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Abstract

This review focuses on the problem of adipogenesis mechanisms and the biological role of adipose tissue (AT) in the human
body. Over the past decades, various types of adipocytes have been identified and characterized—white, brown, beige, yellow,
and pink. An important feature of AT is a high plasticity and the ability to transdifferentiate and de-differentiate into another
cell type. In this case, the pathway of transformation mostly depends on adipocytes’ cellular and metabolic microenvironment.
The mechanisms of adipogenesis and the ways of its regulation remain not fully understood. The principal role in the terminal
differentiation of preadipocytes is assigned to PPARy and receptors activated by bone morphogenetic proteins, insulin, and cortisol.
However, in chronic inflammation, adipogenesis is suppressed and old adipocytes increase the production of proinflammatory
cytokines, which leads to the death of inflamed cells and hypertrophy of neighboring adipocytes. Thus, disruption of adipogenesis,
premature aging of white adipocytes, perturbations in the metabolic and cellular microenvironment of preadipocytes, and early
apoptosis of fat cells cause the development of insulin resistance and metabolically unhealthy obesity.(International Journal of
Biomedicine. 2021;11(3):323-332.)
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Introduction have been identified and characterized—white, brown, beige,
yellow, and pink. AT possesses a high degree of heterogeneity
Currently, we are facing a significant revision of even within the same fat depot. An important feature of AT is

understanding the biological role of adipose tissue (AT) in the a high plasticity and the ability to transdifferentiate and de-
human body. Over the past decades, various types of adipocytes differentiate into another cell type. In this case, the pathway
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of transformation mostly depends on adipocytes’ cellular and
metabolic microenvironment. Preadipocytes are formed from
different progenitor cells: for instance, thermogenic adipocytes
may have myogenic (like brown cell type) or adipogenic (like
beige cell type) origin. The mechanisms of adipogenesis and the
ways of its regulation remain not fully understood. The principal
role in the terminal differentiation of preadipocytes is assigned
to PPARy and receptors activated by bone morphogenetic
proteins, insulin, and cortisol. However, in chronic inflammation,
adipogenesis is suppressed and old adipocytes increase the
production of proinflammatory cytokines, which leads to
the death of inflamed cells and hypertrophy of neighboring
adipocytes. Thus, disruption of adipogenesis, premature aging
of white adipocytes, perturbations in the metabolic and cellular
microenvironment of preadipocytes, and early apoptosis
of fat cells cause the development of insulin resistance and
metabolically unhealthy obesity.

Types of adipocytes

AT is divided by localization and cell morphology into
four main types:" white, brown, beige,? and yellow. The
last type was identified in the bone marrow (BM).® White
adipose tissue (WAT) is characterized by heterogeneous
localization and cellular composition.?. WAT is divided
into visceral and non-visceral, which can be subdivided
into subcutaneous and intradermal.®’ Intradermal AT is
involved in wound healing and hair development,® whereas
the main functions of subcutaneous AT are energy storing
and hormone production.” WAT consists of different cell
types: white adipocytes (WAC), white preadipocytes,
mesenchymal stem cells (MSCs), pericytes, monocytes, and
macrophages.® Visceral WAT differs from subcutaneous
fat in cellular composition, increased resistin production,
lower leptin secretion level® and lower insulin sensitivity.©
Therefore, the accumulation of visceral fat is associated with
the development of metabolic syndrome,® type 2 diabetes,
cardiovascular failure, and fatty liver disease.” Furthermore,
visceral AT exhibits apparent metabolic differences: the rate of
lipolysis and formation of free fatty acids (FAs) is significantly
higher in visceral than in subcutaneous depot.®) It should be
mentioned that storing fat on the thighs and trunk significantly
reduces the risk of metabolic syndrome,® and a high secretion
of leptin prevents the development of neurodegenerative
diseases.® The loss of WAC in subcutaneous limb fat depots
takes place in cases of lipodystrophic diseases, such as familial
partial lipodystrophy and lipodystrophy caused by antiretroviral
therapy in HIV-positive patients. This process is associated with
simultaneous accumulation of visceral fat, including the areas
of brown adipose tissue (BAT) localization.®” Hypertrophy of
beige (induced brown) AT and its replacement with WAT in the
dorso-cervical region is observed in HIV-positive patients.'? In
these patients, lipodystrophy is paradoxically associated with
metabolic signs of obesity—insulin resistance, hyperglycemia,
hepatosteatosis, hypertension and dyslipidemia.!'"'? Thus,
deficiency of AT, as well as obesity, is associated with severe
metabolic disorders.

BAT is localized in cervical, axillary, paravertebral and
supraclavicular areas. The main functions of brown adipocytes

(BrAC) are adaptive thermogenesis® and endocrine
regulation of lipogenesis and adipogenesis.!'¥ The number
of BrAC decreases during aging. According to Rui et al., ¥
it may be evolutionary associated with human behavioral
adaptation— clothes wearing.

According to the experimental data, a significant
decrease in the number of BrAC in mice is associated with
aging.!"” Simultaneously, as the number of WAC increases,
the transdifferentiation of BAT to WAT intensifies. The
same results were presented in a study of biopsy samples of
pericarotid cervical fat depots in humans.’®'” It should be
mentioned that the complete absence of BAT in the body leads
to fatal hypothermia and death in mice.!®

Bone marrow adipose tissue (BMAT) is a separate depot
of adipocytes in the human body.® It consists of constitutive fat
tissue localized in the distal bones of the skeleton, as well as
adjustable AT diffusely scattered in the spine and proximal limb
bones and is responsible for interaction with environmental
factors.!”? BMAT plays an important role in bone metabolism
and the regulation of osteoblast activity.?® Unlike BrAC
and BeAC, BMAT does not express UCP-1.19 Reactions
to adrenergic stimulation are expressed to a lesser extent in
adipocytes of the BM than in white ones.?" Such resistance
of yellow adipocytes manifests to a greater extent in the distal
regions of the skeleton, where adipocytes have larger size and
constitutive phenotypes. It is believed that adrenergic sensitivity
of adipocytes is influenced by the cellular microenvironment.
Importantly, women are more susceptible than men to lipid-
droplet remodeling of yellow adipocytes.?” During fasting,
bone marrow adipocytes (BMAC) do not serve as a fuel source
and thus become the main provider of the circulating hormone
adiponectin.®?

Adipocytes heterogeneity

Adipocytes could be considered as quite heterogeneous
cells. The same depot cells may be characterized by different
functions. The WAT preadipocytes with a low CD9 expression
level have higher adipogenic potential, whereas preadipocytes
with a high CD9 expression level mostly display profibrotic
and proinflammatory properties.?® Based on single-cell
transcriptome profiling, WAC could be divided into four
subtypes, including beige thermogenic adipocytes and a
subtype specialized in leptin secretion.®®

BrAC differ in the thermogenic potential. Low
thermogenic adipocytes have a decreased UCP-1 and
adiponectin expression, and they contain larger fat droplets
and fewer mitochondria.?¥ There are two BeAC types:
ordinary BeAC and glycolytic BeAC (g-BeAC).!"® g-BeAC
control thermogenesis and glucose homeostasis in the
absence of P-adrenergic stimulation. According to Chen
et al.,"® heat stress may induce g-BeAC formation from
white preadipocytes.!'® The ratio of white, beige and brown
adipocytes is unstable and may differ®2% in various fat
depots, depending on different environmental factors, such as
stress, cold stimulation, diet, and lactation. Due to the ability
of adipocytes to differentiate and de-differentiate into another
cell type, the cell number and phenotype incidence may be
variable in different fat depots.?” Figure 1 illustrates the
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development paths of different adipocyte types and subtypes.
Myf5- MSCs are progenitors of WAC, which are able to
differentiate into pink and beige adipocytes. Myf5+ MSCs
are BrAC progenitors. The ultrastructural difference is shown
(the lipid-droplet-nucleus-mitochondria ratio). Thermogenic
adipocytes are reached by mitochondria, whereas fat storing
cells are reached by lipid droplets.
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Figure 1. Adipocyte differentiation and transdifferentiation.
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Fig. 1. Adipocyte differentiation and transdifferentiation.

Adipocyte origin

BAT develops during embryogenesis from the
mesoderm, while BeAC are formed from WAC in the postnatal
period. White preadipocytes develop from Myf5-negative
progenitor cells during embryogenesis; differentiation of white
preadipocytes in mature WAC occurs mostly postnatally.?®

The differentiation of WAC into BeAC is called WAT
remodeling or browning.!'¥ BrAC and BeAC have different
origins, but similar morphology and metabolic characteristics.
Classic BrAC are derived from the Myf5-positive muscle
progenitor cell line.?® BrAC are usually localized together
with WAC, for example, in the interscapular and perirenal
regions. Moreover, in response to prolonged cold exposure
or stimulation of f-adrenergic receptors, WAC acquire UCP-
1 expression, which results in a browning phenomenon and
occurrence of Myf5-negative brown cell type.®” It should
be mentioned that cold stimulation or administration of (3-
adrenergic receptor agonists unevenly increases the level of
UCP-1 expression in white cells. This phenomenon is called
the “Harlequin effect”—AT looks heterogeneously stained
after immunostaining assay for UCP-1.320 However, chronic
exposure to cold weakens this effect (cells are stained more
evenly), which may be associated with increased expression
of heat shock proteins protecting adipocytes from damage
caused by overheating.®"” At the same time, browning of
neighboring WAC is efficiently stimulated, which allows heat
to be distributed between cells more equally.?

Accordingto Jeffery etal.,®® the pathway of preadipocyte
differentiation may depend on niche environmental local
factors. It has been shown that donor preadipocytes isolated
from subcutaneous and visceral depots undergo subsequent
differentiation according to the injection site under high fat
diet conditions, without any difference in place of origin;

preadipocytes keep the ability to differentiate only in
visceral, but not in subcutaneous, fat depot.®¥ According
to recent studies, An increase in PPARy expression level
stimulates adipogenesis in fibroblast cultures. Nevertheless,
it is unable to initiate adipogenesis in vivo in cases of the
limited differentiation ability (in subcutaneous fat depot or
during low fat diet).®¥ Based on this data, it is possible to
raise the questions: Which factors guide differentiation of the
precursor cells, what are the sources of these factors, and how
is adipocyte differentiation regulated in different fat stores?
These questions remain unresolved. Furthermore, different
populations of stromal cells in various fat depots consist of
several subpopulations, including cells with anti-adipogenic
properties, which was shown in single-cell transcriptome
profiling analysis.®>*® Thereby, AT is characterized by high
plasticity and heterogeneity, which depends on different
endogenous and exogenous factors. This phenomenon can be
confirmed by differential gene expression in various human
fat depots and different factors, affecting adipogenesis, as
well as genes, differentially expressed in adipocyte progenitor
cells.C739)

Stages of adipogenesis

Adipogenesis is a process of multipotent MSC
differentiation in adipocytes.®® WAC arise from MSCs localized
in AT stroma. When MSCs become preadipocytes, they lose the
ability to differentiate in other mesenchymal clones. This stage
of adipogenesis is the determination phase. The second stage
is terminal differentiation; in this step, preadipocytes acquire
the characteristics of mature adipocytes by accumulating
lipid droplets and gaining the ability to respond to endocrine
stimuli.®® Thus, MSCs differentiate into lipoblasts, then
into preadipocytes and ultimately into mature adipocytes.!
According to the modern theory of the origin of adipocytes,
precursor cells, endotheliocytes and pericytes are localized in
the walls of adipose capillary beds.“? Capillary explants from
human AT, as well as a suspension of individual microvessel
cells, may form adipocyte precursors, able to autonomously
differentiate into mature fat cells.*) Moreover, according to
experimental data, human adipocytes may de-differentiate into
endothelial cells;*? endothelial cells can be de-differentiated
into mesenchymal cells, which give rise to adipocytes,
chondrocytes and osteoblasts.“® The mesenchymal-endothelial
transition is associated with activation of the BMP/TGFf
signaling pathway.“¥ Besides, according to the latest clinical
and experimental research, at least several subpopulations of
adipocytes are derived from hematopoietic cells of BM.(*) In
addition, some studies have revealed a mesothelial origin of
visceral adipocytes.“® Nevertheless, the problem of adipocyte
biogenesis is still unsolved and being intensively investigated.

Adipogenesis of white and brown adipocytes
requires activation of the same key transcription factors:
PPARy, C/EBPs, Kriippel-like factor, as well as the signal
transducers and activators of transcription (STAT) proteins.
() Differentiation of adipocytes is also regulated by BMPs,
which belong to the TGFB superfamily. In this case, the
differentiation of WAC is regulated by BMP-2 and BMP-
4, while BMP-7 is a major factor in the differentiation of
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preadipocytes into mature BrAC. Moreover, an important
regulator of brown and white adipocytes maturing is the
activated p38 signaling pathway.®®

Some of the universal markers of preadipocytes in WAT
are PDGFRa and PPARY, expressed in progenitor cells, but
not in mature adipocytes. PDGFRo+ and PPARy+ cells are
localized in the capillary walls in WAT depots. These cells
are called pericytes.®¥ PPARy+ cells resemble smooth muscle
cells of the blood vessels and express the same markers, such
as aSMA (a-smooth muscle actin) and PDGFRp.“” Modern
studies have shown that turning aSMA+ and PDGFRB+ cells
into WAC may be induced in vivo by a high fat diet.“*®¥ However,
a recent analysis of single-cell transcriptome profiling showed
heterogeneity of adipocyte precursors from different fat depots.
Additionally, there were described different stimuli, which are
able to activate the differentiation of adipocyte precursors into
mature adipocytes.“”

Early studies on fibroblast cultures showed that BMP2
and BMP4, by activating transcription factor SMAD4, are
able to initiate the differentiation of fibroblasts into adipocytes
in vitro.®” SMAD4 stimulates the transcription of PPARY, the
main regulator of adipogenesis. On the other hand, adipogenic
fibroblasts are characterized by increased expression of
transcription factor ZFP423 (zinc-finger transcription protein
423), which enhances the sensitivity of fibroblasts to pro-
adipogenic BMP signaling.®Y Furthermore, expression of
ZFP423 is required for the formation of subcutaneous fat in
the fetus, but it is not required for the formation of visceral
fat in cases of a high fat diet.“>? Many other factors directing
fibroblast differentiation into adipocytes have been identified;
however, the ways in which their expression is activated and
regulated remain mostly unknown.

PPARy is considered as the key regulator of
adipogenesis, since its expression is absolutely required for
terminal differentiation of preadipocytes, both in cell cultures
and in vivo.5** According to recent publications, there are
many molecules that could be considered endogenous PPARy
activator ligands. The most common are polyunsaturated
FAs, eicosanoids, and prostaglandins. However, the affinity
or concentration of such potential activators in AT is low;
therefore, the true physiological ligand PPARy is still
unknown.®

One of the most important effects of PPARy is the
activation of transcription factor C/EBP0.59 According
to Freytag et al.,*” the induction of C/EBPa and PPARy
expression is sufficient for fibroblast differentiation into
mature adipocytes in cell cultures.

More than 90% of binding sites PPARy also bind to DNA
and C/EBPa. In order to completely activate transcription of
genes expressed in mature adipocytes (for example, genes
encoding insulin receptors, glucose transporters, adiponectin,
adipocyte fatty acid-binding protein (aP2), perilipins, leptin,
and others), PPARy activates transcription of C/EBPs.®
However, C/EBPa expression is not required for adipogenesis
activation during embryogenesis, possibly due to a high C/
EBPpB expression level. The expression of C/EBPo®” is
absolutely essential for all forms of adipogenesis in adult
organisms also (Fig.2)

Adipocytes are energy storing mesenchymal cells.
Adipogenesis may be divided into two stages: determination
and terminal differentiation. In the first step, MSCs become able
to differentiate into fat storing cells. Terminal differentiation
is characterized by special morphological and functional
properties of adipocyte development, including accumulation
of lipid droplets.

WAT is considered as the most dynamic tissue in the
human body, possessing high plasticity.®” It is known that
preadipocyte differentiation is not a unidirectional process, and
under certain conditions, adipocytes are able to de-differentiate
into fibroblast-like cells (Fig.2). This process is observed during
wound healing, tumor growth and lactation.®'* Additionally,
the alveolar cells of the mammary gland may undergo the
process of transdifferentiation (Fig.l). Furthermore, alveolar
cells have shown an ability to transdifferentiate into BeAC in
the early post-lactation period.C?
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Regulation of adipogenesis

Theincreasein AT volume could be achieved in two ways:
hypertrophy, the adipocytes’ size increase; and/or hyperplasia,
the cell number increase. According to the literature data,
the number of adipocytes is genetically determined, thus,
the number of WAC remains constant in adulthood both in
lean and obese people and even after noticeable weight loss.
Therefore, the fat mass in adults could be increased mostly by
accumulation of lipids in already developed fat cells.

Recent studies in rodents based on radiolabeling
showed subcutaneous preadipocyte differentiation during the
embryonic period. The main mechanism of postnatal fat mass
increase was suggested to be associated with hypertrophy.©9 At
the same time, the development of visceral AT occurs mainly
postnatally, equally both by hyperplasia and hypertrophy.©®
Moreover, about 10% of adipocytes are annually renewed, and
this process does not depend on BMI, age or environment.¢

The early recruitment of new fat cells depends on cross-
talking between Wnt and BMP-4 signals. Wnt amplifies
proliferation of preadipocytes, while BMP-4 is responsible
for their terminal differentiation into mature adipocytes. Wnt
proteins inhibit adipogenesis, suppressing the expression of
CEBP-a and PPAR-y.®? Wnt proteins belong to a family of
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secreted glycoproteins regulating tissue remodeling in adults.
Besides, Wnt signaling is required for cross-communication
of fat cells. Wnt is the chief regulator of B-catenin, which
participates in the coordination of gene transcription. In case
of the Wnt low level, cytoplasmic B-catenin is phosphorylated
by casein kinase I and kinase of glycogen synthase 3-f,
which leads to its ubiquitination and subsequent proteasome
degradation.

Whnt binds to Frizzled (FZD) receptors and LDLR5/6,
which inactivates the degradation complex. This leads to
B-catenin hypophosphorylation and its translocation into the
nucleus, where it binds to the lymphoid enhancer binding
factor 1/T cell-specific factor (LEF1/TCF) to activate Wnt
target genes (Fig.3).
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Intracellular pathways and extracellular stimuli affecting
adipogenesis. Upregulation stimuli are indicated by
green indicators. Downregulation stimuli are indicated
by red indicators.

This damage to the signaling pathways is associated
with adipogenesis dysregulation and the organism’s inability
to regulate the accumulation of lipids in subcutaneous AT in
response to environmental factors. This leads to hypertrophy,
dysfunction and the development of insulin resistance. GLUT-
4 synthesis and activation decrease and glucose transport into
adipocytes is reduced.®”

One of the most crucial roles in adipogenesis regulation
belongs to ROS, the formation of which affects stability of
the HIF-1a that inhibits PPAR-y.©? It has also been shown
that ROS in physiological concentrations has the ability to
enhance insulin signaling, which stimulates adipogenesis,“
However, high ROS levels, produced by NADPH oxidases
during obesity, are associated with development of insulin
resistance and suppression of adipogenesis.®”

MicroRNAs provide an additional mechanism of
adipogenesis control.®” According to recent studies, some
miRNAs inhibit the expression of leukemia inhibitory factor
(LIF), which leads to adipogenesis activation. For example,
microRNA-130, microRNA-378 and microRNA-27 control
the expression of adipogenic and lipogenic genes.”

The most important pro-adipogenic properties reside
in glucocorticoid hormones and insulin, which directly
affect the expression of PPARy and C/EBPa transcription
factors, guiding preadipocyte differentiation.”*’) In contrast,

the Hedgehog signaling pathway inhibits adipogenesis by
suppressing pro-adipogenic signaling cascades. Other
regulatory factors of adipogenesis include cold-dependent 33-
adrenergic stimulation,” proinflammatory molecules, TGFp,
and NO. The physiological concentrations of these factors
are important stimulators of adipogenesis; however, chronic
inflammation suppresses adipogenesis as a high level of
proinflammatory factors accelerates cell aging and enhances
metabolic imbalance.”’> PPARy expression depends on
circadian rhythms; therefore, development of obesity and
dysregulation of adipogenesis are associated with disruption
of circadian rhythms 7® (Fig.3).

Adipocyte senescence and death

Human adipocytes live for approximately 10 years.
During this period triacylglycerols (TAGs) in adipocytes are
renewed about 6 times. It has been shown that adipocytic
TAGs are constantly metabolized and there are no constitutive
TAGs that do not undergo lipolysis.”

Age-related BAT reduction occurs due to a reduction
in stem cells’ reproductive capacity, diminished production
of triiodothyronine and low conversion of thyroxine to
triiodothyronine, mitochondrial dysfunction and decreased
sympathetic activity of the nervous system.’® The modern
developmental theory states that chronic inflammation should
be considered as a key factor of aging or tissue senescence.”
The cell number of macrophages and T-lymphocytes, secreting
certain factors, increases in AT, and that leads to damage and
degeneration of the surrounding cells and development of
chronic inflammation (called “inflammaging”).®

Senescence of adipocytes has been studied based on
profiling of gene and secretory 3-galactosidase activity in paired
biopsies of subcutaneous and omental AT in severely obese
patients. The activity of B-galactosidase is seven times higher
in the subcutaneous AT than in the omental AT. Furthermore,
it has been shown that higher [-galactosidase activity is
associated with a high serum leptin level, severe dyslipidemia,
and development of insulin resistance. According to Rouault
et al.,®Y levels of several factors, such as IGFBP-3, PAI-1,
CCL2, and IL-6, were increased in senescent subcutaneous AT.
Senolytic treatment reduced p-galactosidase activity and led to
normalizing the levels of the factors.®D

Obese people have a variety of metabolic changes. As
adipocytes increase, cells undergo mechanical stress, since
they begin to contact neighboring cells and components of
the extracellular matrix.®? In addition, hypoxia develops due
to limited diffusion of oxygen to adipocytes. Mechanical and
hypoxic stress leads to the development of inflammation,
which is accompanied by increased lipolysis, secretion of
inflammatory cytokines and decreased secretion of anti-
inflammatory adipokines such as leptin and adiponectin.®? In
addition, the size of adipocytes is positively correlated with
the number of CD206+ macrophages involved in phagocytosis
of dead cells.®® Thus, not the obesity itself, but the exact size
of adipocytes is a key factor responsible for their death. Death
size is the cell size; when that size is reached, cell death is
induced. Visceral adipocytes have a smaller critical death size
than subcutaneous adipocytes.C?
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In hypertrophied adipocytes, a number of important
pathological changes are observed: changes in the number
and size of mitochondria, hypertrophy of the endoplasmic
reticulum and the Golgi apparatus, which is associated
with other causes of overproduction of proinflammatory
factors, such as MCP-1, MIP-1a, MCP-2, MCP-3, RANTES.
Accumulation of cholesterol granules and overproduction
of collagen and amyloid in the extracellular matrix also
occurs.®#9 Cholesterol presence and modification of cell
organelles are potential molecular patterns associated
with cell damage (DAMPs, damage-associated-molecular
patterns) because they act as activators of NLR receptors
(Nucleotide oligomerization domain [NOD]-like receptors).
These receptors together with procaspase-1 and PYCARD
(apoptosis-associated speck-like protein containing a CARD
[C-terminal caspase recruitment domain]) form a unified protein
complex.®” Activation of NLRs leads to the formation of
active caspase-1, which initiates a special type of cell death
associated with hyperinflammation—pyroptosis.®® Given
that the number of cells producing inflammatory factors
increases with age, more adipocytes undergo pyroptosis,
which leads to greater hypertrophy of remaining cells and
the development of metabolic disorders associated with their
hypertrophy.

However, about 20%-30% of the total cohort of
obese patients are metabolically healthy people. Moreover,
clinical studies have shown beneficial effects of adipogenesis
stimulation, improving metabolic health in people with
low BMI. For example, people who are predisposed to
hypertrophic obesity have a reduced insulin sensitivity;
therefore, these patients develop insulin resistance even with
normal body weight, without obesity. Besides, inhibition
of adipogenesis during adulthood by deletion of PPARy
leads to pathological hypertrophic expansion of WAT in
conditions of overnutrition. In contrast, the stimulation of
visceral adipogenesis by PPARy overexpression leads to
beneficial effects: decrease in the level of local inflammation
and maintenance of normal secretion of adiponectin without
weight gain. Additionally, impaired adipogenesis may lead to
inability to sequester lipotoxic FAs.®”

Adipocytes signaling molecules

The endocrine function of AT is well known. AT
secretes hormones, cytokines, and protein growth factors
like leptin, adiponectin, resistin, visfatin, apelin, asprosin,
and FGF21 (Fig.4), all of which affect various organs.. The
signaling molecules and target organs are presented in Figure
2. The font is increased for the main signaling molecules.
These factors have many targets of action (liver, skeletal
muscles, nervous tissue, heart, intestines, pancreas, etc.) and
play an important role in their functions and metabolism
regulation.®?

However, new signaling molecules formed by AT were
recently identified. These molecules include FAHFAs and
diHOMEs.®Most studied FAHFAs are compounds of palmitic
acid with hydroxystearate. The FAHFA level is increased in
mice with high GLUT-4 expression in AT and in animals with
a metabolically healthy phenotype. FAHFAs also exhibit anti-

inflammatory properties, reducing lipopolysaccharide-induced
macrophage activation.®" Lipokine diHOME is a product of
linoleic acid metabolism (12,13-dihydroxy-9Z-octadenoic
acid or 12,13-diHOME). A high level of 12,13-diHOME
is found in WAT, where it increases the utilization of FFA.
Physical activity and cold exposure are positively correlated
with high levels of 12,13-diHOME in blood serum, due
to its regulatory role in the process of free FA oxidation in
myocytes.*?
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Conclusion

Despite the extreme complexity of adipocyte origin
issues, the molecular mechanisms of their formation, and
their metabolic role in AT, the concept of adipogenesis takes
shape as a multi-stage process of MSC differentiation. At the
same time, preadipocytes are believed to have heterogeneity,
plasticity, and perivascular origin. Precursors of adipocytes
have also been found outside the main fat depots and play
an important role in the processes of regenerating skin,
bone, and muscle tissues and regulating their metabolism.
An important adipocyte characteristic is an ability to return
to the original fibroblast-like cell state, as well as the ability
to transdifferentiate into a different type of adipose or non-
AT. Adipogenesis and the pathway of mature adipocyte
transformation depend on many factors that have systemic
(action of hormones, cold stimulation, circadian rhythms)
and local nature (influence of the microenvironment, para-
and autocrine factors). Rate of adipogenesis and metabolic
function of AT have an exceptional impact on the body’s health
and life expectancy. Adipogenesis plays an important role in
general metabolism regulation and allows sequestering lipids,
preventing their lipotoxic effect on other tissues. Thus, new
therapeutic regulators of adipogenesis development may be
potentially useful for the treatment of obesity, type 2 diabetes
and other metabolic disorders, as well as for regenerative
therapy.
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