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It now appears that, in most obese patients, obesity is associated with 
a low-grade inflammation of white adipose tissue (WAT) resulting 

from chronic activation of the innate immune system.Excess fat is 

thought to stimulate white blood cells (WBC) that produce 

inflammatory molecules as a part of the normal immune response 

upon injury or infection. Obese adipose tissue mainly releases pro-

inflammatory cytokines among which are TNF-α, IL-6, leptin, 

visfatin, resistin, angiotensin II, and plasminogen activator inhibitor 1. 

Regarding the complement system, in spite of the strong associations 

of C3 with obesity and metabolic syndrome, the underlying 

mechanisms remain unexplained. AT biology can be influenced by a 

variety of complement components. As the common factor linking 

adipose tissue to the metabolic context of obesity, insulin resistance 
and atherosclerosis are associated with a low-grade chronic 

inflammatory status, to which the complement system is an important 

contributor.  

Conclusion:- There are inflammatory and immune system responses 

in overweight and obese individuals offer unique opportunities for 

intervention strategies to help ameliorate the risk of obesity-associated 

disease such as hypertension and Diabetes Mellitus. 

   
                  Copy Right, IJAR, 2016,. All rights reserved.

…………………………………………………………………………………………………….... 

Background:- 
Obesity is actually an epidemic problem in the world; it has become truly a global problem affecting countries rich 

and poor. An estimated 500 million adults worldwide are obese and 1.5 billion are overweight or obese [1]. 

 

Much of the information about obesity among adults rest in the use of body mass index (BMI) to define obesity, 

which will be defined as a BMI 30 kg/m2 or greater unless otherwise stated [2]. 
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Obesity is a consequence of many risk factors, as increased energy consumption and reduced physical exercise. 

Many studies also implicate chronic low grade inflammation in the interplay between obesity and metabolic 

complications [3].  

 

Obesity and inflammation:- 
The discovery that obesity itself results in an inflammatory state in metabolic tissues ushered in a research field that 

examines the inflammatory mechanisms in obesity [4]. 

 

In recent years, it has been demonstrated that obesity is associated with chronic systemic inflammation, this status is 

conditioned by the innate immune system activation in adipose tissue that promotes an increase in the production 

and release of pro-inflammatory cytokines that contribute to the triggering of the systemic acute-phase response [5].  

 

The origin of inflammation during obesity and the underlying molecular mechanisms that explain its occurrence are 
not still fully understood, but pro-inflammatory cytokines play a central role. In obesity, there are higher circulating 

concentrations of inflammatory cytokines than in lean beings. The main source of pro-inflammatory cytokines in 

obesity is the adipose tissue; they are mainly produced by infiltrating macrophages, although adipocytes play a role 

[6].  

 

There is a strong relationship between metabolism and immunity, which can become deleterious under conditions of 

metabolic stress. Obesity, considered a chronic inflammatory disease, is one example of this link[7] 

 

Several key inflammatory markers have been consistently associated with both obesity and risk of adverse outcomes 

in obesity-associated diseases, such as hypertension and Diabetes Mellitus. There is evidence supporting 

perturbation of the intestinal microbiota and changes in intestinal permeability as potential triggers of inflammation 
in obesity. Characterization of the mechanisms underpinning the triggers of such inflammatory responses in 

overweight and obese individuals offer unique opportunities for intervention strategies to help ameliorate the risk of 

obesity-associated disease [8]. 

 

Obesity and white blood cells (wbcs):- 
Fat is an endocrine organ, secreting many factors that immune cells respond to – excess fat is thought to stimulate 

white blood cells (WBC) that produce inflammatory molecules as a part of the normal immune response upon injury 
or infection. Fat cells may also produce these inflammatory molecules [9]. 

 

Obesity is associated with elevated numbers of circulating immune cells and total WBC [10].  

As shown in the Georgia study results, in the male participants, obesity was associated with significantly increase in 

the percentage of neutrophils. There was a significant increase in the total number of white blood cells in male obese 

subjects. There were also significant increases of lymphocytes counts in female obese subjects and significant 

increases of neutrophil counts in male obese subjects which were due to the increases of the total number of white 

blood cells in obese cases [11]. 

 

An imbalance between an enzyme called neutrophil elastase and its inhibitor causes inflammation, obesity, insulin 

resistance, and fatty liver disease. This enzyme is produced by white blood cells called neutrophils, which play an 
important role in the body's immune defense against bacteria. When the team reversed this imbalance in a mouse 

model and fed them a high-fat diet, the mice were resistant to body weight gain, insulin resistance (a precursor to 

type 2 diabetes), and fatty liver disease [12]. 

 

Inflammation underlies the pathophysiology of non-alcoholic steatohepatitis, which is associated with the metabolic 

syndrome of obesity, diabetes, hyperlipidemia, and cardiovascular disease [13].  

 

The WBC count is elevated in obese patients and in patients with impaired glucose tolerance [14]. Feeding mice a 

high-fat diet induced obesity and caused a 20- fold increase in infiltrating neutrophils in adipose tissue that was 

associated with a marked increase in neutrophil elastase release. Notably, mice treated with a neutrophil elastase 

inhibitor showed improved glucose tolerance, while treatment with recombinant elastase led to markedly greater 

glucose intolerance [15]. 
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Obesity and chemokine in blood serum and plasma:- 

Adipose tissue disorders, such as those encountered in obesity and lipodystrophy, cause alterations to adipose tissue 

distribution and function with broad effects on cytokine, chemokine, and hormone expression, on lipid storage, and 

on the composition of adipose-resident immune cell populations [16].  

Adipose tissue from lean individuals preferentially secretes anti-inflammatory adipokines such as adiponectin, 

transforming growth factor beta (TGFβ), interleukin (IL)-10, IL-4, IL-13, IL-1 receptor antagonist (IL-1Ra), and 
apelin. In contrast, obese adipose tissue mainly releases proinflammatory cytokines among which are TNF-α, IL-6, 

leptin, visfatin, resistin, angiotensin II, and plasminogen activator inhibitor 1 [17]. 

 

Obese adipose tissue exhibits increases in CCchemokine ligand 2 (CCL2, or monocyte chemo attractant protein-1), 

an important macrophage-recruiting factor. CCL2 has effects on metabolism that are independent of its macrophage-

recruiting capabilities. Importantly, we conclude that CCL2 is not critical for adipose tissue macrophage 

recruitment. The dominant factor for recruiting macrophages in adipose tissue during obesity therefore remains to be 

identified [18].  

 

Kitade et al. recently identified and characterized a critical role for CCR5, another C-C motif chemokine receptor, in 

the regulation of obesity-induced WAT inflammatory response and insulin resistance [19].  

 
In humans, recent studies have also shown up regulation of CCR5 in the visceral fat of morbidly obese individuals 

in whom macrophage infiltration has been confirmed [20].  

 

The enhanced release of IL-8, a factor involved in neutrophil chemo-taxis, by hypertrophic adipocytes, may partly 

explain neutrophil recruitment. Adipose tissue neutrophils produce chemokine and cytokines, facilitating 

macrophage infiltration, which could contribute to development of insulin resistance [21]. 

 

In a study carried out to characterize the adipokine, cytokine and chemokine protein profile in serum from control, 

lean and obese mice. It was reported that, lean mice, relative to the control group, displayed increased concentrations 

of insulin-like growth factor (IGF) binding protein-3, -5 and -6 and adiponectin and decreased IGF-1. These mice 

also showed increased concentrations of interleukin (IL)-10, IL-12 p40/p70, eotaxin, monocyte chemo-attractant 
protein-5 and SDF-1. In contrast, diet-induced obese mice displayed increased leptin, IL-6 and LPS-induced 

chemokine and decreased concentrations of all chemokines/cytokines measured relative to control mice. As such, 

these data indicate that diet-induced obese may lead to an inflammatory state characterized as a shift towards a T 

helper lymphocyte type 1-skewed responsiveness. The demonstration of differential adipokine, cytokine and 

chemokine protein profile in control, lean and diet-induced obese mice may have implications for immune 

responsiveness and risk of disease [22]. 

 

Obesity and cytokines:- 
Obesity is actually an epidemic problem in the world; it has become truly a global problem affecting countries rich 

and poor. An estimated 500 million adults worldwide are obese and 1.5 billion are overweight or obese [23]. 

 

Much of the information about obesity among adults rest in the use of body mass index (BMI) to define obesity, 

which will be defined as a BMI 30 kg/m2 or greater unless otherwise stated [24]. 

 

Obesity is a consequence of many risk factors, as increased energy consumption and reduced physical exercise. 

[25]. Obesity is characterized by chronic low-grade inflammation and serves as a major risk factor for hypertension, 

coronary artery disease, dyslipidemias, and type-2 diabetes [26]. 

 
Obesity results from an imbalance between food intake and energy expenditure, which leads to an excessive 

accumulation of adipose tissue. Adipose tissue is now recognized not only as a main site of storage of excess energy 

derived from food intake but also as an endocrine organ. The expansion of adipose tissue produces a number of 

bioactive substances, known as adipocytokines or adipokines, which trigger chronic low-grade inflammation and 

interact with a range of processes in many different organs [27].  

 

Although the precise mechanisms are still unclear, dysregulated production or secretion of these adipokines caused 

by excess adipose tissue and adipose tissue dysfunction can contribute to the development of obesity-related 
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metabolic diseases. Multiple lines evidence provides valuable insights into the roles of adipokines in the 

development of obesity and its metabolic complications [28].  

 

Because it contains various immune cells, either adaptive (B and T lymphocytes; such as regulatory T cells) or 

innate (mostly macrophages and, more recently identified, myeloid-derived suppressor cells), the adipose tissue is 

now considered as a bona fideimmune organ, at the cross-road between metabolism and immunity. Adipose tissue 
disorders, such as those encountered in obesity and lipodystrophy, cause alterations to adipose tissue distribution and 

function with broad effects on cytokine, chemokine, and hormone expression, on lipid storage, and on the 

composition of adipose-resident immune cell populations [29]. 

 

In a study carried out  to examine changes in metabolic hormones, inflammatory cytokines, and immune function, in 

lean, overweight, and obese chimpanzees in a controlled environment. The examiners observed increased plasma 

circulating levels of proinflammatory TH-1 cytokines, Interferon gamma, interleukin-6, interleukin-12p40, tumor 

necrosis factor, soluble CD40 ligand, and Interleukin-1β and anti-inflammatory TH-2 cytokines, Interleukin-4, 

Interleukin-RA, Interleukin-10, and Interleukin-13 in overweight and obese chimpanzees. [30]. 

 

Obesity and complement and complement peptide:- 

In recent years, there have been an increasing number of studies focusing on complement and innate immune system 
proteins in relation to obesity, inflammation, and dyslipidemias [31, 32].However, in spite of the strong associations 

of C3 with obesity and metabolic syndrome, the underlying mechanisms remain unexplained. [33] 

 

AT biology can be influenced by a variety of complement components. Adipocytes are a major source of adipsin, 

which is identical to the murine factor D [34] that participates in alternative complement activation. Interestingly, 

adipsin contributes to the maturation of pre-adipocytes into adipocytes, suggesting that this complement component 

has functions over and above its role in innate immunity [35]. 

 

Subsequent studies have demonstrated the presence of further components of the alternative pathway, including C3, 

fB, properdin, fH, and fI, in the AT [36,37], providing a basis for the hypothesis that local complement activation 

can influence AT biology. 
 

Interestingly, C5L2-deficient mice fed a diabetogenic diet display delayed postprandial TG clearance and reduced 

adipocyte size, as well as higher glucose uptake and lipid deposition in the liver [38,39]. 

 

Recent experimental evidence suggests that antagonists of C3aR and C5aR administered to diet-induced obese rats 

prevent metabolic dysfunction and cause a decrease in body weight [40], which could be ascribed to the effects of 

C3a and C5a on adipocytes with regard to incorporation of glucose and inhibition of lipolysis, as well as on 

macrophages with regard to pro-inflammatory cytokine secretion [40]. 

 

Complement components C3 and C5 and their derivatives C3a, C3adesArg (ASP), and C5a are central players 

influencing the physiology and pathology of these metabolic organs. Basal levels of complement activation have 

rather beneficial metabolic effects, ranging from stimulation of insulin secretion in pancreatic β-cells (ASP, fH) 
[41,42] to insulin-like actions with regard to adipocyte maturation and energy regulation (adipsin, ASP, C3a, C5a) 

[43]. In contrast, increased complement action can contribute to metabolic pathology.  

 

In the pancreas, complement activation can contribute to β-cell apoptosis in T1DM [44,45] and T2DM [46]. In 

obesity, anaphylatoxins promote leukocyte recruitment to the AT, thereby facilitating inflammation and the 

associated insulin resistance [39, 47]. 

 

Obesity-activated adipocytes release adipocytokines, which induce the secretion of pro-inflammatory cytokines, 

resulting in vascular endothelial dysfunction and organ injury. C3a is a candidate to induce tissue inflammation [48]. 

 

Adipose tissue synthesizes complement proteins and is a target of complement activation. C3a-desArg/acylation-
stimulating protein stimulates lipogenesis and affects lipid metabolism. The C3a receptor and C5aR are involved in 

the development of adipocytes’ insulin resistance through macrophage infiltration and the activation of adipose 

tissue. As a mediator of the effects of the terminal complement complex C5b-9, RGC-32 has an impact on energy 
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expenditure as well as lipid and glucose metabolic homeostasis. All of this evidence, taken together, indicates an 

important role for complement activation in metabolic diseases [49]. 

 

In fenton j et  el, (2009) it was reported that diet-induced obese may lead to an inflammatory state characterized as a 

shift towards a T helper lymphocyte type 1-skewed responsiveness. The demonstration of differential adipokine, 

cytokine and chemokine protein profile in control, lean and diet-induced obese mice may have implications for 
immune responsiveness and risk of disease [50]. 

 

Sharp JA et  al., (2015)  reported that, the complement system has been increasingly recognized to play a pivotal 

role in a variety of inflammatory and autoimmune diseases. Consequently, therapeutic modulators of the classical, 

lectin and alternative pathways of the complement system are currently in pre-clinical and clinical development 

[51].  

 

The complement system has been implicated in obesity, fatty liver, diabetes and cardiovascular disease (CVD). 

Complement links adipose tissue inflammation to systemic metabolic derangements, such as low-grade 

inflammation, insulin resistance and dyslipidaemia. C3 concentrations are associated with insulin resistance, liver 

dysfunction, risk of the metabolic syndrome, type 2 diabetes and CVD. The available human data suggest a complex 

and potentially causal role for the complement system in human cardiometabolic disease[52]. 
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