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Abstract 20 

The Transient Receptor Potential Melastatin 3 (TRPM3) is a Ca2+-permeable non-21 

selective cation channel activated by the neurosteroid pregnenolone sulfate (PS). This 22 

compound was previously shown to contract mouse aorta by activating TRPM3 in 23 

vascular smooth muscle cells (VSMC), and proposed as therapeutic modulator of 24 

vascular functions. However, PS effects and the role of TRPM3 in resistance arteries 25 

remain unknown. Thus, we aimed at determining the localization and physiological role 26 

of TRPM3 in mouse mesenteric arteries. Real-time qPCR experiments, anatomical 27 

localization using immunofluorescence microscopy and patch-clamp recordings in 28 

isolated VSMC showed that TRPM3 expression in mesenteric arteries is restricted to 29 

perivascular nerves. Pressure myography experiments in wild type (WT) mouse arteries 30 

showed that PS vasodilates with a concentration-dependence that was best fit by two 31 

Hill components (effective concentrations, EC50, of 14 and 100 µM). The low EC50 32 

component was absent in preparations from Trpm3 knockout (KO) mice and in WT 33 

arteries in the presence of the CGRP receptor antagonist BIBN 4096. TRPM3-34 

dependent vasodilation was unaffected by the β-adrenergic antagonist propranolol, but 35 

was partially inhibited by a cocktail of K+ channel blockers. We conclude that, contrary 36 

to what was found in aorta, PS dilates mesenteric arteries, partly via an activation of 37 

TRPM3 that triggers CGRP release from perivascular nerve endings and a subsequent 38 

activation of K+ channels in VSMC. We propose that TRPM3 is implicated in the 39 

regulation of the tone of resistance arteries and that its activation by yet unidentified 40 

endogenous damage-associated molecules lead to protective vasodilation responses in 41 

mesenteric arteries. 42 

Keywords: TRPM3; perivascular nerve; vasodilation; pregnenolone sulfate; CGRP  43 
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Nonstandard Abbreviations and Acronyms: 44 

AC  Adenylate cyclase 45 

α-SMA  Alpha-smooth muscle actin 46 

β-gal  β-galactosidase 47 

cAMP  cyclic adenosine monophosphate 48 

CGRP  Calcitonin gene-related peptide 49 

EC  Endothelial cells 50 

GAPDH Glyceraldehyde 3-phosphate dehydrogenase 51 

HEK293T Human embryonic kidney cell 293 SV40 T-antigen 52 

KO  Knockout  53 

NA  Noradrenaline 54 

NF-200 Neurofilament 200 55 

PGP9.5 Protein gene product 9.5 56 

PKA  Protein kinase A 57 

PS  Pregnenolone sulfate 58 

SMDS  Smooth muscle dissociation solution 59 

TH  Tyrosine Hydroxylase 60 

TRP  Transient Receptor Potential 61 

TRPM  Transient Receptor Potential Melastatin 62 

UTP  Uridine-5´-triphosphate 63 

VSMC  Vascular smooth muscle cells  64 
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1. Introduction 65 

Several members of the Transient Receptor Potential (TRP) protein superfamily have 66 

been recently identified in vascular smooth muscle, endothelial and perivascular cells, 67 

and their study is an emerging theme in cardiovascular research [1, 2]. TRP proteins 68 

form cation channels, and with the exceptions of TRPM4 and TRPM5, all of them 69 

permeate Ca2+ [3]. TRP channel activation can thus directly affect Ca2+-dependent 70 

signaling and modulate the membrane potential, and thereby the function of voltage-71 

gated K+ and Ca2+ channels that ultimately determine the vascular tone. There are 72 

substantial discrepancies about TRP channel functions in the vascular system, most of 73 

which arise from the lack of appropriate pharmacological tools and the difficulty of 74 

studying these channels in native cellular conditions [2]. Yet, several TRP channels 75 

have been implicated in the regulation of the vascular tone via multiple mechanisms. 76 

For instance, TRPC channels were identified as receptor-operated or store-operated 77 

Ca2+ entry channels in vascular smooth muscle cells (VSMC) [4, 5], activation of 78 

TRPV4 in VSMC and endothelial cells (EC) induces vasodilation [6, 7], and TRPV1 79 

and TRPA1 contribute to vasodilation mediated by stimulation of perivascular sensory 80 

nerves [8, 9]. 81 

The role of the melastatin family of TRP channels (8 members, TRPM1 to TRPM8) in 82 

vascular function remains ill-defined in most cases. TRPM4 has been shown to 83 

participate in the myogenic response of cerebral arteries [10], but seems to be absent in 84 

other resistance arteries [11]. TRPM2 is expressed in EC and regulates endothelial 85 

permeability [12], while TRPM6 and TRPM7 have been found in VSMC as critically 86 

involved in Mg2+ homeostasis  [13]. Regarding TRPM3 [14-16], it has only recently 87 

been described mRNA and protein expression in mouse aorta and human saphenous 88 
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veins [17]. Activation of TRPM3 by the steroid pregnenolone sulfate (PS) was reported 89 

to induce aortic contraction, as deduced from the inhibitory effects of antibodies 90 

blocking this channel. However, multiple key questions on the role of TRPM3 to 91 

vascular function remain open. First, the specificity of PS as TRPM3 agonist in vascular 92 

tissue has not been tested with the use of Trpm3 knockout (KO) mice. Second, the 93 

contributions of TRPM3 to the tone of resistance arteries and to the regulation of blood 94 

pressure are still unknown. Recent findings unveiling TRPM3 as thermo-sensor and 95 

potential chemo-sensor in nociceptive neurons [18, 19] suggest that, if present in 96 

perivascular nerve endings, activation of this channel might result in neuropeptide 97 

release. This would suppose a vasodilating effect of TRPM3 activation, an action 98 

opposite to the vasoconstriction previously described in mouse aorta [17]. 99 

In order to address these questions, we first investigated the localization of TRPM3 in 100 

mouse mesenteric arteries. Next, we performed myography experiments in arteries 101 

isolated from wild type (WT) and Trpm3 KO mice to determine the specificity of PS 102 

and to characterize the mechanism of action of this compound. We found that, contrary 103 

to what was reported for aorta [17], PS induces vasodilation of mesenteric arteries, and 104 

that these effects are partly mediated by activation of TRPM3, via release of CGRP and 105 

subsequent activation of K+ channels in VSMC. Our data support a contribution of 106 

TRPM3 as a potential therapeutic target for the modulation of the tone of resistance 107 

arteries and as a plausible effector of endogenous damage-associated molecules 108 

mediating protective responses in these vascular beds. 109 

 110 

 111 
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2. Methods 112 

2.1 Mice 113 

The experiments were performed on WT C57bl/6J (Janvier Laboratories, Saint-114 

Berthevin Cedex, France) and Trpm3 KO male mice weighing about 25 g and from 10-115 

12 weeks of age. They received standard food and drinking water ad libitum. Animals 116 

were anesthetized and then euthanized by CO2 inhalation. The Trpm3 KO mice are 117 

global knockouts produced by the insertion of a cassette containing a beta-geo fusion 118 

construct flanked by a 5’-terminal IRES sequence into exon 17 of the mouse Trpm3 119 

gene by homologous recombination [19, 20]. These mice have a decreased sensitivity to 120 

heat [19], but are otherwise viable, fertile, and exhibit no differences from WT animals 121 

in terms of general appearance and gross anatomy. All protocols were in accordance 122 

with the European Community and Belgian Governmental guidelines for the use and 123 

care of experimental animals (2010/63/EU, CE Off Jn8L358, LA12110551) and 124 

approved by the KU Leuven Ethical Committee Laboratory Animals (ECD) and the 125 

Institutional Care and Use Committee of the University of Valladolid.  126 

2.2 Isolation of VSMC 127 

Segments of third-order mesenteric arteries were dissected and cleaned of adipose tissue 128 

in cold oxygenated smooth muscle dissociation solution (SMDS) containing (in mM): 129 

145 NaCl, 4.2 KCl, 0.6 KH2PO4, 1.2 MgCl2, 10 HEPES, glucose 11 (pH 7.4, adjusted 130 

with NaOH) and 10 Ca2+. The dissected arteries were subjected to two consecutive 131 

processes of enzymatic digestion in order to isolate VSMC. The first digestion was 132 

carried out at 37 °C for 14-16 min in SMDS-Ca2+-free solution containing 0.8 mg/ml 133 

papain (Worthington Biochemical Corp.), 1 mg/ml BSA (Sigma-Aldrich) and 1 mg/ml 134 
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dithiothreitol (Sigma-Aldrich). The second digestion was performed at 37 °C for 14-16 135 

min using SMDS-10 µM Ca2+ supplemented with 0.6 mg/ml collagenase F (Sigma-136 

Aldrich) and 1 mg/ml BSA. Digested arteries were rinsed twice with SMDS-10 μM 137 

Ca2+. After this washing step, single cells were obtained by mechanical disruption with 138 

a wide-bore glass pipette. Cells were maintained at 4 °C until they were used in patch-139 

clamp recordings. 140 

2.3 qRT – PCR analyses 141 

Mesenteric arteries were enzymatically digested as described in the previous section, 142 

but decreasing the incubation time to 8-10 min with the enzymes and skipping the 143 

washing step with SMDS-10 μM Ca2+, so that nerve fibers, smooth muscle and 144 

endothelial cells were still present in the preparation. Arteries of 6 mice were used for 145 

each determination. Total RNA from the digested arteries was extracted using RNeasy 146 

mini kit (Qiagen), following the manufacturer’s protocol. cDNA synthesis was 147 

performed with 500 ng of total RNA of the previous step using Ready-to-go First strand 148 

beads (GE Healthcare). A small fraction of the cDNAs was used for quantitative real-149 

time PCR. Each qPCR reaction (20 µl) contained 3 µl of cDNA template, 10 µl of 150 

Universal TaqMan MasterMix (2x concentrated, Life Technologies), 1 µl of TaqMan 151 

probe (Table 1, 20x concentrated, Life Technologies) and 6 µl H2O. For every 152 

experiment, test reactions were performed in triplicate, and non-template negative 153 

controls in duplicate. Fluorescent signals generated during PCR amplifications were 154 

normalized to an internal reference (GAPDH). The threshold cycle (Ct) was set within 155 

the exponential phase, and the relative quantitative evaluation of target gene levels was 156 

performed using the 2-∆Ct method. Differences between samples with and without 157 

endothelium were calculated as 2-∆∆Ct, where ∆∆Ct = ∆Ctwithout - ∆Ctwith.  158 
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Gene 
Name 

Assay ID GenBank 
mRNA 

Exon 
boundary 

Assay 
location 

Amplicon 
length 

TRPM1 Mm00450619 AF047714.1 6 - 7 822 90 

TRPM2 Mm00663098 AB166747.1 29 - 30 4265 107 

TRPM3 Mm00616485 AK051867.1 21 - 22 3135 75 

TRPM4 Mm00613173 AJ575814.1 9 - 10 1204 78 

TRPM5 Mm00498453 AB039952.1 18 - 19 2787 73 

TRPM6 Mm00463112 AK080899.1 13 - 14 1520 125 
TRPM7 Mm00457998 AY032951.1 13 - 14 1752 125 

TRPM8 Mm00454566 AF481480.2 24 - 25 3389 89 

GAPDH 4352932E NM008084.2 -- -- 107 

Table 1. List of TRP-specific TaqMan gene expression assays (Life Technologies). 159 
 160 

2.4 Immunofluorescence microscopy 161 

Intact arteries were fixed with 4% paraformaldehyde (PFA) in PBS for 15 min, 162 

permeabilized in PBTx (PBS, 0.2% Triton X-100) and blocked with PBTx with 2% of 163 

sheep serum for 3 h. Arteries were incubated overnight at 4 °C with the primary rabbit 164 

anti-TRPM3 (1:100, Santa Cruz), mouse anti-NF-200 (1:1000, Alomone), human anti-165 

PGP9.5 (1:100, Santa Cruz), chicken anti-β-gal IgY (1:1000, Abcam), rabbit anti-166 

calcitonin gene-related peptide (1:500, Abcam), mouse anti-tyrosine hydroxylase 167 

(1:1000, Abcam) or rabbit anti-alpha smooth muscle actin (1:250, Abcam) antibodies, 168 

followed by the secondary antibodies Alexa 594 goat anti-rabbit (1:1000, Molecular 169 

Probes), Alexa 555 anti-mouse (1:1000, Abcam), 488 donkey anti-chicken or goat anti-170 

chicken IgY-Alexa 488 (1:1000, Abcam). Secondary antibodies were prepared in 171 

blocking solution and incubated for at least 2 h at room temperature. Finally, the arteries 172 

were flat-mounted in glass slides using DAPI-containing mounting solution 173 

(VectaShield, Vector Laboratories). 174 
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HEK293T cells were plated in polyL-lysine-coated coverslips, fixed with 4% PFA in 175 

PBS for 15 min and blocked with PBS with 2% of sheep serum for 3 h. The cells were 176 

incubated with primary antibody rabbit anti-TRPM3 (1:100, Santa Cruz) overnight at 4 177 

°C. After that, samples were incubated with the secondary antibody Alexa 594 goat 178 

anti-rabbit (1:1000, Molecular Probes) in blocking solution during 2 h at 22 °C.  The 179 

coverslips were mounted using DAPI-containing mounting solution (VectaShield, 180 

Vector Laboratories).  181 

Confocal images of labeled cells and arteries were collected using the optimal pinhole 182 

size for the Plan-Apochromat 63x/1.4 oil objective and 20x or 40x objective of a Zeiss 183 

LSM 510 Meta Multiphoton microscope (Carl Zeiss AG). Images were acquired by 184 

consecutive excitation with an Argon laser at 488 nm and He-Ne laser at 543 nm. For 185 

nuclear DAPI staining, we used a two-photon pulsed excitation by the Spectra-Physics 186 

(Mountain View) Mai Tai laser at 770 nm. Images were analyzed using ImageJ 187 

processing software. 188 

2.5 Patch-clamp electrophysiology  189 

Whole-cell patch-clamp recordings were performed in freshly isolated VSMC at ~22 °C 190 

using an Axopatch 200 patch-clamp amplifier (Axon Instruments, Molecular Devices), 191 

filtering at 2 kHz (-3 dB, four-pole Bessel filter), and sampling at 10 kHz. Recordings 192 

were digitized with a Digidata 1322A interface, driven by CLAMPEX 10 (Axon 193 

Instruments). Patch pipettes were made from borosilicate glass (2.0 mm O.D., WPI) and 194 

double pulled (Narishige PP-83) to resistances ranging from 2 to 5 MΩ when filled with 195 

the internal solution. For KV channel recordings, the composition of this solution was 196 

(in mM): 125 KCl, 4 MgCl2, 10 HEPES, 10 EGTA, 5 Mg2+-ATP, pH 7.2 with KOH. 197 

The composition of the bath solution was (in mM): 141 NaCl, 4.7 KCl, 1.2 MgCl2, 1.8 198 
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CaCl2, 10 glucose and 10 HEPES, pH 7.4 with NaOH. The voltage dependence of K+ 199 

currents were obtained applying 200 ms pulses from a holding potential of -80 mV to 200 

voltages between -60 to +60 mV in 20 mV steps, at a frequency of 5 s. Whole-cell 201 

patch-clamp recordings of TRPM3 currents were carried out with solutions of the 202 

following composition (in mM): 141 NaCl, 1.8 CaCl2, 1.2 MgCl2, 5 CsCl, 10 glucose, 203 

10 HEPES, 0.005 nicardipine, 0.1 DIDS and 0.1 niflumic acid (pH 7.4 with NaOH) for 204 

the extracellular solution and 10 CsCl, 110 Cs aspartate, 10 NaCl, 3.2 CaCl2, 10 205 

HEPES, 10 BAPTA, 2 Mg2+-ATP (pH 7.2, adjusted with CsOH) and with an estimated 206 

free [Ca2+] of 100 nM for the intracellular solution. To determine the effects of PS (10 207 

μM and 30 μM), CIM0216 (2 μM) and Uridine-5´-triphosphate (UTP, 100 μM) currents 208 

were recorded upon stimulation with 1 s voltage ramps from -150 mV to +80 mV 209 

applied from a holding potential of -10 mV, at a frequency of 5 s. Electrophysiological 210 

data analyses were performed with the Clampfit subroutine of pCLAMP (Axon 211 

Instruments) and with Origin 7.5 (OriginLab Corp.).  212 

2.6 Pressure myography experiments 213 

Third order mesenteric arteries were dissected and mounted in a myograph (Danish 214 

Myo Technology 110P) that allowed controlling the luminal pressure while measuring 215 

external arterial diameter via digital video edge detection (CCD camera). Artery 216 

segments were cannulated between two borosilicate glass pipettes and fixed with nylon 217 

filaments at both ends. The artery segments were filled with physiological saline 218 

solution containing (mM): 120 NaCl, 2.5 CaCl2, 1.17 MgSO4, 5 KCl, 1.18 Na2HPO4, 25 219 

NaHCO3, 1 EDTA, 10 glucose (pH 7.4, adjusted with 5% CO2–95% air, which was 220 

maintained throughout the duration of the experiment) and were pressurized to 70 221 

mmHg and allowed to stabilize at 37 °C for at least 15 min before starting the 222 
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measurements. Unless otherwise stated the artery segments were air-bubbled though the 223 

lumen to remove endothelial cells. Phenylephrine (10 μM) or noradrenaline (NA, 20 224 

μM) was perfused to contract the arteries prior to the application of test compounds. PS 225 

and CIM were washed after their last application with physiological saline solution 226 

containing 10 μM phenylephrine. The data were analyzed using MyoView software. At 227 

the end of each experiment, we applied the L-type Ca2+ channel blocker nifepidine (10 228 

μM) to determine the maximum arterial diameter. Nifedipine was previously reported as 229 

a TRPM3 agonist [21]. Thus, it could be argued that nifedipine-induced vasodilation 230 

may be partly mediated by TRPM3, making this compound unsuitable for the 231 

determination of the role of this channel. To test this, we compared the vasodilation 232 

elicited in the same artery by 10 µM nifedipine application and by perfusion with Ca2+-233 

free bath solution. We observed similar increase in the arterial diameter in both cases 234 

(Fig. S1). This demonstrates that 10 µM of nifedipine has the same effect than 235 

abrogating Ca2+ entry through L-type Ca2+ channels, thus validating its use to determine 236 

the maximal vasodilation. Vasodilation was determined using the formula 100 x (Dx - 237 

DPhe) / (DNif - DPhe). Dx, DPhe and DNif were the diameters recorded in the presence 238 

of PS and phenylephrine, phenylephrine alone and nifedipine, respectively. The 239 

resulting dose-response curves for PS were fitted using either one or two Hill functions 240 

of the forms: 241 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 (𝑖𝑖𝑖𝑖 %) = 100
[𝑃𝑃𝑃𝑃]𝑛𝑛

[𝑃𝑃𝑃𝑃]𝑛𝑛 + 𝑘𝑘𝑛𝑛
 242 

were [PS], n and k are the PS concentration, the Hill coefficient and the effective 243 

concentration, respectively, and: 244 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 (𝑖𝑖𝑖𝑖 %) = 100�
𝐴𝐴1[𝑃𝑃𝑃𝑃]𝑛𝑛1

[𝑃𝑃𝑃𝑃]𝑛𝑛1 + 𝑘𝑘1𝑛𝑛1
+

(1 − 𝐴𝐴1)[𝑃𝑃𝑃𝑃]𝑛𝑛2

[𝑃𝑃𝑃𝑃]𝑛𝑛2 + 𝑘𝑘2𝑛𝑛2
� 245 
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where A1, n1 and k1 are the relative amplitude, the Hill coefficient and the effective 246 

concentration of the first Hill component, respectively, and n2 and k2 are the Hill 247 

coefficient and the effective concentration of the second Hill component, respectively. 248 

A maximum of two arteries was taken from each mouse. In those cases, the data was 249 

averaged. 250 

2.7 Intracellular Ca2+ imaging 251 

Ca2+ imaging experiments were conducted using the fluorescent indicator Fura-2AM. 252 

HEK293T cells stably expressing murine TRPM3 were cultured as previously described 253 

[19]. They were incubated with 5 μM Fura-2AM (Invitrogen) for 30 min at 37 °C. 254 

Fluorescence measurements were performed with a Zeiss Axioskop FS upright 255 

microscope fitted with an ORCA ER charge-coupled device camera. Fura-2AM was 256 

excited at 340 and 380 nm with a rapid switching monochromator (TILL Photonics). 257 

Mean fluorescence intensity ratios (F340/F380) were displayed online with Metafluor 258 

software (Molecular Devices).  259 

2.8 Reagents 260 

Pregnenolone sulfate, noradrenaline, propranolol and nifedipine were purchased from 261 

Sigma-Aldrich. CIM0216 was obtained from Prof. Joris Vriens. The CGRP receptor 262 

antagonist BIBN 4096 was obtained from Tocris Bioscience. KV channel toxin blockers 263 

were purchased from Alomone Laboratories, and correolide was a gift from María 264 

García.  265 

2.9 Statistical analyses 266 
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In all experiments, data were pooled from multiple trials carried out on cells or arteries 267 

isolated from at least three different animals and summarized as means ± SEM. The 268 

Origin software (version 8.6, OriginLab) was used for statistical analysis and data 269 

display. Differences between means were assessed using t-test paired or unpaired and 270 

one-way ANOVA, Dunn-Sidak test comparisons. P < 0.05 was taken as statistically 271 

significant difference between means. 272 

3. Results 273 

3.1 Expression pattern of TRPM family in mouse mesenteric arteries 274 

We first determined the expression of the genes encoding TRPM channels in WT mouse 275 

mesenteric arteries with and without endothelium. Trpm1, Trpm5 and Trpm8 could not 276 

be detected after 40 cycles of amplification in any preparation. In contrast, the other 5 277 

members of the subfamily were detected in preparations with endothelium (Fig. 1A). 278 

We found lower relative expression for Trpm4 and Trpm7 and no detectable Trpm2 and 279 

Trpm6 in preparations devoid of endothelium (Fig. 1A, B), suggesting for a preferential 280 

expression of these transcripts in the endothelial layer. In sharp contrast, we found 281 

higher relative levels of Trpm3 mRNA in endothelium-free preparations, indicating for 282 

a predominant expression in the medial and/or adventitial layers. Of note, we found a 283 

much higher relative abundance of Trpm3 mRNA in aorta than in mesenteric arteries 284 

(3.3 ± 0.8; n = 3 versus 0.09 ± 0.01; n = 3; P < 0.001; data not shown). 285 

3.2 Localization of TRPM3 in perivascular nerves of mouse mesenteric arteries 286 

Confocal images of mesenteric arteries labeled with the neuronal markers PGP9.5 (Fig. 287 

1C) and neurofilament (NF-200; Fig. S2A) evidenced the presence of nerve fibers in the 288 

adventitial layer, but not in the smooth muscle layer (Fig. S2B). The localization of 289 
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TRPM3 was determined with an antibody whose specificity against TRPM3 was 290 

confirmed in a HEK293T cell line stably transfected with this channel (Fig. S3). As 291 

control for the experiment, we used TRPM5-transfected HEK293T cells, which also 292 

express TRPM7 endogenously [22]. We found that these cells were not stained with the 293 

anti-TRPM3 antibody, confirming the specificity for TRPM3 versus these closely-294 

related TRPM channels (Fig. S3). We found that TRPM3 colocalized with PGP9.5 (Fig. 295 

1C) and was absent in cells of the tunica media (VSMC), which were clearly identified 296 

by the distinct orientation of their nuclei, perpendicular to the axis of the vessel (Fig. 297 

1D). 298 

Of note, arteries from Trpm3 KO mice could not be used as a negative control for the 299 

TRPM3 antibody, because these animals express a truncated TRPM3 protein that can be 300 

recognized by the anti-TRPM3 antibody. However, we took advantage of the fact that 301 

these mice have incorporated a β-galactosidase (β-gal) reporter encoded by the insertion 302 

of a Lac-Z gene into the reading frame of the Trpm3 gene [20]. Using an anti-β-gal 303 

antibody in Trpm3 KO mice, we found that β-gal colocalized with the neuronal markers 304 

PGP9.5 (Fig. 2A) and NF-200 (Fig. S2A) and was absent in VSMC (Fig. S2B). As 305 

expected for negative control, WT arteries were not stained with the anti-β-gal antibody 306 

(Fig. 2B). To further characterize the localization pattern of TRPM3 we performed 307 

double immunostaining in intact mesenteric arteries from Trpm3 KO mice labeled with 308 

antibodies against β-gal and the smooth muscle-specific protein alpha-smooth muscle 309 

actin (α-SMA). We found α-SMA to be present as expected in the smooth muscle (Fig. 310 

3A), but not in the adventitial layer (Fig. 3B). In contrast, β-gal was clearly detected 311 

only in nerve ending-like structures in the adventitial layer. 312 
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To test directly whether TRPM3 is functionally expressed in the medial layer of mouse 313 

mesenteric arteries we performed whole-cell patch-clamp recordings in freshly 314 

dissociated VSMC. Application of PS (10 and 30 µM) produced no significant change 315 

in the current amplitude at -80 mV and +150 mV (99.9 ± 0.5% and 100 ± 0.3% relative 316 

to the amplitude recorded in control condition, respectively; n = 12 cells from 4 mice; 317 

Fig. 4A). In another series of experiments, the effects of PS (10 µM) and of the potent 318 

TRPM3 synthetic agonist CIM0216 [18] on current amplitude were compared to the 319 

effects of the purinergic receptor agonist UTP [23]. Again, there was no change in 320 

current amplitude during PS application (-0.3 ± 0.3 pA, P = 0.95, at -150 mV and 1.3 ± 321 

0.9 pA, P = 0.77 at +80 mV (n = 6 cells from 3 mice; Fig. 4B, black trace in right 322 

panel). Currents were also unaffected by 2 µM CIM0216 (current amplitude change of -323 

0.5 ± 1.7 pA, P = 0.99 at -150 mV and 2 ± 2 pA, P = 0.77 at +80 mV; n = 4 cells from 2 324 

mice; Fig. 4C, black trace in right panel). On the other hand, currents were stimulated at 325 

negative potentials by 100 µM UTP, as expected. The amplitude of the UTP-sensitive 326 

current was -51 ± 9 pA, P = 0.003 at -150 mV and 2.7 ± 0.7 pA, P = 0.26 at +80 mV; n 327 

= 5 cells from 2 mice (Fig. 4B, C, grey traces in right panels). Taken together, these 328 

data indicate the absence of functional expression of TRPM3 channels in mesenteric 329 

arteries VSMCs. 330 

3.3 TRPM3 activation induces vasodilation mainly via stimulation of CGRP 331 

receptors 332 

To determine the effects of TRPM3 activation in resistance arteries we performed 333 

pressure myography experiments in endothelium-denuded mouse mesenteric arteries. 334 

Pressurized arteries were pre-contracted with 10 μM phenylephrine to maintain the 335 

physiological tone. PS induced a dose-dependent reversible vasodilation in arteries 336 
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dissected from WT animals. The data was best fit by the sum of two Hill functions, 337 

suggesting for at least two targets of PS (Fig. 5A, D). The EC50 values for these 338 

components were 14 ± 2 µM and 100 ± 9 µM and the corresponding Hill coefficients 339 

(H) were 2.2 ± 0.5 and 4.3 ± 1.2, respectively. This fitting also yielded a value of 340 

relative amplitude of the low EC50 vasodilation component of 57 ± 7% (A1, see the two-341 

Hill components equation in the Methods, section Pressure myography experiments). 342 

To determine the contribution of TRPM3 channels to the effects of PS we measured the 343 

response of mesenteric arteries isolated from Trpm3 KO mice. PS dilated Trpm3 KO 344 

arteries only at concentrations higher than ~10 µM (Fig. 5B, D). The dose-response 345 

curve for Trpm3 KO arteries could be fitted with a single Hill function, with EC50 and 346 

Hill values of 53 ± 3 µM and 2.2 ± 0.2, respectively. These results further support the 347 

idea that in WT arteries there are two different mechanisms involved in PS-induced 348 

vasodilation, being only the one with lower EC50 TRPM3-dependent. Also, CIM0216 349 

induced a dose-dependent reversible vasodilation in arteries from WT animals, with 350 

EC50 and Hill coefficients values of 0.40 ± 0.05 µM and 0.65 ± 0.06, respectively (Fig. 351 

S4A, C). Arteries dissected from Trpm3 KO mice responded to this compound, but at 352 

concentrations higher than 0.1 µM, with EC50 and Hill coefficients values of 1.50 ± 0.08 353 

µM and 1.6 ± 0.1, respectively (Fig. S4B, C).  354 

Based on prior studies on sensory TRP channels such as TRPV1 and TRPA1 [8, 9] and 355 

the expression of TRPM3 in nociceptive neurons [18, 19], as well as the well-stablished 356 

neuroanatomical localization of CGRP in perivascular nerves innervating the adventitial 357 

layer [24-27], we hypothesized that the TRPM3-dependent vasodilation induced by PS 358 

may be mediated by the release of CGRP and the relaxing effect of this peptide on 359 

VSMC. To test this, we performed myography experiments in the presence of the 360 

CGRP receptor antagonist BIBN 4096. In this condition, PS-induced vasodilation could 361 
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only be elicited at concentrations above 10-15 µM (Fig. 5C). The dose-response curve 362 

of the effect of PS in the presence of BIBN 4096 was similar to the curve obtained in 363 

arteries from Trpm3 KO mice, with EC50 and H values of 44 ± 2 µM and 1.8 ± 0.1, 364 

respectively (Fig. 5D). Furthermore, double immunolabelling of intact mesenteric 365 

arteries from Trpm3 KO mice with anti-β-gal and anti-CGRP antibodies showed a good 366 

colocalization in the sensory fibers that innervate the adventitial layer (Fig. 5E). These 367 

results indicate that TRPM3 location seems to be restricted to sensory nerve endings, 368 

where the TRPM3-mediated effect of PS depends on CGRP receptor activation.  369 

The vasodilating action of CGRP has endothelium-dependent and endothelium-370 

independent components, which are mediated by the stimulation of CGRP receptors in 371 

endothelial cells and VSMC, respectively [28, 29]. Thus, the TRPM3-dependent effect 372 

of PS is expected to be stronger in the presence of endothelium. We found that this was 373 

indeed the case, as PS induced a dose-dependent biphasic effect in intact arteries (Fig. 374 

S5A), with EC50 values lower than the corresponding ones found in endothelium-375 

denuded preparations (8.1 ± 0.5 µM and 50 ± 2 µM) (Fig. S5B). 376 

3.4 Sympathetic nerves are not implicated in TRPM3-mediated vasodilation  377 

The tone of mesenteric arteries is regulated by sympathetic innervation through the 378 

release of noradrenaline. The dominant effect of noradrenaline on mesenteric arteries is 379 

α1-adrenoreceptor-mediated vasoconstriction, but mesenteric VSMC also express β2-380 

adrenoreceptors, whose activation could induce vasodilation. If TRPM3 channels were 381 

also expressed in sympathetic nerve endings, PS-induced dilation of mesenteric arteries 382 

could be partly mediated by the activation of β2-adrenoreceptors. We used several 383 

approaches to assess this possibility. First, we studied the functional contribution of β2-384 

adrenoreceptors to the sympathetic response. The application of 20 µM noradrenaline 385 
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led to a vasoconstriction that was not affected by the application of the selective β2-386 

antagonist propranolol (1 µM and 5 µM). This suggests that the effects of sympathetic 387 

stimulation on mesenteric vessels are exclusively mediated by noradrenaline acting on 388 

α1-adrenoreceptors (Fig. 6A). Consistently with this, we failed to find any vasodilation 389 

in response to noradrenaline application in Phe-pre-contracted arteries (Fig. 6B). In 390 

another series of experiments, we found that 10 µM PS-induced vasodilation was 391 

unchanged in the presence of 5 µM propranolol (Fig. 6C, 40.3 ± 1.2 µM in the presence 392 

of propranolol; 38.5 ± 0.9 µM when only PS was applied), further indicating that β2-393 

adrenoreceptors are not involved in the vasodilation induced by PS. In addition, we 394 

performed double immunostainings of intact mesenteric arteries of Trpm3 KO mice 395 

using anti-β-gal and anti-Tyrosine hydroxylase (TH) antibodies. Due to their proximity, 396 

we could not distinguish the sympathetic nerves from the sensory fibers in the thick 397 

nerve bundles present in the adventitial layer (Fig. 7, adventitia, left panels), however 398 

we could find single β-gal-positive structures in the adventitia that are clearly not 399 

stained for TH (Fig. 7, white arrow heads from merged left panel). Furthermore, we also 400 

found a distinctively clear network of TH-positive sympathetic nerves closer to the 401 

medial layer, in which β-gal was not detected (Fig. 7, advent. + VSMC, right panels). 402 

Altogether, these experiments exclude an involvement of sympathetic fibers in TRPM3-403 

mediated vasodilation.  404 

3.5 CGRP release induces vasodilation via activation of K+ channels 405 

Next, we explored the mechanisms by which CGRP receptor activation in VSMC leads 406 

to vasodilation. Stimulation of the CGRP receptor has been reported to increase cyclic 407 

adenosine monophosphate (cAMP) production via the adenylate cyclase (AC) [30] and 408 

may therefore lead to protein kinase A (PKA)-mediated activation of K+ channels in 409 
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VSMC and consequent hyperpolarization and arterial relaxation. To test whether 410 

activation of K+ channels is involved in the vasodilation response triggered by TRPM3 411 

activation we compared the effects of 10 µM PS in arteries treated or not with K+ 412 

channel blockers. We noticed that the vasodilation induced by acute application of 10 413 

µM PS (42 ± 4 %) in the presence of phenylephrine (10 µM) (Fig. 8A) was larger than 414 

that induced by the same concentration during the cumulative dose-response 415 

experiments (18 ± 4%). This may be due to partial CGRP depletion induced by previous 416 

applications of PS at low concentrations. Nevertheless, the effects of cumulative (Fig. 417 

5D) or acute (Fig. S6) application of 10 µM PS were largely mediated by CGRP. 418 

Pretreatment with the voltage- and Ca2+-activated K+ channel blocker paxilline (500 419 

nM) [31] and the KV1 channels blocker correolide (10 µM) [32] led to a significant 420 

reduction of the effect of PS on pre-contracted mesenteric arteries. This effect was 421 

enhanced by addition of the KV2 blocker stromatoxin (ScTx1, 50 nM) (Fig. 8A, B) [33]. 422 

None of these compounds affected the responses of HEK293T cells stably transfected 423 

with mouse TRPM3 to PS (Fig. S7A), indicating that they did not target TRPM3 in the 424 

arterial preparations. We also probed for direct modulatory effects of PS on KV 425 

channels in whole-cell patch-clamp experiments performed in mesenteric VSMC 426 

freshly isolated from WT and Trpm3 KO mice. Current-voltage relationships elicited in 427 

WT and in Trpm3 KO VSMC by depolarizing pulses were unaffected by application of 428 

PS (10 and 30 µM; Fig. S7B, C).  429 

We further assessed the implication of the cAMP pathway and K+ channels by testing 430 

the effects of forskolin, a direct activator of AC, both in the absence and in the presence 431 

of paxilline, correolide and stromatoxin. We found 1 µM forskolin to induce strong 432 

vasodilation, an effect that was significantly attenuated in the presence of the K+ 433 

channel blockers (Fig. 8C, D). Taken together, these results indicate that the TRPM3-434 



20 
 

mediated dilation of mesenteric arteries is at least partly mediated by the activation of 435 

KV channels in VSMC. 436 

4. Discussion 437 

TRP channels have been found in all cell types relevant for vascular function. 438 

Endothelial TRP channels regulate angiogenesis and vascular tone and permeability, 439 

whereas in VSMC they are implicated in the regulation of contraction and proliferation 440 

[2, 34]. TRP channels are also expressed in perivascular cells, such as TRPV4 in 441 

astrocytes and TRPV1 and TRPA1 in sensory neurons [2]. Here we investigated the 442 

expression and functional role of an emerging sensory TRP channel, TRPM3, in 443 

resistance arteries. 444 

Although we found Trpm3 mRNA in VSMC and adventitia layer (Fig. 1A, B), our 445 

anatomical and functional data are consistent with an expression of TRPM3 protein 446 

restricted to perivascular nerve endings (Figs. 1C and D, 2, 3, 4, 5E, 7 and S2). A 447 

previous report showed functional expression of TRPM3 channels in proliferating 448 

human VSMC and in freshly isolated mouse aortic myocytes [17], but we did not find 449 

responses to PS in freshly isolated mouse mesenteric myocytes (Fig. 4A, B). Whether 450 

these differences may reflect vascular bed-dependent functional expression of TRPM3 451 

requires further investigation. Our qPCR studies show that Trpm3 mRNA expression is 452 

almost 40 times higher in aorta than in mesenteric arteries (data not shown). This is in 453 

line with TRPM3 channels being functionally expressed in aortic VSMC, activation of 454 

which leads to Ca2+ entry and vasoconstriction [17]. 455 

In contrast to these previous observations in aorta [17], we found that PS induces 456 

vasodilation of mesenteric arteries (Fig. 5A). The maximal effect of this compound was 457 
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comparable to the maximal dilation induced by nifedipine or a Ca2+ free solution (Fig. 458 

S1). A previous report showed that genetic ablation of Trpm3 abolished CGRP release 459 

from skin and insulin secretion from isolated pancreatic islets in response to 100 µM PS 460 

[18]. However, we found that PS induced dilation via two components, being the high 461 

EC50 component still present in arteries isolated from Trpm3 KO mice (Fig. 5B, D). Our 462 

results show that PS has TRPM3-independent effects in mesenteric arteries at 463 

concentrations higher than 10 µM. This compound has been shown to act on other 464 

targets, such as the gamma-aminobutyric acid receptor A and the N-methyl-D-aspartate 465 

receptor [35], but it is not yet clear whether these bare any relevance in mesenteric 466 

arteries. Of note, the values of the EC50 and Hill coefficient corresponding to the 467 

TRPM3-independent PS responses were different in WT and Trpm3 KO arteries. This 468 

may be due to the fact that in WT arteries the TRPM3-dependent processes may affect 469 

the TRPM3-independent vasodilation observed at higher PS concentrations. The 470 

nonlinear and integrative character of the vasodilation process may preclude that the 471 

effects of individual PS-dependent components add up in a simple arithmetic way. 472 

Further assessment of this observation will be possible once the mechanism underlying 473 

the latter component is clarified. Nevertheless, the data fitting results indicate that the 474 

TRPM3-dependent component contributes to an important fraction of the total PS-475 

induced dilation of WT arteries (~60%), and its occurrence in the lower concentration 476 

range suggest that it is the most relevant component in physiological conditions. 477 

In regard to the mechanism underlying TRPM3-dependent vasodilation, the overlap we 478 

observed between the PS dose response curves obtained for Trpm3 KO arteries and for 479 

WT arteries in the presence of the CGRP receptor inhibitor suggests that PS-induced 480 

CGRP effects are fully mediated by TRPM3 (Fig. 5D). Previous studies demonstrated 481 

CGRP release upon TRP channel activation in mouse trachea [36] and hind paw skin 482 
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[18]. However, we were unable to detect CGRP release from mesenteric using similar 483 

experimental procedures (data not shown), most likely because our preparation is 484 

between ~200 and 2000-fold smaller than the trachea and skin ones, respectively. 485 

The mechanisms proposed for the vasodilating effects of CGRP include an 486 

endothelium-dependent component, whereby activation of the endothelial CGRP 487 

receptor results in a rise in cAMP, NO production and guanylate cyclase-mediated 488 

vasodilation [37]. In addition, there are two effects mediated by AC and PKA 489 

stimulation in VSMC: activation of K+ channels and stimulation of myosin light chain 490 

phosphatase [28, 38]. Our data are consistent with all these mechanisms, as we found 491 

that the responses to PS were enhanced in the presence of endothelium and were 492 

partially inhibited by a cocktail of K+ channel blockers (Fig. S5 and 8A, respectively). 493 

Furthermore, we could exclude a possible contribution of sympathetic fibers to the PS-494 

induced vasodilation mechanisms. Our data exclude both the functional contribution of 495 

β2-adrenoreceptors to the sympathetic response and the involvement of these receptors 496 

in the vasodilation induced by PS application, as no differences were observed when we 497 

applied the β-blocker propranolol (Fig. 6). Moreover, the absence of colocalization of 498 

TH and β-gal in the nerve fibers innervating the media layer of the mesenteric arteries is 499 

also consistent with the lack of expression of TRPM3 in sympathetic nerve endings. 500 

Notably, the vasodilation we report here is the most sensitive TRPM3-mediated tissue 501 

response to PS reported so far. Previous studies showed TRPM3-dependent effects of 502 

PS in the range of tens to hundreds of micromolar, e.g., insulin release from pancreatic 503 

islets [21], CGRP release form mouse skin preparations [18] and rat ductus arteriousus 504 

contraction [39]. In contrast, we found significant TRPM3-dependent vasodilation with 505 

an EC50 of 7.7 µM in intact arteries. This value is the most similar to those reported for 506 
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stimulation of TRPM3 currents in vitro (5 - 23 µM) [40, 41]. Most likely, this is a 507 

consequence of the technical approach in myography experiments since PS has direct 508 

access to the TRPM3-expressing nerve endings, which contrasts with other preparations 509 

in which structural barriers are expected to interfere with PS diffusion. This suggests the 510 

mesenteric artery preparation as very instrumental for studies on TRPM3 modulation 511 

and pharmacology, including the testing of the specificity of previously described 512 

channel inhibitors [42, 43], in a close-to-physiological context. In addition, our results 513 

shed light on the long-standing question of whether PS is after all a physiological 514 

endogenous agonist of TRPM3 [21]. We observed TRPM3-dependent vasodilation 515 

induced by PS in the low micromolar range (Fig. 5A), which matches PS concentrations 516 

that may be present in living tissues [21]. The physiological or pathological contexts in 517 

which PS reaches such concentrations in mesenteric tissue remain, however, elusive. 518 

The idea that TRPM3 activation induces vasodilation in mesenteric arteries is further 519 

supported by the potent effect of the synthetic agonist CIM0216. However, this 520 

compound proved not to be fully specific for this channel, as it also produced 521 

vasodilation in arteries dissected from Trpm3 KO mice at concentrations above ~0.1 522 

µM (Fig. S4). We argue, therefore, that CIM0216 may be used as pharmacological tool 523 

to further investigate the role of TRPM3 in mesenteric arteries below these 524 

concentrations. Because this is a synthetic compound with no obvious similarity to any 525 

other known TRPM3 modulator [18], we consider that investigating the TRPM3-526 

independent effects is interesting but beyond the scope of the present study. 527 

Nevertheless, reporting for the first time that CIM0216 has off-target effects is of great 528 

value for future research on TRPM3 pathophysiology. 529 

The functional expression of TRPM3 in nociceptive neurons and its contribution to 530 

noxious heat sensing [19] may suggest that the function of this channel in mesenteric 531 
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arteries is the detection of noxious stimuli generated in pathological conditions. The 532 

high temperatures required for TRPM3 activation [19] strongly indicate that heat may 533 

not be a relevant stimulus of TRPM3 in mesenteric preparations. Nevertheless, it would 534 

be interesting to determine whether this channel is implicated in responses of skin 535 

resistance arteries to heat. However, in contrast to previous reports in skin and trachea 536 

[18, 19], we show here for the first time a role of TRPM3 in sensory fibers innervating a 537 

tissue that is not directly accessible to external stimuli. This may indicate that TRPM3 538 

functions as detector of endogenous compounds released upon tissue damage and/or 539 

metabolic deregulation. Two other sensory TRP channels, TRPV1 and TRPA1 are 540 

proposed to act as receptors of danger- and pathogen-associated molecular patterns 541 

during tissue injury and inflammatory diseases [44], by detecting acidosis, reactive 542 

oxygen and nitrogen species, electrophilic compounds and bacterial endotoxins [2, 8, 543 

36, 45-48]. However, TRPV1 and TRPA1 have also been reported in VSMC and 544 

endothelial cells of resistance arteries, respectively [49-53]. Thus, according to our 545 

findings, TRPM3 is the only one of these sensory TRP channels exclusively functional 546 

in perivascular nerves. This suggests TRPM3 as the most specific target to trigger 547 

resistance artery vasodilation via stimulation of the perivascular sensory innervation. 548 

We conclude that in contrast to what was previously reported in aorta [17], in 549 

mesenteric arteries TRPM3 is functionally expressed mainly in perivascular nerve 550 

endings and its activation leads to vasodilation rather than contraction. Our data is 551 

consistent with a model in which activation of TRPM3 triggers CGRP release, leading 552 

to vasodilation via endothelium-dependent and endothelium-independent pathways. We 553 

propose that, together with TRPV1 and TRPA1, TRPM3 allows mesenteric arteries to 554 

react to a wide range of damage-associated molecules, leading to vasodilation, via the 555 

common pathway of CGRP release from perivascular sensory nerve endings.  556 
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Figure legends 731 

Figure 1. TRPM3 is located in perivascular nerve endings of mouse mesenteric arteries. 732 

(A) Relative expression of Trpm genes in mesenteric arteries dissected from WT mice. 733 

Data are represented as mean ± SEM, *P < 0.05; #P < 0.01 (n = 3), one way ANOVA, 734 

Dunn-Sidak test. (B) Relative expression of Trpm genes in endothelium-denuded 735 

arteries using arteries with endothelium as calibrator. Data are mean ± SEM of 736 

triplicates (n = 3 different pools of arteries from 5 different mice). (C) Confocal images 737 

of intact WT mouse mesenteric arteries labeled with PGP9.5 (left) and TRPM3 (center) 738 

antibodies. An overlay of these images merged with a nuclear staining DAPI (blue) is 739 

shown on the right. (D) Confocal microscopy images of the adventitia and medial layers 740 

labeled with a TRPM3 antibody (green) and nuclear DAPI staining (blue). The white 741 

arrowheads in the bottom-right image point to TRPM3 labeling observed only in the 742 

adventitial layer. Images are representative of at least 3 independent experiments. 743 

Figure 2. Location of the transgene product of the Trpm3 KO mice in perivascular 744 

nerve endings of mesenteric arteries. (A) Z-stack confocal images of intact Trpm3 KO 745 

mouse mesenteric arteries at the levels of the adventitial (a), medial (b) and endothelial 746 

(c) layers, labeled with β-galactosidase (green), PGP9.5 (red) antibodies and nuclear 747 

DAPI (blue) staining. The images are representative of at least 3 independent 748 

experiments. (B) Confocal microscopy images of the adventitial layer of a WT mouse 749 

mesenteric artery labeled with β-galactosidase (green), PGP9.5 (red) antibodies and 750 

nuclear DAPI staining (blue). Images are representative of at least 3 independent 751 

experiments. 752 

Figure 3. The transgene product of the Trpm3 KO mice is not located in smooth muscle 753 

layer from mesenteric arteries. Confocal microscopy images of the medial layer (A) and 754 
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adventital layer (B) of Trpm3 KO mouse intact mesenteric arteries labeled with β-755 

galactosidase (green), α-smooth muscle actin (red) antibodies and nuclear DAPI 756 

staining (blue). Images are representative of at least 3 independent experiments. 757 

Figure 4. TRPM3 is not functionally expressed in WT mouse mesenteric VSMC. (A) 758 

Left, time course of the amplitude of currents recorded at -80 and +80 mV in control 759 

and in the presence of 10 and 30 µM PS. Right, average of current traces recorded in 760 

control (black) and in the presence of 30 µM PS (grey). (B, C) Left, representative 761 

examples of the time course of the amplitude of currents recorded at -150 and +80 mV, 762 

showing the effects of 100 μM UTP, 10 μM PS and 2 μM CIM0216. Right, the traces 763 

represent the differences between traces recorded in the presence of these compounds at 764 

the time points indicated by the labels a and b and a corresponding current trace 765 

recorded in control. 766 

Figure 5. TRPM3-induced vasodilation of mesenteric arteries is mediated by CGRP 767 

receptor activation. Representative examples of the effects of increasing concentrations 768 

of pregnenolone sulfate (PS, in µM) on the diameter of arteries dissected from WT (A) 769 

and Trpm3 KO mice (B) in the presence of phenylephrine (Phe, 10 µM). (C) Effects of 770 

PS (in µM) on WT arteries in the presence of the CGRP receptor antagonist BIBN 4096 771 

(1 µM) and phenylephrine (10 µM). Nifedipine (Nif, 10 μM) was applied at the end of 772 

each experiment. (D) Dose dependency of PS-induced vasodilation (in µM) in 773 

precontracted arteries dissected from WT, Trpm3 KO mice and in WT arteries in the 774 

presence of 1 µM BIBN 4096. Data are mean ± SEM (n = 10 arteries from 8 WT mice; 775 

n = 8 arteries from 7 Trpm3 KO mice and n = 8 arteries from 6 WT animals + BIBN 776 

4096). The black solid line represents the fit of the WT data with a two-component Hill 777 

equation. The grey solid line and the dotted line represent the fit of the data for Trpm3 778 
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KO and WT in the presence of BIBN 4096 with single-component Hill equations. * 779 

indicates P < 0.05 compared to WT mice, unpaired t-test. (E) Confocal images of intact 780 

Trpm3 KO mouse mesenteric arteries of the adventitial layer labeled with β-781 

galactosidase (green), CGRP (red) antibodies and nuclear DAPI staining (blue). Images 782 

are representative of at least 3 independent experiments. 783 

Figure 6. Sympathetic perivascular nerves are not involved in TRPM3-induced 784 

vasodilation of mesenteric arteries. (A) Representative example of the effect of 785 

noradrenaline (NA, 20 µM) on a WT mouse mesentery artery in the presence of the β-786 

adrenoreceptor blocker propranolol (PRO, 1 µM in the left panel and 5 µM in the right 787 

panel). (B) Effect of 10 µM noradrenaline on WT arteries precontracted with 788 

phenylephrine (Phe, 20 µM). (C) Effect of pregnenolone sulfate (PS, 10 µM) in the 789 

presence of propranolol (5 µM). Nifedipine (Nif, 10 μM) was applied at the end of each 790 

experiment. 791 

Figure 7. Confocal images of intact Trpm3 KO mouse mesenteric arteries at the level of 792 

the adventitial (left panels) and closer to the medial (right panels) layers, labeled with 793 

nuclear DAPI staining (blue), β-galactosidase (green) and Tyrosine hydroxylase (red). 794 

Images are representative of at least 3 independent experiments. 795 

Figure 8. TRPM3-dependent vasodilation is partly mediated by activation of K+ 796 

channels and further stimulation of adenylate cyclase. (A) Comparison of the effects of 797 

pregnenolone sulfate (PS, 10 µM) in control conditions and in the presence of the K+ 798 

channel blockers paxilline (500 nM), correolide (10 µM) and stromatoxin (50 nM). The 799 

scheme shows the CGRP signaling cascade leading to activation of K+ channels via 800 

stimulation of adenylate cyclase (AC) and protein kinase A (PKA) in VSMC. (B) 801 

Average vasodilator effects of 10 µM PS on WT mesenteric arteries in control 802 
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conditions (n = 14 arteries from 10 mice), in the presence of paxilline and correolide (n 803 

= 8 arteries from 5 mice) and in the presence of paxilline, correolide and stromatoxin (n 804 

= 5 arteries from 4 mice). * indicate P < 0.05 for the comparison with the data obtained 805 

in control, unpaired t-test. (C) Representative example of the effect of 1 µM forskolin 806 

on a WT mouse mesentery artery in control and in the presence of the K+ channel 807 

blockers paxilline (500 nM), correolide (10 µM) and stromatoxin (50 nM). (D) Average 808 

vasodilator effect of 1 µM forskolin in the absence (n = 4 arteries from 4 mice) and in 809 

the presence of K+ channel blockers (n = 4 arteries from 4 mice). Phe = Phenylephrine; 810 

Nif = nifedipine * indicates P < 0.05 versus control, paired t-test.  811 
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Supplementary Fig. 1. Nifedipine 
(10 µM) induces maximal 
vasodilation in mouse mesenteric 
arteries. Comparison of the 
vasodilating effects of a Ca2+-free 
solution and 10 µM nifedipine (Nif) 
in WT arteries. Phenylephrine is 
defined as Phe. 
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Supplementary Fig. 2. Perivascular innervation in dissected mouse mesenteric arteries. 

Confocal images of the adventitia (A) and the medial layer (B) of intact Trpm3 KO mesenteric 

arteries labeled with β galactosidase (green), anti-NF-200 (red) antibodies and nuclear DAPI 

(blue) staining. Images are representative of at least 3 independent experiments. 
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Supplementary Fig. 3. Specificity of a rabbit anti-TRPM3 antibody. Confocal images of non-

transfected cells incubated with the anti-TRPM3 antibody, non-transfected cells incubated with 

the secondary antibody, TRPM3-transfected cells labeled with the anti-TRPM3 antibody and 

TRPM5-transfected cells incubated with anti-TRPM3. In all images DAPI staining is shown in 

blue. Images are representative of at least 3 independent experiments. 
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Supplementary Fig. 4. A synthetic potent agonist of TRPM3 induces vasodilation of 

endothelium-denuded mesenteric arteries. Representative examples of the effects of CIM0216 

at different concentrations applied on the diameter of arteries dissected from WT (A) and 

Trpm3 KO mice (B). (C). Dose dependency of CIM0216-induced vasodilation in arteries 

dissected from WT and Trpm3 KO mice. Nifedipine (Nif, 10 μM) was applied at the end of 

each experiment. Data is obtained from the average of 4 arteries from 4 different WT mice and 

4 arteries from 4 different Trpm3 KO mice. Phe = Phenylephrine. *P < 0.05 compared to WT 

mice, paired t-test. 
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Supplementary Fig. 5. TRPM3-induced vasodilation of mesenteric arteries is enhanced by 

endothelium. (A) Representative example of the vasodilation induced by PS in a WT mouse 

mesenteric artery with endothelium precontrated with phenylephrine (10 µM). At the end of 

each experiment, Nif (10 μM) was applied. (B) Comparison of the dose responses to PS in 

precontrated arteries with endothelium (n = 8 arteries from 6 animals) and without 

endothelium (n = 10 arteries from 7 animals, same data as in Figure 5D is shown for 

comparison). The solid lines represent the best fit of the data with two-component Hill 

equations. * indicates P < 0.05 compared to the corresponding data for WT without 

endothelium, unpaired t-test. 

 

                                                                 

 

Supplementary Fig. 6. PS (10 µM) does not 

induce vasodilation in the absence of CGRP 

signaling. Effects of PS (10 µM and 25 µM) 

on a WT mouse mesenteric artery in the 

presence of the CGRP receptor antagonist 

BIBN 4096. Phe = Phenylephrine, PS = 

pregnenolone sulfate and Nif = nifedipine. 
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Supplementary Fig. 7. Absence of non-specific effects of K+ channel blockers on TRPM3 

channels or PS on K+ channels (A) Intracellular Ca2+ signals in HEK293T-TRPM3 cells 

stimulated with 10 μM PS in control (n = 25) was not affected by the presence of a cocktail of 

K+ channel blockers including paxilline, correolide and stromatoxin (n = 25). Voltage-

dependence of the amplitude of K+ currents recorded VSMC isolated from WT (B) and Trpm3 

KO (C) mice in control and in the presence of 10 or 30 μM PS (n = 10 cells from 4-6 mice). 
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