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ABSTRACT

in the complex therapy of chrono- and photoaging of the skin.

N\

Clinical and experimental data on the application of adipose stem cells in aesthetic medicine and dermatology were analyzed in this brief
review. Adipose tissue is a source of safe and easily accessible autologous stem cells with high regenerative potential. The results of numerous
experimental and clinical studies prove the prospect of using adipose derived stem cells for the treatment of various skin diseases, as well as
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Recent decades have shown a growing scientific and clinical inte-
rest in adipose tissue, as the most attractive source of stem cells to use
as both a stand-alone method and a part of complex therapy for various
pathological conditions in patients [5].

Adipose-derived stem cells (ADSCs) in the necessary amount for
therapeutic purposes and aesthetic procedures are easily obtained by li-
poaspiration or excision, which is unique advantage over other stem cell
sources [11, 38, 53]. In addition, given that adipose tissue has 1 stem
cell per 30-1000 cells, but the bone marrow of an adult human has one
mesenchymal stem cell per 50.000 — 1 million cells, adipose tissue is of
much greater interest for the clinical application [18, 32].

Modern studies have shown the high efficiency of the use of ADSCs
in the treatment of carbohydrate metabolism disorders and limb isch-
emia. They are successfully used for the repair of bone tissue defects
[12]. In addition, adipose-derived stem cells are increasingly used in vari-
ous programs aimed at prevention skin aging, correcting involutional skin
changes and treating many other skin diseases [51].

THE HISTORY OF THE QUESTION

For the first time, a fragment of adipose tissue was transplanted by
German surgeon Gustav Neuber in 1893. He used a fat autograft from the
hand to correct the scarring of the orbital cavity after osteomyelitis [36].
Many scientists and physicians of the last century (E. Lexer, L. Peer, etc.)
continued to use adipose tissue for scientific and practical purposes to
restore the volume of tissues defects [12].

In the 1960s, M. Rodbell and A. James first described the isolation
of specific cell population from adipose tissue [46, 47]. The proposed
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method included the mincing of an adipose tissue sample, its treatment
with collagenase followed by centrifugation. The free-floating fat cells in
the supernatant were discarded, and the remaining cells formed a pellet.
M. Rodbell, while studying the cellular composition of this pellet, identi-
fied mast cells, macrophages, preadipocytes, pericytes, blood cells, endo-
thelial cells, fibroblasts and fragments of blood vessels in it. He subsequently
named the resulting suspension a stromal vascular fraction (SVF) [14]. Later,
it was demonstrated that the stromal-vascular fraction is a source of stem/
progenitor cells, similar in morphology and immunophenotype with bone-
marrow derived mesenchymal stem cells, as well as capable of differentia-
tion in many directions depending on the culture conditions [15, 29, 53].

CHARACTERISTICS OF ADIPOSE DERIVED STEM CELLS
According to the definition of the International Society for Cellular
Therapy, «multipotent mesenchymal stromal cells» (MMSCs) include
cells that meet the following criteria:
« adhesive to plastic when cultured under standard conditions;
«  the expression of specific surface antigens CD90, CD105, CD73,
in the absence of expression of hematopoietic markers CD45,
CD14, CD34 and histocompatibility antigens HLA-DR;

. the ability to differentiate in vitro into osteoblasts, chondroblasts
and adipocytes [12, 21].

MMSCs are a group of cells capable of self-renewing and providing
the formation of more committed cells in tissues of mesenchymal origin.
In addition, MMSCs can respond to chemoattractive signals and migrate
to the damaged target tissues, contributing to the restoration of repair
mechanisms, and to maintain hematopoiesis [10, 20].



According to numerous studies, MMSCs in the adult body can be lo-
cated not only in the bone marrow but also in other tissue niches [10, 38].
The sources of cells which have the properties of MMSCs are currently
the following organs and tissues: skeletal muscles, adipose tissue, syno-
vial fluid, lungs, peripheral and umbilical cord blood, Wharton’s umbilical
jelly, periodontal ligaments and tooth pulp [35].

ADSCs meet all the characteristics of MMSCs, but they have several
advantages. In particular, adipose stem cells are easily obtained in large
numbers for medical purposes. They also have reduced immunogenic
properties and no ethical controversy regarding their clinical use, unlike
cells of fetal origin [17]. ADSCs can be a precursor for chondrocytes, osteo-
cytes, muscle cells, neurons and fibroblasts, as well as keratinocytes under
certain conditions. At the same time, adipose derived stem cells do not have
additional specific markers, so they are more difficult to identify [17].

It is known that ADSCs have a pronounced secretory activity. They
secrete a wide range of proangiogenic factors, the most known are the
following cytokines and growth factors: fibroblast growth factor (FGF),
hepatocyte growth factor (HGF), vascular endothelial growth factor
(VEGF), transforming growth factor beta (TGF-B), granulocyte-macro-
phage colony-stimulating factor (GM-CSF), nerve growth factor (NGF),
placental growth factor (PGF), IL-6, IL-8, IL-17, metallopeptidase inhibi-
tors TIMP-1 and TIMP-2, angiogenin, angiopoietin-1. For example, due
to the secretion of VEGF and HGF, adipose-derived stem cells improve
blood supply and promote the formation of new collateral vessels in sites
of their injections [44].

Thus, the potential for multilinear differentiation into different cell
types and the ability to stimulate the angiogenesis makes ADSCs an ideal
candidate for the use in regenerative and aesthetic medicine, in particular
for the treatment of age-related changes and disorders of the skin [17].

PATHOPHYSIOLOGICAL CHANGES IN THE SKIN DURING AGING

Skin aging occurs at all levels — molecular, cellular, tissue, and is
characterized by the slowing of the cell’s functional activity, an imbalance
between division and differentiation as well as their death [45]. Atrophic
and dystrophic processes in all structural elements of the skin gradually
develop [45].

The number and functional activity of fibroblasts in the skin of the
elderly (80 years and older) is reduced by an average of 35 % relative to
the skin of young people (18-29 years). The synthesis of collagen in the
skin of the elderly is reduced by an average of 75 % compared to the skin
of the young people. As a result, the formation of collagen, elastin, hya-
luronic acid as key components of the dermis decreases, and the skin’s
elasticity declines [6]. Due to the violation of the intercellular lipid synthe-
sis of the epidermal horny layer, the moisture-holding capacity of the skin
decreases and transepidermal water loss increases, it becomes drier, and
its turgor decreases [16, 48].

Methods of capillaroscopy and native microscopy revealed the de-
crease in the number of vertical capillary loops in the papillary layer of
the dermis, as well as the decrease in the density of vessels with the age
[25, 39]. According to some studies in the elderly, the number of vascular
loops on the forehead is reduced by 40 % [7]. Microcirculatory disorders
lead to the disorder of the trophic of sebaceous and sweat glands, which
is accompanied by their dysfunction. Deficiency of the vascular plexuses
surrounding the hair bulbs can lead to their atrophy, with subsequent de-
crease in the amount of hair [23, 24].

Resorption of facial skull bones, atrophy and fat redistribution, as well
as weakening of the musculoskeletal system occurs with age [4]. Clini-
cally, the external signs of aging on the skin of the elderly are manifested
in the form of thinning of the epidermis and dermis, wrinkles, pigment
spots, telangiectasias and gravitational ptosis [22, 23].

ADIPOSE-DERIVED STEM CELLS IN SKIN REPAIR

According to some researchers, the slowdown of cell-dependent re-
generation and metabolism is the basis of morphological changes in the
epidermis and dermis in the course of chronological aging [1, 2, 8].
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Skin and other soft tissues are restored and renewed due to the pre-
sence of regional stem cells. The effect on the tissue of the damaging
factor of any genesis (thermal, mechanical, physical) mediates the forma-
tion of biological signals that cause asymmetric division and differentia-
tion of stem cells into cells of this tissue and, thereafter, its regeneration.
MMSCs from various sources are able to migrate to the site of injury,
accumulate there, differentiate and realize the function of replaced dam-
aged cells [3, 9, 15].

In experimental studies in vitro and in vivo on animal models, it was
shown that adipose-derived stem cells have different effects in tissues,
including skin. By impact on dermal fibroblasts with growth factors (in-
sulin-like growth factor — IGF, vascular endothelial growth factor — VEGF,
platelet-derived growth factor — PDGF), adipose stem cells activate neo-
collagenesis in the skin [30, 32].

Thus, stem cells of adipose tissue, activating the synthetic function
of skin cells with fibroblasts and keratinocytes, normalize its repair pro-
cesses [26, 30, 34, 38]. Based on these properties, ADSCs can be widely
used for skin regeneration during aging and many other disoreders.

EXPERIMENTAL STUDIES OF ADSCs APPLICATION

FOR SKIN LESIONS

In the model of nude mice, H. Kim et al. (2009) injected ADSCs sub-
cutaneously in the area of the skin exposed to UV radiation. UV irradiation
inhibited the expression of type 1 collagen and matrix metalloproteinki-
nase-1 (MMP-1). After administration of ADSCs, a significant increase
in the expression of type 1 collagen and MMP1 was noted. Histological
examination showed a thickening of the dermis due to the significant in-
crease in collagen fibers in the skin of the experimental mice compared
to the control group. Enhanced collagen synthesis was mediated by
a stimulating effect on dermal fibroblasts and inhibition of collagen deg-
radation [30].

W. Kim et al. (2019) evaluated the efficacy of ADSCs on wound hea-
ling rates in injury models in mice using various methods of stem cell ad-
ministration — intravenous, intramuscular and topical. The treated group
had faster healing of the skin wound compared to the control group.
The most pronounced dynamics was observed on the 3-4th postopera-
tive days. On the 14th day, in all groups treated with ADSCs, the wounds
healed, and in the control groups, the regeneration process remained in-
complete. Histological evaluation of the skin samples of the experimental
groups showed the completion of the dermis and epidermis formation,
adequate vascularization and minimal inflammation compared to the con-
trol ones, where the epidermis and dermis were not completely formed,
the dermis was less vascularized and residual inflammatory cell infiltrates
remained. ADSCs most accelerated the epithelization and the formation of
granulation tissue in the period from the 3" to the 7" postoperative days.
It is noteworthy that ADSCs administered intravenously migrated to the
area of the wound, and those administered intramuscularly remained at
the injection site. ADSCs improved remodeling of skin wounds and these
effects were independent of the method of cell administration [27].

Wang et al. have shown the effectiveness of ADSCs in the treatment
of hypertrophic scars on rat skin. Cells of the stromal-vascular fraction
and stromal-vascular gel were injected into the postoperative scar site.
As a result, hypertrophic scars became less visible and softer. Skin thick-
ness was significantly lower in groups using SVF gel and SVF cells than
in the control group. The application of SVF gel and SVF cells reduced
macrophage infiltration in the dermal layer as well as the expression of
interleukin-6 mRNA and monocytic chemoattractive protein-1 (MCP-1).
In addition, myofibroblast number and collagen formation were reduced
in groups using SVF gel and SVF cells [49]. According to these and other
researchers, the positive effect in the correction of scars is due to the
secretion of various cytokines and growth factors by the progenitor cells
of adipose tissue, including hepatocyte growth factor, IL-10 and adreno-
medullin which have antifibrotic properties [24, 29].

According to Zografou et al., the administration of autologous cul-
tured ADSCs improved the survival rate of the skin graft and reduction
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of the necrosis zone in a rat model of diabetes mellitus. Moreover, the
density of capillaries, the amount of collagen, the expression of VEGF
and TGF-{33 significantly increased compared to the control group. These
effects (improvement in the survival rate of skin grafts, reduction of the
necrosis zone) in diabetic rats are caused by the secretion of growth fac-
tors, such as VEGF and TGF-f33, the formation of new blood vessels and
increased of epithelization [52].

In an in vitro culture, ADSCs increase the proliferative activity of hu-
man dermal fibroblasts. The exposure to secretory factors by the paracrine
mechanism stimulated the secretion of type 1 collagen and fibronectin. In
addition, stimulating effect on the migration of dermal fibroblasts was
noted on the model of damage to cell culture in vitro. The subsequent use
of ADSCs in wounds in vivo also showed an acceleration of the healing
process and marginal epithelization [29].

In vitro experiments have shown that secretion of growth factors by
ADSCs increases with decreasing of the oxygen concentration. In par-
ticular, subcutaneous administration of a conditioned medium from the
human ADSCs culture induced the anagen phase of hair growth and in-
creased hair regeneration in mice. In this case, the culturing medium ob-
tained from the cells cultured in hypoxia induced the anagen phase faster
than the culturing medium from the cultures in normoxia. Moreover, such
an environment in vitro also enhanced the proliferation of cultured cells
of the dermal papilla of the follicle and human epithelial keratinocytes.
The levels of insulin like growth factor binding protein 1 and 2 (IGFBP-1
and IGFBP-2), macrophage colony-stimulating factor (M-CSF), platelet-
derived growth factor receptors beta (PDGF-RpB) and VEGF were signifi-
cantly increased, while the secretion of epidermal growth factor (EGF)
was reduced. The authors of this study reasonably suggest that ADSCs
promote hair growth through the paracrine mechanism that is enhanced
in hypoxia [42].

According to Ji Young Kim (2012), stem cells from human adipose
tissue affect proliferation, differentiation, and migration of epidermal me-
lanocytes. Co-culturing significantly enhanced the proliferation and mi-
gration of melanocytes relatively to the same indicators in monoculture.
This may be due to an increase in the ADSCs production of melanocyte
growth factor and basic fibroblast growth factor [31].

Also, co-culturing of ADSCs and melanocytes led to an increase in the
number of tyrosinase related protein-2 (Trp-2) positive melanocyte pre-
cursors in the culture compared to the melanocyte monoculture. Trp-1 is
known to be expressed only in differentiated melanocytes, while Trp-2 is a
marker of their precursors. Moreover, an increase in Trp2 cells may be as-
sociated with an increase in the total number of melanocytes in co-culture
with ADSCs, because the expression of Trp-2 also has a close relationship
with the regulation of cell growth and survival of melanocytes [37]. The
obtained data can be used to improve the treatment of skin pigmentation
disorders associated with a decrease in the number of melanocytes, for
example, vitiligo [31].

THE CLINICAL APPLICATION OF ADSCs IN DERMATOLOGY

AND AESTHETIC MEDICINE

It is believed that the regenerative potential of the skin can be restored
in several ways:

« toincrease the functional activity of endogenous differentiated
cells localized in the skin (for example, fibroblasts, keratino-
cytes);

. introduce additional stem cells directly into the skin.

Given the pathogenetic mechanisms of skin aging, the activation of
endogenous cells seems to be ineffective. It is more appropriate to intro-
duce the pool of exogenous stem cells into the skin in order to improve
both the quantity and the functional activity of endogenous progenitor
and mature cells.

As a pilot study, Park B. and colleagues injected a lipoaspirate intra-
dermal into the skin of a patient with signs of photoaging. Two months
after the last injection, a decrease in the depth of wrinkles, a significant
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improvement in the texture of the skin and an increase in the thickness
of the dermis were noted, which was confirmed by ultrasonographic
examination [41].

In the study of M. Amirkhani et al., subcutaneous administration of
ADSCs in the area of the nasolabial fold did not show significant visible
changes in the skin relief of this area 6 months after the injection. At the
same time, according to instrumental examination, the density of the der-
mis and its thickness significantly increased, and transepidermal water
loss decreased [33]. In his clinical practice, G. Rigotti restored soft tissue
defects and improved tissue texture using lipofilling method [5].

In the patients with androgenetic alopecia, the injection of autolo-
gous fat enriched with the stromal-vascular fraction showed a doubling
of hair growth density compared to the patients receiving only injections
of autologous fat without SVF. The obtained clinical data suggest that
autologous SVF-enriched fat transplants may be a promising approach to
the treatment of alopecia in humans [43].

Even intradermal administration of the conditioned medium with
adipose derived stem cell growth factors, according to the trichogram,
showed a significant increase in the amount of hair in patients diagnosed
with alopecia after 6 procedures with an interval of 3-5 weeks [26].

In aesthetic medicine autolipotransplantation, the transplantation of
autologous adipose tissue, is also promising. They compensate the vo-
lume of lost soft tissues (for example, in the face) and at the same time
are as a source of stem cells. Thus, involutive changes in facial fat packs,
expressed in their displacement, atrophy, are compensated, and external
manifestations of skin aging are harmonized [5, 38].

L. Charles-de-Sa et al. performed an injection of autologous fat and
ADSCs using CAL technology (cell-assisted lipotransfer) in the preauricu-
lar area of 6 patients aged 45-65 years. The evaluation of the results of
skin changes by optical and electron microscopy showed the emergence
of new oxalate fibers in the papillary dermis and a decrease of elastosis
area. In addition, a three-dimensional modification of the reticular dermis
and the formation of a more extensive circulatory network were noted.
The skin was more hydrated. It is assumed that the effect of such a com-
bined technique will be slightly higher compared to the use of ADSCs
or fat only. In this case, autologous fat acts as a kind of matrix for the
functioning of stem cells, creating favorable conditions for their differen-
tiation, and ADSCs trigger the processes of neoangiogenesis for the en-
graftment of a fat transplant. The authors concluded that the application
of ADSCs in combination with autologous fat changes the skin patterns of
the subjects towards the state of younger people [20].

Thus, the obtained clinical data allow the widespread use of ADSCs
for the treatment of various dermatological diseases, as well as chrono-
and photoaging of the skin. In this case, the use of adipose-derived stem
cells in clinic must be carried out on the basis of clear indications; suf-
ficient clinical experience and taking into account a number of contrain-
dications.

Today, the possible indications for the use of stem cells from adipose
tissue are:

«  chrono- and photoaging of the skin (starting from the age of

35-40 years);

« alopecia;

. skin scars;

«  chronic skin wounds;
« vitiligo;

. radiation damage to the skin.

It is not recommended to prescribe ADSCs treatment in the following
cases:
«  pregnancy;
« malignant diseases;
. HIV infection;
. diseases that necessitate the continuous use of antibiotics and
hormones [13].
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CONCLUSION

The study of the morphological and functional properties of adipose-derived mesenchymal stem cells is a promising and topical direction. The
quantity and at the same time the availability of this type of cells demonstrates unique advantages over other sources of stem cells.

Accumulated data of clinical application of stem cells from adipose tissue showed that intradermal injection of ADSCs is safe, activates
microcirculation, improves the structure, elasticity of the skin and its appearance.

Adipose tissue as filler can be used to volumize soft tissues lost as a result of diseases, injuries, involutive changes, and can also be used for
maodeling of the face and body in reconstructive and plastic surgery.

The ability of adipose-derived stem cells to impact the processes of neocollagenesis and angiogenesis is relevant for their application in
procedures and programs of aesthetic medicine aimed at improving the skin quality.
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