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Introduction

Multiple sclerosis (MS) is a progressive nervous disease 
which is associated with chronic inflammation of the central 
nervous system (CNS) and subsequently axonal loss and 
myelin damage (1). Although multiple factors are correlated 
to the MS development and progression, uncontrolled 

response of immune system to myelin protein is the key 
pathogenic event in this process (2). The incidence of 
this neurodegenerative disease in females is higher than 
in males. It usually occurs in individuals between the 
ages of 20 and 30 years. Recent study has reported that 
more than 2.5 million of people throughout the world 
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have MS disease (3). Unfortunately, there is no definitive 
treatment for MS patients and current medications 
are focused on amelioration of symptoms and chronic 
inflammation. Furthermore, drugs with immunomodulatory 
and immunosuppressant properties serve as a disease-
modifying agent and provide partial efficacy to ameliorate 
autoimmune reactions (4). Therefore, many studies have 
focused on molecular mechanisms of MS pathogenesis and 
its therapeutic strategies. Recent evidence has suggested 
that an appropriate treatment include the modulation or 
suppression of aggressive immune response, protection of 
neurons and axons against degeneration process, as well as 
improvement of repair or remyelination (5). 

Recent investigation has revealed that mesenchymal stem 
cells (MSCs) can modulate the immune response in MS 
patients (6). Some studies have suggested the effectiveness 
of different stem cell types such as hematopoietic stem cells, 
cord blood and embryonic stem cells for neuroregeneration 
in these patients (7,8). The clinical application of stem cells 
against different diseases is rapidly increasing due to their 
effectiveness and safety properties (9,10). Many clinical trial 
studies have investigated clinical applications of MSCs and 
haematopoietic stem cells (HSC) (11) because these stem 
cells can be easily isolated from peripheral blood, adipose 
and bone marrow tissues, as well as umbilical cord (UC) 
blood and placenta (12). They can be extracted from a small 
amount of adipose or bone marrow tissues and expanded 
in culture media to create a large population of cells for 
cell-based therapy (13). Experimental studies showed that 
intravenous administration of MSCs has immune suppressive 
effect and ameliorates autoimmune diseases (14). It is also 
shown that MSCs transplantation significantly improves 
the clinical outcomes of MS in experimental autoimmune 
encephalomyelitis (EAE) models (15). Although recent 
investigations have reported the safety and effectiveness of 
stem cells for MS therapy, the actual underlying cellular and 
molecular mechanism of this event is not well-understood. 
Upon intravenous injection, MSCs are able to traffic into 
the brain lesions and improve the survival rate of brain cells. 
Some studies demonstrated axonal neuroprotection after 
MSCs therapy which is probably conducted via the synthesis 
of neurotrophic factors, and also immunomodulatory 
properties of MSCs (16). For these reasons, many studies are 
investigating the effectiveness of stem cells in treatment of 
human neurodegenerative diseases such as MS.

MS types, signs and current treatments 

MS can be divided into four main categories with different 
symptomatic observations, including (I) relapsing-remitting 
MS (RRMS), (II) primary progressive MS (PPMS), (III) 
secondary progressive MS (SPMS), and (IV) progressive 
relapsing MS (PRMS) (1). The incidence of the RRMS is 
higher than the other types and associated with worsening 
attacks of neurological function. Nearly 85% of the MS 
patients are usually diagnosed with PRMS during their 
initial examinations. SPMS is a follow-up transition phase 
after RRMS (17). This is associated with progressive and 
continuous worsening of neurological damage and found 
in about 10% of the cases. PRMS is the least common MS 
types which is associated with continuous progression of the 
disease with occasion exacerbations along the way (17). The 
clinical signs and symptoms of MS are different from person 
to person. Eyes are usually the first and most commonly 
involved organs. Some patients may develop sensory 
and motor problems in hands and legs such as stinging, 
numbness, tingling, and difficulty in walking. Tinnitus or 
hearing impairments can be also found in these cases. The 
feeling of repeated urination, urine retention, incontinence in 
urination, and the loss of sexual ability are the other problems 
in MS patients. Furthermore, anxiety, depression, muscles 
pain, and difficulty speaking (18). 

Currently, there are several medications for MS 
treatment (19). Methyl prednisolone (solomudrol or 
depomedrol), prophyrol, and betamethasone are commonly 
used for the disease control in these patients (20). More 
than 30 different drugs such as amantadine and baclofen 
are available to control the disease symptoms. Interferon 
beta (Avenx A), interferon β2 (β-bronchodilated B), and 
glutaramasterate (Copaxone) are the most common 
medicines for the control of the disease progression. 
The other therapeutic methods for MS patients include 
occupational therapy, physiotherapy, speech and massage 
therapies and (21-23).

Unfortunately, the current medications for MS are 
not efficient to target the deleterious effects of immune 
reactions (24). An ideal therapeutic strategy for MS 
treatment should ameliorate or suppress the autoimmune 
responses, protect neurons and axons against degeneration 
process, and improve repair and remyelination. Recent 
evidences have suggested that stem cells, especially adult 



Stem Cell Investigation, 2019 Page 3 of 12

© Stem Cell Investigation. All rights reserved. Stem Cell Investig 2019;6:44 | http://dx.doi.org/10.21037/sci.2019.10.06

MSCs, can modulate the immune response in various 
diseases (25). Induced pluripotent stem cells (iPSCs) 
are another type of stem cells that have the ability to 
modulate the autoimmune responses in CNS and induce 
remyelination and repairing (26). However, the use of iPSCs 
has not been seen in any of the clinical trials and, thereby, 
further investigations are essential on the effectiveness and 
safety these cells. In the following parts, we will review the 
significance of stem cells in MS therapy by reviewing the 
available clinical trials.

Clinical trials for MS

Stem cell-based therapy has recently provided a hope for 
treatment of MS patients. It is now considered as a most 
preferred and noninvasive method for treatment of different 
diseases (26). Stem cells have the unique ability to be 
differentiated to multiple cell types. This potential property 
of stem cell has increased its clinical applications (27). Thanks 
to the new technologies, stem cells can easily be isolated 
from different sources of the body, especially from adipose 
and bone marrow tissues (28). Upon stem cells injection into 
the cerebrospinal fluid (CSF) of the spinal cord, they can be 
differentiated into neuronal precursor cells and compensate 
the lost brain function (Figure 1). There are some clinical 
studies that investigated the effectiveness and safety of stem 
cells, particularly MSCs, in MS treatment. 

MSCs

MSCs are multipotent and self-renewing stem cells that 
are able to be differentiated into several cell types such 
as chondrocytes, cardiomyocytes, osteocytes, adipocytes, 
hepatocytes, and neurons (29,30). They are often isolated 
from different tissues such as adipose, bone marrow and 
UC tissues (31). They regulate the immune response via 
the inhibition of T cells proliferation and protect damaged 
tissues via the paracrine mechanisms. Table 1 summarizes 
a list of up-going and completed clinical studies that 
investigated the effectiveness and safety of MSCs in MS 
treatment. The results have revealed that MSCs injection 
safely decreases the brain lesions and disease severity and 
consequently improves the quality of life in these patients. 

Bone marrow-derived MSCs

Bone marrow tissue is an important source of MSCs 
which are essential for blood cells production (33). MSCs 

derived for bone marrow tissue have the ability to be 
differentiated into several cell types due to their multi-
potential properties. Intravenous administration of these 
MSCs is now considered as a safe and novel therapeutic 
tool for MS therapy. So far, several clinical trials evaluated 
the effectiveness of bone marrow derived MSCs in MS 
disease treatment (Table 2). Several investigations revealed 
that injection of bone marrow-derived autologous MSCs 
improves the disease severity, cognitive function and quality 
of life of MS patients through the neuroprotective and anti-
inflammatory properties (35). 

Adipose-derived MSCs (ADMSCs)

Human adipose-derived stem cells (ASCs) have been 
extensively applied in stem cell research. These cells can 
be isolated from adipose tissue through the enzymatic 
digestion. They are also clinically used in tissue engineering 
and reconstruction, as well as in cell-based therapies. 
Experimental studies revealed that ASCs can differentiate 
into myelin-producing cells and compensate myelin loss in 
MS disease models (40,41). ASCs have been frequently used 
in clinical studies involving both autologous and allogeneic 
models. Several studies have reported that injection of 
ADMSCs is safe without any adverse effects (42). Fat cells 
are abundant in different tissues, especially in abdominal 
tissue and hip area and, therefore, they can be easily and 
safely isolated from substantial tissues by liposuction 
method. In a recent clinical trial study on 34 patients who 
underwent lipectomy for ADMSCs collection, only one 
serious adverse event was reported (12). Several lines of 
studies considered the effect of ADMSCs in MS treatment 
(Table 3). The results of these clinical studies showed that 
ADMSCs therapy is a safe method which improves MS 
disabilities such as sexual problems and social activities in 
these patients. 

UCMSCs

UC is a perinatal and easily attainable tissue which can be 
used as a significant source of stem cells without ethical 
problems (43). MSCs are isolated from different parts 
of the UC such as Wharton’s jelly. MSCs derived from 
Wharton’s Jelly have higher proliferative and expansive 
ability, as well as immunosuppressive and therapeutic 
activity compared to the other adult stem cells (44,45). 
Only a few clinical trial studies reported the effectiveness 
of placenta-derived MSCs or intravenous injection of 
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UCMSC in expanded disability status scale (EDSS) 
scores improvement (Table 4) (46,47). More recently, 
Riordan et al., have reported the safety and effectiveness 
of allogeneic UCMSCs injected to MS patients (45). 
They found that UCMSCs improved neurological 
parameters such as the Scripps neurological rating scale, 
EDSS, the nine-hole peg test, the expanded EDSS rating 

neurologic impairment, and 25-foot walking time in 
these patients. 

Human fetal-derived neural stem cells (hNSCs)

Several clinical studies have investigated the efficacy and 
safety of hNSCs in repairing the damage caused by MS. 
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Figure 1 Multiple sclerosis pathophysiology and stem cell Therapy. T cells, B cells and antigen-presenting cells (APCs), including 
macrophages, enter the central nervous system (CNS), where they secrete certain chemicals known as cytokines that damage the 
oligodendroglial cells. These cells manufacture the myelin that insulates the neuronal axon. The injured myelin cannot conduct electrical 
impulses normally, just as a tear in the insulation of a wire leads to a short circuit. Mesenchymal stem cells (MSCs) are isolated from different 
sources: bone marrow, fat tissues, or umbilical cord. Stromal vascular fraction (SVF) cell therapy; the components of adipose tissue and the 
key constituents of the SVF pellet are all present in adipose tissue as shown. Following collagenase digestion, incubation in control medium 
and centrifugation the residual pellet is the so-called SVF. In the new paradigm, the autologous freshly isolated SVF is re-injected into the 
patient without ex vivo culture, expansion, or differentiation. Umbilical cord; the umbilical cord blood is the most reliable and rich source 
of Haematopoietic stem cells. The Wharton’s jelly found in the umbilical cord tissue is a rich source of MSCs. The uniqueness of these 
cells lies in the universality of usage. Using one’s own Mesenchymal stem cells for treatment is a potentially a new treatment for MS. MS, 
multiple sclerosis; NP-MSC, mesenchymal stem cell-derived neural progenitors; CSF, cerebrospinal fluid; BM-MSC, bone marrow-derived 
mononuclear stem cell; ADMSC, adipose-derived mesenchymal stem cell; HCT, hematopoietic cell transplant.
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HNSCs are obtained from brain specimens of several fetal 
human donors from spontaneous miscarriages occurred 
after the 8th week after conception (48). Because these cells 
are the precursors of neuronal cells, they can be considered 
as one of the best treatments for MS patients. But due to 
ethical reasons and the lack of the same opportunity to 
make these cells, it is difficult to use them. A recent study 
has reported that engrafted hNSCs are able to migrate 
and differentiate into glial and neuronal subtypes (49). 
This study demonstrated that hNSCs transplantation can 
improve cognitive abnormalities in irradiated animals. In 
a clinical trial, Shin et al. (50) considered the safety and 
neurological effects of hNSCs injected into the injured cord 
of patients with traumatic cervical spinal cord injury. Their 
findings revealed that the hNSCs transplantation is safe 

and provides neurological benefit for at least one year after 
transplants. 

MSC-derived neural progenitors (MSC-NPs)

MSC-NPs are an important source of MSCs cells for 
efficient treatment of MS in preclinical model. Recent study 
has examined the possibility of MSC-NPs administration 
to improve CNS repair in MS (51). MSC-NPs showed 
a consistent gene expression pattern and increased 
homogeneity to neural commitment. Compared to MSCs, 
the expression pattern of mesodermal markers and the 
potential of adipogenic or osteogenic differentiation 
in MSC-NPs were decreased. This finding suggests 
the reduced potential of mesodermal differentiation of 

Table 1 Mesenchymal stem cells therapy clinical trials for multiple sclerosis disease 

Cell type Years Country Phase Evaluation after cell therapy
NCT number  

(clinicaltrials.gov)

Autologous  
MSCs 

2013 Italy 1 & 2 MSC therapy without side effect infusion. Incidence and severity of 
adverse events in MSC treatment group compared to placebo group

NCT01854957

Autologous  
MSCs 

2011–2018 Iran 1 & 2 Evaluate the effect of mesenchymal stem cell transplantation on 
number of Gd positive lesions. Quality-of-life indicators improvement 
in MSC compared with placebo group

NCT01377870

Autologous  
MSCs

2013–2016 UK 1 & 2 MSC therapy without side effect after infusion, quantified by the 
reduction in the number of new contrast-enhancing lesions on MRI 
scans

NCT01606215

Autologous  
MSCs

2010–2014 (32) Spain 2 not identify any serious adverse events, at 6 months, patients treated 
with MSCs had a trend to lower mean cumulative number of GEL, and 
at the end of study to reduced mean GEL, non-significant decrease 
of the frequency of Th1 (CD4+ IFN-γ+) cells in blood of MSCs treated 
patients

NCT01228266

Autologous  
MSCs

2014–2018 Canada 2 Safety: incidence and severity of adverse events in MSC treatment 
group compared to placebo group; efficacy: total number of GEL on 
MRI scan

NCT02239393

Autologous  
MSCs

2011–2016 USA 1 Evaluated the feasibility of culturing MSCs, and infusion-related safety 
and tolerability of autologous MSC transplantation over one month in 
patients with relapsing forms of MS, date show that stem cell therapy 
safe and not side effect

NCT00813969

Autologous  
MSCs

2010–2015 Spain 1 & 2 Evaluated safety and tolerability related to the intravenous infusion 
of autologous mesenchymal stem cells. Evaluated effects on MS 
disease activity measured by: clinical variables, imaging variables, 
immunological and neurophysiologic analysis, neuropsychological 
and quality of life scales

NCT01056471

Autologous  
MSCs

2001–2005 USA 1 MSC therapy is safe without side effect after injection NCT00017628

MSC, mesenchymal stem cell; Gd, gadolinium; MRI, magnetic resonance imaging; GEL, gadolinium-enhancing lesions; MS, multiple 
sclerosis. 
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Table 2 Bone marrow-derived MSCs clinical trials for multiple sclerosis disease

Cell type Years Country Phase Evaluation after cell therapy
NCT number  

(clinicaltrials.gov)

Autologous  
BM-MSCs

2014–2016 Israel 2 Changes in immunological response at12 months following treatment. 
Neurological function test (EDSS) improvement

NCT02166021

Autologous  
BM-MSCs

2015–2018 France 1 & 2 Primary outcome is safety cell therapy without side effect. Efficacy 
assessed by combined unique MRI activity, volume of GEL, and volume 
of BH

NCT02403947

Autologous  
BM-MSCs

2006–2011  
(34,35)

UK 1 & 2 Safety and feasibility of the intervention and informing design of future 
studies to address efficacy, MSCIMS adopts a novel strategy for testing 
neuroprotective agents in MS—the sentinel lesion approach serving as 
proof of principle for its future wider applicability

NCT00395200

Autologous  
BM-MSCs

2013–2017 Jordan 1 & 2 Patients with any relevant side effects observed, assessing the safety of 
autologous mesenchymal stem cells injection

NCT01895439

Autologous  
BM-MSCs

2006–2009  
(36)

Israel 1 & 2 Safety and migration ability of the injected cells, clinical efficacy. Not 
side effect. Transplantation of MSCs in patients with MS and ALS is a 
clinically feasible and relatively safe procedure and induces immediate 
Immunomodulatory effects

NCT00781872

Autologous  
BM-MSCs

2013–2016 Spain 1 & 2 Safety and efficacy after cell therapy, subsequent flow cytometry: IL-2, 4, 
6, IFN-γ, IL-10, TNF-α or by ELISA: TGF-β and IL-17

NCT02035514

Autologous  
BM-MSCs

2017 Jordan 1 Effectiveness assessment by MRI, safety assessment by physical 
examination, vital signs, analytical results, electrocardiograph monitoring, 
and EDSS 

NCT03069170

Autologous  
BM-MNCs

2015–2017 India 1&2 Proportion of patients with clinical improvement in EDSS score compared 
to baseline. Proportion of patients with a change in either gadolinium 
enhancing or new T2-weighted lesions on brain MRI. Proportion of 
patients with a change in cognitive function as measured by the PASAT

NCT02418351

Autologous  
BM-MSCs

2015–2018 Spain 1&2 MSC therapy is safe without side effect after cell injection. Evaluated 
Status Scale (EDDS) score

NCT02495766

Autologous  
BM-MSCs

2013–2018  
(37)

UK 2 BM-MSCs were a safety and feasibility study which examined the effect 
of intravenous infusion of autologous bone marrow without myeloablative 
therapy. A SAE is defined as an AE which results in death, is life 
threatening or requires hospitalization or prolongation of inpatient stay or 
which results in persistent or significant disability or incapacity

NCT01932593

Autologous  
BM-MSCs

2014–2018  
(38)

UK 2 Bone marrow cell therapy can, as was suggested by the phase I safety 
study, improve conduction in multiple central nervous system pathways 
affected in progressive MS

NCT01815632

Autologous
PBSCs

2001–2005  
(39)

USA 1 Four new or enhancing lesions were seen on MRI, all within 13 months 
of treatment. In this population with high baseline EDSS, a significant 
proportion of patients with advanced MS remained stable for as long as 
7 years after transplant. Non-inflammatory events may have contributed 
to neurological worsening after treatment

NCT00014755

MSCs, mesenchymal stem cells; BM-MSCs, bone marrow-derived mononuclear stem cells; PBSCs, peripheral blood stem cells; MRI, 
magnetic resonance imaging; GEL, gadolinium-enhancing lesions; BH, black holes (BH); MSCIMS, mesenchymal stem cells in multiple 
sclerosis; MS, multiple sclerosis; ALS, amyotrophic lateral sclerosis; PASAT, Paced Auditory Serial Addition Test; SAE, serious adverse 
event; AE, adverse event. 

https://clinicaltrials.gov/show/NCT01815632
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MSC-NPs during CNS transplantation. Furthermore, 
it was identified that MSC-NPs have the ability to 
enhance the differentiation of oligodendroglial in brain-
derived neural stem cells which was associated with 
bioactive factors secretion. These findings indicate that 
the immunoregulatory activity of MSC-NPs may have 
therapeutic application for MS disease (52). Experimental 
studies showed that intrathecal injection of MSC-NPs 
with experimental allergic encephalitis can improve repair 
and recovery in MS disease (EAE). Multiple injections of 
MSC-NPs were associated with a significant improvement 

in neurological function, while a single injection of MSC-
NPs had no therapeutic effect on MS disease improvement. 
MSC-NPs injection was also associated with a significant 
reduction in area of demyelination and immune cell 
infiltration, while the number of endogenous nestin-positive 
progenitor cells was significantly increased in EAE mice. 
These findings indicate the MSC-NPs positively affect the 
number of endogenous progenitors in the spinal cord and 
subsequently improve the repair process. Therefore, these 
data support the use of autologous MSC-NPs in CNS 
repairing in patients with MS (53). However, only two 

Table 3 Adipose-derived MSCs therapy clinical trials for multiple sclerosis disease

Cell type Years Country Phase Evaluation after cell therapy
NCT number  

(clinicaltrials.gov)

Autologous  
ADMSCs

2018 (12) Spain 1 & 2 Infusion of autologous ADMSCs is safe and feasible in patients  
with SPMS

NCT01056471

Autologous  
ADMSCs

2012–2015 Sweden 1 & 2 Safety of IV therapy with autologous MSCs in MS patients.  
incidence of relapses and disability progression

NCT01730547

Autologous  
ADMSCs

2014–2018 German 1 Modified SF-36 for Cell-Based Therapy Follow Up, Multiple Sclerosis 
Impact Scale (MSIS-29), incidence and nature of adverse events,  
serious adverse events, or any unanticipated adverse events

NCT02326935

Autologous  
ASVFs

2014–2018 USA 2 Change from baseline in sexual satisfaction at month 12 as measured 
by participants using the SSS. Bowel control at month 12 as measured 
by participants using the BWCS. Social support as measured by 
participants using the MSSS

NCT02157064

MSCs, mesenchymal stem cells; ADMSCs, adipose-derived mesenchymal stem cells; ASVF, adipose stromal vascular fraction; IV, 
intravenous; MS, multiple sclerosis; SSS, Sexual Satisfaction Scale; BWCS, Bowel Control Scale; MSSS, Modified Medical Outcomes 
Study Social Support Survey; SF-36, Short Form 36. 

Table 4 umbilical cord-derived mesenchymal stem cell therapy for multiple sclerosis disease 

Cell type Years Country Phase Evaluation after cell therapy
NCT number  

(clinicaltrials.gov)

Allogeneic  
UCMSCs

2014–2017  
(45)

Panama 1 & 2 Change in disability as measured by EDSS, quality of life as measured  
by the SF-36 quality of life questionnaire. Experiencing pulmonary  
edema as measured by 12-lead ECG

NCT02034188

Allogeneic  
UCMSCs

2010–2014 China 1 & 2 Evaluated core of EDSS, VEP, MRI, SEP and BAEP. Not show any side 
effect after cell injection

NCT01364246

Allogeneic  
UCMSCs

2017 Jordan 1 & 2 Intensity and volume of CNS lesions assessed to investigate the  
therapeutic benefits of the injected Allogeneic Mesenchymal  
Stem Cells and/or Physical therapy by MRI

NCT03326505

Allogeneic  
UCMSCs

2015–2017 Trinidad and  
Tobago

1 & 2 Clinical improvement is defined as decrease in EDSS score greater  
than 0.5 from baseline

NCT02418325

UCMSCs, umbilical cord mesenchymal stem cell; EDSS, Expanded Disability Status Scale; SF-36, Short Form 36; ECG, electrocardiogram; 
VEP, visual evoked potential; MRI, magnetic resonance imaging; SEP, somatosensory evoked potential; BAEP, brainstem auditory evoked 
potential; CNS, central nerves system. 
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clinical trial studies used the effectiveness of MSC-NPs in 
treatment of neural injury in MS patients. 

Hematopoietic stem cell

Hematopoietic stem cell transplantation (HSCT) is a is type 
of cell-based therapy for hematopoietic disorders (54). HSCT 
is particularly developed for the treatment of hematological 
malignancies such as bone marrow failure syndromes, 
lymphoma, and leukemia (55). Recent investigations have 
proposed that HSCT can prohibit MS disease progression 
for 4–5 years in 70–80% of patients. This rate is higher than 
those obtained from the other MS therapies (56). Young 
patients and those with ambulatory and inflammatory MS 
activity are most likely to benefit from autologous HSCT 
are (57). However, further clinical trial studies are necessary 
to examine the safety, effectiveness, and cost-effectiveness of 
HSCT on highly active MS drugs (55,58).

Currently,  a  randomized cl inical  tr ia l  s tudy is 
investigating the effectiveness of autologous HSCT using 
a low intensity, non-ablative conditioning regimen with 
cyclophosphamide and antithymocyte globulin (ATG) 
compared to treatment with the currently presumed best 
available immunomodulatory medication (alemtuzumab) 
in RRMS patients with significant inflammatory disease 
activity in spite of ongoing immunomodulatory MS 
treatment (55). If the treatment efficacy of HSCT is 
better than the currently most efficacious standard, 
immunomodulatory treatment in randomized treatment 
trials, HSCT will likely be approved as a part of the 
standard treatment recommendations for a significant 
proportion of RRMS patients. A randomized study 
regarding with statistical power to evaluate the clinical 
outcome of autologous HSCT compared to a standard 
immunomodulatory treatment in MS has not yet been 
published (NCT03477500). Except for Sweden, HSCT is 
currently not registered as a part of standard MS treatment 
in the public health services of Europe. The HSCT regimen 
for the study will be identical to the regimen used in similar 
patient populations in Sweden, Norway and Denmark. 

Clinical trial studies between 2003 and 2014 determined 
the relationship between non-myeloablative HSCT 
and neurological disability and other clinical findings 
in MS patients (59). Data showed that EDSS score was 
significantly improved from a pretransplant median of 
4.0 to 3.0. Additionally, the neurologic rating scale score 
was significantly improved from a pretransplant median 

of 74 to 88.0. Interestingly, total quality-of-life score was 
significantly increased from 46 to 64. Table 5 shows all 
clinical trials that investigated the effectiveness of HSCT 
for MS disease.  

Conclusions

MS is an autoimmune disease and complex disorder of the 
CNS which is associated with the loss of axon basically 
long-term progressive disability. Unfortunately, there is no 
effective therapeutic method for MS disease and current 
medications can only manage and relieve the progress of 
the disease but not treat it thoroughly. Recent investigations 
have shown that cell-based therapies are able to repair CNS 
and can protect it against inflammatory responses caused by 
immune system (65). Cell-based therapies have provided a 
new window for the prevention and treatment of different 
neurodegenerative diseases such as MS, Parkinson’s disease 
(PD), Alzheimer’s and amyotrophic lateral sclerosis (ALS). 
The efficacy and safety of different stem cells have been 
determined and reported by several clinical trials. It is 
well-documented that most of the stem cells used to treat 
MS disease are adult MSCs due to their safety and easily 
extraction methods. Bone marrow is the major source 
of MSCs. The UC stem cells are also a good option for 
MS treatment because of their multipotent and highly 
differentiated potential. However, a cell bank is needed to 
supply and maintain these cells. Adult adipose tissue stem 
cells are one of the most suitable cells for MS treatment. 
Firstly, the separation of the adipose tissue is easy and can 
be provided from different parts of the body. Secondly, the 
amount of stem cells produced per unit area is high and 
during a sampling of the adipose tissue, a large number 
of stem cells can be isolated. Thirdly, the cost of stem 
cell transfusion from the adipose tissue is not expensive. 
Meanwhile, adipose MSCs, such as the adult stem cell 
group, are very safe to use. These advantageous make the 
ASCs as an appropriate candidate for the treatment of MS. 
HSCs are the other types of stem cell which have been used 
in several trials for MS treatment and caused significant 
improvements in quality-of-life, neurologic disability, 
and functional scores after cell therapy (64). Neuronal 
stem cells are a potential source of highly digestible semi-
differentiated cells which can be rapidly replaced by 
damaged neuronal cells. However, this method requires a 
number of aborted fetuses that make it very difficult for the 
production of neuronal stem cells. 
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Table 5 Hematopoietic stem cell transplantation for multiple sclerosis disease

Cell type Years Country Phase Evaluation after cell therapy
NCT number 

(clinicaltrials.gov)

Autologous  
HSCs

2007–2018 Switzerland 1 & 2 Safe delivery of hematopoietic stem cell after infusion. Stem cell 
engraftment and disease remission after 3 years

NCT00497952

Autologous  
HSCs

2015 Philippines 1 Safety and efficacy after cell therapy, measurement of quality of life by 
change in baseline of RAND-36 score

NCT03113162

Autologous  
HSCs

2006–2014 USA 1 & 2 Disease progression is defined as a 1-point increase in the EDSS 
on consecutive evaluations, data are reporting the number of 
participants who survived three years after the transplant, survival of 
21 participants was evaluated at three years after the transplant

NCT00278655

Autologous  
HSCs

2016–2018  
(60)

Mexico 1 There were no transplant-related deaths and the 128-month overall 
survival of the patients is 100%. In 82 persons followed up for 3 or 
more months, the Expanded Disability Status Scale diminished from 
a mean of 5.2 to 4.9, the best results being obtained in relapsing-
remitting and primary progressive MS

NCT02674217

Autologous  
HSCs

2006–2017 USA 2 There was any outcome from this research in ClinicalTrials.gov and any 
publication

NCT00342134

Autologous  
HSCs

2018 Norway 3 Proportion of patients with no evidence of disease activity, difference 
in patient reported quality of life based on the EuroQoL Health Related 
Quality of Life-5 Dimensions-5 Levels (EQ-5D 5L) scores, time to first 
sign of new disease activity, as measured as new relapses, EDSS-
progression, MRI-activity or brain atrophy

NCT03477500

Autologous  
HSCs

2012–2013 USA 2 Effectiveness of high dose chemotherapy with HPC transplant 
for multiple sclerosis that has failed at least two lines of therapy, 
Subsequent MRI scan will be determined by the patient's neurologist 
as is needed clinically.

NCT01679041

Autologous  
HSCs

2010–2016  
(61,62)

Canada 2 The median FIS score decreased 36%, from 36 to 23, and four patients 
had 100% reduction. Patients had significantly less fatigue on average 
after a HSCT. This may serve to better understand the contribution of 
ongoing CNS inflammation to fatigue peculiar to MS. 35% of patients 
had a sustained improvement in their EDSS score.

NCT01099930

Autologous  
HSCs

2005–2018  
(63)

USA &  
Sweden,  
and Brazil

2 Progression free survival at 5 years. Demonstrate circumstantial 
evidence for the removal of autoreactive T-cell clones as well as 
development of tolerance after HSCT. These results parallel the long-
term disease remission seen after HSCT. Presence of gadolinium-
enhancing lesions prior to HSCT was associated with a favourable 
outcome

NCT00273364

Autologous  
HSCs

2006–2017  
(64)

USA 2 Overall event-free survival was 78.4% at 3 years. Progression-free 
survival and clinical relapse-free survival were 90.9% and 86.3%, 
respectively. Adverse events were consistent with expected toxic 
effects associated with HDIT/HCT, and no acute treatment-related 
neurologic adverse events were observed. Improvements were noted 
in neurologic disability, quality-of-life, and functional scores

NCT00288626

Autologous  
HSCs

2002–2007 USA 2 HSC therapy is safe without side effect after cell injection. EDSS 
measure after cell therapy

NCT00040482

Autologous  
HSCs

2017 USA 3 Survival of participants after cell therapy. EDSS Improvement. 
Supportive confirmation by enhancement on MRI is preferred

NCT03342638

HSCs, hematopoietic stem cells; EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; MRI, magnetic resonance imaging; 
HPC, hematopoietic progenitor cells; FIS, Fatigue Impact Scale; HSCT, hematopoietic stem cell transplantation; CNS, central nervous 
system; HDIT, high-dose immunosuppressive therapy; HCT, hematopoietic cell transplant; HSC, hematopoietic stem cell.

https://clinicaltrials.gov/show/NCT00342134
https://clinicaltrials.gov/ct2/show/NCT00273364
https://clinicaltrials.gov/ct2/show/NCT00288626
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