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Abstract 12 

Pro-inflammatory mediators can directly activate pain-sensing neurons, known as nociceptors. 13 
Additionally, these mediators can sensitise ion channels and receptors expressed by these 14 
cells through transcriptional and post-translational modulation, leading to nociceptor 15 
hypersensitivity. A well-characterised group of ion channels that subserve nociceptor 16 
sensitisation is the transient receptor potential (TRP) superfamily of cation channels. For 17 
example, the roles of TRP channels vanilloid 1 (TRPV1) and ankyrin 1 (TRPA1) in nociceptor 18 
sensitisation and inflammatory pain have been extensively documented. In the case of TRP 19 
melastatin 3 (TRPM3), however, despite the increasing recognition of this channel's role in 20 
inflammatory pain, the mediators driving its sensitisation during inflammation remain poorly 21 
characterised. Here, using Ca2+ imaging, we found that an inflammatory soup of bradykinin, 22 
interleukin 1β (IL-1β) and tumour necrosis factor α (TNFα) sensitised TRPM3 function in 23 
isolated mouse sensory neurons; IL-1β and TNFα, but not bradykinin, independently 24 
potentiated TRPM3 function. TRPM3 expression and translocation to the membrane remained 25 
unchanged upon individual or combined exposure to these inflammatory mediators, which 26 
suggests that post-translational modification might occur. Finally, using the complete Freund's 27 
adjuvant-induced model of knee inflammation, we found that systemic pharmacological 28 
blockade of TRPM3 does not alleviate inflammatory pain (as assessed through evaluation of 29 
digging behaviour and dynamic weight bearing), which contrasts with previous reports using 30 
different pain models. We propose that the nuances of the immune response may determine 31 
the relative contribution of TRPM3 to nociceptive signalling in different neuro-immune contexts. 32 
Collectively, our findings improve insight into the role of TRPM3 sensitisation in inflammatory 33 
pain. 34 
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1. Introduction 41 

Activation of the nervous system is a crucial and significant consequence of inflammation. 42 
Indeed, one of the primary effects of inflammatory states is the development of pain (Pinho-43 
Ribeiro et al., 2017), which is due to activation of nociceptors, specialised ‘pain-sensing’ 44 
neurons. Nociceptors have their cell bodies in the dorsal root ganglia (DRG) and express 45 
specific receptors that recognise inflammatory cytokines and other immune-derived mediators 46 
(Cook et al., 2018). During pathological inflammatory states, pro-inflammatory mediators can 47 
disrupt normal nociceptor function, causing them to become hypersensitive, a process known 48 
as peripheral sensitisation (Hucho and Levine, 2007; Pethö and Reeh, 2012). Nociceptor 49 
hyperexcitability underpins allodynia, hyperalgesia, and/or spontaneous pain, and may 50 
ultimately lead to the development of chronic pain (Gold and Gebhart, 2010). Despite many 51 
advances in the field, the plethora of molecular mechanisms underlying inflammatory pain 52 
remains to be fully elucidated. 53 

The transient receptor potential (TRP) channel superfamily is one of the most studied type of 54 
receptors/channels in the context of pain. These proteins function as molecular sensors of 55 
multiple stimuli, including changes in pH (Jordt et al., 2000), chemical agents (Bessac and 56 
Jordt, 2008), temperature (Tan and McNaughton, 2016; Vandewauw et al., 2018), osmolarity 57 
(Strotmann et al., 2000), and even essential biological trace elements (Hu et al., 2009). TRP 58 
channels are generally non-selective Ca2+- and Na+-permeable channels (Julius, 2013; Nilius 59 
and Szallasi, 2014), classified into ankyrin (TRPA), canonical (TRPC), melastatin (TRPM), 60 
mucolipin (TRPML), polycystin (TRPP), and vanilloid (TRPV) subtypes (Wu et al., 2010). 61 
Notably, TRP channels play an important role in inflammatory pain. Indeed, TRPV1 is required 62 
for the development of inflammatory heat hyperalgesia (Caterina et al., 2000; Davis et al., 63 
2000) and several pro-inflammatory mediators have been shown to be potentiate the function 64 
of this channel leading to nociceptor hypersensitivity (Chuang et al., 2001). Similarly, TRPA1 65 
plays an important role in inflammation-related hyperalgesia (Kwan et al., 2006; Lennertz et 66 
al., 2012; Petrus et al., 2007). Pro-inflammatory mediators can also enhance the function of 67 
TRPA1 (Wang et al., 2008) and some inflammatory molecules, such as bradykinin, cause 68 
direct activation (Bandell et al., 2004). Inflammation-related sensitising effects are mediated 69 
by the activation of specific receptors (G protein-coupled receptors, GPCRs; receptor tyrosine 70 
kinases; and ionotropic receptors/ion channels) by pro-inflammatory mediators, which trigger 71 
specific cellular signalling cascades targeting particular ion channels. Key sensitising 72 
mechanisms include Gαs/protein kinase A (PKA)-coupled, Gαq/phospholipase C (PLC)-73 
coupled, Gαi/o-coupled, and receptor tyrosine kinase/mitogen-activated protein kinase 74 
(MAPK)-coupled signalling pathways (Linley et al., 2010). For example, studies have shown 75 
that bradykinin induces acute sensitisation of TRPV1 and TRPA1 by triggering a Gq/11-coupled 76 
signalling pathway (Chuang et al., 2001; Sugiura et al., 2002; Wang et al., 2008). Yet, the 77 
molecular mechanisms involved in the activation and potentiation of other receptors, including 78 
other TRP channels, in the context of inflammatory pain requires further investigation. 79 

In recent years, TRPM3 has emerged as an important mediator of inflammatory pain. This 80 
channel is expressed in a large subset of both mouse (~70-80%) and human (~50%) sensory 81 
neurons (Vangeel et al., 2020; Vriens et al., 2011). Activation of TRPM3 by its agonist 82 
pregnenolone sulphate evokes pain (Kelemen et al., 2021; Ueda et al., 2001; Vriens et al., 83 
2011) and its pharmacological inhibition has analgesic effects (Krügel et al., 2017; Straub et 84 
al., 2013). Of note, the expression and function of TRPM3 has been shown to increase during 85 
skin or bladder inflammation (Mulier et al., 2020; Zhao et al., 2022). However, which pro-86 



inflammatory mediators lead to increased TRPM3 function remains poorly characterised.  To 87 
answer this question, we first explored the expression and function of TRPM3 in mouse 88 
sensory neurons, before assessing the role of various pro-inflammatory mediators in 89 
modulating TRPM3 activity and expression. Finally, we studied the role of TRPM3 in 90 
inflammatory pain in a model of acute knee inflammation. 91 

 92 

2. Material and Methods 93 

2.1. Animals 94 

All mouse experiments were performed in accordance with the Animals (Scientific Procedures) 95 
Act 1986 Amendment Regulations 2012 under Project Licenses granted to E.St.J.S. 96 
(PP5814995) by the Home Office and approved by the University of Cambridge Animal 97 
Welfare Ethical Review Body. Experiments were performed using a mixture of male and 98 
female C57BL6/J mice (8-14 weeks old). Mice were purchased from Envigo and housed 99 
conventionally with nesting material and a red plastic shelter in a temperature-controlled room 100 
at ~21 °C, with a 12-hour light/dark cycle and access to food and water ad libitum. 101 

 102 

2.2. Immunostaining of whole DRG 103 

Mice were transcardially perfused with phosphate buffered saline (PBS) followed by 4% (w/v) 104 
paraformaldehyde (Sigma Aldrich) (in PBS, pH 7.4) under terminal anaesthesia (sodium 105 
pentobarbital, 200 mg/kg). DRG (L2-L5) were isolated and post-fixed in 4% (w/v) 106 
paraformaldehyde for 30 min, followed by overnight incubation in 30% (w/v) sucrose at 4 °C. 107 
Next, individual DRG were embedded in Shandon M-1 Embedding Matrix (Thermo Fisher 108 
Scientific), snap-frozen and stored at −80°C until processing. Cryosections (12 μm) were 109 
collated across Superfrost Plus slides (Thermo Fisher Scientific). Then, sections were washed 110 
with PBS-tween 20 (0.1%) and incubated in blocking buffer (PBS supplemented with 0.2% 111 
(v/v) Triton X-100, 5% (v/v) donkey serum and 1% (v/v) bovine serum albumin) for 2 hours at 112 
room temperature. Next, samples were incubated with primary antibodies: guinea pig anti-113 
TRPV1 (1:500, Alomone, ACC-030-GP) and rabbit anti-TRPM3 (extracellular) (1:1000, 114 
Alomone, ACC-050) overnight at 4 °C. Slides were washed three times using PBS-tween 20 115 
(0.1%) and incubated with species-specific conjugated secondary antibodies: donkey anti-116 
rabbit Alexa Fluor 488 (1:1000, Invitrogen, A21206) and donkey anti-guinea pig Alexa Fluor-117 
594 (1:1000, Jackson ImmunoResearch, 706-585-148) for 2 hours at room temperature. 118 
Slides were again washed three times using PBS-tween 20 (0.1%), mounted and imaged with 119 
an Olympus BX51 microscope and QImaging camera. Exposure levels were kept constant for 120 
each slide and the same contrast enhancements were made to all slides. Negative controls 121 
without the primary antibody were performed and showed no staining with either secondary. 122 

For the analyses, sections were blinded for experimental groups and ImageJ software was 123 
used (version 1.53k). After manually selecting all neurons in a DRG section, we measured 124 
their mean grey value and normalised it between the highest and lowest intensity neurons in 125 
that section. The threshold for scoring a neuron as positive for a stain was set to the normalised 126 
minimum grey value across all sections plus 1.5 times the standard deviation (SD).  127 

 128 

2.3. Drugs 129 



The following drugs were used for Ca2+-imaging experiments: pregnenolone sulphate (PregS) 130 
(Sigma-Aldrich), capsaicin (Sigma-Aldrich), bradykinin (Tocris), recombinant murine 131 
interleukin (IL)-1β (PeproTech), recombinant murine IL- 6 (PeproTech), recombinant murine 132 
tumour necrosis factor (TNF) α (PeproTech), and isosakuranetin (PhytoLab). Stock 133 
concentrations of PregS (50 mM and 500 mM) and isosakuranetin (5 mM and 10 mM) were 134 
dissolved in dimethyl sulfoxide (DMSO), capsaicin (1 mM) was dissolved in 100% ethanol, 135 
and bradykinin (1 mM), IL-1β (100 μg/mL), IL-6 (100 μg/mL) and TNFα (50 μg/mL) were 136 
dissolved in double distilled water (ddH2O). Drug aliquots were stored at -20˚C until use. 137 

For in vivo experiments (see below), isosakuranetin was dissolved in Miglyol 812 (kindly 138 
provided by IOI Oleo GmbH, Germany) containing 0.1% DMSO (Thermo Fisher Scientific). 139 
Mice were administered isosakuranetin intraperitoneally (2 mg/kg) (Aloi et al., 2023); Miglyol 140 
812 containing 0.1% DMSO was used as a vehicle control. 141 

 142 

2.4. Mouse DRG sensory neuron culture 143 

Mouse DRG (T8-T13; L1-L6) were bilaterally excised under a dissection microscope and 144 
cultured as previously described (Higham et al., 2024). In brief, after excision, isolated ganglia 145 
were incubated with Lebovitz L-15 Glutamax media (Invitrogen) containing 1 mg/mL type 1A 146 
collagenase (Sigma-Aldrich) and 6 mg/mL bovine serum albumin (BSA, Sigma-Aldrich) for 15 147 
minutes (37°C, 5% CO2). Next, DRG were washed and subsequently incubated with L-15 148 
media containing 1 mg/mL trypsin (Sigma-Aldrich) and 6 mg/mL BSA for 30 minutes (37°C, 149 
5% CO2). Then, DRG were gently triturated using a P1000 pipette. Dissociated cells were 150 
resuspended in L-15 + GlutaMAX growth media supplemented with 10% (v/v) foetal bovine 151 
serum, 24 mM NaHCO3 38 mM glucose and 2% (v/v) penicillin/streptomycin and plated on 152 
laminin- and poly-D-lysine-coated coverslips (MatTek). DRG neurons were incubated 153 
overnight at 37°C in 5% CO2 and were used for imaging after no more than 24 hours. When 154 
cells were incubated with inflammatory mediators, they were diluted in L-15 + GlutaMAX 155 
growth media supplemented with 10% (v/v) foetal bovine serum, 24 mM NaHCO3 38 mM 156 
glucose and 2% (v/v) penicillin/streptomycin and incubated for 20 hours before Ca2+-imaging. 157 
For sensitisation experiments, DRG neurons were incubated with bradykinin 100 nM, IL-1β 10 158 
ng/mL and TNFα 50 ng/mL, either in combination or separately. Vehicle-treated DRG neurons 159 
were incubated with L-15 + GlutaMAX growth media supplemented with 10% (v/v) foetal 160 
bovine serum, 24 mM NaHCO3 38 mM glucose, 2% (v/v) penicillin/streptomycin and 0.1% 161 
ddH2O (v/v). 162 

 163 

2.5. Ca2+ imaging of cultured DRG neurons 164 

Following overnight seeding of DRG neurons, cells were loaded with 2 μM Fura-2AM 165 
(Invitrogen) for 20-30 min at 37 °C. Next, culture dishes were mounted on the stage of an 166 
inverted microscope (Olympus IX71) and visualised with a 20x objective (Olympus UApo/340). 167 
Cells were continuously superfused with Krebs solution at room temperature, containing (in 168 
mM): 150 NaCl, 6 KCl, 1 MgCl2, 1.5 CaCl2, 10 glucose, 10 4-(2-hydroxyethyl)-1-169 
piperazineethanesulfonic acid (HEPES), and titrated to pH 7.4 with NaOH, during the entire 170 
length of the experiment through a flexible perfusion pencil (Automate Scientific) placed 171 
adjacent to the field of view. Superfusion was controlled with a clasp-valve, gravity-fed 172 
perfusion system (Biologic RSC-200). Neurons were illuminated alternately with a 340 nm and 173 
380 nm LED to excite Fura2 (Cairn Research), and emission at 520 nm was imaged with a 174 



Hamamatsu OrcaFlash 4.0LT camera (1 fps, 100 ms exposure) and recorded using MetaFluor 175 
(Molecular Devices). The baseline intracellular Ca2+ concentration was monitored for 120 s 176 
before adding any other stimuli and a Krebs-based solution in which the KCl concentration 177 
was increased to 45 mM by iso-osmotic substitution of NaCl was used at the end of each 178 
experiment to identify DRG neurons. Agonists and mediators (see below) were diluted in the 179 
aforementioned Krebs solution at the final concentrations required.  180 

Initial analysis was carried out in MetaFluor. Regions of interest (ROI) were manually traced 181 
around individual neurons, and the average emission intensity (minus background) at 520 nm 182 
per ROI was calculated following alternate illumination at 340 nm and 380 nm. The ratio of 183 
these intensities (F340/F380) was used as an indicator of intracellular [Ca2+]. A positive neuronal 184 
response to a given stimulus was determined if an increase in F340/F380 of >10% over baseline 185 
was measured. The magnitude of the response (peak minus baseline ratio, ∆F340/F380) to each 186 
stimulus was also measured. Cells not responding to 45 mM KCl with an abrupt F340/F380 187 
increase were considered unhealthy or non-neuronal cells and hence excluded from further 188 
analysis.  189 

For concentration-response experiments, all concentrations were performed in 2 series of 190 
experiments, which were repeated twice. Thus, DRG neuron cultures were consecutively 191 
stimulated with either PregS at 5 nM, 500 nM and 50 µM, or 50 pM, 50 nM and 500 µM. The 192 
stimulation with each dose lasted 1 min, which was followed by a wash-out with Krebs for 2 193 
min, before the subsequent dose was appliedd. The baseline for each dose was determined 194 
as the minute before that specific dose. All neurons that responded to a low dose, responded 195 
to a subsequent higher dose. In experiments where DRG neurons were incubated with 196 
inflammatory mediators, both the control (vehicle) and experimental condition (inflammatory 197 
mediator(s)) were measured on the same day. All Ca2+-imaging experiments were performed 198 
twice, on different days, and data were pooled. 199 

 200 

2.6. Immunostaining of cultured DRG neurons 201 

DRG neurons were isolated as in 2.4, but with neurons plated on Corning BioCoat Poly-D-202 
Lysine/Laminin glass coverslips (Merck). After overnight incubation in supplemented L-15 + 203 
GlutaMAX growth media (see section 2.4), neurons were fixed with 4% (w/v) 204 
paraformaldehyde for 10 min, followed by 3 washes with PBS-tween 20 (0.1%). Next, 205 
coverslips were incubated in blocking buffer (PBS supplemented with 0.2% (v/v) Triton X-100, 206 
5% (v/v) donkey serum and 1% (v/v) bovine serum albumin) for 2 hours at room temperature, 207 
followed by overnight incubation at 4 °C with primary antibodies: guinea pig anti-TRPV1 208 
(1:500, Alomone, ACC-030-GP) and rabbit anti-TRPM3 (1:200, Alomone, ACC-050). 209 
Coverslips were washed thereafter three times using PBS-tween 20 (0.1%) and incubated 210 
with species-specific conjugated secondary antibodies: donkey anti-rabbit Alexa Fluor 488 211 
(Invitrogen) and donkey anti-guinea pig Alexa Fluor-594 (Jackson ImmunoResearch) for 2 212 
hours at room temperature. Coverslips were again washed three times using PBS-tween 20 213 
(0.1%). During the second wash, coverslips were incubated with Hoechst 33342 (5 μg/mL, 214 
Tocris) for nuclei staining.  215 

Imaging and subsequent image analysis were performed by a researcher blinded to the 216 
treatment conditions. Fluorescence images were captured with a Leica Stellaris 5 confocal 217 
microscope equipped with a 63X oil immersion objective (NA 1.4). A 3X digital zoom was 218 
applied, and the pinhole set to 1 Airy Unit to optimise optical sectioning. TRPV1-positive 219 



neurons were identified visually based on their fluorescence intensity. The z-axis height of 220 
each neuron was determined, and a single optical section was captured at the midpoint of the 221 
cell body. Image acquisition parameters, including laser power, detector gain, and pixel dwell 222 
time, were kept constant across all samples to ensure comparability. 223 

Marker expression and translocation image analysis was performed using ImageJ software, 224 
following previously described methods (Balemans et al., 2019) with minor modifications. The 225 
cell membrane was defined as the outermost 1 μm of the cell surface, while the intracellular 226 
region (cytoplasm) was defined as the area 1 μm inward from the cell surface, excluding the 227 
nucleus (Supplementary Figure 3a). To generate the membrane ROI, the fluorescence image 228 
was first binarized. A median filter with a 3-pixel radius and the 'fill holes' function was then 229 
applied to smooth and connect the thresholded regions. Subsequently, 8 pixels (equivalent to 230 
0.96 μm) were eroded from the smoothed binary image. The membrane ROI was obtained by 231 
subtracting this eroded binary image from the original smoothed binary image. The 232 
intracellular ROI was created by subtracting the membrane ROI from the smoothed binary 233 
image of the whole cell. Mean fluorescence intensity was measured for both membrane and 234 
intracellular ROIs and the ratio of the membrane fluorescence to intracellular fluorescence 235 
was calculated. Translocation was calculated as the ratio of the mean fluorescence intensity 236 
of the membrane and the cytoplasm. 237 

 238 

2.7. Knee joint intra-articular injections 239 

All knee injections were performed through the patellar tendon and conducted under complete 240 
anaesthesia (100 mg/kg ketamine and 10 mg/kg xylazine) as described previously 241 
(Chakrabarti et al., 2020, 2018). For retrograde labelling of knee-innervating sensory neurons, 242 
1.5 μL Fast Blue (2% in 0.9% saline; Polysciences) was injected in both knees one week 243 
before isolation. In animals undergoing knee inflammation with complete Freund’s adjuvant 244 
(CFA, 100 μg in 10 μL; Chondrex), Fast Blue was injected one week before CFA injection. CFA 245 
was also intra-articularly injected in one knee (ipsilateral knee was determined randomly) and 246 
the contralateral knee was used as internal control. A digital calliper was used to measure 247 
knee width before and 24 hours after CFA injection. To measure knee inflammation, the ratio 248 
of the width of the ipsilateral knee to that of the contralateral knee was calculated. Behavioural 249 
tests (digging and dynamic weight bearing, see below) were performed before (baseline) and 250 
24 hours after CFA injection.  251 

 252 

2.8. Digging behaviour 253 

Digging behaviour was conducted as previously described (Pattison et al., 2024), mice being 254 
individually transferred to standard cages (49 x 10 x 12 cm) containing ∼3 cm of tightly packed 255 
fine-grain aspen midi 8/20 wood chip bedding (LBS Biotechnology). Mice were allowed 3 256 
minutes to explore cages without interference and the behaviour was video recorded (iPhone 257 
11 camera, Apple). Training sessions were carried out the day before baseline behaviours 258 
were assessed to allow mice to gain familiarity with the setup. Test sessions, also lasting 3 259 
minutes in total, were performed before the intra-articular injection with CFA and 24 hours 260 
after. In mice treated with isosakuranetin, this was administered 24 hours after CFA injection 261 
and 30 minutes before the behavioural test. The number of visible burrows, defined as crater-262 
like sites with displaced bedding material, remaining at the end of the 3-minute test was 263 
recorded. Next, digging behaviour was analysed offline in a blinded fashion. The latency of 264 



mice to begin digging was measured and the total time mice spent digging was scored 265 
independently by 2 observers, and the average digging times are reported (R2 = 0.80 ± 0.12 266 
from 66 animals scored). Digging behaviour was defined as previously (Chakrabarti et al., 267 
2020, 2018; Pattison et al., 2024), that is, by the vigorous disturbance of the digging substrate 268 
with all four limbs. Digging usually begins with the hind legs planted in a wide stance, followed 269 
by rapid movement of the substrate under the body using the forelimbs, and concludes with 270 
the hind limbs kicking the substrate backward to produce a burrow. 271 

 272 

2.9. Dynamic weight bearing 273 

Weight-bearing was measured in freely moving mice using an open field area with a pressure-274 
sensitive floor (dynamic weight-bearing device, Bioseb) (Chakrabarti et al., 2020). Each 275 
mouse was tested for 3 minutes, of the 3-minute recording at least 1 minute was manually 276 
vadlidated for correct annotation of fore paw and hind paw prints. Only frames where paw 277 
identification was manually validated or assigned by the analysis software with the two highest 278 
confidence levels were taken forward for analysis. We measured the time that mice spent 279 
rearing (that is, standing on their hind legs only) in the arena, the time spent on individual rear 280 
paws, and the ratio of weight placed through contralateral vs. ipsilateral rear paws. Dynamic 281 
weight bearing was evaluated before the intra-articular injection with CFA and 24 hours after. 282 
In mice treated with isosakuranetin, this was administered 24 hours after CFA injection and 30 283 
minutes before the behavioural test. 284 

 285 

2.10. Statistical analyses 286 

Normal (Gaussian) distribution was determined for all datasets using the Shapiro–Wilk 287 
normality test. Non-parametric tests were used for datasets where ≥1 group did not pass the 288 
normality test (assuming α = 0.05). Otherwise, parametric tests were used. The type of 289 
statistical test and the sample sizes for each experiment are provided in figure legends. Data 290 
were plotted and statistical analyses performed with Prism (GraphPad Software version 291 
10.2.3). P values <0.05 were considered statistically significant. 292 

 293 

3. Results 294 

3.1. Functional expression of TRPM3 in murine DRG sensory neurons 295 

Before examining the effects of inflammatory mediators on TRPM3 function, we first 296 
characterised the expression and function of TRPM3 in mouse DRG neurons under basal 297 
conditions using immunohistochemistry and Ca2+-imaging. In agreement with previous studies 298 
(Held et al., 2015; King et al., 2024; Vriens et al., 2011), we observed that ~73% of DRG 299 
neurons display TRPM3 immunoreactivity (Figure 1a, b); the TRPM3 antibody used here has 300 
been previously validated by others by employing Trpm3-deficient mice (Xie et al., 2021). 301 
Similarly, the TRPM3 agonist pregnenolone sulphate (PregS, 50 μM), an endogenous 302 
neurosteroid known to rapidly and reversibly activate TRPM3 (Wagner et al., 2008), elicited a 303 
robust increase in intracellular Ca2+ concentration ([Ca2+]i) increase in ~76% of cultured mouse 304 
DRG neurons (Figure 1c, d) (IHC vs. Ca2+ imaging for TRPM3+ neuron identification: p = 0.061, 305 
Fisher’s exact test). Although TRPM3 immunoreactivity was prominently found in small- and 306 
medium-diameter neurons (<30 μm), the size distribution was similar to DRG neurons not 307 



expressing TRPM3 (Figure 1 e). This contrasts with TRPV1 immunoreactivity, which was 308 
observed in ~44% of DRG neurons (Supplementary figure 1a) and had a significantly smaller 309 
diameter than neurons devoid of TRPV1 (Supplementary figure 1b). Interestingly, most of the 310 
TRPV1-expressing DRG neurons also displayed TRPM3 immunoreactivity (~82%, Figure 1f). 311 
In agreement with the expression analysis, using Ca2+-imaging, ~87% of capsaicin-responding 312 
neurons also responded to PregS (Figure 1g, h) (IHC vs. Ca2+ imaging for TRPM3+-TRPV1+ 313 
neuron identification: p = 0.098, Fisher’s exact test). Altogether, these results confirm the high 314 
expression of TRPM3 in murine DRG neurons, and that this TRPM3 is highly expressed in in 315 
TRPV1-positive neurons, i.e. putative nociceptors. 316 

 317 
Figure 1. Functional expression of TRPM3 in murine DRG sensory neurons. a) Representative image of a 318 
whole DRG section (L4) showing TRPM3 (yellow) and TRPV1 (magenta) expression. b) Proportion of DRG 319 
neurons (L2-L5) that express TRPM3 in naïve mice (n = 1263 neurons, 8 sections, 2 mice). c) Representative 320 
Ca2+-imaging trace of cultured DRG neurons responding to the TRPM3 agonist pregnenolone sulphate (PregS). d) 321 
Proportion of cultured DRG neurons that respond to PregS (n = 1133 neurons, 3 mice). e) Relative frequency 322 
distribution of whole DRG neuron soma diameter expressing TRPM3 immunoreactivity. Least squares regression 323 
comparing best-fit values of mean soma size; R2 = 0.87 ± 0.008; degrees of freedom 9 (TRPM3+) and 7 (TRPM3-324 
); F (1, 16) = 3.916; p = 0.0653. f) Proportion of DRG neurons (L2-L5) that express TRPV1 and TRPM3 in naïve 325 



mice (n = 553 neurons, 8 sections, 2 mice). g) Representative Ca2+ tracing of cultured DRG neurons responding 326 
to PregS and the TRPV1 agonist capsaicin (Caps). h) Proportion of cultured DRG neurons that respond to 327 
capsaicin and PregS (n = 205 neurons, 3 mice).   328 

3.2. Pharmacological activation and inhibition of TRPM3 in murine DRG sensory 329 
neurons 330 

Next, we sought to characterise the agonist concentration range required to activate TRPM3 331 
in murine DRG neurons using Ca2+-imaging. Previous studies have shown that PregS elicits 332 
a concentration-dependent [Ca2+]i increase in HEK293 cells heterologously expressing human 333 
and murine TRPM3 with EC50 values of 1 μM (Majeed et al., 2012, 2010) and 3 μM (Held et 334 
al., 2015), respectively. PregS also activates human stem cell-derived sensory neurons with 335 
an EC50 value of 48 μM (tested also using Ca2+-imaging) (Vangeel et al., 2020). In keeping 336 
with these findings, our assay yielded a dose-dependent [Ca2+]i increase in murine DRG 337 
neurons with an EC50 of 0.677 μM (Figure 2a) and neuron activation frequency with an EC50 338 
of 0.933 μM (Figure 2b). We observed similar activation frequencies and comparable Ca2+ 339 
responses between 50 μM and 500 μM of PregS (Figure 2b, c). These results suggest that 50 340 
μM PregS is an adequate agonist concentration to confidently activate all TRPM3-expressing 341 
murine DRG neurons. 342 

We next used the flavanone isosakuranetin to inhibit TRPM3 activity. This compound shows a 343 
marked specificity for TRPM3 compared to other TRP channels, such as TRPM8, TRPM7, 344 
TRPM1, TRPV1, and TRPA1 (Straub et al., 2013). We assessed whether isosakuranetin can 345 
not only prevent TRPM3-mediated Ca2+ responses when administered before PregS 346 
exposure, but also where it can abolish increases in DRG neuron [Ca2+]i after TRPM3 347 
activation. Application of isosakuranetin before PregS drastically reduced the number of 348 
PregS-responding neurons (Figure 2d, e) and the magnitude of the Ca2+ responses in TRPM3+ 349 
DRG neurons (Figure 2f). Similarly, isosakuranetin was able to block Ca2+ responses when 350 
applied during exposure to PregS (Figure 2g), eliciting an immediate and dramatic decrease 351 
in [Ca2+]i (Figure 2h, i). These results are in agreement with published data (Held et al., 2015; 352 
Kelemen et al., 2021). 353 

Altogether, our results indicate that PregS activates TRPM3 in murine DRG neurons with a 354 
similar potency to that observed following heterologous TRPM3 expression in HEK293 cells 355 
(Held et al., 2015). Furthermore, isosakuranetin abrogates TRPM3 activity when applied either 356 
before or after PregS stimulation. 357 



 358 
Figure 2. Pharmacological modulation of TRPM3 activation in murine DRG sensory neurons. a) Effect of 359 
increasing concentrations of PregS (n = 154-231 neurons) on Ca2+ responses in cultured DRG neurons. Absolute 360 
values were normalised using the maximum Ca2+ increase (∆F340/F380) (data shown as mean ± SEM). b) Effect of 361 
increasing concentrations of PregS (n = 239-283 neurons) on the frequency of activation of DRG neurons (data 362 
shown as mean ± SD). c) Ratiometric [Ca2+]i increase in cultured TRPM3+ DRG neurons (n = 154-231 neurons) in 363 
response to increasing concentrations of PregS (50 pM to 500 μM) (data shown as box and whiskers: centre line, 364 
median; box, 25th–75th percentiles; whiskers, 10th–90th percentiles; dots, outliers). Kruskal-Wallis test with Dunn’s 365 
multiple comparison test (p < 0.0001). d) Representative Ca2+-imaging trace of cultured DRG neurons responding 366 
to PregS after pre-exposure to isosakuranetin (Isos) or vehicle. e) Proportion of cultured DRG neurons that respond 367 
to PregS (veh, n = 527; isos, n = 465 neurons; 2 mice) following exposure to Isos or vehicle. Two-sided Fisher’s 368 
exact test. f) Ratiometric [Ca2+]i increase in cultured TRPM3+ DRG neurons (veh, n = 403; isos, n = 351 neurons; 369 
2 mice) in response to 50 μM PregS following exposure to Isos or vehicle (data shown as box and whiskers: centre 370 
line, median; box, 25th–75th percentiles; whiskers, 10th–90th percentiles; dots, outliers). Two-tailed Mann Whitney 371 
test. g) Representative Ca2+-imaging trace of cultured DRG neurons responding to PregS and subsequent 372 
application of Isos or vehicle. h) Proportion of ratiometric [Ca2+]i decrease after application of Isos or vehicle in 373 
cultured DRG neurons that responded to PregS (veh, n = 350; isos, n = 471 neurons; 2 mice) (data shown as 374 
median ± IQR). Two-way repeated measures ANOVA with Sidak’s multiple comparisons test; F (4, 3252) = 103.0, 375 
P < 0.0001. i) Ratiometric [Ca2+]i responses in DRG neurons responding to PregS and after application of Isos or 376 
vehicle (veh, n = 350; isos, n = 471 neurons; 2 mice) (data shown as median ± IQR). Two-way repeated measures 377 
ANOVA with Sidak’s multiple comparisons test; F (5, 4275) = 241.6, P < 0.0001. P values are shown in plots. 378 

 379 

3.3. Functional effects of inflammatory mediators on TRPM3+ murine DRG sensory 380 
neurons 381 

Several studies have shown that TRPM3 function is augmented in sensory neurons during 382 
inflammation (King et al., 2024; Mulier et al., 2020; Vanneste et al., 2022; Vriens et al., 2011; 383 
Zhao et al., 2022). However, little is known about the effects of specific inflammatory molecules 384 
in this process. To explore this, we first asked whether pro-inflammatory mediators activate 385 
neurons that functionally express TRPM3. To this end, we focused on several inflammatory 386 
molecules known to be elevated and play a role in complete Freund's adjuvant (CFA)-induced 387 
inflammation in the paw/knee, such as bradykinin (Davis and Perkins, 1996, 1994), IL-1β (Li 388 



et al., 2013; Safieh-Garabedian et al., 1995; Woolf et al., 1997; Zucoloto et al., 2019), IL-6 389 
(Ghasemlou et al., 2015; Li et al., 2013; Zucoloto et al., 2019) and TNFα (Keeble et al., 2005; 390 
Woolf et al., 1997; Zucoloto et al., 2019). All tested inflammatory mediators activated murine 391 
DRG neurons at the concentrations evaluated, although IL-6 elicited lower Ca2+ responses 392 
and in a significantly smaller fraction of neurons than other mediators tested (Supplementary 393 
Figure 2a-e). Among TRPM3+ DRG neurons, ~36% of neurons also responded to bradykinin 394 
(Figure 3a, b), ~34% responded to IL-1β (Figure 3d, e) and ~38% responded to TNFα (Figure 395 
3j, k); by contrast, only ~4% of TRPM3+ DRG neurons responded to IL-6 (Figure 3g, h). The 396 
majority of DRG neurons responding to bradykinin, IL-1β and TNFα, also responded to 50 μM 397 
PregS: ~86%, ~82% and ~92%, respectively (Figure 3c, f and l). This strongly suggests that 398 
most DRG neurons expressing receptors for these mediators co-express TRPM3. However, 399 
just over half of the DRG neurons responding to IL-6 (~63%) also responded to PregS (Figure 400 
3i), indicating that the prevalence of TRPM3 expression in these neurons is lower. We next 401 
evaluated whether pro-inflammatory mediator-responding DRG neurons display different 402 
sensitivity to PregS compared to pro-inflammatory mediator-insensitive neurons. While we 403 
observed no differences in the [Ca2+]i increase to 50 μM PregS between bradykinin-, IL-1β- or 404 
IL-6-sensitive neurons and those insensitive to these mediators (Supplementary Figure 2f-h), 405 
TNFα-responding DRG neurons showed a slight, but statistically significant, increased 406 
sensitivity to 50 μM PregS (Supplementary Figure 2i).  407 

Overall, these results demonstrate notable co-expression of TRPM3 and receptors for pro-408 
inflammatory mediators in DRG neurons, including receptors of bradykinin, IL-1β and TNFα. 409 
This highlights the potential of these molecules to induce the TRPM3 sensitisation during 410 
inflammation. Moreover, our data suggest that TRPM3 might show an increased sensitivity in 411 
a subpopulation of DRG sensory neurons expressing receptors to TNFα. 412 



 413 
Figure 3. Responsiveness of TRPM3+ sensory neurons to pro-inflammatory mediators. a) Representative 414 
Ca2+-imaging trace of cultured TRPM3+ DRG neurons responding to bradykinin. b) Proportion of cultured TRPM3+ 415 
DRG neurons that respond to bradykinin (n = 264 neurons, 2 mice). c) Proportion of cultured bradykinin-responding 416 
DRG neurons that respond to PregS (n = 112 neurons, 2 mice). d) Representative Ca2+-imaging trace of cultured 417 
TRPM3+ DRG neurons responding to IL-1β. e) Proportion of cultured TRPM3+ DRG neurons that respond to IL-1β 418 
(n = 371 neurons, 2 mice). f) Proportion of cultured IL-1β-responding DRG neurons that respond to PregS (n = 153 419 
neurons, 2 mice). g) Representative Ca2+-imaging trace of cultured TRPM3+ DRG neurons responding to IL-6. h) 420 
Proportion of cultured TRPM3+ DRG neurons that respond to IL-6 (n = 269 neurons, 2 mice). f) Proportion of 421 
cultured IL-6-responding DRG neurons that respond to PregS (n = 19 neurons, 2 mice). j) Representative Ca2+-422 
imaging trace of cultured TRPM3+ DRG neurons responding to bradykinin. h) Proportion of cultured TRPM3+ DRG 423 
neurons that respond to bradykinin (n = 269 neurons, 2 mice). f) Proportion of cultured bradykinin-responding DRG 424 
neurons that respond to PregS (n = 112 neurons, 2 mice). 425 

 426 

Given the low prevalence of TRPM3+ DRG neurons responding IL-6 (Figure 3g-i), we focused 427 
on the modulatory effects of the other mediators tested. Thus, we evaluated whether 428 
bradykinin, IL-1β, and TNFα can modulate TRPM3 function in murine DRG neurons. To this 429 
end, we used a low concentration of PregS, 50 nM, which we observed does not activate all 430 
TRPM3+ DRG neurons and elicits a weaker [Ca2+]i increase compared to higher 431 
concentrations (Figure 2a-c). Moreover, we also used 50 μM PregS to identify TRPM3+ 432 
neurons, before characterising living neurons using KCl. To better represent the inflammatory 433 
conditions in vivo in our cultures, DRG neurons were incubated overnight with these 434 
mediators, rather than short-term incubation or acute administration. Overnight incubation with 435 
a cocktail of bradykinin (100 nM), IL-1β (10 ng/mL) and TNFα (50 ng/mL) enhanced DRG 436 
neuron Ca2+ responses to 50 nM PregS (Figure 4a) and the proportion of TRPM3+ neurons 437 
that responded to this low dose (Figure 4b). Furthermore, Ca2+ responses to stimulation with 438 



50 μM PregS were also amplified by overnight incubation with the pro-inflammatory cocktail 439 
compared to vehicle incubation (Figure 4c), but the proportion of neurons responding to 50 440 
μM PregS was not altered (Figure 4d). 441 

We next investigated whether the potentiation effect of these mediators was due to their 442 
synergistic interaction or if any of them could individually enhance PregS-induced Ca2+ 443 
responses. Overnight incubation with bradykinin did not significantly increase the proportion 444 
of neurons responding to the low dose of PregS, nor did it amplify neuronal Ca2+ responses at 445 
either low or high concentrations of PregS (Figure 4e-g). By contrast, although IL-1β and TNFα 446 
did not increase the sensitivity of DRG neurons to a low dose of PregS or the proportion of 447 
responding cells, both cytokines did evoke increased [Ca2+]i responses to a high dose of PregS 448 
compared to vehicle incubation (Figure 4i-k, m-o). Similar to the results with the three 449 
mediators combined, the proportion of DRG neurons activated by 50 μM PregS remained 450 
unchanged after individual overnight incubation with bradykinin, IL-1β, or TNFα (Figure 4h, l 451 
and p). 452 

Altogether, these results demonstrate that inflammatory mediators can potentiate TRPM3 453 
function in DRG neurons. IL-1β and TNFα, individually, were shown to potentiate Ca2+ 454 
responses to a high dose of PregS, unlike bradykinin, which had no effect. Notably, however, 455 
when all mediators were combined (as is more likely to occur during inflammation in vivo), 456 
they exerted a synergistic potentiation effect, increasing TRPM3 activity even in response to 457 
mild stimuli. 458 



 459 
Figure 4. Potentiation/sensitisation of TRPM3+ by pro-inflammatory mediators. a) Ratiometric [Ca2+]i increase 460 
in cultured DRG neurons (vehicle n = 236 neurons, 7 plates; soup of inflammatory mediators, n = 160 neurons, 7 461 
plates; 2 mice) in response to 50 nM PregS. Two-tailed Mann Whitney test. b) Proportion of cultured TRPM3+ DRG 462 
neurons that respond to 50 nM PregS (vehicle n = 236 neurons, 7 plates; soup of inflammatory mediators, n = 160 463 
neurons, 7 plates; 2 mice). Two-sided Fisher’s exact test. c) Ratiometric [Ca2+]i increase in cultured DRG neurons 464 
(vehicle n = 236 neurons, 7 plates; soup of inflammatory mediators, n = 160 neurons, 7 plates; 2 mice) in response 465 
to 50 μM PregS. Two-tailed Mann Whitney test. d) Proportion of cultured TRPM3+ DRG neurons that respond to 466 
50 μM PregS (vehicle n = 383 neurons, 7 plates; soup of inflammatory mediators, n = 242 neurons, 7 plates; 2 467 
mice). Two-sided Fisher’s exact test. e) Ratiometric [Ca2+]i increase in cultured DRG neurons (vehicle n = 155 468 
neurons, 4 plates; bradykinin (BK), n = 383 neurons, 4 plates; 2 mice) in response to 50 nM PregS. Two-tailed 469 
Mann Whitney test. f) Proportion of cultured TRPM3+ DRG neurons that respond to 50 nM PregS (vehicle n = 155 470 
neurons, 4 plates; BK, n = 383 neurons, 4 plates; 2 mice). Two-sided Fisher’s exact test. g) Ratiometric [Ca2+]i 471 
increase in cultured DRG neurons (vehicle n = 155 neurons, 4 plates; BK, n = 383 neurons, 4 plates; 2 mice) in 472 
response to 50 μM PregS. Two-tailed Mann Whitney test. h) Proportion of cultured TRPM3+ DRG neurons that 473 
respond to 50 μM PregS (vehicle n = 216 neurons, 4 plates; BK, n = 490 neurons, 4 plates; 2 mice). Two-sided 474 
Fisher’s exact test. i) Ratiometric [Ca2+]i increase in cultured DRG neurons (vehicle n = 288 neurons, 4 plates; IL-475 
1β, n = 192 neurons, 4 plates; 2 mice) in response to 50 nM PregS. Two-tailed Mann Whitney test. j) Proportion of 476 
cultured TRPM3+ DRG neurons that respond to 50 nM PregS (vehicle n = 288 neurons, 4 plates; IL-1β, n = 192 477 
neurons, 4 plates; 2 mice). Two-sided Fisher’s exact test. k) Ratiometric [Ca2+]i increase in cultured DRG neurons 478 
(vehicle n = 288 neurons, 4 plates; IL-1β, n = 192 neurons, 4 plates; 2 mice) in response to 50 μM PregS. Two-479 



tailed Mann Whitney test. l) Proportion of cultured TRPM3+ DRG neurons that respond to 50 μM PregS (vehicle n 480 
= 374 neurons, 6 plates; IL-1β, n = 263 neurons, 5 plates; 2 mice). Two-sided Fisher’s exact test. m) Ratiometric 481 
[Ca2+]i increase in cultured DRG neurons (vehicle n = 351 neurons, 6 plates; TNFα, n = 357 neurons, 5 plates; 2 482 
mice) in response to 50 nM PregS. Two-tailed Mann Whitney test. n) Proportion of cultured TRPM3+ DRG neurons 483 
that respond to 50 nM PregS (vehicle n = 351 neurons, 6 plates; TNFα, n = 357 neurons, 5 plates; 2 mice). Two-484 
sided Fisher’s exact test. o) Ratiometric [Ca2+]i increase in cultured DRG neurons (vehicle n = 351 neurons, 6 485 
plates; TNFα, n = 357 neurons, 5 plates; 2 mice) in response to 50 μM PregS. Two-tailed Mann Whitney test. p) 486 
Proportion of cultured TRPM3+ DRG neurons that respond to 50 μM PregS (vehicle n = 441 neurons, 6 plates; 487 
TNFα, n = 428 neurons, 5 plates; 2 mice). Two-sided Fisher’s exact test. P values are shown in plots. In a, c, e, g, 488 
i, k, m and o, data shown as box and whiskers (centre line, median; box, 25th–75th percentiles; whiskers, 10th–90th 489 
percentiles; dots, outliers). Infl. soup, inflammatory soup. 490 

 491 

3.4. Inflammatory mediators potentiate TRPM3 function in mouse DRG neurons without 492 
altering its protein expression or its translocation to the plasma membrane 493 

Next, we investigated whether the increased TRPM3 functionality upon exposure to pro-494 
inflammatory mediators results from upregulated expression, increased translocation to the 495 
plasma membrane, or increased sensitivity to stimuli (channel sensitisation). To this end, we 496 
incubated cultured murine DRG neurons with bradykinin, IL-1β, and TNFα, individually or in 497 
combination, and quantified the expression and cellular localisation of TRPM3 (Figure 5a, c 498 
and Supplementary Figure 3a). The expression and localisation of TRPV1 was also evaluated 499 
(Figure 5b, c). Overnight exposure to inflammatory mediators did not alter TRPM3 expression, 500 
either at the plasma membrane or in the cytoplasm (Figure 5d, e), nor did it affect the 501 
translocation of this channel to the membrane compared to exposure to the vehicle (Figure 502 
5f). Although the lack of difference in TRPM3 expression remained when we compared 503 
TRPV1-expressing and TRPV1-lacking neurons (i.e. putative nociceptors vs. non-nociceptors, 504 
respectively), the overall expression of TRPM3 was higher in the TRPV1+ subpopulation 505 
(Supplementary Figure 3b-d). On the other hand, inflammatory mediators increased TRPV1 506 
protein expression in both the plasma membrane and cytoplasm, but only when all three 507 
cytokines were present together, and not when incubated individually (Figure 5g, h). 508 

These results strongly suggest that the enhanced function of TRPM3 upon exposure to the 509 
cocktail of bradykinin, IL-1β and TNFα is due to changes in the channel's gating sensitivity to 510 
noxious stimuli, rather than upregulated protein expression or increased translocation to the 511 
plasma membrane of sensory neurons. In contrast, the overall protein expression of TRPV1 512 
is increased in sensory neurons upon exposure to a pro-inflammatory environment, but not 513 
when exposed individually to bradykinin, IL-1β or TNFα. 514 



 515 
Figure 5. Inflammatory mediators increase expression and translocation of TRPV1, but not TRPM3, in DRG 516 
neurons. (a-c) Representative images of neuronal staining to visualise TRPM3, TRPV1 and the nucleus. 517 
Quantification of TRPM3 plasma membrane (d, Kruskal-Wallis test, P = 0.6203) and cytoplasm (e, one-way ANOVA 518 
F (4, 124) = 0.3676, P = 0.8313) expression in DRG neurons incubated with inflammatory mediators, measured as 519 
mean grey value. f) Quantification of TRPM3 translocation to the plasma membrane, measured as ratio between 520 
plasma membrane and cytoplasm fluorescence. One-way ANOVA F (4, 124) = 0.6263, P = 0.6446.  In d-f: vehicle, 521 
n = 25 neurons; soup of inflammatory mediators, n = 26 neurons; bradykinin, n = 27 neurons; IL-1β, n = 26 neurons; 522 
and TNFα, n = 25 neurons. Quantification of TRPV1 plasma membrane (d, Kruskal-Wallis test, P = 0.0530) and 523 
cytoplasm (e, Kruskal-Wallis test, P = 0.0471) expression in DRG neurons incubated with inflammatory mediators, 524 
measured as mean grey value. f) Quantification of TRPV1 translocation to the plasma membrane, measured as 525 
ratio between plasma membrane and cytoplasm fluorescence. One-way ANOVA F (4, 97) = 1.755, P = 0.1443. In 526 
g-i: vehicle, n = 20 neurons; soup of inflammatory mediators, n = 20 neurons; bradykinin, n = 21 neurons; IL-1β, n 527 
= 21 neurons; and TNFα, n = 20 neurons. P values are shown in plots. In d, e, f, g, h and i, data shown as mean ± 528 
SD. Infl. soup, inflammatory soup. 529 

 530 

3.5. Lack of change in the frequency of DRG neurons expressing the TRPM3 protein in 531 
a murine model of acute knee inflammation  532 

After demonstrating that specific inflammatory mediators sensitise TRPM3 in mouse DRG 533 
neurons, we next aimed to investigate the role of this cation channel in the context of 534 
inflammatory pain. To this end, we used the well-characterised mouse model of CFA (Gould, 535 
2000) to induce knee inflammation (Chakrabarti et al., 2018) and focused on knee-innervating 536 
DRG sensory neurons. 537 



Firstly, we evaluated the expression of TRPM3 in retrogradely-labelled knee neurons in naïve 538 
mice. In keeping with previous studies in our lab (Bohic et al., 2023; Chakrabarti et al., 2020), 539 
knee-projecting neurons were restricted to only ∼5% of lumbar DRG (L2 – L5) (Supplementary 540 
figure 4a, b). Of these, the fraction of knee-innervating neurons displaying TRPM3 541 
immunoreactivity was similar to that of the general DRG neuronal population (knee-innervating 542 
neurons 66.15% vs. all DRG neurons 72.76%, p = 0.2558; Supplementary Figure 4a, c and 543 
Figure 1b). Similarly, TRPV1 immunoreactivity was observed in a similar proportion of sensory 544 
neurons projecting to the knee compared to the general population of DRG neurons (knee-545 
innervating neurons 49.23% vs. all DRG neurons 43.78%, p = 0.4425; Supplementary Figure 546 
4a, d, and Supplementary Figure 1b). 547 

Next, mice were injected with CFA unilaterally in the knee and changes in TRPM3 expression 548 
were evaluated using immunohistochemistry. Twenty-four hours after CFA injection, 549 
inflammation was confirmed in the ipsilateral knee compared to the injection of saline 550 
(Supplementary Figure 5a). Digging behaviour was evaluated as a measure of spontaneous 551 
pain (Pattison et al., 2024). As expected, CFA-injected mice spent less time digging, dug fewer 552 
burrows, and showed increased latency to dig compared to mice that received saline injections 553 
in the knee (Supplementary Figure 5b-d), indicating CFA-induced spontaneous knee pain. 554 
Thereafter, DRG from these mice were isolated and processed for immunohistochemistry. The 555 
proportion of knee-innervating sensory neurons displaying TRPM3 immunoreactivity was 556 
similar between mice injected with CFA and saline (Figure 6a). In keeping with previous 557 
findings in our lab (Chakrabarti et al., 2018), the fraction of TRPV1 immunoreactive DRG 558 
neurons innervating the ipsilateral knee in CFA-injected mice was increased compared to 559 
those injected with saline (Supplementary Figure 5e). The proportion of retrogradely-labelled 560 
knee neurons (Fast Blue+) was comparable between CFA- and saline-injected mice 561 
(Supplementary Figure 5f). 562 

Altogether, our results indicate that the expression of TRPM3 in knee-innervating neurons is 563 
similar to that in the general population of DRG neurons. Moreover, acute inflammation 564 
induced by intra-articular injection of CFA does not increase the frequency of TRPM3 565 
expression in knee sensory neurons at the protein level. This contrasts with a previous report 566 
showing that CFA-induced inflammation increases both the proportion of neurons projecting 567 
to inflamed skin tissue that express Trpm3 mRNA transcripts and the levels its gene 568 
expression (Mulier et al., 2020). An upregulation at both the mRNA and protein levels was 569 
observed in a model of cyclophosphamide-induced cystitis (Zhao et al., 2022), albeit 570 
expression was analysed one week after induction of inflammation, compared to 24-hour CFA 571 
model used here and by Mulier and colleagues (Mulier et al., 2020). This suggests that an 572 
increase in TRPM3 protein expression may require a prolonged duration of inflammation. 573 

 574 

3.6. Pharmacological inhibition of TRPM3 shows no benefit in pain behaviour in a 575 
murine model of acute knee inflammation 576 

Finally, we aimed to evaluate the nociceptive role of TRPM3 in CFA-induced knee 577 
inflammation. Although we did not observe differences in the number of TRPM3-expressing 578 
DRG neurons innervating the knee between the CFA and control groups (Figure 6a), we 579 
speculated that the inflammatory environment in the knee might sensitise TRPM3 in sensory 580 
neurons, as we observed in vitro (Figure 4a-d), and hence contribute to the development of 581 
inflammatory knee pain. To test this hypothesis, we examined whether blocking TRPM3 with 582 
the specific inhibitor isosakuranetin can alleviate CFA-induced knee joint pain. As expected, 583 



given that CFA-induced inflammation is non-neurogenic (Hylden et al., 1992), treatment with 584 
isosakuranetin did not reduce CFA-induced inflammation compared to vehicle-treated animals 585 
(Figure 6b). Furthermore, isosakuranetin-treated control animals (receiving knee injections 586 
with saline) did not show knee swelling (Figure 6b). Although mice treated with isosakuranetin 587 
showed an improvement in the latency to start digging 24-hours after CFA injection compared 588 
to baseline (Figure 6c), these animals still exhibited deficits in the amount of time spent digging 589 
and in the number of burrows dug, compared to baseline (Figure 6d, e). Digging behaviour in 590 
these mice was similar to that of CFA-injected mice treated with vehicle. The treatment with 591 
isosakuranetin had no detrimental effects on the digging behaviour in mice receiving saline 592 
knee injections (Figure 6c-e). 593 

Despite the ineffectiveness of isosakuranetin in reversing the CFA-induced deficits in digging 594 
behaviour, we also asked whether this TRPM3 inhibitor could alleviate inflammatory pain using 595 
a different approach. To this end, we assessed the body weight distribution across the limbs 596 
of mice treated with isosakuranetin. As we have observed previously (Chakrabarti et al., 2020), 597 
CFA-injected mice placed more weight on the non-injected rear limb compared to the inflamed 598 
one (Figure 6f), indicating mechanical allodynia due to knee inflammation. Furthermore, CFA-599 
induced inflammation reduced the time the mice bore weight on the ipsilateral paw (Figure 600 
6g), without affecting the time they bore weight on the contralateral paw (Supplementary 601 
Figure 6). Moreover, similar to what we have observed in other inflammatory pain models 602 
(Bohic et al., 2023), CFA-induced inflammation decreased the time mice spent rearing, that is, 603 
standing on their hind paws (Figure 6h). None of these parameters were improved after the 604 
treatment with isosakuranetin in mice subjected to CFA knee injections (Figure 5f-h), nor did 605 
treatment with this TRPM3 inhibitor in mice receiving saline knee injections have any impact 606 
on weight bearing (Figure 6f-h). 607 

Altogether, these results indicate that blockade of TRPM3 activity is insufficient to alleviate 608 
CFA-induced inflammatory spontaneous pain and mechanical allodynia, suggesting that other 609 
channels and receptors, such as TRPV1 (Chakrabarti et al., 2018), play a more important role. 610 



 611 
Figure 6. TRPM3 does not play a major role in the development of knee pain. a) Proportion of knee-innervating 612 
DRG neurons that express TRPM3 (saline n = 75/107 neurons [FB], 951 neurons [total]; CFA n = 58/78 neurons 613 
[FB], 998 neurons [total]; 3 mice/group). Two-sided Fisher’s exact test. b) Ratio of ipsilateral knee width to 614 
contralateral knee width on the day of injections and 24-hours after (saline+isos, n = 8; CFA+veh, n = 7; CFA+isos, 615 
n = 7). Two-way repeated measures ANOVA with Sidak’s multiple comparisons test; F (2, 19) = 53, P < 0.0001. c) 616 
Latency of mice to dig on the day of injections and 24-hours after (saline+isos, n = 8; CFA+veh, n = 7; CFA+isos, 617 
n = 7). Two-way repeated measures ANOVA with Sidak’s multiple comparisons test; F (2, 19) = 3.8, P < 0.0400. d) 618 
Time spent digging before injections and 24-hours after (saline+isos, n = 8; CFA+veh, n = 7; CFA+isos, n = 7). 619 
Two-way repeated measures ANOVA with Sidak’s multiple comparisons test; F (2, 19) = 1.8, P = 0.1920. e) Number 620 
of visible burrows at the conclusion of the 3-minute digging test on the day of injections and 24-hours after 621 
(saline+isos, n = 8; CFA+veh, n = 7; CFA+isos, n = 7). Two-way repeated measures ANOVA with Sidak’s multiple 622 
comparisons test; F (2, 19) = 11.32, P = 0.0006. f) Ratio of weight distribution between contralateral and ipsilateral 623 
paws during the 3-minute test on the day of injections and 24-hours after (saline+isos, n = 5; CFA+veh, n = 5; 624 
CFA+isos, n = 7). Two-way repeated measures ANOVA with Sidak’s multiple comparisons test; F (2, 14) = 3.1, P 625 
= 0.0006. g) Percentage of time spent standing on the ipsilateral rear paw at the conclusion of the 3-minute test on 626 
the day of injections and 24-hours after (saline+isos, n = 5; CFA+veh, n = 5; CFA+isos, n = 7). Two-way repeated 627 
measures ANOVA with Sidak’s multiple comparisons test; F (2, 14) = 1.8, P = 0.0003. h) Percentage of time spent 628 
rearing (standing on the hindpaws) during the 3-minute test on the day of injections and 24-hours after (saline+isos, 629 
n = 5; CFA+veh, n = 5; CFA+isos, n = 7). Two-way repeated measures ANOVA with Sidak’s multiple comparisons 630 
test; F (2, 14) = 4.7, P < 0.0001. P values are shown in plots. In b, c, d, e, f, g and h, data shown as mean ± SD. 631 

 632 

4. Discussion 633 

In this work, we assessed the impact of pro-inflammatory mediators on TRPM3 activity and its 634 
contribution to inflammatory pain. Inflammation generally results in an increased activity of ion 635 
channels and receptors in sensory neurons, which may lead to the development of aberrant 636 
nociceptive responses and pain. Notably, the role of TRP channels in the development of 637 
inflammatory pain is well recognised (Patapoutian et al., 2009). In recent years, the spotlight 638 



has turned to TRPM3, after several studies highlighted the role of this channel in inflammatory 639 
pain (King et al., 2024; Mulier et al., 2020; Vanneste et al., 2022; Vriens et al., 2011; Zhao et 640 
al., 2022). Here, we found that approximately one third of TRPM3-expressing DRG neurons 641 
in mice can be activated by pro-inflammatory mediators, including bradykinin, IL-1β an TNFα. 642 
In turn, most of the sensory neurons activated by these inflammatory mediators (~85-90%) 643 
are activated by the TRPM3 agonist PregS. Of particular interest, we observed that overnight 644 
incubation with pro-inflammatory cytokines (IL1β and TNFα) can enhance TRPM3 function in 645 
vitro, an effect that was synergised when these molecules were combined with bradykinin. 646 
Additionally, we found that exposure to pro-inflammatory mediators does not alter the 647 
expression of this channel or its translocation to the cell membrane, suggesting that TRPM3 648 
is sensitised through the activation of intracellular pathways that modulate its gating sensitivity 649 
to algogenic compounds. However, acute inhibition of TRPM3 in vivo was insufficient to 650 
alleviate spontaneous pain and mechanical allodynia in the CFA-induced knee inflammation 651 
model. Altogether, we demonstrated that pro-inflammatory mediators increase the functionality 652 
of TRPM3 in mouse DRG neurons through the sensitisation of the channel, which could 653 
consequently contribute to the development of pain states associated with the activation of 654 
the immune system. 655 

We first characterised the expression and functionality of TRPM3 in murine DRG neurons. 656 
Utilising PregS as a TRPM3 activator, we found that 50 μM is sufficient to activate all TRPM3-657 
expressing neurons in vitro. Moreover, the TRPM3 specific inhibitor isosakuranetin blocks the 658 
activity of this channel when present before or after the opening of TRPM3 by PregS, which 659 
suggests that it can be used for prophylactic or therapeutic approaches. Of note, 660 
isosakuranetin did not completely abolish PregS-induced DRG neuron activation. Although it 661 
has been shown that PregS does not act on other TRP channels, such as TRPV1, TRPV2, 662 
TRPA1 or TRPM8 (Chen and Wu, 2004; Vriens et al., 2011; Wagner et al., 2008), the small 663 
subset of PregS responding, isosakuranetin-insensitive DRG neurons implies the existence of 664 
other sensor(s) to this neurosteroid. However, Trpm3-/- mice are resistant to PregS-induced 665 
pain when injected into the paw (Vriens et al., 2011), suggesting that the small fraction of 666 
PregS responding / isosakuranetin-insensitive sensory neurons has a negligible contribution 667 
to the development of pain following TRPM3 activation. 668 

During inflammation, nociceptors undergo a process referred to as sensitisation, where they 669 
display increased responsiveness to their normal or subthreshold input. For example, the role 670 
of bradykinin on nociceptor sensitisation is well-established (Cesare and Mcnaughton, 1996; 671 
Dray and Perkins, 1993; Wang et al., 2006), specifically through its action on TRPV1 (Chuang 672 
et al., 2001; Lee et al., 2005; Mathivanan et al., 2016; Shin et al., 2002; Sugiura et al., 2002) 673 
and TRPA1 (Bautista et al., 2006; Brierley et al., 2009). In keeping with this, other pro-674 
inflammatory molecules, such TNFα and IL-1β, have been shown to sensitise nociceptors and 675 
potentiate TRPV1 functionality (Ebbinghaus et al., 2012; Hu et al., 2010; Nicol et al., 1997; 676 
Prado et al., 2021). Although previous studies have indicated that TRPM3 function is 677 
potentiated in nociceptors innervating inflamed tissue (Mulier et al., 2020; Zhao et al., 2022), 678 
the inflammatory mediators causing this effect are poorly characterised. We found that TRPM3 679 
function could be modestly enhanced by either IL-1β or TNFα when present individually, 680 
whereas no such effect was observed with bradykinin. The lack of bradykinin-induced TRPM3 681 
sensitisation is somewhat surprising because recent findings have shown that responses to 682 
PregS were enhanced in neurons that had a preceding response to bradykinin (Behrendt et 683 
al., 2022). The authors of this study concluded that bradykinin may therefore contribute to the 684 
sensitisation of TRPM3 during inflammatory states (Behrendt et al., 2022). However, Behrendt 685 



and colleagues did not compare the effects of bradykinin with a vehicle or control. Instead, 686 
they examined the effects of a second application of PregS on neurons that either responded 687 
to bradykinin or failed to do so. Therefore, this study (Behrendt et al., 2022) primarily 688 
investigated the impact of bradykinin in TRPM3 tachyphylaxis, that is, channel desensitisation.  689 

Notably, we observed that combining bradykinin, IL-1β, and TNFα, likely a better but still 690 
incomplete representation of what occurs during inflammatory states, enhanced Ca2+ 691 
responses in DRG neurons to both high and low doses of PregS. This indicates that the 692 
combination of various pro-inflammatory mediators has a synergistic potentiating effect. 693 
Nociceptor sensitisation may result from alterations in the gating properties of ion channels, 694 
including TRP channels, or from an increased abundance of these channels or other receptors 695 
in the plasma membrane (Linley et al., 2010). Interestingly, the mechanisms underlying 696 
nociceptor sensitisation may depend on the cellular context. Indeed, an elegant study showed 697 
that ATP sensitises nociceptors by two different mechanisms depending on the neuronal 698 
subtype (Devesa et al., 2014). In peptidergic neurons, ATP induces newly synthesised TRPV1 699 
channels to move to the cell membrane, potentiating their excitability. However, in non-700 
peptidergic neurons, ATP modulates the gating activity of TRPV1, causing hypersensitivity 701 
(Devesa et al., 2014). In the present study, we found that none of the mediators tested, neither 702 
individually nor in combination, increased the expression of TRPM3 or its translocation to the 703 
cell membrane. Although we did not specifically compare peptidergic and non-peptidergic 704 
neurons, we failed to detect differences in TRPM3 protein upregulation and translocation 705 
between TRPV1-expressing and non-expressing neurons. Interestingly, however, TRPV1-706 
expressing sensory neurons displayed increased expression of TRPM3 compared to TRPV1-707 
lacking neurons, suggesting that nociceptors might be more easily activated by TRPM3 708 
agonists. Altogether, our results suggest that the increased responsiveness of TRPM3 under 709 
inflammatory conditions occurs through the modulation of the gating properties of this channel, 710 
rather than major increases in expression or trafficking to the cell membrane. Defining precise 711 
molecular pathways underlying this process will be the subject of future work. Moreover, the 712 
effect of other inflammatory mediators on TRPM3 expression and sensitisation remains to be 713 
elucidated. 714 

Finally, we used the CFA-induced inflammatory pain model (Chakrabarti et al., 2018; Gould, 715 
2000) to gain insights into the role of TRPM3 in the development of inflammatory pain in vivo. 716 
Injection of CFA causes mechanical allodynia in the inflamed area (Zhang et al., 2021), along 717 
with both mechanical and thermal hyperalgesia (Caterina et al., 2000; Hsieh et al., 2017; 718 
Safieh-Garabedian et al., 1995). This is associated with an increased fraction of neurons that 719 
express TRPV1 (Breese et al., 2005; Chakrabarti et al., 2018) and an increased expression 720 
of the TRPV1 channel itself (Yu et al., 2008; Zhang et al., 2005). Furthermore, we previously 721 
showed that injection of CFA into the knee joint impairs the digging behaviour in mice, an effect 722 
that can be reversed by pharmacological inhibition of TRPV1 (Chakrabarti et al., 2018), mouse 723 
digging being a relevant and measurable behaviour indicative of mouse well-being 724 
(Chakrabarti et al., 2020; Pattison et al., 2024). In the context of knee inflammation, deficits in 725 
digging can likely be attributed to pain caused by the associated aberrant immune response. 726 
Of interest, earlier work has revealed that inhibition of either only TRPV1 (Caterina et al., 2000; 727 
Davis et al., 2000; Gavva et al., 2005; Honore et al., 2005) or TRPM3 (Alkhatib et al., 2019; 728 
Straub et al., 2013; Vriens et al., 2011) is sufficient to fully abrogate inflammatory heat 729 
hyperalgesia in a variety of inflammatory pain models. However, in our hands, 730 
pharmacological inhibition of TRPM3 did not reverse CFA-induced digging deficits nor restore 731 
CFA-induced adjustments in body weight bearing. Therefore, our data suggest a less 732 



important role of TRPM3 in inflammatory spontaneous pain and inflammatory allodynia in this 733 
model. Although we cannot rule out a lack of target engagement by isosakuranetin, the dose 734 
used was similar to that used in other behavioural studies where effects were observed (Aloi 735 
et al., 2023; Su et al., 2021). However, it is important to note that the role of TRPM3 in pain 736 
hypersensitivity appears to depend on the nature of the inflammatory response. For example, 737 
a recent study found that TRPM3 plays a significant role in mechanical and thermal 738 
hyperalgesia, as well as bladder hyperreactivity, in a model of cyclophosphamide-induced 739 
bladder inflammation (Zhao et al., 2022). These results are in keeping with another study in 740 
which TRPM3 blockade alleviated mechanical hyperalgesia and cold hypersensitivity in a 741 
model of chemotherapy-induced peripheral neuropathic pain (Aloi et al., 2023). Conversely, 742 
however, another study demonstrated that inhibition of TRPM3 reduced heat hyperalgesia and 743 
spontaneous pain but did not affect mechanical or cold hyperalgesia in a neuropathic pain 744 
model following nerve injury (Su et al., 2021). Thus, it is possible that the severity of the CFA 745 
inflammatory model used in this study could mask the contribution of TRPM3, by accentuating 746 
the roles of other ion channels, such as TRPV1 (Chakrabarti et al., 2018), that influence 747 
nociceptor function. Taken together, despite its well-established role in inflammatory heat 748 
hyperalgesia (Alkhatib et al., 2019; Straub et al., 2013; Vriens et al., 2011), the function of 749 
TRPM3 in mechanical hyperalgesia/allodynia and spontaneous pain seems to be determined 750 
by the associated immune signature. Characterising the specific and combined effects of 751 
various immune molecules on this channel is crucial for furthering our understanding of 752 
TRPM3's relative contribution to pain signalling in different neuro-immune scenarios. 753 

It should be noted that our study has some limitations. Firstly, we only used live-cell Ca²⁺ 754 
imaging to analyse TRPM3 channel sensitisation upon challenge with inflammatory mediators, 755 
a technique that enables a high-throughput approach. Complementary techniques would be 756 
beneficial  to confirm certain findings, such as patch-clamp electrophysiology and afferent 757 
nerve recording. Furthermore, the concentrations of pro-inflammatory cytokines used in DRG 758 
neuron cultures are not necessarily representative of those occurring in vivo. These mediators 759 
could generate intracellular signals that are Ca2+-independent, which must also be 760 
investigated. Finally, while PregS is the most potent known endogenous agonist for TRPM3 761 
(Roelens et al., 2024), it also exhibits TRPM3-independent effects, as approximately 10% of 762 
neurons respond to this agonist in Trpm3-deficient mice (Vriens et al., 2011). While the more 763 
potent synthetic TRPM3 activator CIM0216 has been shown to display has increased potency 764 
and apparent affinity compared to PregS, it also activates DRG neurons through TRPM3-765 
independent mechanisms, activating ~11% of these sensory neurons in Trpm3-deficient mice 766 
(Held et al., 2015). Thus, given the lack of perfectly selective TRPM3 agonists, it would be 767 
helpful to confirm our findings while accounting for these effects.  768 

In conclusion, our study characterises the effect of various pro-inflammatory molecules, in 769 
isolation and in combination, on the modulation of TRPM3 function. Importantly, we 770 
demonstrate that the sensitising effect of these pro-inflammatory mediators is amplified when 771 
they are co-administered, resulting in TRPM3 being more strongly activated by lower agonist 772 
concentration. Furthermore, although pharmacological blockade of this channel did not 773 
significantly alleviate spontaneous or mechanical inflammatory pain in the model of CFA-774 
induced knee inflammation, we propose that the nature of the immune response, along with 775 
the specific inflammatory mediators present in the microenvironment, likely determine the role 776 
of TRPM3 in modulating pain signalling. Further studies are needed to fully characterise the 777 
role of this channel in inflammatory and other types of pain. 778 
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Supplementary information 1120 

Supplementary figure 1: 1121 

 1122 
Supplementary Figure 1. Expression of TRPV1 in murine DRG sensory neurons. a) Proportion of DRG 1123 
neurons (L2-L5) that express TRPV1 in naïve mice (n = 1263 neurons, 8 sections, 2 mice). b) Relative frequency 1124 
distribution of whole DRG neuron soma diameter expressing TRPV1 immunoreactivity. Least squares regression 1125 
comparing best-fit values of mean soma size; R2 = 0.87 ± 0.008; degrees of freedom 8 (TRPV1+) and 8 (TRPV1-1126 
); F (1, 16) = 7.795; p = 0.0131. P values are shown in plots. Least squares regression comparing best-fit values 1127 
of mean soma size. R2 = 0.77 ± 0.038. 1128 

 1129 

  1130 



Supplementary figure 2: 1131 

 1132 
Supplementary Figure 2. Responsiveness of TRPM3+ sensory neurons to pro-inflammatory mediators. a) 1133 
Ratiometric [Ca2+]i increase in cultured DRG neurons in response to bradykinin (n = 112; 2 mice), IL-1β (n = 153; 1134 
2 mice), IL-6 (n = 12; 2 mice) and TNFα (n = 112; 2 mice). Kruskal-Wallis test with Dunn’s multiple comparison test 1135 
(p = 0.0082) b) Proportion of cultured DRG neurons that respond to bradykinin (n = 344 neurons, 2 mice). c) 1136 
Proportion of cultured DRG neurons that respond to IL-1β (n = 486 neurons, 2 mice). d) Proportion of cultured 1137 
DRG neurons that respond to IL-6 (n = 269 neurons, 2 mice). e) Proportion of cultured DRG neurons that respond 1138 
to TNFα (n = 368 neurons, 2 mice). f) Ratiometric [Ca2+]i increase in response to PregS in bradykinin-responding 1139 
(n = 112, 2 mice) and non-responding (n = 168, 2 mice) cultured DRG neurons. Two-tailed Mann Whitney test. g) 1140 
Ratiometric [Ca2+]i increase in response to PregS in IL-1β-responding (n = 153, 2 mice) and non-responding (n = 1141 
203, 2 mice) cultured DRG neurons. Two-tailed Mann Whitney test. h) Ratiometric [Ca2+]i increase in response to 1142 
PregS in IL-6-responding (n = 12, 2 mice) and non-responding (n = 195, 2 mice) cultured DRG neurons. Two-tailed 1143 



Mann Whitney test. i) Ratiometric [Ca2+]i increase in response to PregS in TNFα-responding (n = 112, 2 mice) and 1144 
non-responding (n = 165, 2 mice) cultured DRG neurons. Two-tailed Mann Whitney test. P values are shown in 1145 
plots. In a, f, g, h and i, data shown as box and whiskers (centre line, median; box, 25th–75th percentiles; whiskers, 1146 
10th–90th percentiles; dots, outliers). 1147 

Supplementary Figure 3: 1148 

 1149 
Supplementary Figure 3. Inflammatory mediators do not affect the expression and translocation of TRPM3 1150 
in either TRPV1-expressing or non-TRPV1-expressing DRG neurons. a) Representative image of the cell area 1151 
selected for channel expression quantification at the plasma membrane (blue lines, left), defined as outermost 1 1152 
μm of the cell surface, and the cytoplasm (yellow lines, right), defined as the area 1 μm inward from the cell surface, 1153 
excluding the nucleus. b) Quantification of TRPM3 translocation to the plasma membrane, measured as ratio 1154 
between fluorescence in the membrane and the cytoplasm in TRPV1+ and TRPV1- DRG neurons. Two-way 1155 
repeated measures ANOVA with Sidak’s multiple comparisons test; F (4, 119) = 0.5276, P = 0.7157. Quantification 1156 
of TRPM3 expression in the plasma membrane (c, 2-way repeated measures ANOVA with Sidak’s multiple 1157 
comparisons test; F (4, 119) = 40.59, P < 0.0001) and cytoplasm (d, 2-way repeated measures ANOVA with Sidak’s 1158 
multiple comparisons test; F (4, 119) = 36.31, P < 0.0001) in TRPV1+ and TRPV1- DRG neurons incubated with 1159 
inflammatory cytokines, measured as mean grey value. In b-d: vehicle, n = 20 TRPV1+ neurons and n = 5 TRPV1- 1160 
neurons; soup of inflammatory mediators, n = 20 TRPV1+ neurons and n = 6 TRPV1- neurons; bradykinin, n = 21 1161 
TRPV1+ neurons and n = 6 TRPV1- neurons; IL-1β, n = 21 TRPV1+ neurons and n = 5 TRPV1- neurons; and TNFα, 1162 
n = 20 TRPV1+ neurons and n = 5 TRPV1- neurons. P values are shown in plots. In b, c and d, data shown as 1163 
mean ± SD.   1164 



Supplementary Figure 4: 1165 

 1166 
Supplementary Figure 4. Expression of TRPM3 and TRPV1 in knee-innervating DRG neurons. a) 1167 
Representative image of a whole DRG section (L4) showing TRPM3 (yellow), TRPV1 (magenta) and Fast Blue 1168 
(cyan) expression. b) Proportion of Fast Blue+ sensory neurons after dye injection into the knee. c) Proportion of 1169 
knee-innervating DRG neurons that express TRPM3 (n = 43/65 neurons, 1263 neurons [total]). c) Proportion of 1170 
knee-innervating DRG neurons that express TRPV1 (n = 32/65 neurons, 1263 neurons [total]). 1171 

 1172 

Supplementary Figure 5: 1173 

 1174 
Supplementary Figure 5. Decreased digging behaviour in mice undergoing CFA-induced knee 1175 
inflammation and association with increased TRPV1 neuronal expression. a) Ratio of ipsilateral knee width 1176 
to contralateral knee width on the day of injections and 24-hours after (saline, n = 5; CFA, n = 6). Two-way repeated 1177 
measures ANOVA with Sidak’s multiple comparisons test; F (1, 9) = 18.2, P = 0.0021.  b) Time spent digging before 1178 
injections and 24 hours after (saline, n = 5; CFA, n = 6). Two-way repeated measures ANOVA with Sidak’s multiple 1179 
comparisons test; F (1, 9) = 5.256, P = 0.0476. c) Number of visible burrows at the conclusion of the 3-minute 1180 
digging test on the day of injections and 24 hours after (saline, n = 5; CFA, n = 6). Two-way repeated measures 1181 



ANOVA with Sidak’s multiple comparisons test; F (1, 9) = 14.7, P = 0.0040. d) Latency of mice to dig on the day of 1182 
injections and 24-hours after (saline, n = 5; CFA, n = 6). Two-way repeated measures ANOVA with Sidak’s multiple 1183 
comparisons test; F (1, 9) = 6.589, P = 0.0303. e) Proportion of knee-innervating DRG neurons (L2-L5) that express 1184 
TRPV1 (saline n = 19/42 neurons [FB], 951 neurons [total]; CFA n = 25/39 neurons [FB], 998 neurons [total]; 3 1185 
mice/group). Two-sided Fisher’s exact test. f) Proportion of knee-innervating (Fast Blue+) DRG neurons (L2-L5) 1186 
(saline n = 42/951 neurons [total]; CFA n = 39/998 neurons [total]; 3 mice/group). Two-sided Fisher’s exact test. P 1187 
values are shown in plots. In b, c and d, data shown as mean ± SD. 1188 
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Supplementary Figure 6: 1190 

 1191 
Supplementary Figure 6. Time spent standing on the contralateral rear paw after treatment with 1192 
isosakuranetin. Percentage of time spent standing on the contralateral rear paw at the conclusion of the 3-minute 1193 
test on the day of injections and 24-hours after (saline+isos, n = 5; CFA+veh, n = 5; CFA+isos, n = 7). Two-way 1194 
repeated measures ANOVA with Sidak’s multiple comparisons test; F (2, 14) = 0.1149, P = 0.8923. P values are 1195 
not shown as statistical test did not show statistically significant differences between groups or time points. Data 1196 
shown as mean ± SD. 1197 


