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Abstract
To analyze the parameters including data of disease progression, muscles power subsidence, life expectancy, functional independence and rates of cognitive disturbances, 
which were obtained during observation of the patients with amyotrophic lateral sclerosis (ALS) who were administered a combined therapy by use of fetal stem cells 
(FSCs) extracted from human fetuses with 5-10 weeks of gestation along with a complex of bodily exercises within the whole period of the follow-up. A comparative 
study of 56 patients suffering from different forms of ALS was performed. The main group (MG) included 30 patients who were administered a combined treatment 
comprising the individual program with a complex of kinesiotherapy, respiratory gymnastics and transplantation of suspensions containing fetal stem cells (FSCs) 
harvested from fetal liver and brain of human fetuses with 5-10 weeks of gestation over the period of observation. The control group (CG) constituted 26 patients 
who followed their individual programs including a complex of kinesiotherapy and respiratory gymnastics during observation. The patients in both groups were 
compared according to the sex, age and the forms of ALS disease. Significant slowdown of the course of ALS disease and prolongation of average life expectancy 
was reported over a period from 6 to 18 months after treatment among the patients of the MG in comparison with the patients of the CG. Suggested method of 
treatment encourages searching for more effective management of ALS and extension of life expectancy in the patients, even though, it demands maintenance of 
further clinical studies.

Combined treatment of ALS including the individual program with a complex of kinesiotherapy, respiratory gymnastics and administration of FSCs suspensions 
proved to objectively inhibit a progression of ALS over the period from 6 to 18 months from the beginning of treatment and contributes to longer life expectancy 
among the patients.

Introduction
Amyotrophic lateral sclerosis (ALS) or motor neuron disease 

(MND) is an idiopathetic progressive neurodegenerative disease with 
a random primary neuronal degeneration of the upper motor neurons 
(UMN) and the lower motor neurons (LMN) resulting in progressive 
atrophy of bulbar, limb, thoracic and ventral muscles which is associated 
with fasciculation, spasticity and the other manifestations. Cognitive 
disturbances are detected in 20–50% of the patients. Mortality outcome 
related to respiratory failure on average occurs within 2-4 years after 
disease onset, though a moderate number of patients up to 7% are still 
likely to reach a five-year survival rate or even more. Approximate 
disease prevalence rate makes up 6-8 patients per 100 000 individuals. 
5-10% of the patients report a hereditary character of disease, whereas 
the causes of the other sporadic cases remain unknown. [1,2]. A 
great deal of studies are directed at clarification of the causes and 
pathogenesis of ALS [3-10]. Nowadays, several mechanisms are 
known to be likely connected with ALS disease progression: glutamate 
excitotoxicity, oxidative stress, disorganization of neurofilaments, 
deficit of neurotrophic factors, dysfunction of mitochondria and the 
other organelles, reactive astrocytosis, and familial (fALS) mutations 
of the Cn2+/Zn2+ superoxide dismutase 1 (SOD1), TDP-43, FUS, or 
C90ORF72 genes [3-5,11-13]. With due account for unclear trigger 

mechanisms of ALS, etiological therapy has not been established until 
presently. Treatment of the underlying disease is primarily directed at 
inhibition of excitotoxicity by decreasing synthesis and metabolism of 
glutamate, suppressing post-synaptic NMDA-receptors of glutamate 
and having a direct impact on the complex intracellular cascades. 
For present time riluzole (Rilutek®) is the only medicine available for 
clinical application which is likely to prolong the patient’s life over 3 
months on average [14-18]. Neurotrophic factors use has been recently 
considered as a perspective method for pathogenetic treatment. In 
this regard glatiramer acetate, cerebrolysin and some other medical 
drugs are prescribed for the patients, though, there is no unequivocal 
estimation regarding their effectiveness. For this very reason of minor 
therapeutic modality and side effects related to medicines, development 
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of present-day and effective ways of treatment is a challenging trend of 
ALS therapy.

Stem cells therapy is one of the promising approaches in treatment 
of ALS and the scientists in many countries impose expectations on it. 
Stem cells are prone to differentiating into various types of cells and 
can enable regeneration and even replacement of cells of neural tissue 
[19]. Stem cells administration as anticipated can result in replacement 
of the affected motor neurons or neural cells in ganglia and tend to 
maintain a sustaining, trophic function in particular and ultimately 
contribute to restoration of neuromuscular function which has been 
lost or impaired [20]. Among the multiple types of stem cells used for 
studies embryonic differentiated neural stem cells, induced pluripotent 
and mesenchymal stem cells (MSCs) have been frequently used [21]. At 
present clinical studies approved by FDA are established and are goaled 
at treatment of the patients with ALS [22,23].

The mechanisms of influence of stem cells on the human organism 
are regarded at different levels. Firstly, this suggests replacement and 
restoration of the cells lost; an impact of trophic factors or genes delivery 
and eventually immunomodulation [24]. Although capacity of the 
transplanted mesenchymal stem cells and their differentiation into the 
neuronal phenotypes has been proved in several studies, the therapeutic 
vector of these achievements remains ambiguous [25,26]. Despite of a 
characteristic feature of ALS – loss of primary motor neurons, there are 
distinguishing features on a large scale which identify dysfunction of 
ganglia as significant in this disease pathogenesis. Therefore, glial cells 
enrichment for the purpose of neuroprotection is likely to become our 
secure and effective goal. Efficacy of MSCs in improvement of treatment 
outcomes among the patients suffering from ALS could be attributable 
to secretion of neurotrophic factors which execute regulatory and 
neurorestoration functions. Neurotrophic factors are valuable peptide 
structures affecting the functions, differentiation and proliferation of 
neural stem cells. GDNF, VEGF, IGF-1 are likely to rouse a particular 
interest in ALS neuroprotection [27-29]. Migration of MSCs into 
the sites of affected tissues and focal accentuation of trophic factors 
may invole the effects of endogenic recovery, induction of endogenic 
neurogenesis, gliogenesis and synaptogenesis in particular [30,31]. 

Plenty of studies and clinical trials have been recently undertaken 
based on straightforward transplantation of MSCs into the spinal 
marrow. Cellular migration of MSCs out of the site of injection in 
the lumbar region of spinal cord toward the ventral parts located in 
a close proximity to motor neurons has been established [32-34]. In 
spite of absence of substantial complications related to this mode of 
administration, less invasive methods for MSCs application have been 
developed in treatment.

There is an increasing evidence in regard to the systemic, but 
not solely autonomic cellular mechanisms of neurodegeneration in 
ALS which argue for potential expedient and systemic extracerebral 
administration of MSCs [35, 36]. Thus, positive results were obtained 
after MSCs application by way of intravenous infusion on ALS models 
in mice [37-39]. In preclinical studies, MSCs were administered by 
intramuscular injections. With regard to the above mentioned there 
is a likely advantage of this mode of administration principally due 
to immediate proximity to the affected area without need to directly 
interfere with CNS [40,41].

Muscle activity is one more mechanism of physiology influence 
on neurotrophic maintenance. As a result, regular bodily exercises are 
prone to enhance a production of endogenic growth factors. In order to 
attain maximal therapeutic efficacy, physical exercises were conducted 

on the experimental models with ALS for the purpose of increasing 
delivery of the factor. Subsequently the clinical studies identified a 
favorable impact of bodily exercises on the patients [42- 53].

Materials and methods
56 patients suffering from ALS have been studied in Cell Therapy 

Center EmCell. Among the patients under study 30 (53.6%) individuals 
revealed a cervical-thoracic form of ALS, 15 (26.8%) persons reported a 
bulbar form of the disease and 11 (19.6%) – suffered from a lumbosacral 
form of ALS. The interval between the primary clinical manifestations 
and established diagnosis constituted 10.6 ± 2.8 months in all patients. 
The patients were allocated into 2 groups where the MG included 30 
individuals with the average age of 41.1 ± 6.1 years, 18 (60.0%) among 
them were men and 12 (40.0%) – women. The CG was composed of 
26 patients with average age of 49.3 ± 5.8 years, including 15 (58.0%) – 
men and 11 (42.0%) – women. Both groups were compared according 
to the sex, age and form of disease and the patients did not undergo any 
specific treatment. 

Inclusion criteria for the study of the patients were the following: 
verified diagnosis of ALS, in conformity with the “revised El Escorial 
criteria” (1998), spirometry indices (FVC) not less than 30%, and the 
parameter of body mass index (BMI) – not less than 18.5 kg/m2. Apart 
from that the study group did not include the patients suffering from 
cardiovascular diseases in the phase of decompensation and likely 
complications in the past history (myocardial infarction, cerebral 
stroke), decompensated kidney and liver insufficiency, traumatic brain 
or spinal cord injuries in anamnesis, as long as without any proof of 
blood coagulation disturbances of whatsoever genesis or presence of 
malignant malformations. Prior to the study all patients were evaluated 
to determine cognitive functions in accordance with the scale of mini–
mental state examination (MMSE) [54]. 

ALSFRS-R scale was applicable for assessment of the patients’ 
state in dynamics [55,56]. A quantitative testing score to determine 
muscles power was used as a measure for evaluation of ALS disease 
progression [57,58]. Assessment of maximal voluntary isometric 
contraction (MVIC) substantiated the method reliability, accuracy 
and susceptibility for quantitative evaluation of muscles strength 
[59,60]. The measured muscle strain has been considered as quantity 
in kilograms (kg.), exercised by the patient against the strain gauge. 
All measurements were made in a standardized manner for assessment 
of indices of power in the digital flexor muscles of hands by use of 
handheld dynamometry (HH-Dyn) (dynamometer ДМЭР-30, Russian 
Federation 2005).

The patient’s assessment according to the scale of functional 
independence measure (FIM) [61] was made immediately before 
treatment and the individual complex of physical exercises 
(kinesiotherapy, respiratory gymnastics) was generated with 
consideration of physical capacities in the patients. 

All patients in both groups performed a complex of physical 
exercises according to individual program over the whole period of 
the study. Correction of the complex of physical exercises was made 
over 6, 12 and 18 months after beginning of follow-up. The patients 
of the MG received FSCs suspensions harvested from the cadaveric 
tissues of fetal liver and brain extracted from the medically aborted 
human fetuses with 5-10 weeks of gestation; pursuant to family 
planning and social purposes without any developmental pathology or 
infections confirmed. All donors were practically healthy women and 

http://www.raznoves.ru/catalog/dinamometry/dmer-30-0-5.htm
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had negative test results for hemic infections. The patients had their 
informed consent signed before treatment.

Biotechnology process of suspension preparation included: cells 
separation from different growth zones in human fetus (liver, brain); 
assessment of cells viability and programmed cryopreservation; testing 
for bacterial and viral infections. Cryopreservation was made by use of 
5% dimethyl sulfoxide (DMSO) as cryoprotectant and dextran-40 to 
pursue the 3-stage program for freezing at the initially adjusted speed 
of 1ºC/min and crystal forming initiation. 

 Defrost of cryopreserved suspension was made by water bath 
thawing at temperature 37.5ºC immediately before to administer 
FSCs and cells viability was controlled. Then fetal stem cells viability 
was tested by trypan blue staining and cells were counted using 2 
methods in parallel: Goryaev chamber and Automated Cell Counter 
NC-100 (Nucleo Counter Type 900-004 Chemo Metec, Denmark 
2010). Cells viability before freezing made up 83.0 ± 3.0%. Right after 
cryopreservation in low temperature (t-196ºC) cryobank and water 
bath thawing of cryopreserved suspension at 37.5 ± 0.1ºC cells viability 
accounted for not less than 74.8 ± 1.0%. 

Fetal stem cells were administered during 2 days: fetal liver stem 
cells drip-feed intravenous infusion using 0.9% sodium chloride 
solution was supplied on treatment day 1; fetal brain stem cells were 
injected subcutaneously into the anterior abdominal wall during the 
treatment day 2. Volume of therapeutic dose of fetal liver was not less 
than 0,1 mL of cells in suspension with the nucleated cells count not 
less than 2.64×106/mL per transplantation and cells precursors CD34+ 
ranged from 0.4 to 2.42×106/mL per one injection. Treatment dose of 
fetal brain cells was individually selected and made up not less than 0,1 
mL of cells in suspension with the nucleated cells count of 1.05×106/mL 
per transplantation and cell precursors of CD34+ made up from 0.4 to 
2.42×106/mL per one injection. Stem cells viability in the suspension 
corresponded to 70.0 ± 10.0% [62].

Analysis of all values was made before treatment and over 6, 12, 
18 and 24 months after stem cells administration. Statistical results 
processing was fulfilled using software Statistica v.6.0 (StatSoft 
Inc., Tulsa, USA) with calculation of the mean values and standard 
deviation. Significant difference between the scores was evaluated by 
use of the Student’s t-test (for parametric statistics).

Results and discussion 
The patients in the MG demonstrated insignificant statistically-

valid negative dynamics over 6 months after treatment, the value 
in accordance with ALSFRS-R scale made up 28.12 ± 1.32 scores, 

if compared to the baseline 29.52 ± 1.40 scores, (p<0.05). Notable 
stabilization of indices and none deterioration among the patients was 
reported over 12 and 18 months – both according to the ALSFRS-R 
scale, (Table 1) and in accordance with the patients’ subjective 
assessment if compared to the previously recorded rate on the 6th 
month after observation – 28.12 ± 1.32 scores, (p>0.05). However, the 
value on the ALSFRS-R scale over 24 months corresponding to 24.03 
± 1.58 scores shown the evidence of significant negative dynamics if 
compared to the baseline 29.52 ± 1.40 scores, and similarly due to the 
parameters of previous study over 18 months – 27.98 ± 1.40 scores 
(p<0.05). Simultaneously after analysis of the scores in the CG within 
the whole period of the study significant negative dynamics is recorded 
both in comparison with the baseline and values in the MG (Table 
1). Based on the results recorded one can conclude that combined 
treatment with inclusion of the individual program using a complex 
of kinesiotherapy, respiratory gymnastics and transplantation of FSCs 
promotes a slowdown of ALS disease progression over a period from 
6 to 18 months after treatment initiation. However, such a tendency 
to progression is likely to be preserved among the patients and this 
becomes significant over 24 months of the study (p<0.05).

The next stage of our study consisted in investigation of changes in 
cognitive deficit among the patients with ALS according to the MMSE 
scale. The parameters of cognitive skills among the patients of the MG 
were stable and no significant changes were demonstrable within the 
whole period of observation if compared to the baseline – 28.69 ± 0.78 
scores, (p>0.05) (Table 1). Almost zero dynamics both in conformity 
with the testing scores on the ММSE scale, and according to the 
subjective assessment of the patients proved absence of any negative 
cognitive disruptions in the patients who underwent combined therapy. 
The scores on the cognitive skills scale among the patients in the CG 
revealed a gradual negative dynamics over the whole period both in 
comparison with the data baseline and the corresponding indices in 
the MG (p>0.05) (Table 1). Information obtained is likely to indicate a 
positive effect of combined therapy in prevention of cognitive functions 
impairment among the patients with ALS. 

According to our statistic data, average life expectancy in the 
patients with ALS remains within the range of 15.7-47 months [63,64], 
the mean value constitutes 39.2 months from disease onset and 30.6 
months – from the moment of diagnosis making [65]. The average 
time interval between diagnosis and initiation of treatment for the 
patients under study corresponded to 11.9 ± 4.2 months. Over time 
after the study for the patients in the MG no cases of lethal outcome 
were reported. An average rate of life expectancy in the patients from 
the moment of diagnosis confirmation made up 35.9 ± 4.2 months. In 

Note:
*A number of patients diminished as a result of 3 patients who passed away.
#p<0.05 in comparison with the CG or the data baseline

Table 1. Dynamics of the scores over the period of the study.

Scale,
scores

Prior to treatment Over 6 months after treatment Over 12months after 
treatment

Over 18months after 
treatment

Over 24months after treatment

MG CG MG CG MG CG MG CG MG CG*
ALSFRS-R,

M ± m
29.52 ± 1.40 28.98 ± 1.54 28.12 ±1.32# 26.72 ± 1.61 28.63 ± 1.20# 25.02 ± 1.33 27.98 ± 1.40# 21.18 ± 1.12 24.03 ± 1.58# 21.15 ± 1.01

MMSE,
M ± m

27.39 ± 0.78 27.96 ± 0.82 27.86 ± 0.92 27.12 ± 0.86 27.55 ± 0.68# 26.65 ± 0.78 27.03 ± 0.48# 26.01 ± 0.78 27.09 ± 0.80# 25.23 ± 0.51

FIM,
M ± m

107.25 ± 1.41 105.15 ± 1.83 105.05 ± 1.53# 103.45 ± 1.23 104.95 ± 1.32# 102.35 ± 1.42 103.95 ± 1.44# 81.95 ± 1.44 96.92 ± 1.35# 80.92 ± 1.35
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the meantime 3 patients of the CG died on the 19th, 20th and 23rd month 
of observation, respectively. Respiratory failure on the background of 
bulbar form of ALS was the cause of mortality outcome in all cases. 
Death rate in the CG within the whole period made up 12.5%. The 
results received indicate the prolonged average life expectancy among 
the patients of the MG, both in comparison with the CG and in 
accordance with overall statistics (all p<0.05).

Analysis of functional dependence by the Functional Independence 
Measure (FIM) scale in ALS patients of the MG over 6 months post 
treatment refers to 105.05 ± 1.53 scores in comparison with the baseline 
107.25 ± 1.41 scores which is indicative of significant tendency to self-
care deterioration among the patients (p<0.05). The same negative 
dynamics was reported among the patient in the CG. Over 6 months 
after the study the value of 103.45 ± 1.23 compared to the baseline 
105.15 ± 1.83 scores highlights a statistically significant negative pattern 
in self-care deterioration among the patients (p<0.05). By comparison 
of the scale parameters in patients of the CG over 12 months which 
constitute 102.95 ± 1.32 scores and the previous rate of 105.05 ± 1.53 
scores, stabilization of the disease course is demonstrable which still 
remains after assessment of the patients over 18 months – 103.95 ± 1.44 
scores, however, it reveals negative dynamics which is not significant. 
At the same time negative significant dynamics is preserved in the CG 
over 12, 18 months if compared to the baseline (p<0.05), (Table 1). In 
comparison of the scores in the MG and CG over 18 months and the 
corresponding results reported over 24 months, significant negative 
dynamics can be observed in both of the groups (p<0.05) (Table 1). 
The scores in the MG and CG over 24 months present significantly 
worse values at the moment of study termination among the patients 
in the CG (p<0.05) (Table 1). The results received justify that combined 
treatment is likely to maintain functional independence of ALS patients 
of the MG during a period from 6 to 18 months and values remain 
significantly higher compared to the CG over 24 months (all p<0.05) 
(Table 1).

After correlation of handheld dynamometry (HH-Dyn) data in the 
MG over 6 months after treatment RS=23.99 ± 1.14 kg and LS=19.81 
± 1.17 kg with the baseline scores – RS=24.87 ± 1.06 kg. and LS=20.11 
± 1.12 kg, significant tendency to power subsidence in digital flexor 
muscles of both hands is demonstrable which has been proved by a 
subjective assessment of the patients (all p<0.05). Significantly negative 
dynamics of power subsidence in digital flexor muscles of both hands is 
also observed in correlation between the HH-Dyn data of the CG over 6 
months after treatment RS=21.19 ± 1.09 kg; LS=18.01 ± 1.11 kg and the 
scores baseline RS=23.21 ± 1.12 kg; LS=19.98 ± 1.16 kg, which has been 
also proved by a subjective assessment of the patients (all p<0.05). The 
same tendency is preserved at correlation of the scores in the CG both 
over 12 months RS=20.27 ± 1.24 kg; LS=16.62 ± 1.16 kg compared to 
the rates over 6 months after treatment, and over a period of 18 months 
RS=19.07 ± 1.13 kg; LS=16.13 ± 1.11 kg if compared to the results 
received over 12 months (all p<0.05) (Figure 1). By correlation of the 
HH-Dyn data in the MG for the period over 6 months RS=23.99 ± 1.14 
kg and LS=19.81 ± 1.17 kg and the results received over 12 months 
RS=23.67 ± 1.07 kg and LS=19.62 ± 1.23 kg stabilization of power in 
digital flexor muscles of both hands is observed without significantly 
proved dynamics (all p>0.05). The same tendency is preserved in 
correlation of the scores of the MG over 12 months RS=23.99 ± 1.14 kg 
and LS=19.81 ± 1.17 kg and the results obtained over 18 months after 
treatment beginning (all p>0.05). 

Among the patients of both groups significant tendency to power 
subsidence in digital flexor muscles of both hands is preserved over a 

period from 18 to 24 months which has been proved by a subjective 
assessment of the patients (p<0.05) (Figure 1). Although, correlation of 
the scores in the MG (RS=20.17 ± 1.20 kg; LS=16.52 ± 1.19 kg) and the 
CG (RS=16.17 ± 1.21 kg; LS =14.72 ± 1.16 kg) over 24 months suggests 
significantly worse values at time of termination of the study among the 
patients in the CG (p<0.05). The results received identify a slowdown 
of subsidence in power of digital flexor muscles as a group of body 
muscles which are frequently involved in ALS over the period from 
6 to 18 months after stem cells administration and completion of the 
individual program with a complex of kinesiotherapy and respiratory 
gymnastics (p<0.05). 

In consequence, ALS patients who underwent FSCs treatment and 
completed the individual program with a complex of kinesiotherapy 
and respiratory gymnastics over a period from 6 to 18 months reported 
a slowdown of disease progression and delayed subsidence in muscles 
power of digital flexor muscles of both hands, for instance, due to both 
objective and subjective assessment; they also demonstrated longer 
life expectancy, functional independence and prevention of cognitive 
functions deterioration. 

Nevertheless, we understand that informative base of the study 
is not enough for a broad clinical application of this method. In the 
course of the study (24 months) after administration of FSCs, we did 
not observe any adverse effects which are likely to affect the functions 
of the brain and cardiovascular system and no clinical cases of allergy 
reactions were reported among the patients. Therefore, one can speak 
about safety of all further long-term observations. Suggested method of 
treatment raises great expectations for more effective treatment of ALS, 
though it requires future follow-up.

Conclusions 
Combined therapy with inclusion of FSCs treatment along with 

the individual program of a complex of kinesiotherapy and respiratory 
gymnastics is safe and effective method directed at slowdown of 
ALS progression during a period from 6 to 18 months and results 
in prolongation of average life expectancy among the patients, (all 
p<0.05). Combined therapy including FSCs transplantation along with 
the individual program of a complex of kinesiotherapy and respiratory 
gymnastics positively effects cognitive function of the patients with 
ALS both according to the results on the ММSE scale and due to a 
subjective assessment of the patients and reports lack of negative 
cognitive impairments over 24 months after the study, (all p<0.05). The 
results of handheld dynamometry analysis demonstrate a slowdown of 
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power subsidence in digital flexor muscles of the hands, as one of the 
group of body muscles affected in ALS patients, who were administered 
FSCs along with the individual program of a complex of kinesiotherapy 
and respiratory gymnastics over a period from 6 to 18 months after 
treatment beginning, (p<0.05).

According to the analysis of the scores on the FIM scale in the 
patients who received combined treatment by use of FSCs and 
completed the individual program with a complex of kinesiotherapy 
and respiratory gymnastics, the study results prove a positive influence 
on sustaining functional independence of the patients with ALS ( 
p<0.05). The data received confirm that combined therapy by use 
of FSCs and completion of the individual program of a complex of 
kinesiotherapy and respiratory gymnastics have a positive effect on 
prolongation of average life expectancy among the patients ( p<0.05).
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