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Abstract: The current study is undertaken to investigate the potential role of lipocalin in the low grade
inflammation associated with obesity in children. This study was conducted on 100 children (age range from
8-12 years) divided into two groups, the first group included 50 obese children and the second group included
50 lean controls. Anthropometric measurements including weight, height and body mass ndex were recorded.
Plasma levels of insulin, cholesterol, triglycerides, high sensitivity C-reactive protein, interleukin-6 and lipocalin-
2 (LCN-2) were determined. The present results reveal that plasma lipocalin concentration was significantly
mcreased i obese children when compared with the lean controls. Moreover, circulating lipocalin-2
concentration showed significant positive correlation (r=0.850) with adiposity (BMI), hypertriglyceridemia
(r=0.607) and hypercholesterolemia (r=0.544). Tn addition, there was a strong positive association between
LCN-2 concentration and high sensitivity C-reactive protein and interleukin -6 in obese children. This
assoclation suggested that LCN-2 has a positive mwvolvement m the low-grade chronic mflammation
accompanying obesity. The present study reveal that LCN-2 1s an inflammatory marker closely related to obesity
in children Measurement of plasma T.CN-2 might be useful as perspective indicator for evaluating the outcomes

of various clinical interventions for obesity -related metabolic diseases.
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INTRODUCTION

Obesity 1s the most common risk factor for insulin
resistance, type 2 diabetes mellitus, (T2DM) [1]. Although
the detailed molecular events that link obesity with it's
associated pathologies are not well understood, a
growing body of evidence suggests that systematic
mflammation might be an important mediator [2].
Studies have demonstrated close associations between
obesity and a state of low-grade chronic inflammation
characterized by macrophage infiltration in adipose tissue

concentrations  of
including acute phase

and  mcreased  ciculating
proinflammatory molecules,

proteins, cytokines and chemokines [3,4]. Lipocalin-2 is a
of the lughly

heterogenous family of lipocalins. It 1s a component of the
innate immune system with a key role in the acute -phase

secretory  glycoprotein  member

response to infection [5]. LCN-2 also known as neutrophil
gelatinase-associated lipocalin (NGAL) or siderocalin was
oringnally 1dentified as a component of neutrophil

gramiles. LCN-2 expression has been observed in most
tissues and its synthesis is induced in epithelial cells
during mflammation [6]. Recent reports have described
this protein as an adipokine closely related to insulin
resistance [7]. Furthermore, the high circulating levels of
LCN-2 have been described in adult obese being
assoclated with anthropometric variables and measures of
insulin resistance [8].
Lipopolysaccharide strongly stimulates LCN-2
expression in adipose tissue and liver, strengthening its
role as an acute-phase reactant [9].Furthermore, the
expression of LCN-2 m adipocyte 1s strongly mduced by
the pro-inflammatory cytokine. obesity s
considered a state of low- grade chronic inflammation [10],

Since

the implication of LCN-2 m the mflammatory signaling
pathways activated m obesity seems plausible. In this
study, we analyzed the influence of obesity on the
circulating level of LCN-2 in children. Present study
also, 18 extended to evaluate the hypothesis that LCN-2
operates as a modulator of mflammation in childhood
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obesity as we studied it's relation to circulating proteins
mvolved in inflammation in a well-characterized group of
obese children comparing with the lean controls.

SUBJECTS AND METHODS

A total number of 100 children (age range 8-12 years)
were enrolled in the current study. The subjects of this
study were selected on the basis of their body mass mdex
(BMI) and included: group (T) 50 obese (29 males and 21
females cases) (BMI > 30kg/m?) and group (IT) 50 lean
control (BMI < 25kg/m’) (matched for age and sex). BMI
was calculated as weight in kilograms divided by the
square of height in meters. The protocol was approved by
the Ethical Commuittee for Medical Research -Dokki, Cairo
Egypt. Five milliliter blood samples from both groups
(cases and controls) were collected by vempuncture after
an overmght fast in EDTA contaimng tubes. Blood
samples were centrifuged n a cooling centrifuge at 4°C for
10 min. to obtain plasma. Plasma insulin was analyzed by
mean of an enzyme-amplified chemilumi-nescence assay
(IMMULITE, Diagnostic products Corp. Los Angeles,
CA, TISA) according to the method described by Eastham
[11]. Total cholesterol and triglycerides levels were
determined calorimetrically using a Stanbio Laboratory Kit
(TJSA), according to the method of Richmond [12]
and Drayer [13], respectively. High sensitivity C-reactive
protemn (CRP) concentration was determined by using a
microplate immune enzymetric assay provided from
Monobind INC. USA [14], while Interleukine-6
concentration was quantified using a commercially
available ELISA kit (Ray Biotech, Inc. UUSA) according to
the method of Bauer and Hermann[15]. Plasma lipocalin
LCN-2 level was estimated using commercially available
ELISA kits (R&D systems Europe Ltd, Abingdon, TK)
according to Kjeldsen et al. [16] procedure.

Statistical Analysis: Data in the present work are
presented as means + standard deviation (Means £ SD).

Table 1: Clinical characteristics of the study subjects

Differences between the groups were assessed by
two-tailed unpaired student's t test. The descriptive
frequencies of the variables were adequate for the use of
chi-square, cross-tabulation test Pearson's correlation
coefficient (r) was used to analyze the association
between variables. The calculations were performed using
the (SPSS, Chicago, II, USA) and P 0.05 was considered
statistically sigmificant.

RESULTS

The results in Table 1 show the clinical
characteristics of the study participants. The statistical
analysis of the data in this table show significant
increased in obese children as compared to the lean
controls (P<: 0.05). Data in Table 2 revealed that plasma
total cholesterol, triglycerides and msulin are sigmficantly
higher m obese children as compared to the lean controls
{(P<0.05). The circulating levels of the mflammatory marker
CRP and interleukin-6 show significant increase m group
I obese children as compared to group II lean controls
(P<0.05). Significant elevation in plasma level of lipocalin
2 (LCN2) is detected in obese children when
compared to the lean control one (P<0.03). Lipocalin-2
level shows significant positive correlation with insulin
(r=0.912, P<0.01), the inflammatory marker CRP (= 0.960,
P<0.01) and I1.-6 (r = 0.976, P< 0.01). Also, it declares
demonstrates sigmificant positive correlation with both
cholesterol (1=0.544, P<. 0.01) and triglycerides (r=0.607,
P< 0.01) as shown i Table 3. Moreover, LCN-2 shows
significa nt positive correlation with BMI (=0.850, P<
0.01). Also, CRP and mterleukin-6, reveal sigrificant
positive correlation with BMI (r= 0.879 and 0.882
respectively) at P< 0.01 (Table 3). The relation between
LCN-2 and BMI by cross tabulation is shown in Table 4.
Tt reveals a sensitivity amounting to 87.5% and specificity
reached to 82.5%. The statistical significant difference
between LCN-2 and BMI is detected by Fisher's Exact test
(P=<0.05).

Parameters Group I (n=50) Mean = SD Group I (n =50) Mean + SD Sig. (2-Tailed)
Age (years) 10.91+2.2 1043+ 2.5 0.32
Sex 1.42+0.49 1.55+0.5 0.19
Weight (Kg) 60.41 = 14.46 33.57+11.¢ 0.00
Height (m) 141.47 £ 13.05 13513+ 13.73 0.02
BMI (Kg/m?) 29.75+3.31 17.77+2.75 0.00
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Table 2: Demographic data of the studied groups.

Parameters Group T (n=50) Mean + 8D Group T {(n =50) Mean + SD Rig. (2-Tailed)
Chol. (mg/d) 17471 £ 9.8 163.69£93 0.00
TG. (mg/dl) 08.81 £12.2 8443 £7.5 0.00
Insulin (uIU/mL) 26.32+ 6.0 0.98 +3.07 0.00
CRP (ug/ml) 2.63: 018 0.74 £0.11 0.00
1L-6 (pg/ml) 411018 112+ 0.11 0.00
LCN2 (ng/ml) 47.27 £5.20 17.75+3.19 0.00
Table 3: Correlation between the different studied parameters in obese children.
Parameters Correlations Insulin CRP Chol TG IL-6 LCN2 BMIL
Tnsulin Pearson correlation 1 0.900%* 0.674 %% 0.660%* 0,905 0,972 0.746%*
Sig. (2-tailed) - 0.000 0.000 0.000 0.000 0.000 0.000
CRP Pearson Correlation 0.900 % 1 0.570 % 0.633%* 0.990 0.960% 0.879#*
Sig. (2-tailed) 0.000 - 0.000 0.000 0.000 0.000 0.000
Chol Pearson Correlation 0.674** 0.570%+ 1 0.743%* 0.534## 0.544 %+ 0.437**
Sig. (2-tailed) 0.000 0.000 - 0.000 0.000 0.000 0.000
TG Pearson Correlation 0.669%* 0.633%% 0,743 %% 1 0.606 0607+ 0,503 %%
Sig. (2-tailed) 0.000 0.000 0.000 - 0.000 0.000 0.000
-6 Pearson Correlation 0,905 %% 0.990%* 00,53 %% 0.606%* 1 0976+ 0,882 %
Sig. (2-tailed) 0.000 0.000 0.000 0.000 - 0.000 0.000
LCN-2 Pearson Correlation 0.912%* 0.960%+ 0.544 ** 0.607+* 0.976%# 1 0.850**
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 - 0.000
BMI Pearson Correlation 0.746** 0.879%+ 0.437** 0.503%* 0.882 % 0.850%# 1
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 -
Table 4: Cross tabulation between lipocalin-2 and BMI in obese children.
BMI
Parameter Cut-off’ Count % More than or equal to cut-off Tess than cut-oft Total
LCN2 More than or equal to cut-oft Count % within TCN2 49 7 36
87.5% 12.5% 100.0%
Less than cut-off Count % within LCN2 7 33 40
17.5% 82.5% 100.0%
Total Count % within LCN2 56 40 96
58.3% 41. 7% 100.0%

DISCUSSION

Obesity related dyslipidemia, chronic inflammation
and oxidative stress were associated with atherosclerotic

sequels [17]. Adipose tissue acts as an active autocrine,
paracrine and endocrine organ, secreting an increasing
number of adipokines that participate in diverse metabolic
processes [18]. In this sense, LCN-2 has been recently
described as an adipokine involved in inflammation and
msulin resistance [6]. The main finding of this study was
that the circulating LCN-2 level 1s upregulated m obese
children. Also, plasma LCN-2 showed a strong correlation
with the well established pro-inflammatory markers (CRP
and T1.-6). Tt has been found that obesity is strongly
assoclated with ligh sensitivity C-reactive protein
(HsCRP) concentration and the inflammatory marker
TNF-¢¢ does not directly induce HsCRP, but can

potentiate the mnduction of HsCRP by stimulating the
synthesis of TL.-6 [19]. The increased serum level of LCN-2
in adult obesity has been previously reported, where
upregulated expression levels have been detected in
adipose tissue and serum [3]. The present study provides
evidence that obese children exhibited high circulating
level of TL.CN-2, thus, contrasting to the previous
published data in human models of obesity [20] and in
contrary to other studies with no detected increase in
LCN-2 level m human obesity [21].

of obesity 1s

modification in adipose tissue inveolving adipogenesis,

Development assoclated with
anglogenesis and proteolysis of the extracellular matrx.
Moreover, the basement membrane of adipocytes has to
be degraded hypertropic
development observed in obesity [22]. The present
findings of enhanced level of plasma TLCN-2 in obese

mn order to allow the
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group as well as the significant positive correlation with
BMI indicate the indirect active role of LCN-2 in obesity
progression. Chronic low-grade inflammation is known to
be a mediator m the development of obesity-related
disease. In agreement with previous results, the present
data showed an mcrease in the plasma levels of some key
of pro-mflammatory agents such as, CRP and mterleukin-6
mn obese children [23]. Also, in this study we established
a significant association of these markers with increased
level of LCN-2 in a positive significant manner. This fits
with the same recorded by Wang et al [3] as they
observed an associaticn between serum LCN-2 and CRP
(both increased in obese adults). Thus, the current data
suggested the implication of LCN-Z in low-grade
inflammation associated with obesity in children. These
matched results raise the question whether LCN-2 has
causal effects on insulin resistance, hyperglycemia or
mflammation associated with obesity and if it could, thus
it might be a treatment target. Hence, it could be
concluded that, plasma LCN-2 level 1s increased in obese
children and it showed a positive comrelation with the
different pro-inflammatory markers. This highlights its
involvement in the low-grade chronic inflammation
accompanying obesity.
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