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ABSTRACT

Demyelinating diseases, especially multiple sclerosis is not only medical but also socio-economic issue. Unsatisfactory quality of life and high 
degree of disability in these patients require the implementation of the advanced treatments, such as stem cell transplantation. Numerous ex-
perimental and clinical studies are being conducted, revealing new mechanisms of the action of stem cells in demyelinating diseases. Further 
research is needed to understand many more aspects of clinical use.

This review is devoted to the use of regenerative cell technologies in the treatment of demyelinating diseases, the current state and prospects 
of the approach to the treatment of such pathology with stem cells.

KEY WORDS: stem cells; cell transplantation; multiple sclerosis

BRIEF REVIEW

Multiple sclerosis (MS) is a chronic progressive disease of the central 
nervous system, mainly with a relapsing-remitting course, which affects 
people of mostly young working age, and quickly leads to disability [1]. 
About 3 % of all cases of MS are children, and half of all patients are 
persons aged 20-40 years. Only in 20 % of patients, the first signs of the 
disease appear after 40 years. Women suffer from this disease 2-4 times 
more often than men [2, 3]. Therefore, MS is not only medical but also 
socio-economic issue.

ETIOLOGY AND PATHOGENESIS OF DEMYELINATING  
DISEASES AND STEM CELLS 
The etiology of MS is insufficiently studied, even at the present stage 

of medical science. The most common idea is that MS occurs in people 
who are exposed to negative environmental factors (viral or bacterial in-
fection, insufficient insolation, vitamin D deficiency) on the background of 
genetic liability [4, 5]. Thus, among the genes associated with MS, there 
are alleles HLA-DRB1*1501 and HLA-DRB5*0101of major histocompa-
tibility complex (MHC) class II antigens, alleles of the interleukin 2 (IL-2) 
and IL-7 receptors [6]. There is also evidence that mutations in the genes 
of the IL-1 receptor and the IL-1Ra receptor antagonist, the cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4), the genes encoding receptor 
for the Fc fragment of immunoglobulins and the gene encoding apolipo-
protein E determine the type of clinical course of MS [7, 8]. 

Relapsing-remitting form of MS, which occurs in about 85 % of ca-
ses, is characterized by partial regression of neurological deficit between 

exacerbations. Initially, progressive form of MS is the second most com-
mon and is characterized by the absence of periods of remission with a 
steady increase in neurologic deficit [9]. 

The pathogenesis of MS is complex, but there is no doubt that it is 
an immune-mediated disease. One of the key points is the damage of the 
regulatory function of the immune system, activation of myelin-specific 
clones CD4+ and CD8+ T-lymphocytes with the phenotype of memory cells 
(differentiation of T-lymphocytes in Tx1 phenotype), as well as functional 
changes of peripheral blood lymphocytes system. Infiltration of nervous 
tissue by lymphocytes that pass through the blood-brain barrier can be 
initiated by the entry of viral or bacterial antigens into the CNS and the ex-
pression of their proteins on the membranes of glial cells [10]. Processes 
such as molecular mimicry and high levels of cytokines, play a role in 
the occurrence of autoactivation of T-lymphocytes, for which blood-brain 
barrier is normally impermeable, although these mechanisms are not fully 
understood [11, 12].

In addition to the inflammatory component, the degenerative process 
plays an important role in the increase of neurologic deficit in patients 
with MS. Characteristic of pathologic changes in the CNS, which are a 
consequence of chronic inflammation are manifested in the form of foci 
of demyelination, the so-called “plaques”. Simultaneously with demyeli-
nation, remyelination processes can begin, which are responsible for the 
remitting course of the disease. However, remyelination processes are in-
significant, and the restoration of the myelin sheath is much weaker than 
its destruction. Disturbances of remyelination processes are associated 
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also with decrease in the quantity of oligodendroglial progenitors and 
their functional immaturity [13, 14].

Given the complex pathogenesis of MS, the search for the optimal 
treatment strategy continues. Steroid hormones and disease-modifying 
drugs are the treatment of choice in the chronic stage of the disease.  
Glatiramer acetate and interferon-β, monoclonal antibodies are disease-
modifying drugs with proven safety. These drugs are used in the treat-
ment of progressive-remitting forms of MS, and their action in the pro-
gressive form of the disease did not live up to expectations [15]. The use 
of stem cells can be an alternative method of treating MS and used in 
combination with other treatments. 

From a practical point of view, mesenchymal stem/stromal cells 
(MSCs) are of the greatest interest. Friedenstein et al. discovered this 
type of cells in the bone marrow in 1967. Later they were isolated from 
adipose tissue, umbilical cord (Warton’s gelly), muscles and lungs, pla-
centa. Embryonic stem cells and induced pluripotent stem cells (iPSC) are 
tumorigenic [16, 17]. The use of neural stem cells has no special pros-
pects due to the difficulty of obtaining them and increasing the adequate 
therapeutic dose. 

MECHANISMS OF ACTION OF MESENCHYMAL STEM CELLS IN 
DEMYELINATING DISEASES
MSCs were initially considered candidates for transdifferentiation 

into neurons and glia cells, but over the past few years there has been a 
paradigm shift in favor of their paracrine properties. It is also known that 
MSCs modulate innate and adaptive immunity. The key factor influencing 
their immunomodulatory properties is the local microenvironment [18]. 

MSC homing is the ability to migrate to the lesion site, depending on 
both the local microenvironment and the peculiarities of MSC cultivation. 
Gonzales-Portillo et al. showed that the use of mannitol increases the 
permeability of hematoencephalic barrier by increasing the gaps between 
endothelial cells that undergo shortening under its influence. The lon-
ger culturing goes, the more passages the cell culture undergoes, the 
less receptors for chemokines express MSCs and their ability to homing 
decreases [19, 20]. Thus, the expression of a membrane protein VLA-4 
(very late antigen-4) of the integrins family and matrix metalloproteases 
(MMP) disappears between passages 3 and 5 in MSCs culture [21]. There 
is also evidence that MSCs isolated from adipose tissue and umbilical 
cord express more integrin-α4, a factor that promotes migration, than 
bone marrow MSCs [22]. Umbilical cord MSCs, compared with adipose 
tissue and bone marrow-derived MSCs, have the ability to persist in the 
recipient for up to 3 weeks, as shown by Todeschi et al. [23]. 

The immunomodulatory properties of MSCs are determined by the 
ability to suppress T lymphocytes by stopping cell division in the G0-G1 
phase of the cell cycle due to a decrease in cyclin D and an increase in p27 
[24] and by regulating the Th2/Th1 ratio by activating Treg lymphocytes. 
In the presence of both autologous and allogeneic MSCs, mature CD25-T 
lymphocytes differentiate into Treg lymphocytes, which are a he-teroge-
neous population of cells with the CD45+CD2+ phenotype [25]. The main 
biological function of Treg is to maintain the balance between lymphocyte 
populations and immunological tolerance to its own antigens, prevention 
of the autoimmune process. 

In addition to the antiproliferative effect, MSCs affect the maturation of 
dendritic cells and natural killers (NK), reducing the expression of co-sti- 
mulatory and antigen-presenting molecules on antigen-presenting cells [26]. 

Other immunomodulatory factors are the inhibition of the secretion 
of proinflammatory cytokines [27]. A key role in this process is played by 
prostaglandin E2 (PGE2), which is synthesized during the metabolism of 
arachidonic acid. Some researchers note the effect of PGE2 on the profile 
of cytokines that are expressed in the cultivation of allogeneic MSCs with 
activated lymphocytes and dendritic cells. In the presence of proinflam-
matory cytokines the secretion of PGE2, MSCs increases that in its turn by 
the principle of negative feedback reduces expression of proinflammatory 
cytokines [28]. The presence of PGE2 inhibitors neutralizes the immuno-
suppressive effect of MSCs.

The effect on the humoral immunity is realized through the inhibition 
of maturation of B-lymphocytes from bone marrow progenitors, suppres-
sion of their proliferation and production of immunoglobulins [29].

A number of factors are involved in the implementation of the immu-
nomodulatory effects of MSCs: transforming growth factor-β (TGF-β1), 
nitric oxide (NO), interleukin-10 (IL-10) [30]. Interestingly, the immu-
nosuppressive properties of MSCs are almost non-existent under nor-
mal conditions, but they exist only when they enter the environment in 
the presence of pro-inflammatory factors such as IL-1, tumor necrosis  
factor-a (TNF-a), interferon-γ [31]. Thus, MSCs pre-cultured with 
interferon-γ more effectively inhibit the graft-versus-host response [32].

The neuroregenerative properties of MSCs are provided by their abi-
lity to differentiate into the cells of mesodermal and ectodermal origin 
(such as neurons and neuroglia cells) both in vitro and in vivo [33]. This 
is another reason for the possible use of MSCs in the treatment of de-
myelinating and neurodegenerative diseases. MSCs that underwent pre-
differentiation in the neural direction after intrathecal transplantation in 
patients with MS contributed to the improvement of muscle strength and 
pelvic function [34].

The ability of MSCs to exhibit neuroprotective properties is due to a 
number of neurotrophic factors, such as nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), and glial-cell derived neurotrophic 
factor (GDNF).

EXPERIMENTAL PREREQUISITES FOR CELL THERAPY FOR MS
The therapeutic properties of MSCs are widely studied in the model of 

experimental allergic encephalomyelitis (EAE), which is a common model 
of demyelination in the experiment on animals. The issue of improving 
the results of treatment of experimental demyelinating CNS injuries by 
xenotransplantation of umbilical cord MSCs (Warton’s jelly) and anti-
inflammatory IL-10 is studied by S. Toluvani [35]. The study was per-
formed on 3 month-old white outbred female rats with EAE as a model 
of demyelinating lesion. The course of the disease was estimated using 
a 6-point scale for assessing the clinical condition of animals, behavioral 
responses (“open field” test), cell culture, genetic, and morphological 
studies. It was confirmed that the morphological characteristics of MSCs 
and their expression of surface markers are maintained during 2 pas-
sages of culturing. At a later stages, there are signs of culture degradation 
and loss of mesenchymal phenotype by cells. PCR revealed that umbili-
cal cord-derived MSCs stransplanted subarachnoid into the cerebrospinal 
fluid of animals with EAE, remain viable for at least 5 days and migrated to 
different parts of the nervous system. The injection into the cerebrospinal 
fluid of animals MSCs and anti-inflammatory IL-10 in various combina-
tions contributes to the complete clinical regression of symptoms and 
recovery of animals up to 32 days of the experiment.

The study of signs of de- and remyelination at the ultrastructural level 
shows that MSCs inhibit the phenomena of de-myelination in the early 
stages of the study (35 days), contribute to remyelination of axons. The 
survival of xenogenic MSCs, their homing and migratory ability to the le-
sion site in the CNS, have positive effect on the regression of EAE. 

Zang et al. in the EAE model showed that intravenous administration 
of xenogenic human bone marrow MSCs at a dose of 2•106 into mice 
immediately after the manifestation of neurologic deficits, contributed to 
almost complete symptoms regression, by reducing lymphocytic infiltra-
tion and demyelination, and in particular due to stimulating oligodendro-
genesis by brain-derived neurotrophic factor (BDNF) [36, 37]. The au-
thors emphasize the importance of early administration, which correlates 
with the severity of the inflammation in the CNS. As a continuation of the 
concept of MSCs administration in the early stages of the disease, we can 
consider the work of Kurte et al., who showed that the introduction of 
allogeneic bone marrow MSCs (2•106) into the tail vein of mice with EAE 
significantly improves the condition of animals according to behavioral 
tests immediately after the onset of neurological deficits [36]. The authors 
explain the positive effect by a decrease in the level of IL-6. The introduc-
tion of MSCs in the late stages of the disease led to the manifestation of 
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atypical symptoms, which is associated with an imbalance in populations of 
Th1 / Th17 lymphocytes, rather than stimulation of Treg lymphocytes [37].

Neuroregenerative mechanisms of MSCs action were shown by Bai 
et al. [38]. After the administration of allogeneic MSCs of the bone mar-
row at the dose of 3•106, they noted an increase in the number of oligo-
dendrocytes and a decrease in the number of astrocytes. Transplanted 
MSCs were detected in the foci of demyelination. The opposite data were 
obtained by Nessler et al. [39], who did not show an effect in the form of 
remyelination and any reaction of glial cells after the administration of the 
same dose of allogeneic MSCs into rats.

CLINICAL STUDIES OF THE APPLICATION OF MESENCHYMAL STEM 
CELLS IN DEMYELINATING DISEASES 
Encouraging results from preclinical studies have initiated a number 

of clinical studies. Lu et al. used allogeneic MSCs of the umbilical cord for 
the treatment of 8 patients with secondary progressive MS by combined 
intravenous and intrathecal administration of 20•106 cells, 1 time in 7 days 
for 21 days. In patients, there was a decrease in the frequency of periods 
of exacerbation of MS by more than 60 % after the treatment [40].

Interesting data were obtained in a study [41], where peripheral blood 
obtained from a patient with MS was cultured in vitro together with MSCs 
of the umbilical cord (in a ratio of 1:5, respectively). The obtained results 
showed an improvement in the functional state of regulatory T-lympho-
cytes, an increase in the concentration of transforming growth factor-β1, 
prostaglandin E2 and anti-inflammatory cytokines.

Mohyeddin Bonab et al. used intrathecal injection of autologous bone 
marrow MSCs for the treatment of patients with primary-progressive 
and secondary-progressive forms of MS. Control neurological exami-
nation was performed every month for 13-26 months, MRI control was 
performed in a year after treatment. Intrathecal administration of MSCs 
contributed to the regression of neurological deficit. Side effects of intra-
thecal injections were mild transient headache in 9 patients and aseptic 
meningitis in 2 patients (verified by cerebrospinal fluid culture) [42]. 

The combination of intravenous and intrathecal routes of MSCs ad-
ministration to improve treatment efficacy contributed to the regression 
of neurological deficits and improved the immunoregulatory index (in-
creased populations of CD4, CD25 and Treg lymphocytes) in the study of 
Karussis et al. [43]. 

The authors of another study [44] found that intrathecal injection 
without intravenous administration does not cause a systemic response 
in patients with MS. In 23 patients with MS who underwent only intra-
thecal injections, no significant changes in the expression of FOXP3, 
IFN-γ, TGF-β, IL-4, IL-10, IL-6 by peripheral blood mononuclear cells 
were recorded. Usually after repeated injections of MSCs, patients feel 
well, although the authors reported a case of transient encephalopa-

thy and seizures in one patient after the injection of MSCs at a dose of  
100•106 cells. 

Intranasal administration of MSCs, a promising route for stem cell de-
livery in patients with neurodegenerative diseases, provided rapid migration 
of MSCs to the CNS, where they were detected 1-2 hours after the trans-
plantation, but were not found 72 hours later. Despite such rapid migration 
and elimination from the CNS, the researchers recorded a regression of 
neurological symptoms in the patients of this group. This effect is explained 
by the action of neurotrophic secretion factors through the production of 
exosomes [45]. It is in the exosomes of MSCs of various origins that there 
are about 676 types of proteins that have pro-regenerative and immuno-
modulatory properties, so as a therapeutic agent for MS can be considered 
not only MSCs themselves, but also exosomes isolated from them [46]. 

The safety and efficacy of umbilical cord MSCs in patients with pro-
gressive MS are the subject of a phase I clinical study (NCT02034188) 
that included patients aged 18-55 years who underwent intravenous ad-
ministration of allogeneic umbilical cord MSCs daily for 7 days. The study 
confirms the safety of the use of allogeneic MSCs of the umbilical cord 
at different stages of MS without any side effects, except for transient 
cephalgia and general weakness within 1 month after the procedure. The 
progression of MS stopped after 1 year in more than 80 % of patients, 
which was confirmed by the results of control MRI [47].

The main routes of administration of MSCs are intravenous and intra-
thecal. The intravenous route is less invasive and can provide a systemic 
effect of MSCs on the patient’s body, however, a large amount of MSCs 
from the systemic bloodstream is deposited in the lungs, spleen, liver, 
and very few of them enter the CNS. Although, even with intravenous 
administration in patients with demyelinating diseases, a positive effect 
is observed [48]. The intrathecal route of administration ensures that 
MSCs enter the cerebrospinal fluid directly. Under these conditions, most 
researchers observed regression of neurological symptoms and clinical 
remission without changes in the level of cytokines in the peripheral blood 
of patients with MS. Thus, it was concluded that the local effect of MSCs 
at the site of lesion in CNS has no systemic effect [49]. 

The question of the use of autologous or allogeneic MSCs is deba-
table. There is no doubt that in patients with autoimmune diseases, MSCs 
may be defective in terms of immunomodulatory and reparative proper-
ties [51]. Allogeneic transplantation is possible due to the minimal immu-
nogenicity of MSCs. Numerous studies have shown that allogeneic and 
even xenogeneic MSCs do not stimulate an immune response when ad-
ministered to animals. Allogeneic MSCs do not cause rejection in humans 
[52]. The advantage of allogeneic cultures is the possibility of using them 
in acute conditions, when there is no time to expand the required dose of 
autologous cells. Moreover, it is absolutely necessary to use allogeneic 
MSCs in the treatment of genetic disorders [53].

   TRIAL TITLE TYPE OF INTERVENTION PHASE

1. NCT01377870
Evaluation of Autologous Mesenchymal Stem Cell 
Transplantation (Effects and Side Effects) in Multiple 
Sclerosis

Intravenous injection of autologous 
BM-MSC Phase 1/2

2. NCT03069170 Autologous Bone Marrow Derived Stem Cells for the 
Treatment of Multiple Sclerosis.

Intravenous injection of autologous 
BM-MSC Phase 1

3. NCT00273364 Stem Cell Therapy for Patients With Multiple Sclerosis 
Failing Alternate Approved Therapy- A Randomized Study

Intravenous injection of peripheral blood 
hematopoietic stem cells Phase 1

4. NCT03778333 Mesenchymal Stem Cells for Progressive Multiple 
Sclerosis

Intravenous injection of autologous 
BM-MSC Phase 1

5. NCT02034188
Feasibility Study of Human Umbilical Cord Tissue-Derived 
Mesenchymal Stem Cells in Patients With Multiple 
Sclerosis

Intravenous injection of allogeneic 
umbilical cord mesenchymal stem cells 

(UC-MSC) 
Phase 1/2

6. NCT01895439 Safety and Efficacy Study of Autologus Bone Marrow 
Mesenchymal Stem Cells in Multiple Sclerosis

Intravenous injection of autologous 
BM-MSC Phase 1/2

7 NCT01606215 Stem Cells in Rapidly Evolving Active Multiple Sclerosis 
(STREAMS) Injection of autologous BM-MSC Phase 1/2
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   TRIAL TITLE TYPE OF INTERVENTION PHASE

8. NCT04823000 Effects of Repeated Mesenchymal Stem Cells (MSC) in 
Patients With Progressive Multiple Sclerosis (MSC-pMS)

Intravenous and intrathecal injection of 
autologous BM-MSC Phase 1/2

9. NCT00781872 Mesenchymal Stem Cells for the Treatment of MS Injection of autologous BM-MSC Phase 1/2

10. NCT02166021
Clinical Efficacy of Autologous Mesenchymal Bone 
Marrow Stem Cells in Active & Progressive Multiple 
Sclerosis

Intravenous and intrathecal injection of 
autologous BM-MSC Phase 2

11. NCT03113162
Reduced-intensity Immunoablation and Autologous 
Hematopoietic Stem Cell Transplantation (AHSCT) for 
Multiple Sclerosis

Injection of autologous BM-MSC Phase 1

12. NCT03326505 Allogenic Mesenchymal Stem Cells And Physical Therapy 
for MS Treatment

Intravenous injection of allogeneic 
umbilical cord mesenchymal stem cells 

(UC-MSC)
Phase 1/2

12. NCT02035514
Phase I-II Clinical Trial With Autologous Bone Marrow 
Derived Mesenchymal Stem Cells for the Therapy of 
Multiple Sclerosis

Injection of autologous BM-MSC Phase 1/2

13. NCT04047628
Best Available Therapy Versus Autologous Hematopoetic 
Stem Cell Transplant for Multiple Sclerosis (BEAT-MS) 
(BEAT-MS)

Injection of autologous hematopoietic 
stem cells Phase 3

14. NCT00342134 Immunological Mechanisms of Hematopoietic Stem Cell 
Transplantation in Multiple Sclerosis

Injection of autologous hematopoietic 
stem cells Phase 2

15. NCT00395200 Mesenchymal Stem Cells in Multiple Sclerosis (MSCIMS) Injection of autologous BM-MSC Phase 1/2

16. NCT02035514
Phase I-II Clinical Trial With Autologous Bone Marrow 
Derived Mesenchymal Stem Cells for the Therapy of 
Multiple Sclerosis

Injection of autologous BM-MSC Phase 1/2

17. NCT01933802
Intrathecal Administration of Autologous Mesenchymal 
Stem Cell-derived Neural Progenitors (MSC-NP) in 
Patients With Multiple Sclerosis

Intrathecal injections of culture-expanded 
autologous MSC-NPs Phase 1

18. NCT00342134 Immunological Mechanisms of Hematopoietic Stem Cell 
Transplantation in Multiple Sclerosis

Injection of autologous peripheral blood 
hematopoietic stem cells Phase 2

19. NCT00288626 High-Dose Immunosuppression and Autologous 
Transplantation for Multiple Sclerosis (HALT MS) Study

Injection of autologous peripheral blood 
hematopoietic stem cells Phase 2

20. NCT02239393
Safety and Efficacy of Intravenous Autologous 
Mesenchymal Stem Cells for MS: a Phase 2 Proof of 
Concept Study (MESCAMS)

Injection of autologous BM-MSC Phase 2

21. NCT03477500 RCT Comparing Autologous Hematopoietic Stem Cell 
Transplantation Versus Alemtuzumab in MS (RAM-MS)

Injection of autologous peripheral blood 
hematopoietic stem cells Phase 3

22. NCT00813969 Autologous Mesenchymal Stem Cell (MSC) 
Transplantation in MS Injection of autologous BM-MSC Phase 1

23. NCT01056471
Autologous Mesenchymal Stem Cells From Adipose 
Tissue in Patients With Secondary Progressive Multiple 
Sclerosis

Injection of autologous adipose derived-
MSC Phase 1/2

24. NCT03799718 Safety and Efficacy of Repeated Administration of NurOwn 
(MSC-NTF Cells) in Participants With Progressive MS

Intrathecal injections of autologous 
mesenchymal stem cells secreting 

neurotrophic factors (NTF), MSC-NTF
Phase 2

25. NCT00017628

Phase I Study of High-Dose Cyclophosphamide and Total 
Body Irradiation With T Lymphocyte-Depleted Autologous 
Peripheral Blood Stem Cell or Bone Marrow Rescue in 
Patients With Multiple Sclerosis

Injection of autologous peripheral blood 
hematopoietic stem cells Phase 1

26. NCT00014755

Phase I Pilot Study of Total-Body Irradiation, Anti-
Thymocyte Globulin and Cyclophosphamide Followed 
By Syngeneic or Autologous Peripheral Blood Stem Cell 
Transplantation in Patients With Multiple Sclerosis

Injection of autologous peripheral blood 
hematopoietic stem cells Phase 1

27. NCT02495766 Autologous Mesenchymal Stromal Cells for Multiple 
Sclerosis (EMMES) Injection of autologous BM-MSC Phase 1/2

28. NCT00040482 High Dose Chemo/Radiotherapy and Hematopoietic Stem 
Cell Transplant for Patients With Multiple Sclerosis Injection of autologous BM-MSC Phase 2

29. NCT00716066 Autologous Peripheral Blood Stem Cell Transplant for 
Neurologic Autoimmune Diseases

Injection of autologous peripheral blood 
hematopoietic stem cells Phase 2

Table 1. Commercially available acellular pericardial scaffolds from xenogeneic tissues.
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MSCs have great potential in the treatment of demyelinating and degenerative CNS diseases. Numerous experimental and clinical studies 
confirm their safety and effectiveness, but many questions remain open. The scientific data obtained at this stage indicate the need to continue 
research in this area and their prospects.

CONCLUSION
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РЕЗЮМЕ

Демієлінізуючі захворювання, особливо розсіяний склероз, є не лише медичною, але й соціально-економічною проблемою. Неза-
довільна якість життя та високий ступінь інвалідності у цих пацієнтів вимагають застосування передових методів лікування, таких як 
трансплантація стовбурових клітин. Проводяться численні експериментальні та клінічні дослідження, що виявляють нові механізми 
дії стовбурових клітин при демієлінізуючих захворюваннях. Потрібні подальші дослідження, щоб зрозуміти багато інших аспектів 
клінічного використання клітинної терапії при патології центральної нервової системи.

Даний огляд присвячений використанню регенеративних технологій у лікуванні демієлінізуючих захворювань, сучасному стану та 
перспективним підходам до клітинної терапії даної патології.

КЛЮЧОВІ СЛОВА: стовбурові клітини; клітинна трансплантація; розсіяний склероз
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