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Abstract 

INTRODUCTION: Chronic low back pain (LBP) is associated with degeneration of the intervertebral discs 

(IVDs). Increased expressions of pro-inflammatory cytokines such as interleukin-1β (IL-1β) and matrix 

metalloproteinases (MMPs) in degenerated IVDs lead to loss of proteoglycan and extracellular matrix (ECM) 

which affect the viability of the disc cells (DCs). Treatment approaches using growth factors, cell therapy and 

extracellular vesicles (EVs) derived from human mesenchymal stem cells (hMSCs) could improve current 

treatment models by directly influencing the IVD degeneration processes. 

AIMS: To explore the effects of growth factors, hMSC derived signaling peptides and small EVs (sEVs) on 

degenerated DCs in terms of cell viability and ECM production and to investigate the impact of stress hormone 

cortisol on DCs and hMSCs in in vitro models. 

METHODS: DC and hMSC isolation from patients’ tissue, cell cultures in monolayer and 3D pellets, cell 

viability assay, histological staining, and immunohistochemistry were carried out. In Study I, hMSCs were 

encapsulated in a hydrogel and stimulated with bone morphogenetic growth factor 3 (BMP-3), or IL-1β pre-
treatment followed by BMP-3 stimulation. In situ hybridization was used to investigate the gene expressions 

of COL2A1 and OCT4. In Study II, the effects of cortisol at physiological and increased levels were studied 

on DCs and hMSCs in the 3D pellet model. Apoptosis assays were carried out and immunohistochemistry 
was used to evaluate cytokine expressions. Study III was a follow-up study of Study I in a 3D pellet model 

investigating the effect of BMP-3 and pre-treatment on DCs, hMSCs and co-culture (DCs and hMSCs in 1:1 

ratio). In Study IV, the effects of hMSC conditioned media (CM) and connective tissue growth factor (CTGF) 
were investigated on DC pellets. The constituents of CM were further identified using mass spectrometry 

analysis. In Study V, the concentration of MMP-1 was quantified by enzyme-linked immunosorbent assay in 

disc tissue. Furthermore, the ability of CM to mitigate the effects of MMP-1 at different concentrations was 
studied. In Study VI, small EVs were isolated with differential centrifugation, and further characterized using 

flow cytometry, nanoparticle tracking analysis, and western blot. DC pellets were then stimulated with sEVs 

and cell proliferation, ECM production, apoptosis, lactate dehydrogenase activity, cytokine and chemokine 
secretions were evaluated.  

RESULTS: Pre-treatment of IL-1β followed by BMP-3 enhanced chondrogenic differentiation in hMSCs in 

the hydrogel model (Study I) as well as in the 3D model (Study III). BMP-3 promoted chondrogenesis in DC 
pellets while a stronger effect was observed in co-culture (Study III). Study II demonstrated that exposure to 

cortisol even at physiological concentration restricted proliferation and compromised chondrogenesis in both 

DCs and hMSCs. CM from hMSCs enhanced viability and ECM production in DCs and mass spectrometry 
analysis revealed more than 120 peptides with high relative abundance (Study IV). Study V demonstrated that 

CM has the ability to mitigate the effect of MMP-1 on DCs, however, the potency of CM decreased with 

increased concentration of MMP-1. Lastly, Study VI demonstrated that sEVs enhanced cell proliferation while 
suppressed apoptosis. Early and increased ECM production was also observed in the DCs with sEVs 

treatment. 

CONCLUSION: Signaling factors from hMSCs have positive effects on DCs and can mitigate the 
degenerative properties of pro-inflammatory cytokines and enzymes known to be present in the degenerated 

IVDs. Further, pain- induced stress regulated by cortisol may be a contributing factor of IVD degeneration. 
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