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Biofabrication of macrotissue using scaffold-free cellular modules 
such as spheroids has been widely used in 3D tissue engineering. 
Among module assembly methods, using magnetic field has 
advantages of remote control and rapid assembly. However, 
long-term culture of assembled modules is challenging due to 
potential cytotoxicity of magnetic nanoparticles (MNPs) and cellular 
contraction may cause problems in applications such as tissue 
transplantation because the initial structure is hard to be maintained. 
In this study, we developed the method to fabricate contraction 
modulated magnetized stem cell spheroids using MNP coated 
synthetic fibers (MSFs) to assemble organ-like macrotissue. First, 
we successfully coated extracellular matrix-like synthetic nanofibers 
with MNPs and controlled magnetism of the fibers. We then 
fabricated composite spheroids using adipose derived stem cells 
and the MSFs and found maintained size of spheroids after 3 days 
with high viability (>90%). We also found controlled fusion of 
spheroids which contain MSFs after homotypic fusion. Finally, we 
assembled spheroids into ring and lamellar structure via magnetic 
assembly and found stable structure of the construct with high 
viability up to 50 days of culture. In conclusion, we expect that 
the composite spheroid fabrication method described here is a 
promising tool for biofabrication of organ-like structure.
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Bioprinting systems involves the precise layering of cells, biologic 
scaffolds, and growth factors with the goal of creating bioidentical 
tissue for a variety of uses. However, its biocompatible, mechanical 
properties are a limiting factor associated with bioink. To overcome 
these limitations, we used platelet lysate (PL), obtained from 
platelet-rich plasma, containing bioactive molecules which enhance 
tissue regeneration. In addition, we synthesized PLMA through 
methacrylation to enhance mechanical property and prepared 
hydrogels via photo-crosslinking. Characterization of the PLMA 
hydrogel properties were examined using rheology, porosity, 
swelling assay. We found that the stiffness of PLMA hydrogel 
can be adjusted according to the degree of photo-crosslinking. In 
vitro assay demonstrated that the PLMA-based scaffold is 
biocompatible when applied as a bioink. Furthermore, to fabricate 
composite tissue, we deposited PCL followed by the positioning 
of cell-laden PLMA ink. As a result, we confirmed that the multilayer 
scaffolds fabricated by bioprinting not only have a stable structure 
but also a porous 3D construct in which encapsulated cells in PLMA 
ink can growth. Finally, we suggest that the developed PLMA bioink 
is considered to be a novel bioink with numerous potentials and 
can be applied in the field of tissue engineering.
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Significance of therapeutic angiogenesis has been spotlighted for brain 
ischemia, one of the most common causes of mortality in worldwide. 
However, effective strategies of mimicking angiogenesis have not been 
developed. Here, we developed a novel vascular-tissue-derived- 
decelluarized ECM (VdECM) based 3D-printed patch, sustained and 
sequential releasing two angiogenic growth factors (GFs) for promoting 
neovascularization. VdECM and methacrylated hyaluronic acid (HAMA) 
formed a hybrid biomaterial-ink (HAVEM-ink) via dual crosslinking; 
chemical crosslinking by aza-Michael addition and thermal crosslinking. 
The density of crosslinking was tailored by the ratio of HAMA, regulating 
releasing rate of encapsulated GFs. We 3D-printed with HAVEM-inks 
to fabricate spatiotemporal compartmentalized cerebral angiogenesis- 
inducing (SCAI) patch. Particularly, each VEGF and HGF laden 
HAVEM-inks was used to print outer and inner layers of 3-layered-disc 
patch, respectively, exhibiting to release VEGF first, followed by HGF 
for 30 days. The vitrified SCAI patch yields high mechanical strength 
(18.62 MPa), flexibility, and manageable, increasing transplantation 
efficiency at surgery. Consequently, the SCAI patch demonstrated 
angiogenesis-inducing property by enhancing angiogenic genes 
expression of HBMECs in vitro and successful time-dependent in vivo
cerebral neovascularization for 14 days, monitored by OR-PAM. Overall, 
we expected our novel SCAI patch could be widely applied in various 
ischemic diseases and cerebral vascular diseases.
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In this study, we demonstrated a 3D printing-based dissolving 
microneedle patch (DMP) for transdermal drug delivery. 
Microneedle structure used as masters to make molds for DMP 
are mainly fabricated based on MEMS (microelectrochemical 
systems) technology. Although the conventional technology provides 
high-precision resolution in nanoscale, it requires expensive 
instrument and maintenance. Furthermore, the microneedle design 
has been difficult to revise and limited to be simple due to the 
process complexity. To address the issues, we employed 
stereolithography (SLA)-typed 3D printing to fabricate the 
microneedle structure designed by a CAD program. The shape of 
the printed microneedle was 1.21±0.02 mm in height, 0.49±0.01 
mm in the base, 30.4±4.5 m in diameter of the microneedle tip. 
There was an 8.5±0.8% difference between input (computer 
dimension) and output (3D printed dimension). A DMP negative 
mold was fabricated using polydimethylsiloxane (PDMS), then, 2% 
w/v sodium carboxymethylcellulose (CMC-Na) and 40% w/w 
polyvinylpyrrolidone (PVP) K-30 were utilized to manufacture 
DMPs. The DMPs were successfully fabricated with 1.18±0.01 mm 
in height, 0.49±0.01 mm in the base, and 32.35±4.79 m in diameter 
of the tip. The DMPs penetrated the pig skin ex vivo and dissolved 
within 20 min.
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