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CXCL1 and CXCL2 are two chemokines with 78% homology of their sequence. CXCL1 was associated with atopic
dermatitis, a highly pruritic skin disease, but it is not clear what is its mechanism of action, while for CXCL2 there are no
data about an association with itch sensitivi}CL1 and CXCL2 can modulai®@érPV1 receptors, which are one of the

most important downstreamfettors for itch sensitivityupon short-term (4 h) or long-term (24 h) incubation, but the data
are incompleteTherefore, the aims of this study were to better characterize the shortfteots @f CXCL1 and CXCL2

on TRPVZ/IB4+ dorsal root ganglia neurons known to include nociceptor and itch-sensitive neurons, and to obtain new
data about the acute application (12 min) of the two chemokines on the same population of Tieen@ssits showed

that 4 nM CXCL1 and 3.6 nM CXCL2 significantly reduERPV1 desensitization iiRPV1/IB4* DRG neurons after
short-term incubation, but when acutely applied CXCL1 activated a sub-population of itch-séR§twE/IB4+ cells in

a slow low amplitude mannewhile CXCL2 had a similar &fct but on non-itcfRPV1/IB4* DRG neuronsThese data
contribute to a better understanding of CXCL1 and CXCL2 mechanism of action for both pain and itch inteatgg ef

Key words:chemokine (C-X-C motif) ligand 1, chemokine (C-X-C motif) ligand 2, transient receptor potential vanilloid type
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INTRODUCTION downstream ééctors (8-10). SpecificallyTRPV1 receptors are
important in mediating histamine-induced itch in ~23 — 29% of
Chemokine (C-X-C motif) ligand 1 (CXCL1) and IB4* mice dorsal root ganglia (DRG) neurona H1 histamine
chemokine (C-X-C motif) ligand 2 (CXCL2) are two low- receptors and PLE3 (11) or PKG (12). TRFAL receptors
molecularweight members of the ELR(+) CXC chemokine mediate histamine-independent itch to chloroquine and BAMS8-
family with 78% homology of their sequence (1), which act22 (bovine adrenal medulla 8-22) peptide in ~3 — 5% of
specifically through CXCR2, a G protein-coupled receptor (2). TRPVI/TRPA1*/IB4* histamine-sensitive mice DRG neurons
Both of them are known to have pleiotropifeefs on neurons via MrgprA3 (Mas-related G-protein coupled) amdrgprCil
or immune cells, ranging from stimulating proliferation to receptors (9, 13, 14), and bofiRPA1 and TRPV1 receptors
increasing pain (3). In addition, CXCL1 was associated withmediate IL-31-induced itch in ~4% GRPVI/TRPALl* DRG
atopic dermatitis, a highly pruritic skin disease (4, 5), but it is noneurons (15)At acute application, histamine evoke3RPV1
clear what is its mechanism of action. In contrast, for CXCL2response of low amplitude and slow kinetics (~100 s duration)
there are no data about an association with itch sensitivity (16), while chloroquine has nofeft on TRPV1, but robustly
Itch (pruritus) defined as ‘an unpleasant sensation that elicitactivatesTRPAL (9).
the desire or reflex to scrat({®), it is evoked mainly from the TRPV1 is a polymodal, non-selective cation channel that is
skin and implicates activation of a specific subset of isolectin B4pecifically expressed in a subset of somatosensory neurons
(IB4+), C-type primary dérents that respond directly to itch- located in the dorsal root and trigeminal ganglia. It is directly
producing agents or are activated indirectly by mast cellsactivated by capsaicin, protons, heat and by endogenous or
keratinocytes or fibroblasts that release itch-producingexogenous agonists of natural, semisynthetic and synthetic
compounds (7)These fibers use dérent molecular pathways to origin (17, 18).According to the existing data, CXCL1 and
transduce itch, with transient receptor potential vanilloid type 1CXCL2 can also modulat&# RPV1 activity More precisely
(TRPV1) and transient receptor potential channel, subfaiily short-term incubation (4 h) with 1.5 nM CXCL1 can reduce
member 1 (TRR1) receptors found to be the most important TRPV1 desensitization but it has ndeet on the amplitude of
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TRPV1 response (19), while long-term incubation (24 h) at thgCairn Instruments, UK) and the fluorescence changes were
same concentration has ndeet neither on the amplitude of captured with a 12-bit CCD SensiCam camera (PCO,
TRPV1 response, nor on its desensitization (3). For CXCL2Germany). The data were recorded usimgxon Imaging
there are no data on anyfezft onTRPV1 receptors after short- Workbench 4.0 (Indec Biosystems, USAfter background
term incubation, but we have shown that long-term incubatiorsubtraction, data were quantified AB/FO for each recorded
with 1.5 nM can significantly decrease thBPV1 current and cell, representing the ratio between the maximum fluorescence
increase its desensitization rate (3). Knowing that these twahange during the stimulus and the baseline fluorescence
chemokines share a 78% homology (1), it is rather surprisingpefore the stimulus.
that they have opposite fetts, especially on long-term To define capsaicin sensitivjty histogram of all responses
incubation where there are available data for both of them.  (AF/FO) was fitted with a two-peak Gaussian and the tutof
To better understand how these two chemokines act and walue was taken as the mean + 2 SD of the Gaussian peak
investigate if they activate the itch-sensitive DRG neurons, ircentered closest to zefbhe cells which responded to capsaicin
this study we tested: 1) thefeft of short-term incubation application with aAF/FO = 0.1 were considered capsaicin-
with CXCL2 on theTRPV1 rate of desensitization to see sensitive.
whether CXCL2 can still &ct TRPV1 receptors in the same To investigate the &fct of short-term incubation of CXCL2
manner as CXCL1, and 2) what would be thieetfof acute on TRPV1 responses, we used the same time interval as
application of CXCL1 or CXCL2. In contrast to previous previously published, i.e. 4 h (19). In addition, because in the
studies in which CXCL1 and CXCL2 fefcts were above mentioned studies it was used only one concentration for
investigated in allfTRPV1* DRG neurons, in our study we both CXCL1 and CXCL2 (i.e. 1.5 nM), we decided to test
focused only oTRPV1Y/IB4* DRG neurons to which the itch- several concentrations of CXCL2 ranging from 0.06 to 40.5 nM,
sensitive neurons belong. in an increment with a factor of 3 which thus also included the
1.5 nM concentration, in order to identify the most appropriate
concentration (Ef) to generate a responséfe did this for
MATERIALS AND METHODS CXCL1 to get more data about this chemokine as well.
To identify the non-peptidgic IB4* neurons (21), isolectin
Animals B4 (IB4) conjugated with fluorescein isothiocyante (FITC) (3
pa/ml, Sigma, L2895) was added to the extracellular solution for
For this study80 adult mal&Vistar rats (100 — 150 g) from 10 minutes at the end of the recordifig. avoid interference
the animal facility of the ‘lon Cantacuzinblational Institute,  between excitation wavelengths (Calcium grelegs 506 nm
Bucharest, Romania were us@dl. procedures were carried out and IB4-FITC A= 490 nm), images of the field of cells taken
in accordance with the Directive 2010/63/EU revising Directivebefore and after IB4-FITC application were gext in Image-J
86/609/EEC on the protection of animals used for scientificsoftware (version 1.3AVayne Rasband, NIH, Bethesda, MD,
purposes and were approved by the Bioethics Committee of tHdSA) after pseudo-colors were associated to tHe ().
Faculty of Biology University of Bucharest and Graduate The recording protocol was the following: after 4 hours

School of Medicine, Gunma University incubation with diferent concentrations of CXCL1 or CXCL2,
TRPV1 responses elicited by two consecutive 250 nM
Cell culture capsaicin applications of 20 s duration at 10 min interval was

followed by a short application (10 s) of 50 mM KCI to

Rats were killed by inhalation of 100% g@llowed by evaluate if the responsive cells are viable neurons and by the
decapitation. DRG from all spinal segments were removed antB4-FITC staining as mentioned abovia analyze the é&fct
prepared for the cell culture as previously described (20). Brieflyon the rate of desensitization induced by repeated application
neurons were dissociated in 1 mg/ml collagenasmbh2 mg/ml  of capsaicin, the fluorescence change ratio between the second
dispase (Gibco, 17105041) for 1 hour at 37°C, then plated on 1&apsaicin application and the first od~(F0,,/AF/FQ) was
mm glass coverslips pretreated with poly-D-lysine (0.1 mg/ml fordetermined.
30 min) and cultured in a NGF-free 1:1 mixture of 7.4 mM To investigate the &dct of acute application of CXCL1 or
glucose DMEM and HamsF10 medium with 10% horse serum, CXCL2 on TRPV1/IB4* DRG neurons, the two chemokines
0.5% penicillin/streptomycin and 1% L-glutamine (Thermo were applied for 12 minutes at the &alculated in the
Fisher ScientificA1286001) at 37°C, in 5% GOn air. Human  previous experiments, followed by 20 s application of 250 nM
embryonic kidney cells (HEK293T) cultured according to ancapsaicin to test if indeed the cells wgRRPV1" and as above,
existing protocol (20), were transiently transfected with 1 pg/uby the 50 nM KCI application and IB4-FITC staininghe
of huCXCR2 (kindly donated by DAnn RichmondyVanderbilt  application time was selected because according to preliminary
University, TN, USA) using Lipofectamine 2000 (Life studies, this time was enough for a full recovery of the
Technologies). If not otherwise specified, all reagents were fronfluorescence change. Cells were judged to be responsive if the
Sigma. Experiments were conducted at room temperature (25°CAF/FO ratio value increased by greater than 10% of the resting
24 hours after plating the cells. level after chemical application.

Intracellular Ca* imaging Immunocytochemistry (ICC)

Cells cultured on coverslips were incubated for 30 minutes  Cells cultured on coverslips were fixed in 4%
at 37°C in standard extracellular solution (Sektions below) paraformaldehyde (P¥) solution (Roth) in 0.01 M phosphate
containing 2 pM Calcium GreenAM and 0.02% Pluronic F-  buffer (PBS) for 20 minutes, permeabilized with a 0.Bfton
127 (both from Invitrogen), and left to recover for 30 minutesX-100 solution in PBS for 15 minutes and incubated for 1 hour
before use. Coverslips were mounted Feflon chamber (RC- in blocking solution (0.3%riton X-100 and 4% normal goat
40HR HarvardApparatus, USA) on the stage of an Eclipse serum in PBS)After overnight incubation at 4°C with the
TE300 inverted microscope (Nikon, Japan) and left for Sprimary antibodies, cells were washed, incubated for 1 hour
minutes to adapt to the extracellular solution flow at 25°C.with the secondary antibodies and ceskpped with Prolong
Neurons were illuminated with an Optoscan monocromatoiGold antifade (LiféeTechnologies)The slides were visualized



387

under anAxioObserver D1 Zeiss (Carl Zeiss, Germany) RESULTS

fluorescence microscope and processed with Image-J

software.The primary antibodies were biotinylated isolectin CXCL2 reduces TRPV1 desensitization in 1B4* neurons in the

B4 (1:200, Vector Laboratories, B-1205), arfiit-tubulin same nanomolar range as CXCL1

(1:4000, mouse monoclonalbcam, 78078), anti-CXCR2

(1:200, rabbit polyclonal, Santa-Cruz Biotechnology-682) After 4 hours of incubation with dérent concentrations of
and anti-TRPV1 (1:100, rabbit polyclonal, Santa-CruzCXCL1 and CXCL2 ranging from 0.06 to 40.5 nWMRPV1
Biotechnology sc-28759).The secondary antibodies were receptors were activated by two consecutive 250 nM capsaicin
(from Life Technologies) Beptavidin-Alexa Fluor 488 applications of 20 s duration at 10 minutes interVak results
Conjugate (1:1500, S32354), goat anti-rabBtéxa Fluor 568  showed a significant dose-dependent reduction ofTREV1
(1:1500, A11011) and goat anti-mousélexa Fluor 568 rate of desensitization compared to control starting at 4.5 nM for

(1:1500,A11004). both chemokinesHig. 2a and 2b; see alsdlable 1). From the
concentration-response curve obtained by plotting normalized to
Western blotting control fluorescence change ratios againstJGXCL1] or

10g;[CXCL2] to which a logistic dose-response function was

Cultured DRG neurons and HEK29&Ells were lysed in fitted (Fig. 2c, 2d and insets), there were determined an,B€
RIPA (1% NP40) buer as previously described (22)he 4.0 nM (log EG, = 0.61 + 0.24) with a Hill slope of 1.19 + 0.74
extracted proteins were separated on 8% SBSE? transferred  for CXCL1 and an Eg of 3.6 nM (log EGy, = 0.56 + 0.34) with
on nitrocellulose and probed with rabbit anti-CXCR2 (1:300,a Hill slope of 1.56 + 0.73 for CXCLZ{g. 2c and2d).
Santa-Cruz Biotechnologysc-682) and rabbit anti-tubulin To confirm that there was no error in the identification of the
(1:10000, Abcam, ab18251) antibodiesThe secondary IB4* population possibly due to an overlapping between the
antibodies were goat argirabbit coupled with HRRhorse  excitation wavelengths of Calcium-green and the FITC bound to
radish peroxidase) (1:10,000, Santa-Cruz Biotechnolsgy 1B4, we compared the percentages of IB#lls in calcium
2004).Visualization was made with Pierce E@lestern blotting  experiments calculated versus the total population of cells, with
substrate (Thermo Scientific, 32106). For EndoH (NEB) (NEB,the percentages in an ICC staining in which the*IBdurons
UK, P0702S,) digestion which removes sugar residues fromvere determined against the total neuronal population stained
proteins, the whole lysates were denatured for 5 minutes atith BIII tubulin antibody a specific neuronal markefig. 3a).
100°C in denaturating bigfr containing 0.5% SDS and 40 mM According to these data, the IBAeurons represented 53% in
DTT, then cooled and mixed with 1/10 EndoH reactiorfdsuf calcium imaging experiments,{f = 144 ng,. = 76) and 50% in
(0.5 M sodium citrate, pH 5.5). EndoH (250 units) was added tdCC experiments (fa = 157 ng4. = 79) which is in agreement
one-half of the sample, whereas the other half contained Endottith existing data (21, 24) and confirm the fact that the*1B4
buffer alone All samples were incubated for 18 hours at 37°C population was correctly identified.
and used for SDSAGE and Western blotting as previously As mentioned in the introduction, CXCL1 and CXCL2 act
described. If not otherwise mentioned, all the other reagentspecifically through CXCR2, a G protein-coupled receptor (2).

were from Santa Cruz Biotechnology Therefore, we confirmed Bifestern blot the CXCR2 expression
in the general population of DRG neurof$g( 3d and3e) and
Scratch test by ICC, we confirmed its expression in the tBiurons similar

to TRPV1 receptorsHig. 3b and 3c). Since according to ICC
To measure itch-related behayi@0 ul of 10 uyM CXCL1  staining the CXCR2 receptors seem to be expressed in all DRG
was injected into the neck intradermalBouts of scratching neurons, to eliminate the possibility of a non-specific binding,
with the hindpaw directed towards the injection site werethe antibody specificity was reconfirmed in HEK298€&lls
counted for 30 minutes as previously described (23)transiently transfected with CXCR2 plasmilid. 3f) and in
Capsazepine, &RPV1 antagonist (20 pl, 10 mM) and untransfected HEK293€ells (Fig. 3g). The results confirmed
HC067047, aTRPV4 antagonist (20 pl, 10 mM) were pre- that indeed the antibody specifically detects CXCR2 receptors at
injected 15 minutes before the CXCL1 challenge. the DRG neurondevel, and that these receptors are expressed
by both IB4 and IB4 neurons.
Solutions
Acute application of CXCL1 induced an [ Ca?*]; increase larger
Standard extracellular solution (ES) contained (in mM): than the one induced by CXCL2, in a bigger population of
NaCl 140, KCI 4, MgGl 1, CaC} 2, HEPES 10, NaOH 4.54, dorsal roct ganglion neurons
glucose 7.4, pH = 7.4 at 25°C. Drugs were added from the stock
solutions prepared in deionized water for CXCL1, 10 uM and  After establishing the E& concentration at which CXCL1
CXCL2, 5 uM both from Promokine, Germargnd in ethanol and CXCL2 can elicit a response froMRPV1 in the
for capsaicin 1 mM. If not otherwise mentioned, all the reagent§ RPV1/IB4* DRG neurons after short-term incubation, we also
were from SigmaThe stock solutions were stored at —20°C andexplored their acute applicationfedts as described in the
diluted to desired final concentration in ES in the day of themethods sectiormhe EG,values that we found are within thre

experiment. vitro efficacy range according to the data in the literature: i.e.
1.28 — 12.8 nM for CXCL1 (25, 26) and 1.41 pM-12.8 nM for
Data analysis CXCL2 (27, 28).Therefore, even though the E@alues were

established after incubation experiments, we decided to use them
Analysis was performed usifijW4 (INDEC BioSystems, for acute application experiments as well.

USA), Microsoft Excel 2007 (Microsoft, USA), Prism 5.01 At acute application, 4 nM CXCL1 induced in only 23% (n =
(GraphPad Software Inc., USA) and a macro program written b7, ny, = 116) of TRPV1Y/IB4* DRG neurons an [GY; increase
Liviu Soltuzu in Microsoft Excel 2007All data were given as  with a slower kinetics than the one induced by capsaicin applied
means + S.E.M.; statistical significance was tested using 1 wagfter washing CXCL1 and with an amplitude representing 46% of
ANOVA with Bonferonni post-test or FisHerexact testA value an independent capsaicin response (nm&@ir0 for CXCL1 =
of P< 0.05 was considered to be statistically significant. 0.37 £ 0.06, n = 27, meakF/FO0 for capsaicin = 0.80 + 0.06, n =
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24,Fig. 4a and4c). Acute application of 3.6 nM CXCL2 induced sensitive population, we investigated their responses to 100 s
in only 5.4% (n = 12, fa = 233) of TRPV1L/IB4* DRG neurons  application of 100 uM histamine or 50 s application ohi

an [C&*; increase with a slow kinetics, similar to CXCLHid. chloroquine applied at 4 minutes interval after CXCL1 or
4a), and with an amplitude representing 21% of an independentXCL2 application and between them.

capsaicin response (meAR/FO for CXCL2 = 0.17 £ 0.02, n = In the experiments using CXCL1, the itch-sensitive
12, mean\F/FO for capsaicin = 0.80 + 0.06, n = 24), respectivelypopulation, defined as histamine or chloroquine sensitive neurons,
46% of the CXCL1 responsEi@. 4c). We chose to compare the represented 39% (23/59) of dIRPV1/IB4* DRG neurons. In
amplitude of CXCL1- and CXCL2-induced responses with anthis population, 30% (7/23) neurons responded only to
independent capsaicin application to avoid any possiblehloroquine, 26% (6/23) only to histamine, 17% (4/23) responded
influences of the [C4d]; increase induced by CXCL1 or CXCL2 to histamine and chloroquine, 17% (4/23) to histamine,
on the subsequent capsaicin respovdeen the two chemokines chloroquine and CXCL1, 4% (1/23) to histamine and CXCL1 and
were applied togethethe [C&*];increase was elicited in 12% (n 4% (1/23) to chloroquine and CXCLEi{. 5a and5b). Satistical

= 6, Nua = 49) of TRPVIY/IB4* DRG neurons and represented analysis showed significant overlap between CXCL1 and
65% of the CXCL1-induced response (m&&ifFO for CXCL1 +  histamine responsive neurons (Fiskexact test, R 0.01) and
CXCL2 =0.24 + 0.04, n = 6, medx/FO for CXCL1 = 0.37 + CXCL1 and chloroquine responsive neurons<(P.01), with

0.06, n = 27Fig. 4b and4c). CXCL1-sensitive neurons representing only a sub-population of
the itch-sensitive neurons.

CXCL1-sensitive TRPV1+/IB4+ dorsal root ganglion neurons In the experiments using CXCL2, in the itch-sensitive

also responded to itch-inducing agents population defined according to the same criteria as mentioned

above, only 2% (1/48) of neurons responded to CXCL2,
As mentioned above, the BprA3- or MgprCll-positive  histamine and chloroquine, with no cells responding to CXCL2
mice DRG population defines a unique subset of capsaicinand histamine or CXCL2 and chloroquingat&tical analysis
sensitive, itch-specific neurons that respond to histaminegouldnt prove a significant overlap between CXCL2 responsive
chloroquine and BAM8-22 peptide (13)o test if the CXCL1- neurons and either histamine or chloroquine sensitive neurons
sensitive or CXCL2-sensitive neurons belong to the itch-(Fishets exact test, B 0.05), suggesting that the responses to

LR
-

Fig. 1. Representative images of IBdnd IB4 dorsal root ganglia neurons. Image of a dorsal root ganglia culture under transmitted
light (&) and after fluorescence excitation gedl in Image-J software as described in the Methods sebji¢scéle bar = 30 pm).

The green signal corresponds to the loaded Calcium green, and the red signal indicates the IBATb@inisgfs in yellow frame
indicate an IB4cell, and the insets in blue frame indicate an-I&l.
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Fig. 2. Short-term incubation (4 h) with CXCL1 or CXCL2 reduddPV1 desensitization in IBORG neurons.d) Representative
traces of [C&]; in IB4* neurons pre-incubated with CXCL1, after two consecutive 250 nM capsaicin applicdijdRep(esentative
traces of [C&]; in IB4* neurons pre-incubated with CXCL2, after two consecutive 250 nM capsaicin applicafjddXQL1 dose-
dependently reducefiRPV1 desensitization with an E®f 4.0 nM as obtained by the logistic dose-response fundtiset)( (d)
CXCL2 dose-dependently reduc€RBPV1 desensitization with an Efof 3.6 nM as obtained by the logistic dose-response function
(inset). For both CXCL1 and CXCL2, th&F/F0,,/AF/FO ratio was normalized to a similar ratio in untreated cells. CPS, capsaicin.

Table 1. Mean ratio of the fluorescence chany§e/E0,,/AF/F0.) induced by capsaicin-activat&é&®PV1 receptors in IB4dorsal root
ganglia neurons.

Concentration (nM) 0 (control) 0.06 0.28 1.5 4.5 13.5 40.5
4174373 | 43.52+5.56 | 44.86+5.42 | 48.93+4.48 | 5623+£5.01 | 62.51+£3.59 | 66.26+4.45
CXCL1 (n=60) (n=26) (n=25) (n=41) (n=45) (n=51) (n=20)
P >0.05 P>0.05 P>0.05 *P<0.05 "P<0.001 | P <0.001
42.00+2.73 | 40.00+4.14 | 37.13+454 | 47.11+£3.59 | 52.59+335 | 62.54+526 | 62.30+3.36
CXCL2 (n=106) (n=36) (n=28) (n = 40) (n=31) (n=133) (n=45)
P >0.05 P >0.05 P >0.05 *P <0.05 "P<0.001 | “P<0.001

The statistical significance was obtained by comparing the mean ratio of the fluorescence

concentrations of CXCL1, with similar values in control, untreated cells.

change after pre-treatmiememtith dif

acute application of CXCL2 occur mainly in the non-itch injection, P< 0.001), which was significantly reduced by 15
TRPV1/1B4* DRG neurons. minutes capsazepine pre-treatment before CXCL1 (32.38 + 2.49,
Since these data suggested that CXCL1 plays a mora = 8, P< 0.05). HC067047 didb’have any significant ffct
important role in itch sensitivity than CXCL2, we subsequently(78.63 + 3.38, n = 8, P 0.05) Fig. 5¢).
investigated in behavioral tests only CXCL1. Given the fact that
CXCL1-sensitive cells belong TRPV1/IB4+ cells, we tested if
the CXCL1-induced itch upon intradermal injection was also
sensitive to aTRPV1 blocking agentThe results showed that
intradermal injection of CXCL1 induced strong scratching In this study we showed that CXCL1 and CXCL2, two
behavior (79.38 + 2.19 bouts of scratching after CXCL1 (n = 8)highly homologous chemokines, significantly reduiePV1
compared to 32.38 + 2.49 bouts of scratching (n = 8) after salindesensitization iMRPV1/IB4* DRG neurons after short-term

DISCUSSION
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Fig. 3. CXCR2 and TRPV1 receptors are expressed in 1Bfeurons. §) Representative image of IB4 arfilll-tubulin
immunofluorescence in DRG primary cultuferows points to small IBADRG neurons.k) Representative image of IB4 and CXCR2
immunofluorescence in DRG primary culture. CXCR2 receptors are present in botan84B4 neurons.Arrows points to
IB4*/CXCR2 neurons. §) Representative image of IB4 alBPV1 immunofluorescence in DRG primary cultur&PV1 receptors

are present in both IB&nd 1B4 neuronsArrows points to IB4TRPV1 neurons (scale bar foa)( (b) and €) = 50 um). §) Western

blot analysis for DRG and HEK293{lsatesA band corresponding to CXCR2 receptor was detected at the predicted molecular weight
for the DRG sample, while no band was detected for HEKZ@83. €) The glycosylation status essential for the surface expression

of the receptor was also confirmed. CXCR2 was detected as both glycosylated (Gly) and non-glycosylated (Non-Gly) form, with the
glycan moieties completely sensitive to glycosidase digestion (larfg Refresentative image of CXCR2 fluorescence in HEK293T

cells transiently transfected with huCXCR2 plasmid. Green arrows indicate transfected cells, and red arrows indicated non-transfected
cells in which only the nucleus is stained with DAR). Representative image of CXCR2 fluorescence in untransfected HEK293T
cells (scale bar forf(and ¢) = 25 um).
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Fig. 4. Acute application of CXCL1 or CXCL2 increase Pdain different degreesaj Representative trace of [€gr during 12
minutes application of CXCL1 or CXCL2, followed by 250 nM capsaicin and 50 mM KCI applicatijriRefresentative trace of
[C&*]; during 12 minutes application of CXCL1 or CXCL1 + CXCL2, followed by 250 nM capsaicin and 50 mM KCI applications.
(c) Bar graph of meaAF/FO induced by acute application of CXCL1, CXCL2 or CXCL1 + CXCL2. CPS, capsaicin.
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Fig. 5. CXCL1-sensitive neurons belong to a subset of itch-sensitive neuadriRegresentative trace of [ERduring consecutive
application of CXCL1, histamine, chloroquine, capsaicin and K}l Djagram representing thERPV1/IB4* DRG neurons that
respond to one or more itch-inducing agefitee CXCL1-sensitive neurons also responded to histamine and chloroaiBer (

graph representing bouts of scratching after intradermal injection of CXCL1 in the dorsum of the neck. CXCL1 induced a significant
increase in the number of bouts of scratching compared to control animals injected with saline solutienQ(®®P) which was
significantly reduced when capsazepine was pre-injected before CXCL1 €*®B01). HC067047, @RPV4 blocker didn't have

any significant gect. His, histamine; CQ, chloroquine; CPS, capsaicin.
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incubation, but when acutely applied CXCL1 activated a subapplication by increasing [€% in an itch-sensitive subset of
population of itch-sensitivd RPV1/IB4+ cells in a slow low DRG neurons, after short-term incubation activates all
amplitude mannerwhile CXCL2 had a similar &fct but on  TRPV1/IB4* DRG neurons by reducing TRPV1
non-itchTRPV1/IB4+* DRG neurons. desensitization, while after long-term incubation its influence on
A well-known characteristic 0FRPV1 functioning is that it TRPV1 disappears (3). CXCL2 has a smaller activatifereht
can be sensitized or desensitiZEde sensitization which occurs acute application mainly on a non-itch subset of DRG neurons,
through protein-kinase dependent phosphorylation (29-32) igfter short-term incubation has the same activatifieciefike
associated with higher or longer responses to specific agonist€XCL1, while after long-term incubation it starts to inhibit the
which subsequently depolarize the neurons and increasERPV1 receptors (3)The most intriguing is of course CXCL2
excitability. Desensitization, which can be mediateal protein which on short-term activates and on long-term inhibits DRG
phosphatases dephosphorylation (33), by calmodulin interactioneurons, suggesting a highly complex and diverse signaling
with TRPV1 N-terminal residues in a Ca-dependent manner (34pathways mediated by CXCR2 receptors.
35) or by IP3-induced calcium release from intracellular stores CXCR2 is a seven transmembrane G-protein coupled
(36), is associated with reduced responses to extended oeceptor (GPCR) that functions as a dimer and is activated by all
consecutive applications of capsaicin, and therefore reduceseven ELR (+) CXC-chemokines (CXCL1-3 and CXCL5-8) (2,
excitability Reduced desensitization is also associated with3). Upon ligand binding, the receptor couples jppBotein and
increased excitabilitybecause under this conditiocfRPV1 activates several protein kinase pathways (19, 25, 44, 45) that
receptors are able to still open to new/repetitive stimuli, and thusan induce diverse intracellular fedts, including CXCR2
allow depolarization. Reduced desensitization was associatgghosphorylation followed by desensitization (46). In addition, in
with increased functioning fFRPV1 receptors after 4 hours of the first 2 — 10 minutes of their activation 95% of the receptors
incubation with 1.5 nM CXCL1 chemokine (19), after overnight are desensitized even more due to a dose-dependent
exposure to hypoxia/hypglycemia specific to diabetic internalization process followed by recovery to the membrane,
conditions (20) or after acute exposure to cathecolamines (37)degradation or initiation of post-internalization signaling (47,
According to our data, CXCL1 has an activatinfeetf on  48). The post internalization signals are possible because
TRPVI/IB4* DRG neurons either by reducingRPV1 CXCR2 forms dynamic and temporal assembly with other
desensitization after short-term incubation, or by inducing aradaptor signaling proteins through which it can initiate other
increase in [Cd]; which further on depolarizes the cells and intracellular pathways (49Y.herefore, it is highly possible that
increases excitability at acute applicatidrhe activation by the antagonistic &fcts of CXCL2 are due to the complex
reducingTRPV1 desensitization was a concentration dependenfunctioning of CXCR2 receptors and its downstream activation
effect visible in the wholeTRPV1/IB4+ population that was of different signaling pathways.
selected for analysis, while the activation by increasing*[Ca Data about dferent time-dependent fetts mediated by
was elicited in only 23% offRPV1/IB4+ cells. The cells distinct signaling pathways are available for both CXCL2 and
activated by acute application of CXCL1 also responded to itch€XCL1. Apoptotic death of hippocampal neuramscaspase 1, 3
inducing agents, histamine and chloroquiRig.(5b), suggesting and Qi signaling pathways was described after short-term
that they most likely belong to the itch-sensitive DRG neuronsexposure (4 h) to CXCL2, in the same nanomolar range as in our
sub-population.Therefore, CXCL1 may activate the CXCL1- study (50). It is known that overctivated TRPV1 receptors
sensitive, itch-sensitive population through both increasingnduce calcium-dependent apoptosis (51), therefore it is possible
[Ca]; (acute application) and reduciAgRPV1 desensitization that TRPV1 activation by the mechanism we described in our
(short-term incubation), while in the rest of th&PV1/IB4* study and which occurs in the same time range as the data
population CXCL1 only reduceéBRPV1 desensitization (short- mentioned above, to be also involved in the apoptoftictsf of
term incubation) with other possible consequences, like pailtXCL2 on hippocampal neurons. In contrast, long-term exposure
sensitivity Our data suggest a mechanism for the itch-inducingo CXCL2 (24 — 48 h to days) has neuroprotectifects on
effects of CXCL1 (4, 5, 38) and additionally characterize thehippocampal and cerebral neurons by activating MEK1-ERK1/2
mechanism of nociceptor activation by CXCMa reduced and PI3K-Akt signaling pathways, by suppressing the
TRPV1 desensitization at short-term application (19). Beside thisnislocalization of p21-activated kinaseA@ or by stimulating
mechanism, CXCL1 can induce pain by potentiating NMDA- astrocytes-derived bFGF (basic fibroblast growth factor) (50, 52,
induced currents (39) or by increasing ERK (extracellular signal53). Recent data showed that blocKirigPV1 receptors before a
regulated kinase) and CREB (cAMPBsponse element binding sciatic nerve injury accelerates regeneration (54), or that its
protein) signaling pathways in spinal cord neurons (40). inhibition 3 hours after stroke significantly reduced the infarct
In contrast to CXCL1, CXCL2 seems to mainly activate thevolume and conferred neuroprotection (55). Given the fact that we
non-itch sensitivd RPV1/IB4* DRG neurons, more by reducing observed that on long-term CXCL2 has an inhibitofiafon
TRPV1 desensitization which is similar to the one induced byboth the amplitude and desensitization rat& RPV1 current, it
CXCL1, and less by increasing [Gawhich is lower than the one could be possible that the neuroprotectiieat$ of CXCL2 on
induced by CXCL1 and exhibited by a smaller population of cellshippocampal and cerebral neurons to be also due to reducing
This mechanisms could explain the pain inducinfpces of  TRPV1 activation. For CXCL1, data on short-term (h) exposure
CXCL2 besides hyperacetylation of histone H3 on its promoteare associated with pain sensitivity due to redug&dPVi
region, an déct known to elicit chronic neuroinflammation (41). desensitization in DRG neurons (19), similar to our data, or to
The possibility that CXCL1 and CXCL2 could act on other increased release of CGRFhich contributes to neurogenic
TRPV1/IB4* non-itch sensitive cells is also supported by ourinflammation (25). On long-term (24 — 48 h) CXCL1 continues to
ICC results and data from the literature (42), showing thaproduce pain by activating Nar K, channels in the DRG neurons
CXCR2 receptors are expressed in all DRG neurons, not in onl{26, 42), nofTRPV1 as our previous data also showed (3). On
a subset of IB4neurons. long-term CXCL1 also contributes to brain development by
In previous studies, we showed that at long-term incubatiopromoting proliferation of early oligodendrocyte progenitor cells
CXCL1 and CXCL2 have oppositefetts onTRPV1 (3), which  acting through an ERK1/2-dependent pathway and through
cumulated with our present datafesf an interesting picture release of IL-6 from astrocytes (56) and even has analgésitsef
about how these two chemokines might act on DRG neurondy stimulating secretion of opioids by granulocytes (Fhese
CXCL1 has a slowlow amplitude activating &fct at acute data reinforce our observations that even though CXCL1 and
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CXCL2 share a 78% homology of their sequence they could havierm experiments bring additional information about a pain
distinct, even antagonisticfe€ts. inducing mechanism of CXCL1 and reveal a new mechanism of
An interesting observation was that CXCL2 can reduceactivating DRG nociceptors by CXCLZhe acute experiments
CXCL1 efiect when acting togethehccording to the existing suggested a mechanism of action for the itch-inducifegtedf
data, both CXCL1 and CXCL2 bind to CXCR2 receptors with CXCL1 and ofered an explanation for the lack of itch-inducing
high afinity on a binding site located on the extracellular site, ineffects of CXCL2 even though it shares 78% homology with
a two-steps process described as the ‘fly-casting mecha@ism’ CXCL1. Additional experiments will be required to clarify in
58-60).The maximal binding of CXCL1 to CXCR2 is dependent more details how CXCL1 activates the itch-sensitive subset of
on the presence on the cell surface of heparan sulfatéRPV1/IB4* DRG neurons for a more figfient therapeutic
proteoglycans and can be reduced by CXCL10 chemokine whicapproach of pruritus associated with atopic dermatitis.
interferes with CXCL1 binding to heparan sulfate (61). Possibly
the inhibitory efect of CXCL2 on CXCL1 is mediated by a Abbreviations: BAM8-22 peptide, bovine adrenal medulla 8-
similar mechanism, but at this step there are not enougB2 peptide; [C&];, intracellular calcium concentration; Ga
experimental data to support such a mechanism. voltage-gated Ca channels; CGRPcalcitonin gene-related

If reducingTRPV1 desensitization in IBDRG neurons is  peptide; CPS, capsaicin; CQ, chloroquine; CREB, cAMP
a clear dect for both CXCL1 and CXCL2 upon short-term response element binding protein; CXCL1, chemokine (C-X-C
incubation, the mechanism of increasing fGaby the two  motif) ligand 1; CXCL2, chemokine (C-X-C motif) ligand 2;
chemokiness not equally clearThis could be due ta@RP CXCL10, chemokine (C-X-C motif) ligand 10; CXCR2, (C-X-C
channels activation, most like[JRPV1 as suggested by the motif) receptor 2; DAPI, 4',6-diamidino-2-phenylindole; DMEM,
behavioral studies in which the pretreatment with capsazepinBulbecco$ Modified Eagle Medium; DMSO, dimethyl sulfoxide;
significantly reduced the scratch behavior induced by CXCL1DRG dorsal root ganglia; DTT dithiothreitol; EndoH,
Intradermal injection in the nape of the neck of pruritogens isendoglycosidase H; ERK, extracellular signal-regulated kinase;
frequently used to investigate itch (23, 62), although it has beeRS, extracellular solution; FITC, fluorescein isothiocyanate; Gly
suggested that in this model scratching could also be a responglycosylated; GPCR, G-protein coupled receptor; HEK293T
to pain, besides itch (63, 64). In our case, most liKeCL1 human embryonic kidney cells; His, histamine; HR#se radish
activated upon injection all CXCR2-expressingPV1/IB4* peroxidase; IB4, isolectin B4; ICC, immunocytochemisiry31,
DRG neurons, including the itch- and non-itch-sensitive cellsinterleukin 31; IP3, inositol 1,4,5 trisphosphatrgprA3, Mas-
Since the pre-treatment with capsazepine significantly reducecklated G-protein coupled recepf®; MrgprC11, Mas-related G-
the bouts of scratching, and the bouts of scratching arerotein coupled receptor CINGF nerve growth factor; NMDA,
considered an important indicator of the magnitude of itch-N-methyl-D-aspartate; PBS, phosphate fénafd saline; Pk,
related scratching (23), we may conclude that an important pagaraformaldehyde; PKC, protein kinase C; PLC, phospholipase C;
of the scratching-induced response of CXCL1 upon injection irRIPA buffer, radioimmunoprecipitation assay Berf SDS,
the nape of the neck is due to an itch-component, which is highlgodium dodecy! sulfatd;RP, transient receptor potentidlRFAL,
possible to be mediated BRPV1. transient receptor potential channel subfanflymember 1;

Another candidate for the CXCL1-induced f@aincrease  TRPV1, transient receptor potential vanilloid type 1 channel;
could also b&RPA1 since it has been shown to be an essentiallRPV4, transient receptor potential vanilloid type 4 channel
downstream ééctor of chloroquine and BAM-22 (9) and in our
experiments 21% of CXCL1 sensitive cells also responded to Acknowledgements. A.F. Deftu andA. Filippi contributed
chloroquine.A potential TRPAL1 contribution might also be equally to this workWe greatly appreciate D&efana Petrescu
relevant for other itch-associated disease, like diabetedrom the Institute of Biochemistry for valuable discussions and
frequently associated with pruritus in the initial stages (65)to Cornelia DragomjrGeanina Haralambie adthtonia-Teona
Cutaneous application of methylglyoxal, a reactive carbonylDeftu from University of Bucharest for technical suppdttis
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