
Bioprinting systems are a suitable method to fabricate comp

lex structure with layer-by-layer deposition of cell-laden bioink

s, which mimic native organs and tissues. However, Bioinks h

ave several limitations, such as non-degradable, poor physical

properties and low stability. To overcome these limitations, we

used platelet lysate (PL), which was obtained from whole bloo

d through differential centrifugation, as a biomaterial. As autol

ogous materials, platelets play an important role in hemostasi

s, bone growth, cartilage repair, and wound healing through th

e release of growth factors and adhesion molecules during fre

eze–thaw cycles of platelet-rich plasma (PRP). Despite its tre

mendous potential, PL presents an inherent fragility and fast d

issolution, which hinders its application. To improve these pro

perties, we have developed a tunable bioink, which is made u

sing 3D-printable platelet lysate (PLMA)-based hydrogel that c

an simulate the 3D structure of tissues and can quickly place t

he crosslinked hydrogel layer-by-layer to build cell-laden hydr

ogel constructs through methacrylated photo-polymerization.

This work was supported by the National Research Foundatio

n of Korea (NRF) Grant funded by the Korea government (MS

IT) (NRF-2017M3A9E4048170, NRF-2020R1A2C2011937, N

RF-2020R1C1C1007129, and NRF-2020R1A4A1019456).

In this study, we confirmed that the multi-layer scaffolds fabric

ated by bio-printing not only have a stable structure but also a

porous 3D construct in which encapsulated cells in PLMA ink c

an growth. Finally, we suggest that the developed PLMA bioink

is considered to be a novel bioink with numerous potentials an

d can be applied in the field of tissue engineering. Finally, we p

re-sent photo-polymerizable hydrogels, which are based on PL

s derived from blood, as novel bioinks in tissue engineering.

Characterization of the PLMA hydrogel properties were exa

mined using rheology, porosity, swelling assay. It was confirm

ed that the stiffness of PLMA hydrogel can be adjusted accord

ing to the degree of photo-crosslinking. Cell viability and prolif

eration demonstrated that the PLMA-based scaffold is biocom

patible when applied as a bioink. To form multilayer cell-laden

scaffolds, cells were trypsinized, counted, and placed in Eppe

ndorf tubes (GFP-hMSCs and RFP-HUVECs [5 × 106 cells ml
−1]). Further, we developed multilayer cell-laden scaffolds with

the PCL–PLMA through photo-crosslinking to fabricate compo

site tissue. To improve printability of 3D complex shapes, PLM

A was blended with different additive materials. To confirm the

effect of UV treatment after degradation, the gelatin-PLMA ble

nd was soaked in DW at 50 ◦C, while the alginate blending PL

MA was tested using sodium citrate solution. Figure 4. 3D printing of multilayer frame-free scaffold with viscous 

biomaterials. (A) representative optical images of 3D bio-printing wi

th PLMA/Gelatin and PLMA/Alginate ink, (B) the comparison of with 

UV treatment effect at PLMA/Alginate ink, (C) the degradation of th

e effect of UV treatment after degradation at Gelatin/Alginate, PLM

A/Alginate ink over time.
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Results:

We synthesized PLMA through methacrylation to enhance mec

hanical property and prepared hydrogels via photo-crosslinking.

We determined that the relationship between porosity, mechani

cal properties, rheological measurements were performed for v

arious PLMA concentrations and UV irradiation times (Fig 1). To

fabricate composite tissues, we used PCL as a frame for the pri

nting of PLMA, and also designed artificial blood vessel channe

ls to engineer vascularized complex tissues. As a result, we ob

served the internal microporous structure between the frames o

f the multilayer printed scaffolds, which enables penetration of

water and nutrients for cell growth. and we confirmed the prese

nce of encapsulated cells in PLMA bioink (Fig 2). We printed ce

lls into multi-layers which were organized by MSC, MH pattern.

The cells proliferated with no indications of damage for up to 14

days and presented a stretched morphology indicating good int

eractions with each other (Fig 3). We developed a frame-free s

ystem to form multi-layered structures and various shapes. To

increase viscosity, PLMA was blended with different additive m

aterials. With UV treatment for 90 s, 3D printed gelatin or algina

te/PLMA structure were well preserved in its original state witho

ut degradation.

Figure 1. Characterization of PLMA hydrogels. (A) 1H NMR spectra of 

PLMA as compared to a pristine PL, (B) optical images of cross-linked 

PLMA hydrogels (top : non-crosslinked, bottom : crosslinked), (C) SE

M images of PLMA hydrogels with different concentration and UV irrad

iation time (magnification x 800), (D) quantification of porosity from all 

PLMA hydrogel groups by image analysis (n = 10), (E) the storage mo

dulus (G’) and loss modulus (G”) on the frequency of PLMA hydrogels 

with various UV irradiation time and concentration, and (F) swelling an

alysis of PLMA hydrogels with various concentration.

Figure 2. 3D printed microstructre composed of PLMA hydrogel and 

PCL frame: (A) Schematic illustration of printing process of multilayer 

cell-laden scaffolds with PLMA/PCL, (B) optical images of 3D printed 

PLMA bioink with PCL frame (Ⅰ), multilayer printed scaffolds (Ⅱ), mul

tilayer cell-laden scaffolds (Ⅲ), (C) SEM images of PLMA hydrogels w

ith PCL scaffolds, (D) microscopic images of 3D printed PLMA ink wit

h PCL frame (Ⅰ), multilayer printed scaffolds (Ⅱ), multilayer cell-lade

n scaffolds (Ⅲ), (E) proliferation rate of hMSCs encapsulated in PLMA 

hydrogel by CCK-8; * indicates a significant difference at p < 0.05, *** 

indicates a significant difference at p < 0.001, (F) representative fluor

escence images of 3D bio-printed scaffolds with encapsulated with G

FP-MSC and RFP-HUVEC.

Figure 3. In vitro biocompatibility of 3D bio-printed constructs with 

various cell types. (A) proliferation rate of various cells encapsulat

ed in PLMA hydrogel,   (B) representative fluorescence images of 

3D multi-layered bio-printed scaffolds encapsulated various cell ty

pes and, (C) Overall stack image on 14th days (Top-view), (D) ma

gnification images of cell proliferation in MH pattern for a long peri

od of time.


