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Transient receptor potential canonical type 6 (TRPC6) is a non-
selective receptor-operated cation channel that regulates reactive
fibrosis and growth signaling. Increased TRPC6 activity from en-
hanced gene expression or gain-of-function mutations contribute to
cardiac and/or renal disease. Despite evidence supporting a patho-
physiological role, no orally bioavailable selective TRPC6 inhibitor has
yet been developed and tested in vivo in disease models. Here, we
report an orally bioavailable TRPC6 antagonist (Bl 749327; IC5o 13 nM
against mouse TRPC6, t;/, 8.5-13.5 hours) with 85- and 42-fold selec-
tivity over the most closely related channels, TRPC3 and TRPC7.
TRPC6 calcium conductance results in the stimulation of nuclear fac-
tor of activated T cells (NFAT) that triggers pathological cardiac and
renal fibrosis and disease. Bl 749327 suppresses NFAT activation in
HEK293T cells expressing wild-type or gain-of-function TRPC6 mu-
tants (P112Q, M132T, R175Q, R895C, and R895L) and blocks associ-
ated signaling and expression of prohypertrophic genes in isolated
myocytes. In vivo, Bl 749327 (30 mg/kg/day, yielding unbound
trough plasma concentration ~180 nM) improves left heart function,
reduces volume/mass ratio, and blunts expression of profibrotic
genes and interstitial fibrosis in mice subjected to sustained pressure
overload. Additionally, Bl 749327 dose dependently reduces renal
fibrosis and associated gene expression in mice with unilateral ure-
teral obstruction. These results provide in vivo evidence of therapeu-
tic efficacy for a selective pharmacological TRPC6 inhibitor with oral
bioavailability and suitable pharmacokinetics to ameliorate cardiac
and renal stress-induced disease with fibrosis.

TRPC6 | ion channels | calcium | nuclear factor of activated T cells | fibrosis

he transient receptor potential canonical 6 (TRPC6) channel

is a nonselective cation channel expressed in multiple cell
types. TRPC6 plays physiological roles as a regulator of smooth
muscle contraction, pulmonary endothelial permeability, slit-
diaphragm structure and function of renal podocytes, and neu-
ronal protection against ischemia (1). However, TRPC6 hyper-
activity contributes to disease, including that of the systemic and
pulmonary circulations (2), cardiac myocytes (3), and renal
podocytes (4). Human TRPC6 gain-of-function mutations cause
familial focal segmental glomerulosclerosis (4-8), while TRPC6
up-regulation in the heart as observed with abnormal hemody-
namic stress stimulates pathological muscle growth and dys-
function (1, 3, 9-11). TRPC6 up-regulation also contributes to
hypoxic vasoconstriction associated with pulmonary edema (2,
12, 13). TRPC6 cation conductance is linked to calcium activa-
tion of the phosphatase calcineurin (Cn) that in turn stimulates
nuclear factor of activated T cells (NFAT) transcriptional reg-
ulation (14-17). NFAT enhances TRPC6 gene expression itself,
forming a positive feedback loop. TRPC6 expression is also
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enhanced by transforming growth factor-beta and other profi-
brotic factors via p38-dependent stimulation of serum response
factor, to activate myofibroblasts (18).

To date, the role of TRPC6 signaling has been mostly studied
using genetic gain- or loss-of-function mouse models. Transgenic
TRPC6 overexpression of wild-type (WT) or gain-of-function
mutants in podocytes leads to hyperalbuminuria (19), and WT-
TRPC6 overexpression in cardiac myocytes induces hypertrophy,
fibrosis, and heart failure (9). Unilateral ureteral obstruction
(UUO)-induced renal injury in mice increases TRPC6 gene ex-
pression and results in marked interstitial fibrosis that is blunted
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mediator of pathological hypertrophy and fibrosis, contribut-
ing to renal and cardiac disease. However, no selective TRPC6
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disease in intact animals. We developed and tested an orally
bioavailable TRPC6-specific inhibitor, Bl 749327, revealing its
capacity to improve cardiac function and reduce chamber di-
lation and fibrosis in the context of abnormal hemodynamic
stress. Similarly, Bl 749327 suppressed myofibroblast activation
and fibrosis in a renal disease model. These data support Bl
749327 as a representative of a therapeutic class for treating
cardiac and renal disease and provide a tool for studying the
biological function of TRPC6.
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in TRPCé-deficient mice (20). TRPC6-knockout (KO) mice also
develop less lung fibrosis in bleomycin-treated animals and fol-
lowing lung ischemia/reperfusion injury (2, 21). However, gene
deletion in the heart does not suppress pathological hypertrophy
or dysfunction induced by pressure stress (3), whereas over-
expression of a dominant negative TRPCG6 is protective (11).
Importantly, all of these genetic models alter TRPC6 expression
at an embryonic or neonatal stage, well before the induction of
disease. To our knowledge, no prior studies have tested the
therapeutic efficacy of selective pharmacological TRPC6 inhibition
in a nongenetically modified animal at or after the onset of disease.

A major impediment to translational testing of TRPC6 inhibition
has been the lack of a potent, selective, and orally bioavailable in-
hibitor. Previously reported blockers were nonselective, with com-
parable potency against TRPC3 and/or TRPC7, the two channels
with highest homology to TRPC6. They include: SKF 96365, 2-
aminoethoxydiphenyl borate, BTP2, larixol analogs, GSK2332255B,
GSK2833503A, norgestimate, 8009-5364, pyrazolo[1,5-a]pyrimidine,
and GsMTx4 (3, 22-30). SAR7334 was recently identified as a
TRPC6 antagonist with 30- and 24-fold selectivity against TRPC3
and TRPC7, respectively, but has rapid in vivo clearance (31). An
analog, DS88790512, has improved pharmacokinetics, but its selec-
tivity profile and in vivo efficacy remain unreported (32).

The present effort aimed to identify an orally bioavailable,
selective, and potent TRPC6 inhibitor to allow testing of the role
of TRPC6 in animal models of cardiac and renal disease. Using a
high-throughput screen and medicinal chemistry, we identified
BI 749327 with nanomolar potency, high selectivity, pharmaco-
kinetic properties compatible with once-daily dosing, and low
peak-to-trough plasma exposure ratios. We then tested its effi-
cacy in two relevant disease models: cardiac hypertrophy and
fibrosis induced by sustained pressure overload (PO) stress and
renal fibrosis induced by UUO. We report therapeutic efficacy of
oral TRPC6 suppression in both models, supporting its utility to
treat heart and renal disease and potentially other disorders
impacted by excessive TRPC6 ion channel activity.

Results

Identification and in Vitro Profile of BI 749327. We performed a
high-throughput screen using HEK293 cells stably transfected to
express human TRPC6 and stimulated with 1-oleoyl-2-acetyl-sn-
glycerol (OAG) to identify TRPC6 antagonists using a fluores-
cent readout for membrane potential. Medicinal chemistry,
aimed to optimize compound potency, selectivity against related
(TRPC3/5/7) and unrelated (Kv11.1) ion channels, and sub-
sequent pharmacokinetics, yielded BI 749327 (Fig. 14). Using
whole-cell patch clamp in a heterologous expression system,
HEK?293 cells made to express TRPC6, we find BI 749327 po-
tently inhibits OAG-activated mouse TRPC6 current with an
IG5 of 13 nM (Fig. 1B and SI Appendix, Table S1). BI 749327
has similar potency against human (ICsy = 19 nM) and guinea pig
(ICsp = 15 nM) TRPC6. TRPC3 and TRPC7 are the most
homologous to TRPCS6, sharing similar activation mechanisms,
and BI 749327 is 85-fold more selective for mouse TRPC6 than
TRPC3 (ICsp = 1,100 nM) and 42-fold versus TRPC7 (ICs5y =
550 nM, Fig. 1C), and minimally inhibits TRPCS (>700-fold selec-
tive, SI Appendix, Table S1), another channel proposed to play a role
in renal function (4, 33). BI 749327 had >500-fold TRPC6 selectivity
versus human TRPMS, TRPV1, TRPAI, and Nav1.5 and >150-fold
selectivity against human Kv11.1 (hERG) (SI Appendix, Table S2).

Bl 749327 Blocks Hypertrophic Signaling in Cells Expressing WT or
Mutant TRPC6. To test the impact of BI 749327 on TRPCo6-
related molecular signaling, HEK293T cells were transfected
with an NFAT-luciferase reporter and plasmids expressing either
TRPC6 or empty vector (Fig. 24). NFAT luciferase activity in-
creased with forced TRPC6 expression and was dose-dependently
inhibited by BI 749327, with the highest dose (500 nM) abrogating
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Fig. 1. BI 749327 inhibition of recombinantly expressed TRPC channels. (A)
Structure of Bl 749327. (B, Left) Inward (filled circles, —80 mV) and outward
(open circles, +80 mV) mTRPC6 currents activated in the presence of 1 uM
OAG (red bar), during exposure to 10 nM (blue bar) and 1 uM (green bar) Bl
749327. (B, Right) mTRPC6 current-voltage relations taken at time points
indicated in B, Left: a, 1 M OAG (red trace); b, 10 nM BI 749327 (blue trace);
and ¢, 1 pM BI 749327 (green trace). (C) Concentration-response curves of
TRPC6, TRPC3, and TRPC7 channel inhibition by Bl 749327 with calculated
ICso (mouse, black; human, red). Symbols represent the average percent in-
hibition recorded for the indicated number of cells per concentration. Solid
lines are logistic fits to the averages measured at three concentrations.

activation. The same high dose (500 nM) had no impact on NFAT
activity in cells transfected with empty vector or with TRPC3,
though mild inhibition of TRPC7-mediated NFAT promoter acti-
vation was observed, consistent with ICsq data (SI Appendix, Fig.
S14). BI 749327 also reduced NFAT activation in HEK293T cells
expressing gain-of-function TRPC6 mutants that cause familial
glomerulosclerosis in humans (P112Q, M132T, R175Q, R895C,
and R895L) (4-8). The first three mutations reside in the N ter-
minus and the latter in the C terminus, and their induction of
NFAT activity was fully blocked by 500 nM BI 749327 (Fig. 2B).

TRPC6 is required for angiotensin II (Ang II)-induced hy-
pertrophic signaling in cardiomyocytes (34). We therefore tested
whether BI 749327 modifies hypertrophic gene regulation in
neonatal rat ventricular myocytes exposed to Ang II (100 uM for
48 h). Ang II stimulated mRNA expression of genes coupled to
pathological hypertrophy (Nppa, Nppb, and Myh7) and to Cn/
NFAT signaling (Rcanl and Trpc6) (Fig. 2C). This increase was
attenuated by exposure to 250 or 500 nM BI 749327. BI 749327
did not alter the expression of these hypertrophic gene markers
in the absence of Ang II (SI Appendix, Fig. S1B).

Pharmacokinetic Profiling. To test the efficacy of BI 749327 in vivo,
we first performed single dose pharmacokinetic (PK) experi-
ments to guide the studies. Oral administration of 3, 10, or 30
mg/kg BI 749327 to CD-1 mice led to a dose-proportional in-
crease of maximum plasma concentrations (Cpax) and total sys-
temic exposure (SI Appendix, Fig. S24 and Table S3). The long
terminal half-life (t;,;) of 8.5-13.5 h qualified the compound for
once daily oral dosing. Oral administration of 30 mg/kg BI
749327 to B6129F1, CD-1, and C57BL/6J mice yielded compa-
rable exposures (SI Appendix, Fig. S2). These datasets were then
used to develop a two compartment PK model to simulate
multiple dosing. Mouse plasma protein binding of BI 749327
measured by equilibrium dialysis was high at 98.4 + 0.1% (at a
concentration of 1 pM) with a corresponding unbound fraction
of 1.6%. Given this, the trough unbound concentration was
~180 nM using daily 30 mg/kg oral dosing, 10x the ICsy for
TRPC6, and 1/5-1/6 the ICs, for TRPC7 and TRPC3.
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Fig. 2. Efficacy of Bl 749327 on TRPC6-mediated signaling in vitro. (A) NFAT activity in HEK293T cells mediated by TRPC6 expression is blunted by Bl 749327 in a
dose-dependent manner (*P < 0.0001, n = 6 per group, one-way ANOVA, Tukey pairwise comparison). (B) NFAT activity in HEK293T cells mediated by known TRPC6
gain-of-function mutations (P112Q, M132T, R175Q, R895C, and R895L) is blocked by Bl 749327 (500 nM) (*P < 0.0001, n > 6 per group, Mann-Whitney test). (C) Ang
Il-mediated increase in prohypertrophic signaling genes is blocked by Bl 749327. Expression of Trpc6, Rcan1, Nppa, Nppb, and Myh7, normalized to Gapdh, is shown.
One-way ANOVA with Holm-Sidak pairwise comparisons test, or Kruskal-Wallis with Dunn'’s test, n > 6 per group. *P < 0.0001; TP = 0.0014; *P = 0.0018; 5P = 0.028.

Effects of Chronic Oral Bl 749327 on Heart Response to Pressure
Overload. To test the efficacy of BI 749327 against cardiac dis-
ease in vivo, C57BL/6J mice were subjected to transaortic con-
striction (TAC) surgery to induce pressure overload or to sham
surgery. All mice received vehicle gavage 1 wk before TAC to
acclimate them to the procedure. Baseline and 1-wk post-TAC
echocardiograms were obtained, and mice were then randomized
to receive vehicle or 30 mg/kg/d BI 749327 by oral gavage. Mice
with post-TAC fractional shortening (FS) above 20% but less
than 40% before drug randomization provided the primary study
group. Total plasma peak and trough exposure to BI 749327 was
similar between drug-treated sham and TAC groups (SI Appen-
dix, Fig. S3), and this daily dose did not alter mean arterial
pressure or heart rate in conscious mice (SI Appendix, Fig. S4).
TAC depressed FS was similar in both treatment arms before
randomization. Thereafter, BI 749327 led to a gradual increase
in FS over vehicle (Fig. 34, **P = 0.007 by ANCOVA). Heart
end-diastolic and end-systolic dimensions with drug treatment
trended to decline, with P = 0.055 for end-systolic dimension (S/
Appendix, Fig. S5 A and B). BI 749327 did not suppress cardiac
hypertrophy (Fig. 3 B and C and SI Appendix, Fig. S5C), though
the geometry of the heart changed with a greater wall thickness/
dimension ratio (cardiac geometry index), reflecting more con-
centric hypertrophy (Fig. 3D, P = 0.02 by ANCOVA).

More direct analysis of left ventricular (LV) function was
provided by invasive pressure-volume (PV) analysis (n = 5-6 per
group). Representative PV loops are shown in Fig. 44 and
summary results in the remaining panels. LV end-diastolic and
end-systolic volumes generally significantly declined with BI
749327 treatment, in both sham and TAC groups (Fig. 4B). This
was associated with a lower stroke volume in the TAC group
(Fig. 4C). There were no changes in heart rate or other
morphometric parameters (Fig. 4D and SI Appendix, Fig. S5 D-
F). Systolic pressure rose equally with TAC in both groups, and
BI 749327 did not change systolic pressure (Fig. 4F). Contrac-
tility was assessed by load-independent measures [preload-
recruitable stroke work (PRSW) and end-systolic elastance
(Ees)], and neither was altered by BI 749327 with or without
TAC (Fig. 4F). Relaxation rate was prolonged by TAC (P =
0.003 by two-way ANOVA) but unaltered by active treatment
(Fig. 4G). Together, these results reveal a reduction in chamber
volumes that cannot be ascribed to greater contractility or reduced
vascular resistance, but are more compatible with lower cardiac
preload from either venodilation or less circulatory volume.

10158 | www.phas.org/cgi/doi/10.1073/pnas. 1815354116

Bl 749327 Reduces Pathological Growth and Fibrotic Gene Expression.
Similar to that observed in vitro, BI 749327 reduced TAC-
induced expression of fetal genes, Nppa and Nppb, both bio-
markers of pathological hypertrophy (Fig. 54). TRPC6 ex-
pression declined and Rcanl trended downward, supporting
interruption of the feedback loop whereby TRPC6 current ac-
tivates NFAT to in turn up-regulate Trpc6 gene expression (9).
Gene expression of Trpcl and Trpc3, two channels also linked
with TAC-induced cardiac disease, were unaltered by BI 749327
(SI Appendix, Fig. S6). TAC increased genes associated with
reactive fibrosis, including collagen 1a and 3a (Colla2 and Col3a2),
fibronectin (Fnl), metalloproteinase 2 (Mmp2), transforming
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Fig. 3. LV function and morphology in mice treated with vehicle or Bl 749327.
(A) Time course of cardiac function assessed by fractional shortening (%FS) in
vehicle- versus Bl 749327-treated cohorts. Treatment is randomized after week
1. (**P = 0.007, ANCOVA). (B) Echocardiographic measurement of LV mass
increased by TAC in two study groups (P < 0.0001 for effect of TAC, one-way
ANOVA). Bl 749327 treatment had no impact (P = 0.99 between TAC groups).
(C) Heart weight/tibia length (HW/TL) ratio increases similarly after TAC in
both vehicle- and drug-treated groups (P < 0.0001 for TAC effect, P = 0.7 for
drug effect, and P = 0.92 for drug x TAC interaction; two-way ANOVA). (D)
Cardiac geometry index (wall thickness/diameter ratio) increases in Bl
749327 group, depicting more concentric hypertrophy (*P = 0.02, ANCOVA).
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drug treatment within sham or TAC groups (n = 5-6 per group).

growth factor-betal (7gfbl), and tissue inhibitor of metal-
loproteinase 2 (Timp2). BI 749327 treatment suppressed ex-
pression of these genes (Fig. 5B), resulting in ~40% decline in
interstitial fibrosis determined from myocardial histopathology

(Fig. 5C).

T S T
VEH BI 749327

In vivo pressure-volume analysis shows Bl 749327 reduces preload
but does not alter contractility. (A) Representative steady-state PV loops in
both vehicle- and drug-treated groups. TAC increases LV volumes (right shift
of the loop) with vehicle but less with Bl 749327 treatment. (B-G) End-
diastolic and end-systolic volume (EDV and ESV), stroke volume, heart rate,
peak systolic pressure, LV contractility assessed by PRSW and Ees, and iso-
volumic relaxation assessed by time constant (tau). S, sham surgery; T, TAC;
Veh, vehicle treatment; P values: Mann-Whitney t test between vehicle and

Bl 749327 Reduces Renal Fibrosis Caused by UUO. To test the impact
of BI 749327 in a model of renal fibrosis, we subjected mice to
UUO, initiating BI 749327 or vehicle treament just before the
intervention. UUO enhanced interstitial collagen deposition
detected by picrosirius red staining, and this declined with BI
749327 in a dose-dependent manner (Fig. 64). As TRPC6 is
thought to activate myofibroblasts (18), tissue was stained for
smooth muscle a-actin (aSMA) (Fig. 6B) and S100A4 (SI Ap-
pendix, Fig. S7C) and both declined with BI 749327 treatment.
The fall in renal aSMA content with BI 749327 was dose de-
pendent (Fig. 6B and SI Appendix, Fig. S8), with an ICs, of 306
nM. Gene expression for Tgfbl (Fig. 6C), collagen 4al (Col4al),
and fibronectin (Fnl) all declined with drug treatment (SI Ap-
pendix, Fig. S7 A and B). These changes were consistent with
those in the TAC model. Reduced collagen I and IV protein
levels with BI 749327 were confirmed by immunohistochemistry
(SI Appendix, Fig. S7 D and E). BI 749327 also suppressed renal
inflammatory cell infiltration, as reflected by reduced staining of
the T cell marker CD3 (Fig. 6D), and reduced interstitial lesions
(Fig. 6E). A macrophage marker (F4/80) did not meet statistical
significance (SI Appendix, Fig. STF, P = 0.11). Renal Trpc6 rose
fivefold in the UUO model, but unlike myocytes or heart, this
did not decline with BI 749327 (SI Appendix, Fig. S9), and
TRPC3 expression was undetectable in the kidney for all groups.

Discussion

This study reports the potent, selective TRPC6 antagonist (BI
749327) with pharmacokinetic properties compatible with oral
dosing. Consistent with a proposed role for TRPC6 in controlling
myofibroblast activation and fibrosis, BI 749327 suppressed in-
terstitial fibrosis and associated molecular signaling in disease
models of both the heart and kidney. While we did not de-
termine if these changes reflected primarily prevention of de
novo versus reversal of existing fibrosis, we and others have
shown 1 wk of TAC generates fibrosis (35). Therefore, our
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VEH

Bl 749327

BI 749327 reduces hypertrophic and profibrotic gene expression and myocardial fibrosis. (A) mRNA for hypertrophic marker genes are up-regulated in
vehicle-treated TAC and reduced by BI 749327. S, sham; T, TAC. Sham data are not significantly different between groups. (B) mRNA for fibrosis-related genes
in same myocardium. Elevation with TAC was suppressed by active drug therapy. (C, Left) Representative myocardial histology image at 20x magnification
shows increased interstitial fibrosis in TAC-VEH that is suppressed by drug treatment. (C, Right) Summary data (*P < 0.0001; otherwise, P value noted on
graph. Mann-Whitney test in drug treatment groups, no differences were present between shams. n = 6 per sham group, n = 12 TAC-VEH group, n = 15 TAC-
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Fig. 6. Bl 749327 treatment inhibits renal injury of mice after UUO. (A)
Representative images of picrosirius red staining for interstitial collagen. Bl
749327 treatment at 3, 10, and 30 mg/kg/d reduced collagen levels at the
mid and high dose. (B) Representative images of aSMA immunohistochem-
ical staining of kidney (**P < 0.0005, *P < 0.01 vs. UUO no treatment, one-
way ANOVA with Dunnett’s pairwise postcomparisons test). (C-E) Bl 749327
treatment reduced UUO-induced (C) Tgfb7 gene expression, (D) CD3* T cell
expression, and (E) number of interstitial lesions (two-tailed unpaired t test).

results have the potential to reflect both. In the pressure-
overloaded heart, BI 749327 also suppressed molecular mark-
ers of pathological hypertrophy, though interestingly this did not
translate to reduced wall thickness or mass. However, chronic BI
749327 treatment also lowered left ventricular end-systolic and
-diastolic volumes without altering contractility or systemic vas-
cular resistance. This was observed with or without pressure
overload. The volume changes, and not contractility or arterial
vasodilation, likely explain a modest rise in fractional shortening.
This finding suggests inhibition of TRPC6 by BI 749327 also has
systemic effects on venous tone and/or circulatory volume. If
translated to humans, such effects would be attractive for pa-
tients with heart failure and central vascular congestion. Unlike
prior studies employing Trpc6 gene deletion or expression of a
dominant negative TRPC6 channel, the present data inhibit
TRPC6 in adult animals after generating disease in vivo. Given
the multiorgan role of TRPC6 in various diseases, the compound
class deserves further development of its translational potential.

Prior attempts to develop TRPC6 antagonists have faced
hurdles, with agents lacking sufficient selectivity and/or having
poor pharmacokinetic profiles. Selectivity concerns are particu-
larly relevant for the two closely related channels TRPC3 and
TRPC7, and in this regard, BI 749327 is the most selective an-
tagonist yet reported. The binding site for BI 749327 on TRPC6
remains unknown. Consequently structural features of the
compound, and its protein interactions that impart selectivity,
remain to be determined. The recently disclosed cryoelectron
microscopy structure of TRPC6 (36) may ultimately help in this
regard. Evidence for target engagement was provided by NFAT
suppression in HEK293 cells, and a decline in Trpc6 and Rcanl
mRNA in myocytes and the heart, consistent with suppression of
a positive NFAT-TRPC6 feedback loop (9). By contrast, we did
not observe reduced 7Trpc6 expression in the renal cortex of
UUO mice. This may reflect alternative NFAT activation path-
ways in the kidney that maintain 7Trpc6 gene expression despite
BI 749327 efficacy in reducing associated profibrotic signaling
genes and fibrosis, as in the myocardium. Renal cortical tissue
may also provide more heterogeneous cell populations than in
the heart, diluting mRNA changes relevant to particular cell

10160 | www.pnas.org/cgi/doi/10.1073/pnas. 1815354116

types (e.g., podocytes and fibroblasts) with that of others.
Overall, the data support BI 749327 engagement of its intended
target.

The availability of a potent, selective TRPC6 antagonist suit-
able for in vivo pharmacology testing addresses an unmet need in
defining the potential therapeutic opportunities from modulat-
ing this pathway. One limitation of prior genetic loss-of-function
approaches is the potential to induce developmental adapta-
tions. For example, the first 7rpc6 KO model exhibited hyper-
tension coupled to up-regulation of Trpc3 (37). Other models
have shown minimal blood pressure changes (38), consistent with
the lack of BI 749327 effects on blood pressure or heart rate.
Another limitation of genetic models is that they may influence
the composition of heterotetrameric channels that normally form
between TRPC3, TRPC6, and TRPC7 subunits (39). The ab-
sence or overabundance of TRPC6 could alter the stoichiometry
of remaining channel subunits, potentially generating compen-
satory functional channels. This is relevant, as we previously
found that genetic deletion of neither TRPC3 nor TRPC6 alone
ameliorated TAC-induced cardiac disease or fetal gene reex-
pression, whereas a double TRPC3/6 knockout was effective (3).
In contrast, a dominant negative TRPC6 mouse model conferred
modest protection (11). While we do not know if BI 749327
binding of TRPC6 cross-inhibits activity of other components in
a TRPC6-based tetramer, the efficacy of BI 749327 in the cur-
rent study suggests this is possible.

To our knowledge, no prior study has reported chronic TRPC6
inhibition reduces cardiac volumes (both end-diastolic and end-
systolic volume), though this has also not been previously testable.
TRPC6 contributes to acute contractility rise in hearts or cardiac
muscle confronting an increase in afterload (40), and this could
reduce chamber volumes in the intact heart. However, contrac-
tility was unaltered by BI 749327 in the current experiment despite
sustained afterload elevation from TAC. The volume changes are
also unlikely due to less fibrosis, as this would generally facilitate
filling to increase not lower volumes, and similar preload decline
was seen in sham mice that lack fibrosis. Rather, we believe vol-
ume decline likely reflects systemic effects of TRPC6 inhibition,
lowering venous tone and/or circulating blood volume. The latter
may involve the kidney, but this remains to be determined. TRPC6
is ubiquitously expressed in the vasculature and plays a key role in
the vascular-tone response to o-adrenergic stimuli, vasopressin,
angiotensin receptor stimulation, and arterial mechanical loading
(24, 41). TRPCE is also highly expressed in portal veins in mouse
and rabbit where it regulates sympathetic-stimulated vascular tone
(24). Regardless of the exact cause, lower preload from BI 749327
in chronic heart disease might contribute to reduced fibrosis by
lowering wall stress and blunt central vascular congestion common
to heart failure.

Our study has some limitations. First, evidence of target en-
gagement by BI 749327 remains indirect, leveraging biomarkers
engaged by the pathway. For the kidney, proof may require
further cell-specific gene expression analysis. We did not test
each disease model in TRPC6 KO mice to assess selectivity, as
these models themselves alter the disease condition: TRPC6
gene deletion occurs before disease and up-regulation of other
channels may compensate. The TAC cardiac model could not
test if TRPC6 antagonism reverses lung congestion, a potential
consequence of preload decline, as it modeled partially com-
pensated hypertrophy and not heart failure. The UUO model
generates interstitial fibrosis but not glomerular disease or pro-
teinuria. Future studies in models that engage these abnormali-
ties, such as diabetic nephropathy and other renal diseases, will
be needed to test the therapeutic potential of BI 749327 for
these conditions. Mice expressing gain-of-function TRPC6 mu-
tations causing severe renal damage in humans rarely develop
much disease (19), so such testing may ultimately be best done
in humans.
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In summary, we reveal in vivo evidence of therapeutic efficacy of an
orally bioavailable TRPC6 antagonist to counter chronic profibrotic
disease conditions. In addition to cardiac and renal disease, TRPC6
hyperstimulation is linked to important pathophysiology in the lung
and in other tissues, and the favorable oral profile of BI 749327
supports exploration of its therapeutic role in these organs as well.

Materials and Methods

For detailed materials and methods, please refer to S/ Appendix.

Electrophysiology. HEK293 cells transfected with mouse and human TRPC
channels were voltage clamped using an EPC10 (HEKA), Axopatch 200B, or
Axon Multiclamp 700B (Molecular Devices). Currents were acquired at 10 kHz
and filtered at 2 or 2.9 kHz. The standard voltage ramp protocol was applied
with a 4- to 5-s interval and comprised an 80-ms step at —80 mV, a 320-ms
ramp to +80 mV, and a 40-ms voltage step at +80 mV.

In Vitro Cellular Assays. Neonatal rat ventricular myocytes were isolated from
newborn Sprague-Dawley rat pups and stimulated with angiotensin Il fol-
lowed by vehicle or BI 749327 treatment. HEK293T cells were cultured to 70%
confluence, transfected with plasmids expressing a NFAT luciferase reporter
and another expressing WT-TRPC6, gain-of-function TRPC6 mutants (P112Q,
M132T, R175Q, R895C, and R895L), or empty vector pcDNA3.1. Renilla-
luciferase plasmid was transfected as an internal control.

Pharmacokinetic Studies. Pharmacokinetics of Bl 749327 were investigated in
male CD-1 mice (Janvier) at dose levels of 3, 10, and 30 mg/kg and at 30 mg/kg
in B6129F1 mice (Taconic Biosciences). Serial blood sampling was performed
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via puncture of the saphenous vein and samples were collected using EDTA-
coated microtainers (Microvette).

In Vivo Pressure-Overload Model. Mice received daily gavage with methyl-
cellulose/Tween-80 vehicle starting 1 wk before TAC surgery. After 1 wk
post-TAC, mice were orally gavaged with daily vehicle or Bl 749327 treatment.
Cardiac function was assessed by serial echocardiography (Acuson Sequoia
and VisualSonic Vevo) followed by terminal pressure-volume analysis
(PowerLab, AD Instruments) after 8 wk post-TAC.

In Vivo Unilateral Ureteral Obstruction Model. A midline laparotomy was
performed and the left ureter was isolated and ligated at the boundary of the
lower renal pole to induce irreversible UUO.

Statistical Analysis. For multiple comparisons, ordinary one-way ANOVA with
Holm-Sidak posttest or Dunnett’s posttest was used for parametric tests
(GraphPad Prism 7.0) and Welch’s ANOVA with Games-Howell posttest for
nonparametric tests (Minitab 18), as appropriate. Time course data were
analyzed using a covariance design (SYSTAT 10.2 and Minitab 18). For single
comparisons, unpaired t test or a Mann-Whitney nonparametric test were
used. Data were plotted as mean + SEM with a P value <0.05 considered
statistically significant.
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