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TRP (Transient Receptor Potential) Channel Family

• Proteins expressing on lipid membrane.

• Forming tetramer and working as a non-selective cation channel 

passing Na+ and Ca2+ .

• TRP Channel superfamily showing huge functional diversity.

• Working as censors for detecting various outer cellular signals such as 

temperature change, mechanical stimulant, chemical stimulant, pH 

change, and so on.

• Working as signal transducers which transform these signals into 

biological reactions using Ca2+ passed through the channels.

• For examples, TRPV1 transduces capsaicin signal into hot sensation 

and TRPM8 translates menthol into cooling sensation.

Prof. Mori labs HP
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Inhibition of TRPC6 channels ameliorates renal fibrosis and contributes to 
renal protection by soluble klotho.

Y.-L. Wu et al,  Kidney International (2017) 91, 830–841.

Effects of TRPC3/6 deletion or inhibition on various animal disease models 

Renal Fibrosis

Classical transient receptor potential 6 (TRPC6) channels support myofibroblast
differentiation and development of experimental pulmonary fibrosis.

K. Hofman et al., Biochim Biophys Acta. 2017;1863(2):560-568. 

Pulmonary Fibrosis

TRPC3-GEF-H1 axis mediates pressure overload-induced cardiac fibrosis.
T. Numaga-Tomita et al,  Scientific Reports (2016) 6, 39383.

Cardiac Fibrosis

Receptor channel TRPC6 orchestrate the activation of human hepatic stellate 
cell under hypoxia condition.

S. C. Iyer et al,  Experimental Cell Res. (2015) 336, 66–841.

NASH

The role of transient receptor potential channel 6 channels in the pulmonary 
vasculature.

Monika Malczyk et al,  Frontiers in Immunol. (2017) 8, 1-11.

Pulmonary Arterial Hypertention
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Competitive Aspect in R&D of TRPC3/6 Inhibitors

• TRPC3/6 inhibitors may be promising for treating various fibrosis with unmet medical needs.

• We have found that TRPC3/6 channels inhibition might be effective for preventing and/or treating cisplatin induced hearing loss.

• According to Integrity search, GSK had been active in research on TRPC3/6 inhibitors until a couple years ago, but currently not.

• A representative TRPC3/6 inhibitor of GSK showed very poor pharmacokinetic properties, although it could prevent cardiac 

fibrosis.

• K. Seo et al., Combined TRPC3 and TRPC6 blockade by selective small-molecule or genetic deletion inhibits pathological cardiac hypertrophy, 

Proc. Natl. Acad. Sci., 2014, 111, 1151-1556.

• Sanofi, Daiichi-Sankyo, AstraZeneca, Amgen and Boehringer Ingelheim have recently identified certain TRPC6 inhibitors. 

Currently, no pharmaceutical companies appear to be active on development of TRPC3/6 inhibitors, except for BI 764198 which 

has been terminated phase 2 study for acute respiratory distress syndrome in Covid-19 due to lack of benefit. 

• In academia, many research laboratories are continuously exploring new pathological roles of TRPC3/6 channels using Pyr2, 3 

and 4 discovered by Prof. Mori’s labs as tool compounds.

• S. Kiyonaka et al., Selective and direct inhibition of TRPC3 channels underlies biological activities of a pyrazole compound, Proc. Nat. Acad. 

Sci., 2009; 106: 5400-5405.

Identification of a novel TRPC3/6 inhibitor with a good PK profile is awaited. 4



Discovery of Novel TRPC3/6 Inhibitor L862

Inhibitions of Ca2+ permiation by L862 in TRPC6 and C3 overexpressing Cells Effect of L862 on TGF-b induced fibrosis in murine dermal fibroblast

L862 inhibited TGF-b induced fibrosis as potent as tool compound Pyr2, as 

evidenced by inhibiting a-SMA production in murine dermal fibroblasts. 

L862 exhibited more potent activity than Sanofi and Glaxo compounds at 10 mM.

I-V  relationship

電気生理学的手法を用いた評価 (L-862)

L862 inhibited reversibly human TRPC6 channel activity.

hTRPC6 expressed
HEK cells

Whole-cell recording 
(VH= -50 mV)

L862 (mM) L862 (mM)

Ten mM of each compound is tested.

Sanofi

L862 inhibited dose-dependently Ca2+ permeation via TRPC3/6 channels.
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Cells were treated with TGFb1 (10 ng/ml) and 

drugs at the indicated concentration (Both were 

added simultaneously) for 48 hours. 

After PFA fixation, cells were immunostained with 

a-SMA mAb and anti-mouse IgG-Alexa488.

Electrophysiological experiments of L862

Sanofi
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• Novel and patentable compound: the PCT application (WO2019208812) was filed in US, Japan, Europe and 
China.

• Described as Novelty, Inventiveness and Industrial Applicability in the international search report.

• Could be synthesized without any difficulty.

• Excellent chemical and physical stability.

• None of decomposed products could be found in its suspension in Methyl Cellulose at 37 oC, even one week later.

• None of decomposed products could be found in the raw material at r.t. over one year.

• Excellent chemical and pharmacokinetics.

• Satisfied with Lipinski’s Law (MW: 427, LogD = 3 and so on).

• There are no functional groups which might contribute to toxicities, within the molecule.

• Inhibited reversibly TRPC3/6 channel activities (Patch Clamp experiments).  

• Excellent membrane permeability (Caco2 cells), solubility in PBS (93 uM), and metabolic stability (liver microsomes).

• High blood concentrations and good pharmacokinetic profile were seen after oral administrations to mice or rats (Rats: BA = 
57%).

• Dose dependent increases in Cmax and AUC in serum after oral administrations to rats (60 ~ 600 mg/kg).

• Reasonable SARs (structure activity relationships) were observed.

First in class as a TRPC3/6 inhibitor
Satisfied with criteria of drug candidate

Characteristics of L862 (1)
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Aspects of Efficacy Profile

• Selectively inhibiting TRPC3/6 channels over the other TRP channels.

• Weakly inhibiting TRPA1, slightly potentiating activator’s action on TRPV4, and inhibiting TRPC5 and C7 at a concentration of more than 30 mM. No 

effects on TRPC1, C2, V1, V6, M2, and M8.

• No effects at 10 mM on 44 molecules including various receptors, channels, and enzymes and high selectivity to TRPC3/6 were confirmed.

• In cisplatin induced hearing loss mouse model, drastic suppression of the increase of hearing threshold through the wide range of frequency was observed.

• Inhibition of fibrosis (a-SMA production) induced by TGF-b was demonstrated on rodent fibroblasts.

• Data obtained from experiments using human fibroblast cells suggests the potential as an anti-fibrotic drug.

• Efficacy trends in mouse fibrosis models such as IPF and NASH were demonstrated.

• Significant efficacy was confirmed in various rodent disease models including PAH. 

• An excellent efficacy was seen in a certain disease model with  10 mg/kg, po/day and the patent application was filed in Japan patent office in October, 2019.

Aspects of Safety Profile

• Not inhibiting Cyp enzymes such as CYP 3A4, 2D6, 2C9, and 2C19 at potentially harmful levels.

• Not demonstrating MBI (mechanical based inhibition) with Cyp enzymes

• In vitro cardiotoxicity test including QT prolongation using cardiomyocyte derived from hiPS cells indicated  no toxicity up to 50 mM.

• Rat single dose oral toxicity study (< 600 mg/kg) indicated safe.

• Two-week oral dose toxicity study in rats (< 600 mg/kg) were carried out.  Data of organ weight, hematological parameters, and clinical chemistry parameters 

indicated nearly normal except for slight increase liver weight (> 200 mg) below 400 mg/kg.   No significant lesions were observed at necropsy (< 400 mg/kg).  In 

addition, histopathological analysis revealed safe (< 400 mg/kg).  NOAEL was considered to be 400 mg/kg.

• Mutagenicity was negative, as evidenced by Ames test.

Characteristics of L862 (2)
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Pulmonary Arterial Hypertension (PAH)

• The prevalence is ca. 3000 in Japan (2014) and the number is growing each year.  (The number will be more, if mildly symptomatic patients are 

counted.)

• The unmet medical needs are still high.

• Highly marketable: the market size will increase to USD 9.3 billion by 5.6% year on year.

Involvement of TRPC3/6 channels

• TRPC3 as well as TRPC6 channels are reported to be over-expressed in pulmonary arterial smooth muscle cells of PAH patients（Ying Yu et.al. 

PNAS 2004. 101(38) 13861–13866）

• It is reported that one thirds of PAH patients carries SNPs in TRPC6 genes.

• In PAH models with TRPC6 KO or TRPC3 KO mice, progression of symptones are confirmed to be ameriolated（Kuwahara, K et al.,）

TRPC3/6 inhibitors are going to be a therapeutic drug for PAH.

• All of approved drugs for PAH are vasodilators and do not suppress abnormal proliferation of pulmonary arterial smooth muscle cells and fibrosis.

– PGI2, Endothelin antagonists, PDE5 inhibitors soluble Guanylate Cyclase stimulator and so on. 

• Currently, various drug candidates for PAH are in clinical stages and a TRPC3/6 inhibitor is thought to be competitive enough against them.

– Nrf2 activators, metformin, cytokine modulators, protease inhibitors, estrogen modulators, Diamox, etc.

• Recommended pharmacological tests for PAH is rodent monocrotaline and hypoxia induced PAH models and tests using  patients derived 

tissues.

• Pulmonary vascular pressure and 6 minutes walk are measured for Phase 2 clinical trials and the test period is usually 3 - 6 months.  The details 

are described In several review articles.

L862 will be a candidate drug for PAH. 9



TRPC6 and PAH
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Pulmonary Arterial Hypertension (PAH) and Systemic Sclerosis (SSc)

• PAH associated with systemic screlosis (PAH-SSc) is the most difficult disease to be cured, among PAHs (by Dr. 

Nakagawa of Kyoto U).

• PAH-SSc is untreatable by currently available approved drugs and is often complicated with interstitial diseases.  

PAH-SSc is suspected to involve pulmonary arterial lesion as well as venous one (by Dr. Nakagawa).                                   

• Systemic sclerosis (SSc)

– Prevalence of SSc in Japan is 2 -30,000.

– SSc develops dermal sclerosis and pulmonary fibrosis (ca. 55% of total SSc) and is complicated with PAH in 10% of total SSc patients.

– PAH is a major factor that determines the prognosis of SSc (by Dr. Nakagawa).

– Vascular lesion and activation of fibrobrasts are involved in pathology of SSc (Merck Manual).

– Steroids, Immuno-suppressants, Calcium antagonists, PGI2, Endothelin antagonist etc. are used as a symptomatic therapy. In 2019, Nintedanib

was approved for treatment of interstitial pneumonia associated with SSc.  However, there is no therapeutic drug for SSc with clear evidence.

– It is difficult to develop the therapeutic drug for SSc with a conventional way, as there is no reliable animal models for SSc.

• L862 will be a candidate drug for treatment of SSc.

– TRPC1, 6, and 7 are overexpressed in dermal fibroblast cells derived from SSc patients (C-W. Wu et al., PLOS ONE, 2019).

– A non-selective TRP channel inhibitor suppressed the above cells activation such as a-SMA induction (C-W. Wu et al., PLOS ONE, 2019).

– Although it is not about SSc, it is reported that TRPC3 largely involves in dermal scarring (H. Ishise et al., Sci. Rep., 2019).

• L862 will be developed as a therapeutic drug for PAH-SSc to get approval in early stage.

• L862 will be developed as a drug for treatment of SSc itself as well as PAH-SSc. 11



PAH, SSc, Idiopathic Pulmonary Fibrosis (IPF)

Idiopathic Pulmonary Hypertension (IPF):

• Prevalence of IPF in Japan is more than 15,000 (2014)

• Median survival period for IPF patients is 3 – 5 years after the diagnosis.

• Highly marketable: Both of annual sales of approved drugs, nintedanib and pirfenidone were 
ca. 1 billion dollars.

• Thirty two percent of IPF patients are associated with PAH (CHEST 2006; 129:746 –752).

• As Mentioned before, TRPC6 channels involve in the IPF pathology.

L862 can be expanded for use  of not only PAH but also IPF.

1. L862 will be developed for PAH and PAH-SSc and received an expedited approval for 
PAH-SSc, hopefully.

2. L862 will be pursued to receive approval for expanded uses with PAH, IPF, and SSc

L862
PAH

SSc IPF

L862
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End of Presentation
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