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inTroDucTion

Obese individuals can be metabolically healthy or can suffer 
from various co‑morbidities such as type 2 diabetes (T2D), 
insulin resistance, and cardiovascular disorders or 
dyslipidemia.[1‑5] In particular, accumulation of  fat in 
visceral tissue is considered a risk factor for obesity‑related 
complications.[1,6,7] The obesity‑related metabolic 
complications like T2D and insulin resistance possibly arise 
due to incorrect fat storage and processing in the adipose 
tissue, leading to increased circulatory free fatty acids 
and their uptake by non‑adipose tissues.[1] Understanding 
the role of  visceral fat accumulation in the occurrence 
and progression of  metabolic syndrome constitutes an 
important area of  investigation.[8]

Gene expression profiling provides an unbiased approach to 
identify dysregulated genes in one condition versus the other. 
Differential expression of  genes between two conditions 
may reflect the underlying differences in biological pathways. 
In order to understand the difference between visceral tissue 
biology of  healthy and unhealthy obese individuals, we 
have used microarray profiling to compare genome‑wide 
expression differences between visceral adipose tissue 
biopsies obtained from obese diabetics, and those from 
age and body mass index (BMI) matched normal glucose 
tolerance subjects. The waist to hip (W:H) ratio between 
the two groups was not matched, with diabetics showing 
a higher ratio. Our study was thus focused on separating 
diabetes from obesity irrespective of  fat distribution. All 
individuals subjects who participated in our study were 
from North India. Also, we selected only female subjects in 
order to avoid the influence of  gender on gene expression.

maTerialS anD meThoDS

Study subjects
Five T2D patients and five age‑matched controls with 
normal glucose tolerance and no family history of  diabetes, 
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A B S T R A C T
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undergoing cholecystectomy under general anesthesia, were 
recruited for this study. The inclusion criteria were females 
with BMI >30 kg/m2 and age >55 years. The exclusion 
criteria were subjects on metformin and pioglitazone, or 
having active infection, and malignancy. The study protocol 
was approved by the ethics committee of  SMS Medical 
College, Jaipur, India. Written consent was obtained from 
all the participants.

Clinical and biochemical assessment
Apart from routine clinical assessment, BMI and W:H 
ratio were measured for all participants. The biochemical 
parameters measured included blood glucose, 2 h glucose 
tolerance test (GTT) with 75 g of  glucose in control 
subjects, lipid profile, fasting insulin, and free fatty acid 

level. Biochemical investigation was done on Kopran 
AU400 autoanalyzer. Kits supplied by Randox were used 
for estimation of  free fatty acid. DPC Immulite 2000 
chemiluminescence analyzer was used for estimation of  
insulin.

Adipose tissue biopsy
Visceral adipose tissue biopsies were taken from omentum. 
The tissues were immediately stored in RNA later 
solution (Qiagen, USA).

Microarray hybridization
Total cellular RNA was isolated from adipose tissue using 
Ribopure (Ambion, USA). RNA was reverse transcribed 
using poly‑dT primer, followed by second strand 
synthesis. Finally, after several rounds of  amplification, 
digoxigenin (DIG)‑labeled cRNA was produced using the 
Applied Biosystems (USA) Chemiluminescent RT‑IVT 
labeling kit. Applied Biosystems Human Genome 
Survey Microarray V2.0 containing 32,878 probes 
representing 29,098 genes was used for hybridization. 
The labeled DIG‑cRNA (10 µg per microarray) was 
injected into each microarray hybridization chamber. 
Following hybridization at 55°C for 16 h, the unbound 
material was washed from the microarrays. Features 
that retained bound DIG‑labeled cRNA were detected 
using the Applied Biosystems Chemiluminescence 
Detection Kit in conjunction with Applied Biosystems 
1700 Chemiluminescent Microarray Analyzer. The 
microarray data have been submitted in Gene Expression 
Omnibus (GEO; GSE16415).

Expression data analysis
The raw data files of  the above GEO record (GSE16415) 
were preprocessed by extracting probe ID and signal 
value, with signal by noise value greater than 3 for all 
10 samples (GSM412607, GSM412608, GSM412609, 
GSM412610, GSM412611, GSM412612, GSM412613, 
GSM412614, GSM412615, GSM412616). The common 
probe among all 10 samples was normalized by quantile 
normalization method using R programming (R 2.7.2). 

Table 1: General characteristics and biochemical parameters in participating subjects
Diabetics Controls T value Significance level

Age (in years) 65.2±5.718 62.04±6.768 0.707 0.50
W:H ratio 0.988±0.031 0.844±0.068 4.30 0.0026
BMI (kg/m2) 31.090±1.282 31.526±0.482 0.712 0.50
Glucose (mg/dl) 162±53.5 87±14.4 3.03 0.016
Insulin (µIU/ml) 26.7±14.3 12.7±6.44 2.00 0.080
Triglyceride (mg/dl) 237±114 148±63.7 1.53 0.17
LDL cholesterol (mg/dl) 156±41.5 125±31.8 1.33 0.22
HDL cholesterol (mg/dl) 37.7±3.71 41.5±1.68 1.68 0.13
VLDL cholesterol (mg/dl) 47.4±22.9 29.6±12.7 1.53 0.17
FFA (mmol/l) 1.39±0.566 0.987±0.328 1.41 0.19

BMI: Body mass index, LDL: Low density lipoprotein, HDL: High density lipoprotein, VLDL: Very low density lipoprotein, FFA: Free fatty acid

Table 2: List of differentially expressed genes
Gene symbol Gene name
Upregulated

AIF1 Allograft inflammatory factor 1
ASRGL1 Asparaginase like 1
C11orf24 Chromosome 11 open reading frame 24
C1QC Complement component 1, q subcomponent, C chain
DGKZ Diacylglycerol kinase, zeta
FCER1G Fc fragment of IgE, high affinity I, receptor for; 

gamma polypeptide
GREM1 Gremlin 1
TMEM176A Transmembrane protein 176A
HCST Hematopoietic cell signal transducer
IFITM2 Interferon‑induced transmembrane protein 2
IFITM3 Interferon‑induced transmembrane protein 3
LIMK1 LIM domain kinase 1
PLIN3 Perilipin 3
NEK6 NIMA (never in mitosis gene a)‑related kinase 6
PLAC8 Placenta‑specific 8
PYCARD PYD and CARD domain containing
TYROBP TYRO protein tyrosine kinase binding protein
VAMP8 Vesicle‑associated membrane protein 8
DCTPP1 DCTP pyrophosphatase 1

Downregulated
AACS Acetoacetyl‑CoA synthetase
C6 Complement component 6
FADS1 Fatty acid desaturase 1
ACSS3 Acyl‑CoA synthetase short‑chain family member 3
SCD Stearoyl‑CoA desaturase
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The normalized data was checked using boxplot in R. 
Significance Analysis of  Microarray (SAM 3.02) was used 
to identify differentially expressed genes. In SAM analysis, 
the settings used included two classes unpaired response, 
T statistics and hundred permutations. Genes with 0% 
False Discovery Rate (FDR) were used for enrichment 
analysis using DAVID.[9,10] Kyoto Encyclopedia of  Genes 
and Genomes (KEGG; http://www.genome.jp/kegg/) 
was used for visualizing genes in pathways.

reSulTS

Subject characteristics are shown in Table 1. The subjects 
were well matched for BMI and age. Consistent with 
the study design, all measures of  insulin response were 
significantly different between the diabetic and control 
groups. In the microarray analysis, visceral adipose 
from T2D obese patients exhibited 19 upregulated 
and 5 downregulated genes [Table 2]. The upregulated 

genes showed enrichment for the KEGG pathway 
of  natural killer cell mediated cytotoxicity (P = 0.01) 
and for the gene ontology (GO) biological process 
immune response (P = 0.03). In the downregulated 
genes, the KEGG pathway of  biosynthesis of  
unsaturated fatty acids (P = 0.01) was enriched. The 
GO processes enriched in this gene set included 
fatty acid metabolic process (P = 0.0006), fatty acid 
biosynthetic process (P = 0.01), response to organic cyclic 
substance (P = 0.02), response to nutrient (P = 0.03), 
carboxylic acid biosynthetic process (P = 0.03), organic 
acid biosynthetic process (P = 0.03), response to 
nutrient levels (P = 0.03), and response to extracellular 
stimulus (P = 0.04). The upregulated genes in natural killer 
cell mediated cytotoxicity pathway included FCER1G, 
HCST, and TYROBP [Figure 1]. The downregulated 
genes in biosynthesis of  unsaturated fatty acids pathway 
included SCD and FADS1 [Figure 2].

Figure 1: Genes in natural killer cell mediated cytotoxicity pathway. Upregulation of FCER1G, HCST, and TYROBP is indicated in red color in KEGG pathway
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DiScuSSion

The most significant finding of  our genome‑wide 
expression analysis of  visceral adipose from BMI‑matched 
normal and diabetic subjects is differential expression of  
genes over‑representing two pathways. Whereas genes 
upregulated in diabetics enrich natural killer cell mediated 
cytotoxicity, the downregulated genes show enrichment of  
biosynthesis of  unsaturated fatty acids. Given that BMI 
was matched whereas W:H ratio between the two groups 
was not matched, with diabetics showing a higher ratio, 
the above result essentially separates diabetes from obesity 
irrespective of  fat distribution.

Adipose tissue inflammation is known to underlie the 
pathogenesis of  obesity‑related metabolic disorders including 
diabetes.[11‑13] Besides adipocytes, adipose tissue comprises 
various types of  immune cell types such as natural killer 

cells.[12,13] Infiltration of  leukocytes, including natural killer 
cells, has been found to be particularly higher in visceral 
adipose tissue of  obese individuals.[13] Recent findings 
implicate infiltrate natural killer cells in adipose tissue 
inflammation.[12‑14] Our results showing enrichment of  natural 
killer cell mediated cytotoxicity pathway in genes upregulated 
in diabetics are consistent with the above findings.

Fatty acids in human adipose tissue, including visceral adipose, 
are derived from both endogenous and dietary sources.[15‑17] 
Whereas saturated fatty acids have been associated with 
increased cardiometabolic risk, various unsaturated fatty 
acids are considered to protect against it.[17] Decrease in 
adipose tissue levels of  these unsaturated fatty acids has 
been suggested to underlie development of  obesity‑related 
diseases.[17] Our finding of  downregulated genes enriched 
in biosynthesis of  unsaturated fatty acids in diabetes is 
consistent with the existing evidence.

Figure 2: Genes in biosynthesis of unsaturated fatty acids pathway. Downregulation of SCD and FADS1 is shown in green color in KEGG pathway



Mathur, et al.: Analysis of visceral adipose

Indian Journal of Endocrinology and Metabolism / May-Jun 2013 / Vol 17 | Issue 3450

Given the known inhibitory effect of  unsaturated fatty 
acids on inflammation and natural killer cell number or 
activity,[18‑22] the present transcriptomic results showing 
upregulation of  natural killer cell mediated cytotoxicity and 
downregulation of  biosynthesis of  unsaturated fatty acids in 
diabetes together seem intuitive. Cumulatively, our finding 
links diabetes with visceral inflammation resulting from 
decreased levels of  unsaturated fatty acids in visceral tissue.

concluSion

Genome level expression analysis of  visceral adipose from 
healthy and diabetic obese links decreased biosynthesis 
of  unsaturated fatty acids and increased natural killer cell 
mediated cytotoxicity with the latter. Visceral inflammation 
resulting from decreased levels of  unsaturated fatty acids 
may underlie progression of  diabetes in obese individuals.
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