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MSC therapy:
Donor variation and the curse of statistics
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Abstract: Mesenchymal stem cells (MSCs) have long been proposed as a potential
cell source for musculoskeletal regeneration. Broadly speaking MSC therapies can be
split into two categories; those that use freshly isolated cells, and those that use
monolayer expanded cells. This distinction brings significant ramifications, both in
terms of regulatory requirements and in the mechanism of action. From a scientific
perspective, there have been two main challenges that have delayed the translation
of MSCs into the clinic. Insufficient tools to adequately characterize the cell
populations obtained and a lack of a detailed understanding of the mechanism of
action of the implanted cells.

Naive cells are already commonly utilized in the clinic in the form of marrow
stimulation techniques or intra-operative cell transfer via bone marrow aspirate
concentrates (BMAC). Monolayer expansion of adherent MSCs is an attractive
alternative strategy due to the increase in numbers than can then be implanted. This
process is fraught with difficulties as it is known the expansion process can lead to
major changes in cellular function [1]. Whether this is due to changes in cell behavior
during expansion (phenotypic drift), or whether it is due to the expansion conditions
preferentially selecting for a subpopulation is unclear.

The commonly used potency assays, such as in vitro differentiation, are long and
labor intensive. The use of accurate markers to identify the cells being studied and
assess their functional potency is the central issue around most other topics revolve.
With no marker being truly MSC specific, consensus and reproducibility is almost
impossible to achieve. This compounds the problem that monolayer expanded cells
will vary depending on a number of factors, such as serum batch, and this makes
comparisons between laboratories difficult.
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Prediction of cell function at the donor level is the biggest challenge facing cell-based
therapies. Especially during monolayer expansion procedures, which are expensive,
the risk that the resultant cells are functionally defective, leading to a failed healing
response, hampers efficacy studies. This challenge is even greater when considering
the standard use of statistics, that evens out donor variation and can lead to
misleading conclusions.
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