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Abstract 
Medical problems associated with the increasing number of patients suffering from brain diseases have resulted in a constant search 

for effective therapeutics. Considering the complicated pathological processes occurring in diseases of the central nervous system 

and the limited capability of the neural tissue to regenerate, therapy of neurological diseases is extremely difficult. The lack of effi-

cient medical treatment results in complex problems associated with rehabilitation and thus in functional disturbances, which pre-

vent patients from restoring their independence and returning to complete, also professional, activity, Cell therapy has recently been 

considered as a possible approach in the treatment of brain diseases. Its aim is to supply pathologically changed brain tissue with 

factors promoting regeneration and with cells that may replace the damaged ones. Bone marrow cells have become a potential 

source of cells in this type of therapy. Bone marrow contains at least two major kinds of stem cells: haematopoietic stem cells, 

which give rise to the blood cells and mesenchymal stem cells, which can differentiate into cells of mesenchymal lineage and pro-

duce an array of growth factors essential for repair. The review presents the achievements of studies on use of bone marrow cells in 

the therapy of various brain diseases of traumatic or neurodegenerative aetiology. 
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Streszczenie 
Problemy medyczne, związane ze wzrastającą liczbą ludzi cierpiących na choroby mózgu różnego pochodzenia, są powodem cią-

głych poszukiwań optymalnych metod terapeutycznych. Ze względu na złożoność procesów patologicznych zachodzących w scho-

rzeniach mózgu oraz ograniczoną zdolność tkanki nerwowej do regeneracji, terapia chorób neurologicznych jest niezwykle trudna. 

Konsekwencją braku skutecznych metod ich leczenia są złożone problemy rehabilitacji oraz związane z tym zaburzenia funkcjonal-

ne uniemożliwiające pacjentom powrót do pełnej samodzielności oraz aktywności, również zawodowej. W ostatnim czasie zwróco-

no uwagę na możliwość wykorzystania terapii komórkowej w leczeniu chorób neurologicznych, której celem jest dostarczenie do 

patologicznie zmienionej tkanki mózgowej czynników wspierających regenerację. Potencjalnym źródłem komórek w tego typu te-

rapii stały się komórki szpiku kostnego. Poniższy przegląd przedstawia osiągnięcia w badaniach nad wykorzystaniem komórek ze 

szpiku kostnego w leczeniu schorzeń mózgu pochodzenia urazowego oraz neurodegeneracyjnego. 

 
 

 
 

INTRODUCTION 

 

Pathological processes affecting the 

brain result in numerous signs associ-

ated with lesions to various anatomi-

cal structures, which subsequently in-

duces functional disturbances in the 

patients and the associated problems 

in activities of daily living and at 

work. These disturbances require ap-

plication, apart from rehabilitation 

methods based on neurophysiologic 

principles, of knowledge on novel 

therapeutic approaches that may help 

in the therapy and prevention of se-

quels of central nervous system dis-

eases in future. Cell therapy is one of 

the paths leading to creation of a new 

therapeutic strategy. 

Cells that have a high division 

potential and are easy to obtain con-

stitute a basis for studies that may, in 

future, pave the way for new thera-

peutic possibilities in the therapy of 
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brain diseases. Cells derived from 

bone marrow are an example. Ex-

perimental studies provide informa-

tion about numerous possible appli-

cations of these cells, depending on: 

site and timing of administration of 

bone marrow cells, source of trans-

planted bone marrow cells, condi-

tions of culture of bone marrow cells 

and conditions of their administra-

tion to the pathologically changed 

tissue, as well as modification meth-

ods used in gene therapy.  

Bone marrow cells are used in 

gene therapy because they contain 

stem cells that have the potential to 

differentiate into cells of the haema-

topoietic and mesenchymal lines 

(haematopoietic stem cells and mes-

enchymal stem cells, respectively) 

and because of properties of bone 

marrow interstitial stromal cells that 

produce numerous growth factors 

and cytokines promoting regenera-

tion. Products of bone marrow stro-

mal cells include macrophage and 

granulocyte colony stimulating fac-

tors. They also produce growth fac-

tors that control lymphopoiesis and 

factors inducing megakariopoiesis. 

Bone marrow interstitial stromal 

cells regulate thrombopoiesis and 

stimulate erythropoiesis. They may 

also inhibit haematopoiesis via re-

lease of transforming growth factor 

beta (TGF-β)1. At present, bone mar-

row transplantation (transplantation 

of haematopoietic stem cells) is a 

routine procedure in the treatment of 

neoplasms and metabolic disorders 

of haematopoietic and immune sys-

tems. Overall, 70 different diseases 

of haematopoietic system are cur-

rently treated with bone marrow 

transplantation.  

Bone marrow cells’ potential to 

differentiate into cells of mesenchy-

mal line constitutes the principle for 

their use in future gene therapy. 

There is evidence that in favourable 

conditions, interstitial cells (stromal 

cells) may differentiate into osteo-

cytes, chondrocytes, adipocytes, both 

in vitro and in vivo2. Moreover, bone 

marrow stem cells have the potential 

to differentiate into hepatocytes, car-

diomyocytes, epithelial cells and 

neural cells3-6. Implantation of these 

cells into the pathologically changed 

tissue promote functional recovery af-

ter myocardial infarction (confirmed 

by cardiographic measurements)7 and 

improve bone regeneration due to fa-

vourable effects of transplanted cells 

on healing of bone fractures and de-

fects8. A characteristic feature of 

bone marrow interstitial cells is their 

ability not only to differentiate into 

numerous cell lines (in vitro, after 

exposure to appropriate development 

and growth factors) but also to re-

generate throughout the life span.  

Simplicity of methods of setting 

up and handling bone marrow inter-

stitial stromal cell culture that allows 

collection of abundant cell material 

within a short period of time as well 

as ease of performing auto- and al-

lotransplantations of cultured groups 

of cells currently create new possi-

bilities for the potential treatment of 

neurological conditions including 

brain injuries. 

 
Traumatic brain injury 
 

Brain injury, considered one of the 

main causes of mortality and mor-

bidity in developed countries, is a 

complex condition involving numer-

ous dynamic pathological processes 

observed immediately after the 

trauma (acute phase) as well as sub-

sequently (post-acute phase). Trauma 

may result in changes including 

bleeding, oedema, axonal injury, hy-

poxia, and ischemia. At the site of 

mechanical brain injury, blood brain 

barrier is disrupted, electrolytic ho-

meostasis is impaired and apoptotic 

or necrotic neuronal and oligoden-

droglial cell death occurs with acti-

vation of astrocytes and microglia. 

Sites of injury are also being infil-

trated by white blood cells. Infiltrat-

ing macrophages, together with acti-

vated microglia, initiate an inflam-

matory reaction9, and, in cooperation 

with astrocytes and fibroblasts, lead 

to gliosis10. Course of gliosis de-

pends on interactions between these 

cells and their cytokine production.  

Apart from gliosis, delayed neu-

ronal death is a process that impairs 

regeneration of the neural tissue. It is 

induced by inflammation that leads 

to production of neurotoxic media-

tors11.  

Considering coexistence of mul-

tiple processes in traumatic brain in-

jury, management aimed at one spe-

cific process may not be sufficient to 

prevent sequels of trauma. Currently, 

effective pharmacological neuropro-

tective treatments are being investi-

gated that will improve function of 

the injured tissue, and, although many 

pre-clinical studies yield promising 

effects, current treatment of traumatic 

brain injury is still not sufficient and 

requires further improvement. Effects 

of COX2 (cyclooxygenase-2) inhibi-

tors12, calcium channel inhibitors13, 

dexamethasone14, cyclosporine A15 

are currently being studied. Neural, 

embryonic and bone marrow stem 

cells are considered a potential 

source of factors inducing repair of 

the injured brain. Cell therapy is 

based on an assumption that neuro-

logical functions, lost as a result of 

brain injury, may be, at least in part, 

restored by substituting lost cells 

with new ones or by providing 

growth factors to the living cells that 

may improve their function and sur-

vival.  

Colonization of the injured tis-

sues of the brain and differentiation 

of bone marrow cells were observed 

after intravenous16,17 and intracere-

bral18 administration of these cells in 

rat models of brain injury. Only a few 

of the transplanted cells expressed 

neuronal (NeuN and MAP-2) or as-

trocytic markers (GFAP), while mo-

tor and sensory functions improved 

in the studied animals. There were 

no connections between the differen-

tiated donor cells and the host cells 

and the number of differentiated 

cells was small. The researchers hy-

pothesized that the observed func-

tional improvement might be secon-

dary to the interaction between the 

transplanted cells and the host tissue, 

related to the production of growth 

factors and cytokines.  

There is evidence that bone mar-

row cells transplanted into the in-

jured tissue produce a number of 

neurotrophic factors that induce re-

generation. This phenomenon was 

observed both in vitro19 and in patho-
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logical conditions in vivo, where in-

creased expression of nerve growth 

factor (NGF) and brain-derived neu-

rotrophic factor (BDNF) was ob-

served in injured brain after intrave-

nous administration of bone marrow 

stromal cells20. Moreover, exposure 

of cultured stromal cells to growth 

factors (BDNF and NGF) increases 

their migration and colonization of 

the injured host brain tissues after 

transplantation. The observed im-

provement in motor function was 

greater than after transplantation of 

stromal cells cultured in standard 

conditions21.  

When designing pre-clinical stud-

ies on use of bone marrow cells in 

the therapy of brain injury, number 

of cells and timing of implantation 

after the injury should be considered 

factors influencing efficacy of the 

treatment. Mahmood et al.22 admin-

istered intravenously bone marrow 

stromal cells at three different doses 

(2 x 106, 4 x 106, 8 x 106) one week 

after brain injury. Three months after 

the treatment, neurological functions 

improved in animals exposed to 

higher doses of stromal cells while 

no significant improvement was ob-

served after administration of 2 x 106 

cells. At all of the administered 

doses of bone marrow cells, levels of 

NGF and BDNF in the injured tissue 

significantly increased. However, the 

increase was lowest after injection of 

2 x 106 cells.  

Conditions of the culture and 

method of administration may also 

play an important role. Lu et al.23 co-

cultured stromal bone marrow cells 

and neural cells harvested from rat 

embryos. Stromal cells developed 

long projections and connections 

with embryonic cells. Moreover, in-

creased growth of cultured bone 

marrow cells was observed. At the 

second stage cultured cells were ad-

ministered directly to the site of in-

jury. Their survival was increased in 

comparison with stromal and neural 

cells cultured separately. The diame-

ter of the injured tissue decreased 

and motor functions significantly 

improved.  

Mahmood and Lu24 pointed out 

to the necessity of combining bone 

marrow cell therapy with pharma-

cological treatment in future. Results 

of their research confirmed that in 

the treatment of traumatic brain in-

jury, combination of bone marrow 

cell therapy and atorvastatine results 

in a better outcome in terms of motor 

functioning.  

In experimental animal models of 

traumatic brain injury, the induced 

symptoms are similar to the clinical 

symptoms of traumatic brain injury. 

However, experimental injuries do 

not initiate all processes observed in 

humans and are more focal, which, 

regarding standardization of the re-

search, may lead to significant dis-

crepancy between results of clinical 

trials and results of experimental 

studies in animal models. Before 

bone marrow cells may become an 

approved clinical treatment in post-

traumatic brain injury, it is necessary 

to study their effects on subsequent 

processes following injury and to de-

termine the exact causes of the ex-

perimentally observed improvement 

in neurological function.  

 
Ischaemic stroke 
 

Morphologically, in the region of 

cerebral infarction, subsequent stages 

of cellular activity can be observed. 

Initially, neurons and some of oli-

godendrocytes swell, which leads to 

cell death. Then, progressive swell-

ing of capillary endothelial cells, 

myelin and astrocytes occurs. Ap-

proximately 24 hours after ischemia, 

polinuclear leukocytes infiltrate 

pathologically changed tissues (leu-

kocytic infiltration). Within 48 hours 

leukocytes are degraded and replaced 

by macrophages that cover the re-

gion of necrosis (resorption phase)25. 

At the border of the infarction, there 

are numerous astrocytes which par-

ticipate in resorption and demarca-

tion. Phase of necrosis transits into 

the phase of glio-mesodermal or-

ganisation with the formation of 

cavities. Astrocytes and vessels sur-

vive and scars are the end phase of 

cellular activity25,26.  

Region of penumbra, where some 

of the neurons and remaining cells 

survive, is one of the targets of the 

therapy in cerebral infarction be-

cause of the potential chance to spare 

additional neurons. Current pharma-

cological treatments may achieve 

this goal. Piracetam is a neuroprotec-

tive agent successfully used in ex-

perimental studies. It restores func-

tion of cellular membranes of neu-

rons that survived in the region of 

penumbra, promotes synthesis of 

ATP and – thus – actively improves 

neurotransmission and activation of 

secondary signal transduction. Based 

on the results of the above-

mentioned studies, piracetam is ef-

fective when used within 7 hours af-

ter cerebral infarction27,28.  

At present alternative approaches 

aimed at partial regeneration of the 

damaged tissues are being studied. 

Transplantation of bone marrow cells 

into the region of ischemia consti-

tutes one of the options and the re-

lated studies aim at observation of 

both motor functioning, neurological 

status as well as histological im-

provement.  

These studies are conducted in 

experimental animal model of cere-

bral infarction, where ischemia is 

produced by occlusion of the middle 

cerebral artery29-31, leading to de-

creased blood flow and focal brain 

ischemia with all the secondary 

pathological changes. Fourteen days 

after implantation of human stromal 

cells into the site of cerebral infarction 

in rats, functional improvement (re-

duction of neurological deficits) was 

observed. Moreover, increased NGF 

and BDNF levels at the site of infarc-

tion as well as significant reduction of 

apoptosis in the region of selective 

necrosis and more active proliferation 

of lymphocytes except for the cyto-

toxic ones were reported 32.  

It was found that co-administration 

of stromal cells and nitric oxide 

(NONOate) promotes angiogenesis, 

neurogenesis and increases expres-

sion of vascular-endothelial growth 

factor (VEGF) and fibroblast growth 

factor (bFGF) in the subventricular 

area and at the site of ischemia33. 

Use of combination of stromal cells 

and NONOate led to a better func-

tional improvement (both motor and 

sensory) in experimental models 
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compared with the results of therapy 

with stromal cells alone. These re-

sults suggest that combined treat-

ment with both pharmacological 

agent and cell preparation may yield 

significant benefits in terms of func-

tional neurological improvement af-

ter cerebral infarction.  

Additional mobilisation of the 

host bone marrow cells after the in-

farction may become an adjunctive 

therapy of this condition. Admini-

stration of granulocyte colony stimu-

lating factor (G-CSF) reduces the re-

gion of ischemic injury and improves 

motor function. Furthermore, it pro-

motes migration of bone marrow 

cells into the brain, improves neu-

ronal plasticity and neovasculariza-

tion34,35.  

Borlongan et al.36 were studied 

effects of xenogenic stromal cells on 

restoration of the cerebral circulation 

and the blood-brain barrier disrupted 

as a result of cerebral infarction. 

Transplantation was performed within 

15 minutes following the experimen-

tal ischemia. The authors observed 

that certain doses of transplanted 

stromal cells may promote restora-

tion of blood-brain barrier and im-

prove cerebral circulation in the re-

gion of penumbra. Levels of growth 

factors from the TGF-beta super-

family increased at the site of trans-

plantation36. Chen et al. 30 adminis-

tered stromal cells 1 day and 7 days 

after the occlusion. The implanted 

cells survived and colonised the re-

gion of ischemic injury. Some of the 

implanted stromal cells expressed 

neuronal markers30. In another study, 

the region of ischemia was assessed 

4 months after transplantation of la-

belled stromal cells. Increased num-

ber of oligodendrocytes and astro-

cytes that showed positive reaction 

to the applied marker as well as in-

creased gliogenesis were observed in 

the region of the injured hemi-

sphere37.   

Studies on glial scar, especially 

in the late phase after the transplanta-

tion, indicate that transplantation of 

bone marrow cells early after cere-

bral infarction may preserve survived 

neurons in the region of penumbra. 

During the later phase, new neurons 

and astrocytes are expected to appear 

in this region. The aim of a therapy 

potentially restoring the lost motor 

function, would be axonal regenera-

tion in the region of ischemia. More-

over, according to the published lit-

erature, numerous factors should be 

considered when planning preclinical 

studies, i.e. site and timing of trans-

plantation, number if injected cells, 

use of additional factors38. Autolo-

gous transplantation of bone marrow 

cells 3, 6, 12, 24, 72 hours after the 

experimental ischemia reduced the 

size of injury. Earlier transplantation, 

however, was associated with better 

healing39.  

Recently, clinical trials on 

autologous transplantation of mesen-

chymal bone marrow cells were per-

formed that included five patients 

with severe neurological deficits 

secondary to ischemic stroke in the 

territory supplied by the middle 

cerebral artery40. Influence of the 

transplanted cells on healing was 

evaluated using three scales: NIHSS 

(National Institutes of Health Stroke 

Scale), Barthel Index and Rankin 

Scale. One year after the transplanta-

tion, the degree of functional inde-

pendence of post-stroke patients sig-

nificantly improved according to the 

Barthel Index scores and there was a 

decrease of the degree of disability 

as evidenced by Rankin Scale scores. 

However, the degree of neurological 

deficits secondary to cerebral infarc-

tion, assessed using NIHSS, did not 

change significantly. These results 

confirm preclinical observations, that 

condition of the studied animals im-

proved after cell transplantation, but 

– considering small number of stud-

ied patients – their interpretation 

must be cautious. Moreover, there is 

a remaining question as to the main 

mechanism of healing of injured 

brain tissues after cell transplantation 

and what requirements must be ful-

filled by clinical trials to fully con-

firm results of previous studies. The 

degree of functional independence, 

as a measure of improvement, raises 

a question whether inclusion of the 

intensive, neurophysiology-based re-

habilitation to the therapeutic pro-

gramme of transplantation of autolo-

gous mesenchymal bone marrow 

cells in patients with cerebral infarc-

tion, may, in future, create a new 

model of treatment aimed at reduc-

ing motor and cognitive deficits.  

 
Parkinson’s disease  
 

Degeneration and depletion of mela-

nin positive cells of the substantia 

nigra pars compacta, resulting in a 

reduction of dopamine content, are 

the main morphological changes ob-

served in the brain. Active gliosis af-

fects the region of degeneration and 

the striatum. Apart from the active 

gliosis, numerous cavities with 

macrophages are observed. Patho-

logical process involves neurons 

producing substance P and enkepha-

lins. There is also imbalance between 

the dopaminergic and cholinergic 

systems secondary to the degenera-

tion of cells producing GABA. These 

cells project from the striatum to the 

substantia nigra.  

Despite the advance in the phar-

macological therapy, treatment of 

Parkinson’s disease remains symp-

tomatic and does not prevent pro-

gression of the disease. Positive ef-

fects of Levodopa on motor function 

are still limited. During the course 

and progression of the disease, 

levodopa becomes less effective and 

patients experience sudden changes 

in motor functioning (the “on-off” 

phenomenon). In order to decrease 

the on-off effect and to postpone its 

occurrence, therappeutic preaprations 

contain both Levodopa and ben-

serazide – decarboxylase inhibitor. 

Other medications used to treat Park-

inson’s disease include dopamine 

agonists41 and MAO B (monoami-

nooxidase type B) inhibitors 42, an 

enzyme that metabolises dopamine.  

Considering pathological proc-

esses observed in Parkinson’s dis-

ease, its therapy should be aimed at 

prevention of neuronal death, regen-

eration of the destroyed structures 

and restoration of their lost function 

as well as concomitant induction of 

synthesis of dopamine and other im-

portant neuromodulators.  

One of the methods to obtain 

cells that produce dopamine is trans-
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plantation of embryonic stem cells, 

with the aim to improve dopaminer-

gic neurotransmission43,44. Implanted 

cells, apart from synthesis of dopa-

mine and restoration of the normal 

reactivity of receptors, may release 

neural growth factor, NGF, that may 

play important role in the stimulation 

of the remaining cells in the substan-

tia nigra to produce new neural proc-

esses projecting towards the stria-

tum45. Lindvall et al.46 observed a 

reduction of symptoms in a patient 

who had underwent transplantation 

of embryonic stem cells. Improve-

ment in bradykinesia and spasticity 

was noted. Importantly, on-off effect 

was minimised while maintaining 

optimal pharmacotherapy. The most 

prominent improvement was ob-

served contralaterally to the side of 

transplantation. In clinical studies 

that involved three patients who un-

derwent cell transplantations, reduc-

tion of dyskinesia was observed up 

to four years after the procedure. The 

most significant improvement in mo-

tor function was observed one year 

after the transplantation47. Neverthe-

less, application of this method in 

humans remains ethically controver-

sial. Regarding motor improvement 

observed in studies in humans that 

involved application of embryonic 

stem cells, next therapeutic approach 

– involving simple access to the cel-

lular material – that may bring func-

tional improvement, is transplanta-

tion of stromal cells.  

Li et al.48 conducted a study in 

mice, in which parkinsonian symp-

toms were produced by injection of 

MPTP (1-methyl-4-phenyl-1,2,3,4,6-

tetrahydropirydine). The authors ob-

served not only expression of tyro-

sine hydroxylase (TH), but also an 

improvement in motor function. 

Cells that were transplanted into the 

striatum survived at least 4 weeks af-

ter the procedure.  

Other studies on bone marrow 

stem cells aimed at selection of cell 

lines in culture that were able to syn-

thesize dopamine. There was also an 

attempt to genetically transduce 

stromal cells so that they were able 

to produce Levodopa and to implant 

these cells into the striatum49,50. Ret-

rovirus with a gene encoding TH and 

GTP cyclohydrolase I was intro-

duced into the human and rat stromal 

cells. In the culture, these cells pro-

duced Levodopa while demonstrat-

ing preserved multipotential proper-

ties. After implantation into the rat 

striatum, the cells survived more 

than 80 days, and the expression of 

the transgene was observed in the 

first 10 days after the procedure49. 

The level of dopamine in the pathol-

ogically changed striatum after the 

administration of MSCs expressing 

TH was higher than in control ani-

mals. Concomitantly, asymmetrical 

rotations in parkinsonian rats after 

injection of apomorphine de-

creased51, indicating a possibility of 

restoation of normal symmetry and 

sequence of alternating movement.  

Bone marrow cells were also 

transduced with the gene encoding 

glial cell line-derived neurotrophic 

factor (GDNF). After transplantation 

of these cells into the brain of the 

MPTP-treated mouse, increase of 

TH, GDNF and improvement in mo-

tor functions were observed. These 

results suggest that bone marrow 

cells might be used in gene therapy 

of Parkinson disease52,53.  

Considering the lack of ethical 

limitations and the fact that bone 

marrow stromal cells are easy to ob-

tain, there is a realistic chance to use 

this method more commonly in pa-

tients suffering from Parkinson dis-

ease in future. Transplantation of 

bone marrow cells may be a novel, 

less invasive method of administra-

tion of favourable factors into the le-

sioned region of the brain.  

 
Huntington’s disease  
 

Currently, use of bone marrow cells 

in the treatment of Huntington dis-

ease, a congenital neurodegenerative 

disease, is being studied. In the ini-

tial phase, progressive cell death of 

GABA-ergic neurons in the striatum 

is observed, subsequently followed 

by the degeneration of neurons in-

volving other regions of the brain, 

including the hypothalamus and the 

hippocampus. Cell transplants may 

become useful in the therapy of this 

condition, although it is difficult to 

evaluate their effectiveness at pre-

sent, especially as the precise 

mechanism of neurodegeneration 

remains to be uncovered. Leuscadron 

et al.54 studied effects of transplanted 

bone marrow stem cells in the animal 

model of Huntington’s disease. 

While only scarce cells implanted into 

the striatum expressed neuronal 

markers, a significant reduction in 

memory deficits was observed. This 

improvement might be secondary to 

the production – by the transplanted 

cells – of the factors that promote cell 

survival and exert neuroprotective ef-

fects on pathologically changed tis-

sues. In contrast, replacement of de-

stroyed cells with the pool of im-

planted cells may play a minor role.  

 
Multiple sclerosis  
 

Demyelination plaques, macroscopi-

cally recognisable on transverse sec-

tions of the brain, are the characteris-

tic neuropathological feature of mul-

tiple sclerosis. The plaques have 

various colours which is related to 

the hyperaemia of the demyelisation 

foci55,56.  

Observation of brain slice prepa-

rations stained for myelin suggests 

that the process of myelin degrada-

tion may progress from inside, where 

there is often a blood vessel, toward 

the peripheral part of the plaque.  

In regions of active degradation of 

myelin, there are numerous macro-

phages that participate in both degra-

dation and repair. There are also as-

trocytes there participating in repair 

and substitution, as well as in re-

moval of myelin degradation prod-

ucts57. In pathological foci that are 

not active, macrophages are ob-

served mostly perivascularly to-

gether with high density of glial fi-

bres. Astrocytes are also less abun-

dant and oligodendrocytes are very 

uncommon57.  

Treatment of multiple sclerosis is 

mainly symptomatic. Despite nu-

merous studies, there is still no 

medication that would have a spe-

cific action because none of the cur-

rently known pharmacological thera-

pies causes remyelination of the dam-
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aged neurons.In animal experiments, 

similarity of multiple sclerosis and 

experimentally evoked EAE-chronic 

autoimmune encephalomyelitis is 

taken into account58. Relationships 

between these conditions enable, 

based on studies in animals, construc-

tion of models of treatment of in-

flammatory demyelisation diseases.  

One of the newer approaches in 

the treatment of severe multiple scle-

rosis is transplantation of stromal 

cells. In a study conducted by Suzuki 

et al.59, stromal cells were used as a 

multipotential source of neurons, as-

trocytes and oligodendrocytes. Pre-

requisites for use of this form of 

treatment are also the autoimmune 

aetiology of multiple sclerosis and 

the fact of use of bone marrow trans-

plants in the treatment of immune 

system diseases. La Nasa et al.60 re-

ported a case of a 57-year-old male 

treated for multiple sclerosis and 

large granular lymphocyte (LGL) 

leukaemia. Therapy for LGL leu-

kaemia, involving implantation of al-

logenic haematopoietic stem cells 

(ASCT), also improved neurological 

status 36 months after the transplan-

tation. Progression of the disease was 

attenuated and there was an im-

provement in the EDSS score (Ex-

tended Disability Status Scale)60. 

Significant clinical improvement was 

also observed in patients with severe 

multiple sclerosis, who underwent 

autologous transplantation of haema-

topoietic stem cells61. In three pa-

tients, improvement in the EDSS and 

relative regression of lesions were 

observed. Additionally, transplanta-

tion produced long-term stabilisation 

of neurological condition during a 

two year follow-up in two patients 

and during more than one year of 

follow-up in the third patient. Con-

sidering the results of these clinical 

observations, haematopoietic stem 

cells may be considered one of the 

immunosuppresive treatment meth-

ods in multiple sclerosis.  

Sasaki et al.62 studied potential of 

stromal cells to differentiate into 

Schwann cells. They experimentally 

produced demyelination in rats in the 

region of spine using X-ray irradia-

tion preceded by administration of 

ethidum bromide. Currently, Schwann 

cells may be used in the process of 

regeneration of peripheral nerves to 

correctly direct growing fibers63,64.  

There is evidence that bone mar-

row cells transplanted into the site of 

lesion differentiate into astrocytes, 

oligodendrocytes and myelin-

producing cells. Because of these 

properties, stromal cells may poten-

tially become a new therapeutic tool 

in demyelinating diseases of the cen-

tral nervous system. However, exact 

conditions necessary to achieve ef-

fective differentiation of stromal 

cells must be further investigated.  

 
Improvement in neurological 

functioning as an effect of the 

therapy using bone marrow 

cells – implications for  

rehabilitation  
 

The aim of preclinical and clinical 

studies, searching for effective 

methods in the treatment of diseases 

of the brain, is to achieve improve-

ment in the following neurological 

functions: motor, sensory and cogni-

tive. Results of the studies on poten-

tial use of bone marrow cells in the 

therapy of diseases of the brain indi-

cate that these cells contribute to re-

ducing neurological deficits and im-

proving motor function.  

Table 1 

List of the most important results obtained in pre-clinical and clinical studies on the effects of bone 
marrow cells on healing and repair processes occurring in the brain during various pathological  
conditions  

Disease affecting 
CNS 

Effects of bone marrow cells transplantation  
observed in pre-clinical studies 

Effects of bone marrow cells transplanta-
tion observed in clinical studies 

Traumatic brain injury – colonisation of the site of injury by bone marrow cells  
– differentiation of bone marrow cells into neurons and 
astrocytes  

– increased levels of neurotrophic factors in the injured 
tissue  

– improvement in neurological functions  
(motor and sensory)  

–   

Ischaemic stroke  – migration of cells into the region of ischaemia 
– increased levels of NGF and factors from the TGF-β 
superfamily at the site of ischaemic injury 

– inhibition of apoptosis 
– differentiation of bone marrow cells into neurons and 
astrocytes 

– improvement in neurological functions – motor and 
sensory 

– functional improvement in patients  
measured according to Barthel  
and Rankin scales 

Demyelination  
diseases - 
Multiple sclerosis 

– differentiation of stromal cells into astrocytes,  
oligodendrocytes 

– improvement in patients’ neurological 
status assessed using the EDSS 

– stable neurological status 2 years after  
the transplantation 

 
 
– improvement in motor function 
– increased expression of TH in the tissue 
– increased level of Levodopa in the tissue resulting 
from the presence of transduced bone marrow cells 

–  

Neurodegenerative 
diseases: 
Parkinson’s disease 
 
 
 
Huntington’s Disease – reduction of memory deficits –  
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In the experimental traumatic 

brain injury and cerebral infarction, 

the degree of recovery of the studied 

animals was most commonly as-

sessed using Neurological Severity 

Scale, NSS. NSS was created based 

on scales used in humans, i.e. GOS 

(Glasgow Outcome Scale) and DRS 

(Disability Rating Scale). NSS in-

cludes motor tests (muscle tone, ab-

normal movements), sensory tests 

(vision, touch, proprioception) and 

reflexes65. According to this scale, 

recovery in animals after transplanta-

tion of bone marrow cells involved 

an improvement in the ability to flex 

the extremities, to maintain balance 

of the body, in limb and corneal re-

flexes, and in responses to stimuli.  

In addition to the above-

mentioned parameters, in preclinical 

studies, spatial orientation of the ani-

mal and motor learning abilities 

(Morris Water Maze Test)39, resis-

tance to exercise and locomotion (Ro-

tarod Test)16,17,18,48, somatosensory 

impairment based on timing of stimu-

lus localization (Adhesive-removal 

Somatosensory Test)33, and imbalance 

(Beam Balance)22 were evaluated.  

Results of the conducted studies 

– mostly preclinical – suggest that 

improvement in motor and sensory 

functions may also be achieved in 

humans.  

The aim of the majority of thera-

peutic interventions in diseases of 

the brain is protection against either 

destruction or degeneration of the 

present neural structures. Current 

therapeutic strategies focus – in addi-

tion – on development and integra-

tion of new neuronal connections 

that may replace injured region or 

structure. The question remains, 

whether newly implanted cells will 

integrate with the present neuronal 

net and if so – how fast and to what 

extent this integration will occur. 

Development of new and preser-

vation of the existing neuronal con-

nections and stimulation of neural 

structures to produce neurotransmit-

ters are closely related to the poten-

tial improvement of impaired func-

tions. Training conducted in animals 

and appropriate rehabilitation in hu-

mans may influence neurogenesis, 

neovascularisation and neural reor-

ganisation66. There is evidence that 

animals kept in an improved envi-

ronment (requiring higher motor ac-

tivity) earlier achieve functional re-

covery67,68. This observation suggest 

that transplantation of bone marrow 

cells as a therapy of diseases of the 

brain require neurophysiology-based 

rehabilitation, similarly to the 

physiotherapy in the majority of 

brain diseases.  

 
Summary 
 

Results of numerous pre-clinical stud-

ies demonstrate the ability of bone 

marrow cells to migrate, to colonise 

pathologically changed brain tissues, 

and to differentiate into cells morpho-

logically similar to resident cells, 

which is accompanied by an im-

provement in neurological functions. 

The perspective of use of bone mar-

row cells in the therapy of diseases af-

fecting the brain seems to be closer 

and closer, but all the related phe-

nomena require further studies on the 

conditions of use of cell therapy, 

combination of cell therapy with ef-

fective pharmacotherapy, currently 

used animal models of brain diseases, 

methods of analysis of the material 

and results, as well as tests used to 

assess neurological functions.  
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