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The interest in MSCs is rapidly growing due to their possible and actual therapeutic properties. 
In terms of scientific studies and clinical application, primary attention is paid to the issues, 
related to the use of MSCs as a therapeutic means. Successful advance in this direction requires 
the understanding of the place of MSCs in the organism and those factors which caused the 
need for the evolutionary manifestation of the functions performed by special cells – MSCs. 
Thus, current notions about the mechanisms of the therapeutic effect of MSCs are considered 
here. These notions are compared to the experimental data about the phenomenology of 
therapeutic effects, registered after the administration of MSCs into the organism as a thera­
peutic means. The information on the special role of MSCs in the organism is analyzed, and 
the idea is formed about the essence of this special role. Based on the conducted analysis, the 
suggestion is made about directing the studies into enhancing the therapeutic effects of MSCs 
as a potentially highly efficient medicinal agent.
K e y w o r d s: MSC

Problem statement instead of introduction

The Earth is humanity’s home. We are so used 
to this home that we do not notice the aggres­
siveness and destructive effect of our environ­
ment. At the same time, solar energy, reaching 
the Earth’s surface, can break many chemical 
bonds. Oxygen, required for our breathing, is 
a powerful oxidizer, and the energy of its oxi­
dation is inferior only to fluorine. Water is a 
universal solvent, unrivaled in its ability to 
dissolve and dissociate practically “every­
thing” in the entire Universe. And we do not 

even ponder that the normal saline solution is 
actually stable covalent bonds in NaCl mole­
cules, broken by water into their constituents 
Na+ and Cl−. And the expression “constant 
dropping wears away a stone” is a vivid dem­
onstration of the fact that there are no sub­
stances insoluble in water whatsoever. There 
is only a degree of solubility. The pressure on 
a human body (≈ 2 sq.m.) is 20 thousand! kg. 
And this is true in everything. But there is an 
excellent “something” capable of ensuring our 
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existence and the possibility to enjoy life, ta­
king no heed of the surrounding destructive 
processes.

Even more powerful energy­wise destruc­
tive processes occur within our organism. 
Different chemical processes constantly occur 
in each cell as an absolutely obligatory condi­
tion for its existence. They are mainly imple­
mented via enzymes, and each is primarily 
well­studied separately. However, they are 
somehow spatially organized into mutually 
dependent chains in an actual cell. Each en­
zyme in them conducts a chemical transforma­
tion of the molecule (substrate), formed by the 
previous enzyme, which results in the occur­
rence of the following intermediate derivative 
that is the product for the following reac­
tion, etc. [1]. For the biochemical reaction to 
occur, the enzyme takes some group of atoms 
of the substrate molecule, a specific molecule 
of this group, to the highly reactive state. Yet, 

if, as a result, the absolute spatial­temporal 
precision is breached, the reaction may occur 
not on the intended product but the neighbou­
ring, closely located one. In addition to ensu­
ring metabolism, there are many proteins, the 
catalytic activity of which ensures the move­
ment of intracellular filaments, signalling, 
membrane permeability, RNA synthesis, pro­
tein synthesis, etc. (Table 1). 

The intermediate products of enzymatic 
transformations are reactive to different deg rees. 
No matter how perfect, highly accurate, spe­
cific, etc. biochemical reactions are, some 
formed reactive intermediate products go be­
yond the boundaries of active centres of “enzy­
matic activity”. While contacting other stable 
but energetically weak bonds, they may form 
new “unsanctioned” combinations. If one ac­
cepts that at some moment of maximal acti vity 
of the cell, all this works in the mode of ve­
locities and activities, determined and eva luated 
in laboratory studies in vitro, the mass of such 
products exceeds the mass of the very cell many 
times. The “average” cell contains 2.6 × 109 
protein molecules [3]. Most of them have cata­
lytic activity (Table 1). Let us accept that the 
number of proteins, the main function of which 
is to implement chemical reactions (“real en­
zymes”) — metabolism, detoxification, degra­
dation, transcription, etc.) — is 1 × 109 mole­
cules. The average velocity of the reactions, 
determined in vitro, is 10 msec (100 revolutions 
per second). Let us take a lower average speed 
in the cell for our calculations: 10 revolutions 
per second. 109 (mo lecules of enzymes) × 
× 10 (revolutions per se cond) = 1010 intermedi­
ate metabolites per second. Almost all of them 
are highly reactive. If the relative mass of the 
reactive groups of intermediate metabolites is 

Table 1. The main groups of cell proteins (UCB — 
MSC). (Modified from Feldman RE at al. 2005 [2]
one UCB unit from a full-term delivery was 
isolated from the unborn placenta, transferred 
into culture, and their whole-cell protein fraction 
was subjected to two-dimensional electrophoresis 
(2-DE).

Groups of cell proteins Part of the total

Metabolism 25 %
Folding 14 %
Cytoskeleton 17 %
Signalling 8 %
Detoxification 3 %
Protein degradation 3 %
Transcription 5 %
Others 16 %
Transport 9 %
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taken as the mass of a classic highly reactive 
product Н2О2 (34 Da), then, in dynamics (inte­
grally), in 24 h each cell has the formation of:

34 Da (the mass of the relative reaction 
group) ×

× 1010 (the number of intermediate metabo­
lites per second) ×

× 1.66 × 10­24 (a unit of molecular mass in 
grams) ×

× 8.64 × 104 (the number of seconds in 
24 hours) ≈ 48.7 × 10–9 g, i.e. 48.7 ng. 

This is almost 500 times more than the mass 
of the “average” cell with the volume of 
1,000 μm3 which corresponds to ≈ 1 ng.

Regardless of the abstract nature of these 
calculations, the actual experimental data 
prove their actuality. The intensity of pro­
cesses in the “average” cell in the real condi­
tions is close to the ones, presented above [3]. 
And proteins with enzymatic activity make the 
main contribution. Yet, the intermediate prod­
ucts of metabolism are not the most highly 

reactive products. In case of breathing, the 
situation becomes even clearer, and even more 
rigorously counted in quantitative terms. The 
corresponding quantitative evaluation is pre­
sented in Fig. 1. Despite all the seeming unre­
ality, the amount of peroxides and radicals, 
formed at the norm in a healthy organism 
during breathing, is equivalent to a 5­liter 
bottle of 40 % hydrogen peroxide (Fig. 1). For 
comparison, when applied to the skin, one drop 
of 3 % hydrogen peroxide (its pharmacy con­
centration) makes it white since it “burns” 
everything on the surface. 

And no matter how perfect spatial­temporal 
organization of metabolism, detoxification sys­
tems, antioxidant systems, etc., are, some 
highly reactive products, formed at the norm, 
cause unsanctioned side reactions, destroying 
the cell content. The evaluation of the degree 
of destruction, induced by highly reactive 
agents, avoiding the precise accuracy of pro­
cesses and systems of defence is possible using 

Fig. 1. Estimation of the possible 
number of intermediate reactive 
molecules formed during human res­
piration per day.
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the analysis of quantitative processes of bio­
synthesis in the cell. 2.6 × 109 protein mole­
cules in the cell are in their equilibrium state. 
On 6 × 106 ribosomes, 4 × 106 new protein 
mole cules are synthesized every minute [3]. 
And the stable, normal existence of the cell 
requires the destruction of the very same 
amount — 4 × 106 protein molecules — every 
minute. This is the dynamics. In stable biosyn­
thesis, there is the destruction of everything 
that functionally ceased to implement what­
ever it had been synthesized for. It means that 
the main bulk of the items under destruction 
is damaged. And these 4 × 106 damages are 
only a part of the damages that led protein 
molecules to the loss of their functional prop­
erties and made them non­working. With this 
dynamics of processes in the cell in 24 h, and 
with the abovementioned efficiency of synthe­
sis/degradation, there will be more than a two­
fold change in the total mass of proteins: 
4 × 106 (the number of protein molecules, 
synthesized per minute and thus the same num­
ber of eliminating ones) × 1,440 (the number 
of minutes in 24 h) / 2.6 × 109 (the equivalent 
total number of protein molecules) ≈ 2,2. This 
is the multiplicity of the turnover in the total 
mass of protein in the cell in 24 h or the index 
of intensity of destructive processes in the cell. 
But, besides protein, the cell also has other 
macro­ and not only macromolecules, which 
will also be destroyed, restored, and replaced. 
Actually, the entire cell is in the self­support­
ed equilibrium state in which the processes of 
self­destruction, self­synthesis, self­substitu­
tion, and self­restoration are constantly under­
way.

Potentially, the outside and inside destruc­
tive factors can destroy the cell in a matter of 

minutes. To avoid its implementation, each cell 
has numerous systems of prevention, protec­
tion, and restoration of all the structures, mac­
romolecules, and their complexes on the mo­
lecular level. And whatever cannot be restored 
is replaced with the new. Yet, no matter how 
perfect these systems are, they let a consider­
able number of destructive agents in. As a 
result, there are numerous unrepairable dam­
ages in cells. The equilibrium state is breached, 
the percentage of “spoiled molecules” increas­
es, and the cells perish. The total number of 
cells in the organism is very high but still 
limited. And the destructive processes in them 
are constantly going on. This should lead to 
the death of the whole organism very fast. And 
the verity of this fact is well known in the 
example of nematodes. In their well­studied 
representative, Caenorhabditis elegans, the 
division of cells stops prior to the embryogen­
esis completion after reaching the terminal 
number of 959 somatic nuclei. These are 
959 cells that make up the nematode body. Its 
cells are not restored, and sometime later, after 
a short reproductive period, C. elegans dies. 
Thus, its species duration is about one month. 
Many species of metazoans usually live longer. 
As for humans, the species duration is a cen­
tury. 

A cell for the organism
For the death of cells (both imminent due to 
damages and scheduled) not to lead to the 
death of the organism, there is the all­organism 
system of protection, preservation, and restora­
tion on the cellular level. It is implemented by 
three large groups of cells, which until re­
cently have traditionally been called stem cells 
due to some of their properties, notable for true 
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stem cells. The first property out of this set is 
self­recreation. The second property is the 
possibility of asymmetric self­recreation. 
(In case of symmetric self­recreation, two 
identical cells with the same abilities of sub­
sequent self­recreations are formed due to 
symmetric division. In case of asymmetric 
self­recreation, a stem cell is divided in such 
a way that one newly­formed cell remains a 
stem cell, whereas the other is deprived of this 
possibility and is terminal, regardless of its 
short or long way.) The third criterion of 
“stemness” is the ability to differentiate into 
different specialized cells of the organism. 
“True” stem cells have all three criteria and 
implement them in the organism. They ensure 
the equilibrium state of the number of cells of 
all types in the organism. The dynamics of this 
equilibrium demonstrates how powerful the 
destructive processes in a human organism are. 
The total turnover of cells in a human body is 
integrally estimated by the cumulative turnover 
value of 2–3 × 1011 cells every 24 h [4]. 
Certainly, the velocity and completeness of the 
turnover are not the same in different tissues 
and organs, but it occurs every time and in 
every place (Table 2).

The visualization of the scale for the pro­
cesses of cellular death/replacement of cells is 
presented in the following comparison:

“Our bodies collectively turnover about 
200–300 billion cells every day. As part, epi­
thelial cells of the gastrointestinal tract, which 
cover an area equivalent in size to a tennis 
court, are turned over every 4–5 days.” [4].

The entire human body is endlessly chang­
ing as well. The total number of human cells 
is estimated as ≈ 3.8 × 1013 [5]. Knowing the 
average daily turnover of cells, it is possible 

to calculate the summarized integral and an­
nual dynamics: 2–3 × 1011 (eliminated and 
equivalently formed a new cells in a human 
body every 24 h) × 365 (days in a year) / 
5 × 1013 (total number of cells in a human 
body) ≈ 1.9–2.8 (yearly renewal multiplicity). 
The turnover of the content of cells is consi­
de rably higher. Let us take the dynamics of 
destruction and equivalent renewal of the 
whole content of cells, which is the same for 
their proteins (as presented above). It will 
amount to 2.4 (average renewal multiplicity 
per 24 h) × 365 (number of days in a 
year) ≈ 880. 

Thus, human beings self­renew all their 
cellular macro­ and even more micro­molec­
ular content about 880 times a year and all 
their cellular content — almost twice a year 
(also, in a very average case). Due to ceaseless 
damages and reparation, the material which 
makes up DNA changes too. The exceptions 
are found in “lifelong non­dividing” cells of 
the brain and heart, the mechanisms of “eter­
nity” (100 years without replacements) which 
are yet to be understood. Therefore, the human 
organism is its own “self­reproducer”. 

The second group of cells, ensuring the 
integrity and restoration on the cellular level 
(the second line of defence for the preservation 
and restoration of the cellular level) consists 
of cells that “self­reproduce” out of already 
differentiated ones in the form of immediately 
ready same cells without the need of subse­
quent differentiation which is not required for 
them, differentially self­reproducing cells.

The study of the self­reproduction mecha­
nisms for this group of self­recreating cells in 
the organism is only starting. Their specificity 
is the ability of self­reproduction of the very 
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selves without the involvement of stem cells. 
In their crux, these cells remain a mystery. An 
example of these cells can be found in “tissue 
macrophages”. According to all the properties, 
common to macrophages, they are typical mac­
rophages. Yet they are not formed out of stem 
hematopoietic predecessors, rather they are in 
an independent population, which originates 
in a special lineage out of the yolk sac (Y.S.) 

and colonizes (!) an embryo, situated in that 
sac: 

“…macrophages in several tissues, such 
as liver Kupffer cells, epidermal Langerhans 
cells, and microglia — cell populations that 
all can persist in adult mice independently of 
HSCs. These results define a lineage of tissue 
macrophages that derive from the Y.S. and 
are genetically distinct from HSC proge-
ny.” [6]. It is even more interesting because, 

Table 2. The average frequency of cell renewal in tissues. (According to Arandjelovic S.and Ravichandran 
K.S. [4])
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independently from the latter and after them, 
the hematopoietic stem cells are also formed 
as a lineage out of the yolk sac, also colonize 
the embryo, and also form tissue macrophages. 
But this is the “hematopoietic” part of tissue 
macrophages that (similar to all the blood 
cells) derives from the “hematopoietic” lin­
eage, which originated in the yolk sac several 
days after the lineage that was forming au­
tonomous tissue macrophages — the group of 
macrophages which, having become differen­
tiated cells (macrophages), self­reproduce 
themselves, actually being stem cells for them­
selves [7]. And the macrophages, derived from 
the hematopoietic stem cells, are the terminal 
stage of differentiation and cannot self­repro­
duce. It is absolutely incomprehensible what 
and which functions require such autonomy. 
The degree of incomprehensibility is further 
aggravated by the fact that only “self­repro­
ducing” macrophages are present in the brain. 
As for the peritoneum, there are only hemato­
poietic macrophages. And both the latter and 

the former are in the remaining tissues [8] 
(Fig. 2).

In addition to tissue macrophages, hepato­
cytes are self­recreating too. During embryo­
genesis, the liver was formed out of the pre­
decessor cells and the hepatocytes were laid 
in it as those to be differentiated further on. 
And why, all of a sudden, they started posses­
sing the unique ability of self­stemness, is not 
clear. Yet, it is noteworthy that even the mac­
rophages of the liver (Kupffer cells) are also 
stem cells. 

And an obvious question arises. If all these 
stem cells of both the first and second line do 
not have any predecessors anymore (some kind 
of even “more stem” cells which reproduce 
“merely stem” cells), and the damageability of 
the cells is very high, then how can all these 
stem cells exist “on their own” the entire spe­
cies duration of a human being — 100 years? 
And as they actually do exist all this time and 
perform their functions, there must be some­
thing to provide for that. This “something” is 

Fig. 2. Distribution of macrophages of different origin in tissues. (According to Shrivastava R. and Shukla N. [8])
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the cells of the third line of the cellular level 
of protecting and preserving the organism.

A cell for a cell
The third group in the cellular link of preserv­
ing, supporting, and restoring the organism is 
MSCs. MSCs are heterogeneous populations 
of cells of mesenchymal origin. They were first 
discovered and isolated as a culture in the 
laboratory by Friedenstein in 1970 [9]. In their 
most generalized form, they are characterized 
as “cоlony forming units — fibrоblasts”, carry 
markers SD 73; S.D. 90+; S.D. 105+ and do 
not have SD 45− [10]. At first, they were paid 
very little attention. Yet gradually, as their 
study progressed, the attention to them started 
increasing and since the early 1990s was get­
ting more intense onward and upward. This 
type of cells turned out to be extremely rele­
vant for the organism, very unusual, and inte­
res ting both as the object of fundamental stu­
dies and as an exclusively promising therapeu­
tic means. It can be explained by the special 
functions of MSCs in the organism. If one 
summarizes the currently known experimental 
data and theoretical calculations, MSCs serve 
in the organism to support, preserve, protect, 
and restore all the cells of the organism tissues. 
But, in what way, according to which mecha­
nisms MSCs implement this preservation, pro­
tection, and restoration in the organism is still, 
strictly speaking, unknown. Throughout the 
entire study of MSCs, the notions about the 
mechanisms of their action in the organism 
and the very cells have changed many times. 
It is reflected in the absence of their common 
full name and in on­going disputes about it. 
According to their determined biological func­
tions, they were called “mesenchymal stromal 

cells”, “mesenchymal stem cells”, “mesenchy­
mal multipotent cells”, “mesenchymal stromal/
stem cells”, etc. One of the founders of the 
therapeutic application of MSC, A. Caplan, 
suggested moving beyond the tissue affiliation 
in their name. He suggested accepting the 
function of MSCs as the foundation for their 
name and calling them “Medicinal Signalling 
Cells” [11]. The attempts to unify the name of 
this type of cells have already been underway 
for 20 years. The markers are getting more 
complicated, the sources are introduced, etc. 
Yet everything changes unceasingly without 
achieving a commonly accepted nomencla­
ture [11]. And now, to avoid their full name 
since it narrows their functions down, they are 
indicated with the commonly accepted abbre­
viation — MSCs. That is fine with everybody. 
Each understands their own under this abbre­
viation, and nothing is to be substantiated 
anymore. As for the biological phenomenon 
of MSCs, which, it is believed, is the founda­
tion of their therapeutic properties, it can be 
divided into two large classes — “structural­
management­supporting” and “transforming­
preserving­restoring”. Actually, MSCs are also 
capable of getting differentiated into special­
ized cells. And in the in vitro system, this is 
one of the tests for the investigated population 
of cells belonging to MSCs. Probably, it may 
also be implemented in the organism as an 
emergency situation. But only in some extreme 
cases. And the first notion about the functions 
of MSCs in the organism was their stromal 
function. It had both the structural component 
(supporting the specia lized cell) and the man­
agement activity (ensu ring the obligatory im­
plementation of specia lized functions by the 
specialized cell) [12] (Fig. 3). 
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Yet, the study of these properties of MSCs 
did not gain momentum though it was very 
interesting both as a phenomenon and as ther­
apeutic potential. The main attention was paid 
to transforming­preserving­restoring proper­
ties. There have been numerous studies in this 
direction. They have mainly been conducted, 
coming out of classic views on the action of 
MSC. In general terms, these come down to 
distant and contact impact on MSCs on the 
immune system cells, which leads to the imple­
mentation of their therapeutic effects. Yet the 
direct immediate effect of MSCs on other, 
non­immune, cells is paid secondary attention.

The distant effect is made by a wide pool 
of all the types of biologically active compo­
nents of the cell. Their unstructured constituent 
mainly contains different signalling molecules 
of all the classes — cytokines, chemokines, 
lymphokines, etc. At first, this very general 
pool of extracellular “biologically active”, 
soluble products was attributed the therapeutic 

effect of MSCs [13]. But the notions were 
gradually changing. And five years ago, they 
started attributing the main effect of MSCs as 
a therapeutic agent to the structured constituent 
of the extracellular products. The structured 
constituent of the distant effect of MSCs con­
sists of microvesicles, greatly differing in their 
sizes, origin, composition, and functions. By 
their structure, the microvesicles are spheric 
“basins”, confined from the environment by 
the membrane, inside which the “content” is 
situated. In terms of sizes, the pool of vesicles 
fluctuated from 10 nm to 1,000 nm. Generally, 
the microvesicles are formed in two ways. One 
is budding from the cytoplasmic membrane. 
In this case, they are carrying its markers, 
receptors, ligands, etc. The other way is the 
formation of microvesicles inside the cell, 
after which they go through the membrane into 
the environment in this “ready” form. As for 
the composition, everything presents in the cell 
itself is found in the microvesicles. Certainly, 

Fig. 3. When hepatocytes are trans­
ferred to the in vitro system, they, 
hepatocytes alone, quickly stop per­
forming their primary biosynthetic 
function — albumin secretion. Yet, if 
stromal cells are present with them, 
the albumin secretion goes on for a 
long time. (Accordind to Hui E.E., 
Bhatia S.N. [12])
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this “everything” is not in one vesicle, but 
somehow distributed among the entire pool of 
microvesicles. Yet summarily, this is truly 
“everything” — all the types of signalling 
molecules, including micro­RNA, ribosomes 
ready for work, informational RNA, DNA of 
the genome, and cytoplasm fragments. As a 
result, the microvesicles are capable of ensur­
ing therapeutic effects. In recent years, the 
microvesicles – both their total pool and their 
separate fractions – have been paid close at­
tention (the closest attention has been paid to 
the fractions, indicated as “exosomes”). Some 
researchers believe that it is the extracellular 
constituent — microvesicles — that has the 
main therapeutic effect, while the functions of 
MSCs are limited to the formation of vesicles. 
They are already being tested as an indepen­
dent therapeutic means, and at least in the 
experiments with animals, they really demon­
strate a very vivid therapeutic impact. All this 
has been described in detail and summarized 
in the reviews, dedicated to the MSCs mi­
crovesicles [14, 15].

In addition to the distant impact, there is 
also the contact effect of MSCs, which was 
phenomenologically described in rather fine 
detail. Yet, due to evident technological com­
plexities, almost all the data about the contact 
effects of MSCs have been studied in the in 
vitro systems and extrapolated to the notion of 
what is happening in vivo. However, there are 
some limited data about the direct contact 
interactions between MSCs and the differenti­
ated cells immediately in the organism, in vivo. 
It seems that the “targets” may be all the types 
of differentiated and non­differentiated cells. 
At least they were registered in all the cases 
where these interactions were studied. And the 

direct contacts between MSCs and target cells 
cover all the variants of this type of interac­
tions. Small molecules and electric signals 
come via gap junctions. All types of molecules 
and cellular organelles go through the micro­
tubules. During the dissolution and resorption 
of membranes in the contact area, local sub­
units of MSCs and their targets are formed. 
Partial fusion can lead to the replacement of 
the damaged content of the affected “target 
cell”. And complete fusion can potentially 
replace the entire content and preserve and 
renew the differentiated cell.

Direct contact interactions between MSCs 
and damaged cells in the in vitro and ex vivo 
systems have been studied from many angles. 
Nevertheless, this very way of preserving and 
restoring the damaged specialized cells as a 
specific therapeutic field of MSCs action is 
practically paid no attention on the level of 
clinical trials. Due attention is not paid in the 
sense that they are not registered, not evalu­
ated in terms of quantity and types of contacts. 
First of all, it is related to an extremely poor 
state of knowledge about this process in vivo 
and the absence of technological solutions, 
which would allow managing these interac­
tions in vivo. At the same time, even scarce 
current experiments in vivo demonstrate ex­
clusive possibilities of direct interactions. With 
all the assumptions, it is yet unclear how life­
long non­dividing and almost non­replaceable 
human cells work smoothly and very inten­
sively throughout the entire “species dura­
tion” — 100 years. First of all, it is related to 
cardiomyocytes and neurons. And the replace­
ment of the old, damaged content of the cell 
with the new content from MSCs [16], comp­
lete fusion of these cells with MSCs [17] is 
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likely capable of restoring them during the 
entire “species duration” and in the widest 
range of damages. The very fact of this fusion 
with neurons was experimentally reproduced 
in the experimentso. Moreover, it was demon­
strated that it actually takes place at the norm, 
in a quiet state, and gets more intense at the 
effects, capable of enhancing the damage [18] 
(Fig. 4).

All kinds of stem cells (except for MSC) 
also belong to irreplaceable ones. They are 
self­recreating themselves and thus seem to 
exist in the organism throughout its “species 
duration”. But it does not save from damage­
ability (as stated above). They also need to get 
rid of the damages, irremovable on their own. 
And it is not “accidental” that stem cells are 
located in particular “niches” — special cel­

lular environments. MSCs are always present 
in such niches too. And their connection to the 
stem cells in the niches is very consistent. 
Partial fusions, content transfer, and content 
exchange (removal of the damaged content and 
introduction of the new one instead) may pro­
vide stem cells with the “potential” for 
100 years. And such direct contacts, fusions, 
may become the unique therapeutic means 
which is capable of supporting, preserving, 
restoring any tissues and organs, including the 
ones that are most problematic for treatment. 

As one of the direct contact variants, com­
plete consumption of MSCs by the immune 
system cells is considered one of their main 
functions in vivo. According to these notions 
about the mechanism of therapeutic effect of 
MSC, this is a terminal form of contact inter­
actions, a so­called “kamikaze effect”. Thereby, 
MSCs induce their consumption by a macro­
phage and thus reform it to implement the 
tasks of repairing damages in the organism. 
Actually, only macrophages (monocytes — in 
the blood) are “true” therapeutic agents: 
“… infused MSCs are rapidly phagocytosed 
by monocytes, which subsequently migrate 
from the lungs to other body sites. Phagocytosis 
of ucMSC induces phenotypical and func­
tional changes in monocytes, which subse­
quently modulate cells of the adaptive immune 
system. It can be concluded that monocytes 
play a crucial role in mediating, distributing, 
and transferring the immunomodulatory effect 
of MSC.” [19].

Some scientists voice their ideas on some 
“total full­scale” effect of MSCs. This variant 
envisages that having penetrated the organism, 
the introduced MSCs implement everything 
described about them in the scientific litera­

Fig. 4. Inflammatory factors TNFα and IFNγ enhance the 
fusion of MSCs with neurons and increase their survival 
in vitro. (Modify by Kemp et al., [18])
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ture, in turn. One of the variants of this inte­
grally summarized set of properties was even 
ambitiously presented as a “MSC theo­
rem” [20].

All these distant and contact mechanisms 
of potential therapeutic effect of MSCs are 
demonstrated very vividly, traced second by 
second, reproduced many times, and make a 
very strong effect. Yet, it is almost always 
done, shown, etc. in the systems in vitro. And 
then, it is extrapolated in vivo. A different 
noteworthy situation was found for exosomes. 
Their isolation, the study of their composition, 
the consumption by cells, and the changes in 
the properties of specific cells have been in­
vestigated (and is still being investigated) in 
vitro as well. But the integral effect on the 
organism is intensely studied in vivo. This 
situation is “two­fold”. The exosomes are ob­
tained in the in vitro system out of MSC, grow­
ing in the in vitro system, again, outside the 
organism. Therefore, the exosomes, obtained 
for the study of therapeutic effects are actu­
ally “in vitro twice” — the very MSCs are 
grown in vitro, and then, also in the in vitro 
system, these “in vitro MSCs” are used to 
obtain the in vitro exosomes. Under normal 
introduction of MSCs into the organism, they 
should (by the essence of their biological func­
tions) get reformatted for the repair of the 
damage in the organism, organ, tissue, and 
differentiated cell, — not “generally”, but that 
of a specific organ, its differentiated cells, 
somehow damaged by something yet abso­
lutely specifically. Being in the culture, MSCs 
are “in the waiting mode” functionally. 
Recently, a special term, “passive MSCs”, has 
been used in the literature for such “in vitro 
MSCs”. And there will be neither reformatting 

of them nor, as a result, reformatting the exo­
somes in vivo. As for the therapeutic effect on 
the organism after the introduction of these “in 
vitro exosomes”, it is evaluated by the results 
in the in vivo systems. 

Leaving the maximalism aside, one can as­
sume that all the MSCs properties, obtained in 
the in vitro systems, actually get implemented 
in the organism, but not only by merely one 
variant, and not as shown in the pictures — 
successively, one by one, until “everything” is 
exhausted. In the organism, MSCs abilities are 
implemented in different quantitative and qual­
itative combinations, required to solve the 
tasks of preserving and restoring at each dam­
age, according to this damage, and as applied 
to the tissue, organ, where the damage has 
originated.

Under all the relativity of extrapolation of 
the data, mechanisms, effects, etc. obtained in 
vitro — “in a tube” — upon the things, occur­
ring in a living organism, and a sick one, in 
which normal mechanisms are changed, there 
is one very significant position, allowing to 
assume the plausibility of this extrapolation at 
least in terms of quality. The response of cells 
and their ensemble — the organism — are 
programmed in the genome. And if the re­
sponse is registered, there is some “ability” for 
it in the form of some programme. And, in 
principle, there are no reasons to state that the 
same response, should it be truly possible, 
cannot be implemented in the organism. 
Because there is a “possibility”, a programme 
for it. And the field of entwinements of endog­
enous factors, signalling, enzymatic and non­
enzymatic reactions and their metabolites, and 
products is utterly more far­reaching than for 
any, and always limited, set of conditions in 
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the experiment. To implement the MSCs func­
tions in the organism, their range of possibili­
ties should be unique in all respects, much 
broader and more diverse than “in the tube”. 
How plausible it is in terms of existing “pos­
sibilities”, i.e. implementation of the informa­
tion, present in the genome, is vividly demon­
strated by the spectrum and levels of reformat­
ting MSCs while simulating the requirements 
of the organism to their functions “as per the 
task”. The most vivid demonstration for it was 
done on polar positions — the changes in 
MSCs, occurring under the effect of simulating 
“polar” signals. On one pole, these signals and 
a response to it were the simulations of a 
threat, and on the opposite pole — the signals, 
simulating the need to implement the preserv­
ing­restoring function of MSCs.

These “polarized” MSCs were marked as 
MSC M1 and MSC M2, respectively. Then the 

letter M was omitted, and the standard marking 
became MSC1 and MSC2. The fundamental 
quantitative and qualitative changes in the 
composition of macromolecules in these states 
of cells are well demonstrated by the two­di­
mensional phoresis of proteins (Fig. 5). 

It is evident that the changes have occurred 
even on the level of conservative macromol­
ecules and involved the charge of the proteins 
on the cell, which is reflected in the value of 
their Pi [21]. And the difference in the com­
position, number, and properties of proteins of 
these two phoregrams is the visualized polar­
ization as per the task — to extinguish the 
inflammation or to repair damages. And the 
numbers of a series of signalling molecules in 
polar states were different, sometimes, the dif­
ference amounted to several orders (Fig. 6).

All these data make up a gigantic bulk of 
information in the literature which demon­

Fig. 5. Fragment of two­dimensional 
electrophoresis of MSC proteins in 
two polar states, М1 and М2. (Modi­
fied from [21]) MSC reformatting as 
per the task is accompanied with 
practically general cellular changes 
in proteins. Many minor proteins 
vanish in one state and appear in the 
other. The main structural proteins 
change their charge, which is evident 
in the change of their pI. It occurs 
during their modification — phos­
phorylation, acetylation, methyla­
tion, etc.
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strates how everything may take place. Yet, it 
cannot be used to make up a picture of what 
the in vivo “actually” is. According to current 
notions, MSCs are new, highly efficient, etc. 
“therapeutic means”. But if the main principal 
data, obtained in vivo, are united, i.e. under 
administration both to sick animals in the ex­
periment and to sick people, where MSCs were 
applied for therapeutic reasons and in clinical 
trials, the resulting phenomenology is extreme­
ly unusual, though absolutely real, checked 
and confirmed multiple times, radically diffe­
rent from what takes place when usual thera­
peutic means are used. The first noteworthy 
thing is the temporal parameter of therapeutic 
effects. As a rule, MSCs are administered only 
once both in the experiments on animals, and 
in therapeutic procedures on people. Then, in 
case of severe chronic damage, the process of 
recovery begins. But the first signs of recovery 
or relief are observed not immediately but only 
a few days or weeks later. And then the process 
gradually, in the course of months, goes on 
until the recovery or some “healthier” level 
(Fig. 7). 

This is known for the known medicines. As 
a rule, medicines should be taken either in 
long­term courses or lifelong. There are med­
icines of “immediate effect”. These are pain 
relievers, nitro­glycerine, etc. But they do not 
treat anything, they just relieve or block this 
episode. By their principles of action, medici­
nal agents, applied for chronic or severe dam­
age, can compensate for the weakened func­
tion, decrease its hyperactivity, replace (make 
up for) a quantitatively insufficient metabolite, 
a signalling molecule, etc. According to the 
mechanisms, which lie in their foundation, 
they cannot act in any other way. The excep­

tion is found in antibiotics (and the agents of 
the same mode of action). They remove (kill, 
destroy) the outer (bacteria, fungi, viruses) 
pathogenic agent or the inner one (tumours). 
The mode of their action is to suppress the 
agent, which has penetrated from the outside 
or occurred inside, causing the pathological 
manifestations, which allows the organism to 
eliminate this agent and come back to the 
norm. According to the current practice of 

3 MSC donors in four independent experiments
Protein unprimed MSC1 MSC2
IL2R 0 0 41.3
IL4 0.5 1.71 3.99
IL10 32.8 39.5 33.6
IL6 414 7287 39987

IL12p40 0 0 11.5
HGF 256 236 187.9
IL8 45 6998 71233

CCL10 0 413.3 181777
IFN 66.3 336.9 699.4
TNF 8.1 51.8 501.3

VEGF 2058 3213.7 2713

Fig. 6. The comparative data on MSC formation in dif­
ferent statuses of biologically active products. (Modified 
from Waterman R.S. et al. [22]and their activation leads 
to profound cellular and systemic responses that mobilize 
innate and adaptive host immune cells. The danger sig­
nals that trigger TLRs are released following most tissue 
pathologies. Since danger signals recruit immune cells to 
sites of injury, we reasoned that hMSCs might be recruit­
ed in a similar way. Indeed, we found that hMSCs ex­
press several TLRs (e.g., TLR3 and TLR4). Due to the 
metabolism reformatting, the number of biologically ac­
tive macromolecules changes in terms of orders. When 
these quantitative data are compared against the values of 
the two­dimensional electrophoresis, they demonstrate 
the scale of the processes taking place in MSC when “the 
task is formulated” on the molecular level.



131

MSC — What is it?

treating chronic damages, other principles of 
its treatment are applied. The medicinal agent 
should be taken either all the time or in cour­
ses. Yet the practice of application and the 
study of MSCs demonstrate that it occurs ex­
actly in a way that “cannot happen”. But this 
is true for chronic states. If there is an acute 
process, and MSCs are applied as a therapeu­

tic means to eliminate it, the recovery comes 
very fast, in some cases — in a matter of sev­
eral hours or even minutes (Fig. 8). 

Yet, considering all these temporal speci­
ficities of the therapeutic effect of MSC, their 
distribution in the organism after the systemic 
(intravenous) administration is described al­
most everywhere in the same way, in princip­

Fig. 7. The dynamics of liver restoration in rats with hepatic cirrhosis, induced by the administration of CCl4. Accord­
ing to Rymar S. et al. [23]. Under a single administration of MSC, the process of restoring serious da ma ges in the 
liver starts and develops for a long time.
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le [19] after which they are trapped in the lungs 
and die and disappear within a day. The fate 
of MSC after their disappearance from the 
lungs is unknown and it is unclear how MSC 
realize their immunomodulatory effects in their 
short lifespan. We examined immunological 
mechanisms determining the fate of infused 
MSC and the immunomodulatory response 
associated with it. Tracking viable and dead 
human umbilical cord MSC (ucMSC. As ear­
ly as five minutes after being injected, MSCs 
are mainly concentrated in the lungs and par­
tially in the liver (in mice as model objects). 
And in the course of these five minutes in the 
organism, one third of the cells dies. In 24 h, 

their content in the organism (in the same 
lungs and liver) decreases more than twice and 
almost all of them are dead. Then, the number 
of MSCs drops rapidly. On the fourth day, only 
their trace amount is registered (Fig. 9).

And in severe damages, the therapeutic ef­
fect of MSCs only starts manifesting itself 
several days or weeks later, under the best 
scenario (Fig. 10) [24].

As stated above, in recent years, the effect 
of MSCs is often related to their extracellular 
structured products — the extracellular vesi­
cles. 

Their detailed study demonstrated that both 
in their composition and therapeutic effects, 
they potentially, and in many cases actually, 
possess the properties of MSC. So, the notion 
has arisen that, as cells, MSCs are not required 
for the therapeutic effect at all, and their entire 
function comes to the production of microves­
icles. At the same time, there have been some 
articles, demonstrating that no extracellular 
products whatsoever are required for the ther­
apeutic effect of MSC. And the active full­
fledged cells — MSCs — are not required 
either. On the contrary, efficient immunomod­
ulation requires MSCs to be in the apoptosis 
state [25]. And the dead cells trigger the same 
therapeutic effect as the living ones, in the 
same terms, counted in hours: “Recently, we 
observed that inactivation of MSCs in which 
their immunophenotype remained intact while 
their secretome and active crosstalk with im­
mune cells was disabled, retained the cells’ 
immunomodulatory capacity in a lipopolysac­
charide (LPS) sepsis model. 

In this model, the therapeutic effect of 
MSCs appears to be independent of their cel­
lular activity and depends on a mechanism 

Fig. 8. The inhibition of the acute inflammation by the 
administration of low doses of native and previously con­
ditioned MSC by H2O2 into the abdominal cavity of 
mice. The dose of native and preconditioned MSC — 
5 × 103 cells/mouse. MSCs were administered 24h after 
the administration of peptone. The dynamics of acute in­
flammation after MSC induction was studied one hour 
later. In case of acute damage, the therapeutic effect starts 
very fast. According of Rymar et al. [23]
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potentially involving recognition and phago­
cytosis of MSCs by monocytic cells.” [19]. 

Sorting through these utterly contradicting 
results requires the quantitative (and possibly 
qualitative) evaluation of what is occurring 
in the organism. An organism is a strictly 
rational system. It has everything, in a mini­
mally sufficient amount. And the direct de­
termination of the MSCs amount in the hu­
man organism at the norm has demonstrated 
that it is miserably low. The highest deter­
mined concentration of MSCs is in the bone 
marrow — approximately 3.5 thousand of 
MSCs in 1 ml of the aspirate [26]. They are 
either found as single cells or not found at all 
[27]. Let us take the total amount of the bone 
marrow in a mouse as the volume of 0.1 ml 
and thus a proportional content of MSCs in 
them, as in humans. This gives us a value of 
≈ 350 MSCs per mouse. From 1 to 10 MSCs 

in 1 ml are found in the blood of healthy 
mice. Let us round all this upwards and get 
the sum of about 500 cells. And this is 500 
MSCs at the norm per one entire animal. The 
total number of MSCs for humans will cor­
respond to their bodyweight. Let us take the 
volume of the entire bone marrow in humans 
as 100 ml. It will contain ≈ 3.6 × 105 MSCs 
(3.5 × 103 MSCs in 1 ml of bone marrow × 
102 ml of bone marrow). MSCs are practi­
cally not found in the human blood at the 
norm, in a quiet state. There is nothing for 
them to do there. Something “working” is 
present in the tissues. Even if this amount 
matches that in the bone marrow, we have ≈ 
7 × 105 cells (“items”) per one entire human 
being. But this number of them corresponds 
to the needs of the time, when everything is 
“in order”. It is in equilibrium i.e. there is 
constant disbursement for the implementation 

Fig. 9. The dynamics of MSC distribution after the intravenous administration. (Modified from De Witte SFH et al. 
[19]). After the systemic administration, MSC cells start dying immediately. Their distribution is mainly limited to the 
lungs and liver, from which they are eliminated quickly. 
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of MSCs functions and replacement of the 
“drop­outs”. Usual stem cells can be replaced 
only “by themselves” — via self­reproduc­
tion. But MSCs division was not observed in 
the organism, it has not been described in the 
scientific literature. MSCs do not divide in 
the organism. They are formed in the organ­
ism. And not out of stem cells (there are none 
like this for MSC) but out of the differenti­
ated ones. In the organism, MSCs are formed 
out of “progenitors” — usual differentiated 
cells “as required” i.e. when the organism 
needs them: “Thus, blood vessel walls harbor 
a reserve of progenitor cells that may be in­
tegral to the origin of the elusive MSCs and 
other related adult stem cells.” [28].

Actually, there is nothing surprising in it. 
All the human cells (except for erythrocytes) 
carry the complete genome. And the cloned 

animals are a vivid demonstration of the fact 
that it can be implemented in the full scale. 
Pluripotent stem cells, according to Yamanaki, 
are formed due to the expression or introduc­
tion of only five signalling molecules, used to 
treat normal somatic cells of the adult organ­
ism (or to activate the corresponding genes) 
[29]. And MSCs are far from being pluripotent, 
and are formed not in the tube, where the se­
lection and use of signalling molecules are 
limited, but in the organism. Their number and 
combinations therein are unlimited. And the 
cells, according to Yamanaki, are a miserable 
variant of almost endless possibilities of the 
organism. Therefore, there is nothing unusual 
in the MSCs formation out of the differenti­
ated cells.

All this is coordinated and occurs constant­
ly in the organism in vivo. And it is imple­

Fig. 10. Temporal specificities of 
MSC in the organism. (Modified 
from Moll G. et al.[24]. The pre sen­
ce of the administered MSC in the 
organism is utterly opposite time­
wise. MSC vanish quickly, yet their 
therapeutic effect starts when MSCs 
have almost vanished, and develops 
after MSCs have disappeared com­
pletely.
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mented in a very rigid form in the laboratory 
dishware, in a “flask” (glass and plastic), in 
the “culture medium” where the jewel in the 
crown of the in vivo residues is fetal bovine 
serum. And according to modern tendencies, 
the culture media for MSCs do not even con­
tain proteins. Yet, MSCs are extremely re­
formatively active, mobile, and highly reactive 
in their tasks in the organism. And they get 
reformatted under new conditions in the 
“flask”.

A human cell is generally a self­sufficient 
system, and MSCs are extremely self­suffi­
cient. In the organism, they implement only a 
part of the genome in its relevant site, “re­
quired” for the system, under the signalling­
informational pressing of the system (the or­
ganism). On coming to a vacant space, free 
from the pressing of the controlling­managing 
systems of the organism, the cells start imple­
menting their self­sufficiency, getting trans­
formed into a form of life, capable of “every­
thing”, autonomously free but within the 
boundaries of its genome. And in the context 
of current technologies, this is the transforma­
tion into what we see and study as MSCs. In 
a figural expression, “MSCs are a phenomenon 
of the in vitro culture”. [30]. In the organism, 
MSCs do not multiply; they are formed out of 
the cells of the internal endothelium of small 
and medium vessels — pericytes, endothelial 
vessels or vascular smooth muscle cells, etc. 

To obtain the “material” for MSCs multi­
plication by placing it into the “flask”, a “sam­
ple” is taken. A “sample” is a fragment of 
completely functionally and architecturally 
healthy tissue (bone marrow, adipose tissue, 
etc.) that is “taken” by mechanical destruction 
of the tissue. As a result, the cells in this “sam­

ple” receive the emergency signal of extreme 
danger in the very course of this procedure 
(mechanic destruction). The response to this 
signal should involve everything that accom­
panies a trauma. This includes the need for 
MSC.

Having received the signals of maximal 
danger, the damage, the progenitors start re­
grouping immediately, producing MSCs [31]. 
Contrary to the organism, in the culture me­
dium MSCs divide (the implementation of 
self­sufficiency of the complete genome after 
the organism control is over), change with 
passages, getting adjusted to life on plastic, 
glass, in the “culture medium” (Fig. 11). And 
these multiplied MSCs from the “flask” are 
introduced into the organism.

Regardless of a small number, in the organ­
ism MSCs make miracles, ensuring those long 
years of life which are called “species dura­
tion”. But in the culture, they have reformatted 
for autonomous existence. And the main ques­
tion arises — how and why do they act as 
“therapeutic means” then? 

To understand the phenomenology of the in 
vivo action of the multiplied MSCs, it is neces­
sary to take the global view of the following: 
1) the MSCs functions in the organism; 2) the 
alignment with the specific needs of the organ­
ism, to provide for which MSCs are actually 
formed in the organism; and 3) the possibili­
ties, the potential of MSCs from the “flask”, 
introduced into the organism from the outside. 

The central position, defining all the subse­
quent events, is the fact that at the norm, the 
organism is self­sufficient not only due to the 
systems, self­reproducing it (the organism) on 
all the levels, but also due to the systems of 
protection, preservation, and restoration. 
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To fulfil their functions successfully, these 
systems are organized into self­maintaining 
cycles. And at the norm, the level of the self­
maintaining activity of the functions is regu­
lated according to the need for the level of this 
activity required to maintain the norm. As long 
as these systems, their self­maintenance and 
regulation of the required level are not 
breached, the organism is healthy, and those 
destructive processes which surround it from 
the outside and occur inside it, are removed, 
and the sustained damages are repaired. It goes 
on constantly during the entire human life. And 
the pathology starts revealing itself, develop­
ing, and becoming chronic, when “something” 
in the systems of protection, preservation, and 

restoration ceases working for some reason, or 
the “level regulator” gets disrupted, thus this 
level has become insufficient for the restora­
tion and further maintenance of the “norm”. If 
it is not a constantly acting violator of the 
systems of protection, preservation, and resto­
ration (chronic intoxication, radioactive radia­
tion, unceasing infection, etc.), then the system 
can be returned back to the norm. Yet, some­
time later, the unceasing destructive impact 
causes the re­tuning of the level regulator, 
which re­tunes to a higher level of equilibrium, 
accepting it as a “norm”. In this case, to 
achieve the restoration, the activity of the de­
struction factor should be decreased first, and 
the system should be returned to its initial 

Fig. 11. In the early phase of in vitro cultivation of the stromal vascular fraction of adipose tissue cells (AdSC), adven­
titial cells are rearranged. The first 3 days there is a loss of cells of the original fraction and a “natural” functional se­
lection of cells capable of attaching to plastic. On the 4th day, spindle cells appear, in which markers CD105, CD146 
and CD271 appear. With the advent of CD105, CD34 expression is suppressed by the 8th day, and the cells acquire a 
typical MSC immunophenotype. (Modified from Braun J. et al.[31])
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“normal” state. And this is the central point of 
the problem. A “normal” state is not only the 
activity level of the protection system; it is also 
self­supply and self­maintenance for this le vel, 
ensuring protection, preservation, and restora­
tion. 

There are a few MSCs in free form in the 
organism. Their formation requires some time. 
And it takes place in the natural framework of 
the needs for MSCs. And the self­maintenance 
of the equilibrium state of the destruction/
restoration systems in the cells gets disrupted 
under the unceasing increase in the destructive 
processes. The restoration systems cannot re­
pair the damages, occurring more than at the 
norm, fast enough, and the equilibrium state 
shifts towards the increase in the level of dam­
ages. One of these well­known and well­stud­
ied mechanisms, constantly breaching the 
equilibrium of the destruction/restoration sys­
tem, is chronic inflammation. The inflamma­
tion (any) along a long chain (cascade) of al­
ready well­studied, signalling­metabolically­
energetic processes comes to the terminal 
stage — the formation of the reactive products 
(ROS) — peroxides, radicals, reactive species 
of oxygen, nitrogen. A specific level of ROS 
is required at the norm. Its decrease below this 
level leads to pathological violations. At the 
norm, the formation of ROS is a normal, neces­
sary function of the metabolism and energe tics 
of the cell. At the norm, their level fluctuates 
within a certain range which ensures the equi­
librium (also normal) state of the systems, 
ROS­forming and ROS­transferring into inac­
tive forms. In case of acute damage to the 
organism, there is rapid activation of ROS 
along the cascades of the signalling­regulato­
ry systems. It starts with the release of “alarm” 

molecules out of the cells of anti­inflammato­
ry cytokines and other signalling molecules. 
Joining their receptors, they activate the ROS­
forming systems. As the consequences of the 
acute breach are removed, the activity of the 
formation of pro­inflammatory cytokines de­
creases, and everything comes back to the 
norm. However, in chronic states, the level of 
pro­inflammatory cytokines and other pro­
inflammatory signalling molecules is increased 
and, along the chain of the processes, the le vel 
of ROS stays high. The chronic activation of 
ROS is phenotypically implemented into what 
actually is “inflammation”. At the norm, this 
is one of the mechanisms, protecting the organ­
ism from imminent and massive penetration 
of the alive, dangerous xenogeneic agents 
(bacteria, fungi, viruses, organic and inor­
ganic toxic “harmful” products, etc.), sur­
rounding the organism, inside the latter, or an 
organ, a tissue via the damage which has oc­
curred. And if the norm — the preservation of 
the increased level of “ROS­signalling” — is 
breached, it is a pathology. 

There is no “stability” for radicals, pero­
xides, etc. They oxidize everything they can 
oxidize energetically. This is how all the fo­
reign items that have penetrated the damage 
from the outside are eliminated. But there are 
no “insiders” and “outsiders” for radicals and 
peroxides. Everything, including the insiders, 
is eliminated. The “insiders” are somewhat 
protected by the ROS­inactivation system, 
present in each cell. But this is for the norm. 
Although it is only partially true even for the 
norm. Non­deactivated ROS use their non­
deactivated reactive molecules to destroy the 
content of the very cell. After the emergency 
activation of ROS, the systems of its control 
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bring them back to the norm; the repair sys­
tems remove, and repair the damages. The 
systems of the cellular level restore the mac­
rodamages and everything comes back to the 
norm. But in chronic states, due to the occur­
ring self­maintaining cycles, there is an in­
creased level of the first link in the chronic 
chain — pro­inflammatory signalling mole­
cules, leading to excessing the norm, the ROS 
level. It is not compensated by the level of the 
deactivation systems. The equilibrium is 
breached, the ROS level constantly becomes 
somewhat higher as compared to the norm. 
There is more intense damageability of mac­
romolecules and cell structures. The reparation 
systems cannot cope with their restoration. 
The equilibrium in the synthesis/elimination 
of the damaged macromolecules is shifted. 
With time, being a new level, it is accepted as 
a “norm” and is self­maintained on this level. 
The equilibrium state shifts to a higher level 
of damageability due to the higher level of 
ROS formation. Their higher­level leads to 
the impairment of metabolism via the destruc­
tion of proteins of metabolism chains. The 
chronic state emerges. And then, as a result of 
this impairment to the self­maintenance level 
of the system of protecting and restoring to 
the level, insufficient for the norm, it becomes 
a self­maintaining pathological state of the 
se cond pathological “norm”. As “everything” 
is a target for ROS, the decrease in the amount 
and activity of proteins and structures, carry­
ing out antioxidant, repairing, “trash”­remov­
ing processes, etc., occurs as a part of this 
“everything”. As a result, it leads to the in­
creased damageability of the organism cells, 
of the entire organism, or just one tissue or 
organ. The capacity of the MSCs, which are 

formed by the signal for the need in this state, 
and are also present in the conditions, which 
led to the insufficient level of the entire sys­
tem, is lac king to bring the systems of protec­
tion and restoration back to the “norm”. 
Gradually all this destroys the organism. The 
chronic state develops. And this is the back­
ground of the organism state for implementing 
the potential of the introduced MSC. There 
are some data, presented above to demonstrate 
that there are only ≈ 500 MSCs in the organ­
ism of a mouse at the norm. And the mouse 
is usually admi nis tered 100,000 (or even one 
million) MSCs simultaneously. It is ≈ 200 
times more than it usually contains in the 
equilibrium state. The same ratio is true for 
humans. The highest dose for systemic (intra­
venous) administration of MSCs to humans, 
mentioned in the scientific literature, is usu­
ally 100–200 million (1–2×108). And accord­
ing to the calculations above, at the norm, 
humans have ≈ 7 × 105 MSCs, i.e. ≈ 150–300 
times less. Under the local administration (for 
example, in orthopaedics), the administered 
dose is lower — about 10–50 thousand MSCs. 
But locally, there are not too many resident 
MSCs in proportion to the tissue volume, 
where the “dose” has been administered. 
Massively administered from the outside, 
fresh, MSCs immediately start performing the 
task, for which they exist in the organism — 
the normalization of all the systems of protec­
tion, preservation, and restoration. But nor­
malization is also the normalization of the 
self­maintenance level. It requires removing 
the pressing which has brought it to the ab­
normal level. It is the inflammation, the con­
sequence of the sustained damages, impair­
ments, etc. The self­maintaining chain, increa­
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sing the activity of “ROS­signalling” should 
be broken. To remove all this, MSCs have the 
entire spectrum of actions and mechanisms of 
implementing them. The breakage of the 
obligatory increase in ROS achieves the main 
thing — bringing the systems of preservation 
and restoration to the appropriate level, their 
self­maintenance, ensuring this (appropriate) 
level. And then, these very systems of restora­
tion, brought to the appropriate level, start 
their self­treatment. MSCs do not divide in 
the organism, they are formed out of the dif­
ferentiated cells, which have to perform their 
specia lized functions as well. Their potential 
to form MSCs is not endless. After being ad­
ministered from the outside in a large amount 
(as compared to the resident ones), MSCs 
immediately start performing the functions of 
protection and restoration on a very high lev­
el of their preserving­restoring mechanisms. 
These are the elimination of the factors, caus­
ing the inhibition of the resident systems of 
preservation­restoration and bringing them to 
the appropriate level of self­maintenance and 
the fixation of this level. The level of “Self...”. 
Then (and only then), after the administered 
MSCs have restored the self­maintenance of 
the resident preservation and restoration sys­
tems, required to repair the damages, these 
systems will be able to ensure the self­repair 
of breaches, damages, deviations, etc. in a sick 
organism just like at the “norm”. Even being 
insufficiently active in a sick organism, all 
these systems are still present therein. They 
do not have to be formed anew: transferring 
hete ro chromatin into euchromatin, switching 
on new signalling chains, ensuring the activa­
tion of the relevant genes, etc. All this is al­
ready both present and working there. But not 

at the appropriate level. And it cannot bring 
itself to the appropriate level and self­maintain 
it. The task of MSCs is to ensure this level. 
To achieve this task, during its restoration and 
setting the level regulator “right”, they should 
remove, block whatever does not allow the 
entire system to overcome the pressure of 
negative factors of the state of the cell, the 
organism (inflammation, excessive products 
of peroxides and radicals, impaired coordina­
tion between metabolic cycles and chains of 
signalling, etc.). This is the crux, essence, and 
specificity of MSCs functions in the organism. 
In the organism, MSCs are formed not for 
their own existence but to ensure the existence 
of other cells. In the organism, MSCs do not 
have the functions of self­maintenance. In the 
organism, MSCs have only the function of 
using themselves to restore other cells. This 
is their potential — to be reformatted accord­
ing to the needs of the damaged, worn­out, 
weakened specialized cells and to use them­
selves, their entire pool of proteins, nucleic 
acids, structures, etc. to save, to bring their 
own systems of protection and restoration to 
the level, required for their “normal” function­
ing. On entering the culture, the fundamental 
ability of the mammalian cells comes into 
action in MSCs — self­sufficiency. The refor­
matting of MSCs starts going in this direction 
now. MSCs become “themselves for them­
selves”. And a few divisions later, only a 
basic level is left. The basic “tissue­specific” 
level, this property of all the primary cultures 
of cells. Being the residual one, it is present 
in all the initial cultures of specialized cells 
for some time. For MSCs, their “tissue­spe­
cific” level is the protecting­defending­restor­
ing potential. Under all the different variants 



140

V. A. Kordium, D. M. Irodov

of MSCs administration into the organism, 
this residual potential (of distant and contact 
effect) implements those few phenotypic ther­
apeutic manifestations, registered in the ex­
periments. This is the residue of that basic 
“tissue­specific” constituent of MSCs, which 
is preserved under any reformatting. In the 
organism, it is required for the first immediate 
reaction at the specifics of danger, not identi­
fied by the intercellular, intraorganism signal­
ling yet. This is the universal response. This 
is the tissue­specific residue while cultivating 
MSCs “in the tube”. It is not as efficient after 
the multiplication in vitro as the one, reformat­
ted for the formed need, but at least it is uni­
versal — enhancing all the functions of pres­
ervation and restoration. And no matter in 
which form or state MSCs are used, this is 
what they are working with — their residual 
basic potential. As MSCs are administered in 
large amounts, their residual potential is suf­
ficient. This is registered as a controversy 
which MSCs do not have by their nature. But 
all this is true for the application of the mul­
tiplied cellular mass, “worked out” outside of 
the organism.

Yet, in the organism, MSCs are the central 
instrument of the organism to self­maintain it 
“at the norm”. MSCs are principally different 
from all the stem cells. One of the main func­
tions of all the stem cells is self­preservation 
for self­recreation and then functioning as stem 
cells. MSCs have the only function in the or­
ganism; it is self­application of themselves to 
protect, preserve, and restore all the other cells 
in the organism, including stem cells and the 
“cells of the species duration”. MSCs should 
use themselves maximally for it. All of them 
and completely. And, if MSCs are not defined 

by origin (and Caplan has already suggested 
this variant), then MSCs could be named by 
their main intended purpose in the organism — 
“mesenchymal preserving­restoring cells” — 
MPRC. And to achieve the maximal applica­
tion of MSCs as a universal and highly effi­
cient therapeutic means, we should find ways 
of “improving”, perfecting, and transforming 
them while working with them “in vitro”. And 
the first and basic task would be to learn how 
to multiply MSCs in such a way that in the 
“outcome”, they would preserve their potential 
inherent to them in vivo. And then, due to the 
unique possibilities of reformatting, their ther­
apeutic potential can be brought to any desired 
level. It is unreal to achieve it in the organism 
itself — any “required” effect on MSCs will 
lead to some side effects. There is an endless 
diversity of cells of different types, properties, 
states, etc. in the organism. Any effect “for/on 
MSC” in it will be harmful to something else. 
And there are only MSCs in the “flask”. There 
are no side effects for the “flask”. So MSCs 
can be prepared or transformed at will. And 
this is the future of cellular therapy which, 
based on the study results, has started its way 
of being worked out.

REFERENCES

1. Metzler DE. Biochemistry The chemical reactions 
of living cells. Academic Press; Edn 2nd Elsevier. 
2003, 1973p.

2. Feldmann RE Jr, Bieback K, Maurer MH, Kalen-
ka A, Bürgers HF, Gross B, Hunzinger C, Klüter H, 
Kuschinsky W, Eichler H. Stem cell proteomes: 
a profile of human mesenchymal stem cells derived 
from umbilical cord blood. Electrophoresis. 2005; 
26(14):2749–58.

3. Princiotta MF, Finzi D, Qian SB, Gibbs J, Schuch-
mann S, Buttgereit F, Bennink JR, Yewdell JW. 



141

MSC — What is it?

Quantitating protein synthesis, degradation, and 
endogenous antigen processing. Immunity. 2003; 
18(3):343–54.

4. Arandjelovic S, Ravichandran KS. Phagocytosis of 
apoptotic cells in homeostasis. Nat Immunol. 
2015;16(9):907–17.

5. Sender R, Fuchs S, Milo R. Revised Estimates for 
the Number of Human and Bacteria Cells in the 
Body. PLoS Biol. 2016;14(8):e1002533.

6. Schulz C, Gomez Perdiguero E, Chorro L, Szabo-
Rogers H, Cagnard N, Kierdorf K, Prinz M, Wu B, 
Jacobsen SE, Pollard JW, Frampton J, Liu KJ, 
Geissmann F. A lineage of myeloid cells indepen­
dent of Myb and hematopoietic stem cells. Science. 
2012;336(6077):86–90.

7. Sieweke MH, Allen JE. Beyond stem cells: self­re­
newal of differentiated macrophages. Science. 
2013;342(6161):1242974.

8. Shrivastava R, Shukla N. Attributes of alternatively 
activated (M2) macrophages. Life Sci. 2019;224:222–
231.

9. Friedenstein AJ, Chailakhjan RK, Lalykina KS. The 
development of fibroblast colonies in monolayer 
cultures of guinea­pig bone marrow and spleen cells. 
Cell Tissue Kinet. 1970;3(4):393–403.

10. Galipeau J, Krampera M, Barrett J, Dazzi F, Deans 
RJ, DeBruijn J, Dominici M, Fibbe WE, Gee AP, 
Gimble JM, Hematti P, Koh MB, LeBlanc K, Mar-
tin I, McNiece IK, Mendicino M, Oh S, Ortiz L, 
Phinney DG, Planat V, Shi Y, Stroncek DF, Viswa-
nathan S, Weiss DJ, Sensebe L. International Society 
for Cellular Therapy perspective on immune func­
tional assays for mesenchymal stromal cells as 
potency release criterion for advanced phase clinical 
trials. Cytotherapy. 2016;18(2):151–9.

11. Caplan AI. Mesenchymal Stem Cells: Time to 
Change the Name! Stem Cells Transl Med. 2017; 
6(6):1445–51.

12. Hui EE, Bhatia SN. Micromechanical control of 
cell­cell interactions. Proc Natl Acad Sci U S A. 
2007;104(14):5722–6.

13. Meirelles Lda S, Fontes AM, Covas DT, Caplan AI. 
Mechanisms involved in the therapeutic properties 
of mesenchymal stem cells. Cytokine Growth Fac-
tor Rev. 2009;20(5­6):419–27.

14. Shen M, Chen T. Mesenchymal Stem Cell­Derived 
Exosomes and Their Potential Agents in Hemato­
logical Diseases. Oxid Med Cell Longev. 2021; 
2021:4539453.

15. Thalakiriyawa DS, Jayasooriya PR, Dissanaya-
ka WL. Regenerative Potential of Mesenchymal 
Stem Cell­Derived Extracellular Vesicles. Curr Mol 
Med. 2022;22(2):98–119.

16. Sinclair KA, Yerkovich ST, Hopkins PM, Cham-
bers DC. Characterization of intercellular commu­
nication and mitochondrial donation by mesenchy­
mal stromal cells derived from the human lung. Stem 
Cell Res Ther. 2016;7(1):91.

17. Prockop DJ, Gregory CA, Spees JL. One strategy 
for cell and gene therapy: harnessing the power of 
adult stem cells to repair tissues. Proc Natl Acad Sci 
U S A. 2003;100 Suppl 1(Suppl 1):11917–23.

18. Kemp K, Gordon D, Wraith DC, Mallam E, Hart-
field E, Uney J, Wilkins A, Scolding N. Fusion be­
tween human mesenchymal stem cells and rodent 
cerebellar Purkinje cells. Neuropathol Appl Neuro-
biol. 2011;37(2):166–78.

19. de Witte SFH, Luk F, Sierra Parraga JM, Garge-
sha M, Merino A, Korevaar SS, Shankar AS, 
O’Flynn L, Elliman SJ, Roy D, Betjes MGH, New-
some PN, Baan CC, Hoogduijn MJ. Immuno­
modulation By Therapeutic Mesenchymal Stromal 
Cells (MSC) Is Triggered Through Phagocytosis 
of MSC By Monocytic Cells. Stem Cells. 
2018;36(4):602–65.

20. Galipeau J, Sensébé L. Mesenchymal Stromal Cells: 
Clinical Challenges and Therapeutic Opportunities. 
Cell Stem Cell. 2018;22(6):824–83.

21. Wagner W, Feldmann RE Jr, Seckinger A, Mau-
rer MH, Wein F, Blake J, Krause U, Kalenka A, 
Bürgers HF, Saffrich R, Wuchter P, Kuschinsky W, 
Ho AD. The heterogeneity of human mesenchymal 
stem cell preparations­­evidence from simultaneous 
analysis of proteomes and transcriptomes. Exp He-
matol. 2006;34(4):536–48.

22. Waterman RS, Tomchuck SL, Henkle SL, Betan-
court AM. A new mesenchymal stem cell (MSC) 
paradigm: polarization into a pro­inflammatory 
MSC1 or an Immunosuppressive MSC2 phenotype. 
PLoS One. 2010;5(4):e10088.



142

V. A. Kordium, D. M. Irodov

23. Rymar S, Pikus P, Buchek P, Shuvalova N, Pokho-
lenko Ia, Irodov D, Kordium V. Comparison of the 
therapeutic effects of hUC­MSC intravenous deli­
ve ry and intraperitoneal administration of MSCs 
encapsulated in alginate capsules for the treatment 
of rat liver cirrhosis. bioRxiv. Cold Spring Harbor 
Laboratory. 2021.

24. Moll G, Geißler S, Catar R, Ignatowicz L, Hoog-
duijn MJ, Strunk D, Bieback K, Ringdén O. Cryo­
preserved or Fresh Mesenchymal Stromal Cells: 
Only a Matter of Taste or Key to Unleash the Full 
Clinical Potential of MSC Therapy? Adv Exp Med 
Biol. 2016;951:77–98.

25. Galleu A, Riffo-Vasquez Y, Trento C, Lomas C, 
Dolcetti L, Cheung TS, von Bonin M, Barbieri L, 
Halai K, Ward S, Weng L, Chakraverty R, Lom-
bardi G, Watt FM, Orchard K, Marks DI, Apper-
ley J, Bornhauser M, Walczak H, Bennett C, Dazzi F. 
Apoptosis in mesenchymal stromal cells induces in 
vivo recipient­mediated immunomodulation. Sci 
Transl Med. 2017;9(416):eaam7828.

26. de Girolamo L, Lucarelli E, Alessandri G, Avanzi-
ni MA, Bernardo ME, Biagi E, Brini AT, D’Amico G, 
Fagioli F, Ferrero I, Locatelli F, Maccario R, 
Marazzi M, Parolini O, Pessina A, Torre ML, Italian 
Mesenchymal Stem Cell Group. Mesenchymal stem/
stromal cells: a new ˮcells as drugsˮ paradigm. Ef-
ficacy  and  critical  aspects  in  cell  therapy. Curr 
Pharm Des. 2013;19(13):2459–73.

27. He Q, Wan C, Li G. Concise review: multipotent 
mesenchymal stromal cells in blood. Stem Cells. 
2007;25(1):69–77.

28. Crisan M, Yap S, Casteilla L, Chen CW, Corselli M, 
Park TS, Andriolo G, Sun B, Zheng B, Zhang L, 
Norotte C, Teng PN, Traas J, Schugar R, Deasy BM, 
Badylak S, Buhring HJ, Giacobino JP, Lazzari L, 
Huard J, Péault B. A perivascular origin for mes­
enchymal stem cells in multiple human organs. Cell 
Stem Cell. 2008;3(3):301–13.

29. Takahashi K, Yamanaka S. Induction of pluripotent 
stem cells from mouse embryonic and adult fibro­
blast cultures by defined factors. Cell. 2006;126(4): 
663–76.

30. Keating A. Mesenchymal stromal cells: new direc­
tions. Cell Stem Cell. 2012;10(6):709–716.

31. Braun J, Kurtz A, Barutcu N, Bodo J, Thiel A, 
Dong J. Concerted regulation of CD34 and CD105 
accompanies mesenchymal stromal cell derivation 
from human adventitial stromal cell. Stem Cells Dev. 
2013;22(5):815–27.

MSC — що це?

В. А. Кордюм, Д. М. Іродов

Інтерес до МСК стрімко зростає через їхні можливі 
та реальні терапевтичні властивості.

З точки зору наукових досліджень і клінічного засто­
сування основна увага приділяється питанням, по в'я­
за ним з використанням МСК як лікувального засобу. 
Успішне просування в цьому напрямку вимагає розу­
міння місця МСК в організмі та тих факторів, які зу­
мовили необхідність еволюційного прояву функцій, 
які виконують спеціальні клітини – МСК.

Розглянуто сучасні уявлення про механізми терапев­
тичної дії МСК. Ці уявлення порівнюються з експери­
ментальними даними про феноменологію терапевтич­
них ефектів, зареєстрованих після введення в організм 
МСК як лікувального засобу. Проаналізовано інфор­
мацію про особливу роль МСК в організмі та сформо­
вано уявлення про сутність цієї особливої ролі. На 
основі проведеного аналізу висувається пропозиція 
щодо спрямування досліджень на посилення терапев­
тичних ефектів МСК як потенційно високоефективно­
го лікарського засобу.

К л юч ов і  с л ов а: МСК
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