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3D multiorgan platforms represent a powerful in vitro approach for modeling 
complex physiological responses through the integration of organ-specific 
functions and dynamic interorgan communication. To address inherent 
limitations of conventional models in capturing systemic disease interactions, 
we developed advanced biofabricated platforms combining decellularized 
extracellular matrix (dECM)-derived bioinks, 3D bioprinting technologies, 
and microfluidics. Initially, we engineered a gut–kidney axis model to 
investigate secondary hyperoxaluria (SH), a metabolic disorder characterized 
by intestinal inflammation, oxalate malabsorption, and kidney stone 
formation. By bioprinting intestinal and vascularized proximal tubule modules 
under continuous perfusion, the platform successfully recapitulated SH 
pathologies and validated therapeutic intervention efficacy using trisodium 
citrate. Further advancing systemic modeling, we established an integrated 
kidney–heart microphysiological system to comprehensively study 
cardiorenal interactions. This platform incorporates iPSC-derived 
cardiomyocytes embedded in heart-specific dECM (engineered heart tissue, 
EHT) connected via microfluidics to renal modules for precise physiological 
crosstalk. PEDOT: PSS-based bioelectronic electrodes integrated within the 
EHT enable real-time electrical impedance monitoring of cardiac contractility 
influenced by renal stimuli. Collectively, our biofabricated multiorgan 
platforms, equipped with physiologically relevant architecture and advanced 
sensing technologies, hold significant translational potential for precision 
medicine, drug discovery, and modeling systemic disorders such as Type 
4 cardiorenal syndrome.

Hair Follicle-Inspired Tantalum Nanopatterned Nitinol Stent 
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Biliary stents have been used to treat biliary strictures caused by 
cholangiocarcinoma, gallstones, and pancreatic cancer. However, 
post-implantation bacterial colonization in the bile duct promotes biofilm 
and sludge formation, leading to stent occlusion and infection-related 
adverse events. To overcome these limitations, a near-infrared (NIR) 
responsive antibacterial nitinol biliary stent with dual photothermal 
and drug release functions was developed, inspired by the pouch-like 
morphology of hair follicles. Tantalum, a biocompatible metal, was 
nanopatterned onto the nitinol surface via target ion plasma sputtering 
(TIPS). This surface modification inhibited bacterial adhesion and 
promoted cell attachment. The stent was coated with a thermoresponsive 
phase-change fatty acid–drug matrix, with polydeoxyribonucleotide 
(PDRN) loaded into the nanostructure, enabling temperature-activated 
drug release upon NIR irradiation. Functional evaluation was conducted 
through in vitro experiments and physicochemical analyses, confirming 
that the designed stent exhibited significantly enhanced antibacterial 
activity and biocompatibility under NIR stimulation compared to 
unmodified stents. These results indicate that this versatile stent has 
potential as an advanced therapeutic strategy to reduce recurrent 
occlusion and infection-related complications in patients with biliary 
strictures.
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Lipid nanoparticles (LNPs) are spherical vesicles consisting of lipids 
and widely recognized for their high nucleic acid encapsulation 
efficiency. Yet, clinical translation remains limited by low production 
yield and difficulty in maintaining uniform particle sizes. Microfluidic 
synthesis provides precise control over component mixing and assembly, 
but conventional single-channel devices cannot achieve industrial-scale 
throughput.
Here, we introduce a multilayer microfluidic platform designed for 
scalable and uniform LNP production. A stacking approach with 
modified fluidic inlets balances flow rates across channels, guided 
by Hagen–Poiseuille calculations and validated through computational 
simulations. The device is fabricated from polycarbonate (PC), providing 
greater mechanical strength and biocompatibility than PDMS. An 
integrated re-Tesla mixer enables continuous, efficient, and non-toxic 
LNP formation. Composite adhesive bonding minimizes channel 
deformation and prevents leakage, with stable operation confirmed 
at flow rates up to 16 mL/min.
This system reliably generates LNPs with diameters of 100–150 nm 
and a polydispersity index below 0.2, suitable for therapeutic use. 
A five-layer configuration achieves throughputs of ~7.9 × 1012 particles 
per minute, markedly outperforming conventional single-layer devices. 
Our platform offers a scalable, high-throughput strategy for producing 
clinically relevant LNPs, addressing a major bottleneck in nucleic acid 
therapeutics manufacturing.
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Hydrogels are three-dimensional (3D) networks of hydrophilic polymer 
chains, which have been widely explored for tissue engineering. Among 
biopolymers, Human hair-derived keratin offers excellent 
biocompatibility and bioactivity, promoting cell adhesion, proliferation, 
and differentiation. Alginate, a biodegradable polysaccharide from 
seaweed, is commonly used but has poor mechanical properties and 
limited bioactivity. To overcome these limitations, we developed keratin- 
conjugated alginate (KA) hydrogels with tunable mechanical properties 
and enhanced bioactivity, aiming to provide an improved biomaterial 
for tissue engineering applications. KA hydrogels were synthesized 
using EDC/NHS-mediated coupling reaction for keratin-alginate 
conjugation. Mechanical properties, including compressive modulus 
and viscosity, were evaluated for tunability. Printability was tested 
for 3D printing applications, and biocompatibility was assessed through 
cell viability assays and live/dead staining in vitro. FTIR, NMR, and 
UV-Vis analyses confirmed successful keratin conjugation, indicating 
chemical modifications in the hydrogel network. FE-SEM revealed 
a porous, interconnected structure of KA hydrogel. Mechanical testing 
demonstrated tunable compressive strength and viscoelastic properties 
by adjusting keratin concentration. KA hydrogels exhibited excellent 
printability, maintaining structural integrity after 3D printing. In vitro 
studies confirmed improved non-toxicity and biocompatibility, 
highlighting their suitability as biocompatible biomaterials.
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