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Methods: The aim of the study is to examine relationship between serum lipocalin-2 concentrations and
metabolic risk factors in 80 obese children and compared with 80 age and sex matched non-obese children
controls. Anthropometric and biochemical parameters were measured by standard procedures. Insulin resistance
was determined by Homeostasis Model Assessment of Insulin Resistance (HOMA-IR).

Results: In the present cross —section study serum lipocalin-2, leptin, insulin, HOMA-IR blood pressure,
triglycerides and low-density lipoprotein (LDL-c) and cholesterol were significantly higher in obese children than
non-obese, whereas high-density lipoprotein cholesterol (HDL-c) was significantly lower. After adjustment of
lipocalin-2 levels for BMI, age and gender, the correlation between serum lipocalin-2 with weight, waist
circumference, body fat % and metabolic variables such as fasting insulin; glucose and HOMA-IR triglycerides,
cholesterol, LDL-C and HDL-C remained significant. The stepwise multiple regression analysis showed that
lipocalin-2 levels were independently associated with LDL-c, total cholesterol, triglycerides and HOMA-IR.
Conclusions: lipocalin-2 was significantly elevated in prepubertal obese children and was independently
associated with adiposity parameters and its related metabolic complications. The present findings suggest that
the measurement of this biomarker may be useful for evaluating metabolic syndrome in Egyptian obese children.

INTRODUCTION

Obesity is a major risk factor for insulin resistance. It is
well known that adipocytes could secrete a variety of biologically
adipokines, which are thought to contribute to the development
of insulin resistance. Lipocalin-2 is secreted by adipocytes and
immune cells such as neutrophils and macrophages and was
initially described as playing a role in innate immunity, perhaps
by sequestrating iron. Obesity is the most common risk factor for
insulin resistance, type 2 diabetes mellitus (T2DM), and
cardiovascular disorders (Kassi et al., 2011). Obese adolescents,
especially those with central adiposity, are more likely to develop
glucose intolerance, insulin resistance, dyslipidemia as well as
high blood pressure, conditions that comprise the metabolic
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syndrome. Adipose tissue is an important endocrine organ; it
secretes several hormones and cytokines that are involved in the
metabolic syndrome. Adipokines, signaling proteins secreted by
adipose tissue, have an important regulatory function throughout
the body. In obese children low levels 25-(OH) D were associated
with increased markers of oxidative stress, inflammation and
endothelial activation (Codofier-Franch et al., 2012). Lipocalin-2,
also known as 24p3 and neutrophil gelatinase—associated lipocalin
(NGAL) (Yan at al., 2007)[3], is a 25-kDa secretory glycoprotein
that was originally identified in mouse kidney cells and human
neutrophil granules. This protein has been implicated in diversified
functions such as apoptosis and innate immunity. In addition to
neutrophils, lipocalin-2 is expressed in several other tissues,
including liver, lung, kidney, adipocytes, and macrophages (Liu et
al.,1995; Kratchmarova et al., 2002; Meheus et al., 1993).
Gelatinase-associated Lipocalin (NGAL), which belong to the
lipocalin protein family, are associated with insulin resistance
(Quadro etal., 1999; Rasouli and Kern, 2008) and metabolic
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syndrome Graham et al.,2006)[9]. Lipocalin-2 was reported to be
associated with obesity and insulin resistance (IR) in both mice
and humans (Wang et al., 2007).

Previous studies have focused on its role in immune
response to bacterial infections (Flo et al., 2004) and as a
biomarker of acute kidney failure (Kuwabara et al., 2009).
Furthermore, there was a report that expression of lipocalin-2 is
increased in atherosclerotic plaques and myocardial infarction and
regulates the inflammatory response during ischemia and
reperfusion of the transplanted heart in adults (Hemdahl et al.,
2006; Aigner et al., 2007).

Studies in animal models have shown that murine
atherosclerosis is accompanied by increased levels of serum LCN2
and that conditions of hypoxia and myocardial infarction (MI)
induce Lcn2 mRNA expression. Serum LCN2 levels have also
been found to be related to glucose metabolism and blood lipid
composition. The relationship between lipocalin-2 and obesity is
controversial and it has been scarcely studied in children.
Therefore, the aim of the current study was to investigate the
relationship between serum lipocalin-2 concentrations and
metabolic abnormalities in Egyptian obese children.

SUBJECTS AND METHODS

The present cross-sectional study was conducted during
March 2012 to June 2013. The subjects of this study comprised
160 Egyptian children (80 obese and 80 non obese healthy
children matched in age and sex). They aged between 6 and 10
years and were prepubertal according to Tanner staging. Inclusion
criteria for patients were the existence of obesity as defined by
body mass index (BMI) >2 SDS for age and sex upon Egyptian
normative charts (http://www.dempuegypt.blogspot.com).

Written informed consent was obtained from all the
patients' parents and all investigations followed the Helsinki. This
study protocol was approved by the ethical committee board of the
National Research Centre of Egypt (N0.10/223).

Exclusion criteria for obese children were the presence of
endocrinopathy, obesity-associated syndrome, and the presence of
any infectious or inflammatory diseases in the past 10 days, or
taking medication that affected weight, lipid metabolism, or
arterial pressure.

Controls were healthy, lean children prepubertal and matched
by age with the obese patients

Anthropometric measures

Standing height without shoes was measured twice with a
standard scale to the nearest 0.1 cm. Height was measured with the
patients standing with their backs leaning against the stadiometer
of the same scale. Body weight was measured with the lightest
clothing to the nearest 0.1 kg and body fat percentage (BF %) was
measured by Tanita Body Composition Analyzer (SC-330). BMI
was calculated as weight in kilograms divided by height in meters
squared (kg/m2). Waist circumference (WC) & hip circumference

(HC) were measured in cm using a plastic, non-stretchable tailor's
tape. WC was measured with light clothing at a level midway
between the lower rib margin and the iliac crest standing and
breathing normally. HC was measured at the level at the widest
circumference over the buttocks (at the greater trochanter). The
waist hip ratio (WHR) was calculated as WC divided by HC. Mid
upper arm circumference (MUAC) measured at a point mid-way
between the tip of the shoulder and the tip of the elbow.

The anthropometric measurements and instruments
followed the International Biological Programme (IBP) included
weight, height, waist and hip circumferences. Measurements were
taken three times and the mean values used in the analysis. All
circumferences were measured to the nearest 0.1 cm. BMI was
calculated as weight in kilograms divided by the square of height
in meters.

Blood pressure was measured 3 times with a
standard mercury sphygmomanometer and appropriately sized
adult cuffs on the right arm of each subject after a 10-minute rest
in a sitting position, and the mean values were used for analysis.
Skinfold thickness was measured using Holtain Skinfold Caliper is
calibrated to 0.2 mm, but the measurement can be conveniently
estimated to the last completed 0.1 mm by the same investigator at
the following sites: triceps-half-way between the acromion and the
olecranon; and subscapular— 1cm below the inferior angle of the
scapula dial of the caliper illustrated .

All obese subjects and non obese controls underwent
standard physical examination, blood samples were obtained
following overnight fasting. Serum total cholesterol, HDL-
cholesterol and LDL, triglycerides, insulin and glucose were
analyzed by routine biochemical procedures. Insulin resistance
was assessed at baseline by using the homeostasis model
assessment (HOMA). The HOMA-IR was derived as estimates of
insulin sensitivity. HOMA-IR was calculated using the formula
fasting insulin (U/mL) X fasting glucose (mmol/L)/22.5 (Keskin et
al., 2005).

Serum lipocalin-2 levels were determined using a Human
Lipocalin-2 Quantikine ELISA kit

Statistical analysis

Data were expressed as means + S.D. We used the
Kolmogorov—Smirnov test to evaluate variables for normality.
Differences between groups were tested using the unpaired
Student’s t-test or the Mann-Whitney U test. Wilcoxon rank-sum
test (for skewed variables) were used to assess the
significance of differences found between the obese cases and
controls.

Multiple regression analysis was performed with
lipocalin-2 concentrations as a dependent variable and the rest of
the variables as independent variables. The stepwise method was
used for significant variable selection. Values of P <0.05 were
considered significant. Data were analyzed using SPSS for
Windows (version 16.0; SPSS Inc., Chicago, IL, USA).
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Table 1: Clinical and laboratory characteristics of study subjects.

Boys Girls

Obese Non-obese P Obese Non-obese P

(n=40) (n=40) (n=40) (n=40)
Age (years) 105+25 16.5+2.8 0.71 11.4+33 16.9+3.4 0.71
Anthropometric and clinical variables
BMI (kg/m?) 224 +55 13.6+3.2 .001 234+46 14.6+4.2 .001
WC (cm) 96.8+10.7 72.8 £10.6 .001 85.8+12.1 69.8 +10.4 .001
WHR 97+.9 79+.1 .001 87+.8 73+8 .001
Mid upper arm circumference (cm) 31.7+54 20.1+8.4 .001 29.7+6.4 22.6 5.4 .001
Triceps SF (mm) 30.1+4.2 17.6 +8.25 .001 28.1+52 16.3+5.2 .001
Subscapular SF (mm) 29.4+5.1 16.1+6.4 .001 244+59 151+74 .001
Fat mass (kg) 28.3+10.2 14.2+6.6 .001 32.3+14.2 17.2+6.6 .001
Body fat % 23.0+7.7 134+9.0 .001 25.0+7.7 144+72 .001
Systolic BP (mm Hg) 129.4 +13.7 96.8 +10.4 .001 125.4 +10.7 89.9+94 .001
Diastolic BP (mm Hg) 743+95 66.6 +10.5 .001 72.3+9.5 65.4+10.5 .001
Metabolic variables
Insulin (pU/mL) 105+4.38 351+49 .001 11.6+5.9 39+39 .001
Glucose (mg/dL) 92.5+135 91.7+11.3 .88 91.6 +12.3 90.1+8.3 61
HOMA-IR 53+15 22+14 .001 6.3+1.9 19+13 .001
Cholesterol (mg/dL) 159.8+22.4 149.1+ 25.2 .05 155.8 +23.4 145.9+21.2 .04
Triglycerides (mg/dL) 110.3+34.0 76.8+20.1 .001 108.3+25.0 76.8+19.4 .001
HDL-C (mg/dL) 40.9 £12.6 56.7 +10.2 .004 39.8+12.6 56.7 +10.2 .004
LDL —C (mg/dL) 132.4+26.2 100.7 +30.1 .02 136.4+30.8 101.7 +28.7 04.
Diagnostic biomarkers
Lipocalin 2 (ng/ml) 39.7 £16.2 23+ 10.66 .001 38.9 +15.88 24.8+13.77 .001
Leptin (ng/mL) 13.56 +7.55 48+22 .001 15.56 + 8.55 58+22 .001

Body mass index; WC: waist circumference; HC: hip circumference; WHR: waist to hip ratio; HDL-C: high-density lipoprotein cholesterol; LDL: low-density

lipoprotein cholesterol.
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Fig. 1: Box plot of Lipocalin-2 (pug/L) by BMI category. The box plot displays the 25th, median and 75th percentiles, and the minimum and maximum levels as
horizontal lines outside the box.

Results

Clinical and biochemical characteristics of obese and non
obese boys and girls are presented in Table 1. Anthropometric
parameters, including BMI, waist circumference, WHR, MUAC,
skinfolds thickness, fat mass, BF%, systolic and diastolic BP,
insulin, glucose, HOMA-IR, total cholesterol, LDL-C,
triglycerides, lipocalin-2 concentration were significantly higher

and HDL-C was significantly lower in obese group than non obese
controls in both genders. Figure 1 shows pox-plot of lipocalin-2
concentrations according to BMI.

Table 2 shows results of partial correlation analysis
between adjusted lipocalin-2 for gender, age and BMI. Results
shows that adjusted lipocalin-2 concentrations were positively
correlated with weight, waist circumference, body fat % , systolic
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and diastolic BP, insulin, glucose, and HOMA-IR triglycerides,
LDL-C and total cholesterol, whereas they had a negative
correlation with HDL-C.

The stepwise multiple regression analysis showed that
lipocalin-2 levels were independently associated with LDL-C,
triglycerides, total cholesterol and HOMA-IR (Table 3).

Table2: Partial correlation analyses of Lipocalin-2, adjusted for age, gender
and body mass index.

Lipocalin-2

r P
Weight (kg) 45 .025
Age -.039 511
wcC 496 .001
WHR . 055 .25
MUAC .08 .892
Triceps SF (mm) .0526 52
Subscapular SF (mm) .069 .32
Body Fat % .664 .024
Systolic BP (mm Hg) 451 .001
Diastolic BP (mm Hg) 675 .001
Insulin (pU/mL) .622 .001
Glucose (mg/dL) 593 .001
HOMA-IR .664 .001
Cholesterol (mg/dL) 463 .022
Triglycerides (mg/dL) .551 .041
HDL-C (mg/dL) -.622 .001
LDL-C (mg/dL) .58 .036

Body mass index; WC: waist circumference; HC: hip circumference; WHR:
waist to hip ratio; MUAC: mid upper arm circumference; HDL-C: high-density
lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; HOMA-IR,
homeostasis model assessment insulin resistance.

Table 3: Multiple regression analysis with lipocalin-2 concentrations as
dependent variable.

lipocalin-2
Unstandardized Coefficients Standardized Coefficients
B SE Standard p
LDL-C 256. 230 293. . 004
Cholesterol .34 211 .355 .002
Triglycerides .24 611 .859 .002
HOMA-IR 754. 115. 593. .003

DISCUSSION

In the current study, we investigated lipocalin-2 as
diagnostic biomarkers for metabolic abnormalities which related to
obesity in pre-pubertal children.

Results show that obese children had significantly higher
mean serum concentrations of lipocalin-2 than non obese controls.
Furthermore, the study observed that after adjustment of lipocalin-
2 for gender, age and BMI correlation between lipocalin-2
concentrations and obesity parameters remained significant,
whereas with metabolic risk variables such as systolic diastolic
blood pressure; fasting serum concentrations of insulin, whereas
triglycerides, glucose and HOMA-IR and HDL-c

To further understand the relationship between lipocalin-
2 with the metabolic syndrome risk variables, we carried out the
multiple regression analysis which showed that this biomarker was
independently associated metabolic syndrome components.

Previous studies have suggested contradictory roles for
lipocalin-2 in glucose metabolism. A linear association between
Lipocalin-2 and 25- (OH) D, as well as between Retinol-Binding-

Protein-4 and 25-(OH) D, is evident in the results of previous
obese cases. Studies of Gavi et al., (2007) show a positive
correlation between RBP4, adiposity and an increased
inflammatory state. There are other studies, though, that do not
support the above (Promintzer et al., 2007; Broch et al., 2007).

Other  cross-sectional  human  studies  reported
contradictory roles for lipocalin-2 in glucose metabolism in old
subjects. In a study of 33- to 72-year-old men and women, a
positive  correlation  between lipocalin-2 and adiposity,
triglycerides, glucose, and HOMA-IR was found. These
correlations were significant even after adjusting age, sex, and
BMI. However, a study of 58-year-old healthy Swedish men found
no correlation between lipocalin-2 and insulin sensitivity, waist
circumference, or BMI, although it showed an inverse correlation
with HDL- and LDL-cholesterol (Wallenius et al., 2011) .

One study using visceral fat from obese subjects did

confirm lipocalin-2 mRNA expression in this tissue, but
subcutaneous fat tissue was not studied (Catalan et al., 2009).
Interventional studies looking at the effect of weight loss, which is
known to improve insulin sensitivity, have mostly found no
change in lipocalin-2 levels with weight loss (Corripio et al., 2010;
Choi et al., 2009).
In a 2-year longitudinal study that evaluates the association
between plasma concentrations of lipocalin-2 and metabolic
syndrome parameters in prepubertal children, before and after a
diet and lifestyle intervention program reported that lipocalin-2 in
obese pre-pubertal children showed a 44.7% higher concentration
than that in lean children, after controlling age and sex. However,
it did not significantly decrease after weight loss in obese patients
after 2 years of follow-up (Wang et al., 2007).

Lipocalin-2 seems to act as an acute phase protein, which
can be induced by different inflammatory processes (Lin et al.,
2001). In obese states, these proinflammatory factors are produced
predominantly from enlarged adipocytes and activated
macrophages in adipose tissue and liver. Many of these
inflammatory factors, such as interleukin (IL) 6, tumor necrosis
factor alpha, and resistin, can directly induce glucose intolerance
and insulin resistance by antagonizing insulin’s metabolic actions
at peripheral tissues, especially in liver and skeletal muscle
(Trayhurnet al., 2004; Fantuzzi et al., 2005). On the other hand,
several other adipokines produced from adipocytes, including
adiponectin and visfatin, have demonstrated insulin-sensitizing
activity and exertion of beneficial effects on glucose and lipid
homeostasis (Kadowaki 2005; Kadowaki and Yamauchi, 2005;
Fukuhara et al., 2005).  Expression of lipocalin-2 in both adipose
tissue and liver can be induced by lipopolysaccharides, suggesting
lipocalin-2 to be an acute phase protein (Lin et al., 2001).
Likewise, in our study, lipocalin-2 concentrations did not
significantly decrease after weight loss in obese patients after 2
years of follow-up. Lipocalin-2 appears to act as an acute phase
protein, which can be induced by different inflammatory processes
(Wang et al., 2007). In obesity, it has been shown that lipocalin-2
is an independent predictor of inflammation and it correlates with
PCR after adjusting for age, sex, and adiposity (Zografos et al.,
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2009). The possible association of serum LCN2 levels and
coronary artery disease (CAD) has been addressed by clinical
trials, and studies based on Caucasian and Korean populations
have suggested positive associations between expression of this
multifunctional protein and development of this life threatening
disease with systemic implications. However, no study to date has
assessed the relationship between serum LCN2 levels and CAD in
a Chinese population (Choi et al., 2008; Matsubara et al., 2002)

Insulin and leptin are secreted in direct proportion, and
adiponectin in negative proportion, to the size of the adipose mass.
These three hormones are key molecules in the regulation of lipid
metabolism. During states of positive energy balance, as it occurs
in obesity, the adipose mass expands and more leptin and insulin
but less adiponectin are secreted (Fried et al., 2000). Leptin and
insulin reach the brain and, as a consequence, anabolic pathways
are inhibited and catabolic pathways are activated. These two
hormones, as well as adiponectin, also interact with peripheral
tissue receptors modulating energy metabolism. Leptin is produced
by adipose tissue and considered to be one of the main peripheral
signals that regulate food intake, energy expenditure and body
weight, by reporting nutritional information to key regulatory
centers in the hypothalamus. Leptin exerts complex effects on the
storage and metabolism of fats and carbohydrates. These are
mediated both directly, through actions on specific tissues, and
indirectly, through CNS endocrine and neural mechanisms.

Leptin stimulates fatty acid oxidation and glucose uptake
and prevents lipid accumulation in non-adipose tissues, which can
lead to lipotoxicity and functional impairments. The increase in the
expression of uncoupling proteins (UCP) in adipose tissue and
muscle, which occurs during leptin treatment may also account for
leptin’s ability to prevent the decrease in energy expenditure that
takes place during the reduction of food intake.

There is a controversy about the direct interaction
between leptin and insulin. Apparently, hyperinsulinemia
promotes fat deposition, which subsequently increases leptin
expression (Girard et al., 1997). Leptin has also been suggested to
be related to insulin resistance. Moreover, in healthy children and
adults, obese individuals or those who have insulin-dependent or
non-insulin-dependent diabetes, there is a positive correlation
between leptin and insulin concentrations during fasting,
independent of body fat content. These results led to the
suggestion that leptin might be the signal from adipocytes to islets
to hypersecrete insulin when fat content is increased and insulin
sensitivity is lowered (Larsson et al., 1996; Valle et al., 2003).
However, a great deal of additional information is needed to
clarify the relationship between leptin and insulin sensitivity, in
both physiological and pathological conditions.

In human obese subjects, like other insulin resistance—
inducing adipokines and cytokines, circulating lipocalin-2 levels
are markedly elevated (Zhang et al., 2008).

In summary, our study provides clinical evidence
demonstrating that serum concentrations of lipocalin-2 are closely
associated with obesity and its related metabolic complications.
The present study suggests that the measurement of this biomarker

may be useful for evaluating metabolic syndrome in Egyptian
obese children.
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