MicroRNAs 125b, 199a-5p and 214 as modulators of bone homeostasis
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INTRODUCTION: Bone homeostasis is a highly regulated process involving pathways in bone as WNT, FGF or BMP, but also requiring support from
surrounding tissues as vessels and nerves. In bone diseases, the bone-vessel-nerve triad is impacted. Recently, new players appeared as regulators of bone
homeostasis: microRNAs (miRNA). Five miRNAs associated with osteoporotic fractures are already known [1, 2], among which miR-125b is decreasing
bone formation by downregulating human mesenchymal stem cells (hMSCs) differentiation. Other miRNAs, as miR-214 (in cluster with miR-199a), are
secreted by osteoclasts to regulate osteoblasts and inhibit bone formation. This forms a very complex regulatory network.

METHODS: hMSC and osteoblasts were obtained during operations on fractures of long bones. The local ethical committee approved the study. Patients
gave informed consent before obtaining the samples. Bone marrow was collected and hMSC were isolated using a standard protocol. Spongious bone was
collected and osteoblasts were isolated using an outgrowth technique. Cells in the third passage were used. hMSCs and osteoblasts (n=3) were transfected
with mimic/antagomiR of miR-125b, miR-199a-5p or miR-214, or with a scrambled miRNA (negative control) in osteogenic differentiation calcium-
enriched medium (Ca++). Mineralization was assessed by Alizarin Red/CPC staining, miRNA expression by qPCR and protein by western blotting.

RESULTS SECTION: Exposure of hMSCs or osteoblasts to Ca++ increased mineralization compared to basal medium. hMSCs transfected with miR-125b
mimic in Ca++ presented less mineralization compared to scramble (figure 1). This correlated with decreased levels of BMPR2 and RUNX2 (figure 2).
hMSCs transfected with miR-125b inhibitor presented higher mineralization. Interestingly, hMSCs transfected with miR-214 mimic in Ca++ presented no
mineralization while miR-214 inhibitor increased mineralization. No differences were observed in hMSCs transfected with miR-199a-5p modulators. On the

contrary, osteoblasts transfected with miR-199a-5p mimic present less mineralization than scrambled-transfected and same was observed for miR-214 and
miR-125b mimics.

DISCUSSION: We highlight that miR-125b and miR-214 decrease mineralization of hMSCs in calcium-enriched medium. We noticed that miR-199a-5p is
able to regulate mineralization in osteoblasts but not in hMSCs suggesting that this effect is cell-specific. Interestingly, the cluster miR-199a/214 is known as
modulator of vascular function and could thus contribute to bone remodeling via different ways. With this work we slightly open the door to possible
therapeutic approaches for bone diseases.

SIGNIFICANCE: MicroRNAs regulate bone regeneration and disturbance can lead to impaired fracture healing or bone formation such as in osteoporosis.

Counteracting or mimicking those miRNAs may be a viable therapy option and is tested here in an in vitro study using two cell types important for bone
regeneration.
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Figure 1: alizarin red staining (left) and quantification (right) after 14 days Figure 2: target protein expression with scrambles miRNA, Ca++

medium, or with mimic 125b
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