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Abstract
Extracellular matrix (ECM) is a non-cellular scaffold that surrounding cells to serve the various cell behaviorsincluding differentiation and
migration. ECM is one of the promising biomaterial to be applied in various fields: tissue reconstruction, clinical application, and drug delivery
system. While the ECM has been studied for more than 50 years, the material has not been fully verified for industrialization. By converging with
three-dimensional (3D) printing technology,ECM can be ranked first favorable biomaterials in the regenerative medicine and commercialization
of bio-printed ECM will be accelerated. Moreover, convergence of 3D printing and nano technology has brought up a new concept, biomimetic 3D
structures. This even allowed 3D printing the ECM into a cactus structure of artificial bone, by controlling elastic modulus and porosity.
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Opinion
To overcome the current limitation of organ transplantation,
there is no doubt about the importance of finding biomimic
substitutes to restore of damaged tissues [1]. Extracellular
matrix (ECM) is receiving great attention in regenerative tissue
engineering field due to its high potential for application in human
body. The composition and function of the ECM are dynamically
remodeled depending on the location within the tissues, micro
environments of neighboring cells, and physiological condition
of the body [1-2]. The sophisticated interaction between ECM
and cells initiated various cellular responses such as, growth,
migration, development, even the structure and polarity of the
cells [3]. Moreover, unlike other biomaterials like polymers,
which may breakdown by hydrolysis, the ECM is highly
biocompatible materials. It also can be leads the application for
in vivo test [4-6].
Even though ECM has been studied a decade ago, it was
difficult for ECM to be actually applied in human body, especially
for reconstruction of damaged body parts. This was because it
was unable to be placed accurately on the right location and the
right environment, which is critical for biomedical application.
Here, three-dimensional (3D) printing or additive manufacturing
technology, which has become revolution in manufacturing
industry and still evolving, can be converged with ECM in order
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to deal with these obstacles. 3D printing technology allows ECM
to adjust its shape so that it fits perfectly to the damaged part
of human body. Already many researchers have started to aim
for manufacturing of 3D bio-scaffold. If scaffold like ECM can
be 3Dprinted, it will definitely lead to another innovation in the
industry [7].

Figure 1: Biomedical application of biomimetic 3D printing and
ECM.

3D printed ECM can be further applied to reconstruction
of bone fracture, cartilage, curing breast or un recovered heart
damage, plastic surgery and creation of new drug delivery
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system (Figure 1). Especially, it is an outstanding prospect for
manufacturing of artificial bone. 3D printing and nanotechnology
have made ECM to shape a cactus 3D structure, which increases
the surface area and thereby allowing more nutrition and water
for artificial bone (Figure 2). Furthermore, 3D printed product

showed great biocompatibility which allows in vivo application
(Figure 3). Having able to control the elastic modulus and
porosity, this biomimetic cactus structure will realize artificial
bone with blood vessels.

Figure 2: Biomimetic3D printing using cactus.
(a) Schematic diagram of Wall mounted 3D printer (Maker’s Station).
(b) Formation of cactus (top), Design image for 3D printing using Rhinoceros 5 and Meshmixer software (bottom)
(c) 3D printed product (front side) and
(d) (Top Side).
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Figure 3: Highly biocompatible 3D printed product. C2C12 cells
were grown and spread on the surface of 3D printed products.

The convergence of ECM and 3D printing technology can
be the first step to an innovation in biomedical field. Once 3D
printing complex bio-scaffold ECM and cell cultivation are
successful, both 3D printing technology and ECM material can
be a trend for biomedical applications, especially biomimetic 3D
structures.
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