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Manipulation of Stem Cells and their microenvironment: new biotechnological strategies for drug discovery 

Neurodegenerative processes, characterized by a progressive dysfunction, loss of neurons and axons in the 

central nervous system (CNS), represent the principal aspect of chronic neurodegenerative disease (Amor 

2010). Microglia, the resident innate immune cells, play a major role in neuro-inflammatory processes 

associated with pathological CNS conditions, and seem to drive neurodegeneration. They are highly 

dynamic, moving constantly, and become activated by neuronal signaling under pathological conditions. 

The over-activation of microglia may, in turn, affect neurons, by releasing molecular inflammatory 

mediators. However, recent findings show neuroprotective properties of a specific microglial phenotype 

(M2), able to induce an increase of axon growth and matrix remodeling (Kigerl 2009).  

Mesenchymal stromal cells (MSCs), non-hematopoietic multipotent progenitor cells, have been considered 

as a promising transplantable cell source for regenerative medicine and immunomodulatory therapies. In 

the brain or at site of nerve injury, MSCs transplantation mediates modification of the damaged tissue 

microenvironment, by decreasing apoptosis, inducing neurogenesis and regulating inflammation, primarily 

through their secreted factors. Munoz and collaborators (2005) have demonstrated that the 

transplantation of hMSC into the brain of immunodeficient mice markedly increased the proliferation of 

endogenous neural stem cells. Moreover, increasing evidence in animal models of traumatic brain injury 

(TBI), spinal cord injury (SCI) and neuropathic pain induced by spared nerve injury (SNI) indicate that MSCs 

may be involved in the repair of CNS damage by regulating neuroinflammation. In the brain, the MSCs 

immunosuppressive properties are supposed to play a pivotal role in the inhibition of the inflammatory 

response and microglial activation (M1 pro-inflammatory phenotype), thus preventing neuron 

degeneration. MSCs can participate in the immune response through cell-cell contact-dependent schemes, 

but the main mechanism attributed to the neuroprotective effect of MSCs is the capability of secreting 

bioactive molecules, including growth factors and chemokines, with deep effects on local 

microenvironment. These data indicate that MSC may affect microglia responsiveness to proinflammatory 

signals in pathological CNS conditions, such as neurodegenerative diseases, by switching microglia 

phenotypes. 

The general purpose of this project is to identify new strategies and innovative approaches, providing the 

basis for the development of new bio-drugs, in order to best capitalize the human mesenchymal stromal 

cells (hMSC)-based therapy for the resolution of neurodegenerative diseases.  

During the first phase of this project I have developed, according to the literature, in vitro models, in order 

to reproduce brain microenvironment and evaluate the interactions between hMSC and brain cell 

populations, principally microglia. The hMSC and primary microglia cell cultures are not in contact. Indeed, 

the present work employs in vitro transwell assay that permits cell-contact-independent communication 

through diffusible soluble factors.  



We found that the microglia cells co-cultured with hMSCs shown an increased Cannabinoids type2 receptor 

(CB2R) expression in a time and cell number dependent manner (figure). We observed that there were no 

differences between the 24h 1:1 and 24h 2:1 (hMSC:microglia ratio), whereas the highest CB2R expression 

was observed at 48 h 2:1 (hMSC:microglia ratio).  

These data suggest that the factors released by both hMSCs and microglia affect the cell phenotypes, 

inducing an overall anti-inflammatory, possibly neuroprotective milieu. Indeed, the expression and 

activation of the CB2R on microglia has been demonstrated to be associated with a phenotype switch of 

microglia towards an M2 activated phenotype able to induce neuroprotection. From this data the next step 

will be to evaluate the possible effect of the hMSCs/microglia transwell co-cultures on the neuron growth 

and /or differentiation.  
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