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Abstract
Introduction: Obesity is a chronic, complex, and multifactorial disease, characterized by excess body fat. Diverse studies of the human genome have
led to the identification of susceptibility genes that contribute to obesity.
However, relatively few studies have addressed specifically the association
between the level of expression of these genes and obesity.
Material and methods: We studied 160 healthy and obese unrelated Mexican children aged 6 to 14 years. We measured the transcriptional expression
of 20 genes associated with obesity, in addition to the biochemical parameters, in peripheral white blood cells. The detection of mRNA levels was performed using the OpenArray Real-Time PCR System (Applied Biosystems).
Results: Obese children exhibited higher values of fasting glucose
(p = 0.034), fasting insulin (p = 0.004), low-density lipoprotein (p = 0.006),
triglycerides (p < 0.001), systolic blood pressure and diastolic blood pressure (p < 0.001), and lower values of high-density lipoprotein (p < 0.001)
compared to lean children. Analysis of transcriptional expression data
showed a difference for ADRB1 (p = 0.0297), ADIPOR1 (p = 0.0317), GHRL
(p = 0.0060) and FTO (p = 0.0348) genes.
Conclusions: Our results suggest that changes in the expression level of
the studied genes are involved in biological processes implicated in the development of childhood obesity. Our study contributes new perspectives
for a better understanding of biological processes involved in obesity. The
protocol was approved by the National Committee and Ethical Committee
Board from the Mexican Social Security Institute (IMSS) (IMSS FIS/IMSS/
PRIO/10/011).
Key words: single nucleotide polymorphisms, triglycerides, obesity,
Mexican children, gene expression.

Introduction
Obesity is the result of a chronic, positive imbalance between energy intake and energy expenditure [1]. The adverse metabolic effects
caused by obesity may result in increased risk for type 2 diabetes, many
forms of cancer, fatty liver disease, hormonal disturbance, hypertension,
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cardiovascular disease, and increased mortality,
among others [2, 3]. On the other hand, childhood
obesity increases the odds for earlier adolescence,
gynecomastia in boys, and polycystic ovary syndrome, among other maladies; in addition, obese
children and teenagers have an increased probability of remaining obese in adulthood [4]. Several
genome-wide association studies (GWAS) [5–7]
have shown the association of common genetic
variants with body mass index (BMI); furthermore,
a significant association of some single nucleotide polymorphisms (SNPs) in several genes with
obesity has been reported [8]. However; studies
have usually not addressed in full the mechanism
which results in increased energy intake associated with gene variants in humans. Additionally,
only a few studies have explored the effect of risk
SNPs on gene expression [9, 10]. However, some
studies have reported on the relationship between
obesity and gene expression in both humans and
animal models [11–13].
The analysis of gene expression on a genomic
scale is potentially significant since it facilitates
rapid progress in the identification of molecular
pathways associated with several diseases [14].
The peripheral blood tissue is an excellent model
for gene expression studies, as it is considered
to be a tissue affected by the health condition
of the host, and may reflect changes caused by
high levels of glucose, insulin, and free fatty acids, among other factors [15, 16]. In this work,
going beyond the typical genotyping study, we
studied and reported the transcriptional level
of expression of several candidate genes, which
have been reported to contain polymorphic variants associated with obesity in Mexican children
(Table I). Our results show the existence of differences in the transcriptional expression level of
some candidate genes associated with obesity,
which might explain their role in the development of this disease.

Material and methods
Study subjects
A total of 160 unrelated children, aged between 6 and 14 years, were randomly selected
from two different Sport Unit facilities belonging
to the public health system (IMSS) in Mexico City
(Cuauhtémoc and Independencia Units) from July
2011 to July 2012. Children with different diseases and with pharmacological treatment in the
last month before the study were excluded. Both
parents and children signed the informed consent
form in accordance with the Helsinki Declaration
revised in 2000. The National Committee and Ethical Committee Board from the IMSS (IMSS FIS/
IMSS/PRIO/10/011) approved the protocol.

Clinical evaluation
Participants were measured for weight with
a digital scale (Seca, Hamburg, Germany) and
height with a portable stadiometer (Seca 225,
Hamburg, Germany). Body mass index (BMI) was
calculated and classified according to the Centers for Disease Control and Prevention 2000
(CDC 2000) references [17]. CDC 2000 growth
charts are based on 5 U.S. nationally representative surveys conducted between 1963 and 1994,
in which Mexican-American children were included. According to those growth charts, for ages
2 to 20 years, eutrophic children were defined
as body mass index (BMI)-for-age between the
10th and 85th percentile, z-score < +1, and obese
children when BMI-for-age was higher than the
95th percentile, z-score > +2. Waist circumference
(WC) was measured at the midpoint between the
lowest rib and the iliac crest after a normal exhalation with children in the standing position. Systolic and diastolic blood pressure was obtained
using a mercurial sphygmomanometer (ALPK2,
Tokyo, Japan). Two blood pressure readings were
taken for each participant, on the right arm in
a sitting position, resting 5 min between each
measurement, and considering the level of blood
pressure as the mean of the readings. Insulin resistance was defined as homeostasis model assessment of insulin resistance (HOMA-IR) ≥ 3.4,
which is the 90th percentile of HOMA-IR in the
population of healthy Mexican children [18].
HOMA-IR = (fasting glucose [mg/dl]) (fasting insulin [µU/ml])/405.

Biochemical studies
For studies, blood samples were taken after
12 h overnight fasting, one into an EDTA tube, and
another into a BD Vacutainer Rapid Serum Tube
(RST). We measured glucose, total cholesterol,
high-density lipoprotein (HDL) and low-density
lipoprotein (LDL) cholesterol and triglycerides in
mg/dl using an ILab 350 Clinical Chemistry System (Instrumentation Laboratory IL) for clinical
laboratory evaluation. Insulin (µU/ml) was measured by chemiluminescence (IMMULITE).

Selection of candidate genes
We selected candidate genes containing reported single nucleotide polymorphisms which
have been associated with obesity by the presence of a polymorphism (SNP) in different populations. For selection, we also considered the existence of studies for these genes in children and
adolescents, their expression in peripheral blood,
as well as their role in the metabolism and energy
expenditure. The set of chosen genes is listed in
Table I.

Arch Med Sci 5, October / 2016969

Marcela Ulloa-Martínez, Ana I. Burguete-García, Selvasankar Murugesan, Carlos Hoyo-Vadillo, Miguel Cruz-Lopez, Jaime García-Mena

mRNA extraction and RT-PCR

using an EpochBiotek spectrophotometer and by
electrophoretic fractionation in 1% agarose gels
stained with ethidium bromide 0.01 mg (data
not shown). Only samples with appropriate RNA
integrity were processed. RNA was reverse-transcribed using 2 µg of RNA by RT-PCR and High
Capacity cDNA Reverse Transcription Kits (Applied Biosystems) following the manufacturer’s
instructions. Random primers were employed to
copy pre-mRNA and mRNA in a Maxygene thermocycler (Axygene).

An aliquot of 250 µl of fresh blood sample
with EDTA was stabilized with TriPure Isolation
reagent (Roche), immediately frozen in dry ice,
and stored at –70°C. Total RNA was purified
from this sample using the TriPure protocol; the
procedure is an improvement of the single-step
RNA isolation method [19]. All samples were
treated with DNase I (Fermentas) to remove
traces of genomic DNA. RNA purity and integrity were verified by 260/280 nm measurements
Table I. Studied candidate genes associated with obesity
Gene

Name

GenBank

AE_ID

Phenotype

Ref.

ABCA1

ATP-binding cassette, sub-family A
(ABC1), member 1

NM_00502.3

Hs00194045_m1

Obesity,
BMI

35

ADIPOQ

Adiponectin, C1Q and collagen
domain containing

NM_004797

Hs02564413_s1

Obesity,
WHR

36

ADIPOR1

Adiponectin receptor 1

NM_015999

Hs01114951_m1

Obesity,
BMI

37

ADIPOR2

Adiponectin receptor 2

NM_024551

Hs01047563_m1

Obesity,
BMI

37

ADRB1

Adrenergic, b1-receptor

NM_000684

Hs00265096_s1

BMI, body
fat

38

APOA4

Apolipoprotein A-IV

NM_000482.3

Hs00166636_m1

Obesity

39

ATRN

Attractin

NM_139321

Hs00390610_m1

Obesity,
BMI

40

CALCR

Calcitonin receptor

NM_001742

Hs00156229_m1

BMI

41

FTO

Fat mass and obesity associated

NM_001080432.2

Hs01057143_m1

T2D, BMI

42

GHRL

Ghrelin/obestatin prepropeptide

NM_016362

Hs00175082_m1

Obesity,
insulin
resistance

43

Insulin induced gene 2

NM_016133.2

Hs00379223_m1

Obesity,
BMI

44

INSR

Insulin receptor

NM_000208

Hs00961550_m1

Obesity,
BMI

45

LEP

Leptin

NM_000230

Hs00174877_m1

Obesity,
BMI

46

LEPR

Leptin receptor

NM_002303

Hs00174497_m1

Extreme
obesity

47

MC3R

Melanocortin 3 receptor

NM_019888

Hs00252036_s1

Obesity,
BMI

48

PPAR-α

Peroxisome proliferator-activated
receptor a

NM_005036

Hs00947539_m1

Reduces
obesity

49

PPAR-γ

Peroxisome proliferator-activated
receptor g

NM_015869

Hs01115513_m1

Obesity,
body fat

50

Uncoupling protein 1
(mitochondrial, proton carrier)

NM_021833

Hs00222453_m1

Obesity,
BMI

50

Peroxisome proliferator-activated
receptor g, coactivator 1a

NM_013261

Hs01016722_m1

Obesity,
BMI

51

Sortilin 1

NM_002959

Hs00907094_m1

Obesity,
BMI

52

INSIG2

UCP1
PPAR-γ-C1-α
SORT1

BMI – body mass index, WHR – waist-to-hip ratio, T2D – type 2 diabetes, GenBank – accession number, AE_ID – assay expression ID,
Applied Biosystems; Ref. – reference.
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Measurement of mRNA expression
Detection of mRNAs was performed by TaqMan
gene expression assay in an OpenArray Real-Time
PCR System (Applied Biosystems), following the
manufacturer’s instructions using 100 ng/µl of
cDNA. We tested β-actin (NM_001101.3, gene
expression assay Hs99999903_01 Applied Biosystems); HPRT (NM_000194.2, gene expression
assay Hs03929098_m1 Applied Biosystems),
and TLR9 (NM_017442.3, gene expression assay
Hs00370913_s1 Applied Biosystems) as housekeeping genes. The validation of an internal reference was made for this study under our experimental conditions [20]. The normalized level of
expression of a particular gene is the amount of
measured expression of that gene in relation to
the measured expression of the reference gene.
We used the comparative 2–ΔCT method to calculate the expression level for each group, because
the data come from different individual samples,
and there is no way to justify which obese sample
is compared with which lean sample, so the 2–ΔΔCT
method cannot be used [21]. A melting curve analysis was also performed to confirm the amplification of a single amplicon for each gene analyzed.

Quantitative PCR
Random sampling of 40 individuals was performed to validate by qPCR the OpenArray Real-Time PCR results for FTO, GHRL and TLR9 genes,
where a significant difference in gene expression
was found (data not shown). For this, we used
Assay Expression ID primers and probes from Applied Biosystems (Table I). The PCR reactions were
set up in 384-well plates, using the above primer
and probe sets, 30 ng of cDNA, and TaqMan Gene
Expression Master Mix (Applied Biosystems PN
4304437), in a total volume of 5 µl per reaction.
qPCR was performed using the 7900HT Fast Real-Time PCR System (Applied Biosystems). Triplicate amplification reactions were performed using
the following conditions: 50°C for 2 min, 95°C for
10 min and 40 cycles of 95°C for 10 s and 60°C for
1 min. In the negative control, cDNA was replaced
with sterile water. Crossing of threshold (Ct) values obtained for the target gene were normalized
against TLR9 Ct values. Relative quantification
of PCR products was determined using the 2–ΔCT
method [21].

Statistical analysis
Anthropometric and biochemical measurements were expressed as mean ± SEM (standard
error of the mean), and gene expression measurements were expressed as mean ± SEM. Data
analysis was performed using the Student t-test
or Mann-Whitney U test according to the data.

P-values ≤ 0.05 were considered to be significant.
Statistical operations were performed using the
SPSS (version 14.0) and GraphPad Prism software
(version 5.0).

Results
Subject characteristics
The general characteristics of all 160 participants are summarized in Table II. Subjects were
grouped as healthy children when BMI-for-age
was between the 10th and 85th percentile, and
obese children when BMI-for-age was higher than
the 95th percentile. We obtained 81 lean children
and 79 obese children, of whom 64.20% were
lean girls and 44.30% were obese girls. According
to the statistical analysis, comparing healthy and
obese children, the mean values of the variables
do not show significant differences by gender
(p = 0.012); however, we observed a significant
difference in height (p < 0.001) according to the
Student’s t-test result, and waist circumference
(p < 0.001) according to the Mann-Whitney U test
result in agreement with their phenotype (Table II).
The study of metabolic quantitative traits included
BMI, fasting plasma glucose, fasting insulin, cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides, systolic blood
pressure (SBP) and diastolic blood pressure (DBP).
In our sample, obese children exhibited higher
values of fasting glucose (p = 0.034), fasting insulin (p = 0.004), LDL (p = 0.006), and triglycerides
(p < 0.001), and a lower HDL value (p < 0.001),
compared to lean children. Unexpectedly, unlike
lean children, obese children had higher values of
SBP and DBP (p < 0.001).

Expression level of candidate genes for
obesity reveals differences in obese children
To analyze whether the gene expression in
white blood cells obtained from obese children
differs from that obtained from lean children, we
used the 2–ΔCT method for each group as individual
data points (as mentioned in Material and methods). A Mann-Whitney U test was performed on
the data to determine whether the difference was
statistically significant. The results showed a difference in expression levels of genes, which was
increased for ADIPOR1 (p = 0.0317), GHRL (p =
0.0060), and FTO (p = 0.0348), and decreased for
ADRB1 (p = 0.0297) in obese children (Figure 1).
In the case of genes such as ABCA1, ADIPOQ,
ADIPOR2, ATRN, INSIG2, INSR, LEP, LEPR, PPARα,
PPARγ, and SORT1, no difference was observed in
the level of expression by the same method. On
the other hand, we confirmed the undetectable expression of APOA4, CALCR, MC3R, PPARγ-C1-α and
UCP1 genes by our method, in white blood cells,
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Table II. Clinical characteristics of lean and obese children
Characteristics

Lean children

Obese children

BMI < 85 pc
N = 81

BMI ≥ 95 pc
N = 79

P-value

Female (%)

52 (64.20)

35 (44.30)

0.012*

Age [years]

8.41 ±1.60

9.19 ±1.73

0.004£

Weight [kg]

32.69 ±10.41

48.65 ±14.28

< 0.001£

Height [m]

1.33 ±0.12

1.42 ±0.13

< 0.001¥

BMI [kg/m ]

18.07 ±3.16

23.53 ±4.21

< 0.001£

WC [cm]

61.96 ±1.05

77.34 ±1.41

< 0.001£

Fasting glucose [mmol/l]

4.44 ±0.06

4.62 ±0.06

0.034¥

Fasting insulin [µU/ml]

3.03 ±0.33

7.83 ±1.05

0.004£

Cholesterol [mmol/l]

3.78 ±0.08

4.05 ±0.11

0.225£

HDL [mmol/l]

1.38 ±0.04

1.19 ±0.03

< 0.001¥

LDL [mmol/l]

2.41 ±0.06

2.69 ±0.08

0.006£

Triglycerides [mmol/l]

0.83 ±0.03

1.42 ±0.09

< 0.001£

SBP [mm Hg]

94.69 ±8.42

100.21 ±9.30

< 0.001£

DBP [mm Hg]

63.24 ±7.77

Anthropometric data:

2

Metabolic factors:

67.81 ±7.36

< 0.001£

Data are mean ± SEM: Standard error of the mean; P-value according to *χ test for categorical variables, Mann-Whitney U test for
continuous variables with non-normal distribution, ¥Student’s t test for continuous variables with normal distribution, BMI – body mass
index, HDL – high-density lipoprotein, LDL – low-density lipoprotein, SBP – systolic blood pressure, DBP – diastolic blood pressure,
pc – percentile, WC – waist circumference.
2

in accordance with the GeneCards Human Gene
Database. OpenArray results for the FTO and GHRL
genes were confirmed by qPCR using the 7900HT
Fast Real-Time PCR System (data not shown).

Discussion
In this study, we measured the transcriptional
expression of 20 genes associated with obesity, in
peripheral white blood cells of well-characterized
healthy and obese Mexican children aged 6 to 14
years. Detection of mRNA levels was performed
using the OpenArray Real-Time PCR System (Applied Biosystems). We found that obese Mexican
children have higher levels of fasting glucose, triglycerides, LDL, SBP and DBP than lean children
from the same sample; moreover, obese children
have lower levels of HDL. All these traits are associated with adiposity, and similar data have
been reported in various studies related to obesity in children [22–24]. Our biochemical results
reinforce the observation that obese children have
an important metabolic imbalance due to obesity. The assessment of biochemical data for overweight and obesity in children is not well standardized in Mexico, because the country does not
have a standard information chart for children.
ADRB1 expression levels were higher in normal
weight children than in obese ones. This result is
consistent with a study in mice suggesting that its
expression is important to prevent induced obesity

972

£

caused a high fat diet [25]; to our knowledge, this
is the first description of ADRB1 mRNA expression
in human peripheral white blood cells. This report
gives clues which might help to prevent obesity in
children by increasing the expression of ADRB1.
This also means that the mechanism of ADRB1 action might be stimulated by an agonist that could
provoke a lipolysis increase in white adipocytes
and thermogenesis in brown adipocytes, mainly
by cAMP (cyclic adenosine monophosphate) production, activation of hormone-sensitive lipase
and protein kinase A, among other pathways.
Consequently, the adrenergic beta receptors affect
lipid metabolism [26].
On the other hand, we found that ADIPOR1 is
overexpressed in peripheral white cells of obese
children in our sample. This receptor regulates
several physiological aspects, including lipid metabolism [27]. A study in human adipose tissue
showed reduced ADIPOR1 gene expression in
obese adult subjects; the same study concluded
that weight loss increased gene expression significantly. Additionally, the study demonstrated
that weight loss induced improved insulin sensitivity, which may be mediated by up-regulation
of adiponectin [28]. Moreover, it has also been
reported that higher levels of receptor expression
are associated with insulin resistance [29], which
could be a compensatory mechanism to mitigate
the effects of decreased adiponectin levels.
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Figure 1. OpenArray quantitation of mRNA levels in peripheral white blood cells from lean and obese children. Data are
expressed as relative expression units (arbitrary units) using TLR9 as a housekeeping gene. Bars represent standard
error of the mean (SEM). P-value < 0.05 was considered statistically significant using the Mann-Whitney U test. Filled
black circles, lean children; filled black squares, obese children. A – ABCA1, B – ADIPOQ, C – ADIPOR1, D – ADIPOR2,
E – ADRB1, F – ATRN, G – FTO, H – GRHL, I – INSIG2, J – INSR, K – LEP, L – LEPR, M – PPARα, N – PPARγ, O – SORT1
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It is remarkable that the levels of FTO expression were elevated in obese children. This result
confirms what has been observed in other studies using murine and adult human models, where
FTO is associated with the development of obesity. In a study conducted with mestizo Mexican
adults, it was observed that the expression of FTO
is greater in subcutaneous adipose tissue of obese
individuals compared with healthy controls [30].
In another study, it was observed that mRNA FTO
was associated with the body mass index (BMI) in
adult persons of European origin, suggesting that
expression may be regulated by the accumulation
of fat in the body; specifically the visceral expression of FTO may contribute to the development of
obesity [31]. In addition, using a murine model, it
was found that an increase in FTO expression due
to the inclusion of extra copies of the gene caused
obesity. The mice that carried an extra copy of FTO
exhibited an increase in body weight; it was also
observed that FTO is directly related to food intake
and mice metabolism, since an increase in the expression of FTO leads to an increase in the intake
of food and body fat [32].
On the other hand, GHRL is also highly expressed in obese children. This gene has been
associated with obesity because it produces an
increase in adipose tissue and has a diabetogenic
effect in the liver and pancreas. It has been observed that plasma ghrelin levels correlate inversely with BMI and food intake patterns; in general,
its levels are reduced in obese individuals [33, 34].
In conclusion, in this study, we analyzed the
level of gene expression of 20 candidate genes
associated with obesity in peripheral white blood
cells of Mexican children with and without obesity.
We found a difference in the expression of ADRB1,
ADIPOR1, FTO and GHRL. This suggested that these
genes are involved in biological processes implicated in the development of childhood obesity.
We found that Mexican obese children have
biochemical parameters comparable to adults. We
found high levels of glucose, triglycerides, HDL,
LDL and blood pressure in obese children of this
study, suggesting the onset of metabolic imbalance that can lead to the development of various
diseases mentioned above. This finding demonstrates the importance of enhancing medical actions to address this situation in children to minimize the risk of diseases associated with obesity.
Obese children are at an increased risk of developing metabolic complications and cardiovascular
disease risk factors.
We conclude that peripheral blood samples are
a suitable tissue for gene expression studies and
a promising tool in the field of transcriptomics. It
is important to have biological samples in which
we can easily analyze the expression levels of sev-
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eral genes and we might detect metabolic pathways to prevent and treat health problems with
anticipation.
It is important to perform a comprehensive
analysis of all parameters obtained from each individual and the expression of genes involved in
various signaling pathways related to obesity in
children. Hence, our study contributes new perspectives for a better understanding of biological
processes that might be involved in obesity.

Acknowledgments
This work was supported by Cinvestav-IPN;
SSA/IMSS/ISSSTE-CONACYT 2012-180808, and
CONACYT SALUD-2005-C02-14412. We thank Alberto Piña Escobedo and Rodrigo Garcia Gutiérrez
for technical assistance in the laboratory, Antonia
López Salazar for administrative assistance, and
Lilianha Domínguez-Malfavón for graphic art. The
authors are deeply grateful to the IMSS Sport
Units Cuauhtémoc and Independencia in Mexico
City, which provided the necessary facilities for
sample collection, and participant children.

Conflict of interest
The authors declare no conflict of interest.
References
1. O’Rahilly S. Human genetics illuminates the paths to
metabolic disease. Nature 2009; 462: 307-14.
2. Herrera BM, Lindgren CM. The genetics of obesity. Curr
Diab Rep 2010; 10: 498-505.
3. Zhu J, Su X, Li G, Chen J, Tang B, Yang Y. The incidence
of acute myocardial infarction in relation to overweight
and obesity: a meta-analysis. Arch Med Sci 2014; 10:
855-62.
4. Kyriazis I, Rekleiti M, Saridi M, et al. Prevalence of obesity in children aged 6-12 years in Greece: nutritional
behaviour and physical activity. Arch Med Sci 2012, 8:
859-64.
5. Speliotes EK, Willer CJ, Berndt SI, et al. Association analyses of 249,796 individuals reveal 18 new loci associated with body mass index. Nat Genet 2010; 42: 937-48.
6. Meyre D, Bouatia-Naji N, Tounian A, et al. Variants of
ENPP1 are associated with childhood and adult obesity
and increase the risk of glucose intolerance and type 2
diabetes. Nat Genet 2005; 37: 863-7.
7. Wheeler E, Huang N, Bochukova EG, et al. Genome-wide
SNP and CNV analysis identifies common and low-frequency variants associated with severe early-onset obesity. Nat Genet 2013; 45: 513-7.
8. Irizarry K, Hu G, Wong ML, Licinio J, Lee CJ. Single nucleotide polymorphism identification in candidate gene systems of obesity. Pharmacogenomics J 2001; 1: 193-203.
9. Lopez-Orduna E, Garcia-Mena J, Garcia-Macedo R, Stumvoll M, Cruz M. CAPN10 mRNA splicing and decay is not
affected by a SNP associated with susceptibility to type
2 diabetes. Biochem Biophys Res Commun 2007; 358:
831-6.
10. Zhang Y, Kent JW, Olivier M, et al. A comprehensive analysis of adiponectin QTLs using SNP association, SNP

Arch Med Sci 5, October / 2016

Expression of candidate genes associated with obesity in peripheral white blood cells of Mexican children

cis-effects on peripheral blood gene expression and
gene expression correlation identified novel metabolic
syndrome (MetS) genes with potential role in carcinogenesis and systemic inflammation. BMC Med Genomics 2013; 6: 14.
11. de Godoy MR, Swanson KS. Companion Animals Symposium. Nutrigenomics: using gene expression and molecular biology data to understand pet obesity. J Anim
Sci 2013; 91: 2949-64.
12. Hermsdorff HH, Puchau B, Zulet MA, Martinez JA. Association of body fat distribution with proinflammatory
gene expression in peripheral blood mononuclear cells
from young adult subjects. OMICS 2010; 14: 297-307.
13. Zamboni M, Di F, Garbin VU, et al. Adiponectin gene expression and adipocyte NF-kappaB transcriptional activity in elderly overweight and obese women: inter-relationships with fat distribution, hs-CRP, leptin and insulin
resistance. Int J Obes (Lond) 2007; 31: 1104-9.
14. Hughes TR, Marton MJ, Jones AR, et al. Functional discovery via a compendium of expression profiles. Cell
2000; 102: 109-26.
15. Takamura T, Honda M, Sakai Y, et al. Gene expression
profiles in peripheral blood mononuclear cells reflect
the pathophysiology of type 2 diabetes. Biochem Biophys Res Commun 2007; 361: 379-84.
16. Tahira K, Ueno T, Fukuda N, et al. Obesity alters the
expression profile of clock genes in peripheral blood
mononuclear cells. Arch Med Sci 2011; 7: 933-40.
17. Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC
Growth Charts for the United States: methods and development. Vital Health Stat 2002; 246: 1-190.
18. García Cuartero B, García Lacalle C, Jiménez Lobo C,
et al. The HOMA and QUICKI indexes, and insulin and
C-peptide levels in healthy children. Cut off points to
identify metabolic syndrome in healthy children. An
Pediatr (Barc) 2007; 66: 481-90.
19. Chomczynski P, Sacchi N, Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem 1987; 162: 156-9.
20. Dheda K, Huggett JF, Bustin SA, et al. Validation of
housekeeping genes for normalizing RNA expression
in real-time PCR. Biotechniques 2004; 37: 112-4, 116,
118-9.
21. Schmittgen TD, Livak KJ. Analyzing real-time PCR data
by the comparative C(T) method. Nat Protoc 2008; 3:
1101-8.
22. Mejía-Benítez A, Klünder-Klünder M, Yengo L, et al.
Analysis of the contribution of FTO, NPC1, ENPP1,
NEGR1, GNPDA2 and MC4R genes to obesity in Mexican
children. BMC Med Genet 2013; 14: 21.
23. Buxton JL, Walters RG, Visvikis-Siest S, Meyre D, Froguel P, Blakemore AI. Childhood obesity is associated
with shorter leukocyte telomere length. J Clin Endocrinol Metab 2011; 96: 1500-5.
24. Norris AL, Steinberger J, Steffen LM, Metzig AM,
Schwarzenberg SJ, Kelly AS. Circulating oxidized LDL
and inflammation in extreme pediatric obesity. Obesity
(Silver Spring) 2011; 19: 1415-9.
25. Soloveva V, Graves RA, Rasenick MM, Spiegelman BM,
Ross SR. Transgenic mice overexpressing the beta 1-adrenergic receptor in adipose tissue are resistant to obesity. Mol Endocrinol 1997; 11: 27-38.
26. Lafontan M, Berlan M. Fat cell adrenergic receptors and
the control of white and brown fat cell function. J Lipid
Res 1993; 34: 1057-91.
27. Yamauchi T, Kadowaki T. Physiological and pathophysiological roles of adiponectin and adiponectin receptors in

the integrated regulation of metabolic and cardiovascular diseases. Int J Obes (Lond) 2008; 32 Suppl. 7: S13-8.
28. Rasmussen MS, Lihn AS, Pedersen SB, Bruun JM, Rasmussen M, Richelsen B. Adiponectin receptors in human
adipose tissue: effects of obesity, weight loss, and fat
depots. Obesity (Silver Spring) 2006; 14: 28-35.
29. Akingbemi BT. Adiponectin receptors in energy homeostasis and obesity pathogenesis. Prog Mol Biol Transl Sci
2013; 114: 317-42.
30. Villalobos-Comparán M, Flores-Dorantes MT, VillarrealMolina MT, et al. The FTO gene in associated with adulthood obesity in the Mexican population. Obesity (Silver
Spring) 2008; 16: 2296-301.
31. Klöting N, Schleinitz D, Ruschke K, et al. Inverse relationship between obesity and FTO gene expression in
visceral adipose tissue in humans. Diabetologia 2008;
51: 641-7.
32. Church C, Moir L, McMurray F, et al. Overexpression of
Fto leads to increased food intake and results in obesity.
Nat Genet 2010; 42: 1086-92.
33. Scerif M, Goldstone AP, Korbonits M. Ghrelin in obesity
and endocrine diseases. Mol Cell Endocrinol 2011; 340:
15-25.
34. Williams DL, Grill HJ, Cummings DE, Kaplan JM. Overfeeding-induced weight gain suppresses plasma ghrelin
levels in rats. J Endocrinol Invest 2006; 29: 863-8.
35. Villarreal-Molina MT, Aguilar-Salinas CA, RodríguezCruz M, et al. The ATP-binding cassette transporter A1
R230C variant affects HDL cholesterol levels and BMI
in the Mexican population: association with obesity
and obesity-related comorbidities. Diabetes 2007; 56:
1881-7.
36. Fumeron F, Aubert R, Siddiq A, et al. Adiponectin gene
polymorphisms and adiponectin levels are independently associated with the development of hyperglycemia
during a 3-year period: the epidemiologic data on the
insulin resistance syndrome prospective study. Diabetes
2004; 53: 1150-7.
37. Rasmussen MS, Lihn AS, Pedersen SB, et al. Adiponectin receptors in human adipose tissue: effects of obesity, weight loss, and fat depots. Obesity (Silver Spring)
2006; 14: 28-35.
38. Dionne IJ, Garant MJ, Nolan AA, et al. Association between obesity and a polymorphism in the beta(1)adrenoceptor gene (Gly389Arg ADRB1) in Caucasian women. Int J Obes Relat Metab Disord 2002; 26: 633-9.
39. Tso P, Liu M. Apolipoprotein A-IV, food intake, and obesity. Physiol Behav 2004; 83: 631-43.
40. Yeo GSH, Siddle K. Attractin more attention, new pieces
in the obesity puzzle. Biochem J 2003; 376: e7-8.
41. Nakamura M, Morimoto S, Zhang Z, et al. Calcitonin receptor gene polymorphism in Japanese women: correlation with body mass and bone mineral density. Calcif
Tissue Int 2001; 68: 211-5.
42. Frayling TM, Timpson NJ, Weedon MN, et al. A common
variant in the FTO gene is associated to body mass index and predisposes to childhood and adult obesity.
Science 2007; 316: 889-94.
43. Scerif M, Goldstone AP, Korbonits M. Ghrelin in obesity
and endocrine diseases. Mol Cell Endocrinol 2011; 340:
15-25.
44. Lyon HN, Emilsson V, Hinney A, et al. The association
of a SNP upstream of INSIG2 with body mass index is
reproduced in several but not all cohorts. PLoS Genet
2007; 3: e61.
45. Blüher M, Michael MD, Peroni OD, et al. Adipose tissue
selective insulin receptor knockout protects against

Arch Med Sci 5, October / 2016975

Marcela Ulloa-Martínez, Ana I. Burguete-García, Selvasankar Murugesan, Carlos Hoyo-Vadillo, Miguel Cruz-Lopez, Jaime García-Mena

obesity and obesity-related glucose intolerance. Dev
Cell 2002; 3: 25-38.
46. Jiang Y, Wilk JB, Borecki I, et al. Common variants in the
5’ region of the leptin gene are associated with body
mass index in men from the National Heart, Lung, and
Blood Institute Family Heart Study. Am J Hum Genet
2004; 75: 220-30.
47. Roth H, Korn T, Rosenkranz K, et al. Transmission disequilibrium and sequence variants at the leptin receptor gene in extremely obese German children and adolescents. Hum Genet 1998; 103: 540-6.
48. Lee YS, Poh LK, Kek BL, Loke KY. The role of melanocortin
3 receptor gene in childhood obesity. Diabetes 2007; 56:
2622-30.
49. Huang J, Jia Y, Fu T, et al. Sustained activation of PPAR{alpha} by endogenous ligands increases hepatic fatty acid
oxidation and prevents obesity in ob/ob mice. FASEB J
2011; 26: 628-38.
50. Bell CG, Walley AJ, Froguel P. The genetics of human
obesity. Nat Rev 2005; 6: 221-34.
51. Ridderstrale M, Johansson LE, Rastam L, Lindblad U. Increased risk of obesity associated with the variant allele
of the PPARGC1A Gly482Ser polymorphism in physically
inactive elderly men. Diabetologia 2006; 49: 496-500.
52. Kaddai V, Jager J, Gonzalez T, et al. Involvement of
TNF-alpha in abnormal adipocyte and muscle sortilin
expression in obese mice and humans. Diabetologia
2009; 52: 932-40.

976

Arch Med Sci 5, October / 2016

