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Abstract 

Graft Versus Host Disease (GVHD) is a major limitation to the success of allogeneic 
Hematopoietic Stem Cell Transplantation (HSCT) as Steroid-Refractory (SR) acute GVHD carries 
poor prognosis due to the absence of an effi  cacious second-line therapy. Mesenchymal Stem 
Cells (MSCs) which have immunosuppressive, immunomodulatory, and regenerative properties 
may become a highly eff ective therapeutic modality for SR-GVHD in the near future. 

MSCs have already been approved to treat childhood SR-GVHD in Japan, and they have 
been conditionally licensed in New Zealand and Canada. It is expected that MSCs will be 
approved for the treatment of SR-GVHD in adults in Europe, North America, and other parts of 
the world within a few years. Utilization of the recently introduced techniques including the use of 
MSC products such as exosomes and Extracellular Vesicles (ECVs) instead of the parent MSCs, 
robotic manufacturing technology, and genetic engineering of MSCs will ultimately overcome the 
remaining obstacles facing the widespread utilization of MSCs and their products as therapeutics 
not only in HSCT but also in other medical fi elds. The aim of this review is to provide an update 
on the remarkable progress achieved in the use of MSCs and their products in the fi eld of HSCT.

are shown in Table 4 [10,12-14]. However, systemic steroids 
remain the standard ϐirst-line treatment of acute GVHD, but 
there is no standard second-line treatment available for SR or 
steroid-dependent acute GVHD [10,12-14]. 

Poor Graft Function (PGF) after HSCT is a rare but 
life-threatening complication that occurs after allogeneic 
transplantation and has a poor prognosis [15-18]. PGF is 
deϐined as follows: severe cytopenia affecting at least 2 cell 
lines; persistent thrombocytopenia with platelet count ≤ 20 
x 109 / Liter (L); hemoglobin ≤ 70 grams / L; neutrophils ≤ 
0.5 x 109 / L for at least 3 days to 2 consecutive weeks taking 
place beyond day +28 post-HSCT with hypocellular Bone 
Marrow (BM) and full donor chimerism without severe GVHD 
or disease relapse [16-19]. Primary PGF refers to incomplete 
engraftment or no hematopoietic recovery post-HSCT while 
secondary PGF refers to loss of donor cells after initial engraft-
ment [17,18]. Primary PGF carries a very poor prognosis with 
a one-year Overall Survival (OS) of 25% and a 2-year OS of 
only 6% [18,19]. Patients with primary PGF have a lower 

Introduction 

Over the last 50 years, Hematopoietic Stem Cell 
Transplantation (HSCT) has been successfully used to treat 
various benign and malignant hematologic diseases [1-3]. 
Despite the recent advances in stem cell therapies, acute 
and chronic Graft Versus Host Disease (GVHD) remain major 
limitations to the success of allogeneic HSCT as they constitute 
leading causes of morbidity and mortality in recipients of 
allogeneic stem cell transplantation [3,4]. GVHD is a severe 
inϐlammatory condition that results from an immune-
mediated attack on the recipient tissues by donor T-cells 
contained in the allogeneic graft [1]. Acute and chronic GVHD 
have several risk factors related to the: primary disease, donor, 
recipient, conditioning therapy prior to HSCT, stem cell source 
and dose, and GVHD prophylaxis in addition to other factors 
as shown in Table 1 [5-9]. As per the MAGIC criteria, acute 
GVHD is classiϐied into 5 clinical stages and 5 overall grades 
as demonstrated in Tables 2 and 3 respectively [10,11]. The 
current and future therapeutic modalities for acute GVHD 
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response rate to treatment and poorer prognosis compared to 
secondary PGF [17]. Incidence of PGF ranges between 5% and 
27% (16-18,20). The pathogenetic mechanisms responsible 
for the evolution of PGF are complex, poorly understood, 
and may be related to: BM microenvironment components 
particularly MSCs and endothelial cells, and damage caused by 
the pre-HSCT conditioning therapy, BM suppression during 
HSCT, and drugs as well as speciϐic post-HSCT complications 
such as GVHD, Veno-Occlusive Disease (VOD) of the liver and 
infections [18-20]. The risk factors for PGF and the available 
therapeutic modalities for graft failure and PGF after HSCT are 
shown in Table 5 [16-20] and Table 6 [15,17] respectively. 

General outline of mesenchymal stem cells

Mesenchymal Stem Cells (MSCs); which were ϐirst described 
by Alexander Friedenstein in the 1960s; are heterogeneous, 
non-hematopoietic, adult multipotent stromal progenitor 
cells that are capable of self-renewal and differentiation into 
multiple lineages and various cell types [21-26]. They can be 
isolated from several sources including BM, peripheral blood, 
umbilical cord blood, placenta, amniotic ϐluid, adipose tissue, 

dental pulp, synovial ϐluid, salivary glands, as well as skin, 
lung, liver, and skeletal muscle tissues [21-26]. MSCs have the 
following distinguishing features: (1) being plastic adherent; 
(2) ability to differentiate into osteoblasts, adipocytes, and 
chondrocytes; and (3) having characteristic surface markers 
on ϐlow cytometry as they are characteristically positive 
for CD105, CD73, and CD90 and negative for CD45, CD34, 
CD11b, CD14, CD19, CD79a, and HLA-DR [21-27]. MSCs 
have immunomodulatory, immunosuppressive properties, 
as well as antimicrobial actions that enable them to have 
several therapeutic and clinical applications including: (1) 
enhancement of engraftment as well as prevention and 
treatment of GVHD in recipients of allogeneic HSCT; (2) 
treatment of several autoimmune disorders such as systemic 
lupus erythematosus, systemic sclerosis, and type 1 diabetes 
mellitus; (3) role in regenerative medicine and tissue repair 
including treatment of myocardial ischemia and infarction, as 
well as chronic non-healing wounds, and spinal cord injuries; 
(4) neurological disorders such as multiple sclerosis; (5) bone 
and cartilage diseases such as osteoarthritis and osteogenesis 
imperfecta; and (6) treatment of various infectious 

Table 1: Risk Factors for Acute and Chronic Graft Versus Host Disease.
1. Primary disease: chronic myeloid leukemia rather than acute leukemia.
2. Disparity or mismatching and use of unrelated donors or HLA A-26. 
3. Older age of the recipient and donor. 
4. Cytomegalovirus positivity in both recipient and donor.
5. Race: white/black more than Asian or Hispanic.
6. Previous donor alloreactivity, history of blood transfusion, or pregnancy in female donors. 
7. Karnofsky performance score < 90. 
8. Receipt of more than one hematopoietic stem cell transplantation. 
9. High-intensity conditioning therapy such as total body irradiation and cyclophosphamide. 
10. Graft versus host disease prophylaxis other than methotrexate and cyclosporine-A. 
11. Peripheral blood as a source of stem cells. 
12. Total number of CD 19 + stem cells in allograft ≥ 82 X 106 cells/kg body weight. 
13. Total number of CD 3 + stem cells in allograft ≥ 325 X 106 cells/kg body weight.

Table 2: Staging of Acute Graft Versus Host Disease (GVHD) according to MAGIC Criteria.
Clinical 
Stage Lower Gastrointestinal Tract Upper Gastrointestinal Tract Liver profi le 

(Bilirubin in mg/dL) 
Skin 

[% rash of body surface area (BSA)] 

0 
Diarrhea < 500 ml/day OR 

< 3 episodes/day 
None OR Intermittent anorexia, 

nauseas or vomiting 
< 2 No active erythematous (GVHD) rash 

1 
Diarrhea 500 - 999 ml/day OR 

3 - 4 episodes/day 
Persistent 

anorexia, nausea, vomiting
2 - 3 

< 25% of BSA 
Maculopapular rash 

2 
Diarrhea 1000 - 1500 ml/day 

OR 5 - 7 episodes/day 
------- 3.1 - 6 

25% - 50% of BSA 
Maculopapular rash 

3 Diarrhea > 1500 ml/day ------- 6.1 - 15 
> 25 % of BSA 

Maculopapular rash 

4 
Severe abdominal pain with/without ileus OR grossly 

bloody diarrhea regardless of the stool volume 
------- > 15 

Bullae / desquamation > 5% 
Generalized erythema > 50% of BSA 

Table 3: Overall Grading of Acute Graft Versus Host Disease According to MAGIC Criteria.

Grade Stage Lower Gastrointestinal Tract 
(Stool output/day) 

Stage 
Upper Gastrointestinal Tract 

Stage Liver profi le 
(Bilirubin in mg/dL) 

Stage Skin 
(Active erythema only) 

0 0 0  0  0
I 0 0  0  1 - 2
II 1  1  1  3
III 2 - 3 *** 2 - 3 *** 
IV 4 *** 4 4 

*** These manifestations are not required for grading.
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MSCs, endothelial cells, Treg cells, macrophages, osteoblasts, 
osteoclasts, neuronal tissue, and adipocytes as well as 
secretory products such as cytokines which play vital roles 
in maintaining homeostasis and regulating the functions of 
hematopoietic stem cells (17-19). BM-derived MSCs play 
a crucial role in the regulation of hematopoiesis [29]. In 

complications such as sepsis and acute respiratory distress 
syndrome [21,22,25,28]. 

The role of mesenchymal stem cells in hematopoietic 
stem cell transplantation

The BM niche is composed of several cell types including 

Table 4: Current and Future Therapies of Acute Graft Versus Host Disease. 
1. Corticosteroids: intravenous methylprednisolone and oral prednisolone 
2. Anti-thymocyte globulin: 

a. Induction of B-cell lineage apoptosis. 
b. Induction of T-regulatory cells and natural killer (NK) T-cells. 

3. Infl iximab: anti-tumor necrosis factor-α (TNF-α) monoclonal antibody.
4. Etanecept: anti-TNF-α monoclonal antibody. 
5. Ruxolitinib: 

a. JAK1 / JAK2 inhibito.r 
b. Inhibition of proinfl ammatory cytokines. 
c. Suppression of T-cell expansion. 
d. Promotion of T-regulatory cell proliferation. 

6. Alemtuzumab: 
a. Anti-CD52 monoclonal antibody. 
b. Targets T-cells, B-cells, natural killer cells, monocytes, and macrophages. 

7. Daclizumab: 
a. Humanized monoclonal antibody against interleukin (IL)-2Rx. 
b. Inhibits activated T-cells. 

8. Basiliximab: 
a. Chimeric monoclonal antibody against IL-2Rx. 
b. Inhibits activated T-cells. 

9. Inolimomab: 
a. Murine monoclonal antibody against interleukin (IL)-2Rx. 
b. Inhibits activated T-cells.

10. Extracorporal photopheresis 
11. Mesenchymal and decidual stem cells: immunomodulatory activity (of IL-10). 
12. Methotrexate: 

a. Inhibition of dihydrofolate reductase.
b. production of thymidine and purines. 
c. Suppression of T-cell response, proliferation, and expression of adhesion molecules.

13. Other agents: mycophenolate mofetil, pentostatin, sirolimus. 
14. Other novel therapies in clinical trials: 

a. Fecal microbiota transplantation. 
b. α1 anti-trypsin. 
c. Anti-CD3/CD7 immunotoxin. 
d. Vedolizumab: a monoclonal antibody that recognizes integrin α4β7 present on circulating lymphocytes and inhibits their relocation to the gastrointestinal tract. 

Table 5: The risk factors for poor graft function after hematopoietic stem cell transplantation (HSCT).
1. Low CD34+stem cell dose infused.
2. Non-sibling donor for allogeneic HSCT. 
3. Donor-recipient blood group mismatching. 
4. Donor-specifi c anti-human leukocyte antigen antibodies. 
5. Factors related to the primary disease such as splenomegaly and bone marrow fi brosis.
6. Iron overload with high serum ferritin level. 
7. Graft versus host disease. 
8. Veno-occlusive disease of the liver. 
9. Viral infections particularly cytomegalovirus. 
10. Post-HSCT infections with positive blood cultures .
11. Damage to the bone marrow microenvironment .
12. Early admission to the intensive care unit in the post-HSCT period.

Table 6: The available therapeutic modalities for poor graft function following hematopoietic stem cell transplantation (HSCT).
1. Treatment of the cause if identifi ed. 
2. Provision of full supportive measures including granulocyte-colony stimulating factor, platelet and packed red blood cell transfusions, and use of appropriate 

antimicrobial agents. 
3. Administration of CD34+ - selected stem cell boost. 
4. Administration of mesenchymal stem cells or their products .
5. Thrombopoietin receptor agonists such as eltrombopag. 
6. N-acetyl-cysteine. 
7. Second allogeneic HSCT. 
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addition to supporting hematopoiesis, MSCs are capable 
of modulating immune and inϐlammatory responses and 
participating in tissue repair [30,31]. MSCs promote an 
immunosuppressive and immunoregulatory environment 
via multifactorial mechanisms that include the transfer of 
mitochondria, secretion of proteins/peptides/hormones, and 
transfer of exosomes or microvesicles containing RNA and 
other molecules [32]. The clinical applications of MSCs in HSCT 
include prevention and treatment of GVHD, enhancement of 
hematopoietic engraftment and prevention of engraftment 
failure, reduction in aplasia post-chemotherapy, acceleration 
of lymphocyte recovery, and repair of tissue damage 
[30,31,33-35]. 

Use of mesenchymal stem cells in the treatment of 
poor graft function following hematopoietic stem cell 
transplantation 

In a study that included 8 patients with graft failure after 
allogeneic HSCT, a second allogeneic HSCT was performed 
and intra-osseous injection of donor MSCs was given, donor 
hematopoiesis was restored in 75% of patients indicating the 
contribution of MSCs to the success of the second allograft 
and patient survival [36]. In three studies that included 55 
patients with PGF following HSCT, MSCs obtained from BM of 
third-party donors were infused. The Overall Response (OR) 
rate was approximately 73% and this was translated into 
improvement in white blood cell count, hemoglobin level, and 
platelet count, and consequently, transfusion independence 
for platelets and packed Red Blood Cells (RBCs) was achieved. 
However, signiϐicant numbers of treated patients developed 
viremia due to cytomegalovirus and Epstein-Barr virus and at 
least 5 patients developed post-transplant lymphoproliferative 
diseases [15,37,38]. In a phase 1 clinical trial, 21 patients with 
incomplete hematopoietic recovery after HSCT were treated 
with escalating doses of placenta-derived MSCs (ranging from 
1x106 cells/kg to 4x106 cells/kg). Blood counts improved in 
almost all patients, peaking between 6 and 9 months after MSC 
therapy and these elevated blood counts were maintained for 
12 months post-MSC therapy. The increases in blood counts 
were reϐlected by transfusion independence for platelets and 
packed RBCs in a signiϐicant number of patients [39]. 

Use of mesenchymal stem cells in the treatment and 
prevention of graft versus host disease following 
hematopoietic stem cell transplantation 

MSCs have the following characteristic properties 
which make them suitable for treatment of acute GVHD: 
(1) low immunogenicity as they express low levels of HLA 
class I and II and they lack expression of co-stimulatory 
molecules; (2) under pro-inϐlammatory conditions MSCs 
have immunomodulatory effects such as induction of M2 
macrophages to reduce inϐlammation, promotion of T-cell 
regulation, and promotion of helper T-cell suppression; 
(3) migration into areas of inϐlammation and thus they do 
not induce systemic immunosuppression; and (4) ability to 

produce interleukin (IL)-6, IL-8, and granulocyte-monocyte 
colonystimulating factor which may recruit and activate 
neutrophils to enhance the antimicrobial effect and promote 
the local protective immune system [40-44]. Amelioration of 
acute GVHD by the therapeutic infusion of BM-MSC-derived 
ECVs has been shown to be associated with the preservation 
of circulating naive T cells, possibly due to the unique 
microRNA proϐiles of BM-MSC-derived ECVs [45]. Also, once 
ECVs of MSCs are given in combination with HSCs, they can 
modulate the immune system and inhibit the development of 
GVHD following HSCT [29,30]. 

In the year 2004, Le Blanc, et al. published the ϐirst case 
report of a 9-year-old boy with grade IV acute GVHD which 
resolved dramatically after infusion of MSCs obtained from 
the BM [40,43,44]. In September 2015, an MSC product; 
TEMCELL; was approved by the Japanese government as one 
of the ϐirst cellular and tissue products for the treatment of 
SR acute GVHD in children following the promising results of 
2 clinical trials (phase 1/2 and phase 2/3) [40,46,47]. As the 
safety and therapeutic potential of the clinical application of 
MSCs in HSCT has been well established by numerous clinical 
trials, commercial MSC products for pediatric SR-GVHD have 
already been licensed in Japan, conditionally licensed in 
Canada and New Zealand, and may obtain approval by the 
Food and Drug Administration in United States of America 
(USA) soon [34]. 

Systematic reviews and meta-analyses on the use of 
mesenchymal stem cell in graft versus host disease 

Six systematic reviews and meta-analyses, that included 
181 studies comprising 8103 patients, on the use of MSCs in 
prevention of GVHD, treatment of SR-acute and SR-chronic 
GVHD showed the following results: (1) in patients with acute 
GVHD, 39% - 67% of patients achieved complete response 
(CR: resolution of all signs of acute GVHD]; and one-third of 
patients achieved partial response (PR: decrease in staging 
and severity but no resolution of all signs of acute GVHD); (2) 
in patients with chronic GVHD, 23% of patients achieved CR 
while 66% of patients achieved PR; (3) acute GVHD of the skin 
responded to MSC therapy better than acute GVHD of the liver 
or gastrointestinal tract; (4) acute GVHD grade II responded 
to MSCs much better than grades III and IV acute GVHD; (5) 
children, younger than 10 years of age, with acute GVHD 
showed better responses than adults with acute GVHD; (6) not 
only response to MSC therapy but also OS correlated well with 
the dose of MSCs administered; (7) patients who made more 
beneϐit from MSC therapy were: patients with mild degrees of 
tissue damage, those with lower levels of pro-inϐlammatory 
chemokines, and patients with higher proportions of naïve T 
and B-cells and immature dendritic cells; and (8) once used 
prophylactically, MSC treatment was effective in reducing 
the incidence of chronic GVHD, the OS was increased by 17%, 
and improvement of engraftment was achieved [48-53]. 
Additionally, one major review that included 9 studies on 
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the use of MSCs in the treatment of SR acute GVHD showed: 
(1) CR of SR acute GVHD was achieved in up to 50% - 83% of 
patients; (2) CR, but not PR, was associated with prolonged 
OS; and (3) no serious adverse effects of MSC therapy were 
reported [54]. On the contrary, one systematic review and 
meta-analysis that included 9 clinical trials (CTs) comprising 
309 patients showed no statistically signiϐicant effect of co-
transplantation of multipotent MSC in the setting of allogeneic 
HSCT [55]. Also, prophylactic cotransplantation of MSCs in 
addition to HSCs in patients with severe aplastic anemia 
undergoing haploidentical HSCT failed to show efϐicacy in 
preventing GVHD after HSCT [56]. 

Phase 3 randomized controlled trials on use of 
mesenchymal stem cells in treatment of steroid 
refractory-acute graft versus host disease

In the ϐirst phase 3 CT (study 275; NCT00759018), 241 
children with grades II to IV SR acute GVHD at 50 sites in 8 
countries were included. The mean age was 9.6 years, 39% 
of patients were females and 60% of patients were white. 
Patients with grades III and IV acute GVHD constituted 30% 
and 50% of the entire study group respectively. Patients were 
given 8 biweekly intravenous (IV) infusions of human MSCs 
at doses of 2 x 106/kg for 4 weeks. Patients who achieved 
partial or mixed responses were given the option of 4 more 
weekly MSC infusions after day +28 of treatment. The primary 
end-point was OR [the sum of partial response (PR) and CR] 
at day +28 of therapy. The secondary end-point was survival 
through day +100 of therapy [57]. Response rates to MSC 
therapy were: 65.1% OR, 14.1% CR, and 51.3% PR. OR rates 
at day +28 of therapy were: 72.9% for patients with grade II, 
67.1% for grade III, and 60.8% for grade IV SR acute GVHD. OR 
at day +100 of MSC therapy was 66.9%. Day +100 survival for 
responders and non-responders at day +28 of treatment were 
82.1% and 38.6% respectively (with p value less than 0.001). 
Additionally, remstemcel-L was generally well tolerated 
without infusion toxicities or speciϐic safety concerns. This 
study, which was an update on the remestemcel-L expanded 
access program, conϐirmed the reported clinical and survival 
beneϐits of remestemcel-L therapy in children with acute 
GVHD who have exhausted all conventional therapeutic 
options [57]. 

The second phase 3 CT (NCT00366145) is a randomized 
multicenter study that was performed between August 2006 
and May 2009 to assess the efϐicacy of ex vivo cultured adult 
human MSCs; remestemcel-L; in addition to the second line 
treatment for SR-acute GVHD according to institutional 
standards. Two hundred and sixty patients with ages 
ranging between 6 months and 70 years were included. The 
patients were randomized 2:1 to have either remestemcel-L 
or placebo. In the study group, a total of 8 injections of 
remestemcel-L were administered IV weekly over 4 weeks. In 
patients achieving incomplete response at day +28 of therapy, 
4 additional doses of remestemcel-L were given over the 

following 4 weeks. Durable CR was deϐined as the complete 
resolution of acute GVHD symptoms for any period of at 
least 28 days after starting MSC therapy [58]. Unfortunately, 
remestemcel-L did not meet the primary endpoint of greater 
durable CR in the intent-to-treat population [35% (study 
group) versus 30% (control group) with a p - value of 0.42]. 
In post-hoc analysis, the following results were highlighted: 
(1) patients with liver involvement by GVHD who received at 
least 1 infusion of remestemcel-L had higher durable CR and 
higher overall CR and PR than those who received placebo 
[29% versus 5% with a p - value of 0.047]; (2) among high-
risk patients, with grades III and IV acute GVHD, remestemcelL 
demonstrated signiϐicantly higher OR at day+28 than placebo 
[58% versus 37 with a p - value of 0.03]; and (3) pediatric 
patients had higher OR with MSCs compared to placebo [64% 
versus 23% with a p - value of 0.05]. Additionally, the safety 
and tolerability of remestemcel-L were well illustrated. So, the 
results of the study did not demonstrate superior durable CR 
compared to placebo when remestemcel-L was added to the 
standard of care [58]. 

In the third phase 3 multicenter, prospective, single-
arm CT (NCT02336230), 54 children with SR acute GVHD 
were included. No treatment other than corticosteroids 
was given prior to MSCs. The MSC product; remestemcel-L; 
was administered at doses of 2 x 106/kg twice weekly for 4 
weeks [59]. ORs on days +28 of treatment were 70.4% in the 
treatment arm and 45% in the control arm with a p - value of 
0.0003, while ORs in the treatment arm on days +100 and +180 
were 74.1% and 68.5% respectively. The CR rates on days +28 
and +100 of treatment were 29.6% and 44.45 respectively. 
Survival rates on days +100 and +180 of MSC therapy in 
responders were 86.8% and 78.9% and in nonresponders 
47.1% and 43.8% respectively. Additionally, OR on day +28 
was highly predictive of improved survival through 180 days 
of MSC therapy. Remestemcel-L therapy was well tolerated 
without identiϐied infusion-related reactions or other safety 
concerns. The study provided robust prospective evidence 
of the safety, tolerability, and efϐicacy of remestemcel-L as 
ϐirst-line salvage therapy after steroid failure in pediatric 
SR acute GVHD [59]. However, extended follow-up showed 
evidence of long-term beneϐit in treated children as OS was 
reported to be 63% at 1 year, 51% at 2 years, and 49% at 4 
years [60]. In August 2023, it was announced that the Food 
and Drug Administration in the USA has provided a complete 
response to its Biologics License Application resubmission for 
remestemcel-L for the treatment of SR acute GVHD in children 
[61]. 

The fourth phase 3 CT, was performed at 9 centers in China 
between September 2014 and March 2019 and included 203 
patients with SR-acute GVHD. Patients were randomized 1:1 
to second-line treatment for GVHD or MSCs plus second-
line treatment. The primary end-point was OR at day 28 of 
treatment, while the secondary and safety end-points were: 



Update on the Use of Mesenchymal Stem Cells and their Products in Hematopoietic Stem Cell Transplantation

https://www.stemcelltherjournal.com/ 029https://doi.org/10.29328/journal.jsctt.1001032

durable OR at day +56 of treatment, failure-free survival, OS, 
chronic GVHD, infection, hematological toxicity, and disease 
relapse. Finally, 198 patients completed the study. The mean 
age was 30.1 years and 40.4% of patients were females [44]. 
The ϐinal results of the CT were as follows: (1) ORs at day +28 
were 82.8% and 70% for the study group and the control 
group respectively with a p - value of 0.043; (2) durable ORs 
at day +56 were 78.8% and 64.6% for the study group and 
the control group respectively with a p - value of 0.027; (3) 
median failure-free survivals were 11.3 months and 6 months 
for the study group and the control group respectively with 
a p - value of 0.024; (4) the 2-year cumulative incidences of 
chronic GVHD were 39.5% and 62.7% for the study group 
and the control group respectively with a p - value of 0.005; 
(5) the 3-year cumulative incidences of disease relapse were 
10.1% and 13.5% respectively with a p - value of 0.610; and 
(6) within 180 days of treatment, the most common adverse 
events were: infections in 65.7% of the study group and 78.8% 
of the control group, and hematological toxicity in 37.4% of 
the study group and 53.5% of the control group [44]. So, the 
CT showed that compared to the second-line therapy alone, 
the combination of MSCs and second-line therapy for SR acute 
GVHD not only superior efϐicacy but also higher safety and 
tolerability, in addition to lower rates of infections, chronic 
GVHD, and hematological toxicity [44]. 

Allogeneic versus autologous mesenchymal stem cells 
in hematopoietic stem cell transplantation

Off-the-shelf allogeneic human MSC products are clinically 
available to treat acute GVHD, but real-world data have 
revealed the limitations of these products as well as their 
feasibility, safety, and efϐicacy. However, there is emerging 
evidence that the immunomodulatory and regenerative 
effects of MSCs can be recapitulated by ECVs released from 
MSCs. MSC-ECVs may have advantages over parental MSCs 
as drugs because of their distinguished biodistribution and 
importantly dose-dependent therapeutic effects [62]. Also, 
autologous and culture-recovered MSCs have been shown 
to be safe in the setting of refractory GVHD following HCT 
for hematologic malignancy, with the most notable clinical 
responses in patients with acute GVHD [63]. 

Use of mesenchymal stem cells in chronic graft versus 
host disease

Studies have shown that MSCs do not contribute to the 
pathogenesis of chronic GVHD. Hence, it is feasible to use 
autologous cell therapy in patients who are not completely 
responding to standard immunosuppressive therapy for 
chronic GVHD [64]. Also, third-party MSCs can be prepared 
and stored frozen to be used for the treatment of SR-extensive 
chronic GVHD therapy [65]. The use of MSCs in the treatment 
of chronic GVHD has yielded responses in approximately two-
thirds of patients [66,67]. Additionally, MSCs may prevent 
chronic GVHD after allogeneic HSCT and increase the survival 

rate by increasing the ratio of CD4/CD8 and the proportion of 
regulatory T cells in vivo [65]. 

Due to their immunomodulatory and pro-angiogenic 
characteristics, MSCs have been extensively explored as new 
cell-based therapies in the treatment of different eye diseases 
[68]. In patients with ocular GVHD, MSCs differentiate in 
corneal epithelial cells, suppress eye inϐlammation, and 
restore the function of lacrimal glands [69]. MSC-derived 
exosomes, which address all the safety issues related to the 
transplantation of their parental cells including the risk of 
unwanted differentiation and aggravation of intraocular 
inϐlammation, have been shown to limit the extent of 
eye injury and inϐlammation [68,69]. Also, MSC-derived 
exosomes and ECVs contain MSC-derived growth factors 
and immunoregulatory proteins that can easily by-pass all 
biological barriers in the eyes and deliver their cargo directly in 
injured corneal epithelial cells and eye-inϐiltrated leukocytes, 
modulating their viability and function [69]. MSCs appear 
to exert their effects by triggering the generation of CD8(+) 
CD28 (-) T cells, which may regulate the balance between Th1 
and Th2. Hence, transfusion of MSCs has improved the clinical 
symptoms in about 55% of patients with refractory dry eye 
secondary to chronic GVHD [70]. 

The challenges facing the clinical application of 
mesenchymal stem cells therapies and methods of 
improving the outcomes of these therapies

Factors that still limit the wide use of MSCs in the treatment 
of GVHD include variability in MSC donor types, production 
methodology, dose regimens, and variations in study design. 
Additionally, extensive culture expansion of primary donor-
derived MSCs leads to marked changes in functionality, 
and hence there is a high level of inter-donor variability in 
MSC properties [32]. The following maneuvers have been 
used to improve the outcome of MSC therapies: (1) genetic 
engineering/manipulation to enhance expression of genes 
regulating survival, proliferation, and immunomodulation 
leading ultimately to enhancement of therapeutic efϐicacy of 
MSCs as the use of gene therapy and gene-editing technologies 
to produce next-generation MSCs has been shown to improve 
functionality, speciϐicity, and responsiveness to MSC therapies; 
(2) preconditioning of MSCs with pro-inϐlammatory cytokines 
such as tumor necrosis factor-α, IL-17, and IL-1β and treatment 
with immune receptor agonists including toll-like receptor 
agonists, prior to transplantation, in order to stimulate the 
expression of immunomodulatory factors by MSCs and to 
prepare them for the inϐlammatory environment of the target 
tissues; (3) the recent manufacturing innovations and use of 
automated, robotic and closed production systems so as to 
provide the most efϐicient manufacturing strategy; and (4) the 
use of MSC products, mainly ECVs and exosomes, that have the 
following advantages over the parent MSCs: safety with less 
adverse effects particularly predisposition to infections and 
malignancy compared to the parent MSCs, more stability and 
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reversibility, and lower possibility of immune rejection due to 
having small size and lower expression of membrane-bound 
molecules such as histocompatibility molecules [29,30,32,
71-74]. 

Conclusion and future perspectives
Over the last 50 years, HSCT has been successfully 

utilized to treat a variety of benign and malignant disorders, 
but the widespread use of allogeneic HSCT is limited by the 
development of GVHD. Acute and chronic SR-GVHD are 
associated with poor outcomes as there are no efϐicacious or 
curative therapies yet. 

Hopefully, the recently published as well as the ongoing 
clinical studies particularly the RCTs on the use of MSCs and 
their products in the treatment of SR-GVHD will pave the way 
for not only the approval but also the widespread use of MSCs 
and their products in the treatment of acute and chronic SR-
GVHD at all ages. It is expected that the use of MSC-derived ECVs 
and exosomes, the recently adopted robotic manufacturing 
techniques, and genetic engineering of MSCs will bypass the 
remaining obstacles and safety issues related to the use of 
MSCs not only in HSCT but also the treatment of other difϐicult 
to treat medical conditions. Not only allogeneic MSC products 
which have become commercially available recently but also 
autologous MSCs have been shown to be safe and effective in 
the treatment of speciϐic allogeneic HSCT complications such 
as PGF as well as acute and chronic GVHD. 
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