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Piezol Gene Activation Enhances Osteogenesis and Implant Integration Under Mechanical Stimulation
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I. Objective

To investigate the osteogenic effects of Piezol gene
transfection for bone-associated cells under mechanical
stimulation in vitro and evaluate its impact on titanium implant
osseointegration with calcium phosphate gene transfection

carrier loading Piezol in the rat femur.

II. Methods

Plasmid DNA encoding Piezol was transfected into
MC3T3-E1 and MLO-Y4 cells using JetPEI or calcium
phosphate (CaP) and subjected to 10% extension. Plasmid
DNA encoding mCherry was used as a control group. After 48
hours, ALP activity in supernatant and the expression of
osteogenesis-related genes (ALP, RUNX2, SP7 and OCN for
MC3T3El and PGE2, sclerostin, RANK L, DMP1 and FGF23
for MLOY4) were evaluated. Calcium deposition was assessed
on day 16. Next, carboxymethyl cellulose-functionalized CaP
pastes loaded with either low-dose Piezol (CaP/piezol(L)),
high-dose Piezol (CaP/piezol(H)), BMP-7(CaP/BMP-7), a
combination of low-dose Piezol and BMP-7 (2mix), or without
plasmid-DNA(CMC/CaP) were fabricated. After a bone defect
was prepared in a rat femur, titanium screws were implanted
with fabricated samples. 28 days after surgery, bone healing

and implant osseointegration were evaluated using

micro-computed tomography (micro-CT), histological analysis,
and removal torque testing.

II. Results and Discussion

In MC3T3El1 cells, ALP, RUNX2, SP7 and OCN in the piezol
—transfected groups exhibited significantly higher than those
of mCherry group. The ALP activity in supernatant and
calcium deposition in piezol-transfected group were also
higher than in the piezol-transfected group. These findings
suggest that the expression of Piezol induced by gene
transfection promotes osteogenic potential under conditions of
10% cyclic stretch. In MLO-Y4 cells, Piezol transfection
significantly upregulated PGE2, RANKL, and DMP1, while
sclerostin and FGF23 expression levels were significantly
downregulated. Transfection-induced Piezol expression under
the same mechanical stimulus appears to shift bone metabolism
toward a state favoring bone formation. In vivo, the removal
torque values were significantly higher in CaP/piezol(L),
CaP/piezol(H), CaP/BMP-7, and 2-mix compared to the CMC
group. Among all groups, CaP/piezol(H) exhibited the highest
removal torque value. Histological analysis demonstrated
direct bone-to-implant contact in all groups. This finding
suggests that the transplantation of Piezol in the peri-implant
region strengthens osseointegration, with its efficacy being

dependent on the dosage of Piezol-encoding plasmid DNA.
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A case report of a patient with severe residual ridge resorption achieved stability of complete dentures by the flange
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A case of mandibular implant overlay prosthesis following surgical resection of benign tumor
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