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1. Tissue engineering
2. Regenerative medicine
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3. Neo-Tissue
4. Congestive heart failure
5. Chronic kidney disease



iPSCs

CRISPR

1. Mat
2. Rapid prototyping
3. Novel biomaterials
4. Three-dimensional [3d) bioprinting technologies
5. Induced pluripotent stem cells
6. Clustered regularly interspaced short palindromic repeats
7. Organoids

iPSC

 Reprinted with permission from
 Khademhosseini A., Langer R. A decade of progress in tissue
engineering. Nat Protoc 2016;11 [10]:1775-81. doi: 10.1038/

nprot.2016.123 [4]. © 2016 Springer Nature Publishing AG

8. Placenta
9. Amniotic fluid
10. Biofabrication technologies
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pH

1. Organ-on-a-chip
2. Body-on-a-chip
3. In vivo

pH

ECM

4. Molecular self-assembly
5. Microfabrication technologies
6. Self-healing
7. Shape-memory
8. Self-healing and shear thinning hydrogels
9. Self-crosslink
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 Reprinted with permission from Kowlaski PS, Bhattacharya C, Afewerki S, Langer R. Smart biomaterials: recent
advances and future directions. ACS Biomater Sci Eng 2018;4[11]:3809-17 [14]. © 2018 American Chemical Society.
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1. Chondroitin-based tissue glue
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ECM MDPs

1. Matrix metalloproteinases
2. Poly (ethylene glycol)
3. Fibrinolytic protease
4. Pasmin
5. Fibroblast collagenase
6. Multidomain peptides hydrogels
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7. Self-assembling meshes
8. 3D bioprinting
9. Leucine zippers
10. Dsulfide bonds



iPSC

ES

EG

iPSC

iPSC ES EG

1. Bladder augmentation
2. Urothelium
3. Immature precursor cells
4. Embryonic stem cells
5. Embryonic germ cells

FDA

Shire Regenerative Med-

Organogenesis icine Inc CT United States

MA United States

Genzyme MA United States

6. US Food and Drug Administration
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 Reprinted from Al-Himdani S, Jessop ZM, Al-Sabah A, Combellack E, Ibrahim A, Doak
 SH, et al. Tissue-engineered solution in plastic and reconstructive surgery: principles and practice. Front Surg 2017;4:4.
 doi: 10.3389/fsurg.2017.00004. [43]. © 2017 Al-Himdani, Jessop, Al-Sabah, Combellack, Ibrahim, Doak, Hart, Archer,
 Thornton and Whitaker. Open-access article distributed under the terms of the Creative Commons Attribution License

(CCBY). Some portions of the original artwork have been modified.
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1. Good Manufacturing Practice

ES

ES

GMP

2. Microcarriers
3. Xeno-free media
4. Serum-free media




