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Fat Resistin and Adiponectin mRNA Expression
is Modulated by Glucocorticoids in Mice
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It is known that obesity is associated with a state of chronic low-level inflammation. Some data indicate that obesityrelated stress could increase the hypothalamo-pituitary-adrenal axis activity. This leads to a rise in the plasma glucocorticoid level, which induces the development and differentiation of preadipocytes. Thus, the present study was
performed to examine the effect of glucocorticoids on the expression of resistin and adiponectin mRNAs in adipose
tissue during acute and chronic inflammation in mice. The results of the study showed an increase in the expression of resistin mRNA and a decrease in the expression of adiponectin mRNA during chronic inflammation (obese
animals). Synthetic glucocorticoids changed the expression of both adipokines in a different manner according to
the state of inflammation. To sum up, the action of glucocorticoids in adipose tissue depends on the immune system
activity.
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INTRODUCTION
White adipose tissue (WAT) plays an important
role in maintaining systemic energy balance by
acting as a reservoir for excess energy, and it is
an important target for both natural and synthetic glucocorticoids (Ahima and Flier, 2000). Glucocorticoid receptors are involved in metabolic
regulation and distribution of body fat (Joyner et
al., 2000). They show regional variation in density with elevated concentrations in WAT (Rebuffe’Scrive et al., 1985).
In addition, mature adipocytes act as an
active endocrine and paracrine organ and through
1

a communication network with other tissues,
sympathetic nervous system and brain can influence appetite, energy balance, immunity, insulin sensitivity, angiogenesis, blood pressure, lipid
metabolism and homeostasis (Chaldakov et al.,
2003). Adipocytes contribute to the raised proinflammatory state in obesity and diabetes. They are
capable of synthesizing pro-inflammatory and anti-inflammatory proteins (Hauner, 2005). Resistin
and adiponectin, the two important adipokines
produced by mature adipocytes, have wide physiological effects mainly on inflammation modulation.
Resistin was identified as a 12.5 kDa polypeptide
expressed and secreted by white adipose tissue.
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The term “resistin” was originally proposed for its
role as a mediator of insulin resistance (Steppan et
al., 2001). Some studies showed that resistin can
also play a role in inflammation and autoimmunity. Pro-inflammatory cytokines, such as IL-1, IL-6
and TNF, as well as LPS strongly induced resistin
mRNA expression (Kaser et al., 2003). On the other
hand, in humans, resistin enhanced the secretion
of pro-inflammatory cytokines, TNF and IL-12, and
was able to induce the nuclear translocation of NFkappaB transcription factor (Silswal et al., 2005).
Adiponectin is another adipokine extensively secreted from mature adipocytes that sensitizes various
organs to insulin action (Wang et al., 2008). Furthermore, this adipokine is also implicated in the
pathophysiology of some inflammatory and immune response processes; it induces the production of
important anti-inflammatory factors, such as IL-10
(Matarese et al., 2005; Fantuzzi, 2008). Adiponectin
is a metabolically active adipokine that is inversely associated with obesity, insulin resistance and
atherosclerosis. A lot of studies indicated that adiponectin has anti-inflammatory, antiatherogenic
and antidiabetic properties (Matsuzawa, 2005).
Glucocorticoids are steroid hormones that play
a role in regulating systemic energy metabolism
and modulating immune and inflammatory processes. Because of their anti-inflammatory properties, synthetic glucocorticoids are used therapeutically for both acute and chronic inflammatory
and immune disorders. Most tissues are targets
for glucocorticoids and contribute to a wide range
of physiological effects of these hormones.
Data from the literature suggest that glucocorticoids regulate the expression of adipokines at the
mRNA and protein levels, but most of these investigations are either in vitro studies on isolated adipocytes
or single points, or in vivo studies on rodent models.
Thus, in this study we planned to examine the
effect of glucocorticoids on the mRNA expression
of two opposing proteins, resistin and adiponectin in adipose tissue during acute and chronic inflammation in mice.

stant temperature of 23ºC±1 with a 12 h light/
dark cycle and given water ad libitum. The animals
were divided into two groups: non-obese mice (fed
a commercial food, BW=27±1.4g) and obese mice
with chronic inflammation (fed a high-calorie diet
for 3 weeks, BW=33±1.9g). In each group mice
were divided into 4 experimental subgroups: I –
control, II- acute inflammation (STZ), III- treated
with glucocorticoids (DEX), and IV- STZ with glucocorticoids. The animals from the control group
received an intraperitioneal (i.p.) injection of saline. To develop acute inflammation, the animals
received injections (i.p.) of STZ (Streptozotocin,
Sigma-Aldrich). The mice were weighed prior to injection, and STZ was freshly dissolved in dilution
buffer (0.1 M sodium citrate, pH 4.5, with HCl,
stored at 4°C). STZ was given at a dose of 0.2 ml
(single i.p. injections of 100 mg STZ/kg of body
weight), 24 hours before decapitation. Mice from
subgroup III were treated with dexamethasone
(synthetic glucocorticoid, 0.2 ml, i.p.) two times 24 h and 1 h before decapitation. After injections
the animals were decapitated and white adipose
tissue (WAT) was quickly removed and stored in
RNA Later (-20ºC) for further analysis.

MATERIALS AND METHODS

Quantitative PCR

Animals

Quantitative PCR analysis was performed using
the StepOnePlus Real-Time PCR System (Life
Technologies, USA) with the Universal Master Mix
and TaqMan chemistry (Life Technologies, USA).

The experiment was carried out on 6-week-old
Swiss mice (female, n=24), maintained at a con-

RNA extraction and cDNA synthesis
Total RNA was extracted from WAT using Trizol
Reagent (Life Technologies, USA) with our own
modification. Concentration and purity of the RNA
samples were determined by UV spectroscopy
at 260/280 nm, and integrity was confirmed by
electrophoresis through 1% agarose gels stained
with ethidium bromide. The first strand cDNA was
transcribed from 1 μg RNA with MultiScribe Reverse Transcriptase (50U/μl, Life Technologies,
USA) using random primers at 25ºC for 10 min,
and then at 37ºC for 120 minutes and 85ºC for 5s.
The cDNA was reconstituted in 50 μl of sterilized
water and 100 ng of the cDNA solution was used
as a template.
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The reactions were as follows: initially 50°C for 2
min, then 95°C for 10 min, to activate the AmpliTaq Gold DNA polymerase, and next 40 cycles of
95°C for 15 s and 60°C for 1 min. The data obtained for resistin and adiponectin were compared
with the data obtained from amplification of the
reference gene 18sRNA (Life Technologies,USA).
The adipokine expression was assessed using a
designed gene expression assay (Life Technologies, USA).
The 2-ΔΔCt method with 18sRNA as an internal
control and one of the control mice as an internal
calibrator was used to present a change in gene
expression.
The results were expressed as mean ± SD.
Comparisons of the group means were made using
Student’s t- test. P<0.05 was considered statistically significant.

a standard diet (4.19±1.06 resistin/18sRNA, by
320%, P<0.01), and inhibited it in obese animals
(by 87%, P<0.05). Dexamethasone and streptozotocin given together decreased resistin expression in all the animals (independently of the diet
used).
Adiponectin mRNA gene expression (Fig.2)

RESULTS

The obtained results indicate that adiponectin
mRNA expression was decreased in obese animals
as compared with lean mice (0.45±0.06 adiponectin/18sRNA vs. 1.0±0.09 adiponectin/18sRNA,
P<0.01). Decreased expression of adiponectin during acute inflammation was observed only in lean
animals (by 62%, P<0.01). Dexamethasone increased the expression of adiponectin in both the experimental groups (by 35% in mice fed a standard
diet and by 60% in mice fed a high-calorie diet,
P<0.05).

Resistin mRNA gene expression (Fig.1)

ADIPONECTIN
standard diet
high caloric diet
adiponectin/18sRNA

The prolonged treatment with a high-calorie diet
significantly increased (by 300%) the expression
of resistin mRNA in mice adipose tissue (obese
animals) as compared with mice (lean animals)
fed a standard diet (4.07±1.1 resistin/18sRNA
vs. 1.0±0.08 resistin/18sRNA, P<0.01). A single
streptozotocin injection induced inflammation and
decreased the expression of resistin in both the
experimental groups (lean and obese mice) in a similar manner (by 40%). In contrast, the treatment
with immunosuppressive synthetic glucocorticoid
stimulated resistin mRNA expression in mice fed
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Fig.2. Expression of adiponectin mRNA in visceral adipose
tissue (X±SE, aP<0.05-0.01 – compared with a standard diet,
b
P<0.05-0.01 – compared with the control group)

DISCUSSION
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Fig.1. Expression of resistin mRNA in visceral adipose tissue (X±SE, aP<0.05-0.01 – compared with a standard diet,
b
P<0.05-0.01 – compared with the control group)

The present experiment was performed to determine the influence of short-term peripheral glucocorticoid administration on local resisitin and adiponectin mRNA expression in visceral adipose tissue
in mice fed standard and high-calorie diets. The
results of the current study demonstrate increased expression of resistin and decreased expression of adiponectin in obese mice. These findings
are consistent with the results of earlier studies
which demonstrated that adipose tissue increased
the expression of multiple genes, including resi-
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stin gene expression, as a result of high-fat dietinduced obesity in rats (Li et al., 2002). It was also
demonstrated that calorie restriction increased
gene expression and blood levels of adiponectin in
rodents (Combs et al., 2003). White adipose tissue
has been strongly linked to the pathophysiology
of many metabolic disorders which are also some
of adverse effects of long-term glucocorticoid treatment (Wang et al., 2008). Adiponectin and resistin belong to the group of adipocytokines which
are thought to be involved in regulation of insulin
sensitivity, and which also exert opposite effects
on inflammatory processes related to atherosclerosis and cardiovascular risk. Glucocorticoids,
besides possessing anti-inflammatory properties,
also increase insulin resistance. It was therefore
of interest to determine the effect of these steroids
on the expression of visceral adipose tissue adipokines. The present study has shown a stimulating
effect of synthetic glucocorticoid (dexamethasone)
on resistin mRNA expression in mice fed a standard diet, and an inhibiting effect in obese animals. We have also observed upregulation of adiponectin mRNA expression after dexamethasone
injection, both in mice fed a standard diet and in
those fed a high-calorie diet. Some earlier studies
on the effect of glucocorticoid treatment on adiponectin expression showed contradictory results
dependent on the origin of the steroids used. Shi
with co-workers showed that hydrocortisone treatment of both obese and normal rats decreased
adiponectin expression, which was also reflected
in its plasma concentrations (Shi et al., 2010). On
the other hand, dexamethasone given to both normal and hypoxic rats and humans increased plasma adiponectin (Jang et al., 2008). In our study
interesting results were obtained in the groups of
animals receiving both streptozotocin and glucocorticoid which differentially affected the tested
adipokines. The drug combination decreased
resistin expression in all the animals (independently of the diet used), however adiponectin expression was decreased only in lean mice. Obese
mice treated with dexamethasone and streptozotocin showed a significant increase in adiponectin
mRNA expression. It can be concluded that the
therapeutic strategy for glucocorticoid treatment
should consider the differentiated activity of fat
adipokines.

ACKNOWLEDGEMENTS
The research was supported by grants: NN 311 227
138, NR 12 006406
REFERENCES
Ahima R.S. and J.S. Flier. 2000. Adipose tissue as an endocrine organ. Trends Endocrinol metab 11:327-332.
Chaldakov G.N., I.S. Stankulov, M. Hristova, and P.I. Ghenev.
2003. Adipobiology of disease: adipokines and adipokinetargeted pharmacology. Current Pharmaceutical Design,
9, 1023-1031.
Combs T.P., A.H. Berg, M.W. Rajala, S. Klebanov, P. Iyengar,
J.C. Jimenez-Chillaron, M.E. Patti, S.L. Klein, R.S. Weinstein,
and P.E. Scherer. 2003. Sexual differentiation, pregnancy,
calorie restriction, and aging affect the adipocyte-specific
secretory protein adiponectin. Diabetes 52: 268–276.
Hauner H. 2005. Secretory factors from human adipose tissue
and their functional role. Proc. Nutr. Soc. 64:163–169.
Jang C., W.J. Inder, V.R. Obeyesekere, and F.P. Alford. 2008.
Adiponectin, skeletal muscle adiponectin receptor expression and insulin resistance following dexamethasone. Clin. Endocrinol., 69:745-750.
Joyner J.M., L.J. Hutley, and D.P. Cameron. 2000. Glucocorticoid receptors in human preadipocytes: regional and gender variations. J Endocrinol; 166: 145.
Kaser S., A. Kaser, A. Sandhofer, C.F. Ebenbichler, H. Tilg, and
J.R. Patsch. 2003. Resistin messenger-RNA expression is
increased by proinflammatory cytokines in vitro. Biochem
Biophys Res Commun 309, 286–290.
Li J., X. Yu, W. Pan, and R.H. Unger. 2002. Gene expression
profile of rat adipose tissue at the onset of high-fat-diet
obesity. Am. J Phys Endoc and Met: 282:1334–1341.
Matsuzawa Y. 2005. Adiponectin: identification, physiology
and clinical relevance in metabolic and vascular disease.
Atheroscler Suppl.;6:7–14
Rebuffe’-Scrive M., K. Lundholm, and P. Björntorp. 1985. Glucocorticoid hormone binding to human adipose tissue.
Eur J Clin Invest; 15: 267–271.
Shi J.H., W.H. Du, X.Y. Liu, Y.P. Fan, X.L. hu, X.Y. Zhou, H.B.
Xu, X.M. Zhang, P. Xiang, and F.L. Chen. 2010. Glucocorticoids decrease serum adiponectin level and WAT adiponectin mRNA expression in rats. Steroids 75:853-858.
Silswal N., A.K. Singh, B. Aruna, S. Mukhopadhyay, S. Ghosh,
and N.Z. Ehtesham. 2005. Human resistin stimulates the
pro-inflammatory cytokines TNF-alpha and IL-12 in macrophages by NF-kappaB-dependent pathway. Biochem
Biophys Res Commun 334, 1092–1101.
Steppan C.M., S.T. Bailey, S. Bhat, E.J. Brown, R.R. Banerjee,
C.M. Wright, H.R. Patel, R.S. Ahima, and M.A. Lazar. 2001.
The hormone resistin links obesity to diabetes. Nature
409, 307–312.
Wang P., E. Mariman, J. Renes, and J. Keijer. 2008. The secretory function of adipocytes in the physiology of white
adipose tissue. J. Cell Physiol., 216: 3-13.

