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Sepsis-associated acute kidney injury (AKI) is not only due to tissue 

hypoperfusion but also to the detrimental effect of pro-apoptotic circulating 

plasma factors able to induce endothelial (EC) and tubular epithelial 

(TEC) cell injury. Endothelial Progenitor Cells (EPC) are 

bone marrow-derived precursors known to accelerate tissue regeneration 

through the release of paracrine mediators such as growth factors and 

extracellular vesicles (EV), small particles carrying RNAs involved in cell-

to-cell communication. 

 

Aim of the study 

The aim of this study was to evaluate the protective role of EPC-derived 

EV on EC and TEC injury induced by plasma of septic AKI patients. 

 

Methods 

We enrolled in the study 20 critically ill patients with septic shock and AKI. 

Peripheral blood EPC were evaluated by FACS (CD34+/CD133+/flk-1+ 

cells) and isolated on fibronectin-coated plates. EV were isolated from 

EPC supernatants and characterized for protein and RNA content. In vitro, 

human kidney-derived EC and TEC were cultured with septic plasma and 

EPC EV from healthy subjects using different assays aimed to evaluate 

cell injury and dysfunction. 

 

 

 

Background 

Results 

Patients with sepsis-associated AKI presented an increased number of 

circulating CD34+/CD133+/flk-1+ EPC (Fig. 1). However, isolated EPC 

showed a decrease of proliferation and of EV release (Fig. 2). EV isolated 

from EPC of healthy donors sized about 160 nm and carried different 

mRNA and about 160 microRNAs including the anti-apoptotic and pro-

angiogenic miR-126 and miR-296 (Fig. 3). Moreover, both EPC and the 

derived EV expressed at gene and protein levels the complement 

inhibitors Factor H, CD55 (DAF) and CD59 (Fig. 4). EPC-derived EV were 

internalized in both EC and TEC and protected from septic plasma-

induced injury. On EC, septic plasma induced leukocyte adhesion and 

apoptosis (Fig. 5) and decreased angiogenesis (Fig. 6) through eNOS 

reduction and activation of the complement cascade as assessed by 

immunostaining for C5b9 (Fig. 7). EPC EV reduced all these detrimental 

effects through the transfer of pro-angiogenic microRNA (miR-126, miR-

296) and mRNA coding for inhibitors of apoptosis (Bcl-XL) and of 

complement activation (Fig. 5-7). On TEC, septic plasma induced 

apoptosis (TUNEL assay in Fig. 8) through the activation of both death 

receptor-and mitochondrial pathways as assessed by ELISA for caspase-

3, -8 and -9 (Fig. 9). In addition, septic plasma induced a bioenergetic 

derangement of TEC through the decrease of mitochondrial membrane 

potential and of PGC-1alpha expression (Fig. 10). Septic plasma also 

induced loss of cell polarity as assessed by TEER and by a decreased 

expression of the tight junction protein ZO-1 (Fig. 11), the endocytic 

receptor megalin and other TEC-specific solute carriers (sodium, glucose 

and urea transporters: data not shown). All these detrimental effects on 

TEC were reduced by EPC EV stimulation (Fig. 8-11). Of interest, the EV-

associated protection on both EC and TEC was significantly abrogated by 

their pre-treatment with RNase, the enzyme able to destroy mRNA and 

microRNA within EV (Fig. 5-11). 

 

 

EPC isolated from peripheral blood of patients with sepsis-associated AKI 

showed functional alterations, a decreased proliferation rate and EV 

release. EPC-derived EV may be exploited as innovative therapeutic 

approach in sepsis-associated AKI for their ability to inhibit apoptosis and 

functional alterations of EC and TEC induced by detrimental circulating 

plasma factors. This protective effect of EPC-derived EV seems to be 

mediated by horizontal transfer of specific mRNAs and microRNAs from 

EV to injured renal resident cells.  
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Conclusions 
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