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INTRODUCTION

1. Mesenchymal cells are present in freshly isolated
and cultured adipose tissue-derived SVF

Regenerative medicine based on stem cell ability to potentially repair injured
tissues is a promising treatment for many orthopaedic problems. Adipose
tissue-derived stem cells (ASCs) have multi-lineage differentiating ability, thus
they are useful for treatment of bone diseases or skeletal lesions. One of the
major limitations of ASCs is represented by the necessity to be isolated and
expanded through in vitro culture, thus a strong interest was generated by the
adipose stromal vascular fraction (SVF), the non-cultured fraction of ASCs. In
order to improve bone regeneration, different scaffolds have been generated.
Excellent results were recently achieved by the usage of SmartBone®, a
xenohybrid bone scaffold commercially available, initially developed as bone
substitute for reconstructive surgeries in presence of bone losses.
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AIM
In regenerative medicine, recent trends point towards a combined approach
with stem cells and scaffold for best mimicking human bone structure. Thus, we
investigated and compared the bone regenerative potential of SVF and ASCs
through their ability to grow on SmartBone®, in order to generate a composite
scaffold useful for bone regeneration.

Flow cytometry analysis showing the morphology of SVF (A) and ASCs (D).
SVF is a heterogeneous cell population, containing CD105, CD44, CD73 and
CD271 positive mesenchymal cells (B, C). After 15 days of culture, a large and
enriched population of ASCs highly expresses mesenchymal markers (E, F).

Mineralization

4. ASCs and SVF cultured on SmartBone®
promote newly formed mineralised tissue
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Expression of RUNX2, ALP, OCN and COLL1 analysed on ASCs
plated on SmartBone® at 15, 30 and 60 days. A modulation of the
expression of these genes is observed both without osteogenic
factors (Ctrl) and with osteogenic medium (OM). No statistically
significant difference is detected.
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ASCs and SVF cultured in absence (ctrl) or in
presence of osteogenic medium (OM), for 60
days. ALP expression is always positive in SVF
cultures, both in ctrl cultures (B) and in presence
of OM (D), while ASCs are only positive in
presence of OM (C). In both ASCs and SVF, Von
Kossa staining is negative in ctrl (E, F) and
shows mineral nodules with OM (G, H)
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3. Mesenchymal cells show a modulation of
osteoblastic markers on SmartBone® in
osteogenic medium
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We collected and isolated ASCs and SVF from fresh adipose tissue derived
from 7 patients. The phenotype of ASCs contained in the SVF was evaluated
by flow cytometry. ASCs and SVF were cultured both on tissue culture plastic
dishes and on SmartBone® discs, in presence of absence of osteogenic
medium. We evaluated their differentiation into osteoblasts (Obs) by alkaline
phosphatase (ALP) staining and the mineralization activity by Von Kossa
staining. We monitored their ability to colonize and form new tissue on
SmartBone® by microCT, Scanning Electron Microscopy analyses and
immunoistochemical staining for collagen 1 (COLL 1), osteocalcin (OCN) and
TGF-β. We evaluated the expression of Runx2 (early osteoblast marker) and
ALP, COLL 1, OCN (mature osteoblast markers). MicroCT analysis allowed to
quantify mineralised tissue apposition by newly formed trabeculae on
SmartBone ®.
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2. ASCs and SVF differentiate
in vitro into osteoblasts

METHODS

5. ASCs and SVF colonize SmartBone®
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Immunoistochemical staining for COLL 1, OCN and
TGFβ showing new bone tissue formed in ctrl
condition and on SmartBone ® cultured with ASCs
and SVF, in absence or presence of OM.
In ctrl condition, COLL 1 is weakly positive on
SmartBone ® cultured with ASCs (A), while it is
expressed in culture with SVF (C). Both in cultures
with ASCs and SVF with osteogenic medium (OM),
COLL 1 markedly stains the new tissue on
SmartBone ® (B, D). OCN is weakly positive in ctrl
(E, G) and it is highly expressed with OM, mainly on
the periphery of the new formed tissue (F, H).
TGFβ stains osteoblasts at the margin of the newly
formed tissue both with and without OM, with ASCs
and SVF (I-N).

CONCLUSIONS

OCN

Bone formation induced by SVF and ASCs cultured on SmartBone® with OM. The
newly formed mineralized trabeculae are indicated in red and arrows point them (A).
Quantification analysis of the trabeculae demonstrate that SVF cells are significantly
more efficient than ASCs in promoting their growth in presence of OM. In absence of
osteogenic factors, SVF shows an osteogenic capacity significantly lower than ASCs
cultured under both conditions. No significant differences can be detected between
ASCs cultured on SB with or without OM (B).
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1. We demonstrated the efficacy of ASC-driven reconstruction of bone using the xenohybrid bone scaffold SmartBone®
2. SVF (the non-cultured fraction of ASCs) show an osteogenic ability on SmartBone® better than ASCs (previously expanded in vitro ) in presence of osteogenic factors,
supporting the idea of a SVF-based therapy, which avoids in vitro culture of SVF to derive ASCs.
3. Our data strongly support an innovative idea for a regenerative medicine based on solid scaffold functionalised with SVF to improve the precision of stem cells implant and the
quality of new bone formation.
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