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INTRODUCTION

Th e adipose tissue initially considered as a useful attachment 

to provide protection, heat and energy, has surpassed these no less 

important activities and as its study advances, it has been positioned 

as an organ with neuro-immuno-endocrine functions. Because of the 

production of molecules such as hormones, antimicrobials, cytokines 

and adipokines, the adipose tissue participates in the function of 

various cells and organs allowing it to intervene in the defense and 

homeostasis of the organism.

It is the organ with greater plasticity, since it regenerates 

aft er surgery and increases or decreases its size with energetic and 

nutritional changes, in addition to the capacity that in certain 

conditions, like chronic infl ammation, has the adipocyte to adopt 

phenotype and functions very similar to those of the macrophage 

[1]. Approximately one tenth of the total fat is renewed every year, 

due to the death of adipocytes and adipogenesis; however, it has been 

pointed out that an adipocyte can live up to nine years.

When there is obesity, the function of adipose tissue is modifi ed; 

the excess of molecules released, not only by the altered adipocytes, 

but also by the rest of the local cells and of the new entrance into this 

tissue cells, originates, among other things, a low but constant level of 

infl ammation. Vascular and extracellular matrix [2] are added to the 

remodeling of white tissue by hypertrophy and adipocyte hyperplasia.

According to the above, there is fi bro-infl ammation in sustained 

obesity, which exacerbates its functional alteration; there is resistance 

to insulin and favors the development of type II diabetes and 

cardiovascular disease. It has been pointed out that even the brown 

fat can modify his performance and function as the white tissue.

Adipose tissue

With regard to its participation in the energy balance, the white 

(WAT white adipose tissue) stores it, as fat, while the brown (BAT 

brown adipose tissue) spends or dissipates as heat, in turn the beige, 

bright or “ectopic brown” adipocyte, so-called because it can be 

found in depots of white adipose tissue, has a fl exible phenotype 

and according to physiological circumstances can store or dissipate 

energy [3]; it abounds in brown tissue.

It should be noted that the phenomenon of cell trans-

diff erentiation (the ability to transform from one type of adipocyte 

into another) can occur in humans [4, 5]. As responsible for this 

phenomenon, exposure to cold and high amounts of nor-adrenaline 

for a prolonged period, as well as irisine and metheorine, myokines 

released during exercise have been noted, among others [6].

Origin and markers of adipocytes

To date, studies aimed at clarifying the origin of adipocytes 

appear to coincide in that they come from diff erent lineages derived 

from mesenchymal stem cells and diff erent genes have been identifi ed 

between white and brown adipocytes [7]. Th e white adipocyte is 

derived from the mesenchymal stem cell and has as intermediate 

stages adipoblasts and pre-adipocytes; while brown, originates from 

mesodermal cells which express myogenic regulatory factor 5 (MyF5) 

and may originate brown adipocytes or myocytes. Th e expression 

of bone morphogenetic protein-7 (BMP7) promotes brown fat 

formation [8]. 

Recent studies have pointed to the proton-coupled amino 

acid transporter 2 (PAT2) and P2X purinergic receptor 5 (P2RX5) 

molecules as surface markers of all adipocytes [9]. 

For the origin of the beige adipocyte, two mechanisms have been 

proposed: 

a) Th e trans-diff erentiation of the white adipocyte, by stimuli 

such as cold 

b) Its origin from a diff erent precursor population. In this 

regard, platelet-derived growth factor receptor (PDGFRα) 

progenitors have been identifi ed which are bi-potential and 

can originate white or beige adipocytes. White adipocytes 

generally do not express MyF5 (this group has a greater 

predilection for inducing beige adipocytes), but recent studies 

have detected some of their progenitors at this marker. Th us, 

the beige adipocytes can be MyF5 + or MyF5-, depending on 

the fat depots where they are formed [10] and also express 

genetic markers such as uncoupling protein 1 (UCP1) and 

transmembrane protein 26 (TMEM26) [11, 12]. 

Characteristics and functions

Th e fat depots are diff erent from each other, which is still observed 

among those of the same type of adipose tissue. Each one is complex, 

composed of diff erent cells, with diff erent functions and variations in 

both gene expression [13,14], and in its response to hormones (the 

subcutaneous thigh responds to sexual hormones, the neck and upper 

back to corticosteroids).

Th ere are also diff erences in replication and metabolism in 

tissues such as mesenteric and omental, suggesting that they are 

not functionally similar and that diff erent depots of adipose tissue 

constitute separate “mini-organs”. Regional diff erences can infl uence 

the complications of obesity.
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White adipose tissue

Th is adipocyte stores fatty acids and their diameter varies from 20 

to 200 μm. It contains a large drop of lipids that displaces the nucleus to 

the periphery, few mitochondria, antibacterial elements, free radicals, 

nitric oxide, cytokines and adipokines. It has numerous receptors, 

among others PRR (pathogen recognition pattern receptors) for 

pathogen and lipid recognition, like Toll or scavenger type, as well as 

for insulin, cytokines and hormones such as TSH, thyroid, corticoids, 

estrogens and androgens.

Notably, among WAT depots, the density of sympathetic nerve 

fi bers correlates positively with the development of beige fat [15]. In 

this regard, histo chemical studies show that chronic exposure to cold 

increases noradrenergic nerve fi bers which helps to improve their 

response. In humans, increased catecholamines and exercise have 

been identifi ed as inducers of the trans diff erentiation or browning, 

which has also been observed in cancer cachexia and bariatric surgery 

[16]. 

In agreement with the above, studies carried out in patients 

with prolonged stress by burns, showed aft er two weeks, the 

transformation of WAT into beige tissue. In these patients, adrenaline 

and noradrenaline levels increased immediately, and at the end of one 

week the normal values were ten times higher [17]. 

Location: WAT is the most abundant, is distributed throughout 

the body and has several areas of depots:

Subcutaneous: It corresponds to 80% of the total corporal fat, 

and has marked diff erences between men and women. It provides 

thermal insulation and is less related to metabolic damage secondary 

to obesity; however, it has recently been associated with venous 

thrombosis [18]. 

Perivascular: It gives protection and structural support and 

infl uences the contractility and homeostasis of the vascular wall [18]. 

Visceral: It occupies the spaces between the abdominal organs 

and holds them in place. It has lymph nodes, more blood vessels 

and β-adrenergic receptors than the rest of WAT. In these clusters 

of adipocytes are several cells, among others dendritic, macrophages 

and lymphocytes (B1, B2, NK, innates or ILC). It is more related to 

the pathology associated with obesity [19] and is divided into omental 

or epiploic and mesenteric.

Function: a) Mechanical protection and support; b) lipid storage; 

c) metabolism of carbohydrates, lipids and proteins; d) appetite 

regulation; e) phagocytosis f) secretion: bioactive lipids, acute phase 

proteins, infl ammatory molecules, bactericidal, complement factors 

(B, D, C3), cytokines and adipokines; g) production of sex hormones 

[20]. 

Brown adipose tissue

Considered thermogenic, the BAT consists of cells smaller than 

white, contain multiple lipid droplets (multilocular) and the color 

refl ects the cytochromes present in the numerous mitochondria. 

Th ese organelles possess abundant peaks and a sui generis activity due 

to the function of the Uncoupling Protein (UCP1) initially known 

as thermogenin, which modifi es oxidative phosphorylation. Th is 

modifi cation allows to decrease the production of ATP and increase 

the amount of energy that dissipates as heat [21]. 

Th is mechanism increases the oxidation of fatty acids and glucose, 

improves insulin sensitivity. It is activated by darkness, cold, stress 

(noradrenaline) and thyroid hormones [22]. When activated, this 

tissue reduces hypercholesterolemia and prevents the development 

of atherosclerosis [23]. 

Th e brown tissue has numerous blood capillaries and 

noradrenergic nerve endings involved in the regulation of its 

development and thermogenesis, functions in which the sensory 

neurons, present among the cells that integrate this tissue, also 

participate [24, 25]. 

Location: It predominates in the newborn, mainly in inter-

scapular, peri-renal and inguinal regions. In the adult, studies 

based on the uptake of glucose, through the positron emission 

tomography combined with X ray tomography and the use of 
18f-fl uorodeoxyglucose, have detected BAT in the neck, dispersed in 

white tissue and in inter-scapular and supraclavicular regions. It is 

almost absent in obese and elderly people [26].

Functions: a) Adaptive thermogenesis: regulates body 

temperature and has been called “hibernation gland”. b) Metabolic 

homeostasis: decreases circulating triglycerides and glucose storage. 

c) Secretion: prostaglandins, nitric oxide, adipsine, cytokines 

and batokines (molecules coming from BAT), among others Slit 

homologue 2 protein (SLIT2) [27] and Peptidase M20 domain-

containing protein 1 (PM20DI), which regulate the homeostasis of 

glucose and energy expenditure [28]. 

Beige adipose tissue

Th e cells have an intermediate size between that observed in 

the members of the WAT and those of the BAT; they develop in 

capillary beds of adipose tissue [29]. Only when stimulated, they 

express the characteristic thermogenic components (UCP1) of the 

brown adipocyte [12] in mitochondria, responding to stimuli such 

as cold and some cytokines [30]. In humans, cell aging prevents the 

formation of the beige adipocyte by cold [31]. 

In addition to the factors indicated in the paragraph corresponding 

to WAT, certain elements of the immune system participate in the 

trans diff erentiation of the beige adipocyte. Th us, it has been observed 

that IL-33 secreted by adipose tissue cells, activate group 2 innate 

lympoid cells (ILC2), which, through cytokines [30] and elements 

such as the peptide met-enkephalin promotes diff erentiation in 

beige adipocytes. By secreting the IL-5 and IL-13 cytokines, ILC2 

activate the production of IL-4 by eosinophils [30]; this cytokine 

activates the M-2, catecholamine secretory macrophage, and the 

PDGFRα + cell precursors to diff erentiate into beige adipocytes 

[3]. Th e aforementioned show the important participation of Th 2 

type cytokines (IL: 4, 5, 13) in the genesis of beige adipocyte. On the 

contrary, TGF (transforming growth factor) inhibits it [32].

Location: It is immersed in the white and brown adipose tissues.

Functions: Its fl exible phenotype allows it to store or eliminate 

energy in accordance with environmental or physiological 

modifi cations and only expresses the UCP1 component when 

stimulated [12]. However, studies in mice have shown that this 

adipocyte has an additional and independent from UCP1 thermogenic 

mechanism, related to the metabolism of creatine, which in response 

to cold or adrenergic activation uses energy and produces heat [33]. 

Recent studies indicate that pre-activated beige tissue can improve 

glucose tolerance by being transplanted into obese mice [29]. 

Adipose Tissue Cells: Numerous cells participate in the 

metabolic and immune functions of this tissue. An example would 
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be the complementary activity between adipocytes and macrophages, 

the former are able to exert phagocytic and antibacterial functions 

and the latter in addition to these protective activities, can store lipids.

Mesenchymal stem cell: Th ey are generators of diff erent types 

of adipocytes and other cells, according to local or environmental 

stimuli. In this tissue there is a large number of stem cells, which is 

why it is increasingly used in procedures such as those involved in 

tissue regeneration [34].

Preadipocyte: Precursors of the adipocyte are highly phagocytic 

and with stimuli such as excess nutrients, they become adipocytes. 

In obesity its transformation or lipogenesis is activated and in the 

elderly it decreases and increases the proliferation of preadipocytes, 

as well as the lipotoxicity and the dysfunction of adipose tissue, which 

is accentuated by the presence of senescent adipocytes [31]. 

Fibroblast: Besides to its collagen secreting, tissue repair and 

scarring functions, these cells can move to damaged sites and secrete 

infl ammatory (IL-1, 6, TNF), antiviral (IFN) and stimulants of cell 

production cytokines such as IL-5 (eosinophils), IL-11 (platelets), 

GMCSF (granulocytes) [35]. In senescence and obesity the number of 

fi broblasts increases, as well as fi brosis in the adipose tissue, damage 

that may be accentuated as a consequence of the stimulus induced by 

the TGF-β over the fi broblast in obesity [36].

Mast cell: It can be derived locally from stem cells in this tissue 

[37]; executes antibacterial functions, phagocytosis and antigen 

presentation. Th is cell has an important role in infl ammation [35] 

through the secretion of cytokines (IL: 3, 4, 5, 6, 8, 10, 13, TNF, GM-

CSF) and their granular content.

Macrophages: Th ey comprise 10% of the cells residing in this 

tissue and express the M-2 (anti-infl ammatory) phenotype, mainly 

induced or activated by several cells among other lymphocytes 

and eosinophils [38]. Th ey phagocyte process and present antigens 

to lymphocytes. Endocyte fatty acids (LDL) through scavenger 

receptors (SR-A and CD36) [39], which in excess can cause foam cells 

and plaques of atherosclerosis. In obesity the macrophages increase 

considerably and change their phenotype to M-1, with an important 

infl ammatory activity.

Lymphocytes: B, T, NK, NKT, Tγδ and (innate lymphoid cells) 

ILC-2 are found at diff erent concentrations in the diff erent tissue 

depots. In obesity, the number of Th CD4 cells and mainly TcCD8 

increases [40], their function is altered, because the TCD4 + CD25 + 

FoxP3 regulatory lymphocytes and iNKT decrease. In adipose tissue, 

the iNKT through IL-2 and IL-7 stimulates the production of ILC2 

and T regulatory cells [41]. 

Regulation of adipose tissue

In normal conditions, the cellular function of adipose tissue is 

regulated by the coordination between ILC2 [42] and eosinophil, 

both of them secretors ofTh 2-type cytokine (IL: 4, 5, 10, 13) and also 

by the interaction of CD4CD25FoxP3 T lymphocytes with eosinophil 

and ILC2. 

Th ese lymphocytes produce the anti-infl ammatory cytokines 

TGFβ and IL-10, as well as T lymphocyte antigen 4 (CTLA-4) 

molecule that inactivates T lymphocyte, and scurf in, which inhibits 

their replication. In addition, TCD4CD25FoxP3 cells can induce a 

Th 2 response with the secretion of the above-mentioned cytokines or 

exert their anti-infl ammatory and immune suppressive function to 

maintain the homeostasis of this tissue [43]. 

In obesity, all cells in adipose tissue are modifi ed (Figure 1) both 

in number and function, increase macrophages, mast cells, fi broblasts, 

Th 1 lymphocytes (IFNγ, TNF) and Tc [40] and decrease regulatory T 

cells and anti-infl ammatory cytokines.

Th e accumulation of lipids in the adipocyte causes cellular stress, 

which activates pro-infl ammatory cascades of molecular signaling, 

PKC genes; NFKB and JNK are over expressed and there is production 

of pro-infl ammatory cytokines, extracellular matrix and adipokines.

Adipokines: Adipose tissue secretes adipokines with 

proinfl ammatory activity such as leptin, visfatin and resistin, or 

anti-infl ammatory properties such as adiponectin and vaspin, which 

function as signaling networks that communicate adipose tissue 

with diff erent organs (brain, liver, lymphoid, etc.) and regulate the 

metabolism. In conditions of obesity, its secretion contributes to a low 

but constant state of infl ammation, which promotes atherosclerosis 

and insulin resistance [19]. 

Leptin: Formerly called OB protein, it is also known as the satiety 

hormone. It is synthesized among other cells, by adipose tissue, 

macrophages, neurons and Th 1. It regulates the energy balance 

[44] and when there is food deprivation, the metabolic expenditure 

decreases to conserve the energy required by the vital organs. It also 

participates in thermogenesis, appetite regulation, hematopoiesis, 

bone formation, angiogenesis, reproduction and immune response. 

Recently it has been approved by the FDA to be used in individuals 

with generalized lipodystrophy [45]. 

Th e leptin is associated with infl ammatory processes [46] and it 

also activates macrophages, directs the response to Th 1 (IL-2, IFNγ) 

and decreases the activity of CD4CD25FoxP3 T lymphocytes, thus, 

in high amounts, it favors the autoimmune diseases. Its defi ciency is 

manifested by obesity, hyperphagia and hyperinsulinemia.

Adiponectin: It is synthesized by the adipocyte of visceral adipose 

tissue and TNF, leptin, corticoids and hypoxia inhibits its production. 

Figure 1: WAT dysfunction and its metabolic effects. Obesity involves 
increased risk to acquire skin infl ammatory diseases such as atopic dermatitis 
or psoriasis. Psoriasis in turn is associated with adipokines alteration and 
metabolic risk factors such as low HDL, high LDL cholesterol levels and 
hypertriglyceridemia. IL: Interleukin; TNF: Tumor Necrosis Factor; IFN: 
Interferon; TGF: Transforming Growth Factor
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It has anti-infl ammatory activity: it induces the production of IL-10 

and IL-1Ra [47], promotes the diff erentiation of macrophages into 

the M-2 phenotype, avoids its transformation into foam cells and 

reduces the expression of adhesion molecules of endothelial cells. For 

the above mentioned activities the adiponectin has been considered 

an anti-atherosclerosis and vascular protection factor [48]. 

It has an inverse relationship with adipose tissue mass and 

age; thus it decreases in senescent or obese individuals [49] and 

in patients with insulin resistance. Its defi ciency is manifested by 

systemic infl ammation, endothelial dysfunction, dyslipidemia and 

atherosclerosis.

Visfatin: It is sinthesized by visceral adipocytes and participates 

in metabolism and immunity. It is involved in the diff erentiation of 

B lymphocytes, inhibits neutrophil apoptosis and has been associated 

with infl ammation. It improves insulin sensitivity, but favors the 

depots of visceral fat. Visfatin binds to the insulin receptor at a 

distinct site that insulin does, and reduces glucose release from liver 

cells [50, 51]. 

Apelin: It is synthesized by adipocytes, improves glucose 

homeostasis and can act as pro or anti-infl ammatory. It is involved 

in cardio-vascular function because increases cardiac contractility, 

elicits endothelium-dependent NO-mediated vaso relaxation and 

reduces arterial blood pressure [50]. 

Zinc-α2-glycoprotein: Initially characterized as a tumor product 

associated with cachexia. Its expression is diminished in obesity and 

increased in cachexia; mobilizes lipids, is anti-infl ammatory and 

stimulates adiponectin production by adipocytes [5]. It correlates 

directly with serum creatinine and increases in patients with a high 

degree of glomerular fi ltration, thus it has been proposed as an early 

marker of diabetic nephropathy [53]. 

Fatty acid binding protein (FABP) 4: It is produced by adipocytes, 

participates in the transport and metabolism of lipids, increases 

glucose production and correlates with obesity and metabolic disease 

[54]. It increases in women with gestational diabetes mellitus and 

severe insulin resistance [55] and has been fl agged as a marker of 

metabolic and cardiovascular diseases [56]. 

Asprosin: Th is polypeptide is expressed in white adipocytes and 

acts in the liver stimulating the production of glucose and insulin. It 

increases in obesity and its levels are related to insulin resistance [57]. 

Neuro-regulin 4. Nrg4 is produced by white and brown adipose 

tissue. It protects against diet-induced insulin resistance and 

attenuates hepatic lipogenic signaling, which confers therapeutic 

potential against fatty liver and metabolic disorders such as diabetes, 

due to obesity [58]. 

Batokines: It is the name given to a group of molecules derived 

from brown adipose tissue and includes, among others, Vascular 

Endothelial Growth Factor (VEGF), Nerve Growth Factor (NGF) 

and Fibroblast Growth Factor (FGF) 21 these molecules promote the 

growth of BAT as well as its innervation, vascularization and blood 

fl ow [59]. 

Triiodothyronine: T3 is one of the most important endocrine 

product of BAT. It has 2 thyroxine 5´- deiodinase (D2), an enzyme 

present specifi cally in BAT that transforms T4 into T3 [60]. T3 locally 

contributes to the intracellular pathways of thermogenesis by binding 

to nuclear receptor and modulating UCP1 genes. BAT is an important 

site for the generation of systemic T3 [61]. 

WAT-Skin Interrelation

Th ere may be bidirectional communication between these 

tissues, through paracrine signals such as those emitted by cytokine 

and adipokines [62] secreted by adipocytes and subcutaneous WAT 

integrant cells, or endocrine from distant WAT such as visceral, which 

may aff ect in the homeostasis and / or the pathology of the skin. In a 

reciprocal way, signals transmitted by cytokines from cutaneous cells 

such as mast cell, fi broblast and keratinocyte, in addition macrophage, 

lymphocyte and sebocyte, which are capable of secreting leptin [63].

Th e sebocytes, in turn, are able to relate lipid metabolism to 

infl ammation at the cellular level, similar to adipocytes. In recent 

studies, in sebaceous glands of healthy individuals or with skin 

conditions such as rosacea and psoriasis, they detected leptin, 

adiponectin and visfatin [63]. 

Th e aforementioned tissue interaction carried out by cytokines 

and adipokines increases with infl ammatory processes, in which 

there is also a deregulation in its production, in addition to the 

release of other infl ammatory molecules, chemoattractants and 

activators of cells participating in both tissues. Likewise, adipocytes 

and skin cells, when the latter is infl amed, produces cathelicidin, 

an immunomodulatory peptide that has been shown to induce 

psoriasis [64]. Some infl ammatory skin diseases have been linked to 

the physiological state of adipose tissue and have shown reciprocal 

expression between infl ammatory genes and lipids in injured skin 

[65]. 

Psoriasis: As an example of the WAT-skin interaction 

mechanisms, described in the previous paragraph, we can point to 

psoriasis. 

Immunity: Th e psoriasis is associated with immune disorders 

and is characterized by a chronic infl ammatory disease of the skin, 

involving macrophages and innate immune cells, infl ammatory 

molecules, Th 1 lymphocytes, and cytokines (IL-2, IFNγ, IL-6, IL-17, 

IL-23), in turn Th 2-type cytokines (IL-4, 10, 13) are decreased and are 

related to their cure.

Citokines and adipokines, may be mediators of cutaneous 

infl ammation and participate in its pathogenesis as well as in the 

development of comorbidities, related or independent of obesity [66]. 

Obesity and infl ammation: However, it has been pointed out 

that obesity implies an increased risk of infl ammatory skin diseases, 

including eczema, atopic dermatitis and psoriasis, since infl ammation 

and dysfunction of adipose tissue (Figure1) provide an environment 

conducive to the development of pathology [67], in addition to the 

alteration of skin function as a barrier, by the decrease of intercellular 

binding molecules such as e-cadherin [68].

Studies of markers present in patients with psoriasis and 

metabolic syndrome showed an increase in C-reactive protein and 

adipokines such as leptin (consistent with the severity of the disease), 

as well as resist in and lipoprotein-associated phospholipase (Lp-

PA2) , predictor of cardio-vascular alterations; on the contrary, 

adiponectin decreased. [69,70]. 

Metabolic factors: Patients with psoriasis have elevated 

triglycerides and alterations in lipoprotein, by a decrease in serum of 

the High Density Lipoprotein (HDL) and increase of the Low Density 

Lipoprotein (LDL).

In turn, fatty acids, activate keratinocytes to produce IL-17, 

cytokine related with epidermal hyperplasia in psoriasis [71]. Th ey 
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also have a high prevalence of metabolic syndrome [72], whose 

presence as well as leptin levels are related to the severity of the 

disease [73,74], suggesting a systemic involvement of adipose tissue 

in the pathology of psoriasis.

However, when infl ammation is restricted to psoriatic skin 

plaques, they may also be the result of a systemic eff ect due to visceral 

WAT alteration, and / or derive from local interaction between the 

subcutaneous WAT and the aff ected skin [73]. 

CONCLUSION

Adipose tissue is outlined as one of the most important endocrine 

regulators of organism homeostasis. Also, its capacity both local and 

systemic to infl uence other organs, through its networks of cytokines 

and adipokines, should be considered, since alterations of this tissue, 

which is the central organ of infl ammation in obesity, is rapidly 

related to the damage to epithelia, blood vessels, skin and organs 

such as the liver and heart. It is necessary to deepen the study of the 

inherent function of its cells and molecules released, since through 

them, it participates importantly in the neuro-immuno-endocrine 

regulation as well as in its pathology.
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