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Abstract

Background: The interplay between adiponectin and resistin, the two adipokines of opposite effects, may deter-
mine the metabolic profile of obese individuals and development of obesity-related complications. The current study
was conducted to assess how adiponectin/resistin interplay in sera and adipose tissues may influence the metabolic
profile of obese and normal-weight subjects.

Methods: Concentrations of adiponectin and resistin were measured on protein level by immunoassay in visceral
and subcutaneous adipose tissues from 50 obese (body mass index > 40 kg/mz) and 28 normal-weight (body mass
index 20-24.9 kg/m?) individuals. Simultaneously expression of ADIPOQ and RETN (encoding adiponectin and resistin,
respectively) was assessed on mRNA level by real-time PCR.

Results: ADIPOQ mRNA (P = 0.0001) and adiponectin protein (P = 0.0013) levels were lower, while RETN mRNA

(P =0.0338) and resistin (P < 0.0001)—higher in subcutaneous adipose tissues of obese subjects. ADIPOQ and RETN
mRNA levels did not correlate with protein concentrations in the investigated adipose tissues. In obesity adiponec-
tin serum concentrations correlated positively with ADIPOQ mRNA in subcutaneous adipose tissue (P = 0.005) and
negatively with protein levels in visceral adipose tissue (P = 0.001). Obesity was associated with higher adiponectin—
resistin index value in sera (P < 0.0001) and decreased in subcutaneous adipose tissue (P < 0.001), but only adiponec-
tin—resistin index measured in sera was significantly higher in obese with the metabolic syndrome (P = 0.04).

Conclusions: Obesity affects synthesis of adiponectin and resistin mainly in subcutaneous adipose tissue. The adi-
ponectin-resistin index assessed in the adipose tissues has a different prognostic value compared to the adiponec-
tin—resistin index in serum and does not reflect a metabolic risk in obese individuals.
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Background

Identification of adipokines widened our understanding
of the role of adipose tissue which is now considered not
only an energy storage, but also an important endocrine
organ. Characterization of adipokines activities allowed
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to establish the link between excess adiposity and devel-
opment of obesity-related complications [1].
Adiponectin is a protein hormone almost exclusively
produced in adipocytes, that has many favorable meta-
bolic properties, e.g. acts as anti-inflammatory, anti-
atherogenic and anti-oxidative factor [2]. Adiponectin
exhibits insulin-sensitizing effect and may increase insu-
lin secretion [3]. Acting centrally, adiponectin increases
energy expenditure and, therefore, prevents from exces-
sive energy accumulation [4]. In several studies adi-
ponectin levels measured in serum of obese individuals
were significantly lower compared to the normal-weight
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subjects and correlated negatively with the presence of
obesity-related complications [5-7].

Resistin is a peptide with biological properties oppo-
site to adiponectin. It is expressed mainly in the adipose
tissue, but it was found also in other tissues [8]. Notably,
in isolated human adipocytes, resistin expression is very
low, and its content in adipose tissue is proportional to
the intensity of macrophages infiltration, which are the
main source of this adipokine [9, 10]. Obesity in humans
was found to be associated with high resistin serum levels,
this view however is not unanimous [11-13]. High serum
resistin level, due to its pro-inflammatory properties, was
linked to the development of insulin resistance and type
2 diabetes (T2DM), to atherosclerosis and cardiovascular
diseases in rodents and in some human studies [13, 14].

Taking into account the opposite effects of adiponectin
and resistin, it was suggested that the interplay between
these two adipokines may determine the metabolic pro-
file of obese individuals and, possibly, be responsible for
the development of obesity-related complications. Adi-
ponectin—resistin (AR) index was proposed as an indi-
cator of metabolic risk in obesity [15]. Subsequently, AR
was found to positively correlate with risk of develop-
ment of T2DM and the metabolic syndrome (MS).

Obesity leads to the changes in metabolic and secre-
tory activity of various adipose tissue depots [16, 17]. It is
not known however which adipose tissue depot, visceral
(VAT) or subcutaneous (SAT) plays a dominant role in
the synthesis and secretion of adiponectin and resistin
in health and in obesity, because analyses of the ADIPQ
and RETN expression (encoding adiponectin and resistin,
respectively) in human adipose tissue were performed on
the mRNA level [18-20].

Methods

Aim of the study

The aim of the study was to assess how obesity influences
the adiponectin/resistin interplay in serum and expres-
sion of the ADIPQ and RETN genes and proteins in vari-
ous adipose tissue depots and to establish whether these
values correlate with clinical characteristics of obese
individuals.

Study subjects and tissues

The group of obese study participants consisted
of 50 individuals (43 females and 7 males) aged
20-59 years (mean 42.02 years, standard deviation
(SD) £+ 10.33 years). According to the World Health
Organization classification, all patients were diagnosed
with class III obesity and their mean body mass index
(BMI) was 47.02 kg/m? (SD =+ 4.91 kg/m?, range 35.43—
59.26 kg/m?), while mean waist circumference was
1.25 m (SD =+ 0.18 m, range 0.97-1.67 m). Since weight
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of some obese study participants exceeded 150 kg, dual-
energy X-ray absorptiometry (DXA) or magnetic reso-
nance (MRI)-based methods could not be used to assess
their body composition on the available equipment.
Therefore, for this purpose we used the Segmental Body
Composition Analyser BC-418 MA eight-contact elec-
trode system (Tanita Corp., Tokyo, Japan) based on the
bioelectric impedance method. The mean adipose tis-
sue content (assessed by predictive equation described
by Jebb et al. and by Franssen et al. [21, 22]) was 63.86%
(SD =+ 8.74%, range 47.9-79.4%). Twenty-five obese study
participants (50%) were diagnosed with T2DM or predia-
betes (impaired fasting glucose or impaired glucose tol-
erance), 31 (62%) with hypertension and 30 (60%) with
hyperlipidemia. Based on the International Diabetes Fed-
eration (IDF, http://www.idf.com) criteria for the Europe-
ans, the metabolic syndrome (MS) was diagnosed in 33
(66%) of the obese individuals.

Control group consisted of 28 subjects (20 females,
8 males), aged 22-63 vyears (mean 46.46 vyears,
SD =+ 14.6 years), whose BMI was within normal range
(20.1-24.93 kg/m?, mean 23.28 + 1.65 kg/m?). Although
the body composition was not assessed in this group,
based on the normal blood test results and negative med-
ical history of chronic diseases including components of
MS (as described previously [17]) they were considered
metabolically healthy.

All surgical procedures were performed in the Depart-
ment of General and Transplantation Surgery, Medical
University of Warsaw. Before surgery, 15 ml of venous
blood was collected from all study participants to obtain
serum for biochemical and immunological measure-
ments. Fifty pairs of visceral and subcutaneous adipose
tissues were collected from obese individuals during
bariatric surgery. Twenty-eight pairs of control adipose
tissue samples were obtained from normal-weight indi-
viduals during elective cholecystectomy. After collection,
all 156 adipose tissue samples were frozen at — 80 °C and
subsequently homogenized in liquid nitrogen.

Measurement of adiponectin, resistin and total protein
concentrations

Isolation of protein fraction from adipose tissues was
performed as described previously [17]. Adiponectin
monomers and resistin concentrations in serum and in
protein extracts from adipose tissues were assessed with
ELISA-based chemiluminescent custom-made Q-plex
Custom array (Quansys Bioscience, West Logan, UT,
USA). Luminescence was measured in the Molecular
Imager Versa Doc” MP 5000 System (Bio-Rad, Hercules,
CA, USA) according to the manufacturer’s guidelines.
Results were analyzed with the Q-View software version
2.17 (Quansys Bioscience, West Logan, UT, USA).
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Adiponectin and resistin levels in adipose tissues were
normalized to total protein concentration in these tis-
sues established with the Pierce BCA Protein Assay Kit
(Thermo Fisher Scientific, Rockford, IL, USA). The mean
protein concentrations in extracts from VAT and SAT
samples obtained from obese (O) and normal-weight (N)
individuals were not significantly different (P > 0.05).

Adiponectin-resistin (AR) index was calculated by
the formula proposed by Lau and Muniandy [15]: AR
index = 1 + log;, (Ry) — log;o (Ay). The lower the con-
centration of adiponectin and the higher the concentra-
tion of resistin, the higher the value of AR.

Isolation of total RNA, reverse transcription and analysis

of ADIPQ and RETN expression by real-time PCR
Previously described methods [17] were used for total
RNA isolation and for reverse transcription of total RNA
to cDNA. Real-time PCRs were performed in triplicate in
LightCycler 480 Instrument II (Roche, Mannheim, Ger-
many), as described previously [17]. Specific primers and
real-time PCR conditions used for the analysis of ADIPQ
or RETN are enlisted in Table 1.

Statistical analysis

Differences in (i) ADIPQ and RETN mRNA, and in (ii)
adiponectin and resistin protein levels between the
studied tissues/sera, as well as between genders were
assessed with the Statistica software package v.10 (Stat-
Soft, Tulsa, OK) using the Student’s t/Mann—Whitney U
test or Kruskal-Wallis analysis of variance. All correla-
tions between quantitative values were analyzed with the
Spearman correlation test and the Spearman’s correlation
coefficient value r, was calculated. Normality of distribu-
tion and homogeneity of the variance were assessed with
the Shapiro—Wilk and Levene’s tests, respectively.

Results

Adiponectin and resistin concentrations in serum

from obese and normal-weight individuals

The initial analysis revealed no significant gender-related
differences in serum adiponectin and resistin levels in the
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studied groups; therefore, all further analyses were per-
formed without stratification for gender.

The mean serum adiponectin level was significantly
lower in the obese individuals compared to the nor-
mal-weight study participants (7.06 ng/ml vs 14.57 ng/
ml, P = 0.0004, Fig. 1a), and the difference concerned
both “healthy” obese (P = 0.0004) and these who suf-
fered from at least one obesity-related complication
(P < 0.0001). The mean serum adiponectin levels did
not differ between the “healthy” and “unhealthy” obese
subjects. There were no significant correlations between
serum adiponectin and glucose, C-reactive protein (CRP)
and lipid profile in both obese sub-groups.

In contrast, the mean serum resistin concentration was
higher in the obese subjects (15.69 ng/ml vs 11.56 ng/
ml, P = 0.018, Fig. 1b) and positively correlated with
serum triglycerides (r, = 0.399, P = 0.04) and negatively
with high density lipoprotein (HDL) level (r, = — 0.475,
P = 0.016). Moreover, when the obese study partici-
pants were stratified according to the presence of MS
and its components (hypertension, diabetes and hyper-
lipidemia), the mean serum resistin levels were higher
in hypertensive patients (P = 0.0015, Fig. 1d) and in
these who met the MS criteria (P = 0.0046, Fig. 1e) than
in these who were normotensive and did not have MS,
respectively. In the “healthy” obese subjects, the mean
serum resistin concentrations were not significantly dif-
ferent than in the normal-weight individuals.

The mean adiponectin—resistin (AR) index was sig-
nificantly higher in serum of obese subjects compared to
serum of normal-weight individuals (P < 0.0001) (Fig. 1c).
The mean AR index value was also higher in the obese
study participants who met the MS criteria than in these
who did not (P = 0.04, Fig. 1f). Notably, the mean AR
index value in “healthy” obese subjects was similar to that
in the normal-weight individuals.

Expression of adiponectin and resistin in adipose tissues
from obese and normal-weight individuals

Next, the expression of ADIPOQ and RETN was meas-
ured on the mRNA and protein levels in visceral and

Table 1 Primers used for the analysis of adiponectin and resistin expression on mRNA level in adipose tissues

Gene Gene description Gene bank Primers Annealing (°C)
ADIPOQ Adiponectin NM_001177800.1 F 5'GGTCTCGAACTCCTGGCCTA3! 60
R 5"TGAGATATCGACTGGGCATGGT3!
RETN Resisitin NM_020415.3 F 5'GCTGTTGGTGTCTAGCAAGAC3! 59
R 5'CATCATCATCATCATCTCCAG3!
ACTB B-Actin NM_001101 F 5'CAGCCTGGATAGCAACG-TACA3! 61
R S'TTCTACAATGAGCTGCGTGTG3!
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Fig. 1 Adiponectin (a), resistin (b) and adiponectin-resistin (AR) index (c) in sera of obese and normal-weight individuals. Comparison of resistin
serum levels in individuals stratified according to presence of hypertension (d) and metabolic syndrome (MS, e). Comparison of adiponectin—resis-
tin (AR) index in obese individuals stratified according to presence of MS (f). Results are presented as mean =+ standard deviation

subcutaneous adipose tissue samples collected from the
obese and normal-weight study participants. Since the
mean ADIPOQ and RETN mRNA levels, as well as adi-
ponectin and resistin protein concentrations did not
differ in the adipose tissue of males and females, all sub-
sequent analyses were performed for all study partici-
pants together.

The mean ADIPOQ mRNA level (Fig. 2a) was lower in
adipose tissues of obese study participants than of nor-
mal-weight study subjects and the difference concerned
both VAT (P = 0.0001) and SAT (P < 0.0001). However,
adiponectin protein concentrations (Fig. 2b) were lower
only in SAT of obese study participants compared to SAT
of normal-weight individuals (P = 0.0013). Additionally,
obesity was associated with higher ADIPOQ mRNA level
in SAT compared to VAT (P = 0.014). No significant cor-
relation was observed between the ADIPOQ mRNA and
adiponectin protein levels in the investigated tissues. No
significant differences in adiponectin protein concentra-
tions were observed between the “healthy” obese subjects
and these with obesity-related complications.

In obese individuals adiponectin serum concentra-
tions correlated positively with ADIPOQ mRNA in SAT
(P = 0.005, r, = 0.371, Fig. 2c) and negatively with adi-
ponectin protein levels in VAT (P = 0.001, ry = — 0.397,
Fig. 2d). In normal-weight subjects no significant correla-
tions between the adiponectin serum levels and ADIPOQ

expression either on mRNA or on protein level were
observed.

Both mean RETN mRNA and resistin protein levels
were higher in SAT of obese subjects compared to SAT
of the control group (P = 0.0338 and P < 0.0001, respec-
tively, Fig. 3a, b). While the mean RETN mRNA was sig-
nificantly lower in VAT of obese study participants than
in VAT of normal-weight subjects (P = 0.0004, Fig. 3a),
the mean resistin protein concentration was higher in
SAT of obese subjects than in SAT of normal-weight
individuals (P < 0.0001, Fig. 3b). In addition, RETN
expression assessed at the mRNA level did not correlate
with resistin protein concentrations in the same tissues.
Notably, the mean resistin protein level was higher in
obese individuals who suffered from obesity-related com-
plications than in “healthy” obese subjects both in VAT
(P = 0.005) and SAT (P = 0.017). Resistin serum levels
correlated neither with RETN mRNA nor with resistin
protein concentrations in the investigated tissues.

Adiponectin—resistin index assessment in tissues
showed that obesity was associated with a decreased AR
value in SAT (P < 0.001) as compared to normal-weight
individuals, while in VAT we found no difference in AR
value between the studied groups. The AR value in VAT
was higher than in SAT of obese individuals (P = 0.0021),
while in the normal-weight subjects no differences
were observed. The AR index value in tissues did not
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differ between the “healthy” and “unhealthy” obese study
participants.

Correlation of adiponectin and resistin protein levels

in adipose tissues with clinical and biochemical parameters
Assessment of adipose tissue adiponectin and resistin
protein levels correlation with basic clinical (BMI, adi-
pose tissue content, waist circumference) and serum
biochemical (glucose, CRP, lipid profile) parameters
showed that in the obese study participants adiponectin
concentrations in SAT correlated negatively with adi-
pose tissue content (r, = — 0.327, P = 0.034, Fig. 4a) and
serum triglycerides (r, = — 0.513, P = 0.007, Fig. 4b), but
positively with HDL serum levels (r, = 0.552, P = 0.0034,
Fig. 4¢). In turn, resistin level in SAT correlated positively
with LDL serum concentration (r;, = 0.390, P = 0.04,
Fig. 4d). No significant correlations between adiponectin
and/or resistin levels in VAT and clinical and biochemical
parameters were observed.
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Discussion
In this study we investigated how adiponectin/resistin
interplay in serum and in various adipose tissue depots
may affect metabolic profile of the obese and normal-
weight individuals. To do this, we were the first to
measure adiponectin and resistin protein levels directly
in adipose tissues using immunoassay method. We
found no correlations between adiponectin and resis-
tin levels in VAT or in SAT with their concentrations
in serum. In addition, we found a negative association
between obesity and the serum AR index value but
not with adipose tissue AR. We also observed a num-
ber of correlations between different metabolic param-
eters and adiponectin and resistin concentrations in
serum and/or in adipose tissue compartments in obese
individuals.

Our results regarding lower adiponectin serum level in
the obese than in normal-weight subjects are consistent
with the results of other investigators [5-7]. Enhanced
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oxidative stress and pro-inflammatory activity in adi-
pose tissue are among potential mechanisms underlying
decreased adiponectin synthesis in obesity [23, 24]. How-
ever, in the meta-analysis performed by Kuo and Halp-
ern [25], no association of adiponectin serum levels with
BMI in healthy, normal-weight to obese individuals was
found. The authors suggest that the decreased adiponec-
tin levels observed previously in the obese subjects may
result from the co-existing obesity-related complications,
including insulin resistance and cardiovascular diseases.
In contrast, we did not observe any significant differ-
ences in the mean serum adiponectin level between the
“healthy” obese individuals and these suffering from one
or more obesity-related complications. Moreover, we did
not find correlations between adiponectin serum concen-
tration and basic biochemical and clinical parameters in
obese individuals, even though in the literature such cor-
relations were described [26, 27].

Resistin serum levels in our obese study participants
were significantly higher than in normal-weight controls
and correlated positively with triglycerides and negatively
with HDL levels, which is also consistent with previ-
ous findings [28] and, as indicated by other authors, is a
consequence of resistin-induced insulin resistance [13].
However, there are authors who observed an opposite
correlations between resistin and lipoproteins concen-
trations [29]. Serum resistin levels were also higher in
obese study participants who suffered from hypertension
and/or met the diagnostic criteria for the metabolic syn-
drome. These findings are in agreement with the experi-
mental data and clinical studies, were resistin was found
to induce hypertension and insulin resistance via toll-like
receptor 4 (TLR4) signaling [30].

Subsequently, the adiponectin—resistin (AR) index,
proposed as an indicator of the metabolic risk in obe-
sity, was significantly higher in serum of obese individu-
als, especially in these with MS, which again is consistent
with previous findings [15].

Next, we investigated the adiponectin/resistin balance
in adipose tissues and made an attempt to determine
which adipose tissue depot plays a dominant role in syn-
thesis of these two adipokines. To do this, we measured
expression of ADIPOQ and RETN on the mRNA and
protein levels. For both adipokines we noticed lack of
correlation between the mRNA and protein concentra-
tions, suggesting that posttranscriptional mechanisms
may play a role in the regulation of expression of these
two proteins [31]. We applied immunoassay method to
measure adiponectin and resistin protein concentra-
tions directly in protein extracts of the adipose tissues
[17]. We showed that in the obese, adiponectin level is
significantly decreased while resistin level is increased
in SAT depot than in SAT of normal-weight individuals.
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This finding supports the theory of the dominant role of
SAT in secretion of adipokines and inflammatory media-
tors and, therefore, in development of obesity-related
complications [17, 32]. Moreover, in our group of obese
individuals adiponectin serum concentrations correlated
positively with ADIPOQ mRNA levels in SAT, as it was
previously noticed by other authors [18, 19, 33, 34]. How-
ever, we cannot conclude that SAT is a dominant source
of adiponectin or resistin in the organism, since we did
not find correlations between these two adipokines’ pro-
tein levels in SAT and in serum regardless of body mass.
On the other hand, we observed a negative correlation
between the adiponectin serum concentration and pro-
tein level in VAT of obese individuals, that indirectly
points to SAT as a main source of this adipokine in obe-
sity. Nevertheless, defining whether VAT or SAT of the
obese is more important in determination of adiponec-
tin and resistin serum levels is difficult due to the factors
interfering with adipokines release from the adipose tis-
sue such as changes of protein structure, multimerization
and local changes in inflammatory milieu [31].

Notably, the AR index calculated in adipose tissues
was lower in SAT of obese individuals compared to the
normal-weight controls, which is opposite to this seen
in serum and did not reflect the metabolic risk in obese
subject. The possible explanation of finding is that adi-
pose tissue is not the only source of resistin, therefore
its serum levels are higher than those measured in adi-
pose tissue. This hypothesis is consistent with observa-
tion that indeed, resistin is produced by tissues other
that adipose tissue, including e.g. epithelium and skeletal
muscles [8].

Additionally, in obesity we observed a negative correla-
tions between the adiponectin protein level in SAT and
(i) adipose tissue content and (ii) triglyceride serum level,
and a positive correlation with HDL serum concentra-
tions. In case of resistin, we found a positive correlation
between its protein level in VAT and low density lipopro-
tein (LDL) serum level in obese subjects. This is in line
with previous data describing involvement of these adi-
pokines in human pathology [3, 7, 14, 31, 35, 36].

Possible limitations of this study include a relatively
small number of studied samples [37], although it exceeds
the number of samples analyzed in previous studies
regarding the expression of adiponectin [20, 32-35] and
resistin [18, 19, 32] in human adipose tissue. In addition,
in order to assure homogeneity of the studied group, we
investigated only patients with class III obesity, while
analysis of A/R balance in groups of obese patients with
lower BMI could provide additional information regard-
ing evolution of this parameter in subsequent classes of
obesity.
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Conclusions

In conclusion, we studied the adiponectin/resistin bal-
ance in serum and in different adipose tissue depots in
the obese and normal-weight subjects. We found that
ADIPOQ and RETN mRNA levels did not correlate with
adiponectin and resistin protein concentrations in adi-
pose tissues originating from both obese and normal-
weight subjects, suggesting a role for posttranscriptional
mechanisms in the regulation of the amount of these two

proteins. We also showed that obesity affects synthesis of

adiponectin and resistin mainly in SAT. Finally, we found
that the AR index based on measurements performed in
the adipose tissues has a different prognostic value com-
pared to the AR index in serum and does not reflect a
metabolic risk in obese individuals.

Abbreviations

ADIPQ: gene encoding adiponectin; AR: adiponectin-resistin index; BMI:

body mass index; CRP: C-reactive protein; HDL: high density lipoprotein; IDF:
International Diabetes Federation; LDL: low density lipoprotein; MS: metabolic
syndrome; RETN: gene encoding resistin; SAT: subcutaneous adipose tissue;
T2DM: type 2 diabetes; VAT: visceral adipose tissue.

Authors’ contributions

MIJ and AK conceived of the project and carried out experiments, analyzed
data and wrote the paper, ZB carried out experiments and analyzed data, WL,
MJ and JDK collected tissues and clinical data, MPK participated in project
development, analyzed data and wrote the paper. All authors read and
approved the final manuscript.

Author details

! Department of Human Epigenetics, Mossakowski Medical Research Centre,
Polish Academy of Sciences, 5 Pawinskiego Street, 02-106 Warsaw, Poland.

2 Department of General and Transplantation Surgery, Medical University

of Warsaw, 59 Nowogrodzka Street, 02-005 Warsaw, Poland. * Department

of Internal Medicine and Cardiology, Medical University of Warsaw, 5 Lindleya
Street, 02-005 Warsaw, Poland. # Department of Geriatrics and Gerontol-

ogy, Medical Centre of Postgraduate Education, 99 Marymoncka Street,
01-813 Warsaw, Poland.

Acknowledgements
None.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate

The project was approved by the Bioethics Committee of the Medical Univer-
sity of Warsaw (decision KB/47/2009), and all participants signed the informed
consent for participation in this study.

Funding

This work was supported by the Polish Ministry of Science and Higher Educa-
tion Grants NN402467939 and by the National Science Centre Poland Grant
2012/05/B/NZ5/01536.

Page 8 of 9

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 18 August 2017 Accepted: 15 November 2017
Published online: 01 December 2017

References

1. Galic S, Oakhill JS, Steinberg GR. Adipose tissue as an endocrine organ.
Mol Cell Endocrinol. 2010;316:129-39.

2. Fasshauer M, Bluher M. Adipokines in health and disease. Trends Pharma-
col Sci. 2015;36:461-70.

3. KadowakiT, YamauchiT, Kubota N, Hara K, Ueki K, Tobe K. Adiponectin
and adiponectin receptors in insulin resistance, diabetes, and the meta-
bolic syndrome. J Clin Invest. 2006;116:1784-92.

4. Turer AT, Scherer PE. Adiponectin: mechanistic insights and clinical impli-
cations. Diabetologia. 2012;55:2319-26.

5. YatagiT, Nagasaka S, Taniguchi A, Fukushima M, Nakamura T, Kuroe A,
NakaiY, Ishibasi S. Hypoadiponectinemia is associated with visceral FAT
accumulation and insulin resistance in Japanese men with type 2 diabe-
tes mellitus. Metabolism. 2003;52:1274-8.

6. Kumada M, Kihara S, Sumitsuji S, Kawamoto T, Matsumoto S, Ouchi N,
Arita' Y, Okamoto Y, Shimomura |, Hiraoka H, Nakamura T, Funahashi T,
Matsuzawa Y, Osaka CAD Study Group. Coronary artery disease. Arterio-
scler Thromb Vasc Biol. 2003;23:85-9.

7. LiS, Shin HJ, Ding EL, van Dam RM. Adiponectin levels and risk of type 2
diabetes: a systematic review and meta-analysis. JAMA. 2009;302:179-88.

8. Nogueiras R, Gallego R, Gualillo O, Caminos JE, Garcia-Caballero T,
Casanueva FF, Dieguez C. Resistin is expressed in different rat tissues
and is regulated in a tissue- and gender-specific manner. FEBS Lett.
2003;548:21-7.

9. Savage DB, Sewter CP, Klenk ES, Segal DG, Vidal-Puig A, Considine RV,
O'Rahilly S. Resistin/Fizz3 expression in relation to obesity and peroxi-
some proliferator-activated receptor-gamma action in humans. Diabetes.
2001;50:2199-202.

10. Patel L, Buckels AC, Kinghorn IJ, Murdock PR, Holbrook JD, Plumpton C,
Macphee CH, Smith SA. Resistin is expressed in human macrophages
and directly requlated by PPAR gamma activators. Biochem Biophys Res
Commun. 2003;300:472-6.

11. Azuma K, Katsukawa F, Oguchi S, Murata M, Yamazaki H, Shimada A,
SarutaT. Correlation between serum resistin level and adiposity in obese
individuals. Obes Res. 2003;11:997-1001.

12. Vozarova de Courten B, Degawa-Yamauchi M, Considine RV, Tataranni
PA. High serum resistin is associated with an increase in adiposity
but not a worsening of insulin resistance in Pima Indians. Diabetes.
2004;53:1279-84.

13. Huang X, Yang Z. Resistin’s, obesity and insulin resistance: the continu-
ing disconnect between rodents and humans. J Endocrinol Invest.
2016;39:607-15.

14. Jamaluddin MS, Yan S, Lu J, Liang Z, Yao Q, Chen C. Resistin increases
monolayer permeability of human coronary artery endothelial cells. PLoS
One. 2013;8:e84576.

15. Lau CH, Muniandy S. Novel adiponectin-resistin (AR) and insulin resist-
ance (IRAR) indexes are useful integrated diagnostic biomarkers for insu-
lin resistance, type 2 diabetes and metabolic syndrome: a case control
study. Cardiovasc Diabetol. 2011;10:8.

16. Hamdy O, Porramatikul S, Al-Ozairi E. Metabolic obesity: the para-
dox between visceral and subcutaneous fat. Curr Diabetes Rev.
2006;2:367-73.

17. Jonas MI, Kurylowicz A, Bartoszewicz Z, Lisik W, Jonas M, Wierzbicki Z,
Chmura A, Pruszczyk P, Puzianowska-Kuznicka M. Interleukins 6 and 15
levels are higher in subcutaneous adipose tissue, but obesity is associ-
ated with their increased content in visceral fat depots. Int J Mol Sci.
2015;16:25817-30.

18. Sadashiv ST, Paul BN, Kumar S, Chandra A, Dhananjai S, Negi MP. Over
expression of resistin in adipose tissue of the obese induces insulin resist-
ance. World J Diabetes. 2012,3:135-41.



Jonas et al. Diabetol Metab Syndr (2017) 9:95

20.

21

22.

23.

24,

25.

26.

27.

Sadashiv ST, Paul BN, Kumar S, Chandra A, Dhananjai S, Negi MP. Resistin
gene expression in visceral adipose tissue of postmenopausal women
and its association with insulin resistance. Womens Health (Lond).
2012;8:521-8.

Sadashiv ST, Paul BN, Kumar S, Chandra A, Dhananjai S, Negi MP.
Adiponectin mRNA in adipose tissue and its association with metabolic
risk factors in postmenopausal obese women. Hormones (Athens).
2013;12:119-27.

Jebb SA, Cole TJ, Doman D, Murgatroyd PR, Prentice AM. Evaluation of the
novel Tanita body-fat analyser to measure body composition by compari-
son with a four-compartment model. Br J Nutr. 2000;83:115-22.

Franssen FM, Rutten EP, Groenen MT, Vanfleteren LE, Wouters EF, Spruit
MA. New reference values for body composition by bioelectrical imped-
ance analysis in the general population: results from the UK Biobank. J
Am Med Dir Assoc. 2014;15:448.e1-6.

Bruun JM, Lihn AS, Verdich C, Pedersen SB, Toubro S, Astrup A, Richelsen
B. Regulation of adiponectin by adipose tissue-derived cytokines: in vivo
and in vitro investigations in humans. Am J Physiol Endocrinol Metab.
2003;285:E527-33.

Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y, Nakajima Y,
Nakayama O, Makishima M, Matsuda M, Shimomura I. Increased oxidative
stress in obesity and its impact on metabolic syndrome. J Clin Invest.
2004;114:1752-61.

Kuo SM, Halpern MM. Lack of association between body mass index

and plasma adiponectin levels in healthy adults. Int J Obes (Lond).
2011;35:1487-94.

Yamamoto Y, Hirose H, Saito |, Tomita M, Taniyama M, Matsubara K,
OkazakiY, Ishii T, Nishikai K, Saruta T. Correlation of the adipocyte-derived
protein adiponectin with insulin resistance index and serum high-density
lipoprotein-cholesterol, independent of body mass index, in the Japa-
nese population. Clin Sci (Lond). 2002;103:137-42.

Kazumi T, Kawaguchi A, Hirano T, Yoshino G. Serum adiponectin is
associated with high-density lipoprotein cholesterol, triglycerides, and
low-density lipoprotein particle size in young healthy men. Metabolism.
2004;53:589-93.

28.

29.

30.

32.

33

34.

35.

36.

37.

Page 9 of 9

Chen CC, Li TG, Li Cl, Liu CS, Wang HJ, Lin CC. Serum resistin level among
healthy subjects: relationship to anthropometric and metabolic param-
eters. Metabolism. 2005;54:471-5.

Owecki M, Nikisch E, Miczke A, Pupek-Musialik D, Sowiriski J. Serum
resistin is related to plasma HDL cholesterol and inversely correlated with
LDL cholesterol in diabetic and obese humans. Neuro Endocrinol Lett.
2010;31:673-8.

Jiang Y, Lu L, HUY,LiQ, An C,Yu X, Shu L, Chen A, Niu C, Zhou L, Yang Z.
Resistin induces hypertension and insulin resistance in mice via a TLR4-
dependent pathway. Sci Rep. 2016;6:22193.

. Liu M, Liu F. Transcriptional and post-translational regulation of adiponec-

tin. Biochem J. 2009;425:41-52.

Spoto B, di Betta E, Mattace-Raso F, Sijorands E, Vilardi A, Parlongo RM, Piz-
zini P, Pisano A, Vermi W, Testa A, Cutrupi S, D'Arrigo G, Lonardi S, Tripepi
G, Cancarini G, Zoccali C. Pro- and anti-inflammatory cytokine gene
expression in subcutaneous and visceral fat in severe obesity. Nutr Metab
Cardiovasc Dis. 2014;24:1137-43.

Kern PA, Di Gregorio GB, Lu T, Rassouli N, Ranaganathan G. Adiponec-

tin expression from human adipose tissue: relation to obesity, insulin
resistance, and tumor necrosis factor-alpha expression. Diabetes.
2003;52:1779-85.

Bullo M, Salas-Salvado J, Garcia-Lorda P. Adiponectin expression in
adipose tissue lipolytic activity in lean and obese women. Obes Surg.
2005;15:382-6.

Herder C, Ouwens DM, Carstensen M, Kowall B, Huth C, Meisinger C, Rath-
mann W, Roden M, Thorand B. Adiponectin may mediate the association
between omentin, circulating lipids and insulin sensitivity: results from
the KORA F4 study. Eur J Endocrinol. 2015;172:423-32.

Asgary S, SamsamShariat SZ, Ghorbani A, Keshvari M, Sahebkar A,
Sarrafzadegan N. Relationship between serum resistin concentrations
with metabolic syndrome and its components in an Iranian population.
Diabetes Metab Syndr. 2015;9:266-70.

Lenth RV. Some practical guidelines for effective sample size determina-
tion. Am Stat. 2001;55:187-93.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Adiponectinresistin interplay in serum and in adipose tissue of obese and normal-weight individuals
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Aim of the study
	Study subjects and tissues
	Measurement of adiponectin, resistin and total protein concentrations
	Isolation of total RNA, reverse transcription and analysis of ADIPQ and RETN expression by real-time PCR
	Statistical analysis

	Results
	Adiponectin and resistin concentrations in serum from obese and normal-weight individuals
	Expression of adiponectin and resistin in adipose tissues from obese and normal-weight individuals
	Correlation of adiponectin and resistin protein levels in adipose tissues with clinical and biochemical parameters

	Discussion
	Conclusions
	Authors’ contributions
	References




