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Abstract

Printing press invented in 15th century and since then, it has been possible to
rapidly replicate and widely spread the information. In past decade, different types of
printers have been introduced and advanced remarkably and at the moment three
dimensional (3D) printers are widely used in several fields such as arts, food industry,
aerospace as well as regenerative medicine and biomedical and tissue engineering. Similar
to any other printers, bio-printers are high-throughput tools and are used to produce cell
models and tissues for medical doctors, scientists and patients. Lately, 3D printing
appeared to be an efficient tool to make biomaterial scaffolds, tissue implant prostheses

and physical models of tissues and organs mimicking the complexity of in-vivo tissues.

To create 3D structures, 3D printers require appropriate computer software to
transfer biomaterials and cells onto appropriate surfaces. Bio-inks, which are required for
bio-printing, are biocompatible materials such as cell suspensions, cell-laden hydrogels,
micro-carriers, cell/tissue spheroids and decellularized matrix components. There are three
different bio-printers including inkjet bio-printing, extrusion bio-printing and light-assisted
bio-printing. These have been used in different bio-printing techniques. Despite of their
differences, they all aim to keep cells and tissues viable during printing processes in order

to create tissue models similar to body tissues.

Using imaging techniques such as optical microscopes, magnetic resonance
imaging (MRI) and CT scan in 3D bio-printing is crucial in order to produce anatomically-

correct structures with customized size and shape to meet researchers and patients’ need.



3D bio-printing is an innovative achievement in science and it aims to decrease
animal use in research, to provide human vital organs, skin, bones, joints and cartilage, etc.
for patients in need and to improve the lab-based research. Despite of all advances in 3D
bio-printing technologies, there are still several challenges such as limited oxygen and
nutrient supply to the innermost parts of the bio-printed structures, resolution of printed

models and printing speed, which must be overcome.
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" Laser induced material

'* Laser Induced Forward Transfer (LIFT)
" Doner slide
" Laser absorbing layer
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™ Calvaria
" Mesenchymal stromal cells (MSCs)
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™ X-ray

" Electron microscopy

** Atomic Force Microscopy (AFM)
™ Acoustic microscopy

™ Nuclear microscopy
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™ Anatomical
™ Functional
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"* Piezoelectric
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Piezoresponse

™ Ferroelectric
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™ Spontaneous electric polarization
™ External electric field
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™ Multimodal methods
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¥ Extracellular matrix
" Decellularized matrix
* Cell spheroids

° Cell scaffolds

* Microcarriers
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¥ Curable polymers

* Hyaluronic acid

* Carboxymethyl cellulose
'* Dextran
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Crosslink point or

S © Reactive site
crosslinking polymer
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'Y Polyepsilone CaprolLactone (PCL)
'* PolyLactic Acid (PLA)
'* PolyGalactouronic Acid (PGA)
' PolyLactic-Co-Glycolic Acid (PLGA)
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Reproducible
" Signaling molecules
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* Gelatin MetAcrilate (GelMA)
° Alginate
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™ Methacrylated alginate/PEG
™ PEG-penetrated chitosan-alginate co-polysaccharide
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Food and drug administration (FDA)
" Macromolecules

™ Morphogenesis

™ Interstitial matrix

™ Basement membrane

™ Compression buffer
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"* Transforming growth factor beta (TGF-B)
™ Epidermal growth factor

" Insulin-like growth factor

™ Matrix metalloprotheinase

™ Signaling proteins

™ Decellularized extracellular matrix (dECM)
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** Fetal cells
" Inducible pluripotent stem cells (iPSCs)
** Umbilical cord blood cells
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" Hepatocytes
** Cardiomyocytes
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