
microscopy. DNA and total protein quantifications were performed

accordingly. No significant difference in cell proliferation was

observed in BCP-NM and PCL-NM constructs kept under dynamic

conditions when compared to the results obtained from static

studies. However, under dynamic conditions, total protein contents

were higher on BCP-NM constructs than in the uncoated ones.

Moreover, PCL-NM presented a higher number of dead cells than

BCP-NM. Obtained results point out that BCP-NM can support cell

growth under dynamic conditions. The vast potential of using BCP-

NM in applications related to bone tissue engineering was also

confirmed.

Marie Curie Actions ‘‘Alea Jacta Est Training Fellowship’’ and

the European NoE EXPERTISSUES (NMP3-CT-2004-500283)

supported this work.

(OP 90) Dynamics and Interactions of Hemoglobin in Red

Blood Cells

A. Stadler1,2, K. Zerlin2, I. Digel3, G. Bueldt2, G. Zaccai1,

G. Artmann3

1Institut Laue-Langevin, 38042 Grenoble, France
2Research Centre Juelich, 52425 Juelich, Germany
3University of Applied Science, 52428 Juelich, Germany

We studied molecular dynamics and interactions of hemoglobin in

whole human red blood cells with Incoherent Elastic Neutron

Scattering and Small Angle Neutron Scattering. Thermal neutron

wavelengths and energies match atomic distances and atomic

thermal motions and allow their study in biological material

without damage. Protein dynamics were measured on time scales

of around 100ps which reflects protein side chain motions and long

time self diffusion of the whole protein.

We could show that there occurs a transition of hemoglobin

dynamics at human body temperature of 378C in cells and solution.

The measurements show that there is a break in the long term self

diffusion coefficient at human body temperature. Complementary

from our interaction studies, we found that hemoglobin start

forming aggregated clusters at human body temperature.

(OP 91) Educational Aspects of Tissue Engineering: an In-

dustrial Perspective

B.M. Thomson1

1Smith and Nephew Research Center, York YO10 5DF, UK

Tissue engineering is a branch of regenerative medicine that at-

tempts to convert insights from biomedical research into novel

therapies composed of cells, growth factors and/or biocompatible

structural materials. It aims to (i) repair, rather than replace dam-

aged tissues; (ii) postpone radical surgery; and (iii) stimulate en-

dogenous healing responses.

Society’s need for these new clinical approaches, (e.g. biological

therapies for cartilage repair), is indisputable and growing in line

with the aging population. Unfortunately, the commercial and

clinical success of tissue engineering has been poor to date because

the early innovators failed to appreciate the need to resolve all the

scientific, clinical, regulatory, commercial and logistical issues

involved in bringing a complex and unfamiliar therapy from

‘bench to bedside’.

Educators should therefore emphasise the multidisciplinary na-

ture of regenerative medicine to students. They should stress that in

order to be successful a new productmust simultaneously resolve all

the problems associated with its introduction (e.g. (i) definition of

clinical need; (ii) cell/molecular biology of the product; (iii) struc-

tural materials and biomechanics; (iv) scale-up and production; (v)

patents and IPR; (vi) regulatory approval and quality control; (vii)

distribution, inventory control and logistics; (viii) immunology and

graft integration; (ix) patient selection and adoption into clinical

practice; (x) proof of cost-effectiveness and re-imbursement; and

(xi) time to market and return on investors capital). Curricula,

should encompass these topics and the management approaches

(e.g. open innovation) required to build and maintain the multidis-

ciplinary teams needed to develop regenerative medicine.

(OP 92) Educational Aspects of Tissue Engineering: the Aca-

demic Perspective

D.F. Williams1,2

1Emeritus Professor, University of Liverpool, UK
2Editor-in-Chief, Biomaterials

Everyone recognises that tissue engineering is a rapidly emerging,

multidisciplinary subject that, so far, is not grounded in traditional

academic courses. A multitude of departments, institutes and

centres concerned with tissue engineering have emerged in Uni-

versities throughout the world, but almost wholly being research or

clinically oriented. This has been inevitable and, as with any

emerging subject, is has been very sensible to identify its bound-

aries before constructing educational courses. The time is now

coming, however, where there is a role for new courses, in order to

provide for this education.

The subject of biomaterials provides an example of how this

could be done since 40 years ago this subject was similarly in its

infancy. We have witnessed the introduction of courses at under-

graduate and postgraduate levels, some based in medical schools

and others in engineering schools. We cannot pretend that we have

always got this right and it is no means obvious that either the

industrial or clinical end-users of the student output have fully

benefited. The most obvious question has been whether it is pos-

sible or necessary to train ‘biomaterials scientists’ or for students to

follow a major relevant discipline, for example materials science,

cell biology or mechanical engineering, perhaps to PhD level, and

then to develop the skills and knowledge for the transition into

biomaterials science.

It is essential that the field of tissue engineering learns these

lessons; this presentation will explore the options.

(OP 93) Educational Aspects of Tissue Engineering: the Per-

spective of Students and Young Investigators

C.M. Alves1,2

13B’s Research Group–Biomaterials, Biodegradables and Biomi-

metics, Dept. of Polymer Engineering, University of Minho,

Campus of Gualtar, 4710-057 Braga, Portugal
2IBB–Institute for Biotechnology and Bioengineering, PT Gov-

ernment Associated Laboratory, Braga, Portugal; cmalves@

dep.uminho.pt
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The Students and Young Investigators Section (SYIS) of TERMIS-

EU aims to bring together an international community of students

and young investigators engaged or interested in different aspects

of science and technology of tissue engineering and regenerative

medicine.

An essential aspect to accomplish this purpose is to promote

education improving informed and current discussion on the sci-

entific challenges and therapeutic developed technologies. A plat-

form for the ‘‘next generation’’ of scientists in the field of tissue

engineering and regenerativemedicine can only be generated if their

opinion, career expectations, motivations and needs are considered.

Several issues related with the multidisciplinary nature of re-

generative medicine field were assessed within the S & YI section.

This survey will give an outlook on different issues including: (i)

opinion on Master/PhD/Post-Doc programmes; (ii) most relevant

subjects/skills to include in their respective programmes; (iii) best

format to deliver this information and enhance professional de-

velopment; (iv) awareness of the students for activities, such as

short courses, currently being organized; (v) understanding of the

development of the area and the value of their contribution; and

(vi) how S & YI see their future in a tissue engineering and re-

generative medicine related area.

These issues will be explored in this presentation having in

consideration the perspectives and opinions of Students and Young

Investigators of different nationalities and from different back-

grounds.

(OP 94) Effect of Hypoxia on Vascular Endothelial Growth

Factor Expression in an Engineered 3D Cell Model

U. Cheema1, T. Alekseeva1, A. J. MacRobert2, B. Alp1, V. Mu-

dera1, R. A. Brown1

1Tissue Repair and Engineering Centre, UCL
2National Medical Laser Centre, UCL

Tissue hypoxia results in rapid angiogenesis in vivo, triggered by

angiogenic proteins, including vascular endothelial growth factor

(VEGF). We have developed an in vitro model using dense cell-

seeded collagen constructs to engineer hypoxic gradients which

can be quantified using a sensitive O2 probe in real-time.

We have used 3 cell types: human dermal fibroblasts (HDF),

bone-marrow derived stromal cells (BMSC) and pulmonary

artery-derived smooth muscle cells (PASMC) seeded in collagen

constructs at 2�106 cells, constructs were compressed, spiralled

and statically cultured for up to 10 days. Levels of O2 in the core

fell from 145mmHg at 20mmHg for HDF’s, 10mmHg for

PASMC’s and 8mmHg for BMSC’s after 24 hours of static

culture. Levels of O2 in surface layers were 145mmHg for all

constructs. Following O2 monitoring over 10 days, mRNA was

extracted from spatially distinct zones to reflect O2 gradients from

core to surface of constructs. VEGF was up-regulated 10-fold in

the core of HDF constructs after 7 days in culture, correlating

low O2 levels to increased angiogenic signalling. Further work is

underway to establish signalling in other cell types. There was

no evidence of decreased cell viability for HDF’s within all zones

of the construct, however BMSC’s and PASMC’s had lower

viability in the core, and therefore are more sensitive to low O2

levels.

This study raises the possibility of engineering naturally oc-

curring angiogenic signals for induction of vascularisation in such

3D tissue engineered constructs post-implantation by manipulating

cell density (hence O2 consumption) to control cell responsive

signalling.

(OP 95) Effect of Matrix Stiffness on Cellular Responses

V. Mudera1, D. Karamichos1, J. Skinner2, R. Brown1

1UCL, UK
2Royal National Orthopaedic Hospital, Stanmore UK

Several cell types respond to mechanical forces, key to in-vitro

remodeling. We have tested the differential response of human

dermal fibroblasts (HDFs) and human bone marrow stem cells

(HBMSCs) using increasingly stiffer collagen matrices with the

mechano-molecular regulation of specific extracellular matrix

genes, following ramp load regimes.

Strain was applied using a computer driven tensional-Culture

Force Monitor (t-CFM). Cell seeded collagen constructs were

subjected to pre-strain (0% and 5%) and kept under tension. Ramp

load applied was: a) 10% ramp over 1h, b) 10% ramp over 12 h

pre-strain level (i.e 0% and 5%). Molecular outputs from con-

structs were also investigated. Both HBMSCs and HDFs showed

no significant increase on force generation following ramp load

stimulation, with either 10 and/or 20% FCS. ECM regulatory

genes TIMP-2 and COL-3 showed up regulation, with 10% FCS,

at 5% pre strain and ramp load over 1h. In contrast, genes MMP-2

and COL-1 showed down regulation at the same groups. At

20% FCS genes showed no regulation over 1h ramp loads, in-

stead the slow ramp load 12h led to, again, MMP-2 down regu-

lation and TIMP-2 up regulation, but up regulation of COL-1.

HBMSCs showed no significant gene regulation at 10% FCS, and

only minimal though significant down regulation of COL-1 with

20% FCS and slow ramp load regimes. ECM remodeling gene-

regulation and turnover is important when stiff constructs, ramp

rate and FCS levels are combined in bioreactors. This has major

implications in TE, specifically in tissues where load bearing is

a major function.

(OP 96) Effect of Membrane Surface on Hippocampal Neu-

ronal Cell Differentiation

M. Rende1,2, S. Morelli1, G. Giusi3, S. Salerno1, A. Piscioneri1,4,

A. Gordano1, M. Canonaco3, E. Drioli1,2

1Institute on Membrane Technology, National Research Council

of Italy, ITM-CNR, via P. Bucci cubo17/C, Rende (CS) Italy
2Department of Chemical Engineering and Materials University of

Calabria, via P. Bucci, Rende (CS) Italy
3Comparative Neuroanatomy Laboratory, Department of Ecology,

University of Calabria, via P. Bucci, 87030 Rende (CS), Italy
4Department of Cell Biology, University of Calabria, via P. Bucci,

87030 Rende (CS), Italy

Biomaterials such as membranes have become of great interest,

since they offer the advantage of developing neuronal tissue that

may be used for in vitro simulation of brain function. In an attempt

to develop a membrane biohybrid system constituted of mem-

branes and neurons the behaviour of neurons isolated from the

hippocampus of the hamster Mesocricetus auratus were studied on

membranes with different morphological properties.
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