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RELAZIONE:  
Bisphosphonates (BPs) are the most used bone specific anti-resorptive drugs. In the last years there has been 

an increased interest in BPs capability to prolong osteoblasts lifespan and induce bone mineralization; 

however, the mechanisms of action which underpin these effects are nowadays poorly understood, thereby 

requiring further investigations. TRPV1 channel is known to have a key role in bone formation process being 

a good candidate as a BPs secondary target. We have recently demonstrated that the BP Zoledronic acid 

(ZOL) is an agonist of TRPV1 ion channel on murine osteoblasts (Scala et al., Cancers 2019), and that ZOL-

mediated pro-mineralizing effects on the osteoblasts are related with the activation of this channel. TRPV1 

channel may therefore represents an interesting and innovative target for the treatment of diseases 

characterized by altered bone homeostasis, even included genetic bone diseases. In this context, for testing 

new molecules or studying new pathways, it is important to use a suitable and reliable cellular model.  

A problem that often arises when talking about basic research in bone regards the poor availability of bone 

tissues for pre-clinical studies. Lately, there has been an increased interest in induced pluripotent stem cells 

(iPSCs) and iPSC-derived mesenchymal stem cells (MSCs). iPSCs did not raise any bioethical question, because 

of their deriving from adult cells, like fibroblasts from skin biopsies. Because of their pluripotency, iPSCs have 

the incredibly ability to differentiate into all cell types, like osteoblasts and chondrocytes, otherwise difficult 

to obtain.  

Therefore, during my staying in Laboratoire de PhysioMédecine Moléculaire LP2M, Université Côte d'Azur, 

France, I tried protocols of differentiation of iPSCs cells into MSCs for finally obtaining osteoblastic cells. 

Undifferentiated healthy control iPSCs have been cultured in classical iPSCs medium; then, cells have been 

passaged 2-times per week in a 6-well plate coated with mitotically inactivated mouse embryonic fibroblasts 
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(MEF). At this step, iPSCs medium has been replaced with a medium containing DMEM-F12, fetal bovine 

serum, sodium pyruvate, antibiotics, non-essential amino acid, 2-mercaptoethanol and epidermal growth 

factor (EGF), for inducing the MSCs phenotype (Pini et al., JBMR 2018). To confirm the homogeneity of MSCs, 

cells have been analysed by flow cytometry. Cells were incubated with the MSC specific marker antibodies 

CD73, CD90 and CD105 at 4°C for 15 minutes and analysed using a FACS Canto II (BD Biosciences) and the BD 

FACS Diva software (BD Biosciences). This analysis revealed that more than 98% of the cells expressed the 

typical MSC markers CD90, CD73 and CD105, thereby confirming the cell phenotype. I functionally analysed 

the ionic currents in undifferentiated MSCs cells by whole-cell voltage clamp technique. The currents 

acquired were similar to the ones we have already characterized in murine MSCs (Scala et al., Cancers 2019).  

Therefore, MSCs have been used for obtaining mature osteoblasts, by culturing the cells in a specific pro-

osteogenic medium enriched with 50 µg/mL ascorbate-2-phosphate, 5 mM beta-glycerophosphate, 100 nM 

dexamethasone, 10 µM vitamin D3, 10 µg/mL EGF. Successful differentiation of osteoblasts has been 

confirmed by checking for the expression of specific markers by qRT-PCR. Successful functional 

differentiation has also been verified by evaluating osteoblasts capability to produce extracellular matrix by 

Alizarin Red S and Von Kossa staining. Alizarin red can create complexes with calcium, forming a product that 

is bright red stain. In Von Kossa staining, the principle of the coloration is based on the transformation of 

calcium salt into silver salts; indeed, calcium ions, which are normally bound to phosphates in mineralization 

nodules, are replaced by silver ions when adding a silver nitrate solution. A photochemical degradation of 

silver phosphate to silver can occur under light illumination, leading to the appearing of a dark-silver 

coloration. After 15 days of differentiation by using the pro-osteogenic medium, cells were firstly washed in 

PBS, fixed in 4% paraformaldehyde solution for 10 min at room temperature. After the fixation, cells were 

washed again once with PBS once and twice with distilled water. Cells were then incubated with 2% Alizarin 

red S and incubated in dark for 15 min; or 1% silver nitrate solution and exposed to the light until the 

apparition of dark staining. Both the assays confirmed the presence of extracellular matrix, thereby certifying 

the mature osteoblasts phenotype. Differentiated osteoblasts have been tested for their channel expression 

by performing patch-clamp experiments. We observed that osteoblastic differentiation strongly enhanced 

either inward and outward currents. Inward currents were mostly mediated by Kir potassium channels, like 

for example Kir2.1 ion channel, whose mutations are responsible for a rare and severe bone-related 

channelopathy called Andersen’s syndrome. Outward currents were associated with the up-regulation of 

several cation channels, even included potassium channels and TRP channels. 

In conclusion, we succeeded in differentiating iPSCs-derived MSCs into mature and functional osteoblasts. 

This strategy represents a reliable model for studying drug effects on ionic currents and the osteoblastic 

differentiation process. Human IPS-derived MSCs can represent a perfect tool for testing the effects of new 

molecules on osteoblasts, also in the presence of genetic mutations responsible for rare bone-related 

diseases.  

La Società Italiana di Farmacologia dichiara che i dati personali comunicati dall’utente sono trattati in 

conformità alle disposizioni del D. Lgs. 196/2003, così come modificato dal D. Lgs. 101/2018, ed alla 

normativa comunitaria (Regolamento UE 2016/679) secondo quanto indicato specificamente 

nell’informativa privacy reperibile sul sito internet della Società all’indirizzo: https://sif-

website.s3.amazonaws.com/uploads/attachment/file/240/Informativa_Privacy_SIF_Generica.pdf che 
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