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Why Does GVHD Occur?



Non-HLA genetic factors in development GvHD

• Examples include polymorphisms in the genes encoding cytokines 
such as the tumor necrosis factors, the interleukins (IL-1, IL-6, and IL-
10), interferon gamma (IFN-γ), and transforming growth factor-β3 
(TGF-β3) and the expression of the killer cell immunoglobulin-like
receptors (KIR).





Introduction

• With > 30 000 allogeneic worldwide each year 35% to 50% of 
recipients cGVHD.

• > 20% of patients with cGVHD achieve a durable partial (PR) or 
complete response (CR) .

• survive 1 year after initial therapy without additional systemic 
therapy.

• treatment refractory cGVHD is relatively common and patients likely 
will require ongoing therapy.



Goal of GVHD treatment

• long-term goal of GVHD treatment is the development of 
immunologic tolerance, indicated by successful withdrawal of all 
immunosuppressive treatment without recurrence or clinically 
significant exacerbation of disease manifestations.

• The current therapeutic approach functions primarily to prevent 
immune mediated damage, while awaiting the development of 
tolerance.



Continuous recalibration of immunosuppressive treatment in order to 
avoid over-treatment or under-treatment.





Agents used for secondary treatment of chronic GVHD





Goal of GVHD treatment

• A classical therapeutic approach to the prevention and treatment of 
cGVHD has been broad immunosuppression, but more recently 
adjuvant immunotherapies have been tested. 

• Immunomodulatory approaches with T cells, including chimeric 
antigen receptor (CAR) and regulatory T cells (Treg), with natural killer 
(NK) cells and innate lymphoid cells (ILCs), and finally with 
mesenchymal stromal cells (MSC) and extracellular vesicles thereof.





mesenchymal stromal cells (MSCs)

• MSCs are fibroblast-like multipotent progenitor cells with 
immunosuppressive properties in vitro and in vivo.

• Indeed, overall response rates of MSC for aGVHD range from 30-80% .

• Due to many trial patients had been heavily pre- treated, and due to 
different application procedures. 

• Identification of adequate biomarkers could help to personalize and 
adapt effective cGVHD therapy or even prevention.



MSC treatment

• MSC significant increases in naïve T cells, B cells, and Tregs 7 days 
after each infusion. 

• Induction of CD5+ regulatory B cells with reduced inflammatory 
cytokine production by T cells.

• CXCL9 and CXCL10 chemokine levels were strongly elevated in 
responders as compared to non- responders.

• Protective against CD8+ endothelial-specific cytotoxic T cells. 

• Rendering them as potential new biomarkers of MSC therapy 
outcome.



Factors determining survival rate

• There was a level of HLA-mismatch between donor and recipient , 
conditioning regimens , length and nature of immunosuppression , as 
well as the number of repeated MSC doses .

• MSCs may also work in patients with severe refractory cGVHD and 
still induce durable responses.



Human placental mesenchymal stromal cell-derived
exosome-enriched extracellular vesicles for 

chronic cutaneous graft-versus-
host disease

A case report





Clinical application of MSCs in GVHD

• The first application of MSCs in GVHD was reported in 2004 and 
achieved a striking clinical response . 

• The clinical application of MSCs has been a new research hotspot for 
worldwide GVHD treatment ever since. 



MSC-EVs for treatment of cGvHD:

• MSC-EVs are immunologically active and induce elevated expression 
of anti-inflammatory IL10 and TGFb1, and reduced levels of pro-
inflammatory IL1b, IL6, TNFA and IL12P40.

• Induce Tregs both in vitro and in vivo, and MSC-EV infusion has been 
shown to enhance the survival of allogeneic skin grafts .

• Immunosuppressive activities of MSC- EVs mediated by activation of 
MYD88-dependant signaling in monocytes to induce an anti-
inflammatory M2-like phenotype via a TLR-dependent signaling 
pathway.



MSC-EVs for treatment of cGvHD:

• Activated monocytes then polarize activated Tconvs to Tregs, inducing 
Treg expansion and an attenuated activated immune system.

• MSC-EV have therapeutic treating pulmonary complications of 
cGVHD.

• During the course of MSC-EV therapy, pro- inflammatory cytokine 
response reduced (IL-1b, TNF-a and IFN-ɣ) clinical symptoms of GVHD 
improved, cutaneous and mucosal GVHD, which was stable 4 months 
following completion of therapy .



METHODS AND PATIENT









The frequency of organ involvement



Chronic GVHD can affect all layers of skin



Cutaneous chronic graft-versus- host disease in the patient.
pictures represent before the extracellular vesicles therapy



Cutaneous chronic graft-versus- host disease in the patient.
pictures represent after 4 ,extracellular vesicles therapy



DISCUSSION

• It was shown that the mentioned treatment could decrease the signs 
and symptoms caused by cutaneous cGVHD, specifically 
hyperpigmentations and ulcers caused by skin dryness. 

• Also, the cutaneous inflammation decreased significantly and was 
more evident than other manifestations due to the anti-inflammatory 
potential of the treatment.



Laboratory variables before and 4 weeks after the last
session of intervention



DISCUSSION

• As shown in Table , monocytes have been decreased from 18% to 5%, 
which is clinically significant. 

• It has been shown that donor monocytes could be involved in the 
pathogenesis of GVHD.

• In patients diagnosed with GVHD, it has been shown that the 
intermediate CD14++ CD16+ monocytes could promote the induction 
of a subset of Th17 glucocorticoid resistance cells.

• Thus, it seems that our intervention was able to reduce this effect in 
our patient who did not respond to corticosteroid therapy.









Prediction of the application of MSCs

• Quite a few data illustrated that the lymphocytes populations are 
expected to offer better treatment, especially T and NK cells. 

• Further, patients with low levels of IL-6 and IL-22, T17 related 
cytokines before the therapy are likely to achieve complete remission
or partial remission. 

• Instead, patients expressed high levels of bilirubin before MSCs 
treatment tend to respond worse . 

• In addition, a special attention from clinicians also should be paid to 
cell dose, patient age and type of organ involvement



MSC-derived extracellular vesicles:

• Secretome, including extracellular vesicles (EVs) , their therapeutic 
efficacy, ‘paracrine effect , results in Treg induction .

• Inhibitory effect on T-cell activation and differentiation, as well as 
reducing T-cell proliferation and IFN-g release .

• Main subcategories of EV, including microvesicles , microparticles and 
exosomes .

• Bioactive molecules including lipids, proteins, mRNA, tRNA, lncRNA, 
microRNA and mitochondrial DNA .

•



MSC-derived extracellular vesicles:

• Produced from cell supernatants and not the cells themselves, large 
scale production is more feasible . 

• MSC-EV are less , adverse immune response compared to their 
parental cells, due to their lack of MHC class I/II molecules as a safer 
therapy , with no observed side effects .

• Nano-sized in nature, migrate through most physiological barriers, 
allowing effective concentrations to accumulate in target tissues.



MSC-derived extracellular vesicles:

• No standardization surrounding the optimal protocols for isolation of 
MSC-EV and identifying or characterizing MSC-EV phenotypes .

• Much work is required between researchers, clinicians and the 
regulatory authorities in order to stand arise all aspects relating to 
production of EV-based therapeutics prior to routine clinical 
application.



MSC-derived extracellular vesicles:

• As EVs are non-viable and non-replicating they may avoid the risk of 
unregulated cell growth, autoimmune disease and occlusion in the 
microvasculature , lack complex metabolic activity and as such, the 
risk of reprogramming by the environment is reduced.

• The nano-size of MSC-EV allows for sterilization by filtration, minimize 
the risk of biological contamination, the regulatory requirements for 
clinical grade production of EVs may not be as restrictive as for 
cellular therapy .

• MSC-EV from conventional MSC do not contain a nucleus or 
transgenic product they do not fall into a currently defined advanced 
therapy medicinal product (ATMP) category.



Conclusion: 

• MSC source (e.g bone marrow, adipose tissue, synovial membrane, 
umbilical cord), EV production (eg. culture system, medium 
composition, cell-adherence support, bioreactors, stimulation), EV 
isolation (e.g. centrifugation techniques, size-based fractionation, 
ultrafiltration), quality controls, EV dosage and storage, and stability.

• Thus, the heterogeneity of MSCs used for EV production as well as of 
the isolated EVs requires extensive further consideration and will be 
the focus of researchers, clinicians and regulatory authorities prior to 
any approved industrial or clinical use of MSC-EV.


