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Stem cells possess a unique spectrum of 
biological features that provide a foun-
dation of growth, development, adapta-
tion and regeneration of the organism, 
starting from the embryonic stage and 
continuing through adult life. It is cur-
rently believed that senescence is firmly 
associated with a decline of stem cell self-
renewal [1,2]. Numerous subtypes of stem 
cells are currently available, including 
embryonic stem cells (ESCs) [3], various 
populations of adult/somatic stem cells 
(ASCs) and, finally, induced pluripotent 
stem cells (iPSCs) [4]. Taken together, 
stem cell-based therapy is now right-
fully viewed by the clinical society as an 
emerging novel approach suitable for a 
treatment of numerous diseases, includ-
ing those previously considered incurable. 
A list of diseases currently considered to 
be targets for future stem cell therapy-
based approaches includes neurodegenera-
tive diseases, namely, Parkinson’s disease 
(PD) and secondary Parkinsonism, Alz-
heimer’s disease, multiple system atrophy, 
amyotrophic lateral sclerosis, stroke, brain 

trauma and spinal trauma, among others. 
It should be stressed that in contrast to the 
majority of other neurodegenerative dis-
orders, the motor symptoms in PD are pri-
marily caused by the loss of dopaminergic 
neurons in the substantia nigra. Similarly, 
the pathology of stroke and brain/spinal 
trauma is, in many cases, associated with 
lesions within a single known anatomi-
cal localization. This factor makes PD 
and some other neurodegenerative dis-
orders highly suitable for cell replacement 
strategies.

By October 2013, the ClinicalTrials.gov 
database listed over 4700 clinical studies 
associated with stem cells [101]. Many of 
these studies aim to test the safety and 
efficiency of stem cells, particularly stem 
cell-derived cells in various neurodegen-
erative disorders. For example, PD [5,6], 
a progressive supranuclear palsy (also 
Steele-Richardson–Olszewski syndrome) 
[7], amyotrophic lateral sclerosis [8,9], mul-
tiple system atrophy [10] and spinocerebel-
lar ataxia [11] became targets of stem cell-
based therapeutic approaches. It is worth 
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noting that various cell substrates and methods 
of delivery are tested in the trials. For example, 
even in a limited group of clinical trials based 
on stem cell therapy for PD, both autologous [5] 
(unpublished trials with ClinicalTrials.gov iden-
tifiers NCT01446614 [102] and NCT00976430 
[103]) and allogenic bone marrow mesenchy-
mal stem cells (MSCs) [6], and autologous 
adipose-derived MSCs (NCT01453803 study) 
were tested [104]. Unilateral [5] and bilateral [6] 
stereotax transplantation into the subventricu-
lar zone or striatum (NCT00976430 study 
[103]), intravenous (NCT01446614 [102] and 
NCT01453803 [104] studies) and intra-arterial 
(NCT01453803 study [104]) means of cell deliv-
ery were assessed. Results of the key study sug-
gest allogenic bone marrow MSC may be used 
as a disease-modifying therapeutic strategy in 
treating PD [6]. These and many other clini-
cal trials are based on the body of experimental 
data generated through the decades of in vitro 
and animal model-based in vivo studies. Sys-
tematical research of stem cell biology was able 
to dissect key molecular mechanisms involved 
in stem cell proliferation, differentiation and 
senescence. It is evident, however, that there 
is an apparent gap between two large groups 
of studies within an entire field of stem cell 
research: namely, between experimental and 
clinical studies – such as between bench and 
bedside. This gap is supposed to be filled with 
so-called ‘translational studies’. In the context of 
stem cell therapy, the translational studies aim 
to create, adapt and troubleshoot techniques 
established in laboratory conditions for actual 
clinical applications. In particular, a recently 
launched journal entitled ‘Stem Cells Transla-
tional Medicine ’ (its first issue dated January 
2012) aims to fill the gap outlined above.

Clearly, factors such as stem cell source avail-
ability, stem cell stability in culture, efficiency 
of stem cell differentiation in vitro into the func-
tional target cells, donor cell survival and finally 
functional effects following a transplantation of 
particular stem cells or stem cell-derived cellular 
populations all play roles in selecting optimal 
transplantation substrates. While certain stem 
cell types demonstrate preponderance over oth-
ers in some of these features, no single stem cell 
type distinguishes as a ‘universal’ cell therapy 
substrate for all – or at least for a majority of dis-
eases. For example, both ESCs and iPSCs have 
the highest proliferative activity and plasticity, 
superior to those of ASCs. Currently, effective 

expansion of stem cells and directed differentia-
tion of the latter to the functional target cells 
(e.g., neurons) stopped being a limiting step of 
cell therapy approaches [12]. At the same time, 
ASCs (namely MSCs of various origins) and 
iPSCs allow authological applications, thus 
escaping many ethical issues and a necessity 
for immunosuppressive therapy. In exchange 
to lower proliferative activity, the ASC/MSC 
karyotype is highly stable in vitro, while the 
ESC and, especially, iPSC karyotype is unsta-
ble at prolonged culture in vitro, causing a risk 
of cell transformation. Moreover, even a few of 
the residual undifferentiated cells of ESC and 
iPSC types can cause teratoma in the sites of 
transplantation [13]. In fact, any cells that are 
not pluripotent but still mitotic, including com-
mitted stem cell derivatives, can cause tumor 
formation in sites of transplantation. Even 
a limited cell division can cause ‘graft over-
growth’, leading to the overproduction of spe-
cific hormones or to dyscirculatory  alterations 
in the surrounding tissues.

Taken together, the risks associated with 
clinical applications of stem cells include onco-
logical risks [14], and infection transmission 
risks (in particular, note a risk of xenozoonosis 
transmission [15]), as well as immunological, 
genetical and some other risks [16]. Numerous 
adaptations should be introduced into the opti-
mized stem cell expansion and differentiation 
protocols to effectively reduce the risks listed 
above. For example, establishing and expand-
ing human stem cells (ESCs, iPSCs and ASCs) 
in xeno-free conditions is already possible 
[17,18], with organic/xenogenic material being 
replaced with xeno-free ones in virtually every 
step of the cell culturing protocol. A traditional 
method of ESC isolation from the inner cell 
mass of the blastocysts with pronase is now 
replaced with Tyrode’s solution application, 
mechanical/laser-based cell isolation or utili-
zation of spontaneously hatched blastocysts. 
Some of the organic compounds traditionally 
used to cover cell culture surfaces (laminin, 
poly-l-lysine, fibronectin, gelatine and collagen) 
may be derived from both animal and human 
sources; moreover, novel highly adhesive plastic 
materials reduce the need for the organic com-
pounds. Similarly, numerous growth factors 
used to induce stem cell differentiation in vitro 
and maintain cell survival in vivo are currently 
available in ‘natural’ and human recombinant 
forms. Finally, animal serum, a key component 
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of cell culture media, could be replaced with 
either entirely synthetic formulations or with 
human serum, including autologous serum, 
although reportedly with reduced efficiency 
of cell expansion [19]. Contrary to the develop-
ment outlined above, stem cell differentiation 
into functional neurons still appears to be rela-
tively less effective and significantly more costly 
when it utilizes solely human recombinant 
growth factors compared with methods rely-
ing on coculturing with animal stromal cells, 
or a combination of both [20,21]. It is obvious 
that available protocols aiming to provide stem 
cell application for clinical purposes should 
be adapted/evolved to completely xeno-free 
 regimens to be accepted for cell therapy.

Oncological risks are clearly most impor-
tant in cell therapy applications. As mentioned 
above, even a few residual undifferentiated 
pluripotent stem cells (ESCs or iPSCs) are 
a hetero geneous cell population that serves 
transplantation substrate and could cause tera-
toma formation in the sites of transplantation. 
For intracranial cell deliveries/grafts, such a 
complication will, in a majority of cases, cause 
fatal consequences [13]. Completely eliminat-
ing residual undifferentiated cells is not an easy 
task as mature cells differentiated in vitro for a 
prolonged time (in particular, mature neurons 
with long processes) have significantly lower 
chances of surviving a transplantational proce-
dure [22]. Promising approaches based on cell 
selection in vitro by exposing heterogeneous cell 
populations to low-dose g-irradiation [14], cera-
mide/ceramide analogs [23] or human/bovine 
a-lactalbumin made lethal to tumor cells [24] 
are not highly effective, possibly owing to the 
difference between rodent and human stem cell 
biology/molecular signaling mechanisms. At the 
same time, genetic engineering represents the 
most promising strategy for selective ablation 
of undifferentiated pluripotent cells. Those 
approaches are based on the introduction of 
so-called ‘suicide genes’ (e.g., genes encoding 
HSV-TK/HSVtk, tetracycline-inducible form 
of the diphtheria toxin or bacterial cytosine 
deaminase) into the stem cell genome under 
the control of promoters of the genes charac-
teristic of ‘embryonic stemness’ [25]. Further-
more, straightforward cell sorting based on 
the advanced FACS or  magnetic-activated cell 
sorting technology may also be effective in selec-
tive cell sorting [14]. Indeed, the consequences of 
donor  cell-derived tumor development in stem 

cell therapy recipients may be severe, risking 
compromising a whole field. Therefore, ongo-
ing translational studies should aim to not just 
reduce oncological risks associated with stem 
cells, but also to effectively nullify these risks.

It is worth noting that in many neuro logical 
disorders, even a minor improvement of motor 
and cognitive functions may signif icantly 
improve a patient’s quality of life and contrib-
ute to survival. However, one should not under-
estimate challenges and risks related to stem cell 
applications. Among those, onco logical risks 
and xenozoonosis transmission risks are most 
important. Rapid progress in all areas of stem 
cell research promises to revolutionize clinical 
medicine, particularly neurology. It is obvious 
that certain neurodegenerative disorders, includ-
ing PD and secondary Parkinsonism, represent 
attractive (although not easy) and important 
targets of cell therapy. With the gap described 
above bridged and key risks eliminated, stem 
cell therapy will amplify the currently avail-
able arsenal of therapeutic methods. In many 
clinical situations, transplantation of autolo-
gous or allogenic stem cell-derived neural/neu-
ronal cells – specific populations of postmitotic 
neural/neuronal progenitor cells in particu-
lar – would be able to induce a significant func-
tional improvement in the recipients. In conclu-
sion, it can be stressed that developing safe and 
efficient protocols for stem cell-based therapies 
of many disorders should now become the aim of 
concentrated efforts of the clinical and research 
communities, further supplemented by the tech-
nological advances becoming available annually. 
Only with the gap between fundamental studies 
and actual clinical applications closed can we 
hope for efficient and large-scale inculcation of 
stem cell-based therapy approaches into many 
clinical disciplines, including neurology.
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