Spinal Cord Injury Repair
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Mesenchymal stem/stromal cells (MSCs) for transplant-mediated repair represents an important and promising
therapeutic strategy after spinal cord injury (SCI). MSCs can be harvested from a wide range of human tissues, however it
is likely certain niches are more suited for SCI repair due to their intrinsic capabilities.
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| 1. Introduction

Spinal cord injury (SCI) results in devastating loss of sensory, motor, and autonomic function which leaves a sufferer
incapacitated, bound to a wheelchair, and robbed of independence. SCI is therefore associated with substantial levels of
suffering and a high socioeconomic burden. Clinical outcomes depend on the severity and location of the lesion but may
include partial or complete loss of function below the level of injury. Trauma, the most common cause of SCI in the
Western world, results in a complex injury pathology. The initial mechanical insult causes haemorrhage, shearing of
axons, destruction of cells, and triggers a cascade of secondary injury mechanisms that lead to further cell death and
demyelination [ Injury triggers an immune response, the formation of a glial scar, and, over the longer term,
development of fluid filled cystic cavities A&, As a result, the loss of function after SCI is generally permanent, and since
there are currently no effective treatments, it represents a major unmet clinical need.

There are numerous strategies currently reported for the treatment of SCI; however, stem cell transplantation has gained
the most interest &, The transplantation of autologous or allogeneic cells, including differentiated glia and various stem
cells, have been extensively explored BIBIENIA The aim of cellular transplantation is that it creates an environment
favourable to repair, one which may offer neuroprotection, immune regulation, eventual axonal regeneration, neuronal
circuit formation, and myelin regeneration B12I3] One popular cellular candidate are mesenchymal stromal cells
(MSCs). MSCs can be isolated from numerous tissue sources, are relatively easy to expand in vitro, and have unique
beneficial immunological properties 14l Furthermore, the MSC secretome, which has a paracrine effect on the local
environment after injury, have made them well suited to SCI repair (Figure 1). MSCs were first identified in 1968 by
Friedenstein and colleagues as a population of adherent cells present in the bone marrow (BM) which exhibited fibroblast-
like morphology 1218l Today, numerous other tissue sources have been identified, such as adipose, dental pulp,
periodontal ligament, tendon, skin, muscle, and newer tissues, such as the olfactory mucosa and lung L7128l There are
likely many other sources within the human body; however, practical limitations rule them out as potential therapeutic
sources R8I19 MSCs are defined by their capability to self-renew, ability to differentiate into three specific cell lineages in
vitro (osteoblasts, adipocytes, and chondrocytes; although in vivo they can make other stromal cell types, including
endothelial cells) and by their expression of a subset of cell surface proteins; a specific MSC marker has yet to be
identified 29, The International Society for Cellular Therapy has stated that MSCs should express CD105, CD73, and
CD90 and lack expression of CD45, CD34, CD14, CD11b, CD79a, or CD19, and human leukocyte antigen-DR (HLA-DR)
surface molecules.
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Figure 1. Reparative role of mesenchymal stromal cells. Examples of the reparative potential of mesenchymal stromal
cells (MSCs) for spinal cord injury (SCI). MSCs secrete numerous trophic factors and anti-inflammatory molecules that
change the injury milieu to pro-regenerative. These secreted factors have an anti-inflammatory effect on numerous
immune cells such as T cells, B cells, macrophages, and microglia. They reduce astrocytosis and promote axonal growth
and neuroprotection. They stimulate angiogenesis and offer protection against apoptotic cell death. Certain MSC types
promote the differentiation of oligodendrocytes and myelination.

There is a wealth of literature describing the promising effects of MSC therapy after SCI. In general, they have both an
anti-inflammatory and pro-regenerative capacity in human and animal models, which has been covered extensively in
other recent reviews 2122 |mportantly, their use in phase I/l clinical SCI trials have confirmed their safety [21[231[24][25]
However, whilst many clinical trials report promising efficacy for sensorimotor function, the risk of bias is high since few
studies have included control groups, and the study subject number is low 24, Many aspects concerning MSC therapy
require clearer definition if they are to be fully translated to the clinic. For example, MSCs derived from specific cellular
niches may have potential limitations due to niche-specific inherent properties. Understanding the MSC role both within
their resident niche and their fate after SCI will improve their use as a therapy. Tissue-specific stem cells support the
tissue type from which they originate, meaning that specific MSC types might be more suited for the treatment of SCI than
others. In addition, the ease of accessibility of the anatomical location of specific MSC types may be more practical for
clinical translation. Crucially, the generation of MSCs will need to follow strict good manufacturing practice (GMP)
guidelines to ensure the safety and quality of the end-product before use in clinical trials. Therefore, culture reagents used
in their isolation and maintenance must meet these guidelines, and the impact of changing protocols to one more GMP
compliant should be considered.

2. Therapeutic Potential of Niche-Specific Mesenchymal Stromal Cells for
Spinal Cord Injury Repair

An ideal MSC candidate for transplant-mediated repair would be one that is able to modulate the inflammatory
environment, promote myelination, have neurogenic properties, and preferably reside in a niche that is unaffected by the
injury itself. In addition, cells that are easily harvested and grown quickly to clinically relevant numbers offer clear
advantages. A targeted approach to the isolation of niche-specific MSCs more intrinsically suited for the treatment of SCI
may offer better therapeutic benefits (Figure 2, Table 1).
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Figure 2. Factors which can affect MSC repair benefits. Schematic representation of the potential MSC heterogeneity

because of their different tissue source and the intrinsic and extrinsic factors that could influence their repair benefits after
SClI.

Table 1. Comparison of key characteristics of MSCs harvested from different sources.

BM-MSC AD-MSC uc-mMscC OM-MSC
Niche Haematopoietic Angiogenic Haematopoietic Neurogenic
Tissue Availability ++ +++ +++ +++
Use in SCI clinical trials +++ ++ +++ +
Procedure Invasive Minimally Invasive Not Invasive Minimally Invasive
Proliferative Capacity + ++ +++ +++
Cell Yield + +++ ++ +++
Autologous use +++ +++ + 4+
Allogenic use +++ +++ +++ +
Nestin expression ++ + ++ +++

Different niche-derived MSCs may offer differing therapeutic benefits. BM-, AD-, and UC-derived MSCs have all reached
clinical trial for the treatment of SCI across the world. Although olfactory tissue and cells have also reached clinical trial,
purified OM-MSCs have yet to be tested. Consideration should be given to the impact of the procedure on the patient
donor and whether enough cells will be generated quickly post tissue acquisition. Nestin expression on MSCs correlates
with enhanced CXCL12 expression, which promotes myelination. This may be an important marker for isolating MSCs
with repair characteristics better suited for SCI repair. Within the BM there is a small population of Nestin+ MSCs;
however, these may be difficult to isolate. UC-MSCs express high levels of nestin soon after isolation, although this is lost
after passage. AD-MSCs have not been found to express nestin but can upregulate it after neural differentiation in vitro.
OM-MSCs constitutively express nestin which is not lost during passage. Key: +++ high, ++ moderate, + low.
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