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Safety of Transplantation 
 Intra-arterial transplantation is an affective delivery route for stem cells administration; however, it can cause 
additional thromboembolic strokes in case of incorrect transplantation parameters used. Guzman et al. [1] analyzed this 
problem in detail in an excellent review in «Stroke» journal and identified several factors crucial for the transplantation 
outcome: cell type and size, cell dose, infusion speed, treatment window, and the extent of preservation of the natural 
arterial blood flow in the feeding vessel. With the use of selected for the object and cell type parameters the IA delivery 
can be safe. This is also confirmed by the results of the first clinical trials dedicated to the safety of IA MSCs 
transplantation in stroke patients [reviewed in [2]]. The infusion parameters used in this study were selected with regard 
to the literature data and based on our previous works [3,4], where we investigated and discussed in detail the safety 
of transplantation. In the current study, despite using the selected close-to-optimum parameters, we controlled the 
safety of transplantation for each rat by performing the diffusion weighted MR imaging (DWI) with apparent diffusion 
coefficient maps (ADC) calculation before and after IA administration of MSCs. This pulse sequence allows to visualize 
zones with the cytotoxic edema (regions with restricted diffusion of free water molecules) and is widely used in clinical 
practice and basic research for early diagnostics of cerebral ischemia [5–7]. The voxel size of DWI pulse sequence used 
in our study was 0.33 × 0.33 × 0.5 mm, which means that detection threshold for visualization of cerebral infarction was 
approximately 55 nanoliters. Additionally, we performed histological analysis of brain sections of rats after IA injection 
of MSCs to evaluate the possibility of neuronal death in the perfused regions and zones of cells’ accumulation. To do 
this we performed TUNEL analysis for detection of apoptotic cells. Our results verified the MRI data and confirm that 
there were no apoptotic brain cells in the zones of MSCs accumulation after transplantation (except for the infarction 
area). The obtained results can be found in the Figure S1.  
 

 
 
Figure S1. The safety of MSCs IA transplantation. The comparison of MRI and histological images of the brain of rat 
with experimental stroke after IA administration of labeled MSCs confirmed the absence of new infarction lesions 
formation. (A) T2 weighted images and Apparent Diffusion Coefficient (ADC) map before cells transplantation.  The 
red lines indicate the ischemic lesion after MCAO stroke modeling, which is hyperintense on T2wi with restricted 
diffusion on ADC. (B) Apparent Diffusion Coefficient (ADC) map and SWI after cells MSCs IA transplantation. White 
arrows indicate labeled cells (hypointense dots on SWI). In the places of MSCs accumulation no additional lesions with 
restricted diffusion were detected (blue line area on ADC). (C) High-magnification fluorescent images of the rat brain 



from the zone with labeled cells accumulation outside the ischemic lesion (marked by the green rectangle in B). 
Transplanted labeled MSCs marked with white arrows, SPIO microparticles with fluorescent marker Dragon Green - 
green, nuclei stained with DAPI - blue. TUNEL+ signal (red) of apoptotic cells is negative. Scale bars: 50 μm. (D) High-
magnification fluorescent images of the rat brain in the ischemic lesion (marked by the red rectangle in B). TUNEL+ 
signal (red) of apoptotic cells marked with white arrows, nuclei are also stained with DAPI (blue). Scale bars: 50 μm. 
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