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Abstract
AIM: To compare resistin mRNA expression in subcuta-
neous adipose tissue (SAT) and its correlation with in-
sulin resistance (IR) in postmenopausal obese women.

METHODS: A total of 68 postmenopausal women (non 
obese = 34 and obese = 34) were enrolled for the 
study�. The women of the two groups were age matched 
(49-70 y�ears). Fasting blood samples were collected 
at admission and abdominal SAT was obtained during 
surgery� for gall bladder stones or hy�sterectomy�. Phy�si-
cal parameters [age, height, weight, body� mass index 
(BMI)] were measured. Biochemical (plasma insulin and 
plasma glucose) parameters were estimated by� enzy�-
matic methods. RNA was isolated by� the Trizol method. 

SAT resistin mRNA expression was done by� real time- 
reverse transcription poly�merase chain reaction (RT-PCR) 
by� using Quanti Tect SYBR Green RT-PCR master mix. 
Data was analy�zed using independent Student’s t  test, 
correlation and simple linear regression analy�sis.

RESULTS: The mean weight (52.81 ± 8.04 kg vs  79.56 
± 9.91 kg; P < 0.001), BMI (20.23 ± 3.05 kg/m2 vs  
32.19 ± 4.86 kg/m2; P  < 0.001), insulin (8.47 ± 3.24 
μU/mL vs  14.67 ± 2.18 μU/mL; P  < 0.001), glucose 
(97.44 ± 11.31 mg/dL vs  109.67 ± 8.02 mg/dL; P  < 
0.001) and homeostasis model assessment index (2.01 
± 0.73 vs  3.96 ± 0.61; P < 0.001) were significantly 
higher in postmenopausal obese women compared to 
postmenopausal non obese women. The mean serum 
resistin level was also significantly higher in postmeno-
pausal obese women compared to postmenopausal non 
obese women (9.05 ± 5.15 vs  13.92 ± 6.32, P  < 0.001). 
Furthermore, the mean SAT resistin mRNA expression 
was also significantly (0.023 ± 0.008 vs  0.036 ± 0.009; 
P  < 0.001) higher and over expressed 1.62 fold (up-
regulated) in postmenopausal obese women compared 
to postmenopausal non obese women. In postmeno-
pausal obese women, the relative SAT resistin mRNA 
expression showed positive (direct) and significant 
correlation with BMI (r  = 0.78, P  < 0.001) and serum 
resistin (r  = 0.76, P  < 0.001). Furthermore, the SAT 
resistin mRNA expression in postmenopausal obese 
women also showed significant and direct association 
(r  = 0.45, P  < 0.01) with IR, while in postmenopausal 
non obese women it did not show any� association (r  = 
-0.04, P > 0.05). 

CONCLUSION: Increased SAT resistin mRNA expres-
sion probably� leads to inducing insulin resistance and 
thus may� be associated with obesity�-related disorders 
in postmenopausal obese women.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Obesity is one of  the most common metabolic disorders 
in developing countries and is characterized by a reduc-
tion in insulin sensitivity, both in animal models and in 
humans[1]. The incidence of  obesity worldwide has in-
creased drastically during recent decades. Consequently, 
obesity and associated disorders now constitute a serious 
threat to the current and future health of  the popula-
tion. The World Health Organization (WHO) estimates 
that more than 1 billion adults worldwide are overweight, 
300 million of  whom are clinically obese, defined as hav-
ing a body mass index (���) equal to or greater than ���(���) equal to or greater than ���equal to or greater than ��� 
kg/m2[2]. Obesity is associated with an array of  additional 
health problems, including increased risk of  insulin re-
sistance, type 2 diabetes (T2D), fatty liver disease, ath-
erosclerosis, degenerative disorders including dementia, 
airway disease and some cancers[�]. The molecular mecha-
nisms involved in obesity-related insulin resistance are 
not yet well understood.

Postmenopausal obese women may be at increased 
risk for metabolic syndrome (�etS) because of  the in-
crease in total and central adiposity after menopause tran-
sition[4]. The emergence of  these risk factors may be a 
direct result of  ovarian failure or alternatively an indirect 
result of  metabolic consequences of  central fat redistri-
bution with estrogen deficiency[5]. Adipose tissue is an ac-
tive metabolic tissue that secretes multiple metabolically 
important proteins known as “adipokines” (leptin, adipo-
nectin, tumor necrosis factor (T��)-T��)-)--α, interleukin (��)��))-6 
and resistin etc.)[6,7]. These adipocyte derived products are 
presently subject to intensive research concerning their 
involvement in the regulation of  adipose tissue physiol-
ogy and in particular their potential implication in insulin 
resistance (�R), obesity and diabetes[8,9].

Plasma concentration of  resistin is elevated in obesity 
compared to a healthy person. �n humans and rodents, 
plasma resistin concentrations are positively correlated 
with ���[1��]. �t is well documented that accumulation of  
visceral fat is associated with a higher risk for develop-
ment of  obesity-related diseases such as T2D, cardio-
vascular disease, hypertension and hyperlipidemia[11,12]. 
However, the role of  subcutaneous adipose tissue (SAT)(SAT)SAT)) 
dysregulation could be a potential mechanism but its role 
in the pathogenesis of  MetS has been conflicting[1�]. The 
SAT, which comprises approximately 8��% of  adipose tis-
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sue and the major source of  fatty acids for the liver, has 
metabolically correlated to indices of  insulin resistance as 
well as to visceral adipose tissue (VAT)[14-17].

�n addition to intra-abdominal fat, Salmenniemi et 
al[18] have shown that the amount of  SAT in subjects with 
�etS positively correlates with increasing �etS and nega-
tively correlates with circulating adiponectin levels. Carr 
et al[19] have also reported that SAT is significantly associ-
ated with �etS and increases with increasing number of  
�etS features, independent of  age and sex.

Several studies have shown that both VAT and SAT 
are associated with adverse cardio metabolic risk fac-
tors[2��,21]. Regardless of  these observations and continuing 
debate regarding metabolic importance of  VAT and SAT, 
it appears that both contribute significantly to metabolic 
and cardiovascular risks. However, due to higher mass of  
SAT than VAT, it may affect metabolic factors more sig-
nificantly[22] and thus may have more clinical importance. 
�urthermore, subcutaneous adipocytes are larger than 
omental, have higher lipoprotein lipase activity and are activity and areactivity and are 
more lipolytic on an absolute basis, which reflect a higher 
fat storage capacity in this depot, especially in women[2�].

Recently, a significant link between SAT and dyslip-
idemia in patients with T2D was reported[24]. Visceral 
and subcutaneous adipocytes have different capacities to 
produce hormones and enzymes with variation in mR�A 
expressions of  adipokines (resistin, adiponectin, T��-α, 
��-6 etc.) from various depots of  adipose tissue[25].

�n an animal study, expression of  resistin in subcuta-
neous adipose tissue was controversial[26]. �n humans, data 
on resistin is conflicting. Some authors have shown that 
it is elevated in individuals with obesity and diabetes[27-29], 
whereas others have shown that it is not elevated[���-�2]. A 
recent study reported that human resistin induced insulin 
resistance and �etformin reversed the effect of  resistin in 
hepatocytes[��]. Taken together, these studies suggest that 
the depot-specific expression of  resistin at the mR�A 
level could be relevant to insulin sensitivity.

The literature regarding the SAT resistin expression 
in Asian populations, especially �ndians, is lacking. Thus, 
with best our knowledge, the present study was undertak-
en with the objective to investigate SAT resistin mR�A 
expression in postmenopausal �ndian women and its as-
sociation with insulin resistance.

MATERIALS AND METHODS
Subjects
A total of  68 postmenopausal (non obese = �4 and obese 
= �4) age matched (49-7�� years) women were recruited at 
CS� �edical University, �ucknow, �ndia who underwent 
elective abdominal surgery for gall bladder stones or hys-
terectomy. Respective abdominal SAT was obtained dur-
ing the surgery. During surgery, no specific standard diet 
and hormonal therapy were given to the patients, which 
ensured and ruled out the effect of  hormones or diet on 
fat deposition. All tissue samples were stored in R�Al-
atar (Sigma-Aldrich) for R�A extraction. The study was 
approved by the �nstitutional Ethics Committee. Subjects 
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were classified as obese according to BMI > 25 kg/m2, as 
per WHO’s guideline for Asians[�4], and ��� < 25 kg/m2 
as non obese served as control. �nformed consent was 
obtained from each patient.

Biochemical estimation
�lood samples were taken the morning after their admis-
sion to the hospital for surgery. Plasma insulin concentra-
tions were determined using immune radiometric assay 
(immunotech). Plasma glucose concentrations were de-
termined by glucose oxidase-peroxidase method (�erck) 
using semi automated glucose analyzer (�icrolab �����, 
�erck). Serum resistin level was measured by enzyme-
linked immunosorbent assay (Quantikine Human Resistin 
Version 16 19��6��7 15, �iovendor). 

Calculation: Insulin resistance
Homeostasis model assessment (HO�A), an index of  
�R[�5] based on plasma levels of  fasting glucose and insulin, 
has been widely applied for quantifying insulin resistance 
and β-cell function in an Asian population was evaluated 
as [HO�A-�R = fasting insulin (μU/m�) × fasting glu-
cose (mmol/�)/22.5].

RNA extraction
Total R�A was isolated using Tri-Reagent (Sigma Chemi-
cal Co., St. �ouis, �O). R�A was measured spectropho-
tometrically at 26�� and 28�� nm, while R�A integrity was 
checked by visual inspection of  the two ribosomal R�As 
18S and 28S on agarose gel.

Real-time polymerase chain reaction measurement of 
resistin mRNA
One-step reverse transcription polymerase chain reac-
tion (RT-PCR) was carried out using Quanti Tect S��R(RT-PCR) was carried out using Quanti Tect S��RRT-PCR) was carried out using Quanti Tect S��R) was carried out using Quanti Tect S��R was carried out using Quanti Tect S��R 
Green RT-PCR master mix kit (Qiagen). PCR amplifica-
tion was carried out in �ight Cycler 48�� (Roche, real time 
thermal cycler). �inety-six well PCR plate using follow-
ing temperature profile of  50 ℃, ��� min, (Reverse tran-
scription) 95 ℃, 15 min, (initial denaturation) followed 
by 4�� cycles of  94 ℃, 15 s, 59 ℃, ��� s and 72 ℃, ��� s for 
denaturation, annealing and extension steps respectively. 
Primer sequence of  human resistin was 5’-GCTGTTG-
GTGTCTAGCAAGAC-�’ (forward) 5’-CATCATCAT-
CATCATCTCCAG-�’ (reverse). The following primer 
sequence of  β-actin as internal control with following 
sequence was 5’-GTGGCATCCACGAAACTACCTT-�’ 
(forward) and 5’-GGACTCCTGATACTCCTGCTTG-�’ 
(reverse). The PCR primers were synthesized by Agile 
�ife Science Technologies �ndia. Expression of  glyceral-
dehyde-�-phosphate dehydrogenase or β-actin was used 
to normalize resistin expression values. There was no dif-
ference in glyceraldehyde-�-phosphate dehydrogenase or 
β-actin expression between adipocytes from non obese 
and obese subjects or between the omental and subcuta-
neous depots.

Statistical analysis
Data were expressed as mean ± SD. Anthropometric 
measurements and biochemical parameters and SAT re-
sistin mR�A expression of  the two independent groups 
were compared by Student’s t test. Correlation and simple 
linear regression analysis was done to assess associa-
tion of  resistin SAT mR�A expressions with ��� and 
HO�A index, considering ��� and HO�A index an in-
dependent variable and SAT resistin mR�A expression, 
the dependent variable. A two-sided (α = 2) conventional 
P < 0.05 was considered statistically significant.

RESULTS
Basic characteristics
The basic characteristics viz. physical (age, weight, height 
and ���) and biochemical parameters (insulin, glucose 
and HO�A index) of  the two groups are summarized 
in Table 1. Table 1 shows that the mean weight, ���, 
insulin, glucose and HOMA index were significantly (P < 
��.����1) higher in the obese compared to non obese. How-
ever, the age and height were found to be similar (P > 

Table 1  Physical and biochemical parameters summary (mean 
± SD) of two groups (n  = 34) 

Variables Non obese Obese P  value

Age (yr) 54.94 ± 6.87 54.06 ± 6.71    0.594
Weight (kg) 52.81 ± 8.04 79.56 ± 9.91 <� 0.001 0.0010.001
Height (cm) 161.76 ± 8.17 157.74 ± 9.09    0.059
BMI (kg/m2)   20.23 ± 3.05 32.19 ± 4.86 <� 0.001 0.0010.001
Insulin (µU/mL)  8.47 ± 3.24 14.67 ± 2.18 <� 0.001 0.0010.001
Glucose (mg/dL)  97.44 ± 11.31 109.67 ± 8.02 <� 0.001 0.0010.001
HOMA  2.01 ± 0.73     3.96 ± 0.61 <� 0.001 0.0010.001

BMI: Body mass index; HOMA: Homeostasis model assessment.

��.��5) between the two groups, indicating the subjects of  
two groups were age matched.

Resistin mRNA expression in SAT
The SAT resistin mR�A expression of  non obese and 
obese is summarized graphically in �igure 1. �igure 1 
shows that the mean SAT resistin mR�A expression of  
obese was significantly higher compared to non obese 
(��.��2� ± ��.����8± ��.����8 ��.����8 vs ��.���6 ± ��.����9, P < ��.����1). The relative 
mean SAT resistin mR�A expression up regulated 1.62 
fold (56.1%) in the obese than non obese. �urthermore, 
mean serum resistin level were also significantly higher in 
obese compared to non obese (9.��5 ± 5.15 vs 1�.92 ± 6.�2, 
P < ��.����1) (�igure 2).

Correlations of resistin mRNA expression with BMI, 
serum resistin and insulin resistance
The association of  relative SAT resistin mR�A expres-
sion of  obese women with their respective ���, serum 
resistin and insulin resistance (HO�A) are shown graphi-
cally in �igure �. �igure � shows that the relative SAT 

Sadashiv et al . Resistin expression and insulin resistance



July 15, 2012|Volume 3|Issue 7|WJD|www.wjgnet.com 138

higher SAT resistin mR�A expression in the obese com-
pared to non obese. Our finding is in contrast with Ba-
ranova et al[�9] who reported no difference in SAT resistin 
mR�A expression in the obese with and without insu-
lin resistance. However, a few reports show decreased 
mR�A and protein expression in isolated subcutaneous 
and omental adipocytes[4��,41].

�indings of  resistin gene expression in humans are 
controversial. Some reports have shown mR�A or pro-
tein expression in human adipose tissue, while others 

resistin mRNA expression positively (directly) and signifi-
cantly correlated with ��� (r = ��.78, P < ��.����1), HO�A (r 
= ��.45, P < ��.��1) and serum resistin (r = ��.76, P < ��.����1). 

DISCUSSION
The physiological functions of  resistin in humans have 
been mostly investigated at the levels of  D�A polymor-
phisms and plasma proteins[�6,�7]. However, only a few 
studies have tried to relate the resistin mR�A levels to 
some physiological functions, such as obesity, diabetes 
and insulin sensitivity[29,�8]. �urthermore, most of  the 
mR�A studies consist of  small sample sizes with contro-
versial findings. Although the limitation of  sample size 
prevented these mR�A reports from more comprehen-
sive analyses compared with those studies using plasma 
resistin, the value of  these studies should not be over-
looked. 

The literature regarding SAT resistin mR�A expres-
sion in Asians, especially �ndians, is lacking. With the best 
of  our knowledge, for the first time, the present study 
evaluates SAT resistin mR�A expression in postmeno-
pausal �ndian women and its association with insulin 
resistance. �n the present study, we found significantly 
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Figure 1  Relative subcutaneous adipose tissue resistin mRNA expres-
sions of two groups. aP < 0.001 vs non obese (by Student’s t test).
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Figure 2  Mean serum resistin levels (ng/mL) of two groups. aP < 0.001 vs 
non obese (by Student’s t test). 
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have reported the absence/poor mR�A expression in 
this tissue[42,4�]. Our findings corroborate with a cohort 
study by Smith et al[�7] who reported higher expression in 
obese women. �oreover, a recent report showed higher 
resistin mR�A expression of  both visceral and subcuta-
neous adipose tissues in obese than non obese women[25].

It was also shown that serum resistin had significant 
effects on insulin action, potentially linking obesity with 
�R[44]. Previous studies examined showed that serum re-
sistin concentrations are raised in high-fat-induced obese 
and obese mice models[45]. �t is well documented that 
administration of  anti resistin antibody improves insulin 
action and glucose metabolism in mice with diet-induced 
obesity, suggesting a role for resistin in the development 
of  insulin resistance[45]. �n addition, a recent study showed 
that administration of  recombinant resistin causes insu-
lin resistance in mice[46]. �t is also well documented that 
resistin decreases insulin-stimulated glucose uptake in 
�T�-�1 adipocytes and the inhibitory effect is prevented 
by anti resistin antibody[45]. These findings strengthen the 
hypothesis that resistin may be a link between obesity and 
its associated risks.

�n the present study, we also determined the level of  
serum resistin in obese and non obese postmenopausal 
women. Serum resistin was significantly higher in the 
obese than non obese. Our finding is in accordance with 
Degawan et al[29] who reported significantly higher resistin 
protein in the serum of  obese than non obese. However, 
several studies showed that serum resistin level do not 
correlate well with markers of  adiposity[8,�1]�1]]. Savage et al[4��] 
also reported no correlation between insulin resistance 
and resistin gene expression in whole abdominal adipose 
tissue. In contrast, we found positive and significant cor-
relation of  SAT resistin mR�A expression with ���, 
HO�A and serum resistin levels in obese women. The 
finding is consistent with a recent finding which showed 
a strong correlation between serum resistin and resistin 
mR�A expression of  abdominal SAT in the obese[���]. 
However, �ang, �ang �ang et al[�8] reported that resistin was unde-
tectable in SAT and unrelated to insulin resistance. One 
study[29] reported higher SAT resistin expression in the 
obese and positive association with ��� but not related 
to insulin resistance. We hypothesized that the conflicting 
results regarding SAT resistin mR�A expression in hu-
mans may be due to race differences and environmental 
conditions.

In conclusion, we found higher and significant posi-
tive correlation of  SAT resistin mR�A expression with 
serum resistin, ��� and insulin resistance (HO�A 
index), suggesting its potential role in development of  
insulin resistance and thus associated with obesity-related 
disorders. The findings of  this study may have clinical 
implications but may be validated further on varied popu-
lations with large sample sizes.
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