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Abstract: This article examines the current use and future implications of stem cell therapy in treating Multiple Scle-
rosis (MS). MS is the most common neurological disease in young adults, affecting approximately two million people 
worldwide. Currently there is no cure for MS. The standard treatment of MS involves disease-modifying drugs, which 
work to alleviate the symptoms of MS. However, these drugs carry adverse side effects and are ineffective in pre-
venting disease progression in many MS patients. Hematopoietic stem cell transplantation (HSCT) was first used 
in 1995 to treat patients with severe rapidly progressing MS. The HSCT treatment protocol has evolved into a less 
intense conditioning regimen that is currently demonstrating efficacy in treating patients with variable disease se-
verity—with best results in early-stage rapidly progressing MS patients with active CNS inflammation. Mesenchymal 
stem cell therapy (MSCT) is an experimental stem cell therapy currently undergoing clinical trials. Animal models 
and early clinical trials have shown promise that MSCT might be a low risk treatment to precipitate neuroregenera-
tion and immunomodulation in MS patients. Specifically, neuroprogenitor and placental-derived mesenchymal stem 
cells offer the best hope for a practical treatment for MS. Stem cell therapy, and perhaps a combinatorial therapeu-
tic approach, holds promise for a better treatment for MS.

Keywords: Multiple sclerosis, stem cells, autologous hematopoietic stem transplantation, mesenchymal stem cell 
transplantation

Introduction

Multiple Sclerosis (MS) is a common autoim-
mune disease of the CNS which can lead to 
severe disability and neurological defects. In 
patients with MS, activated autoreactive T-cells 
enter the CNS, attacking myelin and producing 
inflammatory responses which cause multifo-
cal demyelination, axonal loss, and scarring of 
white matter [1]. Following an acute demyelin-
ation episode, MS progression will then typi-
cally follow one of four courses: relapsing-
remitting MS (RRMS), secondary progressive 
MS (SPMS), primary progressive MS (PPMS) 
and progressive-relapsing MS (PRMS).

Most patients will first have a single attack of 
symptoms, a neurological episode called a clin-
ically isolated syndrome, suggestive of demye-
lination. Once a second attack occurs, the 

patient is considered to have RRMS. RRMS is 
the most common type of MS and is character-
ized by acute symptomatic attacks followed by 
periods of partial or complete recovery. These 
patients often transition to secondary progres-
sive MS after 10-25 years: a state character-
ized by reduced remission periods and 
increased neurological deterioration without an 
acute attack. PPMS is characterized by neuro-
logical decline in the absence of acute attacks 
beginning from the onset of demyelination. 
There is also a less common subtype called 
PRMS where patients show a progressive func-
tional decline between acute attacks [2]. 
Diagnosis is typically made through clinical neu-
rological assessment and MRI [3].

MS is most common between ages 20-40, 
especially in women, and has a prevalence of 
120 per 100,000 individuals. The etiological 
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cause of MS remains unclear, and its complex-
ity makes successful management difficult [4].
The current hypothesis for the etiology of MS is 
the “fertile field hypothesis” in which a genetic 
predisposition combined with a number of 
harmful environmental factors prime the 
immune system for autoreactivity. Then a wide 
array or “fertile field” of other environmental 
factors trigger the acute or chronic autoim-
mune attack leading to demyelination and axo-
nal loss [5] (Figure 1). While there are treat-
ment options available, standard therapies are 
often short term and are used to treat the acute 
symptoms of the MS rather than the underlying 
cause. This has caused many patients to turn 
to alternative modes of therapy showing little to 
no scientific evidence, such as bee sting thera-
py and cranio-sacral therapy [6]. MS treatment 
has thus progressed into an increasingly active 
area of research as physicians, patients, and 
scientists continue to seek more ameliorative 
methods of therapy.

The use of stem-cell therapy, specifically hema-
topoietic and mesenchymal stem cell trans-

plantation, is a growing area of study that 
shows promise in MS treatment. Pre-clinical 
and early clinical studies involving mesenchy-
mal stem cell therapy have demonstrated the 
potential of alleviating symptoms in MS, and 
combination therapies are beginning to be test-
ed. While successful research in stem cell ther-
apy warrants further exploration in this field, 
this potential treatment should serve as an 
additional option or contribution to current 
therapies that clinicians can pursue rather than 
an alternative. Although much more extensive 
research is necessary to achieve a full compre-
hension of MS and perhaps a cure, these stem 
cell transplant studies have produced effective 
results that are worth assessing, and may not 
only provide a viable treatment option with 
improved therapeutic benefit but also provide 
hope for further progress in MS research.

Current therapies 

The current first-line therapies for RRMS are 
interferon beta or glatiramer acetate (GA). 
Interferon beta promotes anti-inflammatory 

Figure 1. Proposed Etiology of Multiple Sclerosis. The current theory for the development of multiple sclerosis is 
that multiple risk factors combined with specific viral or bacterial infections activate the patient’s immune system 
and prime the patient for autoreactivity. Then infection with a fertile field of diverse microorganisms acutely and/or 
chronically triggers autoimmunity within a patient. The patient then suffers from acute or chronic CNS inflammatory 
attacks which destroy oligodendrocytes and lead to CNS neural demyelination. In the late stages the disease causes 
axonal loss [5].
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cytokines and suppresses CD4+ activation, 
whereas GA, a synthetic molecule, mimics 
myelin basic protein, diverting the immune sys-
tem’s attack away from its own myelin. GA also 
stimulates regulatory T-cell production, and 
produces anti-inflammatory and neuroprotec-
tive effects in the CNS [7].

A T-cell analysis of 84 RRMS patients undergo-
ing treatment over the course of a year resulted 
in decreased CD4 T-cells and increased regula-
tory T-cell population for those on GA. Both 
interferon and GA treatments alter T-cell differ-
entiation, decrease relapses by 30%, reduce 
the severity of the attacks, and slow the prog-
ress of MS [4]. Interferon exacerbates depres-
sion in patients, and thus may be a deciding 
factor when choosing between the two treat-
ments. Though these standard therapies have 
proved somewhat effective and safe, there are 
many adverse effects. 75% of patients taking 
interferon have reported flu-like symptoms, and 
injection site skin reactions are common [8]. 
There is also risk for liver dysfunction, thyroid 
abnormalities, menstrual abnormalities, and a 
few rare disorders such as myasthenia gravis, 
hemolytic uremic syndrome, capillary leak syn-
drome, and hearing loss, among others. 
Additionally for pregnant women, there is a 
higher rate of miscarriages and stillbirths 
(39.1%) than in healthy controls (5%) [8]. GA dif-
fers in that it does not produce flu-like symp-
toms and instead is mostly associated with 
injection site reactions (73% of patients) involv-
ing pain, bruising, and inflammation. There are 
a few less common adverse effects such as 
chest pain, dyspnea, and lymphadenopathy [8].

In addition to interferon and GA, Several dis-
ease-modifying treatment options exist today 
for the management of MS. Recent studies 
have focused on the development of oral 
agents, such as fingolimod, the first oral treat-
ment which has shown therapeutic benefit for 
MS patients in advanced clinical trials. 
Fingolimod acts directly on the CNS by crossing 
the blood brain barrier and drawing lympho-
cytes into lymph nodes, thereby preventing 
their migration to areas of the brain which 
would cause inflammation and damage [1]. 
Another more novel oral treatment recently 
approved by the FDA in September 2012, teri-
flunomide, is an inhibitor of pyrimidine synthe-
sis, leading to a reduction of harmful T- and 
B-cell activation and proliferation. Teriflunomide 

has shown some promising effects with 
reduced relapse rates over a 372 week period, 
as well as reduced MRI activity (indicative of 
less demyelination) and decreased disability 
progression [9].

A variety of non-oral agents have proven benefi-
cial in studies as well. Natalizumab, a monoclo-
nal antibody, has shown a significant decrease 
in relapse rates by 60% over one year as well as 
an increased tissue volume indicative of remy-
elination. Natalizumab monotherapy comes 
with relatively higher risk than other drugs, 
such as the development of fatal progressive 
multifocal leukoencephalopathy, and thus is 
often used as a second-line of defense if initial 
treatments are failing [10]. Mitoxantrone is a 
unique therapy that targets patients with SPMS 
as well as PPMS, while the majority of MS treat-
ment available is for RRMS. Mitoxantrone 
mechanisms are unclear, but are associated 
with blocked DNA synthesis. Though carrying 
high risk for cardiotoxicity, mitoxantrone shows 
reduced relapse rates as well as increased NK 
cell maturation which has been associated with 
successful treatment in studies of standard MS 
drugs [11].

Without a full understanding of MS, treatment 
options remain inevitably incomplete. Current 
treatment options do provide benefits; howev-
er, all have major risks and some are ineffective 
or even solely detrimental. Currently there are 
no effective therapies for PPMS and the only 
drugs shown to be effective in decreasing 
symptoms in SPMS are mitoxantrone and inter-
feron beta [12]. Interferon Beta and GA are 
used primarily to reduce the amount of relaps-
es in RRMS, but if the disease worsens to 
SPMS then these drugs lose their efficacy. 
Interferon Beta is the most widely prescribed 
treatment for RRMS, but there are large sub-
sets of RRMS patients who do not response to 
the drug [13]. Additionally, in some RRMS 
patients interferon beta actually exacerbates 
their symptoms [14].

Stem cell therapy is a growing area of research 
that may contribute to additional treatment 
options, leading to more effective management 
of MS. Two Stem cell therapies currently being 
used to treat MS are Hematopoietic Stem Cell 
Transplantation (HSCT) and a newly emerging 
therapy of Mesenchymal Stem Cell 
Transplantation (MSCT).
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Hematopoietic stem cell transplantation 
(HSCT)

HSCs are found within bone marrow in niches 
created by surrounding stromal cells. These 
stromal cells create a microenvironment where 
the HSCs are shielded from differentiation and 
apoptosis. HSCs have the potential to differen-
tiate into the main hemato- and lymphopoietic 
precursors which then differentiate into mature 
cells. They are generated in large numbers 
throughout our lives and continually repopulate 
our blood and immune system.

The concept behind HSCT or autologous stem 
cell transplantation (ASCT) is that destroying 
the aberrant T-cells of an MS patient and then 
reconstituting the patient’s immune system 
with non-autoreactive T-cells would be a viable 
course of action in preventing future autoim-
mune damage. Replacing defective immune 
cell lineages with naïve cells harvested from 
the patient begins by administering drugs, typi-
cally granulocyte colony-stimulating factor 
(G-CSF) and cyclophosphamide (CY), to induce 
white blood cell proliferation in the peripheral 
blood. After proliferation, the patient’s hemato-
poietic stem cells are harvested by utilizing 
antibodies specific for the stem cell antigen 
CD34 that is present on hematopoietic progeni-
tor cells [15]. After harvesting the graft, the 
patient undergoes a conditioning regime of 
variable intensity that uses pharmaceuticals 
and/or radiation to destroy part or all of the 
patient’s bone marrow. This is followed by the 
infusion of the previously harvested HSCs to 
then theoretically reconstitute a healthy 
immune system [16].

Due to the high variability of symptoms and dis-
ease progression associated with MS, a meth-
od of quantifying disease severity is necessary 
for objective evaluation of clinical success. The 
Extended Disability Status Scale (EDSS) is a 
system used to assess MS patient health in 
eight functional systems and then generate a 
score between 0-10. 0 is indicative of a normal 
neurological exam, 5 indicates the patient is 
ambulatory without aid for 200 meters but has 
a disruption of normal daily activities, and 10 
indicates the patient has succumbed to death 
by MS. In the past this has been the clinical 
standard used to assess MS disease severity 
pre and post-treatment [17].

In 2001, Carreras conducted a phase II trial to 
evaluate the feasibility and toxicity of HSCT in 
MS patients. This trial, in which 15 advanced 
disability patients (9 with SPMS, 6 with RRMS) 
underwent HSCT, is demonstrative of the 
parameters of the initial HSCT trials [16]. The 
patient population for this study was chosen 
based upon lack of positive response to stan-
dard immunotherapy medications and disease 
severity indicated by a median EDSS of 6.0. 
Patient evaluations were conducted 1, 3, 6, 9, 
and 12 months following the HSCT. 1 patient 
did not hematologically reconstitute following 2 
unsuccessful HSCT attempts and therefore 
was not included in the results. Complications 
included 1 patient who sustained a transient 
neurological deterioration, 3 patients who suf-
fered from transient engraftment syndrome, 
and 2 who underwent a neurologic deteriora-
tion and high fever related to the initial mye-
loablative regimen. Other general side effects 
of the myeloablative process include loss of 
hair, premature menopause, increased risk of 
opportunistic infections, and adverse drug 
reactions. Post-treatment EDSS measure-
ments, neurologic examinations, ambulatory 
index scores, and MRIs were used to assess 
both disease progression and treatment effec-
tiveness. Out of the 14 patients who completed 
hematologic mobilization, 2 patients reported a 
worsening EDSS, 9 remained unchanged and 3 
improved. Relapse occurred in 2 patients after 
the immunosuppressive therapy was removed. 
MRI identified new lesions following HSCT in 1 
patient while 13 showed no new lesions. The 
study concluded that MS patients’ neurologic 
improvements were “unlikely” to be attributed 
to adaptive immune system re-education. 
Rather, the improvement was attributed to the 
immunosuppressive effects of the HSCT condi-
tioning process. The conclusion drawn from 
this study was that the HSCT process was 
effective in reducing the progression of MS with 
an acceptable amount of toxicity and side 
effects.

Since 1997, when the first pilot study of MS 
treatment with HSCT began [18] the number of 
trials has increased and the treatment protocol 
has changed. Due to the side effects associat-
ed with HSCT, the initial trials were restricted to 
patients with severe rapidly progressing MS 
who were unresponsiveness to other MS medi-
cations. This was demonstrated by a retrospec-
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tive survey done in 2006 that looked at all MS 
patients who underwent HSCT between the 
years of 1995-2000 registered in the database 
of the European Blood and Marrow 
Transplantation Group [19]. The survey found 
that before starting treatment the median 
EDSS score for the patient population was 6.5, 
indicating severe late stage MS.

More recently, researchers have conducted tri-
als using less intense chemotherapeutic meth-
ods on a wider range of MS patients [20, 21]. 
The rationale for this shift is a growing accep-
tance of the hypothesis that MS is caused by 
the interplay of genetics and specific sequen-
tial environmental triggers [22]. In this context, 
eradication of only self-reactive T cells (non-
myeloablation) could itself halt MS progression. 
Full eradication of all of a patient’s hematopoi-
etic cells (myeloablation) is therefore deemed 
unnecessary and inadvisable given the side 
effects [23]. If the fertile field hypothesis is cor-
rect then the patient’s remaining hematopoiet-
ic cells would not differentiate to self-reactive T 
cells since the environmental triggers inducing 
this state are unlikely to still be present. 
Additionally, HSCT is thought to have an immu-
nomodulatory effect in addition to its immuno-
suppressive effect, evidenced by the fact that 
patients post-HSCT often have a more diverse 
T-cell clonal population [24, 25]. This offers 
more evidence to support non-myeloablative 
HSCT because it demonstrates the potential of 
HSCT to modulate auto-immunity without the 
need to fully eradicate the patient’s bone mar-
row. Non-myeloablative HSCT carries less risk 
of lethal side effects and so the reduced risk-
to-benefit ratio of these trials has allowed 
researchers to extend HSCT treatment to 
patients with less severe MS.

The “intensity” of the HSCT is based upon the 
conditioning regimen used. High intensity is a 
term used to describe conditioning regimens 
that use total body radiation (TBI) or busulphan-
containing drugs, low intensity refers to regi-
mens that consist of CY alone, melphalan alone 
and fludarabine-based regimens, and interme-
diate intensity includes most other combina-
tions, such as BEAM (carmustine, etoposide, 
cytarabine, melphalan) and the combined use 
of Anti-T globulin (ATG) with high-dose CY or 
other chemotherapy [26]. Generally, the less 
intense the conditioning regimen, the less mye-

loablative it is, with low intensity regimens 
being considered truly non-myeloablative. The 
continued use of high intensity HSCT regimens 
is an area of contention. Some researchers 
argue against its use since clinical trials of high 
intensity HSCT have demonstrated equal effi-
cacy as intermediate and low intensity regi-
mens but have higher associated toxicity, prev-
alence of secondary autoimmune reactions, 
and mortality risk [27-29].

The results of recent non-myeloablative or low 
intensity HSCT trials show promise for an effec-
tive broader treatment for MS [20, 21, 30]. A 
study that compared the efficacy of low inten-
sity vs. intermediate intensity HSCT in treating 
MS patients concluded that the low intensity 
HSCT is associated with similar clinical out-
comes as the intermediate regimen but with 
lower toxicity and side effects [21]. In the study, 
clinicians performed HSCT on 41 patients with 
MS, 33 of which had SPMS. The median EDSS 
of the patients was 6.5. The study was initially 
designed to only test the efficacy of intermedi-
ate intensity HSCT in treating MS but was 
expanded to a comparative study involving less 
intense HSCT when three patients died in the 
early phases of the study from complications 
arising from the intermediate conditioning regi-
men. Systematic analysis reveals that trans-
plant related mortality (TRM) in early clinical 
trials was 5-6% from 1995-2003, but dropped 
to 1-2% from 2003-2008 when low intensity tri-
als first began. Patient outcomes are also 
extremely encouraging. In a 5 year prospective 
trial, 95 MS patients with differing disease 
severity underwent low intensity HSCT [30]. 
Progression-free survival after HSCT, measured 
by neurological improvement, decreased EDSS, 
and improved quality-of-life (QOL), was 82% at 
5 years and at long term follow-up overall clini-
cal response was 80%.

When interpreting results from HSCT trials, it is 
crucial to note that most of these trials are 
phase I/II safety and efficacy trials and there-
fore have limited clinical applicability. 
Additionally, the inclusion of healthier patients, 
as measured by a lower median EDSS (the 
median EDSS of patients in the Shevchenko 
trial was 3.5 pre-treatment), is most likely cre-
ating a selection bias that is distorting the true 
efficacy of the treatment. Looking forward, ran-
domized clinical trials of low intensity HSCT 
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with larger sample sizes, a broader diversity of 
MS patient types, and the inclusion of other 
parameters for judging treatment outcome, like 
the addition of a QOL assessment [31], will 
allow for a better portrayal of treatment effica-
cy and possibly lead to broader patient treat-
ment. Given that there are a large number of 
patients who suffer from rapidly progressing 
MS unresponsive to conventional treatments 
and that the harmful side effects of low inten-
sity HSCT are decreasing as researchers per-
fect the treatment protocol [30], implementa-
tion of these clinical trials is a realistic goal.

Looking forward, there are a few clinical HSCT 
trials currently ongoing, completed and compil-
ing results, or planned that will offer more data 
on HSCT for MS that may lead to wider applica-
tion (Table 1). The most noteworthy trial is 
being conducted by Richard Burt at 
Northwestern University. It is currently recruit-
ing RRMS patients who have failed first-line 
therapies and projects to have 110 patients 
total. It is the first phase III clinical trial of HSCT 
for the treatment of MS and it will utilize a low 
intensity conditioning regimen. Also noteworthy 
is a planned trial sponsored by the North Bristol 
NHS Trust and run by Neil Scolding that will 
examine whether or not HSCT without any con-
ditioning regimen may have efficacy in treating 
PPMS and SPMS patients. Depending on the 
results this trial may lead to a novel usage of 
HSCT in MS treatment.

There are numerous other hurdles that still 
need to be overcome before determining 
whether or not HSCT is a feasible treatment for 
MS. Researchers need to further standardize 
other technical aspects of HSCT, specifically 
examining the efficacy of the mode of trans-
plant delivery as well the timing [32]. The eco-
nomics involved with a broad HSCT treatment 
plan also need to be examined since this type 
of approach is what many researchers perceive 
as the end goal of their research [33]. However, 
for this paper we chose to focus on the intensi-
ty of the conditioning regimen and the patient 
selection because those two variables are 
most directly linked with the safety and efficacy 
of HSCT clinical trials. Both safety and efficacy 
of HSCT need to be definitively resolved before 
any of these other hurdles can be addressed. A 
research focus on low intensity HSCT trials in a 
broader range of MS patients is the best imme-

diate use of academic resources to approach 
this issue.

Nevertheless, HSCT does not represent a com-
prehensive treatment for MS. The current belief 
is that neurological deterioration in late-stage 
PPMS and SPMS is due primarily to axonal atro-
phy [34, 35]. Thus reconstituting the patient’s 
immune system through HSCT prevents further 
damage but does not stop neurological deterio-
ration in late-stage MS patients. This idea is 
supported by trials demonstrating the increased 
efficacy in stopping MS progression and pro-
moting neurological improvement in patients 
with EDSS scores <6 and patients treated with-
in 5 years of diagnosis [27, 36]. These findings 
have led these researchers to conclude that 
HSCT is an effective treatment only for early-
stage rapidly progressing MS that is unrespon-
sive to conventional treatment. Specifically, the 
best candidates for HSCT are relatively young 
patients with recent disease onset, active 
inflammatory lesions of relatively short dura-
tion and rapidly progressive disease, but who 
still have low EDSS scores and are unrespon-
sive to conventional therapy [24]. For late-stage 
MS, HSCT is not as effective and often not 
advisable given the inherent risks [30].

Mesenchymal stem cell transplantation 
(MSCT)

Mesenchymal stem cells (MSCs) are bone mar-
row- or placenta-derived stem cells that can dif-
ferentiate into osteocytes, chondrocytes, adi-
pocytes, astrocytes, etc. MSCs are 
immunomodulatory through the suppression of 
pathogenic lymphocytes in autoimmune disor-
ders, and have been shown to induce localized 
remyelination in CNS lesions, postpone disease 
progression and reverse clinical disease symp-
toms in animal models [37]. The ability to use 
an autologous source of MSCs reduces the risk 
of immune reactions to prevent exacerbation of 
autoimmunity in MS patients [38].

Experimental Autoimmune Encephalomyelitis, 
or EAE, is the most commonly used animal ana-
logue of MS, induced by the injection of the 
MOG peptide (self-antigen for the myelin oligo-
dendrocyte glycine coprotein) into 6-8 week-old 
mice [39, 40]. This injection induces host CD4+ 
T cell-mediated autoimmunity, leading to 
destruction of myelin and damage to axons 
within the CNS. Subsequent to the EAE induc-
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Table 1. Future HSCT Clinical Trials
Principal Investigator(s) Location Number of 

Patients
Type of MS Intensity of 

Conditioning
Status of Trial ClinicalTrials.

gov Reference #
Freedman and Atkins [49] Ottawa Hospital Research 

Institute
24 Only RRMS and SPMS High Completed Await-

ing Results
NCT01099930

Burt Northwestern University 110 (projected) Acute Inflammatory RRMS 
(failing conventional therapy)

Low Recruiting Patients NCT00273364

Nash and Bown 
http://www.halt-ms.org

National Institute of Allergy and 
Infectious Disease (NIAID)

25 RRMS or PRMS Intermediate Ongoing NCT00288626 

National Institute of Neuro-
logical Disorders and Stroke

Northwestern University and 
John Hopkins University

34 All types Low Completed NCT00342134

Lim Texas Oncology Cancer Center 50 (projected) All types except PPMS (failing 
conventional therapy)

Low Recruiting Patients NCT01679041

Scolding Frenchay Hospital 80 (projected) PPMS or SPMS None Not yet Recruiting NCT01815632
Relapsing-Remitting Multiple Sclerosis (RRMS); Secondary Progressive Multiple Sclerosis (SPMS); Primary Progressive Multiple Sclerosis (PPMS); Progressive-Relapsing Multiple 
Sclerosis (PRMS). Information complied from http://clinicaltrials.gov.

Table 2. Future MSCT Clinical Trials
Principal Investigator(s) Location Number of 

Patients
Type of MS Status of Trial ClinicalTrials.gov 

Reference #
Connick and Chandran [50] University of Cambridge 10 All types (with evidence of optic nerve dam-

age)
Completed NCT00395200

Uccelli, Comi and Bonetti University of Genova 20 (projected) RRMS, SPMS, PPMS Recruiting Patients NCT01854957
Gourabi, Aghdami and Nabavi Royan Institute 30 (projected) RRMS, SPMS, PPMS (failing conventional 

therapy)
Recruiting Patients NCT01377870

Shenzhen Beike Bio-Technol-
ogy Co., Ltd.

Shenzhen Beike Bio-Technology 
Co., Ltd.

20 (projected) All types Recruiting Patients NCT01364246

Fernandez and Ayuso Fundación Pública Andaluza 
Progreso y Salud

30 (projected) SPMS Ongoing NCT01056471

Cohen University Hospital Case Medi-
cal Center

24 RRMS, SPMS, PRMS Ongoing NCT00813969

Relapsing-Remitting Multiple Sclerosis (RRMS); Secondary Progressive Multiple Sclerosis (SPMS); Primary Progressive Multiple Sclerosis (PPMS); Progressive-Relapsing Multiple 
Sclerosis (PRMS). Information complied from http://clinicaltrials.gov.
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tion, mice are evaluated for disease progres-
sion through scoring of neurological function 
[39]. On this 0-5 scale, 0 denotes asymptom-
atic EAE, 1-4 denotes varying deterioration of 
tail and limb control until paralysis and 5 
denotes EAE-induced mortality [41].

Since EAE is characterized by CD4+ T lympho-
cyte-mediated autoimmunity, animal trials have 
been directed at attempting to hamper this 
aspect of EAE. A 2012 study proposed that the 
implantation of MSCs would affect the prolifer-
ation and pathogenesis of CD4+ T lymphocytes 
in the EAE model [40]. In this study, MSCs were 
isolated and cultured from test subject bone 
marrow. Mice received allogenic and syngenic 
MSC transplants following the induction of EAE, 
and cell samples taken 40 days post-transplant 
revealed several significant findings. First, the 
clinical disease scores of the MSCT recipients 
improved for a week following the transplant, 
regardless of MSC origin, then declined in par-
allel to the control group. Second, this improved 
neurological function following MSCT was asso-
ciated with an upregulation of IL-10, TGF-beta, 
Foxp3 and the CD4+CD25+Foxp3+T cell in 
immune system tissues. The CD4+CD25+ regu-
latory lymphocytes suppress pathogenic, self-
reactive T cells [40]. Thus, MSCT postpones the 
development of EAE in mice and might have a 
similar effect for MS.

Alternatively to bone marrow-derived MSCs, a 
2012 animal study proposed the use of placen-
tal tissue as a more accessible and less inva-
sive source for MSCs [39]. Female mice under-
went EAE induction, were observed daily for 
disease progression, then underwent PL-MSC 
transplantation. PL-MSCT resulted in decreased 
disease progression, postponed onset of symp-
toms and increased survival rate compared to 
the control. Most importantly, PL-MSCs dis-
played similar immunomodulatory effects as 
Zhu et al. found with BM-MSCs by suppressing 
pathogenic T cells, protecting axons, and pre-
venting demyelination. As with previous MSCT 
studies, transplanted PL-MSCs were found both 
at the transplant injection site, within the brain, 
as well as the test subjects’ spinal cords; indi-
cating a capacity to migrate to damaged CNS 
tissue [37]. The combined suppression of neu-
rodegeneration and immunomodulation in the 
CNS results in a local reduction in inflamma-
tion, which may have therapeutic potential for 
MS patients.

MSC-derived neural progenitors, or MSC-NPs, 
have also been shown to have a neuroprotec-
tive effect in EAE subjects via immunomodula-
tory mechanisms [42]. A recent study sought to 
determine if MSC-NPs could not only reduce 
the immune response in EAE models, but also 
induce remyelination to promote recovery [38]. 
MSCs were extracted from bone marrow, cul-
tured, and differentiated into MSC-NPs. After 
EAE was induced and neural function was 
observed, mice were intrathecally injected with 
autologous MSC-NPs. Multiple transplants 
improved clinical symptoms, whereas a single 
transplant had no effect, and both mechanisms 
reduced immune cell infiltration. The findings 
suggest that the improved symptom score may 
not be contingent on immunomodulation, as 
was previously suggested, but rather a signifi-
cant decline in areas of demyelination. The 
exact neural restoration mechanism is 
unknown, but repeated transplants might be 
needed to sustain the reversal of neural degra-
dation [38].

Evidence from preclinical studies supports the 
immunomodulatory and neuroprotective nature 
of MSCTs, thus numerous clinical trials have 
emerged to test the safety and validity of this 
treatment for MS patients. First, a phase I clini-
cal trial in 2010 isolated and cultured MSCs 
from healthy control individuals and MS 
patients in order to determine whether there 
were significant differences in MSCs that might 
have adverse implications for MSC therapy. 
Mallam et al. isolated and cultured MSCs from 
control and MS patient bone marrow, and found 
no significant differences in their histological or 
immunological phenotype, and in their in vitro 
differentiation and proliferation potential [43].

Additionally, a phase I/II open-safety clinical 
trial from 2010 examined the clinical potential 
of MSCT and any side effects in 15 patients 
with MS [37]. Patients received both intrathe-
cal (via lumbar puncture) and intravenous 
autologous bone marrow-derived MSCs. 
Clinically, there was marked functional improve-
ment for the first 6 months post-therapy with-
out adverse reactions. Physiologically, the 
MSCT showed a rise in CD4+CD25+ regulatory 
T lymphocytes and decline in activated T lym-
phocytes, which is analogous to patterns in ani-
mal models [40]. Though the exact mechanism 
is difficult to ascertain, the immunomodulatory 
response of MSCT exceeds that of conventional 
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disease-modifying therapies--authors hypothe-
sized the migratory nature of MSCs may be 
responsible for the clinical improvement in 
these patients. Nonetheless, the trial validates 
results found in animal models and demon-
strates the safety and potential of MSCT in 
human patients [37].

Additional studies focus on treating patients 
with secondary progressive MS, since there are 
limited treatment options for patients with pro-
gressive MS [44]. A recent open-label phase IIa 
proof-of-concept trial highlights the unmet 
demand for a successful treatment for second-
ary progressive MS and ascertains the neuro-
protective benefit of MSCT therapy. Participants 
were specifically chosen for anterior optic 
lesions (retinal nerve demyelination) to more 
readily assess neuroprotective effects of intra-
venous autologous MSCs using optic nerve 
function. Patients showed both visual and gen-
eral disability improvement, without major 
adverse effects. The mechanism by which 
MSCT improves clinical symptoms of progres-
sive MS is unknown; however, the authors con-
tend that remyelination might be responsible 
for the results [44].

Though several clinical trials support the safety 
and validity of MSCT in MS patients, there have 
yet to be clinical trials to assess the efficacy of 
MSC-derived neural progenitor transplants in 
MS patients, despite their therapeutic potential 
outlined in several animal trials [42, 45]. In 
2012, the first preclinical study to compare 
MSC-NPs from human donors with and without 
MS was completed [45]. Since autologous 
transplants are considered safest and most 
effective for patients with autoimmune disor-
ders, it is vital to determine whether significant 
differences exist between MSC-NPs from MS or 
non-MS patients before autologous MSC-NP 
transplants can be used in clinical trials. MSCs 
were extracted from bone marrow, differentiat-
ed into MSC-NPs and studied for differentiation 
potential and cellular characteristics. This 
study determined that there are no differences 
between MSC-NPs, from MS or non-MS 
patients, and supports the potential safety of 
MSC-NP therapy in clinical trials [45].

The widespread research opportunities and 
rapid pace for both HSCT and MSCT have yield-
ed promising results. There are several advan-

tages to MSCT compared to HSCT that have 
shown promise in preclinical trials [41]. Like 
HSCT, the MSCT readily uses the patient as the 
donor and eliminates the risk of rejection and 
graft vs. host disease (GVHD). Animal studies 
with human MSCs (xenogeneic) as well as allo-
geneic and syngeneic transplants have shown 
that MSCs can exert their benefits before being 
phagocytized by immune cells. MSCs readily 
multiply in-vitro and maintain their multipotent 
properties until integrated into various tissues-
even the central nervous system. This multipo-
tency was further demonstrated when CD45-
CD146+ cells established a hematopoietic 
environment similar to HSCs when introduced 
to blood and bone marrow [41].

In addition, the MSCs have shown immunomod-
ulatory and immunosuppressive capabilities 
which decrease the inflammatory environment 
that degrades myelin. In mouse studies, this 
was observed when MSCs increased prolifera-
tion of CD4 cells while simultaneously reducing 
production of CD8 T-cells, plasma B-cells, NK 
cells, and the activity of antigen presenting 
cells [41]. Keeping immune cells in their quies-
cent, non-proliferative state prevents the secre-
tion of pro-inflammatory cytokines such as 
interferon-γ, IL-2, and IL-17. Increased CD4 
numbers correlate with increases in immune-
regulatory cytokines IL-10, TGF-β1, and IL-4 
[40].

In-vitro studies demonstrate that neurally-inte-
grated MSCs have paracrine anti-apoptotic 
properties, promote cell body growth process-
es, and may induce neurogenesis and oligoden-
drogenesis through neurotropic factors. Our 
current inability to mark MSCs during in-vivo 
studies leads to challenges in deducing wheth-
er benefits are due to direct stem cell grafting 
or via a paracrine effect. Despite this ambigui-
ty, quantifiable benefits have been observed in 
administrations of < 1 million MSCs [41]. 
Essentially, the presence of MSCs can create a 
less inflammatory and more anabolic microen-
vironment favorable to neural health and regen-
eration, without requiring the immunosuppres-
sive procedures.

Looking forward, there are many upcoming clin-
ical trials that test the safety and efficacy of 
MSCT in the treatment of MS (Table 2). These 
trials are all phase I clinical trials, which is 
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demonstrative of the infancy of this treatment 
protocol; but due to the low toxicity associated 
with MSCT, these trials could spur rapid clinical 
and research developments.

Combined therapies

Since the MS therapies discussed act through 
separate mechanisms, it is conceivable that 
the best treatment regimen for some MS 
patients might be a combination of multiple 
therapies. A pilot study [46] tested the benefits 
of intravenous infusion of MSCs in 5 patients 
receiving umbilical cord-derived HSCT. 
Compared to a control group undergoing only 
HSCT, patients receiving co-transplantation 
with MSCs had significantly faster hematopoi-
etic recovery of neutrophils and platelets. The 
study concluded that MSC co-transplantation 
during HSCT could be a safe and effective way 
to improve HSCT treatment efficacy. In another 
trial, 5 female patients with RRMS who had 
failed to improve after non-myeloablative HSCT 
were treated with Natalizumab [47]. After start-
ing Natalizumab, 4/5 patients showed a halt to 
MS progression as demonstrated by the lack of 
disease relapse and any new lesions on MRI, 
and 1 patient showed an initial relapse after 
Natalizumab infusion but then showed mark-
edly improved neurological function evidenced 
by an EDSS score improvement from 6.5 pre-
treatment to 4.0 post-treatment (40 months 
out). These two trials demonstrate that combi-
nation therapies involving stem cells are still in 
their infancy but offer hope of a safe and effec-
tive way to improve patient outcomes.

A recent trial examined the safety and efficacy 
of combining non-myeloablative HSCT with a 
consolidation therapy of Mitoxantrone [48]. 55 
MS patients total were included in the trial; 32 
RRMS, 13 SPMS, 9 PPMS and 1 PRMS patient. 
They had a median EDSS of 4.0. No transplant 
related mortality was observed. At mean follow-
up of 26 months, the group with RRMS demon-
strated improvement in 15 patients (58%) and 
stabilization in 11 (42%). In the group with pro-
gressive MS (PPMS, SPMS, RPMS), improve-
ment was achieved in 15 patients (82%) and 
stabilization in 3 (18%). No relapses throughout 
the whole follow-up period were found. 
Researchers concluded that non-myeloablative 
HSCT with consolidation therapy by 
Mitoxantrone appears to be a safe and effec-
tive treatment for MS.

Conclusion

HSCT and MSCT offer hope for a new effective 
treatment for MS. Recent trials of low intensity 
HSCT indicate that as researchers improve the 
conditioning protocol, they can significantly 
reduce the adverse side effects without 
decreasing efficacy [30]. Similarly, a recent clin-
ical trial evaluating MSCT concluded it was a 
feasible and safe treatment method for MS 
patients [37]. Given MSCT’s positive potential 
on neural restoration and immunomodulation 
demonstrated in animal models, MSCT offers a 
low risk/high reward treatment option for MS 
patients. Additionally, HSCT and MSCT could 
work synergistically to further decrease adverse 
side effects and increase patient outcomes.

Researchers are currently recommending that 
HSCT be used in patients with early-stage rap-
idly progressing MS unresponsive to first-line 
medications [30]. If current clinical trends con-
tinue and the risks continue to drop for HSCT 
and MSCT, these treatment options could be 
extended to a broader patient pool. Given the 
toxicity and ineffectiveness of many first-line 
MS medications it is conceivable that stem cell 
therapy could become the first-line treatment 
for MS patients. Larger randomized trials need 
to be conducted to determine the feasibility of 
such an approach and elucidate the different 
mechanisms of action of stem cell therapy. 
Recent safety trials have opened the door for 
future trials on MSC-NPs [38]. Placental derived 
MSCs appear to be more practically useful 
compared with bone marrow derived MSCs 
based upon accessibility and abundance [39]. 
Further clinical trials using placental derived 
MSCs and MSC-NPs will lead to insight on the 
feasibility of MSCT as a standard treatment for 
MS patient.

The large amount of MS patients unresponsive 
to current medications and in rapidly deterio-
rating health provides justification and impetus 
for these future trials in stem cell therapy. 
Presently, stem cell therapy is not a cure for MS 
but it offers great hope and promise.
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