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Unmet medical needs and most updated treatment modalities (Figure 1): 
1. Articular cartilage healing, osteoarthritis and joint replacement: For late stage articular cartilage degeneration 

or osteoarthritis, total or unicompartmental joint replacement is the major treatment modality. However joint 

replacement has longevity problem and is complicated by prosthesis loosening and wearing, which require further 

revision surgeries, removing the original artificial joint and replacing it with new one. A new technique with the use of 

articular cartilage cup fabricated by biomaterials laden with cells is still required. 

2. Meniscus healing, menisectomy and meniscus allograft replacement:  Although transplantation of 

cryopreserved allografts of total meniscus improved knee pain and function, the average knee function was fair at 

long-term follow-up. However, the use of cadaver allograft is still complicated of transmission of infectious diseases 

and lack of abundant cadaver in certain countries like Taiwan and Japan. The protective benefits 

of meniscus allografts remain debatable, further development of biological meniscus fabricated by biomaterials laden 

with cells is required. 

3. Limb salvage procedure for osteosarcoma: Because almost all of the osteosarcoma patients are teen agers, many 

times of revision joint replacement surgery are inevitable. In order to prevent this complication, the development of 

articular cartilage cup fabricated by biomaterials laden with cells for arthroplasty is required. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      

 

 

 

 

Figure 1. Scheme illustrates the unmet medical needs 
 

Motivation, goal and specific aims:  
There is a lack of viable articular cartilage cup and meniscus for total joint arthroplasty and total meniscus replacement. 

Our motivation is to develop viable articular cartilage cup and meniscus through 3D printing. The goal of this proposal is 

to develop a novel, integrated, and comprehensive platform for 3D printing of articular cartilage cup and meniscus made 

by biomaterials laden with cells for arthroplasty and meniscus replacement, respectively (Figure. 2).  

Several specific aims will be achieved in this three-year proposal. 

Aim 1: MSC source selection & optimization of differentiation protocols, including defined differentiation media and 

conditions such as oxygen tension (achieved by sub-project 1) 

Aim 2: Material selection and manufacturing for chondrogenic (achieved by sub-project 2) and meniscal differentiation of 

MSCs (achieved by sub-project 3). 

Aim 3: 3D printing parameter optimization and manufacturing (achieved by sub-project 4)  

Aim 4: Development of bioreactor for meniscal and chondrogenic differentiation (achieved by sub-project 5) 

Aim 5: Preclinical big animal preclinical trials (achieved by sub-project 6) 

Aim 6: Technique transfer to Biotech companies (supported by ITRI and licensed Biotech Companies) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Scheme illustrates step-wise procedures to execute the .project 

Subproject 1: Comparison of chondrogenic/meniscal

differentiation potentials of MSCs from different sources and

optimization of corresponding defined differentiation medium. PI:

Shih-Chieh Hung, co-PI: Woei-Cherng Shyu, Yi-Tsung Tung (中

國醫新藥開發研究所所長洪士杰、中國醫生物醫學研究

所徐偉成、中研院應科中心董奕鍾)

Expertise: Isolation & characterization of MSCs from different organs.

Development of novel microfluidic devices (Christmas tree method) for

identification of optimal defined media and conditions for

chondrogenic/meniscal differentiation. 

Subproject 2: Applications of peptide-containing self-healing

materials for chondrogenic differentiation. PI: Hsin-Chieh Lin, co-

PI: Mei-Yu Yeh (交大材料所/工研院生醫所專案組長林欣

杰、中國附醫整合幹細胞中心葉美鈺)

Expertise: Integration of the knowledge and techniques in peptide-based

three-dimensional biomaterials, especially for three-dimensional cell

culturing applications.

Subporject 3: Studies on MSC sheet on chitosan/gelatin

constructs for meniscus regeneration. PI: Tai-Horng Young (台

大醫工所/工研院營運長楊台鴻)

Expertise: Medical polymers, cells and the interaction between biomaterials

and cells.

Subproject 4: Application of 3D printing on MSC-differentiated

articular cartilage and meniscus. PI: YiWen Chen, co-PI: Hsin-

Yuan Fang, Consultant: Ben Wang at Georgia Tech (中國附醫

3D列印醫療中心陳怡文副主任、方信元、王緒斌顧問)

Expertise: Optimization of the parameters used in bioprinting of multi-

materials and multi-cells and manufacture of contructs with appropriate cell

growth and differentiation, as well as optimal mecnical strength and

biodegradable properties. Ben Wang's CV is attached as Appendix 1.

Subproject 5: Application of bioreactor on articular cartilage and

meniscus differentiation and mechanical strength. PI: Ming-Long

Yeh, co-PI: Horng-Chaung Hsu. (成大醫工所葉明龍、中國

附醫骨科部許弘昌部主任)

Expertise:  Build a bioreactor that can generate mechanical stimulation on

MSCs for promoting chondrogenic/meniscal differentiation. Director Hsu is

a famous professor of orthopaedics and has performed the first couple of

MAKOplasty surgery in Taiwan.

Subproject 6:  Pre-clinical investigation of articular cartilage and

meniscus reconstruction in large animal model. PI: Chin-Yu Lin,

co-PI: Yi-Ching Fong, Jen-Yen Wang, Wei-Ming Chen. (中國醫

新藥開發研究所林進裕、中國附醫骨科部王鍵元科主

任、北榮陳威明副院長)

Expertise: (1) Familiar with the bone and articular cartilage surgery and

post-surgery care of Lanyu mini-pig model. (2) Molecular and radiographic

imaging and biomechanical testing for evaluation of bone and cartilage

regeneration. (3) Evaluation of histology, genetic abnormality and immune

responses to examine the bio-safety concerns. Professor Chen is a famous

orthopaedic oncology surgeon and has developed liquid nitrogen limb

salvage procedure in Taiwan.

Whole project title: Translational medicine for integrated 3D printing of  knee articular cartilage cup and meniscus.

PI: Shih-Chieh Hung (洪士杰)

To achieve this goal, we team up a team consisting of PIs/experts from multiple 

discipline. 

Figure 3. Proposed microfluidic system for 

optimization of culture conditions and defined 

differentiation medium. 

Figure 6. The flow chart of biomaterial development 

for 3D bioprinting 

Figure 7. The technology trend of bioprinting assisted TE 

 

Figure 8. Scheme highlighting the main component and working mechanism of bioreactor 


