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Introduction

Obesity is the epidemic of  the 21st century while type 2 diabetes 
mellitus (T2DM) is one of  the most prevalent chronic diseases 
worldwide, contributing significantly to the global burden of  
disease [1]. Impaired insulin secretion, increased hepatic glucose 
production, and decreased peripheral glucose utilization are the 
core defects responsible for the development and progression 
of  T2DM (Figure 1). In developing countries, the prevalence 
of  obesity continues to rise and obesity is occurring at younger 
ages. The World Health Organization Statistics Report estimates 
that globally one in six adults in obese and 2.8 million individuals 
die each year due to overweight or obesity [2]. Obesity and 
overweight increase the risk of  several serious chronic diseases, 
such as T2DM, cardiovascular disease, hypertension and stroke, 

hypercholesterolemia, hypertriglyceridemia, arthritis, asthma and 
certain forms of  cancer [3, 4]. Present consideration on the role 
of  fat itself  by adipocytes (Fat storage cells) in the development of  
obesity and its consequences was considered to be a submissive. 
However, adipocytes are a critical component of  metabolic 
control and endocrine organs that have both good and bad effects. 
This is more clearly define the role adipocytes play in health 
and in obesity and how inflammatory mediators act as signaling 
molecules in this process. Moreover, at a molecular level, we are 
beginning to understand how such variables as hormonal control, 
exercise, food intake and genetic variation interact which result 
in a given phenotype. Chronic inflammation is implicated in the 
pathogenesis of  T2DM and in the development of  cardio vascular 
disease (CVD) and other diabetic complications including diabetic 
retinopathy [5]. Inflammatory cytokines and adipocytokines 
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secreted by adipocytes are involved in the regulation of  glucose 
metabolism and insulin resistance and also in other inflammatory 
processes linked to an increased T2DM and CVD risk [6] such 
as high levels of  C-reactive protein (CRP) are related to risk of  
future CVD in people with T2DM [7]. The inflammatory nature 
of  T2DM is partly mediated through increased adiposity [8], 
reduced levels of  adiponectin [9], an anti-inflammatory cytokine 
with anti-atherogenic properties with hepatic CRP secretion 
suggested to increase in response to an adiposity related increase 
in another inflammatory cytokine, interleukin-6 (IL-6).

Role of  Adipokines In Obesity and Diabetes

The present knowledge attributes that the role of  adipose tissue 
is energy storage in the form of  fatty acids. The metabolic role of  
adipocytes is however, complex involving inflammatory processes 
viz. leptin, resistin, visfatin, etc. The effects of  specific proteins 
may be autocrine or paracrine, or the site of  action may be distant 
from adipose tissue. Resistin is an adipose tissue-specific factor 
which is reported to induce insulin resistance, linking diabetes 
to obesity [10]. Adiponectin is a serum protein produced and 
secreted exclusively by adipose tissues. Adiponectin also known 
as adipocyte complement related protein of  30 KDa (Acrp30), is 
a hormone of  adipocyte origin that is involved in the homeostatic 
control of  circulating glucose and lipid level [11, 12]. Adiponectin 
is a 147 amino acid protein that is similar in sequence and structure 
to the C1q complement factor. This hormone enhances insulin 
sensitivity in muscle and liver and increases free fatty acid (FFA) 
oxidation in several tissues, including muscle fibers [13-15]. It also 
decreases serum FFA, glucose and triacylglycerol concentrations. 
In humans, plasma adiponectin concentrations fall with 
increasing obesity and this effect is greater in men than in women 
[16]. Reduced adiponectin concentrations correlate with insulin 
resistance and hyperinsulinemia [17, 18].  In addition, several 
polymorphisms of  the adiponectin gene have been identified that 
are associated with reduced plasma adiponectin concentration and 
that increase the risk of  T2DM, insulin resistance or metabolic 
syndrome [11].

Interestingly, adiponectin appears to be implicated in the 
development of  atherosclerosis. Adiponectin concentrations are 

reduced in patients with CVD and adiponectin inhibits tumor 
necrosis factor α (TNF- α) induced expression of  adhesion 
molecules and the transformation of  macrophages to foam 
cells, both of  which are key components of  atherogenesis [19]. 
Leptin, the first adipocyte hormone identified, influences food 
intake through a direct effect on the hypothalamus [20]. Unlike 
insulin and leptin, adiponectin levels in plasma remain constant 
throughout the day and are not acutely affected by food intake. 
In humans and rodents, plasma leptin concentrations are highly 
correlated with BMI [21]. Leptin is the protein product of  ob 
gene in mice and is involved in appetite control. Lack of  gene 
coding for leptin (ob/ob mice) in mice are very obese and diabetic 
[22]. Mice and rats with a genetic mutation affecting the leptin 
receptor in the hypothalamus exhibit a similar phenotype to ob/
ob mice [23]. However, as animals and humans become obese, the 
role of  leptin in regulating body weight becomes more complex. 
There are certainly rare cases where mutations affecting the genes 
coding for either leptin or its receptor have been found in families 
with a high prevalence of  morbid obesity [24-26]. However, in 
most obese individuals, leptin concentrations are already high 
because of  the increased amount of  leptin-secreting adipose 
tissue. It appears that with increasing leptin concentrations, the 
hormone induces target cells to become resistant to its actions. 
Humans with a rare disorder called lipoatrophic diabetes have 
little or no fat mass, reduced serum adipokines such as leptin 
and very elevated serum triacylglycerol concentrations. In fact, 
triacylglycerol concentrations tend to be in the thousands, so high 
that some individuals require regular plasmapheresis to reduce 
serum triacylglycerol. These elevated lipid concentrations lead to 
an enlarged fatty liver, which can lead to severe liver disease and 
some individuals die secondary to liver complications. Clearly, both 
adiponectin and leptin are important hormones with both central 
and peripheral effects on metabolism and energy balance. Resistin 
is another hormone secreted by adipocytes that acts on skeletal 
muscle myocytes, hepatocytes and adipocytes themselves, where it 
is suggested to reduce insulin sensitivity leading to T2DM [9,11]. 
Visfatin is considered a new member of  the adipokine family. It 
is highly expressed in visceral fat and whose level correlates with 
obesity [11]. The action and identity of  diabetes susceptibility 
genes represent an important area for consideration of  disease 
mechanism.

Figure 1. Multiple defects contribute to the development of  glucose intolerance in T2DM. 
HGP: hepatic glucose production [54].
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Molecular and Cellular Aspects of  Obesity and 
Diabetes

Adipose tissue undergoes molecular and cellular alterations 
affecting systemic metabolism when an individual have enlarged 
adipocytes and become obese. First, fasting whole-body FFA and 
glycerol release from adipocytes is increased in obese women 
compared with lean women which probably promotes insulin 
resistance [27]. Increased FFAs are well known to promote insulin 
resistance in tissues like in muscle [28]. One of  the common 
cause for the increased release of  FFA is secondary to alterations 
in expression of  perilipins. Perilipins are phosphoproteins 
found in adipocytes on the surface of  triacylglycerol droplets 
that act as gatekeepers, preventing lipases from hydrolyzing 
triacylglycerol to facilitate the release of  FFAs [29]. Perilipins 
is deficit in obese individuals even if  their fat cells are larger, 
hence their increased basal rate of  lipolysis [30]. However, 
several proinflammatory factors are produced in adipocytes with 
increasing obesity. Adipocytes of  obese shows higher expression 
of  proinflammatory proteins, including TNF-α, interleukin-6 
(IL-6), monocyte chemotactic protein 1, inducible nitric oxide 
synthase, transforming growth factor β1, procoagulant proteins 
such as plasminogen activator inhibitor type 1, tissue factor 
and factor VII in comparison with lean individuals [31-34]. The 
chronological appearance of  these inflammatory molecules before 
the development of  insulin resistance and other complications 
of  obesity, strongly suggests adipose tissue inflammation as an 
important protagonist in the development of  obesity and T2DM 
and its associated complications. Inflammation is thought to 
contribute to the development of  the sequelae of  obesity. Certain 
cytokines are thought to reduce adiponectin expression [35]. 
TNF-α may increase systemic insulin resistance by promoting the 
release of  fatty acids from adipose tissue into the bloodstream to 
act on tissues such as muscle and liver. Thus, adipose tissue TNF-α 
can act locally in adipose tissue, which ultimately promotes insulin 

resistance in peripheral tissues. However, IL-6 expression is also 
increased in obese adipose tissue. Plasma concentrations of  IL-6 
increase with obesity, unlike those of  TNF-α, which acts in an 
autocrine and paracrine fashion [36]. IL-6 increases lipolysis and 
fat oxidation in humans and plasma IL-6 concentrations correlate 
with insulin resistance. Elevated IL-6 concentration is a predictor 
for development of  T2DM [37, 38]. Some endocrinologists 
previously posited that obesity results from an increased 
endogenous production of  the glucocorticoid hormone cortisol. 
It is well known that either endogenous overproduction of  cortisol 
or exogenous administration of  corticosteroids results in weight 
gain, with an increase in visceral fat deposition compared with 
peripheral fat (central obesity). Hypercortisolinemia, additionally, 
results in hyperphagia, central obesity, high concentrations of  
VLDL, insulin resistance and predisposition to diabetes. Clearly, 
several inflammatory mediators are implicated in the development 
of  obesity and the mechanisms responsible for the development 
of  the chronic diseases associated with obesity including diabetes 
and metabolic syndrome.

Role of  Mesenchymal Stem Cells and Its Thera-
peutic Potential

Mesenchymal stem cells (MSCs) are uniquely capable of  crossing 
germinative layers borders and are viewed as promising cells 
for regenerative medicine approaches in several diseases. MSCs 
are obtainable in high numbers via ex vivo culture and can be 
differentiated towards insulin producing cells (IPCs) [3]. Moreover, 
recent reports evidenced that MSCs possess immunomodulatory 
activities (acting on both innate and acquired immunity effectors) 
which should result in a reduction of  the immunogenicity of  
transplanted cells, thus limiting rejection. Moreover it has been 
proposed that MSCs administration should be used to attenuate 
the autoimmune processes which lead to the destruction of  beta 
cells [39]. Historically, the focus on MSCs has been defining 

Figure 2. Pathophysiological abnormalities targeted by currently available antidiabetic medications. DPP4i: dipeptidyl 
peptidase-4 inhibitor; GLP1 RA: glucagon-like peptide-1 receptor agonist; HGP: hepatic glucose production; MET: 

metformin; SGLT2i: sodium glucose co-transporter 2 inhibitor; TZD: thiazolidinedione [54].
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their ability to differentiate into cells of  the mesenchymal lineage 
and their subsequent potential therapeutic use [40]. However, a 
lot of  pathophysiological abnormalities targeted by currently 
available antidiabetic medications are reviewed (Figure 2). In 
recent years there has been a shift in focus towards understanding 
the therapeutic potential of  the secretions from MSCs [41]. 
The lack of  intracellular adiponectin accumulation suggests 
that metformin is able to up-regulate adiponectin release by 
modulating posttranslational events [42]. In contrast to this the 
effect of  anti-diabetic drugs, it could be hypothesized that the 
non-adipose components of  subcutaneous adipocytes participate 
in the regulation of  metformin effects on adiponectin production 
and secretion. This hypothesis agrees with the inability of  
metformin therapy to modify in vivo adiponectin content and 
secretion in a model of  isolated adipocytes of  obese diabetic 
patients. It could therefore hypothesized that metformin merely 
influences tissue availability of  adiponectin through a decrease 
in the local inflammatory state [41]. Pioglitazone increased the 
gene expression of  several factors involved in mitochondrial 
biogenesis. Pioglitazone increased the expression of  genes 
required for fatty acid oxidation. The expression of  homolog 
implicated in the regulation of  fatty acid oxidation tended to be 
higher after pioglitazone treatment [43]. 

Consequently, as part of  normal tissue function, there is 
significant cross-talk between the cells, which occurs though 
direct cell-cell contact or surface molecular receptors and secreted 
factors. Indeed, co-culture experiments have demonstrated 
complex reciprocal signaling, between adipose-derived cells [44]. 
In previous studies with SVF and adipocyte cells are interacting in 
a manner that enhances their paracrine signaling by inducing the 
cytokine production. The inflammatory secretion data support 
that hypothesis and demonstrate that analyzing individual cell 
populations will provide an incomplete understanding of  the 
cytokine activity of  adipose tissue [4]. The in vitro culturing 
of  ADSCs resulted in the secretion of  significantly higher 
concentrations of  cytokines (IFN-γ, IL-7, IL-10, IL-12, IL-13 and 
VEGF) when compared to the co-culture dataset. Consequently, 
the increased secretion of  some cytokines by the isolated 
adherent ADSCs, when compared to co-culture samples, may be 
due to the increase in cell numbers during culture and the lack of  
immune cells and adipocytes regulating their secretions [45-47]. 
Consequently the secretion profiles produced by these isolated 
and mixed cell populations are of  interest in order to delineate 
functional differences and guide potential therapeutic use [48]. 
However, sufficient amounts of  HUMSCs in rat livers can secrete 
cytokines, reduce the activation of  hepatic stellate cells, enhance 
liver cell repair and effectively cure liver fibrosis [49]. 

Elevated serum proinflammatory cytokine levels have been 
attributed, in part, to the increased number of  resident 
macrophages within adipose tissue of  obese individuals. One 
such report suggests that undifferentiated and/or adipocyte 
differentiated ASCs within intact adipose tissues also may 
contribute to the elevated proinflammatory cytokines levels found 
in obese individuals [50]. Moreover, in one of  our study results 
demonstrated the new information on cholesterol, triglycerides 
and lipoproteins release from adipocytes indicates that the post 
obese complication in in vivo will increase the disease associated 
with lipid metabolism [38]. The effect of  anti-diabetic drugs on 
adipose tissue represents an additional mechanism through which 
this may induce clinical benefits [51]. Furthermore, obesity is 

characterized by elevated serum levels of  pro-inflammatory and 
chemotactic cytokines. 

Traditionally the management of  diabetes is achieved by 
conventional anti-diabetic therapies including insulin treatment 
and self  blood glucose monitoring can significantly prevent the 
development and retard the progression of  chronic associated 
complications. Replacement of  a patient’s islets (β-cells) is the 
only treatment of  type 1 diabetes (T1DM) that achieves an 
insulin-independent, constant normoglycaemic state and avoids 
hypoglycaemic episodes [52]. However, islet transplantation has 
been hampered by the worldwide shortage of  transplant-ready 
islets, immune rejection and recurrent attacks against islets 
by the underlying autoimmunity [53]. Currently stem cell of  
various source are under investigation for transplantable insulin-
producing cells. Human mesenchymal stem cells derived from 
Wharton’s Jelly may serve as a promising alternative cell source 
of  transplantable islet-like clusters and its potential to become an 
excellent candidate in β-cell replacement therapy of  diabetes [54]. 

Conclusion 

In conclusion, it is now apparent that adipocytes are not simply 
a storage reservoir of  fat but are active endocrine organs that 
play multiple roles in the body. Their metabolic role changes as 
they enlarge with increasing obesity. This increased understanding 
of  the role of  the adipocyte and its associated adipokines, such 
as leptin and adiponectin, is allowing us to dissect the all-too 
prevalent metabolic syndrome and perhaps affect its course 
for the better. Diabetes is one of  the major causes of  global 
morbidity and mortality. Over the last two decades an avalanche 
of  information has emerged on the sensory apparatus and 
signaling cas-cades that mobilize innate immunity in response 
to diabetes. Increases in inflammation and various cytokines 
from the adipose tissue, activate monocytes enhancing insulin 
resistance which increasing the risk for diabetes. Although current 
diabetes management focuses on lowering blood glucose, the goal 
of  therapy should be to delay disease progression and eventual 
treatment failure. Recent innovative treatment approaches target 
the multiple pathophysiological defects present in T2DM. We 
are also beginning to understand the interplay of  inflammation 
and obesity, although our knowledge remains incomplete. Finally, 
the intracellular mechanisms by which these factors affect energy 
intake, utilization and metabolism are being better understood 
and we are developing therapies that manipulate these pathways. 
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