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matrix bioink: a review
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Abstract: Decellularized extracellular matrix (dECM), which contains many proteins and growth factors, can provide
three-dimensional scaffolds for cells and regulate cell regeneration. 3D bioprinting can print the combination of dECM and
autologous cells layer by layer to construct the tissue structure of carrier cells. In this paper, the preparation methods of tissue
and organ dECM bioink from different sources, including decellularization, crosslinking, and the application of dECM bioink
in bioprinting are reviewed, with future applications prospected.
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Table 1 Application of different decellularization methods

Methods Sources

Decellularize process References

Chemical method Rat kidney

Pig kidney

Chemical+physical+
enzyme method

Human kidney

W NNEFE, OO WNMNEOORWDNPRE

. 1% triton X-100, 70 mL/h, 90 min [38]
. PBS, 30 min

. 1% SDS, 90 min

. PBS, 30 min

. 0.9% NaCl, 60 mL/h, 60 min

. Penicillin+streptomycin

. PBS, 25 mL/min, 30 min [39]
. 0.1% SDS until the color turns white

.PBS, 8h

. 0.1% CH3;COOOH, 2 h

.PBS, 12 h

. Stored at —80 °C [36]
. 2xPBS+penicillin+streptococcin 15min

. 0.02% trypsin, 1 h; 2% tween-20, 2 h; 4% sodium

deoxycholate, 3 h; 1% SDS overnight
4. 2xPBS+penicillin+stallimycin, 4 h+1xPBS, 4 h

Enzyme method Rat sciatic nerve

1. Ultra pure water, 1 h [40]

2. 0.5% triton X-100, 48 h
3. Ultra pure water, 48 h
4. DNase, RNase, 37 °C 12 h

Chemical+physical method Rat heart

Freeze drying at —80 °C [44]

1. 0.02% trypsin, 0.05% EDTA, 0.05% NaNs;, 20 min
2. 1% SDS, 0.05% NaNs;, 10 min

3. 3% triton X-100, 0.05% EDTA 0.05% NaNg3, 10 min
4. 4% DCA, 5-10 min

http://journals.im.ac.cn/cjbcn
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#x2 AREZBFE dECM £ 52 F HI R
Table 2 Application of different crosslinking agents in dECM scaffolds

Methods Crosslinking agents Effects Advantages/disadvantages References
Chemical Glutaraldehyde Glutaraldehyde reacts with amino  Toxic, easy to cause tissue [42]
crosslinker groups in protein molecules to calcification

improve the strength, hardness and
anti degradation performance of
materials
Carbodiimide Carbodiimide is crosslinked with Low toxicity; no calcification [43]
collagen to improve the properties inhibition
Natural Genipin (GP) Genipin reacts with free amino Low toxicity; stable and robust [52]
crosslinker groups of lysine, hydroxylysine and enzyme resistance
arginine in some biomaterials
Procyanidins (PC)  Proanthocyanidins form hydrogen  Non-toxic; it has antioxidant, [53]

bonds with elastin and elastin in

collagen

anti-inflammatory,
anti-calcification and
cardiovascular protective effects
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Fig. 1 Application of bioink based on dECM. (A) a: gelation behavior of heart dECM (hdECM) bioink with (+) or
without (=) vitamin B2 (VB2). b: procedure to induce covalent crosslinking of dECM by exposure to UVA light during
printing, followed by physical crosslinking of dECM bioink after printing. c¢: printed “IMS”-shaped structure and
physical stability after two-step crosslinking. d: structural stability of printed and two-step crosslinked structure for
23 days in normal saline. e: an image of a 10 layer printed bioconstruct™. (B) 1: heart tissue construct was printed with
hdECM. II: cartilage and adipose tissues were printed with cartilage dECM (cdECM) and III adipose dECM (adECM)
respectively, and in combination with PCL framework!™.. (C) Fabrication and structural configuration of the BBVs. i:
the ionic gelation of alginate in realized BBV printing, ii: the thermal crosslinking of collagen fibers was induced by
incubation at 37 °C, iii: medium immersion dissolved and removed CPF127 to obtain BBV with a hollow tubular shape.
a: combinations of various core and shell nozzles allowed the production of tubes with different inner diameters. b:
adjusting the bioink flow in the shell nozzle allows BBV with different wall thickness to be achieved. ¢c: BBV was
successfully prepared®!. (D) a-d: schematic of biomaterial preparation; e—i: a CaCl, pretreatment was used to remove
remnant surfactant from the scaffold®.
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