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Several experimental studies have provided evidence that bone-
marrow derived mesenchymal stem (stromal) cells (MSC) may be effective 
in treating critically ill surgical patients who develop traumatic 
brain injury, acute renal failure, or the acute respiratory distress 
syndrome. There is also preclinical evidence that MSC may be effective 
in treating sepsis-induced organ failure, including evidence that MSC 
have antimicrobial properties. This review considers preclinical 
studies with direct relevance to organ failure following trauma, 
sepsis or major infections that apply to critically ill patients. 
Progress has been made in understanding the mechanisms of benefit, 
including MSC release of paracrine factors, transfer of mitochondria, 
and elaboration of exosomes and microvesicles. Regardless of how well 
they are designed, preclinical studies have limitations in modeling 
the complexity of clinical syndromes, especially in patients who are 
critically ill. In order to facilitate translation of the preclinical 
studies of MSC to critically ill patients, there will need to be more 
standardization regarding MSC production with a focus on culture 
methods and cell characterization. Finally, well designed clinical 
trials will be needed in critically ill patient to assess safety and 
efficacy. Stem Cells 2017;35:316-324.
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This study tested the hypothesis that healthy adipose-derived 
mesenchymal stem cell (ADMSC)-derived exosomes (HMSC(EXO)) and 
apoptotic (A) (induced by 12 h hypoxia/12 h starvation)-ADMSC-derived 
exosomes (AMSC(EXO)) were comparably effective at alleviating sepsis 
syndrome [SS; induced by cecal-ligation and puncture (CLP)]-induced 
systemic inflammation and reduced organ damage and unfavorable 
outcomes in rats. SD rats were divided into sham control (SC), SS 
only, SS + HMSC(EXO) (100 microg intravenous administration 3 h after 
CLP), and AMSC(EXO). By day 5 after CLP procedure, the mortality rate 
was significantly higher in SS than in SC and HMSC(EXO) (all P < 
0.01), but it showed no significant different between SC and 
HMSC(EXO), between AMSC(EXO) and HMSC(EXO) or between SS and AMSC(EXO) 
(P > 0.05). The levels of inflammatory mediators in circulation 
(CD11(b/c)/Ly6G/MIF), bronchioalveolar lavage (CD11(b/c)/Ly6G) and 
abdominal ascites (CD11(b/c)/CD14/Ly6G/MIF) were highest in SS, lowest 
in SC and significantly higher in AMSC(EXO) than in HMSC(EXO) (all P < 
0.001). The circulating/splenic levels of immune cells (CD34+/CD4+/
CD3+/CD8+) were expressed in an identical pattern whereas the T-reg+ 
cells exhibited an opposite pattern of inflammation among the groups 
(all P < 0.001). The protein expressions of inflammation (MMP-9/MIF/
TNF-alpha/NF-kappaB/IL-1beta) and oxidative stress (NOX-1/NOX-2/

SEPSIS



oxidized protein), and cellular expressions (CD14+/CD68+) in lung/
kidney parenchyma exhibited an identical pattern of inflammatory 
mediators (all P < 0.001). The kidney/lung injury scores displayed an 
identical pattern of inflammatory mediators among the groups (all P < 
0.001). In conclusion, HMSC(EXO) might be superior to AMSC(EXO) for 
improving survival and suppressing the inflammatory reactions in rats 
after SS.
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Mesenchymal stromal (stem) cells (MSCs) have multipotent 
differentiation capacity and exist in nearly all forms of post-natal 
organs and tissues. The immunosuppressive and anti-inflammatory 
properties of MSCs have made them an ideal candidate in the treatment 
of diseases, such as sepsis, in which inflammation plays a critical 
role. One of the key mechanisms of MSCs appears to derive from their 
paracrine activity. Recent studies have demonstrated that MSC-derived 
extracellular vesicles (MSC-EVs) are at least partially responsible 
for the paracrine effect. MSC-EVs transfer molecules (such as 
proteins/peptides, mRNA, microRNA and lipids) with immunoregulatory 
properties to recipient cells. MSC-EVs have been shown to mimic MSCs 
in alleviating sepsis and may serve as an alternative to whole cell 
therapy. Compared with MSCs, MSC-EVs may offer specific advantages due 
to lower immunogenicity and higher safety profile. The first two 
sections of the review discuss the preclinical and clinical findings 
of MSCs in sepsis. Next, we review the characteristics of EVs and MSC-
EVs. Then, we summarize the mechanisms of MSC-EVs, including tissue 
regeneration and immunomodulation. Finally, our review presents the 
evidences that MSC-EVs are effective in treating models of sepsis. In 
conclusion, MSC-EVs may have the potential to become a novel 
therapeutic strategy for sepsis.
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Exosomes derived from mesenchymal stem cells (MSCs) are small 
membrane vesicles with diameters in 30-150 nm, which are secreted into 
extracellular matrix by MSCs in resting or activated state. Recent 
studies have found that exosomes secreted by MSCs can be used as 
important signal transduction mediator, which can transport bioactive 
substances such as mRNA, microRNA, and proteins effectively to target 
cells, and play important roles in regulating tissue regeneration and 
immunomodulation. Here we give an overview of biological properties, 
mechanisms, and the roles in treating sepsis of exosome derived from 
MSCs, in order to provide some basises to highlight the MSCs-exosomes 
therapy in sepsis.


