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The host response to such a tissue engineered construct includes

an innate immune response (inflammatory response) towards the

biomaterial component and an adaptive immune response to-

wards an immunogenic biological component. Since biomaterials

are used as vehicles in such combination products it is important

to clarify the role of the biomaterial component in potentiating

the immune responses towards the biological component due to

the adjuvant effect of the biomaterial. Maturation of dendritic

cells (DCs) upon encountering a pathogen or ‘danger signal’ is

the central means by which adjuvants act in the enhancement of

an adaptive immune response to an associated antigen. DCs are

important in the context of biomaterials when there is a specific

immunogenic biological component present which is part of the

combination product. We have shown that poly(lactic-co-glycolic

acid) (PLGA) acts as an adjuvant in the immune response

against co-delivered antigen. As adjuvants act through the mat-

uration of DCs, we have determined a differential biomaterial

effect on DC maturation. We hypothesize that DCs use analo-

gous mechanisms to recognize and respond to biomaterials

as they use to recognize and respond to pathogens. We have

identified ‘danger signals’ associated with biomaterial implanta-

tion site and the significance of this is being evaluated using an

animal model. We are examining the pattern recognition recep-

tors which may be involved in mediating DC recognition of

and response to biomaterials, particularly focusing on toll like

receptor-4 (TLR4) and C-type lectin receptors and the biomate-

rial associated ligands, e.g. carbohydrate modifications of ad-

sorbed proteins.
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In tissue engineering (TE), several biological, mechanical and

geometrical design constraints need to be addressed in order to

create an adequate micro-environment for cells response. In this

study, the correlation between architectural features of the scaffold

construct and cellular behavior was investigated for a blend of

starch and polycaprolactone (SPCL). The aim was to determine the

effects of scaffold parameters on mechanical properties on cell

seeding efficiency and proliferation of human osteoblast-like cells

(SaOs-2) of scaffolds obtained via Rapid Prototyping (Bioplotter)

and fiber bonding. For fiber bonding, a L8 design of experiment

approach was used to produce different scaffold morphologies and

properties by systematically varying processing parameters. For

rapid prototyping, processing parameters such as filament orien-

tation, offset, and building layers were also varied to obtain dif-

ferent structural configurations.

Fiber bonding method produced randomly oriented fiber mesh

with porosity values up to 75%, whereas rapid prototyping method

produced a precise 3D architectures with similar porosity levels.

Correlation between the mechanical performance and scaffold

architecture was determined. Scaffold architecture was demon-

strated to have a profound effect on cell seeding efficiency and cell

proliferation. SEM micrographs and HE staining indicated cells’

preference during seeding towards points of geometric constraint

that resulted in higher seeding efficiencies for low values of po-

rosity. Conversely, high values of porosity revealed to be an im-

portant aspect to enhance cell proliferation for longer culture

periods. These results are an indication that scaffold architecture

can be optimized according to a specific envisaged cellular re-

sponse and period of culture.
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Previous studies have shown that dynamic bioreactor conditioning

of tissue engineered (TE) heart valves is beneficial to their growth

and maturation. To the authors’ knowledge, no bioreactor system

has yet employed a ventricular assist device (VAD) to host TE

valves. In this study, the InCor paediatric VAD (30mL blood

chamber volume) is used to this end. The pump of the VAD

system, the artificial ventricle, has two chambers: a blood and a

pneumatic chamber separated by an elastic membrane. A pneu-

matic driver provides pulsatile air-pressure to the ventricle’s

pneumatic chamber, ejecting the fluid in the blood chamber. A St.

Jude HP Mitral mechanical heart valve is placed in the inflow

position of the ventricle. The TE heart valve is placed in the

outflow position. The ventricle is coupled in series with a glass

Windkessel compliance chamber, throttle and glass reservoir,

connected by silicone tubings. The reservoir sits on a metal lab-

jack used to adjust ventricular filling pressure between 0 and 7.4

mmHg. Gaseous exchange with the reservoir interior was

achieved using a 0.2 mm filter. The system fits a standard incu-

bator, and all components which contact culture medium may be

autoclaved except for the ventricle, which is sterilized by ethylene-

oxide. Preliminary tests with a biological valve in the outflow

position achieved physiologically relevant values for pulmonary

artery pressures (med/min/max¼ 15.7/18.3/6.5mmHg), frequency

(70 bpm) and flow output (2.1 L/min). The use of this system

may better reproduce physiological pressure and flow condi-

tions, which may improve conditioning of tissue engineered

valves.
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The impressive mechanical properties, along with established

biocompatibility and slow degradability, render silk as an inter-

esting biomaterial for bone tissue engineering applications. New

silk-based scaffolds resembling bone lamellar structure were suc-

cessfully developed using a freeze-drying technique. The structure

could be controlled directly by the solute concentration and

freezing parameters. The lamellar scaffolds disclosed a controlled

and regular morphology (lamellar thickness: ~3.5 mm; interlamelar

distance: ~15 mm). In order to induce water stability, different post-

treatments were studied including methanol treatment, water an-

nealing and steam sterilization. The resulting structures exhibited

significant differences in terms of morphological integrity, struc-

tural details and mechanical properties. Steam sterilization pre-

served the structural integrity of the lamellar features, while

improving mechanical properties of the scaffolds. Human bone

marrow-derived mesenchymal stem cells (hMSCs) were seeded on

these silk fibroin lamellar scaffolds and grown under osteogenic

conditions to assess the effect of the microstructure on cell be-

haviour. The water annealing treatment promoted significantly

improved osteogenic outcomes based on elevated alkaline phos-

phatase (ALP) activity and the deposition of mineralized matrix.

Two-photon excited fluorescence (TPEF) was used to detect the

presence of collagen, based on Second Harmonic Generation.

Collagen was aligned along the morphology of the lamellar ar-

chitecture, demonstrating that the lamellar morphology constituted

a patterned surface onto which hMSCs cells attached, proliferated

and guided the formation of new ECM. These lamellar-based

constructs have potential for use in tissue engineering, were ap-

propriate surface environments are important in the control of

biological outcomes.
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Protein adsorption is a complex phenomenon, governed by mate-

rial surface properties, working conditions, protein nature itself,

time dependency; deep understanding of the process can provide

correlation between material properties and host tissue responses,

promoting the development of efficient biomedical devices for

tissue replacement and regeneration.

In order to investigate exhaustively protein adsorption we have

pursued two main tasks: the choice of proper system models and

suitable detection techniques.

We have modeled the process taking into account the individual

contribution of protein concentration, composition of protein so-

lution, the working conditions (time, temperature and way of in-

cubation) as well as material surface chemistry and topography.

Systemcomplexityhasbeen increasedgradually, starting fromstatic

incubation in individual protein solutions (albumin, fibrinogen and

fibronectin); new variables as protein competition and incubation

under dynamic conditions have been introduced step by step. The

model has been tuned on Self Assembled Monolayers (SAMs)

before studying protein adsorption on silk fibroin substrates.

We have obtained qualitative and quantitative information on

the amount, conformation and distribution of proteins, along with

real time monitoring of adsorption, by immuno-modified Atomic

Force Microscopy (AFM), immunogold labeling and Surface

Plasmon Resonance (SPR).

At the end we have related adsorption isotherms (provided by

SPR) with protein activity and distribution (obtained by AFM) to

material surface chemistry and topography, in order to correlate

material properties to protein adsorption events: chemistry was

effective in controlling the amount and conformation of proteins

while topography had a major influence on protein distribution.
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Introduction: Evaluation of the cell viability is very important

before the cells can be used for construction of artificial tissues and

organs by tissue engineering. In this study, we determined the cell

viability of isolated rat chondrocytes kept in culture at different

subcultures to identify microanalytical changes associated to each

cell subculture.

Materials and Methods: Rat chondrocytes were isolated from the

condilar surface of the temporomandibular joint of laboratory rats,

by incubating small pieces of cartilage with collagenase I at 378C
for 2 h. Primary cell cultures were cultured in DMEM medium

supplemented with 10% fetal serum and several growth factors.

Subconfluent chondrocytes were subcultured using trypsin-EDTA.

Cell viability was determined in the first 6 cell passages by quan-

titative electron probe X-raymicroanalysis of cells cultured on gold

grids.

Results and Discussion: Electron probe X-ray microanalysis

revealed that the K/Na ratio rose from the first to the third passage,

and progressively decreased later on (0.07 for the first passage,

2.69 for the second, 15.61 for the third, 4.65 for the fourth, 2.46 for

the fifth and 1.48 for the sixth). Intracellular concentrations of S

and Cl tended to increase from the first passage, showing the

highest values at the sixth passage. These results show the use-

fulness of this technique to evaluate cell viability and imply that

cells at the third cell passage should be used in tissue engineering.
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