Conclusion/Summary

By varying the HAD type and composition with copoly-
merizing fibrillar collagens our approach seems feasible to
create customized artificial extracellular matrices. These
matrices can be used to establish a defined environment
at the implant surface selectively attracting and storing bio-
logical mediators relevant for bone healing and remodeling.
Coating titanium implants with these matrices seems promis-
ing to improve healing of bone prosthesis and therefore to
enhance stability of the regenerated tissue.
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Abstract

Biological heart valves have represented an
important area of the tissue-derived biomaterials.
Decellularization processes are considered to be
useful for manufacturing of biodegradable scaffolds
which make it possible to create living and function-
ing tissues. These processes result in elimination of
most disadvantages of GA-stabilized tissues. Acellular
tissues may be obtained using various chemical, en-
zymatic and mechanical methods. Decellularization
processes give the possibility of creating biomaterials
for cell seeding which are not immunogenic, cytotoxic
and calcifying.

[Engineering of Biomaterials, 77-80, (2008), 19-20]

Introduction

Biological heart valves manufacturing has represented an
important area of the tissue-derived biomaterials use over
the past 40 years. During this time period, various allogeneic
and xenogeneic tissues have been investigated and applied
for this purpose [1]. Although many allograft features such
as relative resistance to infection and also hemodynamic
properties are very important for biomaterials fabrication
[2-4], these tissues have limited supply.

On the other hand, fabrication of xenogafts is not limited.
The immunological barrier has been broken due to various
stabilization processes [9].

Glutaraldehyde (GA) is a chemical cross-linking rea-
gent routinely used in stabilization processes. Apart from
stabilization of extracellular matrix, GA-treatment leads to
reduction of immunological response [5]. However, GA in
tissue-derived biomaterials is responsible for their premature
calcification as well as thrombosis [6] and cytotoxicity [7].
Although GA-modified biomaterials are biologically inert,
cellular debris is not completely removed from them.

Decellularization processes are considered to be use-
ful for manufacturing of biodegradable scaffolds which
make it possible to create living and functioning tissues [8].
It is widely accepted that decellularization processes result
in elimination of most disadvantages of GA-stabilized tis-
sues. However, till now little is known about the safety of
decellularized xenogeneic tissues.
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Xenogeneic tissues

Both porcine heart valves and bovine fibrous pericardium
are often used in cardiosurgery. The main component of their
tissue structures is collagen type |. Xenogeneic collagen
antigenicity is known to be low because of inter-species
similarity of amino-acid sequences [9]. It is very important
from preparative point of view that the pericardium structure
is more homogenous than heart valve structure. Pericardium
is composed of two layers of fibrous tissue whereas the
heart valve cusp has three distinct layers: fibrous, spongy
and ventricular. Moreover, porcine aortic valve anatomical
structure is more complicated than the pericardium one.
Thus, both the cell debris extraction and prosthetic valve
manufacturing from pericardium tissues are simpler than
the processing of whole heart valves.

Some authors point out that application of biomaterials
made of porcine and bovine tissues may increase the risk
of some cross-species disease transmission [10-12]. Even
decellularized porcine valves may be responsible for trans-
mission of porcine endogenous retroviruses [11]. However,
Leyh and co-workers [12] have shown (using sheep model)
that decellularized porcine matrix did not cause such health
hazard. On the other hand, the bone grafts are considered
to be a possible source of dangerous prion proteins [10].

Tissues decellularization

The tissue stabilization method depends on the tissue
type. Decellularization is one of important steps belonging to
stabilization processes, consisting in extraction of immuno-
genic agents [1]. Low molecular components are removed
from extracellular matrix during this process, which does
not result in the tissue preservation.

Acellular tissues may be obtained using various chemi-
cal, enzymatic and mechanical methods [8,13]. One of
chemical reagents used for this purpose is sodium dodecyl
sulfate (SDS) which is considered to play an important role
in the tissues decellularization as well as prevention of
their calcification. SDS influences cells, proteoglycans and
phospholipids extraction. For decellularization procedures,
SDS is dissolved in 0.09% NaCl solution to obtain SDS-
concentrations of 0.03-0.5%.

Histological observations performed after such treat-
ment showed extracellular matrix without cells. Besides, no
degradations of collagen, elastin and glycosaminoglycans
were observed [13].

The tissues may also be decellularized using solutions
containing trypsin and ethylenediaminetetraacetic acid [8].
The trypsin 0.05%-0.25% solutions in EDTA allow to obtain
acellular matrix scaffolds to cells seeding [14]. Synergistic
effect was observed in the experiment performed with the
usage of SDS and trypsin combination to the xenogeneic
tissues treatment [15]. It is worth denoting that decellulari-
zation processes do not always result in removing all cells
and cell debris.

Conclusions

Decellularized porcine valve and bovine pericardium
may be employed as scaffolds in the tissue engineering.
Decellularization processes give the possibility of creating
biomaterials for cell seeding which are not immunogenic,
cytotoxic and calcifying.
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