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Figure S1. Pirfenidone targets the L-type Ca2+ channel. A) The figure shows peak HVA current density (elicited from a HP of -50 mV, to a test potential of +30 mV) obtained from control and pirfenidone-treated cells. The recordings were performed in the absence or the presence of extracellular nimodipine (3 µM). The values of current density are shown normalized with respect to the mean value observed in control cells unexposed to nimodipine (-7.3 pA/pF). *p<0.05, compared with this control. B) Fraction of current density (estimated from A) that was sensitive to nimodipine. Prior to normalization, the control mean value of DHP-sensitive current was -3.4 pA/pF. *p<0.005. 
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Figure S2. Voltage-dependent activation of L-type Ca2+ channels in ventricular myocytes. A) Examples of family currents of L-type Ca2+ channels acquired from control and pirfenidone-treated ventricular myocytes. B) Average I-V curves that were obtained from current traces as in A. The parameters of fitting I-V curves to a Boltzmann equation (Eqn. 2) are given at the bottom of the figure. The treatment with pirfenidone lasted 1-2 d. 
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Figure S3. The cell membrane capacitance (Cm) remains stable in culture. The figure shows values of Cm that were estimated as described previously,15,16 from either freshly isolated (Day 0) or cultured (Day 1 and Day 2) ventricular myocytes. The culture medium was supplemented (Pir) or not (CN) with pirfenidone. 
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Figure S4. The I-V curve of ICaL changes in culture. A,B) I-V curves that were recorded from either freshly isolated (A) or control-cultured (B) atrial myocytes. The I-V curve in cultured cells was rightward shifted, due to a significant change in VG1/2 (from -3.5 ± 2.9 mV, n = 9; to +3.2 ± 0.7 mV, n = 26). 
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Figure S5. The PKA inhibitor H89 attenuates the potentiation of L-channels. A) Average values of ICaL that were recorded in the absence or the presence of extracellular H89 (10 µM), from both control and pirfenidone-treated atrial myocytes. a and b represent significant differences, compared with control cells unexposed to H89 (p<0.001 and p<0.05, respectively). B) Degrees of potentiation of ICaL by pirfenidone (estimated from A, *p<0.05). 
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Figure S6.  Pirfenidone does not alter the expression levels of CaV1.2 protein in ventricular myocytes. Example of CaV1.2 immunoblot obtained from ventricular myocytes cultured under control conditions (CN) or in the presence of pirfenidfone (Pir). The bars represent the corresponding average that was obtained from two independent determinations of CaV1.2 immunoreactivity (mean ± range). 
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Figure S7. The effect of pirfenidone on ICaL is neither prevented nor mimicked by a long list of potential intermediary molecules. The figure shows average values of ICaL that were obtained from atrial myocytes cultured 1-2 d under either control conditions (Control), or the presence of pirfenidone (1 mM), DMSO (1%), NAC (10 mM), BAPTA-AM (10 µM), EGTA (1.7 mM), glutathione (10 mM), TNF-α (25 ng/ml), and pirfenidone plus TNF-α. Data obtained from four different experiments were polled and normalized with respect to the mean values obtained from control cells that were investigated at the same time. The control values were, from left to right (in pA/pF): -4.1, -3.8, -4.3, and -2.8. a and b represent significant differences, compared with the corresponding control (p<0.05 and p<0.001, respectively). 
SUPPLEMENTARY METHODS

Primary cultures of cardiac myocytes.


Cardiac myocytes were obtained from adult male Wistar rats. Basically, the heart was excised and the aorta cannulated quickly. The organ was then mounted into a homemade Langendorff system and perfused retrogradely with a digestion buffer (DB I) for 10 min. Subsequently, the cardiac region of interest (either: ventricles, left atria, or right atria) was dissected, minced and mechanically triturated (using siliconized Pasteur pipettes with wide tips, that is approximately 0.5 cm). The composition of DB I was (in mM): 130 NaCl, 1 lactic acid, 5.4 KCl, 3 pyruvic acid, 25 HEPES, 0.5 MgCl2, 0.33 NaH2PO4, 22 glucose, 0.2 EGTA, 0.05 CaCl2, and 5x10-9 insulin – supplemented with collagenase type 2 (1.5 mg/ml) and protease XIV (40 µg/ml). The tissue was incubated further for 20 min at 25oC in the presence of DB II, which was similar to DB I, but contained bovine serum albumin (17 mg/ml), 80 µM CaCl2, 0.8 mg/ml of collagenase type 2, and 70 µg/ml of protease XIV. The resulting cells were resuspended, filtered, centrifuged (2 min at 500 rpm), and incubated first in DB III (20 min at 25oC) and subsequently in DB IV (20 min at 25oC). The composition of DB III and DB IV was similar to DB II, except that contained no proteases and either 250 µM CaCl2 (DB III) or 500 µM CaCl2 (DB IV). 


Cells were plated in 35 mm Petri dishes, containing laminin-coated glass coverslipes and culture medium, and kept at 37oC in a CO2 incubator. The standard culture medium (control condition) consisted of Dulbecco’s modified Eagle’s medium (DMEM) supplemented with heat inactivated foetal bovine serum (10%), penicillin (100 Uml-1), streptomycin (100 µgml-1), and L-glutamine (4 mM). Pirfenidone and other compounds were added from concentrated stocks to the standard culture medium, to result in the final concentrations indicated. Unless otherwise specified, experiments were performed in left atrial myocytes that were cultured 1-2 days in either the absence (control) or the presence of 1 mM pirfenidone (or other compounds, as indicated). Pirfenidone was dissolved in DMSO, and the maximal concentration that we used for the solvent (1%) failed to modify per se the activity of L-channels (Fig. S3). 

Current-clamp experiments.


Action potentials (APs) were recorded under current clamp conditions, using a slightly modified method originally described by Ferreiro et al.14 Briefly, sharp microelectrodes of approximately 0.3 µm were filled with KCl (1.0 M). Subsequently, the whole-cell configuration was obtained as described in: voltage-clamp experiments, the amplifier (Axopatch 200B) was switched to the fast current-clamp mode, and Vm was set to approximately -80 mV. For each cell, five APs were induced by the application of brief (0.5 ms) pulses of depolarizing current (delivered every second), and the last AP was used to estimate the AP duration at 90% of repolarisation (APD90). The voltage signal corresponding to Vm was analogically filtered at 10 Hz, using a low-pass Bessel filter, and acquired at a sampling rate of 100 KHz. Typically, the microelectrode resistance was 2.0 MΩ. Only experiments exhibiting both an estimated cell membrane resistance of >500 MΩ and series resistance (Rs) of <5 MΩ were taken into account. To attenuate the voltage error that results from the product of Rs and Im, the Rs compensation feature of the amplifier was set to a maximum. Likewise, to improve the recording bandwidth the capacitive transients were cancelled using the electronic circuitry of the amplifier. Myocytes were continuously perfused with Tyrode solution. 

Voltage-clamp experiments. 


Voltage-clamp experiments were performed using procedures described previously.15,16 Briefly, the cells were transferred from the incubator to a recording chamber that contained extracellular recording solution (see Recording solutions), mounted into an inverted microscope, and subjected to voltage-clamp experiments, using the whole-cell patch-clamp technique. For each particular cell, both ionic and gating currents were normalized with respect to the corresponding membrane capacitance (Cm), and thus are shown as current density (in pA/pF). Prifenidone did not affect cell size, as judging by the absence of significant changes in the average values of Cm (e.g. Fig. S3). The electrodes were elaborated from borosilicate glass, filled with the internal recoding solution (see Recording solutions), and exhibited and an electrical resistance of ~2 M(. Capacitive transients were cancelled (~95%) by analog subtraction with the amplifier’s circuit, while the remaining linear components were subtracted with P/N protocols. The current signals were filtered with a four-pole Bessel filter (at 1-10 KHz), and acquired into the hard drive of a PC using sampling frequencies of either 50 KHz (for test pulses of 10-30 ms) or 10 KHz (for test pulses of 0.2-1.0 s). 


In general, the activity of L-channels was investigated using a holding potential (HP) of -50 mV. However, to investigate their steady-state voltage-dependent inactivation, the HP was set to a wide range of voltages (from -60 mV to +20 mV, 30 s prior to test pulses). In Figs. 1-C the activity of T- and L-type channels was assessed simultaneously, using a two-pulse protocol. Basically, the T-current was elicited from a HP of -90 mV, to a membrane potential (-30 mV, 200 ms) that does not recruits L-channels. After a short interpulse of 30 ms to -50 mV, a second pulse was delivered, designed to elicit L-current (at + 30 mV, 200 ms). 


The activity of Na+ and K+ channels was investigated in the presence of Na+ and K+ recording solutions (added with 0.5 mM of Cd2+, to eliminate Ca2+ currents; see Recording solutions). For these experiments, INa was elicited from a HP of -120 mV, and to a membrane potential with negligible IK (-30 mV). On the other hand, IK was isolated from INa by the application of 40 ms conditioning prepulses to −30 mV, which were designed to inactivate Na+ channels. IKin was estimated as the peak inward current, IKsus represents the outward current remaining at the end of test pulses, and IKto is the difference of the peak outward current minus IKsus.16

The nonlinear intramembrane charge movement, associated to the activity of L-channels, was assessed as the amount of charge that moved outward at the onset of membrane depolarization (QON). Gating currents associated to Na+ channels were eliminated by inactivation, that is setting the HP at -50 mV.15 


The fraction of stimulation of ICaL (F = [IPirfenidone /Icontrol]-1) was plotted as a function of the concentration of pirfenidone (D), and the resulting concentration-response curve was fitted according to a Hill equation: 


F = Fmax/[1 + (D/ EC50)h ] 




(1)

where Fmax represents the maximum effect, EC50 is the concentration that stimulates ICaL by 50% of Fmax, and h is the Hill coefficient. The concentration-response curve was subsequently normalized by Fmax (0.765) and is expressed as percentage of this value. 

ICaL was plotted as a function of membrane potential during test pulse and the corresponding I-V curves fitted according to a Boltzmann equation: 

I = Gmax (Vm – Vrev) / (1 + exp ((VG,1/2 -Vm)/kG))




(2)

On the other hand, the inactivation curves of ICaL were fitted according to: 


I = Imax / (1 + exp ((Vi,1/2 -Vm)/ki))




(3)

Finally, the charge-voltage curves were fitted according to: 


QON = Qmax / (1 + exp ((VQ,1/2 -Vm)/kQ))




(4)

The symbols in equations 2-4 have their conventional meanings with respect to the voltage-dependence of L-type Ca2+ channels. 

Quantitative real-time PCR assays. 


The CaV1.2 mRNA levels were assessed by qRT-PCR, using specific primers and procedures similar to those described previously,15 except that here we used the SYBR Green method on an Applied Biosystems 7500 Real-Time PCR system. The primers used to analyze CaV1.2 were: 5’-CGAAGCTCAACTCAACTGTTTCTAC-3’ (forward), and 5’-GCATTGGCATTCATGTTGGCAT-3’ (reverse). Briefly, atrial myocytes were kept in culture 1 d under either control conditions or the presences of pirfenidone (1 mM). Subsequently, total RNA was extracted using the TRIzol method and quantitative real-time PCR assay of the cDNA transcripts was prepared from 1 µg of total RNA using a SuperScript First Strand Synthesis kit . The genes encoding CaV1.2 and 18S ribosomal RNA (rRNA, endogenous control) were simultaneously amplified. A 15 µl of reaction mix was used, and consisted of specific primers, cDNA, and SYBR Green JumpStart Taq ReadyMix. All measurements were done in triplicate, and the identity of the PCR amplification products was confirmed by melting curve analysis. The quantitative levels of CaV1.2 mRNA were estimated according to the comparative threshold cycle (Ct) method. Specifically, the Ct values of the CaV1.2 gene were corrected by parallel determinations of 18S rRNA ((t), and the relative changes estimated according to: 2[exp - ((t - (tref)], where (tref is (t from control myocytes. 
