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Purpose.  To tissue-engineer functional intervertebral disc (IVD) for disc replacement using extracellular 
matrix (ECM) structure-mimetic scaffolds cultured with mesenchymal stem cell (MSC)/disc cell mixtures, 
stimulated by compressive loading in a bioreactor. 
 
Background.  IVD failure resulted from tissue degeneration is a challenging orthopedic problem. Disc 
replacement using prostheses or vertebral body fusion has been used to treat IVD failure but both the treatments 
have their own limits on achieving satisfactory outcomes. Tissue engineering using cell, biomaterial scaffold, 
growth factor, and advanced culture technique holds a great promise to generate a functional, biological 
substitute for disc replacement. Previous studies using various types of cells cultured in different biomaterial 
scaffolds to fabricate tissue-engineered IVD have shown varying degrees of success. However, among these 
studies, few have used a scaffold that consists of three distinct structures for annulus fibrosus (AF), nucleus 
pulposus (NP), and endplate to structurally mimic ECM of native IVD for tissue regeneration. It is important to 
use an ECM structure-mimetic scaffold for IVD tissue engineering since scaffold structure affects biological 
response and biomechanical properties. Another challenge is associated with the choice of cultured cell types. 
AF and NP cells occupy about 1% of the total tissue volume. With such a low amount of cells in IVD, it is 
challenging to prepare a sufficient quantity of cells for culture. In contrast, multi-potential MSCs are easy to 
expand and can be a suitable cell source for IVD tissue engineering.    
 
Study  design.  We fabricated an engineered IVD scaffold constructed of 1) the peripheral AF consisting of 
concentric multi-lamellae with oblique polymeric nanofibers alternatively oriented in successive layers, 2) the 
core NP filled with hydrogel, and 3) the endplate composed of non-woven nanofibers to structurally imitate the 
ECM structure of native IVD. These three structural components were seeded with MSCs/AF cells, MSCs/NP 
cells, and osteogenic MSCs, respectively, and induced by transforming growth factor beta-1 (TGF-β1) and 
compressive stimulation in a bioreactor for IVD regeneration.  
 
Results.  We first tested different ratios of MSC/disc cell mixtures for chondrogenesis. The results showed that 
after 28 days, the culture with the ratio of 1:2 (MSC:AF cell) or the ratio of 2:1 (MSC:NF cell) expressed the 
highest levels of cartilage-related ECM markers. We then used the optimal ratios of cell mixtures for cell 
seeding in the AF and NP components of an IVD construct. The cellular constructs cultured in a bioreactor and 
stimulated by compressive loading showed that mechanical stimulation upregulated the expression of collagen 
type II and aggrecan in NP but not in AF. Mechanical stimulation increased the ratio of collagen type II/I in the 
NP culture while decreased the ratio in the AF culture, suggesting that chondrogenesis and ECM production of 
MSCs/disc cells are regulated by the combinatory cues of scaffold structure and mechanical stimulation.        
 
Conclusions.  We demonstrate that our tissue engineering approach using MSCs and disc cells co-cultured in 
ECM structure-mimetic scaffolds is promising to regenerate IVD ex vivo for disc replacement.    
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