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The preservation of the smooth muscle cell (SMC) phenotype was achieved using
advanced 3D-printable bioinks. The first type of bioink was engineered by introducing
polyethylene glycol diacrylate (PEGDA) into a hybrid photocurable hydrogel of
methacrylated gelatin (GelMA) and methacrylated hyaluronic acid (HAMA),
represented by (GeIMA/HAMA/PEGDA-PGH). Similarly, the second type of bioink,
denoted GeIMA/HAMA/APStriol@GO-1%-GH-ASG4, consists of silanized acrylic
graphene oxide nanosheets (APStriol@GO), synthesized from 3-acryloyloxypropyl
silanetriol and graphene oxide, and incorporated into a hybrid photocurable hydrogel
of GeIMA and HAMA. These functionalized platforms provided an optimized
microenvironment for rabbit adipose-derived stem cells (rADSCs), guiding their
differentiation into contractile SMCs. Systematic characterization revealed GH-ASG4
as the most effective formulations, combining excellent reactive oxygen species
scavenging with hemostatic activity to enhance stem cell survival. Differentiated SMCs
were validated through TRAP staining, transcript analysis of key markers (a-SMA and
SM-MHC), and protein expression confirmed by immunocytochemistry and western
blotting. Using GH-ASG4 bioink, extrusion-based 3D printing successfully produced
tubular and disk-shaped scaffolds with high structural fidelity, biocompatibility, and cell
proliferation, elegantly replicating the extracellular matrix essential for smooth muscle

tissue regeneration.
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Figure. Two photo-curable biohydrogel systems—GelIMA/HAMA/PEGDA (PGH) and
GelMA/HAMA/APStriol@GO (1%) (GH-ASG4)—were developed, demonstrating
strong potential as bioinks for smooth muscle regeneration and broader tissue

engineering applications.
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[ Concrete Results ]
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Figure. Dr. Pavanchandh Atturu presented his work titled “Silanized acrylic graphene

oxide nanocomposite—reinforced, mechanically tunable GeIMA/HAMA printable bio-

ink for adipose-derived stem cell-differentiated mature smooth muscle cells” at the

2025 Chemistry National Meeting and received the Outstanding Poster Award.

® Academic Achievements

1.

Completed the industry—academia collaborative project with Soon-Chen
Biomedical Co., Ltd., titled “Evaluation of Proliferation and Differentiation
Activities of Mesenchymal Stem Cells in a Biomimetic Hydrogel System.” The
main findings demonstrate that the specialized biohydrogel, when used with K-
medium to culture ADSCs, effectively maintains an excellent stem cell
phenotype.

Collaborated with Prof./Academician An-Si Jiang from the Brain Research
Center at National Tsing Hua University to apply for an invention patent
(POLYMER AND ITS PRODUCTION METHOD, U.S. Patent Application No.
19/034,452, Jan 22, 2025).

Presented at the 2025 Chemistry National Meeting and received the Outstanding
Poster Award for the study titled “Silanized acrylic graphene oxide
nanocomposite—reinforced mechanically tunable GeIMA/HAMA printable bio-
ink for adipose-derived stem cells differentiated mature smooth muscle cells”
(March 8-9, 2025, Providence University, Taichung, Taiwan).

Chih-Kuang Wang, Yen-Han Lai, Ke-Hsun Yang, Pei-Ying Lee, METHOD FOR
INDUCING CELLS TO SECRETE EXTRACELLULAR VESICLES WITH
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PREDETERMINED MOLECULES AND USE THEREOF, U.S. Provisional
Patent Application 63/912,350, Nov. 6, 2025.

5. The laboratory PI served as a reviewer for the Kaohsiung City Local SBIR
Program during 2024-2025.

6. Under the PI’s leadership, the Phi-Med Biotech team won the Outstanding
Startup Award (NT$2 million startup fund) at the MOST 109-2 FITI Program and
subsequently received support from the Ministry of Education’s U-start
Innovation and Entrepreneurship Program in 2021. This led to the establishment
of Phi-Med Biotech Co., Ltd.

In addition to raising NT$2.92 million internally at KMU, the team licensed the
“Additively Manufactured 3D Bioceramic Bone Graft Substitute” technology to
Phi-Med Biotech in September 2023.

The company’s current paid-in capital is NT$33.92 million, with the university
holding 12% equity.

The PI serves as a board director and continues to lead the company. A TFDA
market approval application was submitted on October 13, 2025, and approval is
expected in 2026.

7. Published three papers in 2024 (including co-authored works):

e International Journal of Biological Macromolecules, 265: 130710, 2024.

e  Water Research, 259: 121810, 2024.

e International Journal of Clinical Medicine and Bioengineering, 2024, 4, 1—
10.

In 2025, two manuscripts related to animal clinical studies of 3D bioceramics

have been submitted. = One SCI paper on the biohydrogel system has been

accepted:

e  Biomaterials Advances, 171 (2025) 214226, 2025.

Two additional manuscripts are currently in preparation.
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Figure. Nano and Biomedical Materials Laboratory biohydrogel team photo. (From the
upper right, clockwise: Prof. Chih-Kuang Wang, Dr. Yen-Han Lai / PhD student in the
Institute of Medical Science, Dr. Atturu Pavanchandh, undergraduate student Yang Ke-
Hsun, Pei-Ying Lee, and PhD student Suhana.)

[ Research Team ]
Biohydrogel Members: Dr. Atturu Pavanchandh, PhD student Suhana, undergraduate
student Yang Ke-Hsun, Pei-Ying Lee, and Dr. Yen-Han Lai / PhD student in the Institute
of Medical Science,
3D Ceramic Members: Cai Yu-Rou, Chen Yi-Tong
Research Team Introduction: I have also continued to support Precisely Printed
Medical Ltd.’s product development, and in parallel, our laboratory’s biohydrogel
research team is dedicated to the innovative development and application of photo-
cured biohydrogel systems. Our work focuses on cutting-edge biomedical fields,
including cell differentiation, tissue regeneration, active extracellular vesicle isolation,
and high-throughput organoid-based assays. Beyond mastering core bioprinting
technologies, we are actively integrating microfluidic biochip platforms to enable
precise and efficient organoid culture and drug screening in the future. The composition
of our team is highly complementary, forming a strong, interdisciplinary research and
development force.

Research Contacts Email: ckwane@kmu.edu.tw
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