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INTRODUCTION: 
 
Type 2 diabetes (T2D) is now posing a major threat to human health. World Health 
Organization has cautioned that it is taking the shape of a global epidemic. Prior to the 
manifestation of T2D there occurs impaired ability of insulin to maintain glucose 
homeostasis. This is because of defects in insulin sensitivity which leads to insulin resistance 
that results responsive tissues and cells suffer from impairment of glycemic regulation. To 
search the possible cause for the development and pathogenesis of insulin resistance, 
hyperlipidemia and dyslipidemia have been identified as the leading factors (Kolterman et al., 
1979 ; Le et al., 1985). Continuation of this state ultimately manifested in the form of T2D. 
Several reports indicated that oversupply of lipid increases circulatory level of free fatty acid 
(FFA) and that contributes to the development of insulin resistance (Boden 1997; McGarry 
2002). Patients suffering from insulin resistance often show signs of abnormal lipid 
metabolism where excess of plasma FFA level is coincided with reduced insulin-stimulated 
glucose uptake (Boden 1997; Boden and Shulman 2002). Lowering of circulatory elevated 
FFA level in diabetic patients improves insulin sensitivity (Santomauro et al., 1999). More 
than 95% are suffering from T2D while only 3-5% are T1D among world diabetic population 
(Zimmet 1999). It is also necessary to remember that in T2D loss of insulin sensitivity is the 
major event. 
 
Many authors have shown that it is the fatty acid (FA) of lipid which is mostly associated 
with insulin resistance (Boden 1997). Some authors indicated that long chain saturated FAs 
are major culprit (Ruddock et al 2008). The list of FAs later has been shortened to 3-5 FAs 
and these are palmitate, myristate, stearate (saturated FAs) andoleate (unsaturated FA) 
(Vessby et al., 2002; Haag and Dippenaar 2005). There may be others, but reports on 
circulatory lipid profile in diabetic patients showed prevalence of these FAs and research area 
in the field of insulin resistance has predominantly used these FAs to blunt insulin sensitivity 
(Santomauro et al., 1999; Hennes et al.,1990; Wyne 2003). As already stated  insulin 



resistance is primarily due to insulin signaling defects. These defects, in fact, may occur at 
various places from upstream to downstream and that include 1) insulin receptor (IR), 2) 
phosphatidylinositol 3-kinase (PI3K), phophoinositide-dependent kinase1 (PDK1) and Akt 
mediated glucose transporter 4 (Glut4) activation, and 3) interplay of novel protein kinase Cs 
(nPKCs). Besides insulin signaling pathway another area of research is getting prominence 
which is adipocyte function. This is because any defect in the functioning of adipocyte would 
be reflected in lipid imbalance which is the root cause for insulin resistance. Insulin 
resistance, the centre of pathogenesis in T2D, is indeed a vast area with umpteen number of 
research publications in every year. In this review we tried to briefly cover the advancement 
made so far in the above three areas to understand the mechanism of lipid inducedinsulin 
resistance. 

 
 
 
 

REVIEW OF LITERATURE: 
 
Inflammation is not a disease in itself, but rather a manifestationof a disease. Initially, it has 
beneficial effects such as preventingthe spread of infection or promoting regeneration. 
However, ifprolonged or excessive, it may exacerbate disease by tissuedestruction. It is likely 
that, in the case of islet inflammation intype 2 diabetes, similar phenomena occur. Indeed, the 
endocrinepancreas may adapt to conditions of increased insulindemand (as encountered in 
obesity and pregnancy) byincreasing its functional mass. This may be triggered by 
limitedhyperglycemic events that provoke β cell production of low concentrations of IL-1β 
followed by Fas upregulation (Maedler et al.,2002a; Maedler et al., 2006). At these 
concentrations of IL-1β and in the presence of FLICE-like inhibitory protein (FLIP), 
Fasengagement leads to b cell proliferation and enhanced functionvia NF-kB and pancreatic 
and duodenal homeobox 1 (PDX1)(Schumann et al., 2007). 
 
In obese and insulin-resistant individuals, intake of largeamounts of carbohydrates leads to 
transiently elevated glucoselevels defined as impaired glucose tolerance. With time, this 
prediabetesstate may progress to chronic hyperglycemia (i.e., diabetes).Additionally, elevated 
concentrations of other circulatingnutrients, such as free fatty acids (FFAs), are observed in 
obesityand type 2 diabetes (Boden, 1997). In parallel to increasednutrient concentrations, 
inflammation is observed in all tissuesinvolved in energy homeostasis, including fat, muscle, 
liver,and islets, as well as in the nutrient-transporting blood vessels(Berk et al., 1990; 
Hotamisligil et al., 1993; Maedler et al.,2002b; Navarro-Gonza´ lez and Mora-Ferna´ ndez, 
2008; Ridkeret al., 1997; Wellen and Hotamisligil, 2005). 
 

TLRs are pattern recognition receptors of the innate immune system that can be stimulated by 
numerousbacterial wall products such as lipopolysaccaride (LPS)-containinglong-chain fatty 
acid moieties. Therefore, it has been postulatedthat FFAs directly bind to TLRs and thereby 
induce aproinflammatory response (Lee et al., 2001, 2004). Recently, the liver-
derivedglycoprotein fetuin-A was identified as the endogenous ligandlinking FFA and TLR4, 
causing inflammation and insulin resistance(Pal et al., 2012). FetA interferes with insulin 
receptor signalling at the tyrosine kinase level (Srinivas et al., 1993). Recent evidence 
showed that FetA blocks insulin-stimulated GLUT4 translocation. This study also clarified 
that FetA interferes with downstream phosphorylation events in insulin receptor signalling 
without affecting the binding of insulin to the α subunit of the receptor (Goustin et al., 2013). 



FetA may also promote insulin resistance by propagating a pro-inflammatory state. 
Macrophage migration into adipose tissue and polarization from an anti-inflammatory M2 
subtype to a pro-inflammatory M1 subtype are important events that promote the low-grade 
inflammatory state observed in obesity (Lumeng et al., 2007). Adipocyte derived FetA was 
recently found to signal both of these events (Chatterjee et al., 2013).  
 

 
The first evidence for an inflammatory process in the pancreatic islet arose from the 
observation that hyperglycemia induces β cell apoptosis (Donath et al., 1999). Unraveling the 
underlying mechanism (Figure 1), it turns out that high-glucose concentrations induce the Fas 
receptor, which is upregulated via glucose-induced IL-1β production (Maedler et al., 2001, 
2002a, 2002b). Similarly, recent evidence shows that fatty acids also promote an 
inflammatory response (Boni-Schnetzler et al., 2009; Ehses et al., 2007). In support of 
insulitis in type 2 diabetes, elevated numbers of immune cells have been detected in islets of 
patients with type 2 diabetes and also in animal models ,with increased levels of cytokines 
and chemokines (Boni-Schnetzler et al., 2008; Ehses et al., 2007; Richardsonet al., 2009). 
Every animal model of type 2 diabetes investigated till date displays islet immune cell 
infiltration (Ehses et al., 2007, 2009a). Furthermore, a strong argument for the occurrence of 
an inflammatory process in islets is the well-described fibrosis observed in tissue sections of 
patientswith type 2 diabetes, characterized by amyloid deposits. Indeed, fibrosis is a hallmark 
of the end stage of a chronic inflammatory process. Of interest is the predominant role of IL-
1β, which is upregulated in islets of patients with type 2 diabetes (Boni-Schnetzler et al., 
2008; Maedler et al., 2002b). This master cytokine regulates numerous other cytokines and 
chemokines (Dinarello, 2009; Ehses et al., 2009b). Thereby, it contributes to the recruitment 
of immune cells implementing a broad inflammatory response. 
 
It has been reported that FetA or TLR4 knockout mice are protected from high-fat diet(HFD)-
induced insulin resistance (Pal et al., 2012). But it remains unclear whether FetA can mediate 
FFA-TLR crosstalk resulting in lipotoxicity-mediated inflammatory injury in β cells. 
 

KNOWLEDGE GAP IN β CELL DESTRUCTION: 
 

(i) Role of Fetuin-A in progressive detoriation of β cell function  
(ii)  Fetuin-A mediated lipotoxicity in β cells through TLR4 signalling pathway 
(iii)  Fetuin-A induced macrophage migration to β cells and polarization of M2 

macrophages to proinflamatory M1 subtype 
(iv) Role of AMPK activation in intervention induced lowering of circulating Fetuin-A 
 

 
OBJECTIVE: 
 
Based on the above observation the following objectives have been proposed in the present 
work: 
 

1. To study the role of Fetuin-A in progressive dysfunction in pancreatic β cell lines 
(MIN6 and ΒTC6) 

2. To study the Fetuin-A mediated β cell dysfunction in HFD mice model 



3. To study theFetuin-A mediated lipotoxicitythrough TLR4 signalling pathway by the 
complex formation of FFA-Fetuin-A-TLR4 in MIN6 and βTC6 cells 

4. To elucidate the Fetuin-A induced macrophage migration to β cells and polarization 
of M2 macrophages to proinflammatory M1 macrophages in MIN6 and βTC6 cells 

 
MATERIALS AND METHODS: 
 
Cell culture 
 
The mouse islet cell lines βTC6 and MIN6 will be obtained from the NCCS,Pune. Cells will 
be culturedwith incomplete medium: high-glucose Dulbecco’s modified Eagle’smedium 
(HDMEM, 25 mmol/L glucose),2 mmol/L L-glutamine at 37 °C and 5% CO2.All reagents 
will be purchased from Gibco (Carlsbad, CA, USA). Cellsat passages 26–35 will be used for 
all experiments. 
 
Animal model 
Five-to-six weeksold, male Swiss albino mice (70 ± 8 g) will be obtained. After a 1-week 
acclimation period, the animals will be weighed and measured, and randomly dividedinto two 
groups: those receiving normal control diet (n = 20), andthose receiving a high-fat diet (HFD, 
n = 20).HFD mice will receive a HFD (Research Diets;D12492; 60% calories from fat, 20% 
calories from protein, 20% calories from carbohydrate) for 8 weeks, to induce obesity. Diet-
induced obesity isdefined as an average increase, above control, in weight and Lee’sindex 
(Wei et al., 2011) [Lee’s index = body weight (g)1/3 × 103/body length (cm)] of 15% and 
1.5%, respectively. Animals will be housed, five mice per cage, in a temperature- and 
humiditycontrolledroom (20 ± 26 °C, 40–60% humidity), with a set 12-hourlight–dark cycle. 
The body weight and length will be recorded once per week for the duration of the study. 
 
Serum glucose , lipid and insulin measurements: 
 
Mice blood samples will be prepared by venous sampling. Serum glucose and lipid will be 
measured by Onetouch Ultra blood glucose monitoring system (LifeScan,Milpitas, USA) and 
automatic biochemistry analyzer, respectively. Serum insulin was measured by insulin 
ELISA kit (Linco, St Charles, USA). 
 
Dose and time kinetics in the dysfunction of β cells 
 
The β cells will be cultured and subjected to different doses of Fetuin-A (1µg/ml, 2µg/ml, 
4µg/ml,10 µg/ml,20µg/ml) and at different times(2h, 6h,10h, 14h, 20h, 24h, 30h, 36h, 40h, 
48h) to study the dose-dependant and time-dependant β-cell dysfunction in-vivo and in-vitro. 
 
β cell isolation 
 
Briefly, at the end of treatment (8 weeks), mice from the control and HFD group will 
anesthetized by injection. Collagenase solution (0.5 mg/ml) will  be injected through the 
common bile duct. The expanded pancreatic islet will be then then isolated,put into culture 
flask with 6 ml Krebs solution, and digested at 38 C for 10 min. The liquid will be sifted by 
passing through a stainless steel net (600 mm), and then ice-cold Krebs solution will be added 
to stopthe digestion. The mixture will be centrifuged at 250 g for 1 min at 4 C, and the 
supernatant will be discarded. This process will be repeated twice. The precipitate will be 



resuspended in 25%Ficoll solution in a centrifuge tube, and then 23%, 20%, and 11% Ficoll 
solutions will be added carefully on top of each previous layer. After being centrifuged at 500 
g for 15 min at4C, the interface between 23% and 20% Ficoll solutions orbetween 20% and 
11% Ficoll solutions will be obtained andwashed three times with Krebs solution. The 
obtained pancreaticislet will be identified by dithizone. 
 
Protein extraction and western blotting 
 
Whole cell extracts will be prepared for respectiveWestern blot analysis .Islets  isolated from 
each mice  pancreaswill be  washed twice withPBS and lysed in radioimmune precipitation 
assay buffer containing50mM Tris (pH 7.4), 150mM NaCl, 1% Triton X-100, 1% sodium 
deoxycholate, and 0.1% SDS with protease inhibitors on ice for 30 min. Protein 
concentrations will be estimated by the Lowry’s method . Ninety micrograms of protein 
samples will be separatedvia SDS–polyacrylamide gel and transferred to polyvinylidene 
difluoride (PVDF) membranes (Sigma). Membranes will be blockedwith 5% fat-free milk in 
Tris-buffered saline solution (TBS) containing0.1% Tween-20 and incubated overnight at 4 
°C with anti-TLR4(SC-16240, Santa Cruz), anti-GRP40 (sc-32905, Santa Cruz), anti- 
PDX-1 (sc-47267, Santa Cruz), anti-p-JNK (4671, CST), anti-p-NF-κB p65 (sc-135768, 
Santa Cruz), anti-cleaved caspase-3 (sc-7272,Santa Cruz) or anti-β-actin antibody (sc-47778, 
Santa Cruz). Then the membranes will be incubated with Horseradish peroxidase–labeled 
secondary antibody (1:1000) for 3 h at room temperature. Protein signals will be visualized 
using the enhanced chemiluminescencedetectionsystem.  
 
 
 
 

 
Apoptosis analysis by TUNEL analysis and flow cytometry 
 
The TUNEL will be done by Dead-EndTM Fluorometric TUNEL System(Promega, 
Madison, Wisconsin). PI stains both apoptotic andnonapoptotic cells red. Fluorescein-12-
dUTP incorporation resultsin localized green fluorescence within the nucleus of apoptotic 
cellsonly. Islet cells will be seeded in 6-well plates and treated as indicated. The cells will be 
collected after digestion with 0.25% EDTA-free trypsin and centrifuged at 10,000 rpm for 5 
min. The cell pellet will then be then washed twice with cold PBS, and the AnnexinV-
FITC/PI Apoptosis Detection Kit (BD Biosciences) will beused to assess cell death. The cells 
will be harvested by centrifugation, and labeling will be carried out by serial addition of 
Annexin V and PI in the dark, according to the manufacturer’s instructions. Cell apoptosis 
will beanalyzed on a Cytomics™ FC500 Flow Cytometer(Beckman Coulter, Brea, CA, 
USA). Annexin V-FITC(+)/PI(−) cells will be scored as apoptotic, and Annexin V-
FITC(+)/PI(+) (double stained) cells will be considered either necrotic or late apoptotic. 
 
Protein inhibitors intervention 
 
To observe the effect of TLR4, JNK, and NF-κB activity on thelipotoxicity effect of PA + 
FetA in β-cell, β cells will be culturedin 6-well plates with incomplete medium (HDMEM + 2 
mmol/L L-glutamine) until the cells reach 60% confluence, andthen they will be pre-treated 
with 3 µmol/L TLR4 inhibitor (CLI-095, dissolvedin 0.1% DMSO (v/v); Sigma–Aldrich), 25 
µmol/L JNK inhibitor(SP600125, dissolved in 0.1% DMSO (v/v); Sigma–Aldrich) or 20 
µmol/L NF-κB inhibitor (PDTC, dissolved in 0.1% DMSO (v/v);Sigma–Aldrich) with 



HDMEM + 2 mmol/L L-glutamine respectivelyfor 24 h. After reaching 60% confluency the 
medium will be removed and the cells will be washedtwice with PBS. Then the cells will be 
exposed in 0.5 mmol/L PA + 20 µg/MlFetA + 3 µmol/L CLI-095 (or 25 µmol/L SP600125 or 
20 µmol/L PDTC)in HDMEM without FBS or BSA for 24 h. Cells exposed to medium alone 
will be used as control. 
 
Glucose stimulated insulin secretion (GSIS) 
 
β cells will be seeded in 6-well plates and treated as indicatedabove.Then cells will be 
washed twice with glucose-freeKrebs–Ringer bicarbonate buffer (KRBB) (pH 7.4) and pre-
incubatedat 37 °C for 30 min with the glucose-free KRBB. Cells will bethenwashed once 
with glucose-free KRBB and incubated for 60 min at37 °C in KRBB containing 0 or 20 
mmol/L glucose. Aliquots of supernatantwere collected and stored at 20 °C for insulin 
determination by ELISA kit (Cusabio, intra- and interassay coefficientsof variation of <8% 
and <10%, respectively). 
 
Immunohistolochemistry 
 
The pancreas will be isolated from both the control and HFD groups. The pancreas will be 
fixed in Bouin’s fluid followed by dehydration in ascending grades of alcohol. Paraffin 
embedded tissues will be cut at appropriate thickness using a Microtome and affixed on glass 
slides for further observation. The sections will be deparaffinised in xylene and rehydrated 
with descending grades of alcohol.For immunohistochemicallabeling, tissue sections will be 
sequentially treated with blocking solution (1–2 h), incubated in primary antibodies overnight 
(4°C), and incubated with appropriate Alexafluor-conjugated secondary antibodies (1–2 h) 
the following day . Draq5 (Biostatus Limited) at 1:3000 dilution will be used as a nuclear 
counterstain. Immunofluorescentlylabeled M1 and M2 cells will be quantified under high-
power magnification with wide field-fluorescence. Macrophage specificity will be confirmed 
by double labelling with macrophage markers (tomato lectin) and M1 or M2 markers. 
 
Transwell system of co-culture 
 
Indirect co-cultures will be performed using adipocytes in 0.4 µm pore size cell culture 
inserts and then place them in 6-well plates containing β cells. Co-cultures will be incubated 
for 6 hr with or without FA and then the  
 
Cell migration assay 
 
The RAW264.7 cell migration assay was performed in a Boyden chamber system (Millipore 
QCM 24-well colorimetric cell migration assay kit) by the addition of FetAtreated β cells in 
the lower chamber.  
 
ELISA 
 

Cytokine levels will be measured in the cell culture medium from both control and 
FA treated β cells using TNFα and IL-6 ELISA kits and FetA ELISA kits following 
manufacturer’s protocol. 
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