
regenetation of dermal tissue in a defect of the ear of rabbits in no-is-
quemic or normal conditions or isquemic (compromised vasculariza-
tion) conditions.

Results of angiogenesis and inflammation of the healing process was
evaluated following normalized protocols. The figure shows the angio-
genesis evaluation after two weeks of the implantation of the bioactive
dressing and it is clear that the application of the bioactive scaffold was
very positive in the healing process.

Similar results were obtained after the evaluation of inflammation
and contraction of the wound during the healing experiment. The sys-
tem is very promised to be applied in the clinical practice because the
excellent biocompatibility, resorbability and lack of toxicity.

OP93
Engineering stem cell distribution on 3d
scaffolds influences cell activity
I Lorenzo-Moldero, GA Higuera, HAM Fernandes, CA Van
Blitterswijk and L Moroni
MIRA, University of Twente, Enschede, The Netherlands

Introduction: The tissue engineering field aims at improving cell seed-
ing efficiency and develops techniques to better control cell distribution
on scaffolds. Scaffold geometry and chemistry affects both cell seeding
efficiency and cell distribution. The way that cells are seeded and cul-
tured can also influence their distribution over time [1]. However, in
many tissues in our body cell distribution is not homogenous.

By using three-dimensional (3D) scaffolds as culture systems, we
study how cells distribution can be engineered under different condi-
tions. This can ultimately have implications to study stem cell biology
in a 3D scaffold environment with a tailorable pore network and
improve current regenerative medicine therapies.
Materials and methods: 3D scaffolds were plotted from
300PEOT55PBT45 with a Bioscaffolder. Human mesenchymal stem
cells (hMSC) were seeded on scaffolds and cultured for up to 21 days.
Scaffolds were fixed and stained with methylene blue. The impact of
different culture conditions on cell distribution was evaluated. Cell
activity was assessed by viability, proliferation, extra-cellular matrix
(ECM) formation, and microarray analysis and compared to
two-dimensional (2D) substrates of the same biomaterial composition.
Results: It was observed that (i) when both the size of pores and scaf-
fold increased, the number of cells grown on the scaffolds decreased;
(ii) scaffold flipping resulted in better distribution of cells on both sides;
(iii) coating with 1 mg/ml collagen type1 increased cell growth out-
side; (iv) dynamic seeding improved cell distribution inside the scaf-
fold. In 3D, hMSCs maintained their viability, but displayed a reduced
proliferation and ECM formation compared to 2D. This was associated
to an up-regulation of a set of genes connected to the hypoxic pathway.
The area covered by cells will be quantified to further correlate cell dis-
tribution to the hypoxic behavior.

Figure 1 Representative images of 2–3 weeks cultured cells on 3D plot-
ted scaffolds.

Discussion and conclusions: When bigger 3D geometries are used, spe-
cial cell culture conditions are required. Cell distribution on scaffolds
may be improved by coating the scaffolds with collagen type 1, using
dynamic seeding and flipping scaffolds during cell culture. Culturing
stem cells in 3D scaffolds might lead to engineer cell function in a spa-
tiotemporal manner.
Acknowledgments: This work is supported by the European Commu-
nity’s Seventh Framework Program (FP7/2007-2013) under grant
agreement number 305436.
Disclosures: The authors declare no conflict of interest.
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Hierarchical structuring of 3D prototyped
scaffolds with human platelet’s lysates and
marine-origin polysaccharides induce and
improve biomineralization of human adipose
derived stem cells
S Oliveira, RL Reis and JF Mano
3B’s Research Group, University of Minho, Guimar~aes, Portugal

Introduction: Bone tissue engineering demands hybrid 3D structures
able to provide both mechanical stability and an adequate nano and
micro-environment. Herein, we investigated a methodology to perform
the structuring of 3D prototyped scaffolds, with nanocoatings and fibril-
lar structures where autologous growth factors (GFs) are stabilized and
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able to conduct and induce the osteogenic differentiation of human adi-
pose derived stem cells (hASCs).
Materials and methods: Poly(e-caprolactone)-PCL, ι-carrageenan and
chitosan where obtained from Sigma-Aldrich. Human platelet’s lysate
was obtained as explained elsewhere1 The assembling of the polyelec-
trolytes (PEs) with PL was studied by QCM-D. PCL scaffolds were pre-
pared by BioplotterTM and modified by dipping LbL similar to what we
described before2. hASCs were culture in osteogenic (+dexametha-
sone,+Dex) and osteoconductive media (-Dex). After 28 days in cul-
ture, samples were harvested and characterized by several techniques
for calcium, osteocalcin (OC) and fat deposition; and for chondro-,
adipo-, angio-, and osteogenic-specific gene expression.
Results: PL was incorporated in the LbL assembled structures in the
form of nanocoatings and fibrillar structures (Fig. 1).

Figure 1 PCL scaffold before and after the modification using LbL.

The new structures supported hASCs osteogenesis both in the pres-
ence and absence of PL. These structures conduced the deposition of
CaP not only onto the surfaces (as in the case of PCL) but also in the
void spaces of the pores. In the absence of Dex, PL and the hierarchical
structures both induced the deposition of mineralized matrix and osteo-
calcin (Fig. 2). An inhibitory effect was observed when the number of
bilayers was triplicated (results not shown).
Discussion and conclusions: The structuring method has shown to be
effective for the introduction and stabilization of osteo-inductive factors
derived from PL. The GF’s showed its bioactivity by inducing the depo-
sition of OC and CaP, by hASCs, in absence of Dex. Gene expression
was influenced by both structuring and PL; which tended to increase
angio- and osteogenic-related expression. With this method, 3D scaf-
folds can be structured with hybrid, multi-functional, inductive and
hierarchical micro/nanostructures. By playing with the structuring
parameters the density of the GFs which are presented to cells, the
profile and even the spatial-temporal release can be controlled.

Acknowledgments: FCT is gratefully acknowledged for fellowships of
S.M.O. (SFRH/BD/ 70107/2010).
Disclosures: The authors have noting to disclose.
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Degradation of 3D printed poly(propylene
fumarate) scaffolds
MOWang1, C Piard2, ML Dreher3, A Melchiorri1 and JP Fisher1
1Fischell Department of Bioengineering, University of Maryland
College Park, College Park, MD, USA; 2Les Arts et M�etier ENSAM,
�a Paris Tech, Paris Tech, Paris, France; 3Division of Solid and
Fluid Mechanics, Office of Science and Engineering Laboratories,
Center for Devices and Radiological Health, Food and Drug
Administration, Silver Spring, MD, USA

Introduction: Understanding the changes in the structural properties of
absorbable scaffold properties during degradation is critical to design-
ing a successful bone tissue repair product. This study evaluated the
degradation of 3D printed poly(propylene fumarate)1 (PPF) scaffolds
for over 112 days. Changes in mass, mechanical properties, pore size,
wall thickness and porosity were measured.
Materials and methods: Three cylindrical scaffold designs with hollow
lumens were developed using SolidWorks (Dassault Syst�emes Solid-
Works Corp., Waltham, MA). A solid wall (Fig. 1A), and two porous,
aligned pores (Fig. 1B) and unaligned pores (Fig. 1C) scaffolds were
fabricated with the envisionTEC Perfactory� P4 additive manufacturing
device.

Scaffold resin contained: PPF, diethyl fumarate, bis(2,4,6-trim-
ethylbenzoyl) phenylphosphine oxide (Ciba Specialty Chemicals, Tarry-
town, NY), oxybenzone, and a-tocopherol. PPF was synthesized as
previously described2. Scaffolds were degraded over 112 days in
0.01M, pH 7.4 phosphate buffered saline at 37°C on a shaker table
(75 rpm). Changes in scaffold mass, mechanical properties, pore size,
porosity and wall thickness were measured at each timepoint. Pore size,
porosity and wall thickness were calculated using micro computed
tomography (lCT) images. lCTwas performed using a SCANCO Medi-
cal (Br€uttisellen, Switzerland) lCT 100 imaging system (n = 3 per
timepoint). Scaffolds were scanned, and 3D images were segmented to
distinguish between void and the polymer scaffold. Images were evalu-
ated using Scanco Imaging Processing Language (IPL) for porosity, pore
size and wall thickness.

Figure 2 Immuno-detection of osteocalcin (green) and nucleus (blue);
ARS stanning (red).

Perfactory® P4 additive manufacturing device.  
A                  B                    C 

Design Day 0 Day 
112 Design Day 0 Day 

112 Design Day 0 Day 
112

Porosity 
(%) - - - 50 48 ± 9 44 ± 2 50 48 ± 9 20 ± 3

Pore Size 
( m) - - - 800 602 ± 

47 
590 ± 

16 800 579 ± 
46

587 ± 
17 

Wall 
Thickness 

( m)  
500 842 ± 

23
752± 

26 500 532 ± 
65 

493 ± 
45 500 556 ± 

49
502 ± 

19 

Figure 1 lCT 3D rendered images of solid (A), aligned pores, (B) and
unaligned pore (C) scaffolds. Scaffold design and printed parameters,
after fabrication (Day 0) (n = 10 per design) and at the end of the
study (Day 112) (n = 3 per design).

© 2014 The Authors. J Tissue Eng Regen Med 2014; 8 (Suppl. 1): 39–206.
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