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 12 

Abstract 13 

Background : Substance P is linked to itch and inflammation via activation of 14 

receptors on mast cells and sensory neurons. There is increasing evidence that 15 

substance P functions through Mas-related GPCRs in addition to its conventional 16 

receptor, neurokinin-1. 17 

Objective :  18 

As Mrgprs mediate some aspects of inflammation that had been considered 19 

mediated by NK-1R, we sought to determine it itch induced by substance P may 20 

also be mediated by Mrgprs. 21 

Methods:  Genetic and pharmacologic approaches were used to evaluate the 22 

contribution of Mrgprs to substance P-induced scratching behavior and activation 23 

of cultured dorsal root ganglion neurons from mice. 24 
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Results:  Substance P-induced scratching behavior and activation of cultured 25 

dorsal root ganglion neurons was dependent on Mrgprs rather than NK-1R. 26 

Conclusion:  It is deduced that substance P activates MrgprA1 on sensory 27 

neurons rather than NK-1R to induce itch. 28 

 29 

Clinical Implications : Mrpgrs may be important target for treating histamine-30 

independent itch. 31 

 32 

Capsule summary : Mrgprs are increasingly recognized as mediating the 33 

inflammatory effects of substance P. Here, itch induced by substance P is now 34 

likewise linked to activation of Mrgprs on sensory neurons. 35 

 36 

Key words : substance P, Mrgprs, dorsal root ganglion neurons, calcium 37 

imaging, receptor antagonist, knockout mice. 38 

 39 

 40 

Introduction 41 

Recognition that itch is of major medical significance and poorly served by 42 

existing therapeutic options is driving research into the basic mechanisms that 43 

underlie this sensory phenomenon. Progress is being made on the identification 44 

of peripheral and central mediators, receptors and channels that contribute to the 45 

sensation of itch and scratching behavior. Substance P (SP) has long been 46 

established as an inflammatory neuropeptide and potent endogenous pruritogen 47 

in mice and humans. The classic receptor for SP is the neurokinin-1 receptor, 48 
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NK-1R. Several antagonists of this receptor have been developed to inhibit 49 

nociceptive and pro-inflammatory properties of SP. These compounds are 50 

effective in animal models of several diseases but have proved to be surprisingly 51 

ineffective with respect to inflammatory diseases in humans. With respect to itch, 52 

there are both positive1-3 and negative reports4, 5 on the effectiveness of NK-1R 53 

antagonists. It has been proposed that nerves are the main drivers of SP-induced 54 

itch in mice6. Recent studies have demonstrated that SP activates Mrgprs in 55 

addition to NK-1R but the interaction of SP with Mrgprs on nerves has not been 56 

evaluated. Here we demonstrate that SP activates Mrgpr receptors on dorsal root 57 

ganglion neurons and not NK-1R to induce itch. 58 

Mas-related G-protein coupled receptors (Mrgprs) on human and rodent small 59 

primary sensory neurons are implicated in nociception7. The concept of Mrgprs serving 60 

as innate environmental sensors in general, and specifically as sensors for pruritogens, 61 

is supported by a number of lines of evidence. Mrgprs first appear in tetrapods8, animals 62 

endowed with the capacity to remove exogenous agents by scratching while navigating 63 

on land. Mrgprs demonstrate high constitutive activity and respond to several ligands, 64 

many of which are pruritogens 8-11. In addition, Mrgprs are expressed on peripheral 65 

terminals of sensory neurons and mast cells, consistent with a potential role in sensing8, 66 

9, 12, 13. 67 

We recently identified an antagonist of human MRGPRX2 and the homologous 68 

mouse receptors MrgprA1 and MrgprB214. This antagonist is termed QWF6. We also 69 

found that while SP-induced itch remained intact in neurokinin 1 receptor knockout mice 70 

(NK-1R-/- mice), QWF significantly decreased SP-induced itch in both wildtype and NK-71 
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1R-/- mice. As QWF was found to inhibit SP-induced degranulation from mast cells, we 72 

suggested that SP-induced mast cell degranulation and SP-induced itch, at least in the 73 

periphery, is mediated via Mrgprs14. While an interaction of SP with mast cells in the 74 

context of inflammation has long been established, SP-induced itch is not significantly 75 

decreased in mast cell deficient mice6. A reasonable interpretation of these data is that 76 

SP interacts with a receptor on sensory nerves to evoke itch6. 77 

Mrgprs are primarily expressed on dorsal root ganglion (DRG) neurons and are 78 

implicated in itch and nociception15. Here, we evaluated the interaction of SP with 79 

cultured murine DRG neurons. We deduce that MrgprA1 is responsible for SP-induced 80 

scratching behavior. 81 

 82 

Methods 83 

Peptides and chemicals: SP was obtained from GenScript and dissolved in 1X 84 

PBS. The NK-1R antagonist L733060 and the dual NK-1R/Mrgprs antagonist 85 

QWF (Boc-Gln-D-Trp(Formyl)-Phe benzyl ester trifluoroacetate), were obtained 86 

from Sigma. QWF and L733060 were dissolved in DMSO (Sigma) at 10 mM and 87 

diluted into PBS for use at 500 µM or lower concentrations. In the nociceptive 88 

studies with capsaicin, where QWF was diluted in DMSO, the final concentration 89 

of DMSO was 0.01%. Capsaicin was obtained from Tocris Bioscience. 90 

 91 

Animals: Male and female Mrgpr cluster ∆ -/-, NK-1R -/-, TRPV1-Cre+/-DTA+/- 92 

(which TRPV1+ sensory neurons are ablated16) or wildtype mice were used. Mice 93 
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were 2-8 months old, 20-30 g, and 4-7 included per group, depending on the 94 

experiment.  95 

Mrgpr cluster ∆ -/- mice on a C57BL/6 background were generously provided by 96 

Xinzhong Dong, Johns Hopkins, Baltimore, MD. NK-1R-/- mice on a C57BL/6 97 

background were generously provided by Norma Gerard, Children’s Hospital, 98 

Boston, MA. The wildtype mice used for the scratching behavior experiments are 99 

littermates of the Mrgpr cluster ∆ -/- mice. The wildtype mice used for DRG culture 100 

and pain assessment, and the TRPV1-Cre+/-DTA+/-16 and its littermate control 101 

mice were obtained from JAX. All experiments were reviewed and approved by 102 

the Institutional Animal Care and Use Committee (IACUC) at Massachusetts 103 

General Hospital and Boston Children’s Hospital.  104 

 105 

Scratching behavior: The mouse cheek model was used in this study17. The 106 

animals were habituated for 30 minutes/day for 3 days prior to and for 15 minutes 107 

on the day of the experiment. Using a BD insulin syringe with 31G needle, mice 108 

were injected intradermally (i.d.) with 10 µl containing SP (500 µM) alone or in 109 

combination with L733060 (500 µM) or QWF (500 µM) into the right cheek. Mice 110 

were not shaved prior to injections to minimize irritation. All experiments were 111 

performed at consistent times during the day (9:00 am to 2:00 pm). Mice were 112 

videotaped in a soundproof environment to minimize distraction. A blinded 113 

investigator scored the recordings for the number of scratching bouts that occur 114 

over 1 minute intervals during 25 minute observation periods. A scratching bout 115 

was initiated by lifting the hind paw to the area of injection, and ended by 116 
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returning the hind paw to the floor or to the mouth. The concentrations of SP 117 

were selected based on the literature for behavioral tests6, 14. 118 

 119 

Pain assessment: Thermal latency threshold was assessed in wildtype mice 120 

using the Hargreaves' test (Plantar Test Apparatus; Ugo Basile, Comerio, Italy) 121 

10 min after an intraplantar (i.pl.) injection of 10 µl containing capsaicin (100 µM; 122 

prepared in DMSO) into the left hind paw18. A separate group of mice received a 123 

co-injection of 10 µl containing capsaicin (100 µM) and QWF (1 µM). The control 124 

group received 10 µl of the respective vehicle (DMSO). 125 

 126 

DRG culture and calcium imaging: Cervical to lumbar dorsal root ganglia from 127 

wildtype, NK-1R -/-, TRPV1-Cre+/-DTA+/- and its littermate control mice, were 128 

dissected and pooled from groups of 4 mice and maintained in DMEM (Gibco), 129 

containing 200 mM L-glutamine (Fisher Scientific), 10% heat inactivated fetal 130 

bovine serum (Gibco), 5000 U/ml penicillin and 5000 µg/ml streptomycin (Fisher 131 

Scientific). Enzymatic digestion was carried out with 1 mg collagenase in 1 ml 132 

dispase (Roche Applied Sciences), at 37°C for 70 mi n. The collagenase/dispase 133 

solution was removed and DRG were washed and suspended in DMEM 134 

containing 125 U DNAse (Sigma) within which the ganglia were mechanically 135 

triturated using fire-polished glass pipettes. These cells were centrifuged over a 136 

10 % bovine serum albumin solution (Sigma) gradient, pelleted at 1000 RPM and 137 

suspended in Neurobasal medium (Gibco) supplemented with B27® (Invitrogen), 138 

nerve growth factor (NGF; Invitrogen), glial cell-derived neurotrophic factor 139 
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(GDNF; Sigma) and arabinocytidine (Ara-C; Sigma). The cells were plated onto 140 

glass bottom 35 mm dishes coated with 10 µg/ml laminin (Sigma) and cultured 141 

for 24 h. 142 

 For calcium imaging experiments, neurons were loaded for 30 min with 10 143 

µM of Fura-2 AM (Life Technologies) in Neurobasal medium, washed with 144 

Standard Extracellular Solution (SES; 145 mM NaCl, 5 mM KCl, 2 mM CaCl2, 1 145 

mM MgCl2, 10 mM glucose, 10 mM HEPES, pH 7.5), and imaged at room 146 

temperature. Cells were evaluated using a Nikon Eclipse Ti inverted microscope 147 

equipped with an Exi Aqua CCD camera (QImaging). Ca2+ flux fluorescence was 148 

measured as an absorbance ratio at 340 nm and 380 nm (F340/380) (Lambda 149 

DG4, Sutter Instruments). The 340/380 ratiometric images were analyzed using 150 

Nikon Elements AR Software (Nikon). SP (10, 30, 100, 300 and 1000 nM) and 151 

QWF (1 µM) solutions were delivered directly onto neurons at a flow rate at 2 152 

ml/min for 20 seconds using perfusion barrels followed by buffer washout and 153 

further application. 1 µM allyl isothiocyanate (AITC; Sigma), 1 µM capsaicin 154 

(Tocris Bioscience) and 40 mM KCl (Sigma) were applied at the end of each 155 

experiment. 156 

 157 

PCR of human dorsal root ganglion (hDRG) total RNA: Human DRG total RNA 158 

(from 16-65 year olds) was purchased from Clontech Laboratiries (cat # 636150) 159 

and converted into ss-cDNA using random hexamers and reverse transcriptase 160 

using the SuperScript III First strand Synthesis kit (Invitrogen). PCR was carried 161 

out with the cDNA as a template and primer pairs of hMRGPRX2: forward 162 
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primers F1 (CTGTGATGACCTGTGCCTACCTTGC) and F2 163 

(TCAGCGGTCGTGTGTGTCCTGCTCTGGG), and reverse primers R1 164 

(CCGCCACTGCTTCCTAAAAGAGCCC) and R2 165 

(GAAGAAGTAAATGATGGGGTTGGCAC). The primer pairs F1+R1 and F2+R2 166 

yielded the expected PCR products 551 bp and 408 bp, respectively. The PCR 167 

was carried out using New England Biolabs Phusion High-Fidelity DNA 168 

polymerase at the conditions: denaturing at 980 C, annealing at 550 C and 169 

extension at 720 C.  170 

 171 

Statistical analysis: Group data are presented as mean ± standard error mean (S.E.M) 172 

of 6 to 7 animals depending on the study. This number of mice has been demonstrated 173 

via power calculation to generate significance in behavioral studies14. For statistical 174 

comparison, two-tailed paired or unpaired student’s t-test or one-way analysis of 175 

variance (ANOVA) followed by Tukey´s test was used to determine significance. 176 

Differences were considered statistically significant when P < 0.05. Data analysis was 177 

performed using Prism 6 (GraphPad).  178 

 179 

Results 180 

SP-induced itch behavior is dependent on Mrgprs 181 

We first asked if Mrgprs played a role in SP-induced scratching behavior. We used 182 

the mouse cheek model17 to evaluate the pruritogenic effect of SP in Mrgpr cluster ∆ -/- 183 

mice in which 12 Mrgprs have been knocked out10. SP-induced itch was significantly 184 

decreased in these animals as compared to wildtype mice (Figure 1A). This result is 185 
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consistent with previous studies suggesting a role for DRG neurons in addition to  mast 186 

cells, in SP-induced itch6, 14. To confirm these previous studies, we evaluated itch 187 

behavior in wildtype mice that were injected with SP together with L733060. L733060 is 188 

a widely used NK-1R antagonist that additionally blocks SP-induced activation of 189 

MrgprB214. L733060 had no significant effect on SP-induced itch, implying a minimal if 190 

any role for MrgprB2 in SP-induced itch (Figure 1B). Furthermore, MrgprB2 is the only 191 

mouse Mrgpr expressed on mast cells, and is intact in Mrgpr cluster ∆ -/- mice10, 13. 192 

In contrast, QWF, which is an antagonist of NK-1R, MrgprB2, and MrgprA1, but not 193 

other mouse Mrgprs14, inhibited SP-induced itch (Figure 1B). MrgprA1 is expressed on 194 

sensory nerves, but not mast cells19. This result is consistent with SP-induced itch being 195 

dependent on MrgprA1 on sensory neurons. 196 

We next sought to demonstrate that the effect of QWF is restricted to itch responses. 197 

QWF exposure to cultured DRG neurons had no effect on the relative number of 198 

capsaicin and KCl sensitive neurons or the amplitude of response induced by these 199 

stimuli (Figure 2A, Supplementary Figure 1A-C). QWF also failed to impact capsaicin-200 

induced thermal hyperalgesia in  vivo (Figure 2B). These findings are consistent with 201 

the activity of QWF on SP-induced itch being specific to the action of the ligand on 202 

these neurons.  203 

 204 

SP activates DRG neurons from NK-1R-/- mice 205 

 The possibility that SP interacts with a receptor other than NK-1R on DRG neurons 206 

has not been reported. To explore this possibility we evaluated the effect of SP on 207 

cultured DRG neurons from wildtype and NK-1R-/- mice. SP activated cultured DRG 208 
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neurons from NK-1R-/- mice in a concentration-dependent manner (Figure 3A-C). These 209 

activated cells were of small diameter and sensitive to capsaicin, consistent with 210 

TRPV1+ sensory neurons (Figure 3D). This response was abolished in DRG cultures 211 

from TRPV1-Cre+/-DTA+/- mice from which the TRPV1 sensory neurons have been 212 

ablated16 (Figure 3E). These results indicate that SP can activate pruriceptors through a 213 

receptor other than NK-1R. 214 

 215 

QWF blocks SP-induced calcium flux in NK-1R-/- mice DRG neurons 216 

 To establish an in vitro correlate of the capacity of QWF to block SP-induced itch, 217 

we examined the capacity of QWF to prevent SP activation of DRG neurons from mice. 218 

QWF abolished SP-induced calcium flux in DRG neurons from NK-1R-/- mice (Figure 219 

4A-B). Repeated treatment with SP was used to rule out the concern that the effects 220 

observed were due to desensitization. Such treatment led to similar calcium flux 221 

amplitude and numbers of responsive neurons (Supplementary Figure 2). These data 222 

are consistent with QWF antagonism of SP-induced calcium flux in NK-1R-/- mice 223 

nociceptors and we interpret this as showing that the peptide can act on these neurons 224 

independently of NK-1R. 225 

 226 

Discussion 227 

 The limited efficacy of antihistamines in most pruritic conditions20, 21 highlights the 228 

importance of histamine-independent mechanisms of itch. Mrgprs are among the most 229 

important mediators of histamine-independent itch22. This manuscript further addresses 230 

the role of Mrgprs in itch by indicating a specific role for MrgprA1 in SP-induced itch in 231 
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mice. SP has been implicated in various cutaneous and systemic pruritic disorders such 232 

as atopic dermatitis23, 24 and cholestasis25. We have previously reported that wildtype 233 

and NK-1R-/- mice have comparable scratching behavior in response to SP  and that in 234 

vitro, SP activates MrgprA1 in addition to NK-1R. These findings are consistent with a 235 

role for a receptor other than NK-1R in the mediation of SP-induced itch responses14.  236 

 Here we now show that SP-induced scratching behavior is dependent on Mrgprs, 237 

since Mrgpr cluster ∆ -/- mice demonstrate a significant reduction in the number of 238 

scratching bouts compared to wildtype animals. Our previous data on NK-1R-/- mice 239 

were confirmed here by showing that when the NK-1R antagonist, L733060, is injected 240 

with SP into wildtype mice, itch is not reduced, recomfirming in an independent fashion  241 

that NK-1R does not play a pivotal role in SP-induced itch in mice. In contrast, 242 

scratching behavior was reduced to baseline in animals co-treated with SP and the dual 243 

NK-1R/Mrgprs antagonist QWF, consistent with SP-induced itch being dependent on 244 

Mrgprs. These results are in line with data published by our group showing that QWF is 245 

an antagonist of MrgprA114. Since MrgprA1 is the only Mrgpr in the cluster knockout 246 

mice to which QWF binds14, this specific receptor likely mediates SP-induced itch. To 247 

further test the hypothesis that SP induces itch via a receptor that is not NK-1R, we 248 

evaluated the ability of SP to activate DRG sensory neurons lacking NK-1R. As 249 

expected, SP excited NK-1R-/- DRG neurons that are of small size and TRPV1+ in a  250 

QWF dependent fashion .  251 

The data presented here favor a specific role for MrgprA1 on sensory neurons in SP-252 

induced itch. It is appreciated that availability of MrgprA1-sensory neuron conditional 253 

knockout mice would provide additional genetic-based clarity to our pharmacological 254 
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observations. As QWF appears to have selectivity for itch over nociceptive responses 255 

(Figure 2 and supplementary figure 1), it is tempting to propose that we have uncovered 256 

a new receptor that specifically mediates SP-induced itch, and in consequence 257 

antagonists to a homologous receptor in humans may be useful for treating those 258 

pruritic disorders in which SP is involved, which we consider to be MRGPRX2.  259 

  MRGPRX2 is the only human Mrgpr expressed by mast cells13. Several 260 

endogenous and exogenous molecules activate MRGPRX2 to induce mast cell 261 

degranulation implicating the receptor in inflammation and pseudoallergic drug 262 

reactions13. The diversity of ligands activating MRGPRX2 underscores its role as a 263 

sensor to detect a wide variety of stimuli. In addition to inflammation, a role for 264 

MRGPRX2 in itch has been proposed14, 26. In line with this,, MRGPRX2 is the only 265 

human Mrgpr activated by SP,  an endogenous pruritogen14.  Several studies have 266 

demonstrated expression of MRGPRX2 on human and primate DRG neurons by 267 

immunohistochemistry and PCR12, 27, 28 although one did not29. In an effort to address 268 

this discrepancy, we used PCR and amplified MRGPRX2 from RNA extracted from 269 

human DRGs (supplementary figure 3). 270 

We have taken advantage of the different specificities of QWF and L733060 for 271 

antagonizing MrgprA1 and MrgprB2 to evaluate the roles of these receptors in SP-272 

induced itch. Human MRGPRX2, which is expressed on mast cells and DRG neurons, 273 

functionally resembles MrgprB2 and MrgprA1 on mouse mast cell and DRG neurons 274 

respectively. We conclude that MRGPRX2 is an important target both for treating mast 275 

cell mediated pathological actions, and for  histamine-independent itch.  276 

 277 
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 384 
 385 

Figure 1 –  Mrgprs mediate SP-induced itch . A) SP-induced itch (500 µM, i.d.) 386 

is significantly decreased in Mrgpr cluster ∆-/- mice. B) Effects of treatment with 387 

the NK-1R antagonist L733060 (500 µM, i.d.) or the dual NK-1R/Mrgpr antagonist 388 

QWF (500 µM, i.d.) on scratching behavior caused by SP (500 µM, i.d.). Data are 389 

expressed as mean ± S.E.M. Unpaired Student’s t test (n= 7 mice per group in A) 390 

and one-way ANOVA followed by Tukey’s test (n= 6 mice per group in B). 391 
Significant differences from wildtype mice (†p<0.05), baseline (#p<0.05), SP + 392 

vehicle (*p<0.05) or SP + L733060 ($$p<0.01) are indicated. 393 
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 396 
Figure 2 – The effect of QWF on capsaicin-induced C a2+ flux and thermal 397 

hyperalgesia. A) QWF (1 µM) does not impact Ca2+ flux induced by capsaicin (1 398 

µM) and KCl (40 mM) in cultured wildtype DRG neurons. B) QWF (1 µM, i.pl.) 399 

has no effect on capsaicin-induced thermal hyperalgesia in wildtype mice. Data 400 

are expressed as mean ± S.E.M. One-way ANOVA followed by Tukey’s test (n= 401 

6 mice per group). Statistical differences from vehicle are indicated by ### 
402 

p<0.001. Total number of cells analyzed: A) 267. 403 
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 408 

Figure 3 -  SP activates NK-1R-/- nociceptors.  A) SP (10 - 1000 nM) induces 409 

Ca2+ flux in wildtype (gray) and NK-1R-/- (black) cultured DRG neurons. B) 410 

Percentage of SP responding cells from wildtype or NK-1R-/- mice. C) Maximal 411 

Ca2+ flux in DRG neurons from wildtype (gray) and NK-1R-/- (black) animals. D) 412 

Size of SP responsive cells from NK-1R -/-animals. D-Insert) Venn diagram 413 

shows overlapping populations of KCl+, capsaicin+ and SP responsive neurons. 414 
E) Ca2+ flux induced by SP (1 µM), capsaicin (1 µM) and KCl (40 mM) in DRG 415 

neurons from wildtype (gray) and TRPV1-Cre+/-DTA+/- (red) mice. Unpaired 416 
Student’s t test. Significant differences from NK-1R-/- indicated by **p<0.01 and 417 

***p<0.001. Total number of cells analyzed: A, B, C) 328 (wildtype) and 1463 418 

(NK-1R -/-), D) 1463, D-Insert) 314 and E) 787 (wildtype) and 246 (TRPV1-Cre+/-
419 

DTA+/-). 420 
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Figure 4 – The effect of  QWF on SP-induced Ca 2+ flux in cultured DRG 424 

neurons from NK-1R -/- mice. A) QWF (1 µM) blocks SP-induced (300 nM) Ca2+ 425 

flux in DRG neurons from NK-1R -/- mice. The cells blocked by QWF also respond 426 

to AITC (1 µM), capsaicin (1 µM) and KCl (40 mM). B) Amplitude of SP-induced 427 

Ca2+ flux in NK-1R -/- neurons before and after treatment with QWF (1 µM). Data 428 

are expressed as mean ± S.E.M. Paired Student’s t-test. Statistical difference 429 
from SP (***p<0.001) is indicated. Total number of cells analyzed: A) 314 and B) 430 

492. 431 
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Supplementary Figure 1 – QWF does not impact capsai cin- or KCl-induced 436 

calcium flux. Ca2+ amplitude (A, B) and number of responsive cells (C) to 437 

capsaicin (A and C; 1 µM) or KCl (B and C; 40 mM) following treatment with 438 

QWF (1 µM) or vehicle. Data are expressed as mean ± S.E.M. Paired Student’s 439 
t-test. Significant differences from vehicle are indicated by ###p<0.001. Total 440 

number of cells analyzed: A, B, C)  267 441 
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 445 
Supplementary Figure 2 – DRG neurons from NK-1R -/- mice respond to  446 

subsequent SP exposure. A) Ca2+ response and B) maximal Ca2+ amplitude 447 

after repeated application of SP (300 nM), followed by KCl (40 mM). Data are 448 

expressed as mean ± S.E.M. Paired Student’s t-test. Statistical differences from 449 
vehicle are indicated by ##p<0.01, ###p<0.001. Total number of cells analyzed: A 450 

and B)  107. 451 
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Supplementary Figure 3. MRGPRX2 is transcribed in h uman DRGs as 455 

determined by PCR. Total human DRG RNA was converted into ss-cDNA using 456 

random hexamers and reverse transcriptase. PCR was carried out with the cDNA 457 

as a template and primer pairs of hMRGPRX2: forward primers F1 458 

(CTGTGATGACCTGTGCCTACCTTGC) and F2 459 

(TCAGCGGTCGTGTGTGTCCTGCTCTGGG), and reverse primers R1 460 

(CCGCCACTGCTTCCTAAAAGAGCCC) and R2 461 

(GAAGAAGTAAATGATGGGGTTGGCAC). The primer pairs F1+R1 and F2+R2 462 

yielded the expected PCR products of 551 bp and 408 bp, respectively. DNA 463 

markers are shown on the left. 464 
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Supplementary Figure 1 – QWF does not impact capsai cin- or KCl-induced 
calcium flux. Ca2+ amplitude (A, B) and number of responsive cells (C) to 
capsaicin (A and C; 1 µM) or KCl (B and C; 40 mM) following treatment with 
QWF (1 µM) or vehicle. Data are expressed as mean ± S.E.M. Paired Student’s 
t-test. Significant differences from vehicle are indicated by ###p<0.001. Total 
number of cells analyzed: A, B, C)  267 
 

Supplementary Figure 2 – DRG neurons from NK-1R -/- mice respond to  
subsequent SP exposure. A) Ca2+ response and B) maximal Ca2+ amplitude 
after repeated application of SP (300 nM), followed by KCl (40 mM). Data are 
expressed as mean ± S.E.M. Paired Student’s t-test. Statistical differences from 
vehicle are indicated by ##p<0.01, ###p<0.001. Total number of cells analyzed: A 
and B)  107. 
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