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tissue. 
 
 
 
Incidence of type 2 diabetes (T2D) is dramatically increasing in the past few decades and 

currently affecting more than 382 million people and by 2035 this may rise up to 592 million 

over the globe according to ADA, 2016. T2D is the epidemic disease and not type I diabetes 

(T1D), among the diabetic patients 95-97% are T2D while only 3-5% are T1D (Zimmet et 

al., 2001). Primary reason for which T2D occurs is the excess accumulation of lipid. It is the 

lipid that affects insulin resistance, induces inflammation and finally associates inflammation, 

immunity to affect loss of insulin sensitivity, a stage which occupies the centre of 

pathogenesis in T2D (Boden et al., 1999, Lumeng et al., 2011, Rosen et al., 2014). We are 

now aware that almost all crucial chronic diseases are inflammatory in nature. In this 

scenario, it is intriguing to note that adipocytes are the major cells in adipose tissue, there are 

other cells too, but these are the cells which could uptake lipid, store them and metabolize 

them for energy yield. In addition, these cells are now considered to be the most dynamic 

cell, a cell with limited space for cytoplasmic organelles could secrete 347 proteins, many of 

them are associated with the regulation of critical metabolic disorders such as type 2 diabetes, 

atherosclerosis, cardiac problems, etc(Lehr et al., 2011). Several reports in this direction 

indicated that excess lipid cause adipose tissue inflammation which is now considered as a 

major cause for insulin resistance and type 2 diabetes(Glass et al., 2012, Gregor et al., 2011, 

Johnson et al., 2013). However, how excess lipid cause adipose tissue inflammation that 

leads to their dysfunction is an interesting problem which still remains unresolved. 

 
Interestingly, recruitment and accumulation of a considerable amount of macrophages 

in adipose tissue greatly contributes to their inflammation which is due to the polarization of 

proinflammatory M1 phenotype from anti-inflammatory M2 subtype (Lumeng et al., 2007, 

Lumeng et al., 2007). One can imagine the peak inflammatory status when both adipocytes 

and macrophages are cohabitants and releasing inflammatory cytokines which inflicts crucial 

metabolic disorders. It has been reported that inflamed adipocyte secretes variety of negative 

signals which augments insulin resistance that leads to T2D. One of such signals is MCP-

1(Monocyte chemoattractant protein 1) which is a potent chemoattractant for macrophage 



towards adipose tissue (Kanda et al., 2006). One of the previous report (Chatterjee et al., 

2013) demonstrated that lipid induced release of an acute phase protein i.e. Fetuin-A (FetA) 

 

from adipocytes could attract macrophage towards adipocytes and cause polarization of 

macrophages. The exact regulatory mechanism behind the macrophage migration and 

polarization in the ambiance of these endocrine cells remains yet unclear, primarily because 

of the lack of identification of signal(s) or factor(s), which appears to be originated from 

inflamed adipose tissue ambience. In the present proposal, I will address the mechanistic 

aspects of macrophage contribution to adipose tissue inflammation that ultimately produce 

insulin resistance. 
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Adipose tissue inflammation is currently regarded as the prime factor driving insulin 

resistance. Nevertheless, the mechanisms are not fully understood. One of the key signalling 

pathways related to tissue inflammation involves NLRP3 inflammosome (Abderrazak et al., 

2015, Jo et al., 2015). The activation of NLRP3 by various obesity related danger signals and 

its corresponding downstream signalling effects leading to adipose tissue inflammation needs 

to be investigated. 

 
Infiltration of macrophages and their polarisation from M2 to M1 (Weisberg et al., 

2003, Xu et al., 2003, Thomas et al., 2017, Morinaga et al., 2012) severely increases 

inflammatory burden of adipose tissue which significantly contribute to insulin resistance and 

thus leads to T2D. Although there are several reports demonstrated the release of negative 

signals from inflamed adipose tissue like MCP1 and FetA that cause macrophage infiltration 

and polarisation, the regulation of this polarisation is still a shaded area. 

 
In inflamed adipose tissue both adipocyte and macrophage secrete negative signals 

which causes insulin resistance. But their individual contribution is still unclear. Besides 

,how the negative signals secreted by the inflamed adipose tissue (both adipocyte and 

macrophage)is related to the impairment of insulin sensitivity is an important subject of 

investigation where further research is necessary. 

 
 
 
 

There are few reports involving inflammatory signalling pathway in macrophage 

during hyperlidemic environment (Coenen et al., 2007) but which signalling pathway plays 

the major role in macrophage inflammation is unknown and needs to be answered. Moreover 
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how ATM (adipose tissue macrophage) can be modulated to protect against the 

metabolic effects of obesity is poorly known. 
 
 
 
 
 
 
 
 
 
 
 

 

Objectives : 
 
 
 
1. To investigate the activation of NLRP3, one of the key inflammatory signalling 

pathway in adipocytes under hyperlipidemic condition. 
 
 

2. To determine the interactions between adipocyte and macrophages in inflamed 

adipose tissue to cause insulin resistance. It is also crucial to elucidate the major molecular 

signalling pathway involved in macrophage inflammation. 
 
 

3. To investigate the effect of different plant derived and/or other molecules that can 

inhibit ATM infiltration and polarisation from M2 to M1 in inflamed adipose tissue and 

enhance insulin sensitivity 
 
 
 
 
 

 

Methodology : 
 

I. Models of study: The study will be conducted in different models as mentioned below 
 
 
 
 
 

(i) Animals – Adult normal healthy male BALB/c mice would be conditioned with 

a 12 h light/12 h dark cycle at 23 ± 2°C and relative humidity 55 ± 5% along 

with access to standard diet ad libitum. A subset of control BALB/c mice 

would be reared on high-fat-diet (HFD) for 12 weeks to render them insulin 

resistant(Bhattacharya  et  al.,  1976,  Pal  et  al.,  2012).  Besides,  genetically 

modified strains of mice established as obese and type 2 diabetic models viz. 

db/db mice would also be considered for study.  Body fluids and tissues, 
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visceral adipose tissue would be obtained from the animals. Animal handling, 

maintenance and experiments would be performed following approval and 

guidelines prescribed by the Institutional Ethics Committee. 

 
(ii)  Primary culture – Adipocytes would be isolated from animal models and 

 
cultured in vitro following our earlier method.

[14]
 In brief, adipose tissue 

would be rinsed with sterile 0.9% NaCl and thoroughly washed in HBSS 

supplemented with 5.5 mM glucose. Adipose tissue would be then digested in 

HBSS buffer containing 5.5 mM glucose, 5% fatty acid-free BSA, and 3.3 mg 
 

ml
-1

 of type II collagenase for 30 min at 37 °C. The digestion mixture would 

be passed through tissue sieve and adipocytes suspended in serum-free 

DMEM. Finally the cells would be plated in 6-well culture plates in 

humidified 5% CO2 at 37 °C. Macrophages would be isolated from peritoneal 

fluid and cultured in serum-free RPMI in 6-well culture plates in humidified 

5% CO2 at 37 °C. 

 
(iii)  Cell lines – Mice macrophage cell line RAW264.7, mice 3T3-L1 

preadipocytes, human THP1 monocytic cell line differentiated before 

treatment etc. would also be used for study. 

 
 

I. Treatments: To create an insulin resistant model, the control mice would be 
 

fed high-fat-diet (HFD) for 12 weeks as earlier done by us.
[4,14]

 The HFD 

consists of 32.5% lard, 32.5% corn oil, 20% sucrose, and 15% protein whereas 

standard diet consists of 57.3% carbohydrate, 18.1% protein, and 4.5% fat. The 

energy content of standard diet is 15 kJ/g and HFD is 26 kJ/g. All cell culture 

treatments would be conducted in serum-starved condition. Treatments with 

palmitate, Fetuin-A, SIRT1 and several inhibitors and other chemicals would be 

carried out. Various short-interfering siRNA and vector transfections would be 

performed using Lipofectamine 2000 (Invitrogen) following the manufacturer’s 

protocol. 

 
 

II. 2-deoxyglucose uptake: Isolated adipocytes and skeletal muscle cells would be 

incubated in Krebs-Ringer phosphate buffer supplemented with 0.2% BSA 

followed by 30 min of incubation in the presence of insulin (100 nM). [
3
H]-2- 
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deoxyglucose (0.4 nmol/ml) would be added to each incubation 5 min before 

the termination of incubation. Cells would then be washed three times with ice-

cold Krebs buffer in the presence of 0.3 mM phloretin. The cells would be 

solubilized with 1% NP-40 and [
3
H]-2-deoxyglucose would be measured in 

liquid scintillation counter. 
 

 

III. [
14

C]-Palmitate uptake: Adipocytes without or with fetuin-A would be 

incubated with 1 µCi/mol [
14

C]-Palmitate for 3 h. Cells would be washed three 

times with ice-cold Krebs-Ringer phospahe buffer. Cells would be solubilized 
 

with 1% NP-40 and [
14

C]-palmitate would be measured in liquid scintillation 

counter. 
 

 

IV. Transwell system of co-culture: In order to simulate the microenvironment 

that exists during inflammatory condition, indirect co-culture would be 

performed in vitro using transwell system (Thermo Nunc). Macrophages would 

be seeded on the bottom whereas adipocytes would be cultured onto the 

membrane of transwell cell culture inserts. Co-cultures would be treated as 

required and the media and/or cell lysates would then be finally analyzed for 

gene/protein expressions (Chatterjee et al., 2012) 

 
 
 
 

V. Cell migration assay: Macrophage cell migration assay would be performed in 

Boyden chamber system (Millipore QCM 24-well colorimetric cell migration 

assay kit). Addition of fetuin-A, and other chemoattractants and 

cytokines/chemokines would be done in the lower chamber. After the required 

period of incubation, the cells would be stained and photographed. The 

absorbance would be then measured in 96-well microplate reader (Chatterjee et 

al., 2012) 

 
 
 

VI. ChIP assay: Chromatin Immunoprecipitation would be performed by using 

ChIP assay kit (Upstate) in human/mice adipocytes by using anti-NF-κBp65 

and species-specific fetuin-A promoter sequence. PCR products would be 
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resolved in ethidium bromide-stained 1.5% agarose gel, and image captured in 

Bio-Rad gel documentation system. 

 

 

VII. Immunofluorescence: Paraformaldehyde-fixed cells would be incubated with 

respective primary antibodies followed by incubation with FITC-conjugated 

secondary antibody for 2 h. Cells would be mounted in DAPI mounting 

medium for nuclear staining if required. Immunofluorescence would be seen 

with a fluorescence microscope (Lumeng et al.,2007). 

 

 

VIII. Protein estimation: The protein content of tissue extracts, cell lysates and 

media would be determined by the method of Lowry et al. 

 
 
 
 
 
 

 
IX. Immunoblotting: Protein content (50 µg) from tissue extracts, cell lysates and 

media would be resolved by SDS-PAGE and then transferred on to PVDF 

membranes (Millipore) using Semi-Dry Trans-Blot
®

 Apparatus (Bio-Rad 

Laboratories). The membranes would be then incubated with primary 

antibodies followed by secondary antibody conjugated to alkaline phosphatase 

and also horse redox peroxidase. Protein bands would be detected by using 

BCIP (5-bromo-4-chloroindol-3-yl phosphate)/NBT (nitro blue tetrazolium) 

and also Luminol. 

 
X. Reverse-transcription PCR (RT-PCR) and real-time PCR: Total RNA 

would be extracted from different incubations using TRI Reagent (Sigma) or 

RNeasy Lipid Tissue Mini Kit (Qiagen) according to manufacturer’s 

instructions. RT-PCR would be carried out using first–strand cDNA synthesis 

kit (Fermentas). Gene expression would be further validated by SYBR green 

based quantitative real-time PCR (Applied Biosystems) by using gene-specific 

primers. The housekeeping gene, gapdh (glyceraldehyde-3-phosphate 

dehydrogenase) would be simultaneously amplified in separate reactions for 

correcting the Ct value. 
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XI. ELISA: Various proinflammatory macrophage M1 markers (TNFα, IL-6, IL-1β 

etc.) and anti-inflammatory macrophage M2 markers (IL-10 etc.), fetuin-A, 

other signaling molecules would be measured in cell culture media or lysates or 

tissue extracts by enzyme-linked immunosorbent assay using ELISA kits (Ray 

Biotech) according to manufacturer’s instructions. 

 
XII. FACS: M1 macrophages would be labeled using CD11c antibody (BD 

Pharmingen) or with their isotype control (Santacruz Biotechnology) for 30 min 

at 4°C. After washing with PBS, the labeled cells would be analyzed by flow 

cytometry using a BD FACSAria™ II and FACS Diva Software. Similarly, 

macrophages would be labeled for other cell surface markers. 

 
XIII. Immunohistochemistry : 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 immunohistochemical labeling, tissue sections will be 

sequentially treated with blocking solution (1–2 h), incubated in primary antibodies 

overnight (4°C), and incubated with appropriate Alexa fluor-conjugated secondary 

antibodies (1–2 h) the following day. Draq5 (Biostatus Limited) at 1:3000 dilution 

will be used as a nuclear counterstain. Immunofluorescently labeled M1 and M2 

cells will be quantified under high-power magnification with wide field-

fluorescence (Lumeng et al., 2007). Macrophage specificity will be confirmed by 

double labelling with macrophage markers (tomato lectin) and M1 or M2 markers 

(TNFα, IL-6, MCP-1 and PPARγ, 1L-10 respectively) 

 
XIV. Statistical Analysis : Data will be analyzed by one-way analysis of variance 

(ANOVA) where the F value indicated significance, means will be compared 

by a post hoc multiple range test. All values will be represented as mean ± SEM 

taking P<0.05 as threshold of significance 
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