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Abstract—The aging phenomenon involves complex interrelated mechanisms at different levels of physiolog-
ical processes, resulting in a decreased ability to maintain homeostasis of the organism due to organ dysfunc-
tions. The chronic inflammation, which is progressing at the tissue level, operates as a driver of many age-
related diseases. Nowadays, researchers consider cell aging (senescence) as one of the aging key hallmarks,
manifested as qualitative and quantitative changes in the cellular composition and intercellular communica-
tion in tissues. This review highlights the modern concepts of aging at the cellular level. Particular attention
is given to the mesenchymal stromal/stem cells (MSCs), which are involved in tissue homeostasis mainte-
nance. Age-related MSC function alterations in tissue niches including immunomodulatory activity, hema-
topoiesis, and paracrine regulation are discussed. In addition, the approaches to MSC modification in vitro
to attenuate the negative effects of aging are considered.
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FROM AGING TO CELL SENESCENCE
Increased life expectancy and rapid increase in the

number of elderly people necessitates improving the
quality of their life and prolonging its productive
period, which requires a deep understanding of the
fundamental mechanisms of aging in order to find the
ways of their regulation and improve approaches in the
treatment of age-related pathologies. Active develop-
ment of gerontology is indicative of the demand for a
special approach to assessing the changes in the func-
tional state of the physiological systems during aging.
Aging is usually described as a gradual loss of the phys-
iological integrity, leading to disturbances of its func-
tions and increased risk of death over time. So, age is a
risk factor for many diseases, including cardiovascular
diseases, dementia, osteoporosis, osteoarthritis, can-
cer, type 2 diabetes, idiopathic pulmonary fibrosis,
glaucoma, etc. [1]. However, our understanding of the
aging process per se remains insufficient, and its bio-
logical causes are largely unknown.

The aging phenomenon includes complex interre-
lated mechanisms at different biological levels. At the
organismal level, aging leads to a decrease in the abil-
ity to maintain homeostasis due to disturbances in
organ functioning. At the tissue level, chronic inflam-
mation is observed, which functions as a driver of
many age-related diseases (primarily the cardiovascu-
lar and neurodegenerative ones). The basis of these
pathological changes is modifications at the cellular
level, which manifest themselves in changing both

qualitative and quantitative cell composition of tissues
and disruption of intercellular communication [2, 3].
The ratio between differentiated and progenitor cells
also changes, and the proportion of the so-called
senescent cells with significantly modified morphol-
ogy and functions increases.

Studies performed in recent decades have revealed
cellular and molecular signs associated with aging,
which can be tentatively divided into three categories:
primary, antagonistic, and integrative [4]. The pri-
mary signs (genomic instability, telomere shortening,
epigenetic changes, and impaired proteostasis) are
unequivocally negative and function as triggers initiat-
ing pathological changes. The antagonistic signs
(impaired nutrient recognition, mitochondrial dys-
function, and cell senescence) represent the response
of the organism to the primary symptoms. Depending
on the extent and context of manifestation, they may
have either positive or negative effect. However,
chronic activation and imperfection of these mecha-
nisms give rise to the integrative signs (depletion of the
stem cell pool and changes in intercellular interac-
tions). For example, DNA damage (primary sign) may
lead to carcinogenesis. Senescent state activation
(antagonistic sign) in this case has a positive effect,
preventing the proliferation of cells with damaged
genome. On the other hand, this mechanism leads to
a gradual depletion of the pool of dividing stem cells
(integrative trait) [4–6].
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The above signs were distinguished on the basis of
three criteria: (1) the sign must be observed in normal
aging; (2) its experimental enhancement must lead to
accelerated aging; and (3) its experimental attenuation
must decelerate the normal aging progression, thereby
increasing the healthy life expectancy [4]. It should be
noted once again that such classifications are quite
voluntary, because the key signs during the aging are
manifested simultaneously and are interconnected
closely. Identification of the causality between them is
one of the main challenges of gerontology.

CELL SENESCENCE

The proportion of senescent cells is increased with
age [7–10]. In particular, it was shown that more than
a half of cardiomyocyte progenitors in elderly patients
with cardiovascular diseases show the signs of senes-
cence [11]. However, the nature of these changes and
the way of their contribution to degeneration and
development of diseases in the elderly remain uncov-
ered.

More than 50 years ago, it was found that human
fibroblasts can undergo only a certain, limited number
of divisions in culture [12]. The phenomenon was
named after the author—the Hayflick limit. The
search for the causes of the restriction of cell prolifer-
ative activity in vitro has since become the main
stream of research in gerontology [13]. It was subse-
quently shown that the Hayflick limit is characteristic
of many types of cells: keratinocytes, endothelial cells,
lymphocytes, adrenocortical cells, chondrocytes, etc.
The maximum number of cell divisions in culture var-
ies considerably depending on the cell type and the
species. It is believed that the existence of the Hayflick
limit is determined by the replicative cellular senes-
cence.

Currently, replicative and stress-induced cell
senescence are distinguished. The replicative senes-
cence is the cell state when the proliferative activity
irreversibly decreases to complete stop of divisions. It
is believed that the telomere shortening is the main
cause of the cell-cycle arrest, which can be regarded as
a particular case of genomic instability. The stress-
induced cell senescence also causes cessation of prolif-
eration; however, in contrast to the replicative senes-
cence, it may occur at any time in response to sub-
lethal exposure or activation of oncogenes, regardless
of the number of divisions [13].

Both in vivo and in vitro, the cell senescence is acti-
vated after considerable DNA damage (usually in the
case of double-strand breaks) [14]. Cell senescence
can be induced with various physical and chemical
exposures. Ionizing radiation and topoisomerase
inhibitors are a particularly potent inducers of the
senescent state. The chemotherapeutic drugs exerted a
pronounced cytotoxic and cytostatic effects [15].
DNA damage caused by oxidative stress can also lead
to cell-cycle arrest [16]. Oxidative stress can damage
DNA bases and/or cause single-strand breaks. How-
ever, during replication or base excision repair, this
damage can be transformed to the double-strand
breaks [17]. Interestingly, oxidative stress may also
accelerate telomere shortening [18], probably because
of the high content of guanine (G), a base that is most
susceptible to reactive oxygen species (ROS) [19].
Slight DNA defects leads to a transient cessation of
proliferation. After a successful repair, the cell can
start replication again. More significant damage, not
repairable for a long time, leads to chronic activation
of the signaling cascade responding to genome dam-
age. This response usually occurs after multiple DNA
defects and lead to the cell cycle arrest—the main
cause of the senescent state [13, 19].

Thus, the genome stability is constantly subjected
to danger from the exogenous (physical, chemical, and
biological agents) and endogenous (DNA replication
errors, spontaneous hydrolysis reactions, and ROS)
factors. Genetic disorders that arise due to damage
and repair system imperfections may include point
mutations, translocations, chromosome shortening or
lengthening, telomere shortening, and gene function
caused by insertions or deletions of DNA sequences,
including the integration of viruses or transposons. All
these types of mutations may affect gene expression,
which leads to the appearance of cells with disturbed
functions, which may endanger the tissue and organ-
ismal homeostasis [4].

An additional factor contributing to the genome
damage may be the impairment of the spatial architec-
ture of chromatin, which makes DNA more suscepti-
ble. These disturbances include the well-known
nuclear lamina defects causing progeroid syn-
dromes—the Hutchinson–Gilford and Nestor–
Guillermo syndromes. Interestingly, the aberrant iso-
forms of prelamin A (progerin) are detected not only
in progerias but also in normal human aging [20, 21].
Telomere dysfunction increases progerin production
in normal fibroblasts in vitro, which suggests the pres-
ence of additional relationships between the telomere
length maintenance and progerin expression in nor-
mal aging [22]. In addition, the chromatin structure
can be significantly affected by the epigenetic modifi-
cations of histones and DNA. Researchers pay partic-
ular attention to protein sirtuin, which exhibit the
properties of histone deacetylase and mono(ADP-
ribosyl)transferase. Sirtuins affect the chromatin
packing density and, hence, regulate a wide range of
cellular processes, including transcription, repair, and
metabolism [1].

The factors that may significantly affect senes-
cence processes include cellular metabolism and
maintenance of proteostasis (qualitative and quantita-
tive protein composition) [1, 4]. Caloric restriction
leads to a significant reduction in the manifestation
aging-associated signs [23]. At the molecular level,
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this effect is associated with the mTOR protein func-
tioning and insulin/IGF signaling. mTORC1 inte-
grates several signaling pathways, including the recog-
nition of nutrients and the growth signals, as well as
regulates the synthesis of proteins and lipids, the level
of autophagy, and metabolism [24]. Autophagy pro-
cesses increase with aging, which may be associated
with an increased level of intracellular damage. Inhibi-
tion of autophagy may activate the senescent state due
to metabolic disturbances and accumulation of dam-
aged proteins [25–27].

Recently, researchers tend to believe that cell
senescence is one of the main components of aging.
Activation of the senescent state, in addition to an irre-
versible cell-cycle arrest, is accompanied by pheno-
typic variations of varying degrees of expression,
including chromatin remodeling, modulation of
metabolism, increased autophagic processes, and pro-
duction of proinflammatory cytokines [28, 29]. The
most well-known hallmarks of the cell senescence are
the morphological changes—flattening and increase
in size [30], increase in senescence-associated β-
galactosidase (SA-β-gal) activity [31], and increase in
the frequency of γH2AX heterochromatin foci [32].
The results of studies by various authors show that the
kinetics of the formation of γH2AX foci largely cor-
relates with the occurrence of double-strand breaks,
due to which γH2AX is considered a reliable marker of
cell senescence [33].

PARACRINE CHANGES (SASP)
In the last decade, the attention of researchers is

increasingly focused on paracrine changes. Along with
cell-cycle arrest, one of the most characteristic (and,
probably, the most important from the viewpoint of
aging of the whole organism) hallmarks of senescent
cells is the senescence-associated secretory phenotype
(SASP). The paracrine profile comprises hundreds of
secreted factors, including the proinflammatory cyto-
kines, chemokines, growth factors, and proteases
[34–36]. The exact composition may vary depending
on the cell type and the aging induction method.
Despite the difficulties, many of the key factors and
methods of their regulation were identified and
described. It was found that the main regulator of
SASP is the nuclear factor κB (NF-κB). However,
the complex composition also involves other indepen-
dent ways of regulation of individual secretome ele-
ments [1].

Senescence-associated secretory phenotype is a
most important case of disturbance of intercellular
communication, which leads to various consequences
in the surrounding tissues [34]. It was shown that some
factors can stimulate cell proliferation through activa-
tion of the growth-regulated oncogene (GRO) [35]
and the growth factor amphiregulin. Some factors may
be involved in neovascularization via VEGF activation
[36]. Others can modulate Wnt-activation [37] and
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production of IL-6 and IL-8 [15], which, in turn, may
either stimulate or inhibit the Wnt-signaling and cell
proliferation depending on the physiological microen-
vironment. Studies on premalignant epithelial cells
(SASP-affected fibroblasts after stress-induced aging)
showed an increased frequency of epithelial–mesen-
chymal transition and the ability of cells to invade.
These effects are largely associated with the influence
of proinflammatory cytokines such as IL-6 and IL-8.
In addition, SFRP1, GROα, and IL-6 may influence
the proliferative and differentiation activity of stem
cells as well as modulate their niche parameters [19].
In vitro studies performed on cultured fibroblasts
showed that the direct cocultivation of “young” cells
with “old” ones increases the frequency of formation
of DNA damage foci, one of the signs of the presenes-
cent state [38].

One of the most important effects caused by SASP
elements (IL-6 and IL-8, various monocyte chemoat-
tractant proteins (MCP), macrophage inflammatory
proteins (MIP), granulocyte/macrophage colony
stimulating factor (GM-CSF), etc.) is the induction
and/or enhancement of the inflammatory process.
Chronic inflammation, which is maintained by senes-
cent cells, is considered as one of the most adverse fac-
tors affecting the development of diseases associated
with aging, including osteoarthritis, pulmonary fibro-
sis, Alzheimer’s disease, tumorigenesis, etc. [32, 35,
39, 40]. Moreover, chronic inflammation leads to the
dysfunction of epidermal stem cells [41], which further
confirms the complex relationships between various
key features enhancing the aging process [4].

It should also be noted that chronic inflammation
functions according to the positive feedback principle.
An increase in the level of proinflammatory cytokines
activates white blood cells, which produce more cyto-
kines. Thus, even weak stimuli, which are constantly
produced by the senescent cells, may lead to serious
systemic consequences over time [39].

MESENCHYMAL STROMAL CELLS
One of the causes of the change in the cellular com-

position and disturbance of intercellular communica-
tions with aging is the depletion of the stem cell pool
in adult humans, as well as the changes in their physi-
ology [42, 43]. Stem cell populations are essential for
the maintenance of tissue homeostasis. Depletion of
their pool and their modifications contribute to the
development of progressive age-related changes. The
populations of hematopoietic stem cells (HSCs) and
mesenchymal stromal/stem cells (MSCs) are the best
studied stem cells of adult humans. HSCs are precur-
sors of all blood cells, including the myeloid (mono-
cytes, macrophages, neutrophils, basophils, eosino-
phils, erythrocytes, megakaryocytes, platelets, and
dendritic cells) and lymphoid (T, B, and natural killer
cells) lineages. MSCs are differentiated mostly into
the cells of the mesodermal origin.
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MSCs attract particular interest either for both
basic science or application in regenerative medicine.
Researchers come to the conclusion that the func-
tional state of organs and tissues strongly depends on
MSCs, which occupy the perivascular niche and are
involved in the regulation of angiogenesis, immuno-
modulation, maintaining hematopoiesis, etc. [44, 45].
These cells were found in almost all tissues of an adult
organism, as well as in the tissues of newborns, includ-
ing the placenta and umbilical cord. For example,
MSCs were derived from the bone marrow, adipose
tissue, amniotic f luid, amniotic membrane, tooth
pulp, endometrium, limb anlages, menstrual blood,
peripheral blood, salivary glands, skin, foreskin, syno-
vial f luid, Wharton’s jelly, etc. [46]. Nevertheless,
despite the compliance of the secreted cells with the
minimum criteria [47], which allows them to be clas-
sified as MSCs, the derived cultures differ signifi-
cantly, which determines the necessity of studying
each individual tissue-specific population [46, 48–
50].

Many researchers attribute the beneficial effects
exerted by MSCs to their ability to secrete a number of
biologically active factors, including the cytokines and
the extracellular matrix components [51, 52]. MSCs
are involved in the physiological tissue renewal and
repair of traumatic injuries, performing the important
function of tissue homeostasis maintenance. Numer-
ous studies in vivo showed the efficiency of adminis-
tration of this cell population for the reparative pur-
poses in heart attack, stroke, ulcers, burns, injuries of
internal organs, etc. [53–56]. Previously it was
assumed that the observed effects are determined by
the ability of MSCs to differentiate into the function-
ally active tissue elements or to fuse with them, thereby
ensuring the delivery of healthy mitochondria and
other cellular compartments. However, accumulated
data strongly suggest that the secretion of various
paracrine mediators by MSCs in the damaged area
plays the main role. They produce a wide range of
cytokines, thus exhibiting the antiapoptotic, immuno-
modulatory, chemoattractant, antifibrotic, and angio-
genic effects [45, 57–59].

MORPHOLOGICAL AND FUNCTIONAL 
PROPERTIES OF SENESCENT MSCS

Due to their role in the tissue niche in maintaining
homeostasis and auto-/paracrine regulation, MSCs
are particularly interesting in terms of cell senescence.
Similarly to other cells, MSCs change their morpho-
logical and functional characteristics as a result of
activation of the senescent state. This leads to an irre-
versible cell-cycle arrest and changes in morphology
and activity of organelles and in gene expression and to
the appearance of heterochromatin foci (γH2AX) and
a number of other hallmarks of cell senescence.
Reduction of proliferation does not lead to cell growth
arrest, which determines the increase in the size of
senescent MSCs. It should be noted that the cells with
a complete cell-cycle arrest are able to retain their via-
bility and functional activity for a long time without
triggering apoptotic cascades and continue to increase
in size and accumulate a wide range of cytoplasmic
inclusions. Thus, the increase in the average cell size
and the decrease in the proliferative activity are closely
interrelated processes. However, MSCs continue to
interact with their environment, exerting local and
systemic effects [42, 43, 60–62].

It is believed that one of the important features of
senescent MSCs is the decrease in multipotency [42,
43], which may limit their reparative functions in tis-
sues. At the same time, the balance between the osteo-
genic and adipogenic directions is shifted, although
the direction of this shift is still a matter of controversy.
Several studies showed that the osteogenic potential of
MSCs gradually deteriorates with increasing duration
of culturing or with aging [63, 64]. Authors of other
studies showed no such changes or even demonstrated
the opposite result and reported the enhancement of
the osteogenic properties [65, 66]. Such ambiguous
results obtained by different research groups are usu-
ally explained by the use of different experimental
models and methodological approaches as well as by
the lack of definitive tests for osteogenic differentia-
tion [63, 67]. The optimal indicator of osteogenic dif-
ferentiation in vitro is the mineralization of the matrix,
which can be detected using the Alizarin red dye.
However, the increased cell death may determine a
greater degree of staining by this compound, leading to
false positive results due to the release of large
amounts of calcium from the dying cells and its bind-
ing to the matrix [42]. A greater consensus between
researchers was reached regarding the changes in the
adipogenic potential. Despite the wide variety of
results, the majority of researchers agree that the adi-
pogenic potential decreases after long-term passaging
under the standard culturing conditions [43].

Particular attention should also be given to the
complex regulation of the key transcription factors of
differentiation—RUNX2 (positive regulator of osteo-
genesis) and PPARγ (positive regulator of adipogene-
sis). These factors are reciprocally regulated by several
signaling pathways that may differentially change in
different model systems of cellular senescence. It was
shown that PPARγ downregulates RUNX2 at the
transcriptional level by suppressing the activity of the
Wnt signaling pathway [68]. In this case, another
cause of the differences in the obtained data on the
osteogenic potential of MSCs may be determined by
the disturbance of the fine balance between these
transcription factors. Among other things, it is worth
noting that PPARγ activates a number of genes that
are responsible for lipid metabolism and maintenance
of glucose levels. This protein is responsible for the
accumulation of the fat layer and the development of
aging-related insulin resistance; it also inhibits the
chronic inflammation, which accompanies aging [3].
HUMAN PHYSIOLOGY  Vol. 46  No. 1  2020
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In addition, in aging PPARγ is involved in the induc-
tion of autophagy, which is required for the mainte-
nance of cellular homeostasis [69].

Recent studies of the immunomodulatory activity
of senescent MSCs that were obtained using radiation
exposure showed a reduction in their protective regu-
latory capacity in the sepsis model in mice [70]. On the
one hand, the senescent MSCs retained the ability to
regulate the inflammatory response of macrophages in
vitro and partly continued to inhibit lymphocyte pro-
liferation. On the other hand, their migratory activity
in response to proinflammatory stimuli decreased,
which was probably due to the inhibition of AP-1-sig-
naling. It is worth noting that many of the SASP com-
ponents that are secreted, in particular, by the senes-
cent MSCs are associated with the immune processes.
For example, IL-8 is a chemoattractant of neutrophils
and other granulocytes [71] as well as a potent inducer
of angiogenesis [72]. VCAM1 mediates adhesion of
leukocytes to endothelium, and the elevated level of its
circulating soluble form is associated with systemic
inflammatory diseases such as systemic lupus erythe-
matosus and ischemic heart disease [73]. Finally,
MCP1 (CCL2) is a chemoattractant for monocytes
and basophils and plays an important role in a number
of inflammatory diseases such as multiple sclerosis
[74] and inflammatory bowel disease [75]. Under-
standing the physiological and pathological factors
influencing the immunomodulatory activity of MSCs
is of great importance both for the autoim-
mune/inflammatory diseases and for degenerative
pathologies.

On the other hand, it is known that MSCs may
promote tumorigenesis. Additional studies showed the
enhancement of their carcinogenic effect with aging
via stimulation of proliferation and migration of tumor
cells [76–79]. In addition, the senescent MSCs,
secreting large amounts of IL-6 and IL-8, increase the
resistance of breast cancer cells to cisplatin and con-
tribute to the increase in the tumor volume in vivo
[78]. The significance of IL-6 in tumorigenesis was
also confirmed in other studies. In particular, the
secretion of this cytokine stimulates proliferation and
migration of breast cancer cells in vitro and in vivo
[77]. The assessment of gene expression in the senes-
cent MSCs showed an increased amount of transcripts
and other secreted factors, many of which have the
proinflammatory effect, including GRO1, MCP-2,
RANTES, GM-CSF, metalloprotease MMP3, and
the adhesion molecule ICAM-1 [42, 79]. Taken
together, these data indicate that SASP modifies the
paracrine communication between MSCs and their
physiological/pathological microenvironment. It
should be noted that, depending on the tissue source
and the method of senescentce induction, the secre-
tome composition may considerably vary. Moreover,
MSCs obtained from different tissues may respond to
stress inducers with different sensitivity [80].
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One of the key elements of the MSC secretome is
extracellular vesicles (EVs), comprising exosomes and
ectosomes, which mediate intercellular communica-
tion and exhibit biological activity by delivering func-
tional molecules, such as RNA and proteins, into the
recipient cells [81, 82]. It was shown that the EVs pro-
duced and secreted by human MSCs can replace the
intact MSCs for tissue restoration and regeneration. A
recent study showed that the EVs obtained from the
“young” MSCs can improve the state of senescent
MSCs, reducing the intensity of manifestation of the
aging-associated hallmarks. In particular, a decrease
in the activity of the enzyme SA-β-gal, the expression
of p21 and p53, and the production of cytokines IL-1a
and IL-6 (i.e., the proinflammatory SASP compo-
nents) was detected. The proteome analysis of EV
showed that they are enriched in antioxidant enzymes,
peroxyredoxins, which apparently partially explains
their “rejuvenating” effect [83].

Another important function of MSCs is to main-
tain the activity of the hematopoietic stem cells
(HSCs), which can self-renew and differentiate into
all blood components, serving as a source of mature
blood cells throughout life. However, the regenerative
capacity of HSCs transplanted to recipients is dis-
turbed with age [84].

The studies emphasized the key role of MSCs in
the regulation of activity of HSCs and in stimulation of
their engraftment [85]. Recent studies confirmed the
contribution of external signals from the tissue niche
to the HSC dysfunction with aging [84, 86]. Changes
in the cellular composition of the hematopoietic niche
in the course of aging promote suppression of osteo-
genesis, enhancement of adipogenesis and inflamma-
tion in the bone marrow, as well as changes in the
mutual influence of HSCs and MSCs [87, 88].

There is evidence that inflammatory stimuli alter
the functionality of HSCs, influencing the prolifera-
tion, differentiation potential, and the interaction
between HSCs and the tissue niche. In particular, it
was reported that chronic inflammation leads to
depletion of HSCs during of aging [89, 90]. The senes-
cence-associated secretory phenotype of MSCs may
also enhance inflammation in the hematopoietic
niche [9]. However, further studies are required to
analyze the effect of individual factors of SASP on the
physiology of hematopoiesis. Due to their unique
immunomodulatory properties, MSCs began to be
used in cell-based therapies, in particular, in the trans-
plantation of HSCs, for treating acute graft versus host
disease, improving engrafting, and stimulating tissue
repair [91]. Numerous clinical trials based on the use
of MSCs are already being performed. However, many
of them are carried out on elderly patients with the use
of autologous cells. Probably, a better approach would
be to use MSCs derived from young patients or to use
SASP inhibitors. Recent data also indicate that the
pretreatment of senescent MSCs with SASP inhibitors
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(e.g., steroids or NF-kB inhibitor) eliminates the
adverse effects on the functionality of HSCs [9].

To use MSCs in medicine, it is necessary to con-
tinue developing methods that will allow obtaining
large amounts of cells with retaining their original
properties. Several potential approaches to maintain-
ing or enhancing the therapeutic efficacy by con-
trolling the specific factors that may affect the charac-
teristics of MSCs, including their senescence, were
developed. One of them is to introduce the telomerase
gene hTERT. This method makes it possible to extend
the lifespan of culture while retaining the normal
karyotype and differentiation activity [92]. In addi-
tion, several low-molecular-weight compounds, such
as aspirin, vitamin C, and cytokine FGF-2, were pro-
posed for the endogenous telomerase activation [93].
However, this method is not recommended for use in
clinical practice because of the risk of malignant trans-
formation.

The second approach is to use antioxidants or
inhibitors of certain signaling pathways. N-acetyl-L-
cysteine   (NAC), a precursor of glutathione, or other
antioxidants can be used as therapeutic agents for
scavenging ROS and reducing their hazardous effects
on the cell [94]. Other antioxidants, such as ascorbic
acid and inhibitors of p38/MAPK or mTOR, may also
contribute to mitigating the impact of ROS [43].
Modification of culturing conditions (particularly, the
change in the level of oxygen) may lead to similar
effects [42, 95, 96].

The third approach is genetic engineering. The
p16INK4a/CDKN2A knockdown or RB (retinoblas-
toma) silencing in MSCs suppress the manifestation of
the senescent phenotype and increase the prolifera-
tion rate [97, 98]. However, this technique affects the
differentiation potential and increases the risk of tum-
origenesis.

The fourth approach is the selective use of growth
factors to maintain the proliferative and differentiation
potential of MSCs. It is known that the use of exoge-
nous FGF-2, PDGF, and EGF increases the ability of
MSCs to proliferate and decelerates the aging of cells
without affecting osteogenesis and adipogenesis [99].

CONCLUSIONS
Thus, the ongoing studies bring us closer to under-

standing the cell senescence physiology, which opens
up prospects for the development of approaches to
extend the productive life of older persons. Replicative
senescence during long-term culture allows to analyze
the modulation of the progenitor cell properties as well
as to develop approaches to retaining the proliferative
and functional activity of MSCs, which maintains
their reparative functions. The modification of cell
culture approaches, a profound understanding of the
basic mechanisms of cell senescence, and the knowl-
edge on the tissue-specific MSC properties will ensure
significant advance in adult stem cell application for
regenerative medicine of both young and elderly
patients.
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