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Opinion
Living organisms undergo natural selection process during 

evolution. Optimal conditions have been formed for development 
and coordinated functioning of all structural elements of living 
organisms. That is for normal development of organisms. In 
pathology coordination of interactions between systems, organs, 
and cells is broken. This is important aspect in terms of treatment 
when qualified medical doctor corrects impaired functions not only 
at the level of definite organ, where pathological process happened, 
but at the level of the whole organism to amplify protective reaction. 
The statement may be supported by known quote that wounds of 
winners are healing more quickly than those of defeated. Positive 
emotions of winners are accompanied with release of endorphins, 
enkephalins and other regulatory factors in bloodstream, which 
contributes to activation of reparative processes. It is advisable to 
note that though the above reasoning is informative, but it is not 
always acceptable in such situations like strokes or brain injuries 
when integrative brain activity is impaired. Consequently, in 
each specific clinical situation along with existing international 
treatment protocols, it is advisable, according to prescriptions, 
to apply the individualized cell therapy principle to patients. It 
requires concise combination of local and systematic methods for 
correction of impaired functions. 

To this end, it is advisable first to pay attention to adequacy 
of the problem of cellular technologies application to initiation 
of plasticity and reparative processes in damaged tissues and 
organs. Why so? The current situation with application of cellular 
technologies describes systematic introduction of stem cells (SCs) 
as the dominant method in cell therapy of diseases accompanied 
with violation of structure and function of organs and systems of 
living organism [1,2]. Also, it is known that SCs hardly overcome 
histo-hematic barriers [3]. Thus, the blood-brain barrier is an 
unbreachable obstacle for SCs on their way to areas of destruction 
in brain [3,4]. Therefore, it is necessary to find alternative ways of 
SCs delivery to brain in addition to classic methods of reparative 
processes activation in nerve tissue after injury or stroke. Moreover, 
world statistics shows that classic ways of brain functions 
restoration are ineffective [5,6]. Considering the main ways of drug 
and SCs delivery to organs and tissues: enteral and parenteral. 
The attractiveness of enteral way is accessibility, but among the 
proven deficiencies, the key is destruction of substances and cells in 
gastrointestinal tract, mainly in liver. Various methods of parenteral 
administration are used for introduction of stem cells: applications 
on skin and mucous membranes, injections, inhalations. 
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ARTICLE INFO abstract

Perineural migration of stem cells (SCs) is the basis for the development of new ap-
proaches for internal organ diseases treatment. The authors have previously proved in ex-
perimental and clinical conditions the effectiveness of perineural migration of SCs through 
the cranial nerves in strokes and brain injury conditions. In recent studies, the feasibility 
of SCs delivery through the vagus nerve to heart, liver, pancreas has been confirmed. Thus, 
the use of nerve trunks as a migration pathway network for the delivery of SCs to the in-
ternal organs is promising in the treatment of socially significant diseases (stroke, heart 
attack, diabetes, gastric ulcer) since they avoid complex surgical interventions.
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Figure 1: Scheme of the human lymphatic system. 
Explained in text.

The most commonly used way of systemic administration 
of SCs is arterial or venous vascular network. In some studies, 
intraventricular route of SCs [6] was used or even direct application 
followed by craniotomy to the area of nerve tissue destruction. 
Introduction of SCs into bloodstream is the most common method 
due to its availability, but the effectiveness is extremely small, 
especially to brain. Metabolic products come from tissues through 
the wall of micro vessels into the bloodstream in circulatory 
system (Figure 1). Gases, ions, glucose, lipids, proteins and other 
molecules are exchanged through the wall of micro vessels-mainly 
capillaries and arterioles. So, in closed systems, blood does not 
come into direct contact with cells (Figure 1), but at the brain level 
the blood-brain barrier is an additional obstacle for SCs migration 
from bloodstream to brain tissue. The obvious disadvantages of 
intravascular injections of SCs include decrease in concentration 
due to dilution in about 5 liters of blood. The situation is similar 
when lymphatic system is used for SCs migration (Figure 2). Figure 
2 shows network of lymphatic vessels in human body. The same 
question arises on the possibility of local effect of SCs after their 
introduction into lymphatic vessels in the presence of systemic 
principle of distribution of such vessels (Figure 2).

Figure 2: Scheme of the human circulatory system. Recreated under artist permission.

Various methods have been developed to introduce SCs into 
regional blood [8-10] or lymphatic vessels, for example, into limb 
veins, arterial and venous vessels of brain. Such method allows 
performing angiography of brain vessels depending on blood 
supply of brain regions by internal carotid arteries and vessels 
of vertebrobasilar basin. By the way, introduction of SCs into 
bloodstream is generally accepted in comparison with single 
observations about introduction of SCs into lymphatic system. If 
we consider Figure 3, which shows central and peripheral parts of 
nervous system, then a logical conclusion arises on systemic effects 

when acting on any part of nervous system (Figure 3). Nervous 
system constantly integrates and processes information from 
organs and body systems, as well as from external environment 
to make the most appropriate response decision. But, along with 
systemic principle of control of the whole organism functions, 
structure of nervous system is the basis regional processes control. 
This structural and functional aspect of nervous system activity 
was the basis for attempt to use cranial nerves as a kind of pathway 
for SCs to migrate to certain part of nervous system (somatotopic 
principle) [11,12]. 
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Figure 3: Scheme of the human nervous system. Licensed 
under Creative Commons 3.0.

Experimental studies [8-12] followed by clinical observations 
[13-15] proved reality of SCs movement along cranial nerves 
to specific parts of central nervous system in the presence of 
destructive processes in the area [13-15]. The pattern of SCs 
migration to the area of destructive processes was verified in 
experiments with SCs movement along vagus nerve to damaged 
areas in internal organs (heart, liver, pancreas, stomach) [16,17]. 
Thus, various parts of nervous system may serve as pathways 
for targeted movement of SCs into the area of internal organs 
destruction (Figure 4). Implementation of somatotopic principle of 
SCs migration to specific receptive fields of somatic or autonomic 
nerves is the basis for addition of new methodological realities to 
existing methods of brain diseases (strokes, injuries) treatment. We 
talk about additional methods of therapy with the help of perineural 
method of SCs delivery to internal organs via vagus or other nerves 
to treat patients with pancreatitis, diabetes, heart failure, hepatitis 
and stomach ulcer. Future research will expand the list of these 
pathological processes.

Figure 4: Distribution of PKH67-labeled SCs in the rat 
liver. Bar – 100 μm. Explained in text.
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