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Mesenchymal stromal cells (MSCs) have immunomodulatory effects 
and are increasingly being used for the treatment of acute and chronic 
GVHD. Although they seem immuno-privileged, they induce alloresponses, 
but the risk of immunization is poorly characterized. After infusion, 
they first reach the lungs, liver and spleen, and are then difficult 
to trace. Several mechanisms are involved in stromal cells suppressing 
alloreactivity, such as induction of regulatory T cells, but whether 
or not this will also affect leukemic relapse or increase infections 
is not known. Although several encouraging pilot studies have been 
published, there have been few prospective randomized trials. There 
may be a bias in the literature, as negative results are seldom 
published, and there have been few comparative studies with other 
immunosuppressive regimens. Most animal models have failed to show any 
effect on GVHD. Several questions remain to be answered for 
optimization of stromal cell therapy. Which source is optimal-BM, fat, 
cord or decidua? Can stromal cells be replaced by exosomes, which 
culture conditions are most appropriate and at what passage and how 
frequently should cells be administered? More research is required to 
move stromal cell therapy forward to become an established treatment 
for acute and chronic GVHD.
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PURPOSE: Treatment options for necrotizing enterocolitis (NEC) 
remain inadequate. Bone marrow-derived mesenchymal stem cells (BM-
MSCs) can protect the intestines from NEC. Exosomes are nanoparticle-
sized vesicles with important cell signaling capabilities. The 
objective of this study was to determine whether BM-MSC-derived 
exosomes can prevent NEC. METHODS: Rat pups were either breast fed 
(Group 1) or subjected to experimental NEC and randomized to receive 
either no treatment (Group 2) or an intraperitoneal (IP) injection of 
PBS (Group 3), BM-MSC (Group 4), or BM-MSC-derived exosomes (Group 5). 
Histologic injury grade and intestinal permeability were determined. 
The effect of BM-MSC-derived exosomes on IEC-6 intestinal epithelial 
cells in an in vitro scrape model of wound healing was also 
determined. RESULTS: Animals exposed to NEC that were either untreated 
or received PBS alone had an NEC incidence of 46% and 41%, 
respectively (p=0.61). Compared to untreated pups, the incidence of 
NEC was significantly lower in pups treated with either BM-MSC (9%, 
p=0.0003) or MB-MSC-derived exosomes (13%, p=0.0008). Similar results 
were found for intestinal permeability. Wound healing in IEC-6 cells 
was significantly increased by BM-MSC-derived exosomes. CONCLUSION: 
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BM-MSC-derived exosomes protect the intestines from NEC and may 
represent a novel, cell-free, preventative therapy for NEC in the 
future.
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Mesenchymal stromal cells (MSCs) are attractive agents for the 
prophylaxis of acute graft-versus-host disease (aGVHD) after 
allogeneic hematopoietic stem cell transplantation (allo-HSCT). 
However, safety concerns remain about their clinical application. In 
this study, we explored whether extracellular vesicles released from 
human umbilical cord-derived MSCs (hUC-MSC-EVs) could prevent aGVHD in 
a mouse model of allo-HSCT. hUC-MSC-EVs were intravenously 
administered to recipient mice on days 0 and 7 after allo-HSCT, and 
the prophylactic effects of hUC-MSC-EVs were assessed by observing the 
in vivo manifestations of aGVHD, histologic changes in target organs, 
and recipient mouse survival. We evaluated the effects of hUC-MSC-EVs 
on immune cells and inflammatory cytokines by flow cytometry and 
ProcartaPlex Multiplex Immunoassays, respectively. The in vitro 
effects of hUC-MSC-EVs were determined by mitogen-induced 
proliferation assays. hUC-MSC-EVs alleviated the in vivo 
manifestations of aGVHD and the associated histologic changes and 
significantly reduced the mortality of the recipient mice. Recipients 
treated with hUC-MSC-EVs had significantly lower frequencies and 
absolute numbers of CD3(+)CD8(+) T cells; reduced serum levels of 
IL-2, TNF-alpha, and IFN-gamma; a higher ratio of CD3(+)CD4(+) and 
CD3(+)CD8(+) T cells; and higher serum levels of IL-10. An in vitro 
experiment demonstrated that hUC-MSC-EVs inhibited the mitogen-induced 
proliferation of splenocytes in a dose-dependent manner, and the 
cytokine changes were similar to those observed in vivo. This study 
indicated that hUC-MSC-EVs can prevent life-threatening aGVHD by 
modulating immune responses. These data provide the first evidence 
that hUC-MSC-EVs represent an ideal alternative in the prophylaxis of 
aGVHD after allo-HSCT.
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A substantial proportion of patients with acute graft-versus-
host disease (aGVHD) respond to cell therapy with culture-expanded 
human bone marrow mesenchymal stromal/stem cells (BM-MSCs). However, 
the mechanisms by which these cells can ameliorate aGVHD-associated 
complications remain to be clarified. We show here that BM-MSC-derived 
extracellular vesicles (EVs) recapitulated the therapeutic effects of 
BM-MSCs against aGVHD. Systemic infusion of human BM-MSC-derived EVs 
prolonged the survival of mice with aGVHD and reduced the pathologic 



damage in multiple GVHD-targeted organs. In EV-treated GVHD mice, CD4+ 
and CD8+ T cells were suppressed. Importantly, the ratio of CD62L-
CD44+ to CD62L + CD44- T cells was decreased, suggesting that BM-MSC-
derived EVs suppressed the functional differentiation of T cells from 
a naive to an effector phenotype. BM-MSC-derived EVs also preserved 
CD4 + CD25 + Foxp3+ regulatory T cell populations. In a culture of 
CD3/CD28-stimulated human peripheral blood mononuclear cells with BM-
MSC-derived EVs, CD3+ T cell activation was suppressed. However, these 
cells were not suppressed in cultures with EVs derived from normal 
human dermal fibroblasts (NHDFs). NHDF-derived EVs did not ameliorate 
the clinical or pathological characteristics of aGVHD in mice, 
suggesting an immunoregulatory function unique to BM-MSC-derived EVs. 
Microarray analysis of microRNAs in BM-MSC-derived EVs versus NHDF-
derived EVs showed upregulation of miR-125a-3p and downregulation of 
cell proliferative processes, as identified by Gene Ontology 
enrichment analysis. Collectively, our findings provide the first 
evidence that amelioration of aGVHD by therapeutic infusion of BM-MSC-
derived EVs is associated with the preservation of circulating naive T 
cells, possibly due to the unique microRNA profiles of BM-MSC-derived 
EVs. Stem Cells 2018;36:434-445.


