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BACKGROUND 

Bone is a dynamic tissue characterized by constant remodelling and regeneration processes throughout 

adult life. Bone tissue is constituted by three principal cell types: osteoblasts, osteocytes, and osteoclasts 

(1). Osteoblasts are derived from mesenchymal progenitor cells and are involved in new bone tissue 

formation by producing matrix proteins such as type I collagen, osteonectin, and proteoglycans (2; 3). 

Osteoblasts may also mediate osteoclast differentiation through the production of RANKL (receptor 

activator of NFkB Ligand), which is one of the main osteoclast differentiation factors (4). The RANKL/OPG 

(osteopreotegerin) ratio regulates bone mass with a very fine regulation: osteoblasts produce OPG, which 

prevents the interaction of RANKL with its receptor (5). Furthermore, osteoblasts may differentiate into 

osteocytes, thus controlling mechanical load on bone (6). Among the several factors involved in the 

regulation of bone homeostasis, in the last years adenosine has been recognized as one of the main 

molecule which might play an important role on promoting bone formation and regulation. Adenosine 

receptors (A1R, A2AR, A2BR, and A3R) are well known modulators of many cell processes, either 

physiologic and pathologic ones (7). 

A2AR stimulation increases osteoblast production and proliferation, reducing osteoclast formation, thus 

showing that A2AR activation may have a therapeutic potential in promoting bone regeneration. Mediero 



et al. have demonstrated that the use of CGS21680, an A2AR agonist, or dipyridamole, which blocks 

adenosine uptake, stimulates bone formation and osteoblast expression of markers for bone formation, 

such as osteocalcin and osteonectin, in mouse calvaria (8). 

However, also A2BR activation promotes osteoblast differentiation. Mice lacking A2BR show mesenchimal 

stem cells (MSCs) with decreased bone density activity and the pharmacological blockade of A2BR reduced 

osteoblast differentiation of MSCs (9). 

Wnt/β-catenin signalling is also involved in osteoblastic differentiation and in bone mass regulation (10). 

Wnt proteins are lipoglycoproteins secreted and involved in embryological development and in tissue 

homeostasis by activating membrane-bound frizzled receptors; once activated, Wnt signalling activates in 

turn β-catenin which migrates into the nucleus, modulating gene transcription (11; 12; 13). 

A crosstalk between A2A receptor stimulation and Wnt/ β-catenin signalling has been demonstrated (14) 

and direct β-catenin phosphorylation mediated by Akt stimulates β-catenin transcriptional activity, 

indicating a possible A2A receptor-mediated non-canonical pathway for its activation (15). 

PDRN, polydeoxyribonucleotide, is a mixture of deoxyribonucleotides polymers extracted from trout sperm 

and acts as an agonist of adenosine receptor. The drug is already on the market, and PDRN has been shown 

to have anti-inflammatory effects, improved tissue repair in animal models and has demonstrated efficacy 

also in clinical trials (16;17). 

Preliminary data on a glucocorticoid-induced osteoporosis (GIO) experimental model demonstrated that 

PDRN (8 mg/kg) markedly improved bone formation by the activation of both the canonical and non-

canonical Wnt pathways through the activation of Wnt10b and Wnt5a (18). 

In this project, we started using mature osteoblasts collected from C57BL/6 wild-type (WT) mice to 

investigate PDRN effects on Wnt/-catenin signalling, in particular evaluating -catenin translocation. 

 

METHODS 

Reagents 

Paraformaldehyde (32 %) was purchased from Electron Microscopy Sciences (PA, USA); bovine serum 

albumin (BSA), gentamicin, amphotericin B, 2-phospho-Lascorbic acid trisodium salt were purchased from 

Sigma-Aldrich (MO, USA); FBS was purchased from Life technology (NY, USA); penicillin/streptomycin was 

obtained from Invitrogen (NY, USA); collagenase type II was from Worthington. 

 

 



Animals 

Mice employed in this study were kept under regular lighting conditions (12 h light/dark cycles) and given 

food and water ad libitum. Mice described as wild type (WT) were all maintained on the C57BL/6 

background by the breeder (Taconic Laboratories, Albany, NY). Protocols for experimental procedures 

involving the use of animals were approved by the New York University School of Medicine Institutional 

Animal Care and Use Committee. 

 

Osteoblast isolation  

Bone marrow was flushed out the bone marrow cavity of long bones and the diaphysis was cut in small 

pieces (1–2 mm), washed with PBS and incubated in a solution containing 2 mg/ml of collagenase II at 37 °C 

for 2 hours. The bone was transferred in a flask containing complete culture medium (DMEM, 100 U/ml 

penicillin, 50 μg/ml streptomycin, 50 μg/ml gentamicin, 1.25 μg/ml amphotericin B, 100 μg/ml ascorbate, 

10 % FBS). Bone cells started to migrate from the bone after 5 days. Experimental procedures were 

repeated 4 times. 

 

Immunofluorescence 

Once osteoblasts migrated from long bones, mature osteoblasts were plated on glass coverslips (Lab-Tek II 

chamber slide, 8-well; Thermo Fisher Scientific) in DMEM to study β-catenin activation and translocation.  

Cells were stimulated with the adenosine receptor agonist, PDRN, at the dose of 1 μM for 10 minutes. The 

choice of the dose was based on previous experiments which demonstrated that the dose of 1 μM was 

effective for -catenin activation. An A2A receptor-selective antagonist, ZM241385 (1 μM), was used and 

introduced together with PDRN. 

Following the treatments, cells were washed with PBS twice and then fixed with cold 4% paraformaldehyde 

(Hatfield, PA, USA) for 10 minutes at room temperature. Following fixation, cells were washed with PBS for 

10 minutes twice and PBS containing BSA for 10 minutes once. Cells were blocked with PBS-BSA, Triton X-

100 and FBS for 1 hour at room temperature. Cells were incubated with a primary antibody against de-

phospho-β-catenin (Ser33/37/Thr41) (1:200; Cell Signaling) overnight at 4°C. The day after, cells were 

washed with PBS containing BSA and incubated with goat anti-rabbit IgG (whole molecule)-FITC for 1 hour 

at room temperature in the dark. After being washed with PBS containing BSA for 10 minutes twice and 

PBS for 10 minutes once, cells were counterstained with DAPI and each sample was examined using a 

fluorescence microscope (Nikon Eclipse NI-U fluorescence uplight microscope, Tokyo, Japan). 



 

RESULTS 

Wnt/β-catenin pathway activation ultimately leads to the nuclear translocation of stabilized β-catenin. So, 

we evaluated β-catenin translocation in mature osteoblasts following PDRN stimulation. Treatment with 

PDRN stimulated β-catenin activation and translocation. We expected that this effect was blocked by 

treatment with the A2A receptor-selective antagonist ZM241385, but β-catenin activation was also 

stimulated following ZM241385 treatment. 
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FURTHER DIRECTIONS  

These data showed that the treatment with PDRN stimulated Wnt/-catenin pathway, in particular -

catenin activation in mature osteoblasts collected from WT mice. 

The peculiar result is that we have observed -catenin activation also in cells treated with both PDRN and 

ZM241385. Previous experiments demonstrated that PDRN effects were related to the activation of A2A 

receptor. However, these results let us hypothesize that PDRN might act by binding A2B receptor. Next 

steps of this project will clarify this hypothesis, using both A2A and A2B knock-out mice. 

Preliminar data achieved during these first three months demonstrated that PDRN may stimulate stem cell 

differentiation in osteoblasts by activating Wnt/-catenin signalling (data not shown). 
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