrointest Liver
Physiol 298: G81-G91.

Szolcsanyi J, Helyes Z, Oroszi G, Németh J, Pinter E (1998) Release of somatostatin and its role in the
mediation of the anti-inflammatory effect induced by antidromic stimulation of sensory fibres of rat
sciatic nerve. Br J Pharmacol 123: 936-942.

Szolcsanyi J, Pinter E, Helyes Z, Petho G (2011) Inhibition of the Function of TRPV1-Expressing
Nociceptive Sensory Neurons by Somatostatin 4 Receptor Agonism: Mechanism and Therapeutical
Implications. Curr Top Med Chem 11: 2253-2263.

Banvolgyi A, Palinkas L, Berki T, Clark N, Grant AD, et al. (2005) Evidence for a novel protective role
of the vanilloid TRPV1 receptor in a cutaneous contact allergic dermatitis model. J Neuroimmunol 169:
86-96.

Boros M, Kemény A, Sebdk B, Bagoly T, Perkecz A, et al. (2013) Sulphurous medicinal waters increase
somatostatin release: It is a possible mechanism of anti-inflammatory effect of balneotherapy in
psoriasis. Eur J Integr Med 5: 109-118.

Szitter I, Pintér E, Perkecz A, Kemény A, Kun J, et al. (2014) Role of neurokinin 1 receptors in dextran
sulfate-induced colitis: studies with gene-deleted mice and the selective receptor antagonist netupitant.
Inflamm Res DOI 10.100.

Jakab B, Reglodi D, J6zsa R, Holl6sy T, Tamas A, et al. (2004) Distribution of PACAP-38 in the central
nervous system of various species determined by a novel radioimmunoassay. J Biochem Biophys
Methods 61: 189-198.

Abu-Hamdan MD, Drescher MJ, Ramakrishnan N a, Khan KM, Toma VS, et al. (2006) Pituitary
adenylyl cyclase-activating polypeptide (PACAP) and its receptor (PAC1-R) in the cochlea: evidence for
specific transcript expression of PAC1-R splice variants in rat microdissected cochlear subfractions.
Neuroscience 140: 147-161.

Dalsgaard T, Hannibal J, Fahrenkrug J, Larsen CR, Ottesen B (2003) VIP and PACAP display different
vasodilatory effects in rabbit coronary and cerebral arteries. Regul Pept 110: 179-188.

Hannibal J, Fahrenkrug J (2000) Pituitary adenylate cyclase-activating polypeptide in intrinsic and
extrinsic nerves of the rat pancreas. Cell Tissue Res 299: 59-70.

LIST OF PUBLICATIONS

Original full publications the Thesis is based upon:

Kun Jézsef, Helyes Zsuzsanna, Perkecz Aniké, Ban Agnes, Polgér Beata, Szolcsanyi Janos,
Pintér Erika

Effect of Surgical and Chemical Sensory Denervation on Non-neural Expression of the
Transient Receptor Potential Vanilloid 1 (TRPV1) Receptors in the Rat.

JOURNAL OF MOLECULAR NEUROSCIENCE 48:(3) pp. 795-803. (2012)

IF: 2,504

20



Helyes Zsuzsanna, Kun Jézsef, Dobrosi Ndra, Sandor Katalin, Németh Jézsef, Perkecz Anikd,
Pintér Erika, Szabadfi Krisztina, Gaszner Baldzs, Tékus Valéria, Szolcsanyi Janos, Capsaicin
induces skin inflammation via Transient Receptor Potential Vanilloid-1-mediated up-
regulation of Pituitary Adenylate-Cyclase Activating Polypeptide

Submitted to the Journal of Investigative Dermatology folydirathoz, review process is
underway.

IF: 6,372

Kun Jézsef, Szitter Istvan, Kemény Agnes, Perkecz Aniké, Kereskai Laszlé, Pohdczky Krisztina,
Vincze Aron, Gédi Szilard, Szabé Imre, Szolcsdnyi Janos, Pintér Erika, Helyes Zsuzsanna
Upregulation of the Transient Receptor Potential Ankyrin 1 ion channel in the inflamed
human and mouse colon and its protective roles

PLoS ONE, September 29th 2014; DOI: 10.1371/journal.pone.0108164

IF: 3,534

Cumulative impact factor of original publications: 6,038.

Independent citations: 4.

Other publications

Szitter Istvan, Pintér Erika, Perkecz Anikd, Kemény Agnes, Kun Jézsef, Kereskai LaszI6,
Claudio Pietra, John P. Quinn, Andreas Zimmer, Alexandra Berger, Christopher J. Paige,
Helyes Zsuzsanna

Role of neurokinin 1 receptors in dextran sulfate-induced colitis: studies with gene-deleted
mice and the selective receptor antagonist netupitant

Inflamm. Res. (2014) 63:399-409

IF: 2,143

Markovics Adrienn, Kormos Viktdria, Gaszner Baldzs, Arvin Lashgarara, Széke Eva, Sandor
Katalin, Szabadfi Krisztina, Tuka Bernadett, Tajti Janos, Szolcsanyi Janos, Pintér Erika, Hitoshi
Hashimoto, Kun Jdézsef, Regl6di Déra, Helyes Zsuzsanna

Pituitary adenylate cyclase-activating polypeptide plays a key role in nitroglycerol-induced
trigeminovascular activation in mice.

NEUROBIOLOGY OF DISEASE 45: pp. 633-644. (2012)

IF: 5,403, fuUggetlen idéz6k: 15.

Presentations

J. Kun, |. Szitter, A. Kemény, A. Perkecz, L. Kereskai, Krisztina Pohéczky, Aron Vincze, Szildrd Gédi, Imre Szabod,
Janos Szolcsanyi, Erika Pintér, Zsuzsanna Helyes

UPREGULATION OF THE TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 RECEPTOR IN THE INFLAMED HUMAN
AND MOUSE COLON

The 8th International Symposium on Cell/Tissue Injury and Cytoprotection/ Organoprotection and IUPHAR
Meeting of the 17th World Congress of Basic and Clinical Pharmacology, Budapest, 2014. szeptember 24-26.
(poszter)

21



J. Kun, I. Szitter, A. Kemény, A. Perkecz, L. Kereskai, Krisztina Pohéczky, Aron Vincze, Szilard Gédi, Imre Szabé,
Janos Szolcsanyi, Erika Pintér, Zsuzsanna Helyes

UPREGULATION OF THE TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 ION CHANNEL IN THE INFLAMED
HUMAN AND MOUSE COLON AND ITS PROTECTIVE ROLES

The 8th International Symposium on Cell/Tissue Injury and Cytoprotection/ Organoprotection and IUPHAR
Meeting of the 17th World Congress of Basic and Clinical Pharmacology, Budapest, 2014. szeptember 24-26.
(el6adds)

J. Kun, Zs. Helyes, |. Szitter, A. Kemény, E. Sz8ke, E. Saghy, D. Ernszt, T. Bagoly, A. Perkecz, K. Pohéczky, A.
Markovics, V. Tékus, E. Pintér

TRPA1 RECEPTOR HAS A PROTECTIVE ROLE IN DEXTRANE-SULFATE INDUCED MOUSE COLITIS BY DECREASING
TACHYKININ AND INFLAMMATORY CYTOKINE EXPRESSIONS

Semmelweis Symposium 2013: Molecular mechanisms and therapeutic targets in inflammatory diseases,
Budapest, 2013. november 7-9. (poszter)

J. Kun, Zs. Helyes, |. Szitter, A. Kemény, D. Ernszt, E. Sz6ke, E. Saghy, T. Kovdcs, A. Bognar, K. Pohdczky, T.
Bagoly, A. Markovics, A. Perkecz, Z. Sdndor, E. Pintér

TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 (TRPA1) RECEPTOR HAS A PROTECTIVE ROLE IN DEXTRANE-
SULFATE INDUCED MOUSE COLITIS

Magyar Immunoldgiai Tarsasag 42. Vandorgytilése, Pécs, 2013. oktdber 16-18. (poszter)

J. Kun, Zs. Helyes, |. Szitter, A. Kemény, D. Ernszt, E. Sz6ke, E. Saghy, T. Kovacs, A. Bognar, K. Pohdczky, T.
Bagoly, A. Markovics, A. Perkecz, Z. Sandor, E. Pintér

TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 (TRPA1) RECEPTOR KNOCKOUT MICE ARE MORE SUSCEPTIBLE TO
DEXTRANE-SULFATE INDUCED COLITIS

Horvat Elettani Tarsasag Konferenciaja — Elettani Tarsasagok 1. Regiondlis Konferenciaja, 2013. szeptember 13-
15., Fiume, Horvatorszag (poszter)

Zs. Helyes, J. Kun, N. Dobrosi, K. Sandor, J. Nemeth, A. Perkecz A, E. Pinter, K. Szabadfi, V. Tekus, J. Szolcsanyi,
A. Baba, D. Reglodi, T. Biro

CAPSAICIN INDUCES SKIN INFLAMMATION VIA TRPV1- MEDIATED UP-REGULATION OF PACAP

The 11th International Symposium on VIP, PACAP and Related Peptides. Konferencia helye, ideje: Pécs,
Magyarorszag, 2013.08.27-2013.08.31. Pécs. (eldadds)

J. Kun, Zs. Helyes, I. Szitter, Sz. Gédi, I. Szabd, A. Kemény, K. Pohdczky, A. Perkecz, E. Pintér

A tranziens receptor potencial ankyrin 1 (TRPA1) és vanilloid 1 (TRPV1) receptor mRNS expresszio gyulladdsos
bélbetegségben (IBD) és dextran-szulfat (DSS) dltal indukdlt egér colitis modellben

A Magyar Elettani, Farmakoldgiai és Mikrocirkulciés Tarsasagok 2013. évi kozés Tudomanyos Kongresszusa,
2013.junius 5-8., Budapest, Semmelweis Egyetem Testnevelési és Sporttudomanyi Kar (poszter)

J. Kun, Zs. Helyes, |. Szitter, Sz. Godi, I. Szabd, A. Kemény, K. Pohdczky, A. Perkecz, E. Pintér

TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 (TRPA1) AND VANILLOID 1 (TRPV1) RECEPTOR mRNA
EXPRESSION IN INFLAMMATORY BOWEL DISEASE (IBD) AND DEXTRAN SULFATE-INDUCED COLITIS IN MICE
Joint Meeting of The European Neuropeptide Club (ENC) Meeting and Summer Neuropeptide Conference,
2013. majus 29 — junius 1., Gdynia, Lengyelorszag (poszter)

J. Kun, E. Pintér, I. Szitter, . Szabd, Sz. GAdi, A. Perkecz, Zs. Helyes

A TRANZIENS RECEPTOR POTENCIAL ANKYRIN 1 (TRPA1) RECEPTOR EXPRESSZIOVALTOZASA GYULLADASOS
BELBETEGSEGBEN (1BD) ES DEXTRAN-SZULFAT ALTAL INDUKALT EGER COLITIS MODELLBEN

Magyar Anatémus Tarsasag, a Magyar Biofizikai Tarsasag, a Magyar Elettani Tarsasag, és a Magyar
Mikrocirkuldcids és Vaszkuldris Bioldgiai Tarsasag Vandorgy(lése, Debrecen, 2012. junius 10-13. (poszter)

J. Kun, Zs. Helyes, A. Perkecz, Sz. GAdi, |. Szabd, E. Pinter

A tranziens receptor potencial ankyrin 1 (TRPA1) receptor expressziovaltozdsa gyulladasos bélbetegségben
(IBD) és dextran-szulfat kivaltotta egér colitisben

Kisfaludy Lajos Alapitvany el6addiilés, Richter Gedeon Vegyészeti Gyar Rt., Budapest, 2013. aprilis 15. (eldadds)

22



J. Kun, Zs. Helyes, A. Perkecz, Sz. Godi, |. Szabé, E. Pinter

EXPRESSION CHANGE OF THE TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 (TRPA1) RECEPTOR IN
INFLAMMATORY BOWEL DISEASE (IBD) AND DEXTRAN SULFATE-INDUCED COLITIS IN MICE

6th European Congress of Pharmacology (EPHAR), Granada, Spanyolorszag, 2012. julius 17-20. (poszter)

J. Kun, Zs. Helyes, A. Perkecz, A. Ban, B. Polgar, J. Szolcsanyi, E. Pintér

EFFECT OF SURGICAL AND CHEMICAL SENSORY DENERVATION ON NON-NEURAL EXPRESSION OF THE
TRANSIENT RECEPTOR POTENTIAL VANILLOID 1 (TRPV1) RECEPTORS IN THE RAT

International Brain Research Organization IBRO 2012 Workshop, 2012. januar 19-21, Szeged (poszter)

J. Kun, E. Pintér, A. Perkecz, J. Szolcsanyi: "EFFECT OF SURGICAL AND CHEMICAL SENSORY DENERVATION ON
NON-NEURAL EXPRESSION OF THE TRANSIENT RECEPTOR POTENTIAL VANILLOID 1 (TRPV1) RECEPTORS IN THE
RAT"

The 8th International Medical Postgraduate Conference, Karoly Egyetem Orvostudomanyi Kar, Hradec Kralove,
Cseh Koztarsasag, 2011. november 10-12. (el6adds)

Other conference presentations

E. TAth, J. Kun, A. Perkecz, Z. Piski, |. Gerlinger, J. Szolcsanyi, E. Pintér

Nem-neuralis tranziens receptor potencial VANILLOID 1 (TRPV1) - azaz kapszaicin receptor - és ANKYRIN 1
(TRPA1) receptorok jelenléte orrpolipdzisban, asztmas betegcsoporton

A MAGYAR FUL-, ORR-, GEGE ES FEJ-, NYAKSEBESZ ORVOSOK EGYESULETE 43.

KONGRESSZUSA, TAPOLCA, 2014. OKTOBER 15-18. (el6adas)

A. Kemeny, Zs. Hajna, I. Szitter, J. Kun, E. Pinter, Zs. Helyes

Role of TRPV1 and TRPA1 ion channels in cigarette smoke-induced chronic airway inflammation model of the
mouse

20th International Symposium on Regulatory Peptides (REGPEP2014), Kiotd, Japan, 2014. szeptember 7-10.
(poszter)

K. Pohdczky, J. Kun, B. Szalontai, K. Kovacs, J. Garai, A. Garami, A. Perkecz, Zs. Helyes

Transient Receptor Potential Ankyrin 1 (TRPA1) and Vanilloid 1 (TRPV1) ion channels are expressed and
upregulated in response to estrogen in the rat endometrium

20th International Symposium on Regulatory Peptides (REGPEP2014), Kiotd, Japan, 2014. szeptember 7-10.
(poszter)

J. Kun, D. Feller, I. Szitter, Zs. Hajna, A. Kemény, A. Perkecz, V. Cséngei, D. Ernszt, T. Kovdcs, J. E. Pongracz, Zs.
Helyes

CIGARETTE SMOKE-INDUCED UPREGULATION OF THE TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 ION
CHANNEL IN THE MOUSE LUNG AND IN A HUMAN PULMONARY TISSUE 3-DIMENSIONAL MODEL

20th International Symposium on Regulatory Peptides (REGPEP2014), Kiotd, Japan, 2014. szeptember 7-10.
(poszter)

J. Kun, D. Feller, I. Szitter, Zs. Hajna, A. Kemeény, A. Perkecz, V. Csdngei, D. Ernszt, T. Kovacs, J. Pongracz, Zs.
Helyes

CIGARETTE SMOKE-INDUCED UPREGULATION OF THE TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 ION
CHANNEL IN THE MOUSE LUNG AND IN A HUMAN PULMONARY TISSUE 3-DIMENSIONAL MODEL

Joint Meeting of the Federation of European Physiological Societies (FEPS) and the Hungarian Physiological
Society, Budapest, 2014. August 27-30. (poszter)

E. Toth, J. Kun, A. Perkecz, T. Tornoczky, |. Gerlinger, J. Szolcsanyi, E. Pinter

EXPRESSION OF TRANSIENT RECEPTOR POTENTIAL VANILLOID 1 (TRPV1) AND ANKYRIN 1 (TRPA1) RECEPTORS
IN CHRONIC RHINOSINUSITIS

25" Congress of the European Rhinologic Society in conjunction with 32" nternational Symposium of Infection
& Allergy of the Nose; Amszterdam, Hollandia, 2014. junius 22-26. (el6adds)

23



K. Pohéczky, J. Kun, J. Garai, A. Garami, A. Perkecz, Zs. Helyes

Expression and hormone-mediated upregulation of Transient Receptor Potential Vanilloid 1 (TRPV1) and
Macrophage Migration Inhibitory Factor (MIF) in the rat endometrium

Horvat Elettani Tarsasag Konferenciaja — Elettani Tarsasagok 1. Regiondlis Konferenciaja, 2013. szeptember 13-
15., Fiume, Horvatorszag (poszter)

A. Markovics, V. Kormos, B. Gaszner, A. Lashgarara, E. Szoke, K. Sandor, K. Szabadfi, B. Tuka, J. Tajti, J.
Szolcsanyi, E. Pinter, H. Hashimoto, J. Kun, D. Reglodi, Zs. Helyes

Pituitary adenylate cyclase-activating polypeptide plays a key role in nitroglycerol-induced trigeminovascular
activation in mice

NEUROINFLAMMATION: A satellite symposium to the regional FENS meeting. Konferencia helye, ideje: Praga,
Csehorszag, 2013.09.08-2013.09.11. (poszter)

A. Markovics, V. Kormos, B. Gaszner, A. Lashgarara, E. Szoke, K. Sandor, K. Szabadfi, B. Tuka, J. Tajti, J.
Szolcsanyi, E. Pinter, H. Hashimoto, J. Kun, D. Reglodi, Zs. Helyes

PITUITARY ADENYLATE CYCLASE-ACTIVATING POLYPEPTIDE PLAYS A KEY ROLE IN NITROGLYCEROL-INDUCED
TRIGEMINOVASCULAR ACTIVATION IN MICE

The 11th International Symposium on VIP, PACAP and Related Peptides. Konferencia helye, ideje: Pécs,
Magyarorszag, 2013.08.27-2013.08.31. (poszter)

K. Pohdczky, J. Kun, J. Garai, A. Garami, A. Perkecz, Zs. Helyes

A TRANZIENS RECEPTOR POTENCIAL VANILLOID 1 (TRPV1) RECEPTOR ES A MAKROFAG MIGRACIOT GATLO
FAKTOR (MIF) HORMONFUGGO EXPRESSZIO-VALTOZASAI PATKANY ENDOMETRIUMBAN

A Magyar Elettani, Farmakoldgiai és Mikrocirkulacids Tarsasagok 2013. évi kdzos Tudomanyos Kongresszusa,
2013.junius 5-8., Budapest, Semmelweis Egyetem Testnevelési és Sporttudomanyi Kar (poszter)

| Szitter, E. Pintér, A. Perkecz, A. Kemény, J. Kun, C. Pietra, J. Quinn, A. Zimmer, A. Berger, Zs. Helyes.
ROLE OF NEUROKININ 1 (NK1) RECEPTORS IN DEXTRAN SULFATE-INDUCED COLITIS: STUDIES WITH GENE-
DELETED MICE AND A SELECTIVE RECEPTOR ANTAGONIST

Joint Meeting of The European Neuropeptide Club (ENC) Meeting and Summer Neuropeptide Conference
2013. majus 29 —junius 1., Gdynia, Lengyelorszag (poszter)

D. Feller, Zs. Helyes, J. Rapp, J. Kun, D. Ernszt, T. Kovacs, E. J. Pongracz

Changes in expression levels of Wnt signalling molecules in cigarette smoke- induced experimental model
systems.

9"J4nos Szentagothai Inredisciplinary Conference and Student Competition, Pécs, Hungary, 3-4 May 2013
(poszter)

D. Feller, Zs. Helyes, J. Rapp, J. Kun, E. J. Pongracz

Expression levels of Wnt5a and Wnt11 molecules in cigarette smoke-exposed in vitro and in vivo inflammation
models.

The Student Scientific Conference on Biotechnology and Biomedicine. Brno, Czech Republic, 10-12 April 2013
(eléadads)

J. Kun, K. Pohdczky, J. Garai, A. Garami, A. Perkecz, Zs. Helyes

The presence and estrogen-mediated upregulation of the TRPV1 receptor in rat endometrium

Magyar Biokémiai Egyesiilet (MBKE), a Magyar Genetikusok Egyesiilete (MAGE) és a Sejt- és FejlGdésbioldgiai
Szakosztaly kdzés konferencidja: Molekularis Elettudomanyi Konferencia, 2013. prilis 5-7, Siéfok (poszter)

D. Feller, J. Rapp, J. Kun

Changes in expression levels of Wnt signalling molecules in cigarette smoke-exposed experimental model
systems. 9th International Biomedical Croatian Student Summit, University of Zagreb, Croatia, 20-23 March
2013 (eléadas)

D. Feller, Zs. Helyes, J. Rapp, J. Kun, T. Kovdcs, V. Csdngei, J. Pongracz

A Whnt szigndlmolekuldk expresszidjdnak vizsgdlata dohdnyfiist indukdlta in vivo és in vitro kisérleti
modellrendszererekben. XVIII. Bolyai Konferencia, Budapest, 2013. marcius 23-24. (poszter)

24



Zs. Hajna, E. Borbély, V. Tékus, I. Téth, A. Berger, C. J. Paige, E. Pintér, J. Kun, J. Szolcsanyi, Zs. Helyes
Hemokinin-1 induces hyperalgesia in inflammatory and neuropathic pain models of the mouse
A Magyar ldegtudomanyi Tarsasag XIV. Konferenciaja, 2013. januar 17-19., Budapest (poszter)

K. Pohdczky, J. Kun, J. Garai, A. Garami, A. Perkecz, Zs. Helyes

A TRPV1 receptor jelenléte és 6sztrogén kezelés hatdsdra torténd expresszié-novekedése patkany
endometriumban

A Magyar ldegtudomanyi Tarsasag XIV. Konferenciaja, 2013. januar 17-19., Budapest (poszter)

E. Téth, J. Kun, A. Perkecz, T. Torndczky, I. Gerlinger, J. Szolcsanyi, E. Pintér

NEM-NEURALIS TRANZIENS RECEPTOR POTENCIAL VANILLOID 1 (TRPV1)-AZAZ KAPSZAICIN RECEPTOR- ES
ANKYRIN 1 (TRPA1) RECEPTOROK JELENLETE KRONIKUS RHINOSINUSITISBEN

Magyar Fil-, Orr-, Gége és Fej-, Nyaksebész Orvosok Egyesiilete 42. Kongresszusa, Pécs, 2012. okt. 17-20.
(el6adds)

D. Feller, Zs. Helyes, J. Kun, T. Kovacs, V. Csongei, J. Rapp, M. Avdicevic, E. Kiss, E. J. Pongracz

The expression of the wnt11 and wnt5a signal molecules in cigarette smoke-exposed airway inflammation
models.

Janos Szentagothai Memorial Conference and Student Competition, Pécs, Hungary, 29-30 October

2012 (poszter)

V. Tékus, Zs. Helyes, Zs. Hajna, A. Horvath, J. Kun, K. Bélcskei, E. Pintér, J. Szolcsanyi

Transient Receptor Potential Vanilloid 1 (TRPV1), but not Ankyrin 1 (TRPA1) ion channels mediate mustard oil-
induced hyperalgesia in mice

1st International Doctoral Workshop on Natural Sciences, Pécsi Tudomanyegyetem, 2012. oktéber 3. (eldadds)

A. Bén, J. Kun, A. Perkecz, E. Pintér

A tranziens receptor potencial vanilloid 1 (TRPV1) és a tranziens receptor potencial ankyrin 1 (TRPA1)
receptorok expresszidjanak 6sszehasonlitdsa oralis lichen planusban

Magyar Fogorvosok Egyesiilete, Arkdvy Vandorgytilés, Pécs, 2012. szeptember 20-22. (elSadds)

D. Feller, Zs. Helyes, J. Kun, T. Kovacs, V. Csongei, J. Rapp, M. Avdicevi¢, E. Kiss, E. J. Pongracz

THE EXPRESSION OF THE WNT11 AND WNT5A SIGNAL MOLECULES IN CIGARETTE SMOKE-INDUCED AIRWAY
INFLAMMATION MODELS

The 22nd Annual BioCity Symposium - PERSONAL GENOMICS FROM TECHNOLOGIES TO APPLICATIONS, Turku,
Finnorszag, 2012. augusztus 23-24. (poszter)

V. Tékus, Zs. Helyes, Zs. Hajna, A. Horvath, J. Kun, K. Bélcskei, E. Pintér, J. Szolcsanyi

A TRANZIENS RECEPTOR POTENCIAL VANILLOID 1 (TRPV1) ES ANKYRIN 1 (TRPA1)

IONCSATORNAK SZEREPENEK VIZSGALATA MUSTAROLAJJAL KIVALTOTT NOCIFENZIV

VISELKEDESBEN ES AKUT GYULLADASOS HIPERALGEZIABAN

Magyar Anatémus Tarsasag, a Magyar Biofizikai Tarsasag, a Magyar Elettani Tarsasag, és a Magyar
Mikrocirkulacids és Vaszkularis Bioldgiai Tarsasag Vandorgytilése, Debrecen, 2012. junius 10-13. (poszter)

Zs. Hajna, E. Borbély, V. Tékus, I. T6th, A. Berger, J. Kun, E. Pintér, J. Szolcsanyi, Zs. Helyes

A HEMOKININ-1 FONTOS SZEREPET JATSZIK A HIPERALGEZIA KIALAKULASABAN KULONBOZO GYULLADASOS ES
DEGENERATIV KORKEPEK EGERMODELLJEIBEN

Magyar Anatémus Tarsasag, a Magyar Biofizikai Tarsasag, a Magyar Elettani Tarsasag, és a Magyar
Mikrocirkulacids és Vaszkularis Bioldgiai Tarsasag Vandorgytilése, Debrecen, 2012. junius 10-13. (poszter)

A. Ban, J. Kun, A. Perkecz, E. Pinter

COMPARISON OF TRANSIENT RECEPTOR POTENTIAL VANILLOID 1 (TRPV1) AND TRANSIENT RECEPTOR
POTENTIAL ANKYRIN 1 (TRPA1) RECEPTOR EXPRESSION IN ORAL LICHEN PLANUS

Europerio 7 — Coference of the European Federation of Periodontology, Bécs, Ausztria, 2012. junius 6-9.
(poszter)

25



V. Tékus, Zs. Hajna, A. Horvath, J. Kun, K. Bélcskei, J. Szolcsanyi, Zs. Helyes

ROLE OF THE TRANSIENT RECEPTOR POTENTIAL VANILLOID 1 AND ANKYRIN 1 (TRPV1 AND TRPA1) ION
CHANNELS IN THERMONOCICEPTION IN MICE

International Brain Research Organization IBRO 2012 Workshop, 2012. januar 19-21, Szeged (poszter)

P. Kiss, J. Farkas, A. Matkovits, G. Horvath, Zs. Helyes, J. Kun, H. Hitoshi, B. Akemichi, L. Welke, A. Tamas, D.
Reglédi

NEUROBEHAVIOURAL DEVELOPMENT IN PACAP KNOCKOUT NEWBORN MICE

International Brain Research Organization IBRO 2012 Workshop, 2012. januar 19-21, Szeged (poszter)

J. Kun, E. Toth, A. Perkecz, T. Tornoczky, I. Gerlinger, J. Szolcsanyi, E. Pinter

NEM-NEURALIS TRANZIENS RECEPTOR POTENCIAL VANILLOID 1 (TRPV1) ES ANKYRIN 1 (TRPA1) RECEPTOROK
JELENLETE RHINOSINUSITISBEN

Magyar Farmakolégiai, Anatémus, Mikrocirkulécids, Elettani Tarsasagok kdzos tudomdnyos konferencidja
(FAME), PTE AOK, Pécs, 2011. junius 8-11 (poszter)

J. Kun, E. Toth, A. Perkecz, T. Tornoczky, I. Gerlinger, J. Szolcsanyi, E. Pinter

EXPRESSION OF TRANSIENT RECEPTOR POTENTIAL RECEPTORS VANILLOID 1 (TRPV1) AND ANKYRIN 1 (TRPA1)
IN NASAL POLYPOSIS

The 8th Joint Meeting of the European Neuropeptide Club and the American Summer Neuropeptide
Conference, Boston, 2011. majus 22-25. (poszter)

J. Kun, T. Palkovics, A. Perkecz, T. Laszlo, E. Pinter, J. Szolcsanyi, P. Nagy, B. Polgar, L. Jakab, T. F. Molnar, Zs.
Helyes

EXPRESSION OF SOMATOSTATIN RECEPTOR SUBTYPE 1 (SST1) IN DIFFERENT TYPES OF LUNG CANCER

The 7th Joint Meeting of the European Neuropeptide Club and the American Summer Neuropeptide
Conference, Pécs, 2010. junius 21 - 24. (poszter)

Abstracts

E. T6th, J. Kun, A. Perkecz, T. Tornoczky, I. Gerlinger, J. Szolcsanyi, E. Pinter

Expression of transient receptor potential Vanilloid 1 (TRPV1) and Ankyrin 1 (TRPA1) receptors in chronic
rhinosinusitis

Rhinology (2014) 52:525:625; IF: 2,8

J. Kun, D. Feller, I. Szitter, Zs. Hajna, A. Kemény, A. Perkecz, V. Csdngei, D. Ernszt, T. Kovacs, J. E. Pongracz, Zs.
Helyes

CIGARETTE SMOKE EXPOSURE UPREGULATES TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1

ION CHANNELS IN THE MOUSE LUNG AND IN A HUMAN PULMONARY TISSUE 3-DIMENSIONAL

MODEL

J Mol Neurosci (2014) 53:5175; IF: 2,757

A. Kemeny, Zs. Hajna, I. Szitter, J. Kun, E. Pinter, Zs. Helyes

ROLE OF TRPV1 AND TRPA1 ION CHANNELS IN CIGARETTE SMOKE-INDUCED CHRONIC AIRWAY
INFLAMMATION MODEL OF THE MOUSE

J Mol Neurosci (2014) 53:5S174; IF: 2,757

K. Pohdczky, J. Kun, B. Szalontai, K. Kovacs, J. Garai, A. Garami, A. Perkecz, Zs. Helyes
Transient Receptor Potential Ankyrin 1 (TRPA1) and Vanilloid 1 (TRPV1) ion channels are expressed and
upregulated in response to estrogen in the rat endometrium; J Mol Neurosci (2014) 53:5179; IF: 2,757

26



A. Markovics, V. Kormos, B. Gaszner, A. Lashgarara, E. Szoke, K. Sandor, K. Szabadfi, B. Tuka, J. Tajti, J.
Szolcsanyi, E. Pinter, H. Hashimoto, J. Kun, D. Reglodi, Zs. Helyes

PITUITARY ADENYLATE CYCLASE-ACTIVATING POLYPEPTIDE PLAYS A KEY ROLE IN NITROGLYCEROL-INDUCED
TRIGEMINOVASCULAR ACTIVATION IN MICE

J Mol Neurosci (2013) 51:5220; IF: 2,757

Zs. Helyes, J. Kun, N. Dobrosi, K. Sandor, J. Nemeth, A. Perkecz A, E. Pinter, K. Szabadfi, V. Tekus, J. Szolcsanyi,
A. Baba, D. Reglodi, T. Biro

CAPSAICIN INDUCES SKIN INFLAMMATION VIA TRPV1-MEDIATED UP-REGULATION OF PACAP

J Mol Neurosci (2013) 51:5190; IF: 2,757

J. Kun, Zs. Helyes, |. Szitter, Sz. Gédi, I. Szabd, A. Kemény, K. Pohdczky, A. Perkecz, E. Pintér

TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 (TRPA1) AND VANILLOID 1 (TRPV1) RECEPTOR

MRNA EXPRESSION IN INFLAMMATORY BOWEL DISEASE (IBD) AND DEXTRAN SULFATE-INDUCED COLITIS IN
MICE

J Mol Neurosci (2013) 51:5159; IF: 2,757

I. Szitter, E. Pintér, A. Perkecz, A. Kemény, J. Kun, C. Pietra, J. Quinn, A. Zimmer, A. Berger, Zs. Helyes
ROLE OF NEUROKININ 1 (NK1) RECEPTORS IN DEXTRAN SULFATE-INDUCED COLITIS: STUDIES

WITH GENE-DELETED MICE AND A SELECTIVE RECEPTOR ANTAGONIST

J Mol Neurosci (2013) 51:5165; IF: 2,757

J. Kun, Zs. Helyes, |. Szitter, A. Kemény, D. Ernszt, E. Sz8ke, E. Saghy, T. Kovdcs, A. Bognar, K. Pohdczky, T.
Bagoly, A. Markovics, A. Perkecz, Z. Sandor, E. Pintér

TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 (TRPA1) RECEPTOR KNOCKOUT MICE ARE MORE SUSCEPTIBLE TO
DEXTRANE-SULFATE INDUCED COLITIS

PERIODICUM BIOLOGORUM 115:(2) p. 38. (2013); IF: 0,2

K. Pohdczky, J. Kun, J. Garai, A. Garami, A. Perkecz, Zs. Helyes

Expression and hormone-mediated upregulation of Transient Receptor Potential Vanilloid 1 (TRPV1) and
Macrophage Migration Inhibitory Factor (MIF) in the rat endometrium

PERIODICUM BIOLOGORUM 115:(2) p. 46. (2013); IF: 0,2

J. Kun, Zs. Helyes, |. Szitter, A. Kemény, D. Ernszt, E. Sz6ke, E. Saghy, T. Kovacs, A. Bognar, K. Pohdczky, T.
Bagoly, A. Markovics, A. Perkecz, Z. Sandor, E. Pintér

TRANSIENT RECEPTOR POTENTIAL ANKYRIN 1 (TRPA1) RECEPTOR HAS A PROTECTIVE ROLE IN DEXTRANE-
SULFATE INDUCED MOUSE COLITIS

IMMUNOLOGIAI SZEMLE V:(3) p. 32. (2013); IF: 0

P. Kiss, J. Farkas, A. Matkovits, G. Horvath, Zs. Helyes, J. Kun, H. Hitoshi, B. Akemichi, L. Welke, A. Tamas, D.
Regldédi

Neurobehavioral development in PACAP knockout newborn mice

JOURNAL OF MOLECULAR NEUROSCIENCE 48:(1) p. S164. 1 p. (2012); IF: 2,504

J. Kun, E. Toth, A. Perkecz, T. Tornoczky, I. Gerlinger, J. Szolcsanyi, E. Pinter

Expression of transient receptor potential receptors vanilloid 1 (TRPV1) and ankyrin 1 (TRPA1) in nasal
polyposis

JOURNAL OF MOLECULAR NEUROSCIENCE 48:(1) pp. S197-5198. (2012); IF: 2,504

27



B. Sandor, D. Hobor, P. Kiss, K. Szabadfi, D. Makovics, A. Matkovics, J. Farkas, M. Wlaschits, A. Jungling, B.
Kaszas, J. Kun, A. Nagy, R. Gabriel, D. Reglodi, A. Tamas

Comparative examination of tooth development in wild type and PACAP deficient mice

JOURNAL OF MOLECULAR NEUROSCIENCE 48:(1) p. S164. 1 p. (2012); IF: 2,504

V. Tékus, Zs. Hajna, A. Horvath, J. Kun, K. Bdlcskei, J. Szolcsanyi, Zs. Helyes

Role of the Transient Receptor Potential Vanilloid 1 and Ankyrin 1 (TRPV1 and TRPA1) ion channels in
thermonociception in mice.

CLINICAL NEUROSCIENCE 65:(1) p. 68. (2012); IF: 1,247

J. Kun, E. Téth, A. Perkecz, T. Tornoczky, I. Gerlinger, J. Szolcsanyi, E. Pinter

THE PRESENCE OF NON-NEURAL TRANSIENT RECEPTOR POTENTIAL RECEPTORS VANILLOID 1 (TRPV1) AND
ANKYRIN 1 (TRPA1) IN RHINOSINUSITIS

ACTA PHYSIOLOGICA 202:(S683) pp. 64-65. (2011); IF: 0,453

J. Kun, T. Palkovics, A. Perkecz, T. Laszlo, E. Pinter, J. Szolcsanyi, P. Nagy, B. Polgar, L. Jakab, T. F. Molnar, Zs.

Helyes
EXPRESSION OF SOMATOSTATIN RECEPTOR SUBTYPE 1 (SST1) IN DIFFERENT TYPES OF LUNG CANCER
NEUROPEPTIDES 44:(6) p. 542. (2010); IF: 2,036

Cumulative impact factor of all publications including full articles and abstracts:
IF: 47,331

Independent citations: 19

28





