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Aggregate-Derived Human Mesenchymal Stem Cell Improves Post-transplantation Cell Survival and Function Recovery in Rats MCAO Stroke Model
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Introduction 

Human mesenchymal stem cells (hMSCs) as a cell source for stroke treatment are promising due to their trophic effects, which promote endogenous tissue repair. However, low cell survival rate and secretory alterations of transplanted hMSCs in stroke lesion significantly reduced their therapeutic potency [1]. 3D aggregation of hMSCs has shown improved cell adhesion, retention, migration and post-transplant survival rate at the stroke lesion. Maintaining their pluripotency and lineage-specific differentiation by aggregation may allow transplanted hMSCs to engraft in damaged tissue, improving the therapeutic outcome [2,3]. Here, we test the hypothesis that 3D cultured hMSCs provide better therapeutic response as measured by MRI and behavioral testing compared to 2D cultured cells. In addition, we explored the PI3K/Akt signaling pathway and its potential responsibility for the increased resistance to the hypoxic stroke environment.

Experimental
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hMSCs from monolayer expansion were cultured in an ultra-low attachment six-well plate to form 3D aggregates. To mimic stroke lesion microenvironment in vitro, survival of aggregate-derived MSCs was tested under ischemia and reactive oxygen species (ROS) conditions. Cells were treated with small molecules that regulate the PI3K/Akt survival signaling pathway. Several genes related to the PI3K/Akt survival pathway were examined by real-time PCR. For implantation, aggregates were dissociated with trypsin to generate single cell suspensions after 72 h. After another 72 h of recovery, aggregate-derived hMSCs were labeled with iron oxide nanoparticles (Bangs Laboratories, Inc.) for 12 h before injection. Male rats underwent middle cerebral artery occlusion (MCAO) using a rubber filament. After 60 min, animals were re-perfused, and 1 million 3D aggregate-derived MSCs were injected into the carotid artery. 1H and 23Na MRI were performed using the 21.1-T magnet at the NHMFL at 1, 2 and 7 days after surgery. Behavioral tests were implemented weekly. After four weeks, all the animals were sacrificed, and ex vivo MRI scans and histology were performed.
Results and Discussion
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In vitro study of the aggregate-derived hMSCs under ischemic and high level ROS conditions indicated higher survival rate of compared to 2D culture hMSCs. The PI3K/Akt pathway was shown to play an important role in improving hMSCs survival. Several survival genes were expressed highly after aggregation. MRI indicated that aggregate-derived hMSCs significantly reduced stroke lesion size compared to control (Fig 1A). Anxiety and motor related tests showed better function motor recovery in the aggregate-derived hMSC compared to the non-treated group (Fig 1B). The cylinder test showed that the Stroke+Cell therapy group used both front paws more symmetrically compared to the untreated stroke group.
Conclusions

Pretreatment of hMSCs improves the resistance to ischemic condition, leading to better functional recovery of neurological system after MCAO in rats. PI3K/Akt pathway was activated via 3D aggregation of hMSCs, which explains the resistance to ischemia and ROS and leads to better recovery of stroke lesion and neurological function in the rodent MCAO model.
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Fig 1A.  MRI image collected at 24h, 72h and 1 week after surgery. Red circles indicate the stroke lesion of agg-derived hMSCs injection group. Fig 1B. Elevated maze test of treatment groups. 









