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ABSTRACT

Myelin, a modified plasma membrane wrapped around axons, is an essential part of signal propagation in the nervous system. Formed by oligodendrocytes in the
central nervous system (CNS) and Schwann cells in the peripheral nervous system (PNS), myelin lowers the amount of energy needed to send or receive signals.
Multiple Sclerosis (MS) is an autoimmune, hyperinflammatory disease that attacks the nervous system, specifically myelin. MS is characterized by three types of
lesions in the brain and along the blood brain barrier, making it very difficult to diagnose through conventional magnetic resonance imaging (MRI) and even more
difficult to treat. It has an unpredictable pathophysiology that cannot be cured by current drug therapies. Stem cell therapies have been heavily researched in recent
years to try to combat the autoimmune disease by stopping demyelination and recovering lost function through the regeneration of differentiated cells.
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Abbreviations

CNS: Central Nervous System

DMD: Disease-Modifying Drugs

EAE: Experimental Autoimmune Encephalomyelitis
GA: Glatiramer Acetate

HSC: Hematopoietic Stem Cells

MS: Multiple Sclerosis

MRI: Magnetic Resonance Imaging

MSC: Mesenchymal Stem Cells

PNS: Peripheral Nervous System

PPMS: Primary-Progressive Multiple Sclerosis
RRMS: Relapsing-Remitting Multiple Sclerosis
SPMS: Secondary-Progressive Multiple Sclerosis

Introduction

Standard Central Nervous System (CNS) Development and
Function

The CNS is the baseline of function in the human body, consisting
of the brain and spinal cord. In order to have any motor function,
the brain must transmit impulses down the spinal cord and
through efferent neurons in the peripheral nervous system. In
order to receive sensory information, sensory receptors must
transmit impulses through afferent neurons, up to the spinal cord,
which then carries the impulse to the brain. The key to efficient
neurological impulse propagation is myelin, a modified plasma
membrane that wraps around nerve axons to help with speed

of signal transmission [1]. In the CNS, myelin is formed by
oligodendrocytes, and in the PNS myelin is formed by Schwann
cells [1]. Myelin functions to increase axon conduction speed,
which allows for rapid transmission of impulses over longer
distances than unmyelinated axons causing an increase in cognitive
function [2]. It also allows for less energy expense and space
occupied by axon fibers during impulse propagation because
of increased transmission efficiency with myelinated axons [1].
Along myelinated axons are spaces of unmyelinated fiber, called
nodes of Ranvier. These unmyelinated fibers are the location of
saltatorial conduction; active excitation of the axon membrane
causing impulse propagation by the “jumping” of signals between
nodes [1]. Once the membrane becomes excited, the impulse
cannot continue propagating through the highly-resistant myelin
sheath and instead depolarizes the membrane at the next node [1].
There are two main regions of the node where impulse propagation
occurs: the paranode and juxtaparanode regions (Figure 1) [2].
These regions are where axons and myelinating glial cells, or
immune cells, interact with one another. There are four interactions
that need to take place between an axon and glial cell for proper
node function. The node itself must be a place free of glial myelin
for there to be no immune system interference [2]. There must be
localization of voltage-gated sodium channels (Nav1.1, Nav1.6,
and KCNQ2/3) in the axon membrane at the node of Ranvier and
localized potassium channels (Kv1) in the juxtaparanode (Figure 1)
[2]. The final interaction needed between the two involves myelin
attachment to the axon itself [2]. This is regulated by cell adhesion
and scaffolding proteins in the paranode and juxtaparanode, which
are also demonstrated in Figure 1 [2].

J Neurol Res Rev Rep, 2020

Volume 2(1): 1-5



Citation: Darren Ioos and Vincent Gallicchio (2020) Disease-Modifying Drugs and Stem Cell Therapies for the Treatment of Myelin Degeneration due to Multiple
Sclerosis. Journal of Neurology Research Reviews & Reports. SRC/JNRRR-104. DOI: doi.org/10.47363/JNRRR/2020(2)106

Internode: Paranoda Noda of Rarvier Paranoda Internode

Figure 1: Diagram of proteins found at the node of Ranvier,
paranode, juxtaparanode, and internode [2].

In order for myelin to reduce the axonal membrane capacitance,
and therefore decrease the energy needed to propagate signals
across the node, there needs to be little current flow under the
myelin sheath. One way there is reduced current flow is through
adhesive junction formation between glial cells and axons [2]. To
help with reducing current flow in the myelin-axon gap, potassium
channels in the juxtaparanode are placed under the myelin to reduce
potential voltage drops, which then reduces activation in normal
environmental circumstance [2]. Disruption of paranode structure
can loosen extracellular space at the node, leading to increased
current beneath the myelin and more activation of juxtaparanode
potassium channels. Increased potassium channel activation in
the juxtaparanode can prevent impulse propagation across the
membrane, which leads to lowered effective neurological function
[2]. Compared to normal physiology (Figures 2a and 2b) [2],
increased current flow, paranode elongation, and myelin retraction
(Figures 2c, 2d, 2e, respectively) [2] are all ways in which the
node can negatively impacted. Without correct CNS development
and function, the body cannot properly transmit impulses which
leads to defective function, as seen in multiple sclerosis pathology.

Multiple Sclerosis Pathology and Diagnosis

Multiple Sclerosis is considered an autoimmune, inflammatory
disease that is located in the central nervous system, with
symptoms spreading throughout the whole body [3]. It has an
extremely unpredictable pathological progression, starting with
small, recurring episodes of neurological deficit and ends with
irreversible myelin degeneration and dysfunction. The average
disease pathology lowers human lifespan by seven years, yet the
majority of the developmental period of MS is not expressive [4].
There are four classifications of MS: Relapsing-Remitting Multiple
Sclerosis (RRMS), Secondary-Progressive Multiple Sclerosis
(SPMS), Primary-Progressive Multiple Sclerosis (PPMS), and
Progressive-Relapsing Multiple Sclerosis [3]. RRMS, the most
prevalent classification, affects around 85% of patients diagnosed
with MS [3]. RRMS consists of symptom flare-up followed by
periods of remission, where no symptoms are present. It is two
times as likely that females will present with RRMS as males
[4]. RRMS is diagnosed by evidence of inflammation in areas
with demyelination and destroyed oligodendrocytes. The inflamed
lesion area consists of lymphocytes and monocytes (white blood
cells) that have the potential to bypass the blood brain barrier,
becoming an imminent threat to the brain. After penetrating the
barrier, the lesions caused by white blood cells are detected as MS
progression, leaving plaque-like, demyelinated compartments in
the parenchyma [4, 5]. There are three classifications of lesions

brought on by multiple sclerosis. Type I contains cortical areas of
demyelination and leukocyte contamination of subcortical white
matter; Type Il has small areas of demyelination to the cortical
lesion area surrounding blood vessels; and Type III has areas of
demyelination that extend from the pia surface above the cortex
into cortical layers 3 and 4 of the brain [6]. All of these lesions,
further diagramed in Figure 3, develop without significant leukocyte
invasion making MS extremely difficult to diagnose early on in
pathology development [6]. Highlighted in orange are the areas of
the cortical membrane impacted by autoimmune attack consistent
with each type of lesion (Figure 3) [6]. Another difficulty for
clinical diagnosis is presented here: cortical lesions with an intact
blood brain barrier cannot be detected with a conventional MRI
[6]. As the disease progresses from RRMS into SPMS, there is
a clinically significant axonal-density decrease with, or without,
periods of symptom remission [4]. Due to the seamless transition
between RRMS and SPMS, only the loss of symptom remission can
differentiate between the two [7] leading to further diagnostic and
drug treatment difficulties. Aside from loss of symptom remission,
characteristic of SPMS is the irreversible neurological decline with
observable, functional deficits to the patient [4,7]. Two separate
classifications of MS, PPMS and progressive-relapsing, consist
of nearly constant neurological decline [3]. PPMS is defined by
an increase in T-cell presence within the meninges of the brain,
suggesting that PPMS should, instead of the lack of T-cell activation,
be characterized by the lack of T-cell presence in brain and spinal
cord parenchyma yet extreme presence in the meninges [5]. There
are no remission stages in PPMS like there are in RRMS and SPMS,
and PPMS is even more resistant to drug therapies [3]. Progressive-
relapsing MS, like PPMS, is progressive from its onset and has no
remission periods. There is also a reduced time until irreversible
damage is done to the brain, a greater degree of inflammation,
and a younger onset of progressive-relapsing MS [8]. PPMS and
progressive-relapsing MS affect between 5-10% of patients each [3].
According to Goldenberg in his 2012 review on multiple sclerosis,
the diagnostic criteria is as follows: at least two different lesions are
found in white matter of the central nervous system, and at least
two different neurological episodes over the course of at least one
month apart [3]. Another diagnostic tool used by clinicians is a spinal
tap to examine oligoclonal bands for inflammation, determined by
cerebral spinal fluid analysis [3]. Depending on the diagnosis, there
are many different current disease-modifying drug (DMD) therapies
that vary in usefulness per classification of MS.
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Figure 2: Diagram of myelin interaction under normal and
pathological influence [2].

J Neurol Res Rev Rep, 2020

Volume 2(1): 2-5



Citation: Darren Ioos and Vincent Gallicchio (2020) Disease-Modifying Drugs and Stem Cell Therapies for the Treatment of Myelin Degeneration due to Multiple
Sclerosis. Journal of Neurology Research Reviews & Reports. SRC/JNRRR-104. DOI: doi.org/10.47363/JNRRR/2020(2)106

Figure 3: Diagrams of the Lesions I-III that develop during MS
pathology [6].

Current Therapeutic Techniques: Disease-modifying Drugs
(DMD)

MS is currently classified as a lifelong disease due to no cure
presented to date. For decades there has been an attempt to treat
symptom-presentation through DMD, with much of the focus on
RRMS symptom treatment [9]. The goals of DMD are to shorten
episode frequency and duration while relieving any chronic
symptoms that affect daily patient life [3], as well as immediate
episode relief was observed when using corticosteroids, along with
few adverse side effects in most patients [3]. Corticosteroids are
not long-term or helpful after multiple doses, though, which is
why they are not as effective in treating MS after diagnosis when
other DMD are available. Beta-interferon drugs were early DMD,
affecting naturally occurring cytokines that are secreted by immune
cells [3]. Cytokines, proteins released by cells that have a specific
effect on tissue they interact with, are be pro-inflammatory or anti-
inflammatory, which can be effective in MS symptom treatment
[10]. MS affects pro-inflammatory cytokines, causing the extreme
inflammation seen in MRI scans. The anti-inflammatory effects
of beta-interferons reduce pain (nerve desensitization) caused by
episode flare-ups [3]. While they are effective in reducing pain
during an episode, beta-interferons also put patients at risk for
liver dysfunction, thyroid disease, depression, and leukopenia
[3, 4]. Leukopenia is a severe, abnormal decrease in white blood
cell circulation that puts patients at risk of infection [3]. While
studying the effects of beta-interferons on MS pathology, Rice et
al. found that, while overall quality of life improved in patients, 37
out of the 117 patients in the study stopped treatment at one point
[11]. Of the 37 who stopped treatment, 17 patients stopped due to
adverse side effects and 10 had continued disease progression [11].
Beta interferon treatment is only somewhat effective in reducing
symptoms for patients and, for some, can be harmful.

Glatiramer Acetate (GA), more commonly known as Copaxone
or Glatopa [3], is a DMD used primarily for patients with RRMS
who responded with adverse effects to beta interferons. GA was
synthesized to be a competitive inhibitor of myelin protein to
reduce the rate of relapsing episodes [3] but it also reduces antigen
presentation and can stimulate the secretion of anti-inflammatory
cytokines [4]. These two sets of effects, together, make GA a more
successful deterrent of the debilitation set on by MS. Issues can
arise by the frequent intramuscular and subcutaneous injections
that are required to deliver GA, with common side effects such
as flu symptoms and skin reactions [4].

Another DMD that is used for interference of DNA repair is
Mitoxantrone [3] (commonly known as Novantrone) which is also

used as a chemotherapeutic agent. Mitoxantrone interferes with
topoisomerase 11, a DNA repair enzyme, although the mechanism
of immunomodulation is yet to be fully explained [12]. During in
vitro studies, the drug was well-tolerated by patients while also
showing an improvement of RRMS and SPMS symptoms over
a two-year period [12]. There were reduces in relapse rate, along
with a slowing of disease progression [12] that gave medical
professionals reason to use Mitoxantrone for MS treatment as
well as a chemotherapeutic agent. Although it has shown great
capabilities to reduce repair enzyme activity in cytokines, there
weren’t any effects by Mitoxantrone on the phagocytic activity
of macrophages during the in vitro study [12].

A much more recent DMD developed to suppress leukocyte
binding is Natalizumab, commonly known as Tysabri [2, 3].
Natalizumab binds to alpha integrins expressed on leukocytes
to inhibit the alpha-4 mediated adhesion of the leukocyte to
receptors, making the DMD its own immunoglobulin antibody
[3]. This can effectively reduce the attack rate brought on by MS.
It was recently found that pairing Natalizumab with T-cell therapy
has the potential to normalize inflammation levels [5] which
will also reduce pain during episodes. T-cell therapy is still in
clinical trials, and during a 2018 phase III study there was a large
incidence of adverse side effects with no significant reduction of
SPMS progression [13]. Taking Natalizumab risks the patient of
developing Progressive Multifocal Leukoencephalopathy, a viral
infection of the brain that can lead to death or severe disability
the more the patient takes the DMD [3].

A second more recent DMD is Teriflunomide, commonly known
as Aubagio. Teriflunomide can reversibly inhibit dihydroorotate
dehydrogenase, a mitochondrial enzyme in the pyrimidine
synthesis pathway [14]. In turn, inhibition reduces activation
of T and B cells without cell death as well as S-phase cell cycle
interruption, limiting T and B cell inflammation [ 14]. During animal
experiments, Teriflunomide was able to reduce CNS lymphocyte
invasion, axonal loss, and preserve moderate neurological
functioning [14]. There has yet to be effects on cell viability, as
there are with Mitoxantrone [3] and immunosuppressants, but
during clinical trials there was mean decrease in leukocyte count
of about 15% from baseline measurements over the course of
3 months [14], after which there was no improvement. Each of
the DMD discussed have shown slight improvement compared
to placebos during trials, yet none have significantly improved
quality of life of RRMS or PPMS patients. Stem cell therapy has
been a more recent development that can contribute to slowing
the progression of MS.

Stem Cell Therapy

Over the course of the last decade, three types of stem cells
have been heavily studied in the attempt to have a bigger impact
on the debilitation of MS: exosomes, hematopoietic stem cells
(HSC), and mesenchymal stem cells (MSC). Exosomes are small,
membrane-wrapped vesicles secreted by most cells to play a role
in immune system signaling and inflammation [15]. Different cell-
originated exosomes evoke different responses in the recipient
cell. By engineering specific, clearly-defined surface markers
on a target recipient, there can be a high therapeutic success
rate using exosomes [15]. Exosomes derived from MS patients
could selectively target cells that are specific to the MS pathway,
acting as an immunosuppressant [15]. While using experimental
autoimmune encephalomyelitis (EAE) rat models, Li et al. showed
that exosome treatment decreased negative neural behavior
scores, reduced inflammatory cell infiltration, and decreased the
rate of demyelination [16]. They also measured significantly
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increased protein and mRNA expression levels [16] which
implies new neural growth in areas previously demyelinated.
One study provided a possible mechanism of delivering exosomes
encapsulating curcumin intranasally, which successfully protected
mice from brain inflammation brought upon by MS degeneration
[17]. Because of their low immunogenicity, low toxicity, and their
ability to encapsulate bioactive molecules while crossing the blood
brain barrier, exosomes show promise in treating degenerative
disorders. Further animal studies and clinical trials using standard
exosomes are needed to understand the immunosuppressing
ability. A second type of exosome study, using MSC-derived
exosomes, reduced the mean clinical score of EAE mice compared
to control [18]. It showed an increase in motor function, reduction
of inflammation, and a reduction in demyelination [18]. Spinal
cord sections from the exosome-induced mice, pictured in Figure
4 [18], show reduced macrophage size and complexity. Treatment
transformed macrophage morphology from swollen, activated
forms, to small cell bodies as if the cells were healthy (Figure
4) [18]. This study published last year shows that exosomes can
serve as a therapy solution in response to autoimmune and CNS
disorders, such as MS.

Another recent development is the use of HSC when treating
neurodegenerative disorders. HSC are cells isolated from bone or
bone marrow that can differentiate into various, specialized cells
[1]. HSC can renew themselves with hyperactivity of telomerase
[1], an enzyme used to protect the telomeres from destruction,
which allows HSC to retain stem cell properties and not specialize
each generation of new cells [19]. A primary application of HSC
since its research origins has been autoimmune disorders. When
targeting MS degeneration, HSC therapy is meant to eliminate
lymphocytes that are autoreactive and create a new immune
system that is not in an inflamed environment [20]. As described
in Burt et al.’s study, after 1 year of treatment using HSC disease
progression was 1.92% and at 4 years 9.71%, compared to DMD

(24.5% and 75.3%, respectively) [20]. HSC therapy requires
transplantation of stem cells into the bloodstream, which can
cause a variety of adverse events. Transplantation can result
in mucositis, inflammation of mucous membranes; sinusoidal
obstruction syndrome, enlargement of the liver and extreme fluid
retention; failing to ovulate post-transplantation; and stunted
growth in adolescents [19].

The third focus area of stem cell therapy for MS is MSC therapy.
MSC are a subclass of adult stem cell that support hematopoiesis,
the formation of new blood cells [9]. An early stem cell study
found that MSC inhibit T-cell proliferation [21]. This suggested
that MSC can induce an autoimmune tolerance, making it a
candidate for neurodegenerative, autoimmune disorders like MS.
Such findings were found by researchers when MSC improved
clinical scores in EAE mice models induced with progressive MS
pathophysiology [5]. Amniotic MSC have been recently discovered
to also have immunomodulatory and immunosuppressive effects.
They have the capability to reduce the activity of inflammatory
cells, the migration of microglia, and can inhibit immune cell
migration towards injury sites [22]. Abbasi-Kangevari et al. also
found a multitude of other effects amniotic MSC have on MS:
MSC can enhance neurogenesis in brain injuries by inhibiting
inflammation at the injury site, can increase neurotrophic factor
expression levels to prevent neurons from initiating apoptosis, and
can induce differentiation of neural stem cells to neurons [22].
Sparking regrowth in lesion areas will help MS patients combat the
deterioration, as well as continue to repair the lesions themselves.
It was also found that MSC can be directed where to go in their
migration through the blood brain barrier, so lesion areas can be
targeted directly [23]. Mansoor et al. discovered that MSC can
arrest the B-cell cycle, effectively inhibiting the production and
distribution of antibodies as well as stopping activation of dendritic
and natural killer cells [23].
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Figure 4: MSC-derived exosome treatment of macrophages and T cells in EAE mice spinal cords. Shows reduction in size and

simplification of morphology of macrophages [18].
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Conclusions

Stem cell therapy trials have shown success in slowing down
demyelination caused by MS [16, 18, 21, 22, 23]. There have also
been challenges presented during these trials. During Mansoor
et al.’s trial using MSC to suppress demyelination it was found
that the immunosuppressive capabilities of MSC allow room for
opportunistic diseases to take control of the body [23]. The next
step for MSC research is to develop a method of delivery for
MSC-secreted exosome cells to the body. Exosomes are smaller
in size, allowing them to travel more freely through capillaries
and have improved delivery to the lesion site [18]. Figuring out
the correct route of administration for the other stem cell therapies
is also an important development to investigate in future studies.
For decades there have been attempts to slow MS progression with
DMD, and for the past decade there has been lot of developing
research on stem cell therapies. Neither have completely stopped
the debilitating disease from progressing, but it is possible that
together they can. Many DMD used in today’s battle against
MS are effective in reducing the disease’s ability to progress at
the rate it would without intervention, while stem cell therapies
can regenerate properly differentiated cells. DMD therapy can
potentially slow down MS progression enough so that stem cell
therapies, like MSC-derived exosomes or HSC, can start reversing
the damage done to the brain by lesions.

References

1. Morell Pierre (1999) “The Myelin Sheath.” Basic
Neurochemistry: Molecular, Cellular and Medical Aspects.
6™ Edition., U.S. National Library of Medicinel Jan. 1999.

2. Arancibia-Carcamo, I Lorena, and David Attwell (2014) “The
Node of Ranvier in CNS Pathology.” Acta Neuropathologica,
Springer Berlin Heidelberg 128(2): 161-175.

3. Goldenberg, Marvin M (2012) “Multiple Sclerosis Review.”
P & T: a Peer-Reviewed Journal for Formulary Management,
Medi Media USA, Inc 37(3): 175-184.

4. Trapp, Bruce D, Klaus-Armin Nave (2008) “Multiple
Sclerosis: An Immune or Neurodegenerative Disorder?”
Annual Review of Neuroscience 31: 247-269.

5. Faissner, Simon, Jason R. Plemel, Ralf Gold, V. Wee Yong
(2019) “Progressive Multiple Sclerosis: from Pathophysiology
to Therapeutic Strategies.” Nature Reviews Drug Discovery
18: 905-922.

6. Peterson John W, Bo L, Mork S, Chang A, Trapp BD (2001)
“Transected Neurites, Apoptotic Neurons, and Reduced
Inflammation in Cortical Multiple Sclerosis Lesions.” Annals
of Neurology 50: 389-400.

7. Lorscheider Johannes, Buzzard K, Jokubaitis V, Spelman T,
Havrdova E ,et al. (2016) “Defining Secondary Progressive
Multiple Sclerosis.” Brain 139: 2395-2405.

8. Hughes Jordana, Vilija Jokubaitis, Alessandra Lugaresi,
Raymond Hupperts, Guillermo Izquierdo, et al. (2018)
“Association of Inflammation and Disability Accrual in
Patients with Progressive-Onset Multiple Sclerosis.” JAMA
Neurology 75: 1407-1415.

9. Uccelli Antonio, Laroni A, Brundin L, Clanet M, Fernandez
O ,et al. (2019) “MEsenchymal StEm Cells for Multiple
Sclerosis (MESEMS): a Randomized, Double Blind, Cross-
over Phase I/II Clinical Trial with Autologous Mesenchymal
Stem Cells for the Therapy of Multiple Sclerosis 20(1): 263.

10. Zhang, Jun-Ming, Jianxiong an (2007) “Cytokines,
Inflammation, and Pain.” International Anesthesiology Clinics
45:27-37.

11. Rice Gp, Oger J, Duquette P, Francis GS, Bélanger M, et
al. (1999) “Treatment with Interferon Beta-1b Improves
Quality of Life in Multiple Sclerosis.” Canadian Journal

of Neurological Sciences / Journal Canadien Des Sciences
Neurologiques 26: 276-282.

12. Scott, Lesley J, and David P Figgitt (2004) “Mitoxantrone.”
CNS Drugs 18: 379-396.

13. Kapoor Raju, Ho PR, Campbell N, Chang I, Deykin A, et
al. (2018) “Effect of Natalizumab on Disease Progression
in Secondary Progressive Multiple Sclerosis (ASCEND):
a Phase 3, Randomised, Double-Blind, Placebo-Controlled
Trial with an Open-Label Extension.” The Lancet Neurology
17: 405-415.

14. Bar-Or Amit, Pachner A, Menguy-Vacheron F, Kaplan J,
Wiendl H (2014) “Teriflunomide and Its Mechanism of Action
in Multiple Sclerosis.” Drugs 74: 659-674.

15. Xu, Hui, Jia S, Xu H (2019) “Potential Therapeutic
Applications of Exosomes in Different Autoimmune
Diseases.” Clinical Immunology 205: 116-124.

16. Li Zijian, Liu F, He X, Yang X, Shan F, et al. (2019)
“Exosomes Derived from Mesenchymal Stem Cells Attenuate
Inflammation and Demyelination of the Central Nervous
System in EAE Rats by Regulating the Polarization of
Microglia.” International Immunopharmacology 67: 268-280.

17. Zhuang, Xiaoying, Xiaoyu Xiang , William Grizzle, Dongmei
Sun, Shuangqin Zhang, et al. (2011) “Treatment of Brain
Inflammatory Diseases by Delivering Exosome Encapsulated
Anti-Inflammatory Drugs From the Nasal Region to the
Brain.” Molecular Therapy 19: 1769-1779.

18. Riazifar, Milad, Mohammadi MR, Pone EJ, Yeri A,
Lasser C, et al. (2019) “Stem Cell-Derived Exosomes as
Nanotherapeutics for Autoimmune and Neurodegenerative
Disorders.” ACS Nano 13: 6670-6688.

19. Copelan Edward A (2006) “Medical Progress: Hematopoietic
Stem-Cell Transplantation.” The New England Journal of
Medicine 354: 1813-1826.

20. Burt Richard K, Roumen Balabanov, Joachim Burman,
Basil Sharrack, John A. Snowden, et al. (2019) “Effect of
Nonmyeloablative Hematopoietic Stem Cell Transplantation
vs Continued Disease-Modifying Therapy on Disease
Progression in Patients With Relapsing-Remitting Multiple
Sclerosis™ 321(2):165-174.

21. Bartholomew Amelia, Sturgeon C, Siatskas M, Ferrer K,
Mclntosh K, et al. (2002) “Mesenchymal Stem Cells Suppress
Lymphocyte Proliferation in Vitro and Prolong Skin Graft
Survival in Vivo.” Experimental Hematology 30(1): 42-48.

22. Abbasi-Kangevari Mohsen, Seyyed-Hadi Ghamari,
Fahimeh Safaeinejad, Soheyl Bahrami, Hassan Niknejad,
et al. (2019) “Potential Therapeutic Features of Human
Amniotic Mesenchymal Stem Cells in Multiple Sclerosis:
Immunomodulation, Inflammation Suppression, Angiogenesis
Promotion, Oxidative Stress Inhibition, Neurogenesis
Induction, MMPs Regulation, and Remyelination
Stimulation.” Frontiers in Immunology 10: 238.

23. Mansoor Sahar Rostami, Zabihi E, Ghasemi-Kasman M
(2019) “The Potential Use of Mesenchymal Stem Cells for the
Treatment of Multiple Sclerosis.” Life Sciences 235: 116830.

Copyright: ©2020 Vincent S Gallicchio. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,

which permits unrestricted use, distribution, and reproduction in any medium,

provided the original author and source are credited.

J Neurol Res Rev Rep, 2020

Volume 2(1): 5-5



