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Nano and micro fiber combined scaffolds have been produced in order
to mimic the biophysical structure of natural extracellular matrix
(ECM). Herein the strategy was to combine layers of polycaprolactone
(PCL) electrospun nanofiber meshes (NFM) every two consecutive lay-
ers of starch-polycaprolactone rapid prototyped microfibers (SPCL-RP).
Human umbilical cord Wharton′s Jelly stem cells (hWJSCs) were iso-
lated, seeded and cultured for 21 days on hierarchical starch based
scaffolds, under osteogenic differentiation conditions, to evaluate the
influence of the integrated nanofiber meshes on cell entrapment and
on osteogenic differentiation. In vitro biological data confirmed that
hierarchical starch-based fibrous scaffolds showed enhanced cell
entrapment when compared to RP scaffolds. Furthermore, up-regula-
tion of bone specific genes and calcium phosphate deposition corrobo-
rate the hypothesis of a successful osteogenic differentiation of hWJSCs
seeded on these scaffolds in vitro. To study the inflammatory response
SPCL-RP scaffolds with or without intercalated PCL nanofiber meshes
and NFM alone were evaluated in a subcutaneous model using Wistar
rats for 1, 6 and 12 weeks. A thicker fibrous capsule was formed in
SPCL microfiber scaffold compared to the NFM alone. Active fibroblasts
and giant cells were observed for all 3 types of scaffolds. More granula-
tion tissue was formed in the vicinity of the NFM, which indicates a
higher inflammatory response. Microvessels were detected just after
1 week of implantation, increasing in caliber with time course of angio-
genesis process. Longer implantation time shows some level of degra-
dation in all types of structures, with decreasing levels of inflammation
in microfiber scaffolds and new tissue formation, while in the NFM the
inflammation continues developing over time of implantation.
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The development of strategies based on the use of scaffolds for Tissue
Engineering and Regenerative Medicine(TERM) has been hindered by
the inability of researchers to present solutions to overcome problems
mainly related with the biocompatibility of materials and in vivo perfu-
sion of the 3D structures. It is in this context that scaffold-free method-
ologies are being presented as increasingly attractive strategies for
TERM. Scaffold-free approaches in general rely on the production of
extracellular matrix(ECM) by the cells of interest. However, the crea-
tion of an ECM robust enough for use in TERM is many times a chal-
lenge. Therefore, there is an important need to develop protocols that
boost cell’s ability to produce ECM. One way to achieve this is to expose
cells to an environment crowded with adequate macromolecules in
order to mimic the physiological cellular milieu. Dextran sulphate(DxS)
and Ficoll(Fc) have been suggested as compounds capable of increasing
ECM deposition1. The involved mechanism is closely related to the
increase in enzyme-mediated collagen deposition. In the present work,
we hypothesized that the use of DxS or of a combination of Fc of differ-
ent molecular weights (Fc70/Fc400) as crowders in culture medium
could increase the robustness of the ECM produced by human fibro-
blasts(hFb) or human adipose-derived Stem Cells(hASCs). 5x104 hFb
or hASC were seeded on wells of 24 and 48 well plates, and cultured
for 24 h in a-MEM supplemented wih10% FBS and 1% antibiotics.
After the first 24 h, the medium was replaced by fresh medium supple-
mented with 1% FBS and a)50 lg/mL of Ascorbic Acid, b)50 lg/mL of
Dextran Sulphate, or c)37.5 mg/mL of Fc70 + 25 mg/mL of Fc400.
Cells were cultured for further 2 and 5 days. dsDNA quantification
showed that in both conditions b) and c), and independently of the cell
type, cell proliferation was significantly reduced. ECM production was
evaluated by quantifying the deposited collagen using a semi-quantita-
tive Sirius Red kit (Picrosirius, Chondrex, USA). Collagen quantifica-
tion, normalized with dsDNA, demonstrated that for both cells types,
the presence of either DxS or Fc70/Fc400 resulted in the decrease of
ECM deposition. In conclusion, the use of DxS and Fc70/Fc under the
conditions herein described failed to increase the ECM production by
both hFb and hASCs.
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