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Abstract

The epidemic spread of diabetes is a modern-day health crisis. Treating and preventing diabetes has been
identified as a major public health issue across the world. Type 2 Diabetes Mellitus (T2DM) is the most
prevalent forms of the diabetes, and it is caused by a combination of environmental, behavioural, and
genetic risk factors. There is a threefold increased risk of type 2 diabetes in those with a family history
of diabetes mellitus compared to the unrelated individuals. The Adiponectin (AdipoQ) gene is only one
of several genes that have a role in the progression of diabetes. Adiponectin a 30kDa protein hormone
derived from an adipocyte, is encoded by the AdipoQ gene carrying a susceptibility locus for type 2
diabetes mellitus located on chromosome 3q27 which regulates adiponectin the most plentiful Adipokine
in human plasma. The adiponectin has anti-inflammatory, antiatherogenic and insulin-sensitising
properties that plays a censorious role in the progression of insulin resistance and type 2 diabetes
mellitus. Plasma and serum levels of adiponectin (AdipoQ) are inversely correlated with type 2 diabetes
mellitus. Single nucleotide polymorphism (SNPs) of the AdipoQ gene have been strongly associated with
the pathogenicity of type 2 diabetes mellitus. However, there is still some debate about the findings, and
there are clear racial and geographical differences. Reviewing what is known about Adiponectin and the
Adiponectin (AdipoQ) Gene, with a focus on its function in the physiology and pathophysiology of type 2
diabetes mellitus, is the goal of this article. Adiponectin was found to play a significant pathological role
in the progression of type 2 diabetes mellitus.

Keywords: Adiponectin (AdipoQ); Type 2 diabetes mellitus; Pathogenesis; Insulin sensitivity;
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Introduction

The term “Diabetes Mellitus” refers to a wide range of metabolic illnesses characterized
by persistent hyperglycemia. The condition can be caused by either a malfunction in insulin
production or a variation in degree of insulin resistance [1]. Diabetic complications are
more common, and their prevalence is on the rise. Because of factors such as urbanization,
increasing age, physical inactivity, obesity, and sedentary lifestyles and bad eating habits,
diabetes is on the rise across the world [2]. 8.4% of the world’s deaths are caused by diabetes
mellitus [3]. In 2021, the global prevalence of diabetes in 20-79-year-olds was expected to
be 536.6 million people which is 10.5%, increasing to 783.2 million approximately 12.2% in
2045. Women were more likely to be diagnosed with diabetes than males; individuals aged
75-79 had the highest frequency. Prevalence of diabetes in 2021 was expected to be higher
in urban regions which is 12.1% than rural regions approximately 8.3%, and in high-income
nations almost 11.1% compared to some low-income nations about 5.5%. Middle-income
nations are predicted to see the highest rise in diabetes prevalence between 2021 and 2045
almost 21.1% compared to high- and low-income countries, 12.2 % and 11.9 % respectively.
According to the World Health Organization In 2021, global diabetes-related health costs
were estimated at 966 billion USD and are expected to rise to 1,054 billion USD till 2045 [4].
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Type 2 Diabetes Mellitus

T2DM continues to be considered one of the most significant
health challenges faced by people all over the world [5]. 1 in 9
fatalities in those aged 20-79 is associated with type 2 diabetes
[6]. Rapid progress has been made in our understanding of type
2 diabetes during the past several decades. It is caused by insulin
resistance in liver, skeletal muscle, and adipose tissue, which in turn
is caused due to impairment in insulin secretion by pancreatic cells

[7].
Pathogenesis of Type 2 Diabetes Mellitus

Despitethe factthatone’sway oflife hasapartinthe development
of type 2 diabetes, hereditary factors enhance one’s vulnerability to
develop the disease [8]. Insulin resistance and changes in insulin
production and secretion are two mechanisms through which risk
alleles raise the risk of developing type 2 diabetes [9]. Patients
with type II, NIDDM or Non-Insulin dependent Diabetes Mellitus
have an increased overall requirement for insulin necessary for
physiological glucose absorption. At first, pancreatic cells respond
to increased demand by producing more insulin, but as the demand
continues to rise, the pancreatic cells undergo changes, and insulin
production begins to decline [10]. The failure of islet beta cells
in obesity-related type 2 diabetes is a consequence of the body’s
inability to maintain sufficient insulin production to account for
insulin resistance, which suggests that the failure of islet beta cells
as a casualty and a downstream effect of insulin resistance [11].
Nonetheless, there is growing evidence both from preclinical and
clinical research to support an alternative interpretation, at least
in clusters of people at risk of T2DM, overreaction of pancreatic
B-cells to an unfavourable environment (e.g, influenced from
western culture) promotes hyperinsulinemia, being the root cause
of type 2 diabetes, obesity, insulin resistance, and beta-cell failure
[12,13].Itis believed that insulin resistance during Type-2 diabetes
is induced by both hereditary and environmental factors. Disease
susceptibility may vary among populations due to genetic factors.
Some people have a higher predisposition to acquire type 2 diabetes
due to inherited risk factors [14]. Over 70% risk of type 2 diabetes
has been linked to inherited factors, and research has found that
various subgroups of people may be affected by a distinct set of
genes or gene combinations [15]. Genetic studies of AdipoQ gene
reveal that adiponectin plays an important function in the aetiology
of type 2 diabetes and may also play a part in determining one’s
vulnerability to insulin resistance.

Adiponectin (AdipoQ)

Adiponectin, a secretory protein of 30kDa, was discovered in
1995. In humans widely secreted by 3T3 L1 adipocytes as well as
observed in large plasma levels in mice [16]. The white adipose
tissues synthesize this protein called adiponectin, which has 224
amino acids [17]. ACRP30, apM1, GBP28 and AdipoQ are all names
for adiponectin [18]. AdipoQ gene is responsible for encoding
adiponectin [19]. One of the most important things that goes into
the synthesis of adiponectin is the level of expression of the AdipoQ

gene [20]. The adiponectin gene, also known as AdipoQ, found in the
3q27 region of the chromosome and takes up around 17kb of the
deoxyribonucleic acid in its whole. It has been determined that this
particular area is a susceptibility locus for type 2 diabetes Mellitus
and metabolic syndrome [21]. The AdipoQ gene is made up of a total
of five segments: two introns and three exons [22]. Adiponectin
unique contribution to enhancing insulin sensitivity, fatty acid beta-
oxidation and modifying islet 3-cell dysfunction, is thought to play a
significant part in the pathogenesis of type 2 diabetes mellitus [21].
Within a range of 5 to 30ug/mL, adiponectin is considered to be at
a healthy concentration in the human bloodstream [23].

Adiponectin Structure

Adiponectin’s high-resolution structure was determined by
Scherer & Shapiro [24]. A signal area is located at the NH2 terminus
of the adiponectin protein, a variable region that is distinct to each
species, a collagenous domain, and a globular domain are located
somewhere at COOH terminus of the adiponectin (AdipoQ) protein,
respectively [25]. Adiponectin can exist in the forms of a trimer
(with a molecular weight of about 90kDa), a hexamer (with an
average molecular weight 180kDa; this is a sort of LMW form),
a multimer or High molecular form weighing almost 400kDa).
Protein breakdown products (which include a spherical endspin
domain) are detected inside the body, despite the fact that the
longitudinal form is not often present under normal settings due to
its high thermodynamic destabilisation [26]. Globular adiponectin,
a globular C1q domain of AdipoQ produced from full-length protein
via proteolytic cleavage, is also physiologically active [27]. Due to
differences in affinity for receptors and other cellular targets, the
different forms have varying biological effects [28]. The majority
of Adiponectin’s biological actions are seen in its HMW form [29].
The High molecular form of adiponectin is the primary active form
responsible for insulin-sensitizing actions, whereas the trimeric and
hexameric multimers are responsible for the bulk of actions. Total
and HMW adiponectin levels have been found to be much greater in
females than they are in men. This gender difference in adiponectin
concentrations has been seen in both rodents and humans. One
possible explanation is that testosterone reduces HMW adiponectin
synthesis in men [30]. However, detecting and enriching a specific
adiponectin isoform in vivo remains a formidable obstacle [31].

Adiponectin (AdipoQ) Receptors

The protein hormone adiponectin binds to its receptors, which
are referred as ADIPOR1 and ADIPORZ2, to carry out its biological
tasks [19]. Yamauchi was the one who initially discovered both
receptors; AdipoR1 and AdipoR2 [32] and Hug has uncovered the
identity of another member of cadherin family, which goes by the
name T. Cadherin [33]. In skeletal muscle, the adiponectin (AdipoQ)
receptor 1 (AdipoR1) has a strong affinity for globular AdipoQ but
a low affinity for full-length adiponectin. AdipoR2, on the other
hand, is a liver-specific medium receptor for both full-length
HMW and globular adiponectin [17]. Adiponectin is along with
its receptors (AdipoR1 and AdipoR2) responsible for regulating
a variety of bodily functions including inflammatory responses,
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energy levels throughout the body, insulin sensitivity, and the fat-
burning mechanism [34]. It has been determined that AdipoR1 is
placed on 1p36.13-q41 and 1 E4 chromosomes, whilst AdipoR2
is found on 12p13.31 and 6 F1 chromosomes. Both AdipoR1 and
AdipoR2 are G Protein-Coupled Membrane Receptors (GPCR),
however their location is unusual compared to that of other
receptor proteins. Each receptor has seven transverse membrane
patches. Adiponectin interacts to the external C terminus of the
adiponectin receptor, whereas the N terminus of the receptor binds
to an adaptive protein (also known as APPL1 or “adaptor protein,
phosphotyrosine interaction between PH domain and leucine
zipper 1”). Skeletal muscle, endothelial cells, synovial fibroblasts,
and atrial cells are all known to express AdipoR1 to a significant
degree. The expression of AdipoR2 is mostly found in the liver,
which has the ability to deactivate PPAR-a receptors, which are
known to promote insulin sensitivity. Insulin levels in the blood can
affect the expression of adipoRs [35,36].

Insulin Sensitizing Mechanism of Adiponectin

The following are some of the direct and indirect ways in
which adiponectin influences insulin sensitivity in type 2 diabetic
individuals: First observations of Adiponectin’s impact on insulin
sensitivity were made in laboratory mice [37]. Adiponectin plays

a significant role in skeletal muscle triglyceride metabolism by
lowering adipose tissue triglyceride levels and regulating insulin
signalling (Figure 1). Adiponectin also increases production of fatty
acid transmission molecules such acyl-coenzyme oxidase and CD36
[38]. Amplification of insulin-stimulated phosphatidylinositol
[PI] 3-kinase is associated with a rise in triglyceride levels, the
substitution of Glucose-4 Transporter (GLUT-4) and an elevation in
glucose uptake, and ultimately insulin resistance.; thus, improved
propagation of the insulin signalling pathway is likely to result from
reduced triglyceride level in the muscle; Adiponectin stimulates
PPAR- receptor phosphorylation activator. Adiponectin boosts
energy consumption and fatty acids oxidation by activating PPAR-a.
This leads to a drop in the triglyceride level muscle and liver,
which eventually leads to an improvement in insulin sensitivity.
Adiponectin stimulates AMPK cascade. In conclusion, adiponectin
helps to boost the activation and phosphorylation of AMPK in
skeletal muscle, which in turn helps to activate beta-oxidation [39].
Therefore, decreased insulin action and Type 2 Diabetes (T2DM)
may develop from any genetic change that impairs synthesis of the
adiponectin (AdipoQ) protein. Adiponectin treatment in diabetic
mice resulted in dramatic enhancement in insulin sensitivity
[40,41].
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Figure 1: Insulin sensitizing mechanism of adiponectin.

Adiponectinemia, Insulin  Resistance and

Progression of Type 2 Diabetes

When insulin in the blood has been steadily declining in
effectiveness, the pancreas detects insulin resistance, it attempts to
compensate by generating more insulin [42]. When insulin does not
effectively carry out its metabolic and circulatory responsibilities
in its target tissues, this condition is known as insulin resistance

[43]. Adiponectin knockout mice (mice without the AdipoQ gene
that codes for this protein) have been used to learn more about the
function of this adipocytokine from a variety of angles. Reduced
plasma acid elimination and FATP 1 concentrations, along with
elevated TNF-a levels in plasma and adipose tissue, have been
observed in KO mice. Insulin resistance develops in these mice
when they are fed a high-glucose, high-fat diet; this is likely due
to a reduction in the substrate of the intracellular insulin type 1
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receptor, which in turn decreases glucose absorption by some
insulin-sensitive tissues (skeletal muscle) [40]. These metabolic
aberrations are reversed by restoration of adiponectin expression
in this KO mice. Therefore, a lack of adiponectin synthesis may play
a role in the pathophysiology of insulin resistance. adiponectin
seems to be a hormone sensitizing the activity of insulin. There
are a number of clinical trials in humans showing that higher
adiponectin levels are protective against insulin resistance and
type 2 diabetes in people with normal Body Mass Indexes (BMIs)
[44-46]. There is an association between a decreased plasma
adiponectin (AdipoQ) level and the development of type 2 diabetes.
Animal models of obesity and lipoatrophic mice show that
adiponectin increases tissue sensitivity to insulin by decreasing
free fatty acid concentrations in the plasma. Adiponectin (AdipoQ)
may work via increasing AMPK’s metabolic activity [38]. Its
production is downregulated because insulin resistance stresses
the endoplasmic reticulum, in which the adiponectin multimer is
produced, which in turn stimulates the unfolded protein retorts
[47]. Adiponectin secretion and maturation are also suppressed
by the oxidative stress and inflammation brought on by obesity
[48]. Increased levels of adiponectin are seen in those who have the
preventive Prol12Ala mutation of the PPARy gene. Adiponectinemia
is dramatically reduced in individuals with diabetes, insulin
resistance, and hypertension who have PPARy variants with a
deleterious dominant impact. It implies that hypoadiponectinemia
in individuals raise the risk of developing type 2 diabetes [49]. As a
result, we now know that low adiponectinemia is a part of what sets
in progression of insulin resistance and type 2 diabetes.

Adiponectin Gene (AdipoQ) Polymorphism in
Type 2 Diabetes

The few polymorphisms in the regulatory regions, in intron
2 and exon 2 of the human Adiponectin (AdipoQ) gene may
influence AdipoQ gene transcription and secretion. Exon 2 is the
translation initiation site. The 5’ untranslated region (5'UTR),
Up-strand sequence and intron 1. There are two elements,
(SREBP; -431 to -423) or sterol regulatory binding protein and
(C/EBP; -230 to -224) or CCAAT/enhancer binding protein, in
the promoter region from -676 to +41 that have been shown to
be adequate for baseline transcriptional activity [50,51]. Single
nucleotide polymorphisms, or SNPs, of the AdipoQ gene have been
associated with type 2 diabetes in recent decades. However, there
is still debate regarding these studies because of the substantial
racial and geographical variances in their findings [52]. Allelic
SNPs (single nucleotide polymorphisms) are found in precise
numbers throughout the AdipoQ gene sequence [53]. 40 gene
loci were found to be associated with the development of type 2
diabetes in a comprehensive investigation of the human genome
[54]. Adiponectin gene SNPs rs266729, rs822393, rs3774261,
and rs1501299 deliberated mainly with type 2 diabetes in a Kinh
Vietnamese population. AdipoQ rs266729 is a potential SNP for
type 2 diabetes susceptibility [53].
adiponectin, against a baseline of obesity and AdipoQ genetic
variations, changed the metabolic profile, increasing the risk for
type 2 diabetes [54].

Decreased High molecular

Link between the AdipoQ gene polymorphisms rs1501299 and
rs2241766 and type 2 diabetes risk. No association was discovered
between the rs1501299 polymorphism of the AdipoQ gene and type
2 diabetes mellitus; nevertheless, the T allele of the polymorphism
was recognised as a susceptibility locus for type 2 diabetes mellitus
in West Asian ethnicity and exhibited protective outcomes in
South Asian individuals [55]. Subjects with impaired glucose
tolerance and the G-allele of SNP >45 are more likely to develop
type 2 diabetes [56]. Subjects with poor glucose tolerance who
also have the T-allele of SNP rs1501299 are at an increased risk of
developing type 2 diabetes [57] Variation at position rs17846866
(SNP+10211) in AdipoQ gene has been linked to abnormalities in
blood levels of the protein. It is possible that the increased levels of
circulating adiponectin in type 2 diabetes are mostly attributable to
the TT genotype. However, the G allele may raise the incidence of
type 2 diabetes among North Indians. Polymorphism rs17846866
(+10211 T/G) in the AdipoQ gene’s first intron is linked to type
2 diabetes, hypoadiponectinemia and obesity in Asian Indians
[58]. Subjects with impaired glucose tolerance and the T-allele of
single nucleotide polymorphism rs1501299 had an increased risk
of acquiring type 2 diabetes [59] It has been shown that among
the people of Southern India, both adiponectin gene variations
and haplotypes have a role in the onset of metabolic syndrome,
excess body fat, and low levels of the hormone adiponectin. T2DM
is strongly associated with the rs3774261 (SNP+712 G/A) gene
variant in the South Indian population [60]. The AA genotype of the
+712 G/A (rs3774261) SNP was shown to give around 0.65 times
decreased risk of developing T2DM. However, only a small number
of studies have shown a correlation between this variation and type
2 diabetes and obesity in the Korean population [61].

Adiponectin Gene Expression in Type 2 Diabetes
Mellitus

The adiponectin (AdipoQ) possesses features that make it
effective against inflammation, atherosclerosis, and diabetes [62].
IL-6, TNF-, and IL-18 are examples of cytokines that are elevated
in obese individuals and those who have type 2 diabetes. These
cytokines suppress the production of adiponectin. These processes
may account for the reduced blood adiponectin expression observed
inclinical practiceamongindividualswithobesityandtype 2 diabetes
[63]. Recent research has demonstrated that adiponectin secretion
follows a circadian cycle, with peak production occurring during
the day. Some metabolic disorders, including insulin resistance and
obesity, have been related to disruptions in the circadian rhythm,
but our current understanding of how the circadian clock affects
adiponectin expression is limited [64]. Various transcription
factors play a crucial role in controlling adiponectin (AdipoQ)
gene expression. Moreover, new research indicates that epigenetic
processes, including DNA methylation, play a significant role in
Adiponectin transcription [65]. Peroxisome Proliferator Activated
Receptor (PPAR)-response elements, C/EBP sites, Ebox and FOXO
Sterol Regulatory Elements (SREs), are some of the transcription
factors that have active binding sites on the adiponectin promoter
in both mice and humans. Extremely high levels of PPARy activity
in adipose tissue make it a key positive modulator of adiponectin
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expression [30]. To inhibit the transcription-activating actions of
PPAR-y, SIRT1 attaches to it by coupling to the nuclear receptor
corepressor and silencing the mediator of retinoid and thyroid
hormone receptors. Overexpression of SIRT1 was also associated
with less fat accumulation and greater lipolysis, which facilitated
fat mobilisation in response to dietary restriction [66].

In contrast, inflammatory and obese mediators such Reactive
Oxygen Species (ROS), Tumour Necrosis Factor alpha (TNF-a), and
Interleukin-6 (IL-6) operate as suppressor ofadiponectin expression
profiles. In addition, endothelin-1, a crucial vasoconstrictive agent
that is elevated in obesity and diabetes, has been shown in in vitro
experiments to modulate adiponectin release in 3T3-L1 adipocytes
[30]. According to the findings, energy homeostasis is controlled
by SIRT1-dependent PPAR-y deacetylation, which favours energy
consumption over energy deposit. Thereby, thiazolidinediones
with SIRT1 activator show promise as an obesity induced diabetic
treatment [66]. The progression of insulin resistance and the onset
of type 2 diabetes has been shown to have an inverse relationship
with plasma adiponectin expression [67]. From various studies it
was evident that adiponectin is one of the most reliable indicators
of type 2 diabetes mellitus [68].

Therapeutic Implications of Adiponectin in Type 2
Diabetes Mellitus

Correlation of adiponectin and type 2 diabetes suggested the
various therapeutic roles of AdipoQ in type 2 diabetes. In relation
to therapeutic implications, recombinant forms of adiponectin
unlike the multimeric adiponectin seen in human adipocytes, the
recombinant adiponectin generated by Escherichia coli consists
entirely of monomeric AdipoQ [69]. The diverse biological
actions of adiponectin are significantly aided by the multimeric
complexes [51]. In vivo and in vitro studies have indicated that
administration with recombinant adiponectin reduces insulin
resistance and protects against the development of metabolic
problems and diabetic phenotype [70]. However, posttranslational
alterations make it difficult to prepare recombinant adiponectin,
despite the fact that it has been proposed as a promising target for
producing a therapeutic treatment for treating diabetes. Studies
and development in metabolic illnesses have focused on AdipoR
agonists for quite some time [71]. Although it would be ideal
to design AdipoQ agonists that activate adiponectin receptor-
mediated downstream signaling, doing so is difficult due to
difficulties in producing biologically active AdipoQ and optimizing
the correct dosage and route of delivery. Okada-Iwabu et al. [72]
created AdipoRon, in db/db mice a synthetic adiponectin receptor
agonist that may be taken orally. Weight neutrality and improved
insulin sensitivity are some of the prometabolic benefits induced by
AdipoRon binding to AdipoR1 and AdipoR2 [72].

Research examined if injecting plasmid DNA expressing
adiponectin increases its levels. In a non-obese type 2 diabetic mice
model, adiponectin infusion raised blood adiponectin levels and
lowered glucose [73]. AdipoQ considered a candidate for nonviral
delivery of gene. Banerjee etal. [74] produced a gene-based directed

nanoparticle formulation that improves insulin sensitivity in T2DM
by promoting AdipoQ synthesis in fat tissue and boosting its
circulation [74]. Free amino groups on chitosan-oleic acid polymer
linked to adipose homing peptide enhanced uptake into adipose
tissue. Various investigations have verified this delivery method
[75]. Adiponectin gene therapy might treat type 2 diabetes and
obesity. Before clinical implication of any gene therapy, specificity,
stability, efficiency, safety, and convenience must be carefully
considered. New anti-diabetic compounds, thiazolinediones a
PPARY nuclear receptor agonists, have been shown to improve
insulin sensitivity, and this improvement is associated with a rise
in adiponectinemia [49] in order to understand the physiology
of adiponectin most studies are conducted on animal models
therefore, further investigations on human subjects are needed
from therapeutic perspective.

Conclusion

As a hormone generated from fat cells, adiponectin (AdipoQ)
seems to have anti-atherogenic, insulin-sensitizing, and anti-
inflammatory effects that plays a significant role in preventing
off insulin resistance, type 2 diabetes, some diverse autoimmune
and chronic inflammatory diseases. Subjects with low adiponectin
levels are more likely to develop Insulin resistance leading to
progression of type 2 diabetes. Adiponectin (AdipoQ) gene possess
a susceptibility locus for type 2 diabetes. Genetic variations like
DNA polymorphism and expression of Adiponectin (AdipoQ) in
serum/plasma can be used as the potential biomarkers for early
clinic prediction and diagnosis of type 2 diabetes mellitus.
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