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Vascular tissue

Compression
Figure 100 Physiological stress fields affect tissue regenera-
tion potentials and integrity of tissue architecture of stress-
loaded tissues such as vascular and cartilage tissues.
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Figure 20 Pulsatile blood flow is a principal modulator of maintaining homeostasis of vascular system.
Hydrodynamic stress enhances shape and function of endothelial cells (ECs): high elongation and its
orientation pararell to the flow direction as well as enhanced production of nitric oxide (NO), a multipotent
regulator acting as a anti-platelet and anti-smooth muscle cells (SMC) proliferative functions. Pulsation
induces periodic wall distention, which enhances NO production of ECs and supramolecular matrix as-
sembling and orientation of SMCs, both at the circumferentioal direction. All these effects contribute to

regeneration of normal vascular tissue.
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Figure 30 Roadmap towards regenerative tissue engineering incorportated with many different disciplines,

sciences and technologies.
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Figure 40 Elastomeric microporous scaffold made of poly- (L-
lactide-co-e-caprolactone) for cartilage tissue prepared with
a conventional salt-leaching technique.
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Figure 500 Micropillar array prepared by custom-designed
nstereolithographic technique using biodegradable
polymerizable prepolymer with a moving ultraviolet light pen
operated on a CAD/CAM system.
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Non-cell adhesive Cell-adhesive
bank (P (T/P200)) plate (P (T/TMP))

Figure 60 Microarchitecture consists of non-
cell adhesive banks and cell-adhesive sub-
strate prepared with the ustereolithographic
technique using hydrophobic and hydro-
philic polymerizable prepolymers.

100 ym

Figure 70 Nerve guidance conduit is assembled with microfilaments impregnated with nerve growth factor
and cell adhesive protein (laminin) and a protective tube, both of which are prepared by photofablication using
styrenated gelatin.
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3 mm in diameter

Figure 801 Nerve guidance conduit composed of multi-channels prepared with a one-step photofabrication tech-

nique.
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PLCL : Mechano-active biodegradable scaffold
Incorporated type | collagen : Cell adhesive component
Incorporated heparin : Anti-thrombogenic component

Figure 900 Mesh type small-diameter artificial graft made of electrospun segmented polyurethane nano fibers.
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Electric valve

[njectioné

Thermo-plate

Figure 100 Custom-designed cell and matrix dispensing robot operated on a CAD/
CAM system.

Figure 110 Patterning of dispensed matrix and cells.

A: Two different types of matrices were dispensed to form cross-hatched striple patterns.
B: Cell dispensing.

C: Cells dispensed on gelatin region which was dispensed on thermoresponsive non-
adhesive polymer-coated dish (x40).
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’ Slide

Rolled SMC sheet

Random-oriented SMCs and ECs

Figure 120 Principle of rolle-up vascular tissue and schematic procedure.

SMC: smooth muscle cell, EC: endothelial cell

Cold water

Incubator

Cell sheet

37 C
Fabrication unit

Figure 130 Rolled vascular tissue factory using thermoresponsive cell-adhesive polymer and automatic rolling-up apparatus.
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Figure 140 Cell sheet with oriented endothelial cells (ECs) and smooth muscle cells (SMCs) created with Whitesides’ microcontact
stamp method using themoresponsive non-cell adhesive and cell-adhesive polymers.
Using the rolled factory in Figure 13, a rolled vascular tissue composed of EC and SMC, both orientation of which are the same as

those in arterial vessel, is created.
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Engineered Tissues & Regenerative Medicines
Takehisa Matsuda

Genome Biotechnology Laboratory, Kanazawa Institute of Technology, Kanazawa, Japan

Key words: tissue engineering, mechanical stressfields, artificial extracellular matrix

Cell-based tissue engineering proceeds with interdisciplinary efforts, knowledge and techniquesin biomaterial, bio-
mechanics, cell biology and clinical fields. It represents one of the most dynamic areas of growth in scientific research
and technology development. This article focuses on biomaterial-centered designs of artificial extracellular matrix and
mechano-active scaffold, which are effectively incorporated into designed engineered tissues. The emphasisis placed on
significance of close collaboration and cross-fertilization of relevant sciences. (J Jpn Coll Angiol, 2006, 46: 805-816)
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