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Dysregulation of adipose tissue functions makes a significant contribution to the pathogenesis of metabolic syndrome, one 
of the most common diseases in recent years. Adipose tissue is an organ that secretes at least several dozen signaling mol-
ecules, adipokines. One of the most studied and at the same time mysterious adipokines is adiponectin. The latter is due to 
the lack of clear ideas about the biological role of this adipokine, the presence of its several molecular forms with different 
activity and several types of receptors to this adipokine localized in almost all cells of the body. The purpose of this review 
is to summarize and analyze the available information about the molecular mechanisms of the effect of adiponectin on me-
tabolism of carbohydrates, lipids and lipoproteins. The literature search was conducted by the keywords "adiponectin" and 
"metabolic syndrome" in the Pubmed and Elibrary.ru databases for the period from 1995 to 2021.
According to the results of the literature analysis, it is assumed that adiponectin is involved in energy metabolism as 
a « satiety» hormone that promotes the utilization and storage of energy-rich substrates, fatty acids and glucose, which pre-
vents the development or mitigates the already developed insulin resistance. This reduces the amount of plasma triglycerides 
and increases the level of high-density lipoproteins in the plasma. Adiponectin affects metabolic processes by activating the 
AdipoR1-APPL1-LKB1-AMPK, AdipoR1-APPL1-p38, AdipoR2-PPARa cascades, and possibly by activating the ceramidase and 
phosphoinositide pathways and insulin signaling. In addition to the AdipoR1/2 receptors, the adhesion molecule T-cadherin 
may be involved in the transduction of the adiponectin signal in endothelial and muscle cells. The mechanisms of signal trans-
duction from T-cadherin, as well as from AdipoR2, remain unclear. Studies on the mechanisms of the action of individual mo-
lecular forms of adiponectin are extremely rare. The analysis shows the complex nature of adiponectin signaling, many of the 
mechanisms of  which remain undiscovered, and it is possible that the near future will bring us significant progress in this area.

KEYWORDS: adiponectin; obesity; insulin resistance; lipoproteins; adiponectin receptors; AMP-activated protein kinase; PPAR alpha.

THE INFLUENCE OF ADIPONECTIN ON CARBOHYDRATES, LIPIDS, AND 
LIPOPROTEINS METABOLISM: ANALYSIS OF SIGNALING MECHANISMS

doi: https://doi.org/10.14341/omet12754
Received: 17.05.2021. Accepted: 25.05.2021.© Endocrinology Research Centre, 2021

*Corresponding author.

Obesity and metabolism. 2021;18(2):103-111

INTRODUCTION

For a long time, adipose tissue was considered mainly as 
a storage of excess energy in the form of triglycerides (TG), 
as well as a tissue that insulates and mechanically supports 
internal organs. However, the discovery in 1994 of leptin, 
a «satiety factor» produced primarily by adipocytes, re-
vealed another function of adipose tissue. It has been found 
that this tissue secretes signals that regulate food intake and 
energy expenditure, thus coordinating changes in energy 
balance and nutritional status throughout the body. Later, 
many factors secreted by adipose tissue were discovered, 
which made it possible to consider it as an endocrine organ. 
Some of these factors can directly stimulate the develop-
ment of adipose tissue, ensuring the availability of healthy 
adipose tissue, capable of meeting all the requirements 
of the need for energy storage arising from a positive energy 
balance [1].

Among many regulatory molecules secreted by adipose 
tissue, adiponectin, discovered in the mid-90s of the last 
century, probably attracts the greatest attention of research-
ers [2]. This is due not only to the fact that, unlike most adi-
pokines, the production of adiponectin in obesity is decreas-
ing, but also to an extremely wide range of target tissues and 
biological effects of this protein. At the same time, the study 
of the physiological role of adiponectin and its biological ef-
fects was significantly complicated by the presence of sever-
al molecular forms of adiponectin with different biological 
activities and binding them to at least two types of receptors 

present on almost all cells of the body [3]. In this regard, de-
ciphering the mechanisms of adiponectin signal transduc-
tion into the cell is very important both for understanding 
the effect of this protein on different types of tissues and for 
a possible therapeutic intervention in these effects.

The purpose of this review is to analyze current infor-
mation on signaling pathways and molecular mechanisms 
of the effect of adiponectin on energy metabolism, i.e. 
on the metabolism of carbohydrates, lipids and lipoproteins 
(LP). The search for literature sources was carried out using 
the keywords «adiponectin» and «metabolic syndrome» 
in the Pubmed and Elibrary.ru databases for the period from 
1995 to 2021.

MOLECULAR FORMS OF ADIPONECTIN

Adiponectin circulates in the blood in various molecular 
forms: trimers, hexamers, and multimers [4]. Each adiponectin 
monomer (~ 30 kDa) consists of four sequential regions: an 
N-terminal signal sequence, a variable fragment (non-homol-
ogous to other proteins), a collagen-like domain, and a C-ter-
minal globular domain [2]. The globular adiponectin domain, 
constituting slightly more than half of the protein mass, can 
be split off during limited proteolysis; small amounts of this 
fragment are found in human plasma [5]. Apparently, the split-
ting off the globular domain of adiponectin occurs in tissues 
under the action of various proteases; the specific enzyme 
that cleaves adiponectin has not been found [6]. It has been 
shown that the globular form of adiponectin has biological 
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activity [3, 5]. However, whether this adiponectin form plays 
any role in the body remains unclear.

According to cryo-electron microscopy, trimers are 
structures in the shape of three heads formed by globular 
adiponectin domains located on a single stalk, consisting 
of triple helix of collagen-like domains. A couple of trimers, 
fastened parallel to each other, are involved in the construc-
tion of hexamers. In hexameric structure, trimers are orient-
ed head-to-head resembling the letter «Y». Multimers are 
formed by twisting collagen-like domains of trimers and 
hexamers around a single rod. Thus, a “bouquet of buds” 
is formed, which is structurally similar to the  complement 
factor C1q, mannan-binding lectin, and a number of other 
similar multimeric proteins [4].

 Adiponectin multimerization occurs intracellularly with 
involvement of endoplasmic reticulum (ER) chaperones 
BiP, ERp44, foldase Ero1-Lα, and protein disulfide isomer-
ase DsbA-L [7, 8]; in the bloodstream, the interconversion 
of adiponectin molecular forms does not occur [9]. Point 
mutations in the adiponectin gene have been described, 
resulting in impaired ability to form multimeric structures 
of the protein [10, 11].

Adiponectin oligomers and multimers have different af-
finity for receptors and, as a consequence, might have diverse 
biological effects [3, 12-14]. In this regard, one of the ways 
to regulate both the adiponectin production and its biolog-
ical effects is to change the degree of its multimerization by 
varying the concentration of chaperones in the cells [8, 15].

Finally, it should be noted that the concentration of ad-
iponectin in women typically is higher than in men, espe-
cially for its high-molecular forms: the content of adiponec-
tin multimers in plasma is approximately 3 times higher 
in women than in men [10].

 THE INFLUENCE OF ADIPONECTIN ON CARBOHYDRATE, 
LIPID, AND LIPOPROTEIN METABOLISM

Unlike other adipokines, adiponectin production by 
adipose tissue and its blood concentration in patients 
with obesity are decreasing [16], while adiponectin syn-
thesis in differentiating adipocytes, on the contrary, is 
increasing  [2]. Adiponectin enhances the differentiation 
of adipocytes by itself [17, 18]. In this regard, a decrease 
in adiponectin production in obesity can be considered as 
a compensatory mechanism aimed at limiting the growth 
of adipose tissue. The mechanism of this feedback regula-
tion remains unclear.

Adiponectin has a wide range of metabolic effects. Primar-
ily, the action of adiponectin is aimed at regulating energy 
metabolism. Thus, along with the acceleration of the adipo-
cytes maturation, this adipokine activates the uptake of glu-
cose and fatty acids (FA) by those cells [17, 19] and suppresses 
TG lipolysis and the release of FA from adipose tissue [20, 21]. 
As a whole, these events lead to an increase in lipids deposi-
tion in adipocytes and expansion adipose tissue. In addition, 
adiponectin stimulates the synthesis and secretion of lipo-
protein lipase by fat cells, an enzyme that breaks down TGs 
of plasma LP that also promotes FA uptake by adipocytes [22]. 
At the same time, adiponectin induces the uptake and degra-
dation of fatty acids and glucose in muscles with simultaneous 
activation of the synthesis of protein, which uncouples oxida-
tion and phosphorylation  [5, 23–25]. It allows the “ burning” 

of energy-rich substrates without excessive accumulation 
of ATP and NADH, powerful allosteric inhibitors of the Krebs 
cycle. It is in a good agreement with the indicated effects 
of adiponectin and its ability to reduce insulin resistance (IR) 
[24, 26, 27],  and then to an increase in the uptake and break-
down of glucose by muscles and adipose tissue (this is nec-
essary for deposition of FA in the form of triglycerides, since 
adipose tissue practically does not capture glycerol from 
the blood).

Thus, adiponectin is a kind of a «satiety hormone» that 
promotes the utilization and storage of energy-rich sub-
strates (FA and glucose), preventing development or allevi-
ating the already developed IR. In addition, adiponectin has 
some insulin-like effects: it promotes the glucose uptake by 
muscles and adipose tissue using GLUT4 [17], suppresses 
gluconeogenesis in the liver [28] and lipolysis in adipose tis-
sue [20, 21].

The adiponectin-activated capture of FA by adipose tis-
sue and muscles, along with the suppression of their re-
lease from the adipose tissue, leads to a lowering the con-
centration of FA in blood and, consequently, to a decrease 
in their supply to the liver. This, in turn, slows down the syn-
thesis and secretion of TG by the liver, leading to a decrease 
in the TG level in blood. This is also facilitated by the accel-
eration of TG breakdown in the bloodstream by lipoprotein 
lipase (Fig. 1).

The indicated biological effects of adiponectin are 
in a good agreement with numerous clinical observations. 
Thus, it was found that with a decrease in the blood con-
tent of adiponectin in obese individuals, its concentration 
negatively correlates with IR, plasma concentrations of FA, 
TG and positively - with the concentration of high-density 
LP cholesterol (HDL-C) in plasma [29]. The above parameters 
are related mainly with the content of multimeric but not 
oligomeric adiponectin forms in plasma [30].

Multiple regression analysis indicate that plasma con-
centrations of adiponectin and leptin are independent 
determinants of IR [31]. In addition, the adiponectin con-
tent was an independent determinant of the concentra-
tion of TG [32], HDL-C  [33], or both lipid parameters [29]. 
The positive relationship between plasma concentra-
tions of adiponectin and HDL-C may be due to a decrease 
in the plasma TG level by the former [22] leading to slow-
ing down  HDL catabolism [34]. Besides, adiponectin stim-
ulates the synthesis of apolipoprotein (apo) A-1, the main 
protein of HDL, in the liver [22, 35] (Fig. 1). Adiponectin 
suppresses  hepatic secretion of apoB, which may contrib-
ute to a decrease in the plasma level of apoB-containing LP  
by the adipokine [35].

According to others, adiponectin concentration was not 
an independent determinant of LP levels in plasma [36]. 
Perhaps, such contradictions are explained mainly by the in-
direct nature of the relationship between the adiponectin 
level and the spectrum of plasma LP.

Overexpression of the adiponectin gene in animals, 
as well as the introduction of recombinant adiponectin 
to them, prevented the development of IR induced by a high-
fat diet, and also caused a decline in the content of FA and 
TG in plasma [5, 22, 28, 37, 38]. Knockout of the adiponectin 
gene, on the contrary, led to the development of moderate 
IR, increasing in the level of fatty acids and hypertriglyceri-
demia [26, 39, 40].
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And finally, mutations in the adiponectin gene, which 
prevent its multimerization, lead to a decrease in the con-
tent of this adipokine in the blood, especially its high-mo-
lecular forms, and to the early development of obesity and 
metabolic syndrome in such individuals [10, 11]. There is an 
evidence that in patients with some mutations in this gene 
the expression of adiponectin in adipose tissue is increasing, 
while its receptor - decreasing [11].

In addition to the above pathways, adiponectin is able 
to affect metabolic processes through its cytokine-like action. 
Thus, overexpression of the adiponectin gene in adipose tis-
sue in obese mice inhibited the mononuclear cells infiltration 
of adipose tissue and local production of proinflammatory 
cytokines [18]. Suppression of the inflammatory process in ad-
ipose tissue by adiponectin can mitigate IR and dyslipidemia 
induced by the action of proinflammatory cytokines [41].

SIGNAL PATHWAYS OF ADIPONECTIN

Adiponectin acts through specific receptors of two types: 
AdipoR1 and AdipoR2. These receptors are present in almost 
all cell types and tissues; the highest expression of AdipoR1 
was found in cardiac and skeletal muscles, liver, leukocytes, 
brain, lungs, and AdipoR2 - in muscles, liver, and lungs [3]. 

AdipoR1 and AdipoR2 are transmembrane proteins, each 
containing 7 transmembrane domains and having a ho-
mology of 66.7%. Their N-ends are turned inside the cell, 
while the C-ends - outward that oppositely reflects the to-
pology of G-protein-coupled receptors [3]. AdipoRs belong 
to the family of progesterone and adiponectin receptors 
(PAQRs) [42]. The homology of AdipoRs with G-protein-cou-
pled receptors is very low [3].

According to X-ray diffraction analysis, a zinc bind-
ing site was found in the transmembrane region of Adi-
poR1, coordinated by three residues of histidine II and VII 
of the transmembrane helices and aspartate III of the he-
lix [43]. The zinc-binding motif is involved in adiponec-
tin activation of AMPK (AMP-activated protein kinase) 
and PPAR-α (peroxisome proliferator-activated receptors 
alpha) (see below). A similar zinc binding site is present 
in a membrane type of alkaline ceramidase, which also in-
cludes 7 transmembrane helical regions and forms a zinc 
catalytic center responsible for ceramidase activity [44]. 
Although a functional relationship between the activ-
ities of adiponectin receptors and ceramidase has been 
demonstrated [42, 45], evidence that adiponectin recep-
tors possess such activity themselves has not yet been 
found [46].

Figure 1. Metabolic effects of adiponectin. 
After secretion by adipocytes, adiponectin (the multimeric form is shown) has a number of metabolic effects on various organs and tissues, 
primarily on adipose tissue, liver and muscles. The result of these actions (stimulation of fatty acid oxidation and glucose uptake by tissues, 
inhibition of the TG and glucose synthesis in the liver, an anti-inflammatory effect) is an increase in insulin sensitivity and a decrease in the 
atherogenicity of plasma lipoprotein profile (a decline of the VLDL concentration and the raising of HDL concentration). Adiponectin has 
also a direct effect on the secretion of apo A-1 and B by hepatocytes. TG - triglycerides; VLDL - very low density lipoproteins; HDL - high 

density lipoproteins; apo is an apolipoprotein.
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AdipoR1 binds with high affinity to oligomeric and glob-
ular adiponectin, while AdipoR2 interacts with moderate af-
finity with all molecular forms of adiponectin [3]. The same 
authors showed that knockout of the AdipoR1 or AdipoR2 
gene, or knockout of both genes in mice led to a decrease 
in insulin sensitivity and to an increase in the TG content 
in liver [47].

It should be noted that the expression of adiponectin re-
ceptors in obesity is reduced, which, along with a decrease 
in the concentration of adiponectin in the blood, leads 
to a weakening of the regulatory effects of this protein 
on various tissues [48].

The signal transduction from both adiponectin recep-
tors to intracellular signaling pathways is carried out using 
the adapter protein APPL1 (an adapter protein containing 
a phosphotyrosine-binding domain and a leucine zipper se-
quence 1) [49].

APPL1 is a highly hydrophilic protein lack of trans-
membrane domains, but containing several structural 
and functional motifs. With its C-terminal domain, APPL1 
directly binds to the intracellular domains of AdipoR2 and 
AdipoR1 and, after the interaction of the latter with adi-
ponectin, transmits a signal by changing the conforma-
tion without phosphorylation of the receptor or adapter 
protein. Thus, after the interaction of adiponectin with 
AdipoR1, the associated APPL1, contacting directly, acti-
vates protein phosphatase 2A (PP2A) and inhibits protein 
kinase Cξ (PKCξ), which leads to dephosphorylation of  liver 
kinase B1 (LKB1) and its translocation from the nucleus 
to the  cytoplasm [50].

In the cytoplasm, LKB1 phosphorylates AMPK at position 
Thr-172, which leads to the activation of the enzyme [51]. 
AMPK is the most important kinase that regulates energy 
metabolism in the cell. With a decrease in the concentration 
of ATP and an increase in AMP and ADP, AMPK is activated 
restoring the energy balance of the cell, by the stimulation 
of catabolic processes that generate ATP (capture and oxi-
dation of fatty acids and glucose) and suppression of ana-
bolic processes (synthesis of protein, fatty acids, cholesterol 
and glycogen, gluconeogenesis) consuming ATP [52]. Acti-
vated AMPK is also providing most of the described effects 
of adiponectin. Thus, AMPK catalyzes the phosphorylation 
of acetyl-CoA carboxylase 1 (ACC1), a key enzyme of fatty 
acids synthesis, leading to a decrease in its activity. Since 
the product of the ACC-catalyzed reaction, malonyl-CoA, is 
an inhibitor of type 1 carnitine palmitoyltransferase, which 
ensures the transport of FA into mitochondria, the rate 
of β-oxidation increases at the suppression of ACC1 activi-
ty. Thus, stimulation of AMPK activity, on the one hand, can 
lead to a decrease in the synthesis of FA and TG in the cell, 
and, on the other hand, to an increase in the rate of FA oxi-
dation [52].

In addition, AMPK regulates these processes at the ge-
netic level by phosphorylation the transcriptional regula-
tors SREBP-1c (sterol regulatory element-binding protein 1) 
and PGC-1α (coactivator of the transcription factor 
PPARγ-1α)  [53,  54]. Activation of the latter by adiponectin 
leads to an increase in mitochondrial biogenesis and oxida-
tive metabolism in muscle cells.

After the interaction of adiponectin with AdipoR1, 
the adapter APPL1 also stimulates MAPK (mitogen-activat-
ed protein kinase) p38 by the action of kinases TAK (kinase 

activated by transforming growth factor beta) and MKK3 (ki-
nase MAPK-3) [55]. Like AMPK, kinase p38 mediates a num-
ber of biological effects of adiponectin (influence on mito-
chondrial biogenesis in muscles, glucose uptake, etc.) [40].

In addition, adiponectin can activate the utilization 
of energy-rich substrates in an AMPK-independent pathway. 
In this case, adiponectin interacts with AdipoR2, which trans-
mits signal to PPARα, the activator of transcription of genes, 
coding the enzymes of peroxisomal and mitochondrial fatty 
acid oxidation, as well as an activator of a protein that un-
couples oxidation and phosphorylation [3, 56]. The mecha-
nisms of signaling from AdipoR2 to PPARα remain unknown. 
As in the case of AdipoR1, the adapter APPL1 is most likely 
involved in this process [49].

In mammalian cells, there is another adapter protein, 
APPL2, which is an isoform of APPL1; the homology be-
tween them is 45%. APPL2, like APPL1, has several func-
tional and structural domains. It has been shown that 
APPL2 negatively modulates adiponectin signaling in skel-
etal muscle. APPL2 binds directly to AdipoR1 or AdipoR2, 
thus preventing APPL1 from binding to receptors, com-
petitively blocking adiponectin signaling through both 
of these receptors. In addition, APPL2 forms heterodimers 
with APPL1, reducing the binding of the latter to AdipoRs 
and blocking the action of adiponectin. In this case, adi-
ponectin, as well as an insulin, are capable of causing dis-
sociation of APPL1 / APPL2 heterodimers. The role of APPL2 
in the regulation of adiponectin signaling has not been ful-
ly elucidated [57].

As stated earlier, adiponectin increases the sensitivity 
of cells to insulin. In skeletal muscle, adiponectin induces 
tyrosine phosphorylation of the insulin receptor substrate 
1 (IRS1) and subsequent activation of Akt kinase, inhibiting 
p70 S6K kinase phosphorylation and serine phosphoryla-
tion in IRS1, thus facilitating insulin signaling. In addition, 
adiponectin-activated AMPK inhibits mTOR (mammalian 
target of rapamycin). Further, there is a decrease in the ac-
tivity of the target of mTOR, p70 S6 kinase, which suppress-
es the activity of IRS1 by phosphorylation at serine resi-
dues [58].

In addition, adiponectin increases insulin sensitivity by 
activating autophagy in muscle cells that occurs as a con-
sequence of ER and oxidative stress associated with chronic 
hyperglycemia and high fat load [38, 59]. A possible mecha-
nism for participation of APPL1 in increasing the insulin sen-
sitivity has also been described; APPL facilitates the interac-
tion of the insulin receptor with IRS1 [60].

In addition to increasing insulin sensitivity, adiponectin 
stimulates glucose uptake by skeletal myocytes and adipo-
cytes using several signaling pathways: AMPK [17, 49, 61], 
p38 kinase [49,62], and Akt [49]. They all lead to transloca-
tion of GLUT4 to the cell membrane by activating the GT-
Pase Rab5 and / or stimulating the expression of the SLC2A4 
gene encoding GLUT4 through the activation of the tran-
scriptional regulator MEF-2.

Suppression of hepatic glucose production by adi-
ponectin occurs in several ways. First, AMPK, activated by 
LKB1, phosphorylates CRTC2, the CREB (cAMP response 
element binding protein) transcriptional coactivator, 
inducing the transcription of gluconeogenesis genes, 
PEPCK (phosphoenolpyruvate carboxykinase) and G6PC 
(glucose-6-phosphatase) 63]. Phosphorylation of CRTC2 
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leads to blocking of the translocation of this factor into 
the nucleus, as a result of which the transcriptional activ-
ity of CREB is decreasing [63, 64]. In addition,  the enhanc-
ing of insulin sensitivity  also contributes to suppression 
of gluconeogenesis, in particular through Akt-dependent 
phosphorylation and degradation of FOXO1 (forkhead box 
protein O1), another transcriptional activator of gluconeo-
genesis genes [64].

Another possible pathway for signal transmission from 
adiponectin receptors is the stimulation of ceramidase 
activity. As noted earlier, AdipoRs are likely to possess 
such activity, although there is no direct evidence for this 
[42, 45, 46]. Activation of AdipoR1 and AdipoR2 in various 
tissues (liver, adipose tissue, cardiomyocytes, pancreatic 
β-cells) leads to a decrease in the concentration of cera-
mides in them and an increase in the level of their deac-
ylation product, sphingosine. The latter then undergoes 
phosphorylation to form a biologically active product  - 
sphingosine-1-phosphate (S1P) [42, 45]. In turn, S1P ac-
tivates G-protein-coupled S1P receptors, some of which 
transmit a signal to the cell via the phosphoinositide mech-
anism [65]. One of the consequences of S1P receptors ac-
tivation can be the up-regulation of AMPK by the release 
of Ca2+ ions into the cytosol, followed by the activation 
of CaMKK kinase [42].

On the other hand, since the accumulation of ceramides 
in adipose tissue, muscles and liver leads to suppression 
of the insulin signal due to inhibition of Akt kinase [66], 
a decrease in the concentration of ceramides upon activa-
tion of AdipoRs is one of the possible mechanisms of in-
creasing insulin sensitivity by adiponectin [46]. An indirect 

confirmation of this is an enhancement of insulin sensitivi-
ty upon the increase in ceramidase activity in the liver and 
adipose tissue in mice with overexpression of adiponectin 
receptors [45].

In addition to adiponectin receptors AdipoR1 / 2, some 
cells, primarily endothelial and muscle cells, interact with 
adiponectin via the T-cadherin adhesion protein [12].

On the cell membrane, T-cadherin is attached by a gly-
cosylphosphatidylinositol anchor [12]. Probably, lipid rafts 
of the cytoplasmic membrane are involved in signal trans-
duction from this receptor [67]. T-cadherin interacts with 
hexameric and multimeric adiponectin, but not with its 
trimeric forms [12]. T-cadherin sites involved in the bind-
ing of adiponectin have been established: of 5 extracellular 
T-cadherin repeats (EC), those are the domains EC1 and EC2 
located at the end of the receptor, which are also responsi-
ble for intercellular cells adhesion [68]. According to Denzel 
et al. (2010) [69] and Matsuda et al. (2015) [70], T-cadher-
in serves for the accumulation of adiponectin in tissues, 
in which this adipokine is not synthesized or is synthesized 
in small quantities (muscles, heart, and aorta).

Knockout of gene encoding T-cadherin in mice elimi-
nates the beneficial effects of adiponectin on tissue revas-
cularization after ischemia [13, 69] and on atherogenesis 
in apoE-deficient mice [71].

In addition to adiponectin, T-cadherin also binds a num-
ber of other ligands, one of which are low-density lipopro-
teins (LDL) [67]. The latter, due to the indicated interaction, 
is leading to mobilization of intracellular Ca2+, triggering 
the migration and proliferation of vascular smooth myo-
cytes in vitro. Adiponectin suppresses Ca2+ signaling of LDL, 
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Figure 2. Signaling pathways of adiponectin.

Adiponectin influences metabolic processes by activating the following signaling cascades:
AdipoR1-APPL1-LKB1-AMPK, AdipoR1-APPL1-p38, AdipoR2-PPARα, ceramidase, and phosphoinositide pathways. Metabolic effects of adiponectin are 
also mediated by the increasing of insulin signaling. In addition to AdipoR1 / 2, the adhesion molecule T-cadherin is involved in adiponectin signal 
transduction in endothelial and muscle cells. Since T-cadherin lacks the transmembrane and intracellular domains, the mechanisms of signal transmission 

from this receptor to intracellular signaling molecules remain unclear. The meanings of abbreviations and other explanations are shown in the text.

Intercellular medium

Adiponectin

Insulin

S1P-receptor T-cadherin

Cytosol Ceramides
Ceramidase

Sphinogosine
Sphingosine-

kinase

Insulin 
sensitivity

Caspase-8

Apoptosis

Cardio-
vascular 
effects

Gluconeogenesis

Glucose uptake

Lipogenesis β-oxidation 
of fatty acids

Glucose uptake

Mitochondrial 
biogenesis

Tyr

Tyr



108 | Obesity and metabolism REVIEW

competing with the latter for binding to T-cadherin [67]. 
These data are in a good agreement with ability of adi-
ponectin to bind plasma LDL, leading to a change in inter-
actions of these parters with cells [72]. The relevance of data 
cited on the physiology of LDL and adiponectin, as well as 
on the mechanisms of signal transduction from T-cadherin 
to intracellular targets, remain unclear.

The described signaling pathways of adiponectin are 
schematically shown in Fig. 2.

CONCLUSION

Available data indicate a pronounced uniqueness of ad-
iponectin as a hormone (signaling molecule). It has primar-
ily a high (3–6 orders of magnitude higher than other hor-
mones) and almost constant concentration in the blood. If 
we add to this the presence of several molecular forms in ad-
iponectin with different affinities for several types of recep-
tors with different signaling chains, then the origin of con-
tradictions and even some inexplicability of the described 
adiponectin effects become clear. 

In addition, the regulation of adiponectin synthesis and, 
in particular, the formation of its molecular forms remains 
poorly understood.

It can be assumed that the effect of adiponectin depends 
not so much on its concentration in blood, but on the re-
action of cells to this protein, i.e. on the presence of one or 
another type of receptor (which, perhaps, not all of them 
are known yet), on the presence, concentration, and activity 
of one or another type of adapter protein competing with 
each other, as well as on the «availability» of signal cascades 
induced by other signaling molecules. As an evidence for 

this hypothesis, we can provide data on the dependen-
cy of the adiponectin effects not only on the inactivation 
(knockout or knockdown) or activation (overexpression) 
of adiponectin receptors, but also on the activity of adapt-
er proteins [73]. It should not be overlooked that one 
of the main pathways of adiponectin signal transmission is 
carried out using AMPK, which is inhibited by ATP; therefore, 
the energy balance of the cell can have a significant modu-
lating impact on the effects of adiponectin.

Obviously, not all signal cascades of adiponectin have 
been discovered. The mechanisms of adiponectin signaling 
via AdipoR2 and also via T-cadherin still require the inves-
tigations. In addition, the studies of signaling mechanisms 
of the individual adiponectin molecular forms action are 
extremely rare. All above indicates a complex nature of ad-
iponectin signaling, many of the mechanisms of which re-
main unrevealed, and, possibly, the near future will bring us 
significant progress in this area.
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