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Myocardial infarction (MI), which potentially induces ischemia and necrosis
resulting from coronary embolismor stenosis, is known as a cause of death in worldwide.
Thrombolytic drug, surgical intervention, stent implantation, and coronary artery
bypass graft surgery have been currently performed to prevent and manage the ischemic
necrosis. Necrotic myocardium, however, is refractory to compensate the reduced
function, and the effective application of MI is also being researched.

Regenerative medicines, such as artificial materials and cell engineering, have been
developed rapidly. The treatments using regenerative techniques have been reported.
Especially, self-pulsating myocardial sheet has been developed and used for MI
patients. In general, regenerative medical techniques require the dedicated
facilities to handle the cultured cardiomyocytes, autologous cells and complex
biological factors as well as it also takes long production time for adaptation. From
these reasons, regenerative medical treatments are inconvenient and not suitable for
mass production. In the present study, artificial materials were produced based on
tissue engineering technique. By using artificial materials, the production process
would be simple, stable, and reasonable.

Tissue engineering technique contains three elements, a scaffold to grow the cells,
bioactive substances, and cell colonization. These elements are essential for tissue
regeneration. This experiment, silk fibroin (SF) having highly cell reactivity and
biodegradability was selected and used for the scaffold material. SF can also be
chemically modified for the reason that it composes of amino acids with reactive
functional group as well as its aqueous solution can be processed into various forms
such as films, sponges and gel. The aim of this study is to develop a SF-based tissue
engineering device suitable for MI treatment.

In chapter 1, SF based vascular repairing sheet made by electro—spinning method was
implanted onto rat abdominal aorta to evaluate the effectiveness of SF as a scaffold
material. Because of the difficulty in implantation of pure SF sheet, as it has high
hardness and fragility, polyurethane (PU) was mixed with SF aqueous solution to
enhance the flexibility. Moreover, SF and PU blended sheet (SF/PU sheet) was produced
by electro—spinning method. Commercial non—bioabsorbable sheet (ePTFE sheet) was



implanted as a control group. Histopathological evaluation revealed that SF/PU sheet
induced repairing responses to damaged autologous blood vessels, and
neovascularization was noticed under the SF/PU sheet. On the other hand, in ePTFE
sheet, these reactions were not observed and a calcification also occurred at 3 month
after implantation. It was suggested that SF/PU sheet could be potentially replaced
with self-organization in the future because large amounts of cells infiltrated into
the sheet. However, the cell reactivity and biodegradability of SF/PU sheet were
ineffective than expected.

In chapter 2, the bioactive substances in tissue engineering were focused in order
to improve the cell reactivity and the biodegradability of SF/PU sheet. In the present
study, angiogenic peptide was focused as a bioactive substance because it could be
synthesized more easily and stable than other angiogenic—promoting factors. The
angiogenic peptide, SVVYGLR (SV), was reported to promote the adhesion and migration
of endothelial cells and lumen formation. SF/PU/SV sheet was prepared by
electro—spinning method and implanted as same as chapter 1. Macrophage aggregation
and continuous cell reactivity were induced in SF/PU/SV sheet. Moreover, small
vessels were formed in regenerated tissue surrounding the sheet. These vessels were
expected to have an effect of supplying oxygen and nutrition for regenerated tissue.
By adding angiogenesis peptide to SF-based scaffold, the usefulness of tissue
engineering device was appropriately increased.

In chapter 2, it was suggested that SV might leak from the sheet during the production
process, because SF/PU/SV sheet was made only of the mixed solution of SF, PU and
SV. Therefore, angiogenic peptides were required to immobilize into SF-based scaffold.
In addition, because the sheets in chapter 1 and 2 were not suitable for using as
an application of MI heart, the design of more applicable device should be considered.
In chapter 3, SF-based films were prepared with two types of angiogenic peptide and
evaluated their effectiveness. SF films were produced by spreading SF solution on
the dish, and polyethylene glycol (PEG) was added to immobilize SF film by the
cross—linking reaction and improved the accessibility of the terminal group.
Angiogenic peptides of SV and KGHK were immobilized to these SF-PEG films using
cross—linked reaction. As a result of 7n vitro studies, cross—linked SF-PEG-SV films
significantly promoted cell adhesion and lumen formation. Applying to MI rat models,
SF-PEG-SV films were thin enough to have no negative impact on the cardiac function
based on echocardiographic analysis.

In this study, SF was useful for tissue engineering as a scaffold material, and SV
and KGHK were also useful to promote the cell reactivity as bioactive substances.
These new devices were expected to have excellent tissue repairing ability and induced
neovascularization to supply oxygen and nutrition for regenerated tissue. The results
obtained in this study can provide a new prospect for MI treatment and device design
of tissue engineering in the future.



