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Abstract
Enhanced osteoclast formation and function is a fundamental cause of alterations to bone structure and plays an important 
role in several diseases impairing bone quality. Recent work revealed that TRP calcium channels 3 and 6 might play a special 
role in this context. By analyzing the bone phenotype of TRPC6-deficient mice we detected a regulatory effect of TRPC3 
on osteoclast function. These mice exhibit a significant decrease in bone volume per tissue volume, trabecular thickness 
and -number together with an increased number of osteoclasts found on the surface of trabecular bone. Primary bone mar-
row mononuclear cells from TRPC6-deficient mice showed enhanced osteoclastic differentiation and resorptive activity. 
This was confirmed in vitro by using TRPC6-deficient RAW 264.7 cells. TRPC6 deficiency led to an increase of TRPC3 
in osteoclasts, suggesting that TRPC3 overcompensates for the loss of TRPC6. Raised intracellular calcium levels led to 
enhanced NFAT-luciferase reporter gene activity in the absence of TRPC6. In line with these findings inhibition of TRPC3 
using the specific inhibitor Pyr3 significantly reduced intracellular calcium concentrations and normalized osteoclastic dif-
ferentiation and resorptive activity of TRPC6-deficient cells. Interestingly, an up-regulation of TRPC3 could be detected 
in a cohort of patients with low bone mineral density by comparing micro array data sets of circulating human osteoclast 
precursor cells to those from patients with high bone mineral density, suggesting a noticeable contribution of TRP calcium 
channels on bone quality. These observations demonstrate a novel regulatory function of TRPC channels in the process of 
osteoclastic differentiation and bone loss.

Keywords Transient receptor potential channels · TRPC · Osteoporosis · Osteoclast · Bone resorption · Calcium signaling

Introduction

Human diseases with an acquired loss of bone account 
for increased mortality especially among elderly men and 
women [1]. A number of loci associated with bone mineral 
density and fracture risk have been identified by genome-
wide association studies [2]. Nevertheless, uncovering novel 
genes and pathways regulating bone metabolism is a key in 
providing the basis for new therapeutic options to prevent 
bone loss and subsequent fractures.

On the cellular level, monocyte/macrophage derived 
osteoclasts are considered to mediate the exceeding loss of 
bone. Their differentiation depends on the availability of 
intracellular calcium ions, since calcium binding stimulates 
phosphatases including calcineurin [3], which subsequently 
facilitates the translocation of factors such as nuclear factor 
of activated T-cells NFATc1 into the nucleus and induces 
the transcription of osteoclastogenesis-promoting genes [4].
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Many different membrane channels, including the tran-
sient receptor potential (TRP) ion channel family, control 
the entry of calcium ions into the cells [5]. This family con-
sists of six subgroups including the canonical (TRPC) and 
the vanilloid (TRPV) subtype, with TRPV channels previ-
ously demonstrated as modulators of calcium signaling in 
osteoclasts [6, 7]. TRPC channels belong to a group of seven 
cation channels divided into subgroups according to their 
amino acid sequence similarities and they can assemble as 
homo- and heterotetramers [8].

The subgroup of TRPC3/6/7 channels share between 70 
and 80% sequence homology; however, they demonstrate 
distinctly different affinities for calcium cations. TRPC3 and 
TRPC7 functionally regulate basal calcium influx, whereas 
TRPC6 has been described as a receptor operated calcium 
channel [9, 10].

TRPC3 and TRPC6 channels have already been targeted 
in pre-clinical models of renal- and cardiac fibrosis, as well 
as in the treatment of hypoxic vasoconstriction [11, 12]. A 
role of TRPC6 in the pathogenesis of certain kidney diseases 
has been described, where gain-of-function mutations lead 
to increased podocyte apoptosis due to altered NFAT signal-
ing [13, 14]. It is believed that TRPC7 also plays a role in 
calcium signaling through its characteristic features, but its 
physiological importance in the native environment is not 
yet clear [15].

Although TRPC3 and TRPC6 have been investigated in 
murine and human osteoblast-like cells [16], the functional 
role of these TRPC channels in osteoclasts has not been 
previously clarified. Therefore, in this study, we aimed to 
examine whether TRPC3 and TRPC6 channels are involved 
in bone loss and regulation of osteoclast formation and func-
tion via  Ca2+ and NFAT signaling and whether modulation 
of TRPCs 3 and 6 may effect bone homeostasis.

Materials and Methods

Transcriptome Analysis

The publicly available data sets GSE7158 and GSE56815 
(https ://www.ncbi.nlm.nih.gov/geo/), basing on micro array 
analyses of circulating monocytes, were evaluated for TRPC 
channel expression, using R (the R-project, https ://cran.r-
proje ct.org). Data sets GSE7158 and GSE56815 both com-
pare human individuals with high and low bone mineral 
density (BMD), respectively [17]. Gene names of array IDs 
were assigned corresponding to ‘https ://www.ensem bl.org/
bioma rt/martv iew/’. The following free-available R-pack-
ages were used: ‘affy’, ‘affyQCReport’, ‘lattice’, ‘limma’, 
‘tkWidgets’, ‘widgetTools’, ‘tcltk’, ‘DynDoc’, ‘oligo’, ‘gplot’ 
(https ://www.bioco nduct or.org). The corresponding genes 
were plotted after z-score transformation for each gene.

Animals

TRPC6+/− mice [18] were kindly provided by the group of 
Alexander Dietrich from Munich, Germany. Animals were 
housed in a temperature-controlled animal room with water 
and conventional lab chow ad libitum and with a 12/12 h 
light/dark cycle. Heterozygous mice were used for breed-
ing and only female littermates of  TRPC6−/− and WT back-
ground were used for the experiments. Details of serum and 
urine analyses are provided in the supplements.

μCT Analysis

Bone-structures of 4 month old mice were analyzed by 
micro-computed tomography (µCT) on a Bruker Skyscan 
1176 in vivo microCT (Kontich, Belgium). The X-ray tube 
was set to 45 kVp, and the voxel size was 9 mm3. Images 
were reconstructed and analyzed using manufacturer’s soft-
ware (NRecon, CTAn, CTVol dataviewer; Bruker microCT). 
The total bone volume fraction (the percentage of bone 
volume to total volume, BV/TV), mean trabecular thick-
ness (Tb.Th), trabecular separation (Tb.Sp), and trabecular 
number (Tb.N) were calculated for trabecular bone, whereas 
the average cortical thickness (Ct.Th) was quantified from 
cortical bone.

Cell Culture

Details of cell isolation, culture, differentiation, staining 
and expression analyses are provided in the supplementary 
materials and methods.

Generation Of TRPC6 Deficient RAW 264.7 Cells By 
CRISPR/Cas9 Technology

For cellular knock out of TRPC6 in RAW 264.7 cells sgR-
NAs were designed, targeting exon 2 and comprising all 
transcript variants of TRPC6 in mice. For subcloning into 
lentiCRISPRv2 [19] (Addgene #52,961) the sequence was 
modified by attachment of BsmBI restriction sites. One 
Shot Stbl3 Escherichia coli (Invitrogen, Thermo Fisher 
Scientific) were transformed and the correct insertion of 
the sgRNA was verified by sequencing. For production of 
lentivirus HEK293T cells were transfected with lentiCRIS-
PRv2_sgRNA29, psPAX2 (Addgene #12,260) and pMD2.G 
(Addgene #12,259) at the ratio of 4:3:1 by Lipofectamine 
2000 according to the manufacturer’s protocol (Invitrogen, 
Thermo Fisher Scientific). Medium was replaced after 12 h; 
supernatants were harvested after 24 h and 48 h, and fil-
tered through a 0.22 µm membrane. RAW 264.7 cells were 
seeded in 24 well plates at a density of  104 cells/well and 
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incubated with lentiviruses in the presence of 8 μg/mL poly-
brene (Sigma-Aldrich). Transduced RAW 264.7 cells were 
positively selected with puromycin (Gibco, Thermo Fisher 
Scientific), followed by clonal expansion using a serial dilu-
tion assay. DNA was isolated from clonally derived cells, 
amplified with 5′ and 3′ flanking primers located in intron 1 
(Pr_003-for) and exon 2 (Pr_587-rev), followed by sequence 
analysis using a sequencing service (Eurofins Genomics, 
Ebersberg, Germany). Successful knock out was validated 
by alignment of DNA sequences with wild type sequences.

Intracellular  Ca2+ Measurements

Five × 103 RAW 264.7 cells/well were seeded in 96 well 
plates. One day before incubation with 3 μM Fura-2AM 
(ThermoFisher Scientific) for 1 h at 37 °C, cells were co-
stimulated with 100 ng/mL RANKL and 10 µM Pyr3, or 
solvent control, respectively [20]. After three washes with 
Ringer’s solution at RT, measurements were performed 
at 24  °C for 150  s on a Spark 10  M microplate reader 
(TECAN). The change in intracellular calcium  (Ca2+) con-
centration was indicated as the ratio of fura-2 fluorescence 
intensities for 340 nm  (Ca2+ bound to fura-2) and 380 nm 
(free fura-2) excitation (F ratio), at an emission wavelength 
of 510 nm.

Statistical Analysis

Statistical analyses were performed using R, the R-project 
as well as GraphPad Prism v6 and v8 (GraphPad Software, 
Inc, La Jolla, CA USA). Due to the small sample sizes, we 
used the Mann–Whitney U test for differences. All data 
are reported as mean standard deviation (SD). A value of 
p < 0.05 was considered as statistically significant.

Results

TRPC6 Deficient Mice Show an Impaired Bone 
Structure

The analysis of the fifth lumbar vertebrae of 4-month old 
female mice by µCT demonstrated an osteoporosis-like bone 
phenotype in  TRPC6−/− mice (n = 7) when compared to wild 
type littermates (n = 10) (Fig. 1a). The bone volume divided 
by tissue volume (BV/TV) was significantly decreased in 
 TRPC6−/− mice. In addition, these mice revealed decreased 
trabecular number, together with decreased trabecular 
thickness. No significant differences could be detected with 
regard to cortical thickness (C.Th) or trabecular separation 
(Tb.Sp), respectively. When comparing bone length (tibia) of 
8 week- and 16 week old wild type mice and  TRPC6−/− lit-
termates and vertebral height and width of 16 week old 

animals we could not find any difference between the geno-
types (Fig. S1). Quantification of osteoclasts in tissue sec-
tions of lumbar vertebrae showed an increase in osteoclast 
number in  TRPC6−/− mice. The number of osteoclasts per 
trabecular area (N.OC./T.A), the average bone surface cov-
ered by osteoclasts (Oc.S/BS), as well as the average size of 
osteoclasts (Oc.S/N.Oc) were elevated. No differences for 
the number of osteoblasts were observed (Fig. 1b). Quantifi-
cation of C-terminal collagen X (CTX) as a serum marker of 
bone resorption, revealed 1.37 ng/mL in wild type animals 
(n = 7) compared to 3.06 ng/mL in  TRPC6−/− mice (n = 6). 
Representative reconstructed microCT pictures and images 
of TRAP-stained vertebrae of WT and  TRPC6−/− mice are 
presented in Fig. 1c. The analyses of urine and serum mark-
ers for calcium metabolism showed no differences between 
these genotypes regarding calcium, phosphate and creatinine 
levels, respectively (Fig. S2).

TRPC6 Ablation Enhances TRPC3 Expression, 
Osteoclast Differentiation and Bone Resorption

Quantitative RT-PCR analyses showed relatively low basal 
expression of TRPC3 and TRPC6 in primary osteoclast 
precursor cells from WT mice (Fig. 2a). During M-CSF 
and RANKL stimulation expression levels of both calcium 
channels increased. In more detail, highest expression was 
observed on day 2; on day 4 the TRPC3 expression level 
stagnated, whereas the TRPC6 level was slightly reduced. 
In cells from  TRPC6−/− mice expression of TRPC3 was 
induced 3.8 fold on day 2 of osteoclastic differentiation, 
the difference compared to WT was significant on day 4. A 
successful osteoclastogenesis was proven by an increased 
expression of marker genes cathepsin K, SIRPα and MMP9 
(Fig. S3).

To further confirm the data obtained from primary cells, 
RAW 264.7 cells were manipulated by CRISPR/Cas9-
technology to knock out the TRPC6 gene. The analyses of 
genomic DNA from lentiviral transduced RAW 264.7 cells 
after selection and clonal expansion revealed a deduced trun-
cated TRPC6 protein with a stop codon after amino acid (aa) 
position 112 and a deletion of 41 aa from position 74 to 114 
on the other allele (Fig. S4). This deleted region is located 
in the first ankyrin repeat, which is an accepted motif for 
homo-/heterodimerization [21].

Immunocytochemical staining of fixed RAW 264.7 cells 
confirmed a considerably increased expression of TRPC3 
in the absence of TRPC6 (Fig. 2b). Although we performed 
control staining with TRPC6 antibodies from different 
manufacturers under various experimental conditions, we 
got signals in cells from  TRPC6−/− knock out mice and cell 
line with these antibodies, probably because of the way the 
knock out was generated (Fig. S5).
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An increased number and size of osteoclasts, as observed 
on the surface of trabecular bone in  TRPC6−/− mice, was 
found to be accompanied by an increased osteoclast differ-
entiation capacity and an altered resorption activity in vitro. 
Differentiation of BMMC from  TRPC6−/− mice as well as 
TRPC6-deficient RAW 264.7 cells produced a significantly 
elevated number of osteoclasts compared to the respective WT 
control cells and a significantly enhanced resorption of differ-
entiated osteoclasts derived from  TRPC6−/− BMMC and of 
TRPC6-deficient differentiated RAW 264.7 cells (Fig. 2c, d).

Inhibition of TRPC3 Abrogates Enhanced 
Intracellular Calcium Levels and Increased Bone 
Resorption

Measurement of intracellular calcium concentra-
tions revealed an approximately 10% higher ratio of 
 Ca2+-bound to free fura-2 in TRPC6-deficient RANKL-
stimulated RAW 264.7 cells, compared to RAW 264.7 
WT cells (Fig. 3a). Blocking TRPC3 using the specific 
inhibitor Pyr3 decreased this ratio to approximately 90% 

Fig. 1  TRPC6 deficiency points to bone loss. a MicroCT analyses of 
the fifth lumbar vertebrae revealed an osteoporosis-like phenotype 
in  TRPC6−/− mice compared to age-matched wild type littermates. 
b Quantification of osteoclasts in tissue sections showed an increase 
in osteoclast number and size in  TRPC6−/− mice. No differences 
regarding osteoblasts were detected, but elevated CTX serum marker. 

*p < 0.05; **p < 0.01; ***p < 0.001. c Representative reconstructed 
µCT pictures of the fifth lumbar vertebrae and representative images 
of TRAP-stained vertebrae of WT and  TRPC6−/−mice, counter-
stained with Hematoxylin. Arrows indicate strong osteoclast staining. 
Scale bars = 1 mm
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in both WT and TRPC6-deficient RAW 264.7 cells, 
respectively.

The impact of intracellular calcium concentrations on 
nuclear factor of activated T-cells (NFAT) promoter activity 
was determined by luciferase reporter gene assay. The assay 

Fig. 2  TRPC6 deficiency results in enhanced TRPC3 expression in 
osteoclasts. a Expression of TRPC3 and TRPC6 increases during 
osteoclastogenesis and TRPC3 is significantly higher expressed in 
cells from  TRPC6−/− mice. Data are averages ± SD (n = 3), p-value 
determined by Mann–Whitney U test, two-tailed test, p < 0.05. b 
Imunocytochemical staining of WT and  TRPC6−/− RAW 264.7 

cells confirms considerably enhanced TRPC3 expression in TRPC6-
deficient cells (scale bars = 10  µm). c Size of differentiated BMMC 
(scale bars = 100  µm) and number as well as resorptive activity of 
osteoclasts is significantly elevated in  TRPC6−/− d BMMC and e 
RAW264.7 cells. *p ≤ 0.05
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revealed significantly increased relative light units (RLU)/µg 
protein in transfected TRPC6-deficient RANKL-stimulated 
RAW 264.7, compared to RAW 264.7 WT cells (Fig. 3b). 
Simultaneous stimulation with Pyr3 significantly decreased 
this value in TRPC6-deficient RAW 264.7 cells and in RAW 
264.7 WT cells.

The inhibitory effect of Pyr3 on TRPC3 was also 
reflected on number and resorptive activity of osteoclasts 
from differentiated primary BMMC of  TRPC6−/− mice 

and WT mice. Inhibition of TRPC3 reduced the general 
number of osteoclasts in cells from  TRPC6−/− mice, and 
in cells from WT mice, respectively (Fig. 3c). The rela-
tive resorption area determined by area fraction (n = 8), 
was increased in  TRPC6−/− compared to WT, and was 
clearly decreased in both, Pyr3-treated  TRPC6−/− cells 
and Pyr3-treated WT cells. By comparing WT cells and 
 TRPC6−/− cells in the presence of TRPC3 inhibitor Pyr3, 

Fig. 3  TRPC3 inhibition can reverses the effects of TRPC6 defi-
ciency. a Representative comparative measurement of intracellular 
calcium, illustrated by F340/F380 ratios, show significant higher 
levels in  TRPC6−/− RAW 264.7 cells than in WT cells and effec-
tive reduction of intracellular calcium by Pyr3-inhibition of TRPC3 
(****p < 0.0001). b NFATc1 promoter activity is increased in TRPC6 

deficient RAW264.7 cells and can be significantly reduced by Pyr3 
in both, WT and TRPC6 deficient RAW 264.7 cells, respectively 
(n = 3; p < 0.05). c The effect is reflected with the same pattern by 
the counted number of TRAP-stained osteoclasts (p < 0.01) and d by 
evaluating the percentage resorption area (p < 0.01)
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we observe even a little stronger effect of TRPC3 inhibi-
tion on TRPC6-deficient cells (Fig. 3d).

TRPC3 Expression is Upregulated in Human 
Individuals with Low Bone Mineral Density

To elucidate the role of TRPC expression in acquired bone 
loss in a human population, we analyzed two publicly availa-
ble data sets from a transcriptome-wide expression study and 
uncovered a putative relationship regarding the expression 
levels of TRPC channels in human osteoclast precursor cells 
of individuals with low BMD and high BMD [17] (Fig. 4). 
The data set GSE56815, a Caucasian cohort, revealed a sig-
nificantly higher expression of TRPC3 in 40 females [age 
50.0 (SD 7.9) years] with an average hip BMD Z score of 
− 1.05 (SD 0.44) when compared to 40 females [age 49.4 
(8.1) years] with an average hip BMD Z score of 1.45 
(0.67). In addition, a significant increase in TRPC3 expres-
sion could be detected by comparing data set GSE7158, an 
Asian cohort of 12 females [age 25.3 (3.1) years] with an 
average hip BMD Z score of − 1.72 (0.60) and 14 females 

[age 28.7 (4.7) years] with a hip BMD Z score of 1.57 (0.57) 
(p < 0.05).

Discussion

We show—for the first time—that modulation of the tran-
sient receptor potential cation channels TRPC3 and TRPC6 
has consequences for the quality of bone. Our transcriptome 
analysis revealed that women with low bone mineral density 
show an increased expression of TRPC3 in human osteo-
clast precursor cells. In mice we measured increased TRPC3 
expression after ablation of TRPC6, resulting in an altered 
bone structure, leading to a phenotype found in osteoporo-
sis. An increased activation of osteoclasts both in vivo and 
in vitro could be confirmed. In detail, mice lacking TRPC6 
revealed decreased bone volume per tissue volume in the 
lumbar vertebrae, as well as decreased trabecular thickness 
and trabecular number. Accordingly, number and size of 
osteoclasts on the surface of trabecular bone and the level 
of the biomarker CTX in the serum of these mice were sig-
nificantly increased.

Ong et al. [22] reported an involvement of TRPC1 in 
osteoclast formation and function, but so far, there is no 
direct evidence to suggest a particular role of TRPC3 or 
TRPC6 channels in bone metabolism. We detected low basal 
expression for both channels on osteoclast precursor cells, 
which increased during osteoclastogenesis. Comparison 
of primary BMMCs isolated from TRPC6 knock out mice 
and WT mice showed an increased osteoclastic differentia-
tion capacity along with elevated bone resorption activity 
of TRPC6 deficient cells. This effect is not a phenomenon 
limited to ablation of TRPC6 in the germline; it could also 
be confirmed in RAW 264.7 cells after disruption of TRPC6 
by CRISPR/Cas9.

The expression of TRPC3 was increased in TRPC6 defi-
cient osteoclasts, compared to differentiated cells from wild 
type littermates. This is in accordance with previous find-
ings in vascular smooth muscle cells of TRPC6 deficient 
mice [18]. Osteoclast function might rely on an equilib-
rium between TRPC3 and TRPC6, leading to bone loss in 
mice lacking TRPC6. Recent studies showed discrepancies 
regarding expression and functional contribution of these 
channels [23, 24], which may be related to the fact that the 
contribution of TRPC3 and TRPC6 channels depends on 
their association as homo- or heterotetrameric complexes 
and differences in their association pattern may change their 
function [25].

It is known from previous studies, that calcium signaling 
in osteoclasts plays a vital role in their differentiation pro-
cess, but there is only limited data available on the regulation 
of calcium signaling in these cells [4, 26]. Given that TRPC3 
and TRPC6 channels have different affinities to cations [27], 

Fig. 4  TRPC channel expression in human individuals. TRPC3 chan-
nel expression in human circulating monocytes is significantly higher 
in individuals with lower bone-mineral-density (BMD). GSE56815 
n = 80; GSE7158 n = 26; *p < 0.05
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we demonstrated that basal intracellular calcium is elevated 
in TRPC6 deficient osteoclast precursor cells. Dietrich et al. 
[18] have initially described this phenomenon; they showed 
increased expression levels of TRPC3 in smooth muscle 
cells of blood vessels after ablation of TRPC6. The up-reg-
ulation of TRPC3 after loss of TRPC6 has been reported 
as being rather cell-type specific [28]. While the molecu-
lar mechanism of these findings remains to be understood, 
one may consider a possible feed-forward loop of TRPC3 
expression that is coupled to increased influx of calcium.

TRPC6 is a cation channel that depends on receptor acti-
vation, and absence of TRPC6 gives rise to TRPC3-only 
composites that show basal channel activity. Because inhibi-
tion of TRPC3 using Pyr3 can diminish increased intracel-
lular calcium levels, elevated differentiation, and increased 
bone resorption of TRPC6 deficient osteoclasts, we propose 
that elevated TRPC3 presence is driving the increased activ-
ity of osteoclasts when TRPC6 is missing. Indeed, TRPC3 
expression has been linked to bone biology on several occa-
sions. Our data analyses demonstrate that human individuals 
with low BMD have a significantly increased expression of 
TRPC3 in circulating monocytes, the precursors of osteo-
clasts, when compared to individuals with high BMD. A 
further indication that elevated TRPC3 expression might be 
related to increased bone resorption can be concluded from 
the Williams–Beuren Syndrome, a neurodevelopmental dis-
order where osteopenia is a common feature of the disease. 
Increased levels of TRPC3 channels have been described 
on somatic cells of an individual [29, 30]. Moreover, recent 
evidence suggests a TNF-α dependent induction of TRPC3, 
outlining this channel as constitutively active, and participat-
ing in NF-kB signaling [31]. This supports a role of TRPC3 
in regulating pathways that are well known to drive differ-
entiation and resorption activity of osteoclasts [31, 32]. Fur-
thermore Becker et al. [33] characterized the moonwalker 
(mwk) mouse, which has a dominant T635A TRPC3 gain-
of-function mutation. These mice have an abnormal Purkinje 
cell development and cerebellar ataxia. Interestingly, DEXA 
scans of heterozygous mwk mice showed significant lower 
bone mineral densities compared to wild type mice (www.
mouse pheno type.org/data/genes /MGI:10952 6), which sup-
ports the hypothesis, that an increased activity of TRPC3 is 
disadvantageous for a healthy bone.

These findings recommend TRPC3 as an interesting tar-
get to modulate bone metabolism. Osteoporosis in elderly 
men and women, together with secondary bone loss in dis-
eases including cancer, pose a major risk factor for frac-
tures, immobilization and hospitalization [34, 35]. Targeting 
osteoclastic bone resorption lowers the risk of fractures and 
improves the outcome of patients suffering from bone loss 
[36, 37].

A variety of medications that suppress bone resorption 
by affecting the activity of osteoclasts have been developed 

so far [38, 39]. Despite their good efficiency in increasing 
bone mass, these drugs are associated with a number of side 
effects that limit their therapeutic application in a subgroup 
of patients that would benefit from an intervention [40, 41]. 
TRPC3 is already in the focus of interest as a target for phar-
macological interventions due to the observation that gain of 
function is associated with pathologies of the cardiovascular 
system and the brain [42]. A suitability for an application of 
the pyrazole 3 (Pyr3) developed by Kiyonaka et al. to inhibit 
TRPC3 in vivo has already been shown [43].

We could demonstrate that the increased intracellular 
calcium levels after ablation of TRPC6 are abolished by 
inhibition of TRPC3 using Pyr3. Hence, we conclude that 
TRPC3 is regulating influx of calcium from extracellular 
compartments in osteoclasts. These findings underscore a 
regulatory function of TRPC on osteoclasts.

In summary, we report that (i) loss of the cation channel 
TRPC6 in vivo leads to an osteoporosis-like phenotype due 
to increased size and activity of osteoclasts; (ii) ablation of 
TRPC6 in osteoclasts leads to increased expression of TRPC3, 
resulting in elevated intracellular calcium, differentiation, and 
resorption activity; (iii) inhibition of TRPC3 lowers bone 
resorption and decreases differentiation of osteoclasts.

Based on these data, we propose that TRPC3 represents 
a potent driver of osteoclastogenesis, which is regulated by 
the presence of TRPC6.
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from all study participants before entering the study.
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