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Abstract

Transient receptor potential canonical (TRPC) Ca2+—permeant channels, especially TRPC3, are
increasingly implicated in cardiorenal diseases. We studied the possible role of fibroblast TRPC3 in the
development of renal fibrosis. /n vitro, a macromolecular complex formed by TRPC1/TRPC3/TRPC6
existed in isolated cultured rat renal fibroblasts. However, specific blockade of TRPC3 with the
pharmacologic inhibitor pyr3 was sufficient to inhibit both angiotensin II- and 1-oleoyl-2-acetyl-sn-
glycerol-induced Ca®* entry in these cells, which was detected by fura-2 Ca®* imaging. TRPC3 blockade
or Ca®" removal inhibited fibroblast proliferation and myofibroblast differentiation by suppressing the
phosphorylation of extracellular signal-regulated kinase (ERK1/2). In addition, pyr3 inhibited fibrosis and
inflammation-associated markers in a noncytotoxic manner. Furthermore, TRPC3 knockdown by siRNA
confirmed these pharmacologic findings. In adult male Wistar rats or wild-type mice subjected to unilateral
ureteral obstruction, TRPC3 expression increased in the fibroblasts of obstructed kidneys and was
associated with increased Ca®" entry, ERK1/2 phosphorylation, and fibroblast proliferation. Both TRPC3
blockade in rats and TRPC3 knockout in mice inhibited ERK1/2 phosphorylation and fibroblast activation
as well as myofibroblast differentiation and extracellular matrix remodeling in obstructed kidneys, thus
ameliorating tubulointerstitial damage and renal fibrosis. In conclusion, TRPC3 channels are present in
renal fibroblasts and control fibroblast proliferation, differentiation, and activation through Ca2"_-mediated
ERK signaling. TRPC3 channels might constitute important therapeutic targets for improving renal
remodeling in kidney disease.
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It is estimated that >14% of the adult population has some degree of CKD, and the prevalence of patients
with ESRD is increasing worldwide. > Most progressrve renal dysfunctions eventually lead to renal
fibrosis, regardless of the underlying disease. ~ Therefore, a better understanding of the pathologic
mechamsr?s and signaling pathways contributing to renal fibrosis is essential for developing new treatment
strategies.

Renal fibrosis (more specifically, interstitial fibrosis) is characterized by aberrant growth and proliferation
of renal fibroblasts. The activated fibroblast undergoes a phenotypic change to a myofibroblast, which is
characterized by a-smooth muscle actin (a-SMA) expression, as well as increased prolclluction of cytokines
and extracellular matrix (ECM) components, such as collagen and fibronectin (Fn). © The myofibroblast
is the key cellular mediator of fibrosis, and its presence correlates with the extent of tubulointerstitial
damage. Other cellular events occur in renal fibrosis, such as tubular epi(thglial-to-mesenchymal transition
(EMT), cell apoptosis, and mogrozcoylte/macrophage and T-cell infiltration > ; it is noteworthy that EMT is

still a debatable phenomenon.

Calcium (Ca2+) is an important signaling molecule implicated in divezrlsgzcellular functions, such as
differentiation, gene expressionz,3 cell proliferation, growth, and death, > and it plays a significant role in
regulating fibroblast functions. Transient receptor potential canonical (TRPC) channels are voltage-
independent, nonselective Ca”" channels.” Among this channel family, TRPC3 has been increasingly
implicated in many forms of disease. TRPC3 is a receptor-operated cation channel that can be activated by
angiotensin II (Ang II) or endothelin I through stimulation of their corresponding receptors and secondary
generation of diacylglycerol (DAG) ~ TRPC3 is upregulated in kldney and monocytes from patients
with hypertension and correlates with proinflammatory cytokrnes 5 " Increased TRPC3 channel protein
expression is found in human monocytes from patrents with CKD, and association of TRPC3 with
hypertension is increasingly being reported TRPC3 also promotes cardiac hypertrophy through
calcrneurrrioand NF of activated T cells ~  and mediates a proarrhythmic Ca? entry in cardiac

myocytes. > The TRPC3 selective inhibitor, ethyl-1-(4-(2,3,3-trichloroacrylamide)phenyl)-
5-(trifluoromethyl)- H—pyrazole—4—carboxylate (pyr3), is reported to block cardiac hypertrophy in mice
subj ected to pressure overload, with a marked selectrvrty for TRPC3 over other TRPs from the same
famrly, and prevent stent-induced arterial remodeling.  More recently, TRPC3 has beer}‘ 4ft4>;md in human
cardiac fibroblasts and regulated cell proliferation and differentiation in atrial f}(hr&llatlon. > Few other
studies reported the presence of TRPC channegs8 in normal rat kidney cell lines * and identified therr
localization in the adult rat and human kidne Y. 5; TRPC3 is also responsible for transepithelial Ca®" flux
in principal cells of the renal collecting duct ~— ; however, a clear functional in vivo role of such channels
remains totally unclear, especially in the diseased kidney. Therefore, it is important to study the role of
TRPC3 in renal fibroblasts and its role in the pathogenesis of renal fibrosis associated with kidney disease.

The model of unilateral ureteral obstruction (UUO) that is used in our stlrjgjly generates progressive renal
fibrosis that is independent of hypertension or systemic immune disease. The UUO maneuver mimics, in
an accelerated manner, the different stages of obstructive nephropathy leading to tubulointerstitial fibrosis:
cellular infiltration, tubular prolgeg%tion and apoptosis, EMT, myofibroblast accumulation, increased ECM
deposition, and tubular atrophy. ~— In this study, we examined the role of TRPC3 in renal fibroblasts and
evaluated the therapeutic efficiency of TRPC3 inhibition in obstructive nephropathy in rat and TRPC3
knockout (TRPC37/ ) mouse UUO models.

Results

Functional TRPC3 in Renal Fibroblasts
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Rat renal fibroblasts expressed high levels of TRPC3 channels; the protein band disappeared in the protein
lysate of TRPC3 ™ mice kidneys, confirming the specificity of the detected channel protein band (

Figure 1A). These channels were then tested for whethse9r6ghey contribute to Ca>" entry in these cells.
Because TRPC3 is physiologically activated by DAG, > the DAG analog 1-oleoyl-2-acetyl-sn-glycerol

OAQG) and the DAG generating Ang II were used to stimulate TRPC3 Ca2+ entry directly and indirectl
g g Ang y y X

™

[\

43
respectively. Because previous reports showed a dose-dependent effect of pyr3 on cellular Ca2* entries, °

different concentrations of this TRPC3 inhibitor were first tested on OAG-induced Ca>" entry (Figure 1B).
Minor inhibitory effects appeared with 0.1 and 1 M pyr3, whereas the largest inhibition was observed
with 10 uM (Figure 1B). Higher concentrations were not tested, because this latter one has been
consistently shown to e;ilzlibit maximal inhibitory effects on TRPC3 channel activity without affecting other
TRPC protein isoforms.

Large Ca”" entries were observed after extracellular Ca®" addition in control cells, and DMSO did not have
any effect. OAG-induced ca®* entry significantly diminished in rate and amplitude when preincubating
cells with pyr3, and more pronounced inhibition was noted with the nonselective blockers SKF96365, the
lanthanide Gd* * and 2-aminoethoxydiphenyl borate (2-APB) (Figure 1, C-E). When pyr3 was acutely
administered to fibroblasts after OAG stimulation, Ca®" entry amplitude began to fall and reached a
significantly lower plateau. Acute addition of SKF96365, Gd3+, or 2-APB led to a further drop in Ca®*
entries with faster rates of inhibition (Figure 1, F—H).

TRPC3 channels were then indirectly activated through application of inositol trisphosphate-generating
Ang II; an initial small peak in fura-2 signal indicated intracellular Ca”" mobilization by Ang II, which was
followed by an important Ca®* entry after readdition of extracellular Ca®" (Figure 2A). TRPC3 inhibitor
abolished the increase in Ca>" entry without affecting initial Ca”" mobilization (Figure 2, A and B), and
DMSO did not produce any noticeable effect (Figure 2, A and B). TRPC channel blockers, such as
SKF96365, Gd3+, and 2-APB, led to further CaZ" entries inhibition (Figure 2, B and C), with 2-APB also
inhibiting initial Ca”" mobilization by Ang II (data not shown). Acute addition of pyr3 resulted in similar
Ca?* entry abrogation with significantly lower amplitude, whereas SKF96365, Gd3+, and 2-APB produced
even more inhibition (Figure 2, D—F).

Because manganese (Mn2+) ions are used as Ca”" surrogates and seem to traverse most Ca2+-permeable
channels, °* > basal cation entry was further recorded using the quenching of fura-2 fluorescence by
Mn?* technique. Cultured renal fibroblasts were first perfused by Mn?" followed by either OAG or Ang I,
which resulted in large increases in fura-2 fluorescence quenching (Supplemental Figure 1). Chronic or

acute addition of pyr3 to the cells resulted in significant decreases in Mn** quench rates, whereas the
ionophore ionomycin resulted in complete fura-2 fluorescence quenching (Supplemental Figure 1).

A series of fibroblasts was subjected to on and off extracellular Ca®" switches to identify the existence of a
possible basal ca®" entry. However, Ca’" readdition after EGTA did not result in a significant increase in
intracellular Ca2+, and pyr3 did not have any noticeable effect (Supplemental Figure 2, A and B).

Maximum and minimum fluorescence values that could be obtained in our experimental conditions were
also checked by consecutive ionomycin and EGTA addition (Supplemental Figure 2, C and D).

Finally, fura-2 fluorescence was monitored over time without any significant decrease in values, indicating
the absence of dye leak from the cells (Supplemental Figure 3).

TRPC3 Inhibition Blocked Renal Fibroblasts Proliferation

Immunocytochemistry revealed (at day 0 of renal fibroblasts culture) a strong expression of mesenchymal

cell marker vimentin, with no presence of epithelial marker cytokeratin (Supplemental Figure 4, A, B, and
E). At day 5 of culture, vimentin staining strongly reacted with the abundant intermediate filaments of the

3 of 35 12/22/2019, 11:37 AM



Evidence of a Role for Fibroblast Transient Receptor Potential Canonical... https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4520158/?report=printable

cultured cells with still no expression of cytokeratin (Supplemental Figure 4, C—E), indicating consistently

pure renal fibroblastic cell preparations without contamination with tubular epithelial cells. As expected,
fibroblasts presented more cell spreading at day 5 of culture. Furthermore, specific markers for each
possible contaminating cell type were chosen as previously and widely described. ~— Indeed, expressions
of clusters of differentiation of CD31, CD68, and CD11c as well as kidney-specific cadherin 16, EpCAM,
and E-cadherin were hardly detected in the cultured cells at days 0 and 5 compared with total kidney,
indicating the absence of contaminating endothelial cells, monocytes/macrophages, dendritic cells, and
tubular epithelial cells (Supplemental Figure 4F); this confirms the immunocytochemistry results as to the

purity of the culture preparations.

MTT cell proliferation assay showed a pyr3 dose-dependent inhibition of renal fibroblasts proliferation
with a most prominent effect of the 10 4M concentration (Figure 3A). Cell counting further confirmed
these results with marked decreases in cell numbers with TRPC3 blockade compared with DMSO-treated
or control nontreated cells (Figure 3B). Cell cycle-negative regulators p5S3 and p21 were upregulated with
TRPC3 inhibition, whereas positive regulators that are normally expressed in proliferating cells (Ki67 and
proliferating cell nuclear antigen [PCNA]) presented diminished expression under TRPC3 blockade (
Figure 3, C and D).

Fibroblast Activation through TRPC3-Mediated ca®* Entry and Extracellular Signal-
Regulated Kinase 1/2

TRPC3-mediated activation of renal fibroblasts was then analyzed to check if TRPC3 Ca?* signaling was
important and essential in triggering the mitogen-activated protein kinase—extracellular signal-regulated
kinase (ERK) pathway. TRPC3 blockade by pyr3 inhibited ERK1/2 phosphorylation compared with
nontreated control and DMSO-treated cells (Figure 4, A and B). Low extracellular Ca®" (0.2 mM) also
inhibited ERK1/2 phosphorylation compared with control conditions (2 mM Ca2+) (Figure 4, A and B).
Total ERK was not affected by either treatment (Figure 4, A and B). The importance of the ERK pathway
in fibroblast activation and proliferation was further substantiated by the selective ERK pathway inhibitors
PD98059 and U0126 that diminished ERK phosphorylation and fibroblasts proliferation (Figure 4, C-E).
Finally, lowering extracellular Ca”" suppressed cell proliferation, showing the importance of Ca”" influx in
this cellular process (Figure 4E).

TRPC3 Inhibition Suppressed Myofibroblast Differentiation, Fibrosis, and Inflammation-
Associated Phenotype through ERK1/2

Ca”" influx and ERK phosphorylation abrogation effect on the phenotype and secretory profile of renal
fibroblasts with TRPC3 blockade was studied. Cells treated with pyr3 showed significantly less
differentiation into myofibroblasts, which was shown by the net decrease of a-SMA that characterizes this
type of cells (Figure 5A). ECM components, such as collagens 1, 3, and 4 and Fnl expression, as well as
regulators, like matrix metalloproteinase 2 (MMP2), MMPY, and tissue inhibitor of metalloproteinase 1
(TIMP1), diminished with TRPC3 blockade along with the fibrogenic activator connective tissue growth
factor (Figure 5B); pyr3-treated fibroblasts showed decreased expressions of the monocyte recruiting
chemokine MCP1 with suppression of the prostanoid and leukotriene pathways shown by diminished
cyclooxygenase 2 and arachidonate 5-lipoxygenase expressions (Figure 5C). Secretions of inflammatory
and fibrotic cytokines, such as IL-1, IL-6, and TGF-f1, as well as collagen synthesis were significantly
reduced with TRPC3 blockade (Figure 5, D and E). To further confirm ERK1/2 necessity for a-SMA,
collagen, and cytokines production, treatment of renal fibroblasts cultures with PD98059 resulted in
significant inhibition of a-SMA, collagens 1, 3, and 4, and Fnl expressions as well as IL-1 and IL-6
secretions (Figure 5, F and G).
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Noncytotoxic Effects of TRPC3 Blockade on Renal Fibroblasts

To exclude the possibility that the antiproliferative, antifibrotic effects of TRPC3 blockade were mediated
by cellular toxicity with a general killing phenomenon, the Trypan blue exclusion test was carried out to
examine the viability of the renal fibroblasts after pyr3 treatment. The results indicated that TRPC3
blockade with different pyr3 concentrations did not have any significant cytotoxicity (Figure 6, A—E).
Additional confirmation was done by studying the expression of relatively stable genes that should not be
affected with pyr3 treatment; stable expression of endogenous markers, such as f-actin, tata box protein,
and ribosomal protein L.32, was noted, validating the absence of cell killing with global genes
downregulations (Figure 6, F-H). As a positive control, HyO, treatment resulted in high cytotoxicity,
which was shown by the Trypan blue total cellular intake (Figure 6, A and E).

TRPC3 Knockdown Suppresses Fibroblast Activation, Proliferation, and Differentiation

TRPC3 was knocked down by specific siRNA in the cultured rat renal fibroblasts, and the relative protein
expression significantly decreased after 48 hours of transfection compared with the nonspecific scrambled
siRNA and control nontransfected cells (Figure 7A). Renal fibroblasts transfected with cy3-TRPC3 were
selected under specific fluorescence filters, and Ca?" influx was recorded after stimulation with either
OAG or Ang II. TRPC3 downregulation abrogated Ca?" influx in both stimulations (Figure 7B). This Ca®"
influx inhibition was accompanied by attenuated cell proliferation, which was shown by less reactivity to
MTT assay and smaller cell numbers (Figure 7, C and D). TRPC3 downregulation suppressed a-SMA
expression and hence, myofibroblast differentiation and ERK1/2 phosphorylation with no effect on total
ERK expression levels (Figure 7E). The activated fibrotic and inflammatory profiles of renal fibroblasts
were suppressed by TRPC3 knockdown, which was shown by reductions of collagen synthesis (Figure 7F)
as well as TGF-p1, IL-1, and IL-6 secretions (Figure 7G).

Characterization of the Expression, Subunit Composition, and Function of TRPC Channel
Isoforms in Rat Renal Fibroblasts

The possible contribution of other TRPC isoforms to the above-described Ca" entries and cellular effects
was evaluated. Other than TRPC3, freshly isolated renal fibroblasts expressed TRPC1 and -6 on both
mRNA and protein levels; however, their relative expressions were less than TRPC3 (Figure 8, A and B).
TRPC4 mRNA was barely detected, whereas TRPC2, -5, and -7 were not (Figure 8A). TRPC1, -3, and -6
were present in the same macromolecular complex as revealed by coimmunoprecipitation (Figure 8C).
Next, specific TRPC isoform knockdowns were performed to study the functional relevance of each one;
efficient knockdown of each channel with siRNAs was verified with no effect on the expression of the
other channel partners (Figure 8D). TRPC1 and -6 knockdown did not have a significant effect on OAG-
and Ang Il-induced Ca?" entries or cell proliferation (Figure 8, E-G). Because TRPC3 inhibition was
sufficient to block Ca" entry with marked cellular effects, the roles of TRPC1 and -6 were not further
studied; however, we could not exclude other cellular functions that might be accomplished by these
channels.

TRPC3 Blockade Inhibits In Vivo Upregulation of TRPC3, ERK Activation, and High
Proliferation Rate of Obstructed Kidneys Fibroblasts

Renal fibroblasts isolated from obstructed DMSO-treated kidneys showed relatively high expression of
TRPC3 protein compared with sham renal fibroblasts (Figure 9, A and B). Increased TRPC3 expression
was associated with enhanced ERK1/2 phosphorylation and correlated with high proliferation rates, which
was shown by high levels of cell cycle regulators Ki67 and PCNA (Figure 9, A—C). TRPC3 blockade by
pyr3 halted the increase in TRPC3 expression as well as ERK1/2 phosphorylation and cell proliferation (
Figure 9, A and B).
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TRPC3 Inhibition Reduced In Vivo Fibroblast Activation and ECM Remodeling

High TRPC3-mediated Ca?" influx was recorded from obstructed kidneys fibroblasts under OAG
stimulation (Figure 10A), whereas cells isolated from pyr3-treated kidneys showed marked decreases in
Ca”" influx (Figure 10A). Obstructed kidneys’ myofibroblast contents decreased with TRPC3 blockade,
which was shown by the diminished a-SMA expression (Figure 10B). The fibrotic and inflammatory
activities of obstructed kidneys fibroblasts were drastically reduced under pyr3 treatment, and decreases
were noted in fibroblast activation protein, TGF-f#1, connective tissue growth factor, IL-1, IL-6, MCP1,
cyclooxygenase 2, and arachidonate 5-lipoxygenase expressions compared with DMSO-treated kidneys (
Figure 10C). ECM remodeling was also inhibited with TRPC3 blockade and led to significant decreases in
total renal tissue collagen content (Figure 10D) as well as Fn, MMP2, MMP9, and TIMP1 proteins
compared with DMSO-treated kidneys (Figure 10E).

TRPC3 Inhibition Ameliorates Fibrosis and Inflammation of the Obstructed Kidney

Semiquantitative analysis of renal sections stained with hematoxylin-eosin revealed that the obstructed
kidneys treated by the vehicle developed severe tubulointerstitial damage with tubular atrophy and widened
interstitial space with a greater number of interstitial cells and infiltrating leukocytes (

Figure 11, C, D, and G-I) compared with sham kidneys (Figure, A, B, H, and I). These changes were

observed in the whole cortex, although the degree of severity was not homogeneously distributed; pyr3
treatment markedly ameliorated these histologic alterations, with significant decreases in the scores of
interstitial volume and the number of infiltrating leukocytes (Figure 11, E, F, H, and I).

The severity of renal fibrosis was assessed by Masson’s trichrome total collagen staining. Increases in
Masson’s trichrome-positive areas showed marked interstitial fibrosis in the DMSO-treated UUO kidneys (
Figure 12, C, D, and G) compared with sham kidneys (Figure 12, A, B, and G). TRPC3 blockade

significantly decreased fibrotic area extensions (Figure 12, E-G).

TRPC3~~ Mice Exhibit Decreased Renal Fibroblast Activation and Are Protected Against
Renal Fibrosis Induced by UUO

TRPC3 ™~ mice were previously developed and characterized.m After 10 days of UUO, mice kidneys were
excised, and fibroblasts were isolated. Obstructed kidneys of TRPC3™" mice showed relatively preserved
renal parenchyma with fewer yellowish scars (Figure 13A). Compared with wild-type (WT) animals, UUO
TRPC3 ™™ renal fibroblasts showed decreased levels of proliferation and differentiation as well as fibrotic
and inflammatory markers (Figure 13B), which was in parallel to the reduction in ERK phosphorylation (
Figure 13, C and D). Fibroblasts of sham TRPC3™ mice presented comparable levels of the different
studied markers as the WT animals (Figure 13, B-D).

Histopathology analysis revealed that renal tissue of TRPC3 ™™ mice was relatively preserved compared
with WT mice, with much less tubulointerstitial damage, less tubular atrophy, less widened interstitial
space, and a smaller number of interstitial cells and infiltrating leukocytes (Figure 14, A-D, I, and J). ECM

accumulation stained with picrosirius red was much smaller than WT (Figure 14, E-H and K).

Upregulation of TRPC3 in the Interstitium of the Rat and Mouse Obstructed Kidneys

The observed renal tissue damage with the extensive fibrotic areas was accompanied by elevations in the
interstitial a-SMA and TRPC3 expressions. In fact, sham rats and mice presented low interstitial a-SMA
expression with some distribution around the blood vessels, whereas UUO drastically increased this
a-SMA expression in the interstitium; pyr3-treated rats and TRPC3 ™ mice exhibited significantly lower
levels of this differentiation marker (Figure 15, A—F).
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TRPC3 was widely distributed within the normal rat and mouse kidneys, and the expression was localized

to the tubules, glomeruli, and interstitial cells (Figure 15, G and I). UUO caused a clear prominent
upregulation of TRPC3 in the interstitium (Figure 15, I, K, and L). The interstitial distribution of TRPC3
was comparable with a-SMA. The specificity of the used anti-TRPC3 was confirmed on the TRPC3 ™~
kidney sections, which did not show any labeling, even after UUO (Figure 15, H and J).

Discussion

Renal fibrosis is a result of most acute kidney diseases as well as CKD, Iwrth fibroblasts proliferation and
differentiation into myofibroblasts being its most important key player. UUO is a well established model
of renal fibrosis that allows the study of different pathologic aspects, such as EMT, tubular atrophy,
inflammation, and interstitial fibrosis, in a relatively short time. Nonselective Ca®" permeant TRPC
channels (more speciﬂcally, TRPC3) hxa\ge %C%Isl implicated in many cardiorenal diseases, such as cardiac
hypertrozghgi 28 and hypertension. ~ > —  Some studies showed a certain correlation with kidney
disease. > ° However, no study to our knowledge has investigated the role of fibroblast TRPC3 in renal
disease, such as fibrosis, and whether its inhibition could prevent the development of renal dysfunction. In

this work, we sought to study TRPC3 as a potential target in treating and preventing renal fibrosis.

Isolated renal fibroblasts showed a strong expression of functional TRPC3, with large Ca”" entries
observed after stimulation with OAG. Furthermore, pyr3, a selective inhibitor of this channel, showed
dose-dependent inhibition of OAG-induced Ca”" entry in these cells, with marked effects in either acute or
chronic (preincubation) inhibition; pyr3 has been shown to possess specific inhibitory effects on TRPC3
without any action on the other TRPC isoformsééTRPCl, -2,-4,-5, -6, and -7) as well as melastatin-related
transient receptor potential TRPM2, -4, and -7. The action site of pyr3 is located on the external side of
the TRPC3 protein, and similar acute actions of pyr3 were noted in human coronary artery smooth muscle
cells and microvascular endothelial cells. * DAG analog OAG has been routinely used as a direct
activator of receptor operated channels TRPC3 and -6 independently of protein kinases C and without the
generation of inositol trisphosphate. Nonselectrve blockers SKF96365, Gd>*, and 2-APB were also used
to further validate the implication of TRP channels. Recently, the presence of TRPC channels has been
depicted in a normal rat kidney fibroblasts cell line and found to control the process of receptor-operated
Ca”" influx o ; additionally, TRPC3 was present 1n the rat kidney and played a key role in the influx of

Ca*" into principal cells of the collecting duct. However the role of such channels in freshly

isolated adult renal fibroblasts under native physiologic conditions remains to be elucidated.

The renin-angiotensin system is also known to play a key role in the progression of chronic kidney damage
contributing to renal fibrosis. UUO is7azssociated with increased plasma Ang II that activates renal cells to

produce 8proﬁbrotrc factors and ECM, and TRPC3 has been shown to be activated among others by
Ang II. * Hence, we assessed the role of TRPC3 in Ang II-mediated Ca® entry in renal fibroblasts and
found that pyr3 drastically affected Ang II response. The above-observed Ca 2* entries were stimulated by
either OAG or Ang II; hence, we checked for a possible basal constitutive Ca?" entry. However, on and off

switching of the extracellular Ca?" did not result in a significant Ca®t entry.

The Mn?" quench technique was also used to estimate the sarcolemmal permeability to divalent cations.
Mn2+, as a surrogate for CaZ+, enters cells through the same routes as Ca?" and accumulates inside over
time, because it is poorly accepted by the cellular transport systems. Mn?* irreversibly quenches fura-2
fluorescence, and the reduction of the intensity of fura-2 ﬂuorescence can be used as an indicator of the
time integral of Mn?" influx. The experiments with Mn®" confirmed the previous results as to the
functional relevance of TRPC3 in renal fibroblasts.

22
Ca?" is a universal second messenger that plays important roles in proliferation and transcription.  Similar
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to dose-dependent inhibition of OAG/Ang II-induced Ca" entries by pyr3, TRPC3 blockade inhibited in
vitro renal fibroblast proliferation in a dose-dependent manner with upregulation of negative cell cycle
regulators. This antiproliferative effect of TRPC3 blockade was shown on cardiac fibroblasts. TRPC3-
mediated Ca®" influx may trigger downstream activation of signaling pathways leading to ﬁbrgmzzlst
proliferation. Indeed, recent reports showed TRPC3 association with ERK pathway activz;tion.*’*
However, Ang Il induced proliferation of cardiac fibroblasts through ERK1/2 cascade. — This prompted
us to evaluate the activation of the ERK pathway in renal fibroblasts and its dependence on TRPC3;
TRPC3 blockade resulted in ERK1/2 phosphorylation inhibition, which was further validated by selective
ERK1/2 inhibition resulting in decreased cell proliferation. TRPC3-mediated activation of ERK1/2 was
dependent on Ca”", because extracellular omission of this ion diminished ERK1/2 phosphorylation and

fibroblast proliferation.

Myofibroblasts play a crucial role in the pathophysiology of fibrosis by possessing an active secretory
phenot]}f%%; these cells synthesize ECM components and have the defining feature of forming a-SMA stress
fibers. > The role of TRPC3 in fibroblast to myofibroblast differentiation was investigated. TRPC3
inhibition led to decreases in a-SMA expression as well as profibrotic and inflammatory cytokines; this
effect was dependent on ERK 1/2 activation, because selective blockade of this pathway resulted in
diminished collagen and IL synthesis. Studies showed that adenoviral overexpression of TRPC3 induced
significant differentiation of fibroblasts into myofibroblasts, ghglreas Ca®" and ERK1/2 pathways were
essential in ECM collagen synthesis and cytokines production. ~ The observed effects of TRPC3
inhibition were mediated in a noncytotoxic manner.

TRPC3-specific knockdown confirmed the pharmacologic findings; diminished OAG and Ang II-induced
Ca2" entries were observed with siTRPC3 as well as decreased renal fibroblast proliferation. TRPC3
knockdown inhibited the phenotype switch to myofibroblasts, which was dependent on ERK 1/2
phosphorylation. The activated myofibroblastic fibrotic and inflammatory phenotype was also abolished
with TRPC3 knockdown.

TRPC channels were shown to assemble in heteromultimers; more specifically, TRPC3, -569, gand7-7 form a
structural and functional TRPC subfamily characterized by their sensitivity toward DAG. >~ TRPC3
and -6 may also compensate for the loss of one or the other in knockout strategies, which was previously
shown in TRPC6 ™/~ mice.% These mice exhibited increased BP and higher basal cation entry caused by the
upregulation of TRPC3. One could speculate that pyr3 administration might abolish and reverse the
observed effect&in these mice. Furthermore, fibroblasts contain several TRPC channel subtypes, such as
TRPC3 and -6, ° whereas kidneys contained TRPCI1, -3, and -6. Therefore, we characterized the
expression and functional relevance of TRPC isoforms in our studied cells. TRPC1, -3, and -6 were found
at the mRNA and protein levels and assembled together, whereas the other isoforms were not detectable.
Specific siRNA-mediated TRPC1 and -6 knockdown did not affect Ca”" entries and cell proliqferation.
Likewise, previous studies showeg7 that TRPC1 did not form functional homomeric channelsf8 whereas
TRPC6 was absent in fibroblasts. Consequently, because TRPC3 inhibition was sufficient in blocking
Ca®" entries, we did not further investigate the roles of these channels in renal fibroblasts function.
However, we could not exclude a possible role of these channels in other Ca*" entries and cellular
functions.

In our UUO model of kidney disease, TRPC3 expression increased in renal fibroblasts of obstructed
kidneys, with parallel increases in OAG-induced Ca”" influx and cell proliferation. This might be because
of a positive feed-forward regulation of TRPC3; in fact, this positive fee%f&)rward regulation of TRPC
signaling was reported for excessive TRPC activation in other cell types. > During tissue injuries, such as
those occurring in kidney diseases, mesenchymal and inflammatory cells secrete a wide array of profibrotic
and inflammatory cytokines, such as TGF-f1, Ang I, and endothelin I, contributing to the differentiation of
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fibroblasts into myoﬁbroblasts.u’& Furthermore, the ERK signla(l)%)irllég_rI pathway is activated in UUO and may
provide approaches in preventing progression of renal fibrosis. > As expected, a-SMA expression as
well as ERK1/2 phosphorylation, renal fibroblasts proliferation, and activation increased in obstructed
kidneys. In vivo, TRPC3 inhibition abrogated these changes, pointing toward an important role of TRPC3
in the pathogenesis of kidney disease simulated by the UUO model. Then, we evaluated the effect of
TRPC3 inhibition on the prevention of ECM remodeling and renal fibrosis. Net decreases in collagen,
MMP2/9, and TIMP1 were noted with TRPC3 inhibition. UUO also caused leukocyte infiltration of the
kidney and severe tubulointerstitial fibrosis with widened interstitial space. These histologic changes were
remarkably improved with TRPC3 blockade.

The importance of TRPC3 in the development of renal fibrosis was further promoted by the use of
TRPC3 ™/~ mice. Similar to the rat model, UUO induced the upregulation of TRPC3 and the activation of
ERK pathway in the renal fibroblasts of WT mice. However, TRPC3 ™ mice did not show this pronounced
ERK activation and were protected against renal damage and fibrosis. Noteworthy was the distribution of
TRPC3 in the rat and mouse renal tissues. In fact, TRPC3 was localized in the glomeruli, tubules, and
interstitium, and this expression was only increased in the interstitial cells. TRPC channels, specifically
TRPCI1, -3, and -6, were previously identified and localized&n the glomeruli and tubules of the adult rat
kidney, but the interstitial localization was not investigated.

This study was conducted on TRPC3 in renal fibroblasts to evaluate its implication in the development of
renal fibrosis. However, this could not eliminate a possible role of TRPC3 in other cell types, such as
monocytes, in the ﬁbrogenizc8 process; monocytes were implicated in hypertension and inflammation

through a TRPC3 pathway. > *

In conclusion, this work showed, for the first time, the presence and the functional role of TRPC3-mediated
Ca”" influx and ERK cascade signaling in renal fibroblasts under pathologic conditions. TRPC3 inhibition
and its knockout prevented renal damage and fibrosis associated with UUO. TRPC3 could be a new
candidate for better understanding the pathophysiology of renal fibrogenesis as well as a new potential
pharmacologic target in treating renal fibrosis.

Concise Methods

Additional details are in Supplemental Material.

Animals

The protocols of this study were designed according to the Guiding Principles in the Care and Use of
Animals approved by the Council of the American Physiologic Society and were in adherence to the Guide
for the Care and Use of Laboratory Animals by the US National Institutes of Health. The study was
conducted in adult male Wistar rats (220£20 g) and male 8- to 10-week-old TRPC3™~ mice with their age-
matched littermate WT controls. Rats were obtained from the Centre d’Elevage R. Janvier (Le Genest-Saint
Isle, France), whereas mice were developed at the laboratory of L.B. at the National Institute of
Environmental Health Sciences as previously described and obtained from the laboratory stock of Nancy
Rusch at the University of Arkansas for Medical Sciences.

Generation of TRPC3~~ Mice

TRPC3™ mice were generated by disrupting the Trpc3 gene in a three-step process as previously
described.

Fibroblast Isolation and Culture
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Primary renal fibroblast cultures were prepared as previously described with some modifications.

Briefly, animals were anesthetized with ketamine (75 mg/kg; Interchemie, Waalre, Holland) and xylazine
(10 mg/kg; RotexMedica, Trittau, Germany). Kidneys were harvested and rinsed with cold tyrode solution
with the following composition: 117 mM NacCl, 5.7 mM KCl, 1.7 mM MgCl,, 4.4 mM NaHCO3, 1.5 mM
KH;POy4, 10 mM Hepes, 10 mM creatinine monohydrate, 20 mM taurine, 11.7 mM D-glucose, and 1%
BSA (pH 7.1) with NaOH. Kidneys were then digested by two oxygenated enzymatic baths (90 rpm shaker
at 37°C) for 1 hour. The baths contained 1 mg-mlf1 collagenase A (Roche Diagnostics) with 1 mg~mlf1
BSA (Sigma-Aldrich, St. Louis, MO). Renal tubules were discarded after the first centrifugation (500 rpm
for 10 minutes), and then, the remaining cells were collected after the second centrifugation (2000 rpm for
10 minutes). These remaining cells were put onto a Percoll gradient consisting of four different
concentrations (40%, 20%, 10%, and 5%) and centrifuged at 500 rpm for 20 minutes. The cell layers
obtained in the interface between the 5% and 10% Percoll were collected and resuspended in DMEM
containing 10% FBS (Lonza, Basel, Switzerland) and 1% penicillin/streptomycin.

Cell Culture Treatments

Renal fibroblasts were kept in culture for 3 days before treatment by the pyrazole-derivative TRPC3
blocker pyr3 Z%Tocrls Bioscience, Bristol, UK) diluted in 100% DMSO for 2 days (10 uM) as previously
described. ~ When ERK inhibitors were used, cells were treated after 3 days of culture for 24 hours with
50 uM PD98059 or 10 uM U0126 (Tocris Bioscience). Sixteen cultures from eight rats were performed for
each condition.

Ca* Imaging

Cultured renal fibroblasts grown for 3 days on glass coverslips were incubated for 45 minutes in serum free
DMEM containing 4 uM fura2-am (Molecular Probes; Life Technologies, Carlsbad, CA). Cells were
washed two times in standard Hepes-buffered saline solution containing 135 mM NaCl, 4 mM KCl, 1.8
mM CaCl,, 1 mM MgCl,, 2.5 mM Hepes, and 10 mM glucose (pH 7.4) with NaOH. Perfusion protocols
were performed using either DAG analog OAG (100 M) or Ang I (100 nM Slgma-Aldrlch) Nifedipine
(1 uM) was used to inhibit the previously reported L-type Ca® channels ~ ; pyr3 was added at a
concentration of 10 uM. The nonselective TRPC channel blockers SKF96365 (30 uM), gadolinium Gd>"
(100 uM), and 2-APB (75 uM) were from Sigma-Aldrich. Ionomycin (2 uM) and EGTA (10 mM) were
consecutively added at the end of the perfusion protocols to check for the maximum and minimum
fluorescence values. When Ca2" imaging on siRNA-transfected cultures was performed, either transfected
cells (tagged cy3-siTRPCI, -3, and -6) or nontransfected cells were analyzed after 48 hours of transfection.
Freshly isolated fibroblasts from sham and UUO kidneys were incubated for 12 hours on glass coverslips
before performing 1%32+ recordings. Intracellular Ca®" concentration was estimated as described by
Grynkiewicz et al.

Fluorescence quenching experiments were carried out by the addition of 50 4uM MnCl, to the Hepes-
buffered saline solution medium. Fluorescent measurements were performed at the isosbestic point of
fura-2 (360 nm). The manganese influx was quantified by the slope of the quenching kinetics. Emitted fura
fluorescence was collected through a 510-nm filter. The calcium and contractility recording system
(IonOptix) was used. Data analysis was performed using the ionwizard software (version 6.1) and
sigmaPlot (version 11.0). Data are represented as means+SEM:s.

Cell Proliferation and Viability

Cell proliferation assay was done using MTT (Bio Basic Inc., Markham, ON, Canada). Cell viability was
assessed by the Trypan blue exclusion test. HyO, was used on cells at a concentration of 1 mM for 4 hours
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at 37°C as a positive control to induce cell mortality. >

Sircol Collagen Assay

Collagen synthesis by cultured fibroblasts as well as collagen dosage from tissue of sham and obstructed
kidneys were evaluated by the sircol collagen assay (Biocolor, County Antrim, UK) as described in the
manufacturer technical sheet.

Cell Transfection

Cells were transfected with cy3-tagged siRNAs on day 3 and left for 48 hours before assessing TRPC1, -3,
and -6 knockout effects. The turbofect transfection reagent (Thermo Fisher Scientific) was used according
to the manufacturer protocol. siRNA sequences were from Eurogentec (Seraing, Belgium): cy3-siTRPC1:
sense, 5S'-CUGCUCAUCGUAACAACUA-3’" and antisense, 5'-UAGUUGUUACGAUGAGCAG-3’; cy3-
siTRPC3: sense, 5'-CAUUCUCAAUCAGCCAACACGAUAU-3' and antisense,
5'-AUAUCGUGUUGGCUGAUUGAGAAUG-3’; cy3-siTRPC6: sense,
5'-GGACCAGCAUACAUGUUUA-3" and antisense, 5'-UAAACAUGUAUGCUGGUCC -3'’; and cy3-
siScrambled: sense, 5'-AAUACUCGCCCUAAUCCACAGAUAU-3' and antisense,
5'-AUAUCUGUGGAUUAGGGCGAGUAUU-3".

Coimmunoprecipitation and Western Blot

Total proteins were extracted from both cultured or freshly isolated renal fibroblasts and renal tissue from
rats and mice. To perform immunoprecipitations, 500 ug protein was incubated overnight at 4°C in the
presence of anti-TRPC1 (20 ug), anti-TRPC3 (20 ug), anti-TRPC6 (20 ug), or a nonrelevant antibody
(rabbit IgG) used as a negative control. Prewashed A/G agarose beads were then added, proteins were
eluted and separated by 10% SDS-PAGE, and then, they were blotted on Hybond-C membranes
(Amersham Biosciences; GE Healthcare). Membranes were incubated with anti-TRPC1 (1/200), anti-
TRPC3 (1/200), and anti-TRPC6 (1/200). The remaining Western blots were with the following primary
antibodies: anti-p53 (1/500), anti-p21 (1/500), anti-PCNA (1/1000), anti-Ki67 (1/1000), a-SMA (1/1000),
total ERK1/2 (1/1000), phospho-ERK (1/500), Fn (1/1000), MMP2 (1/1000), MMP9 (1/1000), and TIMP1
(1/500; Abcam, Inc.).

ELISA
The ELISA technique was used for quantifying secreted cytokines from cell cultures. TGF-41, IL-1, and
IL-6 rat ELISA kits were used according to the manufacturer protocols (Abcam, Inc.).

Immunocytochemistry

Renal fibroblasts were grown on glass slides for either 12 hours (day 0 staining) or 5 days (day 5 staining)
and fixed with 100% ice-cold ethanol. Primary antibodies were antivimentin (1/250) and anticytokeratin
(1/250; Abcam, Inc.).

uuo

Under adequate anesthesia, the left ureter was ligated with 4-0 silk at two points. Rats were divided in
three groups of 10 rats each: UUO-DMSO, where animals underwent UUO and were treated with DMSO
and polyethylege glycol; UUO-pyr3, where animals underwent UUO and were treated with pyr3 (0.1
mg/kg per day ); and sham, where animals were also treated with the same dose of pyr3. Osmotic pumps
were implanted subcutaneously in the back 3 days before UUO and kept until euthanasia at day 10.

Similarly, UUO was conducted on mice; animals were divided in four groups of eight mice each: UUO-
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WT, UUO-TRPC3 ", sham WT, and sham TRPC3 .

Renal Tissue Preparation for Histopathology

Left kidneys from both rats and mice were excised, decapsulated, and then cut in half through a midsagittal
plane. One half was fixed with 10% formalin solution (Sigma-Aldrich), whereas the other one half was
dissected into three pieces destined for fibroblast cell isolation as well as RNA and protein extractions. The
formalin-fixed tissue was embedded in paraffin, and sections of 4-um thickness were cut. Paraffin-
embedded sections of the kidneys were stained with hematoxylin-eosin and Masson’s trichrome (Sigma-
Aldrich). Mice kidneys were further stained with picrosirius red (Sigma-Aldrich) as well as a-SMA
(BioGenex) and TRPC3 (Abcam, Inc.) antibodies.

Gene Quantifications

Total RNA was extracted from the previously treated cultured renal fibroblasts as well as the freshly
isolated cells from sham and UUO kidneys (rats and mice) by the use of Trizol (Life Technologies). cDNA
was synthesized using the Superscript III Reverse Transcription Kit (Life Technologies). Real-time PCR
was conducted using the 7500 Real-Time PCR System and the Sybr Green PCR Master Mix (Life
Technologies). The primers (Eurogentec) used are presented in Supplemental Table 1.

Statistical Analyses

All quantitative data are reported as means+=SEMs. Statistical analysis was performed with the SigmaPlot
(version 11.0) software. One-way ANOVA tests were performed for multiple comparisons of values. Post
hoc two-tailed ¢ test comparisons were performed to identify which group differences accounted for
significant overall ANOVA results. All values with P<0.05 were considered significant.
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TRPC3 is expressed and functional in adult renal fibroblasts. (A) Western blot of TRPC3 in rat renal fibroblasts and
kidneys of TRPC3 ™™ mice used as a negative control, with GAPDH as an internal control (n=12 rats). TRPC3-specific
protein band is indicated by an arrow. (B) Amplitude of fura-2 signal reported as the percentage of control showing dose-
dependent effect of pyr3 on OAG-induced ca®" entry in renal fibroblasts (#=35 cells from five rats for each condition). (C

and F) Representative recordings of fura-2 emission ratio (F340/F380) in the renal fibroblasts showing the effect of pyr3
on Ca>" entries. (D, E, G, and H) Quantifications of fura-2 amplitudes (4F340/F380) in the various conditions (n=10-14
cells from four rats for each condition). Data for fura-2 amplitudes are represented as mean percentage of controls=SEMs.
Fibros, fibroblasts; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; MW, molecular weight. ¥ P<0.01 versus control

and DMSO.
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TRPC3 inhibition blocks Ang II-induced Ca?" entry in adult renal fibroblasts. (A and D) Representative recordings of
fura-2 emission ratio (F340/F380) in the renal fibroblasts. (B, C, E, and F) Quantifications of fura-2 amplitudes
(4F340/F380) in the various conditions showing the effect of TRPC3 blockade on Ca”" influx (n=10-14 cells from four
rats for each condition). Data for fura-2 amplitudes are represented as mean percentage of controls=SEMs. *P<0.01 versus
control and DMSO.
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TRPC3 inhibition blocks renal fibroblasts proliferation. (A) Renal fibroblasts proliferation estimated by MTT assay after
48 hours of treatment with DMSO or different concentrations of pyr3; absorbance at 550 nm. (B) Representative light
microscopy photographs showing the effect of 10 um pyr3 on renal fibroblasts proliferation and histograms representing
cell numbers per square millimeter of culture well in each condition before (baseline) and after treatments. (C) Western
blots showing the regulation of cell cycle regulators in renal fibroblasts treated with either DMSO or pyr3. (D) Studied
proteins normalized to GAPDH. Small arrows show individual fibroblasts in B. n=16 cultures from eight rats for each
condition. Data are represented as means=SEMs. a.u., arbitrary units; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; IB, immunoblot. Magnification, x100. Scale bars, 50 um. *P<0.05 versus control and DMSO.
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TRPC3-mediated Ca2+—dependent ERK1/2 activation. (A) Western blots and (B) relative quantifications of the effect of
TRPC3 and Ca" influx blockade (10 uM pyr3 and low extracellular Ca2+) on the phosphorylation of ERK1/2. (C and D)
Western blots and quantifications showing the effects of mitogen-activated protein kinase (MAPK) pathway inhibitors on
ERK1/2 phosphorylation. GAPDH is used as an internal control. (E and F) Effects of low extracellular Ca”" and MAPK
inhibitors on the proliferation of renal fibroblasts revealed by cell count per millimeter” and reactivity to MTT assay,
respectively; baseline counting was done at the start of the culture (day 0), and absorbance was at 550 nm. n=16 cultures
from eight rats for each condition. Data are represented as means+£SEMs. a.u., arbitrary units; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; IB, immunoblot. *P<0.05 versus control and DMSO.
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Figure 5.
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Suppression of fibroblasts differentiation and fibrotic and inflammatory phenotype with TRPC3 blockade. (A) Western
blots and quantifications of fibroblasts a-SMA expression with pyr3 compared with control and DMSO. GAPDH was used
as an internal control. (B and C) Gene expressions of fibrotic and inflammatory markers in fibroblasts under pyr3
treatment versus control and DMSO, respectively. GAPDH was used as a housekeeping gene. (D) Fibroblasts collagen
synthesis measured by sircol assay under TRPC3 blockade compared with DMSO-treated and control cells; collagen
concentrations are reported as micrograms per 109 cells. (E) Fibrotic and inflammatory cytokines secretions by pyr3-

treated renal fibroblasts compared with DMSO-treated and control cells; concentrations are reported as nanograms per 10°

cells. (F and G) Relative mRNA levels of fibrotic components reported to GAPDH and cytokines secretions (nanograms
per 10° cells) of renal fibroblasts treated with PD98059. n=16 cultures from eight rats for each condition. Data are

represented as means=SEMs. a.u., arbitrary units; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IB, immunoblot.
*P<0.01 versus control and DMSO.
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exclusion test on renal fibroblasts treated with (A) H,O,, (B) nontreated control, (C) DMSO, and (D) pyr3 (10 uM). (E)
Cell viability with different concentrations of pyr3 was reported as a percentage to control. (F—H) Housekeeping genes

expressions normalized to GAPDH. n=16 cultures from eight rats for each condition. Data are represented as
means+SEMs. a.u., arbitrary units; GAPDH, glyceraldehyde-3-phosphate dehydrogenase. Magnification, x100. Scale bars,

50 um. *P<0.001 HyO, versus control.
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TRPC3 knockdown inhibits fibroblast activation, proliferation, and fibrotic and inflammatory phenotypes. (A) Western
blots and quantifications showing the efficient knockdown of TRPC3 with specific siRNA. (B) Quantifications of (left
panels) fura-2 amplitudes (4F340/F380) and (right panels) intracellular Ca”" concentrations A[Ca2+]i showing the effect of
siTRPC3 on OAG- and Ang II-induced Ca”" entries in renal fibroblasts compared with control and siScrambled-
transfected cells. (C) Histograms representing cell numbers per square millimeter of culture well at day 0 of culture
(baseline) and after 48 hours transfection (day 5) with either sSiTRPC3 or siScrambled. (D) Proliferation MTT assay
showing the decrease in cell proliferation with TRPC3 knockdown. (E) Western blots and quantifications showing the
effect of siTRPC3 on a-SMA expression and ERK1/2 phosphorylation in renal fibroblasts. (F and G) Effects of TRPC3
knockdown on collagen and fibrotic/inflammatory cytokines synthesis measured with sircol assay and ELISA,
respectively, and reported as micrograms per 10% cells and nanograms per 109 cells, respectively. GAPDH was used as an
internal control in all Western blots. n=16 cultures from eight rats for each condition. Data are represented as
means+SEMs. a.u., arbitrary units; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IB, immunoblot. *P<0.05 versus
siScrambled and control.
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Characterization of the expression, subunit composition, and function of TRPC channel isoforms in rat renal fibroblasts.
(A and B) Quantitative real-time PCR and Western blots of different TRPC channel isoforms present in renal fibroblasts;
n=6 cultures from six rats for each condition. GAPDH was used as an internal control in all Western blots. The arrow in A
shows the expression of TRPC3. (C) Presence of a macromolecular complex formed by TRPC1/TRPC3/TRPC6 in renal
fibroblasts as revealed by coimmunoprecipitation of TRPCI, -3, and -6 with TRPCI, -3, and -6; n=6 cultures from six rats
for each condition. Nonrelevant rabbit I[gG was used a negative control. (D—G) TRPC1 and -6 are not implicated in OAG-
and Ang II-induced Ca’" entries in the studied cells, which is shown by specific channels knockdown. Specific individual

TRPC channel knockdown was verified by quantitative real-time PCR, whereas proliferation was verified by cell counting
and MTT assay; n=6 cultures from six rats for each condition. Quantifications of (E, left panels) fura-2 amplitudes
(4F340/F380) and (E, right panels) intracellular Ca®" concentrations A[Ca2+]i are also presented (n=10-14 cells from four

rats for each condition). a.u., arbitrary units; fibros, fibroblasts; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IB,
immunoblot; IP, immunoprecipitation; MW, molecular weight. Data are represented as means+SEMs. *P<0.01 versus

control.
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In vivo pyr3 treatment prevents TRPC3 upregulation, ERK phosphorylation, and renal fibroblasts proliferation in UUO
kidneys. (A and B) Western blots and quantifications showing the effect of pyr3 in vivo administration on levels of
TRPC3, phospho-ERK, and cell cycle regulators Ki67 and PCNA in renal fibroblasts of obstructed kidneys (UUO)
compared with DMSO-treated and sham animals. (C) Correlation of TRPC3 expression with cell cycle proteins Ki67 and
PCNA. GAPDH was used as an internal control. n=30 rats (10 rats in each group). Data are represented as means£=SEMs.
a.u., arbitrary units; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IB, immunoblot. *P<0.05 versus sham;
#P<0.05 versus UUO DMSO.
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TRPC3 blockade inhibits fibroblast activation and ECM remodeling in UUO kidneys. (A) Quantifications of fura-2

amplitudes (4F340/F380) showing the effect of pyr3 treatment on OAG-induced Ca’

* entry in freshly isolated UUO renal

fibroblasts. (B) Western blots and quantifications of a-SMA expression in renal fibroblasts of the different rat groups. (C)
Gene expressions of fibroblast activation markers as well as fibrotic and inflammatory cytokines of these same cells. (D)
Total collagen measurement by sircol assay in kidney sections reported as micrograms per milligram of kidney in the
different animal groups. (E) Western blots and quantifications of different ECM components in kidney sections of the
different groups. GAPDH was used as a housekeeping gene in all mRNA expressions and an internal control in all Western
blots. n=30 rats (10 rats in each group). Data are represented as means+SEMs. a.u., arbitrary units; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase; IB, immunoblot. *P<0.05 versus sham,; #p<0.05 versus UUO DMSO.
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TRPC3 inhibition ameliorates histologic damage of the UUO kidneys. Representative microphotographs of left renal
sections stained with hematoxylin-eosin showing (A and B) sham, (C and D) UUO DMSO, and (E and F) UUO pyr3
kidneys. (G) Leukocyte infiltration in different zones of the UUO DMSO kidneys. (H and I) Histograms showing
semiquantitative scores of interstitial volume and numbers of infiltrating leukocytes per section field in the different
kidneys. All histologic sections are 4-um thick. n=6 sections for each rat from three groups. Data are represented as
means+SEMs. a.u., arbitrary units. Magnification, x100 in A, C, and E; x400 for B, D, F, and G. Scale bars, 50 uM in A,
C,and E; 12 uM in B, D, F, and G. *P<0.05 versus sham; #P<0.05 versus UUO DMSO.
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Figure 12.
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TRPC3 inhibition improves tubulointerstitial fibrosis in the UUO kidneys. Representative microphotographs of left renal
sections stained with Masson’s trichrome showing (A and B) sham, (C and D) UUO DMSO, and (E and F) UUO pyr3
kidneys. (G) Histogram showing semiquantitative scores of tubulointerstitial fibrosis in the different kidneys. All
histologic sections are 4-um thick. n=6 sections for each rat from three groups. Data are represented as means+SEMs.
Magnification, X100 in A, C, and E; x400 in B, D, and F. Scale bars, 50 uM in A, C, and E; 12 uM in B, D, and F.
*P<0.05 versus sham; #P<0.05 versus UUO DMSO.
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Renal fibroblasts of TRPC3 '~ mice show decreased ERK phosphorylation and reduced secretory profile after UUO. (A)
Photographs of a TRPC3 ™~ mouse and a WT mouse. Gross appearance of WT and TRPC3 ™ left obstructed and right
contralateral kidneys cross-sections after 10 days of UUO. Note that the obstructed kidney of the TRPC3 ™~ mouse
showed relatively intact kidney tissue (much less whitish and yellowish scar area than in WT). (B) Gene expressions of
fibroblast proliferation markers as well as fibrotic and inflammatory cytokines of these same cells in the different mice
groups. (C and D) Western blots and quantifications showing the effect of TRPC3 deletion in mice on levels of phospho-
ERK in renal fibroblasts of obstructed kidneys (UUO) compared with WT animals. GAPDH was used as an internal
control. Arrows show the absence of TRPC3 expression in TRPC3™~ mice. =32 mice (8 mice in each group). Data are
represented as means=SEMs. a.u., arbitrary units; CLK, contralateral kidney; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; IB, immunoblot; MW, molecular weight; OK, obstructed kidney. *P<0.01 versus sham WT and sham
TRPC37~; #P<0.01 versus UUO WT.
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TRPC3 ™™ mice are protected against renal tissue deterioration and tubulointerstitial fibrosis after UUO. Representative
microphotographs of left renal sections stained with (A—D) hematoxylin-eosin and (E-H) picrosirius red showing (A and
E) sham WT, (B and F) sham TRPC3 ™", (C and G) UUO WT, and (D and H) UUO TRPC3 . (I-K) Histograms showing
semiquantitative scores of interstitial volume, number of infiltrating leukocytes per section field, and fibrotic area
(percentage) in the different kidneys. All histologic sections are 4-um thick. n=6 sections for each mouse from four
groups. Data are represented as means+SEMs. a.u., arbitrary units. Magnification, x400. Scale bars, 12 uM. *P<0.05
versus sham WT and sham TRPC3 ™ B #P<0.05 versus UUO WT.
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Upregulation of TRPC3 in the interstitium of the obstructed kidney. (A—E) Representative microphotographs and (F)
quantifications of left renal sections labeled with (A—E) anti—a-SMA showing (A) sham WT, (B) sham TRPC3™/ (O
UUO WT, and (D) UUO TRPC3 7. (G-L) TRPC3 labeling and quantifications in left renal sections. All histologic
sections are 4-um thick. n=6 sections for each mouse from four groups. Data are represented as means+SEMs. a.u.,
arbitrary units; G, glomerulus; I, interstitium; T, tubule. Magnification, X400 in A—D and G—J; X600 in E and K. Scale
bars, 12 uM in A—D and G-J; 8 uM in E and K. *P<0.05 versus sham WT and sham TRPC3™ S #P<0.05 versus UUO
WT.
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