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Abstract 

 

The aim of this study was to generate new insight into chemical regulation of Transient Receptor 

Potential (TRP) channels with relevance to glucose homeostasis and the metabolic syndrome. 

Human TRPM2, TRPM3 and TRPC5 were conditionally over-expressed in HEK 293 cells and 

studied using calcium-measurement and patch-clamp techniques. Rosiglitazone and other 

peroxisome proliferator-activated receptor-gamma (PPAR-γ) agonists were investigated. TRPM2 

was unaffected by rosiglitazone at concentrations up to 10 μM but was inhibited completely at 

higher concentrations (IC50 ~22.5 μM). TRPM3 was more potently inhibited, with effects 

occurring in a biphasic concentration-dependent manner such that there was about 20 % 

inhibition at low concentrations (0.1-1 μM) and full inhibition at higher concentrations (IC50 5-10 

μM).  PPAR-γ antagonism by GW9662 did not prevent inhibition of TRPM3 by rosiglitazone. 

TRPC5 was strongly stimulated by rosiglitazone at concentrations of 10 μM and greater (EC50 

~30 μM). Effects on TRPM3 and TRPC5 occurred rapidly and reversibly. Troglitazone and 

pioglitazone inhibited TRPM3 (IC50s were 12 μM) but lacked effect on TRPC5, suggesting no 

relevance of PPAR-γ or the thiazolidinedione moiety to rosiglitazone stimulation of TRPC5. A 

rosiglitazone-related but non-thiazolidinedione PPAR-γ agonist, GW1929, was a weak stimulator 

of TRPM3 and TRPC5. The natural PPAR-γ agonist, 15-deoxy prostaglandin J2, had no effect on 

TRPM3 or TRPC5. The data suggest that rosiglitazone contains chemical moieties that rapidly, 

strongly and differentially modulate TRP channels independently of PPAR-γ, potentially 

contributing to biological consequences of the agent and providing the basis for novel TRP 

channel pharmacology. 
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Introduction 

 

Transient receptor potential (TRP) proteins are ion pore-forming subunits of cationic 

channels that often confer Ca2+ and Na+ entry on cells (Damann et al., 2008; Venkatachalam and 

Montell, 2007).  In mammals, the proteins are encoded by 28 genes and are divided into 6 

subfamilies based on amino acid sequence similarities; the two largest subfamilies are the 

Canonical (TRPC) and Melastatin (TRPM) channels. The TRP channels appear to serve 

primarily chemical-sensing functions, with many of them showing complex polymodal activation 

by multiple chemicals. In several cases specific TRP channels have been linked to sensing of 

food chemicals such as menthol and have been shown to be determinants of sensory perception 

(Damann et al., 2008). However, TRP channels are often widely expressed across the body and 

many different functions have been suggested. Consequently there is broad relevance to 

mammalian biology. 

Specific relevance of TRP channels to glucose homeostasis and the metabolic syndrome 

is starting to emerge. Disruption of Trpm2 or Trpm5 genes in mice was found to impair insulin 

secretion (Colsoul et al., 2010; Uchida et al., 2010) and stimulation of insulin secretion by 

pregnenolone sulphate was transduced by TRPM3 in isolated mouse pancreatic β-cells (Wagner 

et al., 2008). Up-regulated expression of TRPC channels, such as TRPC5, is a characteristic of 

the metabolic syndrome (Edwards et al., 2009; Hu et al., 2009; Wuensch et al., 2010) and TRPC 

channels have been implicated in vascular remodeling and hypertension (Al-Shawaf et al., 2010; 

Chen et al., 2010; Xu et al., 2006; Yu et al., 2004), which are features of the metabolic syndrome. 

Furthermore, proteomic analysis of hyperglycaemia-induced endothelial injury identified TRPC5 

as one of five proteins that was most up-regulated (Nath et al., 2009). TRPC channels are not 
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known to impact on insulin secretion but disruption of Trpc3 gene in mice was observed to 

suppress pancreatitis (Kim et al., 2009). 

The primary activator of TRPM2 channels is considered to be hydrogen peroxide, 

probably acting via elevation of intracellular ADP ribose (Jiang et al., 2010). The strongest 

known activator of TRPM3 channels is pregnenolone sulphate (Majeed et al., 2010; Wagner et 

al., 2008). However, the concentrations of pregnenolone sulphate required for activation are 

supra-physiological (Naylor et al., 2010; Wagner et al., 2008). Other strong activators of TRPM3 

are not known but they may not be required because constitutive cholesterol-regulated activity is 

possible (Naylor et al., 2010). TRPC5 channels are more complicated because they often arise 

through heteromultimerisation with other TRPC channels. Activators include oxidized 

phospholipids and metal ions such as gadolinium and lead (Al-Shawaf et al., 2010; Plant and 

Schaefer, 2005; Sukumar and Beech, 2010). TRPC5 is also activated, apparently directly, by 

lysophospholipids such as lysophosphatidylcholine, which is a primary component of low-

density lipoprotein complexes (Flemming et al., 2006). As such, TRPC5 is a putative lipid 

ionotropic receptor (Beech et al., 2009). 

Peroxisome-proliferator-activated receptor gamma (PPAR-γ) is one of a family of lipid-

regulated transcription factors (Lehmann et al., 1995). It has attracted much attention as a 

regulator of metabolic status and target for the thiazolidinedione drugs that are licensed for use in 

the treatment of type-2 diabetes and include rosiglitazone and pioglitazone (Quinn et al., 2008). 

Rather like TRP channels, PPAR-γ has promiscuous sensitivity to a range of ligands (Kliewer et 

al., 1997). Biologically-relevant PPAR-γ agonists include polyunsaturated fatty acids (e.g. 

linolenic acid and linoleic acid), 15-deoxy-Δ12, 14-prostaglandin J2 (15d-PGJ2) and oxidised 

phospholipids (Davies et al., 2001; Kliewer et al., 1995; Xu et al., 1999). 
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Because TRP channels are considered to be promiscuous chemical sensors it is important 

to acquire extensive knowledge of their chemical-sensing profiles. In chemical screens of TRPC5 

and TRPM3 channel activities designed to discover novel modulators we identified rosiglitazone 

as an activator of TRPC5 and an inhibitor of TRPM3. Here we report on our investigation of 

these hits. 
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Materials and Methods  

 

Cell culture  

 

Human TRPM2, TRPM3 and TRPC5 were expressed as described previously (Majeed et al., 

2010; McHugh et al., 2003; Zeng et al., 2004). TRP channel cDNA, stably incorporated into 

HEK293 cells, was under the control of a tetracycline-inducible promoter, such that addition of 1 

µg/ml tetracycline (Tet+) induced expression of channels. Cells not treated with tetracycline 

(Tet-) were used as control. Cells were maintained in Dulbecco’s Modified Eagle’s Medium-F12 

+ GLUTAMAX (Cat # 31331, Gibco, Paisley, UK) supplemented with 10 % foetal calf serum, 

100 units/ml penicillin/streptomycin (Sigma, St. Louis, MO, USA) and the selection antibiotics 

(10 µg/ml blasticidin and 400 µg/ml zeocin; Invitrogen, Paisley, UK) at 37 oC in a 5 % CO2 

incubator. 

 

Ca2+ measurement  

 

24 hr prior to intracellular Ca2+ measurements, cells were plated at 80-90 % confluence in clear-

bottom poly-D lysine coated 96-well plates (Corning, NY, USA). Immediately prior to 

recordings, cells were incubated for 1 hr at 37 oC in SBS containing 2 µM fluo-4 acetoxymethyl 

ester (with 0.01% pluronic acid and 2.5 mM probenecid) and then washed with SBS three times 

before adding the recording buffer (SBS with appropriate solvent). SBS in de-ionized water 

contained (in mM): NaCl 130, KCl 5, MgCl2 1.2, CaCl2 1.5, glucose 8 and HEPES 10. 

Osmolality was adjusted to 290 mOsm/kg using D-mannitol and pH was titrated to 7.4 using 4 M 

NaOH. Measurements were made on a 96-well fluorescence plate reader (FlexStation II384, 
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Molecular Devices, Sunnyvale, CA, USA). Fluo-4 was excited at 485 nm and emitted light was 

collected at 525 nm. Wells of the 96-well plate were studied in a column format and loaded 

alternately for test and control conditions. All experiments were at 23 ± 2 oC. Intracellular 

calcium (Ca2+
i) concentration is shown as fluo-4 fluorescence emission intensity (F). Where the 

basal Ca2+
i was not altered by the drug treatment, changes in absolute fluorescence (ΔF) are 

given for sake of clarity. An alternative method is to divide F values by their initial value (F/F0) 

but this method prevents detection of drug-induced shifts in basal channel activity and so we did 

not use it; in cases where there was no change in baseline it was demonstrated that the ΔF and 

F/F0 methods gave similar results (Fig 1b cf Suppl. Fig. I). 

 

Electrophysiology  

 

Recordings were made using the whole-cell configuration of the patch-clamp technique. 

Borosilicate glass capillaries with an outside diameter of 1 mm and an inside diameter of 0.58 

mm (Harvard Apparatus, Holliston, MA, USA) were used as the basis for patch pipettes. Pipettes 

were pulled using a PP-830 vertical 2-stage pipette-puller (Narishige, Tokyo, Japan). Pipette 

resistances after fire-polishing and filling with pipette solution were 3 – 5 MΩ. Pipettes were 

mounted either on a CV203BU or CV201A head-stage (Molecular Devices, Sunnyvale, CA, 

USA) connected to a 3-way coarse manipulator and micro-manipulator (Newport 300P, Newport 

Corporation, Irvine, CA or Piezo PCS500, Burleigh, Ontario, Canada). Electrodes comprised 

silver wires coated with chloride ions. Electrical signals were amplified and recorded using an 

Axopatch 200B or Axopatch 200A amplifier and pCLAMP software (Molecular Devices, 

Sunnyvale, CA, USA). Data were filtered at 1 kHz and sampled digitally at 2 kHz via a Digidata 
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1322A analogue-to-digital converter (Molecular Devices, Sunnyvale, CA, USA). Series 

resistances were <10 MΩ. The voltage protocol consisted of a step from a holding potential of 0 

mV to -100 mV, followed by a 0.1 s ramp to +100 mV, before returning to 0 mV (repeated every 

10 s). Analysis was performed off-line using Clampfit 8.2 or 10.2 (Molecular Devices, 

Sunnyvale, CA, USA) and Origin 7.5 software (OriginLab, Northampton, MA). The TRPC5 

electrophysiology data presented in Fig. 3d were generated using the Patchliner planar patch-

clamp system (Nanion, München, Germany) in whole-cell mode (Milligan et al., 2009). Prior to 

recordings, cells were detached from culture flasks using 0.05% trypsin/EDTA and re-suspended 

at a density of 1 x 106 – 5 x 107 cells/mL. For TRPM3 the extracellular solution comprised (in 

mM): NaCl 130, KCl 5, CsCl 10, MgCl2 1.2, CaCl2 1.5, glucose 8 and HEPES 10, with pH 

titrated to 7.4 using 4 M NaOH. The osmolality of this solution was 295 mOsm/kg. The patch-

pipette solution comprised (in mM): CsAspartate 80, CsCl 45, HEPES 10, BAPTA sodium 10, 

Na2ATP 4; osmolality was adjusted to 290 mOsm/kg using D-mannitol and the pH was titrated to 

7.2 using 4 M CsOH. For TRPC5 the extracellular solution comprised (in mM): NaCl 135, KCl 

5, MgCl2 1.2, CaCl2 1.5, glucose 8 and HEPES 10 in deionised water. Osmolality was adjusted to 

290 mOsm/kg using D-mannitol (except for Fig 6) and pH was titrated to 7.4 using 4 M NaOH. 

The patch-pipette solution comprised (in mM) CsCl 135, MgCl2 2, EGTA 1, HEPES 10, Na2ATP 

5 and Na2GTP 0.1. The pH was titrated to 7.2 using 4 M CsOH. Patch pipette solutions were 

filtered using a 0.2 µm membrane filter (Minisart, Sartorius Stedim biotech, Goettingen, 

Germany), divided into aliquots of ~50 µL and stored at -20 oC. 
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Chemicals 

 

All chemicals were purchased from Sigma (St.Louis, MO, USA) and dissolved at the required 

concentration in 100% dimethyl sulphoxide (DMSO) unless otherwise specified. Rosiglitazone, 

troglitazone, pioglitazone and ciglitazone were purchased from Alexis Biochemicals. 15-deoxy-

Δ
12, 14-prostaglandin J2 (Alexis Biochemicals) was supplied as a 3 mM stock in methyl acetate. 

GW1929 and GW9662 were prepared as 50 mM stocks in 100 % DMSO. All chemicals were 

stored at -20 oC. Gadolinium was prepared as 20 or 100 mM stock solutions in de-ionised water. 

 

Data analysis 

 

Averaged data are expressed as mean ± standard error of mean. Control and test data were 

produced in pairs and compared using an independent student’s t-test (intracellular Ca2+ 

measurement) or paired student’s t-test (electrophysiology performed on the same cell). 

Probability (P) of less than 0.05 was considered statistically significant (*); n.s. (not significant) 

indicates P>0.05. All intracellular Ca2+ measurement data are presented as n/N, where N is the 

number of wells used in the 96-well plates and n is the number of independent experiments (i.e. 

on different 96-well plates). For patch-clamp recordings, n is the number of single cells from 

which measurements were made. Origin 7.5 software (OriginLab, Northampton, MA) was used 

for data analysis and presentation. 
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Results 

 

Potent inhibition of TRPM3 but not TRPM2 by rosiglitazone 

Rosiglitazone (Fig 1a) inhibited TRPM3-dependent Ca2+-influx evoked by the TRPM3 

stimulator pregnenolone sulphate (PregS) (Fig 1b). Similarly there was inhibition of TRPM3-

dependent ionic current (Fig 1c-e). The onset and wash-out of the effect occurred relatively 

rapidly within 100-200 s, similar in time-course to the action of PregS (Fig 1c). Inhibition of 

ionic current was the same at negative and positive voltages, suggesting voltage-independent 

action (Fig 1d, e). 

 Concentration-response curves were constructed against TRPM3 stimulated by the 

structurally-independent TRPM3 modulator nifedipine (Fig 2a, b) or PregS (Fig 2c). In both 

cases we observed that low concentrations of rosiglitazone (0.1-1 μM) caused about 20 % 

inhibition of TRPM3 (Fig 2a-c). In Fig 2b the effect is seen as the difference between the dashed 

line at 100 % (i.e. no effect) and the data points at about 80 % (i.e. ~20 % inhibition). 

Concentration-response curves were not constructed for this effect because the signals were 

small, making it difficult to precisely determine IC50 values. Higher concentrations of 

rosiglitazone caused stronger and complete TRPM3 inhibition with IC50 values of 9.5 μM and 

4.6 μM against nifedipine- and PregS-evoked activity (Fig 2b, c). In contrast, there was no effect 

of rosiglitazone at concentrations up to 10 μM on TRPM2 activity (Fig 2c). Higher 

concentrations of rosiglitazone blocked TRPM2, leading to a steep concentration-response curve 

and approximate IC50 of 22.5 μM (Fig 2c). 

The data suggest that rosiglitazone is a blocker of TRPM2 and TRPM3 channels with 

greatest potency and a biphasic concentration-response relationship at TRPM3. 
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Stimulation of TRPC5 by rosiglitazone 

Measurement of intracellular Ca2+ as an indicator of TRPC5 activity revealed a strong 

stimulatory effect of direct application of rosiglitazone (Fig 3a). There was no effect of 

rosiglitazone on cells that were not induced to express TRPC5 (Fig 3a) or when extracellular 

Ca2+ was omitted in experiments on TRPC5-expressing cells (n/N=4/28, data not shown). 

Rosiglitazone also evoked ionic current in TRPC5-expressing cells, with a tendency for current 

at positive voltages to be evoked most rapidly (Fig 3b). The onset and wash-out of effects 

occurred within 100-200 s (Fig 3b). The evoked currents were not from background 

(endogenous) ion channels because they did not occur in control (non-induced) cells (data not 

shown) and the evoked currents had the distinctive current-voltage relationship (I-V) expected 

for TRPC5 channels, which showed inward rectification at negative voltages and outward 

rectification at positive voltages with a plateau around 0 mV, conferring an approximate inverted 

S-shape (Fig 3c). Three different experimental protocols were used to determine the 

concentration-dependence of the effect of rosiglitazone on TRPC5 activity. Each yielded a 

similar result, giving an EC50 of ~30 μM (Fig 3d). The data suggest that rosiglitazone is a strong 

stimulator of TRPC5 channels. In contrast, direct application of rosiglitazone did not stimulate 

TRPM2 or TRPM3 channels (n/N=3/12 each, data not shown). 

 

Effects of troglitazone and pioglitazone on TRPM3 but not TRPC5 

In order to provide insight into the chemical features of rosiglitazone that are required for 

TRP channel modulation we tested troglitazone and pioglitazone, which contain the 

thiazolidinedione moiety like rosiglitazone (Fig 4a cf Fig 1a). Both agents inhibited TRPM3, 
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showing effects that were similar to those caused by rosiglitazone (Fig 4b, c). Also like with 

rosiglitazone, there was inhibition of nifedipine- as well as PregS-evoked TRPM3 activity (Fig 

4d, e). In marked contrast, troglitazone and pioglitazone completely failed to evoke TRPC5 

activity (Fig 4f). Similarly, ciglitazone failed to stimulate TRPC5 (n/N=3/12, data not shown).  

The data suggest that the thiazolidinedione moiety is important for TRPM3 modulation but 

insufficient for TRPC5 modulation. 

 

PPAR-γ antagonism did not affect TRPM3-inhibition by rosiglitazone 

The observation that rosiglitazone, troglitazone and pioglitazone all inhibited TRPM3 

could be explained by effects through PPAR-γ, even though the effects were quite rapid and thus 

presumably not mediated via transcriptional control. To investigate the role of PPAR-γ, cells 

were pretreated for 24 hr in GW9662, an irreversible PPAR-γ antagonist (Leesnitzer et al., 2002). 

Pretreatment with GW9662 partially inhibited the PregS response (Fig 5a, b). However, the 

inhibitory effect of rosiglitazone was retained, unaltered in amplitude compared with that in 

control cells (Fig 5a, b). The data suggested that the effect of rosiglitazone was not mediated by 

PPAR-γ. 

 

Lack of effect of an endogenous PPAR-γ agonist 

To investigate further if the action of rosiglitazone on TRP channels occurred via PPAR-γ 

we tested 15-deoxy-Δ12, 14-prostaglandin J2 (15d-PGJ2), which is an endogenous PPAR-γ agonist 

that is chemically unrelated to rosiglitazone (Fig 6a cf Fig 1a). There was no effect of 15d-PGJ2 

on TRPM3 (Fig 6b-d). Similarly, there was also no stimulation of TRPC5 activity (Fig 6e), as 
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compared with the effect of gadolinium (Gd3+) which is a direct TRPC5 stimulator and was used 

as a positive control.  

 

Effect of an alternative pharmacological PPAR-γ agonist, GW1929 

To further investigate the relationship to PPAR-γ, we used GW1929 as a PPAR-γ agonist 

that lacks the thiazolidinedione moiety but resembles rosiglitazone in other chemical features 

(Fig 7a cf Fig 1a). Unlike rosiglitazone, GW1929 failed to inhibit TRPM3-dependent Ca2+ entry 

(Fig 7b, c). However, it had a small but significant stimulatory effect on basal TRPM3 activity 

(Fig 7b, d). The effect of GW1929 on TRPC5 was also investigated. Ca2+-entry was evoked by 

GW1929 in TRPC5-expressing cells (Fig 8a, b). However, unlike rosiglitazone, it also evoked 

Ca2+ signals in non-induced cells (Fig 8b). Although TRPC5-independent effects were more 

transient and smaller than those in TRPC5 cells, the presence of TRPC5-independent effects 

complicated interpretation of the data because TRPC5 activity can be potentiated by elevated 

intracellular Ca2+ levels (Blair et al., 2009; Hui et al., 2006). In whole-cell patch-clamp 

recordings, GW1929 elicited currents but they were small in amplitude relative to currents 

evoked by the standard TRPC5 stimulator, gadolinium (Fig 8c-e). In most recordings, GW1929-

evoked currents did not exhibit a distinct TRPC5 I-V but in one recording we observed clear 

activation of a TRPC5 I-V (Supplementary Fig II). The data suggest that GW1929 is a weak 

stimulator of TRPM3 and TRPC5 but that its effect is complicated by other actions on 

intracellular Ca2+ signaling. 
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Discussion 

 

The study has shown that rosiglitazone is an inhibitor of TRPM2 and TRPM3 channels 

and an activator of TRPC5 channels with a sensitivity order of TRPM3>TRPC5>TRPM2. The 

study focused on TRPM3 and TRPC5, showing that for both channels the natural PPAR-γ 

agonist 15d-PGJ2 had no effect, which suggests that rosiglitazone did not act via PPAR-γ. Further 

suggestions of independence from PPAR-γ came from the observations that PPAR-γ antagonism 

by GW9662 failed to affect the inhibition of TRPM3 by rosiglitazone, the PPAR-γ agonist 

GW1929 failed to inhibit TRPM3, and TRPC5 stimulation by rosiglitazone was not mimicked by 

troglitazone, pioglitazone or cliglitazone and was only very weakly mimicked by GW1929. In 

addition to PPAR-γ independence, the relatively fast occurring effects of rosiglitazone were 

suggestive of non-genomic mechanisms of action. These relatively direct effects were not 

chemically identical for TRPM3 and TRPC5, with the thiazolidinedione moiety showing 

importance for TRPM3 inhibition but not TRPC5 stimulation, for example. Therefore, the data 

suggest distinct but related drug binding sites for modulation of TRPM3 and TRPC5 channels. 

 

Thiazolidinediones have not previously been shown to affect TRP channels but effects on 

other types of ion channel have been described. Troglitazone inhibited voltage-dependent Ca2+- 

and K+-currents in vascular smooth muscle cells with IC50 values of 2 and 18 μM, contrasting 

with rosiglitazone and pioglitazone which had weak effects (Eto et al., 2001). Similarly, 

troglitazone and rosiglitazone inhibited ATP-sensitive K+ channels in vascular smooth muscle 

cells with IC50 values of 1 and 20 μM (Mishra and Aaronson, 1999) and over-expressed KV1.3 
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channels with IC50 values of 4 and 19 μM (Ahn et al., 2007). Therefore, there has been a theme 

of relatively potent blockade by troglitazone and weaker effects of rosiglitazone, which is 

opposite to what we observed with TRPM3 and TRPC5 channels; i.e. troglitazone inhibited 

TRPM3 with an IC50 of 12 μM (cf IC50 values of <0.1 and 5-10 μM for rosiglitazone) and lacked 

effect on TRPC5 at 100 μM. GW1929, the non-thiazolidinedione compound, has been previously 

reported to inhibit voltage-dependent Ca2+-current with an IC50 of 5 μM (Heppner et al., 2005). 

These effects on ion channels have occurred relatively rapidly and so would also seem likely to 

have been independent of transcriptional control and regulation of transcription by PPAR-γ. 

 

The inhibitory effects of thiazolidinediones on TRPM3 may be relevant to their clinical 

usage because plasma concentrations of rosiglitazone after administration of a single oral dose of 

8 mg reach 2-3 µM (Aramwit et al., 2008; Thompson-Culkin et al., 2002; Chu et al., 2007), 

which is in the threshold concentration range for affecting TRP channels. Based on current, 

limited, knowledge of TRPM3 functions it would be anticipated that consequences of blocking 

TRPM3 would be reduced insulin secretion from the pancreas, increased interleukin secretion 

from vascular smooth muscle cells and increased hyaluronan secretion from synovial fibroblasts 

of patients with rheumatoid arthritis (Ciurtin et al., 2010; Naylor et al., 2010; Wagner et al., 

2008). All of these effects would presumably be unwanted, consistent with the emerging concept 

of TRPM3 as a beneficial ion channel that is stimulated by “fountain of youth” steroids. 

Stimulation of TRPC5 by rosiglitazone may also have adverse consequences because TRPC5-

containing channels have been linked to unwanted vascular remodeling (Al-Shawaf et al., 2010).  
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In summary, the findings of this study have revealed previously unrecognized chemical 

modulation of TRP channels that may provide foundations for novel and subtype-selective TRP 

channel modulators because differential effects were observed on three types of TRP channel, 

distinct chemical structure-activity relationships were identified, and the potency of rosiglitazone 

was greater than that of troglitazone, which suggests the capacity for selectivity relative to other 

channel types. Nevertheless, there should be caution because the polarity of the effects is 

potentially unwanted; that is, the prediction is that it would be therapeutically advantageous to 

have TRPM3 activators rather than inhibitors, and TRPC5 inhibitors rather than stimulators. 
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Legends for figures 

 

Figure 1. Fast and reversible inhibition of TRPM3 activity by rosiglitazone. a. 2-dimensional 

structure of rosiglitazone (rosi) with the thiazolidinedione (TZD) moiety highlighted. (b-e) Data 

were generated by Ca2+ measurement (b) or whole-cell patch-clamp (c-e) in cells over-expressing 

TRPM3 (Tet+) unless specified by Tet- (in b). b. Example parallel comparisons of 5 µM-PregS 

responses in the presence of 10 μM rosi or vehicle applied for 15-min prior to PregS application 

and maintained throughout the recordings (N=4). c. Time-series plot showing the effect of bath-

applied 5 µM PregS and then the addition of 10 µM rosi. Shown are outward and inward currents 

sampled during the voltage ramp. d. Typical current-voltage relationships (I-Vs) for the PregS-

induced currents immediately prior to (PregS) and after the response to 10 µM rosi (+ 10 rosi). e. 

For experiments of the type shown in (c), the mean residual PregS-evoked current after 

application of rosi normalized to the current amplitude immediately before application of rosi 

(n=9). 

 

Figure 2. Concentration-dependence of TRPM3 inhibition by rosiglitazone. Data were 

generated by Ca2+ measurement. a. Example direct comparison of the effects of different 

concentrations of rosi on TRPM3 activity evoked by 20 µM nifedipine. Rosi was applied 15 min 

before nifedipine and was continuously present thereafter. There was no response to nifedipine in 

the absence of TRPM3 expression (data not shown). b. Mean normalised data for experiments of 

the type exemplified in (a). Signals were measured 90 s (black circles) and 240 s (white circles) 

after nifedipine application (n/N=3/12). The Hill equation fitted to the 90 s data points had an 
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IC50 of 9.52 µM and slope of 1.34. c. Mean concentration-response data for rosi inhibition of 

TRPM3 activated by 5 µM PregS (black circles, IC50 4.6 µM, slope 1.1) or TRPM2 activated by 

1 mM H2O2 (white squares, IC50 22.5 µM, slope 3.4) (n/N=3/12 for each data point). (b, c) 

Statistical comparisons (*) were made against paired solvent controls (i.e. 100 %, no effect) and 

measured 90 s after application of the channel stimulator. 

 

Figure 3. Stimulation of TRPC5 activity by rosiglitazone. Data were from cells over-

expressing TRPC5 (Tet+) unless specified by Tet-. a. Typical Ca2+ measurement experiment 

showing the effect of 100 µM rosi in TRPC5-expressing cells (N=4 each). b. Example whole-cell 

patch-clamp experiment for currents at +80 and -80 mV, showing the effect of bath-applied 100 

µM rosi. c. I-V for the rosi-induced current of (b). d. Concentration-dependent stimulation of 

TRPC5 determined after 500 s (white circles) and 15 min (black circles) applications of rosi in 

Ca2+ measurement experiments (n/N=3/18 each). The curve is a fitted Hill equation to the 15-min 

data (EC50 31.1 μM, slope 1.65). Also included are whole-cell patch-clamp data for responses to 

rosi at -80 mV (white triangles) and +80 mV (white squares) (n=5). 

 

Figure 4. Differential requirement for the thiazolidinedione moiety. Data were generated by 

Ca2+ measurement in cells over-expressing TRPM3 (b-e) or TRPC5 (f). a. 2-dimensional 

structures of troglitazone (tro) and pioglitazone (pio). (b, c). Mean data for effects of tro (b) and 

pio (c) on TRPM3 stimulated by 5 µM PregS. Statistical comparisons were made with paired 

solvent controls. The fitted Hill equations gave IC50 values of 11.97 µM (slope 2.91) and 12.10 

µM (slope 2.11) for tro and pio respectively (n/N=3/12 for each point). d. Example experiment 

showing the effect of 15 min treatment with 30 µM tro on TRPM3 stimulated by 20 µM 
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nifedipine. e. Mean normalised data for experiments with tro (as exemplified in d) and 30 µM 

pio (n/N=3/24 for each point). f. Mean Ca2+ responses evoked by 100 µM rosi, 100 µM tro, 100 

µM pio or the vehicle control (dimethylsulphoxide) in cells over-expressing TRPC5 (n/N=3/12 

each). 

 

Figure 5. Insensitivity of the rosiglitazone effect on TRPM3 to PPAR-γ antagonism. Data 

were generated by Ca2+ measurement in cells over-expressing TRPM3 (Tet+). a. Cells were pre-

treated with 50 µM GW9662 (or vehicle) for 24 hr prior to experiments and the GW9662 was 

maintained during the recordings. Pre-treatment with 10 µM rosiglitazone (rosi) was as described 

for Fig 1b and PregS was applied at 5 µM. b. Mean data for experiments exemplified in (a), 

showing the effect of GW9662 alone (+ GW9662), rosi alone (+ rosi), or GW9662 with rosi (+ 

GW9662 + rosi) on the PregS-induced response (n/N=3/12 for each condition). 

 

Figure 6. Insensitivity of TRPM3 and TRPC5 to 15-deoxy-Δ12, 14-prostaglandin J2 (15d-

PGJ2). a. 2-dimensional structure of 15d-PGJ2. Data were generated in cells over-expressing 

TRPM3 (b-d) or TRPC5 (e). (b, c). Example time-series for a whole-cell voltage-clamp 

experiment showing the effect of bath-applied 10 µM 15d-PGJ2 on currents elicited by 5 µM 

PregS. c. I-Vs for PregS-evoked currents before (PregS) and after application of 15d-PGJ2 (+10 

15d-PGJ2). d. Mean data for the experiments exemplified in (b) and analysed at 5 and 10 min 

time points after 15d-PGJ2 application (n=7). e. Ca2+ measurement data comparing the amplitude 

of the signals elicited by 10 µM 15d-PGJ2 or 100 µM Gadolinium (Gd3+) in cells over-expressing 

TRPC5 (Tet+) and control (Tet-) cells (n/N=3/24 for each point). 
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Figure 7. Effect of a non-thiazolidinedione PPAR-γ agonist (GW1929) on TRPM3. Data 

were generated by Ca2+ measurement in cells over-expressing TRPM3 (Tet+) or control (Tet-) 

cells. a. 2-dimensional structure of GW1929. b. Example parallel comparisons of 5 µM-PregS 

responses in the presence of 50 μM GW1929 or vehicle (Ctrl) applied for 15 min prior to PregS 

application and maintained throughout the recordings (N=8). Note the small increase in basal 

Ca2+ (indicated by arrows) in the presence of GW1929. c, d. Mean data for experiments 

exemplified in (b), showing: (c) the effect of pre-treatment with GW1929 on the PregS response; 

and (d) GW1929-evoked increase in basal Ca2+ in Tet+ (TRPM3) but not Tet- cells (n/N=3/24 

each). 

 

Figure 8. Effect of GW1929 on TRPC5. (a-e) Data were generated by Ca2+ measurement (a, b) 

or whole-cell patch-clamp recording (c-e). a. Example experiment showing the effect of 

application of 100 µM GW1929 or vehicle (Ctrl) on cells over-expressing TRPC5. b. Mean data 

for the peak and sustained components of the GW1929-evoked Ca2+ response in cells over-

expressing TRPC5 (Tet+) or control (Tet-) cells (n/N=3/12 each). c. Example time-series plot 

from a whole-cell voltage-clamp experiment showing the effect of bath-applied 50 µM GW1929, 

30 µM Gd3+ and then 75 µM 2-aminoethoxydiphenylborate (2-APB). d. Example I-Vs from the 

experiment in (c). e. Mean currents induced by 50 µM GW1929 or 30 µM Gd3+ in cells over-

expressing TRPC5 (Tet+) (n=5). Statistical analysis was of the response to GW1929 relative to 

its vehicle (pre-GW1929) control. 
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Milligan, Anil K. Agarwal, Piruthivi Sukumar, Jacqueline Naylor, David J. Beech 

 
 
Supplementary Figure I.  Data presentation using the F/F0 method (inhibition of 

TRPM3 by rosiglitazone). Example parallel comparisons of the response to 5 µM 

PregS in the presence of 10 μM rosi or vehicle applied for 15 min prior to PregS 

application and maintained throughout the recordings (N=4). Data are the same as 

those presented in Fig 1b of the main paper, but in this case the intracellular Ca2+ has 

been presented as fluorescence (F) values normalised to background fluorescence (F0) 

(i.e. F/F0). 

 

Supplementary Figure II. Induction of the TRPC5 signature I-V by GW1929. (a, 

b). Time-series plot from a whole-cell voltage-clamp experiment showing an effect of 

bath-applied 50 µM GW1929 in cells over-expressing TRPC5 (a) and the I-V 

relationship for the induced current (b). This experiment was the 1 example out of 10 

recordings where the signature TRPC5 I-V was clearly evoked by GW1929. 
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Supplementary Figure II
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