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Purpose: Changes in plasma adipocytokines and inflammatory markers in type 2 DM
remain controversial as to whether they are due to obesity or directly associated with the
diabetic state. Our objective was to study the effect of obesity and diabetes on plasma
lipocalin-2 (LCN2), adiponectin, and interleukin-1p (IL-1B) by comparing their levels in
non-diabetic obese subjects and non-obese type 2 DM patients, as well as determining the
association of these adipocytokines with metabolic syndrome factors and diabetic
parameters.

Patients and Methods: In this study, 85 Yemeni male volunteers aged 30—60 years old
were enrolled, 25 of whom were healthy subjects with BMI < 25 kg/m? served as control; 30
non-diabetic obese subjects (BMI > 30 kg/m?* and FBG < 6.1 mmol/l); and 30 non-obese type
2 DM patients (BMI < 25 kg/m? and FBG > 7 mmol/l).

Results: Lipocalin-2 and adiponectin were significantly (p = 0.043 and p = 0.034) lower in
non-diabetic obese subjects by 16.2% and 29.7% with respect to control group, with no effect
in the non-obese type 2 DM patients. Moreover, LCN2 was significantly (p = 0.04) lower in
the non-diabetic obese subjects by 15.8% as compared with the non-obese type 2 DM
patients, with no significant difference in adiponectin levels. In contrast, serum IL-1p was
significantly (p = 0.001 and p = 0.003) higher in both non-diabetic obese subjects and the
non-obese type 2 DM patients by 76.5% and 67.7% as compared to control group. The
significant decrease in both LCN2 and adiponectin and the significant increase in IL-1f in the
non-diabetic obese subjects disappeared upon adjustment for waist circumference (WC). In
contrast, the significant increase in IL-1p in the non-obese Type 2 DM patients was not
affected upon adjustment for WC.

Conclusion: Plasma LCN2 and adiponectin were not affected by diabetes per se, suggesting
that the observed changes in LCN2 and adiponectin in type 2 DM may be due to obesity
rather than the diabetic state, whereas IL-1P levels were affected by both obesity and
diabetes.
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Introduction

Lipocalin-2 (LCN2), also known as neutrophil gelatinase associated lipocalin and
siderocalin, is a 25-kDa glycoprotein originally purified from human neutrophils. It
belongs to the lipocalin superfamily, which can bind and transport small lipophilic
molecules.'? Lipocalin-2 is expressed in many tissues and cell types, including
adipocytes,>* hepatocytes,”® renal tubular cells,”® and bone osteoblasts.'®"!
Expression and secretion of LCN2 increase after conversion of preadipocytes to
mature adipocytes.'? Lipocalin-2 expression is induced by many pro- and anti-

inflammatory cytokines such as lipopolysaccharide (LPS), tumor necrosis factor-a
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(TNF-a), and several interleukins (IL-1B, IL-6 and IL-17)
in a variety of cell types."® Lipocalin-2 was initially dis-
covered to play an important role in the innate immune
response to bacterial infection, as well as in the regulation
of cell proliferation and apoptosis.'*'*'

Lipocalin-2 is implicated in diseases associated with
inflammation including acute and chronic kidney injury,’
acute liver injury,’ and pancreatic adenocarcinoma.'®
Lipocalin-2 is also associated with bone metabolism, sug-
gesting that LCN2 exerted both a negative effect on bone
formation and a positive effect on bone resorption.'®!”
Moreover, osteoblast-derived LCN2 has been shown to
cross the blood-brain barrier and suppress appetite, thus
decreasing body weight and fat mass and improving glu-
cose tolerance and insulin sensitivity.'" Lipocalin-2, as an
adipose tissue-derived cytokine, has been found to poten-
tially be involved in obesity-related abnormalities and
cardiovascular disease (CVD) through the regulation of
inflammatory responses.'>'®*2° In addition, LCN2 plays
a crucial role in vascular remodeling and plaque
instability'? and has been suggested to be an early biomar-
ker for predicting CVD events than the traditional inflam-
matory marker C-reactive protein (CRP).?® Accumulating
evidence has also linked LCN2 to insulin resistance and
obesity-related metabolic diseases.®'>?!

Adiponectin is also an adipocyte-derived cytokine that
is closely associated with obesity, altered body fat distri-
bution, insulin resistance, and atherosclerosis.*> Evidence
from animal and human studies demonstrates that adipo-
nectin plays an important role in the regulation of glucose
and lipid metabolism, maintaining metabolic homeostasis
and is closely involved in the development of Type 2
DM.?*2° Adiponectin has been reported to have anti-
diabetic,
properties.”® It promotes insulin sensitization by reducing

anti-atherogenic, and  anti-inflammatory
hepatic glucose production and increasing insulin sensitiv-
ity in the liver. A number of prospective studies demon-
strated that high levels of circulating adiponectin are
associated with low risk of Type 2 DM even after adjust-
ment for multiple factors that could confound this
relationship.?’-*®

Increasing evidence suggests that serum LCN2 and adi-
ponectin levels may be beneficial biomarkers for evaluating
outcomes in various clinical settings of obesity-related
abnormalities. However, it remains controversial whether
the observed changes in plasma adipocytokines and inflam-
matory markers in Type 2 DM patients are due to excess

adipose tissue mass or directly associated with the diabetic

state.?’ The present study was aimed at examining the effect
of obesity and diabetes on plasma adipocytokines (lipoca-
lin-2 and adiponectin) and the pro-inflammatory marker
interleukin-1B (IL-1B) by comparing their levels in non-
diabetic obese subjects and non-obese Type 2 DM patients
versus non-obese, normoglycemic controls; as well as
assessing the association of adipocytokines and inflamma-
tory markers with metabolic syndrome and diabetes-related
quantitative traits.

Patients and Methods
Study Design, Subjects and Data

Collection
This case-control study was performed on 85 Yemeni male
subjects aged 30-60 years, 25 healthy non-obese, normo-
glycemic subjects with BMI < 25 kg/m? served as con-
trols, 30 obese non-diabetic subjects with BMI > 30 kg/m?
and FBG < 6.1 mmol/l, and 30 non-obese Type 2 DM
patients with BMI < 25 kg/m® and FBG > 7 mmol/l
recruited during their routine visits to the Endocrine and
Diabetic Clinic of Al-Thawra Hospital, Sana’a. Obese
Type 2 DM patients were excluded in order to examine
the role of diabetes per se. All the enrolled Type 2 DM
patients were diagnosed more than 2 months and less than
5 years, controlled by diet or by oral anti-diabetic agents
for at least >2 months after diagnosis. Subjects with acute
or chronic infections, severe medical conditions (malig-
nancy, renal failure, liver cirrhosis, connective tissue dis-
ease, and chronic congestive heart failure) were excluded
from the study. The study protocol was approved by the
Institutional Review Board (IRB) of the Faculty of
Medicine and Health Sciences, Sana’a University.
Informed consent form was obtained from all individuals
after explaining the purpose and nature of the study.
Standard physical examinations including clinical vari-
ables were assessed as previously described.*® The sub-
jects’ height and weight were measured and BMI, defined
as weight (kg)/height squared (m?), was calculated. Waist
circumference (WC) was measured halfway between the
lower rib margin and the anterior superior iliac spine.
Blood pressure (BP) measurements were taken from each
patient’s right arm in the seated position by using an
Omron IntelliSense automatic blood pressure monitor
after 10 min of rest. Two to three successive BP readings
were obtained at 5 minute intervals and averaged.
A fasting venous blood (5 mL) was collected from each
patient after an overnight fast of more than 10 hours and
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divided into two vacuumed tubes; 4 mL into plain tubes
for biochemical analysis and 1 mL into sodium fluoride
(for glucose measurement). The serum from each sample
was separated within 30 minutes and aliquoted into four
Eppendorf tubes and immediately stored at —60°C for
biochemical analysis.

Biochemical Analysis

Fasting blood glucose (FBQ), triglyceride (TG), total cho-
lesterol, HDL-cholesterol (HDL-c), and LDL-cholesterol
(LDL-c) were measured on an automated analyzer, the
Cobas ¢501 (Roche Diagnostic, Germany), using the
respective Roche Diagnostic kits (Roche Diagnostic,
Germany). Insulin was measured by an electrochemilumi-
nescence immunoassay (ECL) on an Elecsys autoanalyzer
(Roche Diagnostic, Germany). Insulin resistance (HOMA-
IR) and B-cell function (HOMA-B) were calculated using
the Homeostasis Model Assessment (HOMA2) calculator
v2.2 which is available from the Oxford Centre for
Diabetes, Endocrinology, and Metabolism. Serum LCN2,
adiponectin and IL-1B were measured by enzyme-linked
immunoassay (ELISA) kits (R&D Systems, USA).

Statistical Analysis

The results were analyzed by the Social Package of Social
Sciences (SPSS) version 11.5 (SPSS Inc, Chicago, IL, USA).
Data normality was verified using Kolmogorov—Smirnov
test, and the skewed distributed data were square root trans-
formed and were subsequently transformed back and
reported as geometric means and 95% confidence intervals.
ANOVA test was used to describe the mean differences
among groups of study. General linear model, univariate
analyses (ANCOVA) adjusted for age was used to assess
the differences of LCN2, adiponectin, leptin and IL-1jB
between non-diabetic obese, non-obese Type 2 DM and
normal subjects. The association of LCN2, adiponectin and
IL-1p with metabolic syndrome and diabetes-related qualita-
tive traits (dependent variables) were analyzed by simple
linear regression adjusted for age in a combined group:
normal and obese non-diabetic subjects. The interrelation-
ship between LCN2, adiponectin and IL-1p in non-diabetic
subjects was evaluated by linear regression controlled for
age. The significant differences were indicated if p-value
was <0.05.

Results
The demographic and biochemical parameters of the study
subjects are shown in Table 1. The LCN2, adiponectin and IL-

1 assessed by general linear model (univariate) are shown in
Table 2. Serum levels of LCN2 and adiponectin were signifi-
cantly (p = 0.043, p = 0.034) lower in non-diabetic obese
subjects by 16.2% and 29.7%, respectively, as compared with
control group; with no significant differences in LCN2 and
adiponectin between non-obese Type 2 DM patients and con-
trols. On comparing the non-diabetic obese subjects with the
non-obese Type 2 DM patients, LCN2 was significantly (p =
0.04) lower in the non-diabetic obese subjects by 15.8%;
whereas adiponectin was non-significantly lower in the non-
diabetic obese subjects by 22.6%. In contrast, serum IL-1f
was significantly (p = 0.001, p = 0.003) higher in both non-
diabetic obese subjects and non-obese Type 2 DM patients by
76.5% and 67.7% with respect to the control group, with no
significant difference in IL-1p between non-diabetic obese
subjects and non-obese Type 2 DM patients.

The observed significant decrease in both LCN2 and
adiponectin as well as the significant increase in IL-1p in
the non-diabetic obese subjects disappeared upon adjust-
ment for WC (Table 2). In contrast, the observed signifi-
cant increase in IL-1f in the non-obese Type 2 DM
patients was not affected upon adjustment for WC.

The association of the inflammatory-related variables
(LCN2, adiponectin and IL-IB) with metabolic syndrome
and diabetes-related qualitative traits was evaluated in the
non-diabetic subjects (Table 3). Serum LCN2 was signifi-
cantly associated with decreased BMI, WC, HOMA-IR
and IL-If (r = - 0.293, p = 0.03; r = - 0.346, p = 0.01;
r=-0.265 p=0.049; r = —0.321, p = 0.017). Along the
same line, adiponectin was significantly associated with
decreased BMI, WC, systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), TG, insulin, HOMA-IR, and
HOMA-B (r = - 0.347, p = 0.009; r = - 0.335, p = 0.012;
r=-0.270, p=0.047; r =—-0.315, p=0.019; r = - 0.291,
p=0.031;r=-0.427,p=0.001;r=-0.457,p=0.001; r=
- 0.356, p = 0.008). In contrast, IL-1 was significantly
associated with increased BMI, WC, SBP and FBG (r =
0.487, p = 0.0002; r = 0.435, p = 0.001; r = 0.305, p =
0.023; r = 0.321, p = 0.017); and border-line significant
with increased HOMA-IR (r = 0.26, p = 0.055).

Discussion

The results presented in this study show plasma LCN2 and
adiponectin to be significantly lower in non-diabetic obese
individuals as compared to both control and non-obese
Type 2 DM patients, with no difference in LCN2 and
adiponectin between non-obese Type 2 DM and control
group; thus suggesting that the inconsistent reported
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Table | Demographic and Biochemical Parameters Among Normal, Non-Diabetic Obese and Non-Obese Type 2 Diabetes
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Note: Data are presented as mean + SD. *Data are presented as geometric mean (95% confidence interval) evaluated by ANOVA.

LCN2?'3"3% and  that  of
in Type 2 DM patients may be due

changes in plasma
adiponectin®®-%34-3¢
to excess adipose tissue mass/obesity rather than diabetes
per se. In general, most of the Type 2 DM patients
included in those studies were obese. Moreover, our
results show that upon adjustment for WC the significant
decrease of LCN2 and adiponectin in the non-diabetic
obese subjects disappeared. In contrast, plasma IL-13
was increased in both non-diabetic obese subjects and non-
obese Type 2 DM patients; and upon adjustments for WC,
the significant increase of IL-1B in non-diabetic obese
subjects disappeared whereas that in the non-obese Type
2 DM patients was not affected suggesting that unlike
LCN2 and adiponectin, IL-1p is affected by Type 2 DM.

The observed lack of effect on LCN2 in the non-obese
Type 2 DM with respect to the control group is in dis-
agreement with what has been reported by different
research groups,”?'123373% demonstrating an increase
of LCN2 in obese subjects and Type 2 DM patients than
those in lean and non-Type 2 DM subjects.”' The latter
study also showed the significant increase in LCN2 in
Type 2 DM patients disappeared upon adjustment for
BMI. Moreover, analysis of the circulating levels of
LCN2 in a large Chinese population showed a non-
significant increase of LCN2 levels in pre-diabetic patients
and that LCN2 was independently associated with
impaired glucose regulation, thus suggesting that the
LCN2 changes depend on both the grade of tissue damage
caused by diabetes and the duration of diabetes.’'

Other studies, however, showed a significant decrease of
LCN2 levels in Type 2 DM patients in comparison with
healthy subjects**>? and inferred that the decrease in LCN2
levels may not be a direct consequence of either increased
BMI or impaired glucose metabolism, but may depend on
the duration of the diabetes, the level of inflammation and
presence of cardiometabolic changes. Lipocalin-2 was also
suggested to be involved in insulin resistance and cardio-
metabolic alterations through an undefined mechanism pro-
duced by the inflammation process’® and that the
interrelationship with the other cytokines in Type 2 DM
patients may be prompting the reduction in plasma LCN2.2!
Lipocalin-2 deficiency has been shown to protect mice from
developing obesity-induced insulin resistance largely by
modulating TNF-a levels in adipose tissue.'?

The decreased LCN2 in our non-diabetic obese sub-
jects may be attributed to the over activation of inflamma-
tion, since obesity is a low-grade systemic inflammatory
condition.*® Thus, LCN2 may principally act as a negative
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Table 3 Association of Lipocalin-2, Adiponectin and Interleukin- | with Metabolic Syndrome Factors and Diabetic Parameters Among

Non-Diabetic Subjects

Parameters Lipocalin-2 Adiponectin Interleukin-1§
BMI —0.293 (0.03) —0.347 (0.009) 0.487 (0.0002)
Waist Circumference — 0.346 (0.010) —0.335 (0.012) 0.435 (0.001)
SBP —0.233 (0.087) —0.270 (0.047) 0.305 (0.023)
DBP —0.207 (0.129) —0.315 (0.019) 0.246 (0.070)
Triglyceride 0.032 (0.819) —0.291 (0.031) 0.007 (0.962)
HDL-c — 0.003 (0.980) 0.166 (0.277) 0.171 (0.213)
LDL-c —0.161 (0.239) 0.120 (0.381) 0.205 (0.134)
FBG —0.119 (0.386) —0.182 (0.184) 0.321 (0.017)
Insulin —0.209 (0.126) —0.427 (0.001) 0.223 (0.101)
HOMA-IR — 0.265 (0.049) — 0.457 (0.0005) 0.260 (0.055)
HOMA-B — 0.141 (0.305) — 0.356 (0.008) 0.124 (0.368)
Lipocalin-2 0.068 (0.62) —0.321 (0.017)
Adiponectin 0.034 (0.804)

Note: Data presented represent b values (p values) assessed by linear regression adjusted for age.

regulator of inflammatory activity and inflammation-
mediated adipocyte dysfunction. The anti-inflammatory
function of LCN2 is suggested to be associated with its
modulation of the peroxisomal proliferator-activated
receptors-y (PPARY) activity via direct or indirect mechan-
isms by inhibiting nuclear factor-xB (NFxB) activity.*'
Lipocalin-2 was also demonstrated to induce PPARy
expression in the absence of insulin in adipocytes; with
the effect of LCN2 on insulin action being relatively
small.** In addition, LCN2 null mice (lacking LCN2)
show improved glucose tolerance and insulin sensitivity.**

Our results showed that serum LCN2 was significantly
associated with decreased BMI, WC and HOMA-IR,
which is in contrast to that reported by earlier studies
whereby LCN2 levels were positively correlated with
adiposity, hyperglycemia, and insulin resistance
index;*?!74445 with WC being more closely related to
LCN2 than BMI***® A number of studies also suggested
that LCN2 might be an indicator for B-cell function and
insulin resistance in Type 2 DM.*'** Since chronic
inflammation is likely to contribute to the pathogenesis
of Type 2 DM, we also examined the association between
LCN2 and IL-1B, a pro-inflammatory marker that acts as
a key promoter of systemic and tissue inflammation in
Type 2 DM;*® and found that LCN2 was inversely corre-
lated with IL-1PB levels suggesting that LCN2 may be an
important link between adiposity, inflammation and Type
2 DM.4748

The adiponectin results in this study further confirmed
our previous study showing adiponectin not to be affected
by diabetes per se®® and is in accordance with several

studies.”***! A recent study compared diabetic females
with concomitant obesity to those with severe obesity and
showed that plasma adiponectin level was not affected by
diabetes per se.”> Moreover, an earlier study also com-
pared adiponectin levels between obese and non-obese
Type 2 DM patients and demonstrated that the observed
changes in obese Type 2 DM patients as compared to non-
obese Type 2 DM are attributed to the greater adipose
tissue mass, and not to the diabetic state.*> A more recent
population-based cohort study reported that adiponectin
levels differed based on the degree of obesity in newly
diagnosed Type 2 DM patients by comparing obese Type 2
DM with non-obese Type 2 DM.>* However, other studies
showed adiponectin to depend on concomitant obesity and
Type 2 DM duration.”*>*

On the other hand, our results are in disagreement with

. 29.32,34-36,55—
a number of studies?®3234-36:55-57

reporting adiponectin to
be lower in Type 2 DM patients than in subjects with
normal glucose tolerance. Adiponectin levels were also
reported to be significantly different according to the pre-
sence of microangiopathy, whereby adiponectin was sig-
nificantly higher in Type 2 DM patients with neuropathy
and retinopathy, but significantly lower in those with
nephropathy.”®> A meta-analysis of prospective studies
assessed the association of adiponectin with risk of Type
2 DM showed considerable heterogeneity between studies
and suggested that more research is required to clarify this
relationship.>®

Our results also showed adiponectin to be inversely
correlated with metabolic syndrome factors (BMI, WC
and TG) and diabetic parameters (insulin, HOMA-IR and
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HOMA-B),
studies.’***37° Low adiponectin level has been sug-

which is in agreement with previous
gested that it can be used to predict both future abdominal
fat

resistance.®®' Moreover, an earlier study demonstrated

visceral accumulation and increased insulin
serum adiponectin levels to be inversely correlated with
the severity of insulin resistance in Type 2 DM patients.®*
However, the relationship between adiponectin and insulin
sensitivity is influenced by ethnic differences and was
found to vary between different populations,”® which
may have an important role to play in the susceptibility
of certain populations to obesity and associated CVD
morbidities.®* Interestingly, single-nucleotide polymorph-
isms (SNPs) of the adiponectin promoter region were
demonstrated to be significantly associated with lower
insulin sensitivity in overweight/obese Italian children.®
An earlier study also showed the inverse association
between serum adiponectin and insulin resistance to
become weaker upon adjustment for metabolic syndrome
components, suggesting that these associations are not
entirely confounded by metabolic syndrome.’® The same
study also showed that the reduced demand for insulin
section is largely driven by improved insulin sensitivity
arising from increased levels of adiponectin;’® thus sug-
gesting that the higher levels of insulin in insulin-resistant
subjects may down-regulate the adiponectin levels.®® The
inverse association between adiponectin and insulin resis-

. 9
tance in our results and others®®?

may be mediated not
only by insulin but also by inflammatory cytokines.®’
Unlike that of LCN2 and adiponectin, serum IL-10
levels were higher in both non-diabetic obese individuals
and non-obese Type 2 DM patients, which is in agreement
with several studies.”’**7° Furthermore, the significant
increase of serum IL-1B with obesity may result from
increased expression of both IL-1f and its receptor in
visceral adipose tissue of obese subjects.”' Interleukin-1p
was suggested to play an important role in obesity-
associated inflammation and insulin resistance and may
represent a therapeutic target to reverse the unfavorable
metabolic consequences of obesity.”>’* The raised IL-1pB
levels in obese individuals and Type 2 DM patients sug-
gest that IL-1B might play a key role in the modulation of
B-cell function and contribute to the pathogenesis of Type
2 DM.*¢™ Other studies, however, have reported that
serum IL-1B levels are not different between subjects
with normal glucose tolerance and those with Type 2
DM.”>7® These conflicting results suggest that serum IL-
1B levels in Type 2 DM patients may have been influenced

by selecting patients who use anti-diabetic drugs or have
progressing diabetic complications.’’

The present study showed that IL-1B was significantly
associated with increased BMI, WC, SBP and FBG.
A recent study, although showed no correlation between
IL-1B and obesity represented by BMI, however they
could not conclude that IL-1B was not correlated with
the WC.”® The significant increase of IL-1p levels in our
non-obese Type 2 DM, and the border-line significant
positive correlation between IL-1 and HOMA-IR suggest
that chronic inflammation may play a role in the develop-
ment of insulin resistance and Type 2DM.”® Increasing
evidence suggests that IL-1f is involved in the translation
of obesity-associated inflammation into insulin resistance
in rodent models.”*”* Our results also showed the signifi-
cant increase in IL-1p in the non-diabetic obese subjects
disappeared upon adjustment for WC; whereas the signifi-
cant increase in IL-1f in the non-obese Type 2 DM
patients did not disappear suggesting that unlike LCN2
and adiponectin, IL-1p is affected by Type 2 DM.

The limitations of the present study include: First, the
study is hospital-based and all subjects were male; there-
fore, the findings may not be applicable to the overall
population, particularly in view of gender differences in
LCN2 and adiponectin plasma levels. Second, the study
sample consists mainly of Yemenis and hence the results
cannot be generalized to other ethnicities. Third, the sam-
ple size was small, limiting its statistical power for detect-
ing associations. Fourth, the B-cell function was evaluated
using the homeostasis model (HOMA-f) which reflects -
cell activity (ie, insulin secretion) rather than its health or
pathological condition. Nevertheless, this study represents
an examination of relationships between plasma adipocy-
tokine profile and inflammatory markers in Yemeni non-
obese Type 2 DM patients.

Conclusion

In conclusion, plasma LCN2 and adiponectin were not
affected by diabetes per se, suggesting that the reported
changes in plasma LCN2 and adiponectin in Type 2 DM
may be due to obesity. Moreover, LCN2 and adiponectin
exhibited analogous correlations with obesity, and insulin
resistance. The significant increment of IL-1p in non-obese
Type 2 DM patients, and its border-line significant positive
correlation with HOMA-IR suggest that chronic inflamma-
tion may play a role in the development of insulin resis-
tance and Type 2DM. In addition, the inverse association
between LCN2 and IL-1B infers that LCN2 may be an
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important link between adiposity, inflammation and Type 2
DM. Therefore,
inflammatory markers may possibly modulate the patho-

adipocytokines together with pro-
genesis of obesity and Type 2 DM and the balances of
different pro- and anti-inflammatory cytokines as well as
their differing interrelationships need to be investigated to

understand the pathogenesis of obesity and Type 2 DM.
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