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A Bioengineered Osteoarthritis Model with Tunable
Inflammatory Environments Reveals Context-dependent
Therapeutic Potential of Human Mesenchymal Stem Cells
Recently, intra-articular injections of mesenchymal stem cells (MSCs) have been used as
a treatment for early osteoarthritis (OA) due to the known immunomodulatory effects of
these cells. However, MSC therapy has shown variable clinical outcomes. This variability
in efficacy likely reflects the interplay of a range of factors which influence MSC
immunoregulatory capacity. In particular, joint inflammatory state has been hypothesized
to impact MSC treatment efficacy due to the known dependence of the anti-inflammatory
MSC phenotype on the availability of pro-inflammatory cytokines in the surrounding
environment. To gain further insight into the potential role of joint inflammatory state on
MSC immunomodulatory effects, we first expanded a previously validated 3D in vitro
model of inflammatory OA to allow for tunable inflammatory conditions. We then utilized
our expanded in vitro OA model to assess the therapeutic potential of MSCs in “high”
(High-OA) versus “low” (Low-OA) inflammatory contexts. Addition of MSCs to High-OA
conditions stimulated significantly lower production of IL-1β, IFN-γ, MMP-9, and MMP-13

by osteoarthritic chondrocytes (OACs) and reduced macrophage activation. In contrast,
addition of MSCs to Low-OA conditions increased OAC expression of OA-related
markers IL-6 and IL-8 and induced a wound healing-like phenotype in macrophages.
Based on these results, we then assessed if MSCs primed with pro-inflammatory factors
IFN-g and TNF-α could improve MSC treatment efficacy in Low-OA conditions. No
improvements in MSC anti-inflammatory effects were observed for Low-OA after priming.
These findings suggest a key role for the inflammatory environment and MSC “activation”
state in determining MSC immunomodulatory effects.
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