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Abstract

Background: Dental follicle cells (DFCs) are promising candidates for tissue engineering. However, the molecular mechanisms that
regulate the biological characteristics of DFCs are still unclear. Transient receptor potential melastatin 7 (TRPM?7) is a Ca®*- and Mg?*-
permeable cation channel. The aim of this study was to determine the impact of TRPM7 on the proliferation, migration and osteogenic
differentiation of DFCs. Methods: PCR, Western blotting, Immunocytochemical staining and Patch clamp methods were used to identify
the gene and protein expression of TRPM7 in DFCs. DFCs were infected with lentiviruses that expressed either TRPM7 specific sShRNA
or scrambled non-effective shRNA to investigate its functional role. Cell proliferation and migration were assessed using Cell Counting
Kit-8 assays and transwell cell culture chambers separately. Cell osteogenic differentiation were determined by ALP assay kit and
Alizarin Red staining. Results: Gene and protein expression of TRPM7 were detected in DFCs, but not of TRPM6, which is a closely
related channel with similar function. In the absence of Mg, typical whole cell TRPM7-like currents were recorded by patch clamp.
These were inhibited by low concentrations of 2-APB, but activated by high concentrations of 2-APB. Functional studies demonstrated
that suppression of TRPM7 expression inhibited the proliferation and migration of DFCs, and promoted their osteogenic differentiation.
Furthermore, Mg®" deficiency mimicked the effects of TRPM7 knockdown in terms of osteogenic differentiation of DFCs. Conclusions:
These results demonstrate that TRPM7 is involved in regulating the proliferation, migration and osteogenic differentiation of DFCs.
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1. Introduction Mitogen-Activated Protein Kinase (MAPK) signaling path-
way, and the Notch signaling pathway have all been impli-

Dental follicle cells (DFCs) are believed to contain . o o
cated in the osteogenic differentiation of DFCs [6].

precursor cells for periodontal ligament cells, cemento-
blasts and osteoblasts. These precursor cells are responsi-
ble for periodontal ligament, cementum and alveolar bone

Transient receptor potential melastatin 7 (TRPM?7) is
a member of the transient receptor potential (TRP) family,

formation, respectively, in the process of tooth develop-
ment [1]. Wise et al. [2] first isolated DFCs from rat
molars in 1992. In 2005, Morsczeck et al. [3,4] success-
fully isolated DFCs from the human impacted third molars
and confirmed they were mesenchymal derived stem cells
with multi-differentiation capability in vitro. Over the past
few decades, DFCs have received a lot of attention due to
their use in regenerative medicine research, as well as their
use in basic research for studying molecular processes dur-
ing in vitro differentiation conditions [5]. The molecular
mechanisms that underlie the osteogenic differentiation of
DFCs are not yet fully elucidated. However, the Bone Mor-
phogenetic Protein signaling pathway, the canonical Wing-
less Type Mouse mammary tumor virus (MMTV) Integra-
tion Site Family Member (WNT) signaling pathway, the

which is widely expressed in both electrically excitable and
non-excitable cells. TRPM7 is a bi-functional protein con-
taining a kinase domain fused to an ion channel [7]. As an
ion channel, TRPM7 is a key regulator for Mg?* home-
ostasis, which is essential for cell survival, proliferation,
migration and differentiation of various cell types [8,9]. In
addition, TRPM7-mediated Ca®T influx under extracellu-
lar stimulation (such as mechanical stress) also plays a vi-
tal role in fundamental cellular processes. For example,
TRPM7 can sense mechanical stimulation and induce os-
teogenesis in human bone marrow mesenchymal stem cells
(MSCs) by mediating Ca?* influx [10]. Moreover, TRPM7
contains an atypical kinase domain at its C-terminus which
has been reported to have several substrates in vitro, includ-
ing annexin-Al, myosin IIA, eukaryotic elongation fac-
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tor 2 cognate kinase, Smad2, and phospholipase Cy2 [11—
15]. Therefore, TRPM7 can exert its physiological func-
tion through diverse downstream signaling pathways. Ofall
the TRP channels described to date, only TRPM4 has been
reported in DFCs. Nelson ef al. [16] found that TRPM4
had an inhibitory effect on the osteogenic differentiation of
mouse DFCs, thus potentially implicating TRP channels in
DFCs. The aims of the present study were to assess the ex-
pression of TRPM7 in DFCs and to determine its impact on
the proliferation, migration and osteogenic differentiation
of these cells.

2. Materials and Methods

2.1 Constructs and Lentiviruses

The human sequences encoding TRPM6 or TRPM7
were synthesized and cloned into pcDNA3.0 vector to
generate pcDNA-TRPM6 and pcDNA-TRPM?7 plasmids.
These were subcloned into pEGFP-N1 vector with forward
primer  (5-ACTAAGCTTAATGGGCGACGCGGCCG-
CAG-3’) containing a HindIII site, and reverse primer
(5'-CATGGATCCGAAAGGTGCTGGTGGAGGTTG-3')
containing a BamHI site. All plasmids were sequenced
to confirm their identities.  Oligos encoding human
TRPM7-specific  shRNA  (GCAGATCTGCTAGCG-
TATATTCTCGAG), or scrambled non-effective shRNA,
were cloned into the LV-U6-mPGK-EGFP-T2A-Puro vec-
tor (Cyagen, Guangzhou, China) to produce recombinant
lentiviral vectors in which green fluorescence protein
(GFP) functions as an expression reporter.

2.2 Cell Culture, Transduction, and Transfection

Chinese hamster ovary (CHO) cells were cultured
with Dulbecco’s Modified Eagle’s Medium (DMEM; cat-
alog #SH3002302, HyClone, Logan, UT, USA) contain-
ing 10% fetal bovine serum (FBS; catalog #FB12999102,
Gibco, Carlsbad, CA, USA), 100 units/mL penicillin,
and 100 mg/mL streptomycin (catalog #15140148, Gibco,
Carlsbad, CA, USA) in a 5% CO5 incubator. CHO cells
were passaged into 35 mm dishes 24 hours before transfec-
tion. Cells at 60 to 80% confluence were transfected with
TRPM6 or TRPM7 plasmids using Lipofectamine 3000
reagent (catalog #.3000001, Invitrogen, Shanghai, China)
according to the manufacturer’s protocol.

The ethics committee of Southwest Medical Univer-
sity approved all human cell culture experiments. Informed
consent was obtained from donors who provided teeth for
subsequent research. DFCs were obtained from embed-
ded third molars collected from 20 individuals (aged 12—
20 years). The dental follicle was gently separated from
the tooth and then carefully washed with PBS containing
100 units/mL penicillin and 100 mg/mL streptomycin. The
tissue blocks were minced and digested in a solution of
1% collagenase and 1% dispase (catalog #17105041, In-
vitrogen, Shanghai, China) for 40 minutes at 37 °C. Sin-
gle cells and digested tissues were incubated in DMEM

supplemented with 10% FBS, 100 units/mL penicillin and
100 mg/mL streptomycin at 37 °C and with 5% CO;. The
culture media was changed every 2 days before cell pas-
sage. Cells from passages 2 or 3 were used in the ex-
periments. DFCs were infected with lentiviruses that ex-
pressed either TRPM?7 specific shRNA or scrambled non-
effective shRNA at a concentration of 100 plaque-forming
units/mL. GFP allowed the identification of transduced
cells.

2.3 Immunocytochemical Staining

DFCs cultured in 6-well plates (2 x 10 cells/well)
were fixed with 4% paraformaldehyde for 10 min, perme-
abilized with 0.5% triton for 15 min, and blocked with
1% bovine serum albumin in PBS for 30 minutes. Cells
were then incubated overnight with primary antibodies at
4 °C. The next day, the cells were incubated with sec-
ondary antibody for 1 h. After washing with PBS, the
nuclei were stained with 100 ng/mL of 4’,6-Diamidino-
2-Phenylindole, Dihydrochloride (DAPI , catalog #C1005,
Beyotime Biotechnology, Shanghai, China) for 5 min. Pri-
mary antibody for TRPM7 was purchased from Abcam
(catalog #ab245408, Cambridge, MA, USA) and diluted at
a 1:100 ratio. Images were captured with a fluorescence
microscope.

2.4 Polymerase Chain Reaction (PCR)

Total RNA was isolated from DFCs and CHO cells
with ectopic expression of TRPM6 or TRPM7 using Trizol
reagent (catalog #15596026, Invitrogen, Shanghai, China)
according to the manufacturer’s instructions. The isolated
RNA was treated with DNase 1 and reverse transcrip-
tion PCR was performed with PrimeScript™ RT reagent
Kit (catalog #RR037B, TaKaRa, Tokyo, Japan) according
to the manufacturer’s protocol. The expression of target
mRNA was visualized by ethidium bromide staining under
UV light after agarose gel electrophoresis (1.5%).

Quantitative real-time PCR (qRT-PCR) was used to
quantify TRPM7 and osteogenic-related gene expression
levels in knockdown cells during osteogenic differentiation.
Briefly, total RNA was isolated from DFCs and reverse-
transcribed to cDNA using the PrimeScriptTM RT reagent
Kit (catalog #RR037B, TaKaRa, Tokyo, Japan). qRT-PCR
was performed using the ABI Prism 7300 Real-Time PCR
System (Thermo Fisher, MA, USA) with PrimeScript
RT-PCR Kit (catalog #RR014B, TaKaRa, Tokyo, Japan).
Specific primers used for detection of the target mRNA
were (5'-3"): TRPM7 forward CTGGTTCCTCTTCTGGT-
GCCTTATTC, reverse TGCAACTTGGCTGAGATGGT-
GTAC; TRPM6: forward AGGGCCTGCAAATCAAA-
GATGA, reverse: TCTCCAATCAGTCGGCCACA;
ALP: forward ACTCTCCGAGATGGTGGTGGTG, re-
verse CGTGGTCAATTCTGCCTCCTTCC; RUNX2:
forward GCAGCAGCAGCAGCAGGAG, reverse:
GCACCGAGCACAGGAAGTTGG;  BSP:  forward
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TGAAGAAGAAGAGGAGGAAGAGGAAGG, reverse
CTCCGCTGCTGCCGTTGC; Human glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as the
internal control to normalize the amount of RNA in each
sample. Quantitative data for mRNA expression was
calibrated to the results of control cells.

2.5 Osteogenic Differentiation of DFCs

DFCs were cultured in DMEM supplemented with
10% FBS, 10 mM S-glycerophosphate (catalog # G9422,
Sigma, Darmstadt, Germany), 1078 M dexamethasone
(catalog #D4902, Sigma, Darmstadt, Germany), 50 pg/mL
ascorbic acid (catalog # A92902, Sigma, Darmstadt, Ger-
many), and 10 nM vitamin D3 (catalog #731285, Sigma,
Darmstadt, Germany). The medium was changed every 3
days. After 14 days of osteogenic differentiation, the cells
were fixed with 4% polyoxymethylene for 10 minutes fol-
lowed by Alizarin Red staining. After washing with PBS,
stained cells were visualized using Leica DM2500 optical
microscope (Leica Optical, Wetzlar, Germany).

2.6 Cell Proliferation Assay

Cell proliferation of DFCs was determined using Cell
Counting Kit-8 assays (CCK-8, catalog #CK0411, Dojindo,
Japan). DFCs were seeded into 96-well plates (5 x 103
cells/well) in 100 L of DMEM. At different time points
(day 2, day 4 and day 6), the culture medium was replaced
with 110 pL of fresh medium containing 10 uL of CCK-8.
Absorbance at 490 nm was measured in each well with a
microplate reader.

2.7 Transwell Chamber Migration Assay

Cell migration of DFCs was assayed using transwell
cell culture chambers (catalog #3384, Corning, NY, USA).
The migration of cells was stimulated by DMEM contain-
ing 10% FBS in the lower chamber. After 48 hours cul-
ture, cells that had migrated through the membrane were
stained by 100 ng/mL DAPI for 5 min. To quantify the mi-
grated cells, cells were counted in 5 random fields with a
Leica DM2500 optical microscope (Leica Optical, Wetzlar,
Germany) and expressed as the average number of cells per
field.

2.8 Electrophysiological Recordings

Whole cell recordings were performed using an EPC-
10 USB amplifier with PatchMaster software version 2x91
(HEKA Elektronik, Reutlingen, Germany). Patch pipettes
with resistances of 2.0-3.0 M were used. Series resis-
tance was smaller than 10 M and compensated at least 80%
to minimize voltage errors. To elicit whole cell TRPM7
currents, a standard 2.2 s voltage ramp from —100 mV to
+100 mV was applied. The standard extracellular solu-
tion contained (in mM): 140 NaCl, 2 CaCl,, 2.8 KCl, 2
MgCly, 4 glucose, and 10 HEPES-NaOH, with pH adjusted
to 7.2 with NaOH. Mg?*-free intracellular solution con-
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tained (in mM): 120 Cs-glutamate, 8 NaCl, 10 Cs-BAPTA,
10 HEPES-CsOH, with pH adjusted to 7.2 with CsOH.

2.9 Measurement of ALP Activities

DFCs (2 x 10% cells/well) were first cultured in os-
teogenic differentiation media for 14 days. Alkaline phos-
phatase (ALP) activities were then determined by the p-
nitrophenol phosphate conversion method using the ALP
assay kit (catalog #C3206, Beyotime, Shanghai, China) ac-
cording to the manufacturer’s instructions. Absorbance at
405 nm was measured using a microplate reader. Quantita-
tive data for ALP activity was calibrated against the results
of control cells at day 14 of osteogenic differentiation.

2.10 Western Blotting

DFCs were washed with PBS and lysed on ice for 30
minutes with Radio Immunoprecipitation Assay (RIPA, cat-
alog #89900, Thermo Fisher, MA, USA) buffer containing
protease inhibitor (50 mM Tris-HCI, 0.1% Sodium dodecyl
sulfate (SDS), 150 mM NacCl, 1% Triton X-100, 1% sodium
deoxycholate and 1 mM EGTA). The lysed cells were cen-
trifuged at 12,000 g at 4 °C for 20 minutes, the supernatant
was collected, and the protein quantified with the BCA pro-
tein assay kit (catalog #23227, Pierce, Rockford, IL, USA).
After normalization, cell lysates were resuspended in SDS
sample buffer and denatured at 95 °C for 5 minutes. Twenty
g of total target protein was separated by 10% SDS-PAGE
gel and then transferred to PVDF membranes. PVDF mem-
branes were blocked at room temperature with 5% non-
fat milk in Tween-Tris-buffered saline (TTBS, 0.1% Tween
20, 50 mM Tris, 500 mM NaCl) for 1 h, and then incu-
bated overnight at 4 °C with primary antibodies directed
against GAPDH or TRPM7 (dilution 1:1000; Santa Cruz
Biotechnology, Santa Cruz, CA, USA). The membranes
were then incubated with secondary antibody for 1 hour.
Protein bands were visualized with a Bio-Rad Universal
Hood IT System (Bio-Rad, Hercules, CA, USA).

2.11 Data Analysis

All data are presented as the mean + SD from at least
three independent experiments, each performed in tripli-
cate. The Student’s z-test was used to calculate p-values
with GraphPad Prism version 9.2.0 (GraphPad Software,
San Diego, CA, USA). p values of <0.05 were considered
statistically significant.

3. Results
3.1 Confirmation of TRPM7 Expression in DFCs

The expression of TRPM7 mRNA and protein in
DFCs was confirmed using PCR, western blot and im-
munofluorescence staining (Fig. la—d). Electrophysio-
logical recordings were then made to determine whether
TRPM7 currents were active in DFCs. In the absence of
Mg?*, typical whole cell TRPM7-like currents with small
inward currents were recorded at negative potential, and
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Fig. 1. Knockdown of TRPM?7 in DFCs using lentiviruses that express TRPM7-specific shRNA. (a) TRPM7 mRNA, but not TRPM6
mRNA, was detected in DFCs by reverse transcription PCR. CHO cells with ectopic expression of TRPM6 or TRPM7 were used as

positive controls. (b) qRT-PCR showed that TRPM?7 gene expression was significantly reduced in TRPM7 knockdown cells. Quantitative

data from three independent experiments is shown. **, p < 0.01. (c) Western blot was performed to detect the TRPM?7 protein expression.
Proteins isolated from CHO cells transduced with TRPM?7 served as positive controls. lanes 1 and 2: CHO cells transduced with TRPM7.
lanes 3 and 4: DFCs transduced with scrambled shRNA. lanes 5 and 6: DFCs transduced with TRPM7 shRNA. (d) Immunocytochemistry
showed that TRPM7 was highly expressed in DFCs, but barely expressed in TRPM7 knockdown cells. Scale bar: 100 M. (e) Typical
whole cell TRPM7-like currents recorded in DFCs in the absence of Mg?* (black color), in the presence of 2 mM 2APB (red color), of
100 M 2APB (pink color), or infected with TRPM7-specific shRNA (blue color).

strong outward currents at positive potential. To identify the
native TRPM7-like currents present in DFCs, two concen-
trations of 2-APB (100 xM and 2 mM) were used to exam-
ine the currents in response to a voltage ramp. The results
showed that TRPM?7-like currents increased after exposure
to 2 mM 2-APB, whereas they decreased after exposure to
100 uM 2-APB (Fig. le). These biophysical properties are
similar to those reported for recombinant TRPM7 [17,18].
Together, the results demonstrate that TRPM7 is function-
ally expressed in DFCs.

3.2 Knockdown of TRPM7 Inhibits the Proliferation and
Migration of DFCs

We next evaluated whether TRPM7 has a role in
the proliferation and migration of DFCs. For this pur-
pose, shRNA-expressing lentiviruses were used to knock-
down TRPM7 expression in DFCs. The effectiveness
of shRNA was confirmed by performing qRT-PCR, im-
munofluorescence, western blot and electrophysiological
recordings. The results showed significant reductions in
TRPM7 mRNA and protein levels, as well as in whole
cell TRPM7-like currents in the TRPM7 knockdown cells
compared to control cells infected with scrambled shRNA
(Fig. 1b—e).

CCK-8 and transwell chamber assays were used to as-
sess the effect of TRPM7 knockdown on the proliferation
and migration of DFCs. CCK-8 assay results showed that at
all time points (2, 4 and 6 days), the proliferation of TRPM7
knockdown cells was significantly reduced compared to

control cells infected with scrambled shRNA (Fig. 2a).
Transwell chamber assay results showed that fewer cells
with TRPM7 knockdown migrated after 48 hours culture
compared to control cells infected with scrambled shRNA
(Fig. 2b). Quantitative data showed that TRPM7 knock-
down reduced the number of migrated cells by almost half
(52.17%) compared to the control cells (Fig. 2c).

3.3 Knockdown of TRPM7 Promotes Osteogenic
Differentiation of DFCs

To evaluate the effect of TRPM7 on the osteogenic dif-
ferentiation of DFCs, we cultured these cells in osteogenic
differentiation media for 14 days and then determined ALP
activity, expression of osteogenic related genes, and forma-
tion of mineral deposits. Inhibition of TRPM?7 with specific
shRNA was found to enhance mineralization (Fig. 3a,b), in-
crease ALP activities (Fig. 3c), and upregulate the expres-
sion of ALP, RUNX2 and BSP (Fig. 3d—f) compared to con-
trol cells infected with scrambled shRNA.

3.4 Low Extracellular Mg®>* Promotes Osteogenic
Differentiation of DFCs

We next examined whether Mg?* deficiency had an
effect on the osteogenic differentiation of DFCs. DFCs
cultured for 14 days in osteogenic differentiation media
containing 0.1 mM Mg?*showed increased formation of
mineral deposits, as detected by Alizarin Red S staining
(Fig. 4a,b). The expression of ALP, RUNX2 and BSP was
also higher in Mg?™-deficient cells compared to control
cells (Fig. 4c—e).
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Fig. 2. TRPM7 knockdown inhibited the proliferation and migration of DFCs. (a) CCK-8 assay showed that TRPM7 knockdown
inhibited cell proliferation of DFCs. Quantitative data from five independent experiments are shown. **, p < 0.01. (b) Transwell
chamber assays showed less migration of TRPM7 knockdown cells. Scale bar: 100 M. (c) Quantitative data from five independent
experiments for (b) are shown. **, p < 0.01.
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Fig. 3. TRPM7 knockdown promoted the osteogenic differentiation of DFCs. (a,b) Alizarin red staining showed that TRPM7 knock-
down enhanced mineralization. (¢) TRPM7 knockdown increased the ALP activities of DFCs. Quantitative data from five independent
experiments are shown. **, p < 0.01. (d—f) TRPM7 knockdown upregulated the expression of ALP, RUNX2 and BSP genes. Quantitative

data from three independent experiments are shown. **, p < 0.01; *, p < 0.05.

4. Discussion evoked Ca?* responses in odontoblasts, suggesting that
TRPM7 might mediate mechanical sensitivity in odonto-
blasts [21]. Furthermore, TRPM?7 kinase-inactive, knock-
in mutant mice exhibited small enamel volume and hypo-

TRPM?7 expression was detected in the ameloblast,
odontoblast and osteoblast cells of dental tissue [19,20].
Pharmacological block of TRPM?7 inhibits mechanically-
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Fig. 4. Mg>" deficiency promotes osteogenic differentiation of DFCs. (a,b) Alizarin red staining showed that 0.1 mM Mg?™ enhanced

mineralization. (c—e) 0.1 mM Mg? " upregulated the expression of ALP, RUNX2 and BSP genes. Quantitative data from five independent

experiments are shown. ** p < 0.01.

mineralized craniofacial structures, including the incisors,
molars, and cranial bones [19,20]. Although these results
demonstrate that TRPM7 has vital roles in dental develop-
ment, the physiological functions of this protein in DFCs
remain largely unknown.

To investigate this, we first confirmed the presence of
TRPM7 transcript and protein in DFCs. TRPMS6, a closely
related channel with similar function, was not detected.
This agrees with a previous report showing that TRPM7
was more widely distributed than TRPM6 [22]. In addi-
tion, we performed electrophysiological recordings to de-
termine whether TRPM7 was functionally active in DFCs.
In the absence of intracellular Mg?*, we recorded typical
TRPM7-like currents characterized by a large outward cur-
rent at positive potentials and a small inward current at neg-
ative potentials, consistent with the expression of TRPM7
[23]. We also used two concentrations of 2-APB to iden-
tify the native TRPM?7-like currents present in DFCs. The
TRPM7-like currents were inhibited by 100 uM 2-APB,
but activated by 2 mM 2-APB. These results concur with
previous studies showing that low concentrations of 2-APB
block TRPM7 channels, whereas high concentrations acti-
vate TRPM7 currents [18,24]. Based on these results, we
confirm that active TRPM?7 is expressed in DFCs.

To study the function of TRPM7 in DFCs, we gener-
ated stable knockdown cells with a lentiviral vector express-
ing specific TRPM7 shRNA. The knockdown efficiency
of TRPM7 was confirmed by qRT-PCR, western blotting,
immunofluorescence and electrophysiological recordings.
Our results showed that knockdown of TRPM7 signifi-
cantly inhibited the proliferation and migration of DFCs.

These results were expected, since TRPM7 is thought to be
the main pathway for Mg?* entry into MSCs [22]. Mg?*
is critical for cell proliferation due to its involvement in
DNA and protein synthesis, as well as for the proper func-
tioning of numerous enzymes required for cell proliferation
[25]. Recently, suppression of TRPM7 was shown to in-
hibit the proliferation and migration of MSCs derived from
bone marrow and dental pulp tissues [10,26]. Based on
these previous studies, we speculate that TRPM7-mediated
Mg?* entry plays an important role in the proliferation and
migration of DFCs.

An important observation in the present study was
that TRPM?7 had an inhibitory effect on the osteogenic dif-
ferentiation of DFCs. We observed that ALP activities,
osteogenic-related gene expression, and the number of min-
eralized matrix nodules all increased in TRPM7 knock-
down cells after osteogenic induction compared to control
cells. Castiglioni et al. [27] previously reported that si-
lencing of TRPM?7 accelerated the osteogenic differentia-
tion of human MSCs. Interestingly, similar results were
obtained when the cells were cultured in Mg?t-deficient
conditions. In the present study, we also observed that
Mg?* deficiency promoted the osteogenic differentiation of
DFCs, thus highlighting the contribution of Mg?*. Based
on previous studies and on the present results, we hypoth-
esize that TRPM7 and Mg?* act together to coordinate the
human marrow mesenchymal stem cells(hMSC) response
to osteogenic stimuli by preventing excessive osteogen-
esis. However, TRPM7 contains an atypical kinase do-
main at its C-terminus. We cannot rule out the possibil-
ity that silencing of TRPM7 might affect the phosphoryla-
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tion of its specific substrates. For example, one of the sub-
strates phosphorylated by TRPM7, annexin-1, has been im-
plicated in osteogenic differentiation [28]. Furthermore, the
ameloblast, odontoblast and osteoblast cells isolated from
TRPM7 kinase-inactive, knock-in mutant mice show de-
creased osteogenic capacity [19,20]. Therefore, specific
TRPM7 channel inhibitors or TRPM7 kinase inhibitors are
needed to clarify the role of each TRPM7 domain in the
osteogenic differentiation of DFCs.

5. Conclusions

In conclusion, this study has demonstrated for the
first time that TRPM7 channels are functionally expressed
in DFCs. Functional studies showed that suppression of
TRPM7 inhibited the proliferation and migration of DFCs,
while promoting their osteogenic differentiation. These re-
sults suggest that TRPM7 has an important role in regulat-
ing the biological behavior of DFCs.
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